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AHHOTanusi. B cratbe npeaniokeHa ONTUMH3ALUS —aJIrOPUTMa IPOBEPKU
BbIMoHUMOCTH OyneBbix ¢opmyn DPLL (Davis — Putnam — Logemann —
Loveland) ¢ moMonipro K3mMpoBaHUsI MPOMEXYTOYHBIX PE3YJIBTATOB IPH PEILICHUH
3a7a4d  HAXOXKICHHS BXOJHBIX JaHHBIX JJIsi HEHHTEPAKTHUBHBIX MPOrPaMM.
HononuutenbHas uH(poOpManus Ui ONTHMHU3AIMN AITOPUTMA 3alIOMHHACTCS Ha
OJTHOM U3 MPEABIIYIINX 3alyCKOB AIrOpUTMa. BO3MOXKHOCTH MOJOOHOTO poja
MoOU(UKAIIMKA AITOPUTMA OCHOBAaHA HA OCOOCHHOCTH MOCIIEI0BATEILHOCTEH
MIPOBEPAEMBIX (pOpMYyII.
B pesynbrare MoanGbUIMPOBAHHbII aJrOPUTM IOKa3aJl YCKOPEHHUE 110 CPABHEHUIO C
ucroyib3oBanueM  anroputMa DPLL  6e3  ontummsanmii. s mpoBepku
UCIIOJIb30BAJICSl TECTOBBIA COJIBEP, IOCIENOBATEIBHOCTH (OPMYJ T€HEPHPOBAIUCH
uHcTpymeHToM Avalanche.
KioueBsbie ciioBa: mpoBepka BBIIOJIHUMOCTH OyseBbIX (opmyd, anroputm DPLL,
ONTUMHM3ALUSL

1. BeedeHue

1.1. 3apaya npoBepKu BbINONTHUMOCTU ByneBbIx chopmyn

3agaya mMpoBepKH BBHINOJIHUMOCTH OyneBbix ¢(opmyn (SAT, mnm 3amaua BBIIT)
(hopMyIHpyeTCs CIeIyOINM 00pa3oM:

3a7aH0 MHOXXECTBO OYJIEBBIX ITIEPEMEHHBIX MW OIPEIEJICHO HEKOTOpOe
BBIDOKCHUE HaJ HUMH. HeoOX0omuMMo OINpelenuTh, CYILIECTBYET JH TaKOH
Ha0Op 3HAUYEHHH ITHX MEPEMEHHBIX, IIPH KOTOPHIX BHIPayKEHUE BBIIIOJIHUMO,
T. €. IPUHUMAET 3HAUYCHHUE «UCTHHAY.

' PaGota mpoBoamtes B pamkax peamusarmu PLI «VccnenoBanus u pazpaboTky
10 IPUOPUTETHBIM HANPABIECHUSIM Pa3BUTHsI HAyYHO-TEXHOJIOTHYECKOT0 KOMILIEKCa
Poccun Ha 2007-2013 roasi»y, 'K Ne 07.514.11.4040 ot 29.09.2011. Pabota
MIPOBOAUTCS NPH MOJIEPKKE MPOTPAMMBI « Y HUBEPCUTETCKHN KJIacTep»,
http://www.unicluster.ru
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Cornacuo teopeme Kyka, mokasannoit um B 1971-m roxy, 3amaya SAT NP-momHa.
Ona Ttaxke octaércss NP-monHOHM, eciau BhIpaKeHHE HMMEET BUJA KOHBIOHKTHBHOM
HOpMAaJIbHOM (pOpMBI OT CBOMX NIEPEMEHHBIX. [4]

Tema cBemeHus 3amad W3 Pa3NIUYHBIX 00JIACTEH NPUKIAAHOW MATEeMATHKH |
uHpopmatuku K 3amade SAT xopomro pasBuBaercs. OmHa W3 MPUYHH 3TOTO —
BO3MOKHOCTb CBEJIEHHUsI K HeM 3ajauy u3 kiacca NP 3a monmHomMuaibHOE BpeMs U
TEM CaMbIM BO3MOXHOCTH pemaTb JAO0CTAaTOYHO pr[lH])Ie 3aJa4yu, BO3ZHUKAKOIIWEC B
CaMBbIX pa3JIMuHbIX 00JIACTSX, €JMHBIM aJIrOpUTMOM petenus 3agaun SAT.

1.2. Anroputm DPLL

OmauMm  u3 Hawbonee H(PQGEKTUBHBIX AJITOPUTMOB MPOBEPKU BBIMOJIHUMOCTH
oyneBbix (opmyn siBisiercs anroptum DPLL (Davis — Putnam — Logemann —
Loveland), ocHoBaHHbIi Ha 09k-TpekuHre. CyTh aqropuTMa 3aKilo4aeTcsi B TOM,
YTO JJIsI MCXOMHOW OylieBoM (OpMyJbl 3allyCKaeTcsi peKyppeHTHas (yHKOus,
MIpOM3BOAAIIAsl Hajl (YOPMYJION clieytomue qeicTBus: [3]

PacnpocTpaHeHne «eIMHUYHBIX» KOHBIOHKTOB (unit propogation). Ecm 8 KH®
MPUCYTCTBYET KOHBIOHKT, COCTOSINUIN M3 OJHOTO JuTepaia (OTpUIaHUS JIUTepalia),
on ynansercs uz KH®, a Bce BxoxaeHus tutepaiia 3ameHstorces Ha true (false).

Ynanenne «4ucThIX» JuTepasioB (pure literal elimination). [IponsBoautcs momck
B (hOpPMyJIe «UHCTHIX» JIUTEPAIOB — MEPEMEHHbIE B KOTOPBIX BCTPEYAIOTCS TOJIBKO
0e3 OTpHULIAHUI WM TOJIBKO ¢ HUMH — M BMECTO HHX IIOJCTABIISIOTCS 3HAYCHHSA true
win false coorBercTBeHHO. HecMOTpst Ha TO, YTO 3TOT LIAr SBISAETCS YacThIO
OPUTMHAJIBHOTO QJITOPUTMa, Ha INPaKTHKE, OOBIYHO, €ro OITyCKAaIOT, MOCKOJIBKY
HaKJIa/IHbIE PACcXO0/Ibl 3a4aCTyI0 ITPEBOCXOAAT (P HEKT OT €ro MPUMEHEHHUSL.

Bb100p ouyepenHOro JuTepaa U 3aMyCK PEKYpPPEHTHONW (YHKIUH OT (HOPMYIIHI, B
KOTOpOH BBIOpaHHAs JINTEpa 3aMEHEHa Ha true u 3amyck (YHKIHH, B KOTOPOH OHa
3aMeHeHa Ha false.

Ha Bxox anroput™ mpuHuMaet OyneBy Gopmysy B KOHBIOHKTUBHOW HOPMAJbHOI
thopme.

Anroput™M npekpamiaer padory, JuMOO0 KOraa Ha OJHOM W3 BETOK 3HAYeHUE
(opmyIibl cTano paBHBIM true, JMOO KOrJa IMOJHBIA 00XO0J JepeBa MoKas3aj, 4To
NPHCBOUTH 3HAYCHUs TEPEMEHHBIM TaKUM 00pa3oM, 4TOObI 3Ha4YeHHE (HOPMYIIBI
CTaJI0 PABHBIM UCTHUHE, HEBO3MOIKHO.

1.3. NMNocTaHoBKa 3agaumn

CymectByeT mpoekT Avalanche, B koTopoM /s TOMCKa OIMIMOOK U YSI3BUMOCTEH B
mporpaMMax TPOUCXOJUT NOAOOp BXOJHBIX JAaHHBIX. J[Is HEWHTEPaKTHBHBIX
OpoTrpaMM JIJIsl 3TOTO HEOOXOJUMO IPOBEPHTH BO3MOXKHOCTh HCTHHHOCTH BCEX
YCIOBHBIX TEPEXOJIOB, BCTPETUBIIMXCA B Tpacce Mporpammbl. IlocTpoeHHbBIE
(hopmyIibl MOTYT ObITh KOHBEPTUPOBAHBI B KOHBIOHKTUBHBIC HOPMAJbHBIC (DOPMBI.
B aTOM ciydae 3aa4a CBOJMTCS K IPOBEPKE BHIMOIHUMOCTH UX KOHBIOHKIIUY, T. €.
K mpobneme SAT.
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[TocnenoBaTenpbHOCTh OrpaHWYCHHH, TOJaBaeMbIX Ha BXoj conBepy STP, a taxxke
reHepupyeMasi MM TI0CJIEJ0BaTeILHOCTh OYJeBbIX (OPMYJI, UMEET HEKOTOPhIC
oco0eHHOCTH. B 4YacTHOCTH, ABE MOCIIEAOBATENLHO HIyLIHe (OPMYJIbl 3a4acTyio
HMEIOT OJIMHAKOBBIE YaCTH.

Heo0xoxnnMo pa3paboTaTh anropuT™M MPOBEPKH BITOJHUMOCTH OYyJEeBBIX (HopMyd,
HCIIOJIB3YOLIMI HH(POPMAIIKIO, MOJTYUYEHHYIO PU MPOBEPKE BBHIIIOJIHUMOCTH OJIHOM
(dopMyJIBI M3 TIOCIIEOBATENILHOCTU ISl YCKOPEHHsI IMPOBEPKU BBINOJIHUMOCTH
IOpyro# Gpopmysl.

1.4. Tpe6oBaHUs K peLueHuno

ANTopuT™M J10JDKEH OBITH OCHOBaH Ha Hcroib3yrommmcs B pemarene MINISAT
amroputve  DPLL. Taxke OH HODKEH OMUpaThCd Ha  OCOOEHHOCTH
MOCIIeA0BaTeNbHOCTEH (OPMyJ, sl KOTOPHIX pemaeTcst 3ajada IPOBEPKH
BBINOJIHUMOCTH.

2. UccnedoeaHue u nocmpoeHue peweHus 3ada4qu

2.1. MpoekTt Avalanche

Avalanche — MHCTpyMEeHT OOHapy>KeHHUs! NMPOIPAMMHBIX JIE(PEKTOB IMPU ITOMOILU
JUHAMHYECKOro aHanu3a. VHCTpyMEHT UCIOb3yeT BO3MOXKHOCTH JWHAMHUUYECKON
WHCTPYMEHTALlMM MPOrpaMMBbl, IpezacTaBisieMble Valgrind, mis cOopa u aHanmsza
TPACChI BBINOJIHEHHS IPOrpaMMBl. [1]

Ha omnom w3 3TamoB paboTHI MPOTPaMMBI, HHCTPYMEHTY HEOOXOAMMO HPOBEPUTH
HaOOp OyneBbIX OrpaHuucHUd. [l pelieHHs 3a1a4d BBIIOJIHUMOCTH OYJIEBBIX
OTpaHUYCHHUI B MpoekTe wucmoib3yercs coiBep STP. Cxema pa0OoThl cosiBepa
npejcTaBieHa Ha puc. 1. [6]

Pemenne 3Toif 3amaun 3aHUMaeT 3HAYUTEIBHYIO YacTh paboThl. Tak, Ha MOJIOBHHE
MIPOEKTOB, KOTOpPBIe OBUTH MpoaHAIM3UPOBaHBI MHCTpyMeHTOM Avalahche, pabora
STP 3ansina 6onbire 70 % Bcero BpeMeHH, a Ha TakuxX MpoekTax kak «sndfile-mix-
to mono» u «cjpeg», conBep paboran Oomee 99 % oOT BpeMeHH pPabOTHI
uHctpymenTa[l]. CireoBaTenbHO, CYIIECTBYET IOTPEOHOCTh B ONTUMH3AIMU
QITOPUTMA PEIICHUS STOH 3aa4H.

STP BbinonHsier Hekue MpeoOpa3oBaHs BXOAHBIX (OpPMyN, B TOM 4YHCIE
npeodpazoanne BeipakeHnid B KH®, koToTphle OH momaér Ha BXOJ PEIIATENIO
MINISAT.
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BxomHast chopmyra
3aMeHa
Ynpowge+we
TivHelHbie BoMACeHAs
BitBlast
KoHeepmaposaHve B KHD
SAT-corsep
PopMyITE HEBLINOITHAMA MopMy/Ta BhIMOJHAMS

Puc. 1: Paboma congepa STP

3. Modudgpukauyust anzopumma DPLL

B pematene MINISAT ucnons3yercst paccMoTpeHHbIH panee anroputm DPLL. [5]

3agactyro TpeOyeTcst mpoBEpUTh HAOOp OrpaHIMYCHHUNA CIICAYIONIETO BUAA:

4, ix, ):
4, (xl ) A 4, (xz -);

Al(xl)/\ Az(xz)/\.../\ Anixn )

Orta 0co0eHHOCTh (OPMYIT OCHOBaHA Ha BHIE TPACC, Ui KOTOPHIX IPOBEPSIOTCS
orpanudeHus. Paccmorpum npocroit nmpumep (Puc. 2).

Ha cxeme npexcraBieH rpa¢ noroka ynpasieHHs HEKOTOpPOW mporpaMmsl. B xone
JUHAMHYECKOTO aHaln3a CYyLIECTBYET HEOOXOAMMOCTh IIOKPHITH KakK MOXHO
OosibIie  OmEpaTopoB MpOrpaMMmbl. st 3TOro HEOOXOAMMO BBIICHHTH, KaKHe
OrpaHWYeHUs (HampuMep, 3HaYCHUS NEPEMEHHBIX) JOJDKHBI BBIOTHATHCS, YTOOBI
BBITIOJTHEHHS IPOTPaMMBI IIIJIO 110 OJHOMY M3 BO3MOJKHBIX ITyTEH.
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Yrpowetme

JvbefHuie BENACISHW

BitBlast

Kovmeprupoaakue B KH®

SAT-coreep

N

COPMYE HEBLTHUT-AME COPMYNE BINOTHAME

Puc. 2: [Ipumep epagha nomoxa ynpasnenus.

Ha npeACTaBJICHHOM MNPUMEPE BO3MOXHBI TPU BBIIIOJHCHHUA HTPOrpaMMBbl. M
COOTBETCTBYIOT CJICAYIOIIUE OTPAaHUICHU .

Alix1 )
4 (xl ) N 4, (xz )"
Al(xl)/\ Az(xz)/\ A3(x3 )

[Ipomomxum paccMoTpenue oOmed (GOpMyJbl, M MOCKOJBbKY BBIIIOJIHUMOCTh
GOpMyNBI M BBIIOJHAMOCTh €€ OTPHLAHUS — BELIM, CBSI3aHHBIE Ciabo,
mpeobpa3yeM cucTeMy K Ooee 00memMy BUAY:

B,;
A NB,;
ANA, N..AB,
3amerum, 9to popmynsl m —1 W m , COOTBETCTBEHHO, IMEIOT BU/I:
ANA N NA NB, .,
ANANNA,NA, L AB, .,
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IIpu nocrarodno OONBIIUX m OIJMHAKOBAS 4YacTh 00emX (OPMYNT 3HAYUTENHHO
IPEBBIIIACT YACTH, B KOTOPHIX OHU Pa3INYAIOTCSL.

[Mormpobyem  ucmonp3oBaTh  MH(OpPMALMIO, IOJNYYCHHYIO IIPH  IIPOBEpPKE
BBIIOJHUMOCTH (popMmyJibl A st ipoBepku Bhinoanumocty B = A A C
IIpeobpazyem anroput™m  ciueayrommMm  obOpazoM. Bo Bpems  mpoBepku
BBIIIOJIHUMOCTH (OpMyJIBI A , 3allOMHMM MECTO B JepeBe, Ha KOTOPOM MBI
OCTAaHOBWJIMCh M COCTOSIHHE B HEM, a TAK)Ke BCE COCTOSHHUS BCEX TOUEK B KOTOPBIX

OCTAJIUCh HEIIPOCMOTPEHHBIE BETKU U B KOTOPHIE Mbl MOKEM BEPHYTHCS B Cllydac
HEeyJlayy Ha TEKyIlIeH BETKeE.

3.1. Mpumep paboTbl anropuTmMoB
PaccMOTpUM MpEANIOKEHHBIM aNrOpUTM Ha JBYX CHEAYIOIIMX KOHKPETHBIX
(hopmymax:

A= (xo vxl)/\(xo vxl)/\(xo vxz)/\(x3 vx4),

B=(x0vxl)/\ xovx_l)/\ Xy VX, IN\X5 VX, /\(x3vx5)/\(x_5)

1
Sd.: % =false Sd.: X% =tue
2 4
UP: % =tTue
UP: g = 3 5

Fal o4y =fase
6

SATistrue

Puc. 3: Ilpumep pabomer ancopumma DPLL. Memxamu Sel. u UP 0603nauensi
NPUCBAUBAHUSL, NPOUCXO0AWUE HA WA2AX 8blOOPA NEPEMEHHOU U PACHPOCHPAHEHUS
«EOUHUUHBIXY KOHBIOHKNOE, COOMEENCIMBEHHO.
®opmyna B ecthb koHbioHkuus Qopmynst A4 u C= (x3 V X )/\ (x )

Paccmotpum, cHadana, kak paboraer anroputM DPLL 0e3 pure literal assign st
¢dbopmyisl A4 .
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CIUIONIHBIMY JIMHUSMHU Ha CXEMe MOoKa3aHa paboTa anroputMa s hopmynsl A4 . B

BepiinHe 3 (opMmylia IPUHAMAET BUI false/\ X3 V X, ] 1 TOXKACCTBEHHO paBHa

false. Ilocie 3TOro BBIYMCIIEHHE BO3BpAIIACTCsA K IMOCICAHEH HEPaCCMOTPEHHOM
BETKE, a IMEHHO, BEIOOpY true B KauecTBe 3HaYECHUs epeMEeHHOH x, . B BepuuHe 6

(dopMyna TOXKIECTBEHHO paBHa true, CJeJOBaTENbHO, HCXOAHAs QopMmyIa
BBINOJIHMMA (3HAYCHUS TIEPEMEHHBIX MOXKHO TMPOCIEIUTh, TPOHAS M3 3TOH
BEpILIMHBI K KOpPHIO). [Ip 3TOM ocTanach HepacCMOTPEHHOW BETKa, BBIXOISIIAs M3
BEPILIMHBI 5, B KOTOPOH NIEPEMEHHON X; IPHCBAaHBAETCA 3HAYCHUE true.

PaccmoTrpuM Temeps paboTy alropuTMa MPH MPOBEPKE BHITOIHUMOCTH (HOPMYJIHI .
Brruncnenve HayHEM HE C KOPHS JlepeBa, a ¢ TOYKH, Ha KOTOPOM Mbl 3aKOHUMJIU
BBIYMCIIEHHE IIpU TPOBEpKE BBINOIHUMOCTH (opmynsl A . Ilpu 31O0M MBI
COXpaHWIIM 3Ha4YeHUs POPMYJIbl U IEPEMEHHBIX B BEpIIUHE 6, a TAaK)Ke B BEpIINHE 5
— €IMHCTBEHHOM, OCTaBILIEHCs HeNpOCMOTpeHHOM. Ha cxeme BepIIuHbl, B KOTOPBIX
3alIOMHEHBI COCTOSIHUS 3aKPALICHBI.

1
t'-"
\ !
,"""\
Seh.ixg =fase - ~, Sehig =tue
e 7 ~
2 0/ 4
,'—\ I ,'—\
A N UP: % =true
UP: x, =true *, 3 . 5

Ny

Fall Sel..xg—fdse . \ ¥% =true
SAT'S UP: %, =true
X =true

H' UP: % =fdse

10

O

SAT istrue

Puc. 4: Ilpumep pabomwi moougpuyuposannozo areopumma DPLL

Hanpumep, cocTossHIS B BepIIUHAX 5 1 6 cIeayromnue:
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Tao6auna 1: Cocrostaus

CocrosiHue X, X, X, X5 X, X5 ®dopmyna
Al
5 true — true — — — (XZ) KV X

6 true — true false — — true

Tabnuua 1: Cocmosnus

JlanpHelilee BEIYUCICHUE HA CXEME IMOKA3aHO CIUIOIIHBIMU JUHUSIMH. Jl00aBHM K

(dopmyne B BepminHe 6 KOHBIOHKIHIO (x3 \% xs)/\ X5 | M IPUCBOMM NEPEMEHHBIM

3HA4eHUs M3 COCTOSHMA B 3Toi BepmmHe. [lomyunm Qopmyny (xs)/\(xs).
Hocneaylomee MMPOABMIKCHUC CAVMHUYHBIX KOHBIOHKTOB B BCPIINHE 7 IIOKa3hbIBACT,
yto (opmyna paBHa false. Bemomammocts (opmynsl B B 3TOH BeprimHe He
IoKa3aHa. BepHEMcS K mociemHeH HEpacCMOTPEHHOH BepIIMHE (BepUIMHA 5) U
MIPOJOJDKUAM BEIYUCIIEHHE ¢ 3ToW Touku. B Bepmmue 10 dopmyrna TOXKIECTBEHHO
paBHa true ¥ BBIOJIHUMOCTb GOPMYJIBI B j0Ka3aHa.

Taxum obpaszom, aist popmyi

ANA N NA ANB

m+1

ANANNANA NA, AB, .,

MOXHO CHAuaja NPOBEPUTH BhIIONHUMOCTE Gopmynst A A A, A A A, , Te.

m 2
o0Imeil 4acTu, a 3areM BBIIEYKa3aHHBIM METOJIOM IIPOBEPUTH BBINOJHUMOCTD
(hopMyJ1 BLIETIOM.

IToCKOJBKY aNrOpUTM BBIIONHAET HEKOTOPBIE JONOIHUTENBHBIE —IEHCTBUS,
HE00X0ANMO TIPOBEPUTH, OTIPABIAHBI JIA OHU.

4. Tecmoenslt coneep

JlJis ipoBepKU aJirOpUTMa Ha MPAKTHKE, ObUT HAMUCAH TECTOBBIA COJBEP HA S3bIKE
Java. On peamusyer amroputMm DPLL 0e3 1rara, Ha KOTOPOM YIaJsOTCS
«CBOOOHBIC» JTUTEpalbl. BHIOOP OUepeIHOrO JINTEpaa BBITOIHICTCS TOJIBKO MOCIEe
TOTr0, KaK IIar MPOJBIDKEHUS ¢IMHUYHBIX KOHBIOHKTOB OoJice HeIprUMeHUM. Takoit
MIOJTXOJ1 UCTIONIB3YETCS B OONBITHHCTBE peam3arus anroputma DPLL.

B cosBepe ucnosb3yercss €OUHCTBEHHAs ontuMusauusg anroputmMa DPLL — B
NaMSATU Ul KaXI0U IEPEMEHHON XPAaHUTCS YUCIIO BXOXKIACHUN 9TOU IEPEMEHHOU B
(dhopMysy ¢ OTpUIIAaHUSIMU U Oe3.
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Taxxe coiBep peanm3yeT ommcaHHyI0 Moaudukanuio anroputma. Ilocme kaxmoit
npoBepkH (HOPMYJIbI, €CJIN BBIIIOJIHUMOCTH €€ MOJITBEPIKACHA, BETKA iepeBa pa3dopa
Ha KOTOpOi OBLIO HaiJIeHO pelleHHe, a TaK)Ke BCe HaOOphl NPHCBAUBAHHH B
BEpILIUHAX, OTBETBIECHUS U3 KOTOPBIX OCTAIUCh HEMPOCMOTPEHHBIMHU, COXPAHSAIOTCS
B MaMSTH.

[Iporpamma pabotaer ¢ dopmynamMum B KOHBIOHKTUBHOH HOpMaibHOU (opme,
3alMCaHHbIMU B TEKCTOBBIH (haiin. [lepemeHHbIe 0003HAYAIOTCS CHUMBOJIOM «X» C
UHJEKCOM, OTpHLAHHE 3HAKOM «!», JIOTMYECKOE CIIOKEHHE — 3HAKOM «|»,
JIOTHYECKOEe YMHOXKEHHE — 3HaKoM «&». [lockonbKy opmyia 3a1aéTcst TOJIBKO B
KH®, ckoOKku ommycKaroTcsl.

Hanpumep, popmyia

(xo \Y xl)/\ (xo \% xl)/\ (xo \% xz)/\ (x3 \Y x4),
JOJDKHA OBITH 3amucaHa cleayromuM oopaszom: x0[x1&!x1[x2|!x3&x3[x4.

IIpumep BBIBOZA CoIBEpa

(X0 | x1) & (X0 | ™x1) & (Ix0 | x2) & (Ix3 | x4)

After UP — (X0 | x1) & (X0 | Ix1) & (Ix0 | x2) & (Ix3 | x4)
Select O

Assign (Select) x0 = false

(xX1) & (Ix1) & (Ix3 | x4)

Assign (UP) x1 = true

After UP — O & (x3 | x4)

SAT is false.

Assign (Select) x0 = true

xX2) & (Ix3 | x4)

Assign (UP) x2 = true

After UP — (IX3 | x4)

Select 3

Assign (Select) x3 = false

SAT is true: 1210 - 0, -> 2, => 3, <-

B mocnenHeil crpoke comepkuTcs HHPOpPMAIMS O TOM, YTO IS (POPMYJIBI
yCTaHOBJICHA €€ BBIMOJIHUMOCTh. TaM JK€ COJCPKHUTCS BEKTOP MPUCBAMBAHUN —
1210, roe kaxkmas IUdpa COOTBETCTBYET 3HAYCHHUIO MEPEeMEHHON (true uist
repeMeHHbIX ¢ HoMmepamu 0 u 2, false s mepemMeHHON ¢ HOMEpOM 3 U mepeMeHHast
1 ocranmace 0e3 npucsamBanus). Ctpoka 0, -> 2, => 3, <- — omnmcaHHe BETKH, HA
KOTOpPOU OBLTO HaMIeHO peleHne. Bee 3Tr pe3ybTaThl COXPAHSIOTCS B ITAMSITH.

5. [poeepka pabombl MOOUGUUUPOBAHHO20 asl20pumma

5.1. Tpacchkl MHCcTpyMmeHTa Avalanche

CkopocTh paboThl MPEeAIOKEHHON MoauduKauy anroputMa Obllla MPOBEpEeHa Ha
MTOCTIEIOBATEIBHOCTAX TPACC, epeaBacMbIX HHCTpyMeHToMH Avalanche comBepy
STP mpu mpoBepke UM pa3NUIHBIX IPOTPAMM.

289

s xaxgoro Tecta B Xoie pabOTBl MHCTPYMEHTAa H3BIEKAIHCH  JIBE
MOCJIE/IOBATENIFHO  BBIYMCIISIIOIIMECS Tpacchl. CHauajla BBIIOJIHUMOCTh 00EnX
dbopMyn He3aBHCHMO NpoBepsutach anroputMom DPLL. A 3aTeM BBINONHSIACH
MpoBepKa TMepBod (OPMYJBI, B XOJ€ KOTOPOH 3alOMUHANNCH HEOOXOIMMEIC
COCTOSIHUST W Ha OCHOBE A3TOW HWH(POPMALNMHU 3amycKajcs MOAU(DUIIUPOBAHHBIN
ITOPUTM Ha BTOPO# (hopMmyIie.

[lpp o5TOM TOCHENOBATENLHOCTH YTBEPXKIACHUH OBUIM KOHBEPTHPOBAHBI B
KOHBIOHKTHBHBIE HOPMaJIbHbIE (POPMBI.

Jlist Ka10ro ajaropuTMa yKa3aHo BpeMsl €ro BBITIOJIHEHHUS! HAa TECTOBOM COJIBEpE B
CeKyH/IaX M KOJHMYECTBO BBINIOJIHCHHBIX IMPHCBAaUBaHUil (B XOJe IIara BbIOOpa
MEepeMEeHHON WM unit propogation) Bo BTOpoil ¢Gopmyie. Uwmcao KOHBIOHKTOB
TaK)Ke YKa3aHo Uil BTOPOW (hOpMYJIbI.

Yucno  DPLL Momu¢. DPLL  yckopenne Wrorosoe
Tecr KOHBIOH. 1 . 2¢. mp. 1¢. 2. mp. (Pa3) ycKkopenue
1 416 2.87 1.07 641 294 037 175 2.86 1.19
2 416 1.27 1.39 806 1.33 034 260 4 1.58
3 416 1.35 1.80 837 1.43 037 292 4.7 1.73
4 480 1.59 1.78 837 1.67 0.19 192 89 1.8
5 544 3.01 1.97 837 3.02 022 9 &7 1.53
6 540 1482 029 251 14.89 0.20 1 1.4 1.0007
7 362 815 6.8 407 816 0.74 71 9.17 1.67
8 1340 77.03 0.72 634 77.06 0.15 1 4.65 1.007
9 665 955 029 337 959 0.14 1 2 1.01
10 527 2596 22.65 574 26.02 2.09 32 10.81 1.72
11 559 2337 2244 606 2346 246 32 9.08 1.76
12 591 26.28 2145 638 2628 1.79 32 1193 1.69

Tabnuua 2: Cpasnenue ckopocmu pabomsl aicopummos.

5.2. CnyvyanHbie KH®

Taxke CKOpOCTH PabOTHI aNropuTMa ObLIA TPOBEpeHa Ha CIy4alHBIM 00pazom
CT€HEPHPOBAHHBIX KOHBIOHKTHBHBIX HOPMAJIBHBIX (opMax.

B tabnuie npuBeseHs! CpeHUE PE3YNIbTATh 3aIlyCKOB CIIEAYIOIUX (GOpMYII:
50 KOHBIOHKTOB ¢ He Oonee ueM 50 murepanamu,

100 xoHBIOHKTOB ¢ He Oojee uem 50 muTepanamu,
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50 KOHBIOHKTOB ¢ He Oonee yeM 100 muTepanamm. [6] Katelman M., Soos M. STP Constraint Solver [HTML]
(http://sites.google.com/site/stpfastprover/)

Yucno  DPLL Momug. DPLL  ycxopenne Wrorosoe
Teer  ompion. 1. 2¢. mp. 1¢. 2. mp. (Pas) ycKkopeHre
1 50 0.05 0.16 165 0.1 0.02 73 5.85 1.61
2 100 0.2 0.31 360 0.24 0.07 189 448 1.64

50 0.15 0.30 173 0.23 0.06 95 4.98 1.56

Tabauya 3: Cpasrenue ckopocmu pabomsl aneopummos.

Crnemyer OTMETUTh, YTO B OOIIEM CITydac MOXKET OBbITh BBITIOJIHEH MOJHBIH 00X0.1
BETKH, KOTOPYHO FCIIONIB3yeT alroOpuT™M, Wpexae dYeM Oyner oOHapykeHa
IepeMeHHast, MPEINOJI0KCHAE O 3HAYCHUM KOTOPOH CTAHOBHTCS HEBEPHBIM B
«HOBOW» (popMmyre.

OpHako, Kak BHMIHO U3 pE3yNbTaTOB TECTOB, Ha MpaKTHKE TakKoil ciydai
BCTPEUAETCS PEJKO.

Uto651 n36exaTh mageHus h(HEeKTUBHOCTH B 3TUX CIIydYasX, MOYKHO OTPaHUYIHBATH
rryOuHy o6xoma BeTku. I[Ipm 3TOM, ecim orpaHuyeHne OyIeT IOCTUTHYTO,
MPOJOJDKATh 00XOJ ¢ KOPHSA, YTO SKBHBAJIEHTHO 3aIlyCKy HEMOAU(HIIMPOBAHHOTO
DPLL.

6. 3aknroyeHue

IMocnenoBarensHOCTH OBUIM  TIPOBEpEHBI HAa TECTOBOM COJBEpPE CHauasa
anroput™Mom DPLL, a 3atemM ero MoaupuIUpOBaHHBIM BApHAHTOM.

ITocne cpaBHEHUsS] CKOPOCTH PabOThl aJrOPUTMOB, MOXKHO CJEIaTh BBIBOJ O TOM,
YTO B CpeIHEM MOAUDUIIMPOBAHHBIA AITOPUTM JAET YCKOPCHHE.

[TockonbpKy B CpeqHEM ainropuTM Aa&T BBIMTPHIII BO BPEMEHH, OH MOXET OBITh
IPUMEHEH IS YKa3aHHBIX BBIIIE IIeNeil.

B pmanpHeiimie miansl BXOJUT BHEAPEHHE anroputMa B pemarens MINISAT.
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