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Abstract

One of the hardest problems that limit real application of production system is its slowness.
One way to overcome this problem is to speed up the matching operation which occupies more
than 90% of the total execution time. In this paper, we try to speed up the matching
operation with parallel execution of a typical pattern matching algorithm, RETE, in a
multiprocessor environment. This requires not only to make partitions of the rules but also to
allocate the partitioned rules to processors. respectively. A partition strategy is proposed to
make groups of similar rules by evaluating the similarity of rules according to the number of
common conditions between rules. An allocation strategy is proposed to make the load of each
processor even by assigning the different priority to the group of rules according to the
expected amount of time required for matching operation. To compare with the existing
methods, we perform simulation using OPS5 sample programs. The simulation results show
that the proposed methods can improve the performance of production system.
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Table 2. The maximum number of common
conditions in OPS5 example pro-
grams.
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Table 4. Execution time of parallel matching.

[j 7."/3 M AR | Nqueen Toru ( Mincut FI'ourney
- =5 — oo SN
A lﬂ /‘] ’}Z 12]4 3369 38488 218777 1 3260006 |
28 i ]358 B 71 90 7T 845”77 : 7472‘”
INET A A2 2 ’ 5907 | 98457 2847266
: (40%) (64%) (51%) (49%) (89%)
‘ NET B 429 ‘ 1247 17029 107679 361534 |
LA (61 | (59%) ) (4% | (11%)
[ T — [ O
i Sigez |10 29 L oss | 123
! y 7e
(Max 13) (Max 40) (\1ax 167 ’ (Max 11 1) (Max 27‘))
o S o
‘ 2, B 4 B 138
. C8 Size2 | | : :
! % (Max. 6) (Vax. 5) | (Max.120) | (Max. 73) | (Max881)
— '[ - - -— - i
loken | 16 50 672 | )()l 012
Size2 l (Max.21) | (Max.100) (MaX.HSS)‘ (Max.674) . (Max.9827) |
ET CARE i | esars |
}7‘lﬂ|~r3§*]7" 932 2122 22581 120320 ‘ 2898472 \
2ah A ‘ ; :
A 429, 1358 | 17029 . 107669 | 2847266
“ﬂ’él*l” I | | '
; B | b i
nﬂ}M%ﬁﬂl% 39.2% | 35.8% . 456% L 46.0% = 11.1%

X 32 B =Tl Alkkdl w3 ¥ dwesd
zbzte] stizyElell Ag3jod Aozl B& 1F polth
ol BEE aFel £y 3-8 FEES Eld)
At

X 4= 2R 2FE2 e Z2AA| Edsie]
Wl w)A ubds Ae%E Ao 7 =R o) i
AgHold FRARS FAGT T 49 WA el
A AA A7 Aokl wom 22 odle st
Agof amlgl Azkole}, o) Ak WEHAE 27H(A

(499)

£B— 4

o} B) 2 TEEAE A<l vEAZ AdlK A&
8% Foll vESA Bold wiAE FRAL A5
o] 3 A7re BAIF Aol zeim= A WE
ol A2} FaAzre ( AAM A7 2 - MIN { NET
AAIZENET BAIZE } el s 8ol NET A
AR ES= AdA wiAE Falshed] aulE A
Zola, AiA ellsl NET B A7Ee UEHZ Bel
A UHXO‘ < ket anlE AZle|c) AL A
A Pollx] BE ko] wlgS X 19 A He
A AZHE 10002 E3e Aee] el nlgol
o} olo =] wwele] HF =7|(WM Size2).
% Ak g3t =271(CS Size2), el vlEe= W
of AR Eite] it A (Token Size2)E 42 4
ol gaoll EAEHTE TaellA 8RR ZA
A7} o7l e el Aol A g A7k W)
Aol A€l AR BAIRI

42 Zo] 20719 #A& 7 MAB(Monkey and
Banana) =270 ¥ dae]Es 48P, A
25 Hgsll e A9l 300 FHel FF A& Ut
A 75l 3”“35]"1 Mb0{(C1,C2), MbI{C1,C2,C3)
o] &3} 1E-S Mb2(C1,C2.C3,C4) 7} &% g
Rl D’rﬂl 39 A FelM FEFAF kot
39l A% FEx7A C1,02.C390 g 2F Gl 2
00] A8 wedsle] F3F Mb0O(C1,C2), MbI(CI,
2.C3). Mb2(C1,C2.C3,C4). Mb3(C1,C2,C3.C5)
2 ¥l A 39 PR FEellx FEEAT k
= 27F o) 97he] HEe] 1F Gu. Gy, Gooll F3HH,
ohA| 39 ApHA paolix] FEIAF ki 10] Ho 3
A} 2ol 2% Gyol Farh WA 39 o 4
Mol Aol vAl ZLE Geoll HapAl =t 6719
2FoR BE MABeIA 7h 2Eel gk Wse] A
G5 G4, G5, Gy 7, Gu5, G5 7. G 47He|th. 3
2l5e H8sle] dA 194 2F A(G, G, 6%
1% B( Gy, 6G5) 2 WPEen], wse] 7} 2 FE3}
Al 8] $iske] dmA] 2 G el Eﬁﬁk
2709} 3% 7F gl Esisict °l“ﬂ. zzt st
FAE 7+ 71§ Ash Bell dgsied W] AE F
25 2 16702 sloh UmAl 25 Geell ot Sl

= o W53 xisly A L FESR
‘%74]52 Ak 4%‘6]"4 F3E 2% As} Bell il
4 Eolla] &A% A3 SUN4/SLC 932
Eﬂﬂ*doﬂﬁ oPs5 I ZE & +3F 45 LISPY
Wakleal get- internal-run-time 5% o143}
o] 23 A|F 5 ovulatn w9 10000(=h <t
A= skt

T
F



1995% 3R WEFLIEEHRCHE

3.4 ¥ 2 EE

OPS5 «lA =2 7=§g ad A9 oA, 274
o] ZRAAE 7R HY el BHE e 53
A7b Asbe ®49 Ah oju), WY A #AA |
2922 VIUEN A UEHA B)E THA
& Aol 2 vE oA WA F8 A 71E
o] gt wiR Aol wiA FIXE JlEoE
g Al A7 vlER gabsle] A hE v)E)
At

23 5% oA Z2orge) Ay ARk wiwsls] &
7] 9% a=olrt 1® 5elid A | s
(A& 71Ee) whog miAS $i% ol 7 22
2ol AR R w2 QAZHE 19 WA AL
ojt}, o]k o]F9) 7R Fhaksle] FAEN| 1%
71goR AHgslslch FHA gy a#HE(B = C +
D)= B 5o wijog S3a) dEYA AdAE
w3 2 QAI7HEE 49) NET AAZH# JES= Bel
Aol w3 48XZHE 49 NET BAIZH & vlsle] A
WA ot 2ol oigh AiAEl BIER vehd A
ot AAel vWA W 2HZe 2t ==
AdA] FlAl 2QA)7HC), VIENZ BollA #iA 48
AIZHD)S Ads 2o 2= (A)Y] ARAl A7
HlE2 ek BAR Aol E 49F ¥ 5] o
Hze Esle] 92 ZRAME AHEsle] HYEZ o)
28 S3Elode -l ohAIE HEFH WS (
MAX(C.D) / A ) * 100 )& #lgd 5 isich
MAB® 7% 39%. Nqueen® 7% 36%. Toru®
3% 46%, Mincut®] 7% 46%, Tourney®l 4-%
%2 WA A7le] zbzh @&k, 28 55 A
27 Ngueend 7% =h Z2AlA @7el4 7]E9
YESZEZ iz Besle] WESA Ast UESA B
A apgez wiAle £Hd AIZHB=C+D)o] |l
Eas Feahr] oS A9 wAAIRHA)C H]s
123%2 A8 Aoz eyt ol vlEHZE £
gk Fo] ews|=r)t ol oAl =z} vlwg o
AdH o 7] difd HHI Ao Hoixm,
Tourney 2139 7% ol oA ZzaiEuct
AF o2 A ThEgo] P2 ol ¥ o]
iAo g gho] AlgxEle) MA Ak 47%F A
A)3}7] wf el AT Ao Bedxint,

AkE 3 B 9 A9 daelEe TRI9S
g F2e Rasln sk AH daelgel
t} ole 2 -ele gusled UEYIE el IR
o o]Rejx| P 7]&eol whHdl nis) szl =]
opc} aulw, B 26 wel 1Fg sl g
gro g A® OPSs Zaaogie] PXAE 1F

% 32 % B# % 3%

97

o) =77} 3~8NE =4 e BM vEST $¥E
Qlsled ojEe] wlEelE AMSR= 7l olelol Huwl
SHEEE 25 et B 46 vehdule} o)
B Pl Algke wbile] r1&e) ubgur} EFS
a7t oF 1,288 ZA vehd=d] ol WEHIE 278
2 Regtoesn vEY=d AAEl BEEert Sk
oM oo A wrele} kg ofvigict

140

godglml Mstching (A)
. Two Nét Mstching (B)
¥ Net & Matching (©)
g Net B Matching (D)

120

100

? 80.“,.......... ....................... -
£ B
£ ® " N H
H N A | BN N
PP — : = -
N YA A N
N UN | EEN N
N N | BN N
20 e N+ ERN BN
\ BN 3N
ol N | BN | BN | B
MAB NQUEEN TORAU MINCUT TOURNEY

a8 5. wjAAZE Bl
Fig. 5. Comparison of matching time.
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