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1. Contributions 4. Algorithm & Empirical Evaluations

1. Extend p-stability for AC to GAC (to operate on non-binary CSPs) * Generate the gacSupports at pre-processing
2. Provide a more precise mechanism for computing it
3. Algorithm for enforcing apc-LC

— Enforce LC when (x,v;) 1s not p-stable for GAC
— Enforce STR when (x,v;) has no support

y 2 WeYer: | Consistency Algorithm 1: LivING-STR(c;): set of variables
_ _ V.V Input: c;: a constraint of P
Generalized Arc Consistency (GAC) 172 Output: Set of variables in scope(c;) whose domains have been modified
ensures any value in the domain of any V12 11 R 1 Xmodified < 0
variable in the scope of every relation can be 221 2 foreach z; € scope(c;) | z: ¢ past(P) do
tended t fuol fisfyi th 1At VoV 3 foreach v; € dom(z;) do
EX enﬂte O al upzefsa ISIE/IHQ © relation. V2 12 173 4 if |gacSupports|R;|({zi,vi))| # 0 and lgacsu”porr;[oﬁi](<"”’5’”i>)| 7 p(c;) then
J
.g., Titers vaiue 2 from » ;. % % R2 5 | APPLY-LC(R;, gacSupports|R;|({z:, vi)))
' ' : if t j iy Ui =0 th
STR ensures GAC, filtering both domains and V5(1 2 0 it lgacSupports|Rs)((zi, vi))| = 0 then
_ V. V.V 7 foreach c, € cons(z;) do
relatlo.ns. % 131 4 8 | delTuples(ck, gacSupports[Ri]((zi, vs)), |past(P)|)
E.g., filters value 2 from V,,tuple (2,1) from R,. V4@ 559 R 9 dom(z:) — dom(z:) \ {vi}
I 10 if dom(z;) = 0 then throw INCONSISTENCY
m-wise Consistency, R(*,m)C ensures every tuple in every relation 11 | Xmodified < Xmodifiea U {Zi}
can be extended to every combination of m—1 other relations. ” - ¥
R(*,3)C filters tuple (2,2) from R, (2,1) from R, and (2,2,2) from R,. 12 return Amodified
Projecting relations onto domains filters 2 from every variable. Experimental Results
o _ e apc-R(*,2)C can solve more instances and quicker than both STR and R(*,2)C.
Pairwise C0n3|5tency — R( 12)C Total number of instance: 623 STR [R(*,2)Clapc-R(*,2)C
Number of instances solved by] 504 550
_ _ _ # instances solved only by, 10 5 0
3. Parameterized Adaptive Consistency # instances solved by STR, but missed byl 0 18 1
# 1nstances solved by R(*,2)C, but missed by 64 0 6
p'Stablllty fOr AC [Balafrej+ CP2013] # instances solved b}.l apc-R(*,2)C, but rpissed by 59 8 0
Average CPU time (sec.) over 458 instances| 328.41| 378.12 313.31
Relative position of v, N dOWlO(Xi): Median CPU time (sec.) over 458 instances] 7.23| 17.35 7.21
|d0m0 (sz)| _ mm,lg(vi, dom?® ([L‘Z)) Benchmark results where apc-R(*,2)C performs the best, is competitive, and is the worst.
A(%’; Uz‘) — om0 Also included, a benchmark that could not be solved by STR.
‘ O (CE’L) ‘ Completed | Average CPU Time (sec) | Median CPU Time (sec)
. . Q Q
For parameter p, {(x,v,) is p-stable for AC for ¢, on x,x; if it has AC- e g 2 | 8 L |9
- = & 5 i:
support (x;,v;) with A(x,v,) = p. —?, %| o a =z =~ 5 3 = R
5 — | g_‘ — i E 3y ot E .
A 2 Aby) B P70 ¥ ™ = R —
22V
. ) | 1'(4-1)/4 = 0.75 aim-50| 24| 24| 24| 24| 24 0.04 0.07 0.04 0.02  0.04  0.03
(1,1} Is 0.25-stable for AC (4-1) allIntervalSeries| 25| 22| 22| 22| 22 7.09  141.85 6.00 0.13  0.31  0.12
(x,,2) is 0.25-stable for AC | 2 2 (4-2)/4 =0.50 inhSat| 1616 16 16/ 16 13.07  357.66 1174 8.15 142.24 7.1
_ 3N3 (4-3)/4 = 0.25 modifiedRenault 50 50| 50| 50| 50 639  11.17 6.29 724 8.79  6.98
(x1,3) Is 0.25-stable for AC | ST——— 312 ™ B g =0.25 rand-3-20-20 50/ 31/ 43/ 41/ 31| 1,666.10  939.88  932.77, 1,211.50| 822.54 811.74
(x,,4) not 0.25-stable for AC \ 4 4/(4-4)/4 = 0.00 ,
aim-100| 24] 24] 24] 24 24 0.38 0.26 0.41 0.18 0.25  0.16
aim-200| 24| 2224/ 24/ 22|  414.48 6.52 286.27 239 137 2.60
Issue: Position is not a precise measure of support. inhUnsaf 34 3413413434 13.61 29477 13.95_  10.74 153.50 _ 9.78
lexVg 636363163163 69.81 341.87 338.74 0.50,  1.38  0.89
p-stability for GAC pretf 8 4 4 4 4 117.89 347.03] 136.04 115.81] 354.82 145.70
rand-3-20-20-fcd, 50, 39 48/ 47,39 928.06f 546.84 615.23] 501.30] 422.24| 464.00
(.X-,V-) IS p_stable for GAC if for every constraint ¢. on X; ﬁ& rand-8-20-5 20| 912020, 9 2,564.94 355.57] 372.76| 1,987.35 314.26, 261.68
vl | ( R )| J 0111 rand-10-20-10 20/ 12/ 12/ 12] 12 6.72 1.67 2.76 6.40 1.66 2.75
Oy, =v,; \ L5 ssa, 8 6 5 6 5  64.600  100.64  69.59 1.51  1.60f 1.58
Z 7,0 > P 12 TSP-25[15/13/10/ 1310, 232.38| 1,072.72] 74333  69.00 211.41] 131.69
‘Rj ‘ 21113 ukVg 6537, 31/34/31]  166.82] 796.90 42135  36.29 54.65 30.39
. . . . varDimacs 9 6 6 6 6  89.23 587.55 319.20 1.56|  6.43] 2.94
Where R/ Is the original, unfiltered relation. i ; ; wordsVg 6565 58 58 58] 119.76  532.05 400220 039 095  0.59
573 dubois| 13| 7| 8 6| 6 1,000.54 451.91 1,456.01] 552.13] 255.25| 779.57
gacSupports|R;]({x;,v;)): data structure to store o,;_ (R)). 4517 TSP-20 1515 1515 15 101.200 31837 335.13]  23.32] 61.55 46.34
gacSupports[R;1(¢x;,1))=10,1,2,3}(x,, 1) is 0.25-stable for GAC (f;—o > 0.25) 71313 dag-rand 25 0[2323 0 ] 123700 149.64 | 124.47 151.33
gacSupports :Rj: ((x,,2))={4,5,6} (x,,2) is 0.25-stable for GAC (5; 22 0.25) 234 Average number of calls to STR and R(*,2)C in apc-R(*,2)C
gacSupports[R;])({x;,3))=17,8}  (x;,3) not 0.25-stable for GAC (? <0.25) 044 + On alllnternvalSeries, no R(*,2)C calls because solved at pre-processing (no weight set).
gacSupports[R;|({x;,4))=19} (x;,4) not 0.25-stable for GAC (;; <0.25) + Sometimes, there are more STR calls, others, more R(*,2)C calls. Thus, apc-R(*,2)C
finds a good mix between STR and R(*,2)C for each instance. Success!
Parameterized Adaptive Consistency benchmark | STR Calls |R(*;2)C Calls|[ benchmark | STR Calls |R(*2)C Calls
a) apc-R(*,2)C 1s the best b) apc-R(*,2)C 1s competitive
e LC:Alocal Consistency Stronger than (G)AC aim-50 456,823 39,491 a%m-lOO 7,731,585 894.353
_ . allIntervalSeries 38,281,694 aim-200| 1,160,334,482| 163,177,907
* pc-LC:V(x,v;) and ¢;on x, (x,v;) IS inhSat,___ 22,119,135 599,080 inhUnsat, 51,688,166 1,918,781
J
— p-stable for AConc. or modifiedRenault 4,618,778 601,641 lexVg 564,010,457 2.180,503,026
p
_ LCon ¢ / rand-3-20-20| 489,441,126 pret  422.987,946| 13,973,748
i rand-3-20-20-fcd 455,664,100 2,956,467.994
* apc-LC: adaptive version of pc-LC that uses the weight of a ¢) ape-R(*,2)C is the worst rand-8-20-5 77,470,561 184,764,543
- - dubois| 3,343,830,604 4,668,288|  rand-10-20-10 72,608 3,972
constraint, W(Cj)’ like dom/wdeg TSP-20| 622,949,698 991,590,957 ssal 156,631,370, 11,689,961
N TSP-25 2.903,953,315] 3,947,391,769
p(c;) = wie;) mmc’iec(w(ck ) ukVg 341,565,892 1,002,334,753
max., ec(w(ck)) — ming, ec(w(cy)) + 1 d) Not solved by STR varDimacs  720,843.958] 84,123,204
dag-rand 359,248 21,870 wordsVg 514,840,737 2,052,367,934
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