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Overview

e What means computing specifications
e Applications

e Feasibility

e How to do it

e Examples

e Summary & Discussion
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Verification In reverse

e Given a program, automatically find its
specification.

e Not just any specification, better yet
the strongest specification that the
program satisfies.
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Applications

e Reverse-engineer existing code into a
formal model.

e Auto-complete partial specifications of
methods.

e Explain what a complex piece of code
really does. (Expectation? Special
cases?)
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Terminology |

e ¢ IS a specification of a program « If

F x=2"" —

o
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Terminology I: Example

e ¢ IS a specification If

r
pre

F x=ax"" ANy=y
{intt=x;x=y;y=1; }H¢
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Terminology I: Example

e ¢ IS a specification If

r
pre

F x=ax"" ANy=y
{intt=x;x=y;y=1; }H¢

* x =y Ay =atey/
* x—y =y —ahey/
o Y3 = xFaM A yFyY x
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Terminology I

e 7/ IS Stronger than ¢:

0OV = YFP
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Terminology Il: Example

e 1) IS Stronger than ¢:
oY = YPFEQ
°ex—y = ypre_xpre

< Xiypre/\yixpre
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Terminology Il: Example

e 7 IS Stronger than ¢:

0OV = YFP

*xX —y i ypre_xpre

< Xiypre/\yixpre

e Do strongest specifications always
exist?
Are they unique®?
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Terminology Il: Example

e 7 IS Stronger than ¢:

0OV = YFP

*xX— 7y - ypre_l,pre

< Xiypre/\yixpre

e Do strongest specifications always
exist? Yes!
Are they unique? Almost!

e prefer “more readable” .
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Construction: Motivation

X = X + 2;
} else {
X = x — 1;

What specification? Call it C?
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Construction: Motivation

1f (x > 9) |

X = X + 2;
} else {
X = x - 1;

What specification? Call it C?

x>9 F(x=x+6)C
x>9 F({(x=x+2+4+4)C

x<9 F(x=x+3)C

x<9 F{x=x—144)C

x>9 F(x=x+2){(x=x+4)C

x<9 F{(x=x—1)(x=x+4)C

- (a)C
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Automatic construction

1. Call C a constant symbol of type
formula.

2. Prepare (special) proof obligation.
- x =2 — (a)C
3. Perform sequent calculus.

4. Use (failed) proof attempts.
5. Extract specification.
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Inference rules

Dy ... D,
C
allowed it VI Vs
I,s F C
—

I, s

[
S
>
>
S
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Ex: mutual branch

iIf (x < 0) {
x = 0:
} else {
x = x + 1;
]
if (0 > x) {
x = 17;
! else {
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Ex: mutual branch

e Implementation result (accumulator mode)

Ye = (x<0— (x=2)C)
Ax>0— (x=x+3)C)

André Platzer. Computing Specifications — p.13/31



Ex: mutual branch

e Implementation result (accumulator mode)

Ye = (x<0— (x=2)C)
Ax>0— (x=x+3)C)

e Implementation result (equation mode)

¢/ - (ijre < O N xpost - 2)
/\(xpre 2 0 — xpost i xpre 4 3)
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Ex: algebraic loop

int 1 = 0;
while (1 4) {

S = S + n>l<:|_
1++,

}

e Implementation result equation mode
P

Yo = PP =SP4 Gxm AP =5

simplified
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Ex: Diophantine equation

for (int i=1; i<10; i++) {
for (int 3=1; 3<10; 7++) {
iIf (ixi + 73 + 1 == 1ix73)
// return "pair” (i,))
return (100 x i + 7J);

]
]
]

return —1;
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Implementation

e As an additional KeY module.
e It works.

e Still some inconveniences:
unnecessary internal variables.
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Cons

- Specification collapses sometimes.
- Branching cases not (yet) reconciled.

- Unbounded loops are a major
problem.

André Platzer. Computing Specifications — p.17/31



Pros

+ Apart from unbounded loops we have
strongest specs.

+ No ad-hoc method but
well-understood logic.

+ Close to theory.
+ Theorem provers are applicable.
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Summary 1

e Computing specifications is useful.

e [he strongest specification exists and
IS (rather) unique.

e Automatic specification construction is

e
o K

ffective.
\eadability is the clue.
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Summary 2

e [ heoretical construction does not
achieve readability.

e [heorem prover approach is better.

e Sequent calculus is applicable (in a
natural way).

e Construction of logical representation
+ Inference of all program properties.
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Repository

e The end of the presentation
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Connexion

e 1 IS a specification of program « If

F x =" —

()
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Overall statement

VC VI Vs

I,s F x=a"™ —
({a)C 1)
Especially

C = x=gP*
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Comparison with sp

e sp(P,"s)=Q = E P — (s)Q
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Comparison with sp

e sp(P,"s)=Q = E P — (s)Q)

[ 6 <S>¢7A [, =b <t>¢aA
[" - (if(b) s else t)¢p, A

sp(P,"if (b)~s~else~t ") =
sp(PAD,"s )V sp(PA—b "t
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Comparison with sp

e sp(P."s ") =0 = E P — (s)Q)

[x—yl,x=tx—y] = ¢ Alxr y]
[ (x:=t)p, A

where y Is a new logical variable.

sp(P,"x =t =

T (Pl — 27al A 1 = [ 12PesgCorpiy seesicaions —p 2



Strongest specification

o Voo v,

S O

(X = 2" — ((a)x = 2P %))

where FV (vy,) C {xP, 2P},
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List of inference rules

“_|_H
P Fo, A T A

I FoAd,A

and-right
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List of inference rules

A A
Lo FA D FA
weakening
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List of inference rules

1 )

F,¢(X1,...,Xn,S(Xl,...,Xn)) VA
F73y¢<X17”°7Xnay) - A

Skolemise where {X1,..., X, } are the
free variables occurring in

Jy o(X1,...,X,,y) and s is a new
Skolem-function constant.
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List of inference rules

_|_

[ oy —eyol FA
L3y FA

e-rule, sometimes called “critical
axiom’.
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List of inference rules

« ) »
[ olx — t|,Vr o F A

Wz o A
universal quantifier
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List of inference rules

« ) »
b F(s)o,A T',=b F (t)p, A
[" - (if(b) s else t)p, A

branch
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List of inference rules

I FbA T,bF (s)p, A
[" - (if(b) s else t)¢p, A
“weakening” single-side branch
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List of inference rules

o oA
[ A
cut with weakening
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List of inference rules

“_|_H
CFo,A T, FA

' =A

cut.
e But good idea?
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List of inference rules

“_|_H
P Fo, A T F = A

' =A

cut-derived

André Platzer. Computing Specifications — p.26/31



List of inference rules

« ) »
[ F (if(b){a;while(b)a})p, A

[' F (while(b)a)¢p, A
unwind loop once
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List of inference rules

1 )

D1 I,br[al I,-bF ¢ A
[' I [while(b)a]o, A

loop induction with invariant 1.
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List of inference rules

Mx—yl,x=tx—y] FoAx—y
[ F(x:=t)p, A
assignment rule where y Is a new

logical variable (implicit universally
guantified).
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List of inference rules

« ) »
[' Folx —t], A

[ (x:=t)p, A
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Example: unifyRobinson

==>

t2 = self.IS_VARIABRLE
tl = self.IS_VARIABLE
{result:=1}
“true)
tZ2 + self.OCCURS_IN <
t2 = self.IS_VARIABRLE
tl = self.IS_VARIABLE
{result:=0}

“"true)

tl
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Example: unifyRobinson

& t2 = self.IS_VARIABLE
—> t2 + self.OCCURS_IN < t1l
| tl = self.IS_VARIABLE
| {result:=t2 + -tl}
“true)
& tl + self.OCCURS_IN < t2
& tl = self.IS_VARIABLE
—> {result:=0}

“"true)
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Example: unifyRobinson

& tl = self.IS VARIABLE
-> tl1 + self.OCCURS_IN < tZ2
| {result:=tl1 + —-t2}

“"true)
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Example: mathPolyPuzzle

==>
{ 1:=2,
j:=5,
result :=205}
"t rue
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(Example: symbolic loop)

int loopy(int c, Int a) {
for (int 1i=0; 1i<3; i++) {
c =c + a,;

)

return c;

]

e Implementation result (equation mode)

' = (result=c+a+a+a)
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