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Sensitivity of Metamorphic Relationships and Its Cluster Analysis
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(College of Computer Science and Technology ,Huagiao University , Xiamen , Fujian 361021, China)

Abstract: Metamorphic testing (MT) is proposed to alleviate oracle problem in software testing, which verifies soft-
ware under testing (SUT) by checking whether inputs and outputs satisfy metamorphic relation (MR). MR, the constraint
constructed from the propriety of SUT,plays a key role in MT and becomes focus in MT researching. Failure detecting ratio
(FDR) is a popular measure for failure detecting ability of MR. However ,FDR is the mean of failure detecting ratios of a MR
applied on different mutants. This averaging covers some important properties of MR. In this paper, sensitivity of MR is de-
fined, which is a multi-dimension information vector consisted of failure detecting ratios on all mutants. Sensitivity of MR re-
flects more fully characteristics of MR than FDR and allows more possibility in MT researching. One typical application of
sensitivity of MR is the cluster analysis on MR set,in order to find some clues of the underlying relevant between the require-
ment of MR and its failure detecting ability. K-means algorithm,a classical cluster analysis algorithm,based on MR sensitivity
is applied in the experiment. The experiment results show that the sensitivity of MR supports cluster analysis strongly and the
analysis offers some useful knowledge. Sensitivity of MR will be a good method and essential rationale for MT researching.
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MR6  SP(G,a,b).length =SP(G’ ,a’ ,b’ ). length G G A SRR ZER 2 R, a’ F16° TEE G AR G i a 1 b.
MR7  SP(G,a,b). length=SP(G’ ,a’ ,b’ ). length G G I USRI ZERE 5 W, e F b FER G FHXTRLIE G i a 1 b.
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x3 Days T X &R
Gt RIS frigas
MR _1 calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = year2'=year2 —4
calculate ( yearl ,monthl ,dayl ,year2’ ,month2 ,day2. ) +d
MR _2 calculate (yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = year2’=year2 +4
calculate ( yearl ,monthl ,dayl ,year2’ ,month2 ,day2. ) +d
MR _3 calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = month2 = month2 -4
calculate ( yearl ,monthl ,dayl ,year2 ,month2’ ,day2) +d
MR _4 calculate (yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = month2 = month2 +4
calculate ( yearl ,monthl ,dayl ,year2 ,month2’ ,day2) +d
MR _5 calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = day2'=day2 -7
calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2’ ) +d
MR _6 calculate (yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = day2'=day2 -7
calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2’ ) +d
MR _7 calculate ( yearl ,monthl ,dayl ,year2 ,month2 ,day2) = AR A H
calculate ( year2 ,month2 , day2 ,yearl ,monthl ,dayl ) +d
MR _8 calculate(yearl ,monthl ,dayl ,year2 ,month2 ,day2. ) = B ASEEAEA B KN ERA B RS
calculate ( yearl ,monthl ,dayl ,year2 %2 ,month2 2 day2 *2) +d
MR _9 MR6. calculate( yearl ,monthl ,dayl ,year2 ,month2 ,day2) = KB —ANSHONEA B KR ER Wi
calculate (yearl ,monthl ,dayl ,yearl * 2 ,monthl %2 dayl *2) +d
MR _10 2 # calculate( yearl ,monthl ,dayl ,year2 ,month2 ,day2) = 5 T R 22 ) £ ] B ) B K Sy S e iy A3
calculate ( yearl ,monthl ,dayl ,year’ ,month’ ,day’ )
%4 DSPA BT X REBUREERE
LIRS AOD AOI AOR ASRS COD col COR LOI ROR
MR1 0.71 0.72 0.53 0.76 1.00 0.77 0.84 0.82 0.52
MR2 0.71 0.79 0.65 0.88 1.00 0.89 0.87 0.87 0.62
MR3 0.71 0.73 0.58 0.76 1.00 0.86 0.85 0.85 0.61
MR4 0.67 0.49 0.19 0.02 1.00 0.48 0.49 0.72 0.30
MR5 0.67 0.49 0.20 0.02 1.00 0.48 0.49 0.72 0.30
MR6 0.67 0.55 0.22 0.04 1.00 0.45 0.50 0.72 0.32
MR7 0.67 0.59 0.23 0.09 1.00 0.47 0.53 0.72 0.33
MR8 0.67 0.61 0.50 0.62 1.00 0.76 0.79 0.78 0.51
MR9 0.68 0.62 0.52 0.64 1.00 0.77 0.80 0.79 0.52
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K5 Days ITXRMBBREER
AR R AOD AOI AOR ASRS coI LOI ROR COR
MR _1 0.50 0.06 0.10 0.50 0.35 0.17 0.20 0.37
MR _2 0.49 0.06 0.09 0.50 0.26 0.16 0.19 0.37
MR _3 0.49 0.11 0.16 0.47 0.36 0.22 0.22 0.24
MR _4 0.49 0.12 0.16 0.47 0.36 0.22 0.21 0.24
MR _5 0.49 0.04 0.15 0.13 0.04 0.15 0.03 0.01
MR _6 0.49 0.04 0.15 0.13 0.03 0.15 0.02 0.01
MR _7 1.00 0.41 0.48 1.00 0.27 0.53 0.36 0.00
MR _8 0.49 0.25 0.43 0.57 0.58 0.35 0.45 0.51
MR _9 0.49 0.28 0.46 0.67 0.64 0.46 0.42 0.55
MR _10 0.00 0.27 0.34 0.40 0.55 0.31 0.39 0.44
%6 FDR 5EHFRE
LRI FDR Hp PR HE LTRIP S FDR Hy CPEHsuRE HE
MR1 0.68 3 0.74 3 MR _1 0.14 7 0.28 5
MR2 0.76 1 0.81 1 MR _2 0.13 8 0.27 8
MR3 0.72 2 0.77 2 MR _3 0.18 5 0.28 5
MR4 0.45 9 0.48 9 MR _4 0.18 5 0.28 5
MRS 0.45 8 0.49 8 MR _5 0.07 9 0.13 9
MR6 0.48 7 0.50 7 MR _6 0.07 9 0.13 9
MR7 0.51 6 0.51 6 MR _7 0.44 1 0.51 1
MRS 0.62 5 0.69 5 MR _8 0.36 3 0.45 3
MR9 0.63 4 0.70 4 MR _9 0.39 2 0.49 2
MR _10 0.33 4 0.34 4
x®T BETHBREMNER
SRR T %1 3382
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5.3 LRSS JHL SR DSPS LR F A BN EEA R (2)
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DA SO (1) ] ST Y (E. R A AR o, T AR
A FEE R AAREE i 2D, 842 4 04 A8 1A R A B A
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R

T 0] DL A 3 R AR e R R
For M A F DSPA [ W56 48 56 Z K1) 4> 4 | MR4, MRS,
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f5 A5 5 Z R4y 9 { MR _1,MR_2,MR_3,MR_4,
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