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The a l g o r i t h m des ign process proceeds in a t o p down 
manner w i t h t h e p r o d u c t i o n o f h i ghe r l e v e l a l g o -
r i t h m s r e s u l t i n g i n t h e gene ra t i on o f s p e c i f i c a ­
t i o n s f o r lower l e v e l a l g o r i t h m s . The work ings o f 
NAPS are desc r ibed below v i a a d e s c r i p t i o n of t h e 
main sources o f i n f o r m a t i o n which t he d e s i g i c o n ­
t r o l module of NAPS uses . 

A* Data S t r u c t u r e Knowledge Base 

The da ta s t r u c t u r e knowledge base (DSKB) is 
o rgan ized around a l t e r n a t e a l g e b r a i c d e s c r i p t i o n s 
o f v a r i o u s da ta t y p e s . The c e n t r a l p a r t o f a 
d e s c r i p t i o n c o n s i s t s o f a d e f i n i t i o n o f t he t ype by 
means of a se t of p r i m i t i v e o b j e c t s and an opera to r 
which genera tes t h e r e s t o f the t y p e . For example, 
t h e da ta t ype INTEGERLISTS has the se t o f p r i m i t i v e 
o b j e c t s PRIM = ( n i l , ( 0 ) , ( - 1 ) , ( 1 ) , ( - 2 ) , ( 2 ) , 
. . . j and a t l e a s t two d i s t i n c t genera to rs 
1) FUNNY CONS: PRIM x 1NTEGERLIST -> INTEGERLIST 
where FUNNYC0NS( (3) (1 2 4) ) = (3 1 2 4 ) , and 
2) APPEND: INTEGERLIST x INTEGERLIST -> INTEGERL1ST 
where APPEND ( (3 1 ) (2 4) ) = (3 1 2 4 ) . Other 
algebraic propert ies of a type which are included 
in a descr ipt ion include any well-founded orderings 
on the type (used to prove termination of loops), 
and congruence re la t ions wi th respect to the gen­
erator (used fo r formulating subproblems). 

Also included in a descr ipt ion are various 
operators on the data type. These operators are 
used in the construction of the target algori thm. 
Properties of the operations and the i r in teract ion 
wi th other operations are expressed by transforma­
t i on ru les . These rules are used by NAPS for sim­
p l i f y i n g expressions and for theorem proving pur­
poses in the deductive mechanism of the design con­
t r o l module. 

B. Control Structure Knowledge Base 

The Control Structure Knowledge Base (CSKB) is 
organized about a small co l lec t ion of algorithm 
schemas. The algorithm schemas are c lass i f ied as 
basic or complex. The basic schemas are abstracted 
forms of t yp i ca l contro l s t ruc tur ing mechanisms 
from programming languages: 1) operation sequenc­
ing , 2) D i i ks t ra ' s IF statement [ 3 ] , (see section 
I IA below), and 3) the WHILE loop. The complex 
schemas resu l t from our un i f ied theory of combina­
t o r i a l search algorithms [7 ] and presently consist 
of schemas for divide and conquer, branch and 
bound, greedy, and dynamic programming algori thms. 
It is our view [8 ] that wel l designed algorithms 
are often adaptations of one of a small number of 
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generic algorithms rather than being arb i t ra ry 
well-formed compositions of the usual control 
structures (IF-THEN-ELSE, WHILE loops, e t c . ) . 

Associated wi th each schema in the CSKB is a 
correctness schema. A correctness schema is 
parameterized in two ways. F i r s t , there are a r b i ­
t r a ry predicate symbols in those places where the 
input and output conditions and types are expected. 
Given a formal spec i f i ca t ion we can ins tan t ia te 
those symbols in the correctness schema. Secondly, 
there are a rb i t ra ry funct ion and predicate symbols 
in place of those data operations which are them-
selves parameterized in the algorithm schema. Dur­
ing, the design process these funct ion symbols w i l l 
be replaced by formal subspecif icat ions for the 
corresponding data operations. These subspecifi ca­
t ions are generated in such a way as to guarantee 
that the f u l l y instant ia ted correctness schema w i l l 
be a true formula (under the natural in terpre ta t ion 
which is in essence provided by the DSKP). The 
parameterized data operations in the algorithm 
schema are then replaced by ca l l s to procedures 
which are generated by NAPS from the subspecifi ca­
t i ons . 

Bach algori thm schema in the CSKB also has 
associated with i t a co l lec t ion of heur is t ics fo r 
guiding the process of adapting the schema to the 
problem at hand and for generating subspecifi ca­
t i ons . The heur is t ics generally work by select ing 
some operators from the DSKB and subs t i tu t ing them 
in to both the algorithm schema and the correctness 
schema. NAPS then attempts to prove the correct­
ness schema making use of knowledge in the DSKB 
about the data types and operators. Whenever the 
proof of the output assert ion of the correctness 
schema reduces to an expression which cannot be-
proved, NAPS attempts to transform that expression 
in to the output assert ion of one of the data opera­
t ions which has not been instant iated by the 
heur i s t i c . 
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Before the schema can be used a select ion must be 
made of a descr ipt ion of the input and output data 
types as discussed in section IA. For the sort 
problem the select ion of a descript ion of the 
INTEGERLIST data type containing the generator FUN­
NY CONS w i l l u l t imate ly lead to the production of 
inser t ion sorts and select ion sor ts . The select ion 
of the APPEND generator leads to the production of 
quicksort and mergesort algorithms. The underlined 
funct ion names in the divide and conquer schema are 
data operations to be f i l l e d in by the adaptation 
process. The predicate PRIM returns true exactly 
when i t s argument is an element of the set of prim-
i t i v e objects of the input data type. PRIMSOL pro­
duces the correct output for the problem when i t s 
argument is a p r im i t i ve object. DECOMPOSE s p l i t s 
i t s argument in to smaller pieces on which the algo­
r i thm recurses. F ina l ly COMPOSE takes the resul ts 
of the two recursive ca l l s and combines them to 
form the output object . 

We w i l l ignore the heur is t ics fo r guiding the 
ins tan t ia t i on of the PRIM and PRIMSOL operations 
and focus instead on the two heur is t ics for han­
d l i n g the nonprimit ive case. One of these heur is­
t i c s suggests select ing an operator fo r DECOMPOSE 
from the DSKB and then solv ing for the spec i f i ca­
t ions of COMPOSE. Selection of the simplest DECOM­
POSE operator leads to mergesort and inser t ion sort 
algorithms (depending on the previous choice of 
generator). The dual heur is t ic suggests select ing 
an operator for the COMPOSE and then solv ing fo r 
the speci f icat ions of the DECOMPOSE operation. 
Selection of the simplest such COMPOSE operator fo r 
the sort problem leads to the production of quick­
sor t and inser t ion sor t . In the case of quicksort 
we select APPEND as our COMPOSE operation and 
derive the fo l low ing spec i f icat ion fo r DECOMPOSE 

I l l CONCLUSION 

An overv iew has been presented of a system f o r 
g e n e r a t i n g a l g o r i t h m s f rom user s u p p l i e d s p e c i f i c a ­
t i o n s . The system a t tempts to adapt one of a s m a l l 
number o f a l g o r i t h m schemas to the s p e c i f i c a t i o n s . 
The process of adap t i ng a schema generates s p e c i f i ­
c a t i o n s f o r s u b a l g o r i t h m s . The r e s u l t i n g a l g o ­
r i t hms are guaranteed to be c o r r e c t s i nce t h e adap­
t a t i o n process works by a t t e m p t i n g to i n s t a n t i a t e a 
co r rec tness schema i n order t o make i t a t r u e f o r ­
mula. 

We are c o n t i n u i n g to g e n e r a l i z e and extend our 
t heo ry o f c o m b i n a t o r i a l search a l g o r i t h m s which 
s u p p l i e s the knowledge and o r g a n i z i n g p r i n c i p l e s 
u n d e r l y i n g our c o n t r o l s t r u c t u r e and da ta s t r u c t u r e 
knowledge bases. For expe r imen ta l purposes we have 
a p r o t o t y p e system r u n n i n g t h a t i s ab le to handle 
the p roo fs o f co r rec tness fo rmu las and the genera ­
t i o n o f s u b s p e c i f i c a t i o n s f o r the s o r t i n g a l g o -
r i t h m s d iscussed i n s e c t i o n I I B . 
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