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“Exploration of Semantic Networks using Production Systems” (in Japanese)
by Toru Ishida and Jun-ichi Akahani

(NTT Electrical Communication Laboratories, Yokosdka—shi, 238-03, Japan)

This paper describes an efficient semantic network exploration "method using a
data driven production system.  Production systems have the following advantages
for maintaining and accessing semantic networks.

- Rules are automatically triggered by the changes of working memory elements.
- Production systems preserve previous results for future reference.

However, current produétion systems have no efficient inference control
mechanism to explore semantic networks. PLANET (Production system LAnguage for
NETwork exploration) iﬁtroduces a new control mechanism for forward-chaining
production firings, and enables it to inactivate unnecessary working memory

elements to avoid redundancies.
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(defrule -4

( <N"_"J> |

(bind <N 3-vEB> <NV 3-0> )|

(not <V 3-v> )|

(test <LispR> )}*

-=)

{(make <EFEHM> C:in GRED D) |

(remove <HZID)> ))*)

O NRVREEEHLACEADOIAIITCSHS. H
L, M1-yEBEEBOBRICEATIV, Vi
VEBIRM, ...k &xbT, IRELERTH S,
@ ZMAH(LES: Left Hand Side)ic@ERE h k=
N -V EEBEEA SN B, bindid, NE-vEM
ELEBEODEN -VEBICKE T S, noticD
WTRBRT S, testiklispARFEML, TDE
HitERGHERRLET S,
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3.1 HHEHRCEIREHAOMEAL
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B ERL S0 o8 van-rERd. Z0
MR DEEDBICHHT B E, BAKERY
ﬁ‘bi (older-than Taro Hanako)®AULTO
MEENAEREND, BRI QD2 BHEOBEII

151 TH DA, IORKEBIEE SIS L678H
b, HPELIhBBHEMN(older-than Taro

Hanako) ZiF THhiL, SL DI-IDIKITEET
HorZlilird,

(2) BREHRRATOMREAL

Ri(2)ic, BEEEROV-VERT. O
(goal older-than Taro Hanako)AHE A HHh B L,
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ELEFHBEBHFELLI D,

@ Hemy cirvgoal RAER EN B,
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WTHBERKT S,
@ HWZRBBVIWRALDTITS.
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FTREHTRY., HIQR)DOREEHER-VOH
Tid, goal R EHICHETZZ Ik 2T, nl
AHPSERETOIZEHHFAMATIOSANEINIST
5. goalilkbRVWREHBHEILETSDH
5,

(deffule retation-chain
(bind ?1 (older-than ?n1 ?n2))
(bind 72 (older-than 7n2 7n3))
-~
{make {(older-than ?n1 ?n3) :in (71 72)))

(1) A Forward Chaining Rule

{(defrule relation-chain
{bind ?1 (goal older-than ?ni ?n3))
(bind 72 (older-than ?n1 ?n2))
(bind 73 (older-than 7n2 7n3)) =--=-=-- (b)
-—>
(make (older-than ?n1 ?n3) :in (71 72 73)))

(2) A Backward Chaining Rule

(older-than 0a 0b)
(oider-than Ob Oc)
(oider-than Oc 0d)
(older-than 0d Taro)

0a->0b->0c->0d. 4a->4b->4c->4d

| .
| =>1a->1b->1¢- |
(4 A

v/ 2
Taro~>23->2b—>2c->2d->Hanako
'l
| |
\ 4 v
3a->3b->3c->3d 5a->5b->5¢->5d
(3) A Fact Data Base
{goal older-than Taro Hanako)
(goal older-than Taro ?7)
(goal older-than 1a Hanako)
(goal older-than 1a ?7)

(4) Goais

Fig.1 Problems on SN Exploration

3.2 SERMBROMES

SNPICH—~DPEEBLIBRABSBHELETDZ
BN, FORELUTHUTOLORER
S5hs,

(1) BRICRTEHEERZWY, BEFSBEE
T 384, H1(3)DTaro,HanakoI DR N Z h
KdHis.

(2) MENRTNERETHD1, BENSHAEL
2846, H2icfERY, ZOHTR, sister,
sibling, family, relative DARYM O BWHRH D
is-aEFEESATV D, #>o7T, BROKIIAX
4=16BYCTH 3. BRICETIBRENIRI 2N
HBEROBIB/RT 20T, ARREHEEZRETER
I SEREL, SERBORBEN XA
DEANBETHD,

relative

relative

/ sibling ),/ sibling ¥
Taro A~ -=-->Hanako
\ sister 71\ sister 7

Fig.2 Redundant Paths in SN

4 BRDIIRRCBELBE
SHTHRAEMBAEMRT 2RO, BTO
WiBEPSICHAT B,

4.1 BifERORREE
(1) gate :

S HRENWTZ22HDOBBE LT, goa
1ty ingate AT S, LAT, goal Lgate
OBRBEMNLLTRAS,
goal:

VIDREBICRBREINED O Egoaln 3-y, F
EDBH D P D% BMiCgoal & IE X, goaln 2-ViX,
WHDBH O & VUspecificigoal L D BT S,
goalN 4-vix, 700 330) 234N L U TA-WD R



DEBICEINDZ ERBH,
gate:

—%, gaten' 3-vix, BEDBH®D & Y general
fegatek @ #IFT B, gaten A-vidaxive LTI,
FIDEABOBRBICEIND Z NS, HAC
gateDW B RT. '

goal pattern: (goal relative Taro )

matched goals: (goal relative Taro Hanako)

, (goal relative Taro 1) :

unmatched goals: (goal relative ? Hanako)
(goal relative 7 ?)

gate pattern: (gate relatove Taro )

(gate relative Taro ?)

(gate relative ? 7)

(gate relative Taro Hanako)

(gate relative ? Hanako)

matched gates:

unmatched gates:
Fig.3 Goals and Gates

€2) any

gateDR R E, X VRHZEDICnot LR
Jrany R MAT B,
not BRMN2-vLHETHIHEHENLLE
ELRTHhIEINESLS,
any BREN F-VERENERULT IHEEN
IDTCHEETHLIIREEN S,

not Xany i, BICFIICAVWLHZDT, W
BICEKVECEERRBIUERORAGREICKE
L72vy, (any iZprolog®POPS2(SIM2EEFE L H
BRICADED. )

not:

any:

(3) BrEHBOH

Ha(1)icgateany EHWESNREDEZHODN
-VERT. ZOMMC, (gate older-than Taro
NMhEABHhB L, Tarok BT H2HEEETN
BRahs, H4(2)3goald Heate® EHT B
-»EHLTWS. 4, (goal older-than Taro
Hanako )RAEXShB L, ZOMINREXL,
(gate older-than Taro ?)& (gate older-than
? Hanako) AR I h 5, BMAMEENE 2 IEESE
(LEX(2)D# M) 2 LTH L &, Tarok Hanako?2

HMEEHPLLLTHOMEH IOKBRRNED
bh3, LAL, ZOMTCIREM(goal )2 LEE
4 (older-than Taro Hanako) XA INTH
BBERFELZN, BREELZEHICIK, KE
TRRIZBEDIEFEELBRBEAVILERD S,
(defrule relation-chain

(bind ?1 (older-than 7n1 7n2))
. (bind ?2 {older-than ?n2 7n3))

(ar;y (gate older-than 7n1 ?n3))

(make (older-than ?n1 ?n3) :in (7?1 72)))

(1) A Forward Chaining Rule with Gate
(defrule Gate-1

(bind 71 (goal older-than 7n1 ?n2))

( t.;st (instanciated-p 7n1))

(make (gate older-than ?n1 ?) :in (71)))
(defrule Gate-2

(bind ?1 (goal older-than 7n1 7n2))

(tgst (instanciated-p ™n2))

(make (gate older-than ? ?n2) :in (71)))

(2) Rules for Creating Gates

(instanciated-p ?x) returns t when ?x is fully
{nstanciated; no 7 is included in the value of 7x.

Fig. 4 SN Exploration under Gate Control

4.2 ;%m#ﬁﬁm
32TCHRANESERBOBREHSERELT,

| REREHTAERERRD, T, FHO

KM ERBICOWT R, KiCmake, remove® D
BREEPBEETET I ERIERT S,

(1) HEORM

HEOEHOVAVEL T OIRMBTHRT.
active:

EHILEhEBETHZ., BRCAVWDOHS,
(H1H, RETEWM-INICEMN S, )
sleep:

FEPRAAMRBBERON, ARTHIED
FEHEENATHIRBTH 5. FHBICIHFE
TRABRICEAVShn, (A5, RETEMWN
SIS EE LRV, )



FEOFEZREWICRIA 2L, REXNLD
REFHTHZ. UL, WSLPOBATHET
BAEEND S HEHBLASATNS, HIR
2, FEEMETEEDIC, BREILZEESN
IhCHES., BRICIAWSAARN, (W5,
RETER M-I ICIZFEEL 220y, ) ’

(2) FEOBRHE
ERZOBMOFKBIL, Doyle DINS(E) L BEBWL
TWw3,

in: BEIADIDIRELREZERERT,

out: HHEARsleep, killed RIBE Ao EFED

HHEERT,
FHRORKBEUCHRBEIFEOMEHR L LTEE
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"RETRZOBREEROBMRE o EFEIDD
VAT HB. nakeTid, ¥ TRA—OHERMHEH
DEENEICHEELTHEINEI hEF9IT S,
BELRITLIEE 2R LactiveRBE T 3,
KRB %, £RUEEEOINAMNIENT S,
RICTHRE"AEESATORVESICE, il %
inVAMCEMT 3.
remove: JERAiX(remove <HFHID> ),
HEShEELERET S, FEBFOLTO
EEQINAMKTY out)abh D, REZIhEWESR
SURKEBRETS. ZOKR, HLINAKE
KRDZEENAHNIY, TOBKErenoved 5.
outAMNEIC BB ENDIHLE, TOFEEEact
ivelRM & ¥ 3.
sleep: JERiL(sleep <HEHID> tout {HRHL> ).
"R ZOWE Nsleep FESHBHAE
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EhEPE Esleep RBET 3., KIC"HEM" 2o
wtVAMSEMT 3. B UHRE A EEE ATV
WhiZnil 2ENT 3.
kill: JBRiE(kill <EKEID> & out CHBE ).
HEINEBERKIlledRBE T3, KiC"H
"8 out)AMCEMT 5. b LRI AR SN
Twidhidnil 28mMTs. FEBHOLTO
BEOInYAN, KU outVAbA BRillEhEHEER
AUHB" ERET S, ZORE, BLInJAN
B 2EERHDNE, FOEEErenoved 3,
UM HIC D BEN SR, TOFEHRac
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(4) RETE}yhy-7 & BF£DBO [ R

PR DPSIE, RETEMM-ITHICETOFRINEE
TH2ZELERELTCWE. UL, FRICKRBE
BALEZEIRESsTIORERSTHhEZ 2
725, RETEMWII-Ji3, activeeMEE IR EH,
BHBICABE lrsleep, killed RBOBFRISE 2
VW, FRIBHOEERRETEMM-TICMAZHESR
RETE-add, Bk £ 3 % {E ZRETE-delete 2 IR &,
ETALOBBIIUTORICEETE S,
RETE-add:

active AADRMB(FEL 2WRBEEL)AIS,
activedRMBICZEIL U B Z RETEMYMI-JIC IR B,
RETE-delete: ‘

activedR JBH BactivelAst DKM (remove X by
EREBE G OICE L B EERETEMM- 10D
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(5) FEOIFEFEELOHN
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E5()iIAEREEEsleep R DIVVDOHT
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BEMHCZLHTES, RANHIKIERZOBED

BERUTOEIILITbI S,



‘

© TarokA, AxHanakoD BB ERTEELDMN,
RRRODEsleep X#3., #oT, activelRM
[ie¥-) -6(7)&. (sister Taro A) 2 (sister A Hana
ko)EW s,
@ (sister Taro Hanako)A*(sister Taro A)&(
sister A Hanako) 58 UHhh 3, '
@ (relative Taro Hanako)® M, (sister Taro
Hanako) » HSE UM H 5,
ZORRT IV DORKEIRIL, is-aD B
ORE%d, MELUZEBELTDE, R
0(dM)TCHo= DA, 0(dh)icEL T 5,
B EEROHE
5(2) ikgoal B = T FHA LKL X hEBEIC,
ZDgoal 2killT B4 ERL TS, goal Hki
1l1xhal, 2Dgoal HSERE N T W gated
& &b, TarorHanakoDBIGROBRRENEILT 3.
CORFEEEICRT., SMLAUEHEBEMA WL
BR, ERShEFEIIE, »-rOR KRB
1BETH 5, (HS(2)ON =V RHBNBOIED,
LRI EnakeDHTCHBOLEEITF> TN D, )
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P LERBY S BRABIFTENG, ZOKE,

RA2BBICEY, goal EMETEENER 2L
LBRBIFUHIEENS. )

(defrule relation-compress
(bind 21 (7r1 ?nt1 7n2))
(bind 72 (is-a 7r1 7r2))
(bind 7?3 (?7r2 ?n1 7n2))
-->
(sleep 73 :o0ut (71 72)))

(1) Example of Sleep

(defrule kill-Goals
(bind 71 (goal . ?goal-body))
(test (instanciated-p ?goal-body))
(bind 72 ?goal-body)

(ki1l ?1 :out (72)))
(2) Example of Kil1

Fig.5 Sleep and Kill

Command: (make (goal older-than Taro Hanako))
=>a 26 (GOAL OLDER-THAN TARO HANAKO)

#<ID 17050261>

Command: (run) )

1 GATE-2 (26)

=>a 27 (GATE OLDER-THAN ? HANAKO)
GATE-1 (26)

=>a 28 (GATE OLDER-THAN TARD 7)
RELATION-CHAIN (5 6)

=>a 29 (OLDER-THAN TAROD 3B)
RELATION-CHRIN (9 10)

=>a 3@ (OLDER-THAN TARO 1B)
RELATION-CHAIN (11 12)

=>a 31 (OLDER-THAN TARC 2B)
RELATION-CHAIN (14 15)

=>a 32 (OLBER-THAN 1B HANRAKO)
RELATION-CHRIN (16 17)

=>a 33 (OLDER-THAN 2C HANAKO)
RELATION-CHRIN (20 21)

=>a 34 (OLDER-THRAN 4C HANAKO)
RELATION-CHAIN (7 29)

=>a 35 (OLDER-THAN TARO 3C)
RELATION-CHRIN (14 38)

=>a 36 (OLDER-THAN TARO 1C)
RELATION-CHAIN (13 31)

=>a 37 (OLDER-THRAN TARC 2C)
RELATION-CHRIN (1@ 32)

=>a 38 (OLDER-THAN 1A HANAKO)
RELATION-CHARIN (38 32)

=>a 39 (OLDER-THAN TARO HANAKO)
k<=a 26 (GOAL OLDER-THAN TARO HANAKO)
<=a 27 (GATE OLDER-THAN ? HANAKO)
<=a 28 (GATE OLDER-THAN TARO ?)
>> 13 productions are fired.

W O N U W N

- e e
W N - e

Fig.6 Example of SN Exploration

5 FAME - 37 fi
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age for NETwork exploration)® 3{E U 7=,
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PLANETO 45 2 BI7ICR ¥, PLANETIZ A& < LA
TFTD3EY a-MC i h B,
© BHHEDBIY a-b

BEBICHTHEELNW -PL TS, nateh,
JoinFDBMEMNITA D,

@ PSEY 2-p

RETERM -T2 R W27 - 2B BB DPSTH S, B
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| SN rules | | | Man-Machine |
| Interface |--User
I 1 Module

Fig.7 System Configuration of PLANET

(2) PLANETO & H#
BI8ICPLANET2 Fl W ESNBRBRBERL T 2.
match BWEDBONBRBEITOLOT, WHEE
Mz BB RITORW, —F, ask ¥, SNOBRAE
AWTHRBEIFY, natch TREGLh M- LEE
EEHBXMT, ask T, HLELREKESARE

ERPTCHLEIBZZILHAEBTHS.

Command: (match (older-than Taro ?))
S : (OLDER~THAN TARO 1R)
9 : (OLDER-THAN TARO 2A)
11 : (OLDER-THAN TARG 3A)

>> 3 facts are found.

NIL

Command: (ask (oldar-than Taro Hanako))
=> 89 (OLDER-THAN TARO HANAKO)

>> 1 fact is found.

>> 10 facts are created.

>> 14 productions are fired.

NIL

Comnand: (ask (older-than Taro ?) :no 2)
=> 42 (OLDER-THAN TARO 5A)
=> 43 (OLDER-THAN TARO 5B)

>> 2 facts are found.

>> 3 facts are created.

>> 10 productions are fired.

NIL

Conmand: (more 2)
=> 44 (DLDER-THAN TARO 5C)
=> 45 (OLDER-THAN TARO 5D)

>> 2 facts are found.

>> 2 facts are created.

>> 2 productions are fired.

Fig.8 SN Exploration using PLANET

6 LT Y
?4%&@@?nfﬁnnﬂu%m%%%tw
BT 288, BLIUFEZOIEEELBEBEEZEAT

B3ZEIEY, HEHCEURMI-IZRETED
Ze®RUE, BiE, PLANETE W CSNOBE
EREIF-THB, SNOF M, CRTICR
LELDOEZAVWTWS, $#OoFREALLTE, R
ETEMM-I D17 W 22 BEOU-7" 1) 88,

BUF -n" -ayash e AV E K BIRR R EDBOER
EABEHLTND, '

BEATROBEE 5 X TR BN RZAR
NOARIREER, BBXREIRHRACBEMLET,

B3

(1) Fox,N.S.: On Inhereitance in Knowledge
Representation, 6th 1JCAI, 1978.

(2) Forgy,C.L.: OPS5 User’s Manual, Tech.

Report CS-79-132, Dept.of Computer Science,
Cranegie Mellon University, 1979.

(3) ART Reference Manual, Inference Corp.,
1986.

{4) Forgy, C.L.: A Fast Algorithm for .the

Many Pattern/Many Object Pattern Match

Problem, Artificial Intelligence 19, pp.17
-37,1982.
(5) JhE#fl—: BMARN -y i BBER

2 k7 0% Jyay - yAFhELR F 3EPOPS2, HAY7M
PRI, MBIy v IR, KP-85-
8, 1985.

(6) Doyle,d.:
rtificial Intelligence 12, pp.231-272,

1979.

(7) FAEY, HFA—8, HEHRIT, BRBXR:H
BAT -2 BB MG L ARSI A
BLrE e ATHHBHASR, 46-7, 1986.

A truth maintenance system,A




