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NGUYEN Thi Minh Tuyen

FORMAL PROOFS OF NUMERICAL
PROGRAMS

int main(){ :
double x = 1.0; follow the strict IEEE-754 of each FP computation
double y = 0x1p-53 + Ox1p-64; whatever the environment
double z = x + y;
1féf_i‘;:f}?,YE5,,); ACSL specification language
else
rintf("NO");
E Annotated C program
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Automatic provers
(Alt-Ergo,Gappa,CVC3,etc.)

How to prove a program whatever the
compiler and the architecture?

Theorem

Let &/ = 2051 - 27% and e = 2050 x 279, Let 0/ = 2049 x 27'%2 and n = 2049 x 27156,
If we define each operation result as any real such that

lz®y — (
/*@ requires el<= x-\exact(x) <= e2;

Ji*@ logic integer 1 sign(real x) = (x >= 0.0) ? 1 :-1;*/

oy —(z—y)l<e - (o[ + |y]) + 7
g ensl;‘rxq?;utih?ixges:ii]\r‘fzsgj‘lf&== 1 sign(\exact(x))); "ZE ® y - (.flj * y)‘ég : "CE * y’ —|_ 77
)

@*/
in’;fs%gnidzg?lerziugﬁub}? el, double e2) { |Qj QY — (x/y ‘Sg : ’3;/y| +n
rewm and if we are able to deduce a property (such as a rounding error), then this
P SaRDE property holds whatever the architecture and the compiler optimizations among
E w{l}iimiﬂ E% jh(;iiﬂgiﬁ%& commutativity, addition/subtraction associativity (for less than 16 additions), use of
§ e s Bk G sl - 18 FMA, use of extended registers, expression factorization and unfactorization.
@ \result != 0
PTGy

int eps line(double sx,double sy, double vx,double vy}{
int sl=sign(sx*vx+sy*vy,-0xl.aap-42,0xl.aap-42); File
int sZ=sign(sx*vy-sy*vx,-0xl.aap-42,0x1l.aap-42);
return sl*s2;

result2: double

13.0 Statistil H1°: double_of_real_post(nearest_even,
Oxl.aap-42, result2)

Hi4: no_overflow double(nearest even, -

e 1/1 double value(result2))

, result3: double

@ . H1%: neg_double post(nearest_even, resultz,

' nﬁ.wu'%#$;¥|i|Functian eps_line
~— Default behavior

1. postcondition

— Function eps_line result3)
Case StUd = Safety "o 13/13| 415 no_overflow double(nearest_even,
3/ Ox1.aap-42)

check FP overflow

check FP overflow

result4d: double
H17: double of real postinearest even,
Ox1.aap-42, resultd)
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fm_ at_nia/KBBD/ 6. precondition for user

7. precondition for user

ST T Look into multiplication/division reordering

check FP overflow
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e D ercrton s 3y = v s Look into assembly
- know the order of the operations

8. check FP overflow
9. check FP overflow _
10. check FP overflow |
11. check FP overflow |

@

@ \abs(sx) <= 100.0 && \abs(sy) <= 100.0 &&
@ \abs(vx) == 1.0 && \abs(vy) == 1.0;
@

@

gnsures

15, precondition for use AR - Nk — - know the precision used for each operation
T e e U neactsa et ~ know if the architecture supports FMA or not
=/ pefault behavior 6/6 Egiit R TR L

1. postcondition
int eps_line(double sx, double sy,double wx,
double wy){

int 51,82;

Bl=sign(sx*vx + sy*vy, -Oxl.aap-42,
Ox1.aap-42);

. postcondition

. postcondition
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4. postcondition
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. postcondition ;
o s2=sign(sx*vy-sy*vx, -0Oxl.aap-42, Oxl.aap-42);

. postcondition return sl*sz;
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