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Abstract  In the context of object-oriented software, a common problem is the determination of
test orders for the integration test of classes, known as the class integration and test order problem.
Determination of class integration test order is a key and difficult point in object-oriented software
integration testing. Firstly, the background of class integration test order problem is simply
introduced. Secondly, the class integration test order determination problem is outlined and the
origin of class integration test order problem is analyzed, and then some related definitions such
as inter-class dependencies (including inter-class static dependencies and inter-class static
dependencies) and abstract class are introduced. Inter-class dependencies include inter-class static
dependencies and inter-class dynamic dependencies, and abstract class has the characteristic of
cannot be instantiated, which can affect the class integration test order. The solutions of class

integration test order determination problem are classified to two ways, which are the cycle-
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breaking method and the measurement of the test stub cost. For the cycle-breaking method, it
mainly adopts two kinds of methods: one is the method based on graph theory and another one is
the method based on search. Where, the method based on graph theory and can be divided into
two types: (1) only the inter-class static dependencies are considered, breaking inheritance,
aggregation, association and use relations directly to eliminate the loops; (2) the inter-class static
and dynamic dependencies are considered, breaking inheritance, aggregation, association, use
and dynamic dependencies directly to eliminate the loops. The method based on search first
determines an initial population which is consisted by class integration test orders, and then under
the premise of meeting certain conditions (e. g. , minimum the test stub cost), it deals with the
population through evolutionary operation, and generates the optimal class integration test order.
At present the method based on search only considers the inter-class static dependencies, ignoring
the dynamic dependencies. For the measurement of the test stub cost, it includes the number of
test stub and the overall complexity of test stub. Thirdly, the research status and the characteristics
of these typical techniques completely and systematically are analyzed; where the existed typical
techniques for solving the class integration test order determination problem are classified, which
include the methods based on graph and the methods based on search and then some evaluation
dataset used respectively by typical techniques such as graph-based methods and search-based
methods in empirical studies are also introduced. Where, for the typical methods based on the
graph techniques., we introduce them from five types such as the methods that minimize the
number of general stub (class stub), the methods that minimize the number of special stub, the
method of special situation (acyclic and considering dynamic dependencies), the methods that
minimize the overall test complexity, and the methods by slicing technical. For the typical
methods based on the search techniques, we introduce them from two types such as the solutions
by multi-objective optimization algorithms based on linear weighting and the solutions by the
optimization algorithms based on Pareto model. Finally, the future research directions of class

integration test order determination problem are proposed and the paper is concluded.

Keywords software testing; class test order; integration test; cycle-breaking; test stub cost
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public class Hospital {

Doctor physician, surgeon;

public Hospital() {
physician=new Doctor(this) ;
surgeon=new Doctor(this) ;

}

void acceptPatient(Patient patient) {

00 ~ O Ul = W DN

if (patient.isPhysical())

©

physician.addPatient(patient) ;

—_
j=}

if (patient.isSurgical())

—_
Do =

surgeon.addPatient(patient) ;
)

public class Doctor {

[
W

Hospital hospital;

—
ul

. Set(Patient) patients;

—
o

. public Doctor(Hospital hospital) {

—_
9

hospital= hospital;

—
[ee]

patients=new Set() () ;

—
©

.

. void addPatient(Patient patient) {
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— O

patients. add(patient) ;

)

3. public class Patient {
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bool b_physical, b_surgical;
5. public Patient(bool b_p, bool b_s) {
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b_physical=b_p;
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3

b_surgical=b_s;
L)
. boolean isPhysical () {
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return b_physical;

w
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)

. boolean isSurgical () {
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return b_surgical;
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FR IR IMEE R RGL ) BIAE ] W R 1414
M ZHLIRBEE PG ) AL W RoR. Wi W,
W Bl W A [R] B A e o8 J& 1 52 % B8 7 vk S R i
IR [ 52 4% AL 338 1Y 2 B0 2 A I 42
WA ALX T . A 2 Z
R AR M (i ) B Wy i T8 PR i & 2%
AL DBYRE W TS T2 Z R & 2% B
X T AR B R MG ) R T AGL ).

T A FRAFAE R EAR R K AO R MO E X
(o 3 A A 2% B3 0 o RS SR AT b AR ) Ak
PR T Cplae O BEATARMELR S i8R Cpla O.
FME Cpla i) R 1 T j ML IR T
TGN K AR T2 ) HEUE Cplan. =
Min{Cplx (iyj)si,j=1,2,}, Cplay,, = Max
(Cplx(isj)sisj=1,2,}

Cplx(i,g)
Cplx paxy — Cpla in
HilE Cplae Gy ) W /N 22 BE %5 F 0. X (D
A LLE N

Cplxa O = (D

Cpla(i,g)
Cpla ax

Briand % NI\ Sk J& 1 52 2% B 7 vk 52 2% I

DA 0 10 52 2% 2. DALt s ZE AR VT 8 O s v T

PG R AP 707 U SR 2R i — > sk

Cplz ) = (2)

S WP IR 52 A% B SCplae Gy ) 3 28 B E A 1 AR

JUAT P23 5, =l (3) f s

SCpla(iyj) = (WA X AU, D)+ Wy X M3G,j))Y?
(3)

HP W, +Wy=1W, Wy hBHERE. FiERE

A% BE AN TR BB AELO, 1] 2Z ).

N TR A R R R R A R, — SE B g
S A N aW = T S A RPN e P B
RS T i VG 338 1) S 8002 R T2 . i, Db 52 e i
SCpla(iyj) B8 I = (4) iR
SCpla (i, j) =Wy X Vi, j)?+WyX MG,j) +

Wi XRG,j)DPH+WpX PG, )Y (4)
Hp Wi 4+Wy Wi +W,=1;W, Wy Wi W,y
JE M 2R T IR 2R B R IR Y AR 2% B AT 3 T
SR F B AL BUEAEL0, 1 ]2 [H].

X T A5 8 Y o, WU 42 00 1) %
PRI Z g gt

d
Ocpll'(())ZZSCpll‘(k) (5)
=1

A G d AR RN 2 5 = AU
2. SCpla (k) JEXFF— AWM e o A — Ay
M ARE S AR BE . X T — > 24 BT . OC plac Co)
A T AN o 6 55 A i A R 0 3
(9 52 5 o B DRy SRS S 4R 80 31y P 4 9% 14 1
IR A AR

HT TR 3 A [ 8 00 A A A R A [ A 0 a4
o DRI ) 0 S 1Y 50 D L AN R AR T
— R BT AE 2% B S I X BE & A BRI
A 14 i SR S 2% JEE 5 P T R A 3 0 3
BEXE 5y BE B35 B i+ I 2 S MER

3 BRSO

AR5 434 28 B R 5 ) A A 5 BEAR. A
S TG Y BUR Ty e  X EAE OC AR R A 2R 3k 3
IR %R 4325 (Clao) J¥ 5 (No.) L SCik (Ref.) |
REFEAM (Year), L w KB (W 7/ 80, B b
(Object) . 3% B FE I (Model) f1  ( Algorithm).
Horp BORALFE 2 (Type) » JE ] 56 5 (19 25 1 (Edge
Types) J 8] 5& F I 2K 8 (Origin) 5 53 £, 45 25 A
(Type) . FVF M BR 14 32 19 28 Y (Deleted edge) Pk K&
=B T i % 2% (Consider abstract class). 138
[A] ¢ R 2R A (Edge Types) 548K (D R E(Ag) .
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Model Algorithm
< Journal(])/ . Conside
Cla. No. Ref. Year < < Object onsider
Conference(C) ! Type Edge Types Origin Type Deleted abstract
edge
class
Kung"’ 1995 JOOP(]) Code
1 Tail 1] 1997 COMPSAC(C) MNGS ORD 1, Ag, As UMI — As N
Tran!%] 2000 ITR()) ’
Hanhl16] 2001 ECOOP(C)
Hewettl7] 2008 SEKE(C) . .
2 B . MNGS  TDG I, Ag, As UML — No constraint N
Hewett!!8 2009 ASE(C)
Jaroenpiboonkit®l 2007 APSEC(C)
Briand'?! 2001 ISSRE(C) 1. Co, As UML
Briand2! 2003 TSE(C) 1. Co, As Code As
3 Maol2-21) 2005 CIT(O) MNSS — ORD I. Ag. As UML N
Hashim!22! 2005 QSIC(C) L C?’ Ag; UML No constraint
As, De
. 1, Co, As
[23] . , Co, As, .
Malloy 2003 ISSRE(C) De. Po. Ow Code Y
Kraft(!!] 2006 1SS LCosAs e N
. De, Po, Ow
GBA .
L. Co. A No constraint
4 2] 2008 CED(]) MNSS  EORD Y UML — N
As, De, Po
. 1, Co, As, De
1[25] . R » Co, As, De, .
Bansal 2009 ICM2CS(C) Po. Ow. Fr. Ex Code N
FiSickiva 2011 PSR D
' I. Ag. As.Po  UML .. %
Zhang(20) 2011 SPE()) g e As» Po
Labichel?7] 2000 ICSE(C)
. . — EORD I, Ag.As.Po  UML — — Y
Lit7 2005 JAECT(])
Abdurazik!'? 2009 TCJ(D WORD /I\’ Irr/)\,‘(,o, No constraint
g, As, De
Mg 2011 TREML R D TDG I,Co,As As
6 % b . 1 # %mf\mf MOSC 0r s Code - * N
X g L 2015 ZRALR=EEMR D
s 2e[29] TR LIS network — No constraint
+5 2016 5% ()
7 X1 i 3 30 2013 b5 Hp HL K2R (D) —  DIGRAPH — UML  SLICING No constraint N
Hanhl16] 2001 ECOOP(C) TDG No constraint
BriandJ 2002  Technical report ORD 1, Co, As GA As
1 Bornert3!] 2009 VALID(C) MOSC ORD 1, As, De Code No constraint N
Bornerl?!) 2009 VALID(C) ORD 1, Ad, De SA No constraint
GSA e Haf 2016 AR D — I, Co. Ag, As PSO As
Cabrall32] 2010 ICTSS(C) 1, Co, As PACO As
e e . NSGAII
[33] . , .
Vergilio 2012 STTT) I, Co, As MTabu As
2 Assuncao™l 2011 GECCO(C) ~ MOSC  ORD  ,Co,Ag,As Code NSGAIL - co ngae N
NSGAII,
Assuncaol3s] 2014 ISCH 1, Co, Ag, As SPEA2, Co, Ag, As
PAES
o Wang 9] 2010 CSACW(C) _ EWORD [I+1m.Co- Ag. RIA ,
He MOSC As, De Code No constraint N
2 Guizzol37] 2015 GECCO(O) HHA

KR (As) 4 A (Co) K i (De) . 2 2 (Po) . .JT
(Ow) . A JC(Fo) (58 (Ex) VSE 8 (Tm).

X 2 W ) A R X — [R) A, i A Ah
R ARRC LR T — ROV CH AR, AR x L
AR Gy =L Al B TR R
(GBA) 3L T R 197775 (GSA) A H & (Other).

Xt TR 1 5 ik JATT SR L) S £ AR SR
T AR 2 < 16 e MR 08 A 0 3o A P A v E AT
2 o BV T G2 e/ IS A A 1 A 80 ol 45 — ek
BECEBE 14~ H0 (MNGS) R 24CHE (1 4> £ (MNSS))
i S de /M AR I U Y 52 2% B2 (MOSC) 5 L AR
Al iR 2 1] 5C AR B 4 10 R AT 20 2L BN 42 56 &R A
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(ORD) (2 2% [ O ¢ ) ¥ R I 4 4 ¢ R K
(EORD) (3 in 3l 2 4K Wi 5¢ 0O AU 2 ¢ &
(WORD) , ] i 4 #fi ]l (TDG) | {4 % (network) FI
A ] (DIGRAPH) 4. Xif F 45 7 o 28 [|] o6& R 11 ok
Ui, EBAFE WPy 2 = — 3 43 AT LU o UML
FAG , —FB o S IR AC A Hh i 2 .

XFF 3 TR ik K2 H00 7 & L v
PRI A ) R AR 52 2% B A A A 9% A I A PRI
5ETF B85 28 07 R JRATTAS AR B8 2 0 3
B AR HE R AT 43 24 T 2 AR 40 SR A B3 1 R A
HEAT 432 AL G P AN ST . 43 ) 2 3 T R AL i 2
B AR AL J7 35 3L F i RATHOAL A Oy k. Hodb, mir
AR T AL BIL 71 (GA) LB KB (SA)
FURLFHE L (PSO). J5 3 A4 WU 51 (PACO) |
A 8 228 1 (MTabuw) fil NSGA-11.SPEA2 . PAES
k.

X FHE ik, B BELAC B (RIA) Al
A &R A (HHAD.

3.1 ETEEMAE

BEF RS MY o B Z 1 E R
BT 2SI 8 ORD 2R Ah, 38 BT LA R 0 38446 41 15
(Test Dependency Graphs, TDG) 3 £ /RP . TDG
WA L B AR R R R RS A
R SE 2 % T GV E) SR, Hp VR
FBEA ERERA M A AL AT AR A
DA A A 78 A D0 48 B AT LT B I
BT A4

HEHE 2. 3. 1 1 (i ik, FR 471 0 38 Ok F B i
Ay R PR O - — 2 L R ) B A A 6
F o, R [N 2 R 2 () Y S RO G 2R R Bl A5 AR
K F . Horp o R 2 R T R SR O 1
JE A B 30 1 AR AR < 1 R 28 R O AR i
G I X5 o AR T a3 AR A AR U TR
o P e R T 5 1 AT R L v ) BRI AR AT A
JE% ) 3k R v R B o 2% A2 2 S T A2 T AE B 1) D
AN IR AT BE/IN s 55 o A 36 o) 30 F 0 HE P 25 Dy 32 68 e
A RIEATHE T 8 17 75 3] B 2 10 2 4R LI . 3
PRGN 7 Fir 7. ) B 25 e 2 ] i 25 400 70 2 254K
T ZR I, A 2% A S S 1 AR AR
J6 L TS N 5 56 R TR kA A ot ] A A R ) 3
Bt b 38 0 S AR 56 R 48 B TR B B B S R Bh A
WM R P TR IR S 0 R AR 5 - R H B i
SER 3E T 2L o R T L b A B R T B I Y A
H Y B i 2% A2 [ A 2 S0 T A2 T A 2% 1) DA A
JEAT 8N s e AR 366 003 4 1) Oy 3k 3o i A 2R ok

FrHEFy » 2 T A5 31 5 28 (9 G s 0T 7 B an
Kl 8 iR,

2 WA R AT BE A

W R 1
- F A b

I 5K A promeen I 5 £ 7t M 4
S e RN

7 BT Y 2 DN AR AR R AT G S AR OE B

R AN R AT READ

2 LT AT
A T %

TR — R e R
R “%ﬁ%%}““"ﬁ%W%

B8 T 1 245 TR A 17
75 TR 22 B 25 0 6 3
311 /M —BEE A0 1 8 (MNGS)

A /N — AT (AR 8 550 A Sy Al A
By Iy s 222 B 2 2K A 0 i S RO OC &R L o
P2 2% 25 TR SO 6 R (LA ORD R BT 5
1 H % e SR 6 2 (UL TDG 1R R
30111 FRASARISOC &R (LN ORD A #EAD

PL ORD 1 g #5125 b i 25 40K 1 OC R if, B
A RFEMR 52 Kung 55 A5 Tai #1 Daniels™'* |
Le Traon Z& AN (& B,

(1) Kung 23

Kung % ANV 48 i, 28] & & A4 B 1 & A i
WA PR, T DLE Sk % 2 7 HE AT TRT 50 386 4 D HE
J 19 75 345 30 0 3R —— — A~ A% T JEL Y L e
] s Kung 28 AW IE B G B ¢ 2 2 S & o
e 59 PR G &L A AT TR Iy, JE I i B 3R R 2
LT — ARG R. G T bR B B O FLA 1
JURT fE A7 B I L N TR G HE G R

Kung &8 A" e 2 28 R0 L 15 568 ORD
o TSR B AT SR A 3 ORD
H % A3 B — A JE 3R ORD, FX B2 4 J5 19 ORD i
P FNHE P 38 A5 55 A 7 (9 32 0500 7% 58 ORD
H— 2 HAREA B RS A oniE AR oCHE. I
FORITREMN A S — NG AR TR 2R
AU AT DL i R B — S A i O O — A
&L R RO b i 8 D30 7 AT DA 3E 2o HE
J 1 B AR . T 3 05 R T A R BT A R Y
Wt 5 — 2 21 % ORD & v i A5 285 104 I 35 0 /5
Kung % A" EW] —4~F # i) ORD & H &= D —
PSS SUNT YNNI SVE | S QISUE 31773

AR Kung 28 A5 45 H 7 —Ff 28 038 05 15 11 4




3 SRHE A« AR I B AR 2 1T e A AR I TR 679

SEJTVE ABABATT B X — T EEAFE LA ). D X T
£ SR 5 A0 2 T A AT A B 1R RS o B A R T
2. SBRAR P — AR AL B R B ER K. X A IE G
SR FH 390 o) 4 I 19 95 R A5 28 IR 5 i 2 5 G
PRI JHE e 0 R B G 0 i AR 3 e N IS S 4t
R AT IX L 20 i, DI A 22 W T3 185 @ 24
P DA AR 0 5 A A [] % A B R T B B 328
PE I TR T B0 A [F] M B3R 320 19 i B o T BUBR R 22
%5

(2) Tai #1 Daniels &3

£ % FRBRFE L Tai F1 Daniels™  $ H T — Fh &
2. 85 Hr B Ak R 0 5 A T T 28 TR ) sl ARORE 31
X T e 28 A ) OB 320 ) AT [) TG BRI I T B [
HAR 2 5y AR A 28 ) 1Y) 3 B2 L B 2 5 K
J& T IR — FE R 4 G B 56 AR W] BB AL i 3% JE 20 1
SCCs, 3 ff 7 & Wt 1 ot 26 O B 1 >f ff 8 IR & )
g5 b A 20 AR BN GRS ) 7 VR 2 B ek
F BT Ry B W T SR 5 TE T 4R R
AT HERE » DT AR 50 A2 1 2 R I XI5y

TEBA 7 YR Py I 0 f] B S T 2 B R L
SRI L  FRATT AT LG LA R 7 G2 L 4 A BLIE 11
AR — 25 LB . AT B B e= (P, Q) . AU E E X
SRIEE AT SCCs 2 i AT — 2530 (o) RY P A
JZGE N indegree (P)) 5 e 1y H AR T &0 A4 H B2 CEP
outdegree(Q)) Z 1 :

weight(e) =indegree(P) +outdegree(Q) (6)

AR (6) THAE A5 2R IR S B AU R
.

PREE W0 AR TET T A B I 2% 7R R 2R 46 7 Ao
A 1A iR AR AN 23 A B L (HL 2 Bk T B 3K
—SE PR LY I T WO BR . B 48 R 2 HE
AR R AR [ — RO EE R
TR R ST 32 5 AN 25t BE 30 %, (H 2 X A s 00 40 2R
SR FHAZHE Py SR s 3t 7 22 O I H AR 28 4 s 3 , A
7] 3 B 35 A 06 ZE I GCAE . I Ah SR 45 R A A
AN RE 1 52 A5 R 30 1) T8 46 BT R

(3) Le Traon & ¥

Tarjan"* 2y T —Fh 3 T 5B JE 18 R (DFS)
(4 58 3% 38 2 11 (SCCs) 1 7158 5 5. £ % Kung 4%
NSHL Tai #1 Danielst™ 35 F 53 3% 19 BB Le
Traon§ A7 %F Tarjan BN HEAT T 80 32 T
— RS R A 2 7 . B i e B N 5 1Y
s 45 an O AT - X ORD B kA7 3R AR
it a4 LK FNE Bt g DA N N S s A A S G

A B2 5 e B RS R 5 R85 )/ A I AR
W] L R TR R AR E A SCCL AT A )
PR A R B 1 O B I . DR T R
B A 15307 AR AT BCBA s o e b o 4 SQ AR .

Le Traon % N B35 12 3% WAL 4T W BF g b vy
LA 3k 0 7 R 5 B A O AR L (HLJ 1l T B AT R AR
WO R IR 3 1k & 3 B0 &2 4% 09 I KA 5 it
Hh GBAEAE AN 2 T B AR E M O K 2R T A
R 7 TN G i BER L 3 ) )1 o R A A 2 JBORT A
I AT BT A 2 AN B2 M K s @ AN SR A AE P B
FIEAOEN PSSV E AR IR S ¥ TP
RS AL A R .

LA 9 iRy ORD 6, >k i Kung % AP 1
Bk Tai #1 Daniels™ #il Le Traon %8 A (54 1
JI e e A A IR OO a0 3R 4 B R, W] DLk B
Kung® [{42.3 . Tai 1 Daniels'™ ()23 F1 Le Traon
A NI R DT R e 0 28 0 R Ry AT A B
AL H R,

v As As

|
PN e I
! "~ RN
As ‘Ag 1‘1 As‘ ¢
Ag‘ A 4
F > D <5 B - H
it
As G

K9 —4 ORD Rl

R4 ZWEERAFHEMKENFERL

Traon 53
Kung Tai ML e H AT
Sk Sk wm oml ome AR

#5

WHEA WHE WEF GTA
By CFHDB CFHDB HAF HEA HFA BCF

By qE| 5 5 3 3 3 3
¥k CFHDB CFHDB 3H3ALIF 3H2E1A 3HIF2A 1B2CIF
FEROEECE 5 5 7 6 6 4

VA 5 40 A 1 S 5 H AR S 4k B AR, R
Le Traon % A" B8 2 R A Kung 48 AW (958
Ll K Tai #1 Daniels (& 34 Fr i 2L ; Le Traon
S YN S PSR (EA-OE SR e i
B YR B I e 1% 2R 1R B 2R T

D HER®%

Jaok, B AR AR R ¥ 2R RN X Tai M
Daniels'"" 8L 1 Le Traon %5 A" Bk 47 T 2k
HEARE T — B BT ORD A9 28 4 i i 328 I 19
SO R RV M BR SCER L. 5 Tai #
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Daniels"" #3% f Le Traon 58 A" BB E A
SR I H b
3.1 1.2 WAHOBOC R (UL TDG A HEAD

P TDG fE N BERY, H 2% 8 S RO ¢ R if . H
H B4 20 i 6 o Bk b B ARR MR Y 3 ) 2
i1 Hanh 25 A% Hewett 28 AN Hewett 25 A
F0 Jaroenpiboonkit 25 A0 Y B A k.

5 SCHRES s 14 1A SCER 15 ] v i 78 (78 28 5
A3 BC Mg A TR  Hanh 28 N0 TDG R — K 6t
BORL, A P24 T —Fh 2 T e B 5k Triskell. 38
ok 3 49 0 M) IR AN e ey 1) YT R AT B A A
A SCON T R G S 3 1) B i ) 4K

Hewett 2 A"l il g UML 2K B4 2% TDG
A R MRS Y fift T — > R 3 B3 7 ok 4R 3 — A Jme i
AT o 1 2 — e i I A B 2D J5 oK Hewett 4§
OCES BT — 0 35 T 2 A A o 1 ) g & X
S A B A UL S 38 2 fe /A DU Y
B H B — A E 20y . S 55 3% BH A o TS A
A & 2 F B 2t T AT B A AR ok
J& 1 5 A R 25 (5 B . 5 Le Traon %5 MY
() 75 A8 L P s DA 5 B 34 B 2D, T Hewett 4§
NS5 3 T A8 2 4 B () 5 /D, SR TR ) R O T
RV R

Jaroenpiboonkit 2 A1 | TDG % 7~ 2K 7] ¢
F o T 1%k G 00 R BORFT e 2 RO L 2 T R 3] —
AN Y. M ATEE T — Rl TDG A )
T ) R BRI 5 00 i T k. 1% R W E Ao
XPAE AT Y R 3 3k 3 43 DA ) B T 5 A
KFRRATWIA B A% 7 5/ (10 0 Ak
3. 1.2 dp/MEFRRIORE ) £ & (MINSS)

DLFRERIONE (%) 550 s A Ay A o DU AR p 1 O i 22
F IR SR SRS OC R AR A E R
FRAS MM 5C & (LL ORD fE N BERY) ; 52 [R) B 2% 8§
B R 5 3 MBI & (L)L EORD fE D).
3.1.2.1  WRAMBIC R (L ORD A BERD

£ %F Le Traon 28 AN [958 3, Briand 48 AP
XHE HEAT T — et . (1) 4 Le Traon 28 A7 fY
BB L — DA E M 20 SCCs 1 &0 A
WAL RAR G, IF H AT B 6 I AN K ot 530
10 321 )50 AE 9 R A8 bk, Bl SCCs 1Y 155 07 1%
NS WAL TR (2) FUEOCHROC R TR, IR 45
T MO T ORI A B O D T D
AR S | 0 N B AR 22 1) SR I B O S I B3k L G
BB (7 R F R — R Ry SCC Hr i) e B

il e={(P,Q):

weight(e) =indegree(P) X outdegree(Q) (7)

H1 T Briand #9778 8 G4 S % R HAX
FUE M B 52 B 121 . IR Briand 4 7 3510 S 2 M) B
T ANk R | 58 A S SR AR OC AR o L R 3 AR N T B Y
I RAE. 2% 5 1k BRI T R B8 A Ao e v L H 2
I Le Traon % AN 0907 155459 3 () A 57 R
ol 3L S {E.

P5LAIEL 9 FT 7R f9 ORD A 4, Briand 4 35 fir
w7 A8 3 DA A S DL A < 2R bkt CEHB., RIS %K
HE 4L B 0pE 2 1CIFTHLB, BR300 50 %58 H W 2
4. WL &R . Kung 25 APV %3 . Tai 1 Daniels'*
ML Le Traon 58 AN 583 DL 224 1 1) 28
BEHIC Ry 10 2R B (9 H Ak B A% 107 Briand 88 L2002
DL S 3 Y R ROPE B O AT W B0 i A A AL H A
W Br w5 R R RO A9 B H AR D 4k B Bs
Briand % N\™" 505 St R0 € v L — @
JIE R B AR TR Ak H AR L X R LR AL
BSR4 bR Y 75 5 7 S5 B 1 28 5 R 1 v B
FE .

PTG I 28 K % B B 422 X Tai Ml
Daniels""' 834 DL )¢ Briand % \" (9 505k 47 T
WU B UML 26 &)y A 4 56 & &
(WORD)AE 2y B 7Y A = Tl 288 D19 4K 6 OC & -
Ak RS FOCHR. A AT A — A = JndH (R B AL E
CW. i1 5 DG, Kk 38 RD) 7R B A G HK G
REYBE. i CW DG RD W7 #1759 i 4.
PSRN - e B80T & CW A DG (R,
HORZE B2 RD EBUNY L. 2R = AE — (R
SRATREPEAR /N L U BT 26 FE P AR 38 — 2% 30 g X
UL RS OR 2 ) B BE Sy — A ERE S ABAT]
AT T UM B3 5C 5K 01 1) O 5 AT B T A B R AR
S5 A58 P T T8 B O 125 3T B 2R B A BA At AT]
P18 5 1 T 1] 3 49 70 U B3R AL i e 5 1) D 36 30 4T ¢
Wi, 5 Tai M Daniels™ 83k g, 7 75 22 00 T K
PEECH 50, I R AR EAS T B 4k 7 | 2R 4R S5 s Ik R
1. 55 Briand 58 A5 B S EE L A0 ATT BT A B 2 Y
T A 1 A R ] O R TR R B R
5 % G 2H 1 SCCs 1 328 VA UCEUR Ay il b

Hashim 48 A" fi§ % Malloy % A" 1 51k,
PR T — Al TP A 0 R A T L TR
i de /N R BORE Y B H 4R B — A die 4 A 20 3
P, S A5 R E WY Malloy 4 A™ l Briand %
NIy AR L P R E H A B
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S R S S S NE I UN R A= € i
UML K LAt b X X g e R AT T
PR BT 2 A B R0 B 95, 5 Tai I
Daniels" " 5775 F1 Le Traon % A\ (5 Ho i, 75 2
(I A 5 /b, 5 Briand 88 AP 5k BB BT
B 0 0 304 14 K0 AR ). 9 VI 9 A 2 5 e At
P T T 0 G B 2O R T A 28 IR AR R
5 02 T AT REAE A AR O R AR 4R T
AT 58 38 B 0 3 P A 5 R R T 2
B I MU 0 PP AR A B B B B SR A i
A B 28 I 5T R 4% A R /0 T A 3 A A 4
B A] AR AR I3 T A 2% 1 AR A

A& T TR AT 0 A 2 18 22 25V B4 R A 0 2 4
TRF () 52 M HLAT— 22 19 R PR
3.1.2.2  ERAKEIR R sh BREIOC R (L EORD

VE R

3. 1. 2. 1 5 G 7 TR A ik e 2 B B Iy
[7i) 50 220 W% 1 2 2 R T 1) 3 S 4 R 1T T A
1) 21 A MR 5 22 6 28 48 B0 3 0T 1) 5 g, B R
JE T A ARM S FR L 5 BT o AL R
T e Rk — Bt , — SE REE N BT U6 % 8 T B K
i 5 22 % 2 X s . B e B AR

4, Malloy 25 N B 2 81 2 i) 7 25 M 5 0%
AN ZAVET ] RE = A W B BARBI LR N R T
TG BFE . AT B C+ 38 B L 4R
T — A B S HUk 1 A B TR 3R B 1 2 3R 0
RY. KRN RY B R EH A A R 4K .
T LA ENFPOCFR P {2 3
F UML 28 &, 58 a3 36 35 70 55 AS (e 5 A1 A9 0 o 47
% 20 B, 5538 5 1 7 IR AS T 1 2 3% 07 15 R D Bk A
AR TR B AR R SR AR G R L
L 1] 2% 17 2 T B2 0 2 T 5 A s g A ) S 50U mT
R

Kraft 2 NPV T AR A [0 81, B 24 ORD
AEAE I [ BsF o 10 22 ) I WO 4 248 AR (%) 300 S 4T 1 26 f8 . XoF
Tt AT A ] R 2 S T A B AU I 4k R G R

TR P AU 35 T HL K 2 ) 2 A e 3/ ) ok 4k 7 A
A KRS R T B0 & & 2% 0 A i
HAEF GO T B8 7 o0aR A AE. 2 H & T
T2 B 1) JR Y A B T 2 A Y SR R R
1M FLIR 2% 58 T 2 M) Bl 45 56 FR L 4 1 M 4 M T )
PR O R i R e — B B sk T R R K
I v T A 3 ) I R ) B H L b T A R 2R AR
BT RAROR R TR 2 A N ST et T Kung

NS B AN S B R T 2 A A T Y 3
AP E R R RE AR Y B S HOBOC A&

(ELJE LA B B9 77 3 25 18 A TG 1) 0 R A AT AR AN
ST S R A2 JE A G 2 I A X 28 I 1 1) R
Wi A T3 D3 Y S8 R L RE 2 il G R X 2R AR
J M 32T £ 5

PEFATIT R, X F ORD 77 15 35 B (19 25 £ 8
WU 1) A5, TR AT A A A T b
8T T 1) X SRR PR R L AN AR 225 R 2K
AN FT S A [R) I 25 58T 3 28 R X T A A g LA
B AR (9 52 0. P 2 T T8 i ikl o M B
SR 22 2545 59 MOBUOR R AT 3R B ffp T 1 2 1 1A
TE R R A A 0 A Y K H R AT RE D X — R AR Y
4 R U [v) AL

FRAT N AE FT M ER B I R e
G H 5 X B it A s 4 0 3K A7 A8 19 52 . AT
DA RIN] FR) JE A 4 3t 3 Fop 52

K 10 7Rfi WORD

M. Bk AZSE BRWEFE,.B R CHR
K BRI E N, CREA
1 — %K 4 A5 CZRAELE— 53 A W
AU 10 B 7R ). BE B 75 Sk WA A 1 10K e 7
M ATE BY CZ i ARt A7 LA BRSO -

(LDWRA>B ZREXR (A JFH A—>B
RS A AN A (Public) 5 f #7* (Protected) , D 4l 4R
B R&EH% 2, 02 B Al LLgse il ik . C al L4k R 3
B BRI 5. R K B.R CLUL R C T
FAEMIABE: @ WA B 252, 02 B Rig
BB SR AT IR UL 2R A BT E IR 5. M
AU BB 2 By A i — A
BRBLIEXFEN TR A LB 5 C ZRiitfr
M, 7 B 26 B A bk, 26 BR & T
EENRE RN MO, HL. TERNE B.EKC UK
CHFHMEM . Zi5OMO. RE BEE N
MEH L HE NI B, C, LK C Y7284 1 I
B R A—>B 2 REX R (A I H A>B
KA FAA (Private) , W C RAE4k 7K B 1 5048 i



682 o

Bl

Eilg 2018 4

L
&

BRI E R C LI C Y7258 3 I3
Rt A8 B s g2, AR % 2 B i
.

(WK A—>B JHREKKLFR(As), 5(DOHHFOO
FFE, T2 Bo2E C AR C YT 2 0 3
.

LA (D 2) AT LUK Z B IR 45 2 5 s, H
LY 2N,

F 5 MHKHER A IE RN
B Stub(B) 3
Aep AR PR g SO Ca
Ag Public Y Y Y Y
Protected Y Y Y Y
Private Y Y N N
As — Y Y Y Y

FIWER 5 LS 7 B 5 28 LUy . il 52
AT S Ak 8 R 5 BOHAS BE W S KL 42
R AFAT AR 43 I 2 A A A AT Y 7 R R K
XiF 28 B I L ) B R B AT B O aE Y R X il 4
AN AT S A R 28 W 32 1Y) 5 e 2R AT 43 e
@ 72 1% 3 Fofr 52 1) o AR 4 03 B Y 3 TG R s A 3] 28
AW 5 @ 2 pE X At e, BDAE O By BE il 1 4
He M M. il 5 28 HA AN AT S04k i R L 72
AR H B SR 2 e s ik R 2 —
DT RG RZ R FRAE (4R R FRAED L 8 3
XF IR 0 10k 52 B 2 28 (A0 28 iy I ik,
CINOREEiE =SR-S S PR X P Y YNEE-3
B 2R g b A X Rl AR 1l L IR 2 b T A
AT I g HL DAl 5 26 il 0 B R 28] L% 7%
2 B IR e i i g%

3. 1.3 RREATE OL CTC B i + 25 18 8l AR OC 52

Labiche 25 AP Li 2 A #1 Chen % AU BE
I8 T AR S AR G R A 2 Ak T AT B8 7 AR 1 B
S FR X5 TR TR M. SR A AT A
TR ) S AN AEAE B (0 1 100 Q] o 288 1447 HE P 14 1]
FOL, BIR T AR 25 06 &R ol © 2 A7 7 BRI A 15 20 - At
TIIFBEA 45 B 21 B8 1A RUR AR 58 B XT38
B 1) TR ) % G2 R e R b, » H - Bl AR 6 RANE I
FRSREOC R R O & T R PRI AR 20
FH A JRy FR .

SCHR[44-46 1 b i 3X — 28 7 B WF 98 1Y o i 2
P& TE AN B 55 B 26 9 T (25 4T 1 30 I8 LA S 1Y) 30 2
D f 3 F0HE R Ty vk SR 3% 2 5 1k BB N T T A 7E 26
6 8 TR 2K () gl 25 M O 2R U2 AE R P A AT B B
Az B S A5 T RN S I 22 N BR 2 R] R S O R

— R B B S MR RAIIR S ATAE A —F
IR TR N | B/ G S R il SR 2 =B e i
S A M F 5 3 [ 5 25 OB OC A& L i) AR STk
[44-46 T 143X — 2 J5 ¥ A B2 4 80 I T .
S X A7 AE 0 i 10 SR 56 R (AT B ik i B RO
W 2% 18 Sl 25 A 5% 2% I 040 R AT A B L B 5 O3
A Bl 255G 2 0F FT I BR B% 9 R2 0 A ) 3t 3
A8 ] A 2 A B Bl A5 AR O AR R FT IR L il
ORI OB 22 50 25 MK S 2R 2 B A A G R ) B
[[RGEN!

AT Kung 8 A5 180 80H % I8 )Y
M2 50 BI B BB R BB R R — M TR
[F1) e 28 A 5 AR 1) RS T e A B AR0. LTRL 11 B
N AL ) K OC R ORD &2 ], Kung 4
NP B R 4 Z0RET O H& RN 2 A
RBA SBT3 6 (1955 51 Biox.

B 11 s R R& 1 ORD B (EORD)

F 6 MiIFE

k(3] SCHk[44-46]
Test level Class(es) Class(es)
1 A, D" H ) D, A
2 C C
3 B,G(A] B G,B
4 E.F.H(r] 5 ) E,H.,F

SCRRL44-46 J3 T R BL. 2K F 5K G ZEJE R
BRKAR K HZEG T2 B B R 1238
PEmF 26 F 528 H Z [ &7 E —E B R B
PRk e F Al RE 2 8l K8 T 28 H. gk 6
A5 4 IR R2E FORIZE H ARESEAT 5ol il i, 26
H L2 )5 A e i2E F.

SCHRLA4-46 ] Fp (9 5035 AR AT LA STk (3 10
4 JZ W o AR IE 5 2 — 25 1 E 4% S22 A
WM. Jerh AR 1 Rl A e e A Fk
D Z A AFFAES BB R L MK A M2 D A



3 SRHE A« AR I B AR 2 1T e A AR I TR 683

O3 2 F LB A5 1 JE B R N DA
CORFIE A 5 11 T55 3 )2 38 B 721817 I vl Ak 3l
BT R G I 28 WAL G, 5K B 5 4
A Al e F gl KR H IR 2408 e i i
K H IR F.PI, SCHR[44-46 175 3 1) 5 1400
RWiFHN:.D,A,C,G,B,E,H, F.

K Kung 58 AW 58 | R 0 1 B0 L
T SR /N SR I S T A A 2 3
Feii oLk 6 s, thak 6 poas A 1mr LUg B, 1
XF AT HE P I, o 5 25 R P as ATk A b il T
22 25 T AT RE 7 AR A S ) B 254K O 2R % 28 4 Ry
B A 85 KB . 2% 8 22 A R I L 28 TR 5% & 4y
e BB 4 T, Ak T[] — 2 9 2R O P B i kT 2
SR I — 2 1) SRS Ay 2 )2 P i A 2 A Y K R
75 1) B4 28 0 42X M B v
3. 1.4 dR /MBI AT Y B & 2% B2 (MOSC)

B3 L1 3 L2 WNETI KM, HETKR
22 BT 75 0k LA s DN 3 A9 880 F R P4 I AR
(A8 B » LA 108 D00 A S A4 52 2% B Ry DA 45 B 10
T3 AR X b AR s DU i) S E R A ) R Y
DEAL B AR, 233 a2 A nG i a0 kG A B2 A1 X
S T M DL R A [R5 2% B e N AH A
8o BRI AT LG 0 A ) i 22 0 A R — 2R A
JSCI R Fie 46 2% (1 552 | o o S R AR B 1 A1
AN BLIE Fe . DU Y SR A2 A% B T PR R — A
Uy 5 S A6 B i S A AR s DL A S 1) B AR A
P IR 0 65 v PTG s o7 2 DA A 1) S A A O
RV A A0 3 5 AR 9% ) S AR

Abdurazik il Offutt™™ 2 7 —Fh 3L T R4 B
FTENE A S S I EOR. 55 R 45 R i AR
RS LA e 26 22 (8] 19 O A% s LU, MR 40 5 et A 5 B2
R E Y R A BB s e FT ORI 255
TSI AL T A DL SR B A B = AR
Abdurazik F1 Offutt ™! iy 5 35 % 1) Je8 1k A 2% &
A5 1k S 2% B W A IR (L, R 0. 5. i 5 Tk
T 3 A 4 I XA L (HL A5 30 28 050 i AE 2
(18 S A I A ) 2 2 A /b

FoATTER 0 TR G B A 1 2 I 50 0 R 7
BT R S T R R s R SR S R R R
BE BRI S G T T S BEAE il 2 0 b A A A B R
ALRE/INIY 2R T AT EA B b R B TR R
BB E 42 FE. 5 Abdurazik F1 Offutt™) [
FEARF R RAT KB E B, ik 'R
iR [ 52 7% B RS 338 1 S 50U R BE 3K 4 AR R

M I A 52 2% B B TR R 9 X B AT AL Wy o Wy s
Wkl We g 7380 05k skl (8) ~XA D .

W, =V/(V+M+R+P) (8
Wy=M/(V+M+R+P) 9
Wr=R/(V+M+R+P) 10
Wp=P/(V4+M+R+P) an

S I 25 SRR W] R SCRRLS A 77 1 AR i — A 26
A Y T AE 9% 1) AR 52 2% BE A T AR 1 24
T RS

PITE B BB RIS R b B AR
T e v il G2 263 08 A7 A - R I 7 e 0 3 I 220
35 MR S TA] A MR A 0 T 5 802 N 4 T Y o
JERRAR. 73 51 B A B8] 70 A7 05 1 K 22 50 28 s 2 1)
1 3 S HOBIOE 2R L AR T » 22 251 T 1) % G e e 1)
TR i, 22— o H ™ AR 19 Bl SO R OR AP 7. X
LSRR A A2 S A I 3T P I i A 3 2l A
SR A AR Fh A 23 BT 2 A 23 2 (8] B 2 4O
KA 2 WA JE ] i 25 OB SC 28 1 F1 8 7F 2% X T
B R B S MO 2R L b T B AT D LT =
AT« A2 AT R S o CE I 155 00 T B 1 MR 25 1)
A AOR 28 300 T 2 I B3 0 26 BE AT T8 2% 1 2K 1] B
AR A 5 PEUNT AL 3 2 18] Bl 25 AR 2 114 I 3 5 %
Ay B8 T 4 B A T O 1Y Bl A OB R BAERL

ARACR A 8 T i 55 N 3R T T
2% 1 28 19 & 8] £ N 107 A BT i 0G - S ST T
lis) o R AT (14 52 2% I 5 A5 R AR 0 AP ) 45 110 &4
FEVREAE » 20 AT 295 A B4 B2 TR0 T AN S 28 1k 4t — by
SV BRI BE R T AR R R R R R AL
RN T 2 B B 30T 1) 0 R R AL 25 B B
B2 2 B RN o R B L A A OR A a0 DB A e
SR RE/INIY R B T A0 S I E Y AL T kAR
SE MR i S 1 48 B AT R D B I BE O s
FE A BN Y 52 B R RIEAE NS A K 2
Hif » 2800 58 AR Y 2.

BN AT Y R SR S D 2 A
R [ L. (H 3207 6 B 5 I R 2 e L
A1 7% JE 2SI (1 3l 25 MO & L BEAT IX 73 28 A 44t
KA YT 5, T BT F A 28 I 0 A 68 E ).
b FRATT AT UG H21% 07 3k 1 R A5 G 2 PR AT [ %
G IR Z2A R IS H R R G AR R 2K A R
T ] AL A i A

HRACKAE M T il NP3 T — R T RF
A B A S AR O 1K 9 AR T k. T AR
YA IR M4 SUAE e R R O R 4 IR 2 6



684 it "

Bl

Bk 2018 4

L
&

(1% 5 B 0 TR T R I O % ) A
SR AR AT D00 2% 11 TG B I8 AT 0 S HE TR L AR R
A BT 51 A6 B 28 A AR S i 22 W B
Je Xt R EEM AT R AR BT RE R — B
HE IR R 0T A 5 D AP R G A 1 52 T ) SR 2
TR AT AR IEIZ 7 125 80 7 1 288 4 ) 3 fif 4
BT R S IR 7 A S 2 A A
TG R ] BE -5 M A2 B A 15 0 B B 2 R T
FASMREERE X —EEH M. LR R R
J5 5 3 e 4% 15 75 4 s g 0 3 1 R A B 2 B DN
07 VR I T2 K T vk BB 4 A AR D R AR T
B — A E AR AL
3. 1.5 JET Y A H AR MY Iy ik (SLicing)

Jb R H R R S 4 A R A B R L 4R
HE T 2 T [ X R R A 2R A I K v
e il UML 2R 1B AR B 1] (8] T 3878 288 ) 4 it
KF HU A 1) B & AT AU IR K
P AAE R ANKEA 10 AT 80 s BRI B & AN U0 R
4 BORTU) R ) RAEL T S 3 28 ek 4 e 1) (L, T
Probdr iz R 5 E A Y R 10 BB /D T 3 (E
Mk s e AEBRY) R B AUE CRR YD i A 5 1 T
R R HE AT A KL e, — A0 R
ZAFR I SR B U0 R i 4 R T T
FOFT A S 2R s R 2 (— A2 R R
JE 1 AR DA A AN ER LD R B B R e 2
T3 A BORN 4 e 2R R R B0 DY A $E B R i
). I A BN SE 9l 45 A28 1Y 2 A% B R 1 A

T R A B 1 2 AR B 114 A= i ]
R T —Fh 42 1 i D S . 5 1 AR NP
PRl T A R S ) RS AT TR L A5 B
AU 1) P R — L R Al R A 1 AR R S A
& 520 77 55 10 28 XA 0T DU UE %y TR B A 1 28 4R
B 2 514 75 3 0 2 g e ik, B R T
ATy ¥k B S A AR . (HR it i R B —
T3 IR B X328 (] A 081 O 2 1 5iR 55 T At AR K L
U5 Sk R FH 56 2R o 3K B A5 3] 11 20 30T 5 R AN %
HEAfG . PRI L 38 5 22 00) 43 26 AR 56 &R 1 3 55 . 51 A
R T ASAE PR MR A s I 30 MB35 2 49 AL
E Y — AT XA S B0Z 7 A Re 05 15 & A8 15 1)
DA 1) S AR 52 2% FE 45N
3.2 ETHEREMNAZE

F TS 0 7 2 6 I B 5 D il AT iR o %
{18 A 65 118 J52 D) F 1L 531 0 B 26 . Briand 48 AM
P B 35 T P8 1 B0 Y 0 A T T R A B ) I L

TS B Al DR T 58 AR B A I K B9 T R A A
. fHJ2& Briand 58 A1 00 R 47 763X RE 14 50 - N
B A A MO G AR EE UM B — 1> T 4E 2% 1) B A B AR
BEAE o A2 T R i fif DR 7 S BRSSO % JE T
b SR R T Y I R Y LA A Cn 26 o s v Y
Bk VR T O vk BRSO DL e 45 24 SRSE A5 il I 2O
2 PRI R DR A T IR R D T R
I A T80 ik PR S B BN Y 14 R ) AL
AT SR A BR A Briand 4 0K 2 4R R

I P £ 4 %€ )R O — A~ 22 H AR A0 AE ). g
AR H AR o8 80OA A B AN L L I FR D 2 H AR
k. B i B AR A IR R S 4 SR T — s i AR AL B
L3R % FAR e& BCRY B 00 . BT 149 22 H AR A0 4k )
— A A H AR R A s — A~ sR L R i B H
b R K AT SR A B S 0. SR 22 B 110 A 3503
SE S N P 1 e A R AR - 5 S L R
ISNROE SN CIN IR EF SN E R PPN ES
[ (4 29 A 45 4 6L R T 22 F RS 0 AR 03 3 4R 15 26
I T 9 AR S i 4 L SRR AR 0 P e
G0 RE TR L A B R A5 1 S 4R B
X T % 9 R A HARASUE 9 23 B B AT BOR i
WA

B TR K 2 I 8 o T 0k Y T R AR
EAEBT R UG P SRS TR —E AR PRI T 4R
A 1o AR A X X — b AR A B T AT 0
A5 2 B DG 1) 6 A I K . LAk B - 1 S
— A~ F R IR BN KUY (440 B R 5 SR 05 BT
TV JEE BRI RO T A A 14 3 L (R 5 e B
PR P | ! € £ O i A A IR S T |
T A R AT T — PR AT Ak B AR O (Y R L O
BT R A A AR AR A FE AT IR EL R
AL RS 5 AR AR S A B S IR B Sy e
A 2 I Ty . HE R A 12 .

’
b

I
-
B
E

} AL, R OB

G A

£( L I
BECAL LW s O Tt
MR TeH;

)

IuthE f9 A 1

B 12 BT R AU AR R i i A RO E 2D

Xt TR B T7 ik HOEDRE T G A A I
BERC A2 B AR G IR 14 3 0732 R ) SRR AT XS



3 SRHE A« AR I B AR 2 1T e A AR I TR 685

3D 32 T LA B AR R a8 £ A B bR
RE G Aff 3 AR PR 07 32 B0 1 DA A £ A AR
02 2% FEAE by 3 107 B85 o B8 s O DA A — A D 0t )
T BEAE TR R ARAC AN 1 TP 2 5 A B
B . PRI AR SO I 2R T A 00 A6 8 12 ) AN [) i
700 2538 AL HE 3 T Ak AL 2 H A LA 3 1
4 5 15 AR T SR TR AR 9 0 A B8 1k 1) O
3.2.1 FETFTEMINAR 2 B AR A5 2% 0 I ik

FATTHG L F LA MAL Y 2 B bR AL 1 7
Oy N FEEF AL RIE B 7 ik 3R T ARLR KB Ty
PN I TR RS Ok
3.2.1.1  EETFBHERLM I (GA)

Briand 28 AW HE T LT 8 AL SR 00 R ok
Z AT i e T FE b R G R R HOR AR S
AAZE G T 1S3 A8 3 52 2% 1 DN A 452 e i 46 9% 119
A X Tt A B0 7 i U R JLA () A

(1) Ty & i 2

(2) Wl R AT 28 SRR S B A 2

(3) WG TR A KL 2

C4) T fa] PF- M figf S 75 e I 7

XF 1) (1) B — DA ] — AR 2 s 1Y
KRR XN F—NEE(AB,C, D}y — DA RTA]
feh (B, C, A, D) J¥ 5. — /> 0] G819 Fp #E T 68
{(BC A D),(BC D A),}.

Xif () R (2) o T B JEL UG b S AR AT
38 SRR S48 AR, LA B — S ml DL 2 1) (n] fig 2
B ACHD M. A8 AR AR AR I 2 B — AR P i A
I E AT A P L B ), X T — % Bl
BLEEFE B R (U0 th 28D . (B € D A) 72
FHB D C A). & LE— MM E A AR b
BLIE R 5 — AR I 37 ) 7y 33 B G 300 75 v
R DI N Sy e N N S | I (O VA P o o
AN H ) S 1 S5 R e B AT TAE AR A A v i I 42 3
BN — AR X RE 7R B — 28T 1 A1 B R
FE T AE R ACARA A rp i — 267 J7 5. il 40, SRR AT
B LA T A AR A

Parent 1: (A B C D)

Parent 2. (D C B A)

MR AT — R P — DR A
AC AT LA B — A0 R A A

O FA1FH] (A-CH P A R C g, -7
FORB WA

@ % B B M D XA 2t T B ATE
TR MR E B EI(A D C B).

XF T[] (3) /7 X AL B AT — i S 5
B E AR A AL, Briand 58 W48 B0 G FhEERY
FUBEAE 25~100 Z [H]. {H 2 X F 56 F 0 Ak 50 1 5K
JE A BN B 1 ] G B — i KR 1) 0 R R
PRAE 0 Z2 B A D e R 2R 0R0 s 40 s ol b o A
— B 2 2 B Y A ) =A% TR I B S ) R R R Y
PRI 100, 8L F #0430 35 POk 19 90 ff 2 2
BB ML 15 A2 1Y) A5 Bl AL 1 8 1 3l o P L 25 5 Bk
I B AR AR TR I8 Bl A 2R 5 R AR B
L.

Xif 1)) S AT T X — 4 B IR A3 H R ST T
— AN SEE  BESE T DU AN [R] 3E 0 RE RR R - AR O R
MBS T A G VB PR G LA SR A A T i 1 JU AT
S AT SE B GE W TE R 2B BL R R R A N
() SF- X568 5V hy 3 L BE o BRI 7 A B A 1 O
Z. T Briand % A7 X — 07 5 4R O A A
A BERHE bR GE B R B0 43 Bt BUE Y 2 21
PR S E R MR R S A PO ]
S A DG AR X S BOLR IS A B 2R R S

Hanh 2 ATESCERL16 ] BR 1R JHEE T BB 1)
FVERATHE A B 3B R 1 AL S R AT RFR B 1
FeHff e A AW G Fh R e — AR DLR IR
— AN BN T ) I RO T DL O — 2
AR I 4R 5 A6 6 2 T A~ $0OR ] e/ X
— S ET AR T 38 o A¢ O A AL 4R AR X X )
U ARRE R AT Ak B, 3E T 7 A 0 A 2 e .
B T R s 1 0 3R A 1 S PR R B A A 1R AT IR
14385 17 J3E bR B

XoF T 8 A5 SR R U 35 Y Y T M pR B R R
— A ORBRAES5 AEAE AR BB SRR AR I A R
0. A 388 % B3 1 2 A — Y L Y i 3 ) B AT
38 AR S ISR & T A I R . iE AT 38 LA
SRR — BRI L 2 BRI IR UK.

2 P R ) I R 26 R A L Briand 45 A0
25 TR A IR B A AN R 2 AR G & 1Y
T B0 T o 3 T 35 A% B8k 0 28 X e A= oy 1k L
TS A A Dy ZE AR SR o KR I 1 X S AR A
LRI IR ATAE 22 Tl R 2R 5 0 28 8 0 305y o T sk e DA
BT A 18 1 56 Tt Bk i gy 2.0 HL, 2 R0
ey PR 25 A O B K TR ) T LA i B2 R
ST T AT ERAE AN A B A 2 B 1) Tl 45
B R

FE] PN o E TR 1) % 2 0 4 i 3 e s A X 288300 3
T A B ) R, I R T — R R A s A



686 o

Bl

¥ 1 2018 4

SR Y B T B R AR 8 AL SR 1 R R A R
e ) A5 HLAE ) 7 A B e g L AR SR A G AR B
A 2 0 R A 2% DAY 0 R A R Ak

DA B A FF 2% ot LA s 2 38 47 B ). S 06 45 R SR,
LA SR A TG i 7 TR F Briand A8 AN a3t
k.

Borner 58 \™6E ORD fE S — Fi 4 i 455 70, 1
H1, ORD fy JEAR 5 B 2, A 38 = Pl 4000 ¢ & - b K
DRI . A AT IA Ay 6 $UA T 4R s 3 B 1 2%
A £ AT AT A DL K B ik R st A% Bk R E
— A AR I . 3% 07 AN R T B AR
FIEAE B AR 1T EL 2% R 1 3 A
3.2.1. 2 EE TR KEVE M 5 (SA)

R ADLIR K — i BE B O 553 L AT DU 50 fe
BN SR R AR /DN« fe T A F 4 R e I 1 — Ak
k. S T I A A L B G E W] AT LA A
TR AR AL TR SR RS 40RO 1 A o 28 4
W Y A B AR TR S B CHETRE O F
T3k 1% AXOR AN W7 A2 48 25 B 47 B JF AR Metropolis
VHE U] 75 3] S5 A0 1 2 0 50 5 . R R 5 0 SR 1 JEL AR
ARSI 7 L A AR i o R T DUR R R — A
Markov . SCHk [ 49 JBF 5% 28 W] 5 pt 288 4 s 0 3 i
JF 00 A BT B AT 22 AR 4 O B AR e g & D
S fiff 5 (B RS 09 °F- 7 R B B ABLR K B VE A B AT B
T8 AR A3 A 7O T 28 A BGI  )  E ) R
o ff 225 ] ASE 2 2 AN B30 B 3 DR o 72 46 R 50 ) R
T BL T 264 B0 45 Bk i RSk FAT: 0k 0L e B
(1975 2K A OISO 4 TR 14 S5 10 28 48 G 3 Ity A
PR IR B PAT B TR 5 i B K O X %
FABEEZ RN R Gk Ul 18 17 I R TR 32,
£ R NI

SR > A LR B0 3k AT LA o A2 0/ 4T 38 3k B
B 280 3T R 45 4 38 9 5 1 00 AL A 1 S
Bl s/ A o 5 () I 428 0 2 850 97 e v A i i e o
SE 5 V3 H I RN W 38 ST R UL R TR ) T A 8K
RAS S BUIRAE DL ARAS 4 5 S A0 R RB A8 /A5 PR B 1)
PN AT 3T oL A
3.2.1.3 EETRL R LA L (PSO)

B REOUAL SR 2 5 AL SRR O LU B
T RESE L . STk 50-51 1IEBA 1 2 4 A e Ak ] B ]
DA P 00 A 35032 i e o QR AT 7 ) A, M) HE
J R) R, B 7 S R RS L 2 A S 3R A A
[i) 2 — A P Ak 1) A (R, SCHERC9 . 12 B 2 iF
15 A% Sk AT DL 2 A B I Y ) i [a] R

e, ST TT DURERL T RO A Sk B B2 4 R
TR A B 2 )

L FR AT A AR T B OGS ik 22 i e 1%
A I 3 [ 8, O 5 3 T I Y O ik 3 T s G
LTI R BE AL AR R AT T AR %
AL E IR =AMk

(1) o7 B X [a] A e B 0 P50 R b 6 55 B BT A
AT HES B 2T 3T e S5 Ay s J R R
T o5 ) A — o BT o — A~ 2 51 5

(2) Fe o B 1 18 A= o AR 8 35 07 J3E ok B30T 5
AL 1 R L SR i T IR RO A R
PR T 10 B A 0L B 0 A O 3 R

(3) M35 51 Fry e 555 < A 40 B 55 56 R L K R R
(18 5 A0 B S5 A S 7 9 2800 3 0T o ) 32 30 3
TP 5 A2 i s A Ay g I 0 4k TP g A 0 3K e
Ao g AR (A A A B SRS A 2% 1 AR
/.

A 3 S G 50 UE T LS BN R S8

(D 5IEFERE R J7 5 Tt 3 i o il
BEALIE AR T A0 L, 3 TR RO A6 B9k 19 05 vk vl LA
— A B0 I A AR A BN Y 2 A B IR 4 5

(2) TE3E T B 1 7 i 3 A8 Bk i O ik
AR AL AR 7 3k Hp s B AL 3% 4R ik AT A i B b 3% 3]
e e 2SS M7 81 o TR A K R Gk, 5
JETF AL B 0 A B AR AR TR A5 1R Cln R B 5
L ERREO LB F R R AL Y e DL
PR B 5 A 1) 2 4 BT 5

() HRETFER W% T8 R L 0k
AR AL % AR 7 36 A0 B 56 0L 7 BF 00 40 55 1 1 O vk
AL — o AR AR B JE M R 2R R L Oy ik R s B AR
AR 0T

SR U FR AT AT S8 B UE T4 R IR S
T =N (1 PG e 5 N W - e S
o /b | HALE A B A B A 1 R 5L 38 T3
F & 073 O TR D %5 5 Ji 4y SCCs, fif
FHZMIF AT ST B K R G0, 80H K1)
M 2 L B & B A B A 2 1 R R U A
T RT RS k. FEA T SRR 1%
FE T VR B 5 M DA S 40 Ak v g i i I el g
PR BAR T R ) R i PR 2R A A R o A B
J 7 iR R A B0 D B L b B 45 B 2 RS fR Ik
BT S M 45 20 A i A R e B R X
X R HUAR 2R G, B 0L IR e 1 O ik LA A S 1 2k
P 3E LS



3 SRHE A« AR I B AR 2 1T e A AR I TR 687

Xt F RN R GE . B AR B B A
EREEH BB P RG R TFHRNERA
B HYESEOLARTE T X 28 &R 50110 28 48 ik
U 4 ) R T % R R R G L B R A B
B2, DAL & B0 B 2 1) R Gk U 3 T
R D 3 B N T A DRk 2R G 1 2 B i 3k 0
f14) [F) R

1100 S I b VA = < <3 R o L e B = S I N
S P RO 2 R A 0 2 1) T Iy
3.2.2  FEFG BICELI LS 1 ik

FRATT K 3 T AT A P AR B 10 05 ik ok
BT WS IL I O 0k B T AR B R I ik
1 NSGA-11,SPEA2 # PAES.
3.2.2.1 EETHHFA LN AL PACO)

3.2, 1.1 TR, KRB ) X RV 45 R
7% s AT 22 IR 2R 52 ) 28 A I 4t I dE DL IS
() 3 Tt AL S vk Y ey 22 T HL , Z2 P2 e [ Y
A R TSN F Toabr. AR KEH AN
W) 77 s FTARAEEASAE S PRI S5 B 1) T 5 38 17 FH 4%
&S RL b ) 8, Cabral 28 AB2 4R T — Rl 3L T
M 236 R 77 [ 55 1 (Pareto Ant Colony System
Algorithm,PACO) By fi# t J7 i% . K ORD 1~ —Fh
MRS ARL. Horfr, ORD p V54X AS A 2 L 4245 7 Foft 44K 45
KR AR AL A ORI FIR R A AT T T 5 R
LS TL W 2 B AR A0 53507 Sk A4 i Pareto i
Al S A Gl I A S TN BT AT H AR bR B0 — 4 ok
AR REFAH LY % H AR R BUE S L T B ERE
ZRPE R T 15 2% B Z ] 0~ A B — AN 2RI F o
IR 5 A B B e T R R R AR AL T
T X B AR A

(1D ACpla(o) UBMHEE 22 - X451 /48 1] J5 2%
) — S 07 VL I S 508 R b i H AR ST JE T R
JE 1A AR X e H bR 2 b R R R A JE AR %
BFR R DR AG, ), Hdh AT RS FRR K,
AT 5.

ACplr(o)=>) DAG.jsj#k  (12)

i=l.n j=l.n

Horp % F— NI F 0n FRBEH BB L FoR
BRI T Z T AT AT,

(2)MCplx(o) (JTIERAREE) : ik B AR5
TERIRZE 1 7 28 0 IR £ B F5 28 b Jmy 5 75 BT O
B ZAE BFRR A — N MG Hoh AT
BN RRAE AR T .

MCpla(o)=> DMG.j);j7#k  (13)

i=l.n j=1l.n

Horp S F— A MK 0on FRIEH BE k FR
L ETES L Z TR,

TEFADIRZS TR S W] DL hy O 38 12 1 o 2 48 I
Dy (4 7 W 8T 4 Jmy s e (B X F e 28
DU L 5 51 A P — 19 52 B A5 10 28 496 106, B A0 07
AR 7T GEA 5 & 09 1 I00F 3% R 24 4 &K oo 2
SRR gy e~y BN S Sl SR S A R L1 TR f R 4
DA I PP b AR 5G4 1 15 B R B 4 R AL i
2 DA e M SR i . PR ORGSR SO B R B
PRAE R 3] [ 4850 10 A5 A0 A T 2 LR DR E 48 39 [ 8 11
WAL B AT 42 37 fie

A I L R) A 5T b — Ak R
[v] Bsf A, 2 — A~ NP-5¢ 4 ) [a) 331 ICRE B3 o —
FRREUR R RE 4 R BEIE L O At A Ak Tn] 8 42 1 1 — il
AROEAR. R WORE R AR — Fh AL R Bk,
FE NP-58 4 Gl 5] 850 _E 19 35 fBL 1 68 2 7 s 30 552 s g
FH BB R BT AN A A EE AR S R X
3.2.2.2 EETERHRME LN ITEMTabuw)

Vergilio 8 A\NH $&H THI R L AR L HE Y 2
H #5 5t /£ 3 1 (Non-dominated Sorting GA, NSGA-
) f Ak 238 R 2 H b6 b (MTabu™ ), H
H,MTabu A& AL e —F i TAA R R
(00 i i 252 Ak B3l F I 33745 . Vergilio 4
N Briand %5 N5 A 3 of BT PRAT X b £
H AR AL AR SR MG R AT o5 A &5 R PR A X
SO 3R ] ) i 3 AR 2 H AR A0 B R T A
B BRI N O IE AR MR R SR A R R K
BT B R 48 . 5 PACO #il MTabu A
BONSGA-TT BB, X &l T MTabu — A&
A R b 57 0505 58 IR AT 55, B R A 2 F T Ak
BEa A Ry 3 e I DA R i B A e s &=L R e iy &
AR FEIFRE T — 45 00 A 25 42 00 3200 1 1) 97 3
2. R IE ME LR B 7 B OE A T R e 2 4R AR
DIy 1 i A ) R
3.2.2.3 NSGA-II,SPEA2 #il PEAS

NSGA-II1,SPEA2 il PAES i% = # A~ A £ H
P i A0 B8 A J 5 B UG A 1 T I DR R R R 2
FEE L 3 oRA5 B Bl fe 0 28 2 B Xy

Hrp  NSGA-TT @ fe & A M REZ — I &
Z BRI SR L 2 B A A B 0
5] 5 ) B AR 2 —. Assuncao 28 AP % NSGA-TI
IR 1 5 32 ) 2R 9E AL 55 1 (SPEA2M)) 3 )
Z BB 34T TPERE S 0T 5 LU X 2 A TF
W22 38 43 R AP AS B bs O Pk 5 4% BE 7 s B2 %



688 o

Bl

Eilg 2018 4

L
&

BRI H bR g M2 22 B 5k E 4% R {HE
A% BE RN 2 B0 02 2% B 1 o S A UM Y . S5 5 245
F W] NSGA-11 F1 SPEA2 76 Wi~ H b5 T 45 S Af [A]
SPEA2 £ U4~ HAR P45 R B L. X — 25 1 nT LIyl &
YLH SPEA2 [t NSGA-TI 553 FH T fiff o 4 4505 2 1)
7] 5. J5 K, Assuncao 2 AP X HE — 4 % NSGA-
II.SPEA2 fil PAES X = f Bk 17 T HL . L5
GPRRUIX T LB E A RS, PAES B kU R
X2l T PAES B3k HARE T — W ERF— A~
HNERFNRE X A 7 A BR Y iR R T AT b
(10 o o A 8 R R (HUJ X T K 2 B0 s 30 X 42 ok ik
NSGA-TT ZCR e b 33X & B T NSGA-TT Btk 1738 X
B RN S AR A5 A il R SIS A N Y 3K A
7 B 1 [F) B R BRI 2 3 R R T R

3.3 HEAZE

3.3.1  FETRENLEACH 0I5 ik (RIA)

ViR AN U = S S TR e N 12
(%5 % % Z B’ (EWORD) 1 Jy 4 i 55 1. EWORD
F AR ) A 4 7S ol A TR (0 AR O 3R < A R L S
B R ORI . AE I 2R B TR R
e RTINS LA T R R R ik
b TN hy 2k 7 0 5 4R A5 5 AR G R T LA AR 1
T OHER G R R A T RIS B %4
AR 5GBS Ak T 0 R A L RS
{681 FH B AL 326 A 0 0 T A B 92 0309 4 FH /s IR
SINAE [ — b RN RS 4ELR ki AR B2 i T =B B
P 3X — 7 SR BT R A 28 R S DG R AT I 4 A

BEMLEE 1 A NP-58 4 CHE) o] B35 I 4 30 AL 1k BE
3BT WG I T S B R P S R S5 B 1 3 T R A
HAREENEFE L.

3.3.2 T kAL IE(HHA)

M S SR R AR B A I e 3 B
O RS L. B R R 52 8 & Uk
AR T R R )2 R W PR A B B — 2 I
JZ2 )8 &R P 2 E D R AR LUIRAS B & 5K
SRV R e e R SR N s T R i A 28 NP-
SE4 CHE) [n) A8, L R] S B#E )8 & AU k. Guizzo 4
NPT R R R BT R AR e 2 T 3 I Y ) R

G MRS B B WA AR )2 R R DL &
FiRE s SR 5 DA A b FRE 1) 35 007 32 5 HLR L ik Rk Ak
LB AT A5 AR B AR R R S AE 2 A
et F v A PR ACARAMA ARG AR R 5
2 (NSGA-ID IR FH B A= 0B 19 i 4 JL RO B
F1%) fife 5 1 335 07 BE (L. AR 7 A 26 X 4 A &5 SR SR W
R NI H NSGA-TT H R0 32 4

A Kk B R R kX0 E S LT AR
T 5] R 5038 0 T AR )2 S R R 1 ) 5 ) Y
SR B AR, B kAR E N EATE &4
Wz MR A & Gy T g s e 32 A Ry BR
T LR AL A R Ak ) L
3.4 EMBIESE

Xof 248 A B B 1 e A 58 N B — A
1l 5 36 8 U A S B T DU R E AT B 5. FRAT)
X V8 S H R AV DU KR 4R AT TR A R
MR 7 MR 8 PR, P A & Gt e w58 N 51 fe ik n]
BT B £, ATM, ANT, SPM #1 BCEL &%
B IE B G 19~45 Z D A A% H i 3R
M (ATM [ 30 4~ 3 % 3 BCEL [y 416 091 4> ¥
#%) . DNS & A 128 i 2 (A F BCEL &4 fx 2 1K
i), H & 3 B A % i 2>, JBoss, JHotDraw Al
MyBatis ¢ 126 MEAE 150 F1 331 Z (). o] LLF
s Ik I R R GE HAT R TR 28 (8] PR 5 76 R )
ARG —F Wi AR RGE R AR L.

Horp g R ZHOEFEIE IS X R R 7 B
IRARFFAE R BV B s 4R 4 R 2808 TR
WSCH R IR 8 s #2432 S IE I B dls 48 v]
PLR B 36 8 AT X 28 (] A AR M O¢ R iEAT 40 5%, R4
TR AR A B, X TR T IEE I IR AR AT
e B I8 B 3% 9 0D B3 A4 30 A9 2 A — g Y BRI 2%
8 e, R 22 $00 2 0 B 55 4O ¢ & (T, %
I TR B SR S o T AN SRV IR iR AR DG R (K
HA VRESD. M T 5 TR Ik AT i
EXoF T T I B 10 30— g 08 A A Aoy B 5 BRI e 3/ N Bk
T ] 28 TR0 (1 A O 2. K 2 R Oy 7 T 0 R % e 2R
XoF T M B3k 1) 32 T B A AN e/ I B Ak i
5 SR A B A /DN T R 2 5t U e A

x7 CHEETEIEMRPFERANITEMNEES

R4 E3e X R PRSP -Eod HEH 4k 7K TEAEL (ARTTIRA
ATME3! 21 39 9 15 4 30 1390
ANTD! 25 54 16 2 11 654 4093
SPML3] 19 24 34 10 4 1178 1198
BCEL"J 45 18 226 4 46 416091 3033
DNSL 61 211 23 12 30 16 6710




3 SRHE A« AR I B AR 2 1T e A AR I TR 689

®8 CHAETHZRHRPEANTENHES

EX HE B3 A8 %5 (ARZTiR
ATML! Java 21 67 1390
ANTL Java 25 83 4093
SPMLY] Java 19 72 1198
DNSL Java 61 276 6710
BCEL® Java 45 289 2999
JBoss®@ Java 150 367 8434

JHotDraw® Java 197 809 20273
MyBatis® Java 331 1271 23535

4 REKHRAME

H1 AR ST It PR AT A A B 3 2R
T P PR [P AL — S {EL A T 5 1) A 1] s, R
A B R B (B B 2 1 T R S 28 R
Py A B U R AR TE HATE 2 T — e F 50
R AEATIAFAE — LE AR A Afp DR 1) TR, 2 A0

(D EAMRAEM AL X T CRH bR kT
FEOUAC I TE R0k T A 10 A0 3800 I 310 26 42 Bl X
LY 87 Al ] AL P I T B 2 R — L8 TR AL, 42 28
(1 B 1o RIS TP 2 P I A RO R
DR384 00 it 2 1) F9 RLASE S % felt RE 5 3 D10 AL 5 12
PEFT SR AR I 25 5 W3 A TRy ¥ i A0 ik o 36 IF 38l i 28R L
— A SR B 5 o A e S e DI

FATT AT LATERL T HE D0 AL 33 BT Ay S E 0 %
i SR BB T A U AL D 1) . 9 7R 2E AR D7 1)
4 T 52 J7 1] AR JSEBIT ) iff 5 X 158 AR SR fige » T 4 B
G PR 0 1 A5 TE 58 5 1) PR — B e A S 85
AR B — AU B de L AR BEAT SR R &L R
A8 2R DXCICAN BT ) 1] 1E 52 T 1) 3, DR gl L3 o 42
JRARZRBE ST, RS R T B T AN W 52 2 1E A2 T5 16
SN 5 R G AT S5 6 0 i O R800 2 » BE AR T I i) T .
TE 42 JR A R P LA R AR 28 SR W X 305 AR
4 RAR R 5 R R BE AT T & B -F
7 T AR o R B 9 IR AT 2 e e DL S A A
TPy 19 A B

BEAb s FATIR T LR H 2 H AR KL T BE 0 AL 5k
R fifp R A PRGN TP 1) A S T . 3K I AT RE 23
K LA LA Ta] 2L

@ dnfar ik £ pbest. FATHIIE X T 8 H 45 LA
KU, B pbest B , HA X H—F it nl DA ik
PR ORI (RS T 22 HARR UL PSR T 19 L
BOFABE FLBH WEAS S, G ROk 1 09 B H AR AT
BEUF IS WHZORL 1 SE AR, 5 A LE AT A BT 25
T 0TI AR B T A B WA B —

@ WAy & £ gbest. FATHIIE . XF T B H bR ok
Y BRSO — A SR LA X T 2 H ARk
W E A G AR 22 AR B e B ok
B B ANRL T L RE R £ — S AE O R A A 1R (Al
PR IR CIBIEE

(2) Hofth oo i3 % AR R BOAR /Y AL o0 R % 5
WRALE N AL p st BARHLTES R/
PR R LRSS A MR AL SRR E oo a R Fk
AN ) A8 988> CRLR TSR ) A ot P
D). 5 T 4Ed 98 B W — D B0 L =R R AR
AT AT R SR AL AT AR SR A A0 A TR i 7R 4 50
Jt e A A R A A 8 A% AR ik LB ABLIR KB E A
L0955 AT AR 318 A it ) R 30 9% A VE 1) B 3k
FrsRf. Ferp L 38 AR S R ALLE K Bk B 2 ik
AT LR TSR AR 28 G B 3 1 1 R ) A

J& L L AR B — A 9 3k Tl 2 Rk
WAL B0 e i o D — 1 ik I 03 A W 326 A 1) e G ) it
e Mo . JE S Ay 3l T o T 238 2o R e e R0 00 1Y AL
AT 5 3] i e A3 B H ARG € 1 38095 A 5K A LA A
AT (o TSP ] 880 28 3 3 ok HAT L #1752
RO R SR L G FRATTIE AT USRS € L ik 2 e
TCJE S A BRI 15 R it R SIS 4 Bl N 3T ) e A )
AL AR S i P S AN I A 1R L I B R 46
AT REA B B

(3) AN [R) B 32 3 o7 P 1) 8 R . X T AN [ 1
8RO R 0 10 B 1 00 A [ ) 40 AR 1 3k 1o 1
AT 2 R B A 303k T 5 A A R 2 R LB Y 2K
Pa A A 1Y 75 ik A i 1 5 98 49 75 A8 ik R i
Y9 E. 4 Ja 9 TAE b n] L2 30 o B8 ik 1 1Y
77 R — AR W B AT A5 B 4518 B0 IR BT
45iE.

CA) T 7] XoF G B 25 18 o T SR AR I i
B BB 5E (8] RE A T 5+ R BT R 2 T8 Y U7 ik
I AE A Hh S 18] e 25 O 5C AR A R Ak b AT A
HBA HIEAS G852 R 2K 45 0 AR 2 0] )
ARG A IR 18] 1) B 25 5 A8 AE S B 19 1 [i %
ZREFP R I AFAE » 20 S [] 1 3l SRR &R 2L
A IR & B B S 1 45 SRR AN HE AR 1. A0 R
P TR 3R 5 1 Ak phe 6 4 R Ty £ o [+ et s
it Bk — 2D 0 R T TP 4 2l OB R AT IE SR

http://archive. apache. org/dist/jakarta/bcel/old/v5. 0/
http://www. jboss. org/jbossas/downloads. html
http://sourceforge. net/projects/jhotdraw/
http://code. google. com/p/mybatis/downloads/list

e0®06



690 it "

Bl

Eilg 2018 4

L
&

(5) FT R IR i B3 3k 1) 52 3. A7 I 3R 3k 2
7 ey 7 0 A A RE Al = A T 00 3 R i e 2 )
U P 1) 576 B . A SR TG A 2 9 DA 38 7 B 1
SR AR o B DA U RO AR OC TAR R Z 8% 18 T
BT RARRM AR A R R LR
J RN 7 ¥R SE R G B L (H O C A Y DR 3
TR AN B S 7 I 30 B B9 AH O AR AE 3T 35
I — P2 A1 M I i — 2% R I 3 Jr 4 B 1y A 2 AR
[ 9 552 1 B A6 2% AR AR AR AN TR ) DR e X o
BB I A HERG. A L 75 AR I BT 58 TAF A 25 LAY
e P I A A B Ay At 0 A AN B 4 AR i AT L
HERE BE B FOR T T S BRI 10 B2 4L i — P AL 2
A B 405 e

73 50+ 1 T 2 R AT P ) AR L — A
NP-5¢ 4= [RJ#, [] M A7 78 3 — 5 019 A 0 vk CH A7
TE 22 25 AL AELAR [R) 4 408 32 1k o i L 32 5% ) B G
8 — 2% . Q] a8 ARG 233 Bk b A i 5 A e 2 — A

FRAE B 22 19 28l AT e 9 SR 2 k5 iR
SO D I SRAZ S G BRSO AR A AT RS 1 1
BB R GER AR T DA N % R AR 2
BE i e i 1. mT LG P 288 i) B 24 ) b 0 3 )
PLIe . HAFAE 2 25 AUE A [R] B AR 21 i6F o FR AT vl
LA BE Sy SR ) ASUAEL F) 26 1% B 244 T L3 S
BUE B A S L N0 T AR A 28 A D 0 R A
ol T B X AN 1 R

(6 WP 78 43 P 1] . 78 B 1 ik b s 78 43 1k
YEN 2 R A B RE 0. AT & A7 78 JLA 2 20 1k
YN T 2L E A% SR T 5 A B0 DA A L AR T X T
T i) X G 5 0 A I 3o A 1 TG )T 2 A TR A T
SR AED. 0 o I v BRE 9 AR Y 26
I e R A 003 o 7 R S 3 AR A 0 U R
LR I G B S OO HE AT A B A R s fiE
TG A5 A5 B B AT B R 5 B 1 T AL 4% T ) e A
T RE S 1 Y B2 5K 5 00 i P 5 2% A9 i A A TG I
(1 Aub B RE 3 45 5 X 1 i I i B A I i) R A 22 R
T JE 4 5 W) 45

B T AR ALK A T AN 1 5 s R e
R RVBGE 1 7 162 2% 8 T K 7 6 A B i 48
FIE 77 oA T 5 A2 B i S 5 S 5T 1 ) e 3 2R
IR HAE ARG Y ARG I 3 2 ) A A —
SE R B S22 1 85 19 26 5 1A R 1 R 5 R X 4
7R IO 2 ORS00 R S 2R A e 3
B 5 e A B Uk A i B T I A 2R e U 2

P BOHE R S BB R - 1 T R AR A0 2R 48 10 I R R
DRI 0t » i A58 19 26 4R i N 3 T 5 0 2 7 A A
U A T IS B Zhou FE TR AR AF
52 2 M 1) JBE 0 8 R X T 1) X G 2% 8 ) Bk B R AT T 0
T 308 3 A9F 5 R W B 9 B 2 S O R 1
A A G A R DD O AR R R B TR B
R G oA A 5T A0, — BB R R E A QRS
Fr Beds T B 8 L OF HLANR AR RG240 5
[F1) 5 8] T3k 26 1Y 8 19 RS L oK 22 & BUB AN B R 48
PO 265 £ 1 35 0BT LA AT A A 28 11 4 R
RS V7 2% 220 s 5 R A 4 o 26 B BN 3 1Y 2

PR IHE R 42K A AR 3 A e I PR 25 1
F4 [ra AL {EL 2 A B 220 I 37 3 B 5 19 4 A E

(7D AN [R) S A5 18] 56 A 38 55 AR SCHR I [
e ] — 2 1 PN ) B A 28 11 DL 5 e 22 19 T AR W] LUK
AR 5 R IUA AT R AL TR S 7 47 )5 22
4 2 G A FATT AT A A AN [ 2 1 9 4 O 2R TR
INBAN B FRIC 5 S Bl Z ) i AR SE R 45 X
B 9 LAJE 049 26 2 i 54 = 4 .

(8) B 2l 2 J 19 A1) At A A B S i A8 40 B ) K
(52 R o 8] FHY R R T AN 2 P 7 i ) 2L FRC TS 2
B ) 3K 2l A P LA A R A Ay K gl A e A A R
U5 2 B AR IE AR D 0 . 28 ) 2 i 4
TR BERL AL 2% — E AU . S b b2 A 4R N A
I 3 T B i R S A )y T S LB AU X
FEARRBFTI N Z —.

X BRI AT IR A MR R R R A —E W
SCHY 0T B I 3 400 Ja ) PO 5 S B D TR A AR AR
AR

5 #RiF

A I A r O B A — 2 A S B S X
J¥ 32 BRAS AL 22 R T e v B R A B I 1] 3
SR MIARE 0 BT S A A TR R T AR I i
Ao P 0 3 BAR i 26 B 3 v e R B Y ] R
—. AT IR BE A R 3t 1 A I R AS . AR
ARSI AT AT AR H s 2 T 8 5% A0 S 8 Y )
AT R R I AR R B TSR N E 245 5
A AR AR )32 56 L HF U T — % B BT T
R AL RAT A AR 2 (R 2R TS B AN BLAT 5 AR
YE RS SR AR B 9 MRS LR 0 R 55 B0 B )
A5G 2 A B S5 08 >R B0 330 3 1) 52 i L %
M7 A SR EERE .



3 4

SRHE A A I b B0 2 I L AR AR R 691

A SO A G R I P A R ) AR 5L AR

JECER o207 2P I Bt 4 A5 AT T R4S H RO
CA MO RCR AT T 0 RIFJEIT T R G
XX — [ B A TR AR T K5 8 B AR 3N B3 2k —

314

(1]

(2]

(3]

(4]

(6]

(7]

[8]

W ORMEETRERREGEFTEL!

2 % x W

Wang Z S, Li B X, Wang L L, Li Q. A brief survey on
automatic integration test order generation//Proceedings of
the 23rd International Conference on Software Engineering
Knowledge Engineering. Eden Roc Renaissance Miami Beach,
USA, 2011 7-9

Mao C, Lu Y. Aicto: An improved algorithm for planning
inter-class test order//Proceedings of the 5th International
Conference on Computer and Information Technology. Shanghai,
China, 2005; 927-931

Kung D C, Gao J, Hsia P, et al. Class firewall, test order,
and regression test of object oriented programs. Journal of
Object-Oriented Programming, 1995, 8(2) . 51-65

Zhang Yan-Mei. Research on Testing Technology of Object-
Oriented Programs Based on Dependency Analysis [ Ph. D.
dissertation]. China University of Mining and Technology.
Xuzhou, 2012(in Chinese)

Col Ay, e TR 43 BT 1 1T 1) 0 G A8 3 0 38 e AR B 5 [ ol
bR ] P EAE R, RN, 2012)

Jiang Shu-Juan, Zhang Yan-Mei, Li Hai-Yang, Wang Qing-
Tan. An approach for inter-class integration test order deter-
mination based on coupling measures. Chinese Journal of
Computers, 2011, 34(6): 1062-1074(in Chinese)

GEWUA, KM, 257, BRI, AL FRAE ML
B 4 B 3R 7 1 0 o 7 R, RS ALF R, 2011, 34(6):
1062-1074)

Zhang Yan-Mei, Jiang Shu-Juan, Chen Ruo-Yu, et al. Class
integration testing order determination method based on
particle swarm optimization algorithm. Chinese Journal of
Computers, 2016, on line(in Chinese)

ColcHaME , 220005 . PR R4, BT R BRI IR 3B 2 0 2848 %
W T 50 A k. THIEAL AR . 2016, FER KSR

Li Xiao-Jiang, Li You-Lu, Chen Qi-An. An order-assigned
strategy of integration test based on the dynamic dependency
relation of classes. Journal of the Academy of Equipment
Command & Technology, 2005, 16(1): 93-97(in Chinese)

(AN AR, BRIA 42, T2 00 2h AR G 2 1 42 L
T 43 BE K WL B A R FEBOR B A 4. 2005, 16(1):
93-97)

Zhang Yan-Mei, Jiang Shu-Juan, Zhang Hong-Chang. An

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

approach for class integration testing based on dynamic
dependency relations. Chinese Journal of Computers, 2011,
34(6): 1076-1089(in Chinese)

CoRHaAy , 22UE . KL B, — M BT 3h BRI OC R B AE R
AR T7 . FHEPLAER, 2011, 34(6): 1076-1089)

Briand L., Feng J. Labiche Y. Experimenting with genetic
algorithms and coupling measures to devise optimal integration
test orders. Carleton University, Canada: Technical Report
SCE-02-03, 2002

Briand L., Labiche Y, Wang Y. Revisiting strategies for
ordering class integration testing in the presence of dependency
cycles//Proceedings of the 12th International Symposium on
Software Reliability Engineering. Hong Kong, China, 2001,
287-296

Kraft N A, Lloyd E L, Malloy B A, Clarke P J. The
implementation of an extensible system for comparison and
visualization of class ordering methodologies. Journal of
Systems and Software, 2006, 79(8): 1092-1109

Briand L. C, Feng J, Labiche Y. Using genetic algorithms
and coupling measures to devise optimal integration test
orders//Proceedings of the 14th International Conference on
Software Engineering and Knowledge Engineering. Ischia,
Ttaly, 2002; 43-50

Abdurazik A, Offutt A J. Using coupling-based weights for
the class integration and test order problem. The Computer
Journal, 2009, 52(5): 557-570

Tai K C, Daniels F J. Interclass test order for object-oriented
software//Proceedings of the 21st International Computer
Software and Applications Conference. Washington, USA,
1997, 602-607

Le Traon Y, Jéron T, Jézéquel J-M, Morel P. Efficient object-
oriented integration and regression test. IEEE Transactions
on Reliability, 2000, 49(1). 12-25

Hanh V L, Akif K, Le Traon Y, Jézéquel J-M. Selecting an
efficient oo integration testing strategy: An experimental
comparison of actual strategies//Proceedings of the 15th
European Conference on Object-Oriented Programming.
Budapest, Hungary, 2001 381-401

Hewett R, Kijsanayothin P, Smavatkul D. Test order genera-
tion for efficient object-oriented class integration testing//
Proceedings of the 20th International Conference on Software
Engineering and Knowledge Engineering. San Francisco,
USA., 2008. 703-708

Hewett R, Kijsanayothin P. Automated test order genera-
tion for software component integration testing//Proceedings
of the IEEE/ACM International Conference on Automated
Software Engineering. Auckland, New Zealand, 2009. 211-
220

Jaroenpiboonkit J, Suwannasart T. Finding a test order

using object-oriented slicing technique//Proceedings of the



692 it " GijN 2 Eitd 2018 4F
14th Asia-Pacific Software Engineering Conference. Nagoya, [30] Liu Ying-Lian. Research of Object-Oriented Software Integra-

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Japan, 2007 49-56

Briand L, Labiche Y, Wang Y. An investigation of graph-
based class integration test order strategies. IEEE Transactions
on Software Engineering, 2003, 29(7): 594-607

Lu Yan-Sheng, Mao Cheng-Ying. Method of inter-class test
order determination for object-oriented cluster level testing.
Journal of Mini-Micro Computer Systems, 2005, 26(6):
995-999(in Chinese)

R A, B I 1) X 5 58 200 X v 28 i) 0 385 o 2
BRI, N E LR SE . 2005, 26(6): 995-999)
Hashim N L. Schmidt H W, Ramakrishnan S. Test order
for class-based integration testing of java applications//
Proceedings of the 5th International Conference on Quality
Software. Melbourne, Australia, 2005; 11-18

Malloy B A, Clarke P J, Lloyd E L. A parameterized cost
model to order classes for class-based test of C+ —+ applications
//Proceedings of the 14th International Symposium on
Software Reliability Engineering. Denver, Colorado, 2003:
353-364
Li Du.
Engineering and Design, 2008, 29(4) . 781-783(in Chinese)
(AR W e 1 SR W F 9. TF S HL LR 5 &t 2008,
29(4) . 781-783)

Towards test order selection strategy. Computer

Bansal P, Sabharwal S, Sidhu P. An investigation of
strategies {or finding test order during integration testing of
object oriented applications//Proceedings of International
Conference on Methods and Models in Computer Science.
Delhi, India, 2009, 1-8

Zhang Yan-Mei, Jiang Shu-Juan, Yuan Guan, et al. An
approach of class integration test order determination based
on test levels. Software. Practice and Experience, 2015, 45
(5): 657-687

Labiche Y, Thévenod-Fosse P, Waeselynck H, Durand M H.
Testing levels for object-oriented software//Proceedings of
the 22nd International Conference on Software Engineering.
Limerick, Ireland, 2000, 136-145

Zhao Yu-Li, Wang Ying, Yu Hai, Zhu Zhi-Liang. An inter-class
integration test order generation method based on complex
networks. Journal of Northeastern University (Natural Science) ,
2015, 36(12): 1696-1700(in Chinese)
GREMT, £5, T, KRR, KT 5 2 W 4 00 2 1) 4 5
RPN, RAERFFMOBARAND , 2015, 36(12)
1696-1700)

Wang Ying, Yu Hai, Zhu Zhi-Liang. A class integration test
order method based on the node importance of software.
Journal of Computer Research and Development, 2016,
53(3): 517-530(in Chinese)

(EZ, T, RER. LT G 4 T 51
AR THEALBE S KR 2016, 53(3): 517-530)

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

tion Testing Strategy [ M. S. dissertation]. Beijing University
of Posts and Telecommunications, Beijing, 2013 (in Chinese)
R T 1) % 52 390 2 3 3R s 4F 7 [ 1 2 a2 98 3 .
Je At AL A . JEat, 2013)

Borner L, Paech B. Integration test order strategies to
consider test focus and simulation effort//Proceedings of the
International Conference on Advances in System Testing and
Validation Lifecycle. Porto, Portugal, 2009.80-85

da Veiga Cabral R, Pozo A, Vergilio SR. A Pareto ant colony
algorithm applied to the class integration and test order
problem/ /Proceedings of the 22nd IFIP WG 6. 1 International
Conference on Testing Software and Systems. Natal, Brazil,
2010 16-29

Vergilio S R, Pozo A, Garcia J C, et al. Multi-objective
optimization algorithms applied to the class integration and
test order problem. Software Tools for Technology Transfer,
2012, 14(4): 461-475

Assuncao W K G, Colanzi T E, et al. Establishing integration
test orders of classes with several coupling measures//
Proceedings of the 13th Annual Conference Companion on
Genetic and Evolutionary Computation. New York, USA,
2011.1867-1874

Assuncao W K G, Colanzi T E, Vergilio S R, Pozo A. A
multi-objective optimization approach for the integration and
test order problem. Information Sciences, 2014, 267 (20):
119-139

Wang Zheng-Shan, Li Bi-Xin. Using coupling measure
technique and random iterative algorithm for inter-class
integration test order problem//Proceedings of the 34th
Annual TEEE Computer Software and Applications Conference
Workshops. Seoul, Korea, 2010 329-334
Guizzo G, Fritsche G M, Vergilio S R, et al. A Hyper-
heuristic for the multi-objective integration and test order

of the
Computation Conference. Madrid, Spain, 2015: 1343-1350

problem//Proceedings Genetic and Evolutionary
Jungnickel D. Graphs, Networks and Algorithms. Augsburg,
Germany: Springer Press, 1998. 781-782

Mao Cheng-Ying. Research on Analysis and Testing Tech-
niques of Object-Oriented Programs [ Ph. D. dissertation].
Huazhong University of Science and Technology, Wuhan,
2006 (in Chinese)

CBEME. T Xk R R F 4057 5 00 B AR B L & 2 i
SC A R R AR I, 2006)

Tarjan R. Depth-first search and linear graph algorithms.
SIAM Journal on Computing, 1972, 1(2): 146-160
Li Yuan-Jie, Zhou Guo-Zheng, Liu Feng-Chen. Improved
inter-class test sequence algorithm. Computer Engineering,
2010, 36(8);: 74-82(in Chinese)

CEmA S JEAE, XRUR. —Fh 28 00y Sk 5%, it
BHLTAEE. 2010, 36(8): 74-82)



3 4

KA A - AR R B A 2R T R A R 3 693

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

Gao Hai-Chang, Feng Bo-Qin, Li Yuan-Jie, Zeng Ming.
Improved inter-class integration testing sequence algorithm
based on extended ORD. Journal of Mini-Micro Computer
Systems, 2007, 28(4): 725-728(in Chinese)

Cryite B SIS, k. B ol T 98 ORD E M2
G N O ik S . NI B AL R L. 2007, 28(4)
725-728)
Qi Li-Na. Research and Application of Class Integration
Testing Strategy Based on Test Order [ M. S. dissertation ].
Shanghai Normal University, Shanghai, 2007 (in Chinese)
CFF . B 00 3 1) 248 58 RN 3 Dy 9 B0 9 5 B R Lt
AL SC]. BRI, 2007)

Zhou Yan, Song Jing-Hua. Study on object-oriented integrated
testing sequence. Computer Measurement & Control, 2010,
18(9): 2014-2018(in Chinese)

CR g, ARAAE. T 1) X G 4 sl B WF 5. T S AL
5P, 2010, 18(9): 2014-2018)

Zheng Lei. Layered and Incremental Strategy for Objected-
Oriented Integration Testing [M. S. dissertation]. Shanghai
Jiaotong University, Shanghai, 2007 (in Chinese)

RS T 18] X G 4 A 0 35 19 202 38 a0 3 30 s (50 - 27 o2 1%
] RiscE R, B, 2007)

Shen Xiao-Rong. Object-Oriented Cluster Level Test and Its
Application [ M. S. dissertation ]. Taiyuan University of
Technology, Taiyuan, 2005(in Chinese)

CHI/INGR.TT o) X ¢ 288 8 2 M0 4k % HG g T (R 2 6z 38 5 .
KIFEH TR, KIE, 2005)

Chen Q, Li X. An order-assigned strategy of classes integra-
tion testing based on test level//Proceedings of the 8th
International Conference on Computer Supported Cooperative
Work in Design. Xiamen, China, 2004: 653-657

Wang Zheng-Shan. Application of hybrid genetic algorithm in
object oriented software integration test. Computer Applica-
tions, 2008, 28(5): 1341-1343(in Chinese)

CEIE . iR A % 5T B 76 T 1) 05 S A BIF 5 o i B2 . 351
HLW FH . 2008, 28(5): 1341-1343)

Kang Li-Shan, Xie Yun, You Shi-Yong, et al. Non-Numerical
Parallel Algorithms: Simulated Annealing Algorithm. Beijing:
Science Press, 1994: 56-80
Chen Xiang, Gu Qing,
Framework of particle swarm optimization based pairwise
testing. Journal of Software, 2011, 22(12): 2879-2893 (in
Chinese)

(BRI P, EF70, WRIEE. — 05 TR 7 1O 1L i sxd

Wang Zi-Yuan, Chen Dao-Xu.

AT R HESRL. B4, 2011, 22(12); 2879-2893)
Yan Lu. Research and Application of Particle Swarm

Optimization Algorithm [ M. S. dissertation]. University of
Electronic Science and Technology of China, Chengdu, 2013
(in Chinese)

GU 8. BLFRESEDET 5 0 CA L2 e 3], i RhE

[52]

[53]

[54]

[56]

[57]

[59]

[60]

[61]

[62]

[63]

K AR, 2013)

Doerner K, Gutjahr W J, Hartl R F, et al. Pareto ant colony
optimization: A metaheuristic approach to multi objective
portfolio selection. Annals of Operations Research, 2004,
131(1-4): 79-99

Dorigom M, Socha K. An introduction to ant colony optimi-
zation. Bruxelles, Belgium: Technical Report, TR/IRIDIA/
2006-010, 2006

Kalyanmoy D. A fast elitist non-dominated sorting genetic
algorithm for multi-objective optimisation: NSGA-II//
Proceedings of the 6th International Conference on Parallel
Problem Solving from Nature. Paris, France, 2000: 849-858
Deb K, Pratap A, Agarwal S, Meyarivan T. A fast and
IEEE
6(2):

elitist multi-objective genetic algorithm: NSGA-IIL.
Transactions on Evolutionary Computation, 2002,
182-197

Gendreau M, Potvin J Y. Tabu search//Gendreau M, Potvin
J Y, Hillier F S eds. Handbook of Metaheuristics, Interna-
tional Series in Operations Research and Management
Science. 2nd Edition. New York, USA. Springer. 2010
Glover F. Future paths for integer programming and links to
artificial intelligence. Computers & Operations Research.
1986, 13(5): 533-549

Gong Mao-Guo, Jiao Li-Cheng, Yang Dong-Dong, Ma Wen-
Ping. Research on evolutionary multi-objective optimization
algorithms, Journal of Software, 2009, 20(2): 271-289 (in
Chinese)

(AR BB e, Dok, JL 2 BRI AR5 i oF
35, WP . 2009, 20(2); 271-289)

Ishibuchi H, Sakane Y, Tsukamoto N, Nojima Y. Evolutionary
many-objective optimization by NSGA-II and MOEA/D with
large populations//Proceedings of the IEEE International
Conference on Systems, Man, and Cybernetics. San Antonio,
Texas, USA, 2009. 1758-1763

Zitzler E, Laumanns M, Thiele L. SPEA2: Improving the
strength pareto evolutionary algorithm. Technical Report
103, Gloriastrasse 35, CH-8092 Zurich, Switzerland, 2001
Burke E K, Hyde M, Kendall G, et al. A survey of hyper-
heuristics.  School of Computer Science and Information
Technology, University of Nottingham, Nottingham: Technical
Report NOTTCS-TR-SUB-0906241418-2747, 2009

Zhou Yu-Ming, Leung H. Empirical analysis of object-oriented
design metrics for predicting high and low severity faults.
IEEE Transactions on Software Engineering. 2006, 32(10) .
771-789

Pan Wei-Feng, Li Bing, Ma Yu-Tao, Liu Jing. Test case
prioritization based on complex software networks. Acta
Electronica Sinica, 2012, 40(12): 2456-2465(in Chinese)
GEHE, 2, BT%, NI, 5T 52 22800 W25 0 [ 5 )
B SR, T 2A 4, 2012, 40(12): 2456-2465)



694 it B

Hl

Eild 2018 4F

ZHANG Yan-Mei, born in 1982,
Ph. D. , lecturer. Her research interests

include software analysis and testing.

Do

Background

In the context of object-oriented software, a common
problem is the determination of test orders for the integration
test of classes, known as the class integration and test order
problem. Determination of class integration test order is a
key and difficult point in object-oriented software integration
testing.

In this paper, first, we simply introduce the background
of class test order problem and point out the main contribution
of this work. Then, we describe class test order problem,
including the origin of class test order problem and the basic
idea of generating for class test order; in addition, we also
introduce two ways of classification, which are way of breaking
loop and way of estimating test stub cost. Next, we classify
the existing typical techniques for solving the class integra-
tion test order problem, and analyze the research status of
these typical techniques completely and systematically; and
then we also introduce some evaluation dataset used by typical
techniques in empirical studies. Finally, we propose the future

research directions of class integration test order and conclude
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the paper.

The main contribution of this work is the followings:
(1) we completely and systematically analyze the research
achievements of class integration test order problem in recent
years, and collect and analyze about 50 related literatures of
home and abroad published in the authoritative journals and
conferences. (2) We summarize the evaluation indicators and
evaluation dataset used by typical techniques in empirical
(3) We add a lot of research literatures at home and

abroad in recent years besides the references cited in referencet',

studies.
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