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ONV—NORKEHERKEETNS —BD join BHEMICE
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MR S AR RIVER S N, %BEEd 3 join HBOL
HEZISICHRIEZCEMNFEREEI NS,
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%Ti3, OPS 5% ZHIRL, FIRZIN -V ORER
TREER (T75b b, join HE) DEFEPHEAEH
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E£70, BROR join WEEIERT B 7-bick kIS
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KfTHhE 2B, BRELBERIT 07540
BEBLEBHILTE60TH LN, ZOMiicbUATFoOR
BEBLTHA.

t Optimizing Condition Parts of Production System Programs
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Processing Laboratories).
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THEI N, join NI 2EA—FTHEINTVE. C2TD
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B, Vit k3 0BOTRBETHICENL TS
DTHB. LTHM, HEDIDOBREIIS s>
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N—RIC 7o 0D FTEEIBR b JLlik T 5.
DTFciRzd, 2ETRAMEEERTS. 3%
TFauF I Ya VYAFADIARMEFVERL, 4
BTCRE(LTNVT )X LERETE. COTNHT )X
L4t ZHhETIRALHNTOBHRILEDIHDODE 2 —
V274 7 AREBEEALE S LT3HDTIRIS.
L UATHEEN join BEEHZ LW, 2ohhsax
PSRN DEDERBIRTZ2EVIT o —~F%E-T
W3, 5t ~5 THEET S join BE%E, EEOH
HWERAOTHRIIBRLALEZARTVIT YV X LD
fubidh 5.
FhETATYV X LRESE, EBRAT 0L V3
v ¥ 25 A PLANET Fic B b e 2 EEL 1299,
BEOz 23—t v 27 24%° ORBLICER LR
BA5Eich~Ns. BEALTAITY X403, BECHT
bW AFIREFRBIEESHRERLTH3.

2. BB{ERIEDER

2.1 ¥ ovarvvARFA

FuF s g v YRFAR, v=NEBKRTSE S e
Frvavxrey (PM) &¢7F—2%2BRTH7—+*
vyArey (WM), XU PM, WM o5 % 21K
ULTEFTTEA 427V 4 0oRBRINTHSE. WM
hoF—2R7—-Fvrxe)z Lt v+ (WME)
EFINB.

zh#honr—wid, left-hand-side (LHS) &R
NBERH4EFR (condition element) D:#E (conjunc-
tion) &, right-hand-side (RHS) &FRE h % BhifE
(action) OEALSHEIRINTS. LHS itlRED
RHER (positive condition element) & BORHE
% (negative condition element) *E3R3 5 T & 48
T&5. EORHERIRHREETS WME %
ETOERIULT S, BCADRFERBREICAET
3 WME DSEEZE LS tudikird 5. RHS iidsf
BRABRic TS 13 WME OBmsigRsiiis 3.
ABXTHRLTEINV— VOB EELICRT.
TaF IV a v RTLAAVETY AR, UToy
47 VEBRDBELETTS.

®© FRERE: ITRTONV—NIZDNT, LHS &%
OFED WM L OREETWV, A VREYYIT—

FeXrvavyRFARBY LT ROREIL 1159

®1 Av—rOMG
Table 1 Syntax of rules.

}(7afﬁysyw—wxm
| (defrule (v— &) (b)) (BITEN)
(AR = (RBER)
| RABR) = (EORHED | (RORHED)
I (and (i)
(EOHHER) -
X | (r¢8 =) |(bind (+¢5 — VEB) (<5 — )
(RORHER) :: = (not (5 —>))
| (EntE) 12 = (EORIE (R OMIE)
B | (Eomfe) :: = (make (/2 ~ »))
| CAOWE) :: = (remove (/€5 — &)
[ 28 —v)yii= (27 &) (@Y
@D 2 1ERE* 20 ENERDETC EERT

g@@fﬂ—vﬁﬁniﬂ’?%iévyﬁw.
| @Ct2 = NhDOUDR, /% —VERESU LN
T&3. (77242 bind, not TH->TIRIL S
7,
@(RHHEE IR T N TO(RAEE) ML U BFICE
. AT 5. R (EORHER) TR TS,
| UEORBBER) T, (98 — VYD s — VEY
i WME X363 2 bdshad. £/ bind ¢
38~ V) LRADRIILI: WME (€2 — v
f ERORERMEh 3.
B | OBEDLREEEITD (2 —V) ho,ts — VB
~DOEBILUBOLERASCEBLUII.
®(EDOHIE) TR, (/2 —~)hD,s -/ EHER
MECE M HRBONSE WME 2t WM iGR
maha.
| OO TR, (¥5 —VEBORKNSh
} WME #tEah 3.

vav (BEBERII Lz v —vE, RIEs5L
WME %#iAHE8bEbD) KT 5.
@ HBAWY: BAMBKRD UL vRE vy r~va
vOHhD 1 DEED L NS ICHE > TRUH T
® B BRINWIAVREYYT—va VEER
L, WME o@inE%175. —BEEFoHRENE-
fed vRE vy —va YVRBURTINB &K
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&, 20 WME (b—7 v E®idh3) 5 RETE %
y b7 —rheiLdEh, BlkESskry b7 —2
DEFNTOLNE. ZOEH (REKE7 = —XH
443) 3 UToFHETHED >h 5. £, LHS
DEZRBI LTI DORBANTRET TEREERR

F A b (intra-condition test ¥ 7-j3 selection) 251
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AJ1/ —F (one-input node) Tirbh, ¥R + %@
BLIcb—2 vHE2 v+ 7—2 A (a-memory) i
Zohs. ZO%k, FHMT/ %~ B (oin HE
AW SN BBAICREIC join B ETE L) OEIBF
BLIEWE I DEE D FHERMEF X b (inter-
condition test F7-i3 join) M2 AS1/ —F (two-
input node) THIZfTHN, 7 X FEZEBLI WME
O (R b= v EHTND) Ry PT—7R
(B-memory) icEZ S50 TWL{. LHS © F X TDHK
HhiEwizLic WMEDHl (1 Y24 vz~ 5 V)
{3, RETE # v b7 —7 O#K ¥ (terminal) jcE|%
L, MIEd B0 —n%RATREE S S. RETE % o b
V=7 DEFMNRETTIE, REBIIFEARR7 = —X
K%ITd 5.

2.2 FROSHINGEHETER
H1RBAEORB/ERNLIL 2 L — L HIDEBS
join #EERL TS, and T THED join 24
IKHBETECEE2RLTNS. join BEKRMICIITH
. #ERPRO L>BEHTHZDT, EORHEE
b 5185 join ERFOLIIKERLTHLL.
722, BARREREE LT MEA® BHLSATH
5/ —=FaDNBREADLZENTERL. o8
ATH, /—=VFb,c,dit20TR, Dk LEF
KR->ThL DT, ER24EHD (—icid, &
A —F'D) join BEMBEET LI ERES.
BORBERIT, ZoRHOMb~2 2T 402
THZEILHBDT, join BMEOL ZIZMBELTHL
WE WS bcROMIEO. FEIE, AOXEERD
IZBN B 02 — U BEHIZ, join HAMNTHONBENC,
EORHEBERKIOFEHINTORINITES L.
%72, OPS 5  PLANET &0 v 25 AT, BADO

3 (4)

1 Hao join #:iE
IFig. 1 Variations in join structures.
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(defrule rulet
{context phasel) ... (s)
(small  ?x) ... (c)
{middle ?x) ... (b)
(large ?x)... (a)

— el ... )

(defrule rulet
(context phasel) ... (s)
(large ?x)...(a)
(middle ?x) ... (b)
(small  ?x)...{(c)

[ indicates alpha-memory.

(large ... ) indicates a working memory class
with a large number of elements.

B2 ta-YR7F47R1DHHH

Fig. 2 Example of Heuristics 1.
RMERBEHEBEORBINET 32 L3 Ta4U
L.

UTCRERAMEMECRIOERI D0, SEE
BOcHO\MEEBRICRSLANITD. T, 28R
D join EOHAEELS. A, R1Or—D
FFE3, (a)(and (b)(c))(and (b)(d)) LT
THCLLTES., TOBAITE, bi3LELEINS
DT join HER2EARRICHE SR LY, 2ok
73 join BEIRXTNT ) XLDOMNENET B.

2.3 B#tea—-YRF4HR

BEDHDE 2 - XF 4 7 2B TFTObD
Mo T2,

(1) Ea—=YRF4 721 : F-2BONX 1558
EHE,»S join T 5.

join HMDETMIC L - T, HAMADTHERENS
7 —4 (b =27 V) OREMBKE S RIIZBEH
b5 %h#ET 3 join WHaIR ML, BF—-2 0
IZBKFET 30T, HERBROT -2 BAVhE 0
FERMS join TEOMNBE L. M2icka—))
274 7 A 1 OBEMPERT. F—2BRONEBI 5
RLMATIRUERILSMHIC join 3N b5 L HH
UEBZINTHbHh TS, (2 TiX, small, middle,
large DIAICF —2 BMBHM KT S.)

(2) Ea—VRF47R2 : FEHEBO/H X BLRGEE
FM»5 join T 3.

n HORBBERMLSBEIN—-—NEELL. VE, B
FINIF—208 V-V DERBICHEST IREER
ERADETELE, B1(1)D join BETIZ n—1
njd> join HEMEFEINBZ LS. LL, b
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(defrule rulet * {defrule rulet (defrule rulet (defrule rulet
(context phase1) ... (s} (context phase1) ... (s) (context phasel) ... (S1) (;rext phaset) ... (s1)
(frequently  ?x) ... (a) {seldom ) ... (¢) (class-a ?x) (and (class-a ?X) ..... (a)
(occasionally ?x) ... (b) (occasionally ?x) ... (b) (class-b ?x) (class-b 7x)) ... (b)
(seldom %) ... (¢) (frequently  ?x) ... (a) (classc ?x) (C1aSSC %) corrroern
-> -> -> -
(make ..... ) » (make ... )) (make ... }) (n:ake _____ )]

/ indicates an amont of tokens.

(frequently ... ) indicates a frequently cahnged
working memory class.

B3 ba-YRF47A20HBH
Fig. 3 Example of Heuristics 2.

LZDRHBEZBNV—-VORRICH NI, join LT
1EEFANBZEGFTHE. Lich-T, EFHEh3
BEEOD/NERZHERLSMIC join WEEHETTS
OMNBF L. B8icka—YV2XF4 7R 2OFHAHR
BRYT. EHBEONII 5 RERETHERMEE
PHMEIC join INBLHSHVBAMITORTNS.
(X 3 i3, seldom, occasionally, frequently M)z
FEERSNKRTS.)
(3) Ea—Y2574223 :join EEELHETS.

2ANI/ —F% n Bor—nTHETHIEI, &4
D join FHEBMITEMIC Un iCl8d. LIch->T
AR Z{ OHEMNTDL O B X D, HED join
HEESSCOHT T EMKRETH B, (FIZIT, M1
T/ —VFc,dd join 2o —n t3FT B D
B, (2)ORBLLIMNENH 5.) Baicka—)
257 427 ZA30HHAM % ;R$. class-a & class-b
join HHEZM®D join FHLEMILICETT EC & i
£-T, 2BONV—NTEI B join BHEDILESE
KEHLTW3S.

LEDOIEDOE 2 — Y RF 4 7 R TR
Lich-T, BBOEa—URF 47 REERLITH
SORIXPOBNEEDIMERDILENDS.

3. AR MEFN

3.1 NKSA~-%
R5ic join BHD X b EFAART. UFTR
/=¥ n 2 FBRETS join HE%E [n D join &

(defrule rule2
(context phase?) ... (s2)
(class-a ?x) ...coocevune. {a)

(defrule rule2
(context phase2) .... (s2)
(and (class-a ?x) .... (@)
{class-b ?x)) ... (b)

4 v.—-)RF47X3OHAAH
Fig. 4 Example of Heuristics 3.

©, ()
()

When b is a positive condition element:

Ratio(c) = Ratio(b)

Test(c) = Token(a) * Memory(b) + Token(b) * Memory(a)
Token(c) = Test(c) * Ratio(c)

Memory(c) = Memory(a) * Memory(b) * Ratio(c)

Cost{c) = Cost(a) + Cost(b) + Test(c)

When b is a negative condition element:

Ratio(c) = Ratio(b)

Test(c) = Token(a) * Memory(b) + Token(b) * Memory(a)
Token(c) = Token(a) * Ratio(c)

Memory(c) = Memory(a) * Ratio(c)

Cost(c) = Cost(a) + Cost(b) + Test(c)

5§ axXbEFN
Fig. 5 Cost model.

ErEs. BRI, K53/ —F e join HiEEEL
T3, &/ —FICRUTICRT 5D/ 5 4 — 42 48
EHEIND.

@® Token(n): / —F n ot/ —FitE o b
=7 ORKTHS.

® Memory(n): / —F n @O a-memory, ¥ 72 i3 -
memory LREFEINZ +—7 YOEFHTH S,

® Test(n): / —F n THRITINILHERMF 2
FOMRBTHE. FETEZIMEOL—2 vEXEYH
DIEDF—7 »ED join FEHEZE 1 [EOFHEFHRM
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FAMEBATHS.

@ Cost(n): / —F n @ join HENTETEIN 2%
HEFWF R ORI R M THB. T2 FERITED
T5.

® Ratio(n): / —F n THREEHM 7 2 b LRI
THLMBTHS.

BELBETEINBHIC, Fofsva vv—nid
—EETIN, TORERRERICIAN, —FD/e
FA—SMREINS. BELOT a2 TR, ¥E
KD2AN/ — FISERFEEIN 5 5, T 5D
5A—2REBERTIHERE A VT2 OFEHHX
3.

3.2 1AH/—FDNRSA—%

W, /J—FbIEIAN/—FELELS. 1AH
/ —FTid join RHAB I L7, Test(d),
Cost(b) FHICOTHB. iD/*54—2 BRLUTFD
KXorREEING.

(1) Token(d)

J—FOMEHRLI =2 v BEBRE X W
EXNh3. REMEIZT 05 2 OB R D 2MKE
L, join BBEIIMERELIEWL. LT, Fok>S
72 join HE L/ ->TH Token(d) DIIZDT F
E#hTH5.

(2) Memory(bd)

a-memory DT —2POFEHD & b Hickdkx
BWHEEBEZONS. CCTRIaFIvav¥4s
NZT EiZ, a-memory {CEFINTWS b—2 v ¥%
HBELZOFHME%E & » T 3. Momory(d) &
join HEMITIMEE LTV,

(3) Ratio(d)

TRTDZAN/ — FTD join ORRZHRERNAE
ha. wic, /—-FbEEAHAETE2AH, —F
DERIIFER DS Ratio(b) IKHREEI L 5. CZOEBH
EROD join BEIIKETS. Lid->T, join HE
BEALUE FCBCOBILELER X 5icT X1
. BBRTERBILTNT ) XL TIIELD join B
BEDIRINZDEEROCTHEBEINSZDT, LOE
S ALMEEB 2 DI TOFELZRH TN S.
@ join E¥ 30 fHDEric Ratio=1.0 TH5. —
i join BEROMMHHZ 3 1P »> T Ratio i3h&(
5B MMICH B. £ T, Ratio I3 join BEHOEK
TEicid®Ts. X, 1AH/ —FPERDOr—
NVTHEINTHBEAICE, £0/ - FE2EANLE
TE2AN0/ — FOEBEEEL, £hED join &

Dec. 1988

one (context phasei)
token: 1 memory: 0.5
|-----one (large ?x)
token: 8 memory: 4.0
!two token: 8 memory: 2.0 test: 8
*one (small ?x)
| token: 4 memory: 2.0
|- "one (middle ?x)
token: 6 memory: 3.0

—----*two token: 12 memory: 3.0 test: 24
two token: 24 memory: 3.0 test: 48
terminal instantiation: 24

one: one-input node

two: two-input node

!+ inter-condition test with no join variables
* : shared node

® 6 FHF— 2 DRTH
Fig. 6 Example of displaying statistics.
HOBRBREDCENBHD. 20k S>HESIIZ,
join ¥ DMEEEIC Ratio % FH|CET 3.
® 1AH/—FToD Ratio DEH%, join XD
BRI CHALTEL. AEEBE ORI h-701
A1/ —F®d Ratio ici2, join ZEEOMEBUCHE-T
o LOHE L FEHHEERETS.

PLANET i3 RETE %o b7 -2 D&/ —FiC
NG A—FDEERMTEIVTERG, t—s VD
FIEL join HHOERTERME LTHOESH2T-
T35 ZOHRICETE4 -~y Fi3, 7oy
VaYYRFLADETICETIRMO 5 BUTIicT &
2W7c¥, PLANET CR#HAEEEFT>TWH3. L
e~ T, EROKATE G ICRT &5 LHERRED
BREBICENTES.

3.3 2AN/—FODNRSA—¥%

2AN/—F (R5THRce) daxrEFLMIREA
HDOI1IAT/, —F (R5TRb) 8, EoRHLERT
b330, BOXEER (not) Th 3 hick-TEN
-2 TL%. HW5i, ThZPhoBL0HERERLT
AV

(1) Test(c)

=0 YBERAPLATINBBAIE, cicF
BLAb—7 ¥ (Token(a)) EEAHOD A=Y
RO+ —7 »¥ (Memory (b)) 2#H3AbH -
(Token(a)kMemory(5)) @ FH4ERMT X b s
fibhad. +— 72 v BEAHIh I BAKIRZD
X% (Token(&)*kMemory(a)) T 3. Lidis
T, MFEEMA/<bD (Token(a)skMemory(b)+
Token(b)kMemory(a)) 43, 2D/ — FTETX
NHEREERMT 2 FEK (Test(c)) E753.

(2) Token(c)

FRIORERERE NS+~ ¥ (Token(c))
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12, EANDBEORHEROBAICRFHERMT =
FEHK (Test(c)) kK7 R P DERIIFER (Ratio(c))
% Hit7-f (Test(c)*Ratio(c)) TH5.—F, A
ANBEORHEROBAICE, EANDL—7 ¥
(Token(a))) 7402 A #RDME (Token
(a)%Ratio(c)) &753.

(3) Memory(c)

& Y hDEHMIS b —2 3 (Memory(c)) 1
HEANPBEDORUHBEROBAICR, EAD/ —FDA
T VHDOEY + —7 vEE#HTADEE (Memory
(a)*Memory(d)) IKRHERMT A b O FHKIIHER
(Ratio(c)) Z#}7- & (Memory(a)kMemory
(b)%kRatio(c)) LEXZ. —F, ADFREERE
HANETEHAKE, EAND A=) (Memory
(a)) 27 4 v2 LIz#EROME (Memory (a) *kRatio
(¢)) &95.

(4) Cost(c)

£HED/ —FDax b+ (Cost(a), Cost(b)) icH
J—FOHEIZVEMA D TH 2. RMHER
52 PO R b i3—f8ic A%k Test(c)+BxkToken
(c) THETCENTX 3. A B RBBEYBEHTD
3. ARXIBS{CEELERCERET DI, &
HERMF X POBRKER/MELT BT & & L, Cost
(c¢)=Cost(a)+Cost(d)+Test(c) (Tbb, A
=1, B=0) &7 5.

LirL—Bicid, B8 A, B RUBRIKADET
HYcHET 2 LENDS. HIAE, OPS5%, 2E
W—FT join HHERTUTHINERTI, A B
KENnEEIOOD., —H, F—2M8N Ny ¥a3hT
VS, BUARBERMT R b itk TAHEREH
B3r—7 YENRELENES. COXIBBEKR, A
% 1¥ Cost(c)=Cost(a)+Cost(b)+Token(c) (F
ibB, A=0, B=1) 351 ¥, BEKEL{T3
PHENDB.

(5) Ratio(c)

SHERMW 7 2 F ORDIER (Ratio(¢)) BED
2 H — UMD join ERENBD, BLY join HE
HEDOF—2icE D& D ISHEBBEKR I D B I KF
L, ERZELEBCL3EETHS. £ THUMMHA
LLT, HBAHD1IAT/ — FicBE I NI BRIIRER
(Ratio(®)) ™5 b, join EHOEH B —HTS b
DERNECEETS. KT 3okt hid, b
Sh UOHHE LRDHEROEGHEEHRET 5.

TaFsvavvraFaikBY ARG EROREL 1163

4, BBE{E7NTUXA

4.1 ZHTYXLOWBE

Btz kSic, FuFsva vy AT LORE
LT, ML TR OERBELE-THED, &
FEDOLa—)RF 4 Z72BALTHLTLHRL
join BHEEBHCERTERL. AXEIBSELa—
) RF 4 7 RRHOIHKER, join EHOILFREHST
D, KON LABTTIHBAENELSY.
—7%, TEIHETL join M IMEMA —F CHEET S0,
Bl roAEBR - SEMEFH: (generate and test) TZ DR
EAR T EIRTRARL. £FCTUTTR, 48K -5
EFE®RER—RiC, ERENB join BELHE L OH
HWERAWTHIRT 37 u—F%+5. THITYXA
OB ER T ICRT. BERARUTOEEDTHS.
@O NV—RBEIMCEFIETHR LI R (&R
ERMT 2 FORK) BROLAELTSOLSBELT
3. Zhidv—nhick o B3 BELT, RRKOBH
BEXaX OBV —NVICBRET 2D DEETH
3. w—noB#Etic DT 4.3 THENRS.

@ N—rOBRBLEBEIET 3ETIC, FA—ND/ —
FY X b (nodelist) ik, €DV —NDERGEERLSS
STA1IAN, —F&, HAEHAZ2AN/ —F (pre-
calculated 2-input node: #:8) £8&HJ 5. HEK
A2 AN/ —Fid join HEDHIF L, join EHDIL
HILERETZDICAVOHhA.

® ZBN—AVOBBLFO AT, /—FYR I

clear the rule-lis((R);
push all rules to R;
sort R in descending order of cost;
for r from the first rule to the last rule of R;
clear the node-list((N};
push all one-input nodes of 7 to N;
let k be the number of one-input nodes;
append pre-calculated two-input nodes to N;
for i from the 2nd node to the last node of N;
for j from the 1st node to the i-1th node of N;
if all constraints are satisfied then do;
create a two-input node 2 to join i and j;
calculate parameters of n;
push n to just after the max(i,k)th node of N
end
end
end
find the lowest-cost complete join structure;
generate an optimized version of r
end

7 BELTATY X LOE
Fig. 7 Outline of the optimization algorithm.
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XN B join BEENIRT A-00MFE LT
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(1) =2 x b§l# (Minimal-Cost Constraint)
BECHRI N TS join HEL D 3 2 b HSE K
HEFRLZWHOHNTHS. / —FnikESE
TIC join ¥ 1 AT/ — F D %A% Conditions
(n) TET. dL n K1 AN/ —FThHhid Condi-
tions()={n} £945. g, /—F n izl T

Imenode-list

such that Conditions(n)< Conditions{m), and

Cost(n)>Cost(m)

ThhUT/ —F 2 BER LKL, Ficbl » ABRicC
J—=FYVRMRRKEHEL, £D0% m MR D
Thhi, nk2/—F )2 ihoBREL, m TEXH
5. Zoax bHKEBREMTRITT 5.

a2 ME#REESICESTIE, TAS —FEY
CBYEI R+ join #EEERBicAER T L 0.
PLANET TR 1D0DFRE LT, REATOLV—
WO join EILEEND / —FE, HEFKAZAL
J=FELTHOPUHBRTILHIKCLTNE.
hick»T, 2l L bBHENLFTIO (bbb, FiM
FoEBR L) v—nXbhbaz FBED join Hi
DERERCZEMNTEE. R8ica x +KwoR%
R~

(2) HifH% (Connectivity Constraint)

join ZEHHMEVBEAICIE, REERM T X M 3%
Licb—=2vix®2)D b =7 YOTRTOMAEYE
ZHERT S, BEHKHICOLS HBEESRT 50D
DOH¥THE. LOERMCRKRDO L S icEBTE
5. 0% p & g% 1AN/ —F, Variables(n) %
Conditions(n) 1D/ %2 — VB E L L H. 72T,
bLUTOmEFORGEMEILTHIE, » & m % join
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<Production Rule>

(cefrule rulet
(context phase1l) ... (s)
(class-a %) ...oeveee
(class-b 7x) ..o
(class-c 7X) ........... {€)
-->

<Node-List>
o] (@] (@) (@]

S 1 a bt b | c
cost=0) cost=0), cost=0 cost=0
one-input nodes

Cg\}»%{éa%»

cost=100) cost=200 <
cost=300
pre-calculated two-input nodes

<Minimal Cost Constraint>

cost=250

is added to
the Node-List.

8 a X hHDH

Iig. 8 Example of minimal-cost constraint.

is not added to
the Node-List.

<Production Rule>
(defrule rulet
(context phasel) ... (s)
(class-a 7x ?y) ......(a)
(class-b 7%y ?2) ... (b)
(class-c 7z 7w) ...... (©)

<Connectivity Constraint>

o P pa S

O creation is allowed
@ creation is prevented

9 HArE¥DF
Fig. 9 Example of connectivity constraint.
T32A01/ — FiERLED.
(i) Variables(n)n Variables(m)=¢, and
(i) 3p, g&Conditions(n)UConditions(m)
such that
Variables (n) N Variables (p)#¢, and
Variables (m)N Variables () # ¢
YICHEFIR OB % RT. BREFKIZaL c &
join $32AN/ —F OEREMIET . ¥R,
alcitid join EEMEAET ((1)BHRIN
%), noalbd, F1i3b & c D join HEEKICFT
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a® join FHEIIIMELSV. (ZOHEMEKD con-
nectivity heuristics!® LRI -TW3.) statd
ficid, join EMBFEELLVY, sBfShDs —
FEBOLNDER DN join B LT join WEETTD
BEBUMSTHS (Tbb, (I)HEXN
750,
(3) JEGLHF (Priority Constraint)
B2 HOT, 1 AN/ — Fic@EREAEESY
BZTENTEILE L &S EAFWIEEEOH
/ —F& join MEEERBAEIC, EEEDE/ —F
LD join 2EfTT 5 2AN/ — FOAREMET 3.
LDEAMICIRROLIICERTE 2. WE p & g
ZIAN/ —F, p 8t g KOBEEMLHE N C &%
p>q TERT. JRAUFFRLUTO K/ —F 2, m
% join T3 2AN/ — FOHERKREMET 5.
3pe& Conditions (n) U Conditions (m),
3geConditions (m)
such that
(i) p>»q, and
(i) Variables (n)N Variables (p)#¢, or
Variables (n) N Variables (m)=¢
(i)i2 n & m O join HMERLHIKI 1C & » THIIE
INTVRR b DL LT, n & p D join H4EEL
HENC X > THEINB X S D DORBETH
3. S5ETITHHETIL, Token(p)>Token(q) 1>
Memory (p)>Memory (g) DEAIC p>q LEHL T
W5 B10 KREHKOH (m=q DBAE) ERT.
fE% D cheapest-first heuristics!® & D& IZNEALHS
AN UDPEREINILNVECAILHS. Tiibb,
JEALREERERET Z2OIAVONEDTIIEL,
JRALESF SIS WRE R T B 7o ofilfsE LTHL S
T3,

<Priority>

Token(p) >= Token(q)
O (q> and 4

>>
P

Memory(p)>=Memory(q)

<Priority Constraint>

Not to join ana| O R
q

X
But to join V and | O | first.
n P

B 10 MEfrf#S O B

Fig. 10 Example of priority constraint.
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4.3 WHEOIN—IVIZET-DBRME{L

HWEDONV—iTk > T joni HEEHFTENITL,
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MoEEEET I, UTolEELES.
® 2AN/—F nEERTIRATIE, n BAHEDS
BoOr—nVTHREINB C EE{ETS. Thb
5, Conditions(n) ZREHILEL T XTONVN—IVIC
Ko TnHEFINZEEETS. LK TDREK
ESINVT, Costln) 2HHW T 3. 372bH Cost(n)
B, Akozazxt+tE220/ -FEHFLEBEZNV—1D
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@ w—nERELTARATI, BhcEREINI2
AN/ —FRaxFOTHATESLRETS. TN
bbb, BEMBELONV—VCETNE2AN/ —

FEHEEKA AN/ —FELTRETS. HEES
/J—FDIRIMCROEHRETS.

FROFEEFRAVBCEILE-T, HMAERRESI
X T T ERLSEBDN—NITE 03B BB b DHSR]
Bestsd. =2 1ET ORI, Hich
bTRTON—NDB—FELTRBILI NI K S LR
BELN5.

5. ¥ ]

5.1 BBIE7I T Y XLOFE

B CRR7-B@b 7T v ) X2 2@A LT,
PLANET LikBB(LBELRAEL, BFEO T + 2
2= b Y27 A U7 Bl LB, FIRE B

Working
Memory

Production System
Program

Inference Engine
(PLANET)

Optimizer

Optimized
Production System
Program

11 Bty X7 A DOMER
Fig. 11 System configuration.
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300~400 O HEHI/NEEEIL S D&V,
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75 (20 PLE) v—nEBBEATHS. LT,
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O—Ficd > CTRGHENE P07 5 L TR, F2
2, TO7a7 7530 DTIHF A=t v RT LI
REOFOFICL - T join FEOHEMBKSNTH
3. ZoO®ERIAFICL-T, 2~3HEZELTHITD
NTN5E. Lich-T, BlIb7T VT Y XaD8EN %
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PTF, EBEEYa—n (3B —n) ZEHB LIS
BERRD. BEMCEIAFEAENO 05 LE20R
ELTI»TWA. 188, ZOHHIT Symbilics 7 —
2 A5 —Y g5 @ Common Lisp L TCff-7:b DT
»5.

(1) BHLHHE

Bt RER2IRT. KHERENF 2 OB
Has 1/3 1, CPU sy 2 fficimg LT3, 4%
I RECLER, BEMBESE OV VT FX
W=+ YR T LBREOAGFIC & B HREREEE SR
PREHL TR ETH B, £ xEEMNIE
W= TR, BBECERORMGERBT X b OROEE
{LHEZ EBl> T 5. —icz kS 5EKkiE, 3=
FPEFMICE > THE LB R b &, FHERICET
I/ X P RREICB—H LTV EMERE
W-THELS. LdL, Z20BAKE->TWAR,
HFLUHBRBILICER LTS RTIRS L. AR
W=l Ei—n 14 3% D join WEAHEFLT
W3, 2A—OFRHBERMT R FERORE LT
&, BUARBEIMBEBENTOEZ EN0Hh5.

—7%. BRELCET 2 RERRIEN, — F o 2
RicHAT 2. BEHHRO T FZ9—F ¥ 2 F L
B, RFEEMR20%5M I 2AMON - A NEBELT
57:%, ZNoDFEH O T HBERE(LIZ 105>
DEEZELTHS. UL, RASBEEKMBSEREOW
HOTus 5 AT, BOTREISETTS. EM
T 51013, MBROMREE WS e, Bk
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x 2 KA Lok
Table 2 Effectiveness of optimization.
won | R BELE S BE(BR ATUHSR
8| ER 7R CEMF NER/ - TR NER
1] 21 ! 46432 | 22,306 | 179 ' 47,888
2 | 18 | 29,548 | 494 = 198 | 27,244
3 17 | 29,58 | 494 02 | 27,244
4| 22 25518 | 144 236 | 7,813
5 | 21 25313 @ 144 | o4 7,813
6 | 18 | 10,322 | 3,749 ' 552 | 3,749
7| 17 | 10322 | 3,740 | 194 H 3,749
*8 | 15 9,066 | 12,539 = 228 | 9,966
9 7 9,830 = 1,180 = 99 | 1,180
10 6 | 9278 630 20 | 63
11| 17 | 856 | 4,660 116 | 8566
12 7 7,656 | 760 44 | 520
13 6 7,544 | 648 | 22 | 408
42 3,160 13,780 76 | 4,616
15 | 1 1,918 1,85 | 19 1,918
16 | 2 ° 1,3% = 1,325 | 413 1,336
17 19 - 845 84 | o1 | 85
*8 | 19 814 2,792 | 68 | 8l
19 | 12 525 467 | 20 525
20 | 16 472 38 | 284 472
21 | 11 403 35 | 61 } 403
2 | 15 348 225 | 81 - 348
23 | 12 . 310 286 | 159 ' 310
*24 | 16 = 252 296 206 252
25 | 11 202 178 64 202
26 | 20 181 181 304 | 181
27 | 19 181 181 109 . 181
*28 | 15 | 136 180 94 | 136
29 23 67 I . 175 | 67
0 24 67 9 104 67
31 2 46 46 3 46
2 2 | 23| 23 3| 23
33, 2 | 5 5 3 | 5

75,002 | iy h7159,517
(0. 69)

#33 | Wiy | 241,329 _
w—w 142 (00 | (053 1318

e () Wiz PLANET ©® CPU KRk

o V—NITHREINTOARHERMT X b OEEU,

KEINTOBLV—LETH - 1ctk, MELTV 3.
T LS 573 E DBIRAISHIREE &5 C &EMBH
Th5s.

(2) HFOYR

K2OMRIT, 4.2 TRELLIFOHIWET T
MOTHE-bDTHS. UTFTHE, MHeollfuhsesih
FhED XD B E R LIchE, LD FMIcER
T 5.

HFIOA Y v M 3BEECMBEOYEREML E L TR
5. =k, FAY v FRBEEICHROBWLTHS. B
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» 3 HboHE
Table 3 Effectiveness of constraints.
o an | EOEEET omsan
i ) (2 2 FEI#G)

F 5 ER armm /- vm g AR /- R
1 21‘1am1 680 | 19,621 | 1,370
2 | 18 494 438 494 | 2,448
3| 1 \ w04 | 162 494 197
4| 22 136 | 887 N/A | >3,000
5 | 21 136 139 N/A 209
6 | 18 - 376 |>3,000 N/A | >3,000
7 17 | 316 160 N/A | >3,000
8 | 15 | 10,407 | 514 10,407 856
9 7 18 - 99 | 1,180 | 121
0 6 | 60 2 630 22
11 17 | 4,194 | 383 4212 . 663
12 7 761 | 44 761 68
13 6 649 : 22 ' 649 24

N : P : :

o METHMKIIRHBEREN 0 EZ BRI BV -V BHNTHS.

o N/A (2BER/ — PR3, 000 B8 % 7-7-%, HA T
RIcw—nwEDRE/ — FRE 10, BEBESHhE
notel EART.

a2
% 200000 20000
a8
g 8
a3
g 150000 \ z
g B ——{ 15000 g
5 EA) g
8 S
ey o | 0
S 1000001 H 10000 >
z =
50000 I 5000
0 L 0
Before After optimization Manual
optimization (1) 2) (3)  optimization

(1) with all constraints.
(2) with the Minimal-Cost and the Connectivity constraints.
(3) with the Minimal-Cost constraint.

12 HigoPR LK

Fig. 12 Merits and demerits of constraints.
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ERITZEERLTHA.
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(1) F—2x—2iKBF5HE&OEREL
ZNETI, F—2R—2DAbEEHE/LIcET
BRI E L BEIN TS, join BEDEB{LIC
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® Jarke!® BEBOHEDLEE—FE L TRET
%HX (Multiple Query Optimization) % B8 LT
V3. ChRARITRETZ25H OV — VO
BltE XS UHIETH 5.

® Kim™i3&5ic, o7 5 2th CHEUOHEWE
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@1 k4 %5 5K (Global Query Optimization) 1%
LTWA. 7ufryg vy A5 s0BERRZIEL,

LOOP;
Q1 : weeeer w—v 1 OFHEE
Q 2 e =2 OFHRE
Update database ;

END

THLTE 5 DT, Global Query Optimization {37
aF I va vV AT LORBILEBD THOCHETH
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MEINTHE. F—FX—-205# LA For
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@® Connectivity heuristics'® {2, join Z¥ic & H
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<Production Rule> <Measured Statistics>

(defrule example Token(s) = 1
(context phaset) -- (s) Memory(s) = 0.1
(class-a ?x) ----—- (@) Token(a) = 100
(class-b 7x) ---—---- (b) Memory(a) = 100
-> Token(b) = 100
(make ..... ] Memory(b) = 100

<Connenctivity Heuristics>

Before optimization After optimization
& @ @ ®
o (® & (W
@ @
Token(n) = 110 Token(n) = 20000
Memory(n) = 10 Memory(n) = 10000
Tes_t(n) =110 Test(n) = 20000

Ratio(n) = 1.0 Ratio(n) = 1.0

Token(m)= 12000
Memory(m) = 1000
Test(m) = 12000
Ratio(m) = 1.0
Cost(m) = 12110

Token(m) = 12000
Memory(m) = 1000
Test(m) = 12000
Ratio(m) = 1.0
Cost(m) = 32000

B 18

Connectivity heuristics @& HH 4: B
Fig. 13 Example of connectivity heuristics.
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