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Looking for a program: example 

Given (|x> 0|) S (| y.y < x |)

many possible solutions for S:
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Example (assignment and concatenation) 
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Example (assignment and concatenation) 

(| T |) 
(| x+1 + 1 = x + 2 |) 
t = x + 1;
(| t + 1 = x + 2 |) 
z = t + 1;
(| z = x + 2 |) 
y = z;
(| y = x + 2 |) 
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Example (if then else) 
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Syntesizing the program computing n3

Metaprogram
1. establish I 
2. while x≠N do 
3. Preserve I while making x closer to N done;
 invariant I c=x3 variant N-x

Using the method bottom-up 

We look for assignments and build loop

First postcondition
c=N3 
We transform it in order to obtain the postcondition of a loop  I ∧ ¬C
c=x3 ∧ x=N



30/05/18 7 

Syntesizing the program computing n3

3. Preserve I while making x closer to N done;
 invariant I c=x3 variant N-x

becomes
3. x,c := x+1, E done;
 invariant I c=x3 variant N-x

Where , to preserve invariant
I ∧ x≠N ⇒ [x,c := x+1, E] I
 invariant I c=x3 variant N-x



30/05/18 8 

Syntesizing the program computing n3

[x,c := x+1, E] I =
[x,c := x+1, E] c=x3 =
E =(x+1)3 =
E =x3+3x2+3x+1 =
E =c+3x2+3x+1 

E =c+d
d=3x2+3x+1
 invariant I ∧I2 c=x3 ∧ d=3x2+3x+1 variant N-x

Where , to preserve invariant
c=x3 ∧ d=3x2+3x+1 ⇒ [x,c := x+1, c+d] (c=x3 ) 

But is I2 invariant? 
What is d?
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Syntesizing the program computing n3

[x,c,d := x+1, c+d, E’] I2 =
E’ =3(x2+2x+1) + 3(x+1) +1 =
E’ =d+6x+6  

E’ =d+e
e= 6x+6 
invariant I ∧I2∧I3  c=x3∧d=3x2+3x+1∧e=6x+6 variant N-x

[x,c,d,e := x+1, c+d, d+e, E”] I3 =
E” =6(x+1)+6 =
E” =e+6  

 inizialization
[x,c,d,e := 0, C, D, E] I
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Syntesizing the program computing n3

Program

1. x,c,d,e := 0,0,1,6;
2. while x≠N do 
3. x,c,d,e := x+1,c+d,d+e,e+6 done;
 

Using the method bottom-up 
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