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Constraint Programming 

Exploit relations (constraints) to infer new 

informations on objects that represent 

unknowns (variables) 

R U 

I 

U = R * I 

{2,3,4,6,10} {6} 

{1,2,3,4,6,8} 

Abstractions 

Over-approximate the computation of 

relations to benefit from powerful solving 

techniques (e.g. Linear Programming) 

a 
b 
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1 = R * I,     R in a..b, I in c..d  

 

Program Verification 

P1a /*@ behavior P1a :   assumes 

flag = 0   &&  n = 8  &&  forall i in 1..8, ar[i] = cos(2*M_PI*i/n); 

ensures  \result == 0; 

P1b /*@ behavior P1b :   assumes 

flag = 1 && n = 8 && forall i in 1..8, ar[i] = cos(2*M_PI*i/n); 

ensures  \result == 0; 

… 

WP3: Integers and iterative 

          computations 

WP4: Floating-point 

          computations 

Properties over floating-point data  

can be exploited to prune the search 

Space, e.g.  

Are properties P1a,P1b, …  

verified  

by this implementation ? 

int fft1(int n, int flag)  { 

    int i, j, k, it, xp, xp2, j1, j2, iter; 

    double sign, w, wr, wi, dr1, dr2, di1, di2, tr, ti, arg; 

 

    if(n < 2) return(999);    iter = log((double)n)/log(2.0);   j = 1; 

    for(i = 0; i < iter; i++)    j *= 2;    if(fabs(n-j) > 1.0e-6)   return(1); 

    sign = ((flag == 1) ? 1.0 : -1.0);  xp2 = n; 

    for(it = 0; it < iter; it++) {    xp = xp2;  xp2 /= 2;  w = PI / xp2; 

        for(k = 0; k < xp2; k++) {   arg = k * w;   wr = cos(arg);  wi = sign * sin(arg); i = k - xp; 

 for(j = xp; j <= n; j += xp)  { 

  j1 = j + i;   j2 = j1 + xp2;  dr1 = ar[j1];  dr2 = ar[j2];  di1 = ai[j1]; di2 = ai[j2]; 

  tr = dr1 - dr2; ti = di1 - di2; 

  ar[j1] = dr1 + dr2; ai[j1] = di1 + di2; ar[j2] = tr * wr - ti * wi; ai[j2] = ti * wr + tr * wi; 

  }  }  } 

  j1 = n / 2; j2 = n - 1;  j = 1; 

  for(i = 1; i <= j2; i++)  { 

      if(i < j)  {  tr = ar[j-1];  ti = ai[j-1]; ar[j-1] = ar[i-1]; ai[j-1] = ai[i-1]; ar[i-1] = tr;  ai[i-1] = ti; } 

        k = j1;  while(k < j)  {  j -= k;  k /= 2; }   j += k; } 

  if(flag == 0) return(0);  w = n; 

  for(i = 0; i < n; i++) {  ar[i] /= w;  ai[i] /= w;} 

  return(0);   } 

WP2: Memory models 

 
Fine-grained memory model 

of C and Bytecode Java 
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