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Abstract: Constraint satisfaction problem is widely applied in many areas of artificial intelligence. This study investigates the max
restricted path consistency (maxRPC) which is used to solve constraint satisfaction problems. There are a number of useless operations to
search for PC-witness in maxRPC. The efficiency of maxRPC can be improved by identifying and avoiding such operations. The paper
first proposes the probability that on a constraint, a PC-witness exists for any two consistent values on a path. Based on the probability, it
presents a probabilistic max restricted path consistency (PmaxRPC) and integrates it into backtracking search to solve constraint
satisfaction problems. Experimental results show that PmaxRPC avoids some of these useless operations to search for PC-witness and it is
more efficient than maxRPC when used in backtracking search. On some benchmark instances, PmaxRPC outperforms both maxRPC and
Arc Consistency which is the most popular local consistency used in search.
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L D PR A R R ) R AN A TR AL I A g NP il M [ SR AR Y BT VA
— PRy TSR A R R 0 55 4 S AR R AR Y BT SV AR AR, R LI SR A S M AR BT W R e ik
N A 4 AR BB 2 SR AR B A 3 R ) 240 o 5 4 2 1) SRS S A 2 B I R B — 4 — 2 A A v 7 A% A
IR M A 3 0 45 /N 1 2% 23 18] 1 (5 3 A 243 0 AR 22 B, UL TR W 90 75 (arc consistency, fii ik AC)I.
singleton JIAH 75 (87 Fk SAC)BL, #4240 %% (path consistency, f#iFk PC)E), Jg: K57 F % 45 4H %5 (max restricted path
consistency, fij #k maxRPC)145 33 645 UL (14 53 5 A1 25 1k 14 3o 8 A AR 241 (4 136 79 HE 7l :SAC>maxRPC>PC>AC.
THE TR 2R T 1 SR A 5 R 52 1 5 THT DR B2 5 M — A 2 SR AR 2 i AR (R 66 0, 57— A S A e e A
A B 1Y B 1) R Sk D 8 A8 T 8 000 JR3 30 AH 2 A R AR B 40 /0N 48 2R 2 ) AR 53 1k S I3 o o B 4 25 90
(K I 171t 5 22, DR b, SAC FE AR ik A £ 06 0 AR5, (EL 2 8 I T [l 9 45 R 1R 283 9 AR v BL LA b= 4R By J LR 3 O
1] Je SR AR AR FE A AC A&7 [P 2% Y de B2 119, 35 44 10 4 ¢ TR 25 55095 (maiintaiining arc consistency, & #1
MAC)PUE F iy sf fige £ o0 AL 1) F3 IS FH 532 1R B9 AELIK 9 AN 7 R 5 ok D 3k 3 1 0 35 14 3 AL 5 AR ool e i35
JET SR A7 51 4, iy 170 A6 2% 5732 (Forward checking) 007 [ 3148 28 w4 1] T Lk AC S5 14 = B AH 28 R, HE SR Al Ak
ZALT MAC.IE T AC LAR, I JLAE HIHIT 9T ¢ BT :maxRPC &7 W] LRk Tl H ik N 3 (B 948 20 e b 0F HAEIR %2
PR ) B SRR AR 55 T ACPM maxRPC 1 AC (1 EEX WA T-AC R E A E/AME F ALY
W R SRR H maxRPC B T 22 F- 4075 L1 B 0S4, B B XA SRR T A KB 3 I AR h 4k 38— A~
% 42 A 290 B (PC-witness). maxRPC ik K 5B 43 I 18] 7 #E7E - #k PC-witness I, 17 K 2 44 53k PC-witness [1]
TLFE AL 22 A A0, DR e, SCRR 22 0 S K — 43 - $k PC-witness R FE 44 I, 75 31— AN B R A 1) maxRPC
#9%(light maxRPC).light maxRPC (113t JE 5% 88 1/ T maxRPC 1 AC 22 [a], ¢ [ 3138 2 i 4 Fi light maxRPC, 7
G ) F LSRR AT MAC. TR E 25 30 JLAE AL A ST L AT AR P (AR DSR4 2 B4R T e A
SHE A7 o A 25 R8T il S ) (SAT) SR ARSI R g KT A2 CSP ) i1,

ARICAHT T maxRPC S RE 5, R LA HE 0 KE 58 4 4 N PC-witness & — & 777 I, X Rl 1] Lk G X 4
TUAHL - PC-witness [, b A3 23X S0 i 4% 1 R 00, BRAT T3 H — B o5 ¥ m) LUAG 31 PC-witness 774
MR 10 200 45 B B oR M BATIFL0) PC-witness 77 £ MM 3 42 =y a5 A I, 1A 256 LU A v fy . IR1 Lk, )1
PC-witness 475 ML A8 e IR 15 100, 7T LABE 96 3 4% PC-witness (1) FE 4 F AT 14 H 1 5 5 3 A T+ maxRPC 3%, 7]
DAAT R S — SET5 R0 PC-witness 8 Z ik FiE 5L T 0k, FATI 5t — Fofr T Mk 4 1) B K32 B i 422 A1 45 (probabilistic
max restricted path consistency, {f # PmaxRPC), 3¢ H 45 & 5 1 R A 19 maxRPC S0y 5, N A T [ 4 & i 72
oS 45 B Gl A [T 4 R R AR B PmaxRPC SR A Ak 2R B ik = T maxRPC; I HAE SR Se iR F 1) b e i
M T MAC k.

1 BHEHIR

EX 1(ZFRi#% B 8188 constraint satisfaction problem (CSP)). — /N2 Hi L [a)  P 1 3 #8844k
P=(X,D,C),

Hrp,

o X={Xy,Xp,... Xn}E M HERNZEES,

e D={dom(x,),dom(xy),...,dom(x,)},JL 4, dom(x;) /& 28 & x; H 25 5 PR AR 4

o C={c1,Cp .ol MHMRANES, Hh R ¢jeC RIRA S HUEZ [A] FH12) 6 R,

E X 2(#R constraint). AW ¢ G5 BT IR ELES scp(C)={Xi1,Xiz,- - Xir pRTIX L2 AR 5 A B {5 ok
M R 2R dom(xig)xdom(Xiz) ... xdom(x;,) ) — 4R, 1X 4>+ FE Hh R T R 7n i 2 X A AR A R B A & r
A ¢ e

BAVEH t RRAH ¢ PAE MWL ¢ MITAANE, N t/dom(x;)xdom(Xip)x ... xdom(xi) |FR A 4TI ¢ 1l %
% (solution density), B ,dom(xis) xdom(xiz)x .. xdom(xir) H i i& £ 2R ¢ (1) G2 i L A5l 2 24 sd(c). an i C B3 413K
A0 E A BN ECER /N T8 T 2,88 P oAy TG 24 ST AL 1) R 15 U) R DA A 6 240 BRI A 1) R — A 24 SR AL ) A
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fift o A AR R A R B MER RS ST S T AR ERUEH AL C ITHE LR AR
maxRPC 32 1B T~ = J0 24 R AL ), 76 A SO (xi, @) R A8 i xq FHUE R a,cij R 5 x; Fll xj Z [ 1)
1R

E X 3(GMHEE arc consistency (AC)M). 445 L Wi AL i) 5l P=(X,D,C),fH (x;,a)4& AC 1,24 HAL 4% T
fERAE i AR ¢, 7F dom(x) T AEAEAE b, 145 (a,b) i 2 cij, (x;, )X A (xi, @) 7E cij b IS 75 3 ¥ (AC-support);
AZ B x & AC 11,24 HAX Y dom(x) AN A 2%, 3 H dom(x;) P AT S (G #2 AC 19;P J& AC ¥, LAY X H AT R
AL AC 1.

X T 1) R PR REAT IR 25 A 25 6, BRI LU 7R AR AT 29 3 4R 21 AC-support FrIEL N Bk, an A 2 7 vh
LA PR 3 PR R A 4 0 M e, DU 1) R P TG e 3R [ IR 250 A 2 T A 25 2 H AT )™ 32 1 SR
AHAEBEA, AT DA A AR S 50 R 45 4 A F ity 7 [ 9 48 2 a8 v A58 Y ) R 5 A 7 98 280 2 b 4 5 = 30 A
PRSI AR S WA S R J0 A 5 AT 249 SR AL 4, ) I 7= A — AN 1R [ 4 245 s, o 2R A5 B — A
S FSAE A AR A D00 R AR By 75 WM A 2 T, & 2 [ 3.

TE X A(B&1ZHEZ path consistency (PC)Y). — 528 5 B ((xi,a), (x;,b)) A2 B 42 AH 25 10, 24 HLACYSHEE S X
R g 2 WAL R KRR 3 AN & X, 7E dom(xi) HAELE—/ME ¢, 115 (a,c) it 2 49 W ciw, I . (b,¢) i 2 LI .
(%, C) R A (xi,@), (Xj,0) 7F X 11 % 4240 284iF B (PC-witness).

EX 5(RKXZMEZMEA max restricted path consistency (maxRPC)™). 45 5 — 70 £ Wil 2 1) J
P=(X,D,C),fH (x;,a) & maxRPC [, HAL X% FAT E AL B x; TR oy, £5 dom(x;) 774 —AMH b /& (x,a) 1€ ¢ b
17 AC-support,F H.(x;,b) F1(x;,a) & B A8 A4H 75 19, (%, ) FX 4 (xi, @) 76 ¢ij b (M % A0 4H 25 3 FF(PC-support); &5 x J&
maxRPC 11,24 HAL M dom(x) A4 2%, 9 H. dom(x;)F AT R AE # /& maxRPC [#1;P s& maxRPC (1,24 HAY ) X
MAE R — N2 B 4 42 maxRPC 1.

4971 (¥ maxRPCIVVELIL FAT O(end?) ) i 7] 52 2% J3 1 O (endl) ) 7% 1) 52 4% 18, 26 5 25033 Ji F) maxRPC2U 57 3%
HA Y5 maxRPCL AH W (1) I ] 52 2% SE AR AL 5 (1) 7% 0] 52 2% B O(ed), {HL2 31X W5 AN 55092 H T[] 4 2= 0% L 72
AP T A8 A K 4 4 9 FLINN T 3% 42 S AR POV S, maxRPC™ M5 i AR LAT O(en?d®) i v v 42 4% J3
FI O(end) 175 [8] 5 2% B (R B 78 SR A v 1R 9 FH 280 SR L T PR AS S50 T 0 Al JR AT i 2 H AT R AR 119 52 maxRPC3™
Ay T e i i) 4% ) B2 2% BE 43 530 O(en®d®) A O(ed). H Aif, 4 B2 IRASIY) maxRPC3™ 432 1 H 31 [m] 9198 22 5k
fiF el FE b e B R A ) B AR EE AR T RRAT I MAC Sk BT T 5 R SO FrE R T (] 1 PC-
support B ARIE A BEMIBR (R ETTREC & & T XM PC-witness, M, 1X /> PC-support &8 T —4
AC-support. il & X # B HT R AT IX 28 PC-witness A2 15 77 75, Wl & — /N B3 FE I (13 72 I8 e, e i 42 11 maxRPC 5.
B g J: T AC-support FE T -4k SR B i T2k 45 T PC-witness 1 5554 PC-support 2820788 %
AC-support, & 2 ) maxRPC $3: -7 4 H 558 548 PC-support, iX 5 fR-1E T % & 2% () maxRPC 532: (1) 1y {8
Mae) 2R K TEET AC I (H 2 H E i IEE W 88 J) 2 59T maxRPC .51k 1 72 maxRPC LM A4
AR, LA S T AT AR AR SCRFAE S AR TR R 4TS

®3% 1. maxRPC.

begin

initialize Q;
while Q is not empty do
select and remove a variable x; from Q;
for each constraint cjjeC do
for each value acdom(x;) do
if —searchPCsupport(x;,a,c;;) then
delete a from dom(x;);
QQuix};
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if dom(x;)=< then
return fail;
return success;
end
procedure searchPCsupport(x;,a,ci)
begin
for each value bedom(x;) do
if (x;,b) is an AC-support of (x;,a) on ¢;; then
if searchPCwitness(x;,a,x;,b) then
return true;
return false;
end
procedure searchPCwitness(x;,a,x;,b)
begin
for each variable x, constrained with both x; and x; do
if checkPath(x;,xj,x) then
findPCwit«false;
for each value cedom(xy) do
if (a,c) satisfies ¢ and (b,c) satisfies c; then
findPCwit<«true;
break;
if —findPCwit then
return false;
return true;
end
S 1P, Q RRALIRBA S, R A7 T AT T SEHAT A 2 1 A S, 41 SR A2 R AR 25 500k T SR i Ak R B B A )
a4k Q I, B X P A AR I QA2 7R I R AR b I 4 4 Q I K i (A2 = A B Q.
TEL WAL R R h B Q AR g ARG XS T AT 5 xg AHE 1AL & x; EAT R 28, O dom(q) P AR AN 4%
PC-support, 745 %47 PC-support [F{E M Bk AT AR B x; (KA 5 4 26 0038 BB g N Q. 3 SR 2 il A2 v
IR — AR B (E Ak O 2%, JU 3% [B] maxRPC A 2R I 75 ), 24 Q 28 I, maxRPC A% A% i 1.
searchPCsupport & 75 b — AN A8 5 A1 (x;, @) ZE 21 K ¢ -4k PC-support I, ¥ 58 4% £ 15— 4~ AC-support(x;,
b), 4R J5 I searchPCwitness R JUA £ (xi,a) 15 (X;,b) A 75 4 B AR AT 28 1 4 38 A B AT AR 25 14, (%, 0) 3L A2 (i, @) 1
PC-support; 75 U, 2438~ —4~ AC-support. H:t checkPath 5302 1 Sk 1 b 2 75 7 S 7E 5 4 B 42K 25 PC-witness
TR 2 50 maxRPC 5 I checkPath bR 0 [0 (5 15 2 52, )45 R 2k A PC-witness. 4 592 5 AC Hik
I, checkPath p& 2 [4E 1H 4y R, BB TG A 25 PC-witness. S b b, 1% ek %5 R A 5 10 44 () PmaxRPC &k Al
FH ,6FF PmaxRPC 472, checkPath pF $50R [FIH AT B8 4 22, 11 AT E R 1.

2 BERRXZRBEER

é/ﬁ}fﬁ 3 /l\/}Eﬁ Xi,Xj,Xk *ﬂ 3 %Z@;E cij,cik,cjk,(xj,b)%(xi,a)ﬁé’ﬁﬂi Cij J_B'(] AC-support,{Eiiﬁ(xi,a)EZ’Jﬂ@ Cik J_ﬁ
£ m A~ AC-support,(x;,b) AL ¢y AFAE n A AC-support, HIli-4 M PC-support (5 3R] (x;,b) R (x;,8) 75 X -
fELE PC-witness ft)— A ZE 44T B2 (%, b)) m 4> AC-support Fi(x;,a)) n 4~ AC-support ', 2 /047 — At
=10}
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il :dom(xi):dom(xj):dom(xk):{l,2,3,4},Z’JEE Cij:{(l,Z),(1,3),(2,2),(3,4)},2/‘]31@ ci={(1,1),(1,3),(3,1),(4,2),(4,4)},
29 c={(1,2),(2,2),(3,3),(4,4)},iX 3 A H 73 lid s T2 ST TTA AR R x A X, L AIERAETEL
WA 5,0k (%, 1) AE LI R ¢ 1~ 4k PC-support B B A1 15 Je ZEHR B 1 55 1 4~ AC-support, B 4 T 41(1,2)3 2

W2 cj, ) dom(xi)Ja FATR I, A XA —AMA ¢, FULAFEAEXS R PC-witness, AT, (x;,2) HU2 (xi, 1) 7E £ 31
cij -1 AC-support, ifi A~ & PC-support, it LA ZE 2230~ — 4~ AC-support. 28 J& , B AT 14k 2 (xi, 1) TELT R ¢y B ER 2 4>
AC-support(x;,3). 482 dom(x) i i LA K L, (%, 3) 1] LAYE A PC-witness, [ 4 (1,3)i# /£ 41 ¢y I FL(3,3)i /£ 41 3K
Cito B, (%,3) 72 (xi, 1) FE LI R 5 115 PC-support. b8 4, (xi, 1) fE LI ey 17 (X, 1) (%4, 3)3X 2 4~ AC- support, ifij
(X 2DTEA W o B (x2)iX 1 A~ AC-support, Jf Hix 26 AC-support & A 5 5 11, B, (x,2) A A2 (xi, 1) 1
PC-support.(x;,3)fE LI W cj b AR N A (x,3)iX 1 4~ AC-support,{H & (x;, 1) fEZR ¢y B 1 4~ AC-support &
(X 3), LB, (X, 3) Ak T = # [1) PC-witness, 8l I, (x;,3) 42 (xi, 1) (9 PC-support.

TR AN 1 I AR x BAANEAT HAB AR B %o 5 x5, %5 T HF A7 A8 20 53 8 (x;, 3) L 2 AE dom(x,) 4K
F| PC-witness, & 4 BE BA (%, D) TEZR ¢ L% PC-support. AT C(n,m)Z& 7 A\ n AR TTH P UL m AT
A4

EIE L 48485 XX F X, QI cij, i BT Cj, (%,b) A2 (%1, ) fEZY SR ¢ij L 1¥) AC-support, Jf H.(x;,a) /ELIH ¢ |
1745 m A~ AC-support,(x;,b)fEZI 3 ¢ 1 A77E n A AC-support,|dom(x)|=d, 7B 4 (xi,a)-5 (x;,b) 7F dom(x) ' £77E

Wi (i gy 1 S(d =mn)
PC-witness IIHER Ky 1 can

IE B sdom(x) A d AMELZE d AME FAELE m AN (x,a) [l AC-support, 843X m > AC-support 7] BEIZH4 7
A AHCH C(d,m); [R1EE, (x;,b) 1 n A~ AC-support [ ] G& 41 &7 sUAN Sk C(d,n). Rk, — 35 T AC-support 1414
77 L4 C(d,m)xC(d,n)Fi. 71 (x;,a) i1 m A AC-support AT B8, (x;,b) (11 n A4~ AC-support 51 # 1) m 4> AC-
support FEHERMATREA G 730A C(d-m,n)Fh, Kk =3 1) AC-support F¥&-HER M Aedl & 7\t fH
C(d,m)xC(d—m,n)Ff. % = & ) AC-support B[l & — 3 2 1] RTELE PC-witness.

L A L , - oo Cd,m)xC(d-m,n) C(d-m,n)
[ A\ a0 3 _ 3 5] AN a1 22 —
Bl F IR T 4 2 8 AC- support FF A AR AR YN (] M 2 Cd.mxC.n) c@n i

u:%%AOwwm$§¢ﬁ—4ﬁﬁ%ﬁ%wpomm$ﬁﬁ%ﬁ%ﬁk9%§%2

O

#EE 1. 4 m+n>d i, PC-witness — & f7 7.

RS 1 AT d=1 27 m>0,n>0, 1 PC-witness — 7 745 25 m=0,U(x;,a)7E 415 i A4 AC-support,
PRIEE A SR 9IAR 1 JRAT 2 A com () e R B, 25 =0, (x;b) 45 11 - 9ILAH 240 5 SR WCTT B R AT AL dom(x)
R

REHE 2. 48 A8 i, X M i 2R i Ci AT i (X5, 0) A2 (i, @) FE 29 ¢ L9 AC-support, *|dom(xi) =1 I, 37 (x;,b)
15 () B 7 DR Ay 9T 2 T 3 B4R, 0 0 0) 5 (%5, @) £ Xy L4742 PC-wittness.

A Y1:maxRPC Lt AC Iy K 5 T 7, FRLIEE 47 (. b) 57 PR 4y ILAH 3 2 KT B MR, 0 oy ) E T 4 247
(2 E A7 45 52 b —A> AC-support. *|dom(xy)|=1 B B LI dom(x)={c}(x;b)fELI A cj i AC-support
5 ) JE T (0.0) 5 ARy (@.0) S R A B (o) B () 5 (@) £ e L F
PC-witness. :

P E H 2 A 4022 dom(x,)|=1 B, FoATT AT LAGEE S 7 x, b4k PC-witness (¥l B AR 4 2 B 1. € B 2 AUl
LAE T mon AL d B DL R FRATAT LA/ maxRPC 573 i fi— 540 A () PC-witness K 25 H 5 S5 7,
A7 d T BRI o558 618 80,7 m B0 029 50 32 dom ) [ £ RO R 80, JUREIT BE 2 T it 5 4%
PC-witness 3t 7. [R11HE 75 190 80 2 L A5 oh A Uk SR m AT n LKA 7 PC-witness 7 46 1 M 2 RS2
Fy ELAZ B T T SR FE 24 P A 35 EE A T T .4 249K 2 0 ;o MR35 FE Ol sl (cy), AR 35 1 2
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A4z dom(xq) | x[dom(x;)[xsd(cy) 2 2 T AL ¢ FITCA AL, T2 ] dom(xi) FIEEME (x,8) 2 5, AL ¢ B
AC-support K 4 4 || dom(xg)xsd (ci) | AEAF A TG 240 (10 72 5 3 B2 ol o YR 40 SRR 7%, A6k FH YA A 1)
fifh 285 FEE AT AR A S e 1 ERT b, BRATT T LA SR AR TR U i 1 55 s 5 24 O 1 A2 2 B2 B4 R R o B 4 24 SRAE
TGV S 1050 25 A 5 PSR REANELAN o BT n A A A 85 B dom (i) Hh BN (6,2) 7E LR o A THF
AC-support AN HCH#8 KA 7] (1, BRI B AT o7 LUAE A m R n (R0 A8 4 e RS 6 4% AT 3 M 2 ) fE 4E PC-
witness FHER. Hy T~ 24 SRR 25 S22 i A5 10, DT 58 i 3 A W 3 1) 2 50 b 3 A A2 A 1l AT dom (x) IR /).

PERR 1. 4552 48 5 X, AT i, 20 cij, i 1 i, (X;,0) A2 (xi, @) ZE L 3K ¢y 1115 AC-support, 4 |dom(x)| & % K I, 3
AV Y A AP 2 PR A T 1 (xi,8) 5 (%, D) 7 dom(x) A7 F PC-witness [ 4% G B 42230 1.

. ) C(d —m,n) C(dx(1-sd,),dxsd,)
H ./‘\ = {1/ = ) - . S _ I s 1 2 .
E# 4 d=|dom(x)|, 4 m=dxsd(cic),n=dxsd(c;), I, 1 cn) il C(d.dxsd) , Hod

,Sdy
1R sd(ci), 50, 18 sal(cp) A4 412 K2 2R TR 224 17 4 B 1
1- H Lsc_jl)_i:]__ H (l—sdl—iXSdlj_
i=01,2,...] dxsd, | d

i=0,2,... dxsd, | d—i -

R TR AN 0~1 Z AN, 2 d RS K S T IE 55 24 0~1 22 18] 1 /NS AH 3fe, 45 Sk I B
2L 0.18 0, 24 | dom(x)| A2 5 KB PC-witness MR TC R #5101 O

ZESEBR N [ dom (x ) [ A — 5 BEfS 1K 2L 88 K IFE B2, IR L RATE K 1 JBoR T 5238 BT 48 (1) PC-witness 77
1 IR 55 [dom (x,) [ 96 2, Ho b B e 7 x B8R AR 4500 2,3,4,...,9,10,20,30,...,500; 405l % PC-witness £7
1 (RIREZE A5 4% T 2 6 . — S At 5 4 28] ()% S AR 28, 81 41,0.1~0.9 R /R A K e 5 ¢ I AR 25 B2 43591k 0.1 11 0.9.
W55 V] i ) R FAORT A i 2 — 5 I, B A | dom(x,) | PRI 38 K, PC-wiitness 47 7 1 HBE 26t 70 328 i 386 I (AR AN & ™
G (1 B 8 38 R A D AR A B T 48 ), RIS V4 240 R 1 At 2 S AR /B (140 0.1~0.1), 2 [dom(x, )| 14 K 3]
400 LA L I,PC-witness f£7E M MEZE R & TOBR#EIE LYEMEZE maxRPC &y Tl st e — AN BIE ct, vt
PC-witness 77 A HER KT ot I, BATTAE X 4 B 45 -4k PC-witness. fifi 2 |dom(x)| 4% K, PC-witness 77 7F A8 %
W 7E 388 3 0, Btk w7 LA 20 B d(d A xe T GR E 3K /) Y B 3R B cutDxd[x]Ixd, A 13 4
[dom(x)|<cut[xi1[X;1[x] ik PC-witness 174 IHEZE /N T ct, b FRAT 3t 4 ) B (1 B 4% B 34T PC-witness 1 2.

12
% 1.0 - R R R e aSatta s
é . —+—0.1~0.1

g —8-0.2-0.2

S s ——0.3~0.3

< O —=—0.4~0.4

£ ——0.5-0.5

z 04 —e—0.1~0.9

3 ‘ ——0.2~0.8

8 027 ——03~07

o

——0.4~0.6
0.0 4 T

490

[eNoloNololcololololclololololcloloNe)

THOOMNMNDDANUONNDAMONNO MW

TFTA A A TN NNANNODOOONOS T I T
[dom(xi)|

Fig.1 Experiments on the relation between the probability of a PC-witness exists and [dom(x)|

K1 PC-witness {7 fEME 15 i (HIOR DN IE R L

PmaxRPC %1% ¥ checkPath i £ f fut Bl 2 B 7 AT M3 T 2508 454 cut[xi] [x;] [xi]ic 0 T 28 5= % 5 X, 78
A2 X T BT B AR AR IR R S (e 7 A A () B KA, K T I AN IR AN 75 224 #8). A - PC-witness
A7AE PR3 B i (I35 10 38 B AE IR 384 K i LA checkPath #8401 (1) compute cut[xi][x1[x] 26 15 cut[xi][x;1[Xe]
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EAN DA 2 2] d Y [ P9 R —AME S T BOREER R TE 2 B d B ya A A Z 0 8 R SRR U cut )il [xi] [
JTA cut X X1 [X BB A ER A -1, AT 55— AT IR, JRATD o B B 42 1 cut[x][x[xi. 26 1 Ot 8 AT
A
procedure checkPath (xi,X;, )
begin
if dom(xy)=1 then
return false;
it cut[xiJ[x][x]=-1 then
compute cut[x;J[x;][X«];
if cut[x;][x;][xx]>dom(x,) then
return true;

return false;
end

Fig.2 The checkpath procedure of probabilistic maxRPC algorithm
K2 W2 B K AR A 2 0K R B AR A A i

3 it i

BATE RS maxRPC Sk AH L, PmaxRPC 75 ZEIMAAM I EARM AEL E mn A d LN
PC-witness 7 {5 ffg W4 I [ &L ¢ F£ g men. 52 B Bt i A1 i o 51 cutlxdDgIDod B o 52 10 5 510 1y
dx(sd(cyj)+sd(ci))xlog(d), H =,d J& x MR IR /N, sd(ci) 5 sd(cj) A &, Rk, P15 cut[xi [xg] [ B 170 2. 2% BE
b O(dlog(d)). fe IR 5 I, BRATTEE R AT R AN A8 5 x,, X, TS HLAE S8 3 AN ARt w11 cutDxJ [xi] [xa], 1T A2 4 xi, X 1)
HWEN I N e,e & C LA KL, B B SR B T, ZE 0153 exn I cut D3I DT [xil T LA, 336 L S R F 1) 52 4% B 4
O(endlog(d)), 3L #,n 24 X H AR AN H X — BV A B 5/ T H AT S5 AL 1M maxRPC3™ S35 1) I ) 52 % J&
O(en’d*), 1 i, PmaxRPC $7i%: il maxRPC 4 (1 16 7] 42 % 4 A AL 5t 459 cutlx DGl Il FE 925 - O(en),
T H BT 50 ) maxRPC3™ 5092 19 4% ] 42 2% i 4 O(ed), At 4 %6 maxRPC 4434 4% 1) 5 242 O(en+ed).

WA SC A 44 10 7 10:401,2012 4FE3R K — FHIE T & UK Partial-maxRPCPU AT DL 4545 — L6 42 4 A5 4E 4
dom(x;)H T3 (EAE LI ¢ b $ S FFIN Partial-maxRPC B 56 4 x; Al x; 23 4T 23 4140 (0 S5 )2 oxq 5 x v B2
S 5 3R A A 1 2R I I A AR e A B AIG — 8 I e A W AR AT AR HT 43 T 2 A AR (i e
ATHT 43, Ja Aol 3 3 5 72 k(10 Jom B (9 AR 220,244 S i £ dom(xg) 42 22 53 #k AC-support i /& PC-support
B, 3 B xg I A (BEAR T i, U 75 22 5- 3% PC-support; 45 W), L 3-#k AC-support.

4 RIWER

AT ERIE A Intel Core(TM) i5-3210M CPU 2.5GHz/4G RAM,JDK 1.7.7 3 I #) B  benchmark 3l
R AN http://www.cril.univ-artois.fr/~lecoutre/benchmarks.html " & 345 T () maxRPC $3: & H Hij 5
3T SR AR A 42 B 2 maxRPC3™ 453k SCHR[23] A 43 19 maxRPCP™ 9% BUAR 20K T maxRPC3™ (H 2 & JE A
S8 S, I HLIL R B R SR LIS S T g R4 1.

G AE LA BENLEL Y Model RBM ) Benchmark Fil il - (£33 frb-30-15-1,frb-35-17-1,frb-40-19-1)MliX T
SZBR A PC-witness 77 7E AR 2 A WER . Model RB AT LRI A= jlé A0 v 850 P 48] 2 5k I8 g il A A ABE L ) Ak AR AR By
BBt 01 e A D 451 315 L FRATTAN % RS cpu FE I AF T SEAE R 16 mun R o4 ST AR R 4 0-1 RiI4» B 0.1 Ky
A 10 AN XX 8] RATHRAT FAT 1R B8 AR A 25 JF [\) N o S0 B 4% B PC-witness £7 78 AR, G0 v AT SR X 1) 4
B R AR A 1T I PC-witness 47 71 55 ANAFAE 1 U050 3 17 45 05/ HBE 2 DX ) Py $HAT 2% 42 4G 7 1 PC-witness 77 7E (1)
Lh i, 45 S 3 o,

Kl 3 rhix HhE s PC-witness f77EMHEAR X E],HH,0.2 RRMERTE 0.2~0.3 Z X MK y & nmirfe
PC-witness R % Y& 753X — X [A] I 04T FT 4 () PC-witness ¥ 7 1, PC-witness 775 11 L 491 B & 3 v 308 vl 40024
BATTV S T 131K PC-witness 77 75 ME % 4% K (0.9~1.0) 5 45 /15 (0.0~0.3) I, M 2 L 45 HE A 1 A 2% maxRPC v, 2 L5
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TR H ST AR ML A /N B R A R AT A 2, DR 0, FRATT B o SR AL DA SRR maxRPC L.

— 10
=

§ 08  —+frb-30-15-1 /L
Eund

£ 06 -=-frp-35-17-1 /
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2 04 —rh-at-2o
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Fig.3 Accuracy of the probability of PC-witness exist
K3 PC-witness 17 £ W2 M/ S

SR, FRATTINK T ME2E maxRPC 8032 A T SRR (1 20, FF LL A T PmaxRPC3™ £37: . maxRPC3™ &% Fil MAC
BRI K AR R 2. PmaxRPC FAE Y et b 0.7, B 5% PC-witness /£ 7EMEZE/NT- 0.3 I8, $04T B AR 4 £, 75 )
APAT B E DN E IR TE bR 0 cpu FEIS, [9348 2 b1 A B (nodes) F 20 d ks A vk 8 (ce) 76 I B Bk rh
FOAE ] T 38 5 U A 1A 5 P AR B AR B A 73 % 2R ] Dom/Wdegt2.

B 26, B ATTx benchmark J22 £ JLZH Model DUUEARS 4704 4540 Model D #5% hi(n,d,c,t)ix 4 DS ¥k
7N n FORAS AN A R ORAS R AR IO DN ¢ RN AR AN R OR AR AR R IX ) L41 Model D BT G T A
[ 249 o it 555 5 P AT 1) A0, L Atk A1 380 e X I ) AERIASE = Ak T AR i B8 P A S ) A 2 S 8 & 100 /NS4,
PR IR 1

Table 1 Results on random instances

R 1 BEHLRA B R

i 2 8 (R Eip N MAC maxRPC | PmaxRPC

cpu 1.96 10.99 2.52

(40,8,753,0.9) nodes 29,648 17,683 29,648
cc 2.77E+07 | 5.06E+08 | 2.62E+07

cpu 2.6 5.99 3.28

(40,11,414,0.8) nodes 50,996 29,043 50,996
cc 4.15E+07 | 2.57E+08 | 3.76E+07

cpu 2.57 3.63 3.11

(40,16,250,0.65) nodes 54,440 28,147 54,440
cc 5.21E+07 | 1.37E+08 | 4.49E+07

cpu 3.76 4.08 4.33

(40,25,180,0.5) nodes 70,818 32,741 58,050
cc 1.00E+08 | 1.61E+08 | 8.25E+07

cpu 2.63 2.97 2.84

(40,40,135,0.35) nodes 40,218 21,688 38,731
cc 1.03E+08 | 1.49E+08 | 8.45E+07

cpu 2.34 2.36 1.97

(40,80,103,0.2) nodes 22,935 11,677 14,658
cc 1.51E+08 | 1.87E+08 | 1.02E+08

cpu 3.48 2.96 2.65

(40,180,84,0.1) nodes 18,003 7,314 9,164
cC 3.78E+08 | 3.91E+08 | 2.64E+08

R 1R N 2 R T R N, MAC S R SR A 50K W B R T maxRPC &y, 1 PmaxRPC 5746
T R I T A (1 A2, A IR Ak Ok AC B592% (ELJE B A5 240 T At 25 T 116038 3 A R, PmaxRP C 45195 140 38 SR 3 3 W B,
FOFRATTTRAL ) — #F, PmaxRPC HyE 70 SR g i, e 7= A 1 [RI 318 R 115 S AT MAC 5 maxRPC 2 [i]; 24 %
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AR PE AR, maxRPC S SRR A2 T MAC 3032511 4 2% JEAK T 0.2 1, PmaxRPC ik (¥ 3R il 4 %
151" MAC 5 maxRPC. 5 LA A 7 3K 46 BE AL 1) 8 45 5 rh FRA T 0 48 21 53 1 — IG5 A2 B A 240 Bk % 2 (1 3%
7 B AT, maxRPC 1] 3K fiff 8 8 32 W 386 05 224 24 SR %5 B2 AE AR B maxRPC 3K A 2 2 %1 T MAC.

555 FRATTR benchmark e o 11— 4H S5 5% FH 6] 8 radiio link frequency assignment problem (RLFAP)®Zit 47
TR RLFAP i) 8 2y —S6 0 2 s 4% B 40 IO AT A 451 S0 AT 2R ] B 3 2 — S R 2SR I Y SR 3 BV LA T
BB A S RLEAP [a] e B A 25 fide 4 JE 4 i (10 240 0, SO0 25 it 8 S 3R IR 40 . 45 SR L6 2.,

Table 2 Results on RLFAP instances
F< 2 RLFAP [ R 45 5

WEUAE | fadEhs MAC maxRPC | PmaxRPC
cpu 1.63 0.42 0.34
graph8-f10 nodes 17,573 2,120 2,704
cc 1.95E+07 | 2.44E+07 1.56E+07
cpu 0.13 0.14 0.08
graph8-f11 nodes 1,209 260 326
cc 2.23E+06 | 1.29E+07 | 8.48E+06
cpu 2.25 1.73 0.17
graph9-f9 nodes 18,330 4,894 1,419
cc 2.27E+07 | 9.12E+07 1.41E+07
cpu 0.29 0.29 0.21
graph9-f10 nodes 1,472 329 520
cc 3.42E+06 | 2.30E+07 1.75E+07
cpu >1800 >1800 1508
scenl1-f3 nodes - - -
cc — — —
cpu 32.59 21.27 32.07
scenll-f6 nodes 259,802 41,351 146,074
cC 4.84E+08 | 1.41E+09 | 1.81E+09
cpu 3.17 5.39 2.28
scenl1-f8 nodes 21,876 7,005 8,325
cc 5.50E+07 | 3.85E+08 | 1.84E+08
cpu 0.14 0.31 0.11
scenl1-f10 nodes 720 212 291
cC 1.66E+06 | 2.02E+07 | 1.24E+07

N 2 F B T A AR RLFAP 3% 2 Sz i) 18 B, maxRPC (SR i 25 26 5 AC HH LL TE B A 5 A i i T AC,
HILT ACAHZMEH PmaxRPC J&, i T —2I0 R ML £, PmaxRPC Z# 5T AC 5 maxRPC; I H7E
scen1l-f3 [l -, AC 5 maxRPC JCiETE /N P KA. 5T 1 Model D 25 5 H M 22 B (1 B % — FF PmaxRPC
FEXA S B ) B I R S AL T AC 5 maxRPC 2] fHE PmaxRPC (KB L & 5 /b il T
PmaxRPC £ 1X 41 i i 3 G 7 K 08k (1 B AR 4G 2.

5 % g

AR SCH oA — O VR A T TAT R M, A5 3 NE R FAFEAE PC-witness FUMESR, I35 T X — MR
FH T M TR Y maxRPC 47E——PmaxRPC.PmaxRPC 1] L3 & 75 35 28 PC-witness 77 75 M % 4 i (148
i R AT B AR AR A 00 45 SRR W R L R R AR T 1) R -, PmaxRPC SRR A% T AC 5 maxRPC.4&—4l
0, AN T A 2 JEE 249 SR (K S I 1) 811, PmaxRPC 1) SR it 5 AT A 45 W e I AR 34 B ] LA L AC 5 maxRPC 1544
10 f5 LA B[R SRR .
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