H39% HI11M it A HL £ Eire Vol. 39 No. 11
2016 4 11 A CHINESE JOURNAL OF COMPUTERS Nov. 2016

ETHRITTHBERMIX AT HITEEEX
RHAT AR REE

D OREGERHE S SRR TRYEE LR R 221116)
DURM TR B TR BE TL9F IR 2210000
D OPEAE R BB VLA RN 221116)
DCEMB TR TS FEEA ISR 20 730050

OE ARSI — T SR R A BRI R AR R A A I AR L R R T A S B AR R Y
Papadalis 45 AKF 3E— 2 5 1 55 728 S I 3ol ()80 e A6 oA 55 — 5 e ) 72 5 30 ) L S8 = TR ST USSR A 8 B 40 32
Tl 7 s AR U S B (HR L B R s AR AL S R T A R I S A S O T 0 S = I A R
UGB M G SR SR A5 B L 2R A S R PR R S 00 S O AR BT R B AR X 2 2 S R S 0 3 g
AL A8 2 K BE S M F © A 1 B AR BE 25 I 1007 4% - AR BT Jo e 199 74 57 00 3 20000 » AT 488 8 3 72 5 003 1) 00K B
ey 5 2 — R S S AR AR AT AT AR B A B 2 A AR T s S T SO T G B R S T R L) S 2 (]
FRAR SR A o B H T — Al T 55 728 S 4 0 AT PRAT o 420 2 Bl 5 T o O A A 3K 28 B A 1 0 4 I B 8 R BRI AT Y R
SR % TR S AR A A FLO ST Y SR AR S 2R o 0 B AR S g S AT D AR S SR R AR
AR G A 78 53 00 ST A B R 7 Fe AL 8 5 — WO R 7 L OF 3 TR L 2 5 R+ 5 48 [l — 1B A TR IR 2 A 72
S 3 S EAR SN 5 T8 2 4 A DGR S 43 32 T B B0 S U R B O3 S B A T R O R A5 H I S ) L O3 S Y
AR » A AL 5 78 S 0 A 03 SRR A Y AT AT T AR s S L RIS A A R T T AR 2 8] B AT O
B A IF TR AT AR R MO 7 R AR 2 5 A B — A% B2 2 T SRAT A R T 4 D ik L T 9 A R A Tl
TS F 5 E G0 AT T AR SR 4 SRR WY I 4R 05 ik A BT O BB D B T ST B AR L BB AT I [R] 4 5 T
R X ST AT AR RS 5 T A Y AL S S RO BT R U7 IR v B R AR A L X AR R T AT B AR ROR
— 5E BRI L AH X FR P 32 47 6 [ 52 00 452D

KGR AT 5548 5 5 8 S a0 35 AR 5 T PRAT B AR

REES XS TP311 DOI S 10.11897/SP. . 1016. 2016, 02355
Feasible Path Generation of Weak Mutation Testing Based on Statistical Analysis

DANG Xiang-Ying”'® GONG Dun-Wei”*  YAO Xiang-Juan®”

D (School of Information and Electrical Engineering , China University of Mining and Technology . Xuzhou, Jiangsu 221116)
2 (School of Information and Electrical Engineering » Xuzhou Institute of Technology ., Xuzhou, Jiangsu 221000)
D (School o f Science, China University of Mining and Technology, Xuzhou, Jiangsu 221116)

Y (School of Electrical and Information Engineering , Lanzhou University of Technology, Lanzhou 730050)

Abstract Mutation testing is a fault-based testing technique. The high cost, however, limits its
widespread applications in practical testing. Papadakis et al. transformed the problem of weak
mutation testing of a program into that of covering the true branches of mutant statements of
another program, with the purpose of generating mutation test data by using previous methods of
branch coverage. The converted program contains, however, a great number of mutant branches
by using the above approach, thus having a difficulty in generating test data that cover these

branches. If appropriate methods are employed to reduce the mutant branches in the converted
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program, and the reduced mutant branches are grouped according to the paths to which they
belong, mutation test data with high quality will be generated by using previous methods of path
coverage, hence improving the efficiency of weak mutation testing. Effective methods for generating
feasible paths based on a program and its mutants are, however, of absence up to date. In view of
this, this paper proposes an approach to generate feasible paths for weak mutation testing by
considering the correlation of the true branches of mutant statements, with the purpose of killing
all mutants by test data that cover all these feasible paths. To fulfill this task, the dominance
relation of the true branches of mutant statements is first determined and employed to reduce the
dominated true branches. Following that the non-dominated branches of mutant statements are
instrumented into the program to form another program. The true branches of mutant statements
that are generated by mutating the same statement are transformed into a new one based on their
correlation. Then feasible sub-paths that contain these new branches and the original statement
are produced based on the correlation among the original statement and the new branches. Finally,
a correlation matrix is generated and reduced based on the execution of these sub-paths using
statistical analysis, and one or more feasible paths that contain all these feasible sub-paths are
obtained based the correlation matrix. The proposed method is applied to nine benchmarks or
industrial programs, and compared with traditional algorithms. Our experimental results demon-
strate that the proposed method can generate a small number of paths which cover all the mutant
branches, with less time in executing the program. In addition, the sampling size involved in the
proposed method has an influence on the number of feasible paths to some degree, whereas

slightly impacts time in executing the program.
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Background
All software testing methods attempt to discover errors testing.

in a program by seeking effective test data.

Mutation testing is a fault-based technique for unit level
testing. Mutation testing describes a fault as a simple syntactic
change to a program, called mutation. A series of mutation
operators are employed to create a number of mutants of a
program, and test data are generated to kill these mutants.

Weak mutation is a way to reduce the complex of mutation

Generally, there exist a great number of mutants based
on a program under test, and a large number of test data are
required so as to kill these mutants. In addition, these test
data must execute the original program and its mutants,
reducing the efficiency of mutation testing. To overcome the
above drawback, Papadakis et al. ever proposed a method of

forming another program by fusing all the true branches of
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mutant statements into the program. These branches can be
constructed by statements before and after mutation. By this
means, we can transform the problem of weak mutation
testing to that of covering branches. The above method
raises, however, a new problem that the converted program
contains a great number of branches, which enhances the
complex of generating mutation test data. In view of this, it
is necessary to study new approaches to improve the efficiency
of mutation testing.

Different from previous work, our approach transforms
the problem of covering the true branches of mutant statements
to that of covering a small number of feasible paths, with the
purpose of solving the problem of weak mutation testing by

using previous methods of path coverage. Effective methods

for generating feasible target paths based on a program and
its mutants are, however, of absence up to date. This paper
investigates the problem of generating feasible paths that
contain all the true branches of mutant statements, and
proposes a method to improve the quality of test data based
on weak mutation testing. The experimental results show
that a small number of feasible paths generated by the
proposed method can cover all the true branches of mutant
statements. By this means, we can improve the efficiency of
generating test data for mutation testing.
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