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3apaya byneBoli BbINOJHUMOCT

@ Jlnutepan OyneBoii nepeMeHHON & — BbIpaXkeHWe T UAN T.
] ﬂll/l3'bIOHKT — AN3DBIOHKUWNA NINTEPANOB, TO €CTb Bblpa>KeHNe
BUga rVyV z

o Popmyna B KOHBIOHKTUBHOI HopMmanbHol hopme (KHP) —
KOHBIOHKLMST [N3BIOHKTOB.

e 3apgaya bynesoii BbinoaHumocTn (SAT): MOXHO i HaliTw
XOTsi Obl KaKMe-TO 3HAYEHNS NEPEMEHHBIX, NPU KOTOPbIX
dopmyna BbinonHsieTcs (T.e. NpUHUMaET 3HadeHne 1)7

MpuMep HeBbINOAHUMON hOpMYIIbI:

T AN TYg N ZA (&Vy AN (yVz) A (2V2)
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3aja4a MaKCMaJibHOM BbINOIHUMOCTM

3apaya makcumanbHoit BeinonHumoctn (MAXSAT): kakoe
Hanbonbluee KONMHECTBO AN BIOHKTOB MOXHO BbIMOAHUTL?

Mpumep:

/\ vy Nz Al(xvy AN (yV2) A (zV2)

YeTbipe An3bloHKTa BbinonHstoTes npu £ =0,y = z= 1.
70 ogHa u3 nepebix NP-nonHbix 3agay.

Ha npaktuke NP-nosHble 3aga4m 4acTo pellatoT CBeAEHNEM K
MAXSAT uepes consepbi (Hanpumep, RC21).

Alexey Ignatiev, Antonio Morgado, and Joao Marques-Silva. “RC2: An
efficient MaxSAT solver™. In: (2019).
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Obo3HayeHUst 1 BapuaLmm

Obo3zHaveHus:
@ [17nHa AU3BIOHKTA — 3TO KOJIMYECTBO JINTEPASIOB B HEM.
@ [nuna dopmynbl L — 5TO KOANYECTBO JINTEPASIOB B Hell.
@ k-nepemeHHas — nepemMeHHasi, Bxoaswas k pas.

@ 71 — KOJINYECTBO A-NEpeMeHHbIX B hopmyIe.

Bapwuauyun 3apaun:

o MAX-k-SAT — anuHa Kaxgoro Au3bloHKTa He bonee k.

@ (n, k)-MAXSAT — nepemeHHble BxogsT He bonee k pas.
Naxe 3apaqa (n,3)-MAX-2-SAT yxe NP-nonna?.
3agaya (n,2)-MAXSAT pelaercs 3a noAMHOMUANbHOE BPeMSi.

2Venkatesh Raman, Bala Ravikumar, and S Srinivasa Rao. “A simplified
NP-complete MAXSAT problem”. In: (1998).
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PacwenneHne no nepemeHHoii

PacwenneHne no z — 310 paciiennnerune Ha caydan 2 =0 n = = 1.
Mpumep:
Pacwenumcs Ha cnydan =0 u z =1 B popmyne
(zvy) A (zVz) N (ZVwVy A (TVz) A
Q 2

V7 NS
37 J7

y N Z A ... (wVy) A z A

B nepeom cnyyae anvHa ymeHblumMaack Ha 7, BO BTOPOM — Ha 6.
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[Npepbloyine pesynbTaThbl

ABTop lop k m L
Niedermeier et al. | 1999 | O*(1.40%) | O*(1.38™) | O*(1.1279%)
Bansal et al. | 1999 | 0*(1.38%) | 0*(1.34™) | O*(1.1058")

Chen et al. 2004 | O*(1.37%) | 0*(1.33™) -

Bliznets et al. 2012 | O*(1.36%) - -

Chen et al. 2015 | O0*(1.33%) - -

Xu et al. 2019 - 0*(1.30™) -

Jlerenpa:

@ k— OueHka OTHOCWTENILHO OTBeTa.
@ m — OueHKa OTHOCUTENLHO KOJINYECTBA AWN3bIOHKTOB.

@ L — OueHka OTHOCMTENBHO AJINHBI POPMYIbI.
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Mepbl cnoXHOCTK 3afa4m

@ TeopeTunyeckne oLeHKN OTCTAtOT OT MPaKTUHECKUX
pe3ynbTaToB.
@ Pa3BuTue anropnTMoB OT pa3HbiX Mep NO3BOSIET CMOTPETH
Ha 3afa4vy NoA pa3HbIMU Yrnamu:
e Ecnun ecTb MHOro gnnHHbIX AN3BIOHKTOB, 3aja4y BbirofgHee
pewaTb OTHOCUTENIbHO KOMIMHYECTBA AN3BIOHKTOB NN OTBETA.
e Ecnun ectb MHOro gusbtoHkToB anuubl 1 unu 2, 3agaqy
BbIFO4HEE peLlaTb OTHOCUTENLHO AJIVHBbI.
o [locnegHune pesynbTaTbl YAy4LIAKOT OLEHKU OTHOCUTENBLHO
KOJIMYECTBA BbIMOJIHEHbIX UMW BCEX AN3BIOHKTOB.

B paHHoli paboTe cTpouTCs anropuTMm, yayyLaowmii OLeHKy
OTHOCUTENIbHO AJIVHbI.
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Heﬂ,OCTaTKI/I MEpbl ONMNHbI

[ncbannaHc BECOB NepeMeHHBbIX:
o [MepemMeHHble, BCTPEYalOLNECS MeHee, YeM ABaXKAbl, MOXHO
cpasy ybpatsb.
@ 3HauuT, ecan y 3-nepeMeHHol ybpaTh xoTs Bbl oAnH AuTepan,
OHa Cpasy nuc4yesaeT, AAWHA YMeHbluaeTcs Ha 3.

o Ecnn y 4-nepemenHoii ybpaTb oauH nuTepan, 4anHa
yMmeHbLUaeTcs Ha 1.

Bnarogaps stomy (n, 3)-MAXSAT pewaetca 3a O*(1.0600%).3

BoixoauT, 4To noka B dpopmyne ecTb 4-nepemMeHHble, anropuTm
paboTaet 3a O*(1.106%), a 3aTem ocTaTok petuaeTtcs BuicTpee.

[pyras noxoxasi Mepa MOXeT NoMoYb npoeecTu bosee
aKKypaTHbIA aHanus.

3Tatiana Belova and Ivan Bliznets. "Upper and Lower Bounds for Different
Parameterizations of (n, 3)-MAXSAT". In: 2018.
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Llenb n 3apaun

Llenb: YayywimTe anropuT™M OTHOCUTENBHO AMNHBI AJIS 334a4N
MAXSAT.

3apgauu:
@ PaspaboTtaTb Mepy CNOXHOCTM 3a4a4U, CrNAXKUBAIOLLYIO
pasHuLy Mexay 3-nepeMeHHbIMU 1 4-nepemeHHbIMY.
@ Pa30bpatb nepemerHble C BONBLLUINM KOAUYECTBOM
BXOXKAEHUNIA.
o [NpumeHnTs paspaboTaHHyto Mepy ansi pasbopa 4- u
5-nepemeHHbIX.
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VYMeHblUeHHast Mepa

Bbina Bbibpana mepa d = L — ng.

CeoiicTea:
@ Bec 3-nepemeHHbIX yMeHbLLEH.
o Tak kak d < L, anroputm 3a O*(a?) pabotaer n 3a O*(ak).
e [nsa (n,3)-MAXSAT: L = 3ng = %d, n anropuTtm paboTaer
3a 0°(1.06002%) = 0*(1.0912%)
@ Ha nepemeHHbIx ¢ BONBLWINM KONYECTBOM BXOXAEHUN BEAET
cebst Kak aaunHa.

A vMeHHO, Npu pacLuenieHnn No Takoli nepeMeHHOl Mepa
YMEHbLLAETCS HE MeHbLUe, YeM ANNHA.
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e€MeHHble C DONIbLLUNM KONNYECTBOM BXO)Kp,eHI/II7I

V nepemMeHHbIX C LIECTbIO 1 Boslee BXOXKAEHUSMUN MHOIO Cocefei.

Mpu pacwenneHnn no HUM gavHa (cnegosatensHo, u d)
YMEHbLLIAETCS CUJIBHO.

KoHkpeTHee, oka3blBaeTCsl, 4TO pacLuenseHne no Takol
nepemeHHolt AaéT anroputm 3a O*(1.09279).

BobiBog: Cnyuali nepeMeHHbIX € BOAbLLINM KONUYECTEOM
BXOXAEHU pa3obpaH.
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Pasbop 5-nepemeHHbIx

Mpumep dhopmynbi:
(xV C1) A (zV Co) A (zV C3) A (ZV Dy) A (TV Do) A F

Mepa: d= L — ng = 2n3 + 4ny + 5n5

o [louTn BCerga d ymeHbLUAeTCA CUbHER, YEM AJIMHA.
@ Ecnum ymeHbluaeTcsi Takke, TO BOKPYF MHOIO 5-nepemeHHbIX.
@ Torpa MOXHO BbiBeCTN Dosiee CNIOXKHbIE PaCLLENNEHNS.

o B anroputme 3a O*(1.0927%) pasbop 16 cnyqaes.
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Pasbop 4-nepemMeHHbIX

Mpumep dopmysnbl:
(zV C1) A (xV Co) A(ZV D) A (TV Do) A F

Mepa: d=L — ng = 2ng + 4ny

e [Npu yganeHun ogHoro nuTepana noboii nepemeHHol d
yMeHbLUIaeTcst Ha 2.
@ Taknm obpa3om BbipaBHUBAIOTCS 3-nepemeHHble 1
4-nepemeHHble.
@ DT0 no3BosisieT pasbupaTtb 4-nepemMeHHble MOYTH TaKxKe
BbICTPO, KaK 3-nepeMeHHbIe.
o B anroputme 3a 0*(1.0927%) pasbop 12 cnyuqaes.
BbiBog: Cny4aii nepeMeHHbIX C HETbIPbMSI MW MATHIO
BXOXKAEHUAMMN pa3obpaH.
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PesynbtaThl

Paspabotan anroputm 3a O0*(1.0927%) ans sagaun MAXSAT
(ynyuwetue nHa 11.5%).

o [lpeanoxera mepa d = L — ng, CrnaxmBaroowas pasHuuy
MeXay 3-nepemMeHHbIMU 1 4-NepeMeHHbIMU.

@ [TokazaHo, 4TO Ha nepeMeHHbIX C BONLLUNM KOANYECTBOM
BXOXXAEHNIA Mepa BeagT cebsi Kak AsnHa.

o C nomouubto cBONCTB Mepbl Ha 4- 1 b-nepeMeHHbIX pa3obpaHbl
NnepeMeHHbIe C HEBOMBLLMM KOIMHYECTBOM BXOXKIEHUIA.

Paboty nnanupyetca nogaTs Ha koHdeperuuio AAAI-21.
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MAXSAT oTHOoCuUTenbHO OoTBeTa

Astop lop | Bpems pabotbi A

Niedermeier et al. | 1999 0*(1.3995%) -
Bansal et al. 1999 O*(1.3803%) 4.1%
Chen et al. 2004 |  O*(1.3695%) | 2.5%
Bliznets et al. | 2012 |  O*(1.3579%) | 2.7%
Chen et al. 2015 | 0*(1.3248%) | 8.1%
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MAXSAT oTHOCMTENBbHO KONMYECTBA AN3BIOHKTOB

Pab6ota log | Pesynbrar A
Niedermeier et al. | 1999 | O*(1.3803™) | -
Bansal et al. 1999 | O*(1.3413™) | 8.9%
Chen et al. 2004 | O*(1.3248™) | 4.2%
Xu et al. 2019 | O0*(1.2989™) | 7%
CM6LUDOMuKH Anchépoe B. B.
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cneL®MuKH

Anropntmel ans (n, 3)-MAXSAT

Pabora lop | Pesynbrar
Raman et al. | 1998 | O*(1.2010%)
Bansal et al. | 1999 | O*(1.0983%)
Kulikov et al. | 2009 | O*(1.0836"%)

Bliznets 2013 | O*(1.0801%)

Chen et al. | 2015 | O*(1.0735%)

Li et al. 2017 | O*(1.0609%)

Belova et al. | 2018 | O*(1.0600%)
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PacuienneHne no nepemeHHoli: 1OKa3aTENbCTBO

@ Mo)xHO 3anncaTb U3MEHEHUE YMEHbLUEHHOW Mepbl Kak CyMMy
YMeHbLUEHWNIi BECOB BCEX NEPEMEHHbIX.

@ V nepemeHHbIX C > 4 BXOXAEHUSIMU BEC U3MEHWICS HE
MeHbLUe, YeM AJINHA.

@ V 3-nepeMeHHOI, y KOTOPOI Nponanu He BCe NNTepasbl, BEC
N3MeHWNICa Ha 2.

@ 3-nepeMeHHYyto, Y KOTOpOIi nponagaet 3 nuTtepana, MOXHO

npeABapuUTENBLHO COKpaTuTh.*

*Chao Xu et al. “Resolution and domination: an improved exact MaxSAT
algorithm”. In: 2019.
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	Приложение

