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This paper descri’bes a d e t 110 d 1’ (j ,.l 

c 0 n s t r u c t i n <; expert syj3 teds i 11 17 11 i C ii 
control ialor~.iation i3 auto~,latically built 
1' r 0 .I1 t 11 e act ions Of hn e;:)crt trainer. 
This control iuforL3ation c 0 11 s i s ‘c 9 Of 

se’;uc ncinc; a lid ;oal infor:,lation which is 
e,:tracl;ed fro,.1 tile traiiier b;* a 1 plannin; 
e;3::>ertt, a n d ;zneral ized by a 
‘;eneraliaation ex>er t 1 . A set Of 

e,:t;erlsii>r;s t0 the Oi’Sj 2ystet2 is descrijed 
;Ihic17 fsciiitates t ii e i 11 p 1 e A e i 1 t 3 t i 0 13 Of 

'GiliS Lc ij 9 r 0 Z Cl1 w i t ~12 opsj. These 

e ;; t e n s i 0 ri s p e r 1.1 i t tile Use 0 i' 1.: e t a 

productions CO er'fcct t h e c 0 n 2'1 i c T; 

resolution proccaure; t 11 e zo;i'crol 

i n f 0 r.,~ d t i 0 n is expressed as a set 01' sue:1 

xeta productionn. Prcl ixiilary c;;i;erilnentL; 
:ri ‘CL the sy3te:i are described. 

1 . 0 ::::OI:L3J)C;z .;?SiJR~;:SI]ljTArrIO:I FOR r: 1: p r: ? T .,A. 
Sy;;TzT.!S 

0 :i 0 Of the 0 U t S t a 11 d i U ; prOO1ei.is i 11 

c 0 113 t 'r u c t i '1 I .; t e~~-,er'L I pru;;ra..ls iu that of 

flOGi to e:;i;ract tne rleces3ary i 2 r’ 0 r .,I a t i 0 i’i 
P I' 0 ;.1 a ~U~ILAI expert. Followiu.; :;crrr~lsi:i 
[;I, we vielr this i;lfor:.lati.on as i!avi,li; 
t JO co,.1;3onellc~, 2. 1 0 2 i c c 0 .): ;I 0 II e L-I t t? 2 d 2 

C 0 11C r 0 1 C 0i.l ;I 0 L: G I1 t ; P0r c 0 1.1 9 'U t c r dcsi;:;, 

i-0 r CI:;l‘:pl e , t:le first would i;:clucic "iho 
d;-ioi:3 a:id tilcfore..;s of Soolcari al;e’ura and I L 
t IId specifications of the available chijz, 
~7~1 i 12 t ii e seconc wouid iiiclude the desi ‘11 ” 
techiiiques co:ltained i:1 a texooo~~ 0 n 
io,;ical ilezi ,n. :!Oi;e that this is ri 
difPerer,t zate;orication f r 0 I . i; 11 2 ..I 0 r e 
crsdi tiol:sl declarative/~~r~oce~ur31 
distinction , 3 i in c e the logic eo..~pon~nt i; 
~dst vitixed a.3 a declarative specification 
0 1’ ,roaedural i ‘1 f 0 r 1.1 a t i 0 :i . I i? ;;enerzl, it 
2 ,z & ,.‘ s _ teat the :)robleil oi deal iii,; ;J i i; 1, 
lo,,ical i il f 0 r .,I c: t i 0 n is likely to 5e xore 
tractable c ha :: that 0 I’ deal i.;; GI i t i; 
control i n f 0 r 2 a t i o 9 . AccordiLl,ly, ii1 Our 

I.' 0 'f .; xc h av c c 0 11 e 3 at r ~1 t e d On t .lC iJ 1' 0 b 1 C ._. 

Of e::tracti.a; Iro..l t:le ilu,.laii t;7s? essetltizl 
C 9 id [J 0 Al 62 11 i; S Of his control 2;:$2rtise. 

In previous :~ori: oii tnis L2rotilc.. [ 'I , 8 1 , 
___----__--------_--____________________~ 
[ ii ] Tili.2 ;ror!: ;.r; 3 .3 U 1; ~1 0 .P t C d by 0;;:7 

contract iiu..;rjcr IIc)OOl Q-73-C-O!jp( 1. 
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xi’iii the Colli’l ict set, is se,it i;o :‘::;::X;::: hi; 
t 11 C 1 e i’ t - 11 a n d side 0 f a ,lC il ‘.5 t.2 

h,roducLion. Tile riJlit-i;x-:nti side is c .i 2 

I! 2 li 1-y '2 0 2s t r u c i; e d ,0al ?$roduczi22. 

2 . 1 Construction : IId G e ri ~2 r h 1 i z a t i 0 n 0 f 
Flails 2.? J c;::.: 3:: 
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set for a particular instantiation Of a 
,~r0duction. Fur tiler,zorc, 3 rule c2n cause 
LLII instantiation or” an action production 
to fire. Th c dCCtl2his:.l to realize this is 
23 follorrs: 

1. I!;; is 23suxed to contain ;oais of t h e 
f 0 1 1 0 iJ i 12 0 f 0 r i.1 rrtlich specifjr possible 
e 1 e ‘. I e 11 t c' " OP t he action SjiStei.l’S 
conflict set: 

(EzzC[JTC ^pna!le --- ^pid -- 

*OVlliil <ii> ^f’dther --- 
^status --- ^brothcr ---> tol;e thcr 

I7iLi; 0:le or lliOre pdraxetcrs: 
(~;:~C~JT~-PA:{~~i~ ^&ass --- ^2tt --- 

^viilce --- *oxni.d <n> > 

2. After arlj chaal;e to tLie LiSl: d 0 :,I a i n 
C 1 '2 ~1 i? i? t 9 i ~1 IJII, OPS5 auto,,aticail>- 
1 inks T!Il C?ic?..itintS Of the a b 0 v c for:.1 
i!it.l i;istal?tiatioi!s in t3c conflict set 
w il i c h have class-attribute-value 
triples corresp0ndi.A: LO t h e 
i.ri~taz4ti2tion iI1for~:iatioil irl the Joal’s 
IJar~.Ictcrs. 

3. k n 0 P s 5 il ia e ‘r f Li n c c 1 0 n fire -i~l~OiUCtion 
is provided t112 t Causes a >jrtLcular 
instantiation i,l the conflict set t0 
fire. 

a. TiIC s;rste,i! distin;uishes a30 ii; four 
ir i n d Y L Of productions: executive 
productions, 1.1 c t a productions, soal 
productions, and action prouuctions ; 
UC have adopted the convention that the 
il 2 de S Of all action protiuctions Se;in 

I,; i t I‘ ‘ ‘a’, t h e nailies of all ,;oal 
productions beL;in rrith 1 *’ , the nai.ies 
of all xeta productions beEin with , I iit 
2‘ld t h e n Zlil c: s Oi dll e x e c u t i v i: 
Lo i’ i, r; 7J ~2 i; 2 I) , j 2 .L:: oi ;, ::i’i:l 1 ;; I . The 
co~ii’i ict-reboluiion process i7 as been 
.1odifieci to ChOOSC executive 

$I A" 0 (1 u c t i 0 11s OVkY Lie t a prouucLions . A II 
executive groduc;ion Ir>ich is so,.;eti7iii; 
1 il:e : 
( iJ :;I (;:::;1:CijTE *pna,.le <p> -2i.d <II>) 

-a > 
(czil fire-protiuctlon <A>) ) 

is used to f i iq e action productian3. 
OPS5’S n 0 r ‘.I d 1 co;‘lflict -resolution 
i:rocess is used to C il C, 0 s U a 1.10 11 2 t ii e 
executive productioas. 

iTGr.,;(;l iy , ~:3cfi 2 protiuc:iori is added to 
OPSI;, it is i10 t possiSle for it to enter 
t &I e co::1’1 ict a 2 ‘i ii:i;cdiatcl;l, 2s t h C 
p r 0 C; u c t i 0 n - ;.: c1 t c 17 i LIZ n e 'cr.70 r I; i s L5l 0 ci i r‘ i e d 5 j- 
ehan,cs to 17 0 r k i ii . 3 i.1 e :.I 0 I' Lr , 110 t to 
I~roductioil 1.2 2 A 0 r ;’ . I!oxevtir, our vdrsioii 
h ti :; be c il a 1 c c r c :i t 0 zliorr a ner; procuction 
to be iil$tar ltiated iIlli,lediately. 

3. 1 

1ILf;il tAlis capability, tile tasi;s lic’r c 
ztruci;ured i n t 11 c? r”oiiowiri,j ;.ianner ill 
order l;o take advalltaie of the 2cccss t0 
the confl ic t set . 

Go&i trees ia \JOr'.<i~i~ i.lcL1ory contr^ii; 

trro tjges of aodes: tl;osc rrrlicli represeni; 
abstract goals, W ii i C 11 &r-c- treated i 11 2 
pur;:ly s;r;ltactic fashion; a rid Cl 0 d c s \rdich 

express the goa: of i’iriii, 2 pkrticuldr 

groductioil t0 2 f f e (J t t i1 e do ,lai.i. ‘I’:1 c 
various ;oal t;l@cS arc reprrti OOf.X,~l;~~ ii] ‘i i-, 2 
TI :,.I by OPS5 zlel~l(:nts ol” tile l'oil0wi.n; for,.i: 

(COAL <type> <id> <son> 
<brother> <f.‘atlier>) 

(GOAL-rAEA <type > 
<value> <id>) 

~31 c r e t 11 c Goal t :’ iJ (: cali be: .::;‘.;Cu’rC, 
II~PZAT, SSO(uence), A:JD, or 02. Th c 
t;rpC-vdlue pairs spc.cii"; Lilfor-12tiO;l :7.,icd 

the particuiir t;r;~c of’ ,oal needs, SLlCil 2s 
t 11 c t c r 1.1 i 11 ;I t i 0 n ir:for;lation f 0 r ;: E P ;: A ‘1 
;;OillS, or which iAstaatiatiou to fire for 
2 1,: 2 c IJ T ;; goals. T h e 3 0 r1 , brother, a n (1 
father vaiues arc intc;er.r; \J,:ic:l 2Oitlt tb 

t il e ~~021s which .zre ‘oe 1 oer , 2dj2CCllt CO, 

2nd above a given L;oal node iii the tree. 

The action productions .I a ii i p u 1 ;1 t e t Ii 6 
clo;lain, a11ci cannot access the ~;oal trEe. 
1n t:~c l.iodi.i’ied I)PS5, an actiorl pro.-!uctio:1 
i -: ” no t ailo:Jed to fire 52 itself, but 
instead :,lust be activated ;O;r the presence 

i il tile ;oal tree of ilil 3XZ:CU'TZ ,;oal VliiCh 

requests tile firiil;. The action? 

productions are d co~piete set 0 P 
lox-level dOi.laill .,lanipulctioils. 

Th c dol,xi?,i h-tie pende nt productions anii 
t ii0 CoiltrOl 2rotiuctions that .l~ni.~~ul~te 

'; he ,021 tree are i 13 p 1 e 1‘1 e n t e d a s ,0&l 

productions a ,lii 13-c? ta productions, 
‘r e s 3 c c t i v c 1 ‘.- .ieta ana . 

* � l 
2OZl t)rouucL1or~s 

1 .1  a  y a c c e ss t i;c ;oal t 1” e c‘ 0 1” the do-.lai:i 
,. . i n r 0 r In a ‘c 1 0 n , ;1 rj (j 2130 the confi ict set. 

TilU3, ,021s ~211 be set dependi;i;; on ublich 
actions are fireablc and which C;oais see‘1 
attainable or unattai~~abie. 

no;.iai[1-itide~,eI?der;t rules that co;itain 
in~or~,:ation relevant to tl-ic structuring of 
t 11 c ~oai tree arc i!,1pie+.icnted as executive 
productions. This infor,;iation :.I a y be 
il i ;li-level, alon; the 1 i n e 3 Of ijilensky 
[II], or Lierely housekeepin,; inforklation. 

An exa..lple of tile forder is Cctectii;; ,021 
OV~rld$, >Ji,iCh could be represented i:i 
OPS5 as: 
(P x25 

( 11 2 ‘-’ C U T E Ai3t12i.!e <p > 
(ELiCUTE ^pna:.ie 

*ownid <id I>) 
<P> “orrnid I:<> <idI>]) 

-- 
(zske GOAL * t;rpe bri:ig-into-cs 

^pnal,ie <p >) ) 

This production detects the presence of 
t Id 0 di.:‘ferent iilSt2ilcCs of t h c E;I~~TJ"j~ I 2 



goal, WJJiCh are both atte..lptiu, to execute 
production <I-)>, but are differe;lt r,y 
virtue of their differin; 'o:JuiJ' r'ielris. 
I33tantiGtion inforxation is also ilicludeti 
in EXl:CUTE seals, but is not shoo1rn r'or 
Sibiplicity and space. 

An exaisple of a ilOLlSel;eei;irl~ -. e :- e c u 'L i -f a b 
production is: 

(p x4 
(OR A status active "ownid <.:>) 
(<<E:;,:CUTI GOAL AiID O?,>> -status done 

-father <::>) 
-- > 

(xodii'y 1 -status done) ) 

Iteration i:l the doal i;ree is handled 
'it jr R ,: P ;:: A T ilObeS. A I?EPEAT node requires 
tile Loal i 1.11.1 e d i a t e 1 y 'oC?lOlT it to be 
repeatetily satisfied until 301.1e conditio~l 
is 13e t . rfk,is is i:.Jple;,Jented by deletin' 
t kJ e subtree uilder the ~0.21 under t11: 
3T:PZAT, dtld rebuildii:; it as 10~1~ as t h e 
COi'JditiOn is (lot ..lCt. 

Th c deletion of ti:e subtrce is done '0 y' 

(2 x10 
(delete-t:Jis ^id <idI>) 
(GOAL ^ow.lid <idl> njOn <s> 

^brotiJcr <S>> 

(re,.:ove 2) 
(.,!;ke deicte-:iiis ^id <s>) 
( dci.: e delete-tilis -id <is>) ) 

( p xl 1 
(delete-t$Jis -id nil) 

-- > 
(rxe,.love 1) > 

A ;?3?ZAT 110ue is a noue udicii bpdcifizs 
that a ilarticultir d;eqUeilC?e of ZiCtiOilS, or 
;L particular ;oal, s:1ou1 cl be r e I) 0 *. '6 c fJ 1 r 1 UC+ 
satisfied urltil 2 ,;ivan condition is ..Jct.d 
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;;otc that tilis production? has a nul i 
ri Jh t- ha 11C.l sicie. It SC?rVCS ,.;erel;! to 

2 c n 3 c.. _ coLlcitions. If the trainer states a 
:: 0 i’l d i t i 0 Yl for l,Iiich no sensin; production 
e ;; -i 3 ‘c 2 3 L 1; ;; a31:5 the trainer to d e I’ i n 5 
tile p;operty by crcatiat a n e 31 sensirl, 
production. 

4.0 AlI 21:A:iPLK: 

An e::a...ple \;a~ constructed to ;et so:‘” A- 
;*e(:l f’0 i’ t ii C 1~ i n d OP ,031 and 3 e t 2 

productions M pi i C ‘h would be u Se -r' u 1 i ii 

i)ractice. 
r, /I 
? 11e e ;: a :.1;, 1 e USed was a 

nondetcrkinistic productioil s y s t ers 11 h i c h 
solved a ji ,;saw puzz Lo sj.,!lilIIr 'CO thCt i!l 

L 5 1 . ijhen lefi; to ru~l 51 i t 13 il 0 L;oal or 
_,_ e t a ;uidafice, the S~3tei.i r2peatS the SCiIle 
3e’:iuencc oi’ productions, and a c c 0 1.1 p 1 i s 11 e s 
dot n i ii;. I-I 0 w e v e r , vile n goal productions 
op the for13 described above: were used to 
i i i p 1 CZ i.1 C i1 t a 3 iI.;pl e stratezj-, the systei.1 
proccedn directly to the solution. These 
;oal firoduccions 14 e r e 20 t seneratcd by 

PJ~EI; ai.ld G::II~YI, but added directly 3ji the 
trainer. 

The si;rate,gy specified b:; t h e trainer 
‘*ICI. s Si;.iply t0 fi:i(; a piecit with an cdGe 
a21 a t c 11 i n <; one already iI? the puzzle, t h e I1 
pi ace tnis piece i 11 tile puzzle. This 
3 d v li c c war; transPor,,!cd into a ;oal tree ii1 
scvcrnl S;‘;CPS. 

First 9 t ne traiiler stated that this 
<;oal could ‘0 c a c c o .A p 1 i 3 h e d b ;r first 
fii?diniL; tke piece k7 i t b t h c :n. a t c h i n ; ed;e, 
a i-l d then placirl; it iilt0 the puZZle. The 
systc.,: constructed a ;:oal production t0 
create a 32si node; a SEC) node specifics 2 

sequence of subgoals necessary to solve 
t 11 2 3 a r e i-1 t 2 0 a 1 . 

1:e;:t , t :1e trainer defined what i,r j: s 
1.1 e a ii t !, .: 
ed,e. d 

fiilciifiz a piece with a matchin, 
Th c statexent of this def iilition 

‘i,rz s that. I* t Le r e i.i U S t be a piece i 11 t 11 0 

puzzle 111th a certain edge value, and 2 
piece i n t ;I 2 h e a p of >icces not in the 
p u z L .le aritl~ the S3i.le edge vaiue.” This 
defiriition H a s turned into a 11 ;;cti.on 
p r o d u c t i o n t II a ‘c w o u 1 d !!;i a t c h s u c h a piece. 
This action production had no right-hand 
side , a I1 i: thus served as a I1 s e 11 s i 11 i, Es 
production. This type of proiluction is 
u 3 c ci b jr tile syste.,; to ei:lb 0 d :i ciefini tions 
aad conditioils. 

Then the secoilCl subgoal Of [JUttiilg the 

piece in tiie guzzle x123 clarified by the ‘ 
trainer, Xi,0 decizrcd that this consisted 
of a spccif ic sequence of actions chaser: 
fr'O:,l t iJe Set Or" action productions. :I i t ki 
I; ?J i c! u i f~ f 0 r A 2 t i 0 n , the s> stet,: proceeded to 
follorr the ogti,:al path to solution of the 
puzzle. Other strate;ies, such as pUttii1.i 
all the pieces of one color in i;tie puz:z ic 
at a ti:ie, could also be ii.,plei.leIit~d. 
Ilith ttiesa ruie3, the systeki is able to 

solve n c il 
trainil?l;. 
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