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REICES, (3)HExOMBERRICILTE 2 LR
i, (4)KRERT, () NPT RTIZELEY,
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(3)DRAICEBT B L, Prolog OMEREH M HD
RIS T MR L EREn. BERS,
() AERT 7003, HRODBHTHBNLIE
ThHY, (2)Dfcdicid, MBORESKEFRRBNIC
BUIBUTHEL, OB ATEOHREER
THLENDZPOTHS. AdiL, (3)2EHTS
7obicid, HRBBICBOTHE2 DEHARMKEL &
NBEHINRFEMBSZ. PUEhd, XETR, D&
S & OREICHNT 3 1D ICHKBERFARIE A 2 #
RICDVWTIRNRS. # #iERE, “HRCBETIHR"
THO, demo BELFIINZ A 2 BEICL D EEKT
x 5. demo BRFED—BFEXZ, “demo (Frame,
Goals, Control, Result)” Th 2 ([HGEER). D
demo RFEIL, MBOEAKE LTD7 L —4 Frame
OhT, 5Z5h7-%M Control iKit-T, HZ 5
Nl T —nF Goals 2 L, ZTOEBAS oA H
5 E 13 453 Result GEEHAZE &h353) AHild
AW, TD4EIHD demo BFER, MB~—2EH
VRAFLEAVIYA VI TERDRABTE B4
i, A 2ABERRTIH0Y—VELTHRAT
5. UT, FRXOHPETR, BECLEETRE
BREHZ LTI, CO—RERD demo
BEE/LET LMY, MBS CBKILL
demo BEBETHERZRSH B EICT 5. B-1ic demo
ABEOEELMS LT, HROMBN S0 5 o p%R

demo(Frame, true):—!.

demo(Frame, (P,Q)):—!,

demo(Frame, P), demo(Frame, Q).
demo(Frame, P):—
(system(P) ; method__type(P)) —>
eval (Frame, P); clause_ of (Frame, (P:— Q)),
demo(Frame, Q).

clause__of(Frame, (P:~ Q)):—

X=..[Frame, Clause], X,
(Clause=P—>Q=true; Clause=(P:— Q)).

B-1 23|%® demo REDH
Fig. 1 Example of demo-predicate which has two
arguments.
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LTEL. ®-1 0D demo REITZ “demo(Frame,
Goals)” XD demo RETHV, 71 —24 Frame
BEUTHRIW RBOBRAKI EOHRMBTE S X
AR ->TW3B. 7L, 7v—sWDF— VTR
ORI, TRTHy by VvENEEIND # 2 RE
2837, F—VvHRBEE LT, KBRERESEQ

WElEEdTz. M1 0E-ZH -3, —n
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Vv—it, REEOBMIEMRET> TS, B=%H
D— v D%EEIL, “P” & B—{LTTHE 7 B8 A
b Ok—vHi%®7 L —4 Frame Qi 5 X B L,
“Q” QEBEFT->TD. T DFk—rHizIhdip
23, clause_of RETERINTWS. Mo «;”
12, RERTSTHD, “A-B; C” i3, “if A then
Belse C" LRILEKRTHS. £/, COB—ILTHE
Whk—vEBiNRHERELLE VL E S, “Q7 i3, H
“true” HLUEAN, H=Z=BEHOBHORE demo(Fra-
me, true) OETHFEY, F—BHOV—NiTEDE
2%, ®-1 @ eval REIZ, “P” By 25 L84
AHRE (system(P) CRINTVE), T3,
TJV—2~OHEBT 7 & X BE (method-type(P)
TRINTVDE) OLEICPEZETHMETLRETH
%5, RbhoBEHEH O v—id, clause-of REAE
BT Ev—nThHB cohd “X” icid, » 41

E “=.." £k, BE “Frame(Clause)” 3Ty
THoh 5.
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SN/ BENAEBE, BENMT IO LW DICF
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K35 T, &—vliz “p(Xy, Xs, -, Xu) :1—
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S EERT LTS,

3.1 #s{bamm

BEtaE, BREELEOSFTRLONSES
FEBEERE Prolog OFEELLTERELLAM TS
3. BEz0b0OEEHRBE LT, TOBEKEHEIEL
TH3ZEhd, TOBOEER, —HARERE A
BEEBRLTWAZEINKA. Chicid, =ZEEO0E
BhmohTns. —BHICIZ, »3Ba0E &
H) 2EBT 5 property B, “EHICIZ, WA
DA THBEREERRT S is_a B, =FHiKiL,
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BAMORS - 2KBELERT 2 part.of BIE R
b, WOEHITRETE 3.

property (BE<x, REEIEET 2 85E). (1)

is_a(THAIES, ERArES). (2)

part_of (£kifl4&, HAHMEL). (3)

property BAfRIZ, HAWAMNEO>BHHE BEDLS
BN—NZE > THEINEDERTRETH 3.
is-a BA{RIZ, WSRO L TREE R THBNEL TH
b, ERESORMEDS THESIERIhZENS
BEES-TWA. part_of BIZRI, WA D 44 .
BABGRERTE/NEGITH B, 2 TR, THES
DERBHERLETMRTHEI NI LVSBEEAL-T
W3 LRET S,

MEBEROFANER, BBTZELT, ThdD
HARBELEFRZ DI, isca BFREHEIKLT,

super__concept(Frame, X,Y):—
demo (Frame, is_ a(X, Y)).
super__concept(Frame, X, Y):—
demo(Frame, is__a(X, Z)),
super__concept(Frame, Z,Y).
sub__concept(Frame, X,Y):—
demo(Frame, part_ of(X, Y)).
sub__concept(Frame, X,Y):—
demo(Frame, part__of(X, Z)),
sub__concept(Frame, Z,Y).
inherit(Frame, X,Y):—
super__concept(Frame, X, Z),
demo (Frame, property(Z, Y)).
inherit(Frame, X,Y):—~
sub__concept(Frame, X, Z),
demo(Frame, property(Z, Y)),
Bl-2 BSEERERESE%RSTIL—0

Fig. 2 Rules characterizing conceptual hierarchy.

living_thing- ~ - - mortal (X)

animal plant food

mammal bird — —— - canfly (X) plant_for_food

dog human chicken fruit

e 1

mary jack
®-3 is_a, property BROMiE
KE — i3, is_a BHEERL, KE - 3,
property BIfREIRT.
Fig. 3 Structure of is_a and property relation.

The arrow “—” means “is__a” relation and
the arrow”“--»” means “property” relation.
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BBt 8-t DT 2BEBNETHE. 2hbd
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TCRBLVERTES. ¥, ThoERALT,
AR E B BER, inherit RF/IL L VERT
2. B2, cho=REBOERS s 5 Lf %
AT COERER, VTHLE 15, aBof
AREEFETS7 v —4 Frame BEBRINTV3B.
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L0z, B-1 TRUEA 2% demo REEF]
BLTV3.

/* Structuralized Knowledge */
is_a(animal, living__thing).
is__a(plant, living__thing).
property(living__thing, mortal(X)).
is__a(mammal, animal).
is__a(bird, animal).

property (bird, canfly(X)).
is__a(fruit, plant__for__food).
is__a(plant__for__food, plant).
is__a(plant__for__food, food).
is__a(dog, mammal).
is__a(human, mammal).
is__a(chicken, bird).
part__of(mammal, face).
part__of(mammal, body).
part__of(mammal, arms__2).
part__of(bird, face).
part__of(bird, body).
part__of(bird, wings__2).
is__a(mary, human).
is__a(john, human).
is__a(jack, chicken).

-4 EtnBomiRain
Fig. 4 Examples of knowledge representation of
structuralized knowledge

| ? — super__concept(frame, jack, X).
X = chicken;

X = bird;

X = animal;

X = living_ thing

yes

i ? — inherit(frame, jack, X).

X = canfly(__291);

X = mortal(__441)

yes

| ? — demo(frame, canfly(jack)).
no

} ? — demo(frame, mortal(jack))
yes

Bl-5 super_ concept & inherit sREDETH
Fig. 5 Example of executions of super__concept
predicate and inherit predicate.
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/* Programmed Knowledge /*

mortal(X) :— super__concept(X, living__thing).

not__canfly(jack).

canfly(X) :— super__concept(X, bird),
not(not—canfly(X)).

food(chickweed).

hungry(jack).

super__concept(jack, bird).

super__concept(mary, human).

super__concept(john, human).

R-6 Fos 7 sftaBoRBERR

Fig. 6 Examples of knowledge representation of

programmed knowledge.

VIFic, super-concept & inherit 3REBEDETH%
RTcEicLES. B-3 iz, fAIh - alfE R
7. -3 itxd 2mE Lm0 aREREA L, B4
ZRERTVS B4 oz, 7v—285
“frame” ETEINBZABMOEAAROTICER I N T
VWA LT B COMTR, &#(living-thing)), BY
(animal), %7 (plant), MHFLEE (mammal), & (bird),
By (fruit) REDOMOBSREERKEERICLTH
3. B-5 i3, B4 omilicE 3 ETHAITH 5.
“Jack RMBEBTHDH” &, “jack OFEITBA
THaEH" En- 1 EHH, BDEBD super-concept,
inherit RETHFHLN TS, -5 D inherit REIC
X BNEHET “jack” ORBEER~- & C 3,
[f~3 (canfly (X)) RUDOHIFEYa (mortal (X))
&0 D RESFUFEDOLDICFIATES] Lo
Bwhiltzc. ROBMHADHETIR, demo BEITLY,
“jack DEICRNE 0 2EW~, TOFKE, FilnE
EZEUER-6 070/ 52k TERAMELLEN]
RSO ohic. ZOROBVWADLE T,
“jack BV ODIIFTERL” EEN, ZORKE [zh
MELWV] T EERRST LN

3.2 Fn/’/Suikamb

AT OB LAk, HFL=EOME{E (property,
is-a, part-of) THREL LS ELTWIH, DL
REFRLETTRRETEROLERE, BS{EET 3.
7o/ b3, £h%E Prolog /0y 54k
ULTERBALICAEBTH 3. BEMNEE T s 5 a4k
ABOBRKIIE, HHENTHZ0T, EFRBSOEE
{EMER I N 213E, BELMEBLES s 5 s bmE
TRBCHATRICENTEZLSRNKD, Furs5
LLRBEERICEBETES. K6, Fus 54
{ERBOERBFAERT. T Tid, “483, »oh
37E¥ (mortal(X))”, “(KEHD)BiL, ZEERND
(can-fly (X))”, “jack i3, #LZ T3 (hungry (ja-
ck)”, “jack 12, BO—#TH 3 (super_concept

b, ™= Naoz
A =

(jack, bird))” 12 & DEMASTREINTI 3.
4. X ¥ 4 W

AEEEicE, (A7Y27 MOBERESES
L¥C, BotHHICRRTACEEHELLDBS
EEHERT 200 ORINRME, (2)MERKRDOL 7
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(3)2 7V =7 VEBRU A # MO A
ERTIOOHERME (4)@mBoLLkicdd s
Mnabd, EFREREETILDOA Y v ¥R
WMLEDDH L. MBOBRSEKORBEHEEICONTRH,
E-7 RTED THED. RORBI(-)E, #4&
A7V 27 tOBBEEETEESTHY, “A-B” i3,
7V =7 bk (BB 2a) Box 2
MBATHBZELERLTVS. ¥/, ROWFHEE
()3, MBOHMEKFRREERLTHS. Lk
T, 7ur 5 s {tABEBELRBEL TV 22 b
#}ET DL, zoom#E, A 2@Bic B %
fo, AV oy FEEERZ, BEDABICIOEEINT
WABY, HEMMBRUZOMODBLERIETSID
OREBTH 5. Yk, AETR, EHOBEKT, (1)
E(D)ITD0THBR, (2)E(3) 20T}, ik
STHRNRBZERXT 5.

4.1 HiHBmm
FFREMERICIT, ROBEMNS 3. —2i, ;i ~—
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B-7 GioBak (7r—10) OREBHE
Fig. 7 Logical structure of knowledge set (frame).
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BITHMEEE & D trigger RID # 2B TH 2. oD

—D}, ABX—-ROFEHT I/ RELTDFT RV —
Y3 YT 2EFERE LT B inconsistency &
DA ZHBTHB. TOA2EBiT, +7Y27 v
BETFETIRMEERLTHWBEOT, BEREV—N
ERBTTENTES. Wi 2aBédbic, #BT3
S YUY I v v LEY ORBICES S h 3 BER
(delayed-type) 4 24n8eE, + 53 v HF s va v
BELIRYTH> TEFRLLOQBT 7252
SICEBIN SRR (immediate-type) D # & &3k
LTI NG. PEhs, ZhdDx 2883, K’
DEHIREEEINS.

trigger (iEB 4 4 7, ARV —Y 3 V) 1—

2ERE, | EROEFA_AL—-v a3 V. (4)

inconsistent (}{&8Ey 2 4 7, A=y 3 v):—

HEIRE. | FEHESE. (5)

Mk s b, 1B 2 4 & LT, immediate, delayed
D44 FESD. maEticRh
TOBREZI"E, Ay by rF
WERFRENB X FRETHY,
LTk, “ALLB” & “Alsoid
BT 5" LERLTHS
&8 iz, #EAE O mBER
PERLTEL. Hducid, 2
DHMBIMEMD 505, £DHh
STORMOHBLT, #HBPLTH

/* Constraints */

trigger(immediate, insert(frame, give(Agent, Receiver, Information))) :—
food(Information), hungry(Receiver), !,
insert(frame, eat(Receiver, Information)).

trigger(immediate, insert(frame, eat(Agent, Information))):—
not(ill(Agent)), food(Information), !, insert(frame, cheerful(Agent)).

inconsistent(delayed, insert(frame, is__a (X,Y))):~—
not(super—concept(Y, living__thing)).

inconsistent(delayed, X) :—
member(X, {insert(frame,_), delete(frame,_), update(frame,_)J), !,
canfly(Y), not__canfly(Y).

Prolog L & 3 MM~~~ R EBY X T & 1287

THE” LS misa (X, V) EBMUX (insert)

#®i3, KRTEOD “Y” p “living-thing” {z272hs-
TORNEFET B EERLTWA.

P EoHWBAEROETIE, ATEO demo :BFEEF]
BTaTiickd, ABRKEBTE 5. trigger H D
A 2 EEg, MR-z 0F RV —va vickn, B
B35 trigger MOMBLBIEIRTEFTHLHRE
. inconsistency ED * 2 @i, FE~<—-RA DE
FORUNEIZHEL, —DOTOFEIT 0B85
EThid, ToEFHFERLTHERY. ZoFKEM
BEETTE2 0500289 kRd. Hbo
maintenance ¥iEiL, trigger Bl 2 WA ETTS
ZEitky, GE@MR—RA0R#BEL VFFVATIHE
ECHB. 7, BHD check_inconsistency RIE
3, FEEHETIRETHS (HUESETFE, B
SIXEFE).

ZC7T, HHON-4 K& &,

“is_a(chickweed,

inconsistent(immediate, X):—

£9. B1EHO A 2 E I,

trigger D2 2HMTHY, &
BOEAKLLTO7 V—21 fra-
me |Z, “Agent %3 Information %
Receiver 1252 5” &9 ik
(give(Agent, Receiver, Infor-
mation)) ZEMM 3 B (insert)
& % T, Information A4y -~4
(food) TH v, Receiver A3

member(X, [insert(frame,_), delete(frame,_), update(frame,_)J), !,
hungry(Y), full(Y).

-8 HiEm o Mg RBE

Fig. 8 Examples of knowledge representation of constraint-type knowledge.

check__inconsistency(Mode, Operation):—
Operation=, .
clause__of(Frame, (inconsistent(Mode, Operation):— Goals)),
demo(Frame, Goals).

[Access__Operator, Frame, Object],

maintenance(Mode, Operation) :~
Operation=. . [Access__Operator, Frame, Object],

clause_ of(Frame, (trigger(Mode, Operation):— Goals)),

(hungry) ThHiL, €D frame
iZ “Receiver {3, Information
ZHENDE” 0D A (eat(Recei-
ver, Information)) % BHEHICE
g3 (insert) MEEFTI. W
i, 3BEHOA 2B EHHLT

exec__trigger(Frame, Goals), fail.
maintenance(Mode, P).

exec__trigger(Frame, true):— !.
exec__trigger(Frame, (P, Q)):—
exec__trigger(Frame, P), exec-trigger(Frame, Q).
exec__trigger(Frame, P):—
operation__type(P)—->execute(P).

exec__trigger(Frame, P):—

A XS, T3, inconsisten-
cyMox 208 THD, 71—
& frame i€ “X O LAREEN Y

system(P)—>>call(P) ;
clause__of(Frame, (P:~ Q)), exec__trigger(Frame, Q).
El-9 HOBANMERTTS a5 a8

Fig. 8 Example of programs executing constraint-type knowledge.
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i\ ? — transaction(insert(frame, give(mary, jack, chickweed))).

* End Transaction.

yes
| 2 — demo(frame, eat(Agent, Food)).
Agent = jack,

Food = chickweed;

no
| 2 — demo(frame, cheerful(Agent)).

Agent = jack;
no

R-10 #HHBDBMOETH

Fig. 10 Example of execution of constraint-type knowledge.

demo(Frame, true, d(X, X)):— .
demo(Frame, (P,Q), d(X,Z)):— !,

demo(Frame, P, d(X,Y)), demo(Frame, Q, d(Y, Z)).

demo(Frame, P, d(X,Y)):—

(system(P) ; method__type(P))—>eval(Frame, P), X=Y;

clause__of(Frame, (P:— Q), Certainty),
(Certainty = =premise —>X=Z;
X=[(P:— Q) !Z], demo(Frame, Q, d(Z, Y)).
clause__of(Frame, (P:— Q), Certainty):—
X=..[Frame, Clause, Certainty], X,
(Clause =P—>Q=true; Clause=(P:~ Q)).
BA-11 3 51¥® demo BEE

Fig. 11 Example of demo-predicate which has three arguments.

vegetable)” & “is_a(vegetable, piant_for_food)”
PEIICESEINTHLREVIT E2FBIELT,
“mary gives chickweed to jack” &\ > ERMEL
eI mEsmE - R IcHBEAINKE LKS.
-10 OETFHIIKRT LD, “eat (Jack, chickweed)”
VS mEmBhEA SN, £HhichE, “cheerful (jack)”?
EWV D MEBHSHBEHNCHB R —AND 7 V—AICEA
IhT3. 22T, K10 Db 57 va vl
I2WTiR, 5 EEBRIhL.

4.2 FRAMOELE

4.1 T3, “EOHWRER O ETHR LD T
BARTENY, TR, £ho0RmBOPTH in-
consistency BIMBICER 5 m@nmBc—x (T
OHDF TV = 7 P RBICEREDTTHE) ot
FETABAKR, oL FERBERAL, EE
LT BIEDNTHRNB.

inconsistency A E A 7Y = 7 M DBORICR
EF2FREIZ, demo RERIDHETEZZ L,
TTIRBRICGEY THEM, A7V 27 ta@oLh
M, FERBOBRMICEIbERNTACDICE, 2
BETRA&Hic, PEHUERETRASNW AT Y
=7 bEE% demo RETIERLTHBLEND B.
2D D demo REA “demo(Frame, Goals,
Result)” EREL, 1 v 77U AV IMT3E, B-110
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£Iiciss. M-11 @ demo BT D 3 3]
i3, EEAKRENET S0, dlist BB
2&-THY, =T —n demo(frame, incon-
sistent (Operation), d(X, Y)) O#EH 7 o
2 T, (RERMBZ FHs d-list PR X
h3b. X-11 © “Certainty” T3, assump-
tion ¥72iX premise D/¥5 ¥ — 2 ALGEE N
3. {REH (assumption-type) &k, BIE
EnzhbmhinEdid-~TERI N A
WTHB. BEShZzEMR0EER, #
#E (premise-type) MBMEFITN T3,
COFRD demo REZMRINT, L, £
DOREMSRIEIL, FEBSEUC LT
v, dX,Y) LZ2DERE X 50 2hD
RERMBHIMBINS.

ZOXH &, REMNDBOEERD, MREE
BiZ, ABEROFEERET 21 DICENR
BNZTERNEEZY, HENL 2rDORER
HBUFEORRICKE ~TNB &b 3
&, RITRTHET, TORBEEETE 3.

(1) TFR/9— PRI, TOLRDOIRES

ATWlE s, ZoRREFLHREEDBLE LTH
3.
(2) zoHmHBOTEERL S,
(3) I icHEmBE ZOVYRFLANRET
%. ZOKHicid, Shapiro O F RN ThH
ShAMEA ~L -2 E2EALAD®, AslmBio
AREFOHREL E -0 T EHENS 3.

(4) zFR -2 ORI LZEES X
5.
U LIS, demo RETHMH IN{KER M
BIOPIEEET 5 & &3, LEAE TRMERY
i, BEShAMBOBAAHLELEINL, BFER
MEBAN—R R LIRS R, CoRFsRNT
MBAHRYICERT 2701, PLIFLETHh
BRESRn. MlHIhBROMmBO—2o% D 5 HEAI
K-> T H L, ZNEEE L Z2DORROETEY
HEEBREET A LILED, TRTOFEKIEHES
AhEOMBEEEERETES. ChoXASIET
W) XafbFTBE, ROXHCERTES.

M Ihic 2 @HORmBIC 1 »SECESEOD, &
FREEHEORN» SOEKE /EHETEE, b E
BORMBEBETREHDEIR, ROBEK F(, k)
EERDBECEICXD, ERENB.
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fU, By=(j+2*") mod?2* (6)
ZTT, fU, B=0 &%, FEEOMBEEEL,
AL =, FPEBORBEEELLIN. T,
1kZn, 1552 —1 BRILT B, &R, n=2
L¥3L,
1EIER, f(1,1)=0, f(1,2)=3 L1i3b,
2@BR, f21)=1 f(2,2)=0 &11Y,
3EHEIR, f3,1)=0, f(3,2)=1 &#23DT,
ZECEDBEERMBOESE, OO, 1ER, 2
EH, 18B&853. 2T, 2EEHETTEFEIC
W5RVEAR, SEET1EBEOMBIEEEES
naM, comBiZ, 1EETYT CREERS -
TW20TIHBOEERMOR#ICOET T LiLRE
2. Pk obhrdkSic, Prolog D/¥y 7 b 5w
BB EEERE T, BRABEANCbERD
ETRENEYTHY, AT VT ) XLOPTEREL
nNTns.

43 AR BHF
FHBED S BT h, trigger WD » 2 H#IIH
REBUEONF TA >N 5 EHEEFK (caus-
al relation)V ORI FIA E 1 5. KRB
Hi2, BEMOFEREEROBRETHS. &
Wr—2gBOTR, HREOEILETB~—
AOFEALL AT E, MBAN—-RCEFLD
3¢, shict- TRRBROEF D
BT EITNBZ®, thixFarsrs53LE LTE
B3 R-120 XI5 MR-
DOEALR, BEHT /X (AL —Ya V)
CE->THUBEEZ B EMTELDT,
KB Cause |3, K Operation 1 &4
B Operation2 L X 54 R —¥ 3 VOt
ELUTEBET R ENTESE. ZOBKI,
trigger B2 2 MERO KBy —R L LTEE
EhTCBc Eicits K12 0o—~KBD
=iz, BRLSEREMD 0
Ex, “EHOLMN—-AE, EESSE

% Prolog K& ARBR-REFBYRT 4
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(order relation; <) i, ##E, KA (reflexive
law ; X<X), Rxi#rtkfl (asymmetric law; XY
o YSX o, X=Y), HBHEA (transitive
law; XSY »D YSZ #8513, X£Z) MBRILT S
it LT, REBEFRR LRORFEORMERIIZG DS
BRI LW Enbh T, AL, EREE
THORILTWB L EDD, ZoEEEN—MELT
HEF = 4 vEREZN—NERTER-13 IKRT &
SiCiEd. coOv—wiE, A7y FEARELT =
FRNO—PF PRI —FHBE LENTES.

HERF =4 V&KL ZBE causal-chain D ETH
A &%25Z 5% (give)
LVIHIBEEMBELLE X, EORINBERMBET S
DPERTEFATHS. CORVAEbRRETIEE
LT, A&%&AENE (eat) LWV IHIBRETRAINS
(cheerful) &> BRMBEPMICET BT EMWREN
T3, 22 TR, REBEKROEED trigger A £
MBTEBR TR LRI, 4 (R oEBRH
oficEicET ARBEBT I EFR], 441

cause(Operationl, Operation2) :—

var(Operation2), !,

Operationl=. . [Access__Operator, Frame, Object],
clause__of(Frame, (trigger(Mode, Operationl):— Goals)),
find__causal__operation(Operation2, Goals).

cause (Operationl, Operation2):—

Operation2=..[ Access__Operator, Frame, Object],
clause__of(Frame, (trigger(Mode, Operationl):— Goals)),
setof(X, find__causal__ operation(X, Goals), Set),
length(Set, 1), Set=[Operation2].
El-12 cause REBED T 0 /" 5 LH)
Fig. 12 Example of programs of cause-predicate.
/* causal chain */
causal__chain(Operationl, Operation2) :—
cause(Operationl, Operation2).
causal__chain(Operationl, Operation3) :—
cause(Operationl, Operation2),
causal__chain(Operation2, Operation3).

[-13 causal__chain #&®HH T3 —
Fig. 13 Rules representing the causal_chain

«1-? — causal__chain(insert (frame, give(Agent, Receiver, Information)), X).

Receiver = _ 64,
RERDIonEEKRAEND NV~  Information = __91,
VTH B —FBBOV—rdicER X = insert(frame, eat(__64, _ 91)),
T\ % find.causal_operation {3, Ager?t = 40

) Receiver = _ 64,

delete, insert, update L\ > 7c88E Information = __91,
NR=ZANDAY v FILXBEEHT 2 X = insert(frame, cheerful(_64)),
A (ARV—Y 3 V) % trigger Agent = _40

yes

B4 2 mBoOREHOGTdLROG
ZRETH B, LT AT, EFEEE

E-14 causal__chain ;REOEFTH
Fig. 14 Example of execution of causal__chain-predicate.
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B-15 n@ERsEos 1 ¥ 5

Fig. 15 Diagram of knowledge acquisition functions.

YHEFIN G A 2 miBicis 5.

4.4 AUy PR

ZZTR, MBBEELTORBR—ZT I ERIC
HEEZBVT, 2077 v RAERBHRTIDOAY
v FRmBOWTERRS.
MBEERIC, T3 -tHOEEBINIMBIC
2, MELEBLT 05 AMEEBE VA TV 2
7 MaEgofhic, FHHRESEBOL B4 FBMBH S
T &I, TTICBN. T E xOMEEEEIR,
BROLBETHONBZET Y 2 OGEEREEFAT %
BENCERINTEDY, eI LOBRELT
V3. LoEFvg, E-16 oRLIBETHD, £
OREE T, » vV v FRMBROENE AMOMBRES
BHELTE S X, Mo Rt (Assimilation), 28
fli (Accommodation) %I UHETIEA OBt %
T *z/\?__ }. ‘C *%ﬁt b T (A 611)‘15).16).21). m%ﬁ,{b
13, MEAN—-AD7 L —2cBk S FaE (assump-
tion-type DFAE) HEFBIEM TS &% K
T 5. @BFANIZ, MBS—RD7 L —LIKELWE
3% (premise-type OFR) EWFB/ICEMT 57
WL, £07 V—s2AOAREEET S & EEKT
3. mBFORIL - FWMOXENIIHER, Tf~—-2
DEFEEEHR L, BROICOB~—-ZDIETEY
EMRTLCLETHS. A0iC, AP~ BHE-T
WAEEE, TFRN—b (Floia—¥) BEBK
ERoNBLICT B0 T, @y i BEEE (In-
telligent Question-Answering) €< MEBBORRIE
(Verification) B&f1%&dD.

T, EEEMETXZ AEBE LTI, K-15
IRT &I, RPN 2 HERA D =X LZ2BTBC
LWTER. LOAH=XLRR, HERZVYVILED

Nov. 1985

H#RBELEHEECHP OB A =X AT
453 RbDs 2 HERES-RELT, £
DORITEANILA # = X i, HiE B
WM, RBEWSERA W =X L6hBD. 24
A =X a3, HEHMEHTTCT—0
FIATHTERAEHEC 301 L, i
WAA=X LR, B ook — vEEHEES
L ELERRT 2 EEERT 5. T/,
RMHERAD =X 213, 777 bDdA—n
EEBRT BREERIT AN =X 6THD,

o . g
ZDA R =X LT, Shapiro BHFRLIT

FNHERT AT ) X LWDEEHENILE D

1eHIBEL, EHLTHBW®, X5,
REBHR A H =X LT, B REOEERERE
I A=K BUETHEEEZTNE. S5IL%
DOLicid, TEUHER, EFEHER t5v¥97v
a VEE, BEEESSNSZ. TTEMEEIZ, o8
R—2HORBOTRYZRETIRBEEZ B &
TH oW1, EFEHER R, HHNOET, o
R—2EWFECTIEETHE. P59 svay
BHILOWVWTI, 5&EXBRIhV. BEEHRZ,

F7T27b LD AZ L=
S EME U SEEME T
MMM Y KT 3 MR LT 3
TR 2o
N Y

Bl-16 AHEWB o€ X (BTS2t R)
Fig. 16 Knowledge acquisition process (Equilibra-
tion process).
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KRRl o smsic it 4 2 B A i #ish 2 bl ic ik S sk
EEZTVBED, ThiLoWTid, BAEHDT, B
~_RpZ L.

Wi, THFRC—PDFEILE>T, PICLTAY
v FRABEFRT AODIOVWTHALTAHLS.
BWEINZMBIE, A7V 27 P ARE A 280
BEICRINXINTVADT, B-168 ILR3h 3 _EHE
ORFBBE S ot APFEETELEEL B ENTE
3. ET Y OMMEREEF TR O N B %L,
O REBLUTEREING. ZDF ot icH
THEWELTR, BHAAROME XEHAOREE
LTI TRRBEELTH B9, zCTi, DCG
(Definite Clause Grammar) OI(iE#EBRE M E LT,
HRICHAT I C LT 3.

COXEHRICBNOTIR, 7Y 27 Fr<rog
HMEENFIHINSEY, FOEES ok ICBNTI
EHRICST 2R ELE LTI, RoERD L 24

BUERIOLTCNEbDET 3.
inconsistent (immediate, insert(dcg_frame, _)) :—
s(X,[ 1, !, exist_variable (X). (7)

Zhid, XEr—VZXDERENBZX

RERS 0S5V /EE Prolog REZABR—Z2BFH YR T 4 1291

REALTHECLickD. TTTi, XEELTHE
TARBEFRCAOEREIBLINE LTELED LT E
Y5, COXFEN—VEXEHWITEET 2 bIC
i, MBEEE o <Y FERO LS iICERTHIZRN.

| ? — accommodate (dcg-frame,

s([hermia, walks, in, forest], [ 1)).
(9)

Z Z°TL, [hermia, walks] O X&E % T3, X
W= DR T & 505, [in, forest] ORIBHAIE T
R#ER/TERNEWD FHR DT, [hermia, walks,
in, forest] OISR TEZ V-V EED B
Falcbom#Efiowy FEETLTVS. £08
£, XW16) T3, EL—r “vp(X, Y) i— vi(X,
Y)” B “vp(X, Y) :— vi(X,Z), pp(Z, Y)” ITEIE
Iz edsbhr->TS. 22T vpXY), vi(X,
Z), pp(Z, Y) 3, BOBOBHAG, BEFE, @5
aTH 5.

5. FIHERRO LS yYY Y3 VAT
ZZTE, HNBNBERTT S84 v/ 2R

transaction(X) :—
BHicid, COXELERCREBOHE lock(X),
DETNTIE SO &S HRRAT e saction(X)
save__transaction(X),
H3. COXIBRAT, 2 —¥FBXHE unlock(X).
V=it 2ol o—o%4 - transaction(X) :—
TVBEHDETBE, 21—, KOE restore__transaction(X),
’ lock(X).
5 SEEEALT < Y FEANT B LI untock®
8 execute(X) :—
3. executel(X), !,

} ? — assimilate(dcg-frame,
(s(X,Y) :—~ np(X, Z),

maintain__constraints(delayed, X).

executel(true):— 1.

executel((P, Q) :—

vp(Z, W))). (8)
LA, CpawvyFOHhT, “W”
Z “YT EEPBGNRESEVICH R
PHoY, W LENTLE-7 LT
&, (NAKBRTZDT, =74

executel(P), executel(Q).
executel(P) :—

method__type(P), call(P), !,

maintain__constraints(immediate, P).
executel(P) :—

system(P) —>call(P);

clause(P, Q), executel(Q).

maintain__constraints(Mode, true):—

ve—-UMBHIIhac ticii3. 22
T, (8) KD “W” 2 “Y” tBxhi
T, Coavwy FAFEENTAL, T
DOFEMEBFBEESETIN S LK

maintain__constraints(Mode, (P, Q)):—
maintain__constraints (Mode, P), maintain__constraints(Mode, Q).
maintain__constraints(Mode, P), :—

operation__type(P), !,

5. Rit, XENV—VOMAE LTREIL
ThRBICESOT, RENLEXES:

\+check__inconsistency(Mode, P), maintenance(Mode, P).
maintain__constraints(Mode, P):—

system(P) —>true;

W ODERLTAHSLE, 2—FREK
RELTH-TVBXEBERINTH
BN EBHB. Thid, XENV—VH

clause(P, Q), maintain__constraints(Mode, Q).

B-17 S U2y a YRABOT w5 A8
Fig. 17 Example of programs of transaction processing.



1292 % "

! 9 — super__concept(frame, X, plant).
X = plant__for__food;

X = fruit;

no

Nov. 1985

maintain_constraints RE b 5K 3.

maintain RER, BEY T b URKYT
HIEETTEEBETHYD, TOBE
2ERT3=FHOoV—ViCHRBEE

! 9 — transaction(insert(frame, is__a(chickweed, vegetable))).

* Transaction Error.

vag
¥es

! 9 — transaction((insert(frame, is__a(chickweed, vegetable)),
H insert(frame, is__a(vegetable, plant__for__food)))).

* End Transaction.

yes
! 2 — super__concept(frame, X, plant).

X = plant__for__food;
X = fruit;
X = chickweed;
X = vegetable;
no
B-18 b+ V¥ 2 vavVREOR

Fig. 18 Example of transaction processing.

EBhdic, P33 Y¥Fs v VRBEOBSERAL
T, FRREEE L7 vy v YRBEOBRKIT O
THRRE. mB<—RAiCHTEEHRIL, 4.1 HTRS
nkSic, mEEE ot 20 —BELT, Ef
Xhah COEFickD, ABBR-CHAKKRE
422 EAFIET 30 ORESHNBERICIVE
KEbhTns., COMEDL4 I V7K, BEFH
b2V ThbNEBEE, H5—HOEFBENKT
Li=#icibh 3840 >hb 5. ®ER, —H#HD
FHBRAERTADICIF V¥ vavEDILE
MELBNETHD, COLF vF7 v a YREBOFT
i1, BEHOHBHBMBOROHBERERIL->TL 3.
E-17 1, +5vF 7 va v HO—HOEFT 7 £
BERTFECENTT 270/ 7 L1082 RT. —RIT,
F5U¥ s v a vIER, BhEBEORTDELTD
FlREh3D, 2T} BEETCRLOT, Rbo
lock & unlock BEC2VTIE, |ELTH 5 W
V. X-17 @ transaction REEZEFT IR —FE
Ow—wit, +5 V¥ ¥ a vk execute RETE
L, TSR LEBA I, BAKET 5 LR8N
save-transaction RETHAHLH TV 3. BZEEHOD
N—id, b5 UY 2 v vRENEKLIZE DN
BARLTEYD, TO®KBFEIL, restore-transaction
BETHFON TS, execute REZEET LI V—0
i3, B-17 iwRLTHBED, PFU¥F 7 ¥a VARD
- EFTT B executel BFTFE L, Thick
b, BER (delayed-type) DHMIBMMERETT S

O BANEFHESTDh TS, ZCT,
check_inconsistency R KU mainte-
nance REOEBMIL, 3Tk, 411
TR L7

UTiic, b3 97 va vVILEORE,
BR-18 bl icHBLTHS. Nhok
PIDOFL, is-a(chickweed, vegetable)
&) is-a BRORBHEARTH 505,
K-8 D=FHOA 2 MBER LD
T, TZORBBREIDICK TS, &
TAH, ROFITIE, is-a(chickweed,
vegetable) &P, is_a(vegetable, pla-
nt_for_food) ZF U+ 5 V427 v a Vi
BNTRBEFALTOEOT, TONEMBRIILT
W3,

6. 5 H v I

AR TiE, Prolog L3~ —2EHDOEL
BifiE LT, ROKS SEHEHR-.

(1) BEMOBRELTOMAEBRALMBLSKE
TRBL, COBRKICET 5 ¥ H %, super_con-
cept, sub_concept, inherit O/ — & UTEREL1-.

(2) #£F#HOHZ, demo WBFEiTL 3+ 2 HREFIE
U, #HHBMBOoEFARERLTEL. 0D
W, trigger Bl 2 i3, BREFNHETRME
LDhIARBRORBREBALTVBE T LR L.

(3) A%« vUVDORBROEERTE DR
BWEWNE LT, demo BEEFFA Lo FEMBOMM
e, TORE/EEFEEBREIC L.

(4) SRHROBOETICELOTHEEERT 27
WIL, EOEFTDL4 I 7 E2ETHESE (immediate-
type & delayedtype) ZEDAN, PS5 v H 7 va
vEWD RBHATHS L.

demo REEFF LIS 0 s 53 vIEHER, # 4
7as s v IEEREEFEINTHEY, ok,
HBAR—ZADTF 4 227y HFOBR, wEBES oS
7 LOBEBIARK, Prolog LEFRF—F X—R L DA
VAT 2 —=ADERPRECEBNVTHZOARAME SR
Bxho2h3. T, TOEMEICEE 3 v ML
BN bBRENDDH B2, L LIS, demo 3
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BEXZDOHORNTAIBRAUBNTICOVTE, RED
LZAETOREBBONTOARTERVY, 4%
ORBE LIt oIk, BERTRMMEREER (Cer-
tainty Factor) & LTREULBEAP, BERERY
JFIMEERA LB EOmB -~ X OEBFELE
13, SBOBETHS. /o, RENROMELSR
OREBBETH B EEFTMATE E .
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demo(FRL, true, [Res, Cond, Cut, Count], [true, d(X, X)]):— I
demo(FRL, Goals, [Res, Cond, Cut, 0], [overflow, d(X, X)]):~ .
demo(FRL, !, [Res, Cond, Cut, Count], [Result, d(X, Y)J).
demo(FRL, !, [Res, Cond, cut, Count]}, [Result, d(X, Y)J).
demo(FRL, (P; Q), [Res, Cond, Cut, Count], [Result, d(X,Y)]):— !,
(demo(FRL, P, [Res, Cond, Cut, Count], [Result, d(X, Y)]);
demo(FRL, Q, [Res, Cond, Cut, Count], [Result, d(X, Y)J)).
demo(FRL, (P, Q). [Res, Cond, Cut, Count], [Result, d(X,2)]):— !,
demo(FRL, P, [Res, Cond, Value, Count], [Resultl, d(X, Y)J),
(Value ==cut, Cut=cut, Result=Resultl, Z=Y, !;
Resultl =true—>demo(FRL, Q, [Res, Cond, Cut, Count], [Result, d(Y, Z)]);
Result=Result1).
demo(FRL, P, [Res, Cond, Cut, Count], [Result, d(X, Y)]):—

system (P)—>P, Result=true, X=Y;
Countl is Count—1,
clause_ of(FRL, ID, (P:— Q), Certainty, [Res, Cond]),
(Certainty = =premise —>X=Z; X=[(P: —Q)}|Z]),
demo(FRL, Q, [Res, Cond, Cut, Countl], [Result, d(Z,Y)]),
(Cut==cut, !, fail; true).
clause__of((FR, FRL), ID, (Head :— Goals), Certainty, [Res, Cond]):— !,
(clause__of (FR, ID, (Head :— Goals), Certainty, [Res, Cond]);
clause__of(FRL, ID, (Head :— Goals), Certainty, [Res, Cond])).
clause__of(FR, ID, (Head :— Goals), Certainty, [Res, Cond]):—
next__clause(FR, ID, Clause, Certainty, Cond),
(Clause=(Head : — Goals);
Clause=Head, Goals=true).
clause_ of(FR, [ ], (Head: —true), Certainty, [Res, Cond]):—
Res\==[ ], unify(Res, Head).
next__clause(FR, ID, Clause, Certainty, Cond):—
next__clausel(FR, ID, Clause, Certainty, ID1),
Clause\==[ ], check__condition(ID, Cond).
next__clausel(FR, [P1, P2, P3], Clause, Certainty, [P1, P2, P3]):—
not(var(P1)), X=..[FR, P1, P2, P3, Clause, Certainty], X.
next__clausel(FR, ID, Clause, Certainty, (P1, P2, P3]):—
var(P1), !, dictionary(FR, [P1,__, _J, _),
X=..[FR,P1,P2,P3, _,_1 X, 1,
next_ clausel(FR, ID, Clause, Certainty, [P1, P2, P3]).
next_ clausel(FR, ID, Clause, Certainty, [P1, P2, P3]):—
X=..[FR, P2,Q2,Q3, _,_1X%X},
next_ clausel(FR, ID, Clause, Certainty, [P2, Q2, Q3]).
check__condition(ID, [ ).
check__condition(ID, [ID | Y]):— !, fail
check__condition(ID, [X |} Y]):— check_ condition(ID, Y).
unify((C, CL), P):— |,
(unify(C, P); unify(CL, P)).
unify(P, P).
B-19 435(¥ demo RFBEDF v/ 5 P
Fig. 19 Example of programs of demo-predicate which has four arguments
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deduce(FRL, Clause, Cond):—
verify((select__variable__list(Clause, Variable__list),
skolem(Variable__list), (Clause=(P: —Q)—>demo(FRL, P, [Q, Cond, Cut,

50], [true, Ptree]) ; demo(FRL, Clause, [[ ], Cond, Cut, 50], [true, PtreeJ)))).

verify(P) :— \+(\+(P)).
select__variable__list(Clause, Variable__list) :— !,

select__variable(Clause, [ ],Variable__list),
select__variable((P:—~ Q), Vs, Vf):— |,

select__variable(P, Vs, Vi), select__variable(Q, Vi, Vf).
select__variable ((P;Q), Vs, Vf):— 1,

select__variable(P, Vs, Vi), select__variable(Q, Vi, V).
select__variable((P; Q), Vs, Vf): —|,

select__variable(P, Vs, Vi), select__variable(Q, Vi, Vf).
select__variable(P, Vs, Vf):— |,

select__variablel(P, Vs, Vf).
select__variablel(P, Vs, Vs):—

atomic (P), !.
select__variablel(P, Vs, Vf):—

var(P), !, unique__variablel(P, Vs, Vf).
select__variablel(P, Vs, Vf):—

P=..[Predicate__name } Arguments],

select__variable2(Arguments, Vs, Vi).
select__variable2([ ], Vs, Vs):— L.
select__variable2([Al } A2], Vs, Vf).—

select__variablel(Al, Vs, Vi),

select__variable2(A2, Vi, Vf).
unique__variable(X, [ 1, [X]).
unique__variable(X,[Y }Z],[Y | Z2]):—

X==Y, L
unique__variable(X, {Y|Z], [Y | W]:— |,

unique__variable(X, Z, W).
skolem(X) :— !, skoleml1(X, 0).
skolem1([X | Y], Count):—~

name('$', [L1]), Countl is Count+1, name(Countl, L2),

name(X, [L1} L2]), !, skolem1(Y, Countl).
skolem1([ ], Count).

E1-20 deduce RFEO S0 7 L0
Fig. 20 Example of programs of deduce-predicate.
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