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Abstract: Software testing is a method of validating that a software system operates as intended by actually
running it. In software testing, it is important how quickly to find defects, and therefore one of the areas
under study is test case prioritization (TCP). Coverage-based TCP prioritizes by using coverage information
that indicates which part of the code each test covers. However in existing prioritization strategy the optimal
strategy and parameters depend on targets. In this paper, we propose a new strategy in TCP, which gives
priority to tests with high anticipated value of the number of detection of newly found defects. Assuming
the expectation value of the defect can be calculated using the probability density function representing
the distribution of the probability that a certain defect is detected when executing a certain unit, we have
estimated this probability density function from the coverage information and calculate the expected value
of the defect under the assumption that its distribution follows the beta distribution. For the proposed
strategy and existing strategy, we have conducted experiments on 40 C programs and 28 Java programs, and
compared them. As a result of the experiment, TCP performance is improved in significant difference by
t-test by the proposed strategy when using statement coverage.

Keywords: software testing, test case prioritization, probability density function

VR T AR A A L 1. U ®I
Department of Electrical Engineering and Information Sys-
tems, The University of Tokyo, Bunkyo, Tokyo 113-8654, VITINI 2T TATA 78, VI VNI T VAT A
Japan
2 ORERTEREEE Y Y —
Information Technology Center, The University of Tokyo, a)  saito@satolab.itc.u-tokyo.ac.jp
Bunkyo, Tokyo 113-8654, Japan b)  schuko@satolab.itc.u-tokyo.ac.jp

© 2019 Information Processing Society of Japan 1



EHMMIPFASHYEE 7075324 Vol.12 No.3 1-8 (July 2019)

T AMTF=8 %2 AL, FATeBSE L TEHLAZLEBY
WCEET A0 E) D ERAET A2 & TH D [3]. BEHITK
DS L ZFEBHT 5 2 LI TE R WA, BB R WGE &
L CHERI/INS WD, VI Y2 TTFAT4 27
EV 7 by 2 TRBICATRTH Y, MEREDT-OIZN

CHOWHBRTWD, VI 72T VAT LADERDOEIZS
DT ANEFETTLULEND L0, TOIT RN EHIK
T 5720127 A M — ZAERIEAT (TCP) AHwH
% [10]. TCP ®% <1, TAMIr —ADY —=ZA3—FD
EOHG R FATT B0 KT AL v DIERE V2L O
TH5 [13]. HNL v IR=AD TCP HifiDI3 & A LI
total strategy & additional strategy @\ 3 L7 DK %
N=ZZLTWEDS, ZNENCEI LEIEH Y, —#k
BB BTN IRV R 2 [6).

AR TIZL D 2 DD 2G5 8 L Wigkhg & LT,
T AN = A% FEAT LB 72 AR S B RO R
DI W7l 2 38 K3 5. 32— FOKED % F4T
L72BRICRBGDS Ao D B iR 2 MR TR OB TR T 2
ET, PR RO A EBEOMEELFEL, £h
WERREGDT AN —APHIEIGERL T,

AIRDOLLT ORI RD L) 1% o Twbh, 28T TCP
& BESENARL AT T kg, 3 ECTIREF LRI OV TENR TN
B35, 4B TIIEBNRL ZOKEICOVWTIENRS, 5
BRI OVWTE LD L. 6ETEARBOT L%

PUISONN
2. TCP &BFEIRALM VT ERS

2.1 Test Case Prioritization (TCP)

— DRI IEOVT Y AT LAICANTETF A —
A DS NERL AU % 4T 9 $i4lf % Test Case Prioritization
(TCP) &MEAR[5]l. TCPICL>TY T M =T T AT A
YITDOT AN — AOFATNAF &L T A2 T, K
XDV RCERTEDL, FETTETAMN T —AZHIKTE
L EOFED D 5.

FAMAAL =P (FANTF—ADESL) T OWRER TN
TOEBOESZ PT, HWMEE f £ LT,

(VP") (P" e PT)(P" #P') , f(P)) = f(P") (1)

BT &) B P Bk D LHTCP Hitio BEET
H 5 [14].

2.1.1 HrIEHK

TCP DHMWEKE L THVOLENTVAIRIED 1 DI
Average Percentage Faults Detected (APFD) [11] 25% 5.
APFD & fault 12 & o TH LB KBS ENTZIT R ERET
Mt S B hEET.

Fault (2DWT
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ECThHb.
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TT AN — ADOBEFRNML 2P0 2 FHEDZ £ TH S [13].
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FIZxt LT, T A M —ADWEFTEINLE ZIZENEFN
DEALPFATENE DL V) IFROZ L TH L. H/NL Y
VeEd 5=y bk LT statement, method, class %
ERHWOLNL, ALy VIFROBURFIZIEI VT T
THERVSR, BWICa— N2 s8I — FHN
Ly Pk, URiON—Y 3y 0F A MEFFRICE LN S
Ly DiEHRERWVLEINIT— P30y JICRFI S
% [8].

KNV VIERIEIARREGE L=y NPFEITENLE 0 ELD
QMETHAEH, BII—FAINL Yy VIZLoTHEL=Y b
REAT LN A TGS LN TE LD, FEBREICILE
FTHZENTEDL, AWFERTIIIIR L7203V v V5%
WA,

2.1.3 {BSEIEALF () ERRE

BoNIZANL Yy DIERPS T A N7 — ADBEINER
R B ERAMITER S LT CHVSNS D DI total
strategy & additional strategy T 5 [11]. total strategy
X, AIN—F B2y FDE VT AT — A0 5 IHIZE
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Algorithm 1 Prioritization in the unified strategy [6]

Require: coverage information cover [n, m]

Ensure: prioritization Priority [i|

1: initialize Prob[m] « 1

2: initialize Selected [n] < false
3: foreachi (1 <i< N)do

4: for eachn (1<n < N)do

5: if not Selected [n] then

6: Sum [n] «— Z%zl (1 —(1- c)cover[n’m])
x Prob [m)]

7 end if

8: end for

9: Priority [i] < arg max Sum [n]
10: Selected [Prio*rityﬁi]] — true
11: for each m (1 <m < M) do

12: Prob[m] < Prob[m] x (1 — c)Ca”er[Priority[i]’m]
13: end for
14: end for

FANTF—ADRHIN—L TRy NEEDELH
IN=F 5T AN —AZMIERL T TH D, £
ORECERHFHERIE O (MN?) Th 5 [11].

total strategy &L= FDEITEEE RAKILT S L9
WEERIERAH TS CTE 507, ZNETILERNLAT A b
F=ADHINL Y VERPZFOBOBERICHEL iz
O, P72LHI ANV Yy VEFFOT AN —AEN) 5%
TLTLIEW R —=F ANy UAHLE LR Wi REEEA D
% . additional strategy MR 2 R AKILT 5 & 9 1I2Ek
JERAF VTS CE B —F, 1EIN—SN/z2=y PIDown
TOHNL Y VERITZDOBROBIRICHE L Rz, 1
ERESBRE SN o=y MR D AIE,
HAENL BN H 4. DLEOHE2S, 2 20D )
L EL LD RBENIIGEIZL > THRE A,

2.2 BEMUTEEOKE

Hao 5 I total strategy & additional strategy & f#A L
72N & L C unified strategy ZHe % L72 [6]. X (0,1] T
EFR SN AL ¢ DIEIZ X - T total strategy & additional
strategy D EH LIS WERIE» 2 HEET H 2 LTS 5 X
N> TVEENEMTH L. T~ FEAL u,, DERER
DRWa% & ATV BHEERZEE Probm) Z H# L, ZDHEA
DN & o TEEMEN. DOPEZ 1T .

Hao HSRE L -kl 2 7V T X4 1 ISRT. 72
ZL, NEOTAMNr—At, G T APAAL =}
T = {t1,ta,...,tn}, MO I — NHf 4, ZELTO T T
5P ={uy,uz,...,up} 28 LT, Cover [n,m], Sum [n],
Selected [n], Priority [i] ZZF &
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ZOHIEIE ¢ = 1 O & %12 additional strategy (272 1),
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FEEINIZV, 0<e<1DE &I, ¢80 12T E total
strategy 12, 11Z3T\ 213 & additional strategy 23T\, 2D
A LWL 2 b, T2, ZOEORERMHE
i¥ additional strategy &[] L O (MN?) Th%.
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IR Prob[m] \ZEE (1 —¢) 2T T 5h%, FIOE
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%3 — WHAL u,, DIFEAT SN/ L ZITREDRIBE NS
ERIEENENELD, p, EEREDLET B, p,, DA%
fp) &BL L, TNEIKRMIHE SN EHEERIZOWTORE
REERRTHL. ZoLE, aAN—Sh/zLEI21
H LA ER FaAsHe s & 5 i

P<x>=/0 (1= (1)) f () dp
=1—[;ﬂ—pff@ﬁm (4)

Ehh. L3 oT, 53— Ny, I2OWT, Ih
FCITEIRL 727 2 Mo — ZAHEET Count [m] Wl, 25T
AN —2At, B Cover [n,m| M1 /3—=F % t, 12X > Tl
LT up, DRIGARI S N5 FERIS

P (Count [m] + Cover [n,m]) — P (Count [m])  (5)

B2, 1, Lo TR L THRIL SN B KB G
DI

Sum [n] = Z (P (Count [m] 4+ Cover [n, m])

m=1

—P (Count [m])) (6)

WK EGATA M —A%NEIZHEIRT L2 LI1I2X > T
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Algorithm 2 Prioritization in the proposed method

Require: coverage information cover [n,m]

Ensure: proritization Priority [i]

1: initialize Count [m] < 0

2: initialize Selected [n] < false
3: foreachi (1<i< N)do

4: for eachn (1 <n < N)do

5: if not Selected [n] then

6: Sum[n] — SM_ P(Count [m]+Cover [n,m])
—P(Count [m])

7 end if

8: end for

9: Priority [i] « arg max Sum [n]

10: Selected [Priorityﬂii]] — true

11: for each m (1 <m < M) do

12: Count [m] «— Count [m] + Cover [Priority [i] ,m]
13: end for

14: end for

HFFRELY)BVEREZERTELLEZOLNS.
DEZATAT, REFEOTNVIT)ALET VT
AL 2 ZRT . Z OGO R M FHE & 1L additional
strategy % unified strategy &[] O (MN?) TH 5.
unified strategy [6] @ Prob[m|, Sum|n] &£ Zh
Count [m] = FH\»T

PY'Ob[ ] _ (1 _ C)Count[m] 7 (7)
M
Sum P?"Ob (1 _ (1 _ C)Cover[n,m])
m=1
M
_ ((1 _ C)Count[’m]
m=1
_ (1 _ C)Count[m]+C01)er[n,m]> (8)
LEEDL, ZITf(p)=0(p—c) £BLE

&7 5728, unified strategy 13IEFEFHITBVTRED R
SR BHEEE ¢ CHE LA EE L VE VD, & (9)
DI TR SN MERELEBRBDSRETH L0 EDPIZONT
IHRRET 2 LB H L. Z D) 2 Tl R B A% %
T2 ENHMICR S,

3.2 MXREERBOH#TE

3.2.1 BAHTF

F=fi (1=12,...,L) ) b5D& % fault f; 122V,
NI Lo THELLRIEPHILENE T A M t, DESGE
Ty, L35, = FHEAM u, 27 N=L7BIZ fI2EBK
Maosii SN BHERE py £ 558, TAMt, RETL
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Fig. 1 Cumulative distribution functions calculated by maxi-

mum likelihood estimation.
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EBRCTHCZT =5 £y b bati Lk s i
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Fig. 2 cumulative distribution functions of C programs for test
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1 a=1(1 _ B-1
P =1 [ 0 T
B B(a, B+ x)
' T Bp) 1n
L5,
Ny BIEOBEE L B E R
o« B af
EX =5 M= P et
(18)

EFRELOT, FIHIEE L SRV TNT A= a, 3
%

o= pix) (ERI0= D )
s=a-pp (BHEAE )

CHETHIENTE D,

CEiEd 7Y 227 F® method 1/3L v JIZOWT, &I
R & o TRO T HERBEMI L, TN e L7z —
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4. FE

4.1 EEREE

e Total Strategy

e Additional Strategy

e Unified Strategy ® ¢ = 0.05 25 0.95 £ T, 0.05 %A

T19:# 1Y

o TRETFIEIC L B g
V) B OB OWT, =%ty & T APFD
ZEHRE L7

7T—%+tv &L TIE, Hao 5ORHAT 2D % v
2. 20—ty MIAEO CEEA TV s M E 28
D Java + 7Y = 7 b ® method, statement HALDE
ANV VIEHE fault OTEHRP 5% 5. CEHRT TV 27
b iX GNU Core Utilities ®/¥—3 3 » 6.11 2* 5, Java &
7Y = 7 bd Software artifact Infrastructure Repository
(SIR*?) 252N ZTNMFENTZLDTH 5.

g4 7Y 27 P TIE MutGen 1], Javat 7Y 27 b

Tl Javalanche [12] & L < I MuJava[9] 12 & - T fault %
HEERLTWE., WTFhoy —LiZBnTd Yy —Aa—
FO—E o OEBREA T2 HESHA2Y, e LITHIER
TELEDRTNGEEIZEL 5T fault ZER L TWn5b,
TANMNF—=AE Java + 77 =7 MIZOWTIE SIR 1243
ENTVLbDEH, CEilA 7Y 27 M TIEKLEE [4]
Lo THBIAER SN TV, fault & 1 272Nz 724k
BTT AN —2A%FETL, BRLZENPBELN Do
727 AN = ADHEED fault OTFRE 5 5.

WRETHEOMERFEREEIE, Rz TR 728y
e R=EPL72bDE Az, REKE LR
(& Adam [7] Z W72, REFELBFFEOZETR
DWTAPFD 2L, WIE0d 5 2R t MEIC L o T
MeaE L7z,

(Z
(Z

4.2 EREREER

FERRAE R E FZNENE 3, 4, 5, 6 IR,
M3EHA4IECHEREAT7Vzr7 b, K5 EX 61 Java 7+
777 MZxF LT, method /3L v ¥ & statement 7
NL oy V&HWTAPFD ZEtH L72#RTH L. Hilid
g DR Z L THB Y, Beta IZIRETFH:, Tot 1& Total
Strategy, Add % Addirional strategy, Pro (Z#2ZTFE0
#el, Uzx 1d Unified Strategy @ ¢ = &5 OB EFR LT
W5, A APFD Oz L, #D ETIEEN2n5E 3
VUL & 25 1 TUA A, RO TRl RO T
EFNFNI N—kr F AV 58—k % )V, I
WEME, LT o XENZENZFIR KB L /MET BE S
L. T, FNENOERRIZEB VT APFD O 40 I3 1EH#

*I https://sites.google.com/site/unifiedtestprioritization
*2 http://sir.unl.edu/
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R 1 RETFHELMETED t BEOR R
Table 1 Results of Student’s t-test of proposed strategy and existing strategy.
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