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OT PEJAKTOPA IIEPEBOJA

Maremaruke Bcerga ObLTO MPUCYINE CTPeMIeHne pa3padarbiBaTh 3P PEKTHB-
HBIE METOBI PEIIEHNsT KaK MOYKHO 60JIee MUPOKUX KIACCOB 3aa4. MuoromeTHuit
OTBIT PA3BUTHUS TEOPUM JUCKPETHBIX M KOMOWHATOPHBIX 33039 W MPAKTUKA UX
PEeIeHnsT TTOKA3aJIM, YTO 3TH IBE CTOPOHBI — ODIIHOCTH METOAA U ero 3ddex-
TUBHOCTH — HAXOJIUTCS B M3BECTHOM AaHTArOHU3Me. BMmecre ¢ TeM, 09eHb BaXKHO
3HATH, U B OCODEHHOCTH ITO KACAETCs 33724 JUCKPETHON MATEMATHKH, MOYKHO
¥ B TIPWHITAIIE HAIEATHCS HA CO3JAHHE JOCTATOYHO OOIHUX W 3(PHEKTUBHBIX
METOIOB WJIM HAJ0 CO3HATEJHHO WITH MO IMyTH Pa30WeHust 3a/ad Ha BCE Oojee
y3KHe KJIACCHI U, MOJb3YsCh UX CrenuduKoil pa3padarsBaTh Iy HUX D dher-
TUBHBIE (XOPOIIIKE) aJIrOPUTMBbI.

Heynauu, mocrurime uccaeqoBaTesieil Ha 3TOM MyTH, TPUBEIN K HEOOXO -
MOCTH aHAJW3a CI0XKHOCTH 3aJad. Ha HAmUX ria3ax BO3HUKIO HOBOE W WH-
TEHCUBHO PA3BUBAIOIIEECS «CI0KHOCTHOE» HANPABJIEHUE uccraeaoBanuit. ducio
nyOJuKAIAi B 9TOH 00JACTH OBICTPO PACTET, TAK YTO IMOSBICHHE HACTOSIIEH
KHUTH, TTOCBSAIIEHHON BOMPOCAM CJIOYKHOCTY JUCKPETHBIX M KOMOUHATOPHBIX 3a-
a4, BIOJIHE 3aKOHOMepHO. [IpobiemMaTnka 3Ta BECHMa aKTYaJIbHA, TOCKOIBKY
TaKUe 33Ja9d YaCTO BO3HUKAIOT HA OPAKTUKE (B YKOHOMHUKE, TEXHUKE, BOEH-
HOM JieJie, B UCCJIeJI0BAHUM ONepaluii u T.1.), a uX pemienue cpeacrsamu dBM
HATAJIKABAETCS HA TPYAHOCTH, CBSI3AHHBIE C DOJBIIMMHU 3aTPATAMU MAITHHHOTO
BPEMEHU U TTaMSITH.

[IpeaucioBre aBTOPOB ¥ BBOIHAS TIIABA, TI€ 00CYKIALTCS COIEPKAHNE KHU-
', TIO3BOJISIOT YUTATEIIO O3HAKOMUTHCSA (HA HHTYUTUBHOM YDPOBHE) C OCHOBHbI-
MU WJIESIMU, TIOHSITASIMA ¥ BOITPOCAMHU, OCBEIIAeMbIME B KHUTE. [109TOMY MBI, He
MOBTOPSISICH, 320CTPUM BHUMAHUE YUTATEIS HA HEKOTOPHIX MPUHIIUMTHAIBHBIX
BOIPOCAX.

BonbimuucTBO AMCKPETHBIX W KOMOMHATOPHBIX 33734, BOODIIE TOBOPS, I0-
MyCKAeT perreHre ¢ IOMOIIBI0 HEKOTOPOro mporecca nepebopa. Tak, Hanpumep,
OyJIeBCKYIO 3a/1a49y O PIOK3aKe BUJIA

iaixi = b,l‘i :0,1
i=1

MOYKHO DEIUTh, Tiepebupas OyIeBCKue n-MepHbIe BeKTOPhI (BapuanTsl). Takue
3a/1a9M HA3bIBAIOTCS TIepebopHbIMU. OIHAKO THCIIO MAroB mepebopHOro MeToma
PACTéT IKCIOHEHIMAJIHHO B 3aBHCHUMOCTH OT Pa3MepoB 3ajadu. st HEKOTO-
PBIX 33J1a9 3TOrO TUNA yAAETCA TOCTPOUTH 3 deKTUBHbIE (CYIECTBEHHO MeHee
TPYAOEMKHE, YeM MOJIHbIH mepebop BAPUAHTOB) METOIBI PelleHus, (3T0 yaasTcs
cIesaTh, HAMPUMeED, JJIsT PereHust B /" CucTeM JUHEeHHBIX YPaBHEHUH C IeJTbI-
MU KOdhduImeHTaMu 11 MOTOKOBBIX 33134, JJIsI HAXOXK IEHUS TaPOCOYETaHU
B rpade u T.1.). OgHAKO, YUCIIO TAKUX 33249 HEBEJIUKO.

Awnanus TpygHOCTEH, BCTPETUBIITUXCS HA, Ty TH cO3maHnst 3D (EKTUBHBIX Me-
TOJIOB pelleHus JUCKPEeTHBIX 3a/iad, IPUBe/ K IIOCTAHOBKE IIeHTPaJIbHON Teope-
THKO-METOIOIOTHIECKOM IPOOIeMbI BCeil TUCKPETHON MATEMATHKH — MOYKHO JIH
HCKJTIOYUTH epebop MU PeIieHnd IUCKPETHBIX 3a1a49? JIpyruMu cioBaMu, pedb



UAET O NPUHLIUIUAAILHON BO3MOXKHOCTH HAfiTU HyKHOE peienue (Hampumep,
ONTUMAJILHOE), He Tepebupasi BCeX WJIM IIOYTH BCEX BAPMAHTOB B 3aJade. Drta
npobsieMa “UMeeT He TOJTHKO YHUCTO MATEMATHYECKOe, HO U TUIyDOKOe TO3HABA-
resbHOE 3HaUYeHue. OHO 3aKJIIOYAETCS B TOM, UTO MPU MOUCKE IDGMEKTUBHBIX
TOYHBIX METOIOB PEIIeHUs MMUPOKOTO KJIACCA TUCKPETHBIX 331249 HALO0 yYIUTHI-
BaTh BO3MOXKHOCTH OTCYTCTBHS TAKMX METOJOB H, CJI€IOBATEIbHO, YMETb BO-
BpEMsI OTPAHUYUTH <AIMETUT», TPU3HAB UTO CYMIECTBYIOT «MPYIHOPEULAEMDBLE
3adavuy. J10 HACTOAIIETO BPEMEHU 3Ta, MPOOIeMa OCTAETCs OTKPBITOMN.

®DeHOMEH TPYIHOPEIIAEMbIX 33/1a9 He HOB I MaTeMaTuku. Ilocme yroune-
HUSI TTIOHSATHUS AJITOPUTMA OBLIO ODHAPYKEHO HAJUYNE AJITOPUTMUYECKU HEPA3-
permMbIx mpobsiem. B kadecTBe HanbOIEE M3BECTHOTO TPUMEPA YKAIKEM IECs-
ryio npobaemy I'mnbbepra: « Cywecmayem au aszopumm, KOmopoiti no daHHOMY
MH0204AeHY P(T1, T2, ooy Tp) € YLABMU KOIPPHUYUEHMAMY DACTLO3HAEM, UMEEM,
au ypasuenue p = 0 pewenue 8 yeans wucaax>. Kax nokazan FO.B. Mamuasce-
suw [376], Takoro anropuT™Ma B MPHUHIIAME He CYIIECTBYET.

B mepebopHbIx 331a9ax, KAK MPABUIO, UMEETCS KOHEYHOE MHOYKECTBO BapH-
AHTOB, CPEIU KOTOPBIX HYKHO HaiiTu perienune. Tak, B 3a7adUe O PIOK3aKe pe-
[IIeHre OTBICKUBAETCs cpean 2" OyJIEBCKAX BEKTOPOB [JIUHBI 1, U epebpas 3TO
9KCIIOHEHINATHHOE MHOYKECTBO BEKTOPOB, MbI 00513aTeIbHO peruM 3aaa4dy. Ho ¢
POCTOM 7, YMCJIO0 BEKTOPOB OBICTPO PACTET M 33298 CTAHOBUTCS <«TPYIHODEIA-
eMoiiy, T.e. MPAKTUIEeCKN Hepas3pemuMoii. [[09Tomy B KOHEUHOI 061aCTH aHAJIO-
rOM aJITOPUTMUIECKON HEPA3PEITUMOCTH SIBJISIETCS IEPEOOP IKCIIOHEHIINATHEHOTO
9UCTIa BAPUAHTOB, 8 AHAJIOIOM AJTOPUTMHUIECKON PA3PENTUMOCTH — CYIIECTBOBA~
HHe aJICOPUTMa, CYIIEeCTBEHHO DOiee SKOHOMUIHOrO, 4eM nepebop. Crano obire-
MPUHSITHIM CUUTATH MEPeOOPHYIO 3a1a9y permaeMoil 3(hbdEeKTUBHO, ecin nMeeTcst
AJITOPUTM, DEMIAIINii €€ 3a BpeMsi, OrPDAHWYEHHOE MOJUHOMOM OT <«pa3Mepa
33129 ».

B macrosimeit KHUTe cHCTEMATHYECKH M3/TAaraeTcst KOHIEMrs ) dEeKTHBHOMN
(mosMHOMMAILHOIT) CBOAMMOCTH epebOPHBIX 3a1a4, pa3surad B padorax C. Ky-
xa [91], P. Kapna [280], JI. JIesuna [340], a Tak:ke ocBemaiorcs Goee o3 HAe
pe3yJIbTATHI B 3TOi 00acTh. PO OCHOBHOIO MHCTPYMEHTA 31€Ch UTPAET MOHS-
THE €c800UMOCTIU 33aY, BO3HUKINEE B MATEMATHIECKOH Joruke. [0BOPST, UTO
nepebopHas 3ama4a [1; cBoanuTcs Kk mepedbopHoit 3amade Iy, eciun MeTon perenst
zagaan [I> MoxkHO mpeobpasoBarb B Meroj, pemienus 3agadn 11;. CBogumocTb
HA3BIBAETCH NOAUHOMUAALHOU, €CTH TIOH00HOE TPeodPA30BAHNE MOXKHO OCYIIe-
CTBUTH 33 MOJUHOMHUAJIBHOE BpeMsi. [JIaBHBIMU OObEKTAMU TEOPUU SIBJISIOTCS:
kjacc NP Bcex nmepebOpHBIX 3334 1 Kyace P mepebopHbIX 33034, pa3pernMbIx
3a MOJIMHOMHUAJILHOE BpeMmsi Ha Mmamwmbae Twiopunra. QueBunno, uto P C NP.
[eHTpasbHBIM B TEOPUH CBOAUMOCTH SIBJISIETCSI BOIPOC O TOM, €O6Nada0m Al
xaaccr, P m NP — takoBa MareMaTndeckas (pOpMyTHPOBKA MPOOIEMBI OCBODO-
KIEHUS OT HEOOXOIUMOCTH Tiepebopa.

B kiacce NP BHISIBIEHBI Tak Ha3bIBAEMbIe YHUBEpcATbHbIe (Ui NP-mosHbIe)
3aJa49M, K KOTOPBIM MOJHHOMHUAILHO CBOAWTCS jobas 3agaun u3 NP. B atom
CMBIC/IE YHUBEPCATIbHBIE 33/1a91 KAK ObI TAI0T 3TAJIOH CIOXKHOCTH. B HacTosmee
BpeMsl YCTaHOBJIEHA YHUBEPCATbHOCTb MHOTHX 33139, SKBUBAJEHTHBIX MEXKIY
co0O0¥ OTHOCUTETBHO MOJIMHOMUAIHLHOM CBOAUMOCTHU. B KHUre TPUBEIEHO MHOTO



npumepoB NP-nonHbIX 3a4a4. Ecmu Obl yaamoch J0Ka3aTh, 9TO XOTS ObI KaKasi-
o omHa INNP-monHas 3amada MPUHAIERKAT Kaaccy P, To TeM caMbIM OBLIO OBI
nokazaHo, 9ro P = NP, u MOXKHO ObLTO ObI B MIPHUHITAIE HAAESATHCA HA TOCTPO-
erne 3OHEKTUBHBIX AJTOPUTMOB JIJIsT PA3JIMYHBIX KJIACCOB JUCKPETHBIX 331a9.
Ecnu xe kmacest P u NP pa3audHbl, TO MPUIETCS pa3padaThiBaTh 3(hderTnB-
HBIE AJITOPUTMBI [ BCE Goree y3KuX KaaccoB 3a7ad. OIHAKO BO3MOXKHA U Ta-
Kas curyanus, 9to runore3y P # NP (npuHUMAaeMyo MHOIMMU MATEMATUKAMHY )
HeJIb3s HU JOKA3aTh, HU OIPOBEPIHYTh (AHAJIOIMYHO KOHTUHYYM-IHIIOTE3E).

Bomnbioit mpakTrdeckuii ONbIT pereHns JUCKPETHBIX 33039 JAET OCHOBAHUE
cunTaTh, uT0 NP-TONMHBIE 3aJa9n W 331990 U3 P CUJIHLHO OTIMYAIOTCS MO TPY-
JTOEMKOCTH DEIeHHsI, HO B CTPOTOM CMBICJIE IO CHX TTOP 3TO Pa3InYue u, CJIeI0-
BaTEILHO, pa3nudre Mex 1y Kiaccamu P u NP He J0Ka3aHO. DTO, B YaCTHOCTH,
00BsICHSIETCST TeM, 9TO Kaacchl P u NP onpenensroTcs ¢ IOMOIIBIO MOHATH Bpe-
MeHHU PabOThI BHIYMCIUTEHHOINO YCTPOUCTBA C TOTEHIIMAIBHO HEOrPAHUIEHHOMN
namMsaTbo. OIHAKO XOPOINO M3BECTHO, YTO BPEMSI BBITIOJHEHUS AJTOPUTMA HA
MaIllWHEe TIJIOXO MOAJAETCS OMMCAHUIO U AHAJIN3Y OOIMIEMATEMATHIECKUMU CPEI-
crBamu. Creyer ormerurb, 910 emé B 1965 r. Kob6xam [80] mombrraics onucarsh
CJIOYKHOCTH BbIUMCIeHUs (DYHKIWI BHYTPEHHAM 0OPa30M, B PAMKAX IMOCIEI0-
BATEJIBLHOCTH aJIredpantdecKux Omeparuii, mopoxmaonux 3tu pyskmnn. K co-
JKaJIeHnio, 3Ta paboTa OKa3ajgach B TEHH, MOCKOIHKY B TO BPEMs He OBLIO ermd
TEOPUU CBOIUMOCTH MEPEOOPHBIX 33,1a4.

W3naraemasi B KHUTE U CTABITAS Y2KE KJIACCHIECKON TEOPHUsT MOTMHOMUAATHEHOMN
CBOIMMOCTH OBLTA IOCTPOEHA /17151 38429 pacno3HaBaHusa cBoHCTB. OKa3bIBaeTCs,
MOKHO TIOCTPOUTH AHAJOIMYHYIO TEOPHUIO (HOJIMHOMUAIBHOM) CBOAMMOCTH JJist
9KCTpPEMAaJIbHBIX IUCKPETHBIX 3amad [16%*, 31%*, 32*]. Bomee Toro, mpm mocrpo-
E€HUU YKA3aHHOW TEOPWM MOXKHO HE IMOJIb30BATHCSA MOIENBI0 BHIYUCIUTETHHOTO
YCTPOMCTBA, T.€. CIeJaTh e€ MAITMHHO HEe3aBUCUMOM, & BCE M3JI0KEHNe BEeCTH B
TEPMUHAX BbIYUCIUMBIX ONeparopos Hax dbyukuuamu [16%, 21% 22%],

Kuura I'spu u /IKoHCOHA — 3TO, HACKOTBKO HAM W3BECTHO, IEPBasg MOHOIPa-
dbus o Teopun MOTMHOMUAATHLHON CBOIMMOCTH JUCKPETHBIX 3a1a4. B Hell cucre-
MaTHYIECKU U3JI0KEH MATEPHUAJI, PAa30POCAHHBIN MO KYPHAJIBHBIM CTATHIM U OT-
ygTam. ABTOpPHI HE OMpAHUYUINCH onucanreM koumennun Kyka-Kapna-Jlesuna,
a JIOTIOTHYWIM €€ HOBBIMHU BOIPOCAMHU, B TOM YHCJI€ CBOMMHU CODCTBEHHBIMHU De-
gyabrataMu. OcobbIil HHTEPEC B 3TOM CMBICIIE TIPEICTABISIOT T 6-7, rae cobpaH
OOJBIION TEOPETHIECKUH MATEPHA IO HOBBIM HAIIPABICHUSM HCCASIOBAHUN 1
HaMeJaloTCsl «TOYKHU pocTay Teopun. O pasmoobpaswum n HoraTcTBe MaTepuaa,
9TUX TJIAB CBUIETEIHCTBYET KPATKUN MEPEYEHb BOMPOCOB, OCBEIIAEMBIX B HUX:
OIIEHKW AJITOPUTMOB, UX OTKJIOHEHUS] OT ONMTUMYMA, OIEHKU B XYIIIEM CIydae u
B CPEeIHEM [IJTsi PA3JIMYHBIX KJIACCOB 33/71a49; CTPYKTypa Kiaacca NP, cymecTBoBa-
are B NP TpyIHOPEIaeMbIX 33,03, OTTHIHBIX 0T NP-TOTHBIX; TOJTHHOMUATLHAS
O CJIOXKHOCTH UePApPXHs 3a/1a4; CI0KHOCTD 33144 OMPEIeIeHIST TUCTa PEITeHn i
0e3 WX MpPeIbIBIICHUsT; PA3JIUIHBIE TUIHI BHIYUCIUTEIHHBIX PECYPCOB, UCTIOIb-
3yeMBIX TIPU PEIeHnN 333a9; B3ANMOCBSI3b MEXKY CIOKHOCTHIO MO BPEMEHHU U
CJTIOYKHOCTBIO TI0 MAMSITH; 332491 C JOrapudMUIECKOi MaMaThiO, CBOJUMOCTD C
JiorapuMUIECKOil MaMsThIO, J0KA3ATEIbCTBA TPY/IHOPENTAEMOCTH 33,124,

Kuura comep:KuT mOUCTHHE YHUKAIBHOE TIPUIOKEHHEe — B HEM cOOpaHo bosee



300 3371241 U3 pa3nuYHBIX OOIACTEdl HAyKU: Teopuu rpadoB, MATEMATHIECKOTO
MPOrPaMMUPOBAHUS, TEOPUN PACIHUCAHUI, TEOPUH S3BIKOB M ABTOMATOB, MaTe-
MATHYECKOHN JIOTUKH, U OTIAENBHO — OTKPBITHIX 3a/1a4. 3JeCh [Tt KaXKI0H 3a1a-
YU, TOMIMO OCHOBHO# (DOPMYTUPOBKHU M UCTOYHUKA, TPUBOJIUTCS KOMMEHTAPWIA,
BKJIIOYAIONIWIA CBOJIKY PE3y/IbTAaTOB O 3aJa4ue U eé Moaudukauax (¢ ykazanuem
ABTOPOB), & TAK¥KE CMEXKHbIE BOIPOCHL. BCE 310 Aenaer npuioKeHune UCKII0Iu-
TEJIbHO [EHHBIM CIIPABOYHBIM MOCOOUEM.

B kownme kuurn mana obmmmprast dubimorpadus — okono 600 pador. Mer co-
YA IeJIeCOODPA3HBIM HECKOJNIBLKO PACITUPUTEH OMOIHOTrpadpUIecKuii CIIUCOK, J0-
0aBUB psia pabOT — AUOO BBIMIEIITHX MO3KE, JIMOO OKABABIIIXCS BHE TIOJISI 3PEHUS
aBTOPOB. DTU PabOTHI JAIOT TPEICTABIEHNE O HOBBIX HAIPABJIEHUSIX UCCIEI0BA~
HUil U pe3yibraTtax B paccMarpusaeMoii obsactu. (JobasiieHHble npu nepeBoie
paboThl CBEJEHBI B OTAEIbHbIH CIUCOK U UX HOMEDA IIOMEYEHbI 3BE30UKOIL. )

Kwura Xoporro HanucaHa v 9uTaeTcsi JOCTATOYHO JIETKO, XOTS HOBU3HA Ma-
Tepuasa W, KaK CJIeICTBUE, HE BIIOJIHE YCTAHOBUBIIASICS TEPMUHOIOTHS 3ATPY/I-
HsITH pabOTy MEPEBOMYMKOB W PENAKTOPa. HeyauBuTeInHO, YTO Mpu OOIBIION
HACBIIIEHHOCTH W PA3HOOOPA3Wd MaTepuasia B KHUTEe ODHADYKUIUCH HEKOTO-
pble HETOYHOCTH, MOTPENTHOCTH, OMEYATKH, KOTOPBIE MEPEBOIINKN U PEIAKTOD
OCTAPAJIUCH YCTPAHUTD TYyTEM BBEIEHUS COOTBETCTBYIONINX NPUMEYAHUN WU
HEOOJIHITIOTO UCTTPABJIEHNST ABTOPCKOTO TEKCTA.

Kuvra npenna3uadena 1jisi MATEMATHKOB, & TAKKe JJIs BCEX, KTO WHTEPECy-
eTCsl IUCKPETHBIMUA ¥ KOMOWHATOPHBIMU 3aJladaMu ¥ uX mpuioykenusvu. Ona
OTPaXKaeT HOBOE HAIMPABJIEHUE B PA3BUTUU TEOPUU AUCKPETHBIX U KOMOWHATOD-
HBIX 337a49. BHUMAaTeTbHBIH YuTaTe b HANAET B Hel HOBBIM B3LVISII HA JUCKPET-
HBIE 331a49M, CBEXKWE WJEW, TTOIXObI, MHOTO OTKPBITHIX BOMPOCOB, MOPOKIAI0-
[IUX U CTUMYJIMPYIONINX WHTEPEC K CAMOCTOSTEILHON TBOPYECKOH paboTe.

B zakmiouennn xouercs modmarogaputh FO).U. Xmenesckozo, M.P. Kozano6-
ckozo, B.II.I'puwyzuna, A.JI. Ceménosa, C.I. Basdyua, A.B. Apanosuua 3a
MOMOIIb B paboTe HaJ MEPEeBOJOM KHUTHU: WX 3aMEYAHUS W COBETHI ITOMOLJIH
YCTPAHUTH P HETOYHOCTEH W CIIOCOOCTBOBAM YJIYUIIIEHUIO KAYECTBA TIEPEBO-
za.

A. Opudman



NMPEANCJIOBUE

Haiinércs HeMHOTO HAY9HBIX TEPMUHOB, TaK OBICTPO 3aBOEBABIINX MIHPOKY IO
HU3BECTHOCTD, KaK moHsiTre « NP-moHast 3a1a9as. 3a KOPOTKU OTPe30K BpeMe-
HU C MOMEHTa BO3HMKHOBEHWsI dTOTO MOHATHUs B Hadase 70-X rogoB OHO CTAJIO
CUMBOJIOM TPOMAJIHBIX TPYIHOCTEH, C KOTOPHIMU BCE JAIle MPUXOINUTCS CTATIKU-
BAaThCSA Pa3pabOTINKAM AJITOPUTMOB TIO MEPE TOTO, KAK OHU OEPYTCs 38, PereHne
33724 TTOCTOSTHHO BO3PACTAIONIEH PA3MEPHOCTH U YCIOKHSAIOMIEHCST CTPYKTYPHI.
MHoroducneHHbIe ¥ pa3HOOOpa3HbIe 3aa49M, YaCTO BCTPEUAIONINECT B MaTeMa-
THKE, TEOPETHIECKOM MIPOTPAMMHUPOBAHAN M HCCICIOBAHUN OIMEPAIHii, OKa3a-
auch NP-TIOTHBIMU, ¥ CITUCOK TAKWX 3329 TOTOJIHATCS TTOUTH exkeaHeBHo. NP-
MTOTHBIE 337Ia9HM HACTOJIBKO MMPOKO PACTPOCTPAHEHBI, UTO JIJI BCEX, KTO B CBOET
paboTe COMPUKACAETCS C BBHIYUCIUTEIHLHBIMU ACTEKTAMU YKA3AHHBIX 0OJIacTel,
OYEeHDb BAyKHO MOHMMATH CMBIC]T U 3HAYEHHUE dTOrO MMOHSITHS.

Hacrosimas kaura 3aayMaHa Kak MOAPOOHOE PYKOBOIACTBO Mo Teopum NP-
MOJTHBIX 33J1a4; 3/16Ch 0CO00E BHUMAHWE YAEJIEHO TeM TOHSITUSM U MPUEMaM, KO-
TOPBIE TIPEICTABJISIOTCS HANOOJIee MOJE3HBIMU IJTsT TPUMEHEHUs] TEOPUH K TTPaK-
TUYEeCKUM 33a9aM. KHUTY MOXKHO YCIOBHO pa30UTh HA TPU YACTH.

B nepBoit wactu (r. 1-5) u3m0KeHbI OCHOBBI Teopur NP-NONHBIX 3aad.
I'n. 1 mpencrasisier coboit CpaBHUTETBHO 3TEMEHTAPHOE BBEIEHHE B HEKOTOPHIE
[EHTPAJIbLHBIE TOHATHUS BBIYUCIUTEIHHON CIIOKHOCTH, U B 9TOM KOHTEKCTE 00CYy-
XKaaercs 3uadenre NP-moanbix 3a1a49. B . 2-5 moapoOHO M3I03KEHbI OITpeIesie-
HUST 1 METOJIbI I0KA3aTEIHCTBA, HEOOXOIUMBIE JIJIsT TOTO, YTOOBI IJIy0Ke MOHSITH
TEOPUIO W HAYIUTHCA €10 MOTb30BATHCS HA IMPAKTHUKE.

Bo Bropoit wactu (1. 6 u 7) qan 0630p ABYX aIbTEPHATUBHBIX HANDABJICHUN
IanabHeNIero n3yydenusi. B rj1. 6 BHUMaHMe COCPeIOTOYeHO HA Toucke 3ddex-
TUBHBIX «TTPUOJIMKEHHBIX> AJITOPUTMOB perernst NP-TOIHBIX 3334, T.e. 0071a-
CTH, TECHO CBSI3aHHOM ¢ Teopueit NP-moHOTHI. B 11, 7 00Cy K 1a10TC MHOTOYNC-
JIEHHBIE TEOPETUIECKNE BOIIPOCHI CIOKHOCTHA BBIYUCIEHUI, MHOTHE U3 KOTOPBIX
BO3HMKJIM B Pe3y/bTaTe Pa3BuTHsA Teopuu NP-TIOTHBIX 3a7atd, W3TOKEHHON B
npeapaymux raasax. O6e stu riaasbl (0COOEHHO III. 7) CIeIyeT pacCMaTPUBATH
UCKJIIOYUTEIHHO KAK BBEIEHNE B COOTBETCTBYIOIIME 00IacT. Yurarento, xkeja-
o1emMy 00jee IeTaIbHO O3HAKOMUTHLCS C TEMU WJIM WHBIMU BOTTPOCAMUY, CJIEIYEeT
0OpATHTHCS K YKA3AHHON HAME JTUTEPATYPE.

Tperbst, 3akT09UTETbHASA YaCTh KHUTH — NPUIOKEHNsT. B HEM comep:KuTcst
GombIoit cniucok NP-nonubrx u NP-tpyaabix 3aga4 (6onee 300 OCHOBHBIX 33,184
1 GOJIBITIOE YUCI0 OTHOCSIIMXCA K HUM Pe3yJIbTaToB). B mpuMedanusax K 3a/a-
9aM ODCY¥KIAIOTCS M3BECTHBIE PE3YJIbTAThI, KACAIOIINECS CIOXKHOCTHU MOA3A1ad
7 PA3IUYIHBIX MOAMMDUKAIII OCHOBHOI 3319,

Kuuroit MOKHO MOMB30BATHCSA KAK BCIOMOTATETBHBIM MATEPHATIOM K Kyp-
caM TIO TTOCTPOEHUIO AJTOPUTMOB, BEIYUCIUTEIHLHON CIOKHOCTH, UCCIETOBAHUIO
omeparuii uin koMOuHATOPHON Maremaruke. C HEE MOXKHO, HATPUMED, HAUU-
HATH CEMUHAD MO MPUOIMKEHHBIM AJITOPUTMAM TN BHIYUCIUTENHHOMN CIOKHO-
CTH JIJIsl CTYJEHTOB CTAPIIUX KypcoB U actmpanToB. OJUH U3 aBTOPOB KHUTH
(. TKOHCOH) UCIIOIB30BAJ IIEPBOHAYAJLHBI BAPUAHT KHUTU B KAYECTBE OCHO-
BbI CEMUHAPA ACHUPAHTOB 1O MPUOIUKEHHBIM anropurmam. IIpu srom ria. 1-5
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OBLTH MPOTIEHBI 32 5 HEIEeTb, & U3yYeHHUe 1. 6 COMPOBOXKIAIOCH IITUPOKUM TIPHU-
BJIEYEHMEM MaTepuana, ykazaHHoro B Oubimorpadudeckom crnucke. Cemuuap
[0 TEOPUHU CJIOKHOCTA MOYKHO OPraHU30BATH AHAJOTHYHBIM 0DPA30M, MPUHSB
B KAYECTBE OCHOBBI JIJIsT U3YUEHUs JINTEPATYPHI TJI. 7 BMECTO TJI. 6. DTH TIaBbI
MOXKHO TaK¥Ke N3yJaTh ¥ OJHOBPEMEHHO, Ha, «KOMOMHUDOBAHHBIXS CEMUHAPCKUX
BAHATUSX.

B Gonee obmeM cMbICie KHAUTA MOXKET CITYKATh KaK yIeOHUKOM I AT~
TeJist, HHTEPECyoIerocs: reopreil NP-TIOMHBIX 33/1a4, TAK ¥ CIIPABOYHUKOM JIJTsi
HCCJIeIOBATENS U MPAKTUKA, CTAJKUBAIOIIETOCS C aJTOPUTMAMU W UX CJIOKHO-
crbio. K uzyuennto NP-TIOTHBIX 33034, TPUBEIEHHBIX B TPUJIOKEHIN, YNTATEH
MOXKET MPUCTYIUTH CPa3y, JarKe He MPOYUTAB OCHOBHOTO MATEPWAJIA KHUTH,—
JIJISI 9TOTO TPEeOYeTCs JIUIIb 3HAKOMCTBO C OCHOBHBIMHU HMOHATHSME Teopuu NP-
MOJHBIX 33/a49. HaduHaomue MOTyT JOCTHYh TAKOTO 3HAKOMCTBA, €CITH Oerio
OpOYTYT 1. 1-5, KOHIEHTPUPYs BHUMaHUE HA HEe(BOPMATBHBIX OOCYIKICHUIX
OTpeIe/IeHUIl U METOJOB U 0OPAIAsICh K (POPMATBHBIM PACCYKIEHUSAM TOJIBKO
TOTIA, KOTIA 9TO HEOOXOAMMO JIJIs TIOTHON ACHOCTH. UTOOBI 3TOMH KHUTOM MOKHO
OBLIO TOTH30BATHCA KAK CIPABOYHUKOM, B MPEAMETHBIH YKA3ATETb BKIOYEHO
OOJBIIOE YUCTO TEPMHUHOB, & B OOIMMPHON OuOIHOrpaduu MPUBEIEHBI HOMEDA,
PA3/eN0B KHUTH, B KOTOPBIX YIOMUHAIOTCS COOTBETCTBYIOIIHME PAbOTHI.

Mpb1 mpu3HATETIHHB MHOTHM JTFO/ISIM, IIOMOTABIIIMM HAM B PA0OTe HAI KHUTOM.
X. T'abos, JI. JIsndeebep v P. TapvaH 0O3HAKOMUINUCH C IEPBOHAYAIHHBIM €€ Ba-
PHAHTOM W UCXOJS U3 CBOErO ONBITA BHECTH IeHHbIe Tpeamoxenus. A. Axo, III.
Heen, P. I'paxem, I. Xawm, B. Kau, A. Metiep, K. ITanadumumpuy, I. IToa-
aax, C. Caxnu, P. Ceu, JI. Cmoxmetiep u JIotc. Yavbman 0podan pyKOIKUCDH
BCell KHUTH UJIN €€ OTAEIbHBIX YacTell U CIeTaIi KOHCTPYKTUBHBIE 3aMEUYaHUS.
Mpsr He cMorau ObI 3/1€Ch IEPEUNCIUTh BCEX UCCIEI0BATENEH, KOTOPHIE OTKJIHK-
HYJIMCh Ha HAIy MPOCHOY MPUCHLIATH Pe3yabTarhl 06 NP-1MoJIHOTE 330249 U TO-
MOLJIM HAM COCTaBHUTDH OOIMIAPHBIHA crircoK NP-moaHbx 3a1a49. VX nMeHna MOKHO
maiitn B 6ubmmorpadun. Heckonmbko Hammx Kosmer o Bell Laboratories, oco-
o6erno b. Kepnuzam, OKa3aIu HAM HEOIEHHMYIO MOMOIID IIPU MAIIMHHOM HA00-
pe KHUTH ¢ MOMOIIBIO BEMHCINTEIbHOM crcrembl U NI X F. Hakomer, xoremocs
On1 0coGeHHO OT™MeTuTh XK. Petinboad, KOTOpasi MPEBPATUIA HAIIU PYKOMTUCHBIE
neporudbl B Oe3yIpedHbie ToMurpapuIeckie JaAHHbIE, 9eM CYIIECTBEHHO CIIO-
cobCTBOBATIA CO3JJAHUIO ITON KHUTH.

Muyppeti Xuanr, Horo ocepcu, Madixa P. T'apu
oxmabps 1978 Iseud C. oconcon



I'maBa 1.

BorancanrebHble MalIAHBI,
CJIO0>KHOCTH U
TPpyAHOPpeIlaeMble 3a1a91

1.1. Bsenenue

OxapakTepu30BaTh MPEIMET 3TON KHWUTH, TOYKAJIYH, JIydIle BCEro MOXKHO HA
TAKOM HECKOJBKO IKCTPABATAHTHOM MIPUMEPE.

IIpencraBbre cebe, 9TO BbI, KAK U aBTOPHI KHUTH, 3AHUMAETECh MCCIEI0BA~
TeIHLCKOM paboToil B OOHON W3 oTpacieil mpoMmbinieHHoCTH. OaHaskabr 1red
BBI3BIBAET BaC K cebe B KAOWHET W JTOBEPUTEIHLHO COODIIAET, YTO KOMIAHUS CO-
fupaeTcs MPUCTYINTHL K MPOM3BOACTBY M TIpoJaXke <OamHmepcHedeits' B ycio-
BHUAX KECTKOM KOHKypeHImu. I1o 3Toifl mpryanHe Hy»KeH XOPOIIMI MEeTO, BbI-
SABJIAIONMIA BO3MOXKHOCTb (MJIM HEBO3MOXKHOCTD) CO3JAHUs HOBBIX M3IEIHH —
y3710B DaHIEpCHedYa C 33JaHHBIMA TEXHUIECKUMHU XAPAKTEPUCTUKAMH, TPUIEM
9TOT MEeTOJ, JOJKEH BhIIABATH OTBET JJIsi JIIOOOTO 3aJaHHOTO HAOOPA TEXHUUE-
CKUX XapaKTepucTuk. Kpome Toro, B CIydae moJ0KUTETHLHOTNO OTBETa TpedyeTcst
MPEJICTABATH MPOEKT COOTBETCTBYIOMIEro OangepcHeda. Tak Kak BbI OTBeYaeTe
3a pa3paboTKy aJIroOpuTMOB B (PUPME, TO BAM U IIPEJICTOUT OTHICKATEH TPpedyeMbIit
METOJ, ¥ TOCTPOUTH COOTBETCTBYOMM 3(PDEKTUBHBIN ATTOPUTM.

Monayuwr B Otnene banmepcHedeil HEOOXOAUMbBIE PA3HSICHEHUS TIO TIOCTAHOB-
Ke 339U, BbI CIIEINTE B CBOEH KaOWHET, 3amacaeTech CIIPABOYHUKAME U C DOJIb-
[ITUM SHTY3UA3MOM TTOTPYIKAETECH B perente 3aaadn. CnycTst HECKOIBKO HeIe/Th
KaOWHET 3aBaJjieH IPyJaMU CKOMKAHHBIX 9€DHOBUKOB, a BAalll SHTY3UA3M 3aMeT-
HO moybaBuics. Bam Bcé erié He ygasioch NpuayMaTb aJrOPUTMA CYIIECTBEH-
HO JIyYIIIero, deM mepebop BCeX BO3MOMKHBIX BAPUAHTOB. 33 TOJOOHOE PENIeHne

lBanmepcued, nan BpanmamMbr,~ (aHTACTHUECKHX 06pa3 B CKazke JIbomca Kappoma
«Ammca B 3a3epkasgbey, 3TO CJIOBO TOYHOTO CMbICIa He mMeer. Kak ckazasma cama Ajsmca,
«TaKue CJI0Ba HABOJSAT HA BCSIKHME MBICTH, XOTb M HESCHO — Ha Kakue». — [Ipum. nepes.
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BBI €Ba JIH YAOCTOUTECH MOXBAJIBI Ieda, MOCKOIbKY mepebop BCeX BApPUAHTOB
TOMBKO J7IsI OJHOTO HADOPA TEXHUIECKNX XaPAKTEPUCTHUK MOTPEOYET HECKOMBKIAX
JIeT MAITUHHOTO Bpemenu, a B Orene GanaepcHedeil yKe o TPUHAIIATH Y31aM
HanmepcHeda HabII0IAeTCsT OTCTaBaHWEe OT HaMedYeHHOTo rpaduka. Ecrecrrento,
YTO y BaC HET YKEJAHUs BO3BPAIATHCS B KabuHeT 1meda co CIoBaMu:

7

Puc. 1..1: «4 ne mozy naiimu sexmuernozo arzopumma, 6010, ¥mo % 0as
AMO20 CAUWKOM MYN»

J171s1 BAIIero moJIOYKEeHUsT B KOMIIAHUHN OBIJIO ObI TOPA3I0 JIyUIle, eCIi Obl BbI
CMOTJIM JOKA3aTh, UTO TTOCTABJIEHHAS 3314498 B TIPUHITUIIE TPYIHOPEIIAeMa U ITO
HU OJWH AJTOPUTM BOOOIIE HE B COCTOSHUN PeIuTh eé OpicTpo. B atom ciydae
BBI MODIVIH OBl YBEPEHHO IMArHyTh B KaOuHeT meda 1 3asiBUTh:

]

Puc. 1..2: «4 ne mozy natimu spexmuenozo arzopumma, nomomy 4mo maxozo
anzopumma we cyuecmeyem!s

K coxanenuto, 10Ka3aTh, 9TO 3aJa49a TPYIHOPEIIAEMa, MOXKET ObITh, HE Me-
Hee TPYIHO, deM HaiTh 3(QEeKTUBHBIE AITOPUTMBL. JlarKe BBIIAIOIIHECS Teo-
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PETUKH OKA3BIBAIUCH DECTIOMOITHBIMY B MOMBITKAX MOJIYYUTh TOZ0DHOE TOKA3a-
TEIBLCTBO [IJTsl 9aCTO BCTPEYAIOIINXCs TPYAHBIX 3aa4. TeM He MeHee 3Ta KHUTA
IIOMOXKET BaM HANTH JOCTOMHBIN BBIXOM M3 TOMOXKeHHs. Teopus [NP-OTHBIX
33129 TPeJJIaraeT MHOTO MPOCTBIX METOMIOB JI0KA3ATETbCTBA, TOTO, UTO TA WJIH
WHAST KOHKPETHAs 33714498, CTOJIb K€ TPYIHA, KAK U DOIBINOE YUCIO APYTUX 3a-
Jlad TPU3HAHHBIX OYEHb TPYAHBIMU U YK€ MHOTO JIET HE TOJIAIOIINXCS YCUITUIM
CIENUATUCTOB.

B3saB Ha BoOpy:KeHME 3TH METObI, BbI MOIVIH ObI M0Ka3aTh NP-moMHOTY 3a-
madn 0 DaHIEepCHede W TaKWM 0Opa30M YCTAHOBUTH €€ IKBUBAJEHTHOCTH BCEM
IPYTUM TPYAHBIM 33Ja9aM 3TOrO Kaacca. B 3ToMm ciaydae MOXKHO ObIIO OBI CMe-
JIO OTHIPABUTBLCS K mIey W COOOITUTD:

AL L

Puc. 1..3: «4 ne mozy natimu sphexmuenozo ar20pumma, Ho 3M0O20 HE MOHCEM,
cdesamsd u HUKMO U3 IMUT 3HAMEHUMOCTE»

Bo BcsikoMm cityuae, Balie HAUAIBCTBO OYIET 3HATH, UYTO HET CMBICIA YBOIh-
HSITh BaC ¥ OparTh Ha PabOTY JAPYrOro CIEMUAJIUCTA IO AJTOPUTMAM.

Pazywmeercst, Hamre cobcTBEHHOE HAYMAILCTBO BPSI JIH OJOOPHIO ObI HAMKACA-
HUE 3TOM KHUTH, €CITH OBl €8 e IMHCTBEHHOI TEe/THI0 OBLITO 3alIUTUTH Pa3padboTIn-
KOB airoput™MoB. Ha camowm neste BoisgBiieHne NP-mOJTHOTH — 3TO OOBIYHO JIUIH
Ha4dasao paborel Ham 3amadeii. [Ipobiembr oTaesra GaHIepcHedel HE WCUE3HYT
Cpa3y JIUIIb MOTOMY, YTO TIOCTABJIEHHAS 33,1249 oKazanack NP-nommoii. OgHako
3HAHUE 3TOr0 (PAaKTa JEHCTBUTENBHO JAET MEHHYI0 HH(OOPMAIMIO O TOM, KAKUE
MOIXO/IBI K €8 PEIIEHNI0 OKAXKYTCsS HaubosIee mepCneKTHBHBIMHE.

OueBUIHO, YTO B 3TOM CIydae HE CJIEIyeT AeIaTh CTABKY Ha TMOUCKH 3P dex-
TUBHOTO TOYHOTO AJTOPUTMA. JIydIlie COCPeIOTOYNTh CBOE BHUMAHNE HA WHBIX,
0oJiee CKPOMHBIX Moaxomax. Hampumep, BbI MOTJIM ObI HAYATH Pa3pabOTKy 3dh-
GEKTUBHBIX AJTOPUTMOB, MO3BOJSIONIAX PEIIATh PA3TUIHBIE YACTHBIE CITydIan
[IOCTaBJICHHOR ob0mmeil 3a1a4n. MoKHO ObLIO Obl 3aHATHCA OTBHICKAHUEM AJIrO-
PUTMOB, XOTsI U He TapaHTUPYIONIUX OBICTPOTO PEIeHus], OJHAKO PADOTAIOIINX
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OBICTPO B OOMBIIMHCTBE CaydaeB. HakoHer, MOXKHO Jazke OCTabUTh HEKOTOPHIM
00pa3oM MOCTAHOBKY 33Ja4Yd W WCKATH OBICTPBIA AJITOPUTM MPOEKTUPOBAHUSI
OaHmepcHedeil, y KOTOPOro 33JaHHBIM TPEOOBAHUAM YIOBIETBOPSET OOMbIIAs
JacTh XapakTepucTuk. Kopode roBopsi, OCHOBHOE TIpeaHa3Havdenne reopun NP-
MOJTHBIX 33789 COCTOUT B TOM, YTOOBI TTOMOYL Pa3pabOTYMKAM AJTOPUTMOB U
HAPABUTDH UX YCUJIUS HA BBHIOOP TAKUX MOAXOMIOB K PEMIEHUIO 337129, KOTOPBIE,
BepOsiITHEe BCEro, TPUBEIYT K MPAKTUIECKHU TIOJIE3HBIM AJITOPUTMAM.

B mepRoit Ty1aBe HACTOSIIETO «PYKOBOJCTBAY 1O Teopwu NP-TOTHBIX 33119
MBI BBEJIEM MHOTHE OCHOBHBIE MOHSTHUS, PACCMOTPUM UX MPUMEHUMOCTD (8, TaK-
JK€ BBICKAXKEM HEKOTODBIE MPEJOCTEPEKEHUsI) U OXapPaKTEPU3YyeM COIEPIKAHUE
OCTaAJIbHON 4aCTW KHUTH.

1.2. 3amauwn, aJrOpuTMBI U CJIO>KHOCTD

st Toro, 9TOOBI B JAJBHEHIIEM U3ydaTh TaKUe TTOHSITHS, KAK «TPYIHOPEeIae-
MBI 33Ja4YN» U «IKBUBAJEHTHBIE MO CJIOKHOCTH 33Ja49N», HEODXOIUMO CHAYAJIA,
JIOTOBOPUTHCA O 3HAYEHUN HECKOJbKHX OCHOBHBIX TEPMHUHOB.

Hauném ¢ moustus 3amaun. [lox maccosoti sadaqedi (wim mpocTo 3adaueti)
MBI OyIeM MOHMMATh HEKOTOPBIN OOIIWii BOMPOC, HA KOTOPBIA CIEIyeT IaTh OT-
Ber. OOBIYHO 33348 COAEPXKUT HECKOILKO [apaMeTpPOB, WM CBOOOIHBIX IIepe-
MEHHBIX, KOHKPETHbIE 3HAYeHUs KOTOPBIX He onpeneneHnl. 3agada I onpeness-
ercs cremyrorneii madopMaIeii:

(1) obmum coucKoM eé mapamerpos,

(2) dbopMyaMpOBKOil T€X CBONCTB, KOTOPBHIM JOJKEH YIOBJIETBOPATH OTBET
WJIN, IPYTUMU CJIOBAMU, PEITeHNe 3aJa M.

NunusmayanbHas 3amada I momydaercs m3 maccoBoit 3amadn 11, ecin Bcem
napaMerpam 3a1a4u I1 TpUCBOUTH KOHKPETHBIE 3HAUEHUSI.

B kagecTBe nmpuMmepa paccMOTPHM KIACCHIECKYIO 33Ia9y O KOMMEUBOSIZKEPE.
ITapaMerpsr 3TO# MaCCOBOIT 3a7a9M COCTOAT M3 KOHEYHOTO HADOPA «TOPOIOB»
C = {c, ¢, ..., ¢y } 1 paccrosumit d(c;, ¢;) MeK Iy Kaxk a0l mapoil FoposoB ¢;, ¢;
u3 C. Pemenue — 3T0 Taxoit ynopsaoueHHbI HAOOP < Cr(1), Cr(2)s -+ Cr(m) >
3aJIAHHBIX TOPOJIOB, KOTOPBI MUHUMW3UDPYET BETUIUHY

Z d(Cr(iys Cr(it1)) + d(Cr(m)s Cx(1))-

OTO BBIpaXKeHHE JAST JUHY MapIipyTa, HAYHHAIOMErOCA B TOPOJIE Cr(1),
IPOXOJANIETrO MOCTETOBATENBHO epe3 BCe TOPOJa W BO3BPAIIAIOMIErOCA B Cr (1),
HETOCPEICTBEHHO M3 TTOCIETHErO TOPOJA Crr(ym)-

NupuBuayanbaas 3a7a49a 0 KOMMUBOsKEpe, OKa3annad Ha puc. 1.1, 3ama-
éTcst CIeay oM 00pa3oM:

C = {Cl, Co,C3, 64}, d(cl, 02) = 10, d(cl, 03) = 5,

d(cl, 04) = 9, d(CQ, 03) = 6, d(CQ, C4) = 9, d(63, 64) = 3.

ITocnenoBarenbHOCTh < €1, C2, C3, C4 > NPEJCTABISIET COOOU pelleHre 3313~
9d, MOCKOJIBKY COOTBETCTBYIOIINY MAPIIPYT UMeeT MHHUMATIbHYIO BO3MOXKHYIO
IIAHY, paBHYIO 27.
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Puc. 1..4: «Hndusudyarvras 360646 0 KOMMUBOANHCEPE U MADULPYN MUHUMAAL-
1ot 603M02HCHOT daunst, pashoti 27>

Ilox anropurMom OyaeM MOHMMATEH ODIILYIO, BBIMOMHAEMYIO IIAr 33 MIATOM
MPOIEeAYPY pernenus 3aaa49u. 11 onpeaeiéHHOCTH Mbl MOYKEM CUMTATh €€ mpo-
rpammoit mist 9BM, mammcanuoi Ha (HOpMATLHOM MAITUHHOM SI3bIKE. Bymem
TOBOPUTH, UTO AJTOPUTM PeIraeT MAacCoByIO 3amady II, ecin oH mpuMeHWM K
nroboit naAEBH Ay bHOM 3amade I u3 I u obs3arenbHO 1aéT perreHne 3a,0a4u
I. TlomgepkuéM, 9TO TEPMUH <«PEIEHUe» MOHUMAETCH 3eCh CTPOrO B COOTBET-
CTBUH C TaHHBIM BbIle ompeaesenuneM. [loaToMy, B 9acTHOCTH, HEIB3s CKA3ATD,
YTO AJITOPUTM «PEIAET» 33039y O KOMMHUBOSIXKEPE, €CJIM OH HE BBIIACT MAPIIPYT
MUHUMAJIBHON JIJIMHBI XOTS OBI JIJTsT KAKON-TO OJHOM WHINBUIAYAJILHONW 331a4N.

Boobitie roBopsi, HaM HyskeH Hanbosee «3(h(EKTUBHBINY AJITOPUTM IJIsT Pe-
eHust 330a9u. B caMoM mupoKoM cMbIcsie moHsATHe 3D (MEKTUBHOCTH CBA3AHO CO
BCEMHU BBIYUCIUTEIBHBIMA PECyPCaMu, HEOOXOIUMBIMU It PAOOTHI AJITOPUTMA..
O 1HAKO OOBIYHO TTOJT, «CAMBIM (MDMEKTUBHBIM» ATTOPUTMOM MOHUMAETCS CAMBIIA
ObIcTpBIii. [TOCKOIBKY OrpaHWYEHUST M0 BPEMEHU YACTO SIBISIOTCS JOMUHUDY-
oM (haKTOPOM, OMPEIEISIONIMM TPUTOTHOCTh KOHKPETHOTO AJITOPUTMA, JJIst
MPAKTUKU, OCHOBHOE BHUMAHUE MBI COCPEIOTOYNM TIABHBIM 00pPA30M HA ITOM
BHJIE PECYPCOB.

Bpems paboThl anropurma yI0O0HO BBIPaXKaTh B BHAE (PYHKIUH OT OTHOMN
IEPEMEHHOM, XapaKTepu3yomeil «pa3Mepy WHINBHAIYAJIBHON 3373491, T.e. 00b-
éM BXOJHBIX JAHHBIX, TPEOYEMBIX [Jisi OMUCAHUS dTOH 3a7a4uu. Takoi moaxo
yI00€eH, MOCKOJIBKY B TaJbHEHINIEM CPABHUTEIBHAS CJI0KHOCTH 331849 OYIET O11e-
HUBATHCS Yepe3 UX pa3Mepbl. JacTo pa3Mep 331a9m u3MepseTcs HepOpMAaIbHO.
B 3amade o komMmuBoOs2Kepe, HAIPUMED, [Jsi ITON MeIr OOBITHO HUCITOIB3YeTCs
qucsio ropogos. OJHAKO B 3a/1a49€ ¢ M ropoJaMu KPOME HOMEPOB STHUX MOPOIOB
Ha 00bEM BxOAHOI uHbOpMauu BauA0T Takzke m(m — 1)/2 Benudu, onpee-
JISTIOIIIUX PACCTOSTHUST MEXKJIy TOPOJAMW, W 3HAYEHWs 3TUX BeauduH. Ecan zHam
MPEJICTOUT UMETh JIeJI0 C BDEMEHH bIMHU XaPAKTEPUCTUKAMY B TOYHON MaTeMAaTH-
YECKOI TOCTAHOBKE, TO MBI JIOJIPKHBI TAK OMPEIETUTH PA3Mep 3a1a9M, 9TOOBI BCE
3T (PAKTOPHI OBLITNA yITEHBI.

s 3TOoro obparuM BHUMAHWE HA TO, 9TO ONWCAHWE WHIWBUIYATHHON 3a-
Jladu, KOTOPOE MBI JIaéM B TepMUHAX BXOJa 1yisi 9BM, MOXKHO paccMaTpuBaTh
KaK OJHY KOHEYHYIO IIENOYKY (WJIM CJIOBO) CUMBOJIOB, BBIODAHHBIX U3 KOHEY-
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HOro BxoaHOro ajdasura. Hep3upas Ha TO 4TO CyHIECTBYIOT Pa3iddHbIe IIyTH
ONMCAaHUs JAHHOM MHAMBUIAYAILHON 3aJa4u, IPeAIIONoKUM, YTO 3apaHee Bbl-
OpaH HEKOTOPBIH CIIOCcOD 1 9TO ¢ KazKI0H MaCCOBOM 3a1a4eil cBA3aHa HEKOTOPast
GbUKCUPOBAHHAS CTEMA KOOUPOBAHUA, KOTOPAsi OTOOPAYKAET WHINBUIYAJIHHBIE
32JaYU B COOTBETCTBYIOIIHE IIETOYKN CUMBOJIOB. BXOmHAS IIMHA UHIUBULYATb-
noit 3amaum I u3 I onpeenserca Kaxk 4ucao CUMBOJIOB B LEHNOYKE, IOy YeHHOHN
nmpuMeHeHneM K 3aade I cxeMbl KOTupoBaHus s MaccoBoii 3amaqdn [1. Mmen-
HO 3TO YHUCJO, T.e. BXOAHAs JJIMHA, U UCIOJL3YyeTCs B KadecTBe (POpMaabHOMR
XapaKTEePUCTUKN Pa3Mepa WHINBUIYAJILHON 3a1a4n.

Hanpuwmep, pasindnble KOHKPETHBIE 3a0a49d O KOMMHUBOSIZKEPE MOKHO OIIU-
caTh ¢ nomoltupio andasura {c¢, [, ], /,0,1,2, ...,9}, npu srom npeapLayuii npu-
Mep OyZeT 3aKOAUPOBaH B BUIE TAKOHN LEINOYKH CUMBOJIOB:

1] ef2] e[3] c[4]//10/5/9/]6/9]/3

Bomee croxublie WHINBUAYAJIHHBIE 33Ja9N KOIUPYIOTCS AHAJOTHYIHBIM 00-
pazom. ITpu Takoit Kogupyioleil cxeme s 330291 O KOMMHBOSIXKEPE BXOTHAS
JJIMHA, B HAIlleM npuMepe Oyzer paBHa 32.

Bpemennas caocHocmb aJrOPUTMa, OTPAYKAET TPEOYIOIIMECs IJIsi ero pabo-
THI 3aTPATHI BpeMeHH. DTO DYHKIWS, KOTOPas KaXKI0M BXOIHOMN JIJTUHE N CTABUT
B COOTBETCTBHE MAaKCUMAJbHOE (10 BCEM WHIMBHIYAJbHBIM 33a9aM JJTUHBL 1)
BpEMsl, 3aTPAYMBAEMOE AJTOPUTMOM Ha DEIIeHNe WHIUBUIYATBHBIX 331249 3TON
JIJIVHBI.

EcrecrBento, uro 3ta GyHKIHMS HE OyJEeT MOTHOCTHIO OINpemeseHa 10 TeX
mop, MoKa He 3adUKCUPOBAHA CX€Ma KOJUPOBAHUS, OMPEIESIONAs BXOIHY O
JUTHHY WHIUBUIYAJIBHON 3a/Ja49d, U HE BHIOPAHO BBIYHUCIUTEIBHOE YCTPOUCTBO
(unm ero Mozenn ), onpenensionee Bpems paborsl. OgHaKo, KaK OyZeT BUIHO U3
IaJbLHENINEro, MOMOOHBE IEeTAJN OKAYKYT HE3HAUUTEIHLHOE BIIUSHUE HA PA3JIU-
9nsa MEeXKIy KIacCaMu, BOSHUKAIINMEA B Teopun NP-monHbIx 3a1a4. [loatomy B
JaNbHEHRIeM YUTATETI0 PEKOMEH IyeTcs 3a(UKCHPOBATH MBICIEHHO KAKYO-TH00
KOHKPETHYIO CXeMYy KOJIUPOBAHUS s KAXKI0M 3a]a49H, BHIOPATH HEKOTOPOE KOH-
KPETHOE BBIUUCIUTEIHHOE YCTPOUCTBO WJIH €r0 MOJIEIh W PACCMATPUBATH 3aTEM
BPEMEHHYI0 CJIOKHOCThH aJFOPUTMOB B COOTBETCTBUU C TIOJIYYAIOIIMMUCS BXOJI-
HBIMU JJIMHAMU U COOTBETCTBYIOIIUMHI 3aTPATAMU BPEMEHH.

1.3. IlosmmHOMMAaJIbHBIE AJTOPUTMBI U TPYJIHOpPE-
ImaeMble 3a0a4n

PasHble anropuTMbl UMEIOT Pa3/IMYHYI0 BPEMEHHYIO CI0KHOCTb, U BbICHEHUE
TOTO, KaKWe aJrOPUTMBI «JOCTATOYHO I(PPEKTUBHBI», & KAKHE <«COBEPIITEHHO
neadexTuBHBIEY, BCerma Oymer 3aBuUCeTh OT KOHKpeTHOH curyarmu. OmHako
TEOPETUKH, 3aHUMAMIINECS Pa3pabOTKOW W AHAJIN30M AJTOPUTMOB, MMPEIIATA-
0T s cpaBHeHus 3(@MEKTUBHOCTH AJIrOPUTMOB OIMH IIPOCTOM IIOAXOJ, M03-
BOJISIIOIIMIA CyIIECTBEHHO IPOICHUTL CUTyalnto. Peub uaér o pasimann Mexkiy
[OJIMHOMUAJIBHLIMA M SKCIIOHEHIUAJIbHBIMEA AJITOPUTMAaMHU.
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Byunewm rosoputs, uro Gyukuus f(n) ecrs O(g(n)), eciu cyrecrByer KOH-
craHTa ¢, Takad, 910 | f(n)| < ¢ |g(n)| nns Becex 3navenuit n > 0. ITosunomuais-
HOLM AA20pUMMOM (ATTH AAZ0PUMMOM NOAUHOMUAALHOT EPeMERHOTE CA0MHCHO-
€NU) HA3BIBAETCS AJITOPUTM, Y KOTOPOTO BpEMEHHGs CI0xkHOCTh pasHa O(p(n)),
rae p(n) — HEKOTOpas MOMMHOMUANbHAS (DYHKIMS, a 7 — BXOAHAS JIUHA. AJI-
FOPUTMBI, BPEMEHHAs CJIOXKHOCTh KOTOPBIX HE MOMIAETCA MOZOOHON OLEHKe, Ha-
3BIBAIOTCS «3KCIOHEHITAATBHBIMA» (CIEIyeT OTMETHTb, YTO ITO ONPEIESIeHIE
BKJTIOUAET U Takue (pyHKIUH, KakK n'°8 ™, — XOTd OHH U He ABJIAIOTCA IOJTHHOMU-
AJLHBIME, HO OOBIYHO HE CYUTAIOTCS IKCIOHEHIUATHHBIMHA).

Paznmuune mexay AByMs YKA3aHHBIMY TUIIAMHA AJITOPUTMOB CTAHOBUTCST OCO-
OEHHO 3aMETHBIM IPH PEIeHnr 33439 OOMbIIOro pasmepa. labmuia Ha pHc.
1.2 mo3BoIsIET CPABHUTH CKOPOCTH POCTA HECKONIBKUX TUIMHYIHBIX MOJTUHOMUATD-
HBIX U JKCIOHEHIUA bHbIX (yHKimii. (Obparure BHUMAHUE HA YPE3BbIYANHO
OBICTPBIA POCT ABYX MPUBEIEHHBIX IKCIIOHEHT. )

Paznmuune Mexay MOIMHOMUAIBHBIMA W SKCIIOHEHIIMAILHBIMA aJITOPUTMAMU
MPOSIBJISETCs elié boree yOequTeIbHO, eCU TPOAHATN3NPOBATD BIIMSHAE yBEJIH-
gerusi ObicTponeiictBust IBM Ha Bpems paboTsr anrropurMos. Puc. 1.3 mokasbi-
BAET, HACKOJILKO YBEJIMYATCS PA3MEPhI 331849, PEITAEMbIX 38, OIUH 9aC MAITHHHO-
r'O BpeMeHu, ecIu 61arogaps COBEPIIIEHCTBOBAHIIO TEXHOJIOTUU OBICTPOIEHCTBIE
9BM sBospacrér B 100 mau 1000 pa3 mo CpaBHEHUIO C COBPEMEHHBIMU MAIIHA~
mu. 3amerum, 4ro g Gyakuuu f(n) = 2" yBeaudeHue CKOPOCTU BbIYUCICHUI
B 1000 pa3 mpuBOAMT JIAIIBL K TOMY, 9YTO pa3Mep HamOOIbIIEH 3amadu, paspe-
IIUMO# 33 OJIMH Yac, BO3PAcTaer ToabKO Ha 10, B TO BpeMms Kak s DyHKIUIH
f(n) = n® sTor pasmep BozpacTér mouTH B 4 pasa.

DyuKIHS Pazmep n

BPEMEHHOH 10 20 30 40 50 60

CJIOKHOCTHU
n le®c. | 267 % ¢ 3e7° c. 4e7° c. 5e7° c. 6e° c.
n? le=%c. | 4e7%c 9¢ % c. 16e %c. | 25etec. 36e % c.
n3 le3c. | 8 3¢ 27e 3 c. | 64e 3 c. | 125e 3 c. | 216e73 c.
n’ le T c. 3.2¢c 24.3 c. 1.7 mun. | 5.2 mun. | 13.0 muH.
2n le®c. | 1.0c | 17.9 mun. | 12.7 au. | 35.7 ner | 366 cr.
3n 0.059 c. | 58 MmnH. | 6.5 mer | 3855 cT. 2e® cr. 1.3¢13 cr.

Puc. 1.2. Cpasnenue meckorvruz

NONUHOMUGALHILE U IKCNOHEHUUANDHDLT
Pynryut epemenndti caoocnocmu (c. — cexynd, on. — dueti, cm. — cmoaemudi).
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Pazmepbr HanboIbIIeH 330241, PA3PEIIIMOi 33, OIUH Iac
Oyukuusi | Ha coBpemennnix | Ha 9BM, B Ha 9BM, B
BPEMEHHOH 9BM (1979 r.) 100 pa3 6omee | 1000 pa3 Gosee
CTIOKHOCTH OBICTPBIX OBICTPBIX

n Ny 100V, 1000V,

TL2 N2 10N2 31, 6N2

n’ N3 4,64N3 10N3

n5 N4 2, 5N4 3, 98N4

2n Nj N5 + 6,64 N5 +9,97

3" N Ng + 4,19 Ng + 6, 29

Puc. 1.3. Bausanue mexnuueckozo cosepuiencmeosanus IBM wa nosurnomu-
ANBHBLE U IKCTLOHEHUUAADHBLE GA20PUMMDBL.

DT TabIUIBI TEMOHCTPUPYIOT HEKOTOPBIE TPUYUHBI, TI0 KOTOPBIM MOTHHO-
MHUAJTBHBIE ATITTOPUTMBI OOBIYHO CIUTAIOTCS DOTIEE TPEAMOYTHTETHHBIMU O CPAB-
HEHWIO C KCIIOHEHIIUATBHBIMU. JTa TOUKA 3PEHWUSI, PATUIAIONIA, C OJHON CTO-
POHBI, TIOJTHHOMUAJILHBIE AJITOPUTMBI, & C IPYTOi CTOPOHBI, IKCIIOHEHIINAJILHBIE,
SIBJISIETCST OTTIPABHBIM MyHKTOM B HAIIIEM OMPEIEJIEHIN TPYIHOPEITAEMbIX 33,034
n Teopun NP-TIOTHBIX 3a7a4.

OcHoBomoaraonmii XapakTep pa3andus MeXKIy ITUMHU IBYMs KJIaccamMu
BIEpBBIE 00CYKAAICS B paborax Kobzoma [80] m Jdmondca [106]. B wacrrocTH,
DIMOH/IC OTOXKIECTBJIS TOJUHOMHUAJIBHBIE AJTOPUTMBI C «XOPOITUMUY AJITO-
PUTMAMK M BBICKA3AJ MPEINOIOKEHNE, 9T0 HEKOTOPBIE 33/Ia9U [EJTOYUCIEHHOTO
IPOrPAMMUPOBAHUS HEBOZMOYKHO PEIIUTh TAKUMHU «XOPOITUMHA» AJITOPUTMAMHU.
CoryracHo TaKOil TOYKe 3PEHVsT, IKCIOHEHIINATHHBIE AJITOPUTMBL HE CTIeLyeT CIu-
TATh «XOPOIUMU», ¥ Yalle BCErO TAK OHO U €CTh.

BombImuHCTBO IKCIOHEHITHATBHBIX AJITOPUTMOB — 3TO IPOCTO BAPUAHTHI ITOJI-
HOrO Tepedopa, B TO BpeMs KaK NOTUHOMHUAIbHbBIE AJTOPUTMbI OOBITHO MOYKHO
MOCTPOWThH JIWITH TOT/IA, KOTJA yaaércs Oosee TiyOOKO MPOHUKHYTH B CYTh pe-
maemoit 3amauu. VMeercss mMMUpoOKO pacmpoCTPAHEHHOE COTUIAITEHHe, COTIACHO
KOTOPOMY 3aJa9a He CAUTAETCSA «XOPOIIO PEIIaeMoiis 10 TexX Top, MOKa, s Heé
HE TOIyYeH MOJMHOMUAIBHBIN anmropurM. [1oaToMy Mbl OyJeM HA3bIBATH 3313~
9y TPYIHOPEIIaeMoil, eciu st e€ PeleHus He CYMIECTBYeT MOTUHOMUATBHOTO
AJITOPUTMA.

Koneuno, 3ro ¢dpopMaibHOE ONpeneneHne Claefayer pacCMaTPUBATBL TOIBKO
KaK OJHY U3 BO3MOXKHBIX TPAKTOBOK MOHSATHUS «TPYAHOpeNiaeMast 3aaaqay. Pa3-
suuane Mexky «3hdexkTuBHbIMEY (TIOJMHOMUATBHBIMI) AJITOPUTMAMHA U «HEI(D-
dexTuBHBIMEY (IKCTIOHEHIIMAIBLHBIMEI) AJTOPUTMAMYU MOYKET TPUHATH COBCEM
WHOM XapaKTep, KOTIa pa3Mephbl perniaeMbIx 3a1a4d Hepeanku. /laxke va puc. 1.2
dbynkmusa f(n) = 2" sengr ceba ayume, sem f(n) = n° npu n < 20. Moxkno
JIErKO MOCTPOUTH eI¢ Hotee spKue MPUMEpHI.

Boimee Toro, m3BecTHBI HEKOTOPHIE YKCIOHEHITHAIBHBIE AJITOPUTMbI, BECHMA,
XOPOIIIO 3aPEKOMEHIOBABINNE cedsaA Ha TMpakTuke. /lemo B TOM, 9TO BpeMeHHdsT
CJIOXKHOCTH OTPEJIeTIeHa HAMHM KAK Mepa MOBEJEHUs AJTOPUTMA B HAULYOULEM
cayuae, © TOT (PAKT, 9TO KAKOHU-TO AJITOPUTM HUMEET BPEMEHHYIO CIOXKHOCTH
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nopsizika 2", o3HavaeT TOJbKO, UTO pelleHue Mo KpaiiHefi mMepe OIHONW WHIU-
BUyaJbHOM 33/a9u pa3dmepa n tpebyer Bpemenu mopsiaka 2”. Ha camom meme
MOXKET OKA3aThCs, 9TO OOJIBITMHCTBO WHAMBUIYATbHBIX 33129 TPEOYET /15T CBO-
€ro perreHns 3HAYNTEIHHO MEHBIITNX 3aTPAT BPEMEHHU, U TAKOTO POJA CUTYAIUs
eWCTBUTEIHLHO UMEET MECTO IS HECKOJIBKUX XOPOIIO W3BECTHBIX AJITOPUTMOB.
Hanpumep, kak 66110 ycranoiieno B paborax Kau u Munmu [291], a Takxke 3a-
de [544], cumiiekc-Mero, i PellieHrs 339 JTUHEHHOrO MPOrpaMMUPOBAHUS
IMeeT SKCIOHEHIHATBHYIO BPEMEHHJJI0 CIOXKHOCTL?, HO B TO YK€ BpeMs MHOIO-
YUCJIEHHBIE CBUIETEIHLCTBA MOATBEPKIAIOT, YTO 3TOT METOJ XOPOIIO paboTaer
Ha mpakTuke. JIpyroii mpumep: aJrOpUTMbBI BETBEl ¥ TDAHUI] CTOJIb YCIIEITHO
PEIAT 3339y O PIOK3aKe, YTO MHOTHE WCCIEIOBATEN CUMTAIOT ITY 3309y
«XOPOIIIO PEIIaeMoii», XOTsI aArOPUTMbI BETBEH W T'PAHUI] UMEIOT IKCIOHEHIIH-
ATBHYI0 BPEMEHHYIO CII0XKHOCTD.

K coxxasenuto, mogo0HbIe TPUMEPHI OYEHBb PEIKHU. XOTs IKCIOHEHIIHATHHBIE
aJrOPUTMBI M3BECTHBI [IJIsi MHOTMX 3a/1a9, HEMHOTHE W3 HUX CYUTAIOTCS MPU-
eMJIEMBIMU [IJIsi IPAKTUYecKuX mesei. Jlaxke npu HATUYUU yCHIENHO PpaboTaio-
X SKCIOHEHIIUAIBHBIX AJTOPUTMOB, YIOMSAHYTHIX BBIIIE, UCCAEIOBATEN HE
OTKA3aJIUCh OT MOMBITOK HAUTH IJIsi COOTBETCTBYIOIINX 3344 TOJIMHOMHUAIHHBIE
anroputmbl. B gefictBurensHOCTH caM (hAKT YCIENTHOTO TPUMEHEHVST SKCITOHEH-
[AATBHBIX AJTOPUTMOB /IaBAJI OCHOBAHUE TIPEIIIOI0KNATH, YTO OHU KAKUM-TO 00-
Pa30M BBISBIISIIOT HEKOTOPbBIE CYIECTBEHHBIE OCODEHHOCTHU PEIIAeMBbIX 3339 U
aro 6G0stee rIyOOKOe WX MCCIIEOBAHME MOXKET MMPUBECTH K JAJbHEHIIeMy yIyd-
IIIEHMI0 MEeTOJOB. B HacTOsIIIee BpeMst MOKa He MOIYyYeHO YIOBIETBOPUTEILHBIX
00bSICHEHNUH, IOYEMY 3THU aJITOPUTMBI PAOOTAIOT YCIEITHO, ¥ He W3BECTHBI METO-
IIBI, TTO3BOJISIOININE 3apaHee MPOTHO3UPOBATEH XOPOIITYI0 paboTy TOrO WJIM WHOTO
9KCIOHEHIUATHHOTO AJITOPUTMA B MPAKTUIECKON CATYAIUH.

C apyroii CTOPOHBI, TOJTMHOMHUAJIHHBIE AJTOPUTMbBI ACTO TO3BOJISIOT JEIATH
TAKOTO POJA TPOTHO3bI, MOCKOJBKY MOJUHOMUAIbLHBIE (DYHKIUKA 3HAYUTETHHO
Oosee aIeKBATHO OIEHUBAIOT BpeMs PabOTHI AJTOPUTMOB. XOTsI AJITOPHUTMBI,
IMeromue BpeMenHyio caoxkaocTh Tuma n'%0 mmm 10%°n2, me Moryr cumraTh-
cst 3P HEKTUBHBIME C MPAKTUIECKON TOYKN 3PEHUs, ECTECTBEHHO BO3HUKAIOIINE
«TIOJIMHOMUAILHBIEY 3aa49i OOBIYHO TPEOYIOT IJisi CBOETO pelieHus (B caMoM
XyimeM caydae) BpeMenn mopanka n’ wiam nd, mpwuaém koadbdummenTsr mpn
CTAPIIUX YIeHAX MOJTUHOMOB HE CJIMIIKOM BEJUKH. AJTOPUTMBI, OOIAJAIONINE
TAKAMU OLEHKAMU, MONHCHO CIUTATH «3PDEKTUBHBIMUY, U UMEHHO ITO BECHMa
JKEeJIATeTbHOE CBOMCTBO 3aCTABIISIET OTIABATH MPEIIOYTEHNE TOTMHOMUATBHBIM
AJITOPUTMAM KAK CPEICTBY PEIIeHUs 337a4.

Harmre onpenenenne «TpyaHopeniaemMoii 3a1a4uy Co34aéT 6a3y Ijis Teopuw,
00s1a1a101Iel 3HAYUTEILHON OOIIHOCTHIO U OOMBIINMA BO3MOXKHOCTAMU. [ToHA-
THE TPYIHOPEIAEMON 3aJaY1 OKA3hIBAETCS, TIO CYIIIECTBY, HE3ABUCUMBIM OT KOH-
KPETHOH CXeMbl KOIUpOBaHus u Moaean DBM, ucnoab3yemMbIx mpu OnpeaeIeHun
BPEMEHHOI CIIOYKHOCTH.

Paccmorpum cragana cxembl KogupoBauusi. IIpeanomoxum, HampumMep, 4To

2 AHaOrMuHEIE pe3ysbTaT ycTaHorjieH B pabore Iumuna w Kapszanosa [17%].— Mpum. ne-
pee.



20 I'maBa 1. Bperamcant. MalIuHbI, CIOXKHOCTH H TPYIHOPEITaeMbIe 3a1aT1

pemaemas 3aza4a onpenenena ua rpabe G = (V) E), rne V — MHO)KeCTBO Bep-
mnH, F — MHOKECTBO pédep u KaxKa0e pedpo MOHNMAETCs KaK HEYTOPSAJ0IeHHAS
napa BepuIuH. YCIOBHs 3TOH 3a1a49u MOryT ObiTh onucanbl (M. puc. 1.4) aubo

Cxema kommposanust | Ilemowka cuMBOJIOB (CJIOBO) HomHa
Crucku BepIinH VIIIV2IVIBIVAI(VIIIV2)(V[2]V3]) 36

u pédep

Crucok cocezeit (VI2H(VILVIBH(VI2) () 24
CTpOKHU MaTpHIBI 0100/ 1010/ 0010/ 0000 19
UHIINIeHITT i

Puc. 1.4. Onucanue epagpa G = (V, E), 20e V = {v1, v2, v3, 04}, E = {{v1,02},
{v2,v3}}, npu mpéx pasnur cremaxr xKoduposaHuA.

IPOCTO CIIMCKAMHE BCEX BEPIIUH 1 pédep, Muh0 ¢ MOMOMIBIO MATPAILI HHIAICHIIA
rpada, Mo COCTABIECHHEM I KAsKIOrO Y3714 CIIACKA BCEX Y3JI0B, HMEIOIINX C
JAHHBIM 00I1Iee pedpo («CIUCKHU COceIei» ). DTH CXeMbl KOJUPOBAHUS JJIsl OJHOTO
u TOro e rpada MOTYT ZATh BXOIBI PA3HON MauHbl. OIHAKO JIETKO MPOBEPUTH
(cM. puc. 1.5), 910 mosyvyaeMmbie BXOIbI OTJIMYAIOTCS APYI OT JApyra He Gosee
YeM <«IIOMHOMHUAILHBIM 00Pa30M», T.€. JI000H AJIrOPATM, IMEIOMIWIA IOJTHHOMHE-
AJNBHYI0 BPEMEHHJJI0 CJIOKHOCTD [P OJHON M3 3THX CXeM KOJUPOBAHUSA, OyIeT
Takyke 00JIaJaTh MOMMHOMUAILHON BPEMEHHOH CIOKHOCTBIO IPHU BCEX OCTAJIhb-
HBIX CXEMaxX.

Cxema kommpoBanus | Huxkusasa onenka | Bepxusis omerka

Croucku Bepmue 4v + 10e 4v + 10e + (v + 2e) - [log 10V]
n pédep

Cnucox coceneit 2v + 8e 2v + 8e + 2e - [log 10V]
Marpwuta Vv —1 +v—1

UHIINIeHITT i

Puc. 1.5. Obwue ouenru daunv, 6x0da 0as MPET cxem KouposaHus 2pada
G = (V, E), npedcmasaennwnx wa puc. 1.4, 20e |V| = v, |E| = e. [ockoavky
e < V2%, 2Mu oUEHKU NOKA3LLEAIOM, wMO OAUNbL 6T000 OMAUNAIOMCA 0pY2 Om
dpyeza ne boaee YeM NOAUHOMUGALHYM 00pasom ([x] obosnavaem naumenbuiee
UEAOE YUCAO, HE MEHDULEE, YeM T ).

B neficTBUTETBHOCTH CTAHIAPTHBIE CXEMbI KOIUPOBAHUS, UCIOIH3yEMbIe Ha
OpakTuKe s 000 KOHKPETHON 33149, NO-BUIUMOMY, BCEraa OyIyT OTIIH-
9aThCS IPYT OT ApyTra He DoJIee YeM MOTHHOMUAIBHBIM 00pa30M. BeLIo ObI TPYI-
HO TTPEJICTABUTEL cebe Pa3yMHYIO CXeMy KOIWPOBAHWS s KaKoH-JI100 3a1atn,
KOTOpast OTJINYAJIACH ObI 00JIEe YeM TOJTMHOMHUAILHBIM 00PA30M OT CTAHIAPTHBIX
cxeM. XOTst MBI He MOYKeM (DOPMAJIBHO BHIPA3UTH TAKOE MOHSITHE, KAK «Pa3yMHAas
cXeMa KOJIUPOBAHUS», CJAEAYIONNE JBA YCIOBUSI OXBATHIBAIOT BaXKHbBIE TPeDOOBaA-
HUsI, CBSI3QHHBIE C STUM TTOHSITHEM.

(1) xox 060# MHAUBUAYATBHON 3ama49u [ JOMKeH ObITh «CKATBIM», T.€. HE
COZIEPIKATH W3OBITOYHON MHMOPMAIINY U CUMBOJIOB;

(2) uucna, BXoadIMEe B yCAOBUsA 3343491 I, NOJKHBL ObITH OPEJCTABJIEHBI B
JIBOUYHON cucreMe cuucienus (MIu JeCATUIHON, UIU BOCHMEPUYIHON, UK UMETh
Ji0boe JIpyroe OCHOBaHUE, HO TOJBLKO He 1).
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Ecnu mMbI orpannydnMces pacCMOTPEHHEM TOTHKO TE€X CXeM KOIUPOBAHUS, KO-
TOpBIE yJOBJIETBOPAIOT 3TUM yCJIOBUAM, TO BBIACHEHHE BOIPOCA, ABISAETCA JIU
aHHAS 33712493 TPYIHOPEIIaeMoil, He OyJeT 3aBUCeTh OT BBHIOOPA KOHKPETHOM
CcXeMbl KOTUTPOBAHMS.

Mopenupyemast Mogenupytomas marmna A
Marmna B IMT kMT MITI
Marmmna ThiopuHTa - O(T(n)) | O(T(n)) logT(n)
¢ 1-it nenroit (1IMT)
Marmuna Toiopunra | O(T?(n)) - O(T(n)) log T(n)
¢ k nearamu (kMT)
Marmuna, O(T3(n)) | O(T?*(n)) -
IPOM3BOIBHOTO

nocryma (MII)

Puc. 1.6. Bpema, mpebyemoe mawunoti A daa modesuposanus pabomol an-
eopumma caoscnoemu T (n) wa mawune B (nanpumep, cm. [9, 215]).

Anamornynbie 3aMedaHUsT MOXKHO CIETaTh OTHOCHTETHHO BBIOOPA MOJETH
9BM. Bce usBecrnbie B HacTosilIee BpeMs peaaucrudeckue mozgenu IBM (na-
OpUMep, OJHOJIEHTOYHBIE W MHOTOJIEHTOYHBIE MAIMUHBI THIOPUHTA, MAITHHBL C
POU3BOILHBIM JIOCTYIOM K TIAMSTH) SKBUBAJEHTHBI OTHOCUTEIHLHO MOTUHOMU-
anbHOM BpeMeHHo# cioxuoctu (cM. puc. 1.6). MoxkHO 0KugaTh, 4TO U JT100ast
HHasi «pazyMHasy Moaenb IBM Oyaer sKBUBATEHTHA MO CIOKHOCTH BCEM Tie-
PEUHMCIEHHBIM MOIEIISIM.

IMox cnoBamu «pasyMHas MOAEby 31ECh MIABHBIM 00PA30M MMEETCsT B BUILY
TO, 94TO 0OBEM PabOTHI, BHIMTOJHIEMOM MAIIIWMHON B €IUHUILY BPEMEHY, OTPAHUIEH
(cBepxy) nosmuoMOM. Tak, Hanpumep, MOAEIIb, 0BIaIAM0IIAs CHOCOOHOCTHIO BbI-
MOJTHATH TAPAJIETHLHO MPOU3BOIBHO MHOTO ONEPAIiii, He OyJeT CAUTATHCS «Pa-
3YMHOli», U B JEHCTBUTEILHO HU OJHA U3 CYIIECTBYIOIUX (UM IPOEKTUPYEMbIX )
9BM He obamaer momobHBIM cBOicTBOM. BO BCSIKOM CiIydae, eciii OrpaHuYnTh-
Cs PACCMOTPEHWEM CTAaHIAPTHBIX Momeseil peasbHbix 9BM, To Ki1acc TpymHO-
PEeIaeMbIX 337349 He OyIeT 3aBUCETH OT BHIOOPA KOHKPETHON MOIEN, U TAKOM
BBIOOP MOYKHO OCYHIECTBISATEH, UCXOs U3 WHTEPECOB Je/Ia W He YMEHbIAs MPh
3TOM cepbl TPUMEHUMOCTH HAIIMX PE3YJIbTATOB.

1.4. 3amaum, TPYAHOPEINAEMOCTh KOTOPHIX JTOKA-
3yemMa

TToce Toro Kak MbI 06CcyauIN (POPMATHHOE COAEPIKAHNE TOHATHS «TPYIHOPEIIA-
emMasl 3a7a9a», YMECTHO JIaTh KPATKUl 0030p COBPEMEHHOIO COCTOSIHUS HAITUX
3HAHUI O CYIECTBOBAHUY TPY/IHOPEIIAEMbBIX 33/1a4.

Crauasta OXapaKTepU3yeM pa3Indus MEK Iy IBYMS aCIEKTAME TPYIHOPEITa-
eMOCTH, KOTOPbIE OTPaYKeHbI B HaIlleM ornpezeneHun. [1epBolil acmekT, KOTOpbIit
OOBIYHO UMEETCs B BUJLY, COCTOUT B TOM, UTO J[JIsI OTHICKAHUS PEIIeHUs TpedyeTcs
9KCIOHEHIHATBLHOE BpeMsi. BTOpoii 3akIi0o9aeTcst B TOM, YTO UCKOMOE PEIeHUe
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HACTOJIBKO BEJIUKO, YTO HE MOXKET OBbITH MMPE/ICTABICHO B BUE BHIPAXKEHUsI, [IJTU-
HA KOTOPOTrO ObLa ObI OrpaHWYeHa MOJIUHOMOM OT JIJIMHBI BXO/IA.

Bropas curyarus Bo3HUKAET, HATPUMED, €C/IA B 33/1a9e O KOMMUBOSIZKEPE B
Ka4eCTBe JOTOIHUTEILHOTO mapaMerpa (pUrypupyer anciao B u Tpedyercs Haii-
TH BCE MAPIIPYTHI JJIUHBI, HE MpeBocxoasAiei B. JIerko mocTpouTh WHIUBULY -
AJBHYIO 337129y O KOMMUBOSKEPE, B KOTOPOl UMeeTCs SKCIOHEHIINATBHOE IUCIO
MapIIPYyTOB JINHBI, HE TPEBOCXOAIIEH B, m03TOMYy HE CyIIeCcTByeT aJiropuTMa
C TOMMHOMMAJILHON BPEMEHHOI CIOKHOCTHIO, KOTOPBINA BCE UX MEPEUNCISIET.

TpynHOpenaeMocThio 3TOTO BUIA, HEIB3sT HU B KOEM CIIy4ae MmpeHeOperars,
U OYEHBb BAYKHO €€ CBOEBPEMEHHO ODHAPYKUTH. B OOMBIMMHCTBE CIyYaeB, OTHA-
KO, €€ HAJWYNe sICHO W3 MOCTAHOBKHU 33Ia9M. JTOT ACHEKT TPYTHOPEITAEMOCTH
OOBIYHO MOXKHO PACCMATPUBATH KAK YKA3AHUE HA TO, 9TO TOCTAHOBKA 33a4YU HE
pPeanCcTUdHa, MOCKOJIBKY MbI 3ampaliuBaeM 60biine nHHOPMAIUT, IeM KOTJa-
b0 CMOYKEM HCTOJIb30BATh. B CBSI3U € 3TMM C HACTOAIIETO MOMEHTA, M JI0 KOH-
[[a KHUTH MBI OyIeM pacCMaTPUBATH TOJBKO MEPBBIA THUIT TPYIHOPEIIAEMOCTH.
A wmmenno OyIyT M3ydaThCsA TOJBKO TaKWe 3aJa4H, JJINHA PENIeHUsT KOTOPHIX
OrpaHMYeHa MOMMHOMHUATHHON (DYHKIMEH OT IIWHBI BXOIHON MHMOpMAIIHT.

IIepBbie pe3yabTaThl O TPYAHOPEIIAEMOCTH 331249 — KJIACCUIECKHE Pe3yIhTa-
THI O HEpazpemmmocTu — Obutu nonydensl A. Twiopunzom. Okomno 40 mer Hazan
TosropuHT JOKA3aJI, YTO HEKOTOPBIE 3aJa4UN JAXKe «HEPA3PENuMbly» B TOM CMbIC-
Jie, 9TO BOODINE HE CYIIECTBYET ajroputma ux perrenus. OH T0KA3aJI, HATPU-
Mep, YTO HEBO3MOYKHO YKA3aTh aJITOPUTM, KOTOPBIHA MO MPOU3BOIHHOM TPOTpaM-
Me Ompeiesisii Obl, OCTAHOBUTCS JIM 9TA MPOrPaMMa Ha TPOU3BOIHLHO 33 JAHHOM
Bxoze win Her [517]. 3BecrHo G0sblIOe YMCI0 APYTUX HEPA3PENIMMbIX 3a1a4.
K HuM oTHOCATCS, B 9ACTHOCTH, 337Ia9a BBISCHEHUS TPUBUAILHOCTH KOHEYHO-
MOpOXKAEHHBIX Tpymm [440], necsras mpobmema 'minbepra (paspemmmocTts B
EJIBIX YMCTaX MOJNHOMHUANBHBIX ypaBHeHHi) [376], a TakyKe HECKOIBKO 3a7ad
0 NOKPBITUH IJIOCKOCTH paBHbiMU obsactsamu [36]. Tlockonbky 3Tu 3ama4uu e
MOTYT OBITh PEIIEHBI HUKAKUM ATTOPATMOM, TOT T€M OOJiee OHU HE PA3PEIINMbI
¥ MOJTMHOMAATBHBIM aJICOPUTMOM U, 3HAUUT, JeACTBUTEILHO TPYTHOPEIIAEMbI B
CaMOM CHJIBHOM CMBICJIE.

ITepBbie mpuMepHI TPYIHOPEIIAEMBIX «PA3PEIIUMbBIX> 33,1249 OBLIN MOJTY I€HBI
B HauaJse 60-X roI0B, KAK OIWH U3 Pe3yIbTaToB paboThl Xapmmanuce u Cmupu-
3a [204] no «uepapxusmy» ciaokuocTr. OQHAKO 3TU IPUMEDBI BKJIIOYAIU TOJIBKO
«HACKYCCTBEHHBIEY 3a/1a9H, CIIEIUATIHHO TOCTPOEHHBIE, 9TOOBI 00JIaJATH COOTBET-
cTBytomuMu croiictBamu. Torapko B Hagasne 70-x ronos Metiepy 1 Cmoxmedtiepy
yIAJI0Ch TIOKA3aTh, YTO HEKOTOPHIE «ECTECTBEHHBIEY PA3PEITUMbIE 33Ia9N TPY/I-
HOPEITAEeMBI.

B uucno stux 3ama49 BOMLIO HGOMBINOE YUCIO W3YYABIIUXCS PaHee 331349 U3
TEOPUHU ABTOMATOB, (POPMAIHHON TEOPUM sI3bIKOB U MATEMATHUYIECKOHN JIOTHKH.
Ha camowm mesie 66110 TTOKA3aHO, YTO STU 33JaUU HE MOTYT OBITH PEIIeHbI 34 T0-
JIMTHOMUAJTLHOE BPEMS JIayKe C MOMOIIBHIO «HEJIETePMUHUPOBAHHOTO» BBIYUCIIN-
TEJILHOTO YCTPONCTBA, 00JATAIONIEr0 COCOOHOCTHIO TTAPAJIIETHHO BHITIOIHATh
HEOTDAHUYEHHOE KOTUIECTBO HE3ABUCUMbBIX BbIYUC/IeHU. B mambHeiimem Oyger
BHUHO, YTO 3T «HEPEATUCTHIHAT> MOJETb BIYUCIUTETLHOTO YCTPOUCTBA UT'Da-
eT BaXKHYI0 poib B Teopun NP-TIOMHBIX 337034, & € BO3MOKHOCTHA OyAyT odep-
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JeHbl HoJee mOIHO B 1. 2.

Bce u3BecTHBIE B HACTOSIIIIEE BpeMsl 3aJa4d, TPYTHOPEIIAEMOCTh KOTOPBIX
JIOKa3aHa, MOTAJAIOT B OJWH U3 MEPEUNCICHHBIX KJIACCOB: OHY JIMOO BOBCE HEPA3-
PEeIIMbI, 1100 TPYIHOPeIIaeMbl HeAeTePpMUHUPOBAaHHON MamuHoi. O gHako 60/1b-
IIMHCTBO IPEACTABIIAIONIUXC TPYSHOPEIIAeMbIMU IPAKTUIECKUX 33034 B JIeii-
CTBUTEJILHOCTU Pa3peuwsumst i, 6ojee Toro, mo2ym ObITh PEIleHbl 38 [IOJTHHOMIU-
aJIbHOE BPeMsI C TIOMOIIBI0 HEIETEPMUHUPOBAHHOTO BBIYUCIUTEILHOTO YCTPO-
crBa. TakuMm 00pa30M, M3BECTHBIE METOIBI HEJOCTATOYHO CUJIBHBI, YTOOBI yCTa-
HOBUTH TPYIHOPENTAEMOCTh ITHX 331a4.

1.5. NP-moJHble 3aJJa41

IToka Teoperwky MpPOAOIKAIOT MOUCK OOIEe MOIIHBIX METOHOB /IOKA3ATEIbCTBA
TPYIHOPEIAEMOCTH 33184, TTAPAJIIEIHHO BEIYTCs pabOTHI O CPABHEHUIO CIIOMK-
HOCTH Pa3JMdYHBIX 33Jad. Kak yke ObLIO CKa3aHO paHee, OOHAPYIKEHUE TaKUX
B3aMMOCBS3€il MEeXK/Iy 33Ja9aMU YaCTO MOXKET JaTh Pa3pabOTInKy aJIrOPUTMOB
MTOJIE3HY 0 WHMOPMAIIHIO.

OCHOBHO# MeTOI, UCMOIB3YEMBII IS JOKA3ATEIHCTBA TOTO, 9TO JIBE 33,1a49n
ONM3KM, COCTOUT B «CBEIEHUU> WX APYT K APYTY C MOMOIIBI0 KOHCTPYKTUBHOTO
IpeodbpPa30BaHust, KOTOPOe OTOOpaKaeT 00y UHIANBHAYAILHYIO 3a1a9y MIep-
BOTO THUMA B SKBUBAJIEHTHYIO €l HHINBUIYAIbHYIO 33/1a9y BTOPOro TUMa. Takoe
MpeodpPa30BaHIe TIO3BOJISIET MPEBPATUTH JTIFOO0M AJITOPUTM PEIIeHUsT BTOPOii 3a-
JIAYN B COOTBETCTBYIOIIWH aJTOPUTM pEITeHus MepBO# 3a1a4M.

MHOro mpoCTHIX MPUMEPOB TTOAOOHOI CBOANMOCTH M3BECTHO yxKe naHO. Ha-
npumep, Janyue [99] cBET HECKOIHPKO KOMOMHATOPHBIX 33789 OMTUMU3AINN K
obrmedi 3amade 0-1 eI0INCIEHHOTO TPOrpaMMUpoBanus. ddmonde [105] crén 3a-
Iadu 13 TeOpun rpadoB — «HANTH MUHUMAJILHOE BEPIITUHHOE TOKPHITHE Tpadas
U «HAWTH MUHAMAJIbHOE HE3aBUCHMOE MHOYKECTBO BepINWH rpadasy — K 3agade
«0 nokpbiTun>. orcumnen [173] cBén 3anady 0 MOKPLITHU K 33/Ja9€ O «IIOKDPbI-
TUW TPOCTBIMU UMILTUKAHTAMA» U3 TEOPUH PEIEHO-KOHTAKTHBIX cxeM. JJaHyue,
Baammuep n Pao [100] nanm onncanne XOpOIIO W3BECTHON CBOIMMOCTH 331a91
0 KOMMUBOSTXKEPE K 33]a9€ O KpATJaiIeM My T, B KOTOPO#l TOMyCKAIOTCs pEdpa
OTPHUIATETHHOMN JTHHBI.

OTHU NepBbie CBOAUMOCTH, XOTS ¥ ObLIN W30JIUPOBAHBI U OTHOCUJINCH K Y3KO-
My KPYTY 3aJIa4, MPEeIBOCXUTUIN AyX PE3YTHTATOB, KOTOPBIE TOKA3LIBAIOTCA B
Teopun NP-TIONIHBIX 330a4.

Oyumament Teopun NP-moaHBIX 33734 ObLT 3aj0xked B pabore C. Kyka,
omybaukoBaHHOM B 1971 1. mox HazBaHueMm «CJI0KHOCTH TMPOIEAYP BBIBOIA TE-
opemM» [91]. B 310it kOpoTKOIi, HO 3meranTHOM pabore KyK MOMyYna HECKOIBKO
BAaKHBIX PE3YJILTATOB.

Bo-miepBbIx, OH MOTYEPKHY BAKHOCTH MOHITHS «CBOINMOCTD 3 MOJTMHOMHU-
aJbHOE BpEMs», T.e. CBOIUMOCTh, KOTOPas BBITIOJHSIETCS C TIOMOIIbIO aJITOPUTMAa,
C TOJMHOMMAIBHON BpeMeHHOH cinoxkHOCThIO. Ecaum omma 3amada cBoguTcs 3a
MOTMHOMHUATBLHOE BPeMsi K JAPYToi, TO 000 MOMMHOMHUATBHBIA AJITOPUTM Pe-
[IEHUS BTOPOI 331291 MOXKET ObITh TPEBPAIIEH B MOJIMHOMUAIHHBIN aITOPUTM
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pelieHns nepBoii.

Bo-BTOpBIX, OH 0OpATHI BHUMAHWE HA KJIACC 33129 PACIO3HABAHUS CBONCTB
(kacc NP), KOTOpbIE MOTYT ObITH PEIIeHbI 38, MOJTUHOMUAILHOE BPEMsT Ha, HEJe-
TEePMUHUPOBAHHOM BBIYUCIUTEIHLHOM yeTpoiicTBe. (3amadeil pacrno3naBauus CBO-
HCTB HA3BIBAETCS 337a49a, PEIIEHUSIMA KOTOPOW MOTYT OBITH JHOO «Ida», JTHOO
«Her».) BonbIuHCTBO HEe MONIAIOIIMXCs PELIEHHIO 3a/1a4, KOTOPbIE BCTPEYaIoT-
Cs1 HA TIPAKTHKE, Mocjie mepedOpMyIUPOBKH WX B BHUJE 33349 PACITO3HABAHUS
MOTAAIOT B TOT KJIACC.

B-rperbux, C. Kyk mokazas, 9ro ojHa KOHKpeTHas 3a7ada u3 NP, Ha3bBa-
emMas 3a7a4eil O BBIMOJHUMOCTH, OOJIAJAeT TeM CBOWCTBOM, 9TO BCSKAsd JApyras
3amada n3 kiaacca NP MoxKeT ObITh CBEIEHa K Hell 33 TOIMHOMUATIHHOE BpEMsS.
Takum 06pa30M, €CaU 3312498 O BBIMOTHUMOCTH MOYKET OBITh PEIIeHa, 33 MOJIU-
HOMUAJILHOE BpeMsi, TO U JI0bas 3a1a4a u3 Kiacca NP MoJIMHOMUATIBRHO pa3pe-
[IUMAa, a eCIu Kakasg-To 3a1a4da u3 NP TpyaHopernaeMa, TO U 33/a9a O BBIOJ-
HUMOCTH TaK¥Ke JO/IKHA OBITH TpyaHoperaemoi. Takum o6pa3oM, B HEKOTOPOM
CMBICTIE 33J1a9a O BBITIOTHUMOCTH — «CaMas TpyaHass B kiacce NP.

Haxkowren, C. Kyk npeanonoxui, 9ro u Apyrue 3agadqu u3 kiaacca NP moryT
OBITH, AHAJOTUYIHO 33/1a49€ O BHITIOTHUMOCTH, CAMBIMHU «TPYIHBIMU» TPEICTABHU-
rensgmu kinacca NP. O mokazanr ato mist crenyomeit 3agaan: « Coaep:KuT u
3aaHHbI rpad G momHb moArpad ¢ 3aJaHHBIM YUCIOM BEPIITHH? >

Benen 3a atum P. Kapn onyGsiukoBast psi pesyibraros [280], u3 KOTOpbIX
CJIe/IyeT, 9TO MHOTHE XOPOIIO U3BECTHbIE KOMOMHATOPHBIE 33,/1a491, BKIIIOYAS 3a-
1ady 0 KOMMHUBOsizKEpe, Oyay4un chopMynpoBaHbl B BUIAE 330a49U PACIO3HABA-
HUSsI, CTOJIb YK€ «TPYIHBI», KAK 33298 O BBIMOTHUMOCTH. [103/1HEE OTHOCUTETFHO
IITUTPOKOTO KPYTa APYTUX 3339 ObIIO JOKA3AHO, YTO OHU MO TPYIHOCTH SKBUBA-
JIEHTHBI 3TUM 337]a9aM, & CAM KJIACC SKBUBAJIEHTHOCTH, COCTOSIINIA U3 «CAMBIX
TPYAHBIX> 3a7a4 U3 NP, momy9nn Hazsane «Kaace NP-TOmHBIX 3a7ad»4).

Opurunnansubie uaen Kyka oka3aJuch yIUBUTEIBLHO TIOI0TBOPHBIMEU. OHU
MO3BOJIAJIA CBECTH MHOTO PAa3HOOOPA3HBIX BOMPOCOB O CJIOKHOCTH B €IUHBIN BO-
npoc: «Bepuo mu, yro NP-mionHbe 3a0a49u TpyaHOpemmaeMbr?s CIIHCOK, BKITIO-
9EHHBIN B IPUIOKEHNE K HACTOAIIEH KHUTe, COIEPAKUT COTHU PA3TUIHBIX 33124,
NP-1iomHOTa, KOTOPBIX yCTaHOBAeHa. 110 Mepe Toro Kak BCE OOMbIe u OOIbIme
33194, MPEICTABIAIIINX WHTEPEC C PA3HBIX TOUYEK 3PEHUs, MOMATAIT B ITOT
KJIACC YKBUBAJIEHTHOCTH, €0 BayKHOCTH IMOCTOSTHHO BO3PACTAET.

Bompoc o Towm, mpeiictBuTenbHO s NP-TIONMHBIE 3a0a9 TPYIHOPEIIAeMbI,
B HACTOSAIIEE BPEMsI CUUTAETCS OJHUM U3 OCHOBHBIX OTKDBITBIX BOIMPOCOB CO-
BPEMEHHOI MAaTEeMATHKHU W TEOPETUYECKON KubepHeTHKU. BOmpekn roToBHOCTH
OOJIBITUHCTBA, CIENUAIUCTOB CUUTATH, 9TO BCe NP-TOHBIE 331291 TPYIHODPE-
[IIAEMBI, TTPOrPECC KAK B JOKA3ATEHCTBE, TAK U B OMPOBEPKEHUN ITOTO TATEKO
HYIIEro MPEeNoIoKeHus: BecbMa Hesnaanreser. OQHAKO, HECMOTPSL HA OTCYT-
CTBHE [I0KA3aTEIbCTBA TOrO, 9TO U3 NP-MOSHOTHI ClIelyeT TPYIHOPeIaeMOCTh,
NP-tonHOTa 331391 O3HAUAELT, YTO MJ €€ perteHuss MOJUHOMHUAILHBIM ajiro-
PUTMOM TpPEOYEeTCsI TTO KpaifHeil Mepe KPYITHOe OTKPBITHE.

3Takme 3a7a9K HA3LIBAIOT TAKXKe «YHHBEPCATBHBIME».— IIpum. ped.
4Ya¢T0 ero HA3LIBAIOT <KJIACC YHHBEPCANBHEIX 3agad».— IIpum. ped.
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1.6. O coaep>kaHUU KHUTU

XoTs 3Ta KHUTA 33/yMaHa MPEXkKJe BCEro KAK PYKOBOICTBO, ITOMOTAIOIIEE Bbi-
SICHUTD, ABJAETCs ju NP-TIOHO# Ta, WM WHast KOHKpeTHasa 3a7ada (ambo 1mo-
CPEeICTBOM OTBHICKAHUSI €€ B MPUJIOKEHUHU, JTUOO MyTEM CaAMOCTOSTEILHOTO I0-
Ka3aTe/bCTBA), B HEll TaKyKe 00CYKIAIOTCS PA3JIAUHBIE BO3MOYKHOCTH PEIeHust
NP-nionubix 3ama4d. Huke npuBoguTCst KpaTKuii 0630p COMEPKAHNST KHUTH.

B r1. 2 uzmoxkennr popMaibHbIE OCHOBBI Teopun NP-TIOMHBIX 33129 U JT0Ka-
3piBaeTcs reopeMa Kyka. 37ech onpenensiorcs: MeHTPpaIbHbIe MOHSITHST TeOPUN
NP-NONTHBIX 33129 — «SI3bIK» U «MAIUHA [ HIOPUHTA» W YKA3BIBAETCS UX CBSI3b
C TIOHSATHSIMY <«337a49a» U <«MOIEIb BBIYUCIUTENIHHOTO YCTPONCTBA», KOTOPHIE
00CYKIAINCH BBIMIE. DTa IJIABA JIOKHA MO3HAKOMUTH YHTATENsT C TEXHUKON
paccykaeHuii, npuMensieMblx B Teopun NP-TOTHBIX 33124,

I'n. 3 mocBsmena MeTomaM J0Ka3aTeabCTBa NP-TOTHOTHI PA3INIHBIX 3a1a4.
Bomnbiioe uncio npuMepoB WLIIOCTPUPYET CTPYKTYPY ITUX METOJOB U TIOSICHSIET,
KAKOW M3 HUX CJIEyeT BbIOPATH B KayKJIOM KOHKPETHOM ciiyuae. [lo cyimecrny,
OKA3aTeJILCTBO [NP-TIOJIHOTHI 38184 COCTOUT B MOJUHOMHUAJIHLHOM CBEICHUN K
Heit n3pectnoit NP-moHOM 3ama4qn. B aToit rraBe Takke gaérces 0630p Hanbosee
MOIXOSAIINX Ay 9TOH 1esu NP-TOTHBIX 3371849 U IEMOHCTPUPYETCsT UX [MPUMe-
HEHUE.

B rn. 4 usywarorcss mOaXobl, ¢ TTOMOIIBIO KOTOPBIX Teopueit NP-TOTHBIX
MOYKHO TIOJTb30BAThCs 151 DOJIEE TIIATETHHOTO AHAIN3A CJIOKHOCTH 3aJa4HU, I
MMOWCKA «TPAHUIIBI> MEXK/IY MOJIMHOMHUAIBHO PA3PEIIUMbIMU CIIyYasiMA 33291 U
NP-TI0THBIMH.

B rn. 5 mokazaHo, KaK MeTOHBI, MpUMeEHseMble I J0Ka3areabcTBa NP-
MOJTHOTHI, MOYKHO TIEPEHECTH Ha, 330a49M JIPYTOro TUMA, C eI J0KA3aTh, UTO
OHM «CTOJIb YK€ TPYAHBI», Kak NP-mogHbie 337a49u. ITOOBI TOMOYL YHUTATEITO
pazobparbcsa B uTeparype 1mo reopun NP-TIOMHBIX 337039, MbI TaKKe MPUBO-
UM KPATKWAH MCTOPUYECKHUIT 0030p pa3BUTHsI OCHOBHBIX WEH W M3MEHEHWI B
TEPMUHOIOTUH.

B 1. 6 06Cy)KIa0TCsA pA3IMIHBIE TIOAXOABI K PabOTE C TPYIHOPEIIAEMBIMU
3aJa9aMu, 0COOEHHO MEeTOJ, OTHICKAHUS MOYTH ONMTUMAJLHBIX PEIEHUH C MOMO-
b0 OBICTPHIX aaroputMoB. [IpuBoasiTCa TpUMEpPHI, 1EMOHCTPUPYIOIITE TOCTO-
HHCTBA W HEJOCTATKHA ITUX METOJOB, & TAKXKE WUILTIOCTPUPYETCS MPUMEHEHUE
reopun NP-NOTHBIX 33729 B 9TOH 0OIACTH.

1. 7 umeer 1eabi0 MO3HAKOMUTh YATATENST C HEKOTOPBIMU TEOPETUIECKUMU
pe3yJIbTaTaMu U UAESIMU, BO3HUKIITUMU MAPAJIIETLHO ¢ Teopueil NP-TOHBIX 3a-
nmad. O6Cy K IAOTCS CIEIYIOMINE BOMPOCHE: MTOJIMHOMUAIbLHAS HEPAPXUST, TEOPUS
N P-nionHBIX 337124, TOTHOTA B KJIACCE 331249, PACIO3HABAEMBIX C MIOJTHHOMUAATb-
HOI MAMATBHIO, U «PEIITHBA3AINIY TPOOIEeMbI TPYIHOPEIaeMocTh NP-IIOTHBIX
3a/1a4.

IMocnenni00 TpeTh KHUTH COCTABJISIET MPWJIOXKEHWE, B KOTOPOE BKJIIOUEHO
6omabimoe unciao NP-TomHBIX win 00Jiee CJIOXKHBIX 337189, C COOTBETCTBYOIIN-
MU MpUMEYaHusMU. B crucke 3a7a9 BBIIETIEHBI PA3IEIIbl, Te COOPAHbI 33129
U3 ONpenenéHHbIX 00JacTell, HaIpuUMep Teopur rpadoB, TEOPUU PACIHUCAHUI,
anreOPhI U TEOPUW YHUCENI, TEOPUU MOKPBLITHH U pa3bueHuii, MaTeMaTuIecKoro
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POrPaMMUPOBAHUS, TEOPUN S3BIKOB U ABTOMATOB, U CAMbIE PA3HBIE 331a9H, HE
[IOMABIIKE B 3Ty Kaaccupukannio. B HEM yKa3aHbI TaK»Ke CCHLIKH HA OJU3KHE
3a/1a9¥, BOIIPOC O CJIOXKHOCTU KOTOPBIX OCTAETCS OTKPBITHIM, T.€. OTHOCUTEIHHO
KOTOPBIX HE W3BECTHO HU TOJIUHOMHUAJIBHOTO AJTOPUTMA PEITEeHUs, HU TOKa3a-
TenhCcTBa, NP-TIOJTHOTHI.



I'maBa 2.

Teopust NP-nioJIHBIX 3a/a4

B macrosmeit rmaBe m3moxkeH (popMaIbHBIN ammapar teopun NP-TOMHBIX 3a-
nad. I Toro 9ToObl 9T TeOpHsi TPHOOPETa CTPOrue MaTeMATHIECKHe TePThI,
HEOOXOAUMO BBecTH (hOPMATBHBIE IKBUBAIEHTHI MHOTMX HWHTYWUTHBHBIX ITOHSI-
THii, HATIPUMED TAKWUX, KAK «33Ja9a» U «aJaroput™s. OQHa M3 OCHOBHBIX Ieei
9TO# TJIABBI COCTOUT B BBISIBJICHUN CBSA3U MEXKIY (DOPMATLHBIMU TEPMUHAME U
HHTYUTUBHBIMU MTOHATUSIMHU, KOTOPBIMHU YAIIle BCEro moab3ytorcs. OBraaes 3Toit
CBSI3bIO, MBI CMOYKEM B TMOCTEAYIONIMX TIABAaX BECTH W3JIOKEHUE TIABHBIM 00-
pa3om Ha HePOPMATHLHOM YPOBHE, 00paIiasich K (GPOPMAILHOMY TOJBKO TOTA,
KOTJIA 3TO HEOOXOAMMO, B CTPOruX (POPMYJIUPOBKAX U JIOKA3ATEHCTBAX.

I'naBa waumnaercss ¢ OOCYKIEHWsT 33729 PACIO3HABAHUS CBONCTB U TIPE/I-
CTABJICHUS ITUX 33729 B BUJE «SA3BIKOB», 9TO JAET BOZMOKHOCTH OTOXKIECTBUTH
«PeIIeHne» TAKOM 3a]a49H C «PACIO3HABAHUEM» COOTBETCTBYIONIETO sI3biKa. B Ka-
YeCTBE OCHOBHOM MOIEIN MPOIECCA BHIYUCIEHUS MPUHSITA, OJHOJEHTOYHAS Ma-
muHa ThIOpUHTA, KOTOPasi MUCIOJIL3YIOTCS TAK¥XKe IJs Ompeiesenus kjacca P
(Polynomial — MOIMHOMUAIBHBIN) BCEX S3BIKOB, JIETEPMUHUPOBAHHO PACTIO3HA~
BaeMbIX 33 MOMUHOMHUANBHOE BpeMsi. Mammua ThiopuHra 3areM IOMOTHSETCS
PUTIOTETUIECKON CTOCOOHOCTHIO «yTabIBAHUS», U ITA JTOMOJHEHHAS MOJIETh WC-
MOJB3YeTCs [ onpeaeneHus Kiaacca NP Bcex si3bIKOB, «HEeJIeTePMUHUPOBAHHO»
pacro3HaBaeMbIxX 33 nojuHomuanbuoe spemsa ( Nondeterministically Polynomial).
IToce obcyx nennst B3anMoCBsa3u KaaccoB P u NP onpenessiercst IOHSITHE TOJH-
HOMUAJBHOTO TPEOOPA30BAHUS OTHOTO SI3BIKA B APYTOii. ITO MOHATHE TPUMEHSI-
eTcsl Il ONpeIe/ieHrs Hanboee BaXKHOTO Kaacca — Kiaacca NP-TOMHBIX 33034,
I'maBa 3akangmBaercss pOPMYTUPOBKOH U JOKA3ATEILCTBOM (DYHIAMEHTATHLHOI
teopembl Kyka, Koropas maér nam nepByo NP-TIOTHYIO 33/1a4y.

2.1. 3agaum pacro3HaBaHUS, I3bIKI U KOIUPOBAa-
HUE

13 coobpazkennii ynobcrsa Teopus NP-TIOTHBIX 33129 CTPOUTCS TOIBKO TSI 3a-
dau pacnoznasanus ceoticma. Takue 3amaun, Kak ObLIO YIIOMSHYTO B 1. 1, uMe-
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0T TOJIBKO [ABa BO3MOXKHBIX PEIIEHHS — «a» WK «HeT». Bplpaxkasich abcTpakr-
HO, 3aJa4a pacrno3HaBaHus II cOCTOUT IPOCTO U3 ABYX MHOXKECTB: MHOMKECTBA
Dy Beex BO3MOXKHBIX uhdugudyasvuoir 3aday u muoxecrsa Y (Y C Dip) unou-
sudyasvHuir 360ay ¢ omeemom «day. OIHAKO COmEpPKATEIBLHBIE 33JaYUN PACIIO-
3HABAHUS B OOJIBIIMHCTBE CIYYAEB O0JIAIAI0T PA3JIUIHBIMUA JIOTOJTHATETHLHBIMA
CTPYKTYPHBIMU CBOMCTBAMM, KOTOPbIE OYIyT YUATHIBATHCS HAMHU IIPU OIMUCAHUHI
3a/1a4.

Crangapraast popma, KOTOPYIO MbI OyI€M MPUMEHSITh [IJIsT ONUCAHUST 3314,
COCTOUT M3 IBYX 4acreil. B mepBoii yactu naércs onucaHue yCJIOBHS 33Ja49M B
TepMHUHAX PA3JMYHBIX KOMIIOHEHT — MHOXKECTB, rpad 0B, (PyHKIMHA, YUCeT U T.],.
Bo BrOpoOii yactu B TepMuHAX yCA0BUsS (POPMYIUPYETCS BOIPOC, MPEIIOIATA0-
Ui OVH U3 IBYX OTBETOB — «Ja» WJIN «HET». JTO OMMCAHUE OMPEIEIISIET MHO-
xectBa D1 u Y oueBnaabiM 06paszom. MHauBuaya bHas 380398 MPUHAIJIEKAT
Dy B TOM 1 TOJIBKO TOM CJIy4ae, KOrJa OHA MOXKET OBIThH [TOJIyYeHa U3 CTaHIapT-
HOIT (OPMBI OIUCAHUS MOICTAHOBKOM KOHKPETHBIX 3HAYEHHUIT BO BCE KOMIIOHEH-
ThI yeaoBusd. UHauBuAya bHas 3a4a49a IPUHAIIEIKUT YT B TOM U TOJBKO B TOM
CIydae, KOTIa OTBETOM Ha BOMPOC 330a4u OYIeT «Ias.

B kaudecrBe npumepa HUXKe [IPUBEIEHA XOPOIIO H3BECTHAS 3a/1a9a PACIO3HAa-
BaHWs U3 TeOpun rpados.

N30MOPPU3M IIOJAT'PADY.

YCJIOBHUE. Bananst nsa rpada: G; = (Vi, E1) u G2 = (Va, E»).

BOIIPOC. Bepuo ju, uro (G1 comepxkut moarpad, nzomopdusiit Go? Ipy-
rUMU CJIOBaMu, cymectsyior ju: (1) mogvmuoxkecrsa V! C Vi u E' C Ey, Takue,
gro |V'| = |Va|, |E'| = |E2|, (2) B3anmuo ognosnadnast Gyukums f: Vo — V|
Takasi, 910 {u, v} € Ey Torga u TonbKo roraa, korna {f(u), f(v)} € E'?

Bagaua pacrno3HaBaHus, COOTBETCTBYIOMAS 33,1a49€¢ O KOMMUBOSIYKEPE, MOXKET
OBITH C(HOPMYTUPOBAHA CIELYIOITUM 00Pa3OM.

KOMMMBOA2KEP

YCJIOBUE. 3amansr koneuHoe MHOKecTBO C' = {¢1, Ca, ..., C} «TOPOIOBY,
«paccrosiane» d(c;, cj) € Z1 mas Kaskoil mapsl TOPOMIOB ¢;, ¢; € C' n rpannma
B e Z*t (3nech ZT obo3nawaeT momoKATETbHbIE HETble TUCIIa).

BOIIPOC. CyimecrByer i «MapIipyTs, MPOXOISIIII Yepe3 BCe TOPOIa 3
C}, nmHA KOTOPOro He mpepocxomuT B? JIpyruMu CIOBaMH, CyIECTBYET JIA
NOCTEIOBATEBHOCTD < Cr (1), Cr(2); v Cr(m) > dMeMenTos C, Takas, 4TO

m—1

Z d(Cr(iys Cr(i+1)) + d(Cr(m)s Cr(1)) < B?

i=1

B mambHeiineMm BCTPETUTCS MHOTO IPYTUX MPUMEPOB YIOTPEOIEHUS TaKOM
¢dOpMBI 3amucu 337a49, HO U ITUX JABYX JOCTATOYHO IJIs YSICHEHUS €€ CMBICIA.
Bropoit mpuMep CIyKHAT TakxKe s WILTIOCTPAIMKA BAaXKHOTO TPUEMA, — TOY-
YeHud U3 ONTUMU3AIIMOHHOI 33/1a41 COOTBETCTBYIONIEH 3a/1a41 PACTIO3HABAHUS.
Ecnu B ontuMusanuonHo# 3amade cpeau BCeX CTPYKTYP JAHHOTO THUIA HINET-
Csl CTPYKTYDPA, UMEIOIIas MUHUMAJbHYIO «CTOUMOCTb» (HAIIPUMED, CPEIM BCEX
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MapUIPyTOB HUIIETCH MAPIIPYT MUHUMAJbHON JUIMHBI), TO TOH 3ajade MOXK-
HO COIIOCTABUTH 33Ja4y PACIO3HABAHWS, B KOTOPOH B KAYECTBE IOMOTHUTETH-
HOTO mapamMerpa (GUrypupyer 4ucjioBas rpanuna B, a BOIpoc cTaBuUTCs O Cy-
[IIECTBOBAHUY CTPYKTYPHI JAHHOTO THITA, CTOMMOCThH KOTOPOH He npesocrodum
B (manpumep, MapiipyT JJuHbl He Gonee B). Anamorumdubiv o6pa3oM 3aga4a
PACIIO3HABAHUST MOXKET OBITh TOIyYeHa W3 33Ja49u Makcumuzanuu. s 3Toro
JIOCTATOYHO YCJIOBHE «HE IMPEBOCXOIUT» 3aMEHUTH YCIOBUEM «HE MEHBIIEY.

OrHOCHTETHEHO MOIOGHOTO COOTBETCTBHUS MEKIY 3aJa9aMU PACTIO3HABAHUS 1
3a/Ja9aMU OTITUMHU3AINY BAYKHO OTMETHUTH, UYTO MOCKOIBKY 3HAYEHUE (DYHKIUU
JIETKO OIEHUTH, TO 3372498 DPACIO3HABAHUS HE MOXKET OBITh CJIOXKHEE COOTBET-
CTBYOIIEH 3ama9n ontuMu3anuu. Ecan aj1s 3a1a4m 0 KOMMUBOSTKEPE MOYKHO 33
MOJIMHOMHUAIFHOE BPEMsT HAMTHU MAPIIPYT MAHAUMAIbHON IJTUHBI, TO COBEPIIEHHO
SICHO, KAK 33 TOJMHOMHUAJHHOE BPEMsI PEIUTh COOTBETCTBYIOILYIO 33849y Pac-
mo3HaBaHus. [IJIsT 3TOr0 HYKHO TOJHKO HANTH MAPIIPYT MUHUMAJIBHON IJIMHBI,
BBIUUCIUTH €r0 JIJINHY W CPDABHUTH €€ ¢ 3amanuoii rpanuneit B. [lostomy, ecian
yaacresa nokazarh, uro KOMMUBOAZKEP ecrs NP-nionnas 3ama4a (a 3T0 B
CaMOM JIeJIe TaK ), TO OTCIo/Ia OyIeT CIeJ0BATh, YTO M ONTUMU3AIUOHHAS 321298
0 KOMMUBOsIZKEpe OyIeT Mo KpaiHeil Mepe CTOMb Ke CIoKHA. Takum obpa3oMm,
xorsi B Teopur NP-TIOMHBIX 33/1a9 PACCMATPUBAIOTCS TOMBKO 33a9U PACIO3HA~
BaHUSA, BLIBOJDBI 9TOH TEOPUH BIIOJHE MPUMEHUMBI K 3aJa49am ontuMusanun. (B
1. 5 OyIeT yCTaHOBJIeHA DOJIee TECHAS CBA3h MEXK LY 3a1a9aMU PACTIO3HABAHYS U
3a/Ia9aMU ONTUMU3ANAN. A UMEHHO, OyAeT MOKA3AHO, YTO MHOTHE 33Ja91 PACIIO-
suaBanus, u B yactHocty KOMMUBOAZKEP, «He npolres cOOTBETCTBYIOIMNUX
3a/1a4 ONTUMU3ALIUH. )

Kak yxe roBopuioch, Teopus NP-MOMHBIX 337439 OTPAHUIHUBAETCS TOTHKO
3a/Ia9aMU PACIO3HABAHUS. ITO OObSICHSIETCS TEM, 9TO 33Ja4YU PACITO3HABAHUS
UMEIOT OYEHb €CTECTBEHHBIN (hOPMAILHBIN SKBUBAJIEHT, VIAOOHBIN IJIs W3yde-
HUS METOIAMHU TEOPUU BBIYUCIECHUH. DTOT HKBUBAJIEHT HA3BIBAETCS «SI3BIKOM»
U OMPEIESeTCs CIeIYIONIM 00pa30M.

st 1106010 KOHEYHOrO MHOYKECTBA CUMBOJIOB Y. (HA3bIBAEMOIO ajihaBUTOM )
0003HaUNM Yepe3 L* MHOMKECTBO BCEX KOHEJYHBIX IEMOYEK, COCTABJIEHHBIX U3
CUMBOJIOB ajihaBUTa Y., TAKUE IEMOYKNA MBI OyIeM Ha3bIBaTh caoBamu. Hampu-
mep, eciu & = {0, 1}, ro £* cocrour u3 mycroro cioBa «£», a Takxke ciaos 0,
1, 00, 01, 10, 11, 000, 001 u Bcex APYTUX KOHEYHBIX CJIOB, COCTOAIINX U3 HYyJIEi
n enunwnt,. JIoboe mogvmuaoxkectBo L C Y¥* OymeMm Ha3bIBATH A3blKOM B amda-
sure X. Takum obpazom, mHOKecTBo {01,001,111,1101010} strsiercst sI36IKOM
B andasure {0, 1}. A3bIKaMu TakKe SABISTIOTCS MHOYKECTBO JBOWYHBIX 3aruceit
KBQJIPATOB IIEJIBIX 4IHCeT U camMo MHOXKecTBO {0, 1}*.

CooreercTBre MEXKIY 3a/a9aMy PACIO3HABAHUS U I3BIKAMU yCTAHABIHBAET-
Csl C TMOMOIIBIO CXEM KOJIUPOBAHUS, KOTOPHIE OOBIYHO MPUMEHSIIOTCS [IJTsi TTPE/I-
CTaBJIEHUST WHIWBUIYAILHON 3a1a4un pu eé pernennn Ha DBM. Hamomuwum, uro
cxeMa KOIUPOBAHUS € 337a49u 11 OMIChIBAeT KarXK Iy WHINBUILYAJIHHYIO 33039y
u3 Il mogxonsmumM CJI0BOM B HEKOTOPOM bukcupoBanHOM ajidasure Y.. Takum
obpazom, 3amaqa Il u cxema KogupoBamus e 3amaqn II pa3dbuBaioT cioBa u3 %L*
HA TPHU KJIACCA: CJIO0BA, HE SBJISIONMECS KOAAMU WHAWBUIAYATbHBIX 3a7a4 u3 1I;
CJI0Ba, SABJISIOMMECS KOJAMU HWHINBHUAYAJbHBIX 331349 u3 Il ¢ orpumarenbHbiM
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OTBETOM Ha BOIIPDOC, XU CJIOBa, ABJIAOIIHECA KOJAMNA HHAWUBUIYAJBHBIX 3a/Ja49 U3
IT ¢ momoXkuTembHBIM OTBETOM Ha BOIPOC. Tperumit Kaacc CTOB KaK pa3 M €CTh
TOT A3BIK, KOTOPBIl CTABUTCS B COOTBETCTBHE 3amade Il nmpu KoaupoBaHwu € u
obozuauaercs wepe3 L[II, e]:

Y ecThb andaBUT CXeMbLI KOTUPOBAHUL €,
L[ll,e] =< z € ¥* : a = — KOJ MHAVBUIYATILHON 330291

I € Y11 npu cxeme KOAUPOBAHUS €

IMpu npumenennn (opmasbHOil Teopur NP-TTOMHOTH K 331a9aM PACITIO3HA~
BaHMs OyIeM TOBOPUTDH, ITO HEKOTOPHIH pe3yahbTaT uMeeT MecTo jjist 3amadn 1
OpuU cXxeMe KOIUPOBAHUS €, ECJIU STOT Pe3yJibTaT uMeer MecTo s a3bika LI, e].

B neiictBurensHOCTH, CIEay s OOMIENTPUHATON IPAKTHKE, MBI HE BCErIa Oy 1eM
cobIIOIATh BCe 3TH (POPMANTBHOCTH. ECIH OrPAHUYINTHCS TOMBKO «Pa3yMHBIMI
CXeMaMU KOIWPOBAHUs», TO MPU BBEJEHUN JIIOOOTO HOBOTO MOHSITHUSI, U CBOM-
CTBa, KOTOPOe (DOPMYJIUPYETCsT B TEPMUHAX sI3bIKA, OHO (DAKTUYECKU HE Oyjer
3aBHCETH OT CIOCO0a KOOUPOBAHHA. JIpyruMu CIoBaMu, €CIA € U € — JIo0bIe
JIBe pa3yMHBIE CXeMbI KOAMPOBaHUs 3a7a4u 11, TO paccMaTpuBaeMoe CBOMCTBO
a3bikoB L[II, e] u L[II, '] Boinonusiercs (uiin He BBIIOJHAETCS) JJisi HUX OIHO-
BPEMEHHO. DTO TO3BOJISIET, HE YKA3BhIBAS SBHO CXEMbI KOIWPOBAHWS, TOBOPUTH
HedopMaIbHO O TOM, YTO PACCMATPUBAEMOE CBOMCTBO M1Jid 3aaa49n 11 BHITOMHS-
ercs uu He BeInoaHsgercsa. OIHAKO TPU UCTIOIB30BAHUH STOTO COTJIAIIEHUST MbI
OyIeM Moapa3yMeBaTh, 9TO B CAydae HEOOXOINMOCTH MOXKHO OBLTO ObI YKAa3aTh
TAKYTO CXeMY KOJUPOBAHUS €, ITO PACCMATPUBAEMOE CBOMCTBO BBIMOIHSIETCS 1151
a3bika L[I1, €].

3amMeTnM, UTO ecJii BECTW M3JIOKEHWe B CTHUJe, He 3aBUCSIIEM OT KOINPO-
BAHUsI, TO TEPSIETCS CBsI3b C (DOPMAJIBLHBIM TIOHSITHEM «IJINHA BX0may. [losTomy
HEODOXOMM HEKOTOPBIH MapaMerp, 4epe3 KOTOPbIH MOXKHO BBIPA3UTH BPEMEHH{JI0
CIIOXKHOCTh. YJOOHO CYMTATH, 9TO C KaXKJOM 3aadell pACIO3HABAHUS CBI3aHA
He 3aBHCAIAd OT cxeM KoaupoBanus dymkmus Length : D — Z7T, xoropas
«TTOTMHOMMAILHO SKBUBAJIEHTHAY JIJINHE KOMA WHINBHIYAJIHHON 33/a49u, TIOTY-
qaeMoii Tpu JI000# pa3yMHON cxemMe KOIUPOBAHWA. [10AUHOMUGALHAA IKEUBA-
AEHMHOCTL TIOHNMAETCST B CJIEAYIONEM CMBICTE: JJIsT JI000H pa3yMHONW CXeMbI
KOIMPOBaHMA € 3a1a9m [l CymecTByOT aBa MOJUHOMA P U P, TAKKE, 9TO eCJIn
I € D u coBo x ecTh KO, MHAUBHUAYATLHON 33a9u I IPU KOAUPOBAHUHU €, TO
Length[I] < p(|z|) w |z| < p'(Lengrh[I]), rae |z| — nouua ciaora x. Hanpumep,
B 3agaue U3OMOPOU3M IMTOJATPADY MOXKHO MOIOKUTD

LengthlI] = |Vi| + |V2|;
G1 = V1, Ey) u Gy = (Va, E2) — rpadsbl, 06pa3yiomue pacCMaTpUBAEMy IO UH-
nuBuayaasayio 3agady. B 3agate KOMMUBOAZKEP Mox)HO MOMOXKATE
Length[I] = m + [log 2 B] + max{[log 2d(c;, ¢;)] : ¢i, ¢; € C}.

Tak kax s00bIe ABE pa3yMHBIE CXeMbI KOAupoBaHus 3amaqdu Il maror mommHO-
MHUAJIbLHO SKBUBAJIEHTHBIE JJIUHBLI BXOJOB, TO IMAIIA30H JJIs BLIOOPa (DyHKIUU
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Length odeHb MHUPOK, a MOMydaeMble Pe3yJbTaThl OYIyT BEPHBI M JIFOOOit
dyukun Length, yaoBmeTBopsIroieii chopMyTHPOBAHHBIM BbIIIE YCITOBHSIM.

[TromoTBOPHOCTL TAKOTO HE(MDOPMATBHOTO, HE 3aBUCSIIETO OT KOIUPOBAHWS
MOJIXO/Ia CBsI3aHA, KOHEYHO, C CODJIAIIIEHHEM O TOM, 9TO MMEHHO MOHUMAETCs
mOJI «Pa3yMHOM cxeMoii KogupoBauusiy. QOOBIYHO CXEMY KOIUPOBAHUSA CIUTAIOT
«Pa3yMHON», €CIIM OHA JOCTATOYHO «CYKATAS> W «IOMYCKACT IEKOIUPOBAHUES.
ConepKanue MOHATHS «CKATOE» CBA3AHO C YCIOBUAMU, CPOPMYIUPOBAHHBIMHU
B 1. 1. «CkaTocThby Hy»KHA JIJIsT TOrO, YTOOBI TPU KOJAUPOBAHUN WHIUBYJLYATb-
HOM 3a/a9M COXPAHSAIACH € eCTeCTBeHHAs] KPATKOCTh, IPUCYINAs 3AMUCH 3313~
qm, KorJa eé permaror Ha IBM, u He I0MyCKAIOCh HCKYCCTBEHHOE «PA3/lyBAHUE»
BXx0Ha. Pasmymanue MoyKeT, HATPUMED, TPUBECTHA K TAKOMY YBEIUYEHUIO JIJTNHBI
BXOJa, UYTO IKCTOHEHIMAJBHBIA AJTOPUTM TPEBPATUTLCS HEECTECTBEHHBIM 00-
Pa3oM B TIOTUHOMUAILHBIA. CMBICT MOHATHST «IE€KOAUPYEMOCTh» 3aKJII0UaeTCst
B TOM, YTOOBI IO JAHHOH KOMIIOHEHTE YCIOBHSA 3aJaUN MOXKHO OBLTO OBI yKa-
3aTh AJTOPUTM C MOJMHOMUATHHBIM BpPeMeHeM pabOThl, KOTOPBIA uU3 J0HOTO
33 JAHHOTO KOIA WHIWBUIYAJILHON 380a9¥ MTO3BOJISAN OBl U3BJICYH OMMMCAHNE ITON
KOMITOHEHTHI.

IMpuBenEHHOE BHIIE YTOUHEHHUE MOHITHS «Pa3yMHOE KOAUPOBAHUES, KOHEU-
HO, He SBJIsieTCs (POPMATBHBIM ONpeaeaeHneM. HaMm He M3BECTEH [TayKe yI0BJIe-
TBOPUTEJILHBIN CMOCO0, KAk JATh TAKOE OMpeneeHne. XOTs MHEHUS OOIBITIH-
CTBa JIONEHl OTHOCUTENBHO PA3yMHOCTH WK HEPA3yMHOCTH KOHKPETHOI'O KO-
JIUPOBAHUS TOM WJIM WHON 3a/a4¥ COBMAJAIOT, OTCYTCTBUE (DOPMATLHOTO OIMpe-
JIeJIeHUsT BBI3BIBAET HEKOTOPbIE HeyA00cTBa. LI mpeoioieHus STUX Hey100CT
MOYKHO OBLJIO OBI TOTPEOOBATH, YTOOBI YCIOBHE 334N BCETIA COCTOSIO U3 (DUK-
CUPOBAHHOTO HAOOPA OCHOBHBIX TEOPETUKO-MHOXKECTBEHHBIX 00HEKTOB. MBI He
OymeM 3/1eCh HAKIAAbIBATH 9TOr0 TpeboBanus. O IHAKO /5T yTOYHEHUS TOTO, 9TO
MBI IMEEM B BH]LY, TOBOPSI O «PA3yMHOM CXeMe KOJUPOBAHUSI», JATUM KPATKOE
onucanue (KOTOPOe MPU IIEPBOM YTE€HUU MOXKHO OIyCTHTh) OJHOIO U3 CIOCODOB
OTIpEIEJICHNUsT CTAHIAPTHON CXeMbI KOIUPOBAHUS.

Ora cTaHmapTHAS CXeMa KOIUPOBAHISA OTOOPAKAET WHIUBYLYATbHbIE 3aa91
B npasuavro nocmpoennvie caosa (IIIIC)! B andasure ¢ = {0,1, —,[,],(,), }-
MTIC ompenensiercst peKypCUBHO:

(1) JdBonunas 3amuch MeJ0ro Yucia k, pacCMaTpuBaeMasi Kak CJIOBO, COCTO-
sIee U3 HyJsieil u eaqunut (Co 3HAKOM «—» MEepeJ] CIOBOM, eCJId k OTPUIATEIHHO),
ectsb IITIC, npeacrapisromiee meaoe 9ucio k.

(2) Ecin « ects ITIIC, mpencrapasitoree nemoe uncio k, to [z] ecrs TITIC, ko-
TOPOE MOXKET UCIOIb30BATHCA KAK «UMs» (HAIPUMED, «MMs» BEPIIMHBI rpada,
9JIEMEHTA MHOXKECTBA UM TOPOJA B 33a9€ 0 KOMMUBOSIZKEDE).

(3) Ecnu 1, x2, ..., Ty — NPABUIIBHO MOCTPOEHHBIE CIOBA, NPEICTABIISIONIIE
obbekTbl X1, Xo, ...y Xpn, 10 (21, 22, ..., ) ecrb IIIC, npeacrasisiomee 1mo-
caeaoBaTenbHOCTD < X1, Xo, ooy X >,

Jlng yka3zaHusi CXeMbl KOIMPOBAHWS KOHKPETHOHW 3339 PACIO3HABAHUS,
peaCcTaBACHHON B Hallleil CTAHJAPTHOW 3aluCH, 3aMEeTHM, 4TO eCJIU KarxKJasd

'B opurunane structured strings, 9To B GyKBAIBHOM TEPEROAE O3HAMAET CMPYKMYPUPO-
sanmvie yenouky (CUMBOMIOB andasuTa). — IIpum. ped.
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KOMIIOHeHTa (uiu 0ObekT) yciaoBus npeicrasieda Hekoropbim IITIC, To Bce
YCJIOBUsI MOXKHO 3aKOIMPOBATh, 0Jb3ysAch npasuioM (3). Takum obpaszom, m0-
CTATOYHO YKA3aTh CIIOCOO KOAMPOBAHNA OOBEKTA KayKJA0ro Tuma. IIpu 3ToM MBI
OrPAHUIUMCS LEJIBIMUA YUCTAMHU, «JIEMEHTAMU 6e3 CTPYKTYDhI» (BEPIITUHBL MPa-
da, 371eMeHThI MHOXKECTBA, TOPOJA U T.JI.), TIOCTIEIOBATEIHLHOCTAME, MHOKECTBA-
MU, rpadaMu, KOHEYHBIMUA (DYHKIUAMEU U PAIUOHATHHBIMU 9UCTAMHU.

ITpaeuma (1) u (3) yka3pIBaioT, KAK KOJMPOBATH LEJIble YUCIA W MOCIEI0BA~
renbHOCTH. [T KOAMPOBAHUS SJIEMEHTOB 663 CTPYKTYPbI, TPUCBOUM HM, CODJIAC-
HO paBuILy (2), pas3audHbIe «<AMEHA», COBIIONASA TIPU 3TOM CIEAYIONIEE YCIAOBHE:
ecyin MHAVBUAyATIbHAs 33/a49a CONEpPKUT He Oonee N 3meMeHTOB 06e3 CTPYKTY-
PBI, TO UCIOJIB3YIOTCS MMEHA, BEJIMYNHA KOTOPHIX He nmpeBocxoauT N. OOberTh
OCTAJIbHBIX YETBIPEX TUIIOB KOJUPYIOTCS CEIYIOIUM 0OPa30M.

Mmnoosicecmeo 0b6sexmos TPeICTABIIETCS B BUIE TPOU3BOILHO YIOPSIOYEH-
HO# mocimenoparenbHocTH < X1, Xa, ..., X;, > 2JE€MEHTOB 3TOr0 MHOYKECTBA, U
komupyercst IITIC, cooTBETCTBYIONINM 3TOM TOCIEI0BATETHLHOCTH.

I'pagh ¢ muOXKecTBOM BepImH V' 1 MHOXKecTBOM pébep F kommpyercs [TT1C
(z,y), rue z u y ecrb IITIC, npeacrasusioniue maokecrsa V u E cOOTBETCTBEH-
HO (snemenTamu E sBIAIOTCS ABYyX3/IeMEHTHbIE TIOAMHOXKeCTBa V', obpasyiomue
pédpa).

Koneunas dyukums f : {uy, us, ..., upy} — W womupyercs IIIC ((z1,y1),
(22,92);, - (Tm, Ym)), Tae z; — IITIC gns obbekTa u;, a y; — HIIC mgus oobekTa
flu;)) e W, 1 <i<m.

Payuonanvhnoe wucao q kopupyercs ITIC (z, y), vae  u y — IIIIC pns uesnbix
quces a u b, Takux, uro a/b = ¢ u Haubonbiux obwuit nesmrens a u b pasen 1.

[TpuBeaEHHBIM BBINTE CIUCOK KOIOB OOHEKTOB JTOBOJIBHO XOPOIIO WILTIOCTPH-
pPyeT MOHSITHE Pa3yMHOr0 KOAUPOBaHUS. KEro mocTaToYHo B OOBIIMHCTBE BCTPE-
YAMOIIUXCS CIIYIAEB, XOTS MHOTIA OBLIO OBI ya00Hee nMeTsh 6oJtee IIMPOKUil CITH-
COK THIIOB 00beKTOB. OJHAKO [JTs OMMCAHUST YCJIOBHUH 33129 MOXKHO, HE YMEHb-
masi ODIHOCTH, OTPAHUYIUTHCS TOJTBKO MEPEYUCTEHHBIMA ODbHEKTAME, MOTOMY
9TO APYrUe THIBI OObEKTOB BCETJA MOTYT ObITh BBIPAYKEHBI Yepe3 OObEeKTHI,
MEPEYNCIEHHBIE BBIIIIE.

OTMeTnM, YTO YKA3aHHBIX PEIENTOB HE XBATAET IJIsT TOrO, YTOOBI MOCTPO-
UTb OIUH—eUHCMEEHHbLTE KOJT 1Tl KAsK IO WHIMBYLYATbLHOM 3aJa9H, HO BIIOJTHE
JIOCTATOYHO J1J1st TOoro, 9Tobb! mo6oe ITIIC, koTopoe siBisieTcs KOIOM 3a/1a49u, 00-
JTAIATIO ONMPeIeTEHHBIMU CTPYKTYPHBIME OCOBeHHOCTsIMU. V3MeHeHne uMEH Uc-
XOIHBIX JIEMEHTOB WJIM TIOPSIKA JIEMEHTOB TPU OMUCAHUN MHOMKECTBA, MOYKET
MPUBECTH K TOMY, UTO OJHA U Ta YK€ WHAWBUIyaJbHas 33Ja9a OyIeT KOIUpO-
BATHCS PA3IUIHBIMY TPABUILHO TIOCTPOEHHBIME CIOBaMu. B meficTBuressHOCTH
He nMmeer 3uadenus, Kakumu [IT1C 3akonupoBana JaHHAS WHIUBUIYATbHAS 3a-
Jlada, Tak Kak J0O0e CJI0BO MOYKHO JEKOIUPOBATH U MOIYYUTh CYIIECTBEHHBIE
KOMTIOHEHTHI WHIWBUIYAJBHON 3878491, DT BOSMOXKHOCTH YITEHA B TAHHBIX BbI-
e ONpEeIeJIeHNsAX, HAIPUMED, NPU KOAWPOBAHUU € KayKIas WHIWBUIyaTbHAS
3amada n3 I1 MoxkeT OGBITH MpeICTaBIeHa HECKOIBKO pa3 B si3bike L[II, ] Komon
UHIWBUIYATBHBIX 33124 C MOJOXKUTETbHBIM OTBETOM Ha, BOIPOC.

[Mpex e veM MPOmOIKUTH OOCYKIEHHE, HATIOMHUM, YTO CTAHJAPTHAS CXe-
Ma KOJUPOBAHUS MPUBEJIEHA C HENbI0 WILTIOCTPAINN BO3MOXKHBIX OIPEeIeTeHui



2.2. JlerepmMuHUpOBaHHBIC MalInHbI ThiopuHra n Kiaacc P 33

CTaH/IAPTHBIX CXeM KOJIMPOBAHMSA; OHA TAKIKE CIIY?KUT IPUMEPOM <«Pa3yMHONR»
cxeMmbl KogupoBauus. Hu4aro He Merraer BOCIOIb30BATHC s KAKOW-HUOY b APYTOi
CXeMOW KOJIUPOBAaHUA WU MOCTPOUTH JJId KaKJAOH MHTEPECYIOIeil HaC 3a1a49u
CBOIO CXeMYy KOIWPOBAHUS.

Eciu Boibpannas cxeMa KOIUPOBAHUS «IKBUBAJEHTHA» YKA3ZAHHON BbIlIe (B
TOM CMBICJIe, YTO CYUIIECTBYIOT aJITOPUTMBbI C HNOJHHOMHUAJIBHBIM BDEMEHEM pa-
00TBI, MEPEBOISIINE KOIbI HHIUBUIYATHHBIX 3324 [IPU OJHON CXeMe KOIUPOBa-
HUS B KOJbI 9TUX K€ 33Ja4 MPH JPYroil U 00paTHO), TO T4 CXeMa KOIUPOBa-
HUsT TaKKe Oyer «pasymHoiiy. Ecan BRIOpaTh cxemy KOIWPOBAHUS, KOTOPAs B
3TOM CMBICTE He 3JKBUBAJEHTHA MPUBEAEHHON BBINIE, TO MOXKHO TMO-TIPEKHEMY
JIOKa3bIBATh Pa3InYHbIe PE3yIbTaThbl OTHOCUTE/THBHO 3TOH CXeMbl KOJUPOBAHULA,
OZIHAKO 1715 (POPMYJIMPOBKH MOy 9aEMbIX PE3YIHTATOB yKe HeJIb3s OyIeT MOIb-
30BaThCs HE3ABHCHUMON OT KOIMPOBAHUsS TEPMHUHOTOTHei. B HacTosimei KHure
MBI OTPAHUYNMCS TOJIBKO PA3YMHBIMU CXEMaMN KOJIWPOBAHUS.

2.2. JlerepMUWHUpPOBAHHBIE MAIMUHBI T HIOPUHTA U
KJjacc P

JLtst Toro 91066 OPMATM30BATE MOHATHE «AJITOPUTM», HEOOXOANMO 3a(pUKCH-
POBATH ONMPEIENEHHYIO MOJENb MPOIecca BhraucieHus. Jlamee Takoi MOmenbio
OyeT CIoyXKUTb 0emepmunUupo8aHtas 00noAeHmounas mawuna Toropunza (co-
kpam@enao JIMT), koropast cxemaTudecku u3o0parkena Ha puc. 2.1.

Yempodemba
yrpalaerius

Jlenma \ Yumarousas/nuyugan 2ondxa

'Y K [ N N |

-3=-2-10 1 2 3 #

Puc. 2..1: «Mowuna Twvropureas

Mammaa ThiOpHHTA COCTOUT U3 YNPaBAAOW,e20 Ycmpolcmea ¢ KOHEUHbLM
wucsom cocmoanut, wumarowel/ nuwyuweld 204065, KOTOPask MOXKeT CUUTHI-
BAaTh U 3aIIUCHIBATH CUMBOJIBI I HEOIPAHUYIEHHOM B 00€ CTOPOHBI AeHMbL, PA3IE-
JIBHHO} HA OECKOHEYHOE YHCJIO OJMHAKOBBIX A9€€K, 3aHYMEPOBAHHBIX IETBIMU
qJucmamu ..., -2, -1, 0, 1,2, 3, ...
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Ipozpamma npa JIMT, nmm JIMT-nporpamma, onpemensercs CIemy oMM
KOMITOHEHTAMMU:

1. KOHEYHBIM MHOXKECTBOM [’ cuMB0.408, KOTOPBIE 3aIUCHIBAIOTCS HA JICHTE,
noAMHOXKeCTBOM X C ' 6L00HBIE CUMB0.406 U BHIIETEHHBIM NYCMBLM CUMBONOM
bCT\Z;

2. KOHEUHBIM MHOHCECNEOM cOCMOoAHUT (), B KOTOPOM BBIIETIEHBI HAYAIHHOE
COCTOSTHWE (o T JBA 30KAMOUUMEALHLT COCTNOANUA qy , N>);

3. dynxyued neperoda § : (Q \ {gv,qn}) x T = Q x I'{-1,1}.

Pabora mporpamwmbl ompenesnsieTcst CaeayiomuM obpa3om. Bxrodom nmst ne-
TEPMUHUPOBAHHOM MPOTPAMMbI sIBJseTCs coBo x € L*. CJ0BO 3amuchiBaeTcst
Ha JIeHTe B sdeiikax ¢ Homepamu 1,2, ..., |z| mo ogHomy cumMBoay B sueiike. Bee
Apyrue d49eiKi B Ha4YaJbHBIA MOMEHT BPEMEHM COJIepP2KAT ITyCTOl CUMBOJ U Ha-
3BIBAIOTCS MycThiMu. [Iporpamma HadwHaeT PabOTy, HAXOIACH B COCTOSHUH (),
MPY 3TOM YNTAIONIAS /TUITYIIAs TOJOBKA HAXOJUTCS HAJ sTUeifkoii ¢ HomepoM 1.

amee mporiecc BBIMUCIEHNH OCYIIECTBIISIETCS TIOCIEI0BATEILHO, TTTAr 33, TTa-
rom. Ecnn Texytiee cocrosinue ¢ ecTh gy WIH ¢n, TO TPOIECC BBHITUCIEHWH 3a-
KaHIMBAETCS, TIPW 3TOM DPE3yabTaToM OyaeT «Jay, eciu ¢ = qy, W HeT, ecin
q = gqn. B mporuBHOM ciydae TEKyIee COCTOSHUE MPUHAIICKUT MHOXKECTBY
Q@ {qv,qn}, OpU 3TOM TOJIOBKA YUTAET HA JIEHTE HEKOTODbIid cumBos § € I' u
onpeneneno 3uagerne d(q, ). [pexnomoxum, aro §(q, s) = §(¢', s', A). B srom
ClIyuae TOJIOBKA CTUPAET §, MUINEeT HA 3TOM MeCTe s' W CABUTAETCS Ha OIHY
gueiiky BJeBO, ecin A = —1, uam Ha OmHy dAdeiiky BOpaBo, ecmm A = +1.
OHOBPEMEHHO yTIPABJIAIOIIEe yCTPORCTBO MepexoauT u3 coctosans ¢ B ¢'. Ha
9TOM 3aKAHYMBAETCS OJUH <IMary MPOIECCa BBIYUCIEHUS, U MPOTPAMMA IOTOBA
K BBINOJHEHUIO CJIEIYIONIEro 1ara (eciau TaKOBON UMeeTcs).

ITIpumep npocroit IMT-nporpammer M npencrasien Ha puc. 2.2. OyHKIusA
nepexosia 0 onpeneseHa TabIUIEH, TIe BeINYHA, 3aTNCAHHAS B Y-l CTpOKe n
s-M cronbre, ecth 3HadeHue 0(q, s). Puc. 2.3 WLIOCTPUPYET BLIUUCICHUE TIO
nporpamme M mpu Bxome x = 10100; 371ech yKa3aHbI COCTOSHIE, PACTOTIOKEHITE
POJIOBKU ¥ COJEP’KUMOE HEIMYCThIX S9eeK JIEHTHI 10 U MOCTe KAXKJIOTO IIara.

3aMerumM, 9TO 3TO BBIYUCIEHUE TIOCTE BOCHMH IAMOB OKAHYUBAETCS B CO-
crosiHuu @y, nodromy Ha Bxoge 10100 orBerom Oyzer «may. B obmem ciaydae
OyaeM roBOpPUTH, UTO mporpamma M, mMmeromias BXOIHON amdaBuT Y, MPUHN-
MaeT r € ¥* B TOM M TOJBKO B TOM CJIydae, KOTHa, OyJAydd TPUMEHEHHON KO
BXOJY &, OHA OCTAHABIWBAETCS B COCTOSTHUW Gy . A3BIK L, pacnosnasaemoid
mporpammoit M, 3a7a8Tcst CIeAYIONIM 00pa3oM:

Ly = {z € £* : M npunumaer z}.

Herpyamo Bumers, 9T0 IporpaMma, MpeacTaBIeHHas Ha PUC. 2.2, PACIO3HAET
a3pik {x € {0, 1}*: d6a nocaedHuT cumsors cA08a T ABAAOMCA HYAAMU }.

I ={0,1,b}, T = {0,1}
Q = {q07 q1,92,43, 49y, qN}

201 cio Yes — ga, No — mer. — ITpum. nepes.
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q 0 1 b

q | (90,0, +1) | (go0,1,+1) | (q1,b,—1)

¢ | (g2,0,—-1) | (g3,0,—1) | (gn, b, —1)

¢ | (gv,b,-1) | (gn,b, 1) | (gn,b, —1)

g3 | (gn,b,=1) | (gn,b,—1) | (gn, b, —1)
6(q, s)

\Y
Gg: ---|bl1|[0]1T[0|O0]|Db
\Y
Gg: ...|b|1]01]0]|0]Db
\Y
GQ: ...|b| 10| 1]0|0]|Db
\Y
Gg: ---|bl1|[0]1T[0|O0]|Db
\Y
GQ: ...|b|1]01]0]|0]Db
\Y
Gg: ---|bl1|[0]1T[0|O0]|Db
\Y
g: ... |b|1|[0]1[0|O0]|Db
\Y
G2: ...|b| 110 1]0]|b]|b
\Y
Gy: ... |b|1]0|1|b|b|b

Puc. 2.8. Buwucaenue no npozpamme M (cm. puc. 2.2) npu exode 10100.

OrMeruM, 9TO TO ONpeJIe/IeHre PACIO3HABAHUS S3bIKA HE TPeOyeT, ITOObI
nporpamma M oCTaHaBIMBAJIACKH MPU BCEX BXOHax m3 %*; M obs3aHa ocTaHaB-
JIMBAThCS JNI Mpu Bxomax u3 Lys. Ecin @ npunagmeskur ¥* \ Lyr, To paboTa
nporpamMmMbl M Ha T MOXKeT JuOO0 3aKOHYUTHCA B COCTOSAHHUHU ¢, JTHOO MOXKET
6ecKOHEedHO MpoIoKaThesa 6e3 ocranopku. Oguako JIMT-iporpamma, cooTBer-
CTBYIOIIAs HAIIIEMY TOHUMAHUIO AJITOPUTMA, JIOJKHA OCTAHABIUBATHCS HA BCEX
CJI0BaX BXOTHOTO aypasuta. B 3TOM CMBICIE MpOrpaMMa HA puc. 2.2 SBJISIETCS
AJITOPUTMUYIECKON, TaK KaK, HAUNHAS pabOTATh HA JIIOOOM CJIOBE W3 CUMBOJIOB ()
n 1, ona OyJeT ocTaHABINBATHCS.

CoorBercTBHE MEXKITY «PACIO3HABAHUEM» SI3BIKOB U «PEIIEHUeM» 3329 PAC-
MO3HABAHUS ONpeessdeTcd creayomum obpasom. Byaem rosoputs, aro JIMT-
nporpamma M pewaem 3amady pacrno3uHaBanusi [I mpu KomOupoBaHWM e, €Cau
M ocraHaBIMBAETCS HA BCEX CIOBAX, COCTABJIEHHBIX U3 OYKB BXOJHOrO ajihanu-
ta, u Ly = L[II, e]. IIporpamma Ha puc. 2.2 WILTIOCTPUPYET 3TO COOTBETCTBHE.
Paccmorpum creayrolnyo 3a1ady pacio3HABAHUST U3 TEOPUH IUCEIT:

AEJINMOCTDb HA YETHIPE
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YCJIOBUE. [Taxo monoxurenbHoe menoe qucio N.

BOIIPOC. CymecTByer Jiv MOJIOKUTEILHOE [IEJI0E YUCTIO M, TAKOe, 910 N =
4m?

ITpu cTaHgapTHOM KOAMPOBAHUH IEJI0€ YUCIO0 [N MPEICTABIISETCS CIOBOM W3
0 u 1, T.e. IBOMYHOI 3AMUCHIO ITOTO YUCIA. TaK KaK MOJIOKUTETHHOE [IETIOE THCITIO
IenuTCs Ha 4 TOrJa W TOJIBKO TOTA, KOT/IA MOCAETHUE 1Be MUQPHI ABOMIHON
3AIKCH ITOrO YUC/IA ABILIOTCS HYJISMH, TO MPOrpaMMa, m300pakKeHHasd HA PHUC.
2.2., «perrmaery Mpy HAIIEM CTaHAapTHOM KommpoBauwu 33ma4dy JIEJIVIMOCTD
HA YETHIPE.

Bamerum g ganbreiiniero, aro JIMT-mporpaMMoii MOXKHO MOTb30BATHCS
TaKkyKe W JJis Beraucaenus gpyukuuit. [Ipeamosoxum, aro nporpammva M, nume-
0IAasT BXOMHON apaBuUT Y. U JIeHTOUHBIH asidasut [, ocTaHaBIMBAETCS TIPU
gobom Bxome uz X*. Torma M serumcnser ¢gyuxyuio far @ L* — I'*, ko-
TOpas Ui KaXXIoro r € Y* ompenensercsa ciaemyomumM obpaszom. Ecau mpo-
rpamma M, mHayuHas paboTaTh OpU BXOJAE T, OCTAHABINBAETCS, TO B KAYECTBE
fur(z) Bepérest cmoBo, COCTABIEHHOE U3 CUMBOJIOB, 3AIMUCAHHBIX TTOCIE OCTAHOB-
KW MAITUHBI B g9eifkax ¢ Homepamu 1, 2, 3, ..., BKJI0Yas TOCIETHIO HEMYCTYIO
saeiiky. [Iporpamma M, npencraBjieHHas Ha PUC. 2.2, BBIYUCIIET (DYHKIHTIO
fu 2 {0,1}* — {0,1,b}*, xoropas orobpazkaer kaxzoe cioso x € {0,1}* B
cioBo fur(x), momygaemoe u3 T yiajeHueM ABYX KPaflHUX CIIpaBa CHMBOJIOB
(ecim |z| < 2, To M BBIZAET B KadecTBe fir(x) mycToe CIoBO).

Xoporro uzsectao, aro JIMT-nporpaMMbl CIOCOOHBI PeIraTh 33 a9l TOpa3-
1o Dostee CITOXKHBIE, 9eM B paccMoTpeHHoM npumMepe. Hecmorps #a To aro JIMT
UMEEeT TOJIbKO OIHY TIOCJIEIOBATEILHYIO JIEHTY W HA KAYKIOM Iare MOYKET BbI-
MOJIHSITH BEChbMa OrpaHudueHHyio padbory, JIMT-nmporpamMmMa MOKeET OBITH COCTaB-
JIEHA TAK, 9TO OHA BBIMOJHUT (XOTS U rOpa3o MeJjieHHee) J000€e BHIYUCICHUE,
BeIOMHUMOE 00braHON DBM. Hurareao, KOTOPbIf MHTEPECYETCsT TeM, KaK ITO
JIEJIAeTCs, MOXKHO OCOBETOBATH HECKOIBKO XOpOouux pabor, Hanpumep [388] wiu
[215]. YnTarens, KOTOPHI 9TUM He WHTEPECYeTCsl, MOXKHO YCIOKOUThH TeM, UTO
B JAHHOI KHUTe He Tpebyercss ymenue mporpammupoBarsh Ha JIMT. Bremenune
vozenn IMT obbscHSIeTCsT TOMBKO HeOOXOINMOCTHIO J1aTh (POPMAaIbHBIN SKBU-
BAJIEHT MOHSITAIO AJITOPUTMA W TEM CAMBIM 3aJI0KUTh OCHOBY IJIS OCTATHHBIX
onpeneneHui.

Temepb MOXKHO OMPEIETUTD MOHATHE «BPEMEHHASA CIOKHOCTL». Bpemas, Tpe-
oyemoe JIMT-niporpammoit M 1j1st BEITUCIEHUs TIPU BXOJE T, €CTh YHUCIIO0 IIAroB,
BBIMOTHSAEMBIX 10 MOMEHTa ocTaHoBKu. Kcim mporpamma M ocranaBiuBaercs
Ha BCEX BXOJaX T € L*, To BpeMeHHyI0 ciaoxkuocTh Thr : Z1 — Z% 3roit mpo-
CPAMMBI MOYKHO OMPEIETIUTh TaK:

CYILECTBYET TAKOE CJIOBO T € ¥*, |z| = n,
Ty (n) = max ¢ m : 9TO BLIUKCIEHHE MO mporpamme M

Ha BXOZe T TpebyeT BpeMeHu m

JlerepMmunnupoBanHasi nporpamma M Ha3bIBaeTcsa nosuromuarvhoti JMT-
npo2pammoti, eCITA CyIeCTBYeT TaKoi TIOMHHOM p, uTo 1yig Beexn € Z 1, Th(n) <
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p(n).

Teneps MOXKHO (HOPMAIHLHO ONMPEIETUTH MEPBBIA BAYKHBIA KIACC A3BIKOB —
kiacc P. Ou onpenensieTcss ciemyommmM oOpa3oMm:

P = {L: cymecrryer noansomuanbHas JIMT-nporpamva M, mjst KOTOpO#
L =1Ly}

Bynmem rosoputh, uro 3amada pacrnosuaanus [I mpumammzexur kimaccy P
npu kKommposannu e, eciiv L[IT, e] € P, t.e. cymecrByer nomnHomuaigbaas JIMT-
MporpaMMa, KOTOpasi «perraers 3a1a4dy I npu KoaupoBaHuu €. Y YUTHIBAs MPHU-
BEJIEHHBIE BBIIIE PACCYXKIAEHUS 00 IKBUBAJIEHTHOCTH PA3YMHBIX KOAMPOBAHUIA,
MBI OOBIYHO HE Oy/IeM MPUBOAUTH KOHKPETHBIE CXEMbI KOAWUPOBAHU U Oyzaem
MPOCTO TOBOPUTH, UTO 337a4a pacrno3uasanus II npunamiexxur kiaccy P.

TepMuH «IOTHHOMAATBHBII ATTOPUTM» 9aCTO Oy IeT HCIOTb30BATHC T HedOop-
MaabHO. POPMAIBHBIM IKBUBAJIEHTOM TOHSATHSA TOJAHOMHUAIHHOIO AJTOPUTMA
apmserca nmonwHoMuaabuas JIMT-nporpamma. Tem He MeHee eCim y4ecTh yKa-
3aHHYIO B TJI. 1 9KBUBAJIEHTHOCTh «PEATUCTUIHBIX> Momeneiit 9BM orHocuTeH-
HO TIOHSITHUST «TOJNHOMMAIBHOE BpEMsi pabOTHI», TO (DOPMAJIBLHOE ONPEIEIEHNE
Kimacca P MoXHO chopMyIupoBaTh B TEPMUHAX IPOTPAMM s JTIOOO0i U3 3TUX
Mojiesieil, TPUYIEM B Pe3yJIbTaTe MOIYyIUTCH OJUH M TOT YK€ KJIACC S3BIKOB.

Takum obpazom, Mpu IO0KA3ZATETHCTBE TOTO, YTO ONPEIETEHHBIE 330a9h MO-
YT OBITH PEIIeHbl MOJUHOMHUAIBHBIM AJTOPUTMOM, HET HEOOXOIMMOCTH BIa-
Barbesa B meraau JIMT. Ha camom geme, ciaeays oOmMENnpuHATONR TPAKTUKE, MBI
OyzmeMm 0OCY:KIaTh AJITOPUTMbI B MAIITHHHO-HE3ABUCUMOM CTHUJIE, KAK OYITO OHU
paboTa0T HEMOCPEJCTBEHHO ¢ KOMIIOHEHTAMY WHIWBHIYAILHON 3ama4qu (MHO-
JKecTBaMu, rpadaMu, YUCIAMA U T.1.), & HE C UX KOJAMHU. 3IECh MOAPA3yMe-
BAaETCs, 9TO MMPU HAJUYIUU JKEJAHUS U TEPIEHUs I J0O0ro MOJTMHOMUATBHO-
o aJTOPUTMAa MOYKHO ITOCTPOUTH COOTBETCTBYIONIYIO TMOMMHOMHAANBHY0 JIMT-
nporpammy. Harmmu HedopMaibHbie paCcCyKIEHUS CIEIYyEeT PACCMATPUBATH KAK
YKa3aHUE MyTH TAKOTO MOCTPOEHWS, OHUW JIOJIXKHBI yOeIuTh JIFOOOTO YUTATES,
3HAKOMOT'O C OCHOBHBIMY THUTIAMU 3344, PA3PEITUMBIX 33, MOJUHOMHUAILHOE Bpe-
M Ha 00bYHBbIX DBM.

2.3. HenerepMuHUpPOBaHHOE BBIYNCJIEHUE U KJIACC
NP

B nacrosinem pasuese BBOAUTCA BTOPOil BAXKHbBIH KJIacC A3bIKOB (3aa49 PACIo-
suaBanusg coiicts) — kinacc NP. Ilpexe gem nepeiitu kK HpopMaIbHOMY OIpe-
JIEJIEHUI0 B TEPMHUHAX SI3bIKOB U MAIuH ThHIOPUHTA, TOJE3HO MOSICHUTH CMBICT
MTOHATHS, JIEYKAIIIEro B OCHOBE omnpenesenus Kiaacca NP.

Paccmorpum 3amaay KOMMUBOAZKEP, onucanne KOTOpOii MpuUBEneHO B
HaJaJje HACTOAIIEH TIaBbl. B yCIOBUM JAHBI: MHOXKECTBA TOPOJIOB, PACCTOSTHUS
MKy HUMW ¥ TPAHUIA B; Mpu 3TOM COpaImnBaeTcs, CyIMeCTBYET JIU TTPOXO/Is-
[y 9Yepe3 Bce ropoja MapIipyT JIHHbBL, He npeBocxofsiieit B. TlomuHoMuATb-
HBI ATTOPUTM PelieHus 3TOM 33 a4u He u3pecreH. [IpeanoaokmM, OaHAKO, 9TO
OTHOCHUTEJIbHO HEKOTOPOH HHAMBUIYATBHON 33190 KTO-TO TIOJIY YU OTBET «J1a».
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Eciu BBI B 3TOM COMHEBAETECH, TO MOXKHO TIOTPEHOBATH «IOKA3ATETHCTBAY ITOTO
YTBEPKJICHUS — MPEIbABICHIE MaPIIPYTa, 00T IAIOMIEr0 HEOOXOIMMBIMU CBOM-
crBamu. VIMest TpeIbsiBIIEHHOE PEIleHue, HETPYIHO IIPOBEPUTh, SBJISETCS JIH OHO
HA CAMOM JI€JIe MAPIIPYTOM, W €CJIH 3TO TaK, TO BEIYUCIUTE €r0 JJINHY, CDABHUTH
eé ¢ rpanuneil B u TéM caMbIM MTPOBEPUTH COOTBETCTBYIOIIEE yTBep K aenne. Bo-
JIee TOTO, ATy «IPOIEIYPY MPOBEPKI» MOXKHO MPEICTABUTH B BHUJE ATTOPUTMA,
BpPEeMeHHds CJI0KHOCTH KOTOPOro orpanuyena nojaudomom ot Length[I].

Hpyroit npuMep 3a1a4qu, KOTOpast 00IaJaeT 3TUM cBoicTBOM,— 3agada U3 0-
MOP®U3M TTOATPA®Y u3 pasa. 2.1. Ilycts mana nHauBuIya bHAs 3a7a49a,
1, B xoropoii ykazausl a8a rpada Gy = (Vi, E1) u Gs = (V3, E3). Eciu orse-
TOM Ha BOMPOC 33Ja49u OYIeT «Ia», TO 3TOT (PAKT MOKHO «IOKA3ATHY, MTPEIb-
apuB nogmuoxkectsa V! C Vi u E' C E| u B3aMMHO-OJHO3HAYHYIO (DYHKITHIO
f: Vo = V' xotopsrii 061a1a10T HEOOXOIUMBIME CBOWCTBaMU. B 9TOM Ciydae
BEPHOCTH YTBEPKIEHUST OMSATH-TAKW MOYKET OBITh JIETKO YCTAHOBJIEHA, 33, MOJIU-
HoMHuasbHoe oT Length[I] Bpemst myTém mpocToii mposepku Toro, uro V', E' n
f ymosierropsitor TpeboBaHUAM, C(OOPMYIUPOBAHHBIM B 33,1a4€.

VMeHHO TOHATHE MOMMHOMUATLHON «[IPOBEPSIEMOCTHY TO3BOJSIET BBIIEIUTH
zagaqan Kiaacca NP. OTmerum, 9TO MPOBEPSIEMOCTb 33 MOJTHHOMHUAILHOE BpPe-
Msl He BJIEYET PA3pelrnuMOCTH 33 MOJUHOMUAILHOE BpeMsi. A MMEeHHO, yTBep-
JKIIasl, 9YTO 38 TOJMHOMUATIHLHOE BPEMsI MOYKHO MPOBEPUTH OTBET «Ia» IJIs 3a-
maan KOMMUBOAZKEP, Mbr He yunuThIBaeM BpeMsi, KOTOPOE MOYKET MOHAI0-
OUTHCST HA TOUCK HYYKHOTO MapIIpyTa CPEIV SKCIOHEHIIUATHLHOTO YHCIA BCEX
BO3MOXKHBIX MapPIIPYTOB. MBI JIUIIL yTBEPKAAEM, 9TO MO JIIOOOMY 3aaHHOMY
MapIIPYTY /s WHAWBHUIYATLHON 3a0a49u I MOKHO 33 HOTHHOMHUAIBHOE BpEMsi
MPOBEPUTH, «IOKA3BIBAET» JIM STOT MAPIIPYT, YTO OTBET HA BOMPOC OTHOCUTETh-
HO WHINBUIYAJLHOM 3a1aun I ecTh «Ias.

Hedopmanbuo kiaacc NP MOKHO OMPEIEIUTD C IIOMOIIBIO TIOHSITHS, KOTOPOE
MBI OyJIeM Ha3bIBATH HEJEMEPMUHUPOBAHHbLM AA20pUMMOM. Takoit amropuTm
COCTOUT U3 ABYX Pa3IMYHBIX CTAIuil — cmaduu y2adbeanus U cmadut nposep-
xu. Ilo 3amamHON WHAMBHAyANLHON 3amade I HA MepBOil CTAIUU TIPOUCXOINUT
MPOCTO «yTaIBIBAHUE> HEKOTOPOi cTpyKTyphl S. 3arem I u S BMecTe momaroT-
Cs B KQUYeCTBE BXOJA HA, CTAIUIO0 MPOBEPKHU, KOTOPAS BBIMOTHAETCS OOBIYHBIM
JIETePMUHIPOBAHHBIM OOPA30M U JTHOO0 3aKAHIUBAETCS OTBETOM «Ja», JTUOO 3a-
KaQHIMBAETCSI OTBETOM <«HET», JTHOO MPOAOIKAeTCss OECKOHEIHO 0e3 OCTAHOBKHU
(Kak MBI YBUIMM II03K€, MOCJEJHKUE JBe BO3MOXKHOCTU Da3jindyarbh HE 0bs3a-
TenbHo). HenerepMUHUPOBAHHBIH AJTOPUTM «PEIIaeTs 330ady PACIO3HABAHUS
IT, ecnu st 06O MHAMBUAYAIBHOMN 3a0a4un I € D BBIMOJHEHBI CJIEAYIONINE
JIBa CBOMCTBA:

1. Ecnu I € Yy, To cymiecTByer Takasi CTpYKTypa S, yraJblBaHue KOTOPOi
[t BX0oz1a I mpuBeiéT K TOMY, 9TO CTaJusi TPOBEPKH, HAYMHAS PADOTY HA BXOJIE
(I, S), 3aKOHINTCST OTBETOM «JIa».

2. Ecoim I ¢ Y11, TO He cymecTByeT Tako#l CTPYKTYDHI S, yraJpiBaHne KOTO-
poit qyist Bxoma I obecrieunsio ObI OKOHUAHUE CTaIuK TpoBepKu Ha Bxome (I, S)
OTBETOM <«JIa».

Hampumep, HegerepMuHUPOBAHHBIN anroputM pernenus 3agaaun KOMMI-
BOAZKEP mox)HO GbLTO GBI TIOCTPOUTD, UCHOIB3YsI B KAYECTBE CTAIUU YTalbl-
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BaHUsI IIPOCTO BHIOOP MTPOM3BOJIBHON TTOCIEI0BATETHHOCTHA TOPOIOB, & B KAYECTBE
CTAINU TTPOBEPKHU — YIIOMSIHYTYIO BBIIIE TOJTHHOMHUAIBHYIO TIPOIEAYPY «IIPOBEP-
Ka gokasarenbcrsay s 3agadau KOMMUBOAZKEP. Ouesuano, gjis 060t
WHINBUAYAJIHHOM 3amaun [ HaWIETCA Takasi JOraaKa S, 94TO Pe3yJIbTaToM pado-
THI CTA UK IPOBEPKY Ha BXoae (I, S) OymeT «Ja» B TOM M TOJBKO B TOM CIIydae,
ecu st WHAWBUIYAIbHON 3329 [ CyIecTByeT MapIipyT UCKOMON JJTHHBI.

ToBopsiT, 94TO HEAETEPMUHUPOBAHHBIN AJTOPUTM, PEIIAIONIAN 3389y PACIIO-
3uaBanwus 1, paboraer B TedeHUE «MOJUHOMHUAIHHOIO BPEMEHU», €CIN HAWIETCS
moauHOoM P, Tmakoii, uro g moboro I € Y Haiimércss HeKoTopast Ioraaka S,
NPUBOJIAIIAA HA CTAJUU JETEPMUHUPOBAHHOIN poBepKu Ha Bxoze (I, S) K oTse-
Ty «da» 3a Bpems p(Length[I]). OTciona ciemyer, 4To «pa3Meps» yraIbiBaeMoit
CcTpYKTYphI S Oyzser obs3arebHO orpanuyed nojauaomom or Length[I], tak kak
HA MPOBEPKY JIOTaJIKK S MOXKET OBbITh 3aTPAadeHo He Ooee YeM MOJTUHOMUATHLHOE
BpEMsI.

Knacc NP, onpenesnsiembrii HehboOpMaIbHO,— 3TO KJIACC BCEX 3aJaY PACITO3HA~
BaHus II, KOTOpbIe MpU PA3yMHOM KOJUPOBAHWK MOTYT OBIThH PEIEHbI HEIeTeP-
munupoBanubiMu (N — nondeterministic) anropurmMaMu 3a IOJUHOMHUAIBHOE
(P — polynomial) spems. [Ipumep, npuBeAéHHBIN BbIIe, IOKA3BIBAET, YTO 3313~
ya KOMMUBOAZKEP npunammexxkur NP. Y auraresis He J0TKHO BOSHUKHYTh
TPYIHOCTEH MPY JOKA3ATEIHCTBE QHAJOTUYIHOTO yTBEpX)AeHus o 3amade U30-
MOP®U3M ITOJATPADY.

B nmomobubIx HeOPMATHLHBIX ONpPEIeTeHUIX TEPMUHOM <«PEIaeTs CIIEIyeT,
KOHEYHO, ITOJIb30BATHCA OCTOPOXKHO. JIOMKHO OBITH SICHO, YTO OCHOBHOE Ha-
3HAYEHUE <«IIOTUHOMUAIBHOIO HEJIeTEPMUHUPOBAHHOTO AJTOPUTMA» COCTOUT B
OObSICHEHUN TIOHSITHSI <«IIPOBEPSIEMOCTH 33 TIOJIMHOMUAJILHOE BPEMsi», a He B
TOM, YTOOBI CIAYXKUTH PEAJTUCTUIECKUM METOIOM PEINIeHus 33034 PACIO3HABA-
Hus cpoiicTs. [Ipn KaxkaoM BXOIE TaKO# aJTOPpUTM WMeeT He OIHO, a HECKOIHKO
BO3MOKHBIX BBIYUCJIEHUI — MO OJJHOMY JJId KayKJOU BO3MOYKHOU JOTAJKU.

Nmeercst emé ogHO BayKHOE OT/IMYWE <«PEIIEHUsi» 3329 PACIO3HABAHUS
HEJIETEPMUHUPOBAHHBIM AJITOPUTMOM OT PEIIeHUs [eTePMUHUPOBAHHBIM aJIr0O-
PUTMOM, & UMEHHO B TIEPBOM CJIy4Yae OTCYTCTBYET CUMMETPHUS MEXKIy OTBETa-
MU «Tay u «HeTs. Ecnm 3amaga: «/lamo I; BepHo ju, uTo 17s I BBITOTHSETCS
cBoiictBo X 7> MOxker ObITh pelleHa MOIMHOMHUAIBHBIM (1eTePMUHUPOBAHHBIM )
aJrOPUTMOM, TO TAKOE YK€ YTBEPIKIEHWE CIIPABEIJINBO U IS JOTOTHUTETHHON
zagaqn: «Jlaxo I, BepHo mu, uaro s I He BeINOMHSAETCS CBOMCTBO X 7. DTO CIe-
IyeT W3 TOro, YTO JETEPMUHUPOBAHHBIN aJrOPUTM OCTAHABINBAETCS TMPHU BCEX
BXO0JIaX, MMOITOMY JIOCTATOYHO TIOMEHSTH MECTAMU OTBETHI «JIa» W «HEeT» (mepe-
CTaBUTHL cocTosinus gy U gy B JIMT-nporpamme).

CoBepIleHHO HEe 0YEBUIHO, 9TO TO KE CAMOE BEPHO JIJIsi BCeX 3aJad, pas-
PEIUMBIX 33 MOJTUHOMHUAIHHOE BPEMsT HEJETEPMUHUPOBAHHBIMY AJTOPUTMAMHY.
Paccvorpum, manpumep, gononnenne 3amaan KOMMUBOAZKEP: mamno mmo-
JKECTBO TOPOJIOB, PACCTOSTHUS MEXKJy HUMHU W TPAHUIER B; BEepHO Jin, 9TO HET
MapIIpyTa, TPOXOJAIIErO Yepe3 BCEe TOPOJA W MMEOIIEro IJINHY, HE MPEBOCXO-
nsnyo B? st BbISCHEHWsI, UMEET JIH MOCTABJIEHHBIM BOMPOC OTBET <A, HE
U3BECTEH CrOCco0, KOTOPbIH OblLl ObI KOpOUYEe, YeM NpoBepKa Bcex (WU MmoduTh
BCEX) BO3MOXKHBIX MapIipyToB. JIpyrumu cjioBamu, He M3BECTEH IOJUHOMUAIIb-
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HBIA HEJeTEPMUHUPOBAHHBINA AJITOPATM PEIIeHUd STON JOMOJHUTEIbHON 3a/1a491.
Ta xe camasi cUTyalys UMeeT MeCTO i MHOTHX Apyrux 3amad u3 NP. Takum
obpazom, npuHALIE)KHOCTD 3a7aqn I kmaccy P Bae4éT mpUHAIIEKHOCTD JT0-
MOJTHUTENIHLHOM 3334 KJIaccy P, HO He M3BECTHO, UMEET JIM MECTO aHAJOTHIHOE
yTBepXKIeHne s Kiaacca NP.

B 3aksiouenune Hacrosmero paszgesa Mbl (popMasu3yeM MPUBEIEHHOE OIpe-
JIeJTeHne B TEPMUHAX A3bIKOB 1 MarwH Thiopuara. DopmManbHbIM 9KBABAIEHTOM
HEJIETEPMUHUPOBAHHOTO AJITOPUTMA SIBJISETCST TTPOTPAMMA IJIsT HedemepMuHU-
posannoti 0dnoaenmounoti mawuns, Toropunza (HIMT). dna npoctorst Gy-
JIEM [IOJIb30BAThC HECKOJIbKO HecTanaapTHoil moxesbio HIAMT. (Bepcuu 6osee
6JIM3KKeE K CTAHJAPTHBIM U3JI02KeHbl B KHurax [9, 215]. [Tone3ubiv ynpakHenuem
JIJIsT IUTATENIs MOXKET OKA3aThCsl TTPOBEPKA MOJMHOMHUAIBHON SKBUBATIEHTHOCTH
O OTHOIIIEHUIO KO BPEMEHU PA0OThI, MEYKIY CTAHIAPTHBIMU MOIEISIMU W MOJIE-
JIBIO W3JIOYKEHHON HUKe. )

Mogens HIMT, koTopoit MbI OyAeM MOTb30BATHCST, AMEET B TOTHOCTH TAKY IO
XxKe cTpykTypy, Kak JIMT; ormmane cocrout muib B ToM, uro HIAMT momomrHeHa
yeadvearouwum modysem co ceoeti 20406K01, KOTOPAsT MOXKET TOTHKO 3aNuChI-
BaTh Ha JieHTy (cM. puc. 2.4). YraaplBalomuii MOAyIb JAaET WHMOPMAIUIO It
3AMUCHIBAHUS «IOTAJKAY U TPUMEHSETCs] UCKIIOYUTETLHO C ITOH METbIO.

Seadvidarmuyud Yapabamousee
mody yempoticada

\ Yeadobarozyas Jumeammugas/nuyuan
Jenma sanodka zonofiva

"N | [ N I )

-3 =f~1 0 & 2 3 4

Puc. 2..2: «Mowuna Twvropureas

IIporpamma ans HIMT, wan HIIMT-niporpaMma, ompeaessteTcst TOYHO Tak
xe, kKak JIMT-niporpaMma, pu 3TOM HCMOMB3YIOTCS:

nerTouHbIit andasur I', BxogHo#t andapur X, mycToit cuMBo b,

MHOYKECTBO COCTOSTHUI (), HAYAJIHHOE COCTOSTHUE ¢, 3AKII0YUTETHHBIE COCTO-
AHNA Gy ¥ gN,

dyukuua nepexona 4 : (Q \ {gy,qn}) X T = Q x T x {1, +1}.

Boranciaenne HIIMT-rporpaMMbr ipu BXoAe & € X* B OTJINYNAE OT BBIYHCTIE-
ausa JIMT-mporpaMMbl ©MeeT IBe pa3IndHbIe CTATUH.

Ha nepgoii crauu npoucxoaur «yraabiBanues. B Ha4aIbHbII MOMEHT BpeMe-
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HU BXOJHOE CJIOBO T 3aIlMChIBAETCs B s4eiikax ¢ Homepamu 1,2, ..., |z| (ocraib-
Hble f4YeHKM [yCThI), YUTAIOIIAsE,/ MHUIIYIIAs TOJOBKA «CMOTPUT» Ha A4YEHKY C
HOMEpPOM 1, MUIIyIAasi TOJIOBKA YTaIbIBAIOIIEr0 MOIYJIs CMOTPUT HA SYEHKY C
HOMEPOM -1, 8 yCTPONCTBO yNpaBJIEHUsT «TTACCUBHO». 3aTEM YT IbIBAOIIAN MO-
IyJb HAYMHAET YIIPABJISAThH YT IbIBAOIIEH TOIOBKOM, KOTOPAs AEIAeT OIUH IIar
B Ka)KIbIi MOMEHT BpPEMEHH W JHOO MUIIEeT B HAXOMAIIEHCS IO, Heil saeiike
onmy n3 OykB amdabura [ 1 CABUraeTCs MPH 3TOM HA OIHY sSTI€HKY BJIEBO, JIH-
60 ocranaBiauBaeTcsa. B mociennem cirydae yraIbIBaIONUi MOIYJIb IEPEXOIUT B
MACCUBHOE COCTOSTHUE, & YIIPABJISIOIIEEe YCTPONCTBO HAUMHAET PAOOTY B COCTOSI-
HUH (. YTAbIBAIONIMI MOLY/Ib PEIIAET, TPOJOIKUTL JIu padboTy (mepeiitu iu
B MMACCUBHOE COCTOSAHNE, KaKyIo OyKBY u3 I’ HAMCATh HA JICHTE), MPUYEM JIeja-
€T 9TO COBEPINEeHHO TPOU3BOILHO. TakuM 00pa3oM, yraabIBAIOIINANA MOIYIh 10
MOMEHTa, OKOHYAHHUsI CBOEHl PabOTbI MOXKET HAIMCATh Joboe cmoBo w3 ['* u B
EeHCTBUTEIBHOCTH MOYKET HUKOT/IA HE OCTAHOBUTHCS.

Craagus MpoOBepKY HAYMHAETCS B TOT MOMEHT, KOTJIA YIIPABJISAIONIEE YCTPOM-
CTBO TIEPEXOJIUT B COCTOsTHUE §o. HauwmHas ¢ 3roro MmomenTa, Buranciaenmne HJIMT-
IPOrPaMMBI OCYIIECTBISIETCS B TOYHOCTH IO TeM XKe mpaBuiam, 9ro u JIMT-
IPOrpaMMbl. YTaIbIBAIONIUI MOIYJIb W €r0 FOJIOBKA B BBIYUCIEHUU OOIBINE HE
y9aCTBYIOT, BBIIIOJIHUB CBOIO POJIb, T.e. 3AMACAB HA JIEHTE CIOBO-I0TaKy. Ko-
HEYHO, CJIOBO-TIOTA/IKAa MOYXKeT (M OOBIYHO OYIET) TTPOCMATPUBATHCS YHTAIONIEH /
MUITYIIeH TOJTIOBKOM B TIPOIECCE MPOBEPKU. BhruncieHne 3aKaHINBAETCS TOTIA,
KOIJIA YIIPABJIAIONIEE YCTPOUCTBO MEePeiiéT B OIHO M3 ABYX 3aKJIOYATETHHBIX
cocrosiauil (qy Wid ¢n); OHO HA3BIBAETCH NPUHUMAGOULUM BUYUCAEHUEM, ECIIU
OCTAHOBKA IIPOUCXOIUT B COCTOSHUU (y . BCe OCTANbHbBIE BHIYUCICHNUS, 3aKAHIU-
BAIOIIMECS WJIN HET, HA3bIBAIOTCS HENPUHUMAIOUUMU.

Ormernm, uro mwbas HIMT-nporpamva M MoOXkeT nMerh OECKOHEUHOE
YUCIO0 BO3MOYKHBIX BBIYUCIEHUI TPYU JAHHOM BXOJIE &, MO OTHOMY IS KayKIOrO
croBa-poragku u3 I'*. Byaem rosopurh, aro HIIMT-uporpamma M npuruma-
em T, eclii 1O KpaiiHeil Mepe OIHO U3 e€ BBIYUCIEHHI Ha BXOJIE T SIBISETCS
IPUHAMAIONNM. Z3BIK, pacnodnasaemuili mporpaMmoit M ,— 310 I3bIK

Ly = {z € £*; M npuanmaer z}.

Bpema, Tpebytortieecs: HeaeTepMIHAPOBAHHON mporpamme M mjist Toro, 9ro-
OBI IPUHSATDH CIOBO & € L)y, —9T0 MUHUMATIBLHOE YUCIIO IIIATOB, BBIMOJTHIEMbBIX HA,
CTAIUSIX YTAIBIBAHUS W MPOBEPKU 10 MOMEHTA JOCTUYKEHUS 3aKJIOUYNTEIHHOTO
COCTOSTHUSI @y, TJIe MUHUMYM OEpETCs 10 BCEM NPUHUMGHULUM BBIAUCIEHUSIM
nporpammbl M Ha Bxome x. Bpemennds cmoxuocrs HIMT-nporpammer M —
sto dyakmng Ty : ZT — ZT, onpenensgemas cIeyommM 06pa3oM:

cywecrByer = € Ly, |z| = n,
Ty (n) =max | {1} U ¢ m : Takoe, 9TO BpeMs NPUHATUS T
nporpammoit M paBHO m

3amerumM, 9TO BpPEMEHHAsT CIOXKHOCTH TporpaMmbl M 3aBHCAT TOJTBKO OT
YUCITA IATOB, BBIMOJHIEMBIX B TIPUHUMAONIUX BHIYUCIEHUSIX, & TAKIKE, YTO MbI
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nosiaraem M (n) paBHbIM 1, eciiu HET HU OJHOIO BXOJA JJIUHbI 1, IPUHAMAEMOIO
nporpammoit M.

HAMT-nporpamma wazbiBaercsts HIMT-npoepammoti ¢ nosuHOMUGADHDIM
epemenem pabomol, €Cau HAMIETCs moauHoM p, Takoit, ato Th(n) < p(n) mns
Bcex n > 1. Hakonen, kmacc NP ¢opMaabHO OIpeaeasieTcs TakK:

cymectByer HAMT-nporpamma, M
NP = { L : c mTomuHOMUAILHBIM BPpEMEHEM

paborsl, Takast, 9ato Ly = L

HerpyHo ycTaHOBUTH B3aMMOCBSI3b MEXKIY ITUMU (DOPMATLHBIMU OMPEe-
JIGHUSIMU U TIPEIIeCTBYmuMY HepOPMaTbHBIMUA. EINHCTBEHHBIH MOMEHT, KO-
TOPBIH CJIeIyeT CenuaabHO OTOBOPUTh, COCTOUT B CaemyomeM. KEcim, Kak mpu-
HSITO CUMTATh, HEIETEPMUHUPOBAHHBIN AJITOPUTM YTAABIBAET CTPYKTYPY S, 3a-
BUCSIILYI0 HEKOTOPBIM 0OPA30M OT YCJIOBUS PACCMATPUBAEMOl 33/1a9M, TO yra-
nemBaroruit Mmoayab HIAMT, HampoTus, MOTHOCTHIO HTHOPHUPYET BXOIHOE CIOBO.
Xors moboe coBo u3 ['* MoKeT OBITH MOMTYYeHO B pe3yabTaTe PabOThI yra bIBa-
IOIIEr0 MOIYJIsI, 9TO He CyIecTBeHHOo, Tak Kak HIMT-mporpammy Bcerga Mox-
HO CKOHCTPYHUPOBATH TAaK, UTO CTAAUS TTPOBEPKU OYIET HAUMHATHCSA C TPOBEPKH
TOr0, COOTBETCTBYET Jid J0rajka (IpU TOH HEsBHON MHTEpHPeTAlUH, KOTOPYIO
HAIA IPOrpaMMa JaéT CJI0BaM) IMOAXOIAIIEH CTPYKTYPe s 33JaHHOIO BXOA.
B nporuBHOM citydae mporpaMMa MOXKeT cpa3y Ke MepeiiTi B 3aKTI0IUTETHHOe
COCTOSTHUE N -

Bynem rooputh, 9TO 3a7a4a pacno3HaBaHus MTPUHAIICKUT Kiaaccy NP npu
cxeme kopupoBanus e, eciu L[II, e] € NP. Kak u B caygae kiacca P, Mbl 6yaem
IPOCTO TOBOPHUTH, 4To Il mexxkutr B NP, He ynmoMuHas KOHKPETHYIO CXeMY KOJIH-
pOBaHMs, KOTJA SCHO, 9TO HEKOTOPAasi Pa3yMHAs CXeMa KOAUpOBaHwus 3a1aqdu 11
IACT s3bIK, MpuHaaaexamnit NP.

Bonee Toro, mockombKy JT00ast peATHCTHIHAS MOJIETb BhIYUCTUTEIBHOTO yCT-
poiicTBa MOXKeT OBITh JIOMOJTHEHA AHAJTOTOM PACCMOTPEHHOIO <«yTaIbIBAIONIETO
MOJIyJisl C THIIYIIEH TOMOBKOi», TO Hami (hopMaTbHbIE ONPEIETeHUsS MOYKHO
ObLI0 OBbI Mepedpa3upoBaTh IJIs JOOOH APYroil CTAHIAPTHON MOMENN BBIUKC-
JINTEILHOTO yCTPOiicTBa. B cuiy TOro 9To BCe TakuWe MOMENN SKBUBAIEHTHBI
C TOYHOCTBIO [I0 JETEPMUHUPOBAHHBIX TTOJIMHOMUAIBHBIX BBIYUCIEHUI, BCE TIO-
JiydaeMble MpH 3TOM Bepcuu Kiaacca NP OyayT mmeHTHYHbI. TakuMm oOpa3oM,
IPABOMEPHO CIETAHHOE PaHee MPEJIOKEHUe OTOXKIECTBUTH (GOPMATBLHO OMpe-
nenéuubIit kmacc NP ¢ KJIaccoM BceX 3a7ad PACTIO3HABAHUS, «Pa3PENTUMbBIX»
HEJIETEPMUHUPOBAHHBIMY AJITOPUTMAMHY C TTOJIMHOMHUAIHLHBIM BpEMEHEM PabOTHI.

B kagecTBe NOArOTOBKE K OMPEIETEHUIO TPETHETO, CAMOTO BAYKHOTO JITsl Ha-
CTOsIIIEH KHUTH KIacca — Kiaacca NP-TIOMHBIX 3aa4 B CJIEIYTONEM PA3/IeIe Mbl
obCcy M B3aMMOOTHOIIEHHsST MeK1y Kiaaccamu P u NP.
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2.4. DBzaummooTHoIllleHUud Mexk 1y kjaaccamu P u NP

Bormpoc o B3anmooTrHomennn kiaaccoB P u NP umeer hyHIAMEHTAJIHHOE 3HAYE-
Hue Ay reopun NP-noabix 330a49. OIHO COOTHOIIEHNE, KOTOPOE HESIBHO MPHU-
CYTCTBOBAJIO B MPOBOJIMBIINXCSA PAHEE PACCYXKIEHUIX, HO 10 HACTOSIIETO MO-
MEHTa sIBHO He (pOpPMyTIHPOBAIOCH, 3aKmiodaercs B ToM, aro P C NP. Bcesakas
3aJa4a PACo3HABAHNS, PA3PENINMAas 33 TOJTMHOMHUATHLHOE BPEMS TeTEPMUHUPO-
BAHHBIM AJITOPUTMOM, PA3PEITIMa TaK¥XKe 33 MOJIMHOMHUATHLHOE BPEMS HeJeTep-
MUHUPOBAHHBIM aJITOPUTMOM. UTOOBI yOEIUTHCS B 3TOM, TOCTATOYHO 3aAMETHUTh,
9TO JII000# IeTEPMUHUPOBAHHBIN AJTOPUTM MOXKET OBITH MCIOJIH30BAH B Kade-
CTBE CTAJUU MPOBEPKHU HeJeTepMUHHPOBaHHOrO anropurma. Femu I € P u A
— TPOU3BOJIHHBIN IETePMUHUPOBAHHBIN MOJUHOMUAIBHBIN AJITOPUTM DPelieHust
I1. TO MOTMHOMUAIBHBIN HeIeTePMUHUPOBAHHBIN AJITOPUTM 1115t 11 MOYKHO TTOTY-
YUTH, BOCMOIB30BABIINCHL A B KaueCTBe CTAIUVM MPOBEPKU U UTHOPUPYS CTAIUIO
yragpBanus. Takum obpa3om, us II € P crenyer, ato II € NP.

W3 npoBomuBIMXCS paHee PaCCyXKIEHUN MOXKHO MOHATH, YTO €CTb MHOTO
MPUYUH CYUTATH ITO BKJIIOYEHHE CTPOTHM, T.e. CYUTATH, YTO P He COBMAIAET C
NP. TlonnHOMMAIBHBIE HEIETEPMUHUPOBAHHBIE AJTOPUTMBI OTIPEIEIEHHO OKa-
3BIBAIOTCS DOJIEE MOIIHBIME, Y€M MOJMHOMUAIHHBIE TeTEPMUHUPOBAHHBIE AJIT0-
PUTMBI, ¥ HE U3BECTHBI OOIIME METOIbI UX MTPEBPAIIEHUS B JIeTEPMUHUPOBAHHDBIE
MOJIMHOMHUAJIBbHBIE AJITOPUTMBI. B eficTBUTE TbHOCTH CaMBbIil CHIIBHBIHN U3 U3BECT-
HBIX B HACTOSIIEEe BPEMsi PE3YILTATOB COCTOUT B CJIELYIOIIEM:

Teopema 2.1. Ecau Il € NP, mo cywecmsyem maxoti noAuHOM D, Mo
IT mooicem 6oumsd pewena demepMUHUPOSAHHHM AAZOPUMMOM C BPEMEHHOT
caootenocmuro O(2P(M),

Jlokazarenncrio. Ilycth A — MOTMHOMUATIBLHBIN HEZETEPMUHUPOBAHHBIN aJI-
roputM perienns 3agaun I1 u ¢(n) — MOMMHOM, OrPAHUYABAIONIAN BPEMEHHYIO
cioxuoctb anropurma A. (He ymasnss obUHOCTH, MOXKHO CUYUTATH, YTO ¢ MO-
JKeT OBbITh BBIYUCIIEH 33 MOJUHOMUAILHOE BPEMST; 3TOIO MOYXKHO JOOUTHCSI, B35IB,
nanpumep, ( ¢(n) = ¢;n npu JOCTATOUHO GOJBINX KOHCTAHTAX €1 U C3).

Tlo onpenenenuto knacca NP, Ajas KayKIOTO MPUHUMAEMOTr0 BXOAA JJIWHBI N
Haiinérca HeKOTopoe CioBO-Aoraaka (B ajndasure I' cMMBOJIOB JIGHTBI) IJIAHDBI
He Gosiee ¢(n), Takoe, 94TO B ajropurme A crajus IPOBEPKHU AAET IPU PACCMAT-
pHBaeMOM BXOJIe OTBeT «Ja» He Gosiee yeM 3a ¢(n) maros. Takum obpasom, 06-
[I[ee UMCII0 OTa0K, KOTOPBIE HYXKHO PACCMOTpeTh, He mpeocxomnt k() | rue
k = |T'| (ecim cmoBo-morazka Kopoue ¢(n), To ero MOYKHO TOTIOIHUTH MYCTHIMH
CHMBOJIAMU U PACCMATPUBATH KAK CJIOBO JUIMHBI ¢(1)).

Termepb MOXKHO JETEPMUHUPOBAHHBIM OOPA30M BBISCHUTH, UMEET JIH AJIT0-
putM A Ha 3aJaHHOM BXOJE IJIUHBI 71 TPUHUMAIOIIEe Bhrauciaenue. JIjis 3moro
JOCTATOYHO Ha, KaYXKIOW u3 k1) Bo3MOMKHBIX JOTAJ0K 3aITyCTUTH JIETEPMUHMU-
POBAHHYIO CTAIUIO TTPOBEPKU ajaroputMa A u mo3BOAUTL eif paboTaTh IO TOTO
MOMEHTa, IOKA OHA He OCTAHOBUTCs UJIM HE caeaaer ¢(n) maros. DTOT MOIEIH-
PYOLIHI AITOPUTM JACT OTBET «Ja», €CIIH €My BCTPETUTCS CIOBO-I0TaJIKA, IPHU-
BOJIAIIEE K IPUHUMAIOIIEMY BBIYUCJIEHUIO AJIUHbIL He Gosiee ¢(n), 1 OTBET «HeT» —
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B IIPOTHUBHOM ciiy4ae. Takoil aaropurM, 04eBUIHO, OYIET 1eTePMUHUPOBAHHBIM
anaropur™MoM pertennst 3agaqn II. Bomee Toro, ero BpeMeHHGsT CTOXKHOCTD, TI0
CYIIECTBY, paBHA q(n)*kq(”); XOTSI 3TO HKCIOHEHTA, HO MPH MOAXOIAIIEM BHIOODE
TMONMHOMA, P CIOXKHOCTH e mpesocxomut O(2P(M). |

BesycnoBHO, TpoIece MOIEINPOBAHNS, TIPEIJIOYKEHHBIN B JJOKA3aTE/IHCTBE Te-
opeMbI 2.1, MOXXHO B HEKOTOPO# CTENEeHN YCKOPUTH C MOMOIIBIO METO/Ia BeTBei
U TPaHUI, WK METOIa OOPATHOTO MOUCKA WU C MOMOIIBIO HOee TIATETBHOTO
mepebopa, KOraa m30eraioTcsi, O9eBUIHO, HEHYKHbBIE CIOBA-IO0TAIKN. TeM He Me-
HEEe, HECMOTPSI Ha, 3HAUYUTEIHHYI0 IKOHOMHUIO, KOTOPasi MOYKET ObITH MPU ITOM
JIOCTUTHYTA, HE U3BECTEH METOJI, OCYIIECTBJISIOMNI TAKOe MOIEINPOBAHNE ObI-
cTpee, 9eM 3a SKCIIOHEHITHATHHOE BPEMS.

Takum 06pa3oM, CIOCOOHOCTH HEAETEPMHHHUPOBAHHOTO AJTOPUTMA IIPOBE-
PHUTH 32 MONUHOMUAIBHOE BPEMs SKCIOHEHIMATBLHOE YHCIO BO3MOXKHOCTEH MO-
JKET HABECTU HA MBIC/Ib, UTO MOJUHOMHUAJBHBIE HEIETEPMUHUPOBAHHBIE AJITO-
PUTMBI SBJISIOTCS 00JI€e MOIIHBIM CPEJICTBOM, YeM TIOJIUHOMUAJIBHBIE JETEPMU-
HUPOBAHHBIE AJTOPUTMBI. B camom mese, mjisi MHOTMX YAaCTHBIX 339 KJIAcCa
NP, rakux, kak KOMMUBOAKEP, UBOMOP®U3M ITOATPA®Y, u Gonb-
[IOr0 YUCTIa IPYTUX 331249 He HAMIEHO MOJTHHOMUATLHOTO JIETEPMUHIPOBAHHOTO
aJIrOpUTMa, HECMOTPsI HA YIOPHBIE YCUITUsT MHOTMX U3BECTHBIX UCCIEI0BATENE.

He ymusisieT mosTOMy IIMPOKO pPACTpOCTpaHéHHoe Muenue, uro P # NP,
XOTST TIOKA, JOKA3ATEIHCTBO 3TON TUIMOTE3BI OTCYTCTBYET.

KomeuHo, CKenTuk MOMKET CKa3aTh, 9TO HEY/IA4a B JOKA3ATEIHCTBE THIIOTE-
3b1 P # NP sIBIISIeTCs1 CTOJIb YK€ CHJIBHBIM apTyMEHTOM B MOJIb3Y COOTHOIIEHUS
P = NP, kak u HeyJada B MOUCKE COOTBETCTBYIOIIUX MOTHHOMHUAIBHBIX AJIr0-
PUTMOB — B MTOJIb3Y TTPOTUBOIMOJIOKHOTO YTBEPIK AEHNS. 3aJAUN BCErIA KAYKYTCs
TPYIHOPEITAEMBIMHU, TIOKA, HEe HaWIeHbI 3(D(DEKTUBHBIE AJITOPUTMBI UX DEIEHUS .
OpHako Jake CKelTHK, BEPOSITHO, COTJIACUTCS, UTO MPU CYIIECTBYIOIIEM B Ha-
CTOsIIIee BPeMsi YPOBHE 3HAHWIA, MO-BUIUMOMY, Hojlee pa3yMHO paboTaTh Mpu
cornarienuu, 9410 P # NP, 9eM ObITAThCS JIOKA3aTh MPOTUBOMOIOXKHOE. BO
BCSAKOM CITy4ae, Ha OCHOBE HAKOILIEHHOI'O OMBITA MBI OYIAEM MPEICTABIITH Ce-
Oe kmacc NP Tak, Kak OH M300paykéH Ha puc. 2.5, oxkumasa (XOTs U He ¢ MOJTHON
YBEPEHHOCTRIO), UTO 3aTeHEHHast 06IacTh, obo3Hadaomias NP \ P, He mycra.

Puc. 2..3: «I'unomemuueckas xapmuna xaacca NP »
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2.5. llommHoMmuajgbHasa cBOAUMOCTDL U NP-110/IHBIE
3a1a49n

Eciu P ne coBnagaer ¢ NP, to paziuuue mexxay P u NP\ P oueHb CylIeCTBEeHHO.
Bcee 3agaun u3 P MOryT OBITH pelIeHbI TOMMHOMHUATBHBIMEA AJITOPUTMAMH, & BCE
samaun n3 NP \ P rtpyzanopemaemsr. ITosromy, ecim P # NP, 10 1njst Kaskaoi
KoHKpeTHO# 3amaun II € NP BaxXHO 3HATDH, KaKasd W3 ITUX JBYX BO3ZMOKHOCTEH
peanmnsyercs.

Komneuno, 10 Tex mop noka He 10Ka3aHo, 9T0 P # NP, HeT HUKAKOM HAJeXK bl
[OKA3aTh, YTO HEKOTOPAas KOHKPeTHas 3a1a4a npunaaiexxut kiaccy NP\ P. ITo
9TOI pUunHe 1eh Teopun NP-TOMHBIX 337349 3aKTI0TAETCS B JOKA3ATEIHCTRE
Bosee cnabbIx pe3yabraToB Buga: «ecin P # NP, 1o II € NP\ P». Xorsi moka3a-
TEJIbCTBO TAKUX YCJIOBHBIX PE3YILTATOB MOYKET MOKA3ATHCS CTOJIb YKE TPYIHBIM,
KaK U OE3yCJIOBHBIX, OJHAKO, KAK MbI YBUIUM B JAJIbHEHIIIEM, IMEIOTCS HECTOXK-
HBIE METOJIbI JJOKA3ATE/IHCTBA. TaKue YCIOBHBIE PE3YIHTATHI MOXKHO PACCMATPHU-
BAaTh KaK MOATBEPIKICHUE TPYIHOPEITAEeMOCTH C TOM K€ CTENeHbI0 YBEPEHHOCTH,
C KaKoif MBI cuuTaeM, 4To Kjaacc P ormuuaercsa ot NP.

OcHoBHast uzes MOJOOHOrO YCIOBHOTO MOAX0/IA OCHOBAHA HA, MOHSITUHU TTOJH-
HOMHUAJILHON CBOAUMOCTH. ByIeM TOBOPUTH, YTO UMEET MECTO NOAUHOMUGADHAA
ceodumocmo a3vika Ly C X7 K a3piky Lo C X3, ecnmu cymecTByeT GyHKIHS
f 37 — %3, yaoBaeTropAONast ABYM YCIOBHIMS:

1. CymecrByer JIMT-nporpaMmMa, BBIYUCASIONIAA f C BPEMEHHOH CII0KHO-
CTHIO, OrPAHUYIEHHOMN TOJTMHOMOM.

2. Hng moboro x € ¥}, & € Ly B TOM 1 TOIBKO B TOM city4dae, ecinu f(x) € Lo.

Ecnu L, monmvaOMuaIBHO CBOAUTCS K Lo, TO Oymem nucath Ly o< Ly v TOBO-
purh «Lq cBoguTcst K Lo» (OTMycKasi CIOBO «MOJIMHOMUAILHO ).

BaxxHOCTH TIOHSITHS TOTUHOMAATBHAS CBOIUMOCTD BBITEKAET U3 CJIETY IOIIei
JIEMMBbI:

Jlemma 2.1.
Ecau Ly o< Lo, mo uz Lo € P caedyem, wmo Ly € P. (Dxsusarenmmoe
ymeepotcdenue: u3 Ly ¢ P caedyem, wmo Lo ¢ P.)

JlokazarenscrBo. Ilycts X1 u Yo — anmdaBursl a3b1K0B L u Ly coorser-
cTBeHHO, pyHKIUA f : ¥ — L) OCYIIECTBIAET TOIUHOMHUATIBHYIO CBOAUMOCTD
Ly x Ly; My — nommaovmansuas JIMT- mporpamwma, seraucasomas f, nw Mo
— nonuaoMmuanbuas JIMT-mporpamma, pacnosnatomast Lo. IMomnnomMmuanbHas
JMT-nporpamma, pacno3naomas L1, MOXKeT ObITh Oy Ie€Ha KOMITO3HUITHEIt IIPo-
rpammber My u M. Ko Bxogy z € ¥} BHauamne npuMmensaerca My, 9ToOBI MOCTPO-
uth f(z) € Xi. Barem k f(z) upumensierca nporpamma Mo, BbIsSCHSIIONIAS,
Bepuo s, uto f(x) € Ls. Ilockonbky @ € Ly TOrma u TOJIBKO TOTIA, KOTIA
f(z) € Ly, To 310 omucanue maér IMT-nporpammy, pacrnozuawortyio Li. To,

3YacTo roBopaT, 9TO A3bIK L] TOIMHOMMAILHO CBOSUTCS K a3bIKy Lo, a dyHkmms f pea-
JIU3yeT 3Ty CBOAUMOCTb. — ITpum. ped.
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9YTO BpeMs pabOTBI 9TOH MPOrPAMMBI OTPAHUYEHO MOTHHOMOM, HEMEITIEHHO CIe-
ITyeT u3 nonuHOMHAAIbHOCTH mporpamM My n M. Todnee, ecnu py u po — TOmH-
HOMBI, OTPaHUYHUBATONITEe BpeMd paboTsl mporpamMm My n Ms cOOTBETCTBEHHO,
to | f(x)| < pr(|z|), a Bpemst pabOTHI TOIBLKO UTO MOCTPOCHHON MPOrPAMMEL, KAK
He TPYAHO BHIETh, orpannueno dyukmumeit O(pr(|z]) + p2(ps(|z])), xoTopas
SIBJISETCS TIOJIAHOMOM OT |Z|. |

Ecmu I1; n IIs — 3ama9m pacno3HaBanus, a €1 U s — UX CXeMbI KOJIMPOBAHMS,
To Gyzem nucarsh 11y o Iy (OTHOCUTENHHO 33JaHHBIX CXEM KOJAMPOBAHMUS ), €CIN
CyILIeCTByeT HoJMHOMUaIbHas cBoaumocThb a3bika LIl 1] xk L[IIs, ea]. Koraa
Oyzer JefcTBOBATH CTAHJIAPTHOE MPEANOIOKEHNE O «PA3yMHOCTH» HUCIOJIb3Yye-
MBIX CXEM KOIWUPOBAHUS, YIIOMUHAHUE O KOHKPETHBIX CXeMaX KOIUPOBAHUS, KaK
00BIYHO, OyIEeT OMycKAThCs. TakuM 00pa30M, HA YPOBHE 33439 MOJINHOMUAILHAS
CBOIMMOCTH 337a4un pacno3HaBanus II; kK 3amade pacrmo3naBanus Il o3HaUaeT
vanmane Gyuruun f : D, — D, , yIOBIETBOPSIONMIEH IBYM YCIOBHSAM:

1. f BBIYHCISOTCSA TOTMHOMUATBHBIM AJTOPUTMOM W

2. ansa seex I € Dy, I € Yr, Torma n Tonbko rorma, korma f(I) € Y.

YT00bI MOMYYNUTH KOHKPETHOE TPEICTABIEHUE O COJEpPIKATETHHOM CMBICTIE
9TOro onpezesenus, paccmorpum npumep. lyers G = (V, E) — rpad ¢ MHOXKe-
ctBoM Bepita V' u muOXKecTBOM pédbep E. ITpocmuim yuksom B G Ha3zbiBaeTcs
Takasi TOCJedOBATEILHOCTh < Ui, V2, ..., U > PA3JAUYUHBIX BepmuH u3 V', 4TO
{vi,vit1} € E, 1 <i<k,n {v,v1} € E.

T'amuavmonosvim yursom B G HA3HIBAETCS MPOCTOH UKJI, COAEPIKAIINI BCe
Beprmmubl rpada G. Bagaua TAMUJIBTOHOB ITUKJI onpenensieTcs: cieayio-
M 00Pa30M:

TAMMJIBTOHOB IINKJI

YCJIOBHUE. Banan rpad G = (V, E).
BOITPOC. Bepuo mu, uto G COOEp>KAT TaMUILTOHOB IINKJI?

Yurarenb, HECOMHEHHO, 3AMETHIT ONTPEIETEHHYI0 CBsI3b MEXK/Iy ITOH 3asadeit
u 3agaqeit pacnoznasanuss KOMMUBOAZKEP. IMokaxem, auro TAMUJIBTO-
HOB IUKJI (T'IL) ceomurcas k KOMMUBOAZKEPY (KM). Iis 3Toro Tpe-
Oyercst yka3aTh (DYHKIWIO f, KOTOpas OTOOPAXKAET KAYKIYI0 WHIUBUIYAJIHHYIO
3amady u3 'l B COOTBETCTBYOIIYO0 WHANBUAYAIBHYIO 3amady u3 KM u ymosie-
TBOPSIET JBYM YCIOBUSAM, KOTOPbIE TPEOYIOTCS OT MOJTHHOMHUATBLHOM CBOIUMOCTH.

®dyukuus f onpenensercs odenb npocro. Ilycrs G = (V, E), |V| = m o3ua-
Jaer (PUKCUPOBAHHY0 WHIUBUIya bHy0 3aady u3 ['Il. CoorBercrByromnias 3a-
nada u3 KM crpourcs tak: MmHO:KecTBO ropogos C cosnagaer ¢ V' mis a00bIX
JIBYX FOPOZIOB v;, v; € C' paccrosiaue d(v;, v;) MEXKILy HIMH IOJIAraeM PABHLIM 1,
ecmn {v;,v;} € E, 1 2 B IPOTUBHOM CiIydae. I'pannna B mjs JIMHEL HCKOMOTO
MapIipyTa 0epércst paBHOI m.

Jlerko mokazarh (Ha HedOPMATLHOM yPOBHE), uTO 3Ta (MyHKIMA f Ocylie-
CTBJISIET CBOAMMOCTD M MOYKET OBITH BHIYUCIEHA 33 IOTHHOMHUAIBHOE BpeMst. st
Beraucaenuss m(m — 1)/2 paccrosuuii d(v;, v;) HeOOXOIUMO JIHIIb BBISICHATD,
OIpHHAATIERKUT I {v;, v;} MHOKecTBY E nnu met. ITosTomy mepsoe TpeGoBamue
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MOTUHOMHUATBHOCTH CBOJIMMOCTH BBIMOJHEHO. [ MpOBEpKHU BTOPOro TpebOBa-
HUS HEOOXOIUMO TIOKA3aTh, YTO (G COIEPIKUT PAMUIBTOHOB [TUKJI TOTJIA U TOJIBKO
roraa, korga B f(G) uMeercs: mpoxoasuuii 4epe3 Bce ropoja MapIipyT AJIAHbL,
He mpeBocxoadAtielt B. Bragane qomyctum, 9Tt0 <v1, U3, ..., Uy > — TAMAJIHFTOHOB
muka B G. Torma <wvi, va, ..., Uy > — MapiipyT B f(G), a ero njimua pasHa m
(m = B), tak Kak pacCTOsHUE MKy JIOObIMU COCEJIHUMU MOPOJAMHU MapIIPy-
Ta PaBHO 1, HOCKOIBKY OHO cooTBeTcTBYeT pebpy B G. Haobopor, mpeamonoxum,
91O <V, V2, ...y Uy > — MapuipyT B f(G), qymHa KOTOporo He npesocxonut B.
IMockobKy paccrosHue MeKay JoObMu aByMs ropogamu B f(G) paBHO 1r60
1, mu60 2 ¥ MpU BBIYUCIEHUN IJIUHBI MAPIIPYTa CYMMUDPYETCST POBHO 171 TAKUX
PACCTOSTHUI, TO U3 PaBeHCTBA B = m Clemyer, YTO pacCTOSHUE MEXKIY KayKI0i
napoii coceux ropoaos B mapupyre pasuo 1. ITo onpenenenuto f(G), orciona
cienyer, 9o {v;, vit1}, 1 < i < m, u {vn,, v;} asagerca pébpamu rpada G u,
CIIeIOBATENIHLHO, <V, U3, ..., Umy > — TAMUJIBTOHOB IIMKJI B (7.

Takum obpasom, mbr gokazann, 9ro 'l o« KM. XoTd 310 H0Ka3aTenbCTBO
ropas3ae Mmpolle MHOTUX JOKA3aTeThCTB, KOTOPhIE OYIYT PACCMOTPEHBI B JATb-
HEHNIIIeM, OHO COIEPYKUT BCE CYIIECTBEHHBIE 3JIEMEHTHI JOKA3ATEIHCTBA, TIOJIUHO-
MUAJIBHON CBOIUMOCTY U HA HE(DOPMAIHLHOM YPOBHE MOXKET CIYXKUTH MOJEIHI0
JIJIST TIOCTPOEHUST TAKUX JOKA3ATEIHCTR.

Buagenvie tjeMMbr 2.1 1719 331249 PACTO3HABAHUS TENEPH MOXKET OBITEH MTPOWJI-
smroctpupoBano Ha mpuMepe cBoanmoctr 'l oc KM. Ilo cymecTBy, MbI IpUTILIN
K creayomemy 3akiaodenuio: ecan 3agada KOMMUIBOAZKEP moxer 6bITh
pelreHa moJTHHOMUATLHBIM AJITOPUTMOM, TO 3TOT (haKT BepeH u s 3agadu ['A-
MUJIBTOHOB ITUKIJI, a ecu T'L] — rpyanopernaemast 3aga4a, To u KM Takxke
TpyaHOperaeMas 3a1a4a. Takum obpas3oM, teMma, 2.1 T03BOJISeT WHTEPITPETH-
poBarh cBoguMocTh 'I] o« KM xak yTBepxkaenue, uto 3amaqa Iy «me mpormes
sazaqn 11 .

OrHorrerme «TOTMHOMUAIBHON CBOJUMOCTHY OCODEHHO YIOOHO, MOCKOIBKY
OHO SIBJISIETCSI TPAH3UTUBHBIM. JTO YCTAHABIUBAET CJIEAYIOMIAS JIEMMA.

Jlemva 2.2. Feau Ly o< Ly u Ly o< Ly, mo Ly o L.

loka3areabCTBo.

Iycrs ¥q, ¥ u X3 — asndpaBurst s:361K0B L1, Ly u L3 cOOTBETCTBEHHO, (DyHK-
mas fi 1 ¥ — X3 peanmsdyer MOIMHOMHUAILHYIO cBOANMOCTL Ly K Lo, a fa :
Y5 — i — nomuHOMHMambHyMO cBoguMmocts Ly k L3. Torma dbyskmus f : X7 —
Y%, xoropas ns Beex ¢ € L* onpenensercs coorHouenueM f(z) = fa(fi(z)),
peasn3yer UCKOMYIO CBOAMMOCThL si3bika L1 K L3. B camom gmene, f(z) € Ls
TOT/IA, U TOJHKO TOTIA, KOTHA & € L1, & BEIYUCIUMOCTD f 3a MOJIUHOMUAIBHOE
BpEMSI TOJIYYaeTCs C TOMOINBIO PACCYKIEHUN, AHAJOTUYHBIX PACCYKICHUSIM,
WCIOIb30BAHHBIM MPHU JO0KA3aTETbCTBE JeMMbI 2.1. [ |

Tenepb MOKHO CKA3aTh, YTO A3bIKU L1 1 Ly (COOTBETCTBEHHO 3318491 PACIIO-
suaBanusd [I; u Ily) noaunomuaivho sx6uBaNEHMHYL, ECTM OHU CBONATCS APYT K
npyry, t.e. Ly o¢ Ly u Ly o Ly (umeer mecro cBopumocts I1; oc Iy u TIp oc I14).
JlemMa 2.2 yTBep:KIAeT, 9TO 3TO OTHOIIEHHE SIBJSIETCS OTHOIIEHHEM KBHUBA-
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JIBHTHOCTH, a TAKKe, YTO OTHOIIEHHE «OC» OIPEIE/IsieT YACTUYHOE YIOPII0de-
HUE BO3HUKAMOUIUX KJIACCOB SKBUBAJIEHTHOCTHU s3bIKOB (3324 PACIO3HABAHUA).
Ha camowm mene knace P — 3T0 «HANMEHBINH» OTHOCUTEIHHO 3TOrO 9aCTUIHOTO
MOPSIIKA, KJIACC SKBUBAJIEHTHOCTH U C BBIYMCIUTEIHHOW TOUKN 3PEHUST €10 MOXK-
HO PACCMATPHUBATH KAK KJIACC «CAMBIX JIETKUX» A3LIKOB (33724 PACIO3HABAHUA).
Knacc NP-nonubix si3bIKOB (3a1a4) Jaér HaM APYroil KacC SKBUBAJIEHTHOCTH,
KOTOPBIN XapaKTepU3yercsi TeM, YTO OH COJEPIKUT «CAMbIe TPYIHBIE» S3BIKU
(3amaqn pacnosuaBanus) uz NP.

A3bik L wazpiBaerca NP-nonabiM, eciu L € NP u mob0# Apyroii s3bIK
L' € NP crogurcsa x L. Tosopsa medopmanbio, 3amada pacnosnapanns 11 wa-
3piBaercss NP-nonnoit, ecnu I € NP u mobast apyrast 3a1a49a paclno3HABAHUS
II' € NP cogurca k II. Takum o6pa3oM jemma 2.1 MO3BONAET OTOXKICCTBUTH
NP-nionHbIe 337a99 ¢ «CAMBIMU TPYIHBIMH 3amadamu n3 NPs. Ecmu xors Obr
onua NP-monmHas 3a4a49a MOXKeT ObITh pelleHa 3a MOTHHOMHUAILHOE BpeMsi, TO 1
BCe 3a1aun w3 NP Tak»Ke MOryT ObITh DEIeHbI 33 TOJINHOMUAIBHOE BpeMs. Ec-
Jin X0Tst ObI ofHa 33a71a49a u3 NP tpyaHopenraema, 1o u Bce NP-mostHbIe 330390
rpyaHoperaembl. CaemoBarenbHo, gobdbas NP-mornas 3aga4a [ obiamaer coii-
CTBOM, KOTOPOE CHOPMYTUPOBAHO B HAYAIIE HACTOAIIETO pa3iena: eciu P # NP,
to IT € NP \ P. Tounee, II € P Torga u Tonbko toraa, korga P = NP.

B npemmonoxenun P # NP M0XHO 1aTh 6osiee TOUHY0 KapTuny Kiaacca NP,
cM. puc. 2.6.

Puc. 2..4: «Ymounénnasa xapmuna xaacca NP)»

Bamernm, aro NP He TpOCTO pa3lensercs Ha IBe ObJacTh: «Kiaacc Ps» u
«knacc NP-monubix 3amady. Kak Mbr yBuaum B 1. 7, ecnin P ornmuden or NP,
TO JOJKHBI CyIIEeCTBOBATE 3a7a4uu w3 NP, Hepa3pemmMbie 338 MOIHHOMUATBHOE
BpeMsi He aBisttommuecs: NP-TIOTHBIME.

Mpbr 6ynem wHTEpPECOBATHCA B OCHOBHOM NP-TIOMHBIMHU 3aJadaMu. XOTS B
HAJaJje HACTOSIIErO Pa3Ie/ia TOBOPUIOCH, UTO UMEIOTCS TTPOCTHIE METOIhI JOKA-
3aTeThCTBa NP-TIOTHOTHI 331849, TPEOOBAHNS, TOJIBKO UYTO ONMMCAHHBIE HAMU, KAK
OyaTo CBUIIETENHCTBYIOT 00 oOpaTHOoM. HyKHO J0Ka3aTh, 9TO 410064 331243, U3
NP cBomurcs K HEKOTOpoMy Kauumary Ha NP-nomayio 3amady. CoepiieHHO
HEsICHO, KAK 9TO MOYKHO ObLIO OBbI JOKA3aTh. ATPUOPH, HE OYEBUIHO TAXKE, 9TO
cymiecTByer XoTs Obl oxHa NP-monHas 3a1a4a.
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Crenyromiast 1eMMa, KOTOPasi HEMEJJIEHHO CIeIyeT U3 OMpeIe/eHui 1 TPaH-
3UTUBHOCTH OTHOIIEHUsI OC, MOKA3BIBAET, YTO BOMPOC CUIBHO YIPOCTUICS OBI,
ecau ObI OBLITA M3BECTHA IO KpaiiHel Mepe oxua NP-mogHas 3amgada.

Jlemma 2.3. Ecau Ly u Ly npunadaesicam xaaccy NP, Ly — amo NP- noa-
noiti a3vtk u Ly o< Lo, mo Lo maxoce NP-noanwiti A3ui%.

HokazarensctBo. Tak kak Ly € NP, T0O ZOCTATOYHO TIOKA3ATH, 9TO [ BCS-
koro L' € NP L' ceogurca x Lo. Paccmorpum moboit a3pik L' € NP. Tax
Kak L1 — 310 NP-nomnnsii g361K, T0 L' cBogurea k L. B cuny tpamsnrusrOCTH
OTHOMeHns o, n3 ceogumocTn Ly o Ly cnenyer L' o Lo. [ ]

Ha ypoBHe 33121 pacmo3HaBaHMs 3Ta JIEMMa YKA3bIBAET IIPOCTOH MyTh JI10-
kazarenbcTBa NP-monmHOTH HOBOI 3amaqdn I, ecn m3BectHa xX0Ts1 Ob1 ogHa NP-
nmoJstHas 3ama4a. st Toro urobsr nokaszark NP-nomHoTy 33ma4un 11, mocratodno
MOKA3aTh, YTO

1. II € NP.

2. Kaxaa-to onna m3pectHaa NP-monnaa 3amaqa II' ceomuresa k I1.

OHaKo, IpexK/ie YeM MOKHO OYIeT BOCIOIb30BATHCI 9TUM METOIOM J0Ka3a-
TeTbCTBA, HEOOXOINMO HAWTH HEKOTOPYIO ncxoauayo NP-morHyio 3amady. Takyto
3ama4dy maér HaMm (yHIaMeHTaTbHas TeopeMa Kyka, KOTOpyo MbI cHOPMYIIH-
pyeM U JOKayKeM B CIEAYIOIIEM pa3zere.

2.6. Teopema Kyka

YecTh OBITH «TepBOiiy NP-TIOIHOM 3a1a9eil BhIMaIa, Ha JOMIO0 38049 PACTIO3HA-
BaHUs 13 OYIEBCKON JIOTUKH, 331291, KOTOPYIO 00640 Ha3bBator BBITTOJIHU-
MOCTD (cokpaménno BBIIT). Tepmunbl, ucnonb3yronpecs 1jis €€ OmuCaHus,
ONIPEJEISIIOTCS CIEIYIONTUM OOPA30M.

Iycrs U = {uy, ua, ..., Uy, } — MHOKECTBO OYJIEBCKUX nepemennuix. 1lom na-
bopom 3navenud ucmurnocmu Ha MHOXKecTBe U Oynem moHuMaTrh (DyHKIUIO
t:U — {T,F}*. Ecmu t(u) = T, To 6yaeM rOBOPHTH, 9TO U MPUHUMAET 3Ha-
YeHue «UCTUHA» OTHOCUTENbHO t; eciu t(u) = F, To Gyzem roBopuTrb, 4r0 U
MPUHUMAET 3HAYEHNe «JI0XKby. Kcmm v — nmepemennas u3 U, To u W % HA30BEM
surepanamu u3 U. Jlurepan u NpuHUMAaET 3HAYEHNE «UCTUHA» OTHOCUTENHHO ¢
B TOM U TOJIHKO B TOM CJIy4ae, eCIU MEPEMEHHAsT U TPUHUMAET 3HAYEHUE «HUCTHU-
Ha» OTHOCUTEIHHO t; TUTEPAT 4 MIPUHUMAELT 3HAYEHUE HCTUHA B TOM U TOJBKO B
TOM CJIy4ae, eCiii IepeMeHHAasl U TPUHUMAET 3HAYEHUE <JTOKD».

Jlussronkyuett vang U HA30BEM MHOXKECTBO JUTepasioB Han U, Hampumep
{uy, 3, ug}. OHA TMPEACTABIAET IUIHIOHKIMIO 3TUX JUTEPAIOB U HA3BIBAETCS
BbINOAHEHHOT, TIPU HEKOTOPOM HADOpe 3HAYEHWH HCTUHHOCTH TOLIA W TOTHKO
TOTJA, KOTJA MPU PACCMATPUBAEMOM HADOpE 3HAYEHUN HCTUHHOCTH XOTS ObI
OIIVH W3 €€ YJIeHOB MPUHUMAET 3HAUEHWE «UCTWHA». B HAIEM TpUMepe Iu3b-
IOHKIIUsT OyIeT BBITTOJIHEHA, OTHOCUTENIHHO ¢, €CJIV OJHOBPEMEHHO He 0KGHCEMCA,

40t cnoB Truth — ucruna, False — n0xb (amrn.). — ITpum. nepes.
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uro t(uy) = F, t(ug) =T, t(us) = F. Habop C nuzwionkuuii Hajx U Ha3biBaeTCst
6bINONHUMDLM B TOM U TOJIHKO B TOM CJIydae, eClId HalaeTcs HeKOTOPbIA Habop
3HAYEHUI MCTUHHOCTH Ha MHOXKecTBe U, TaKOH, 4TO OJHOBPEMEHHO BbIIIOJIHE-
HBI Bee nu3bioHkiuu u3 C. Takoit HAOOp 3HAYEHUN UCTUHHOCTH HA3BIBAETCS
BLINOAHANUUM HabOPOM 3Haverull ucmunnocmu nias C. 3amaga BBITTOJIHI-
MOCTD dopmynupyercs cieayonum o6pa3om:

BBIIIOJTHUMOCTb
YCJIOBUE. 3aganbr MHOKecTBO nepeMmeHHbIX U u Habop C' Iu3bIOHKIMIMA
nag U.

BOIIPOC. CyuiecTByeT Jiu BBIMOIHSIOMINI HAOOD 3HAYEHU I UCTUHHOCTH JIJIsT
c?

Hampuwmep, nyers U = {uy, us} n C = {{uy, @2}, {t1, us}}. D10 unguenmy-
anpHas 3aga4ga u3 BBIII, orser HA KOTOPYIO €cTh «Hda». BeImomuasamomee 3aanmne
3HAYEHU UCTHHHOCTH onpenensercs Tak: t(uy) = t(uz) = T. C apyroii cropo-
uor, 3amerns C wa C' = {{uy, u2}, {u1, us}, {@1}}, monyunm npumep wHANBY-
IyaJbHOM 33897, OTBET HA KOTOPYIO €CTh «HET», TOCKOIbKY C’ HeBLITTOTHIMA.

Tenepn MoxkHO chopmynupoBarh dyHIamenTanbyo reopemy Kyka [91].

Teopema 2.2. (meopema Kyxa). 3adawa BBIIIOJTHUMOCTH ecmv NP-
noaxaa 3a0aya.

JlokazareahcTBo 1.

Jlerko Bumetrnh, uro BBIII mexur B kimacce NP. HemerepMuHUPOBAHHOMY
aITOPUTMY JJis €€ PelleHns JOCTATOYHO yKa3aTh HAOODP 3HAYEHUH MCTUHHOCTH
HA MCXOHOM MHOYKECTBE IEPEMEHHBIX U OCYIIECTBUTD IPOBEPKY TOTO, YTO ITOT
HabOp 3HAYEHUH BBIMOJIHIET BCe AU3BIOHKIINKA 13 rcxomHoro nabopa C. Beé aro
JIETKO ¢e1aTh (HeJIeTepMUHUPOBAHHLIM 00PA30M) 38 TOJUHOMHUAIHHOE BPEMSI.
Takum 0Opa3om, mepBoe TpebOBAHWE, KOTOPOMY MOJXKHBI yIOBJIETBOPATEL NP-
[IOJTHBIE 3319, BBITTOTHEHO.

JI1st TOro 9T0o0BI MPOBEPUTDH BBIMIOTHEHNE BTOPOrO TPeOOBAHNS, BEPHEMC K
YPOBHIO SI3bIKOB, T.€. K mpeacrasienuio BBIIT s3vikom Ly = L[BBIIL, e] ms
HEKOTOPO Pa3yMHOM CXeMbl KOoaupoBauus €. HeobxoamMo moka3arhk, 4To st
Bcex a3bIKOB L € NP umeer Mecro coorHomenue L o« Lypr. Pasuere a3pikn
n3 NP MOryT CHJABHO OTJINYATHCSA; YUCTIO ITHX SI3BIKOB OECKOHETHO, MO3ITOMY
HEBO3MOXKHO YKA3aTh OTJIEIbHOE CBEJIEHUE [T KaXKI0ro u3 HuxX. OIHAKO KaxK-
bt 36K 13 NP MOKeT ObITh TPEICTABIEH B CTAHIAPTHOM BHJE, & WMEHHO
HIMT-nporpaMmoii, padoratoieil moJHHOMHUAILHOE BPEMsT U PACITO3HAOIIEH
9TOT SI3BIK.

Taxkoe npencTaBieHne MO3BOAgeT nMeTh aemo ¢ obmeit HJIMT-mporpaMmoii,
BpeMst pabOThI KOTOPO#H MOJIUHOMUAIBHO, U TIOJTYIUTh ODIIYI0 CBOIUMOCTE SI3bI-
Ka, PACIO3HABAEMOro 3TO# mporpaMmMoii, Kk Lppir- Ecmu sty obmyio cBonn-
MOCTh CIenuaan3upoBarh s KoukperHoit HIAMT-iporpamvbr M, pacrio3na-
fomeit Ly, TO TOIyInTCS UCKOMOE MONHHOMHAIbHOE cBepenue Ly X Lppyp.
Takum obpaszom, mo cyrmectBy, mist Bcex L € NP byaer npeactaBieHo obiiee
JI0Ka3aTesIbCTBO Toro, 4ro L o¢ Ly
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Bragame pacemorpum npowmssonbayio HIIMT-nporpammy M ¢ monmHOMHE-
aJbHBIM BpeMeHeM paboThl, KoTopas uMeer KommnoHentsl I', X, b, Q, qo, gy, qn,
0 u pacnosnagr a3k L = L. Kpome Toro, nycrs p(n) — moamHoOM ¢ HeabiMu KO-
s dunreHTaMu, OrPAHUYUBAIONINN CBEPXY BpeMeHHYI0 cl1okuoCTh Thr(n). (He
yMaJisfst OOHIHOCTH, MOYKHO CUUTATh, 9To p(n) > n naa Beex n € Z1.) Oyukuns
fr, peanu3syiomas oOILyI0 CBOAMMOCTDb, Oyaer onucana B Ttepmunax M, I', X,

baQa qo, 4y, 4N, é up.

Yo6HO paccMaTpuBaTh fi, KaK OTOOPayKeHUe U3 MHOYKECTBA CJIOB B aidaBu-
Te ¥ B nHAUBHUAyaabHBIe 3amaqu 13 BBIIL, a #e B cmoBa B andasure X, KOTOpbHIE
konupyitoT 3agaun n3 BBIII, Tak kak metaiu, CBA3aHHbIE C KOJIUPOBAHUEM, MO-
YT OBITH JIETKO BOCIOJHEHBI. Takum obpaszom, dynrmus fr Oymer obiagarh
TeM CBOICTBOM, YTO IJI BCeX & € X* MPUHAIJIEKHOCTHL T € L wMmeer MecTo
B TOM U TOJIBKO B TOM Cilydae, ecyiu Jyisd Habopa ausbionkuuii fr,(z) umeercs
BBITOTHAIONIAN HAOOP 3HAYEHUH UCTHHHOCTU. KITIOYOM K MOCTPOEHHI0 (PyHK-
U ff, ABISETCS UCIOTB30BAHUE HEKOTOPOTrO HAOOpA AU3IbIOHKIUN /1T 3aIUCH
yTBepx)aenns, uto ¢ npuauMaerca HAMT-nporpammoit M, T.e. yTBepKaeHme
x € L.

Ecnu Bxommoe cioBo x € ¥* mpuHuMaercs nporpammoit M, 1o mis x cyte-
CTBYET MPpUWHUMAIOIIEE BHIYUCJIECHUE TPOTrPaMMbI M, TaKO€, UYTO YUCJIO IIaroB Ha
CTaIuN IIPOBEPKHU U YUCJIIO CUMBOJIOB B CJIOBE-A0r'aJKe OI'DaHUYEHbI BEeJTUYINHON
p(n), toe n = |z|. B rakoM Bbruuciaenun GyayT y9acTBOBATH JIUIIL SY€HKU C HO-
Mepamu ot —p(n) 10 p(n) + 1. Dro caeayer U3 TOro, YTO YNUTAIOIIAS/ THIITYIIAS
FOJIOBKA, HAUMHAET PaboTy B sUeiike ¢ HOMEpOM 1 M Ha KayKJOM IIare CIBUTACTCS
He Gosee ueM Ha, 1 stueiiky. [TpoBepsIOIee BEIMUCICHNE MOJTHOCTHIO OTTPEIeIAeTCs
3aJaHUEM B Ka)K,HbIﬁ MOMEHT BPpEMEHH COAEPZKaHUA A9€eK C YKa3aHHBIMHA HOMeE-
paMu, BHYTPEHHErO COCTOSIHUS U MOJOXKEHWsl YUTAIOIIEH, MUIIyliel roJI0BKY.
Hasiee, IOCKOJIBLKY B IPOBEPSIOIIEM BbIYUCJIEHUN UMeeTcst He Gosee p(n) maros,
TO HEOOXOAMMO yuecTh He Gomee p(n) + 1 MOMEHTOR BpeMeHH. DTO TMO3BOISTET
TMOJTHOCTHIO OTTUCATHh TaKOE BHIYUCIICHNE, NCTTOJIB3Yd TOJTUHOMUAJIHLHO OTPaHNYEH-
HOE YHCTI0 OYIeBCKUX TMePEeMEHHBIX W HEKOTOPLIH HAOOP 3HAYEHWI MCTHHHOCTH
Ha X MHOXKeCTBeE.

MHuoKecTBO niepeMeHHbIX U, y9acTBYOMUX B onucanuu PyHKIUH fr,, Tpe/I-
HA3HAYEHO UMEHHO [ yKa3aHHbIX nemneil. [lepenymepyeM 3meMeHThI MHOXKECTB
Q n T crexyromum obpasom: Q : qo, g1 = gy, ¢2 = N, 3, -, @p, TOE T = |Q];
T: so = b, s1, 82, ..., Sy, tne v = |T'| — 1. B nanbHefimux paccyxaeHnsax OyayT
yYaCTBOBATH TPU THUIIA, TIEPEMEHHBIX, KAXKIOMY U3 KOTOPBIX MPUIAETCS OMpe-
IeéHHbIA cMbIcT corsacHo puc. 2.7. [Ipu stom dpasa «B MomenT BpemeHu i»
CITy2KHAT COKPAIIEHUEM TOYHOTO BHIPAYKEHUS «ITOCIIE BBITTOJHEHHUS $-I'0 [I1ara, mpo-
BEPSIIOIIEro BEIIUCICHUS».
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Tlepemennas | IIpenensr uamenenus | IlpumaBaeMbrit cMbICT
WHJIEKCOB
Qlt, k] 0<i<pn) B MOMeHT BpemeH# ¢
0<k<r nporpamma, M
HAXOJUTCS B COCTOSTHUU ¢,
Hli, ] 0<i<pn) B mMomenT Bpemenn ¢
—p(n) <j <p(n)+1 | unraromas, nunrymas
TOJIOBKA TIPOCMATPUBAET
A9efiKy ¢ HOMEepOM J
Si, j, k] 0<i<pn) B mMomenT Bpemenn ¢ B
—p(n) <j <p(n)+1 | j-it aueiike 3anmucan
0<k<guw CUMBOJI S},

Puc. 2.7. Iepemennvie nabopa dussronkyud fr,(x) u npudasaemovit um cabi-
CA.

Brruncienne nporpaMmMbl M OYEBHIHBIM 0OPa30M WHAYIUPYET HA MHOMKE-
CTBE 3TUX TEPEMEHHBIX HAOOP 3HAYEHWH MCTUHHOCTHU, €CJIA MPUHSTH COTJIAINE-
HUE, YTO IIPU OKOHYAHUY BHIYUCIEHWs PAHbIIEe MOMEeHTa BpemeHu p(n) xKoudwu-
rypaimusi OcTaércs HeM3MEHHON BO BCE MOMEHTBI BPEMEHU MOCJe OCTAHOBKH, T.€.
COXPAHAIOTCS 3aKJIIOUYUTEbHOE COCTOSHUE, MOMOKEHWe TOJOBKUA U 3alUCh Ha,
senTe. B Hy/IeBO# MOMEHT BpPEMEHH 3aIMNCh Ha JIEHTE COCTOUT U3 BXOIHOTO CJIO-
Ba I, PACTIOJIOKEHHOTO B siYeikax ¢ HOMepaMu OoT 1 [0 n, U CJIOBA-JOTAIKN W B
sUeiikax ¢ HoMepaMu or -1 70 |w|, Tpu 3TOM BCe OCTATIbHBIE STYEHKN MYCTHI.

C Apyroit cTOpOHBI, TPOU3BOIbHBIN HADOP 3HAYEHUI UCTUHHOCTH ITUX Hepe-
MEHHBIX HE 00A3aTeJIbHO COOTBETCTBYET KAKOMY-TO BBIUMCJICHUIO, & TeM 0osiee
npuHUMalomemMy. [1pu Tpou3BOILHOM HAOOPE 3HAYEHWH MCTUHHOCTU MEePEMEH-
HBIX B HEKOTOPOI sideiike MOTH ObI OBITH OJHOBPEMEHHO 3AMUCAHBI HECKOIBKO
PA3MUYIHBIX CHMBOJIOB, MAIITHHA MOTJIA OBl HAXOIUTHCS OTHOBPEMEHHO B HECKOJTb-
KHUX PA3JIUYHBIX COCTOSHUSAX, & YUTAIONIAs/ MUIIYIIAs FOJIOBKA MOTJIa Obl OHO-
BPEMEHHO MPOCMATPUBATE JIF000E MOIMHOKECTBO A9eeK ¢ HOMepaMu oT —p(n)
1o p(n) + 1. Onucanne dbyurunU f7, OCYIIECTBISETCA TOCPEICTBOM MOCTPOE-
HHUS TAKOTO HADOPa NW3BIOHKINHN, COMEPKAIIEro MepedncIeHHble TepeMeHHbIE,
970 HADOP 3HAYEHUH MCTUHHOCTU OYIET 8bNOAHANOULULM TOTIA U TOTBKO TOTA,
KO[JIa 3TOT HAOOP 3HAYEHUN MCTUHHOCTH WHIYIHUPYETCs HEKOTOPBIM MPUHUMA-
IOIIVM BBIYUCIICHUEM Ha, BXOIE X, TIPUUEM CTAIUsI MPOBEPKU ITOTO BHIUUCICHUS
BBINOJIHAETCA HE 0ojiee 9eM 33 p(n) IaroB W CIOBO-JOTAJIKA UMEET IJIUHY He
6onee p(n). Takum 06pa30M MBI MOIYIUM UMILTAKAIANA:
rel &

HA BXOJIE T CYIIECTBYET MPUHIMAIOIIEE
BBIYUCICHUE ITPOrpaMMbl M

HA BXOJIE & CYIIECTBYET MPUHUMAIOIIEE
BBIYUCICHUE IPOrpaMMbl M, 9UCIO0 MIaros
KOTOPOTro He npeBocxoauT p(n), a caoBo-
JIOPAIKA W UMEET JJIuHY, paBHyO p(n)
CYIIECTBYET BBITOJHAIONIEE 3aJaHNEe 3HAYCHUH
UCTUHHOCTH sl Habopa, T3 bIOHKIN

sagauu fr(z).

=4
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910 OymeT 03HAYATE, UTO /51 f1, BHIMOIHEHO OJHO U3 IBYX YCIOBUIl, TPEOyIO-
[IUXCST B OMPEJEIEHUU MTOTUHOMUATBHON cBoquMocTr. [Ipyroe ycioBue, 3aKITo-
YAOIIEecss B TOM, 9TO f, TOPKHA ObITH BEIYUCIUMA 33 MOJTHHOMHUATLHOE BPEMS I,
MOXKHO OyIeT JIErKO MPOBEPUTH MOCJIE TOTO, KAK ONucaHue fr, OyaeT 3aKOHIEHO.

Ju3bioHKuuY UHAUBUAYAJbHON 3a7a4du f1,(T) MOXKHO moapasgenurb Ha 6
CPYTIM, KaXKIast W3 KOTOPHIX OYIeT HAJATATh OTPAHUYEHUE ONPEIETEHHOTO TUIIA
HA JTI000# BBHITTOHAOMNH HAOOP 3HAYEHUH UCTUHHOCTH. DTU TPYIIIHI TOKA3AHBI
Ha puc. 2.8.

Jlerko BuImETH, YTO eciu BCe 6 TPYNN AU3HIOHKINN IeHCTBUTEIHHO OCYIIe-
CTBJISIIOT MOCTABJIEHHBIE TIEPE]] HUMHU [ETU, TO BBINOTHAONUN HAGOD 3HAYEHUH
HCTUHHOCTU 00s3aH COOTBETCTBOBATH HYXKHOMY MPUHUMAIOIIEMY BBIYUCTIEHUIO
Ha BXOme ¥. EJWHCTBEHHOE, YTO OCTAETCsi,— 3TO YKA3aTh CIOCOH MOCTPOEHUS
CPYTIT OA3BIOHKIUN, OCYIIECTBISIOMWX STH [IEJIN.

I'pynna Hanazaemoe ozparusenue
Jussronkyuli

G B mr060it momeHT Bpemenu 4 mporpamma M
HAXOINUTCST POBHO B OJHOM COCTOSTHUM.

G B s11060if MOMEHT BpeMeHU i YUTAOIIAsl/ MUY IAs
TOJIOBKA, TPOCMATPUBAET POBHO OJIHY STUEHKY.

G B m1060it MOMEHT BpeMeHH i KazKaas sdeiika
COZIEPKUT POBHO OIWH CUMBOT u3 .

G, B MomenT Bpemernu () BLIYUCIEHUE HAXOIUTCA B
HUCXOTHON KOHMUTYPAIMY CTAJUN TPOBEPKH TPH
BXOJIE .

Gs He nozanee yem yepes p(n) maros M
MEPEXOIUT B COCTOSTHUE (y W, CIIEIOBATEILHO,
OPUHUMAET .

Gg g moboro momenta Bpemenu i, 0 < 1 < p(n),
KoHGUrypanus nporpaMMel M B MOMEHT BpeMeH!
i + 1 momy4aercs u3 KOHPUTYPAIINA B MOMEHT
BPEMEHU i OJIHOPA30BLIM TPUMEHEeHHeM (OyHKIIH
nepexoza d.

Puec. 2.8. I'pynno. dusstonkyuti das fr(x) u ozpanuvenus, naxiadvieaemvie
UMU HA BBNOIHANOUUT HAOOP UCTNUHHOCTNHBLL 3HA%EHUT.

I'pynma GG cOCTOUT W3 CIEAYIONIUX TU3BIOHKITAIA:

{QI:,0], Qi, 1], ..., Qé, r]}, 0 < i < p(n);

{Q[i, 4], Qli, '], 0 <i < p(n), 0 < j < j' <.

Iepsbie p(n) + 1 u3 3TUX JU3BIOHKIMI MOTYT OBITH BBINOJTHEHBI OQHOBPEMEHHO
B TOM U TOJBKO B TOM CJIy9ae, eC/H B KAXKIbIH MOMEHT BDPEMEHH i MPOrPAMMA
M waxoaurest mo Kpaiineit Mepe B ogaoM cocrosinnu. Ocranbube (p(n) + 1)(r +
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1)(r/2) nu3broHKuuit MOryT GLITH BBHIIOJHEHbI OJHOBPEMEHHO B TOM U TOJIBKO B
TOM CIy4ae, eCTM HU B OJWH MOMEHT BPEeMEHHM | mporpamva M He HaXOZuTCs
bonee wem 6 odnom cocrosiauu. Takum o6paszom, (G BBINOIHSIET CBOE HA3HAYE-
HUe.

Ipynnet Gy u G crposites aHATONUYHO, a Tpynnbl Gy u (G5 0YeHb TPOCTHI,
KaXKJasi W3 HUX BKJIIOYAET TU3BIOHKIUH, COCTOSAMIAE TOJBKO M3 OJHOTO JIATE-
pana. Ha puc. 2.9 mano monHOE ONMMCAHWE MEPBBLIX MATH PYNI JA3bIOHKIWA.
OTMeTVM, 9TO KaK YMCIIO JU3BIOHKIHI B 9TUX TPYIIaX, TAaK ¥ MaKCUMAaJIbHOE
YUCIIO JINTEPATIOB, BXOISIINX B KAYKIYIO TU3HIOHKIIHIO, OTPAHYEHBI HEKOTOPHIM
MOJIMHOMOM OT 73 (TaK KaK T ¥ ¥ — KOHCTAHTBI, KOTOPBIE OMPEAesaiorcs mo M u,
3HAYWT, 110 A3bIKY L).

HeckombKo CI0yKHEee BBITJISIIAT OMUCAHUE TIOCTEIHeNH TPYIIbl N3 HIOHKITAH
— (Gg, KOTOpasi TADAHTUPYET, YTO KAKIAS CIEIYIOMAst KOH(MUTYDAIIHsT MATTHHBI
MOy YIAeTCsT U3 TPEABIAYINell B pe3yabTaTe MPUMEHEHUs! OTHON KOMaHIbI MpO-
rpamMMbl M. DTa TPyNna COCTOMT U3 ABYX MOATPYII IU3bIOHKIHIA.

I'pynna Jussronkyuu, 6rodiuue 6 2pynny
ou3s10H-

KUUl

G1 {Q[Z,O], [ ) ]7 7Q[Z T]} 0<i< p( )

{Q[i,j], Qli, 51} ,0<i<pn),0<j<j <r

G2 {H[ia_p(n)]aH[ia_ ( ) ]-]7 . H[Zap( ) 1]} 0 7’< ( )
{H i, 1, Hli, j'1}, 0 <i < p(n), —p(n) <j < ' < pln) +1

Gs {8, 4,01, S[é, 4, 1], . [Z 7,v]}, 0 <@ < p(n),
—p(n) <j < pn )+1,
0<k<k <,

G4 {Q[Oa O]}7 {H[Oa 1]}7 {S[Oa 07 O]}7 {S[Oa ]-7 kl]}a
{S[0,2, ks]}, ..., {S[0,n, kn]}, {S[0,n +1,0]},
{S[0,n+2,0]}, ..., {S]0,p(n)+1,0]},

TAC T = Sk, Sky -+ Skn

Gs {Qlp(n), 1]}

Puc. 2.9. Iepsvie 5 epynn dussronryud das fr(z).

IMepBasi moarpynna rapaHTUPyeT, YTO €C/IU YUTAIOAs / UMY IAs MOJIOBKA, B
MOMEHT BPEMEHH ¢ He MPOCMATPUBAET AIEHKY C HOMEPOM j, TO CHUMBOJ B sTueiike
C HOMEpPOM j OT MOMEHTa BPEMEHW ¢ K MOMEHTY BpeMeHW ¢ + 1 He M3MEHUTCS.
JIM3BIOHKIINT 3TOM MPYTITHI UMEIOT BUT

{S1i, 4, 1), Hi, j], S[i + 1, 5,11}, 0
—p(n) <j<pn)+1, 0

Badurcupyem TpOU3BOIHLHO MOMEHT BPEMEHH §, TIHKY C HOMEPOM j W CHM-
Boa §;. Eciiu B MOMEHT BpeMeHHU 4 uuTarolias;/ IMUILyIas FOJIOBKA He IPOCMaT-

i < p(n),

<
<1<

pUBaeT sYelKy C HOMEpPOM j W B ITOU s4eiiKe B MOMEHT BPEMEHU i 3aITUCAH
CAMBOJI j, & B MOMEHT BpeMeHHu ¢ + 1 ero y»e TaM HeT, TO YKa3aHHas BBIIIe
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JIU3BIOHKIMs HE OyAeT BBIIONHEHA (B IPOTUBHOM CJIydae OHA Oydem BBbIIOJIHE-
na). Taxkum o6paszom, 2(p(n) +1)2(v+1) TU3BIOHKIHMI STOI IPYIIIBI BBITIOTHAIOT
CBOE Ha3HAYEHUE.

Bropast moarpynmna Au3bIOHKIWNE w3 Tpynmnbl (Gg rapaHTUPYET, uTO nepe-
cmpotika OTHONW MAITMHHON KOH(UTYpAINY B CAEIYIONIYIO0 TPOUCXOINT COTTIACHO
dyurnun nepexoga ¢ nporpammbl M. s KaxKa0i 4eTBEpKU

(i, 4, k1), 0 < i < p(n), —p(n) < j <p(n) +1,0<k<ru0<L <,

9Ta MOArPYIIA COAEPIKUT CIEAYIONINE TPU U3 bIOHKIIHN:

{H[i, j], Qi k], S[i, 7, 1], Hli + 1,7+ Al},

{H[i,j], Qi k], S[i,j,1], Qi +1,K]},

{H[i,j], Q[i, k], S[i, 1], Sli+1,5,1},

rae 3nadennsa A, k' n I’ onpenenens! Tax:

ectn qr € Q\ {av,an}, 10 3(qk, s1) = (q;, 5}, A),

aecm g € {gv,qn}, 70 A=0,k'=knul =1.

Herpyaso nmoHATh (XOTS JIJIs 3TOTO MOYKET MOTPE0OBATHLCS HECKOIBKO MHU-
HyT pasaymmit), 4ro 11 6(p(n))(p(n) + 1)(r + 1)(v + 1) gu3bIOHKIUHA mAI0T
HEOOXOMMOE ONPAHUYEHNE HA, BBIMOTHSIOMNN HAOOD 3HAYEHUN HCTUHHOCTH.

Takum 00pa30M, MbI MOKA3ATH, KAK MOCTPOUTH MPYNIbL AU3bIOHKIUHE G —
(¢, KOTOpBIE BBITONHAIOT CBOE HaszHadenve. Kcau x € L, To y nporpamMmvbr M HA
BXOJIE Z €CTh MPUHUMAIOIIEE BLIUUCICHUE JIUHBI He 6osiee p(n), ¥ 3TO BHIYUCIIE-
HUe JAET MPHU 33JaHHON WHTEPIPETAINN MePeMEeHHbIX HAOOp 3HAYEHWH MCTUH-
HOCTH, KOTOPbIH BBIIOIHUT BCe au3bionkuun u3z C' = G U GoU G3U G4U G5U
Gg. Haobopor, Habop muzbonkiuit C' mOCTPOEH Tak, 9TO OO0 BBIIOTHSIO-
it Habop 3HadveHuit nctuHHOCTH it C' 00s13aH COOTBETCTBOBATH HEKOTOPOMY
MPUHUMAIOIIEMY BLIYUCIEHUIO TporpaMMbl M Ha Bxoge z. OTcioga cieayer, uro
s f1,(z) uMeercs BBIMONHSIOMHUN HAOOP 3HAYEHUH UCTUHHOCTH TOTIA W TOIHKO
Toraa, korma r € L.

Temepb ocTaIOCh MOKA3aTh, UITO It JI000r0 (PUKCHPOBAHHOTO SI3bIKA L MH-
IuBHIyaJIbHAasA 3a0a9a fr, () MOXKeT ObITh IOCTPOEHA 3a BPEMsi, OrPAHUYEHHOE
nosmHOMOM OT n = |z|. Ecim a3pik L 3370aH, TO MOXKHO BBIODATh HEKOTODPYIO
HAMT-niporpammy M, KoTopast pacno3naer L 3a BpeMsl, OrpaHUYeHHOE TIOJIN-
HOMOM P (HET HEOOXOAUMOCTH 34 MOJIMHOMHUAJIBLHOE BPEMs HAXOAUTH CaMy HeJe-
TEPMUHUPOBAHHY IO TIPOTPAMMY, TaK KAK HEOOXOIUMO JIUIIIb IOKA3ATh, 9TO 0TOD-
paxenue fr cyuwecmeyem. Eciu umerorca onpenenéunas HIIMT-nporpamma
M wu MHOrOYJIeH p, TO MOCTPOEHUE MHOYKECTBA, MMEPEeMEeHHbIX U 1 HAbOpa AU3h-
ouknuit C' Tpebyer 4dyTh OOJbIE pabOThI, YeM 3AMOJHEHWe BCEX MO3UINN B
CTAHAAPTHON (XOTS U JOBOILHO CIOKHOI) bopmyiie. TlomuHOMUATBHAS OTPAHY-
YEHHOCTb TOr0 BbIUUC/IEHUs DyIeT sCHA, eCJu MbI OKaxKeM, 4to Length[fr(z)]
orpaHuYeHa CBepXy HoJMHOMOM OT n, rae Length[I], kak yka3ano B pa3z. 2.1,
XapaKTepu3yer IJIUHY CJIOBA, KOAWPYIOIIEro WHIWBUIYAILHYIO 3a1a4dy I, mpu
HEKOTOPOI Pa3yMHOI CXeMe KOIUPOBAHUS.

B kadectBe «paszymuoity byHKIuM mauHbl 18 3amaun BbBITT moxwHo, Ha-
npumep, B341b |U| - |C|. Hu ogsa n3 Au3bOHKIMI He MOXKET COepiKaTh boee
2 - |U| nurepano (T.K. obiiee nciao jurepanos pasuo 2 - [U]), a gucno cum-
BOJIOB, HEOOXOIUMOE [IJIsi OMUCAHUS KAYXKIOTO WHINBUIYATHLHOTO JIUTEpATa, HEe
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6onee log |U|, HO 370l BesmuMHON MOXKHO peHebpedb, TaK KaK OHa JaéT I10JIu-
HOMHUAJIbHBIA BKJIAJ B OOIMYIO IIUHY 33Ja4u. [IOCKOIBKY © U ¥ (PUKCHPOBAHDI
3apanee, T0 oHu MoryT ysesmuuTh |U| u |C| B mocrosHHOE YUCIO pa3, HO3TO-
vy mmeem |U| = O(p(n)?) u |C| = O(P(n))?. Cnenosarensho, Length[fr(x)] =
|U|-|C| = O(p(n)*) u, 3Hauut, orpannyena MOTMHOMOM OT 7, UTO U TPeGOBATOCH.
Takum obpazomM, mpeodbpaszoBanue [, MOXKET ObITH BBIUYKCIEHO aJrOPUTMOM,
UMEIONIUM [OJIMHOMUAJILHYIO BPEMEHHYIO CJIOKHOCTH (OHAKO KOHKDETHAs 110-
JIMHOMUAJIbHAS PPAHUIA JIJIsT CTIOXKHOCTH OyJeT 3aBUCeTb OT L, a TakK¥Ke OT BbI-
Gopa M u p), U3 9E€ro MOXKHO 3aKJIOYUTh, 9TO s Beex L € NP dbyuxius
f1, BbIUMCIMMa 33 TOJIMHOMUAILHOE BpeMs u oroOpaxkaer L B BBIII (rounee,
orobpaxaer L B Lggyry)- OTciona BeiTekaeT yTBepsKaeHue Teopembl, uro BBITT

ectb NP-ttonHad 3a7a4a.
]



I'masa 3.

Jloka3zaTe/IbCTBO pPe3yJIbTaTOB
00 NP-mmomHOTE

Ecnu 651 Bce mokazarenbcrBa NP-TIOMHOTHI OBLIN TaK K€ CTOXKHBI, KaK JT0Ka3a-
renberBo NP-nionaoTe 3agadun BBITIOJTHUMOCTD, To oYeHb COMHUTENBHO,
9TO CMUCOK NP-TIOJIHBIX 33189 CMOT ObI CTATH CTOJIb OOIMPHBIM, KaK B HACTO-
siee Bpemsi. OIHAKO, KAK YKA3bIBAJIOCH B pa3id. 2.4, eciu yKe W3BECTHA OTHA,
NP-nionnas 3a71a9a, TO MPOIEIypa T0Ka3aTeIbCTBA [NP-MIOTHOTH IPYTUX 33,184
3HAYUTEIBHO yrpornaercsa. g nokasarenscrsa NP-noamnoTsr 3agaqn I[I € NP
JIOCTATOYHO MOKA3ATh, 9TO KAKAA-HHOYIb M3 W3BECTHBIX NP-momHbix 3amad 117
MOKeT ObITH cBeseHa K 11. Takum o6pa3oM, B JaabHEHRIIIEM IIPOIIECC TOKA3ATETb-
crBa NP-tioHOTHI 3a1aun pacrno3HaBanust I Oymer cocTosiTh U3 CJIEAYIONNX
YeTHIPEX MIaroB:

1. mokazarenncTBa TOTO, uTO Il NMexkut B NP;
2. BRIOOpA W3BecTHOI NP-nonnoi 3amaqn IT';
3. mocrpoenus dbynkupn f, cromameii sagaay I’ k 3amaqe IT, n

4. noka3arenbCTBa TOTO, 9TO (MPYHKIMSA f OCYIIECTBJISET MOJIAHOMHUAILHOE
CBeJIeHme.

[enp HACTOSINEH TJIABBI COCTOUT HE TOJHKO B TOM, YTOOBI O3HAKOMUTH YH-
TaTesell ¢ KOHEYHBIME PEe3yJIbTATAMK TOrO Ipouecca (¢ OKOHYATEJIbHBIMUA J10-
kazareabcTBaMu NP-NOJHOTBI), HO TAKXKE W B TOM, YTOObI MOJArOTOBUTb WX K
CAMOCTOSITETLHOMY TIOUCKY TAKUX JIOKA3ATE/bCTB.

B pa3z. 3.1 npuBoaurcsa 6 3a1a9, KOTOPBIMU Yalle APYTUX MOJb3YIOTCS IIPH
JTIOKA3aTeIhCTBE Pe3yahbTaToB 00 NP-TIOMHOTE B KadecTBe «M3BeCTHLIX NP-T10J-
HBIX 33Ja9», U JOKa3biBaeTcss NP-TOIHOTA 3TUX IecTr 3a1ad. B pa3a. 3.2 mpu-
BOIUTCS OMUCAHWE TPEX OOIIUX MOIXOMOB K YCTAHOBJIEHUIO CBOIUMOCTH 3329
U JA8TCs WX WILTIOCTPAINs IMOCPEACTBOM JI0KA3aTEIbCTBA NP-ITOTHOTHI 00Tb-
[IOT0 YUCJIA PA3IAYHBIX 33/1a49. 3JAKTIOUUTETbHBIN PA3IET CONEPKUT HECKOTBKO
pe3yabraToB 00 NP-TIOTHOTE, KOTOPBIE MPEITaraeTcs JOKA3ATh IUTATEIO.
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3.1. IIlecTpb ocHOBHBIX /NP-TIOJIHBIX 3a/Ja4

Korna onpiTHBIM mpakTHKaM BeTpedaercs 3aaada [, NP-momHOTy KOTOpOii Tpe-
OyeTcst ToOKa3aTh, UX MPENMYIIECTBO 3aKIIOYAETCS B TOM, UTO OHW WMEIOT 0O-
raThiii BRIOOp MyTell TAKOTO IJOKA3ATEIHCTBA. BIIOJHE MOXKET CIyYUThCS, UTO
B TIPOIIJIOM OHU y¥K€ TOKA3BIBAJIN WU BUIEIN JOKA3ATEIHCTBO NP-TIOTHOTHI
noxozkeit 3amaqan I[I'. 9To MoKeT NPUBECTU K MBICTH MONBITATHCSA TOCTPORTH 0~
kazarenbctBo NP-monHOoThl 3amaqun II, kKonmupyst mokaszarenbcrBO NP-TOTHOTHI
sagaan I1', mam mpocto ceomsa 3amaqy I’ k 3amadge T1. Bo MHOrMX ciydasx 3To
MOXKET IMPUBECTH K JOCTATOYHO MPOCTOMY JI0KA3ATEIbCTBY NP-TIOIHOTHI 331891
II.

Omako ovyeHb vacto He ymaéres HaiTn NP-moinyo 3a7ady, TOXOXKYo Ha,
IT (maske pacmosarass OOIMIMPHBIM CIUCKOM 3339, MOJO00HBIM TOMY, KOTOPBIi
OpUBEIEH B KOHIIE KHUIHM). B Takux Caydasgx NPaKTHKY MOXKET ObITb He siCHO,
KaKasg U3 COTeH W3BeCTHbIX NP-TOTHBIX 33729 JIydIlle BCEro MOAXOINAT B Ka-
YeCTBE OCHOBBI KCKOMOTO JIOKAa3aTebcTBa. OMHAKO MPEIABIIYIIUNA ONBIT MOXKET
OKA3aThCsI TIOJIE3HBIM [IJIsT OTPAHUYEHUST 00JIACTH BBIOOPA HEKOTOPBIM <«SIIPOMS>
13 6GA30BBIX 33a%, NCTIOIHL30BABIITUXCS paHee. XOTsT TEOPETHIECKHN 4100Y10 N3 13-
BecTHBIX NP-TIOHBIX MOYKHO HapPaBHE C JAPYTUMHU BHIOPATH /IS OKA3ATEIHCTBA
NP-nomHOTHI HOBOH 33/1a9M, HA MPAKTUKE OKA3BIBAETCS, YTO HEKOTOPHIE 3373~
YU MOIXOMST JIJIsk STOU METu ropas3o jaydire apyrux. Caeayromue mecTb 3a1a9
BXOJST B UNCJIO TEX, KOTOPhIE MCITOIB3YIOTCS HANOOIee 9acTo W JIst HAUWHAO-
[IIEr0 OHU MOTYT CJIYYKUTH «OCHOBHBIM SIIPOM» CITHCKA, W3BECTHBIX NP-TOTHBIX
3a,/1a9.

3-BBITTIOJTHUMOCTD (3-BBIII)

YCJIOBUE. Han nHatop C' = {c1, ca, ..., Cyp } TAIBIOHKINI HA KOHEYHOM MHO-
JKecTBe nepemensbix U, takux, 4ro |¢;| =3, 1 <i < m.

BOIIPOC. Cymecreyer jin Ha U HAOOp 3HAYEHII NCTUHHOCTH, TTPU KOTOPOM
BBITIONIHAIOTCA BCe AU3bIOHKINNA n3 C7

TPEXMEPHOE COYETAHUE (3-C)

YCJIOBUE. Tano muoxkectBo M C W x X x Y, rme W, X u Y — Henepece-
KAIOIIHECsT MHOXKECTBA, COJEPKAIINE OJUHAKOBOE YUCIIO SJIEMEHTOB (.

BOITPOC. Bepuo au, aro M COTEp>KUT TPEXMEPHOE couemanue, T.e. TTOMI-
muoxkectBo M' C M, rakoe, uro |M'| = ¢ u Hukakue nBa pa3ubix snementa M’
HE MMEIOT HU OJHON PaBHON KOOPIUHATHI!

BEPIIIVMHHOE ITOKPHBITUE (BII)

YCJIOBUE. Hau rpad G = (V, E) u nonoxurenbuoe nejioe ducio K,
K L |V

BOITPOC. Nwmeercst nu B rpade G sepuwunnoe noxpsmue we Goiee 4em u3
K snemenros, T.e. Takoe nogamuoxkectso V! CV uro |V'| < K u png xaxaoro
pebpa {u, v} € E xorg 6bl 0[jHA U3 BEPILIUH U WX U IpUHALIE)RUT V'?

KJINKA
YCJIOBHUE. [an rpad G = (V, E) u nonoxuresnbhoe nenoe qucio J, J <
V1.
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BOITPOC. Bepuo nu, aro G COmEPKUT HEKOTOPYIO KAUKY MOITHOCTH HE
menee J, T.e. Takoe noamuozkectso V' C V', uro |V'| > J u n106bie 1Be BepiuuHb
u3 V' coemunennt pebpom u3 E?

TAMWJIBTOHOB ITUKJI (T'II)

YCJIOBHUE. Hau rpad G = (V, E).

BOIIPOC. Bepuo su, uro G COAEP:KUT rAMUIBTOHOB IIUKJI, T.. TAKYIO IO~
CJIe10BaTeNbHOCTD (U1, Vg, ..., Uy ) Bepiiud rpada G, , auro n = |V|, {v,,v1} € E
u {v;,vip1} € E ana Beex i, 1 < i < n.

PASBUEHUE

VCJIOBUE. 3amanbr KoneqHoe MHOKECTBO A m «Bec» s(a) € Z+ nna kaw-
noro a € A.

BOIIPOC. Cymecrsyer mm nogmuoxkectso A’ C A, takoe, 9o

Z s(a) = Z s(a)?

acA’ a€A\A/

O/ iHa U3 TPUYYH MOMYIAPHOCTH STUX MIECTH 3329 3aKTI0YAETCs B TOM, 9TO
BCE OHM COAEPKAJINCH B UCXOAHOM criicke n3 21 NP-moiHoM 3a1a4u, TpUuBeIEH-
HOM B pabote Kapna [280]. Mbl HAUHEM JIEMOHCTDAIMIO METOMOB JIOKA3ATEh-
cTtBa NP-TIOTHOTHI € JOKA3aTeNHCTBA [NP-TIOJTHOTHI 9TUX TIECTH 3302, YKa3bIBas
B MOAXOMAIINX CIy9asix TaKue uX BapuaHTbl, NP-moTHOTAa KOTOPLIX Oosiee wiu
MeHee HEMOCPEICTBEHHO ciieayeT n3 NP-TOTHOTHI 9TUX MIECTH 331349,

IlepBas cBomuMocTh Oyaer monydena ¢ noMonisio 3agadn BBIIIOJIHIIMO-
CTb, nockonbKy MOKa 3TO eIWHCTBEeHHAas 3ajada, NP-TOTHOTY KOTOPO# MbI
ycraroBmwr. OIHAKO 1O Mepe J0KA3aTeNhCTBa NP-TOTHOTHI TUX TIIECTH 3339
crucok NP-TIOJTHBIX 33189 OYIeT paciupsaThCs U JOKA3aTeIbCTBO NP-TIOTHOTH
HEKOTOPOI 33149l MOXKET OBITH MOIyY€HO C UCIIOIb30BAHUEM JI000i u3 3a1ad,
NP-nonHOTa KOTOPO# yCTaHOBIEHA panbine, deMm s 3amadu 1I. Ha puc. 3.1
yKa3aHa MMOCTIEeI0BATEIbHOCTDh CBEACHUS 33/1a9, KOTOPasi MPUMEHSETCH B JOKa-
3arenbcTBe NP-TIOTHOTHI MIECTH OCHOBHBIX 3371a4, MPUYIEM €C/TH CTPEIKa BeJIET
OT OJIHOH 3a/1aUM K IAPYTOif, TO IepBast CBOJUTCSA KO BTOPOW.

3-C — PA3BUEHUE
BBITIOJTHUMOCTDb — 3-BHBIII

r
BII H

KJINKA

Puc. 3..1: Jluazpamma nocaedosamesvrocmu ceedenus 3a0a4, UCNONBIYEMDLT
das doxazamenvemaea NP-noanomot uecmi ocHoHOLT 300aM4.
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DTa N0CIeI0BATEIBHOCTE HE COBIIAIALT C MOCTIEI0BATETHbHOCTHIO, BHIOPAHHON
Kaprmowm, HO maxke B Tex Caydasix, KOrJIa OHU COBIAAIOT, MbI HHOT/IA U3MEHSIeM
nim MoauuIupyeM AoKa3aTenbCcTBO Kapma, 9Tobbl JIydine MPOULTIOCTPHPO-
BaTh ODIIME MPUEMBI CBOIUMOCTH.

3.1.1. 3-BbLIDOJIHUMOCTH

Bagaua 3-BBIITIOJTHUMOCTD ecth mpocTo OrpaHWYEHHBIH BAPUAHT 3389
BBITTOJTHUMOCTD, B KOTOpO#t KaxKk/1asi WHANBUILYATbHAS 331293 UMEET POB-
HO TPH JHUTEpATa B KAXKION AM3BIOHKIWH. 13-3a cBoel mpOCTO# CTPYKTYpPhI
9Ta 33/ia9a HAubOJee 9acTo TMPUMEHSIETCs JIJIsT JOKA3aTeNbCTBA PE3yIbTaTOB 00
NP-niomHOTE.

Teopema 3.1. 3adaua 3-BBIIIOJIHUMOCTD asasemcsa NP-noanod.

JlokazarenbcTBo 1.

Herpyano Bugers, aro 3-BBIIT € NP. 9o ciefyer u3 Toro, 9To HeJeTepMu-
HUPOBAHHOMY AJTOPUTMY HEOOXOIMMO yTaJaTh JIUIIL HAOOD 3HAYEHWN HCTHUH-
HOCTH MEPEMEHHBIX 33aYN W MPOBEPUTH 33, MOJIMHOMUAILHOE BpeMsi, OyIyT Jiu
MpU TaKOM HAOOPe 3HAYEHWH UCTUHHOCTHU BBIMTOIHATHCS BCE 3aIaHHBIE TPEXJIIU-
TePAJbHBIE U3 BIOHKITUH.

Ceeném 3amaay BBIIT k 3anaue 3-BBIIL. ITycrs U = {uy, ua, ..., 4y} — MHO-
:kectBo nepemenbix u C' = {¢1, €2, ..., €} — NPOU3BOIBHBII HAGOD AU HIOHK-
[N, OTIpeNeNsIoNuii MPON3BOMLHYIO0 WHANBUAYaIbHYIO 3a7a4dy u3 BBIII. ITlo-
crponM Habop C' TPEXIMTEpaNbHBIX IU3BIOHKIWNA HA HEKOTOPOM MHOKECTBE
nepemenubrx U’ Taxoii, uto C' BBIMOIAAM TOTIA W TOILKO TOTIA, KOTIA BHITTOJ-
uuMm C.

Ha6op C' 6ymer cTponThCd MyTEM 3aMEHBI KaxKI0H OTAEeTbHOA NU3bIOHKINA
¢j € C «IKBUBAJIEHTHLIM» HAOOPOM C’]’- TPEXJINTEPATBHBIX U3 HIOHKIINI HA MHO-
xkecTBe U NCXOMHBIX TEPEMEHHBIX U MHOKecTBe U ]’ HEKOTOPBIX JOTOTHUTETHHBIX
MEPEMEHHBIX, TPUIEM TIEPEMEHHbBIE U3 UJ’. OyIyT UCTIOIB30BATHCS TOJIBKO B IM3h-
OHKIUSAX W3 C’]’-. Jpyrumu cioBamu,

m
v=vu(lJUj

Jj=1

u
m
1 _ i
¢ =Jc.
J=1
Takum obpas3omM, HY?KHO TOTBKO MTOKA3aTh, KAK UCXOMIS 13 Cj MOXKHO TIOCTPOUTH
Ci u Ul
ITycTs ¢; 3a08€TCa MHOYKECTBOM {zl, 29,y ey zk}, rae z; — JUTePaJbl HA MHO-

wecrpe U. Criocob obpasosarma C} n Ul 3apucuT oT 3navenns k.

Cayuati 1. k = 1. Torma Uj = {yj, 43},
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C]I = {{zlay;’ay;}a {Zlayjl'ayj_Q}a {Zlay]'_layjz}a {Zlayj_layj_Q}}'
. _ — {1

Cayuati 2. k = 2. Torna U; = {y;},

O} = {{Zla z22, ?J]l}, {Zla 22, y;l}}a

Cayuati 3. k = 3. Torna U; = @, O} = {{c;}}.

Cayuati 4. k > 3. Torna U} = {y; 1 <i <k -3},

Ch = {{z1, 22, y] Uy, " Zigo, 01 0 1< S k=43 U{y; * % 2, 2 )

st 1oKazaTrenbCTBa TOTO, 9TO 3/I€Ch B CAMOM JeJie UMEET MECTO CBOJIH-
MOCTB, HEOOXOAMMO TIOKA3aTh, YTO HAGOP Au3bIoHKIUA C’ BBIIOTHAM TOrIa U
TOJBKO TOTIA, KOTIa BBIMOMHWM Habop musbioukiuit C. IIpemmono:kum BHa-
vane, uro t : U — {T, F'} ectb Habop 3HAYEHWH MCTHHHOCTH, BBIMOIHSIONIAI
C. TlokaxkeM, 9TO t MOXKeT OBITH MPOJONIXKEH 0 HAOOPa 3HAUYEHWH MCTUHHOCTH
t': U — {T, F}, koropsiit Beinosnasier C'. TIoCKOIbKY I€peMEHHbIE B MHOXKE-
cree U’ \ U nenarcs na rpynmet Ul 1 Tak Kak MepeMeHHble B Kax/10if rpytme U}
BXOTIAT TOTHKO B AM3BIOHKINM, MprHapTexKamme C, TO JOCTATOTHO TOKa3aTh,
Kax ¢ MOYKeT GBITH POJIOTNZKEH Ha Kazk0e MAOKEeCTRO U} OT/IebHO, H B KAk I0M
CIIydae Hy’KHO MPOBEPUTH, UTO BHITIOIHSIIOTCS BCE U3 BHIOHKIUA B COOTBETCTBY-
IOIIEM MHOXKECTBE CJ’..

DTO MOXKHO cenarh caegyiomumM odpaszom. Ecmu U ]’ TTIOCTPOEHBI, KaK B CIIy-
qae 1 nan 2, TO OIU3BIOHKINUA W3 C]’. y?Ke BBIMOJIHEHBI C MOMOIIBIO ¢, TTOITO-
My ¢ MOYKeT GBITH MPOJOKeH Ha U MpOM3BOILHO, HATPHMED, eCTH TOTOKHTH
t'(y) = T nns seex y € Uj. Ecom U} mocrpoero, Kak B caydae 3, To Ul — mycTo
W eImHCTBeHHAs Tu3blonknua B C) yxe Bbmonnena ¢ nomompio t. Ocraéresa
TOJBKO CiIydaiil 4, KOTOPBIl COOTBETCTBYET NUIBIOHKUMU {21, 22, ..., 2k} u3 C,
npuuém k > 3. IlockonbKy t — BhIMONMHAOMNN HAOOD 3HAYEHWIT UCTUHHOCTH 7Tt
C, To HaiigéTcs Takoe 1eJioe [, 9To z; Tpu ¢ IPUHUMAET 3HAYEHNE ucmuha. Kcim
l =1 mm 2, 7o momaraem t'(y}) = F, 1 < i < k—3.Eem | =k — 1w k, o
nomaraem #'(y4) = F, 1 < i < k — 3. B nporusrom ciyuae nomaraem t'(y}) =T,
1<i<l—2mn t’(y;:) =Fuapul —1< i< k— 3. Jlerko mpoBepUTh, YTO TAKOH
HAOOP 3HAYEHUH MCTHHHOCTH ODECHETHT BHITOTHEHHE BeeX amsbionkumit B CF,
nostomy t' BeImonHsET Bee qu3bloaknmu u3 C'. O6parno, ecmm ' — HEKOTOPBIH
BBITIOJIHAIOMWI Habop 3Ha"eHwnit ncrnanocTr Ay C!) TO JIerKo MpOBEPHTH, YTO
orpannuenne t' Ha mepeMennbie u3 U IOMKHO GBLITH BBIMOIHAIOIIAM HAOOPOM
suavernii ucrmanoctr ays C'. Takum o6paszom, C' BBIMOIHAM TOTIA W TOIBKO
Toraa, Koraa BbrmoaanM C.

JItst TOro 9T00BI YOEIUTHCSI, ITO 3TA CBOAMMOCTD MOTHHOMHUATbLHAS, TOCTA-
TOYHO 3aMETHTh, U9TO YUCIO TPEXIMTEPAILHLIX AW3bIoHKIMH B C' orpannmyeno
mosimaOMOM OT mn. ClegoBarebHO, pa3Mep WHAWBUIya bHON 3ama4un 3-BbITI
OTPAHUYEH CBEPXY HEKOTOPBIM MOJIUHOMOM OT Pa3Mepa COOTBETCTBYIOIIEH 3a,1a-
an BBIII, a Tak Kak Bce AeTaan MOCTPOECHMS CBOIUMOCTH OYE€BUIHBI, TO IATATE-
7110 OyJIeT HETPYIHO MPOBEPUTH, YTO T4 CBOJAUMOCTH SIBISETCS NOTHHOMHUAIb-
HOM. [ |
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Orpanndennas crpykrypa 3amaqdu 3-BbIII nenaer eé ropasmo 6omee momes-
HOI ITpM TOKA3aTeTbCTBE Pe3yabTaToB 00 NP-TIOMHOTE 0 CPABHEHUIO C 3a1a9eit
BBIII. JTio6oe nokazarenbcTBo, ocHoBaHHOE Ha 3anade BBIII (kpome TosbKo 910
NPUBEIEHHOTO), MOXKET ObITh JIETKO MEPECTPOEHO B TOKA3ATEIHCTBO, OCHOBAHHOE
una 3-BbIII, naxe 6e3 uzmenennss hyHKINN, OCYIIECTBISIONIEH CBOAMMOCTh. Ha
CAMOM JIeJie JIOTIOJIHATETBHOE YCIOBUE O TOM, YTO BCE AUIBIOHKIIUUA UMEIOT OJIH-
HAKOBYIO JIJIUHY, 9ACTO MOYXKET YIPOCTUTH CBOJUMOCTD, KOTOPYIO HY>KHO TOCTPO-
UTb, ¥ TEeM CaMbIM OGJIErduTh eé oTbhickanue. Boee TOro, 0YeHb Majas IJIUHA
IU3BIOHKITAIN MO3BOJISIET UCIOJIB30BATH CBOAUMOCTH, KOTOPhIE BOOOIIE HE MOTIIH
OBl OBITH MMOCTPOEHBI TSI WHAWBUIYAJIBHBIX 33Ja9 C IUIBIOHKIUSIME OOJIBIIEH
JJIMHBI. DTO HABOIUT HA, MBIC/Ib, UYTO OBLIO OBI eI JIyUIle, ecau OBl yIaJI0Ch TO-
KazarTh, uro anajgorunynasg 3a1a4 2-BBIIIOJTHUMOCTD (kaxknas qu3bOHKIMs
COZEPKUT POBHO JBa aurepasa) apisgercsa NP-nonuoii. Oanako 2-BBIIT moxer
OBITH DEITIEHa, METOIOM <«DPE30JIIONWiiy 33 BPEMsi, OTPAHUYEHHOE MMOJIMHOMOM OT
MPOW3BEIEHNST YNCIa TUIBIOHKIUN U YUCITa, TTePEMEHHBIX 33 IaHHON WHIUBWLY-
anbHol 3amam [91] (cM. Takske [114]), U, CI6A0BATEIBHO, IPUHAIJIEIKAT KIACCY
P.

3.1.2. TpéxmepHoe coUyeTaHUe

Bamaua TPEXMEPHOE COYETAHIE (3-C) 06001maeT cIegyioyio H3BecT-
HYIO 33139y O «OPaKOCOYETAHUN S : UMEETCSI 1l XOJIOCTBIX MYKUMH U 1, HE3AMY K-
HUX 2KEHIIUH, a TAKXKe CIHUCOK BCEX Iap MYKYUH U YKEHIIUH, COlJIACHBIX BCTY-
OUTh B Opak ApPyr € APYyrOM; MOXKHO JIM OCYIIECTBUATHL 1 OpaKocodeTaHMil Tax,
9TO6OBI KAXKIbIi MOy 91l bl IPUEMJIEMOrO Cynpyra (Wiu Cynpyry), IpudéM Hu-
KTO He JOJIKEeH BCTYNaTh B Opak NBAXKILI? AHAJOTHYHBIM 00Pa30M B 3a0a4e
TPEXMEPHOE COYETAHUE wmuoskecta W, X i Y COOTBETCTBYIOT mpém
PA3JIMYHBIM «TOJaM», & KayKaas Tpoika m3 M oTBedYaer «TPEXMEpHOMY COde-
TAHMUIO», [IPUEMJIEMOMY JIJIs BCEX TPEX y4aCTHHUKOB. IIpUBEpIKEHIbI TPa Ui
OyayT HOBOMLHBI, Y3HAB, 9TO, B TO BpeMs Kak 3aja4a 3-C sBisiercst NP-momHOMH,
00OBIYHAS 330298 0 ODPAKOCOUYETAHUN MOYKET OBIThH DEIeHa 34 MOJIUHOMUAILHOE
Bpems (cM., HampuMmep, [212]).

Teopema 3.2. 3adawa TPEXMEPHOE COYETAHUE ssasemca NP-noa-
Hoti.

HokazarenscrBo 2. Jlerko Bugersh, aro 3-C € NP. 910 cieayer U3 TOro, 9To
HEJIETEPMUHUPOBAHHOMY AJTOPUTMY HY?KHO TOMBKO YTaJaTh MOIMHOXKECTBO B
M, cocrosiiiee m3 ¢ = |[W| = |X| = |Y| Tpoek, u 3a TMOIMHOMHUAIIHLHOE BPEMsI
MPOBEPUTH, UTO JIIOOBIE IBE U3 YTaJaHHBIX TPOEK OTIUIAIOTCS IO BCEM KOOP/IU-
HATAM.

Crengm 3amaqy 3-BBIII k 3-C. ITycrs U = {uq, us, ..., 4y } — MHOXKECTBO Te-
pemennbix 1 C' = {¢1, C2, ..., € } — MHOYKECTBO AN BIOHKIMI TIPOM3BOIBHON HH-
nuBuayanbuoit 3aaaqn u3 3-BBIII. HyxHo mocTponTs HemepeceKaomuecs: MHO-
xecrBa W, X, Y u M CW x X xY, rakue, uro |W| = | X| = |Y| u M conepxur

mapoco4deTanue B TOM U TOJIBKO B TOM CiIy4ae, KOrJaa C BBIMONTHUMA.
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HckoMmoe MHOXKECTBO yIOPSAI0dYeHHBIX Tpoek M Oymer pa3dbuTo Ha Tpu pas-
JINYHBIX KJIACCa B COOTBETCTBMM C UX (PYHKIMOHAJIBHLIM HA3ZHAYEHUEM: «HAOOP
3HAYEHUN UCTUHHOCTH» U «Pa3BEPTKA», «IIPOBEPKA BBIIOJIHEHHUS» U <«IJOCTPOIi-
Ka.

Tpoliku, BXOgdmue B KIACC «HAOOD 3HAYEHUN HUCTUHHOCTH M Pa3BEPTKA»,
pa3buBaIOTCS Ha TPYNMbI (KOMIIOHEHTHI), KAXKIasd U3 KOTOPBIX COOTBETCTBYET
onHoI mepemennoit u € U, a eé cTpoeHne 3aBUCUT OT ODIIEr0o YMCIa M IA3h-
touknuii B C. CTpoenne 3T0i KOMITOHEHTHI JJIsI CIydast m = 4 MOKa3aHO Ha, PHUC.
3.2.

Puc. 3..2: Komnonenma T;, 3adarowas 3nauenus ucmunnocmu npu m = 4
(HudiChUue UHOEKCHL Y NEPEMEHHBLIT OAA NPOCTOMbL onywenst). Joaxcno Goms
evibpano aubo muoscecmeo T (sawmpurosannoe mroscecmeo), Aubo mMHuoice-
cmeo Tif (nezawmpurosanmoe MHodcecmeo), npu smom ocmatomes HEIIO-
KPBITBIMH (m.e. ne obsedunénnmmu 6 mpotixu) aubo ece u;[j], aubo ece
@;[j] coomeememesento.

B obmem cayvae Kaxkzas Takas KOMIOHEHTA, COOTBETCTBYIOMIAS MEPEMEH-
HOM u;, BKJIIOUAET «BHYTpeHHMe sneMeHTh» a;[j] € X n b[j] €V, 1 < j < m,
KOTOpBIE He OyIyT BXOAUTDL HU B KAKYIO TPOHKY BHE 9TOIl KOMIIOHEHTEI, U «BHEII-
Hue» aeMentol u;[f], @;[j] € W, 1 < j < m koropble 6ydym BXOIUTH B APyIrHe
rpoiiku. O6pasyionme 3Ty KOMIOHEHTY TPOUKH MOTYT OBITH IIOAPA3IC/ICHbI Ha
JIBA, MHOYKECTBA!

T} = {(@l5], ailj], bslg]) - 1 < j <m}s
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T = {(wilj], a;lj + 10, ill]) : 1< 5 < myU {(ualm], ail], bi[m))}.

Tak xak BayTpenuaue saementbl {a;[j],b:[j] : 1 < j < m} moryr BXOAUTH
TOMBLKO B TPOMKM, MPUHAIIEIKAIINE MHOXKECTBY 1; = Tit U Tif , TO JIETKO BUIIETh,
4yTO 000 TpéXMepHoe coderanne M' IOIKHO MMeTh POBHO m Tpoek u3 T, a
MMeHHO 160 Bee Tpofiku u3 T, mubo Bee Tpoiiku u3 Tif . CnemoBarenbHO, MOXKHO
CYUTATH, YTO KOMIOHEHTA U3 T; TPUBOIUT K TOMY, 9TO TPEXMEPHOE COYETAHUE
WHIYIUPYET TPUCBOCHNE TIEPEMEHHON u; 3HAUCHWS «UCTUHA» WU «JIOXKb». Ta-
KM 00pa3oMm, TpéxmepHoe couetanme M' C M onpemenser Habop 3HAYCHWI
HUCTUHHOCTU Ha MHOXKeCTBe U, MpW 3TOM MepeMeHHas u; MPUHUMAET 3HAUCHUE
«HCTUHA» TOTJA U TOIBKO Torma, korma M' NT; = Tit.

Kaxkmas koMmmonenTa MHOXKeCTBa M, mpenHasHaueHHass IJis TPOBEPKY BbI-
MOJIHNMOCTH, COOTBETCTBYeT OnHO# am3bionkmmu c¢; € (. Takas koMmmonenTta
COZIEPIKUT TOJBKO NIBA «BHYTPEHHUX» dyeMenTa $1[j] € X u s2[j] € YV, a mak-
JKe <«BHEIIHHe» 3jeMeHTbl u3 MHoxecTBa {u;[j], @;[j] : 1 < i < n}, Bbibupae-
Mble B 3aBUCUMOCTH OT TOI'O, KAKUE JTUTEPAJIbL COAEPIKATCH B AU3BIOHKIUU Cj.
MHO0>KeCTBO TPOEK, 0OPa3YIIINX Ty KOMIIOHEHTY, OMPEIEISTIOTCS CJIETY FOIIIM
obpazom:

Cj = {(uils], s1[j], s2[5]) = @i € ¢;} U {(@l4], s1[], s2[4]) : @i € ¢;}.

Urak, moboe Tpéxmeproe coueranue M' C M mOIKHO COOEp:KATHL POBHO OIHY
tpoiixy u3 C;. Ho 310 ycrmoBue MOXkKeT OBITH BBINOIHEHO TOIBKO B TOM CIydae,
eCJIM JIJIST HEKOTOPOTO JuTepasa u; € c¢; (Wim 4; € cj) smeMeHT u;[j] (coor-
BETCTBEHHO U;[j]) He BOWAET HU B ofHy M3 Tpoek MuoxkectBa T; N M', a 310
OyleT UMeTh MECTO TOTZA U TOJBKO TOr/a, Korga Habop 3HAYeHul HCTUHHOCTH,
ompefensieMblit MHOKeCTBOM ', BBIIOMHSET TU3BIOHKIUIO C;.

ITocTpoenne Hy)kHON MHANBHIYAIHHON 3a1a49n n3 3-C OyaeT 3aKOHYTEHO Mo-
CJIe OTTMCAHWS OTHON OOJBINTON KOMITIOHEHTHI «IJOCTPOiKNy (. . DTa KOMIOHEHTA
BKJIIOYaeT BHenHue sneMeHTsl g1[k] € X, g2[k] € YV, 1 < k < m(n—1), a rakke
BHEIIHKE 7MeMeHThl Buaa u;[j] (wnu @;[j] u3 muoxkecrBa W). Komnonenra G
COCTOUT U3 CJIEYIOUIEr0 MHOYKECTBA TPOEK:

G = {(uwilj], g1[K], g=[K]), (uslj], g1[k], g2[k]) :

I<k<mn—-1),1<ji<n,1<j<m

Takum obpasom, Kaxgas napa g1 [k], ga[k] momxHa BOTH B TpEXMEpHOE CO-
YeTaHue TOJIHKO C OHUM U3 SJIEMEHTOB u;[f]| M @;[4], He TTOTABIUX B TPOHKY M3
M'\ G. Nmeercst poBHO m(n — 1) TAKUX «HEMOKDPHITHIX» BHEITHUX JIEMEHTOB, U
CTPYKTyPa KOMIOHEHTHI (G 0GECIEYrBAET, 9TO OHU BCETA MOTYT OBITH TIOKPBITHI
€ IOMOIIBIO BEIOOPaA COOTBETCTBYIOMEro moamuokecrsa M'NG. CrenosarenbHo,
KOMTOHeHTa (G TapaHTUPYET, 9TO, eCIIU JJTs HEKOTOPOro moaMuokecTBa u3 M\ G
BBITIOJIHAIOTCS BCE OTPAHWYEHN s, HAJAraeMble KOMITOHEHTAMA Habopa, 3HAYCHWI
WCTUHHOCTH, TOTIA 3TO MMOJAMHOKECTBO MOYKET OBITh JOMOJIHEHO 10 TPEXMEPHOTO
covyetanusi B M.

PesroMupys CKa3aHHOE, TOMOKAM:

W= fulf], wli) 1< i <n, 1< j < m),

X=AuUuS UG
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rie
A={alj]:1<i<n,1<j<m),
Sy = {s1lj]: 1<j <m),

G ={glj]: 1<) <mln—1D;
Y = BUS>UQGSs,

Sy ={s20j] : 1 <j <m},
Gy ={gl]:1<j<mn -1}

u
n m
M = (Ui—l Ti> U (U]’—1 Cj) UG.
BamernM, 94T0 Kaxkaas Tpoiika uz M ectb smemenT mHoxkecTBa W X X XY, aro
u TpeboBasock. Kpome Toro, mockoabKy MHOKECTBO M CONEP:KUT TOTHKO

2mn + 3m + 2m?n(n — 1)

Tpoek u MHOkKecTBO M B TepMuHax mHIAMBHUIAYaTbHOM 3amadu u3 3-BBIII omnpe-
JIEeJISIeTCST IBHBIM 00Pa30M, JIETKO BUIETh, UTO M MOXKeT ObITH MOCTPOEHO 33
MOJIMTHOMHUAJILHOE BpeMsi. 13 KOMMEHTapHeB, KOTOPBIMU COMPOBOK JAJIOCH OIMHU-
CaHMe MHOXKEeCTBa M , HEMeJIeHHO CJIEIYET, UTO OHO HE MOYKET COIEPIKATEH TPEX-
MEPHOro coderanus, ecau Habop C' HeBbimomHUM. Tenepsb HEOOXOIUMO TOKA3ATh,
9TO CYIECTBOBAHUE BBIMOIHSIOMIErO HAOOPA 3HAYEHUM UCTUHHOCTH i Habopa
nu3bioHKIui C' Baedér 3a coboii cymecTBoBanme B M TPEXMEPHOTO COYETAHUSI.

Iycrs ¢t : U — {T, F} — npon3BOJIBHBIN BHITOIHSAONMI HAGOD 3HAUEHW
ucrnanoctn auaa C. TloctponM Tpéxmepnoe coueranme M' C M cremyommm
obpazom. g Kaxkaoit nusbionkuun ¢; € C' paccMOTPUM HEKOTOPBI JIUTepa
zj € {u;, 8]l < i < n}Ncj, DpUHEMAOMUA 3HATEHNE <HCTHHA» IIPU OTOOpa-
JKeHun t (Takoe 2j JOMZKHO CYIIeCTBOBATH, IIOCKOJBbKY ¢ BBLINONHSIET C;). 3aTeM
MTOJTOXK M

w=( U m)u( U Tf)U<Q{(2j[j],81[j],82[j])}>UG’,

(ui):T t(ui):F

rae G’ — COOTBETCTBYOMIEE MOAMHOXKECTBO MHOKECTBA, (7, BRIOPAHHOE TaK, YTO
oHO conepxkutT Bee g1 [k, go2[k] u ocraBuinecs u;[j] u 4;[j]. Herpyaso nposepurs,
9TO TaKOE MHOKeCTBO (G Beerma MOXKHO BBIOPATH M 9TO MOMYYIE€HHOE B PE3YTh-
Tare MHOKECTBO M' GymeT TpEXMEpHBIM COYeTAaHUEM. ]

Bwmecro 3agaun 3-C nyist mokasarenbcTBa pe3yabraroB 06 NP-TOIHOTE 9acTo
MOTB3YIOTCA CIeayToIeit, bomee obIeit u Oosree HATISAIHON BepCHeii STOM 3aIa4M.

TOYHOE ITOKPHITUE 3-MHO>KECTBAMMU (TII-3)

YCJIOBUE. 3anano koHewHOE MHOXKecTBO X, Takoe, uro |X| = 3¢, n ce-
MeticTBO C' TPEXIIEMEHTHBIX TIOAMHOYKECTB MHOXKECTBA X .

BOITPOC. Bep#o siu, aro cemeiictBo C' COIEPKUT MouHOE NOKPHIMAUE MHO-
xkectBa X, T.e. Takoe nogacemeiicteo C' C C, aTo Kaxapiii smement n3 X comep-
JKUTCA POBHO B OHOM 3memente u3 C7
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Bamerum, 94TO JOOYI0 WHANBUIYATBHYTO 330249y u3 3-C MOXKHO paccMarpu-
BaTh KaK MHAUBUIYAIbHYIO 3ama4dy w3 T1I-3, cauras npocro, uro M cocrout u3
HEYTIOPAA09eHHbIX Tpoek dmemenToB muoxkectsa W U X UY. Ilpu stom Tpéx-
MEPHBIE COYETAHUS IJIs WHIWBUIYATbHON 3a1aun u3 3-C B3aUMHO OJHO3HAYHO
COOTBETCTBYIOT TOYHBIM MOKPBITUSM COOTBETCTBYIOIIEN WHINBYIYAJIHLHOMN 3372~
qu u3 TTI-3. Takum obpaszom, 3amada 3-C ecThb OrpaHUYEHHAsT BEPCUs 3aJa9N
TII-3, u NP-nonmota TII-3 criemyer m3 ecTecTBEHHOTO CBEIEHUsT K Hell 3a1a9u

3-C.

3.1.3. Bepmunanoe nokpeiTue n Kianka
Hecmorps wa To uro 3agaan BEPIIMHHOE ITOKPBITUE u KJINKA npu 1o-

Ka3aTenbCTBe Pe3yabTaToB 00 NP-MOMHOTE HCIOMB3YIOTCA HE3aBUCUMO, B JI€H-
CTBUTEJILHOCTH OHU TIPEJICTABISIIOT COOOM BCEro JIUIIb PA3HBIE CITIOCOOBI PACCMOT-
peHus OHON u TOH e 337a4un. [Jist TOro 9robbl 3TO MOHATH, YI0OHO PACCMOT-
perh WX BMECTe C TpeTheil 3aaaueii, koropasa HaszbiBaerca HESABUCUMOE
MHOYKECTBO.

Hesasucumvim mmooicecmeom B rpade G = (V, E) nHa3blBaeTcs Takoe IO~
muokecTBo V' u3 V', uro nua mobeix u,v € V', pebpo {u,v} ne npunamie-
xutr E. B zamaue HEBABIICUMOE MHOZKECTBO gns 3amansoro rpada
G = (V, E) n nonoxwurenbHoro nemoro uncia J < |V| cnpammBaercs, BepHO
g, uto G CONEp:KNUT He3aBucuMOe MHOXKecTBO V', Takoe, uro |V'| > J. Jler-
KO yOequThCs, 9T0 HEe3aBUCUMbBIE MHOYKECTBA, KIUKW W BEPITUHHBIE MOKPBITHS
CBSI3aHBI MEXKIy CODOH CITeIyIOmMUM 0OPa30M.

lemva 3.1. Jas w6020 epaga G = (V, E) u nodmnoorcecmea V' CV cae-
dyrousue Yymeeprclenus, IKEUBAAEHMHOL:

(a) V' ecmov sepuunnoe noxpomue G;

(6) V\V' ecmv nesasucumoe muoscecmso 6 G;

(6) V\ V' ecmv waura 6 donoanenuu G epaga G, 2de G = (V, E), E =
{(u,v} ru,v €V u {u,v} ¢ E}.

Takum 06pa30M, 3T TPHU 3aJaYU MOXKHO PACCMATPUBATH B HEKOTOPOM CMBIC-
JIe KaK «Pa3JndHbIe BEPCUN» OTHON U TOM Ke 3amadn. Bosee Toro, B3anMOCBA3M
MEXK Y 3aJa9aMi, YKa3aHHbIE B JJeMMe 3.1, JeIaioT TPUBHAILHBIM BOTIPOC O CBO-
IUMOCTH MEYKIY JIIOOBIMU IBYMS U3 HUX.

Ceeném, nanpumep, 3agaay BEPIIIMHHOE ITOKPBITUE « 3amage KJIN-
KA. Ilycrs G = (V,E) u K < |V| — npousBonbHasi WHAWBULyAIbHAS 337244
u3 BII. CoorBercrByiomast nuauBuayaabHas 3agada n3 KJIMKU nomyvaercs,
ecmm B3aTH rpad G u nesoe wncio J = |V| - K.

Orcroma caemyer, uro NP-mioiHOTA BCe TPEX 33134 ciemyer u3 NP-1mOoTHOTHI
moboit u3 vux. Jokaxewm, uro 3agada BEPIIIMHHOE ITOKPBITUE NP-nonua.

Teopema 3.3. 3adavwa BEPIIIMHHOE IIOKPBITUE NP-noana.

Hoxkazarenscrso 3. Jlerko Bumers, uro 3agada BII € NP. 9To ciemyer us3 Toro,
9TO HEJEeTePMUHUPOBAHHOMY AJTOPUTMY JIOCTATOYHO YTaJaTh MOIMHOMKECTBO
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BEPIIMH ¥ 34 MOJUHOMHAIBLHOE BPEMS IPOBEPUTH, 9TO 3TO MOIMHOMKECTBO CO-
JIEPKUT XOTs ObI OIUH KOHEIT JTI000T0 pedpa W UMeeT COOTBETCTBYIOIIEE THCIO
3JIEMEHTOB.

Crengm 3amauy 3-BBIII k 3amave BII. Ilycts U = {u1,us, ..., uptn C =
{ec1, ca, ..., ¢y } OTIPEIENSIOT MPON3BOIBHYO WHANBUIYATbHYO 3a1a9y n3 3-BBITL.
Ykaxem rpad G = (V, E) n nonoxkurensHoe menoe uncio K < |V, rakne, uto
G uMeeT BepIIMHHOE MOKPBITHE C YUCIOM 3JIeMEHTOB He 6osee K TOrma u TOIBKO
TOr/Ia, KOTJA BBIIOIHUM Habop mu3bioakuuil C'.

Kaxk u B mpenpIaymeM T0Ka3aTelbCTBe, Hallla KOHCTPYKIMA OYJeT COCTABIIE-
HA W3 HECKOILKUX KOMTIOHEHT. B mamroM ciaywae, OmHaKo, O6yIyT TPHCYTCTBO-
BATh TOIHLKO KOMITOHEHTHI HAOOPA 3HAYEHWIT NCTHHHOCTH W TTPOBEPKHU BHITIOIHU-
MOCTH, IOTIOJTHEHHBIE HEKOTOPHIMA BCTIOMOTATEILHBIMI PEOPAMHA, CBA3BIBAIOIIN-
MU Pa3JAYHbIE KOMIOHEHTBI.

Hua kaxmoit nepemennoit u; € U umeerca komnonenta T; = (V;, E;) na-
6opa 3uavenuii ucruunocru (rue V; = {u;, 4;}, E; = {{u;, 4;}}), me. T; — 310
mapa BepINH, COSIUHEHHBIX OIHUM peOpoM. 3aMeThM, 9To JI000e BEpITHHHOEe
MOKPBITHE JOJKHO MMOKPHITH pebpo n3 E;, TTO3TOMY OHO JOJKHO COIEPKATH MO
KpaiiHeit Mepe OJIHy W3 BEpIINH U; WIN U;.

Jnst xkaxaol au3bioHkiuu ¢; € C IMeeTcss KOMIOHEHTa IPOBEPKH BBIIO-
aumoctn S; = (VJ, EY), cocrogmas u3 TpEX BEPIIAH U TPEX COEIUHAIOMIX HX
pédep, 0OPa3yoIMKUX TPEYroTbHUK:

Vi ={a1lj], a2[j] a3 [},

E; = {{al[j]a a2[j]7 al[j]a a3[j]a a2[j]7 a3[]]}}

OrmernM, 910 060 BEPITUHHOE TOKPBITHE TOJXKHO COIEPIKATH XOTS ObI JIBe
BepimiHb! w3 V), 9TOGBI MOKPHITH Bee Tpu pebpa u3 Ej.

Ces3piBarorue pédbpa — 9TO eIUHCTBEHHAS YACTh KOHCTPYKIIUU, 3aBUCAIIA
OT TOTO, KAKUE JTUTEPATbI BXOJAAT B AU3bIOHKIMH. VX jrydire Bcero paccmar-
pUBATH C TOYKM 3PEHUST KOMIOHEHT MPOBEPKU BBIMOJHUMOCTH. JIjisi Kaxkmoit
Im3bIoOHKINN ¢; € C' 0603HaYNM 9epe3 j, Y, Zj TPW BXOISAIINX B Heé JInTepaa.
Torma craswkiBarole pédpa, ncxomAmme n3 S;, 33JaI0TCS CIEAYIOMNIM 006pa3oM:

E} = {{ailj], z;}, {a2[j], y;}. {asli], 2 }}-

IMocrpoenne nrguBuayaabHOE 3amaun w3 BII Oymer 3aKOHYEHO, €C/IN TIOJI0KUTh
k=n+2muG=(V,E), tae

v = (U)o (U )

. <U?_1 E) U <Ug"b_ . E) U <U;”_1 E>

Ha puc. 3.3 npuBenén rpad, COOTBETCTBYIOIIMI HWHANBUAIYATBHON 3a1a9€e 13
3-BHIII, korna U = {uy, us, uz, us} u C' = {{uy, @3, a4}, {1, u2, Ga}}.

Herpyano Bumers, 9T0 3Ty KOHCTPYKIUIO MOXKHO OCYIIECTBUTH 33 ITOJIMHO-
MuaIbHOE BpeMsi. [1o9ToMy m0CTATOYHO MOKa3aTh, 9TO C' BHITIOJHUMA TOTIA U
TOJBKO TOTIA, KOrAa y (G €CTh BEPIUHHOE MOKPBHITHE C YUCIOM JIEMEHTOB HE
6onee K .
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ﬂz“] 41[2]

ay[1] a5(1] (2] as[2)

Puc. 3..3: Hndusudyarvnasn 3adava us BEPIIIHHHOFE [IOKPBHITHE, % xomo-
poti npusodum undusudyasvras 3adaua u3 3-BBIII npu U = {uy, us, us, us},

C = {{u1, @3, s}, {81, us, Ua}}.

Ipennonoxum puagase, uro V' C V — gepumunoe nokpeirue G u |V'| < K.
B cuny caenanubix BhImE 3amedannii, V' momKHO comep:kaTh o KpaiiHei mepe
OZHYy BepIIuHy Kaxkaoro 1; u xors Obl 1Be BepunHbl Kazkaoro S;. B coBokyn-
HOCTW 3TO JAéT 1o Kpaiineir Mepe n + 2m = K Bepmun, nmosromy V' momxno
COZIEPIKATH PO6HO OJHY BEpINUHY KaxKIoro 1; M po6éHo IBe BEPIIUHBI KAyKIOTO
S;. TakuM 06pa30M, MOXKHO HCIIONB30BATE Iepecedenue V' ¢ KOMIOHEHTaMH Ha-
6OpOB 3HAYEHUIT UCTUHHOCTH, 4TOObI moay4durh orobpaxkenue t : U — {T, F'}.
Hns sroro nonoxum t(u;) = T, ecmn u; € V') w t(u;) = F, ecmn 4; € V.
JImst moka3aTelbCTBA TOTO, YTO 3TOT HAOODP 3HAYEHWIA MCTUHHOCTH BBITOJIHSIET
KXK/IyI0 Tu3bioHKImo ¢; € C, paccMorpuM tpu pebpa noarpada E;.’. Tonbko
7IBa W3 HUX MOTYT GBITH WHIMIEHTHE! Beprmmram w3 V) N V', mostomy ommo w3
HUAX JOMKHO OBITh MHIIMIEHTHO BEPIINHE HEKOTOpOoro noarpada V;, mpuHaie-
kaueit rakxke nV'. Orcioga ciemyer, 94TO COOTBETCTBYIONIMIA Jurepas u; (wiu
;) IU3BIOHKIUY ¢; IPUHAMAET 3HAUEHUE HCTHHA> IPH PACCMATPHBAEMOM Ha-
6ope 3HauEHMiT NCTUHHOCTN ¢, W, CJIeIOBATENHHO, ¢ BHITTOTHAET TU3HIOHKIINIO C;.
ITockompKy 3TO yTREP:KIEHNE WMEET MeCTO JJIA KaxKIoil nmabionkmnn c; € C,
TO OTCIOZIA CJIEZIYET, YTO ¢ — BBIMOTHAOMNY HAOOP 3Hauennii ncruauoctu mjist C.

O6parno, mpeamonoxnm, uto t : U — {T, F'}- BeimonHsommnii Habop 3Ha-
yernnii mcrnanoctn g C. Torma cOOTBETCTBYIOMEE BEPITUHAOE MOKphiTHe V'
COZEPIKUT OJHY BepunHy u3 Kaxaoro T; u ase Bepnibl u3 kaxzaoro S;. Ilpu
srom Bepuimnoil u3 T;, npunamexameii V') 6yner u; (ecnu t(u;) = T) win
@; (ecnm t(u;) = F). IlockonbKy ¢ BBIIOIHSET KAXKIYIO MU3BIOHKIUIO Cj, TO
9TO 06ECHeInBACT MOKPBITHE 10 KpalHeil Mepe OIHOTO U3 TPEX pédep, MpuHAI-
mexRamumx Muokectsy EY. CremoparennHo, ocTamoch BKIOUATH B V' KOHIHT
OCTABIIUXCSA NBYX pedep u3 E;-’ , mpuHaAIexKamue noarpady S; (Koropsle Mo-
ryT OLITL JUGO MHIMJIECHTHBI, JUO0 He MHIMJICHTHbI BepIIMHAM M3 KOMIIOHEHT
HAGOPOB 3HAYEHUI NCTUHHOCTH), TIPA 3TOM TIOIYIATCS HCKOMOE BEPITUHHOE TO-
KPBITHE. [ ]
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3.1.4. T'aMuUJILTOHOB ITUK.JI

B 1. 2 mbr Bugenu, uro K 3agade TAMUJIBTOHOB IIUKJI (T'IL) moxer ObITh
cBenena 3aa4a pacrno3uasannsgs KOMMUBOAZKEP, mosromy NP-moiHOTA, TIO-
cremmeit 3amadn ciaeayer u3 NP-momaoTwl 3agaqn 'L, Tlocae 3aBepienns go0-
kazarenbcTBa NP-momaors! 3agaan 'l Oymer yka3aHO HECKONIBKO BAPHAHTOB
zagaqan ['Il, NP-monHOTa KOTOPBIX OOTee Win MeHee HelOCPEICTBEHHO CIIeIyeT
n3 aHajorunanoro ¢gakrta misa 3agaan 1

B nanbueitem mjist yao6cTBa 6yaeM MOIb30BATHCS CIEIYIONUM COTJIAIIEHHU-
em: ecint (v, Vg, ..., Up) — HEKOTOPBIA TAMUJIBTOHOB IIWKJ, TO PE6pa {v;, vit1},
1 <i<n,u{v,, v} 6yayr Ha3bBaThCs pEOpaMu B 3TOM uKJe. [IpuBoaumas
HUZKE CBOIUMOCTD MOy YeHa KOMOMHAINEH AByX cBoauMocTeil u3 paborsr Kapma
[280], ona ykaszana B pabore JIny n Temamaxepa [358].

Teopema 3.4. 3adavwa TAMUJIBTOHOB LHUKJI asasemcs NP-noanod.

Jokazarenbscrso 4. Jlerko Bugers, uro I'll € NP. 910 BBITEKAET U3 TOrO, UTO
HEJIETePMUHUPOBAHHOMY AJITOPUTMY HYKHO yraJaTh TOJBKO MOCIEIOBATEIb-
HOCTH BEPIIUH U 33 TOTHHOMHUAIBHOE BPEMs TPOBEPUTD, 9TO BCE BEPIIUHBI 3TON
MOCTIEIOBATEIBHOCTH COEIMHEHBI PEOPAMU, TPUHATIEKAIIUMA JaHHOMY Tpady.

Cseném 3agauy BEPIIMMHHOE ITOKPBITHUE k 3anaqe ', Ilycrs nnausu-
nyanbHaga 3aga4a u3 BII 3anana rpadom G = (V, E) u NONI0KUTEIHHBIM [E/IbIM
unciom K < |V|. HHocrponm rpad G' = (V') E'), Takoii, uro B G' ecth ra-
MUJIBTOHOB IMKJI TOT/IA M TOMBLKO TOTa, KOraa B G’ eCTh BEPIIMHHOE TOKPHITHE,
cocrodiee u3 He bonee uem K 371eMeHTOB.

B manHOM citygae Hallla KOHCTPYKIIUS ONSITH OyI€T COCTOSTH U3 HECKOIBKUX
KOMTIOHEHT, COCIMHEHHBIX IMAAAMA CBsA3M. Bo-mepBhix, rpad G’ conepKuT Kom-
MOHEHTY, «TTPOBEPSIONIYIO MOKPBITHE, KOTOPasi OyIeT MCIoJb30BAHA, JJI TOTO,
9TOOBI 00ECTIEUNTh MPUCYTCTBHE OIHOIO W3 KOHIIOB KaykKIoro pebpa cpemn K
BbIOupaembix Bepinu. Kommonenra, coorsercryiomias pedbpy e = {u,v} € E,
MOKa3aHa Ha puc. 3.4.

Ona umeer 12 Bepiva
Ve ={(u,e,i), (v,e,i)} : 1<i<6

e

u 14 pébep
Et’? = {{(u,e,4), (u,e,i+1), (v,e,i), (v,e,i+ 1)} : 1 <i <5}
U {{(u,e,3), (v,e,1), (v, €,3), (u,e,1)}}
U {{(u,e,6), (v,e,4), (v, e,6), (u,e,4)}}.
Korzma koncTpykups 6yaeT 3aKOHYeHa, TO JONMOIHATEIhHBIE péOpa, BeayIIne
K 3TOI TTPOBEPSIONIEH TTOKPHITHE KOMITOHEHTE, OyIyT WHIWICHTHBI TOJIHKO BEp-
mmaaMm (u, e, 1), (v, e, 1), (u, e,6) u (v, e, 6). Orciona cremyer (B 3TOM YUTATEH
MOXKET JIErKO yOeauThes ), 94To 000l raMuibToHoB nukia B rpade G’ nomked

nepecekarh pébpa u3 E! 1o oxHoil u3 Tpéx KoHdUrypaiwmii, n306paKEHHBIX HA
puc. 3.5. Hanpuwmep, eciv UK «IIOAXOAUT» K PACCMATPUBAEMOM KOMIOHEHTE B
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(u,e,1) \ (v,e,1)

(u,e,2) (v,e,2)
(u,e,3) \ (v,e,3)

(u,e,4) (v,e,4)
(u,e,5) *\/\ (v,e,5)

(u,e,6) (v,e,6)

Puc. 3..4: Komnonenma 0aa nposepru nokpumus, cOOMEEMCcmseyouas, peopy
e = {u,v} 6 ceedenuu 3adawu BEPIIITHHHOE IIOKPBITHE % 3adaue I'A-
MUJIBTOHOB ITUKJIL

- - - - -

LY * # #
(o)} weDX 4D N A el
> X

y :
(we,6) b eV Naag N (1,66

- - -~ b P

a '] 8

Puc. 3..5: Tpu 6o3mooicnbie KoHPU2YPAUUL NEPecereHiLs. 2aMUAIDTNOHOGA UUK-
G C KoMNOHeHmoTi dasa nposepru noxpwmus pebpa e = {u, v}. Konduzypayuu
COOMEEMCMEYIOM CACOYIOUUM CAYRAAM: (0) U NPUHAOAEHCUM, @ V HE NPUHAD-
Aevicum nokpuimuto: (6) u u v npunadiescam nokpoimuo; (6) v npunadaescum,
4 U He NPUHAONEHCUM NOKDBLMUID.

Bepimae (u, e, 1), To OH «BBIXOAUT» 00SA3aTeILHO B Bepuiune (u, €, 6) u mpoxo-
nut b0 depe3 Bce 12 BEpIMH 3TON KOMITOHEHTHI, JTMOO0 TOILKO depe3 6 BepIuH
(u,e,i), 1 <i<6.

JonomauTenbHbIEe PEOPA B OKOHYIATETHHON KOHCTPYKIIAN CIIY>KAT JTHOO st
COEIMHEHUsT TIAp KOMIOHEHT MPOBEPKU MOKPBITHUS, JTUOO IJIsT COSIUHEHUST KOM-
MOHEHTHI TTPOBEPKM TMOKPBHITHsT C BhIOMpatomeil BepruHoi. JIjis Kaxmoit Bep-
MUHLL ¥ € V yHOpsSZoYnM MpOM3BOJLHBIM 00pa30M PEOpA, WHIMIEHTHBIE U :
€y[1]s €u[2]s -+ Culdeg(v)]> TA€ deg(v) — cmenensy BepmmEbl v B rpade G (T.e. ncIo
péGep, MHIUIEHTHBIX BepUIvHE v). Bce KOMIOHEHTbI MPOBEPKH MOKDPLITH, CO-
OTBETCTBYIOIHE PEOPAM, WHIIUIEHTHBIM VU, COEIUHSIOTCS BMECTE CJIE/IyIOIIMHI
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CBSI3YIOIIUMHU PEOPAMIE:

EII) = {{(’U, €yli] 6): (Ua €yli+1]» 1)} 01 < { < deg(v)}

Kak nokazano na puc. 3.6, Takoe coemuuenne obpa3yer eIMHCTBEHHBIH MyTh B
G', BKJIIOYAIONMIT B TOYHOCTHU T€ BEPIIUHBI (X, Y, ), AJis KOTOPHIX T = 0.

(I":eb.l']j“l)

(v:6,1),6)

(v,e,13,1)

(v,€,131,6)
(lf'.ﬂ,.uj,” "\‘
(%, € fgeg (1, 1)

(v”v[deg(vﬂsﬁ}

Puc. 3..6: ITymwv, coedunanowull 6ce KOMNOHEHMDYL NPOBEPKY NOKPLINUSA, KOMO-
puie coomsememeyrom péopam u3 E, unyudenmuoim sepuiure v.

IMocnenusas rpynna ceasyonmx péoep B G' coemuHsieT nepByo 1 MOCIETHIO
BEPIIUHBI 3TOTO TMYTH C KaYKIOW W3 BHIOUPAIOIIUX BEPIIUH (1, (2, ..., Q- ITH
pEOpa UMEIOT CAeIYIOTNil BII;:

E” = {{aia (Ua ev[l]a 1)}7 {a'ia (’U, ev[deg(v)]a 6)}1 < i < K: v E V}

Oxomuarensuo rpad G’ = (V', E') nmeer Bug

V’:{a,»:l<i<K}U<U Ve’>

ecFE

E = (U Eé) U(U E,’,) UE".

< veV

Herpynno Bumers, uro rpad G’ MOXKHO HOCTPOUTH 3a MOJUHOMHUAIBLHOE BPEMs
nexona uz G n K.
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Mer yreepkaaem, aro G' mmeer raMMIbTOHOB MK/ TOTAA W TOMBKO TO-
rja, korja (G uMeer BepIMHHOE TOKPBITHE, cocrosiiee He Gomee dem u3 K
seprud. [Ipeamonoxum, ato (vq, va, ..., Vy) — raMEIBTOHOB WK B rpade G’
(3meck n = |V'|). PaccmoTpuM m0GyI0 9aCTh 3TOrO IUKJIA, KOTOpasi HAYWHA-
eTcsl M KOHYAeTCsl B BEPIUHAX MHOXKecTBa {a1, as, ..., Ak} ¥ HE CONEPIKUT HU
OJTHOM BEPIIUHBI 3TOI0 MHOXKECTBA B KAYECTBE MPOMEKYTOUIHOU. B cumy panee
YIOMSIHY THIX OPPAHUYEHUI HA KOH(MUTYPAIUIO, IO KOTOPO raMUIHTOHOB UK
MOZKeT TPOXOIUTh Yepe3 KOMIIOHEHTY MPOBEPKU TTOKPBITHS, PACCMATPUBAEMAS
YACTh [UKJIA, JOJIKHA TTPOXOIUTH TOJIBKO Yepe3 KOMITOHEHTHI MPOBEPKU TIOKPHI-
THsI, COOTBETCTRYIOIIME PEOpaM n3 F, MHIUIEHTHBIM HEKOTOPOI ODIIel BepInHe
v € V. Kaxkgast KOMIIOHEHTA, TPOBEPKHU TMTOKPHITHS TEPECEKACTCS ONHUM U3 CITO-
coboB (a), (6) wiu (B), yKa3aHHBIX HA PUC. 3.5, IPUYEM OHA HE IPOXOAUT Yepe3
BEPIIMHBI HA U3 KAKOM JAPYro#l KOMIIOHEHTHI MIPOBEPKH MOKPBLITHS.

Takum obpasom, K Bepmiun Muoxecrsa {aj, as, ..., ag } AJIAT PACCMATPU-
BaeMbIil TAMUIBLTOHOB IUKJ Ha K myTeif, cCOOTBETCTBYIONIUX HEKOTOPHIM Bep-
mmaaM v € V. TToCKOMbKY raMWJIBTOHOB IIHKJ JIOJIXKEH MPOXOAUTH Uepe3 BCe
BEPITUHBI KAYK IO KOMIIOHEHTHI TTPOBEPKY MOKPHITHS, TPUUEM BEPIIUHBI U3 KOM-
[IOHEHTHI IIPOBEPKH MTOKPbITHS pedpa e € E MOryT npuHa/i/iekarh TOMbKO My TH,
COOTBETCTBYIOIEMY OJHON W3 BEPINWH, MHIUIECHTHLIX €, TO Joboe pebpo B F
JOI?KHO OBITH MHITHAEHTHO O KpaiiHei Mepe onHoi n3 K BeIOpAHHBIX BEPIINH.
CriemoBareabHo, 9TO MHOYXKECTRBO, cocTosimee n3 K BeprimH, 06pa3yer HCKOMOe
BEPIMHHOE TOKpBITHE Tpada G.

O6parno, npegnomoxum, uro V* C V — BepmmuHOE TOKpBITHE Tpada G
u |[V*| < K. Moxkuo cuntars, aro |V*| = K, mockonabky ecan K V* 106aBUThH
HECKOJIBKO BepituH u3 V', ro V* ocranercs BepiuHHBIM MOKpbiTHeM. O603HAIUM
smemenTsl V* wepes vy, vo, ..., Vg . Paccmorpum, kakue pébpa Hy»KHO BKIIOYUTH
B TaMUJIBTOHOB IUKJT rpada G. I3 KOMIIOHEHTHI TPOBEPKU TOKPBITHS, TIPE/ICTAB-
asomeit pedbpo e = {u, v} € E, Beibepem pébpa, n306paskénube Ha puc. 3.5 (a),
(6) mm (B), B 3aBUCHMOCTH OT TOTO, PaBHO Jin {u, v} N V* coorBeTcTBeHHO {u},
{u,v} win {v}. Iockonbky V* — Beprmunoe nokpsitue rpada G, To ogHa U3
9TUX BO3MOYXKHOCTEH 00s3aTeNbHO JIOMKHA ObITh PEATn30BaHA. 3aTEM BO3bBMEM
Bce pébpa B E;, 1 < i < K. Hakonen, Beibepem péopa.

{ai, (vi, e, [1], D} 1< i < K,

{a'i+17 (via evi[deg(ui)] ) 6)}7 1 < 0 < K7

u
{a'i7 (’UK, eUK[deg(uK)] ) 6)}

IIpoBeputh TO, 9TO BBIOpAHHOE MHOXKECTBO PEOEP B IeHCTBUTEILHOCTH CO-

OTBETCTBYET TaMUJIBTOHOBY THMKIY B G/, MBI IPEJOCTABISEM YHTATETIO. [

Paccmorpum meckonbko BapuanTos 3agadn TAMUJIBTOHOB ITUKJI. 3a-
naga TAMUJIBTOHOB IIVTDH dopmynupyercs Tak ke, kKak 3aaa4da ['11, Ho 6e3

YCIOBHUA, 9TO IE€PpBad U IIOCTEIHAA BEPINUHBI B IIOCIEIOBATEIbHOCTH JOJIZKHBI
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66T coemuueHbl pebpom. 3agada TAMUJIBTOHOB ITVTHh MEXKY JIBY-
M4 BEPIIINMHAMMU ornugaerca or 3agaga TAMUWJIBTOHOB IIVTH ronbko
TEM, 9TO B YCIOBUU TOM 3aa49u (DUKCUPYIOTCS JABE BEPIINUHDI U W U U CIPAIIH-
BaETCsI, BEPHO /v, 9YTO (G COMEP’KUT TAMWUJIHTOHOB MyTh U3 4 B v. NP-momHOTA
obenx 3TUX 3aJa4 MOXKET ObITh JTOKA3aHA C TOMOIIBIO MPOCTON MOAMMUKAIINT
CBOJIMMOCTH, MCIONB30BAHHON I J0KazareabcTBa NP-momnorsr 3amaqan [,
Momudunupyem rpad G', KOTOpBIH OMTy9aeTCs B KOHIIE PACCMOTPEHHON BBIIIE
KOHCTPYKIIUU CIEAYIONM 00pa3oM: J0OABUM TPHU HOBbLIE BEPIIUHbBI G, A1 1
aK+2, TBa HOBBIX pebpa {ag, a1 } v {ax i1, ax 2}, & TAKIKE 3aMEHNM KaxkI0€ pe-
6po Buma {ai, (v, €y[deg(v)], 6)} Ha pedPo {ax 11, (V, €y[deq(v)], 6)}. B mocaemmeii
momrdukanyn 3aaa49u [l BbIIeIeHHBIMI BEPIIUHAMU SIBIISTIOTCS (g U QK +1-
Bce Tpu mepeunciieHHbIe BBIIIE 33,0291 OCTAIOTCs NP-ITOTHBIMI B B TOM CITy-
4ae, eclii HeOPUEHTUPOBAHHBIN rpad G 3aMEHUTH OPUEHTUPOBAHHBIM, & HEOPU-
E€HTUPOBAHHBINA TAMUIBTOHOB [UKJ WU OyTh 3aMEHUTH HA OPUEHTUPOBAHHBII.
Bcenomunm, uro opuentuposanubiii rpad G = (V, A) cocTouT u3 MHOXKECTBa,
BepiuH V 1 MHOXKeCTBA A ynopadouentsix Tap BEPINUH, HA3BIBAEMBIX Jy2aMU.
TamunbroHOBBIM IyTéM B OpuenTupoBannoM rpade G = (V, A) nasbiBaercs Ta-
Kas [OCJIEN0BATEIBHOCTD < V1, V2, ..., Un > (n = |V|) Bepmumn rpada G, 9ro
< 3,041 >€ A, 1 < i < n. TaMUIBTOHOB MyTh HA3BIBAETCS] PAMUIBTOHOBBIM
[IUKJIOM, eclnu < Up, U1 >€ A. Kaxnas u3 YOOMSAHYTBIX BBIMIE 33039 Ha HEOPU-
EHTUPOBAHHBIX rpadax MOKET ObITh CBEIEHA K 33Ja9e HA OPUEHTUPOBAHHOM
rpade 3amenoii pebpa {u,v} HeopmenTHpoBanHOrO rpada mapoi ayr (u,v) n
(v, u). Ilo cymiecTBy, 3aa4u HA HEOPUEHTUPOBAHHBIX Ipadax ABIAIOTCH YACT-
HBIMY CJIY9asiMd COOTBETCTBYIONIUX 324 HA OPUEHTHUPOBAHHBIX rpadax.

3.1.5. Pazbuenune

B macrosmem pasaesne Oyaer paccCMOTPEHa, MOCTIe HsII U3 MIeCTH OCHOBHBIX NP-
noJiHBIX 3a1a4 — 3aga4a PASBUEHNE. 9To 3ama4a 0cOGEHHO IOIE3HA, [IPH J0-
KazareabcTBe NP-TIOTHOTHI 33124, YCIOBAE KOTOPBIX COJEPKUT TAKUE YUCTIOBBIE
MapaMeTphl, KAK IJIUHBI, BECA, CTOMMOCTH, TTPOIYCKHBIE CTIOCOOHOCTH U T.]I.

Teopema 3.5. 3adauwa PABGUEHUE ssasemcsa NP-noanoi.

Jokazarennctso 5. Jlerko sumerh, uro PASBBUUEHIUE € NP. B camom neie,
HEeIETePMUHUPOBAHHBII AJITOPUTM HOJDKEH yTaJaTh TOJIBKO TMOAMHOXKECTBO A’
MHOXKeCTBa A ¥ 33 MOTUHOMHUATBHOE BPEMs MPOBEPUTH, UTO CYMMa Pa3MepOB
ssieMeHTOB U3 A’ Takas e, Kak CyMMa pa3MepoB snemenToB u3 A\ A'.

Ceeném zamaay 3-C k 3amage PABBUEHUE. Ilycts muoxkecrsa W, X, Y
mpu |[W| = |X| = |Y| = ¢ w nogmuOoRectBo M C W x X x Y obpasyor
MPOW3BOIBHYI0 WHANBUAYAJbHYIO 3amady u3 3-C. O6o3HaUMM 3JI€MEeHTHI ITUX
MHOYKECTB CJIEYIOINAM 00Pa30M:

W = {wy, wa, ..., wy },

X ={z1, 22, ..., 24},

Y = {yh Y2, -0y yq}7

u
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M = {myi,ma,...,my}, tne k = |M|.
Tpebyercs mocTponTh MHOXKecTBO A 1 pazmepnt s(a) € ZT Bcex aeMeHTOR
a € A tak, 9To6b1 A comepxkano mogMHoKecTBO A’ 171 KOTOPOTO CIpaBesTuBO

Z s(a) = Z s(a)

acA’ acA\A'

B TOM U TOJBKO B TOM Ciydae, eciu M comep:KuT TPEXMEPHOe COYeTAHUE.

MruoxkectBo A Gymer comepykarh k + 2 3JIeMEHTa W CTPOUTHCSA B JBA 11ara.
IMepsbivu k snementamu muoxectsa A Oymyr {a; : 1 < i < k}, roe a; ac-
couuupyercs ¢ Tpoiikoit m; € M. Pasmep s(a;) snementa a; onpenesnsiercs ¢
HNOMOILBIO IBOUYHOIO TpejcTaBienus ducia s(a;). Caoso u3 Hyseil u eauau,
cootsercrByomee s(a;), pasdbuBaercs Ha 3¢ «30H» mo p = [logo(k + 1)] Our B
Kaxkmoit. Kakmas n3 3TuX 30H MOMedaeTcst HeKOTOphIM dmemernTom u3 WU X UY
TaK, KaK yKa3aHo Ha puc. 3.7.

JBowuHOE MpeacTaBaenne Yucia s(a;) 3aBUCUT OT COOTBETCTBYIOIIEH TPOii-
K m; = (Wy(i), Tg(iy, Yus)) € M (roe f,g w h — dynxuun, 3amaompe wH-
JIEKChI [epBOii, BTOPON ¥ TPeTbeil KOMIOHEHT KaxKIO# Tpoiiku m;). B uwmc-
me s(a;) mpaBble KOHIBI 30H, COOTBETCTBYIONIME THCTA W (j), Tg(s), Yh(i), TOME-
geHbl 1, ocranbHble 3HaKW uuciaa s(a;) — Hymu. Ipyrumu ciosBamu, s(a;) =
or(3¢—£(3)) 4 929—9(3)) 4 9pr(a—h(3))

Tak Kak JABOMYHASA 3AIMCh KAXKIOro u3 4ducen s(a;) umeer NjuHy He Gosee
3pq, T0 AcHO, 9TO $(@;) MOYKHO MOCTPOUTD TI0 3aJAHHON NHIMBUILYATLHON 3a1a9€
u3 3-C 3a MOIUHOMUATIHLHOE BPeMsi.

Ha mamuOil cTaaun KOHCTPYKIMH BAYKHO OTMETHUTh, YTO €CJIU TPOCYMMUPO-
BaTh CONMEPKMMOE OTHOW 30HBI BCeX 3ymeMeHToB MHOXKectBa {a; : 1 < i < k},
TO pe3yJbTaT Beerda He Oyaer npesocxoauth 2P — 1. CremoBarenbHo, Tpy CyM-
MHUPOBaHIHA -+, $(a) Mo Heroropomy mommuoxkectsy A' C {a; : 1 < i < k}
HUKOTIa HEe TPUAETCS MEPEHOCUTH €UHUIIBI U3 OJHON 30HBI B COCEIHION.

LU foee [T TTT ome [TITTTTITIT [owe [TTT

114'1 Wa eee H-"q. X1 X3 eee xq _'I?l V3 ees _‘L?q

Puc. 3..7: Jeouunas sanucv wucaa s(a) ¢ nomewenuomu 3q 30Hamu ¢ p =
[log o(k + 1)] deouunbimu snaxamu 6 xadicdoli, KOMOPAL UCNOABIYEMNCA 6 CEe-
denuu 3-C x PASBBHUEHUE.

Orcrona cmemayer, 9TO eCIu MOJOKUTH

3q—1

B=Y)" 2w
j=0
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(B — 9ucno, B JBOMYHOM 3aMCH KOTOPOTO B TPABOM KOHIE KazK0i 30HBI CTOUT
1), To pna moboro noamuoxkecrsa A’ C {a; : 1 < i < k} coorHomenue

Z s(a) =B
a€cA’
BBINOJIHETCS TOTIA U TOABKO Torga, korga M' = {m; : a; € A'} — rpéxmepnoe
coueranne ays M.
Ha mocnenmeii cragum KOHCTPYKIAA CTPOATCS OCTABIITUECS IBA SIEMEHTA, U3
A. OHU ONpenensaoTes SIeMeHTaMA by 1 by, MMEIOIINMY CIEAYIONIAE Pa3Meph:

s(by) = 2(22 s(ai)> - B,
s(by) = 2 (g s(ai)> + B!

JlBonvmHble 3aMUCH STUX BEIUYWH MMeIOT AnnHy He bomee 3pg + 1 u mMoryT
OBITH [TOCTPOEHBI 33 BPEMSI, 3aBUCSIIEE TTOTHHOMHUAILHBIM 00Pa30M OT pa3Mepa
uHAUBUIyanbHON 3ama4un u3 3-C.

Tenepb MpeanoNoKuM, 9T0 UMeercsa moamuoxkecrso A’ C A, Takoe, 4To

Z s(a) = Z s(a).

acA’ a€A\A'

Torma Kaykmasi U3 3TUX CyMM IOJKHA OBITH PaBHA 2(2?21 s(ai)>, IpuuéM

onuo n3 muOKecTs A' mam A\ A’ comepxkut by m He comepxut be. Orcroma
CJIEIy€eT, 9TO OCTAJIBHBIE 3JIEMEHTBI 3TOr0 MHOXKECTBA, IPUHAIIEKAT MHOKECTBY
{a; : 1 <i < k}, cymma ux pa3mepos paBHa B u, B CUJly CIEIaHHOIO 3aMeYaHus,
OHM 06Pa3YIOT MMOIMHOKECTBO, COOTBETCTBYIOIIEE HEKOTOPOMY TPEXMEPHOMY CO-
verarmio M' B M. O6partHo, ecin 330aH0 TpéxmepHoe couetanne M' C M, To
muOoKecTBO {b1 } U {a; : m; € M'} obpasyer nckomoe MHOKecTBO A’ myst 3a1aH-
noit uaguBuayabHoi 3anaun u3 [IAPOCOYETAHUE. Takum obpasoMm, 3ama4a
3-C o« PABBUEHUE, u teopema moka3ana.

3.2. Hekoroprbie MeTOabI JOKa3aTeJIbCcTBa NP-110J1-
HOTBI

MeTonpl, UCTIOIB3yeMbIe IPU JOKA3ATEIHLCTBE Pe3yabTaToB 00 NP-momHoTe, Me-
HSIIOTCS TIOYTH B CTOJIb YKe IMUPOKUX Mpeiesiax, Kak u camu NP-nogHbie 3a1a9u,

lEciau B MEHOXKecTBe M HET TPEXMEPHOTO COYETAHHS, TO, BOODIIE TOBOPSI, s(b1) MOXKeT OBITD
OTPHIATENHHO, YTO TIPOTHBOPEUNT onpenenenuio s(a;) € Z1. B arom ciyuae, 1jist CipaBeIn-
) )

BOCTH TEKCTa JOKA3ATENbCTBA CaexyeT moiaokuTh s(bi1) = 0, s(b2) =3 Zle s(a;) | .— IIpum.

peo.



76 I'masa 3. /lokazareabcTBO pesyabraroB 06 NP- moaHOTE

MO3TOMY 3/IeCh y HAC HET BO3MOXKHOCTH MPOUJLIIOCTPUPOBATHL uX Bee. OmgHAKO
MMEeeTCsI HECKOIBKO OOIMUX MPUEMOB JOKA3ATEILCTBA, KOTOPhIE 9aCTO BCTPEYa-
TOTCS ¥ MOTYT TOJCKA3aTh IIyTh K J0KA3ATENbCTBY [NP-MOJHOTHI HOBOM 3aa4M.
Ownw HazwBaoTCs: (a) cyxkenue 3a1a49u, (6) JOKAIbHAS 3aMeHa U (B) MTOCTPOCHNE
KOMTIOHEHTHI.

B macrosmem pa3zgene, B OCHOBHOM Ha IPHUMEPaX, MbI O0bsICHUM, 9TO TTOHH-
MaeTCsl TOJ KaXKIbIM W3 TUX MPUEMOB IOKA3ATENHCTBA. BBHIIO ObI OMUOKOM
MBITATHCSA JATh WX SIBHOE OTmpenesieHne. MHOTHE I0KA3aTeIhCTBA JOMYCKAIOT
WHTEPIPETAINY, TO3BOIAIOIINE TPUIUCIUTh WX K JIIO0OH M3 3TUX TPEX Kare-
ropuii. Hekoropbie moka3arenbcTBa TaK CHILHO 3aBUCAT OT CHEIMMMUKHA OIIH-
CaHHUs 3aJa4d, 9TO UX He yIAETCA KIACCH(MUINPOBATHL CTECTBEHHBIM 00Pa3oM
B CTOJIb OFPAHUYEHHOM MHOXKECTBe Kareropuii. Tak 94To YuTaTesIo HE ClIeayer
pPacCMaTpUBAThH HUMKEM3JIOKEHHOE KAK MOMBITKY KJIACCU(MDUKAINN BCEX TOKA3a-
teabcTB NP-nonroThl. Harra ennHCTBEHHAS HEJIh — MPOUJLIIOCTPUPOBATEH HEKO-
TOPBIE MOIXOAbBI K JOKA3aTeNbCTBY NP-N0IHOTHI, KOTOPBIE MbI (& TAKXKE APYIrHe
ABTOPBI) C UHTYUTHBHON TOYKM 3PEHUs HAILIM KOHCTPYKTUBHBIMU U PUBJIEKA-
TeTbHBIMH.

JImst KpaTKOCTH MBI OyIeM B JadbHEHIeM OIMyCKATh BO BCEX TOKA3ATEThb-
CTBaX MPOBEPKY TOrO, 9TO paccMaTpuBaeMasi 3aaada npunaiekut NP. OrTHo-
CHTETbHO KaKI0i M3 pacCMaTPUBAEMbBIX HIXKE 33129 JIETKO YCTAHOBUTH Pa3pe-
IITUMOCTh 33, TOJIMTHOMHUAIFHOE BPEMsI HEIETEPMUHUPOBAHHBIM aJITOPUTMOM, U Y
YUTATENIS He OJYKHO BO3HUKHYTH 3aTPYIHEHUN, €Civ moTpedyeTcss MOCTPOUTH
TaKO aJITOPUTM.

3.2.1. Cyxenue 3amgadu

N3 mpéx paccMaTpuBaeMbIX NPUEMOB J0KA3ATENHCTBA METOJ, CYYKEHUsT — CAMbII
MPOCTOI M, BEPOSITHO, HAUDOJIEE IACTO BCTPEUACTCH.

Jloka3aTehCTBO METOIOM CyKeuusi NP-TomHOTH (hUKCUPOBAHHON 3a1a4u
IT € NP zakimodaercs mpoOCTO-HAIIPOCTO B YCTAHOBJIEHUU TOrO, UTO 3amada 11
BKJIIOYAET B KAYECTBE YACTHOTO ClIydas u3secTHyto NP-nommyo 3agaqy I1'. CyTs
COCTOWUT B TOM, YTODBI YKA3aTh MOTOJHUATEIbHbIE OIPAHUYEHUsI, KOTOPBIE TpPe-
OyeTrcst HAJIOXKWTH HA WHIWBHUIAYAJIbHBIE 330a49n w3 II, 9TOOBI MOIyYUBITIAsICA B
pesysbrare Cy:KeHus 3a/1a4a Obiaa 6l sxkBuBasienTHa I11'. Ilpu sTom He Tpeby-
eTcst, 9TOOBI BOZHUKAIOIIAS B Pe3yIbTare 3a/1a9a ObLIa mouHol Komuei m3Becr-
Hoit NP-mioHO# 331291, HEOOXOINMO TOIBKO, ITOOBI MEXK/IY 3aa9aMi HMETOCH
«OYEBUIHOE» B3aUMHO-OJHO3HAYHOE COOTBETCTBUE, COXPAHSIONIEE OTBETHI <%
UM «HeT». B3anmMHO-OIHO3HAYHOE COOTBETCTBHE, KOTOPOe maét seedenue I k
I1, 0OBIYHO HACTONBKO OYEBUIHO, UTO €r0 JarKe He TpeOyercs: yKa3bIBaTh sIBHO.

Heckonbko mpuMepoB J0KA3ATEIBLCTB STOTO THIA YKe BCTPEYATIOCH B PA3/I.
3.1.2. NP-nosinora 3aaun TOUYHOE IIOKPBITUE 3-MHOXKECTBAMMU 651-
Jla JOKA3aHa TYyTEM PACCMOTPEHUS CPENu €€ WHIWBUAYAJIHHBIX 337039 TOJIBKO
TeX, B KOTOPHIX TPEXITIEMEHTHBIE MHOYKECTBA, COAEPKAT M0 OJHOMY JIEMEHTY U3
muoxkectB W, X uY (rue W, X uY — paBHOMOIIHBIE HENEPECEKAIONINECT MHOMKE-
crBa). Takue 3anaun ugenruanst 3amade 3-C. B pazz. 3.1.4 NP-nonnora 3a1a49u
OPUEHTUPOBAHHBIN TAMUJIBTOHOB ITNKJI 6bi1a mokazana 61aroga-
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P TOMY, 9TO Cpeay eé MHAMBULYAJbHBIX 38349 Mbl PACCMATPUBAJIN TOJIBKO T€,
B KOTOPBIX OPUEHTHPOBAHHBIX rpad BMecTe ¢ KaxKIOi ayroit (u,v) coaepKuT
OPOTHUBOIOIOXKHO OPUEHTUPOBAHHYIO 1yTy (U, U), T.€. HHIAUBUILYAJbHBIE 339U,
B COBOKYTHOCTH OOpa3sylolnue 3a1a4y, uaenrunyanyo 3agade TAMUJIBTOHOB
IINKJI.

TakuM 06pa3oM, MeTO, Cy>KEeHHsI MOXKHO PaCCMATPUBAThL CKOPee KaK HHOM
B3TJIA, HA 33029y, & He KAK CTAHIAPTHBIN CIIOCOD M0KA3ATETbCTBA NP-TIOTHOTHL.
Bwmecto Toro 9robbl MBITATHCA CBECTH OHY W3 M3BECTHHIX NP-MOMHBIX 33034 K
3a/IAHHOM, MBI KOHIIEHTPUPYEM BHUMAHUE HA TOCIEIHENH U ThITaeMCsT OTOPOCUTH
«HECYIIECTBEHHBIE €€ MeTAJIN C TeM, YTODBI Oy IiIach n3BecTass NP-moaHast
3aJad4a.

Huke npuBeneHo emé HECKOMbKO MPUMEPOB 3a7a4, NP-IOIHOTa KOTOPBIX
JIOKA3BIBAETCS METOJIOM CYXKEHHsI; [IPUA 3TOM JI0KA3aTeIbCTBA (POPMYIUPYIOTCI
HaCTOJIHLKO KPATKO, HACKOIHLKO 3TO BO3MOKHO.

1. MUHUMAJIBHOE IIOKPHBITUE

YCJIOBUE. 3anano cemeiictso C MOIMHOMXKECTB MHOMKECTBA, S IMOJIOYKUATEIIh-
Hoe nesoe duciao K.

BOITPOC. Conepxur mu C noxpumue MmuOXKecTBa S pa3mepa He Homee K
T.e. Hafinérea m mogmuokectso C' C C, makoe, uto |C'| < K n | e c = S7

Jloxaszamenavcmeo. 3amada npespamaercs B TTI-3, ecaim orpaHUnduThLCST TOTh-
KO TeMW WHIWBUAYAJLHBIMU 3aJa9aMu, y KOTopbix |C| = 3 1yist Bcex MHOYKECTB

CeCuk=|S|/3.

2. MHOKECTBO IIPE/ICTABUTEJIEN

VYCJIOBUE. 3azano cemeiicto C' MOIMHOYKECTB MHOYKECTBA S U MOJIOXKU-
TeJILHOE 1eJIoe 9ucyio K.

BOITPOC. Comepxxut jn S MHOXKECTBO npedcmasumeneti 1y C' MOITHOCTH,
He npepocxongmeil K; T.e. cymecrsyer nm nogMuoxkectso S’ C S, Takoe, 94To
|S'| < K u S’ conepKur no KpaitHeii Mepe OIMH JIEMEHT U3 KAZKI0I0 MHOXKECTBA
cemeiicra, C'?

Zloxasameavcmeo. 3agaua npespaiiaercd B 3amaay BII, ecnu paccmorpers
TOJILKO Te WHANBHUIyaIbHBIE 337a49H, ¥ KOTOPHIX |¢| = 2 mus Beex ¢ € C.

3. IBOMOP®U3M IIO/JITPADY

YCJIOBHUE. Bananst gsa rpada G = (Vi, Ey) u H = (Va, E»).

BOIIPOC. Conepxur au rpad G noarpad, usomoppruti H? dpyrumu cio-
BaMM, CYIECTBYIOT Jin Takwe moamMuoxKectBa V. C Vi, E C FE; m B3auMHO-
onuosnaunas pyukuust f : Vo — V, aro |V| = |Va|, |E| = |E»| Torma u Tonbko
rorga, xorga { f(u), f(v)} € E?

Joxazameavcmeo. 3amada npespamaercs B 3anaay KJINKA | ecniu pacemar-
pPUBATH TONBKO T€ WHAMBHUIYAJTbHBIE 3aJa4M, JIJis KOTOPbIX H— momHbIi rpad,
T.e. UHINBUIyaJhHBIE 33/1aU1, B KOTOPHIX Fy COMEPYKUT BCE BO3MOXKHBIE PEOPA,
COeINHSIONINE BEPITUHBI U3 V.

4. OcToBHOE JIepeBO OrpaHUYEHHOl CTeleHn
YCJIOBHUE. Baganwt rpad G = (V, E) u nonoxurensHoe 1enoe gucio K
K|V -1
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BOITPOC. Cymiecrsyer iu B G ocmoshoe depeso, B KOTOPOM BCE BEPIITHHDBI
HMEIOT cTeneHb He 6oree K, T.e. takoe moamuoxkectso E' C E, gro |E'| = |V|-1,
rpad G' = (V, E') cBa3en u au ogHa BepmuHa B V' HE IPUHAJIEKAT 0OTee 9em
K pébpam u3 E'?

Joxazameavcmeo. Eciiu paccMOTPeTh TOIBKO T WHAUBHUIYATbHBIE 33/1a4H, B
korophix K = 2, 7o 3amaua npeeparaerca B 3agaay TAMUJIBTOHOB IIYTh.

5. MUHUMAJIBHBIV SKBUBAJIEHTHHII OPUEHTUPOBAH-
HBI TPA®

YCJIOBHUE. 3aganst opuentuposanubiii rpad G = (V, A) u nonoxureabuoe
nenoe uncio K, K < |A|.

BOTIIPOC. Cymecrsyer yn opuentuposanubiii rpad G' = (V, A'), takoii
uro A' C A, |A'| < K wn ansa kaxaoi napsl Bepmue u u v u3 V B G’ nmeercs
OPMEHTHPOBAHHKIN MyTh OT u K ¥ TOTJA W TOJIHKO TOTAa, Korma B (G mmeercs
OPUEHTHPOBAHHBIN IIyTh U3 U K 0.

Zoxazamenvcmeo. Ecau paccMaTpuBaTh TONBKO WHIWBUILYAIbHBIE 3a0a4H,
1t KOTOphIX rpad G CUIBHO CBSI3€H, T.€. COIEPKUT OPHEHTUPOBAHHBIN Iy Th OT
J060it BepmHbI K J11060i apyroii Beprute v u | K| = |V, To 3ana4a npespaina-
ercsa B 3amaay OPUEHTUPOBAHHBIN TAMIJIBTOHOB IINKJI B CUJIb-
HO CBA3HOM OPUMEHTUPOBAHHOM I'PA®E, ognako NP-moaHOTa 3TOi
387497 HEMEIJICHHO CIEIyeT W3 TMPUBEISHHBIX BBINME KOHCTPYKIWIA I 33040
I'll ©« OPUEHTUPOBAHHBII T'1I.

6. PFOK3AK

YCJIOBUE. 3anano konednoe Muoxkectso U, «pasmephi» s(u) € Z1, «cro-
nmoctis v(u) € ZT mns Becex u € U, obmiee orpanndenne B Ha pasmephl,
B € Z7", u 3nagenne croumocta K € Z+.

BOTIPOC. Cymecrayer i nogmuosxkectso U’ C U, takoe, 9To

Zs(u)gB u Zv(u)}[(?

ucl’ uel’

Jloxazamenvcmeo. ECM OrpaHWYINTHCA PACCMOTPEHWEM TOJTHKO TAKUX WH-
JIMBUAYAJBHBIX 33789, B KOTOPHIX 1jst Beex u € U, s(u) = v(u) m B = K =
3 Y uer $(u), 10 31392 npespamaercs 8 PASBUEHIE.

7. PACIIMCAHWUE 1JI4 MYHBTHHPOHECCOPHOﬁ CUCTE-
MBI

VYCJIOBUE. 3amaH0 KOHEUHOE MHOKECTBO A «3amaHuity, «IJIATEILHOCTHA
I(a) € Z% nna Beex a € A, uncino m € Z+ «IpoleccopoB» U <«JIUPEKTUBHbII
cpok» D € Z+,

BOIIPOC. Cymecryer iu paszbuenue A = Ay U As U ... A, MHOXKecTBa A
Ha 1 HEIePeCeKAIOIUXCA MHOXKECTB, TAKOe, 9TO

maX{Zl(a):lgigm}gD?

aca;
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Joxazameavcmeo. Eciu paccMaTpuBaTh TOMBKO T€ WHINBUIyATbHBIE 3a7a-
9y, I KOTOPeIX m = 2 u D = % > l(a), To 3anaua npeppainaercsa B PA3-
BUEHUE.

B 3akmrovenne 3aMeTM, UTO U3 TPEX 0OCYKIAEMBIX TOIXOIOB K YCTAHOB-
siernto NP-TIOTHOTHI METOJ, CY’KEHUsI B HAWOOJIBINENl CTENEeHN BBIUTPBIBAET OT
HAJTHYIAA OOIMIUPHOrO crmucKa NP-TOTHBIX 331a9, CBEPX OCHOBHBIX IECTH 33a4
U UX BapuaHTOB. MHOrME BO3HUKAMOIIUNE HA MPAKTHKE 33JAYU MPEJCTABISAIOT
coboit mpocTo Ooee CI0XKHBIE BEPCHM 3aaad W3 chorucka NP-TIOMHBIX 337349 B
MPHUJIOKEHUH, U CITOCOOHOCTH YCMOTPETh 3TOT (haKT BO MHOTHX CIydasX TO3BO-
JsieT OBICTPO MoKa3aTh NP-TOTHOTY METOIOM Cy KEHHUST.

a€A

3.2.2. JlokajgwnHaga 3aMeHa

CBOAMMOCTH, BO3HUKAIOLIUE [IPU JOKA3ATEIHCTBE METOIOM JIOKAJIBLHON 3aMeHbI,
JIOCTATOYHO HETPUBHUATHHBI, IYTOOBI UX BCErIA MOKHO OBLIO C TaApaHTHEH TIpes-
CTABUTH B CTAHIAPTHOM BHIE, OTHAKO OHH OCTAIOTCS OTHOCUTEIHHO HECTOXK-
HBIMH. DTOT METOJ, COCTOUT B TOM, UTO BLIOMPAETCS HEKOTOPOE XapaKTepHOe
CBOICTBO m3BeCcTHON NP-TIOTHOM 3a1a49m, C TOMOIIBI0 HErO 00pa3yercs: cemeii-
CTBO OCHOBHOIL MOJYAeli, & COOTBETCTBYOIINE WHINBUIYAILHBIE 330490 3a,aH-
HOM 3a[a49d TOMYyYIaloTCs IMyTEM eIMHOOOPA3HOi 3aMeHbl KaxKJI0r0 OCHOBHOTO
MOJIyJIsl HEKOTOPOI Jpyroii crpykrypoii. Ceogumocts 3agadu BBII k 3amaqe
3-BBbIII u3 pa3z. 3.1.1 orHOCHTCA K 3TOMY THIY. B Heit OCHOBHBIMU MOITYJISIMHI
s3agaun BBIIT 6611 AU3BIOHKINW, W KAXKIASA JIU3HIOHKINS 3aMEeHsIach HA0O0-
POM JIU3BIOHKIIWI COTVIACHO HEKOTOPOMY ODIIEMY TPABUIY. BayKHBIM MOMEHTOM
37I€Ch ABJISIETCS TO, 9TO KaXKIAs 3aMeHa IPUBOINIA TOJBKO K JIOKATLHOMY W3-
MEHEHHUIO CTPYKTYPbL. DTH 3aMEHBbI, II0 CyIIEeCTBY, HE 3aBUCEIHM OJHA OT APYrOi,
3a MCKTIOUYEHHEM TeX CIydaeB, KOIJIa OHU OTPAXKAJIH HE MTOABEPTaBIINECS U3Me-
HEHUIO YaCTH MCXOOHOW WHIANBUIYAJILHON 3a1a4M.

Koukperuzupyem 3tu 00I11I1e paccysKIeHus ¢ TOMOIILI0 TpUMepoB. PaccmoT-
pUM cHAYaJa 33029y PACIO3HABAHNS, COOTBETCTBYIOILYTO 331896 MUHUMHU3AIAN
9HCTa YMHOXKEHNH, HeOOXOIUMBIX /TSI BBIYHCIEHNS 33JaHHOT0 HaDOPa MPOn3Be-
JIEHHUH 3/TeMEHTAPHBIX TEPMOB; IIPH 3TOM MPEIIOIAraeTCsI, ITO OMePaInii yMHO-
JKEHUST aCCOIMATHUBHA W KOMMYTATUBHA.

BBIYNCJIEHUE CEMEMNCTBA

YCJIOBUE. 3anano cemeitctso C' MOIMHOXKECTB KOHEUHOI'O MHOYKECTBA A 1
MOJTOYKUTETHHOE [EJI0e JUcio J.

BOITPOC. CyrmiecrByer n Takasi mMOCIEJ0BATETHHOCTD

<zr=x21Uy1,22 =22UY0, ..., 25 = 2; Uy, >,

comepxkalas He bojyee dyem .J omepanuii Tuna obobeguHeHne, YTo IS KaXKI0TO
noamMHoXKecTBa ¢ € C' maiinéres womep i, 1 < i < j, Takoii, 9T0 z; COBIAIaeT
c ¢? (Baech x; u y; — 3m0 MHOKecTBA Buza {a} ajs HekoToporo a € A, mubo
9TO MHOXKECTBO BUIA Zj AJid HEKOTOporo k < i, mpuuém x; u y;, 1 < i < 7, HE
MEPECEKATOTCS ).

Teopema 3.6. 3adawa BEIYUCJIEHUE CEMEHCTBA NP-noama.
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JlokazarenbcTBo 1.

Cseném zanauy BEPIIIMHHOE ITOKPBITUE k 3amage BEIYMCJIEHUE
CEMENCTBA. ycts rpad G = (V, E) u nonoxutensroe neoe wincao K, K <
|V'|, onipemensitor ycioBre Mpon3BOIbHON WHANBHU YA bHON 3amaun u3 BII.

B kagectBe ocuoBHbIx Momyseit BIT Bozbmém pébpa rpada G. Ilycrs ag —
HEKOTOPBI! HOBBIM 7eMeHT, He npuHaIexamuii V. Onepamus JTOKATbHOM 3a-
MeHbI 3ameriaer Kaxuaoe pebpo {u,v} € E nommuoxkecrsom {ag,u,v} € C.
B pesynbrare Bo3HuKaeT nHIMBUIAya bHAS 330a49a u3 3amaun BBIYVCJIEHUE
CEMEI7ICTBA, YCJIOBYE KOTOPOI TTOTHOCTHIO ONIPEAEeTAeTCs CIeIyIONNMI TaH-
HBIMU:

A = VU {ao},
C = {{ap, u, v} : {u,v} € E},
J =K + |E|,

Jlerko BUAETH, YTO 3Ty MHANBUIYAJIBHYIO 33039y MOYKHO TOCTPOUTH 33 TIOJIUHO-
MHUAJTBHOE BpeMs. Y TBEP:KIAeTcs, 970 B (G eCTh BEPIITHHHOE MMOKPBITHE HE Hostee
gem u3 K 37eMeHTOB TOrIa W TONBKO TOrma, Koraa jjis cemeiictBa C cyrie-
CTBYeT MOCTEI0BATEHLHOCTD IJIUHBI He Dosee J, obramaromas HeoOX0InMbIMI
CBOWCTBAMU.

Braugase mpeamonoxnM, ato V' — BepmmuHOE TOKpBITHE B (G, COmEp Kalee
He Gomee K Bepmun. Ecnu k mokperruio V' 106aBUTH HOBBIE BEPIIAHBI, TO OHO
O-TIPEXKHEMY OY/IET OCTABATHCA TOKPBITHEM, TO3ITOMY 063 OrPaHIIeHUsT OOIITHO-
cTu MOXKHO nosiararb, uro |V| = K. O6o3Hauum BeprimHbl NOKpbiTHs V' yepe3
€1,€2,...,€m, e m = |E|. [TockombKy V' — BepIIMHHOE MOKPHITHE, TO KAXK-
Joe pebpo e; MHIMIEHTHO 1O Kpaiineit Mepe oxmoii Bepumue u3 V'. ITosromy
Kask0e pebpo e; MOXKeT ObITh TIpeCcTaBIeno B Buie e = {uj, vy}, rae rj]-
esioe 9ucio, 3akaiouénnoe Mmexay 1 u K. HerpyaHo Buaers, 9T0 npuBeaéHHAS
HUZKE TI0CIIE0BATEIbHOCTD, cocrosimias u3 K +|E| = J onepauwuii o6beaunenus,
00J1a12eT BCEMU HEOOXOIUMBIMU CBOWCTBAMM:

<z ={ap} U{vn}, 20 ={ag} U{va}, ..., 2k = {ao} U{vk},

21 = {ur U {zm}, 22 = {ua} U {29}, b 25 = {um} U {zrm} > -

O6parno, npeanonoxuM, uro S =< z; = 1 Uy, ..., 2 = x; Uy; > — uc-
KOMas MOCIEIOBATEILHOCTD [IJIsT MHANBUIYaabHOM 3amaun n3 BBIYVCJIEHUE
CEMENCTBA, conepxamas me 6omee .J omepanmii o6beauuenns. IIpeanomo-
KUM JIaJIee, 9TO MOCIeI0BATEIHHOCTD S—KPATYANIIAs U3 BCEX TOCIEIOBATEb-
HOCTEN 114 pacCMaTPpUBaeMON NHANBUAAYAJIbHONU 381491 U YTO CPEIU BCEX TAKUX
KpaTdaiiinx moCaeI0BATEIbHOCTEH S CONEPKUT MUHUMATBLHOE TUCIO OMePaInit
Buna z; = {u}U{v},u,v € V. IlepBoe yTBep:KIEHNE COCTOUT B TOM, 9TO B S 60-
obuwe Hem oreparnuii 3Toro Buga. JleficTBUTeNILHO, TPEANOMIOMKNUM, UTO OMEPAIIWS
z; = {u} U {v}, u,v € V, conepxkurcs B S. IlockombKy {u, v} He mpuHAmIERNT
C, a S uMeer MEUHUMAJILHYIO BO3MOXKHYIO JIJIMHY, TO C HEOOXOAMMOCTBIO HMEeM
{u,v} € E u onepamus {ag,u,v} = {ap} Uz (wmu z; U {ap}) momxua comep-
xkarbed B S. Ho nockonbky {u, v }—110IMHOKECTBO TOIBKO OJHOIO 3JIEMEHTa U3
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C', T0 z; HE MOXKET YyIaCTBOBATH HU B OJHON JAPYTOil ONepamyy paccMaTPpUBaeMOoit
nocienoBarenbuoct S. OTcoma cieayer, 94To mapa oneparuii

z; = {u} U {v}n{ag, u,v} = {ap} U z;

MOKeT OBITH 3aMeHeHa APYToit mapoi

zi = {ao} U {u}tu{ag, u,v} = {v} Uz,

MPM 3TOM IJIMHA BCEH TOCIEIOBATEIHHOCTH S HE yBEIUYIHWTCS, 8 OOIIee YuciIo
onepanuit Buga {u, v}u,v € V ymenbmmTes, 9T0 mpoTBOpednt BuIGopy S. Cre-
JIOBATEJIBHO, S COCTOUT TOJIBLKO U3 onepanuii, umeomux su z; = {ao}U{u}, u €
V unm {ag, u,v} = {ap}Uz;, {u, v} € E (Mbl nperebperaeM HOpsIKOM ITHX OIle-
parnon). Tak kak |C| = E u mo6oit snement n3 C' COMEPIKUT TPH TE€MEHTa, TO
S momxHO comepykaTh B ToyHOCTH |E| omepaimii BTOporo BHAa W B TOYHOCTH
Jj—|E| < J —|E| = K onepanuwuii mepporo Bua. I109ToMy MHOXKECTBO

V'={ueV:z ={a}U{u} ecrb onepanns u3 S}

conep:kut camoe Gonbiroe K Bepiua u3 V. Ucxons u3 cnocoba nocrpoenust C
HETPYIHO TIPOBEPUTH, 9uTO V' HOIKHO GBITH BEPITMHHBIM MOKPHITHEM B (.

Hwuske mpusefén apyroii mpuMep MOJIMHOMUATIHLHON CBOLUMOCTH, KOTOPAsT MO-
ay4aercs u3 3agaan TOUHOE IIOKPBITUE TPEXSJIEMEHTHBIMI MHO-
KECTBAMMU meTomoM JIOKATBHON 3aMEHBI.

PASBBMEHNWE HA TPEYI'OJIBHUKNA

YCJIOBUE. Banan rpad G = (V, E), uncio Bepimma Kotoporo |V| memwnrcst
Ha TpH, T.e. |V| = 3¢ 17151 HEKOTOPOTO IEJIOTO YUCIA ¢.

BOITPOC. CymecrByer nu takoe pazbuenue V Ha ¢ HENEPeCeKAIONIXCs
nogmuoxkecTB Vi, Va, ..., V, (comepxamux mo 3 s7IeMeHTa), UTO I KasKIOTO
Vi = {wi[l], vi[2], vi[3]} Tpm pebpa {v[1], vi[2]}, {vs[1], vi[3]} m {vi[2], vi[3]} mpm-
nagmesxkar F7

Teopema 3.7. 3adawa PABBUEHUE HA TPEYTI'OJIbHUKHWU NP-noata.

Joxazarerncrso 2. Crenénm 3amaty TOUHOE ITIOKPHITUE TPEXSJ/IEMEHT-
HBIMU muoxkecreamu k 3agaue PASBBUEHUE HA TPEYTOJIbHUKMN. Iycrs
muOKecTBO X (| X | = 3¢) u cemeiictBo C' ero TpEX3TEMEHTHBIX MTOJIMHOMXKECTB 00-
pPa3yioT yciaoBue MPOW3BOIbHON mHauBHayaabHOU 3ana4du u3 TII-3. I[Toctpoum
rpad G = (V, E), takoii, uro |V| = 3¢’ w an1a mero cymecrsyer uckomoe pasou-
eHme TOTIA W TOIBKO TOraa, Korma C' COmep:KUT TOYHOE MOKPHITHE.

OCHOBHBIMHU MOZYJISIMA PACCMATPUBAEMON MHAMBHLYATbHOM 3aaaqan u3 TTI-
3 GyayT TpéxsmemeHTHBIE TOAMHOXKeCTBa 3 C. Onepanysi TOKATBLHON 3aMeHbI
«IIpeBpamaer» Kaxkaoe takoe nommuoxkectBo C; = {z;,y;,2;} € C B HabOP
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&3] &,19]

ﬂ’;[l.]

X Y Z;

Puc. 3..8: Daemenm, ucnoavdyemuili daa mecmuot 3aMeHd NOOMHOHCECTEA

ci = (x4, Yi, 2;) € C npu nocmpoenuu ceedenus sadawu TI-3 % sadawe PABBU-
EHHE HA TPEYI'OJIPHHUKH.

E;, cocrosmmit u3 18 pédep, koropswiit n306paxkén wa puc. 3.8. Takum obpazom,
G = (V, E) onpenensiercst Tax:

|C]
V=X J{ails] : 1 <5 <9},
=1
IC|

E=|]JE.
i=1

3amMeruM, 9TO TONBKO BEPINUHBI W3 MHOXKECTBA X MOTYT OBITH WHIIAICHTHBI
bosee yeM OgHOMY MHOKeCTBY F;. OTMeTum Takike, 94TO

VI = X[ +9]C] = 3¢ +9]C,

rak uro ¢' = q + 3|C|. Herpynxo Buaerh, 4To 3Ty WHANBUIYAJIBHYIO 3a7a-
vy PASBBUEHUE HA TPEYTOJIbHUKU M0XHO TOCTPOUTE, OTTIPABJIASACH OT
paccMaTpuBaeMoil HHAMBUAYaJbHOM 3agaun u3 TTI-3, 3a noaMHOMHUAILHOE BPe-
M.

Ecmu ¢4, ¢a, ..., ¢, — TpéxanemenTtHble mogMHOKecTBa u3 €, KOTOPBIE 06Pa3y-
IOT TOYHOE IOKpbITHe X, TOo coorBercTByIomee pasbuenue V = Vi UVL U .UV
MHOXKecTBa V' onpezensiercs: crenyomuM obpasom. Ecin ¢; = {x;, y;, 2;} ecth
9JIEMEHT TOYHOTO TIOKPBITHS, TO U3 MHOYKECTBA, F); BRIOUPAIOTCS CIIEAYIOIINE IO/~
MHOKECTBA:

{aill], ai2], i}, {aild], ail5], yi}, {ail6], ail6], zi}, {ai(3], ai6], i[9},
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a eciu ¢; He ABAAECMCA FIEMEHTOM TOYHOIO MOKPBITHs, TO u3 F; Buibupaiorcs
[IOJIMHOXKECTBa

{ail1], ail2], ai[3]}, {ai[4], ai[5], ai[6]}, {ai[7], ai[8], ai[9]}-

Taxkoit BEIOOP MTOAMHOXKECTB ODECIIeINBAET, UYTO KAXK/bIH 3TeMeHT 3 X Ccomep-
JKWTCsi POBHO B OJHOM TPEXBEPIIMHHOM MMOAMHOYKECTBE PACCMATPUBAEMOTO Pa3-
OveHwusi.

O6parno, ecmu V = V; U V2 U ... UV — npousBonbHOe pa3buenue rpada
G HAa TPEYyrOILHUKH, TO COOTBETCTBYIOIIEE TOYHOE TMOKPBITHE MOIYYAeTCs, ec-
qu BeIOuUpars Te ¢; € C, mst koropuix {a;[3], a;[6], a;[9]} = V; npu mekoTopom
j,1 < j < ¢'. HemocpeacTeeHHyI0 MPOBEPKY TOTO, 9TO IBA, TIOCTPOCHHBIX pa3tn-
eHusT 00IATAIOT BCEMU HYKHBIMWA CBOWCTBAMH, MBI OCTABJISIEM YUTATEITIO. ]

006a TOJIBLKO YTO NPUBEAEHHBIX IPUMEPa IIPEICTABISIOT COOOM I0Ka3aTe b=
CTBO METOIOM JIOKAJILHOM 3aMeHbI «B YUCTOM BuIe>. CTPYKTypa paccMaTpuBae-
MO#t MHIMBUIYATBHON 33/Ia9N OJTHO3HAYHO OTPEAeIIach CTPYKTY PO MCXOTHOI
sagaun (NP-mojHOTa KOTOPOI yCTAHOBJIEHA) W ONEpPAIreil IOKAILHON 3aMeHbI.
YacTo 0Ka3bIBAETCS TOIE3HBIM JOMOTHATE PACCMATPHUBAECMY O HHINBHILY ATHHYTO
3a7la4y BCIOMOTATETbHBIMH 3JEMEHTaM, KOTOPbIE UTPAIOT POJIb «OrPDAHUYUTE-
751> 2, HAJTATAOMIEro JOIIOTHITEIbHBIE OCPAHNTEHIS Ha CIOCOOBI IIOTyIeHUST OT-
BETA <.

Ecnu paccmarpuBaemasi 3a1ada MMeeT BHI <«3alJaHa WHIUBUIyabHAas 3a-
naga I; BepHO JTH, 9YTO CYIIECTBYeT HEKOTOPbIi 00beKT X ¢ TpeOyeMbIM CBOM-
CTBOM?», TO POJIb OTPAHUYUTE]IS B 3310a49€ I — Cy3UTh MHOXKECTBO HOMYCTUMBIX
00beKTOB X Tak, 4TOOBI OHW OTparkKajl BCE BAPWUAHTHI, BO3MOXKHBIE B MCXOJ-
HOI MHIWBUIYAJILHON 3a/1a9e. B TO JKe BpeMs 9acTh WHIUBUIYAIbHOM 3a0aun [,
MOy YaOIIASCA ONepalyeil JOKAIbHOW 3aMeHbl U3 UCXOTHON 3a/1a4u, JaéT pas-
JIMIHBIE BAPUAHTHI 9TUX OTBETOB W 0DECIEYNBAET BBIMOIHEHHE YCIOBHiL, Tpedy-
IOIIUXCS OT 9TUX OTBETOB. JJIEMEHTHI by U by U3 mokasareanbcTBa NP-MOJIHOTHI
zagaun PABBUEHNE kak pa3 u urpaior posb Nogo0HOTO orpanunantess. [Ipu-
BeJEM elé JBa MpUMepa Ha JOKA3aTeTHCTBO METOJIOM JIOKATHLHON 3aMEHBI C MC-
oJib3oBanueM orpannuntesieii. CHadaaa pacCMOTPUM CIEAYIONLY IO 3a1a4y O CO-
CTABJIEHUM PACITUCAHUS.

YIIOPAJJOYEHUWE BHYTPU MHTEPBAJIOB

YCJIOBHE. 3agano KoHEYHOE MHOXKECTBO <«3aJaHni» 1 U I KaxKJI0ro t €
T nenoe uncio 7(t) > 0 — BpeMs TOTOBHOCTH, «IMPEKTURHLIH cpok» d(t) € ZT
u «mTensHocTh> [(t) € X .

BOITPOC. Cymecrsyer nu qust T donycmumoe pacnucanue, T.e. Takas QyHK-
mwsa o @ T — Z*, aro nns seex t € T nmeer mecro: (1) o(t) > r(t), (2)
o(t) +1(t) < d(t), n (3) ecrm t' € T\ {t}, To mmbo o(t') + I(t') < o(t), 6o
o(t') = o(t) +1(¢)? (Apyrumu cioBaMu, 3aaHne ¢ «BBITOMHSIETCS» C MOMEHTA
Bpemenu o(t) no momenta o(t) + [(t), oHO He MOXKeT OBITH HAYATO PaHEe MO-
menTa r(t), JOMKHO ObITH 3aKOHYEHO He mo3zanee d(t), U BPEMEHHON WHTEPBAJ

206pasubiit Tepmun (enforcer), mpemToKeHHbIH 3piMancKEM [511].
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BBINOJTHEHNS 3aJaHAs t He MOXKET IIEePEKPhIBATHCA ¢ MHTEPBAJIOM BBLIIOTHCHHS
JIpyroro 3ananus t'.)

Teopema 3.8. 3adaua YIIOPSAJOYEHUE BHYTPH HHTEPBAJIOB NP-

NOoAHG.

JokazarenscTBo 3.

Cseném K 3rtoit 3anade 3anaay PASBUEHUE. [lycrh KoHEeYHOE MHOXKECTBO
A u pa3mepsl s(a) BCeX 3IEMEHTOB U3 A COCTABJIAIOT YCJIOBUE WHIANBUILYAJILHON
sagasn PABBUEHUE; mycrs Takke B = ) 4 s(a).

BosbMém B KagecTBe OA3MCHBIX MOIY e MCXOMHON WHIUBHIYAILHON 3a/1a-
yu PABBUEHUE orxnenbabie snemenTsl a € A. Onepanust JTOKaIbHON 3aMeHbI
[PEBPALIALT @ B 3aJaHUE t,, Takoe, 910 r'(t,) = 0, d(t,) = B+ 1 u l(t,) = s(a).
B kauwecTBe «OrpaHMUMTENT> BO3BMEM €IIE OHO 3amanme f, Takoe, uro r(t) =
[B/2],d(#) = [(B +1)/2] n I(t) = 1. dcro, 9T0 3Ta MHIMBAIyATLHAS 331294
MOXKeT OLITH MOCTPOEHa MO UCXOMHON WHAuBHAyaabHO# 3amade PABBUEHUE
3a MOJIMHOMUATHLHOE BPEMs .

OrpaHudenusi, KOTOPbIE HAJATAET OIPAHUYUTEH HA JIOMYCTUMbBIE DACIHCA-
HUsI, UMEIOT JBOSIKUI XapakTep. BO-TepBbIX, OrpaHUIUTENh He TO3BOISIET MOo-
CTPOUTH JIOMYCTUMOE PACITUCAHNE, ec/in B HeuéTHO (B 9TOM CIydae 1jid paccMar-
puBaemoii 3anaun PASBUEHNE uckomoe pa3buenne Ha, 1Ba MOAMHOKECTBa, He
CYWIECTBYET), MO TO# IpwdwuHe, u9To ecim B wewéTro, To r(t) = d() u t BooOmE
HE MOXKET OBITh BKJIIOYEHO B pacHucanue. [[03ToMy ¢ HACTOSAIMIEro MOMEHTa Oy-
JIeM [penoiarars, 9to B uérHo. B sroM ciydae Ha nepeaHuil miaH BbICTYIAET
BTOpOe orpanmdenne. Tak kak B wérno, To r(t) = B/2 n d(t) = r(f) + 1 nosto-
My B JIIOOOM JOMyCTAMOM pacrucannn o (t) momKHO GerTh pasno B/2. Orciona
BpeMsi, KOTOPOE TOCTYIHO JIJisl BBIMOJHEHUS OCTATBHBIX 3aJaHUN, JETUTCI Ha
JIBa OTETbHBIX OJIOKA, KAXKbIH U3 KOTOPBIX, KAK MMOKA3aHO Ha puc. 3.9, nMeer

: !
e ———y / =k —
T

0 2 By

2 2
—.—.—M-—-—-ﬁ

Puc. 3..9: Pacnucanue, noayuaemoe ¢ nomMowplo <02paHuNUmMenss npu ceede-
nuu 3adewu PABBUEHUE x 3adavwe YIIOPSAJIOYEHUE BHYTPU UHTEP-
BAJIOB.

B+l

niuay B/2. Takum obpa3om, 3amada coOCTaBIeHHUs PACHUCAHUS IPEBPALIAETCS
B 337249y BHIOOpA MOJMHOKECTBA 3aJaHUI, KOTOPBIE OY/IyT BBIMOJHITHCS PAHb-
e 3aJaHust ¢, ¥ MOJAMHOXKECTBA 3aJaHui, KOTOPbIE OY/YT BBIMOJHITHCS MOCTE
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t. TlockonbKy oblee BpeMsl, uMmerolieecsa B 000uX OJ0Kax, paBHO OOIIeil J11u-
TEIBHOCTH B OCTABIINXCS 33JaHWii, TO OTCIOJA CIEAYeT, YTO KAXKIBIA U3 ITUX
GJIOKOB JOTIKEH ObITH MMONHOCTHIO 3AMOJTHEH. 9TO BO3MOYKHO TOTJA U TOJIBKO
Torma, KOTIa cymecTeyer nogMuaoxkectso A’ C A, takoe, 9To

> s(a)=B/2= Y s(a).

acA’ a€A\A'

Takum 00pa3oM, IJIsT pACCMATPUBAEMON WHAWBUAyaAILHON 3amaun PA3BI-
EHUE nckomoe momMuOKRecTBO A’ CyImecTByer TOrma i TOIBKO TOTA, KOTIA, 1T
COOTBeTCTBY el nHanBuAyaabHoi 3anaun YIIOPAITOYEHNE BHYTPHU NH-
TEPBAJIOB cymecTByeT I0myCcTHMOE PACTIMCAHHE.

B kauecTBe 3akIo9nTeIbHOIO npuMepa UCIIOJIB30BaAHUA OTPAHUYIUTEIA B Me-
TOIE JIOKAJILHOW 3aMeHBI pacCMOTpuUM CJIEAYIOIYIO 33134y, BOSHUKAIOUIYIO B
AJNATHOCTUYIECKOM TECTUPOBAHUN.

MUHNMAJIbHBIT HABOP TECTOB

YCJIOBUE. 3aman0 KOHEYHOE MHOXKECTBO A «BO3MOXKHBIX JUATCHO30BY», Ha-
6op C' MOIMHOMKECTB MHOYXKECTBa A mpemcraBisiomuii OWHAPHBIE «TECTHI», U
nosoxkuTenbLHoe nemtoe uncio J < |C.

BOITPOC. Cymecrsyer au moguatop C' C C,|C'| < J, Takoit, uto mjst
mr000#t Iapel @;, ¢; BO3MOYKHBIX JTHArHO30B U3 A HMeeTcs HEKOTOPBIX TeKCT ¢ €
C' nns xoroporo [{a;, a;j} Nec| =1 (Te. Tect ¢, «pazmuyaonmity a; u a;)?

Teopema 3.9. 3adawa MUHUMAJIbHBIH HABOP TECTOB NP-noana.

Jokazarenpcrso 4. Ceeném k 3roit 3amade 3amady 3-C. I[lycrs W, X, Y takwue,
aro |W| = |X| = |Y| = ¢, n mogmuoxxectBo M C W x X x Y cocrasisier
yCIOBUE WHIMBHLYaTbHON 3amaun u3 3-C.

B kauecrse ocrOBHOTO MOy st 380847 3-C BO3BMEM YIIOPSIOYEHHBIE TPORKH
u3 muoxkecrBa M. Onepalys JTOKAJTBHON 3aMeHbI BMECTO KaXKION TPOiiku m =
(w, z,y) € M obpasyer nogmuoxectso m = (w, z,y) € C. Pons orpannuaureneii
UTPAIOT TPHU JOTMOTHUTEIHLHBIX JIEMEHTA Wy, Lo W Yo, HE MpUHAIEKamme W U
X UY, u apa monomaurensabix recta W U {wo} u X U {x¢}. OkongarensbHo
unauBuayanbuas 3agada MHUIMAJIBHBIIT HABOP TECTOB oupenensercs
CTeIYIONM 0OPA3OM:

AZWUXUYU{’IU(),CU(),yo},
C= {{’IU,ZL', y} : (w,a:, y) € M}U{WU{U}O},XU{QZO}},

J=q+2.

Jlerko BuIeTh, 9TO 3Ta WHAWBHUIyaJbHAS 33/a9a MOXKET OBITH MOCTPOEHA II0
ucxonHoi 3agade 3-C 3a NOJIMHOMUAILHOE BPEMI.
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Ongarb-Takyu OrpaHuYUTeIb HAJIATAeT OIPee/IEHHbIE OrPDAHWMYEHHs Ha BHI
BO3MOXKHBIX KOMIIOHEHT (B JaHHOM ciydae Ha Habop recroB C'). Bo-mepsbix,
nabop C' momxen comepxkars kak W U {wo}, Tak u X U {xo} mo Toii mpu-
YUHE, YTO TOJBKO 3TH TECThl OTIUYAIOT Yy OT wy U To. Jlajee, MOCKOIBKY
wo, To, Yo HE TPUHAIIEKAT OOIbINe HU OgHOMY TecTy u3 C' TO KaXKIbIA 3Jie-
MenT mHOXKecTBa W U X UY momKeH oTTHYIATHCS OT OZHOIO JIEMEHTa Wy, Lo
WU Yo BBUIY TOrO, 9TO OH BXOJMT B HEKOTOPLIA JOIOJHUTE/NbHBIA TECT ¢ €
C'\{WU{wo}, X U{zo}}. IIpu smom MOKeT GBITH UCIOTB30BAHO caMoe HOTb-
mee J — 2 = ¢ JOTOTHUTEIBHBIX TECTOB. [IOCKOIBKY KarKIbI U3 OCTABIITUXCS
TECTOB COAEPIKUT POBHO TIO OTHOMY 3jIeMeHTy 3 MHOKecTBa W, X n Y, u, Kpo-
Me Toro, mHOXKecTBa W, X n Y momapHO He TlepeceKaroTcs, W KayKIoe W3 HUX
COJEPKHUT POBHO ¢ 3JEMEHTOB, TO OTCIO/IA CIEAYeT, YTO JIIOOLIE ¢ JOIMOTHUTE b=
HbIX TecToB u3 C' JOMKHBI COOTBETCTBOBATL ¢ TpoikaMm m3 M, obpasyromum
TpéxmepHoe coueranre. OOpaTHO, €Can 3aJaHO0 JI000e TPEXMEPHOE COUeTaHne
u3 M, TO cooTBeTCTBYOIME ¢ TeCTOB 13 C' MOYKHO MCIIOIH30BATH IS 3aBEPIIe-
HUsI TIOCTPOEHWST OCTABINMXCS TECTOB B HYXKHOM KojimdecTBe. Takum oOpasom,
M comep:KUT TPEXMEpPHOe COYeTaHUe TOIIa U TOJBKO TOrIa, KOr/a B MHOXKECTBE
C' cymecTByer UCKOMBII HabDOP TECTOB.

Xorst B 060X PACCMOTPEHHBIX TTPUMEPAX OTPAHUYUTETN OY€Hb MPOCThI, Y-
TaTeah JOMXKEH OTHaBaTh cebe OoT4éT B TOM, UTO 3TO He Bcerga Tak. Orpa-
HUYUTENH 0CO00 CIIOXKHON KOHCTPYKIIMM UCTOIB3YETCs B JOKa3aTeabcTee NP-
nosroTs 3anasn OPUEHTUPOBAHHBIN TAMUJIBTOHOB ITYThH B ITJIOC-
KOM T'PA®E [157]. Ipyrue AOBOJIbHO CIOXKHBIE OIPAHUYUTENN MOXKHO HAiTH
B paborax [143, 155, 357].

3.2.3. IlocTpoeHmne KOMIOHEHT

MMocnenunit u HAMbOIEE CIOKHBIN M3 PACCMATPUBAEMBIX HAMU METOIOB JOKA-
3aTenbeTB NP-MOJHOTHI — 3TO TMOCTpOoeHme KOMTOHeHT. JlokasarenncTBa NP-
nosroThl 33mad TPEXMEPHOE COYETAHUE, BEPIIIMHHOE TTOKPHI-
TUE v TAMUJIBTOHOB IIUK/JI, npusenéunbie B pasma. 3.1., mpeacTaBiasioT
co0O0¥ TUTIHYHBIE TPUMEPHI JOKA3ATEIHCTB ITOrO THUITA.

OcHOBHAST WesT TAKUX JTOKA3ATENIHCTB 3aKJIYAETCS B TOM, UYTOOBI C TIOMO-
IO COCTABHBIX YaCTell PACCMATPUBAEMON 3a7a9d CKOHCTPYHUPOBATH HEKOTO-
pbIe «KOMIIOHEHTBI», COSIMHS KOTOPbIE MOYXKHO «PEaN30BaTh» WHIWBUIYAIb-
HbIe 33Ja49n u3BecTHo NP-moaHoi 3amaun. B Tpéx mepednciaeHHbIX TpuMepax
UMEIOTCST KOMTIOHEHTHI IBYX OCHOBHBIX THMOB. OIHY M3 HUX MOXKHO PACCMaTpPU-
BATh KAK KOMIIOHEHTY, «JIEJIAI0ILyI0 BEIOOp» (HAPpUMED, BHIOUPAIOILY IO BEPIITH-
HbI, BLIOUPAIOLIYIO 3HAYEHUE UCTUHHOCTHU IIEPEMEHHBIX), & APYIYI0 — KAK KOM-
[OHEHTY, <«IIPOBEPSIOLIYIO CBOWCTBAy (HAIPUMED, IPOBEPAIOILYI0, YTO KAZKJI0Ee
pebpO MOKPHITO UJIK YTO KAXKIAsl JUIBIOHKIIUS BBINOTHEHA,).

B paccmarpuBaemoil MHAMBUAYATLHONW 33a7a9€ 3TH KOMIIOHEHTHI CBS3aHBI
TaK, 9TO BHIOPAHHBIE 3HAYEHUS TIEPEIAI0OTCS KOMIIOHEHTAM, TTPOBEPSIONIUM YCI0-
BUSI, U IOCTIEHUE TPOBEPSIOT, yIOBIETBOPSIOT JIU CIAETaHHBIE BHIOOPHI 3HAYEHUH
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HEOOXOIMMBIM YCTOBHAM. B3anMoaeiicTBIe KOMIIOHEHT OCYIIECTBIISIETCS C TTIOMO-
IBIO NPSIMbBIX CB#A3el (TaKuX, HAPUMED, KaK PEOpa, COeJIUHSIONNE KOMIIOHEHThI
HabOpa 3HAYEHNH NCTUHHOCTHA ¢ KOMIIOHEHTAMU [TPOBEPKH BBIMOTHEHNS YCIOBHIt
B cBopuMocTy 3ama4un 3-BBITI k 3amaue BII), a TaksKe ¢ IOMOIIBIO MI00ATBHBIX
orpanudeHuii (Takux, HAMpUMeEp, Kak o0miasa rpanuna K B CBOAMMOCTH 3a/a-
qu 3-BBIII k 3amade BII, koTtopasi HApsiy CO CTPYKTYPO# KOMIIOHEHT obecre-
9UBAET, ITOOBI KarK1as KOMIIOHEHTa HAOOPOB 3HAYEHUT MCTUHHOCTH COIEPIKa-
JIa B TOYHOCTH OJHY BEPIIHUHY W3 TMOKPBITHS M KaKa1as KOMIIOHEHTa IIPOBEPKH
CBOCTB COIEPIKAJIA POBHO [IBE BEPIIUHBI TOTO TOKPBLITHS).

Boobire ropopsi, m0060e JOKA3ATEIHLCTBO MOYKHO CUYATATH OCHOBAHHBIM HA
MeTOe TOCTPOEHNUsI KOMIIOHEHT, €CJTM KOHCTPpyUpyeMas B HEM WHAWBUIyaIbHAS
3aJa4a MpeacTaBasgeT coboit Habop KOMIIOHEHT, KasK/1as U3 KOTOPBIX BBIIOJTHS-
eT omnpenenéHubie (PYHKIHH, GOPMYTUPYEMbIEe B TEPMHUHAX HCXOIHON 3aIaH.
OO6r1mast CBOAMMOCTE, MTPUMEHEHHAS B TJI. 2 JJIsI TOKA3aTEILCTBA TeopeMbl Kyka,
SBJISIETCST XOPOITUM TIPUMEPOM JIOKA3aTeILCTBA ITOTO TUITA; TPU TOM KayKIast
U3 MIECTH TPYII IU3bIOHKIN TPEACTaBIsAeT OO0 OIUH U3 TUIOB KOMIIOHEHT.

ITockombKy MOKA3aTeTbCTBA METOMOM ITOCTPOEHHsT KOMIIOHEHT YacTO OKa-
3BIBAIOTCS JOBOIBHO JIMHHBIMA U HECKOJIBKO MPUMEPOB TAKUX TOKA3ATETHCTB
yiKe OBLTO PACCMOTPEHO, TO B HACTOSINEM pa3ieie Mbl MPUBEIEM eIné TOJb-
KO omuH mpumep. (Ipyrre mpuMephl MOYKHO HafiTh B paborax [114, 158, 477,
496].) DTOT 3aKIOUATEIHHBIN MPUMEpP, CHIBHO OTIMYAIONMMICA OT CTAaHIAPT-
HBIX, WITIOCTPUPYET IMOAXOM, KOTOPBIA OKA3aJICsS MOME3HBIM IJIsi CBEICHUS 3a-
maun KJIMKA x apyrum 3azadam. 3aech 0KasbiBaercs NP-IOJIHOTA 3a0a49u
Teopuu pacnucanuii, 6;1u3Koi mo gopmyauposke K 3agade YIIOPATOUYUBA-
HUE BHYTPU UHTEPBAJIOB, paccMOTpeHHO# B MpeaBIAyIIEeM TOAPa3Lee.

YIIOPAJOYEHWUE C MUHNMAJIBHBIM 3AITA3BIBAHWUEM

YCJIOBUE. Baganbr MmHOKECTBO T’ «3aJaHUil», KaxK/10€ U3 KOTOPLIX HUMEeT
JUTATETHHOCTD | W «IMPeKTUBHbI» cpoK d(t) € Z1; qacTmanoe ynopsaodenue
< va T w HeorpunarensHoe nemoe unciao K < |T.

BOITPOC. Cymiecrryer n «pacrmcanues o : T — {0,1,...,|T| — 1}, Takoe,
aro (1) o(t) #o(t) uput #t',(2) o(t) < o(t')uput<tu (3) {t e T : o(t)+1 >
d(n)} < K?

Teopema 3.10. 3adauwa YIIOPAJ[OYEHUE C MUHUMAJIbBHBIM 3AITA-
3/[PIBAHUEM NP-noana.

Jlokazarenncrso 5. Ilycrs rpad G = (V, E) u N0J0XKUTEIHHOE LEJI0E YHC-
ao J,JJ < |V, obpasyior npousBoiibHYIO uHaAuBUAYaabHYO 3amady KJIMKA.
CooTBercrByiolas MHAMBUAyalbHad 3aga4a u3 3agaau Y IIOPATOYEHUE C
MUHUMAJIBHBIM 3ATTA3IBIBAHUEM wumeer mMuOXKeCTBO 3amanuii T =
VUE, K = |E| - J(J —1)/2; qacTu4HOe yIOPSIIOUEHNE 33 JAHMUI OIPEIeIIeTCst
CTeIYIONM 0OPA3OM:

t<t' < teV,t € Ensepmuna t nHIpIeHTHA PeOpy t';

d(t) = J(J+1)/2, ecut € E;
VI +|E| ecm t € V.
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Takum 00pa3oM, «KOMIIOHEHTa», COOTBETCTBYIOMAA KazK/I0H BEPIIHHE, COCTOUT
U3 eIMHCTBEHHOrO 3aJaHusd ¢ TUPeKTHBHBIM cpokoM |V| + |E|, a «KoMmoHeH-
Ta», COOTBETCTBYIOMAA KaXKJIOMY PeOPY, COCTOUT M3 €IMHCTBEHHOIO 33JAHHS C
IUpeKTUBHBIM cpokom J(J + 1)/2. Braromapst HAIWYIWIO YACTUIHOTO MOPSIZIKA
Ha MHOXKeCTBEe T B HMCKOMOM DACIHCAHUY 33JaHUE, COOTBETCTBYIOIIEE PEOPY,
cllelyeT 3a 3aJaHAAMH, COOTBETCTBYOIIMME €r0 KOHIAM, H MOSTOMY 3aaHu,
JJTsT KOTOPBIX MMEETCS OMACHOCTh 3aMa3/IblBaHus (T.€. 3aBEPIIEHUs yKe MOCTe
JIMPEKTUBHOIO CPOKA), 003aTEIbHO COOTBETCTBYIOT PEGpaM.

HNckomoe pacnucanue yaoOHO MPEICTABIATH ce0e CXeMATUIECKH, KaK MOKa-
3amo0 Ha puc. 3.10.

Bepruabt Péopa
KITUKH KITUKH
~~ —_——

J J(J=1)/2 V|—-J |E| —J(J—1)/2
Bamanmusi, co- Bamanns, co- | 3aganus, co- 3amanns, co-
OTBETCTBYIO- OTBETCTBYIO- | OTBETCTBYIO- OTBETCTBYIO-
e BepImuHaM | Imue pébpaMm | mne BepImmHaM | 1me pédbpam

0 J02L) V| + |E|

Bpemsa —»

Puc. 3.10. /[uazpamma uckomoz0 pacnucaHus 0is uHOUSUIYaAbHOT 3a0a4u
YIIOPSATOYEHUE C MUHHUMAJIBHBIM 3AITA3/[BIBAHHEM, coomsem-
cmeyroweti KJIUKE pasmepa J.

Yacrb pacoucaHus 10 JUPEKTUBHOIO CPOKA 3aJaHU, COOTBETCTBYOIINX Pé-
OpaM, MOXKHO PaCcCMaTPUBATh KAK «KOMIIOHEHTY BBIOOpA KIUKH». [0 3TOrO0 cpo-
Ka MOZKeT OBITH BolmonHeHo He 6omee J(J+1)/2 sagamuit. s Toro, 9ro6sr dmc-
JIO 3aMO3JABINX 33JaHUN He MPEeBOCXOANIO0 33JaHHON Beanduubl K, mo Kpaii-
weit Mepe J(J —1)/2 n3 «paHHUX» 3aJaHNI TOIKHBI COOTBETCTBOBATEH PEGPAM.
OpHako ecu 3a1aHIe, COOTBETCTBYIOIIEE PEOPY, BHIMOMHIETCS paHee CBOETo IH-
PEKTHBHOI'O CPOKA, TO U 3aJaHKUs, COOTBETCTBYIOIIUE €r0 KOHIIEBLIM BEPIINHAM,
TaKyKe JO0J2KHbI ObITH 3aBEPIIEHbl PAHBIIE 3TOr0 CPOKa. MUHUMATLHO BO3MOXK-
HOEe YWCJIO BEPINH, KOTOPhIe MOTYT OBITh HHIMAeHTHBI J(J — 1)/2 pasanaabiv
pébpam, pasHo J (MpUUYEM 3TO MOXKET OBITH TOTJIA U TOIBKO TOT/IA, KOTIA 3TH Pé-
Opa o6pasyroT noubIi rpad Ha 3Tux J Bepmmuax). OTciona ciemyer, 9To cpean
«paHHUX» 3aJaHU JOIKHO UMEThC 110 kpatineli mepe J 3a1aHuii, COOTBETCTBY-
fomux seprmHaM. OQHAKO 10 JUPEKTHBHOIO CPOKA 3aJaHNH, COOTBETCTBYIOIIUX
pébpam, MOKeT OBITH BBITOJTHEHO He Ho.iee

JI+1)/2—J(J-1)/2=1J

3aJaHWii, oTBevarmmx eprmmHaM. ClIenoBaTebHo, B TI060M TAKOM PACTIACAHTH
JI0 TUPEKTUBHOTO CPOKA 3aJAHHI, COOTBETCTBYIOMUX pEOpaM, JOIKHO 3aKOH-
qurbes poero J 3amanuil, oreevaromux BepiumHam u poero J(J —1)/2 3ananwui,
COOTBETCTBYIOMUX PEGPaM, KOTOPBIE B COBOKYITHOCTH COOTBETCTBYIOT KJIUKE Ha,
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J Beprmunax B rpade G. Ob6parno, eciu rpad G comep:KUT MOMHBIH moarpad Ha
J BEepIIHHAX, TO KCKOMOE PACITHCAHUE MOYKHO TOCTPOUTH CIIOCOOOM, YKAZAHHBIM
Ha puc. 3.10.

]

3.3. VYmupaxxHeHusd

B macrosimmem paszaene chopMyTHpPOBAHBI ABeHAAIATH NP-MOMHBIX 3a70at, T0-
Ka3aTeabcTBa NP-TIOTHOTHI KOTOPHIX MPEI0CTABASIOTCS ynTaTenio. Hu ogma n3
9TUX 33744 He TPeOyeT CI0KHOTO 0KA3ATEIHCTBA, TOITOMY MBI COBETYEM TIOIbI-
TaThCAd HaiTH ux Bce. B 3THX I0OKa3aTeIbCTBAX B KAUECTBE «M3BECTHBIX» NP-
MOTHBIX 33029 JOCTATOYHO HCIIOTB30BATH TOMBKO 339, YIIOMUHABIIHECS B
pa3za. 3.1. s obmerdenusi pereHns 3a0a9i CCPYIIAPOBAHBI IO METOJAM JI0-
Ka3aTe/bCTBa, KOTOPbIE IPEACTABILIOTCS apropaM HawnydmmuMmu. OgHako 4u-
TaTeIb MOXKET He OOpaIllaTh BHUMAHUS HA ITH YKA3AHWS, €CJIU IPYTroil myTh
JIOKA3aTEIHCTBA, TIOKAYKETCS eMy OoJiee mepcrneKTuBHBIM. 2Kenaromme BEIOpaTh
JIONOJIHUTEIbHBIE (Mo Gosiee TPy IHbIE 33/1a91) MOIYT OOPATUTHCS K CIIUCKY W3
IPUIOKEHHUsT, TIPA 9TOM, OTHAKO, C/IEIyeT UMEeTh B BHUJIY, 9TO B CIIUCKE €CTh 3a-
A9, O7IsT KOTOPBIX U3BECTHBIE HOKA3aTeNbCTBA NP-IOTHOTHI BECHMA CIOKHBI.

Memod cyocenus

1. Camblift JJUHHBIA TYTH

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe mesoe uucio K <
V1.

BOIIPOC. Nwmeercs siu B G npocroii 1myTh (T.€. 0yTh, HE IPOXOAAIIMH IBa-
JKJIbl HU Y€pe3 OJHY BEpIIUHY ), CocTosumii He MeHee yeM u3 K pébep?

2. YnakoBKa MHOXKECTB

YCJIOBHUE. 3aganst cemeiictBo C' KOHEUHBIX MHOYKECTB U TOJIOKUTEILHOE
nenoe ancio K, K < |C.
BOITPOC. Bepuo mm, uto B C' umeercss K HenepeceKalomnXcss MHOKECTR?

3. Pa3buenne Ha raMUJIbTOHOBBI OATPadbI

YCJIOBHUE. 3anaust rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <
[V].

BOITPOC. Moxuo i MHOXKecTBO BepiiuH rpada G pa3burs vHa k < K
HerepeceKaouuxca noamuoxkects Vi, Va, ..., Vi tak, 9robbr mnga Beex i(1 <
i < k) xaxgeiii noarpad, MHIYIMPOBAHHBIA MO, MHOKECTBOM V;, COIEPIKAI
raMUJILTOHOB IIVKJI?

4. Pa3buenne Ha raMUJIBTOHOBBI MOATrpadbI

YCJIOBHUE. 3anaunt rpadet G; = (Vi, Ey), Go = (Va, E3) u nojoxureinb-
Hoe nesoe duciao K.

BOIIPOC. Cywecrsytor s takue nogmuoxkecrsa B C Ey u Fy C Eo, uro
|Ei| = |E}| > K, a mongrpabwt G} = (Vi, E}), G4 = (Va, Eb) uzomopdubr?
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5. MuauMyM CyMMBI KBaJipaTOB

VCJIOBUE. 3amann Konewnoe MHOkecTBo A, «pasmep» s(a) € Z1T pus
KasKJOro a € A U MOJI0KUTEIbHBIE Teqable uncaa K u J.

BOITPOC. Moryr 1 snementsl u3 A 6biTh pa3bursl Ha K Hemepecekaro-
mmxcsa MHOXKeCTB A1, As, ..., A Tak, 4ro Zfil (ZaeAi .s(a))2 < J?

Memod aoxaavroli 3amerne

6. MHO>XXeCcTBO BEPIIIUH, pa3pe3aolnnuX KOHTYPbI

YCJIOBHUE. Bananst opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
nernoe gucio K, K < |V|.

BOTIPOC. Cymecrsyer mm Takoe nogmuokecTBo V! C V, uro V! < K n
J000# OpUEeHTHPOBAHHBIN UK B G COIEPXKUT TO KpaiiHeil Mepe 0HO pebpo u3

v'?
7. Tounoe IMOKpbITHUE ‘IeTpr.éXSJ'IEMEHTHI)IMI/I MHO2>KeCTBaMnu

. 3aJaHO KOHEYHOE MHOXKECTBO = meoe 9ucao q u
VCJIOBHE. 3 X, |X| = 4q,
cemeiicTBO C' 4eTHIPEXIIEMEHTHBIX MTOIMHOYXKECTB MHOXKeCTBa, X .
. MIEeCTBYET JHU IOACEeMEeNCTBO TaKoe, 9TO KaXKIbII d1e-
BOITPOC. Cy v c'ccC ,
MeHT u3 X IPUHAMJIECIKAT B TOYHOCTH OZHOMY 3mementy u3 C'7

8. IloMmuHMpYIOIllee MHOXKECTBO

YCJIOBUE. 3azmanst rpad G = (V, E) u nenoe uncno K, K < |V]|.

BOIIPOC. CymecrByer nm Takoe nogmuaokectso V! C V, uaro V! < K n
kaxkzaas sepmuaa v € V \ V' coequnena pebpom mo Kpaiineil mepe ¢ omHOi
BepmmHOi w3 V'?

9. Hepeno IlTeiinepa

YCJIOBHUE. 3anaust rpad G = (V, E), nonmuoxkecrso R C V' u nonoxu-
resbHOE Teoe uncio K C V] — 1.

BOITPOC. Cymecrsyer jiu nomepeso B (G, copeprKaliee Bce BepiivHbl u3 R
n umemoree He 6omee K pébep?

10. HesKBUBaJIECHTHOCTH PeryJIsPHbIX BBIpa*KeHWI, He coaepKa-
IINX 3BE3I0YeK

YCJIOBUE. 3agansr gBa He cOmepsKallye 3BE3J09eK PEryIspHbIX BHIPAKE-
unsa Fy u Fs B KomeunoMm amdapure Y. Takoe BbIparKeHNE ONPEIEISIeTCS CIeTy-
oM obpaszom: (1) soboit cumBos o andasurta ¥ ecTh He comepKaliee 3BE310-
YeK peryssgpHoe BbIpazkeHue, (2) eciu e u ep — JiBa He COepKAIIue 3BE3109eK
PEryJIsSipHbIX BLIPAYKEHWs, TO U CJIOBA e1ex U (€1 V e3) TakKe He COIEpIKAINe
3BE30YEK PETYJISTPHBIE BHIPAYKCHUS .

BOITPOC. Bepuo nu, uro E; u Ey TPeACTaBISIOT Pa3IAYHbIE S3bIKH B AJI-
dbasure T? (fI3bIK, npencrapasieMbrii ciMBoioM o € X, ecth {0}, a ecin e; n
€y TIPEZICTABJISAIOT COOTBETCTBEHHO A3LIKA L1 n Ly, TO €1y MPENCTABISET A3BIK
{zy:x € L1,y € Ly}, a (e1 V e2) npexacrasisier 5361k Ly U La.)
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Memod nocmpoenus KoMnowerwm

11. Pacmiemyienne MHOXecTBa

YCJIOBHUE. 3amansr cemeiicreo C' TOIMHOKECTB KOHEIHOI'O MHOMKECTBA, S.

BOIIPOC. CymecrByer jin pa3buenue S Ha aBe 9actu S; u Sz, TAKOE, UTO
HI OJHO MOIMHOKeCTBO n3 C He COmep>KUTCA Hi B S; HU B S57

Vraszanue. Ucnons3osars 3-BBIII.

12. Pa36buenue Ha TyTH OJIUHBI 2

YCJIOBUE. Bamanst rpad G = (V, E), rae |V| = 3¢ nas HeKOTOPOro HEsIoro
MOJOKATETHHOTO IUCTA, (.

BOITPOC. CymiecrByer u pa3buenue V Ha ¢ HENEpPECEKAIOMUXC s TOIMHO-
xects Vi, Va, ..., V,, Mo Tpu BepmuHLI B KayKIOM, TaKoe, UYTO I BceX V; =
{win], vira), via) } MO Kpaiireit mepe aBa w3 TPéx pébep {vin), i1}, {vin]s Virs) )

V2], Vi3] } TPUHAAIERAT E7

Yraszanue. Ucnonb3osars 3-C.

13. Hymepanusa rpada mo I'pyuan

YCJIOBHUE. 3anan opuenruposaunusiii rpad G = (V) A).

BOTIPOC. Cymecrsyer u Takas nymepauus L : V — ZT (tme kaxoit
BEPIIUHE MOYKET OBITH MPUCBOEH TOJHKO OJUH HOMED), 9To a1t Beex v € V' L(v)

€CTh HAMMEHBINee HEOTPUIATETHHOE MEJI0e YUCI0, HE TPUHAIIEKAINEE MHOKE-
crBy {L(u) :u €V, (v,u) € A}?

14. PackparmmBaeMocTh rpada B 3 1BeTa

YCJIOBUE. 3anan opuenruposauusiii rpad G = (V, E).

BOITPOC. Moxuo i G packpacuThb B 3 npera’

HOpyrumu ciaosamu, cymecrsyer jm dyukuusa f; V' — {1,2, 3}, Takas, aro
f(u) # f(v), ecm {u,v} € E?

Yxaszanue. cionn3osars 3-BBITT.



I'maBa 4.

Ilpumenenue Teopun
NP-11ojIHOTHI 1JI1d aHAJIU3a
3a/1a4

Temepb, Korma MbI OBJAJAETN OCHOBHBIMHU 3J€MEHTAMH Teopuu NP-TIOTHOTHI,
MOXKHO TepeiiTh K UCIOIb30BAHUIO 3TOM TEOPUU I AHATIN3A 33a4.

W3 paccyxaennii, npuBeA8HHBIX B IJ1. 1, cieayer, 9T0, BCTPETUBIIUCH C HO-
BOIl 3aa4eif, eCTECTBEHHO CHAYAJIa, 330aTh BOMPOC: « MOKHO /I paccMaTpuBa-
eMyI0 33/1a9y PEIUTh MOJMHOMUAIBLHBIM ajroputMom?s Ecaun orBer Ha 3TOT
BOITPOC OKA3BIBAETCS MOJIOKUTETBHBIM, TO C TOYKHU 3peHust Teopun NP-TIOTHOTHI
HUYero OOJIBIIEro O 3aa4de CKa3aTh Hesb3s. JlanbHeinre yCuans Mbl MOXKEM
CKOHIIEHTPHPOBATH HA MOMCKE KAK MOXKHO Ooiee 3 (PEeKTUBHBIX MOTHHOMUAATb-
HbIX anropurMoB. OHAKO, eciu I PeIleHust 3a/1a91 He U3BECTHO MOJUMHOMU-
aJILHOTO AJITOPUTMA, €CTECTBEHHO BO3HWKAET BTOPOIl Bompoc: «Bepwo sm, uro
paccmarpuBaemas 3amada NP-moaHa? s

st TOr0 94TOOBI TIOCTABJIEHHBIN BOMPOC MMEJI CMBICT, TPEIIOI0KNAM, UTO
paccMmarpuBaeMas 3aa49a cPOPMyIUPOBAHA KAK 3312494 PACIO3HABAHUSA U UTO
OHa MPUHALIEKUT Kiaccy NP. 3aMeTuM, 9T0 B HEKOTOPBIX CJIYUYasiX JIEMKO YCTa-
HABJIUBAETCS TOJTUHOMUAJIBHAST PA3PEITUMOCTh WHTEPECYIOEeil HAC 33Ja49u, B
IPYTUX »Ke OKa3bIBaeTca odeBmanoit eé NP-nonnora. Ecim 3amaga okasasach
NP-mionHO#, TO 3TO ABISAETCS CUIHHBIM apryMEHTOM B TIOIL3Y TOTO, 9TO €8
HeAb3A PEIINTDH 33 NOJTUHOMHUAILHOE BPeMs.

B GonbmmaCTBE CTydaeB, OHAKO, HAWTH OTBET HA KAXKIBIH U3 TOCTABIEHHBIX
BOIIPOCOB JOBOJILHO TPYAHO. OOBIYHO HE OYEBHJHO, 9TO 3a/a9a Pa3permMa 3a
MOJIMTHOMHUAJILHOE BpeMs un uto oH NP-mosiHa, a Tpebyercst HekoTopasi pabora
JIJIST BBISICHEHW ST, KAKAS U3 ITUX JIBYX BO3MOYKHOCTEMH B HEHCTBUTEIHHOCTH PEAJIU-
3yercs (B TOM CIydae, eCIu Peajin3yercs XOTs Obl OHA W3 HUX; HATIOMHUM, 9TO
B pazi. 2.5 roBopusioch 0 ToM, 9ro eciu P # NP, to B kiacce NP cymiecTBytoT
3a/1a4¥ KOTOPbIE HEPA3PEIIUMbl 33 [MOJIUHOMUATLHOE BpeMs U He NP-mosiHbl).
Kaxk B 9TOM cilydae BBISCHUTH CJIOKHOCTH PACCMATPUBAEMON 3a1a49u?
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P

NP-nonabie

KPATYUANIINN NIVTDh mexay
JBYMS BEPIIIMHAMU
YCJIOBUE. 3agausr: rpad

G = (V, E), nomnwt l(e) € ZT nna
Bcex e € F, BbIfieleHHbIE BEPITHHBI
a,b € V u nomoxutenpHOE 1eioe
qucio B.

BOITIPOC. CymmectByer qu B G
MpOCTOH MyTh U3 a B b, nuMmeronuii
JIIMHY He Gomee B?

CAMBIN OJIVUHHBIN IIVTH
mexay JIBYMS BEPIIIMHAMMUAX
YCJIOBUE. 3agansr: rpad

G = (V, E), nomnuwr l(e) € ZT nns
Bcex e € F, BbIfeleHHbIE BEPIIUHBI

a,b € V u nomoxxuresnpHOE 1€5I0€
qucio B.

BOITPOC. Cymectsyer u B G
pOCTO# yTh U3 a B b, nMeromuii
JJIMHY He Menee B7

PEBEPHOE IIOKPHITUE
YCJIOBUE. 3anaubr: rpad

G = (V, E), n NOonoXUTeIbHOE

nesgoe unciao K.

BOITPOC. CyrecrByer jin mOAMHO-
xkecrBo E' C E, rakoe, uro |E'| < K
U 719 KasKJI0H BepmuHbL v € V' nmee-
TcsT Takoe pebpo e € E', uro v € e?

BEPIIIMHHOE ITIOKPBITUE
VYCJIOBUE. 3anganbr: rpad

G = (V, E), n nonoxxurensHOe
mnesoe unciao K.

BOITPOC. CymecTByer mu mogaMHO-
xkecrBo V' C V', rakoe, aro|V'| < K
u 111 T00oro pebpa e € E umeercs
Takas BepmmHa v € V', uTo v € e?

TPAHSUTUUBHAA PEAYKIINSA
YCJIOBUE. 3aganbr: opueHTUPOBAH-
uetit rpad G = (V, A), u nonoxu-
TeJILHOE 11eJioe 9ncyio K.

BOITPOC. CyrecrByer jin mOAMHO-
xecro A' CV x V, takoe, 94To

|A' < K n mna Beex u,v € V

rpad G' = (V, A') comepxkur myTh

U3 U4 B ¥ TOTA W TOIHLKO TOTIA,

korja rpad G comepKUT Takoi myTh?

MUHIMAJIbHBI SKBUBA-
JIEHTHBI OPUEHTUPO-
BAHHBIN [IO/ITPA®
YCJIOBUE. 3aganbr: OpueHTUPOBAH-
wbiil rpad G = (V, A), u nonoxu-
TeJbHOE 1esoe 9ucao K.

BOITPOC. CymecTByer mu mogaMHO-
xecteo A’ C A, Takoe, 9TO

|A'| < K w nnst Beex u,v € V

rpad G' = (V, A') conepxkur nyTh

W3 U B U TOTIA U TOJBKO TOTA,
korja rpad G comepKUT Takoi myTh?

PACIINCAHUE AJIdA ITPAMOTO
JTEPEBA 3AJJAHUMN
YCJIOBHUE. 3ananber: muoxectso T'
3aJaHUNA C e JUHUIHON ITUTEeIbHO-
CTBIO, TUPEKTUBHBIH cpok d(t) € Z+
st Kaxkaoro t € T', 9acTUYIHbBIN TO-
pPAIOK < Ha MHOXKecTBe T', OTHO-
CHATETBHO KOTOPOTO KazkKI0e 3aTaHne
nMeeT He DOee OIHOTO HEOCPeI-
CTBEHHO CJIEIYIOMIErO 33 HUM, MO0~
JKUTEJIHHOe IeJI0e YNCIIO M.
BOITPOC. MoHOo 1 COCTaBUTH
st MHOXKecTBa T’ pacmucanue Ha m
IIPOIIECCOPAX, HA KAXKIOM U3 KOTO-
PBIX 3aIaHNST BBIMOTHIIOTCS COTTIACHO
3aJAHHOMY YaCTUYHOMY MOPSIIKY,
TaK YTO BCE NUPEKTUBHBIE CPOKHU
OKAXKYTCS BBITIOJTHEHHBIMU?

PACIIMCAHUE OJI4d OBPAT-
HOI'O JIEPEBA 3AJIAHUN
VYCJIOBHUE. 3amansr: MmaOXKECTBO T'
3aJaHAN C e JMHUIHONA JJTATEIBHO-
CTBIO, TUPEKTHBHBIH cpok d(t) € Z+
A7 Kaxkaoro t € T', 9acTuYIHbBIN Mo-
PANOK < Ha MHOXKecTBe T, OTHO-
CHUTETHLHO KOTOPOTO KarKI0€e 3aJaHIe
nMeeT He Dosiee OHOTO HEIOCPeI-
CTBEHHOT'O TPEINIeCTBEHHNKA, TTOI0-
JKUTEJIHHOE IeJI0e YUCTIO M.
BOITPOC. MoxHO JI1 COCTaBUTH
I71sT MHOXKecTRa 1’ pacmucanue Ha m
MIPOIIECCOPAX, HA KAXKIOM U3 KOTO-
PBIX 33IaHUSA BBITOTHAIOTCS COTJIACHO
3aJAHHOMY YACTUIHOMY TOPSIIKY,
TaK 9TO BCE JUPEKTUBHBIE CPOKU
OKAYXKYTCST BBITTOJTHEHHBIMU 7

4.1. TTapsr 6IU3KUX 3a1ad9, OTHA W3 KOTOPBIX MPUHAIICIKHAT Kiaaccy P,

a npyras NP-monHa.
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Ecnu uHTYUTHBHO MBI CKJIOHSIETCSI B MOJB3Y OJHOW W3 BO3MOXKHOCTEH, TO
O4YeHb COBIAZHUTETHLHO COCPEIOTOUNTh YCUIns B 3TOM Hampasienun. OmgHAKO
B MOJOOHBIX BOIMPOCAX MHTYHUIINSA OKA3BIBAETCS OCOOEHHO OOMAHYMBOM, MO0 3a-
YACTYIO 3aJa9M, PA3PEITUMBbIE 32 MOJMHOMUAIHLHOE BPEMSsI, OUEHb HE3HATUTETh-
HO oTm4aioTcss oT NP-monubix 3aga4d. Hampumep, MBI yKe BUIETH, UTO 337~
gy 3-BBIIIOJTHUMOCTD (3-BBIIT) 1 TPEXMEPHOE COYETAHUE (3-C)
NP-nionubl, a 6muskue 3agaqu 2-BBITIOJTHUMOCTD u ITAPOCOYETAHUE
pas3pemnuMbl 38 moauHOMuaIbHOE Bpems. Ha puc. 4.1. yKazaHO HECKOIBKO JIpY-
TUX Tap 33734, OJHA U3 KOTOPBIX MPUHAIEKUT Kaaccy P, a apyrasg NP-momHa.
Harma waTYynIms, Kaxk mpaBujio, OCHOBAHA HA OMBITE paOOTHI C OJIU3KUMU 333~
gamu. [1o 3To#t mpuvnHe MbI CEPHEIHO PUCKYeM COUTHCS C MPABUJILHOTO MYTH,
ec/ii O3BOIUM cebe, JOBepsisiCh MHTYHUINH, COCPEIOTOYNTHCS HA WCCIEI0BAHUT
TOIBKO OJHOM BO3MOXKHOCTH.

Takum oOpa3oM, Mpu aHAIN3E 330a4 JIYUIle MOJIB30BATHCS IBYCTOPOHHUM
mogxomoMm. IIweiTasich ¢ OFHOM CTOPOHBI M0Ka3aTh NP-TOMHOTY 3aJa9u, OIHO-
BPEMEHHO I1eIeCO00PA3HO NCKATH MOJIMHOMHUAJIBHBIN aJropuT™ eé perrenusi. Ko-
HEYHO, B KAXKIbII JAHHBI MOMEHT MbI BHIOMPAEM HAIIPABJIEHUE WUCCIEIOBAHUI
HCXOJIsi U3 TOTO, YTO MPEICTABISETCS HAM MEPCIEeKTUBHEE, HO HYXKHO OBITH ro-
TOBBIM CMEHUTH HAIPABJIEHUE UCCIEeI0BaHM. B meficTBUTEIbHOCTH, IO MEepe TO-
ro Kak MbI OyIeM TepeXoauTh OT OJHOTO HANPABJIEHUs] K APYrOMY W ODPATHO,
00a HaMpaBJIEHUS, B3AUMOIEHCTBY S APYT C APYTOM, CIUBAIOTCS B €IUHOE IEJIOE.
Heynaun B moxasarenbcrse NP-IIOTHOTHI 33291 MOTYT MOPOIATDH HALIO AJIrO-
puTMa eé peleHus, 8 HeyJadu B MOCTPOSHWM AJTOPUTMA MOTYT YKA3aTh IIyTh
K JoKa3arenbcTtBy [NP-mosmHoThl 3a7a4u. JIio0ble YacTUYHBbIE PE3yJIbTAThI, O-
JIyUYEHHBIE B MPOIECCe TOMOOHBIX UCCIEIOBAHNI, OCOOEHHO PE3YJIBTATHI O «HOD-
MaJIbHOM (hOpMEs pereHuii, MOTYT OKA3aThCsl B PABHOMN CTETIEHN MOJIE3HBIMU KAK
IJIsT TOKa3aTebcTBa NP-TIOTHOTHI 3324, TaK W JJIst TOCTpoeHust 3(hderTuB-
HOT'O aJITOPUTMA €€ pelleHnsd.

Camo coboit pazymeercsi, 94TO yCIEIIHOE TTPUMEHEHHe Ha MPAKTUKE TaAKOTO
JIBYyCTOPOHHETO MOIX0a TPEOYET OT MCCIeIOBATENsI MACTEPCTBA KAK B OTHICKA-
HUU JOKA3aTeILCTB NP-TIOTHOTHI, MaK U B IOCTPOSHUN MOJMHOMUAIBHBIX aJIr0-
purmoB. O MeTomax mokasareabcTBa [NP-TOTHOTHI OBIIO yKe JOCTATOYHO MHOTO
ckazano B riI. 3. C Meromamu nocrpoerus 3G HEKTUBHBIX AJTOPUTMOB YUTATENH
MOXKET O3HAKOMUTHCHA B CTAHAAPTHBIX KHUTAX [0 MOCTPOEHUIO AJTOPUTMOB, CM.
nHanpumep, [9, 445]. B nacrodiieil riase Mbl COCPEJOTOYMM BHUMAHUE HA CJIe-
JIYIOIEM BOMPOCE: eCu JoKazana NP-ToHOTa, HeKOTOpOii 3a1a4n (4To GhIBaeT
OYeHb YACTO), KAK UCIOJIb30BATH PACCMOTPEHHBIH BBIIIE JBYCTOPOHHUI MOIXOT
115t 60sIee TIIyDOKOTO aHAJIM3a, ITON 3a7a4un’

B pazza. 4.1 obcyxkmaeTcs BOIPOC O TOM, KAKAM OODPA30M MOXKHO TTyOKe
MPO30HINPOBATH CI0XKHOCTH [NP-1otHO# 3amaun, n3ydas e€ moa3a adu U Ibl-
TasiCh PA3rPAHUYNUTDH MOJUHOMHUAJIHLHO pas3pemmmMbie U NP-TIOTHbIE MOA3aJauN.
B pasn. 4.2 paccMaTpuBaiOTCS MOA330a9M CIENUAIBHOTO BUIA, 9aCTO 3AC/LY KU~
BAIOI[ME BHUMAHWE B TEX CIyYasX, KOTJIA B MCXOTHOW 3aJade CYIIECTBEHHYIO
POJIb UTPAIOT [EJbIe 9UCIA. TaKoW TOAX0M TPUBOAUT K NOHATHSAM «AJTOPUTM C
[ICEBIAOMOTNHOMAATLHBIM BpEMEHEM pabOThl» U «ChuibHAs NP-MoaHOTaY, a TaK-
K€ K JIOMOJIHEHUIO CIUCKA «OCHOBHBIX» NP-TOTHBIX 3334 CeIbMON 3a1adeii.
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BakamuuBaer riasy pasm. 4.3, B KOTOPOM KPATKO OOCY2KIAETCA MCIOIb30BAHNE
1o/3a/a4 IpU U3YYeHUU BIUSHUS Ha CI0YKHOCTb 3a/a4U e6 WHIMBU/LyabHbIX
napamMerposB (a He TOJIBKO OOIIel «IJIMHBL BXOAAS ).

4.1. Amnaaus moaszagad

[IpeamnomaoxkM, HAM TOJIBKO YTO YIAJIOCHh JOKA3aTh, YTO HHTEPECYIONIAsT HAC 3a-
nmada NP-monra. [Ipu 3TOM MBI MOJIyYaeM TOJIHBIE OTBETHI HA 00a BOMPOCA, C
KOTOPBIX HAYUHAJICS aHAJN3 BOMpocoB. OIHAKO 3TO JIUIIL TIEPBHI IIAr HA IMy-
TU pelieHus 3a1a9u. 3a4a9a, KOTOPO Mbl 3aHUMAEMCST, YACTO TOIYIAeTCs KaK
ueannu3alys MeHee MPUBIEKATETbHON MPUKIATHON 3aJa49u, U HEKOTOPBIE Jie-
TAJIH, OMYINEHHBIE B MPOIECCe UISATH3ANH, MOT'YT U3MEHUTh 33249y B TAKON
CTETeHN, YTO OHA CTAHET Pa3pentnMoil 3a MoJIMHOMUAIhHOE Bpems. [laxke ecian
9TO HE TaK, y 33JaYU MOTYT UMEThCSI HEKOTOPhIE BayKHbIE YACTHBIE MMOA3ATAUH,
KOTOPBIE MOTYT OBITH DEIIEeHbI 33 MOJTUHOMUAIBHOE BpeMs. BO3MOXKHO Tak¥Ke,
9TO WHIUBUIYATBHBIE 38a91, [LJI0XO0 MOIIAIOIIHECS PEIIEHUT0, BCTPEYAOTCsl OT-
HOCHUTEITBHO PEIKO W MMEIOT JIEMKO BBISBISEMbIE OCOOEHHOCTH, TTO3BOJISIONINE
3a0/1aTOBPEMEHHO OTIO3HATH TaKWe 33/1a91. ITH BO3MOYKHOCTH MOTYT OBITH U3Y-
YeHBI C TTOMOIIHI0 AHAJIN3A 10133149 WHTEPEeCYIOIIel HAC 3a1a4n.

CorsacHo TPUHATOMY HAMU OMUCAHIIO MACCOBBIX 33189 PACITO3HABAHNST , KAK-
Jlast U3 HUX COCTOWUT W3 JIBYX dacTeii: MHOXKecTBa D BCeX WHIAMBUIYATBHBIX 3a-
a4 ¥ MHOXKeCTBa Y MHAMBUIAYaJIbHBIX 33134 u3 D ¢ orseToM «Hax». Ilodszada-
wet} (wam «d9acTHBIM ciaydaeMms) 3agauan 11 = (D, YY) nasbiBaercsa Takas 3a1ada
II'=(D",Y"),uro D' CDuY' CYND' Opyrumu ciosamu, II' ects nomzama-
qa 3agaqn 1, ecu B Hell chOPMYTUPOBAH TOT YK€ BOMPOC, YTO U B 11, HO TOIBKO
HA HEKOTOPOM TIOJMHOXKECTBE MHOYKECTBA WHINBUIYATHHBIX 3aga4d u3 1.

Takum 06pazoM, TOA3aAa9M BOZHUKAIOT BCAKUN pa3, KOTIA HA MHOMKECTBO
UHIUBUIYATBHBIX 3329 HAJIATAIOTCS JOMOTHUTEThHBIE orpaHudenus. B 3a1a-
Jax u3 Teopuu rpadoB, HAMTPUMED, MOKHO OTPAHUIUBATHCS WHIUBUIYAJIHHBIMEI
3a/1a9aMU, B KOTOPBIX rpadbl IJIAHAPHBI, WX ABYIOIbLHBI, WU AIUKIAIHBI, UJTH
00J1a71AI0T HEKOTOPHIMHU M3 3TUX CBONCTB OJHOBpeMeHHO. B 3amavax, comeprka-
X MHOYKECTBA, MOXKHO OTPAHUYUTHCS WHIUBUIYATHHBIME 33Ja9aMU, B KOTO-
PBIX MOITHOCTH MHOYKECTB He MMPEBOCXOJUT 3aJAHHOM BETUIUHbBI, WU 3aJa9aMHu,
B KOTOPBIX BCE AJIEMEHTBI COAEPKATCS He HoJee YeM B OTPAHUYEHHOM YHCIIe MHO-
xecTB. MOKHO mOTPeboBATH, YTOOBI JIFOOBIE BEJIMYUHBI, COMOCTABISEMBIE JJIe-
MEHTaM MHOYKECTBA, MPUHAIJIEKAJIN HEKOTOPOMY OTPAHUYEHHOMY MHOYKECTBY
JIOTYCTUMbBIX 3Ha4YeHW. VI3 BCex 3TUX BO3MOXKHBIX 3324 s JETATHHOIO aHA-
Ju3a OOBIYHO BBIOMPAIOTCST T€, KOTOPbIE HMEIOT U3BECTHBIE MPUIOKEHUST UITH B
KAKOM-TO CMBICJIE SIBJISIOTCS «ECTECTBEHHBIMU» IMOI331a9aMy, BOSHUKHOBEHUE
KOTOPBIX MOXKHO OYKHUIATH B MPUIOKEHUSIX.

CoBeplIIeHHO SICHO, UTO, eciu gaxke 3amada [l ssisiercas NP-ToaHOM, €€ mo-
33129 MOTYT OBITH KakK NP-TIOJHBIMU, TAK W MOJMHOMUAIHLHO PA3PEITMMBIMHY.
Koneuno, ecnu 3amaqga II mpunamiexur kmaccy P, To mobad eé mom3amada,
HHIWBUIYATbHBIE 33290 KOTOPOH PaCcHo3HABAEMbI 33 TMOTMHOMHUATILHOE BpPE-
Mg (a MbI OyZIeM PACcCMATPUBATH TOJIBKO MOA33AYU, 00JIAJAI0IIUE TIOCIETHUM
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CBOICTBOM), TakKe JO/KHA Jexkarb B P. Mbl yke orMedanu OTIHYAONIme-
ca B 3tom ornomenun ase noazagagu BBIIIOJIHIIMOCTD — a umenno 3ana-
qu 3-BBITTIOJTHUMOCTD u 2-BBITIOJTHUMOCTbD. B npeanonoxkennu, 9T0
P # NP, MOXHO CYUTATH, YTO MOA3ATAYN JII000H NP-TOoNHOM 3ama4u Jieskar
MO Pa3HbIE CTOPOHBI BOOOPAYKAEMOM «TPAHUIILI>, PA3IESIONIEH TOTHHOMUAIIb-
HO pa3peluMbie U TPyIHOperaeMbe 3a1a4qu. [Ipu aHamuse 3ajad HaIla, [EeTh
COCTOWT B BBISICHEHUH, KAKUE MMOA33IA9U 10 KAKYI0 CTOPOHY ITON TPAHUILBI Jie-
JKAT.

B neficTBUTEILHOCTH, TIO-BUAUMOMY, JIyUIlie 6y 16T B KasKIbIH OTIEIBHBIH MO-
MEHT BPEMEHU TIPEICTABIATH cebe «IOrPAHUIHYIO 30HY» MEKIY MOI3aJadaMU,
PA3pemnMOCTh KOTOPBIX 32 MOJMHOMHUATHLHOE BPEMsl YKe U36eCMHaA, U TI0/I3a-
IaYaMu, [I71s KOTOPBIX ycranoBiaeHa NP-nomnora. [TomobHas morpanndnas 30Ha
coCcTOUT W3 MoA3aaad, NP-oHOTa KOTOPBIX OCTagTCs o BompocoMm. Ha puc.
4.2 cxemarndecku n300paYKEHO BO3MOXKHOE «COCTOSTHME 3HAHUl» 0 HabOpe Mmoj-
3amayg 3amaun 1.

NP-noamsie safawy

e -

Crmrspoimsie sadayet
(Roepaninas Sora)

Puc. 4..1: Odna u3 603MOHCHLLT cumyauuti cOCmoAHUA 3HAHUT 0 Nod3adaywar
NP-noawnoti sadavwu 1. 3adavwu uszobpascenv, kpysckamu. TEmmovie Kpyocru co-
omeemcmsytom NP-noanvim 3adauam, ceemavie — 3adauam Kaacca P, a kpyoic-
KU ¢ moukotl - «omxpoumoimy 3adavam. Cmpearxa om 3adavu I % 3adaue Tlo
yrasveaem na mo, umo Iy ecmsv nodszadaua I1,.

Ecnmu mam ymaércs onpenenuTb, 9TO HEKOTOPas OTKPBLITAS 331a9a JIEXKUT
B P wan NP-monHa, TO TeM CaMbIM Cy’KaeTCsl TTOTPAHUYHAS 30HA W YBETUUN-
BaeTcs m3ydeHHas dacTh Kjaacca NP. Koneuno, ecnm 3amada Hepa3penmMa 3a
MOTMHOMHUATLHOE BPEMST, HAM HUKOT/IQ He YIACTCS TMTOTHOCTHIO NCYEPTIATh MOTpa-
HAYHYIO 30HY, KPOMe, BO3MOKHO, C/Ty4as, KOT/IA IIPEJICTABISIeT HHTEPEC TOIHKO
OrpaHMYeHHOe YHCT0 moa3azad. Jlayke KOrma MbI OTPAHHMIHABAEMCS (DUKCHPO-
BAHHBIM, KOHEYHBIM HAOOPOM MO3a7a49, HEKOTOPHIE W3 HUX MOTYT OKA3aThCs
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MPUHAIEKAIUMA K TPYIIIe TPOMEXKYTOUHBIX 3371249, KOTOpble Hu NP-TOJHBI,
HU npuHazexar kaaccy P (kak Mbl yxke ormevanu, eciu P # NP, to takue
3a/1a4¥ JOKHbBL CYIECTBOBATE). TeM He MeHee, KOTa Mbl BbISICHSIEM MECTO Ol
HOW U3 33034, OCTABINENCST OTKPBITON, MOYKHO CIUTATH, UTO MBI MTPUOJINIKAEMCS
K BOOOPAaKaeMol «TTOTPAHUYHON JIMHUMS.

YT00bI KOHKPETU3WPOBATH CKA3AHHOE BBINE, PACCMOTPUM 339y COCTAB-
JIeHUs PACMIUCAHUS BBITTOIHEHUSA 3aJaHWI, NUMEIOIINX PABHYIO AJIUTEIbHOCTh U
NOTYMHEHHBIX OTHOIIEHWIO TIPEIIIECTBOBAHNS (ITa 3a1a9a caMa, 110 cebe Tpe-
CTABJIAET YACTHBIH CIy4ail HEKOTOPbIX Gosiee 00IIUX 33,124 TEOPUK PACHUCAHMIA).

PACIIMCAHUE C OTHOIIEHVEM ITPEJAINITECTBOBAHUA

YCJIOBHUE. 3Baznano muoxkecrso T «3amanuii» (npeamnonaraercs, 4ro BCe
OHU MMEIOT JJIUTEIbHOCTD 1) M YacTUYHbIH IOPANOK <€ Ha MHOXKecTBe T', 9ucio
«TIPOIIECCOPOBY 1 U OOIIMI TUPEKTUBHEIN cpok D € Z7T.

BOITPOC. Cymecrsyer in takoe «pacmucannes o : T — {0,1, ..., D}, uro
st kaxkgoro ¢ € {0,1,...,D}{t € T : o(t) = i}| < m nw ec;m t < ¢/, TO
o(t) <o(t)?

B kauecTBe rUMOTETHYIECKOTO «TPUJIOKEHUST> ITOM 338aUN PACCMOTPUM CJIe-
IyIoNLyto curyanuio. [IpeamnonoRumM, 9ro Bbl acCUCTEHT (haKyIbTeTa MTPUKIIAJ-
HOU MaTeMaTuku [OCYJapCTBEHHOIO YHUBEPCUTETA U TONHKO UTO TOTYIUIN 3a-
JIAHWEe TOMOYb TIOCTYMUBIIAM MEPBOKYPCHUKAM COCTABUTH ILJIAH CBOUX 3AHITHI
Ha BCE Bpemst obyueHus. CTyIeHTHI MPEICTABISIOT BaM CIHCOK BCEX KYPCOB,
KOTOphIe OHM HAMEPEBAIOTCST MPOCIYIIATh, ¥ YUCI0 M — MaKCHMAIbHOE YNCIIO
KyPCOB, KOTOPbIE OHU MOTYT CIIYIIATH OJHOBPEMEHHO, I) — YHCIIO CeMecTpoB
obOyderusi. YHUBEPCUTET TOCTATOYHO OOJIBIION, TAK 9TO KAXKIBIH KYPC JEKIHi
YUTAETCST KAXKJIBI CeMEeCTp M HUKAKHE /IBA Kypca He MEePeceKaroTCsi M0 BpeMe-
Hu. OIHAKO HEKOTOpPhIE KYPCHI SBJISIIOTCS BCIIOMOTATENIHHBIMHU IJIsi APYTUX U
MO3TOMY JIONIZKHBI OBIThH MPOCIIYIIIAHBI PAHbINE Tocaeauux (t <t o3uadaer, 4o ¢
SIBJIAETCSA BCOMOTATEIbHBIM 1115 ¢'). [Ipeamonokum, 4To Bbl PEIIUIN HATIMCATh
nporpammy st 9BM, koTopast, Tonb3ysch 3T0# nHGOPMAIUEi, COCTABISLIA ObI
JIJTsl KAYKJIOTO CTYZEHTa COOTBETCTBYIOINIEE PACHUCAHE.

Bamgaga PACTINMCAHUE C OTHOIMMEHUEM MMPEAIITECTBOBAHU S NP-
nosina [518], mosToMy Maso BEPOSATHO, YTO BaM yJIACTCS MOCTPOUTH MOTUHOMU-
AJIBHBIA ATITOPUTM COCTABJIEHUS PACHUCAHUS B OOIEM ciydae. TeM He MeHee,
BO3MOXKHO, HANIYTCST HEKOTOPBIE €CTECTBEHHBIE OTPAHUYEHUST, TPUEMJIEMBIE JIJIst
GOMBINMHCTBRA CTYJAEHTOB 1 obJiervarorne pernierve 3aaa4qn. [lockoabKky paboTo-
CTIOCOOHOCTH CTYIEHTOB OTPAHWYEHA, TO BIIOTHE BEPOSTHO, UTO 11 MOYKHO OTpa-
HUYUTH CBEPXY HEKOTOPBIM YUCIOM, Hanpumep 6. Becmomorarenbabie Kypebl JTek-
Uil TAKYKE MOTYT yIOBIETBOPSTH JOMOJHUTETBLHBIM OrpanndenusiM. Muorue u3
BAIIUX CTYIEHTOB MOTJIA BBIOPATH CTOJIb PA3HOOODPA3HYIO MPOrpaMMy O0ydUe-
HUsI, 9TO HU OJWH W3 BBIOPAHHBIX UMW KYyPCOB JIEKIUI HE MOTPedyeT BCIIOMOTA~
TEILHBIX KypCoB (B 3TOM CjIydae yCIOBHE TOPSIKA OTCYTCTBYET). B HEKOTOPBHIX
CITy9asix MOXKET OKA3aThCs, 9TO JJIs KarXKJIOr0 JTaHHOTO Kypca JIeKIuil Tpedy-
eTCsl TOIBKO OJUH «SBHBIH» BCIIOMOTATENbHBIN KypC, & BCE OCTAJIbHBIE KYPCHI,
BCIIOMOTATEbHBIE JIJIsT JAHHOTO, SIBJISIIOTCS BCIIOMOTATETBHBIMUA TAKXKe U T
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«ABHOT'O» BCIIOMOTaTE€JIbHOTIO. B 9TOM CJIy4dae JaCTUIHBIN IOPAOOK IIPpeaCcTaB-
JIIeT coDOM IPEBOBHUAHYIO CTPYKTYPY. BO3MOXKHBI M Apyrue orpaHutdeHus, HO
OCTAHOBHMMCSI TOJBKO HA MEPEUNCICHHLIX. TakuM 00pa3oM, BOBHHUKAET CeMei-
CTBO TIOJ3aJad, mpecTaBiennoe Ha puc. 4.3. Ha sTom ke prcyHke mpuBegeHbI
N3BECTHBIE CBEIECHUA O CIIOKHOCTU ITUX TMOI3a0aY.

m<l m<2 m<3 m<4 m<5 m=<100  m npousbonstio

B

Puc. 4..2: Cospemennoe cocmoanue snanuti o cemeticmee nodsadaw 3adayu
PACIIMCAHHE C OTHOHIEHUEM IPEJIIECTBOBAHHUA (& ob6o3naye-
HUAT puc. 4.2).

< depefo

< /e

BamerumM, 9TO BCe BO3ZMOXKHOCTH, yKA3aHHBbIE HA puc. 4.2, BKIIOYAs MOrpa-
HUYHYIO 30HY, BcTpedatorcs Ha puc. 4.3. B ciydae korga umeercs nogobHast OJ1-
HOPOIHAST UEPAPXUS MOA33JAY, OU€Hb YaCTO Ty YK€ CaMy0 WH(MOPMAINIO MOKHO
3a71aTh 60JIee KPaTKo, YKa3aB « MUHNMAJIbHYI0» NP-TIOMHYIO M «MaKCHMAIIBHYIO»
Pa3peImMyIo 3a MOJIMHOMUAIHFHOE BPEMsT TOa3aaady. Ecim 3a1aH0 cemMeiicTBO
C nonzazad mekoropoit NP-nosuoit 3amauu, to 3anaua I € C asagerca (B
HACTOsAIEee BpeMs) munumarvroti NP-nonuoi non3amaqeii, eciu uzsecrua NP-
nonHoTa 3ajaun 11 u y Heé Her mojzagadu II', koropas 6GoLia 6b1 NP-mnonna
u npuHazexana cemeiicrsy C. 3amaua II € C gasisercs (B macrosiiee Bpe-
M) MAKCUMAALHOT TTOTMHOMUAILHO PA3PEIUMOl Moa3agadueii, ecid U3BeCcTHa,
eé mpuHATEKHOCTD Kaaccy P m B cemeiicrBe C' mer 3amaum II', koropas GbI-
J1a ObI pa3permnMa 3a MOTHHOMHUAIBHOE BpeMs U comepxkasa 0o I1 B KadecTBe
no3a0a491. AHATOTHIHBIM 00PA30M MOXKHO ONPEJIETUTh MUHUMAIBHYIO U MaK-
CUMAJILHYIO OTKPBIThIE TIOA3aaaun cemeiictsa, C.

Ins kiracca noazanad 3agaun PACIIMCAHUE C OTHOIIIEHMEM ITPEI-
IMTECTBOBAHUA, npencraBientoro Ha puc. 4.3., 1Be MOA3aa491, OMPEIes-
eMble OTPAHUYEHUSAMHU «< — MPOU3BOIBHO, M < 2» U «< — JIepeBo, m — TIPo-
U3BOJILHO» ABJAIOTCA (B HACTOAINEE BPEMsl) MUHUMAAbHOU NP-T0mHOM Tox3a-
nmadeit. MUHUMAIBHAS OTKPBITAS MOA33/a9a OMPEIEISIeTCs] OTPAHNYEHUSIMU « <<
— NPOM3BONBHO, M < 3», & MAKCHMABHOMW OTKPBLITOM MOA33a91 HE CYIIECTBY-
€T, TIOCKOJIbKY BCe 33J]a49d C OrPAHUYEHUSIMEU BUJIA «<< — MPOU3BOJIBHO, M < J»
OTKPBITHI IPU BCEX TEIbIX J > 3.

Briosie ecTeCcTBEHHBIM MPEICTABISETCS W3y YEHHe TOTPAHNTHON 001aCTH 3a-
JIa4qu C TIOMOIIBIO ODIIEil CXeMbI JBYCTOPOHHErO MO/IX0/1a, OMMCAHHOM BbIie. Mbr
[0 OYepeid PACCMATPUBAEM MOI33JA4M, IPEJICTABISIONINEC HauboIee BeposiT-
HBIMY KAHIWJATAMY HA TPUHAIJIEKHOCTD Kaaccy P, u momzagadun, KaxkyIuecs
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NP-nonubivu. Vcnonb3ys B KA4eCTBE OTIIPABHBIX TOYEK M0I33/1a9H, 0O9€BUIHBIM
0Opa3oM pasperruMbie 33 MOJMHOMHAAILHOE BpeMs, U moa3aaadun, NP-1moaHoTa
KOTOPBIX CIIEAyeT HemoCpeacTBeHHO n3 NP-moMHOTHI 00Imel 3a0a91, MbI TTIOCTE-
MEHHO YBEJIMYNBAEM MHOYKECTBO WHAWBHUIYAJbLHBIX 33134 TTEPBO MOA33Ma4Yu U
YMEHBITAEM MHOYKECTBO WHINBHUIYAJIBHBIX 3339 BTOPOi. B oT/mdue ot ciaydas,
KOIJAa M3y9aeTcsi OHA OTAEeTbHAS 33/a49a C MePeXOJaMu OT IMOCTPOEHUs aJIro-
puTMa K J0Ka3aTeabCcTBy NP-IOHOTHI, TPU aHAIU3€E MOA33a4 Y HAC TOABIISIeT-
Cs BO3MOXKHOCTb U3MEHSATh TAKXKE U CAMU 3313491, OT HOJiee OrPpAHMIUTETHHBIX
K MeHee OTPDAHUIUTEILHBIM.

Texunka, UCMOIb3yeMast I JOKA3ATEIHCTBA NP-TOHOTHI IOI33,/1a4, MO CY-
[IECTBY, QHAJOTUYHA ONMMUCAHHON B TJI. 3 TEXHUKE T0KA3ATEIHCTBA NP-TIOTHOTHI
U30TUPOBAHHbBIX 3aad. OJHAKO UMeeTcst OJHO BecbMa BaxkHoe paznudune. Ko-
Ia MbI TBITAEMCH 10Ka3aTh NP-MOMHOTY TOA33/1a9M, HAM YK€ U3BECTHO I0-
Ka3aTeabCcTBO NP-TIOTHOTHI HEKOTOPOi ODOOIEHHON BEPCHM ITOM IOA3aIAUM.
D10 m1aéT HAM XOPOIIEro KAHIUIATA, Ha «U3BeCTHYI0» NP-monnyio 3amady (dem
MOYKHO BOCIIOJIb30BAThCs B MICKOMOM JOKA3aTEIhCTBE), & TAKKE JOKA3ATETHCTBO
NP-TIOJTHOTBI, KOTOPOE MOYKHO OBLIIO ObI MOTUMDUIINPOBATE, UTOOBI TTOIYYATH CO-
OTBETCTBYIOIIEE TI0KA3ATEIbCTBO I PACCMATPUBAEMON MOA33/1a9h. XOTs 3TO U
HEe Bceraa obIerduT JOCTUKEHNEe HaIllel e, HO, IO KpaifHeil Mepe B OTIndne
OT IOKa3aTeNhCTBa NP-TOTHOTHI W30JUPOBAHHON 3a4a4n, HAM OyIeT OT 9ero
OTTOJNIKHYThCS.

[TpenmyecTBa TAKOTrO MOAX0/1A MOYKHO Y IAYHO MPOUJITIOCTPUPOBATEH HA HEKO-
TOPBIX XOPOIIIO M3BECTHBIX 33Ja4ax u3 Teopunu rpados. [Tockoabky cpenn NP-
MOJTHBIX 3329 OYeHb YaCTO BCTPEYAIOTCs 337a49u u3 Teopuu rpacdos, a orpa-
HUYEHUs, KOTOPbIe MbI OyJeM DPacCMATPUBATH MJIs TAKAX 337ad, 9aCTO OKa-
3BIBAIOTCS CYIIECTBEHHBIMU, TO B JIEHCTBUTEILHOCTUH PA3JIUYHBIE TTPUEMbBI, WC-
MOJIB3yeMbIE HAMU Il T0KA3aTEIbCTBA Pe3yabTaToB 00 NP-MOJIHOTE TIPU 3TUX
OTPAHUYEHUSIX, 3ACIYKUBAIOT PACCMOTPEHHUs CaMu 10 cebe.

B manwHeiimem Mbr OyaemM 06CyKIATH MHOTO PA3HOOOPA3HBIX 331449 U3 TE€O-
puu rpadoB, a B KA4eCcTBe IePBOro MpUMepa BO3bMEM CIELYIONLY 0 3a1a4y (yxKe
BCTPEYABINYIOCH B [VI. 3) 0 «packpacke rpadas:

PACKPAIIIUBAEMOCTbBH I'PA®A B 3 IIBETA
YCJIOBHUE. Banan rpad G = (V, E).

BOITPOC. Bepuo i, uro G packpammpaeM B 3 npera? IpyruMu croBamu:
«Cymecrsyer s takag dyakuusg f : V. — {1,2,3}, uro f(u) # f(v), ecin
{u,v} € E»?

Ora 3a1a4a CBsA3aHA CO 3HAMEHUTON IPOGJIEMOIl Y4eThIPEX KPAacoK (HeIaBHO
peménnoii Annenem n XakeHom [19, 20] u BO3HUKAIOIIEH B CBA3M C 3aJadaMu
TEOPUU PACTUCAHUi 1 pa3buenuii). 3amada cama mo cebe MpPeICTaBasder coboit
vacTHbii caydait 3amaun PACKPAIIIMBAEMOCTD 'PA®A B K IIBETOB, B
KoTopoii f mpuHUMaer 3uadenve B MHOXKecTBe {1, ..., K'}, a K BXOOUT B yCJIOBHE
zagaan. NP-nonnora 3agaan PACKPAIIIIBAEMOCTD I'PA®A B 3 IIBETA
Ger1a nokazana Cmoxmetiepom [496] (moka3aTenbCTBO OMyOINKOBAHO TAKKE B

pabote [157]).
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ITepBoe U3 paccMaTpUBAEMbIX HAMHU OTPAHUYEHHII COCTOUT B OrPAHUYEHUN
MaKCUMAJILHOI CTeleHr BepIiuH (cmenekvbl0 BEPIIUHbI HA3BIBAETCA YUCIIO CO-
nepxainux eé pébep). BonbmmucerBo 3ana4 u3 reopun rpadoB MOXKeT ObITh pe-
IIIEHO 33, MOJIMHOMHUAJILHOE BPEMST, €CJTM MAKCUMYM CTerneHeit BepiinH rpada 1o-
cTarovHO MaJl. Hampumep, ecii moTpeboBaTh, YTOOBI BCE BEPIITUHBI rpada nMe-
nu crernedb He Oosee 2, o 3agadun TAMUJIBTOHOB ITKJI, BEPIIIMHHOE
IMTOKPBITUE u PACKPAIIIUBAEMOCTDH T'PA®A B 3 IIBETA (a rtakxke
nouru jobas 3agada u3 Teopur rpad)oB, KOTOPYIO MOXKHO cebe BOOGPa3UTh)
TPUBUAJILHO DPEITAIOTCS 34 MOJIMHOMUAIHLHOE BpeMsi. Takum 00pa3oM, BOZHIUKAET
BOIPOC: «KAKOBO CAMOE CUJIbHOE OrPAHUYEHNE HA, CTETIEHN BEPIITHH, TTPU KOTOPOM
3ama4a Beé emé ocraéres NP-momHol 7

Bagaua KJINKA — oxna u3 3aJa4 IJIs KOTOPO HUKAKOE OTpAHUYECHHUE HA
CTEIMEeHU BEPIIVH HE COXPaHsieT CBOHCTBA NP-TIOMHOTBI. 9TO OObACHIETCS TeM,
9TO eCIU CTElEeHU BEPIIVH OrpaHuYeHbl 9uciaoM D, To rpad He MOXKET Comep-
KaTh KUKy Ha 6osee uem D41 sepmnaax. CiemoBareibHO, HAanOOMbIIas KIUKA
MOXKET OBITH HaliIeHa mepedopPOM BCEX MOIMHOYXKECTB BEPINUH, COCTOSIINX He 00-
sgee ueM w3 D + 1 spemeHTOB, a MOCKONBKY D (DUKCHPOBAHO, TO YHCIO TAKUX
MOJIMHOYKECTB OMPAHUYEHO TIOIAHOMOM. 3aMETHM, UTO XOTS (B MPEANONI0KEHUN
P # NP) 310 coobpazkeHue Mpeaynpe:KIaeT HallU MOMbITKY J10Ka3biBaTh NP-
nomHoTy orpanmueHHON Bepcuu 3amadan KJINMKA, anroputM, KOTOPBIH MOXKHO
MOCTPOUThL HA €r0 OCHOBE Mpu 00JbIUX D) He MpPEeaCTaBIsSeT MPAKTHIECKOTO
HUHTEpEeCA.

Jl1st MHOTUX IpyTuX 3aaad u3 reopuu rpados umeromesa NP-mosHbe Toa3a-
JIaYU ¢ OTpAHNYeHHON cTenenkio BepruH. Ha puc. 4.4 mpencTaBieHbl HEKOTOPHIE
pe3yJbTaThl 3TOr0 THMa. OTMETHM, 9TO BCE TPAHUIBI SIBJISIOTCSA HAUIY IIITHMHA
BO3MOXKHbIME (B npeanonokedun P # NP), NOCKOJIbKY UX yMEHbIIIEHHE BCEro
Junmh Ha 1 IPUBOAMT K MOJUHOMHUABHO pa3pemumoi noazagade. B aeiicru-
TEJIbHOCTH 33249 CTaHOBsATCA TpuBuasbibivu. (Iisa 3anaan PACKPAIIIBA-
EMOCTDB I'PA®A B 3 IBETA reopema Bpyxkca [56] yTBepkaaer, 9To CBA3HBIH
rpad ¢ MaKCUMAJILHON CTEMEeHbIO BEPIHH, PABHON 3, PACKPAIINBAEM B 3 IBE-
Ta TOTJA U TOMHLKO TOTIA, KOTJA OH HE SIBJISETCS MOJHBIM rpadoM Ha YeThIPEX
BepimHax). (ITociennee ycioBue jerko nposepsercs ).

B P upu D < | NP-nonnast
npu D >

BEPIIIMHHOE ITOKPBITUE 2 2
FTAMUJIBTOHOB KT 2 3
PACKPAIIINBAEMOCTD 3 4

I'PA®A B 3 IIBETA

MHOZzKECTBO BEPIIUH, 2 3
PA3PE3AIOIINX KOHTYPHI

Puc. 4.4. Kaaccudurayus (0mHocumesvho paspewsumocny 36 NOAUHOMU-
aavhoe epems u NP-noanomos) nodzadas, nosyuaemur paccmomperuesm uHou-
BUIYAALHBLT 30004, Y KOMOPHLT CMenens 8epulum ne npesocrodum D.

Kaxmprit 3 atux pesyabraroB 06 NP-monHOTe moa3aaad Ha rpadax ¢ orpa-
HUYEHHOM CTEMeHBI0 BEPIITUH MOXKET ObITh MOJydeH u3 O0IIeill 3aJa9u ¢ TOMO-
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[[HI0 METOJA JIOKATbHON 3aMenbl. OCHOBHYIO K0, KOTOPAas 3aKII0YAETCS B

«3aMeHe BepIUH», Mbl TPOUILTIOcTpupyeM Ha npumepe 3agaau PACKPAIIIN-
BAEMOCTDB I'PA®A B 3 IIBETA.

Teopema 4.1. 3adauwa PACKPAIIIUBAEMOCTD I'PA®A B 3 IIBETA 0as
2paos, 6ce GEPULUHDL KOMOPYLT UMENM cIENEHD He boaee 4, ocmaémces NP -
NOAHOT.

JlokazarenscrBo 1. IlpuHaame:KHOCTh OrpaHUYeHHON 3amaqn Kiaaccy NP cie-
JIyeT HEeMeJJIEHHO W3 AHAJOTMYHOrO pelysbrara s obmeil 3amadu. [TosTomy
npeanonoxum, uro G = (V, E) — npou3BoibHAsA WHIXBULyaJbHAS 3a7a9a 00-
meit 3amaun. Heobxomumo mocrpouts coorsercrBytonmii rpad G = (V') E'),
HEe VMEIOIIN BepITuH crerneHu 6ojee 4 1 pacKpalmuBaeMblii B 3 I[BeTa, TOTIA U
TOJILKO TOTa, Korjaa rpad G packpainuBaeM B 3 [[BETA.

IMpuém «3ameHa BepIH» OCHOBAH HA MCIOJIH30BAHUM MPEICTABICHHOIO HA
puc. 4.5(a) rpada H3 HA BOCbME BEpIIUHAX. ITOT rpad UMEET TPH «Pa3bEMay,

2 2 3 4

a &

Puc. 4..3: I'pap Hs u 2pap Hs (06pazosannviti mpems skzemniapamy 2paga
Hj), ucnoavsyemvie oaa doxazamesscmea NP-noanomuv, sadawu PACKPAIIIU-
BAEMOCTB I'PA®A B 8 IIBETA ¢ 02panuMentvlmMu CmeneHAMUY 6ePULUH.

MOMeYeHHbIe Ha, 3TOM pucynke unciaavu 1, 2 u 3. [Ipu k > 4 Bepmwna, uHIHU-
nenTHadg k pédbpam, 3amenserca rpadom Hj, umeormuM k pazbéMOB, KOTOPBIit
nosyuaercs u3 rpada Hy_1 noncoequuennem sk3emmigpa rpada Hs (mpuuém K
(k — 1)-my paszbémy rpada Hy_1 moiacoequnsercs nepsbiii pazbém rpada Hs).
Pasnémer rpada Hi_1 — BepmuHbI cTernern apa. Bee pasbémbr rpada Hy_1 co-
XPAHSIOT CBOM METKHU, a PA3bEMBI C HOMEpPAMH 2 U 3 MOICOeANHSIEMOTO Tpada
H; nonywator metku k — 1 u k coorsercrsenno. Ha puc. 4.5(6) npencrasien
rpad Hs.

JIerko BUIEeTH, 9TO 7 BCeX k > 3 MMEIOT MECTO CIIeYIONIUe Y TBePK ICHUSI:

(1) Tpad Hy, umeer 7(k—2)+ 1 Bepruun, BKIOYasa k MOMEYEHHBIX PA3bEMOB.

(2) B rpade Hy Her sepruun crenenu 6osee 4.

(3) Cremenb KaxKI0ro pasbéMa paBHa 2.

(4) Tpad Hj, packpamuBaeM B 3 LUBeTa, HO He PACKPAIIUBAEM B 2 LBETA, a
mobast ero packpacka B 3 IBeTa COMOCTABIISET BCEM Pa3bEMaM OJUH U TOT Ke
I[BET.
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Ilepenymepyem mpou3BOIBHBIM 0OPA3OM I BEPIIUH V1, Vg, ... , Up 33JAHHOTO
rpada G, crenenu KoTopbix npesocxonar 4. Tenepb mocieqoBaTeIbHOCTD MPa-

dos
G =Gy, G1,Gs,...,G. =G

crpourcs creayomum obpaszom. [pad G;, 1 < i < r, crpourcs no rpady G;—1.
ITycrs d — crenenn Bepimuabt v; B rpade Gi—1, a {u1, v;}, {us, vi}, ..., {ua, vi}
— pébpa, comepkarue 3Ty Bepiuny. s mocrpoenus rpada G; w3 rpada G;_1
yIajsieM BEpIUHY v;, 3aMeHsisl e€ dK3eMrIsipoM rpada Hy, v Mpu 9TOM KasKI0e
pebpo {uj, v;} 3aMensiercss peGPOM, COSTUHSIOMNM U; C j-M pa3béMoM rpada
Hy.
W3 nocrpoenust u nepednciieHHbIX Bhire (hakToB BbiTeKaer, 9To npu 0 < k <
r rpad G}, umeer r — k Bepmun crenenn 6osnee 4 u rpad G packpaimBaem B
TPU [IBETa TOTIA W TOJIHKO TOTHA, Korma rpad G packpalinBaeM B TPH I[BETA.
Orcrona cnenyer, aro rpad G’ = G, obragaeT HEOOGXOIUMBIM CBORCTBOM.
|

st ApyTux 3a/1a9 NCTIOIh3YIOTCS WHBIE 3aMeHbI BEPITHH 1 MOIIac TpedyeT-
cst OOTBITTast M300PeTATETHLHOCTh, YTOORI OTHICKATH COOTBETCTBYIOMIYIO 3aMEHY,
COXPAHSOILYI0 BCe HyXKHbIe cBoiicTBa. OJHAKO MOCKOIBKY HA MPAKTUKE TAKUE
OrpaHUYEHHs] BCTPEYAIOTCS JOCTATOYHO YacTo (HAIIPUMED, OPPAHUYEHUE HA YUC-
JIO BXOJIOB M BETBJIEHUII BBIXOIOB B JIOPUYECKUX CXEMAM), TO UMEET CMbICI U3Y-
YNATH WX BJAWSHUE HA CIOKHOCTH JIIOOOH 00IIeit 3a1a4um Teopun rpadoB.

Ipyroe obiiee orpanndenne st 3a7ad W3 Teopur rpadoB CBS3aHO C TIIa-
HapHocThio rpados. I'pad HazbIBaeTCS NAaGHAPHBLM, ECTTH €T0 MOYKHO BIOXKUTH B
[JIOCKOCTD TIOCPECTBOM OTOXKIECTBICHUsT KaXKJION BEPITHHBL C TOYKON TLIIOCKO-
cru, a pebpa — ¢ JUHUell, COeUHSONIEH ero KOHeYHbIe TOUKY (IPUYEM HUKAKHIE
JIBE JINHUU He JOJXKHBI UMETh ODIIUX TOYEK, KpOMe, OBbITh MOKET, KOHIOB). Ha-
MpUMep MPU COCTABJICHUN KAPT U MPU KOHCTPYHUPOBAHUY MTEUATHBIX CXEM BO3HU-
KaloT MJaHapHbie Tpadbl, TOITOMY BITOIHE eCTECTBEHHO PACCMOTPETH BIIMSHIE
mIaHapHocTu Ha cnoxkuocth 3agaun. KJINMKA caoBa maér HaMm nmpumep 3a1a4u,
KOTOpAasl MPU HAJTOXKEHUM TAKOTO ONPAHUYEHMsT YIPOINAETCs, W00 MIAHAPHBII
rpad He MOKET COAepxKATh MOMTHOTrO moArpada domee deM Ha 9eTHIPEX BEPIIH-
Hax. Bosee wHTEpecen mpuMep cieayolei 3aaatn:

MAKCUMAJIbBHBII PA3BPE3

YCJIOBUE. 3azanst rpad G = (V, E), sec w(e) € ZT ana xaxmoro pebpa
e € E, a Takxke 1eI0€ TOM0XKUTEIbHOE ancio K.

BOITPOC. Mox#o jiu pa3butTh MHOXKECTBO V HA Takue IBa HENepeceKa-
IOIUXCS TTOAMHOXKeCcTBa, Vi u Vo, 9ro0Bl cymma BecoB pébep m3 FE, mmerornumx
KOHIIBI B PA3HBIX MMOJIMHOXKECTBaX, ObLna He Menbine K7

JList mpon3BOILHLIX rpadoB 3Ta 3a0a49a NP-1o/IHa, JaXKe eciid moTpedboBaTh,
9TOOHI Beca Beex pébep Gbin pasHbl [157]. Oxrako B pabtorax [406, 195] mokasa-
HO, KAK TEOPWS MapOCOYETAHNIH MOXKET OBbITh UCTOIL30BAHA, JIJIsT PEIIEHUsT ITOMN
3302491 Ha ITAHAPHBIX rpadax 0e3 KaKux-Tund0 OrpaHndeHnil Ha Beca pedep.

C znpyroit cropotbl, MHOrHE 3aja49u Ha rpadax (Hanpumep, Bce 3a1a4u, 06-
CyKIaBimecs B 171. 3) ocraiorca NP-noiaHbIMU JayKe s IIaHAPHBIX rpados.
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K mokazarennbcTBy pe3y/ibTaToOB MOJOOHOrO THIA MMEeTCd ABa moaxona. Ilep-
BBIfl M3 HUX COCTOUT B TOM, UYTOOBI HANTH 3a7aty, Ay KoTopoit NP-moxHOTa Ha
IAHAPHBIX Mpadax yike U3BECTHA, U UCIOIB30BATH CBOAUMOCTE, COXPAHSIIOILY FO
mIaHapHoCTh. BTopoit, 6omee ob1Inii mpuéM COCTOUT B MPUMEHEHNN K WCXOIHO
3a/1a9e MeTOIa JIOKAJTHLHOM 3aMEHBI, 11 9er0 KOHCTPYUPYETCS «TIEPETIETEHIES,
KOTOPOE MOKHO OBLTO OBbI MCIIOTB30BATH BMECTO JTIOO0OT0 HepermeTenus pedep,
BO3HMKAIOIIEro Npu BjioxKeHuu rpada (He obg3arenbHo mianapuoro). Jdns wi-
JTIOCTPAIIUAHT ITOTO MpuéMa onsiTh BepHéMcs K 3aade PACKPAIIIMBAEMOCTD
I'PA®A B 3 IIBETA.

Teopema 4.2. 3adawa PACKPAIIUBAEMOCTH IIJIAHAPHOI'O I'PA-
@A B 3 I[IBETA NP-noana.

Jlokazarenncro 2. TlpunaaieskHOCTDb 3Toi 3aga4u kiaaccy NP odesuana (ma-
HAPHOCTH Tpada MOXKHO PACMO3HATL 38 TMOJIUHOMHUAILHOE BPEMsi, MPUMEHUB,
HanpuMep, JMHEeRHbIH 110 BpeMenn ajroputm Xonkpodra u Tapesna [213]). TTo-
sromy npennosoxum, uro G = (V, E) — npou3sBosibHas WHAUBULYAJIbHAS 321298
PACKPAIIINBAEMOCTD T'PA®A B 3 IIBETA. Tpebyercs yka3arh coocob
MOCTPOEHUsT COOTBETCTRYyoMEro mranapuoro rpada G' = (V' E'), takoro, ato
G' packpammBaeM B 3 IBeTa TOTIA W TOILKO TOTHA, KOraa (G pacKpammmBaeM B
3 1Bera.

«[lepemnerenne», UCmonb3yeMoe B JOKA3ATENLCTBE,—~ 3TO rpad, MPeacTas-
JIEHHBIH Ha puc. 4.6. Y Hero pasbémul x, ', y v y' moMedeHsl. TO MeperieTenne
on110 Tpemoxkeno M. k. @urepoM, OHO TPOIIE TMEePerIeTeHns, NCMOIh30BaB-
merocst B MCXomHOM mokasaresnbcrse CrokMeitepa [496]. I'pad H nmeer 13

X

o

Puc. 4..4: Ilepenaemenue H , ucnoavsyemoe 6 dok-ee NP-noarnomut 3adawu PAC-
KPAIIIUBAEMOCTB I'PAD®A B 3 IIBETA 0as naanapuox 2pagdos.
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BepiuH, 24 pebpa u obiaagaer CIeAyOUUMME CBOHCTBaMU (IIPOBEPKY KOTOPBIX
MbI OCTABJISIEM YUTATEJIO):

1. JTiobas packpacka rpada H B Tpu 1BeTa yA0BJETBOPsET yeaosuaM f () =
f(&") u fly) = fy").

2. CymectBytor Takue packpacku fi u fo rpada H B Tpu IBeTa, UTO BbI-
MTOJIHAIOTCS CBOMCTBA

fHi(z) = [() = fily) = L)

fa(z) = fo(2') # foly) = f2(y'). Tpad G’ crpourcs no G cremyionmm
obpazom:

(a) BkmagsiBaem rpad G B MIOCKOCTD, TIO3BO/IAS PEOPAM TIEPECEKATHCS, HO
HE JOMYCKAsT MPOXOXKIEHUsT pedpa Yepe3 BEPIINHY, OTAUYHYI0 OT KOHIIOB, U HE
paspelnas nepecedenus 0oJiee 4em IByX pédep B OJHOM TOUKE (32 UCKIIOYCHUEM
BEPIIKH). DTO MOXKET ObITh JIErKO CAEJNAHO 33 MOJIUHOMHUAJILHOE BPEMSL.

(6) st kaxkgoro pebpa {u,v} € E Ha30BEM ero MpeiCcTaBIeHne Ha MIOCKO-
cru «{u, v}-nuuaneits. JIjist KayKI0# JIVHWHA, «TTepecekaeMoiiy IpyTHMHU JTMHUSIMH,
00aBUM HOBBIE BEPIIHUHBI IO OJHOM MEXKIy KazKIbIM KOHIIOM W OJImzKaiimeit K
HEeMy TOYKOU IMepecedeHud U MO OJHON MEKy KaxKJOW mapoil COCeJHUX TOYEK
nepecedennst — cM. puc. 4.7 (a) u (6).

U R B

‘ |
bt

TV

Puc. 4..5: ITocmpoenue no 3adannomy 2pady G naanapnozo 2paga G, ucnoswvay-
tousee nepensemenue H, npedcmasaennoe wa puc. 4.6 u corpansouee c6oticmeo
packpawusaemocmuy 6 3 ygema.

(B) BameHsieM KaxKJyIO TOYKY NepecedeHus JUHUI B rpade IK3eMILIIPOM
rpacda H, 0TOXK/IeCTBIsAs pa3béMbl £ U ' ¢ 6mmKafmuMy AByMs TOYKAME, Ha,
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OIHON M3 IEePeCeKAIOIMXCA JIMHUA, a Pa3beéMbl § U ' ¢ OMuKaWmUIMu IByMs
TOYKAMU Ha APYroil — cMm. puc. 4.7 (B).

(r) dns xaxnaoro pebpa {u,v} € E BoiOepeM OIHY U3 €ro 6u.0eAeHHbLT KO-
HEWHOLT MOYEK U COMbEM eé ¢ Brmzkaiimeii Hogot Toukoii Ha {u, v}-TuHUK — CM.
puc. 4.7 (r). Ecan va {u, v}-7TUHAN HET HOBBIX TOYEK, TO CIIUSTHU HE TPOUCXOANT
1 BCE MCXOJHBIE BEPIIUHBI (MHOKECTBA, V') COXPAHAIOTCS HEM3MEHHBIMU. Pebpo
MeK1y APYroil KOHIEBOH TOYKOMN {u, v }-iuHuu u Giukaiinieil K Hell HOBOH TOU-
KOii Ha {u, v}-iuHuu Gyaer Ha3bIBATHCS Oneparmubim peopom {u, v }-muHum.

Ha srom onucanue rpada G 3akanguBaercs. HerpyaHo Buaerh, 94To rpad
G' nmnaHapHBIA B MOXKET OBITH IIOCTPOEH 3a MOMUHOMHUATBHOE BpeMsa. OQcradres
nokasarh, uto G’ packpammpaeMm B TPW IBETA TOTIA W TOJBKO TOrda, korga G
PACKPAIIIMBAEM B TPU I[BETA.

Mpeanonoxkum, uro f : V' — {1,2,3} — npownsBonbHOe pacKpalmnBaHne
rpada G' B Tpm nBera. YTBepKmaercs, 9To orpanmuenne f Ha V ecTb pac-
kpammuBanue B 3 nsera rpada G. Ipeamomoxkum nporuBroe. Torma M0TKHO
cymecrBoBaTh pebpo {u, v} € E, takoe, uro f(u) = f(v). Paccmorpum {u,v}-
quranio B rpade G' u (6e3 orpaHudeHust OGIIHOCTH) MPEINONOKUM, UTO U —
BBIIEJICHHBIN KOHEI 3TOT0 pebpa, BRIOpAHHbIN Ha 1mare (T) mocrpoenusa. B cuty
ceoiicrea 1 rpada H Bce HOBBIE TOUKY {u, U }-JIMHUN JTOIKHBI OBITH OKPAIITEHBI
B TOT K€ <«IBET», 9T0 u BepmuHa u. CremoBaTenbHO, 06a KOHIA OMEPAHTHOTO
pebpa 3TOi JTMHUU JOTKHBI OBITH OKPAIIEHLI B OJWHAKOBBIA I[BET, & 3TO IPO-
THBOPEYNT MPEANOIOKEHNI0, 9TO f ABIAIOCH packpamusannem rpada G' B 3
I[BETA.

O6parHo, mpeamonoknum, aro f: V — {1,2,3} — npoussosbHOe packpariu-
parme rpada G' B TpW mBeTa. ITO PACKPANTUBAHUE MOYKET OBITH MPOIOIKEHO
10 pacKkpamuBanusa B Tpu nsera rpada G' cremyomum obpazom. Jna kaxkmoro
pebpa {u,v} € E okpacuMm KaxKIyl HOBYIO TOYKY {u,v}-nunum B user f(u),
TIe 14 — BBIIEJICHHAS BEPIINHA TON JIMHUN. DTO 0DECIEUNBAELT TO, UTO 004 KOH-
[[a KayKJIOTO OMEPAHTHOrO pebpa OKA3BIBAIOTCA OKPAIIEHHBIMUA B PA3HbLIE IBETA
(mockombky f(u) # f(v)). B cuny croiicrsa 3 rpada H, 3ma yacTuduHas pac-
kpacka rpadga G' Moxker OGbITH MPOJOIKEHA 10 packpamubanus rpada G’ B
3 mBeTa ¢ MOMOMIBIO BHIOOPA COOTBETCTBYIOMIEH OKPACKU BEPIIUMH KAKIOTO U3
nepertererwii. OTCIOA BBRITEKAET TPEOYEMbI Pe3yIbTar.

]

Cruckn 33189 M3 MPUIOXKEHUS O3HAKOMST YHTATEIST C OOIBLINNM YHCIIOM
Ipyrux pe3yabTaToB 00 NP-MOJIHOTEe OrPAHWYEHHBIX BEpCUil 33129 U3 TEOPUHU
rpadoB. B 3TX cnuckax MBI MHITAINACH JATh KaK MOYKHO OOJIbINEe MH(OPMAITN
0 CJI0XKHOCTH PA3/IMYHBIX [IOA3a0a4 Kaxk 101 3a1aun. CroucKaMu MOKHO BOCIIOJb-
30BaTbhCSA B KAYECTBE OJHOIO U3 MCTOYHUKOB BO3MOXKHBIX OFPAHUYEHUH, KOTOPLIE
IIJIST TAHHOM 33Ja9M MOYKHO TIOJIBEPTHYTh aHajau3y. J[pyrue orpaHuveHus: BO3-
HUKHYT W3 KOHTEKCTA, B KOTOPOM (hOPMYJIUPYIOTCS 3aaa4u. VIHINBU Iy aIbHBIE
3a/1a9¥, BOSHUKAOIINE B KOHKPETHBIX MPHUJIOKEHUSIX, 9acTO OyAyT yIOBJIETBO-
PATH CHEIUAIbHBIM OIPAHUYCHUIM. JTH OIPAHUYEHUs MOIYT OKA3aTh BIIUSIHUE
Ha CJIOXKHOCTD 33/1a49M, XOTs OHM Ha IIePBBIA B3IJIsL[ MOI'YT IIOKA3aThCs HECYIIe-
CTBeHHBbIMH. B ciemymomeM pas3zene Mbl OOCYJUM OPAHUYEHHUs CIENUAIHLHOIO
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Buda, 9aCTO IIPEJCTaBIAONINE HHTEPEC B 3aJa49aX C YUCITOBBIMU IIapaMeTpaMu.

4.2. 3amgaum ¢ YNCJIOBBIMHU MapaMeTpPaMu U CUJIb-
Hasg NP-mosHoTa

Heobxomumocts ananm3a nomazagad NP-omHOM 331291 OCOOEHHO SIPKO IIPOSIB-
JISIETCS B 33/1a9aX C YUCIOBBIMA TapaMerpaMu. [IpuauHbI 3TOTO SIBJIEHUS MOXKHO
MPOUJLTIOCTPUPOBATEH HA, HUYKECIEIVIONIEM MPUMEpPEe MPUMEHEHUST METOM, «IIU-
HAMHWYECKOTO MMPOrPaMMUPOBaHUsy NI pentenns 3a1a4n PASBUEHNE.

1J 0111213456 |7]8]9 10|11 12|13
14T T|F|F|F|F| F|F|F|F|F|F|F|F
2|yT|T| ¥ | F|F|F | F|F|F|T| T|F|F|F
3T\ ¥F|F|T|T|F|F|T|  T|F|F | F
47| T|F|T|T|T|T|F|T|T|T|F | T|T
5| T|T|¥|T|T|T|T|F|T|T| T,|T|T]|T

Puc. 4.8. Tabauya snavenudi t(i, j) dan undusudyasvroti sadavwu PA3BHE-
HIE, xomopas onpedeasemces mmodicecmeom A = {aq, as, as, aq, as} u eecamu
s(ar) = 1,s(az) =9, s(az) =5, s(as) = 3 u s(as) = 8. Paccmampusaemoti uh-
dusudyarvhoti 3adaue coomeemcmeyem omeem «das, nockoavky t(5,13) =T 6
cuay moeo, wmo s(ay) + s(az) + s(as) = 13 = 26/2.

ITycrs muORecTBO A = {ay, as, ... , ap } W pa3mepsr ero sneMeHToB s(aq), s(az),
..., s(ap) € Z1 onpenensroT MPOU3ROABHYIO MHANBUAYAILHYIO 33021y PAZBU-
EHUE. Monoxum B = ) 4 s(a). Ecmu B mewérrO, TO, OYEBHIHO, HE CyTe-
cTByeT Takoro nogMmuoxkectsa A’ C A, uro

Y sla) € Y sla),

a€A A\A'

W, CIeIOBATEIHHO, PACCMATPUBAEMON WHIWBHAIYAIBLHONW 3aJa9¢ COOTBETCTBYET
orBer «Her». Ecin e B uérno, To miyerh (i, j) (rme 1 <i < n,0 < j < B/2)
0603HAYAET 3HAYEHNE WCTUHHOCTH YTBEPIKICHUS: «CYIIECTBYET TAKOE MOIMHO-
JKECTBO MHOXKECTBA {a1, A3, ... , G; }, ITO CyMMa, PA3MEPOB €ro SJEMEeHTOB PABHA
B TOYHOCTHU j». 3Ha4ueHus t(i, j) MOXKHO PACIOIOKUTD B BUJIE TABIUIbI, KAK 3TO
caenano Ha puc. 4.8.

«M310MHIHKa» TPEIJIaraeMOro MeTO/a 3aK/II0UAeTC B O9€Hb MPOCTON IpOoLe-
Jlype, KOTOPO#l MOYKHO BOCHOJIB30BATHCA JJT 3aIlOMHeHHs Tabunbl. IIponemypa
MO3BOJISIET 3ATOJHUTL TAOJUILy TOCIEIOBATENIBHO, CTPOUKA 33 CTPOUKON CBEp-
xy BaEU3. COBEPIIEHHO SICHO, UTO B MEPBOii cTpoke t(i, j) = T Torma u TOJIBKO
rorga, korga auoo j = 0, 160 j = s(aq). Kaxgasa cienyomas CTpoKa 3amo-
HAETCA C UCHONb30BAHUEM 3HAYCHMI, PACIONOKEHHBIX B IIPEIbIAYIICH CTPOKe.
Hual < j<n,0<j< B/2, pasencrso t(i, j) = T umeer MeCTO TOJIBKO B ABYyX
ciyyasx: 6o ecm (i, j — 1) = T, mbo ecnm s(a;) < jut(i—1,j—s(a;)) =T.
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TToce Toro Kax Best TabIUIA Oy IET 3aI0THEHA, PACCMATPUBAEMAas WHIUBY LY ATh-
Has 3anada PASBBUEHUE 6Gyner periena, mOCKOIbKY €#f COOTBETCTBYET OTBET
«Jla» TOrJa U TOJIBKO Toria, Koraa t(n, B/2) =T.

Y uuTaress He JOIKHO BOSHUKHYTH TPYAHOCTEH MPU HAMMCAHUU UTEPATUB-
HOTO AJICOPUTMA 3ATIOTHEHUST TaOJIUIIBI COTJIACHO OMUCAHHOMY BBIIIE CIIOCODOY;
BpeMsi pabOTHI AJITOPUTMA OTPAHUYEHO MOJUHOMOM HHU3KOM CTENEeHU OT YUCIIA
KJIeTOK Tabsuupl (T.e. nomuuomom ot nB). Ha nepsblil B3ruisig MOXKET JazxKe 110-
Ka3aThCs, 9TO ITO JAET MOJMMHOMUATLHBIN anroputM pemrenus 3agadun PA3SBU-
EHUE, orkyna cienyet, uto P = NP u B pe3y/IbTaTe dYero HaCTOSIIAsS KHUTA BO-
001ie cTaHOBUTCS HeHY)KHOM. OIHAKO 3TO, KOHEYHO, He TaK. OObsICHeHNE MOKHO
HAWTH, BCIOMHUB O TPEOOBAHUK «CYKATOCTH» PA3YMHBIX CXEM KOIWDPOBAHUS 3a-
Jlad, OPU KOTOPBIX KAXKJ0€ LEeJIoe 4ucio $(a;) JOJKHO ObITh IIPEICTABIEHO HA
Bxo/1e cioBoM Jymabl nopsaaka O(log s(a;)). CienoBaresnbho, IrHa 3a0ucu BCeit
unauBH Iy aabHO 3agaun PASBBUEHUE Gyner sennuunnoii nopsaka O(n log B),
a nB He OrpaHUYEHO HUKAKUM MMOJIMHOMOM OT 3TOi Beanynubl. Ce10BaTebHo,
ONMCAHHBIA BHIIIIE AJIMOPUTM HE TO3BoOJAeT pemuth 3amady PASBUEHUE 3a
MOTUHOMHUATBHOE BPEMSI.

Tem mHe MeHee HAMWYWE TAKOrO AJTOPUTMA MOKA3bIBaeT, 9To NP-TomTHOTA
sagaun PABBUEHUE (a maxowce eé npenmonaraeMasi TPyIHOPEIIAEMOCTb) B
3HAYUTEILHOW CTENEHU 3aBUCUT OT TOTO OOCTOSITENHCTBA, UTO HA BXOJAE MOTYT
MPUCYTCTBOBAThH YPE3BBIYANHO OObINHEe dnciaa. Ecan Obl HA BEJIMYMHY TaKUX
quces 3apanee ObLIO HATOXKEHO KAKOe-TH00 ONPAHUYEHNEe, HATIPUMED B BHUJIE O-
sunoma ot Length[I], T0 npuBen€HHBINA BbIlIE aJIrOPUTM [Jis TAKUM 00pa3oM
orpaHuYeHHO 3a1a4n ObL1 66l momuHOMUANLHBIM. (B najnbHeiimem st Bbiae-
JIEHUST QJITOPUTMOB, ODJIQTAIOIINX STUM CBONCTBOM, MBI BBEIEM TEPMUH <«aJIrO-
PUTM C BCEBIOMOJNHOMHUAIBHBIM BPEMEHEM pabOThI» ). ECTECTBeHHO 0XKUIATE,
YTO OJOOHOE OTPAHMYEHNE BBHIMOJTHEHO BO MHOTHX 330a9aX, BCTPEYAIOIIUXCS HA
MpaKTUKe.

Hanpuwmep, B 3aa4ax reopun pacnucanuii (e 9ucia npejcraBisior coboi
JUTMTEIbHOCTY 3aaHUil) HOSBJIEHUE CAUIIKOM DOJIBIINX YHUCEJ MAJIO BEPOSATHO,
MMOCKOJIBKY MBI COOMPAEMCsI BBITIOJHATh 33JaHUs PEAJTHHO, U eCJIH KAaK0e-TO U3
HUX TpeOyeT UPe3BBIYANHO OOBIIION0 BPEMEHH, TO MBI MPOCTO OYIEM HE B CO-
CTOSTHUY €r0 3aKOHYNUTh. B Apyrux 3ajadax, re YUCIa OPeiCTABISIOT CODOM
SMIIUPUYECKH U3MEPEHHBIE BETUYUHbBI, JOCTYITHAS TOYHOCTH U3MEPEHHS Orpa-
HUYUBAET MPEJESTbl H3MEHEHUST YUCeT, K KOTOPBIM HAII AJITOPUTM JIOJI?KEH ObITh
MPUMEHUM.

Boiee Toro, anroputM ¢ mceBIOMOIMHOMUAIBLHBIM BPEMEHEM pabOThI MOXKET
OBITH TTOJIE3EH JAXKe B TEX CJIydasX, KOTIA HEJIb3sT HAJAEAThCS Ha €CTECTBEHHOE
OTpAHUYEHWE BEJUYUHBI BXOJHBIX 4dnces. Takue amropuTmbl OyayT paborarh
«IKCIIOHEHITUATBLHO JOITO» TOJBKO JIJIsT TeX WHIAWBUIAYATbHBIX 3371a49, B KOTO-
PBIX UMEIOTCST «3KCIMTOHEHIINAIBLHO 00buey dnciaa. OIHAKO MOXKET OKa3aThCs,
YTO B WHTEPECYIOIIUX HAC MPUJIOKEHUSX MOLOOHBIE WHINBUIYAJIBHBIE 33Ia9H
BCTPEYAIOTCS peako. Kcim 3To Tak, TO aJrOpUTM 3TOTO TUITA, MOYXKET CJIYIKUTh
HAIIUM TeJIsIM [TOYTH CTOJb YK€ XOPOINO, KAK U MOJTHHOMHUATBHBINA MO0 BPEeMEH!
AJITOPUTM.

Takum 0O6pa30M, OTHICKAHKE MCEBIONOTHHOMHUAIBHOTO AJTOPUTMA TSl Pe-
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merns NP-TIOTHO#M 3a1a9u ¢ YUCTOBBIMA TTapaMeTPaMH — BOIIPOC JOCTONHBIH
uccnenoBanus. B ganpHeiinieM Mbl yBUAMM, YTO HE BCE YHCIOBBIE 33Ja49d B
ToM oTHOmeHnn 1ogo0Hbl 3agade PASBUEHUE. C nomompbio teopuu NP-
MOJTHOTHI MOYKHO TIOKa3aTh, 4TO eciu P # NP, TO [jisi peleHust HeKOTOPHIX
M3 HUX HE MOXKET CYIIECTBOBATH JaxKe MCEBIOMOINHOMUAILHOTO aaropuTMa. B
pa3za. 4.2.1 BBOAWTCSA HOBasi TEPMUHOJOTHSA, & TAK¥KE 3aK/IAIbIBACTCA (PYHIA-
MEHT [T JOKA3aTeNbCTBA MOIODOHBIX PE3YyIbTATOB O «CUIbHOIY NP-momnore. B
paz. 4.2.2 UTIOCTPUPYETCsT TEXHUKA JIOKA3ATETHCTB U MIPUBOIUTCS CEIbMAast U3
4HMCIIa «OCHOBHBIX» NP-mosHas 3a1a4a.

4.2.1. HekoTopble JOTOJTHUTEIbHBIE ONMPEAECTCHUST

B crenyromnumx HuzKe ONpENEIEHUSX YIACTBYIOT MOM33JAYUN, TOMYyYaeMble TTPU
HAJIOYKEHUN OT'PAHUYEHUN HA BEJUYUHBI YUCEJI, BXOISIINX B WHIUBUIYAJIHHYIO
3aJa49y. ITU OrpaHudeHus OyayT (hOPMYTUPOBATHCS C MOMOIIBIO IBYX HE 3a-
BHCAIIX OT Koauposanusa dyakmuit Length : Dg — Zt n Max : Dp — Z7,
KOTOpbIE OYIyT CBI3BIBATHCS C KayKI0# 3amadeii pacno3uapauust [I. Xorsa Teo-
perudecku 3T 1Be (DYHKIUH MOTYT ObITH COBEPIIIEHHO MPOU3BOIBLHLIMEA (TaK Ke
KaK CXEeMBbI KOIUPOBAHNUSA), 3HAYUMOCTE ONPEIEIAEMBIX C UX TIOMOIIBLIO MTOHATH
OyZer 3aBUCETh OT TOrO, B KAKOH Mepe 3Ty (DYHKIUU AJeKBATHO OTPAKAIOT CJIe-
Y IOIIUi BKIAIbIBAEMBIH B HIX cMbIci. Kak roBopuiocs B paz. 2.1, HazHadeHue
dyukun Length cocTONT B CONOCTABIEHUH JTI000M WHIUBHUIYATbHON 3ama4de [
HeKoToporo 1esoro uncia Length[I], COOTBETCTBYIOMErO YHCITY CHMBOJIOB, WC-
MOJIB3YEMBIX JJIsi OnMucanuss [ mpu HEKOTOPOH Pa3yMHOM CXeMe KOJMPOBAHUS
sagauu II. Hasuagenue dbynkuuu Maz (He obcyxkaBineiics paHee) COCTOUT B
comocTaBjieHuu 000 MHIAMBUIAYAIbHON 3aa4de I uenoro uucina Maz[I], coor-
BETCTBYIOIEr0 BETHNINHE MAKCUMATHHOIO 9ucia B 1.

Tuner pe3yapTaToB, KOTOPHIE MBI OyIeM JOKA3bIBATH B IajbHEHIeM, OyayT
HOCHUTH JOCTATOYHO OOINMiI XapakTep W OyIyT CIPABEIIUBBI IJIs JOCTATOYHO
IITUTPOKOTO KJIACCA, «TTOJTMHOMUAIBHO SKBUBAJIEHTHBIX > (byHKIMi Length u Mazx.
Byznem rosopurs, uro ape dyHkinun mauHbl 3ammucu Length u Length' nna 3a-
naau I noaunomuasbho 9K6UGAAEHMMHL, €CITH CYIIECTBYIOT TAKUE MOJUHOMBI P
u p', 9TO I19 BCEX MHAWBHMIYANBHBIX 331249 | € Gy BHIMOIHEHBI COOTHOTCHUS

Length(I) < p'(Length'[I]);
Length'(I) < p (Length[I)).

Bynem rosoputh, uro mapa dyukuuii (Length, Max) nosunomuasvro sx6uea-
aenmmua nape Gyukumii (Length', Maz'), ecnu, Bo-nepsbix, Gyakuuu Length u
Lenth' 3KkBUBaEHTHBI B CMBICJIE JAHHOTO BBIIIE OMPEIETCHAS U, BO-BTOPBIX, Cy-
MIECTBYIOT TAKME MOTMHOMBI OT JBYX MEPEMEHHBIX ¢ U ¢, aro ays Beex I € Dy
BBIMIOTHEHBI COOTHOIITEHU ST

Maz[I) < ¢ (Maz[I], Length'[I]);
Max'[I] < ¢ (Max[I], Length[I]).
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Bce dopmynupyembie HuKE pe3yabTAThl OYAyT CIOPABEIIUBLI IS JTIOOBIX
yukuuit Length u M ax, TOTMHOMHAIBHO SKBUBAJEHTHBIX T€M (DYHKIIAAM, KO-
TOPBIMU MbI TIOTB3YEMCSI.

B kauecrse mpumepa paccmorpum 3amauy PASBBUEHUE, B koropoit wHan-
BUIyaJabHAS 3amaua I onpemessieTcsi KOHeYHBIM MHOMXKECTBOM A ¥ pa3mMepamu
s(a) € ZT xaxuoro snementa a € A. Jliobasg U3 NPUBOIUMBIX HUKe (DYHKIUI
nozonuta 6a B Kadecrse Gyukuun Length nins 3apaun PASBUEHNE:

Length[I] = |A| + Z [log 2s(a)l;
a€A

Length[I] = |A| + max{[log 2s(a)] : a € A};

Lengthl[I] = |A| - |log s Z s(a)] .
a€A
map ¢yukmumit Length u Max, nomydaeMblx KoMOWHAINEH (DYHKIUA TOIOILTA
obl B Kauecrse pyukuuu Max nis 3agaun PASBUEHUE:

Max[I] = max{s(a) : a € A};

Maz[I] = Z s(a);

a€A

Maz[I]= || > s(a) |A|

a€A

Mpbr ocTaBisieM IUTATETIO IPOBEPKY TOrO, 9TO Jf0bas U3 AeBATH map QyHKITT
Length nw Max, nonydaeMbIX KOMOMHAIUEH (DYHKIHI W3 MPUBEIEHHBIX ABYX
CIIMCKOB, MOJHHOMHAILHO SKBUBAEHTHA JIIOO0M Apyroil Takoil ke mape pyHK-
Aii.

Heonpenenéunocts, momyckaemasi HamMmu Tpu Bbioope dbyukmmit Length u
M azx, mo3BomuT M30EXKATHh SIBHOTO WX YKa3aHWA IJIs1 3amaqu [I, mOCKOmbKYy uxX
C IOCTATOYHON TOYHOCTHIO MO2KHO BOCCTAHOBUTH IO OIMCAHUIO YCIOBUS 3372~
an. [Mogxomsmas yukmus Length onpenensercs MOHATHEM <«Pa3yMHAs CXe-
Ma, KOJWPOBAHUS» 33Ja9M, 8 OHO YTOUHSIETCS TP OMUCAHUU YCIOBUS 33Ja9H
MOCPEICTBOM CTAHJAPTHBIX COTJIAIIEHUMH, MPpUHATHIX B pasn. 2.1. IMoaxomsimast
dbyuxnus M ar BOBHUKAET MPU YKA3ZAHUN TOTO, 9TO HEKOTOPBIE OOHEKTHI 33 1a9H
OPEACTABJIAIOT OO0l Ymcna (B OTIMYME OT MHOXKECTB, HOCJIEI0BATEIHHOCTE,
rpadoB, 371eMEHTOB ¢ uMeHaMu U T.11.). O6bI4HO 310 ByayT Ueable Yucia, a 60-
Jiee CJIOYKHOE «UHCIIO», BXOSINEE B ONMUCAHNME WHIWBUIYAIbHON 3amadn, Oymer
pPacCMaTpUBATHLCSA KAaK OOPA30BAHWE, MONYUEHHOE W3 OJHOTO WM HECKOIBKUX
OTHENBHBIX I[EJIBIX YNCEN, AHAJOTUYHO PACCMOTPEHHOMY BBIIIE CIYUal0 PAIHO-
HaJbHBIX uuces. [Ipumem ciepyromee cornamenue: B kadecrse Maz[I] Gyuner
BBIOMPATHCA JTUO0 BeJTMIMHA HAUOOJBIIEro 9nucaa, Bxosinero B I, mubo 0, ecan
B I BOOOIIIE HE BXOIAT LIEAbIE YUCIIA.
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Or dyukuuu Length u Max Gymer TpebOBATHCS BBIMOMHEHUE €IE OTHO-
ro, nocneanero ycaopus. OHO 3aKII0YAETCA B TOM, 9TO OpH J0H0# (hukcupo-
BaHHON pas3yMHOI cxeme KoaupoBaHus 3a7adu [1 JOTKHBI CYIIECTBOBATDL IBE
JMT-nporpaMMbl ¢ MTOJTUHOMHUAIBHBIM BpEMEHEM pabOThI, KOTOPBIE, TPUHUMAS
HA BXOJE KO KaXKJOU WHIWBUAyAJbHOU 3amauu [ € Dry, BbIIAIOT HA BBIXO-
Je npondnbie 3anucy Bemudand Length[I] u Maz[I]. 910 cBOWCTBO HEOOXOIUMO
HAM JIHIIH 10 TOM MPUYHHE, 9TO MBI Oy/IeM PACCMATPUBATH OTPDAHUYEHUS HA WH-
JIUBHIYaJIbHBIE 33029, hopmupyembie ¢ nomouwio Length[I] u Maz[I], u nam
HYKHO YMETh PACIO3HABATH KOIBI MHIMBUIYAIBHBIX 33124, YIOBIETBOPSIIONINE
5TUM orpaHuueHusM. JIobbie ecrecTBeHHO Bo3HMKarommne Gyukimn Length[I] n
M az[I] HaBepHSIKA 0OJIAIAIOT STUM CBOHCTBOM.

Huzkecnemyrommue onpenenenusi Tpenofaraior, 9To ¢ aoboii 3agadeil pac-
no3uaBanus 11 cea3ansl Gyakiun Length u Max, 1 KOTOPHIX BBITOTHIIOTCS
MepevnC/IeHHbIE BhIe TpeboBauus. PopMaabHO TOBOPS, JJIs PACCYKICHUST HA,
YPOBHE SI3LIKOB HEOOXOIMMO TaKKe, YTOOBI I KaxK 10l 3amaun 11 Obuta mpegsb-
SIBJIEHa, HEKOTOpasi cxeMa KoaupoBauus. QmHako ropasno ymobuee (opmysin-
poBaTh OMpeJIeIeHns Ha YPOBHE 33/a49 06e3 3TOi OrOBOPKH, NEHCTBYST CODTACHO
CTAHIAPTHBIM MPEAONIOKEHUAM 00 UCIIONIB30BAHUN PA3YMHBIX CXEM KOIUPOBA-
HUs. Y 9UTATENs He IOPKHO BOSHUKHYTH TPY/IHOCTEH B BOCIOTHEHUN BCEX JIeTa~
Jielt ipu moJTHOM (DOPMAIN3AIINN STUX ONPEIe/IeHN Ha, yPOBHE SI3BIKOB, U OyIeT
boJsiee ecTecTBeHHO U H0sIee MHGMOPMATHBHO TTPOIOIKATH HAIIN PACCY K IEHUS Ha,
yPOBHE 3a/1a4.

Anropurm pemterust 3aga4au 11 Oy1eT HAZBIBATHCS NCEEIONOAUHOMUAALHLM
no 8pemeny aa20pummom (AU IPOCTO MCEBIONOJIUHOMUAAILHBIM AJITOPUTMOM ),
€C/IV ero BpeMeHHAs1 (DYHKIMs OTPpAHUYEHa CBEpXY MOJUHOMOM OT IBYX apry-
menToB Length[I] n Maz[I]. Tlo onpenesenuio 060# MOTHHOMUAILHBIA MO
BPEMEHU aJITOPUTM SIBJISIETCS TAKKe TICEBIOMOIMHOMUATIBLHBIM 0 BPEMEHU AJI-
POPUTMOM, TTOCKOJBKY BPEMsi €ro pabOThl OrPAHUYEHO MOJTHHOMOM OT OJHOTO
aprymenta — Length[I]. OgHako Mbl y»Ke O3HAKOMUJIUCH C OPUMEPOM IICEBIO-
MOTUHOMHUATBHOTO, HO HE MOJIMHOMUATLHOTO afaropurMa s 3agaqau PASBUE-
HUE. 9ror npumMep mMOKA3BIBAET, YTO, HECMOTPS HA TO, UTO NP-TIOTHOTA 331291
IT uckmo9aer BO3MOKHOCTh €€ PEIICHUs MOJIUHOMUAAILHBIM aJIrOPUTMOM (Tpu
ycnosuu P # NP), NP-nonHora He UCKJII0YaeT BO3MOXKHOCTHU PellleHusl 3312491
IT nceBAOMOTMHOMHUATBLHBIM AJITOPUTMOM.

Tounee rosopsi, NP-TIOTHOTa 3aa9u He 00A30MEADHO UCKITIOIAET BO3MONK-
HOCTH €€ PeIeHusl MCEeBIOMOJINHOMUAIBHBIM AJITOPUTMOM. MHOTHE U3 paccMoT-
PEHHBIX HAMU 33749 PACIO3HABAHUs 00JIaJAN TEM CBOWCTBOM, YTO BEJIMUMHA,
M az[I] orpannuena nonuaoMoM ot Length[I], u, ciemoBaTenbHo, 115 9TUX 3a-
Jlad HET PA3INddsi MEKY TOTMHOMUATBLHBIME U MICEBIOMOTAHOMUAATBHBIMUI AJI-
ropurMmamu. Hanpumep, e IMHCTBEHHBIN 9MCIOBOM MapaMeTp, BXOJSIIIAN B yCITO-
Bre 3amaun KJIMKA — 370 rpanura J, KOTopas He MOKeT OBIThL OOJIBINE YHCIa,
BepIuH, 33aHH0r0 B ycaosuu rpada. 3amada BBIITIOJTHUMOCTD Boobie He
COZIEPIKUT UHCEJI, 38 WCKJIIOUEHUEM JIUIh WHIEKCOB Y JINTEPAJIOB U U3 HIOHK-
Ui, KOTOPBIMU MOYKHO TPEeHeOPEUh, MOCKOIbKY OHU (DAKTHIECKH UTPAIOT POITh
«uMéHy», a He «uucen». ([IpuHATHIE HAMYU COrJIAIIEHUS O CXEMaM KOJMPOBAHUS
rapaHTUPYIOT, YTO TAKHE YUCTOBBIE «IMEHA» BCErIa OYIyT OrpaHUYEHbI TOJTUHO-
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mom ot Length[I].) Unrepecytoiiue HAC 31€Ch BOIPOCHI HE UMEIOT OTHOIIEHUS K
3a7]a9aM TAKOTO THITA. BBIIEINM KIace 3829, K KOTOPBIM 9TH BOIIPOCHL UMENM,
omnowenue. Bynem maseiBarh 3amaqy I1 3ana9eii ¢ wucA068bMU NAPAMEMPAMU,
ecJIN He CYIIECTBYET Takoro nmomnHoma p, uto Max[l] < p(Length[I]) nns Beex
I € Dp. Cpenn mectrn OCHOBHBIX NP-TIOIHBIX 33039 €IWHCTBEHHONW 3aJaueil ¢
YUCTOBBIME TIapaMerpamu sBisercsd 3anada PASBUEHUE.

HenocpencrBenHo Ha OCHOBE JTAHHBIX ONMPENETEHUI MOYXKHO CIETATH CIEILy-
IOIIEe 3aMeYaHne:

3ameuanue 4.1. Ecau NP-noanas 3adava I ne asagemca sadavet ¢ wu-
ca06vMU napamempamu, mo I1 ne moscem bvms pewena nceslonONUHOMUAND-
HouM anzopummom (ecau P # NP).

Takum obpazom, B npeamnonokeanu P # NP NP-nionmbie 3a1a49u, I KOTO-
PBIX UMEEeTCsT TTOTEHIINAThHAST BO3MOKHOCTh PEITeHHUsT MCeBA0TOTIMHOMHUATBLHBIM
AJITOPUTMOM,— 3TO 3aJIa91 C YHCIOBBIMU TTapAMETPAMU.

s mpousBonbHOM 3amaun pacnosuasanus I1 u nomunoMa p (C HEJbIMA
ko dunpentamu) obozraunm depes II, nomzamady, nomydaemyio u3 I pac-
CMOTpPEHUEM TOJBKO TeX WHIUBUIYATHHBIX 3a1a49 [, i KOTOPBIX BBIIOTHEHO
coorromenne Max[I] < p(Length[I]). 3agaga II,, rakum obpa3om, He sABs-
ercst 3a7atdell ¢ yncaoBbiMK napavmerpamu. Kpome toro, ecan 3amada I1 pas-
permmMa MCeBIOTIOIMTHOMAAIBHBIM anroputMoM, To I, momkHa OBITH paszpernTi-
Ma HOJTUHOMHUAJIBHBIM aJIrOPUTMOM. ECIU 3aJaHO BXOJHOE CJIOBO T, TO JOCTa-
TOYHO MPOBEPUTH, YTO 2 KOAMUPYET WHAWBHAYATBHYIO 3a1a4dy I, 1as KOTOpOit
Mazx[I] < p(Length[I]), u eciiu 310 TaK, TO NPUMEHUTH K I IICEBIONOIMHOMU-
aNbHBIN amropuT™ perrenns 3agaqu 1. B cuny caemamHbIx mpeamnonoyKeHnit,
sennunnabl Maz[I] w Length[I] MOTYT GBITH BBIYHCIEHBI 33 MOJIHHOMUAIHLHOE
BpEMsI, TO3TOMY TpebyemMoe HEPABEHCTBO MOXKET OBITH MPOBEPEHO 3a, MOINHO-
MuaIbHOe BpeMs. 1o onpemeneHunto nceBIOnOIMNHOMUATLHOTO ATOPUTMA 1Tt
3agaqu [1, o OyJeT moNTHHOMUATBHBIM JJIs TeX WHIUBUIyATbHBIX 3a1ad u3 11,
JIJIsT KOTOPBIX BBIMOMHSIETCS YKA3AHHOE HEPABEHCTBO. DTH COOOPAYKEHUs TPUBO-
JISIT HAC K CIEAYIOMIEMY OTPEe/IeIeHNMIO.

Bagauy I1 wHazorém NP-noanoti 6 cusvhom cmoicae, eciu 11 npuHaIIERKUT
NP u cyIIecTByeT TaKoil TOJIMHOM P C HeabiMu KoddduimentamMn, ITo 3amada
I1, aBngerca NP-nonuoit. B wacrrocry, ecnu 3agada I NP-nonHa u He ABIgeTca
3aJa4ueil ¢ YUCTOBBIMU TapaMerpamu, To 3aaa4a I1 apromarndecku NP-momHa B
CHUJTBHOM CMBICTIE.

Takum obpa3om, moaydaem 0b0bmeHne 3amedanust 4.1.

3ameuanue 4.2. FEcau 3adaua I NP-noana 6 cusbrom cmuicae, mo ona He
Mootcem, Obimb Pewena neeslonOAUHOMUGALHUM as2opummom (ecau P # NP).

Baaromapst 3ToMy 3aMEYAHWIO MBI TIOYYaeM CPEICTBA JJIs TPUMEHEHUs Te-
opur NP-TIOJTHOTHI K BOTIPOCAM CYIIECTBOBAHUS MCEBIOMOINHOMHUAIBHBIX aJIr0-
purmoB. 3agaua PABBMEHIE ue moxeT 6bITh NP-TIOJIHON B CUJILHOM CMBICIIE,
MOCKOJIbKY, KAK HAM YK€ M3BECTHO, OHA MOYKET ObITH PEIleHa, TICEBIOTIOIMHOM-
anbHBIM anropuTMoM. OHAKO y HAC enlé He OBLIO TIPUMEPOB 33139 C YUCTOBBIMEI
napamerpamu, NP-TIOHBIX B CHIBHOM CMBICTE. DTOT Tpobes 6y1er BOCIOTHEH
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B CIEJIYIONIEM pa3zierne, B KOTOPOM Oy/IeT MOKA3aHO, KAK MOXKHO MOIydaTh pe-
3yJAbTATHI O CHIbHOM NP-momHoTE.

4.2.2. Jloka3aTeJibCTBO PE3yJbTATOB O CUJIBHOI NP-1I0JTHO-
Te

Hawubosee npsimoit myTh m0Ka3aTeabCTBA CuyibHOM NP-monHoTH! 3a0aun 1 ¢ un-
CTIOBBIME TAPAMETPAMK 3aKII0YAETCS TPOCTO B IOKA3ATEIHCTBE TOTO, UTO I
HEKOTOPOro KOHKDETHOro mojuHoMa p 3agmada II, asmraerca NP-momnoit. Ha-
npumep, 3agada KOMMUBOAXKEP (KM), onpenenéunas B pasza. 2.1, npes-
CTaBJIsIET COOOM 33129y C YMCTOBBIMU TTAPAMETPAMHU, TIOCKOJIBKY HU PACCTOSHUS
Mexkay ropogamu d(i,j), uu rpanuna B B Heil He orpanudennl. Mbl jgokaza-
mu NP-nomsory 3agaaun KM, ceens x weit 3agaay TAMUJIBTOHOB UK.
Bomee toro, npu 3TOM CBeIeHWU TMOTYYAOTCS TOJIHKO TAKWE WHIABUIYATHHBIE
z3agaan n3 KM, B KOTOPBIX PACCTOSHUST MEXKIY TOPOJAME PaBHBI 00 1, mub0
2, a rpanung B paBHA 4Ynciay ropomoB m. Taxkum oOpa3oM, ecliv B3ATh B Ka-
vecrBe Maz[I] MaKCUMyM W3 IPaHUIBI B U HANOOMBITIErO PACCTOSTHUS MEXKIY
TOPOJAMU ¥ MTOJIOYKUTH

Length[I] = m + [log 2 B] + Zﬂog 2d(i, 7)1,
i,j
TO BCE WHIWBUAYAJLHBIC 320391, IOy IaeMble B OMUCAHHON BHINIE CBOIUMOCTH,
OYIOyT YIOBIETBOPATH OTPAHUYEHUIO

Maz[I] < Length[I].

Jlpyrumu CJIOBAMHE, 3Ta CBOAUMOCTEH (DAKTHUECKU MOKA3BIBAET, UTO TOI3a-
madga 3agagu KM, cocrosimas u3 BCex MHAWBUAYATBHBIX 3334, [JIsT KOTOPHIX
BBIMIOJTHSETCS YKA3AHHOE HEPABEHCTBO, caMma sBjsgercs NP-nomuoi. Orcioma cie-
nyer, uro 3agada KOMMUBOAZKEP NP-nonHa B CHIIBHOM CMBICTE.

B mpoTHBOMOMOKHOCTL PACCMOTPEHHOMY TIPUMEPY JoKa3aTenbcTBa NP-1moJ-
rorst 3amad PFOK3AK, PACIIMCAHNE JIJISI MYJIBTUTIPOIIECCOPHOM
CUCTEMHBI v YIIOPAJOYEHUE BHYTPU MHTEPBAJIOB, npuseaéuubrx
B paszd. 3.2, OCTABJISIOT OTKPBHITHIM BOIIPOC O BO3MOXKHOCTH PEIIEHUS TIePednc-
JIEHHBIX 33/1a9 MICEBIONOJMHOMUAATBHBIMU afropurMaMi. OKa3bIBAETCS, 9TO 3a-
mauy PEOK3AK mooicho permmuTh 3a MCEBIOMOTUHOMUAILHOE BPEMST C TIOMO-
[0 METONA JUHAMWYECKOTO MPOTPAMMHUPOBAHUSA. JTOT METOI, AHAJOTUIHBIN
METO/y, UCTIONb30BaBIeMycs npu pernennn 3anaun PASBUEHUE, usznoxen B
pabore [98]. Bce u3BecTHble HAM aJIrOPUTMbI C IICEBAONOIMHOMUAIBHBIM BPeMe-
HEM PabOThl OCHOBAHBI HA 3TOM MeToze. [Ipumep nCrmonmb30BaHus 3TOrO METOIA
YnTaTeNh MOYKET HalTH B paborax [221, 328, 332, 465].

Bagaun PACTIMCAHNE 1719 MYJIBTUIIPOIIECCOPHO CUCTEMBI
u YIIOPAJOYEHUE BHYTPU MHTEPBAJIOB, nanporus, NP-TOJIHBI B CH-
JbHOM cMmbIcie. I 10Ka3aTenbCTBa ITOrO YTBEPKICHUS MMOJIE3HO WMETh 3a-
J1ady C 9UCIOBBIMU Tapamerpavu, NP-moiHy0 B CHIBHOM CMBICTIE U B OIIpee-
JIBHHOM OTHOIIIEHWY «00Jiee YMCIOBYIO», 9YeM J0basd u3 33139, PACCMOTPEHHBIX
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10 cuX mop. DToi 3amadeil Oyuer ceabMas «OCHOBHasg» INP-monHas 3agada 3-
PA3BUEHUE, onpexnensiemast ClIeLyrOmuM 00pa3oM:

3-PASBUEHUNE

YCJIOBUE. 3agannr MHOKECTBO A, cocTosIee U3 3m 3JIeMEHTOB, TPAHUIIA
B € Z* u «pa3mepni» s(a) € ZT Beex smemenTos, a € A, npuuém B/4 < s(a) <
B/2m ), c458(a) =mB.

BOIIPOC. Moxuo /m A Ttak pa3buTh Ha 1M HENEepeCeKAINXCS MOIMHO-
KeCTB S, Sz, .o, S, amo Ama 1 <i <m- )] g 8(a) = B.

(OrmeruM, 9TO yKa3aHHBIE B YCIOBUM OIPAHUYEHUS HA PA3MEPHI SJIEMEHTOB

OPUBOIAT K TOMY, YTO KaXKJI0€ U3 MHOXKECTB S; JOJKHO COIAEPIKATH POGHO TPHU
aJIeMeHTa W3 MHOXKecTBa A.)

Mper 6ymem nokaspiBaTh cuabHyio NP-nomnory 3amaun 3-PASBUEHUE B
nBa 3Tamna. Buawasie mokazkem, uro Oim3kaa K Heil 3amaua 4-PASBUEHUE
NP-nionmna B cusibHOM cMmbicie. 3agada 4-PABBUEHUE dopvyaupyercst ToaHO
rak ke, Kak 3amada 3-PASBUEHUE, ¢ roit numb paszauneit, aro A conep-
KUT 4m 371eMeHTOB, a KaxKIblil pa3mep s(a) JAOJKEH HOAYUHATHCS YCIOBHIO
B/5 > s(a) < B/3. Orciona crenyer, 9To KasK10€ MHOXKECTBO HCKOMOTO pa3tu-
eHus OyZIeT COMEPIKATH POBHO “emvipe JIEMEHTA.

Teopema 4.3. 3adaua 4-PABBUEHUE NP-noaka 6 cusbHOM CMbiCAE.

HokazarenpcrBo 1. ITockombKy 3a MOMMHOMUANIBHOE BPEMsi JIETKO MPOBEPHUTb,
YTO 3aJaHHOE pa3bueHue MHOXKeCTBa, A yIoBIeTBOpsieT HEOOXOTUMBIM TPeGo-
BAHUAM, TO JIETKO BUAETh, uTo 3ama4a 4-PASBUEHUNE nexur B kimacce NP.
Cpengm 3amaay TPEXMEPHOE COYETAHUE (3-C) k orpaHumuentoii sep-
cuu 3agaan 4-PABBUEHUE, B KoTopoit pa3mMepbl BCeX 3MEMEHTOB OrpaHUde-
HBI TTOTMHOMOM OT ODIIEro YUC/Ia JTEMEHTOB U, CIeIOBATEIBHO, MOJTHHOMOM OT
Length[I]. B wactaocTn, nomoxkus Max[I] pasusiM max{s(a) : a € A}, Mbl yBu-
ouwM, uro 3aga4ua 4-PASBUEHUE NP-nonna maxe B TOM CIy4ae, €CIN OTPaHU-
YUTHCS WHANBIIyaTbHBIMT 33 adamy, Takmvn, ato Maz[l] < 26| A%

HyCTb W = {wla way ... 7wll}) X = {1’1, T2y -ne 71‘(1}7 Y = {yla Y2, ... ayq} u
M C W x X XY onpenensior mpou3BoJIbHY 0 HHAUBUAYAIbHYO 3aga4y u3 3-C.
He orpannumBast 0BIIHOCTH, MOYKHO CIUTaTh, 9TO |M| > ¢. B coorBeTcTByIOMIEit
uHAUBAAyaAIbHON 3amaue n3 4-PABBUEHUE muoxkecrso A Oymer umers 4M
3JIEMEHTOB, 110 OJTHOMY JIJIsT KasK/IOTO BXOXKJIEHUS 3TeMenTa MHOKecTBa WUXUY
B TPOMKY u3 M # MO OMHOMY 3JEMEHTY IJIsT KaxKa0il Tpoiiku u3 M.

DJieMeHTbI, cooTBeTcTBYomue dpukcuposanHomy z € W U X UY obosnaunm
wepes z[1], 2[2], ..., z[N(2)], rme N(z) — uncio tpoek u3 M, B KOTOpbIe BXOINT 2.
Ha3z0BéMm z[1] «<MCTHHHBIM 3JIEMEHTOM, COOTBETCTBYIOIINM 2%, & z[2], ..., [N (2)]
— «(DUKTUBHBIMU 3JIEMEHTAMU, COOTBETCTBYOMIUMA z». Pa3Mepbl 9TUX dJIeMeH-
TOB 3aBUCAT OT TOrO, KakoMy MuoxkectBy — W, X wnu Y — npunagmexur z, a
TAKYKe OT HOMEpA JMEMEHTa 2 B COOTBETCTBYIOIIEM MHOXKecTBe. Beca ompeensi-
I0TCS CJIeLYIOIUM 06pa30M (r IPUHATO PABHBIM 32¢):
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s(w;[1]) = 10r* +ir + 1, 1<i<g;
s(wi[l])  =11rt+ir +1, 1<i<yq, 2 <1< N(w;);
s(zl1]) =10rt+5r° +2,  1<j<g
s(zll])  =11rt44rP+2, 1<ji<q,  2<I<N(x));
s(ye[1]) = 10r* + kr® + 4, 1<k<qg
s(yell]) = 8r* 4+ kr® +4, 1<k <g 2 <k < N(yg)-

EAnHCTBEHHBIN 9JIeMEeHT, COOTBETCTBYIONINI KaxkaoH Tpoiike m; = {w;, Tj,
yr} € M, obo3Hawaercst 9epes u;, a ero pasMep 3aBUCHT OT WHIEKCOB IEMEHTOB
TPOUKH CIIEIYIONIAM 00PA30M:

s(ug) = 10r* — kr® — jr® —ir + 8.

Bamerum, uTo ecam NpubaBUThH K §(U;) Pa3Mepbl TPEX JIEMEHTOB, COOTBET-
CTBYIOIINX W;,T; W Y, TO Pe3yabTaToM Oymer 40r* 4+ 15 Bcaxmit pa3, Koraa
BCE TPU IJIEMEHTA «UCTUHHBIC» WM KOTA BCE OHU «(PUKTUBHBIE». BO3bMEM 3TO
9HUCTO B KAYECTBE IPAHUIBI BB, T.e. MOMOKNAM

B = 40r* + 15.

Hepr)IHO OPOBEPUTH, YTO OMHCaHHAA BBINE CBOAUMOCTH MOJIUHOMHAJIbHA,
pa3Mephl BCEX JIEMEHTOB JieXkaT cTporo Mexxkay B/3 u B/5, a takke uTo cymma
pa3MepoB BCeX 3JIEMEHTOR, Kak  Tpebyercs, pasHa | M|-B. Bonee Toro, 3amernm,
9TO pa3dMep KaxKJIOro dJeMeHTa OrPAHUYEH CBEPXY BEJIUYUHON

12r* <12 8% A* < 2014]*

TMosTomy mist mOKa3aTenbCTBa CUIbHONW NP-nonnoTh 3amaun 4-PASBUEHUE
IOCTATOYHO TIOKA3ATh, YTO UCKOMOe 4-pa30ueHune CyIIeCTBYeT TOTIA U TOJIBKO
Toraa, Korma M COmeps:KUT TPEXMEPHOE COUETAHUE.

IIpeanonoxxkum BHATAME, 9TO HMeeTcs Tpéxmepnoe couetanue M' C M. Co-
orBercrByioniee 4-paszbuenue obpasyercs u3 | M| MOIMHOKECTB, KAXKI0€ U3 KO-
TOPBIX COMEPKUT 4 seMenTa (COKPAIEHHO 4-NOJAMHOMXKECTB) — OAMH BUIA Uy,
onuH BUIA w;[-], omuH Buga x;[-] u omun Buga yi[-], Tme (w;, x;, yk) =my € M.
Ecmm m; € M', to rpynmupyem w; ¢ snementamu w;[1], z;[1] u yg[l]. Ecan
my; € M\ M', ro rpynnupyem u; ¢ «(bUKTUBHBIMU» JIEMEHTAMU, COOTBETCTBYIO-
IUMHI W;, Tj U Y. HeTpyaHo BUIETh, 4TO B HAIIEM PACHOPSZKEHUU UMEeTCA J0-
CTaTOYHO (PUKTUBHBIX IMEMEHTOB U TAKYI0 TPYHIUPOBKY MOYXKHO OCYIIECTBUTD.
B cuny coenaHHBIX BBINE 3aMEYaHUNH, CYMMa PA3MEPOB 3JIEMEHTOB B KaKIOM
u3 00pa30BAHHBIX MHOXKECTB B TOYHOCTH paBHa B. B pe3ymbrare momydaercs
nckomoe 4-paszonenmue.

IIpeamonoxkum Temephb, 9TO 3amaHO 4-pas3dbueHne HyKHOTO BHAa. PaccMmor-
puM T1000€e 4-MHOXKECTBO U3 3TOr0 4-pas3duenus. PaccMarpuBast mOCTIeI0BATETb-

HO BBIYETHI CYMMBI PA3MEPOB JIEMEHTOB 3TOT'O MHOXKECTBa MO MOAYJIAM T, 7“2, 7“3,

r* m 5 moxaskem, 9TO 3TO 4-MHOKECTBO JIOMKHO COMEPIKATH TIO OJHOMY 3IeMeH-

Ty, COOTBETCTBYIOIIEMY KaXKIOW M3 COCTABJISAIONINX TPOWKHU, MpPUYEM BCe TPU

37IEMEHTa OJHOBPEMEHHO SIBJISIOTCS WU «UCTHHHBIMUY U «(DUKTUBHBIMES.
IMockonbky r > 4 -8 = 32, TO cymMMa BBIYETOB MO MOIYJIO T Pa3MepOB

37IEMEHTOB, BXOIAIIUX B 4-MHOKECTBO, Oy/I€T PABHA BBIYETY IO MOJIYJIIO I' CyMMBI
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9TUX JIEMEHTOB U, CjlefoBarTesbHO, pasua B(mod r) = 15. dug Toro 4robb
CyMMa BBIYETOB IO MOJIYJIIO I PA3MEPOB JJIEMEHTOB, BXOISAIIUX B 4-MHOXKECTBO,
paBHANACH 15, UMeeTcd eTUHCTBEHHAS BO3MOXKHOCTBL: 4-MHOYKECTBO COJIEPXKHUT
MO0 OJIHOMY 3JIEMEHTY, OTBEYAIONEMY HEKOTOPOMY 37eMeHTy MHOXKecTB W, X un
Y cooTrBeTcTBEHHO, a TaKXKe ONWH 3JIEMEHT, OTBEUAIONINH HEKOTOPO# TPOiiKe n3
M . IlycTs w;, xj 1 yj, 0003HAYAIOT COOTBETCTBYIOMINE 3TeMeHTEI MHOKecTB W, X
nY,am; = (wy,z,yr) obo3HATAET COOTBETCTBYIOILYIO TPoiiky u3 M. Torma
BEIYET PACCMATPHBAEMOIH CYMMBI Pa3MEpPOB 3JTEeMEHTOB IO MOIY/IO 72 JOMKeH
obrTh pasen ((i —i')r +15)(mod r?), a mockonbky (i —i')r + 15 < r2, To 10MKHO
UMETh MECTO PaBEHCTRO

B(mod r*) =15 = (i —i')r + 15.

Orciona cieayer, aro i = i'. Amanornano, nockombky (j — 5 )r? + 15 < r3, To
JIOJIZKHO BBLIIOJHATLCS PABEHCTBO

B(mod r*) =15 = (j — j)r* + 15.

Otcioma cremyer, ato j = j', a mockombky (k — k')r® + 15 < r*, 10 gomxmo
UMETh MECTO PABEHCTBO

B(mod r*) =15= (k—k')r®* + 15

u, 3uaunt, k = k'. Takum 06pa3oM, Ha CAMOM JeJe W;,L; U Yp — JIEMEHTHL,
BXOJSINHE B TPOHKY M;, u Kodddumnuent apu r* B cyMMe pa3MepOB SIEMEHTOB
paBeH cyMMe Ko3(hHIMEHTOB P 1 Kax<10ro U3 claraeMbrx. i Koddbduim-
€HTHI OBLTH BHIOPAHBI HAMM TaK, 9TO X CyMMa paBHa 40 TOILKO B TOM CIydae,
KOTJIA BCE TPH JIEMEHTA, OJHOBPEMEHHO «UCTHUHHBIES WU «(DUKTUBHBIES.
Takum 06pa3oM, B ¢ U3 HAIITUX 4-MHOXKECTB JOIYKHO COIEPIKATHCS 3¢ «UCTUH-
HBIX» 3JIEMEHTOB, 110 OJTHOMY JJTsT KasKJI0TO deMeHTa n3 Maokectsa WUXUY | a
KaKI0€ 13 4-MHOYKECTB COCTOUT M3 OJHOTO JIEMEHTA, COOTBETCTBYIOIIETO TPOUKE
u3 M, u TPEX «MCTHUHHBIX> 3JIEMEHTOB, COOTBETCTBYIONMX 3TOH Tpoiike. Ciueno-
BATEJIbHO, 3T ¢ TPoeK u3 M oOpa3yoT HCKOMOe TPEXMEPHOE COUeTaHHE. [ |

Teopema 4.4. 3adaua 3-PABBUEHUE NP-noana 6 cusbHOM CMbiCAE.

HokazarenpcrBo 2. Herpynno euzers, uro 3amada 3-PASBUEHUE npunan-
nexut kiaccy NP. Ceemem k 3amade 3-PA3BUEHUE nonzamauy 3amaunm 4-
PA3BUEHUE, cocTaBiaeHnyio n3 WHINBUIYAIHHBIX 3344, IJI5T KOTOPHIX

max{s(a) : a € A} < 2'%|A|*%;

IPH 3TOM COXPAHSAETCS OrPAHMYEHHOCTH PA3MEPOB 3JIEMEHTOB IOJIHHOMOM OT
00IIIero YKUCaa 3J1eMEHTOB.

MMycrs A = {ay, az, ... , G4 }, rparuua B u pazmepst s(a) 31eMeHTOB (17151 KO-
TOPBIX BbIOTHEHB! HepasencTBa B/5 < s(a) < B/3 u s(a) < 2'9|A|*) zanator
npou3BONbHYIO HHAMBHAYanbHyt0 3agady 4-PA3BBMEHUE. CoorsercrByiorias
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UHIUBULyaIbHAA 3aaa4a u3 3-PABBUEHIUE Gyner conep:karh 24n2 — 3n sne-
MEHTOB, TI0 OJIHOMY [IJisi KayKJIOro 3jieMeHTa A, mo JBa 3meMeHTa [Tt KaXK 0N
napsl snementos u3 A u 8n? — 3n «3amoIHAIOIMX» IEMEHTOB.

Kaxnomy ortnenbHOMY 371€MeHTY a; € A COMOCTABUM <«DEryJspHBIiy 3dye-
MEHT W;, Pa3Mep ONPEIEISIeTCS PABEHCTBOM

s'(w;) = 4(5B + s(a;)) + 1,

rae s'(-) — dbyHkIua pa3Mepa B KOHCTPYUPYEMOH WHIWBUIYAILHON 3a7a4ue U3
3-PABBUEHIE. Ilape anemenTos a;,a; € A cOOTBETCTBYIOT [Ba «CIAPHUBAIO-
[IUX> JIeMeHTa u[i, j] u @[i, j], pa3Mepbl KOTOPBIX ONPEAEIAIOTCS TaK:

s'(uli, j]) = 4(6B — s(a;) — s(aj)) + 2,

s'(ali, j]) = 4(5B + s(a;) + s(a;)) + 2.

Haxomnern, 115 1 < k < 8n” — 3n nMeeTcsl «3amOTHSIONINY IeMEHT uj, pa3mepa
s'(u}) = 20B. B kauecrBe rpanunsl B’ 1715 KOHCTPYUpPyeMOil HHIUBHIYaTbHONR
sagaun 3-PASBUEHUE Bosbmem 64B + 4.

OnsATh-TAKM YUTATENIO HETPYAHO OyAerT yOeauThCs B TOM, 9TO 3Ta CBOIH-
MOCTb SIBJISIETCS TIOJMHOMHUATBHOM, 8 TAKXKE, 9TO PA3MEPBI BCEX IEMEHTOB 3a-
KJIIOUeHbI cTporo mexay B'/4 = 16B+1u B'/2 = 32B +2 u uro cymMmma pa3Me-
poB Bcex anemenTon pasHa (2n2 — n)B'. Bomee TOro, MOCKOIBKY pa3Mephl 3Je-
MeHTOB MHOYKecTBa A orpanmdentt senmaunoit 219/ A[*) To pasmepsr smementon
nonydaemoii unauBuryanbaol 3a0a4un 3-PASBUEHIE rakske OyayT orpanude-
HbBI IOJIMHOMOM OT | A|, U, CIeI0BATENIBLHO, HOJIUHOMOM OT YUCIIA JIEMEHTOB 3313~
qu I', u, 3uagur, nosuromom or Length[I]. Takum o6pa3om, 4T06bI 3aKOHYUTH
JI0Ka3aTeabCTBO NP-TIOJIHOTHI B CMJILHOM cMbIciae 3a1aun 3-PASBUEHUE, no-
CTATOYHO TIOKA3ATh, 9TO B TOCTPOEHHON MHANBAIYAIbLHON 3a1aqe I’ 3-pasbuenue
CYIIECTBYET TOTJA W TOIHKO TOTAA, KOTIA B MCXOIHON WHANBAIYATILHON 3a1a9€e
cymiectByer 4-pasbueHue.

Brauaje mpeamonosKumM, 9To I MCXOIHON WHINBUAYATLHON 380491 UMe-
ercst 4-pasbuenue. CoorBercryiomiee 3-pa3dHeHne CTPOUTCS CIAELYIOMUM 0Opa-
3om. Kaxmoe uz 4-muoxects {a;, aj, ag, a;} pa3buBaeM IPOM3BOILHO HA IBA
2-mHOXKecTBa, ckakeM Ha {a;, a;} u {ay, a;}. Torma uckomoe 3-pasbuenue Oy-
JIeT .CONEePIKATH JBa, 3-MHOKecTBa {w;, wj, uli, j|} u {wg, wy, a[i, j]}. (Samernm,
YTO MOYKHO OBIIIO GBI HCMONB30BaTh U[k, ] BMecTo u[i, j] u ulk, [] BMecTo 4[i, j].)
CyMMa pa3sMepoB JIEMEHTOB KazKI0r0 3-MHOXKeCTBa Oyer pasHa B’, mockombKy
s(a;) + s(aj) + s(ax) + s(a;) = B. Bommonuss sty npomnenypy A7 KaxKIOrO U3 n
3aJAHHBIX 2-MHOYKECTB, TOIYIYAM 21 3-MHOXKECTB, COAEPIKAIINX BCE «PETyJIAp-
HBIE» SJIEMEHTHI M 1 CBA3AHHBIX Map, COCTOSAIIAX U3 «CMTAPUBAIOIIAX » SJIEMEHTOB.
ITocse 3TOTO OCTAIOTCS CBOGOIHBIMI 812 — 31 CBA3AHHBIX MAD «CIIAPUBAIOMINX >
aeMeHTOB 1 8n” —3n «3amoNHSIONIX > 37eMenToB. [I0CKOIBKY CyMMa pa3Mepon
JIBYX CBSI3AHHBIX «CIIAPUBAIOIMINX> dmeMeHTOB pasHa 44B+4 = B—20B, 1o kax-
JIast TAKAS CBA3AHHAL TTAPA MOKET OBITH CTPYTITUPOBAHA C OTHAM N3 OCTABIIAXCS
«3AMONHAIOIUX> TEMEHTOB, B PE3y/IbTATE 9€ro Moaydaercs 3-pasbuenne.
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[MpeanonoxumM Tenepb, 9To s MOCTPOEHHOW WHAMBUIYATbHOMN 3a1a90 UMe-
ercst 3-pasbuenue. 13 paccMOTpPEHUST BBIYETOB PA3MEPOB 3JIEMEHTOB 1O MOLYITIO
4 monmyvaeM, UTO HA OJHO U3 3-MHOYKECTB He MOXKET COAepKaTh HEIETHOE UhC-
JI0 «PETyJSPHBIXS DIEMEHTOB, HU OJHO W3 3-MHOYKECTB HE MOXKET COIEpIKATH
TPW «CTIAPUBAIONINX > JEMEHTa W HU OJIHO M3 3-MHOYKECTB HE MOYKET COIEPIKATH
JIBa «PEryJIsipHBIX» W OJUH <«3anoiaHAfouiy amement. OTcioma Cleayer, 9To
3a/aHHoe 3-pa3bueHne BKIIOYAET 2N 3-MHOXKECTB, KayK/0e M3 KOTOPBIX COmep-
JKUT JIBA, «PETyIAPHLIX»> M OJUH «CIAPUBAIONIHI> TeMeHT, a Takxke 8n? — 3n
3-MHOYKeCTBa, KayKI0€e N3 KOTOPBIX COMEPIKUT JIBA, «CITAPUBAIOIINX> M OIWH «3a-
MOJIHAIONINI Y SJIEMEHT.

Paccmorpum mmio6oe m3 3-MHOXKeCTB mmociaeamero tuma. Ilycrs uli, j] (wnm
alk,l]) sBasieTcsT OMHWM W3 IBYX <«CHAPUBAIONINX» IJEMEHTOB 3TOTO MHOMKE-
crBa. Eciu apyroii cnapusatonmii 37eMeHT u[s,t] 3TOro MHOXKECTBA OTIMYEeH
or 4fi, j] (unmm ulk,l]), TO u[s,t] KonKeH uMETH TOT Ke pa3Mep, 4To U Uli, j|,
U TO9TOMY JIEMEHTHI u[s, t] U G[i, j| MOKHO MOMEHSATH MECTAMHE, YTOOBI TOJIY-
TUJIOCH KBUBAJIEHTHOE 3-pa3buenHne. DTy OTMEPANNIO0 MOYKHO TOBTOPSITH O TEX
Mmop, TOKa He MOJydnuTCs 3-pa30uenue, B KOTOPOM KaotcObili «3aMOTHSTIONTAT
9JIEMEHT OKAXKETCH B OJHOM 3-MHOXKECTBE CO CBA3AHHOMN mapoil ul[i, j] u @l[i, j].
Takum 06pa30M, OCTABIIHECS «CIAPUBAIOININES FTEMEHTDI, BXOIAIINE COBMECTHO
C PEryJIsipHBIMU 3JIEMEHTAMY B OJTHO U3 MHOXKECTB 3-pa3buenusi, Takxke pa3ouBa-
10TCsT Ha Taphl. B pe3yapTaTe 3TOr0 3-MHOYKECTBA, COMEPIKAIINE «PETYIISTPHBIES
3JIEMEHTRI, pa3buBaioTcs Ha n map. IIocKOIbKY IBa «CTApPUBAIONINX S IITEMEHTA
B KAXKJION Takoil mape 3-MHOXKECTB OKA3BIBAIOTCS CBA3AHHBIMU, CyMMa UX pa3-
MepoB paBHa 44 B + 4, cmemoBaTenbHO, CYMMa, 9eTBIPEX «PEryIAPHBIXY JTeMEH-
TOB, BXOJSIIMX B 3TH JABa 3-MHOXKECTBa, JOJ2KHA ObITh paBHa 84B + 4. Orcooza
CITeIyeT, 9YTO COOTBETCTBYIOIINE UeThIpe dIeMeHTa MHOKecTBa A obpasyior 4-
MHOKEeCTBO, CyMMa Pa3MepoB 3IeMeHTOB KoToporo pasua B. CremoBarennHo, n
map paccMaTpPUBAEMBIX 3-MHOKECTB TIOPOKIAIOT MCKoMoe 4-pa3buenne. ]

3aMeTuM, YTO eC/Iu 3Ty CBOAUMOCTH PACCMATPUBATHL KAK CBOAUMOCTDL OOIIEi
zagaan 4-PASBUEHUE x 3anaue 3-PASBUEHUE, o ona He mokasbiBaJia Obl
cunbayto NP-nonaory 3agadn 3-PA3BUEHUNE. Yro6br monyYuTh pes3yabrar o
cunbHOM NP-1moHOTE, HEOOXOAMMO paccMoTperh NP-TOMHY0 MoA3a1ady 3a1a-
un 4-PABBUEHUE, B koropoii BemnanHa max{s(a)} orpaHndena moInHOMOM.
OHAKO JIErKO MOHATH, YTO KOHKPETHBIN BUI TOJIMHOMA, B OIIEHKE HECYIIECTBEH.
Ha camowm mese 66110 661 yaoOHee, eciin ObI y HAC OBLITA, BO3MOXKHOCTE OMEPUPO-
BaTb CO CBOAUMOCTAMH IIOJ0OHOrO THUIIA Oe3 HeOOXOIUMOCTH BIABATHLCI B 1ETAINA
m0/331a9 U KOHKPETHBIX MOJTUHOMOB. DTOI0 MOYXKHO JOCTUYD C TOMOIIBIO OIMpe-
JIeJTEHUsT W JIEMMbI, TTPUBOJIVMBIX HUKE.

Iycrs I n II' — nmponsBonbHbIE 3a0a9m pacnosuasanus; D n D — MHO-
JKECTBA WX WHIWBUIYAJbHBIX 3aJa49; YT U Y[ — MHOYKECTBA, WHIWBUIYATbHBIX
3amad ¢ orBeToM «ma»; Maz, Length, Maz' w Length' — coorsercrBytommue
GYHKIMM MakKCHUMyMa M JJIMHBL 3anucu. [oopdar, uro 3agada II ncesdonosu-
HOMUAALHO c6odumcea K 3amade II', ecmu cymecrsyer dynknua f : Dy — Dy
00IaIA0IIAsT CITIEIYTOIUMU CBORCTBAMMU:

(a) mag moboro I € D, I € Y torma u ronbko Toraa, korga f(I) € Yiy;
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(6) dbyukius f MOXKeT ObITH BLIYUCIEHA 33 BPEMsl, OPPAHUYEHHOE TIOJIMHOMOM
or aByx nepemenubix Maz[I] u Length[I];
(B) cymiecTByer Takoif MOIMHOM i, 9TO mis Bcex I € Di mmeer mecro
HEPaBEHCTBO
@1 (Length'[f(I)]) > Length(I);

(r) cymecTByer Takoil MOJMHOM @2 OT ABYX TI€PEMEHHBIX, 9TO 1y Beex I €
D11 BBITIOJIHEHO HEPABEHCTBO

Maz'[f(I)] < g2(Maz[I], Length[I]).

ToBopsT Tak:Ke, 9T0 PYHKIM, 0OTATATONIAA TEPEINCTEHHBIMA CBOMCTBAMMT, Pe-
aIu3yeT MCeBIONOIMHOMUAIBHYIO cBoguMocTh 1T k T1'.

Jlemma 4.1. Ecau I — NP-noanaa 6 cuavrom cmuicae sadavwa, I[I' € NP u
IT ncesdonoaunomuasvro ceodumea x II', mo II' — NP-noanasa 6 cuavrom
cmoicae 360a4a.

okazarenpcrso 3. Ilycrs f — yHKIWS, peagn3yromnas mceBIOMOJINHOMUAb-
HYIO CBOIUMOCTD, (g1 U ¢o — COOTBETCTBYIONIUE MOJUHOMDI, OMIMCAHHBIE BBIIIE.
Bes morepu obmuiHOCTH MOXKHO MIPEANONIAraTh, 9TO ¢ U (2 — MOJUHOMBI C IIEJIbI-
MU MOJIOKUTETbHbIMA KOdd durmeatamu, n60 3T MOTHHOMBI MOYKHO ITPUBECTH
K TAKOMY BHUJY, HE YMEHbIIasi TPUHUMAEeMbIX uMu 3uadennii. [lockonbKy 3amaga
IT NP-monmHa B CUILHOM CMBICJIE, TO CYIIECTBYET TAKOil TTOJIMHOM p, UTO 33729
II, asaserca NP-moawoii. Bosee Toro, p MOKHO BRIOpPATH TakK, 9TO y HETO OyayT
TOMBKO TEIbIe HEOTPHUIATENbHBIE KO (DUIHMEHTHI, TOCKOIbKY €CTIu Py — JII000it
MOJIMHOM C Tie/ibiMu Ko3dduiinentamu, Ay KOTOPOTO MIPX BCEX X BBIMOJIHIETCS
HepaBeHCTBO po () > p(z), To 3amada Il,g Oyzer comepkarh Bee MHAWBHILYATb-
uere 3amaqan 3 Il,, w, ciemorarennro, 3anava Il,g 6ymer NP-momwoii, ecin 11,
obuta, NP-mostaoi. OmpesesinM moJIMHOM P CIIEAYFOIIUM 00pa30M:

p(x) = 2(p(q1 (2)), 1 (7).

Mber yrBep:kgaem, 9ro ¢byHKnus f, Oyaydu orpaHdYeHHON Ha WHIWBHUIYATbHBIE
Yy ) y , OyLy Y

3agaym n3 II,, ocymecTBaseT momnHOMWANILHOE cBemerne 3amaqan 11, k 3amade
IT},, aro noxazeBaer NP-wommory samaun I1),. IIpoepum BHadase, 9To mobast
HHAUBHAyaIbHAA 330349 [ u3 11, npu orobpazkeHnn f mepexoanT B MHIUBUIY-
aJbHYIO 337349y U3 H;,. ITo onpenenennio 3anaqau II, ¥ HepaBeHCTB, KOTOPBIM
YIOBIIETBOPSIIOT MHOTOWIEHBI (1 U (o, MOMYyYIaEM, UTO JIJIsT KAXKION UHIUBUILY-

ambuoi 3anaqu I w3 II, MMEIOT MECTO HepaBEHCTBA
Max'[f(I)] < g2(Maz(I], Length[I]) <
< q2(p(Length[I]), Length(I]) <
< @2(p(a1 (Length'[f(I)])), ;1 (Length'[f(I)])) =
= p(Length'[f(I)]).
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Takum obpazom, urmuBHIyatbhas 3anada f(I) npunagmexut sanage I, W3
ycnoBuit (a) u (6) ompenesieHus NCEBIONOJUHOMUAILHON CBOAUMOCTU W TOrO
dakra, gro ma moboit mEauBuAyanpHOi 3anauu [ u3 II, BeImonHeno Hepa-
BercrBo Maz[I] < p(Length[I]), nemenienno ciemyer, 9to f yIOBIETBODSIET
BCEM HEOGXOIMMBIM TPEOOBAHUSAM W PEATU3YeT MOIWHOMUAILHYIO CBOIUMOCT.
CnenoBarensho, 3a/1a4a H;, NP-nonua, orkyna cienyer cuinbaas NP-momHOTA
sagaun II'. [

Dra meMMa 0CBODOKIALT HAC OT HEOOXOAUMOCTH UMETH JE/I0 ¢ KOHKPETHBIMU
noxzanadamu I, mpu nokazarenbcTBe pe3yabTaToB O cuabHOI NP-IIOTHOTE, 9TO
npeacTaBisier coboit GOMbIIoe ya00CTBO, TOCKOIBKY MBI PEIKO HHTEPECYEeMCs
KOHKDETHBIM BHUIOM COOTBETCTBYMOMIEro mojauHoMa. OIHAKO CIIOXKHOE OTpese-
JIEHUE TICEBIOTOIMHOMUAIBLHON CBOAMMOCTH MOYKET MOKA3ATHCST TPYIHOMPEOI0-
JIMMBIM MPEMSITCTBHEM IIPH UCIOIB30BAHUHI STOTO MOax0aa. B meiicTBurenbHOCTH
OHO He CTOJIb CJIOXKHO, KAK KaXKeTCs. YCJIoBre (a) COBIAJAET C OJHUM U3 yCIOBUI
ompeesieHnst OOBIYHOM TTOTMHOMHUAIBHON CBOAUMOCTH. YcioBue (6) MOYTH COB-
MaJaeT CO BTOPBIM YCIOBUEM, OJHAKO OCTABJISET HAM HECKOJIBKO OOJIBIE CBODO-
JIbI TIPU BBIOOPE CIIOKHOCTHU cBOAAIIEH dbyHukimu. Yeaosue (B) OyJeT BBITOJIHEHO
MOYTH JJIsT BCEX CBOIUMOCTEH, HCKITI0Yasi CAMbIE 9K30THIECKHE, TOCKOIBbKY TpPe-
Oyercst TUIb, 9TOObI CBOAUMOCTD HE MPUBOINIA K 3HAUATETLHOMY YMEHDULEHUIO
JyrHbL BXoza. Haubosee BasKHBIM yCJIOBUEM ONPeIeJIeHus SBJIgeTcs ycuaosue (T),
HA3HAYEHNE KOTOPOrO 3aKII0YAETCS B TOM, YTOOBI BEJININHA HAUOOIBIIErO JnC-
Ja B KOHCTPYMPYEMO! WHIMBUAYAJIbHON 33/a9e HE POCIa JKCIOHEHINAJIHLHO B
3apucumocty oT pyHKIwi Max v Length ncxomHol MHAMBUIYAILHON 3a1a9N.

Hampumep, KOHCTPYKIMIO, KOTOPO# MBI TTOIB30BAINACH [ JOKA3ATETHCTBA
TeopeMbl 4.4, MOKHO pacCMaTPUBATH KaK IICEBIOMOTHHOMHUAILHOE CBEICHIE 3a-
maun 4-PABBUBAHUE « 3amaue 3-PA3BBUEHUE. Tlocnennsas 3amada 3aciy-
JKUJIa Ha3BaHWe ceIhMOM «0CHOBHOM NP-TOTHOM 3a1a4is B CBSA3K C TEM, UTO OHA,
JIETKO MOYKET OBITH MCEeBIONOIMHOMUAILHO CBEIEHA K APYTUM 3aadam. Hampu-
Mep, MOXKHO BOCIOJIB30BATHCA TAKOH CBOAMMOCTDHIO /TSI JOKA3ATEIbCTBA CHITb-
uoit NP-nomaoTst 3a1a49u YITOPAJOYEHUE BHYTPU NMHTEPBAJIOB, NP-

MIOJTHOTA, KOTOPOit ObLIa A0Ka3aHa B pasm. 3.2.2.

Teopema 4.5. 3adavwa YIIOPAZTOYEHHUE BHYTPH HHTEPBAJIOB NP-

NoAHG 6 CUNOBHOM CMDBLCAE.

oxkazarenrrctBo 4. HamoMuWM, 9TO B YCJIOBUM ITON 3a7a9U TAHO MHOXKECTBO
saganuit T, nanrennrocts [(t) € Z1 kasknoro zananus [ € T w BpeMeHHSH WH-
repsai [r(t), d(t)], B mpemesax KOTOPOro OHO JOMKHO OBITH BhITOAHEHO. Crpa-
[IMBAETCsL, MOXKHO JIM TaK YIOPSAJIOYUTDH 3a/aHusl, YTOObI OBLIN YI0BIE€TBOPEHbI
BCE yCJIOBUS M B KaXKIbIii MOMEHT BPEMEHHU B [IPOIECCE BBIIOJIHEHN HAXOIUIOCh
TOIHLKO OHHO 3amanne. B paszd. 3.2.2 ObII0 JOKAa3aHO0, 9To 9Ta 3aaa49a NP-ToIHa,
", CTIeIOBATEIHLHO, MPUHAIIEKUT Kaaccy NP. IlocTponM mceBaomOInHOMAAITb-
noe ceegenne 3anaun 3-PASBMEHUE k 3amage YIIOPAJOYEHUE BHYTPU
NMHTEPBAJIOB.

Iycrs A = {ay,a2, ... ,a3m}, B € Z% u s(ay), s(as), ..., s(azm) onpenenser
npousBonbhyio 3a1a4dy u3 3-PASBUEHUE. CoorBercTByomas WHIUBUILYATb-
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Has 3aga4a u3 YIIOPAJOYEHNE BHYTPU UHTEPBAJIOB onpenensiercs
CTIEIYIOMAM 0DPa30M:
T=AU{t;:1<i<m};

1, ecmut =t;,1 <1< my

I(t) =

s(aj), ecnu t = aj € A;

) iB+i—1, ecmt=1¢t;,1<i<m;
r =
0, eciu t = a; € A

iB+i, ecrmt =t;,1 <i<m;
mB+m—1, et =a; € 4

r(t) =

OTa CBOIMMOCTh, OYEBHIHO, MOYKET OBITH BHITIOIHEHA 33 MOJIHHOMUAIHLHOE
BPEMSsT TOJILKO MO OTHOINEHWIO K JJIHHE 3aIMCH UCXOTHON nHbOpManum, a IinHa
MHAMBHALYAIBHBIX 3334, TOTYyIaeMbIX NPU TAKOM CBEICHUH, MOJTMHOMHUAIBHO
9KBUBAJIEHTHA JJINHE UCXOJAHBbIX 3az1a4. Takum obpaszom, yciosus (6) u (B) u3
ONPEJETEHNs TTOMHOMHUAIBHON CBOAMMOCTH BBINOMHSIOTCA. Bomee Toro, Ham-
GosIbIITee YMCIIO B TOCTPOEHHON WHAMBHIYAIHHON 3amade paBHO mB + m — 1,
MO3TOMY BBIMOJIHsIETC Takyke yciaosue (r). Ocraercss TOMBKO TOKA3aTh, KAK B
OOBIYHBIX J0KA3aTeIHCTBAX NP-TIOTHOTHI, YTO BHITIOIHEHO YCIOBWE (a).
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B B B
= = =
| [t ] [ ts | [ tmer | |
0 B B+1 2B+1 2B+2 mB+m—1

Puc. 4.9. Bud nocaedosamenrvrocmu, HeobXodumvili 048 mozo, 4mobv, bbvi-
AU BHINOAHEHBL B8CE 02PpanudeHus uHdusudyarvrot 3adavu us YIIOPIJ[OYE-
HUE BHYTPH UHTEPBAJIOB, noayuaemoti ud undusudyarvnoti sadavwuy 3-
PA3BUEHHE 6 doxazamensbcmee meopemvt 4.5.

B n1060it mocie1oBaTEIBHOCTY 33, IaHUH, VI0BIETBOPSIONIEH TePEeUNCIeHHBIM
BBIIIIE YCIOBUSAM, 3afanue t;, 1 < i < m, JIOJXKHO BBIIOJHATHCS B IIPOMEXKYTKE
Bpemenu ot i B +i—1 no ¢+B+1, kak ykazano #a puc. 4.9. [Ipu srom ocraercs m
OTIEILHBIX OJIOKOB BPEMEHU TPOIOKUTENHHOCTHI0O B KasKIbIi, HO MOCKOIBKY
BPEMEHU B 3TUX OJIOKAX POBHO CTOIHKO, YTOOBI MOYXKHO OBLIO YCIETh BHITIOIHUTh
BCE 33JIaHUsI, TO BCE 3TU OJOKHW IJOXKHBI OBITH 3AMOJHEHBI MOJHOCTHIO. Ciie-
JIOBATENIBHO, 3TH OJIOKU UTPAIOT TY K€ POb, 9TO U MHOXKecTBa Si,S2, ..., Sy
B UCKOMOM pa3buenun MHOXkKecTBa A. OTCIOIa BBITEKAET, YTO MCKOMAs IIOC/Ie-
JI0BATEILHOCTD CYIIECTBYET TOI/A M TOJILKO TOI/A, KOI/A CYIIECTBYeT MCKOMOE
pa3bueHune B MCXONHOM MHANBUAYaAILHON 3a1aue u3 3-PA3SBUEHNE.

Yenosue (a), CIeI0BATENHHO, TAKKE BBITIOMHACTCS, U MbI IEHCTBUTEIHHO MO~
JIy4aeM I[ICEBIONOIMHOMHUAIBHY 0 cBOAuMOCTh 3asa4n 3-PASBIEHUE k 3amaqe
VIIOPAJOYEHINE BHYTPU NMHTEPBAJIOB. Ilo nemme 4.1 orcrona ciemy-

€T, 9TO TOCTAeaHsIsI 3a1a9a NP-oMHa B CHIIBHOM CMBICTTE. [ |

B kauecTBe ympaxKHEHUs YMTATETI0 MOYKHO MPEIJIOKUTH TOCTPOUTH AHA-
jgormanoe ceenenne 3anaun 3-PABBUEHUE k 3amaue PACIINMCAHUE 1714
MYJIBTUIPOIECCOPHO CUCTEMBI, onpenenenwoii B pa3a. 3.2.1. B wa-
X couckax NP-TIOMHBIX 33039 UMEeTCsT DOMBIIOe YUCTO APYTUX 33029, CHTb-
Hasg NP-TIOTHOTA KOTOPBIX TOKA3bIBAETCS CPABHUTENHHO HECTIOXKHO, HEOOTBIIO
MoauduKaIyeil IPUBEIEHHBIX PaHee JOKA3ATEIbCTB TIOCPEICTBOM 3AMEHbI B HUX
sagaun PABBUEHUE 3amadeii 3-PASBUEHUE. TIpocToTa BHIMOIHEHUST COOT-
BETCTBYIOIINX MOAUMPUKALNI yKA3BIBACT Ha, MOIE3HOCTH 3amaun 3-PASBUEHIE.

Hacrosmuit pa3zmen Mbl 3aKOHIMM OPUMEPOM TOTO, KAK TICEBIOTIOTMHOMY-
anbHAg cBoguMocTh 3amadu 3-PASBUEHUE moker ObITH MCHOMb30BaHA T
IoKazaTeahcTBa NP-TIOTHOTHI 331341, He SIBISONIEHcS 3agadeil ¢ YMCIOBBIMU
napaMerpamu. B meficTBUTEIHHOCTH 3Ta, 337a49a BOOOIE He OyIeT Comep:kaTh
YUCJIOBBIX TMTapaMeTpos!

Hanomaum dpopmynupoeky 3agaau I3OMOPO®U3M TTOATPADY u3 pas.
2.1: «Bamanwr gBa rpada G u H, BepHO m, uro0 H m30MOpdeH HEKOTOPOMY
monrpady rpada G?7» B pa3a. 3.2.1 mbr gokazanu NP-MOMHOTY 9TOH 3ama9wn,
YKa3aB, 9TO OHA CONEPKUT B KAUECTBE YacTHOro ciydas 3amauy KJINKA. Oxn-
HAKO MMeeTCs OJHa, BaskKHas moazafada 3agaan N3OMOPON3M ITOITPADY,
OPUHAIEXKHOCTH KOTOPOii Kiaccy P yxke ycranosiera. 9to 3agada M30MOP-
OU3M [TOAAEPEBY. B neii Tpebyercs, yrobbt G u H 6oy gepesbsavu (gepe-

BO — 370 CBaA3HbIH rpad, He cogepxkaniuii uKkIiIoB). [lomuHOMUANBHBIH anropuT™M
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pereHus 910l 3ama4n ObLT HomydeH Damongcom u Marymoii [111] (em. Takske
[449]).

Ucxonst u3 Hamreit METOIOIOTHH, COCTOSINEN B BOZMOXKHO OOJBINEM CYKEHUN
MOrPAHNTHON 00JIACTH MEXKIY TPYAHBIMU W JETKUMU Toa3agatdamMu NP-moaHoi
3a1a9H, MOXKHO cOPMYINPOBATEH CAeAyomnil Bompoc: «UTo Oyzer, ecin mo-
TpebOBATE, 9TOOBI TOMBKO 0dun u3 rpadoB G wmu H 6wt gepesom?s B ogaOM
ciydae orBer odesuzer. Bapuant 3agaan ISOMOP®U3M I[TOATPA®Y, B ko-
TOpoM Tpebyercst, 9To6bI G OBLT JEePEBOM, COAEPIKUT B KAYECTBE MOI33IA9N 3a-
mauy TAMUJIBTOHOB TIYTD u tem cambim siBiistercst NP-nioiabiv, Bapuanr,
B KOTOPOM Tpebyercsi, urodbbl H Ob110 mepeBom, bosiee nHTepeceH. B aTom ciry-
9ae HaM M3BECTHO, uTo ecau rpad H He aukanden (AIUKJINIHDLIA — 03HAUAET,
He COHEPXKUT UUKJIOB), To H He moxer 6biTh noarpadom rpada G, HO orcioaa
oTHIONB He cienyer, 9yTo rpad H momxken 6biTh mepesom (nockosnbky H Moxer
0Ka3aThCs HECBA3HBIM ). B 00Imem ciaydae alukIndHbIil Tpad HA3bIBAETCS AECOM,
[PU 3TOM CBA3HBIE JIECA, ABJSIOTCA epesbamu (puc. 4.10).

N

G F T

Puc. 4.10. Ipumepv, npouseoavrozo 2paga G, aeca F u depesa T. I'pagp G
Hne ecmsv aec, a aec F' ne ecmw depeso. Jlec F ne ecmb nodaec depesa T, o
Kaotcdoe depeso uz F ecmov noddepeso depesa T (epap — Graph, aec — Forest,
depeso — Tree).

Hazosem nogzanauy 3amgaaun USOMOP®U3M IMOIATPA®Y, B xoropoit G
— nepeBo, a H — nec, 3agaqgeit USBOMOP®U3M ITOIJTECY. Hecmorps Ha TO,
9TO TOCTEeNHSAS 33aa49a aHajsorudHa 3agade U3OMOPOU3M TTOJJEPEBY,
CTIPABEIJINBA CIEAYIOMAs TEOPEMA.

Teopema 4.6. 3adawa H3OMOP®U3M IIOJ/IECY asasemea NP -noanot.

JoxkazarenrnsctBo 5. IlpuHamie:kKHOCTH paccMaTpuBaeMoit 3agaun kimaccy NP cie-
JIyer U3 aHAJIOTHIHOrO pe3yabrara s 3agadau U30MOPOU3M ITOATPADY.
VkaxkeMm ncesmonommHOMAaNIbHOE cBenenue 3amagau 3-PASBUEHUE k 3anmage
N30MOP®U3M ITOIJIECY. B cuny memmsbr 4.1 orcioma Oymer cjiemnoBaTh
YTBEPKICHUE TEOPEMbI.

[Mycrs A = {a1, as, ..., am}, B € ZT u s(ar), s(az), ..., S(am) € Z+ onmpene-
JISIeT TPOU3BOIBHYI0 HHAUMBUAyanbHyo 3amady u3 3-PASBUEHUE. Coorser-
cTByOIIas MHAUBUAyadbHas 3agada u3z NS3OMOP®U3M ITOAJIECY npex-

craBjeHa Ha puc. 4.11.
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Puc. 4..6: Zepeso G u aec H, coomsemcmeyrowue uHdusudyaivroti 3adave 3-
PABBHUEHHE s dokazamenvcmee meopembvt 4.6.

Hepeso G cocrout u3 m neneii, mo B+ 1 BepIuH B KaxKI0#, KOHIIBI KOTOPBIX
COeIMHEHBbI C JOTOJHATEILHON 0b0meit Bepmmuoit. Jlec H cocrout u3 3m + 1
JiepeBa, B UX YHUCIO BXOJUT OJTHA «3Be3/a», comuep:kaiasa m + 1 BepmmHy n 3m
nerei, KaXaas U3 KOTOPBIX COOTBETCTBYET KOHKDETHOMY 3MeMeHTy a € A u
umeer s(a) BEPIIWH.

JIrob6oit uzomopdusm rpada H ¢ noarpadom rpada G 10mKeH 0TodpaKaTh
IEHTD 3Be3/IBI B IMHCTBEHHYIO BEPIINHY BLICOKOI cremenn rpacda G ). Bee m
BEpIINH, COCEIHUX C IEHTPOM 3Be31bl n3 H [IONXKHBI, CIEJ0BATEIHHO, OTOOPa-
KaThCcs B BepmmHbI rpada G, cocennue 31oit Bepmmue. [Ipu 3tom B rpade G
0CTAIOTCs CBODOAHBIMY M Lieneil (IpudeM KaxKas COCTOUT u3 B BepiuuH), B KO-
TOpBIe TPU U30MOPGU3MEe AOTKHBI OTOOPA3UTHCs OCTABIIIHECS 3M 1emneil rpada
H. Orobpazkenue stux nemneit rpada H B ocraBmmecs: CBOOOIHBIMU TENH IPa-
da G cooTBETCTBYET PazOUEHUIO MHOXKECTBA A Ha, m MOIMHOYKECTB U, COTJIACHO
HAIeH KOHCTPYKIIWH, MOXKET ObITh OCYIIECTBJIEHO TOTIA W TOJIBKO TOTIA, KOTIA,
CyMMa pa3MepOB 3JIEMEHTOB KayKJIOr0 MHOYKecTBa paBHa B. Takum obpasowm,
ucKoMbIii m3omopdusm rpada H ¢ moarpadom rpada G cymecrsyer Torga u
TOJIBKO TOT/A, KOTJA CYIIECTBYET UCKOMOe 3-pa30ueHnne MHOKeCTBa A.

Puc. 4.11. Jlepeeo G u saec H, coomeememesyrouue uHlusudyaivrot 3adavwe
3-PABBHUEHIE s doxazameavcmese meopemst 4.6.

Orcioa ciieiyer, 94To BBIIOJIHEHO yCI0BUE (a) ONpee/IeHus IICEBIONOIMHO
MUAIBHON CBOAUMOCTH. JIErKO BUIETDH, YTO 9T4 CBOAUMOCTH MOYKET OBIThH OCYIIIe-
CTBJIEHA, 33 TTOJIMTHOMHUAJILHOE BPEMsT TIO OTHOITIEHUIO K m W B, Tak 4TO yCIOBME

1970 yTRepiKAeHUEe BePHO TOILKO mpu m > 2. [lpu m < 2 cBOAEMOCTH MOIUMDUIUPYETCST
oueBUIHBIM 0Opa3oM. — [IpuMm. pem.
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(6) Takxke Boinonneno. Obmee uucio Bepmuna B rpadax G u H opuHakoBo u
pasuo 2(mB + 1), Tak uyro BbIONHEHO U yciaosue (B). Hakonen, B KoHCTpyU-
pyeMoii WHIUBUIYATLHOM 3aa9e YUCIOBBIE MAPAMETPBI OTCYTCTBYIOT, IIO3TOMY
u ycaorue (r) pomonasiercs. CrenoBarenbHo, mo mevMe 4.1 3amaga T3OMOP-
OU3M IOIJTECY NP-toiHa B CHJIBHOM CMBICIE, OTKYIa CJIEIyeT, YTO OHA
NP-1ioHa B OOBITHOM CMBICTIE, UTO U TPEOOBAIOCH TOKA3ATh. [ |

4.3. BpemeHHdGsI CIIOXKHOCTh KaK (PYyHKIUSA HATY-
PaJIbHBIX MapaMeTpPOB

Jlo cux TOp B HACTOAIIEH T/IaBe M3yUYeHUe TMOA330a9 MOTHBUPOBAJIOCH B OCHOB-
HOM T€M, YTO Ha MPAKTUKE UCTUHHON HAIEH HEThI0 SBISEeTCS PEIIeHne M0/13a-
Jladu, a He caMoit 0bIIel 3aJa49u. 3Hast OUePTAHUs TOMPAHUIHON 0OIACTH MEXK Ty
NP-1OTHBIMY ¥ OJIMHOMUATHLHO PA3PENIUMbIME T0/I33,Ia9aMu, DU BO3ZHUKHO-
BEHWM KOHKPETHOW MOM33Ja4YN MBI OKA3BIBAEMCSI JIYUIE MOATOTOBJIEHHBIMU K
KOHIIEHTPAIINN UCCIIEIOBAHNI M0 TIOUCKY AJTOPUTMOB B HaubOOJIee TePCIeKTHB-
HOM HAITPABJIEHWH.

Pe3ysnbraThl, moyueHHbIE OTHOCUTEIHHO TOA33a49, MOTYT OBITh TAKIKE UC-
MOJIb30BAHBI B KAYECTBE BCIOMOTATEILHOIO OPUEHTHPA, MPHU MOWCKE AJITOPUTMA,
pertennst obimeit 3amaan. Ecim obmas 3agada oka3eiBaeTcs NP-OTHOMA, TO A7Tst
eé pemenus (ecniu P # NP), kak HaM U3BECTHO, MOIYT CYILECTBOBATH TOJIBKO
9KCIOHEHIHATBHBIE AJITOPUTMBI, HO PA3HBIE AJTOPUTMBI MOTYT OBITH B PA3IIHY-
HOM CTENeHN «3KCIOHEHIINAIBHBIMUY, U OHU MOTYT OKA3aThCs IS HAC MPEIIo-
YTUTEThHEE APYTUX. DTO OCOOEHHO OYEBUIIHO MIJIsT MTPAKTUYIECKUX 33039, KO
BPEMEHHAsT CJIOYKHOCTH BHIPAYKAETCS B TEPMUHAX €CTECTBEHHBIX TTAPAMETPOB 3a-
Jladd, a HE B TEPMUHAX UCKYCCTBEHHO CO3AHHOM «JJIMHBI BXOIAY.

Paccmorpuwm, nampumep, 3agaay PACTIMCAHUE JId MYJIBTUTTPOLIEC-
COPHOI CUCTEMBI u3 pazza. 3.2.1. B sroit 3amade HaGOp eCTECTBEHHBIX
NapaMeTpoB BKJIIOYAELT CIEAYIONINE BEJIUYUHBL: YUCIO 33JAHUN N, YUCIO MPO-
[ECCOPOB M U JIUTETHLHOCTH L caMOTo TIpOI0KUTENbHOrO 3agannst. QOObIaHbII
pe3ysbTaT 06 NP-TOIHOTE 3TOM 3318491, MOy YeHHBIH B pa3. 3.2.1, yTBepKIaer,
uro eciin P # NP, 1o 3agaua PACTIMCAHUE /I MYJIBTUTIPOITECCOP-
HOW1 CUCTEMBI #e MokeT GBITH permena 3a BpeMsT, OTPAHITEHHOE TIOIHHOMOM
ot Tpéx mapamerpos: n, m u log L. OagHako MOXKHO 3a1aTbcs Bompocom: «Cyitie-
CTBYET JIH AJITOPUTM, BPEMEHHGST CTOKHOCTH KOTOPOT'O OIPAHIMYEHA TIOJIMHOMOM
or m"™ u log L, wiau monmuaomom ot n™ u log L, wiu momuaomom ot n,m u L,
WM faxke monuHoMoM ot (nL)™?

[Mony4yennbie HAMU PE3YIBTATHI O CIIOXKHOCTH TI0/I33/1a49 TPOJIUBAIOT HEKOTO-
phIii cBET Ha 3TM BOMpPOCHI. Mexomuntit pesyasrar 06 NP-noaHoTe 3amaun PAC-
MUCAHUE J1JId MYJIBTUIIPOIIECCOPHON CUCTEMBI mokasniBaer B
IEeHCTBUTEIBHOCTH, UTO TOA33/a9a, B KOTOPOI 1M OTPAHWYEHO YHUCIOM 2, SB-
agerca NP-nonuoii. Tlo sroit npuvune (ecqiu P # NP) nng peienus 3a1adu
HE MOXKET CYIIECTBOBATH aJITOPUTMA, BPEMEHHGsST CIIOXKHOCTH KOTOPOTrO OTPAaHM-
geHa mosmHOMOM OT n'™ u log L, MOCKOIbKY [Jisi YKA3AHHON MOA33JaYU ITOT
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anropuT™ ObLT GBI TOTMHOMHUATBLHBIM. [lOTyJeHHbIE HAMU PE3yIbTAThl HE WC-
KJIIOYAIOT CYIIECTBOBAHUE AJITOPUTMA, BPEMEHHAs CJIOKHOCTH KOTOPOro ObLia
Ob1 orpanudeHa mosuaoMoM or m™ u log L, u B nefiCTBUTEIBHOCTH AJITOPUT-
MBI TIOJTHOTO TIepebopa, UMEIOIIHE TaKyH0 BPEMEHHJI0 CJIOXKHOCTh, MOTYT OBIThH
MOCTPOEHBI. AHaIOrnYHBIM 00pa3oM cuibHas NP-monnora 3agaun PACIINCA-
HUE JJ1 MYJIBTUIIPOIIECCOPHO CICTEMBI, 0 KoTOpoii rOBOPHIOCH
B pazi. 4.2.2, UCK/II0YaeT CYIIECTBOBAHHUE AJTOPUTMOB, MOJTUHOMUAIBHBIX IO
n,m u L (ecniu P # NP).

OHAKO 3TOT Pe3yJIbTAT OCTABJISET OTKPBITHIM BOIIPOC O CYIIECTBOBAHUN AJI-
rOpUTMa, TOJUHOMHUAIBHOTO 1O (nL)™ (KOTOpBIil maBaj ObI MCEBIOTOIUHOMH-
AJBHBIA aJITOPUTM MPU KAXKIOM HUKCUPOSAHHOM 3HAUEHUU 1M), U ONATh-TAKU
MOKHO TIOKA3aTh, 9TO TAKOW AJTOPUTM CYIIECTBYET.

Takum 0O6pa3oM, paccMaTpuBast MOA3AAYH, BOSHUKAIOIIME U3 UCXOTHON 3a-
a9y MPU OTPAHUYEHUN OJHOTO WJIM HECKOJBKUX U3 €€ eCTECTBEHHBIX MapaMer-
POB, MBI TIOJIyYaeM TOJE3HYI WHMOPMAINI0 0 BO3MOXKHBIX THUMAX AJTOPUTMOB
pemenus o6miei 3amaun. OnHako, 9Tobbl obecrneunTs Bhipazumocts Length(I)
B BHJIE MOJUHOMA OT MAPAMETPOB, BHIOPAHHBIX HAMEU B KAYECTBE JOCTATOYHBIX
npeJicTaBUTENIel pa3Mepa WHINBUIYATHHON 3aJa49d, MOKHBI ObITH TPUHSTHI
ocobbie Mepbl peaocTopozkHocTU. (UTo0bI 1 UCXOAHOM 3312491 KJIacC paHee
PACCMOTPEHHBIX TOJIUHOMUAIBHBIX AJTOPUTMOB COBITAIAJ C KJIACCOM AJITOPHUT-
MOB, TOJIMHOMUAJILHBIX OTHOCUTEILHO BHIOGPAHHBIX MTAPAMETPOB.) A B 0CTAILHOM
MOKHO BBIOHPATDH TIOOBIE TAPAMETPBI, KOTOPBIE MPEICTABISIOTCS €CTECTBEHHbI-
MH ¥ aJIEKBATHO OTPAKAIOMMMI CMBICT 3ama4qn. I3 obmrero pesyabrata 06 NP-
MOJTHOTE, CJEAOBATETHHO, OYIET BBITEKATH, 9TO 33/1a9y HEIb3s PEIIUTh 33 BPe-
Msi, OPPAHWYEHHOE TIOJIMHOMOM OT BCEX BBIOPAHHBIX MAPAMETPOB, & WHMOPMAa-
[UsT, TIOJIy9YaeMast TIPYU OTPAHUYIEHUN ITUX MAPAMETPOB, MOYKET UMETH OOJIBIIIOE
3HAYEHNE B CBSI3U C CYIIECTBOBAHWEM ODIIUX AJITOPUTMOB JIPYTUX THUIIOB.

XoTst BOIIPOCHI, KACAIONIHECS CHIbHON NP-TIOTHOTHI M CYIIeCTBOBAHUS TICEB-
JIOTIOIMHOMMATHLHBIX ATITOPUTMOB, OTHOCSITCS B OCHOBHOM K 33/1a9aM C YUCTOBBI-
MU [apaMeTpaMu, OJHAKO AHAJOTMYHBIE METOAbl MOXKHO ILIOJOTBOPHO TpHUMe-
HSITh U K APYTUM 330a9aM. ITO OObSICHSIETCS TeM, YTO B JIIOOO0H 3a/1a9e NMerT-
Cs1 IMCJIOBBIE TTAPAMETPHI, TAKNUE, KAK MOIITHOCTH MHOYKECTB, 3HAUYEHUST TPAHMNIL U
r.1. Hanmpumep, NP-nonnora 3aga4du 3-BBITIOJTHUMOCTD ue nonyckaer (nipu
ycnosuu P # NP) cywecrBoBanus ais peinenus 3agadu BBITIOJTHUMOCTD
aJIrOPUTMa, BPEMEHHAS CI0KHOCTH KOTOPOTO OBLIA ObI OrpAHUIEHA, TIOTHHOMOM
ot (nm)M (rme m — umcno mU3LIOHKIWE, 1 — UMCI0 TUTepanoB, M — MaKCHMyM
YUCTA JIUTEPAJIOB B Mu3bionkun ). Hamporus, ais samgaun KJIMKA cymectsyer
amropuT™ ¢ onerkoit n” (rme n — umcno BepmuH rpada, D — MaKCHMAaIbHAA CTe-
nenb BepimHbl). Takum obpasom, Teopusi NP-TI0JHBIX 3381249 MOXKET CIIyXKUTh
OPUEHTHUPOM HE TOTBKO MPH MOMCKE MOJTHHOMUAAIBHBIX, HO ¥ IKCIIOHEHITHATHHBIX
AJITOPUTMOB.
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NP-TpyaHble 3aJa49n

B sr0it rmaBe MBI 3aBepPIIMM PACCMOTPEHNE OCHOBHBIX TMOHATHM W TPUMEHEHHIT
reopun NP-nonHbIX 3a1ad. [TaBa cocronT n3 AByX dacreil. B mepsoit, 0CHOBHOI,
JACTH MOKA3aHO, KAK Chepa MPUIOKEHNH 3TON TEOPUH MOYXKET OBITH PACIIUPEH],
3a mpeaenbl kaacca NP Tpy MCMoIb30BAHNN CBOJMMOCTH 3a7a Hosiee 0OIero
Buga. Bo BTOpOit wacTn maércs KpaTkas HUCTOPUUECKasl CIPaBKa O Pa3BUTUU
teopuu NP-OTHOTHI ¥ TPUBOAATCS HEKOTOPBIE aJbTEPHATUBHBIE ONPEIETEHUs
U TEPMUHBI, [IOJIYYUBIINE PACIPOCTPAHEHUE B JUTEPATyPeE.

5.1. Csoaumocts 1o Twropunry u NP-Tpy/aHbIe 3a-
JAa4qu

XoTsd A0 cuX MOp MBI OTPAHWYMBAJINCHL B OCHOBHOM 3aJadamMu u3 kjacca NP,
OYEBUIHO, UTO METOIbI, UCIOJb3yEeMbIe MIJIsT JOKA3aTeIhCTBA NP-TIOTHOTHI 3a-
1ad, MOXKHO TAKYK€ TTPUMEHSTh JJIsi YCTAHOBJIEHVST TPYTHOCTH 33,124, JIEXKAIITUX
BHe knacca NP. Ilycts I — nmpousBonmbHas 3a1a9a paclIo3HABAHUS CBOMCTB, K
KOTOPO# cBoauTCA HeKoTtopasi NP-momHasa 3amada. Torma He3aBUCHMO OT TOTO,
npuHAILIEXKAT i 331a49a I1 kmaccy NP win Her, oHa 00/1a1aeT TeM CBOHCTBOM,
YTO €6 HEBO3MOYKHO PEINTUTh 3a MOJMHOMUAILHOE Bpems, ecnu P # NP. By-
JIeM TOBOPUTH, UTO Takas 3agad4a [I sBagerca « NP-TpymaHoiiy, TOCKOILKY OHA B
HEKOTOPOM CMBIC/IE HE MeHee TPyaHa, deM Jodas NP-monHas 3a1a9a.

Huxe O6yzer mano 6omee obmee onpenenerne NP-TpyaHoii 3aga49u. 9T0 00b-
SICHSIETCSI TeM, YTO OTpeesIeHne TOJTUHOMHUAIBHON CBOAMMOCTH 33129 MOYKHO
00600IUTh Ha 0OJIee MUPOKUI KJIACC 33734, YeM 3aJa4i PACIO3HABAHUS, MPU-
9eM BCe OHU OKAXKyTCsa He MeHee TpymaHbiMu, deMm NP-momabie 3agaqan. Kak u
B TJI. 2, BCe onpenenenus: OyayT JaHbl U GOPMATHLHO — B TEPMHUHAX SI3BIKOB U
mvarud Triopunra, 1 HeOpMaTbHO — TEPMUHAX 33129 U AJTOPUTMOB.

DToT 6osIee OOIIMIT KTACC 38024, K KOTOPBIM OYIyT MPUMEHUMbI HAIINA OTPe-
JIeTIeHnsi, — KJIACC TaK HA3BIBAEMBIX <«IePEOOPHBIX 3aady, W <3329 TOUC-
kay. Ilepebopras 3adaua I1 onpenensiercss Kak MHOXKeCTBO Dy KOHEYHBIX 00b-
€KTOB, Ha3bIBAEMBIX UHOUSUIYAALHULMUY 360040MU, TIPUIEM I KAZKION UHIU-
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BuayasnbHoil 3anaun I € Dy ussecrno muOKecTBO Sip[l] KOHEYHBIX 00BHEKTOB,
HA3BIBAEMBIX pewenuamy 3agaau [. Byaem roBoputh, 94T0 aarOpuT™M peusaem
nepebopHyto 3amady 11, ecaum, MOMyYIrUB B KAYECTBE BXOIA MPOU3BOIBHYIO UHIN-
BULYaIbHY0 337249y [ € Dy, 3TOT ajJroput™ BHIAAET OTBET «HET», ecan Si[l]
MycTO, ¥ BHIpAbATHIBAET HEKOTOpOE perienne s € St[I| B mMpoTHBHOM ciryuae.

Hampumep, MHOYKECTBO peIieHuii B MHINBUIYaIBHON 3a0a9e O KOMMUBOSTIKE-
pe (B ONTMMU3ALMOHHON IIOCTAHOBKE) COCTOUT U3 8CEL MAPIIPYTOB, UMEIOLIUX
MUHUMAJTBHO BO3MOXKHYIO JuHy. OT aIropurMa, KOTOPBIH PEIaeT 3Ty mepebop-
HYTO 337]a9y, TpeOyeTcs TOMbKO yMEHHEe HAXOAUTH JIJTsl JTI0DON WHIUBUILYATHHON
3a/1a9M OAWH W3 TAKWUX MapimpyTos. JIpyroit mpumep — Koraa MHOKeCTBO Str[l]
MOMKET OKa3aThCs MYCTHIM — IaéT HAM Tak Ha3bIBaeMas <«3aJada KOHCTPYUPO-
BaHUS MAMIJIBTOHOBA IUKJIa», B KOTOPON MHOXKECTBO PEIICHUH s 33IaHHOTO
rpada G cOCTOMT M3 BCEX TAMUIBLTOHOBLIX MUKJIOB B (G. Anropur™m perneHus
9TOW 3aJ1a49U JIONKEH BBIIABATH «HET», Korma (G He COIEp:KUT FaMUILTOHOBA
[IMKJIA; B IPOTUBHOM CJIyYae OH JIOJIYKEeH yKa3aTh ONWH Takoi muki mist G. 3a-
MEeTHM, 4TO JIF00AsT 33,1298 PACITO3HABAHUS MOYKET ObITh C(HOPMYINPOBAHA KAK
mepebopHast 33,4344 CIEIYIONUM 00pa30M:

{"na”}, ecmul € Yi;

Sulll = o, ecm I ¢ Yi;

[Tone3no oTMeTHTH, ITO BCE 3aa9N PACTO3HABAHNS paHee ObLIN chopmyn-
POBaHBI UMEHHO TAKUM OOPA30M, TOITOMY JTI00as 3872494 PACIIO3HABAHUS MOXKET
paccMaTpPUBATHCS MPOCTO KAaK JaCTHBIA Caydail mepebopHO# 3a1a49m.

B dbopmanbabIX TepMuHAX IepebOPHOit 3a1a9e COOTBETCTBYET ITOHITHE «CA0-
68apPH020 omHoweruA>. IlycTh nmeercs koHeunblit anxdasut Y. CroBapHBIM OT-
HOIIeHneM HaJl, ajipaBUTOM Y. Ha3bIBaeTcs bunaproe otaomerne B C YT x ¥t
rie ¥t = ¥*\{e} — MHOKECTBO BCeX HEMyCTHIX OB Hajd Y. SI3pk L mam ¥
MO2KHO OTOKJIECTBJISITh CO CJIOBAPHBIM OTHOIIEHUEM

R={(z,s):z€Xtuz e L}

rae s — 1060l bukcupoBaHHbIH cuMBOJ 13 X. (3aMerum, 4TO IPU ITOM UTHOPH-
pyercs BOMPOC, MPUHAJIEKUT JIH SI3bIKY IIYCTOE CJIOBO, OJHAKO TO HE BIIASIET
HA BBIYUCIUTEIHHBIE BOMPOCHI, KOTOPBIMU MBI 3aHUMaeMCs.) MbI TOBOpUM, 9TO
dbyukmus f : X* — ¥* peasusyem croBapHoe OTHOIIeHHe R TOTIA W TOIHKO
ToTa, KOTaa A Kaskaoro & € YT umeer mecto f(x) = €, ecim He cyle-
cryer y € X7, takoro, uro (z,y) € R; B nporusHom ciydae f(z) pasHseTcs
nekoropomy y € L1 s koroporo (z,y) € R. IMT-nporpamma M paspeusa-
em, croBapHoe orHomierre R, ecnu GyHKius fyr, BeraucauMast nporpaMmmoit M,
peammzyer R.

CooTBeTcTBIE MEXKIY TEePeOOPHBIME 330a9aMyi U CIOBAPHBLIMU OTHOIIEHMWSI-
MU OCYIIIECTBJISIETCS CHOBA C TOMOIIHIO CXEM KOJIUPOBAHUS, TOJIHKO TEeph CXeMa,
KOAUPOBaHust st 3a0a49u [1 10mKHA BBIZABATH KAK CJIOBO, SBISIOMEECS KOIOM
KaxK/I0#1 mHAUBUAYyaabHON 3agaun I € Dy, Tak U CI0BO, SIBJIAIONIEECS KOIOM
kaxoro pemenus s € Sy[I]. Ilpu Takoii cxeme kogupoBaHusi e nepebopHas
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sagaya I1 coorBercrByer cioBapuomy ornomrenuio R[IL, e], onpenenénnomy cie-
AYOMIM 00pa3oM:

r € YT apisercs KOJIOM MHIMBUAILYATHHOI

R, €] (z,y): 3amaun I € D,ay € X1 — komom
) €| =
HEKOTOpOro perenus s € Si[I]

IIPU CXeMe KOJUPOBAHUA €

Bynem rosoputh, uto 3ama4a I (mpu cxeme KOIUPOBAHUSA €) Pa3PEeIInMa, IO~
HOMHATBHBIM aJITOPUTMOM, €CJIU CyIecTByeT nomuaomuaabaass JIMT-mporpam-
Ma, Koropas «paspemaers R[II, e].

HeobxonumocTs 06001meHns TOHATHA TOJIUHOMUAJIBLHON CBOJIUMOCTH BbI3Ba-
Ha TeM, 9TO JII0D0e MONMMHOMHUATHLHOE CBeIeHne 3a4a4un pacno3nasannsa I K 3a-
nmage pacnosnapanus I1' moposkmaer anrroputMm A 1ys pemenns 3agaqau I1 mpu
MOMOIIA TATTOTETHIECKOMN «TTOApOrpaMMbl» pemenns 3anaqn [1'. Ecim mama me-
pebopHas 3amaqa I u eé waauBuIyanbHas 330349 [, TO 3TOT aJTOPUTM CHAYAJIA,
KOHCTPYHMPYET SKBUBAJIEHTHY IO MHAUBUAyanbHY 0 3a1a4y I’ u3 I1', 3arem nprme-
HSAET YIOMSIHYTYO NOAIporpaMmy K I’ 1 HaKOHeI BLIAET OTBET, BHIPAOOTAHHBIIH
9TOI MOANPOrpaMMOii, MMOCKOIBKY OH OYIET TaK¥Ke MPABWIHLHBIM OTBETOM IIJIst
I. 3a uckaoUYeHneM BPEMEHH padOThI MOANIPOrPAMMBI, aJIrOpuTM A paboraer
B TEUEHUE MOJMHOMHUAJIHHOTO BpeMenu. TakuM 006pa3oM, ecin Obl MOAIpPOrpaM-
Ma TPEJCTABIsAIA CODOH MOTMHOMUATBHBIN AMTOPATM pernenus 3agaan 1’ Bes
ONMMCAHHAS TIPOIEAYPa METUKOM ObLIa ObI TOTHHOMHUAIBHBIM AJTOPUTMOM IS
pemtennst 3agaqn I1.

3ameruM, 9TO MOCTEIHEe YTBEPXKICHUE OCTAHETCST CIIPABEIJTUBBIM, €CIH All-
roput™m A Gymer mcnonb3osaTh nomnporpamMy ams 11’ Heckombko (HO He Gomee
9eM MOTMHOMUAIHLHOE YUCII0) PA3, U Ia¥Ke eCJIU MPEIIoIaraeMast MoAIPOrpaMma,
OyIeT mpegHA3HAYEHA JIJTsT PEIeHns TTepeOOpHOi 3a0a4u, a He 33139 PACTIO3HA-
BaHUsl. DTO ABJIIETCA OCHOBAHUEM JIJIsl IIPe/IIaraeMoro Huxe 0ooomenns. Byaem
TOBOPHUTH, YTO Tiepebopuas 3aga4a [1 cBoguTces 3a mommHOMUATEHOE BPEMS K ITe-
peGopHoit 3anade II' B cmbicie Trhiopunra (wiu, 1 KpaTKOCTH, C600UMCH NO
Tvropuney), €Cu CyIecTByeT aaroput™ A, Koropsiii perraer 3agaqy I1 ¢ momo-
MIBIO TUMTOTETHYECKON MOAmporpaMMbl S pemenns 3agaqn 11/, Takoii, 9To ecnm
S 6b11a 6B TOMMHOMUATLHBIM AITOPUTMOM 11 11, To A 6bUT GBI TOIUHOMMY-
anbHBIM ajmropurmom st 11.

DTO ompeneseHre MOXHO (hOPMATHLHO BHIPA3UTH B TEPMUHAX TaK HA3HIBAE-
MBIX 0PGKYASHOLL MAIIuH. /I OMpeseIeHHOCTH MBI TOJIb3YEeMCsl MOJIEIbIO Ma-
muHbl ThIOPUHTA, XOTsI aHAJOTHYHBIE ONPEIeIeHNsT MOYXKHO ObLIO OBbI caenarh
C TIOMOIIBIO JIIOOON CTAHIAPTHONW MOAenu BhraucieHuit. OpakyJIbHAsT MAIIUHA,
Triopunra (OMT) cocrouT u3 cTaHIapTHOl 1eTEPMUHUPOBAHHON MaTUHbL T HIo-
puUHTa, CHAOKEHHOW JIOMOJHUTEBHON 0paKyAbHOl AeHmoti C SIeiiKaMu, KOTO-
pble 3aHyMEPOBAHbL YUCIaMU ... — 2, —1, 0,1, 2..., u guTaomeii/ nuuryuei opa-
KyAbHot 20406K011 171 pabOTHI ¢ 3T0H MeHToil. CXeMATHIeCKH 3Ta MAITHHA U300~
pakeHa Ha puc. 5.1.
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Puc. 5..1: Cremamuueckoe npedcmasierue oparxysvhoti mawuns, Toropunea
(OMT).

IMporpamma ang OMT axamorudHa mporpaMMaM JIJisi JeTepMUHAPOBAHHON
MaruHbl ThIOPUHTA U XaPAKTEPUIYETCS CIACYIONIMY JTAHHBIMI:

(1) KOHEYHBIM MHOMKECTBOM [ AeHMOUHBIT CUMBOA08, CONEPKAIIUM HEKOTO-
poe TIOAMHOKECTBO ¥ € ' 6200HBT cumMB0406 W BBHIIETEHHBIN nycmot cumeon
bel -3

(2) KOHEYHBIM MHOYKECTBOM COCNOAHUT (), CPEIM KOTOPBIX BLIIETCHBI HEKO-
TOPOE HAYAABHOE COCOAHUE (o, KOHEUHOE COCMOAHUE (, BHIIETEHHOE COCTOSI-
HUE BONPOCA K OPAKYAY (- U PESNOMUPYIOULLE COCNOAHUE ()

(3) nepexodnoti dynrxyuet

g (Q - {Qha(k}) xI'x ¥ — Q x I'x E{_17+1} X {_17+1}'

Boraucnenne nporpammvbr Ha OMT, umeroreit Bxoq © € X%, 04€Hb CXOIHO C
BeruuciaenneM va JIMT, 3a UCKTI0OUEHNEM TOTO, YTO €CIU YIPABJISTIONIEe YCTPOi-
CTBO HAXOAUTCS B COCTOSTHUM (., TO TIOBEJIEHNE Ha CJIeAYIOIIEeM ITare 3aBUCUT OT
KOHKPETHOH OpaKkyabHOU (pyHKIHH ¢ : ¥* — ¥*. B HaTaIbHBI MOMEHT BBIUHC-
JIEHUsI CUMBOJIBL CJIOBA T 3aIllUCAHbL B d4eiikax ¢ Homepamu 1, ..., |z| ocHOBHOI
JIEHTBI, IPU 3TOM OCTAJbHBIE AYEHKHU ITON JIEHTBI U BCE A9ElKN OPaKy/IbHOU JIeH-
THI TTYCTHI, KaK/1as TOJIOBKA HAXOIUTCA HAJI aUeiKoil 1 Ha cBoei JieHTe n yrpaB-
JISTIOIIIee YCTPOMCTBO HAXOINUTCS B COCTOSTHUH (. BBIYUCIEHNST OCYIIECTBISIIOTCS
mar 3a IMaroM, MpuveM Ha KayKJIOM IMare MOXKeT BO3HWUKHYTh OJHA W3 TPEX
CUTyalWi:

a. Ecu Tekyiee cocrosinve ecTh @p, TO BBIYACIEHUE 3aKAHIUBACTCS, U HA
9TOM pabOTa MAITHHBI TPEKPAIIAETCS .

6. Ecan rexyrmee cocrosiuve q € Q \ {qn, ¢.}, TO MOBeIEHNE 3aBUCAT OT CHUM-
BOJIOB, MPOUUTAHHBLIX HA JIEHTAX, W OT mnepexonuoi ¢gpyuxkmun §. Ilycts s1 — 310
CUMBOJI B dg4eiiKe, MPOCMATPUBAEMON B TEKYIIWil MOMEHT OCHOBHOII TOJIOBKOI,
S2 — CHMBOJI B d4YeiiKe, MPOCMATPUBAEMOI B 3TOT MOMEHT OPaKyJbHON T'OJIOB-
koit, u (¢', s}, s, A1, As) — 3mauenme §(qy, $1, $2). Torma mammHA TEPEXOAAT
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U3 COCTOSIHUS ¢ B COCTOSIHUE ¢'; OCHOBHAs I'OJIOBKA 3AIMCHIBAET S BMECTO S U
casuraercsa Ha 1 gdeiiky Bopaso, ecian Ay = +1, unu Ha 1 g4eiiky BI€BO, eciau
A; = —1; OpaKy/IbHASA TOMOBKA. 3aITUCHIBAET S4 BMECTO Sg U CIABHTAETCS AHAJIO-
PUYHO B COOTBETCTBUU €O 3HaueHueM Ay. Takum 06pa3om, BCE TPOUCXOIUT KaK
Ha omHOM Mmare B 00braHOM JIMT, 3a UCKIIIOUYEHHEM TOTO, YTO UCIOIL3YIOTCS IBE
JIEHTBI.

B. Eciim Tekymiee cocrosgHme ecTh (., TO TOBEIEHUE 3aBUCHAT OT COIEpPKa-
HUASA OPaKyJIbHOMH JTEHTBI U OT OpaKyabHOI dyHKINu ¢. Ilycts y € £* — cnoso,
3aMmMCcanHoe Ha JIEHTEe, HaUWHasda ¢ 1-0¥ d9eiiku 1 KOHdYas TO, B KOTOPO# pac-
MOJIOYKEeHA OpPAKyJIbHAsT TOJIOBKA, MPUYEM y = €, ecJIM 3Ta TOJOBKA HAXOAUTCS
nesee suefikn 1. Torma 3a ofuH mar opakyabHAS JeHTa H3MEHAETCA Tak, 9TO B
sdueiikax 1, ..., |z| Oka3bIBaeTCs 3alUCAHHBIM CIOBO T, 8 OCTAJbHbIE SYEHKU IIy-
CTBI; OPAKYyJIbHAS TOJIOBKA MEPEMEIAETC B MO3UIHUIO [IJIsT IPOCMOTPA siaeiiku 1,
U MAIIWHA, MEPEXOIUT U3 COCTOSTHUS ¢, B COCTOSIHUE (. DTOT IIAr HE U3MEHSIET
COIEP>KUMOT0 OCHOBHOI JIEHTHI M MOJIOXKEHUA OCHOBHON TMOJIOBKH.

Cnasuoe paznuune mexay OMT u JIMT nposiBisiercss B mociaeneil curya-
uu, Koropas obecrednBaer Bo3MOKHOCTE OMT «KOHCYTBTHPOBATHCS C OPAKY-
snom». Ecim OMT 3amuchiBaeT BOIpOC § HA OPAKyJIBHON JIEHTE U 3aTeM MPUHU-
MAeT COCTOSTHUE BOMPOCA K OPAKYJLy, OTBETHOE CJIOBO 2 = ¢ () BBIIAETCS 38 OIUH
Al BBIYUCIEHUs. 9TO COOTBETCTBYET OOPAIIEHUIO K TMIIOTETHYECKOM TOIITPO-
rpamme Beraucienusi yuknuu g. Boranciaeane OMT-nporpammbsr M Ha BXOIE
2 3aBHUCHUT KaK OT T, TAK U OT UCIOIb3yeMOU OPAKYIbHON (DYHKIUH (.

Mber Oyaem mcnonb3oBaTh cUMBOT My 11a 0003HAMEHNSA «PeTATHBA3IPOBAH-
oty OMT-mporpamMmbl, MOIydaeMoi myTeM KOMOWHUDOBAHUS MPOTPAMMBI 17,
¢ opakyjaoMm g. Ecim M, ocranmaBiamBaeTcs Ha BCeX BXofax & € X%, eé MOXK-
HO PACCMATPHUBATH KaK MPOTpamMMy, Bhraucasonlyo dynkumo fi, : L* — T'*,
onpeenseMyIo TOIHO TakK ke, Kak a4 caydas JIMT. Bynem nasesars M, no-
aunomuasvroti OM T-npozpammoti, eciiu CylIeCTByeT HOJHHOM P, TaKOi, uTo M),
ocraHaBanBaercs Ha p(|x|) maros myst aro6oro x € X*.

IMycts R m R’ — nBa MPOW3BOIBLHBIX CIOBAPHBIX OTHOIMICHUS HaZ, aadapn-
rom X. OnpesenumM MOMMHOMHAATBHYO CBoIuMOCTh R K R’ B cmbicie Triopuara
kak OMT-nporpammy M ¢ BXOAHBIM amdaBUTOM Y, TaKylO, 9TO s JTHODOM
dbysrmum g : ¥* — ¥* peammsyromeii orHomenne R, penarmBmsmpoBaHHAS
nporpamma M, Gyzer mommuomnasnsaoit OMT-nporpammoii, a dbyskmus fi,,
BBIUNCIIEHHAsT TporpamMMoit M, 6yaer peaan3oBbiBaTh oTtHomenne R. Ecmn R
TakUM 0Opaszom ceoguTcsa K R/, TO 310 0603HAWAETCA CIEAYIOIMNAM O0Pa30M:
R op R’ (uuraerca «R comurca Kk R' no Teropunrys). 3amerum, 910 X7,
MOA00HO X, TPAH3UTHUBHO.

Teneps MOXKHO OnpeneuTh noHsTHe « NP-TpynHoiiy 3agaqun. CroBapHoe OT-
Homenue R wazosem NP-TpymubiM, ecau cymectsyer NP-mnomubiii a3uik L (B

B MePBOM W3JAHWUU KHWUTH Y OMPENENsijIOCh TaK: MyCTh i € 3* — 3TO CI0BO, 3alMCAHHOE B
s9edkax 1, ..., |y| opakynabHON sentTsl, rae sdedika |y| + 1 — mepBas mycras sdeiika BOPaBO OT
staeiixu 0 m myctb 2z € ©* — 3naqenne ¢(y). Asropst 6naromapst k. Jlykepa 3a ero 3amedanue,
[O3BOJIUBINEE YTOYHUTD OIpeenenne caoBa y. (MOXKHO IOKa3aTh B KAYECTBE YIIPAKHEHHUSI, ITO
HEKOTOpBbIe NP-TpyIHBIE 33491 PEINAJIUCEH OB 33 OJMHOMHAJBHOE BPEMSI, €CJIA UCIIOIB30BaATh
OlIpeJiesIeHne, PeICTaBIeHoe B 1-M u3manun.) — Jonoanernue a8mopos.
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CBOIO OYepe/ib MMPE/ICTABIEHHBIA KAK CIOBAPHOE OTHOIIEHWE OMUCAHHBIM BBIIIE
criocobom), takoii, uro L o R. Tlepebopuas 3amaua I1 (npu cxeme Komuposa-
Hus €) HasbiBaerca NP-tpyauoii, eciu cioBaphoe ornomenue R[IL, e] saBisercs
NP-tpynubiM. HedbopMaabHO MOKHO CKa3aTh, 9TO epebopHas 3amaqa, 11 seiisi-
erca NP-Tpynnoii, ecim cymmecTByeT HekoTopas NP-monras 3agada I, koropas
cBoauTcs o Thiopuary K 3amade [1. Herpyaao BuaeTh, 9T0 eCIu CIOBAPHOE OT-
nomenue R (wiu nepebopuas 3azada I1) asiserca NP-tpynHoii, ro 3amada [1
HE MOXKeT OBbITh PEIlleHa 3a MOJUHOMUATBHOE BpeMs, eciu P # NP.

Bamerum, uTo eciu R — nmpousBonbHOe NP-TpyIHOE CIOBAPHOE OTHOIIEHUE
u mipm 3Tom R cBommTces mo ThiopwHTY K cloBapHOMYy OoTHomennio R/, To, B
CWJTy TPAH3WTWBHOCTH OTHOIIEHWS] X7, CIOBApHOE OTHOMMEeHNe R’ TakKe TOJIK-
HO 66T NP-TpynaeiM. Bomee Toro, ncnosnb3yst COOTBETCTBHE MEXKIY ST3bIKAMHI 1
CTIOBAPHBIMU OTHOIIIEHUSIMHY, 3 TAKYKE COOTBETCTBHE MEXKIY 33a9aMU PACIO3HA~
BAHUS ¥ MEPEOOPHBIMU 33Ja9aMU, HEMEIJIEHHO TOIyYaeM, 9T0 Bce NP-ToHbIe
a3k 1 Bce NP-mouble 3a1a9n aBadioTcs NP-TpyIHBIMU.

Msr Bepremcs k OMT B ri1. 7, a ceffuac npomgokumM 00Cy K IeHe Ha, YPOBHE
3a/1a4, IPUMEHsS BBEIEHHBIE BBIIIE MOHATUS CBOAUMOCTH M0 Thiopunry, u NP-
TPYAHBIX 33739 OOBITHBIM HedOpMaIbHbIM 00pa3oM. IlepBoe n Hanboree TpuBU-
aJbHOE MIPUMEHEHHE KACAETCS 3aJ1a4, JOMOMTHUTETbHBIX K NP-momabiM. 3agada
T1¢ maswIBaeTCsS TOMOIHUTENLHON K 3amade pacrno3nasanus 1, ecin eé obmacTh
OTIPEIESIEHUsT — 3TO MHOXKECTBO Dy, a MHOKECTBOM IMOJIOYKUTEILHBIX OTBETOB
apnserca Dy \ Y. B 1. 2 Mbl ormerniau, 9ro, BooOILIE rOBOPs, HE U3BECTHO,
MOXKHO JI YTBEPKIATh, UTO U3 IpuHaame:kHoctn 3amaqn I1 kmaccy NP cienyer,
gro II° € NP. lanee, coBceM He OYEBHUIHO, YTO 33134y 1l MOXKHO MOTMHOMU-
aJIBHBIM 00pa30M CBECTH K 3ajade 11¢ n3-3a HECUMMETPUYHOCTH OTBETOB «Ia»
u «Hery. OIHAKO COBEPINEHHO TPUBHAJBHO, 4TO 33mada II cBomgurces mo Thio-
punry k II¢ (u obpaTHo); mosTomy, ecau 3amaua Il aeagercs NP-moiHol win
NP-tpynmoii, To u II¢ momxkua 06T NP-TpyaHOIA.

Bropoe npumenenre 0THOCHTCA K TAKAM TT€PEOOPHBIM 33a9aM, KAK OIMTHMU-
3AIMOHHAS 331293 0 KOMMUBOSKEPE WK 332493 O KOHCTPYUPOBAHUHU TAMUIIBTO-
HOBA ITUKJIA, Y KOTOPBIX COOTBETCTBYIOIIVE 330291 PACTO3HABAHUS NP-TIOJTHBI.

Besikumit pas3, Korma MOXKHO BOCIIOIB30BATHCS TTOJTMHOMHUAIBHBIM aJITOPUTMOM
mepebOPHO 3a4a9u I PeIleHnsi COOTBETCTBYIONIEH 3a/1a91 PACTIO3HABAHNS 3
MOJIMHOMHUAJIFHOE BPEMsi, CYIIECTBYET CBOAUMOCTH IO THIOPUHTY MEXKIy HUMH,
1, CIeI0BATEIbLHO, TI000H pe3yrbTarT, Kacaromuiicsa NP-IoMTHOTH 3a1a91 PACIIOo-
3HABAHUST MOXKET OBITH TIepPedOPMYINPOBAH KAK PE3YJIbTAT, YCTAHABINBAIOIIHI
NP-TpyaHOCTH TepebopHOi 3amadn. [103ToMy apryMeHTHI, TTPeJICTABIEHHBIE B
1. 2 B mons3y Toro, uto KOMMUBOAZKEP we Tpyamee, ¥eM onmTHMHU3AIINOH-
Hasl 3371a9a 0 KOMMHUBOSIZKEDE, B COBOKYMHOCTH ¢ TeM (dakrom, aro KOMMIU-
BOAZKEP - sro NP-nonHas 3a/1a4a, COCTABISIOT J0KA3ATEIBCTBO TOTO, YTO
9Ta OMTUMUBAINOHHAS 3ada49a NP-TpyaHa.

Hu onyn n3 3TUX TPUMEPOB HE WLIIOCTPUPYET BCEX BO3MOYKHOCTEH CBOIUMO-
crr 1o ThIOPUHTY, MTOCKOJIBKY B KayKIOM W3 HUX TPEOYETCS JIUIH OJHOKPATHOE
obpalienue K opakyJy (WM K COOTBETCTBYIOMIEH noamporpamme). Paccmorpum
Ternepb MPUMepP, KOTOPHIH B DOJIee MOTHOM Mepe UCIOIb3YeT CBOIUMOCTD 110 Thio-

pUHTY.
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K-e TIO TIOPAOKY ITOJAMHO>XKECTBO

YCJIOBUE. 3amanst koneunoe MHOKecTRO A, pasmep s(a) € ZT mas kax-
noro a € A v apa HeoTpunaTenbHLIX wncta B < Y o4 s(a) m K < 2lAl.

BOTIPOC. Cymectsyer an He meree K pasnmaabrx moamHoxkects A’ C A
yaosnersopsommux yciaosuio s(A') < B

(rne no onpegenenuio s(A') = Z s(a))?
a€A’

Brimo nokazaHo [322], 4To 91a 3a1a9a MOXKET ObITH PEIIeHa 3a IICeBJOIOIIHO-
MHUATBHOE BPEMsI, TOIHEE 33 BPEMsl, OTPAHUIEHHOE TOJMHOMHAANBHOMN (hyHKIIHeH
or |A| - K[logs(a)]. Takum obpazom, 1jist JT060T0 ukcuposantozo 3HAUEHWUS
K 3amauy MOXKHO PEluTh 3a MOJMHOMHUAILHOE BpeMsa. Bompoc cocTouT B TOM,
9TOOBI BBISICHUTH, MOYKET JI OHA, ObIThH PeIleHa 38 MOJUHOMHUAILHOE BPEMSA B
obieM caydae.

Ipencrasnsiercs, 4To 3Ta 3a7a49a HE MPUHALIEKUT Kiaaccy P. Bomee To-
ro, COBCEM HE OUEBHUJIHO, YTO OHA MPUHALJIEKUT NP, HOCKOIbKY €CTECTBEeHHBIH
NyTh €€ PEIleHWsl HeJeTePMUHUPOBAHHBIM AJTOPATMOM TPEOYeT yraIbIBAHUS
K mOomIMHOXKECTB MHOXKECTBAa A W, TO-BHAMMOMY, HET Crocoba 3ammcaTh yra-
naaubie K MOIMHOMXKECTB B BUIE CJIOBA, JJIUHA KOTOPOTO OYIET TOJIUHOMOM OT
|Al-Tlog K| [log s(A)] . C apyroit crOpoHbI, He W3BECTHO, CBOANTCS JiN (B CMBICTIE
CBOIMMOCTH ) Kakas-mu00 NP-nonHasa 3a7a49a K 370l 3amadue. Oguaxo Joicon-
con u Kawdan [260] nokazanu, yro NP-nonnast 3agada PASBBUEHUE cBonurcs
no Teiopunry k 3agade K-e [TIO ITOPAIKY ITOIMHOZKECTBO.

B camowm gere, momoxuM, uro S[A, s, B, K| — 310 moAmporpaMma, AJst pe-
menns 3agaan K-e [10 TIOPAKY IMOJAMHOZKECTBO. Ipu stom mycrh
A={ay,a3,...,an}, s: A— ZT, B<s(4), K <2" CooTBeTcTByIOmuii anro-
purwM st perienns 3agaau PASBBUEHUE nadnHaercs ¢ BBIYUCTEHUST BETUIUHBI
s(A), roe mapamerpst A = {a1,as,...,a,}, u s : A - Z+ onmceBaior 3amaH-
HyI0 nHIUBU Iy aIbaYIo0 3a1auy PASBUEHUE. Eciu s(A) nederHo, To ajropurm
HEMEJIEHHO OTBEYAET «HET» JJIs ITOH MHIAMBHIYaNbHON 3a1a4qu. B npornBrOM
cllydae OH mosiaraer Bejuduny B pasuoii s(A)/2 u npuMensier npuBOIUMYTO HU-
JKe IMXOTOMHUYIECKYTO MPONELY Py, HCIOIB3YIONLY 0 BBEIEHHYO BBIIIE TPOLELYPY
S[A, s, B, K| w TO3BONSIONIYIO OMpenennTh uncao L* mogmuokects A C A,
yaoBneTBopsionnx HepaeHcTBy s(A') < b.

ITar 1. ITomoXuTh Lyyin < 0, Lipar < 2™.
— *
ITar 2. Eciu Loy — Limin = 1, monoxutrs L* < Ly, 1 OCTAHOBUTHCS.

IMTar 3. Honoskutk L < (Lyas + Limin)/2 v BBI3BaTH MOATporpammy S[A, s,
b, L]. Eciu orBer «aa», N0A0XKUTh Lyyin < L u nepeiitu k mwary 2. B nporusaom
CIy9ae MOMOKATD Lyne, ¢ L v mepeiiTu K mary 2.

OTa mporeaypa onpenenaser L*, BbI3bIBas MOANPOrpaMMy S POBHO 7 pas.
Tpebyercst emé ouH JOMOJHATETHHBIM BbI30B JJIsl ONPEIETeHns] OTBETA B 3a-
nannoii 3anade PASBBUIEHUE, a umenno Bei3biBaercs nmoamporpamma S[A, s,
b—1, L*]. Eciu orBer B 310#i noamporpamme 6yaer «1as, TO BCe IOJMHOKECTBA
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A’ C A, ynosnersopsionue nepasenctBy S(A’) < b, JO/KHBL yI0BJIETBOPIATH U
ycnosuio s(A') > b—1, nosromy orserom k 3ajgade PABBUEHUE 6yaer «uers.
Ecmu »xe oTBeTOM moanmporpaMMbl 6yIeT «HET», TO JOIKHO CYIIeCTBOBATH HEKO-
ropoe noamuoxkectso A’ C A, nys koroporo s(A') = b, mosTomy oTBer B 3a1a4€
PA3BUEHUE Gyzner «mas.

Jlerko BUIETH, YTO OMMCAHHAS MPOIELYpa ObLIa OBl MOTUHOMUAIBLHBIM aJI-
ropur™oMm s 3agaau PASBUEHUE, ecau 661 porieaypa S ObLia mOJTMHOME-
anpabiM anropurMoM s 3agadan K-e [TO TTOPAIKY TTOAMHOYKECTBO.
Takum 00pa30M, MBI UMEEM JKeTaeMy0 ThIOPUHTOBY CBOAMMOCTD 3aa4du PA3-
BUEHUE k zagaue K-e 11O TTOPAIKY ITOAMHOZKECTBO. Otcioga cie-
JIyeT, 9TO MOCTeIHssT 3aaa49a NP-TpyaHa U He MOXKET ObITh PEIeHa 33 TIOJIUHO-
MuaIbHoe Bpems, eciu P # NP.

OCHOBBIBasICH Ha 9TOM MPHUMEPE, JIETKO MOHATH, 9TO MOYXKHO HCIOIb30BATH
noHsitre NP-TpyIHOCTH JJTsT aHAIN3a CI0KHOCTH 33129 [TOYTH TAKKM Ke 00pa-
30M, KaK paHee HCIOIb30BAIOCH MOHATHE NP-TIOMHOTHI. Bee THOBI BOMPOCOB,
obcy)maeMbrx B TJI. 4, mpuMeHuMbl K NP-TpyaabiM 33madam. B gactHOCTH,
MOYKHO TOBOPUTH O CJIOKHOCTH TOA331a9 W O TAKMX CMEKHBIX BOMPOCAX, KAK
[CEBIONOJMHOMUAJIbHBIE AJTOPUTMbBL U «CHIbHAsg» NP-TpyaHocTh (ompeseis-
eMasi aHAJIOTMIHO CuIbHON NP-momHOTe: mepebopHas 3a1ada Has3biBaeTcs NP-
TPYJHOM B CUIBHOM CMBICIIE, eCTTH OHA COAEP:KUT NP-TpyIHy0 MOA33a4y, Y10~
BJIETBOPSIIOIILY0 TIOMMHOMUABHON rpannne mias Max[I]). Ha 3tu pesyabrarst
HAKJIAIBIBAETCS €IUHCTBEHHOE OrpaHudeHue: NP-ToHbE 3380a4Yi PA3PEITNMbI
3a TMOJIMHOMUAJILHOE BpeMs mozda u moavko mozda, korma P = NP, B TO Bpemst
KaK BCe, YTO MOXKHO CKazarTh 0 NP-TpyaHO# 3ajade, — 3TO TO, YTO OHA Hepas3-
peruMa 3a MOJIMHOMUABHOE BpeMs, ecau P # NP.

MbI TOKazKeM, 9TO U 3TO PAZTMYNE YACTO MOKHO YCTPAHUTD, 9TO OyJeT eré
OJTHOM WJLTIOCTPAIINe MCIOIb30BAHUS CBOAMMOCTH TO ThiopuHTry. Bemomumm,
9TO, KOTJIA MBI TOBOPUIN B T1. 2 0 ToM, uro KOMMUBOAZKEP ne tpymmee,
YeM COOTBETCTBYIONIAS ONTUMU3AIMMOHHAS 38Ja4a, Mbl YIIOMSHYJIU TAK¥Ke, UTO
OHA B HEKOTOPOM CMbIC/E U «HEe Jerdes. CMBICT 9TOr0 BBICKA3LIBAHUS TENEPh
MOKHO TIOSICHUTb.

Ecmu pacemorpers mapy 3ajad, ofHa U3 KOTOPBIX — 33/1a9a PACIO3HABAHMUS,
a Ipyrasi — COOTBETCTBYIOMIAsT ONMTHMHU3AINOHHAS 33449, TO HEe TOJIHKO 331244,
pacrno3HaBaHusi CBOAMMa, 10 THIOPUHTY K 33Ja4e ONTUMU3AIMHN, HO W 337343
ONTUMU3AINN TAKKE CBOAMMA 1O THIOPUHTY K 33Jade pacro3HaBanus. Takum
obpazoM, KaxkJas 3a7a9a paCCMATPUBAEMON TTapbl MOXKET OBITh PEeIleHa 3a Mo-
JIMHOMUAJIBHOE BPEMsi TOTJA U TOTBKO TOLA, KOTJA Apyras 3a1a49a TONW mapbl
MOJIMTHOMHUAJIHLHO pa3peniumMa. [TocKoIbKY 3a1a4a pacno3HaBanus sipjsiercs: NP-
MOJTHOM, TO OTCIOZIA CJIEIYeT, UYTO PACCMATPUBAEMast ONTUMI3AIMOHHAS 3312494,
MOXKET OBITH DEITIeH 33 MOJMHOMHUAJIBHOE BPEMsT TOTA U TOJIBKO TOTIa, KOTIA
P = NP.

Y066l yOEOUTHCS B 9TOM, PACCMOTPUM CIEAYIONIYIO 3a7a4dy, 3aHHMAOILY O
MPOMEKYTOYHOE MECTO MEXK/Iy 3aJadaMi PACIO3HABAHUS W OMTUMI3AIMOHHBI-
M.

JTOCTPOMKA MAPIIIPYTA KOMMUBOSI?)KEPA (JIMK)
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YCJIOBHUE. 3azanbr koneunoe muoxkecrso C = {cy, ca, ..., €y} TOPOIOB,
paccrosaus d(c;,¢;) € Z1 nns kaxaoi mapel roponos ¢, ¢; € C, rpanuna
B € Z' u «uactuwuHbIly MapmpyT O =< Cr(1)s Cr(2)s -+ Cr(K) > Mexay K

pasmmunabivu ropomamvu u3 C; 1 < K < m.

BOIMPOC. Moxuo siu Tak AOCTPOUTH O, YTOOBI MOMYYUTH MAPHIPYT <
C,T(l), Cﬂ.(g), vy Cﬁ(K); Cﬁ(K+1)7 ceey C,T(m) >, HpOXO,D;HHLI/Iﬁ gepe3 BCe ropoga U uMe-
ot guHy He 6omee B?

Jlerko BuieTh, 910 314 3aa9a npunagnekuT NP u, ciie10BATeIbHO, TIO OIpe-
nenennto NP-nonaorsl, JIMK oo KOMMUBOAZKEP. ITockonbKy CBOAMMOCTH
& — 3TO JIWMIb YACTHBIH caydail cBomuMocTr o ThIOPHHTY, OTCIOHA Cpa3y ciie-
ayert, uro JIMK ocp KOMMUBOAZKEP. O603uaunm uepe3 KO omrumuzanm-
OHHYIO 3aJa49y O KOMMHUBOsixKepe u mokaxkem, uto KO oo JIMK, Torma B cumy
TPAH3UTUBHOCTH ITOTO (pakTa OYIET JOCTATOTHO s TOKA3ATETHCTBA TOTO, 9TO
KO o« KOMMUBOAZKEP.

Nrak, monoxkwnm, uro S[C,d, O, B] — 370 moamporpaMma, JJisi Pelenns 3a-
naan JIMK, rae napamerp C' 0bO3HAYAET MHOXKECTBO TOPOIOB, d — (DYHKIIUS
paccTosnuil Mexkay napamu ropogos u3 C, © — yacruunbii mapmpyt, B € Z+ —
rpanauna. [lycrs C' u d onpeessiroT HeKOTOPY0 HHANBHUIYAILHYO 3aa4y MK,
a B* obo3nauaeT mJIMHY ONTUMAJILHOTO MAPIIPYTa B 9TON WHAWBUIYAIHLHOMN 3a-
nade (Kakas Obl OHA HU TIONYYUIach). IIOCKOIbKY KazKIbIil TOPOJ, JOIZKEH BOWTH
B ONTUMAJIBHBIM MaPIIPYT U NUKIAYECKAs MEPECTAHOBKA MOPOJIOB B MAPIIPYTE
HE U3MEHSIeT ero JIJINHY, TO CYMIECTBYeT ONTHMATBHBIN MAPIIPYT, HATHHAIOIIHI-
cs U3 roposa ¢p. Jamee, Mbl 3HaeM, 9TO BemnduHa B* mexxut Mexay B, = m
U By = m - (max{d(c;, ¢j) : ¢;, ¢; € C}). Torma, mons3ysch AUXOTOMIIECKOMH
mpoIeaypoi, Takoii xe, kak B 3amade K-e 110 TTOPAAKY ITOAMHOZKE-
CTBO, Mbl cmoxkeM HaiiTu Beuauny B*, obpamasics e 6oiee [1og 2 Bpaz | pas
k moguporpamme S[C, d, < ¢; >, B], kaxaplil pa3 npuzasas sesuuuHe B pas-
JINYHBIE 3HAYEHUS.

Onpenenus BenmuuuHy B* u ucnonb3yst moamporpaMmy S, Mbl CMOXKEM TIO-
CTPOUTH ONTUMAJLHBIN MapipyT. HazoBeMm mociesoBaTebHOCTD © pa3IuaHbIX
ropoioB u3 C' npodoistcaemvim 4acmuHbM MAPULPYMOM, €CITH €r0 MOXKHO TTPO-
JOIXKUTH [0 TOTHOTO MApPIIPyTa, UMEIIero ooy miuay B*. OueBumno, 9To
< €1 > — 3TO TPOMAOIKAEMBIH YacTHIHBLIN MaprpyT. [lockoabky < ¢; > 10-
IIyCTHUM, CYILIECTBYeT N0 Kpaitneit Mepe omun ropox ¢; € C'\ {c¢1}, raxoit, uro
< ¢1, ¢j > — MPOJOMAKAEMBIN YaCTHIHBIE MapmpyT. MbI MOXKeM HalTH 3TOT ro-
pol ¢;j, mpousses He 6ojiee m — 2 BbI30BOB HMOAIPOrPAMMBbI S, KOTOPasd KazKIbIit
pa3 mmeer Buzg S[C, d, < ¢1,¢; >, B*], tne C; € C'\ {c1}. (Eciu mepsbie m — 2
BBI30BA HE JAIOT PE3YJIbTATA, TO SICHO, YTO OCTABIIUICS TOPOI 0043a4MeAbHO TIO-
JORIET, MO3TOMY [IJIsl HErO HE HYKHO TIPUMEHSTDH HAIILY MOANPOTPAMMY. )

B obmem cayuae, ecin < Cr(1)s =+ Cr(K) > — TPOJOIIKAEMBIN TaCTHIHBIN
MapiipyT, rae K < m, ToO MbI CMOYKeM HafTH APYToi TMPOIOTKAEMBIN JacTHY-
HBIIT MapmpyT < Cr(1)) == Cr(K)> Cr(K+1) > BKJIIOYAIOMINI emé OIWH TOPO,

opu 3TOM K mozanporpamme S jgenaercs He 6omee m — K — 1 obparnenuii. Takum
06pa3oM, MOKHO HOCTPOHUTH IMONHBIN MapImpyT Jyis MHOKecTBa C, COBEpIINB
He 6omee (m — 1)(m — 2)/2 Be130BOB nopnporpaMmbl S (IOMUMO TeX BBI30BOB,
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KOTODbIE UCIIOIb30BAJIUCDH [JI HAXOXKAeHus Beaunautbl B*). Tlockonbky B Kade-
crBe moaxomsmei pyukmun Length B 3amade 0 KOMMHUBOSIKEPE MOYKHO B3SITh
PYHKITHIO

Length[I] = m + 10g 2 Bz,

TO OYEBHUJIHO, YTO ONMUCAHHAS NPOLELYPa TAET (IIOJIMHOMUATIBHYIO) CBOJUMOCTH
no Teiopurry 3agaun KO k 3amage JIMK. Crenosarensro, KO ocp JIMK ocp
KOMMUBOAZKEP, 1. e. KO acp KOMMUBOAZKEP, uro u TpeboBaiocs 10-
Ka3aTh.

3aMeTuM, 4TO TJIABHOE 3BEHO 37ech — 310 cBoanmocTh KO o IMK. Brisc-
uuB, 9To KO cBogurcst mo ThiopuHry K xakoti-mo 3amade u3 NP, MbI OIydaeM,
YTO OHA, MOYKET OBITH pelreHa 33 MOJIMHOMUAJILHOE BpeMms, ecau P = NP, wu,
CIeI0BAaTEHHO, OHA «He TpyIaHeey, deM NP-momHble 3amadn. Mbl Ha30BeM IIe-
pebopryio 3agaqy II NP-aézkofi, ecnu cymecryer 3amada, [1' € NP, Takas, 9T0
II X7 HI.

IMocme Toro kak gurarens ycsown texuuky cBogumoctu KO ocp JTIMK, emy
OyIeT He TPYIHO MOHATH, KAK STUM K€ MOIX0I0M MOYKHO BOCIOIB30BATHC S, UTO-
ObI TOKa3aTh NP-TErkoCTh MHOTUX TIepeOOPHBIX 3344, 0COOEHHO ITO OTHOCUTCS
K Te€M 33/1a9aM, KOTOPBIM COOTBETCTBYIOT 33aa9W PACITTO3HABAHNS, SBIISIONTHECS
NP-nomabivu. Mozxao onpenemuts 3amgaqy I1I' m3 NP Tak, Kak 3TO OBLIO CIETAHO
ns 3agagan JIMK, ¢ Tem, 9T00BI TOC/IEI0BATEIBHO TIOCTPOUTH TPEbyeMoe perre-
aue (cM., Hanpumep, [520]). s onTuMu3anMOHHBIX 3329 OPOLELYPEe MOCTPO-
EHUsl DEITIeHNsT MPEIIIECTBYET MPEIBAPUTEIHHAS IUXOTOMUYECKAs TPOIEIypa,
B MPOIECCe KOTOPO HAXOAWTCS ONTUMAIbLHOE 3HAUeHue IeeBoil pynkmun. B
KAYeCTBE YIMPAYKHEHUS MBI MPEIIATaeM YUTATENI0 MONBITATHCS JIOKA3aTh, 9TO
mepebOpHBIe 331a4n, COOTBETCTBYIONINE MIeCTH 0a30BbIM NP-TIOMHBIM 3a1a9aM
u3 pasa. 3.1, Bce apastorcas NP-nérkumu, T. e. npegyaraercd uaiiru: (1) nabop,
NPUCBAMBAIONINI 3HAYEHUE «UCTHHAY, (2) TpéxMepHoe coderanue, (3) BepIInH-
HOE MOKPBITHE MUHUMAILHON MOITHOCTH, (4) KJINKY MaKCAMAJIbLHON MOIIHOCTH,
(5) ramMuIbTOHOB UK U (6) pa3bueHre MHOKECTBA «B3BEIIEHHBIX> JIEMEHTOB
HA JBa TMOAMHOXKECTBA OJUHAKOBOTO Pa3Mepa.

B nefictBurenpHOCTH TENEph MBI BUAWM, YTO M3y4Y€HHE B OCHOBHON TeOpHUH
TOJBKO 3329 PACIIO3HABAHUSA HE MPHUBEIO K CYIIECTBEHHOI mOoTepe OOIIHOCTH,
[TOCKOJIBKY B OOJIBIIIMHCTBE CAydaeB mepeOOpHbIE 3370a49u, ¥ KOTOPHIX COOTBET-
CTBYOIIME 33a491 PACTO3HABAHNS OKA3AJUCh NP-TIOTHBIME, CAMU BCE SBJISTIOTCS
NP- nérkuMu ¥, CJIeJIOBATETHHO, 9KBUBAJEHTHBIMYU TIO CJIOXKHOCTH. B TO Bpemst
KaK MBI CTPOUJINA HAIIT KJIACC SKBUBAJIEHTHOCTH — KJ1acc NP-TIOMHBIX 33,0a4, OJHO-
BPEMEHHO MOJIyYaJICd 3HAYUTEIBHO DOJee MUPOKUi KIACC SKBUBAJIEHTHBIX IT€-
pebOPHBIX 33034, & UMEHHO TeX 3334, KOTOPbIe OTHOBPEMEHHO U NP-TpyaHbe
u NP-jiérkue (4 mo3TOMY MbI UX Ha3biBaeM NP-3K6UGAAECHNHbLMY). XOT 3TOT
bojiee TMUPOKMI KJIACC COAEPKUT MHOTO 3a1Iad, He TpuHagIekammx NP, ox
COXPAHSIET 3HAKOMOE CBOMCTBO, mpucylee NP-TOJHBIM 331a9aM: HA OJHA 333~
9a M3 ITOrO KJIACCA HE MOYXKET OBITh PEIlieHa 3a MOJTHHOMHUAILHOE BPEMsi, eCu
P # NP, a ectu P = NP, 10 BCe 33J]Ja91 U3 9TOTO KJIACCA MOTYT OBITH PEIIeHbI
3a MOJUHOMHUAILHOE BPEMs.
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5.2. Hcropuueckasd cIpaBKa

SakaHYUBas HAIE ONTUCaHNE Teopuu NP-TTOTHOTHI, YMECTHO KPATKO OCTAHOBUTh-
Cs1 HA UCTOPUU PA3BUTHUs OCHOBHBIX UEH U TEPMUHOIOTHUU, UCIIONb3YeMON [Tt
UX OMUCAHUS.

B r1. 1 MBI y3ke ynoOMuUHAIM JIBE PAHHNIE PAOOTHI, B KOTOPHIX 00CYKIAIOCH
3HAYEHNe TOMMHOMMAILHON citokHoCTH. Kobxam [80] paccmaTpupas mupokwit
CIIEKTP MATEMATUIECKUX (DYHKIH, BBIYUCIUMBIX 32 MOJUHOMUAILHOE BPEMs, U
3aMETUI, 9YTO KIACC BCEX TaKUX (DYHKIMH HE U3MEHSETCS TIPU PATUIHBIX MOZE-
Jgx Bbrauciaenuit. dmonde [106] HedopMasIbHO OTOXKIECTBIIAT TEPMUH «XOPO-
Uil AJITOPUTM» C TMOHATHEM TOJIHHOMUAJILHOTO aaroput™a. B npyroit pamueit
pat6ote [107] 6b1710 BBEmEHO HebopMasbHOE OHATHE, BM3Koe K Kiaccy NP. B
9TO# paboOTe MpeIarajgoch CINTATh, YTO 33Ja4Ua UMEET «XOPOIIYI0 XapaKTepH-
3AIUIOY, €CITH [T KayKJ0r0 €€ pellleHns HANAETCs MpOBepsieMoe 3a MOJTUMHOMHU-
aJlbHOE BPEMsl «I0KA3ATEIHLCTBO» TOTO, U4TO 3TO JEHCTBUTEIHLHO PEIIeHNE.

Bce ati pannme paboThl ObLIN HAMUCAHBI B TePMUHAX (DYHKIUN win 3a-
J1ad, KOTOpbIE MBI Ha3Baau mepebopubiMu. OyHIaMeHTAIBHBIN BKIad Kyka co-
CTOSITI, B YACTHOCTH, B TOM, YTO OH YBHJEJ BO3MOKHOCTH CBECTH ODCYIKICHUS
K 3bIKAM U COOTBETCTBYIOIIMM 33JadaM pacio3naBanus. B pabore Kyxka [91]
BIIEPBbIE ObLTM BBEEHBI KJIACCHI, KOTOPbIE Telepb HA3BIBAIOT Kiaccamu P u
NP, u 6buta moxkasana dyHmaMenTaabHas Teopema (Teopema Kyka). Ommako
9Ta CTATHST OTIUYAETCS OT BCEX MOCIEIYIOIINX pabOT B IBYX BAYKHBIX ACIEKTAX.
Bo-miepBbIX, OCHOBHOE TOHATHE CBOIUMOCTH, BBegeHHoe KykoM u Ha3BaHHOE MM
«P-cBOAUMOCTBIO», OBLIO OJIU3KO K MOJHHOMUAATIBHOM CBOAUMOCTH 1O THIOpHH-
ry, a He K IOJMHOMHUAJILHON cBogumocTh o. I[Io3TOMYy B HEKOTOPBLIX paboTax
MOJIMTHOMHUAJIHLHYIO CBOIUMOCTH 10 THIOPUHTY HA3BIBAIOT «CBOIAUMOCTHIO Mo Ky-
Ky». BO-BTOpBIX, KJIACC 9KBUBAJIEHTHBIX 33144, KOTOpble Kyk cBa3as ¢ 3amgadeit
BBITIOJTHUMOCTD (ou He a1 Ha3BaHUSA 3TOMY KJIACCY), He ObII OrpaHudIeH
3aJa9aMu, ceifgyac Ha3biBaeMbiMU NP-TOMTHBIME, & BKIIOYAT BCE 33Ja9U PACIIO-
3HABAHWS, KOTOPbIE MbI HAa3Ba M « NP-5KBUBAJIEHTHBIMU .

Teopmnsi NP-TOJHOTHT TPUHSIIA CBOI COBpeMeHHBIH B B pabore Kapna [280],
XOTsT HEKOTOPBIE TEPMUHBI TTOSIBUJINCH MO3aHee. Kapmr BBET TepMuHbI «KJtacc P>
n «kmacc NP» m 3amerwsi, 9ro Teopema Kyka ocramercss crnpaBeminBoii, ec-
JIM TIOHSITHE CBOAMMOCTH MO THIOPHHTY 3aMEHHTH 0oJjiee MPOCTOM M yIOOHOM
HOJIMHOMHATBHON cBoguMOcThIO (transformability). Sror tun cBoguMocTH WHO-
I3 HA3BIBAIOT «CBOAMMOCTRIO o Kapmys. HOrma ero tak»ke Ha3bIBAIOT «MHO-
TOOTHO3HAYHONY CBOIMMOCTBIO, TTOCKOJIBKY OHA SIBJISIETCS MHOTOOIHO3HATHOMN
dyuxnumeii. Cam Kapm mpocTo moabp30BajIcss TEPMUHOM «CBOAUMOCThy. OH mas
coBpeMeHHOe onpejenenne « NP-TIOTHON 3a/1auu», XOTs MIPU 3TOM HOJTB30BAIICS
TEPMUHOM «OJIMHOMUAIBHO TOJHASA 33]a4ay (TEPMUH <«IOJHBIA» BOCXOAUT K
TEOPUH PEKYPCUBHBIX (DYHKIHH, T/I€ I3BIK HA3BIBAIOT MOJIHBIM TIO OTHOIIEHUO K
KJIACCY C JAHHBIM TUTOM CBOAMMOCTH, €CJIM OH TPUHAIJIEXKUT ITOMY KJIACCY U
KasKJIbIi 3JIEMEHT KJIacCa CBOOUTCA K HeMy). B cBere pasnuuus Mexiy aByMsi
kimaccamu, onpenenerabiMu Kykom n Kaprnowm, cesinkn Ha «kmace Kyka — Kap-
na», MHOI/IA BCTPEYAIOIIUECs B JINTEPATYDPE, BLINIALAT 3a0aBHO (OOBIYHO IpU
9TOM MMEeTcs B BUAY KJacc 3a/ad4, onpezaenennbiii Kapmowm).



5.2. Hcropudeckast cripaBKa 137

Crarba Kapma, a tak:ke ero coobiieHusi Ha KOHMEpeHusax n0 mybamka-
MU TON CTATHU BBI3BAJU IMUPOKWN HHTEpec. U ecTeCTBEHHO, 9TO HAPSLY C
HOBBIMU HAYYIHBIMU PE3YIbTATAMHU BPEMs OT BPEMEHHU CTAH TOSABIATHCS HO-
BbIe TepMHUHBI. BMecTo TepmuHa, «polynomial completes mpemarasoch mucarh
«polynomially completes, HecMOTpst Ha TPOMO3IKOCTH MOCIEAHEr0 TepMuHa. Ja-
see, Caxnu [463] BBEN TepMun «P-nosiHas 3a/1a49a», 370 ObLI aHAJIOr «IIOJIUHO-
MUAJIbHO IOJIHBIX 33a4», 0000MIEHHbIN Ha Gosee mupokuil Kiace 3aga4 (aHa-
JIOPMYHBIX HAIIMM <«I1epebGOpHBbIM 3agadam» ). OH Ke npejioKui repMud «P-
TPYIHAS 337a9a» IJIs TEX 331a49, KOTOPhIE MO KpalHEeNl Mepe CTOJb ¥Ke CII0KHBI,
kak NP-miomubie. B To ke Bpems Jlesun HE3aBUCUMO JTOKA3AJ TEOPEMY, aHAJIO-
ruyHyio Teopeme Kyka, m BBEJT TepMUH «yHUBEpCAIbHAs TepebopHas 331a49as
[340], koropsiii orHOCKUTCs (Tak ke Kak P-ToJiHble 330a4u, pacCMaTPUBAEMbIE
Caxuu) K 60Jiee NIMPOKOMY KJIACCY 3a/1a4, YeM TOJIbKO 33Ja49i PACIO3HABAHMUS.
B wacrHOCTH, HCTIOIB3yeMOe HAMU OTIpEeIeHNe TEPMUHA, «TepebopHast 3312498 »
3aMMCTBOBAHO 13 paboThl [340]. O6menpuHsITAs B HACTOSIIEE BPEMST TEPMHHOJIO-
rusi (NP-tionnas u NP-TpyaHas 334449, TOJIUHOMUAILHAS CBOAUMOCTD) B 60JIb-
[IOI CTeNeHN ABISETCS pe3yabraroM Aesrtenbuoctu Jonasda Knyma. B 1973 r.,
[O/IFOTABINBAs K TEYaTH YeTBEPTHI TOM cBoeil MoHOrpaduu «ckyceTBo mpo-
PPAMMUPOBAHUS> U HYXKJAsIChb B KPATKOM ODO3HAYEHUU 3aJ1a49, «KOTOPbIE IO
KpaiiHeit Mepe CTOJIb YKe CJIOYKHBI, KAK MOJIMHOMUAIBLHO MOHbIeY, KHYT TpoBEN
MO CBOE MHUIIMATHUBE OMPOC CPEIN OOJBINON MPYIIBI CIEIUATINCTOB, 3AHUMAI0-
[UXCsT paccMarpuBaeMoit reMaTukoit. OH MPEIIOXKIIT UM TPU BAPUAHTA HA3BA-
HUS ¥ TIPOCKUJT BBIOPATH HAWIYUIINN ¢ UX TOYKH 3peHus. [Ipu 3TOM OH OTBEpr
TepMUH « P-TpyaHas 33a9a» U3 CEMAHTHIECKUX COOOPAKEHU, MOCKOIBKY eI
P # NP, T0 MOIVHOMMAJIHHO TIOJIHBIE 33Ja49N OKAYKYTCS HA CAMOM JeJIe HAMHO-
ro TpynaHee, uem 3aaadu u3 P. OmpaiuBaemMble CeNUaINCTHI B CBOIO OYepeb
OTBEPIJIN BCE TPU HA3BAHUS, IPEIJIOKEHHBIe KHYTOM, U BBIIBUHYJIN IEIBIA P
CBOWX HA3BAHUN, HEKOTOPBHIE M3 HUX HOCUIU HE COBCEM CePhEe3HBIH Xapakrep
(nanpumep, Ien JTun npesnoxkuil MOIUHOMUAILHO NOJIHbIE 33/1a49U HA3BIBATH
«PET-3amgagamus, BO-IIEPBBIX, TOTOMY, UTO 3TO U3MIOOJIEHHAS TEMa €r0 HCCASI0-
BaHmit 2, a BO-BTOPHIX, MOTOMY, uTO codeTanne PET MOMKHO paccMaTpHBATh KaK
cokparenue nusa «Probably Exponential Times (BO3MOKHO 3KCTIOHEHIIHATHHOE
Bpems)). Bonee Toro, eciiu npobiema P = NP 6yaer peiena, npejjaraeMmoe
COKpAIlleHre MOMYyYuT HOBYIO uHTepnperamuio: eciu P # NP, o PET moxuO
TpakTOBaTh Kak «provably exponential time» (mokazyemo SKCIOHEHIMATILHOE
Bpewms); eciu ke P = NP, o PET moxer obo3uauars «previously exponential
time» (BpeMs, paHee CIMTABINEECS IKCIOHEHIUATHHBIM ).

WNurepecusrit ordaer 06 3TOM OMPOCe W MOCTIEIOBABIINX JUCKYCCUSIX MOXKHO
Haiitu B crarbe Kuyra [294]. B pe3yabrare mpoBeISHHOTO OIpOCa HANOOIbIIEE
YHCITO TOJIOCOB TOMYYININ TepMUHBI « NP-nonHas 3amadas u « NP-TpyaHas 3a-
naday (0ba OHM OTCYTCTBOBAJIU B IEPBOHAYAJILHOM crucke KuyTa), npu srom
«NP-nionHast 33/ija9ay 3aMEHUJIa TePMUH <«ITOJMHOMUATIBHO MOTHAS 3312493y, a
«NP-TpynHoii 3amadeiis ObLIa HA3BAHA TaKas 3aJa4a pacro3HaBaxus [I, uro
BBITIOJTHUMOCTD o I1. Tepmuu « NP-motHasi» ObLI TPUHST, MTOCKOJIBKY OH,

2 Pet— u3miobIeHHAsT TeMa, H3TIOOIeHHbIH npeamer. — IIpum. nepes
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BO-TIEPBBIX, KOPOYE, YeM <«IOJTHHOMUATIBLHO MOTHAS», U, BO-BTOPBHIX, OH MMeEeT
GosbIle CMbICIA C TEOPeTudIecKoil Touku 3penus (NP-nonnas 3anada — 9T0 Ta-
Kas 3a/1a4a, KoTopas nojiHa B NP OTHOCUTEIBHO IIOJIMHOMUAIBHON CBOAUMOCTH ).
Amnaymornuno Tepmun « NP-TpyaHas 3a1adas» UMEET TOT CMBIC, YTO 3TO 3a7a49a,
HE TIPOITE, YeM «camast TpyaHas B NPs.

C Tex mop TH TEPMUHBI CTAJIA TPUMEHSITHCS MOYTH MOBCEMECTHO, XOTS O~
MPEKHEMY HEPEIKO MOSBISETCS U TEPMUH <«ITOJMHOMUATHHO MOJHAS 3312945
Tepvun « NP-nionHas 3a7aday yrnoTpedIsiercss JOCTATOYHO CTAOUIBHO, a 3HATe-
Hre TepMuHa « NP-TpyaHas 3amadas MeHsiercs. B 3amerke [295] KuyT npemio-
JKUJT TIPAMEHATH TEPMUH <IIOJMHOMHUAJIbHOE cBemenues (polynomial reduction)
BMECTO TEPMUHA, «TIOJIMHOMHUAIBHOE Tpeobpasosanues (polynomial transforma-
tion). Kpome toro, on npemioxusn 6osee mupokoe onpenesnenue NP-rpyauoi
3312491 Kak 3a7a4u pacnosuaBanus, K koropoit BBITOJTHUIMOCTD cBoaurcs
no Triopunry (a me B cMbiciae csogumocTu o). ITo 3Toit mpuumHe, Hampumep,
31, JOTTOTHUTEIhHBIE K NP-TIOTHBIM, MOTYT ObITH Ha3BaHbI NP-TpyIHBIMHU.
Tepmun « NP-TpyaHast 3a4a49a» BCTPEUAETCS B JINTEPATYPE U B TOM U B IPYTOM
CMBICJTE, TIOYKATY#, OMMHAKOBO 9acToO.

B 3r10it KHUre MBI CIeTan eImé OaKH IMar 0 CPaBHEHHIO ¢ padboramu KmyTa,
06obmmB onpenenrenne NP-TpyaHO#N 3a0a49n, PACIINPUB €r0, a TaKKe MOHATHE
cBOAMMOCTH O THIOPUHTY, YTOOBI BKITIOUUTE mepebopHbIe 3amaun. [1o 3Toii npu-
YHHE HOBBIE TEPMUHBI HAWAyT Oojiee MMpPOKoe mpuMeHenue. Mcxons u3 anajo-
CUYHBIX COOOpaXKeHwi#, Mbl BBeTH MoHATHE « NP-mérkuxy m «NP-5KBUBaJIEHT-
HBIX» 33134, IPUYEM B ITOCJIEIHEM MOHATUU MBI MONBITAINCH (HOPMATU30BATH
Koe-dTo u3 Toro, yro CaxHu umesn B BUIY, BBeIs «P-momnbie 3ama4uny, a JleBuu
— «YHUBEPCAJIbHBbIE TEPEOOPHBIE 33, IAUN .

Kpowme Toro, aBropsl BBeIM MOHATHE «CHIbHON NP-nonHoThl» (pasm. 4.2),
MpuYeM BIEPBBIE 3TOT TEPMUH MosBUIICS B pabore [151]. Ipyroe onpenenenne
9TOro Ke MOHATHUs ObLIO Ipeiokeno B [317], rue 3amaua « NP-nosHas B CUJIb-
HOM CMBICTIE» HAa3bIBAJacCh «yHapHOit NP-momHo#», a 3agada «NP-monHas B
OOBIYHOM CMBIC/IE» HA3BIBAIACH «OHMHAPHON NP-mOMHOM». DTa TepMUHOIOTHS
OCHOBaHa Ha TOM (pakTe, 9To ecan 3amada NP-ToaHas B CUIBHOM CMBICIE, TO
COOTBETCTBYIOIINI sI3bIK sIBJIsieTCsT NP-TIOTHBIM JaykKe B CIydae, KOTIa KOIU-
pyIolias cxeMa [PeJCTABJIsAeT YUCJIA B «HEIKOHOMHOM» YHApHOM Koue (T. e.
HOC/IEI0BATEIBHOCTD U3 M. €JAMHUIL IPEICTABIAET YUCIIO ).

3a ucKII0YeHneM HECKOIBKUX HOBBIX TEPMUHOB, BBEIEHHBIX BBIIIE, B HEKOTO-
PBIX HECYIIIECTBEHHBIX OTIUYUI B MpeaIaraeMbrx Moaeasx 9BM, Mbr nmerrammch
CJIeIOBATH KAK MOYKHO OJIMYKe TPUHSITON B HACTOSIIEE BPEMsl TEPMUHOJIOTHH,
MO3TOMY HACTOSIIAS KHUTA, JOCTATOYHO XOPOIIO COTJIACOBAHA, C COBPEMEHHOM
HayIHOM uTepaTypoii. Ynrarenb, BRIOPABIINHA 3Ty KHUTY B KAY€CTBE HATAIHHO-
IO PYKOBOJCTBA [IJIsi JAJTbHEHIero n3ydeHnsi JTUTEPATYPbI, 0e3 COMHEHUsI, Hali-
IET CCHUIKYM HA, MHOTOUYMCJIEHHBIE TIeprepuiiHbie BOMPOCHI, KOTOPHIE SBJISTIOTCS
«TOYKaAMU pocTay B Teopun NP-mogHOTHI. B mocmeayommux ABYyX riiaBax Mpu-
BOIUTCS MaTEPHUAJI MO MOIOOHON CMEKHOM TEeMAaTUKe, TaK YTO UUTATEh MOYKET
MPEICTAaBUTH cebe, 0 KAKWX BOMPOCAX UIET Pedb, U, BO3MOXKHO, CaM 3aiiMércs
U3y9eHHEeM TeX BOIPOCOB, KOTOPbIE MOKAXKYTCA eMy HamboJiee MHTEPECHBIMU.



I'maBa 6.

Iloaxoabl K penieHnIo
NP-1nojIHBIX 3aJ1a4

Bepuémcst Ha KOpOTKOe BpeMs B oTaen baHaepcHedeit n3 pasna. 1.1. Hamomuamm,
YTO MBI TOKWHYJIA €r0 B HECKOJIHKO HEONPENEEHHON cuTyaluu. Byaydu riias-
HBIM Pa3pabOTUYNKOM AJTOPUTMOB, BBl VIAUHO M30EXKAIN BO3MOXKHOTO OOBUHE-
HUsT B HEKOMIIETEHTHOCTH, J0Ka3ap NP-momHoTy 3aa4n o 6anaepcuede. O qHako
[OCTIe TPOM3HECEHUsT STUX MATMYECKUX CIIOB 3a7a4a 0 OaHIepCHeYe He Ccuesa,
U BbI TIO-TIPEYKHEMY CTOUTE MpeJt MPOOIEMO OTHICKAHUS TIPUEMIEMOTO AJITOPUT-
Ma e€ pellleHus.

B macrosimeit rmase OyayT ob6CyKIATHCSI HEKOTOPBIE BO3MOXKHBIE TOIXOIbI
K 970 mpobiieMe, rIaBHBIM 06PA30M HOBOE HAIPABJEHUE, CBI3AHHOE C MOy de-
HUEM JOKA3YEeMbIX «OIIEHOK TMOTPEITHOCTHY AJArOpuTMOB. OIHAKO, MPEXKIE YeM
nepeiiTi K pACCMOTPEHUIO0 KOHKPETHOTO MaTEPUAJIA, KeJIATEIbHO CIEIATh KPaT-
KUt 0630p BO3MOMKHBIX AJIbTEPHATUR, KOTOPHIE B MIEPBOM MPUOIUKEHUN MOXKHO
OBLIO OBI pa3bUTH HA ABE ODIINE KATETOPHH.

K mepBoit kaTeropuu OTHOCSTCS TOIXOIbI, B KOTOPBIX IEJAETCS MOMBITKA
MAaKCUMAJTbLHOTO COKpAIEeHUsT 0ObéMa mepebopa, XOTs PU 3TOM U MPU3HAETCS
Hen30eKHOCTD IKCIIOHEHIMATLHOTO BpeMenn paboThl. K Hambosmee MMIpoOKoO mc-
MOJTB3YyEMbIM PUEMAM COKPAIIEHUS Tepebopa OTHOCATCS MPUEMBI, OCHOBAHHBIE
HA METOJIE «BETBell U TPAHUI> WJIM METOJE HEesBHOTO mepebopas (CM., HApH-
Mep, [161]). DTH TPUEMBI COCTOSIT B MOCTPOEHUH «YACTUIHBIX DENTEHN», TPej-
CTABJIEHHBIX B BUJIE JEPEBA MOWCKA, U MTPUMEHEHWN MOIIHBIX METOIO0B IMOCTPOe-
HUS OLEHOK, MO3BOJIAIONIUX OMO3HATH DECIEPCIEKTUBHBIE YACTUIHBIE PEIIeHNU I,
B pE3yJbTATE YEro OT JEepPeBa MOWCKA HA OJHOM IIAre OTCEKAETCS IEasi BETBb.
3BecTHBI U ApyrHUe MOAXOAbI, KOTIA TIPOIECC TIOMCKA, OPraHu30BaH WHAYe (OHU
UCIOIB3YIOTCS WHOTIA COBMECTHO C METOIOM BeTBelt m rpanui). K HuM OTHO-
CATCS METOJ, TUHAMUYIECKOTO TIPOrPAMMUPOBAHUS (IPUMEHSBITUNACS B TJI. 4 1151
[NOCTPOEHUs AJTOPUTMOB C IICEBIONOTMHOMUAIBHBIM BPEMEHEM PaBOoThl), METO-
Ibl oTcedenuil (cM., Hanpumep, [226, 161]) u meron Jlarpanzka (cM., Hapumep,
[170, 206]). Kpome Toro, B xy/iimem ciydae WHOTIA OKA3bIBAETCS BO3MOXKHBIM B
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3HAYUTENBHON CTEeHN yMEHbIIUTh CJI0KHOCTH MOJHOTO mepebopa 3a cder 6o-
Jiee yIagHOTO BHIOOpA 00BEKTOB, K KOTOPBIM OH mpuMeHseTcs. K oTHOCHTeThHO
HEJABHUM MPUMEPAM UCHOTB30BAHUS ITOTO MOIXO0/Ia OTHOCITCS AJTOPUTMbBI Pe-
menns 3amaun PABBUEHUE, zanaun PACKPATIIMBAEMOCTB TPA®A B
K IIBETOB [325] n 3anaun HEBABUCIMOE MHOYKECTBO [513].

IMoaxoapt, OTHOCAIIIECS KO BTOPOM KATErOPUHU, TPUMEHUMbI UCKITIOYUTE b
HO K ONTUMM3ALMOHHBIM 33Ja49aM (3TO OJHAKO HE SBJFETCH CIUIIKOM CHJIb-
HBIM OPAHUYEHUEM, TTOCKOJIBKY OIPOMHOE KOTUYIECTBO 33144, BOSHUKAIONIUX HA,
NPaKTUKE, eCTECTBEHHO (DOPMYIUPYIOTCH KAK ONTUMU3AIUOHHDIE) U BKIIIOUAIOT
npuéM, KOTOPBII MOXKHO HA3BaTh «CHUKeHWEe TpeboBaHuiiy. OH 3aKII09aeTCS B
OTKA3€ OT MOUCKA ONTHUMATBLHOTO PEIEHNsT U B HAXOXK IEHUH BMECTO 3TOTO «XOPO-
[IIEro» PEIeHus 3a TIpUeMIeMoe BpeMs. AJITOPUTMbI, OCHOBAHHBIE HA STOM MIPHU-
éMe, OOBITHO HA3BIBAIOTCS «IBPUCTHIECCKUME», TOCKOMbKY OHUM UCHOIB3YIOT pa3-
JINYHBIE PA3yMHBIE COODPaykeHus 6e3 CTpOrux 060CHOBaHMIT. MeToabl, MpuMeHsi-
eMbIe IJTsT TIOCTPOEHUST AJITOPUTMOB TAKOT'O TUTIA, CUJIBHO 3aBUCAT OT OCOOEHHO-
creil 3a/1a9u, XOTS W YIAJIOCH BBIIEIUTh HECKOJIBKO PYKOBOISIINUX TPUHIUIIOR,
KOTOpbIE MOI'YT CJIy?KUTb MOJIE€3HON ornpaBHOil Toukoil (cMm. [347], rae npoBo-
nurcs baecrsmiee obcyKaenue srux npunnunos). Haubomee mupoko npumens-
eTCsT TaK HA3bIBAEMBIH METOJ] «JIOKAJILHOTO TIONCKAa», KOTIA 3apaHee BHIOPAHHOE
MHOKECTBO JIOKAJTBHBIX OMEePaIiil NCIOIb3yeTcst 75T TIOCIeI0BATETLHOTO YIyY-
[IEHNsT HAYAJIBHOTO PEIIeHUsT 0 TeX TOp, TTOKa TAKOE YJIYUIIeHNe BO3MOXKHO, B
OPOTUBHOM CJIy4Yae OKA3BIBAETCS TOCTUTHYTBIM «JIOKATHHBIM OMTHMYM>».

DBPUCTUYECKHE ATTOPUTMbBI, TIOCTPOECHHBIE ITUM W JIPYTCUMHU METOJAMU, HA,
MMPaKTUKE OKA3BIBAIOTCS BEChMa yIOBIETBOPUTEIHHBIMHU, XOTSA IS TTOTyIeHUS
YIOBJIETBOPUTEIBHBIX XAPAKTEPUCTUK AJTOPUTMA OOBIYHO TPEOYETCS HOBOJIb-
HO OOJbIIast PabOTa MO ero «JOBOIKes. B pe3ysbTare ymaagrcs TOJBKO B OYEHb
peKUX clydadx 3apaHee INIPeJCKa3aTb U OIEHUTH MOBeJIeHUEe TAKUX aJlOPUT-
MOB. BMecTo 3T0Or0o Takue aaropuTMbl ONEHUBAIOTCS U CPABHUBAIOTCS HA OCHOBE
COYeTAaHUA SMIUPUYECKUX JAHHBIX U apr'yMEHTOB, ONUPAIONINXCA Ha 3PaBblit
CMBICT.

OpHako COBCEM HETABHO OBLI MOJYYEH Psill pe3yJIhTaTOB, KOTOPHIE MOKA3a-
JIA, 9TO SBPUCTUYECKUE AJITOPUTMBI HE BCET/IA CTOIb CIOXKHBI 71 (DOPMATIBHOTO
ananmu3a. B HEKOTOPBIX Caydasx yAaéTcd JOKA3aTh, YTO PEIIeHUs, 0Ty IaeMbIe
9BPUCTUIECKUM AJITOPUTMOM, BCErIa OYAyT OTINYATHCS B TMPOIEHTHOM OTHO-
[IIEHUH OT ONTUMAJILHOTO PEIieHns: He 0OoJiee YeM Ha, ONpEIeIEHHYI0 BEJIUYNHY.
ITonobHbIe pe3yIbTaThl MOXKHO PACCMATPUBATH KAK «OIEHKHU MOTPEITHOCTH AJI-
roputMoOB. B HacTosIIIel ri1aBe Mbl OCTAHOBUMCS MMEHHO HA TAKUX PE3yThTaTaX.

B pazn. 6.1 caenan 0630p pa3IUYHBIX TUIIOB OIEHKHU MOTPENTHOCTH AJITOPHUT-
MoB. B pa3za. 6.2 mokazamno, kKak Teopus NP-TOTHOTHI MO3BOISET IATH 3aKJIIO-
YeHre O HAWJIYUIIel W3 BOBMOYKHBIX NI JAHHON 3aJa41 OIEHKE TTOTPEITHOCTH.
Haxkowern, B pa3n. 6.3 obCyKIAOTCS HEKOTOPBIE TTPAKTHIECKNE COOOPAKEHWsT,
KACAIOIINECS BO3MOXKHOCTEH TPUMEHEHNS PE3YJIHTATOB STOTO TUIIA, & TAKYKE yTIO-
MUHAIOTCS HEKOTOPBIE TEOPETHYeCKrne PAabOThI, B KOTOPBIX JIETAETCH MOMBITKA
[IPOAHAIN3NPOBATH «IIOBEJIEHNE B CPEIHEM»> IBPUCTHIECKUX AJITOPUTMOB.
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6.1. OneHKU NOrpenTtHOCT MIPUOJINXKEHHBIX aJITO-
PUTMOB

Januv BHagase (POPMATIHHOE OTMCAHNE MOHSTUHS «ONTUMU3AIUOHHAS 33/1a9a5.

Kombunamopraa onmumusayuorhas 3adavwa Il ects b0 331298 MUHUMU-
3aIiH, JTU0O0 331a9a MAKCUMU3AUUY T COCTOUT W3 CIAEAYIOMINX TPEX dacTeil:

(1) muoxkecrBa Dy undusudyaivhvix 3aday;

(2) mns xkaxzgoit I € Dip xoregrnoro muoxkectBa Str(I) donyemumvr pewe-
Hull MHAUBUAYATbHOM 3amaan [;

(3) PYHKIIT My, COTIOCTABIAIONIEH KaxKI0# MHANBUIyAJIbHON 3amgade I €
D u xaxmomy donycmumomy peweruto o € St(I) HEKOTOPOE TIONOKUTEIHHOE
neoe ancio mr (I, o), Ha3BIBAEMOE 6EAUNUHOT, PEUWEHUA O -

Ecmu IT - 3a0a9a MuanMusanuu (COOTBETCTBEHHO MAKCUMU3AINN ), TO ONINU-
MAALHBLM PEULEHUEM UHIUBUIAYATbHON 3amgaun [ € Dy gBAsieTcs Takoe Jomy-
crumoe permerne o* € Srr(I), uro nus Beex o € Syp(I) BBIMOTHEHO HEPABEHCTEO
mn(l,o*) < mp(I, o) (coorBercreenno my(I,0*) > mu(l,0)). dnsa obo3una-
yenus BequauHbl my (I, 0*) oNTUMAIBHOTO pEIleHns WHANBUILYATbLHON 3308490
I 6yner ucnonbzosarhest cumboi OPTr(I) (B Tex caydasax, KOrga 3a1ada acHa
u3 KoHTekcTa, unjekc I1 Gyner onyckarbes).

Anroputm A HA3BIBAETCS NPUOAUNCEHHBLM AN20PUMMOM DEIICHUS 331a91
II, eciin gyis 060k nEAUBYAYaIbHON 3a0a4un I € Dy anropurm A OTBICKHBaeT
Hekoropoe gomycrumoe perrenue o € Sp(I). Hepes A(I) Gyzem obo3nadarh
seqmmauny m (I, o) TOro BO3MOYKHOTO perenust o, Koropoe A crpout mo I. Ecin
A(I) = OPT(I) nns Bcex I € Dp, 70 A Ha3bIBaeTCS TOYHBIM AJTOPUTMOM
permtennst 3amaqn I1.

[MpuBenérube onpeeneHnss MOXKHO MTPOULIIOCTPUPOBATL HA TIPUMEPE yIKe
U3BECTHON HAM 3329 O KOMMUBOSIZKEPE. DTO 331a9a MUHUMUIAIUAN, MHOKE-
CTBO €€ MHAWBUIYAJIbHBIX 33189 COCTOUT U3 BCEX KOHEUHBIX MHOYKECTB TOPOIOB
U TIOTIAPHBIX PACCTOSTHUI MeKIy HUMHU. [[OTyCTUMBIE DEIeHrsT KOHKPETHOMN WH-
IUBUAYAJIBHON 3a1a9M MPEICTABISIOT OO0 BCe BO3MOYKHBIE IEPECTAHOBKY 3a-
JIAHHBIX TOPOJIOB. Bemnuunna pernenus i KaXKI0i Takoi IepecTaHOBKU PABHA
JITHHE COOTBETCTBYIONIEr0 Mapuipyra. TakuMm obpa3oM, TpuOIMKEHHBIH aro-
PUTM JJIsT JAHHOW 3aJa9M JOPKEH OTHICKATH TOJHKO HEKOTOPYIO MEPEeCTAHOBKY
TOPOOB, & TOYHBIN AJITOPUTM JIOJIZKEH BCETIa OTHICKUBATH MEPECTAHOBKY, COOT-
BETCTBYIOIILYI0 MAapPIIPYTy MUHUMAILHON IJIMHBI.

Ecmu ontuvmusanmonnas 3amada NP-tpyaHa (4TO MMEeT MECTO B JIAHHOM
cllydae), TO, KAK HAM U3BECTHO, HEJb3s IIOCTPOUTH TOYHBIN MOJTMHOMUAILHBIN
ajaropuT™ permnenus 31oil 3amaun (ecniu P # NP). Bosiee peajucTuvHo morbi-
TATHCS HAWTH TPUOIMKEHHBINR anmropurMm A, Bpemsi paboThl KOTOPOrO OTpaHM-
YEHO MOJIMHOMOM HEBBICOKOI CTEMeHW W KOTOPbIH 00JIaJaeT TeM CBOWCTBOM,
9TO IS BCEX MHIMBUIYAIbHBIX 3a10a4d I Bemuunna A(I) «Oau3ka» K BeTUUUHE
OPT(I). Caenytomuii npuMep WILIIOCTPUPYET TUMBL PE3YJILTATOB, KOTOPHIMU
MbI OyJIeM HHTEPECOBATHCS B JATbHEHIIIEM.

Paccmorpum 3amady o6 «ymakoBke B KOHTelHepbi». OHa dopmymupyercs
cienyommm obpasom: 3a1aH0 KoHeYHOe MHOKeCTBO U = {u1, Uz, ... , Uy } «Ope-
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MeroB» u «pa3mepbl» s(u) € [0, 1] kaxnoro npeamera u € U (pa3mep npeamera
OPECTABJIEH PALMOHAIBHBIM YUCIOM); Tpebyercs HaliTh Takoe pa3bueHue MHO-
xectBa U Ha Hemepecekamomuecs moaMmuoxkectsa Uy, Us, ..., Uy, 9T00bI cymma
pPa3MepoB MPEIMETOB B KayKIOM MOoaMHOXKecTBe U; He mpeBocxomuia 1 u aTo0b
k 6BLTO HAUMEHBITUM BO3MOYKHBIM. MOYKHO CUNTATH, UTO MPEIMETHI, IPUHAIJIE-
JKaIye KaXKJI0My MHOXKecTBY U;, YITAKOBBIBAIOTCS B OJUH KOHTEHHED pa3Mepa
1, a Hama OETh — YyIAKOBATh TPEAMEThl MHOXKecTBa U B KaK MOXKHO MEHBIIee
YUCI0 KOHTEHHEPOB.

Paccmarpusaemas 3amada NP-TpyHa B CHJIBLHOM CMBICTE (B YACTHOM CIIy-
gae oHa Haér 3amady 3-PASBUEHUE), tak 4T0 MaJjo HAAEXKIbI HA OTHICKAHIE
JlazKe TICEeBJIOTIOIMHOMHUATIBLHOTO TOYHOTO AJTOPUTMAa perreHust 3ot 3agaan. O1-
HAKO JI7Is1 €€ PEIeHnsT UMeeTCsl HECKOIBKO 3aCTyKUBAIOIIUX BHUMAHUS TPOCTHIX
MPUOIVKEHHBIX AJITOPUTMOB.

OpvH W3 HUX W3BECTEH TIOJ HA3BAHWEM «B MEpBBIM nomgxonsmuity. [Ipemmo-
JIOXKUM, 9TO UMeeTcs DEeCKOHeYHAsl MOCTIeI0BATEIHHOCTE KOHTEHHEPOB pa3Mepa
1, KaxKIbIil 13 KOTOPBIX B HAYAIBHBIA MOMEHT BPEMEHH IIyCT. AJITOPUTM 3aKITIO-
YAeTCsT B TOM, YTOOBI MTOMEIIATH MPEIMEThI B KOHTEHHEpPhl 0 OYepeln, B TO-
psiIKe BO3pacTaHus HOMEePOB. [IpeMerTsl TOMEIAITCA B KOHTEHHEPHI COTTIACHO
cleyromemMy nmpoctToMy npaBuiy: «OduepeaHoit mpeamer u; TOMeIaeTcst B KOH-
TeifHep ¢ HANMEHBIIINM HOMEPOM, y KOTOPOrO CyMMa pa3MepOB MOMENEHHBIX B
HEro npeaMeToB He npeBocxoauT 1—s(u;)». Jpyrumu cioBaMu, u; IOMENIAeTCs B
NepBbIil U3 KOHTEHEPOB, Ky 1a OH MOXKET MONACTh (He HApYIlas OrPAHUYEHUST IO
pasmepy). Ha puc. 6.1 mokazan npuMep; 31eCh KasKIbli TPEJIMET MpeICTaBIeH
MPSMOYTOJHLHIKOM, UMEIOIIMM BBICOTY, IPOMOPIMOHAIBHYIO PA3MEPY TTPEIMETA.

- hY
- e}
- — —— ==
Z e === =
- = — ==
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Ug Us
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BI Bl 53

Puc. 6..1: ITpumep pasmewenus no npasusy «6 nepsviii nodrodsuutis, 2de nped-
MeEM, Ug KAGOEMCA 6 Konmelinep Ba, nockoavky amo nepeviti Konmetinep, 6 Ko-
Mopuiti Ug MONACEM NOMECTIUMBCA.

C MHTYUTUBHON TOYKHU 3PEHUS ITOT AJTOPUTM KAYKETCS OUE€HBb ECTECTBEHHBIM
u pazyMmabiM. OH He HAYUHAET 3aNOTHATH HOBBIA KOHTEHHED JI0 TeX Mmop, MOKa
BCE HEILyCTble KOHTEHHEePhl He OyLyT CAUIIKOM CHJIBHO 3AIMOTHEHBI. UTO MOXKHO
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CKa3aTh O KA4ecTBe PaboOThI TOTO AJIropuT™Ma’?

Buavase paccMOTpuUM 9MCI0 KOHTEHHEPOB, TPEOYIONNXCS ST YKa3aHHOTO
ajropuT™a, Kak (PYHKIHIO OT mapamerpoB 3amadu. OGo3HAYNM 3Ty (DYHKIIUIO
gepe3 FF(I).! Nmeior MecTo HepaBeHCTBA:

FF(I)>1

n
FF(I) < |1 s(u)
i=1
ITocnennee HEPABEHCTBO BHITEKAET U3 TOTO, YTO B PE3Y/ILTATE PAOOTHI AITOPUTMA
HEe MOXKET TIOJIYYNUThCs DOoJiee OJHOrO KOHTeHHepa, 3aMoTHeHHOTO MeHee YeM Ha
nosouny. (B mpoTUBHOM ciiyuae MepBbIil Ke MPeAMET, MOMABIINIA B TAKOH KOH-
TeifHep ¢ OOTBITTIM HOMEPOM, TOJIPKEeH OBIT OBITH MTOMEIIEH aJTOPUTMOM <«B TIep-
BbIii OAXOAAIIMII», T.€. TAKOIT 2Ke KOHTelHep ¢ MeHbIuM HoMepoM.) To, uro yka-
3aHHASA TPAHUIA — HAWIYUIIas U3 BO3MOXKHBIX, CIeAyeT U3 PACCMOTPEHUs WH-
nuBuayaabHoi 3anauu U = {ug, usg, ..., un }, rae s(u;) = 1/2+¢,1 < i < n. Io-
CKOJIbKY HUKAKUE IBA MPEIMETa He MOT'YT MOMacTh B ol AmuK, 7o FF(I) = n,
B TO BpeMsi KaK CyMMa pa3MepoB MPEJIMETOB PaBHA n/2 + ne, v ecin BHIOPATH
€ JIOCTATOYHO MAJbIM, OHA OyJeT Kak yroiHo 6iu3ka K n/2.
Crenannoe 3aMevaniie TO3BOISIET HAM TaKyKe OIEHNTh, BO CKOILKO a3 Mio-
XO€ perenne, MoIyvIaeMoe aJITOPUTMOM «B TIEPBBIIT TTOIXOSAIIN >, MOYKET OTJIN-
9aThCd OT ONTUMAJILHOTO Perrenus 331a49u. II0CKOIbKY sCHO, 9TO

n

OPT(1) > |3 s(us) |,

i=1

TO OTCHOJa BBITEKAET, 9TO [AJid BCeX HHAWUBUAYAJIbHBIX 3a/1a9 I BBIIOTHEHO HEepa-
BEHCTBO

FF(I) < 2-OPT(I).

OHaKO, KaK CIeIyeT u3 NPUBEISHHON HUuKe TeopeMbl, 1yt FF'(I) umeercs jyd-
mast OleHKa, cM. [265].

Teopema 6.1. Jlaa ecex undusudyarvrox 3aday I 06 ynaxoske umeem me-
CMO HEPABEHCME0

FF(I) < %OPT(I) +2.

Boaee mozo, cywecmesyrom undusudyasvuoie 3adavwu I, das xomopwx OPT(I)
CKOAD Y200H0 8EAUKO U

17
>

R > 3

(OPT(I) - 1).

LFF — nepssie GykBer aurmmiickuii cios First Fit (nepBbiit mogxoxsuwit). — ITpum. nepes.
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Takum o6pazom, TeopeMa 6.1 XxapakTepu3yeT aCHMIITOTHIECKOE TIOBEICHUE B
XyZLIEeM CIydae ajaropuTMa <«B IepBblil nojaxoasimiiy. Benuwuuna FF(I) auko-
raa He OTIMYaeTca OT ontumyMa Gomee dem Ha 70%, M B HEKOTOPBIX CITydasx
Takoe oTnune JeifictBuTenbHO mocturaercs. (HeGombinoe yiaydimenne BepxHeit
ouenkwu, 6marogaps Kotopomy (H)OPT(I) + 2 samensierca na [(2XOPT(I)],
nosiydero B pabore [144].) Mbl olycTuM CJIUIIKOM JJIMHHOE JOKA3ATEIHCTBO Te-
opemsbl 6.1, OHAKO 3aMEeTHM, YTO OJIM3KAS OLEHKA [OBEICHHS AITOPUTMA B XY /-
[eM cJIydae MOXKeT ObITh MOJIyYeHa U3 PACCMOTPEHHs IPUMEPOB, IPEICTABIICH-
HBIX Ha prc. 6.2, ans kotopeix FF(I) = (2)OPT(I). ([loka3aTenscTBO HUKHEI
OIIEHKH B Teopeme 6.1 momyyaercsi B pe3yabraTe HEKOTOPOTO YCIOXKHEHUST STUX
PUMEPOB. )

NunuBuayanprad 3a7a4a [ :

U ={u,uz, ..., ursm}, s(ui) = { 5+ 6m

ot o st e E—,-“,;-"ﬁ W//
1/7+¢ 1/7+¢ ﬁ"' /’_’,,,-,"'///,;/‘"//
- |
If3+e ﬁ g
2 I3+¢ ==
lfp+e . Ve I/2+¢
U? +e 3
bm xowmedrcpol  m romedgd 3MW 6 m monmeilriepol
OPT(J) =bm FE(I)=10m

Puc. 6..2: Hnidusudyasrvrvie 3adavu I ¢ npouseosvHo 00AbWUM SHAUEHUEM
OPT(I), daa komopwx FF(I) pasno 2OPT(I).

—~

IMomy4eHnbIe Pe3yIbTATHI ABIAIOTCA OCHOBON I AHAHM3a, PUOJTHKEHHBIX
AJITOPUTMOB PENICHHA 332491 00 yrnakopke. Termepb MOXKHO IIePeiTH K aHAIU3y
IPYTUX AJITOPATMOB C JIy9ITAMU OIEHKAMU ToBeaeHns. OUeBnIHO, aITOPUTM «B
MEepBHIi TTOAXOAAMNI» MOXKHO BUIOW3MEHWUTH, TOJIb3ysCh, HATIPUMED, CICAYIO-
mpM 60JIee COBEPITEHHBIM MPABUIIOM PA3MEIEHUsT: KAYKIBI CICIy IO TTpe-
MeT ; IOMEIIAEeM B TOT KOHTEHHEp, COIepXKUMOe KOTOPOro OJIMXKE BCEro K Be-
smaune 1 — s(u;), HO He TPEBOCXOAUT €€ (ecIu UMEETCs HECKOIbKO KOHTEHHEPOB,
06JIaJAIONIAX 3TUM CBORCTBOM, TO BLIOMpAaEeM U3 HUX KOHTEHHEp ¢ HAMMEHbIINM
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HOMEPOM ). DTOT AJIrOPUTM U3BECTEH MOJ HA3BAHUEM <«B HAUJIYYIIMH U3 MOIXO-
namuxy. K coxanennio (v K yIMBJIEHUIO MHOIHMX ), aJIFOPUTM «B HAWJIY YUl U3
NOAXOAANIMAX > B Xy/IIEM CIyYae UMEET, TI0 CYIIECTBY, T€ YK€ XapaKTEPUCTHKH,
YTO W AJITOPUTM «B TIEPBBIA TMOAXOASIINY, cM. [265].

Heckombko myammuii mpubanKEnnblii aaropuT™ MOYKHO TIOIYYATh, €CINA yde-
CTh, UTO HAUXYIIIEH [JIf AJTOPUTMA, «B TIEPBBIA MOAXOAAMIN> (8 TakKe st
AJrOPUTMa, «B HAMJIYYIIUI U3 MOAXOASIIMX > ) OKA3bIBAETCH CATYAIMs, KOIIA B
YIOPAZOIEHUH TPEIMETOB MPEIMETHI ¢ MEHBIIUMH PAa3MEPAMN UAYT PAHbIIe
npeamMeroB ¢ 06nbmmMu pazmepamvu. [Ipenmonoxkum, aro npeaverst u3 U ymo-
PAIOYEHBI HE TIPOM3BOJIBLHO, 4 B MOPSAIKE YMEHBITEHWS WX Pa3MepoOB W Tepe-
HYMEpOBaHbI Tak, 9T0 $(u1) > s(uz) > ... = s(uy,). Aaroputm npuMeHeHWs!
NPONEIYPHl «B MEPBBIA MOAXOAAMUN» K MEPEyIOPAI0IEHHOMY TAKHM 00pa3oM
CIIMCKY MPEJIMETOB HA3BIBAETCA <«B MEPBBIN MOAXOAANIMHA B MTOPAIKE YOBIBAHUS >
(coorBercTByIomasn dbynknusa oboznadaerca FFD(I) 2. Pabota 3T0oro anroput-
Ma XapaKTepu3yeTcst creayomnieii reopemoii JIxoucona [262] (Habpocok morasa-
TEJILCTBA CM. B [265]).

TeopeMa 6.2. /lasa ecex uniusudYasbHOIT 36004 00 YNaKosKe BuMOAHALNCA
HEPABEHCMEO

FFD(I) < %OPT(I) 4,

Boaee mozo, cywecmeyrom undusudyasvrvie 3adavwu I, das xomopwux OPT(I)
NPOUZBONLHO BEAUKO U

FFD(I) > %OPT(I).

Takum 00pa30M, MBI UMEEM TAPAHTUIO, UTO AJITOPUTM <«B MEPBBIMA TTOIXOISI-
Uil B OPsiIKe YOBIBAHUSTY JAYKE B XYIIIEM CJIYYIAE BhIIAET PEleHne, OTINIa0-
mIeecst OT ONTHMATBLHOTrO He 6omnee wem Ha 22%. Kpome Toro, BcTrpedaioTcs nHIu-
BUIyaJbHbIE 3314491, JJIs KOTOPBIX 9T OIEHKA TOCTUraercs. Takoii e pe3yib-
TAT UMEET MECTO JJIs AHAJOTUIHOTO AJITOPATMA «B HAWITY UIIHI U3 MOAXOAAIIAX
B mopsinke yObBanusi». Ha puc. 6.3 moka3aH KJIacC MPUMEPOB, MO3BOJISIONINX
YCTAHOBUTH HUKHIOK OIEHKY IJIsT OOOUX aJrOPUTMOB.

Jloka3aTeIhbCTBO OIEHKYM CBEPXY 3aKIIUYAETCS B TIIATEILHOM PACCMOTDE-
HUU PA3MUYHBIX CIYyYaeB, Jake KPATKOe M3JI0KEeHNe KOTOPBIX MOTPeboBAIO ObI
GosbIle MecTa, YeM OTBEIEHO i Beel HacTosieil riasbl. (Xors JjIMHHbIE 10-
Ka3aTeabCTBa M1 331349, MOJI00HBIX 3a71ade 00 yImaKoBKe, — OOBITHOE sIBJICHHUE,
OTMETUM, YTO AHAJOTHYHBIE PE3YJIBTATHI IJIs APYTUX 3339 ObLIN MOJTYIEHBI
0e3 repKyJIeCOBBIX YCUJIHUIA, a [Tt 3a4a49u 00 yIAKOBKe HECKOJIBKO Dojiee cadbie
OLIEHKM MOKHO TIOJIyYUTh IOPa3/0 MPOLIE. )

JlanbHeimme MOTA(PUKAIINNA AJTTOPUTMA «B MEPBBIA TMOAXOISIINNR B IOPSII-
Ke yObiBaHus» ObLIM Npeiokenbl B paborax [262, 542]. ensb stux momudu-
KaIUil COCTOSAIA B MOJYYEHUHU MOJTUHOMHUAIBHOIO MO BPEeMEHM TPUOIMKEHHOTO

2Byksa D B FFD — 310 coxpamenue ot Decreasing, T.e. B IOpsKe yMeHbITeHs. — IIpum.
peo.
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Nunusuayanbras 3agaqa [ :

T4+e 1 <ig6m
Li2 6m<ig<12m
o N — 1 XX
U = {uy, ua, ..., usom }, s(u;) i Lo 19m<i<i8m
i—Qs 18m <72 < 30m
-—:'____,..-" ——— = e T .
1/4 - 2e 1/4-2¢ ﬁ % 1/4=2e
ljg+e 1f4 - 2¢ 14+ 2¢ l/g+e 1/4~2€
14+ 2¢ A a4 144 =
Ia+e = 1/5+e - D A= fe
1y +2¢ g+e 1/4—2¢
- 6 Kowmednepod 3 m wowmedwepof 6 Konmednipal 2o konnedinggod 3 rm ovmedinegod
OPT(I) =9m EED()=11m

Puc. 6..3: Hniusudyarvhvie 3adavu I ¢ npouseosvHo O0AbULUM 3HAMEHUEM
OPT(I), das xomopwz FFD(I) pasno (L-)OPT(I).

aJrOPUTMA, PelIeHus 380391 00 YITAaKOBKE C eIé JyJIIUMA OIeHKAMU PeIleHus.
OHaKO HY J1j1s OJHON M3 9TUX MOAU(DUKALMIA [IOKa HE IOIyYeHa CYIIECTBEHHO
JIydITias OleHKa.

Nrak, mpoBeaéHHbBIM aHATN3 TPUOIUAKEHHBIX AJTOPUTMOB PEITEHNsT 3
00 ymakoBKe, MOXKHO TTOJIBITOXKUTEH CIEAYIONIAM 00pa3oM. Mbl HAUAIM aHAIU3 C
U3y4YeHUA OIEHKU MOTPENTHOCTU OYE€BUJHOTI0O, HO B€ChbMa Pa3yMHOTO aJITOPUTMA.
DTOT aHATM3 MPOBOAMIICS MOCPEICTBOM TMOTYYEHUS OIMEHOK PabOTHI AITOPUT-
Ma B XYJIIEM CIy4ae U HOCPEACTBOM MNOCTPOEHUdA NPUMEPOB, MOKA3BIBAIOIINX,
9TO 3TU OIEHKHW HEe MOTYT OBbITh y/IydireHbl. Ha ocHOBe 3TOro aHam3a, a TaK»Ke
UHTYUTUBHBIX C006pa}KeHI/Iﬁ O HeJOCTaTKaX HNCXOJHOI'O aJrOPUTMa MBI CTaJid
HCKATD JIPyTHe aJrOPUTMbI (BO3MOYKHO, TIPEICTABISIONINE COOOH BCETO JIUIIh
fosee CI0YKHBIE BEPCUU WCXOJHOTO AJTOPUTMA) M aHAIU3UPOBATH uX. OueHKn
MTOTPEITHOCTEH AJTOPUTMOB OBLTH BBIPAYKEHBI B BUIE OTHOIICHUH, TIPEICTABIIS-
IOMUX HHTEepeC C TOYKH 3PEHHA BO3MOXKHOCTH HUX CPpaBHEHHA WU B HEKOTOPOM
CMBICJIE OTPAYKAIOIINX OJIU30CTH PE3YABTATOB K OMTUMYMY. DTOT OOIIUHN MOIXO]T
MOZKET CIYZKUTh MOAE/IHIO U3yYCHUA NP—prZLHBIX ONITUMU3AIUOHHBIX 3aJa4 U
B ﬂeﬁCTBHTeHbHOCTH MITPOKO ITPUMEHACTCA (XOTH, KOHEYHO, MHOTIa MOTYT OKa-
3aTbCs Oosiee aJeKBATHLIMU U Jierde MOKA3YEeMbBIMH OIEHKH APYTOro THIA, CM.,

Hanpumep, [96,399]).

s ¢dpopManusanuu 3TOro MOAXOHa JaAUM €I HECKOJbKO ONpEeIeIeHui.
IMycrs IT - 3amaya MurnMu3anuu (COOTBETCTBEHHO MakcuMu3alun), a I — opo-
U3BOJIbHAS MHIMBULyalbHas 3a1a4a u3 Diy. Oupenenum ornomenue R 4(I) cie-
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AYOMIM 00pa3oM:

A(D)
Ra(l) = —+—
all) OPT(I)
(coorBercrBerHo Ry (I) = O%TI()I)). IHozpeuwrocmvro nPpubAUNCERHO20 aN20PUM-

ma A pemermusa 3amasm I1 nazopeM BemmauHy R4, OMpEIENseMYIO CIeTy oM
obpazom:

. ISl BCEX UHIUBUIYA-
Ra=infir>1: Ra(I)<r
J6HBIX 3371349 I € Di;
A cumnmomuueckoti nozpewnocmsio TpUuOMMKEHHOTO aaropuTMa A Ha30BEM Be-
JIAYUHY

Haitnérea N € Z1, takoe, uto Ra(I) < r
RY =inf ¢ r>1: ana Bcex I € Dy, 171 KOTOPBIX BBIMOTHEHO
coornomenne OPT(I) > N

3ameruM, 9TO OTHOIIEHNUs, ONPEIETEHHBIE BBIIIE, OOJAIAI0T TeM CBOWCTBOM,
YTO OTHOIEHWE MJIs 339l MUHUMHU3AIUNA OOPATHO OTHOIIEHUIO MIJIsT 3aJa9H
MaKCUMW3aIuu. Barogaps 3TOMy MbI MOJIYYaeM OJHOPOIHYIO MIKAJY IIJIsT TPa-
AU TPUOIMKEHHBIX aJTOPUTMOB PEITEeHUs 33129 PA3HBIX TUMOB. [Ipu 3TOM
Bcerja uMerorT Mecto cooTHomeHnd 1 < Ry < oo u 1 < RY < oo, npudém gem
oTHOIeHne Omke K 1, TeM MEHbIIe TIOrPEITHOCTD.

Ormernm takzke, uto R4 He obszarensHo pasHo RY. Tak, manpumep, reo-
pema 6.2 yTeepxKaaer, uto Ry, = %, HO JIETKO TMOCTPOWUTH MpUMep TaKOi WH-
nuBuIyaabHO 3anaun I, uro OPT(I) = 2, u FFD(I) = 3, u, 3uauur, Rppp > %
st 3aga9m 06 yIIaKOBKe aCUMITOTHYECKAs TIOTPEITHOCTD, TTO-BUIUMOMY, BaYK-
Hee, XOTs JJIs 33/1a9 APYyroro Tuna 6osee aJeKBaTHOW BEIMYUHON MOMKET ObITh
R4(I). Moxer oka3arbCs, 9T0 [JIf UHTEPECYIOIUX HAC OPUOIMIKEHHBIX AJIr0-
pUTMOB 00€ XapaKTepuCTUKN cOBMamaioT: R4 = R%Y. B mobowm ciyvae mome3Ho
3HATH 00€ STU BEJUYUHBI, 8 PA3JIUYNe MEXKIYy HUMU YIUTHIBATH MPU AHAIN3E
MPUOIMKEHHOTO AJITOPUTMA.

B kadgecTBe Ipyroro nmpumepa pacCMOTPUM eIé pa3 3aJady O KOMMHUBOSIIKe-
pe, BBeJis B €€ yCIIOBHE JIOMOJTHUTEIbHOE orpanndenve. NHauBuyanbHas 3a1a9a
I no-tipexxkHeMy TpencTaBiser coboit MHOXKecTBO C' TOPOMIOB U CIUCOK PaCCTO-
SHUN MEXKIy HUMU. B JaHHOM Cilydae, OIHAKO, MOTPEOYyeM, ITOOBI PACCTOSHUST
MOIUMHSIJINCh «HEPABEHCTBY TPEYTOJbHUKAS, T.€. YTOOBI IJIs KAXKJIONH TPONKHU
rOPOJIOB a, b, ¢ w3 MHOXKecTBa C' OBLIO BBITIOTHEHO COOTHOIIECHHE

d(a, c) < d(a, b) + d(b, ¢).

3 ltst o6oznauenus sesmaunsr R4 (T) aBropsr ynorpebastor Tepmun «absolute performance
ratio». Xora R4 ([) u 6e3pa3MepHas BeIHUUHA, OHA, OJHAKO, He SIBISETCS OTHOCHUTENBLHON mo-

o A(I)-OPT(I
IPENIHOCTBIO B OOBIYHOM CMBICTE (OIpenesnsieMoi Kak %T(I)() D N36erast 3HaanTEIB-

HOIf ePeJeIIKI TEKCTa IPH HEPEBOAE, MBI IPEANOIN st Bennanubl R 4 (1) Tepmun «morpem-
HOCTB», XOTs M CO3HABAJIA KOMIIPOMHUCCHOCTH 3TOTO pernenusi. — [Ipum. peo.
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OTO yCIOBUE BBINOIHSETCS, HAIPUMED, KOLJIA PACCTOSHHUS MEXKJIY TOPOJIaMHU
PECTABISIOT CODOM KparTdaiiine MyTH B HEKOTOPOM CTAHJAPTHON MeTpPHUKe
WJIA eCIU JIOMYCKAITCA MApPIIPYThl, TPOXOIAIIAE depe3 HEKOTOPbIe Topojia o
HECKOJIbKY pa3, MOCKOJIBbKY B IMOCTEIHEM CIydae KayK/I0e M3 3aJaHHBIX PACCTO-
suuit d(c;, cj) MOXeT OBITh 3aMeHeHO IIMHON KpaTdaiflrero myTH oT ¢; K ¢j.
Herpyamo Bumerh, 9T0 W OpH YKa3aHHBIX OTPAHUYEHUSX 331a9a octaercs NP-
Tpyauoii. Bonee Toro, a1a Bcex aJqropuTMoOB, KOTOPBIE MBI PACCMOTPUM B J1AJTh-
HelirreM, OyZieT BBINOJIHEHO cooTHomeHne R4 = RS, Tak 9TO MBIl OTPaHUIHMCS
paccMOTpeHueM BeJIVUYUHBI R 4.

PaccmoTpuM ecTecTBEHHBIH IBPUCTUYECKUI aJrOPUTM, HA3BIBAEMBIN «OJIH-
sKadmmit coceny. Jror amropurm obosmavaercs NN 4 u omumcan, mampumep, B

pabore [162]. Iycts C' = {¢1, ¢, ..., €} — 3aJaHHOE MHOXKECTBO rOpojioB. B
Ka9eCcTBe TIePBOTO TOPOJIA Cy(;) B HCKOMOM MapIIpyTe BO3bMeM Topof ¢;. Eciu
HACTUYHBIN MapmIpyT < Cr(1)) Cn(2)s -+ Cm(k) s k < m, y»}e MOCTpOEH, TO B

KaIeCTBe FOPOJA Cr (k1) AJITOPUTM BBIOMPAET TOPOJ, ¢, OJIMKANIINNA K TOPOIY
Cr(k), (T.€. TOPOI C HAMMEHLITNM paccTosHieM d(Cx(k), €)), W3 TOPOJIOB, emIé He
OPUHAJIEZXKAIMX MAPIIPYTy (€CIM UMEeeTCs HECKOJIbKO TAKMX MOPOJIOB, MOXKHO
BbIOpaTh ropoj ¢ HauMeHbiiuM HOMepoMm). Ciepyroinas Teopema Posenkpant-
na, Crupnsa u Jlbiouca [457] mokasbiBaer, 4T0 3TOT NPUOJUKEHHBINA AJITOPUTM
MOXKET BECTH cebsi ropa3mao XyrKe, ueM JTI000# m3 00CY K IABIIUXCS HAMU aJIro-
PUTMOB [IJIsT PENTeHus 33Ja49u 00 yIaKOBKe.

Teopema 6.3. Jlaa undusudyasvroir 3aday 0 Kommueosarcepe I ¢ m 2opo-
0aMU U HEPABEHCTNEOM MPEY20AbHUKG SBINOAHEHO HEPLBEHCTNEO

NN(I) < =([log m] + 1)OPT(I).

N | =

Boaee mozo, 0as npouseosvHo OALWUT 3HaAveHUTE M CYULeCMEyom makue
undusudyasvuvie 3adavwu I ¢ m 2opodamu, wmo

NN(I) > % (10g2(m 1)+ g) OPT(I).

Hawubosnee BarkHOE yTBEpIXKIEHWE 3TOW TEOPEMBI MOXKHO CHOPMYIMPOBATH
OYeHb KPATKO: R, = 00; OHO MOKA3bIBAET HE CJIMIIKOM OOJIBIIYIO TEPCIeKTHB-
HOCTH aaropurMma «Ommkaimmii cocemy. IIpuMep CTOKHOM pEeKypCHBHOI KOH-
CTPYKIIUHU, UCIOIb3YEMO [IJisi MOSyJIeHUs HU2KHEH OIeHKW TeopeMmbl 6.3, mpu
m = 15 npexacrtaBjed Ha puc. 6.4.

IMorpemuocTs amropuTMa «OIMKANIIUN COCET> OCTABJISIET YKEJATH MHOTO
srydrero. Mbl yImoMstHyIu 00 3TOM aJIrOPUTME JIUIIE [IJIsT TOTO, YTOOBI TTOKA3ATh,
YTO J1ayKe BEChbMa PA3yMHBIE SBPUCTUKHU MOTYT MPUBOIUTH K MJIOXUM PE3YJIbTa-
TaM, OTJIMIAIONIUMCS OT ONTUMYMa B IIPOU3BOIHHO DOMBIIOE 9UCIO PA3.

K cuactbio, apyrue npubiamKEHHBIE AJITOPUTMbI PEIeHrsT ITON 3aJa9u pa-
borator ropa3mo Jyurie. B camom nenre, B pabore Posenkpanrina, CtupH3a u

4NN —or anrmmiickux cmos Nearest Neighbor (6nmxkaitmuii, cocen).— ITpum. nepes.
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Puc. 6..4: Cremamuueckoe uszobpascenue undusudyasvhoti 3a0a4u 0 KOMMU-
sosavcepe, 0aa kKomopol aszopumm «baudcatiwut coceds pabomaem naoxo. B
amom npumepe umeemca 15 2opodos, paccmoarue d(c;, c;) onpedeasemcs Kax
dauna Kpamuatiwezo nymu om ¢; K Cj, NOAYYAEMO20 C UCNOAB306GHUEM DE-
bep, uzobpasicennbir na pucynxe. Hempyono nposepums, wmo smu paccmoaHui
NOOYUHAIOMCA HEPABEHCMEY mpeyzosvhuka. Iepumemp daém onmumanbhoiis
Mapwpym daunos 15, a aszopumm <bausicatiwuti coceds 6vdaém 3auepHErHoLl
mapuwipym daunw, 27. Taxum obpasom, Ry (1) = 32 > L8 = L(log y(m+1)+3).

JIntonca [457] mpruBemeHO HECKONBKO MPUOINKEHHBIX AJTOPUTMOB C TOTDEI-
mocteio R4 = 2. Xoporro u3Becter 00aTa0MHUI STUM CBONCTBOM aJIrOPUTM,
OCHOBAHHBIN Ha IMIOHATHUN « MIHAMAJIBHOE OCTOBHOE JEePEeBO». PaCCMOTpI/IM nHIU-
BHUIyaJbHYIO 33129y O KOMMHUBOSIZKEPE, IIPEICTABICHAYIO B BH/IE TTOTHOTO rpada,
BEPIIMHAME KOTOPOTO SIBJISIIOTCSI TOPOJA, & KakIoe pebpo {¢;, ¢;} nMmeer «iu-
uy» d(c;, ¢j). B Takom rpade uMeeTcs 09eBHAHOE B3AMMHO-OIHOZHAMHOE COOT-
BETCTBUE MEXKJy BCEBO3MOZKHBIMU MalllpyTaMHW H IaMHAJIbTOHOBBIMHU ITHUKJ/IaMH.
OCTOBHBIM JIEPEBOM HA3BIBAETCS CBA3HBIN moArpad, CoIepKaliuii BCe BePITHHBI
U He COAepKAIMI IUKJIOB (T. €. MeX/y JIIOObIMU ABYMsl BEPIIMHAMU UMEETCS B
TOYHOCTHU OJIMH MyTh 6e3 MOBTOPAIONMXCs pédep). I10 MHAyKIuY JIeTKO TO0KA3bI-
BAETCSI, UYTO B CBA3HOM Tpade Ha M BEPITHHAX OCTOBHOE JE€PEBO HOJYKHO UMETH
m — 1 pebpo. MuHNMAJIBHBIM OCTOBHBIM JEPEBOM HA3BIBAETCS OCTOBHOE IEPEBO,
CyMMa JIAH pébep KOTOPOro MUHUMAJIHHA.

B orimmume or MapmIpyTOB KOMMHUBOAZKEDaA MUHUMAJIbLHOU JJIAHBI MUHUMAJIb-



150 I'masa 6. Ilogxoawr K perrernto NP-TOTHBIX 3a7a49

HBbIE OCTOBHBIE JIEPEBbsI MOYKHO JIEMKO MOCTPOUTH, 3aTPATUB MPHU TOM BpEM ,
OrpaHWYEHHOE TTOTMHOMOM HeBbICOKOi crenernu (cM. [308] mmu [9]). Bomee Toro,
JTHHA MUHAMAJBHOTO OCTOBHOTO JepeBa s rpada 3aJadu 0 KOMMHUBOSIKEPEe
IIOJIZKHA, OBITH MEHBIIIE JJINHBI MUHUMAJILHOTO MAPIIPYTa, MOTOMY 4TO OCTOBHOE
nepeso (6osee KOPOTKOE, 9€M 3TOT MAapIIPYT) MOMKET ObITh MOJIYYEeHO U3 HEro
nyTéM OTOpaChIBAaHUS OJHOTO pebpa. DTO HABOIUT HA MBIC/Tb, 9TO JOCTATOTHO
KOPOTKUH MAPIIPYT MOXKHO MOMYYUTh TOCTPOEHHEM MUHUMAJIBHOTO OCTOBHOTO
JIepeBa ¢ NOCIeIYIOMUM MOCEMIEHNEM BCEX TOPOJIOB B PE3YJIbTATe JBORHOIO 00-
xona nepesa. Ha puc. 6.5 (6) Takoit 06xom yka3an njs nepesa ¢ puc. 6.5 (a). B
pe3yJIbTaTe TAKOTO 00X0/1a HEKOTOPhIE TOPOIa MPUXOIUTCS MOCEIIAThH 0OIee o/I-
HOTO pa3a, ONHAKO TMOIYYEHHBIH MAPIITPYT BCEMIA MOYKHO COKPATUTH, €CITH KaXK-
JIBI pa3 UATU CPa3y B CAEAYIONIUIl elé He MOCEIIEHHBIN ropo, KaK MOKA3aHO
Ha puc. 6.5 (). HepaBencrso rpeyrosbauka obecrednBaer, YT00bl B PE3YIbTATE
TAKOTO COKPAILEHUA IJINHA MapIIPyTa HE YBEIMUNBATIACH.

(a) Goofive () Abosive aliead (8) Magesgm, mamgronanis
depelo depela # PEIYAGTITITE LOXDRUENA

Puc. 6..5: IIpeobpasosarue ocmosrozo depesa 6 MAPUPYM. OASL KOMMUBOANHCEPS
C UCTOABIOBAHUEM AA20PUMME «J60THOT 006700 depesas.

Takum o6pa3oM, JIHHA MAPIIPYTa, MOIYIAEMOTO B Pe3yJIbTaTe N3I0KEHHOM
BBIIIIE NPOUEAYyPBI, HE MIPEBOCXOIUT YABOEHHON JIMHBI MUHUMAJIBHOIO OCTOBHO-
ro IepesBa, 4TO CTPOro MeHbIle yABOEHHOI HJIMHBI ONTUMAJIbHOTO MapIIPyTa.
O603HaYNM AJIFOPUTM «IBOMHOrO 00XO4a MUHUMAJILHOIO OCTOBHOIO JEPeBas
gepe3 M ST®. TombKo UTO JOKa3aHHBI pe3yabTaT (hOPMYINPYETCsT CITe Ty IOIIM
obpazom:

Teopema 6.4. /Jlasa ecer undusudyasvhox 3aday o xKommueosscepe I, das
KOMOPHLL EHNONHACTNCA HEPABEHCME0 MPEY20NbHUKE, UMEEM MECMO Hepa-
6EHCME0

MST(I)<2-OPT(I).

[Tpumeps!, MOKA3BIBAOIINME, UTO TOMydYeHHast Ay ajropurma M ST oneHka
HAUJIYUIas 13 BO3MOXKHBIX U, CJIeIOBATETbHO, Ryrsr = 2T, TOCTPOUTH HETPY/I-
HO, ¥ MBI OCTaBJIsIeM 3TO B Ka4eCTBe YIIPaKHEHUA.

50r amrmmitickux cnoB Minimum Spanning Tree (MUHEMAJIBHOE OCTOBHOE AEPEBO).—
ITpum. nepes.
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W nes, mexamas B ocHoBe anroputma M ST, 6eina pazsura Kpucmogpuducom
[71], B pe3ybTrare 4ero GbLT MOCTPOEH IBPUCTUIECKUIT AJITOPUTM PellIeHusl ITOM
3a/Ia9H C eI§ MeHbIeHl MOrPenrHoCThI0. IS 9TOr0 UCIOIB3YeTCsT KOMOUHAINS
TEXHUKU «TAPOCOYETAHUI> U MOHATUIN «3iIepoB rpad» U «3MIepOB MAPIIPYT».
diineposvim 2pagom HAZBIBAETCS Tpad, y KOTOPOTO BCE BEPIIUHBI UMEIOT YET-
HBIE CTENEHU. JMUAEPOSHIM MAPUPYMOM B Tpade HAZBIBAGTCSA IUKII, TPOXOIs-
Ui POBHO O OJTHOMY paly depes Kaxkiaoe peopo. HerpyiHo mokazars, 9To miist
TOr0, 9T00bI rpad G OBLT UTEPOBBIM, HEOOXOIUMO U JJOCTATOYHO CYIIECTBOBA-
ure B rpade G siisepora maprpyTa (cM., HanpuMmep, [357]). Boree Toro, jgerko
MOCTPOUTH TOJIMHOMUAJIHHBIN AJITOPUTM OTHICKAHUST B TaKOM rpade 3imeposa
Maprpyra. Kpucrobuguc 3amerus, aro agroput™m M ST MOXKHO pacuj€HUTH
Ha derbipe craguu: (1) OThICKAHME MHHUMAJILHOIO OCTOBHOIO nepesa, (2) mpe-
obpazoBaHIe OCTOBHOTO JepeBa B 3itmepoB rpad MOCPEACTBOM IyOTHPOBAHUS
BCex pédep rpada, (3) orbickanne B MOCTPOCHHOM rpadde 3iieposa MapiipyTa,
(4) mpeobpasoBaHue C MOMOIIBIO COKPAIICHUS MOJIYYEHHOTO SHUIepOBa MapIi-
pyTa B MapIIpyT IJIisi KOMMUBOsi?Kepa. [LoCKOIbKY 00Ias IJInHa, J00ABISTEMBIX
péGep paBHa JJIMHE MUHUMAJIBHOTO OCTOBHOTO AepeBa (U, CIeI0BATENIbHO, MEHb-
1€ MUHUMAJIHHOW JJIMHBI MAPIIPYTa, JIJid KOMMUBOSXKEPA) U TAK KAK HEPABEH-
CTBO TPEYroJbHUKA FApAHTUPYET, 9TO 3aMEHA JABYX PEOEp OJHUM HE YBETUIUT
JIJIMHBI MAPIIPYTa, TO IJIMHA MOy YAIOIIErOCsS MaPIIPYTa MOYKET TPEBOCXOANUTH
MUHUMAJIBHO BO3MOXKHYIO JJIHHY MapIIpyTa camoe Oosbinee B aBa pasa. OmgHa-
ko Kpucroduauc mokazas, 970 OCTOBHOE JIEPEBO MOXKHO TPEBPATUTDH B JIEpOB
rpad ¢ emé MEeHbITUME U3IEPIKKAMUA.

D10 MOXKHO CIeIaTh, COCPENOTOYUB BHUMaHue Ha MHOkecTBe V' = {aq, as,
.., G2k } BEPIITMH OCTOBHOTO JIePeBa, MMEOIINX HEeUETHYIO CTermeHb (TaKnX Bep-
[IMH JOJIXKHO MPUCYTCTBOBATH YETHOE YUCO0). [lapocouemanuem B MHOKECTBE
V' mazmpiBaercs ero pazbuenne Ha k 2-3JEMEHTHBIX MOIMHOXKECTB. Becom Takoro
[apOCOTIeTAHNsT HA3bIBAETCS cyMMa paccrosuuit d(c;, ¢j), rae {¢;, ¢j} — mommmo-
JKECTBO PACCMATPUBAEMOro mapocoderanus u i < j (ays roro uyrobbl uzbexars
nybnmposanus). JIroboe mapocoueranme nst V' magér mam k pébep, nobasmenne
KOTOPBIX K OCTOBHOMY II€PEBY MpEBpAIaeT ero B diyepos rpad. Obmas mu-
Ha 3TUX pébep paBHa Becy mapocoderanus. [lapocowemanuem MUHUMAALHOZO
6€Ca HA3BIBAETCST MAPOCOYETAHNE, BEC KOTOPOIO MUHUMAJEH CPEIM BECOB BCEX
BO3MOXKHBIX mapocoderanuii. [lapocoderanns MUHUMAIBHOTO BECA MOTYT ObITh
HaiIeHbI 38 IOTMHOMUAJIBHOE BPEMsl CTAHJAPTHBIMU METOAAMU (CM., HAIIPUMED,
[324]). B mpubmmkénnom anropurme Kpucroduanca cragus 2 anropurma M ST
3aMEHSIeTCs TTPOIEAY POl OTHICKAHUST MUHUMAJIBHOTO TAPOCOYETAHUS JIJIsT MHO-
sxectBa V' ¢ mocieylommy mpeBpamenneM 0CTOBHOTO JIepeBa B 3iiaepos Tpad
TOCPEICTBOM JT00ABIEHNST COOTBETCTBYOIMMX PEOED.

OcHoOBHOE HAOIIONEHNE, MO3BOISAIONIEE OIEHUTH TTOIPEITHOCTH ITOTO AJrO-
PUTMa, COCTOUT B TOM, YTO BEC MAPOCOUYETAHUS MUHUMAJIHHOTO BECA, HE MOYKET
MPEBOCXOIUTDL MOJIOBUHBI JJIUHB MUHUMAJILHOTO MAPIIPYTa [IJIsT KOMMUBOSIIKE-
pa. B arom MmoxkHO yoeauThest caeayomum oopa3om. [IpespaTum BHAYAIE MAPIII-
PYT MUHAMAJLHOMN IJIAHBI B MAPIIPYT TOJBKO Ha BeprrHax u3 V. 9Toro MoKHO
JIOOUTHCs, UCKIIOYNB U3 33JAHHOTNO MAPIIPyTa BEPIIWHDI, HE TPUHAIIEKAIINAE
V'. B pesyabrare, B CHIy HEPABEHCTBA TPEYTONbHUKA, MOJTYYHTCA MAPIIPYT,
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JITHHA KOTOPOTO He MPEBOCXOIUT JTUHBI HCXOTHOTO. ITocTpOeHHbIH MaPIIPYT 3a-
nmaér Ha MHOKecTBe V' [IBa mapocodeTanus, KOTOPBIE MOMTy9ar0TCs, eCIH OPATh
pébpa B MapmipyTe depe3 ofHOo. HauMmeHbInit U3 BECOB ITUX JBYX MapOCOYe-
TQHUH HE MPEBOCXOMUT MOJOBUHBI JIUHBI MAPIIPyTa. OO03HAYNB MTOCTPOEHHBIH
anroput™ depe3 M M ¢ nomywaem ciemyromyio Teopemy.

TeopeMa 6.5. /laa 6cex undusudyarbHur 36004 0 KOMMUBOANCEPE, ONA KO-
MOPHLT BHNOAHACTNCA HEPABERCTE0 MPEY20ALHUKA, UMEEM, MECTNO HEPLEEH-
cme0

MM(I) < ;OPT(I).

Kak u pambIlie, HETPYAHO TOCTPOUTHL TMPUMEPHI, TOKA3BIBAIOIINE, YTO ITa,
OIleHKa, M0 CYIIECTRY, HAMIYUIIast BO3MOXKHAs (cM., Hanmpumep, [97]) n mosTomy
Ryv = % B macrosee BpeMst He n3BECTEH MPUOINKEHHBIA TOTMHOMAATHHBIH
AJITOPUTM PeIIeHnsT 33390 O KOMMHUBOSIZKEPE C HEPABEHCTBOM TPEYTONbHUKA,
MIOT'PEITHOCTH KOTOPOro OBbLIA ObI MEHBIIIE.

[Monydennbie BhINIe PE3yabTATH I 330aYU O KOMMHUBOSIZKEPE, MOIOOHO pe-
3yJIbTaTaM JIJIs1 3312491 00 YIIAKOBKE, IPEICTABJISIOT CODOM XapakKTepHBIN TIPUMeD
TOTO, Ha, 9TO MOYKHO HAIESATHCS TTPU PENICHUN TPYIHBIX 38029 MTOJIMHOMUAIHHBI-
MH aJIrOpuTMaMiu. B 00enx 3a/1a9aX NUMEeeTCs TapaHTHsT OTHICKAHUS TPUOIMKEH-
HBIX PEIIeHuil, JOBOIHHO DIU3KUX K ONTHMATBLHOMY, XOTS HU JJIsI OJHOM U3 HUX
HAWJIYYIas OIEHKA, MOTPEITHOCTH DEIeHus He TaK 0Ju3Ka K 1, KAK XOTEeI0Ch
OBI.

K coxanennto, nmeercst 6osbioe anciao NP-TpyIHBIX 33739 IPyroro TH-
na, i KOTOPBIX HE MU3BECTHBI MOJUHOMUAIBHBIE AJTOPUTMBI, JAXKe C TAKON
oneHkoit morpemuocru. OIUH U3 TPUMEPEB NOJOOHBIX 33739 — 3a7a49a O pac-
kpacke rpada: «3anan rpad G = (V, E), rpebyercsa Haiitn Takyoo (byHKIMIO
f:V = {1,2,..,k}, uro f(u) # f(v), ecim {u,v} € E n k — HanmeHbImee
BO3MOXKHOE». B TaHHOM ClIy4Yae MHOXKECTBO JOIYCTUMBIX PEIEHU COCTOUT U3
Beex takux dyukumii f: V — {1,2,...,|V]}, uro f(u) # f(v), ecm {u,v} € E.
Besnmuuna momycrumoro pemenns f pasaa max{ f(v) : v € V'}. B pabore Jotcon-
cona [264] ms GONBIIOrO YUCIA TOMMHOMAATIBHBIX IPHOITHKEHHBIX AITOPHTMOB
A permenns 3amaun 0 packpacke rpada J0Ka3aHO CYIIECTBOBAHUE TAKOW KOH-
CTAHTBI ¢ U TAKOTO OeckoHedHoro Muoxkectsa rpados G = (V) E), uro

A(G) > c-|V] - OPT(G).

Bonee toro, Hannydmast u3 U3BECTHBIX B HACTOSAIIEE BPEMsl OIEHOK ITOTPEITHO-
CTH J1J15 TIOJIMHOMUAJILHBIX aJrOPUTMOB A pertenns 3a1a4m 0 packpacke rpada
UMeeT BUT,

c |V
AG) = LOPT(G)
log |V|
(cMm. [264]). VubIMu ctoBamMu, 715 3a7a49 O packpacke rpada He W3BECTEH T0-
JIMHOMHUATHHBIA TTPUOIMKEHHBIA AJITOPUTM C OIMEHKON MOTPEITHOCTH, XOTs Obl

OJIM3KOH K oneHKe R4 < 00.

6MM- or amrnmiickux cios Minimum Matching (MuHUMaTbLHOE TApOCOYETAHHE) . —
ITpum. nepes.
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Bamada o packpacke rpada, TakuMm 06pa3oM, MpecTaBiasercs bomree TPy/I-
HOM, YeM 3a7a4a 00 yIaKoBKe U 3a/a9a 0 KOMMHUBOSI?KEDE ¢ HEPABEHCTBOM Tpe-
yronpauKa. [Ijist 370l 3a1a9u 38 TOTHHOMHUABHOE BPeMsT Mbl HE TOJBKO HE MO-
JKEM TOJIYYUTh TAPAHTUPOBAHHOTO ONTUMAJIBHOrO pertenus (ecau P # NP), Ho
Jlayke Pa3yMHBIX OIEHOK MPHUOJIMKEHUs K ONMTUMAJILHOMY pertenuto. /IBe mpy-
rUe 33729, KOTOPbIE MPEJICTABISIIOTCS B TAKOM YKe CTEIMEHU He MO/ IIAIONIIMICS
PEIeHHT0, — 3TO 337298 OTHICKAHUST MAKCUMAJIHLHOIO MO MOITHOCTH MHOYKECTBA
HE3aBUCUMbBIX BEPINUH B rpade U 33a9a OTHICKAHUS MUHUMAJIBHOIO MapPIIPyTa
JIJIST KOMMUBOSIXKEPA, €CJIM He TPeOOBATEH BBIMOIHEHNST HEPABEHCTBA, TPEYTOIbHU-
ka. (B crenyromem pasiene Mbl €I BepHeMCs K 9THM 33a9aM. )

Cnemyer oTMETHTH, YTO BO3HHKAIOIIEE OYEBHIHBIM 0OpPa30M MOpasiesie-
HUE 33J]a9 Ha XOPOINO U ILIOXO PEIaeMble MPUOIMKEHHBIMUA METOJAMHE, T0-
BUJIUMOMY, HE MMEET OTHOIIEHUsI K TOMY (DAKTy, 9TO ITH 384N TECHO CBI3AHBI
MOCPEICTBOM TOJMHOMUAIBHBIX CBOAUMOCTEH. MOKHO OBIIO ObI AyMaTh, UTO
TaKasi CBOAMMOCTD MO3BOJISIET TTPE0OPA30BATH XOPOIIN MTPUOJINKEHHBIN aJIro-
PUTM peIIeHusi ONHON 331a9M B XOPOIINN MPUOJIMKEHHBIN AJITOPUTM DPEITeHUsI
npyroit. OaHako, BOOOIIE roBOPsi, 3TO HE TAK, YTO MOXKHO YBHJETb U3 MPHUBE-
JEHHOTO HUXKE MpUMepa.

Hamomaum, gro B pa3za. 3.1.3 6su10 ycranosieno, uro 3agadu BEPIITNH-
HOE TIOKPBITUE u HEBABUCUMOE MHOZKECTBO ouenn TecHO CBsI-
saunl. g rpada G = (V, E) nonmuoxkectso V! C V gaBisdercs He3aBUCH-
MBIM MHOKECTBOM TOTJIA U TOJIBKO TOT/IA, KOTIA JOMOTHUTETHHOE TOIMHOKECTBO
V' \ V' aBnsiercs BepmunubiM OKpeiTueM B G. Bosee Toro, sTa B3aumMocBsa3b
MEPEHOCUTCS W HA COOTBETCTBYIOIIME ONTHUMHU3AIMOHHBIE 3agadu. MHOXKeCTBO
V' — MakcuMaIbHOE HE3aBUCUMOE MHOYKECTBO B (G TOTIA U TONBKO TOT/IA, KOTIA
V\ V' — MuanmanbHoe BepimHHOe TOKPhITHE B G (B pACCMATPHBAEMBIX CITyUYasTX
B KQUECTBE BEJIMUMHBI PEIIeHUs] OEpeTCst YNCI0 BEPIITUMH B HE3ABUCUMOM MHOYKE-
CTBE U BEPIIUHHOM IIOKPBITUH COOTBETCTBEHHO). OHAKO, XOTsl HAM HE U3BECTEeH
OpUOTHKEHHBIN TOTHHOMUATBHBIN AMTOPUTM C MOTPEITHOCTHI0 Ry < 00 miis
PEIIeHNs 33Ja90 O MaKCHMATBHOM HE3aBUCHMOM MHOXKecTBe (cM. [263]), ume-
€TCsI OYEBUIHBIN AJITOPUTM OTHICKAHUSI MUHUMAJIBHOTO BEPIITUHHOTO MOKPBITHUS
¢ morpemmHocTbio R4 < 2 (em. [167]).

IMocmeaauii AMTOPUTM OCHOBAH HA HJEE «MAKCUMATHLHOIO MapOCOYCTAHUS>
B rpade. Ilapocouemanuem B rpade G = (V, E) Ha3blBaeTCsd TAKOE MHOXKECTBO
E' C E, uro nukakue nsa pebpa u3z E' we umeror obieli Bepiunbl (B3auMo0T-
HOIIIEHUE MEXKIY ITUM TTOHATHEM U MOHSATHEM, UCTIOIB30BABIINMCS B aJITOPUTME
Kpucrodumuca s 331891 0 KOMMHUBOSIZKEPE, COBEPIIIEHHO 0ueBuIHO ). [Tapoco-
gyeranve E' HaszbiBaeTca MaKCUMAIbLHBIM, €CIM KayKI0e U3 pedep, OCTABIIUXCS B
muoxkecrse E\ E', umeer obli1y0 BEPIIUHY ¢ HEKOTOPBIM 3JIEMEHTOM MHOXKECTBa,
E'. Maxcumarvroe mapocodeTanne CTPOUTCS O9€Hb TPOCTO 33 IOJTHHOMHUATHHOE
BpEMs: K HEKOTOPOMY y3Ke MTOCTPOEHHOMY TapOCOYETAHHIO MOCTIEI0OBATEIHHO JT0-
OaBIAIOTCA pébpa, TOKa 3TO BO3MOXKHO. Bojee Toro, 3ameTum, 4ro ecam B’ —
MaKCUMaJIbHOE mapocoderanue i (G, TO MHOXKECTBO BCEX KOHIOB pébep u3 E’
JIOIZKHO ObITH BEpPIIUHHBIM MOKpbiTueM G (B mporusHOM ciydae E' He makcu-
MasbHO). Takoe BepIIMHHOE MOKPBITHE UMEET MOIIHOCTb, paBHyto 2|E'|. Bax-
HOE 0OCTOSATENHCTBO COCTOUT B TOM, 94TO JTI000e mapocoderanue st G IOTKHO
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uMeThb 1o Kpaiineil mepe |E'| BepiuuH, OCKOJIBKY OHO JIONXKHO BKJIIOYATH 110
KpaifHeil Mepe OIMH KOHeI, KasKJI0ro pedpa pacCMOTPEeHHOro napocoderanus E.
Takum 06pa3oM, MOITHOCTH BEPITUHHOTO MOKPHITHS, KOTOPOE CTPOUTCS IO TTapo-
coderannio F', He TpeBOCXOINT yIBOEHHOI MOIIHOCTH MUHIMAJIBHO BO3MOYKHOTO
MapoCoOYeTaAHUSI.

ITpwawra BecbMa PA3MUIHOTO MOBEIEHUS 33739 O MAKCHMATHLHOM HE3ABU-
CHMOM MHOYKECTBE W MUHUMAJHHOM BEPIIMHHOM HOKPBITHH 10 OTHOIIEHWIO K
PEIIeHNIO TOTMHOMHUATBHBIMU TTPUOTNKEHHBIMA AJITOPUTMAMHU CTAHOBUTCS $IC-
Ha, €CJIU MBI MOMBITAEMCS C TTOMOIIIHIO MOJTMHOMHUATHLHOTO CBEJIEHNST OJTHON 3a7a-
YU K IpYyTOil Mpeobpa30BaTh TPUBEIEHHBIN BBINIE aJITOPUTM DEIEeHUsT OTHOMN 13
HUX B aJroput™ pernenus apyroii. [Ipemgmomoskum, uro umeercs rpad ¢ 1000
BEpIINHAMHU U MAUHAMAJIbHOE BEPITUHHOE MOKPhITHE MOImHOCTH 490. YKa3aHHBII
BBIIIE TPUOINKEHHBIA AITOPUTM FAPAHTUPYET, YTO HAUIEHHOE C €ro MOMOIIHIO
BEPIITUHHOE MOKPBITHE UMEET MOIIHOCTH He OGoee 980, MOCKONBKY OTHOIIEHUE
HE TTPEBOCXOIUT 2, OHAKO OTHOIIIEHWE MOITHOCTEH COOTBETCTBYIOIINX HE3aBU-
CUMBIX MHOYKECTB MOKET JOCTUTATH BETHIUHBI

1000 — 490 _ 510

—— = — =255
1000 — 980 20 5:5

XoTs1 CBOAMMOCTH COXPAHSAET ONTUMAJILHBIE PEITeHUsT, OHA HE COXPAHSIET 0MHO-
WeHUA BEJIMIUHBI ONMTUMAJILHOTO PEIIeHUsT K BeJIUUnHe npubamkénnoro. Her
OCHOBAHHUI MONMAraTh, 9TO OJIM3KOE K ONTHMYMY JOIMYyCTUMOE DEIIeHWe OXHOM
387291 OTOOPAKAETCS B OJM3KOE K ONTUMYMY JOIYCTHMOE PElleHne APYyTOi
3agaqn. TakuM 0O6pa3oM, IJIsi TOrO 9TOOBI CBOIUMOCTH, UCIOIb3yeMbIe I JT0-
Ka3aTeahCTBA NP-TIOHOTHI MOXKHO OBIITO HCITOMB30BATH MJIs MPeoOpa30BAHUS
XOPOIITUX TPUOINKEHHBIX aJITOPUTMOB PENIeHNsT OTHON 3a1a9i B aHAJIOTHIHBIE
AJITOPUTMBI PEIIEeHUsT APYTOif, HEOOXOIUMO, YTOOBI CBOAUMOCTH COXPAHSIA Be-
JIMYMHY PemeHuii 601ee PAaBHOMEPHO.

PaccMOTpeHHBIE HAMY TUIIBI TIOBEIECHHS TPAOIMKEHHBIX AITOPATMOB HE WC-
YEPIBIBAIOT BCEX BO3MOMKHOCTEA. MBI BUZEN, 9TO HEKOTOPBIE 33/Ia491 PENIATOT-
cs1 MPUOIIMIKEHHO TOPA3/IO Xy¥Ke, deM 33aa4ua 06 yrmakoske. C apyroit CTOPOHBI,
UMeeTCsl Psif, 33044, KOTOPBIe TPEICTABIIIOTCS 3HAUNTEILHO 60JIee TPOCTHIMHU.

Bepuémcsi, nanpumep, k onpegenéunoit B paszg. 3.2.1 zamage PIOK3AK.
Eé ontumusanuonubii BapuaHT (HOPMYTUPYETCS CIeAYommM obpazom: «3a-
JAHO KOHEYHOe MHOXKECTBO U «IpeiMeToB», Ijid Kaxkaoro ms u € UT «pas-
mep» s(u) € ZT m «crommoctby v(u) € ZT, a TakkKe MOMOKHUTETHHOE THCIO
B > max{s(u) : u € U} — «EMKOCTh pIOK3aka». Tpebyercss HafTH TaKkoe MO~
muaokectBo U C U, uro ), ¢y s(u) < B, w Benmamna ) o s(u) npuHIMaer
HAMOOJIbIIIEe BOZMOXKHOE 3HadeHnes. VIHbIMU CIOBAMU, HEOOXOAMMO MAKCAMU3ZHU-
POBaTh HEHHOCTH TOTO, YTO MOMEIIAETCA B «PIOK3aK», IIPU YCIOBUHU, 9TO CyMMA,
Pa3MepoB TPEIMETOR, MOMEIIEHHBIX B PIOK3aK, HE MPEBOCXOIUT €0 EMKOCTH.

OauH pocTol MPUOIMIKEHHBIN AJTOPUTM pEIIeHns 3TOW 3amadnm pabora-
er cleAynomuM obpasoM. Ymopsimunaem MuoxecTBo U = {uy, ua, ..., up} 10O
yOBIBAHUIO «YJIEIbHON IIEHHOCTU», T. €. TaK, 4To v(u1)/s(u1) > v(us)/s(u2) >
e 2 v(uy)/s(uy). BareM, HaAUKHAL ¢ MycTOrO MHOXKecTBa U', mOCIe10BaTeIbHO
nobaBngeM K HEMY TIPEAMETHI U3 CIHCKA, MPUIEM TIpU J00ABIEHAN MPEIMETa
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1; TIPOBEPSIEM, HE MPEBOCXOIMT JIM CyMMa Pa3MepOB, yKe comepxkamuxcsa B U’
OpeaMeToB, BeauduHbl B —s(u;). 3areM cpaBHUBAEM CTOUMOCTD PEIIEHHUS, IOy -
YEHHOTO ITUM «KATHBIM AJTOPUTMOM» ¢ MAKCUMYMOM CTOUMOCTH TIPEIMETOB U3
MHOXKecTBa U u BBIOMpaEM u3 3TUX ABYX BeJMUnH HAmbOosbIry0. He mpemcras-
JITeT TPYIA J0KA3aTh, YTO TMOCTPOEHHBIH TAKUM OOPA30M COCTABHON KATHBIHN
anropurm GA” umeer norpemmnocts Rga = 2.

OHAKO, BKIIOYAS 3TOT AJTOPUTM B DOJIEE COBEPIIEHHYIO TPOIEILYPY, MOXK-
HO H0CTHYb ropa3zno Goubiiero. Carnu [464] nokaszasn, uro mng Beex k > 1 cy-
[IECTBYET TAKOH MPUOIMKEHHBINH MOTMHOMUAAIBHBIH anroputm Ay, 910 Ry, <
14 (1/k). OcHoBHast nest MOCTPOEHNsT TAKOTO AJTOPUTMA 3aKIIOIAETCST B UCITHI-
TAHWM B KAYECTBE MCXOIHOTO MHOXKECTBA ' BCEX BO3ZMOXKHBIX MHOYKECTB, COCTO-
damux He Gosee yeM u3 k IpeaMeroB, u Mocieayonero obasnenus K Hemy (¢
ucnosnb3oBanueM aaropurma GA) Kak MOXKHO GOJIbIIErO YUC/IA IPEJAMETOB. 3a-
TEM HAWTYYINee U3 MOTYyIeHHBIX MHOXKECTB Oepercs B KA4ecTBe MPUOIUKEHHOTO
PeIIeHusI.

K coxkamennio, XOTs st Kayka0ro (PUKCHPOBAHHOTO 3HAUEHNsT k BpeMmsi pa-
O0TBI COOTBETCTBYIOIIETO AJTOPUTMA, (GAKTUIECKU TOJTUHOMHUAJIHHO 3aBUCUT OT
n,logV ulog$S (tme V = max{v(u) : v € U} u S = max{s(u) : u € U}),
9TH TIOJMHOMBI BCETIa cofepzkar k B moka3arene. UToObl TapaHTHPOBATH Pellre-
HUs, OY9eHb OJIM3KUE K ONTUMATBHOMY, TPUIILIOCH ObI OOPATUTLCS K AJITOPUTMY,
BPEMEHHAsT CJIOKHOCTH KOTOPOTrO ObIIa OB MOJTUHOMOM OYEHBb BBHICOKOM CTETEHH
U KOTOPBIH MOT ObI OKA3aThCs BECHMa, IOPOTUM IIJIsi TPUMEHEHWsT Ha, TTPAKTUKE.
Tem He MeHee yKa3aHHBIE aJTOPUTMBI BEIYT ceOs1, MO KpaiiHeil Mepe TeopeTu-
YECKH, JIyYIlle, YeM AJTOPUTMBI I 3a7a9i 00 YIAKOBKE, MOCKOIbKY, KAK MbI
BUJIEIIH, [IJIsI TOCTEIHEN 3a/1a91 He U3BECTHO MPUDJIUKEHHOTO MOTHHOMUATHHOTO
AJITOPUTMA, C OTHOCUTEIHHOMN TIOTPEITHOCTHIO R 4, CYIIECTBEHHO JIy JIliei, Yem 19—1.
st 330891 O PIOK3aKe WMEIOTCST MOJIMHOMHUAJIBHBIE aJITOPUTMBI, JIJIT KOTOPBIX
R4 xax yrommo 6sm3ka K 1.

Bortee Toro, neastio Hoappa u Kum [248]® noxazamu, 4to a71st 3a1a41 0 proK-
3aKe MOYKeT OBITH MOCTPOEHO MPUOIMKEHHOE PEIIeHUe C AHATOTHIHON ONEHKOM
[MOrPEITHOCTH 063 UCIOMb30BAHUST AJTOPUTMA, COAEPIKAINEro k B MOKA3ATENe.
DTOT pe3yabTaT OA3UPYETCst Ha, TOM, 9TO 33Ja49a O PIOK3aKe MOYKET OBITh perre-
HA TICEBIOTOINHOMUAIBHBIM ONTUMHU3AIUOHHBIM ajroputMoM. Ubappa u Kum
MOKA3aJIM, KAK 33 CUeT TOTEPU TOYHOCTU MOCPEICTBOM OKPYTJIEHUS M MACIITA~
OGupoBaHUs NOJOOHBIN ONTUMHU3AIMOHHBIN ATOPUTM MOYKET OBITH MPEBPAIIEH B
MMOJTMHOMUATIbHBIN.

JIJ1st WILTIOCTPAIIN ITOTO METOJA MPEIIIOIOKUM, 9T0 A — MCeBAONOTHHOMH-
AJIBHBIN OMTUMUBAIMOHHBIN aJITOPUTM PEIIEeHNs 3302491 O PIOK3aKe, BDEMEHHG S
CJIOYKHOCTH KOTOPOT'O MMEET MOPSIIOK, CKAYKEM,

O(n*V log (nV 9)).

Kax1yio MHANBAAYATbHYIO 33749y O PIOK3aKe MOXKHO MOAUDUINDPOBATH, 3a-
MeHsist cromMocTH v(u) Beex mpeameroB u € U HOBOW Besmumuol o' (u) =

TGA - or aurmmiickux cios Greedy Algorithm (>xkamuelii amroput™m). — ITpum. nepes.
8CwM. Taxke paGoTsl Babara [13*, 14*]. — ITpum. ped.
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|v(u)/ K|, nns wekoroporo dbukcupoannoro K > 0. ljs npumeHenus ajiro-
puTMa A K BO3HHKIIEH B pe3y/bTaTe HHAMBULYATBHON 3a1a9e TpebyeTcd BpeMs
HopsIKa

O(n*(V/K)log (nVS)).

Bomee Toro, mockonbKy ONTUMAILHOE PENIEHNe HE MOMKET COMEP:KAThH OOJNbIITe
9eM 7 IPeIMeToB, TO UMEeETCs cJeiayomas B3aumocsasb mexay OPT(I), cro-
UMOCTBIO ONTHMAJIBLHOrO pelleHus ucxoquoii 3agadu, u OPT(I'), croumocTbio
ONTUMATBLHOTO PEIeHnst MOAUDUIUPOBAHHON 3aa9H:

OPT(I) - K - OPT(I') < Kn.

Bamerum, uro K -OPT(I)' He npeBOCXOIUT CTOUMOCTHU ONTUMAJIHHOTO PEIIEHMUST
3ama4an I, BEIPAsKEHHON B MCXOMHBIX CTOMMOCTAX IIPEAMETOB. TakmMm obpasoM,
ecnu B3ATH onTEManbHOe pemenne U’ 3amaun I’ B kadecTBe NpubIMKEHHOTO
perrenus 3a7a9u I, TO €ro CTOMMOCTH OYJIET OTIUYATHCS OT CTOMMOCTH OIITH-
MaJILHOTO perienus 3amaun [ me 6omee yem Ha Kn.

2KenaeMbrii pe3yabTaT MOMIyYaeTcss Teneph, ecan BbiOuparh K 3aBucsSmmm
OT UCXOMHOM MHAMBUAYAIbHON 3amaun I. B wacTHOCTH, MOXKHO TTOMOKUATE K =
V/(k+1)n, rae k — bukcupoBaHHOE MOJIOKUTETHHOE LEJI0e YuciIo. B pesynbrare
OJTy9aeTcsl MPUOIMKEHHBIN amroputM Ay, UMENuil BpeMEeHHYI0 CIOXKHOCTH
nopsaka O(kn® log (nV'S)) u, ciemoBaTelsHo, OrpaHWIEHHYIO MOTMHOMOM OT
n,logV,log S u k (Bpems, 3aTpadnBaeMoe Ha MOCTPOCHUE MO WHIANBUILYAJIHHON
sagade I 3amaqm I', He TPEBOCXOIUT BpPEMEHn paboThl anropuTtMma A Ha Bxome
I"). Bosiee TOro, nocKoIbKy

Ap(I) > OPT(I) — Kn=0OPT(I) - V/(k+1)
n tak kKak OPT(I) > V, nonyuaem

OPT(I) _ Au(I)+V/(k+1) V/(k+1)
L0 ST 4o STV VG

R, (I) = =14 (1/k).
970 U yTBepXKIaI0Ch. (Anropurm Nbappsr 1 Kuma HECKONIBKO CJIOKHEE, OIHAKO
NPUBEIEHHBIX PACCYKIEHUI JOCTATOYHO JJisl UJLIIOCTPALMU OCHOBHOM HUeu. )

AHHpOKCI/IMaHI/IOHHbIe BO3MOXKHOCTH, BBIABJIEHHBIEC Ha IIPpHMEPE 3THUX aJIro-
PUTMOB, He OTPAHUYWBAIOTCHA HUCKITIOYUTENTHHO 33/a49eil 0 pIoK3ake, a ITPOsiB-
JIAIOTCA TaKzKe B HEKOTOPBIX JIPYTruX CUTYAUAX. H03TOMy JJIA O6cy}KﬂeHI/IH
Pe3yJIbTATOR TOJOOHOTO TUITA, TOJIE3HO UMETh ODIyi0 TepMmuHOIorni0. Hazosem
annpoKcuMayuonnot cremoti s onrTuMu3anuonuol 3amadu I1 amropurm A,
KOTOPBIi, HAYMHAA pAabOTATh HA BXOJE, COCTOAIIEM M3 JIBYX OOLEKTOB — WHIN-
BuayanbHON 3amadn I € Dy m «xkemaemoit Tounoctuy € > 0, BBIIAET Takoe
nponycrumoe perenne o € Sr(I), aro

Ra (I) <1+e.

31ech TEpMUH «CXeMay UCIOIB3YETCS 0 TOH MTPUYUHE, 9TO B JIEHCTBUTETBHOCTH
A npencrapaser coboii HAbOP IPUOIMAKEHHBIX aJICOPUTMOB pelleHus 3aaa4dn 11,
0 OJHOMY [T KAXKJI0ro 3Hadenus € > 0.
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IIpubnuxénnas cxema A Ha3BIBACTCS NPUOAUNCEHHOT CTeMOT ¢ NOAUHOMU-
aAbHBLM Bpemenem pabomp, (MU IPOCTO NPUOIIUKEHHON TOJIUHOMUATBHOM CXe-
MOit), ecau Jyisi Kaxkzaoro € > 0 coorBercrBytomumii anropurM A. umeer 1o-
JIMHOMUAJILHYIO BPEMEHHYIO CIOXKHOCTL. [Ipubamkénnas cxema A Ha3BIBAETCS
BNOAHE NOAUHOMUAALHOT NPUbAUNCENHOT cremol, ecTn eé BpEeMeHHasT CIO0XK-
HOCTb orpanudena noaunomom ot Length[I] u 1/e. Takum obpa3om, nocienoba-
TEJIbHOCTH AJITOPUTMOB, npeiokennas Caxau [464], npeacraBisier coboii mosu-
HOMHUAJIHHYO TPUOIMKEHHYIO CXEMY 718 33191 O PIOK3aKe, OJHAKO OHA He SB-
JISTETCS BIIOJIHE TOJIMHOMHUAJILHON MpuOImKEHHOM cxemoii. [TociemoBaTesbHOCTE
azropurmon N6appst n Kuma [248] npezncraBisier coboi BIOIHE TOTMHOMUAATH-
HYI0 MIPUOINKEHHYIO CXEMY MIJIsT STOM 3aTa4M.

Hexkoropsie ymyurienus mpubimxkénnoii cxembr bapper 1 Kuma obcyxma-
1orcs B pabore [329]. Anasorndnbie NIPUOIMKEHHBIE CXEMBI JJIs1 33,1849, TIOXOXKUX
HA 337]a9y O PIOK3aKe, a TAKXKe JIJIsi HEKOTOPBIX 33789 W3 TEOPUU PACIHCAHUIN
MOXKHO HaliTn B paborax [465] u [221]. OcHoBHas Mest BCEX THX MPUOINKEHHBIX
CXeM aHAJIOTMYHA OTMMCAHHON BBIIIE: B KAYECTBE OCHOBBI CXeMbI OEPETCS TICEBI0-
MOJIMTHOMHUAJILHBIN aJITOPUTM, 3aTEM TPUMEHSIOTCS METOIbI OKPYTJIEHUST U MaC-
MTadUPOBAHUS [IJI TOTO, YTOOBI 38 CYET OTPAHUIEHHOTO YMEHBIIIEHUS TOYHOCTH
3HAYUTEIHHO YMEHBIIUTH BPEMs PADOThI aIropuTMa. BIosiHe MOTMHOMUATHHBIE
npUOMMAKEHHBIE CXEMbI BO MHOTUX OTHOIIEHUSX — JTO JIydIlliee, HA 9TO MOXKHO
PACCUUTHIBATE TIpU periennn NP-Tpyausix 3ama4 ontuMusanuu. Ecaun P # NP,
TO JIJIsT PENIeHns TAKOM 3a/1a9M, KaK HaM W3BECTHO, HE YIAETCSA TTOCTPOUTD MPHU-
OJIMKEHHOTO MOJIMHOMUAIBHOTO anropurma A, nns koroporo R4 = 1. Oxnako
HOCKONMbKY RS — BenudmHA, onpeensdeMas aCHMITOTHYECKH, TO BIIOJHE BO3-
MOKHO CYIIECTBOBaHHE IOTHMHOMHUAJIBHOrO anropurma ¢ R = 1. Hanpuwmep,
JIurrron n Tapbsu [354] ykazanu mpuOInKEHHBIH MOIMHOMUAIBLHBIN AJITOPUTM
A 1715 OTHICKAHWUST MAKCUMAJIBLHBIX HE3aBUCUMBIX MHOYKECTB B IMJIAHAPHBIX TPa-
dax (3ra momzamava ma miaockux rpadax ocraercs NP-TpyaHOI) € OIEHKOI
OTKJIOHEHUSI OT OITUMYMA

|A(1) = OPT(1)| < O (1/+/log og OPT(I)) - OPT(1).

Jpyras BO3MOXHOCTh JOCTHIH OTHOMIEHNA RS = 1 cOCTOMT B TOM, YTOOKT Orpa-
ranth Beananny |A(I) — OPT (I)| xoucranToii, He 3aBucsimeit ot I. Hanmpumep,
IIJIST 33JQ9U YITAKOBKU MOYKHO OBITIO OBI TOMBITATHCS TOIYIUTh TAKON mpudIm-
JKEHHBIT monuHOMuAbHBI anropur™, 9ro A(I) < OPT(I) 4+ 1 mna Bcex wH-
IUBHAAYyAIbHBIX 3ama4d I. XoTsa s 3a7adm 00 yIAKOBKE TAKOH AJTOPUTM HE
n3secrer, Lopornti n Caxun [222] mokasasnm, 9To €ro MOXKHO MOCTPOUTE [IJIs
NP-tpynHOii 3312491 00 yIAKOBKE MAKCUMAJIHHO BO3MOYKHOTO YHCIIA TTPEIMETOB
B JBa KoHTeifiHepa. ITomobubIx pesymabraTos o pasvocty |A(I) — OPT(I)| most
NP-TpyaHbIX 33/a4 M3BECTHO HEMHOI'O, OJHAKO HECKOJIbKO 3a[ad, HJs pelle-
HUsI KOTOPBIX HE U3BECTHO MMOJMHOMHUAILHOIO aJrOPUTMa, YIAETCS IPUOIU3UTH
nox00HbIM 06pa3om; cM. [504, 286, 285].
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6.2. IIpumenenue Teopumn NP-TTOJHOTHI K OThICKA-
HUIO TTPUOJIMKEHHBIX PeIleHil

Jlo HACTOSAIIEr0 BpeMeHW Mbl He MPUBETN HUKAKAX aPryMEHTOB B MOJb3Y TO-
IO, 9TO BBISIBJICHHBIE PA3IUINA B BO3MOXKHOCTH MPUOIMAKEHHOTO perrenns NP-
TPYAHBIX 3329 UMEIOT OOBLEKTHBHBIE TPUYUHBLI, 8 HE SBJSIIOTCS TTPOCTO pe-
3yJIbTATOM HAIIErO0 HEYMEHUsI HAXOIUTH XOPOINE TPUOIMKEHHBIE aJITOPUTMBI.
B macrosimiem paszmesne 6yIer moKaszaHo, YTO HEKOTOPBhIE W3 3TUX DPa3JInYdnil B
EeHCTBUTENBHOCTA— HEOThbEeMJIeMasi 4epTa caMux 3a7ad u 4910 Teopueit NP-
MIOJTHOTBI MOYKHO BOCIIOTB30BATHCS [IJIsI TOTO, 9YTOOBI O4EPTUTH IPAHUIIBI BOZMOXK-
HOCTEeH TPUOIMKEHHOIO PeIeHns KOHKPeTHOH 3amadn. st onTuMu3aiinoHHOI
zagaqn [1 Hazorem acumnmomuyecku Hausywwed docmuAicuMOt OMHOCUMENL-
HOU NO2PEUWHOCTNHI0 BETIINHY

JJIst periennst 3agaun 11 cymmecTByer Takoi
Ry n(Il) = inf ¢ r > 1 : npubamKEHHBI TOMMHOMUATIBHBII

amropur™m A, aro RY =r.

Ha ocroBe pe3ynbTaToB, N3I0KEHHBIX B TTPEIBIAYIIEM Pa3aesie, MOYKHO TTPe/Imo-
JIOXKUTh, 4TO CymecTByioT NP-Tpyanbie 3ama4n, s Kotopbix Rasrn (1) = oo,
cymectBytor NP-tpyaubie 3aga4n, s Koropbix 1 < Rasrn(IT) < oo, a takxke
NP-tpynubie 3amauu, s kotopbix Ry (IT) = 1. Eciu peanusyercs mocien-
Hsisl BO3MOXKHOCTb, TO MOXKHO BBIJE/IUTH CJIEIYIONIHe BayKHbIe mojacaydan: 11
MOXKeT ObITH perena (1) moamHOMHANBHON MPUOANKERHOH cxeMoit, (2) BroaHe
MOJIMHOMUAJIBHON TPUOINKEHHON CXeMOit, (3) TpPUOIUKEHHBIM TTOJMHOMHAAIb-
HBIM ajaroput™MoMm A, mis xoroporo RY = 1, u (4) npubGnimKEéHHBIM TOIHHO-
MHUAJTBHBIM AJTOPUTMOM, A, 17T KOTOPOro Mpu HEKOTOPOM (UKCHpOBaHHOM K
BoinonHeHo HepaseHcTBo |A(I) — OPT(I)| < K. KoHe4HO, BO3MOXKHBI U JPyTHEe
TUTIBI OIIEHOK OTKJIOHEHHUsI OT OMTUMYMa, HO MEPEYUCTEHHBIE YeThIPe THUIA, OIe-
HOK B HACTOsIIIIEe BpeMst Hanbosiee N3ydeHbl, U B TaJdbHEHTIIeM MBI OTDAHUIUMCS
TOJTBKO WM.

ITpu mouncke J0KA3ATEMBLCTBA TOTO, 9TO JIJIsi KOHKPETHON 3a/1a9i HEKOTOPHIE
U3 MEPEUIUCIEHHBIX BO3MOXKHOCTEH HE MOTYT OBbITh PEaTM30BAHBI, MBI, KAK OOBIY-
HO, HATAJIKWBAEMCS Ha TO OOCTOSITEIHCTBO, UYTO TMOKA HE M3BECTHO, COBMAIAIOT
mn knaccel P n NP. IloaToOMy TO-TIpesKHEMY OCTAaeTCs BO3MOIKHBIM, UTO BCE
NP-3KBUBAJIEHTHBIE 330a4N TIOAJAIOTCSA PEITeHWI0 TOYHO 33 MOJWHOMUAILHOE
BpeMs (Bce OOCYKIABIIMECS [0 CUX MOP ONTUMH3ALUOHHBIE 331a9U ABJIAIOTCS
kak NP-nérkumu, tak u NP-rpyaubivu). Ilo 310l npudune Mbl O0gTh OrpaHu-
YUMCsT YCIIOBHBIME PE3yJIbTaTaMU, NOKa3biBas, 9ro ecaun P # NP, to 3amada I1
HEe MOXKeT OBITh pereHa MPUOIMKEHHBIM MOTMHOMHUAIBLHBIM aJTOPUTMOM OTpe-
IeJEHHOTO THUTIA.

Buauase paccMoTpuM oHY U3 HAUOOJIEE €CTECTBEHHBIX OIEHOK OTKJIOHEHUsI
OT ONTUMYyMa, & WMEHHO PEe3yJbTAT BUIA <«JJIs BCEX WHIUBUIYATHHBIX 3229
I nmeer mecro ouenka |A(I) — OPT(I)| < K, rne K — koucranray. IIpumep
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3aJ1a4u, JI7Isi KOTOPO# TaKas OLEHKA MCKII0YAeTCs, JaET HAM 3a/1a4a O PIOK3aKe;
eé ONTUMU3AIMNOHHDINA BAPUAHT OBLT ONPENETEH B IPEAbIAYIIEM Pa3ierne.

TeopeMa 6.6. Ecau P # NP, mo ne cyuecmsyem nosuHoMudAsbHO20 NPU-
OAUNHCERH020 anzopumMma A dasa pewenus 3adauu o proKsare ¢ OueHKol

A(I) - OPT(I)| < K,
2de K — nexomopasa Gurcuposannas KoHCmanma.

JlokazarenncrBo 1. Ilpenmonokum mpoTUBHOE, T. €. 9T0 A — aaropuT™, 061813~
IOIIHIf STUM CBOMCTBOM (HE OrpAHUYUBAs OOIIHOCTH, MOKHO MPEIOIAraTh, 9TO
K — nonoxurenbHoe 1e10e 9ucio). TlokaykeM, 9To ajroput™m A MOXKHO mpume-
HUTD JIJIsl TOYHOTO PEIIeHus 3aJa91 O PIOK3aKe 33 MOTUHOMUATBHOE BPEMsI, 9TO
nporuBopednt mpeanonokenuto P # NP. CooTBercrByomias mporeaypa 09eHb
mpocta. Ecin 3agana mobas WHAMBUIyAJIbHAS 3a/1a49a O PIOK3aKe [, TOCTPOUM
no [ HOBYIO MHIWBHIYAJLHYIO 3amady I', 3aMeHsis CTOMMOCTH v(u) KarxKIoro
npenmera Bemnannoil (K + 1)v(u), n mpuMernm x 3amade I amroputm A. Oue-
BUJIHO, 9TO BCE 3TO MOXKHO OCYIIECTBUTH 3a TOJIMHOMHATILHOE Bpems. Bomee
TOrO, AOIMYCTHMBbIE PEIeHns 3313491 I' OKA3BIBAIOTCS TOYHO TAKMMH K€, KAK W
y 3agaun I, a Benuuuna pemenus 3agaau I’ posno B K + 1 pas Gonbiue Be-
JINYWHBI COOTBETCTBYIONIEro perrerust 3ama4dn [. TlockombKy BemdanHa, J060ro
pemenusa 3agaun I’ — memoe KparHoe BeauuauHbBl K + 1, TO W3 COOTHOMICHUS
|A(I') — OPT(I)| £ K uememnenuo cnegyer, uro |A(I') — OPT(I')] = 0 u,

cTTe10BaTe/TbHO,
|A(I') = OPT(I)| = |A(I") = OPT(I")|/(K + 1) = 0,

rae A’ obo3HavaeT OMMCAHHBIN BHIME aaropuT™M. Takum 06pa3oM, JOMyCTAMOE
perenne, KOHCTpyupyeMoe aaroputMom A’ o6s3arenbHo 6yIeT ONTHMATBLHBIM,
TaK 4r0 A' — MOMMHOMUANBHBIN ONTUMHU3AIMOHHBINA AJITOPATM PEIICHU 3404491
0 PIOK3aKe, 9TO MPOTHBOPEYUT Mpenonoxkenuto P # NP. [ |

EnuHcTBEHHOE CBONCTBO, MCMOMB30BABINEECS B 9TOM JI0KA3ATEThCTBE, 3aKTH0-
YAETCA B TOM, YTO BEJUYUHBI BCEX PEIICHUN MOYKHO YMHOMKHUTH HA MPOU3BOJIb-
HYIO KOHCTAHTY 1) TPU 3TOM MHOYKECTBO JOMYCTUMBIX DEIIEHUN He W3MEeHUTCS.
ITockoMbKy 3TO CBOMCTBO BBITOMHAETCA W JIJIsi MHOTHX JIPYTUX 3334, HAIIPUMED
3a/1a491 O KOMMUBOsZKePe (C HEPABEHCTBOM TPEYTOJIbHUKA), TO JIEMKO BUIETH, YTO
IOKA3aTEJHCTRA, 9TOTO THUIIA, TMMPOKO MPUMEHUMBI. MeHee 0UeBUIHO, UTO 3Ta YKE
ujest TPUMEHNMa, K PEIIeHUIO 331a9 COBEPIIEHHO WHOM MpUpoabl. PacecMoTpuM,
HAMPUMED, 3329y O MaKCUMAJLHOM HE3aBUCHMOM MHOXKECTBe. B 9Toil 3amade
HET YHUCEeN, KOTOPbIE MOXKHO ObLIO OBl YMHOXKHTH, OSTOMY <YMHOXKHM» BECh
rpad neaukom!

Teopema 6.7. Ecau P # NP, mo ne cywecmeyem npubiuicénnozo nosu-
HOMUGABHOZ0 GAZOPUMME OAL PEULEHUA 3a00Y%U 0 MAKCUMAALHOM HE3A6U-
CUMOM MHOHCECTNEE C OUEHKOT

|A(G) — OPT(G)| < K

das nexomopoti Ppurcuposarnnoti xoncmarmo, K.
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Hoxkazarenscrso 2. Ilpeanonoxkum, 9ro A — npubIMKEHHBIA ajaropurM, odia-
JAIOMIUI 3TUM CBOHCTBOM, W ONSITh MPEIIONIOXKUM, 970 K — MOIOXKUTETHEHOE
nesnoe aucio. Kak U B IpeIbIaylieM J0KA3aTeIbCTBE, MOKayKkeM, 9T0 A MOXKHO
MPUMEHUTH JIJIs TIOCTPOEHUS TOJTMHOMUAILHOTO OMTUMI3AIIHOHHOTO AJITOPUTMA,,
9TO TPOTUBOpEUnT mpeanonoxennio P # NP. Ilycrs rpad G ompenenser wH-
JUBUIYATBHYIO 33/1a9y O BEPUIMHHOM MOKpbITHH. [Ipomenypa 3akiiodaercs B
nocTpoernn HOBOro rpada G, cocrosmero n3 K + 1 sxzemmnapos rpada G.
Herpyznuo Bugers, uro OPT(G') = (K + 1)OPT(G). Bonee Toro, mis rpada
GG MOXKHO TTOCTPOUTH HE3ABUCHMOE MHOKECTBO, COCTOSIINEE MO KpaiiHeil Mepe u3
[A(G")/(K + 1)] Bepmma. Iy 3TOr0 AOCTATOYHO TTOCMOTPETh, CKOIBKO BEp-
TMH aJaropuT™M A BBIOMpaeT m3 Kaxkaoro sk3eMiuisipa rpada G, u cpeam 3Tux
MOJIMHOYKECTB B3ATh MOAMHOXKECTBO MaKCUMATLHOW MOITHOCTH. [TOoCKOMbKY

A(G") ~ OPT(G")| - |A(G") - (K + 1)OPT(G)| < K,

TO HE3aBUCUMOE MHOXKeCTBO 111 (G Oyzer comepxath B Tounoctu OPT(G) Bep-
mH. CJieq0BaTebHO, TPUBEIEHHAS BBIIIE TPOIEIYPaA — ONTHMU3AINOHHBIA aJI-
TOPUTM IJid PEIIEHUA 3aJa9i1 O MaKCUMAJIbHOM HE3aBUCHUMOM MHOXKECTBE. 9TOT
AJICOPUTM MOTMHOMHUATHHBIN IO BpeMeHH, TaK KakK K — KOHCTaHTa, HE 3aBUCIIAS
or GG. [

B kadecTBe ympaykKHEHWsS YUTATEb MOYKET MOMBITATHCSA BOCMIOIB30BATHCS
9TUM TOIXOI0M, 9TOOBI JOKA3ATh AHAJIOTUIHBIN PE3YIbTAT [IJIs 330291 OTHICKA-
HUsT MUHAMAJIBHOTO MOKPBIBAIOIIEr0 MHOXKECTBA — ONTUMHU3AIUOHHOTO aHAJIOra,
zagaan MUHUMAJIBHOE ITOKPBITUE, onpenenéunoii B pasm. 3.2.1.

[Ipesk e veM OT pe3yabTATOR O PA3HOCTH BEPHYTHCS K pe3yaIbTataM 00 OTHO-
CUTEJILHON MOTPENTHOCTH, OTMETUM, UTO BO3MOYKHBI PE3YJIHTATHI MTPOMEXKYTOU-
uoro tumna. HeckorbKO BUION3MEHUB TEXHUKY, IPUMEHEHHYIO B JJOKA3ATETHCTBE
Teopembl 6.7, 71 331491 O MAKCUMATIBHOM HE3aBUCHMOM MHOYKECTBE MOYKHO TI0-
Ka3aThb, YTO KAKOBbI Obl HU Obin K u € > 0, He CyIIecTByeT MOTUHOMHUAIBHOIO
MPUOIMKEHHOTO AJITOPUTMA, C OIIEHKOH

|A(G) — OPT(G)| < K - OPT(G)* =

(ecnmu P # NP). Anajorudnbie pe3yibTaThl Jjis 3TOH U APYTUX 33439 HOJIyde-
ubl B paborax [402] u [309]. Bamerum, 0iHAKO, UTO, KAK BUIHO U3 PE3YJILTATOB
Jlunmona n Tapvana [354], yIOMSIHYTHIX B KOHIIE MPEIBIAYINETO PA3/Iena, pe-
3YJILTATHI TOTO TUMA, HE UCKIIOUAIOT BO3MOYKHOCTHU CYIIECTBOBAHUS TTOJMHOMMU-
JILHOIO MPUOINKEHHOTO aJITOPUTMA € TOrpemHoCcThi0 R = 1. EnnncrBenHbit
HU3BECTHBINA CIOCOD MOKA3ATETHCTBA TOTO, YTO HE CYIIECTBYET MOTHHOMUATIBLHO-
ro npubIMKEHHOTO amropurmMa A ¢ aCHMOTOTHYECKOH morpemHoctsio RY = 1
(ecntu P # NP), cOCTONT B JOKa3aTeaLCTBe TOro, uto uz P # NP cremyer
Ryrn(IT) > 1, T.e. npuHOUnuanbio Gojiee CUIbHOE yTBepkKaeHue. I10CKOmbKyY
TaKWe JI0KA3aTe/LCTBA, yI0DHee CINTAThH T0KA3ATEIHCTBOM HUKHEN OIEHKY It
sesmmautbl Ry (IT) (B caygae korna 1 < Ry (IT) < 00), TO MBI BpEMEHHO OT-
JIOXKUM UX OOCY¥KIEHHE; BMECTO 9TOTO U3YYHUM BOMPOC O BOZMOKHOCTH PEIIEHUSI
3agaqn [1 BosHe MOMMHOMHUANBHON IPUOTHKEHHON CXEMOH.
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Hamomuum, 9Tto B mipeabiayieil riaaBe ObLIO CKA3aHO, YTO BCE M3BECTHBIE
BIIOJIHE TOJUHOMWAIbHBIE MPUOMMAKEHHBIE CXEMbI [y perneans NP-TpyaHbrx
3a/1a9 UMEIOT UCTOYHWKOM IICEBIOMOJINHOMUAIBHBIE ONTUMU3AIUOHHBIE AJIIO-
puTMbl. B CBSI3M € 3TMM He YAWBUTEIHLHO, YTO CuIbHAs NP-momHOTa OKa3bI-
BAETCsT CBSI3aHHOM C CYIECTBOBAHMEM TaKWX CXeM. B eifiCTBUTEIHLHOCTH B3a-
HMOCBSI3b IICEBIONOIMHOMAATBHBIX AJTOPUTMOB C BIIOJHE TOJTAHOMHUAILHBIMEI
IpuOIMAKEHHBIMI CXEMaMH HOCHT ABycTopoHHHUIT xapaktep. IIycrs II — omrwm-
Mu3anMoHHasa 3amada, a Length[I] u Max[I] — nBe, cBsa3aHHbIe C HEl MepPbI
UHIUBUIYAJIBHBIX 33029 (CM. pasf. 4.2), U IpeAnoIokKuM, 9TO BEJIUIUHBI BCEX
pereHuii — TMoJIoXKUTeNbHbIe 1eable ynciaa. Craemayonmii pe3yapbTaT T0Ka3aH B
paborax I'spu w otconcona [151, 152].

Teopema 6.8. Ecau cywecmsyem maxoti nosunom ¢, 3asucauut om deyr
nepemeHHvE, wmo s 11000t undusudyasvroti 3adavwu I € Dy évnoaneno
COOMHOUEHUE

OPT(I) < q(Length[I], Max[I]),

MO U3 CYULLCMBOBAHUA BNOAHE MOAUHOMUGALHOT NPUOAUHCEHHOT CTeMbl
s pewenus 3adavu II caedyem cywecmeosarue NeeslonoAUHOMUAALHOZO
ONMUMUSAUUOHHOZ0 AN20PUMMA Peuterus 3adavy 1.

HokazarenpcrBo 3. [Ipeamonoxum, aro A — momobHast cxeMa JJis PereHns 3a-
nmagn I1. CooTrercTBylomuii ONTUMU3AIMORHKIN anroputm A’ paboraer cremy-
oM obpaszom. [lycts I — HEKOTOpast MHIANBUAYAJIBHAS 3344, TTOTOXKUM

e = q(Length[I], Maz[I]) "

U IpUMEHnM K 3aJade I cxemy A mpw 3aJaHHON TOYHOCTH €. 3a BpeMs, orpa-
HudueHHoe nosmaoMoM ot Length[I], u

q(LengthlI], Maz[I])

U CJIEIOBATEILHO, 33 TICEBIONOINHOMUAILHOE BpeMs, aJiropuT™M A Haxogur mno-
MyCTUMOE pertenune 3a/1a49u I ¢ morperHoCcThIo

Ra (I)<1+4¢

Ipennonoxkum, yro II — 3anaua Makcumusanuu (AHAJIOTMYHBIE PACCYKIECHUS
OpUMEHUMBIL U B TOM city4dae, Korga I1 — 3agaga munumuzanuu). Torga, B cuty
OIpe/IeJIEHUs € U MPEJINONOXKEHAA O ¢, UMEeM

OPT(I) < (1 +¢)Ac(I)
. OPT(I) — A.(I) <e-OPT(I) < 1.

OnHaKo, TIOCKOTbKY 3HAYEHHs BCEX DEIIEHHH — [eJble YHCIa, OTCIOJA BbI-
rekaet, 410 A (I) = OPT(I) u, cnegoBarenbro, A’ 3a MCEBIOMOTNHOMHUAIBLHOE
BPEMsI HAXOIUT ONTHMAJILHOE PEIIeHne, 9TO U TPeGOBAIOCH JOKA3ATh. [
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B kadecTBe ciecTBUS IOy 9aeM METOJ, TOKA3ATETLCTBA HEBOZMOXKHOCTH CY-
[IECTBOBAHUS BIIOJIHE MTOJTMHOMUATHLHON ONTUMHU3AIMUOHHON CXEMbI JJIs PEIIeHUs]
3asa4an I1.

Cnencrsue. [Tycms I — onmumusauuorhai 360640 ¢ YeAOWUCAEHHBMU Ge-
AUNUHAMUY PeweHUutl, YO0BAEMBOPAIOULAL NPEINOAONHCERUAM Mmeopemos 6.8. Ecau
I ssasemes, NP-mpydnoti 6 cuavhom cmvicae 3adauets, mo (npu P # NP) II
HE MOdHCEM ObMb PEULEHA BNOAHE NOAUHOMUAALHOT NPUOAUNCEHHOT cxemor.

JIBa OCHOBHBIX YCJIOBHUSI CJIEJICTBUSI 3aKII0YAIOTCS B TOM, 9TO BEJIUIUHBI Pe-
mennii 3agaqn II — He cammkoM Oomnbinme 1enbie dnciaa u 9to 11 NP-tpyana
B CHJIBHOM CMBICIE. DTH YCIOBUSA BBITOTHSAIOTCS I MHOTHX TPEICTABIISIONTINX
WHTEpEC 3334, BKJIIOYAs, HATIPUMED, 331a91 00 yIaKOBKe, pacKpacke rpada, O
MaKCUMAJIbHOM HE3aBUCUMOM MHOYKECTBE U MUHUMAJIBHOM BEPIITMHHOM MTOKPBI-
tur. Takum oOpa3oM, MbI BIaIeeM ODIIMM BEChbMa CHIBHBIM METOIOM JIOKa3a-
TEIBLCTBA TOrO, YTO HE CYMIECTBYET BIOIHE MOJTHHOMHUATBHBIX MPUOIMKEHHBIX
CXeM.

Heckonbko TpyaHee MOKA3BIBATH HEBO3MOXKHOCTBH CYIIECTBOBAHUS MPUOJIH-
KEHHBIX MMOJIMHOMUAIBHBIX, HO HE BITOJIHE TOJIMHOMHUAJIBHBIX cxeM. [Ipocreimumii
crocob 3aKIF0YAETCs, MO-BUANMOMY, TTPOCTO B JOKA3ATEIHCTBE TOTO, UTO €CIU
P # NP, t0o ajst HeKOTOpOro r > 1 He CyImecTByer MOJTHHOMUATBHOrO MpUbIIU-
KEHHOoro ajropurMa A pemenuns 3anaqu I1 ¢ morpemnocrbio R4 < r. 3agada o
packpacke rpada mpeacTaBiisier cob0it mpuMep 3aJa4u, A KOTOPOH CyIIeCTBO-
BaHME TAKOTO I OYEBHAHO. B caMoMm meie, MOJUHOMHUAIBLHBIN aJroput™m A mis
peIennst 3aJa49l O pacKkpacke rpada ¢ morpenHocTbio Ry < % JIOTKEH ObIII
ObI pacKkpammBaTh 3-packpamuBaemMbrii rpad me 601ee yem B 3 1BeTa U, CIEI0-
BaresbHO, peman 661 NP-nonnyio 3agaay PACKPAIIIMBAEMOCTE T'PA®A
B 3 IBETA 3a nonuaomuanbuoe Bpemsi. Takum obpazom, ecniu P # NP, to
MPUOIMKEHHOTO AJITOPUTMA, C TAKOM MTOTPENTHOCTHIO He CYIIECTBYET U, CJIEI0BA-
TEJIbHO, HE CYIIECTBYET TOJIUHOMUAIBHON MPUOINKEHHON CXEMBI JIJTsT 33291 O
packpacke rpada. N3moKeHHy0 BbIIIe U0 MOXKHO CHOPMYTUPOBATL B BUIE
HECJIO2KHOIT TeOPEMBI.

Teopema 6.9. ITycms I — 30000 MUHUMUSAUUY, BEAUNUHDL GCEL PEULE-
Hut Komopot — HeompuyamesvHbe Yeave Yucaa. [Ipednososcum, wmo ors
nexomopozo purcuposannozo K € Z+ zadava pacnosnasanus: «3adana un-
Jusudyarvnas 3adawa I € DII, sepro au, wmo OPT(I) < K sasasemcs
NP-mpyonoiis. Tozda ecau P # NP, mo ne cywecmeayem nosuHoOMUAAD-
HO20 NPUOAUHCEHHO020 aszopumma A pewenus 3adavwu I ¢ noepewsnocmvio
Ra<1+ % u IT ne moorcem 6vumd pewena NOAUHOMUGALHOT, NPUOAUHCEH-
Hoti cxemot.

Koneuano, a1t 38129 MAKCHMHUBAIUNT UMEET MECTO aHAJOTMIHBIA PE3yJIbTaT.
Teopema 6.9 mpuMernMa TakKe K 3a7a4de 00 ynakoske (npu K = 2), 3ama4e mu-
HUMI3AIUKA CPOKA, BBIMOJTHEHNU 3a0aHni, Bosuukaomei 3 3agaan PACIINCA-
HUE C OTHOIIIEHUEM MNPEAINTECTBOBAHUY u3 pa3z. 4.1 (mpu K = 3);
cM. [336], u muOXKecTBY Apyrux 3anad. OQHAKO UMEeTCs LeJbli psij 3a1ad, He
comepxkamux NP-TpyIHBIX MOA330a49 HYKHOTO BHIA, W JJIsT HAX BOIPOC O Cy-
[MIECTBOBAHNN TOJTHHOMHUAILHON MPUOIMKEHHOM CXeMBI OCTAETCST OTKPBITHIM.
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Bepuémcst remeph K BOMpOCcy 00 OTHICKAHWU HUYKHEH OIEHKU BEJTHIUHbI
Ry (IT). Bamernm, uro Teopema 6.9 He H1aET BO3ZMOXKHOCTH IOJYYUTh TAKYIO
OIIEHKY, TIOCKOIbKY B €€ (DOPMYyIUPOBKE yYIACTBYET TOMBKO R4, a Hawmydrmas
JIOCTUKUMAST HUYKHSIST OIIEHKA, BEJINYUHBI R 4 He 00s3aTeIbHO CIIPABEIINBA, IJIs
aCVMNTOTIYECKOH morpentHocTn R, 9TO MOYKHO MOSICHUTEL Ha pUMepe 3a7a-
qu 06 ynakoBke. Teopema 6.9 yrBep:xkaaer, uro ecnu P # NP, 1o nisi perienus
3372491 00 yIIAKOBKE HEe MOYKET CYIIECTBOBATH MOJMHOMUATHLHOIO MPUOIUKEH-
HOro anropurma A ¢ morperraocThio Ry < % C apyroit CTOPOHBI, KAK MBI yIKe
Bugemn, R3g, = 5 < 3. Ha camom gene, maxe npexnonarast, uro P # NP,
MOXKHO JIWIIb YTBEPKIATh, YTO B 33a49€ 00 YITAKOBKE NMEET MECTO HEPABEHCTBO

11
1< Ryrv(M) < 5

Tem He MeHee JjIs HEKOTOPBIX 33J1a49 ONEHKH, MOIYYaeMble C MOMOIIBI0 TeO-

pembr 6.9, MOTYT OBITH TAK YCUJIEHBI, 9TO OHU OKAYKYTCS CIIPABEJIUBBIMU U JIJTsI

ACUMITTOTHYIECKOH TTOTPerHOCTH. [IosSICHUM 3TO Ha 3a/1a49e O pacKpacke rpadoB.

Teopema 6.10. Ecau P # NP, mo daa pewenus 3adayuu o packpacke 2pa-
Pos He cywecmseyem NOAUHOMUGNEHOZ0 NPUOAUNCEHHO20 aszopumma A ¢
4

acumnmomuneckot nozpewsnocmoto RY < 3.

Jokazarenbctso 4. ITokaxkeM, 4To ¢ MOMOIILIO JIIOOOTO TaKOro ajropurma A
MOKHO OBIIO OBI TIOIYYNTH TIOTUHOMUAIBHBIN anroputM miist 3amaun PACKPA-
[MINBAEMOCTB T'PA®A B 3 IIBETA, 4ro npoTHBOPEYUT MPEIIOTOKEHUIO
P # NP. B KOHCTPYKIMM UCIONB3YETCsT MOHSATHE «KOMITO3UIUsT» IBYX IPadOB.
MMycrs Gy = (Vi, Ey) u Gy = (Va, Es) — nsa rpada. Komnosuuueii G = G1[Gs)
X rpadoB HA3BIBAETCs rpad ¢ MHOXKeCTBOM BepruH V = V) X V5 u MHOXKe-
CTBOM pPEBGEp

6o {uy,us} € Ey,

E= {(U1,U2),(U1,U2)} ) b0 Uy =01 1 {Ug,’l}2} €E2.

IIpumep rommosunuu aByx rpados mpexacraBimed Ha puc. 6.6. Kommosurmio
G1[G2] ynobHo mpencrapasTh cebe Kak Pe3yabTaT 3aMeHbl KayKIOW BEpITHHbBI
rpada Gy sx3emmisipom rpada G ¢ MOCHenyIOmeil 3aMeHoil KaxKa0ro pebpa
rpada G TOTHBIM ABYIOIBHBIM TOArPA(OM, COSTUHSIIONUM KAXK L0 BEPIIUHY
9K3EMILISIPa, COOTBETCTBYIOIIETO OIHON BEpIIHHE pedpa, ¢ KaXKION BEPIIHHOI
9K3EMILIPa, COOTBETCTBYIOIIEr0 BTOPOIl BEPIIIMHE 3TOro pedpa.

Puc. 6.6.

Paccmorpum ciemyromtuit aaroputm miist 3agaun PACKPAIIIMBAEMOCTD
I'PA®A B 3 IBETA. ITockonbky Ry < %, TO CYIIECTBYET TAKOE HEOTPUIIATE b~
Hoe nesioe uncio K € Z1 uro ana seex rpados G ¢ OPT(G) > K sbmonustercs
coornomenne A(G) < (3) OPT(G). Ilycrs G = (V, E) — npouspo/bHas HH/H-
sunyanbuas 3amada PACKPAIIIUBAEMOCTD I'PA®A B 3 LIBETA. Ilycrs
G' — monnwiit rpad Ha K Bepmmnax. [onoxkum G* = G'[G]. Bamernm, uro G*
— 310 B TouHOCTH K u30MOPGHBIX 3K3eMIIsipoB rpada G, mpudém Jrobbe IBe
BEPIIMHBL U3 PA3JIUIHBIX IKIEMILIAPOB COEIUHEHBI PEOPOM, TOITOMY

OPT(G*) = K - OPT(G) > K.
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(a,x) (c,2) (c,y) (e,x)
641G,

Puc. 6..6: Komnosuyus G1[Gs] epagos G1 u Gs.

Bouee Toro, pasmep rpada G* u Bpems, HeobxoauMoe st ero nocrpoenus (1o-
ckonbKy K mHe 3aBucut or (), OorpaHuYeHbl HOJIMHOMaMU OT pa3mepa rpada
G. Tlosromy Bpemst paboTsl ajnropur™a A wa rpade G* takske Oymer orpaHu-
YeHO MOJUHOMOM OT pasmepa rpada G. Opuaxo ecin G 3-packpallmBaeM, TO
CIPABE/TUBBI HEPABEHCTBA

. 4 4
4G <3 X

C npyroii ctopousr, eciau G HEpACKPAIITUBACM B 3 [IBETa, TO

OPT(G*) < = - 3K = 4K.

A(G*) > OPT(G*) > 4K.

Craemosarenbro, (G MOYKHO PACKPACHTh B TPU I[BETA TOTIIA M TOJILKO TOT/IA,
korma A(G*) < 4K . Tlostomy mpomneaypa, cocrosiias B mocrpoeaun rpada G*
U NpUMEHEHNN K HeMy aJITOpUTMa A, ﬂaéT MOJIMHOMUAJJILHBIN AJITOPUTM JIJId pe-

menns 3agaan PACKPATIIUBAEMOCTD I'PA®A B 3 IIBETA. Dto npusogur

K IPOTHBOPEYNIO U 3aBEPINAET JOKA3ZATETHCTBO TEOPEMBI. [

Awnanoruunoe pokazaresnbcrso ouenku Ry (I1) > % MOXKHO TIOJTyYUTD JJIsd
YIOMWHABIIENCST BBIIIE 331491 O TIOCTPOSHUN PACITUCAHWS C OTHOIIEHUEM TTPEI-
mecTBOBaHus. [leiiCTBUTEIHHO, B TO BpeMs KaK I 3aJa9H O pacKpacke rpadoB
He W3BEeCTeH MOIMHOMWAILHBII MPUOIMKEHHBIH aIrOpUTM ¢ oneHkoit Ry < oo,
TS 3371291 O TIOCTPOEHUH PACIUCAHUS [IeJI0 00CTOMT ropasmo Jydrre. s eé
pelleHys TOJMMHOMUAIBHBIA IPUOIUKEHHBI anropurM A ¢ OIEeHKO# morperi-
Hoctu R = 2 6bun npenioxken I'paxemom [185], n mosromy Jyist 9T0i 3a1a9u
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sesmuuna Ryrrn (I1) yaosiersopsier HepaBencrBam % < Ryn(IT) € 2 (B mpen-
nosioxkeruu P # NP).

s 3ama4uu o packpacke rpadoB HUKHss oueHKa s Beauaunbl Ryrpn (I1),
paBHas %, MOMKeT OBITH CYIECTBEHHO YJIyUIIIeHA METOIOM <«YBEIUUCHUS» IO~
rpemtHocTH. VIMeer MecTo cenyonmii pe3yabTaT, JoKa3aHHbIi B [146].

Teopema 6.11. Ecau P # NP, mo daa 3adavwu o packpacke 2pagdos we cy-

WECMEYem NOAUHOMUAALHO20 NPUBAUNCERH020 arzopumma A ¢ nozpeusto-

cmoio R < 2.

Hokazarenscto 5. Ilpenmonoxkum, 910 TaKO# MOTUHOMHUATIBHBIA TPUOIAKEH-
HbI anroput™m A cymecrsyer. Kak u npu gokazarenbcrse TeopeMbr 6.10, moka-
JKEeM, UTO ¢ TIOMOIILI0 ajgroputMa A moxuo permuth NP-monnyio 3agauy PAC-
KPAIIIIBAEMOCTDB I'PA®A B 3 IIBETA 3a nmommuoMuanbuoe Bpems. s
9TOrO OMSITHh BOCHOIb3YeMcsi ornepanueil komnosunuu rpados. OgHaKo HAM M0-
HAZO00UTCS IOMOJIHUTEBLHOE IOHATHE «MyJIbrupackpackuy rpada: (k, m)-myab-
mupackpackoti epaga G = (V, E) nazpiBaercs byHkuus f, COMOCTABISAIONAL
Kaxk10#1 Beprimae v € V muoxecTBO f(v) C {1,2, ..., K}, Takas, uro |f(v)| =m
nisi Beex BepruH v, n ecim {u,v} € E, 1o f(u) n f(v) He comepxar 06-
mux 3nementos. Ha puc. 6.7 npencrasien npumep (5,2)-MyJIbTHPACKPACKH. 17~
rpomamuyeckum wucaom 2pada G, Xm(G), Ha3bIBAETCA HAUMEHbBILEE HEJI0e
qucsio k > 1, takoe, yro cyuiecrsyer (k, r)-myabrupackpacka rpada G. Same-
tam, uto (k, 1)-MyJIbTUPACKPACKA COOTBETCTBYET OOBIYHOIN packpacke rpada, a
sennunna Y (G) conamaer ¢ OPT(G).

{1,2]

(3,5) {3,4)

(1,4) (2,5)

Puc. 6..7:  (5.2)-mysvmupackpawusanue namuyzosvrura Cs; kascdas eepusu-
HA VU NOMEYEHA COOMEEMCMBYIOUWUM MHOHCECMBOM <«ysemoss f(v). Moocno
noxazams, wmo x(Cs) = 5.

IIpu mokasareancTBe JaHHON TeopeMbl rpadbl Hy,n > 6, onpemensieMbre
HUKE, UTPAIOT TY YK€ POJib, UYTO U MOJHBIE TPAdBI TPU T0KA3ATETHCTBE TEOPEMbI
6.10. 'pad H,, = (V,, E,) umeer n(n — 1)(n — 2)/6 BepiunH, COOTBETCTBY-
IOIIMX PA3IUYHBIM 3-X JIEMEHTHBIM MOAMHOXKecTBaM MHOxKecrBa {1,2,...,n}.
IIpuuem npe BepmMHBI coeanHeHbl pebpoMm m3 FE, Torma m TOIBKO TOrma, KO-
I3 COOTBETCTBYIOIIME TTOJIMHOXKECTBA He MepecekatoTcs. BaskHeiiee cBOMCTBO
sTux rpadoB, Kak JoKa3aHo B pabore [146], 3akmouaercss B TOM, 9TO Tpu 1 > 6
BBIMOTHEHBI COOTHOIITEHU ST

x3(Hp) =nu x4(Hy) = 2n — 4.
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9TO CBONCTBO MO3BOMSAET UCIOML30BATH TPAMBI B KAYECTBE «YBETUUUATENS IO-
PENTHOCTH .

[Mockonbky RY < 2, To cymecrsyior Takue € > 0 u K € ZT, uto nna Beex
rpados G ¢ OPT(G) > K BBINOIHEHO CBOKCTBO

A(G) < (2 - )OPT(G).

ITycts N > maz{6, K} - Takoe nemoe uncio, aro 2N — 4 > (2 —¢)N.
Paccmorpum ciemyromuii aJropuT™M MPOBEPKY pacKparmmBaemMoctu rpada B 3
[BETA.

MMycrs G = (V, E) — nupousBoiibHbIi rpad 1 HYKHO BbISICHATH, MOXKHO JIU €r0
packpacuth B 3 pera. Buagase nocrpoum rpad-komnozunuio G* = Hy[G] (310
MOYKHO CIE/IaTh 33 MOJIMHOMHUAILHOE BpeMsi, TIOCKONbKY N me 3aBucur ot ).
Barem mpumennM K rpady G* aaroputM A, 94To OMAThL-TaKW TOTPEOYET BPEMEHH,
OTPAHUYEHHOTO MOMHOMOM OT pa3mepa rpada G. Mbr yrBep:kaaem, ato rpad
G packpammBaeMm B 3 1BeTa TOrJA U TOJILKO Toraa, korga A(G*) < 2N — 4.

Ipeanonoxum, aro rpad G packpamubaem B 3 iBera. Torma rpad G* Mox-
HO PACKPaCUTh, UCTONb3ys TOIBKO N IBETOB. DTO AEIACTCA CICLYIOIMNUM 00-
pasoMm. @ukcupyem uekoropoe (N, 3)-mynbrupackpamusanue rpada Hy (oHO
cymecrByer moroMy, 9o X3(Hy) = N) U packpacuM KarKIblil K3eMILIAp Ipa-
da G, comepxamuiics B G*, B Tpu 1[BeTA, COOTBETCTBYIONMX BepiinHe Hy npu
BBIOPAHHOM MyJIbTHpACKpammuBaHuy. HUKaKue 1Be BePIIHHBI PA3THIHBIX YK3EM-
miasipos rpada G, coequrennbie B G* pebpoM, He OYIyT OKPAIIEHBI B OJUH IBET,
MOCKOJIBKY COOTBETCTBYIOIINE BepiiuHbl rpada Hy coequHeHsr pebpom, u, cie-
IIOBATEJIHLHO, COOTBETCTBYIOIINE UM MPHU MYJILTUPACKPAITUBAHUA MHOYKECTBA, HE
nepecekatorcs. Takum o6pazom, MbI ToIydaeM packpacky rpada G* B N mBe-
roB. I3 onpenenennit N u € ciaemyer, uro eciu (G packpamuBaercs B 3 I[BeTa,
TO

A(G*) < (2—¢)OPT(G*) < (2—¢)N < 2N — 4.

C 1pyroit CTOPOHBI, MPEANONOXKUM, 970 (G HEIb3s PACKPACHTH B 3 IBETA.
Torma npu r060# packpacke rpada G* raxapii sx3emmiap rpada G on-
KEH COJepIKaTh BEPITUHBI HE MeHee 4YeThIPEX pasHbIX 1BeToB. [lo ompemene-
Huto rpada G*, nobbie aBa k3emmspa rpada G, COOTBETCTBYIOIINE COCEI-
HUM BepmmHaMm Tpada Hy, He JOIKHBI COlep:KaTh BEPIINH OJWHAKOBOTO I[BE-
ta. [Tosromy mo6oe packpammusanue rpadba G* B k useros unnyuupyer (k, 4)-
MyabTHpacKpamuBanne rpada Hy, momydaeMoe mMOCPeICTBOM COMOCTABIEHUST
KaKI0ii Bepinuae v € Vi mi000ii 9eTBEPKU I[BETOB, MCIOIB3YEMBIX B COOTBET-
crByIomeM sk3emiiape rpada G. Omguako nockonbky x4(Hy) = 2N — 4, To
orciona ciaemyer, 9to k > 2N — 4, 1. e. G* He MOXKeT ObITh PACKPAIITEH MEHEee
gem B 2N — 4 usera. Orciona BbiTekaer, 9ro eciu G HEMb3s PACKPACUTH B 3
1BeTa, TO

A(G*) > OPT(G*) > 2N —A.

Takum obpas3om, rpad G packpalimBaeM B 3 I[BETA TOTIA U TOJIBKO TOTIA,
korma A(G*) < 2N — 4, u IOCTPOEHHBII BbIIIE AITOPUTM SBJISETCS TOTUHOMU-
AJBHBIM. DTO MPOTUBOPEUYUT MPeAnonokennto, uro P # NP, u teopeMa JI0Ka-
3aHA. ]
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B kauectse cneacrBust u3 reopembl 6.11 momygaem, uro eciu P # NP, to
s 3ana4au o packpacke rpados 2 < Ryrn (1) < co. Bosee cubHbIX HUKHUX
OIIEHOK B HACTOSIIIEE BpeMsl He U3BECTHO, XOTS U CYIIECTBYET MPEOIOKEeHTE,
9TOo RM]N(H) = 0.

OTmernM, 9TO BCe MPUBEIEHHDBIE PAHEe HUKHUE OeHKH Benauubl Ry 7 (1)
permaomuM 06pa3oM 3aBucesn or Toro daxrta, 9to y 3amaun 11 nmemacs NP-
TpyAHasd noazagada suga: «3anano I € Dy, Bepuo au, uro OPT(I) < K7» (win
«3anano I € Dy, Bepuo s, uro OPT(I) > K?») — upu HeKOTOpOM (hUKCHpO-
BanaoMm uncie K. Ecou I1 me obiagaer 3TuM CBOHCTBOM, TO MPUMEHSIBIIASICS
BBIIIIE CXEMa JOKA3aTeIhCTBA He cpaboraer. Tem He MeHee marke B 9TOM CIIy-
Jae HeKOTOPhIE PEe3yIbTaThl YIAETCST COXPAHUThL. BepHuémMmcs emé pa3 K 3ajatde o
MAaKCUMAJTbHOM HE3aBHCHMOM MHOXKecTBe. [[JIst 9Toii 3aa9u He U3BECTEH TIOJIH-
HOMUAJIbHBIA NPUOIMAKEHHBIA aJIropuT™M A ¢ acCMMOTOTUYECKOH MOrPEIIHOCTHIO
R < o0, HO mpu m0b60M (GuKCHpPOBAHHOM 3HadeHun K mom3amata: «3agaH
rpad G, BepHO au, 94T0 (G COMEP)KUT HE3ABUCHMOE MHOYKECTBO MOIIHOCTH HE
Menee K7» — paspemnnMa 3a MOJIMHOMHUAJIBHOE BpeMms. JlOKazkeM CJIemyIomnuit
pe3yJIbTaT.

TeopeMa 6.12. Hmeem mecmo 00ua u3 08Yx CACOYOUUT 803 MONHCHOCTE.
JTub0o 3a0a4y 0 MAKCUMAALHOM HE3ABUCUMOM MHOHCECMEE MOHCHO PEUUMDb
NOAUHOMUAALHOT NPUOAUNHCEHHOT cTemol, Aubo daa amoti 3adavu He cyue-
CMBYEM NOAUHOMUANLHOZ0 NPUOAUNCERRO20 anrzopumma A ¢ RY < oo.

HokazarenpcrBo 6. Ilpeanonoxum, aro A — Takoil MOJTHHOMUATBHBIA TPUOTH-
JKEHHBIH AITOPUTM DemeHus 9Toil 3amadu, ato RY < 0o0. Ilockonabky MOXKHO
canTaTh, 9T0 A BCErma HAXOAWT HE3ABUCWMOE MHOYKECTBO MOIIHOCTH HE MEHee
1, o Ry < oo. Ilycts R4 = r. IlocTponM mpnOIMKEHHYIO CXEMY CIIEYIONIIM
obpazom. st moboro € > 0 obosnaunm depe3 N HAMMEHBIIEE IEJI0e UUCIO
N, nns koToporo Bemonueno nepaserctso 1 /N < 14 e. (TlockombKy B Haib-
HEHIINX PACCYKICHUAX T (DUKCHPOBAHO, TO /I KpaTKOCTH uHIeKC y N, Oyaem
omyckarh.) s npoussonbaoro rpada G = (V, E) ykaxkeMm Crmocod OTHICKAHWS
He3aBucuMoro MaoxkecTa moutHoctn M > OPT(G)/(1 + €) 3a Bpemsi, orpanu-
YeHHOE TIOJIMHOMOM OT pa3mepa rpada G.

Buaugasie onpegenum 1o unaykuuu rpad Gy = (Vi, En) crepyrommm 06-
pasom: Gy = G, a qa 1 < i < N nonoxkum G; = G;—1[G]. Hockonbky N
3aBUCHT TOJBKO OT £, TO npu (pukcupoBaHHoM € rpad GN MOXKHO MOCTPOUTH
3a mojMHOMUAIbHOE BpeMs. Bomee Toro, merpyamno Buzerh, uro OPT(G;) =
(OPT(G))}, 1 < i < N, n 1o m060My He3aBUCHMOMY TOIMHOXKecTBY Sy B G'N
32, TIOJIMHOMHUAJILHOE BPEMsl MOYKHO TIOCTPOWTH TAKOE HE3ABMCUMOE MHOKECTBO

S B G, garo
S| > [ISn VM.

Paccmorpum pesynbrar npumenenusi anroputma A k rpady Gy. Iockombky
R4 = 7, To nonydaemoe nys rpada GN HE3aBUCHMOE MHOXKECTBO Sy HUMeer
MOIIIHOCTH

|Sy| > OPT(Gy)/r = (OPT(G))N /r.
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Ucnonb3yst 970 MHOXKECTBO, 1715 Tpada G MOXKHO MTOCTPOUTH HEZABUCUMOE MHO-
JKEeCTBO S, TaKoe, 94To

S| > [(OPT(G)N /r)"/N] > OPT(G)/r'/N > OPT(G)/(1 +¢)

(e mocieHee HEPABEHCTBO MOJIYYeHO COrIacHo onpeenenuto yucaa N ). [Ipu
GUKCHPOBAHHOM € ONMMCAHHAS BBIIIE TTPOIEIYPaA TOCTPOSHHUS MHOXKeCTBa (G MO-
KeT OBITH BBITTOJIHEHA, 33, TIOINHOMUAILHOE BpeMsi. TakuM oOpa3oM, Ha OCHOBE
aJITOpUTMa A MBI TOCTPONUJIN TMTOJIMHOMUAJIBHY IO HpI/I6J'II/I}KeHHyIO CXeMy penieHms
3aJa49Y1 O MaKCUMaJIBHOM HE€3aBHUCHUMOM MHOXKECTBE. | |

B kagectBe ciencrBust Teopembl 6.12 momydaeTcs CaeayrOMIWi Pe3yIhTaT:
IJIST 33JIa9W O MAKCHUMAJIBHOM HE3aBHCHMOM MHOYKECTBE UMEIOTCS TOJIBKO IBE
Bo3moxkuocTu: 60 Ry (IT) = 1, mu6o Ry (IT) = 0o; T.e. mpoMeKyTOIHOe
suavenue Besimanibl Ryrrn (II) vHeBozmoxkuo. Takum obpasom, eciu 6bl yaaa10ch
NOJYYUTh XOTb KaKOU-HUOYOs TOTHHOMUATBHBINR AJITOPUTM C ACHMITOTHIECKON
MOTPEITHOCTHIO, MEHBIIEH 00, TO MOXKHO OBLIO ObI TOCTPOUTH MOJUHOMUAIBHBIH
AJTOPUTM C 410001, KAK YIOIHO OJIM3KOM K 1 aCHMITOTHYECKOMH TOTPEITHOCTHIO.
C apyroit cTOpoHBI, eciu ObI [1JisT HEKOTOporo € > () HaM yaajoch J0Ka3aTh,
9TO HE CYMIECTBYET MOJMHOMHUATLHOIO TPUOIMKEHHOTO AJIMOPUTMA, C MOTPEIIl-
HOCTBIO R4 < 1+ £, TO OTCiofa BBITEKATO ObI, YTO y BCEX MOTUHOMUATBHBIX
npuOIMKEHHBIX anroputMoB R4 = R = oo. Xord MBI U IpeAmosaraeM, 4To
Ryin(IT) = 0o, HAM He M3BECTHBI HUKAKUE MEPCIeKTUBHBIE TIOAXOIBI K JOKA3a-
TEJILCTBY 3TOTO yTBEPIKICHUS.

Takum 06pa30M, MBI TPUXOIUM K TOCTIETHEMY THUITY OTPHUIATENHHBIX PE3YIh-
taToB. s Hekorophix 334 [T Bee-Taku yaaéres moka3ars, uto Ry (IT) = oo
(B mpennosoxkeruu P # NP). 91U noKa3aTeabCTBa OYeHb [IOXOKU HA yIKe Pac-
CMOTPEHHBIE JOKA3ATETHCTBA HUXKHUX OIEHOK, OTJIMYHE JIUIIb B TOM, YTO TEIEPh
yIaéTcs «yBEIMYUTH NOTPENTHOCThy B ropas3o Gombiieit cremerun. B kagecrse
MpUMEepPa PACCMOTPUM OMNSAThH 331a9y O KOMMUBOSIZKEPE, HE TpeAnoIaras Ha, ceit
pas, 9To I PACCTOSTHUIM MEYKIY TOPOJAMH BBIMOJIHEHO HEPABEHCTBO TPEYTOIh-
nuka. Ciexnyiomas reopema Jokazana B padore [469].

Teopema 6.13. Ecau P # NP, mo dasa 3a0a4u 0 KOMMUBOANCEPE HE CYULL-
cmeyem. npubAUNCEHHO20 NOAUHOMUAABHO20 AA20PUMMA C GCUMNMOMUYE-
cxoli noepewnocmoio RY < oo.

JokazarenpcrBo 7. IlpenmnoaokuM, 9ro npubInKEHHBIN AJITOPUTM, VIOBIETBO-
PAIOIIMiI MEPEYUCTIEHHBIM B YCIOBUU TEOPEMBI CBOWCTBAM, CyIIecTByer. lorga
JIJIsT HEKOTOPOTO TOMOXKUATEIBHOTO 1enoro uncia K cyrmecrBoBas ObI OTHHO-
MuaIbHBI anroput™ A ¢ norpentHoctbio Ry < K. TlokaxkeM, UCMOAB3Ys Bapy-
ant cemerns 'L o KM u3 r1. 2, Kak ¢ TOMOIIBIO aaroputMa A mMoxker OBIThH
pemena NP-tpyauas 3agzada TAMUJIBTOHOB ITUKJI. Hycrs G = (V, E) —
npoun3BoibHbIHA rpad. [locTponM COOTBETCTBYIOILY 0 HHINBUAYAIBHYO 33029y O
kommuBosizkepe I. Ilycts V' — MHO2XKECTBO TOPOIOB, U IMyCTh PACCTOSHUE MEXKTY
rOPOJAMYU U ¥ U PABHO
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1, ecm {u,v} € E;

d(u,v) =
(u, v) K -|V| B mporuBHOM CIydae.

SlcHo, YTO TOCTPOUTH WHAMBUAYAJbHYIO 331ady | U TPUMEHUTH K Hell ajro-
purm A MOXKHO 3a nojuHOMHaIbHOE BpeMs (nockosibky K ue 3aBucur or G).
Opnnako ecmu B G ecth ramunbToHOB 1K, T0 OPT(I) = |V|, a eciu B G
HeT TaMmIbTOHOBA IWkiaa, To OPT(I) > K - |V|. Takum 06pa3om, BOCMTONB30-
BABININCh OIEHKO# morpernHocTy ajroputma A, noayunm, uro A(I) < K - |V
TOrZIA U TOJIBKO TOTZIA, KOTHa B (G MMeeTcst TaMUIbTOHOB UK. CrieqoBareibHo,
U3 CyIECTBOBAHUS MOTMHOMAAIBHOTO TPHOINKEHHOTO anropurma A ¢ morpem-
HocThio R4 < oo crmenyer, uro KOMMUBOMAYKEP nexur B kmacce P, 9ro
OpoTUBOpednT npeanonoxkennio P # NP. [ |

Ora Teopema yKa3bIBAET HA TO, 9TO HEPABEHCTBO TPEYyTONbHUKA CyIIECTBEH-
HO 71T CIPABEIJIMBOCTH TIOTYy 9€HHBIX B IPEIBIIYIIEM PA3IENTe MOTOKUTETHHBIX
Pe3yJIbTATOB, OTHOCSIIUXCS K 3aa49e 0 KOMMUBOsiZKepe. Ecin HepaBeHCcTBO Tpe-
YTOJIBHUKA, BBITIONHEHO, TO uMeeM oueHky Rasrn (1) < %, a 6e3 HEepaBEHCTBA,
rpeyronbuuka Ryrrn (IT) = oo (nmpwm yenosun P # NP). Hekoropwle pesysbra-
THI OTHOCUTEIHHO APYTUX 33734, aHAJOTHIHBbIE TeopeMe 6.13, MOKHO HailTH B

paborax [469] u [459].

Takum 06pa3oM, OTHOCHTEIBHO JIFOOOrO M3 BO3MOXKHBIX THIIOB ITOBEICHMS
MPUOIMKEHHBIX aJITOPUTMOB, TEPEYNCIEHHBIX B pa3n. 6.1, MOXKHO I0Ka3aTh
HETATUBHBIE PE3YJIbTATHI, COCTOSAIINE B TOM, uTo ecau P # NP, To I KOH-
kperHoit 3aaa4u [ He cymecTByeT mpubIMKEHHOTO AJITOPUTMA C TEM VJTH WHBIM
MOBEIEHUEeM. DTO HABOJWUT HA MBICTH O TOM, 9TO B MPEINOIOKEHUN PA3TUIU
kiaccoB P u NP onTuMHU3aIMOHHBIE 33a9H MOYKHO KTaCCA(DUIMPOBATH COTTAC-
Ho 3uavenno Beuaunbl Rasrn (1) (a ecmu Rasrn (1) = 1, 1o BO3MOXKHA, emmié
Gonee Toukas kiaaccudukanus). Ha puc. 6.8 mpencrasieHnsl n3BecTHbIE (HhaKThI
0 Taxol KaacCuUKAIMN IJIsT HEKOTOPBIX 3334, 00CYKIABIITHUXCS BHIIIIE.

B 3aknrodenHne HATOMHUM YUTATENO, 9TO, HECMOTPSI Ha TO 9TO MBI BIOpATH
JIJTsl M3y 9eHrsT OCODEHHO XapaKTePHBIE BUJIbI MOTPEITHOCTEH, BOZMOKHbBI TAKKE
U JIpyTHe BUILI TOTPEITHOCTEH, PACCMOTPEHHBIE B HEKOTOPHIX paborax. Kpome
TOTO, 3Ta 0OJACTH MCCIETOBAHWN TTPOIONKAET PA3BUBATKHCS, W B Hel MOCTOSTH-
HO TOJIYYAIOT HOBBIE, KAK MOJIOKUTEIHHBIE, TAK U OTPHUIATEHHBIE PE3YIbTATHI.
Hanbueiimyo uadopmalpmio MoxkHO Hajitu B padore [spu u Ixoucona [147],
rIe MpUBEIeHa aHHOTHPOBaHHAsT OmOIHOrpadus padoT B 3TOi 00JaCTH, OIMy0-
JIMKOBAHHBIX K cepeauue 1976 .
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Buauenue Ry (0603H. cM. moz Tabuueit)

Haunmenosanne 3amaun 1 2 3 4 5

Prokzax + + + +

YnakoBka B + + +
KOHTeWHepbI

Munumaabuoe + + +
BEPITUHHOE MMOKPBITHUE

MaxkcumanbHOe He3aBu- + + +
CUMO€ MHOXKECTBO

KommuBostzkep ¢ HepaBen- | + + +
CTBOM TPEYTOJHHUKA

Packpacka rpados

Pacnmcanne ¢ orHomnenneMm
Hpe,ZIIHeCTBOBaHI/IH

+ + +
Kommuostzxep + + + +
+ + +

Ob6o3Hauennst cTOIOIOB:
1: Rpyrn(I) = 1. Ouenka pasHoCTH.
2: Ryrrn (IT) = 1. BriosiHe mOMMHOMUAIBLHAS CXEMa.
3: Ry (IT) = 1. TonunoMuaibHas cxema.
4: 1 < Ryrn(II) < o0
5: Ry (IT) = o0

Puc. 6.8. Kaaccudpukayua HecKOALEUT ONMUMUSGUUOHHBIT 36004 0MHOCU-
meavho snauenut eeauuunv, Ryrrn (). IIpu Ryrn (TI) = 1 umeromes pas-
Aunnve 603mozichocmu. Ceemavie (nycmole) NPAMOY20ALHUKY YKA3VLEAIOM Ha
OMEPBIMBLE 8 HACTNOAULE BPEMA BONPOCHL. ameHnennvie (o 3HAKOM «+») NpPa-
MOY20ALHUKL YKA3DLEAIOM HA MO, YN0 COOMEEMEMEYIOULLA G03MONCHOCTD He
UMeem Mecma AubO NOMOMY, MO MO MOHCHO 00KaA3amb Npu yeaosuu P #
NP, aubo nomomy, wmo ysice ussecmen Ayt aA20PUMM.

6.3. OneHku MOrperrHOCTH U MOBEJIeHNE AJITOPUT-
MOB «Ha ITPAaKTHUKE»

Herpyamno moHATh MPUYINHY, B CUJIY KOTOPOH OYEHBb JKeJATETbHO MMETh TaKue
OIIEHKW TOT'PEITHOCTeH, Kakne OOCYKIAJNCH BBIMIE JJIs IBPUCTUIECKUX AJIrO-
purmoB. Jlaxke eciu KOHKPETHAsS ONEHKA MOTPEITHOCTH U HE CTOJIb CHJIbHA, KAK
XOTEI0CH OBl (pelienne, OTINYAOIIeecs OT OTUMAILHOTO Ha 50%, 4acTo HE MO-
JKET CUATATHCS YIOBJIETBOPUTEIHLHBIM), TEM HE MEHee BEeCbMa Pa3yMHO HAYATH
periere 3a/1a91 C TPOCTOTO AJTOPUTMa, UMEIONIET0 TaKyI0 OIEeHKY TOTPEeITHO-
CTH, & 3aTEM YJIyUIIUTD €€, TOIb3yACh O0Iee COBEPIIEHHBIMU IBPUCTUKAMU U Me-
TOMAMU JIOKATHHOM onTtuMu3auu. Kpome Toro, HEKOTOphIe T0KA3aHHBIE OIEHKT
MOTPEITHOCTH JOCTATOYHO XOPOIIH U MOTYT OBITH JOCTUTHYTHI 6€3 9pe3MepPHBIX
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3aTpar MAIAHHOTO BpeMeHu. B gacTHOCTH, BECbMa yI0BIETBOPUTEILHBIMA MO-
CYT OKa3aThCs BIIOJIHE MOJIMHOMUAIHHBIE TPUOINKEHHBIE CXEMbI [TPU 3HAYEHUIX
€, MEHSIOIUXCA B Pa3yMHBIX Mpeesax. bosee TOro, mOCKOIbKY MTOrPEnIHOCTH
OIIEHWBAIOTCST B PACYETe HA XYAIIUN CIy4aii, TO HA MPAKTUKE MPUOIMKEHHBIE
AJITOPUTMBI BEIYT CeOST TOPA3I0 JIydIle, YeM MOXKHO ObLIO ObI MPEIIOI0KUTh
HA OCHOBE OIEHKU WX TOTPEITHOCTH.

TlogaepkueM ermé pas, 9TO 3TO UMEET MECTO «Ha MpakTukey. Hambombimmit
HUHTEPEC [Jis HAC MPEJCTABJISET TO, B KAKOM CTEIMEeH! HAIl AJITOPUTM «HA MPaK-
THKEe» OyIer mpubIMKATh OMTUMAILHOE perreHne. B kauecTBe ajbTepHATUBBI K
AQHAJIN3Y TOTPENTHOCTH «B XYJIIEM CIyYae» MOMKHO OBIJIO ObI TTOMBITATHCS OIe-
HUTH MMOTPENTHOCTH «B CpeaHeM». Takoil aHaan3 B HeiCTBUTEIFHOCTH UMEET 00-
raTyio UCTOPHUIO U 0 HEJABHErO BPEMEHU OCYIIECTBIISIJICS IMPEUMYIIECTBEHHO
[PU TIOMOIIY SMITUPUIECKUX METOIOB.

YacTo m3ydeHue MOBEIEHUS AJTOPUTMOB «B CPEIHEM» CBOIUJIOCH MTPOCTO
K (bOPMHUPOBAHNIO MHOMKECTBA, MPEINOJOKUTEIHHO «TUITHYHBIX > WHIWBUILYAJTh-
HBIX 337134, TPOTOHKE COMEPHUYAONINX AJITOPUTMOB HA STOM MHOYKECTBE M CDaB-
HEHUIO MOy Y€HHBIX Pe3yIbTaToB. KOHEUHO, MOIEe3HOCTh IKCIEPUMEHTOB TAKOTO
po/ia 3aBUCEa OT TOr0, HACKOIBKO «TUMWYHA» PACCMATPUBAEMAsi BEIDOPKA HH-
IUBUAYATbHBIX 337129, KPOME TOrO, He BCErJa JOCTATOYHO MPOCTO 0OPA30BATH
MOIXOISAIINI HAOOP WHINBUIYAJTBHBIX 331a49.

Ecnn MOXHO cYNTaTh, UYTO WHIWBUAYAJIHHBIE 330Aa4UU, TTPEIMOIOKUTETHHO
BCTPEYAIOIINECs HA MPAKTUKE, MOIYUHSIOTCS HEKOTOPOMY KOHKPETHOMY pac-
MPEIETICHIIO BEPOSITHOCTEH, TO MOYKHO BOCIOIB30BATHCsT DOIEE COBEPIIIEHHBIMU
MeromaMu. B 3TOM ciiydae MOXKET OKA3aThCs IOCTYITHBIM METOJ, MOCTPOEHUs
«CIIYJIaiHBIX > WHIMBUAIYAJIBHBIX 33124, MOSINHSIIONINXCS 3aJaHHOMY pacIIpeie-
Jiennto BeposTHOcTel. Ha mocTpoeHHoM TakuM 06pa30oM BHIOOPKE 3aT€M MOXKHO
HCCJIeIOBATH TIOBEIEHNE AJITOPUTMOB.

HexkoTopbie sxcrepuMeHTbI, BBITOJTHEHHBIE B 3TOM HAIIPABJIEHUH, MOATBEP-
KJIAIOT CAETAaHHOE BBIIIE 3aMEYaHUe, 9TO MOBEJAeHNe AJITOPUTMA B CPEIHEM O-
pa3o Jiydine, YeM IOoBeJeHue B XymeM ciydae. B pabore Ixxoucona [262] as-
TOPUTMBI «B TIEPBBIH TOAXOISIINI> U B «EPBBIA MOAXOISIINN B MOPSIIKE YOBI-
BAHUsT» JIJIsT PEIIEHNs 330a9¥ 00 YyIaKOBKE aHAJIM3UPOBAINCH METOIOM MOHTe-
Kapmo npu cambIx pa3HbIX TPeAIOI0KEeHNAX O PACIIPEIETICHIN PA3MEPOB ITPE/I-
MeroB, npudém B Kadecrse ouenku ontumyma OPT(I) ucnonb3oBanach cymma
pa3mepoB npenMeroB. B pesyabrare mccimenoBaHuil OBLIO BBISCHEHO, 9TO TIO-
rpemiocts Rpp(I) B cpenmem pasua 1.07, B TO BpeMsi Kak B XyZIIeM CIydae
ona pasna 1.70, a morpemuocts Rppp (I) B cpentem pasHa 1.02, B TO BpeMmst Kak
B Xy/ImeM ciaydae ona pasua 1.22. (IHTepecHo OTMETUTH, 4TO B3AMMHOE PAHIKY-
POBaHME 3TUX AJITOPUTMOB «B CPEIHEM C/Iydaey MOUYTH TAaKOE JKe, KAK «B XY/I-
mem cirydaes.) B pabore Caxuu [466] 66110 yCTAHOBIEHO, 9TO OJHA KOHKPETHAS
BIIOJIHE TOJNHOMUAJIbHAS TPUOIMIKEHHAS CXeMa, JJIs PEIeHnst 3a0a49u 00 ymo-
PAIOYEHUN C IUPEKTUBHBIMU CPOKAMU PAbOTAET C MOTPEITHOCTHI0 Beero 1,005
Jlayke B TOM CJIyd9ae, KOTIA € BEIOPAHO TaK, YTOOBI FAPAHTUPOBATH MOTPEITHOCTh
1.10, a anropuT™ B JI€ACTBUTEIBHOCTH MOYTH BCET/Ia HAXOAUT ONMTUMATHHOE Pe-
menne. OHAKO MOMOOHBIN CPABHUTEILHBIN AHATN3 TPOBEIEH JIUIID JIJIsI OYEHD
HEOOIBITIONO YKCIA AJTOPUTMOB, U B HACTOSAIIEE BPEMs, BEPOSITHO, HEPA3YMHO
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JIeJTATh PEIIUTEIbHBIE W MOCIENTHBIE BHIBO/IbI.

B HekoTOpbIX HemaBHUX pabOTaX MPeIIoXKEHbI DOIee COBEPIIEHHbIE TOIXO0-
JIbI, TIO3BOJISIONINE IOKA3BIBATH Meopemv, 00 0XKUIAEMOM TOBEIEHWH TPudJIn-
JKEHHBIX AJITOPUTMOB MPU PABIUIHBIX KOHKPETHBIX PACIPEIETIEHUSIX BEPOSIT-
Hocreli. B paGore [191], Hanpumep, B TPEITIONOKEHUH «PABHOBEPOSITHOCTHY B
HEKOTOPOM CMBIC/IE BCeX rpadOoB HA N BEPIIHHAX [IOKA3AHO, YTO HEKOTOPBIH
OpocToil ajropuT™m packpacku A mmeer cpeaion norpemHocrb Ry (G), pas-
HYIO 2, XOTs B Xy/ieM ciydae norpemsoctb R4 (G) Moxker 6bITh TPOU3BOIBLHO
BeJIUKa. AHAJIOTMUHbBIE PE3YJILTATHI OBIIN MOIYUEHBI IS 330a49i 00 YIaKOBKE,
cM. [484,541], mst 3ama9M 0 MAKCHMAJBHOM HE3aBUCHMOM MHOYKECTBE, 3a7a-
YU 0 TAMUJIBTOHOBOM IIUKJIE W TEOMETPUYECKUX BEPCUil 331a9 0 KOMMUBOSIZKEPE
u nepese Illreitnepa, cm. [282, 283, 284, 18]. Hecmorpsa Ha TO 9TO Haxke Jjist
MPOCTERIINX AJTOPUTMOB U PACIPEAEIEHUA BEPOATHOCTEN TAKOU aHAIA3 MOYXKET
OKAa3aThCsl BECHbMA 3aTPYIHUTEIBHBIM, 3TO HAINPABJIEHUE MPEICTABISIETCS MHO-
rOODEIIAIOIINM U B OIuKaMIIeM OyayIeM MOXKHO OXKWIATh TOSIBJIEHUST HOBBIX
PEe3yJIbTATOB STOTO THUIIA.

Komneuno, ananu3s moBeieHus aaropuTMoOB B CPEIHEM, PACCMATPUBAEMBIN KAK
OCHOBA, I OIEHKM WX TOBEIEHWS <«HA MMPAKTHUKE», UMEET CBOW HEIOCTATKH.
JIL1st TOro 9To0bI BEIYUCTUTE CpeaHee, HeOOXOINMO B IMEPBYI0 OYEPEeIh IIPeIIo-
JIOXKWTh, YTO WHINBUAYAJIbHBIE 330a9N TTOTIUHSIOTCS HEKOTOPOMY PacCIpeeie-
HUIO0 BEPOSITHOCTEH, M JOBOJIBLHO YACTO OKA3BIBAETCS HE SICHO, KAKOE PaCIIpesie-
serue ciepyer BbiOparb. (HTepecHblil cnocob mu3bexkarh 3TOro myTéM mpumMe-
HEHUs aJTOPUTMOB, OOIAIAIOMNX BHYTPEHHEH paHoMu3anueii, 00CyK1aercs B
pabore [441].) Pacupesenenus: BepoSTHOCTEIA, /11 KOTOPBIX, IOJb3YACh METOIA~
MU, UMEOIIUMUCS Ha, CETONHSANIHUN T€Hb, MOKHO aHAJIM3UPOBATH AJTOPUTMBI,
MOTYT JOBOJIBHO CHJIBHO OTJINYATHCS OT UCTUHHBIX PACTpPEIe/IeHUi, BCTPEYato-
[IUXCS Ha TIPAKTHUKE, TIE MPeoDIaJaioT 33Ja9n CO CJIOKHON CTPYKTYpOil (9To
BeIET K OTKJIOHEHUSIM, ¢ GOIbIIMM TPYAOM nojuaomumcs dhopmanuzamuu). Ha
MPAKTUKE TAKYKe PACIPEIETICHIS BEPOITHOCTEN MOI'YT HEIPEICKA3YeMbIM 00pa-
30M MEHSAThCs CO BpeMeHeM. Kpome TOro, pe3yabTarsl O MOTPEITHOCTH B CPEIHEM
HUYEr0 He TOBOPST O paboTe aJIrOpuTMOB HA KOHKPETHBIX 33/a9aX, B TO Bpe-
M$ KaK OIleHKa TIOTPEITHOCTH B XYIeM ciaydae JTaéT Mo KpaiiHeil Mepe OleHKY
moBeieHusT aropuTMoB. [[03TOMY, eciii HyKHO MOSydYUTh KAK MOXKHO OOJIbIIe
uHGOPMAIUHT O TOBEISHUN MPUOINKEHHBIX AJITOPUTMOB HA MPAKTUKE, BEPOSIT-
HO, JIyd9Ilie BCEro MOJABEPTHYTh UX AHAJU3Y BCEMHU BO3MOXKHBIME CIIOCODAME KAK
C TOYKU 3PEHUS TIOBEIEHUs B XYIIIEM CJIyYae, TAK W C TOUKW 3PEHUs TOBEIEHUS
B CpeIHeM.



I'maBa 7.

3a mpejiejiaMu KJjacca
NP-11oJTHBIX 3a/1a4

B macrosimeit ritaBe paccMaTPpUBAETCS HECKOIBKO TEOPETHIECKUX BOIIPOCOB, CBSI-
3aHHBIX ¢ Teopueil NP-mojHbIX 3aga4 (M BO3HUKINIUX Garomaps eif). Y duta-
TeJsT He TPEeAToaraeTcss HUKAKUX JIOMOJHUTEILHBIX 3HAHWH, Jaske HAUWHAIO-
W BIOJIHE MOYKET OCBOWTH OCHOBHBIE TMOJIOKEHWS TOHW TJaBBI 1 WX CBA3b C
ocTabHOM Teopueit. UuraTenn, 3anHTePecOBABIITNEC Pe3yTbTATAMH, TPUBEIEH-
HBIMH B HACTOAIIEH T/TaBe, CMOTYT HAaiTH O0Jee mOAPOOHbIE CBeIeHNsI, BKIIOTAsT
JI0Ka3aTeNbCTBA ITUX PE3YITATOB B CTATHAX M KHHUTAX, YKA3aHHBIX B CITHCKE
sureparypbl. Cirenyst TPUHSATOMY paHee CTHUJII0 W3JIOXKEHUsI, MBI OyIeM ompese-
JISITH HOBBIE TIOHSITHS B TEDMWHAX SI3BIKOB U MAITUH ThHIOpUHTA U 00CYKIATH UX
HeOPMATHLHO B TEPMUHAX MAaCCOBBIX 33729 U AJTOPUTMOB.

B pa3za. 7.1 ¢ Touku 3penusi, U3I0KEHHON B IUI. 2, PACCMATPUBAIOTCS U3BECT-
HBIE PE3YJILTATHI U TUIIOTE3BI O CTPYKTYpe Kitacca NP u 00Cy K IaeTcs CyIecTBO-
BaHme B Kjaacce NP TpyaHOpeIIaeMbIX 3a/1ad, He apasiornuxcs NP-nonabivu. B
pazm. 7.2-7.4 06CcyKIAI0TCsT BOPOCHI «IIOJHOTBI» JIJTsT KJIACCOB 33149, KOTOPBIE
IPEICTABIAIOTCA Oomtee TPy aHbIMA, deM NP-TIOMHBIe 331291, OTHAKO TPYIHOPEe-
[IAEMOCTh TUX 3aJa49 TakxKe ele npedcmoum doxazams. B pazmd. 7.2, B gact-
HOCTH, PACCMATPUBAETCS «IMOJTNHOMUATbLHAST NEPAPXUT», a B Pa3/]. 7.3 BBOIUTCS
noustre KP-momHOTHI 4714 3ama9 nepednciaenus. B pa3a. 7.4 Ha ocCHOBe TOHATHST
MOJTHOTHI C TOJUHOMUAIBHON MaMsIThI0 HAYMHAETCS OOCYIKIIECHUE B3aUMOCBSI3U
OTpaHUYEeHU MO BPEMEHH ¥ MO mamaTu. B pa3m. 7.5 310 obcyxaeHne mpoIos-
2KAETCs, IPU 3TOM BBOJUTCS MOHATHE «CBOAMMOCTD C JOTapU(PMUIECKON maMsi-
ThIO» W TIOKA3BIBAETCSI, KAK OHO MOYKET OBITH MCIOJIB30BAHO JIJIsT UCCIEIOBAHUS
OorpaHMYeHnit o MaMATH B 3aJa9ax kiaacca P. Hakowen, B pa3a. 7.6 MbI BHOBh
BO3BpAIAeMcs K (PyHIaMEeHTAIBHOM mpobieme «BepHO jiu, uto P = NP7». Xors
MBI CIUTAEM, 9TO STU KJIACCHI PA3AU%HbL, HO, TO-BUIUMOMY, UMEIOTCs CEPbE3HBIE
MPENSaTCTBUS I8 JOKA3ATEIbCTBA ITOrO YTBEPAKIEHUsT COBPEMEHHBIMU METOA~
MH, ¥ MBI OOCYKIa€M BO3MOXKHBIE OObSICHEHHs ITOr0O (PAKTA.
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7.1. Crpykrypa Kiaacca NP

B . 2 yxke mpuBoamiach mpocras guarpamma Kiaacca NP, m3o0parkéHHas Ha
puc. 7.1. Hanomunm, uto kimacc NP B KadecTBe MOIKJIACCOB COAEPKUT Kiaace P
u kiacc NP-nonubix 3a1a4 (cokpamgnno NPC). B npeamonoxenuun P # NP
9TH IBa KJIACCA HE TEPECEKAIOTCS.

Puc. 7..1:  Ymounénnaa duazpamma xaacca NP (& npednosooicenuu, wmo P #
NP).

Ecmu P # NP, to NP He MOXKeT COBIaIaTh Takxke u ¢ kaaccom P U NPC.
O6o3uaunm vepe3s NPT kiacc NP\ (PUNPC) 3a1a4, MMEIOIINX «IIPOMEKYTOU-
HyI0» CclIoxkHOCTD (Mexkay P u NP). To, uro knacc NPI e myct (B mpeamnono-
skeuun, uto P # NP), ectb ciienctsue 60see OBIIero pe3yrbrara, J0KA3aHHOTO
Jlagaepom [312]. s Toro yrobet chopMyIupoBaTh 3TOT PE3y/IbTaT, HATOMHUM,
9TO PEKYPCUBHHBLM ST3BIKOM HA3BIBAETCS JIIOOON SI3BIK, KOTOPBI MOYKHO PACIIO-
3HATHb HEKOTOPOIl (He 0bs3arenbHo nommHoMuasbHoi) JIMT-nporpammoii, ocra-
HABJINBAOIIENCST HA BCEX BXOMIAX.

Teopema 7.1. IIyemv B — maxol pexypcusnud asvk, wmo B ¢ P. Tozda
CYwecmsyem pacno3nasaemuiil 3a nosunomuasvbroe epems asvk D € P,
makot, wmo aswk A = DN B ne npunadaescum P, A o« B, Ho ne umeem
mecma B o A.

Dra reopeMa OyJeT MPUMEHSATHCA CieayomumM obpasom. Ilycts B — npowus-
BonbHbIH NP-tionubiil 5361k, Eciiu P # NP, 1o B ¢ P, nosromy ycjioBue Teope-
MBI BoITIOTHsIETCsI. Bosee Toro, mockonbky D € P u B € NP, To nonyJaionuiics
a3b1k A mpunaaeskur NP. VI3 reopeMbl, CIeL0BaTEILHO, BLITEKAET, UTO HE NMe-
er mecta B o A, tak uro A He MOXKeT ObITh NP-TIONHBIM, ¥ TTOCKONbKY A ¢ P,
t0 A € NPI. Paccmorpum KoHKpeTHbIH npumep. [lycrs B — 310 NP-nionHast 3a-
naga TAMUJIBTOHOB IUKJI. Torma treopeMa yTBEpPKAAET, 9TO CYIIECTBYET
TaKOM Kjaacc rpadoB, paclo3HABAEMBIX 33 MOJMHOMUAIHLHOE BPEMSI, 9TO 333~
vya TAMUJIBTOHOB LUWKJI, 6yayun paccMOTpEHa Ha, KJIacce 3TUX rpados,
ue sipasgercs NP-NoIHON 1 He TIPUHAIIEKUT Kiaaccy P (B Ipeamnonokenun, 9To
P # NP).

Ecmu P # NP, 1o Teopema 7.1 yTBepXKIaer HE TOIBKO HEMYCTOTY KJIAC-
ca NPI, no takxKe OaéT HEKOTOPYIO MHMOPMAIIAIO O CTPYKTYpPe ITOTO KIACCA



7.1. Crpykrypa kaacca NP 175

MPOMEXKYTOYHBIX 3a7a4. B npemmnonoxennn P # NP kmacc NPI nomxeH cocTo-
ATH U3 OECKOHEYHOTO CEMENCTBA PA3TNIHBIX KJIACCOB SKBUBAJIEHTHOCTH S3BIKOB.
Hampuwmep, eciu B — mobas 3amaga u3 kiaacca NPI, To Teopema 7.1 mo3Boss-
€T TMOCTPOUTH 331449y, KOTOPasi «IpoIIey, YeM B, HO BCE eIlé He MPUHAJIEKUAT
knaccy P. Jlaguep [312] mokasan takke, uro ecnin P # NP, to knacc NPT
JIOJIZKEeH cojiepKarh Takue napbl si3eikoB C u D, ato nu C o« D nu D o C.
Takum obpazom, ecmu P # NP, to B knacce NP OTHOCUTENBHO YaCTHIHOTO
MOPSIKA, KOTOPBIH OMPeNensieTcs OTHOIIEHHEM O, TOJKHBI OBITH HECPABHUMBIE
3JIEMEHTHI.

ITocse 3TUX TEOPETUUECKUX PACCYKICHUN MOKHO 33IaThCsT BOIPOCOM: CYIIIEe-
CTBYIOT JI «€CTECTBEHHBIEY 33JAUN, SIBJISIONINECS KAHINIATAMU Ha TTPUHAIJIEK-
HocTh Kinaccy NPI? B npennonoxenuun P # NP njisi yka3anusi 0pejicTaBuTeseit
9TOTO KJIACCA MOHCEM Obmb UCIOIB30BAaHA TeopeMma 7.1, HO S3bIKH, KOTOPBIE
[IPU ITOM TIOTYJAI0TCsI, OKA3BIBAIOTCST BEChbMA HEECTECTBEHHBIMU W3-33 CIIOXKHOMN
TEXHUKU «IUArOHAJIU3AINNY, TIPUMEHSIEMO [IJIsT UX MocTpoeHusi. KoHeYHO, JTio-
basi «OTKpBITasg» 3amada u3 kjaacca NP, T. e. 3aga4a, JIJI9 KOTOPO# He JTOKa3aHa,
HU TPUHAIIEXKHOCTh Kaaccy P, am NP-mOMHOTA, MOMXKET CUNTATHCS KaHIUIa-
TOM HA OpUHALTERHOCTH Kiaccy NPI. OnHako HEKOTOPBIE OTKPBITHIE 3aa9N
MPUHSTO CAUTATH OOJIee BEPOSATHBIMU KAH/IA/IATAMU, TOCKOJIBKY OHU BbIIEPIKATIN
MPOBEPKY BPEMEHEM U UM MPUCYIIN HEKOTOPhIE CBONCTBA, BUAUMO OTIMIAOIINE
X oT 3334, NP-TIOTHOTa KOTOPBHIX YiKe JIoKa3aHa. B 9acTHOCTH, TPU OTKPHI-
THIE 337a49M, MpuBenéHHble B pabore Kapma [280], ocraoTcst OTKPHITHIMU, U B
HACTOSAIIEE BPeMs U UX YACTO C PA3JIUIHON CTEMEHBIO YBEPEHHOCTU OTHOCIT K
3asadaMm u3 kaacca NPI.

N30MOP®PU3M I'PADPOB

YCJIOBUE. 3azmans: rpader G = (V, E) u G' = (V, E').

BOTIPOC. Bepno s, uro rpadsr G u G m30MOpQHEI, T. €. CyIIeCTBYeT JIn
B3aMMHO-OMHO3HauHas byrkuusa f : V — V| rtakas, uro {u,v} € E torma n
TONMBKO TOTAA, Korma { f(u), f(v)} € E'?

COCTABHBIE YUCJIA

VYCJIOBHUE. 3a1aH0 TOMOXUTEILHOE IIe0e Yuciao K.

BOIIPOC. CymecrBytor ju ueiable 4uciaa m 4 n; m,n > 1, rakwe, 4TO
K =mn?

JINHEMHOE ITPOTPAMMMPOBAHUE!

YCJIOBUE. Banansl nenoducientsie BeKTopsl Vi = (v;[1], ...... ,viln]), 1 <
i<m, D =(di,...,dn), C = (c1, ..., ¢m), Uemoe aucio B.

BOIIPOC. Cywecrsyer ju takoii Bekrop X = (21, ..., ) C pPALMOHAJIbHbI-
Mu Koopaunaramu, 9to V; X < d;, 1 <i<mu CX > B?

Uccnemoarenu, mpeInpuHUMABIIKE MTOMBITKA J0KA3aTh, 9T0 3amada M30-
MOP®U3M I'PA®OB asasercs NP-OIHOM, OTMEUAIOT, UTO €€ CTPYKTYPa, Mo-
pa3no 0ojiee OrpaHUYUTENbHA, YeM CTPYKTypa TunudHoil NP-monHoi 3amaun,

LJT. I. Xauusn [33*] mokasan, 9To sTa 3a7aua JexuT B Krnacce P. — ITpum. ped.
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rakoif, Hanpumep, kak USOMOPO®U3M I[TOJATPA®Y. /TokazarenscrBa NP-
TOTHOTBI TPEOYIOT ONMPEeIeTEHHON CBOOOALI AEHCTBUI B TOM CMBICTE, UTO €C-
Ji uckomas crpykrypa X ([OAMHOKECTBO, EPECTAHOBKA, PDACIUCAHUE U T. JI.)
CYIIIECTBYET, TO OHA JIOJIYKHA CYIIECTBOBATH U TOTIA, KOIIA HEKOTOPHIE IeTajIn
paccMaTprUBaeMOit MHINBUIYAJIbHOMN 33,a9N JIOKAJIBLHO n3MeHsitoTcst. Hampuwmep,
dyukmus f Gyner uzomopduzmom rpada H u noarpada rpada G, naxke eciu
B G 100aBUTH WM UCKJIIOYUTH HEKOTOPbIE PEOpa, He MPUHAIIEKAIIHE 006pa3y
orobpaxkenusi f. Onuako eciu f ecrb w3omopduzm H u G, To moboe u3me-
Henne B (G IOJIYKHO COTMPOBOXKIATHCS COOTBETCTBYIOIIMM wW3MeHeHueM B H, B
MpPOTUBHOM ciyuae f yxke He Oymer m3omopdusMoM. IpyruMu coBaMu, JOKa-
3aTehCcTBa NP-TTOIHOTHI, BUAUMO, TPEOYIOT OMPENeIEHHON U3OBITOYHOCTH 3a-
nmadu, orcyrcrByiomeit B 3agade U30MOPOU3M T'PAPOB. K coxanenuto,
OTCYTCTBUE M3DBITOYHOCTH MAJIO MOMOTAET KAK TIPU TOCTPOCHUH MTOTHHOMHUAITb-
HOTO aJropuTMa s pemenns 3agaun U3OMOP®IU3M I'PA®OB, tak u npu
OKa3aTeIhCTBE TOTO, UTO 3Ta 3aJa4a JeXKUT B Kiaacce NPI.

AprymenTst B oan3y Toro, uto 3agaun COCTABHBIE YNCJIA u JIMHE-
HOE IMTPOTPAMMUPOBAHUE, sugumo, He siBsiiorcss NP-MOTHBIME, UMEOT
npyro#t ucrounuk. HamomuuM, 910 B IJI. 2 GBLIO OTMEYEHO, YTO U3 MPUHAJ-
nexuocru 3agaqu 11 knaccy NP, mo-BuaumMoMy, He Ceayer, 9To B Kiaacce NP
nexxnt gonomrenne 1€ sToit 3amaum (T. e. 3a7a9a ¢ TPOTUBOTOTIOMKHBIM OTBE-
tom: Yire = D \ Yi). Onpenennm

co—NP = {II° : 11 ¢ NP}
WA B TEPMHUHAX A3BIKOB
co—NP = {¥*\ L: L — a3wik B andarnure ¥ u L € NP}.

OCHOBBIBasICH HA TOM, YTO MHOTHE 3339 U3 Kjaacca co— NP, BUIuMo, He mpu-
Haexkar NP, BOOHe pasyMHO MPEANON0KNUTE, uT0 NP # co— NP. OTmernm,
YTO, XOTSI APTYMEHTHI B MOJIB3Y 3TOTO MPEANONIOKEHNsT OJIN3KU K apryMeHTaM,
OPUBOIUBIIUMCS B MONB3y Toro, uro P # NP, npeanonoxenune NP # co— NP
«cumbHeey, ueM P # NP. Knacc P 3aMKHYT OTHOCUTEHHO OMEPAIUU B3sITHS
nononuenus (1. e. P = co — P), nosromy u3 toro, yro NP # co— NP, cienyer,
uro P # NP, xors HepaBeHCTBO P # NP MOXeT UMeTh MECTO U B TOM CIIyYae,
korma NP = co—NP. Tem He MeHee CIIeIYIONIAsT HECTOXKHAST TEOPEMa TTOKA3BI-
BaeT, 9TO MMeeTcss TecHas cBa3b mexy NP-nomaoroit 3agad COCTABHBIE
YNCJA u JUHETHOE ITPOTPAMMUIPOBAHUE 1 npeanoioKeHneM, 9To
NP # co—NP.

Teopema 7.2. Ecau cywecmeyem maxas NP-noanas 3adaua IT, wmo TI¢ €
NP, mo NP = co—NP.

JlokazaTeahCTBO 3TOM TEOpEeMbl AHAJOTHYHO JOKA3ATENHLCTBY JeMMbI 2.1 u
Oy 9aeTCsl HTIOCPEICTBEHHO ¢ MTOMOIIBIO OMEPAIUN KOMIO3UIMK MaIiuH Thio-
purra. B npeanonoxkenuu, aro P # NP u NP # co— NP, teopema 7.2 n1aér Ham
HOBYIO KapTuHy Kiaacca NP u ero okpy:keHus, n300paxKEHHyIO Ha puc. 7.2.
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B kagecrBe ciemcrBusi m3 Teopembl 7.2 momydaem, dro 3amada 11 € NP,
nutst koropoit I nmpunanexut xmaccy NP, me Mozker 661Tb NP-IIOTHOI, €CiTH,
kouHedHo, NP # co—NP. Tlosromy ObLIO GBI €CTECTBEHHO OXKUJATH, YTO TAKAS
sagada Il ve apiasgerca NP-nonuoit. Ognaxo un 3agaua COCTABHBIE YN CJIA,
u 3a1aua JJMHEMTHOE ITPOTPAMMUPPOBAHNE 061a1210T STHM CBORCTBOM.

Puc. 7..2: Kapmuna xaacca NP u ez2o0 unenocpedecmeennwnix cocedeti 6 npedno-
aooicenun, wmo P # NP u NP # co—NP. Kaacc P mooicem coénadamo, a
Mmooicem u He cosnadamdv ¢ Kaaccom NP N co—NP.

Ouesngno, aro 3agada COCTABHBIE YUNCJTIA nexur B knacce NP. [o-
[OJIHATENBHOM K Heil 3anaqeil Oy aer 3agaya [IPOCTBIE YN CJIA: «/Iano momno-
JKUTENhHOeE 1iesioe uncsio K. Bepro s, uro K — mpocroe?s Brio [434] mokazano,
uro [TIPOCTHIE YNCJIA npunagiexur kiaaccy NP, a uMeHHO ObIIO JOKA3aHO,
910 JJTst M06Oro mpocToro uuciaa K mMmeercs TOKA3aTETbCTBO TPOCTOTHI TOTO
YUCITA, TOCTATOYHO KOPOTKOE [IJIsi TOTO, 9TOOBI €r0 MOYKHO OBLIO YKA3aTh U MPO-
BEPUTH 33 BPEMsl, OrpaHUYEeHHOEe MOTHHOMOM OT log K. AHamorudabiM 06pa3om
C TOMOIIBI0 (DYHIAMEHTAILHON TEOPEMBI IBONCTBEHHOCTH U3 TEOPUN JIMHEHHOTO
MPOTPAMMUPOBAHUS MOYKHO JOKA3aTh, UTO 3a7a4a, ITOMOJHUTEIbHAS K 3a71a9e
JIMHENTHOE TPOTPAMMUPOBAHUE, npexncrasisier coboii BApHAHT 3312~
YU JIMHEHHOTO MPOrPAMMUPOBAHUS U, 3HAYUT, TPUHAIIEKUT Kiaaccy NP.

Takum obpazom, eciu NP # co— NP, ro uu 3agada COCTABHBIE YIMC-
JIA, uu 3amaga JIMHEMTHOE ITPOTPAMMUPOBAHUE we moryT 6eith NP-
OOTHBIME. DTOT HAKT MOKHO CIUTATEH JTOBOJBHO CHIBHBIM aPIyMEHTOM B MOJTb-
3y TOTO, YTO YKa3aHHBIE 3a7aun He ABaa0Tcd NP-nomasivu. Eciu au onpa m3
HUX HE MOXKET OBbITh PEIeHa, 33 MOJMHOMUAIHLHOE BPEMs, TO OHWM TPUHAIJIE-
xar kiaaccy NPI. Crenyronmit apryMeHT, BUAMMO, HECKOIBKO ciabee. Kak yxke
OTMeYaIoCh, CUMILIEKC-METOJ, JI/Tsl PEIeHs 3aJa9i JTUHEHHOTO TPOrPAMMUPO-
BaHUS, XOTsI U MUMEET IKCIOHEHIIUATBHYI0 BPEMEHYIO CIIOXKHOCTh, OY€Hb 4aCcTO
paboTaeT HACTOIBLKO OBICTPO, UYTO BO3HUKAET OILYIIEHHE, YTO MOKHO TTOCTPOUTH
ApPYTro# aJarOpuTM peNTeHus 3aJa9N JIMHEHHOTO MPOrpaMMUPOBAHMSA, KOTOPBIi
yXKe sBJseTcss monmuHoMuaIhbHBIM. B ciayuae 3amaun COCTABHBIE YUCJTIA
MBI B HEKOTOPOM CMBICTIE Jayke OJIMKe K MOCTPOEHUIO TOTHHOMUATIBLHOTO AJIN0-
puTMa.

AnropuTy™ J1J1sT BBISICHEHUST BOIIPOCA, SIBJISIETCS 3aAHHOE IUCIO TPOCTHIM UITH
cocraBHbIM, Opejyioked B pabore Muiepa [385]. B sroit pabore Takxke moka-



178 I'maBa 7. 3a npexenammn Kaacca NP-mogIHbIX 3a1a4

3aHO, YTO €CJIM BEPHA <«PACIIMPEHHAs] TUINOTe3a PUMaHa» W3 TEOPUH YUCENT, TO
anroput™M Muamepa uMeeT MOMMHOMHAJIBHYI0 BPEMEHHYIO CIOXKHOCTH. TaKum
06pazoM, XOTsT HU IS OJHOM M3 yKA3AHHBIX 3329 HE U3BECTHO MOTUHOMHUAIb-
HOrO aaropuTMa’, MBI TOUTH YBEPEHEI, UTO HUKTO He GYIET YTBEPIKIATL, UTO
stu 3amaun NP-nonust. (Ha camom mene mokasarennbctso toro, uro I € NP u
I € NP, moer paccMaTpUBATELCS KAK yKA3AHHE HA TO, 9T0 3a71a4a [T moocem
OBITH pellieHa TOTMHOMUATBLHBIM AJTTOPUTMOM, XOTsI MbI IOKA U HE 3HAEM, BEPHO
mu, aro P = NP N co—NP.)

Hanmuune takux (6osee win MeHee BEPOSTHBIX) KAHAUIATOB HA MPUHAIJIEK-
HOCTH Kjaccy NPI To3BOJISET TTOCTPOUTH HOBBIE KJIACCHI «TPYIHBIXY 33J1a9 B
kmacce NP. B gacTHOCTH, OTHOIIEHNE TOJTHHOMUAATBHON CBOIMMOCTH X TO3BO-
JIIeT MOCTPOUTH KJACCHI SKBUBAJIEHTHOCTH i Kaxkaoi u3 3agad M30OMOP-
®U3M I'PA®OB, TMHENHOE TPOTPAMMIPOBAHNE (LP) u COCTAB-
HBIE YNCJIA ¢ ouenmubivu cienctusimu. Hampumep, eciau 3amada, [T € NP
obmamaer tem cpoiictBoM, uro IT o« LP u LP o I1, To I paspemmma 3a monn-
HOMuAIbHOE BpeMs (uiu NP-nosna, winu jexut B Kiaacce NPI) torna u Toibko
roraa, korga LP paspemuMa 3a HOJIMHOMUAJILHOE BpeMsi (coorBeTcTBeHHO NP-
nosiHa uim jexur B Kiaacce NPT).

OOBITHO HETPYIHO BUAETH, YTO (DOPMYIUPOBKHU 330a4N JIMHEHHOTO TTPOTPAM-
MHUPOBaHUs, KOTOPbIE BCTPEYAIOTCS B CAMBIX Pa3HBIX pabOTax Mo JUHEHHOMY
IPOrPAMMHUPOBAHUIO, IKBUBAIEHTHBI OTHOCUTEIHLHO OTHOIIEHUsT o 3agade LP.
Pucc u Jo6kun [448] pe3toMupoBain OCHOBHBIE PE3Y/IHTATHI OTHOCUTEIBLHO STOrO
KJIACCa 3a71a4 M HECKOJIBKO pacimmpuin ero, Utan [251] mokasads, 9To HEKOTOphIe
33129 O PAIMOHAIBLHBIX MOTOKAX B CETSIX TAKYKE SKBUBAJEHTHBI 33ma4ue LP.
Bagaun, TOIMHOMUANILHO dKBUBaJAeHTHLIE 3a7a4ue N3OMOP®II3M I'PA®OB,
6eun Haiinensr Bycom [52], Babau [23], Muiepom [386], Kozernowm [300, 304] u
npyruvu apropamu. OIHAKO OOMBITHHCTBO HAMIEHHBIX 3a/1a9 9TOTO KIacca JIH-
00 SABISIOTCS OrpaHUYeHHBIMEA Bepcusamu 3amauun N30MOPOU3M I'PAO®OB,
b0 3amadamu 06 n3oMopdu3Me 0OLEKTOB U CTPYKTYP JAPYTOro THIMA, TAK UTO
BCE 9TU 334U OIHOTO W TOTO YK€ «TUMay. BO MHOrMX paboTax Mmo TEeOpUu Uu-
cest GOPMYTUPYIOTCS yTBEPKICHUS CIIPABEITUBbIE TOTIA U TOIHKO TOT/Ia, KOT/Ia
HEKOTOPBIE YUCIIA SIBIISIIOTCS MTPOCTBIME, 9TO MO3BOJSIET MOCTPOUTH KIACC 33124,
skBuBasenTHbiX 3agade COCTABHBIE UM CJIA. Hekoropbie u3 3THX SKBUBA-
JIGHTHOCTE TTPUBEIEHBI CPEIN OTKPBITHIX 331849 B TTPUJIOKEHIIH.

Ecmu mmeercs 3agada u3 kmacca NP, KOTOPYIO MBI CIHTAaE€M TPYIHOMN, HO
NP-1I0THOTY KOTOPO# MBI IOKA3aTh HE MOYKEM, TO CYIIECTBYIOT, KOHEIHO, Dosee
CUJTbHBIE CTIOCODBI TIOATBEPKICHUST €€ TPYTHOPEIIAEMOCTH, 9eM JOKA3ATETHLCTBO
SKBUBAJIEHTHOCTH JTOH 331a49M OJHON M3 OTKPBITHIX 3ama4. OnuH U3 METOIOB,
YOOMSIHYTBIN B TJI. 5, 3aKJI0YAETCS B UCIOJB30BAHUU CBOIAUMOCTH 10 THIOpUH-
ry. Ecnm ymacres mokasars, 9To HeKoTOpas m3BecTHas 3amada I’ ceogmma mo
TriopuHrY 3a MOMMHOMHATLHOE BpeMsi K paccMarpuBaeMoii 3agade I, To, ode-
Buno, I1, momo6uo II', pazpemuma 3a DOJIHHOMAAILHOE BPEMS TOTIA U TONBKO
Torga, kKorga P = NP, XoTs MBI U He MOYXKeM J0Ka3aTh [NP-TOJHOTY 3aJa4u
IT, nockombKy He u3BECTHO, ciaemayer jm u3 ceogumoctu 11’ ocp I cBOgMMOCTH

2CM. IpeABIAYIyIo CHOCKY — IIpum. ped.
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IT" o II. (B obuiem ciaydae u3 MOIMHOMHAILHON cBOAuMOCTH 10 ThiopuHry e
CJIe/lyeT TIOJIMHOMUAJIbHAS CBOAUMOCTH [316], XoTs Takue npumepst B Kiacce NP
HE U3BECTHBDL. )

IMorenuuanbao Gosee mone3nas uies npejoxkena B pabore [3]. Oua cocro-
UT B UCIOJH30BAHUM NOHATHS «Y-CBOIAUMOCTH». DTO MOHATHUE TO3BOJSET JTOKA-
3BIBATH TPYIHOPENIAEMOCTh 3aJaui He B Mpeanojoxenuu, uro P # NP, a B
npeanonoxkernn, uro NP # co—NP. Takum o06pa3oMm, TOHATHE Y-CBOLUMOCTH
ciabee MOHATUI CBOAUMOCTH MO THIOPUHTY ¥ MOJUHOMUAIBHON CBOAMMOCTH, HO
OHO TIO3BOJISIET JIATh CYIIECTBEHHOE TIOATBEPXKIEHNE IPEINOIOKEHUIO O TOM, ITO
paccMarpuBaeMast 3a/1a9a TPY/IHA.

B ornmuune ot Apyrux paccMOTPEHHBIX HAMU MOHSITHI CBOAMMOCTH MOHSATHE
~-CBOJMMOCTH HMEET HeJIeTePMUHUPOBAHHbLIN xapakTep. Omnpemenum BHadYAE
mousaTue omuowenus Ryr, Berancasemoro HIIMT-nporpammoii:

CYIIIECTBYET CJIOBO 2z, TaKOe, YTO Ha BXOJE X
Ry = (<z,y>: .
" J0Ta IKe z mporpamMMa M BBITAET y

(31€Ch «BBIIAST» O3HAUAET TO YKE CaMOe, 9TO Tpu Bhraucaeanu dyuxmuii JIMT-
IpOrpaMMaMu ).

Bynem rosoputh, uro si3bik Ly B amdasute Y y-ceodumcs K 36Ky Lo B a-
dasure L, (0603nauenme: L1 o<, Lo), €CIM CYIECTBYET TAKAS MOIUHOMHUAILHAST
HIMT-nporpamma M, 9T0 A5 KaxKI0r0o & € L.* CyIIECTBYET HEKOTOPOE CJIOBO
y € X3, takoe, 4To < x,y >€ Rjr, u ais Bcex < o,y >€E€ Rjs BbIIOTHSETCS
coorHomenne r € Ly TOrga U TOIBKO TOrAa, Koraa y € Lo. Ipyrumu cioBamu,
HA KaXKJIOM BXOJZe & mporpaMmbl M mmMeercs mo KpaiHeil Mepe OIHO OCTAHABIIN-
BAIOIIEECsT BHIYUCIEHNE, U BCE OCTAHABIMBAIOIMINECS HA, & BBIUUCIEHUS BBIIAIOT
37meMeHThl U3 Lo TOTHA W TOJBKO TOTHA, Koraa - € L.

HerpynHo BuaeTh, 9TO OTHOIIEHHNE Y-CBOIANMOCTH X, TTOJOOHO OTHOIIEHIIO
MOTUHOMHUATBLHON CBOIUMOCTH X, TDAH3UTUBHO, a TaKKe, 9T0 u3 L1 o< Ly cnemy-
er Ly o, Ly (XOTs HE M3BECTHO, BepHO 1t o6parHoe). fI3bik L € NP Ha3biBaercs
~y-noansim, ecia gt Beex L' € NP, L' o, L. Taknm obpazom, Bce NP-mossble
SA3BIKU SIBJISIOTCSA TAKYKe U Y-TIOJHBIMHU, HO B MPUHIIAINE S3bIK MOYKET OBITH 7y-
moTHBIM, HO He NP-momabIM. [IpuMepst y-moaubIx 3aatd, NP-TIOTHOTa KOTOPBIX
He M3BECTHA, MOXKHO HaiiTh B paborax [431,3]. Hike mpuBOANTCS TOIBKO OTWH
MpUMep, B3SATHINH U3 MOCTEIHEN pabOTHI.

JINHEMHASI JTEJINMOCTD
YCJIOBUE. 3amganbl MOMOXKUTEILHBIE MEIbIE YNCIA 4 W C.
BOITPOC. CymecTByer iu TakKoe METOE YUCTO T, YTO ¢ JAeTuTcsa Ha ax + 17

(UuTepecHo orMeruThb, 4TO 3Ta 33/Ja4a OYeHb JIErKO Peliaercs 3a MOJUHO-
MHAJIHLHOE BpeMs, eCu ar + 1 3aMEeHUTD Ha ax, TTOCKOJHKY B TTOCTIETHEM CIIyYae
331298 MOXKET OBITH mepedOpMyInpoBanHa Tak: «lemurcs i ¢ Ha, a?» 3aMmerum
Tak:Ke, YTO PACCMATPHUBAEMYIO 33Ia9y MOKHO PEIUThH 34 TCeBIOTOTMHOMAAIIhH-
HOe BpeMsd, W, CIeJ0BATENbHO, €€ MpearnonaraeMas TPYTHOPENIaeMOCTh CyIIIe-
CTBEHHO 3aBUCUT OT COTJIAIIEHUSI, YTO IUCTA MPEJICTABISIOTCS CIOBAMU, AIUHA
KOTOPbIX OFPAHUYEHA [OJUHOMOM OT JIOrapruhbMOB BEJIMYUH ITUX TUCEI.)
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JokazaTembeTBo y-monHors! 3ataan JMTHENHAS TEJINMOCTD ochosa-
HO Ha 7y-cBeneHnn K Heit 3aga4uu 3-BBIII. Ilpu sTom ucnonb3yercs: mHegerepmu-
HUPOBAHHOE YTAIbIBAHIE GOMBIIOr0 YHUCIA MPOCTHIX YUCEN, JOKA3ATETHCTB MPO-
CTOTHI W PA3JIOKEHWH HA MTPOCTHIE MHOKHUTENU. Ha caMoM Jiejie Bee NOKA3aHHBIE
Ha CETOMHAITHUWHA JIeHb PE3YJIbTATHI O Y-MOJHOTE KACAIOTCS TEOPETHKO-UHCIIO-
BBIX 33129 U UCIIOIb3YIOT HEJETEPMAHAPOBAHHOCTD /TSI YTabIBAHUS TEOPETHKO-
YUCTOBBIX CTPYKTYpP. [103TOMY BO3MOKHOCTH MIMPOKOTO MPAMEHEHHUS TTOHSTHS
~-CBOAMMOCTH €I¢ TpeOyeT CBOEro MOATBEpXKaeHus. [IpuMeHeHne MOHATHAS Y-
MOJTHOTHI K BOTIPOCAM TPYAHOPENTAEMOCTH OCHOBAHO Ha CIIeyioleii Teopeme [3].

Teopema 7.3. Ecau asvk L asasemca y-noarom u L € NP N co—NP, mo
NP = co—NP.

B wacrrocTu, mockonsky P C NP N co—NP, 10 u3 3TOil T€OpeMbl CJie/y-
er, uto ecu 3agada JIMHENHAS JEJTIMOCTD paspemmMa 3a MOTHHOME-
anmbHOe Bpemsi, To NP = co—NP. (3amerum Takke, 4TO B CHJIy TEOPEMbI 7.3
~y-mosroTa 3311 COCTABHBIE YNCJIA u IUHEMTHOE ITPOTPAMMUPO-
BAHUE wmaJio BeposiTHA, Tak Kak oHE 06e mpuHaziexar kaaccy NP N co—NP.)
Ha puc. 7.3 B 0buryio kapruny knacca NP BKITIOUE€HBI TAKAKE Y-TTOTHBIE 33a9H.

L
\‘f’*“:\‘"k
LAY
H :I: W Ly

CO-Y -Aamee Jada \
(!

Puc. 7..3: Ewé pas ymounénnas xapmuna xaacca NP (6 npednososicenuu, wmo
P # NP u NP # co—NP).

Jlo cux mop JOBOJBLHO MOAPOOHO 00CYKIATACh CTPYKTypa Kiaacca NP u oco-
OeHHO KJTacca TpoMeKyTOUHbIX 3a1ad NP1 . B 3akmoderHne HACTOSIIEro pa3iernna
paccmoTpuM cTpykTypy Kiaacca NPC (kmacca NP-monmbix 3amad). Hecmorpst
HA TO YTO BCE 3TH 33JaYN «IKBUBAJIEHTHBI> OTHOCUTEIHLHO TMOJIHHOMUAIBLHOMN
CBOIMMOCTH, HEKOTOPBIE 334l W3 3TOTO KJIACCA CBSI3aHBI MEXKIY CODOil ro-
pas3mo TecHee, 4eM JApyrue. BCIOMHUM, HAPUMED, YKA3AHHYIO B [I. 3 TPSAMYIO
ceomumocTh fpyr K apyry 3agad BEPIIIMHHOE IMOKPBITUE, KJIUKA u
HE3ABUCUMOE MHOZKECTBO. 9Ty TecHYIO CBSI3b MEKIY 33 JA9aMU MOK-
HO C(hHOPMYIUPOBATH C TIOMOIIBIO TTOHSATUHS «U30MOP(MU3M C MOJTUHOMHUATHHBIM
BpemeHeMs. Bymem roBoputh, uTo nBa s3bika Ly € X u Ly € X5 usomopdroe
€ NOAUHOMUGALHBIM BPEMEHEM (UNAU NONUHOMUAADHO UOMOPPHHDL), €CITH CYIIe-
CTBYeT B3aMMHO-OIHO3HAYHOE oTOOparkeHme «Hay f : X — X3 takoe, uro f
HOMUHOMHATIBHO cBOAUT Ly kK Lo, a f~! momumomuansao cBogut Le k L.
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Jlerko mposeputhb, uro 3amaan BEPIIIMHHOE ITOKPBITUE, KJINKA u
HE3ABUCUMOE MHO?KECTBO nonunoMuaibHO ©30MOP(MHBL, MOKHO TaK-
K€ TIPENONOXKUTh, YTO C MOMOIIBI0 OTHONIEHUS MMOJIMHOMUAATBHOTO W30MOP-
Gu3Ma MOXKHO TTOCTPOUTH W APYTHE KJIACCHI SKBUBAJEHTHOCTH. VccaenoBaHus
B 9TOM HampaBJIeHWN ObLIN MpoBeneHbl B paborax [39, 200]. TIpu sToM Gbit
YCTAHOBJ/IEH YIWBUTETbHBIA (PaKT — 6ce m3BecTHbIe NP-TIOTHBIE 331390 OKA3bI-
BAIOTCs IOJUHOMHUAJIBHO u3oMopdubiMu! B arux paborax maHbl BecbMma obiue
MeTObI TPEe0OPA30BAHUS OOBITHON MOITUHOMUAIBHON CBOJUMOCTH B IMOJTHHOMU-
aJILHON M30MOP(U3M, U B HACTOSAIIECE BpeMsi He M3BECTHO HU OIHOMN mapbl NP-
MOJTHBIX 33189, CBOJAUMOCTH MEXKIy KOTOPBIMHU HEJIBb3sT OBLIO OB Mpeobpa30BaTh
B n30MOP(U3M, XOTSI, KOHEUHO, Oy IAEMBbIE TIPU 3TOM «U30MOPQU3MbBI» OKA3BI-
BAIOTCsI COBCEM He TAaKUMH IPOCTBIMU, KaK M30MOpdu3M Mexk 1y 3amadamu BEP-
IMINMHHOE MMOKPHITUE, KJINKA u HEBABUCUMOE MHO?KECTBO. Ha
ocHoBe 3Toro Bepman n XapTMaHuC TPeaNoONOKUIN, 9TO Bce NP-TOMHBIE 3a-
ad¥ MOJTMHOMUAILHO W30MOPMHBI. [10106HO MHOTUM IPYTUM, YIOMUHABIIAM-
CS1 BBINIE TIPEATIONIOKEHUSIM, U3 3TOTO MPEANoNokenus ciaenyer, uro P # NP.
HeitcrBurenbho, ecnu 061 P coBmagaino ¢ NP, To Bce s3biku u3 P Ob1mu 661 NP-
MOJTHBIMY U, B CHITY MPEIIIONOKEHUs, TOTHHOMUATBEHO H30oMopdHbIMEU. OIHAKO
P copmepkuT Kak KOHEYHbIE, TAK U DECKOHEYHBbIE 3bIKU, [MOITOMY BCE SA3BIKHA B
P me mMoryT 6bITh W30MOP(MHBIMHU.

7.2. TlonmmHOMMAJIbHAS MEPaPXUA

B mpensigymem pasaese 6bu1n paccMoTpenbl NP-ToIHBIE 330391 U 33,1a9H, KO-
TOpBIE, BO3MOXKHO, «IpOINe» WX. B HACTOSAIEM W CIEIYIOMUX ABYX pa3desrax
OynyT obcyxkaarbesas NP-TpyaHbie 3a1a49u, KOTOPBIE 10 KpaifHeil Mepe He «IIpo-
me» NP-nonubix 3aga4d. Crangaptabii npumep NP-TpyaHO# 3a1a49u, KOTOpas,
BUAMMO, He sBisercs NP-nérkoii, naér ciemyroinas 3aga4a u3 pabor [384, 500].

MUHUNMAJIBHOE 9KBUBAJIEHTHOE BHIPAKEHUE

YCJIOBUE. 3anano npaBUIbHO MOCTPOEHHOE OYIEBCKOE BhipaxkeHue F, co-
JiepKalliee JUTePasibl U3 MHOMKECTBA epeMeHHbIX V', nocrosuubie T (uctuna) u
F (noxs), noruaeckue casku V(u), A (wmm), - (#e) n — (cremyer), a Tak:Ke
HEOTpHUIaTesbHOe Tesioe qucio K.

BOIIPOC. CymiecTByer i MpaBUILHO MTOCTPOEHHOE OYJIEBCKOE BHIPAYKEHUE
E’, conepxarmee He 60omee K BXOXKIEHHI JTUTEPAJIOB W IKBABAJCHTHOE F, T. e.
TaKoe, 4TO [JIsi BCEX HADOPOB 3HAYEHUN MCTUHHOCTHA HA MHOXKECTBe V BbIparKe-
Husg F m E' NpUHAMAIOT OIMHAKOBBIE NCTUHHOCTHBIE 3HAYEHUS !

Ota 3amaua NP-TpymgHasi, TOCKOILKY K Hell cBoauTcs o ThIOPUHTY 3a1a4a
BBITIOJTHUMOCTD (Bbimoninumoe Boipazkenue F, UMeoIiee BUI KOHbIOHKTHB-
HOI HOPMAJIBLHON (POPMBI, TMOO JIOKHO TPHU JI0O0M HabOpe 3HAYEHUH MCTHHHO-
CTY ¥, 3HAYUT, IKBUBAJEHTHO BbIpaKeHUI0 F', 1ub0 He SKBUBAIEHTHO HUKAKOMY
BBIPAYKEHUIO, HE COAEPIKAIIEMY JINTEPAJIOB).

Omnako, no-sugumomy, 3agada MITHUMAJIBPHOE 9KBUBAJIEHTHOE
BBIPAZKEHUE ne asiasierca NP-nérkoit. JIo cux mop HUKOMY He YIAJI0CH II0-
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Ka3aTh, 9TO 3Ty 33139y MOXKHO DPEIUTDH 33 MOJUHOMHUAIHHOE BPEMS C UCIIOTH30-
BanueM B Kadecrse opakyJia 3agady BBIIIOJTHUMOCTD (unu sro6yio apyryio
sagauy kiacca NP). Takoii opakyn MOXKeT OKa3aThCs MOJIE3HBIM JJisi IIPOBEP-
KW 9KBUBAJIEHTHOCTH BhIpaskenwii E' w F, HO He JJI OTHICKAHWS TTOIXOISIIETO
KapamoaTa qa F'.

Bagaay MUTHUMAJIBHOE 9KBUBAJIEHTHOE BBIPAZKEHUE, oxna-
KO, MOYKHO PEIUTDH 3a MOJTUHOMHUAIBHOE BPEMsI, €C/I BMECTO JAeTEePMUHUPOBAH-
voit OMT u3 1. 5 UCmONb30BATh HEJeMEPMUHUPOBAHHYIO OPAKYIHHYIO MAIIIK-
ay Toopunra (HOMT). HOMT mnpexacrasasier cotoit HIMT, mononHneHHyIO
OpPaKyJIbLHOM JIeHTOM, anajoruduo tomy, kKak OMT ecrs JIMT, momonnennast
opakynbHoi smerTol. Nuade rosopss, HOMT moxker ¢ camoro Hadama CIeaarTh
JIOTAJIKy, & TAKXKE B IPOIECCE BBIYUCIEHUS KOHCYJIBTUPOBATHCS C OPAKYJIOM.
Hedopmansuo rosopss, HOMT c opakysnom II coorBercrByer HemeTepMUHUPO-
BAHHOMY aJITOPUTMY C MOAMPOTPaMMOii s pemrenus 3aaaqn 1. Bpemst paboTst
HOMT onpenensiercs tax xe, kak giasg OMT u HIMT.

Bagaay MITHUMAJIBHOE 9KBUBAJTEHTHOE BBIPAKEHUE moxuO
pemuTh 3a nonuHoMuanbHoe BpeMsi Ha HOMT, ecu B kadecTBe opaky/ia Jjist
knacca NP B3sars 3agaay BBITTOJTHUMOCTD BYJIEBCKOI'O BBIPAYKE-
HUS (T.e. mpu 33JaHHOM TPABUILHO TTOCTPOEHHOM OYJIEBCKOM BBHIpayKeHuu F
CIIPAIITABAETCS, CYIIIECTBYET JIU TAKOW HAOOP 3HAUEHWI MCTUHHOCTHU, MTPU KOTO-
pom E mpunnmaer 3HadeHUe «UCTUHA» ). [oCIeHss 3a1a9a, XOTSA U MPEeICTAB-
nsieT coboit HEeCKOMBKO Oomee obILyto Bepcuio crangapraoit 3amaau BBITIOJI-
HUMOCTD, Bcé pasuo mpunajiexkut knaccy NP. Jlas Toro 9roGbl y3HATH
oTBeT 11 (PUKCUPOBAHHON MHINBUIYaNBHON 3a0aun n3 3agaun MUTHUMA JIb-
HOE 9KBUBAJIEHTHOE BBIPAZKEHUE, ycnosue koropoii cocrout n3 E
n K, mocraTouno yragarh Bhipakerme F', comepxkamee He 6omee K BXOXKIe-
HUI JTUTEPAJIOB, U C MOMOIIBIO OPAKYJIA OMPEJE/UTh BHITOJTHUMOCTD BbIPpaXKe-
ausg - (B — E) A (E — E')). Ecin aro BbIpakeHHe HEBBIMTOJTHUMO, TO E' —
HCKOMOE BBbIDAayKEHHeE.

TonbKO YTO MPUBEAEHHYIO HEIETEPMUHUPOBAHHYIO TTPOTPAMMY C OPAKYJIOM
MOYKHO Ha3BaTh «(MOJMHOMUAILHON) HEJIETEPMUHUPOBAHHON CBOIUMOCTHIO TIO
Triopunry» 3agaau MUTHUIMAJIbBHOE 9KBUBAJIEHTHOE BBIPAKEHUE
k 3agage BBITIOJTHUIMOCTD BYJIEBCKOT'O BBHIPAKEHUA. Dta cBomu-
MOCTb HABOIUT HA MBICJIb ONPEIETUTh HOBBIM, OOiee MMPOKUil KJiacc 3a1ad,
KOTOPBIE 34 TOJTUHOMHUAJIBHOE BPEMS HEIETEPMUHUPOBAHHO CBOAWMBI IO Thio-
puHry K 3amadam kjaacca NP. [ljst 3Toi 1menn BBEZEM COOTBETCTBYIOIIHE 000-
3madenns. IlycTs Y — HEKOTOPBIH Kiace s3bikoB. Kiaccer s3pikos PY u NPY
OTIPEIEITSAIOTCS CITEYIOIIM 0Opa30M:

PY = {L : cymecrpyer taxoii s3pk L' € K, uro L ocp L'),
cymecTByeT Takoit a3b1k L' € K, uTo cymec-
NPY =!L: TByeT TTOTMTHOMHUAJIbHASA HeIeTepMUHIPOBAH-

Has croauMocCTh 1o Thiopunary s3bika L k L/
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Bamerum, uro PN ects mpocto kinace secex NP-npoctsix a3sikos. Knace NPNP
conep:xkut si3pik MITHUMAJIBHOE 9KBUBAJTEHTHOE BBIPAKEHUE. He
M3BECTHO, OTIIHYAIOTCs 1w cosrafaor kaaccsl PN u NPNP | Orromenns Bkimio-
YeHWsT MEXKJYy IBYMs TMOCTPOEHHBIMU Kjaaccamu u Kjaccamu P, NP, co— NP
n300paykeHbl Ha, puc. 7.4.

Puc. 7..4: Omuowenus 68KA0MEHUA MENHCIY KAGCCAMU A3BUKOS, 6 MOM YUCAE
noevimu xaaccamu PNT u NPNP (6 npednoaoocenuu, wmo P # NP).

Ha ocroBe 3T0# KAPTUHBI B3aNMOOTHOITIEHNST KJIACCOB s136IKOB Meiiep n CTok-
meiiep [384] 3amerusiu, 9TO NPOLECC ONPEAETeHNs HOBBIX KJIACCOB S3bIKOB UC-
X0 M3 CTAPBIX MOXKET OBITH MPOJOIKEH /10 OECKOHEIHOCTH, MPU 3TOM OyIyT
MOyYaThCs KIACCHI, TO-BUIUMOMY, BCE Golee CIIOXKHBIX sI3bIKOB. B pesyabrare
BO3HWKAET TaK HA3BIBAEMAS NOAUHOMUGAGHAA uepaprus. Kaacchl S3bIKOB 3TOMN
nepapxnn oboszuavaiorcs uepes L., IIh. u AL (rne Bepxumit mugexce p nenoms-
3YeTCsT TONBKO ISl TOrO, YTOOBI OTIHYIATH ITH KJIACCHI OT AHAJTOTUIHBIX KJIACCOB
B apudmerndeckoii nepapxuu Kiaunu (cm. Pomzkepe [453]) u onpexensitores cie-

AYOMIM 00pa3oM:
L =T1IF = AP = P,

nms Beex k > 0
P _ pX%
A =P,

P

Shei1 = NP>,

14 _ p
HK_’_1 =co— Ek+1,

(. e. kmacc II} 41 COCTOHMT W3 BCeX 3aJad, JIONOTHUTENBHBIX 3a/a9aM KIacca
¥+ 1- Ha cavom neme II{ = co—NP, ¥7 = NP u A} = P. Ananornwmo, A =
PNP¥P = NPM. Ha puc. 7.5 NOKa3aHbl B3ANMOOTHOIIEHHS MKy KTACCAMH
A3BbIKOB 3TON HMepapXuu.

I[MonuHOMMAILHAS epapXUst MO3BOJIAET 0OJIEe JETAIBHO KIACCU(DUIMPOBATH
NP-1tpynnble 383491 PACO3HABAHNS CBOMCTB. Bo-mepBbIX, MOYKHO CIPOCUT, CO-
JIEPKUTCS JIU BOODILE paccMaTpuBaeMast 3a1a49a B nepapxuu (B pas3z. 7.4 OymayT
YKa3aHbI HEKOTOPBIE 33Ia9H, MO-BUAMNMOMY HE COJEPIKAINMEcCs B dTOH mepap-
XWH, XOTsI 10 CHX IIOP HE M3BECTHO JarKe, SABJSIOTCS T OHU TPYIHOPEIIaeMbl-
mu). diisg TOro 4robbl BISICHUTH, COAEPXKUTCS JIM PACCMaTpUBaeMas 3a/a4a B
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P
ﬂk-ﬂ-l

Puc. 7..5: Baaumoomuowenus mencdy Kiaccami, nosUHOMUAGAHOT UePpapTuL.

HEPAPXUH, TIOJIE3HO UMETh MPSIMO# CITOCO0 T0KA3ATEIHCTBA, TOTO, UYTO JTA, 3312494,
MPUHAJIEKUT HEKOTOPOMY KJIACCY MepapXuu, 6€3 MOCIeI0BATETFHOTO MPUMe-
HEHUsI WHIYKTUBHOTO OTpeeeHus. /11 3T0ro MOXXHO HUCIOIB30BATH TTOHSTHE
OTHOIIEHUs TaKUM 2Ke obpasom, kak Kapn [280] Bocnosnb30Basics IOHITHEM OT-
HoImmeHust s onpenenerns Kiaacca NP. Ilycts I' — mekoTopsrit andasur; oT-
HOMIeHneM pa3mepHoctn k Ham ['* HaszpiBaercs MHOXKeCTBO R, cocrosimee u3
HAOOPOB < 21, 22, ..., 2k > u3 k cimoB z;, 1 < ¢ < k, B andasure I'. Bygem ro-
BOPUTH, 9TO OTHOIIEHNE PACTIO3HABAEMO 33 MOJMHOMHUAIHHOE BPEMSsI, €CJTH Hali-
IETCs IeTePMUHUPOBAHHASA IPOrPAMMAa C TOTUHOMUAIBHBIM BPEMEHEM PabOTHI,
PACIO3HAIONIASA SI3bIK, KOTOPBIA COCTOUT B TOYHOCTH M3 BCeX HAOOPOB 1o k CJI0B,
npunaiexkamux R. Crienyroias reopema nokasasa B padbore [536].

Teopema 7.4. [Iyemwv L — aswx 6 aagasume T*, |T| > 2. s amobozo k > 1
asvi L € XY mozda u moavko mozda, £020a CyULECMeyom makue nosuHOMb.
P1, D2, -, P U omHuowerue R nad ' pasmeprocmu k + 1, pacnosnasaemoe
30 NOAUHOMUGALHOE 8PEMA, YMo 0i% ecex x € I umeem mecmo

reLls Iy €T, |y <pi(lz])

(Y y2 €T, |y2| < pa(z])
(Qur € T*, |yr| < pr(]2])
[< Ty Y1, Y2y oo s Y >€ R]7

2de keanmop @ neped nepemennoti Yy, ecmsv I, ecau k neuémmo, u V, ecau
k wémmno, a npomescymownvie KEAHMOPHL wePeIYomca.

Ormerum, uro 3amada MUHUMAJIBHOE 9KBUBAJIEHTHOE BBIPA-
KEHUE npexcraBisiercs B TakoMm Buae npu k = 2, ecau orHomenue R ompe-
nenuth Tak: < (x, K),y1,y2 >€ R TOrga u TOIBLKO TOTMA, KOTJIA & U §j; — Opa-
BUJILHO MOCTPOEHHBbIE OyJIEBCKUE BBHIPAYKEHWS, MIPUYUEM Y COIEPIKUT He 0ojiee
K BXOXIEHWiT TUTEPAJIOB, & Yo — HADOD 3HAYEHWI MCTUHHOCTH, BHITIOTHSIOIH
Beipazkernue (¢ — y1) A (y1 — ). MOXKHO IOTyIUTH AHAJOTHYHOE ONUCAHUE
knacca II}, ecnmu B Teopeme 7.4 Bce kBanTopbl 3 u V moMeHaTb MecraMu (CM.

[536]).
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CdopmynupoBanHas TeopeMa JaéT CIocod ONpeIeeHns BepXHed IPAHUIBI
AJIs HauMeHbllero u3 takux k, uro L € X}. Oupenenenue HuzKHeHl IpaHUIbL
(xorsi Gbl Jaxke yCIOBHOE) TIpeicTaBiisercs 6osee TpyaHoli 3amadeii. Ouuu pe-
3yJIBTAT B 9TOM HampaBjeHnw Obl1 mosyden Jlererom [333], on cocronT B TOM,
uro eciin NP # co— NP, To HEeKOTOpbIe 3aJa49i PACTO3HABAHUSA, CBA3AHHBIE C
ONTUMU3ANMOHHBIME 33a9aMi, He MOrYT JiexkaTh Hu B NP, au B co—NP. 9t
3a/Ia90 PACIO3HABAHUS OTJIMYAIOTCS OT CTAHAAPTHBIX TEM, 9TO B HUX (POPMY-
JIUPYIOTCST HEKOTOPBIE YTBEPKIEHUsST OTHOCUTEIBHO ONTUMATLHOCTH. I1pocThiM
MPUMEPOM SIBJISIETCS CIEAYIONAst 3a/1a49a.

KJINKA MAKCUMAJIBHOTO PASMEPA

YCJIOBUE. 3agannt rpad G u nomokureabHoe nenoe aucio K.

BOITPOC. Bepuo Jsiu, uro maubombinuit monubiit moarpad rpada G conep-
xkut poBHo K Bepuiun?

B ornnume or Bompoca: «CyimiecTByer v KJInKa, pa3mepa He meHee K7y, —
KOTOpLIH (hopmyaupyercs B 3agaue KJIMKA | B paccmaTpusaemMoii 3a1a4e cripa-
mmmBaercs: «Byger mu K pazMepoM MakKCHMAJIbHON KIUKK?» 3373498 PACITO3HA-
BaHUS ONTUMATLHOCTH, cooTBercTByomas 3agade MUIHNIMAJIBHOE 9KBU-
BAJIEHTHOE BBIPAZKEHUE, dopmynupyercs: ciegayomuM o6pa3om.

PASMEP MUWHUMAJIBHOTO 95KBUBAJIEHTHOT'O BHBHIPA-
KEHUA

YCJIOBUE. 3amanbl mpaBuIbHO MOCTPpOEHHOE OyieBCKOe BhIpaxkenue F u
HeoTpHUIaTeIbHOE Tenoe uncao K.

BOIIPOC. BepHo ju, 9TO HEe CyIIECTBYET TPABUILHO MOCTPOEHHOTO OyIeB-
CKOTO BBIparKeHWs, SKBUBAJICHTHOTO F u comepskarero ue 6omee K — 1 jure-
paJioB, HO CYIIIECTBYET BBIpAYKEHUE, IKBUBajIeHTHOEe F 1 comeprkamiee poBHO K
JINTEPAJIOB?

B pesynbrarax Jlerera KiOYeBbIM MOHATHEM SIBISETCS MOHATHE <HEIETEp-
MUHUPOBAHHASA TOJUHOMUAIBHAS TAOJINUHAS CBOIUMOCTD», KOTOPas 00603HAYA-
ercs gepes oM u ompesenena B pabote [316]. CMBICT 3TOTO MOHATHS 3aKTIOTA-
erca & Tom, uto L oM [ ecrm meKoTOpas HeleTepMUHIPOBAHHAS OPAKYTHHAST
IporpaMMa, OCTAHABIMBAIOMIASICI B COCTOSTHUH <HET», KOTJA €€ OpakyJl TOBO-
PUT «HET», MOYKET MPOBEPUTH MPUHAIIEKHOCTh A3bIKY L, ¢ HCIOTb30BAHUEM
opakyna qams L'. Ocuosrast Teopema Jlerera [333| B mpumenennn k kmaccy NP

dbopMyIUpyeTcs CAeayImuM 00pa30oM.

Teopema 7.5. Fcau Lo, L1 u Ly — maxue asvku, wmo L1 u Ly NP- noamwt,
L o Lo u L oF LS (20e L¢ obosnanaem aswx donoanumenvhoiti x L),
mo

Ly € NP U co—NP = NP = co—NP.

Ota Teopema npumennma K 3agadam KJIMKA MAKCUMAJIBHOT'O PA3-
MEPA u PABMEP MUHUMAJIBHOT'O 9KBUBAJIEHTHOT'O BBIPAYKE-
HN4, a takke KO MHOTHEM APYTHM MIOAOOHBIM 3a/a9aM paclo3HaBaHusd. Ecan
a1y Teopemy npumensTh K 3ajgade KJIMKA MAKCUMAJIBHOT' O PABMEPA,

TO B KadecTBe SI3bIKOB L1 m Ly MOXKHO B3ATh S3BbIK, COOTBETCTBYIOIIHI 33176
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KJIUKA. Herpyano moka3aTh, 9TO 3aJa4a BBISICHEHHsI TOTO, 9TO rpad HE CO-
Jepxkut nosHoro noAarpada va K BeprnmHax, cBoauTca Kak K 3agade KJIMKA
MAKCUMAJIBHOT'O PABMEPA, tak u K €8 JIONOTHEHUIO.

Kombunaupyst reopemsr 7.4 u 7.5, MOXKHO HOBOJIBHO TOYHO yKA3aTbh MECTO
paccMarpuBaeMoil 3aa4u B MOJMHOMUANBHON MepAPXUK, HA HUKHUX YPOBHIX
KOTOPO# PaCIoI0KeHO OOMBIMMHCTBO ECTECTBEHHO BO3HUKAIOIINX 3a0a4. Hampu-
Mep, Ha OCHOBE 3TUX TEOPEM MOKHO 3aKJIIOUNTh, uT0 ecian P # co— NP, To 3a1a-
qa KJINKA MAKCUMAJIbBHOT'O PABMEPA nexnr & knacce Ab\ (2P UTTY),
T. e. NP-nipocra, Ho He npuHagnexxur au NP, au co— NP.

B ocHOBy mombITOK KitacCuUKAIME 33129, PACITONIOKEHHBIX HA DOjIee BbI-
COKHUX YPOBHSIX MEPAPXUH, [TOJO0KEHO 0000IeHre MOHATHA NP-TTOMHOTH 33,1291
HA COOTBETCTBYIOIIEM YPOBHE HepapxXuu. ECIu yIaCTCsa BBISIBUTH «CAMYTO TPY/I-
HYI0» 3ajady Kiacca Y, To 9Ta 3aJada He Oyjer NPHHAIekKATh KIaccy Lj_j,
€CJIM, KOHEYHO, 3T KJIACCHI HE COBMAIAIOT. [loHsATHE «CcaMOii TPpyIHOIMY 3aadu
HAM yrKe 3HAKOMO. $I3bIk L GyzeM Ha3bIBATH MONHBIM B Kaacce X (OTHOCHTEb-
HO TOMMHOMUAJIBHOI cBOgMMOCTH), ecin L € ¥f n mns Beex L' € B8, L' oc L.
AmnaJiorndnble OIpe/esIeH s IOIHOTHI MOXKHO 1aTh 1ist kiaaccos I u A} Jler-
KO [OKA3aTh, YTO e/ A3bIK L monou B knacce Xy u L € X, 10 XF =57
(aHAJIOTWYHbIE YTBEPIK ICHNST MMEIOT MecTo u 171st Kiaaccos I u A}). Taxum 06-
pPa3oM, JOKA3aTEIHLCTBO MOJHOTHI 331a9M B HEKOTOPOM KJIACCE MEPAPXUU — ITO
I0CTATOIHO 3P MEKTUBHBIA CTOCOO BLISICHEHWS MECTa, 3TOHW 3aJau B MePAPXUN.

Kak u B ciryuae NP-TIOTHOTHI, OBLIO OBI TOPA3/I0 TPOIIE JOKA3BIBATH TOJI-
HOTY B KJIACCE MEePapXWU, €CJIM M3BECTHA HEKOTOPAs «MepBasy 3aa4a, MOJTHAS
B 9TOM KJIACCE, T.e. 337a49a, KOTOpas WrpaJja Obl TaKyIO ¥Ke poJib, Kakyio BbI-
IIOJTHUMOCTD urpaer B kitacce NP. 3anauu Bj,, HOJIHbIE B KJIaccax Ei e
Bcex k > 1, Obuiu Buepsbie yKaszanbl B pabore [384]. Mnausunyanbuas 3ama-
ua u3 B}, npencraBasier cob60il MPaBUIBHO MOCTPOEHHOE HYIEBCKOE BHIPAYKEHNE
E ¢ muoxecrBom mepemennbix X = {zfi,j] : 1 < i < k, 1 < j < m;}, rme
my, Ma, ..., My = 0 — HEKOTOPBIE IeJIble YUCIa. BOMpoc 3aKII09YaeTCs B UCTUH-
HOCTHU CJIEYIOIIErO BbIPAYKEHUSI:

(Fz[1,1]) ... F=[1,m1])
(V2[2,1] ... (Vz[2, m3])

(Qz[k, 1]) ... (Qz[k, mi]) E,

re KBAHTOP () ecTh KBAHTOp 3 mpu k Heu€THOM u YV 1ipu k 96THOM, & OCTAIHHBIE
KBAHTOPBI YePEIYIOTCST CONIACHO 3HAYEHUIO TTEPBOTO TTapaMeTpa MepeMeHHoi .

Ormernm, 4To 1o Teopeme 7.4 By, € Y} Cuenyrommii pe3ynprar JoKa3aH B
paborax [384] u [536].

Teopema 7.6. Jaa ecex k > 1 aswk Bp noaow omHocumesvbHo noAuHO-
Muarvrotl ceodumocmu 6 kaacce X, a ez0 donoawenue — a3vk B, noaon
OMHOCUMENLHO NOAUHOMUGALHOT ceodumocmu 6 Kaacce TTT .
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Takum 00pa30M, YIUTHIBAS TPAHIUTUBHOCTH OTHOMIEHWS OC JJIsT JIOKA3ATEb-
crBa nonHors! 3anadn I1 B kinacce X, nocrarouno nokasars, uro II € X} u
By, o II. HecmoTpst Ha 3TO, 0 CHX HOP MOIYYIEHO MAJIO PE3yIHTATOB MOA00HOTO
runa. Koszen [301] mokasas cyiecTBOBaHNe aHAJIOTWYHON HepapXuy MOJHBIX 3a-
nad, POPMYIUPYEMBIX HE B TEDMHUHAX OYJIEBCKUX BBIPAYKEHUI, 8 B TEPMUHAX KO-
HEYHO MPEJICTABIEHHBIX anredp, HO Pe3yabTaTOB 00 WHAUBUIYATBHBIX 33/1a9aX,
[PeJICTABJISIIONIAX CAMOCTOATENbHBIN nHTepec, Masro. OUH U3 HIX, OTHOCSIIHI-
ca K 3amade HEQKBUBAJIEHTHOCTD ITEJOYNUC/JTEHHBIX BBIPAYKE-
HUT, nomysen B paGore [500]. Ecu n € Zt, o apowwnas 3ammch umcia n
Ha3bIBAETCS [EJIOUNCIEHHBIM BBIDAYKEHUEM, MPEICTABISIONMM MHOKECTBO {n}.
Ecnu e u f — nemounciieHHbIe BHIPAYKEHUST, IPEICTABISIONINE MHOXKECTB K n F,
To (eU f) Ha3bIBAETCs ETOUUCIEHHBIM BbIPAXKEHUEM, npeacrapisonmm EU F|
a (e+ f) Ha3bIBAETCS LEIOYUCTEHHBIM BHIPAZKEHUEM, IPEICTABIISIONIAM MHOMKE-
crBo {m +n :m € E,n € F}. UnguenayansHas 3amava n3 3agadn HEDKBU-
BAJIEHTHOCTB IIEJIOYNCIEHHBIX BEIPAYKEHUI - sto mapa < e, f >
[EIOYNCIIEHHBIX BBIPAYKEHH, 8 BOMPOC (DOPMYIUPYETCs CIEIYIONIM 00PA30M:
«BepHO /1, 9TO € U f IpeACTaBIAI0T pa3JutdHble IogMHOXKecTBa Z T 7». Cmok-
metiep [500] mokasan, 9ro sTa 3amada nonna B Kaacce Xb. Kpome sroro pesyb-
TaTa, JaXke 0 KIacce Yy W3BECTHO HeMHOro. He n3BecTHO, HApEMED, BEPHO JH,
uro 3amaua MUHUMAJIBHOE 9KBUBAJIEHTHOE BBIPAYKEHUWE monna
B KIacce X57

He cnenyer, onHako, CIMIIKOM NEPEKUBATH U3-33 OTCYTCTBHUS PE3YILTATOB
B TOM HAINPABIEHWM, TAK KAK PA3IMYUs 33729, BBITEKAIOIINE W3 CTPYKTYPHI
MOTUHOMHUATBHON UepapXuu, BUAUMO, UMEIOT DOJBIIE TEOPETUIECKOe, HEKETH
MPAKTUYIECKOE 3HAUEHUE. ITO 00bCHSETCS caemyoieii Teopemoit Crokmeiiepa
[500].

Teopema 7.7. Ecau dasn nexomopozo k > 1 umeem mecmo pasencmeo Xf =
7, mo X% =% = X} dan ecex j > k.

B wacrnocru, eciu P = NP, o NP = £} = ] u nosromy ¥} = P s
Bcex j > 0. Ilyctes PH = U;‘;l E? — MHOXKECTBO BCeX S3BbIKOB MOJIMHOMUAILHOI
nepapxuu. Torma P = NP rtorma m ToabKo Torda, korga PH = P, T. e. Torga
U TOJIBKO TOTJA, KOTJA BCE S3BbIKYA HEPAPXUU MOKHO PACIIO3HATH 3a MOJTMHOMU-
abHOE BPEMsI M BCs MePapXus CKUMAETCS B OauH Kiaace P.

Takum obpazom, yreepxkaenune, aro NP-TpyaHas 3amada 1 mexxur B Kmacce
PH, xora n He 3KkBUBaJeHTHO NP-nérkoctn 3agaan [I, HO nMeer Te ke ciem-
creust: I1 MOXKHO pemmuTh 33 MOJMHOMHUAJILHOE BPEMsI TOTIA W TOJBKO TOTIA,
korga P = NP. Toukue cBoiicTBa 33maun I, 3aBucsIme oT €€ MOJOKEeHUS
B WepapXuu, C BBIYUCTUTETBHON TOYKHU 3PEHUS, BUIUMO, HE UMEIOT OOIBIINO-
ro 3HAYEHWS eIé W MOTOMY, 9TO MOXKHO JOKA3aTh, 4TO JI0basd 3a/1a9a KJiacca
PH wmoxker OBITH pernreHa mepedbopoM 3a JIeTEepMUHIPOBAHHOE BPEMsT 0(2’1(”)),
rJe ¢ — HEKOTOPDIH MOJMHOM, 7, — JJINHA, 3aIUCH BXOJa (3TOT Ke Pe3ysIbTaT It
kyacca NP 6bl1 moKasaH B reopeme 2.1).

Tem we mMeree B mpeanonokennn P # NP nomuHOMUATbHAS HePAPXUsT TTIPE/I-
CTaBJISIET TEOPETUYECKUIT MHTEPEC, & TeopeMa 7.7 mpudaBIsfer K CIUCKY (DyHIa-
MEHTAJbHBIX OTKPBITHIX BOIPOCOB et oanH: «Bepro nu, aro PH — beckonedHast
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mepapxus, T. €. BepHo ju, aro Xj , \ T} me mycro as moGoro k > 17> Bame-
TUM, BIIOJTHE MOYKeT OKa3aThes, uro0 P # NP, NP # co—NP u B TO e BpeMms
BCS MEPApPXMs CKUMAETCS B OJMH KJIACC Yb, XOTsl TAKOH Pe3yJabTaT W ObLT GBI
BECHMA, YIUBUTEIICH.

7.3. CJa0XXHOCTH 33JIa4 MepPednCIeHUS

Bagaun mepeducieHnst OTHOCATCS K YUCITY eCTeCTBEHHBIX KAHJIMIATOB HA POJIDb
TPYAHOPEITAeMbIX 33024 Jake B TOM ciaydae, ecin P = NP. Jlnst Toro 9ro0bl
ONPEJIENIUTH TAKOE TIOHSITHE, KAK 3a/1a9a TIePEUUCIeHNs, HAIIOMHUM TIOHATHE TIe-
pebopHoit 3amadn w3 1. 5. B mepebopuoit 3amade I1 kaxkmas wHIWBUIyaIbHAS
samaua I € Dy uMeer accouMmpoBaHHOE C Heil MHOKecTBO permenuit Sr(l) u
npu 3amannoMm I Tpebyercs malitu omuH smement u3 MuOkectsa St(I) (B co-
OTBETCTBYIOLIEH 3aaue paclo3HaBanus cupammpaercs, nycro Sy () wiu wer).
3adava nepevucaenus, coorBercTByoas mepebopuoit 3amade I, dbopmymupy-
erca Tak: «3aman0 I, kKakoBa MOIHOCTL MHOXKeCTBa St1(I), T. €. cKoabKko nMeeTcst
perennii? »

Co MHOrMMY 3aJa9aM¥ PACIO3HABAHUS, KOTOPBIE MBI ODCYKIATH, MOXKHO
€CTeCTBEeHHBIM 00Pa30M CBs3aTh 3aJadu Tepeducienus. Hanpumep, ¢ 3amaqdeit
TFTAMUJIBTOHOB [UKJI MOXKHO CBS3aTh CIEAYIONIYIO 33/1a9y ePEdnCIeHuUs:
«3aman rpad G, CKOIBKO Pa3InYHBIX TAMUIBTOHOBBIX IIMKJIOB nMeercss B G7»
Bamgaue BBITIOJIHUMOCTD coorBercrByer 3a1a49a; «3a1aHO MHOYKECTBO JU3b-
1oHKIMH C' HA MHOXKECTBE TIEPEMEHHBIX V| CKOJILKO CYIIECTBYeT HabOPOB 3HAUE-
HU UCTUHHOCTH, BBIMOIHSIONIUX OJHOBPEMEHHO Bce qu3bioHknuu B C'7»

OrmMeruM, 9T0 B 3ajade MEepedncienus He TPeOyercs MpeIbsiBUThL BCe Jie-
MeHTbl MHOYKecTBa Sti(]), HEOOXOIMMO TOJIHKO ONPEIEUTh UX KOJINIeCTBO. Ta-
KM 0Opa30M, XOTsl YMCJIO TAMUILTOHOBBIX IIMKJIOB B rpade G MOXKeT OBITH IKC-
NOHEHIUATBHO BEJIUKO (B 3aBUCUMOCTH OT YKMCJIA BEPIIKMH) U JJisi COCTABJICHUS
UX CIIACKA MOTPEOyeTcs IKCIOHEHIMATBHOE BPEMsi, OTBET 3a/Ia9u MTePEInCIeHUs]
MOKeT ObITh 3alMCAaH MOJUHOMHUATHLHBIM YHCIOM IBOUYHBIX 3HAKOB. CremoBa-
TEILHO, «pa3Mep» OTBEeTa caM TO cebe He TPEMSITCTBYET DEIIeHUI0 3aJa49n 33,
MOJTNHOMHUAJILHOE BPEMSI.

B neficrBUTEIHLHOCTH HEKOTOPbIE HETPUBUATBHBIE 33Ja9U TIEPEIUCTEHIST MOK-
HO DElIUTh 3a MOJUHOMUAIbHOE BpeMs. B pabore [198], Hanpumep, mokasaHo,
qro 3amada nepeudncienus: «/Jan rpad G, CKOTbKO B HEM MMEETCs] PA3THIHBIX
OCTOBHBIX JIEPEBHEBT» — MOYKET OBITH PEIIEHa 38 MOTUHOMUAIBLHOE BPEMST C TIOMO-
I[HIO0 «MATPUYHON TEOPEMBI O HepeBbaxy Kupxroda u BHIYUCICHUST HEKOTOPHIX
onpenenureneii. [logobubim ke obpazoMm 3amada: «3aman rpad G, CKOIBKO B
HEM UMeeTcs MIePOBBIX MyTel?» — MOXKET OBbITh PElleHa 3a MOJTUHOMUATHLHOE
BpeMs.

Tem He MeHee MHOTHE 3aJa9M MEPEUNCICHUs, MO-BUIUMOMY, OUYEHb CJIO¥K-
HBI. 3aJa49U MEPEeUnCIeHust, COOTBETCTRYIOMME NP-TIOTHBIM 3a1a9aM, OYeBU -
HBIM 00pa3oM saBIAOTCsT NP-TpyIHBIMH, MOCKOIBKY €CIH M3BECTHA MOIIHOCTH
muOokecTBa Sty(), TO MOKHO JIEMKO ONPEAEIUTD, [IyCTO 9TO MHOXKECTBO HJIU HET.
Hekoropsie 3a/1aum nepeducieHus, BUAUMO, CIIOXKHEE COOTBETCTBYIOINIUX 3029
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cymecrBoBanud. /laxke B Tom ciaydae, eciu P = NP u 3a HOJTHHOMHAJIBHOE Bpe-
Msl MOKHO OTIPEJIETUTh, COIEPYKUT JIM MPOU3BOILHBIN rpad raMUIBTOHOB ITUKT,
COBEPIIIEHHO HE SICHO, TIOMOYKET JIH 3TO MOJCYUTATH 33 MOJTUHOMUAILHOE BpEeMsi
YHUCIIO TAMWILTOHOBBIX IIMKJIOB B rpade G.

Ncxonst w3 storo Habmonenus, BambauT [522] npeqyiokni paccMoTpeTh HO-
BBIIl KJIACC MOJUHOMUAIBHO IKBUBAIEHTHBIX 337349 — Kiaace «KP-momHbx 3a-
Jad» 3, BKIIOYAIOMMI MHOTHE 3aJa4H IIePevHCcAeHns U HMEIONTHil IeIbi0 MoJ-
YEPKHYTh JOIOJHHUTEIbHYIO CIOKHOCTb 3a1ad mnepeducienusd. (AHAIOrHIHOE
MpeyIosKenne ObIIO cremano B padore [491].) 3amaua mepevncieHus pUHAIIE-
xut kiaaccy KP, ecnmn naitnércsa memeTepMUHUPOBAHHBIN aJTOPUTM, TAKOH, UTO
NI KaXKJIoW WHIWBUAYyATbHON 3amadn [ € D 9ucao pas3iaudHbIX «JIOTaJIOK»,
BeyIuX K npussaTuio I, paBuo B Tounoctu Sp(l), a ajuHa caMoro npooszKu-
TEJIbHOIO IIPUHUMAIONIErO BbIUUCIEHUs OrpaHudeHa noaunoMom or Length[I].
(BambsuT [522] onpeiesinit 5TOT KIace 3a1a9 B TEDMUHAX TAK HA3BIBAEMBIX «CUH-
Tafomux MamuH ThIOPUHTAY, KOTOPBIE AHAJOTUYIHBI «TOPOTOBBIM MAITHHAM > U3
pat6ot [490, 491] u BeposiTHOCTHBIM MamHaM ThiopuHTa U3 pabors! [171].)

JIerko BUZIETH, 9TO PACCMOTPEHHBIE BBIMIE 339U MMEPEUUCTCHUs JIEKAT B
kmacce KP. B camom nene, ecnu II — mpouwsBombHas mepebopHas 3a1a9a, st
KOTODOIi CYILIECTBYET IIOJIMHOM P, TaKoii, 4ro ais Bcex I € Dy u Bcex o € Spy([)
«mimHay He npesocxoanT p(Length[I]), a Takxke mias Bcex I W o 3a TOIWHO-
MHUAJIBHOE BpeMsl MOYKHO ONpPEIEIUTh, BepHO Jin yrBepxkienue o € Sr(I), To
HETPYIHO BUIETH, YTO 3aJa49a NEPEedUCIeHusI, COOTBETCTBYIOMmAas [, mexur B
kmacce KP. Takum obpa3oMm, MOXKHO 3aK/II0OYNThH, 9T0 Kiaacc KP comepxkur mo
Kpaiineii Mepe OOJBIIYIO 9aCTh TeX 33134 MePedncIeHns, KOTOPbIe OBLITO ObI XKe-
JIATEJIbHO PACCMOTPETH, & TAKYKE YTO CPEIU HUX UMEETCsT MHOTO TPY/IHBIX 33a4.
IMoustue «momHOTHI» B Kiacce KP omsiTh-Taku WCMONB3YyeTCs [JIsi BBISBICHUS
«CaMBIX TPYIHBIX» 33724 TOTO Kjacca. 3amada nepeducienus 11 nHaszwniBaercs
KP-noanoii, ecrm I1 € KP n s Beex II' € KP, IT' o 11

3aMeruM, 9T0 B 3TOM ONPEJETIEHUN UCIOIb3YeTCs MOJTHHOMUATbHAS CBO/IU-
MocTh 10 ThIOPUHTY, & HE TPOCTO MOJIUHOMHUATHLHAST CBOUMOCTD. DTO 00bICHS-
€TCsI TeM, UTO PACCMATPUBAEMBIE B IAHHOM CJIyYae 3a/Ia9H SBJISIOTCS HE TTPOCTO
3a/Ja9aMy PACITO3HABAHNS, 8 UMEIOT B KAYECTBE OTBETOB umcjaa. MOXKHO, OqHA-
KO, PACCMOTPETh CIEIYIOMUN BADUAHT TOHATHS TOTHHOMHUAIBHON CBOIUMOCTH.
IIycts mmetorca ase nepebopubie 3agagn 11 u I1I'. Bygem rosoputs, 4ro 3amadga
IT (monuuOMMANLHO) KoHCepgamueHo ceodumcs K 3amade II', eciu cyuiecTBy-
€T BBIYMCIUMAs 33 MOJUHOMUAILHOE Bpemsi ¢byuknus f : D — Dy, Takas,
uro mas Beex I € Dy, |Su(I)| = |Sw(f(I))]. 3amernm, uTo KOHCEpBATHBHAS
crogmMocTh 3amaan I1 k 3amaqge II' B TO ke Bpems ABIACTCA TOJIMHOMHUAIh-
HOI CBOAMMOCTBIO OHOM 3ajaqdn K Apyroi. Bomee BaXkHO, OAHAKO, 3aMETHUTD,
YTO KOHCEPBATHBHAA CBOAMMOCTH 3amaun 11 k 3amaqe II' aBromarmyeckm maér
CBOAMMOCTE 10 THIOPUHTY COOTBETCTBYIOIIVX 33134 repedncyienus. Takum 00-
pPa30M, KOHCEPBATUBHAS CBOIUMOCTH MOXKET CJIYKUTh [IEHHBIM HHCTPYMEHTOM
npu nokazareabctse KP-momHOTH.

30603nauenme KP BBeZEHO BMECTO HCIOIL3yeMOr0 B OpUTHHANE cuMBOna #P; K — nepsas
OyKBa OT CJIOBA «KOJIMIECTBO». 3/1€Ch Pedb HAET O KOJIMIECTBE IJIEMEHTOB B MEPEUHCIIEMOM
MHOXKeCTBe. — I[Tpum. pea.
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DTuM MHCTPYMEHTOM BIEepBbIe Bocnonb3oBasica Catimon [490]. Ou 3amern,
9TO O0IAs CBOAUMOCTD B JTOKA3aTEILCTBE TeopeMbl KyKa MoKeT ObITH CHeTaHa
KOHCEPBATHUBHOM, 1 TAKUM OOPa30M IIOIYUII CAeAYOMUNA Pe3yaIbTar.

TeopeMa 7.8. 3adaua MoOCuEMa “YUCAG BUUNONHANUUL HGOOPOE 3HA%EHUT
UCTMUHHOCTIU 048 UHIUBUIYasbHoU 3adavwu BBITIOJTHUMOCTD asasemcs
KP-noanofi.

Caiimon [491] 3amerni TakKe, 9YTO MHOTUME U3BECTHBIE U3 JINTEPATYPHI CBO-
JIIMMOCTH, WCTOTL3YIONIHECs B JIOKA3aTeIhCTBAX Pe3yabTaToB 00 NP-mosHoTe,
SIBJITFOTCSI KOHCEPBATUBHBIMU, 3 B TEX CIYYAAX, KOTIA OHU HE KOHCEPBATHUBHBI,
MOXKHO Ha#iTH KOHcepBaTHBHBIE cBomuMocTH (cM. [521] u [135]). Orcroma MoXKHO
3aKJIIOYHUTD, YTO, HAMPUMED, 33491 MEPEIUCICHNUs, COOTBETCTBYIOIINE IECTH
ocHOBHBIM NP-TIONMHBIM 3a7a49aM u3 1. 3, apisdiorcd KP-momabiMu (XoTs MBI 1
HE YTBEPKIAEM, YTO CBOJUMOCTH, UCTIOIH30BABIIUECS B TJ1. 3, KOHCEDPBATUBHBI).

MoskeT TToKa3aThCsl YANBATETHHBIM TOT (DAKT, UTO HEKOTOPDHIE 3aIaTH Mepe-
qucienust apasiorcs KP-mofmubiMu, B TO BpeMst KaK COOTBETCTRYIOIINE TTepebop-
HBIE 337a49U MO2Ym Obimb Pa3PeInMbl 33 MOMMHOMUAThRHOEe Bpems. Paccmor-
PHUM CIIEIYONLY O 3a0a9y: «3aJaH IBYA0MbHbIN rpad G, CpammBaeTcs, CKOIb-
KO Pa3JIMYHBIX COBEPIIEHHBIX Tapocoveranuii B Hém cogepxkurca?s (Hamomuum,
aro aBynonbubM rpadbom G = (V) E ) uasbiBaercs rpady, MHOKECTBO BEpIIUH
KOTOPOTO pa3buTo Ha aBa moaMmHoxkecTBa Vi u Vi, Tak 1o moboe pedbpo coemm-
HsIeT BEPIIWHBI TOTHKO U3 PA3HBIX MOAMHOXKECTB. COBEPIIEHHBIM MapOoCOYeTa-
HHEM Ha3BIBAETCS TAKOE IMOAMHOXKeCTBO pedep E', E' C E, uro mobas BepIimHa,
B V uHUMIeHTHA POBHO ofHOMY Debpy u3 E'».) Dra 3a1a4a nepequcienus oco-
OeHHO WHTEpPEecHA TIOTOMY, YTO OHA IKBWBAJIEHTHA BHITHUCIEHUIO «TTEPMAHEHTA»
marpuilsl 0-1 (mepMaHeHT — AHAJIOT ONPEIEUTEN S, OJHAKO B COOTBETCTBYIOLLY IO
CYyMMYy BCE MPOM3BEIEHUS HJIEMEHTOB MATPHILI BXOIAT CO 3HAKOM +). YKa3aH-
Has BBIIIE epebopHast 330a9a XOPOIIIO U3BECTHA eIlé U TOTOMY, 9YTO 3TO IIPOCTO
«3a7a49a 0 OPAKOCOYETAHNN», YIIOMUHABIIASICA B Pa3. 3.1.2, v, Kak TaM yKa3aHo,
paspenmMa 3a NOJIMHOMUAIbHOE BpeMs. Tem He Menee B pabore [522] mokazan
CIIEAYIONINI Pe3yabTaT.

Teopema 7.9. 3adaua 0 nodcuéme wuUCAG PASAUNHBLEL COBEPULEHHBLT NAPOCO-
wemanutli 8 deydosvrom 2page asasemces KP-noanot.

Takum 0O6pa3oM, B TO BpeMsi KaK JjIsd OJHUX MepebOPHBIX 33034, Pa3peri-
MBIX 3a MOJTUHOMHUAJIHLHOE BPEMSI, COOTBETCTBYIOIINI 3a/Ia4Ua TIEPEUNCTECHNUST He
MOYKET OBITh PEIIeHa 3a TOJUHOMHUAIBHOE BpeMms npu yeiaosuu P # NP (u gaxke
B ciyaae P = NP 370 MaJio BEpOSATHO), IJId APYTUX 3a/a4, HAPUMED 33129 00
OCTOBHOM JIepeBe WU 00 SUIEePOBOM IMyTH, YIOMSAHYTHIX B HAYAJE HACTOSIIETO
paszesia, COOTBETCTBYIOMINE 331a91 IEPEIUCTEHUST MOTYT OBbITH PEIIeHbl 33 M0-
JINTHOMHUAJILHOE BpeMsi. BbIJI0 OBI MHTEPECHO MPOJOIKUTH Ty KIACCH(DUKAIIIIO.
YacTuaHble pe3yaIbTaThl B 9TOM HAPaBJIEHNN comepykarcs B padore [260]. B wei,
B YaCTHOCTH, JOKA3aHO, YTO HEKOTOPBIE 33Ja9N MEPEUNCIeHNsT, OCHOBAHHBIE HA,
nepe0OPHBIX 33/1a9aX, PA3PEIIUMbIX 33 [OJIUHOMUATLHOE BpeMs (HApumep, 3a-
nade K-e I1IO TIOPAIKY ITOAMHOZKECTBO, o6cyzkmasmeiics B ri1. 5), NP-

TPYAHBI. XOTd B 3TOM paboTe W HE pacCcMaTpUBAIOTCs Bopockl o KP-mommoTe,
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HETPYAHO TOKA3aTh, 9TO OOCYXKJaeMble TaM 3a7aqu B aeificrBurenbHOCTH KP-
nosiabl. Jpyrue KP-nonubie 3a1auun MoxKHO HaiiTu Takzxke B pabore [523].

7.4. IlomHOTa C MOJIMHOMUAJBHO OrpaHUYEHHON’
MaMATHIO

Jlo cux TOp HAM BCTPEYAJICS TOJIHKO OIUH «PECYPC», WCIOIB3YEMBbIl NIJIsT BbI-
YUCTIEHNsT, — 8peMA, HEODXOAUMOe JIJIsi ero BhIMOIHeHus1. Ha mpakTuke B paB-
HOU CTemeHyn BajKeH W JIPYroi pecypc — 00béM mamsatu IBM, unn uuciao sae-
€K, HeOOXOIUMBIX JIJIsi BBIYUCIEHUST, KOTOPBIHA OYIeT HA3bIBATHCA «EMKOCTHOM»
OTPEOHOCTHIO ATOPUTMA. BpeMsa, TpedyroIeecss Ipy BbITUCTCHUN Ha MAaIHHEe
TrropuHra, €CTh YHUCIIO MIATOB, BHITOJHIEMBIX 10 MOMEHT, MEPEXO0/Ia B 3aKIIIOUH-
TeJIbHOE cocTosiHME. [1aMsaTh, TPeOyOMAasics TPU BHIYUCIEHUN, €CTh YUCI0 Pa3-
JIMYHBIX ST9€EK, KOTOPOE MPHU ITOM MPOCMATPUBAET YUTAIOIIAS /TTHIITYIIAsT TOTOB-
ka. [TOCKOMbKY 9HMCI0 MPOCMATPUBAEMBIX TUYEEK HE MOYKET MPEBOCXOIUTE TUCIA
[IArOB BBIYUCIIEHHUS, TO JII0Dast 3a7a9a, Pa3pernmmas 33 TOTHHOMUATBHOE BPe-
Msl, pa3peIiuMa TakyKe W ¢ MOJMMHOMUATLHOW MaMaThio. Boiee TOro, moHsiTue
MOJIMTHOMHUAJIHLHOM MaMsITH, KAK U TOHSITHE MOJIMHOMUAJIHLHOTO BPEMEHH, 00181~
€T CBONCTBOM HE3aBUCUMOCTH OT MOJEIU BBIUYUCIUTEILHOTO ycTpoiicTBa. s
BCEX PeATUCTUYHBIX Momeseii 9BM kjacc 3a7ad, pa3perrmMbx Ha HUX C TO-
JIMHOMUAJIbHON MaMsThio, OfuH u TOT XkKe. (B meficTBUTENIHHOCTH B OTHOLIEHUI
NaMSITH HE3aBUCUMOCTH OT Mojenu IBM erg 6omree spKo BhIparKeHa, a UMEHHO
KJacChI 3371a4, pa3penmMbIx ¢ maMaTbio O(nk) ama moboro memoro k > 0, omw-
HAKOBBI JJIsT BCEX CTAHAAPTHHIX Momeneit 9BM [215].) B nacrosimem paszese
MBI TOAPOOHO PACCMOTPUM B3aMMOCBSI3b TOJTMHOMHUAJIHHOTNO BPEMEHU U TIOJTUHO-
MUAJbHOI MaMATH.

Xorst Bce 331291, PA3PEITIMbIe 33 TIOTMHOMHUATBLHOE BPEMsT, DA3PEIIUMbI TAK-
XKe U € TMOJTUHOMHUAIBLHOM MAMATHIO, 0 CUX TOP HE U3BECTHO, CYMIECTBYIOT JIA
3a/1a9¥, PA3PEITUMBbIE C MOJUHOMUAIBHOM TAMATHIO, HO HEPA3PEULUMbBLE 3 TTOJTH-
HOMUAJILHOE BpeMsi. ['mnores3a o CyIecTBOBAHUN TAKUX 33189 BBITJISIIUT BECHMa,
IpaBIONOA00HO, MOCKOIBKY BCe 3aaa4u Kiaacca NP, Bce 3a1a9u MOJTHHOMUATb-
HOIT mepapxun u Bce 3a1a49u Kinacca KP MoryT ObITH peleHs! ¢ MOTHHOMHAATHLHOI
namsitbio. Takum obpazom, eciu P # NP wiu P # KP, 10 BhluncieHus ¢ mo-
JINTHOMHUAJILHOM MAMSTHI0 HE SKBUBAJIEHTHBI BBIUUCIEHUSAM C MOJIMHOMHUATHHBIM
BpemeneMm. Kpome TOro, mMmeercsi MHOTO 3344, PA3PENIuMbIX C MTOJIHHOMUAAIb-
HOM MaMSTHIO, HO, TTO-BUIMMOMY, OOJIee CIOKHBIX, YeM 3aJIa9H U3 MePEeINCIeH-
HBIX BBIIIE KJIAcCOB. [IJist TOro 9Tobbl BHIIEIUTH «HAUDOIEE CIOXKHDBIEY U3 ITUX
3a/1a4, BBEJEM TMOHSATHE «IOTHOTHI» C MOJUHOMHUATHLHON MAMATHIO.

Hasasi ¢hopMasbHBIE ONPENENeHNsI, MbI BHOBb OTPAHUYUMCS sI3bIKAME (3a-
nadamu pacrosuasanus). O6osuaunm uepes P-SPACE kjacc BCeX sI3bIKOB,
pacno3raBaembrx JIMT-mporpamMmoii, MCTOML3YIONIEH MaMATh, OTPAHMIEHHYIO
MOTUHOMOM ¥ OCTAHABJIMBAIOILYIOCSA HA BCEX BXOHaxX. Teneph MOHSATHE TTOJTHOTHI
omnpeesercs crangapTHo: a3bik L nazwisaercs P-SPAC E-noanwsim (orHOCH-
TENBHO MOMMHOMUAIBHOM cBoquMocTn), eciu L € P-SPACE w moboit a3bik L'
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u3 knacca P-SPACE ceomurca x L, L' o« L. 113 31010 OonpeneneHus BHITEKA-
et, uro ecnu s3bik L apnserca P-SPACE-nomabsiM. To L € P Torga u TONBKO
rorga, korga P = P-SPACE. AuanorndHoe yTBep:KIeHue OyJeT BEPHO, eCiin
3amennTh Kiacc P na NP. IlockombKy MOXKeT oka3aThest, uto P = NP, naxe ec-
mu P # P-SPACE, to P-SPAC E-nonuora 330291 JaET 60JIee CUILHOE CBUIE-
TeILCTBO € TpyaHopeniaemoctu, deM NP-nonHora. @akr P-SPAC E-noaHOoTh
33190 MOYKHO PACCMATPUBATH TaK YK€, KAK YKA3aHHE O TOM, YTO 3aJada He
npuHaiexkuT Hu Kiaaccy NP, Hu moaumHoMuasbHON uepapxuu. B pabore [536]
MOKA3aHO, UTO eC/n Kakas-unoyap P-SPAC E-nonHas 3a7a9a JIEXKUT B KJIacCe
YF nns mekoroporo k, To Best mepapxusi Ckumaercst 10 kiaacca P-SPACE, te.
¥ =¥} = P-SPACE nnsa ncex j > k.

Oyunamenrtanabuas P-SPAC E-nonnas 3a1a4a M €€ WHTEPeCHast CBA3Db C 3a-
nadaMu By, TOTHBIMU B KJIacce E’,;, 00CYKJABIIMMHUCS B pa3m,. 7.2, ObLIN yKa3a-
ubl B pabore [503]. A umenHo, paccmarpuBas 3a1a4u By, KaK 3bIKH OTHOCUTEIb-
HO OIHOW 00IIeil cxeMbl KOAMpOBaHus, MOXKHO nonyduth P-SPAC E-nonnbrit
A3bIK, nonarad By, = Jpe; Bk. s GobIIeil sICHOCTH, OJHAKO, PACCMOTPUM
A3bIK By, KaK 337a9y PACIIO3HABAHUS, IS Yero Ja UM €My MOIXOIsINee Ha3Ba-
HUE ¥V OTPEJIE/ICHNE.

BYJIEBCKUWE ®OPMYJIbI C KBAHTOPAMMU (B®K)
YCJIOBUE. 3agana mpaBubHO MOCTPOEHHAS OyJIeBCKast (DOPMYJIa

F= (Q1I1)(Q2I2) (ann)Ea

rae E — OyneBckoe BbIpazKeHHe C IIEPEMEHHBIMU T1, L2, ..., Tn, & (Q; — OOUH U3
KBAHTOPOB «d» min «V ».

BOITPOC. Bepuo nu, aro F ucrunua?

Ormerum, uto cymecrerroe oraudune 3aaad BOK or By, cocrour B TOM, 9TO
B B} momyckaioorcsi WHAWBHUIAYAIbHbIE 3329 C 3apaHee OrPAHUIEHHBIM YHC-
JIOM 4epejioBaHus KBaHTOpoB (ubo 3a «V» ciemyer «3I», smbo 3a «3I » cie-
ayer «V»). B BOK, nanporus, 4nucjio u3MeHEHHI KBAHTOPOB HE OTPAHUYEHO.
Mpunammexxuocts BOK kmaccy P-SPACE crenyer u3 TOro, 9T0 MCTUHHOCTH
dopmynel F' MOXKHO TIPOBEPHUTH, TIEPEOUpPas BCe BO3MOXKHBIE HAOOPHI 3HATEHUIT
UCTUHHOCTU MEPEMEHHBIX 1, X2, ..., L, U BBIYUCIsAs 3HAYEHUS BbIpakenusi F
Ha 3TuX HAbOpaxX 3HAYEHUI MCTMHHOCTH. 3AlUCh MPOBEPSEMOro Habopa 3HAUE-
HUN MCTUHHOCTH, MPOBEPKY UCTUHHOCTH F U CII€JKEHWE 33 HOMEPOM MPOBEPSsi-
eMOro HabOpa 3HAYEHUN MCTUHHOCTH MOYKHO OCYIIECTBUTH C HUCIOIB30BAHUEM
MTOTUHOMHUATLHONW TTAMSTH, XOTS I TTPOBEPKU BCEX 0(2”(")) HAOOPOB 3HAYE-
HUM UCTUHHOCTH TMOTPEOYeTCsT IKCIOHEHIINAIbHOE BpeMsi. 1o, ITo J000# I3bIK
L' € P-SPACE wmoxer ObITh cBesieH K a3biKy BOK, crnenyer u3 amanora Teo-
pembl Kyka, B KOTOPOM BMECTO MOJUHOMUAIBHBIX ITO BPDEMEHU BBHIYUCIEHUH MO-
JIeTUPYIOTCS BBIYUCIIEHUST, TOJIMHOMUAIBHBIE TIO0 TTaMaThH. B meficTBuTesbHOCTH
YUCJIO TArOB BBIYUCIEHUS MOYKET WMETh MOPSAI0K 0(2”(”)), rIIe p — TIOJTMHOM,
n — gnuHa BXOoHa (M B cuiy aHasiora TeopeMbl 2.1, He moxer GbiTh Gosblie),
9Ta HEMPUATHOCTH MPEOHOIEBACTCS HETPUBUATBHBIM TPUEMOM, MPEITOKEHHBIM
B paborax [503, 500]. Takum 06pa3oM, MOXKHO IIOJYYUTh CIEIY 0L PE3YIbTAT.
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Teopema 7.10. 3adawa BOK asasemea P-SPACE-noanod.

Ha ocnose 3amaun BOK knacc P-SPAC E-nonHbIxX 33/1a49 ObLT B 3HAUATEIb-
HOW cTerneHn n3ydeH. XoTs Mbl yike yoeaunnch B NP-TpyZHOCTH GOTHITTMHCTRA
9JIEMEHTOB 3TOr0 KJIACCA 3314, CIEIyeT NPUHATH BO BHUMAHHE TOTIOJTHUTETb-
HOE «IOATBEPXKICHUE» TPYIHOpeIaeMocTh, koropoe gaér P-SPAC E-nonHora.
Hnss P-SPAC E-nionHo# 33290 MaJ0 BEPOSATHA MPUHAIIEKHOCTb HE TOTHKO
kiaccy P, vo u kmaccy NP. CienoBarenbHO, CBONCTBA, TPOBEPKA KOTOPHIX P-
S P AC E-nionna, BepOsiTHO, HE MOTYT OBITH NposepeHs, 3a OTUHOMUAIHLHOE BPe-
Msl JIayKe C MCIOJIb30BAHUEM «JIOTaKW» MOJUHOMUAIBHON MiuHbl. Boree Toro,
C TEOPETUYECKOH TOUYKY 3DEHUS JIAXKe MPUATHO, UYTO PE3YTbTATHI O «IIOJTHOTE»
B OTJIMYHE OT PE3YIHTATOB O «TPYAHOCTHY TIO3BOJSIOT JOBOJIBHO TOYHO OMPEIe-
JINTH CJIOXKHOCTD 33Ia4H.

ITo mepe pacmupenus aucna P-SPAC E-nonubix 3ana4d kinacc P-SPACE-
MOJTHBIX 33729 TPUOOPETAET HOBBIE XAPAKTEPUCTUKU. 3aJIa49d, B HEM COIEPKA-
[IUeCs, BEChMa OTJIMYAIOTCS OT m3BecTHbIX NP-monubx 3ama4d. B 3akimiouenne
HACTOSIIEr0 pasiesia mpuseaeM Heckoabko P-S P AC E-nonHbix 3a0ad9, KOTOPHIE,
KaK MbI HAJIEEMCs, TIO3BOJISAT YUTATEIIO TOIYUYUThH HEKOTOPOE TIPEICTABIEHNE O
TOM, KAK OHW BBITJISIISIT.

B nmepByio odepeb 3aMeTHM, YTO aHAJIOIHYHO TOMY, Kak 3agada BBITIOJI-
HUMOCTD cBoanrcs x 3amaue 3-BBIII, 3amaua BYJIEBCKUE ®@OPMY.JIBL
C KBAHTOPAMMU moseT GLITH CBe/IeHa K CBOEMY OTDAHWYEHHOMY BAPHAHTY
3-BBIIT C KBAHTOPAMMU, B x0oTOpO#i OyJIEBCKOE BHIPAYKEHUE SIBJISIETCS WH-
nuBHIyabHOM 3amadeii u3 3-BBIII (1. e. KoublOHKIMEH 3 IUTEPATIBHBIX U3 b-
foHKnmit). Tak 4T0 1 9Ta orpanndenHas 3agada P-SPAC E-nonna, cM. [503]. B
JIOKa3aTeNIbCTRBE MCTIOMB3YeTCsT MPUEM U3 paboTh [31], KOTODKIH MO3BOISIET TPe-
00pa30oBaTh MPOU3BOIBHOE OYJIEBCKOE BBIDAYKEHUE, COIEPIKAIIEE CBA3KUA «—>» U
«—1», B BBIpAYKEHHE HY>KHOTO BuIa. Posb «ocHoBHOM» P-SPAC E-nomHoi 3a-
Jladd, AaHAJIOPUIHYIO POJIH PACCMOTPEHHBIX BBIIIE MIECTH OCHOBHBIX NP-TOTHBIX
3agadq, urpaer 3agada 3-BbIIT C KBAHTOPAMI.

Ocobenno 6orarwiit ncrounuk P-SPAC E-oaHbIX 330249 TPeACTABIISIOT CO-
00it KoMOUHATOPHBIE UTPHI. VITpBI, MHTEPECHBIE C 3TOM TOYKU 3PEHUST, — ITO UT'PHI
IByX mutl. VX MOXKHO KPATKO OIMKMCATH, 33/1aB ODIIYIO «ITO3UIUI0» B MHOYXKECTBE
BCEX BO3MOKHBIX «ITO3UIAITY, KPUTEPUI BBISBIEHUST UTPOKA, UMEIOMIEr0 «XOI»
B JIAHHOM MO3UIINH, CIIOCOD U3MEHEHUS MO3UIIUN B PE3YILTATE «XOa», YKAZAHUS
3aKJIIOUUTEILHON TTo3unuu (U OGeIUTeNs), a TaKKe UCXOAHoi no3unmu. Hazo-
séM nrpokos BEJIBIE n YEPHBIE, o603nauny gepe3 Py HCXOIHYIO TO3MIINIO, &
TAKKe MPUMEM CODJIAIIEHUE, 9TO MOCTE TOCTHKEHU 3aKITI0IATETLHON TO3UITNN
BCe TIOCI/IEayIoNme Xoabl eé He mensior. Y rBepxkaerue, 4to BEJIBIE, nagdnnas
urpy, umeroT (POPCUPOBAHHBINA BBIUTPBII 3& 1 BXOA0B (N 46THO), dopManusy-
eTcsl CAeAyIomuM 00pa3oM:

CymecrByer takoii xon BEJIBIX u3 nosunum Py B nosunuio Pp, 9To ms
Beex xonos UEPHBIX u3 mosummu P, B mO3UIUO P,, cymecTByer Tako# X0
BEJIBIX u3 nosutiun P, B mo3umuio Pz, 9TO A71st JTI000r0 X01a YEPHBIX u3
no3unuu P3 B mo3ummio Py,
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cymectByer Ttakoit xox BEJIBIX u3 mosunun P, o B no3unmio P, ; 9To s
moboro xoma UYEPHBIX w3 nmosummu P,_1 B TO3WIAIO P,, nosunusa P, BbI-
urpseimaa, a1 BEJIBIX.

3aMeruM, 9TO B 3TOM YTBEPIKIECHUN UMEETCS TTOCIEI0BATEIHHOCTh «IEPEMEH
KBaHTOPOB», KoTopas npusogut Kk P-S P AC E-nonnore 3agaun BOK. Takum 06-
pa3oM, HE YAWBUTEIHHO, 9TO 3303494 PACTO3HABAHUS BUIA: «33IaHa HAYAIbHAS
MO3uIMst HEKOTOPO# urpst, Bepuo u, uro BEJIBIE nmeror dopcupoBannbiii Bbi-
urpsin?y — okazbiBaercs P-S P AC E-nomHoi.

IMepsobiii pesyabrar Takoro Tuna 6but noixyded B pabore [119]. 3azaua, xo-
TOPYIO OOCY>KIAN ABTOPBI, (POPMYIUPYETCS CIELYIOMIM 00pa30M.

OBOBIIIEHHBI I'EKC

YCJIOBHUE. 3anan neopuenruposauubiii rpad G = (V, E) ¢ BblaeeHHbIME
BepruHaMu s,t € V.

BOIIPOC. Bepuo ju, uto BEJIBIE nmeroT (hopcrpOBaHHBIM BHIUTPHIII B CJIE-
nyiomeit urpe Ha G7 IMosuyuet sBisieTcs: pa3drenne MHOYKECTBA, V' Ha TPU TAKUX
noamuoxkecrBa < Vi, Vo, Vi >, uro {s,t} € V3. Ucxonuas nosuuus uMeer Bu
< 2,2,V >, asce nosuuuu suga < Vi, Vo, {s, t} > 3aknouurensube. B nosu-
wuu < Vi, Vo, Vi >, rue Vi # {s, t}, ecu |V |+ |Va| uérno, ro xonar BEJIBIE, B
nporusrOM ciryvae xoxsaT YEPHBIE. Xox BEJIBIX coctonT B BHIGOPE BEPIITHHET
u € V3\{s, t} n 3amennr rexymeit mosurmn va nmosuimo < ViU{u}, Vo, Va\{u} >.
YEPHBIE xomsT aHaJOrWaHO, yaasss Bepimmay u3 Vi u mobaniss eé k Va. B
saksounTenbHoil nosuiuu < Vi, Vs, {s,t} > BEJIBIE Boiurpsisator torma u
TOJIBKO TOI/A, KOI/Ia WHy IMPOBaHHbI MHO)KecTBOM Vi U{s, t} noarpad rpada
G comepKuT myTh U3 S B t.

OcuoBHast uies 31oii urpst cocrount B ToM, uro BEJIBIE 1 YEPHBIE no oge-
peau Boibupator Bepiiuabl u3 muoxkecrsa V' \ {s, t}. Heap BEJIBIX —nocrpours
myts u3 s B t, neas YEPHBIX — BocnpensrcrBoBars sroMy. B meiicTBuTesnsHO-
cru urpa 'EKC umeer ropaszmo Gosee cremuanbuyio dpopmy, gem urpa OBOB-
HIEHHBIN I'EKC, n urpaercst za rpade peryispHoii CTpYKTYpPHI, TOXOKel Ha
MaxXMaTHYIo JOCKy. PaccmarpuBaemas 3agada jgexxut B kiaacce P-SPACE mo-
TOMY, YTO B Hell BO3MOYKHO TOJIbKO NOJMHOMHUAJILHOE YUCJIO MIAroB (ecju ObITh
To4HBIM, TO |V | —2). JokazarenscrBo P-SPAC E-nonHOTH 332491 HOIy9aeTcst
¢ moMombIo ceenennsa K ueit 3amaun 3-BbITT C KBAHTOPAMI.

NsBsecrna takxke P-SPAC E-noaHoTta HEKOTOPBIX Apyrux urp. K ux uuciy
OTHOCATCS: 0000IIEeHNe UTPhI «Teorpadusdy — UIPa, B KOTOPO UT'POKU TIO OUe-
pPeIu TPUBOJAT HA3BAHUE CTPAH, MPUYEM HA3BAHWE HOBOW CTPAHBI HATMHAETCS
¢ TOii GyKBbI, KOTOPOil 3aKAHYMBAETC Ha3BaHWE mpeibiayiieit [473], urpa, mo-
Jydaromascsa obobmernem romoBoaoMku Bparbes ITapkep «Instant Insanitys
[452], u oboGwenue urp B maxmarsl 1 [0 Ha mocku pasmepa n X n (o AByX
MOCJTETHUX UTPAX, €CJIU He MOJIb30BAThCS CIENNAIbLHBIMUA TPABUIAMU, 00ECTIe-
YUBAIONIUMHU TIOJTMHOMHUAIBHOCTH OOIIEro YnCjIa XOA0B, YCTAHOBJIEHA JIUITL P-
SPACE-rpynnocrsb) [127,345]. Jpyrue npumepbl Urp MOXKHO HAATU B CIIUCKE
PUTOKEHUS.

Kpowme 3amaq, cesizanubix ¢ urpamu, P-S P AC E-nonHbie 33/1a490 BOSHUKAIOT
B TEOPUU SI3BIKOB U ABTOMATOB, B IPOIPAMMUPOBAHUH; IPU STOM OHU YACTO OKA-
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3BIBAIOTCS OIPAHUYEHHBIME BAPUAHTAMU 33144, TPYIHOPEIIAeMOCTh WA JTAYKe
HEPa3PEeIuMOCTb KOTOPbIX u3BecTHA. OIHA M3 TAKMX 33/1a49 yKa3aHa B pabOTax
[384, 9]. B s10ii 3a1a4e peub UAET 0 «pPerysspHbIX Bbipakenuaxy. OHa npeacras-
JISeT WHTEpeC ellé M TOTOMY, UTO B Hell HeT TaKOi SBHOM mepeMeHbl KBAHTOPOB,
KaK B PACCMATPUBABIIUXCS JO CUX TOp 3amadax. OnpenennM BHAUATIE TOHATHS
«PEryJspHOE BbIPasKeHUe» W «sI3bIK, UM TIpeJcTaBasgeMbriiy. [Iycrs ¥ — KoHed-
bl andaBut. Pezysaproe svipasicenue HAM Y. U SI3BbIK, TPEICTABISIEMbBIA WM,
ONIPEJESIIOTCA WHLYKTUBHO:

(1) @ ecTh peryjdpHOe BLIpAsKEHHE, MPEICTABJIAIONIEE MyCTOE MHOXKECTBO
CJIOB;

(2) € ecTb peryssipHOe BbIParKEHHUE, IIPECTABISIONIEE I3bIK, COCTOSIIMN 13
MyCTOTO CJIOBA €;

(3) s BCex a € ¥ a ecTh PEryIsapHOe BHIPAYKEHNE, TIPEJICTABIISIONICE A3bIK
{a};

(4) ecmu o u B — peryiApHBIE BHIPAYKEHUs, TIPEICTABIISIONINE MHOXKECTBa, A
n B, To

(i) @ 4+ B ectb perysspHOe BbIpazKeHue, npejacrasisioniee a3uik A U B,

(ii) af ecth peryssipHOe BBIpaykeHWe, TpefcTapisiomee s3bik AB = {zy :
x € A,y € B},

(iii) &* ecTsb peryJsipHOe BbIpazKeHue, Ipejcrassiomee a3bk A* = (oo A',
rme A ={e} uw A" = A"A pm i > 0.

P-SPAC E-tonnas 3ama9a OTHOCHTEIHLHO PEryJISTPHBIX BRIpaskeHuit hopmy-
JINPYETCsT CIEAYIONTNM 00pPa30M:

HEVHUBEPCAJIBHOCTB PETVJIAPHOI'O BBIPAKEHU S

YCJIOBUE. 3amano peryaspHOe BbIpaskeHue ¢ HaJl KOHEYHBIM ai(aBUTOM
3.

BOIIPOC. BepHo /1, 9TO MHOXKECTBO, MPEICTABISIEMOE PETYIISTPHBIM BhIPa-
KEHUEM (v, OTJIUYIHO OT L*7

Ora 3amada ocraércsa P-SPACE-nonHoil maxke B TOM CIydae, eciid IpuMe-
HATH TOJIbKO ukrcupoBanublil andasur {0, 1}. Oquako eciau pacimupuThb onpe-
JIeJIEHNE PETYJISIPHOTO BBIPAYKEHUSsI, JTOMYCKAsT UCTOMB30BAHNE BMECTO (X - (¢ CO-
kpamenus (a)? (u B wactHoctn, mecto (((a)?)?)? cokpamenne (a)?), To Bo3-
HUKAOIIAsT B PE3yJIbTare 3aada MPEBPATUTCI B MPydHopewaemyto, U s eé
pelienus, Kak JoKa3aHo B [384], Tpebyercsa KcnoHeHIMAaIbHAS naMaTh. JJoka-
saresnbcTBo P-SPAC E-nonHorsl 5100 3a1a4u, npuBeaéHnoe B Kuure [9], npes-
CTABJISIET MHTEPEC TIOTOMY, UTO B HEM MOCTPOEHA 0DIIAsT CBOIMMOCTH TIPOU3BOITH-
HOTO s13bIKa, 3 Kyacca P-SPACE, B KOTOPO# PEryIApHbBIE BHIPAYKEHUS UCITOIhb-
3YIOTCST JJIsT KOJAWPOBAHUST 0MEEP2GUUT BBHIYUCICHUH, & HE TPUHUMAOIIHX.
Takum 0O6pa3zoM, OHO B HEKOTOPOM CMBICTE IBOWCTBEHHO K J0KA3aTebCTBY P-
SPAC E-nonroret 3amadu BOK, a uMeHHO ec/ii HEeKOTOPOE CJIOBO He TPUHAITE-
JKUT MHOYKECTBY, MPEICTABISEMOMY MOCTPOEHHBIM PETYJIAPHBIM BBIPDAYKEHUEM,
TO 3TO CJIOBO JOIPKHO COOTBETCTBOBATEH MPUHUMAIOIIEMY BBIUHUCICHUIO.

B zakmogenue pacemorpum 3agaqy, uzd P-S P AC E-nomHOTE KOTOPOU Cliey-
eT uHTepecHoe yreepxkaerue o camom kinacce P-SPACE. Eciu 3amana JIMT-
IporpaMMa, TO e€ MOXKHO CTAHJAPTHBIM 00Pa30M MOIMMDUIUPOBATEL TAK, 9TO HA



196 I'maBa 7. 3a npexenammn Kaacca NP-mogIHbIX 3a1a4

OJTHO BBIYUCJIEHUE HA BXOJE JTUHBI N He moTpedyeT Oosee n + 1 siueek JEHTHI, a
BCE BBIUUCJIEHUs, yKe OOIAIABINNE ITUM CBORCTBOM, OCTAHYTCSI HEU3MEHHBIMH.
IIporpaMmma, BO3HUKAIONIAS B PE3YIbTATE TAKOH MOAN(MUKAIINN, BOOOIIE TOBOPS,
MOXKET W HE PACMO3HABATH MPEXHUI sI3bIK, HO [JIs Heé HABEPHSKA Oy/IeT BbI-
MOJTHATHCS YKA3AHHOE OIPAHUYEHHNE 10 maMsiTi. ECIn e mporpaMMma, yiKe yiao-
BJIETBOPSLIIA STOMY OMPAHUYEHMIO MO MAMSITH, TO OHA Oydem Pacmno3HABATH TOT
XKe g3bIK, 9T0 U panbine. Takme JIMT-mporpaMMbl OyayT HA3BIBATHCS AUHET-
HO 02paru%eHHbLMU. VICTTOMB3ys XOPOIIO H3BECTHOE PACCYKAEHHE 00 M30BITOY-
HOM KozmupoBauun (cM., Harmpumep, [280]), moxkHo gokazars P-S P AC E-nonHoTy
clenyomeil 3agadn.

OPUHATUE C JINHEVMHON MAMATBHIO

YCJIOBUE. 3agana nuneitno orpanndennas JIMT-nporpamma M u KoHed-
HOE CJIOBO Z BO BXOTHOM aji(paBUTE COOTBETCTBYIOIIEH MAIUHBI.

BOIIPOC. Bepuo nu, uro M npunumaer z?

Ha mepBbrit B3MIsi] 3TOT PE3yabTAT MOMXKET MOKA3aThCsl yaAuBUTEeIbHbIM. OH
YTBEPK/IAET, 9TO B HEKOTOPOM CMbIC/IE 330391, PA3PELIUMBbIE C IIOTHHOMHAAIBLHON
NaMsAThIO, He TPyAHee 3a/ad, Pa3pellMbIX C JUHEeAHON maMaTbio. MoxKHO 1mo-
IyMaTh, YTO OH MPOTUBOPEYHUT CYIIECTBOBAHUIO S3HIKOB, PACTIO3HABAEMBIX C MO-
JIMTHOMUWAJIHLHON MaMsIThIo, HO He pacrno3dHaBaeMbix Hukaxkoit JIMT-mporpammoit
C JIMHEHHO OrPaHUYeHHON NaMATHIO (B CYIIECTBOBAHUA NOCAEIHUX Mbl YOIUMCS
B pa3n. 7.6). B meiictBuTesbHOCTH 31€CH HET poTuBOpeds, ubo uz P-SPACE-
nomxoTh 3agaan IIPUTHATUE C JIMHEMTHON TAMATBIO crexyer b,
uTO JIMHEAHAs TaMATh COOEp:KHATCA B P mozda u moavko mozda, xozda
P-SPACE C P, a ue T0, uT0O BCe 3amaun kiacca P-SPAC E-pa3pemnMbl ¢
JmHeHHOM maMaThio. Ha camom nere mmeercst 6osiee OOMmmii pe3yIbTar.

Teopema 7.11. FEcau das nexomopozo k > 1 xaacc a3vikos, pacnosnasae-
moix JIM T-npozpammamu, ucnoavayrowumy namams we 6oaee O(nk), co-
deporcumesn 6 P (coomsememsenno 6 NP ), mo P = P-SPACE (coomsem-
cmeenno NP).

(AHaTOrMYHBI PE3YIBTAT MOYKHO TIOYUYUTH JIJIs1 BLIYUCICHUH ¢ OPPAHUICH-
HBIM BPEMEHEM: eCITH JIJIsT HEKOTOPOro k > 1 Kace 3bIKOB, HEIETEPMUHIUPOBAH-
HO pacmoszHaBaeMbix co pemereM O(n*), comepxurca 8 P, o P = NP.)

Onpenenus nousirue P-SPAC E-OMHOTBI, €CTeCTBEHHO NOUTH U JAJIbIIe,
onpenenns Kinace NP-SPACE, cocrodaimyii n3 s3bIKOB, PACIO3HABAEMBIX TIPO-
rpaMMaMu JIJIsT HedemepMUHUPO8aHHHL MaNTHH ThIOpUHTA, C TTOMHHOMHUATHHOM
oneHKoit mo mamaru. QIHAKO, MPEXKIE YeM MBI CMOYKEM TOBOPHUTL 00 OTpaHu-
YEHHOCTH HEJIETePMUHUPOBAHHOTO BBIYUCICHUS MO MAMSITH, HEOOXOIUMO yTOU-
HATDH TIOHSTHE MMaMATH, Tpedyromeiica s «yragbiBaiomnero Momyas HIIMT».
I MHOTHX BBIUUCIEHUN B OEHCTBUTEIHLHOCTH HET HEOOXONWMOCTH MOMHUTH
BCE CUMBOJIBI CJIOBA~IOTAIKH TTOCIE TOTO, KAK OHU OJWH Pa3 y¥Ke MPOCMOTPEHHI.
B ornmuune or mamreit momenun HIAMT, y koTOpoit B maMsATh, HEOOXOAUMYIO It
BBIYUC/IEHUS, BKIIOYAETCA TaMsITh, HEOOXOAUMast [IJisi BBIMTUCHIBAHUSA B HAYAIIE
BBIYUCIEHUSI BCETO CIOBa-I0Ta K, craggapTabe Mmoaenn HAMT, ncroas3yembre
ISl U3MEPEHUsl TTaMSTH, OOBITHO CHADXKAIOTCSA JOMOTHUTETHHBIM YCTPONCTBOM,
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BOODIIE HE TPEOYOMKUM MAMSITH, U3 KOTOPOrO IIPOrpaMMa MOXKET B JII000H MO-
MEHT BPEMEHM 3AIPAIIUBATE «CJICLYIONHi» CAMBOI CIOBa-Ioragaku. [Iporpam-
Ma 3alMChIBAET CUMBOJ HA JIEHTE U TEM CAMbBIM PACXOAYET «IaMSTh» JIJIsl 3TOTO
CHUMBOJI& TOJIBKO B TOM CJIYYae, eCJIM €ro HyKHO 3aIIOMHUTD IJIs HEKOTOPOI ore-
paIyu, BBIMOJIHSIEMON B Oy IyIIEM.

Herpynno mokasarh, 9T0, XOTsI TMAMSTh, TpeOyeMask W3MEHEHHON MOIEIbIO
HAMT, uamepsiercs wHawde, 3Ta U3MEHEHHAST MOJIETb IKBUBAJIEHTHA, OTHOCUTETh-
HO MOTHHOMHUATLHON BpeMenuoit cioxkuoctd HAMT u3 v, 2, u mosroMmy mpu eé
UCTIOMB30BaHu J11st onpenenenus Kiacca NP-SPACE coxpaHsTCsS HAIY TPeXK-
HHE pPEe3yJbTAThI O HEJETePMUHUPOBAHHBIX BBIYUCICHUAX 33 MOJTUHOMUATHHOE
Bpems. Onpenenue tenepsh kKiaacc NP-SPACE kak KIacc sI3IKOB, PaCTO3HA-
BAEMBIX TIPOrpaMMaMu s 3Toit Mmomuduinposannoii momenu HIAMT, Tpebyio-
[IIUMU B CBOUX TPUHUMAOIINX BHIYUCIEHUSIX MTOJTUHOMUAIBHON MaMSITH, MOYKHO
3a/IaTHCsT BOIPOCOM 0 B3auMocBst3u KiaccoB P-SPACE w NP-SPACE. Yrep-
xaerne, 9r0 P-SPACE = NP-SPACE, Mox)eT TOKA3aThCo HEOKUTAHHBIM.
Owno BbITEKAET U3 Creayoniero pesyiabrara Casudaa [470].

Teopema 7.12. Ecau asvk L mootcem bvms pacnozuwar HIIM T-npozpammoti
¢ namamwviro T'(n), 2de T(n) > logn das ecex n > 1, mo L moowcno pacno-
anams maxoice M T-npoepammoti ¢ namamovro T?(n).

U3 teopemnr 7.12 ciemyer, uro P-SPAC E-nofinota — caMbIii CHILHBIH 13 13-
BECTHBIX B HACTOSIIIEE BPEMsI PE3YJILTATOB O TOJHOTE U OJIM30K K PE3YJIbTATAM,
13 KOTOPBIX CJIeAyeT TPpyAHOpeInaeMocTb. Konedno, emgé octaércsd BO3MOXKHOCTD
JIOKa3bIBaTh, 4To 3ana4a P-SPAC E-tpynsa (T. €. J0Ka3bIBATh, 9YTO HEKOTODAs
P-SPAC E-nonnas 3amada cBoauMa K Hell Mo ThIOPUHTY, OCTABIAST OTKPBITHIM
BOIPOC O MPUHAJIEXKHOCTH 3TOM 3amaun knaccy P-SPACE), HO UCKIIIOUUB 3Ty
BO3MOYKHOCTb, MBI TIOMAJAEM B 00JIACTH TPYIHOPENIaeMbIX 33134, KOTOPhIe Oy-
IyT 0OCYyXKIAThCA B pa3m. 7.6.

Hacrosimuit pa3men Mbl 3aKOHYUM YIOMUHAHHEM 00 OIHON OTKPBITON MPO-
Oeme, CBsI3AHHON C Teopemoil 7.12, KOTOpas A0 BO3HUKHOBEHWS TPOOTIEMBI O
B3amMOOTHOIeHnn KiaaccoB P m NP ObLna, BHAUMO, HamboOTee WU3BECTHON B
TEOPUHU CIOXKHOCTH. DTa npobiema u3BecTHa Kak «LBA-mpobremas. Hazosém
JMT-nporpammy, KOTOpast TpeOYET MaMsTH, He TPEBOCXOISINEH BEJIMIUHBI 11 +
1, demepmunuposannvim aunelino ozparuuenmusim asmomamom (DLB-asToma-
tom), a HIMT-nporpammy ¢ TeMm Ke OrpaHUYeHHUEM 110 aMITH — Hedemepmu-
HUPOBAHHBIM AUHETHO O02panuysentblm asmomamonm (NLB-aBromarom).

MHOKeCcTBO A3BIKOB, pacno3naBaeMbix NLB-aBTomaTamu, coBmagaéT ¢ MHO-
JKECTBOM «KOHTEKCTHO-3aBUCUMBIX S3bIKOB» (KJIACC SI3bIKOB, UMEIOLIMX CIIELH-
aJlbHOE MPAMMATUYECKOE ONpejeeHne, cM., nanpumep, [215]). ITo reopeme 7.12
JII0001 TAKOH S3BIK MOYKHO pacrmo3uarh JIMT-mporpamMmoii ¢ OIEHKO# Mo TaMsATH
(n+1)2. Bompoc 3akmovaercs B creayromem: « MOyKHO I Bee TaKne A3LIKN pac-
nosuars DLB-asromaramu?s (WUnu emg Goee cumbhoe yrep:kaeHne: « MoxHO
Ju B Teopeme 7.12 orbpocurh mokazaresb 27») DTOT BOIPOC OTHOCUTCH K TO-
My K€ MpeIMeTy, 9TO W BOIPOC O B3aMMOOTHOIIeHWH KiaaccoB P u NP, T. e.
K COOTHOIIIEHUIO MEXK/Iy IeTePMUHUPOBAHHOCTHIO U HEJETEPMUHUPOBAHHOCTHIO,
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npasa, B 6omee creruansHoil popme. OH 0CTABTCST OTKPBITHIM U 10 HACTOSIIETO
BpeMeHu, XOTs ObLT mocTaBieH B cepeaure 60-x rogos. Hemocpeacreerroe obcy-
JKJeHHe 9TOr0 BOIIPOCA, CJIEACTBHN U HEKOTOPBIX CBA3AHHBIX C HUM IIPEAIIONO-
sKeHnit (BKIIOYAst AHAJIOT BOTIPOCA O B3aNMOOTHONIeHNN Kiacco NP u co—NP)
MOKHO HaiiTu B pabore [202].

7.5. Jlorapudmuyeckasi maMaTh

B mpenpigymem paszmene ObLIN PACCMOTPEHBI B3AMMOOTHOIITEHUST MEXKIY KJIAC-
camu BpeMeHHGH crnoxuoctu P u NP, ¢ ogHoit croponsr, u kiaccom P-SPACE-
GbyHKIMI, BBIYUCTUMBIX C TIOJTHHOMUAIBHO OIPAHAYEHHON MAMSATHIO, — C APYTOMA.
B nacrosimem pazaesne 6yIeT MpoIoIKeHO 00CYKISHIe CBA3EH MEXKIY CIOKHO-
CTHIO TI0O BPEMEHU U CJIOXKHOCTHIO 10 MAMSITH, HO H3 3TOT Pa3 MbI 00pATUMCS K
knaccy DLOG-SPACE, nexaremy B P u NP 1 COCTOAILIEMY U3 SI3BIKOB, Pac-
no3HaBaemMbix JIMT-nporpaMMmamMu, KOTOpbIe TPeOYIOT MaMsaTH, OrPAHAIEHHOIT
JiorapuMOM OT JJITUHBI BXOJIA.

Ha nepssriit B3ry1s1, norsgTre gorapudMudeckoil IaMaTH MOYKET MOKA3aThCs
OECCMBICTIEHHBIM, TTOCKOIBKY BXOIHOE CJIOBO JJIMHBI 71 CAMO 3aHUMAET N sSde-
ek, Tak 4uro jodas JIMT-nporpammMa, mpoCMaTPUBAIOIIAs CIOBO OT HAYAJIA 110
KOHIIA, JOJIXKHA MOTPEeOOBATH, CAMOE MeHbINee, JuHeHHoi mamarr. OQgHAKO Ha,
MPAKTUKE 9aCTO OKA3BIBAETCS MOJIE3HO MPOBOIUTH PA3IUIUE MEXKIY MaMATbhIO,
3aHUMAEMOM BXOIHBIM CJIOBOM, U JOMOTHUTEIBHOMN MAMATHIO, UCIOIb3YEMO 171
BBINOJTHEHNs BhraucieHus. Hanmpumep, eciu npu CIUSHUU ABYX OTCOPTHUPOBAH-
HBIX CIUCKOB, 3AMMCAHHBIX HA MATHUTHBIX JIEHTAX, PE3YJIbTAT TAKYKE MMUIIETCS
HA MATHUTHON JIEHTE, TO HEODXOAMMAs JJIsl CJIWSTHUSI OTIEPATHUBHAS MAMSTH B
KAaXKJIbIiI MOMEHT BPEMEHM BKJIIOYAET TOJIBKO JBE S9YEHKM, B KOTOPBIX 3AIOMU-
HAETCsl IO OJHOMY JIEMEHTY W3 KaXKJIOrO CIuCKa. B meiicTBuTebHOCTH 37€Ch
YPE3BBIYANHO BAXKHO TO OOCTOSTEIHCTBO, YTO HET HEOOXOIUMOCTHU B OIIEPATUB-
HOM MaMSTH, CPDABHUMOMN 1O BEJIUYNHE C JJIUHAMY BXOIHBIX CJIOB.

YT00bI U3yUNUTH BOMPOC O TOM, KAK MOYXKHO YMEHBIITUTH TOTPEOHOCTh B ITa-
MSITH, TaK 4TOOBI TPEOOBAJIACH MEHBIIAs, YeM JINHEHHAsI, TaMsITh, U3MEHUM Ha-
nry craggaprayio mogaens JIMT, kak nokaszaHo Ha puc. 7.6. 3mech mo6aBiIeHbr
BXOJIHAS JIEHTA C YUTAIOIIEH TOJOBKOM, KOTOPAasi MOXKET MEPEIBUTATHCSA B ABYX
HAMPABJIEHUSIX, U BHIXOIHAS JIEHTA C MAMTYIIeH TOM0BKOo#. BxoaHoe cioBo, 3amu-
CaHHOEe Ha BXOIHON JIeHTe, HAUMHAETCA B AveiiKe ¢ HOMepOM 1, mpuyeMm sgveiika
¢ HoMepoM ( TycTa, 9TO MO3BOJSIET PACMTO3HABATH JIEBBI KOHer ciaoBa. Camo
BBIYHCIEHNE, KAaK OOBIYHO, BBITIOMHSAETCSA Ha OECKOHEYHON B 06€ CTOPOHBI Pabo-
Yeil JIeHTe, C UCIOJIb30BAHUEM JUTaIoell / muinymeli rososku. [lamsarsb, Koropas
Tpebyercs mMpy BBIYUCIEHWM HA ITOM MOMENH, eCTh IMPOCTO YUCIO STIeeK, MPo-
CMOTPEHHBIX qHTafomeI‘/’I/ nuIyieid rogoBKoit. Cremnyer OTMeTUThb, YTO KJIACCHI
P, NP u P-SPACE npu TakOM U3MEHEHUW MOJIEIN BBIYUCIUTEILHOTO YCTPOI-
CTBa HE U3MEHSIOTCS, 3aTO TIOSBJISIETCS BO3MOYKHOCTH 3aTPAYMBATH MEHBIIIEE,
9eM JIMHEeHHOe, KOJIM9IeCTBO MaMsTH.

WccnenoBanus o WCIOIB30BAHUIO TAMSATH, MEHBIIEH, YeM JTuHeHas1, Cocpe-
norounnuck Ha knacce DLOG-SPACE sa3bikos, pacnozaaBaembix JIMT-nporpa-
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osrmarnsds Fxodas

zoaofva ABHTE
Yrgalansoues sne
yenpadcmbe
012 3
Huuityugan Bovxodan
anrodnr AeNma
[ X N ]
01123
Humawoupas/muyuges eosolna
[ A N ] LE X |
~3 -=2-10 1 2 3 Pabowas senma

Puc. 7..6: Cxemamuueckoe usobpasicerue modeau M T, komopas mpebyem na-
MAMU MeHbWelY, YemM AUHETUHAA.

MMaMu, TPeOYIONUMHI namMaTu He 6osee ueM [log o(n+1)], Toe n — nqnuHa BXOIHO-
ro ciosa. C moMouIbio CTaHAAPTHON TeopeMbl 00 «yCKOpeHUu#» (CM., HAIPUMED,
[215]) TerKO MOKA3ATH, YTO ITOT KJIACC COBIAIAELT C KITACCOM A3BIKOB, DACIIO3HA~
BaeMbIX ¢ namaTbio C'[log2(n + 1)], ms moboit korcranTsr C' > 0 1 He Tak yiK
6e/eH, KaK MOYKeT TIOKA3aThCsT Ha TIePBhIii B3TIsI. Boree Toro, HETpyIHO BUIETH
uro DLOG-SPACE C P. Tlepsbiii BO3HUKAIOMINI BOMPOC, KOHEYHO, COCTOUT B
cnenytomem: «Bepro mu, uro DLOG-SPACE = P?»

XoTs uMeeTcsi MHOTO HETPUBUAIBHBIX 3371a9, KOTOPHIE MOTYT OBITH perre-
HBI ¢ JorapudMudeckoii mamsThio (cM., Hampumep, [355, 368]), mo-BumHMOMY,
DLOG-SPACE # P. Muorue 3amadu u3 knacca P, kaxkercs, TpeOyIOT I CBO-
€ro pereHns 3HAYUTENHLHO OOMbINeil maMsTH, deM Jorapudmudeckas. Paccmor-
pum, Hanpumep, 3agady PASBBUEHUE. B ri. 4 66110 moKa3aHo, 9T0 3Ta 3a1a9a
MOKET OBITh PEIleHa 3a MOJNHOMUAIBHOE BPEMS, CTIM Pa3Mephbl BCEX MpeIMe-
TOB He MPEBOCXOJIST, CKAyKeM, KBaIpaTa uX KoaundecTBa. OJHAKO B 3TOM CIydae
NPHUBEIEHHBIN TAM AJTOPATM NOTPEOYET IMAMATH, TPOIIOPIUOHATLHON KyOy 9mc-
JIa TIPEIMETOB, 9TO MPEBOCXOAMUT KBAAPAT JJMHBI BXOJAA, W HE BHJIHO CIIOCOOA
CYIIECTBEHHO YMEHBIINTH KOMUIECTBO HEOOXOIMMOM MaMsITH.

B paGorax [94, 95| npusenenbl npuMepbl 3aaa4 Kiaacca P, ajis KOTopbix
namMsTh, TpedyeMas TOOLIM AIrOPUTMOM U3 BECHMa MIUPOKOrO KJIACCA, TPOIOP-
npoHaIbHA M0 Menbimeii Mepe n'/2 wim n'/*. Bomee Toro, m3BecTHO, UTO He
Moxer ObITh odnospemento P = DLOG-SPACE u P = P-SPACE (310 cie-
JIyeT U3 TeopeMbl 7.15, mpuBengHHON B caexyiomeM pasaene). TakuM oOpasom,
BEChbMa BEPOSTHO, ITO HEKOTOPBIE 3a1a4n Ki1acca P TpeOyior maMmsaTn, 60IbIneit,
9eM JTorapuMUIecKasi, ¥ Mbl BHOBb BOCHOJIB3YEMCSI PE3YIBLTATAMHA O TIOJTHOTE,
9TOOBI YKa3aTh HanOOIee BEPOATHBIX KAHIN/IATOB.
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JI71s1 HOBOT'O MTOHSATHUS [IOJTHOTHL HAM HY?K€H HOBbIH BH/I CBOAUMOCTH. DTO 00b-
SICHSIETCS TE€M, YTO HOJUHOMHUAJIbHAS CBOAUMOCTL HE MOXKET pa3/jindarb 3aJa4u
kmacca P. Ilycts Ly u Lo — s13bIKM B am@aBUTaX Y1 U Yo COOTBETCTBEHHO. By-
JIeM FOBOPUTD, uTo byHKImA f : X7 — X3 ocymecrsisger log-space-ceodumocms
a3bika Ly K a3bIky Lo, ecmmn

(i) f moxker 6biTh Bbrauciaena I TM-uporpaMmoit, ucnosb3yroleil Ha BXogax
JUIMHBL N NaMATh, HEe OPEBOCXOAILYI0 Besndubl [logo(n 4+ 1)], u

(ii) z € Ly rorma u tonbko roraa, Koraa f(z) € Lo.

Ecnu nmeercs log-space-ceBogumocTts s3bika Ly K 361Ky Lo, TO Oymem mu-
catb Ly oG Lo m roBoputh, uTo Tipm 3ToM s3bik L1 log-space cBomurcst K
a3bIKy Lo. OTMeTuM, 9T0O Tak KaK BCe (DYHKINU, BBIYUCIUMBIE C JOrapudMu-
YeCKHU OrPAHUYEHHON NaMATHIO, BBIYUCIUMBL TAKXKE U 38 IIOJTUHOMHAILHOE Bpe-
Ms, TO cBOIUMOCTh L1 opog Lo Bmeder comumocth L o Lo. ITo anamorum
CO CBOIUMOCTBI0O X MOYKHO JOKA3aTh CJIEAYIONINE CBONCTBA CBOAUMOCTUH XI,0G
(mokazaTeshCTBa, OHAKO, HE TPUBHAILHBI, cM. [503]).

Teopema 7.13. IIpednoaosicum, wmo Ly ccpoq L u Ly <o Lz. Tozda
(1) L «poG Ls;
(2) L, € DLOG-SPACE = L, € DLOG-SPACE.

Byzem rosoputs, uro sa3bik L € P log-space-noaon B knacce P, ecim L' oo
L nna scex L' € P, Taxum 06pa3oM, MBI IMEEM KeJIAeMOe CBOHCTBO: €CIIH A3bIK
L log-space-ionon B kiacce P, o L € DLOG-SPACFE rorpa u TOTBKO TOTA,
korga DLOG-SPACE = P. Bonee obuiuit pe3yibrar, TOKa3aHHBIN B paboTe
[270], cocTouT B cremyiomeit Teopeme. (3aech xkmacc DLOGF-SPACE(k > 1)
onpegensercs anangoruano kiaaccy DLOG-SPACE, ¢ 3amenoii rpaautst [log o (n+
1)] rpanmmeit [log 2 (n + 1)]F.)

Teopema 7.14. Ecau asvx L log-space-noaon 6 xaacce P u ecauw L € DLOG-
SPACE, mo P C DLOG*-SPACE.

IMepsas log-space-nonnas 3ana4da 6blta aBao chopmyuposana Kykom [94].

JOCTUXKUNMOCTBb CUCTEMOU IIYTEN

YCJIOBUE. 3amanbl KOHEYHOE MHOMXKECTBO «y3/0B» X, orHOmenne R C
X x X x X u nBa mommuoxkectBa S, T C X, S — MHOXKECTBO «HUCTOYHUKOB», T'
— MHOKECTBO «KOHEYHBIX Y3JIOB».

BOTIIPOC. CymiecTByeT i «I0CTUKUMBI» KOHEUHbIH y3en? (YV3em x € X
HA3BIBACTCA JOCTIKUMBIM, €CTH & € S WM CYIIECTBYIOT JOCTUKUMBIE Y3IIbI
Y, Z, Takue, 9ro < T, Y,z >€ R.)

OTa 334344 JIEKUT B Kjtacce P, MOCKOIBbKY MHOYKECTBO BCEX TOCTUKUMBIX y3-
JIOB TPUBUAJIBHBIM 00PA30M MOYKHO TIOCTPOUTH 38 MOJTUHOMUAIBLHOE BpeMmsi. J1o-
Ka3aTeIhCTBO log-space-MOIHOTHI 3TO# 3ama49n B Kiaacce P cocTonT, Kak 00BITHO,
B ODIIEM CBeJEHUU C JTOrapudMUYecKOl NaMsThio MPOU3BOILHON 3a1a90 KTac-
ca P k paccmarpusaemoii 3agade. B pabore [271] 6buI0 yKa3aHO aHATIOTUYIHOE
JTIOKA3ATENbCTBO log-space-momHOTH B Kaacce P crnemyronieil 3amadu.
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EAVMHNYHAA PE3OJIFOIINSA

YCJIOBHUE. 3agano muoxectBo C' I3 BHIOHKINH Ha MHOYKECTBE MEPEMEH-
weix X = {z1, s, ..., 2} (T. €. ycinoBue Takoe ke, kak B 3anade BBITIOJTHI-
MOCTb).

BOIIPOC. MoxXKHO 1 ¢ HOMOUIBIO «eIMHUYIHONR PEe30JIONUA» BBIBECTH IIy-
CTYIO IU3bIOHKIUIO (yKA3BIBAIOLLYIO HA NpoTuBOpeune) u3 Muoxkecrsa C'7 Mubi-
MU CJIOBAMHU, CYLIECTBYET JIM TOCIEI0BATEILHOCTh AU3BIOHKIUN C1, €3, -.., Cm,
TaKas, 4TO Cp, — MyCTasl IUIBIOHKIAA, & ¢; — JU0O0 JUIBIOHKINAS 13 MHOYKECTBA,
C, 1ub0o CyIIECTBYIOT paHee BBIBEIEHHBbIC MU3LIOHKIMU ¢ u ¢ (k,[ < i), Ta-
Kue, 9To ¢ = {2;}, ¢ = {Z;} U¢; (wmm ¢ {Z;}, ¢ = 2; U ¢;) nms HeKoTOpOi
nepeMeHHoi z; € X7

Hpyrue log-space-nonuble 3a1auu B Kiacce P MoxkHO Halitn B paborax [271,
313, 136, 527, 177, 300].

Ucnonb3oBanue CBOAUMOCTH € JOrapuMUIECKON MaMsIThIO He OrPAHUIUBA-
eTcsl JOKa3aTeIhCTBOM PEe3yJIhTaTOB O MojaHOTe B Kiacce P. Hampumep, 3amaua
JJMHENHOE TTPOTPAMMUNPOBAHUE, kax nokaszano B paGote [103], apis-
ercst «log-space-TpyaHoit 115 kiaacca P». IHBIME cIoBaM#, XOTS U HE W3BECTHO,
9TO HAJIMYUE TOJTHHOMHUATBLHOTO AJITOPUTMA PEIeHNsT STON 3a1a9u TPUBEIO ObI
K paBenctBy P = NP, oxgnako cyiiecTBOBaHue log-space-aaropurma pernreHus
3Toit 3amaun mpuBeso 661 K pasencTsy DLOG-SPACE = P*. Bosee Toro, xax
ObIIO 3aMedeHo B paborax [269] u [384], GonbimHCTBO (€can He BCe) CBOIMMO-
cTeif, UCMONMB3yeMbIX I OKA3ATENILCTRA Pe3yabTaToB 06 NP-MomHOTE, MOTYT
ObITH BBIIOJIHEHBI C JIOrapUMUIECKON TaMATHIO (OCHOBHAS TAMAThH, HEOOXOIH-
Mas B TAKUX CBOAUMOCTSIX, 3aTPAYUBAETCS HA BHIYUC/ICHUs 3HAYeHUs P(N) HEKO-
TOPOrO MOMUHOMA P OT JJIMHBI 3AlUCH N UCXOJAHON MH(MOPMAIUU, 9TO MOXKET
OBITH CHEIAHO C JIOTAPUMMUIECKON TaMATHIO, eCIu aadaBuT OYKB, KOTOPHIE MH-
HIyTCs HA JICHTE, UMEeT JOCTATOYHOE KOJMYECTBO CUMBOJIOB). Takum 06pa3oM,
KJIACC A3bIKOB, «log-space-monubix B Kytacce NP», cocTaBiaseT mo KpaitHeil mepe
OOMBIIOMH TTOAKIACC Kimacca NP-TIOMHBIX 3a7a49, U €CITH XOTh OJHA 33734 3TOTO
knacca npunagtexkut knaccy DLOGF-SPACE nia mekoroporo k > 1, To Bce
zagaun kaacca NP npunamiexar kiaaccy DLOG-SPACE.

TlomobHBIM ke 06pa30M OBLIO 3aMEYeHO, 9TO CBOAUMOCTH, HCIOIB3yEeMbIe
IJIST TOKA3aTeIhCTBa, pe3yabtaToB o P-SPAC E-noaHoTe, TakKe SBJISIOTCA 10g-
space-CBOIMMOCTAMY (B JEHCTBUTEILHOCTH B HEKOTOPBLIX paborax P-SPACE-
MOJTHOTA ONMPEIEIISIeTCsT HETIOCPEICTBEHHO B TEPMUHAX 10g-Space-CBOAUMOCTH, a
HEe B TEPMHUHAX NOIMHOMHUAJIbHON cBomumocTu). OnHAKO TO 3amedaHue Jjist
knacca P-SPACE we mMmeer TakuxX CIeJCTBHi, Kak s kiaacca NP, ubo mam
yiKe m3BecTHO, uTo nyist Beex k P-SPACE # DLOGF-SPACE, u naxe Gomee
TOTO,

P—-SPACE # POLYLOG — SPACE = U DLOG — SPACE.
k=1

4 Anropurm Xaunsaa [33*] mna pemenns 3amauu LP TpebyeT mOMMHOMHUANIBLHON MAMSTH, U,
TakuM o0Opa3oMm, Bomnpoc o conajgernu kiaaccoB DLOG-SPACE u P ocTtaércsi OTKPBITBIM. —
ITpum. nepes.
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Tem ne menee, ecnu si36iK L log-space-nionon B kinacce P-SPACE, 7o MOXKHO 3a-
KJIIOYHUTh, YTO CylecTByeT KoHctauTa r > 0, takas, 4ro nas JITM-nporpammsl,
pacno3naomeit L, HeobXxoauMa maMaTh, TPOIOPIHOHATbHAA N 11T OeCKOHe -
HOTO umcia BXoZoB (cM., HampuMep, [500]). DToT BHIBOI cIeaaTh HEIB3sT, eCn
ussectHa, juiths P-SPAC E-nionnota s3bika, L B CMBICTIE ONIPEneIeHnust U3 pas.
74.

Haxkower, MOHSITHEM CBOIUMOCTH C JIOTapupMUUECKON MaMATHIO MOYKHO BOC-
MOJIL30BATHCS JJIsT TOTO, YTOOLI C(HOPMYIUPOBATL €IIE OIUH BOMPOC O COOTHO-
NIEHWH MEXKJLy JETEPMUHU3MOM M HEJIETEPMHHU3MOM, HA ITOT Pa3 yzKe Ha JIOoTa-
pudmugeckom ypostre. [Tycts NLOG-SPACE — 310 kiace Bcex si3bIKOB, PACIIO-
3HABAEMBIX HEJIETEPMUHUPOBAHHBIMA MANIMHAMHU THIOPUHTA C MAMSATBHIO, Orpa-
unvennoit [log2(n + 1)] (onpeneséHubIMA TakUM 00pPA30M, UTO MAMSThH, HEOO-
XOIUMast JJIs 3AMUCH BXOJA U JOTAIKU, HE YUUTHIBAETCs ). BOMpoC COCTOMT B
cnenytomem: «Bepuo nu, aro DLOG-SPACE = NLOG-SPACE?» T'unoresa 3a-
KJTIOYAETCSA B TOM, 9TO STH KJIACCHI HE COBIIAJATOT, 4 A3bIKH, log-Space-moIHbIe B
kinacce NLOG-SPACE, MoxkHO cunTarh KagaugaraMu Ha s3bikn Kiaacca NLOG-
SPACE, ue npunagiexarrue kaaccy DLOG-SPACE. Tlpumepnt u apyrue mera-
JIM MOYKHO Hafitn B paborax [471, 270, 507, 273].

MBI 3aKOHYMM HACTOAMIMI PA3IET KPATKAM PACCMOTPEHNEM OTHOIICHHH BK-
JIIOYEHWST MEKIY OOCY¥KIABIIMMUCS BBIIIE KJIACCAMHU S3BIKOB. Y 3Ke OTMEJaIOCh,
aro DLOG-SPACE C P. Menee oueBuaHbIH pe3yIbTar [92] COCTOUT B TOM, UTO
NLOG-SPACE C P. Ognako coBceM He sicHO, BepHO Jjii BKiouenne POLYLOG-
SPACE C P unu naxe kmodenne DLOG2-SPACE C NP. Xord 1oka He
JIOKA3aHO, Y4TO TU BKJIOUEHUsI HE UMEIOT MecTa, B pabore [48] mokaszano, 4To
P #POLYLOG-SPACE u NP #POLYLOG-SPACE. Pe3ybTars!, MomydYeHHbIE
B 9TO# paboTe, 0OCOOEHHO WHTEPECHBI TIOTOMY, YTO U3 HUX HE CJIEHYEeT, UTO OIUH
KJIACC CONEPYKUTCS B JPYTOM WJIM YTO ABA KJACCA HECPABHUMBI OTHOCUTEIHHO
BKJIIOUEHHS, XOTS B HAX YTBEPKIAETCS, YTO KJIACCHI HE MOTYT COBNAIATH. JIpy-
rUe Pe3yTbTATHI OTHOCUTENBHO B3aMMOCBS3€H MEXKIy PA3JTUIHBIMHU KJIACCAME
CJIOXKHOCTH 110 BPEMEHU U IaMsTh 00CyKAamrcs B paborax [46, 47, 384].

7.6. JlokazaTesbCTBa TPYJAHOPEIIaeMOCTH W B3a-
nMooTHoIeHnd mexxay P u NP

B kagecrBe noaTBepKaeHus runore3bl P # NP Mbl ymoMuHATH TOT (BaKT, 9TO
ObLIO HECILTIOAHO MOTPAYIEHO MHOTO YCUJIMI HA OTHICKAHUE MOJTHHOMUAATBHBIX ITO
BPEMEHM AJITOPUTMOB perierust NP-ToMHbIX 3a1a49. Buaumo, Tounee OBLIO ObI
CKa3aTh, UYTO 3TO SABJSETCS apPTyMEHTOM B MOJIb3y TPYIHOCTH JI0KA3ATEHCTBA,
toro, uro P = NP. B nacrosimem pa3zene OyayT MPUBEIEHBI apTyMEHTHI B
O3y TOTO, UTO JOKA3ATEILCTBO pasandns KiaaccoB P u NP Takzke He mMpoCTo.

Haunem ¢ paccMOTpeHHs HEKOTOPBIX YACTUYHBIX, HO JOKA3AHHBIX DE3YJihb-
TaToOB. BMecTO TOro 4T0OBI OpATHC 3a pPEeIleHre BOIPOCa B MOJHON OOIHOCTH,
JIOKA3bIBasi, 9TO BCE AJITOPUTMBI PeIeHnst HeKOTopoit NP-momHoi#i 3aga4dn pabo-
TAIOT B TEYEHUE IKCIOHEHIIMATHHOTO BPEMEeHN, HEKOTOPBIE UCCIIEIOBATEH C 1I€-
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JIBIO JIOKA3ATh OTCYTCTBUE MOJUHOMHUAIBHBIX AJTOPUTMOB PEIIeHUsS STOM 3313~
YU OrPAHUYUIIACH PACCMOTPEHUEM ONMPEIETEHHBIX OMPAHUYEHHDBIX KJIACCOB AJIT0-
purmos. Hanpumep, Tamun [137] (npogonxkas pabory Heittuna [515]) nokaszau,
uro anroputMel perenns 3aaadn BBITIOJTHUMOCTD, ocHoBaHHbIE HA TEXHU-
Ke Pe30JIIOIHiA, TOKHBI UMETh SKCIOHEHIINAIBLHYI0 BPEMEHYIO CJIOXKHOCTD. JIjist
sagaun HESABUCUMOE MHOXKECTBO Xsaran [76] paccmorpen BecbMma
[IMPOKWIA KJIACC AJITOPUTMOB, BKITIOYatomumii anropurm Tapbsaa u TpossHOBCKO-
ro [513], ynoMsiayThiil B 171. 6, U gOKa3aJ1, 9TO JI0O0H TaKO# aJropurm paboraer
9KCIIOHEHIMAIBLHOE BpeMs (TOUHee, s Ka¥KIO0T0 TAKOTO aJITOPUTMa, CyIIECTBYET
KOHCTaHTA ¢ > 1, Takasi, 9TO JJIsT «TOYTH BCEX» rpadOB HA 7 BEPINMHAX BpPE-
Ms1 paboThl anroputma 6ombie ¢). Max-Idnapmus [378] mosmyuns aHamornaHbe
pesysbrarel 06 anropurmax s 3agaau PACKPAIIIUBAEMOCTD 'PA®A B
K IIBETOB.

Pe3ysnbraThl 3TOrO THIA UMEIOT MPAKTUYECKOE 3HAYEHHE MOTOMY, 9TO OHU
MO3BOJISIIOT UCKJIIOYUTH HEKOTOPBIE COOJIA3HUTEIbHBIE HA, MEPBBIM B3MJIsI MOI-
XOJIBI K TIOCTPOEHUIO MOJIMHOMHUAILHBIX AJITOPUTMOB. OIHAKO, €C/In JaxKe Iajlb-
HeHIIne UCCIe0BAHUS TO3BOJISIT PACIIMPUTD KJIACC HEIIPUTOIHBIX MTOIX0/I0B, Ka-
JKETCST MAJIOBEPOSATHBIM, 9TO, TEHCTBYSI TAKUM «KYCOYHBIM»> METOIOM, YIACTCS
HCKJTFOYUTH BCE BO3MOXKHBIE TIOAXO/bI K TIOCTPOEHHUIO ATOPUTMOB. Eciu Mbr X0-
TUM JIOKa3aTh, uT0 P # NP, TO HaM HEOOXOAWMO TOJIYYUTh HUKHIOK OIEHKY
BPEMEHHOU CIIOYKHOCTH, KOTOPAs BBIMOIHSIACH OB JJIsT BCEX aJITOPUTMOB pPerlre-
Hus 3aga9u. K coxkanenuio, 1axe caMble CHIbHBIE HIXKHUE OIEHKU TAKOTO THIIA,
JIOKA3AHHBIE K HACTOSIIEMY BPEMEHHU, OCTABJISIOT JKeJIaTh MHOTO JIy4IIero.

OguH 13 OonmpobOBAHHBIX MOAXOA0B K MONYYEHUI0 HUKHUX OINEHOK 3aKJIIO-
YAETCsT B TOM, YTOOBI OIEHUTH YHUCIIO JIEMEHTOB B JIOTMYECKUX CXEMaX, BHIUMC-
JISIONINX KOHeuHble (hyHKImU. Takass HyHKIUS TOTYyIAeTCsI, €CJIH OrPAHUIUTh-
Cs MHAWBUIYAJbHBIMYU 330a9aMi HEKOTOPOU NP-TTOHON 3aJad9u, MMEIOIuMEI
dukcupoBaHHbIl pa3mep n. Ecim ygacres moka3arb, 9TO YHCIO0 HEOOXOIUMBIX
9JIEMEHTOB 3aBUCHUT OT 7, SKCIIOHEHIIHAIBHO, TO OTCIOIa Oy IeT CIe0BaTh TPYIHO-
pemaeMocth 3amadn. CamMasi CUIbHAS HUXKHSS ONEHKA, MOJyYeHHAS B PAMKAX
9TOI MOIesH, MOTPedOBaBIIast DOIBITON W300PETATETLHOCTH U HAXOIIUBOCTH,
COCTABJISIET BCero uih 2,51 (cM. [422]). B meiicTBUTEIHLHOCTH TOKA3aTEIhCTBO
HUKHUX OIEHOK JIisi OOINeil MOJETH MPOMEcca BBIYUCIEHUH, JayKe IyTh-9yTh
Gosiee CHIIbHBIX, YeM JInHeiiHbIe (TaKuX, HApUMep, Kak B pabore [428]), B HacTo-
SIIIee BPeMsi OKA3bIBAETCSI OY€HDb TPYIHBIM. /J0KA3ATETbCTBO TAKUMU METOIAMHI
IKCIIOHEHITNAIHHBIX HUKHUX OIEHOK TPEICTABIISIETCS JEJI0OM JAJEKOTO OyIyIe-
ro.

Tem He MeHee, KaK yIOMSIHYTO B IVI. 1, TPYJAHOPEIIAEMOCTh HEKOTOPBIX 3a-
JIad, XOTs W He TpuHamexRamnx Kimaccy NP, moka3zana. MoKHO i MTPUMEHNUTH
9TU METOJBI JJIs JOKA3aTeNbCTBA TOro, 9ro P # NP? ITocme Toro Kak Mbl 03HA-
KOMWMCS C 3TUMHU METOJAMHU, OYIET BUIHO, YTO ITO TAKIKE MPEICTABISETCSI Ma-
JIOBEPOSITHBIM.

Bce mokazarennhcTBa TPYAHOPETAEMOCTH, TIOTYUEHHBIE 10 HACTOSIIETO BPe-
MeHU, 6a3UPYIOTCS, IO CYIIECTBY, HA ABYX OCHOBHBIX PE3YIbTATAX TEOPUH CIOXK-
Hocru. Bynem wasbiBarh dyukuuio F(n) xoncmpyupyemoti no namsamu, eciu
cymectsyer JIMT-nporpamma, Koropasi, HadaB pabOTaTh Ha CIOBE, COCTOSIIEM
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U3 N eAMHUL, OCTAHABJIMBAETCS I10CIIE TOTO, KAK YMTAIOIIAs / TUIIYIAsi FOTIOBKA
npocmoTputT poBHO F'(n) sueek sientsl (npeanonaraercs, yro y JIMT ecrb or-
JesbHas BxoaHas jenta). @yukuus F'(n) HaspiBaercsa koncmpyupyemot no epe-
Mmenu, ecau cymecrsyer I TM-nporpamma, koropasi, HauaB paboTaTh Ha, CIIOBE,
COCTOSATIEM W3 N eZINHII, OCTAHABINBAETCS, BHITOIHNB poBHO F(n) maros®. Hau-
Gosee gacTo BeTpeuaromuecs (DYHKINM, Takue, Kak nk, 2°7, k™, n! u T.1., opu
(PUKCUPOBAHHBIX HEJBIX MOJTOKUTENBHBIX KOHCTAHTAX C U k KOHCTPYHPYEMbI KAK
10 maMATH, TaK u 1o spemenn. @yukmun [log on]* mpm Becex momorkuTETHHBIX
Henbx k KOHCTPYUPyeMbl TIO MaMSTH, HO TIO0 OUYEBUAHBIM MTPUYAHAM HEKOHCTPY-
UpyeMbl Mo BpeMenu. JIBa BasKHBIX pe3ysbrata (hOpMyIUPYIOTCA CIEIYIOMAM
obpazom:

Teopema 7.15. ITycmw Fi(n) u Fa(n) — dynrwyuu, xoncmpyupyemoie no na-
mamu, Fy(n) > logs(n) das eécexn > 1. Ecau
Fi(n)

lim inf——= =0,

n—00 Fy(n)
mo cyuecmeyem advk L, pacnosnasaemuiti nexwomopoti JIMT-npozpammoti
CO CAOICHOCTIBIO NO NAMAMUY, 02panuvenhot Fy(n), no ne pacnosnasaemori
nukakot JMT-npoepammoti, umeroweti caodHcHOCMS NO NAMAMU, 02PEHU-
wennyto Fy(n).

TeopeMa 7.16. Ecau Fi(n) u Fa(n) — dynxyuu, xoncmpyupyemsie no epe-

MEHU, U
Fi(n)
lim inf——= =0,
n—00 Fy(n)
mo cyuwecmeyem a3vk L, pacnosnasaemuti JIM T-npoepammoti, epemernmas
caoorcHocmy komopot ozparnuvena gynryuet Fr(n)-log o Fa(n), 1o ne pacno-
snasaemuiti nuxaxot JMT-npozpammoti ¢ epemenndti caoscrocmoio, o2pa-

nuuennoti pynxyuet Fy(n).

OTH pe3yabTaThl OBIIM BIEpBhIe Mony4YeHsl B padorax [203] u [204] (cm. Tak-
ke pabory [215]). OcHOBHbBIE BBIBOJBI, KOTOPBIE MOXKHO CAEIATH Ha OCHOBE STUX
Pe3yJIbTATOB, COCTOAT B TOM, 9TO HEKOTOPBIE KJIACCHI A3BIKOB JIOMKHBI COIEP-
JKATh A3BIKW, PACIIO3HABAHME KOTOPBIX — TPy IHOpemaeMas 3amada. Hanpumep,
kinacc EXP-TIME (cocrosimuii u3 BCeX A3BIKOB, PACIO3HABAEMBIX ¢ BPEMEHHOIH
CJIOKHOCTBIO, OPPAHUIEHHON 2P ryie p — MONUHOM, N — JJINHA 3allUCH BXO0JA)
s Beex k > 1 nomKeH comepKaTh I3bIKH, CITOKHOCTH KOTOPBIX 110 KpaiHeil Me-
pe n” Cuenmyer, 0IHAKO, MOTIEPKHYThH, 9TO TAKWE ST3BIKA CTPOATCS € TIOMOIIHIO
«IMATOHAIBHOTO» METOAA. [[09TOMY HENMb3s CIATATH, 9TO OHU COOTBETCTBYIOT
«ECTECTBEHHBIM» 3aJa9aM, U C HUMH Helb3s paborarh HemocpeacTsenHo. ITo
9TON MPUYMHE TAKWE SI3BIKH UCIOMB3YIOTCA I JOKA3ATETHCTBA TPYIHOPEIIae-
MOCTH €CTECTBEHHBIX 33189 KOCBEHHBIM MyTEeM Ha, OCHOBE TIOHATHH <TTOTHOTHI»

5B mammae THIOPHHTA ¢ HECKOJBKHMH TOJTOBKAMH HA KArKIOM IMare paboThl OOBIYHO I0-
MIYCKAETCS OJTHOBPEMEHHBIH CIBUT BCEX T'OMOBOK, — IIpum. nepes.
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U «TPYAHOCTH» B Kiacce 3aga4d. HanmoMHuM, 9TO 361K L HA3BIBAETCS MTOTHBIM B
kyacce s36IK0B C' (OTHOCHTEIBHO HOMHHOMUATBHON cBoauMocTH), eciu L € C' u
L' « L nns seex L' € C (L maspsaercss C-TPyHBIM, €CJTH BBIOTHSAETCS BTOPOE
cBoiicTBo, HO L He obsazarensho jexur B C). Temepb MoxKHO ¢HOPMYyIUPOBATH
OOIIMit aHAJIOT JIeMMBI 2.1.

Jemma 7.1. Ecau aswx L noason 6 waacce C (uau C-mpyden) u C' codep-
orcum mpyonopewaemyro 3adawy, mo L coomeemcmeyem mpyduopewaemot
3adave.

JlokazaTeabCTBa TPYAHOPEIIAEMOCTH ECTECTBEHHBIX 3371349 0a3upyroTcs Ha
9TOi1 TeMMe TIpu BhIOOpE B KauecTBe C' PA3INIHBIX KOHKPETHBIX KJIACCOB S3BIKOB.
B pabore [384] nokazaHo, 4TO 3a/a9a HEIKBUBAJIEHTHOCTH, PETYISIPHBIX BHIPA-
JKeHWH ¢ omnepanmeil «Bo3Bemenus B KBaapars monHa B kiaacce EXP-SPACE, B
koTopom comepxurcs kinacc EXP-TIME wu, ciemoBarenbHo, comepKaTcs TPY/I-
Hoperaemble 3a1a4u. B pabore [122] mokazano, 4To 3a/1a4a paclno3HABAHUS UC-
TUHHBIX yTBepXKIeHui B apudmernke [Ipeccoyprepa C-rpyaua, roe C = NEXP-
TIME (nemerepmunmnpoBanusiii anamor kiacca EXP-TIME). B pa6orax [68,
502] mokaszana nmonHora B Kiacce EXP-TIME pa3andubrx KOMOWHATOPHBIX UTP.
B pabore [257] takxke nokaszana nosnuora B Kiacce EXP-TIME «3azaqu uupky-
JISPHOCTHU B aTPUOYTUBHBIX TPAMMATHKAXY .

B nefictBuTenbHOCTH MHOTHE W3 9THX [TOKA3ATEIbCTB JAIOT DOJIEe CHIbHBIE
HUKHUE TPAHUIBI CIIOXKHOCTH, YeM <«IIPOCTAsy TPYIHOPEIIAeMOCTDb, & B HEKOTO-
PBIX [I0KA3aTeTbCTBAX MOy YeHbI HUXKHUE OIEHKY CIOXKHOCTH 10 nmamsitu. Bormee
Toro, ecin kjacc C' COIEP’KUT JTOCTATOYHO CIOKHBIE 334N, MOXKHO JI0KA3aTh
ACTPOHOMHUYECKWE HUKHIE OlleHKN. Takne OleHKY MOy YeHbl B padore [381] myst
«C1abo MOHAIHON TEOPUHU CIEIOBAHUSI BTOPOrO MOPSIKAY, & HMMEHHO 3/1€Ch J0-
KazaHo, uro jodas JIMT-mporpamma, pacmo3HaOMAs KCTUHHBIE YTBEPK ICHIUsT
9TO# Teopuu, AOIKHA UMETHh BPEMEHYIO CI0KHOCTH, DOJBIITYIO, €M

an

22"

st JII000T0 umncnia, «dtaxkeity B (opmyse. Mbr He OymeMm BIABATHCS B JI€Ta-
JIH METOJOB J0KA3aTeThCTBA, TAK KAaK OyJeT BUIHO, 9TO ITHM MOIXOIOM, IO-
BUIUMOMY, HEJIb3s1 BOCIONB30BATHCA I TOKA3ATEIbCTBA TOrO, 9TO Kiaacc NP
COZEPKUT TPYIHOPEIIaeMbIe 33 Ia4H.

st Toro 94Tobbl ¢ MOMOIIbLIO JieMMbl 7.1 oKa3ars yreepxaenue P # NP,
HEOOXOIMMO YMETh JOKA3BIBATH, YTO HEKOTOPKIHA sa3bIK L € NP mO/IOH B HEKOTO-
pom kitacce C, comeprKalieM TpygHOpernaembie 3aa49u. O THAKO JIETKO TOHSTh,
YTO MOMOOHBIN PE3YILTAT UMEJT OBl U IPYTHE, KPOME JI0KA3aTE/IHCTBA, TOrO, UTO
P # NP, ciieacTsusi, KOTOPbIE MOYKHO MOJIYYUTh HA, OCHOBE CJIEAYIOMIEH MpocToit
JIEMMBI.

lemmva 7.2. Ecau aswik L npunadaesicum xaaccy NP u L noaon (ommocu-
MeALHO NOAUHOMUAALHOT c8odumocmu) 6 Kaacce C', mo C' codeporcumes 6
NP.
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ITosromy, eciu L € NP, TO He npenCcTaBageTCs BO3MOXKHBIM JI0KA3aTh, 4TO
L nmonon B k1accax EXP-SPACE unu NEXP-SPACE. B camom gene, o Teope-
me 7.15 meBozmoxuo sraouenne EXP-SPACEC NP, u6o kmacc EXP-SPACE
crporo comepxkut kjaacc P-SPACE, koTopbi#i B CBOIO OUepeh BKIIIOYAET KIACC
NP. I3 HegeTepMUHUPOBAHHOTO BAPUAHTA TeopeMbI 7.16, BHITEKAIOIIEr0 U3 pe-
synbraroB Kyka [93] (cm. rakske [475]), cremyer, 9T0 HEBO3MOXKHO BKJIIOYECHHE
NEXP-TIME C NP. He ciemyer Tak»Ke HAIEATHCS, 9TO YIACTCS JOKA3ATH HEPa-
BeHcTBO P # NP ¢ ucnonb3oBanueM MOHATHsA MOMHOTH B Kiaacce EXP-TIME,
MOTOMY YTO ecin ObI HeKoTOpas 3amata kiaacca NP Oblia ObI TIOTHA B KJlacce
EXP-TIME, 10 umeno GbI MECTO MaJjIOBEpOATHOE (XOTs TIOKA U HE OMPOBEpTr-
ayroe) Brmoderne EXP-TIME C NP. OTMmeruM TakKe, 94To JIeMMa, 7.2 0CTa-
éTcst BEpHOH W B Clydae, eCIu B €€ yeaIoBHH 3aMeHuTh Kiaacc NP kmaccom P-
SPACE, u aHanorudnble 3aMedaHusi MOXKHO CIEeIaTh OTHOCHTEIBLHO MOTBITOK
IIOKA3aTeJhCTBA, 3TUM MeToIoM HepaseHcTtra P # P-SPACE.

Takum obpa3om, jeMma, 7.1 OKA3BIBAETCS CIUITKOM HEKOHKPETHOM, YTOOBI €€
MOKHO OBIJIO MCTTOSIH30BAThH JJIsT TOKA3ATEIHCTBA TPYAHOPENTAEMOCTH HA «HUXK-
HEM» yPOBHE Mepapxuu, coorpercrBytomiem kiaaccy NP. CnepoBaTeibHO, BMECTO
TOro 4To0bI IBITATbCA JOKa3aTh HepasencrBo P # NP nocpencrsoM (xors Obl
Jlayke KOCBEHHOI'0) CBEJEHUsl TPYyAHOpeniaeMoil 3amadu K 3ajade kiuacca NP,
MOKHO OBIZIO OB C TTOMOIIHIO METOMA JTUATOHAINBAINHN, UCTIOIH3YEMOTO B TOKA-
3aTenbCTBaxX TeopeM 7.15 u 7.16, MOTBITATHCS TTOCTPOUTH TPYTHOPEITIAEMYIO 3a-
nagy B kmacce NP menocpeacTBeHHO. K COXKATEHN0, TAKOTO TIOCTPOECHHST HE M3-
BECTHO, ¥ CTAHJIAPTHBIE METObI TIOCTPOCHUST NOJOOHBIX 33/1a4, BUIUMO, HEIIPHU-
MEHHMbBI K JIOKA3aTelbCcTBy yTBepkKaeHus P # NP. IIpudunbl 5TOr0 MOXKHO
MOSICHUTH C TIOMOIIBIO TIOHSITUST «PEITTUBU3AIIS> .

B patore [25] 3ameueno, uTO OOBIYHBIE METOIBI JAMATOHAIM3ALNN (a TaK-
JKE€ METOJI «MOJEIMPOBAHUSS, TIOMOOHBINH METOLY JTOKA3ATEIHCTBA TeopeMbl 2.1)
OPUMEHUMBI U B CJIy9Yae «PEIATHBU3ANUNY OTHOCUTEIHHO JII000ro sa3bika Lo, T.
€. ¥ B TOM CJIy4ae, eCTH BCE TPOrPaAMMBI JIjisT MAINUH THIOPUHTA MPEBPAIAIOT-
cs B MPOTPAMMBI JIJIsl MAIlMH ¢ opakynom Lg. Hampuwmep, pensTuBuzoBaHHAS
Bepcusi TeopeMbr 7.16 opMyupyercst Tak:

TeopeMa 7.17. (peasmususosannas). Ecau dynxyuu Fi(n) u Fy(n) xon-
CMPYUPYEMBL NO EPEMEHU U
F1 (n)

A inf gy =0

mo cywecmeyem a3wk L, pacnosnasaemvti nexomopoti OM T-npoepammoti c
opaxyrom Lo u epemenndts caoorcnocmoio, ozpanuvennot Fy(n)—log o Fy(n),
1o He pacnosnasaemuvil nukaxoti OM T-npoepammoti ¢ opaxysom Lo u epemers-
HOU caoscnocmoio, ozpanuuennots Fy(n).

OTa peIATHBU30BAHHAS TEOPEMa BEpHA, IJIst JII00oro s13bika, Lg. To ke camoe
BEPHO U /I PeISTUBU30BAHHON Bepcum Teopembr 7.15. Takum obpazom, ecian
MBI YMEEM JIOKA3bIBaTh, 9T0 P # NP ¢ mOMOIIBI0 METOJA JUATOHATUIAIAN, TO
CTIeIyeT OXKUIATH, 9TO TO K€ CAMOE JOKA3ATETHCTBO BEPHO U [IJIsi yTBEPKIEHUS
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Pl # NPV (tme PP w NP' — sapmantnr knaccop P m NP, ompejensembie ¢
HNOMOILBIO OPaKyJIbHBIX Mariud Thioputra ¢ opakyiaom L). C apyroii cropoHsl,
ecau OB METOAMHU MOIETUPOBAHMS YAAIOCH T0Ka3aTh, 9ro P = NP, T0o U3 310-
o CIIe0BAJIO GBI, UTO A7 M060r0 a3bika L Bepro yTRepkmenne Pl = NPT,
ub0O METOIbI MOIEIMPOBAHUS JIETKO PEISITUBU30BATh. [I0CKOIBKY BCE OCHOBHBIE
METO/IbI JJOKA3ATETbCTBA PE3YIHTATOB MOZODHOTO COPTA OTHOCATCS K JIBYM YIIO-
MSIHYTHIM BBIIIIE THIIAM, TO CJIELYIOLIAE TeOPEMbI [25] BBIMISIAT HECKOILKO 00ec-
KYPaXKUBAOIAMHA.

Teope}:xa 7. 12?4. Cywecmeyrom pexypcususie asvku A u B, maxue, wmo
(1) P4 = NP4,
(2) PB £ NPE,

Ora TeopeMa JAET SIPKOE MOATBEPIKICHUE TOMY, 9TO COBPEMEHHBIE METOIbI
JTIOKA3ATENbCTBA HE JOCTATOYHDBI HU [ TOKA3ATEILCTBA TOrO, 4T0 P # NP, Hu
toro, aro P = NP. Pe3ynbrarsl, B3AThIe U3 TOH K€ pabOThI, IPUBOIUMbIE HIKE,
YKa3bIBAIOT TAK¥KE HA, TO, YTO ITH METOILI OECITONE3HbI U JJIs PEIEeHUsT IPYTUX
OTKPBITHIX BOIIPOCOB.

Teopema 7.19. Cywecmsyrom pexypcushnoe aswku D, E. F u G, maxue,
Ymo:

(1) NPP # co—NPP,

(2) NP¥ = co—NP¥, no PE # NPE,

(3) PE # NPY | wo P¥ = NP¥ nco—NPY,

(4) PY # NP% N co—NP%, no NP® # co—NP©.

Bonee Toro, momp3ysack aTuMu pe3yIbTATaMU a TaK¥XKe pe3yabratamu paho-
ThI [26]), MOXKHO CHOPMYJIMPOBATH AHAJOIMYHBIE YTBEPKAEHUS OTHOCUTEIHHO
BO3MOYKHOCTH IOKA3ATEIHCTBA COBPEMEHHBIMU CPEICTBAMY POJICTBEHHBIX Y TBED-
JKJIEHUH, KACAIOIINXCS MOJMHOMHUAIHHONW NEPAPXUU U BOMIPOCA, O B3ANMOOTHOIIIE-
aun knaccos P u P-SPACE. (B Bonpoce 0 maMaTu MMeeTcs, OJHAKO, HesiC-
HOCTb, CBSI3aHHAsI C BBIDOPOM COOTBETCTBYIOIIEH MOJENN JJisi MOTydeHUs pe-
3y/IBTATOB O pendTuBH3anuu, cM. [315] u [369].)

JLTs1 pereHnst BOIIPOCOB O B3aNMOOTHOIEHUIX MexKay Knaccamu P u NP, a
TaK¥Ke IPYTUX, YIOMSHYTHIX BBIIIE KJIACCOB SI3BIKOB, BEPOSTHO, TPEOYIOTCS CO-
BEPIIIEHHO WHBIE METO/IBI TOKA3ATEILCTBA. B TOM CiIydae, KOHETHO, eC/ii BOODIIE
10100HbIE BOIPOCHI MOYKHO periuTh. XaprManuc u Xonkpodt [201] npumenuin
METO/IbI PEMSITUBU3AINN, OJIU3KHE K PACCMOTPEHHBIM BBIIIE, YTOOBI MOSICHUTH
BO3MOXKHOCThH TOrO, 9TO, MO KpaiiHell Mepe B MPHUHIUIE, BOMIPOCHI TAKOTO TH-
Ma MOTYT OBITH HE3ABUCUMBIMU OT TEOPUU MHOYKECTB U, CJIEIOBATEIHLHO, HEPA3-
PEIMMBIMEU [TPY UCTIOIB30BAHUN CTAHIAPTHBIX JIOTUYECKUX CPEICTB. XOTS aB-
TOPBI TON KHUTH, KAK U MHOTHE IPYTHe CHEIUAJUCThI B JAHHON 00JaCTH, HE
TaK MECCUMUCTHYECKH CMOTPST HA PA3PEIIMMOCTh BOIPOCA O B3AUMOOTHOIIIEHUH
kmaccoB P u NP, HUKTO He HAJIeeTCsi, 9TO STOT BOIPOC OYIET PelieH B CKOPOM
BPEMEHU.



ITpunoxenme A

Cnucok NP-TOJHBIX 3aJ1a4

B macrositiiee BpeMsi pu M3yYeHUH 33JIa9U C BBIYUCIUTEIHHON TOYKYM 3PEHUs
craso 6omee WM MeHee ODIIENPHHITHIM (POPMYIHPOBATH BOmpoc 006 eé NP-
nosinore (wiu NP-tpynsocru). BenegcrBue aroro B Hay4HOU JurepaType 110-
SIBUJIOCH MHOTO pe3yahTaToB 00 NP-mosHOoTe, a emg HoIbiee IUCIo MOy deH-
HBIX PE3YJIhTATOB HE OMyOJNKOBAHO. B HACTOSIIIEM TTPUIIOKEHNN COOPAHO MHOTO
noJ00HBIX pe3ynbraToB. OHU OPeaCTABIEHBI B BUJIE CIUCKa 3a1a49, NP-momHoTa
nimu NP-TpyaHOCTD KOTOPBHIX YCTAHOBJIEHA.

B cnucke comepxkurca 6osee 300 OCHOBHBIX JIEMEHTOB, & KOMMEHTAPUHU K
HUM B HECKOJIHKO Pa3 yBEJIMUWBAIOT 00Iee TuCaI0 (hOpMyInpyeMbIX pe3yibTa-
ToB. KasKIplii 3leMeHT CrucKa COCTOUT u3 ueThipex dacteii: (1) Hassanus 3ama-
un, (2) eé onmcanus, (3) yKa3aHWsi HCTOYHUKA, U3 KOTOPOTO B3SIT COOTBETCTBY-
IOLIWii pe3yibTar, 4) JONOJHUTEIHHBIX KOMMEHTAPHUEB.

Haspanue 3a0a49u CIIyKUT yAOOHBIM COKPAIEHUEM, KOTOPOE UCIIOTb3YEeTCs
JIJIsI CCBLIOK B TeKCTe KHUTU. V13 cOODparKeHuii COrIacOBAHHOCTH COKPAIEHUH
B HEKOTODPBIX CIyYassX HA3BAHUS 33729 HECKOIHKO OTANYAIOTCS OT TPAJWIIN-
OHHBIX. 3BE3/I0YKA B CKOOKax (*), KoTOpas cleayer 3a HA3BAHUEM HEKOTOPBIX
3a/1a49, YKA3bIBAET HA TOT (DAKT, ITO MPUHAIEKHOCTH 3aaadu kjaaccy NP we
YCTAHOBJIEHA, TTO3TOMY (POPMYTHUPYEMBIA Pe3yTbTAT CIeAyeT TOHUMAThL Kak NP-
TPYAHOCTH 33Ja4H, a He Kak eé NP-1moaHoTy.

Onucanue 3a1a49 JAaHO B CTAHZAPTHONW (GopMe, KOTOPOH MbI MPUIEPKUBA-
JINCH HA MPOTSIYKEHNN BCeH KHUTH, TPU 3TOM (BOPMYIUPYIOTCS YCAOBUE U BONPOC
3agaun. (B kauecTBe OCHOBHBIX JIEMEHTOB CIIMCKA, MBI B3SJIM JIUITh 389U PAC-
MO3HABAHUS CBOWCTB, XOTsI B KOMMEHTAPUSX WHOTIA YIIOMUHAIOTCS U JIPYTUE
Tunbl 331a49.) B GosnbiuinHCTBE CiyYaeB HAM yAaJ0Ch chOPMYIUPOBATH 3329y
Ha sI3BIKE TEOPUU MHOYKECTB M TeM CaMbIM JaTh mosHoe eé onucanue. OmgHAKO
CTpeMJIeHne CIeiaTh OMUCAHWe CKATHIM TacTO MPUBOIUT K TOMY, UTO 3aJa9H
CTAQHOBSITCS WHTYUTUBHO MEHEE SICHBIMHU, W B ITUX CIydasX UUTATEH MOYKET
00paTUTHCS K JINTEPATYPHBIM UCTOYHHKAM. HeKOTOphIe OOIIEN3BECTHBIE TEPMU-
HBbI HE OMPEIETIAIOTCs, & TPOMO3IKUE OMPEIeIeH ], ODIIue s MeI0H TPy
3a/1a4, TPUBOIATCS TOMBKO OJWH Pa3, B MepBOil 3ajade, s (GOpMYTUPOBKA
KOTOPO# OHK moTpedboBaanch. MHOrma momHasa (pOpMyIHpPOBKaA 330a9d BEChMA,
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CTIOXKHA UM TpedyeT OOIMIHPHOrO MOArOTOBUTEILHOTO MaTepuaia. I1oaToMmy Mbl
JIaeM TOJIBKO HAOPOCOK (POPMYIUPOBKH, HOIb3YACh OTAEILHBIMU «KJIFOUEBBIME »
cnopaMu. [Ipy 3TOM SIBHO yKa3aHBL INTEPATYPHbLIE HCTOYHUKH, B KOTOPBIX MOK-
HO HaMTH 60Jiee TOUHYIO (DOPMYIUPOBKY.

B wacTu, oTHOCAIIENCS K UCmMouHuKy 3a0a9H, YKA3BIBAETCS KaK OUOIMOrpa-
¢dudecknii KICTOYHUK, OTKYJA B3SIT OCHOBHONM PE3yJbTaT, TAK M COOTBETCTBYIO-
wast «usBecrHag NP-nonuas (wiu NP-TpynHas) 3a1a4a», KOTOPOR MOXKHO BOC-
[I0JIb30BATHCS [ JOKA3ATENbCTBA Pe3yabTara. IIpy 3TOM MbI BLIOUpAIU 331291
TaK, 9TOOBI JOKA3ATEIHCTBO CBOIAUMOCTH OBIJIO, C HAIIEH TOUYKHW 3pEHUs, Hanbo-
Jiee eCTECTBEHHBIM, W YACTO WCXOMWJIM HE W3 JOKA3ATEIhCTBA, MPUBOINMOTO B
JINTEPATYPHOM HUCTOYHUKE, 8 U3 JOKA3ATEIHCTB, YIOMSIHYTHIX B KOMMEHTAPUSIX,
WM U3 HAIIMX COOCTBEHHBIX, HEOIyOJIMKOBAHHBLIX J0Ka3aTelbcTB. Hekoropbie
PEe3yJIbTAThI IIPEICTABISIOTCS HACTOJBKO IPOCTBIMH, YTO HEKOMY 38 HUX BO3-
JIaTh MOYECTH W HEKOTO YIIPEKHYTh.

B paznene xommernmapuii TPUBOISATCS PA3IUYHBIE BADUAHTHI OCHOBHOTO pe-
3ynbTaTa. B KOMMEHTAPUSX OOBIYHO IUTHUPYIOTCS PA3JIMYHBIE PE3YJILTATHI, Ka-
CAOIIMECS PA3PEIIUMOCTH 3a MOJIMHOMUAILHOE BpeMsi U INP-TpyIHOCTH HEKO-
TOPBIX YACTHBIX CJIYYAEB U BAPUAHTOB OCHOBHOM 3amaun. Takum obpa3oMm, cru-
COK MOZXKET CJIY?KUTh IOJI€3HLIM UCTOYHUKOM UH(MOPMAIMHE O TOM, KaK/e 3a/1a91
MOYKHO, & Kakue Hedb3sa (mpu ycnosuu P # NP) pemuTh 33 MOJTUHOMHUAb-
Hoe BpeMsi. OQHAKO MBI HE TBITAJINCH IUTHPOBATEH «HAUYUINNHS U3 M3BECTHBIX
[OJIMHOMHUAJIbHBIX aJrOPUTMOB PELIEHUs 384, & JIUIIb IPUHIUIHAILHO 060C-
HOBBIBAJIU YTBEPXKICHNE O PA3PEIIUMOCTH 3343491 32 [IOJIMHOMHUAILHOE BpeMs. B
TeX CIy4asX KOIJZa 3TO HEOOXOIUMO, YIOMHHAKTCI TAKXKE PE3YJILTATHI O TPY/I-
HOPEIIAEMOCTH U HEPA3PEITUMOCTH PA3INIHBIX 000DIIEHNH M BAPUAHTOB OCHOB-
Holt 3amaum. [Ia 3amad, MPpUHAIIEKHOCTh KOTOPHIX Kiaaccy NP He m3BecTHa,
MPUBOIUTCS JTOTOTHUTEIbHAST WH(MOPMAIINS O CIOKHOCTH 331a9M, B 9aCTHOCTH
ceenenus o P-SPAC E-nonnore 3aga4an nin KP-momHoTe COOTBETCTBYOMIEH 3a-
a4y [ePedrC/IeHUs.

Bagauu B circke pa30UTHI Ha TeMarudeckue rpynnbl. OHU MOAPA3IETAIOTCS
Ha JBEHA/IIATh KATETOPUii:

A1 Teopus rpacdor

A2 Tlocrpoenue cereit

A3 MuoxkecTBa u pa3dueHus

A4 Xpanenue 1 IOKUCK JAHHBIX

A5 Teopusi pacricannii

A6 Maremarudeckoe mporpaMMUPOBAHTE

A7 Anrebpa u Teopust yucen

A8 Urpsl u romoBoIoMKl

A9 JToruka

A10 ABTOMAaTBHI U A3LIKA

A1l OnruMmu3sanus IporpaMm

A12 Pazmoe

Bagaun KaxK10# KATEropuy Hy MepYyIOTCs HHIUBUIYATbLHO, IPUYeM Tepe] HO-
MEpOM 3aJa4i MHUIILYTCH HePBble OYKBbI U3 HA3BAHUS COOTBETCTBYIOLIEIO Pa3/ie-
aa (manpumep, TT' 7 coorBercrByeT ceapMoii 3amade U3 pasiesa TEOPUU I'Da-
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dbos). B TpuHaguaroii «kareropury NepedncJeHo HeGOIbIIOE YUCIO OTKPBITHIX
3a/1a4, BIOPAHHBIX HA OCHOBE HAIIErO MPEACTABICHUsT 00 NX BAXKHOCTU U CIIOXK-
HocTH. JIpyrue OTKpPHIThIE 33029U PACCESTHBI B KOMMEHTAPUAX K 33/1a9aM OCHOB-
HOTO CITHUCKA, & OYEBUIHBIE MPODOEJIBI B CIIUCKE MOTYT MOACKA3ATH eIE OOobIee
YUCIO TAKUX 33a4.

MHuorve 337349y W3 COKMCKA BIOJHE MOXKHO OBLTIO ObI OTHECTH K HECKO/Ib-
KHAM PA3JIMYHBIM KATErOPUAM, TAK 9YTO MBI COBETYEM YUTATENI0 BHUMATETHHO
MPOCMOTPETh CIUCOK, YTOOBI TOTYyYUTh JIydillee TPeACTABIEHHE O TOM, B Ka-
KOM pPa3fese CleayeT WCKATh Ty win uHyio 3amady. Cremyer TakyKe MOMHUT,
YTO KOMMEHTAPHUHU K 33Ja9aM CJIeIyeT MPOCMATPUBATH OCODEHHO TIIATEILHO,
MOTOMY YTO MHOTHE PE3yJIbTaThl YIIOMUHAIOTCS TOJBKO B HUX. B yKa3arese Mbl
[OTIBITAINCH IPUBECTHU TIOJE3HYIO0 «HABUTAIMOHHYIO» WH(MOPMAIHIO.

Hakomerr, HeCKOIBKO CJIOB O CTAHIAPTAX W METOIUKE, KOTOPOH MbI IPUIEP-
JKUBAJIMCH [TPU COCTABJIEHNN CIUCKA. KKaK U BCe CIIUCKYU MOZ0OHOTO POJIA, CITUCOK,
MPUBOIUMBIN HUYKE, B KAKON-TO CTEMEHN OTPAYKAET BKYCHI aBTOPOB, HO MBI ITHI-
TAJINCh B PA3YMHBIX MpPeJeax CIeJaTh ero MOJHbIM. [Ipu COCTaBIEHUN CIUCKA
MBI HE OTPAHUYHUINCH W3ydYeHUEeM ITyOJUKANN, & MHITAJINCh PACIIMPUTDH HAITY
KOJLIEKITNIO cBeeHnit 00 NP-MoaHOTe U3 TUIHBIX Oecel, JaBau O0bsIBICHU B
COOTBETCTBYIOIMIEN MEPUOAUKE W HA TEMATUIECKUX KOH(MEPEHIUSX C MPOChOOit
MPUCKHIIATH HAM HEOMyOJINKOBAHHBIE PE3yJbTarhl. IIpu 3TOM, OZHAKO, B CITH-
COK HE BOIIIEJI HU OJUH PEe3YJIbTAT, JJIs KOTOPOTO He OBLIO OBl TPUBEIEHO COOT-
BETCTBYIOIIEro noarsepkaenns. HeonybinkoBaHHbIE Pe3yIbTATHI BKIIOYEHBI B
CIIMCOK WJIA HA OCHOBE PYKOITMCHBIX 3aMETOK aBTOPA, WJIM HAa OCHOBE HADPOCKA
JI0KA3aTeIbCTBA, KOTOPBIH MPOBepun OO MbI CAMU, JIMOO HAIK «I0BEPEHHbIE
9KCMEPThI»>. B OTHENBHBIX CIyUYaAsTX MBI MPOBEPSIIH PE3YJIbTAT, MBITASCh TTOJIY-
YUTD JIJIs1 HETO HOBOE, COOCTBEHHOE OKA3ATEIHCTBO (3a9aCTYIO 3TO OKA3BIBACTCS
NpOIIE, YeM MPOBEPSTH UYKOE JOKAZATETHCTRO).

Hexkoropbie pe3ysbraTbl Mbl He BKJIIOUUIN B CIIUCOK (XOTS HAC BCE-TAKU MOK-
HO yIPEKHYTh B TOM, YTO MBI BKJIIOYWJIA B CIHCOK HEKOTOPBIE BECbMAa CITEIH-
duueckue 3amaun). B GosblmHCTBE CaydaeB Mbl u3beraau 33034 CO CJAUIIKOM
CJIOYKHOM (DOPMYJIUPOBKOM, OTPAHUYNBASCH B TAKUX CIydUasX JIUIIh CCHIIKON Ha,
JINTEPATYPY, 3TO HE OTHOCUTCSI, OJHAKO, K 33]a9aM, KOTOPBIE, KAK HAM Ka3aJI0Ch,
OKAXKyTCsl MHTEPECHBIMU [IJTs1 CITEIUAIUCTOB. Mbl TaKKe He BKJIIOYAN B CIIECOK
3aga4qn, NP-TIOTHOTa KOTOPBIX HEITOCPEACTBEHHO BhITeKaeT u3 NP-IOTHOTHI Ipy-
IUX 33129 CIIUCKA, OATH-TAKH JeJ1asd NCKIIOYEHUs [T 33,1849, TPEeACTABIISIIONITX
3HAYUTE/ILHBIN HE3aBUCUMBIA WHTEPEC, W IS 33134, TOI33/1a9h KOTOPHIX HAM
XOTEJIOCH OBl TPOKOMMEHTUPOBATEH. TakuM 00pa30oM, CIIUCOK HE CIEAYET CINTATH
SHIUKJIONEINIECKHU TOTHBIM, COMEPIKAIINM BCE M3BECTHBIE Pe3ysIbTarThl 00 NP-
noiHOoTe. [IpaBuibHee ero canuTaTh, ¢ OJHONH CTOPOHBI, AHHOTHPOBAHHOM OHO.IHO-
rpadueit, cayKareil OTIIPaBHON TOYKOMN /1 U3yIeHHUs JTUTEPATYPHI II0 TEOPUH
NP-NOTHOTHI, & C APYTOil CTOPOHBI, 6a30# JAHHBIX, BKJIIOYAIOIIEH OOITUPHBIH
Ha0Op INP-TIOJTHBIX 33144, KOTOPBIMU MOYKHO BOCIIOIB30BATHCS [IJIsT TOKA3ATETh-
ctBa NP-IOJTHOTHI APYTHUX 3a71a4.
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Al. TEOPUHA I'PA®OB

A1l.1. IlokpeiTue u pazbuenue

[TT 1] BEPIIIMHHOE ITOKPBLITUE

YCJIOBUE. 3amanst rpad G(V, E) u nonoxurensroe nemoe gucio K < V.

BOITIPOC. Cymecrsyer mu B rpacde (G BEPITUHHOE TOKPHITHE MOITHOCTH,
He mpepocxogameil K, T. e. cymecTByer nm nmoaMHOXKecTBo V' € V., Takoe d4To
|[V'| < K (u poa moboro pébpa {u,v} € E no kpaiineil Mepe ojHa 13 BEPIIUH
uw wnm v npuHagmexur V' 7

Hemownuy [280]. K pacemarpusaemoii 3agade cogurcs 3aga4da 3-BBIIT (cm.
. 3).

Kommernmapuii. Tlpu HekoTOpbIx orpannyeHusax Ha rpad G Ira 3amada K-
puBajsienTHa 1o caoxkaoctu 3amade HESABIICHIMOE MHOZKECTBO. Ecnn
noTpe6oBaTh, 9TOOKI oArpad, WHIYINPOBAHHLI MHOKECTBOM BepimH V', 6hLI
CBsI3€H, TO 337a4a OcTagrcss NP-TOoIHOM maske I8 MIaHAPHBIX rPadoB, y KO-
TOPBIX CTENEeHW BCeX BepuuH He mnpeBocxomdar 4, cm. [149]. Banaua serko pe-
NIaeTcsa 3a MOJMHOMHUATBHOE BPEeMsi, €CITH IOTPe60BaTh, 9TOOB MHOKeCTBO V'
OBLIO OTHOBPEMEHHO U BEPIIMHHBIM MOKPBITHEM W HE3ABUCHMBIM MHOXKECTBOM B
rpade G. Banskas mo nocranoske 3anaua PEBEPHOE ITOKPBITHUE, B koTO-
poii mmeTcs HanmMenbInee moaMuokecTso B C E, Takoe, 9TO KarxkKaas BEpIIAHA,
v € V npuHamJIeXAT Mo Kpaiineii mepe ogHoMy pebpy e € E', Moxker ObIThH
pellieHa 3a IOJMHOMUAIBHOE BPeMsl, €CJIM UCKATh MapocoveTanus B rpade (cM.,
Hanpumep, [324]).

[TT 2] JOMUHUPVYIOIITEE MHOXKECTBO

YCJIOBHUE. 3anaust rpad G = (V, E) u nonoxurenbhoe uesoe gucio K <
V1.

BOITPOC. Cymecryer mu B rpade G IOMUHHPYOIIEE MHOXKECTBO, COCTO-
amee He bonee yeM u3 K smemeHTOB, T. . mommHOXKecTBO V' C V', Takoe, 4To
[V'| < K w ans Beex Bepuma u € V' \ V' cymecreyer takast Beprmaa v € V,
aro {u,v} € E?

Hemouwnuk. K aroit 3amaue ceogurces 3anaua BEPIIIMHHOE ITOKPHITHE.

Kommenmapuidi. 3agaga ocraércs NP-mOMHON, €Cii OrpaHuIuThCs rpada-
MU CO CTENeHbIO BEPITUH He Ooyilee 3 WM TJIAHAPHBIMU DPEryISpPHBIMEU rpada-
mu crerenn 4 [152]. Mogudwukaims 3Toi 3a0a9m, B KOTOPO# Tpebyercsi, 9To0bI
WHIYIWPOBAHHBIIN Ha MHOXKecTBe V' Trpad ObuT cBA3eH, Takke apiasercsa NP-
MOJTHOM, €CIM OMPAHUYIUTHCS [IAHAPHBIMHU PEryIsapHbIMU TpadaMu creneHu 4
[152]. D1a 3amaua Gyger NP-1osHOM U B TOM CiIydae, ecid noTpeboBarh, 4To-
661 MHOKECTBO V' GBIIO OIHOBPEMEHHO JOMWHWPYIONMM W He3aBucuMbiM. Ha,
JIepeBbsIX 3a/1a9a pa3pernmma 3a MoJTnHoMuaIbHoe Bpems [81]. Banskas 3amaua
JTOMUHUPYIOIIEE MHOZKECTBO PEBEP, B KOTOpPOif HIIETCS TOIMHOKe-
ctBo E' C E, cocroamee He Gomee geMm u3 K pébep, TaKuX, 4TO 000 pedpo
n3 E umeer oOIIyio BepIIMHY MO KpaiHe# Mepe ¢ OZHHM PeOPOM M3 MHONKE-
crea E', apnserca NP-nonnoit jaxe Jjis ILIaHAPHBIX U JBY/J0JIbHBIX IpadoB ¢
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MaKCHMAJBbHO CTEEHbIO BEPIINH, PABHON 3, OJHAKO HA JePEBbAX MOMXKET OBITh
peleHa 3a HOMHHOMHATLHOE BpeMs [540], [390].

[TT 3] YN CJIO JOMUHUPYIOINNX ITOAMHOXKECTB

YCJIOBHUE. 3anaun rpad G = (V, E) u nonoxuresnbhoe uesoe gucio K <
V1.

BOITPOC. Bepno nu, uto B rpacde G numeercs ve menee K pa3auaHbIX JOMU-
HUPYIOIINX MHOYKECTB, T. €. MOXKHO Ji V pa3outh Ha k > K Henmepecekaronmxcs
nogmuOXKecTB Vi, Vs, ..., Vi, Takux, uTo V; ecTh JOMUHUPYIOIIEE MHOKECTBO B
rpade G?

Hemownuk [159]. K soit 3anaue ceogurcs 3anada 3-BbIII. Paccmarpusae-
Mas 3aja4a obcyxaaercd B pabore [82].

Kommenmaputi. 3amada ocraércst NP-monHo#M m1s1 11060T0 (hUKCHPOBAHHO-
ro K > 3. (Eciu rpad G He COEp:KUT M30JIMPOBAHHON BEPIIUHBI, TO YUCIIO
JIOMUHUDYOIIUX TOAMHOXKECTB PABHO 110 KpaiiHeil mepe 2).

[TT 4] PACKPAIIIIBAEMOCTDB I'PA®A (XPOMATHUYECKOE
YU CJIO0)

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe neoe ucio K <
V1.

BOIIPOC. Bepuo au, uro rpad G K-packpamusaem? (I'pad nazbiBaercs
K-packparmmmBaemMbIM, ecin cymectsyer takas dyukmust f: V — {1,2,..., K},
uro ecn {u, v} € E, 10 f(u) # f(v).)

Hemownuxk [280]. K sroit 3amage ceogurcs 3anaua 3-BBITI.

Kommernmapudi. Illpu K = 2 3amada pa3pemmmMa 3a HOJTHHOMHAJILHOE Bpe-
Msi, HO Tpu Bcex (ukcupoBaHHbIXx K > 3, a Takxke mis K = 3 u MIOCKUX
rpadOoB, CTENeHN BCeX BEPITNH KOTOPBHIX HE MPeBOCXOmAT 4, 3amada NP-ToIHA.
Omna ocraércst rakxke NP-mostaoit mpu K = 3, korma GG — 370 rpad nepecedennii
OTPE3KOB NPSAMbBIX JMHUIA HA 1ockocTH [112]. Bamaua NP-mnosHa TakKe Jjisi 1po-
uzBosbHOro K u rpados nepecedenusi OKPY>KHOCTEH U JIyT OKPyzKHOCTEH (1axe
ecau rpadbl OpeicTaBieHbl B Buie cemeiicTsa ayr). lns rpados nepecedenus
YT OKPYYKHOCTEH, MPEICTABJIEHHBIX B BUIE CEMENCTBA JyT, Mpu JII00oM (hukK-
cupoBanHoM K 3asava paspenmMa 3a MoJnHoMuaIbHoe Bpems [153]. B obmem
Caydae 3373493 MOXKET OBITh PEIieHa, 33, MOJINHOMUAJILHOE BpeMs MJisi rpadoB
cpaBuumoctu [117], ags rpuanrynmupoBanubix rpados [163], nas (3,1)-rpados
[532], a Tak:ke mg rpadoB, He UMEOIIUX BEPUIMH crenenu Boiie 3 [56].

[TT 5] AXPOMATUYECKOE YHCJIO

YCJIOBHUE. 3anannt rpad G = (V, E) u nonoxuresnbhoe uesoe gucio K <
V1.

BOITPOC. Bepmo mm, uro axpomarwdeckoe uucao rpada G Gomnbie K7
WubiMu cioBaMu, CYIIECTBYET JIU pa3bueHne MHOKECTRa, V' Ha, HelepeceKkaion-
ecst monmuokectBa Vi, Va, ..., Vi, k > K, takue, uTo Bce V; SIBISIOTCST HE3aBUCH-
MbIMEu MHOXKecTBaMu rpada G (T. e. HUKaKue JiBe BepUIMHbL 13 V; He COeMHeHbI
pebpom u3 E) u nms moboit mapst (V;, V) pasnudHbIX DOIMHOKECTB MHOZKECTBO
Vi UV} He ecTb He3aBUCHMOE IOAMHOXKeCTBO B G7
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Hemownur [540]. K sroit 3agade csogures 3anaga MITHUIMAJIBHOE I10
MOITHOCTU MAKCUMAJIBHOE [TAPOCOYETAHNE.

Kommenmapuii. 3anaga ocraéres NP-monHOM 1 B TOM ciydae, eciu G ecTb
IIOTIOJIHEHWE K IBYAOIBHOMY rpady, U, CIEI0BATEILHO, JTI000€ HE3aBUCUMOE TTO/I-
MHOKECTBO COIEPYKUT He 6oJIee IBYX BEPIHH.

[TT 6] MOHOXPOMATNYECKI TPEYTIOJIbHUK

YCJIOBHUE. Banan rpad G = (V, E).

BOITPOC. CytecrByer an pa3buenne MHOXKecTBa F Ha JBa HeMepeceKao-
muxcst mogMuoxkecrsa Fy u Es, takue, uro uu ogun u3 rpados Gy = (V, Ey)
wiu Gy = (V, E3) He couepKuT TpeyrojibHuKa?

Hemownur [63]. K sroit 3anage ceoqurces 3amada 3-BBITI.

Kommernmapudi. BapuanTsr 3TOM 3a1a49i, B KOTOPBIX «TPEYTOJBHUKY 3aMe-
HSETCS JTI0OBIM (DUKCHPOBAHHBIM MTOTHBIM TPAGOM ¢ OOMBIITHM YHUCIOM BEPIIHH,
rakyke NP-nonubl [63]. BapraHTh! 3312491, B KOTOPHIX «TPEYTOIBHUKS 3aMeHsI-
erca Ha «k-3Be31y> (T. e. HA rpad, Y KOTOPOTO IEHTPAIbHAS BEPITUHA, CTENEHN
k coemuuena ¢ k Opyrumu BEpPUIMHAMH CTENEHU 1), pa3peruMbl 3a MOJTUHOMMU-
anpHOE BpeMs [64].

[TT 7] MHO>KECTBO BEPIIINH, PASPE3AIOIIINX KOHTYVY-
PHI

YCJIOBHUE. Banannst opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
nernoe gucio K < V).

BOITIPOC. Cymecrrsyer m nogmuoxkectso V' C V, takoe, ato [V'| < Ku'V
COJZIEPKUT TIO KpaiiHeil Mepe OIHY BEPIIMHY JI000T0 OPUEHTHPOBAHHOIO IIUKJIA
B G?

Hemownur [280]. K aToii 3amade cronures 3amava BEPIITMTHHOE ITOKPHI-
TUE.

Kommernmapuii. 3agaga ocraéres NP-nomHOIM, eCii OrpaHnduThCs rpadaMi,
y KOTODBIX BCE BEPIIMHBbI UMEIOT CTeleHb 3axoia (MM BbIXOAa) He Goiblie 2,
WJIH TIOCKWMU TpadaMu co cTeneHbio 3axoaa (Min Beixoqa) He Gomee 3 [152], a
TaKyKe eCJIM OTPAHNINTHCST PEOGEPHBIMY OpHeHTHPOBaHHBIMK rpadamu [168]. Jst
peayuupyemMbix rpadoB 3amada MoKeT ObIThH PeIiena, 3a MOJNHOMUAILHOE BpeMst
[481]. CoorBercrByIOmas 3a/0a9a sk HEOPUEHTUPOBAHHBIX rpadoB rakxke NP-
MOJTHA.

[TT 8] MHOZKECTBO VT, PASPE3AIOIIINX KOHTVYPHI

YCJIOBHUE. 3anaubr opuenruposanubiii rpad G(V, A) u nonoxurenbuoe
nesoe uncio K < |A|.

BOITIPOC. Cymecreyer nu nomvuoxkectBo A’ C A, Takoe, aro [A'| < Au A’
COZIEPKUT TIO KpaiiHeil Mepe OfHY Iyry W3 KayKIOr0 OPUEHTUPOBAHHOTO IUKJIA
B G?

Hemownur [280]. K aroii 3amade cronurest 3amava BEPIITMTHHOE ITOKPHI-
TUE.

Kommenmapudi. 3amaga ocraércss NP-mofmHON, eClii OTPAHUYUTHLCS OPHUEH-
THPOBAHHLIMA TpadamMu, y KOTOPBIX BCE BEPIIMHBI MMEIOT CTENEHb 3aX0Ja W
BbIxOz1a He Gosee 3, uiu pébepHbiMU OpueHTUpOBaHHbIMU rpadamu [168]. s
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[JIAHAPHBIX OPUEHTHPOBAHHBIX rpadoB 3a1ad9a pa3pernmnma 3a MOTHHOMUAATb-
Hoe BpeMms [361]. CoorBercrByoias 3a1a4a s HEOPUEHTUPOBAHHBIX IPadOB
TPUBUAIBHBIM 0OPA30M PEINIaeTcs 38 MOJINHOMHUAILHOE BPeMs.

[TT 9] MHO2KECTBO AYT, YACTUYHO PA3BPE3AIOIIINX
IINKJIbI

YCJIOBHUE. 3azanwt rpad G = (V, E) u nonoxuresbhble 1nesbe ducia K
wL, K <|E|, L< V|

BOITPOC. Cymecrnyer an nogmuoxkecreo E' C E, Takoe, uro |E'| < K
n E' comepkuT 1Mo KpaifHeii Mepe OmHy IyTy W3 KaxKIOrO OPMEeHTHPOBAHHOTO
nukia B G, umeromero aauny ne 6omee L7

Hemownuy [538]. K sroit 3agade ceogurcs BEPIIITHHOE ITOKPHITHE.

Kommenmapuii. 3amada ocraéres NP-momHOM 11st 06010 (PUKCHPOBAHHOTO
L > 3, a taxxke 11 AByA0AbHBIX Tpados (¢ dbukcupoBanubiM L > 4). Oxgnako
e L = |V, 7. e. eciin oTkicKuBaercst MHOXKecTBO E', comepskaiee pebpo n3
KayKJI0To IuKja B (G, TO 3ama4a JIErKO PeIaeTces 3a, MOJNHOMUAILHOE BpeMs.

[TT 10] MUHUMAJIBHOE ITIO MOIITHOCTU MAKCUMAJIb-
HOE ITAPOCOYETAHUE

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe nejoe ducio K <
| E].

BOITPOC. Cymecrsyer am nmogmuoxkecrBo E' C E, takoe, uro |E'| < K n
E’ — makcuMaIbpHOE IapocodeTaHne, T. €. HUKakme asa pebpa m3 E' me mmeror
obiiero koHna, a Joboe pedbpo u3 muoxkecrsa E \ E' umeer obummil koner, ¢
onHUM 13 pébep MHOXKeCTBa E'?

Hemownur [540]. K aroii 3amade ceonures 3amata BEPIITMTHHOE ITOKPHI-
TUE pyis kybudueckux rpados.

Kommernmapuii. 3anaga octraéres NP-TIOTHOMN, €Cii OrPAHUYIUTHLCS TLIAHAD-
HBIME rpadaMy WU JABYAOMbHBIME TpadaMu, He MMEIONMME BEPIIUH, CTEIEHN
Bbrme 3. 3a/1a9a OTHICKAHAS MAKCHMAJIBLHOTO U3 «MAKCHMAJILHBIX TTapOCOveTa-
HWIT» aHaJoTWYIHA OOBIYHON 3a7a9€e O TAPOCOYCTAHWN W PA3PEITIMA, 38, TIOJTUHO-
MWaJIbHOE BpeMs (CM., HampuMmep, [324]).

[TT 11] PASBBUEHUWE HA TPEVIT'OJIBHUKN

YCJIOBHUE. Baznau rpad G = (V, E), Takoii, 9410 1jisi HEKOTOPOTO LEJIOro
uncia g : |V] = 3q.

BOITPOC. MoxHno 1 pa3buTh Bepiuubl rpada G Ha ¢ HeepeceKaommXcst
mHOXKecTB Vi, Vs, ..., Vy, Takux, 4To KaykJoe U3 HUX COAEPKUT POBHO 3 BePIINHLI
u ana seex Vi = {u;, v, wi}, 1 < i < g, pedpa {ui, vi}, {ui, wi} m {vi, w;}
[PUHALIEXKAT MHOXKeCTBY E7

Hemownuk [472]. K sroit 3amade ceoaurest 3anada 3-C (em. . 3).

Kommernmapud. Jta 3a1a9a — IacTHLI caydait 3azaqu [TT 12].

[TT 12] PASBBUEHUE HA M30OMOP®HHBIE ITOAT'PA®HI
YCJIOBHUE. 3agaun: rpadet G(V, E) u H = (V', E'), rakue, 4ro g HEKO-
Toporo nesoro uucia q € Z1 1 |V| = q|V'|.
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BOITPOC. Moxuo jin pa3dburh Bepuindbl rpada G Ha ¢ HENEPeCeKAIOIIX-
cst MmHOXKecTB Vi, Va, ..., V;, Takux, uro npu 1 < ¢ < ¢ noarpadest rpada G,
UHIyUPOBaHHBIE MHOXKeCTBaMu V;, u3omopdubl rpady H?

Hemownurk [288]. K aroit 3amage ceogurcs 3amada 3-C.

Kommenmapui. 3amada ocraéres NP-moaHOM 1j1sT TI000T0 (DPUKCUPOBAHHOTO
rpada H, comepskarmero mo kpaiineit mepe 3 Bepmmabl. Ecau H — m060ii (Hpuk-
CUPOBaHHBIN Tpad, comepKauil CBA3HYIO KOMIIOHEHTY, UMEIOIILYI0 He MeHee 3
BEPIIVH, TO AHAJOTHYHAS 3372493, B KOTOPO# Tpedyercs, 4ToObI YuCI0 BEPITHH
B moarpadax, HHAYIHPOBAHHBIX MHOKECTBAMHU V;, OBLIO PABHO UHMCITY BEPIIHH
rpada H, a moarpadbl, HHIYIUPOBAHHBIE MHOXKECTBAMU V;, COIEPIKAJINA MO~
rpad, uzomopdusiii H, takxke NP-nogua. s moboro rpada H, He ymoBie-
TBOPSIOIIETO C(HOPMYTUPOBAHHOMY BBIIIE TPEOOBAHUIO, 00E MOCTEIHIE 331a91
MOryT ObITh PEIIEHbI 3a IOJUHOMHUAIBHOE BpeMs (C MOMOIIbIO aPOCOYETAHMIA).

[TT 13] PASBBUEHUE HA TAMUJIBTOHOBHI ITOJIT'PA®BI

YCJIOBHUE. 3anan opuenruposanusbiii rpad G = (V) A).

BOITPOC. MoxkHo su pa3durh Bepimmabl rpada (G Ha HermepeceKkarnuecs
monmuoKecTBa Vi, Vo, ..., Vi, Takue, 9aro kaxkgoe V; comep:Kut mo KpaitHeit me-
pe 3 BepuIuHbI, a BCe uHIynupyeMmbe umu noarpadsr rpada G comepxkanu Obi
TAMUIBTOHOBBI IIUKJIBI?

Hemownuk [522]. K sroit 3agage ceogurea 3-BbBIII. (Cum. takzxke [208].)

Kommernmapudi. C TOMOIIHI0 METOA TAPOCOYETAHMI 3312194 PA3PEITAETCST 33
TOTHHOMHUATBHOE BPeMsi, eCJTH MOTPeb0BaTH, 9TOOBI V; cOmeprKaIo He MeHee ABYX
BepiuH [108]. Ananoruunas 3anada A HEOPUEHTUPOBAHHLIX I'PadOB TaKKe
MOKeT OBITh PellleHa 3a MOJTMHOMHAJILHOE BPEeMs, TaKe eClii TPeOOBATH, ITODBI
[Vi| > 3. Onnako 3amaua ocraérest NP-nonHoii, ecin Tpebyercst, arobst |V;| > 6
[414] mam B ycoBMY 3a7aUM WMEETCST BEPXHSIST TDAHNIA JJIsT BEJTMIUHBI k.

[TT 14] PASBBUEHUE HA JIECA

YCJIOBHUE. 3anaust rpad G = (V, E) u nonoxurenbhoe uesoe ducio K <
[V].

BOITPOC. Mox#uo i pa3ouTh Bepruabl rpada GG Ha k < K Hemepecekaro-
muxca noamuoxkects Vi, Vo, ..., Vi, Takux, aro mis Beex i, 1 < ¢ < k, moarpad,
UH/YIHPOBAHHBIN MHOXKXECTBOM V;, HE COMEPIKUT IUKIIOB?

Hemownurk [152]. K sroit 3anave ceoaures 3amavta 3-PACKPAIIINIBAEMO-
CTh TPADA.

[TT 15| PASBBUEHUE HA KJINKU

YCJIOBHUE. 3anaust rpad G = (V, E) u nonoxurenbhoe uesoe ducio K <
[V].

BOITPOC. Moxuo nu pa3buth Bepinuabl rpada G Ha k < K Henepeceka-
roumxca MaOXKecTB Vi, Va, ..., Vi, rakux uro mng Beex i(1 < 4 < k) moarpad,
UHIyUPOBAHHBIA MHOXKECTBOM V;, ObLI ObI IIOJTHBIM?

Hemownux [280]. (B sroit pabore 3anava wazsana IIOKPBITUE KJINKA-
MI.) K naunnoii 3anade ceogurca 3agada K-PACKPAIIIUBAEMOCTD T'PA-
DA.
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Kommenmapudi. Banaga ocraérea NP-nonnoil myist pébepubix rpados [22],
s rpadoB, He coieprKalux NoaHbX noarpados Ha 4 BepmuHax (CM. KOH-
crpykuuio B 3agade PABBUEHUE HA TPEYIOJIBHUKI B ru. 3), a takxke
st Beex pukcupoBanubix K > 3. Jlaa K < 2 3amaua penraercs: ¢ MOMOIIBIO
NapoOCOYETAHNs 38 MOJUHOMUAILHOE BPEMsi, €Cu Tpad He CONEPKUT MOTHBIX
noarpados Ha 3 BepmmHax. OHA paspemmMa 3a MOMMHOMUATBHOE BPeMsl s
rpadoB nepecedeHus Ayr OKPyKHOCTEH (eciu 3aJaH0 UX IIPEJICTABJIEHUE B BU-
ne cemeiicrsa ayr) [165], nms rpuanryauposansbix rpados [163] u mia rpados
cpasHIMOCTH [178].

[TT 16] PASBBUEHUVE HA COBEPIIIEHHBIE ITAPOCOYETA-
HUA

YCJIOBHUE. 3anannt rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <
[V].

BOIIPOC. Moxuo nu Bepmunbl rpada G pasdurs Ha k(k < K) memnepe-
cekatomuxcs Muoxkects Vi, Vo, ..., Vi, Takux, aro mus seex i(1 < 1 < k) moz-
rpad, HHIYIUPOBAHHBIA MHOXKECTBOM V;, SIBJISIETCA COBEPIIEHHBIM MTAPOCOYETA~
HueM (WJId COCTOMT TOJIbKO U3 BepiuuH cremnexu 1)7

Hemownur [474]. K sroit 3anade ceopnres 3amada 3-BbIIT C PABHO3HAY-
HBIMU JINTEPAJTAMUN.

Kommernmaputi. Ina K = 2 u a7s mIaHAPHBIX KyOH4IecKuX TpadoB 331394
ocraércsi NP-1ioTHOiA.

[TT 17] HOKPBITUE KJINKAMMN

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe neoe ducio K <

BOIIPOC. Cywecrytor qiu B muoxkecrse V' k(k < K) nonmuoxecrs Vi, Va,
<oy Vi, TAKUX, 9TO KAXKJO€ MOIMHO2KECTBO HHIYIUPYET TOMHbIN moarpad rpada
G u nyig kaxa0ro pebpa {u, v} € E cymecrByer noaMuoxkectso V;, cogepzxaiiee
KaK U, TaK 1 v7

Hemownurk [298], [405]. K sroit 3amaue ceoanres 3amada PASBEHUE HA
KJINKN.

[TT 18] HOKPBITUE ITOJIHBIMU IBY AOJIBHBIMU ITOJTI'PA-
dAMUA

YCJIOBHUE. 3azaubr asynoabusiii rpad G = (V, E) u nonoxureabHoe 1e-
noe uucino K < |E|.

BOTIPOC. Cymecrsyior qu k(k < K) mogmuoxkects Vi, ..., Vi, MHOXKeCTBa,
V', Takmx, 9T0O KazKI0€ MOAMHOKECTRO V; MHAYIMPYET TOMHBIH ABYI0IBHBIN TOM-
rpad rpada G u gaa xaxzgoro pebpa {u,v} € E cymecrsyer Hekotopoe V;,
cozepzKallee Kak %, Tak 1 v7

Hemownux [405]. K sroii 3amade cBopures 3anaaa PASBBUEHUE HA KJIU-
K.

A1.2. Tloarpadsr u Haarpadsl

[TT 19] KJIUKA
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YCJIOBHUE. 3aznaust rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <

BOITPOC. Bepno mu, uro G comepRut KIuKy pa3mepa ue menee K 7 Mubivmu
CIIOBAMM, CYIIECTBYET Jin ToaMHOXkecTBO V' € V, rakoe, uto |V'| > K n mo6wie
IBe BepmmHLL B V' coenmHenbl pebpom 3 E7?

Hemownux [280]. K aroii 3anade csopures 3agaga BEPITTHHOE ITOKPHI-
TUE (cm. 1. 3).

Kommenmapudi. 3amada paspemmnmMa 3a NOTHHOMHAAIBHOE BPEMS I CIeIy-
10IIFX TpadOB: OTPAHUIEHHON CTenenn d, IIaHAPHBIX, PSOEPHBIX, TPHAHTYINPO-
BaHHBIX [163], rpador cpasanmocteit [117], rpados nepecevenns: oKpy»RHOCTENH
[163], rpacdoB mepecedennst ayr OKpyKHOCTEH (€Can 33JaHO WX TPEICTaBICHNe
B Bue cemeiicrBa ayr) [165]. BapuanT 3Toit 3ama4u, B KOTOPOM IIpU 33JaHHOM
r (0 < r < 1) cnpammsaercsi, BepHO 1, 9T0 G COMEPKUT KIUKY HE MEHee IeM
ua r|V| Bepmmnnax, takxe NP-IOJIOH.

[TT 20| HEBABUCUMOE MHO>KECTBO

YCJIOBHUE. 3azmaunt rpad G = (V, E) u nonoxurenbuoe neoe uucio K <
[V].

BOITPOC. Bepuo mu, ato G COAEPKUT HE3ABUCHMOE MHOKECTBO MOIITHOCTH
He MeHee K? VIHBIMU CIOBAMU, BEPHO JIM, 9TO CYMIECTBYET MOAMHOKECTBO V' C
V, rakoe, uro |V'| > K w HWKakWe IBe BepITUHBI W3 V He COequHeHBI pebpom
u3 E?7

Hemouwnux. K sroit 3amage ceoqurcea 3agada BEPIIITHHOE ITOKPBEITHUE
(eMm. o 3).

Kommernmapuii. 3agada octaéress NP-nomHON 171 KyOUYeCKUX TIAHAPHBIX
rpados [157, 149, 372], pé6epunrx rpadoB, OPUEHTHPOBAHHBIX rpados [168§],
TOTAJIBHBIX TpadoB, AByHobHEIX rpados [540] u aas rpadoB, He comepKaImx
TpeyronbHuKoB [433]. 3amava perraercs 3a MOJIUHOMUATLHOE BPEMs sl JIBY-
J0bHBIX IPadoB (€ IIOMOLIBIO TapocoYeTanuii, cM., Hanpumep, [196]), pébepubix
rpadoB (c nomoribo napocodyeranuii), rpacdhoB, He UMEIONIMX BEPIIUH CTENEHU
BBIIIE 2, TpHAHTYINPOBaHHBIX rpador [163], rpados mepecevdennst OKpyRHO-
creii [164], rpadoB mepecedennst Iyr okpyKHOCTeN (ecan 3aJaHO TpeCcTaBIIe-
HUe B BUe cemeiicTBa ayr) [165], rpados cpasanmoctn [178] u mist rpados 6e3
«3-3Be311» [389)].

[TT 21] NHAYIIMPOBAHHBIN IIOJATPA® CO CBOMICTBOM

H*

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe mesoe uncio K <
[V].

BOIIPOC. Cyuecrsyer su noamuoxkecrso V' < V', takoe, uro |V'| > K u
noarpad rpada G, mHAYIMPOBAaHHBIH MHOXKecTBOM V' obmamaer coiicreom IT
(cM. KOMMeHTapHii, TIe yKa3aHbl BO3MOXKHBIE BAPUAHTHI BHIOOpa I1)?

Hemownuk [537, 538, 341]. K sroit 3amade ceoaurest 3amada 3-BBITI.

Kommenmaputi. Sagaua NP-tpynna mjis moboro croiicrsa I, BIMOIHSIO-
IErocst JjIsi MPOU3BOIBHO OOMBINNX, HO He BCeX IpadoB M 0OIATAIONIErO «HA-
CJIEICTBEHHOCTbIO> (T. €. CBOHCTBO BBINOJIHSAETCS Jid Beex noarpados rpada,
ecJIM OHO BBINOJIHsIeTCs i camoro rpada). Eciu B gomnosnenue x sTomy Jjist
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3aJJAaHHOTO Ipada 3a MOTHHOMUAIBHOE BPEMsI MOXKHO MPOBEPUTDH BBITOTHEHUE
ceoiicrBa Il, To 3amaua asasiercs NP-monnoit. Huxke mpuBeneHbl IpUMephbl Ta-
kux cpoiictB II: «G ectb kimuka», «G eCTb HE3ABUCHMOE MHOXKECTBO», «G —
mIaHapHeiii rpady, «G — aBymonbHbIH rpady, «G — BHeNTHENIaHAPHBIH rpad»,
«@G — pébepunrii rpad», «G— TpuaHTyIMpoBaHHbIH rpady, «G— rpad cpaBHIMO-
cruy u «G — necy. Te ke pe3yabTaTbl OCTAIOTCS BepHbIME, ecii (G OrpaHuIeHO
JIMIIH CeMECTBOM IJIAHAPHBIX (COOTBETCTBEHHO ALMKJIMIECKUX OPUEHTUPOBAH-
HbIX) rpadoB, a OrpaHuYeHNs, HAJIOKEHHbIE Ha cBOWCTBO [1, BhIONHSAIOTCS 115t
MJIAHAPHBIX (COOTBETCTBEHHO AIMKIMYECKUX OPUEHTUPOBAHHDIX) rpados. Bonee
ciabble pe3ysIbTaThl MMEIOT MECTO ISl JBYAOIBHBIX rpados [538].

[TT 22] NH/IYIIMPOBAHHBIN CBS3HBIN IIOJATPA® CO CBO-
MCTBOM TI(¥*)

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe meoe uncio K <
V.

BOIIPOC. Cyuecrsyer Jjiu noamuoxectso V' C V, rakoe, uro |V'| > K u
noarpad rpada G, WHIYIMPOBAHHBIA NOAMHOKEeCTBOM V', cBs3en m obnamaer
csoiicrBoMm I (Bo3moxkHbIe BapuaHThl BbiGOpa cBoiicra I ykazanbl B KOMMEH-
Tapun)?

Hemownuk [538]. K aroit 3amade ceoaurest 3amada 3-BBITI.

Kommernmapuii. 3amaga NP-TtpyaHa st 100000 CBOMCTBA € yCIOBUEM Ha-
CJIEJICTBEHHOCTH U BBIMOJHSIOMIErOCS [IJIsT TPOU3BOIIBHO GOMBIITNX CBA3HBIX, HO
He JIs1 BcexX CBsI3HbIX rpadoB. Ecau B 1omonHeHNe K 9TOMY [T 33 JAHHOTO IPa-
da 3a MOIMHOMUATIHLHOE BPEMSI MOXKHO POBEPUTH BBHIMTOIHEHKE CBoicTBa [1, TO
3amada sieysiercss NP-monHoli. B kagecrse I1 MokHO B3ATH J1F000€ W3 CBOWHCTB,
MEPEYNC/IEHHBIX B MpEeIbIAyieil 3agadue, kpome «G ecTh HE3aBUCHMMOE MHOYKE-
crBO». Bam3kwmit mo dopmymmposke Bompoc: «BepHo sm, 9TO MaKCHMATbHBII
HHIyIHpoBaHHbI moarpad rpada G, obmamaonmit cBoiicreoM 1, Takwxke siB-
JISIETCST CBA3HBIM?» — He JIeKuT Hu B NP, uu B co — NP, ecniu NP # co — NP
[538].

[TT 23] NHIYIINPOBAHHBIN IIYTh

YCJIOBHUE. 3anannt rpad G = (V, E) u nonoxuresnbhoe uesoe gucio K <
[V].

BOITPOC. Cymecrsyer qu mogmuokectBo V! C V', takoe, uro |V'| > K n
nozarpad, HHAYIUPOBAHHbIA MHOXKECTBOM V', fBJiseTCsl NPOCThIM myTeM Ha |V|
BepIINHAX !

Hemownux [539]. K sroit 3amage ceogurces 3anaua 3-BBITI.

Kommenmapudi. 3ameTnm, 9TO B TAaHHOM CJIy4Yae CBONCTBO He 00Ja1aeT Ha-
CJIeICTBEHHOCTHIO, TTO3TOMY HACTOSIINN PE3YIbTAT HE CAEAyeT U3 ABYX MPEIbl-
nymmx. 3amada ocraércss NP-nosHow, ecniu G — ABymoabHBI rpad. DToT ke
pe3yJIbTAT MMEET MECTO JIJisi BADUAHTA 3aa9H, B KOTOPOM BMECTO <IIPOCTOTO
OyTH» OTBICKMBAETCSA <«IPOCTOM MUKIT». 3aadu 00 OTHICKAHUU CAMOTO JIJIWH-
HOTO TIPOCTOTO MYTH WA CAMOTO JJIMHHOTO MPOCTOTO UK, (He 00sa3aTebHO
UHYIUPOBAHHBIX ) TAKKE SABJIAOTCS NP-MOTHBIME.

[Tl 24|CBAJIAHCUPOBAHHBIN ITOJIHBIN ABY/0JIbHBIN
IIOJATPA®
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YCJIOBHUE. 3azaubr apynonbusiii rpad G = (V, E) u nonoxureabHoe 1e-
noe gucio K < |V].
BOIIPOC. CyuiecTBytoT Jiu ABa HelIlepeceKalomuxcs moaMuoxKecrsa Vi, Vo C

V', rakue, uro |Vi| + |V2| = K, u u3 roro, yro v € Vi, v € V5, cinenyer, uro
{u,e} € E?
Hemownuk [152]. K sToit 3amade ceogures 3amaua KJIMKA.
Kommernmaput. Briuskas 3agada, B Koropoit Tpebosamme «|Vi| = V| = K»

3aMeneHo TpeboBanmneM «|Vi|+|Vz| = K» mius apymonbubx rpadoB, paspenmma
38 MOJIMHOMUAILHOE BpeMsi (B CUJIy UMEIOIIEHCs B TaKUX rpadax CBI3U MEXKIy
NapOCOYETAHUAMU U HE3ABUCHMBIMU MHOXKECTBAMHU, CM., HanpumMep, [196]), a qys
npousBosibHBIX rpados NP-nonHa [538].

[TT 25] ABYIOJIBHBIN [TIOATPA®

YCJIOBHUE. 3amannt rpad G = (V, E) u nonoxurenbuoe mejoe uucio K <

BOITPOC. Cymecrsyer an nmogmuoxkecrBo E' C E, rakoe, uro |E'| > K n
G' = (V, E") — nBynonbusrit moarpad?

Hemownuk [157]. K manwoit 3amade ceomnres 3amata MAKCUMAJIBHA S
2-BBITTOJTHUMOCTBD.

Kommernmapuidi. Bagaga ocraércs NP-tiomHOi nnsa rpadoB, HE UMEONUX
BEpIIKH crereHu Gojiee 3 U He COAEPKALIUX TPEYyrOJbHUKOB, U (WJIU) eciu 110-
TpeboBaTh COBA3HOCTU UCKOMOro noarpada [538]. Bagaua paspemuma 3a 1mosu-
HOMHAJIbHOE BpeMst, ecii G — mrenapustii rpad [195, 406] wn ecnu K = |E|.

[TT 26] CBSASHBIN IIOATPA® OTPAHUYEHHON CTEIIEHU

YCJIOBHUE. Bananst rpad G = (V, E), veorpunarenbtoe nenoe aucio d <
|V| 1 nonoxwurensroe nemoe gucio K < |E|.

BOIIPOC. Cymecrsyer Jjiu nogmuoxecrso E' C E, takoe, uro |E'| > K u
noarpad G' = (V, E') cBsi3eH u He umeer BepiiuH cremneru dosee d?

Hemownux [538]. K aroii 3anaue ceonurces 3agaga TAMUJIBTOHOB ITYTh.

Kommenmapuii. 3amada ocraéres NP-momHOM 11t 106010 (DPUKCHPOBAHHOTO
d > 2. Paspemmuma (¢ mOMOILIBI0 TEXHUKHU TTapocoderanuii, cm. [108]) 3a momu-
HOMUATHHOE BpeMs, ecan He Tpebosarh ceasnoctn G'. CooTsercTByromas 3a-
JIada 00 MHIYIUPOBAHHOM TOArpade, B KOTOPO#l OTHICKUBAETCS MOJAMHOYKECTBO
V' CV, rakoe, uro |V| > K u noarpad, uHIyuupoBaHHbBIA I0IMHOXKECTBOM V
HE HMEeT BepIIUH CTeeHN BbIle d, apisercs NP-momHoit gis aoboro dpukch-
posannoro d > 0 [342a], a eciiu norpeboBars caazuocru rpada G', To NP-nionna
1uist jioboro ¢gpukcnposanHoro d > 2 [538].

[TT 27| IJIAHAPHBIN IIOJATPA®

YCJIOBHUE. 3agaunt rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <

BOIIPOC. Cymecrsyer Jjiu nogmuoxecrso E' C E, takoe, uro |E'| > K u
rpad G' = (V, E') wianapen?

Hemownux [358]. K manHoit 3ama49e cBoguTCs OrpaHiyeHHas Ha ABYI0JIbHbBIE
rpader 3amada TAMUJIBTOHOB ITYTh.
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Kommenmapuii. CoorBercTByiomas 3amada, B Kotopoit rpad G’ ects moa-
rpad, MHIyIUPOBAHHBIN MOAMHOXKECTBOM V| cogepxkaium He Menee K BepinuH,
rakke NP-nonua [306, 538]. Eciu K = |E|, T0 3a mOIMHOMHANBHOE BPEMs MO-
JKeT OBITH pertiena neppas 3a1a4a, a ecin K = |V| — 1o Bropast (310 o0bsicHsieTcst
TEM, YTO MPOBEPKY MIAHAPHOCTH Ipada MOKHO OCYIIECTBUTD 38, TIOIMHOMHUATIb-
HOe BpeMs; CM., Hanpumep, [213]). Bauskas 3anada, B KOTOPO#i ClipaiiMBaercs:
«Copnepskut mu G CBA3HBIN «BHEITHEIIAHAPHBIY moarpad ¢ K wiu 6oree Bep-
muHaAMEY, Takke NP-nomaa [538].

[TT 28] PEBEPHBIN OJITPA®

YCJIOBHUE. 3anannt rpad G = (V, E) u nonoxurenbhoe uesoe ducio K <

BOITPOC. Cymecrsyer qm nmogmuoxkecrBo E' C E, takoe, uro |E'| > K n
noarpad G' = (V, E') ects pédepuniii rpad? (I'pad G' = (V, E') naswiBaercs
pébepubiM, eciu cymiectsyer rpad H = (U, F), taxoii, uro G' nzomopden rpa-
dy ¢ MHOXKECTBOM BepImuH F' W MHOXKECTBOM pEOEp, COCTOSIIUM U3 BCEX IMap
pébep {e, f}, takux, uro e u f umeror obuuii KoHen u3 Muoxecrsa U.)

Hemownux [538]. K sroit 3amage ceogurces 3anaua 3-BBITI.

Kommenmaputi. 3agaua ocraércst NP-IOHON 1aXke B TOM CIIydae, ecjid B
(G HeT BepIIMHBI, CTENmeHbh KOTOpoil 6omabmie 4. Ecan morpeboBarh CBA3ZHOCTH
moarpada, To NP-momHoTa 3803490 COXPAHUTCS U TIPU CHUYKEHUN OTPAHMYICHUST
Ha crenedb 10 3. Pebeprbie rpadbl MOXKHO pPaCIO3HATH 3a MOJIUHOMHUATBHOE
BpeMms (cM., Hanpumep, [196], rae ucnonb3yercsa repmMud «pébephbie rpadbl» ).

[TT 29] TPAH3UTUBHBIN IIOTPAD

YCJIOBHUE. Bananst opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
nesoe uncio K < |A|.

BOITPOC. Cymecrsyer au nogmuoxectso A’ C A, rakoe, uro |[A'| > K n
rpad G' = (V, A") rpausurusen? (Cpad G' = (V, A') naspBaerca TpaH3uTus-
HBIM, €CJIV JIJIs1 JTI00OH Maphl BEPITNH 4 U ¥ CYIIECTBYET TPEThs BepimHa w € V,
takasi, 9o (u, w), (w,v) € A’, ro (u,v) € A’.)

Hemownur [538]. K sroit 3anade ceomures 3amaga JIBYI0JIbHBIN ITOI-
T'PA® (B KOTOpO#i paccMATPUBAIOTCA TOABKO HOArpadbl, HE COAEPIKALIUE TPe-
YTOILHUKOB).

Kommernmaputi. NP-TIOTHBIM SIBJISIETCS TaKKe BAPUAHT ITOH 3a/1a9H, B KOTO-
pom G —“HEOPHEHTHPOBAHHBINA Tpad, U CIPAIINBAETCS, CYIIECTBYET JIU «moAarpad
CPABHMMOCTH», T. €. TAKOH moarpad, KOTOPBIH ¢ IMOMOIIBIO BIOOPA MOIXO I
OpueHTAIH PEGEP MOKHO CIE/ATh TPAH3UTUBHBIM OPUEHTHPOBAHHBIM IPagOM.
Dror BapuaHT ocTagrcss NP-TOMHBIM Iayke TOrha, KOraa B (G HeT BEpINWH CTe-
menu Oosbire 3. B 0boux ciyuasx 3amaun octaiorcs NP-MOJHBIMA, eCITH TOTPe-
00BaTH CBSI3HOCTU MCKOMOTO ToArpada.

[TT 30] OJTHOCTOPOHHE CBSI3HBII IIOTPA®

YCJIOBHUE. 3aganst opuentuposanubiii rpad G = (V, A) u nonoxureabuoe
nenoe ancio K < |A].

BOIIPOC. Cymecrsyer sn nogmuoxectso A’ C A, takoe, uro |A| > K
u rpad G' = (V, A’) umeer no kpaiiueil Mepe OJWH OPUEHTUPOBAHHBIN IIyTh
MezKIy J1I000# mapoil BepimH?
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Hemownux [370]. K aroii 3anade csopures 3agaga BEPITITHHOE ITOKPHI-
THE.

Kommernmapuii. 3amaga octaéress NP-TIOTHON W ISt AIMKINYECKUX OPUEH-
TUPOBAHHBIX TPadOB.

[TT 31| MUHUMAJIBHBIN K. CBA3HBIN I[IOJATPA®

YCJIOBUE. 3ananst rpad G = (V, E) u nonoxureIbHble ebe gucia K
w B(K < VI, B < |E)).

BOITPOC. Cymecrsyer au nogmuoxecrso E' C E, takoe, uro |E'| < B n
rpad G' = (V, E') asagerca K-csasubiv (rpad nasbiBaercs K-cBa3HbiM, eciu
OH OCTA&TCs CBA3HBIM 110CTIE yaanenus Jobbix K — 1 Bepiiud (M MHIMIEHTHBIX
M pEGep)).

Hemownux [72]. K aToit 3amaue ceomures 3amata TAMUJIBTOHOB UK.

Kommernmapuii. CoorBercTByomas 3ajada 0 pEOGEpHO-CBI3HOM rpade Tak-
ke NP-nonna. O6e 3anaum (0 BepuiMHHOA U pébepHoil cBsizrocTH) NP-1I0IHBI
s modoro pukcuposanaoro K > 2, a aiga K = 1 TpUBHANIBHO PEIIAIOTCS 33,
MOJIMHOMHUATLHOE BPEMSI.

[TT 32| KYBUYECKUI IIOATPA®

YCJIOBHUE. Banan rpad G = (V, E).

BOTIPOC. Cymectryer am Hermycroe nogMuokectso E' C FE, Takoe, 9TO B
rpade G' = (V, E') mobas BepiuHa UMeeT CTeNneHb, paBuyto 3 umu 07

Hemownux [75]. K aroii 3anade ceonurcs 3anada 3-PACKPAIIIMBAEMOCTD
I'PADA.

[TT 33] MUHUMAJIBHBIN 9KBUBAJIEHTHBII OPUEHTU-
POBAHHLIN TPA®

YCJIOBHUE. Banannt opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
nenoe uncio K < |A|.

BOITPOC. Cymecrsyer au nogmuoxectso A’ C A, takoe, uro |A'| < K n
It 1000 yropsiio9eHHoii napsl Bepiiud u, v € V' B rpade G' = (V, A') Ttoraa
U TOJNBKO TOTJA MMEETCS OPUeHTHPOBAHHBINA IyTh W3 U K U, €CJTH TAKOH IIyThb
umeercs B G.

[TT 34| TAMUJIBTOHOBO IIOIIOJITHEHUE

YCJIOBHUE. 3azaunt rpad G = (V, E) u HeorpunaresbHOe HEJI0e YUCIO
K L |V

BOTIPOC. Cymectsyer nm MHOXKeCTBO FE', comeprkamnee MHOXKeCTBO F u
rakoe, 9o |E' \ E| < K, a rpad G' = (V, E') nmeer raMHUIbTOHOB TIUKJII?

Hemownux. K sroit 3agaue ceogurca TAMUJIBTOHOB UK.

Kommenmapuii. 3amada ocraéres NP-nionHoi s m0060ro (puKcupoBaHHO-
ro K > 0. AHamorndubiM 06pa30M MOCTPOEHHbIE 337a9YW O MOMOJTHEHWN s
3amaa TAMUJIBTOHOB ITYTh, OPUEHTUPOBAHHBIN TAMIJIETOHOB
IIYTh w OPUEHTUPOBAHHBIN TAMUJIBTOHOB UK. takske NP-moTHBL.
Bagaan TAMUJIBTOHOBO ITOIIO/JTHEHUE u TAMUJIBTOHOB IIYTH B
I[MOTIOJTHEHUMU moryT ObITH peIieHbl 3a MOJIUHOMHUATLHOE BpeMms, eciu G —
nepeso (cMm. [45]).
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[TT 35| IOTIOJTHEHUE /10 TPA®A MHTEPBAJIOB

YCJIOBHUE. 3agaun rpad G = (V, E) u Heorpuuarenbaoe neaoe aucio K.

BOITIPOC. Cymecteyer mm muO)ecTBO E', comepxamee E, takoe, aro |E'\
E| < K nrpad G' = (V, E') ssasiercs rpadom nHTEpBaNOB?

Hemownuk [140]. K mamwmoit 3amave cBogures 3amada OIITUMAJIBHOE
JINMHENMHOE YIIOPAIOYEHUE.

Kommernmapuidi. 3anaga ocraéres NP-MOMHOM, €ClH OTPAHUYUTHCS TONBKO

pébepubivu rpadamu. s K = 0 3aga9a paspernnma 3a MoJnHOMHUATHHOE Bpe-
M, cM. [132, 54].

[TT 36] IOIOJIHEHUE JIO TPA®A IIYTEN

YCJIOBHUE. 3amannt rpad G = (V, E) u seorpunarenabuoe 1emoe aucio K.

BOTIPOC. Cymecryer mm mHOXKkeCTBO E', comepxkammee MHOXKeCTBO F, Ta-
koe, uro |E'\ E| < K u rpad G' = (V, E') ecrb rpad nepeceuenus cemeiicrsa
nyTeil B HEOPUEHTHPOBAHHOM Jepene’

Hemownuk [169]. K sroit 3amave ceogures IIOTIOJTHEHUE 10 TPADA
NMHTEPBAJIOB.

Kommernmapuidi. CoorBercTByomas 3a1a4a, B KOTopoit Tpebyercs, arodsr G
6611 rpadoM nepecedennst OpPUEHTHPOBAHHBIX My Tel B OPUEHTHPOBAHHOM JIEPEBe
(T. e. KOPHEBOM JIepEBE C HANPABJIEHUEM Jyr OT KODHs), TakxKe sBJjsercs NP-
TTOJTHOIA.

A1.3. VYuopsamouyeHue BepIINH

[TT 37] TAMUJIBTOHOB ITNKJI

YCJIOBHUE. 3anan rpad G = (V, E).

BOIIPOC. Nmeerca mu B G raMIIBTOHOB ITAKJI?

Hemownux [280]. K aroii 3anade csopures 3agaga BEPITITHHOE ITOKPHI-
THUE (cm. . 3).

Kommenmaputi. 3amaga ocraércs NP-nonmoit B ciemyomux ciaydasx: (1)
G — mraHApHBIN, KyOMYecKuil, 3-CBSI3HBIA U He UMEeT T'PAHE, OrpaHUYEeHHBIX
MeHbIIIe YeM naTbio pébpamu [158], (2) G — aBynonsrsrit [305], (3) G — kBazpar
Hekoroporo rpada [75], (4) B ycnoBuu 3a1a49u 3aaH HEKOTOPBINH TAMUJILTOHOB
nyth B rpadbe G [417], (5) G — pé6epubiii rpad. 3agada paspemmnMa 3a 10~
HOMUAJILHOE BpeMsi, eciiv B (G HET BepIiuH crenenu Oosbire 2 wian ecou G —
pébepHbrii rpad (cm., Hampumep, [357]). Ky6 HerpuBnanbHOro cBsasHoro rpada
BCET/a COJEP’KNUT MAMUIBTOHOB IIUKJ, CM. [277].

[TT 38| OPUEHTUPOBAHHBIN TAMNJIBTOHOB ITNKJI

YCJIOBHUE. 3anan opuenruposanusiii rpad G = (V, A).

BOITIPOC. NUmeercst mu B G OPUEHTHPOBAHHBIN TAMUJIBTOHOB ITAKJI?

Hemounur [280]. K aroii 3amade cronurest 3amata BEPIITMTHHOE ITOKPHI-
THUE (cM. ra. 3).

Kommenmapuii. 3amada ocraércs NP-nonnoit, eciu G — maHapHbiii rpad,
He UMEIOIUii BepIIuH, UHIMIEHTHBIX Oosiee yeM tpeM ayram [432]. 3agada pas-
peluMa 3a NOJMHOMHUAJIBLHOE BPEMsi, €C/IU CTeleHH 3aX0fa (UM BbIXOJA) BCEX
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BEDIIKMH He mpeBocxoidar 1, a takxke eciu G — rpad Typuupa, cm. [393], win
pébepubiii rpad (cM., nanpumep, [357]).

[TT 39] TAMUJIBTOHOB IIVTH

YCJIOBHUE. Banan rpad G = (V, E).

BOITPOC. Bepuo nu, ato B G UMeeTCsT TAMUIIBTOHOB Iy Th !

Hcemouwnuk. K aroit 3agaue ceoaures 3anaua BEPIIIMTHHOE ITOKPBITHUE
(em. r. 3).

Kommenmapudi. 3agada ocraéres NP-nonuoit B ciydasx (1) u (2) u3 3agaun
TFAMUJIBTOHOB IUKJI u pa3peruma 3a TOTHHOMHAIBHOE BPEMs TIPH TeX
JKe TIPEIIONIOKEeHUX, TP KOTOPhIX paspemmMa u 3amada ['L[. Coorsercrsy-
omas 3amava OPUEHTUPOBAHHBIN TAMUJIBTOHOB IIVTDH seasercs
NP-noiHOM, K Hell TakKe TpuMeHuMbl KomMMeHTapun u3 3amadn OPUEHTU-
POBAHHBII T'1l. Bazaua ocraéress NP-OTHOI, €CTH B YCIOBHE yKA3AHA Ha-
qasbHAS WA KOHEYHAs WH 00e Todkn mytr. 3agada OPUEHTIPOBAHHEIN
TFTAMUJIBTOHOB IIYTH moxer ObITh pertiena 3a MOJIMHOMUATHLHOE BPEMsT [T
AIVKJINYECKUX OPHEHTUPOBAHHBIX rpadoB (CM., HampuMep, [324]).

[TT 40] HINPUHA

YCJIOBHUE. 3anaust rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <
V1.

BOIIPOC. CymecrByer u JuHENHOE yIOPSIIOYEHNE MHOXKECTBA V, TAKoe,
qro ero mupura He Gomee K7 Mubivu cnoBamu: «CylmecTByeT Ju B3aUMHO-
onuosnaunaga Gyukuus f:V — {1,2,...,|V]}, rakas, uro qys seex {u, v} € E
BbinonueHo cooruoinenue |f(u) — f(v)] < K?

Hemownuk [407]. K s1oii 3amaue ceogures 3-PA3SBMEHUE.

Kommenmapudi. Ocraércss NP-TIOHOM [11s1 TEPEBBHERB CO CTEMEHBIO BEPIINH,
He npesbimatomeil 3 [143]. Bazaya coorBeTcTBYeT MUHMMU3ALUK <IIUPUHBI»
CUMMETPUYECKON MATPHUIBI MTyTEeM OJHOBPEMEHHBIX MEPECTAHOBOK CTOJIOIOB U
CTPOK.

[TT 41] HINPUHA OPUEHTUPOBAHHOTI'O TPA®A

YCJIOBHUE. Bananst opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
neroe gucio K < V).

BOITPOC. CymiectByer mn Takas B3anMHO-onHo3HavqHast dyukuus f: V —
{1,2,...,|V|}, uro ans Beex (u,v) € A f(u) < f(v) n (f(v) = f(u)) < K?

Hemownurk [143]. K sroit 3amage ceoqures 3anaua 3-PASBUEHUE.

Kommernmapuii. 3agaga ocraéress NP-I0THOM 17151 KOPHEBBIX OPUEHTUPOBAH-
HBIX JIEPEBhEB C MAKCUMAJIBLHOI CTETIEHBIO 3aX0/1a, PaBHOI 1, 1 MaKCUMaIHLHOMN
crernenbio Beixoma 2. [Tocaenusist 3aaua COOTBETCTBYET MUHUMUW3AIWN «TTUPHU-
HBbI» BEPXHETPEYTONBHON MATPHUIBI ¢ TOMOIIBIO OJHOBPEMEHHBIX MePECTAHOBOK
CTPOK U CTOJIOIIOB.

[TT 42] OIITUMAJIBHOE JIMHEMHOE YIIOPAJOYEHUE
YCJIOBHUE. Bananst rpad G = (V, E) u nonoxkurenbhoe nenoe yucio K.
BOIIPOC. Cyecrsyer a1 B3auMHo-oquo3uauHas dyukuus f: V — {1,2,

w5 [V}, maxas, aro 3op, e p |f(u) = F(0)] < K7
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Hemownur [157]. K 3amage ceoaurcsa 3amaga IIPOCTOI1I MAKCUMAJIb-
HBII1 PA3PE3.

Kommenmapudi. 3anaga ocraéres NP-nosHo# fjis 4By 0/1bHBIX rpados [118]
U paspenmMa 3a oJMHOMUAJIbHOE BpeMms, eciu G — nepeso [486, 176].

[TT 43] ONTUMAJIBHOE JINMHENHOE YIIOPSIIOYEHUE OPU-
EHTUPOBAHHOTO TPA®A

YCJIOBHUE. Bananst opuentuposanubiii rpad G = (V, A) u uenoe uucio
K.

BOITPOC. CymecrByer Jjin Takas B3aMMHO-OnHO3HaYHAst pyHKIms f : V —
{1,2, ..., [V}, aro f(u) < f(v) nmaseex (u,v) € Aud, o4 |f(0)=f(u)] < K?

Hemownurk [118]. K aroii 3anade csogurcs 3agada OIITUMAJIBHOE JIU-
HEITHOE YIIOPSIJTOYEHIUE.

Kommenmapuii. 3amada paspemmMa 3a MOJTUHOMHAAIBHOE Bpems, eciu G —
JIEPEBO, JIa’Ke B TOM Clydae, ecam pébpam rpada NPHIUCAHBI TEIbIe BECa, a
neseBast bYHKIMS SIBISETCS B3BEIIEHHON CyMMOit pasHocTei [5].

[TT 44] JINHEMHOE YIIOPAJJOYEHUWUE C MUHUVUMAJIbHBIM
PA3BPE3AHUEM

YCJIOBHUE. Bagaunst rpad G = (V, E) u nonoxkureabuoe nenoe yucio K.

BOITPOC. CymiectByer s Takast B3anMHO-onHO3HaMHAst pyHKIms f: V —
{1,2, ..., |V}, aro mms Beex i, 1 < i < |V,

{{u,v} € E: f(u) <i< f(v)} <K?

Hemownuk [498, 168]. K sroit 3amade cBogurcs 3a1ada IIPOCTOI MAK-
CUMAJIBHBII PABPE3.

[TT 45] IPEJCTABJIEHUE B BUJE KOPHEBOTO JTEPEBA

YCJIOBHUE. Bananst rpad G = (V, E) u nonoxkurenbhoe nesoe qucio K.

BOITPOC. Cymiecreyer nn kopreroe nepeso T = (U, F), rue |U| = |V| n
B3auMHO-OnHO3HauHas pyukuus f : V — U, obnagaionue Caeay oMM CBOK-
crBamu: 11 Jioboro pebpa {u,v} € E cymecrByer npocToil nyTh, HAYMHAIO-
miicss B Kopre u mpoxozammit wepes f(u) u f(v), TaKoit, aro 3¢, 1o p d(f(u),
f(v)) < K (3mecw d(z, y) — uncio pébep Ha myTn or = 10 y B nepere T')?

Hemownurk [168]. K aroii 3anade csogures 3agada OIITUMAJIBHOE JINU-
HEITHOE YIIOPSITOYEHIUE.

[TT 46] YIIOPAOJOYEHHOE MNCKJIIOYEHUE [1JIg1 OPUEH-
TUPOBAHHOTI'O TPA®A

YCJIOBUE. 3anaunt opuentuposannbiii rpad G = (V, A), meorpunarens-
Hoe 1ejoe anciao K.

BOIIPOC. CymecrByer ju a7 rpada yropsimoYeHre UCKIYEHHUs, 3am0JI-
HEHHOCTH KOTOpOTo He bojee K7 JIpyrumu ciroBamu: « CyIecTByeT Jiu B3aUMHO-
onmosuaunas byukuus f : V — {1,2,...,|V]}, rakasi, uro nmeercst camoe 60ih-
mee K nap sepmus (u, v) € (V x V) \ A, obranatomnme cBoiicrBom: G cogepKuT
OPUEHTHUPOBAHHBIA NyTh U3 % B ¥, NPOXOMASIINI TOIBKO Yepe3 TAKUEe BEPIIUHBI

w, aro f(w) <min{f(u), f(v)}?
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Hemouwnuk [454]. K stoit 3agade csogutcs 3-BBIIL.

Kommernmapudi. dra 3a7a9a BO3HUKAET MPU MPUMEHEHUH HCKIIOYEHUS IO
Tlayccy k paspexenusim marpunam. dns K = 0 3agaga permaercs: 3a MOIUHO-
MUAJIbHOE BpeMsi. AHAJIOrMYHASA 321498, I HEOPUEHTUPOBAHHBIX TpadoB (co-
OTBETCTBYIONIMX CAMMETPUYHBIM MATPHUIAM) 3KBUBajeHTHA 3agade [TOTIOJI-
HEHUE 10 TPUAHTYJ/JIMPOBAHHOT'O TPA®A, cioXHOCTH KOTOPOIi TIOKA

0CTa€TCsI He BBISICHEHHOM.

[TT 47] ITIOCJIEZOBATEJIBHOE UCKJIIOYEHUE CTEIIEHE

YCJIOBHUE. 3anaust rpad G = (V, E) u nocnenosarensuocts < di, ds, ...,
d|y| > HEOTPHIATETBHBIX NEJBIX YHCeN, He npesbimaonmx |V| — 1.

BOIIPOC. Cyecrsyer jau B3aunMHo-oquo3uaunas dbyukuus f: V — {1,2,
-, |V}, co cremyrommm croiictBoMm muist Beex 4, 1 < @ < |V|: ecim f(v) = i, To
CYILIECTBYET B TOUHOCTH d; BEPIIVH 4, Takux, uro f(u) > iu {u,v} € E?

Hemownur [154]. K aroii 3amgade ceomuress TOYHOE ITOKPBITUE 3-MHO-
KECTBAMIN.

Kommernmapudi. BapuanT 3Toit 3872491, B KOTOPOM OTBICKUBAETCS TaKast (PyHK-
umst f, aro muas Beex i, 1 < ¢ < |V, w3 pasencrsa f(v) = i cmemyer, 9TO Cy-
IECTBYET POBHO d; BEPINH u, TakuX, uTo {u, v} € E TPUBHAIBHO PeIaeTcs 3a
MOJIMHOMHUATLHOE BPEMSI.

Al.4. Mopdusmbl u n3oMopdu3IMbI

[TT 48] U3OMOP®U3M IIOATPADY

YCJIOBHUE. Bananst gsa rpada G = (Vi, Ey) u H = (Va, E»).

BOITPOC. Coznepzxur nu rpacd G noarpad, uzomopdustii rpady H? Nuadge
rOBOpsi, CylecTBytoT ju mogmuoxkectsa V u E, V C Vi, E C E;, takue, 9410
[V| = |V2|, |E| = |E»|, u Takas B3anMmHO-onHO3HauHas byHKuMs f := Vo — V),
uro {u,v} € E torga u TonbKo toraa, korma { f(u), f(v)} € E?

Hemownur [91]. K sroit 3amage ceogurca 3anaua KJIMKA.

Kommenmapudi. Yactasie cryaan stoif 3amaan: KJINKA, ITIOJIHBII IBY-
JOJIBHBIN TTOJTPA®, TAMIJIBTOHOB IIUKJI u 1. a. 3azada Mowxer
OBITHL pereHa 3a MOJIMHOMHUATILHOE Bpems, ecan G — nec, a H — mepeso, CM.
[111, 449]. Ocraércs NP-nomuoit, ecniu G — aepeso, a H — jec (em. . 4) nnn
eciu G — npoussonbubiii rpad, a H — nepeso (TAMUJIBTOHOB IIYTH). Ba-
PHMAHTBI 3TOMH 330a9H /I OPUEHTUPOBAHHBIX IpadoB Tak:ke NP-TIOMHBI JaKe B
ToM cityudae, eciu G — anukaundeckuii rpad, a H— nepeso [13]. Oaunako eciu G
— OPUEHTUPOBAHHLIN Jiec, a H — OpUEeHTHPOBAHHOE JEPEBO, TO 3aJa4y MOYKHO
pemuTh 3a nomuHoMuaIbHoe Bpems. Ecan |Vi| = |Va| u |Ey| = |Es|, To 3ra 3a-
nmada npespamaercs B 3agaay I3OMOPOU3M I'PA®OB, ciioxkHOCTH KOTOPO
0CTaéTCA HEM3BECTHOM 71T OPMEHTHPOBAHHBIX W HEOPUEHTUPOBAHHBIX IPadoB.

[TT 49] HAUBOJIBIIINY OBITIAN MTOATPA®
YCJIOBUE. 3agaunt a8a rpada G = (Vi, Ey), H = (Va, Es) v 010XKUTETD-
uHoe aucio K.

BOIIPOC. Cywecrsytor s nogmuoxecrsa E| C Ey u Ej C E,, rakue, 4ro
|E{| = |E}| > K w nonrpaber G' = (V, E{) u H' = (Va, E}) uzomopbubr?
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Hemouwnux. K aToit 3amadge ceoanres 3amaga KJIMKA.
Kommenmapudi. 3a1a9y MOXKHO PEITUTH 33 TOJHHOMHUAJILHOE BpeMmst, e (G
u H —nepesbs, cu. [111].

[TT 50) MAKCUMAJIBHOE ITIAPOCOYETAHUE ITIOZATPA®OB

YCJIOBHUE. 3amanbl asa opuentupoBanubix rpada G = (Vi,4y), H =
(Va, As) u monoxkureasuoe 1emoe aucao K.

BOIIPOC. Cywmecrsyer nu Takoe nogmuoxkectso R C Vi x Vo, uro |[R| > K
u g Beex < u,u’ >, < v,v' >€ R nyra (u,v) OpUHAIJIEKUT MHOKECTBY Ap
TOrZIA W TONBKO Toraa, koraa (u',v') € As?

Hemownuxk [152]. K aroit 3anade ceogurcs 3amada KJIMKA. Ona ob6eyxna-
ercs Takxke B papore [29].

[TT 51] CTATUBAEMOCTD I'PA®A

YCJIOBUE. Banansr gsa rpada G = (Vi, E1) u H = (Vi, E»).

BOITPOC. MoxHO Ji TOCTEI0BATETBHOCTHIO cTAruBanuii pédep rpada G
nonyunth rpad, uzomopduntit H? ([locremoBaTebHOCTD cTaruBanuii pédep —
3TO TIOC/IEIOBATEIHLHOCTD I1AroB, Ha, KayKIOM M3 KOTOPHIX JIBE COCEIHNE BEPIIH-
HBI U4 U ¥ 3aMEHSIIOTCS OJHOW BEpIIUHON w, COEIWHEHHON pPEOpaMu C TeMu u
TOJILKO TEMH BEPUIMHAMHU, C KOTOPBIMY ObLIM COEAMHEHbI U WU V.)

Hemownuk [494]. K nawnoit 3amave ceoauTest 3amada 3-BBITIL

Kommernmapudi. 3agaga MoxKeT ObITH pelreHa 3a MOJTHHOMUAIBHOE BpeMs,
ecntu H — TpeyronbHUK.

[TT 52] TOMOMOP®U3M I'PA®OB

YCJIOBHUE. Bananst gsa rpada G = (Vi, E1) u H = (5, E»).

BOITPOC. Moxwuo i n3 rpada G mocnegoBaTeIhbHOCTHIO OTOMK IECTBICHIST
Hecocenuux BepunH noxyanth rpad H? (TlocmemoBarebHOCTh OTOXKIECTBIIE-
HUA HECOCETHUX BEPINMUH — 3TO MMOCIEeJOBATEIHHOCTH IMMAroB, 3aMEHAIOIINX IBE
HeCOCeJIHhe BEPIIWHBI ¥ W ¥ OJHON BEPIIMHOU W, COEJUHEHHOW B TOYHOCTH C
TEMU BEPIIUHAMH, C KOTOPbIMU ObLIM COEJIUHEHbI BEPIIUHBL U UJIU V. )

Hemownuk [340]. K sroit 3amade crogures 3amava K-PACKPAIIIBAE-
MOCTD TPADA.

Kommenmapuidi. 3anaga ocraéres NP-nonuoi, ecmu H — TpeyroibHUK, HO
ecii H — ogHO pebpo, TO pernaercst 3a MOJIMHOMUAATIFHOE BPEMSI.

[TT 53] D-MOP®U3M OPUEHTNUPOBAHHBIX 'PA®OB

YCJIOBHUE. Banansr qsa opuentupoBannbix rpada G = (Vi, A;) u H =
(Va, Az).

BOIIPOC. Cywecrsyer nu D-mopdusm rpada G B rpad H? (D-mopduzmom
Ha3biBaercs takasd Gyukuus f : Vi — Vo, uro (1) nya kaxnoit napset (u, v) € Ay
6o (f(u), f(v)) € As, mubo (f(v), f(u)) € Ay. (2) ana Beex u € Vi uv' € Vs,
ecn (f(u),v') € As, To cymecTByer Takast BepimHa v,v € f~1(v'), A7 KOTO-
poii (u,v) € Ay).

Hemownuk [129]. K nannoit 3amade conurcs 3agada HYMEPAIIN A T'PA-
@A T10 'PYHU.
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Al1l.5. Pasmoe

[TT 54] MIYTHh C 3ATIPEIIEHHBIMU ITAPAMUI

YCJIOBHUE. Bananbr opuentuposanubiii rpad G = (V, A), nabop C =
{(a1,b1), ..., (@n, by)} nap Beprun u3 V u nBe BblueI€HHbIE BEPIIUHLL S, € V.

BOITPOC. CymecrByer siu B G OpUEHTHPOBAHHBIN Iy Th U3 § B , COIEPKA-
it He HGostee OHON BEPINUHBI U3 KaxKa0i napol nHabopa C'7

Hemownuk [134]. K sToit 3amadue ceogures 3amada 3-BBITI.

Kommernmapuii. 3agaga ocraéres NP-TONMHO#M, €CTH OTPAHUYUTHCST AI[UKITH-
JecKUMU rpadaMi, He UMEIOMUMHA BEPITHH CO CTETEHSIMU 3aX0/Ia UJIN BBIXOIA
6omee 2. BapuaHT 5Toit 337391, B KOTOPOM 3alpPEINeHbl He BEPIIUHBI, & JTyTH,
takke NP-1mosioH (Ipy aHAJIOTHYHBIX Ipeanonokennsax). Obe 3amadn ocTarorcs
NP-TIOTHBIMA, €CJIN BEPIITUHBI JTI000I mapbl U3 33JaHHOT0 HAOOPA HE SIBJISIOTCS
COCETHUMU.

[TT 55] IAPOCOYETAHUE CO MHOI'IMU BAPUAHTAMMU

YCJIOBUE. 3anannt rpad G = (V, E), pasbuenne muoxecrsa E Ha Here-
pecexaomuecs MaOXecTBa Ky, Fs, ..., E; u monoxuTensHoe mejaoe uncao K.

BOIIPOC. Cymecryer mm nommuoxkectso E' C E, takoe, aro |E'| > K,
HUKaKue JBa pebpa u3 E' e umeror obmieil Bepumnbl u s Beex (1 < 4 < J)
E'NE; £0.

Hemownux [524, 253, 255]. K sroit 3axage ceoqurcs 3amada 3-BBIII.

Kommenmapuii. 3amada ocraéres NP-nonHo# U B ToM ciydae, ecid G —
IBYIOMBHBIN Tpad, Kaxkaoe u3 MHOKeCTB F; comepkut, camoe bonbIiee, 2 pedpa
u K = |V|/2. Eciu xaxnoe uz maoxects E; cocrour u3 oqHoro pebpa, To 3a1a4a
MPEBPAIIALTCA B OOBIYHYIO 33729y O MApOCOYeTanun B Tpade, pa3spenmmyo 34
MOJIMHOMHUAILHOE BPEMSI.

[TT 56] HYMEPAII Y I'PA®A I1I0 I'PYHAN

YCJIOBHUE. 3anan opuenruposanubiii rpad G = (V) A).

BOTIPOC. Cymecrsyer ju taxkast dyaxuus f : V — Z1 uaro gas seex
BepiuH v € V f(v) ecTh HaMMeHbINee HEOTPUIATETLHOE [IEJI0e YUCIIO, HE COIep-
xkameecst B mEOKecTBe { f(u) :u € V, (v,u) € A}?

Hemownuk [526]. K sToit 3amade ceogures 3amada 3-BBITI.

Kommernmapuii. 3anaga ocraéres NP-MOMHOM, €CH OTPAHUYUTHCS TOTBKO
MJIaHAPHBIME IpadaMu, Y KOTOPBIX BCE BEPIIUHBI MMEIOT CTENEHb 3aX0.a WU
BBIXOMA He Gosee 5 (cm. [129]).

[TT 57] 4PO

YCJIOBHUE. 3anan opuenruposaunusiii rpad G = (V) A).

BOTIPOC. Bepuo ju, uto B G ectsb s1p0o? (dapom opueHTHpOBaHHOTO rpada,
G = (V, A) nasbiBaerca Takoe MOJAMHOYKECTBO BepiimH V', 4TO HUKAKWE JIBE
BepiuHbl u3 V' He coenunenbl qyroit u3 A u misa Kaxaoi sepumnbl v € V \ V
Haligérest Takast BepmmHa v € V \ V') aro (u,v) € A.)

Hemownug [73]. K sroit 3amaue ceognres 3amaqa 3-BBITL.

[TT 58] K-BAMBIKAHUE
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YCJIOBHUE. Banannt opuentuposantbiii rpad G = (V, A) u nonoxurenbuoe
nenoe gucao K < V.

BOIIPOC. Cyuecrsyer jiu Takoe nogmuoxkectso V! C V,uro |[V'| < K u
it moboit gyru (u, v) € A mubo u € V', mubo v ¢ V'?

Hemownurk [439]. K nannoii 3anaue copurcs 3anava KJIUKA.

[TT 59] BABUIC TPA®A IEPECEYEHIIT

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe meoe gucio K <

BOITPOC. Bepno mu, uro G — rpad mepecedenmnii ceMeiicTBa MHOXKECTB,
00beIuHEeHre KOTOPBIX uMeeT MOMHOCTh He Gomee K7 Uubivu cioBamu: «Cy-
wiecrByer i K -snementHoe MuoxkectBo S u noamuoxkecrsa S[v] C S, v € V,
rakue uro {u, v} € E rorma u Tonbko roraa, koraa S[u] N S[w] # 07»

Hemownuyk [298]. K sroit 3agage csogures IOKPBITUE KJINKAMI.

[TT 60] MHO2KECTBO VYT, PABJINYAIOIITNE IIYTN

YCJIOBUE. 3anau opuentuposanubiii rpad G = (V, A), B KoTOpoM BbIIe-
JIeHBI TR BEPIIWHBI §, t W TMOJIOKUTEIRHOE Tiesoe uncio K < |A|.

BOITPOC. Cymecrryer nu takoe mogmuoskectBo A’ C A uro |A'| < K n
[T KasK 0N Iaphl Iy Teil P U po U3 S B t HalinéTca ayra n3 A', npuHapiexamas
POBHO OJHOMY U3 HHUX?

Hemownux [370]. K aroii 3anade csopures 3agaga BEPITTHHOE ITOKPHI-
THE.

[TT 61] METPUYECKAY PASMEPHOCTbD

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe meoe ucio K <
\4:

BOIIPOC. Cymecryer in 6a3uc merpuk Ha rpade G MOIHOCTH He Oojee
K? (ITopmuoxkecrso V' C V naswiBaerca 6a3ucom merpuk rpada G, ecinu jjist
KaxKJIO# mapel BepIIuH u, v € V cylecTByeT Takasa pepmua w € V', uro gnmaa
KpaT4aiIero myTn OT u K w OTIWYHA OT JJIWHBI KPATYANIIEro MyTH MEXKIY v
uw.)

Hemownuk [152]. K manwoii 3amade ceoaurest 3amada 3-C. Tlousitne merpu-
YecKoi pasMepHOCTH ompesesnsieTcss B padore [197].

[TT 62| PASMEPHOCTB HEIIIETPILII - PEJI

YCJIOBHUE. 3anaunt rpad G = (V, E) u nonoxuresnbhoe uesoe gucio K <
| E].

BOITPOC. CymiecrByer jin Takasi B3AUMHO-OJHO3HAYHAS (DYHKITUS

f:V-oA{(a,a2,...,ar) 1 <a; <|V|mpn 1 <i <K,

9TO Mapa BepuH u, v € V' coeanuena pebpom {u, v} € E Torga u TOIHKO TOTIA,
korma f(u) u f(v) pasnauansr mo BeceM K koopauHaTam?

Hemownuk [400]. K sroii 3amave ceomntes 3-PACKPAIIIMBAE-MOCTD
TPA®A. TlonsiTre pazmepHOCTH onpeensiercst B pabore [401].

[TT 63] IIOPOTOBOE YUCJIO
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YCJIOBHUE. 3anaunt rpad G = (V, E) u nonoxuresnbhoe uesoe ducio K <

BOITPOC. CymiecrByer n pa3bueHne MHOXKecTBa F Ha Takue Hemepeceka-
omuecs moaMuoxkectsa Fy, Es, ..., Ex, uro kaxawiii u3 rpados G; = (V, E;),
1 < i < K, aBIsieTcst «IIOPOTOBBIM > 7

Hemownur [78]. K s1oii 3amade ceomgures 3amata HEBABUCUMOE MHO-
ZKECTBO (orpanuvennas Ha rpadbl, He UMEIOUIUE TPEYTrOTHHUKOB) .

Kommernmapudi. Ilpun K = 1 3agada pemnraercs 3a MOJTMHOMHAIHHOE BPEMsI.

[TT 64] OPUEHTUPOBAHHBIN AN AMETP

YCJIOBHUE. 3amaunt rpad G = (V, E) u nonoxurenbuoe mesoe uucio K <
V.

BOITPOC. MoxHuo nu Tak opueHTHpoBaTh pedbpa rpada G, 9robbl BOZHUK-
MKl B Pe3yTbTaTe OPUEHTHPOBAHHBIHA Ipad ObLT CHITHHO CBA3EH U UMEIT JUAMETD
ue 6onee K7

Hemownug [79]. K aroit 3amaue ceogures 3amava PACIIEIIIEHUE MHO-
KECTBA.

Kommenmaputi. BapnanT 3a1a9m, B KOTOPOM «IWAMETP» 3aMEHEH Ha <«pa-
nuycs, rakxke NP-nonor. Ob6e 3agaun ocraiorcss NP-omabivu ipu K = 2.

[TT 65] B3BEIIIEHHBII TUAMETP

YCJIOBHUE. 3ananst rpad G = (V, E), u wabop C, cocrosumii u3 |E|
HEOTPHUIATEIHHBIX HEIbIX YUCesl (He 00A3aTeIHbHO PA3IUIHDIX), U MOJ0KUTE b=
Hoe 1ejoe anciao K.

BOITPOC. CymecrByer Jjin Takas B3aMMHO-OnHO3HAYHAsT GyHKIMs f : B —
C, uro npu unrepnperanuu f(e) kak gnuHbl pebpa e quamerp rpada G He
npesocxonut K? (T. e. mexmy mo6biMu 1ByMs BepiivHamMu u, v € V' umeercs
myTh IJUHBL He Gomee K.)

Hemownuk [425]. K sToit 3amade ceognres 3amada 3-PASBUEHNE.

Kommenmapuii. 3amada NP-ToTHA, B CUJIBHOM CMBIC/IE TAYKe B TOM CIIyYae,
korja G — nmepeBo. BapuaHT 3a/jaum, B KOTOPOM «JHAMETD» 3aMEHSETCsS «pa-
JIHYCOM», UMEET TaKyl ke CI0KHOCThb. Ecmu C' cocTtouT TONBKO U3 Hyseil u
eauHML, TO 00a BapuaHTa (C AMAMETPOM U PAJUYCOM) JJisi JEPEBLEB PA3PeIu-
MBI 32 MOJUHOMHUAJILHOE BpeMs, a Ijis obImx rpador ocraorces NP-TOIHBIME,
naxe ecu K dbukcuposars pasabiv 2 (muamerp) uiu 1 (paguyc). s obmmx
rpad0B BAPUAHT 33a9H, B KOTOPOM HINETCsT (DYHKITUS, TAIONIAsT IUAMETD He Me-
mee K, NP-1IoJI0H B CHJIBHOM CMBICTIE, [T J€PEBHEB B CIyYUae AUaMEeTPa 3a1a49a,
paspernMa 3a IOTMHOMHAAIBHOE BpeMs, a B Caydae paguyca NP-momHa.

A2. TIOCTPOEHUE CETEN

A2.1. OcroBHBbIE JepeEBbA

1

1 Kak CHHOHEMBI 9aCTO YIOTPEGISIOTCS TEPMHIHBI: JEPEBO-0CTOR, OCTOB rpada, HIIH IPOCTO
octoB. — ITpum. ped.
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[IIC 1] OCTOB OIrPAHNYEHHON CTEIIEHU

YCJIOBHUE. 3anann rpad G = (V, E) u nonoxurenbhoe uesoe gucio K <
[V].

BOIIPOC. Cymecrsyer qu B rpacde G 0CTOB, y KOTOPOTO CTENIEHN BCEX BEP-
IITUH He TpeBocxoasaT K7

Hemouwnux. K sToit 3amage ceomurea sagaga TAMUJIBTOHOB IIYVThH.

Kommermapudi. s modoro pukcupoBannoro K > 2 3agada ocraéres NP-
MMOJIHOA.

[TIC 2] OCTOB C MAKCUMAJIBHBIM YUNCJIOM BUCAYNX
BEPIIINH

YCJIOBHUE. 3anann rpad G = (V, E) u nonoxurenbhoe uesoe ducio K <
[V].

BOITPOC. Cymiecrsyer i B rpade G ocTo, y Koroporo He MeHee K Bep-
muH crernenu 17

Hemownuk [152]. K yxasannoit 3amade ceomures 3amada JJOMITHUPYIO-
IIIEE MHOKECTBO.

Kommernmapuii. 3amagda ocraéress NP-nonuoit, eciu G — peryaspubiit rpad
crenern 4 mwm ecnm G — MIaHAPHBIA rpad, CTEeHr BEPIIUH KOTOPOTO HE Mpe-
BOCXOOAT 4.

[TIC 3] OCTOB C KPATYAWMIIINM IIOJIHBIM IIYVTEM

YCJIOBUE. 3aganst rpad G = (V,E), uenoe uucio B € ZT.

BOIIPOC. Cywecrsyer su takoii ocros T’ rpada G, aro cymma (110 Bcem
napam Bepiiut u,v € () muun myreit or u 10 v B T' He npeBocxogur K7

Hemownurk [266]. K aroit 3amade ceomures 3amada TOUYHOE ITOKPHITUE
3-MHOZKECTBAMIL.

[TIC 4] OCTOB OTPAHUYEHHOTI'O INAMETPA

VYCJIOBUE. Bananst rpad G = (V, E), Bec w(e) € ZT ka0 BepUIMHbI
e € E, a rakxke nonoxkurenbHbie yncia B u D < V.

BOIIPOC. Cymecrsyer mu B rpade G Takoit octoB 1T, 94TO cymMMa BECOB
pébep u3 T ue npeBocxonaut B u B T HET TPOCTOrO My TH, YUCIO0 PEGEP KOTOPOTO
He mpeBocxomuT D7

Hemownuk [125]. K sroit 3anave csopures 3anaga TOUYHOE ITIOKPBHITUE
3-MHOZKECTBAMI.

Kommenmapuii. 3amada ocraércs NP-10aHON mpu JTI000M (DUKCUPOBAHHOM
D > 4 naxe B TOM CJIydae, eCau Beca pedbep MPUHUMAIOT 1Ba 3HAYEHUs: 1 WjIn
2. JIerko permaercst 3a MOJMHOMUATILHOE BpeMsi, ecin D < 3 uin ecim Beca BCeX
pédep paBHBI.

[TIC 5| OCTOB C OTPAHUYEHHO ITPOIIYCKHOM CIIOCOB-
HOCTBIO

YCJIOBUE. 3anaust rpad G = (V, E) ¢ Bblaenennoii sepmmHoit vy € V),
mpomyckmHbie criocobnocTw c(e) € Zg w mmmma l(e) € Zg xaxmoro pebpa e € F,
norpebrocTs r(v) € Zy s kasknoit sepumab v € V \ {vg} u rpanuna B € Z .

BOITPOC. Cymecrsyer nu B rpade G takoit ocros T, 4ro cymMMma IJIHH €ro
pébep He mpeBocXOauT B 1 n1s Kazkaoro pedpa € B T' BBITOTHEHO COOTHOIIEHNE
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> ueu(e) ") < c(e) (rae U(e) ~MHOKECTBO BepIIMH, 17 KOTOPBIX 1yTh B T,
COEJIMHAIOIIMI 9Ty BEPILIUHY C BEPUIMHOM vy, comep:kut pebpo e)?

Hemownurk [409]. K sroit 3amage ceogures 3anaua 3-BBITI.

Kommernmapuii. 3anaga NP-nomHa B CHJIBHOM CMBICTE JIaYKe B TOM CIIy4ae,
ecu BCe MOTPeOHOCTU PABHBI 1, & BCe MPOITyCKHbBIE CITOCOOHOCTH paBHbI 3. Ecan
JKe BCe TTOTPeOHOCTH PABHBI 1, 8 MPOMYCKHBIE CITOCOOHOCTH PABHBI 2, TO 331394,
perrraercs 3a MOJMHOMHAILHOE BPEMsT C TTOMOIIHIO METOA B3BENTEHHBIX TapoCo-
getanunii. Ecu Bce morpedbrOocTr paBubl 0 man 2, a BCe TPOIMYCKHBIE CIIOCOOHOCTH
paBHbI 1, TO 3a7a9a TaKkKe MOXKeT ObITh PEelleHa 3a IOJIUHOMUATIBHOE BpeMsi (¢
MOMOIIIBIO ATTOPUTMOB MIOCTPOEHUST MOTOKOB MUHUMAJIBHON CTOUMOCTH, CM., Ha-
npumep, [T10]), Ho ecm Bce MPOMYCKHBIE CTOCOOHOCTH PABHBI 2, & TIOTPEOHOCTH
W IJIMHBT pEOGep paBHBI 160 0, mbo 1, To 3amada ocraéres NP-nonHoi [115].

[TIC 6] TEOMETPUYECKUI OCTOB C OTPAHUYEHHOM ITPO-
IIYCKHOU CIIOCOBHOCTBIO

YCJIOBHUE. Bagansr MuoxkecTBO P C Z X Z TOYEK IJIOCKOCTH, BBIIEICHHAS
TouKa py € P, morpebrocts r(p) € Zg mna xaxmaoit p € P\ po, npormyckHast
cmocobHOCTD ¢ € ZT u rpanumna B € Z 1.

BOTIIPOC. Cymecrsyer qu B monaoMm rpade G = (P, E) takoii ocros T =
(P, E'), 5o e d(e) < B (rae d((z1,y1), (z2,92) = [r((z1 + 22)* + (11 —
y2)2)1 /2'|

— IMCKPETHOE eBKINI0BO PACCTOAHEE), TPUIEM SUM.yepr(e)T(U) < € AT Kazk-
noro pebpa e € E' (rue U(e) — MHOXKECTBO TaKMX BEPIIKMH U, YTO MYTh B JA€PEBE
T, coeMHSAIONINI U C Po, CONEPKUT PebPo €)?

Hemownuk [409]. K sToit 3amage ceogures 3amaua TTI-3.

Kommenmapudi. 3agada ocraércs NP-TogHON 1 B TOM CJIydae, ecii Bce To-
TPEeOHOCTH PABHBI MEXKIY CODOIA.

[TIC 7] OIITUMAJIBHBIN KOMMVHI/IKAHI/IOHHblﬁ OCTOB

YCJIOBUE. 3anansr mommeiit rpad G = (V, E), sec w(e) € Z; xaxmoro
pebpa e € E, norpeduocts r({u,v}) € Z§ nna xaxaoit maper {u, v} Bepmmn u3
V, rpanuna B € Z; .

BOITPOC. Cymecrsyer su 8 G takoit octos T', 9410

Y W({u,0})-r({u,v}) < B,

u,veV

rae W ({u, v}) obo3mauaer cymmy BecoB pébep myTH B T', COEIMHSIONIETO U 1 U7
Hemownurk [266]. K sToit 3amade ceogures 3amaua TII-3.
Kommenmaputi. 3amaua ocraéress NP-TIONHON Taske TOTIA, KOTJA BCE TO-
TpeOHOCTH PpaBHBI MexK Ty coboii. Fciin Bce Beca paBHBI MEXK Iy CODOIi, TO 3ama4a
paspenimMa 3a MoaMHOMUAJbHOE Bpems [227].

[TIC 8] U3OMOP®HBIN OCTOB

YCJIOBHUE. Bananst rpad G = (V, E), nepeso T = (Vi, Er).

BOITPOC. Bepuo mu, o G cCONEPKUT OCTOBHOE JIepeBo, u3omopduoe 1'7
Hemouwnux. K aToit 3amage ceogurea sagaga TAMUJIBTOHOB IIYVThH.
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Kommenmapudi. 3agaua ocraéress NP-nonuoii B ciiepyromux ciaydaax: (a) T
— 1yTh, (6) T — nomHoe GuHapHoe gepeBo, cM. [418], (B) T' —3-3Be3xa (1. e. Vi =
{vo} U{ui, vi, w1l <i < n}, Er = {{vo, ui}, {us, vi}, {vi, wi} 1 1 <i <n}), em.
[152]. Ecin G — rpad mapocouerannst win 2-3Be371a, TO 3aja4a pas3pernnma 3a
NOJIMHOMUAIBHOE Bpems. Kraccudukaimio CI0KHOCTH TOH 381841 JJ1sl IPYTUX
THIIOB JIepeBbeB cM. B [418].

[TIC 9] K HAMJIYYIIINX OCTOBOB (*)

YCJIOBUE. 3anamer rpad G = (V, E), sec w(e) € Z; xaxmoro pebpa
e € E, nomoxurenbHble 1enabie ynciaa K n B.

BOIIPOC. Cymecrsyer i B G K pa3IudHBIX OCTOBOB, OOIINI BEC KOTOPHIX
He npepocxogut B?

Hemownux [260]. K aroit 3anaue ceogurcs no Treiopunry 3anaua TAMUJIb-
TOHOB IIVTh.

Kommernmapudi. [TpuranmexkHoCTh 3T0M 3amadn Kiaaccy NP He ycTaHOBIEHA.
Bagada MoxKeT ObITh PelIeHa 33 IICeBIONOTMHOMUAIbHOE BpeMs (BpeMsi, orpa-
unvennoe noanHoMoM ot |V, K, log B, max{logw(e) : e € E}), cm. [322], n,
CJIEIOBATEIHLHO, TIPY JII0OOM (BUKCUPOBAHHOM K MOYKET OBITH DEIIeHa 38, TTOJIN-
HOoMHuATbHOE Bpems. COOTBETCTByIOIIAS 3a/Ja49a Tepedncaenns spaserca K P-
noaoi. OHAKO BAPHAHT 33/1a9H1 IEPEYUCIEHNsT, B KOTOPOM OTCYTCTBYIOT BECA,
peliaercs 3a NOJIMHOMUAJILHOE BpeMs (CcM., Hanpumep, [198]).

[TIC 10] IEC C OTPAHUYEHHBIMU KOMIIOHEHTAMMU

YCJIOBUE. Baznanst rpad G = (V, E), sec w(v) € Zy xaxaoit BepimmHbt
v € V, nonoxurensubie nensie yncta K u B(K < |V)).

BOITPOC. MoxkHo 71 BepiiuHbl 13 V' Tak pa3duTh Ha HEMepeceKarOInecs
muokectBa, Vi, Va, ..., Vi (k < K), uro moarpad rpada G, MHIyIUpOBAHHBII
MHOXKECTBOM V;, ABJISIETCS JEPEBOM, a CyMMa BECOB BEpIINH U3 V; HE TPEBOCXO-
mur B?

Hemownurk [194]. K sroit 3anade ceonnres 3amada PASBEHUE HA TIVTU
JJIMHHI 2.

Kommernmapuii. 3anaga ocraércs NP-OHOM U TOTIA, KOTIA BCE BECA PABHBI
1, a B — npousBonbHOe BbUKCUPOBAHHOE 1IeJI0e Yucio, Gomnbinee 2 [152]. Sanaga
MOZKET OBITH PelIeHa 3a MOTMHOMHUAIBLHOE BpeMst, eciu G — IepeBo Wil eCiiu BCe
Beca paBHbl 1 u B = 2 [194].

[IIC 11] BETBJIEHUE CO MHOTVIMU BAPUAHTAMU

YCJIOBUE. 3anansl opuentuposannbiii rpad G = (V, A), Bec w(a) € Z+
KaxkI0# myru a € A pasbuerre MHOXKeCTBA A Ha HemepeceKaroImecs MHOKECTBA,
Ay, As, ..., Ay, ¥ IONIOKUTEIBHOE TIET0e uncio K.

BOITPOC. Cymecrryer s Takoe moaMuoxkectBo A’ C A, uro Y a € A'w(a) >
K, nukakue gse nyrm w3 A’ we okamumBarorca B omHoii Beprmue, A’ me co-
JIepkuT mUKIoB U A’ comepxkuT He Gosee OJHON IyrH M3 KasKJI0r0 MHOMKECTBA

Hemownuxk [152]. K sroit 3amage ceogurcs 3anaua 3-BBITI.

Kommenmapuii. 3anaua ocraércs NP-nmoyHOR naxke Torna, Korga G CHIbHO
CBfI3aH W €CJIM BCe Beca paBHbI Mexy coboit. Ecim |4;] = 1 nna Bcex i, To
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38198 IPEBPAIAETCS TIPOCTO B 331849y OTHICKAHUS <«BETBJIEHUS MAKCUMATBHO-
ro Becay, T. €. 33Jady OTBICKAHUS MEPECeIeHUs ABYX MATPOM/IOB, PA3PEIIAMYIO
3a nojaMHOMHAJbHOE BpeMs (cM., Hanpumep, [512]). (B cunbho cBa3HOM rpade
BETBJIEHUE MAKCUMAJIHLHOTO BECA MOYKHO PACCMATPUBATL KAK OPUEHTUPOBAHHBII
OCTOB MaKCUMAJILHOTO Beca). AHAIOTMYHBIM 00pa30M ecu rpad CUMMETPUIeH,
TO 3314498 CTAHOBHUTCS SKBUBAJIEHTHOM 3a7a4€ 00 OCTOBE CO MHOTMMHU BAPHUAHTA-
mu (Apyroil 3amade 0 nepeceveHun ABYX MATPOUIOB) U OKA3LIBAETCs PA3PEIy-
MOt 32 HoMMHOMHATLHOE Bpems [509].

[TIC 12] AEPEBO IIITEMHEPA HA TPA®E

YCJIOBUE. 3agamet rpad G = (V, E), Bec w(e) € Zg xaxmoro pebpa
e € E, nogmuoxectBo R € V u monoxkurenbHas 1eaasa rpanumna B.

BOITPOC. CymecrByer nu B rpade G Takoe MOAIEPEBO, COMEpIKAIIEe BCe
BepHMHBL U3 R, 970 cymMMa BecoB pébep 3TOoro moajaepesa He npesocxogut B?

Hemownuxk [280]. K sroit 3anave cBopures 3agada TOYHOE ITOKPBHITUE
3-MHOZKECTBAMI.

Kommernmapuidi. 3amada ocraéres NP-nomHO# U B ToM ciydae, ecnid G —
NIBYIONBHBIA Tpad, He UMeInil PEdep, COeTUHSIONINX BEPIIINHBI MHOXKeCTBA R
win V' \ R (cum. [37]), wiu ecniu G — wranapusriit rpad [149].

[[IC 13] TEOMETPUYECKOE JIEPEBO IIITEMHEPA

YCJIOBUE. 3anansl maOKecTBo P C Z X Z TOYeK Ha IIOCKOCTH U ITOJIO-
xKureabHOe yncao K.

BOIIPOC. CymiecTByer i TaKoe KOHEYHOE IIOAMHOXKECTBO () € Z X Z, 9T0
It MHOXKecTBa Bepuma P U @Q cymecrByer octoB ¢ BecoM He Gosee K (rue Bec
peopa {(z1, 1), (22, y2)} pasen [((z1 ——z2)?+ (V1 ——y2)?)'/?] — mucxpernomy
eBKJIMIOBY PACCTOSTHUIO MexXay (z1,y1) 1 (X2, y2))?

Hemownurk [142]. K sroit 3amage ceogurcs 3anada TII-3.

Kommernmapuii. Bagaga NP-nonna B cunbaOM cMbicie. Ocraéres NP-momHoiH,
ecJIu JUCKPETHOE PACCTOSHUE 3AMEHUTh «MeTPUKOi tuna Ly »: |21 — 2|+ |y1 —yo|
(cm. [149]) «wam merpukoit Thna Leo»: max{|z1 — x|, |[y1 — y2|} (mocaenmss
MeTpHKa TIpU TOBOpOTe Ha 45° skBuBajenTHa Merpuke Li). 3amaua ocraéres
NP-Tpyauoii B CUJIIBHOM CMBIC/IE, €CJIA NPUHATH (HEIMCKPETU3UPOBAHHOE) €B-
k11080 paccrosaue (21 — 2)° 4+ (Y1 — y2)?)Y/?, HO B MOCTEAHEM CTyUAe HpH-
HaJIeXKHOCTD 3a0auu Kiaaccy NP e ycranosiena [142]. Hekoropsie monunomu-
AJILHBIE AJTOPUTMBI I CENAAIBLHBIX CIy9aeB METPUKA THTA L1 TPemIosKeHbl
B pabore [6].

A2.2. Pa3pe3nl u CBA3HOCTH

[TIC 14] PABBUEHUE I'PA®A

VYCJIOBUE. Banann rpad G = (V, A), Bec w(v) € ZT kaxJ0ii BepHIMHBI
v €V, quna l(e) € ZT kaxoro pebpa e € E, a TakyKe NOJ0KUTETbHbIE HETble
qncna K u J.
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BOITPOC. Cymecryer i takoe pa3bueHre MHOXKECTBA V' Ha HEmepeceKa-
forpecst moaMmuoxkectsa Vi, Vo, ..., Vi, 910

Z w(v) < K(maa scex 4,1 <1 < K),
veV;

u ecmm E' C E — MHOXKeCTBO pébep, HMEIOIINX KOHIBI B PA3HBIX MHOXKECTBAX

V;, To
> le) < T?
ecE’

Hemownurk [243]. K aroit 3amade ceoaures 3anata PASBVIEHUE HA TPE-
YT'OJIBHUKN.

Kommenmapuii. 3amagda ocraéress NP-nonuoit pist pukcupoansoro K > 3
Iazke B TOM ciydae, eciau Bce Beca pasubl 1. [Ipu K = 2 3amaga mMoxkeT ObITH
pelreHa 3a MOJTHHOMHUATBHOE BPEMs METOOM MapOCOYeTAHU.

[TIC 15] AINKJINYECKOE PABBVMEHUE

YCJIOBUE. 3agmannt opuentuposannniii rpad G = (V, A), sec w(v) € Z+
Kayk0i BepmmHbl v € V, croumocth c(a) € ZT kaxaoit ayri a € A, TOnoxKu-
TeJIbHBIE TIesble yncaa B u K.

BOITPOC. Cymecryer i takoe pa3bueHre MHOXKECTBA V' Ha HemepeceKa-
fouecs MHOKecTBa Vi, Va, ..., Vi, 9ro opuenruposanubiii rpad G = (V' A')
(cme V' = {V1, V3, ..., Vi } u (V;, V;) € A’ roraa u Tonbko roraa, Koraa (vj, vj) €
A nnist HeKOTOPBIX v; € V; u v; € Vj) SIBISIeTCS AIUKINYIECKUM, CyMMa BECOB
BEPITUH KasKIOTO W3 MHOXKECTB V; He MpeBocxoanuT B n cymma ctommocTeii Beex
JIyT, HIMEIOIIIX KOHIIBI B PA3HBIX MHOXKECTBaX, He mpesocxomut K7

Hemownuxk [152]. K sroit 3amage ceogurcs 3anada TII-3.

Kommenmapudi. 3anaga ocraércs NP-nonHoili u B ToM ciaydae, ecin w(v) = 1
ns Bcex v € V u e(a) = 1 gna secex a € A. 3amada MokeT ObITh pEIieHa
34, TTOIMHOMUATIRHOE BpeMst, eciim (G CONEPKUT HEKOTOPHI TAMWJIBTOHOB MyTh.
TTocnennee CBOMCTBO I AIMKINYECKUX TpadOB MOXKET OBITH MPOBEPEHO 34,
nomuHOMEAIbHOE BpeMs (cM. [287]). Ecim G — mepeBo, To obmas 3agaga NP-
HOJTHA B OOGBIYHOM CMBICTIE, HO MOXKET OBITh PEIleHa 34 MCEBIOIOTTHOMUAATBHOE
Bpems (cM. [365]). Bee Tpu 3amadu MOryT GBITH DEIIEHBI 33 HOJTHHOMHUATIHHOE
BPEMsI, eCITH Beca BCeX pEGep paBHBI MexIy coboit (cm. [194]) wim ecim Beca
BCEX BEPIIMH PABHBI MEXKIy coboit (cMm. [152]).

[TIC 16) MAKCUMAJIBHBI PA3SPE3

YCJIOBUE. 3agmannt rpad G = (V, E), sec w(e) € ZT xasxkaoro pebpa
e € E, nonoxwurenbHoe nesoe quciao K.

BOITPOC. CymecrByer in pa3buenne MHOXKeCTBa V' Ha IBA TAKUX Hemepe-
CEKAIOIINXCST MHOXKECTBA, Vi u V;, 9T0 cymma BecoB pébep mu3 E, coemmHsIIONmx
BepIUHBI 13 MHOXKecTB Vi u V5, He menee K7

Hemownuk [280]. K sroit 3amave ceomures 3anata MAKCUMAJIBHAS 2-
BBITTOJTHUMOCTb.

Kommenmapudi. 3amaga ocraérest NP-nonHoit, ecmn w(e) = 1 17151 Beex e €
E (ona naswpzaerca IIPOCTON MAKCUMAJIBHBIN PA3PE3), cm. [157], u
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ecau, Kpome TOro, B rpade Her Bepmun crenedu cosee 3 cm. [538]. Eciu G —
IIeHAPHBINA rpad, TO 3a7a9a MOXKET ObITh PEIleHa 34 MOMTHHOMHUAILHOE BPEMs

[195,406].

[TIC 17] MUHUMAJIBHBIN PASPE3 C OTPAHUYEHUAMUN

YCJIOBHUE. Baganst rpad G = (V, E) ¢ aByMs BbIIEJICHHBIMA BEPITUHAME
s,t €V, Bec w(e) € ZT kaxjoro pebpa e € E, a TakKe MONOKHUTETbHBIE HETble
yncna B u K (B < |V]).

BOIIPOC. CymectByer i pa3bueHne MHOXKECTBA, V' HA IBa TAKUX MOIMHO-
skectBa Vi u Vo, uro s € Vi, t € Vo, |Vi| < B, |V2| < B u cymma Becos pébep u3
E, coenuusitonux Bepmunabl u3 Vi u Vs, He npeBocxoaut K7

Hemownuk [157]. K aroii 3azage cBogurcs 3amada [IPOCTOI1I MAKCH-
MAJIBHBII PA3PE3.

Kommenmapudi. 3amada ocraéres NP-nomuoit gis S = |V|/2 u ecin w(e) =
1 nst Beex e € E. Ecin B = |V, To 0Ha MOXeT OBITh DellieHa, 3a MOIMHOMHU-
aIbHOE BPEMS CTAHZAPTHBIMA METOZAMW TEOPWH TIOTOKOB B CETSX.

[TIC 18] ABYCBS3HOE IIOIIOJIHEHUE

YCJIOBUE. Bananwt rpad G = (V, E) , Bec w({u,v}) € Z* xaxoit neymo-
psiIOYeHHOM Maphl {u, v} BepiH U3 V 1 MOJOKUTETHHOE 106 Yncio B.

BOTIPOC. Cymecryer am Takoe MHOXKeCTBO E’', cocrosmmee m3 Heynops-
noueHHBIX map Beprmn V, uto Yo p o w(e) < B wmrpad G = (V,EUE') -
nBycBszeH (rpad Ha3bIBAETCS JABYCBA3HBIM, €CJIU MOC/E yAAJeHus JH000H oT-
JIEJIbHOIN BEPIIKUHBL OH OCTAETCS CBA3HBIM)?

Hemownuk [113]. K pannoii 3anade csogurcs 3amada TAMUJIBTOHOB
OUKJI.

Kommenmaputi. Bauskasg 3amada, B koropoii rpad G’ pébepro ceazan (T. e.
He PACIaJAeTcs MoCie yaajieHus oaHoro pebpa), rakxke NP-nonna. O6e 3ama4u
ocraforcs NP-TIONHBIME, eCTH Bce Beca paBubl aub0 1, mubo 2 u E nycro. Obe
38191 MOTYT OBITH PEIIeHbI 33 MOJMHOMUATHHOE BPEMsI, €CTTH BCE BECA PABHBI
MEKIy CODOIA.

[TIC 19] CNJIBHO CBA3HOE IIOITIOJIHEHUE

YCJIOBUE. 3anaunt opuentuposanubiii rpad G = (V, A), sec w(u,v) € Z+
KaKJIOH yrnopsiIoueHHol napbl Bepiiud (u, v) € V x V u nomoxurenbHoe neroe
qucio B.

BOTIPOC. CymecTByeT m Takoe MHOXKECTBO A’ yrmopsmoueHHbx map Bep-
mmn w3V, aro 0 o4, w(a) < B wrpad G' = (V, AU A') cuanwo ceasen?

Hemownuk [113]. K stoit 3agade ceognres TAMIJIBTOHOB ITUKJI.

Kommenmapudi. Bamada ocraéres NP-mosHOM, eciid Bce Beca paBHbI 1 wim
2, a A mycro. Moxker GBITH pPemeHa 3a MOJMMHOMHUATBLHOE BPEMS, €CTTH BCE BECA
PaBHBI MEXKIy CODOIA.

[TIC 20] HAJEXKHOCTB CETHU (*)

YCJIOBHUE. 3azaubt rpad G = (V, E), nogmuoxecrso V! C V| mia kax-
noro e € E panuonanbhoe gucio p(e), 0 < p(e) < 1,— BepodrHOCTH HEUCIPAB-
HOCTH, HOJIO’KATETBHOE PAIMOHAIBHOE Yucao q < 1.
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BOITPOC. BepHo 1, 9TO ¢ BEPOATHOCTHIO, HE MEHBIIEH ¢, JT0ObIEe IBe Bep-
MMHLL 13 V' COeIMHEHBI MO KPaiHeil Mepe OJHUM IyTeM, He COIEPIKAIIUM HEnc-
npaBubix pébep. (IIpeamonaraercs, 4ro HeucnpaBHOCTH B pebpax BOZHUKAIOT
HE3ABUCUMO. )

Hemownux [458]. K sroit 3azade csomurca JEPEBO IIITENMHEPA HA
'PA®E.

Kommernmapud. [lpuragmeskHocTs 3TOM 3a0aum Kiaaccy NP He ycTaHOBIIeHa.
Bagaga ocraérest NP-monHO# naxke B ToM ciydae, ecaun |V > 2 [523]. Ana-
JIOTUYHAs 337]a49a, B KOTOPOil Tpebyercsi, YTOObI KAXKIYI0 mapy BepuiuH u3 V.
COEIMHANN N0 KpaiiHell Mepe JaBa HemepeceKaomuxcs myTa, NP-Tpyana naxke
rorga, korga V' =V, [28]. Ecin G — opuenTtuporanbiii rpad n TpeGyeTcst BbI-
SICHUTH, CYIIECTBYET JIM OPUEHTUPOBAHHLIN MyTh, COSAMHAIOMIAH 00V Tapy
yHnopsoYeHHbIX BepumH B V', 1o 3amada NP-rpyana xak upu |V'| = 2 [523],
rak u ipu V' =V [27]. Muorue 3ana4u nepeuuciaenus: noarpados, yIoBIeTBo-
PAIOMINX YKA3aHHBIM BbIiIe cBoficTBaM, K P-monHbr (cM. [523]).

[TIC 21] BEBIXKUBAEMOCTDL CETH (*)

YCJIOBHUE. 3azanbt rpad G = (V, E), nng kaxzgoro ¢ € VUE pauuonasib-
Hoe uucyio p(z), 0 < p(z) < 1,— «BepOATHOCTH HEUCIIPABHOCTH », HOJIOKUTEIbHOE
pammoHaIbHoe uncyio q < 1.

BOIIPOC. BepHo i1, 4TO BEpOATHOCTb TOrO, YTO IJsd BCEX u,v € FE mo
KpaiiHeil Mepe OIMH 3JeMeHT u,v wiu {u,v} HeucnpaseH, e Mmenbine g7 (B
NPENOIOKEHUH, YTO HEUCIIPABHOCTH PEGED U BEPIIUH HE3aBUCHMBL. )

Hemounuy [458]. K sroit 3agade ceogurcs BEPIIITHHOE ITOKPBITHE.

Kommernmapud. [IpuragmeskHocTs 3T 3a0aum Ki1accy NP He ycTaHOBIIEeHA.

A2.3. 3amaum o maprpyrTax

[TIC 22] KOMMMUBOSIYXKEP

YCJIOBUE. Baganbr Mmuoxkecreo C, BKIIIOYAOIIEE M TOPOJIOB, PACCTOSHUE
d(ci,cj) € ZT mexmy kaxkoit mapoit roponos ¢, ¢; € C n MONOKATETbHOE
mesoe unciao B.

BOITPOC. CymiecrByer i MapiipyT JIHHBL He 6ostee B, mpoxoasaimii yepe3
Bce ropona u3 C'7 VIHbIMU CJI0BaMU, CYIIIECTBYET JIM TAKasl TePECTAHOBKA, TOPOIOR
< Cr(1)s Cr(2)s - 5 Cr(m) > UTO

m—1

d(Cx(i)s Cr(it1)) F+ A(Cr(m)s Cx(m)) < B?

i=1

Hemounux. K 3amage ceomures 3anada TAMMJIBTOHOB UK.

Kommernmapud. 3amada ocraéres NP-nosHoiM 1 B ToM ciiydae, Koraa d(c;, ¢j) €
{1,2} mus Bcex ¢;,c¢; € C. Ocobble, pa3penmMble 33 MOTUHOMHUAILHOE BPEMsI
ciydad 9Toi 3azauu obcyxkaaorcs B paborax [172, 160, 510]. BapuanTt 3roit
3a/1a491, B KOTOPOM HINETCA MAPIIPYT CO CPEIHAM BPEMEeHEM NPUOLITH, HE IIpe-
BocxogAmuM B, takyke NP-nonoH (cM. [469]).
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[IIC 23] TEOMETPUYECKAS 3A/TAYA O KOMMUBOA>KEPE

YCJIOBUE. 3anansl MOKecTBO P C Z X Z TOYeK Ha ILIOCKOCTH U ITOJIO-
JKHATEJIbHOE 1Ies10e 4uciao B.

BOITPOC. CyrecrByer jiu MapIiupyT AJIUHbL, He Oombieit B, nis uHauBuLy-
azproit 3amaun KOMMUBOAYKEP, 8 xoropoit C'= P u d((z1,y1), (2,y2)) =
[((z1 — 22)% + (y1 — y2)?)"/?] —eBKIMIOBO MUCKpETHOE paccTosHITe?

Hemownuk [410, 141]. K sToit 3amade ceogures 3amaqa TTI-3.

Kommernmaputi. 3agaua NP-tonHa B cuiabHOM cMmbicae. Ona ocraéres NP-
NOJHOW B CHUJBHOM CMBICTE JIaXKe B TOM CIIydae, €CIU PACCTOSHHWE 3aMEeHUTh
merpukoil Tuna L [141] (wnu merpukoii Lo, Koropas mocsie moBopora Ha 45°
CTAHOBUTCS SKBUBaNEHTHOI MeTpuke L1). 3agaua ocraéress NP-TpyaHOil B Cuib-
HOM CMBIC/IE, CJIU TIPUHATH OOLIYHYIO (He JUCKPETHYIO) eBKIUIOBY METPUKY, HO
B 9TOM CJIydae MPUHAIIEKHOCTD ITOM 3a1atm kiaccy NP He ycraHoBieHa [141].

[TIC 24] BAJAYA KOMMUBOSXXKEPA C OTPAHUIYEHHBIMU
PACCTOAHU AMUA

YCJIOBUE. 3amansr muoxkectBo C, COCTOsIEE U3 111 TOPOIOB, PACCTOSTHUE
d(ci,cj) € Z* mexnmy kaxzaoit mapoit roponos ¢;,¢; € C' n momourenabHoe
nesjgoe 4uciao B.

BOITPOC. CymectByer jin MapiipyT, TPOXOIsIIHil Yepe3 Bce TOPOIa U He
comeprKamumii pébep muHbI, 60mbineit B? T.e. cylecTByeT jiu Takas mepecTaHOB-
Ka TOPOJIOB < Cr(1, Cr(2)s - » Cr(m) > 9TO d(Cr(i), Ca(iv1)) < B mpu 1 <i <m
u d(cﬂ'(m)a cﬂ'(l)) < B?

Hemownux. K pannoit 3agaqge ceogurcas TAMMJIBTOHOB HTMKJI.

Kommernmaput. 3agata ocraércs NP-monuoilt, naxke ecnu d(c;, ¢j) € {1,2}
114 BCex ¢;, ¢j € C'. Baxkuplil yacTHbIH Caydail 381241, pa3pelnMblii 32 MOIU-
HOMMAJILHOE BpeMs, onucan B pabore [172].

[TIC 25] KNTAMCKUI IIOYTAJILOH J1JId CMEIIIAHHBIX I'PA-
OB

YCJIOBUE. 3Banansr cvemanubiii rpad G = (V, A, E), tne A — MHOXKe-
CTBO OPMEHTHPOBAHHBLIX pébep, F — MHOXKECTBO HEOPUEHTHPOBAHHBLIX PEOED B
V; mmwma l(e) € Z xasxmoro pebpa e € AU F, rpanmma B € Z+.

BOITPOC. Cymectryer qu B rpade G nnka AauHbl He 60omee B, BKIIOYAI0-
WA IO KpaliHeil Mepe OJIMH pa3 KaxKJ0e OPUEHTUPOBAHHOE U KaXK/10e HEOPUEH-
TUPOBAHHOE PEOPO, TPUYEM OPUEHTHPOBAHHBIE PEOPA TOJIZKHBI BXOIUTD B ITHKJT
TOJLKO C TTPABUILHON OpPUEHTAIEH?

Hemounurk [480]. K sToii 3amade ceomurest 3-BBITI.

Kommenmapuii. 3amada ocraéres NP-TOTHOM 1ayKe B TOM CIydae, eCIu -
HBI BCeX pé0ep paBHBI Mexky coboii, rpad G TIaHApeH U MAKCHUMYM CTemeHei
BepivH B HEM pased 3. Ecim gubo A, mubo E mycro (1. e. G — mubo opueHTH-
POBaHHBI, 160 HEOPUEHTUPOBAHHBIN rpad), TO 3a7a4a MOXKeT ObITh PelIeHa
3a MoMMHOMHUAIbHOE BpeMst [109)].

[TIC 26] BAJAYA O IIOABEMHOM KPAHE
YCJIOBUE. 3amansr cvemannstii rpad G = (V, A, E), ymna l(a) € ZF
KaxK7I0r0 sneMenta e € A U E, rpamuna B € Z T,
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BOITPOC. Cymecrsyer i B rpade G MUK AIUHLL He Oonee B, BKIOYa-
Ol KazkI0e OpUeHTHpPOBaHHOe pebpo u3 A 1o KpaiiHeil mMepe oauH pas u
OPOXOISAIINY WX TOJTBKO B MPABUIHHOM HAIIPABICHUN !

Hemownuk [130]. K sroit 3amage ceogures TAMUJIBTOHOB ITNKJI.

Kommenmapuii. 3amada ocraércess NP-TOTHOM 1aXKe B TOM CIydae, eCIu -
HBI BCeX pébep paBubl 1. Amajornunas 3a1a49a 0 myTH (C 3apanee BHIOPAHHBIMA
KoHlamu wiu 6e3 Hux) takxke NP-nosiHa.

[TIC 27] CEJIBCKUI IIOYTAJIBOH

YCJIOBUE. 3ananst rpad G = (V, E), ymna l(e) € Z§ kaxmoro pebpa
e € E, nonvuoxectso E' € E u rpannma B € Z; .

BOTIIPOC. Cymecrsyer mu B G UK, BKIIOYAIOIITIA Kaxkg0e pebpo u3 E' u
uMerouii auHy He 6osee B?

Hemownurk [335]. K mawnoit 3amade ceoquress TAMUJIBTOHOB IINKJI.

Kommenmaputi. 3anaua ocraéres NP-monHol maxke Torga, korma [(e) = 1
st Beex e € E. To ke camoe BepHO [1Jisi ODUEHTUPOBAHHBIX T'PadOB.

[TIC 28] CAMBIN JJIMHHBIN ITAKJI

YCJIOBUE. 3anannt rpad G = (V, E), nuna l(e) € Z+ kaxjoro pebpa
e € E, nonoxurenbHoe mesoe quciao K.

BOIIPOC. Cywecrsyer mu B G upki mgiaunbl He menee K (T. e. Takoil nuk,
cymMma, fyiuH pédep Koroporo He Menee K)?

Hemownux. K sroit 3agaue ceogurcs TAMWJIBTOHOB HMKJI.

Kommenmapudi. 3amaua ocraérest NP-TomHOM 1 B TOM ciaydae, ecan [(e) = 1
st Beex e € F, To ke camoe BEpHO U JIJisi OPUEHTHPOBAHHBIX IUKJIOB B OPH-
entupoBanubix rpadax. Eciu G — opuenruposanubiit rpad rypaupa u l(e) = 1
nis Beex e € FE, 1o 3ajada MoKeT ObITh pellleHa 33 MOTUHOMHAIBHOE BpPe-
Ms [393]. AnasornuHble 3a70a4W 115 OPHEHTUPOBAHHBIX N HEOPWEHTHPOBAHHBIX
rpadoOB, B KOTOPBIX UINETCS UKJI JJINHBI, He TPeBOCXo el K| MoryT ObITh pe-
IIEHBI 32 MOJIMHOMUAILHOE BpeMsi (CM., HampuMep, [254]), Ho ecin momyckaroTcest
pebpa oTpunaATeTbHOR AIHHBL, TO 3ama4da NP-moTHa.

[TIC 29] CAMBIN JJIMHHBIN IIVTH

YCJIOBUE. 3anaunt rpad G = (V, E), nuna l(e) € Z+ kaxjoro pebpa
e € E, nonoxurenpHOe menoe 9uciao K, BeIIeeHHble BepIuHbL S, ¢ € V.

BOITIPOC. Cymecrsyer qu B rpade G mpocToii MyTh IJIWHBI, HE MEHbIIeH
K (7. e. myTh, y KOTOPOTO CyMMa, ITUH pébep He menbine K )7

Hemounux. K sroit 3amaue ceogurcs TAMUJIBTOHOB IIYTHh MEXKIY
ABYMS BEPIITMTHAMMN.

Kommenmapudi. 3apada ocraéres NP-nonuoii u toraa, koraa l(e) = 1 mia
Beex € € F . To ke camMoe BEPHO 71T AaHAJTOTUIHON 34491 OTHICKAHUS OPHEHTH-
POBAHHOTO MyTH B OPMEHTHPOBAHHBIX Tpadax. Ins amukandecknx rpados 3a-
Jada B 00IIeM BUJIE MOYKET OBIThH perliena 3a TMOIMHOMUAIbHOe BpeMs [324]. AHa-
JIOTUIHBIE 330891 06 OPUEHTHPOBAHHOM W HEOPWEHTHPOBAHHOM <«KPaTJaifTIeMm
MyTH» s POM3BOMBHBIX IPadOB MOrYT OBITH PEHIEHBI 33 IMOJTHHOMHUATHHOE
Bpems (cM., Hanpumep, [324]), Ho cranoBsaTcs NP-1OMHBIMUE, €CIH JOITY CKAIOTCS
pebpa OTPpUIATENBHON JTAHBL.
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[TIC 30] KPATUHAMIIIUN IIYTh C OTPAHUYEHUEM IIO BE-
cy

YCJIOBHUE. Bananst rpad G = (V, E) ¢ qByMs BbLIEJIEHHBIMU BEPIIMHAME
s,t € V, nmuna l(e) € ZT, Bec w(e) € ZT kaxzaoro pebpa e € E 1 1M070KH-
TeJabHbIe 1esbie yncaa K u W.

BOITIPOC. Cymecreyer qu B G mpocToit myTh u3 s B t, Beca ne 6omee W u
nauHel He Oosee K7

Hemouwnur [380]. K sroit 3anade ceognres PASBBUEHIE.

Kommernmapudi. Ina opueHTHPOBAHHBIX TpadoB 3a71a4da TakxKke NP-morHa.
O06e 3amaun pas3permMbl 33 MOJIMHOMHUATILHOE BPEMS, €CJIM BCE BECA WU BCE
IJINHBI PABHBI MEXKIY CODOIA.

[TIC 31] K KPATYAUIIINUX TIYTEN (*)

YCJIOBHUE. Bananst rpad G = (V, E) ¢ qByMs BbLIEJIEHHBIMU BEPIIMHAME
s,t € V, nuna l(e) € ZT xaxjoro pebpa e € E U 10M0KUTETbHBIE HETble
qncna B u K.

BOIIPOC. CymectByer u B G K pa3nudHbIX MyTel OT S 110 £, BECA KOTOPBIX
He npeBocxonsaTr B?

Hemownurk [260]. K aroii 3amade ceogurest no Triopuary TAMUJIBTOHOB
IIYTh.

Kommernmapudi. [TpuaanmekHoCTh 3T0M 3a1a49n Kiaccy NP He yCcTaHOBIIEHA.
Ananornynas 3ajgada o Kpardaimmx nuknax rakxke NP-rpyana. Obe 3amadu
ocratorcss NP-tpynubivu u Torga, korga [(e) = 1 gua Bcex e € E. To xe
caMOoe BEPHO IS aHAJIOTHYHBIX 33149 B OPUEHTHPOBAHHBIX rpadax. OmHako Bce
BAPUAHTHI 3TOH 33129 MOTYT OBIThH PEIIEHBI 33 MCEBIOMOJIMHOMUATIHLHOE BPEMSI
(r. e. Bpems, orpanuvennoe nojsuromom ot |V, K u log B) u, cienoBarenbHo,
3a TMOJMHOMMAJIBLHOE BpeMsi MpH J000M (pUKCcHpoBaHHOM 3HadeHun unciaa K.
COOTBETCTBYIOIINE MEPEUNCTUTENHHBIE 330a49u K P-TIOTHEI.

A2.4. TlorokoBble 3ama4dn

[[IC 32| IOTOK MMHUMAJIbBHON PEBEPHOM CTONMOCTH

YCJIOBUE. 3amannt opuentuposauubiii rpad G = (V, A) ¢ asymsa Bbime-
JIEHHBIMU BEpPITUHAMHI § U ¢, MPOTycKHast crmocobrocTh ¢(a) € ZT u croumocTh
p(a) € Zi xawnoit myrm a € A, morpebrocts R € Z+, rpamma B € Z7.

BOTIPOC. Cymtecrsyer i notokosas dbyukmus f : A — Zg , obranamomas
CITEIIOMIAME CBORCTBAMU:

(1) f(a) < c(a) mua Beex a € A;

(2) Xuoyen F((u,0) =32, yea f((v, u) ans Beex v € V'\ {s, t} (1. e. Bo
Becex BepimHax v € V' \ {s, t} morok coxpansiercsi);

(3) Yowiea F((u, 1) =22 yea f((t,u)) > R (7. e. B Bepumny ¢t BTekaeT MOTOK
BEJINYUMHBI HE MeHbIeR);

(4) S p pla) < By ae A = {a € A: f(a) £ 0}?

Hemownuk [115]. K sroit 3anage ceogures TTI-3.

Kommenmapudi. 3anaga ocraércs NP-nonHoit u rorma, Koraa c(a) = 2 u
p(a) € {0,1} nna Bcex a € A. Ona paspenmma 3a NOTMHOMHUAJIBLHOE BpPeMs,
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eca ¢(a) = 1 g Beex a € A [115] uim ecu yenosue (4) 3aMEHATH yCIOBHEM
Y acapla) - f(a) < B (cm., nanpumep, [324]). Oxmako 3amada octaérea NP-
NOMHOH, ecmu yenosue (4) samennts yenosuem y, o 4(p1(a) f(a)® + p2(a)) < B
[208].

[TIC 33] HEJIOLII/ICJIEHHBIﬁ IIOTOK B CETU C YMHO>KU-
TEJIAMN

YCJIOBHUE. 3aznanbt opuentuposanubiii rpad G = (V, A), Bbiaesennbie ase
BEPUIMHBL § W , 3aJaHbl «yMHOXKUTeNb» h(v) € ZT nnd Kaxkao#l BepIIUHBI
v € V\ {s,t}, mpomycknas crnocobuocts c(a) € Z' xaxnoit nyru a € A u
noTpebrocTs R € Z71.

BOIIPOC. Cymecrsyer qn morokoBasi dyukmus f : A — Zy, Takas d9ro
BBITIOJTHEHBI YCIOBHST:

(1) f(a) < c(a) mua Beex a € A;

(2) mnst Beprma v € V' \ {s, t} BBINOMHEHO COOTHOIIEHNE

Yo h@) - flwo) = Y f((u0));

(u,v)EA (u,v)EA

(3) B BepuIMHY ¢ IPUTEKAET MOTOK, HE MeHbInui R

Hemownurk [463]. K sroit 3amade ceogures PASBBUEHUE.

Kommermaput. Ecnmu h(v) = 1 nus secex v € V' \ {s, t}, To oHa MO)KeT ObITD
permeHa 3a MOMHOMUAIBHOE BPEMs CTAHAAPTHBIMA METOJAMHA TEOPHHU MOTOKOB
B ceTsax. AHATOrMYHAS 3271494, B KOTOPOH JOIMYCKAIOTCA HEIEJTOIUCTCHHBIE 0~
TOKH, MOKET OBITh PEIIeHa METOAOM JIMHEHHOrO TPOrPAMMUPOBAHUS.

[TIC 34] IIOTOK B CETU C OTPAHUYEHUIMU

YCJIOBUE. 3anaust opuentuposanubiii rpad G = (V, A) ¢ asymsa Bbime-
JIEHHBIMU BEpITHAMY $ U ¢, TTPOTTyCcKHas crnocobHocTh c(a) € Z1 wawmoit gyru
a € A, mabop P opuenruposanHbix myTeii B G u morpebuocts R € Z 7.

BOTIPOC. Cymecrsyer m Takas bynkmus g : P — Zi, uto ecmu f: A —
Z§ — noroxosas bymKmmsa, 3amaBaeMas coorHomennem f(a) = Zpep(a) 9(p)
(rme P(a) C P — muoxecrBo Bcex myreil u3 P, comepxKamux ayry a), To f
YIOBJIETBOPSET yCIOBUSIM:

(1) f(a) < c(a) naa Beex a € A;

(2) B xaxzoii Bepmmue v € V' \ {s, ¢} morok coxpansiercs;

(3) B BepuIMHY ¢ BTEKaeT MOTOK, He MeHbInuii R

Hemownurk [436]. K sroit 3agade ceogurcsa 3-BBIIL.

Kommenmapudi. Banaua ocraéres NP-nonHoi, eciu Bee c(a) pasabl 1. Axa-
JIOTUYHAS 333494 /IS HEIEeIOYUCIeHHBIX MOTOKOB SKBHBAJIEHTHA 3amade JIV-
HEITHOE ITPOT'PAMMUIPOBAHIE, 1o BOTPOC O He COBMAIEHNH HAMIY|IIero
PAIMOHAILHOTO U HAUJTY YIIEro IEJI0UUCTIEHHOTO IIOTOKOB SABJIAETCs NP-MOTHBIM.

[TIC 35] HEJIO‘II/ICJIEHHbIﬁ IIOTOK B CETN C TOMOJIO-
T'MYHBIMU JAYTAMUA

YCJIOBHUE. 3aznansr opuentuposanubiii rpad G = (V, A) ¢ BbaeseHHbIMEI
JByMsl BEPHIMHAME S U t, TPOMYCKHAs CIOCOOHOCTL c(a) € ZT xaxkmoit myrn
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a € A', norpebrocts R € Z+ u muOKecTBO H € A X A «TOMOTOTHIHBIX> TIAD
JyT.

BOTIPOC. Cymiectsyer /m Takast moTokosast dbymkmus f: A — Z§, aro:

(1) f(a) < c(a) mua Beex a € A;

(2) Bo Bcex BepmmHax v € V' \ {s,t} morok coxpansercs;

(3) f(a) = f(a') nasa Beex map romomornaHeIX ayr < a,a’ >€ H;

(4) B BepuIMHY ¢ BTEKaer IIOTOK, He MeHbIuuil R

Hemounurk [463]. K s1oii 3amaue ceomgurest 3-BBITI.

Kommenmapudi. 3amaga ocraéres NP-nonuoili u B ToMm ciydae, eciu ¢(a) = 1
s Beex @ € A. (910 MOKHO 10KA3ATH C TTOMOIIBI0 MOAU(bDUKAIMYA KOHCTPYKIMU
u3 paborsl [114].) Amamormumas 3a/Ja4a C HEIEJIOYNCTCHHBIME MOTOKAMHA IIO-
JIMHOMMAJIBHO SKBHBajIeHTHa 3a1ade JIMHENTHOE ITIPOTPAMMIPOBAHUE
[251].

[TIC 36] HEJIO‘II/ICJIEHHbIﬁ ITIOTOK B CETHU C PACCJIOE-
HUAMUN

YCJIOBUE. 3anausr opuentuposannbiii rpad G = (V, A) ¢ BbiaesenabiMu
BEPIMHAMMY § U t U Takue «paccaoenusiy Iy, I, ..., I[;, C A, aro Ulgjgk I, =A,
IPOMYCKHBIE CTIOCOBHOCTH PACCIOEHHIE ¢y, Ca, ... , ¢, € Z 1, morpebrocts R € Z7T.

BOITPOC. Cymecrsyer ju Takas notokosast ¢gpyurmust f : A — Za', qTo
BBITIOJTHEHBI CIEYIOINAE yCIOBHUS:

(1) Socr, 1(3) < e5, 2 neex j, 1< j <

(2) B xaxzoii Bepimmue v € V' \ {s, ¢} morok coxpansiercs;

(3) B BepuIMHY ¢ BTEKaer IIOTOK, He MeHbIuuil R

Hemownuk [463]. K aroit 3amave ceognres HEBABUCUMOE MHOKE-
CTBO.

Kommermapudi. Eciu Bce IpomycKHBIE CIIOCOOHOCTH PaBHBI 1 1 Kaxk10e pac-
CITOEHWE BKJIIOYAET TOMBKO JBE JIyTH, TO 3a1a4a octaércs NP-nomoi. Amamno-
IUYHASA 38494, IJI HEIeJIOYNCICHHBIX TOTOKOB MOYKET OBIThH PENenHa, ¢ TTIOMOIIHIO
JINHEIHOTO TTPOTPAMMAPOBAHNAS.

[TIC 37] HEOPUEHTUPOBAHHBIN IIOTOK, OTrPAHUYEHHBIN
CHU3Y

YCJIOBHUE. 3ananst rpadp G = (V, E) c BbLue/€HHbIMU BEPUIMHAME S, T,
MIPOTTyCKHas CocobHOCTh c(e) € Z1 u nmxnss rpannma l(e) € Z; s kax10r0
pebpa einF, morpebuocts R € Z 7.

BOITPOC. CyrmecrByer jin Takasi IOTOKOBast (OyHKIIWSs

A, v), (v,u) : {u,v} € E}Y = Z,

9TO BBIOIHSIFOTCS CIEIYIONHE YCTOBHSL:
(1) mst mo6oro {u, v} € E qmbo f((u,v)) =0, ambo f((v,uw)) =0
(2) I(e) < max{f((u, v)), F((v, u))} < c(€) a7 veex € = {u, v} € F;
(3) Bo Bcex Bepumuax vinV \ {s, t} morok coxpansercs;
(4) B BepuIMHY ¢ BTEKaerT IIOTOK, He MeHbIuuil R

Hemownuyk [251]. K sroit 3agage ceogures BBITIOJTHIMOCTD.
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Kommenmapuii. 3agaga NP-1ojiHa B CUIBLHOM CMBICIE JIazKe B CIydae Hele-
JIOUMCTIEHHBIX MOTOKOB. AHAJIOrMYHas 3a7a4a JJjisi OPUEHTUPOBAHHBIX rpadoB
MOKeT ObITH PellleHa 3a NOTUHOMHUATBHOE BPEMsT JIazKe B TOM CJIy4ae, eC/Id BMe-
CTO MOTOKA, He MEHbIIEro R, MCKATL MOTOK, He Gombmmit R [125] (cM. Takwxe
[324]). Amamormumas 3amatna OPUEHTUPOBAHHBIN M-TIPOIYKTOBBIN
IIOTOK, OTPAHIYEHHBIN CHU3Y mpu Beex M > 2 1 HEIEIOYNCICHHBIX
MOTOKAX, TOMMHOMUATLHO KBHBaIeHTHA 331ade JJMTHENHOE ITPOTPAMMI-
POBAHIE [251].

[TIC 38] OPUEHTMPOBAHHBIN JIBYXIIPOAYKTOBHII IIE-
JIOYMCJIEHHBIN ITIOTOK

YCJIOBUE. 3anamusr opuentuposanubiii rpad G = (V, A) ¢ BeiaesenabiMu
BEpIIMHAME S1, S2,t] U tg, MPONYCKHAs cnocobHOCTh c(a) € Z1 kamoit myru
a € A, morpebroctn Ry, Ry € ZT.

BOTIPOC. CymecTByioT i Takue aBe MOTOKOBbIe DyHKIHH f1, fa : AtoZy
9TO

(1) £1(a) + fa(a) < c(a) Ans peex a € A;

(2) morok f;(i € {1,2}) coxpansercs Bo Bcex Bepruaax v € V' \ {s;, t;};

(3) mag i € {1,2} morok f;, Brekaiouuii B Bepiiuny t;, He Menblne R;?

Hemownuk [114]. K sroit 3agade ceogurca 3-BBIII.

Kommenmapudi. 3amaga ocragrcss NP-OMHON JlaXkKe B TOM CIIy4ae, ecyu
c(a) = 1 gna Beex a € A u Ry = 1. Bapuanr 3a1a4u, B KOTOPOM S = Sa,
t1 = 12 U O AyraM MOXKeT IepefaBaTbCd TOAbKO OJWUH KOHKPETHBIN MPOIYKT
(st KazK IOl Iy T CBOIT), TakKe aBjgercss NP-ToMHbIM (3T0 CIeayer u3 paboThl
[114]). Anagornanas M-npoayKToBast 3a/1a9a ¢ HEIEJIOUNCIeHHBIMUA TTOTOKAMK

npu Beex M > 2 MOTMHOMEHATBHO SKBHBaTeHTHA 3amade JJIMTHENHOE ITPO-
FPAMMUPOBAHUE [251].

[1IC 39] HEOPMEHTUPOBAHHBIN IBYXITPOIYKTOBBII IIE-
JIOYUCJIEHHBIN ITIOTOK

YCJIOBHUE. Banaust rpad G = (V, E) ¢ BbIIeIEHHBIME BEPITUHAMH S1, S2, b1
u ty, MpomycKkHas crocobrocTh c(e) € ZT kawmoit ayru e € E, norpeGHocTn
Rl, R € zZ+.

BOITPOC. CyrecTByior i Takue IBe MOTOKOBbIE (DYHKITUH

fi, fo : {(u,v), (v,u) : {u,v}} = Zg, aro BemMoOTHEAIOTCA CEMYTONIE YCITO-
BHS:

(1) mns moboro {u, v} € Eui € {1,2} mmbo f;((u,v)) =0, mubo f;((v,u)) =
0;

(2) pis Beex {u, v} € E Bomomnreno coorroterne max{ fi((u, v)), fi(v, u))}+
max{ f3((u, 0)), £2((v, 1)} < e({u, v});

(3) morok f;(i € {1,2}) coxpansercs Bo Bcex Bepruaax v € V' \ {s;, t;};

(4) nas i € {1,2} morok f;, Brexaioumii B Bepuiuny t;, He Menblie R;.

Hemounux [114]. K sroii 3agade ceomures OPUEHTUPOBAHHBIN IBYX-
ITPOYKTOBHI IIEJTOYNCJIEHHBIN ITOTOK.

Kommenmapudi. 3amaga ocragrcss NP-OTHON j1aXkKe B TOM CIIy4ae, eCcyu
c(e) = 1 pua Bcex e € E. Ona paspemmMa 3a NOJMHOMHUAJILHOE BPEMsi, €C-
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s c(e) 4érHo mig Bcex e € E. Ananoruunas 3azada Jjisi HELEJOYUCTEHHBIX
ITOTOKOB MOKET OBITH PEIIeHa 33 MOJTMHOMHUATHLHOE BPEMSI.

[TIC 40 HEIEPECEKAIOIIINECS COEANHAIOIIINE ITYTN

YCJIOBUE. 3aganst rpad G = (V, E) u Habop HENepecekaionmxcs nap
BepiuH (S1,t1), (S2,t2), ..., (Sk, tr).

BOITPOC. Bepuo i, uro B G copepKutcs k myreii, momapHO He UMEIOIINAX
OOLIMX BEPIIUH ¥ COENUHSONIUX S;, U t; (mng Beex 1,1 < i < k)?

Hemownurk [269, 281, 366]. K sroit 3anade ceogurca 3-BBIII.

Kommenmapudi. s nnanapubix rpados 3aga4a ocraéres NP-mosuHoii [366].
st 106010 (PUKCUPOBAHHOTO k > 2 CIOKHOCTH 33Ia49N OCTaETCs OTKPBITOMH, HO
IIJIST TTAHAPHBIX WM TPAH3UTUBHBIX rpadoB mpu k = 2 3amada pa3penmMa, 3a
nosuHOMHAIbHOE BpeMst [424]. (s obmeit 3amaun mpu k = 2 DOIMHOMHIAIIb-
HBII anropuT™M OBLT aHOHCHPOBaH B pabore [487].) Amamormdsas 3ajada st
ITAHAPHBIX AW ANUKJIAIECKHX OPUEHTHPOBaHHBIX rpados G mpu k = 2 pas-

pelmMa 3a MOIMHOMUAIBHOE BPEMs, a JIst OOIIMX OPHEeHTHPOBAHHLIX rpadoB
NP-nonua, [424].

[TIC 41] MAKCUMAJIBHOE YN CJIO OTPAHUYEHHBIX HEIIE-
PECEKAIOIIINXCY IIYTEN

YCJIOBHUE. 3agnanst rpad G = (V, E) c BbAeIeHHBIME BepIIMHAMY S U T,
a TaKIKe ToNMOXKUTeNIbHbIe nenbie uncaa J u K (J, K < |V)).

BOIIPOC. Bepuo ju, uto B rpade G comepxkutcs He meHee J myTeit u3 s B
t, TOTMapHO He MMEIOIINX OOIINX BEPINH W BKIIOUAIONINX He Oonee K pébep?

Hemounurk [252]. K s1oii 3amade ceomurest 3-BBITI.

Kommenmapuii. 3amada ocraéres NP-moaHOM 1j1sT TI000T0 (DPUKCUPOBAHHOTO
K > 5. Tllpu K < 4 ona pa3spemmMa 3a MOJIMHOMUATBHOE BpeMsi. 3aaada, B
KOTOPOM HIMYTCs MyTH, HE TIEPECEKAONTNEcs TOMBKO Mo pébpam, NP-monHa npu
Bcex (pukcupoBaHHBIX K > 5, OHA pa3pemmMa 33 MOJTUHOMHUAIBHOE BPEMsT IJIst
K < 3 un orkpwita ansg K = 4. Te ke camble pe3yJbTaThl UMEIOT MECTO W B
TOM CJIydae, ecyiv rpad U MCKOMBIE IyTH OPUEHTUPOBAHBI. 3374498 OTHICKAHUS
MAaKCUMATBLHOTO YHUCIA HEMEPECeKAIOIUXC sl MyTel u3 § B ¢ 6e3 orpaHuYeHus Ha
UX JJIMHY CTAHZAPTHBIME HOTOKOBBIMHU METOJAMU DPA3PEIIAeTCsT 33 MOJUHOMHU-
ajbHOe BpeMs (Kak B Ciiydae myTeil, He NepeceKaroluxcs 10 BEPIIMHAM, TaK U
B CJIydae MmyTeil, He MepeceKalonuxcs mo pédpam).

[TIC 42] MAKCUMAJIBHOE YN CJIO HEITEPECEKAIOITINX-
Cd IYTEN ®UKCUPOBAHHOWM JAJINMHBI

YCJIOBUE. 3anan rpad G = (V, E) ¢ BbIIeICHHBIMYA BEPIITUHAMYA § U ¢ U
3aJIaHbI TIONOXKUTENNbHBIE Tenbie uncaa J n K (J, K < |V]).

BOITIPOC. Bepuo su, uro B G comep:kurcs He MeHee J myTeit u3 s B t,
MTOTIAPHO He TIEPECEKAIOIINXCS MO BEPITUHAM W BKJIIOYAIOMIX pOoBHO K pébep?

Hemounurk [252]. K sToii 3amade ceomurest 3-BBITI.

Kommernmapuii. 3amada ocraéres NP-nomnoit gias scex K > 4. Ilpn K < 3
OHA Pa3pelIruMa 3a IOJIMHOMHAILHOE BpeMs. AHaJorudHas 3a1a4a, [Jjs IIyTei,
He Tepecekaionuxcsa mo pébpam, NP-monHa 111 aoboro ¢pukcuposannoro K >
4, 3ama4da paspenmma 3a HoJuHOMHUAIbHOe BpeMsa npu K < 2 U OTKpBITA IpHU
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K = 3. 91u x)e pe3ynbraThl UMEIOT MECTO [JIsi OPUEHTUPOBAHHBIX rpadoB U
myTeil, ¢ TOU JUIIb PAa3HUILE, YTO BAPUAHT 33/1a494, B KOTOPOM HILYTCA IIYyTH,
He IepeceKalolyecd 1o JyraM, pa3peniaercd 3a MOJIUHOMUAJBHOE BpeMs NP
K =3 u orkpeiT mpu K = 4.

A2.5. Pasuoe

[TIC 43] KBAOAPATUYHAS 3AJAYA O HASBHAYEHUN
YCJIOBUE. 3ananpl HEOTPUIATEIbHBIE 1E/I0YUCTEHHbIE CTOUMOCTH Cij, 1 <
i,j < n, paccrogang dy;, 1 <k, < m, u rpamuma B € Z1.
BOIIPOC. Cyecrsyer jin Takoe onHo3Hagnoe orobpaxenue f : {1,2, ..., n}

{1,2,...,m}, uro

YD i=1j#i"eids) < B?
i=1
Hemownuk [469]. K sroit 3anaue ceogures TAMUJIBTOHOB ITNKJI.
Kommenmapudi. JacTablil caydait sToit 3agauan, Korga dy = k — 1, ¢;j = cj;
u c;; € {0, 1}, maspisaercsa sanaueit OIITUMAJILHOE JIMHENHOE YIIOP-
JOYEHUE u asasterca NP-nonwoii. Obmas 3ama4ua 00Cy K IaeTCsl, HAIPUMED,
B kHure [161].

[TIC 44] MUHNMMWIBAIIN S YNUCJIA ®PUKTUBHBIX PABOT B
CETU IIEPT

YCJIOBHUE. 3agans: anukauueckuii rpad G = (V, A) (B KoTOpOM BepIIuHbI
OPEACTABJIAIOT 3a/IaHUs, a JyI'U — OPPAHUYEHHs OPEIIECTBOBAHNUS) U TOIOXKH-
resbHOE Henoe gncio K < V.

BOIIPOC. Cymecrsyer au cers tuna [IEPT, coorBercrBytomas rpady G u
nmeroras me 6omee K GUKTHBHBIX Ayr? VIHBIMU CTOBaAMH, CYIIECTBYET JIN TAKON
opuenTupoBanmbIi anmkmaecknit rpad G = (V, A') (vne V' = {v;,v] : v €
Vyu{(v;,v] :v; € V} C A'}), uaro |A'| < |V|+ K u B G' cymecTsyer myTh
OT ¥ K ¥; TOLJa H TOIbKO TOrAa, KOoraa B G CyIIeCTBYeT myThb OT U; K ;7

Hemownuy [307]. K sroit 3agade ceogurcs BEPIITTHHOE ITOKPHITHE.

[TIC 45] TPUAHTVJILAIINA C OTPAHUYEHUEM

YCJIOBUE. 3anganst rpad G = (V, E), xoopaunatsr z(v), y((v) € Z rax-
JI0H BepmMHbL v € V.

BOTIPOC. CymecrByer nm Takoe moaMHOkecTBo E' € E, 9T0 MHOXKECTBO
npsiMonuHeHHBIX orpeskos {[(z(u), y(u)), (z(v), y(v))]} : {u,v} € E' na mmoc-
KOCTH IIPEJICTABIAET CODOM TPUAHTYIAIMIO MHOXKecTBa Todek {(z(v), y(v)) 1 v €
Vi?

Hemownuk [359).

Kommernmapuii. 3anaga spisiercs NP-moMHONR B CHITBHOM CMBICTE.

[TIC 46] TPA® ITIEPECEYEHUSA OTPE3KOB PEIIIETKHN
YCJIOBHUE. Bagnaubl rpad G = (V, E) u 10I0KUTEIbHBIE LEIBIE YUCTA,
M,N.
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BOITPOC. Bepuo siu, uro G mpeacrasiser coboii rpad mepecedeHus: MHO-
2KECTBA, IIPAMOJIMHEHHBIX 0Tpe3KoB pemierku M X N7 lnadye roops, CyIeCTByeT
JI1 TAKOE B3aMMHO-OJHO3HAMHOE OTOOpaskeHne f MHOXKeCTBA BepIuH V' B MHO-
JKECTBO MPSMOJIMHEHHBIX OTPE3KOB TJIOCKOCTH ¢ KOoHUamu (z,y) u (z,w) (rme
1<ze<2< M, 1<y < w< N nmbo z =z, mbo y = w), uro {u,v} € E
TOrA U TOJIBKO Toraa, korga orpesku f(u) u f(v) nepecekatorcs?

Hemownuk [168]. K stoit 3aqa4e ceogures 3-PASBIIEHUE.

Kommenmapuii. Aranorndnas 3ama4da, B KOTOPO# crnpammpaercs: «Bepro
mu, yro G mpencrapnser coboi rpad mepecedeHuss MPAMOYTOTBHAKOB PEIIETKH
M x N» rakxe sBiasercs NP-nonuoii [168],

[TIC 47] BJIOYKEHUE PEBEP B PEIIIETKY

YCJIOBHUE. 3ananst rpad G = (V, E) u nonoxuresnbhbie 1ebie duciaa M
n N.

BOIIPOC. CymiecTByer Ju TakOe B3aUMHO-OJHO3HAYHOE OTOOparkeHnue f :
V —» {1,2,...,M} x {1,2,... ,N}, aro ecrm {u,v} € E, f(u) = (z1,y1) m
f(w) = (z2,y2), To b0 T = X2, U6 Y1 = Yo (. €. f(u) u f(v) pacnonokeHbr
Ha OOLIell Jyisd HUX <«JIMHUU» PelieTku) 7

Hemouwnuk [168]. K stoit 3amade ceogures 3-PASBIIEHUE.

[IIC 48] TEOMETPUYECKU CBI3AHHOE JJIOMUHUPVIOIITEE
MHOXKECTBO

YCJIOBUE. 3amanbl MHOXKECTBO TOYEK Ha, ILIOCKOCTU P = Z X Z, m0J10XKu-
TeJIbHBIE Tesble ynciaa B u K.

BOITPOC. Cymecrnyer an Takoe moamuoxkectso P C P, uro |P'| < K,
KaXKJast TouKa MHOXKecTBa P\ P’ HaXomuTcst Ha €BKIMIOBOM DACCTOSIHUW, HE
npesocxonsuieM B, or mekoropoii rouku muoxkecrsa P’ u rpad G = (P', E)
cBszen (B rpade G 1Be BEPIIUHBI COEIUHEHBI PEGPOM TOrJA U TOJIBKO TOIJA,
KOTJIa €BKJIMI0BO PACCTOSIHUE MEXKy HUMU He npeBocxoaut B)?

Hemownuk [344]. K sroit 3anade ceogures IINTAHAPHA S 3-BBIII.

Kommernmapuii. 3amaa octaérest NP-TIOTHON U B TOM CIydae, eClii eBKJIN-
JIOBA METPWKA 3aMeHsieTcst MeTpukoi tnmna Ly min Lo, [152].

[TIC 49] MUHUMAJIBHOE BPEM ITEPETAYY COOBIIIEHU

YCJIOBUE. 3anaust rpad G = (V, E), nogmuoxectso Vg C V u nomoxu-
TeJIbHOE 11eJIoe 9ucyio K.

BOITPOC. Moxuo nm 3a Bpemsi, He mpeBocxosiee K, «mepemarhs coob-
meHre 0T GA3UCHOTO MHOXKECTBA Vo KO BceM JpyruM BepinuHam? WHakwe TOBO-
pd, CYLIECTBYeT JiM Takas mociaemoBarenbuocts Vo, By, Vi, Es, ..., Eg, Vi, aro
Vi CV,E; C E,Vk =V u nna Beex i,1 < i < K, Boinonsenst yciosusi: (1)
POBHO OIUH KOHEIL KayKI0ro pebpa U3 MHOXKECTBa, F; TPUHAIJIEKUT MHOKECTBY
Vi—1 (2) nukaxkue nsa pebpa 3 MHOXKeCTBa F; He uMeioT ofmero kouna u (3)
Vi=Viy U{v: {u,v} € B,}?

Hemownuk [152]. K sroit 3anade ceonurca 3-C. Janbueiimue cBegenus: 06
9TOii 3a/1a4e MOXKHO HaiiTu B padore [121].

Kommermapudi. IIpu modbom dpurcuposanrom K > 4 3amgaga NP-monHa, a
npu K = 1 peraercst 3a MOJTMHOMHUATBLHOE BPEMsI C MMOMOIIBIO METOA TapoCo-
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geranuii. B ciyuae xorpa |Vy| = 1, 3amaga ocraéres NP-nomnuoit, Ho eciu G —
JIEpeBO, TO OHA Pa3penuMa 3a MOJIUHOMHUAILHOE Bpems [83].

[TIC 50) MUHUMAKCHOE MHO>KECTBO TIEHTPOB

YCJIOBUE. Baznanst rpad G = (V, E), sec w(v) € Zy xawaoit BepimmHbt
v €V, nmma l(e) € Zg xaxoro pebpa e € E, MOM0KHUTETHHOE TET0e THCIO
K < |V| u nonoskureabHOe pannoHATLHOE Incio B.

BOITPOC. CyiectByer a1 Takoe MHOXKecTBO P mommoctn K, «cocrosiiee
u3 Touek Ha G» (Toukoii Ha G Ha3BIBaETCs MO0 BepirHa rpada G, 1o Touka
Ha pebpe e € F, rae e paccMaTPUBAETCS KAK MPSAMOTUHEAHBIA OTPE30K JITHHBI
l(e)), uro eciu d(v) — gyuHA KpaTJaiiero My T OT BEPIIMHBL ¥ JI0 OiuKaiimei
K Heit Touke u3 P, ro max{d(v) -w(v) :v € V} < B?

Hemownuy [278]. K sroit 3agage ceogures JOMITHUPVYIOIIEE MHOKE-
CTBO.

Kommenmapuii. dta 3a0a9a W3BECTHA TAKKE TIOJ, HA3BAHUEM 3aJa9H O <P-
neHTpax». 3agada ocraércesa NP-moiHoit u roraa, korga w(v) = 1 gusa scexv € V
ul(e) = 1 nua scex e € E. Iis moboro dbukcupoBannoro K u 115 MpOU3BOJIb-
soro K npu yciosun, uro G — IepeBo, 3aa9a pa3pernma, 3a IOJTUHOMHAATIHHOE
BpeMms [278]. Bapuant 3roil 3agauu, B KOropoM P — IOAMHOXKECTBO BEPIIIWH,
rakyke NP-monon, Ho eciu K dukcupoBano wim G — 1epeBo, TO pa3pernuM 3a
HOJTMHOMHATBHOE BpeMst [493].

[TIC 51] MHO>KECTBO IIEHTPOB C MUHUMAJIBHO CYM-
MOW

YCJIOBUE. Bamaner rpad G = (V, E), Bec w(v) € Z7 ®axmoif Beprmmmet
v €V, mmna l(e) € Z§ waxmoro pebpa e € E, TONOKUTETHHOE TET0E THCTO
K < |V| u nonoxurenpHOe PAIMOHATIBHOE 9HCTO B.

BOITPOC. CymecrByer su Takoe MHOXKecTBO P, cocrosimiee m3 K «rodek
Ha G», yro ecym d(v) — gmHA Kpardaiiuiero myTu or v 10 OinkKaiiieil K Heil
rouku u3 P, 1o )7 .\ d(v) - w(v) < B?

Hemouwnuy [279]. K sroit 3agage ceogures JOMITHUPYIOITEE MHOKE-
CTBO.

Kommenmapuii. dta 3a0a9a W3BECTHA TAKKE TIOJ, HA3BAHUEM 3aJa9H O <P-
Meauanes. MOXKHO mOKa3aTh, 9To yciaosue P C V He OrpaHMYMBAeT OOIIHOCTH
3amaun. 3amada ocraéres NP-nomHoM, ecim w(v) = 1 nasi Bcex v € V nl(e) =1
nya Beex eink. Ecim K dukcnposano nin ecian K nponssonbio, a G — 1epeso,
TO 3a7a9a Pa3peImMa 3a TTOMHHOMUATBHOE BPeMs.

A3. MHOX2KECTBA N PABBUEHUNA

A3.1. IlokpeiTHe, MpeaCTABUTEJN N PACIIEILJICHUE

[MP 1] TPEXMEPHOE COYETAHUE (3-C)
YCJIOBHUE. Bagano nonmuoxkectso M C WxXxY (roe WX, Y — nenepe-

CEKAIOIIUECs: MHOXKECTBA, COAEPIKAILME 110 ¢ HIEMEHTOB).
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BOITPOC. Bepuo mu, ato B M conepxurcs 3-coderanue?! WHbIMY CTOBaMHU,
cymiecrByer Jin Takoe noamuoxectso M’ € M uro |M'| = q u Hukakue apa
3JIeMEHTa He MMEIOT HU OHON OJUHAKOBOM KOOPIMHATHI?

Hemownuyk [280]. K stoit 3anage ceogurea 3-BBIIT (cm. pasz. 3.1.2).

Kommernmapudi. 3amagda ocraércss NP-oHOM U B TOM city4ae, ecau M «cos-
MECTHMO MO Tapam», T. €. IJIsl JTFOOBIX JIEMEHTOB @, b U ¢ IMEET MEeCTO CBOHCTBO:
€CJTU CYIIECTBYIOT TAKWE 3JEMEHTHI W, T u Y, uto (a,b,y) € M, (a,z,¢) € M n
(w,b,¢) € M, 0 (a,b,¢) € M (3170 yTBEp:KIEHUE CIEAYET U3 TOKA3ATEIHCTBA,
reopembr 3.1.2). Bamaua ocraércss NP-TIOMHOM U TOTIA, KOT/IA HU OJUH JIEMEHT
He BXOIUT Gojiee YeM B TPU TPONUKH, ONHAKO €CJIH HET JIEMEHTOR, COIEPYKAIINXCS
Gosee 94eM B JBYX TPONKAX, TO 33Ja4a Pa3permMa 3a MOJTUHOMHAATBHOE BPEMS
[152]. Bauskas 3amaga [TAPOCOYETAHUE (8 koropoit M C W x X) takxe
paspernmMa 3a MOIHHOMHUAILHOE BpeMsi (cM., Harmpumep, [324]).

[MP 2] TOYHOE IIOKPBITUE 3-MHO>KECTBAMMU (TII-3)

YCJIOBUE. Bananst muoxecrso X (rakoe, 1ro |X| = 3¢), mabop C moa-
MHOYKECTB MHOKeCTBa X, COIEePIKAIINX M0 3 3JIeMEeHTA.

BOITPOC. Bepuo nu, aro C' cOAEp:KUT TOYHOE TTOKPHITHE MHOXKeCTBa X,
T. e. Takoit nogaabop C' € C, uro moboii 3meMenT n3 X NPUHAIJIEKUT POBHO
OIHOMY TMOIMHOXKeCTBY cemeiicTa C'?7

Hemownurk [280]. K sroit 3amaue ceogures 3-C.

Kommernmapuii. 3amada ocraérca NP-1moHOA U TOra, KOTJa HUA OAUH dJe-
MeHT 3 X He MPUHAIJIERKUT 0oJiee YeM TpeM MOIMHOXKecTBaM cemeiicta C,
HO €C/IVM HU OIWH 3JIEMEHT He TPUHAJICKUT DOJee YeM IBYM MOAMHOMKECTBAM
cemeiictea C, To 3a1a9a pa3pernma 3a MoJInHOMHUaIbHOe Bpemst [152]. Banskas
zagada TOUHOE ITOKPBITUE 2-MHOKECTBAMMU rakke pa3pemmma 3a

HOJIMHOMUAIBHOE BpeMsi (C HOMOIIBIO METO/a APOCOYETAHMIA).

[MP 3] YITAKOBKA MHO>KECTB

YCJIOBUE. 3aganst Ha60p C' KOHEIHBIX MHOMXKECTB, MOJOKUTETHHOE YUCIO
K <|C.

BOITPOC. Bepuo Jsiu, uro mHO)KecTtBO C' comepKuUT no kpaiineit mepe K
HEIIEPEeCeKAIOIIUXCI MHOXKECTB?

Hemownuyk [280]. K sroit 3anage ceognres TII-3.

Kommenmapud. Samada ocraéresi NP-momHOM, naxke ecan |c| < 3 myst Beex
¢ € C. C moMompio MeTo/Ia MapoCOYETAHMN 330298 PENIASTCS 38 TOJTUHOMHAATb-
Hoe Bpems, korga |¢| < 2 s Beex ¢ € C.

[MP 4] PACIIIEIIJIEHUE MHO>KECTBA

YCJIOBUE. 3anan zabop C' mOAMHOXKECTB MHOXKECTBA, S.

BOITPOC. CymmectByer nim Takoe pa3bneHre MHOXKeCTBa S Ha JIBa, MOIMHO-
JKECTBA, Y4TO HU OJHO IOAMHOXKeCTBO 13 C' He COUEPKUTCs UEIUKOM HU B S1, HU
B 52?

Hemownux [360]. K sroit 3azade csogurcea 3-BBIIT ITPYT PA3JIMYHBIX
JINTEPAJTIAX. 9ra 3agada ussectHa takxke noa Hazpaaunem PACKPAIIIIIBA-
EMOCTD I'NTIEPTPA®A B /IBA IIBETA.
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Kommenmapudi. Banaua ocraéres NP-nonHoit, naxe koraa || < 3 mig Beex
ce€ C. Ecmu |c| < 2 nnst Beex ¢ € C, (rakas 3amada HazbBaercs PACKPATIITI-
BAEMOCTD I'PA®A B [IBA IIBETA), 1o 3ana4a pa3peiinma 3a MOJTMHOMU-
aIIbHOE BPEMSI.

[MP 5| MUHNUMAJIBHOE ITIOKPBITUE

YCJIOBUE. Bagaubr Habop C' MOAMHOXKECTB KOHEYHOTO MHOXKECTBA S, MO-
noxkuTenbHoe mesoe wncio K < |C.

BOITPOC. Bepuo nn, uro C' comep>KUT MOKPHITHE MOIIHOCTH He 6omee K7
Nubivu cioBamu, cyinecTByer an takoe nmoaMHoxkectBo C' € C) uro |C'| < K (
u JT060# 3MmeMenT u3 S TPUHAJIEKUT 1O KpaiiHel Mepe 0JHOMY TOIMHOXKECTBY
u3 C'?

Hemownurk [280]. K sroit 3anaue ceogurest TTI-3.

Kommenmapud. 3amada ocraérest NP-monHo# naye roraa, Kormaa |c| < 3 st
Bcex ¢ € C. C moMOIIbIO METOIa MAPOCOYETAHNI 331898 PEITaeTCs 38 TOIHHO-
MuasbHOe Bpems, ecau |¢| < 2 s Beex ¢ € C.

[MP 6] MUHUMAJIBHOE MHO>KECTBO TECTOB

YCJIOBHUE. 3anamst nabop C' MOAMHOMXKECTB KOHEUHOT'O MHOXKECTBa, S U MO~
noxwurenbHoe neaoe ncio K < |C.

BOIIPOC. Cywecrsyer su rakoii noguatop C' € C, uro |C'| < K u mia
KasKJIOH maphl Pa3IMdHbIX 371eMeHToB u, v € C' cymectByer tect C' € C', comep-
AW POBHO OIWH W3 HUAX '

Hemownurk [152]. K sroit 3amade ceogurest 3-C.

Kommenmapudi. 3anaga ocraérca NP-nonnoit, eciu |c| < 3 gy moboro ¢ €
C?. Bapuant sToif 3a7a4u, Korga C' MOXKeT COTepyKaTh He TOTLKO MHOMKECTBA,
u3 C, HO u ux obbenunenus, takxke NP-nonon [247].

[MP 7] BABC CEMEICTBA MHOYKECTB

YCJIOBUE. 3azans: Habop C' 1OAMHOXKECTB KOHEYHOrO MHOXKECTBa S U I10-
noxwurenbHoe nemoe nciao K < |C.

BOITIPOC. Cymecrryer jiu Takoii HaOOp B MOIMHOXKECTB MHOYKECTBA S, ITO
|B| = K w ans kax1oro noaMHokecTBa ¢ € C' B B cylecTByer Takoit mogHabop,
9T0 0OBEINHEHNEe MHOYKECTB 3TOT0 MOaHabopa COBMaIaeT ¢ c?

Hemownuk [499]. K sroit 3agade ceogurcs BEPIIIMHHOE ITOKPHITHE.

Kommenmapudi. 3anaga NP-nonna, eciu |¢| < 3 st moboro ¢ € C, u cra-
HOBUTCS TPUBUAIBHOIM, eciu |c¢| < 2 ang kaxioro ¢ € C.

[MP 8] MHOXKECTBO IIPEJICTABUTEJIEN

YCJIOBUE. 3azans: Habop C' 1OAMHOXKECTB KOHEYHOrO MHOXKECTBa S U I10-
noxurenbHoe nenoe ynciao K < |S].

BOITPOC. Cymiectryer an takoe mogmuoskectBo S’ C S, uro |S'| < K u S’
COIEPYKUT MO KpaiHeil Mepe OIWH SJIEMEHT KasKIOoro MoaMHoKecTBa n3 C'7

Hemownuyk [280]. K sroit 3agade ceogurcs BEPIITTHHOE ITOKPHITHE.

Kommenmapudi. 3anaga ocraéres NP-110iHO# 1azke B TOM cirydae, eciu |¢| <
2 g Beex ¢ € C.

2 Tx. K. Jlenctpa yka3as wam, 9T0 9Ta 3aqa4a ocraérest NP-JI0IHON maske B TOM CIydae,
korza |c| < 2 mus moboro ¢ € C — Jonoanenue asmopos.
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[MP 9] MOZEJIb ITIEPECEYEHU A MHO>KECTB

YCJIOBHIE. 3anana marpuna A = (a;;) mopsiaka n X 1 ¢ IeMeHTaMI U3
7z,
BOITPOC. Cymecreyer an takoii Habop mMuORectB C' = {C4, Co, ..., Cp},
aro 1yist Beex 4, j(1 < 4, j < n) umeer mecro pasencrso a;; = C; N Cj|7?

Hemownux [77]. K sroit 3agade csognres PACKPAIIIUBAEMOCTD I'PA-
®A B TPU IIBETA.

Kommenmapuii. 3anada ocraérca NP-mosHO#R gaxe Toraa, Korja a; = 3
s Beex 4, 1 <@ < m (u cnegosaresibHo, Bce MHOKECTBA C; MMEIOT MOIITHOCTD,
pasayio 3). Eciu a; = 2, To 337a9a 9KBUBAJICHTHA 337a9€ O PACTIO3HABAHUN
pébeproro rpada ¥, CIeI0BATEILHO, PAa3pernmMa 3a MOJMHOMAAILHOE BPeMs
(cM., Hanpumep, [196]).

[MP 10] CPABHUTEJIBHOE COJIEP>KAHUE

YCJIOBUE. 3agansr qpa nadopa R = {Ry, Ry, ... , R} u S = {51, S, ..., Si}
MOJIMHOYKECTB KOHEUHOTO MHOXKecTBa X m miusa seex ¢ u j(1 <1<k, 1 <j <)
Beca w(R;), w(S;) € ZT.

BOITPOC. CymecrByer n Takoe nogmuoxkectso Y C X, 9o

S wR) > Y w(s)?

YCR; YCS;

Hemownuk [429]. K sroit 3agade ceognres BEPIIIMHHOE ITOKPHITHE.
Kommenmaputi. 3agaua ocraércess NP-moTHON JakKe B TOM CIydae, ecjIu BCe
IOJMHOXKECTBa n3 HabopoB R u S mMeror Beca, pasuble 1 [152].

[MP 11] IEPECEYEHUE TPEX MATPOUJI0B

YCJIOBUE. 3anaunst tpu marpouna: (E, Fy), (E, Fy), (E, F3) u nonoxu-
renbHOe Tesoe uncio K < |E|. (Marpounom (E, F) Ha3bIBaeTCst MHOYKECTBO
smeMeHTOB F M Takoe Hemycroe ceMeicTBo F' moaMHOXKeCTB MHOXKeCTBa, F, 9TO
BBITIONIHEHO 1Ba yeorust: (1) ecim S € F, 1o m m060e TIOAMHOXKECTBO MHOMKE-
crBa S npunajiexur F, u (2) eciu miua nByx muoxecrs S, S’ € F Bbiosnne-
HO coorHomenue |S| = |S'| + 1, to Haiinércs takoit snement e € S\ S’, uro
(S'u{e}) € F)

BOITPOC. Cymiecrryer n Takoe moaMuokectso E' € E, uro |E'| = K n
E' € Fy UF,UFy?

Hemouwnux. K aToit 3amage ceogurca 3-C.

Kommenmapuii. Ananornanas 3anaga [TIEPECEYEHUE IBYX MATPO-
NJIOB moxker ObITH pellieHa 3a MOJUHOMHUATLHOE BPEMsl TaXKe B TOM CIIydae,
€CITM MaTPOMIBI 33JIAHBI MOCPEICTBOM MOJMHOMUAIBHBIX AJTOPUTMOB, PACTIO-
3HAOIINX €ro COCTABJSIONHe. [Ipr 3TOM MOYXKHO IOMYCTUTH JIayKe, YTOOBI dJIe-
MeHTH e € F nverm Beca w(e) € Z1, a Heb 3aKTI0O9ATCA B OTBICKAHAN TAKOTO
mHokectsa B! € Fy U Fy, 9T0 ero Bec MaKCHMAJIbHO BO3MOMKHBIH (CM., HAIDH-

Mep, [324]).

A3.2. 3agaum 0 MHOXKECTBAaX C B3BEIIEHHbLIMH JIEMEHTAMU

[MP 12| PABBUEHUE
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VCJIOBUE. 3ananbr koneyHoe MHOkecTBo A u pasmepbl s(a) € ZT Beex
371eMeHTOB a € A.
BOIIPOC. Cymecrsyer mm takoe nmogmuoxkectso A’ C A, aro

Zs(a)z Z s(a)?

ac A’ a€A\A'

Hemownurk [280]. K sroit 3agage ceogures 3-C (cm. pasn. 3.1.5).

Kommernmapuii. 3anaga ocraércsa NP-mofmHON [ake B TOM CIydae, eciu Mo-
TpeboBarh, yTobbl |A'| = |A|/2, unu eciu 3a4aHO YHOPSIAOUYEHUE A1, G2, ... , d2p
9JIEMEHTOB MHOX)KecTBa A u Tpebyercs, uroObl A' cOmep:Kaao pOBHO OJUH 3Jie-
MEHT U3 KaKIOW mapbl ag;—1, a2 (1 < ¢ < n). Bee 3Tu 3a1aum, 01HAKO, MOTYT
OBITH PEIIeHBI METOJOM JUHAMUYECKOTO TIPOrPAMMUPOBAHUS 33 MCEBIOMOINHO-
MuasbHoe BpeMms (cM. pasi. 4.2).

[MP 13] CYMMA PA3MEPOB

VCJIOBUE. 3amannt koHedHoe MHOXKecTRO A, pasmepnl s(a) = Z1 mcex
9JIEMEHTOB @ € A ¥ TIOMOKUTENBLHOE TeJToe Ynucio B.

BOTIPOC. Cymectryer am Takoe moaMHoXKecTBO A’ = A, 9To cymma pas-
MEpOB €ro 3J1eMeHTOB paBHa B?

Hemouwnurk [280]. K sroit 3agade ceogurcs PASBBUEHIE.

Kommenmapudi. Bagada paspemuma 3a ICEBAONOIMHOMUAIBHOE BpeMsi (CM.
pazn. 4.2).

[MP 14] TIPOU3BEJEHUE PASMEPOB

VCJIOBUE. 3agannr koneunoe muoxkectso A, pasmepwt s(a) € Z1T mcex
SJIEMEHTOB G € A W TIOMOKUTENBHOE Hetoe 9ucao B.

BOIIPOC. Cymecrpyer u Takoe moamHoKecTBo A’ = A, 9ro nponssenenne
pPa3MepoB ero 3MeMeHToB pasHO B?

Hemownurk [538]. K sroit 3anage ceogurest TTI-3.

Kommernmapuii®. 3amaua paspemmmma 3a ICEBI0IOMTHOMAATLHOE BPeMs OT

|A|, max{s(a) : a € A}.

[MP 15] 3-PASBUEHUE

YCJIOBUE. 3amanbr MuHOXKECTBO A, cocrosiinee w3 3m 3/1€MEHTOB, MPAHUIA
B € Z* u rakue pasmepsl s(a) € Z1 Beex anementos a € A, aro B/4 < s(a) <
B/2wu ) ,c48(a) =mB.

BOITPOC. MoHO 7 MHOXKECTBO A Tak pa30bUTh HA M HEMePEeCeKAIONUX-
ca moaMuoKecTB Ap, As, ..., Ay, aro gys moboro (1 < 7 < m) BLITOTHEHO
cooTHoeRHe ) 4 s(a) = B (3amMeTHM, UTO KaxKI0e MHOKECTBO A; J0TKIHO
COZIEPKATH POBHO TPHU SJIEMEHTA)?

Hemownurk [145]. K sroit 3amage ceogurest 3-C (em. pasm. 4.2).

Kommernmaputi. 3amada NP-TojIHa B CUILHOM CMBICIIE.

[MP 16] TPEXMEPHOE COYETAHUE C OTPAHUYEHUSAMNI
II0 BECY

3Ha HETOYHOCTH B KOMMEHTAPHH K 3TOH 33Jatde, JOMYIIEeHHY0 B MEPBOM H3JaHMH, YKA3AJ
wam T. Ubapaku. — Jlonoanenue a8mopos.
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YCJIOBUE. 3anansr Henepecekaromuecs: Muoxkecrsa W, X u Y, comepxka-
e 110 m 3JEeMEHTOB Kaxkjoe, pa3zmep s(a) € Z7T KaxKJoro sineMeHTa a €
WUXUY urpanuna B € Z7.

BOITPOC. Mosxno mm muOX)ectBo W U X UY Tak pa3buTh Ha m Hemepe-
CEeKAIOMMXCst MHOKECTB Ay, As, ..., Ay, 9TO KaKI0E A; COTEPIKUT MO OTHOMY
anmeMeHTy u3 Kaxaoro muoxkecrsa W, X u Y u ana Beex i(1 < 4 < m) BbIION-

HEHBI COOTHOIICHMUST
E s(a) = B?

a€A;

Hemownu [152]. K sroii 3agade cBogurces 3-C (cM. Z0KA3ATETHCTBO TEOPEMbI
1.4).
Kommernmaputi. 3amada NP-ToiHa B CUILHOM CMBICIIE.

[MP 17] TAPOCOYETAHUE C OTPAHUYEHUAMMN I10 BECY

YCJIOBHUE. 3ananbr HemepeceKamonmecs MHOXKecTBa X u Y, KaxkIoe W3
KOTODPBLIX COAEPYKUT 1M1 3JIeMeHTOR, pasMephl s(a) € Z7T Bcex aaeMeHTOB a €
X UY u Bektop orpannvenuit < By, Bs, ..., By, > C HOI0KATEIHHBIMEA TETBIMHI
KOODIUHATAMH.

BOIMPOC. Moxuo mu muokectBo X UY tak pa3buTh Ha m Hemepeceka-
IOIUXCST MHOKECTB A1, Ay, ..., Ay, KaXKI0E M3 KOTOPBIX COAEPKUT TI0 OTHOMY
snementy m3 X Y, uwro ) 4 s(a) € B; aasa seex i(1 < i <m)?

Hemounuk. K sroit 3amade csomurcs TPEXMEPHOE COYETAHUE C
OT'PAHUYEHNAMUA I1O BECY.

Kommernmapuidi. 3anaga NP-omHa B CHIIBHOM CMBICTTE, HO Pa3permMa 3a
MOJIMHOMUATILHOE BpeMst, ecin By = By = ... = B,.

[MP 18] MATEMATUYECKOE O2KNJIAHUE CYMMBbI KOM-
ITIOHEHT

YCJIOBUE. 3anaust zabop C' m-MepHBIX BEKTOPOB U = (U1, Va2, ... , Up) C
LEIBIMUA HEOTPUIIATEILHBIMU KOODINHATAMH, TIOJOKUTEILHBIE Tefble uncia K
u B.

BOITPOC. Mox#o iz Tak pa3burh C' Ha HEMEPECEKAIOIHECs MOJAMHOKECTBA

01,02,...,01(, 9TOo
K
ma; v; | > B
Zlgjgxm (Z “) -

vel;

Hemownuk [152]. K aroit 3anage ceogurcs TII-3. Dra 3anaua Gblia npemio-
»keHa B pabore [534] u coorBercrByer 3ama4e 06 OTHICKAHUN PA3OUEHUsT, MAKCH-
MUBUPYIOIIEr0 MATEMATHIECKOE OXKUIAHE HAUOOIBINEH U3 CyMM KOMIIOHEHT B
MPEIMOIOKEHUH, 9TO BCE MHOYKECTBA PA30OMEHNsT PABHOBEPOSITHHI.

Kommernmapuii. 3anada NP-moiHa 1aze TOraa, KOraa BCe KOMIOHEHTBI BeK-
topos ectb 0 wnu 1. Pa3pemuma 3a momunomuanbaoe Bpemst, ecim K dbukcn-
poBamo. BapumanT 3T0ii 3ama9m, B KOTOPOM HIMEeTCs pasduenne Ha K HEmycThIX
MHOXKECTB, Jatoliee cymMmmy He Oojee B, sBisiercs NP-TIOMHBIM ¥ TOTIA, KOTIA,
K = 3 u Bce KOMMOHEHTHI BEKTOPOB ecTh () mam 1.

[MP 19] MUHUMYM CYMMBbI KBA/ITPATOB
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VCJIOBUE. Basanbl koHedHoe MHOKecTBO A, pasmep s(a) € ZT kaxioro
anmeMeHTa a € A, nonoxurenbHble nense gncta K u J (K < |4]).

BOITPOC. Moxk#o n mEOXKeCTBO A Tak pa3burh Ha K HemepeceKaionuxcst
MHOKeCcTB Ay, As, ..., A, 9TO

i (Z s(a))2 < J?

i=1 \a€A;

Hemouwnux. K sroit 3anage ceonnrca PASBBUEHINE unn 3-PA3SBEVEHIE.

Kommenmapudi. 3amaga NP-niomaa B cuibHOM cmbicie. Oua NP-monHa B
OOBIYHOM CMBICTIE W PA3PEIINMa, 33 MCEBIOMOTUNHOMUAAIBHOE BPeMsi TTPH JTI0OOM
dukcuposannom K. BapwmanTsl 3T0# 3a7a9M, B KOTOPHIX OrPAHUYEHHE UUCIIA
MHOXKeCTB K 3amensieTcst b0 OrpaHWYeHWeM Ha MaKCUMAJIbHYI MOIIHOCTH
MHOYKECTB, INOO OTpaHUYEHNEM Ha MAKCUMYM ODIIErO pa3Mepa MHOYKECTB, TaK-
ske NP-nonubl B cunbHOM cMmbicie [535]. Bo Beex ciydasx NP-nonHOTa 331340
COXpaHSeTCs PY 3aMeHe TIoKa3aTess 2 Ha JII000e PAlUOHATBLHOe Yucio o > 1.

[MP 20] K-e IIO IIOPAJIKY ITIOIMHO>KECTBO (*)

VYCJIOBUE. 3amanst koHednoe MHokecTBO A, pasmep s(a) € Z1 xaxmoro
3J7IeMeHTa a € A, MOJIOKUATEIbHBIE Iesble uncia K n B.

BOITPOC. Bep#o nu, 9ro cymecTByer He MeHee K pa3udHbIX TOJAMHOXKECTB
A’ € A, cymma pa3zMepoB 3JIEMEHTOB KOTOPBIX He mpeBocxoaut B7

Hemownux [260]. K sroit 3agage ceogurcs CYMMA PABMEPOB.

Kommernmapud. [IpnragmeskHocTs 3TOM 3a0aum Kiaaccy NP He ycTaHOBIIeHA.
Bagaua paspemuma, 3a MCeBIONOJNHOMUATIHLHOE BpeMsl (3a BpeMsi, OrPAHUIECHHOE
nosmmaoMoM ot K, |A| n In Y s(a)) [322]. CoorBercraytomas 3amada mepevnc-
snennst K P-nomnua.

[MP 21] BEKTOP K-it I1IO BEJIMYUWHE (*)

VYCJIOBUE. Bananbt nogmuoxkectsa X1, Xa, ..., X, € ZT, pasmep s(x) €
7% xaxgoro anementa z € X;(1 <4 < m) u nojokuTeIbHBIE Heble uncaa K,
B.

BOIIPOC. Bepno ju, uto cymecTByer He MeHee K pa3/IMIHBIX 17-MEPHBIX
BEKTOPOB (Z1, L2, ..., Tm) € X1 X Xo X ... X Xy, Taxux, uro y .-, s(z;) > B?

Hemownuyk [261]. K sroit 3agage ceogurcs PASBBUEHIE.

Kommenmaputi. Tlpunaaieskaocts 3T0# 3amaun kiaaccy NP He u3BecTHA.
Bamaua paspemmma 3a MOJIMHOMHUAILHOE Bpems mpu (puKcHpoBanHoM K, a B
00IeM ciIydae paspernMa 3a MCeBIONOMUHOMAATIBHOE BpeMsi (BPEMSsI, OrPAHU-
gennoe nomuaoMoM ot K, Y |X;| u In Y s(z)). CoorBercrByiomas 3ama4a me-
peuncienns K P-tonHa.

A4. XPAHEHUE U ITIONCK JAHHDBIX

A4.1. XpaneHue JAHHBIX

[XII 1] YHTAKOBKA B KOHTENHEPHI
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YCJIOBHUE. 3ananbr koHedHoe muHOxKecTBo U npeameros, pasmep s(u) €
Z+ xaxmoro mpemMeta v € U, MOMTOKATETBHOE TEI0e IHCI0 B — BMECTHMOCTD
KOHTeHEepa, TOIOKUTENbHOE Teoe ducio K.

BOIMPOC. CymecrByer nu takoe pa3bueHwe MHOXKecrBa U Ha Hemepece-
Karotuecst monmMHoxkecTBa, Uy, Us, ..., U, 9TO cyMMa pa3MepoB TPEIMETOB W3
KaKJIOT0 MOIMHOKECTBA U; HE TmpeBocxoquT B7

Hemownux K aroit 3amage ceonarca PASBBUUEHIE N 3-PA3BUE-HUE.

Kommenmapudi. 3agaua NP-TIOTHA B CUIBHOM CMbICe. [Ijis Kaykaoro huk-
cupoBannoro K > 2 ona NP-monHa W paspemmnMa 3a MICEeBIONOIHHOMAATHHOE
Bpemsi. MeTomoM moHOro mepebopa npu moboM purcupoBanHoMm B 3amaqda pe-
TIAETCS 33, MOJIMHOMHUAJIHLHOE BPEMSI.

[XTI 2] AMTHAMUYECKOE PACIIPEAEJIEHUE TAMSATN

YCJIOBUE. 3asanbl MHOXKECTBO 3/eMeHToB JaHubx A, pasmep s(a) € ZT
KayKJOTO d7eMeHTa JaHHbIX a € A, Bpems moctymienns r(a) € Zg w Bpems
d(a) € ZT oxonuanus paboTHI C 3TEMEHTOM TAHHLIX a € A, TOIOKUTeIbHOE
mesioe uncyao D — pa3mep obIacT maMsITH.

BOIIPOC. CymiecTByer Jin Jjis MHOXKECTBa 3JIEMEHTOB JAaHHBIX A momycru-
Moe pachpenenienue maMaTu? Hade ropops, CyHMIECTBYeT JIM Takas (DyHKIHS
o:A—{1,2,..., D}, 9ro nug Kaxka0ro snementa a € A unreppas

I(a) =[o(a), o(a) + s(a) — 1]

cozmepxkurcs B [1, D], npuuém auisa mobbix a, a’ € A, eciu muoxkectso I(a) N
I(a') ue nycro, To subo d(a) < r(a’), mmbo d(a') < r(a)?

Hemownuyk [501]. K stoit 3aqade ceogures 3-PASBIIEHUE.

Kommernmapuii. 3amada NP-nomHa B CHJIBHOM CMBICTE JIaYKe B TOM CIIy4ae,
ectn s(a) € {1,2} nas Beex a € A. Ecim pa3mepbl BCeX SJIEMEHTOB NAHHBIX
OIMHAKOBBI, TO 33244 PEIIAETCs 38 MOJTMHOMHUAILHOE BPEMsl aJITOPUTMAME PAC-
KPACK! MHTEePBAJIbHBIX TpadoB (cM., Hampumep, [163]).

[XTI 3] MUHUMUSAIIUA ITAMATU OJ151 CTPYKTVYPHI JTAH-
HBIX «PRUNED TRIE»*

YCJIOBUE. Baganbr KOHEYHOE MHOKECTBO S, cemeiictBo F' dbyHKIumit Buma
f:S — Z% u nonoxurensuoe nemoe gucao K.

BOIIPOC. Cymecrsyer i Takas Iocaea0BaTenbHocTs f 1 S — Z+ pasnuy-
HbIX (yHrIun u3 F, 970 I7d KaxKI0# mapbl 371eMeHToB a, b € S cymecTByer
rakoe i(1 < i < m), aro fi(a) # fi(b) mw Y1, N(i) < K (rme N(i)—uncio
Pa3/IMUHBIX i-MepHBIX BEKTOpoB X = (%1, T2, ...,T;), JJIsI KOTOPBIX HMEIOT-
¢ mo kpaiiHeii Mepe 2 smementa ¢ u d, Takue, uro (fi(c), f2(c), ..., fi(e)) =
(fi(d) fo(d), ldots, fi(d)) = X))?

Hemownux [87]. K sroit 3agade ceogurest 3-C.

Kommenmapuidi. 3amada ocraéres NP-nonHoit u Torma, xorga Bee f € F
npuHuMaloT 3uadenus B muoxkecrse {0, 1}. Bapuanrol 3ama4u, Bo3HuKaroIme
MpU 3aMeHe CTPYKTYPBhI JaHHBIX «pruned tries crpykrypoii ganuabix «full tries,

4Tepmun «tries Bocxogur k pabore E. Fredkin «Trie memorys. Comm. of the ACM, 1960,
3, 9, u mpoucxoaut, mo-suguMomy, ot ciosa reTRIEval. — ITpum. ped.
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«collapsed trie» wim «pruned O-trie», rakxke NP-nonabl. Buskas 3amaga «vu-
HUMH3AIUS BPEMEHUW JOCTyMa» Takyke NP-TOTHA I 3843494 €O CTPYKTYPOWR
maHHBIX pruned trie, B KOTOPO# MIIETCA MOCIEIOBATEILHOCTD < f1, fo, vy fn >
dbyukumit uz F, paznmuuaomux (Kak U BbIIIE) JTIOObIE 1Ba JIeMeHTa u3 S, u 061a-
Jaomas Tem cBoficTBoM, uTo » o L(a) < K, (rae Bpemsa gocryna L(a) K me-
MEHTY @ € S ONpenensaeTcs KAk HANMEHBIIEEe U3 TAKUX 1, JIJIsi KOTOPBIX HE CyIIe-
CTByeT Takoro snementa b € S, uro nocnenosareabHocts (f1(b), f2(b), ..., fi(b))

cosiazaer ¢ (fi(a), f2(a), ..., fi(a))).

[XIT 4] O2KNIJAEMAS CTOUMOCTDH ITIONCKA

YCJIOBHUE. Bagansl muOoxkecTBO R 3ammceil, pauuonasnbuoe qucio p(r) €
[0,1] ~ BepoaTHOCTL OOpamenus K 3amucu © € R (mpuuém ) pp(r) = 1),
YHCJIO CETMEHTOB 1 U MOJIOKUTEIBHOE Iesoe aucio K.

BOITPOC. CymiectByer i pa3buenne MHOKecTBa R Ha Takme Hemepeceka-
foruecs: noaMuoxkectsa Ry, Ro, ..., Ry, 9TO cyMMa 1O BCEM YNOPSAOYEHHBIM
mapaM 4, j(1 < 4,j < m) Benumuun p(R;) - p(R;) - d(i, j) me mpesocxomur K
(rne p(Ri) = >_,cp, p(r) u crommocts nepexona d(i, j) pasna j —i — 1, ecim
1<i<j<m,upaaam —i+j—1,ecmm1<j<i<m)?

Hemownur [84]. K aroii 3amaue cronsres PASBUEHUE n 3-PASBUEHUE.

Kommernmapuii. 3anaga NP-mionHa B CUIBHOM cMbIcie. JIjis Kaxkaoro Gpuk-
CHPOBAHHOTO M > 2 oHa NP-momHa m paspemmma 3a MCeBIOIOTTHOMHAATBHOE
BpeMs.

[XTI 5] OPTAHUSAIINSA TAMAITHU B BUAE KOPHEBOTO [IE-
PEBA

YCJIOBUE. 3anausr koneunoe muoxkectso X, Habop C = { X1, Xs, ..., Xp}
MOJIMHOYKECTB MHOXKECTBA, X , TIOJIOKUTEIHLHOE 11e10e 9ucio K.

BOITPOC. Cymecreyer nu Takoit Habop C' = {Xj, X}, ..., X)) mogmHO-
xkecrs MuOzkecra X, uto X; C X/ mpu Beex i(1 < i< n), Yoy | X/ —X;| < K
U CyIIECTBYET OPUEHTUPOBAHHOE KOPHEBOE nepeBo T'(z, A), B KOTOPOM 37eMeHThI
KaxKI0r0 u3 moaMuoxects X/, 1 < ¢ < n, 06pa3yoT OpHEHTHPOBAHHBIH IyTh?

Hemownuk [168]. K sroit 3amaue ceomnress IIPEICTABJIEHUE B BUIE
KOPHEBOT'O JIEPEBA.

[XTI 6] PASMEIITEHUE DANJIA C AYBJIINPOBAHUEM

YCJIOBHUE. 3azmau rpad G = (V, E), s Kaxk10ii Bepmnbl v € V 3a7aHbI
KommaecTBo obpamennit u(v) € ZT um croumocts 3amomunanusa s(v) € ZT, a
TaKzKe IIOJIOZKHUTEIbHOE IIejI0€ YUCIIO K

BOTIPOC. Cymecrsyer au Takoe moamuoxkectso V' C V| aro

> sw)+ Y dw)-u(w) < K?

veV’ veV

(Bmecw d(v) o3mauaer uncio pédep kpardaiiniero mytu B G, OT v 10 MHOXKECTBA,
V')

Hemownuk [529]. K mannoit 3amage csogurcs BEPIITMTHHOE ITTOKPHI-
TUE.
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Kommernmapuii. 3amaga NP-nomHa B CHJIBHOM CMBICTE JIaYKe B TOM CIIy4ae,
KOTJIa BCE BEPIIHHBL ¥ € V' UMEIOT OJMHAKOBbIE BEJIMYUHBL 1(V) U OJUHAKOBBIE
BeJINYMHBL (V).

[XII 7] BBIBOP IIPOIIYCKHBIX CIIOCOBHOCTEN

YCJIOBUE. 3amansr maoxkecTBo C' IMHWI CBSI3¥M, MHOYKECTBO MTPOMYCKHBIX
criocobrocreit M C Z1, dyukmua crommoctu g : C x M — Z1, bynxmusa d :
C'x M — Z* mrpada 3a 3a1epxKy, Takue, uto qiascexc € Cui < j,i,5 € M
BbINOAHEHbI HepaBeHcrsa g(c,i) < g(e,j) u d(e, j) > d(e, j), a Takke 3a7aHbI
[IOJIOXKUTEIbHbIE Iebie yncia K u J.

BOIIPOC. CymiecTByer jiv TaKO# BHIOOP MPOMYCKHBIX ciocobHocTel 0 : C —
M, =0 obmas cTonmMocTb .~ g(c, o(c)) me mpepocxomut K, a obmuit mrrpad
3a 3a7epkKy » . d(c, o(c)) He npeBocxomut J?

Hemownuk [529]. K sroit 3amage ceognres CYMMA PASMEPOB.

Kommenmapui. 3amada pa3pernnma 3a MCeBIONOIMHOMUAATEHOE BPEMSI.

A4.2. Cxarwue u nmpeacrTaBjieHne mHEMOOPMAIAT

[XTI 8] KPATYAWMIIIA Y OBIITIA S HAAOITIOCJIEAOBATEJIBHOCTD

YCJIOBUE. 3amanbr KoHeUHbBIH aadaBuT Y, KOHEYHOE MHOXKECTBO R cion
B anmdaBuTe X U MOJOKHUTEIbHOE Iemoe aucio K.

BOITPOC. CymecrByer am Takoe cioBo w € ¥*, uro |w| < K u Kaxa0e cIo-
BO & € R ecThb MOANOCIENOBATEIBHOCTE CJIOBA W (T. €. W = WoT1wi Tow? ... TpWk,
roe w; € X%, a X = X1, T, .., T 7

Hemownuy [371]. K sroit 3agade ceogures BEPIIITHHOE ITOKPHITHE.

Kommenmapudi. 3amaua ocraérest NP-mosHO#N maske Torga, korma |X| = 2.
Ecim |R| = 2, To oHa permaercss 3a MOIWHOMHUAIBHOE BpeMs (IJisT 9ero BHava-
Jie BBIUUCIAETCS Haubosiblias oblnas NoAnocjaenoBareabHocTb). To xe camoe
BepHo, eciu |z| < 2 st Beex = € R.

[XII 9] KPATUAMIIIEE OBIIEE «HAJICJIOBO>»

YCJIOBUE. 3ananbl KOHEUHBIH ahaBUT Y, KOHEYHOE MHOXKECTBO R CJIOB
n3 X U MOJOXKUTEJILHOE IesI0e 9ncjio K.

BOIIPOC. Cymecrsyer au takoe cioBo w € ¥*, uro |w| < K u m060e 08O
Z € R ecTb NOACIOBO W, T. €. W = WoTw;, Iae w; € L*7

Hemownuk [372]. K a1oii 3amade cromnress BEPHIMHHOE ITOKPBITUE
IJIsT KyOU9IecKuxX rpados.

Kommenmapudi. 3anada ocraéres NP-nosHoi u B TOM ciaydae, eciau |X| = 2
i ecin || < 8 1y Beex cmoB & € R u Bee cioBa u3 R He cozmepKar MOBTO-
pstrornmxcst cuMBosioB. Korma |z| < 2 mast Bcex o € R, To 3a7ada pa3pernmMa 3a
MOJIMHOMHUAILHOE BPEMSI.

[XIT 10] OBIITA A IIOAIIOCJIEJOBATEJIBHOCTD HANBOJIb-
IIIEN JJINHBI

YCJIOBUE. Bamanbl KoHeUHBIH aadaBuT Y, KOHEYHOE MHOXKECTBO R cion
n3 X* U noaoxKuTeabHoe 1esnoe guciao K.
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BOIIPOC. Cyecrsyer Jjin Takoe cjioBo w € ¥*, uro |w| > K u w — noamno-
CITEOBATENBLHOCTD KAXKI0TO CI0Ba U3 R

Hemownuy [371]. K sroit 3agade ceogurcs BEPIIIMHHOE ITOKPHITHE.

Kommenmapudi. 3amaua ocraérest NP-miomHo# faxke Torma, korma || = 2.
Ecan K win |R| dukcnpoBaHo, TO 3a/1a9a PENaeTcst 3a MOJINHOMUAILHOE BPEMST
(METOIOM JIMHAMUYECKOrO MPOrpaMMupoBanus (cM., Hanpumep, [531]). Anano-
riaras 3aga4a OBIIEE ITIOCJI0BO HAMBOJIBIIEN JJINHBI rpusnais-

HO pelnaeTcCd 3a NOTUHOMHUAJIbHOE BpeMd.

[XII 11] OTPAHUYEHHOE COOTBETCTBUE COOBH_[EHI/IfI

YCJIOBUE. 3amansl KOHEUHBIH axpaBuT ¥, IBe TOCIeI0BATEIHLHOCTA a =
(a1, a2, ...,an) u b= (b1,b2,...,b,) cioB u3 L* u MOJOKUTEILHOE LETOE TUCIO
K <n.

BOITPOC. CymecTByer jn Takasi MOCTEIOBATENBHOCTD i1, 42, ... , i}, COCTOS-
mast u3 k, k € K (He 06s13aTesIbHO PA3INIHBIX ), IEJIBIX YHCeN U3 oTpeska [1, n],
YTO CJIOBA Qi , Giy, --- » Giy, U biy,y biy,y ..oy by, COBIIAIAIOT?

Hemownus [88]. Obmas cBoauMocTs®.

Kommernmaputi. Ecin Ha k He HAMOXKEHO BepXHEE OrpaHUYEHNEe, TO 331393

HepaspemuMa (cM., Hanpumep, [215]).

[XII 12] IIPEJICTABJISIIOIIIEE CJIOBO

YCJIOBUE. 3amano kKoHeunoe MHOXKecTBO A ciioB B andasure {0, 1, x}, nme-
OIIUX JJTAHY, PABHYTO 7.

BOITPOC. CymecrByer mu takoe cmoso ¢ € {0,1}*, uro |z| = n u mia
KaxKJIoro cioBa a € A naiinérca rakoe 4,1 < i < n, 9TO B C/IOBaX T U a i-€
CHMBOJIBI COBITAIAIOT?!

Hemownuk [120]. K sroit 3amade ceognres 3-BBITI.

[XII 13] C2KATUE PA3PEXKEHHOW MATPUIIBI
YCJIOBHE. 3azmamsr (m x m)-marpuna A c snementamu a;; € {0,1}, 1 <
1 <m, 1 <Jj < n, n nomoxRUTENILHOE TIes10e yuciao K < mn.

BOTIPOC. CyrmecrByer /i Takas moCaIea0BaTeabHOCTD (b1, ba, ..., byi k), cO-
crosimas u3 nenbix uncen b;, 1 < b; < m, n rakasg bynkuns s : {1,2,...,m} —
{1,2,...,K}, aro qna Beex i u j(1 < i <m,1 < j < n)a;; =1 rorga u TOIbKO

TOTAA, KOT/IA by(j)4; = 07

Hemownuy [116]. K sroii 3agage ceogurcs PACKPAIIIMBAEMOCTD I'PA-
®A B 3 [IBETA.

Kommenmapuii. 3agaua ocraércs NP-monnoit npu K = 3.

[XII 14] IOIMATPUIIA CO CBOMICTBOM CBSI3AHHOCTHU

YCJIOBHUE. Baganbr (m x m)-marpuna A ¢ ssemenramu 0 u 1 u nosnoxu-
TeJILHOE 1eJioe 9ncyio K.

BOITPOC. Cymecrryer qn B marpuiie A nogmarpuiia B mopsaka m X K|
00J1aJa10IIAas CBORCTBOM «CBSIBHOCTHU €IWHUIL> (T. €. moaMarpuiia B, croabmbt
KOTOPON MOXKHO TaK MEPECTABUTH, YTO B KAXKIOW CTPOKE BCE EIUHUIBI HUIYT
nozaps)?

5MmeeTcst B BUAy CBOZMMOCTH, OMICAHHAS IPH JOKA3aTenbCTBe TeopeMbl Kyka. — ITpum.
peo.
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Hemownux [51]. K sroit 3agage ceogures TAMIJIBTOHOB ITVTh.

Kommernmapuidi. BapuauTt 3T0i 3a1a49u, B KOTOPOM HINETCS MOAMATpuIa B,
00IaJA0IAsT CBORCTBOM «[IUKJIUYIECKON CBI3HOCTH», T.€. MMOJIMATPHUIIA, CTOIOIBI
KOTOPOI MOXKHO MEepecTaBuTh TaK, UTO B KaXKJOH CTpoKe b0 BCEe eIUHMUIIH,
b0 BCE HYJIM UIYT MOAPsiH, Takyke NP-momor. O6e 331291 MOTYT OBbIThH PEITeHbI
3a moJIMHOMUAJIbHOE Bpems, eciid K = n (T. e. ecau cupamuaercs: «Bepuo Jin,
9TO HYKHBIM CBOHCTBOM OOsiazaer cama marpuua A?»). Cu., nanpumep, [132,

54).
[XII 15| PASBBUEHUE HA IIOAMATPUIIBI CO CBOMCTBOM

CBSIBHOCTH

YCJIOBHUE. 3anana (0-1)-marpuna A nopsiaka m X n.

BOIMPOC. MoxHuo 1 Tak pa3buTb CTPOKU MATPHUILI HA JBE MOATPYIIIH,
9TOOBI MOy YUBIINECS B PE3YJIHTATE MATPULBI HOPAKOB My X n U my X n(my +
ma = m) 00JIAJATN CBOWCTBOM CBA3HOCTHU €IUHUIL!

Hemownurk [352]. K aroit 3amave cromguress TAMUJIBTOHOB IIVTH B ky-
ouueckom rpade.

[XII 16] AOIIO/THEHUWE /10 MATPUIIBI CO CBOMCTBOM cBss-
HOCTH

YCJIOBHUE. Baganst (0-1)-mMarpuna A mOpamka m X n ¥ TOJOKUATEIHHOE
nesaoe unciao K.

BOIIPOC. Cymecreyer m marpuna A', nonygaemas m3 marpunsl A 3ame-
HOI1 B Hell He Oonee K HyJIeBBIX 3JIEMEHTOB €IMHHUIIAMU, TaKast, 4To A obiazaer
CBOMCTBOM CBSI3HOCTHU €JTUHUIL!

Hemownur [51,407]. K sroii 3amave ceomures JMHEMHOE YITOPATOYE-
HUE.

Kommenmapui. BapmanT 3amaqn, Koraa uinercs Marpuma A, obramamorast
CBOMCTBOM TUK/INYECKUX €IUHUI], Tak:Ke NP-TIOMOH.

[XII 17 MUHUMU3SAIIN A YUCJIA BJIOKOB

YCJIOBHUE. Bagansr (0-1)-mMarpuna A mOpamka m X n ¥ TOJOKUTEIHHOE
nesgoe unciao K.

BOITPOC. CyiecTByeT Jin Takasi MEPECTAHOBKA CTOJIOIOB MaTpUILl A, uro
Oy IUBIIAsICS B pe3yabrare Marpuiia B uveer me 6omee K 60KOB U3 mocie-
JOBATENBHO WAYIINX €JIMHUIL, T. €. He Oomee K TakwWx map WHIEKCOB i, j, 9TO
bi; =1 m 6o b; j11 = 0, mbo j = n?

Hemownurk [297]. K sroit 3amaue ceognres TAMUJIBTOHOB ITVTh.

Kommernmapudi. Ecau cBoiicTBO << j = n >> 3aMEHHUTb CBOMCTBOM «j = n
u b;; = 0», To 3anaua ocraérca NP-nonnoit [51]. Eciu K pasho gucity crpok
(Marpunpr A), cogepKaliux XoTs Obl OJHY €IUHULLY, TO ITU 33Ja9U IKBUBAIEHT-
HBI 33/1a9aM O TIPOBEPKE HAINYHMA y MATPUIBI A CBOHCTBA CBA3HOCTH €IUHWIL
UM TIUKJIMYECKON CBSI3HOCTH COOTBETCTBEHHO, W OHM MOTYT OBITH DEIIeHbI 33
MOJTMHOMHUAEHOE BPEMSI.

[XII 18] IPEJCTABJIEHUE CO CBOMCTBOM CBSI3HOCTHU
YCJIOBUE.3aznaubr koneunbiii andasur X, wabop C = {¥1,%,,..., %, }

IIOOIMHOXKECTB MHOXKeCTBa Y. ¥ DOJIOXKUTETLHOE oeaoe 9YuciIo K.
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BOIIPOC. Cywecrsyer jiu takoe ciioBo w € L*, uro |w| < K u miis Kaxk 10ro
i 9JIEMEHTbI MHOXKECTBa, X; 00pa3yloT B CJIOBE W MOACIOBO JJUHbL |3;]7

Hemownuxk [297]. K nannoii 3anage csopurcs TAMUJIBTOHOB ITYTh.

Kommenmaputi. BapuanT 33129, B KOTOPOM TPEOYETCS TOIBKO, YTOOBI D16~
MEHTHI KasKI0r0 MHOYKECTBA |$igma; 00Pa30BbIBAJIN TIOJCIOBO JJIUHET | ;| B €10~
Be ww (T. €. JOIyCKAIOTCs MOJACIOBA CJIOBA W), 3ANMCAHHOM [0 OKPYZKHOCTH,
rakzke NP-unoson [51]. Eciu K paBHO 4mcily pa3ivyHbIX CAMBOJIOB U3 X;, TO
9TH 3a[a4d SKBUBAJEHTHDLI 33/Ja4aM BbISCHEHUsS TOrO, ODJIaJaeT U MaTPULA
CBOMCTBOM CBSI3HOCTH WJIN IMKJINYIECKON CBA3HOCTH €IWHUIL COOTBETCTBEHHO, U
PA3PEITUMBI 38, TTOJIMHOMUAIFHOE BPEMSI.

[XII 19| PASBBUEHUE CO CBOINCTBOM CBSI3ZHOCTU

YCJIOBHUE. 3aznanbr koneunsiii andasur ¥ u wabop C' = {£1, X, ..., X, }
[IOJIMHOXKECTB U3 Y.

BOITIPOC. CymecTByer au pa3buenue Y Ha TaKHe HerrepeceKaroninecs: MHO-
xecrBa X1, Xo, ..., X, 9TO Kaxkmoe n3 X; nMeeT He Ooyee 0IHOTO OOIIEero Jjie-
MEHTa ¢ KaxKAbIM U3 ¥; U 171s Kazkaoro ¥; € C' cymectByer Takoit ummexc [(j),
YTO MHOXKECTBO X; COAEPIKUTCA B MHOXKECTBE

Xy Y Xy U e U Xigy gy 117

Hemownurk [350, 351]. K aroit 3amaue ceognres PACKPAIIIMBAEMOCTD
I'PA®A B TP IIBETA.

Kommernmaput. Ecmu |¥;] < 5 nns scex ¥; € C, To 3amaga ocraéres NP-
nomHoi, HO ecnu |X;| < 2 aua Beex X5 € C, TO OHa pa3penmMa 33 MOJTHHOMI-
ATbHOE BPEMs.

[XTI 20] PEJAKTUPOBAHUE CJIOBA

YCJIOBUE. 3anansr koneunbtit ajgdasur X, gBa ciIoBa &,y € X* u momno-
JKuTeabHoe 1enoe yuciao K.

BOITPOC. MokHO /i OSy9uTh U3 CIOBA T CIOBO Y, TpuMeHuB He Ooee K
onepanyii BEIMEepKUBAHUS CHMBOJIA, W TIEPECTAHOBKHA COCEIHUX CHMBOJIOR?

Hemownurk [530]. K sroit 3amauve ceogurest IOKPBITUE MHOZKECTBA.

Kommenmapudi. 3amada pa3pennma, 3a MOIMHOMUAILHOE BPEMS, €CJTH B MHO-
JKECTBO OIEPAIyii JOMOTHATETHHO BKIIOYATE ONMEPAIMN 3aMEHbI U BCTABJICHUS
OTAEIbHOl OYKBBI 1azKe TOrJIA, KOrJa [epecTaHOBKa OyKB HE JOITycKaeTcs (CM.,
nanpumep, [531]), unu rorza, Korja eIUHCTBEHHOI onepalueil sBJgercs ore-
pauus mepectaHoBKM coceqanx Oyke [530]. B ykazaHHBIX paboTax MPHBOAATCS
TaKKe W JpPyTre aHAJOTUIHBIE Pe3yJIbTAThI IJIs 33049, B KOTOPHIX PA3IUIHbIC
OTEPAIIMN UMEIOT PAZJINIHYI CTONMOCTD.

[XII 21] TPYIIIIMPOBKA C ITOMOIIIHIO TPAHCIHO3UITNI

YCJIOBUE. 3aganst KoHeUHBIH aI(DAaBUT X, CJIOBO & € X* U MOJIOKUTETHHOE
nesgoe unciao K.

BOITPOC. CymuiecTByer i MOCIEI0OBATEILHOCTh, COCTOSINAS He Oojiee Tem
u3 K TpaHCIo3unumii COCeTHUX CHMBOJIOB U MPEBPAIIAOIIAs CIOBO X B CIOBO {,
y KOTOPOrO BCE BXOXKJEHUs KAXKI0r0 CUMBOJIa a € Y o6pa3yor oiauH 610K (T. e.
B CJIOBE Y HET IOANOCIeI0BaTeIbHOCTel Bua aba, riue a,b € ¥ u a # b)?
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Hemownux [224]. K sroit 3amade csogurcs MHOZKECTBO VT, PA3PE-
BAIOIINX KOHTVYPHI.

[XII 22] C2KATUE BHEIITHUX MAKPOJAHHBIX

YCJIOBUE. 3aganbr KoHeUHBIH aadaBuTr X, CI0BO s € X.*, CTOMMOCTH yKa-
zarena h € Z1 u rpammmna B € Z7.

BOITPOC. CymecrBytor nu takue ciosa D (cmoBo-cioBaps) u C' (cxxaroe
crnoBo) B andasure (S U {p; : 1 < i < |s|}) (cuMBOIBI p; HA3BIBAIOTCS «yKa3aTe-
nsmuy ), 1o (1) | D]+ |C|+ (h—1)- (aucno BxoxaeHnit ykasareneit B ciosa D n
C) < B u (2) cymecTByeT Takoe COOTBETCTBHE yKa3aTesell ¢ moJCcIoBaMy CI0Ba
D, aTo c10BO S MOXKeT OBITH TTOIyUeHO U3 cjioBa C' TOCIe10BaTEILHON 3aMeHOM
ykazaresneii u3 C' cOOTBETCTBYOIMUME TOACTOBaMy u3 D7

Hemouwnux [505, 506]. K sroit 3amade ceogurcs BEPIIITHHOE ITOKPHI-
TUE.

Kommernmaputi. Ecnu h — m060e hUKCHPOBAHHOE IEJI0e YNCI0, He MeHbITee
2, To 3amada ocraérca NP-nomnoit. MHOTHE e€ BapUaHThI, B TOM YHCTIE 33Ta4H,
B KOTODBIX D He CONEPIKUT yKaszaresei n/ WM eClii YKa3aTelIn COOTBETCTBYIOT
HEITePEKPBIBAIOIINMCS CTI0OBaM, TakKe sBdiorcss NP-nonubivu. Ecmu andasur
cozepKUT PUKCUPOBAHHOE YKCJIO0 OYKB (HO He MeHee 3) U CTOMMOCTh YKa3aTesist
paera [hlog |s|], To 3amaua Takyke NP-momHa. B ymomsiHyTHIX BBITIIE paBorax
MPUBOJISITCST APYTHE BAPDUAHTHI 33Ia9M, B TOM YNCIIE 33/Ia491 C «UCXOTHBIMU yKa-
3aTEISAMMI .

[XII 23] C2KATUE BHYTPEHHUX MAKPOJAHHBIX

VYCJIOBUE. 3agannt andasur X, cioso s € X*, crommocts h € Z 1 ykaza-
Tena w rpanmna B € Z7T.

BOITPOC. Cymecrsyer an takoe cioro C(X U {p; : 1 < i < |s]})*, uro (1)
|C|+ (b —1)- (amcno Bxoxaennii ykazareneit B coso C) < B u (2) cymecrsyer
TAKOE COOTBETCTBHE yKazareneil ¢ momcnoBamm cimoBa C', 9TO CIOBO § MOMKET
6b1Th momyuero u3 C npu ucnonb3osanun C' OMHOBPEMEHHO B KAYECTBE «CIIOBA-
CITOBApsi» W CXKATOTO CJIOBA CIIOCOOOM, M3OKEHHBIM B IPEABIAYIeH 3a1a4e?

Hemownuk [505, 506]. K sroit 3amave ceogures BEPIIIMHHOE ITOKPHI-
THUE.

Kommenmapuii. 3amaga ocraéres NP-mosiHOR nazke Toraa, Koraa h — oboe
(PUKCHPOBAHHOE IIEJI0e YHUCI0, He MeHbimee 2. /Ipyrme NP-TOMHBIE BAPHAHTHI
9TO# 3a1aun (KaK ¥ /i IPeAblayniei) yKa3aHbl B yIIOMSIHYTHIX PabOTax.

[XII 24] IOACTAHOBKA PETVYJIAPHOTO BBHIPAKEHU A

YCJIOBUE. 3ananwr nsa andasura X = {1, Z2, ..., 2n} 1 Y = {y1,ya, -..,
Ym }, peryaspHoe Boipaxkenue R nan X UY | perynsapubie oipaxkenus Ry, R, ...,
R, van Y u cioBo w € Y*.

BOITPOC. CyiiecTByIOT i B sI3BIKAX, OMPEAEISIEMbIX DErYISPHBIMA BBIPaA-
keausavu R u R;(1 < ¢ < n), Takue CJI0Ba 2 U w; COOTBETCTBEHHO, YTO €C/IN
KayKJI0€ CIIOBO wW; MOJCTABUTH B CIOBO Z BMECTO KAXKIOTO BXOMKJIEHWS CHMBOJIA
2, TO TOJNy9INBIIEECS B PE3YJILTATE CJIOBO OyIeT COBIANATH C w7

Hemownuxk [15]. K sroit 3agage ceogurest TTI-3.

[XII 25| IPAMOVYTOJIBHOE CXKATUE KAPTUHKU
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YCJIOBHUE. Baganst (0-1)-marpuna M mopgaka n X n v OOJO0KHUTEILHOE
nesoe uncino K.

BOITPOC. MokHO Jii TOKPBITH BCE €IUHUIHBIE JEMEHThI MATpulibl A He
bonee ueM K mnpsimoyrosbHukamu?! HHade roBopsi, CyIIecTBYeT JiM Takas IIO-
CIIeIOBATENHHOCTh Y€TBEPOK (a4, b;, ¢, d;), 1 < i < K. rme a; < by, ¢; < di,
1 < i < K, aro myas Kaxoii mapst uugekcos (i,5), 1 < i,j < n, M;; pasuo 1
TOIJA U TOMBKO TOra, Korma cymiectByeT Takoe k, 1 < k < K, aro ap <1 < by
ucp < J<di?

Hemownuk [374]. K sroit 3agade ceogurca 3-BBIII.

A4.3. 3amaunm o 6a3zax JaHHBIX

[XII 26 HAMUMEHBIIINI I10 MOIITHOCTU KJIIOY

YCJIOBUE. Bamanbr MHOXKECTBO «UMEH aTpubyToB» A, cemeiicro F' ymo-
PSAZIOUEHHBIX TIap MOAMHOKECTB n3 A (Ha3biBaeMbIX «(DyHKIMOHAIHHBIMU 3aBH-
CUMOCTSAMUY» Ha A) U MOJIOKUTEIBHOE 1Ies10e Yrciao M.

BOITPOC. Cymecrsyer mu mjast peiaamuonno#t cucremsr < A, F > ko4
MorHocTy He bonee M? MHade ropops, CyIIECTBYET JIA TAKOE IIOAMHOKECTBO
K C A, uro |K| < M u ynopsnouennas napa (K, A) npunamiexur <«3aMbl-
kauuio» F* cemeiicta F7 (3ambikanne F* cemeiicrBa F omnpezmensiercs cie-
nytomum obpaszom: (1) F C F*, (2) uz toro uro B C C C D cnenyer, 9410
(C, B) € F*, (3) u3 roro uro (B, (), (B, D) € F*, cienyer, uro (B, D) € F*,
u (4) w3 roro, uro (B, C), (B, D) € F*, cnenyer, uto (B,C U D) € F*.)

Hemownuk [362, 350]. K sroit 3amave ceogures BEPIIIMHHOE ITOKPHI-
THUE. O6mue ocHOBbLI 6a3 JAHHBIX C PEJANMOHHLIMU CHCTEMAMKU MOXKHO HANTH
B kuure [101].

[XII 27] JOIIOJIHUTEJIbHBIN KJIIOY

YCJIOBUE. Bagamsr MHOKECTBO UMEH aTpubyToB A, cemeiictBo F' dyHKIM-
OHANBHBIX 3apucuMocTeil Ha A, mogmuoxkectBo R C A n muokectBo K Kmogei
JIJISL PEJIAIMOHHON cxeMbl < R, F' >.

BOITPOC. Bepuo mu, uro R umeer ko4, He comepzxkamuiicss B K7 Nuade
TOBODSI, BEPHO JIW, UTO CYIIECTBYET Takoe moaMHokectBo R’ C R, urto R’ ¢ K,
(R', R) € F*, u ne cymecryer Takoro nonmuoxkectsa R’ C R', aro (R",R) €
F*?

Hemownux [34]. K sroit sanave ceoqnres MHOZ?KECTBO TIPEJICTABU-
TEJIEN.

[XTI 28] IPUMUWTUBHOE UM ATPUBYTA

YCJIOBUE. 3amanbt MHOKECTBO UMEH aTpubyToB A, cemeiictBo F' dyHK-
[IMOHAIHHBIX 3aBUCUMOCTEH Ha A ¥ BBIIETeHHOe nMs aTpubyTa = € A.

BOIIPOC. BepHo 1, 9TO & SBISIETCS «TPUMUTUBHBIM UMEHEM aTpUOyTa»
g < A, F >7 lapivu cnoBamu, cyinecTByer ik Takoil kimod K gisa < A, F >,
aro ¢ € K7

Hemounux [362]. K sroit 3agadse comurca HAUMEHBIIINN IO MOTII-
HOCTH KJIFOY.
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[XII 29] HAPVIIIEHUE HOPMAJIBHOM ®OPMEFI
BOMCA-KO/IJIA

YCJIOBUE. 3aganb MHOXKeCTBO UMEH arpubyroB A, cemeiictBo F' dyHK-
IVOHAIBHBIX 3aBUcAMOcCTel Ha A m mommuoxkecTso A’ C A.

BOITPOC. Bepuo im, uro MHOXKeCTBO A Hapymaer HOpMaIbHYIO (hopMy
Boiica-Konna nns pensuuonnoii cucrembr < A, F' >?7 Nnade roBopsi, CyIiecTBy-
1ot Jin noamuoxkecTBO X € A’ u nBa umenu arpubyros y, z € A'\ X, rakue, 9ro
(X,{y}) € F* u (X, {z}) € F* (rne F* — 3ambikauue F')?

Hemownuk [40,34]. K manwoii 3amave ceomurcss MHOYKECTBO TIPE/-
CTABUTEJIEI.

Kommenmapuii. 3agagua ocraércst NP-TIOTHON U B TOM CJIydae, eciv moTpebo-
Barb, 4T00bl A’ UMeso «Tperbio HopMasbHyo hopMy» (T.e. eciim X C A’ — kimod
It pensuuonnoil cucrembl < A’ F' > u nBa umenu arpubyros y,z € A'\ X
rakoBbl, uT0 (X, {y}) € F* u (X, {z}) € F*, T0 z — IpUMUTHUBHOE MMsT aTpubyTa
IJI PETANMOHHON CUCTEMBI < A , F >).

[XTI 30| IPEOBPABYEMOCTBb KOHBIOHKTUBHOTI'O 3ATIIPO-
CA

YCJIOBUE. 3aznansr KoHeunblii qomen D, cemeiictso orHomennit R = { Ry,
Ry, ..., R, } (rme R; ecTb MOIMHOXKECTBO MHOXKECTBa d;-MEPHBIX KOPTEKeil ¢
ssieMerTamu u3 D), MHOXKECTBO BbIIEJIEHHBIX IEPEMEHHBIX X , MHOXKECTBO HEBbI-
JIeTIeHHBIX TTepeMeHHbIX Y u aBa 3anpoca Q1 u Q2 Hax X, Y, D u R; 3ampoc
UMeeT BUI

(1‘1, T2y ee ,:ck)(EI Y1, Y2, - ,yl)(Al N A2 VANPTRAN Ar)

1ist HeROTOphIX k, L w r, rme X' = {z1, xa, ..., 2k} C X, Y = {y1,y2, ..., 1} C
Y, u xaxzgoe A; umeer Bug Rj(ui, us, ..., uq;, us € DUX ' UY' 1 < s < dj;
MHTEPIPETAINS TAKAX BBIPAYKEHWH B TepMUHAX (a3 JAHHBIX JaHa B padore [67].

BOITPOC. Cymecryer nu takas ¢ysknus o : Y — X UY U D, gro eciu
I KaXKJoro y € Y BMeCTO JI060ro BXOXKIEHUA Y B (1 IOJCTABATL CHMBOJT
o(y), TO B pe3yIbTaTE MOJIYUIUTCSA 3AIPOC Qo

Hemownux [67]. K nannoii 3agade ceomnress PACKPAIIIMBAEMOCTD I'PA-
®A B 3 IIBETA.

Kommenmapudi. 3anaqa m3oMopdru3Ma KORbIOHKTABHBIX 3aMPOCOB (1Ba 3a-
POCA HA3BIBAIOTCA H30MOP(MHBIMH, €CJIH OHU COBIIAJAIOT C TOYHOCTHIO J0 B3AHMHO-
OIHO3HATHOTO TIEPEMMEHOBAHNS TIEPEMEHHBIX, TEPEyMOPSAIOUYCHAS KOHBIOHKTHB-
HBIX YJICHOB U TEPEyNOpAJ0YeHNs] KBAHTOPOB) MOJTMHOMHUAIBLHO SKBUBAJICHTHA,
3amade 00 n3omopdusme rpados.

[XTT 31] KOHBIOHKTUBHBIN BYJIEBCKUN 3ATIPOC

YCJIOBUE. 3amansr momen D, watop orwomenuit R = {Ry, Ra, ..., Ry}
(rme R; eCTb MOAMHOXKECTBO MHOXKECTBA, Did), KOHBIOHKTHBHBIN OyTeBCKHUI 3a-
npoc @ wag R u D, 1. e. 3ampoc Bujga

(3 Y1, Y2, --- ayl)(Al A A2 VANTAN Ar);

rae A; mmeer sug Rj(uy, Uz, ... , U4, , & HePEMEHHBIE U IPHHAIICXKAT MHOKECTBY
({yh Y2y .0y yl} V) D)
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BOITPOC. Bepuo 1, 9T0 () MCTHHEH MPU WHTEPIPETAIMH €r0 KaK yTBep-
xaeaus o6 R u D?

Hemownurk [67]. K sroit 3amave ceogures KJIIMKA.

Kommernmaputi. Ecmn 3aMeHNTh KOHBIOHKTHBHBIN 3aMpPOC MPOU3BOIHHBIM
MIPE/ITIOYKEHNEM TIEPBOTO MOPSIIKA, BKIIOYAIOIINM TPEIUKATH U3 Habopa R, To
3agaqa cranosurcs P — SPASE-nonuoit (naxe ecmun D = {0, 1}).

[XII 32] 9 KBUBAJIEHTHOCTbBb TABJINI]

YCJIOBUE. 3anansr MHOXKeCTBO UMEH aTpubyToB A, cemeiicrso F' ymopsimo-
YEHHBIX AP TOAMHOXKECTB MHOKECTBA A, MHOXKECTBO BbIJETEHHBIX IEPEMEHHBIX
X, MHOYKECTBO HEBBIIEJICHHBIX TIEPEMEHHBIX Y, IJIsT KayKI0T0 ¢ € A MHOYKECTBO
kouctaut Cy, nBe «tabmunpbi» Ty u Th vang X, Y u C,. (Tabnuna, mo cymectsy,—
9TO MATPHIA, B KOTOPOH KAaXKIOMY MMEHU aTpudyTa COOTBETCTBYET CTOJIOEI, a
9JIEMEHTAMHE SIBJIAIOTCS IIyCTONR CUMBOI 1 3nemenTbl MHOXKecTB X, Y u C,. e-
TAJIA ONPEJIETIeHNs U WHTEPIPETAIMI0 B TEPMUHAX DPETSIUOHHBIX BLIPAKEHUHN
MOXKHO Haiitu B pabore [12].)

BOITPOC. Bepso su, aro T1 u Ts «cnabo skBuBaienTHbl»? T. e. BepHO 1H,
aro T} u To IpU «yHUBEPCATBHON WHTEPIPETAIIMUY OMPEAEIIOT HISHTHIHBIE
OTHOLIEHUS 7

Hemownuk [12]. K sroit 3anage ceogurca 3-BBIII.

Kommenmaputi. 3amaga ocraérces NP-monHo# B cenyoomux ciaydaax: (1) ra-
ONUIIBI TOJYYAIOTCS U3 «BBIPAYKEHUI», HE COIEPIKAIIUX OMEPAIV «BBIOPATH»;
(2) Tabsuupbl MOy YAIOTCSA U3 BbIPAYKEHWIA, COAEPIKAILIMX OLEPAMIO «BbIOPATH»,
npu srom cemeiicto F mycro; (3) cemeiicrBo F' mycro, Tabiuibl HE COAepKAT
KOHCTAHT, TPUIEM TaOIHIBI HEOOSI3ATENBHO MOy IAI0TCS U3 KAKIX-TO BbIPasKe-
Huii. JIJisT «TpOCThIXy TAOJIWI] 33298 PEIaeTcs 33 MOJUHOMHUAILHOE BPEMS.
Anajornynbie pe3yabTaThl UMEIOT MECTO JIJIsT «CUJILHOM SKBUBAJIGHTHOCTH », TPU
KOTOPOH TaOIHUIBI JOMKHBI MPEJICTABIATH WICHTUIHBIE OTHOIIEHUs MPU BCEX
UHTEPIPEeTAlnax. 3aJa4da «BKIYeHUsA» TaOIull, 0gHaKo, NP-1ojiHa Jaxe s
npocThix Tabsui u emg 6ojee OrpaHuYeHHbIX BUIOB Tabuut [462].

[XTI 33] COTJIACYEMOCTBb UCTOPUUN BA3 JAHHBIX

YCJIOBUE. 3anmams MHOXKeCTBO V' mepeMeHHBIX 0a3bl JTaHHBIX, HaOOp T
«rpamsakmuit> (R;, W;), 1 < i < n (rme R; u W; —NOIMHOXKECTBA, MHOMKE-
cTBa V, Ha3BIBAEMBIE «UMTAEMOE MHOYKECTBO» U <«3AMUCHIBAEMOE MHOMKECTBO»
COOTBETCTBEHHO), u «ucropus» H wabopa T (rue «ucropusi» €CTb Takas Hepe-
craHoBKa MHOXKecTB R; mw W;, B KoTOpoii moboe MHOXKECTBO R; nAéT paHbIie
COOTBETCTBYIOIIEro MHOXKeCTBA W;).

BOIIPOC. Cyecrsyer ju cornacoBannas ucropust H' wabopa T' (T. e. ra-
Kasl MCTOPHsI, B KOTOPOI KaxKg0e R; uaéT HemocpeacTBEHHO mepe/1 COOTBETCTBY-
oM MuOKecTBOM W;), skBuBasenTHas ucropuun H? (Ucropus H na3biBaercs
sKBUBaJIeHTHOH ncropun H'| ecim (1) 06e MCTOpUYM MMEIOT ONHAKOBOE MHOYKE-
CTBO «KWBbLIX» TpaH3akimii (rpausaxius (R;, W;) Ha3bIBaeTCA KUBOH B UCTO-
puu H, eciiu cymecrByer takas mepementasi v € V, aro smbo W; — mocienmee
3AIMUCHIBAEMOE MHOXKECTBO, coiepsKaliee v, 160 W; — mocieHee 3amuchbiBaeMoe
MHO2KECTBO, COAepzKalllee epeEMEHHYIO v Iepel HEKOTOPOH 2KUBOI TpaH3aKIueid,
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cozepzKaleil v B yuraeMoM MHOXKecTBe) u (2) 1is JH0ObIX JABYX YKUBbBIX TDaH-
sakumit (R;, W;) u (R;, W;) u mioboit nepementoit v € W; N R; MHOXKeCTBO
W; aBisercs MOCAeJIHUM 3alUCLIBAEMBIM MHOMKECTBOM, COJEpKAIUM v [epe
R; B ucropun H, Torga n TOILKO TOTrja, Korga W; — mociennee 3aMuChIBaeMOe
MHOYKECTBO, coziepxkaree v nepen R; B ucropun H'.)

Hemownurk [415, 413]. K sroit 3amaue ceognres MOHOTOHHAS 3-BHITI.

Kommenmapui. [Ipyrue BApaHTHI U TIOACIYIan ITON 331491, PA3PErTAMbIe
3a TOJIMHOMHUAJILHOE BPEMsi, MOYKHO HalTH B pabore [413].

[XII 34] BEBOITACHOCTBb CUCTEMBI TPAH3AKIIVU BA3bI
JAHHBIX (*)

YCJIOBUE. 3amanb MHOKECTBO V' TiepeMeHHBIX 0a3bl JaHHBIX U HAOOp T
«rpamzakuuit> (R;, W;),1 < i < n, tne R; u W; — nonmuoxectsa V.

BOIIPOC. Bepuo nu, uro gwobas ucropussi H Tpansakiun 1T 3KBUBAJEHTHA,
HEKOTOPOI COrJIACOBAHHON MCTOPUHU?

Hemownurk [415]. K sroit 3anave ceogures MHOZKECTBO ITPEICTABU-
TEJIEN.

Kommenmapudi. He m3BecTHo, mpuHaAIeKUT a1 3amada K Kaaccy NP win
K kmaccy co — NP. Ilposepka Toro, uro miobas ucropuss H mabopa T «D-
9KBUBAJIEHTHA» HEKOTOPOI CONTTACOBAHHON HCTOPHH, MOYXKET ObITH OCYIECTBIEHA,
3a, TIOJIMHOMUAJIHHOE BPEM# ([IBe UCTOPUU HA3LIBAIOTCA D-3KBUBAJICHTHBIMU, €C-
JIV OHA W3 HUX MOYKET ObITH TOyYeHa U3 APYTOi TAKON MOCIeI0BATEIHHOCTHIO
MEPECTAHOBOK COCEIHUX MHOYKECTB, YTO TOC/IE KAXK IO MePEeCTAHOBKU HOBAS MC-
TOPHSs OCTAETCs SKBUBAJEHTHON MPEIbLILY e ).

[XTI 35] COBMECTUMOCTD TABJINI YACTOT BA3bI JTAH-
HBIX

YCJIOBUE. Baganst muOX)ecTBO A mMéH aTrpubyToB, mjis Kaxkiaoro a € A
nomMen D, , MHO¥KeCTBO 00beKTOB V', Habop F' TabIuIL 9acTOT /I HEKOTOPBIX MMap
9JIEMEHTOB a, b € A (trabauneit yacTor nis umMén arpubyTos a, b € A Ha3biBaeTcs
bynakums fop 1 Do X Dy — ZT, y koTopoii cymma 3nadennii f, (7, y) 0o Beem
x € D, uy € Dy, pasua |V|) u muoxecrso K rpoek (v,a,z), tnev € V,a € A
u x € D,, npeAcTaB/IsIoONee MHOKECTBO M3BECTHHIX 3HAYEHUN aTpUOyTOB.

BOITPOC. CoBmecTumbl jin TabIUIBI U3 HAOOpa F' ¢ W3BECTHBIMU 3HAYEHU-
svu arpudbyToB u3 K7 WHade roBopsi, CyIeCTByeT Jin Takoi HAOOp (yHKImi
Jgo 1 V = D, (aysa xaxmoro a € A), uro (1) g.(v) =z, ecnu (v,a,z) € K, u (2)
st Beex fop € Fyx € Dy uy € Dy uncio takux v € V, 1715 KOTOPBIX ¢4 (V) = 2
u gy(v) =y, coBnagaer ¢ fop(z,y)?

Hemouwnuyk [447]. K s1oit 3agade csogutcs 3-BBIIL.

Kommernmapuii. I3 pesynbraTa, cpOPpMyIHPOBAHHOIO BBIIIE, CIEIYET, UTO
ecniu P # NP, 10 He CyIecTByeT MOTMHOMUATBLHOTO AJTOPUTMA, JIJIsT «COTTIACO-
BaHUsT» DA3BI JAHHBIX HA OCHOBE €€ TabJINIL 9acTO MOCPEICTBOM BBIBOIA 3apaHee
yKa3aHHBIX UMEH (mertamm cm. B [447]).

[XII 36| HAAEXKHOCTBH CUCTEM 3AIIIUTHL ®PAMNJIOB (*)
YCJIOBUE. 3amanbr MHOXKECTBO R «IOTHOMOUYMI», MHOXKECTBO OOBEKTOB
O, muoxkecrBo S C O cybbekros, MHO)kecTBO P(s,0) C R momnomounii s
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KazKI0l yHopsiaodeHHoi napsl § € S u 0 € O, KoHeuynoe MHOXkKecTBO C' KOMaH,
(kaxkmas u3 Koropbix umeer Bu, eciu ry € P(X,,Y)),r0 € P(Xs,Y2)u ...y €
P(X,,Ym), 10 61,04, ..., 0, nng Bcex m, n > 0 u kaxka0e 6; uMeer BUJL, «BBECTH
r; B P(X;,Y})» umm «BeBectu r; u3 P(K;,Y})») U BBIIETIEHHOE «IOTHOMOYHES
r" € R.

BOITPOC. CyirectByer n Takast mociaeaoBaTenbHOCTh Komang n3 C' u Me-
To7, nAeHTHdUKAINT BeexX 7;, X; 1 Y, KOHKPETHBIMHU 37IeMEHTAMH U3 MHOXKECTB
R,S u O cOOTBETCTBEHHO, YTO B HEKOTOPBIH MOMEHT HUCIOTHEHUS MOCTEI0BA-
TENLHOCTH TIOTHOMOYHE I 3aHOCUTCST B MHOKECTBO P (8, 0), He conepkasmee r’
1o sroro momenta? (/deramu o paboTe TAKWX MOCIEI0BATENHLHOCTEH CM. B yKa-
3aHHOMW HUKe pabore.)

Hemownur [199]. K sroit 3amaue ceomures JTOTTYCKAEMOCTD JIMHET-
HO OTPAHUYEHHBIM ABTOMATOM.

Kommernmapuii. Sagaaa P — SPAC E-nonna. Eciu gonyckarorcst onepanu,
TO3BOJIAIONINE CO3IaTh WK yOpaTh «00bEKThI» U «CyObEeKThI», TO 331a9a HEPa3-
permuMa Jaske TOra, KOJAa [IJisi HEKOTOPBIX «(DUKCUPOBAHHBIX» CHCTEM JOIMYC-
KAeTCsl M3MEHEHWNe HAauaabHbIX 3uadenuii P(s,0). Ecin uun ogpa u3 KOMaH[ He
MOKET COZIEPIKATH OOJIee OHOM OTepalni, TO B OOIIEM CIIydae 33/1a4a sBJIsieT-
csg NP-miomHOM 1 pa3pernnMa, 3a MOJIHNHOMAATLHOE BpeMst 111 (DUKCHPOBAHHBIX
CHCTEM.

A5. 3AJJAYN TEOPUUN PACIIMCAHUI

A5.1. 3amaum cocTaBJIeHUsI PACIIUCAHUS B CJIydYae OOHOTO
mporieccopa

[TP 1] YIIOPAOJOYEHNE C HEOZHOBPEMEHHBIM ITIOCTVII-
JIEHVEM " JTUPEKTUBHBIMU CPOKAMMU

YCJIOBHUE. Bamanbr MuOKecTBO T’ 3aIaHMi, a Tak>Ke JJIA KaskKIOro 3a.1a-
mus t € T amurensrocts [(t) € Z1, moment ero nocrymnenus r(t) € Z§ u
JMPeKTUBHBIH cpok d(t) € Z+.

BOITPOC. CymecTByer i OZHOIPOIECCOPHOE PACHUCAHIE BBIMTOJTHEHWS 3a-
naanit w3 T, COrJIacOBAHHOE C MOMEHTAMW TIOCTYTIEHUST W TUPEKTUBHBIMU CPO-
KaM#, T. €. CYNIeCTBYeT Ju omHo3Haunas bymrkuusa o : T — Z&, maxas, uro,
BO-TIEPBBIX, 3 ycioeus o(t) > o(t') caenyer, uro o(t) > o(t') + I(t'), u, BO-
BTODBIX, Jyist Beex t € To(t) > r(t) u o(t) +1(t) > d(t)?

Hemownuk [150]. K sroit 3amade cogurcs 3-PABBUEHUE (cu. pasz. 4.2).

Kommenmaputi. PaccmarpuBaemas 3amada NP-oHA B CHIBHOM CMBICITE.
Ona pa3perMa 3a ICeBIONOTHHOMAATBHOE BPEMS, €CITH YUCIIO 3HAYEHUH, TPH-
HUMaeMbIx Besmanaamu r(t) w d(t), orpaHuueHo KOHCTaHTOMN, n ocrtaérest NP-
MOJTHOH (B OOBIYHOM CMBICIIE), JayKe KOTIa 9Ta KOHCTaHTa pasHa 2. B Tex ciayva-
SIX KOTJIa BCE JJINTENLHOCTH PABHBI 1, THOO pasperneHsl MpephiBaHus, MO0 Bce
MOMEHTBI [OCTYILUIEHUS 3aJaHnii paBHbI 0, 3a/1a4a MOXKET ObITh PelleHa 3a MOTh-
HOMHUAJTbHOE BPEMs, IIPH 9TOM B yCJIOBHH 33349l MOI'YT IPUCYTCTBOBATH Orpa-
HUYeHns npeguecTBoBanns [323], [319]. 3amaua peraercs 3a HOTHHOMHUATHEHOE
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BpEMs TAKXK€ M TOLJA, KOIJA MOMEHTHI HOCTYIJICHHS W JUPEKTHBHBIE CPOKH
ABJIAIOTCA IPOU3BOILHBIMEA PAIMOHAIBHBIMA YACIAMHA M, KPOME TOrO, HMEIOT-
¢ OTPAHMYCHHUS MPEAUICCTBOBAHUSL; /Il STOr0 TPeOyeTcs, 9TOOBI BCE 3aJaHUL
MMeJTH OJIMHAKOBBIE TN TELHOCTH [65, 492, 156], 1160 ITOGH! pa3pernaamnch mpe-
peiBanus [41].

[TP 2] MUHVUMU3AIINS YUNCJIA HEBBIIIOJTHEHHBIX 3A-
JIAHUU

YCJIOBUE. 3agansr MHOKeCTBO 1 33aHWil, YACTUIHBIN MOPAIOK < Ha T,
i Kaxkjoro 3aganus £ € T gmarensuocrs [(t) € Z7, nupekTupHbIil CpOK
d(t) € Z* n nonoxurensuoe nenoe aucao K > |T).

BOITPOC. CymecrByer i OJHOOPOIECCOPHOE PACHUCAHUE O TSl 3aJaHUI
u3 T, yioBIeTBOPSIONIEE OrPAHUYEHUAM YACTUIHOTO MOPAIKA (T. €. TAKOe, 4TO
u3 t <t cuenyer o(t) + I(t) < o(t')) u takoe, uro cymecrsyer me Gomee K
samanuii uz T, gyst Koropwix o(t) + 1(t) > d(t)?

Hemownurk [148]. K sroit 3amade ceognres KJINMKA (cm. pasa. 3.2.3).

Kommernmapuii. 3amaga octaérest NP-TIOIHOM, Jayke eCIn BCe IJINTeILHOCTH
paBHbl 1 U eciiu yCaoBUs YACTUYIHOrO MOPSAIKA UMEIOT BUJL, «UEMOYKU» (KazKI10€e
3aJaHIEe UMEET He OOlee 9eM OJIHO HemoCPeICTBEHHO MPEIIeCTBYIONee U He
Gosiee YeM OJIHO HEIIOCPECTBEHHO 3a HuM cienyomee) [334]. Oua paspemuma 3a
nosMHOMMaIbHOE BpeMmst, ecin K = 0 [323] wan ecsin otHOmeHne < mycTo [392,
488|. B ciyuae Korga OTHOIIEHME < TYCTO, 33[a9a OCTAETCS TTOIMHOMHUAIBLHO
pa3penmmMoii, ecim B HeEé MOOABUTH «COTTACOBAHHBIE> MOMEHTBI IOCTYILICHUS
3ajaHuii (310 3HAYMT, YTo M3 ycnosuii r(t) < r(t') cnenyer d(t) < o(t')) [289].
Eciu ke 3Tu MOMEHTBI MOCTYILIEHUs IPOU3BOIBHBI, TO 3axa4a NP-nomHa (cM.
NPEABIAYIIYIO 33729y ).

[TP 3] MUHVMUW3AIINS BECA HEBBIIIOJIHEHHBIX 3AJTA-
HUMN

YCJIOBUE. 3amanst MuOX)ecTBO T’ 38 JaHMiA, a TaK¥Ke IJIsT KasKIOTO 33 aHWST
t € T pamrennuocts [(t) € Z1, Bec w(t) € Z T, aupexTunnnrii cpok d(t) € Z+T n
moJIOKuTETbHOE Yucio K.

BOITPOC. CymiecrByer i OJHOOPOIECCOPHOE PACHUCAHUE O TSl 3aJaHUI
u3 T, takoe, uro cymma BecoB »_ w(t) (B3grasg no tem t € T, ajisi KOTOPBIX
o(t) +1(t) > d(t)) e npesocxoaur K7

Hemownur [280]. K stoit 3ana4e ceognres PASBBUEHIE.

Kommenmapudi. 3amada MoXKeT OBbITh DEIieHa 3a TCeBIO0NOTMHOMUAILHOE
BpeMst (Bpewmst, monnHOMuaIbHOe oTHOCcHTebHO [T, Y- I(t) nlog Y- w(t) [332]).
Owna paspemuMa 3a TOJUHOMHUATIHHOE BPEMsl, €CJIM BECA «COTJIACOBAHBI», T. €.
eciu u3 w(t) < w(t') cnemyer I(t) > I(t") [326].

[TP 4 MUHUMMU3AIIN G B3BBEIIIEHHOTO MOMEHTA OKOH-
YAHUA

YCJIOBUE. 3anannt muoxkectso T’ 3a1anuil, 9acTUIHbIA mOpsaok < Ha T,
g KazKaoro 3Hadenus ¢t € T pmurensrocts [(t) € ZT, Bec w(t) € ZT mn
moJIoKuTeIbHOE Yucio K.
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BOITPOC. CymiecrByer jin OJHOMPOIECCOPHOE PACIUCAHUE O JIJIsT 33 JaHU
u3 T, yIOBIETBOPAIONIEE YCIOBUSAM YACTUIHOTO MOPSAIKA W TAKOE, UTO

> (o) +1(Hw(t) < K?

teT

Hemownur [330]. K amoii 3amase ceomgures OTITUMAJIBHOE JIMHENTHOE
YIHOPAIOYEHUE.

Kommernmapuii. 3amaga NP-nonHa B CHIBHOM CMBICTE U OCTA8TCS TAKOBOIA,
JlaXke ecyi BCe MJINTETLHOCTH paBHbI 1 nin ecan Bce Beca paBubl 1. Ona paspe-
MIAMa 33 MOJINHOMHUAJIBHOE BPEMsl, eCJIM TIOPSZIOK <€ SIBIISIETCS «JiecoMs [217, 5,
139, 489] nam mocseqoBaTeaRHO-MApPAIETHHBIM rpadom [293, 330, 4, 391].

Ecmu BMecTo ycnoBuit < B 3a1ady BBECTH WHIWBHIYATbHBIE TUPEKTUBHBIE
cpokm, 3amada Oymer NP-momHoil B CHiIbHOM cMbICIe [334], ecnm ke Bce Be-
ca 3aJaHWil PaBHBI, TO OHA CTAHET MOJIMHOMHAJILHO padpemmmoil [334]. Eciu
IUPEKTUBHBIE CPOKM 3aMEHUThL WHIUBUIYATHLHBIMA MOMEHTAMHU TOCTYIIJICHUS,
moydeHHas 3amada Oyaer NP-monHa B CHIBHOM CMBICTE, TaKe eCIIH BCE Beca
sazanuii pasubl 1 [338]. Bepcus nocienneit 3a1a4u, B KOTOPOH A0MYCTUMBI IIpe-
poiBanus, NP-monHa B cuinbHOM cMmbicie [311], onHako Moxker 6bITh perieHa 3a
[OJIMHOMHAJILHOE BPEMsI, €CIM BCe Beca PaBHLI [186].

[TP 5| MUHUMMU3AIIN A ITITPA®A 3A HEBBITIOJIHEHUE 3A
JAHUUN

YCJIOBUE. 3ananbt mHOKecTBO T' 3aJaHNI, & TAKKe /1)1 KaXKI0I0 338, IaHus
t € T pamrennuocts [(t) € Z1, Bec w(t) € Z T, aupexTunnnrii cpok d(t) € ZT n
MOJIOXKUTETHHOE TeToe Iucio K.

BOITPOC. CymiecrByer jin OJHOMPOIECCOPHOE PACIUCAHUE O JIJIsT 33 JaHU
u3 T', Takoe, aro cymma y ., (o(t) + I(t) — d(t))w(t), B3aras mo tem t € T, nys
KoTophIxX o (t) + I(t) > d(t), e mpeBocxomur K7

Hemouwnuy [328]. K sroit 3agade ceogurca 3-PASBIIEHUE.

Kommenmaputi. 3amada NP-moiHa, B CHJIBHOM CMBICTE. ECIu Bce Beca pas-
HBI, OHa Pa3pelmMa 3a TCEeBIONOINHOMUANBHOE BpeMms [328], eé NP-momHOTa
(B OOBIYHOM CMBICIE) He ycTaHOBJIeHa. Eciw Bce IIMTEIHHOCTH pDaBHBI (a Be-
ca MPOU3BOJIbHBI), 33a9a Pa3pPeluMa 3a NOTMHOMHUAJIBHOE BPEMs C HOMOIILIO
IBYJONBHBIX mapocoderanwii. Ecmm m06aBUTh yCIOBUSA NPEAIECTBOBAHUS, TO
oHa Oymer NP-monmHoi, make B clydae PaBHBIX JJIUTETLHOCTEH M PABHBIX Be-
coB [336]. Ecin e BMecTo 3TOro H00aBUTH MOMEHTHI TOCTYIIEHUS 3aTaHui,
To 3amada Oymer NP-TOMHOW B CHJILHOM CMBICIE TIPU PABHBIX Becax (CM. 3a-
naay YIIOPAJOYEHUE C HEOJHOBPEMEHHBIM ITOCTVYIIJIEHUEM
" TUPEKTUBHBIMU CPOKAMU), npuuéM npu paBHBIX JJIUTENILHOCTIX U
NPOM3BOMBHBIX BECAX 3TA 331394 MOJTMHOMHUAIBLHO PA3PEIIAMa C IIOMOIIBIO JIBY-
JOJIBHBIX Mapocoderanuit [186].

[TP 6] YIIOPAOAOYEHUE C IJUPEKTUBHBIMU CPOKAMMN
M BPEMEHAMM IIEPEHAJIAIOK

YCJIOBUE. 3ananbr: MHOXKeCTBO C' «KOMIUIATOPOB», MHOXKECTBO T’ 3313~
Huil, Jyia Kaxaoro 3aganud t € T guurensHocrs [(t) € Z +, JIMpPEeKTHBHBIH CPOK
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d(t) € Z*, ceoit kommmnsaTop k(t) € C, a takke s kaxaoro ¢ € C' «Bpemst
nepenanaakuy> [(c) € Z; .

BOIIPOC. CymecrByer i OJHOMPOIIECCOPHOE PACIIUCAHNE ¢ IS 33JAHUIMA
u3 T, yIOBIETBOPSIONEE BCEM TUPEKTHBHBIM CPOKAM U CIEIYIOMEMY JOTIOTHNA-
TEJIbHOMY OrDAHMYEHUIO: eCiu 3aJaHue ¢ HauuHaercd panbine ¢ (. e. o(t) <
a(t')), mpuaém 3amanms ¢ u t' «compsikénnnies, o o(t') > a(t) +1(t) +1(k(t'))?
(Bamanus t u t', rae o(t) < o(t'), HABBIBAIOTCS «COMPSAKEHHBIMU», €CIA MEK LY
HUMH HET MPOMEKYTOYHOTO 3amanus (T. e. Takoro t”', uro o(t) < o(t") < o(t'))
Uy HUX Pa3/udHble KOMOUasaTopol, k(t) # k(t').)

Hemownurk [60]. K sroit 3anave ceogures PASBBUEHUE,

Kommenmapuidi. 3amada ocraéres NP-nomHOl, ecu Bce BpeMeHa TepeHa-
nagku paBHbL. VIMeercs 6iM3Kas 3a/1a49a, B KOTOPOH BPEMEHA MEpEeHATAIOK 3a-
MEHEHBI CTOMMOCTSIMH TIEPEHATATOK, W TPeOyeTCsl BBISCHUTH, CYIIECTBYET JIN
PACTIICAHNE, YAOBICTBOPAIONIEE BCEM JUPEKTUBHBIM CPOKAM W MMEIOIIEE CyM-
MapHYI0 CTOMMOCTH MepeHaanIoK He Oombine K; ata 3amada NP-monHa, maxke
€CJTH BCE CTOMMOCTH TIepeHATa 0K paBHbl. Q0 3a1a91 MOTYT GBITH DEIeHb 3a
MCEBIOMOMMHOMUATBEHOE BPEMST, KOTJA YUCIO PA3TMIHBIX 3HAYCHUN, TPUHAMA-
eMBIX TUPEKTHBHBIMHA CPOKAMHW, OTPAHMYEHO KOHCTAHTON. ECIu 3TO 4mciao we
OTPAHWYEHO, HE W3BECTHO, ABJSAIOTCA JIM 3TU 3a7a9n NP-TIONHBIMA B CHITLHOM
CMBICTIE.

[TP 7] MUHUMMU3AIINA MAKCUMAJIBHBIX 3ATPAT

YCJIOBUE. Bananbr MHOKeCTBO 3agauuil T', 4yacTUYHBIA DOpAg0K < Ha 1T,
«3arparbly c(t) € Z mus xaxgoro t € T (ecim ¢(t) < 0, UX MOXKHO paccMaTpu-
BaTh KaK «JI0XO0J») u KoHcTauta K € Z.

BOITPOC. CymiecrByer i OJHOOPOIECCOPHOE PACHUCAHUE O TSl 3aJaHU
u3 T', KOTOpOe yIOBIETBOPSIET YCIOBUSIM YACTHUHOTO TIOPSITKA U MMEET CIIELY-
I0IIlee CBOMCTBO: It Kaxkaoro t € 1T’

Z c(t) < K?

tho(t')<o(H)

Hemownux [1]. K sroit 3agadge ceogurcss JOCTATOYHOCTD YN CJIA PE-
I'MCTPOB.

Kommenmapud. 3agaua ocraérca NP-nonHoit, naxe ecau c(t) € —1,0,1
nnsg Beex t € T. Ona paspemmnMa 3a MOTMHOMHAIBLHOE BPeMs, €CIH YCIOBUS
YACTUYHOTO MOPSIKA ¢ MPEIACTABAMBI B BUIE TAPAJLIEIbHO-OCICI0BATEIHHOTO

rpada [2, 391].

A5.2. MHoromporeccopHbie PACHUCAHUS AJS MapaJijieib-
HBIX ITPOIIECCOPOB

[TP 8] MHOT OIIPOITECCOPHOE PACIIICAHUE
VYCJIOBUE. 3agannr MHOXKeCTBO 3aaauuii 1', 9uciao mporeccopos m € Z T,
armresnbHocTs [(t) € Z * 1S KAXKIOro
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BOITPOC. CyiecrByer i m-mponeccopHoe pacnucanue Jais 3aaanuii u3 T
KOTOPO€ YIOBJIETBOPsIeT OOLIEMY AUPEKTUBHOMY CpoKy D? Ipyrumu cioBamu,
cymectByer qu GyHKImug o : T — ZO+ , Takasg, ITO A7d BceX v > 0 9uciao
3ajanuit t €, 1 KoTopsix o(t) < u < o(t) + [(t), He mpeBBIIIaeT M U, KPOME
roro, nyst Beex ¢t € T mumeer mecto o(t) + [(t) < D?

Hemouwnux — macrosmas kaura. K aroit 3agage ceoanrca 3amada PASBIUE-
HUE (cm. pasz. 3,2.1).

Kommenmapuii. 3amada ocraéres NP-nonHoi mpu m = 2; oHA pa3pernumMa
3a TICeBIOTTOINHOMUAIBLHOE BPeMst TIPH JII000M (PUKCHpOBAHHOM m. 3agada NP-
MOJTHA B CUJILHOM CMBICJIE TIpH Tpou3BosbHoM m (3amaua 3-PASBUEHUE - eé
9aCTHBIN crydait). Ecau Bee 3aJaH1st UMEIOT OAWHAKOBYIO IJIUTEIHHOCTD, 3a/1a-
93 TPUBHMAJTBHO PEIIAeTcs 3a MOJMMHOMUATLHOE BPEMS, JTaXKe eCITU MPOIECCOPDI
UMEIOT Pa3/JInYHbIe TPOU3BOJUTETHHOCTH.

[TP 9] PACTINCAHUE C YCJIOBUAMMU IIPEJIIITECTBOBA-
HUA

YCJIOBUE. 3amanb MHOKeCTBO 3amanuii 1', KaykI0e U3 KOTOPHIX WMEEeT
JyrenbHOCTh () = 1, 9ncio npoueccopo m € Z 1, 4acTUYHbIA NOPSAIOK < Ha
T u aupeKTUBHLI cpok D € Z+.

BOIIPOC. CymiecTByer Jin m-TMpoIECCOPHOE PACITUCAHWE O I 3aIaHUH
u3 T, KOTOpOe yIOBIETROPAET OOIIEMY OWUPEKTUBHOMY CPOKY D W yCIoBHsM
npezmecTsoBanus (T. e. u3 coorHomenus t < t' cienyer o(t') > o(t) + 1(t) =
o(t)+1)?

Hemownurk [518]. K sroit 3agade ceogurca 3-BBIII.

Kommenmapudi. Banaua ocraéres NP-nonuoit npu D = 3 [336]. Ona paspe-
MUMa 3a TOJIWHOMHUANbHOE BpeMsi, ecim m = 2 (cM. Hanpumep [85]), a Takske
ecJIn m TTPOU3BOIILHO, & YCIOBUsl < TIPEJICTABMMBI B BHIIE «Jecas [225] nin nme-
0T JIONOJHEHUEM TPUAHIYIupoBaHubIil rpad [419]. das caydas, Korga yciaoBus
< obuiero Buzaa, a m GuUKCUpoBaHo (M > 3), CIOKHOCTD 337a9U HE YCTAHOBJIE-
ma. [Ipuy m = 2 3amaga cramoBurcsa NP-mOMHOM, €CMu IJIATEIBHOCTH 3aJaHUIT
npuHEMAIOT 3Hadenns 1 u 2 [518]. Ecau myst Kask1Ioro 3aJaHus ¢ HA3HAUEH IPO-
neccop p(t), 3amaua ssisgercsa NP-oHO#M Mpu m = 2 U TPOU3BOJIBHBIX YCIOBUIX
<, a TakyKe KOTZA 1M TPOW3BOILHO, & YCIOBUSA < — «JIEC»; OHA Pa3permMa 3a,
NOJTMHOMHUATBLHOE BPEMsl, €CITH M, MTPOU3BOIBHO, & yCIOBUA < — «IAKJIAICCKHH
necy [184].

[TP 10| PACIIUCAHUE C OTPAHUYEHHBIMU PECYPCAMMN

YCJIOBUE. 3agano MmuHOKECTBO 3amauuil T, KayK10e U3 KOTOPBIX UMEET IJIH-
TenanHOCTh (t) = 1, unciio npoleccopor m € Z T ancio BUIOB pecypcoB r € Z 7,
rpanunbl pecypcos B;, 1 < i < r, norpebrocru B pecypcax R;(t),0 < R;(t) < B;
(ni1st Beex 3asanuii £ U pecypcos 4, u obIMil IUpeKTUBHbIH cpok D € Z7T.

BOIIPOC. CymecTByer jin m-poecCOpHOe PACIUCAHNE 0 [IJIST 3aJaHUi 13
T, KOTOpPOE YIOBJIETBOPSIET OOINEMY IUPEKTUBHOMY CPOKY D U OTpaHUYEHUSIM
Ha pecypchl (TOCIeIHee YCIOBUE O3HAYAET, 9To ecau depe3 S(u) 0003HAUUTH
MHOXKECTBO BCex Tex 3aianuii t u3z T', ayis koropeix o(t) < u < o(t) + I(t), To

)

as Becex 4 > (0 m BceX BUIOB PECYPCOB & CYMMa ZtES(u) R;(t) ne mpesbimaer
B;?
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Hemouwnuk [145]. K stoit 3agade ceogures 3-PASBIIEHUE.

Kommernmapuii. Sagaga ssiasercs NP-mONHOM B CHIBHOM CMBICITE, JayKe ec-
mu r = 1 uwm = 3. Ona perraercsi 3a TOTHHOMHUAJIBHOE BPEMsl C TIOMOIIBIO
TEXHWKN MApPOCOYETAHN MU m = 2 1 Mpon3BoiahHOM 1. Ecan 106aBuTh K yCito-
BUIO 337Ia9¥M OTHOIIEHUST YACTUIHOTO MOPSIIKa <, OHa cTaHOBUTCS NP-TIOHON B
CHUJIBHOM CMBICTE TP " = 1, m = 2 ¥ yciaoBusix <, MNPEICTABUMBIX B BUIE <«Jie-
cay. Ecmu morpebHocTH B pecypcax HPUHUMAIOT AWCKpeTHbie 3HadeHus 0 wiu
B;, 3amaga sasngerca NP-momHOM pu m = 2,r = 1 1 ycIoBHAX < OOINEro BUIA

[519].

[TP 11] PACIINCAHUWE C WHAVBUAYAJIBHBIMU JIUPEK-
TUBHBIMU CPOKAMU

YCJIOBUE. 3anann MHOXKeCTBO 3ajaHnii 1', KazKI0e M3 KOTOPBIX HMEEeT
amuTenbHocTh [(t) = 1, unciio nponeccopos m € Z T, qacTHUHBI TOPATOK < Ha
T u ans xaxgoro t € T aupexTuBHbLIN cpok d(t) € Z7T.

BOITPOC. CymmecTByer i m-IpoIecCOPHOE PACIUCAHUE 0 [T 3aJaHuil U3
T, KOTOPOE yIOBIETBOPSET YCIOBUSAM IPEAMECTBOBAHUS M BCEM JUPEKTHBHBIM
cpokaMm (r. e. o(t) +I(t) < d(t) mna Becex t € T?

Hemownurk [58]. K sroit 3amaue ceognres BEPIITMHHOE ITOKPHITHE.

Kommenmapuii. 3agaua ocraércss NP-TIOJTHOMN, HasKe eCu YCIOBUS < TPeJl-
CTABUMBI B BUJIE «IIPSIMOTO JIepeBay (T. €. y KayKIOr0 33JaHus UMeeTcs He 6oyee
OJIHOI'O HENOCPEJICTBEHHO 3a HUM ceiaytomiero). OHa paspeiuma 3a moJTuHOMY-
aJIbHOE BpeMsl, eciu m = 2, a ycioBus < obuiero suaa [148], npuuém sror dakr
CTIPABEINE, Ia’Ke €CITA BKIYATD B YCJIOBAE 33Ja9H WHJIBH/LY ATbHBIE MOMEHTBI
nocryruiennst [150]. Ecan ycmoBusi mpeninecTBOBaHWs < OTCYTCTBYIOT, 3a7a4a
peraercs 3a MOJUHOMUAILHOE BPEMSsI C TIOMOIIBI0 TeXHUKU MapOCOYETAHNN [IJIst
NPOU3BONTBHOTO 3HAYEHUS 1M, TaZKe €C/IU B YCIOBUM €CTh MOMEHTHI IOCTY ILIEHHS
U UMEeTCs OJIUH BUJ pecypca, norpebHoctsb B koropom 0 wam 1 [43, 44].

[TP 12] PACIIUCAHUWE C ITPEPBIBAHUSIMN

YCJIOBUE. 3agansl MHOXKeCTBO 3aaauuit 1', 4ncao mporeccopos m € Z 1,
yacTuaHblii nopsanok < Ha T, purensuoctu [(t) € Z+ ans seex t € T u obmimii
TUPeKTUBHEIH cpok D € Z+.

BOITPOC. CymiecrByer i m-IporeccopHOe PACIUCAHUE TSl 3aJaHuil U3
T, KOTOpOE TOMYCKAET TPEPHIBAHUS 33JAHWI U YIOBIETBOPSET KAK YCIOBUSIM
NpPEIEeCTBOBAHNSA, Tak U 00memMy aupektunomy cpoky? (Takoe pacnucanue o
UJEHTHYIHO ODOBITHOMY M-TIPOIECCOPHOMY PACIUCAHUIO, 33 UCKIIOYEHUEM TOTO,
49TO pasperniaercs pa3duBarh Kaxkaoe 3amanue t € T Ha 11000€ YUCI0 «9aCTUd-
HBIX 3aJlaHuity t1, t2, ..., lk, TAKAX, 9TO

Z (t;) =1(t) m o(tip1) = olts) +1(t;)

st Beex 4, 1 < ¢ < k. YCaoBus 9aCcTUYHOTO MPEIIIECTBOBAHUST PACTPOCTPAHS-

IOTCS HA YACTUYHBIE 3aJaHAS CIEAYIOMUM 00PA30M: KaxkKI0e JACTHYHOE 3aa-

HUE, [I0JIyYeHHOE U3 ¢, IIPEIIECTBYeT BCEM YaCTUYHBIM 3aJauusam t', eciau t <t'.)
Hemouwnuk [518]. K stoit 3agade ceogurcs 3-BBIII.
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Kommenmapudi. 3amada pa3permnmMa, 3a MOIMHOMHUATHLHOE BPEMs B CIIeIyIO-
mux ciaydasx: ecam m = 2 [394], ecniu orpaHmdenHus < — «jaec» [395], ecin
OTpaHUYeHU TTPEAIIeCTBOBAHUS HET U 100ABIEHBI HHINBU/IYATbHbIE TUPEKTHB-
Hble cpokn [219]. Korma «0qHOpOIHBIES TTPOLECCOPHI NMEIOT «PA3INIHBIE TTPO-
M3BOJIUTETLHOCTH », 33/1a4a PA3PEITNMa 3a TTOTUHOMUATILHOE BpeMs TIpu m, = 2
WJIM TPU OTCYTCTBUM OrpaHuveHuil npexamecrsoBanus [223, 183]; ecsiu Bbinom-
HEHO TIOC/Ie/IHee YCIOBHUE, 33/1a9a OCTAETCs MOTUHOMHUATIBHO PA3PEmmMOil Tpu
HAJIMYMU WHIUBU/LYAJIbHBIX TUPEKTUBHBIX CPOKOB [467]; eciiu 2Ke 0nHOBPEMEHHO
m = 2 ¥ OTCYTCTBYIOT OTPAHUYIEHUS MPEIIECTBOBAHNS, TO 33109 TTOJTUHOMMU-
aJbHO pa3pennMa, Jayke ecau J00ABJIEHBI IEJI0YNCIEHHBIE MOMEHTHI TIOCTYTI-
JieHusi paboT M AupeKTHBHBIE cpoku [311]. B ciaywae «He3aBHCHMMBIX» TpOIEC-
COPOB 33/1a9a PEIIaeTcd 33 NOJNHOMHUAILHOE BpeMsi mpu (DUKCUPOBAHHOM M U
OTCYTCTBUM OrpaHudenuii npeamecrsoBanus [180]; 1pu npousBoJbHOM M U OT-
CYTCTBHUY OTPAHUYEHUN MPEAIIECTBOBAHUS OHA MOMKET OBITH DEIeHa METOIOM
JIMHERHOTO TporpamMupoBanus [331].

[TP 13] MUHVMMW3AIIN S BBBEIITEHHOI'O MOMEHTA OKOH-
YAHUSA (m IIPOITECCOPOB)

VCJIOBUE. 3amannr MHOXkKeCTBO 3ajaumii 1', 9uciao mporeccopos m € Z T,
N1 Kaskaoro 3aganus t € T piurensrocts [(t) € ZT u Bec w(t) € ZT, a Taxxe
MOMOKUTEThLHOE Tesoe unco K.

BOITPOC. CymecTByer i m-IpoIecCOPHOE PACIUCAHUE 0 [T 3aJaHui U3
T, Takoe, 9TO

S (o) + 1(1)w(t) < K?

teT

Hemouwnur [338]. K sroit 3anade ceogurcs PASBBUEHIE.

Kommenmaputi. 3amaga ocraércss NP-momHOM mpu m = 2, OHA SABJISETCS
NP-nonHO# B CHIJILHOM CMBICIIE TIpH Mpon3BoibHoM m [318]. Bamaua paspemmma
3a MCeBIOMOINHOMUAIBHOE BPpeMs TpY (DPUKCUPOBAHHBIX 3HAYEHUSIX M. DTU Pe-
3yJIbTATBI COXPAHAIOTCS, €CJIU JIONYCTUMbI «[IpepbiBanusy 3ajanuii [379]. 3ana-
9a pemraercsd (C IOMOIIbI0 TEXHUKU IAPOCOYETAHNUT) 3a MOJIUHOMUATHLHOE BPEMs,
eCcIu BCE JJINTEIBHOCTH paBHBI. ECiIn ke IIUTeThbHOCTH HEe PABHBI, 8 BCE BECa
PaBHBI MEXKIy CODOI, TO OHA PA3PEIINMa, 33, TTOJIMHOMUAIHLHOE BPEMST JTazKe JIJIst
MPOIECCOPOB PA3HON MPON3BOAUTENHLHOCTH [90] M I «HE3aBUCHMBIX> MPOIEC-
copos [218, 59]. B ciyuae npoueccopos pa3Hoii IpOU3BOAUTEIHLHOCTH OHA Pa3pe-
[IMMa, 38 OJIMHOMHUAJIBLHOE BPEMS M TOT/IAa, KOTJa Pa3pellieHbl npepbiBanus [179].
Ecnn mobaBiieHnsl orpaHUdeHns TTPeIIeCTBOBAHNS, NCXOAHASA 3a1a49a NP-TIoIHa,
B CHJIBHOM CMBICJIE, [TayKe €CJIM BCe BECA PABHBI, 1M = 2 W YACTUYHBINA MOPSIOK
ecTh JINO0O «BHYTPEHHee NEpeBos», THO0 «BHelHee nepesos [478]. Ecaun B ycio-
BUs H00ABUTH OIPAHUYEHUS HA PECYPChI, TO YACTHBIE CIydau, MPUBEIEHHBIE B
zagage PACTINMCAHUE C OTPAHUYEHHBIMU PECYPCAMU, 6yayr Bce

NP-nonHbIMH, JaXKe eCid BCe Beca PaBHbI [42].
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Ab5.3. MHoromporneccopubie pacnucannsg KOHBeiiepHoro Tu-
ma

[TP 14] OTKPBITOE KOHBEVMEPHOE PACIIUCAHUE

YCJIOBUE. 3anansr 9nciio Tporeccopor m € Z T, MHOXecTBO 3amanmii J,
KayKJI0€ M3 KOTOPBIX COCTOUT u3 m onepauuii (T. e. 3azanue j € J cocrour u3
onepauwuii t1[7], t2[J], .. , tm[j], npuuém onepauus t;[j] BbINOIHIETCA TPOLECCO-
POM 1), IJIUTENLHOCTD [(t) € Z ns Kaxkzoit onepaiuu ¢ 1 OOIIuii JUPEK TUBHBII
cpox D € Z7.

BOIIPOC. CymecrByer in OTKPBITOE PACIUCAHUE s 3aJauuii u3 .J, ymo-
BJIETBOPSAIOIIEE JUPEKTABHOMY CPOKy? JIpyruMu clioBamu, CymecTByeT iu Habop
U3 M OJHONPONECCOPHLIX pactucanuii o; : J — Z5, 1 < i < m, takmx, uro: (1)
u3 ycnosust 0;(j) > o;(k) cnenyer 0;(j) = oi(k)+1(t:[k]); (2) nns xaxzmoro j € J
Bce naTepBaAIH [0;(5), 03 (7)+1(¢:[j]) He mepecexatores u (3) o;(4) ++1(t:[j]) < D
musiBeex 4,5 :1<i<m,1<j<|J|?

Hemownuyk [181]. K sroit 3ana4e ceognres PASBBUEHIE.

Kommenmapuii. 3anaga ocraéres NP-monHOM mpu m = 3, HO pa3pernumMa
38 MOMMHOMHAIBHOE Bpems, ecmu m = 2. Ona sBaserca NP-TOMHON B CHIILHOM
CMBICIIE, ECJTH M TIPON3BOJILHO [334]. B obmiem ciyvae 3amada pa3penmiMa 3a mo-
JIMHOMMAJILHOE BPEMsI, CIIN pa3perenbl mpepbiBanus 3anannii [181], stor dbaxr
OCTaéTCsA B CHJIe W TOTA, KOTIA 3aJAHBI JBA PA3IWIHLIX MOMEHTA TTOCTYTLICHUS
saganuii [69]. IIpu m = 2 u pa3peéHHBbIX NPEPLIBAHUAX OHA Pa3pPeIIuMa 3a
NOJTMHOMHUATBLHOE BPEMSI, TazKe eC/IU 3aJaHbI TIPOU3BOIBLHBIE MOMEHTHI ITOCTYTI-
JICHWS 33JAHUIT; B OOMIEM CITydae 3318498 C PA3PEIIEHHBIMEA MTPEPLIBAHASAME, PO~
W3BOJIHHBIMA MOMEHTAMMW TOCTYTIJICHWS] U IUPEKTHBHBIMA CPOKAMU CBOIATCS K
3a/1a9e JMHETHOTO TTPOrpaMMHUpoBaHst [69).

[TP 15] IIOCJIEJOBATEJIBHOE KOHBEMEPHOE PACIINCA-
HUE

YCJIOBHUE. 3amamsr: 9uicio mporeccopos m € Z 1, MHOXKecTBO 3aganmii J,
npuuéMm Kaxkzaoe 3ananue j € J cocrour u3z m onepaumii t1[7], ta[j], ..., tm[J],
JUTUTeIbHOCTD onepatyu [ (t) € Zg' JIsI KaXK IO omeparuu t, OOt THPEeKTHB-
HbIit cpoxk D € Z+.

BOITIPOC. CymecTByer u Moc/ie10BaTeILHOE PACTUCAHNE I 3aaHUN 13
J, ynosnersopsiomiee obuieMy nmupektusaomy cpoky? (TlociemoBarebHbIM pac-
MUCAHWEM HA3BIBAETCS OTKPBITOE PACIUCAHUE, YIOBIETBOPSIOIIEE CIIEIYIOIe-
My JOIOJIHUTEIHLHOMY orpanudenuto: mist Beex j € J u 1 < @ < moiq1(j) >
oi(j) +1(t:[5].)

Hemownuk [155]. K sroii 3amade ceogures 3-PASBMEHUE.

Kommenmapudti. 3amaga NP-tofHa B cuabHOM cwmbiciae npu m = 3. OHa
paspernnmMa 3a TOIMHOMUATIBHOE BpeMst pu m = 2 [268]. dtu mpa pesyibra-
Ta COpPaBeJIMBbI, €CM JOMYyCTUMbBL NpepbiBanus [182], onxako, eciu n06aBuTh
MOMEHTBI TIOCTYILIeHNsT 3aJaHnil, 3amada O6ymer NP-OTHON B CHIBHOM CMBICTTE
ngaxe npu m = 2 [69]. Eciu no6aButh ycnosue

Y om() +1tmli]) < K,

JjeJ
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TO nosyveHHas 3ajga4a (6e3 npepbiBanuii) 6yaer NP-1oIHA B CUIIBHOM CMBICIIE,
Jaxe ecmn m = 2 [155].

[TP 16] IIOCJIEJOBATEJIBHOE PACIINCAHUE BE3 OXKMU-
JAHUSA

YCJIOBUE. To e camoe, kak u B mpeabiayimeit 3amadue, [IOCJIETOBA-
TEJIbHOE PACIIMCAHUE.

BOIIPOC. CymecrByer 1 OCIeI0BaTeILHOE PACIACAHIE s 3aJaHul 13
J, YIOBIIETBOPSIOIIEE JIUPEKTUBHOMY CPOKY U JIOMOJIHUTETLHOMY YCIOBHIO, JIJIsT
Beex j € J u 1 <i<m,oi(f) = oi(4) +1(t:[5])?

Hemownur [338]. K sroit 3amade ceomures OPUEHTUPOBAHHBIN TA-
MUJIBTOHOB IIYTh.

Kommernmapuidi. 3amada NP-nonHa B CHJIBHOM CMBICTE st JTIOOOT0 (hUK-
cupoBanHoro m > 4 [416]. Ona paspenmiMa 3a MOJIMHOMHAJIBLHOE BPEMs MPU
m = 2 [172], omrako NP-mosiHa B CHJILHOM CMBICIIE TIPU M, = 2, eCJIN JOTyCKa-
0TCS 3aJJaHUs HE UMEIOIINe OMepAInii, BLIMOJIHIEMBIX HA HEPBOM IIPOIECCOPE
[468]. CnoxHOCTb HE ycTaHOBJeHA g ciaydas m = 3. Eciu nobaBurh yciosue

> om(i) + Utmli]) < K,

jET

a m — IPOU3BOJILHO, TO 3ana4a Oyaer NP-nosHoil B cuibHOM cMbicie [338],
npudém eciu m dbukcupoBaHo (m > 2), TO CJIOKHOCTh TAKOW 3a/a49u He yCTa-
woersena. Auagornuno sepenn 3a0a4 OTKPBITOE PACIIMCAHUE v OBIIIEE
KOHBENEPHOE PACIIMCAHUE (cm. ruke), Koraa 106aB/IeHo YCIoBHe, 3a-
NPEAIIee OKUIAHNE, ABIIIOTCE NP-OMHBIMU B CHJILHOM CMBICTIE TIPHA M, = 2

[468].

[TP 17] ABYXIIPOITECCOPHOE ITOCJIEZJOBATEJIBHOE PAC-
IINMCAHUE C BY®EPOM

YCJIOBHE. To ke camoe, kak B 3amade IIOCJIEJOBATEJIBHOE PAC-
MMMCAHUE, npu ycaoBun, 9T0 m = 2 U JOTOTHUTEIHHO 3a0aHa «EMKOCTH 0y-
dbepa» B € Z7.

BOIIPOC. CymecrByer 1 1OC/IeI0BaTEILHOE PACIUCAHIE s 3aJaHuil 13
J, yaooBrersopsmomee o0meMy AUPEKTHBHOMY CPOKY M CICAYIOHMIEMY yCIOBHIO:
s mro6oro v > 0 amero 3amanuii § € J, 171 KOTOPBIX OZHOBpeMeHHO o1 (f) +
1(t1[7]) < u m 02(j) > u, He mpeBocxoanT B?

Hemownux [416]. K sroit sagaue ceomures TPEXMEPHOE COUYETAHUE
C OTPAHUYEHUIMMU I10 BECY.

Kommernmaputi. 3amada NP-TIONHA B CHJILHOM CMBICTIE IJIsT JTI000TO (DUKCH-

posanroro B,1 < B < oo. Ona pa3zpemmma 3a TOJTHHOMHUAILHOE BPEMSI, eCIU
B =0 [172] umm ecim B > |J| — 1 [268].

[TP 18] OBIITEE KOHBEMEPHOE PACIIICAHUE

VCJIOBUE. 3agann: 9ucao mporeccopos m € Z 1, MHOXKeCTBO 3ajanuii J
(mpuuém kazkzoe 3ananue j € J cocTOUT U3 ynopsa04eHHoro Habopa onepanuii
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teli], 1 < k < nj), ana kaxmoft onepanuy ¢ ammrensHocTs [(1) € Zi, onpene-
JIEHHBIHN TPOIECCOP

p(t) € {1,2,...,m}, rae p(tx[5]) # p(tr+1[i])

st Beex j € J 1 < k < nj, n aupextusHbi cpok D € Z7T.

BOITPOC. CymeCTByeT JIV 00IIee KOHBEHEepHOe pACTTUCAHNe M1 3aIaHuil 13
J, yIOBJIETBOPSIOMIEe OOMIEMY IUPEKTUBHOMY CPOKY? JIpyruMu cIOBaMu, CyIIe-
cTByeT i HAGOP OJHONPOIECCOPHBIX PACIHUCAHHNA 0;, OTOOPAKAIONINX MHOKE-
crBo {t : p(t) =i} B Z;, 1 < i < m 1 yI0BIETBOPSIONIEX CIETYIONTIM yCTOBHAM:

(1) u3 o;(t) > 0;(t') cnenyer, aro o;(t) > o;(t") +1(t');

(2) ot [7]) > ol + L))

(Coe MHZEKCHI COOTBETCTBYIOT PACHUCAHUIO o) st Beex j € J u 1 < k < ny;

(3) mmst BCex j € J

o(tnlj]) + Utn;[j]) < D

(rze OmATh MHIEKCHI COOTBETCTBYIOT PACIHUCAHUIO )7

Hemownuk [155]. K sroii 3amade ceogures 3-PASBMEHUE.

Kommenmapuii. 3agaua NP-mofHa B CHIBHOM cMbICTe ipu m = 2. OHa Mo-
JKeT OBITH perTena 3a MOIMHOMWAILHOE BPeMs, eclan m = 2 U n; < 2 JJId BeexX
J € J [256]. Ona NP-nomHa (B OOLITHOM CMBICTE), €CTE M = 2 K Nj < 3 A/ BCex
j€Jummecnnm =3 un; <2 aus Beex j € J [182]. Bee satu pe3ynbrars: ume-
0T MECTO M B CIydYae, KOrJa Pa3peraioTcs npepbiBanus 3anannii [182]. Ecan
MPEPHIBAHUS HE Pa3PeriaioTcs W BCe ONEPALNN MMEIOT OIWHAKOBYIO IJINTEIIh-
HOCTb, 3a7a49a NP-mogHa a1 m = 3; mpu m = 2 eé CJI0XKHOCTDh He YCTAaHOBJIEHA,
[337]%).

A5.4. Pasuble 3agaun

[TP 19] COCTABJIEHUE YYEBHOT O PACIIMCAHU A
YCJIOBUE. 3anannt muoxkectBo H «pabounx gacoB», MmuHOKecTBO C' «IIpe-
nojaBaTesneii», MHOXKeCTBO T «y4eOHBIX JUCIUILIMHY, I Kaxkaoro ¢ € C' jaHo
nonmuokecTBo A(c) C H, Ha3LIBAEMOE «IOMYCTUMBIMU IaCAMU JIJIS MPErnoa-
BaTesIsA C», A Kaxkaoil mucrurmesl ¢ € T — nogmuoxkectso A(t) C H, na-
3BIBAEMOE «JOIIyCTUMBIMH YaCAME [T JUCIUAIUIAHBL t», U I KaxXKIO0H Iapbl
(c,t) € C x T — aucno R(e,t) € Z7, maspiaemoe «TpeGyemoii HArPY3KOii».
BOITPOC. CymecrByer mu y4ebHOE pacoucanue, OOCIyKUBAOIIEe BCE THC-
murabt? JIpyrumu cioBamu, cyimecrsyer jiu dbyukuus f: Cx T x H — {0, 1}
(rme f(c,t, h) = 1 o3Havaer, 9To MpenogaBaTENh ¢ 3AHUMAETCS TUCIUTLINHON
t B MoMeHT h) , ymosierBopsiomas caenyoommm yemosusm: (1) f(e, t, h) =
TONBKO TOTHA, Korma h € A(c) N A(t), (2) mnsa xaxgoro h € H u ¢ € C cy-
uiecrByer He Gosee oguoro ¢t € T, takoro, uro f(e,t, h) = 1, (3) nus kaxaoro
h € HutéeT cymecrsyer ne 6onee oauoro ¢ € C, takoro, uro f(e,t, h) =1,

SB. I TuMKOBCKHIiT TOKA3aJI, UTO HOCHEJHSS 331393 IPHHAIEKAT Kaaccy P (pesymbrar
emé He OmyOMUKOBaH). — ITpum. peo.
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(4) nst kax ot mapet (¢, t) € C x T cymecrByer posao R(c, t) 3nadenwuii h, nis
koropbix f(c,t,h) =17

Hemownuk [114]. K sroit 3agade ceogurca 3-BBIII.

Kommenmapud. 3amada ocraéres NP-nonHoit, naxe ecnn |H| = 3, A(t) = H
nnsit € T wece R(ce, t) € {0,1}. Obmas 3anaua paspernmva 3a MoJInHOMHAAIBHOE
Bpems, ecin |A(c)| < 2 anga Becex ¢ € C wnn ecmn A(c) = A(t) = H s Beex
ceCuteT.

[TP 20] KOMIIJIEKTOBAHMUE ITITATA NUCIIOJIHUTEJIEN

YCJIOBHUE. Bamanbl monokuTeabLHBIE Ieable unciaa m u k, mabop C m-
MEPHBIX BEKTOPOB, KAXKJbI M3 KOTOPBIX COCTOUT u3 k eauHull u m — k Hymeit
(u mpezcraBisier cob0il BO3MOXKHOE PACHPEee/eHIe UCIIOIHUTEIEH ), M-MePHbII
BeKTOp R HeorpuuarenbHbIX guces (HA3bIBAEMbI BEKTOPOM <«IIOTPEGHOCTEl» )
A YUCTIO UCTIOTHUTENIEH N.

BOITPOC. Cymecrsyer nu pacnucauue f : C' — Z}, Takoe, 9TO

Yor@<nn Y f(@-exR?

ceC ceC

Hemownurk [152]. K sroit 3anade ceogurest TTI-3.

Kommenmapud. 3ama9a pa3pemmma, 3a MOJIAHOMAATLHOE BPEMS, €CITH BCE
¢ € C obmagaioT CBORCTBOM TUKIUYHOCTH (T. €. BCEe €AMHUIBI PACIOIOKEHBI
B OJHOM M TOM K€ MOPSJIKE, eCIU CYUTATH, YTO IepBas MO3ULUA CJAEyeT 3a
nosunueit m) [30]. dror ciaydait cOOTBETCTBYET CHTYAIMH, KOTIA WCTOJIHUTEIN
JOCTYTTHBI B ONPEJIETEHHBIE 9aChl pA60Yero ITHs WIW THU HEJIEeIH.

[TP 21] IINTAHVNPOBAHUWE ITPOU3BOJCTBA

VCJIOBUE. 3amannl unciao n € ZT IIaHOBLIX MEPHOIOB, AJd KarKIOTO
mepuoga i, 1 <14 < n, «<10TpebHOCTDY T; € ZO+ , «IPOILYCKHAsI CIOCOOHOCTH MPO-
W3BOACTBAY ¢; € ZO+ , CTOUMOCTD TIepeHaIa 0K TTPON3BOACTBA, b; € ZO+ , KoapPpu-
IIMEHT TTPUPAIIEHHsT CTOMMOCTH TIPOAYKIMH p; € Zg , Koadbdumment cromvoctn
samacos h; € Zg, obmas rpannmna B € Z7.

BOTIPOC. CymiectByioT i 00bEMbI TPOU3BOACTBA T; € Z7 U COOTBETCTBY-
I0IIFe yPOBHY 3anmacos [; = Z;Zl(fﬂj —rj),1 <i < n, Takue, 9rT0 BCe z; < ¢;,
Bce [; > 0m

n
pri + hiI; + Z <B?
i=1 z;>0

Hemownurk [339]. K sroit 3amaue ceogures PASBBUEHUE.

Kommenmapuii. 3agada paspemmma 3a MCEBIONOTUHOMAATLHOE BPEMST; OHA,
octaércst NP-TIOTHO#, JaxKe eClii BCe «ITOTPEOHOCTH» PABHBI, BCE CTOMMOCTH TI6-
PeHaTaIOK PaBHBI M BCe cTOMMOCTH 3amacoB pasubl 0. Ecmum Bee mpomyckubre
CTTOCOOHOCTH PaBHBI, TO 3a7a4a Pa3penmMa 3a TMOoJINHOMHUAIbHOe BpeMms [124].
YHoMsiHyThIE AJIFOPUTMBI MOYKHO OOOOIIUTEH HA CJAyYail MPOU3BOIHLHBIX MOHO-
TOHHBIX HEYOLIBAIOMINX BHITYKJILIX (DYHKIUHA CTOUMOCTH (€C/IH OHYM BBHIYUCTUMBI
3a NOJINHOMUAIHHOE BPEMsI).

[TP 22] UBBEXKAHUE TVIINKA
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YCJIOBUE. 3anansl MHOXKECTBO OuarpaMM IIEPeXOI0B JJIs M IIPOLECCOB
{P1, Py, ..., Py, } (rie xaxk1ast auarpaMmMa npecTaBiseT OPHeHTUPOBAHHbBIN alyuK-
smdeckuii rpad), MHOXKECTBO () «PecypCoB», COCTOSIHUE S CHCTEMbI, 3a/IAI0IIee
TEeKYIIUH «aKTUBHBINY y3es AJI KaxKIOTO TIPOIEecca, U «pacipenesieHne pecyp-
coB» (TTOAPOGHOCTH MOYKHO HANTH B yKA3AHHBIX HUKE paboTax).

BOIIPOC. {snsiercst mu cocrosinue S «omacHbiMy» ? JIpyruMu cioBaMu, Cy-
IIECTBYIOT JIM YTPABJISIOIIAE TIOTOKN IJIsi PA3JMYHLIX MPOIECCOB, TAKUe, UTO
HUKAKOE PACIIpeIe/ICHIe U TepepacipeleIeHne PeCypcoB He TePeBeIeT CUCTeMY
U3 COCTOSTHUS S B HEKOTOPOE «KOHEUHOE» COCTOSTHUE?

Hemownurk [21, 508]. K aroit 3amave ceoaurest 3-BBITL.

Kommenmapuii. 3agaga ocraéress NP-0THOM, Jake eciid TpeDOBAHUS K Pa3-
MEIEHNI0 «IPABUIBHBIE» W KAXKJ0€ W3 HUX OTHOCHTCS He 0O/ee 9eM K ABYM
pecypcam. B ykazamHol IuTepaType MpUBOLATCS JOMOTHUTEIBHBIE PE3YIhTaThI
MO CJIOKHOCTH 3TOM 3azaun. B pabore [175] maHbl pe3ysibTaThl W AJIrOPUTMBI,
OTHOCSIIINECS K OJIM3KOH 3a1a9€ O TYMTUKOBBIX CUTYAILIUSX.

A6. MATEMATUYECKOE ITPOT'PAMMUNPO-
BAHUE

[MII 1] DEJIOYUNCJIEHHOE ITPOTPAMMMWPOBAHUE

YCJIOBUE. 3anansr KoHeUHOE MHOYKECTBO X , cocrosiimiee n3 nap (Z, b) (rme
T ecTb M-MepHbI LeI0UYUCJIeHHBI BEKTOD, b — LIeJ10e YUCII0), M-MEPHbI 1es0-
YUCTEHHBIA BEKTOP € U [EeI0e 9ucio B.

BOIIPOC. CymecrByer i Tako#l m-MEpPHBIA BEKTOD § C IEJTBIMUA KOODIHU-
Haramu, 910 T - § < b mug Beex (2,0) € X u ¢y > B (rme npoussenenue
M-MEPHBIX BEKTOPOB & = (U1, U, ... , Upy) U T = (U1, V2, ... , Up,) 38702E8TCH HOP-
MyIO @ - T = Yo wiv;)?

Hemownuk [280, 55]. K aroii 3amaue ceogures 3-BBIIL. Bo Bropoit pabore
JOKa3aHa MPUHAIIEKHOCTD 3a0a9u Kaaccy NP.

Kommenmapuiti. 3amaga NP-nojiHa B CHJIBHOM CMbICTe. EE BapuaHT, KOTIa
MIIETCST BEKTOD §J, KOOPAWHATHI KOTOPOTO MpuHaiexar muoxectsy {0, 1} (Tak
nasbiBaeMast 3a1a4a 0-1 IEJTOUYMICJIEHHOE TIPOTPAMMUPOBAHUE), ocra-
ércst NP-TIOMTHBIM JlazkKe B TOM CIydae, KOoraa Kazkzaoe b, BCe KOOPIMHATHI BEK-
TOPOB T M BCE KOOPJAMHATHI BEKTOpa ¢ npuHajexar muoxkecrsy {0,1}. NP-
MOJTHOM SIBJISTETCST 33/1a4a C TEM JKe YCJIOBWEM, HO B KOTOPOIl CITPAITMBAETCS O
CYILIECTBOBAHUU TAKOTO BEKTOPA §j C HEOTPUIATEILHBIMU IEJIBIMU KOMIIOHEHTA-
MU, 910 T - § = b mig Beex (T, b) € X, uiam Takoro UeaouucJeHHOro BeKTopa ¥,
aro 7 - § > 0 ama seex (Z,b) X (cm. [463])7).

[MII 2] KBAJIPATUYHOE ITPOTPAMMUPOBAHIE (*)
YCJIOBUE. 3anaust KoHe4HOE MHOXKECTBO X , cocrosiee n3 nap (Z, b) (rme
T eCTb M-MEPHBII BEKTOD € PAIMOHAIBHBIME KOODAMHATAMHU, b — DPALMOHAIb-

"3 pesyabraTa, mogyderuoro X. V. JICHCTPOR-MIaIIAM [1981], cremyer, uro sTa 3amaga
opu Kaxa0M durcupoBanHoM |U| paspemmMa 3a MOTMHOMHUAIBHOE BpeMs. — ITpum. peod.
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HOE YHCJI0), JBa M-MEPHBIX BEKTOPA ¢ i d C PAIMOHATLHBIME KOOPANHATAME K
parmoHaIbHOe 9ucio B.

BOITPOC. CymecrByer i TakOil m-MepHBI BEKTOP § C PAIUOHATHHBIMU
KOOP/IMHATAMH, UTO T+ § < b 1yt Beex map (Z,b) € X n Y .- (c;y? + dyi) > B,
The ¢;, Y; U d; — 3TO 1-€ KOMIIOHEHTHI BEKTOPOB C, §J U d cOOTBETCTREHHO?

Hemownurk [463]. K sroit 3agage ceogurcs PASBBUEHIE.

Kommenmapuii. Ecnm He BCe KOMIOHEHTBI BEKTOPA ¢ HEOTPUIATETHHBI, TO
OpUHAIIEXKHOCTD 331a4n Kiaccy NP He ycranossiena [290]. Eciu orpanudenus
KBAJPATUYHDI, & HeieBas GYHKIUA JuHelHa, (B MPOTUBOIOIOKHOCTL CHOPMY-
JIMPOBAHHON BHIIE 3amade), To 3amada NP-tpynna [463]. Ecan x mocnemmei
3aJa4e N0OABUTH YCIOBHUE, YTO BCE KOMIIOHEHTHI BEKTOPA § HEJIOYNUCICHHBI, TO
3a/la9a CTAHEeT Hepas3permmmoii [258].

[MII 3] IUHEMHOE ITPOIPAMMMPOBAHUE C ITAPAMET-
PUYECKOW IIEJIEBO ®YHKIITUEN

YCJIOBUE. 3ananbr KoHeYHOE MHOYKECTBO X , cocTosiiee u3 map (Z, b) (rme
T eCThb M-MePHbIil NEeJOYUCIEHHBIH BEKTOD, b — Le10e Yucio), MaoxkecTBo J C
{1,2,...,m} u NONOKUTEIbHOE PAIMOHATIHHOE YUCIIO (.

BOITPOC. CyrmectByer u Takol m-MepHBIH BEKTOD ¢ ¢ PAIUOHATHHBIMU
KOOpAWHATAMU, YTO (é . 6)1/2 < ¢ ¥ MUHHUMYM TIO BceM § € Y cymMMm BuIa
Y icy Cjyj GompIme, Tem

% max{lej] 1 j € J}+ Y _ min{0,¢;},
JjEJ

rjie Y — MHOXKECTBO BCEX M-MEPHBIX BEKTOPOB € HEOTPUIIATENBHBIMU PAIIAO-
HAJTLHBIMU KOODIMHATAMH, YIOBJIETBOPSIIONINX YCIOBUIO T - § > b IS BCeX map
(Z,b) € X?

Hemouwnurk [259]. K sroit 3agade ceogurca 3-BBIII.

Kommenmapuii. 3amaga ocraéres NP-momHOM 11st m060T0 (DPUKCHPOBAHHOTO
g > 0. OHa BO3HUKAET MPHU aHAIN3E BIUSHUS OIMIMOOK EPBOTO TOPSIIKA B 331a9€e
JINHERHOTO TTPOTPAMMUPOBAHWS.

[MIT 4] TPOOOJI2KEHUE J0 JOIIYCTUMOTI'O BA3SUCA

YCJIOBUE. 3azansl nenouncientas Marpuna A mopsaka m X n, m < n,
BEKTOp-cTos0 el 4 pa3mepHocTn m u noamuoxkecTBo S(|S| < m) MHOXKecTBa
cTobuoB MaTpuubl A.

BOITPOC. Cymecreyer au ajist cucteMbl ypasHennit AT = a,z > 0, takoit
nponycrumbiit 6azuc B, uto B comepkuT Bce CTonOnbI u3 MHOXKecTBa ST ([omy-
CTUMBIM 6A3MCOM HA3BIBACTCS HEOCODAs, IMEIOIIAs TIOPATOK M, X M, TIOAMATPATA
B varpunst A, takas, uto B~la > 0.)

Hemownux [396]. K sroit 3anage ceogures TAMIIJIBTOHOB UK.

[MIT 5] MUHUMAJIBHOE ITIO BECY PEIITEHUE CUCTEMBI
JIMHENHBIX YPABHEHUN

YCJIOBUE. 3amausr KoHe9HOE MHOXKECTBO X , cocrosiiee u3 map (Z, b) (rme
X eCTb M-MEPHbI LEJOYUCIEHHbIH BEKTOP, b — LEJI0e YKCII0) U NOJIOKUTETIHbHOE
nesoe unciao K < m.
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BOITPOC. CymectByer i Takoil m-MepHBI BEKTOP § € PAIUOHATBHBIMU
KOODJUHATAME, 9TO § uMeeT He Oosee K OTIUIHBIX OT HYJIs KOOPAWHAT W JIJTsi
Bcex (Z,b) € X BbInoaHEHO paBeHCTBO T - § = b7

Hemownuk [152]. K sroit 3anage ceogsitess TII-3.

Kommenmaputi. 3amaga NP-mofiHa B CHJIBHOM CMBICTe. Pa3pernmma 3a mo-
JINHOMUAJIBHOE BpeMmsi, eciun K = m.

[MIT 6] OTKPBITA A ITOJIYC®EPA

YCJIOBUE. 3amaubl KOHEYHOE MHOYXKECTBO X 1M-MEPHBIX BEKTOPOB U TTOJIO-
kurenbhoe nesoe gucio K < | X|.

BOITPOC. CymecrByer i Takoil m-MepHBI BEKTOP § € PAIUOHATHHBIMU
KOOpJUHATAME, 9TO Z - § > 0 mo kpaiineit mepe g K Bekropos & € X7

Hemownur [267]. K aroit 3anaue ceonurcss MAKCUIMAJIBHA 41 2-BBITIOJI-
HUMOCTD.

Kommenmapuii. 3amada NP-moHa B CUIIBHOM CMBICITE, HO MIJIsT JTIOOOTO (DUK-
CHUPOBAHHOTO 1M DPa3pelnMa 33 TMOJTMHOMHUATIBLHOE BPEMs, 1aXKe BO <«B3BEIEH-
HOM» BapuaHTe. AHAJIOTMYHBIE PE3YIbTATHI UMEIOT MecTo s 3aaaqu SAMKHY-
TAA TTOJTYCO®EPA, B kOTOPOIi HINIETCST BEKTOP §f, YAOBIETBOPSIONIAN yCIOBH-
aM T - > b ue menee uem mas K mektopoB Z € X [267]. Ecim K = 0 wmn
K = |X|, obe 3a1a4n TOIVMHOMUAIBHO SKBUBAJIEHTHBI 3a7a4e JNHEHHOTO Mpo-
rpammupoBanus [448].

[MII 7] K-OITIPEAEJISIEMOCTbD

YCJIOBUE. 3anausr KoHedHOE MHOXKECTBO X , cocrosiiee n3 nap (Z, b) (rme
T ecTb M-MEpHbIii LEJOYUCIEHHbIH BEKTOD, b — LEJI0e YKCII0) U MOJIO0KUTETbHOE
nesoe uncio K < | X|.

BOITPOC. Cymecrsyer in moamuoxkectBo X' € X, takoe, uro |X'| < K n
JIJIST BCEX 1M-MEPHBIX BEKTOPOB §J C PAIMOHAILHBIMYU KOODAWHATAMU U3 YCIOBUS
T -y < b ana seex (T,b) € X' cnenyer, uro T - § < b s Beex (Z,b) € X7

Hemownuy [448]. K sroit 3anage ceogurea TII-3.

Kommenmapudi. 3agada NP-nonxa B cunbHOM cmbicte. Ipn K = | X| —1
9KBUBAJIEHTHA 3aJ1a4e JimHefiHoro nporpammupoBanus [448]. B sroit ke pabore
MOXKHO HaiiTu Apyrue NP-TojHbIE 337a9d 3TOTO BHIA, B KOTOPBIX CTAHIADT-
HAg 337198 JIMHEHOTO MPOrPAMMUPOBAHUS JOMOJHEHA, BOIPOCOM O BHINOIHEHUN
HY?KHOT'O CBONCTBA JJIsl HEKOTOPOTO TIOAMHOKECTBA, COCTOsAmero u3 K orpamu-
YeHni.

[MIT 8] HECMEKHOCTbBb BEPIIIUH MHOTOT'PAHHUKA 3A-
JAYN O KOMMUBOYAXKEPE

YCJIOBHUE. 3agaun rpad G = (V, E) u nsa ramuibronoBbix 1ukiaa C u
C'" B rpade G.

BOTIPOC. Bepno mu, aro C' w C’ COOTBETCTBYIOT HECMEKHBIM BEPITHHAM
«MHOTOTPAHHUKA, 331491 0 KOMMUBOsTzKepes 1js rpada G?7

Hemownuk [411]. K s1oit 3aga4e cBogutcs 3-BBIIL.

Kommenmapuii. Pe3ynbrar 0cTaéTcst COpaBeIuBbIM U B < HECUMMETPUITHOM »
crydae, korna G — opuentuposannbiii rpad, a C u C' — opueHTUPOBAHHBIE Ta-
MUJIBTOHOBBI IAKJIbL. AHATOTUYHBIE 381891 O HECMEKHOCTH BEPITHH MHOTOTPAH-



278 Hpunpoxerne A Crucok NP-mogHbIX 33129

HUKOB, coorBercTByfomux napocoderanuio u KJIMKE, moryT 6b1Th periieHsr 3a
HOJIMHOMUATBHOE BpeMs [74].

[MII 9] PFOK3AK

YCJIOBUE. 3agannr konednoe Muoxkectso U, pasmep s(u) € Z1 u cron-
mocth v(u) € Z1 kaxzgoro u € U, nonoxkurebubie nebie uncia B u K.

BOITPOC. Cymecrpyer m Takoe nogMmuoxkecTso U’ € U, ato

Zs(u)gBH ZU(U)ZK?

ey’ uelU’

Hemownurk [280]. K sroit 3amaue ceogures PASBBUEHIE.

Kommenmapudi. 3amaaa ocraércss NP-monHo#, ecin s(u) = v(u) mAas Beex
u € U (CYMMA PABMEPOB). C nomolipio Meroga AHHAMUYECKOTO TPOrpaM-
MUPOBAHHMS 381498 MOXKET ObITh PEIIeHa 33 MCEBAOTIOINHOMHUATBHOE BpeMs (CM.,
Harnpumep, [98, 324]).

[MII 10] IIEJIOYUCJIEHHBIN PIOK3AK

YCJIOBUE. 3angannr konednoe Muoxkectso U, pasmep s(u) € Z1 u cron-
mocth v(u) € ZT kaxjoro snementa u € U, a Tak:Ke MOJOKUTEILHbIE HETbIe
qncna B u K.

BOITIPOC. Mox)HO i TaK COMOCTABUTH KAXKIOMY 3eMeHTy u € U mesoe
qucsio ¢(u), 9TOOBI BBIMOTHSINCH HEPABEHCTBA,

Z c(u)-s(u) < Bu Z c(u) -v(u) > K?

uwelU ueU

Hemownuk [364]. K sroit 3agage ceogurcs CYMMA PASMEPOB.

Kommenmapudi. 3amada ocraéres NP-monHoi, ecmu s(u) = v(u) aus Beex
u € U. MeTonoM quHAMIYIECKOTO MPOrPAMMEUPOBAHES PA3PEIIMa, 38 [CEBIOO-
ymuHOMuaIbHOE BpeMsl. Ecn (U] = 2, To 3a1a4a pa3penmma 33 DOIHHOMUAIBHOE
Bpems [210].

[MIT 11] HEIIPEPBIBHBI1 PIOK3AK C KPATHBIM BBIBO-
POM 2JIEMEHTOB

YCJIOBUE. 3amanbt konednoe MmaOKecTBo U, pasmepst s(u) € ZT u cron-
mocTh v(u) € ZT kaxkaoro sjeMenta u3 MHOKecTBa U, pasbuenie MHOYKeCTRa
U na menepecekaorimnecss mogmuoxkectsa Uy, Us, ... , Uy, , TOTOXKUTETHHBIE IIETTHIE
ancma B u K.

BOITPOC. MoxHO /i TaK BBIOPATH MO OJHOMY 3JEMEHTY U%; U3 KaXKI0ro
noamuo)kectBa Uz, 1 < 4 < m, W Tak COMOCTABUTH WM DPAIMOHAJIBHBIE YUCITA
ri, 0 <7; < 1, 9T0 OYIyT BHIMTOIHEHBI HEPABEHCTBA,

Zri-s(ui) <Bmn Zrlv(ul) > K?
i=1 i=1

Hemownurk [245]. K sroit 3anage ceogurcs PASBBUEHIE.
Kommenmapuii. 3amada paspemmmMa 3a MCEBAONONTAHOMUATLHOE BPEMS, HO
ocraércs NP-nonHoit gaxke B tom ciayuae, ecau |U;] < 2,1 < 4 < m. Ecin
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|U;] = 1 nopu 1 < i < m win eciu norpeboBarh TOJILKO, 9To0bL 7; > 0, HO He
YCTaHABIUBATH JJIs T; BEPXHEH IPAHUILI, TO OHA Pa3pPeIIMa 38 IIOJTHHOMHUAD-
HOE BpeMs «KaJHBIMU» aaropurmamu [246].

[MII 12| YACTUYHO YIIOPSIJIOYEHHBIN PIOK3AK

YCJIOBUE. Bamanbr koHedHOE MHOXKECTBO U, OTHOIIEHHE YACTHIHOrO IMO-
paaka < Ha U, pasmep s(u) € Z1 u cronmocts v(u) € Z+ xaskmoro smeventa
u € U, momoxuTenbHble mneabie unciaa B u K.

BOTIPOC. Cymecrryer mm Takoe nmoamuoxkectso U' C U, uro ecom u € U’
uu' <u, rou €U' nBBNOTHEHBI HEPABEHCTBA

ZS(U)SBH Z v(u) > K?

uelU’ u'el’

Hemownuk [152]. K sroit 3agade cogurcs KJIMKA. PaccmarpuBaemast 3a-
Jada obCyKIaeTcs Takxke B pabore [249].

Kommenmapudi. 3agada NP-nonHa B CHIBHOM CMBICTE, JaxKe ecnu s(u) =
v(u) ps Beex u € U. Obmas 3azada paspenmMa 3a MCeBIONOJINHOMUATBHOE
BpeMsl, eclii < ecTh JactudHoe " apeBoBuHoe" yropsgodenue.

[MIT 13] HIOKOOPOAVHATHBIE HEPABEHCTBA ME2K/1Y BEK-
TOPAMMUA

YCJIOBUE. 3amansr apa muoxkecrsa X = {Z1, Ta, ..., Zx} 1 Y = {§1, J2, -.-,
Y1}, COCTOSIIINE U3 M-MEPHBIX HETOYNCIEHHBIX BEKTOPOB.

BOIIPOC. CyrmecrByer i TaKO#i 1m-MEpPHBIi IEJIOYNCIEHHBINH BEKTOD Z, ITO
9UCIIO BEKTOPOB T;, A7 KOTOPBHIX BBIMOJIHEHO HEPABEHCTBO T; > Z, HE MEHbIIe
YHUCITa TAKUX BEKTOPOB §J; JJIsl KOTOPBIX BBHIIOJIHEHO HEPABEHCTBO §; = Z (3mecn
COOTHOIIIEHNE U > U BBIMOJIHSETCS TOTIA W TOJHKO TOTIA, KOTIA Y BEKTOPA U
HET HY OJHOM KOOPIUHATHI, KOTOPasi ObLIa ObI MEHBIIIE COOTBETCTBYIOIIEH KOOD-
JIMHATHI BEKTOpa TU)?

Hemounuy [429]. K sroit 3agade ceogures IOKOMITOHEHTHOE BKJTHO-
YEHUE (c paBabIME Becamu).

Kommernmapuii. 3amaua ocraéress NP-TIOIHON, JaXKe eClIn BCe KOMIOHEHTHI
BEKTOPOB T; WK §; npuHaexkar muoxecrsy {0, 1}.

A7. AJITEBPA I TEOPUSA YNCEJI

A7.1. 3amauu o meJIMMOCTH

[ATY 1] KBAIPATUYHBIE CPABHEHU A

YCJIOBUE. 3anaHbl MOI0KUTENIbHBIE e/Ible YUcIa a, b u c.

BOIIPOC. CymecTByer jin MOJOXKUTEIHLHOE MEJI0E YUCIO T < ¢, TAKOE, ITO
22 = a(modb) ?

Hemouwnur [373]. K stoit 3agade ceogurcs 3-BBIIL.

Kommernmapuii. 3amada ocraéres NP-nomHOl, qayke €Clid B YCIOBUU JAHBI
pa3JIoKeHre Yucia b Ha IPOCThle MHOXKHUTEIU U PEIIEHNe TaHHOIO CPABHEHUSI [10
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BCEM MPOCTBIM MOJLYJIsIM, BXOJSIIMM B Pa3aoxKenue ducia b. 3ajada perraercs
3a NOJMHOMUAJILHOE BPEMsl, €CJid ¢ = 00 (T. €. OTCYTCTBYeT OrPAHUYEHUE HA T
CBEpXy) U 3aJaHO Da3joxkeHue b Ha MPOCTbIE MHOXKHUTEIU. B IpeanosoKeHun
HCTUHHOCTHU PACIIMPEHHON rumoTe3nl Pumana mpu mpocToM b 331a4a, permaer-
cs1 33 TIOJTMHOMMAJIBHOE BpeMsi. B 0bIeM Buzie OHA TPUBHAJIHHO PA3PEInMa 33,
[ICEB/IONOTMHOMUATBHOE BpeMs.

[ATY 2| CUICTEMA HECPABHUMOCTEM

YCJIOBHUE. 3aznan uabop {(a1, b1), ..., (an, by)} ynopsaodeHubix map moso-
KUTEILHBIX IEeJIbIX YMCeN, TAKUX, 9T0 a; < b; mpn 1 <7 < n.

BOTIIPOC. CymecrByer i Takoe HEeIoe 9ucao &, 9to & = a;(modb;), 1 <
i<n?

Hemouwnurk [503]. K sroit 3agade ceogurca 3-BBIIL.

[ATY 3] COBMECTHASA OEJINUMOCTbD JINMHEMHBIX MHO-
TOYJIEHOB (*)

YCJIOBUE. Bananst Bektopsl a; = (a;[0], ..., a;[m]) u b; = (b;]0], ..., bi[m]),
1 < i < n, ¢ TONOXKUTETHHBIMYU ETBIMUA KOOPIUHATAMUA.

BOITPOC. CyriecTByior i TaKue MOJ0KUTETHHBIE TEJble YUCTA T, L3, ...,
T, ar0 ;0] + 307 ai[jlay, memar b;[0] + 307 bilg]e;?

Hemownuk [348, 349]. K aroit 3amave crogurest 3amada KBAIPATHBIE
JNOPAHTOBHBI YPABHEHU 4.

Kommernmapudi. He naBecTHo, mpuHALIEXKUT a1 3a4a49a Kiaaccy NP, HO npu
n060M (pUKCHPOBAHHOM N oHa npuHamTekuT NP. Ilpu moboM dpukcrnpoBanHOM
n < 5 3agaga NP-nosmma. B obmiem Buae oHA Hepa3pemnMa Ipu yCIOBUU, UTO
KOMTIOHEHTBT BEKTOPOB T MOTYT MPUHIMATH 3HAYEHNS B KOJIBIIE <IIEJIBIX» BeIIle-
CTBEHHOTO KBAJIPATUYHOTO PACIIUPEHUST OIS PAIMOHAJBHBIX Yncesl. B yka3aH-
HBIX BBINIE PA0OTAX MPUBEIEHBI IPYTHe, OJIM3KNE PE3YIbTATHI O PA3PEITUMOCTH
U HEPA3PEITUMOCTH.

[ATY 4] CPABHUTEJIbBHAS JEJIMMOCTD

YCJIOBUE. 3ananbr aBe MOCIEI0BATEILHOCTH G, A2, ... , Gy ¥ b1, ba, ..., by
TOJIO?KUTEJIBHBIX IIEJIBIX YUCEJI.

BOIIPOC. CymiecTByeT iU MOJOKUTEIBHOE MEI0E UHCIO ¢, JJi KOTOPOTO
YHUC/I0 TAKUX &, YTO C JEIUT G;, OOJIbIIe YUC/Ia TAKUX J, 9TO ¢ Heaut b;?

Hemouwnuk [429]. K sroit 3agade ceogurca 3-BBIIL.

Kommenmapud. 3anava ocraérea NP-T0HOM, ecin Bee bj Pa3INTHBl U BCe
a; pa3auaHe [152].

[ATY 5] JEJIUMOCTDB ITOKA3ATEJIBHOT'O BBIPAKEHU A
(*)

YCJIOBUE. 3agaHbl ABe MOCIEI0BATENBLHOCTH G, (2, ... y Gy U b1, Do, ooy by
MOJIOYKUTETIHHBIX MEIBIX YHCET U 1eJI0e YHCIO (.

BOTIPOC. Hemnrcs mu ancno T2, (¢~ — 1) wma [T, (¢% — 1)?

Hemounuk [429]. K sroit 3amade ceognres 3-BBITI.

Kommernmapudi. He nzBecTHo, mpuHAIEKUT U 331a9a Kiaaccy NP nin Kiaac-
cy co — NP, HO OHa pelraeTcs 3a MCeBIOMOTHHOMAATLHOE BPEMA OOBITHBIM AJI-
POPUTMOM OTBICKAHUS HAubombIero obimero genurens. Ocraéress NP-tpyaHoit
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I Ji0boro (bUKCMPOBAHHOIO 3HadeHus (¢, |q| > 1 maxke Torma, korma a; u b;
SIBJISTIOTCS TPOU3BEICHUSMEI PAMTUIHBIX MPOCTHIX YUCET.

[ATY 6] HEAEJIMMOCTB ITPOU3BEJEHI I MHOT'OYJIEHOB

YCJIOBHUE. 3anaubr nocnenoBarensbuoctu A; =< (a;[1], b;[1]), ..., (a;[K],
bi[K]) >, 1 < i < m, Takux nap uesbix gmces, 9ro b;[j] = 0, a takxke nesoe
qucio N.

BOIIPOC. Bepuo nu, aro muorounen [[;°, (2521 a;[j] - 2P [j]) HE JIeJTATCS

Ha MHOrowteH 2N — 17?

Hemownux [430, 431]. K stoit 3agage ceogurces 3-BBITI. TokazarenbcTBo
MPUHAIEXKHOCTH Kiaccy NP HETPUBMAILHO W MOMYYEHO BO BTOPOH U3 yKa3aH-
HBIX PabOoT.

Kommenmapudi. Binskas 3amada: «3a1aHbl IBe TTOCIEIOBATETLHOCTH < a1,
a2, -,y > U < by, by, ..., b, > TOIOXUTENBHBIX NEJBIX YKUCE, Tpedyercs
BoICHITD, femurcs mu [[7 (2% — 1) ma ]2, (2% — 1)?» — makxke NP-monna

[429].

[ITY 7] HETPUBUAJIbHBI HANBOJIBIIINN OBIIUN JIE-
JINTEJIb (*)

YCJIOBHUE. 3anaubr nocnenoBarensuocru A; =< (a;[1], b;[1]), ..., (a;[K],
bi[K]) >, 1 < i < m, nap ueabix duces, takux, 41o b;[j] > 0.

BOITPOC. Bepuo nu, aT0 HAUGOMBIIHN 00K IETUTETH MHOIOYTIEHOB
Zle a;[j] - 2"V 1 < i < m, nmeer nomoxmTenbHyIo cremens?

Hemounuk [430]. K sToii 3amade ceomgurest 3-BBITI.

Kommernmapuii. He n3BectHo, mpuHaAIeXuT au 3amada NP nau co — NP.
Bamaua ocraérest NP-tpyamoii, ecam Bee a;[j] pasubt -1 wan +1 [429] wan ecan
m = 2 [431]. Ananorudnas 3a1a4a, B yCJIOBUM KOTOPOH JAHO TAKIXKE MOJIOXKM-
TenbHOe Tesioe 9ucio K ¥ copanmBaercs BEPHO JiM, YTO HAMMEHbIee 00Inee
KpaTHOE 3a]AHHBIX MHOTOUYJIEHOB MMEET CTeleHb MeHbine K Tpu Tex e orpa-
HUYeHus X, sBysiercss NP-rpyanoit. C mMOMOIIBI0 CTAHIAPTHRIX aJrOPUTMOB 06€
3871491 MOTYT OBITH PEIEHBI 38, TICEBIOMOTNHOMUAIBHOE BPEMSI.

A7.2. PaspemnmocTh ypaBHEHHII

[ATY 8] KBAAPATHBIE TMUO®AHTOBH YPABHEHU A
YCJIOBUE. 3anaHbl MOI0KUTEIbHBIE e/Ible YUcIa a, b u c.
BOITPOC. CyiiecTByoT Jidt OTOKUTETHHBIE [EIbIe YUCIA X U Y, TAKAE, 9TO
ax? + by =c?
Hemownuy [373]. K stoit 3agade ceogurcs 3-BBIIL.

. k
Kommenmapuii. TnodanToBsl ypaHenus Buaa azr® = ¢ n Yol @i = ¢

pPa3permMbl B IEILIX YNCIAX 3a MOJMHOMHAJILHOE BPEMSs NI TTPOW3BOIBHBIX
k. Obmasa guodanToBa 3aa4a: «3aJIaH MOJUHOM OT k TIEPEMEHHBIX C IEJIBIMI
k03 punmeHTaM, UMEETCs JIM y Hero MeJblii KOPeHb?» — Hepas3peliuMa, yKe
npu k = 13 [377]. Oxgnako ganHas 3a1a9a MOXKeT ObITh 3HAYUTEIHLHO 0600IEeHa
(Ha cuCTeMbl ypaBHEHUH C HECKOJIbKUMU [EPEMEHHBIME ), OCTABAsICH IPH ITOM B
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kmacce NP, 1jist 3TOr0 JOCTATOYHO, YTOOBI TOJBKO OHA MEPEMEHHAsT BXOIMIA
HeJIMHeHbIM 06pa3oM B ypaBHeHue cucreMbl [192].

[ATY 9] AJITEBPATYECKHNE YPABHEHUIS B IIOJIE GF|[2]

YCJIOBHUE. Banaubl nonunombt Pj(x1, T3, ..., 2y,), 1 < i < m, vag GF [2]
(y1r060#1 MOHOM JTF060r0 NOIMHOMA eCTh Ju60 1, ubo Mpou3BeAeHUE PABIUIHBIX

BOITPOC. CymmecTByrOT Ju TakKue U, Us, -.. , uy € {0, 1}, aro P;(uy, us, ...,
un) = 0,1 < i < m, npuuém apudMeTHUECKUE ONEPAIUH BBITOTHSIIOTCI B MOJIE
GF[2l,re.1+1=0,1-1=1umn a7

Hemownux [129]. K sroit 3anage ceogurest TTI-3.

Kommenmapuii. 3amada ocraércst NP-OHON Jayke B TOM CIydae, KOTIa HU
B OJHOM U3 MHOT'OYJIEHOB HET MOHOMOB, COIEPIKAIINX Oojiee ABYX MEPEMEHHBIX
[524]. JIerko peraercs 3a MOTMHOMUAIBHOE BPEMsl, €CIM B MHOIOWJIEHAX HET MO-
HOMOB, COIEpIKaIuxX 0oee OmHOM mepeMeHHo nin ecim ¢ = 1. Bapmant sToit
3agadu, B KOTopoM U — j NPUHUMAIOT 3HAYEHWsI B aareOpPamvecKoM 3aMbIKa-
unn GF [2], sBnsiercs NP-TpynHbIM, JaskKe eClW B MHOTOYJIEHAX HET MOHOMOB,
cofiepykaImx 6osee IByX MepeMeHHBX [129)].

[ATY 10] KOPHY IO MOJYJIIO PABHBIE 1 (*)

YCJIOBUE. 3anan vabop ynopsinouenubix map (ali], bfi]), 1 < i < n, mneaprx
unces, mpuaém bfi] > 0.

BOIIPOC. Bepro 1, uto Muorousen Y o, ali] - 2°l mmeer kopens ma exn-
HUYHOM OKPY>KHOCTH KOMILTEKCHON IIOCKOCTH? VHBIME CTOBAMH, CyIIECTBYET
JI1 KOMILTIEKCHOE 9HuCIo ¢, |g| = 1, Takoe, 4To

afi] - ¢ = 0?

n
=1

2

Hemouwnuyk [431]. K sroit 3agade ceogurca 3-BBIII.
Kommernmapuii. He nuspectHo, mpuHaaaeskut au 3amada NP uimi co — NP.

[ATY 11] YU CJIO KOPHE! ITPON3BEJIEHNS [TIOJIMTHOMOB
(*)

YCJIOBUE. 3anansr nocmenosarensuoctu A; =< (a;[1], bi[1]), ..., (a;[k],
bi[k]) > nap uenpix umcesn, mpuuéM Bee bi[j] > 0, a TakKe MOIOKUTEITHHOE
nesaoe uncino K.

BOIIPOC. Bepuo sm, aro nommuoM [[im, (2?21 a;[j] - zbim) mMeeT Meree

K pa3nuuHbIX KOMILIEKCHBIX KOPHEH?

Hemounurk [430]. K sroit 3amadue ceognres 3-BBITI.

Kommernmapuii. He uzBectHa npuHaIIeKHOCTD 3amadu aun NP, #u co — NP.
Banauda ocraéres NP-TpyaHoi, eciu kaxioe a;[j] pasuo -1 wiu +1 wiu eciu B
YCJIOBUU MMeeTCst 9ucio M W CpalmBaercs, CyIECTBYeT JI y MPOU3BEICHNs
MHOTOWIeHOB He Gosiee K ropueit kparnoctu M [430].

[ATY 12| IEPUOJNYECKOE PEIINEHUE PEKYPPEHTHOTO
YPABHEHUS (*)
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YCJIOBHUE. 3azana nocienoBarenbHocTs (¢;, b;), 1 < i < m, ynopsijoden-
HBIX IIap HEJbIX YHCeT C IIOTOXKHUTETbHBIMA bl

BOIIPOC. CymectByer jin Takast MOCIEI0OBATEIFHOCTD MEIBIX YUCEIT g, (1,
ey Gp—1,n > max{b;}, uT0 GECKOHEUHAST TTOCIENOBATENLHOCTD Ag, A1, ..., OTIPE-
aendeMas peKyppeHTHbIM ypaBHeHI/IeM

m
a; = E Cj " Qi
i=1

IJIA BCEX 4 2> M Y/IOBJIETBOPAET COOTHONICHUIO O = Uj(modn) |

Hemounurk [431]. K 310t 3amade ceomurest 3-BBITI.

Kommernmapuii. He n3pectHa mpwHAIIEKHOCTL 3aaa49n HU Kiaaccy NP, Hu
co — NP. B yka3zammoit paboTe NpuBeIeHbI OJN3KNAE PE3yTHTATHI.

A7.3. Pasmoe

[ATY 13] BBIYUICJIEHUE ITEPMAHEHTA (*)

YCJIOBHUE. Baganst (0-1)-marpuna M mOpamka n X n ¥ TOJOKUATEIHHOE
nenoe K < n!

BOITPOC. Bepuo 1, uto 3nadenue nepmanenta Mmarpuibl M pasHo K7

Hemownurx [522]. K stoit 3agade csogurcs 3-BBIIL.

Kommenmapuii. 3amada sipsiercst NP-TpyaHOl, HO HE W3BECTHO, IPUHAITIE-
KuT sn oHa Kjaccy NP. To e camoe cipaBejIuBO /I BapUaHTa, B KOTOPOM
CIPAIIMBACTCS, BEPHO JIH, YTO 3HAYEHUE TepMaHeHTa He Gosbiie K i He MeHb-
me K. 3ajgaga Beraucienus 3Hadenus: nepmanenTa Mmarpunbl M K P-nionHa.

[ATY 14] MTHTETPAJI OT ITIPOM3BEAEHN A KOCTHYCOB

YCJIOBHUE. Banana nocie oBaTebHOCTh (a1, Gz, ... , Gp) UEABIX YUCEI.

BOITPOC. Bepno 1, uTo f027r (TTi, cos (a;8)) d§ = 0?

Hemownurk [429]. K sroit 3amaue ceognres PASBBUEHUE.

Kommenmapudi. 3amaga paspemmnMa 3a MCEBIONOIMHOMAATBHOE Bpems. B
YKA3aHHOH paboTe MPUBENEHBI OIM3KUE PE3YIBTATHL O CIOKHOCTH 337189 WHTE-
IPUPOBAHMS.

[ATY 15] TOUKA PABHOBECUA
YCJIOBUE. 3ananst Hatop {F; : 1 < i < n} MHOTOYWIEHOB € HETBIMA KO-

dUIHEeHTAMY OT TEPEMEHHBIX I, L3, ... , Ly, U KOHEUHBIE 0DJIACTH OMPEIEIeHUs
nepemerHbIXx M; C Z, 1 < i < n.
BOITPOC. CymiecrByer u Takas MOCTEIOBATENLHOCTD Y1, Y2, - » Yn, Yi €

M;, 1 <1 < n,gro s BceX Yy € M; BBINONTHEHbI HEPABEHCTBA

Fi(yh Y25 e s Yi—15 Yiy Yit1, o-- ayn) 2 Fi(yh Y2, eee s Yi—15Ys Yit1y -o- ,yn)?

Hemounux [463]. K stoit 3agade ceogurcs 3-BBIIL.
Kommenmapudi. 3anaga ocraéres NP-nonHoit, naxe eciu M; = {0,1},1 <
1< n.



284 Hpunpoxerne A Crucok NP-mogHbIX 33129

[ATY 16] VHUOPUKAIINA C KOMMVYTATUBHBIMU OIIEPA-
TOPAMU

YCJIOBUE. Bamganbl MHOXKECTBO MEPEeMEHHBIX V', MHOXKecTBO KOHCTaHT C
yTopsiovYeHnblie maphl (e;, f;) «Bblpaskenuii». (Bbipaskenunem Ha3bBIBAETCS JTHOO
nepeMennas u3 V', mu6o koucranta u3 C, mbo (e+ f), rue e u f — BoIpaykeHus. )

BOIIPOC. MoxXKHO i1 TaK COIOCTABUATHL KaxKIO# mmepeMeHHoi v € V BbIpa-
xkenue I(v), e conepxamiee nepemennbix, 9410 I(e;) = I(f;) upu 1 < i < n (rue
I(e) — BbIpazkeHue, MOJIYYAIOIIEECs 3aMEHOI KayKI0# NepeMeHHON v, BXOAAIeil
B e, BeipaxkenueM [ (v), a OTHOIIEHUE TOXKIECTBA ONPEIENAeTCsa Tak: € = f, ecin
e=fumecmne=(a+b),f = (c+d) nummboa=c,b=d, mboa=d,b=c)?

Hemounurk [479]. K sroit 3amade ceognres 3-BBITI.

Kommernmapuii. 3anaga ocraérca NP-ONHOM, TaXKe eCid KayK10€ BbIpayKe-
HUE €; U f; comep:KuT He Oomee 7 BXOXKJIECHWHA TTOCTOSHHBIX W TIEPEeMEHHBIX. Ba-
PHAHT 33J]a4i, B KOTOPOM OIEpaTop + He KOMMYTaTHBEH, T. €. € = f u Torga u
TOJILKO TOTJA, KOTIA e = f, pa3pentuM 3a ToJIMHOMUAIbHOe BpeMst [421].

[ATY 17] VHUPUKAIIN A A1 KOHEYHO-OIIPEJAEJEHHBIX
AJITEBP

YCJIOBUE. 3anana anrebpa A, KOHEIHO-ONPEIETEHHAS] C MHOXKECTBOM 00-
pasytomux G, Habopom ornepaTropoB O pa3IUIHBIX KOHETHBIX apHOCTEH U HADO-
pom T’ onpeaensionmx COOTHOMIEHNH Ha, TPABUIHLHO MOCTPOSHHBIX BHIPAYKEHUSIX
Hag G u O. 3amanbl TaK¥Ke IBa MPABUIBHO TTOCTPOSHHBIX BRIPAYKEHUS € U f HAJ,
G u O u MHOXKeCTBO T1epeMeHHbIX V' ([eraiu cM. B yKa3aHHBIX HUXKe paborax).

BOIIPOC. MozkHO 1 KazK10# mepeMeHHol v € V' colocTaBUTh €IUHCTBEH-
ublit «repm» I(v) Hag G u O rtak, uro eciu I(e) u I(f) obo3HagaroT BhIpaskeHus,
MOJTY YAIOIIMECST 3aMEHON KayKIOl MepeMeHHON B € U f COOTBETCTBYIOIIUM TEp-
mom, To I(e) u I(f) npeacraBiasgioT oqun u TOT xKe dmement A?

Hemownur [300, 299]. K stoit 3agage ceogurcest 3-BBIII. TokazarenbcTBo
TOTO, YTO 3aJa9a TPUHAIEKUT Kiaccy NP, HeTPUBHATIBLHO W CONEPIKUTCS BO
BTOPO# pabore.

Kommenmaputi. 3amada ocraércss NP-TIOMHOM, €CW TOJIBKO € WU TOJIb-
KO f CONEpKUT CHMBOJBI TepeMeHHbIX. B pa6ore [301] m3morkeHbl KBaHTOD-
HBbIE BEPCUM PACCMATPUBAEMON 3a0a91, KOTOPHIE SIBJISIOTCS MOJHBIMYU B KJIACCE
P — SPACE w B pa3iu4HbIX YPOBHAX MOJTUHOMUAIBHON HEPAPXUH.

[ATY 18] IPEACTABUMOCTD ITEJIOYNCJIEHHBIM BBIPA-
KEHUEM

YCJIOBUE. 3amans! 1e109nCIeHHOE BhIpaXKeHne e Ha oneparopavu U u
+ (LeTOYNCIIEHHOE BHIPAYKEHUE OMPEIETIACTCS PEKYPCUBHO: IBOUIHOE MTPEICTAB-
Jlenue gucna n € ZT ecTh IeJI0YncIeHHOe BhIPasKeHne, IPeCTaB Iaiomee MHO-
kectBo {n}, ecniu f u g €CTb UEJOYUCIEHHBIE BbIPAXKEHUsI, PEICTABIIAIONIIE
mHOXKecTBa F' u G, 10 fU g eCTh NETOYNCIEHHOE BHIPAYKEHNE, TIPEICTABIISIONIEe
MHOXKeCTBO F'UG, a f + g ecTh NeJOUnCIeHHOe BIPpAXKEHNe, TPEICTABIISIONIEe
mHOXKecTBA {m +n :m € F un € G}, a TakKe NOJOKUTEIBHOE [EJI0e THCIIO
K.

BOIIPOC. Ipunamie:kut mu K MHOXKECTBY, IPEJICTABISIEMOMY BBIPAYKEHM-
em e?
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Hemounux [503]. K sroit 3amaue csomurca CYMMAPHBIN BEC ITOJI-
MHOZKECTBA.

Kommernmapui. Bmskas 3amada HEQKBUBAJIEHTHOCTD HEJIOYNC-
JIEHHBIX BBIPAYKEHUI: «Io IBYM 3aJaHHBIM IE€JIOYNCTEHHBIM BhIPAKEHN-
aM e U f OnpemeauTh, MPEACTABIAIOT JIU OHU PA3JIMUHBIE MHOYKECTBAT»> — SIB-
nslercss NP-TpyIHOH M HA CaMOM Jiesle TIOJIHA B KJIacce b HOJTHHOMHATBHOI
uepapxuu ([503, 500], cm. Takxke pasn. 7.2). Eciu gonycrurh npuMenerue ome-
paropa «|», rjie |e npeicraBisieT MHOXKECTBO BCEX LEJIbIX YUCEN, He IPEICTaB-
JISIEMBIX e, TO 00€ 3a1a9M O MPEICTABUMOCTH U HEIKBUBAJICHTHOCTH CTAHOBATCS
P — SPAC E-nomubivu, cM. [503].

A8. UTI'PHI 1 TOJIOBOJIOMKU

[T 1] OBOBII[EHHBIN 'EKC (*)

YCJIOBHUE. 3anan rpad G = (V, E), B HEM BbLIEJIEHBI JIBE€ BEPIIUHbL S, t €
V.

BOITPOC. NUmeer u urpok 1 ¢hbOpCUpOBAHHBIIN BBIUTPHIIIT B OMTUCAHHON HUXKE
urpe Ha rpade G?

Onucanue uzpu. Irpoku noouepénuo Buibupator sepiuny u3 V '\ {s, t}; Bep-
[IWHBI, BEIOPAHHBIE UPPOKOM 1, «OKPAIUBAIOTCS» B CUHUHN IBET, & BHIOPAHHBIE
UTPOKOM 2 — B KpacHbIil. VIrpa nmpomoskaercs J0 TeX Mmop, MOKa He OYIyT OKpa-
IIIEHBI BCE BHLIOPAHHBIE BEPITUMHGI, MPUUYEM UTPOK 1 BHIMTPHIBAET TOTIA U TOJIHKO
TOT/Ia, KOTIA HAWAETCs myTh u3 s B ¢t B rpade (G, TpOXOASIINii TOJIHKO Yepe3
CUHWE BEPITHHBI.

Hemownux [119]. K sroit 3amade ceogsres BYJIEBCKUE @OPMVYJIBL C
KBAHTOPAMU (B®K) (cum. pazzm. A9.2).

Kommenmapui. 3agaua asaserca P — SPAC E-nonmoii. Bepcusi 3a0aum, B
KOTOPOIi UIPOKU TO0YEPETHO BLIOUPAIOT PEGPa, & He BEPUIMHBI (U3BECTHAS MO/,
Ha3BaHUeM «nepeksrodaresbhas urpa llennona wa pébpax»), paspemmuma 3a
nosimHoMuanbHoe spems [62]. Eciu rpad G opuentuposad u urpok 1 crpemurcs
MOJyYUTh CHHUN OPUEHTUPOBAHHBIN MyTh U3 § B ¢, TO 00e 3a7a4n (T. €. BHIOOD
BEpINNH 1 BLIOOD pédep) sipnsitorest P — SPAC E-nomabivu [119].

[T 2| OBOBIIIEHHA S TEOTPA®US (*)

YCJIOBHUE. 3anan opuentuposansbiii rpad G = (V, A) u Bblienennas B
HEM BepruHa, vy € V.

BOITIPOC. Nmeer u urpok 1 ¢hbOpCUPOBAHHBIIN BIUTPHIIIT B OMTUCAHHON HUXKE
urpe Ha G?7

Onucanue uzpo.. Irpoku moodepéaao BeiOupaioT HOBYIO ayry uz A. Ilep-
Bas Jyra JOJKHA UMETh CBOUM HAYAJOM BEPIIUHY Vg, & KAXKIAsh TOCTELY O
BBIOpAHHAS Jyra JOJKHA WMETh CBOMM HAYAJIOM KOHEI[ TOCIeIHel BhIOpaHHOM
10 3Toro Ayru. VIrpok, KOTOPBIH MEPBLIM OKAYKETCS He B COCTOSHUM BHIOPATH
HOBYIO JIyTy, TPOUTPHIBAET.

Hemownuk [473]. K sroit 3amade ceogures BYJIEBCKIIE @OPMVYJIBL C
KBAHTOPAMU (B®K) (cm. pa3zx. A9.2).
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Kommernmapuii. 3amaga P — SPAC E-nonna, naxe eciau rpad JIBYI0TbHbIH,
[IAHAPHBIN ¥ UMEIOIIWIA CTEMEHN 3aX0/Ia U BBIXO/A, HE TPEBOCXOISINNE 2, i CTe-
nenn Beprme He npesocxogar 3 (IINTAHAPHAS T'EOT'PA®NA) [345]. Urpa
SIBJISIETCST ODODIIEHNEM M3BECTHON WIPBI «Teorpadusiy, UIN «TOPOJA», B KOTO-
PO UTPOKM TTOOUEPETHO HAZHIBAIOT rOPOIA, MPUIEM Ha3BaHHME KayKJI0ro TOPOIa
JTOJT?KHO HAYUHATHCS € TOH OYKBBI, HA KOTOPYIO OKAHIUBAETCS HA3BAHUE ITPEIbI-
JIYIIEro TOPOIA.

[T 3] OBOBIIEHHBIE «KEMJIN» (*)

YCJIOBHUE. Banan rpad G = (V, E).

BOITPOC. Nmeer i1 urpok 1 GopcupoBaHHBINM BEIMTPHIIT B OMMMCAHHOMN HIXKE
urpe Ha G?7

Onucarue uzpo.. VIrpOKU TOOYEPETHO BHIOMPAIOT BepuiuHy B rpade, mpu-
4EM 3Ta BEPINMHA U BCE e CMeyKHBIe BhIOpachiBaioTcs u3 rpada. Mrpok 1 BbI-
UTPBIBAET TOTJA U TOJBKO TOTA, KOTIA UTPOK 2 OKA3BIBAETCS TIEPBBIM UI'POKOM,
KOTOPBIH HE MOXKET BBIOPATH BEPIIUHY, TAK KAK OHU YK€ BCE BHIOPOIIEHBI.

Hemownurk [473]. K sroit 3amauve ceoguress BOK (cum. pasa. A9.2).

Kommernmapuii. 3amaga P — S PAC E-nonnasi. PaccMoTpuM Bepcrio 3a1a49u,
B koropoii G = (V1 UVa, E) — aByaonbhbiii rpad, Kaxkaoe pedbpo KOTOpOro uMeer
onHy BepmnHy B V7, a Apyryo — B Vo, U, KpOMe TOrO, UT'POK | MOYKET BBIOMPATH
BEPIIUHBI U3 MHOXKeCTBA V, (IpU4YéM BCe CMEKHbIE BEPIIMHBI, KAK U PaHBIIE,
BbIOPACHIBAIOTC ), 9Ta 3a1a4a Takke sapiasercs P —SPAC E-nondoit. Onucanue
UTPBI B «KEHWTH», HA KOTOPOU OCHOBAHO MPUBEIEHHOE BhIIIEe 0O0DIIEHNE, MOKHO
Haiita B [89].

[T 4] IIOCJIEAOBATEJIBHOE IIPUCBOEHUE 3HAYEHU
NCTUHHOCTU (*)

YCJIOBUE. 3amanbl mOC/IeI0BATEILHOCTL MepeMeHHbIX U =< Ui, U, ...,
U, > u cemeiicrBo C' qusbionkimii Hag U (tak xke kak B 3amade BBITIOJI-
HUMOCTD).

BOITIPOC. Nmeer i urpok 1 ¢hbOpCUPOBAHHBIIN BHIMTPHIII B OMUCAHHON HUXKE
urpe Ha U u C'?

Onucanue uzpor. VIFPOKU MOOYEPETHO MPUCBAWBAIOT 3HAUCHWE UCTUHHOCTH
nepeMeHHbIM n3 U, mpuaéM Ha ¢-M XOAy WTPOK 1 TMPUCBAMBAELT 3HAUEHUE Mepe-
MEHHON U2;_1 & UTPOK 2 — MEPEMEHHOH Us;. IrPOK 1 BEIUTPHIBAET TOTIA U TOIHKO
TOrA, KOTJA B PE3yIbTATE PUCBOEHNS TIEPEMEHHBIM 3HAYCHWH HCTHHHOCTH BCe
I3 bIOHKIUEA 13 C' OKA3BIBAIOTCS BHIIOTHEHHBIM.

Hemownuk [503]. K sroit 3amauve ceoguress BOK (cum. pasa. A9.2).

Kommernmapuii. 3anaua P—SPAC E-nonnas, jaze eciid BCe U3 bIOHKIUU B
C' conepzxkat TOIBKO Tpu auTepana. OHa papemmma 3a TOTMHOMAATBEHOE BPeMs,
ecJIn KarkJasi TU3bIOHKINS CONEPKUT He Gosee NByX JnTepason [474].

[T 5| MIPUCBOEHWE NCTUHHOCTU C PASBMEHUEM MHO-
KECTBA IIEPEMEHHBIX (*)

YCJIOBHUE. 3anano MmHOXKecTBO nepemeHHbIX U u cemeiicrBo C' IU3bIOHK-
it man U.
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BOITPOC. Nmeer 1 urpok 1 hopcrpoBaHHBIM BEIMTPHIIT B OMMMCAHHOMN HIXKE
urpe #a U u C'?

Onucanue uzpv. Urpoku moouepénHo BeIOMpAiOT nepemertbe u3 U 10 Tex
mop, MoKa He OyayT BBIOpaHBI Bce mnepeMmeHHble. VIrpok 1 BBIMTPBHIBAET TOTIA
U TOJILKO TOTIA, KOTIA HAOOpP 3HAUEHWH «MCTHHA» y TMEPEMEHHBIX Wrpoka 1 u
3HAYEHUH «JIOXKb» Y MEPEMEHHBIX UTPOKA, 2 TIPUBOANT K BHITIOJIHEHUIO BCEX U3 h-
roukmit uz C.

Hemownuk [473]. K s1oit 3amave ceogures BOK (cum. pasa. A9.2).

Kommenmaputi. 3anaua P — SPAC E-nonnas, naske eciii BCe IU3bIOHKIIUN
cozepKaT jurepasibl 663 orpunanuii (T. e. He COAEPKAT JIUTEPAJIOB BUAA U, eciiu
uw € U). AHasioruysble pe3ysbTraThl [jis HECKOIbKUX APYTUX UTD HA JIOTHIECKUX
BBIPAXKEHHUAX MOXKHO HaiTH B [473].

[T 6] @PUJIBTP (*)

YCJIOBUE. 3anansr gsa cemeiictBa A m B MOIMHOXKECTB KOHEYHOTO MHO-
xecrBa X, npuuéMm A u B He uMeroT o0IuX IOJMHOYKECTB.

BOITPOC. Nmeer u urpok 1 ¢hbOpCUpPOBAHHBIIN BHIMTPHIII B OMTUCAHHON HUXKE
urpe Ha A, Bu X?

Onucanue uzpot. VIrpoku TOOUEPEIHO BEIOUPAIOT 371eMeHThI 3 X 10 TeX 1op,
MOKa, MHOXKecTBO X ' BCexX BBIOPAHHBIX 3JIEMEHTOB He OyIeT mepeceKaThes JTudo ¢
KazKIbIM [TOJMHOMXKECTBOM u3 A, mubo ¢ KazKIbIM HoaMHOXkKecTBOM u3 B. Wrpok
1 BBEIUTPBIBAET TOTIA W TOIHKO TOTIA, KOTJA MHOMXKECTBO X' BCeX BHIOPAHHBIX
9JIEMEHTOB TIEPECEKAETCS C KAXKIBIM MMOJAMHOKECTBOM u3 B, TpUYéM ecau mo-
cremHAil Xox caenaH urpokoM 1, To X' He JOMKHO NMEepeceKAThCs € KaXKIBIM
IOIMHOZKECTBOM u3 A.

Hemownuk [473]. K sroit 3agage ceogures BOK (cm. A9.2).

Kommernmapuii. S3anaga P — SPAC E-nonnasi.

[T 7] HAKPBIBAIOIITEE MHO>KECTBO (*)

YCJIOBUE. 3anano cemeiictso C' MOAMHOXKECTB 0a3MCHOrO MHOXKECTBA, .

BOITPOC. Nmeer u urpok 1 ¢hOpCUpOBAHHBIIN BHIMTPHIII B OMTUCAHHON HUXKE
urpe va C' u B?

Onucanue uzpv. Irpoknu mMooUepéaHo BHIOUPAIOT HOBLIE JEeMEHTH 13 B 1o
TeX MOp, MOKa, IJIs KasKIoro ¢ € C' He OKaYKeTCs BHIOPAHHBIM KAKOW-TO JIEMEHT
u3 ¢. Irpok, X0/1 KOTOPOro MPUBOAMT K ITON CHUTyaIliy, TPOUTPHIBAET.

Hemownuk [473]. K sroit 3amauve ceogures BOK (cum. pasa. A9.2).

Kommenmaputi. 3agaua P — SPAC E-nonHas, naske eciii BCe MHOYKECTBA B
C' coumepzkar He Gosee aByx siaementoB (ucxonuas 3anada HAKPBIBAIOIIIEE
MHOZKECTBO B sToM ciiy4ae HOJIUHOMUATIBHO pa3pemumMa). Eciu nomenaTs
MECTAMH BBIMIPBIBAIOIIETO W MPOUTPBIBAOIIEro, 3agada oyaer P — SPACE-
MOJTHOM, Iayke KOrma Bce MHOXKecTBa B C' comeprKar He 060jiee TPEX JIeMEHTOR.

[T 8] MAKCUMAJIBHOE B3BEIITEHHOE ITAPOCOYETAHUE
(*)

YCJIOBHUE. 3ananst rpad G = (V, E), Beca w(e) € ZT nna Bcex e € E u
rpanuna B € ZT.
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BOITPOC. Nmeer i1 urpok 1 hopcrpoBaHHBINM BEIMTPHIIT B OMIMCAHHOMN HIXKE
urpe Ha G?7

Onucanue uzpv. VIrpoku moodepénHo BeIOUpAOT HOBOE pebpo u3 FE, npu
9TOM BBIOpAHHOE PEOPO HE JOMKHO UMETh OOIUX KOHIOB C BHIOPAHHBIMHU PaHee
pébpamu. Kak TOIHKO CymMMa BECOB BCEX BBIOPAHHBIX PEGEp mpeBocxoguT B,
UTPOK 1 BBIUTPHIBAET.

Hemownuk [102]. K sroit 3amave ceoguress BOK (cum. pasn. A9.2).

Kommenmapuii. Bamaaa P — SPAC E-nonHasi, XOTsSI COOTBETCTBYIOIIAST 3a-
Jlaga 0 MaKCUMAJIbHOM B3BENTEHHOM MapOCOYeTaAHUN PA3PEITuMa 33, MOJTNHOMMU-
anbHOe BpeMs [324].

[T 9] YHUYTOXKEHUE (*)

YCJIOBUE. 3amannl opuenTupoBanublii anukanueckuii rpad G = (V) A),
cemeiictBo {A;|1 < i < r} (BO3MOXKHO, IIEPECEKAIONIUXCs) TOAMHOXKECTB MHO-
xkecrBa A, dyukuus fo, orobpaxatomas V B {0,1,2,...,r}, rue fo(v) =i >0
03HAYAET, YTO MOMETKA THUIIA | TIPUCBOCHA BepImuHe v, a fo(v) = 0 o3Hagaer, 9410
v HE TOMEYeHa.

BOITPOC. NUmeer i urpok 1 hOpCUPOBAHHBIIN BHIMTPHIII B OMUCAHHON HUXKE
urpe ua G?

Onucarue uepo. Tlosumedt naswBaercs f : V. — {0,1,...,r}, mpuuém fo
— 3T0 HauaabHAsA MO3UIMA. VIPPOKU JEJIAal0T XOIbI M0 OYepequ. XO, KasKI0ro
UTPOKA COCTOUT B TOM, 9TO OH BBIOMPAET HEKOTOPYIO BepimHy v € V' ¢ momeTkoi
f(v) > 0 m ayry (v,w) € Ap,) u 3aTeM MEPEHOCUT MOMETKY C BEPIIMHBLI U
Ha BepmmHy w. TouHee, HOBas mo3mnus f' WMeeT TOT Ke BUM, 9TO W [, 3a
ncKouennem Toro, uto f'(v) =0 n

, _ 0, ecm f(w) > 0;
fw) = { f(v), ecmu f(w)=0.

(910 3mauur, uro eciu f(w) > 0, TO MOMETKa, TEPEHECEHHAS HA W, W TI0-
MeTKa, MPUCBOEHHAS PAHEe BEPIINHE W, «B3aMMHO YHUUTOXKAIOTCA».) Urpok 1
BBINTPBIBAET TOTIA, W TOJHKO TOTIA, KOTIA UIPOK 2 OKA3BIBAETCS HECTIOCOOHBIM
cIeJIaTh OYepeTHON X0,

Hemownurk [129]. K sroit 3amave ceognres BEPIIIMHHOE ITOKPHITHE.

Kommernmapui. 3agaga NP-tpyaua u npunagiexkur P — SPACE, no ue
U3BECTHO, ABjserca au oua P — SPAC E-nonnoii. Oua ocraércss NP-TpyIaHOIR,
naxe ecnu r = 2 u AyNAy = @. Bajjada pa3pemmmMa 3a TOTMHOMUATBEHOE BPEMST,
ecau r = 1 [128]. Anasorudnbie pe3ysbrarThl, ycranasaupamome NP-TpyaHOCT
IJIsT IPYTUX WTP C TOMETKAMU Ha OPUEHTHPOBAHHBIX rpadax, MOKHO HAWTH B
[129].

[T 10] HTATITKY HA JOCKE N x N (*)

YCJIOBUE. 3anamer: mojgox)urenbroe 9ucyao N; pa3drenne 4épHbIX MOJei
Ha maxMarHoil qocke pasmepoMm N X N Ha tpu rpynubl: (a) mycrbie moss, (6)
noJisi, 3aHATbIe YEPHBIMU JaMKaMu, U (B) IOJisd, 3aHATbIE KPACHBIMU JAMKAMU;
undopmanys, 4eil Xo/ nepsblil (KPACHBIX WM YEPHBIX).
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BOITPOC. Nmetor u uépbie (hOPCUPOBAHHBIN BBIUTPHINT B 3aJaHHON MO-
3WIMU B UTPE, HTPAEMO MO CTAHZAPTHBIM MPABUIAM MIAIIEK HA PACITAPEHHOM
nocke pazmepom N X N (0pu COOTBETCTBEHHO yBEJMYEHHOM YHUCIIE IAIIEK)?

Hemownux [127]. K sroit 3agade ceognres IINTAHAPHA S TEOTPA®NIA.

Kommenmapuii. 3anaga P — SPACE-rpynna. [Ipu HEKOTOPBIX MpaBUIax
ona P — SPAC E-nonua. Biuskas 3a1a4a, B KOTOPO# CIIpANTUBAETCs, MOTYT JIX
4EpHBIE B3ATH BCE TIANTKY KPACHBIX 38 OIWH XOJI, PA3PeInMa 3a MOITHHOMHIATh-
HOE BPEMSI.

[T 11] TO HA JOCKE N x N (*)

YCJIOBUE. 3aganbr: MOI0KATEILHOE YHCIO N ; pa3bueHne «TOYeK» Ha I0C-
Ke JIJIsl UIPBI B «10» pa3mepom N X N Ha Tpu rpynnsr: (a) nycrbie, (6) 3aHATbIE
yépubivu dbunikaMu, (B) 3aHsaTbie 6esbivu dburikaMu; nHGOPMAaIUs, KTO XOAUT
NEePBBIM, Oeble Wik YEPHBIE.

BOIIPOC. Nwmetor mu 6enbie hOPCUPOBAHHBIN BBIUTPBINT B 33JAHHON MO-
3UIWKA B WIPE, UTPAEMO MO CTAHJAPTHBIM MPABUIAM «TO» HAa PACIIAPEHHOMN
nocke?

Hemownurk [345]. K sroit 3amade ceognres INTAHAPHASI TEOTPA®UIA.

Kommenmaputi. 3agaua P — SPAC E-tpyaHa.

[T 12] JIEBBIN — IIPABBII XAKEHBVIII

YCJIOBUE. Bamanbr: OTJEIbHBIA TPEIMET U3 «TapHUTYPa KPACHOTO Jepe-
Ba», MpeICTaBUMbIi B Bue cBasuoro rpada G = (V, E) ¢ BbLIeJIeHHON BepIy-
Holt v € V, Ha3bIBAEMOI «OCHOBaHMEM» ; pasdbuenne pédbep rpada Ha MHOKECTBA,
L uw R, rne L — MHOXKeCTBO pEDED, COMEPIKAIIMX BEPIIUHY U U HA3BIBAEMBIX
«HOXKKaMuy, & R = E '\ L, npuuém Kaxnas <«HOXKKa» UMEET OOILYI0 BEpIIUHY
He Gosiee yeM ¢ onHuM pebpom u3 R, HasbiBaembiM €€ «cTOiKoi» (He Bee pébpa
B R, OIHAKO, SIBJIAIOTCS «CTOHKAMEY ); MOJIOKUTEIHHOE 1esioe 9ucio K.

BOIIPOC. Haiinerca mm «uenas urpu JIEBBIN-TTPABBINT XAKEHBVIII
ma rpade G, Menbmas n pasuas 2~ K7, Ouncanne Urpbl U OMpeIeIeHNIe <IIEHBI
Urphbl» cM. B [89].

Hemownurk [37]. K sroit 3amaue ceogures IIOKPBITUE MHOXKECTB.

Kommenmaputi. 3amada ocraéres NP-TOIHOM JaXKe [Jist IBYIOJBHOTO rpa-
da G. Ona pazpenmma 3a TOTHHOMHATBHOE BpeMms, ecau rpad G — 1aepeso.
CrieiIcTBIEM 3TOTO PE3yJIbTaTa ABJISETCS TO, YTO 33/1a49a BBISCHEHUS, HMEeTC S
JIA B 9TOHM Urpe BBIUTPBINI st urpoka 1, ssnsercsa NP-TpyIHOM.

[T 13] OBJINITOBKA KBAJIPATA

YCJIOBUE. 3anansr: Muoxkectso kpacok C; cemeiictso T € C* «kepamurde-
CKUX IUTUTOK», T1e < a, b, ¢, d > 0b603HAYaeT IJINTKY, Y KOTOPOil BEPX, MpaBas
CTOPOHA, HI3, JIEBasi CTOPOHA OKPAIIEHBI COOTBETCTBEHHO B IBETA a, b, ¢, d; TO-
noxkuTenbuoe nestoe uncito N < |C.

BOIIPOC. Cy1iecTByeT vt MOKPHITHE KBAIPATA PA3MEPOM MINTKAaMu 13 N X
N, T. e. MOXKHO /I TIOCTABUTH B COOTBETCTBUE KaxKaoi mape (i,7),1 < i <
N,1 < j < N, mwekoropyio wurky A = A(i, j) € T tax, 4r0, BO-IIEPBHIX, €CJIU
F(i,j) =< a,b,c,d>u f(i+1,j) =<d,b,d,d >, ro a=c,u, Bo-BTOpHIX,
ecma f(i,7) =< a,b,e,d>m f(i,j+1) =<a',b,c,d > t0b=d?
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Hemounux [154]. K sroit 3amade csomurca OPUEHTUPOBAHHBIN TA-
MINJIBTOHOB IIYTh.

Kommernmapuidi. BapuanT 3amaqu, KOrqa COPAITHBAETCS, MOXKHO JIH ¢ TOMO-
IbI0 MHOXKECTBA T’ MOKPBITH [IMTKAME BCIO IIOCKOCTD (Z X Z) «II€PUOJUIECKI>
¢ epuoIoM MeHbImuM, yeM N, Tak:ke aBiasercs NP-momHoi 3amadeii. B obiem
cIIy9ae 3a7a9a «BbISCHUTH, MOYKHO JIM C TTOMOIIIHI0 HEKOTOPOTO MHOYKECTBRA, TN~
TOK TIOKPBITh BCIO TJIOCKOCTh», Hepasperuma [36], Touno Tak e Kak W 3amada
«BBISICHUTh, MOYKHO JIH C MOMOIIHI0 HEKOTOPOTO MHOXKECTBA, MJIUTOK MOKPHITH
[IIOCKOCTD TEPUOTUIECKHT ».

[T 14] COCTABJIEHUE KPOCCBOPIA

YCJIOBUE. Baganbl KoHEUHOE MHOXKECTBO ¢IoB W € Y¥* u marpuna A us
HyJIeil U eIUHUIL] Pa3MePOM 1. X N.

BOITPOC. MoHO /11 COCTaBUTH KPOCCBOP, PA3MEPOM N X 1 U3 CJIIOB MHOKE-
crBa W Tak, 9To0ObI CI0BA 3aMKUCHIBAUCH B KJIETKU, COOTBETCTBYIOIIUE HYJISAM B
A? INpyrumu cnoBamu, ecnu E — 910 MHOXKecTBO map (4, j), takux, aro A;;j = 0,
TO CylecTByeT i orodpazkenue f : £ — ¥, Takoe, 94T0 OYKBbI, [IPUIIKCHIBAEMbIE
JII000# TOPU3OHTAIBHON WM BEPTUKAJIBLHON MOCIEI0BATEILHOCTH (MAKCHMAIb-
HO#1 JyIuHbI) 3/1eMenToB u3 F, obpa3syior ciaoso uz W7

Hemownurk [342]. K sroit 3anade ceogurest TTI-3.

Kommernmapuii. 3agaga ocraéres NP-momHOM, 1azKe eC/TH BCE TIEMEHThI MaT-
punbt A ecTh HyJH.

[T 15| OBOBIIIEHHA A UTPA «MHCTAHT MHCAHUTU»

YCJIOBUE. 3aganbr konednoe MHOXKeCTBO C' «KPACOK» W MHOXKECTBO ()
Kyb6ukos, || = |C| u Bce rpanu Ky6uKoB u3 () OKpalleHbl B 3aIaHHbIE IBETA U3
C.

BOITPOC. Mox#o v KyOuKY () BBICTPOUTH B OJWH BEPTHUKAJIBHBINA CTOJ-
OMK TaK, 9TOOBI KaykIablii IBeT n3 C' MOSBJSJICA POBHO OIWH pa3 Ha KayKIOW n3
YeTHIPEX CTOPOH CTOJIONKA?

Hemownuk [452]. K sroit 3anade ceogures TOYHOE ITOKPHITHUE.

Kommernmapuii. meercst COOTBETCTBYIOIIAS UTPA IBYX JIUI, B KOTOPOU Wr-
POKWU TI0 OYEPEIN TOMEIIAIOT OUYePeIHON KyOUK HA BEPX CTOJOWKA, MPUIEM WT-
pPOK 1 TBITAETCA TOCTPOUTL CTOJOUK, YIOBIETBOPSIOMNI CHOPMYIUPOBAHHO-
MY BBIIIE YCIOBUIO, 8 UTPOK 2 MPENATCTBYET 3TOMY. 3aa49a «BBISICHUTL, UMEET
s urpok 1 (popCUpOBaHHBIN BBIMIPHINT B 9TOM urpes, ssiasercs P — SPACE-
nosinoit. Hazsanne UHCTAHT MHCAHUTU (INSTANT INSANITY) — rop-
rOBBIN 3HAK, mpuHagIexanmit pupme Parker Brothers, Inc.

A9. JIOTUKA

A9.1. Ilpomo3unmoHa/IbHASA JIOTUKA

(JIOT 1] BBIMIOJIHUMOCTbD
YCJIOBUE. 3aganbr MHOKecTBO nepeMeHHbIX U u Habop C' Ju3bIOHKIMIA
nwazn U (onpenenenue cMm. B pa3z. 2.6).
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BOIIPOC. Cymecrsyer i ajist Habopa nu3bioHKIui C' BBIIOJHAONUA Ha-
6Op MCTUHHOCTHBIX 3HAYEHM?

Hemownuk [91]. NP-monHoTa 331391 moKas3aHa B Teopeme Kyka.

Kommenmapudi. 3anaga ocraéres NP-1oHO# gazke B TOM Cllydae, eciu |¢| =
3 st Beex ¢ € C' (3-BBII) wmm ecim |e| < 3 gyt Beex ¢ € C, a Takke ecu st
Kask10# mepemennoit u € U umeercs He boee TPEX U3 bIOHKITNM, COIEPIKAIINX U
win 4. 3agada NP-nonHa n torga, koraa |c| < 3 mis Beex ¢ € C' n By AOIBHBIH
rpad G = (V, E) mnanapen (IINTAHAPHAS 3-BBIII) (3mecs V = U UC, a
E cocrour u3 takux nap {u,c}, 4T0 © uiaM U OPUHANJIEKUT IAUIBIOHKIHUU C).
Obas 3a1a9a pa3pemmMa 3a NoJIMHOMUAIbHOE BpeMs, eciu |c| < 2 mis Bcex
¢ € C (cm., Hanpumep, [114]).

[JIOT 2] 3-BBIIIOJIHUMOCTD (3-BBbIII)

YCJIOBUE. 3amansr muHOKECTBO TepeMeHHbx U u takoit Habop C nu3b-
touKumii Hag U, aro |c| = 3 ayist kax 0¥ musbionknnm ¢ € C.

BOIIPOC. Cymecrsyer i ajist Habopa nu3bioHKuui C' BBIIOIHAONUN Ha-
60p UCTUHHOCTHBIX 3HAYCHUH

Hemownuk [91]. K sroit 3amaue ceogures BBITIOJTHUMOCTD.

Kommernmapuii. 3anaga ocraéres NP-IONHOM Jaske B TOM CIIydae, eCIIA KayK-
Iast IU3BIOHKINS CONEPYKUT TOJHKO CAMHU MEPEMEHHbIE UM TOJIHKO UX OTPUIA-
st (MOHOTOHHAS 3-BBIII) [174] nnu ecim 11t KaskI0i IepeMeHHON He
6omee 5 quabioHKIM 13 C' comeprKaT WIn JTATEPAJ U WA .

[JIOT 3] 3 BBIII ITPU PA3JINYHBIX JINTEPAJIAX

YCJIOBUE. 3amansr maOxkecTBO nepeMeHHbix U u takoit Habop C au3b-
foukiuit Hag U, uro |c| = 3 mina kaxaoit qusbionkuuu ¢ € C.

BOIIPOC. Cymecrsyer jin mjist Habopa C' Takoil BBIMTOJHSIONINN HAOOD UC-
TMHHOCTHBIX 3HAYEHHUH, 9TO B KazKI0M qu3bionkiuu u3 C Haligércs no Kpaineit
Mepe OIWH MUCTUHHBIA U OJUH JIOXKHBIA JIATepa?

Hemounurk [474]. K 310t 3amade ceoaurest 3-BBITI.

[JIOT 4] 3-BBIII TIPW OZTHOM UCTUMHHOM JIUTEPAJIE

YCJIOBUE. 3amansr MHOKECTBO TepeMeHHbx U u Takoit Habop C nu3b-
foukuit Hag U, uro |c| — 3 ma kaxnoit ¢ € C.

BOIIPOC. CymectByer au ajist U Takoil BBIMOIHSIOMWI HAOOP MCTUHHOCT-
HBIX 3HAUEHUH, YTO IJIsT KAXKI0M Au3bioHKIUU B C' UMeeTcss B TOYHOCTU OIUH
MCTUHHBINA JINTEPaJI?

Hemouwnuk [474]. K s1oit 3aga4e csogutcs 3-BBIIL.

Kommenmaputi. 3amada ocraércss NP-TOTHON [ayke B TOM CIydae, eC/id HU
onua ¢ € C He COIEP’KUT OTPUIIAHWH TEPEMEHHBIX.

[JIOT 5] MAKCUMAJIBHA S 2-BBITIOJTHUMOCTD

YCJIOBUE. 3agansr MmuHOXKECTBO nepemenubix U; takoit Habop C' U3 bIOHK-
wuit vag U, uro |¢| = 2 miua Beex ¢ € C; nonoxurenshoe uesnoe ucio K < C.

BOIIPOC. Cymecreyer qu gjst U HADOp MCTUHHOCTHBIX 3HAYEHUH, BHITION-
usonmii He menee K musbonknuii uz mabopa C'7

Hemownux [157]. K stoit 3agade ceogurcs 3-BBIII.
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Kommenmapudi. Pazpemuma 3a nomunomuasnbuoe spemst npu K = |C| (cwm.,
Hanpumep, [114]).

[JIOT 6] OBOBIITEHHA SI BHITIOJTHIUMOCTBD

YCJIOBHUE. 3amanst MONMOKATEILHBIE Heable Yncaa ki, ks, ... , Ky, TOCIEIO-
parenbHocTh S =< Ry, Ry, ..., R, > nogvmuoxects R; C {T, F}*i, muoxectso
nepemeHHbix U u qist Beex i, 1 < 4 < m, mHOXKecTBa C;, cocTosiime u3 HabopOB
o k; mepeMeHHbIX u3 MHOKecTBa, U.

BOITPOC. Cymecryer sin Takoii HaboOp MCTUHHOCTHBIX 3Hadenuit ¢t : U —
{T, F}, aro nnz Beex i, 1 < i < m, u ayis Beex Habopos (u[l], u[2], ..., ulk;]) € C;
UMeeT MeCTO

(t(u[1]), t(uf2]), ..., t(ulki])) € Ri?

Hemouwnuk [474]. K sroit 3agade ceogurca 3-BBIII.

Kommernmaputi. Eciv gj1s 3a1aHHOM TTOCIEIOBATEILHOCTH S HE BBIMOIHSIET-
Cs1 OJTHA W3 IECTH MEePEYNCTIeHHBIX HUKE BO3MOXKHOCTEH, TO 3amada NP-noHa,
B MMPOTHUBHOM CJTydae OHa Pa3pentnMa 3a MOJTHHOMUATHHOE BpeMsi. Y TOMSHY Thie
BO3MOKHOCTH TAKOBBI:

(1) xkaxmoe R; comepwur {T}Fi;

(2) kaxxmoe R; comepwur {F}*i;

(3) kaxkmoe R; JTOTMYECKU «IKBUBAJEHTHO» HEKOTOPOMY BBIPAYKEHUIO, UME-
IOIEMY KOHbIOHKTHBHYIO HOPMAaJIBHYIO (JOPMY U COIEPIKAIIEMY B KAXKIOHN T3 b-
OHKIIUW IO KpaiiHeil Mepe OJHO OTPUIAHUE;

(4) kaxmoe R; NOruYecKu «IKBUBAJEHTHO» HEKOTOPOMY BBIPAKEHUIO, UMe-
IOIEMY KOHbIOHKTHBHYIO HOPMAaJIbHYIO (JOPMY U COIEPIKAIIEMY B KAXKION T3 h-
IOHKITAU TIO KpaiiHeil Mepe OIWH JuTepas 6e3 OTPUIaHUST;

(5) kaxmoe R; NOruYecKu «IKBUBAJIEHTHO» HEKOTOPOMY BBIPAKEHUIO, UMe-
IOIIEMY KOHBIOHKTUBHYO HOPMATBHYIO (GOPMY U COIEPKAIIEMY B KAXKIOH U3 b-
IOHKIINY He 6ojiee IBYX JIMTEPATIOB;

(6) kaxka0e R; ecTb «MHOXKECTBO PEIIEHUiT» HEKOTOPOil CUCTEMbI yPaBHEHUH
uazx GF [2].

NP-nonuora 3amaga 3-BBITI, 3-BbIIT ITPU PA3JIMYHBIX JINTEPAJIAX
u 3-BBIII TP OTHOM UCTMHHOM JINTEPAJIE BbiTekaeT u3 npuBeaeH-
HOIt Kmaccudukamuu. Ecim nonycTuTh mpruHaLIeXKHOCTD k;-MEePHBIX HaOOPOB 13
maozkectsa C; muoxectsy (UN){T, F}¥i) («bopumyst ¢ KoHCcTaHTAME> ), TO 3a-
nada NP-mosiHa 7axke B TOM CJIy4dae, eciiv BBITOMHEHB yeiopus (1) wan (2), Ho
MO-TIPEYKHEMY DA3PeIiMa 38 MOJTMHOMUAIBLHOE BPEMSI, €CJTU BBITIOHSIETCS OJIHO
u3 ycoswuii (3) — (6). Kpantudunuposantas Bepcust 3a1a49u «C KOHCTAHTAMU >,
B KOTOPOI JOIMOJHUTEILHO 3aJaHa, IOCIEI0BATEIbHOCTh 1, @2, ... , Qy KBAHTO-
poB Y u I u BOmPOC 3aKII0YAETCH B UCTUHHOCTU (POPMYJIbI

(Q1,u1)(Q2, u2) ... (Qnuy) [c € R; nasa Beex ¢ € C;, 1 < i < mj,

apaserca P—SPAC E-nonnoit, naxe ecian 3agpUKCUPOBATH TOCIEI0BATEIHLHOCTE
S, e yznosyersopsionLyio coiicram (3)—(6). Eciu nociegosarensuocts S ymo-
BJIETBOpsieT OgHOMY U3 cBoiicTB (3)—(6), TO mocnenHss 3amada paspenmma 3a
HOJTMHOMHUATBHOE BPEMS.
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[JIOT 7] BBIIIOJIHUMOCTD BYJIEBCKUX BBIPAYKEHUN

YCJIOBUE. 3aganbr MHOXKECTBO TiepeMeHHBIX U 1 MOAMHOXKECTBO B MHOMKE-
CTBa BCeX 16 BO3MOMKHBIX JBYMECTHBIX OYJIEBCKUX CBS30K, & TAKYKE MPABUIHLHO
mocTpoentoe 6yseBckoe Beipaxkerune F nag U u B.

BOITPOC. CymecrByer jau HAOOP MCTHHHOCTHBIX 3HAYEHUH MEPEMEHHBIX
MHOXKeCTBa U, Tpu KOTOPOM BBhIpaykeHue F BHITOTHEHO?!

Hemounur [91]. Obmas ceommvocTsS.

Kommenmapuii. 3anaga ocraéres NP-monHO#, eciin B cOCTOUT TOMBKO U3
9eTbIpEX OyJIeBCKUX CBA30K {A, V, —, =} wiu ja1060ro Apyroro noiaHoro Habopa
OyJIEBCKUX CBA30K. 3aaa4a [NP-10/1Ha TaKzKe 1)1 TI000I0 HEIIOJHOIO MHOZKECTBA,
OyJIeBCKNAX CBSI30K, COMEPIKAIIETO B Ka4eCTBE MOJAMHOXKECTBA OJHO U3 CIEIYIO-
mux MuOXKeCTB: {-»}, {«}, {#,V} wm {#, A}, cm. [341]. Bamaua paspemnma
3a MOJMHOMMATLHOE BPEMsT s JI0OOr0 HEIOTHOrO Habopa Oy/IeBCKUX CBA3OK,
HE BKJIIOYAOIIEr0 HU OJIHOTO U3 YETHIPEX MEePEUUCIEHHBIX BBIIIE MHOXKECTB.

[JIOT 8] OTCYTCTBUE TABTOJIOTUN

YCJIOBUE. 3amano 6ymeBckoe Bbipaykenrne E Ha MHOXKECTBE NEPEMEHHBIX
U, B KOTOPOM WCTIONb3yIOTCs OyIeBcKre CBsi3km — (He), «Vy» (mam), «A» (u) u
«—» (cmenyer).

BOITIPOC. Bepuo nu, uro E He TaBTOMOTHs, T. €. CYIIECTBYET JIH TAKON
HADOP MCTUHHOCTHBIX 3HAUEHUH MmepeMeHHbIX MHOXKecTBa U, uto E npunumaer
3HAYEHNE «JIOKDB> 7

Hemownux [91]. K sroit 3anage ceogurea BBITIOJTHIMOCTD.

Kommernmapuii. 3amaua ocraéres NP-monHol gayke Torma, Korna F nmeer
«TM3BIOHKTUBHYIO0 HOPMATBHYIO (DOPMY», KAXK/IbIH IU3BIOHKTHBHBIA 97I€H KO-
TOPOW COMEPKUT He Boee TPEX JTUTEPATIOB.

[JIOT 9) MUHUMAJIBHA Y N3 BbIOHKTUBHA I HOPMAJIb-
HAAd ®OPMA

YCJIOBUE. 3amanbr MHOXKeCTBO mepeMeHHbIX U = {uq, ua, ... , Uy}, MHO-
skectBo A C {T, F}" «HabOPOB MCTHHHOCTHBIX 3HAYEHWH» ¥ TTOJIOKHUTEIHLHOE
nesnoe uncino K.

BOIIPOC. CymiecTByer i HaJ MHOXXECTBOM TiepeMeHHbIX U Takas Iu3b-
IOHKTUBHAS HOpMaJibHast popma F, comep:kalas He 6omee K T3 bHIOHKTUBHBIX
YIeHOB, 9TO F UCTHUHHA TONBKO I HADOPOB UCTUHHOCTHBIX 3HAYEHUN U3 MHO-
xecrBa A7

Hemownuk [173]. K aroii 3amadve ceoaures MUHUMAJIBHOE ITOKPHI-
THUE.

Kommenmapudi. Bapnant 3amgadn, B KOTOPOM YCJIOBHE COMEPIKUT MOJHYIO
TaOJIUILy UCTUHHOCTHBIX 3HAYEHWIA, T. €. IBA HEMEePeCEKAIOIINXCS TTOIMHOKECTBA,
AuB,A B C{T,F}", AUB = {T, F}"™, u cupamusaercs, Oyzer su E ucrunuo
JI7isT HAOOPOB UCTUHHOCTHBIX 3HAYEHUH U3 MHOMXKECTBa A U JIOKHO st HahopOB
MCTUHHOCTHBIX 3HAYEHHH 13 MHOXKeCTBA B, Takke NP-TI0/IOH, XOTsI B ITOCTEeTHEM
cIyvae JUINHA 3aIMCH YCJIOBUST MOXKeT ObIThH Topaso Gombine [374].

8Meercss B BHLY CBOZWMOCTH, ONHCAHHAS HIPH JOKA3aTEIbCTBE TeopeMbl Kyka, CM. CTD.
57. — ITpum. ped.
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[JIOT 10] IIOJTHOTA HABOPA CBA30K

YCJIOBUE. 3ananbr MmHOXKecTBO nepeMmeHHbiXx U u HaGop C' mpaBUIbHO MO-
CTPOEHHBIX OyIeBCKUX BbIparkenwit Ha U.

BOITPOC. BepHuo mu, aro nabop C nonou? Habop C' Ha3biBaeTCst MOTHBIM,
ecJIM CyIIECTBYET TAKOE IIOJTHOE MHOXKECTBO JIOTUYECKUX CBS30K (T. €. YHAPHBIX U
GuHapHBIX oneparopoB) D = {61, 6, ..., 0}, uro mus kaxkmoro oneparopa 6; €
D maiingrcs peipaskerne E € C u orobpawenue s : U — {a, b}, mist KoTOphIX
s(E) = a#;b wim s(E) = 6;a (B 3aBUCUMOCTH OT YHAPHOCTH WM OGUHAPHOCTH

0;).
A9.2. Pa3suoe

[JIOT 11] BYJIEBCKUE ®OPMYVYJIbBI C KBAHTOPAMU B®K (*)

YCJIOBHUE. Bananbr muoxkecTBO epementbix U = {u1, ua, ..., U, } u npa-
BUJIBHO TIOCTpOeHHas Oysesckasa dhopmyia ¢ ksaatopamu F = (Q1u1)(Qaus) ...
(Qnun)E, tne E — Gynesckoe Bbipaxkenue, a () ects mubo YV, mubo 3.

BOIIPOC. Bepuo nu, uro F uctuHHA?

Hemounuk [503]. O6masi cBOIUMOCTS.

Kommernmapui. 3amaua P — SPACE-nonna maske B TOM cliydae, Korga F
— IW3HIOHKTUBHAA HOpPMAaJbHasa (POpMa M KaXKIAsd IU3HIOHKIAS COTEPKUT He
6onee tpéx smurepanos (3-BBIII C KBAHTOPAMI). Ho eciu B Kaxk10# Au3b-
OHKIIUY UMEETCS He 6omee IByX JUTEPATIOB, TO 3313494 Pa3pennMa, 3a OJTuHO-
MuasbHoe BpeMs [474]. Eciin orpaHnanThest TOMBKO (DOPMYIIaMu, COMEPKAIINMI
He Gonee k mepemen KBaHTOpOB (T. e. Takumu dbopmynamu F| aro umeercs me
Gonee k TAKMX MHIEKCOB 4, 9T0 (); # (QQ;y1), TO 3aJa4a TOJHA B HEKOTOPOM
3aBUCAIIEeM OT k U ()1 KJlacce MOJMHOMUAIBHOMN nepapxuu (cM. pasa. 7.2).

[JIOT 12] TEOPU S ITEPBOTI'O ITIOPA KA C PABEHCTBOM (*)

YCJIOBUE. 3aiaHbr KOHEUHOE MHOYKECTBO TepeMeHHbIX U = {u1, Ug, ..., Un },
npezioxkenne S Han U B TeOpUM EPBOTO TOpsAaka ¢ pasencrsoM. (IIpemiorxke-
HUS 3TON TEOPUU OMPEIETAIOTCANHIYKTUBHO CIEAYIONUM 00PA30M: «BbIpasKe-
HUEeM» Ha3bIBaeTcss POpMyJIa BUIA «u = vy, Tae u,v € U, mubo ¢opmyna Bu-
na «2Es, «(EV F)s, «(EAF)» win (E = F)», rne E u F — BoIpaskeHus.
IMpennoxkenunem nazsisaercs dbopmyma Buaa (Q1u1)(Q2us) ... (Quun)E, roe E —
BBIDAKEHUE, 8 (7 — OIMH U3 KBAHTOPOB V wmaun 3 .)

BOIIPOC. Bepuo nu, 9To mpeajiox)enne S UCTUHHO BO BCEX MOIENSAX TeO-
pun?

Hemownuk [503]. Obrmast cBOAEMOCTb.

Kommenmapuii. Bagasa P — SPACE-nonna. Ananornunas 3agada P —
SPACE-rpynna janast mio6oit TeOpUE TEPBOrO MOPSIIKA, UMEIOIIEH MOIenb, B
KOTOPOH KaKON-HUOYIb IPeIUKATHBIN CAMBOT HHTEPIPETHPOBAH B BUIE HE TOXK-
JIECTBEHHO MCTUHHOTO OTHOIMeHus [233].

[JIOT 13] S5-BBIIIOJIHUMOCTD MOJIAJIBHOM JIOTUKN
YCJIOBUE. Bagana npaBuibHO MOCTPOEHHAsS MOAaabHas ¢dopmyna A Ham
KOHEYHBbIM MHO2KecTBOM nepemeHHbix U. Momansuas dopmyna — ato mmbo me-
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pemennas u € U, 1u6o dbopmyia Buga «(A A B)», «<—A» win «OA», rne A u B
— MOIaTbHBIE (POPMYJTBI.

BOITPOC. Bepmuo au, uto dhopmyna A aeiasercs «S5-surmogaumotii» ? Nuaue
rosops, cymectsyer i mozgens (W, R, V'), tne W — muoxkectso, R — pedrekcus-
HOE, TPAH3UTHUBHOE U CUMMETpUYIHOe ODMHapHOe oTHomenue Ha W, a V' — Takoe
orobpaxkenue muoxkecrsa U x W B muoxkecrso {7, F'}, 4ro ajisi HEKOTOPOro
w € W Bbmonusiercs pasencrso V (A, w) = T'? Orobpaxenue V' npogomkaercs
Ha GopMyJIbI coryiacHo ciaenyommm npasuiam: V(AA B, w) = T Torga u TOIbKO
rorga, korna V(A,w) = V(B,w) = T;V(-A,w) = T Torga u TONbKO TOTIA,
korma V (A, w) = F; V(OA, w) = T rorma n Tonbko toraa, kKorma V (A, w') =T
s Beex w' € W, rakux, uro (w, w') € R.

Hemownuk [314]. K stoit 3azade cBomurcs 3-BBIII. TokazarenbcrBo npu-
HAIIE;KHOCTH 3303491 K Kiaaccy NP-HeTpUBHATHHO.

[JIOT 14] JOKA3YEMOCTBH B MOJTAJIBHOW JIOTUKE (*)

YCJIOBUE. 3amanbr npaBuiIbHO MOCTPOEHHAST MOjIabHast hopmyna A, Mo-
nanbhag cucrema S € {K, T, S4}. (Jeramu cm. B [314] win [229].)

BOITPOC. Moxazyema nu popmyna A B cucreme S7

Hemownurk [314]. K sroit 3anaue ceognres BOK.

Kommernmapuii. Sagaga P — SPAC E-tionna qis GUKCUPOBAHHONW CHCTEMbI
S e {K,T,S4} wnu nnsa moboit qpyroii (bUKCUPOBAHHON MOJAJIBLHON CHUCTEMBI,
B KOTOPOIl MOYKHO JIOKa3aTh BCE MoKaszyemoe B K W Henb3si 10Ka3aTh HUYIErO
HEITOKa3yemoro B S4.

[JIOT 15] IOTUKA IMTPEJINKATOB BE3 OTPUITAHUSA

YCJIOBHUE. 3anansr Mmuoxkectso nepementbix U = {uq, us, ..., Uy}, MHO-

JKecTBO cnMBosoB bynkumit F' = {f{"*, f3", ..., f""}, MHOKECTBO CMMBOIOB
. rj

orromennit R = {R{*, R}*, ..., R/ }(m; > 0 w r; > 0 — pa3mepHOCTH COOT-

BeTcTByIONMX (DYHKIWMIA ¥ OTHOIICHUE ), MPABUIBLHO MOCTPOEHHOE JIOTUIECKOE
npemyioxenne A 6e3 orpunanuii nan U, F u R. (Takue npezjoxenus ompe-
JIENSAIOTCS WHIYKTUBHO: T€PM €CTh nepeMeHHast u € U win BbIpaykKeHWe BUIA
i (t1, ta, ..., tm), THe t; — TepM. @opMyTa eCTh BRIpayKeHue BUIa ¢ = ta, TIe
t1 u to — TepMBbl, WM BeIpaskenue Buma R*(t1,ts, ..., tr,), TOe t; — TEpM, UIn
Beipaenne Buga (A A B), (AV B),Vu;(A4), Ju;(A), rne A u B — dbopmyusr,
u; € U. Ilpenmoxxennem HazbiBaercs (popmysia, Ha KaXKIYI0 IEPEMEHHYI0 KOTO-
poil HaBelIeH KBAHTOD, [IPEIIIECTBYIONHUI €6 BXOKeHUIO B (DOPMYJIy. )

BOIIPOC. Bepuo 1, 4To Tpeajioxkenne A NCTUHHO MpU BCEX MHTEPIIPETa-
unsax F'u R?

Hemownuk [302]. K sroit 3amade ceogures 3-BBIII. TokazarenbcTBo TOTO,
9TO 33a9a MPUHAITEKAT Kiaaccy NP, HeTpuBHATHHO.

Kommernmapuii. 3anada ocraéres NP-TOTHON Jaske TOTIA, KOTIa OTCYTCTBY-
0T KBQHTOPBI OOIIHOCTH, CUMBOJIBI OTHOITIEHUH 1 UMEIOTCST TOJIBKO JIBe (DYHKITUN
pasmeprocTH 0 (T. €. KOHCTAHTHI).

[JIOT 16] BBIIIOJTHUMOCTD KOH'bIOHKITI BHIPAYKEHUN,
BKJIIOYAKOITIINX ®YHKIIVN 1 HEPABEHCTBA
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YCJIOBUE. Baganbr MHOXKECTBO TlepeMeHHbIX U, MHOXKecTBO F' ojHOMECT-
HBIX cuMBOJIOB (yuKnmit u Habop C Beipaxkenuit Buga U x V., roe * —oaus u3
CHUMBOJIOB «<», «>», «=» WA «F£», a U u V npeacraBagior coboit oauH u3
cuMBonoB «0», «1», «u», «f(0)», «f(1)» nam «f(u)» ans HekoTOophIX f € F n
u€ F.

BOIIPOC. MoxHO i1 TaK IPUCBOUTH BCeM HmepeMeHHbIM u3 u € U u BceMm
f(u) (rme w € U n f € F) nenoducienHble 3Ha4€HNs, 9TO Bce BbipaxkeHus u3 C
OyIyT UCTUHHBL IPU CTAHAAPTHON WHTEPOPETAIMN OTHOIEHUH <, >, = U #£7

Hemounurk [435]. K sroit 3amade ceognres 3-BBITI.

Kommernmaputi. 3agada ocraércss NP-TIONHON Jayke TOTIa, KOTIA OTHOIIIE-
HUST = W # He UCTOMB3YIOTCSA. 33/1a9a pa3perninMa, 33 TOMHHOMAATHFHOE BPEMST,
ecJIM He MCHOJIb3YIOTC OTHOIeHus < 1 > [398] uiu eciiu He UCHOIB3YIOTCS OT-
HOILEHUST = M # U OTCYTCTBYIOT CUMBO/bI pyHKumii [356]. Bapuanr 3anaqu, B
koropoM W u V umeror Buz «u» uau «u + ¢» (rme u € U, ¢ € Z), asngercs
NP-TIOTHBIM, €CTTH Pa3pernaercs UCmoIb30BaATh BCE YeThIpe OTHOIIEHNsT, HO pa3-
PermuM 3a MOJNHOMUAILHOE BPEMs, €CJI MOYKHO MOIH30BATHCS ONHOW M3 Tap
orHOMIeHNH < U > win = u # [66].

[JIOT 17] MUHUMAJIBHOE MHO>KECTBO AKCUOM

YCJIOBUE. 3amansl KOHEYHOE MHOKECTBO «MTPEIJIOKEHUI» S, TOIMHONKE-
ctBo T' C S «MCTMHHBIX TPEIJIOKEHUiT», «OTHOIIEHUE CleaoBanus» R, cocros-
miee u3 nap (A, s), rne A C S u s €S, a TakzKe MOJOKUTEIBLHOE LEJI0e YUCITIO
K <|S].

BOITPOC. Cymecrsytor nn nogmuoxectBo Sy C T, |So| < K n momoxn-
TEJILHOE IEJI0e YUCTIO 71, Takue, uro Sy, = 17 (3mecs S;, 1 <4 < n, — MHOXKeECTBO,
COCTOSIINIEE B TOYHOCTU W3 TAKUX TPeIjIoXKeHuit s € S, uro jgubo s € S;, aubo
cymecrsyer U C S;_1 u pna koroporo (U, s) € R.)

Hemownuy [437]. K sroit 3anage ceogures TTI-3.

Kommernmaputi. 3agaua NP-nonna gaxke Torma, korma T = S.

[JIOT 18] IIOCHIJIKA TTIEPBOTO IIOPAJKA

YCJIOBUE. 3asa#bl KOHEIHOE MHOXKECTBO «CHMBOJIOB MEPeMEHHbIX» U, KO-
HEYHOe MHOXKeCTBO «cuMBOJIOB byukiuuy C, nabop E = {Ey, Es, ..., E,;, } BbI-
paxkennit wan U U C, nabop F = {F}, Fy, ..., F;, } seipaxennit van C.

BOITIPOC. CymecTByer i OACTAHOBKA, S, 0TOOPAYKAIOIIAST KAXKIYIO Mepe-
Mmennyio u € U B Takoe Bbipaxkenue s(u) van C, uro {s(E1), s(E2), ..., s(Em)}
ecTb nmogMHO)KecTBO MHOXKecrBa {Fy, Fs, ..., F,,}? (3neco s(E;) obo3uauaer pe-
3yJIBTAT MOACTAHOBKU BMECTO KaKJIOTO BXOXKJeHus B F;, mepemennoit u € U
COOTBETCTBYIOIIETO BhIpAXKeHust $(u).)

Hemownuxk [32, 33]. K aroit 3amaue ceoaurest 3-BBITL.

Kommenmaputi. 3amada ocraércss NP-moHO#M m1is1 11060T0 (DUKCHPOBAHHO-
ro n > 3, HO npu JIOO60M (DUKCHPOBAHHOM M PA3PEIINMa 33 MOJTUHOMHUATBHOE
BpEMSI.

[JIOT 19] TIOOTBEP2KIEHUE BTOPOTI'O IIOPAA KA

YCJIOBUE. 3amanbl aBa «BbIPpaXKeHHs JIOTUKH BTOPOro nopsiakas Fy u Es,
NPUYEM BTOPOE BBIPAYKEHHE HE COMEPIKUT MEPEMEHHBIX (B BBIPASKEHHH BTOPOTO
nopsizka GyHKIUM MOTYT ObITH IIEPEMEHHBIME, JeTaju cM. B [32]).
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BOIIPOC. CymecTByeT mu Takoit HabOp 3HAYeHn T mepeMeHHbX” u3 F, 1To
B pe3yJibTaTe NOJCTAHOBKH MOJYYAETCs BhIpaXKeHue, uiaeHruanoe Fo?

Hemownur [32]. K aroii 3amade ceomurest 3-BBITL. JokasaTeancTBO MPUHAI-
JIEKHOCTH 33724 Kiaccy NP HeTpUBHAIBHO.

Kommernmapuii. Pasperumocts 6onee obmeit 3agaun — YHUOUMKAIIN A
BTOPOT'O TTOPAIKA, B kKoTopoit u Fy, n E; MOryT cogep>kaTh TepeMeHHbIe
U CTIPAIUBAETCS, CYIIECTBYET JIM TAKOH HADOP 3HAUEHUH MEePEeMEHHBIX, YTO B Pe-
3yJIbTATE COOTBETCTBYIOIINUX TOACTAHOBOK Ky u Fs CTAHOBATCA WIACHTUYHLIMMU,
ue u3BecrHa. 3agada Y HUOUKAIINA TPETBEI'O ITOPAIKA mepa3speriu-
ma [228], a 3amaga YHUOUKAIINA ITEPBOT'O IMOPAIKA paspemuma 3a

HOJIMHOMEATBHOE BpeMd [32, 421].

A10. TEOPUYA ABTOMATOB I 43bIKOB

A10.1. Teopusa aBTOMaATOB

[TAd 1] HESKBUBAJIEHTHOCTDb KOHEYHBIX ABTOMATOB
(*)

VYCJIOBUE. 3amansl ABa HEJIETEPMUHUPOBAHHBIX KOHEYHBIX aBTOMAaTa, A1 1
As ¢ obmmm BxoaubiM andasutom Y. (HemerepMuHUPOBAHHDIH KOHEYHDBIH aB-
romar A = (Q, X, 9, qo, F') cocrour u3 KOHEYHOro MHOXKECTBA COCTOAHWI (),
BXOIHOro asipaBuTa X, GyHKINUN IIepexona ¢, orodpazkaroliein () X ¥ B MOAMHO-
JKECTBA MHOMKECTBA (), HAYAILHOTO COCTOSTHUS (o W MHOYKECTBA, JOMYCKAIOIINX
cocrosiunit F, FF C K (cM., Hampumep, [215]).)

BOITPOC. Bepuo nu, ato A; u Ay pacno3HaOT pa3IudHbIe T3bIKH !

Hemownur [292]. K sroit 3amade ceoguress HEYHUBEPCAJIBHOCTD PE-
I'VJIAPHOI'O BEIPAXKEHIA.

Kommenmapuii. 3anaga P — SPACE-nonna gaxke B TOM Cliydae, KO
|¥| = 2 u Ay — TpuBnanbHBIi aBromar, pacnosHawommii L*. Obuas 3amada
NP-nonua, ecnn |X| = 1 unnm ecin 06a apTomara A; U Ay pacrnos3HamOT KOHEY-
HbIE s3bIKU (TIOCIEIHEE CBOMCTBO MOYKET ObITh MPOBEPEHO 38 MOJUHOMHUAIHHOE
Bpems [215]). Bamaua paspeniiMa 3a MOIMHOMHUANBLHOE BpeMsi, ecin Ay 1 Ay —
JIeTEPMUHUPOBAHHBIE KOHEYHbIE aBTOMATHI (CM., Hanpumep, [215]).

[TA4 2] HETPUBUAJIBHOCTDb ABYCTOPOHHET'O KOHEY-
HOI'O ABTOMATA (*)

YCJIOBUE. 3amaH AByCTOPOHHUN HEIETEPMUHUPOBAHHBIN KOHEUHBIN aBTO-
mar A = (Q,%,4,q0, F), tme Q,X,9, g, u F 0603HAUAIOT TO Ke CAMOe, 4TO U
JIISE OIHOCTOPOHHErO HEIETEPMUHUPOBAHHOTO KOHEIHOTO ABTOMATA, & (DyHKIIUS
nepexona § orobpazxkaer @) X ¥ B nogMHoxkecTBa MHOXKecTBa () X {—1,0, 1} (cm.,
Harmpumep, [215]).

BOITPOC. CymectByer i CJIOBO & € Y.*, momyckaeMoe apromMarom A?

Hemounux [231]. K sroit 3agade csomures JTOITYCKAEMOCTD JINHEN-
HO OT'PAHNYEHHBIM ABTOMATOM.

9B maHHOM CiTydae 3HAMEHHEM MEepPeMEeHHOM MOMKeT OLITh T060i TepM. — ITpum. ped.
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Kommenmapudi. 3apaua P — SPAC E-nonuna naxe roraa, korga |X| = 2 u
A — nerepmunupoBanmbiii apromar. Eciu || = 1, To obmas 3agada NP-nonHa
[136]. Eciu || — omHOCTOPOHHMIT HeJeTePMUHIPOBAHHBIN KOHEYHBI aBTOMAT,
TO 00LIAsA 327498 MOYKET OBITH PEIIeHa, 33 MOJMHOMUAIBLHOE BpeMst (CM., HAIIpH-
Mep, [215]). AHaJOrHUHBIE PE3YIBTATHI O KOHEUHOCTH S3BIKA, PACTIO3HABAEMOTO
aBTOMATOM A, MOYKHO HAHTH B YKA3aHHBLIX BBIIIE PaOOTaX.

[TAA 3] ZJOITYCKAEMOCTBHb KOHEYHBIM ABTOMATOM (*)

VYCJIOBUE. 3afanbl «JINHEHHO OrpaHUYEHHBIH aBTOMAT» A ¢ BXOIHLIM aJl-
dasurom ¥ (ompenenenune cuM. B kuure [215]) u cioBo x € X*.

BOITPOC. Bepwuo nu, uto aBromMar A momyckaer coBo x?

Hemounuk [280]. OB6Imasi cBOIUMOCTS.

Kommernmapui. 3agaua P — SPACE-nonna naxke B ToM ciydae, ecan A
— nerepmunupoBaHHbii aromar (cm. 3azady JTOIIYCKAEMOCTH B JIU-
HEITHOE BPEMSI u3 pasn. 7.4). Kpome TOro, cymecTByioT KOHKPETHbIE e
TEPMUHUPOBAHHDBIE JTUHEHHO OrPAHUYEHHBIE ABTOMATHI, JJisi KOTOPBIX 3ajada

P — SPAC E-nonua.

[TAL 4] JOIIYCKAEMOCTHb ABTOMATOM KBA3UPEAJIb-
HOTI'O BPEMEHU

YCJIOBUE. 3anansr MuOrOIEHTOUHASA MamuHa Triopunra M (B nameii Tep-
MUHOJIOTHY — MTPOTPAMMa, JIJIg MAIUHBI ThIOPUHTA), ¥ KOTOPOH UHUTAIOIIAS TO-
JIOBKA BXOHOM JIGHTHI HA KaXKIOM TaKTe PabOTHI CABUTAETCS BIPABO, TPUUEM
€C/TH YUTAIONIAs MOTOBKA BUIUT MYyCTON CHMBOJ, TO MAaIlWHA 0DS3aHA OCTAHO-
BUTHCsI, & TAKYKE CIOBO I, MPUHAJJIEKAIIEE BXOAHOMY aI(PaBUTY Y MAITHHBI
M. (Bomee mosHOe OMUCAHUE MAIIUH 3TOTO THUIA W UX IKBUBAJICHTHOE 33JAHNE
MOKHO HaiiTu B pabore [50].)

BOIIPOC. Bepuo mm, uro M monyckaer x?

Hemounurk [46]. O6mast cBOIUMOCTS.

Kommenmaputi. 3amada octaércs NP-OMHON 1ake B TOM CIIy9ae, eClii Kpo-
Me BXOIHOM JieHThl M mMeeT TONBKO OnHy pabouyio jgenty. CM. TakKe 3amady
MPUHAJOJIEXKHOCTD A3BIKY KBABUPEAJIBHOT'O BPEMEHU (sa3bi-
KH, JIOMyCKAEMbIE aBTOMATAMU KBA3UPEATHHOIO BPEMEHU, COBIAJAIOT ¢ KBa3W-
peaJibHbIMU 110 BpeMeHu si3bikamu, onpejenéunbivu B [TAS 18]).

[TAL 5] JOITYCKAEMOCTDb HECTUPAIOIIIVIM CTEKOBBIM
ABTOMATOM (*)

YCJIOBUE. 3aganbl «OQHOCTOPOHHUI HECTUPAIOIIUA CTEKOBLIA aBToMar A
(IHCC-amTomar) ¢ BxoAHBIM anbaputom ¥ (onpenenenue cM. B Kuure [215]) n
CIOBO T € X*.

BOITPOC. Bepwuo nu, uto aBTomMar A momyckaer cioBo 7

Hemownurk [136, 214]. K sroit 3amaue ceognres JOITYCKAEMOCTD JIN-
HEIMHO OI'PAHUYEHHBIM ABTOMATOM. Bo BTOpoii paGoTe moKa3aHo,
qro 3amada npunaiexxur kinaccy P — SPACE.

Kommernmapuii. 3amaua P—SPAC E-nonHa 1axke B TOM CIIy4ae, eCITH CI0BO
x € ¥* bukcupoBaHo u A — «IONyCKAOIUI CTEKOBbII aBTOMaTy (OnpejeseHe
cMm. B pabote [188]). Eciu © — mycroe c1oBo 1 Ha A HATOXKHUTH ONOTHATETHHOE
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OTrpaHUYEHHE, COCTOSIIEE B TOM, 9TO A —IOMyCKAIOIIHH CTEKOBBI ABTOMAT C OJI-
HUM CTEKOBBIM CHMBOJIOM, TO 3aja4a craHosurcs NP-nonHoii .[136]. Ecau ke
Mensiercst, a A dukcuposaH, TO 3aa4ua IpUHAAIEKAT Kiaaccy NP nms obo-
ro 1HCC-asromara, TOo 3Ke camMoe BepHO, eciu A — MPOM3BOILHBIN «BJIOKEH-
HBIH cTekoBbIH aBroMars [460]. Cymecrsytor koukperusle 1HCC-aBromarsi,
JJIsl KOTOPBIX yroMsinyTas 3aaa493 NP-nosna [460], stu 1THCC-aBromaTsl MOXKHO
B3fATb U3 KJIACCA JOMYCKAONIUX CTEKOBBIX aBTOMaToB [482], KOTOpPbHIE OAHOBpE-
MEHHO SIBJIAIOTCS «YUTAOMIMME Mara3uHHbIMU aBroMaramuy [232]. OpHako eciu
A — «omHOCTOpPOHHUN HEIETEPMUHUPOBAHHBIN MATa3WHHBIA aBTOMATY, TO 3314~
9a pa3permMa 3a MOJMHOMHUAILHOE BpeMs (maxke ecim A MOXKeT MEHATHCH);
mocyeiHee YTBEpKIAeHNe BEPHO M IS «JABYCTOPOHHWX HEIeTePMUHUPOBAHHBIX
Mara3MHHBIX aBTOMATOB» [8].

[TAS 6] IEPECEYEHUE AJ151 KOHEYHBIX ABTOMATOB (*)

YCJIOBUE. 3agana nocinegoparenbHoctb Ay, As, ..., A, JerepMuHUpOBaH-
HBIX KOHEUHBIX aBTOMATOB, MMEIOIIUX OOLIuit BXogHON andasut 3.

BOITPOC. CymiecrByer jn ¢I0BO 2 € X*, JOMYCKAEMOE BCEME aBTOMATAMHA

Hemownur [300, 301]. K sroit sanave cogures JOITYCKAEMOCTD C
JIMHEMHOU MMTAMATBHIO.

Kommenmapui. 3amaua P — SPAC E-nonua. st mo6oro puKCHPOBAHHOTO
N OHA pa3penuMma 3a MOJIUHOMUAJILHOE BpeMs [215].

[TAA 7] PEAYKIIVIA HE ITIOJIHOCTBHIO OIIPEAEJIEHHOTO
ABTOMATA

YCJIOBUE. 3amanbl He MOTHOCTHIO ONPEIETEHHBIA JIeTepMUHUPOBAHHDIN
komeunbiii aproMar A = (Q, X, 6, qo, F) (rme Q — MHOXKECTBO COCTOSHUIA, X —
BXOIHON amdanut, § — «gacTuunasy (HYHKIUA MEPEX0Ia, OTOOPAYKAIOMIAST HEKO-
TOpOE TOIMHOMKECTBO MHOMKECTBA () X ¥ B (), HAYaJIbHOE COCTOSTHUE ¢y € (),
F C (@) — MHOXKECTBO «JOITyCKAIOIIUX COCTOSHUI») U IIOJIOKUTEIBHOE LEJI0e
qucio K.

BOITPOC. MoxHo 1 (DYHKINIO Nepexona § Tak MPOMOJIKUTL JI0 BCIOLY
onpeenéanoil pyHKIun, orobpazxkaomeil () X ¥ B (), 4TO y HOIyYaloIIerocs B
pe3yJIbTaTe MOJHOCTHIO OMPeIeTEHHOIO ABTOMATA UMEETCsT SKBUBAJIEHTHBIN «pe-
IYIHPOBAHHBIN aBTOMAT», YUCIO COCTOSTHUM KOTOPOTO He mpeBocxoaut K7

Hemownuy [426]. K sroii 3anage ceoguress PACKPAIIIIBAEMOCTD I'PA-
®A B 31IBETA.

Kommenmaputi. 3amada ocraércs NP-1oaHON mpu JTI000M (DUKCUPOBAHHOM
K > 6. Biiuzkag 3a7a4a, B KOTOPOU JIOMYCKAETCH <«PACHIEITIEHUE COCTOSHUIY
(kak, nHanpumep, B padbore [423]), rakxke NP-nonua jjist 11060ro GpUuKCUpoBaHHO-
ro K > 6 (cu. [426]). Ecan Hapsioy ¢ «pacIuenieHneM COCTOSTHUI» 0Ty CKaeTcst
TaKyKe «DACIIeTIeHne CHMBOJIOB», KakK, HampuMmep, B padore [187], To aHaio-
PUYHAS 33292, KOTHA Y MPUBEIEHHOTO ABTOMATA CYMMa, YHCI COCTOSHUN U
YKCJIa CUMBOJIOB He JNoJKHa npesocxoauth K, takxke NP-nonna [427]. 3azaga
OTBICKAHWS IETEPMUHUPOBAHHOTO KOHEYHOTO ABTOMATA C MUHUMAJIBHBIM 9HUCTIOM
COCTOSTHU#, SKBUBAJIEHTHOIO 3aJAHHOMY MOJHOCTHIO ONMPEIETEHHOMY aBTOMATY,
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paspenmMa 3a noJMHOMUaIbHOe BpeMs (cM., Hanpumep, [211] unu [14]). Anaso-
rUYHASA 3874948 s OJTHOCTHIO ONPEIeNEHHOrO HEJIeTEPMAHUPOBAHHOIO KOHEY-
soro asromara P — SPAC E-nonna (cum. 3agaay HEQKBUBAJIEHTHOCTD
KOHEYHBIX ABTOMATOB).

[TAS 8] MUHUMAJIBHBIN PA3JIEJISIONININ KOHEYHBIN
ABTOMAT

YCJIOBUE. 3amansr KOHEYHBIH aadaBut Y., 1Ba KOHEUHBIX MOIMHOKECTBA,
S, T € ¥* u nonoxxuTeabHOE 1ea0e unciao K.

BOITPOC. CyrectByer i Takoil 1eTePMUHUPOBAHHBIN KOHEYHBIN aBTOMAT
A, nmeromuii K cocrosinuii, 4To pacnosHaBaeMblii uM a3blk L C Y* obianaer
cBoiictBoM, cornacuo koropomy S C L, T C ¥*\ L?

Hemownuk [174]. K sroit 3amave ceogures MOHOTOHHAS 3-BBITI.

Kommenmaputi. Ecm 1j1s1 Hekotoporo n crpaseuso SUT = L) (rme »(n)
— MHOYKECTBO BCEX CJIOB HaJ| X, JIJIMHBI, He MTPEBOCXOAINEH 1), TO 3a7a9a pa3pe-
mmMa 3a nojuHoMuaIbHoe Bpems [514]. Oxnako mis j060ro GUKCUPOBAHHOTO
e > 0 3ajaga NP-moiHa JaXKe B TOM CIydae, eCTH OTPAHUYUTHCS WHIUBUILY-
aTBHBIME 3a7aaMa, B KoTophix (SUT) C XM u |2 — (SUuT)| < |2
[17].

A10.2. PopmaabHBIE A3BIKHI

[TAS1 9] HESKBUBAJIEHTHOCTbDb PEI'VJ/ISIPHBIX BBIPAXKE-
HU (*)

YCJIOBUE. 3anansl qBa peryasipHbixX Boipaykenus: Fy u Fy ¢ oneparopaMu
{U, -, *} u andasur ¥ (onpenenenue cM. B pasi. 7.4).

BOITPOC. Bepuo nu, uro E; u Ey NpeAcTaBiasSiOT PA3TAIHBIE T3BIKHT

Hemownurk [503,497]. O6mmas ceogmumocTh. Bo BTopoii paboTe 10Ka3aHO, 9TO
3agada JexuT B kiacce P — SPACE.

Kommenmapuii. 3anaga P — SPAC E-nonna, naxe ecmm ¥ = 2 u Ey =
¥* (HEYHUBEPCAJIBHOCTD PET'YJ/IAPHOT'O BBIPAZKEHUS, cm. pasa.
7.4). B neiicrBurenbuoctu 3anada P —SPAC E-nonua, ecnu Ey — mo6oe dukcu-
POBaHHOE BBIpaYKeHWe, MPEJICTABISIONIEE «HEOTPAHNIEHHBIN» sI3bIK [237]. st
dukcupoBanHOro Fa, MPEeICTABIAIONIETO HEKOTOPHI 6ECKOHETHBIH «OTPAHTIEH-
HBI» A3bIK, 3aga49a NP-mojHa, HO pa3pernMa 3a MOJIMHOMUAAILHOE BPEMs IIJIst
JI060r0 (PUKCUPOBAHHOTO BBIPpaAKEHNsT Fo, MPEICTABIAIONIErO TIO00i KOHETHDIH
a3pIk. Obmas 3amada ocraéres P — SPACE-nonnoii, ecin By u E umeror
brKcHpoBaHHYO «BBICOTY OTHOCHTENBLHO *», paBHyIo k, k > 1 [503,230]. 3amzaua
octaércst NP-nonnoit, ecnu Fy wian Fy u Ey mpeicTaBIsAIOT OTpAHNYEeHHbBIE ST3bI-
K1 (MocseiHee CBOMCTBO MPOBEPSIEMO 34 MOINHOMHUAILHOE BpeMst) [237] nnn ecin
|X| = 1 [503]. B uurupoBanubix paborax yKa3aHbl Apyrue OIu3Kue Pe3ysibTaThl
U TpyHOpemraeMble 0000meHnst (cM. Takxke [231] u [236]).

[TAS IO] MUHNIMAJIBHOE PA3IEJISIOIITEE PETI'VJIIPHOE
BBIPAXKEHUE

YCJIOBUE. Baganbl KoHeuyHbIi andaBuT X, ABa KOHEYHBIX IIOAMHOKECTBA,
S, T C ¥* u nonoxRurenbHoe menoe gucio K.
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BOITPOC. CymecrByer jin Takoe peryisipHoe Beipaykenue F Has X, comep-
xKamee He 6omee K cuMBOMOB U3 X, 9TO A3bIK L, OIpenensieMblii BhIparKeHneM
E, obnanaer coiicreom: S CLuT C X\ L?

Hemownuxk [17]. K mawnoit 3amave ceoaurest 3-BBITL.

Kommenmapui. 3amada octagres NP-TIOTHOMN, TayKe eC/IM OTPAHUYUTHCS TOTh-
KO BbIpazkenusamu F, ne comepxkatmumu oneparopa «Us uiu oneparopa «*» [16].

[TAd 1] IIOKPBITUE PEVMHOJIBICA OJIdd BECKOHTEKCT-
HBIX TPAMMATUK

YCJIOBUE. Bananst gpe 6eckonTekcTHBIe rpamMarnkn Gy = {Ny, ¥, 11y, Sy)
u Gy = (Na, X, 15, Ss), tae ¥ — KOHEUHOE MHOXKECTBO TEPMHUHAILHBIX CUMBO-
7108, N; — KOHEIHOE MHOXKECTBO HETEPMHUHAIBHBIX CAMBOJIOB, S; € N; — HaYaIb-
HBIA cuMBOM ® II; — MHOXKECTBO «npoayKnumii» Buma «A — w», tne A € N; n
w e (N; UX)*.

BOITPOC. Bepmo mn, uro G5 — «mokpwiTe Peiinonanacay Oas rpaMMaTHKA
G1? Nabivu cioBaMu, CyImecTByer jiu Takast pyarmus f, orobpaxkatomas N1 UY
B Ny UX, gro f(x) =z nna Beex ¢ € ¥, f(A) € Ny ana Becex A € Ny, f(S1) =
So u mig Kaxaoil npoaykiuu Buga A — x12y ...z, u3 Iy e obpas f(A) —
f(z1)f(x2) ... f(xn) ectb npomykims u3 [Iy?

Hemounurk [235]. K sToii 3amade ceomurest 3-BBITI.

Kommenmapuii. 3agaqua ocraércs NP-monnoit, eciu Gy u Gy — «peryssp-
uepies 0 rpaMMaTEKM. AHATOTMYHEIE PE3YIILTATE BEPHBI g GIM3KIX BOIPOCOB:
«Bepuo i, aro G4 — «cmaboe mokpoitue Peitnonbaca qus G 7» u «Bepro nu,
aro GGy — «romoMopdHbIl 06pa3» rpammaruku G17» Bamada: «BamaHa rpam-
maruka G, cymecrsyer qu takaa LL(k) -6eckonrekcraas rpamMaruka H, 9to
H — nokpoitue Petinonbaca gasa rpammarukn G7» — paspemnnMa 3a mOJUnHOMU-
anmbHOe BpeMsi. To ke caMoe BEpPHO JJIsT 33744, Oy aoIIXCs 3aMEeHON K1acca
LL(k) ua LR(k) wnu Ha OJUH M3 HECKONBKHUX JPYTUX KJIACCOB IPAMMATHK (CM.

[235]).

[TA4 12] IOKPBITUE JIMHEMHBIX TPAMMATUK (*)

YCJIOBUE. 3amannr aBe JauHeiHbIe OECKOHTEKCTHLIE TpaMMaTuku (G; =
(N1, 2,111, 51) u G2 = (No, X,1I5, S3) (B Takux rpaMMaTvKax HE JOILYCKAIOT-
csl MPOAYKIMH, COAEPIKAIINE B MPAaBOW dacTh HOJiee OIHONO HETEPMUHAIBHOTO
CHMBOJIA).

BOTIIPOC. Cymecrsyer ju takaa dyukmusa h : Py — P, U X (toe A o6o-
3HAYAET MYCTYIO MPOMYKIWIO), U4TO Mpu OToOparkenuu h rpammaruka Gy 10-
kpbiBaer G5? (ToBopsaT, uro mpu orobpaxkenuu h rpammaTuka (G MOKPHIBAET
rpammaruky Go, ecim g Bcex 0B w € L* BbimonaHeHbl 1Ba cBoiicra: (1)
€C/TH W BBIBOAMMO W3 S MOCPEICTBOM HEKOTOPOH MOCTIEI0BATEILHOCTHA MPO-
OYKIWHA P1, P2, .., Pn, TO W BBIBOAUMO W3 Sy MOCIEIOBATEIHLHOCTHIO MPOLYK-
wuit h(p1), h(p2), .-, h(pp); (2) ecim w BBIBOIUMO U3 Sy MOCPEACTBOM TIPOAYK-
unit g, qo, --. , gn U3 Ia, TO CyIIECTBYET Takas MOCIEIOBATEILHOCTh MTPOLYKIINH
D1, D2, - , Pm, BbIBOZsIAA w B rpammaruke G, aro h(py), h(pz2), ... , h(pm) cos-
namaer ¢ qi, g2, --- 7Qn)

10Perynsaproif HA3EIBAETCS GECKOHTEKCTHAS TPAMMATHKA, KAsK1as MPOLYKIIHS KOTOPOit mMe-
erBug A —» aBumu A — a,tne A,B€ N ua € E. — I[Ipum. peo.
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Hemownuy [237,238]. K sroit 3agage ceonurcs HEYHUBEPCAJIBHOCTD
PETYJIAPHOTO BBIPAYKEHI Y. Bo Bropoii paGore JoKa3aHa MPUHAITEXK-
HOCTDH 3ajaqdu kiaaccy P — SPACE.

Kommenmapuii. 3anaga P—SPAC E-nionHa 1axe JIJisi «PeryasspHbIX» IPaM-
MaTuK. 71T TpOM3BOIBHBIX GECKOHTEKCTHBIX IPAMMATHK 33,1898 HEPA3PEITNMA.
B pabore [235] mpuBeneHs GIN3KHE PE3YIIHTATHI.

[TAS 13| CTPYKTVYPHA A HESKBUBAJIEHTHOCTD JINHE-
HBIX TPAMMATUHK (*)

YCJIOBHUE. 3ananst ase 6eckonTekcrubie rpammaruku G = (Ny, X, 11, Sy)
n G2 = (N2, E, HQ, Sg)

BOITIPOC. Bepno au, uto G3 n Gy — «CTPYKTYPHO HEIKBUBAJEHTHBI» 7
(Tpammaruku G u G2 HA3BIBAIOTCSA CTPYKTYPHO HEIKBUBAJIEHTHBIME, €CJIH IPAM-
MaTHUKU cO CKOOKaMu, nosydaembie u3 G u Ga 3aMeHOl KaxK 10 MPOAYKIUY BY-
na A — w npoxykuueii Buga A — (w) (rme «(» u «)» — HOBbIE TEPMUHAJbHBIE
CUMBOJIBI), TIOPOKIAIOT PA3JINIHDIE A3BIKMU. )

Hemownux [237]. K sroit 3anade ceomnress HEYHUBEPCAJIBHOCTD PE-
TYJIAPHOI'O BBIPAYKEHI 4.

Kommernmapui. Bagaua P — SPAC E-nonua, ecniu G u G2 pErysipHbl U
|¥| = 2. Ona NP-nonua, ecnu || = 1. JIis npOU3BONBHBIX OECKOHTEKCTHBIX
SI3BIKOB 33/1a49a Pa3pernnMa, HO MpuHaLIexkHocTh eé kimaccy P — SPACE we
YCTAHOBJIEHA.

[TAL 14 HESKBUBAJIEHTHOCTD PETYJISIPHBIX TPAMMA -
TUK (*)

YCJIOBHUE. 3ananbr ape perynspubie rpamvaruku G; = (Np, X, I, 51)
n Gy = (N7E, II5, Ss). PerynapHoii rpaMMaTUKON HA3BIBAETCS OECKOHTEKCTHAS
rpaMMaThKa, B KOTOPOH KasKaas MpomyKupst uMeeT Bug A — aB nm A — a,
rme A, B € N,a € X.

BOITPOC. Bepuo mu, uto G 1 (G5 TOPOKIAIOT PA3TNUHBIC SA3BIKNAT

Hemownug [70]. K aroit 3amade ceoqures HESKBUBAJTEHTHOCTD KO-
HEYHBIX ABTOMATOB.

Kommenmapudi. 3apaua P — SPAC E-nonna naxe B TOM ciaydae, eciu | L] =
2 u G2 — durcupoBanHas rpaMmaThKa, mopoxaaomas L (3amaga HEYHU-
BEPCAJIbHOCTH PETYJIAPHOI TPAMMATHUKI). O6mas 3amaga NP-
nosHa, Koraa || = 1 nan xorga o6e rpaMMATHKY MOPOK TAIOT KOHEUHBIE S3BIKN
(mocenHee CBORCTBO TIPOBEPSIETCA 38 TOJUHOMUAIBHOE BPEMS; CM., HATPUMED,
[215]). Ecniu G; — npousBosibHAs JuHeliHAs rpaMMaruka, a Gy — pUKCMpoBaH-
Hag rpaMMaThKa, nopoxgaomas L* (3agaua HEVHUBEPCAJIBHOCTD JIU-
HEITHOII TPAMMATUKM), 1o 3a1a4a cTanoBuTcs Hepa3permmoii [237].

[TAA 15| HE LR(K)-BECKOHTEKCTHA Y 'PAMMATUKA

YCJIOBUE. 3amanbl 6eckoHTeKCTHAS rpaMMaTika G U MOJ0KUTEIbHOE 1ie-
qoe gucno K, mpescTaBnenHoe B yHAPHOH 3aIUCH.

BOIIPOC. Bepuo siu, uro G ue ssagerca LR(K)-rpammarukoii (onpeznese-
Hue cM. B [242])7

Hemouwnuk [242]. O6imast cBOAEMOCTb.
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Kommernmapudi. Ilpu mobom dpurcupoBanrom K 3amata pa3permMa 3a mo-
JmHOMHUAsbHOE BpeMs. Eciu K npeicraBieHo B JBOUYHON 3amucu (4TO U Tpe-
Oyercs 1pU HalleM CTAHAAPTHOM KOIMPOBAHUH), TO 3aJada MOJHA B KJIACCE
NEXP—-TIMFE n, cnenoBareabHo, TpyaHopernaema. Bompoc o cymecTBoBaHun
rakoro K, uro G ect LR(K)-rpammarnka, Hepaspenmm [239]. Axnasorndansie
Pe3yJIbTaThl UMEIOT MECTO U TOr/A, Koraa cBoiictso « LR(K)» 3aMensiercs cBOii-
creoM << LL(K),<< LC(K) >>,<< SLR(K) >> umu mo0bIM IPYTUM 13
Gonbinero ymcaa cBoicTB (CM. ykasaHHble Bbiie paborsl). OnHako B ciydae
ceoiicta «LL(K)», eciu u3BectHo, 9T0 A1t HeKoroporo K’ rpammaruka G 06-
nagaer ceoiicteoM LR(K'), To 3a MOJMHOMHUATIBHOE BPEMsI MOYKHO BBISICHUTH
BOIIPOC O CyIIecTBOBaHuM Takoro K, uro rpammaruka G 061a1aeT CBOHCTBOM
«LL(K)> [241].

[TAST 16] HEITYCTOTA ETOL-TPAMMATUKU (*)

YCJIOBHUE. 3agana ETOL-rpammaruka G = (N, ¥, {41, 02, ... , 0}, S), rue
N — KOHEeYHOEe MHOYKECTBO «HETEPMHWHAIBLHBIX>» CHAMBOJIOB, Y. — KOHEYHOE MHO-
JKECTBO «TEPMUHAJIBHBIX» CUMBOJIOB, S € N — Ha4YaJbHbIH CUMBOJ, Kaxk0e 0;
npeCTaBisier coOoi «TabauIly» TPOLYKIMIA, MEPeBOASIIAX CUMBOJIBI MHOYKE-
crBa NUX B coBa s3pika (N UX)* (Ha Ka)K/IOM I1are BIBOJA KK IbI CHMBOI
MUMEONIEroCs B HAJIMYIUH CIOBA 3aMEHSIETCS TOCPEACTBOM HEKOTOPOI POy KIAN
U3 3apaHee BbIOpaHHO# Tabiunpl (cM., Hanpumep, [207])).

BOITPOC. BepHo /i, 9T0 sI3bIK, MOPOXKIEHHBIN rpamMmarukoit G, e mycr?

Hemownux [275]. K sroit 3amade ceoguress HEYHUBEPCAJIBHOCTD PE-
I'VJIAPHOI'O BEIPAXKEHIA.

Kommenmaputi. 3anaaa P—S P AC E-nonna, naxe ecnu G asiaserca «EDTOL-
rpaMMaTuKOil 6e3 £». 3amada NP-moiHa 1 B TOM CIy4ae, ecian (G COmepsKUuT poB-
HO OZIHY TAOJIUILY U JJIs KAyKI0r0 CUMBOJIA POBHO OJHY MPOAyKIwmio (T. e. eciu G
ectb «EDOL-rpammarukas). st Borpoca o ToM, nopoxaaer ju G Geckoned-
HBIH S3BIK, BEPHBI AHAJIOTHYIHBIE PE3YIbTATHI. 151 GECKOHTEKCTHBIX TPAMMATHK
9TH 3aa91 PA3PENIMMBI 38 TOJTMHOMHUATBHOE BPEeMsl, a [T KOHTEKCTHBIX IPaM-
MaTWK — HepaspermMbl (cM., Hampumep, [215]).

[TAd 17| IIPUHAOJIE2KHOCTBb BECKOHTEKCTHOMY $13bI-
KY C YIIPABJISEMBIM BbBIBOJI0OM

YCJIOBUE. 3amanbr 6ECKOHTEKCTHAS TPAMMATHKA, C yIPABISIEMbIM BBIBO-
aom G = (N, 2,11, S) 6e3 € u cioBo = € £*. (B rakux rpaMMarukax Bce mpo-
nyknuw w3 11 mmetor sug A — w(T)(F), tme A € Nyw € (NUX*)\e,T n
F — nmogmuoXKecTBa MHOXKECTBA 11, yKa3BIBAIOIINE, B 3aBUCUMOCTH OT TIPUMEHMU-
MOCTH WJI HEMTPUMEHUMOCTH MPEIBIAYINEH TPOLYKIUI, TOAMHOXKECTBO B 11, u3
KOTODPOT0 JI0J12KHA ObITh BIOpaHa cieytolas npoaykius [456].)

BOIIPOC. BepHo 1, 9TO & TPUHAIJIEIKUT S3BIKY, TOPOXKIEHHOMY TPaMMar-
kot G7

Hemounuy [482]. K aroit 3agade csonurcs 3-BBIIL. OrcyTersue € obecnedn-
BaeT MPUHAIIEIKHOCTE Kjaccy NP.

Kommernmapuii. 3agaga ocraérca NP-mofmHON 1aXke B TOM CIIy9ae, eciu Mo-
tpeboBarh, 4To0bl Bee mpoaykuun A — w(T)(F) u3 II umenmn T = F [525].
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Ecmu nna secex mponykmmit w3 II T = F = Il u ecniu momyckaeTcs IpUMeHe-
HUE OPOAYKIUN K IIyCTOMY CIOBY €, TO MOJY4Yaercs 3aJa4a MPUHAIIEKHOCTH
KOHTEKCTHO-CBOOOIHBIM sI3BIKAM, KOTOPask PA3PEIINMa 33 MOTHHOMUAATBHOE BPe-
Ms (cM., HampuMmep, [215]).

[TAA 18] IPUHAOJIE2KHOCTD SA3BIKY KBA3UWPEAJIBHO-
'O BPEMEHU

YCJIOBUE. 3ananbr 6eckonrekcrabie rpaMmMmaruku Gy, Go u G3, uMmeroniye
00Nt TepMUHAIBHBINA amdaBuT Y, BTOpoil KoHedHblil anadasur I', GyHKImMSI
h:¥ —T ucaoso w € I'*.

BOITIPOC. BepHo jin, 9TO w TPUHAJIEKUT <«SA3BIKY KBA3UPEATHHOTO Bpe-
MeHU», onpeneasieMomy rpammarukamu Gy, Go, Gz u dyuknueit h, T. e. A3bIKy
L = h(Ly N Ly Nl3), cocrosimemy u3 Beex cnos u3 I'* suga h(zy)h(xz) ... h(zk),
TAKUX, 9TO L1, T2, ... , L € L1NLoNLg, voe Ly, Ly u L3 — A36IKH, TOPOK IAEMbIE
rpamvarukamu G, G u (G3 COOTBETCTBEHHO?

Hemownurk [230, 188]. K aroit 3amaue ceoaurest 3-BBIIL.

Kommernmaput. Eciu h — B3anMuo-omHo3HauHAS (DYHKINS, TO 3a1a4a pe-
[IAeTCs 33 MOJIMHOMHMAJbHOE BpeMs (CTaHAAPTHBIM MeTOAOM pa3bopa OGecKoH-
TEKCTHBIX PAMMATHUK; CM., Hanpumep, [215]). Bazagya ocraérca NP-nomuoi u
roraa, koraa Lz cosnamaer ¢ ¥, r.e. L = h(L; N L) [188], HOo paspemuma 3a
NOJIMHOMUAIBHOE BpeMsi, eciiu Ls u L cosnagaror ¢ X*. 1. e. L = h(Ly).

[TAS 19] TIPUHAJJIE2KHOCTD ETOL-A3BIKY (*)

YCJIOBHUE. 3aganst ETOL-rpammaruka G = (N, X, {d1,d2, ... ,0n},S) 1
c70BO W € X*.

BOIIPOC. IIpuHaAeXut Jiu CIOBO W A3BIKY, HOPOKIAEMOMY IPAMMATHKON
G?

Hemounuk [525]. K sroit 3amade ceognres 3-BBITI.

Kommenmapuii. 3anaga P — SPACE-nonna, naxe eciu G ecrb «ETOL-
rpammaruka 0e3 e» [275]. Eciu G dukcuposana, To 3a1a49a MPUHAIJIEKUT KIIAC-
cy NP, B 3TOM Cllydae CyIecTBYIOT KOHKPETHBIE FPAMMATHUKH, JI/Tsi KOTOPBIX OHA,
NP-nionua. Iocaenunit pakT mmeerT MecTo mgaxke Torma, Korma G ecth «TOL-
rpaMmMaTikay (T. €. He MMeeT HeTePMUHAJBHBIX CHMBOJIOB) U HE COIEPIKUT €
[525]. Bamava paspernuMa 3a MOIMHOMHWAILHOE BpeMst st GUKCHpOBaHHON G,
eciu G ectb «EDTOL-rpammarukas [276] mu6o eciu G ects «EOL-rpammarnkas
(7. e. mMeeT TOIBKO onHy Tabsuiy) [404].

[TAA 20] MIPUHAJJIE2KHOCTH KOHTEKCTHOMY 43BIKY
(*)

YCJIOBUSI- 3anamsr KouTekcTHas rpammaruka G = (N, X, 11, S) u cioBo
w € ¥* (B KOHTEKCTHOH IrpaMMaTHKe KaxKIas OPOLYKIMs UMEeT BU T — Y, I/Ie
x Uy — HemycThle cioBa Haj andasurom N UX u |y| > |z]).

BOIIPOC. IlpunaiexuT u w sS3bIKY, TOPOKIEHHOMY IpaMMaTHKON G7

Hemownurk [310]. K smoit 3amaue ceomures JTOTTYCKAEMOCTD JIMHE-
HO OI'PAHNMYEHHBIM ABTOMATOM.

Kommenmapuii. Bapaua P—SPAC E-nonda gaxe 1j1s JeTepMUAHAPOBAHHBIX
KOHTEKCTHBIX TPAMMATHK. Bosee Toro, CymecTBylOT KOHKPETHBIE KOHTEKCTHBIE
rpaMMAaTHUKH, I KOTOPBIX 3a1a4a NP-nonmna. CymecTByer TakKe KOHKPETHAS
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«JIMHEeRHAsA 0 BPEMEHH» KOHTEKCTHas IPaMMaTHKa, I KOTOpoi 3amada NP-
nosina [49]. (Husa 71:060i KOHKPETHON KOHTEKCTHOH rpaMMATHKHU 33343 [PH-
Hazexur kiaaccy NP.)

[TAA 21] IPUHAOJIE2KHOCTD d3BIKY, OIIPEJAEJJISIEMO-
MY APEBOBUJHBIM ITPEOBPA30OBATEJIEM (*)

YCJIOBUE. 3anansr «npeobpa3oBaTesib CBEPXY-BHU3 C JPEBOBUIHON CTPYK-
Typoits M u ero BeixomgHoi andasur [', GeckonTekcTHAS rpaMMaTika G U CIIOBO
w € I'* (meranm cM. B YKA3AHHBIX HUXKE PADOTAX).

BOIIPOC. IlpuHafexuT Ju w <«pe3yabTaTys» <«TOBEPXHOCTHOTO MHOMKe-
CTBay, ONpeneasieMoro nmpeobpasosareaem M u rpammaTukoit G7

Hemownuk [446]. O6mmasi cBOIUMOCTS.

Kommenmapuii. Sagaga P — SPAC E-nonua. s dukcupoanabx M u G
ona mpunHagIexRuT Kiaaccy NP. CymecrBytor koukperabie M u G, 0js KOTO-
peix 3amada NP-niomra [460]. Ecan morpeboBarh auHeitHOCTH TpeoGpasoBaTe-
as M, To obImas 3aJada paspernMa 3a MOJIMHOMHUAILHOEe Bpemsi. Ecom M —
«JIeTEPMUHUPOBAHHBII» Mpeobpa3oBaTeib, TO 471 (pukcupoBannoro M 3amaga
paspenmMa 3a moaMHOMUAJbHOE Bpems [447].

Al1l1. OIITUMUSBAIINA ITPOI'PAMM

A11.1. Temepamusa Koma MPOTrpPaMMbI

[OIT 1] ZJOCTATOYHOCTDH YUNCJIA PETUCTPOB

YCJIOBHUE. 3amannl opueHTHpOBaHHbI anukandeckuii rpad G = (V, A),
MOJIOXKUTETHHOE TeToe Iuciao K.

BOITIPOC. CymecrByer nu Bbhraucienue s (G, ucnoiab3yfoiee He Oosee
K pernctpor? VHBIME CIIOBAMW, CYIIECTBYIOT JIW YTOPSTOYCHUE V1, U2, ... , Up
BepiuH MHOXKecTBa V, vie n = |V|, u mocnenosarensHocts So, Si, ... , Sy TOI-
MHOXKeCTB MHOXKecTBa V', takue, 4ro: (1) |S;| < K( mns Beex i; (2) So — mycro,
Sp comepxuT BCe BepumHbl U3 rpada G co crenenbio 3axozxa 0; (3) s Beex
i,1<i<nv €588 \{vi} CS;_1 u Si_1 conepkuT BCe BEPIIUHBI U, TAKKE,
aro (v, u) € A?

Hemownur [477]. K s1oit 3agade cBomurcs 3-BBIIL.

Kommenmapuii. 3amada ocraéres NP-nomHOR Jaske B TOM CIydae, eCId CTe-
NEeHn BBIXOMA Beex BepmmH rpada G He nmpesocxogar 2. Bapuant sToit 3ana9m,
B KOTOPOM JIOTIYCKAETCS <II€PEBBIUUCICHUE» (T. €. HILYTCA MOCAeI0BATEIHHO-
CTH V1, V3, ... , Um 1 Sg, S1, ... , Sy, 0€3 aPpUOPHOI OIEHKN YHUCIA M W BEPITHHBI
B MEPBOi TOCIEIOBATEIHHOCTH MOTYT MOBTOPATHLCSA, HO BCE OCTAJIbHBIE CHOpP-
MYJIMPOBAHHbIE BBIIIE YCJIOBUS BBIIOIHAIOTCH ), sABagercs NP-TpyaHbIM, U ero
MPUHAIIEKHOCTE Kimaccy NP He ycTaHOB/IEHA.

[OII 2] ZOIIYCTUMOCTDb HASHAYEHUSI PETUCTPOB
YCJIOBHUE. 3ananbl opuentupoBannblii anukandeckuii rpadp G = (V) A),
nosiouTebHoe nesoe yucio K u wasuavyenue perucrpos f : V. — {Ry, R, ...,

Ry},
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BOITPOC. Cymecrsyer su Bhraucienue s G, UCIONB3YIOIMIEe YKAZAHHOE
HazHAYeHHEe peruncTpoB? HBIME CTOBAMU, CYyHMIECTBYOT JIU YIIOPSATOICHHUE V1 , V2,
..., U, BEpIIMH U3 MHOXKecCTBa V H IOC/IeI0BaTeIbHOCTb S1, So, ..., Sy HOAMHO-
JKECTB MHOYKECTBA V', YIOBJIETROPAIONINE BCEM YCIOBUAM, CHOPMYIUPOBAHHBIM
B 3amade JJOCTATOYHOCTD YUCJ/IA PETUCTPOB, u gomoaHuTeNnHOMY
YCJIOBHIO, 3aKJoUatomemMycs B Tom, 9to mig Beex i u j(1 < j < K, 1 <i < n)
cyiiecTByer He Gomee OnHOM BepmmHbl 4 € S;, Takoi, aro f(u) = R;?

Hemownur [477]. K sroit 3agade ceogurca 3-BBIIL.

Kommenmapuii. 3amada ocraércss NP-TOTHOM Haske B TOM CJIy9ae, eCJIu CTe-
MEeHU BBIXO/A BCeX BepImuH rpada GG He mpeBocxomdar 2.

[OIT 3] ZJOCTATOYHOCTDb YUCJIA PETUCTPOB /1JI51 PEA-
JIMBAIIUUA ITNKJIOB

YCJIOBUE. 3azanbr MHOKECTBO V' mapaMeTpoB IMKJIOB, JJuHA HuKiaa N €
Z%, nna xaxI0ro mapamMeTpa v HadaibHoe Bpems s(v) € Zg u MPOI0IKATe -
wocth [(v) € ZF, nenoe monoskurensroe uncio K.

BOITPOC. Hdocrarouro nu K perucrpoB Ijisi 3aNOMWHAHUS MapaMeTpoB
nuk10B? VIHBIMU CTOBAMU, CYIIECTBYET JIM TAKOE Ha3HAYeHue peructpos f : V —
{1,2,..., K}, uro eciu f(u) = f(v) miusg vekoropwix u, v € V, u # v, T0 u3 Hepa-
BeHcrRa s(u) < s(v) cmenyer, aro s(u)+1(u) <& (v) n s(v)+1(v)(modN) < s(u)?

Hemownuk [153]. K sroit 3amade crogsres OBPABYIOIINNE IMTEPECTA-
HOBKMN.

Kommermapudi. Insa modoro ¢pukcupoBannoro K 3amada paspemmnma 3a, mo-
JIMHOMHUATBHOE BPeMs.

[OIT 4] TEHEPAII S KOOJA HA MAIIINTHE C OJHUM PET'U-
CTPOM

YCJIOBUE. 3amanb anukandeckuit opueatuposanubiii rpad G = (V, A), y
KOTOPOTO CTENEHN BBIXOJA BCEX BEPIINH HE MPEBOCXOIAT X, M MOJOKATETHHOE
nenoe uncino K.

BOITPOC. Cymecreyer i nporpamma B Kogax 9BM, comepxkaias we 60-
nee K KOMaHI, BHIYUCISIONIAA HA MAITHHE C OJQHUM DPErMCTPOM BCE KOPHEBBIE
(T. e. co cremenbio 3axoma pasuoit 0) Bepmuubl rpada G, TPUYEM B HAYATL-
HBIl MOMEHTE B MAMATU HAXOIATCH BCE <«JIUCThs» rpada G (T. e. BEPUIMHBI CO
CTENeHbIO BbIX0OAa paBHOl 0) ¥ B IpOrpaMMe HCIIOIb3YIOTCH TOJBKO KOMAaHIbI
«3arpy3uTh», «3alOMHUTb> U «BbIIOMHUTL> ? (KoMaHnga «3arpy3uTh» nepezaer
B PErUCTp onpeneaénnyio seprmmny. KoManma «3anoMHUTh> MepesaeT BePIIuHy
U3 perncrpa B maMaTh. HoBast BepIUHA ¥ MOYKET ObITH BHIYUCICHA, C TTOMOIIBIO
KOMAHIIbI «BBITIOJHUTEY TIPYU YCIOBUHU, YTO B PETUCTPE HAXOIUTCS TaKash BEPIIIN-
Ha u, 4ro (v,u) € A, a mobas apyras Bepiiusa u', Ay Koropoit (v, u') € A,
HAXOIUTCA B NAMSATH. B pe3ynbTaTe MCIONMHEHAs] KOMAH/IbI «BBIOJTHATHY BEP-
IITHA, U, HAXOISINASCS B PETUCTPE, 3aMEHseTCsT BepITMHOHM v. Brruncienue HOBOM
BEPIIMHBI HE 3aKOHYEHO, TIOKA OHA, HE TIOMEIIEHA, B TAMATH C TOMOIIHIO OMEPAIITT
«3aTTOMHHUTh». )

Hemownuy [61]. K sroit 3anage ceogurca 3-BBIII.

Kommernmapuii. 3anaga ocraércs NP-momHON TaXKe B TOM CIydae, ecid BCe
BEPIIUHBI, UMEIOIIUE CTENeHb 3ax0/a 6onbine 1, coequreHsl pédpaMu TOMBKO ¢
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macthsamu rpada G [10]. 3agada paspernma 3a HOTHHOMHAATBHOE BPEMS, €CIIH
G — opuenrupoBanHsbIii ec [480].

[OIT 5] TEHEPAIIUSA KOJA C HEOTPAHUYEHHBIM YNC-
JIOM PETUCTPOB

YCJIOBHUE. 3ananbl opuentupoBannblii anukandeckuii rpadp G = (V) A),
HE UMEOMHI BEPIINH CO CTEIEHbIO BBIXOIA OOMbIIeit Y, pa3dueHne MHOKECTBA,
A ma Takue IBa HEMEPECEKAIOIIUXCS MHOXKeCTBa, L u R, uTo io0bie e Oyru,
UCXOIAIINE U3 OTHON BEPINUHDI, MTPUHAIJIEKAT PA3JINUHBIM MHOMKECTBAM, MOJIO-
JKUATEJILHOE I1ej10e 9ncyao K.

BOITPOC. CymiecrByer i mporpaMMa BBIYUCTEHUS BCEX KOPHEBBIX BEPIITHH
rpada G, orBevatomas ciegyonmmM TpeboBanusmM: (1) mporpamMma cocrouT He
6onee yem u3 K komanz, (2) mporpaMma HAUUHAET BHIYUCIEHUE C IUCTHhEB rpada
G, 3aHECEHHBIX B TAMATh, (3) B MpOrpamMMe WCIOIL3YIOTCA TOJIBKO KOMAHIbI
BUQ «T; — Tj» WA «T; < T;0prj», i,j € ZT (rme BepmmHA v CO CTENEHBIO
BBIXOJIA, PABHOIT 2, 1 ucxoadmmMu gyramu (v, u) € L u (v, w) € R Moxker ObITh
BBIYHC/IEHA TOJBKO C IIOMOIIBIO KOMAHIBL T <— T';0pT;j, B KOTOPOH T; COLEPIKUT
U, a r; COmep:Kur v)?

Hemownux [10]. K sroit 3amauve ceomnres MHOZKECTBO BEPIINH, PA3-
PE3AIOIINX KOHTYPHI.

Kommenmapudi. 3amaga ocraéress NP-OTHON J1aXkKe B TOM CIIy4ae, eCcyu
TONBKO ucThs rpada G uMerT cremeHb 3axona, npeBocxopdanryo 1. «Kom-
MYTATUBHBIM» BAPUAHT 33J]a9U, B KOTOPOM JIOIYCKAIOTCS TAKYKE KOMAHJIbI BUJIA
«T; = 1j0pr;», aasercst NP-nonuem [11]. Ecin G — jiec Wi eciu JOMyCKaIOTCsT
TpéxaIpecHble KOMAHIBI BUIA «T'j ¢— T'jOPTk, TO 00€ 33Ja91 MOTYT OBITH PEIIeHbI
3a monmHOMHuAJIbHOe BpeMs [10].

[OIT 6] TEHEPAIINS KOJA OJ1s1 ITAPAJIJIEJIBHBIX ITPU-
CBAVBAHUMN

YCJIOBUE.3anansr MHOKeCTBO TepeMeHHBIX V' = {vq, va, ..., Up }, MHOXKE-
crBO oneparopos npucBauBanug A = {A;, Ao, ..., A}, tae kaxkgoe A; umeer
Buz, «v; < op(B;)» (B; — HEKOTOPOE MOAMHOXKECTBO MHOXKECTBA V'), U MOJI0XKM-
TeJIbHOe 1eioe gucio K.

BOIIPOC. CymiecTyeT n Takoe yHOPATOUEHUE Ux (1), Un(2)s -+ » Ur(n) MHO-
xecTBa V, mjisi KOToporo nMmeercst ue bonmee K 3uadvennii ¢, 1 < i < n, Takux,
9TO JI7i HEKOTOPOTO j > i UMeeT MeCTO MPUHAIERHOCTD Ur (i) € Br(j)?

Hemownuy [476]. K sroii 3anade ceogures MHOZKECTBO BEPIIINH, PA3-
PE3AIOIIINX KOHTVYPHI.

Kommernmapud. 3amada octaérest NP-oaHO U B TOM ciIy4ae, ecin |B;| < 2
st Bcex B;.

[OII 7] TEHEPAIIN S KOOJA C AIPECHBIMU BHIPAKEHU 41-
MM

YCJIOBHUE. 3agausr nocienosarenbuocts komann I = (I, Iz, ..., I,), s
KaxKI0i KoMauasl I; € I Beipaxkenne g(I;) Buma «Ij», «I; + k», «I; — k> unn
<k»,tne I; € I m k € Z, a Takxe monoxurensaele nesste uucna B, C'u M.

BOITPOC. Mo:kHO i KOMaHIbI U3 IOCIEI0BATENLHOCTH I 3alI0OMHUTE B BU-
Jie OTHO- M JABYXOAMTOBBIX KOMAHI, TaK YTOOBI OOINAsd MaMITh, UCIONIb3yeMas
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opu stoM, He mpessomnia M7 Musivu ciosamu: ompemenum dbyukmuio h(l;),
nonarast eé pasuoit f(I;), f(I;) £ k unu k, B 3aBUCHMOCTH OT TOTO, DaBHSIET-
ca mu g(I;) coorsercrento I, I; + k unu k; cymmecTByeT nu TaKoe B3aMMHO-
onuo3uaunoe orobpaxkenue f: I — {1,2,..., M}, aro f(I;) < f(I;) npu i < j
u qubo —C < f(I;) — h(I;) < B, muto f(I;) + 1 we npunammexur obractu
sHaueHuit f7

Hemownuk [511]. K sroit 3agade ceogurca 3-BBIII.

Kommernmapuii. 3amada octaéress NP-momHON 1151 HEKOTOPBIX KOHKPETHBIX
suadenuit B u C, HapuMep PaBHBIX COOTBETCTBEHHO 128 m 127 (MOXKHO B3ATH
TaKKe W TOpa3l0 MEHDLINE 3HAYEHHUS). 3a/a4a PA3PElInMa 33 MOJUHOMHUATb-
HOE BpeMsl, €CJIM B YCJIOBUY HET «IATAJOTUYECKUX> BBIpAXKEHUil (metanm cM. B
yKa3aHHOii Bbilie pabore).

[OII 8] TEHEPAIINS KOAA IITPOTPAMMBI C HE®UKCUPO-
BAHHBIMU AJPECAMMUM ITEPEMEHHBIX

YCJIOBHUE. 3amannt nocnenosarensuocts komaun I = (Ih, Is, ..., I,), xo-
HEYHOE MHOXKECTBO nepeMeHHbix V, nazuadenue ¢ : I — [UV u nomoxurensHbIe
nesnble yucaa B u M.

BOITPOC. MozkHo jin kKoMaH bl u3 [, paccMaTpuBaeMble KaK OJHO- U JBYX-
GaliTOBBIE CTIOBA, C TIEPEMEHHBIMH MEXKIYy HUMHU TaK DPACIOJIOXKUTHL B TAMSITH,
YTO MCTIONB3YEMBIH P 3TOM OOBEM maMsTH He npep3oiimer M? VHbiMu CTO-
BaMU, CYIIECTBYET JIM TaKOe B3aWMHOOAHO3HAUYHOe oTobpaxkenwne f : I UV —
{1,2,...,M}, aro (1) mpu i < jf(L;) < f(I;) u (2) mnz Beex 4,1 < & < n,
mubo |f(L;) — f(g(L;))| < B, mu6o f(I;) + 1 He npuHaIIEKUT 00IACTH 3HAYCHUI
byuknun f7

Hemounurk [450]. K sroit 3amade ceognres 3-BBITI.

Kommernmapuii. 3amaua ocraéres NP-TOIHOM gayke I HEKOTOPHIX (DUKCH-
poBansbix B, nanpumep mist B = 31. Ecimm V' mycro, To 3anagda paspemnma 3a
MOTUHOMHUATBHOE BPEMSI.

[OIT 9] BBIYUCJIEHUE CEMENCTBA

YCJIOBUE. 3aganst nabop C' MOIMHOXKECTB KOHEYHOI'O MHOMKECTBa, A n
MOJIO’KUTEIHLHOE [EJI0e UUCIO J.

BOITPOC. CyrmecrByer i OCI€I0BATETHHOCTD

S={zn 21Uy, 22 22Uy2,...,2i ¢ 2; Uy}, 5 < J,

OTepaToOpPOB «O0heIUHEHNsI», TIe KasKI0e U3 ; W iJ; eCTh Jn00 {a} mis HekoTo-
poro a € A, nmubo zj Aja Hekoroporo k < i, mpuuém mias Beex i, 1 < i < J, x4
U y; He MePeCceKaloTcs W s KaXKIoro mojMuoxkecrsa ¢ € C' Halimércs takoe
zi, 1 <1 < j, 9TO COOTBETCTBYIOIIEE MHOMKECTBO COBIAIAET C C7

Hemownux [152]. K sroit 3amade comurcs BEPHIMHHOE ITOKPBHITUE
(cm. pasz. 3.2.2).

Kommenmapudi. 3amada ocraérest NP-TonHO# 1ake B TOM caydae, ecin |e| <
3 nas Beex ¢ € C. Amaymornunasa 3a1ada, B KOTOPOit He Tpebyercs, 4ToObI T; 1
Y; He TepeceKanch, Takxke NP-TomHa Npu Tex *Ke OrpPaHnIeHusIX.

[OIT 10] OIITUMU3AIIN A YNUCJIA BUT MUKPOKOIA
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YCJIOBUE. 3a1anbl KOHEYHOE MHOXKECTBO «MUKpOKOMaHIy A, Habop C =
{e1, ¢2, ..., €} HOAMHOKECTB MHOXKECTBA A (IIOAMHOXKECTBO MHOYKECTBA MUKPO-
KOMaH/| Ha3bIBAETCA MUKPOUHCTPYKIIMEH) U MOIOKUTEIbHOE Hesioe ducio K.

BOIIPOC. CymecTByer v 1718 JAHHOTO HADOpa MUKPOMHCTPYKImii K-6uto-
BEI popmar? VMHBIMEU CI0BaMU, CYIIECTBYET JIU TaKOe pa30reHne MHOKeCTBa, A
Ha Helepecekalonyecs moamMHoxkecrsa Ap, As, ..., A,, 9TO HU OJHA IIapa IOJI-
muoxectB A; u C; me comepzkutr 60/ee OIHOTO ODIIETO IeMEeHTa U

> Mog(|4i| +1)] < K?
i=1

Hemownuk [451]. K sroit 3anage ceogures 3-C.

A11.2. TIIporpaMMbI U CXEMBI

[OIT 11] HESKBUBAJIEHTHOCTbH IIPOTPAMM C MACCUBA-
MU

YCJIOBUE. 3ananbt konednbie MHOKecTBa X, © u R mepeMeHHbIX, OnepaTo-
POB U TTEPEMEHHBIX MaCCUBOB COOTBETCTBEHHO, ABE TIporpamMmbl Py 1 Py, cocTan-
JIEHHbIE W3 KOMaHJ CJIEAYIONIEro Bua: £ohxiZs ... &, («BBIMOIHATHY ), af;]
z; («u3MeHuTB»), ; ¢ ax[j| («BBIOpaThy), rue x; € X, 0 € Theta,r — ducio
aprymMeHnToB omeparopa #, a € R, a Takyke KOHEYHOE MHOYKECTBO 3HadeHui V u
uHTEpIpeTanus Kaxaoro oneparopa 6 € Theta kak dyuknun uz V' B V.

BOITPOC. MoxHO jii TPUAATH TEPEMEHHBIM U3 X TaKhe HAYaJIbHbIE 3HAYE-
Hus u3 V', 9To 1719 HEKOTOPO# mepemMentoit n3 X mporpaMMbl JAIyT Pa3IuTHBIE
KoHeuHble 3HaveHns? (derann o pabore Takux mporpamMm cM. B [104].)

Hemownuk [104]. K s1oit 3aga4e csogurcs 3-BBIIL.

Kommenmapuii. 3agadga ocraércs NP-mofiHON [aXkKe B TOM CIydae, eCld B
IPOrpaMMax OTCYTCTBYIOT KOMAHIbI «BBIMOJHATHY U UMEETCS TOJBKO OJHA TIe-
peMeHHasi MaccuBa. ECIM OTCYTCTBYIOT KOMAHIBI «U3MEHWThH» WU KOMAHIHI
«BBIOPATH» MM OTCYTCTBYIOT MEPEMEHHBIE MaCCHBOB, TO 33244 PAa3PEInMa 34,
MOTUHOMHUATBHOE BPEMSI.

[OIT 12] HESKBUBAJIEHTHOCTBH ITPOTPAMM C ITPUCBA-
NUBAHUAMN

YCJIOBUE. 3asannl KOHEYHOE MHOYKECTBO MEPEMEHHBIX X , JIBe MPOrPaMMBbI
P; u Py, mpeacraBsionie coboii moCaea0BaTeIbHOCTH KOMAH I TPUCBANBAHNS,
UMEIOIINX BUJ, «Xg $—, €CJIU 1 = Ty TO I3 UHAYUE T4», TIOE IT; — MEPEMEHHbIE U3
X, m KoHeuYHOE MHOXKECTBO 3HadeHuit V.

BOITPOC. MoxHuo ir BceM nepeMeHHbIM U3 X TpHIATh TAKUE HAYAIBHBIE
3HAYEHHUS u3 V', 9TO 171 HEKOTOPOH MmepeMeHHol u3 X mporpaMMbl JaayT pas-
JIMYHbIe KOHeuHbIe 3HaueHnsi? (Jetamn o pabore Takux mporpamm cm. B [104].)

Hemounuk [104]. K sToii 3amade ceomures 3-BBITI.

Kommenmaputi. 3amada ocraércss NP-TOHON make B TOM CIydae, eciu
V = {0,1}. Ona comep:kurcsg B KadecTBe YACTHOIO CJIydasi BO MHOTUX 33/1a-
9ax O HEIKBUBAJIEHTHOCTH TIPOCTHIX MPOTPAMM H, CIEAOBATENBHO, TOKA3BIBAET,
gro ouu NP-tpynubie [104, 528].
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[OII 13 HESKBUVBAJIEHTHOCTbB ITPOTPAMM C KOHEYHON
ITAMATBIO (*)

YCJIOBUE. 3aganbl KOHETHOE MHOMKECTBO MEPEMEHHbBIX X, KOHEUHBIH aJi-
dasur X, nee mporpammbl P u P, Kaxgas W3 KOTOPBIX MPEICTABISET CO-
6oit mocenoBaTenbHOCTh KoMau It, Is, ..., I, (P u P> He o0si3aTebHO nMe-
0T OJMHAKOBYIO IuHY m). KOMAHIbI UMEIOT BUJ, <«IIPOYUTATL I;», <«3AIH-
CaTb Vj», <Tj 4 U;j», <€CIH V; = Uk, NePeUTH K [;», «IPUHATb», «CTOI», IJIE
z; € X,vj,v, € X UXU{$} u I, - KOMaHIa BHIOA «CTOMy WU <IPUHSATH>.

BOITPOC. CymecrByer s Takoe CIOBO w € L*, 9ro, HadaB paboraTh Ha
9TOM CJIOBE, TiporpamMMbl Py u P, mamyt pasmuunbie pesyibrarbi? (leramm o
paboTe TPOrpaMM TAKOTO THMA CM. B [274].)

Hemownur [274]. K sroit 3amaue ceomures JTOTTYCKAEMOCTD JIMHET-
HO OTPAHUYEHHBIM ABTOMATOM.

Kommenmapuii. 3anaga P — SPASE-nonna gaxe Toraa, korna P — Guxk-
CHUPOBaHHAS MPOrpaMMa, He COIEpIKAIIAs KOMAHJ, TUIA 3alUCATH U, CIeJI0Ba-
TEIBLHO, HE JIAIoIas pe3yabTaTa. B yka3aHHON Bbime paboTe NPUBEIEHO MHOTO
CTIEIMAJIBHBIX CIYYaeR 3TON 3aJaun U PA3IUYHBIX €€ BAPUAHTOB, KOTOPHIE UJIN
P — SPAC E-nonus! wm emg TpyaHee.

[OIT 14 HESKBUBAJIEHTHOCTDH ITPOI'PAMM BE3 BJIO2KEH-
HBIX ITNKJIOB

YCJIOBUE. 3a1anbl KOHETHOE MHOXKECTBO TIEPEMEHHBIX X , TOJIMHOKECTBO
BXOJHBIX TIepeMeHHbIX Y € X, BbIIe/eHHasl BBIXOJHAs MEepeMeHHas Tg. JIse
OporpaMMbl € HUKJIAMU, HO 6e3 BIOKEHHbIX 1uKIoB Py u Py (1. e. mocienosa-
TEJILHOCTH KOMAHJI BULIA «T — Y», «T < T+ 1y, «x < 0%, «yuks > 1 «KoHeyy,
rae x,y € X, IpudéM BCJIEI 33 KOMAHION YukA, KOMAHIA KOHely TOJIXKHA, TPEeI-
[IECTBOBATD CJIEAYIONIEH KOMAHIE YUKA)-

BOIIPOC. Cymecrsyer nu Takoe orobpazxkenue f : Y — ZT, comocrapis-
0Iee BXOAHBIM MEPEMEHHBIM HadalbHbIE 3HAYEHHUsI, 9TO B PE3yabTare paboThI
06erx MporpaMM BBIXOJHAs NEPEMEHHas Tq Ioaydaer pasubie 3uadenusn? (Ilo-
JIPOGHOCTH O MPOrPAMMAaX ITOrO TUTA, CM. B YKA3AHHBIX HUXKE PabOTax.)

Hemownuk [88, 516]. K aroii 3amaue ceogures 3-BBIIL. Bo sropoit pabore
JoKa3aHa MPUHAJIEXKHOCTE 331241 Kjaaccy NP.

Kommenmapudi. Ecm 1onycTuTh BJIOKEHHBIE MUKJIBI (Jazke TIayOUHbI 2), TO
3aja4a craHoBUTCA Hepazperumoil [382]. Eciu He nonyckamorcs HUKIMYECKHe
KOMaH/Ibl, TO 3aJa4a pas3pelmMa 3a nojauHomuaabHoe spems [516]. OcuoBroit
pesysbrar 00061en B pabore [233].

[OII 15| HESKBUBAJIEHTHOCTD IIPOCTHIX ®YHKIINN

YCJIOBUE. 3amannt MHOXKeCTBO X MEPEMEHHBIX, /IBA BbIPAXKEHUs [ U ¢ HAT,
X. Kaxoe BoIpaskeHue ecTh KOMMO3UIMs (DYHKIWHA U3 CIeAyromero Habopa:
«s(z) = z+1», «p(x) = max{z—1,0}», «plus(z, y) = z+y», «div(z, i) = [x/i]»,
«mod(z,t) =x —1t-[x/t]», «w(x,y) = ecmu y =0, o  uHade 0» 1 «BBHIOPATH
(X1, X2, e, xp)P = x> tHE Ty, T € Xi,n,t € Z*ni < n.

BOITPOC. CytuecTByioT i TAKWE HEOTPHUIATENbHBIE [EIbIe 3HAYCHUS TIe-
peMeHHBIX u3 X, /ISt KOTOPBIX BBIPAYKEHUS [ W ¢ PA3TAYHBI?
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Hemownuy [516]. K sroii 3anade ceogurcs HEDKBUBAJIEHTHOCTD ITPO-
I'PAMM BE3 BJIO2KEHHBIX ITNKJIOB.

Kommenmapuidi. 3amada ocraéres NP-monHOH, ecmu f U g ONpenensiiorcs
TOBLKO B TepMuHax (byukuuu w(z,y), wiu B repmunax byuxmmit plus u mod,
win B repmuHax byHkumit plus v p [346]. NP-TOMHBI TakyKe BapUAHTHI 3TOMH
3a/1a49U, B KOTOPBIX f M ¢ ONPeJesioTcss TONMBKO B TepMuHax GyHKIWH plus u
«subl(z) = max{0,1 — x}» wu TonbKo B TepMuHax byHKUHH «minus(z,y) =
max{0,z — y}» (rme z,y € X U ZT) [88].

[OIT 16] CUJIBHA SI HESKBUBAJIEHTHOCTBb CXEM SIHOBA

YCJIOBUE. 3ananbr koHeuHbie MHOXKecTBa F' m P, cocrosimiume COOTBeT-
CTBEHHO U3 CUMBOJIOB (DYHKIMH W CUMBOJIOB MTPEIUKATOB, OJTHA TIEPEMEHHAS T U
npe cxembl fnosa Han F, P u x. Cxemoil flHOBa Ha3bIBaeTCs MOC/IEI0BATEb-
uoctb I1, I, ..., I, kKOManz Buna «x < f(z)», «ecmu p(x) To mepeiitu k I; nxade
nepeiitn K [,» u «crons, roe f € Fup € P.

BOITPOC. Bepuo im, 9T0 ABE 3aJaHHBIE CXeMbI JIHOBA HE SABJISIOTCS CTPOTO
SKBUBAJIEHTHBIMU ! VHBIME CJIOBaMU, CYIIECTBYIOT Jin OOJIACTH ompenetenust D,
s ka0 dyukuuu f € F unrepnperaius B Buie orobpaxkenus f : D —
D, nns xkaxkporo npegukarta p € P umTepnperanusi B Buae OTOOpaXKeHUs p :
D — {T,F}, navanbHoe 3HaueHwe xp € D mepeMeHHON z, Takue 4YTO JHGO
00e 3aJaHHbIE CXeMbI OCTAHABINBAIOTCS C PA3JIMYHBIMYA KOHEUHBIMU 3HAYEHUSIMU
MepeMeHHON &, OO OIHA, OCTAHABJIMUBAETCS, 8 APYTrasi — HET?

Hemownuk [88,461]. K sroit 3anaue ceomurca 3-BbBIIL. Tlpunamiekuocts
kmaccy NP nokazaHa BO BTODOit padore.

Kommernmapuii. 3amada octaéress NP-momHOR aXKe B TOM CIydae, eciid HU
OIIHA W3 TIPOTPAMM He COIEPIKUT IWKJIOB, a P, — TpuUBHAJbHAs MpPOTpaMMa,
OCTABJISIIOIIAsS 3HAUEHNWE T HEM3MEHHBIM. 337a49a O CUJIbHOW IKBUBAJIEHTHOCTH
cxeMm ZHOBA ¢ ABYMsi IEDEMEHHBIMU HEPa3PEIINMa, JIaXKe eCIU MPEeIIOI0KNUTh,
gyro |F| = |P| = 1 [363]. Anamorn4ssle pe3yabpraThl O APYIUX CBOMCTBAX, Ta-
KHUX, KaK «C1abast IKBUBATIEHTHOCTbY, «IUBEPrEHIIUsI», «OCTAHOBKAY U T. 1., CM.
B paborax [234] u [240]. 3a DOIMHOMHATIBLHOE BPEMsI MOXKET OBITH IPOBEPEHA
CUJTHHAST 9KBUBAJIEHTHOCTh «CUJILHO CBOOOIHBIX> cXeM SIHOBA, T. €. TAKUX CXEM,
B KOTOPBIX MEXKIY ABYMS MOCIEIOBATEILHBIMHU TPOBEPKAMU MPEIUKATOR TIPUME-
HsAeTcs XoTs 66 oqaa GyHKIws (cM. [88]). Bagada o CHIBbHOM SKBUBATIEHTHOCTH
«CBOOOTHBIX» cxeM ZIHOBa B HACTOSINEE BPEMsi OTKPBITA.

[OIT 17] CUJIBHA ST HESKBUBAJIEHTHOCTHh MOHA JHBIX
PEKYPCUBHbBIX CXEM

YCJIOBUE. 3amganbr koHeuHble MHOKeCTBa F' n P, cocrosimue 3 CUMBO-
J10B (QYHKIWI U CUMBOJIOB MIPEJIUKATOB COOTBETCTBEHHO, MHOXKECTBO (G «Ommpe-
JIeIEHHBIX» CUMBOJIOB (DyHK LM (He nepecekaroieecs ¢ F'), BblaeleHHbINH CUMBOJT
fo € G u gBe JuHElHBIE MOHAIHBIE PEKYPCUBHBIE cXeMbl S u So (Takas cxema
st kaxkaoit f € G mpencrapisier coboit HAbOP yTBEp:KAeHUH BUIa «fr = ecan
pr To ax uHaue Bz, rae p € P,a,f € (FUG)*, npuuém « u 3 comepKar 110
KpaiiHeil Mepe OJHO BXOXKJEHUE CUMBOJIA u3 MHOXKecTBa ().

BOIMPOC. CyiecTByIoT i MHOXKECTBO ompejenenus D, uHTepuperanus
kaxgoro f € F B Buzge orobpaxkenus f : D — D, uHTeprnpeTanus KaxKI0ro
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p € P B Buze orobpaxenus p : D — {T, F'} u naganbnoe 3uauenue o € D,
Takue, 4ro ABa 3Hadenus fo (o), onpeaessieMble COrIacHO PEKYPCUBHBIM CXEMaM
S1 u So, mubO paznuYHbI, TUOO OTHO W3 HUX OMPEJIESIeHO, a JIPYyroe Her.

Hemownur [88]. K aroit 3amaue ceognres CUJIBHA I HESKBUBAJIEHT-
HOCTH CXEM AdHOBA. Jloka3aTenhCTBO TPUHAILJICKHOCTHA 3ATAYN KIIACCY
NP HeTpuBHAJIBHO.

Kommenmapuii. 3anaga ocraéress NP-OMHONR ¥ B TOM Caydae, eClid OIHA
U3 cxeM TPUBUAIBHO monaraer fo(r) = . a apyrad «JuHeiiHA copaBay, T. e.
a u B comepkaT ONpeneNéHHblii cuMBoa (13 MuoxkectBa () B Buie KpaiiHeit
onpaBa OYKkBbI. B ykazaHHOI BhIlle paboTe MPUBEIEHBI APYTUe PE3yIbTATHI 00
NP-nionunore n NP-TpyaIHOCTH 3371a9 O TUHEHHBIX MOHAIHBIX PEKYPCUBHBIX CXe-
Max.

[OIT 18] OTHOIITEHUWUE HEBKJIIOYEHUS CBOBOJHBIX B-
CXEM

YCJIOBUE. Bagausr ase cobommbie B-cxembr S7 u Ss. (Cobommoit B-
CXeMOU Ha3bIBAETCS KOPHEBOW OPMEHTHUPOBAHHBIN anukandeckuii rpad G =
(V, A), yacThb BepIMH KOTOPOrO UMEIOT CTEleHb BbIX0a, paBHyo 0 (JiucThbs), a
OCTaJIbHBIE (TECTOBBIE) — CTENEeHDb BBIXOAA 2, IPUYEM JIyI'H, UCXOAIIME U3 TECTO-
BOii BepmumHbL, oMedeHsl Merkamu L u R.) Kpowme toro, 3adbukcuposano: (1)
MHOXKECTBO B CUMBOJIOB OyJIEBCKUX MEPEMEHHBIX U KayK0# TECTOBON BEPIIUHE
v COTIOCTABJIEHA Takas MeTKa [(v) € B, 9TO HUKAaKWe JIBE€ TECTOBBIE BEPIIHHDLI
rpada, PacIONOKEeHHBIE HA OOIEM OPHEHTHPOBAHHOM ITyTH, HE UMEIOT OJuHA-
KOBBIX MeTOK; (2) MHOxKecTBO F-cuMBOJIOB (byHKIMIA, IPUUEM KAXKIOMY JIUCTY
v € V conocrasnena merka [(v) € F U {Q}.

BOITPOC. Bepnuo au, uro cxema Si He «COAEPNKUTCSA» B cxeme Sy? MubivMn
CJIOBAMM, CYIIECTBYET JM Takoe oTobpaskenmne t : By U By — {L, R}, uro ecin
JIBa IyTH U3 KOpHEBbIX Bepiiud rpadoB G u G B muCThst 3TuX rpadoB, 0dpa-
30BAHHBIE COTJIACHO MPABUILY «W3 TECTOBOH BEPIIUHBI BBIXOJ, IO JIyT€ C METKOH
t(l(v))», — 3AKAHYUBAIOTCS B JIMCThAX, IIOMEYEHHBIX CUMBOIaMu fi U fo cooT-
BETCTBEHHO, TO f1 # fa u f1 # Q7

Hemounuk [126]. K sroit 3amade ceogures 3-BBITI.

Kommenmapudi. 3a1a9a 0 «CUIbHON HESKBUBAJICHTHOCTH CBOOOIHBIX B-cxem
(T. €. HEIKBUBAJIEHTHOCTU B TOM YK€ CMBICJIE, YTO ¥ BBIIIE, HO C OJHUM YCJIOBHU-
eM — fi # f2) ocraérea orkpeiroii. Eciu ke onma u3 cxem S; wiaum Sy ecthb
ynopsiodennas B-cxeMa, TO TOCTeIHsAs 3a0a9a Pa3pennMa 3a, TOJTUHOMHAAb-
Hoe Bpemsa. OTKpPBITHI BApWAHT 3a4a9M SKBUBAJIECHTEH 1O THIOPUHTY 3a1a4e O

CUJIbHOM HEIKBUBAJIEHTHOCTH CBOOOIHBIX cxeM dnosa (cMm. 3amauy CUJIBHA S
HESKBUBAJIEHTHOCTDb CXEM SIHOBA).

[OIT 19] HECBOBO/JIHOCTBb CXEM IIPOTPAMM BE3 ITUK-
JIOB

YCJIOBUE. 3anansr KoHEeYHBIE MHOXKeCTBA F' 1 P, cOCTOSIIME U3 CUMBOJIOB
byHKIMIA U CUMBOJIOB MPEINKATOB COOTBETCTBEHHO, MHOYKECTBO EPEMEHHBIX X
MoHaaHas 6e3 uKIoB cxema nmporpamm S Hag F, P u X. Takas cxema cocTouT
u3 nociaenoBarenbaoctu kKomaus I, I, ..., I, Buga «x  f(y)», eciu p(x) To
nepeiitu k I; unade nepeiitu K I u «cron», rne v € X,f € Fup € P, n
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B COOTBETCTBYIOIEM «rpade IepexogoB» He JOIKHO ObITh OPHEHTHPOBAHHBIX
[AKJIOB.

BOITPOC. Bepuo mu, uro cxema S necobomaa? MHbIMU cTOBaMu, CyIIe-
crByeT qn B rpade Mepexonon, COOTBETCTBYIONIEM cXeMe S, OPUEHTHPOBAHHBII
MyTh, BIOIH KOTOPOTO HE MOXKET MPONTH HW OAHO BBIYUCIEHWE 1O MPOrPaMMe
S, BHe 3aBHCHMOCTH OT TOTO, KAaKasg MHTePHpPEeTAlys Npuiaercs MyHKIUAM W3
F, npegukaraM u3 P 1 Kakue HadaJbHble 3HAYCHHs NPHUIAIOTCS T€PEMEHHBIM
u3 X7

Hemownurk [88]. K aroit 3amaue ceognres 3-BBITI.

Kommernmaput. 3agada ocraéres NP-nonuoit mas | X| = 2. Eom [ X| = 1,
TO OHa Pa3pPeNIMa 3a TOIVMHOMUAJIBHOE BpeMsi. ECiau momycKalTcs [UKJIbI, a
| X | mponsBombHO, TO 3amada Hepaspenmma [420].

[OIT 20] TPOTPAMMBI C ®OPMAJIBHO PEKYPCUBHBIMN
IMPOIIEAYPAMMUA

YCJIOBUE. 3aganbl KOHEYHOE MHOKECTBO A HIEHTH(OUKATOPOB TPOIEAYD,
anronononobHas mporpamMma P, comepxkarmas omucanue mporeayp u3 A, u 06-
pamenue K HuM (MOAPOOHOCTH CM. B paboTe, YKA3AHHONW HUXKE).

BOITPOC. Bepmo sin, 9To HeKOTOpas npoueaypa u3 A ¢hopMaabHO PEKyp-
cuBHa B nporpamme P (B cmbicie paborst [320])7?

Hemouwnurk [533]. K stoit 3agade csogurcs 3-BBIIL.

Kommernmapuii. B ykazanaoi pabore mpuBeaeHbl OIM3KNIe Pe3yabTaThl O 3a-
Jlavax, B KOTOpBIX crparmmBaercs: «O6mamaer jqu mporpamma P cBoiicTBamu
«pOPMATILHO CAMBIH MOCTEIHUNY, «KOPPEKTHOCTH (POPMATBLHBIX TTAPAMETPOB»,
«(popmMaIbHOe MAKPOCBONCTBO U Ip7»

A12. PA3HOE

[PA3 1] COOTHOIITEHUE «MEXK/TVY »

YCJIOBUE. 3aganbr KOHEIHOE MHOKECTBO A 1 HADOP YIOPSIIOYEHHBIX TPO-
ek (a, b, ¢) pa3IMUHBIX SJIEMEHTOB U3 MHOKECTBA A.

BOITPOC. CymmecrByer in Takast B3aUMHO-OqHO3HAuHAsA MyHKIuA [ : A —
{1,2,...,|A|}, aro ana kaxmnoit Tpoiiku (a, b, ¢) BLIIOIHEHO OIHO U3 CBONCTB:
mmbo f(a) < f(b) < f(c), mbo f(c) < f(b) < f(a)?

Hemownux [403]. K aroit 3amade ceogurcs PACIIEIIIEHUE MHOKE-
CTBA.

[PA3 2] HUKJIMYECKOE YIIOPAJOYEHUE

YCJIOBUE. 3amanbr koHeuHoe MHOKeCTBO A, Habop C' ymopsimoueHHBIX
Tpoek (a, b, ¢) PA3IUYHBIX 3JIEMEHTOB U3 A.

BOITPOC. CymmecrByer in Takast B3aUMHO-OqHO3HAUHAsA MyHKIuA [ : A —
{1,2, ..., |A|}, aro ayia kaxk 0¥ Tpoiiku (a, b, ¢) € C' BBIIOIHEHO OIHO U3 CBOHCTB:
mmbo f(a) < f(b) < f(c), mbo f(b) < f(e) < f(a), mbo f(c) < f(a) < f(b)?

Hemouwnuk [138]. K s1oit 3aga4e ceogurcs 3-BBIIL.

[PA3 3] HEBBI2KUBAEMOCTBH CETEW IIETPU CO CBOBO-
JIO1I BLIBOPA
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YCJIOBUE. 3anana cers erpu P = (n, My, T), rae n € Z+, My ectb n-
MEPHBIH BEKTOP € HETBIMA HEOTPUIATETLHBIMI KOOPIUHATAMEI, T — MHOMKECTBO
nepexonoB Buaa < a,b >, rae a u b — 3ro n-mepubie (0 — 1)-BeKTOpBI, IPUIEM
MPEJITOIATAETCS BBHIMTOHEHHBIM CBOWCTBO «CBOOOIBI BHIOOPA», COCTOSIIIEE B TOM,
9TO [T KayKI0#M mapel < a,b >€ T nubo y a wMMeercsi pOBHO OIHA OTJIMYHAS
OT HyJisT KOOpAWHATA, JIMDO BO BCEX OCTAIBHBIX mepexofax < ¢,d >€ T BekTop
c nmeeT () BO BceX TeX MO3UIUIX, B KOTOPBIX @ mMeeT 1.

BOITPOC. Bep#o i, uro P He «BbiKUBaeT»? VHBIMU CIIOBAMU, CYIIECTBY-
er i Takoi# mepexon t € T u Takasi TOCIEIOBATEILHOCTL 0 Tiepexomon u3 T,
YTO IJIS JIIOOOH TTOCIeIOBATENIHLHOCTH T Tepexomos u3 T’ MOCIeI0BATEILHOCTh
oTt He «yauuroxaomaa> B My? ([TocremoBarensaocts < aq, by >, < az, by >
s eery < G, by, > HA3BIBaETCS yHHYTOXKAMOMEH B My TOrma M TOMBKO TOTIA,
Korga nocienoBarenbuocts My, My, ..., Moy, B KoTopoit Myjy1 = My —a; n
Miyo = M1 + b;,0 < i < m, He COAEPKUT BEKTOPOB C OTPHUIATETHHBIMH
KOODJIMHATAMH. )

Hemownuk [272]. K s70it 3amave cromutess 3-BBIII. TokasarenbcTBoO TpH-
HazyiexkHocTu Kaaccy NP HeTpuBHAJILHO U OCHOBAHO Ha pe3ysbrarax [193].

[PA3 4] AOCTUKNMOCTD AJIS1 1-KOHCEPBATUBHBIX CE-
TEW IIETPU (*)

YCJIOBHUE. 3anansr 1-koucepsarusnagcers Ilerpu P = (n, My, T), T. e.
Takas CeTh, UYTO JJIA KayXKIOro mepexoma < a,b >€ T BekTophbl a u b mMeoT
OJIMHAKOBOE YUCJIO eIWHUIL, U N-MEPHbBIH BeKTOP M ¢ HEOTPUIIATETHBHBIMU KOOP-
JIHHATAMHU.

BOITPOC. Bepno mu, uaro B ceru P Bektop M nocruxkum u3 My? Wubi-
MU CJIOBAMHU, CYIIIECTBYET JIN TaKas TTOCJAEeIOBATEILHOCTEL < A, b1 >, < a2, by >
s eee s < Gy, by > mepexomoB u3 T', uro mocaenoBarenbHocts Moy, My, ..., Moy,
noaydaeMas Tak Ke, KaK B MPeIbIAyIIeil 3a1ade, He COAEPKUT BEKTOPOB C OT-
pULIATEILHBIMA KooOpauHaTaMu U Moy, = M?

Hemounux [272]. K sroit 3agade csomares TOMTYCKAEMOCTD JIMHEN-
HO OTPAHUYEHHBIM ABTOMATOM.

Kommenmapui. Jlaxke B TOM CIy4dae, KOTQa pacCMOTpeHHast ceTh P siBisier-
ca cerwbio Ilerpu co cBoGomoit BIOOpA, 3amada P — SPAC E-nonna. g mpo-
U3BOMBHBIX cereir [lerpu pazpenmmMocTh 3a/1a9u He yCTAHOBJIEHA, HO U3BECTHO,
9TO J7Is €€ pelieHrsi HeobXOIUMa Mo KpaiiHeil Mepe SKCIOHEHIMATbHAS TAMATH
[353]. AHAZIOTHYHBIH pe3yabTAT MMEET MECTO JIJIs 381341 O «IOMUHUPOBAHWN»
«CymecTByer mu gocTrRkuMbIil n3 My BekTop M', y KOTOPOTo KazkKmas KOOpAW-
HATA, HE MEHbIIIe COOTBETCTBYIONIEH KoOpauHATHI BekTopa M ? Bimskas 3amaqda
o «K-orpanuuenHocrus (3ananbl cerb P u uenoe uucio K, BepHO Jjiu, 9TO HE
CYHIECTBYET BEKTOPA, JOCTHKUMOTO u3 My, y KOTOPOro BCe KOOPIHUHATHI TIpe-
Bocxouar K?7) P — SPAC E-unonna Kak juig Ipou3BoiibHbIX cereil [lerpu, Tak u
15T 1-KOHCEpBATUBHBIX CeTell co CBODOIOM BRIOOPA. [JOMOMHUTEIHHBIE TeTAIN U
6au3Kue pe3ynbTaTsl cM. [272, 233].

[PA3 5| IPEJCTABUMOCTDb KOHEUHOM ®VHKIIUU (*)
YCJIOBUE. 3aganbr koneanoe muoxkectso A, nabop F dyukmwmit f : A — A
u BbLaeneHHas GyHkousa h: A — A.
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BOIIPOC. Mozxker i (pyskiys h ObITh [IpeaCTaB/IeHa B BUAAE KOMIO3UIUN
¢yukuuii u3 cemeiicrsa F'?

Hemownurk [303]. K aroit 3amaue ceoguress IEPECEYEHNE KOHEYHBIX
ABTOMATOB.

Kommenmaputi. 3agaua P — SPAC E-nosHa.

[PA3 6] PASJIO2KEHUE ITIOJCTAHOBKMU

YCJIOBUE. Bananst moacranoBka o MHOKectBa {1, 2, ..., N} u mocaenora-
TeIBHOCTh S1, Sa, ... , Sy, MoAMHONKeCTB MHOKecTBa {1,2, ..., N}.

BOIIPOC. MozkHO /11 IpeACTaBUTh IOACTAHOBKY 0 B BUJE KOMIIO3UIIUHU IO~
CTAHOBOK: 0 = 01,02, ... , Oy (DA€ A1 KAXKI0ro0 i, 1 < i < m, noAcraHoBka o;
OCTaBJISIET HEMOABNKHBIMU SJIEMEHTHI MHOKecTBa {1,2, ..., N} \ S;)?

Hemownurk [153]. K sroit 3anave ceogures TTI-3.

Kommermapudi. Ilpu mobom dukcuposarnaoMm N 3a1a4a pa3perrmMa, 3a mo-
JIMHOMHAATBHOE BPeMs.

[PA3 7] AEKOOAVIPOBAHUE JIMHEMHBIX KO/J0B

YCJIOBHE. 3aznamst (0 — 1)-marpuna A = (a;;) nopsaxka m x n, (0 — 1)-
BEKTOD §J = (Y1, Y2, -+ » Ym) U HOJIOKHUTEIbHOE HeJioe ducio K.

BOTIIPOC. Cymectsyer qu takoit (0 — 1)-Bektop T = (21, T2, -.- , Tpn), AME-
ot He 6oee K OTIMYHBIX OT HYyJIsl KOOPIUHAT, U4TO

n
Z z;a;; = y;(mod2) mns Beex j,1 < j <m?
i=1

Hemownux [38]. K sroit 3agage ceogurest 3-C.

Kommernmapudi. Eciu BekTOp § HyJI€BOI 1, CI€I0BATENBHO, MINETCS «KOIH-
pyIoIee CI0BO», Yy KOTOPOrO BeC MO0 XeMMUHTY He mpeBocxoaut K, To 3amada
OTKpBITa. BapmanT 3a7a4n, B KOTOPOM WINETCS BEKTOD I, COAEPIKAIINI POBHO
K enunun, sisasercs NP-TIOHBIM Tayke TOTIA, KOTIa ¥ (bukcupoBan u pasen (.

[PA3 8] KODPPUITNEHT U3BUPATEJIYA I10 INTEILJIU-IITY-
BUKY

YCJIOBUE. Banans! yrnopsaoueHHOe MHOKeCTBO n3buparenei V = {vy, v,
wee, Un}, WHCIIO TONMOCOB W; € ZT jns kaxkjoro msbuparens v; € V u KBota
qe Z™T.

BOITPOC. Bep#o siu, uro uzbuparens v; umeer Koadgdumuent mo [Memmm—
[Ty6uxy, ne pasubiii 07 (Kosddunuenrom p(v) usbuparens v € V Hasbisaer-
cst Besmunna (1/nl), yMHOXKeHHAST Ha YUCIIO TAKWX TIOJCTAHOBOK 1 MHOYKECTRA,
{1,2,...,n), aro

j—1 J
Z Wr(i) <4, Z Wr(s) = WV = Vr(j).)
i=1 i=1

Hemownux [152]. K aroii 3anave ceonurcs PASBBUIEHUE. Oupenenenne ko-
s dunmenta nzbuparens B3aro u3 padorst e u [ly6uka [485].
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Kommernmapudi. 3agada Beraucierus KO3 MOUIMEHTA 33 JaHHOTO U30HpaTes
no [485] aBasercs K P-110iHO#, OZHAKO METOAOM JMHAMUYECKOIO MPOrPAMMEU-
POBaHMS OHA MOXKET OBITH PEIeHa 3a MCEBIONOINHOMUAILHOE BPEMs.

[PA3 9] CKOILJIEHU ST

YCJIOBUE. 3agansr koneunoe muowectso X, paccrosuus d(z,y) € Zg
IJI KAsKJIOH Tapbl &, iy 37eMeHTOB u3 X U JBA TOJOKUTEIbHBIX [EJbIX YUCIIA
K u B.

BOITPOC. CymecrByer mu takoe pasdbuenune MHOXKecTBa X Ha HE Tepece-
Katomuecs: Muoxkectsa X1, Xa, ... , Xg, 94ro aud Beex z, y € X;d(z,y) < B upu
1<i<k?

Hemownuy [57]. K sroit 3agade csogurcs PACKPAIIIUBAEMOCTD I'PA-
®A B 3 IIBETA.

Kommernmapuidi. 3anaga NP-nonua, naxe eciu K = 3, a Bce paccrosinus
sexkar B uatepnase [0,1]. IIpn K = 2 oHa pa3penmma 3a MOTHHOMUAIHLHOE Bpe-
Mst. BapwarTer 3T0# 3a1a91, B KOTOPBIX MIIYTCA TAKWE PA3OUEHWUsT, 9TO CyM-
ma 1o Bcem X; BermumH max{d(z,y) : x,y € X;} He mpeBocxomur B wnin
>z yex Az, y) < B qna seex X, raxeke apnsorcs NP-nonabivu (1puiém mno-
cirennss 3agada NP-nonna naxe npu K = 2).

[PA3 10] TECT CJAYYAMHOCTU JJISI TIAP (*)

YCJIOBUE. 3agaubl IOCAEI0BATEIBHOCTD (21, Y1), (T2, y2), -, (Tn, Yn) yIO-
PANOYCHHBIX TIap HEJILIX YHCes, HEOTPUIATEIbLHOE Iesoe aucio K.

BOITPOC. Cymecrsytor au He metee K nomvmuoxects S C {1, 2, ..., n), mjist
KasKJIOTO N3 KOTOPBIX

Z |zi — yil < Z (zi —yi)?

i€S Ti>Y;

Hemownurk [483]. K sroit 3amaue ceognres PASBBUEHUE.

Kommenmapudi. lpunamnesxuocts kiaccy NP ue ycranosiena. CooTBer-
cTByIoInas 3aa4da nepeancienns K P-monHa, HO METOJI0OM JAUHAMUYIECKOTO IPO-
paMMHUPOBaHUA PEHIaeTCA 3a IICEeBIOIIOTNHOMUAILHOE BPpEMA.

[PA3 11] PAH2KMIPOBAHUWE ITO MAKCUYMYMY ITPABIOIIO-
JAOBU A

YCJIOBUE. 3agansr marpuna A = (a;;) pa3MepoM n X n C IEJILIME JIe-
MEHTaMH, KOTOpbIe yI0BIETBOPAIOT COOTHONIEHUIO a;; + a;; = 0 Asis Beex 4, j €
{1,2,...,n}, u nonoxurenbuoe nesoe aucio C.

BOIIPOC. Cymiectyer au marpumna B = (b;;), monydaemas u3 A omHoBpe-
MEHHOM MTePEeCTAHOBKOM CTPOK M CTOJOIOB, TaKasl, ITO

> min{b;;, 0} > —C?

1<i<j<n

Hemownuk [442]. K aroit 3agade ceogurcs MHO2KECTBO VT, PABPE3A-
IOIINX KOHTYPHI.

Kommenmapuii. 3agaga NP-niomHA B CHIBHOM CMBICTIE.
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[PA3 12] ZJOMUHUPVIOIITEE MHOXKECTBO MATPUIIbI

YCJIOBHUE. 3amanst (0 — 1)-marpuna M pa3MepoM 7 X n U TIOIOKUATETHHOE
nesgoe unciao K.

BOITPOC. CymecrByer nu B M KOMUHUDYIOIIEE MHOYKECTBO, COCTOSIIIEE HE
6osee yem n3 K HeHy/1eBbIX 971eMeHTOB? VIHBIMK CJI0OBaMM, CYIIECTBYET JIM TAKOE
nonmuoxkecto C' C {1,2,...,n} x {1,2,...,n} MomHocTH He Gosee K, uTo
M;; =1 nns Beex (i, j) € C mecu M;; = 1, To cymecrsyer snemenr (i', j') € C,
DI KOTOpOTO wiw ¢ = i, o j = j'7

Hemownuyk [540]. K aroit 3amade ceogurca MUHIIMAJIBHOE I10O MOIII-
HOCTU MAKCUMAJIBHOE ITAPOCOYETAHNE.

Kommenmapuii. 3amaga ocraéres NP-noHON J1axkKe B TOM ciydae, koraa M
— BEPXHETPEYTOJIbHAA MATPHIIA.

[PA3 13] IOKPBITUE MATPUIIHI
YCJIOBHE. 3ananst Mmarpuna A = (a;;) pa3sMepoM 7 X n ¢ HEOTPHIATENb-
HBIMU IIEJIBIMU 3JIEMEHTAMU U I1€JI0€ YUCJIO K
BOIIPOC. Cywecrsyer s Takoe orobpaxenue f : {1,2,...,n} — {-1,+1},
9ToO
Z aij (1) f(7) = K?

1<i,j<n

Hemownurk [152]. K sroit 3amave ceoaures MAKCUMAJIBHBIN PABPES.
Kommernmapuidi. 3amada NP-nionHa B CHIIBHOM CMBICIE U OCTAETCST TAKOBOM
Jla’ke B TOM CJIydae, ecjii TpeboBaTh TOIOKUTETHHON OMPeIeIEHHOCTH MATPUITHI

A.

[PA3 14] ITIPOCTO OTKJIOHAEMBIE JIN3BbIOHKITNN

YCJIOBUE. 3aman watop M m-mepubix Bekropos (M;[1], M;[2], ..., M;[m]),
1 <7 < n, KOOpAUHATHI KOTOPHIX TPUHUMAIOT 3Hadenusd 0, 1 wam x.

BOITPOC. CymecrByer nn Takoe pasbuenne mMuHOXKecTBa {1,2,..,m} Ha
Hernepecekaropecs noamuoxecrsa I, J u rakoe orobpaxenue f : {1,2,...,m} —
{0, 1}, uro ecnu ® obozuazaer bopmyay V; € I(M[j] = f(j)), a ¥ — bopmyry
Vier(M[j] = f(j)), o ® u ¥ npocro orkmonsiemsl B M7 (dusbionkimu ©@ u
¥ Ha3BIBAIOTCS TTPOCTO OTKJIOHAEMBIMU B M, eCIn MpOM3BEIEHNE YUCIa TAKWX
M; € M, aro ® n ¥ ucruunsl aas M;, ¢ auciaom Takux M; € M, aro ® n ¥
JOXKHGBI g7 M;, 6oabI1e mponsseaenns unciaa Takux M; € M, aro ® ucTtuHHA,
a U jgoxua amast M;, ¢ ancmom takux M; € M, aro @ noxua, a ¥ ucTuHHA 17151
M;.) Onpenenenue TOHATHS «IIPOCTOH OTKIOHAEMOCTH» B3ATO U3 pabOThI [205].

Hemownur [438]. K sroit 3amawe ceoanres MAKCUMAJIBHBIN PABPES.

Kommenmapudi. 3apaua ocraéres NP-monuoii maxe rorzaa, korma f(j) = 1
npu 1 < i < m. Ecm Bce M;[j] npuaumator 3uavenus 0 wiu 1, To 3azaga
paspenmMa 3a TOJIMHOMUAILHOe BpeMs. JIpyrne OGIu3Kne pe3ybTaThbl MOYKHO
HAWTH BO BTOPOI M3 yKa3aHHBIX BHIIE PAOOT.

[PA3 15] IEPEBO PEIIIEHUN
YCJIOBHUE. 3anaubr konedHnoe MuoxecrBo 00bektoB X, nadop T' = {11, T»,
.y T} 6unapubix recros T; : X — {0, 1}, nonoxkurensaoe nesoe gucio K.
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BOITPOC. Cymecrsyer mu anss X [epeBo PEIIeHUil ¢ UCIOTb30BAHUEM Te-
cros Tj;, obiagaioniee BHEIIHUM [yTeM JiuHbl, He npesocxoasmeil K7 (depe-
BOM peIlleHUil HA3bIBAETCs OMHAPHOE IEPEBO, B KOTOPOM KAXK/AsS <«HEBHCSIUAS
BepIrHay (He JIMCT) MOMedeHa KaKUM-Tu60 TectoM u3 T', & KaKIas «BUCAYAs
BepIMUHAY MOMevYeHa KaKnM-Inb6o obbekTom n3 X. Ilpu saTom mpemmomaraercs
TaK)Ke, 9TO Pedpo, BEIyINee OT «HEBUCAYEH BEPINUHBI» K €€ JIEBOMY MOTOMKY,
nomedeno 0, a k mpaBomy — 1, a makxke ecnu Tj,, O;, Ti,, Oigy ..., Thyy Osp —
MOCTIEIOBATEIBHOCTD METOK BEPIIHH U PEGEP HA HEKOTOPOM ITyTH, BEAYIIEM U3
KODHST K HEKOTOPOI «BUCSYel BEPITHHE», TOMEUEHHONH 00bheKTOM & € X, TO T —
€IUHCTBEHHBINH O0BEKT, /1151 KOTOpOoro mpu Beex j, 1 < j < k, BBITIOJTHEHO COOTHO-
urenne Ty, (x) = O;;. OOmeit 1THHOI BHEITHErO MyTH TAKOTO JePeBa Ha3hIBAeTCH
CyMMa 110 BCEM JIUCTbAM YUCJIA PEGEDP B IyTH OT KOPHS JI0 ITOrO JIKCTA.)

Hemownuyk [243]. K sroit 3anage ceogures TTI-3.

Kommenmapuii. 3agaqua ocraércst NP-oOHON 1arKe B TOM CIydae, KO, IJIst
kakI0ro tecrta 1; € T cymecrByer He Oosiee TpEX 0O0BEKTOB & € X, TAKUX, UTO

[PA3 16| IOTUYECKUN ITOJATPA®

YCJIOBUE. Banan opuentupoBanubiii auukaudeckuii rpadp G = (V) A),
UMEIONIMH POBHO OIHY BEpIIUHYy § € V CO CTeneHbI0 3aX0/a, PABHOW HYIIIO;
JJIST KayK IO BEPIIUHBI v € V| cTemeHb BLIXOAA KOTOPO GOJbIIe HyJIs, 3a1aH0
snagenne f(v) € {u, man}, 3amanpl Takxke Bec w(a) € ZT Kaxkm0# Ayru u meaoe
moJIOKUTETbHOE Yucio K.

BOTIIPOC. Cywecrsyer u B rpade G rakoit nogrpad G' = (V', A"), uro (1)
seV';(2) ecrmv € V' u f(w) = u, 10 Bee myru (n3 MEOKECTBA A), nexongmme
u3 v, comepxkarca B A'; (3) ecmu v € V' u f(v) = unwm, To 10 Kpaiineit Mmepe omHa,
u3 ayr (MHONKecTBa A), mexomsmmx w3 v, npuHagexur A'; (4) cymma Becos
nyr u3 MHOKecTa, A’ He mpesocxomur K7

Hemownuyk [463]. K sroit 3anage ceogures TTI-3.

Kommenmapudi. 3anaua ocraérca NP-nonnoit u toraa, korga w(a) = 1 mis
Bcex a € A [152]. Iyist KOPHEBBIX JIEPEBhEB 3a/1a9a PENIAeTCs 38 MOTHHOMHUAIh-
HOE BPEMS METOIOM JIUHAMUYIECKOTO MPOTPAMMUPOBAHMUS.

[PA3 17] BEISIBJIEHUE HEVCIIPABHOCTU B JIOTUYECKON
CETU

YCJIOBHUE. 3ananbr opuenTupoBanHbiii anukandeckuii rpad G = (V, A) ¢
eIMHCTBEHHON BepmmHoOi v* € V, nMemomeil cremens Bbixoma 0; oTobpaskenne
f:(V\{v*}) = {I, n, uan, ue}, taxoe, uro u3 f(v) = I ciemyer, 4To CTEMEHD
3axoza BepmmHbl v pasua 0, u3 f(v) =He cIeyer, 9To CTENeHb 3aX01a BePITHHBI
v paBua 1, u3 f(v) =u (wm f(v) =wau) ciaenyer, 4TO CTENEHb 3aX0/a BEPIIUHDBI
v paBHA 2; 3a4aH0 TakxkKe moaMuokectBo V! C V.

BOITPOC. MoxHO jtu TH00YH0 ONMHOYHYI0 HEUCITPABHOCTE CPEIU BEPITHH 3
MHOKECTBA, V BBIABUTH MyTEM 3KCIIEPAMEHTOB CO BXOJAMM M BhIXomamu? MHbI-
MU CJIOBaMH, paccMOTpuM (G KaK JIOTHYECKYIO CETh CO BXOIHBIMH BEPITUHAMU
I, BBIXOIOM v* ¥ IOTHYECKUMU dJIEMEHTAMH TSI peann3aun (PyHKIWA W, UJIIH,
He, TOMEMEHHBIMA B COOTBETCTBYONIAE BEPIIUHBI. MOXKHO JTn 17151 KazK 10 Bep-
mmabl v € V' w kaxaoro x € {T, F'} conocraBuTh Kaxknoii Bepmmnne u3 I takoe
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suadenue u3 Muoxecrsa {1, E'}, 4T0 BBIXOJ CETH HA ITOM BXOJ€E OTJIUYAETCS OT
BBIXOJA TOHU Ke CeTU, B KOTOPOU JIOTUYECKUI IJIEMEHT B BEPIIUHE U «3aCTOIO-
PUIICA» B COCTOSAHUM L7

Hemounurk [250]. K sToii 3amade ceomurest 3-BBITI.

Kommenmaputi. 3agaga ocraérea NP-momnoit maxke Torma, korma V' =V
i ecau V' copepKur poBHO OIHY BepUIMHY, AJist KoTopoil f(v) = I.

[PA3 18] BBISIBJIEHUVE HEVICIIPABHOCTHU B OPUEHTUPO-
BAHHOM I'PA®E

YCJIOBUE. 3anansr opuentupoBanubiii anukandeckuii rpad G = (V) A)
(rme BBImenensr MuOXKecTBO Beprma [ C V' co crenensio 3axoma 0 u O C V —
MHOXKECTBO BEPIIMH CO CTENeHbi0 BbixoAa ), a TakKe MOJIOKHUTEIHHOE LEJI0e
ancmo K.

BOIIPOC. CyimectByer i « MHOYKECTBO TE€CTOB» MOIIHOCTH, HE TPEBOCXO-
nsmeit K, To3BOJISIONIEe OMPEIe/IUTh JTIOOYI0 «OQMHOYHYI0 HEUCITPABHOCThH> B
G? UubivMu coBaMu, CymecTByer Jim Takoe moamuoxkectBo 1T° C T x O, uro
|T| < K u pusa kaxoit Bepmunbl v € V' cymecrsyer napa {up, us) € T, nns
KOTOPOI1 BepIInHA, ¥ HAXOAATCA HA OJHOM U3 OPHEHTHPOBAHHBIX IIyTEH U3 U] B
’U,Q?

Hemownurk [247). K sroit 3anagve ceogures TTI-3.

Kommenmapudi. 3agaua ocraérca NP-nomnuoit, naxe ecau |O| = 1. BapuanT
9TOM 384341, B KOTOPOM HINETCI MHOMKECTBO 1', MO3BONAIOIIEE «JTOKATHM30BATH»
OIMHOYHYIO HEMCIIPABHOCTH (T. €. TAKOE MHOYKECTBO TeCTOB T', UTO JIJIst KayKI0i
napsl Beprud v, v’ € V cymecrByer tect (u1,us) € T, Ipu KOTOPOM ¥ HAXO-
JIATCS Ha OJHOM U3 OPUEHTHPOBAHHBIX MYTeH W3 U1 B U2, & v HE HAXOIUTCS),
rakxke sisiercss NP-nonabim gyt |O| = 1. Ecmn K > |I| - |O], To obe 3amaun
PEIIaTCA 33 NOTMHOMHUAIBLHOE BPEMS.

[PA3 19] BBIABJIEHUE HEWUCIIPABHOCTU C IIOMOIIIBIO
TECTOBBIX TOYEK

YCJIOBUE. 3anansr opuentupoBanubiii anukandeckuii rpad G = (V) A)
(uMmeroImii POBHO OJIHY BepIIuHy s € V €O CTeneHbo 3axoa, pasHoii 0, 1 pOBHO
onHy BepiuHy t € V' o cTeneHbio BbIX0a, paBHOii 0), & TaKKe MOJI0KUTEIbHOE
nesnoe uncino K.

BOITIPOC. MoxHO 1 00y «OINHOYHYI0 HEMCIPABHOCTH» B (G JIOKAJIH-
30BaTh C TIOMOIIBIO <MTOJCOEAUHEHns» K ayram w3 A me 6omee K «TeCTOBBIX
ToYeK» (T. e. cymecTByer nu Takoe moaMHokectBo A’ C A, uro |A'| < K n
MHOKECTBO TECTOB

T = ({steup{uy : (u1,us) € A'}) x ({t} U{uy,uz) € A'})

0BIasaeT TeM CBOHCTBOM, 9TO NIl KaxkKAoH mapel Bepmma v, v € V \ {s,t}
CymecTByeT Takoi Tect (uy,uz) € T, 9T0 v HAXOAUTCS HA OJHOM U3 OPHUEHTH-
POBAHHBIX MyTel, BeIyMUX OT U K Uz, & v He HAXOAUTCS)?

Hemownurk [247). K sroit 3anave ceogures TTI-3.

Kommernmapudi. BapmaHTbl 3TOit 331291, B KOTOPBIX TPEOYeTCs JTOKAJIN30-
BaTh BCE OJMHOYHBIC HEUCIPABHOCTHU C HCIIONb30BaHHEM He 6osee K «TeCTOBBIX
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COCIMHEHNIT» N «OIOKHPYIOMIUX STIEMEHTOBY, TAKKE ABIAIOTCA NP-IIOTHBIMA.
To ke caMoe BEpHO I 3aJa9d OTBICKAHMSA IPH HAJUYUH «TECTOBBIX TOYEK>,
«TECTOBBIX COEJIMHEHHI» WU <«OJIOKUPYIONMX 3JEMEHTOB» TAKOTO MHOXKECTBA,
recto T, uro |T| < K. (JanbHeline yTOIHEHNST CM. B YKa3aHHOI BbIIe pabo-
Te.)

A13. OTKPBLITHIE 3ATAYU

[03 11] TBOMOP®U3M I'PA®OB

YCJIOBHUE. Bananst nsa rpada G1 = (Vi, E1) u Go = (3, E»).

BOIIPOC. Bepuo u, uro rpadst G u G2 uzomopdunt? Uuade roBopsi, cy-
IECTBYET JIN TaKasi B3aMMHO-oiHO3HauHasa dyukiys f: Vy — Vo, uro {u,v} €
E; torma u tombko Torma, xkorma { f(u), f(v)} € E?

Kommenmapudi'!.

Bamada ocraéres OTKPBITOM U B TOM ciydae, ecnu Gp U G2 npUHALTEXRAT K
CIIEAYIOMAM TUMTAM TpadOB: peryIspHbIe, IBYI0AbLHBIE, Tpadbl INHWUI, rpadbl
cpaBHUMOCTEH, rpadbl Xop, rpadbl HEOPUEHTUPOBAHHBIX myTeil (T. e. rpadbl
riepeceveHnii s MHOYKECTBA TyTell B HEOPHEHTHPOBAHHOM nepere), cM. [209,
23, 52, 386]. Bagaua paspemuma 3a HOJIUHOMUAILHOE BPEMs Ui [LIAHAPHBIX
rpados (cM., Hanpumep, [216]) u gs rpadoB uHTEPBAJIOB.

sl « TPAH3UTUBHBIX 10 IyTaM» KyOudaecknx rpadoB 3312494 JIEKUT B KIac-
ce NP N co— NP [386]. Bamaue TBOMOP®U3M TI'PA®OB mnommHOMHAATH-
HO SKBUBAJEHTHBI CIEAYIOIINE 3aJa9u: W30MOP(hHU3M OPUEHTHPOBAHHBIX I'Pa-
dos, uzomopdusM GecKOHTEKCTHBIX IrpamMMaruk [235], uzomopdusm KoHedHO-
onpeaenéunbix anare6p [300], uzomopdusm nonyrpynn [52], uzomMopdusm KOHDb-
IOHKTUBHBIX 3a1pocoB [67], usomopdusm rpada csoemy ponosnuenuio [86], uzo-
MOpMU3M W 330394 O BBYUCICHUW YUCIA PA3IUIHBIX W30MOP(MUIMOB MEXKIY
G1 n G2 [24,375]. Yacrusiii BapuanT 3agaun KJINKA, nommHOMWAIHHO 9KBHU-
BaseHTHBIH 3a0aue UBOMOPO®UN3M I'PA®OB, ykasan B padore [304]. 3amaun
006 n3oMopdu3Me CPYIIT U JTATHHCKAX KBAIPATOB MOTYT OBITH PEIIeHBI 38 BPeMsl

O(n'°& ™) [387] u, Bummmo, mpomte 3agaan N30MOP®U3M I'PAGOB.

[03 2] IOATPA®D, TOMEOMOP®HBII ®PUKCUPOBAHHOMY
TPA®Y H

YCJIOBHUE. Banan rpad G = (V, E) .

BOIIPOC. Couepxur mu G noarpad, romeomopdusbiii rpady H (r. e. ra-
koit mogarpad G' = (V', E'), koropbiii MoxKeT ObIThH Tipeobpa3oBaH B Tpad, u30-
mopdubnii rpady H mocienoBaTebHOCTLIO 3aMEeH BEpITUH CTENeHn 2 Ha pebpo,
coeuHAIONIEE €& coceneit)?

Kommenmapudi'?. Ecnu Bkmounts H B KadecTBe NOIOTHUTETBHOM mepe-
MEHHOI B YC/IOBHE 3a1a491, TO 33394 cTaHeT NP-IIOMHOM, IIOCKOMbKY B KAYECTBE

UPgn gacrupix caygaes 3agaau T30OMOP®OU3M 'PA®OB, pa3pemuMbix 33 IOTHHOME-
aJIBHOE BpeMs, MOXKHO HaiiTu B paborax [7*, 10¥%, 1%, 4%, 9*]. — Jlonoanenue aemopos

12 T5iq opreHTHPOBAHHBIX IpadOB AHAJOTHYHAS 333493 pelleHa B paboTe [2*]. Beuta momy-
TeHA [TOJIHAS XapakTepu3anus rpados H, qjis KOTOPHIX 3Ta 33343 NP-1o/IHa Ui Pa3pernma,
33 MOJIMHOMUAJIbHOE BpeMs. — Jlonoanenue asmopos.
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YACTHOTO CIy4asi oHa Oyaer comepxkarh 3agady TAMUJIBTOHOB ITUKJI. Tasa
HEeKOTOPbIX (hukcupoBanubix rpados H (manpumep, eciiu H — TpeyrosibHuk) 3a-
Jlada pas3pernmma 3a moanHoMuaIbHoe BpeMs. CyIecTByer Ju HeKOTOPBIH (DUK-
cupoBanubiii rpad H, mas koroporo 3amada NP-nomua? Ecam takoro rpada
He CYIIECTBYET, TO MOYKHO JiM yKa3aTh KoHKperHbiii rpad H = (U, F), nus
koroporo NP-mofHa cieaytomniasi, 6IM3Kas M0 CMBICTY 33Ja4a: «3aJaHbl Tpad
G = (V, E) u B3aumuo-onno3uagnoe orobpazkenue f : U — V. Cywecrsyer jiu
noarpad G’ = (V') E'), koropblil yKa3aHHBIM BbIIIE CIOCOHOM MOXKHO peobpa-
30BaTh B rpad, nzomopdubii H, npuuéM Tak, 9To0Obl OTOOpakeHue f ocyiie-
CTBJISIIIO UCKOMBIiT m30MOpdu3M?s M3BECTHO, UTO TA TMOCIESIHAT 33,1498 TAKIKE
spasiercss NP-nionuoit, ecau rpad H wHe GUKCHPOBATH, 8 BKJIIYUTL B YCIOBUE
3a7auu (IIOCKOJIBKY 3TA 33/a4a COAEPKUT B KAYECTBE YACTHOIO CIIydas 3a/a-
gy HEITEPECEKAIOIINECY COEAVUHAIOIMNE IIYTU). s nekoropbix
KOHKDETHBIX rpadoB H, HApUMED «TPEYTOJBHUK» U «JIBA PA3IUIHBIX pedpay,
HaliIeHO HECKOJIBKO CIIOMKHBIX TIOIMHOMUAIBHBIX aaroputMon [321, 487]. He n3-
BECTHO, CYIIIECTBYET JIM KOHKPETHOE Iesioe ducyio K, takoe, uto mist rpada H,
cocrosimero n3 K menepecekaromuxcs péoep, 3amada NP-momHa.

[03 3] PO, TPA®A

YCJIOBHUE. Baganst rpad G = (V, E), nonoxurensuoe meaoe ancio K.

BOITPOC. Moxwuo au rpad G Tak BIOXKUTH B MOBEPXHOCTH poma K, 4To
HUKAKUe Ba pedpa He TepeceKkyTcs?

Kommenmapudi. Tlpu K = 0 (B 3TOM cilyyae BOIPOC 3aKJIIOYAETCH B ILIa-
naproctu rpada C'?7) 3a1ada pas3pemmMa 3a NOJIUHOMUAILHOE BpeMs (CM., Ha-
npumep, [213]). Hosunomuamnbublii anropurM i Kybuueckux rpados u K = 1
aHoHCWpOBaH B pabore [123], a B pabore [443] mpenjosKeH MOIMHOMUATIHHBIR
AJITOPUTM JIJIsT IPOU3BOJIBHBIX TPAMOB U JH0O0r0 GDUKCHPOBAHHOTO 3HAUEHUST K .
Kpowme Toro, /1ijisi HEKOTOPBIX CIIEIUATBHBIX KIACCOB TpadoOB, B TOM dHCIe i
KUK, KyOOB U MONHBIX JBYAONBHBIX IPadOB, MOIYUIEHBI TIPOCTHIE 3aMKHY THIE
dopmysbl g pona (cMm., manpumep, [196]). Xorsa s npoussosbabix G u K
paccMaTpuBaeMast 33/1a9a B HACTOSIIEE BPEMsI sIBJISETCST OTKPBITON, TECHO CBSI-
sannad ¢ meii 3anaua [TIPOJOJIZKEHUE BJIOYKEHUS (B xkoTopoit mo 3a1am-
ubiM G, K u Bnoxenuto noarpada rpada G B mosepxuoctu poma K tpedyercs
BBISICHUTH, MOXKHO JId NPOAOJIKUTH 3aJaHHOE BJIOXKEHUE Ha Bechb rpad)—NP-
nosina [443]. K uuciy oTKpeIThIX 3a7ad, 0600ANIMX 3384249y O MJIAHAPHOCTU
rpada, OTHOCATCS clIeayomnme 3aaaan: «Bepwo jm, ato rpad G umeer ne Gomee
K mnepeceuenwii, T. €. MOKHO i (G TaK BJIOYKUTH B MJIOCKOCTH, UTO OYIyT mepe-
cekarhes He bomee K map pébep?s, «Bepup mu, uro Tommmua rpada G He mpe-
BocxomuT K, T. e. MOXKHO JIi MHOXKeCTBO F Tak pa3OUTh HA HETEPECEKAIOIINECs
muoxkecTBa Fi, Eo, ..., B, k < K, arobbl kaxpiit uz noarpados G = (V, E;)
6but iaHaper?y K aucay 6m3kux NP-mOMHBIX 3a71a49 oTHOCATCs 3aaaqu [TJTA-
HAPHBIN TTOATPA® u MHIYIIWUPOBAHHBIN IIJTAHAPHBII ITOITPA®
(em. 3amaay MHIYIIMPOBAHHBIN ITOJTPA® CO CBOMICTBOM II).

[03 4] IIOIIO/THEHUE 10O TPUAHTYJINPOBAHHOT O I'PA®A
YCJIOBHUE. Bananst rpad G = (V, E) u nonoxkurenbhoe nenoe yucio K.
BOIIPOC. CymectByer n MHOKeCTBO E' HEyHNOPAJIOYEHHBIX Map BEpIINH
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u3 V, conepxaiuee Mmuoxkectso E u yunosiersopsioiiee yciaosuwo |[E — E'| < K,
rakoe, yro rpad G' = (V, E') — rpuaHryupoBaHHbIi, T. €. TAKOH, 4TO it
JIFOO0TO MIPOCTOTrO THUKIIA, COAEPIKAIIEro 60Iee TPEX BEPINNH, CYIIIECTBYET pedbpo,
He TIPUHAJJIEKAIIEE UKy, HO COSIUHSIONIee HEKOTOPDIE IBE €10 BEPIITUHBI?
Kommenmapud. Jta 337298 SKBUBAJCHTHA, HEOPUEHTUPOBAHHOMY BAPUAH-
ry 3azagu [TT 46] u coorBeTcTByeT MUHUMM3ALKUU «3aIOTHEHHOCTHY MATPHUIIBI
OpU OPUMEHEHUH UCKJII0YeHus 110 [ayccy K CuMMeTpuYecKoii Mmarpune (CM., Ha-

npumep, [455]). Jpyras xapakrepusaius TpaH3UTUBHBIX rpados gana B pabore
[166].

[03 5] XPOMATUYECKUI NHIEKC!?

YCJIOBHUE. Baganst rpad G = (V, E) u nonoxkureabuoe nenoe 9ucio K.

BOITPOC. Bepuo 1, 9To XpoMaTudeckuii nuaekc rpada G He mpeBoCXOINT
K? naye roBopst, CyIIECTBYET i Takoe pasbuenue MHoxkecTBa E Ha Hemepece-
Kaforuecs moamuoxectsa Ky, Es, ..., By, roe k < K, aro gns Beex 4, 1 < i < k,
HUKakue 1pa pebpa usz F; #e umeior B G 0bmero Kouna?

Kommernmapud. B cuay Teopembl Busnnra [35], xpoMaTnyaecknii MHIEKC rpa-
da G pasen aubo h, mubo h + 1, rme h — makcumywm creneneii BepinuH B rpade
G. Tloaromy 3amadga MoxkeT ObITH mepedopMyrupoBaHa Tak: «3aman rpad G.
Bepuo s, aro xpomarudeckuii uuigekc rpada G paBeH MAKCUMyMy CTEleHei
BepimH?» s nByaonbHbIx rpadoB OTBeT Beeraa nosiokureseH [35], npuuém
CYIIECTBYIOT TTOJIMHOMUAJIBHBIE AJITOPUTMBI JIJIsT TOTO, YTOOBI B 9TOM CJIydYae Mmo-
CTPONTH MCKOMOE pasbuenue (cM., Hampumep, [133]). Hacrusiit kiace rpados,
JJIsl KOTOPOTO 3a/1a4a OTKPbITa, — Kyoudeckue rpadsl (T. e. peryisgphbie rpadbl
crenenu 3). B mociennem ciaydae 3a1ady MOXKHO 11epedOPMYIUPOBATH CIIEIYIO-
M obpazom: «3agad rpad G. Moxuo s Bepruabl rpada G MOKPHITH MPo-
CTBIMU HETIePECEKAIOIIMMUCS IIUKIAMU, UMEIOIIIMHI Y6THOE 9UCIO BepiuH?» [lo-
CIeIHSST 3371498, — OJIHA, U3 MHOTHUX OTKPBITHIX 331849, CBSI3AHHBIX C MTAPUTETOM.
Ipyrast 3ama4da 3roro tuna GopMyaupyercs Tak: «3amaHa cucrema C' mOgMHO-
JKeCTB KOHedHOro MHOXKecTBa X . CylecTByer U Takash HEMyCTas MOJICHCTEMA
C' € C, uro kaxpiii nemedT £ € X OPUHAIJIEKUT YETHOMY 9YUCTY (MOXKET
ObITH U He 0mHOMY ) ogMHuOokecTs u3 C'?» Tlocnenuss 3a0a9a SIKBUBAICHTHA, OT-
KPBITON 3a1aue, yIOMAHYTOH B KomMMenTapun K 3amade JTEKOINPOBAHUE
JINHEMHBIX KOJIOB.

[03 6| OCTOBHOE JAEPEBO C ITIAPUTETOM!

YCJIOBHUE. 3amannt rpad G = (V, E) u pasbuenne muoxkecrsa F Ha Here-
peceKalomecst ABYX3JEeMEHTHBIe MHOKeCTBA Fy, Fa, ..., Ep,.

BOIIPOC. Cymecrsyer su B G takoe ocrosuoe nepeso T = (V, E’

), 9TO
k)
s Beex i, 1 < i < m, Bemonneno yciaosue: uin E; C B wm E; NE' = @7

13B pabore [5*] k aroit 3amaue Gruta cBenena 3anaua 3-BBITI, uro nokassiBaer NP-TIOMHOTY
sagaan XPOMATUYECKUN MHJAEKC. DTa 3agagda ocraérca NP-nmomHOU Jaxke A KybOu-
TecKuX rpadoB. — donosHeHUuE A8MOPO8s.

4B pabore [8*] 6BITO JOKA3AHO, UTO 3Ta 3a7Ja4a, KAK M OOMAS 3a7a4a O MapHTeTe s
«TIPeICTAaBUMBIX» MaTPOUIOB, pa3pennma 3a TOJIMHOMHUAILHOE BpeMs. — Jlonoanenue asmo-
pos.
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Kommernmapudi. dra 3a1a49a TPegCTABISIET CODOM TUMUYHBIN YaCTHBIA CITy-
Jaii 3312491 «Marpous ¢ napurerom» (cM., nanpumep, [324]). ocnenuss 3azaga
caMa ecThb 0DOOIeHne 33,129 O MAPOCOYETaHuN B Tpade U O MepecedeHnn ABYX
MATPOHIOB, KOTOPbIE PA3PEINMbI 33, TIOJUHOMUAILHOE BpeMs (B CIydae MaTpo-
U1a HEOOXOAMMO MPEITOIOKEHNE O CYIIECTBOBAHUH MTOJIMHOMUAIBHOTO AJITOPHUT-
Ma, PACIIO3HAIOIIEr0 B MATPOU/Ie He3aBUCUMbIe MHOXKECTBA). Bin3kas 3a1a4a 06
«OCTOBHOM JIEPEBE CO MHOTUMHE BBIOOPAMU», B KOTOPOH HINETCs TAKOE OCTOBHOE
nepeso T = (V, E'), uyro B E' comepxurcsi, camoe Gobliiee, OMUH JIEMEHT U3
KayKJI0r0 MHOXKeCTBa F;, mpeacrasisier coboii YaCTHBIN CIydail 3a1a4u O nepe-
CEYEHWN IBYX MATPOUIIOB U, CJAEIOBATEIHLHO, MOYKET OBITH DEIeHa 3a TOJIUHO-
muasibuoe Bpems (cMm. 3agaay BETBJIEHUE C MHOTUMU BBIBOPAMMN).

[03 7] PASMEPHOCTDb YACTUYHOTI'O YVIIOPA/JTOYEHUSA

YCJIOBUE. 3aganbl oprueHTHPOBAHHBIN AIMKINIECKUN TPAH3UTUBHBIN Tpad
G = (V, A) (rpad G HazbiBaeTcsi TPAH3UTUBHBIM, €CJId U3 TOro, 410 (U, v) € A
u (v,w) € A, cnenyer, uro (u,w) € A), a TaK¥kKe MOJOKUTEIHHOE LEJIOE YUCIIO
K < |V

BOITIPOC. CymecrByer jsin HAOOp, BKIOUAIOMWA He Oomee K uHENHHBIX
ynopsaodenuii MHoxkecTBa V', Takoii, uro (u,v) € A TOrma M TOJBKO TOIJA,
KODJIa ¢ MEHBIIE ¥ B CMBICTE KAYXKIOr0 W3 3aJaAHHBIX YIOPSI0YeHUH?

Kommernmapud. Ilpu K = 2 3amada pemraercs 3a MOTHHOMHUATBLHOE BPeMs
[327]. st mponsBosbroro K n nyist hukenposantroro K > 3 B HacTOsIIIEE BpeMsT
OHA ABJIAETCS OTKPBITOMN.

[03 8] PACTIMCAHUWE C OTHOIIIEHWEM ITPEJITIECTBOBA-
HUA JJ1d TPEX IIPOITECCOPOB

YCJIOBUE. 3amansl MmuoxkecTBo T 3a1aHuil € IMHAYHON AJIUTEILHOCTH, a-
CTHYHBIH HOPAIOK < Ha MHOKecTBe 1 1 JUpeKTHBHLBIN cpok D € Z7T.

BOITPOC. Mo»XHO i COCTABUTH TAKOE PACITHCAHVE BHITOJIHEHUST 33 JaHUN 13
MHOXKeCTBa 1" Ha 3 MPOIECCOpa, UTO BBIMOIHSIIOTCS BCE YCIOBUS TPEIIIIECTBOBA-
HUS ¥ JUPEKTUBHBIN cpok D He Oymer Hapytien? VIHBIMU CI0BaMU, CYIIECTBYET
s Takoe pacrmcanue o : T — {0,1,..., D — 1}, uro coornouienue ¢ < t' Breudr
HepaBeHcTBO 0(t) < o(t') w gma moboro i,0 < 4 < D — 1, umeercsa e Gomee
Tpéx 3azanuii t € T, rakux, aro o(t) = i?

Kommernmapudi. Ananornunas 3a1a4a Ijs IBYX MPOIECCOPOB PEITaercs 3a
nosMHOMMaIhHOE BpeMst [131,85], maske Korma Kaxkaoe 3aaHue NMeeT WHINBH-
JIyaJIbHBIA TUPEKTUBHBIN CPOK W MOMeHT nocryruiennst [147]. Ecin uncmo npo-
[IECCOPOB BXOJWUT B YCIOBHE KAaK MapamMerp, TO 3ajada sapjsgercs NP-momHoi
[518]. donosauresnbHble MOAPOOHOCTH YKA3aHbI B KOMMeHTapuu K 3anade PAC-
MMCAHUE C OTHOIMIEHMEM NMPEAINTECTBOBAHNS. He ussecrno, cy-
[IECTBYET JIM KOHKPETHOe 3HadeHune K, I KOTOPOTO BAapWAHT ITOHN 33734 C
K nporeccopamu NP-TIOIOH.

[03 9| IMHEMHOE IIPOTPAMMMUPOBAHUE!

15a)

JI. T. Xaunsau [6*] mokazam, 9ro sra 3a1a4a JeKUT B Kinacce P. IIpuMeHeHHbI! Ipu 9TOM
METOJ] JLIMMCOUIOB TOJIyYUJI MHUPOKOE OCBEIICHUE ake B MOMyJApHBIX u3fganusax. OgHako
OPaKTHYECKOE 3HATEHHUE STOTO METO/A e IPEACTOUT BLIACHUTD [3*]. — Jonoanenue aemopos.
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YCJIOBUE. Banansr nenouncienusie Bekropsl Vi = (v;[1], v;(2], ... , vi[n]),
1<i<m,D = (d1,ds,...,dn),C = (c1, Cay ... , ¢y) 1 nesioe yucio B.

BOIIPOC. Cywecrsyer nu takoii Bekrop X = (z1, Za,...,T,) C paluo-
HAJIbHBIMU KOOPJIMHATAMU, 9TO JI7id BCeX ¢, 1 < ¢ < m, BBINOJTHEHbI HEPABEHCTBA,
Vi-X<diuC-X > B?

Kommenmapudi. 3anaaa nexur B nepecedennn NP N co — NP (npunaiex-
HOCTH Kyaccy co— NP cienyer n3 hyHIAMEHTATHLHON TEOPEMBI TBOHCTBEHHOCTH
JIMHEHHOrO MporpaMMupoBanus). Jjis o60ro GUKCUPOBAHHOTO 1, OHA pa3pe-
MUMa 3a TOJMMHOMHUATILHOE BpeMsi. VIMeeTcs MHOTO BAPHUAHTOB 33JIaYW JIMHET-
HOI'O NPOrPAMMUPOBAHUS, TOJIUHOMUAIBHO IKBUBAJIEHTHBIX eii (CM., HAIpuMmep,
[448]). OauH u3 HUX MOMYyYaercs, ecid U3 ycjioBus u3biarh Bekrop C, a u3 Bo-
npoca — zHepasercTBo CX > B (cm. takxke [412]). IIpumepst 3a1a4 0 TOTOKAaX B
CceTsIX, MOJIMHOMUAIBHO SKBIBAIEHTHBIX 3a1ade JIMHENTHOE ITPOTPAMMIU-
POBAHUE, ymomsiHyThl B KOMMeHTapusx K 3amadam HEOPUEHTMPOBAH-
HBIN IOTOK C HUZKHEI OITEHKOI1, TIOTOK B CETU C OTPAHIYE-
HIAMNI HA IIVTU u ABYXIPOJAYKTOBHI TEJTOYNCJJIEHHEII I1O-
TOK. 0606menne 3agaan JJUHENTHOE IPOTPAMMIPOBAHIE — 3anaua
«JIMHEHAST TOTOMHUTETLHOCTEY XOTST M JIEKUT B Kjaacce NP, HO B HacToOsIIee

.

BpeMs ocTaérest oTKphiToit' ) [397].

[03 10] ABCOJIFOTHASI YHUMOJAYJIIPHOCTB!

YCJIOBHUE. Bamana marpuma M pa3mMepoM m X n C 3JIeMEHTaMW W3 MHO-
skectBa {—1,0,1}.

BOIIPOC. Bepuo ju, uto M — He BIIOIHE YHUMOIYJIsipHAs MaTpunia? Masivu
CI0BaMU, CyliecTByeT i B M KBaapaTHas IIOAMATPHUIA, ONPEIEIUTENb KOTOPOH
He npuHaIexkuT Muoxecrsy {—1,0, 1}7

Kommenmapuii. 3amada oTKPLITa U B TOM CJIydae, KOI/a BCE JIeMEeHThI MAaT-
putbt M npunamiexar muoxecrsy {0, 1}. 3Hadenue Bnonne yHUMOMYJIAPHBIX

MaTpUIl Ijid UEJ0YUCIEHHOrO IPOrPAMMUPOBAHUSA ODCYKIAETCs, HAIIPUMED, B
pa6ore [324] u xkuure [161]'8.

[03 11] COCTABHOE 4YUCJIO

VYCJIOBUE. 3318H0 TOMOXKUTEILHO [IEJI0€ IUCao V.

BOTIIPOC. CyrmecrByior u Takue mebe aucaa m u n(m,n > 1), uro N =
m - n?

Kommernmapud. 3anata mexkut B nepecedennn NPNco— NP [434]. Hecmorpst
HA TO, UTO JIJIsi €6 peIlleHnsi He W3BECTHO TOJTMHOMUAIBHOTO AJTOPUTMA, W3Be-
CTEH AJITOPUTM, PABOTAIOIMINI TTOMMHOMHUATIHHOE BPEMST B TIPEIONOKEHUN HC-
TUHHOCTH <«PACIIMPEHHON runore3nt Pumanas[385]. Takoii aiaropurM, oxHako,
HEe M3BECTEH [ OThICKAHUS MPOCTHIX Aenureneit aucia N. [locrenusas 3amaga

163 1aqa, uweitnas gomomruTepHOCTS NP-moHa. Ha 370T (hakT HaM yKa3aan HECKOIBKO
CIEIUATIUCTOB. — Jlonoanenue agmopos.

178) B pa6ote [11*] mana smemenTHas TeopeMa O XapaKTEPU3ANUE AGCOTIOTHO yYHIMOLY ISP~
HBIX MATPHUI] U HA €6 OCHOBE IMOCTPOEH MOTUHOMHAIBLHBIN ajaroputM pemtenus 3amadu ABCO-
JIOTHAA YHUMOJAVJIAPHOCTD. — Jlonoanenue asmopos.

18w, makxke [226]. — ITpum. ped.
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MOXKET OKA3aThCsI TPY/IHEE COOTBETCTBYIOIIEH 3a/1a9u Pacno3HaBanus. KoHedHo,
BCE 9THU 334U JIETKO PEIIAlOTCs 34 MMCEBAOMOJINHOMUAIBHOE BPeMs.

[03 12] TPUAHTIVJIAIINSA MUHUMAJIBHOIN JAJINHBI

YCJIOBUE. 3anansr vatop C = {(a;,b;) : 1 < i < n} map uenwix uu-
cen (OTpenearoNUX KOOPAUHATHL 71 TOYEK TLIOCKOCTH) U TOJOKUTEIHHOE [EI0e
qncio B.

BOITPOC. CyiecrByer au TpUaHTYIANMS MHOXKECTBA TOYEK, ONPEIETTEMO-
ro zabopom C, 06mas «IMCKPETHO-EBKINAOBAY JJTNHA KOTOPOH HE TPEBOCXOIHAT
B? (Tpuanrynsuueii HA3bIBAETCA HAOOP HEMEPECEKAIONIUXCS MPIMOTUHEHHBIX
OTPE3KOB, COCIUHSTONINX MO ABe TOUKK n3 C' KayKABIil, KOTOPLIH pa3buBaeT BHY-
TPEHHOCTD BBIMYKJIOH 000109ku MHOXkecTBa C' Ha TpeyronbHUKHU. /IucKperHo-
eBKJIIIOBA, JJINHA OTPEe3Ka, COeNUHSIONero To4uku (a;, b;) u (aj, b;), oupenems-
ercst popaysoii [((a; — a;)7bi — B;)?)'/?], a obmast j/MHA TPHAHTYIANNH €CTh
CyMMa, JJIuH, 06pa3yoIuX eé OTPE3KOB. )

Kommernmaputd. Aunamornunas 3amada s METPUKW Tuma L TakXKe OT-
KpbiTa. B padore [359] mprBeeHbl KOHTPIIPUMEDPHI, OMPOBEPTAIOIINE HECKOIBKO
NPEANONOXKEHNA 0 TOJMMHOMUATBHOCTH PsIIa AITOPATMOB PEIIeHHs STON 3a1a-
49U, U MOKa3aHo, 4to Onuskas 3agada OTPAHUYEHHA A TPMAHTYJIAIINA

aBngerca NP-11oHoii.
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NP-monHOTE B JAHHOW KHUTE MOCBSAIIEHA OTAebHas raasa (n 36, co c. 837
no c. 879) co CACAYIONUMHA PA3IETAMA:

IMonuromuansuoe Bpems (c. 838)

ITposepka npunagiexxuocty #3biky u Kiaacc NP (c. 845)
NP-nonnoTa u cBOAUMOCTD (C. 849)

Hoxazarennbcrsa NP-nonHOTHL (¢. 857)

NP-nonuble 3ama4m (c. 864).

[02] Zotcon Xonkpopm, Padocus Momsanu, Tocedppu YVavman. Beenenue
B TEOPUIO ABTOMATOB, A3bIKOB ¥ Bbruuciaenuii. — M.: Buabsamc, 2002 (nep. 2-ro
u3g.) 528 c., ¢ W

NP-monHOTE B TAHHOM KHUME TIOCBAIIEHa, ABe mocaeauue raass! (n 10-11, co
c. 423 no c. 523) co CAeAYIOIMUMU PA3IeTaMu:

Inasa 10. Tpyanopermaembie mpodiemMbl
Knaccer P u NP (c. 423)
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[Tepsasi NP-nonnast mpobmeMa (c. 436).
Orpanndentas npobieMa BbImomHEMOCTH (C. 445)
Emg meckonbro NP-nonabix npobiem (c. 457)
Peziome

JIuteparypa

Tnasa 11. JonomHnTesbHble Kiacchl pobiem (c. 481)

Hononuenns s3p1k08 u3 NP (c. 482)

[Tpo6siembl, paspenmMblie B OJIUHOMUAIBLHOM npocTpancTee (c. 485)
ITpo6aema, nonuas maa PS (c. 489)

Kraccer s1361K0B, OCHOBaHHDbIE Ha pamngoMusanuu (c. 499)
Canoxuocrb poBepku npoctorst (c. 509)

Pesiome (c. 520)

Jlureparypa (c. 520).



