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Implementation of Software Product-Line Variabiliy Applying
Aspect-Oriented Programming

Seung-hyun Heo' - Eun Man Choi”

ABSTRACT

Software development methodology has been developed for satisfving goals of improvement in productivity and reduction in
time-to-market through the reuse of software assets. The current methods that implement software product-line, one of software
development methodologies, interfere massively with the core assets, which require high cost in assembly level reducing the effectiveness.
In this paper, we introduce Aspect-Oriented Programming (AOP) as a method for improving assembly process in software product-line.
The method that assembles core assets and variabilities is described by grammar elements such as Join point, pointcut and advice without
code-change. We analyze requirements of a mini-system as an example adapting AOP and design using UML.. Our study implements the
variahilities, which are from design stage. using an Aspect Oriented Programming Language, Aspect] and prove usability and practicality
by implementing the proposed idea using an Aspect-Oriented Programming Language, Aspect].

Key Words : Resue, Software Product-Line, AOP, Join Point, Pointcut, Advice, AspectJ
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}
[ 2t 2eNE SEHOZ A ] public static void main(String[] args)
- & Hello h = new Hello();
EZ R2g Zasis HARE OF ME hsayHellol ) AR
= )
| HAMES AIS5H0 215 AAE X8 | )
(32 2) AOP JHUZZ M~ (321 3) HEHE
3.2 Aspectd 2} AspectC++
Aspect]+s Java ¢1ofo] A WdE FIlsle & public aspect HelloAspect{
&k olojolt}. Aspect]o] Frh DAAE mEHE ) e B9 pointcut message():call(void Hello.sayHello(..)):// 2 x} 3
Q2 Ay A7ke] Zoide] B9E EvbatAL WA after():message(){ //% A
. P a7
N7 B4 Fu 9ol Zeau) oleso] a9 go] Tz System.out.printin{"How are you?”);
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public aspect Weaver
{

//optional
before () :connectComponents( ){

)

after () :connectComponents(){

!

//alternaive

void around() :setLanguage(){

}

L

pointcut connectComponents()icall( void microwave kernel. Operator. makeWarm());

microwave.utilities.Light.turnLightOn()

microwave.utilities.Light.turnLightOn ()

pointeut setLanguage():call(void microwave kernel. Attribute.setLanguage (*));
microwave kernel. Attribute.setLanguage (KOREAN)
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52 UMLE olgst Z2HE z2ielo| M

<<default <<alternativ <<altemativ <<alternativ
feature>> e feature>> e feature>> e feature>>
English Korean German French
[ I é I |
<<exactly-
<<optional requires ?::!;ro; requires <<optional
feature>> i feature>>
Light Display Turntable
5 :EQUIIBE»
<<exactly-
<< -
:::f;’l" <<common one-of
foquies feature>> requires feature
feature
Microwave group>>
group>> Oven Kernel Heatin
Display Unit e
¥ |
requires
<<altemativ <<default 5 <<default <<altemativ
e featured> feature>> f:;‘:::::’ feature>> e feature>>
Multi-line One-line Beeper One-level Multi-level
Display Display Heating Heating

(T2 9) UMLE O|&% MARIRIX| 7|5 &

oA whAlol A Ay e Ag #A ARE UMLE A2
Agl, 2 =FdA AlgsE ZRYE gl A=
Gommazl AAE we w2ch (2 9ol Holi= uipe}
2ol AAHAA ZeYE e FF 7% Microwave
T3l Light
<<optional fea-

L:Ll

Oven Kernelo] <<common feature>>%.
9} Turntable, Beeper’t A#14 7]541
ture>>2 @SS Display Language®t Display Unit,
Heating Elementi= ti¢td 7522 <<default feature>>
o} <<alternative feature>>= Z¥¥ a4% T 3 7MAE
AdaA A sk

e Aoz olA HAFE<<common feature>>%}
<<optional feature>>, <<exactly-one-of feature group>>
o] & dAClA AOP ¥¥ fx2H ofgA EEsA
BT}

a

53 AOPE ﬁ.o?J =2oE 2iele| 73

5.3.1 2

Td @A °ﬂ*1v* JAVA 91o}& 848 Aspect]& AH&-3}
o, Aspect]¥ Ak A & o] F P (www.eclipse.org)
oAl Ee]19)(plug-in) o2 A ATt glomE o|FYAE

= & microwave
- @ commonalities
+ [J] StandardMicrowaveOven, java
- 8 wvariabilities, alternative
+ [J) DisplayLanguage.java
+[J) DisplayUnit,java
[J) HeatingElement java
1 [3] MultiLevelHeatingElement java
[3] MultiLineDisplayUnit.java
[J] OnelLevelHeatingElement,java
[3] OneLineDisplayUnit,java
- @8 variabilities, optional
+ [J] Beeperjava
+[J) Light java
+ [#] Tumtable,java
- 8 weaver
¥ B Weaver aj

o+

(22 10) 2Wx 7=

(27 1002 FHgry 725 ol ok FFHA VT
o] 78S StandardMicrowaveOven Fd2o] X5 FHE
o] 9l o]t F4 YL B commonalities N7 Al X
), 7b 7% variabilities ®71AS] EEEG o) F
Nel Aol /55 optional #AACl, 2Ela titd 7%

£2 alternative 71 Aol LaiEo] FEFE T

optional 71X ¢} alternative #1712l F&H 7t 715
=3} commonalitiesel TEE % 71es 28] AaA
= Az 77“191 Fdo] FHasirl Aspect] FY€¢l weaver
Weaver o =2 E7} ol5 7he] Az A& +d

3.2 HaE fias 48 2 A
a8 11 BAE Wi Bfolul e 7]
32 wgsbs  initOdAM  dietAH(alternaive) 71w
Language®}t DisplayUnit, HeatingElement”} Z7]13tdth A
A (optional) 715 A F7IHA &S "LEHO]‘:} 5o
2 RS du 9 ARERRe] ojdESE S & =S
gata, 28 g8 & 248 Ads *1‘/}319-a T35
t}. openTheDoorO% closeTheDoor()i= &% 4 g& ol
= 3
L Ead

mlo
o
R

WE WA A 3&HE oot operate() of
o A 245} L 2L feu FaE dEs
[

Egsf 2 }

(3

smo.init();/ / initialization
smo.openTheDoor();

smo.closeTheDoor()
smo.operate();

smo.openTheDoor();

smo.closeTheDoor();

StandardMicrowaveOven smo = new StandardMicrowaveOven();

System.out.printIn(“just put the food in.");

System.out.printIn("just take the food out.");

(38 11) HAE HA=



AOPE MESH ZRHE 2t 77159 +
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[de)

set ENGLISH

set the variabilities.alternative.OneLineDisplayUnit @ 1a46e30
set the vanabilities.alternative. OneLevelHeatingElement @3e25a5
Jus. opened the door.

Jus. put the food in.

just closed the door.

just set the operating time.

is warming for 10 in 120 degrees.

have just made warm.

jus® opened the door.

Jus: take the food out.

just closed the door.

(" 12) AR 72 mdol A3 ZAnt

H2E vlazme] A3 dabs (28 129 2o Sloji= O&or, zele] dEAEE WAHOR M oF da=
718 olojol “ENGLISH"® 474 =% 1. DisplayUnit# AuE HAE FHIHoH, g4 z@ Fo ol
HeatingElement+ “OnlineDisplayUnit” # “OnLevelHeating 8|3k 7S Frkekych
Element”2 A st 2718} o] % & du 348 ¢
LEE R S48 A3 S Aot das 89 Hh ik ksl v o
o zeElsh AR Al xel A 2E7 4gEn, (28 195 F5 VoA 7hd V15 232 AT A=

Aol FEEY = Wedver fAHE g= F ok
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535 Aze W A (altemat}ve) 7 75y - wolth. iyl it

o - c S AR E REE 171}7‘40‘1 dedsta], 71€¢] One-Line

7h AEE TP Vel e vosZdlo] f5S Multi-Line t~Zd0] §3o2 was

(28 131 38 )i A )59 2FS AP A2 gy w3 dojE dAdE HES wRgos Molsel
Aol FEHo] i Weaver dfA~#E s= 3 oalEy Haggol oz JojdM szolz WAt xeld
(optional) 748 7159 Fd Yotk Azgelxe & +5E 949 Heating Element® &% ZZo] ¢ 5= a4
i 2e o, 2ea §A9 xeg wAyor Mo A & 2dE& & £ JE MultiLevelHeatingElement &
wabg o] zdol A AR 7S Faskdnt A8k

public aspect Weaver!

J/Eeersroptional  variants ks o/
//adding the Light
Light 1 = new Light();
pointcut openingDoor():call(public void
StandardMicrowaveOven.openTheDoor(..));
after(): openingDoorO{1.turnOn();}
pointcut closingDoor(O:call(public void
StandardMicrowaveOven.closeTheDoor(..));
after(): c.osingDoorOf{LturnOff();}
pointcut makingWarm():call(public void
StandardMicrowaveOven.makeWarm(..));
before(): makingWarmO{1.turnOn();)
after(): making Warm(1{LtumOf{0):}
//adding the Beeper
Becper b~ new Beeper():
pointcut endOfOperationti:call(void
StandardMicrowaveOven.exit());
after(): endOfOperation()ib.beep(3);}//beep for 3 seconds
/adding the Turnable function
Turntable t = new Tumntable():
pointeut turning TheTable():call(public void

StandardMicrowaveOven.makeWarm(..)):
beforet): turning The Tablet {t.turnAround();}
after0): turming TheTableO/{t.stopOff();}
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public aspect Weaver{

//resetting DisplayUnit

‘call(public void

settingDisplayUnit(displayUnit){
//resetting Language

‘call(public void

void around(String language):
//resetting HeatingElement

heatingElement):call(public void

//xkrrrrxglternative variantskrksssskskk/
pointcut settingDisplayUnit(DisplayUnit displayUnit)
StandardMicrowaveOven.setDisplayUnit{DisplayUnit))
&&args(displayUnit);
void around(DisplayUnit displayUnit):
proceed(new MultiLineDisplayUnit());}

pointcut settingLanguage(String language)

StandardMicrowaveOven.setlanguage(String))
&&args(language):

settingLanguage(language){proceed("KOREAN");}
pointcut settingHeatingElement(HeatingElement

StandardMicrowaveOven.setHeatingElement(HeatingElement))
&&argsheatingElement);
void around(HeatingElement heatingElement)
ssettingHeatingElement(heatingElement ){
proceed(new MultiLevelHeatingElement());}

set KOREAN

set the variabilities.alternative. MultiLineDisplayUnit@1fh8ee3
set the variabilities.alternative. MultiLevelHeatingElement@61de33
just opened the door.

just turm the light on

just put the food in.

just closed the door.

just turn the light off

just set the operating time.

just turn the table Around

is warming for 10 in 120 degrees.

just stop the table off

have just made warm.

Beep!!Beep!'Beep!!

just opened the door.

just turn the light on

Just take the food out.

just closed the door.

just turn the light off
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