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Learning based on Knowledge Compilation

Shinji ARAYA
Fukuoka Institute of Technology
3-30-1, Wajirohigashi, Higashi-ku, Fukuoka, 811-02, Japan

In ACT* theory, Anderson insists that knowledge compilation is a general learning
mechanism. |t includes two operations called “composition” and “proceduralization”. Compo-
sition compiles multiple rules used to solve a paticular problem and produces a single
rule which has the same effect. Proceduratization puts facts which had to be retrieved
from the long term memory into rules. This compilation mechanism gives the same effect as
generalization and discrimination occured by inductive learning. This paper, in addition
to above two types of compilation, proposes a new compilation mechanism called “structur-
ing”. It extracts knowledge about relations among rules ( a kind of meta-knowledge), and
connects fragmentary rules into a network form. The meta-knowledge includes similarities
among rules and supporting relations. This paper clarifies several problems occured by
composition, and demonstrates how the structuring can avoid most of those problems. An
incremental compilation algorithm for efficient structuring is also proposed, which is
driven by addition or deletion of rules. It may be considered as a fundamental information
processing which is indispensable to knowledge acquisition.

—103—



1. FAYE

Anderson%il, ACT* HigRX BV TR
REL—HOXEMMLLUTES A RY. ZOMEE
B, AR ERILO=2L V3. AREL, BAE
DL—APd, ThELA—-OPBREFOBE—ONL—
NE2ERTLBETHY, B¥, Lewislkl&oT
REINE?D. FRitl, BEERURZEDOREL
RINEIRoBRPSLEREN—LOETERT 5B
BTt»3%. 4%, Anderson%ll, ThsoH
BEEURTFOUERRCHRILTZDOTHY, #
LOiTBI2EBT 3D, AiLdPMEE V- B
PHEEREBLETHILELTOE. UhL, %
O, COMBIBEURVHEETMEODRESZ LS
WTVLRDOLA—OHREBETETHIAIEVSC
CRESHELD, —BHEEREE U TUBHT S
E3whok. Bs, BRATOELARH L VERLZH
WIS LDORBAMBEROFHT VS BRI R
BERTOEATHY, 2ZTHL IhEAMREIRE
TERERIEPHMEBEUBEVWSDHITHS.

BEORELRVEUVELR W TAMOMER R
EE RSB IZm LT 3 (pover law of practice
YEVLSIERTF—IESEHRBETBEFLEULT Ch
unking BEERH 32, ZhRRELNLIORELEL
NLVDREBRFEDLEFEIENVWSIET, Anders
OoNFEOVSHBREBELAHHZHMULTWE. O
Chunking ML XPMIIBHRRNKOEFEFLTS
Sk, Mt toDRELEBTES5—RYET
BMERICHKEBLUDODOH 552, Chunking ML, HRO
RECLVA—MEBRENT 3BHAELEBTZIEVS
BHT, F=TLALy 277D, 30NV
—IDREOEFLHBHEUL TV 3.

-4, TOa¥rvayvAFLOGELEVD LE
MENOHERITOh TERREORNh B H 59>-10,
1, ZOWROEAMFLH/R, V- LHEOBR
CHET IS (IYHR) 2HAVTA—- L 2#EILY
BZEREST, VAT LAOHEEMEIEIE LD
Hi2H 3. AYMBELUTHR, V- LVHEEOELINED-
10,11, - LREOHEMELIY, L —LHEDIF
BARIOLREBFBEEHh, BTRABRL—-AB2XY }D
—JRewiEitxh3. 2hETld, 20 “H&EL”
EVSHMBIBEUFETEMHEL UTRAIASGhTORD >
2.

KRXTW, EHEEBREUVUTCVWSEHMRETE 2
Y FARIVY, A—LERLY DEHADOHWARE
BEELIFERRTCHBZLRRYT. BHRET
E2vIIIN—-VHEOEIRKMEEBVWITRETE R
VIFOBHEZHELLEDOT, RETEXY M2V
T2y PEUTRLRLEETS. ¥, L —LEHR
i, L—AEolk, BAREROERMIL, EEHRY
DFE, ABEL—NVORLE, B0UREDEREOMH

BABS3Z 2Wopi2T 3. AROEREM (saft
Y) WRUGhTLAMI2, L4 REYT 2540
FLIYALEREIh TR, Tk, ChoamK
REODOIHMENBERETERY P ARREST
E@#TE3ZERRT.

9, 2BRBLVTHRBEC L IXTFOoRENS
AR RS. BFCE, V- LEAROBERBNE
&, TORMELERYT . 4E T}, #ERET
EXv bRBIBL-LORELRZDODVWTER, &K
EWELOGERLEBRERT 5. £, HiELAMEE
WEILT B RDREBERTALIYALERETS. 658
TRARNEILHILLDBRSHOFHRZOV TS
h3s.

BB, ABTR IOy I varyYyAFLEUTOP
SEI1PELWMY LT CTHRBLBRT 3.

2. MRIEMIC L 32T

2BOABE, DHERCESVT, AELOIMLE
RHBEMVIAAZ, Tho2BFARLESDTHUR
FHRERACEBRIIEVSHURBEECHI L ERZULE
ATV3 (F1) . HECY->TOERELTHR, 1)
ChETRIBRPoRBBRENRATXZ LIWT S,
2) MERARLVEEILT S, 3) XVS5F0WERHE
RTEBZELIRTS, 4) NBOBEGURITEDER
STEBLSWKT S, 5) BEHBITE2UERITES
&I WRT 3, REBIRLOBEIO LS. FEOX
SLRIMBY, REOBEEEEM T I DT LEL
RLZMBOLTTHY, ThiIHEOHMBRELH»S
EEIhANRETI TR, PERISUTHARD» W
VrAEh3. ANTTAMBROERD, BRAER, 1 A—Y,
FE, 30T rs L, Ta¥Ivayi—i,
T7I b (RR) REBATHS. ¢k, HRRHAY
MBAALBBCHEL TV 30 LARE, REXKD
MBRRBEAOLBREORHICAXIIKET 3.

ChoBAREEERRAREAOL TWHATEE
REMBIERSE, BIUBARISHEBELEETSARD
SOHBMMYAARFEZE, RVLDBF—IVKEL,
POKBABRMHORB TS 3. ¥, FRXTUH,

ARE»S
e BHEONIR
ﬂ ﬂ EROER
- BB
R - HERADEIL
« BRI L
ﬂ - HAMRT L
- BSERUTOEAL
I'_Wl R EEEE

Bl MRERIZLS¥E

—104—




BEOEE:MEREORELIKY, MBERX RN -->(REMOVE 1)

—LERREREL, ARDSOARIIBM G X o h (MAKE PERSON "NAME Mr.C "HAVE BALL))
TV3b0LT 5. MBRROBELEIHREED (P R3 (PERSON "NAME Mr.C "HAVE BALL)
mMERERL, ABRBELLLS>T, ShETHRI D -->(REMOVE 1)
SREEBRT B LSERBZDITERY. Ande (MAKE PERSON “NAME Mr.D "HAVE BALL))
rsonld, LML vok, ThETHRWHE (P R4 (PERSON "NAME Mr.D "HAVE BALL)
BeEXZOhTVRLORMBRESHRTEZ L -->(HALT)) ‘

BRURYE, MEPHRVITERTS kDO —£HRHE
BRABOFELNREUTL S, 2%y, —R¥ dU, EEEE (WM) ONMES
BEMEOLKREIIREITLORRLZ Y, MRS
E2T5DOA—REEKF->TVWEDLITHS. & ((PERSON "NAME Mr.A "HAVE BALL)) 1)
EU, HZEREL > THROERBERIN I LD,
RELPEREINLS. ARPOHUVLVHAREMYVALE TH5325W, RI,R2,R3,RI ORIV — L P
ZERL, VAFLAORBEBART B UTTET HUTRKT S, ChoeamT3EXROL—IL R’
HHIEEITTHELTBERL. BEREH B,

FERROGELLEHUV - AROBERRELT,
ChETRREIATLIDOR, Q&M (compositi (P R1’(PERSON "NAME Mr.A "HAVE BALL)

on), @F &K1t (proceduralization), @chunking, @ -->(REMOVE 1)
macro-operator, ®HiEIL (structuring)REWH 3. (MAKE PERSON “NAME Mr.D “HAVE BALL)
O~OURTEOHBERIBEDO I L—ALREL, CHALT))

CCHLOhREHMBEEZEDEILIZLY, @—53
LWEENoMEIHT 3EHA R T IEVIHE ZhBE, (1) OWMEMUT, RIEZRI’DZ
MRED. ChoHEORBREDVWTIHRIZEEXh OBHEAKEARAS. RIERI'OZUBEL<AUR
TLW3DOTY, ZZTEWMY LFRV. ODOKEILE, OT, OPSS5TUERO—ONBREhBHINh 3.
FERRAEERET IO~QRHU, L—AN—=R ZD&L5RIELE, GRLI—-LBBRHRREXT E LS
OHBBAHOBOIhIAYHMBEAVTHANL—- RUTBIE, —20IL—ARI’2BHTZEYT RIL,
LEEEHRZEAET . CORELE, iUV —L R2,R3,RE 2EXREAUVELX:HA—0HEBE>h,
PERURLVELSHEHA»OD, CThETREERE HRIEBmMEY 3.
EUTRABhTLRDPR. LU, #EkE, M B2UARK L 3HRADLORMLEERUERRER
BRIEOEELL WS EHODER, BTABL—ILE TH5. KX RI~R CRABOL—-LEHMDIULTH
IV PI—TRCERERUTEY, HIRIBERL LS ->REXOL—-LEBEBTHY, KBMIIWMOANME R
¥BELEXLOUHEATHS. (1) DEEXOWRICETACPURKBERLTL 3.
BRAL-NLHBEL N EHTEELRT I LT AR —-LBFEELVRVERRE, L&
BETHY, B, HELIhEL—-APOHULLL— BEMARERT N, ARV —-ABEET S 2RI
WEBRTEILDTEBLVIEHRT, AMEHEE BLAL—ETHS. ThoDF—Hk, OPS5HR
Lt THS. RBTILS5, ZORELIE ABBELENL, TORGHEBBRL> TR
ERERBUEIBRYELRBIZIBICRL, AR L—LE2RETCERVEXRUARILI—L2EBEXY

WRVELOFERE>TVS. ZESREELRDODBESR.
3.8 K couesm 8|
3. A TOoHR (sec) 57 -
AR, BB EOREERLBREHIhE—% s <

OLV—LEREULUT, ThERUHREHOBH—DL 3

—LREMTS. AROMERMEOTREY. 5, e

OPS5TCRPARKOEOOA—LESLS. 2r )// it

1 —4_9___0__2 o
{

(P R1 (PERSON "NAME Mr.A "HAVE BALL)

-->(REMOVE 1) 0 5 10 15 20 B-MEa¥
(MAKE PERSON “NAME Mr.B “HAVE BALL)) B2 KLU 503 HERREIO e
(P R2 (PERSON “NAME Mr.B "HAVE BALL) (Sun3/260C Sun Common Lisp Interpreter)

—105—



32A&A MO ME

A TENXELSWR, ANEMRDREMETES
EVSHRABSEIRE, UTOLS RHBERLFET
5.
(1) V=L HOWK : #ED RI~RE THUT,
WMo HRE 28,

((PERSON "NAME Mr.B "HAVE BALL)) )}
D& EWUE, R2,RI,RAVEHR U THRXAL, ROL—I
BEBENSB.

(P R2’(PERSON "NAME Mr.B "HAVE BALL)
-->(REMOVE 1)
(MAKE PERSON “NAME Mr.D "HAVE BALL)
CHALT))

Eh, WMOUIHED,

((PERSON “NAME Mr.C “HAVE BALL)) 3
D& W, R3,RE BEHRUTHEAL, ROL—LD
alE¥h 3.

(P R3’(PERSON “NAME Mr.C "HAVE BALL)
-->(REMOVE 1)
(MAKE PERSON "NAME Mr.D "HAVE BALL)
CHALT))

ChoBHERNDOL—APEH=D20ONL—-NR1’
~R3’ BEKXHh, A 7THOL—LIRS.

ZOLIR, HEORIBEMSEREEKRIT L,
RRBBRL—AN—-ZAR—RIEKEERERDT, &
BL—-LoBERBECEBARbORLRS. Thik, 7
O¥7yayXAe Y 2BRTIEFTTRL, HEXS
EPROIHEBORK, HAMBOFMoORKET %
HBZT. i, ARIhEL— L2 ERH%TENE Y
W, TOBHERRE2HEL CTHRBRIT 3 HEY
REAERLERRS>TL 3.

(2) BattiROARILL . SHEOL—L (BN
—) EABEhEL—-L (AR —NL) EDBBREL
PRETCE, V—roER/BIBRCEBUTL—-ALN—
ADBAMLER T I EBENRBEERS. il
W, EL—LR1~R4 AWML —ILIR1’ ~R3’
BEEUVTLIRBIZBVT, V- LVR3E2KXD&LD
CEEULREGLEXS.

(P R3*(PERSON "NAME Mr.C "HAVE BALL)
-->(REMOVE 1)
(MAKE PERSON "NAME Mr.E "HAVE BALL))

COEE, WMOPHER(1)R 3, RIOEEWL
BhHosFAMA—AR 1’ BHEAL, WMIZ ((PERSO
N "NAME Mr.D "HAVE BALL)) R Y¥T¥ 3. LbHU,
FEL—-LETOE 22, R1, R2, R3I*BEK
UTHKU, WMILBEAIIZ((PERSON “NAME Mr.E “H
AVE BALLD) & Ry, RRIERBEOINS. X%, &
BA—LVRFEL—- NV ERUBRCHEL RThIERS
RV, ZORHIIE, RIOEFELAMHICR1’ dX
DESIREETILENH 3.

(P R1’*(PERSON "NAME Mr.A "HAVE BALL)
-->(REMOVE 1)
(MAKE PERSON “NAME Mr.E "HAVE BALL))

FAROMHT, RIEFIVLAMN—-NIR2’ BXUR
3’ EEURGFhERs RV, #FiZ, §HL—-LE
FEBURLERD, FA—LOBatEREhR R
30C, MYRBEENLBRIRS. 2Thik, 81—
LBERPHERMRTHIZERZERNTE. F0ExHh
I, GRRTAREORKE WS RlieiA> TRIBRER
DHEFELEHS>TVEHYTH S,

(3) AR EBTY . ABL—-LOEER L
5T, FBINREIFL-LORARIBEHFXHh S
EWBS. COBRBBER > THRAKREDR-2D
DRI BEOMERES. FL—NLEUTR1I~R
4, BXURONVN—ILVREREXS.

(P RS (PERSON "NAME Mr.B "HAVE BALL
"STATE BUSY)
-->(HALT))

WMOHIHEY (1) 0ok xicld, R1~R4ABEH
FEARU, R1’ BEABEH 3. 2O®%, WMBRO &
SwcPtittEh ey 3.

((PERSON “NAME Mr.A “HAVE BALL)(PERSON

“NAME Mr.B "HAVE NIL "STATE BUSY)) @)
ZOEEMEEAL (R1, R1’ ) 72y, &8N
—)LTHBR1’ BRXL, R—LEBDEREXIT
B#ik+3. UL, DUR1’ BRbLE i, B
ZHRERB. 2%V, FPRIBHEAL, HE%E
X (R2, R5) &2%. XW&&, REDABR2LY
LEUBEODVOTRENFHEAL, R—L WX BRIZHE
ShTEHILT 3. 2OLHL, ARV —LVOFEED,
EUVLA—LREXZRT2ERLTLES.

VAT LAPRRT SMEMROMFILE->TE, <
OEBHEBEERVWIEDBHS. L—LN—ANR
1~RoEGDEER, B, R1’ PEEEMEH
TORVLRBRZBVT, WMB (4) 2Pt h 3

—106—




&, R1, REBEBRUTHKL, ROL—LBEMH
X*h3.

(P R1”(PERSON "NAME Mr.A "HAVE BALL)
(PERSON "NAME Mr.B "STATE BUSY)

-->(REMOVE 1)
(MODIFY 2 “HAVE BALL)(CHALT))

ZOEBMBI, WMB (1) ROB{LEh3ER 1~

RADERFEAL, WKOL—ILR1’ BEKETH 3.

OB, s, R1~R5, R1’ R1” BEEL
TLARBEBLTHEERARIRELRY. H5,
(1) OWMRXUTWRR1 #EHXHh, (4) D
WMIMHUTRR1” BEAXhIPOTHS. CO
&S, R1” NEWMETh2RICR1’ BEMEhh
URBREUVRVY, BHIIZR1’ BEREh3ER
1, REEVLIRAREZISRVOTR1” WkAR
GREhizb. .

(1) BBL—-LOR4¥:R1~RAHBR1’
EBEMT I3RS ES>TE, AROEE>TORR—ILE
BERPBCDRZFEIhhE LW EVLSHREBLTY
B, ARA—LR1 OBEBEEAE DD 3
&30, BBHERNUTR-ALBDRIZK-2OHIL
HHBINTLE., U, R—=ALTRZEHEERTH -
RiRold, DREG TR, RPOBRYCRIZDHK
TRLRENDLOT, RPERLEBI I LU CTER
W, ZOFBRT LI, AR E>TUL—LD
EHLERURLVEEEIEUSTHEERD 3.

EEXZIX, OPS5 (Common Lisp BR) O—FBIEIE
CEOABMERR 27y ryay v AFLe il
Uk. KYZAFLINEFHUTHY, EBRTRIZER
ThBEEML— N2 —-FOHEIC LSRR T2
B35 B->TWE. R, ABNL—LOBHNZY
HE2ARBFzITX, £k, BBOL—-LEDOF

DERBARELN-LLEOTBERERDATES.

W2, V= ANR—-2ORABETEE> 2 HRBITD
NAMEBFOY, TOFETBLYREHL—L L E
HEsZ emnuiees.

(5) FFOHNEY . AR B3/ TOMERR N
KITEh 2R, ZOBBLRWRIT I LW &HTIHT
bh3. g, HEMROERERKTROhTERNL
—LEBRECHENU, YAFAREh S NHEHTEE
REBEZUHNAVAFCRRCEZ LIRS, Ub
U, BECBRUTLRVEBRELTR, BEr—i
CDLNNTHRBITOh 3O THERMERARER U
TH3. H>T, YVAFAPAN—U TV SHEER
ERCE-STHERPMEIE S LD, BB OM
MERNRBYVATLRGATRILENSS. ZU
T, TOHE, HRROGUVCABABEEITURT O
2oV, ChIZABMOEZTEHEL TV S,

<RV ME> <FlH X ¥ 58>
@RETEXv} SAHBHE OB
QHRETE X v b SR E OEPIME
SR O H

OMMERETE2 v b ZUHERHEE ORI
N—LHEOX ¥R

®1 B/BHERETEXv }THEXh S XY

BURMEERAREDERT SMELY XFLH
BB UTH, XEHRBRVERTVHE
.

4. 1% & 1t

11X XM % xH

BELGLV—~LHEOBBRIET 558 (—8o X
YA BRHHUT, L —AN—-AHRIkTS. 2
OAHERTOY IVaYy Y AT ARITREY 35 EE
HORBALEZLEDEINY VEELREILTZEBHTH
REhTER. COENBLEHARELTE, ORE
TEXY}?, Q¥#RETE 2 v }19, @#M#R
ETERYMORERS S, Tho 3BEOHWEL
THHIATLANYHMBUIRIOBVTH S.

QURTOAYIvaYyYAFLARETFEOPSOED
KHREh2DDT, FEBHBRRETEZLITY X LY
THEHEhTVI3XYITH3. QRUGUHEZSE N
FAHELUEZDOT®, RETEZAITYXLOHA
RETRETILHR, ERBNY VBEGOKBERM
BIUTV3E. B, QUOBIVQOHLELERATS
D, Che=2>0HTRHMADBEN L. T2, O
HAEOAME MENZEMU LMERRE O ET TR
<, BRREODHIHMELAMTEI VS KR
RE2EULTVS. #i2, XEMLKTW, #8ERET
ExvibeRETIEHR, SRR BIIREADL
PRUTRIEZThIDPRDODVTERT 3.

WiEkil, 2EHR, BEOL—ALN—IWZL—N
EEM/HBRTZRATITOHh 319.18, 22 TO
EAGFHRAEL, Em/ HBRL-LEBFEL—-LE
DN VBETHY, TOBRBONZL—-ILHEED
BREESOTL-ILE2ERERT 5. ARODIEED,
FLLHMBRBA-TEREIRERNS SV IIEES
BCBRFAREOBARITYL, MBLHE &N Y
BREBGEEBUTVEEEbh 3. HUOMBEShIT
MEORVEHMIELURY, PRULMEBE AT
L5OBELVVORRENRYVTS. FUT, TORE
HERBMURETABMORERAZDOEEDh 3.

AHSREOREREBRE LR T IOHL, #
BILERERRE B RIThh 3. HARITRICE
EBThhB3LVIBHTARE “HINE%X" 93
B, W= A NR—ZAOHHRITC X VIRERITS>H

—107—



wiLW “BHER” EFX5. £k, &M ROOT
AHEOMBERR L X hh—BON— | __,,;r'jgie‘:’;ffff
LEGTREREONBET 3 “REABER" PERSON .~ i
THZ0RHU, WELEL—LR—22 I
KEeHBEEUR “KENE%R" T53. :ﬂf
4.2 SERETEXv } /////’| ::::::\\\‘\\\\
ABOEZBTHVWREL—LR1~RA NAME= NAME= NAME= NAME=
2BURY LY TEERETE 2 v b OM “rA ms mc mo
BEELHMYTS. BERETE xv M,
L=LR1~RABBM3IDL> REEE
LVRbdOTH 3. 22T, REIOHFV 24l (mmnn (REMOVE 1) (REMOVE 1) (HALT)
BROYY IR “@BY>T7” LBV, TR (MAKE PERSON | (MAKE PERSON |  (MAKE PERSON
UL—-LHEOXFHBRERLTVS. & “NAME Mr.B “NAME Mr.C “NAME Mr.D
BRETEZY I DoCOEBEYY I %4 “"HAVE BALL) ™~ . HAVE BALL) \mwamu)\
TREUVROBOBRETERY PRRHEU ool > HERREURY 3
TWw3. 229, RETE2v I ld##R GeMY > )
ETEXY FOY¥T Xy MES5. RET B3 &tk YCX3@MRETEXY b
Exv OBATE, MBOELMELHA
UTA—&#%2—20 /- FREEHTL R00T
3 (MxX, BI3®D PERSON 3B & U HAVE=
BALL) . pirsoy R 3 KOW2EIFED 51415
WMOHEY (1) or ¥, TOWM Y Y IR, 2hET
EEUF—-2YEULTROOT J—Fh o | EIEE DRI T Y ELS.
HXh, 8)—-FTOFA MBI K, HAVE=
WK/-FRI1GCHET 3. X&, R10 /////”“:i:::j\\\\\\\
BN RITIh, BN/HBRENLEWM l
E%XN, ROOT/—FhoTln, & NAME= NAME= NAME= NAME=
BYY I RRE->THENS. M2, 2O r.A -8 r.C r.D
AT, R1DEXBUWMEL— &K { l l
Brony  EEELMTDTRR2, R (le R2 R3% RS
g;g:g?ﬁig;i;&g%;fg; (REMOVE 1) (REMOVE 1) (REMOVE 1) CHALT)
cu room | cui o | e
COEBMRETERXY M|, L—AN— “HAVE BALL) “HAVE BALL) “HAVE BALL)
AR—EREUVUTRDZZELAETH S _
10, UbhL, L—LOian/ SR E BH4 L—IEEROESHRETE X v } 0%k
KHCBRESEERETE 2y b 2EIET S
FHBERTHY, POPEHTH 319, ®HE, I— EXh3E, ABPOIHULLA—LABENIhRVE

MR —ABKEBRIZY, TL<HTDPOL—LEBM
/BT IRECE, BODTHEHTHS.

13| EL O R B

ZZTi, SERETEXY FOETHEE(LT B H
BIEED, WETHERNEAROFZMEALLVHICHRT
X3pERT.

(1) b —LEKOMM : 6T, »'—ILR1
~RADSG=ZDDEMN—NIR1’~R3’BEKEH,
N—LEBERKTIEVWSHARS- . —F, 2
RETExv T, R1~RAB—HHE3OERER

VHIBIBEEIRBIh RV, >, FIERRRME
BRUTHIL-LEIRKES, 7Ta¥yrvarit
JiERThRL. BRRITRBULTHR, BRIICEX
FREL—AERDEIEDONY VBERE G THEY R
L= DBBEHRFEKTS. ThEERNL—VBEIE
UTL3 &2 BRAUVHRBEREDD. REL, W
MEEOER /HKBREFEERBREL AL BHEKT S
ERIThh30T, HRADXAMCHNETSS.

(2) BEUMFEORIE :: EV-LR1~R4LH
BN—ILR1’~RI'BR/ELVTLEIRBRZBVT,
BEL—NLE30VEEBL—-NVREETZE, EL—NL

—108—



LALESRL—- VL RLCOHARRECR
VEBELVREUZEVLSHBBS -2, AW,
»—»RSER3‘®&5kﬁEbfték
i, R328LAWNLI—LR1’~R3’D2
TREETILEBS>R. —F, #8RE
TEZYMREBLTAL—ALR3ER3* &
B33y, 302y M IMADL S RELE
¥h3. 259, RIDE2HFED Mr.D

ROOT.
]
m§w
HAVE=
o \\
NAME= NAME- NAME= NAME=
Mr.A Mr B Mr. C Mr D

M Mr.E WEU, 22hH HTVRERY gﬂa
Yy BEKkEh3. COBERZIY PHOR
SRMELRBARTTHS, SHL—LB {’Rl R4
FETHL 2045 REARRIT 20NN (REMOVE 1) (kmovz D (xmovn ) (HALT)
RRBULERY. LHADST, WMOH - (MAKE PERSON | (MAKE PERSON || (MAKE PERSON
Wl (1) ~ (3) RELTW, RIDOKEE “NAME Mr.B “NAME Mr.C “NAME Mr.D
Qtitfﬁﬂgﬁkﬂf USEMXh 3. “HAVE BALL) “HAVE BALL) “HAVE BALL)

(3) EHFASOMME : #MRETE X
PCRABR &> TEU R ERBRRREL mun

B, » —)ILR1~R5EZNTSEHMRET
Exv MBSO R 3. WMOHE
B(1) orEOAL—-ALFEARME, R1, R2, R
3, RATH»Y, WMOBNIEY (4) 02D Eh
i, R1, R5¢42%. L —AVR1DKRIZR2MFHEX
T30, BB3VIIROBREKRT EIHUE, REFENEOL
=N %BETZEVS0PS5ORAMBMBIL X
STBYLREXN S
AREELTREBERREERT 3 DG, WAL,
ROESRILRNDLEER%. #AXRHR1, R2,
R3, RARAMT AR, Zhoor—Lodi2,
ZhaPNAOL— L EBEBRICSHIN—LVBEET
ZHhEIDBANS. REBRUTIE =W, 47
R2HMUYTZDOTR2IIRGRXER’XNATVS. #
2T, The 20— L ORHBBE W EEERK
WRRBESRCEBETS. CTORA, R22RDEHK
Exhil ko,

(P R2*(PERSON “NAME Mr.8 "HAVE BALL
“STATE <> BUSY)
-->(REMOVE 1)
(MAKE PERSON “NAME Mr.C
"HAVE BALL))

LT, #KRMWR1, R2*, R3, RAR&WY
hil, R1’2RRZB3ROL-ABEHRETHhB.

(P R1* (PERSON "NAME Mr.A "HAVE BALL)
(PERSON “NAME Mr.B “STATE <> BUSY)
-->(REMOVE 1D
(MAKE PERSON "NAME Mr.D "HAVE BALL)
(HALT))

B5 AL—LAR1~RSZHNISZHFERETERY}

ZhPRZ, WMELT (4) B5x5h 3L, RI*
AT, R1, REBHFEXUTL—ILR1” BE
BE¥h3. COLSCEBRARLEIRI RN, b —N
—ABKAREAR RS, ULORBOHEFRL
MYRLOWXRS.

(4) HROR4HEOME . AR BV TW, R’
OATOOIB LI, HRAORPHERZEMT S
ENTE, ZhiL>TERNIEES IV —- L BER
Th3ZE8$5. UL, BERETERY I TR
WMEL—AEHBEON Y VHARERTHhTDH,
BEBOETRRENELAUTHS. Hic, L
— U DBERGCEERT LT, BERC L > TRESE
vactidinn. #EHRETEXY } T, K—aH
UTd, BRKREIL T, BRAFTOAREFhDBEE
h3. 259, BBHRETERXY P ERTRROLE
#HeEbs?T, ROFEREWMEZENUEZVBAIKRUE
V¥5. ChUIHRTHSRE, EFRETERXY b
DHRDEBEARICUNRTETSIER RS . ¥R
OHMBERBBLFEEL, ThoBLLFLERFS
CRARN - LOBFEBHEIAZ L.

(5) FEUXOMBE . FWRETEXY B
ZHMBRBEUIL-ILOBEN/HBRKEEFITbhS.
—7%, ARBBTOMELR L X EBOL—L
BHVOhZLEITINS. PHBRETYENREM
L= BRCEREThTLIEUROIRVOT, &6
REBFEHEZITHHh S, 2TOLD2, RERITS>EAN
», EHRETE XY P TU—EHEFTH30ORHML,
ARMUEABL—LBRAT I RVRITORS. 2hid,
BHERETERXY P BKEHWBETHI0HL, &
RIEEHRNER TSI RRERALCVS. BRNE
EERNBIERITT I RDRWE, BELOM@REY,

—109—



EhEVATARSATRRCHRERITL, 208
B, ABAERITORINIRSRL.

1.4 BRBRECLSBEHMRETERXY h OME
ZETW, REEHRETE XY 2 HENREE
TEARRBEZERIRET S. L—-LOBN/ BB S
RoTHEERIEHMRETERY FOEFRZ L —
BTHBRLD, EEXROL—-LEGRL~EABEU TH
VWEHERETE 2y M 2EVBETHERIIPRVISBL
DOEERLEL. TOERY, EHREESEKE 2
318, T, L=AXR—ZABKBRBEERIIEHX
5. 20EKLER/RTIRE, V—-AN—ADEIL
POBERY POELETREROAT L. 2O%EX
FRESHEHBMRETE XY POEXRERHORE
BOTRRY.

[1JEERETEXY L O—8L#KIT3RETE
XV IOBAEGFRETHETS. L—LOBN
Rol2ln, iR EANCES.

R2IEMLV—-LOBEROER ) — F2RD, @8
ook Ime 3.

[BlLillle & >TiEmEhiz /) —Fodhie, BE
L= OBEHEOEE /)~ FBHFEET SR,
ZFhitdibr 228y 72 dmL, /BERT
¥3.

[AIMBRL - L OBEED SHTLREEEY V2 %
0] g

SlEBElllc k- THBREIh ) —FRASDTL R
BHEY I BEL, REERTTS.

ERNIBZRETERXY POBRAINALLTHY,
OPS5 (LisphR) TRERREThTW3S. kE
U, OPSS5TRILI—LVHIBRRICHEKZOL—LDH
AKBEIEEhZ3EGTHY, EBRRETEXY MU
BEXhRVWIP, Zokyd, HRAKLCWE, MRLE
BIYOL—-LZHIETS /) —-FRb - OBEEH
BEVHEERDBITHOhS. CORRKRROESL R T
R, BRAIYINANZDERNY VB2 HEL
VRAERZALINZLHBREEIL TV 319, Eigll]
ORBIZOZALIANV AL RZOETTHATSI LN
TES. , ‘

RloABIIEE ) —F2—EUTRODIHIETHE
HXhTVWB3ZAIYZLAIVRERTES. U5,
SN—LVOBENY TR, BRL—-LORIEN
YIRFIRRETERY POAL—} /) —FHS -7
JEUTHRBE L. (1] ORBUIEMNTHIRY T
2FETHRV. Tk, [5] ORMIEEY > U 2¥M
FWRENZISRUTBIEIMBECRHTES. &
&, UTCRBloRBFEeMpcd~3.

L= LEMBEBT IREHEHOEE ) —FOXE

L, BML—-LORUNY O 2IRT ITHEROS
ZBRERENY OEGRERETEZ Y P RERBERD
>h3. BERENY Y BEML—-LOKBENY V%
BT IDOLELRME, TOMERY OISR
BERU IS ABEROEZRUNY BBV — L Ot
REETICLETHS. RERSIWT, BUIIAEM
RR-oTVE3RW, XR¥TI3THBEREHCRLD
BTH3. 2, L-LBBMEhEEER, 205
BRI YOI IAEDS, ThER—DISAEED
DHENY YA OBEL—-LEROHE I LSL
TBHELL. BUMRABZ LIY ZLRSVICE
OFBI OV TORMINRRRT I TFETH 319,

5. 3% & i %

AT, MBRRRICLIFTAMEO—-DOTHSE
BOMBARESHIIT B & HW, HELEV S
WROHRTEXSBMRETEXY b8, Zhs0M
MaeBETESZLRRUR. £, ®EMRETE
2 b %, MBROEN/BIKRECEXNIIEET 35
ENRESFEORELL. S EMELIHHTET
539, AEOHMEREDUVLEVAFRODVTUEE
EHRBL2ETHS. £k, MBIRKLESHERITIS
JEDORMBRODVTUARTUMh RPN, BE
BERFEHEDRVHBROREIERTHY, HEOK
AURSROBEFHUETSH 3. ‘

2% XM

1) Anderson, J.R.: The Architecture of Cognition,
Harvard Univ. Press (1983)

2) Lewis,C.: Production System Models of Prac-
tice Effects, Ph.D.diss., Univ. of Michigan
(1978).

3) Anderson, J.R.: Knowledge Compilation: The Ge
eral Learning Mechanism, in Michalski, Carbon
ell and Mitchell (Eds): Machine Learning, Vol.
2, Morgan Kaufmann Pub.Inc. pp.289-310 (1986).

4) Rosenbloom,P.S. and Newell,A.: The Chunking
of Goal Hierarchies: A Generalized Model of
Practice, in Michalski,Carbonell and Mitchell
(Eds) : Machine Learning, Vol.2, Morgan Kauf-
mann Pub.linc. 288-310 (1986).

5) Laird J.E., Newell,A. and Rosenbloos,P.S.:
SOAR:An Architecture for General Intelligence,
Artificial Intelligence, 33, 1-64 (1987)

6) Samuel,A.L.: Some Studies in Machine Learning
Using the Game of Checkers,!!-Recent Progress,
IBM Journal of Research and Development, 11,
(1967)

7) Michie,D.: Memo Functions and Machine Légking,
Nature, 218, 19-22 (1968)

—110—




8) Korf,R.E.: Macro-operators: A Weak Method for System Models of Learning and Development, M|

Learning, Artificial Intelligence, 26, 35-77 T Press (1987).

(1985) 13)Brownston,L. et al.: Programming Expert Syst-
9) Forgy,C.L.: Rete: A Fast Algorithm for Many ems in OPS5 . An Introduction to Rule-Based

Pattern/Many Object Pattern Match Problem, Programming, Addison-Wesley (1985).

Artif. Intell., Vol.19, pp.17-37 (1982). IDFERED I RN —-AOEBREEIL-—RETE R

IORBED : 705 v alyY AFADRDOEE v FI—=I OEXERE -, ETHEHEEELH
NI—VBETALIY XL, HRARELRE, X, Vol.T7l, No.6 (1988).
Voi.28, No.7,pp.768-755 (1987). 15REZD . EERETERXY F 79— OFRKE
IDHKEBED : T0¥ I vayy AT hRBI30% %, EBAEESRE (BEHR) .
BNY O BEODEDOEBMRETERXRY P T~ 1)RKBED: L—AX—=ZADAL YT YAIILAY
U, WHAEESRE (B4 . FFYR, BARRESNAMNIZBEWOEESGAS
12)Levis,C: Composition of Productions, in Klahr, (1987).
D., Langley,P. and Neches,R.(Eds): Production

—111—



