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K e y w o r d s : p roduc t ion sys tem, instruct ion, means-ends analysis, genera l in te l l i gence , 

r e p r e s en t a t i o n . • . 

The Inst ructab le Product ion System project is exp lor ing the incrementa l g r o w t h 
p r o p e r t i e s of p roduc t ion systems (PSs) by construct ing a genera l ly inte l l igent p r o b l e m -
so l v i ng s y s t em by gradual (external) instruct ion. The def in i t ion of PS and our c u r r en t 
a r ch i t e c t u r e are g iven e l sewhere in this volume (Newell, 1977; Fo rgy and McDermot t , 
1977) . The p resen t task domain is an abstract job shop, in which f in ished goods are made 
f r om raw mater ia ls . We start with a Kernel (a small PS of about 200 produc t ions) wh i c h 
has the bas ic capabi l i t ies to grow by instruct ion: (1) process a res t r i c ted natura l language; 
(2) f o rm produc t ions f rom its input; (3) impose PS control convent ions on them; and (4) 
p e r f o r m bas ic manipulat ions in its environment (Rychener & Newel l , 1977). We take the 
bas i c computat iona l and representat iona l adequacy of PSs for AI programs as e s t ab l i s hed . 

Th is shor t note presents some immediate diff icult ies v/e expect to encounte r . The se 
d e r i v e f rom the instruct ional s ituat ion: (1) The instructor can obse rve the s y s t em in the 
env i r onmen t and can communicate with it f ree ly , but cannot examine its interna l s t r u c t u r e 
d i r e c t l y . (2) Interact ion with the system is in an external language, analogous to natura l 
l anguage . ' (3) The init iat ive for interact ion is mixed. (4) Instruct ion may be on any top i c : 
spec i f i c tasks , genera l p roper t ies of tasks, the language of communication, poss ib le e r r o r s , 
how to p lan and exp lore , etc. (5) Knowledge and system s t ruc ture ga ined t h r ough 
i n s t r u c t i on accumulates over the l ife of the system. 

Our cu r ren t approach uses means-ends analysis as the basic ph i l osophy of bo th 
p r ob l em - s o l v i n g and instruct ion. Goals are symbol s t ructures in Work ing Memory that 
d e s c r i b e de s i r ed states and process ing ent i re ly through the means and tests . Means are 
e n c o d e d as product ions that recognize goals and assert subgoals whose sa t i s fac t ion wi l l 
a ch i e ve the goals. Tests are encoded as product ions that recogn ize the cond i t ions of 
sa t i s f a c t i on of the goal. The means product ions form a means-ends ne twork of goa ls . 
Ins t ruc t i on cons is ts of e laborat ing the nodes of this network as requ i red by a task. 

Now for the di f f icult ies on the immediate hor izon: 

1. Contac t : How can initial contact be made with exist ing knowledge that might be 
r e l e van t to the task at hand, which is not part of the means-ends ne twork de l i b e r a t e l y 
c r e a t e d by ins t ruct ion for the task? Use of the data acquired through e xpe r i en ce is 
r e q u i r e d in any intel l igent agent. Once detected, much process ing can be spent on 
d i s c o v e r i n g re levance , but initial contact may be extremely diff icult. A n y gene ra l 
in te l l igent s y s t em wil l have too much knowledge to cons ider exhaus t i ve l y . PS 
a r ch i t e c t u r e s explo i t this by stor ing all knowledge as product ions which are e voked on l y if 
the i r cond i t ions "see themselves" in the Working Memory. But means p roduc t ions are 
a cqu i r ed in spec i f i c contexts and their conditions become keyed to spec i f ic goals and task 
f e a t u r e s . One approach might be to generate variat ions of current Work ing Memory goa ls 
and da ta unti l someth ing is evoked. 

2. Incoherency: The PS may be essent ia l ly incoherent in descr ib ing its s i tuat ion and 
d i f f i cu l t i e s to an externa l instructor. The means-ends network helps (by p rov id i ng the 
same leve l of exp lana to ry capabi l i ty as in current expert systems), but is not su f f i c ient . 
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E.g., de s c r i b e what went wrong from the debr is left in Work ing Memory . The PS ' s 
d i agnos t i c and exp lana to ry capabi l i t ies are expandable by instruct ion, but it is c u r r e n t l y 
unc l ea r how this wi l l work. 

3. Means -ends analysis eff ic iency: Initial instruct ion produces a more e l abo r a t e 
n e t w o r k than is necessary . The instructor uses numerous intermediate goals, bo th to make 
his i n s t ruc t i on sequences easier to generate and to allow complex p rocedures to be taught 
at all; miscommunicat ion leads to a patchwork of variant procedures; the PS uses a g o a l -
e n c u m b e r e d monitor ing mode of operat ion insert ing superv i so ry goals and p roces ses ; etc . 
T h e r e are th ree modes of vary ing eff ic iencies: a compiled, eff ic ient mode; o r d i n a r y 
i n s t r u c t i on mode; and the monitoring mode. Our pr imary concern is t rans forming f rom the 
o r d i n a r y fo rm to the compi led form,, v/hile maintaining a capabi l i ty to rever t back to the 
o t he r two in debugg ing situations. This may not be attainable s imply through ins t ruc t i on ; 
a r ch i t e c tu ra l modi f icat ion may be required. 

4. Ut i l i z ing d is tant ly re lated knowledge: Knowledge about other tasks is imper fec t 
fo r a g i ven task; it is also embedded in methods and encoded in rep resen ta t i ons c r e a t e d 
fo r (and local to) the distant task. All these aspects cause dif f iculty, e ven if contact is 
made (per 1). A clear symptom will be repet i t ive instruct ion to cover minor task 
va r i a t i ons . One approach is to avoid the diff iculty by adopting uniform convent ions for 
encod i ng . We think this won't work. We favor attempting to map methods to methods (and 
r ep r e s en t a t i o n s to representat ions) , using ideas from Mer l in (Moore & Newel l , 1973). 

Suppo r t . This r e sea r ch was suppor ted in part by the Defense Advanced Re sea r ch 
P r o j e c t s Agenc y under Contract no. F 44620 - 73 -C - 0074 and monitored by the A i r F o r c e 
Of f i ce of Sc ient i f i c Research. 
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