Vol. 35 No. 12

I C &I

=k
s

BROEEL R

HNFE R EOLEILHRICE D 248

noE
¥oO®

=

S

bl
gt

E M E— A
wWORE T

%%ﬁﬁﬁ@(ﬁw)&m@ﬁw%ﬁ%ﬁwﬁia%%%ﬁﬁ@@ﬁﬁﬁiént&%m%%%é@@%%
DIEVERERDBBETH 3. DX BHEBRATHREDSFICE 1T 35 EEM L &S OME, N-2 4 —
VﬁE%QNXw,ééﬁﬁﬁ%ﬁzvrv—awﬁ%m&&wfﬁmmﬁﬁmmﬁofwa.c&wiNP
SERRERMEO—TETHY, DEROBOIARBIIEELE. Lik-T, SANTEHNES L1c20
%ﬁ%%mbk%&%ﬁ%?%%%ﬁ&%&?ﬁéh%-Kﬁiﬁd%@@&@lof&éﬁé&&@ﬁné
%ﬁ%%&zomfzﬁ?é.ma&&uﬁ%%#éfi7®mﬁmﬁméﬁtﬁ%$vrv—y%&&u
ZOTHRALOMARIERIAKED CTREMERD 2HETHS. COHEOBRELT, SHEAKAREA
WALITIT S & ETE B2 DUBONIULSAL TH 2 AMET 513, Ll CSP DOFEHIC & 5 TIZEF
ﬂ@?éﬁﬁ%&@;5KEATéﬁmfﬁﬂbkfﬁmﬁﬁﬁw@mw%éﬂﬁﬁié.¢%Xfﬁﬁé&
KﬁH%%ﬂ%@@%&%k@ﬁ@%%B@K?%kbw,ﬁﬁ%EﬁSEﬁKﬁﬁéh5Ctéﬁb,ﬁﬁ
3&t%ﬂﬁ@%§%%%mm?5.35mmﬂﬂﬁﬂ%m§$%mﬁm?bé4@@@%%%wrv—y%
TOMMMEICEE UTHML, HBIckD CSP DRSS & AFULE DR RIC > TR 3.

Classifying CSPs on the Basis of Parallelism
Kannt Uchivo,t SiNicHiRou Kusota,t Hrrosur Kanon! and Serchr NisHiHaRat

This paper deals with a parallelization of the combinatorial search problem referred to as
the constraint satisfaction problem (CSP). CSP is an NP-complete problem of finding all
of the totally consistent interpretations. We use a breadth-first search called a merge
method to sovle CSP here. In a merge method, CSP is converted into a constraint network
which nodes are constraints and edges are common variables including in constraints. A
merge operation is the operation to merge two nodes in constraint network, and then we
can get solution when all node has merged. A merge operation can do independently, so
it is able to do by parallel processing. But it does not always work effectively. So to
make this ineffectiveness of parallel processing clear, by introducing the concept of semi-
parallel processing, we try to classify CSP into 3 adequate processing categories, such as
“for parallel processing’, “for sequential processing’ or ‘for semi-parallel processing’. In semi-
parallel processing, it required a temporal memory space to keep intermediate solutions,
which is not needed in sequential processing. As to 4-node constraint-networks, we perfor-
med a thorough expreriments, to show that the efficiency of parallelization is considerably
affected by their topological structure of the network.
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U={1,..4},
L ={ab,cde},
T={t1,....14},

t1=(1,2), t2=(1,3), t3=(2,3,4), ta=(1,4),
R ={R1,...,R4},

R1={(a,b),(ae)}

Rz={(a,c) (a.e).(eb)},

R3 = {(b,a,e),(b,c,d),(e,b,e)},

R4 = {(a,d).(ae),(b.e)}.

£1=v b (1,234)
2 : (ab,cd)
K1 CSP ofl
Fig. 1 Example of CSP.

t=(1,2) 12=(1,3)
(t1,R1) (t2,R2)
13=(2,3,4) fo=(1.4)
(t3,Rs) t4,Ra)

GZIZEDNTOBHFERBEI= v bERDHT)
B2 sy bv—2
Fig. 2 Constraint network.
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t= (1 ]2)
to= 1 3 )
(11,2R1,2)
Ri={(a [b )..}
4'} Re={(la | ¢ ).}
Q’ 41’ Ri={(a [b ).}
Re={((a | e ).}
Ri={(a |e)...}
t2 =(1,2,3), -
F1{12,2 ={(a,b,c),(a,b,e), Re={(la | c¢)..}
(ae.c)(aee) Ri=(a [e).)
Re={(la | e )..}

3 freus
Fig. 3 Merge operation.
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Table 1 Classifying merge process.
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Fig. 4 Merge costs of parallel and semi-parallel
processing.
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Fig. 5 Topological structures of constraint network
(nodes=4).
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ti=(1,2) t1=(1,2)

Al

t2=(1,3) t3=(1,4) t2=(2,3) =(3,1)
HEa1zy POEE=1 HBI=y FOER=3
(BDCEINABFEHBI- Y FERDT)

6 K3p2EEoERE
Fig. 6 Expressions of K 3.

G3.1
1 2
1 1
1 G3.24
| | %
G5.1
2 G6.3
t=(134) _te=(325)
3
1 3
5

13=(1,2,6) 14=(4,5,6)
(BEOLEIHZ v T -7 0O

(FBCEONEFRIEFELI= v bERDT)
T (MRS OREIC L 308

Fig. 7 Non-topological structures.
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Fig. 8 Merge series of 4-node constraint network.
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DERLIER &
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1000 ——
& e
ﬂe_ - G3.2
& 500 /
bt JESTINIRA £
o 400 Gs.1
T G5.2
W 200 G6.2
R ‘/ Ge.3
G2
2 4 6 8 10 12

IR
B9 SE/ESBEIOSMEME (ER)

Fig. 9 Result of divide/non-divide classification

(exp. 1).
WHALIEE &
G6.1
1000 G4
oy G1
@ 800 G3.1
S G3.2
% 600
Q
R IIEE]
400 égggms
E G5.2
R 200 G6.2
=l BRI & -
&
2 4 38 10 12

6
IR
B 10 WH/BRODIERER (EER2)

Fig. 10 Result of parallel/sequential classification
(exp. 2).
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Fig. 11 Concrete example of merge process of G6.1.
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