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Solving Constraint Satisfaction Problem with
Weak-commitment Strategy

MakoTo Yokoof

Backtracking algorithms are widely used for solving constraint satisfaction problems.
In these algorithms, a partial solution constructed during search will never be changed
unless it is proved that no solution can be derived from that partial solution. Therefore,
by constructing a partial solution that can not be a part of any final solution, the efficiency
of the algorithms will be significantly reduced. Although some heuristics, such as min-
conflict heuristic, for avoiding bad partial solutions are proposed, bad partial solutions can
not be avoided completely. In this paper, we develop a new search algorithm that
commits to partial solutions weakly, i.e., this algorithm commits to a partial solution as
long as the partial solution can be extended, but it abandons the partial solution if no
consistent value exists for the partial solution, and re-start constructing a new partial
solution. By using a probabilistic model and experimental results, we show that this new
algorithm is more efficient than backtracking algorithms. Furthermore, by using experi-
mental results, we show that this algorithm is more efficient than state-space search algo-
rithms, which are recently shown to be more efficient than backtracking algorithms.
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procedure min-conflict-backtracking (left, partial-solution, nogood-list)
when TRTOEEMHHEFBRL TS do
FNIY X0%KT, BEQEOH LS HE; end do
(ziyd) « left o, HHEBRL TR VWEKLEDOH;
values +— partial-solution POEMRDMEL LT B z; DEDY A b ;1
if values 25221 A } then
if partial-solution %22V X +
then BAFLELBEVWADTNVIT) XL ERT,
else partial-solution % nogood-list {23510,
partial-solution DEIEDEF% partial-solution LI B & left 12X 5;
min-conflict-backtracking(left, partial-solution, nogood-list) % FE5; end if;
else value «— values G, left P OEH L OFR FIFEK OB RD T S 1E;
(ziyd) % left PBEYBR
(z:,value) % partial-solution DEHITHZ 5;
min-conflict-backtracking(left, partial-solution, nogood-list) FEE; end if;

1 2; Ol & partial-solution HOBEOME BAT B LR, partial-solution HOEBOME OB E
FRTMAL, B0 (i, di) % partial-solution | X 7:B¥, partial-solution A¢ nogood-list ) A D
EELEELLNIEEN)

EHOBK BNy 7 L9 FVTTHT) XA

Fig. 1 Min-conflict backtracking algorithm.
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Table 1 Required steps of min-conflict backtracking
(n-queens problem).
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HHRER BN 7 V5w RV T g

Y XL OWEARENSL 10, 2EEDOFEIC 100

all trials trials without BT trials with BT

% of steps | # of trials | 4 of steps | § of trials | # of steps

220.7 19 6.0 81 (0) 271.0
264.2 83 16.5 17 (3) 1473.4
76.4 98 25.7 2(1) 2563.5
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Table 2 Required steps of min-conflict backtracking
(graph-coloring problem).
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procedure weak-commitment (left, partial-solution, nogood-list)

mitment (§NTOEK & FIHHED
RTOYAL, BYRL, BYRL)
EIFERC STk - TREZNS.

TOTNT Y X b ERRER D
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when TRTOERDIHIHEBLEL TV5 do
TRTY XL %HT, BECHOEILHH; end do
(zi,d) & left D, BB EBE L T RWERLEOH,;
values «partial-solution WOEHDM L ¥ET 5 o; DD A b,
if values H$221) A F;
if partial-solution 25221 A b
then BHEFIELEWVED TN T XAREKT;
else partial-solution % nogood-list \ZiBA;
partial-solution DEF % T_T% partial-solution 2 LB Y B &
left iZmzx %; — (a)
weak-commitment(left, partial-solution, nogood-list) % ¥-4; end-if;
else value «— values $1C, left PO E OB ERL OB T TH 21E;
(zi,d) % left »LBY B
(xi,value) % partial-solution \ZMX 5;
weak-commitment(left, partial-solution, nogood-list) % #f-%; end if]
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Fig. 2 Weak-commitment search algorithm.
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Table 3 Comparison between weak-commitment search and
min-conflict backtracking (n-queens).

YV MERDIEIDFIBHTHBC weak commitment min-conflict BT
n
EMTREINSG. 4 of failure | # of steps | of checks | § of failure | 4 of steps | # of checks
RERICIR, Ny bT v L 10 0 2.7 2266.6 0 220.7 13167.0
TEHE SN 5 FERIPIEITK 50 0 23.6 48593.5 3 264.2 300174.8
HELUTENLT S, LHLEss, 10¢ 0 27.1 236821.7 1 76.4 912465.1

BYNCERIc 5 X 5 N i PIHE

K4 BTy v MERETRBBRBED N 2 Y5 9 F VIO
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LA, RYIOWHT/ v 7 b
Ty RLUTHENRE LN 5 R

W (777 700 HE)
Table 4 Comparison between weak-commitment search and
min-conflict backtracking (graph-coloring).
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n
4 of failure | # of steps | # of checks | # of failure | # of steps |# of checks
107.7 18875.1 26 1852.0 413750. 6
133.1 38331.4 22 3065.9 1198969. 6
120 0 206.5 71852.0 41 2494.6 895012.2
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Table 6 Comparison between weak-commitment search and state-space search (n-queens).
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weak commitment fill breakout
n
¥ of failure | 4 of steps |#of checks|#of failure| # of steps |# of checks | # of failure | # of steps |# of checks
10 0 29.7 2266.6 0 39.8 6535.8 0 41.7 7065.0
50 0 23.6 48593.5 0 45.4 232970.5 0 37.9 180393.5
100 0 27.1 236821.7 0 51.9 1114047.0 0 38.9 777051.1
T Faly bV MEREREEEEET v ) ZAOKE (75 7 Db HE)
Table 7 Comparison between weak-commitment search and state-space search (graph-coloring).
weak commitment fill breakout
n
# of failure | # of steps | # of checks | § of failure | # of steps | # of checks | # of failure | # of steps | # of checks
60 0 107.7 18875.1 1 N 284.0 165716.3 0 82.0 43174.4
90 0 113.1 38331.4 693.7 547243.2 0 106.1 92224.5
120 0 206.5 71852.0 4

904.6 1005676. 2 0 157.1 201937.1

*x 8 Ty XLOWHORE
Table 8 Comparison of the characteristics of algorithms.

min-conflict BT | weak commitment | breakout | fill

avoid strong commitmernt no
construct partial solution yes
always find a solution if exists yes

stop if no solution exists

yes

yes yes yes
ves no no
ves no ves
ves no no
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