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Abstract Although studied for almost forty years, the mutation testing has been prevented from
being widely applied in industrial practice by the problem of equivalent mutants. To overcome the
problem, a algorithm of using fault detection context to predict the equivalence of mutants is
proposed. It makes use of static analysis technique to extract feature information about the program
context around mutated program, which is called its fault detection context. Then the context
information is translated into a document model, which describes the feature of mutant using natural
language. The representation learning network is further used to encode fault context features.
Finally, machine learning model is used to predict the equivalence of each mutant with respect to its
fault detection context. An empirical study on 118000 mutants from 22 C programs is performed to
validate the proposed method. The results show that the method achieves 91% of precision and 82%
of recall in classilying mutants as equivalent, while 77 % of precision and 78% of recall are achieved in
cross-project validation. It implies the fault detection context based technique can dramatically improve
the efficiency and effectiveness of equivalent mutants detection, which effectively facilitates the

efficiency for mutation testing process.
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int ger_min Cint List[ ]){
int min = Integer .Maximal ;
int length =list . Length ;
for(int k =03k <length ;k ++)
[ * mutant-1:k<<length * |
if(List [k 1<<min)
| * mutant-2:list[ b 1<min * |
min=1list[k];
return min ;

}

Fig. 1 Equivalent mutant and non-equivalent mutant
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| * detection context of mutant-1 * /

int length =list.Length ;

for (int £ =03k<length ;k++)
| % k<length * |
if (list[k]<<min){

y

| * detection context of mutant-2 * /

int min = Integer Maximal ;

for (int £ =03k<length ;k++)
if (List[k]<<min){
[ * list [k 1<<min * |
min=1Iist[k];
y

return min.

Fig. 2 Fault detection context for mutants
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Fig. 3 Program dependence graph
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Fig. 6 FDC-based equivalent mutant detection flowchat
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Table 2 Objects in FDD and Words for Describing
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3 X % ]
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x in{y=ux}
yin{y=x}

C in{if C then S} [C] condition_of [if C then S]

spe t [s]in_branch [¢]
s™pe t [¢] lead to [s]

s™pp ¢ [s] use_from [¢]
s=>pp ¢ [¢] define_for [s]

YE R BT, % 8K 5 H i 3 A0 C RS, 43
WA List [k 1<<min B b ++ WK i 58 UL & Return
min B List [k ]<<min WIARHGEE. & 7 % b b AR #i
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True
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i <
< <) relation_expr_-

lop array_ref used from
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TR SCAR R R v 25 A 5 A5 R A 30 AT AT X
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used_in KA s B1 T b S k<length W/ HAEEL,
H lop(left_operand) & i i W5 2 8] 1) 3¢ Z 6 I i 52
1A 32 B 2R 45 23R F 41) « (<X, <) seeded_in relation_
expr_<_in _branch _true relation expr <left
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seeded_in

list [k] < min

list[K|<min H Jist[k] H min=list[k] }
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k<length >k » k++
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L]
>k > k++
N

relation_expr_< lead_to_true

list[k]<min
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min=list [k]
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< min |« Return min

used_in  return_statement

Fig. 7 Fault detection document example
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Fig. 9 Attention-based document embedding networks
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Fig. 10 Feature-based equivalent mutation detection
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Table 3 Subject Programs, Test Cases and Mutants Number

£3 THERFURANSERENE

354 (TR 7 SR BRRURE R ik
bubble_sort 45 14 5 127
quick_sort 52 16 6 197
prime 96 14 4 211
profit 30 12 4 414
triangle 33 18 4 499
days 38 32 6 587
calendar 261 30 11 595
prime_factor 49 12 6 993
max_tri_path 39 14 10 1283
md4 791 48 16 3464
md5 577 78 28 3722
print_tokens 836 88 18 5472
print_tokens2 689 102 20 5370
replace 964 134 16 8018
schedule 41 50 18 3847
schedule2 38 52 18 4035
tcas 14 15 12 2995
tot_info 33 43 67 7086
flex 7395 928 94 11892
space 6231 798 136 14583
sed 8357 1460 64 13964
gzip 6753 856 80 28584
#it 33362 4814 643 117938
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Table 4 Accuracy, Precision and Recall in Cross-Validation

R4 EMSXEBERFHENB O X (ZXEIE)

BRCWIRES eSS WWRI Y% KR AEE Y%
N-cet = Iy AN RS
T Tawn o w
FNEE ULy 69 63 74
B Hrke ml A 88 81 57
S ) 92 83 82
%;?E Fifi BIL 2% b 90 87 81
XGBoost 90 89 64
Bagging 91 90 70
Z R AL 93 90 82
AR DL J 70 68 75
B Wk ml A 88 82 60
S ) 92 85 82
N T o1 51 75
XGBoost 90 89 65
Bagging 92 90 76
Z 2L 95 91 85
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Fig. 12 Leave-one-project validation results
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Table 5 Leave-One-Project Average Precision and Recall

x5 B-IBRERENFHBEEMBEOER X

e iR PN ES F1 534
BEL AR bR 49 54 51
PSR 70 46 55
XGBoost 60 38 46
Bagging 73 43 54
Z R 77 78 77
5.5 BIEE

5T AR SO AR S A B R D bR SC Y SRy
Y I R IR D ARRAIE 25 1] 381 A% S 45 A 1 Bl 5 2 5
M EMER.E 13 L calendar 2 ¢ B9 8 AS A 41
X BACHDHE H 3R S AP 2 545 8 247 bulfer H.

if (condition_being _mutated )
sprint f Cbuf fer[line].
“YsYs¥dYs 7,
buffer(line].,
“P.day ")
else
sprint [ (buf fer[line],
“Ys%d 7,
buffer[line].day);

Fig. 13 Example of mutant being incorrectly classified
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