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Abs t rac t 

This paper presents a framework f o r 
c h a r a c t e r i z i n g automatic programming systems 
In terms of how a task Is communicated to the 
system, the method and t ime at which the 
system acqui res the knowledge to perform the 
t a s k , and the c h a r a c t e r i s t i c s o f the r e s u l t i n g 
program to perform tha t t a s k . J t descr ibes 
one approach In which bo th tasks and knowledge 
about the task domain are s ta ted in na tu ra l 
language In the terms of t ha t domain. A l l 
knowledge of computer sc ience necessary to 
Implement the task Is I n t e r n a l i z e d Ins ide the 
system. 

Preface and Acknowledgement 

This paper represents the a u t h o r ' s 
persona I vIew of a g loba I description of 
Automatic Programming. This view r e s u l t e d 
from the a u t h o r ' s d lscuss ions w l t h and 
suggest ions from numerous co l leagues on t h i s 
area fo r which he Is deeply indebted. 

This paper Is a condensat ion of t h i s 
v iew, taken from a la rger work [ 1 ] which 
at tempts to s t r u c t u r e the f i e l d on the 
c o n c e p t u a l i z a t i o n expressed here . The 
in te res ted reader should consu l t this work, 
which descr ibes the issues In greater d e t a i l 
and conta ins suppor t i ng evidence fo r the views 
summarized here . 

I n t r o d u c t i o n 

The goals of automat ic programming are 
deceptIve1y s imp le ; namely, t he e f f e c t i v e 
u t i l i z a t i o n o f computers. This Imp l ies bo th 
s i m p l i c i t y o f use and e f f i c i e n t a p p l i c a t i o n of 
the computing resources . 

Thus, automatic programming is the 
a p p l i c a t i o n of a computing system to the 
problem o f e f f e c t i v e l y u t i l i z i n g t ha t o r 
another computing system in the performance of 
a task s p e c i f i e d by the use r . Al though t h i s 
is c e r t a i n l y what is meant by automat ic 
programming, t h i s d e f i n i t i o n does l i t t l e t o 
r e s t r i c t the set o f a p p l i c a b l e computer 
systems inc luded in the automat ic programming 
domain. A l l comp i l e r s , ope ra t i ng systems, 
debugging systems, t e x t e d i t o r s , e t c . , f a l l 
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i n to t h i s domain and, In f a c t , the term 
"au tomat i c programming i t s e l f was app l i ed to 
e a r l y compi ler systems dur ing the 1950s. 

What is needed, t he re fo re Is to e i t h e r 
a p p r o p r i a t e l y r e s t r i c t the d e f i n i t i o n o f 
automat ic programming, or to prov ide a set of 
c r i t e r i a used f o r measuring the a c c e p t a b i l i t y 
or performance of an automat ic programming 
system. Such a measure of system mer i t is 
extremely hard to a r r i v e at but would con ta in 
the f o l l o w i n g man, machine, and system 
a p p l i c a b i l i t y components: 

The e f f i c i e n c y of the r e s u l t i n g 
program; 

The amount of computer 
resources expended In a r r i v i n g at 
t ha t program; 

The elapsed t ime used in 
a r r i v i n g a t the r e s u l t i n g program; 

The amount of e f f o r t expended 
by the user in s p e c i f y i n g the task ; 

The reliability and ruggedness 
o f the r e s u l t i n g program; 

The ease w i t h which f u t u r e 
m o d i f i c a t i o n s can be inco rpora ted ; 

and f i n a l l y . 

The range and complex i ty of 
tasks which can be handled by the 
system. 

The Basic Model 

One goal of any automat ic programming 
system Is to a l l ow i ts users to s t a t e t h e i r 
problems and any advice about I t s s o l u t i o n In 
terms na tu ra l to the problem. A l though most 
problems and t h e i r s o l u t i o n s can be most 
n a t u r a l l y descr ibed in the terrnms n a t i v e to 
t h e i r f i e l d s , some can best be s t a t e d and/or 
so lved In terms of a d i f f e r e n t f i e l d , such as 
mathematics. Occas iona l l y , t h i s o ther f i e l d 
is computer sc ience, and the problem or I t s 
s o l u t l o n is expressed in terms of data 
s t r u c t u r e s and t h e i r man ipu la t i ons . Such 
d e s c r i p t i o n s , in terms other than those of the 
problem domain, are e n t i r e l y s a t i s f a c t o r y as 
long as they are part of the conceptual 
r e p e r t o i r e of the user and are not 
a r t i f i c i a l l y In t roduced to enable the system 
to comprehend the problem or process I t s 
s o l u t i o n . 
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We t h e r e f o r e t r e a t both the na t i ve terms 
of a H e l d and the terms of other f i e l d s which 
users have found use fu l to descr ibe and 
concep tua l i ze problems and s o l u t i o n s in t ha t 
f i e l d as the problem domain terms of that 
f i e l d . Wi th t h i s d e f i n i t i o n , we con jec tu re 
t ha t the s o l u t i o n of every computable problem 
can be represented e n t i r e l y In problem domain 
terms as a sequence, which may invo lve loops 
and c o n d i t i o n a l s , of ac t ions in t ha t domain 
which a f f e c t a data base of r e l a t i o n s h i p s 
between the e n t i t i e s of the domain. Included 
e i t h e r as par t of the data base or as a 
separate par t of the model. Is the h i s t o r y of 
the model ( I . e . , the sequence of ac t ions 
app l i ed to the model ) . This l o g i c a l l y 
completes the model and enables quest ions or 
ac t i ons i n v o l v i n g h i s t o r i c a l In fo rmat ion to be 
handled. In a s t rong sense, such a s o l u t i o n 
Is a d i r e c t s i m u l a t i o n of the domain. The 
system models at each step what would occur In 
the domain. 

The important p a r t of the above 
con jec tu re Is t ha t any computable problem can 
be s o l v e d , and hence desc r ibed , In problem 
domain te rms. This enables us to d i v i de the 
s o l u t i o n in to two p a r t s , an ex terna l and an 
I n t e r n a l p a r t . The ex te rna l pa r t Is the 
problem s p e c i f i c a t i o n given by the user In 
complete ly domaln specific terms. The 
requirements fo r such users is no longer a 
comprehensive knowledge of computers, but 
ra the r the a b i l i t y t o completely cha rac te r i ze 
the re levan t r e l a t i o n s h i p s between e n t i t i e s o f 
the problem domain and the ac t ions in tha t 
domain. In a d d i t i o n , such users should have a 
rough awar eness of the problem s o l v i n g 
c a p a b i l i t y of the system so t ha t they can 
prov ide a d d i t i o n a l help where needed In the 
form of more approp r ia te macro-ac t ions, 
recommendations about the use of c e r t a i n 
act I ons , and/or Imperat ive sequences which 
w i l l so lve par t or a l l o f the problem In 
problem r e l a t e d terms. 

The I n te rna l pa r t Is f i r s t concerned w i th 
finding a s o l u t i o n In problem r e l a t e d terms. 
if t h i s has not a l ready been provided by the 
user . Second, t h i s pa r t Is concerned w i th 
f i n d i n g e f f i c i e n t s o l u t i o n s g iven the 
a v a i l a b l e computing resources. Such 
op t im i za t i ons occur at two leve ls beyond what 
is normal ly considered o p t i m i z a t l o n . F i r s t , 
a t the problem l e v e l , r e c o g n i t i o n tha t c e r t a i n 
e n t i t i e s and/or r e l a t i o n ships are i r re levan t 
enables t h e i r removal from the model. Second, 
s ince on ly par t of the s t a t e of the modelled 
domain Is r e q u i r e d , and on ly at certain po in ts 
in the s o l u t I o n process, ra ther than 
s i m u l a t i n g the model complete ly at each s tep , 
the system can employ a l t e r n a t i v e 
rep resen ta t ions which requ i re less maintenance 
and which e i t h e r d i r e c t l y m i r ro r the requ i red 
par t of the domain s t a t e or a l low such par ts 
to be computa t iona l l y i n f e r r e d . Such 
rep resen ta t i ons may a l so enable more direct 
s o l u t i o n o f the problem. I t Is these 
o p t i m i z a t i o n s which form the main d i s t i n c t i o n 
between t he code genera t ion par t of an 
Automatic Programming system and cu r ren t s ta te 
o f the a r t comp i l e r s . 

Thus, our d e f i n i t i o n of an Automatic 
Programming system Is one which accepts a 

problem in terms of a model of the domain, 
which obta ins a s o l u t i o n fo r the problem in 
terms of t h i s model, and produces an e f f i c i e n t 
computer implementation of t h i s s o l u t i o n in 
the form of a program. 

System Reguirements 

There are seven f a c i l i t i e s to be prov ided 
by, or c r i t e r i a to be s a t i s f i e d by f u t u r e 
Automatic Programming Systems. The f i r s t is 
an i n t e r a c t i v e system Interaction between 
the system and the user Is requ i red so tha t 
the s p e c i f i c a t i o n can be given incrementa l ly 
and any e r ro rs or d iscrepancies tha t a r i s e in 
or from such s p e c i f i c a t i o n can be handled as 
they occur. 

Along w i th t h i s In te rac t i veness the 
system should be very f o r g i v i n g . I t should 
a l low great f l e x i b i l i t y in the way and t ime at 
which in fo rmat ion is s p e c i f i e d . I t should 
a lso be f o r g i v i n g by a l l ow ing the user to 
change or r e t r a c t previous communications w i t h 
the system. 

The second c r i t e r i a is the amount of 
non-proceduralness used In the s p e c i f i c a t i o n 
of the task to be per formed. As f a r as 
poss ib le the system should be t o l d what to do 
ra ther than how to do it. There i s a 
continuum between the statement of a problem 
as the t rans fo rmat ion from an I n i t i a l s t a t e to 
a goal s t a t e , and the s p e c i f i c a t i o n of how to 
perform such a t r ans fo rma t i on . Most of 
computer languge development can be viewed as 
a movement from spec i f y i ng HOW to do something 
towards a statement of WHAT is des i r ed . The 
leve l of non-proceduralness achi evable w l t h i n 
an Automatic Programming Sytem is d i r e c t l y 
r e l a t e d to the system's c a p a b i l i t y o f t u r n i n g 
goals I n t o act ions and t h i s Is dependent upon 
f t s knowledge of how to acleve c e r t a i n r e s u l t s 
in the problem domain. The a b i l i t y of the 
system to achieve r e s u l t s in the problem 
domain Is used as the main d i s t i n c t i o n between 
non-procedural and procedural languages. 
Thus, problems must be s ta ted in a language 
appropr ia te fo r t ha t domain, I . e . , one tha t 
can express the s t r u c t u r e and 
i n t e r r e l a t i o n s h i p s o f the e n t i t l e s w i t h i n tha t 
domain, and one t ha t users are f a m i l i a r w i t h 
fo r d iscuss ing and desc r ib ing tasks and 
problems w i t h i n t h a t domain. Only w i t h such a 
language can the system know how to achieve 
the des i red r e s u l t s ra ther than being d i r e c t l y 
t o l d how to produce the des i red r e s u l t . Some 
ac t ions can, however, best be descr ibed In 
terms of bow to accomplish them ra ther than by 
the r e s u l t i n g s t a t e . Such procedural 
desc r i p t i ons are q u i t e acceptable as long as 
they are s p e c i f i e d e n t i r e l y in problem domain 
terms ra ther than implementatlon computer 
terms. 

In a d d i t i o n to problem o r i e n t e d 
s p e c i f i c a t i o n s , the amount of In fo rmat ion t ha t 
must be s p e c i f i e d f o r the system to c o r r e c t l y 
process the problem must be reduced. This can 
best be done by removing d e t a i l s from the 
s p e c i f i c a t i o n and a l l ow ing the system to f i l l 
them i n . As w i th non-proceduralness there Is 
a continuum here, but the leve l t ha t is 
desi red is one which omits from the 
s p e c i f i c a t i o n a l l re ferences t o e n t i t i e s not 
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conta ined w i t h i n the problem domain (and which 
are not necessary f o r t r a n s f e r r i n g knowledge 
between users o f the f i e l d ) . S p e c i f i c a l l y , 
a r t i f i c i a l re ferences t o the data s t r u c t u r e s 
o f computer science ( e . g . , l i s t s , r i n g s , 
a r r a y s , symbol t a b l e s , and the l i ke ) , t ha t 
have been Invented as a means of s p e c i f y i n g 
"how" ra the r than "what " to do must be 
avo ided. 

Next , a mechanism Is requ i red f o r the 
m o d i f i c a t i o n of s p e c i f i c a t i o n s t ha t have been 
p r e v i o u s l y entered e i t h e r because they d o n ' t 
work, or because the environment In which they 
are ope ra t i ng has changed, or because 
df f f e r e n t behavior Is d e s i r e d . Such 
s p e c i f i c a t i o n s should be g iven In terms of 
changes in des l red r e s u l t s , and, e n t i r e l y 
w i t h i n the language of the problem domain 
I t s e l f . 

Once a problem has been s p e c i f i e d , a 
mechanism Is needed fo r I nsu r i ng t ha t the 
system produced Is the one d e s i r e d . This Is 
e s p e c i a l l y c r i t i c a l s ince the system w i l l be 
great i y augmenting the s p e c i f i c a t i o n s . 
Discrepancies between the des i red system and 
the one produced can a r i s e from an Inadequate 
knowledge of the system about the domain, from 
a mis-statement by the use r , or from a 
m i s i n t e r p r e t a t i o n of something t ha t was 
s p e c i f i e d . Whatever the cause. I t I s 
Important t ha t the user can see the produced 
system In ope ra t i on In h is own terms. I . e . , In 
the language of the problem domain I t s e l f , so 
t ha t he can check the expected behavior 
aga ins t the behavior produced. In a d d i t i o n , 
the system should be able to generate t e s t 
Input data so t ha t a wide range of behavior of 
the task s p e c i f i e d can be observed by the 
use r . I f a d iscrepancy Is found , the user 
a d d i t i o n a l l y requ i res c a p a b i l i t i e s t o l oca te 
and I s o l a t e the source of the d iscrepancy, and 
t h e n , to modify i t to o b t a i n the des i red 
r e s u l t . 

A f te r a c o r r e c t program has been 
produced, a mechanism Is needed f o r 
t r ans fo rm ing I t I n t o an e f f i c i e n t one. Such 
e f f i c i e n c y w i l l r e s t on two kinds o f 
i n f o rma t l on . F i r s t , knowledge about the 
problem domain which enables a l t e r n a t i v e ways 
of per forming the same task to be eva lua ted . 
Secondly, I n fo rma t i on about e f f i c i e n t ways to 
u t i l i z e computers so t ha t a t o t a l cost can be 
assigned to each of the d i f f e r e n t ways of 
s o l v i n g the problem In domain terms. imp l i ed , 
but not s t a t ed In the above, Is t ha t Automatic 
Programming systems don" t j u s t automate 
programming. They a l so prov ide f a c i l i t i e s 
which help the user move from an understanding 
of a task to be accomplished to a f i n i s h e d 
runn ing system which performs t h a t t a s k . An 
Automatic Programming system Is a system which 
a ids the user In a l l the steps from problem 
d e f i n i t i o n and design to f i n a l completed 
runn ing programs. 

To meet a l l the above c r i t e r i a automat ic 
programming systems requ i r e d e t a i l e d Knowledge 
about the problem domain. The requirement f o r 
t h i s knowledge l i m i ts the , system's 
a p p l i c a b i l i t y to other a reas , and hence, one 
measure of such systems Is the range of 
problem domains which they can adequately 

handle and t h e i r method of o b t a i n i n g t h i s 
knowledge. 

The Four Phases: An Overvlew 

Automatic Programming begins w i t h the 
a p p l i c a t i o n o f problem s o l v i n g to problem 
statements ra the r than problem s o l u t i o n s ; 
I . e . , w i t h the at tempt by a computer system to 
o b t a i n an understanding of the task be ing 
s p e c i f i e d . Once the task has been understood. 
If i t is not in process fo rm. It must be 
t ransformed in to one. This Is the t r a d i t i o n a l 
area of Artificial I n t e l l i g e n c e and human 
program des ign . I t must be v e r i f i e d t ha t the 
r e s u l t i n g process model Is the one des i red by 
the user and t ha t I t Is adequate f o r the 
u s e r ' s problem. I f no t , I t must be mod i f i ed 
and t ransformed by the above steps and 
r e v e r i f i e d . I t must then be made I n t o an 
e f f i c i e n t l y running program. This invo lves 
the automat ion of the ad hoc knowledge of 
computer sc ience. 

A complete Automatic Programming system 
thus cons i s t s of four major phases- Problem 
A c q u l s i t i o n , Process T rans fo rmat ion , Model 
V e r i f i c a t i o n , and Automatic Coding. Problem 
A c q u i s i t i o n Is the process by which the system 
ob ta ins (1) a d e s c r i p t i o n of the problem to be 
so lved or task to be performed In a form 
processable by the system, and (2) the 
knowledge needed to so lve the problem. The 
r e s u l t of t h i s phase Is a we l l formed problem 
and knowledge base which can be manipulated by 
the system and t ransformed I n t o a h igh leve l 
process f o r s o l v i n g the problem dur ing the 
second phase. The t h i r d phase Is used to 
v e r i f y tha t t h i s process is the one des i red 
and t ha t it is adequate for the problem 
s o l u t i o n . The f o u r t h phase, Automatic Coding, 
f i l l s I n the necessary d e t a i l s , op t imizes the 
process, and produces the ac tua l code to so lve 
the problem. 

The Automatic Programming Model 

One of the most s t r i k i n g and deep roo ted 
fea tu res of the Automatic Programming model 
presented here I s the I n t e r f a c e I t c rea tes 
between a h igh leve l ex te rna l s p e c i f i c a t i o n of 
a problem which omits data s t r u c t u r e s which 
are not pa r t of the domain and the in te rna l 
implementat ion of t ha t spec i f icaton In an 
e f f t c l e n t r e p r e s e n t a t i o n . 

This choice of a bas ic I n t e r f a c e has 
p red ica ted large pa r t s of the e n t i r e model. 
Through t h i s choice as the bas ic I n t e r f a c e 
w l t h l n the Automatic Programming model four 
Important gains are expected. 

F i r s t , the complete mode] con jec tu re 
s ta tes t h a t such a d i v i s i o n Is f e a s i b l e fo r 
s t a t i n g and so l v i ng domain dependent problems. 

Second, s ince the choice of a data 
r ep resen ta t t on and the mat ntenance of is 
cons is tency occupy such a la rge p o r t i o n of 
c u r r e n t programs, the s i ze and complex i t y of 
spect f i c a t i o n s w i thou t such rep resen ta t i ons 
should be d r a s t i c a l l y reduced over those which 
r e t a i n these r e p r e s e n t a t i o n s . 
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T h i r d , s ince so much d e t a i l has been 
removed from the s p e c i f i c a t i o n I t Is eas ier 
for. the system to understand what the task Is 
r a the r than g e t t i n g l o s t In the d e t a i l s o f 
what is going on . 

F i n a l l y , s ince the problem has not been 
o v e r s p e c i f i e d w i t h a p a r t i c u l a r choice of 
r e p r e s e n t a t i o n so t h a t the probIem was 
e x p r e s s i b l e , the system Is now f ree to choose 
a r e p r e s e n t a t i o n t ha t w i l l e f f i c i e n t l y so lve 
the problem at hand. The system has been 
g iven Increased f l e x i b i l i t y i n I t s choice and 
may wel l outper form humans In c o r r e c t l y making 
r e p r e s e n t a t i o n cho ices ; not because the system 
Is more I n t e l l i g e n t than the user , but because 
i t can cyc le through more p o s s i b i l i t i e s and 
b r i n g to bear a greater leve l o f e f f o r t In 
such op t im i za t i ons than any user Is w i l l i n g or 
able to Invest In such i ssues . 

Problem A c q u i s i t l o n 

The Problem A c q u i s i t i o n phase I s 
concerned w i t h o b t a i n i n g an understanding of 
the users problem and the domain In which I t 
e x i s t s so t ha t the Process Transformat ion 
phase can at tempt to f i n d a sequence of 
t rans fo rmat ions or opera t ions in tha t domain 
which wi l l ob ta i n the s o l u t i o n requ i red by the 
use r . Thus, the Problem A c q u i s i t i o n phase is 
concerned w i t h b u i l d i n g a model of the users 
domain which represents the i n te rac t i ons 
between the e n t i t i e s of t ha t domain and the 
e f f e c t on those e n t i t i e s by the al lowed 
t rans fo rmat ions or opera t ions app l i cab le 
w i t h i n the domain. I t is our pr imary 
con ten t i on tha t on ly through the development 
of such a model of the use r ' s domain can the 
Automatic Programming system have any degree 
of g e n e r a l i t y In the domains fo r which I t Is 
a p p l i c a b l e . 

Cu r ren t l y , a] 1 such models of user 
domains have been coded in to a system. It Is 
proposed here t ha t such models can be 
s p e c i f i e d to the system by I t s users and tha t 
through these models the system can acquire 
the knowledge necessary to solve problems 
w i t h i n these domains and to understand what Is 
r equ i red fo r such a s o l u t i o n . The two main 
Issues , t h e n , are what c o n s t i t u t e s an adequate 
and app rop r i a te model and how Is such a model 
s p e c i f i e d or communicated to the system. 

There are b a s i c a l l y two types of 
models ,ana log ica l and f regean . Analog ica l 
models bear a s t rong resemblence to the 
s t r u c t u r e of the ob jec t being descr ibed , such 
as the f l o o r p lan f o r a room, or the diagram 
model used, by Ger le rn te r In h is geometry 
p rov ing program. 

Fregean systems, on the other hand, are 
l i n g u i s t i c or r e l a t i o n based, l,n which 
expressions are built up on the r e l a t i o n 
.between f u n c t i o n s and arguments to those 
f u n c t i o n s . 

Since one of the basic goals of the 
Automatic Programming system is the g e n e r a l i t y 
o f problem domains t ha t I t Is w i l l i n g and 
capable of h a n d l i n g , the f regean model 
approach has been chosen. 

We can now de f ine the adequacy and 
appropr iateness of the models fo r an Automatic 
Programming system. A f regean model i s 
adequate I f i t con ta ins a complete enough 
d e s c r i p t i o n of the r e l a t i o n s between the 
e n t i t l e s in the problem domain t ha t a sequence 
of operat ions or t rans fo rmat ions on t h i s model 
can be b u i l t to so lve the problem posed by the 
user. This Is what was r e f e r r e d to as the 
complete model In the Basic Model Sec t i on . 
Thus, the adequacy of a model Is dependent 
upon the use of tha t model to so lve the 
problem. O p e r a t i o n a l l , t h i s requ i res that 
the Automatic Programming system is capable of 
f inding the complete set of app l i cab le 
t ransformat ions on the model and can c a l c u l a t e 
the consequences of each of these a c t i o n s . 
The appropr iateness of the model is a measure 
of how wel l s u i t e d the a v a i l a b l e 
t rans format ions are to so l v ing the problem at 
hand, I . e . , an adequate model can be made more 
appropr la te by addi ng to I t non-pr imi t l v e 
t rans format ions made up of a sequence of 
p r i m i t i v e ones, which are s u i t a b l e b u i l d i n g 
blocks fo r the problem being posed. The model 
rr,dy a lso be made more appropr ia te by i n c l u d i n g 
recommendatlons about the s u i t a b l l i y of 
a l t e r n a t i v e s t r a t eg i es for sequences of model 
t rans fo rma t ions . 

Users can s i g n i f i c a n t l y reduce the 
wel l-known problem of b u i l d i n g a powerful 
general purpose problem so lver by t a i l o r I n g 
the s p e c i f i e d model to make It more 
appropr ia te f o r the problem at hand. 

The s ta te of the a r t In natura l language 
understanding appears adequate for the 
d e s c r i p t i o n of problems and of models and 
beyond our a b i l i t y to u t i l i z e the i n fo rma t i on 
thus ob ta ined , and hence, should not be a 
bot t leneck in an Automatic Programming system. 
Evidence f o r t h i s v iewpoint comes from the 
work of Woods in the Moonrocks Program, from 
Winograd in the b locks Descr i p t i o n Program, 
and from Mar t i n Kay in the Mind System. Each 
of these systems represents an a l t e r n a t i v e 
l i n g u i s t i c technology and each Is capable of 
handl ing a wide range of l i n g u i s t i c forms 
w i t h i n the domain of i t s competence. 

The basic v i e w p o i n t , t hen , is to process 
the user ' s na tu ra l language communication w i t h 
the understanding t h a t I t is meant to convey 
to the Automatic Programming system a model of 
h is problem domain. Towards t h i s end the 
system can e x t r a c t e n t i t l e s and the 
r e l a t i o n s h i p s between them from the 
communication. I t can f u r t h e r query the user 
as to the r e l a t i o n s h i p s between e n t i t l e s which 
have no t , as y e t , been e x p l i c i t l y s p e c i f i e d 
but which have been i n f e r r e d by the prev ious 
communication. Such in ferences by the system 
about the Incompleteness of the model r e q u i r e 
a soph i s t i ca ted understanding not on ly of the 
communication but of the types of models used 
fo r problem domain s p e c i f i c a t i o n . 
u n f o r t u n a t e l y , our s o p h i s t i c a t i o n In bo th 
these areas Is q u i t e l i m i t e d . In 
communication we need to be able to understand 
how In fo rmat ion Is ordered for p r e s e n t a t i o n , 
how context Is es tab l i shed and u t i l i z e d , how 
the c a p a b i l i t i e s o f the r e c i p i e n t e f f e c t s the 
communication, and how these c a p a b i l i t i e s are 
perceived by the speaker. In mode l l ing we 
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need to have a space of poss ib le models, an 
understanding of how the pa r t s of a model 
I n t e r a c t , a means f o r recogn lz lng 
incompleteness and incons is tenc ies In models, 
a means f o r o b t a i n i n g a l l the aI lowed 
opera t ions on the model, and the means f o r 
t rans fo rm ing the models w i t h these o p e r a t i o n s . 

Process Transformat ion 

Our con ten t i on Is t h a t the main a c t i v i t y 
In programming Is not f i n d i n g a s o l u t i o n but 
In f i n d i n g a s o l u t i o n which drops out the 
Irrelevancles and which abstracts the 
necessary processing so t ha t it can be 
e f f i c i e n t l y implemented. I t is recogni zed 
t ha t t h i s Is a s t rong c o n t e n t i o n , but In most 
programming problems I t Is f e l t t ha t a 
s o l u t i o n is known and the main concern is In 
f i n d i n g a more e f f i c i e n t one. This Is not 
o p t i m i z a t i o n In the normal sense of the te rm. 
The concern , r a t h e r . is w i t h f i n d i n g 
i r r e l evanc ies in the complete model and 
r ep resen ta t i ona l a b s t r a c t i o n s based on the 
r e q u i r e d processing of t ha t model. Once these 
l o g i c a l rep resen ta t i ons have been found they 
must be e f f i c i e n t l y Implemented. 

The above c o n t e n t i o n . I f t r u e , g r e a t l y 
s h i f t s the emphasls w i t h i n the Process 
Transformat ion Phase from tha t of a general 
problem so lver s o l v i n g problems In a domain 
Independent way to modi fy ing a s o l u t i o n so 
t ha t it does not ma in ta in any i r r e l e v a n t 
p o r t i o n s of the complete model and which 
abs t rac t s the re levan t po r t i ons in to a more 
e f f i d e n t r e p r e s e n t a t i o n f o r the process ing 
r e q u i r e d . Together w i t h Problem A c q u i s i t i o n , 
the a b i l i t y t o f i n d rep resen ta t i ona l 
a b s t r a c t i o n s and t rans fo rm complete model 
s o l u t i o n s in to ones which u t i l i z e these 
rep resen ta t i ons represent the mat n 
t echno log i ca l d e f i c i e n c i e s w i t h o b t a i n i n g an 
Automatic Programming system. 

Model V e r i f i c a t i o n 

Al though the Automatic Coding phase w i l l 
produce on ly c o r r e c t code. Program Tes t ing 
cannot d isappear . This Is because the Problem 
A c q u i s i t i on Phase and the Process 
Transformat ion Phase w i l l undoubtedly employ a 
number of h e u r i s t i e s and may very well 
I n c o r r e c t l y I n t e r p r e t e i t h e r the problem 
statement or the a l lowed t rans fo rmat ions t ha t 
can occur In the u s e r ' s model . Because of 
t h i s , the user must v e r i f y t ha t the system 
c rea ted is the one t ha t he d e s i r e d . 

The technology f o r t h i s is a t hand. I t 
cons i s t s of t oday ' s methods wherein a t e s t 
case is g iven to the system and its 
performance Is used to v a l i d a t e the model t h a t 
i t c o n s t r u c t e d . A d d i t i o n a l l y , the system can 
a i d the process by genera t ing t e s t cases of 
its own which probe areas of which It Is 
unce r t a i n and which cou ld have led to e i t h e r 
misunderstanding or incompleteness in the 
o r i g i n a l model . One might a l so expect t ha t 
program debugging would d isappear , but f o r 
very s i m i l a r reasons I t too w i l l remain under 
Automatic Programming. if there is a 
d i s p a r i t y between the u s e r ' s model and the 
system's model , then the reason f o r t h i s 
d i s p a r i t y must be o b t a i n e d . 

Automatic Coding 

Automatic Coding Is concerned w i t h 
f i n d i n g an e f f l e t ent computer implementati on 
of the process d e s c r i p t i o n ob ta ined from the 
proceeding phase. This d e s c r i p t i o n does not 
yet Inc lude a choice of data r e p r e s e n t a t i o n s , 
but does spec i f y the major process ing elements 
and sequences. I t Is in tended tha t t h i s phase 
w i l l not need any domain s p e c i f i c knowledge 
except f o r input frequency and d i s t r i b u t i o n 
i n fo rma t ion . The major l o g i c a l r e p r e s e n t a t i o n 
and processing dec is ions have a l ready been 
made by the Process Transformat ion phase. 

Of a l I the phases in the Automatic 
Programming System, the Automatic Coding one 
is the one essent ia l component of any 
Automatic Programming System. Without it the 
system cannot produce programs, and hence, 
though It may be use fu l I t Is not an Automatic 
Programming System. 

Most people are not t r u l y c r e a t i v e when 
they reorgan ize sec t ions o f t h e i r program to 
increase e f f i c i e n c y . Rather than invent lng 
t o t a l l y new r e p r e s e n t a t i o n s , they appear to 
se lec t one out of an I l l - d e f i n e d set of such 
poss ib le rep resen ta t i ons and to adapt and 
modify I t t o f u n c t i o n I n the c u r r e n t 
s i t u a t i o n . This is probably the main 
cha l lenge to the Automatic Coding phase, the 
a b i l i t y not on ly to cyc le through a set of 
a l t e r n a t i v e rep resen ta t i ons but to adapt and 
modify them to the e x i s t i n g s i t u a t i o n . Such 
an a b i l i t y would v a s t l y increase the 
app l [cab leness of a small set of a l t e r n a t i v e 
r e p r e s e n t a t i o n s . 

From such Automatic Coding s t u d i e s , one 
would expect to see both a set of h e u r i s t i c s 
and a c a l c u l u s , e v e n t u a l l y , for data 
r ep resen ta t i on cho ices . 

Summary and Conclusions 

The d e f i n i t i o n of automatic programming 
s t a r t e d w i t h a g o a l , namely, reduc ing the 
e f f o r t requ i red to get a task runn ing on a 
computer. From t h i s a framework was adopted 
in which the ex te rna l c h a r a c t e r i s t i c s of 
Automatic Programming Systems cou ld be 
descr ibed in terms o f : 

1. The terms in which the problem is 
s t a t e d ; 

2. The method and t ime at which the system 
acqu i res the knowledge of the problem 
domain; 

3. The c h a r a c t e r i s t i c of the r e s u l t i n g 
program. 

The choices we made are; 

1 . problem statement In na tu ra l language in 
terms of the problem domain. 

2. Know I edge abou t the domain acqu i red 
i n t e r a c t i v e l y in na tu ra l language in 
terms of the complete model of the 
problem domaln. 
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3. Resu l t i ng programs which are opt imized 
w i t h respect to data rep resen ta t i ons , 
c o n t r o l s t r u c t u r e , and code. 

This approach requ i res s i g n i f i c a n t 
advances I n A r t i f i c i a l I n t e l l i g e n c e 
techn iques , in such areas as knowledge 
r e p r e s e n t a t i o n , In ference systems, l e a r n i n g , 
and problem s o l v i n g , and In the c o d i f i c a t i o n 
of programming knowledge in the areas of data 
r e p r e s e n t a t i o n s , a Igo r i t hm s e l e c t i o n , and 
o p t i m i z a t i o n techn iques . 

Other choices cou ld c e r t a i n l y be made, 
and the r e s u l t i n g systems might look very 
d i f f e r e n t . One p a r t i c u l a r set of cho ices , 
suggested by. Al P e r i l s , represents a system 
based on a complete ly d i f f e r e n t paradigm. His 
system is predi cated on incremental growth 
from an accepted base, namely, FORTRAN. This 
Idea Is to Increase the d e c l a r a t i v e par ts o f 
the language at the expense of the p rocedu ra l . 
The d e c l a r a t i v e pa r t s are In t u r n replaced by 
a s e r i e s of quest ions from the system which 
spec i f y how a de f ined concept Is to be used. 
For instance, the concept " a r r a y * might 
generate quer ies to see whether the s i ze was 
dynamic at run t i m e , whether i n s e r t i o n s or 
de le t i ons are being done, whether the elements 
are homogeneous, and whether they are accessed 
s e q u e n t i a l l y . From such quest ions and the 
programs which use these concepts , an opt imal 
r ep resen ta t i on can be chosen. 

In t h i s system, higher l eve ls occur when 
enough example systems have been generated and 
understood by humans t ha t someone can cod i f y 
t h i s knowledge and In t roduce a new leve l of 
semantics and ques t i ons . 

There Is no doubt tha t such a system 
would be u s e f u l , and It has the appeal ing 
a t t r i b u t e t ha t the f a c i l i t i e s o f the system 
can be inc remen ta l l y expanded from a widely 
d i s t r i b u t e d and a v a i l a b l e base. A l so , such a 
system cou ld I n s t a n t l y be used by e x i s t i n g 
programmers who cou ld g radua l l y learn to use 
the new f a c i l i t i e s on top of t h e i r a b i l i t y to 
use FORTRAN. 

On the other hand. it Is not c lear how 
far such a technique can be pushed, and 
whether t h i s Is the best way to achieve the 
goal except In the s h o r t - t e r m . 

Automatic programming systems, however 
r e a l i z e d , would s u b s t a n t i a l l y reduce the 
e f f o r t and t r a i n i n g requ i red by I t s users and 
would enable the subsystem produced to more 
c l o s e l y r e f l e c t the in tents o f t h e i r 
des igners . 

So much t i m e , money, and e f f o r t is 
c u r r e n t l y being expended, and even greater 
amounts fo recas ted In the f u t u r e , f o r the 
c r e a t i o n o f sof tware p roduc ts , t ha t the 
p o t e n t i a l b e n e f i t s from automat ic programming 
systems are enormous. There fo re , s ince the 
requ i red techno log ies seem f e a s i b l e , such 
systems, u t i l i z i n g e i t h e r the approach 
o u t l i n e d In t h i s paper o r var ious o t h e r s , 
should be ex tens i ve l y I n v e s t i g a t e d . 
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