CNBNPCKWE 2JIEKTPOHHBIE
S@MR MATEMATUHECKWNE N3BECTUA

Siberian Electronic Mathematical Reports

http://semr.math.nsc.ru
ISSN 1813-3304

Tom 21, Ne 1, emp. 417-452 (2024) YIK 510.52
https://doi.org/10.33048 /semi.2024.21.031 MSC 68Q17

JAN3'BbIOHKTUNBHO-CBA3HBIE BAPVTAHTDBI
ITPOBJIEMBI BBITIO/THUMOCTU

B.IO. IlomoB

IIpedecmasaerno C.B. CYIOTIATOBBIM

Abstract: The satisfiability problem is one of the most famous
computationally hard algorithmic problems. It is well known that
the satisfiability problem remains hard even in the restricted version
in which Boolean formulas in conjunctive normal form with exactly
three distinct literals per clause. However, the problem can be
solved in polynomial time for Boolean formulas with exactly two
distinct literals per clause. Narrowing the gap between the problems
is of fundamental interest. Therefore, it is natural to analyze the
complexity of some restricted versions of the satisfiability problem.
In this paper, we prove hardness of some clause-connected versions
of the satisfiability problem.

Keywords: satisfiability problem, computational complexity, NP-
complete.

Bregenne

ITpo6rema BemoHEMOCTH Oyeoit dbyrkimu (SAT) aBagercs omHON W3
HanbOJ1ee M3BECTHBIX BHIYUC/IUTE/THHO TPYAHBIX AJTOPUTMUYIECKUX TPOOIEM.
O6wrar0 pobmema SAT pacemarpusaercst it OyaeBbIX (DYHKIHH B KOHB-
IOHKTUBHON HOpMAaTLHON popme. [Ipu 9TOM XOPOITTO M3BECTHO, UTO PODHIIE-
ma 3SAT, B KOTOPOIt IOTYCKAETCS B AUIBIOHKIIAIIX POBHO 110 TPU JTUTEPAJIA,
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ocraerca NP-niojiHoit, a npobiema 2SAT, B KOTOPO# J0IyCKAETCS B JU3b-
FOHKIIASIX POBHO 110 JIBA JIATEPAJIA, PA3PEIINMA, 33 NOJUHOMUAAILHOE BPEMS.
Cy:xenne 3azopa Mexay 3SAT u 2SAT mpeacrasiager yHIaMEHTATHHBIH
UHTEPEC U BBI3BIBAET OOJIBIOE BHUMAHKE Y UCCIEI0OBATE el (CM., HapuMep,
[1, 2, 3]). Jnst paccMoTpennst orpaHndeHHbIX Bepenii mpobiembr 3SAT nwme-
ercsd OOJIBINOE KOJIMIECTBO JOTOTHUTETBHBIX BaKHBIX MTPUYNH.

[Tpo6aema 3SAT wmcmosb3oBasach AId TOMYUEHHST MHOTOYNCIEHHBIX pe-
3yJILTATOB 10 BRIYUCJUTENBHOM TpyaHOCcTH. [ToaToMy HoKazaTebcTBO TPY/I-
HOCTH JI/Is OrpaHudenHoro BapuanTa 3SAT Bo MHOTHX CIyYasix MO3BOJISIET
[OOJIYYUTh BaXKHBIE CJIEJCTBUA JIJIsi APYTUX TPOHIIEM.

Paccmorpum mpomsBosibHyto OyiaeBy dyukimo f(r1,22,...,Ty) B KOHb-
FOHKTHBHOM HOpMabHON dopme. Bes orpannuenust o6IITHOCTH MBI MOKEM
nojiarathb, 9ro dyukuug f(x1, xa,...,Ty) IMECT BUJ

m
/\Z'Zlci, (1)

rae g goboro ¢, 1 < i < m, dyurnua C; sSBIsSeTCS TU3BIOHKIAEH JTUTe-
paJjIoB, T.e.

Ci = Vi ui j, (2)

(7 S {wl,l'g, vy Ty, L], L2, e ﬂl’n}.

Caesenne pa3iuIHBbIX BBIYUCIUTETHHO TPYIHBIX MpobaeM K mpobseMa, Bbl-
MOJTHUMOCTH W PeIlleHne WX TIPH TOMOIIH CIeTUaTbHO pa3paboTaHHBIX IS
SAT mporpaMum yKe TaBHO pacCMaTpPUBAETCA KaK 9PPEKTUBHBIN METO pe-
menns 3aga49. OHAKO CTaH apTHAS MPOTIEIyPa MPUBEIECHN TPON3BOJILHOMN
Oynesoit dynknum k Buay (1) sBasercs, BOOOIIE rOBOPs, SKCIOHEHIAAb-
Hoii. Take ucrosb3oBanne 3(hheKTUBHBIX aJropuT™MoB (CM., Hapumep, [4])
Qs IpuBeieHns K Buay (1) HAKIaabIBAET 3HAYUTETHHYIO JOTIOJHATETHHY IO
BBIUUCIUTETHLHYIO HATPY3KY HA TPOrPaMMYy-periaress. KOHKpeTHBIN BT BbI-
pakenuit (2) Toxke MMeeT BarkKHOE 3HAUEHME, MOCKOJBKY YIPOIIEHWE BHIPA-
xkeunst (2) MOXKET OKa3aTh CyIECTBEHHOE B/IUSHUE HA KOJMYECTBO TTEPEMEH-
HBIX, KOJUIECTBO U CTPYKTYpy pertenwnii. [losromy npu mocTpoenun cBeje-
HUN TPUKIAJTHBIX 3329 K TPODJIeMe BBITTOJHUMOCTH BaXKHO 3aD0TUTHCH O
KOHKDETHOM BH/IE MoJIydaeMbix OyneBnix dynkiuii. IIpun srom, Hak/amb-
Basl OUPAHUYEHNA HA BU OY/IE€BBIX PYHKITHH, HEOOXOANMO 3HATEH, COXPAHIET
Jin orpaHuveHHbIH BapuaHT npobyevbl SAT BeIpasuTesbHBIE CIIOCOOHOCTH
SAT. C apyroii ¢TOPOHBI IIPU MOCTPOECHUN CBEAEHUN 33a9 POOOTOTEXHUKN
(cM., manpumep, [5, 6, 7]), naannpoBaHus Jyis AaBTOHOMHBIX TPAHCIOPTHBIX
cpejcts (cM., Hanpumep, [8, 9]), maiinunra kpunrosaarorsl [10], kpunroana-
am3a (cM., Hampumep, [11, 12]), MogeMpoBaHus KBAHTOBBIX BBIYHUCIATE/Th-
HBIX TIpOIeccoB (cM., Hampumep, [13, 14]) w MHOIEX IPYyrux 9acTo Oy/eBbI
GYHKITIY CITEIAATLHOTO BUA BOSHUKAIOT €CTECTBEHHBIM obpasom. laxke ec-
JIM BBISIBJIEHHUE JOTOJTHUTENIBHON CTPYKTYPHI He BeJeT K HaXOXKIEHWIO I0-
JIMHOMUATHHOTO AJITOPUTMA, BO MHOTHX CJIYIASIX TTOSIBJISIETCS BO3MOYKHOCTH
Jtst co3nanus 6osee 3peKTUBHON TPOrpaMMbI-pernaresisi. B mocseguue ro-
JIBI TP pa3paboTKe TporpaMM-pernaTesei Bee 6oblnee BHUMAHNE YIeIsieTcsT
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He crangaprabiM GopmysupoBkam SAT u 3SAT, a yupornesabiv BapuaH-
tam 3SAT (cm., naupumep, [15]). Bo MHOrUX cityuasix u3BeCTHbIE ClIEIUAIN-
BUPOBAHHBIE BAPUAHTHI TTPodaeMbl 3SAT HeTOCTATOUHO XOPOIIO OTPAYKAIOT
crerudUKy TPUKJIATHON 33a9H, YTO TPEOYET BBEJACHUS CJA0KHBIX ITOTIOJHU-
TeJIbHBIX CTPYKTYP U IIPUBOJUT K COBMECTHOMY PEIIEHNI0 HECKOJBKIX 33134
(cm., mampumep, [16]). Uccnenosanre pasindHbIX TPUKJIATHBIX 337849 TPU-
BOJIUT K PACCMOTPEHUIO HOBBIX BapuanToB Tpobmembl 3SAT. Ilpu sTom cy-
[IECTBEHHOE BHUMAHUE YIEJISIETCH UCCIEOBAHUIO JTOMOTHUTETbHBIX OIDAHU-
genwit Ha mpodbaemy 3SAT, obecrieunBaoMUX HEKOTOPYIO CBSIZHOCTH MEXKTY
EePEeMEHHBIMY B DA3JIHIHBIX TU3BIOHKIUAX (CM., Hampumep, [17, 18]). Xapak-
TEPHBIM IPUMEPOM SIBJISETCST UCCIIEI0OBAHNE, PeJICTaBIeHHoe B pabore [19],
rae BapuanT mpobaeMbl 3SAT ¢ JOMONHATEILHBIM YCIOBUEM Ha CBSI3HOCTD
[E€PEMEHHBIX PeIlaeTCd COBMECTHO C APYrOf ONTUMU3AIMOHHON 3a/a4€ei.

[IporpaMmmbl-permnaresin Ay BApUAHTOB NPOOJIEMbI BBITOJTHUMOCTH JE€MOH-
CTPUPYIOT BBICOKY0 3 DEKTUBHOCTD IIPU PEIIEHUH MHOTUX TTPUKJIATHBIX 3a-
nad. OHaKO YacTo UX UCIIOJIL30BAHUE CONPSKEHO C TPYIHOCTIMU, 00yCJI0B-
JIEHHBIMU HEJIO0CTATOYHBIM KOJIMYECTBOM TECTOBBLIX JaHHBIX [20], 9T0 BBIZHI-
BaeT MOTPEOHOCTHL renepanuu OyneBbIxX (hyHKIMi crenmaasHoro Buga (M.,
Hanpumep, [21, 22, 23]). AkTuBHOE UCTI0JIL30BaHNE METO/IOB MAIITMHHOIO 00Y-
9eHusl JJ1st IporpamMM-perraresei (cM., Hanpumep, [24, 25, 26]) rpebyer yuera
creru@UKNI He TOJTBKO TPUKJIAIHON 001aCTH, HO ¥ CAMEIX METOO0B MAITHHHO-
ro obyuenusi. XOPOIIO M3BECTHO, YTO WHTEIEKTYATbHBIE CHCTEMbI OOBITHO
MeJIJTEHHO 00yJar0TCa Ha pa3pexeHHbIX faHHbX. C Jpyroi CTOPOHBI JaH-
HBIE BBICOKOH TIJIOTHOCTM YACTO BBI3BIBAIOT ObIcTpoe mepeobydenme. Kpome
Toro, crernuduKa, UCXOIHBIX JAHHBIX BBI3BIBAET OIPEJEeHHBIE TPYIHOCTH
B IPUMEHEHHUHU TIPOTPAMM-PEeIrareneil Jjist Kpunroanaamsa (CM., HampuMep,
[27, 28]).

Muorue coBpemennbie KpunTorpaduruaeckne aaropuTMbl PadOTAIOT C Pas-
PEXKEHHBIMM WJIM IIOTHBIMU JlaHHbIMU (CM., Hanpumep, [29, 30, 31]). Coor-
BETCTBEHHO Pa3pabaThIBAIOTCS METOJIbl KPUIITOAHAIN3a, KOTOPhIE OPUEHTH-
PYIOTCS HA TIOUCK CHEMU@UIeCKUX 3aKOHOMEPHOCTEN, CBSI3aHHBIX C pa3pe-
JKeHHBIMW M TIOTHBIMEU JTaHHBIME [32, 33|. [IpuHnmmmampaas BO3MOKHOCTE
HAXO0XK/IEHUsT TOTOOHBIX 3aKOHOMEPHOCTEH OCHOBBIBAETCS HA Haau4dnn a-
3OBOIO TIEPEX07a, KOTOPHI XapaKTepeH He TOJIBKO JJIs aJTOPUTMUIECKUX
npobsiem, HO ¥ st busmaeckux cucreM B 1enom [34, 35, 36]. Cyres daso-
BOT'O TIEPEX0/IA B TOM, UTO JIJI UCXOJHBIX JIAHHBIX OJTHOTO U TOTO YK€ pa3Me-
pa CTPYKTYpa penieHnii MoKeT 3HAYUTEIbHO oTiindaTbes. CooTBEPCTBEHHO,
TPYAHOCTH MPOOJIEMBI 3aBUCUT HE CTOJIBKO OT pa3Mepa MCXOJHBbIX JaHHBIX,
CKOJIBKO OT HEKOTOPBIX UX CTPYKTYPHBIX ocobennoctedi. VceemoBanus 310ro
(eHOMEHa TECHO CBS3aHLI C IOPOTOBOM TUIIOTE30#, COIVIACHO KOTOPOH TPyI-
HOCTb UCXO/IHBIX JIAHHBIX 3ABUCUT OT OTHOIIEHUs] Pa3Mepa UCXOIHBIX JAHHBIX
K KOJIMYECTBY IIEPEMEHHBIX, T.e. OT CTelleHU uX ItoTHoCTH. s npobiiembr
3SAT sT0 OTHOLIEHHE MOKHO PAcCMaTpUBaTh KakK OTHOMIEHHE o KOJdde-
CTBa JUIBIOHKINI M K KOJUIECTBY HepeMeHHBIX n [37]. Muorue BBItmCIT-
TEJILHO TPYyIHbIE TPOGIEMbI TEMOHCTPUPYIOT TPEICKa3yeMoe TIOBEIECHUE B
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3aBUCUMOCTHU OT IJIOTHOCTU HUCXOAHBIX HAHHBIX, YTO CYIIECCTBECHHO O6J'[eI“{a-
er ux peutenue (cm., Haupumep, [38, 39]). Becbma 3HaunTebHOE BHUMAHUE
OBLITO YJIEeJIEHO U3YyUEeHWIO TMOPOroBoi rumoresbl masg mpobiemsl SAT (cwm.,
nHanpumep, [40, 41]. O630p COBpeMEHHOTO COCTOSIHUST UCCIIEOBAHUIL O TT0-
poroBoii rumorese gan B pabore [42]. B wacrHOCTH, CIeyeT OTMETHTH, 9TO
HEJIABHO TIOPOTOBas TUIIOTE3a TOJYUNIA MOATBEPKIACHUE KaK s mpobiie-
MBI BBITOJTHUMOCTH [43, 44|, Tak n B obmem cirydae [45]. Ograko nccaeoBa-
HUsI, IPEJICTABJICHHBIE B paboTe [46], mMOKa3bIBAIOT HAIMYINE HETPUBUATBHBIX
3aBUCUMOCTEH y TIPOOJIEMBl BBIIIOJTHUMOCTH, KOTOPhIE HE MOTYT OBITH OIU-
CaHBl OJHUM JIAIIb TOJTBEPXKIEHUEM TIOPOTOBO# runoressl. B gacTHOCTH,
y mpobaembl 3SAT mabiogaeTcst HECKOIBKO (ha30BBIX mepexonoB. Tem me
MeHee, HaxOoxKaeHne 3(Mp@PEKTUBHBIX METOI0B, [MO3BOJSIONINX THOKO pPEeryJim-
pPOBaTh CBS3BHOCTH OyJsieBbIX (DYHKIINU, MPEJICTABIISET 3HAYUTETbHBIN HUHTE-
pec s pa3paboTKU MeTOJIOB I'eHeparuu Oy/jeBbIX (PYHKIUNR U MaCKUPOB-
KU Jisi Kpunrorpadudeckux ajropuTMoB. B gacTHocTH, MX MOXKHO OBLIO
OBl IPUMEHATH [IJIs TeX 3HAYEHUH IJIOTHOCTH, JIJisd KOTOPBIX 0bIlee moBeje-
HUE perennii mpobaeMbl BBITTOJHUMOCTH CPABHUTEILHO TpeacKadyemo. 1Ipu
9TOM TIPU TTOMOIIY TTOJTMHOMHUAJBHBIX CBeJIeHUN MaCKUPOBKY HA OCHOBE OyJie-
BBIX PYHKITUI MOYKHO MPUMEHSTH HE TOJBKO /T CPABHUTETHLHO HETTOYIaP-
HBIX aJIFOPUTMOB, OCHOBaHHBIX HerocpeacTsenHo Ha SAT [47, 48, 49|, Ho u
JUTST JICOPUTMOB Ha TETOYMCJIEHHBIX pereTkax win cxem Ha ocHope Classic
McEliece.

TToxkasryit, manbosiee OCHOBATEIBHO BOMPOC O TpebOBaHWAX K Oy/IeBBIM
dyukimaM npopaboran B 00/1aCTH TEHEPAIMKA TPYAHBIX BXOJOB JJisd TPOT-
pamum-pemareseii (cum., Hanpumep, [50, 51, 52]). B wacrroctu, B pabore [50]
YKa3bIBAETCs, YTO B OTJIMYME OT CJAy4alHbIX OyjeBbIx QPYHKIMHA MHIYCTPU-
AJIBHBIC JOJI2KHBI JCMOHCTPUPOBATH HAJIXYINE OHpe,Z[eJ'[eHHOﬁ CTPYKTYPBI CBA-
zeii. IIpu 3TOM OHOM M3 KAOYEBBIX TPOOJIEM TeHEPAITUN SIBJSIETCA Jerpaia-
[Usi CJIOKHOCTU U3-33 OIPAHUYEHHOCTH MHCTPYMeHTOB Mojudukanuu [50].
B ¢BO®O 0uepejib, OrpaHUYEHHBIE BO3MOXKHOCTH MOJAMMPDUKALAY 0DYCI0BIIE-
HBI CTPEMJIEHUEM COXPAHUTDb CEMAHTUKY OV/IeBBIX (DYHKINIA, TTOTYIaeMbBIX U3
SKCIEPUMEHTAIBHBIX JAHHBIX. TakuM o6pazoMm, HEOOXoAUMBI 3(DhEKTUBHBIE
MHCTPYMEHTBI, TTO3BOJISIIOIINE OCYIECTBIATh THOKYIO MOJIU(PUKAIIIIO CTPYK-
TYpBI CBsi3elt B OyjieBoit (pyHKIUU, HACTEAYS TPYIHOCTH UCXOMHOHN (DyHK-
nuu. C gpyroit CTOPOHBI, Jjis pa3paboTKNU CaMHUX perrareieil HeoGX0 MBI
Tpyauble BapuadaThl 3SAT, opueHTHpOBaHHBIE He Ha CaydaifHble BXOIBI, a
HAa CTPYKTYPUPOBAHHBIE.

OCHOBHOIT TI€JIBI0 JTAHHON CTATBU SBJISETCS OIMUCAHUE [IPOCTHIX Tpeodpa-
30BaHU JIJIsi PETYJIUPOBAHUs CBSI3HOCTH OyseBbIX (DYHKITUI, KOTOPbIE MOXK-
HO HUCHOJIB30BaTh KaK (PHEeKTUBHBIN MHCTPYMEHT [pU IeHepalun OyJIeBbIX
dbyHKIMt 1 MacKupoBKe JaHHbIX. Ha ocHoBe 3Tux nmpeobpa3oBaHuil MbI 110-
JIYYUM PsiJl TPY/IHBIX BAPUAHTOB MIPOBJIEMBI BBITOJTHUMOCTH, KOTOPhIE MOXKHO
HCII0JIB30BATH HE TOJIBKO JJisi JiokazareabcTrsa INP-1pyanocTu, HO U Jijisi Uc-
ciiegopanuit 3a npegenamu NP,
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1 JIn3bIOHKTUBHO-CBA3HBIE Oy/1eBbl (DYHKINN

Byaem rosoputrs, uro smrepas & npunayiexut qusbionkiuuu C; Buga (2)
u nucare x € Cj, ecm cymiecrByeT 3HadeHue j Takoe, 4ro T = u;j. Jis
Jroboro utepasa x OyaeMm moaarath, 9To @ = ——x. Jasg bynseBoit dpyHKINNT
f suna (1)pacemorpum rpad Gy = (Vy, Ef), 3a1aHHbIIH MHOKECTBOM BEPIINH

Vi={Ci1<i<m) (3)
¥ MHOXKECTBOM pebep

Er={(C;,Cj) | 1<i<m,1<j<m,
Jz((x € iV e Cy) ANz e Cy vz ely))}. (4)

Cuenys [53], 6yneBy dynkuuo f Buga (1) Gyem Has3bBaTh AU HIOHKTUBHO-
cBs3HO#, ecnu rpad Gy apagercs casubiM. Paccmorpum rpad Dy = (Vy, Py)
3a/IaHHBI MHOXKECTBOM BepINUH (3) U MHOXKECTBOM pebep

Pr={(Ci,Cj) [1<i<m,1<j<m,
Jz(z € C; Nz € Cy)}. (5)

Bynesy dynkumio f Buma (1) 6ymem Ha3bIBATH CHJIBHO JU3BIOHKTUBHO-CBSI3-
Hoit, ecin rpad Dy sBasercs casabiM. Vexons us orpanmdennii (4) u (5),
HaKJIabIBAEMbBIX HA pedpa rpada, y Iu3bIOHKTUBHO-CBA3HON OYy1eBO# (PyHK-
MU MEXKY N3 BIOHKITUSIME CYITECTBYET CBA3b TOTJA U TOJTBKO TOT/A, KOTIA
y HUX €CTh 00Ias mepeMeHHasi, a y CUJIbHO IU3bLIOHKTHBHO-CBSI3HOM Oy1eBOit
GhYHKITMT MEXKITY TUIBIOHKIMSAMHA CYIIECTBYET CBA3b TOTJA W TOJIBKO TOT/IA,
KOT'/Ia V HUX €CTHb O0Iwmil jiurepa..

2 Jdu3boHKTUBHO-CBA3HadA 3SAT

Paccyvorpum crauana GhopMyaIupPOBKY OCHOBHOM MPODIEMBI BBITTOTHUMO-
ctu B yaobuo# g mac dgpopme.

ITPOBJIEMA BBIITOJTHUMOCTH (SAT).

JAHO: Byaesa dynwyua f(x1,x2,...,2,) = A2, C;, 2de daz a106020 1,
1 <i < m, pynxyua C; asasemcea Jussronkuuet AUMEPLI0S.

Bormroc: Cywecmsyem au nabop snavenut nepemeruux x;, xj € {0,1},
1 < j <m, maxotd, wmo ewnosnaemca pasencmeo f(x1,xo, ..., Tm) =17

Cornacuao Teopeme Kyka, npobaema SAT gasiaserca NP-nojaoit. Xors
9TOrO YTBEPXK/ICHUsI B siBHOM BuJie B pabotre [54] Her, u3 peccy K ieHuii, npei-
CTaBJICHHBIX B crarbe |54, oueBuuHbIM 06pa30M BBITEKAET €r0 CIIPABE/JIN-
BOCTb.

Teneps pacemorpum mpobaemy 3SAT, npeaoxkenuyto B Kuure [55]. Mbr
mpuseneM GopMyaupoBKy mpobieMbl 3SAT B ynobHoON 1151 HAC hopme, OT-
Judaorieiics ot bopMyIMPOBKE U3 55| JUIIB TEPMUHOJIOTHIECKH.

ITPOBJIEMA 3-BBLITOJTHUMOCTH (3SAT).

JAHO: Byaesa dynwyua f(x1,x2,...,2,) = N2, C;, 2de das arboeo 1,
1 <i<m, pynkyua C; asasemca Jussonkyuets POSHO MPexr AUMEPAAOS.
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Boriroc: Cywecmsyem au nabop snavenut nepemenuux x;, xj € {0,1},
1 < j <'m, maxotd, wmo ewnosnaemcsa pasencmeo f(x1,xo, ..., Tmym) =17

B xuwure [55] mpo6aema 3SAT mpencrasiena kak ogua w3 NP-mosHbIX
npobiem u3 crucka Kapma [56]. B kuure [55] npusenena mosnHOMUAIbHAS
ceopumocth mpobsembl SAT k 3SAT. Bamerum, uto B crarbe Kapma [56]
B crucke NP-mosmbix nmpobsiem npobaembr 3SAT mer. Kapm pacemarpuBan
CIIeIVIOIILYIO ITPOOIeMYy.

I[TPOBJIEMA <3-BBINTOJIHUMOCTU (<3SAT).

HAHO: Byaesa dynryua f(x1,x2,...,2,) = N2, C;, 2de das arboeo 1,
1 <i <m, pynrxuyua C; asaaemca dussronkyuel ne 6oaee MpPex AUMEPAAOS.

Bormpoc: Cywecmeyem au nabop snavenuts nepemenmuns xj, ¢ € {0,1},
1 < j <'m, maxot, wmo ewnoanaemca pasencmso f(xy,xa, ..., Tym) =17

Jnst Kaxk10# U3 Tpex pacCMOTPEHHBIX (DOPMYIUPOBOK TPOOIEMBI BBITION-
HUMOCTH PACCMOTPUM aHAJIOr, Tpebyforuii, 4Todbel OysieBa OyHKNUA ObLIA
I3 bIOHKTHBHO-CBA3HOM.

IIPOBJIEMA BBIIIOJIHUMOCTU ,ZLI/IS'b}OHKTI/IBHO—CBHSHOI/UI BYJIEBOH
oVHKIMK (C-SAT).

JAHO: Byaesa dynruyua f(x1,x2,...,2,) = A Ci makxaa, wmo epag
Gy asaaemca ceasnvim u daa aobozo i, 1 < i < m, dynwyua C; asaaemca
Jusslonkyuets AUMEPAAOG.

Borroc: Cywecmsyem au nabop snavenut nepemernox x;, xj € {0,1},
1 < j < m, maxot, wmo ewnosnaemca pasencmeo f(x1,xo, ..., Tym) =17

ITPOBJIEMA 3-BBIITOJTHUMOCTU N3 bIOHKTUBHO-CBSA3HON BYJIEBON
ovHKIMK (C-3SAT).

JAHO: Byaesa dynruyua f(x1,x2,...,2,) = A Ci makaa, wmo epag
Gy asasemca ceaznvim u daa amobozo i, 1 <i < m, dynwyua C; asasemca
Jussionkyueti POBHO MPET AUMEPAAOS.

Borroc: Cywecmsyem au nabop snavenut nepemennox x;, xj € {0,1},
1 < j <m, maxotd, wmo ewnosnaemcsa pasencmeo f(x1,xe, ..., Tym) =17

IIPOBJIEMA <3-BHIIIOJHUMOCTH U3 bIOHKTUBHO-CBA3HON BYJIEBON
oVHKINN (C-<3SAT).

JAno: Byaesa dynruyusa f(z1,x2,...,2,) = A C; maxaa, wmo epag
Gy asaaemca ceaznvim u das amobozo i, 1 < i < m, dynxyua C; asasemca
Jussronkyuet ne bosee MPET AUMepaios.

Bormpoc: Cywecmeyem au nabop snavenuts nepemenmos xj, j € {0,1},
1 < j <'m, maxot, wmo ewnoanaemca pasencmso f(xi,xo, ..., Ty) =17

BamernMm, arto eciau Oynesa Gyukims f(x1, X, ..., Ty) HE SIBISIETCS TH3b-
FOHKTHBHO-CBSI3HOMN, TO HafiayTca OyneBsl hyHKINNT

g(xilaxizy"wxip) :le /\0]2 /\/\0qu
h(xmvxma---azrs) :Cl1 /\Cl2 /\"'/\Clt

TakKue, 94To

n=p+s,
m =q+t,
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{1, 20,20} = {ziy, iy, o, 20,  UL{Dr, By, 2 )
{@iy, @iy, ooy @i,y OV {2y, gy 2} = 0,
{Cl,CQ,...,Cm} = {le,CjQ,...,qu} U {Cll’Cl27"'7Clt}7
{le,CjQ,. . .,qu} N {011,012,. . ~7Clt} = 0.

B stom ciyuae dyakius f Oyner BBIIOJHATHCH TOIVIA U TOJBKO TOIJA, KO-
ria ObIJeT BBIIOJHUMON KaxKpas uz dyakiuit g u h. CoorBeTcTBEHHO, €c-
JIn y HAC €CTh MOJUHOMHUAJIbHBIN aJrOPUTM JIJIS ITPOBEPKHU BBITOJHUMOCTH
JNU3BIOHKTUBHO-CBA3HON Oy/ieBoil DYHKIMHU, TO HANAETCH U MOJTUHOMUAb-
HBI{l QJICOPUTM JIJIsl IPOBEPKHU BBITOJTHUMOCTH ITPOU3BOJIbHON OysieBoit byHK-
mun, T.e. ecau npobiaema C-3SAT mpumagiexur ximaccy P, To m mpobiema
3SAT mpunagmexur kgaccy P. Ognaxo, ecti P # NP u3 Toabko 9To
PaCCMOTPEHHBIX PACCYXKIeHU He cieayer aBromarndeckn, uro 3SAT mo-
smaOMuATRHO cBOoguTcst K C-3SAT, mOCKOSBKY MPOBEPKA BBITOJTHUMOCTH
dbyukmn f o dbymkmuam g n h morpedyer NP-opakyma. Ilpu permennn
zagaun Ha npaktuke pyukimu NP-opakyia MOXKeT BRITIOJHUTH TPOTPAMMa-
permarenb. OJHAKO 9TO HE TMOAXOINAT It 33734, TPEOYIONUX COBMECTHOTO
peITiennst HeCKOJIBbKIX TPOOIeM, W 3a/1a9, B KOTOPBIX BasKHA, CEMaHTHIECKAS

Harpyska OysieBoit GpyHKIMH.

JLnst kaxkm0it w3 Tpex chopMyaupoOBaHHbIX Tpobsiem mokazareabcTBo NP-
MOJTHOTHI MOXKHO MOAYINTh Kak ciaegacteue NP-nogroTE pobembr 3SAT,
UCLOIB3Ys JIOKaJIbHOE IpeobpasoBanue, npejioxkentoe B pabore [53]. Oue-
BUJIHO, UTO €CAW y KAXKJO¥W Tapbl JAUIBIOHKIMN €CTh 00Imas mepeMeHHas,
Tto rpad Gy gabigerca casubiM. Ecmm rpad Gy He dBIdeTcs CBA3HBIM,
TO HAMAYTCS AM3BIOHKIMU JUTEPAToB Vi _ju; \/;J-Zlvj, He MMeromme 0b-
[UX [epeMeHHbIX. Bo3bMeM HOBYIO TIEPEMEHHYIO ¢ U 3aMEHUM B (DYHKITHH
f(z1,22,...,2,) mondopmyty

(Vimyui) A (Vi v5) (6)

uHa, dopmyry
(Vimyui) A (ViZyi) A (up V og V). (7)
TMonyunm dyuriyo g(z1,x2,. .., Ty, y). OueBngro, uro 3amena GOPMYIIbI

(6) ma dopmymy (7) yMEHBITAET KOJUIECTBO TAD U3 bIOHKIINT, Y KOTOPBIX
Het obmux nepemMennbix. CooTBETCTBEHHO (DYyHKIMSA ¢ COAEPIKUT Ha, OHY Tia-
py menbire, yem dyariug f. [Ipu 970M TOCKOIBKY BCE AU3BIOHKIME (YHK-
nuu f comepxarca B (PYHKIUU ¢, U3 BBIMOJHUMOCTH (DYHKIUU § CJIEIYET
BBIOJTHUMOCTE (pyHKIMU f. Bcim dynkius f ucruana Ha HEKOTOPOM HAbO-
pe ti,to, ..., ty, 10 g(t1,t2,...,tn, 1) = 1. CnemoBarensno, 3amena (GopmyJibl
(6) Ha dopmyny (7) coxpaHsieT BHINOJHUMOCTD. JIETKO MOHSTH, UTO TOCTe-
JIOBaTEThHOE TpuMeHeHne 3aMensl hopmynbl (6) Ha dopmyny (7) mo3Boss-
€T TOJYYNTh TOTHHOMAATBHYIO CBOJAUMOCTE OT mpobaeMbl 3SAT &k mpobute-
ve C-3SAT. YuuThiBasi OUeBUIHYIO TPUHAIEKHOCTL mpodbmaeMbr C-3SAT
kiaaccy NP, sro moxkazeisaer NP-nonnory mpobnembr C-3SAT. Ilockoss-
Ky mpobaema C-3SAT amasercs gactabiM cay4daem npobiem C-SAT un C-
<3SAT, raxxas U3 HUX TOxKe saBasgercss N P-ToHoi.
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Bamerum, 94To, OCYIEeCTB/Iss] OCIeJI0BATE/IbHBIE 3aMeHbl (hopmy. Buga (6)
Ha hopmyJibl Buga (7), Mbl MOZKEM UCHOJIB30BATH OJIHY U TY YK€ EPEMEHHYTO
y. [TosToMy MBI MOXKEM TIOTYIUTH UTOTOBYIO (PYHKITHIO, COMEPKAIITYIO €/TNH-
CTBEHHYIO JOMOJHUTEIBHYIO MEPEMEHHYIO Y, OTCYTCTBYIOIIYIO B HAYAJIHHOM
CIIUCKE TTEPEMEHHBIX.

Xora ucnosp3oBanue 3amenbl gopmysn suga (6) wHa dopmyssl Buma (7)
obecrieunBaeT MpPOCTOil crocob Tepexojia 0T MPOU3BOIBHON OyieBoit byHK-
WU K JIA3BIOHKTUBHO-CBSI3HOM, Y TOT0 Criocoba ecTh Cepbe3HBIN HeJpocTa-
ToK. IIpu TakoM MOCTpOEHUH U3 BbIOHKTUBHO-CBI3HON Oy/IeBOll PYHKIUU HE
HACJIE/IYeTCA KOJIUMYECTBO PEIeHni, IOCKOJIBKY [PU OIIPE/IEIEHHBIX YCIOBUIX
MBI, KpOMe pellleHud Buja t1,%2,...,tn, 1, MOXKEM IOJYUYUTHL PEIIEHUE BUJA
t1,t2,...,tn, 0. llpudem He Bcerma ecTb OYEBHAHBIN CIIOCOD I OTCICIKABA-
HUd, CJIeIyeT JU U3 TOTrOo, UTO t1,t9,...,t,, 1 ABASETCT pelreHneM, TO, ITO
t1,t2,...,tn,0 TOXKe OyneT perreHueM. 3aMeTUM, YTO B ODIEM CJaydae IIpo-
61ema, Tpebyrorias BEISCHUTE 0 JaHHOM OysieBoit byuknuu f(x1, X2, ..., Ty)
U JAHHOMY pelIeHuio ti,ts,...,t,, CYIMIECTBYET JI elle oauH Habop, Ha KO-
Topom dyrKImst f BeIoaHSIETCs, siBastercst NP-noswoit [57].

OrcyTcTBre COXpaHEHUs] KOJWYECTBA, PEMIeHUil TP CBOJAUMOCTHU CYIIEe-
CTBEHHO 3aTPYyAHSAET JajbHeINee NCIoJIb30BaHNeE MPOBJIEMBb! JJId UCCIIe/0-
BaHI/Iﬁ, CBA3aHHBIX C MHOTUMHU BaKHBIMU KJIaCCaMW, HAXOJAIIUMUCA 3a IIpe-
nenavu kyiacca NP, 94T0 3HaunTeIbHO YMEHBINAET TOJe3HOCTH TPeobpaso-
BaHUS Ha OCHOBE 3aMeHbl (popmyn Buga (6) mHa dopmyasr Buga (7) ¢ Teope-
THYeCKOi TouKM 3penusa. C MPaKTUIECKOM TOUKHN 3peHus Ipeobpa3oBaHusl,
KOTOPBIE HE COXPAHAIOT KOJIMUECTBO PEIICHUIT, TOXKe He BCerha JOIMYyCTUMBL.
B wacTHOCTH, MX HEMB3sT WCIOJIB30BATH COBMeCTHO ¢ #SAT-permarenamu
[58, 59]. Bo MHOrux csiyudasix HeJOIyCTUMO LPUMEHSITh Takue peobpasoBa-
Hug B KpunTorpaduydeckux reaax. X Heab3sd TpUMEHATH TPU IPOEKTHPO-
BaHUUM KBAHTOBBIX BBIYUCJ/INTE/IBHBIX CXEM. KpOMe TOT'0, HCCJICAOBAHUS ITOKA-
3BIBAIOT, 9TO [P TEHEPAIMHU CJIYYalHbIX OysieBbix MOYHKINN JJis IPOrPaMM-
pemaresiell BaXKHO yIUThIBATD KOJIMIECTBO Pertenuil i 3tux QyHKnuii 1a-
Ke B TeX CJIyUadx, KOT/a Mepe]] peraTejeM CTABUTCS 3a1ad9a TPOBEpKH BbI-
HOJTHIMOCTH, & He HaXOXKaeHns pemtenuit [60].

3 Kiacchl KOJIMYECTBEHHBIX AJITOPUTMUYECKNX IIPOOIeEM

Ha ceroppammnnii 1eHb MpeiIosKeHo JOBOJBHO GOJIBIIOE KOJTHIECTBO CBO-
JIUMOCTEH, KOTOPhIE MOYKHO HCIIOIB30BATh JIS HCCIEOBAHNS AITOPATMIAYE-
CKUX 3aBHCHMOCTel Mex 1y ipobiemamu [61, 62, 63]. s npobiem uz knacca
NP cranmapTHON ABIAETCA MOJUHOMUATBHAA CBOAUMOCTD.

Jst IpOM3BOIBHOTO MHOXKECTBA Y. 0003HAUMM depe3 X% MHOXKECTBO BCe-
BOBMOXKHBIX CI0B Has ajadasurom Y. s npousBoibHbIX s361K0B Ly, L1 C
Y1, m Ly, Ly C 35 caenyst [55], Oyjaem rosoputb, 410 si3blk L 110J10-
HOMUAILHO CBOJAMTCA K SI3bIKY Lo, €CaM CyIIECTBYET JIeTePMUHUPOBAHHAS
MamrHa ThIOPUHra, BBIYUC/ISMIONAS 3a MOJMHOMUANLHOE BpeMst (DYHKIMIO
f X7 — 35 makyto, uro x € L; Torma m TosbKO TOorma, Korma f(x) € Lo
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mst Jioboro x € 7. Eciu a3bik L] 1OIMHOMHAJIBHO CBOAUTCH K sA3bIKY Lo
Oyaem nucars Ly <7 Lo.

fAspik L mazeiBaercss NP-mommbiM, ecoim L € NP u M <p L gas mgioboro
si3pika M 3 NP. Anropurmuyeckast mpobeMa, TpeIrmoIaraionias perneHmne
3 mHO)kecTBa {0, 1}, HaseiBaeTcs NP-nosHoit, ecin NP-nosHbIM sBIIsIeTCS
OTIMCHIBAOIIUI €€ S3BIK. 3aMEeTUM, UTO €CJIM pelleHue mpodJeMbl He 00si3a-
TesibHO w3 MHOXKecTBa {0, 1}, To mpobieMa OTHOCHTCS K KJaccy (hyHKIIHO-
HaJIBHBIX TpobJieM. B wactaocTH, uepe3s FP Mmb1 Oynem obo3navarhs Kiaacc
(bYHKIMOHAJBHBIX MPOOJIEM, PA3PEIUMbIX JETEPMUHUPOBAHHON MAITUHOT
TrropuHra 3a NOJUHOMUAJIBHOE BpEMsi. 3aMeTHUM, YTO MalrnHa TbiopuHra,
YCTAHABJIUBAIOIIAS [MOJUHOMUAIBHYI CBOJIUMOCTH si3blKa L K s3bIKy Lo,
peraeT HeKoTopyio npobaemy f u3 kiaacca FP.

Crenys [64], 6ymemM ToBOpUTD, UTO A3bIK L1 JOTapudMUIECKH CBOIUTCA K
s3bIKy Lo, eciu cyiecTByeT JeTepMUHUPOBaHHAsS MaliwHa 1biopuHra, BbI-
qucnsomas gyaknuio f @ X7 — X3 ¢ ucnonszoBannem namsarn O(logn)
Takyi, uro ¥ € Lj Torma u ToabKO Torma, Korma f(z) € Lo mma sobo-
ro z € XJ]. Ecim a3eik Ly sorapudmMudeckn CBOANTCA K A3BIKY Lo Oymem
nucarb L1 <j Lo. 3amerum, dro ecom MammHa ThoopuHra obecreduBaer
JIOTaPUMMUIECKYIO CBOIUMOCTD si3bIKa L1 K 361Ky Lo, TO OHA BCEraa OCTa-
HABJIMBAETCS Y€Pe3 MOJNHOMHUAIbHOE KOJMYecTBO maros (cum. [64], mpemio-
xenme 8.1). Tlosromy w3 Ly <j Lo cmeayer Ly <p L. Takum o6pazom,
Tpebopanme JorapunMIIECKON CBOIUMOCTH, BOODIIE TOBOPS, DoJiee CHIBHOE,
geM HeoOXoaAnMO Juia gokazareabecTea NP-rpyaaoctu. Onnako jsorapudyu-
JecKasi CBOJAMMOCTH B OTJIMUWE OT TTOJHHOMHUAJBHON TMO3BOIgeT paboTaTh ¢
mofKJIaccaMu Kjaacca P sa3pIKOB, pacmo3HaBaeMbiX JeTePMUHAPOBAHHON Ma-
mmnaoit Treiopunra 3a mosmHOMHUAIbLHOE BpeMms. B wactmHocTH, siorapudmu-
YECKYH0 CBOJUMOCTb MOYKHO HCIIONIB30BaTh s Kiaacca INL a3b1koB, pacmo-
3HABAEMBbIX HEICTEPMUHUPOBAHHON Maruuoi Thiopunra Ha JsorapudmMude-
ckoit mamsaru. Kpome Toro, mcrnosb3oBanue jg0rapudMuydeckoil CBOAMMOCTH
[PEJICTABASET CYIIECTBEHHbBIN IpakTudeckKuil narepec. B mociaennue 1o
Bce OoJibIllee BHUMAHWE VAEJSETCS TAKUM BOTPOCAM KAK aBTOMATHYUECKAS
reHeparus TecToB [65]; paspaboTKa S3bIKOB TPOrPAMMUPOBAHUS JIJIsST Dere-
HUST 33729 Tpu moMory pemareseii [66, 67, 68]; anmaparHas peajn3anust
perareieii |69, 70]; annapaTHas peaqusalius perrareieil Kak MHOTOIEIEBBIX
nporieccopos |71, 72|; anmapaTHast peajn3alinst TpOrpaMM, CO3TaHHbBIX Pellla-
restsivmu [73]. Bee 910 yKasbiBaeT Ha MOCTENEHHO GOPMUPYIOILYIOCS TEHICH-
[IUI0 TIEpexX0jia OT ITPOrPAMMHOIO PEIlleHns MPUKJIAIHBIX 33134 ITPU TTOMOIITH
peraresiell K anmapaTHOMY, 9TO TpebyeT SKOHOMHOI'O OTHOIIEHUS K HaMATH
IIpU TTOCTPOEHNUH CBOJUMOCTel. B majbpHeleM Mo/ mMoJTMHOMAAJIBHON CBOIH-
MOCTBEO si3bIKa L1 K si3bIKY Lo MbI OyJeM IMOHUMATH JOrapudMUUYECKYI0 U
mucath Ly < Lo.

Paccmorpum Ternepnb psifi BaKHBIX KJIACCOB, HAXOJSIIUXCS 33 [IPEJIeIaMu
NP. Jng mpoussoabHoit aaropurMudeckoi mpobaemsbr A depes #.A Oynem
o0bo3HavaTh MpobJIeMy, TPEeOYIONIYIO IO JAHHOMY BXOAy Ipobjembl A HaiTh
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KOJIn4ecTBO pemenuit mpobaembr A Ha 5T0oM BxOge. g npousBoabHbIX UC-
XOJIHBIX JAHHBIX £ U IPOU3BOJIbHON HEJETEPMUHUPOBAHHON Mamuubl ThI0-
punra T uepe3s #acep(x) u #rejp(zr) Mbl 6yaeM 0603HAUATH KOJIUUIECTBO
JIOTIYCKAIONIUX U OTBEPraioInX BXOJ & BBIUYNCIEHWI, COOTBETCTBEHHO. depes
GapP wmbr 6ynem obo3HauaTh KJjace Bcex yHKINM f, JJIsT KOTOPBIX CYIIe-
CTBYeT HeJeTepMUHUpOBaHHAas MalHa Thiopunra T Takas, 4TO PABEHCTBO
f(z) = #acer(z) — #rejr(x) Bomomnsiercs mis Beex x. Cremys [74, 73],
OyaeM I0JaraTh, 9To

e PP — xnacc a3pikoB L C ¥*, mid KOTOPBIX CYNIECTBYeT (DyHKIHS

f € GapP Takasg, aTo
rel & f(x)>0

quts moboro x € ¥* |76, T7;
ModiP — kiacc a3eikoB L C 3%, mjist KOTOPBIX CyIIEeCTBYeT (DYHK-
musi f € GapP rtakas, uro

r€e€L<e f(r)#0 mod k
mta gioboro x € X |78, 79, 80];

e &P = Mod;P [81, 82];
e SPP — kunacc s3bikoB L C X%, juist KOTOPBIX CYIIECTBYET (DYHKITHS

f € GapP Takas, aTo
reL= f(z)=1,
x¢ L= f(z)=0
quta oboro x € ¥ [83];

C_P — xnacc s3pikoB L C ¥*, /719 KOTOPBIX CYIIECTBYET (PYHKIINS
f € GapP Takas, aTo

reLl<s f(r)=0

auist moboro x € X* 77, 84];

WPP — xnacc szpikos L C 3, 7718 KOTOPBIX CYITECTBYIOT (DYHKITAN
f € GapP u g € FP rakue, uro jis ji10601r0 £ € X* BbIIOJIHAIOTCS
COOTHOIIIEHUST

zel=flz)=g),
x¢ L= f(r)=0

u 3HaveHne GyHKuuu ¢g(r) OTAUIHO OT Hy/s [83].

Bamernm, 9TO JJIs 9THX KJACCOB W3BECTHBI CJIEAYIOIMe COOTHOIIeHus [74,

85]:

P CSPP CWPP CC_P CPP,
SPP C P C Mod;P,
co— NP CC_P,
NP Cco—-C_P,
WPP C co — C_P,
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e kaace co-NP asisercs gomosaennem kiaacca NP, a co-C_P obozna-
qaer gonoanenue Kiaacca C_P.

Crnenys [86], momcunreiBatonieii Mammuoil ThiopuHTa MBI OyIeM Ha3bI-
BATh HEAETEPMUHUPOBAHHYIO MaImuuy Thiopunra T’ ¢ JOTOJTHUTEILHON JIEH-
TOM, NpeTHA3HAYEHHON IjId MeYaTH B JABOMYHOM BHIE 3HAYEHUsS (DYHKIUU
#acer(x). ObosnaunM [epe3 t(n) MaKCHMAIbHOE BPEMs JTOMYCTHMOTO BBI-
YHACJIEHUsI Ha BXOJAX, pa3Mep KOTOPLIX He MPEeBOCXOIUT 7. Bydem mpemmo-
JIaraTh, YTO MMOACYNUTHIBAIONIAA MaIIWHa THIOPUHTa B XYAIIEM CIydae hMe-
eT CJIOKHOCTE 10 BpeMenn t(n). CoOTBETCTBEHHO, TPYI0EMKOCTh MeHEPAITUH
sHavdeHust QYHKIUN #acer(x) Ha IOMOTHUTETBHON JICHTE HE YIUTHIBACTCS.
O6oznaunm yepe3 #P kitace, cocrositiuii u3 Bcex OYHKINH, KOTOPbIE MOTYT
OBITDH BLIYUC/IEHDI IOICIUTHLIBAONIEH MaITuHO# ThioprHTa 3a MOJNHOMUAAIb-
HOe BpeMs [86).

Kax u mig 60abMnrHCTBA APYTHX KJIACCOB BBIYUC/IUTEIBHON CIIOXKHOCTH,
JI0OKa3aTeIbCTBO #P-Tpy HOCTH HEKOTOPOI aJrOpHTMHYECKOl mpobreMbl A
OOBIYHO 3aK/IIOYAETCHd B CBEJIEHUU K Hell HeKoTopoit #P-1oJsiHo#l npobjieMbr
B. Ograko CBOAMMOCTE JOJIXKHA, 00ECeINBaTH COXpaHeHe KOJIUIEeCTRa, Pe-
mrenwit. s mpomssoanHOTO BXOoma I amropurmmdeckoil mpobsaemsr II 06o-
sHaunM depe3 #I koandectro perrennii mpobsemsr 11 Ha Bxome 1.

Ecnn gyst mobeix Bxogos I € Iy u Iy € I Takux, uro R(I1) = I3, umeer
MeCTO paBeHCTBO #1; = # 1, TO TOMMHOMHUAIBLHAS CBOANMOCTE R TpobIeMbl
IT; k npobseme Iy HazbiBaeTcst sKOHOMHOT [87]. Jlyist 5KOHOMHO# CBOMOCTH
MBI OymeMm ucmosb3oBarh obosnadenue 1) <p Ils.

ITo npowussonbroit dyukiun #A4 : ¥* — N uz kuacca #P, caenys [88],
OTIPEIeSIUM CJIEYIOIINE AJTOPUTMUIECKUE TTPODIEMBI.

e & A — 10 HPOU3BOJLHOMY BXOHLY T € X* BBISICHUTD, SIBJSIETCS JIX
sHavenne #.A(x) HedeTHBIM.

e Mod; A — 110 IpoU3BOJLHOMY BXOIY T € YL* BBIICHHTH, BEPHO JIH,
110 #A(z) #0 mod k.

e Diff A_y — mo mpomsBosbHOMY BxOIY (Z,y) € X* X X* BBIICHUTH,
BepHO J, 910 #A(2) = #A(y).

e Diff A,y — mo mpomsBosbHOMY BXOIY (Z,y) € X* X X* BBIICHUTD,
BepHO J, 910 #A(z) > #A(y).

e Diff A_; — 1o npoussoabHOoMy BxOLy (z,y) € ¥* X ¥* B npeamnosio-
JKEHUW, 9TO

(xv y) € Iyes U Ino,
Tae

Tyes = {(2,y) | #A(x) = #A(y) + 1},

Ino = {(‘T’y) | #.A(CC) = #.A(y)},

BBICHUTE, BEPHO JIU, YTO

(xa y) € Iyes'
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e Diff A_;, — 1o mpoussonerOMy BxOmY (2,y,k) € ¥* x ¥* x N B
MTPEJITOTOKEHNUN, ITO

(.I‘, Y, k) € Iyes U In07

rue
Iyes = {(a:,y, k) | #A(l.) = #A<y) + k}v
Ino = {(l’,y, k) ’ #.A(.’I}) = #A(y)},

BBISICHUTE, BEPHO JIM, YTO
(2,1, k) € Lyes.

Cornacuo 88|, ecam npobiema #.A siBasiercst #P-mnosHoii oTHOCHTEIBHO
9KOHOMHOMH cBOgMMOCTH, TO mpobsembr GA, ModiA, Diff A_y, Diff A-,
Diff A_,, Diff A_; asnsiorcs nomusmvu s kiaaccos ©P, Mod,P, C_P,
PP, SPP, WPP, coorBercraenHo.

4 DKOHOMHAas CBOAMMOCTL ajda 3SAT

HokazaresancrBo Teopembl Kyka [54], koropoe ycranasiaupaer NP-Tpyi-
HOCTB IpobeMbl SAT, aBjistercs MEPBBIM TPUMEPOM HEMOCPEJICTBEHHON WH-
Teprperanun Mainael ThiopwHra mpn gokaszareasbcrse NP-mosHOTHD airo-
purMugeckoit mpobsembl. Takoit moaxo/ ucno/ib3yercd BecbMa penko. Js
OOJTBITUHCTBA AJTOPUTMUTECKUX MPOOJIEM JTOKA3ATETHCTBO TPYAHOCTU OCY-
ECTBJISIETCST TEMOHCTPAINel TOMMHOMUAIBHOM cBomnMocTH oT SAT nim ot
mpoOIEeMBI, JIJIsT KOTOPO#i cBoauMOcTh oT SAT yiKe m3BecTHA.

Crnenyer ormeruthb, uTo B pabote [54| 6ynesa dyukuus f(z1,2,...,Ty)
CTPOUTCS TaK, YTO KAXKJIOMY JIOTMYCTUMOMY BBIYUCJIEHWIO MaIWHbl T HIOpUH-
ra COOTBETCTBYET DOBHO OJWH HAOOD 3HAUEHUI TEpPEMEHHbBIX, [IJIsi KOTOPOTO
flx1,x9,...,2) = 1. Crnenysa paccyxmenusm Kyka, mpeacraBjeHHBIM B
pabore [54], HecmoxkuO ybemuThcsd B TOM, uro Tpobsema #SAT spistercs
#P-1101HON OTHOCUTEILHO SKOHOMHOM CBOJIUMOCTH.

Jlerko mowsTH, 9T0 B KHHUTE [55| mpemcraBieHa dbopMynmupoBKa mpobiie-
MBI 3-BBIIOJTHUMOCTH, KOTOpas Oojiee ynoOHa il UCIOJB30BAHUS [IPU JI0-
KA3aTeMbCTBE TPYAHOCTH pasandHbix mpobiem. Ilpobrema <3SAT mpemrmo-
naraet, 4to B dyuknun f(x1,x,...,T,) HET AU3BIOHKIWI Gojee Tpex Jiu-
TepasioB, a y mpobaembl 3SAT Her m AU3LIOHKINN OOJIee TPeX JUTEPAJIOB,
W JIM3BIOHKIWIE MeHee Tpex Jaurepasos. OpHAKO, TMOJIMHOMUAJILHAS CBOJIN-
MOCTb, TIOCTpOeHHast B [56], siBjIsieTCst SKOHOMHO, & TOJNHOMHUAJIbHAS CBO-
JIMMOCTh, TpejJIoKeHHast B [55], skonomHON He sBnserca. B camom jee,
JIOKa3aTe bcTBO B [56] ocHOBaHO Ha 3aMeHe TPOU3BOJIBLHOM N3 bIOHKINHN JIN-
TEPAJIOB

o1VoaV---Vop, (8)
roe m > 3, dpopmyoi
(O’l\/Ugvul)/\(O’3VU4\/~--\/Um\/—|’U,1)/\
(ﬁag\/ul)/\(ﬁo4\/u1)/\-~/\(ﬁam\/u1), (9)
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rIe U1 ABJsiercs HOBOM nepemennoit. Ouesuano, uro dhopmyia (9) BbinoHs-
€TCd TOIJa U TOJIBKO TOI'Zla, KOI'Zld BBIIIOJIHAIOTCA BCE €€ KOH'bIOHKTDBI. ECJII/I
Aag HeKoToporo 3 < ¢ < m MMeeT MECTO PABEHCTBO 0; = 1, TO AJId BBITION-
HUMOCTH

(—\Ugvul)/\(—\04\/ul>/\"'/\(ﬁgm\/ul); (10)

HeobxomMo, 9100kl u; = 1. Ecam mma mgoboro 3 < ¢ < m WMeeT MeCcTo
paBencTBO 0; = 0, TO JiJIs BBITOJTHUMOCTHT

o3V oy V- Vo, V-u, (11)

HeoOxoamMo, uTobbr u; = 0. Takum obpasom, dopmymsr (10) u (11) obecre-
IUBAIOT €INHCTBEHHOCTE perennst (9) 1rs kaxgoro perterns (8). Hectoxkuo
yOeTUTHCST B TOM, ITO OTCIOA BBITEKAET, YTO CBOIUMOCTH, KOTOPYIO B pabo-
te [56] mpemnoxkmn Kaprir, sBjsieTcs 9KOHOMHOI CBOAUMOCTBIO OT TPOOIEMBI
SAT & mpobreme <3SAT. Coorsercrsenno, npobaema #<3SAT asnsger-
cst #P-110JIHO# OTHOCUTENBHO SKOHOMHOU cBojumocTu. C JApyroil CTOPOHHI,
3aMeHa JU3BIOHKINNA JTUTEPATOB

o1V oy (12)

dopmyioit
(01 VaoaVur) A(o1VoaV—u), (13)

npejyraraeMasi B [55], BoobIie roBopsi, MO3BOJIAET 171 KazK10r0 perrenus (12)
nostyanuTh sBa permenns (13). IloaroMmy cBOIUMOCTD, Ipe/IOKEHHASA B KHUATE
[55], sxorOMHOI He aBsgeTcd. Bo MHOMEX CIydasix 9TO JegaeT CBOJAUMOCTD,
NPeJIOKEHHYT0 B KHWUTe [55], Heymo6HOi fyist JasbHeinero ncnoib30BaHusl.
YuanrhiBas 10, 9To mpobsaema 3SAT spisercs Hambosiee TOMYJIAPHON TTPU
JOKA3aTeLCTBE TPYAHOCTH, €CTECTBEHHO CTPEMUTHLCH TOJIYIUTh I Hee He
TOJIbKO Hambosee 3hPEeKTUBHYIO CBOAUMOCTD, HO M MAKCHMAJIHLHO BBIPA3U-
TeJIbHYI0 (DOPMYIUPOBKY, TOCKOJIBKY BO MHOTHX CIy9asiX CBOWCTBA, KOTOPHIE
Mori 661 OBITE chopmyupoBanbl s mpobsembl 3SAT, npuxoauTcs: MHO-
FOKPATHO BOCIPOM3BOUTH MPU TOCTPOEHUM CBOAMMOCTEl (CM., HAmpuMep,
[89, 90]).

B dopmymuporke <3SAT MOXKHO HpeAmoaraTh, 9T0 B OJHON U TOH Ke
JU3BIOHKIIAY JIUTEPAI MOXKHO WCIOJB30BATH, BOOOINE TOBOPS, HECKOJBHKO
pas. Torga mbr jerko noayaum 3SAT u coxpaHUM SKOHOMHOCTH CBOIMMO-
cru. Hanpumep, U3 BIOHKIAY % ¥ U V U MOYXKHO 3aMEHSITh Ha, U3 bIOHKITHI
uVuVunuVuoV o, coorBerctBenHo. OIHAKO JOMYIIEHNEe MHOMOKPAT-
HOI'0 MCIIO/Tb30BaHUS JUTEPAJIOB IPHU JTOKA3ATEIBCTBE TPYIHOCTH MIPOOJIEM,
HATIPUMED, JJId TPpadOB MOXKET MPUBECTH K TTOSBICHUI KPATHBIX BEPIITUH U
pebep. Pazbop cooTBETCTBYIONUX CJIYYIAEB MOXKET CIEIaTh TOKA3ATEJILCTBA
CYIECTBEHHO G0JIee TPOMOZIKUMU. AHAJTOTUYHBIE MPOOJIEMBI BOSHUKHYT U
JIE MHOTHUX JPYTUX TPUKIAIHBIX 33,0a4.

HecnoxHoit MonndukaIyeil J0Ka3aTebeTBa, MPEII0KEHHOTO B [55], MOK-
HO COXPAaHUTHh SKOHOMHOCTH CBOJUMOCTH 6€3 UCIIO/Th30BAHUS TOBTOPSIOIITIX-
cs1 auTepaJsioB. B 9acTHOCTH, BMECTO JIOKAJIBHOU 3aMEHBI, TPEII0KEHHON B
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[55], MOxKHO MCHO/NB30BATH JOKAIBHYIO 3aMeHy cJejytomero suja. Ipous-
BOJIBHAS JIM3BIOHKIUS 0] 3aMEHseTCs Ha POPMYIy
(01 Vur Vug) A(—up V—ug V—us) A
(u1 V —ug V —\U3) VAN (ﬁul V uz V —|U3) A
(—\ul V ug V U3) A (U1 Vug V —|U3) VAN
(ug V —ug Vug) A (—ug V ug V us), (14)

JU3BIOHKINA 01 V 09 3aMeHdgercd Ha (hopMyiry

(o1 Voo Vur)A(—up V—ug V—ug) A

(ug1 V —ug V —ug) A (-ug Vug V —ug) A

(mug V —ug Vug) A (ug V ug V —ug) A
(up V —ug Vug) A (—ug Vug V us), (15)

qu3boHKug (8) 3amensercsa HA HOPMYITY
(o1 VoaVur)A(ogVogV---VopV-oup) A

Nitjm>i>2,m>j>2(703 V 20 V ug) A

Nigjmzi>2,m>j>2(70i V 0j V uy). (16)
Bamernm, uro dopmysia

(—\ul V —ug V —|U3) VAN (u1 V —ug V ﬂUg) A
(—\ul V ug V —\U3) A (ﬂul V ug V U3) A
(u1 V ug V —\’LL3) VAN (u1 V —ug V U3) VAN
(—u1 V ug V usg) (17)

BBLIIOTHACTC TOI M TOJIBKO TOIJIA, KOTa,
w1 = ug = ug = 0. (18)

Bomosmanvocts dbopmynst (14) wmm (15) tpebyer Beimomaumoctr hopmy-
ael (17). TTosromy BeIIOIHUMOCTH (bopMyibl (14) paBHOCHJILHA BBITTOJIHIMO-
CTH JIU3BIOHKIAU 0] U CUCTEMBI paseHcTs (18). AHaTOrMYHO BBITIOJHUMOCTE
dopmynsr (15) paBHOCHIBHA BBITOJTHUMOCTH JU3BIOHKIWMA 01 V 0y U CHCTe-
Mbl paBercTs (18). Tlosromy 3amena mu3bIOHKIWMI 01 U 01 V 09 Ha (DOPMYJIBI
(14) u (15), coorBercTBEHHO, He BIMsieT Ha KOJIMYECTBO perieHuil. Bosee
TOTO, JIETKO TOHSITh, UTO JJIs BCEX AU3BIOHKINH Buja 01 U 01 V 09 MBI MO-
JKEM UCTIOJIB30BATh €MHY0 TPOWKY TIEPEMEHHBIX U1, Ug U U3. BBITOJIHUMOCTE
dopmynsr (16) Tpebyer BbmosauMocTu dopmyn (11) n

Nitjm>i>2,m>j>2(703 V =0 V ug) A
Nitjm>i>2,m>i>2(703 V 05 V uy). (19)

Ecmm mna mexoroporo 3 < 4 < m MMeeT MECTO PaBeHCTBO 0; = 1, To 1jd
BBITTOJTHUMOCTH hopmyst (19) Heobxoanmo, urobet u; = 1. Ecu gis mro6oro
3 < ¢ < m umeer MecTo paBeHCTBO 0; = (), TO JJIsi BBINOJHUMOCTU (DOPMYJIBI
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(11) neobxomumo, urodsl u; = 0. Takum obpazom, dopmyss (11) u (19)
obeclieunBalT eJIMHCTBEHHOCTD petnenust (16) juist kaxkoro perienust (8).

TaxkmM 06pazoM, MBI TOJYIHIN IKOHOMHYIO CBOANMOCTB OT TPOOIEMBI
SAT & mpobaeme 3SAT. CoorsercTBenno, mpobmema #3SAT asnsgercs #P-
HOJTHOM OTHOCHTEIBHO 9KOHOMHO# cBogmMocTh. [Ipn 5ToM MBI MOYXKeM TpeT-
[oJIaraTh, UTO B KaxKJOH TU3BIOHKIINE TPH JINTEpasa, COOTBETCTBYIOIINE
TPEM PA3JIMIHBIM [I€PEMEHHBIM.

5 OxonomHag cBogumocTh gy C-3SAT

Teopema 1. 3SAT <p C-3SAT.

Zoxasameavcmeo. Ecim wa Bxoje y mpobaembl 3SAT U3 bIOHKTHBHO-CBST3-
Has OysieBa (DYHKITHS, TO HUYEro Jejarhk He HyxKHO. [losTomy 6e3 orpanu-
YeHUsi OOIIHOCTU MOYKHO IPEJINojararbk, 4ro OyjaeBa (OYHKIUS Ha BXOJE Y
mpobseMbl 3SAT TU3BLIOHKTUBHO-CBA3HON HE STBIISIETCS.

PaccmorpuM mpousBogibHyto 6yieBy dyukuuio f(x1, xa,...,x,) Buga (1),
rae g aoboro i, 1 < i < m, dbyskmua C; umeer Buj (2) u sBiseTcs
JNU3BIOHKIUEN POBHO TpeX juTepasoB. Obo3naunM depe3 X MHOXKECTBO BCe-
BO3MOXKHBIX map an3wionkunii (Cj, C;), 1 <i < m, 1 < j < m, He nMeronmx
obmux nepemennbix. B dyukunu f(x1, 2, ..., Ty,) TPON3BOILHYIO HOPMYILY

C;i N Cj, (20)
rae (Cy,C;) € X, 3amernym Ha dopMyITy

Ci Ay A
(y1 Vuiz Vujz) A
(y1 Vya Vys) A(y1V —y2 V —ys) A
(my1 Vy2 Voys) A(mya V gz Viys) A
(Y1 Vy2Voys) Ay V—y2 Vys) A
(=91 Vy2 Vys), (21)

T7€e Y1, Y2, Y3 ABIAAIOTCA HOBBIMU TlepeMeHHbIMU. [Toayunm ByiieBy dyHKIMIO

9(T1, 22, ., Ty Y1, Y2, Y3) =
flxi,xa, ... xn) A
(Y1 VuizVujz) A
(Y1 Vya Vys) Ay Vg2 V—ys) A
(my1 Vy2 Vo) A(mya V gz Viys) A
(Y1 Vy2Vys) Ay V—y2 Vys) A
(=91 Vy2 Vys). (22)
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[peonoxkum, uro Oynesa dbyuxuus f(r1,T2,...,T,) BBIIOJHIETCA HA
Habope ti,to, ..., t,. 3amerum, 9T0o Hopmya

(y1 Vy2 Vys) Ay Vg2 V—ys) A
(~y1 Vo Vys) A (myr Ve Vys) A
(Y1 Vy2V=y3) Ay Vg2 Vys) A

(Y1 V2 Vys) (23)
BBITIOJIHAECTCA TOF/I& N TOJIBKO TOI‘,ZLa, KOF/IL&
y1=y2=y3=1. (24)

TTosTOMY BBITIOJIHSIETCS PABEHCTBO
g(tl,tQ, ety 1,1 1) =1
W I J00BIX a1, Gz, a3 TAKAX, UTO
a1 Nas ANag =0,
MMeeT MeCTO PABEHCTBO
g(tl, tQ, . ,tn,al,ag,ag) =0.

CirenoBare/ibHO, U3 BBIIOJHUMOCTH (DyHKIUU [ BBITEKAET BBIIOJHUMOCTD
dyukiun g. Ilpn sToM Kaxk oMy HabOPy 3HAUEHUN IIEPEMEHHBIX t1, 12, . - . , iy,
HA KOTOPOM BBITIOMHSIETCST (DYHKIUSA f, COOTBETCTBYET eIMHCTBEHHBIH HAOOP
BHAYEHUHN TePEeMEeHHbIX t1, 12, ...,1,, 1, 1,1, HA KOTOPOM BBITIOJHAETCA (PYHK-
s g.

Homyctum Temnepb, 4T0 (DYHKIHSA ¢ BBITOJIHAETCA HA HEKOTOPOM Habope
3HAYCHUN IEPEMEHHBIX

t1,%2,. .-, tnt3 (25)

IMockonbky dhopmyna (23) BbimoaHAETCST TOJMBLKO npu ycaosuu (24), Habop
(25) j0/12K€H UMETH BUJL

oty b, 1,1, 1, (26)
IMopcrasus nabop (26) B coornomenune (22), nosyaum
g(tla l2,. .., tn, 17 la 1) = f(t17t27 s atn>

CrenoBareibao, (pyHKIust f BBIIOJHSIETCST Ha HabOPE t1, 1o, . .., Ty.

Taxkum 06pazom, 3amena dpopmysbl (20) wa dopmyny (21) coxpansier Bbl-
HOJTHUMOCTD M KOJIM4eCTBO pemenuii. Hecioxkuo ybeuThest B TOM, 4T0, 0CY-
mecTBuB 3aMeny dbopmyssl Buga (20) wa dhopmyty Buga (21) st Kaxkoii
napsl (Cj,Cj) € X, MBI COXPaHUM BBITIOJHUMOCTB U KOJHYECTBO DEIIeHMil.
Bostee Toro, jierko mouars, ¥to s Beex map (Cj, Cj) € X Mbl MOKeM HC-
[OJIB30BATH OJHHU U T€ K€ MePEeMEeHHbIE Y1, Y2, Y3-

Pacemorpum rpad G4 = (Vy, Ey). 1o onpeznesenuio

Vo=V U{(y1 VuizVu;z), (y1 Vy2Vys),

(y1 VY2 V —w3), (—y1 V y2 V 1ys),
(my1 Vw2 Vys), (1 Vy2 Vys),
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(y1V Y2 V), (-y1 Vy2 Vys)t

Coorsercreenno, kaxaas 3amena opmyasl (20) wa dhopmyny (21) mobas-
JITET HOBBIC BEPITUHBI, KOTOPBIE CMEKHBI MEK Iy COOOI, MOCKOIBKY KaK 1ast
U3 HOBBIX JU3LIOHKIUI COMEPKUT TEPEMEHHYIO y1. 1locae 3aMenbl hbopmy-
asl Buga (20) ma dopmyny suga (21) aas xkaxmpoit mapsr (Cj, Cj) € X Bce
BEPIIMHbI MHOXKECTBA Vj MOmaiyT B OQHY KOMIOHEHTY CBS3HOCTH, OCKO/Ib-
Ky g moboit maper guzbioaknui (C;, Cj), 1 < i <m, 1 < j < m, qmbo
sepruuibl C; u Cj ABAFIOTCH CMEXKHBIMU, JTUO0 CYIIECTBYET IIyTh

(Ci, (1 V uig Vujz), Cj).

Kaskaast rpyIna HOBBIX BEpIINHH, COOTBETCTBYIOMAA 3aMeHe (hOpMYyJIbl BU-
na (20) ma dopmyny Buma (21), obpasyer moJHblil oarpad, BCe BEPIITHHBI
KOTOPOT'O IPHHAJIEZKAT TOH Ke KOMIIOHEHTE CBA3HOCTH, 4TO U V}, 6iaro-
napst pebpam (Cy, (y1 V uiz V uj3)) 1 ((y1 V uiz V u;3),C;). Takum obpa-
30M, 3aMena dhopmyiasl Buga (20) wa dopmyty Bua (21) mis Kayk ol mapel
(Ci,Cj) € X no3possieT HOJYYIUTH AU3BIOHKTHBHO-CBSI3HYIO OyJeBy byHK-
0. /g 3aBepiiennst 10Ka3aTebCTBa TEOPEMbI OCTAJIOCh 3aMETUTDb, ITO
samena opmyssl Buga (20) wa dopmyny suma (21) nobasiser B OyieBy
GYHKIUIO TOJIBKO AU BIOHKIAN, COCTOSIINE POBHO U3 TpeX Jinrepaaos. [J

Bamernm, ato npobiema C-3SAT apiserca 9acTHBIM caydaeM mpobiiem
C-<3SAT u C-SAT. Tlosromy u3 coornorennst 3SAT <p C-3SAT che-
aytor coorromiennss 3SAT <p C-SAT wu 3SAT <p C-<3SAT. Orciona
BBITEKAET CJIEIYIONIEe YTBEPIK IEHNE.

Caencreue 1. Ilpobaemn #C-3SAT, #C-<3SAT u #C-SAT asaaomes

#P—TLO./LH’I)LMU OMHOCUMEABHO IKOHOMHOT C600UMOCTIU.

Paccmorpum Teneps caeayonyo npobremy.

TTPOBMEMA 3-BHIITOJHUMOCTU CUJBHO JAN3BIOHKTUBHO-CBS3ZHOM
BYJIEBOI ®VHKIMHN (SC-3SAT).

JAHO: Byaesa dynruyua f(z1,x2,...,2,) = A Ci makaa, wmo epag
Dy asaaemcea ceasnvim u das mobozo i, 1 < i < m, dynryua C; asasemca
Jussionkyuets POBHO MPET AUMEPAAOS.

Bormroc: Cywecmsyem au nabop snavenut nepemeruur ;, xj € {0,1},
1 < j <'m, maxotd, wmo ewnosnaemca pasencmeo f(x1,xo, ..., Tm) =17

Teopema 2. 3SAT <p SC-3SAT.

Hoxaszameavemeo. Fcmu va Bxoge y npobjembl 3SAT CHIBHO U3 bIOHKTUB-
HO-CBsi3HAd OysieBa PyHKIHUS, TO HUYET0 MeHdTh He Tpebyercsd. [losromy Mbl
MOXKEM TIPEIIOJIATaTh, YTO OyneBa GpyHKINS Ha BXoje v mpodaeMbr 3SAT me
SIBJISIETCST CUJIBHO TN3BIOHKTUBHO-CBSI3HOM.

st mpowsBosibHO#T Oysesoit dbyukiuu f(z1, T2, ..., Ty) Buga (1), rae mis
moboro i, 1 < i < m, dyukuust C; umeer Buf (2) U sIBISETCS TU3HIOHKIIN-
el POBHO Tpex JINTEPAJIOB, PACCMOTPUM MHOXKECTBO X BCEBO3MOXKHBIX TIap
muzbioaknuit (Cj, C5), 1 <i<m, 1 < j < m, ne umeromux o6IIUX JHTEPA-
q0B. Ilpu 3amene dbopmyssl Buma (20) wa dopmyrty suma (21) uz byuaknuu f
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MBI 1101y daeM GyHKuo ¢ Buia (22). Jlerko nousars, 4o rpad Dy cogepxur
[y TH
Ci, (y1 Vu;3V Uj,g), Cj),
((y1 Vuis Vugs), (y1 VyzVys),
(y1V Y2V oys), (-y1 Vyz V ows),
(=y1V w2 Vys), (Y1 V —y2 V ys3),

(=91 V2 Vys), (y1 V2 Vys))

ITosromy jyist mpomssosbHoit mape! (Cj, C) n3 Muoxkecrsa X 3amena (opmy-
aet (20) ma dopmymny (21) obecrednT CHIBHYIO AN3BHIOHKTUBHYIO CBSI3HOCTH
Oynesoit dynknuu. Ograko 3amena dhopmynas Buga (20) vHa dhopmyry Buga
(21) MOXKeT PUBECTH K MOSABIEHUIO TU3bIOHKIINY, COAEPIKAIIEH JTUTEPAbI,
COOTBETCTBYIOIHE OJIHON W TO# ke mepeMenuoi. Mbl mpeanogaraeM, 9To B
dbyakmmu f (11,22, . .., Ty) KaKIAS AUZBIOHKIASA COAEPIKUT JTUTEPATIBI, COOT-
BETCTBYIOIIIE TPEM Pa3IMdHBbIM HepeMeHHbIM. [ToaroMy mjis mpou3BOIBHOM
mapbl gusbioknuii (C;, Cj) MBI BCerga MOXKeM BbIOPATH JIUTEPANbl Ujj H
Ujp, COOTBETCTBYIOMINE Pa3IHIHbIM HepeMeHHbIM. COOTBETCTBEHHO, 3aMeHa,
npousBobHON hopmybl (20) Ha dopmyry

Ci NGy A
(y1 Vuig Vujp) A
(Y1 Vy2Vys) Ay V—y2 V-ys) A
(my1 VY2 V=ys) A (myr Vg Vys) A
(y1 Vy2 Voys) Ay V gz Vys) A
(—y1Vy2Vys) (27)

He IpuBeneT K IIOABJCHUIO JU3BIOHKIINNA, COAEPZKAIEl JIUTepaJbl, COOTBET-
CTBYIOIIIME OJHOM W TOi ke mepemennoii. [lo amajorum ¢ J0Ka3aTETHECTBOM
TeopeMbl 1 MBI MOXKeM yOeauThCS B TOM, UTO MCIOJIB30BAHNE 3aMEHbBI (DOP-
mysbt Buaa (20) wa dbopmyny suma (27) nossossier obecnednTs TpebyeMyto
CBOJIUMOCTb. U

HenocpencrBenno u3 TeopeMbl 2 OTyIaeM CJIeAYIONee YTBEPKICHUE.

Caencrsue 2. Ipobaema #SC-3SAT ascasemcs #P-noanoti omnocumens-
HO IKOHOMHOT C8OOUMOCTI.

SaMernM, 4TO MpHU JIOKA3ATEIHCTBE TEOPEMBI 2 Mbl HOJIb30BAIUCH TEM,
9TO KaXKjas JAU3bIOHKINS 0y/aeBoit (ynkimu npobiaembr 3SAT coaepxur
JUTEPAJIbl, COOTBETCTBYIOIINE TPEM PA3IUIHBIM TIEPEMEHHBIM, T.€. BBHIPOXK-
JIEHHBIX JU3BIOHKINH HeT. OIHAKO pa3/jndHble TPUKJIATHBIE 33291 MOTYT
JOMYCKATh WCIOJBF30BAHNE BBIPOKIAEHHBIX NU3BLIOHKINN. B wactHocTH, 3TO
MO2KEeT BO3HUKATH MPHU CAyJaliHoil renepaiun 6yaeBbIX (DyHKIUI, MACKIPOB-
K€ KpUnTorpadpuueckux JAHHBIX, COBMECTHOM DPEIeHNN HECKOJBKUX 3a1a4.
B mekorophix ciyuasix MoxKeT HOTpPebOBATHCS U3MEHUTH ILJIOTHOCTH OyJie-
BOil (DYHKIIMM, COXPaHsisi MMEIONINECT BBIPOXK/IEHHbIE JUIbIOHKITUH, HO HE



AN BIOHKTUBHO-CBA3HBIE BAPMTAHTHI BBHITIOJTHUMOCTHU 435

100aB/IAs1 HOBBIX. B 9aCTHOCTH, 9TO MOYKET NPEACTABIATh HHTEPEC IIPU Pas-
paboTKe alnnapaTHbIX BPEJOHOCHBIX NporpamMM. B aTom cirydae s HeKoTo-
poit mepemenHoit ¢ mapa aubronknuii (Cy, Cj) MoXKeT TpUHATH BUj (2, ")
(coBMeCTHAsI BBITIOJIHUIMOCTD TAKOM TAPHI IN3BIOHKINN 00ecreunBaeTcs qe-
pe3 TPOBOKAITMIO 0TKA3a CHCTEMBI U HAPYIIEHNE TIeJIOCTHOCTH JTAHHBIX ). [list
TAKOI ITapbl MBI MOKEM HCIIOIL30BATH 3aMEHy Ha (OpMYITy

Ci A Cy A
(Y1 Vy2 Vo) A(yr1 Vyz Voz) A
(1 Vya Vys) Ay V—y2 V—ys) A
(my1 Vy2 Vys) A (mya Vo oye Viys) A
(Y1 Vy2V=ys) Ay V—y2 Vys) A
(=91 VY2 Vys).

6 H.J'IaHapHaﬂ AN3BIOHKTUBHO-CBA3HAad BBIIIOJIHUMOCTD

B pabore [89] 610 BBEjEHO HOHSATHE IUIAHAPHON OyJieBOH (DyHKIMU U
nokazana NP-mosHoTa ranapuoit npobsiembr 3-BoinojauMocTu. B 1mocie-
JYIOIUX UCCIeOBAHUAX ObLIa JOKA3aHA BBIUUCINTENbHAST TPYAHOCTD JIJIsT
MHOTHUX TJTAHAPHBIX BAPUAHTOB TPOoOeMbl BeimoaauMocTH [87, 91, 92]. On-
HAaKO B 3THX paboTax MCIOSB30BAJICA TOAXO] K TOCTPOEHWIO rpada, KOTo-
PBIil OTJIMYAETCST OT PACCMATPUBAEMOIO B JaHHOU pabore. B aTom pazmesne
MBI PACCMOTPUM TTPOOJIEMY BBITIOJHUMOCTH JI/Is TLIAHAPHBIX U3 BIOHKTUBHO-
CBSI3HBIX Oy/IeBBIX (DYHKITHIA.

IIPOBJIEMA <3-BHIIOJHUMOCTH IIJIAHAPHON AN3BIOHKTUBHO-CBA3-
HOI BYJEBOIN ovHKINN (PC-<3SAT).

HAHO: Byaesa dynnyua f(x1,22,...,2,) = N2, C; makas, wmo dymnk-
yua C;, 1 < i < m, asaaemca dusstonkyuel ne boaee MPexr Aumepaios u
epah G'f ABAACMCA NAGHAPHOIM U CEAZHOIM.

Bomnroc: Cywecmsyem au nabop snavenutl nepemernox x;, x5 € {0,1},
1 < j <'m, maxot, wmo ewnoanaemca pasencmeo f(xy,xa, ..., Tm) =17

Teopema 3. 3SAT <p PC-<3SAT.

Jloxasameavemeo. JIoka3aTesibCTBO TEOPEMBI B CYIIECTBEHHON Mepe Oyier
ONMpPaThCs HA KOHCTPYKINMIO, TIPEJJIOKeHHYI0 B pabore [89], u pesynbraTs
paborsr [92]. Paccmorpum GyneBy dyuknuto f(x1,z2,...,2,) = AL, Cy, Tae
st groboro 4, 1 < i < m, dyukiusa C; gaBIsgeTcd IU3BIOHKINENH POBHO
tpex smrepasnos. Onpegennm s dyukuun f rpad G(f) B coorsercrBue
¢ moaxonoM, npeoxennsim B pabore [89]. Hycrs G(f) = (V(f), E(f)) —
rpad, 3amanubIil MEOX)KeCTBOM Bepmua V (f) u mrOKecTBOM pebep E(f), e

V(f)={Ci|1<i<m}U{z; |1<j<n},
E(f)=E1UE,UE3U Ey,
El:{(ci7xj)‘1§i§m71§j§n,l’j60i},
Ey ={(Ci,x;) |1 <i<m,1<j<n,~z;€Ci},
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By ={(zj,zj41) |1 <j<n—1},
E4 = {(mn,xl)}
Taxum o6paszom, Bce pebpa rpada G(f), kpome npocToro 1ukia, 06pa3oBaH-
HOT'O ITIEPpEeMEHHBIMHI, PACITIOJIO?KEHHBIMU B €CTECCTBECHHOM ITOPAAKEe, COeJUHAIOT
HEKOTOPYIO JAUZBIOHKIWIO C HEKOTOPOH HepeMeHHOM’.

B pa6ore [89] npeoxken moAX0 Ha OCHOBE JIOKAILHOM 3aMEHBI K IIPe06-
pasoBanruto OysieBoit pyHKINY f B HEKOTOPYIO OYJIeBY (DYHKIIUIO ¢, MEIOITY O
nnanapubiit rpad G(g). epssriit 9Tan nocrpoenus csogumoctu 3SAT <p
PC-<3SAT 6yner ocHOBaH Ha 9TO KOHCTPYKITHH.

[Mpepnonaraercst, 4o UKJI, 0OpPA30BAHHBIH IEPEMEHHbIME, U300paKaeTC s
eCTeCTBEHHBIM 00pa3oM. Bepmmmbl rpada, cOOTBETCTBYIONINE AU3bIOHKITH-
SIM, PACIOJATAIOTCA ¢ BHEINTHEH CTOPOHBI IUKJIA B MPOU3BOJBHOM TOPSIKE.
B 9acTHOCTH, MOXKHO MPEJANOJaraTh, YTO MEePEeMEHHbIE W N3 bIOHKIINU Pac-
HOJTATAIOTCST HA JIBYX TAPAJIICJbHBIX JUHUsIX. MbI 6y1eM Tpeamnoarars, 9o
U3 BIOHKIIAU COEJIUHSIIOTCS ¢ IEPEMEHHBIMU OTPE3KAMMU TIPSAMBIX JTUHUI. Jler-
KO IMOHSTH, YTO Mbl MOYKEM IIPEJIOJIAraTh, YTO MEPECEKATHCSI MOIYT TOJIb-
KO pebpa, KarxKJi0e W3 KOTOPBIX CMEKHO ¢ HEKOTOPO#l nusbrionknueii. IIpu
9TOM €eC/Ii Kakue-Jnbo pebpa IepecekaroTcst, TO BCerja Halercs mapa pe-
6ep (Cj,zs) u (Cj, x;) Takas, aro pebpa (Cj,z,) u (C}, x;) nepecexarorcs B
touke W u orpesku [W, x| u WV, 24| He nmeror nepeceuennii ¢ pebpamu. Ha
orpeskax [C;, W] u [Cj, W] MBI Beerja MOKeM paciooKurh Toukn U u V,
COOTBETCTBEHHO, TaK, 4ro orpesku [U, W] u [V, W] He uMer0T nepecedenuii
¢ peopavu. Touku U, V u W cuejtaem BepuimHamu HOBOro rpada, mosaras

G=(V.E),
V=V(fiu{Uu,v,Ww},
E = (E()\{(Ci, zs), (C), z) U
{(CMU)? (Cj’ V)? (u7 W)v (Vv W)v <W7 JUS), (W, xt>}
TMocsie sTOr0 B KOHCTPYKIWMH, HpejJioxKeHHON B pabore [89], moarpad, mo-
pO}K;LeHHbeI MHOZKECTBOM BePIINH

{x& $t7u7 V? W}7

BaMeHseTCs Ha IIaHAPHBI rpad CHenuasbHOTO BUA, KOTOPBIH CMEXEH C
ocTaBIeiicd 4acThio rpada Mo BEPITHHAM

xsaxtvuvv'

Jlast Toro 9Tobnl mostyvueHHbI rpad caesarth rpadoM HEKOTOPOi OyJieBoit
dyHKIMK, KOHCTPYKIWMsI, TIpejioykerHas B pabore [89], npeamnonaraer psi
n3MeHeHuil B 6ynepoit pyukiuu [ w psiy mepeobo3nadenuii B camom rpade.
Bes orpanndenust obImHOCTH MOXKHO Tipeanoaarars, 410 C; = u; 1 Vu;2Vu, 3,
rae ui3 € {xs, x5}, Cj = uj1 Vuj2Vujs, tae ujg € {xy, ~a}. ObosHatwmm
BepimHbl U n V uepes ys u Y, coorBercrBento. Econ Cf = u;1 V ui2 V T,
to 3amennm C; va C! = u;1 V u;o V ys. Ecm C; = wuig V ui2 V -, 10
samernm C; vHa Cf = u; 1V u;2 V —ys. Ecom Cj = uj1Vuj2V T, TO 3aMEHAM
C; na CJ'» =uj1Vuj2Vy. BEcm Cf = uj1 VujaV —xy, To 3amennm O Ha
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CJ/- = uj1 Vuj2V Y. O0baBUM BEPIIMHEI Ys U Yy HOBBIMHE BEPIINHAME IIe-
pemennbIx. Kpome Toro, nobaBumM B MHOXKECTBO BEPIIUH HEPEMEHHBIX MIECTD
BHYTPEHHUX BEpIINH ILJIaHAPHOTO mojrpada: ui, us, v, v2, vs, v4. Moaudu-

nupyeM PYHKIUO [ IPH MOMOIIN 3aMEHBI HOIDOPMYJIIBI
Ci N Cj (28)
Ha, moahopMyTy
CiNC) A
(mug V —ug Vo) A (ug V —wp) A (ug V—o1) A
(mug Vye Vo) A (ug V—w) A (ye V —og) A
(ys V ye V u3) A (s V —w3) A (2 V 0s) A
(ys V —ug V og) A (mys V —0g) A (ug V —og) A
(v1 Vug Vg Vug) A
(—v1 V =w2) A (mwg V —ws) A (mwg V —og) A (o1 V —og) A
(u1 V ozs) A (mur Vas) A (ug V=) A (mug V xg). (29)

Taxum obpazom, 3amena (opmysl Bua (28) wHa dopmysty suma (29) 3akiro-
Jaercsd B 3aMeHe 1ByX ausbionknuit C; u Cj Ha UX MOANQUIMPOBAHHBIC Ba-
puanTsl C) u C']( n nobapaernn 21 HOBO#H Au3boHKINE. IIpn aTOM Kazk mast u3
HOBBIX JU3BIOHKITHI COOTBETCTBYET OJTHON W3 BEPIINH ILIAHAPHOTO TOATPA-
da. Ha srom nocrpoerue miranapHoro rpada u cOOTBETCTBYIOIIEH emy byJte-
BO# (pyHKIUT [T BBIEJIEHHOTO TIepecedeHus pebep MOMHOCTHIO 3aBEPITAeT-
cqa. B nagpmHefiiieM Ha epBOM 3Talle TOCTPOEHUS CBOIUMOCTH T0GABIEHHDIT
MJIAHAPHBI Toarpad v BEPITMHBI IEPEMEHHBIX Ly W XLy MOAN(PUINPOBATHCS
ne OyayT. I3Menenanst MOTYT 3aTPOHYTH TOJBKO BEPMAHBI Ansbionkmmii C;
u C;. JIng 3aBeplenus MepBOTo 3Tala ITOCTPOCHNS CBOJAUMOCTH HAM HEO00-
XOJIUMO TOCTIe0BATEIbHO TIepebpaTh Bece mepecedennss pebep, OCYIeCTBIIST
JUTS KasKJI0T0 M3 HUX TOJHKO 9TO OTMMCAHHBIE JeficTBud. KOppeKTHOCTE 9TOM
nporie iy psl obocHoBana B padore [89]. Cienyer ormernts, uro 3amena ¢dpop-
mysbl Buga (28) wa dhopmyny Buga (29) nossossier nosyunts u3 GyHKImMA f
HEKOTOPYIO (DyHKIMIO g TaKyto, 910 (HDYHKIUA f BBITOJHAETCHA TOTA W TOJTh-
KO TOT/I3, KOT 14 BBIIOJTHAETCA (DYHKIUA ¢, TPUYeM 3aMeHa popMy/Ibl BUIa,
(28) na dopmyiy Buga (29) coxpansier kosndecrso perienuii [89].

Jlo cux op B TEKCTE IPU IOKA3ATEJBCTBAX MBI He YIIOMUHAJIH JIOTapuMu-
YECKYIO AMSATh, MOCKOJIBKY BBITOJHUMOCTE COOTBETCTBYIOIIAX AJTOPUTMOR
Ha, JiorapudMudeckoil mamsaT Obuia TpuBuaabHON. Temepnb ke HAM Cjemy-
er Cle/laTh Psif CYIIECTBEHHBIX 3aMEUaHUM, CBA3AHHBIX C PEAJIU3YEMOCTHIO
JAHHOW CBOAUMOCTU B JIOTAPU(DPMUTIECKON TaMSITH.

e Kak 06braHO, JorapudMutieckas CBOIUMOCTD MO/IPA3YMEBAEeT, 4To Y
Hac ecTb Tpu obsiacTu mamsiti. OHA U3 HUX M3HAYAJIBHO CONEPIKUT
WCXOTHLIE JTAHHBIE W TpeJHasHadeHa TOJLKO Ads dTeHus. Bropas
W3HAYAJBHO ABJSETCA IIyCTOM U IpegHa3HadYeHa TOJABKO I 3allUCh
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pesyabrara. Kpome Toro, ectb 06/1aCcTh maMaTH, KOTOPask N3HAYAIb-
HO dBJjIdercd HyCTOfI n A0CTYIIHA KaK JiJjid 4YTCHUA, TaK W JIJid 3a-
MTHUCH, HO pPa3Mep 3TOoH 00JACTH JTOTAPUMMUIECKT OTPAHUYEH Pa3Me-
POM MCXOTHBIX JaHHBIX. [loaToMy cymeprosutiusg JorapuMuIecCKIX
CBOIIUMOCTEH, BOOOIIE TOBOps, JOTapuMUIECKON CBOIUMOCTBIO HE
apasercd. Cpopnmocts 3SAT <p PC-<3SAT Mbl onuchiBaeM Kak
IIETb TIOCE/I0BATENBHBIX TTpeobpazopanuii. PopMasbHO ITa TOCTIE-
JIOBATETBHOCTD TpeobpazoBanuit JorapudMuIecKoil CBOIUMOCTHIO He
HyeT, MOCKOJIBKY I10 3aBEPIIEHUN KaXKJ0r0 dTala npeodpasoBaHmii
dopMmupyercsi HOBBI Tpad, pazMep KOTOPOTO CPABHUM C Pa3MepoOM
MUCXOJTHOTO rpaha u He 1MO3BOJISeT HOBOMY I'pady ITOJHOCTHIO Pa3Me-
CTUThCH B jorapudmudeckoit namstu. [losromy, HecMoTpst Ha 1OCTE-
JIOBATEJIbHOE WM3JI02KEHUE TPeodpazsoBaHmii, Mbl IPEIIOJaraeM, 4To
BCe 3Tallbl IPeobpa30BaHus OCYIIECTBIAIOTCA OJTHOBDEMEHHO, T.€. BbI-
tupaercs nebosbinas JacTh rpada (mepecedenue pebep, BepIInHA,
IJTaHapHBI moarpad, uMerormit 31 BepuuHy U T.1.), BHIOHpaeTC
COOTBETCTBYIOMASA YACTh Oy/IeBOi (DyHKINM (KOTOPast TOXKE JOAKHA,
OBITH JIOKAIBHA), HA BRIOPAHHOHN 9acTn rpada OCYIECTBISIOTCA BCe
9Tamkl TPeobpPaA30BAHNUS, Mapa/LIEIbHO BCE 3TAIMBI TPeobpasoBaAHUS
OCYIIIECTB/ISAIOTCA HA BBHIOPAHHONW wacTw OyseBoit (DyHKIINM, MOJHO-
CTHIO TpeobpazoBaHHad 9acTh rpada 1 TOTHOCTHIO TTPeodPA3OBAHHAST
9acTh 0Yy/IeBOH (DYHKITMU TEPEMEITAIOTC B MaMATh, MPETHAZHATCH-
HYIO TOJIBKO JJIsl 3aIIUCH, TOJTBKO MOCE 3TOT0 B JIOTAPUMMUIECKYTO
MaMAaTh 3arPy2Ka0TCs HOBBIE JIOKAIbHBIE dacTu rpada u GyHKnm.
Jlorapudmutieckas TaMaTh HE MO3BOIIET XPAHUTH MTOCIEI0BATEIb-
HOCTBH BCeX TepecedeHuii pebep B ABHOM BHUIE W OTMEYATh B HEil Te
repecedenus, KOTOPbie Mbl y2ke obpaborasm. [Tosromy MBI mpemmo-
JlaraeM, 9TO aJTOPUTM HUCIOJB3YET €CTECTBEHHYIO JUCKPETU3AITO
IJIOCKOCTH, ONPEeJeIsIeMyr) HadabHBIM CIHCKOM BEpIINH U pebep
rpada U, COOTBETCTBEHHO, HE TPEOYIOIIYI0 XPAHEHUsI B U3MEHSIEMOTH
MAMATH. AJTOPUTM TTOB3YETCST €CTECTBEHHBIM AJTOPUTMOM CKAHU-
pOBaHUS MUCKPETHIUPOBAHHON UACTH TJIOCKOCTH, HA KOTOPOI pas-
Mmerraercs rpad. B coorBeTcTBHE € MCIONMB3yeMO# AuCKpeTH3armei
AJITOPUTM B U3MEHSEMON MaMSTH XPAHUT TOJBKO KOOPAUHATHI IPO-
CMATPUBAEMOr0 YYACTKA JTUCKPETUINPOBAHHON JaCTH TLJIOCKOCTH.

B pamkax mepBoro sramna mocTpoeHusi CBOJUMOCTH MbI TTPEIITOIAT A
Moaudukanuo sepmuH au3boHKIui C; 1 C) 11d KazKJoro mepece-
veHusi pebep. XpaHUTb 3TU U3MEHEHUS B SIBHOM BHJE B Jorapudmu-
4ecKoil maMsiTu Bo3MoKHocTH HeT. Ho B 3TOM HeT 1 HEOOXOMMOCTH,
ITOCKOJIBKY TO, KaKue MepeMeHHBbIE BXOJSIT B JIMIBIOHKIIUIO, [TOJTHO-
CTBIO OIIPEJIEISAEeTCs TeM, C KAKIMMU BEPIIMHAMU TIEPEMEHHBIX CMEXKHA
BEpINUHA, JIU3BIOHKIUH.

B pamkax mepBoro srana IOCTPOEHUS CBOJIMMOCTU IIPEJIIOJIAraer-
csd, YTO IepecedeHus pebep pacCMaTpPUBAIOTCH HE BCE IO MOPSAJIKY, a
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JIALIB Te, Y KOTOPBIX orpe3ku (W, x| u W, z¢] He umeror nepecede-
Huii ¢ pebpamu. 3aMeruM, 4TO 9TO, BOODIIE rOBOPs, HE CO3/aeT Ha-
TPY3KY HA MaMsiTh, TOCKOJIBKY, KAK HETPYIHO YOEIUTHCS, TIOCKOCTD
MOXKHO JTUCKPETH3UPOBATH TaK, UTO BCE TIEPECceueHnst TPeOYEeMOro Bu-
J1a 6yIyT TPOCMATPUBATHCS TEPBBIMHU, & BCE OCTAJbHBIE TEPECCUCHUS
6yayT mpeobpazoBaHbl K TPeOYeMOMY BHIY K MOMEHTY UX IPOCMOT-
pa. B wacTHOCTH, 77151 pACTIONIOKEHNS, UCIIOIb3YeMOro B pabote [89],
MOIXOJIUT MPSMOYTOIbHAS TUCKPETHU3AIUS.

e B xoje mpeobpazoanuii rpada MosiBISIOTCA HOBLIE BEPIIUHBI [T€Pe-
MeHHBIX. VX HeobXxo/InMo BKJIIOYATH B [UKJI BEPIIUH HEPEMEHHBIX.
Koncrpykiwst, npejioxkentast B pabore [89], mozsosseT n3Hava b-
HO 3aIlJIAHUPOBATH MOJIOKEHUE BCEX BEPIIUH ITEPEMEHHBIX B ITHKJIE,
NpUYeM [O3WIUKA B HOBOM IUKJIE KAK M3HAYAJIBLHO CYIIECTBOBABIITHX
BEpINUH [TEPEMEHHBIX, TAK U HOBBIX BEPIIUH IIEPEMEHHbLIX He Tpeby-
eTCs XPAHUTh B IAMSATHU, IIOCKOJbKY OHU MOI'YT OBITH BBIYUCJIEHBI 10
Ha4aJbHOMY CIIUCKY [EPEMEHHBIX U JU3BIOHKIINN, KOTOPBIA paciio-
JIOKEH B TAMATH, TIpeIHa3HAYeHHO} TONbKO uist urernst (cMm. [89],
PUCYHOK 6).

[IepeiiieM K BTOPOMY STaIly MOCTPOEHUsI CBEJEHUS. 3aMETUM, UTO TIOCTIE
[EPBOTO 3Tama B OyjeBoit DYHKIUY MOSIBUJINCH JIU3BIOHKIIUN

v1 V va VsV vy, (30)
cocrositye u3 yerbipex aurepasos. Cienys [92], samennm Kax 1yt noadop-
myny Buga (30) wa noadopmyry

(v1 Vva Vus) A (—vs Vs Vog). (31)

Jlerko monsTh, 9To byHKIU (30) BBIIOIHAETCS TOTA U TOJIBKO TOT/A, KOTIa
BoinosiageTcs Gy (31). Ogaako, B 0011eM cIydae 3aMeHa mo(OpMyJIbl
(30) ma mogdopmyy (31) He coxpaHsier KOJUIecTBO pemennii. B mamem cy-
gae kaxgast mogadopmyna suga (30) seasercs moadopMyIoit COOTBETCTBYIO-
meit hopmyer (29). TTosTomy amst kaxaoit hopmyasr Buga (30) cymecrsyer
COOTBETCTBYIOIAA POPMYIIa

(ﬂ’Ul V _‘UQ) A (—|1}2 V ﬂ’Ug) A (ﬂ’Ug V —|U4) A (—|Ul V ﬂ’U4),
BBLITIOJTHUMOCTD KOTOPOH BO3MOYKHA JIAIIL B TOM CJydae, KOTJa POBHO OJIHA
U3 MEPEMEHHBIX U1, U2, U3, U4 SABJISETCS UCTUHHON. TaxkuM oO6pa3oM, XoTs ca-
Ma 10 cebe 3amena nogdopmyssl (30) Ha moadopmyy (31) He obecnieunBaer
COXpaHeHUs KOJTMYECTBa PEIIeHNil, 3Ta 3aMeHa TOPOXKIAeT 3aMeHy modhop-
MYJTbI

(?)1 \/1)2\/1)3\/1)4)/\

(—v1 V —w2) A (—vg V —w3) A (- V —og) A (—o1 V —oy) (32)

Ha 110/1HOPMYITY
(Ul V vy V ’1)5) VAN (—|’l)5 VgV U4) A
(mv1 V —wa) A (mwg V —w3) A (—og V —wg) A (g V —wg), (33)
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KOTOpast TAPAHTUPYET COXPAHEHUE KOJMIECTBA pelleHuil. 3aMmena 1noidop-
mysibl (32) na noadopmyny (33) Tpebyer coorsercrBylomed moaudukanuu
rpada. HeobxomumMo ynaanTs sepuruny ausboakimy (30), 106aBUTh 1Be Bep-
IIIMHBI HOBBIX JU3BIOHKINN V1 V V2 V U5 U —5 V v3 V U4, BEPIIUHY HOBOH I1e-
PEMEHHOI U5 W COOTBETCTBYIOIMNE onpeaeacHuto pedbpa. Ilomyuennsrit rpad
coxpanuT mianapaocts [89]. Ilo 3aBepiiennn BTOPOro 3Tama MOCTPOCHUST
CBOJUMOCTH MBI IOJIydaeM HeKoTopyto 6yiaeBy dbynkumio h(zi, 22,...,2y) =
/\?ZlHZ-, rae anst groboro ¢, 1 < ¢ < ¢, dyukiusg H; gpisercss TU3bIOHKIT-
eil e Hojee Tpex suTepasioB. Ilpu sTom dyHKIMs h BHIIOJHIETCS TOTIA U
TOJIKO TOTJIA, KOUJa BbinoJiHgercs byHKius f, 3amena f Ha h coxpansier
KOJIN9IecTBO perenuii, rpad G(h) saBasiercs mwianapuabiv [89, 92].

Ilepeiiem K Tperbemy dramy. DTOT dTan OyAeT 3akJrounTe bHbBIM. [lo-
9TOMY BCE JIaHHbBIE, IIPOIIEJINNe OKOHYATEIbHOEe TPeobpa30BaHue U HE Tpe-
Oyromuecs JJisi JaJbHERINUX BBIYUCJIEHUN, MOXKHO pPa3MeNiaTb B NaMSATH,
[IPETHA3HAYEHHON TOJBKO JIJIsd 3aIIUCH. 3aMETUM, 9TO JIJIsi IOCTPOEHUs CBO-
mumvoctr 3SAT <p PC-<3SAT mam j0cTaTovHO M0 (PYHKINH f TOCTPOUTH
GYHKITHIO ¢ ¢ HyKHBIME HaM cBoficTBaMu. B gacTHOCTH, DYHKINS g TOIKHA
mMeTh TaHapHerit rpad Gy. Onmako crponts cam rpad Gy HEOOXOMMOCTH
HET. HOSTOMy B IMaMATH, TPEAHAZHAYEHHYIO TOJILKO JIJIA 3alMUCH, MBI 6y,Z[eM
pa3mernarh ToabK0 nHdopMmaruio 0 dyuknun g. Bea nndopmarua o rpade
G4 OymeT IPHCYTCTBOBATE B HEABHOM BHJE B JIOTapU(MMUIIECKON TaMATH U
TaMATH, TIPEAHASHAYCHHON TOJIBKO JIJId YTEHUA.

OcHoBHaS 1eJIb TPETHETO dTAlla — yAajeHune u3 rpada BCeX BEPIUH Ie-
PEMEHHBIX 33 CYeT BBEJEHWUS HOBBIX BEPIMWH Au3bIOHKINM. Mbl Oyaem 1mo-
CJIeJIOBATEJIBHO PACCMATPUBATH BEPIITUHBI TEPEMEHHBIX B COOTBETCTBHUE C 3a-
hUKCUPOBAHHBIM TIOPSIIKOM B IIUK,/I€ BEPINIMH TepeMenHbix. be3 orpanmwyenust
obrHoCTH J1s HEKOTOPOro HaTypaabaoro uuciaa | € N mbr moxkem 0603HA-
9aTh BEPIIWHBI [IWKJA BEPINIUH nepeMeHHbIX z;, 1 < ¢ < [, npexmosiaras,
9TO CaM UK/ 33a€TCs MOCAe0BATE/IbHOCTBIO 21, 22, . - . , 21. COOTBETCTBEH-
HO, Mbl MOXKEM 3a(PUKCHPOBATH MOPSA0K 00X0/1a, [UKJIA, TPEAIoiaras, 9To
BEPIITUHBI TOCEIMIAITCS B TTOPSIIKE BO3PACTAHUST HOMEDOB.

Brimosinenne mepBhIX ABYX 9TAIOB MOCTPOEHMS CBEJEHUS BeleT K mpeob-
Pa30BaHUIO HAYAIBHON (DYHKIUN f B HEKOTOPYIO (DYHKINIO h TTPU TTOMOIITH
JIOKAJIbHBIX 3aMeH mozbopmyt Buga (28) Ha momdopMysibl BUga

CiAC5 A
(—|U1 V —ug V Ul) A (u1 V —|U1) VAN (U2 V —|U1) VAN
(mu1 Vye Vo) A (ug V—w) A (ye V —og) A
(ys Vye Vus) A (mys V —ws) A (2ye V —os) A
(ys V —ug Vug) A (—ys V —og) A (ug V —wg) A
(v1 Vg Vus) A (—ws Vs Vaog) A
(—\vl vV —|?}2) A (—|U2 V —\’Ug) A (ﬁ’l)g \Y —|U4) A (—|Ul V —"1)4) A
(u1 V=zs) A (mur Vas) A (ug V=) A (mug V xg). (34)
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Ha tperbem srane x dynkimm h OyayT 100aB/IsATHCS HOBBIE U3 bLIOHKIUU,
YK€ UMEIOIINECS NI BIOHKIMU OyIyT 1I0BEPraThCs JIUIIb IEPENMEHOBAHIIO
nepeMeHHBIX. HoBBEIe MMeHa mepeMeHHBIX OyayT UMeTh BHJ Z;j, TIe 2; —
BEPIIMHA TTEPEMEHHOM, ¢ KOTOPOH CMeXKHa BEPIIHHA THIHIOHKITHN, & WHIEKC
J ByIeT BBIYUCIATHCS TI0 MOJIOXKEHWI0 pebpa Ha m3obpakenuu rpada. Mbr
OyzaeM Ipe/noaraTh, 9To B OKOHYATETbHOM OysieBoil (hyHKITUHN TepeMeHHbIe
OYyIyT yIOPsiIOUeHbB! CASAYIOMUM 00pa3oM:
1 <l = Zit g < Zigygas
11 =12, J1 < J2 = Ziyji < Zig,jp-

Kpowme toro, 6ymem mpesmoaarats, 9T0 B OKOHIATEIbHON Oyieroit ¢hyHKIN
U3 BIOHKIY U3 h OYIyT COmep:KaTh JIMTEPAJIbI B MOPAIKE BOZPACTAHUI TIe-
pemennbix. Eimre 10 mauasa npeobpa3oBaHus HA TPETHEM ITAME MBI MOYKEM
BBIYUCIUTD 0DIIee KOJTMIECTBO AU3BIOHKINH B PYHKINY A, KOATIECTBO JTUTE-
PaJioB B Ka}K,Z[OI?I A3 BIOHKIOWN, IIEPBBIC THACKCHI IICPEMEHHBIX U TO, ABJIACTCA
JIN JINTEpaJ MEPEMEHHOI U OTPUIIAHUEM mepeMeHHo#. Bero a1y wrdopMa-
OUi0 MBI MO2KEM TIEPEAATH B ITaMATh, MTPEJHA3HAYCHHYIO TOJIBKO AJ1d 3aIINCH.
Takum 06pa3zom, ocyIecTBads IPeodPA30BAHNE HA TPETHEM JTAME, HAM HY K-
HO 6y}.‘[eT nepeaaTrb B IaMATh, TPEAHAZHAYCHHYIO TOJIbKO JJId 3alIUCH, TOJIBKO
BTOPBIE UH/EKCHI IEPEMEHHBIX (DYHKIMU i 1 HOBBIE JU3bIOHKITIH.

XoTsl ¢ TOYKHU 3PEHUst JIOTUKU MOCAEI0BATE/IbHOrO 1peobpa3oBaHus Tpe-
THI 3TAll SIBJISIETCS TPETHUM, BBIYHCJIECHUE Ha JOTAPUMMUIECKON TaMaTH
MPETOIAraeT, UTO OH JOJIZKEH BBIZBIBATHCS MEPBBIM U OCYIIECTBISITHCA KaK
OCHOBA, BCETO BBIYUCIUTEILHOTO TIPOTECCa: HAUNHAEM OOXOJ MUK/, €CIH Y
BEPIITMHBI HET TIEPECEKAIOMNXCa pebep, TO mpeobpasyeM ee W MepexonM K
CTETYIONIEH BEPINHE, €ClN TePecedeHns €CTh, TO OCYIIECTBIIEM OTHY 3a-
Meny moadopmysbl Buga (28) wa momdopmyny suma (34), mociaenoBaTenbHO
mpeobpa3yeM BCe HOBBIE BEPINUHDI THKJIA, TIepeaeM HH(OPMAITHIO B TTAMSITh,
IpeTHA3HAYEHHYI0 TOMBLKO JIJTsT 3aliCH, U JIAITH TOCTe 3TOTO JeaeM 09epe/I-
Hy[0 3ameny moadopmyssl Buga (28) Ha moadopmyay suma (34).

[Tepeiinem HETOCPEICTBEHHO K OMHCAHUIO TIPEOOPAZOBAHIS TPETHETO ITa-
ma. Kaxkast BepInuHa mepeMentoil 2; CMeXKHa POBHO C JBYMSI JPYTUMHU Bep-
[ITTHAME JPYTUX MEPEMEHHDBIX 1, BOOOIIE FOBOPS ¢ HECKOJIbKUMHU BEPITIHHAMHI
IU3bIOHKIHN. Be3 orpanndenns OGITHOCTH MOKHO TIPE/IIOIAraTh, 9T0 pedpo
(2, Zi4+1) HAIIPABJIEHO TOPU3OHTATHHO BJIEBO OT BEDINUHBI 2;, PeOPO (2i, 2i—1)
HATPABJIEHO TOPU3OHTAIHHO BIIPABO OT BEPIMHBI z; (qnsa i = 1,1 — 1 = [
nnst i =1, 14+ 1 =1). PaccMoTpuM mocre0BaTeIbHOCTE

(Zia Zi+1>7 €1,€2,...,€p, (Zi7 Zi—1)7 Ep+15€p+25 -+ -5 Eptq

Bcex pebep, OJHOU U3 BEPIIUH KOTOPBIX SIBJIAETCS BEpPIINHA z;, 00pa3oBaH-
HYIO IepedncieHneM pedep Ha m300pakKeHwHn rpada 0 JacoBOH CTpeJIKe.
IIpeo6pazoBanue, cOOTBETCTBYIOIIEE BEPIIUHE 2;, 3AKIFOYAETCS B CJEJIYIO-
el mocaeJ0BATEABHOCTH JICHCTBAN.

e Eciu BepImnHa IU3BIOHKINHA SBJAETCA BEPIIMHON pedpa €4, TO COOoT-
BETCTBYIOIIas IepeMeHHad (DYHKIUU h moIydaeT oOO3HaYEeHHe Z; ;.
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Co0TBEeTCTBEHHO, ITOCJIE TIOJTHOTO 3aBEPITEHUS TPETHETO YTAIIA BCE ITe-
peMeHHbIe, BXoJsime B h, OyayT uMers B h €IUHCTBEHHOE BXOXK/I€-
HUe.

e Brrunciiennble BTOpbIe HHIEKCHI HEPEeMEeHHBIX Z; j 110 Mepe UX BBhIYHC-
JIEHUSI TIEPETAIOTCS B TAMSTE, IPEIHA3HAYEHHYIO TOJIBKO J/I 3aITUCH.

e B okoHuaTenbHYI0 QYHKITHO J00aBIA€TCs CJIeIyIoNast moadopMyJia,
KOTOpast TI0 Mepe BBIYNCIEHHs TU3ILIOHKITAN TIepeaeTcs B MaMsITh,
MpeIHASHAYEHHYO TOJIbKO JIJIsi 3aIUCH.

(wit1 Voin V =2i1) A (231 V =232) A
(Zi,Q V _‘Zi,S) A A
(2ip-1V 72ip) A (zip V —0i2) A
(Vi3 V 2Zip+1) A (Zipr1 V 2Zipta) A
(Zip+2 V 2Zip3) Aee A
(2iptrq—1V "Ziptg) A (Ziptq V "0ia V us) A =i A
(1)@4 V —|’Ui71) A (UZ‘J V _"Ui72) A
(vi2 V =i 3) A (Vi3 V ~054), (35)
rmei+1=1mmsai=1L.

[Tondopmyna, nobasisiemast o Bepiiube z;, 1 < 4 < [, COIEPXKUT POBHO
IO TPH BXOXKJEHNS KazKJ0# m3 ImepeMeHHBIX v; 4, 1 < j < 4. Ilepemennsle
vij, 1 < j < 4, comepxarcs Tosbko B dopmyie (35). Kaxmas dopmyia
BUa (35) CONEPKHUT POBHO 10 JBa BXOXKIEHUS LepeMeHHBIX z;j, 1 < j <
p + q. OyHKug h UMeeT POBHO [0 OJIHOMY BXOXKJIEHWIO JIJI KaXKJI0# Takoi
nepemennoit. Kazmast dpopmysna Buga (35) comep:RuT pOBHO JIBa BXOXK/ICHUST
[EPEMEHHOU U; U OJIHO BXOXKJIEHUE TTepeMeHHON ;1. [loaromy nosyuaemas
B uTore OYHKIINS COJEPIKUT POBHO 110 TPU BXOXK IEHUs KK/ 0¥ TIepeMeHHOii.

BamernmM, uTo B rpade G4 pedep MexKy JU3BIOHKIUAMEA n3 GyHKIHMN I
HET, TTOCKOJbKY KaxKIas TMepeMeHHas uMeeT He D0Jiee OMHOTO BXOXKICHUS B

h. g moadopmyabt
(Wit1 Vvia V=zin) A(zig V —zi2) A
(ZZ"Q V —\Zi73) VANREIAN
(2ip—1V 2Zip) A (zip V —0i2)

dbopmymer (35) pebpa, COOTBETCTBYIOIINE MEPEMEHHBIM Z; j, MOKHO HAIPa-
BUTH B BEPXHIOIO MOJIYIJIOCKOCTH 1O MapIipyTam pebep ei,es,...,ep. [Ipa
pebpa OT BepImMHbBI Uit V ;1 V 721, COOTBETCTBYIOIINE TIEPEMEHHOM U4 1,
MOXKHO HalpaBUTh TOPH30HTAJILHO BJIEBO 110 Mapiipyry pebpa (zi,zi+1) K
T3 BIOHKIUAM HOPMY/ThI BUa (35), COOTBETCTBYIONIEH BEPITUHE 2 1.

JLnst mopmcbopmy bt
(Vi3 V 2Zip+1) A (Zip+1 V 2Zipta) A
(Zipta V 2zipts) Ao A
(Ziptq—1V 2Zipre) N (Ziprq V 70ia Vi) A —ug
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dopmynbr (35) pebpa, COOTBETCTBYIOMIME HEPEMEHHBIM Z; j, MOXKHO HAIIPa-
BUTH B HUZKHIOIO IOJIYIIJIOCKOCTD 110 MapIIpyTaM Pedep €pyi1, €pt2, - - -, Cptq-
Pebpa ot BepmmH 2; pyq V 70;4 V U; T 21U, COOTBETCTBYIOIIIE TIEPEMEHHOM U;,
MOKHO HAIPABUTH TOPU30HTAILHO BIIPABO MO MAapIIPyTy pebpa (z;, zi—1) K
I3 bIOHKIHSM (HOpMYJIbL BUA (35), COOTBETCTBYIOMIEH BepiuHe z;—1. Hero-
CPEJICTBEHHOI TPOBEPKO# MOYXKHO YOEIUTHCS B TOM, UTO AU3BIOHKINNA (HOp-
MyJbl (35), comeprKalye JIOKAJIbHBIE [EpEMEHHBIE Vj j, MOMKHO COEJUHHUTD
pebpamu 6e3 camonepecedennit. Taknm obpas3oM, nmpeobpasoBaHue, CBSI3aH-
HOoe ¢ jobamsieHureM hopMya Buaa (35), TO3BOJSIET MOIYYIUTH IJIAHAPHBIH

rpad Gy.

Jlerxo nousrs, uro noarpad rpada G4, coorBercrBylonmit popmye (35),
siBjidgeTcst cBsa3HbIM. [lepemennbie u; obecriedmBaOT MPUHAJIEZKHOCTD BCEX
dopmyr Buma (35) o0l KOMITOHEHTE ¢Bst3HOCTH. II0CKOTBKY KazKaas Ju3b-
OHKIUA DYHKIUU h COEPKUT MEPEMEHHYI0, KOTOPas COJIEPKUTCI B HEKO-
Topoit dopmyite Buga (35), rpad G4 sABiIsSETCS CBA3HBIM.

HermocpencrBentoit npoBepkoii MOXKHO yOEIUTbCS B TOM, YTO BBIIOJIHU-
MOCTH (POPMYJIBI

(Via V =031) A (050 V =032) A (v52 V =0;8) A (05,3 V —0;.4)
paBHOCI/IHbHa BBIITOJIHUMOCTHU CUCTEMBI paBeHCTB

Vi,1 = Vi2 = Vi3 = Vi4.

) ) )

TMosTomy BBIOTHUMOCTE hOpMYIIBI (35) PABHOCHIBHA BBITTOJHUMOCTH (HOP-
MYJIbI
(w1 Vvin V =zin) A (2ia V 2zi2) A
3) VANRREIVAN

(ZZ'72 V =z ..
(Zip-1V ~2ip) A (zip V —i2) A

(Vi3 V 22Zipt1) A (Zipt+1 V 22Zipta) A
(Zipr2 V 2zipy3) A--- A
(2i,ptg—1 V 7Ziptg) N (Ziptq V 70ia V i) A =i A
Vil = Vi2 = Vi3 = Vid. (36)
JIn3bIOHKIMS —U; MOYKET BBIMOJHATHCS TOIBKO pu yeaosun u; = 0. IloaTo-
MY BBIIOJHUMOCTH opmysibl (36) pABHOCHIIbHA BBINOJHUMOCTH (DOPMYJIbI
(wiz1 Vi1 V=zin) A (zi1 V —zig) A
(zigVzig) Ao A
(zip—1V zip) A (zip V 70i2) A
(Vi3 V 2Zipt1) A (Zip+1 V 2Zipy2) A
(zip+2 V 72ipt3) Ao A
(2ip+g—1 V "Ziptg) N (Ziptq V 0ia) A
Vi1 = Vi2 = U3 = V4. (37)
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Jlerko nposeputhb, 9T0 hopmya (37) BBIIOJHAETCS TOTAA U TOJBKO TOT/A,
KOT/1a, BBIIIOJIHSIETCsS POPMYIIa

(wiz1 VOV =2 1) A(zig V zi2) A
(21'72 V —|Zi,3) A A
(zip—1 V zip) A (zip V —0) A
(v V 2Zipt1) A (Zips1 V 2Zipr2) A
(Zipt2 V 2zipta) Ao A
(Ziptq—1V 7Ziptq) A (Ziptq V 0). (38)

®opwmyra Buma (35) st BEPIIUHBL ;1] COMEPKUT JUIBIOHKITHIO —1U;j4], KO-
TOpas MOXKeT OBITh BBIIOJHUMA JIUITL TpU yeaoeun u; 1 = 0. [lostomy BBI-
HOJTHUMOCTH hopMysibl (38) paBHOCHIBHA BBIIOJTHUMOCTH (DOPMYJTBI

(vV =zi1) A (zia V —zig) A
(zig V—zig) Ao A
(Zip—1V 7zip) A (zip V —0) A
(VV 2zip+1) A (Zip+1 V 7Zipr2) A
(Zipt2 V 2Zip3) Aeos A
(Ziptq—1 V Ziptq) A (Ziptq V 0). (39)
HemnocpeacrseHHodt IIpOBEPKOil MOXKHO yOeJIUTLCA B TOM, 4TO (bopMyJia
(vV=zi1) A (zi1 V —zi2) A
(zig Vzig) Ao A
(zip—1V 2zip) A (zip V W) (40)
BBLITTOJIHSIETCS TOT/IA U TOJBKO TOT/IA, KOT/Ia BBITOJHSETCH CICTeMa PAaBEeHCTB
Zil = Zi2 = = Zip,
a dopmyra
(VV 2Zipi1) A (Zipr1 V 2Zipra) A
(Zipt+2 V 2zipy3) Asee A
(Zip+q—1V Ziptq) A (Ziptq V ) (41)

BBIIIOJIHACTCA TOTJa XM TOJIBKO TOI'la, KOT'/Ia BBIIIOJIHACTCA CUCTEMa PaBCHCTB

Zip+l = Zip+2 = = Ziptg-
TMockonbky dopmyaa (39) sieasiercst Korbiouknuei dopmya (40) u (41), or-

crofa BeITekaer, ato dopmyna (39) BLITOIHAETCS TOTAA W TOJIHKO TOT/A,
KOT/Ia, BBITTOJIHSETCA CHCTEMa, PABEHCTB

Z7’71 = ZZ>2 == zz’p = Z7‘7P+1 = zl’p+2 == zz,p+q-

OTcroma BbITeKaeT, YTo B GYHKIMIO h BMECTO IMepeMeHHBIX Z;j MOXKHO TIOJ-
CTABUTH NEPEMEHHYIO 2;. IIpu 9TOM MBI MOJyYUM PABHOCHIbHOCTD BBITIOJIHU-
MOCTH (DYHKITUU ¢ U BBIIOJHUMOCTH (hyHKIUU h. (|
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W3 reopembl 3 nosy4daem CJiejlyIoliee yTBEpPK/[EHHE.

Caencrsue 3. Ilpobaema #PC-<3SAT seasemca #P-noanot ommocu-
MEABHO IKOHOMKOT CEOOUMOCTI.

Xoporrmo m3sectro, uto npobaema <3SAT ocraercs NP-mommoit gaxe
0P OTPAHUYEHUH, TOMYCKAIOIIEM UCIIOIb30BAHNE JUIb OYIeBbIX (DYHKITHI,
COZIEPKAIIX POBHO TPU BXOXKJIEHUsI KaxKJ0i mepeMenHoit (cum., Hanpumep,
[93], upemuioxenue 2.23). Byesbl yHKIMN, KOTOPbIE Mbl IOCTPOUJIN IIPH J10-
Kaz3aTebCTBE TEOPEMbI 3, YIOBIETBOPSIOT 9TOMY orpanuueHuto. [losromy B
OPEJIIOJI0KEHNH, 9T0 KaXK1as OysieBa PYHKIUS CONEPAKUT POBHO TPU BXOZHK-
JeHUs Kaxk10# nepemernnoit, mpobsema #PC-<3SAT asmsercst #P-nomHoi
OTHOCUTEIHHO 3KOHOMHOM cBOmmMocTH, a mpobaema PC-<3SAT asnsercs
NP-mnoamo0it OTHOCATEIHLHO 3KOHOMHON CBOIUMOCTH.

DazoBbIit epexo AId TMPOGIeMbl BHITOTHIMOCTH TPUHSITO CBSI3LIBATH C
OTHOMIEHNEeM (v = 7, TJIe 1M — KOJMYeCTBO U3 bIOHKIAN, 17 — KOJIUIeCTBO Tie-
peMeHHBIX [37]. DKCrIepuMeHTATBHBIE WCCJIeTOBAHUS TTOKA3BIBAIOT, UTO JIJIsT
CAYIafHBIX BXOMOB TPOHIEMBI k-BBITTOJHHMOCTH CYIIECTBYET KPUTHIECKOE
3HaueHHe (i OTHOIIEHUA ¥ TaKoe, 4To i @ < (e OyJieBa QyHKIMSA ¢ BBICO-
KO BEPOATHOCTHIO BBITIONHSIETCS, & JJIT O > (e PYHKINS ¢ BBICOKOH BEPOSIT-
HOCTBIO BBITIOJTHUMOM He ABJIsAeTCd. Bojee Toro, 3KCIepHMeHTATbLHBIE UCCTe-
JIOBAHMUS MTOKA3BIBAIOT, UTO TPYAHBIE CAyJafiHble MCXOAHBIE JAHHBIE UMEIOT
OJIMBKUE K (v, 3HAUEHWSA (v, & TI0 Mepe YIAIEHUs OT (v, TPYTHOCTD TaJ1aeT
[37]. CymecrBoBanue o, mpu n — 400 mid awboro k mokaszano B pabore
[94]. g k = 2 ussectHO, 9T0 ¢ = 1 |95, 96|. B wactHocTn, B pabore
[97] auist k = 2 mokazano, aro jist bukcnposarHoro € > 0 npun a > 1+ ¢
n n — +00 BEPOSITHOCTh HEBBLITIOJHUMOCTH OyseBoil (DYHKIIMM CTPEMUTCS
k 1. Kpome toro, mia k = 2 u durcuposannoro € > 0 opu a < 1 — ¢
n n — 400 BEPOSATHOCTH BBHITOJHUMOCTH OysIeBoit DYHKIIMM CTPEMUTCH K
1 [97]. B paGore [98] ycranosieno, uro nosejenue Gysiesbix dbyHKIuil npu
k = 2 amagorugwno mosenenwio rpacdos. g k = 3 uzsectro, uTo o = 4.26
[99]. Kpome Toro, ussecrro, uro 3.42 < a. < 4.506 [100, 101|. Herpusu-
AJIbHAST CJIOYKHOCTE HADJIIOAETCS TIPU 3HAUEHUSX (v, VIAOBJIETBOPSIONINX CO-
orsommrenuam 3.921 < a. < 4.256 [40]. Ognako A1 CTATHCTUYECKUX PeIla-
Tesell TPpyAHOCTh mHTepBaa 3.921 < a, < 4.256 HaumHAET TPOABIATHCST
b npu n cymecrsenno Gonbime 1000 [102]. Heobxopumocrs yaursiBars
0cobeHHOCTH (ha30BOTO MEPEXOa CYIECTBEHHO BJIMAET HA TPOIECC Pa3pa-
OboTkm peraresneit. IIponsBoanTebHOCTDL perareseili B 3HAIUTEIBHON Me-
pe 3aBucuT 0T 0,IM30CTH K MIOPOrOBOMY 3HadeHuio. B maubosbineil crenexHu
9TO BJIMSIHUE CKA3bIBACTCS HA CTATHCTUYECKUX peImaTesisx (CM., HampuMmep,
[103, 104, 105]). B mocseanme rosl Bee 60IbIIee BHIMAHNE YAETISIeTC HCCIe-
JIOBAHUSIM, CBABAHHBIM C CTPYKTYPHBIME XapaKTEPUCTHKAMHI OYIEBBIX (DYHK-
Wi ¥ BO3MOYKHOCTBIO WX HCIOJIB30BAHUS JJIsl pa3paboTKu pernarenei (cum.,
manpumep, [106, 107, 108]). B gacTHOCTH, MOKHO OTMETHUTH TOJXO, MPEJI-
JoxKenHblil B padore [109], KOTOpBI OCHOBAH Ha MOUCKE JOTUIECKUX TPeob-
pa3oBaTesieil Mo uX MpeacTaBaeHnaM B Buje moadopmya (em. [4, 110, 111]) u
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nocrpoennu rpadoBoit cTpyKTypbl. OJIHAKO CTATUCTUIECKUE PEIIATEN 110~
NPEKHEMY UIPAIOT ONPEASIAIONLYI0 POJIb. APKUM IPUMEPOM ABJIACTCA Al
roput™m WalkSAT (cum., manpumep, (112, 113, 114]). Koncrpyxius, paccMor-
peHHas TP JOKA3aTEIBLCTBE TEOPEMBI 3, TIPEICTABIAETCS BECHMA, TTEPCITEeK-
TUBHOI 1151 9 deKTUBHON MoauduKaInu O6yIeBbIX (PYHKIINN B 3aBUCUMOCTH
OT TpebOBAHNI, CBA3AHHLIX ¢ (PA30BBIM mepexonoM. s OyaeBbIX dyHKIMI,
OTIPEJIENTEMBIX CBOJMMOCTBIO M3 JTOKA3ATENLCTBA TEOPEMbl 3, 3HAUEHUE
paBHO 1, T.e. OHMW ABJAOTCI CUJIBHO paszpeskeHHbIMH. Ciaydaiinbie GyaeBbl
DYHKITMM ¢ TaKUM 3HAYEHHEM (¢ JOJIKHBI BBITOJTHATHCS € BEPOSTHOCTHIO,
koTopag Gau3ka K 1. B To xe Bpemda pyHRNUM, MOJTyIaeMble TPU TOMO-
[T CBOJIMMOCTH, COJIEPZKAT BCIO TpyanocTh mpobaemel SAT. [Ipu arom onn
AMEIOT BEChMa MPOCTYIO CTPYKTYPY. B 9acTHOCTH, TPEXMEpPHBIX CTPYKTYD
met Boobtre. [lociemoBaTebHOCTHIO TPeoHpA30BAHNIHT, HATTPUMED, HA OCHOBE
samen dopmyn suga (20) ma dopmysasr Buga (21), u3 atux GyHKIHHE MOXK-
HO TIOJTy9IaTh PYHKIUN ¢ 33JAHHBIME CTPYKTYPHBIMY XaPAKTEPUCTUKAMA T
3aTAHHLIM 3HAUEHUEM . B 9acTHOCTH, 9TO MOXKHO MCIOIB30BATD JIJIsT MAC-
KWUPOBKW W 3aTPYAHEHANS PabOTHl CTATWCTHYECKWX PEIaTeneii n permaresieit
Ha OCHOBE MAINHHOTO ObyueHus.

7 3akiawoueHne

B mammoit pabore Mbl yeranoBmIH, 9T0 Tpobaema #3SAT arnsercsa #P-
[IOJTHOH OTHOCHUTEJIbHO SKOHOMHON CBOJMMOCTH B IIPEJANOJIOKEHUH, YTO B
KaXKJIOM JNU3BIOHKIINN TPU JIUTEPAJA COOTBETCTBYIOT TPEM DPA3IUUHBIM IIe-
pemennbiM. Kpome Toro, nokazaHna #P-mojHoTa 0THOCUTEJBHO SKOHOMHOIT
ceogumoctu g npobiieMm #C-3SAT, #C-<3SAT, #C-SAT, #SC-3SAT,
#PC-<3SAT. Ucnons3oBamue 3KOHOMHON CBOIUMOCTH TIO3BOJISIET IOy IUTh
P BaXKHBIX CJIEJICTBUH JIJI8 PA3JIUIHBIX K/IACCOB BBIYUCUTETBHON CJI0XKHO-
cru. B wacrrnocru, corsacuo [88], B mpesmmosioKeHnn, 9TO B KAaXK/ON JU3b-
FOHKIIUY TPU JINTEPAJIA COOTBETCTBYIOT TPEM PA3JIUIHBIM IIEPEMEHHBIM, IIPO-
omembr @3S AT, Mod3SAT, Diff 3SAT_o, Diff3SAT <o, Diff3SAT_; n
Diff3SAT_, asnaiorca mommsivm g kiaaccos P, ModiP, C_P, PP,
SPP u WPP, coorBercrBenHo.

Tpyauaocts mpobaemer PC-<3SAT nmokazana mtst 6yieBbix (DyHKITHIT ¢ Ma-
JBIM 3HAYEHNEM OTHOIIIEHUST %, YIOOHBIX [y MOANMDUKAITINN U TIOCJIEIYIOIITe-
'O UCIIOJIB30BaHUA B KpI/IHTOI‘paCbI/ILIeCKI/IX nejidax 1 IIpu CO3JaHUN TeCTOBBIX
JAHHBIX JITA perraTeieit.
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