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Performance Evaluation of Parallel SAT Solver on Xeon Phi Processor

Shintaro Nishiwaki*, Non-member, Naoki Fujieda*®, Non-member, Shuichi Ichikawa*, Member

(201843 A 23 H5AF, 20184E9 H 18 HFZAY)

The satisfiability (SAT) problem is widely applicable to various industrial problems, such as formal verification of

industrial systems. This study presents the performance evaluation of a parallel SAT solver (Glucose Syrup) on In-

tel Xeon Phi many-core processors. After limiting the number of learnt clauses to be shared, the number of solved

problems in the SAT Competition 2016 workload increased from 201 to 236, yet it was smaller than that of a Xeon

processor.
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Fig.1. An example of the DPLL algorithm.
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Fig.2. Two execution models of Xeon Phi.
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Fig.3. Basic organization of Glucose Syrup.
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Table 1. Execution environment (TUT).
CPU Xeon E5-2680 v2 (2.8 GHz, 10 cores) x2
Memory 64 GB
oS Red Hat Enterprise Linux 6.2
Compiler Intel C++ compiler 16.0.0
Coprocessor | Xeon Phi 5110P (1.053 GHz, 60 cores),
8 GB of memory

Table 2. Execution environment (Kyoto Univ.).

CPU Xeon Phi 7250 (1.4 GHz, 68 cores)
Memory 16GB + 96 GB
(6N SUSE Linux Enterprise Server 12
Compiler Intel C++ compiler 16.0.3.210

Table 3. Problems used for evaluation.

Abbrev. [ Problem (File Name) | size [KB]
unsatl ecgridox115_shuffled.cnf 89
unsat2 fixedbandwidth-eq-40_shuffled.cnf 8
unsat3 homer17.cnf 20
satl modgen-n200-m90860q08c40-2087.cnf 154
sat2 modgen-n200-m90860q08c40-6967.cnf 154
sat3 Schur_160-5-d37.cnf 439

K> 512725 T, SAT Competition 2017 DHIE %S4
12, HUBRERE R P IBT 70 hr o Fo 3 A (2 IEAT IR 1 7 1 BRI
D215 (2000 ) &A% L7z,
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HUEREHTED B H B Z L hbh o772, SAT 4 ¥ A%
YAD 3 ODOMETIE, 5 2 it Xeon Phi 1355 1 AT &
D bR ERE D E A S 7z,

PRI T ORI & LT, FEEOIA 225 [FHI K
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A AL v R 6 3%E SN EEH Y AA TV,
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HorLE, 1 OO¥EFHIZOETy Z1E N [ (1 oA L
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ALy NI % & KIS FEAREA ML, R
B 2SEINT 522 10X 5T, WREAMETLTWARE
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Table 4. Evaluation results on Xeon Phi and Xeon. The number of threads on Xeon was 20.

Ist gen. Phi 2nd gen. Phi Xeon
Threads Solved | Time [s] | Solved | Time [s] || Solved ‘ Time [s]
unsatl | 40, 60, 80, 100 | 0/20 2000 0/20 2000 20/20 365
unsat2 | 40, 60, 80, 100 | 0/20 2000 0/20 2000 20/20 502
unsat3 | 40, 60, 80, 100 | 0/20 2000 0/20 2000 20/20 739
satl 40 1/20 1929 5/20 1645 20/20 340
60 3/20 1805 1/20 1926
80 1/20 1944 5/20 1671
100 1/20 1933 5/20 1625
sat2 40 2/20 1865 3/20 1751 15/20 902
60 3/20 1797 3/20 1731
80 0/20 2000 6/20 1597
100 0/20 2000 1/20 1928
sat3 40 1/20 1931 6/20 1598 13/20 962
60 3/20 1751 7/20 1437
80 1/20 1911 4/20 1699
100 0/20 2000 4/20 1729

[ * threads=40 + threads=60 4 threads=80 # threads=100 |

[ xthreads=40 + threads=60 4 threads=80  threads=100 |

100 100 Y * o C R
90 . L ™ A
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3 ;50 ey N AO 0% e ® }33{ *0‘+ +#a
g £40 b B G0 . IS %”@g( XX g
2 D30 PRI eSE < o
5 55 [l Soe e
o W
I 1 1 J 0 E3 I I 1 J
0 50 100 150 200 0 50 100 150 200
Time slice Time slice
(a) unsatl (b) sat3

Fig.4. Time change of CPU time per real time on 2nd generation Xeon Phi.
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Table 5. Evaluation of the optimizaton method with sat3 on 2nd generation Xeon Phi.

Threshold =2 Threshold = 3 Threshold = 4 Threshold =5 Original
Threads | Solved | Time [s] | Solved | Time [s] | Solved | Time [s] | Solved | Time [s] || Solved | Time [s]
40 | 320 | 1772 | 320 | 1786 | 820 | 1395 | 920 | 1308 [[ 620 | 1598
60 | 920 | 1311 | 720 | 1380 | 820 | 1389 | 1020 | 1238 || 720 | 1437
80 | 920 | 1227 | 820 | 1354 | 1120 | 1099 | 1020 | 1320 || 4720 | 1699
100 | 920 | 1265 | 10220 | 12690 | 520 | 1603 | 1320 | 999 420 | 1729
134 | 1420 | 833 | 1320 | 958 | 920 | 1243 | 16220 | 843 320 | 1788
201 | 1420 | 836 | 1820 | 527 | 1220 | 1018 | 1820 | 607 120 | 1907
268 | 1820 | 582 | 1820 | 464 | 1920 | 369 | 1820 | 561 120 | 1919
BEHEOFHGOWGIII 2L EDERET A ENTEN [ Xthreads=40 +60 480 100 x 134 4201 ©268
£, Xeon Phi DS HD AL v F&AMITHR L THEAEM L o
rEBHTELEHEGFEIND,
5. =nR{bA&ET
(5:1) F & KREO¥HEHzLATLIZILICX
LML AN T 5 ke LT, $FR3EEINS
FEMOMAHIRT 5 2 L HEZSND, (24 Hi TR~ 0 " 0 o 00
7B, A SN BFHEI, 70 LBD 4958 i O _ , fime shee ,
SIS £ T T3 QOB G, R T T s of U et e of
FEEHIRERICLVELICEDho T S L E2EE TR 5
i, BUBIEETRAERICKE (, ETV/EDIIONTK
BN b eEZONL, T bbb, FINLHH
HiO¥ b FATHMGERIIL VWS, EfTPELIIonTo R BwHRTTO Yy FBEUNTWADIL, X CTHBEERON»-
lpho TNIELA3) HDMNTHERE D EET 5. 722 L &IRT, Fig.5 Tl3, Fig.4 & [RAERIZ, 20 B OIFEATD
DIEofgi k), REETIREBHOLEFEORMEL /NS % ) bW —DFEFOEREZTO Y FLTWh, FD720H, &
fEICREE L, PEFRZZM O HIRERD R AR TEv EHEH S B AR B FEATIE] 1L Table 5 CT/x L 72334 3247y
LRI T EEET L2 T, LM OB % X MERFLTLD LAV EITEESI NV, fl 2T,
Do AT, FEEOREMNIZIBITLBMEDOHEB LS % a2 A Fig.512BWT, AL v FEA 268 DA LD H 134, 201
AT MNTAZLICK o TEATE S, M, FHuo DEEDOHBELE o6 Twb, LarL, Table5
FREROERELB T 2, 2~51I%ET %, TRLIZEBY, 20 AOFETOFETIZ268 AL v KO
(5:2) sat3 (CHFBHFHE 45 2 AL Xeon Phi 1235 O VFEITRERNITEL %o 720
WTEEZ B L, sat3 OKEZ A 72856 O R 5 = ALy REF 134 TOREIIBWT, ERHbHIZ) D
Table 5 |1Z/R§ o FEMERIEIL 4 B EFBETH L5, AL v CPU K5I, FATHIRBERIERNIZA L Y FEIZEVE
FEIZDoWTIiL 40, 60, 80, 100 AL v FIZhnz T, 134, WKHEELCTWA, SO enh, 5-DHiTHELLS
201, 268 AL v F (XeonPhi ®¥E a7 -1 D2, 3, 4 0, BMEZ/NSZEICEET A2 & TR R % (21T
%) CTHEMEiZAT > 720 F 72, Original IZBEx FEET 5 RHTETWD Z EDHANNG, —HTIORRIE, A
BT D 2 AL Xeon Phi OFHfi#E S Tdh % (Table 4) . BifiE Ly RS 134 LT O3 2 [FINAE B IR 2 BHE 3 5 1213
ZEETAHAIETAL v FEERE <513 8T FETRERM MEIE S THATHE I LOEHKLTWE, TNL D HE]
PEL o708, BUELZEE L72HE3WITNoBHETY, fEZ/NS T HE, GREIEHICHEET2FHEIL %
ALy FEaEKE LT 213 P FATRIEE < 7% A {E]m DX, BEEBOHESTHIET W E2s, T
MWLM —F, H—ALy FEOMTLRIEKT S, &, IF ITRERISEAL L2 E 2 b b, £72, AL v FEAT201,
IZA Ly FED 134 DT OWAEI2IE, BEZ /S <3513 268 DAL, Fig.d TOA LNz, AL v FEOEIZIE
EEHFETRERNIIE 2 A2 E R Lz, AR 5 IXRIHE CTHETRBEZP SO TH Yy NOHEPD LM% 5
/NS T RIEELE SN FHENID R, A LR T & 72,
LRFEAEL 22 2 EDEZONL 720, TIUTFRICK (5:3) &7 —70—-FICHT3FE <52 HiOFF
TEERTH D, fli&k V), sat3 IZBWTHEL 5 UTICEET L, 268 A
T, 43> HEIEFEFRIC LT, FERfH 720 O CPU I Ly FEATIREIC IR b P FEATRM 2 5 { T& 72 (Table 5),
245t L7z Fig. 512, sat3 OKRFICHB VT, BEE 512 F72, BfEL 5 L L2t &, EFRGB,LS5505 1 LAT
BEEL72Hen 78y FaiRd, 80 AL v FELEIZBWT A AR CTHERER H 72 O CPU KA L v FEUITED
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Table 6. Evaluation with all the workload of SAT Com-
petition 2016.

Setting | Solved ‘ SAT ‘ UNSAT | Time[s] ‘ Time.solved][s]
Original | 201/499 | 77 | 124 | 6445 992
Threshold =2 | 236/499 | 86 | 150 | 5781 625
Threshold = 3 | 233/499 | 83 | 150 | 5741 572
Threshold = 4 | 229/499 | 88 | 141 5807 576
Xeon  [293/499] 90 [ 203 [ 4557 | 287

, Thbbtazibitrsslshes 2 L bERTE
(Fig.5)0 ZHUc kb, % 2 4% Xeon Phi Tl %471 g
BEKRDOAL v FE (268) THIZIZ Glucose Syrup % 5
TCEDRIARDI. 5720 & Tht#IZ, SAT Competition
2016 D47 — 7 v — N & W3-l 2479 o i $ 2 R
1%, Parallel Track 125 ENA54E500 D5 H, ¥ ra—
FCTEAMELy MIEFEN TV -7-1/ (modgen-
n200-m90860q08c40-13698.cnf) % F\27- 499 M TH 5,
ALy FEZ268 & L, (S-D>HIOKBEZWT 2, BEE
2,3, 4 ICHEET G LBEEEE L 2WEGE0 4580 T
DMl xdT o720 T2, HED /-8 Xeon D20 AL v N
17 (BMEZ EE L) CTH RBRICEHE L7z IR
5000 # & L, “FHFEATHER 2 3R B B L BRI L f LT
0o 72 MEDO FEATRERIL 10000 F & A% L7z, 4B, B
iz 5 Z[EE L7 5AOFHEITb R ol €D D
1 2%, 7—7u—F, HIREHOERIZEID, &7 —
70— K COFMICIZZREEREETLZIETH DL, b
5 1213, Fig.4 TO unsatl & sat3 OLEOREREL? S, b
OMETIERELZ L VNS LT 5, 2N EFEOLEE
LDECHIBRLIFBENEEZI LN L THD,

Table 6 (247 — 27 0 — K2 HW7FFMoORRELT RIS
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M (BT 180 1) 12B1F 5 P FEATHEM 2773, Xeon Phi
CBWCHERFEET A2 LI2L D, M 7zHEO%KiE 201
POHRKT236 (Bfiiz 2 & L2ga) ~etimLz,
7o, BMEER/NS ST D200, B 7-RIEE TRy
BRI A A B NTz, —HT, FHETRERIZBEMEEZ 3 & L
AN E TR Y AT ORE TR 72RO Y EFT
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7B DT o7z,
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HLIFEATCAFOCRIETH B LW SN L, 29 L7z
THMEZ /NS S LT &84, 520 ETim L2 L 91,
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TolEZOND, —F, BMIEXEZET ARICHIT 0oz
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