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Interval computation is a rigorous numerical method that computes intervals instead of numerical values; a
resulting interval encloses a true solution and also guarantees the precision of the numerical computation.
Implementations of interval computation often become complicated by considering e.g. combinations of the
special values and the bounds of argument intervals. Therefore, verification of implementations is important
for the reliable numerical computation. On the other hand, with the progress of verification tools, e.g., a
direct support of floating-point numbers, automated verification of numerical programs becomes possible.
In this research, we verify programs that implements interval computation to achieve reliability. More
specifically, we apply the Why3 tool and the Alt-Ergo SMT solver to verify a program that implements an
interval power function. In the verification, we first specify the target program annotated with expected
properties with Why3’s specification language; then, we prove the verification conditions using the tools.
We aim to develop a scheme that identifies loop invariants and auxiliary lemmas that are useful in the
interval computation domain.
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module Pown
use mach.int.Int
use real.ReallInfix
use real.PowerInt
use ieee_float.Float64
use interval.Float64Ex
use interval.Interval
use mul.Mul
use pown_theory.PownTheory
use pown_point.PownPoint

let pown (x: interval) (y: int) : interval
(x Specification *)
= if y = 0 then of_float oneF
else begin
let a = y in
let r =

if a % 2 = 0 && float_in zeroF x then begin
let r’> = hull_with_float (pown_point (mag x) a) zeroF in
r)
end else begin
let ri = pown_point x.inf a in
let rs = pown_point x.sup a in
let r’ = hull ri rs in
r)
end
in
T
end
end
end
H1 BHANEZEHO WhyML S:5EICK 2RE
let pown_point (x: Float64.t) (y: int) : interval

(x Specification 1 *)

= if y = 0 then of_float oneF
else if x infinity then of_float x
else if x neg_infinity then begin

if y % 2 0 then of_float (neg x) else of_float x
end
else begin

let rec aux (r xp: interval) (n: int) : interval

(x Specification 2 *)
= if n = 0 then r
else begin
let r’ =
if n % 2 <> 0 then begin
mul r xp
end else r

in
aux r’ (mul xp xp) (n / 2)
end
in
let r0 = { inf = oneF; sup = oneF } in

let xp0 = of_float x in
aux r0 xpO0 y
end
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requires { valid x }

requires { y >= 0 }

ensures { valid result }

ensures { forall t. real_in t x
-> real_in (power t y) result }
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requires { is_not_nan x }
requires { 0 <= y }
ensures { valid result }
ensures { t’isFinite x
-> real_in
(power (t’real x) y) result }
ensures { y = 0
-> real_in 1. result }
ensures { is_plus_infinity x
-> y <> 0
-> is_plus_infinity
result.sup }
ensures { is_minus_infinity x
-> y <> 0 ->mod y 2 =0
-> is_plus_infinity
result.sup }
ensures { is_minus_infinity x
-> mod y 2 =1
-> is_minus_infinity
result.inf }
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mul [9.8690, 9.8691] [97.397, 97.400]

requires { valid r }
requires { valid xp }
requires { 0 <= n <=y }
variant { n }
ensures { valid result }
ensures { t’isFinite x
-> real_in
(power (t’real x) y) result }
ensures { is_plus_infinity
x /\y <>0
-> is_plus_infinity
result.sup }
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let rec aux (r xp: interval) (mn: int)
(ghost log_r log_xp: int)

requires 0 <= log_r < log_xp }
requires
requires
requires

)

= n * log_xp + log_r }

let ghost log_r’ =
if n % 2 <> 0 then begin
log_r + log_xp
end else log_r
in

aux r’ (mul xp xp) (n / 2) log_r’

interval

t’isFinite x -> real_in (power (t’real x) log_r) r 1}
t’isFinite x -> real_in (power (t’real x) log_xp) xp }
y

(log_xp * 2)
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