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Abstract

An appropriate restart is helpful for a solver to jump out of the local optimization, but more frequent restarts

will significantly reduce the efficiency. To address the arbitrariness of triggering conditions for the restart of CDCL sol-

ver, the delaying restart algorithm based on path identification was proposed in this paper. Specifically, the Luby se-

quence is utilized to trigger the delaying restart decision, which converts current path and the searched paths to vector

space models (VSMs) such that the similarity of VSMs is calculated to judge whether the current search process will

get into the repetitive search space. Once the underlying similarity reaches a given threshold, the restart is triggered,

otherwise it will be delayed. SAT international testing example and two state-of-the-art solvers were adopted for com-

parison purpose. The experimental results show that the proposed algorithm can not only effectively avoid the repetitive

search space, but also obviously improve the solving efficiency.

Keywords Satisfiability problem,Propositional logic, Restart, Path identification, Vector space model

1 5]

AR T A P (SAT [a) 2 & AN 4 E B i) NP 58 4[]
B, Tl 4T P AR 22 ) AR FT RABER Ak R SAT [a] R sk
% s AHL Y SAT SRAFASBET 12 I T 52 15 Ha, o T F A AU Ay
B R IEAA A AL E S, E500 SAT KK 2
F DPLL™ (Davis Putnam Logemann Loveland) 24 3 HE 242 ,
fEid % 20 4 fH), 22 F 1 17E DPLL fER BB TREZ R AR
FRAMEF A AR, W5 & 25 PR AER T e
R ST T b R S T 4 BT B
KEFIE M T BB &N AT CDCLE! (Conflict-Driven
Clause Learning) 3K fiffEZ8

i

| HH:2016-11-28 &M HH:2017-02-09
i H (2682017ZT12) %8,

SN, B F CPU, AR RE M S5 EFSR R B vk B &
Ry BRI, 7E R Xef Tl SR b 9 RS A Zi% [ R, B 2 24 4
B R AR W ARMER I e R ERE, HERER S
CDCL R #3338 RHLHIAHSE . CDCL SRR R L
FRET B X REMREER. BT, 8RR
TR S A5 Sl N J 0 e 9 A [ RS 5 AT B AR B e AR
HEM T Bk . SCHRC8 #8711 Il P48 R ALK T iy 2 47 B (8]
R T B34 (Heavy-Tailed Distributions) , Bl Z>#8 4328 TG
TEA TR (X R R4S B 25 10 e A e e A IF B R bt
IR ZHIM bR TR . 7EMER b /EE R E
THENLE S SRR, F R 4R AL B R R, BN R AT
1 BT A 2 SUIRAERAS , I AR TS T AR L R R SR AZ Uk AT

A% HFE EH AR RS H (61673320, 11526171, 61305074) , Hr s B 8 S A RLF I 55 2%

BREWLAQ982—), B, 14, FEHFR T M NE GE5 B AL T, E-mail : gschen@home. swijtu. edu. enGEE/EE ) ;% #(1956—), B, {1, # %,
A B0, FEAR TN B ShiEE; REEA986—), B, M4, FEHR RN EE B MEEA982—), B, 4, yfim, EEMR

TrIa N E SR,



280 it A OHL A

2017 4

FOHR. LRUEY . R A REHLE S Rl LI ROHBRE R
WL IFBE R EAMRDS . AETCRIERAS A D FIRAE T 51
SN 4R B R T S A SR ) YR o SR Tl
AR Y i OO R T 2 [ D) B A 3

& SAT [RRER A H » AR 5 T 18] P 7T R 3020 A i AS T
AU AT R . SCERROLTIVEIT A TS E
JA R AT R SR AR I T Sh A HE R A T
HASTEA RN . AR, AR B FR RO T R R
BEATER B P2 ], B YRR A A SERREEEL.
fE B E B3, PUNTE R B R E AL AL, X BARE TG
.

ASCAE Luby™™ #2STE R SRS B0 A b, 25 2 S S FER
SR X e SRR A (0 PP 48 2o S 7 8 AR B AR D T 199 ) s )
AL R T — AR T R R U R AR VOIS 0 ST R TR G
LR P RUREAF] Luby 551 BEE B BRE I, 38 53 18 R
FEVCC, AW Y AT R 5 E R PIUE, B ATEZ
ZR 23 (AR ARBLBE , — ELAR DL BE SR BB 26 F BN EE R , AR aeE
AR 923 8] . X S22 U, B4R S vk B 28 Itk 1 oK A
HPE .

2 EXREE
2.1 SAT 5§

BE-HARBILES X={x1 22,520}y ATLAEE
TRAE R 1(ED 8% 0(B) . SAT [a) 3 Al 3 7% w LA BLiE &
(Conjunctive Normal Form, CNF) [JJE R 45 H A 6,4 H
ZANFREII S, 748 C BCFIT B, 3CF & 2R
Btz BEBE—z B o=z Hx; M—z0 NEERIET
H1B0, Wge=C(—z Vas) A (@ V) Az V—zs Vas) A
(—x V =z V —z5), BN E—AF 5 ANZETTH 4 NF A
CNF A=, #HFAHERESCFBRE N E, WF4aER 1,5
B0 R 5 2 T P A SO RIRHBERAE D 0, WIFRTE 8 Tk 1
BFaRE, S EREFSFAAEHE. A ¢ 2T
JE I BACS BT A R B 4 2

SAT [t 34 X ERFTAZIURE X X—>{(0,1) ,f#
8 ¢ NE., BEFEXRERBE, W ¢ TR TN ¢ 2R
AR . XFTFAR g0, FATE X={x=1l,:=1,23=1,
2 =0,25 =0}, {15 ¢ WA FHAH 1, FHI g0 TR
2.2 CDCL#EZ

CDCLP 948 R A i 2 2 F 58 4 — X il B e [l 9 4
R, BREELETGNURZ Pk — R RAE AR TTIE Ry 3Rk AR
TG I E — NI ] B PSR AR STIR(E 1 88 0, F
FRPRIE d(d=0,d € N RKAETT, L(z) R Fite
IR, A L(x) =d., F IR 2 A% 3% HL 0 (Boolean
Constraint Propagation, BCP) A #t & H £ 21 I {8 ) 25 JC.
BCP # AT & bl Sl 72 2 7 B b 58, BREEASAE ST B A
Sy R EIR AR 1 3K 0, #F H PR o, WS 3h v 22 43
M AN B P B0, 635 B 24 A0 P 3R )2 2] 819 )2 2 18] 1 BT A A2
JUIRAE , IR DR SR AR ST 55 — o3 e FFip 8 R . & R )2
H7 0, MR R A VIR RAOLE , AT LA B B R AR
AT R . BN TR 2R E BTG 5, W3

WRAXEFWH RN, AR, COCL HREEAEERF
BT A 5E TN EH R BB E .
2.3 ERKEE

AR R R BRI G RS, % o SRR
B e E R R, MR R BCE R H B SR E
BFRIESE . % T={t1st2,>1: )} (k=0,kEN )RR EFHTH)
BIPRKBURETFH 6 (0<i<<k) F/n5 § RE A B9 b
FERBE, WESER TR AUT 428,

WOEEEBER. HFIRES T HEZH3, 8 1=
b+ ArG=1D), Hip Ar R EIBRE. 7E Chaff v Ar R
700, Berkmin'™ % 550, Siegel®® 34 16000,

O REEfIHMEEFERERR. HFIRE T HERE
G B =7« 1,00 G221, H r R AEEL. 40 Minisat
vl 1408388 1, =1. 541 (:==1), Walsh®® & & t, =7 « 1,4
(1=1,1<r<<2),

GOWMEIJUTHKEFEE. PicoSATH kN T X
FE B RS , AR iR B BE imer FIK
JABABIE outer #XEMITTEER , WIGRIEIH 100, F inner ¥
FHRIF L. Y inner=outer B, outer 4K 1. 1 f%, FTEEH
inner-fy 100; W inner 3K 1. 1 4%,

WBMJUTHKRFER . Luby™ 53 2i1%2)F75] 4
AR S S A TA B A AL [0 R P 5 A 8 B w20 . L7 %)
FETUAM IS 1 R B B AT 7 BT A BEL, FPFRES T=(1,1,
2,1,1,2,4,1,1,2,1,1,2,4,8,} , AT AT AR A H «

2, if i=2t—1

O o, 2 i1

M T o [ RRE/IN, 78 SEBR I o= X, H @ T 2
FeLL— AWK REL 7, B t;=» + & . 1E Minisat 2. 209 v, r
W N 100,

BAEBBELAEAE— U BB, B JCi6 H bR B i &
BEKR, —HE RIS B M4 (AT RSO T 2D
BBl AR TS AT TR 1 R B SRR AR AE
BRI R RIRAMIEE , FENR Y TR E G K, X
KRB op ZORASIF B AT T, P RS BEIE AR
AEERE.

AT R RIE T op R IR 5 TR A . SOk
(15148 H T 305 3 B B (Literal Block Distance, LBD) [ #5
B TP EE IR EN A, B EEE S Fh
) LBD, % & T J5 fit & 454 : 1) LBD W8 F 9 E K TR 3
SEIME 25%, H E—WRHE 8 E4 P =K BOK T 505 2) Fili 2
M FAH) LBD KK, CERL16 A B IRZE (D ki
SRR PR . M RRAWREIF BB R RKE d
L IERPRRE ¢ 5c(DMEMHE r=g—c(d. H¥,h
LT 1ERRZE d XERIPR R AR TTH) W MR, 25 b KTFHA
G A8, M E S . Glucose™ ¥ 43158 X 6] LBD #3354
SMA M EFRB I FHE CMA, RG LB X a3 Fi5 2
BB RS R, 25 SMA>c « CMA(c>1D), W),
SCERL12 ]88 T — B F b B ) B3R S SR, Bl 3ot 3l
DM RS BB R ERTREE R . HRAMAE
JGE R A R AR B e, BVAR 228 U PR A43 2 ¥ i 1



511

PR I, 5 . —Fh BT R BRI CDCL @l 2 58 R i 4% IR 5 5 SRk 281

2R ULHIRRAT A T 05 2 4510 B9 7T RE PR AR 3 O, B &2 1
JA s B TR AT R B, LI R R AT RE L B
AR Ee AL T JC vk B W AR . SCHR[24 ]7E Glucose 1%
ki b2 T — PR T R P BE ) SR R SR, T
YRR /N T O 7096) 74 LBD, MIBkd F 5

3 ESRRBRRFIAN

EEEREATUNE AT R B PR IFEF Luby J7
H B e T S B K SR R AR S E R AT
it , 7 SR R AR 554 O R X B — & M AHRLE, W
151 M AR (AU FEAR SR BRI JERAEERET,
FIFER,

EX VGERER) & ¢ & CNFAX, pi & ¢ BIXTHE
R LR A (RN PesR A 7T B 4 3T 1)) 5 WU AR 5 45
FUEREH Y A Z B PR SR — R EER r= {1
Doyt pat s HH 0 Ry ¢ HIAETTAL

EX 2HBRBRESR) B¢ & CNFARK,n 2 ¢ —
KRR, WK ¢ T AT RE RBEARATRR N R=
{r1sraseeesm ) A<E2") , HH n 2y ¢ HEIZEITLANEL.

EX 3EERMEIE) ¥ ¢ & CNF AR E ¢ BT HE
HRIERES T TFVnER, YV €R,n M r, HIEEEMLIE
AIRAHK SCri,m)

3.1 BHERETE

T 5420 U P 2 5 1R B ) — e DG i 3% » B — LU
S A2 X R B BRIR AR TG, — B B — BB 1k LA, R
IARMIEE . 145 T A RER, v, n B YATE R
o HRFICIEHEE RER, B— P RRENE—-NETH
PLSRAE T, PSR AR 0 ML S AR SO T AR 2 Level 7R,

A R ENEA e A BN E E B EN A
| — J J \. J
D . [N—

S
level: 1 level: 2 level: 3 level: 4

r |)r3 |.\'7 | .rx[—.x(,—\x|x |x |\',,[\’ | X, ! X, |x,A|.\*,,|x”[x,5|x,3’
—

R lev:g: 1 lcvcl 2

B 1 SRR

A HOFERRER r K E, A Hn)=14,H(,)=16;
F CGrisr) 3R m Rl ry WP ¥ SEAH R DR SR AE ST 8 o N
r R Z MRS L —BLEN COryr) =4, n §
72 BIREWAAI LR R -

Clri,r)_ 4
H(G) 14

EAERZHAROLT » TR 5 48 R AR AR 4k B 3
T AR BPRAE TG AR B AR AL R O, PRIt 7ESEBR
LR X AR PR RO R AR
3.2 ETmETHERHRELE

MBI 1 iR R RS, BA n 5 BREBILREAR
o5 » (EEAR R B R IR R AR T B PR SR 20 5, R SE i _E B AT
REA KRB

EE1 0N CNFAR ¢ MBREN, FEMRKE
n=A{x1,2z2,23} 72 = b s 43X N 48 R 43 [ ‘I)| F
@, JBE O O TCHZE, M| &1 F1 &2 BHEMHYIEHN 1 SD; .

le vcl 3 level: 4

S(rysr)= —=0. 29

{.Is s X2 axl

VEH] : i1 CDCL Je st 2 7] 40, 8 R EE A 0 X B 1y B
KA =1 Nu=1ANx=1,FMF x=1Nx=1A
=1, %M T r XRLRYRIK 3L, BE O F @ T
MU M AAMBREKERE A Ol.=1A
=1 \z,=190l,=1 Ne=1\Az=10 & =:,

BT 1 RILT YR 43 W TE) T B MW B ST [ B % [A]
K9 (Vector Space Model, VSM) R ME r 5 » B9AHAL
BE. VSM 2 —F T PPA8 SCAE BARUEE i AR AL, (R L
R AT M AT XARFERRR . £ VSM 1, 3C
B D B EARMKR R (BPEZ0O T A<<m) M L, K »
1 D IFE SRS, BAMRIE T, B EE R T

—EATE Wi A SIW, =100, OB D TR Jy v 41
D(Ty Wy 3T s Wosee5 T, , W) o BRI A(Ta s Wars
Taz sWaz 5225 Taws Wa ) F1 BT s W5 Toos Wz s +o05 Tha s
W) s Ta;s G Tpi iB—XFRL s B Ta; = Tp: (1<) , | A
B PN AMUBE R R AN A F1 B 2583 6 MARTLIE

E WAk WBk
cos(h= @D

JEWL N/ Ewh

CDCL }E%‘%&T%%ﬁﬂgelﬁl Ha%ffﬁ 1AT5, R
B 5 AL IR B AE T I I 4R A R 18 53 )RR AR
TLE T=rUr. MFVYpET,.,, . HER p EEREK
BRI PR E P E . WIRE R Je i Rt Bk E , 8 Rt
FRRRTRA , BRI R F 23 (B8], B AR B2 ST AR B ) DR 3R 43 52
X 48 223 [B] (9 BY AL BE S AR . Bt 1 AN o XY 1) B 25 [R] 43
I Ry A Ry WU pi £6 Ry vPIALEE Wi 7T ph F R4 H

n—L(p)+1 200(n—L(p)+1)
Wi, =——— % 100=———"—""""— (2)
! Cp) » kilk C(p:) » (h*+n)

Hep, L(p) WRIEAETT pi £ v PETR MBI R o0 Ky ry
RPRZEGC(pO R n 5 p AT R — R E AR TTA
. F#RERE A5 r BHEMER.

3 W, Wi,
SGryyr)= = 3

\/ é:IW}%lk * \/ kZi)lWI%Zk
H1 Wi, BE AT [ — 18 R A b B MR D3R 2 1)
B TCRAL AR,
X 1 FR RIS r Ay, HAERES T 2 1 7
T B PSR AR T, B«

T (12 s T3 s Tu s Ts s —726 5 L7 5 Tg 5 LTy 5 T11 5 X12 » X13 »

S(A,B)=

14 s T15 T s T17 9 T20 9 T2z 9 X28)

H AR, 1 HSE— BRI Z T AR TG 25 X RERYALTE N -

W _200(n— L(p;)+l)=200(4—1—|—1)=10
B3 c(n®+n) 404 +4)
PABLISHE, 1 BOZS[E] T 2R

R1 (ﬁxl ,3. 3, 72y 10,x3, 10;.24, 10;.25,5;—/1‘6, ].0;
275105 285 105 295 3. 35 2115 105 2125 05 2135 05 2145 0

Z15 3. 35216 90317 955 X20 995 22 505228 ,0)

2 EV‘J%EIEH rﬁlﬁiﬂz



282

it LR

2017 4

R; (—x1,03—2257. 5523510324 57. 5325 56. 65— 5103
Z7510528 5105295052115 7. 552125 6. 652135 25 2145 25

15525216 505217 9 23220 56. 635222 5 7. 55228 52)

1 l—:j r2 E‘J?Fﬁfwﬁﬂil

19
> W, s Wi,
k=1

19 i
Ewlzz r lez k
=1 ! =1 2

_ 0.6
=78.86 % 27,85 ~0- 88

WREREKW .1 5 . BARBEMLUNE, & n S8R
B b I HE R W RESHEAS o MIRNE R, R
S TS 4 AR AR TR AR B b PTG TS R AT
PR AL

4 THER

A 3CHE Minisat #1 MapleCOMSPS 3K fi# #5 ) F Rl E 4351
SEP T E T B AR YR N A SR TS SR, A L I G A3 SRR
& Minisat_PI 1 MapleCOMSPS_PI, Minisat 2 [E Fr_E H14%
iy CDCL SAT skf##%, £ JLAE SAT HFrmse P RZ A A
FRUMRAFASETSE Minisat 9 BGHERR, H Minisat H R & B
FZMRAEAR, X K A5 F B UG B a2
5. MapleCOMSPS 2 2016 4¢ SAT HEFn3=%E Main Track 41
WA, 520 L RB A8 T A7 i IR A SCR L B Sy . SRR
KRB H T 2015 4 SAT-Race #) main track 2H (300 M52

S(ry,r)=

D F1 2016 4 SAT Competition K main track (Application)
2H (300 LB , ¥ K T BUE S ML A B 45 10 R S5 473K,
AR To AL BE H FR AT 2000s, {43355 4 Intel i7-
6700 3. 4GHz CPU, 16G #) #2 4 ##, Red Hat Enterprise 7. 3
BIERSE.

SNASTE S AR B ER A Luby J¥ 51, UK R ECR 100, B
T={100,100,200,100,100,200,400,100,100, 200,100,100,
200,400,800, }, R/ BEAEVCACE , L i B Y AT R
B SEHERER » HKELKT 0. 8 BAFFtHILAS, B

min(H(), H(r)) N L 4
maxCH(ry ) H(ry)) =0 & ARSI T — R BB RHAe

HAFTICHC . A LA R AE B BE B9 (B R SR AR R 52 i, 4331
BET N5 rn WHEMERME SG1,7)=0.540.05:GEN,
0<G<<9) , X)W Minisat_PI F1 MapleCOMSPS { AR pRZS ,

XF S R 4y Bl an 3R 1 FI3R 2 B3], Minisat_PT 1
MapleCOMSPS_PI ¥ BB IE #1217, R &R B . Xt F
2015 4E Y32 FE B, Minisat_PI ) 10 N ESGHERHA 8 ANBGHERR
R A BT Minisat JFRR , J0 IR XA R RS2 41,10 4
B AR 1 SR A A O A > F IR AR, MapleCOMSPS # 10
AR A 7 AN R T IR IR X F R R R S,
8 MEA MR N A D F IR, XFF 2016 41 Z 561,
Minisat ) 10 NEGHERHE 9 ANRAS 3K i SSBIHOA 2> F IR
Ji& s MapleCOMSPS ) 10 NG A 7 A WA 1 SR ik 32 451
BADF IR

%1 Minisat #ix A BAR IR AIEEIR 55 SR M AT 5 SR A BT L

Minisat_PI({# F F [ 4800 B Bl {5)

Al AL Minbsat — 60 065 0.70  0.75 _ 0.80 0.8 0.90 0.9
SAT 111 120 111 105 19 117 12 15 110 120 106
SZI\\ATa E"‘;ﬁﬁ:s UNSAT 59 65 61 62 63 61 61 60 61 65 59
TOTAL 170 185 172 167 182 178 173 175 171 185 165
SAT Competition 2016 SAT 49 59 59 57 57 57 56 54 58 55 53
Application of Main ~ UNSAT 58 58 58 60 58 57 59 59 59 56 52
Track TOTAL 107 n7 17 17 15 N4 115 113 17 111 105
# 2  MapleCOMSPS % A B2 1R BIFER T S 0 AT S R FRCR IR
- . MapleCOMSPS_PI({s /A 7 Fl 4 B 1 1)
AR xA MapleCOMSPS 055 0.60 0.65 0.70 075 0.80 0.85 0.9  0.95
SAT 147 142 143 149 148 152 152 151 150 149 136
Sﬁaiﬁaﬁﬁls UNSAT 75 75 74 76 75 75 78 76 75 78 7
TOTAL 222 217 217 225 223 227 230 227 225 227 207
SAT Competition 2016 SAT 63 61 61 63 58 64 64 64 63 64 62
Application of Main ~ UNSAT 68 63 65 68 75 68 71 67 70 70 66
Track TOTAL 131 124 126 131 133 132 135 131 133 134 128

Xt b PN A5 SR 2R U 2 T A TR ) B R TR SR L
W MRS R TR B TEE R, BAEF
AT H AR BE AR AR TR AR SIS, X i
BCE I R AR TR AR LT B R B R AR RS,
TTCEEBE . £ SEFr L b B RUBR AR AU S (s ) TR
[0. 65,0. 901, AIAG BB LT B AL PERE «

ZRIE  ASCXE SAT [ BUR A P TR HoAR AT TR
NSRS F8 T B E R S AN 2 X TS S K T
WA P R B B AR 22K, — ER A4S 760 T15% tH B 45 18
B o & SR, W EA ERERTIRFE. SHEFERA

AN IR R A (B PP SR RS A 5 AR
Po ASCTIALE BALZR v B0 16 B2 23 [ A58 2 A 00 B8 200 il 5 3 »
& Luby #A5T05 SR 00 22 Al b, 455 2h 25 TR SRS X b 2%
REHIEAG, B H T —FETRESIE R ERE
JR R . SCHRSS IR AR, SR TS SRS T A O R
25 B I 52 4R R SR AR

& % X W

[1] COOK S A. The complexity of theorem-proving procedures [ C] //
Proceedings of 3rd Annual ACM Symposium on Theory of



511

PRE L, 55 —Fh R TR ERIRSIR CDCL 478 R s R 5 g vk

283

(2]

(3]

(4]

(5]

(6]

7]

(e]

(9]

[10]

(11]

[12]

Computing. New York: ACM,1971:151-158.

DAVIS M, LOGEMANN G, LOVELAND D. A machine pro-
gram for theorem proving[J]. Communications of the ACM,
1962,5(7):394-397.

SILVA ] P M,LYNCE I,MALIK S. Conflict-driven clause
learning SAT solvers [ M]// Handbook of Satisfiability. Amster-
dam, IOS Press, 2009:127-149.

MOSKEWICZ M W, MADIGAN C F,ZHAO Y. Chaff: Engi-
neering an efficient SAT solver [ C] // Proceedings of the 38th
Annual Design Automation Conference. New York: ACM, 2001 .
530-535.

MARQUES-SILVA J P,SAKALLAH K A. Grasp:a new
search algorithm for satisfiability [C]// Proceedings of the 1996
IEEE/ACM International on Computer-aided
Design. Los Alamitos; IEEE Computer Society Press, 1996
220-227.

GOMES C P,SELMAN B,KAUTZ H. Boosting combinatorial
search through randomization[ C] // Proceedings of AAAI’ 98.
1998.431-437.

GOLDBERG E,NOVIKOV Y. BerkMin:a fast and robust SAT
solver [C]//Proceedings of the symposium on Design, Automa-
tion and Test in Europe Conference. 2002 : 142-149.

GOMES C, SELMAN B, CRATAO N, et al. Heavy-tailed phe-
nomena in satisfiability and constraint satisfaction problems
[J7. Journal of Automated Reasoning,2000,24(1/2):67-100.
PIPATSRISAWAT P, DARWICHE A. A lightweight compo-

nent caching scheme for satisfiability solvers [ C] // Proceedings

Conference

of the International Conference on Theory and Applications of
Satisfiability Testing-SAT 2007. Heidelberg: Springer, 2007
294-299.

VANDER TAK P,RAMOS A,HEULE M. Reusing the assign-
ment trail in CDCL solvers [J]. Journal on Satisfiability, Boolean
Modeling and Computation,2011,7(4):133-138.

EEN N,SORENSSON N. An extensible SAT solver [C]//Pro-
ceedings of the International Conference on Theory and Applica-
tions of Satisfiability Testing-SAT 2003. Heidelberg: Springer,
2004.502-518.

BIERE A. Adaptive restart strategies for conflict driven SAT

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

solvers [ C] // Proceedings of the International Conference on
Theory and Applications of Satisfiability Testing-SAT 2008.
Heidelberg: Springer, 2008 : 28-33.

LUBY M, SINCLAIR A,ZUCKERMAN D. Optimal speedup of
las vegas algorithms [J]. Information Processing Letters, 1993,
47(4) :173-180.

HUANG ] B. The effect of restarts on the efficiency of clause
learning [C]// Proceedings of the 20th International Joint Con-
ference on Artificial Intelligence. Menlo Park: AAAI, 2007
2318-2323.

AUDEMARD G,SIMON L. Refining restarts strategies for SAT
and UNSAT [C] // Proceedings of the 18th International Con-
ference on Principles and Practice of Constraint Programming.
Heidelberg: Springer,2012.:118-126.

RYVCHIN V,STRICHMAN O. Local restarts [C]// Procee-
dings of the International Conference on Theory and Applica-
tions of Satisfiability Testing-SAT 2008. Heidelberg: Springer,
2008:271-276.

BIERE A, FROHLICH A. Evaluating CDCL Restart Schemes
[C]//Proceedings of the International Workshop on Pragmatics
of SAT. 2015.

EEN N, SORENSSON N. MiniSat: A SAT solver with conflict-
clause minimization[ C]//SAT 2005 Competition. 2005.
SALTON G, WONG A, YANG C S. A vector space model for
automatic indexing[J]. Communications of the ACM, 1975,
18(11):613-620.

RYAN L. Efficient algorithms for clause learning SAT solvers
[D]. Simon Fraser University,2004.

BIERE A. PicoSAT essentials[J]. Journal on Satisfiability Boo-
lean Modeling and Computation, 2008,4(2-4) : 75-97.

WALSH T. Search in a small world[ C] // Proceedings of the
Sixteenth International Joint Conference on Artificial Intelli-
gence. Stockholm,1999:1172-1177.

BIERE A,HEULE M, MAAREN H V,et al. Handbook of
Satisfiability[ M]. IOS Press. 2009.

BIERE A. Yet another local searach solver and lingeling and
friends entering the sat competition[ C] // Proceedings of SAT
Competition 2014, 2014 ;39-40.

(k3% 272 FO

7]

(e]

(9]

#AE, BT, T, 5. BT P2P i K MBI AL
et [T, THEALRL TS, 2011, 28(4)  1382-1384.

XU S M,FENG J, TANG Z X. Reasearch on remote sensing da-
ta distribution strategy based on P2P technology[J]. Computer
and Digital Engineering,2012,40(10) :47-50. (in Chinese)
FittR G4, BRI, T P2P HAR 098 BEEE & SR BT
00 HEHL S TR, 2012,40(10) : 47-50.

LV Z H,YIN T F,ZHANG X L, et al. Virtual Reality Smart
City Based on WebVRGIS[]]. IEEE Internet of Things Journal,
2016,3(6):1015-1024.

LIU B,CUI Y, LU Y S. Locality-awareness in BitTorrent-like

[10]

(11]

[12]

[13]

P2P applications[J]. IEEE Transactions on Multimedia, 2009,
11(3):361-371.

DAI Q,LIU J B, LIU S B. Key technologies of mass remote
sensing data sharing[ J]. Computer Engineering, 2008, 34 (6) :
283-285. (in Chinese)

O, XUERSE, X A R TR BB R I i e B R [T ],
HEHL TR, 2008,34(6) : 283-285.

E: 2R, BitTorrent 257 45 W 4% ) A B 1B AERF 58 (M. JL 5
R ERAEAR B AL, 2014 120-121.

CHEN ]J. Tracking system, tracking server and tracker: WO 201
3044539 A1[PJ. 2013.

P2P Protocol Specifications Multitracker[ EB/OL]. http: //wiki.
depthstrike. com/wiki/P2P: Protocol : Specifications; Multitracker.



