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A system is presented for constructing array-manipulating programs from given specifications. 
The system accepts high level specifications and produces recursive programs in an Algol-like 
language. 
Restriction to a specific domain and use of powerful techniques such as first-order matching 
or generalization make our system very efficient. It has been implemented in LISP on a small 
computer and has been tested for a large number of examples. 
The general techniques we use, are briefly discussed and the synthesis of one program produced 
is presented. 
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I • INTRODUCTION 

Although program synthesis is a recent develop­
ment, there are already a·great number of ap­
proaches (1-7). 
Our approach is similar to that of Manna and 
Waldinger [5) but we restrict ourselves to the 
synthesis of array-manipulating programs. We 
think that this restriction will limit back­
tracking. 
The principle of this kind of synthesis is : 
We provide the specifications of the problem to 
be solved in a high-level language (not compi­
lable in a conventional way). The system works 
as a transformation program in order to obtain 
a final rrogram written in a compilable langua­
ge. For this purpose, the system uses heuris­
tics and rewriting rules to eliminate non-comp~ 
lable terms which occur in the specification 
language. The synthesis is then achieved by use 
of matching and generalization. This system has 
been implemented on a small computer (MITRA 125) 
in LISP and has been tested for a large number 
of examples. 

2. LANGUAGES 

2.1 The specification language 

The language level should be high enough to 
represent the abstract types close to the 
concepts used by the programmer in his descrip­
tion of the problem. In our restriction to the 
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array type, the constructors and selectors are 
simple and few. Here are some constructions we 
use as specification language. 
Note that for all the examples the system knows 
that T is an input array with bounds A and B 
and that I is a subscript. So input specifica­
tions like in the DEDALUS system of Manna and 
Waldinger are not necessary. 

a. Find I between A and B such that 5> (I, input 
variables) 

Examples : 
- Find I between A and B such that T(IJ=Z 
- Find I between A and B such that T(I)~ll T[A:lt 

b. Test if~ (input variables) 

Examples : 
- Test if Z<All T~A.Bl 
- Test if for aZZ I between A and B-1 T(I) ~ T(J+l) 

c. Construct TAB[BI •. B2) such that TAB•consauxor 
(I, input variables and §J (I, input variables) 
from T[A •• B] 

Example : 
INSERT (T,A,B,Z). We want to insert an integer 
Z in a sorted array 

- construct TAB[Bl .• B2] such that 
TAB=CONC(T [A •• I), Z, T [I+l •• B]) and AZZT [A •• I):s: Z 
and AZZ T[J+l . • B)>Z from T[A .• B] 



d. Co~ute the number of elements T[I)such 
that~ (!,input variables) 
Example : 
-the number of elements T[I) such that T[I)~Z. 
e. Two of the upper constructions can be combi­
ned to make a more complex one 
Example : 
- Find I between A and B such that (the number 

of elements T[J] such that T[J]~T[I])=K. 
Although we use few constructions, the possibi­
lity of combining them makes our program more 
flexible in the sense that we can use different 
specifications for solving the same problem. 
Example : Finding the maximum element of an 
array can be specified both by : 
- Find I between A and B such that 

T(I] ~All T[A • • B) 
- Find I between A and B such that (the number 

of T[J) suah that T[J)>T[I)J=O. 
These different specifications lead to diffe­
rent pt·ograms 
f. etc •.. 

2.2 The output language 
The output language is an Algol-like language 
and we extensively use recursion and basic ope­
rators relevant to array structure. 
For the INSERT example, the output will be of 
the form : 
INSERT (T,A,B,Z~INSERTGEN (T,A,B,Z,A) 
INSERTGEN (T,A,B,Z,C~if C>B: TAB+CONC(T(A .. B) .~ 
ifnotifi(T(C)5.Z) : TAB+CONC.(T(A .. C-1] ,Z,T(C .. B)) 
else INSERTGEN (T,A,B,Z,C+1) 
endif 

3. REWRITING RULES AND HEURISTICS 
The are two kirtds of heuristics. Some of then 
are related to abstract types which are used 
and some others are related to general program­
ming principles. 

3.1 The first class of heuristics deals with 
the constructors and selectors of abstract types 
[12). Informally, the heuristics use selectors 
to achieve a decomposition of the problem and 
then constructors to solve the original problem. 
In our implementation, the only type we use is 
the array type so this family of heuristics is 
restricted. It corresponds to the case forma­
tion rule (see Manna [5) or Weigbreit [8)) 
- If the array is empty, then no operation is 

necessary 
- If not, we try to deal with one particular 

element of the array (generally the first one) 
and then look at the rest of the array. 

3.2 The second class of heuristics deals with 
general knowledge on programming. The basic 
principles are similar to those used in 
Weigbreit [8) • 
-Formation of recursive calls. 
During the synthesis, the first class of heuris­
tics defines subgoals of the initial problem. If 
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by matching, we notice that a subgoal is an ins­
tance of a previous one or an instance of the 
initial goal, we infer a recursive call. It is 
then necessary to verify a well-founded set 
condition. 
- Generalization : (Insane heuristic) (Wegbreit 

[8) , Kodratoff [4)). In the previous process, 
when matching fails ; it is possible in most 
cases to generalize the goal used. With this 
generalization, matching becomes effective 
and a recursive call can be generated. 

- Subsidiary programs : (Manna and Waldinger [5D 
In the case formation rule, the inferred condi­
tions can be non-elementary (i.e. it contains 
some specification language terms). Then a sub­
problem has to be introduced at this point. 

4. TECHNICALS TOOLS 

4.1 First order matching 
This matching is mainly used for the detection 
of recursive calls. The· algorithm implemented 
here is from Huet [9) . Note that recursive calls 
are always terminal. 

4.2 Second order matching 
A second order matching in necessary, in princi­
ple, in order to select the transformation rules 
to be applied. In fact, in our present implemen­
tation we don't nead a '~ophisticated' algorithm 
and we use a simple key-word detection algorithm 
similar to pattern-directed invocation. 

4.3 Theorem prover 
To solve the subgoals induced by the case forma­
tion rule it is often necessary to use a theorem 
prover. 
It is surprising that the necessary prdofs are 
often very simple. So we have implemented a 
very "naive" theorem prover which has been suf­
ficient for all our examples. 

5. ONE EXAMPLE OF SYNTHESIS : INSERT 
The input array T[A .. B) is sorted and we want to 
insert an integer Z in T such that the output 
array TAB[B1 .. B2) remains sorted. 
We provide the following input to our system 
-INSERT (T,A,B,Z) 
-CONSTRUCT TAB[B1 .. B2) such that 
TAB•CONC (T(A •• I) ,Z,T(I+1 .. B)) and All(T[A .. I)s;Z 
and All T(I+1 .. B) >Z from T(A •• B) 
-For All I between A and B-1 T(I) 5. T(I+1) 

* The first rule, when applied, transforms the 
problem into a first goal : 
(I) (Find I between A and B such that 

All T(A .. I)5.Z and All T(I+l .. B]>Z 
then (construct TAB[B1 .• B~ such that 
TAB = CONC (T(A .. I) ,Z,T(I+1 .. B)) 

* At first the system considers only the first 
part of the goal and transforms in into 

(Find I between A and B such that 



All T[A .. I) s z) then (verify 
All T[I+I .. B) >Z) then (construct ... ) 

The system now applies the decomposition rule to 
the first sub-goal and generates a segment of 
the desired final program and three new subgoals. 
if A>B then (2) 

i fno t i fi[T(A) SZ) then (3) 
else (4) 
where (2),(3),(4) are the following subgoals. 

(2) I+B then .... unchanged .... 
(3) I+A-1 then .... unchanged • . • . 
(4) (Find I between A+l and B such that 

AllT(A+l.. I) !:Z) then (Verify AllT(I+I •. B>Z) 
then ~onstruct TAB[BI .. B2l such that 
TAB•CONC(T(A .. I) ,Z,T(I I •. B))) 

The system considers the goal (4) : Matching (4) 
wi th (I) fails because A can't be matched simul­
taneously with A+I(Find ... ) and A(Construct .. . ) 
So the system introduces a new generalized pro­
blem : INSERTGEN(T,A , B,Z,C) with : 

INSERT(T,A,B,Z)~NSERTGEN(T,A,B,Z,A) 
The input for INSERTGEN is : 
- (Find I between C and B such that AllT[C .. B)SZ) 
then (Verify AllT [I+I .. B)>Z) then (Construct 
TAB(Bl .. B2) such that TAB,.CONC(T(A .. ll,Z,T(I+l .• B)) 
- For All I between A and B-1 T(I) ST(I+I) 

* Apply i ng the decomposition rule leads to 
i f C>B then (2) i fnotifl(T(C) SZ) then (3) els e (4) 

(2) I+B then .... unchanged ... . 
(3) I+C-1 then .... unchanged ... . 
(4) (Find I between C+l and B such that •. )then 

* Now matching succeeds because A is matched 
wi t h A and C with C+l. So (4) is achieved by a 
r ecursive call to INSERTGEN(T,A,B,Z,C+I) 
* (2) and (3) are rewritten as 
(2') (Verify AllT[B+I .. B) >Z) then (Construct 
TAB(BI . . B2) such that TAB=CONC(T(A .• B),z,T[B+I •. B))) 
(3') (Verify AllT[C .. B) >Z) then (Construct 
TAB (B I .. B2) such that TAB,.CONC (T (A •. c-1) ,z, 'I{C..B)) 
Verif i cations are very easy since in 
(2') T[B+I .. B]=~ and any property holds forevery 

element of an empty array 
(3' ) the theorem prover uses the two conditions 
T(C) >Z (introduced by the case formation rule) 
T [A .. B) is sorted (input specification) 
*So (2') and (3') are rewritten as 
(2" ) TAB=CONC(T(A . . B) ,Z) 
(3" ) TAB=cONC(T(A .. C-I), Z,T(C .. B)) 

INSERT(T,A,B, Z )~INSERTGEN(T,A,B,Z,A) 
INSERTGEN(T,A,B,Z,C)-if C>B:TAB+CONC(T(A .. B) ,Z) 

i f notifl(T(C) SZ) :TAB~ONC(T(A •• c-1) ,Z,T(C .. B]) 
else INSERTGEN(T,A,B,Z,C+I) endi f 

6. CONCLUSION 
This system has been implemented on a small co~ 
puter and works efficiently for all examples 
lis t ed below ·(and some others). The maximum time 
necessary for one example is less than one minu-
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te. There are three main reasons for efficiency: 
- the system has a thorough knowledge of the do­
main and so backtracking is strongly reduced 
- we use a very powerful first order matching 
algorithm 
- the simplicity of the theorem-prover makes it 
very efficient . 
This system, in our opinion, proves that the 
Manna and Waldinger approach is correct and can 
be very powerful in specific domains. This shows 
that studies in the field of automatic program 
synthesis can be relevant for practical applica­
tions. 
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