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Maximum (a, b, c)

. max = a;

if (b >max)
max = b;

if (c > max)
max = C;

. return max;
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Mutation operators
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Mutant

Mutant

Maximum (a, b, c)

. max = a;

if (b= max)
max = b;
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if (¢ >max)
max = C;
. return max;

Maximum (a, b, c)

1. max = q;

2. if (b > max)

3. _max = b;

2. [if (¢ 1= max)|
5. max =c¢;

6. return max;
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Mutant

Mutant

Mutant

Maximum (g, b, c)

6. return max;

Maximum (g, b, c)

i 1. max = a;
217 (b > max 2. if (b > max
3. max =b; 3

4. if (C © max) 4 if (C > qu)
5 max=c 5. max=c;

6. return max;

Maximum (a, b, ¢}
1. max = a;

2. if (b > max)
3. max = b;
4. if (c > max)

5 _
6. return max;

Mutant

Mutant

Maximum (a, b, ¢)

6. return max;

Maximum (a, b, c)

1 Max 2 d 1. max = a;

2. lif (b > max) 2 if (b > max)
3. max = b; 3 max=b:
4.if (¢ > max) 4. lif (¢ > max)
5. max=c; s max = c

6. return max;
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E_\ Maximum (g, b, ¢] Maximum (a, bft) - Maximum (a, b, c)
== 1. max =A; 1. max = a, E 1.max = a;

= 2. if (b max) 2. if (b > glax = 2. if (b > max)
= 3. X = b; 3. maxf= b; o 3. max = b;
B2 4 if (> max) 4. if (c f max) = 4. if (¢ > max)
DL 5. ax = ¢; 5. = 5.

6. refurn max; 6. retugn max 6.
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Original Mutant
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[ Symbolic Mutant Test Generation ] Infect-only

Original Mutant
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[ Symbolic Mutant Test Generation ] In fec t-on Iy

@:True
o:x =x9,n=0
&x%<:0
o:x =x9,n=0

v Original Mutant M,
D:xy <0 D:xy <0

Program a a:x=3?o,n=xo aa:xzx:,(;’z:xo+1

int func (int x) {

1. intn=0;

2. if(x<0){

3. = X; J(n=x+1; . .

PP The mutant M, is not killed by the test

5. n++;

}
7. returnn;
}

Outoyiging = 0 Z3 solver
Ot 0 |77 i ( D (IR (I D
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[ Symbolic Mutant Test Generation ‘

2

@: True
g:x =x5,n=0

: Q):x0<0
° g:x =x9,n=0
v Original Mutant M,
Program q P:xo <0 a P:x0 <0
int func (int x) { 0:X = Xg,n = Xg o:x =Xxg,n=xg+1
1. intn=0;
2 If(X<0){ 8 @:x0<0/\x0#:0 ®:x0<0/\x0=—1 @:x0<0/\x0¢—1
3. n=x;//M,(n=x+1;) ?) 0. X = Xy, = X O:X =Xg,Nn=2Xxp+ 1 0:X =Xg,n=2x9+ 1
4 if (n) 'l S
5. n++; q:\ D:xy <0 D:xy =—1 d D:xg < —1
} «.N a:x=xo,n=x0+1 0':x=x0,n=x0+1 O':X=x0,n=x0+2
7. returnn; : '
} i i
Z3 solver
ifeasvte. i ( (N (EEEED) (R » R
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[ Symbolic Mutant Test Generation

@: True
g:x =x5,n=0

/\

. q D:xy <0
° o:x =xg,n =0
v Original Mutant M,
Program a D:xy <0 a B:x, < 0
int func (int x) { 0:X = Xg, N = Xo o:x =Xp,n=2xy+ 1
1. intn=0;
2. if(x<0){ 2
3. n=x;//M,(n=x+1;) ?}
4 if (n) g
5. n++; “‘:\
) S
7. returnn;
}

Z3 solver

Xg = —2 <(—
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SEMu implements heuristics that enable scalable

and deeper mutant-error propagation
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[ Completeness Preserving Optimizations ]

Meta-mutant Program

Program unsigned MUTANT _ID;
int func (int x) { int func (int x) {
1. intn=0; 1. intn=0;
2. if(x<0){ 2. if(x<0){
3. N=X//M,(n=x+1) M, (n+=x) ) 3 switch(MUTANT_ID)
4 if (n) case 1: n = x + 1; break;
5 n++; case 2: n += x; break;
} default: n = x;

7. returnn; }
} 4, if (n)

5. n++;

}
Shared 7. returnn;
}

NI M,
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SEMu is implemented on KLEE

Our implementation added/modified more than 8,000 lines of
code.

https://qgithub.com/thierry-tct/KLEE-SEMu
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We evaluate SEMu and compare with KLEE and the

state-of-the-art-approach (infect-only)

Subjects: 36 Programs from GNU Coreutils
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[ Symbolic Mutant Test Generation

Program

int func (int x) {

1. intn=0;

2. if(x<0){

3. n=x;//M;(n=x+1)
4. if (n)
S. n++;

}

return n;

-—

Outpyivina = 0 | Z3 sobve
Onginal - Z3 sohver
Outypian =0 =1

Infect-only

Original Mutant M,

o 0:x5 <0 J B:xp < 0 }
o:x=xun=x | 0:x = Xo.n = Xg + 1
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