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¢ A counterexample -> Faulty execution trace of the
counterexample
e The constraint programming formalism
Why ?
e To model the problem,
e And to solve it.
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Abstract

e Error Localization, Software Debugging, Software
Engineering

Work objective

¢ Locate suspicious instructions in imperative
programs

e For which a counterexample has been found with
Bounded Model Checker(BMC) tool

e A counterexample -> Faulty execution trace of the
counterexample
e The constraint programming formalism
Why ?
e To model the problem,
e And to solve it.
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A program may contain errors

This errors can harm in proper operation of the
program
The process of software debugging is essential

e errors detection, faults localization, correction of fautes
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e The process of software debugging is essential
e errors detection, faults localization, correction of fautes
e Program with errors :

e A tool for model-checking (e.g. CPBPV, CBMC) to obtain a
counterexample
e Counterexample -> excution trace of counterexample
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e errors detection, faults localization, correction of fautes
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e A tool for model-checking (e.g. CPBPV, CBMC) to obtain a
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e The execution trace of the counterexample is often long
and difficult to understand
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e A program may contain errors Problem
e This errors can harm in proper operation of the Mothvation exampie
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Implementation

The process of software debugging is essential
e errors detection, faults localization, correction of fautes
Program with errors :
e A tool for model-checking (e.g. CPBPV, CBMC) to obtain a
counterexample
e Counterexample -> excution trace of counterexample
The problem :
e The execution trace of the counterexample is often long
and difficult to understand

Our idea :

e Counterexample, program and the postcondition ->
set of infeasible constraints -> A minimal conflict
set of constraints (IIS)



class program({

/@ ensures
@ (c >= d+e);
@«/

void foo(int a,int b){
int c;
int d;

else{
c=b; /« error x/
d=1;
=—a;
if (a>b){
f=b+e+a;
d=d+4;
}
else{
f=e;
}
}
c=c+d+e;
1
}
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Motivation example

The faulty
instruction

eo=-ao

fo=bo+eo+ao
di=do+4

c1=co+di+eo

FIGURE: The control flow graph of the foo program in DSA form
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Approche to locate faults :

e Use a BMC tool to obtain a counterexample :
CEprog (@ = —1,bp = —2)
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Approche to locate faults : Approach

e Use a BMC tool to obtain a counterexample : Implementation
CEprog (@ = —1,bp = —2)

o Generate the set of constraints which corresponds
to the trace of the counterexample :
Crce ={co =bo,do = 1,60 = —ap, a > bp, fo =
bo + €g + ap,dy = do + 4,01 = co + di + €}

o Generate the constraints set that corresponds to the
postcondition :
Cpost = {¢1 >=di + e}

o Generate the constraints set of the
counterexample :
CCEppog = 180 = —1,bp = -2}
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¢ |dentification of the faulty contraints :
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Approche to locate faults :
¢ |dentification of the faulty contraints :

e C= CCEPROG U Crce U Cposr is infeasible
= It has at least an infeasible sub-system irreducible of
constraints (IIS)
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Approche to locate faults : Abstract
o |dentification of the faulty contraints : Froseem
- . Motivation example
e C= CCEPROG U Crce U Cposr is infeasible
= It has at least an infeasible sub-system irreducible of
constraints (IIS)
e C,oc must be infeasible and minimum

Croc = {bo = —2,60 = by, ¢ = o + dy + €, ¢ >=
d; + e} is infeasible

o {BYHIH2,co = by, c1 = Co+dj+eg,c1 >=di+ep}

is feasible
o {by=—2,¢4HiM6,c1 = co+di+eg,ci >=di+eg}

is feasible
o {by = —2,Cy = bo, Ci/H Be/HH HI8h, c1 >=

di + ep} is feasible
o {by=—2,c0 = by, C1 = Co+di+ ey, ¢/ LHHItH H e}

is feasible
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Approche to locate faults : Abstract
o |dentification of the faulty contraints : Froseem
- . Motivation example
e C= CCEPROG U Crce U Cposr is infeasible
= It has at least an infeasible sub-system irreducible of
constraints (IIS)
e C,oc must be infeasible and minimum

Croc = {bo = —2,60 = by, ¢ = o + dy + €, ¢ >=
d; + e} is infeasible

o {bYyHH2, co = by, Cci = Cp+ 0y +ep, ¢y >=di +ep}
is feasible
o {by=—2,¢4HiM6,c1 = co+di+eg,ci >=di+eg}
is feasible
o {by = —2,Cy = bo, Ci/H Be/HH HI8h, c1 >=
di + ep} is feasible
o {by = —2,¢c0 = by, ¢y = Co+0i+ep, i/ K+t Hi g}
is feasible
e C' = (CCEPHOG U Crce U Cpost)\Ci is feasible
(ci € CLoc) Because the input infeasible system has a
single IIS
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Approche to locate faults : Absract
o |dentification of the faulty contraints : Frobem
o C = Cceppos U Croe U Cpost is infeasible HEElonesameE
= It has at least an infeasible sub-system irreducible of
constraints (IIS)
e C,oc must be infeasible and minimum

Croc = {bo = —2,60 = by, ¢ = o + dy + €, ¢ >=
d; + e} is infeasible

o {bYyHH2, co = by, Cci = Cp+ 0y +ep, ¢y >=di +ep}
is feasible
o {by=—2,¢4HiM6,c1 = co+di+eg,ci >=di+eg}
is feasible
o {by = —2,Cy = bo, Ci/H Be/HH HI8h, c1 >=
di + eo} is feasible
o {by = —2,¢c0 = by, ¢y = Co+0i+ep, i/ K+t Hi g}
is feasible
e C' = (CCEPHOG U Crce U Cpost)\Ci is feasible
(ci € CLoc) Because the input infeasible system has a
single IIS

e LOC = {ligne 17, ligne 28}
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Approach
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FIGURE: Our approach of localization
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Implementation
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FIGURE: The localization process
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Thank you for your
attention
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