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Regression Testing of Software Evolution by AOP
Lee, Mi Jin" - Choi, Eun Man"

ABSTRACT

Aspect Oriented Programming(AOP) is a relatively new programming paradigm and has properties that other programming paradigms
don’t have. This new programming paradigm provides new modularization of software systems by cross-cutting concerns. In this paper,
we propose a regression test method for program evolution by AOP. By using JoinPoint, we can catch a pointcut-name which makes it
possible to test the incorrect pointcut strength fault and the incorrect aspect precedence fault. Through extending proof rules to aspect, we
can recognize failures to establish expected postconditions faults. We can also trace variables using set() and get() pointcut and test
failures to preserve state invariant fault. Using control flow graph, we can test incorrect changes in control dependencies faults. In order
to show the correctness of our proposed method, channel management system is implemented and tested by using proposed methods.

Key Words : Aspect-Oriented Programming, Regression Test, Software Evolution
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alint x, int
before(int sum) : call(* *.a(..)) && args(sum) ( sumy)= X+
sum = -sum, sum = —sum;
print(sum);

(a) oN2=#NE2] before() FaL

(b) h=HE F= 449
(02! 5) OjAHE ARl 3j|HA| TR0 A= A=

H

{true} : pre—condition

a(int x, int y) {x = input1, y = input2}
sum = x +vy; {sumag = input! + input2}
sum = —sum;  {SUMnew = —SUMgyq = —(inputl + input2)}
print(sum); // {sumuew = output}

{output = input! + input2} : postcondition
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4 if{i%d == 0) Dependeﬂncies
5 fI(); /
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1 Aspectl |
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3
4 around(int iyp 100
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6 prnt("..."; \
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8 proceed(i); } /!
9} 4
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(19 13)9] AdultLockAspect o}~#E ¢} ChannelLockAspect
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MES 328 AFPHOR Zterh B 7 ofA¥E B A%
Ao around() F1E Agstar gt webA ChannelMove
Z# 29 print() WAMEZF &2 ul AdultLockAspect ©f
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A5 A F Aspect]ollAl A Ystkil A& thisJoinPoint
= o]%;H Eﬂ/kE Eij_aﬂﬁ_ xLH;],oﬂT;]_

4% ChannelLockAspect?t AdultLockAspect o 2= E ¢]
I FelA @Al wAEe] o5 thisJoinPoint.getKind()
A5 o] &3 AFH] FH, thisJoinPoint.getSourceLocation()

J?: ofe

adultLockAspect : pointcut adultChannel(int nextChannel):call(* ChannelMove.print{(..))

channelLockAspect : pointcut lockedChannel(int nextChannel):call(* *.print(..));

(2! 13) adultLockAspect2t channelLockAspecte| A& TjEd

CE 2 WA HA|

Ay olF

Aesofof s AR

WAy oF

Aesojof st AT

ChannelMove.java:25

lockedChannel ChannelMove.java:46

ChannelMove.java:56

ChannelMove.java:25

adultLockList ChannelMove.java:46

ChannelMove java:56

class ChannelMove

print(String data, int nextChannel);

channelUp(String[] _channelList, int _currentChannel)
print(_channelList[i], i); // ChannelMove.java:25

channelDown(String[] _channelList, int _currentChannel)
print(_channelList[i], i); // ChannelMove.java:46

channelNumber(String[] _channellList, int _currentChannel)
print(_channelList[i], i); // ChannelMove.java:56

class ChannelSearching{
print(String list, int i);
ChannelSearching(String[] channelList);
ChannelView(String[] channelList)
print(ChannelList[i], i); // ChannelSearching.java:30 }

(32! 14) ChannelMove S22 7%

(32l 15) ChannelSearching S22 7=
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PointcutName | JoinpointKind | JoinpointLocation lockedChannel | method-call ChannelMove.java 46
LlockedChanneI method-call ChannelSearching.java:30 | |adultLockList method-call ChannelMove, java:d6
| |lockedChannel | method-call ChannelSearching.java:30 | |lockedChannel | method-call ChannelMove,java 46
| |lockedChannel | method-call ChannelSearching.java:d0 | |adultLockList method-call ChannelMove.java 46
| |lockedChannel | method-call ChannelSearching.java:30 | |lockedChannel | method-call ChannelMove, java:db
| |lockedChannel | method-call ChannelSearching.java:30 | |adultLockList method-call ChannelMave,java:b6
| |adultlockList method-call ChannelMove,java:2h | |lockedChannel | method-call ChannelMove.java:h6
| |lockedChannel | method-call ChannelMove.java: 25 | |adultlockList method-call ChannelMove.java 56
| |adultLockList method-call ChannelMove.java:25 | |lockedChannel | method-call ChannelMove.java 56
| |lockedChannel | method-call ChannelMove,java 25 | |adultlockList method-call ChannelMove.java:hb
| |adultLockList method-call ChannelMove.java 25 | |lockedChannel | method-call ChannelMove.java 56
| |lockedChannel | method-call ChannelMove, java:2h | |adultLockList method-call ChannelMove, java:2h
| |adultLaockList method-call ChannelMove.java 46 | |lockedChannel | method-call ChannelMove,java 25
(J8 16) TNsH mAE Dt 28 JE
Eointe) i gtk i i oo Joipnoipt oeatl i
P adultlocklist method-call Channeltove, java:?h _b ChanneliMove java:zh method-call aduliLockList
" JadultLockList method-call ChannelMove, java:d6 L w
N w L ChannelMove, java:db rmethod-call adultLockList
| fiockedChannel rmethod-call Channeltove, java:?h L H -
" flockedChannel method-call ChannelMove, java:46 Ll Channeltove, java 56 method-call adultLockList
" NlockedChannel rmethod-call ChannelMove, java:bb L Rt — |nilead C)
: lockedChannel rnethod-call ChannelSearchinﬁ,'ava:ED _ChannelSearching,java:iD method-call lockedChanne!
(@) A o5& TR 44 b) 284S sHo= 44
(O 17) nAtY iEH ZE Zge| HAE J ojAHE Mg Zgel HAE
AAE o] &3 AR 22A=] YA E 7 ¢ vlo|HH] {input > 0} : pre-condition
O]ioﬂ z—]xol——a—],git]-. channelNumber()
(1% 16)& ﬁ—.]';é]'?l OHZZE—‘]EQ] %_Tr_l?_?‘i_oﬂ ﬂ‘].;g;]_ Z_ifal— if (_currentChannel < 100) /I {input < 100)
= = = 3 = = tChannel = _currentChannel I/ {nextChannel = _currentChannel}
A ARE A AAE Zylsl & 28)d Adlo - nex R K
4 AR 7H B2E R S FAR dstel [_nextChannel = nextChannel]
A > =3 = oA 73
ol Hole AMH Frt AdHe SANE Ay o if(lock == true) Jf {input < 100}
23 AgA F7, 2dHY sxzm= A7 F=RHY 9 proceed(_nextChannel)
l:]—. 01%4_7_” _/’x_@% ArFTE Zixeq'a—] 7‘33:33]'?4_ JT’_*]—@EH% [->nextChannel = _nextChannel]
else
7reoAsk 1l AHE 9 XS0 AS RNE3TF 22 0]
dEds 9 o ~HE A A4S H2AETS $ Qi System.out.printin("not valid channel number.")
(29 179 (@HolES RY wad olFs Tz proceed(299) {nextChannel = 299}
ARE Hdsel g AL %A & Yk o F WA > nextChannel = 269
Xé Ugﬂ]Q} H]il"o‘H H‘I‘ <% 2>o] lockedChannel Hié}E | ;I)Irl{rjt(fc?:nrﬁlt;l)st[nextchannel],nextChanneI)
- else /I {input >=
o] wxlAL o} AT S
WA 2 ChannelSearching java: 309 sigshs ARAS System.out.printin("not valid channel!")
At 7] wiel ol& oFgt A= wAH HAE Ao nextChannel = 99; //{nextChannel = 99}
el 98&s B 4 gk = (a2 179 (b9 o) 2 { 0 <= nextChannel < 100 } // postcondition
s TR At Addd WAool A3 SAHE (721 18) =W FZIS N2 AS TH HAE
YUehA "k o152 (2d 150 A" ojiadE $MES
oF HluE R o AHE oNLAES HAES B 4 9 % 272 {0 <nextChannel < 100}o]th A}E AL 33 )
t}, A fAFE M4 E= A channelLockAspect ©f 2= U7FE  {input > 0} nextChannel < 100 or nextChannel = 299
HAE7} adultLockAspect | AHEHTE $AHA] Hojo} &= or nextChannel =99 {0 <=nextChannel < 99}7} €@t} ofuj
4 A8 Axor ol ¥ nlZ = adultLockAspect o2 nextChannel = 299 % %27 0<=nextChannel <99 o
AE7l $AEe] AYHn Q7] WEA A= SHEN w2 o] AF 2o Aol tehie A el
Agto] WS A& FA 5 ATk g ol
4.3.9 218 J7HL o] &3 A}E 27 HAE 4.3.3 set() wapdE o] &3 =1 HiE

< 100} ot} o] 7‘74"] PR =] ot y] A T 9t
A& 23T (19 18)L f=HETL 449 channelNumber()
A s Frolt} 3| ulge] Aigo] fAHAEF A9
Aoli, #& SHE Yehd 3lo] 7} oA 20ES &
st (2@ 18)ol A9} o] AP AL {input > 0}o]a, A}

i5)
=1
=

A Azeo e B A% Sl nextChannel ©]

g AgHg ol 84 0<=nextChannel<100S -4l
of 3= Aolth o5 <laty] $ste] AOPS] set() AARA
& o] &3l fAHE HAE JAEFUEE A5G
(18 19F E¥ 2085 H2Es7] 4% HAE JI-E
FHlEo|t}, set() wAH args olgste] dr=227]
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aspect InvariantsTestAspec
pointcut invariants(int nextChannel) : sef(int *.nextChannel) && args(nextChannel)
before(int nextChannel) : tracing(nextChannel)
int invariantsValue = nextChannel;
String location = thisJoinPoint.getSourceLocation().toString();

(JIF_‘:! ]9) l='|:|1 x?—l E-"AE O|/\EEEH|E

value | lacation |
0 ChannelMove,java'b
2/ ChannelMaove,java 63
2/ ChannelMaove,j Java 9

1L

299 Channeltdove java: 9 I
Channelbove java B3

99 Channeltove java:d I

0/ Channeltove,j java ]

.ol

299 Channelbdove java: 9
Lr] ]
(32! 20) £ =M HAE QIAEZMHE AlS Z}
Z7F dojd AlE9 FE 7FA A 23 k. Ed R E
WAE o] &3] drof 27 Hx7t dojit XM A=
goliit, olelgt JEE dolEuo]xd YOoH (¥ 20)
I} Zt} HolE FH=9 value o] nextChannelo] 227]
2AZ7F dojytg we] zholar, locationo] L Y X|E w3},
Ao Alz="eld 2998 Frol e AL Hof EW 7
o] AAAA] ¢k g},
4.3.4 AzE aYg=E= gk Ao} &N HXEE

o
GAA Azdel Aol oEAe] grEr) dHTE i

o] Aem <lal Ao oAl WM & gt Ao &
Aol Mgt Zradle] £3 Al A =euA &

dol

7] wEel wHes] e A% F shelth webd
AOP &% ¥ AOP7} 48% Alojsg 1828 B Alof

JEEE Fso} g,
(7% 2D)€ o] MPeNA Fo| QA Avmolor T ;=

i 0 AejEE agzelt)

(28 21)9] AxmEZs EA8 vy gEw-e xdo] 100
19t ¢ print() WA =7 &5 o] JEe Ade Z7
O] &Y, 100 oY ASE FEshHA ¥ ¥
Adol7] wiEel F&E3HA ¢k Adolgs wAR Al
S 28 5 glds mAAE 282 Aotk (af 21)9] Ao
35 Y Zol B Aol oEmrt £Ws] ZeuA "Hih
S6HA E9 AaFATE MAWA E9 ifFo] Fel AT 443
o A 9] it oEH et (19 22)9 ArFIEE

%9 u &&% & channelLockAspect ©f
23 Eo|t}, channelLockAspect®] around() 312 B4 32W

A F9) (ol EAU o2 <3| 564 =
defEs] WA Z2 HH AL B Atk ole g
el @ol 3000] AEAT Helskm Quk AAN A4
ol AL 100 ool HW o SAH, fAAES A
BB GA B AAN A2DE ol B Gl
et Agem ¥ 4 gk
5. 22 U N
W) Astehs ALgAel aFel w98, AHgATH
Aok 715S HE A) Frtel AFS FAH] 93,
AOPE 715 Z74gel 9ol /1%l 2ZEdE 45
%3 Jbsshe & ol AAm gtk ol¥A AOPE o

51 channelNumber(String[] _channelList, int _currentChannel)
54 if (_currentChannel < 100)
56 print(_channelList[_currentChannel], _currentChannel);
57 else
59 System.out.printin("not valid channel!");
60 _currentChannel = 0;
63 return _currentChannel
(32 21) channelNumber() HIMZ channelNumber() HIMES| HoisE O

13 around() : lockedChannel(nextChannel)
32 if (nextChannel < 300)
39 if(lock == true)
40 System.out.printin("locked channel!");
42 else
43 proceed(_nextChannel);
45 else
48 proceed(299);

(3 22) channlLockAspect OiAZIES| £11 9 E11 &9] 0|F2| HMoSE Jah=
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olglsta 1o Bt 3B ~E WS A gdof gt

| =%odlAe= AOPE o83 gy =2 a3e] 57
2EZ 934 AOP 2% 2dg Fuz do] AL A7)
shATh EF dl 7HA 9 HAE WS AlAste] AOP A%
2o oAl 7k 49& AWt ok A HAZ WA
5o MAE ol g wAHI AFH HRE s 7Y
< AAEATE wAdT Ao ARE ¢33k wAH
olFo® FHY AuE Fow uAH = dee AS
uald oz, AFHE FAER Fou oafHE £
AeEele] 49 H2ET £ 9otk F dA e oY
A& o] gstd wMHEY AME 2HS HAESE Ao

A A 2" AE Fao] AXE F48le] o
HE g9 Z2adg T 73S g8t H2E 519
th Al WA set) WAHE o] §d BW F{o HAE
WL set() WAE I args(E o] &3 54 d=E F4
sto] WEle e AFEe HAE AREFUEES A
= Aotk o|FA 7FAX gho] o] x| G &
W 2AS H2E & $ Ak dl WA wEe AojsE
O EE ol &g WHoR HAA AsHY AEE 1
Zo| fxHE Aojag HZE At o2 EHA
B4 Aolag aYZE 5 Ao &N AFE s
Bkt

=ES E3 AOPE 3ld Z2ase] 3 HAE WY
of disl A& & ¢ e Aotk &% wAd A= ¥
o] AgE A 9o [15]5 AHEshd A HT dE
S FAE Fe wods AT B s Aotk [13]1A
oF o] & A~XEAY IHAHZEY mockE &3 H
2Eo] fdt AT A AAE W] Hgd B 5 S
Rolth Egk AAg W BH2E =F9 AFstE HA
E Wi e d7m 22 ArgArt € Rl

(1

(2]

(3]

(4]

(5]

G. Xu, Z. Yang, “A novel approach to unit testing: The
Aspect-Oriented way,” International Symposium on Future
Software Technology 2004, Xian China, October, 2004.

N. Belblida, et. al, “AOP extension for security testing of
programs,” Proc. of IEEE Canadian Conference on Electrical
and Computer Engineering, Ottawa, May, 2006.

J. Zhao, “Data-Flow-Based Unit Testing of Aspect-Oriented
Programs,” In Proc 27" Annudl IEEE International Computer
Software and Applications Conference( COMPSAC’2003),
Dallas, Texas, December, 2003.

J. Bruel, et al., “Using aspects to develop built-in tests
for components,” 4" Modeling with UML workshop of
2003 UML conference, San Francisco, Oct., 2003,

R. T. Alexander, J. M. Bieman, and A. A. Andrews.
“Towards the systematic testing of aspect-oriented programs,”
Technical Report, CS-4-105 Department of Computer
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Science, Colorado State University, March, 2004.

[6] Ramnivas Laddad, “Aspect] in Action: Practical Aspect—
Oriented Programming”, Manning Publications, 2003.

[71 G. Kiczales, E. Hilsdale, J. Hugunin, M. Kersten, J.
Palm, and W. Griswold, “An Overview of Aspect],” In
15th European Conference on Object-Oriented Programming,
Budapest, Hungry, 2001.

[8] D. Xu, W. Xu, and K. Nygard, “A State-Based Approach
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University, September, 2004.
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