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Abstrat

In this paper, we describe about an adaptive production system APSH.

APSH has the ability to create new production rules, to remove production rules, and to deposit
conditions and actions of production rules into the working memory. Operations to existing
production rules use the information of the right hand side of production rules, and these operations
are important functions of the system.

APSH is also constructed as a flexible programming system. For example, it allows for a
description of a compositive program which includes some production memories, and to edit programs
within the system.

APSH is expected to be a useful tool for some studies in cognitive science, such as programming
of models of learing or problem solving.

The ahility and capability of the system is discussed with an example program, which predicts the

succeeding part of a sequence of letters.

1. £ Z H» &

Fu g s g v AF 4 (PS: Production System) {3 Newell & Simon i@ X C A o> 15 i
PR o F Aoz g3, B, BAR%ES2VIMEBETE L G- B Tt A
BRTWA T e 7S5 3 vIFHBETHH, kD7 e 75 3 v ik, ok 21X PASCAL /o £ ic
EB 7w 7S5 s v X TESEHABC BT 5 A o folE s RNt lE S h Ttwa 2 &
MEREN D, IS U CIRAMEBIH S B VXM TH 05 B 351 % fi 0L Cr 30 o Fil R
OREEDBIRE, BB WITENCHET 5 2 ENTERCI ENEL, HEDO T VT 1 v I/F
Bt L v PSRc ol s icililicy v 75 § v 7 FRTH 5,

PSDF w35 s, 7e&svavi—i (PR: Production Rule) &I A4 {140
HOFEHELTEBIND, PR OFARSEMENBR IR L BRETENRD, PRIZTTRER
PGNP T 5 LR TH v, PR HOBRIIFE VD, PRICHFEZMAZ S C L1
Yo THINEGC T v 73 A BIET AL ENTEDL, T r 5 ADETLL T F e 735 4

TEMTHEB WA 5 L08
* BAE, BBUCEHE LM




106 T - BepuBME - AT 2

HadEEiz2 52 L0TE&5 PSIIHEPS biih 3, A c#id+s APSHIX PR ©
R, BIER, BIEE 1T S BRI ARG PS TH B [ APSH Tix, PR ofigi i
RV 7w 73 nfcd, BN HAREYH S e /7 2R TED IS EF IR Tw5,
INEOBENGEKOPS IO LRI Tk Y, APSH @, BARFEOS TR 5 EHER
MCH A, MEMEOEFALED e /5 3 v DD OERBERLNLEEL LN D,

2. APSH » # &

2.1 PSO#ER &HEE

PS AN MR Y1 AT PSti7r s 7> 2 v ) (PM: Production Memory),
7 —3F v /2wy (WM: Working Memory) 5 X0 v x — 7 ) 2 % EAHRER LT, PM
1L PR ods, WM IEFE ST b ciliE@E#H (ME: Memory Element) DFITHh %, PR X
“Cop A O THEPbIN S, 22T C 43 (CE: Condition Element) @ ¢, A 11174
DWVC, FhFhA (LHS: Left Hand Side), #5340 (RHS: Right Hand Side) & IEiXh 5,

hoo PM 2 PSIBTB7 e /9 8 ThbH, A5 —7 0 5134 PROLHS & WM % i
L, LHS oiifift &h % PR RT3 %, #HHMDO PR © LHS ARFCHEINDZ L b H 5

| Tasgsas

/ N\

PRp— TAFsLa ATy
Ci=oA,
C.=A,

DT, 4 va—7Y 22 ZThdDdnd 7272120 PR B IIR4 520 OB A4 - T b,
PROFEEWMEG L TEHENT L0080, 1 2DPROEFIKT TS L, FLLVWWM
DNEFEHR LTk PR 23R, TSN D, PS ko X 5 bR a o0,

@ PR HOHEEFHL WM 23 L CHENCT b s DT, PR OspfEs My,

@ 7rrs7ABAVCHLRTWGEEMENL, BROF e 73 A CHHAEOHAO RS LTy
B MR 5 0, PS TIX PR Vo ssi L Mioked s LTEbEhbD
TWTETH %o

PSOz0ER Vo 75 2 HER LD 7w /5 aDBERREE TS, PRAEF—-—2ERLL
P X > CTIRIEYMZ BT EDTE D PSILHEEPS LEiEs, PR ICKTAEEEL L CHE
A5 d0riE, FLVCPRA2ERLTCPM i sn b, BEDOPR oO—fx BIET5C
L, BHAHCIEPM bG5B, Waterman 12 & A PAS-II» i1, #h A4 1% PR
OMEIELWPRZMML, ThuaBEHRETTHI LN LI - TPM i LTELW 7Ry
5 AEFERTH LI PM 2BIEL T <ML PS Th H, PR OERO LI L » Th#EIEHIH



3 MRy e Xy g viraT A (APSH) ofEK 107

FEOHEBMNARTH A L AR LTS, LaL, APSH T PR 4Eoirmic, BED PR
AUIERT 52 &, PREF -2 L LTCWMRENMABBT 5 DB TEL L5 LT, 2Rl 5
T, B PR OISR O PR O—i#%EIE L PR O4RATEEIC b EE 2 b,
2.2 APSH Ok

APSH Ol #H 2 1R d, APSH O 7V e 75 nil= - FREH LT ADEATH D, =
—HFHERTETACITADT L LTEBIRSLDE, PROESGELTEHLIRSL LOMN
B, ThZh EHERTAE], TERE] EMER5, 1 20FkEN, EAWNLPSO PM i
MMT 5, chbrRHEL, YAF ATTFOERIN T T4 AT AE] L 2ilhs, APSH
o ¥hbDax Y VOANELEORTERET S0 BT, = —FRER LTI

2 - ¥
et AR -
1
! APSH fr9—Tz—% :
i H
i
i lre-wvsl [zres ]
1
i \ i
] ]
t = ]
: Gkl FAEY a-F AN :
! i
i i
1 i
N e e . o - - o

B2 APSH o # %

Mbaxy FELTHERT AL ENTEDL, =~ ERLLTRX 2 v FELTEFIRS
Wh L, MOFTEDEROHICHGCOR, WMOHINE L L L - TEFIRLEER S D, 7
WG ARIDEOCTADESL LTRATS L, HAMEPS O, E120PM KIS
Fa 75 ACHANERD XS RFERD B
D HEREE AR PM, BRENCETIND PM OfEAT FOBRAARICITIRZ %0
@ FEEFSRIEFEAWEDT, 77w /5 ab+B2 bl b, o508k, W
TR BT B
® PM @l sz bk h, BETNE PR OB 25 FIRRZ B €& %,
12, APSH (7w 79 s OfFR, BIERXEHCT Db =F 4 5 % LT 5,
2.3 TADEHER
TEFRTT R, FRE TR LR OBREH » TEHESI D,
@ EHRTH
C CEgfT A% TEHIEL /518, D = (Tho L (Th D
@ FHeE
CRie&s LEG1EG 518, D
{ VA= ‘//1/'—/»1}

TE BTV g =y

Tz, [ B EORENBLE TN E5FbT, Th BITAREEYRITIEORTTH
bo PR QD THEHLEND,

v—ng [&EuED &l (TR L Tk D
N — B F O PR 83l dt, 4k WL CE WU ThH B, LHS & “—” &4 Ehd L ¥,



108 ANBR T - BEPERRE - AT 4

FoEMIEHB CE % [IEOCE|, Hilcks CE % (4D CE) s, LHSED CE,
#0 CE oWTFhh—FHThoThI\wL, 28ThHoTh IV, FHEEOELELLTPR 2L
T DLEBDTAEDIL, B 7w 75 aDEFLLI->TPRAMEZPILEERHHLDHT
Hbo
2.4 TETE, FHREORT
EFRABOET LWL, “=" Of{l @’”%%E:ﬂw‘omﬁoz%’%ﬁ*&‘é TEEWV, fTROFIORE
FCETHET L ELE, TOERTHOETHHETT
P X OEFILHS o E X5 PR O R & 7~a>azma>f52%€f25 %5, APSH Tt PR »
WA TWBIERS PR o@RIEF 2 U, B O PR © LHS AR S Bzt
DR TELEHCEVEOMNEFTFERS, PROLHS %D 20N LD E EWMEIN
%o
@ FEOCEozhthiex LT, —8H¥ 2% ME » WM ducfffed 2,
@ VThoao CERR LTS, —83 5 ME 2 WM it 5 fE Ligbo
CE & ME »—#75 &%, CE 0Z#EN ME 0ELSRAUEFCEENRLZ L2V H, F1C
CEWBHEEL T ERbD, FRIXELILEN?” THALFFTELEINDL, BT LD
BT LLELWERNT O ENTEBH, 10@PRw1mﬁL§*#Ibi Xl 3 (a) it
Jﬁﬁ* CE &+ ME o4, M3ML) 1x—% L&\ CE & ME i THbH, 120 MEL1-20D
wx L Toim—FHT %50, CE OXATVSIEFE ME OEFCEBRTH L, PR © LHS

&%h LiERET A WM o2& 4(a) i, LHS iR Ly WM O §i4 K 4 (b) iR,

CE:(AB) «———> ME : (A B) CE : {(A) <«—> ME : (B A)
(A) Gy (A B) (A B) > (AcCB)
(7X) s (A) (A 7X) > (A)
A7) «—s (A B) (?y ?7Y) > (AB)
3(@) —F 15 CE & ME o) 3(b) —z L7\ CE & ME o
LHS : (A)(B) <« WM : (B)(C)(A) LHS © (A)(A) » WM 1 (A)(B)
(?7X)(?7X B) <—> (AY(A B) (0% D (A)(B)
(2X3(7Y) — (A)(B) (A)—(B) e (A)(B)
(A)—(B) s (AY(C) (A ?7Y)—(A ?Y) <> (A B)(A B)
4(a) LHS #ifi235 WM D 4() LHS i L7y WM O

COERMIEAEEL LT, EOCE ORRXFIOLMELYED L LTE S, 2o CEX
(= a b),({> a b),({ abd), ({= a b
DLDODRONTRNDBE ED, L, a B IO EN TN LFENAEET HERT
HbHe BHOBEHEN“=" ThHHCERa LbXFULFEIITHD ES KM, (X" THD
CE MR UNFFIThR W E WS v FEb T, RPOERN “C7 ik “<="Th% CE Tk
a F L0 b I AT T FEA T ER B, Fhrhalb, a=brHsrLich
Wb wd&EvEbT, 2D Xk CE &t LHS ofix5(), M50 &R,



5 W F e £y 5 v AT A (APSH) OfFR 109

LHS : (7X)(O A 7X) <> WM ! (B)
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(DEP a)
(REP 1 a b)
(ERASE %1 )
(APPEND #n a) :
(LABEL #2 a)
(MOVE #n a)
(PART a b)

(WORD «a ?x)

(ADD a b ?2)
(SUB a b ?2)
(MUL « b ?x)
DIV a b ?x)
(RETURN)
(SAY )

1, BE2RBEHOL DI, )

*®3 Mk A 7 %

DB 1 BN a T ME 23 _RUHET 5,

: #n OIFTME (PR n % H® CE p—# L7 ME) #4335,
cad WM oRIRIENZ %0

D OET ME hoBEHE ad b TERT B,

: #n D3 ME hD B a % kT 5,
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TAT ety OB LIPS A s LT, (ALPH A B oo yEWS ME g Ehsz
ENEEINR TV, “COMPLETE” Lo, FHiocdo 74 =) X A5G Ll
90 PRLWC X » THHEMOMEERDTFOIDD PR 24K L, PRI L - THFMET
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Bk L, EELEMA 120N %, RETFTTUAEKTT5 L PR4W X - THEE TS
TH T B, “MAKERULE” 13452 bhvic IFFI 0RO RS % o HEL, #Humc @ mU
LB B CEMOBFHEND T30 PR 24K L “RULES” ©inz %, MO BRI
“FINDDIFE” i & » Tk %, “FAILURE” 13 “RULES” Wit B Xz PR 23 <X CHI%R3
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FRACC1EMGEOHELY TR 5, “SETALPH” & “ROTALPH” 1 2 205 OO BIfR
BfdBHEE, BIU, bHUEL, HILRHEREHLIHIUFEERDB LEETHAVLBR S,
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((FOLLOW 78) = (CLEAR ALPH) (FPERCEIVE 7§ S)
(DEP (PERIOD 1) (ORDER 1) (MAKERULE)) (COMPLETE))

(COMPLETE)

(1 (MAKERULE) (PERIOD 71) => (REM #1) (MAKERULE 71))

(2 (R 71 ?2) (8 71 73) (<> %2 73) (FERIOD 74) => (REMALL R) (FAILURE)
(ADD 74 1 7A) (REF #3 74 ?A) (DEF (MAKERULE)))

(3 (ORDER 71) (8§ 71 72) (PERIDD 73) =» (NEXT 71 72 %3) (ADD 7?1 1 7A)
(REP #1 71 7A))

(4 => (WRITE) (RETURN))

(MAKERULE 7F)

(1 (DRDER 71) (< ?F %1) => (REP #1 71 1) (RETURN))

(2 (ORDER 71) (5 7?1 72) => (ADD 71 %P 7A) (FINDDIFF 7?1 ?Z 7@)
(ADD 71 1 7A) (REF #1 71 7RA))

(3 (ORDER *1) => (REP #1 71 1) (RETURN))

(FINDDIFF 7?0 7A 7N)

(1 -~ (ROTALPH) => (DEF (ROTALFH 0)) (SETALFH ?A))

(Z (ALPH 71) (8 TN ?1) (ROTALPH 72) => (REM #3) (COND (= ?FPOS ?0))
(ACTION (SETALFPH ®ORG) (RESF 7Z) (RETURN)) (FROD RULES) (RETURN))

(3 (ALPH 71) (ROTALPH 72) => (ERASE #1 71) (APPEND #1 %1) (ADD %2 1 ?A)
(REF #2 72 7A))

(FAILURE)

(1 (RFODUND) => (REM #1) (REMRULE))

(Z (RESP ¥1) => (CHECK RULES (SETALPH ?0RG) (RESP 71) (RETURN)) (REM #1))
(3 (ORDER 71) => (REF #1 7?1 1) (RETURN))

C(NEXT N1 YNZ 7N3) = (SUB N1 1 ¥5) (DIV 78 7N3 ¥D) (MUL %D ¥NI M)
(SUE 78 7M 7S) (ADD ?8 1 7A) (RULES %Nz 7A))

(RULES ?PDRG ?FOS)

((REGF 7R) = (ROTALFH *R) (DEP (RESP 7R)))

(SETALFH 78)
(1 (ALPH 78) => (RETURN))
(2 (ALPH 71) =r (ERASE #1 71) (APPEND #1 71))

(FOTALPH *R)
(1 (= *R 0) (ALPH 71) (ORDER 72) (PERIOQD ?3) =»> (ADD 72 7?3 7A)
(DEF (R 7A 71)) (RETURN))}
2 (ALFH 7?1) => (ERASE #1 71) (APPEND #1 ?1) (SUB 7R 1 ?8) (ROTALFH 79)

T(RETURNY )
((FERCEIVE %5 7L) = (PART 75 7L) (NUMEER 7L 1))

(NUMEBER ?N1 7¥N2)

(1 (7N1) => (REF #1 ?N1i ?N2) (LABEL #1 NUMBER) (ADD 7NZ 1 7A)
(NUMBER ?N1 7A) (RETURM))

(2 =» (REFALL NUMBER 7N1) (RETURN))

(WRITE)

(1 (8 71) (R 71) => (REM #1) (REM #2))

(2 (R 71 72) => (ERASE #1 71))

(3 => (REVERSE R) (WORD R W) (SAY ——-> 7W) (RETURNJ})

(REVERSE 7R) ,
(1 (?R) => (REP #1 7R REVERSE) (MOVE #1 1))
(2 => (REPALL REVERSE 7R) (RETURN))

(REFALL ?7R1 ?TRZ)
(1 (?R1) => (REP #1 7R1 7?RZ))
(2 =y (RETURN))

{(REMALL 7R)

(L (7R) => (REM #1))
(2 =3 (RETURN))
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I < B Lo TR EE~HL B, “REPALL” 341 31 % BWOEHL LT o
ME %3 _RCROT ZOBEELE 251 TRBT5FHE, “REMALL” 31X od | REHOE
%LTs ME 23 <THET 5 FHEThH 5o

HOWME DY v /5 ADEFHTHD, MDD T 7 7~y ML A~G DT FE
LT3, RO, @i, M1, Hi2 ofE@EciE< PR 04 & EORRYEDL
L, Q) 3MM3 s s PR ogRuHEbLLTVh, AWM TIELWV PR #FRL, HBFHsS
% “EFF” L FP LT 5,

< ATTEND >
dep(alrh a b o o e f d)i
< ATTEND >
follow abbceddi
R 1 WAS CREATED.
(1 (= ?POS 1) => (SETALFH 70RG) (RESP 1) (RETURN)) a)
FR 1 WAS REMOVED.
FR 1 WAS CREATED. 1
(1 (= ?P0OS 1) =» (SETALFH 7ORG) (RESP 1) (RETURN))
PR 2 WAS CREATED. L (2)

(2 (= %FPOS 2) =» (SETALPH 70RG) (RESPF 1) (RETURN))
FR 2 WAS REMOVED.
PR 1 WAS REMOVED.,
FR i WAS CREATED.

(1 (= 7F0S 1) => (SETALFH ?0RG) (RESP 2) (RETURN))
PR 2 WAS CREATED. L

(2 (= 7POS 2) => (SETALPH 70RG) (RESF 2) (RETURN)) @)
PR 3 WAS CREATED.

(% (= 7POS 3) => (SETALPH 70RG) (RESF Z) (RETURN))
———» EFF
< ATTEND >
list rulesi

..

(RULES ?7O0RG ?P0OS)

(3 (= 7POS 3) =>» (SETALPH 70RG) (RESF 2) (RETURN)) (4)
(2 (= ¥FOS 2) =y (SETALFH 70RG) (RESF Z) (RETURN))

(1 (= ?POS 1) =» (SETALPH 70RG) (RESF 2) (RETURN))
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