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Abstract

Aiming at the RB model which has a growing value range of stochastic constraint satisfaction
problem, a belief propagation algorithm based on marginal probability distribution is proposed.
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When the belief propagation equation does not converge, the algorithm finds the next variable to
be reassigned by the order of marginal probability distribution from large to small, so as to elimi-
nate the process of variables. Experimental results show that the belief propagation algorithm
based on reselecting variables for assignment can find the solution of the problem in the region
that can satisfy the phase change, and effectively improves the efficiency of belief propagation.
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1. 518

24 {03 2 7] /@ (Constraint Satisfaction Problem, CSP)s& A T2 eI — A B EEH 7T 7 M) £ A0 2
I R IR SR AV B BT A E e . Big . AAE RIS A SRR, AMUTETTHEHLEE . ST,
BECE . (5 BRI R AR R R EE ST E; AR R I HEEE
HARE T ACBE ., HLAS 5 o) S50 br i) @ AR 2 T T2 S A AL

CSP ¥ J —2H A% 5 FX e 5 55 B 2 1) — AR & fF . A EREAA — AN ES T e IUE, &
MNRFR T — MR EFEUKL TR G L ENAHARELES, CSP 1 H bR =& el LT a2 8 4
MTEDL T, B ARG, N 25, BE6 S0 P 2 M (satisfiability, SAT) R /N
FL 7 T A CSP. — BT, BEAFL CSP /& NP 584 l. N T W7 CSP, FHIVF£ BEe 1 2
SR S FEAS L B SR DU AN BV ) — oG CSP 7 AL B, C. D JEJFII[1] [2] [3], Achlioptas [4]1%5 A5 !
X PUAN AL BA P FLETIEAS AL R PR AL, S8 T s X —BR i, Molloy [5] [6]5F NS E#H T —2erq
HERRY, IXSCRRIAE S FREFE AR AR LRI MERR SN, R ALY SR AR AN R B BT 281K, 2000
B, VWWAIAIZEARSEH 7 RB FAL[7] (revised B), RB AR E —> S 7R ) B A 19 B 33 B ATL 240 TR0 2 11
B, f£ RB A, AR HUEAE0RE 1] AL A 3 K B 2 TG, x5 DL R [ e KA BE AL
LY L ) AR LEAN R 4F L, iR T B BURASRE = AR MEMR S B, SIS T B AN ) R
VERTEE N [7TRI R 0 77 72 A% B RB A BN A7 LE AT i 2 PEARAR I 4, 1 L mT LAAS A B 10 AH AE 55
SCHR8] [9173 A NERAR AN it B T SR AR RB AL BEATL S FA) e F5E [ o o RS P 348 o 2 2 T 20 1
K, UEBA T RB BEBYLEARARS s BT ] DA A KB AR SEf) . DR, RB AR — AR EAM AN AR
RSB AR I G 3t HLRE AR AR DX 358 A2 K S A S48 ) NP 56 4 ] i

RB A A] 3 & AH AR I R DA PIE, (HSR AR RB LAY W BEHL SE 98 BA PRk . 2011 47, SCHki#X
FHEE NI GU ML R S g i, R T B E ARG 315 B AL 1 (Belief Propaga-
tion, fAIFK BP)GIZSRARE A 1A BUE S ) 29 5006 2 1) [ 10], X e SRy /E s BV AH AR 55 R e A AR
FISLGIRIfF . BEHSE NS T — M TR SRR BEE Y, HidE— P8 T RB AL Nf#E
IE[11]. ERRIEE NNERE EabT 7 BE MR ERE RB BRIy FfeshitE[12]. JE &S NI T
PR A R A HU0R <K (Revised Simulated Annealing, fiiFR RSA) S SR Af G AR 128 K 249 50 A2 ) i [13] . =
TR N K BAS AR AR K AR SE & SRR RB ERI[14]. 25 K% AR H T3 T2 249 & (Tabu
Search, f#iFR TS)H AR RB ALK A R REIL S BEA B RIS A 15]. S Afeh 75
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pUE2

T R ok R e/ 2 SRR S %% 2K 51 550923 (Heuristic Backtracking Algorithm, HBT), i i &k 2k
SERFRAE AR BT, AR5 R B> 2O R e G IR B AR B AT A, SRR RB BEAU[16]. X HHESE
N TAFLHREET p-RB BEALAETEAGH 10 7T B PEAH R IR [17]. 2022 4F, k2 A4 55 NAR H i dk
TR E FIE[18] R i RB AL, H&MEEIVEMIL, RARENEYE. 2023 4, MEEH
ST [R19 0 B 6 L BVA[19], SRIR4E RN IZ Sk Ae s A RO R B AR . KR ESVEF AR, W
ATk e 7 R ] o A (AR e ) 1) S

ARSCEET SCHR[101H I BEE, $R 1 R 2 Bk 2 40 A BB R AT 5 AR B 10k ) A A R B2 (New-
selected belief propagation, NBP) KK fi# RB #i 81X — 8 B A n] A8 g S Bl CSP. 7 NBP Bk, #
BP JiFRUCSI, I A% 5 PR ot e 7 A ok Ui K a2 B 26 R AR S A AR AR &, I A R B U
I R bR oy B (AR o TR R A AR AR AR 100 B 3 o0 A AT B HES ), DA S kase A8 5 (R I 5
TR, MEHPOEDE, GRS EENE —MARERE, FREHE R E 2% =X 1 &
KiLbrgZem) i b, FEFITENR. BUERERERN: 5 BP HykMt, NBP Hyimid kit
R AE AR B ] DLAR BT 22 Sl R, 42 17 BE LS R SR i 26

2. RB {&&Y

RB FEALE i N ANE R A A RS X ={X, Xy, Xy, o+, Xy | AN R L R4
C={C,,C,,Cy,-,C.} MRy, AFA AL H M EANIX B E LI D={d,,d,,dy,--,d\ | FEAE, Hr
d|=d(i=123-N), d=N“, a>0N#%. RBEEMEEHLEE RB(N K a,r,p) LT HEFE:

M CY HBEHLAT B A MY t MW, Ht=rNInN, r>0 N, BMKC, (1<ast)BE T
AR A BEALPRE I k (k> 2) NS TR AR R R RS S X, A — AN IS FR S A 2 Tt (4 5 SR PR
il X, ok AR A S U . Hoh X, R AERE S X R REHLYE AT k 22
AL Q, M X, BT AT BER o AU T BENLPIE AN E AT pd* A k SCIRE, 0< p <LFRLR
SR X AL A T RB AL —ANBENLSLG] . SR A BEALSE PR A B — M, Btk
BRI AL t AL N AR — IR

SCHR[7]H M A B A5 VA A T RB S AEE Al L EA AR L, AT IS BRE R B ARAS 5.
Pr(SAT ) %/ RB B AL R (¥R S vl L AU, AT LR 4518 BT :

SEFLL[7] WP, =1-e", FHa>lk, r>0RZMWNEE, Hke ™ >1, N

. [lp<py
lim, . Pr(SAT)_{O 0> . €h)
EH2([7] ¥, =-a/ln(1-p), Fa>1/k, 0<p<lZHAHEK, Hk=1(1-p), W
lim,__ Pr(SAT)= Lr<f, 2
N—o0 ( )_ O r>rcr ( )

XPASEIR YT 2 N FEAKE, BEE S p 8 r 0, 24 p> p, (r>1, )i, RB BB
IR S ARE ST T 05 4 p< py (r<r, )W, RB BIBBEHLICHI AT L BAREIET 1. skl i,
RB AU B LS T 3 2 M R T AN 1 1 0 1998728, S 2 T R MRS B, p,, (BRr, ) JoAEAR

3. RIBBESEESHEMHITRATEZANNEEEREE
3.1. RB #EEMETFEH BP ZR 51E
RB #AE k > 2 FFEE & NP 5241, KIMFATE k =2 . % 70 RB A FENL R R REFRER, W
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B 1 PR BB R R, 2R jk,- s THERRART A idfFab,c,-; AR i EL4R o P,
TS S A 1 SLRT R o Z IR %R, 14E (o). BT RB BAIAHBCHO(NINN) , i LA -7
HA Ry EIRE 14 o

Figure 1. Factor graph of binary RB model
El 1. = RB HAWETE

2D b SRR B s (5) AU (5)s 7 () JELOHK @ RIS I T HO(5 ., ORIk a ft
S B RE | A3 s, (5, € D) FUME: U, ()RR | A2 a 1058, Rt | et
Y5 a H0(5 B TN s, (5 € D) M., HUBZHEE P 2 A 336, W75 BP MR
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(o) =gew, X oo )ula(s). “
Horf
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U (ses)2Q, '

7R 20 R T, O(1) R SR TR, S(i)\adem SR | XL
IR ELR a: 6(a) FRAK a b NFALR, 5(a)\i RLH a R HERAS ML,

3.2. NBP B%

Fes b, SCHR[L0] T S 58 A SRR A BP TRRIIAE R, BHAPRE — MR BT, 1B
FAE, B BP LR ERGIHA f BRSNS, W ERRERY, O T I SENRF
R, NBP SRS A R FOAbBER, Rt SR M b piott N R AR B i, %A I
RKUPFER D BIE, FHEREAN R R PR BRI BT HE, E IR, ke dT;
A SIS A EE AN R LR, RHL IR AT R R F — AR AT, K [ € B oL b
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Fora b, HAARNWNTHIARE Pk, MR E:, @i hbrls mdit p B s T wmE, Rigs
SRS AT R, AT 205 2 20 A 1) — ZH A

BEMGRERE BP TS, tHEAAN R IUE M PREZ A0, i 26 1% M i oKl bRt
Phit A B BRI KM 7 B AT RE AP T B, fEPUT RS, B ES N =K, A KB O
B BRM: H5ARUNBEAR - NMARTHLE, CRE: HEuLE.,

NBP &% 5%

WA Zot RB M —AEENLSLBI R 5K, BP 7RI KIEA R EL L, AFERE &

Fdh e SRR R EIE AL

a) n=1, t=0, BEHIWIGEAEKL EARRELGZRFIEE 70 (s) -

b) t=t+1, ¥ 50 (s) MALXQ) ISR F KU EREABELARKE R uSD(s) (W
s(iNa=¢, W2uD(s)=yd), REHu(s) RANAKX@)EHHRE 70, (s) -

c) Wik né‘li(si)—n;‘ji>(si)|<g, W2 n: () =n0(s)» FFPHATHER e); B, SATHER b).

d) aitft=t,, , W% HAREL.

e) IHERAERE | AR bR g2

Hngai(si)
77; (Si):aeal— (6)

2 1me(s)

sieD aedi

) PRI n,(s,) PRI, KT R AR & RN — MBI AR X, X RRIEBUE 7 & s T
4 x, JPRAREEIE g (s) TERRKURREFH, [RAARE RN R V.

9) n=n+1, t=0, WIRLEFRIL EARKEEZEREE 7(s):

X AR AR B ki

T B KRR AEE: WIRTE | MAUEs 5ARF A BT E | E‘Jﬂlﬁﬁﬁ/@(si,sj)eg i
n®(s)=0: BN, 7O (s)=1:

X CRMMARR: BN 7 (s) -

h) t=t+1

XA KRR Bt

X B R E: 29, (s)=n"(s) s

X C BRI E: Kyl (s)RANAXQ) AR KL EBERIZGLRIE R D (s) (R
s(i\a=¢, WAL uS2(s)=1d), REK D (s) RNARE@)EHHFE Y, (s) -

i) ﬂﬂ%k]é‘li(si)—n;‘j)(si )|<g » M n(s)=n0(s)» HHITEIRK): &M, $ATHEE h).

p nRt=t, , W BP HEAWEL HATHEE ).

k) X3 B RAUH C KA AR &, HIFH A X (6) AR & UE 14 bR 5.

) BEILEFTA 7, (s,) TRV, IR R A AE 95 n MRE R E xS E S & s R
g x,, Wl (s) TIrA AR RS, R R BB KA, SR — N
GV, G SR B R A AN 2 2 R AT 238 n)s

m) W n<N, PATHIR g); W n=N, WFLE] gL LR —4RME, FF5 X HREE 9]
Sfaf 78

n) AR E x WAARITY, , RV, FEL R x FIEAEERTE, WPV, A 2w R AR 25—
ARBATIRE, EREWH LA, MZEREBCNE n MRELE, HFHITPIR 9): WAIZIRE A 24
WNFAT IR n); a0V, TEAZEPTHL, ) A4 3 549 e«
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4. BEESREIH

FEXUE S5, HUN €{20,40,60,80}, k=2, «=08, r=3. ACHEHLA 50 70 RB KAL)
SEo ARGEREIE AT R AT R VAR S p, =0.234 o T AFIMAEEH N, A E R
A d FZHEH gk 1R, RS, BRI RAE,, =107, ki =107

Table 1. Parameters of the binary RB model corresponding to different numbers of variables N
F 1 Zn RBERMNEAEMEEHE N HHSH

N a r d M

20 0.8 3 11 180

40 0.8 3 19 443

60 0.8 3 26 737

80 0.8 3 33 1052
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Figure 2. Probability of NBP algorithm solving on 50 random instances

& 2. NBP EIA7E 50 MREHLSE 5 LA K AR =R

M 2 ATRLE Y, 78 N =20 i, NBP 5:7E p <0.18 L BIMRIMER 2 100%, 24 p>0.25 iF kA F
FEAATfiF: 7E N =80 I, NBP HELE p<0.19 Ik B IR J2 100%, 2 p > 0.22 I $ A BEAT i

4.2. k5t

N ={20,40,60,80} i}, NBP 5iJifl BP SiJirE 50 A5 L R A2 %F b4y 3 <] 3~6 s . A
FRTELUE S 5 BP HAMIEL, NBP 55350 DLW 32 motf se il MR R, JCHGZAEIX350.19< p<0.22
W, NBP 5] LA ROt R B B 24 g i

£ p=0.19 fkk, NBP ik BP HA/ERM ot RB AL IBEHLSLGI 3z 4T 45 R W 7 P 4
RERW], BOKISATI A B H AN 2R ECRIE K. T NBP Sk HUE e A BT, W2
AT 1] B 2 % T BP HLAHB AT R 1A
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Figure 3. Comparison of results between NBP algorithm and BP algorithm at N = 20
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Figure 4. Comparison of results between NBP algorithm and BP algorithm at N = 40
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Figure 5. Comparison of results between NBP algorithm and BP algorithm at N = 60
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Figure 6. Comparison of results between NBP algorithm and BP algorithm at N = 80
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Figure 7. Comparison of runtime between NBP algorithm and BP algorithm for solving at p = 0.19
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