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Preprocessing Inprocessing On-the-fly

Subsumption
elimination

[Eén+ 05] Hyper binary

resolution
[Bacchus 02]

Clause elimination
[Heule+ 10, Jarvisalo+ 10]

Equivalent literal
substitution
[Berre 01, Bacchus+ 03]

Variable elimination

[Eén+ 05, Subbarayan+ 04] Self-subsuming

resolution
[Zhang 05, Han+ 09, Hamadi
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Probing
[Lynce+ 03]

Unhiding

[Heule+ 11] Lazy clause

simplification




BCP H5 Bin Resolvents ##iHH

{-X2,-x3, -x4, x5} y@

{-x1,x2}
x1@5 —> x2@5 —> X3@5 —> X5@5 —> x6@5 [x6] \x9@5
[X1] [X1] [X1] ~ 7 x6]
X8@5
\ X4@5 / [X6]
{-x2,x3} [x1]
{-x2, x4}

e SAT YV JL/\I& BCP #HHIZEIT (EITHEHE D 80 ~ 90%)
o £1)TZJLIZRL, dominator & O(1) THH [Han+ 11]
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o KFETIX, &1FTZILIZHL, dominator 1D H{R7F

O &5 pre[] ZRAE (A4 XIXUTZILED)
O pre[q] I& q ® dominator &3 (pre[q]
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On-The-Fly Probing

o HIALIEH AT Probing [Berre 01, Lynce 03] Z on-the-fly TZEAT
e Necessary Assignment Probing
dFET—=y N 9Ty = ¢FyY
if (pregyly]l = -pre,.lyl) y = true

e Equivalent Variable Probing

pET—Y N QE Ty > gFETOY
if (pre,yly] = -pre[-y] or pre,,[y] = -pre[-y]) x =y

e (Binary) Clause Probing

dpFETVZz N dFET—=Yy N dFEz—=Y = dFY

if (pre, [yl == -pre[pre,,[y]] or
pre,.,[y]l == -pre[pre, [y]) y = true

pre[y] MNEFHNDHEENE

E |
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On-the-fly Self-Subsuming Resolution

C: {’U]l,’UJg,ZEl,"' gLy axk}
{wiﬁ_'xj}
/
C": {wi,we,T1, ,Tj_1,%j41, " , Tk}
if (pre[wi] == xj or pre[-xj] == -wi) remove Xxj

o HIDHKTIIARTIZDODNWTFIVITHE OK?)

o BEtRUTIILEFEERITIILDOARTIZERTE O(k)

o CDCLVILNIZBITAERD)TIILERIZESE O(1)
O Unit propagation, conflict analysis, removal of satisfied clauses

o ERLI-FEHOHEILDT=®, BERITIILEIEERITS
ILDARTIZRELTHEIL Ok)
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e Solvers

O Glueminisat 2.2.7p with/without lazy simp

O Lingeling 587f with/without unhiding [Heule+ 11]
> HLE, HTE, HBR, FLE, ELS, TRD
> Linear time in total number of literals

e Benchmarks

O SAT 2009 Competition Application 292 &
O SAT 2011 Competition Application 300 &
O SAT Challenge 2011 Application 600 [

e Environment

O Core i7 (2GHz) with 8GB memory
O gcc 4.2
O Timeout: 1200 sec / instance
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GlueMiniSat 2.2.7

Lingeling 587f

w/0 lazy simp  with lazy simp

w/0 unhiding with unhiding

SAT 2009 Competition
SAT 2011 Competition
SAT Challenge 2012

193 ( 73 + 120) 196 ( 74 + 122)
180 ( 81 + 99) 184 ( 82 + 102)
488 (229 + 259) 494 (230 + 264)

194 ( 75 + 119) 198 ( 79 + 119)
164 ( 76 + 88) 169 ( 79 + 90)
488 (224 + 264) 500 (232 + 268)

Total

861 (383 + 478) 874 (386 + 488)

846 (375 + 471) 867 (390 + 477)

e Lazy clause simplification [& UNSAT IZ%hE8R A (+10/9)
O On-the-fly probing (3% 10% DZEHDIEZFHETE
O On-the-fly SSR [F#UTIILED 1% FEEZRE

e Unhiding & SAT IZ$h8 /Y (+150)

e Glueminisat (& SAT 2011 Application ZRX—X[ZFa1—=2%
O SAT 2011 OFERITRB LD, ZOMDBUNATAF
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10
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UNSAT
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SAT 2013 Competition

o LIT® track [Z&N
O Application SAT
O Application certified UNSAT
O Application SAT+UNSAT
O Hard-combinatorial SAT
O Hard-combinatorial certified UNSAT
O Hard-combinatorial SAT+UNSAT
O Open track

e Certified UNSAT Tl& UNSAT HIE R IZSEBAA N E
O Resolution trace format in 2005
> RERICESEHKRZH A
O Reverse Unit Propagation (RUP) format in 2007 [Allen+ 07]
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RUP Format

o REEPICFELI-EZINTHA
O =1L, &8 C (FEGEIROAH TEHRIETHSH L
O RAEZRIL LT ZFIvD
Zorg A Xearnt /\ -C —up L
O 3LEERZmEEIE Yieamt [ C ZEM
o BIRMICTEAEHTENIE Sy A Senmns vp L) BT

p
> EE(ILEEBRIBEZ D, BRIEIZZHOEGGINANEELL DT80,
resolution trace format &EEERL THREEIZEERE AN HHVD
« Application certified UNSAT [Z[X 11 VIL/ARS I (FEAED RUP)
« —74, Application SAT + UNSAT [ZI& 29 VIL/ADYS D

» On-the-fly lazy simplification EDFHEILELY (binary resolvents Z&Z T
X HLEMNHD). —EDHEETEINEL TS )




SAT 2013 Competition Results

Application Hard combinatorial Open
Gold Silver Bronze Gold Silver Bronze Gold Silver Bronze
SAT+ | Lingeling Lingeling ZENN BreakID  gluebit_  glucose CSHCpar MIPSat Glul\ﬁgiid
UNSAT agw 587f 0.1.0 Glucose  clasp 1.0 2.3 8 531
SAT Lingeling ZENN satUzK glucose  gluebit_  BreakID i i i
agw 0.1.0 48 2.3 clasp 1.0 Glucose
forl drup-
Cert. glucose glue : : glucose
UNSAT| 2.3 minisat 530 | Riss3g pg  IECEEIEE ] ] ]
tamp
e Application SAT 19t (31 solvers)
e Application certified UNSAT 2nd (11 solvers)
e Application SAT+UNSAT 12t (29 solvers)
e Hard-combinatorial SAT 18t (41 solvers)
e Hard-combinatorial certified UNSAT 5t (9 solvers)
e Hard-combinatorial SAT+UNSAT 5t (35 solvers)
e Open track 12t (13 solvers)
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Application Certified UNSAT

Rank Solver #Solved

Virtual Best Solver (VBS) 106
1 |glucose 2.3 (certified unsat) 04
2 |glueminisat-cert-unsat 2.2.7] 91
3 |Riss3g cert 85
4 |forl drup-nocachestamp 84
5 |forl drup 84
6 |Nigma-DRUP 1.0 78
7 |Nigma-NoPB-DRUP 1.0 73
8 |minisat bit u 1.0 68
9 |minisat DRUP DRUP 65
10 |Lingeling agw-drup 48
11 |SAT4J Certified SAT COMPETITION 2013 15




Application SAT

Rank Solver #Solved

VBS 147
1 Lingeling aqw 119
2 ZENN 0.1.0 113
3 satUZK 48 110
4 Riss3g 39 108
5 Lingeling 587f 107
6 CSHCapplLG 106
7 gluebit Igl 1.0 105
7 MIPSat 105
9 forl nodrup 104
10 glucose 2.3 103
11 glue bit 1.0 102
11 Solver43b b 102
11 strangenight satcomp11-st 102
11 Riss3g 102
15 Solver43a a 101
16 CSHCapplLC 100
16 BreakIDGlucose 1 100
16

glueminisat 2.2.7j

100
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Application UNSAT

Rank Solver #Solved

VBS 141
1 Lingeling aqw 112
2 CSHCapplLC 106
3 Lingeling 587f 105
4 glue bit 1.0 102
5 CSHCapplLG 99
6 glucose 2.3 08
7 strangenight satcompl11-st 97
7 gluH 1.0 97
9 MIPSat 96
9 glueminisat 2.2.7j 96
11 GlucoRed r531 95
11 relback (not competing) v1.1 95
11 ZENN 0.1.0 95
11 BreakIDGlucose 1 95
15 gluH simp 1.0 94
16 Riss3g 39 93
17 Solver43b b 92
18

Solver43a a

90
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Application SAT+UNSAT

Rank Solver #Solved
VBS 288

1| Lingeling aqw 231
2 | Lingeling 587f 212
3|ZENN 0.1.0 208
4 | CSHCapplLC 206
5| CSHCapplLG 205
6 |glue bit 1.0 204
7 | MIPSat 201
7 | Riss3g 39 201
7 | glucose 2.3 201
10 | strangenight satcompl11-st 199
11 |gluH 1.0 196
11 [ glueminisat 2.2.7] 196
13 | BreaklDGlucose 1 195
14 | Solver43b b 194
14 | relback (not competing) v1.1 194
16 | forl nodrup 192
16 | Riss3g 192
18 | gluebit Igl 1.0 191
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e On-the-fly lazy clause simplification
O [FEAEF—/IN—AY DI ET AL BT

e SAT 2013 C

ompetition

O Application B ED{EM AYZ{L (SAT Challenge [ZiELY?)

SAT 2011 Application SAT 2013 Application
Gold Silver Bronze Gold Silver Bronze
SAT+ glucose glue Lingeling Lingeling Lingeling ZENN
UNSAT 2.2 minisat 587f agw 587f 0.1.0
cont-rasat cir_minisat Lingeling ZENN satUzZK
SAT hack hack HELEe aqw 0.1.0 48
glue glucose Qute glucose glue :
UNSAT minisat 2.2 RSat 2.3 minisat MIESEL

% Lingeling 587f [& SAT Challenge 2012 T+ 14 (=1L reference solver)

o SEDTE

O On-the-fly lazy clause simplification M L3k
O ZHORFI—IBREICH L TFa—=27
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