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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 satisfying 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
variabilities, 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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7F Aol #al 9 AAE 9
ZZHE A= F5
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o, ofil(glue) AEZH AOPY of 2~ E(aspect)
W7 7bs 715 (variants)d 782 fAHE
H 844 Filadvice)® B3 TF 7T FEE F
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(optional) 71%5# th<tH(alternative) 71522 F
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EAL #AZ T4l Z2zte] 715 ES x-frame olgE
A2 Fdstu FEFYE HIE BERIY x-framework s
FAFC o] AAE wEoZ 3rd XMLY #HFAHL o
£3 XVCL(XML-based Configuration Language) ZE=ZS
A ozM A4 el AL JIHE + gich

3. BEXE =28y
(Aspect-Oriented Programming)

31 ™ X3k Zzasialol Jiw =2 MA

w4 A =739 (Aspect-Oriented Programming)©|
& 19964 Gregor Kiczales7} A& ”}% £o)2, A2dye
718 F ol B AFHY 7lFe deE F4 A
Absl o 7“4 EEd AXE /\}%1} %, A e
Bt (cross—cutting) BAALE FEFoZH A= dA
o e BR4e 7BANYT RESHE o2ds Ay
Aol 5l

(28 2= AOPY M Z2A2E E&Fﬁ‘:}. 11}%91 8
TFAE #Ae] Eum AFANES 4 (core) FAAMSE 3
(cross-cutting) A2 EEldo) #4] } 3—01]/‘1 5“’3

e 7129 TE ZeE, 39 #AE AOPYE 1
£33l FHh npRgoR Az 7EE EH3E 9
E RES A4, 29sH Z2HES dA4FY.

AOPE IBMY] o=z Alo]A 48] Websphereol & I
ook dEHe gd A 27, EF oA, FFDC(First
Failure Data Capture), A3 Aldo] H&3te F2A7 Ay
29 ggALS B on Websphereol Al Enterprise Java
Bean(EJB) AXVEE Esue HREHS AT3Ho=
T35t A THEI

3.2 Aspect 2} AspectC++

Aspect]= Java dolol #AX|F Mg Frlste #23
3 dojo|tt. Aspect]e] vt BAHAE XA 98 2
842 A Azt T2 YHE F/8IAV ¥
N7le B4 dg 229 sy QAT o|xg} o] T
aWe ZA e WA BE3E FH G 240 A
oo F B =EE dAsted d44 3 dd 84
£ A7Ngchs).

o

N o

AQP

Ml

e
=1

o

Z2HE ZiY JH7IsS #E 5%

1) A%A(oin point) - T2 W] A8 A T
bed ZROY @ AH WA= ZEF U A
A s dgste ol 2 4 gl

2) wAA(pointcut) - ZFH gk Az FAS FA§)
7] 918 cf=FEW EFA = FERE

3) i (advice} - AAAHANA G AFHAA AP
ofef & Z=. AFA ol APHe ol H(before)
19 A ol Fo HYHE o] Fafter) TL, BY

AL At AYEE o H(around) 237+ Uk
o Zead Yolxe Adtdn way, 2x9 J4F
Hal Relt,

Hello €82 WellA sayHello) WMH=E 3&8 1 glo
o, o] BEL wME T&o og AFHe] Hh (2¥ 4
M= AHE oA ATAHL HA ST gon o]AHo]
ARpAolt) o] F(after) FUEXN AFHY A4 Ho] A7
= F7bstn QU 99 Fd&(class)® HAHEES Aspec]
AR A A 3= A AL A SR~
9} fJAAE 7o A Z(weaving)Z ol o] Fo] A}

(g B d="EY 98-S =431 g Aotk AF9
TE 5H M Ve BT 222 FEHo Ade
A olF HJAHEE o] Fil(before()9} oF F3
(after())&he BY 24F o834 J1¥ 7% FAAE A
B3 (optional) 71%5& ETEIA ok B3 oy
(alternative) 7]%—8— A % 3(around()E o] &3t 71E 9
7152 dASIEE Hojgih o)k ZPEM U FE
£9 REsE Eﬂi}ﬁ}h s Aoz FE/SH
M8 715 2% ZEAAE fdsta gwstAl @t o
He 23 ZEA 20 WAL TEagudA 71E AL
g ojs o] Beg A,

public class Hello{
void sayHello(){
System.out.println("Hello!");
}
public static void main(String[] args){
Hello h = new Hello();

h.sayHello(); //A%A

(38 3) ZgH

public aspect HelloAspect{
pointcut message():call(void Hello.sayHello(..));//2x}3
after()'message(){ //E2
System.out.println("How are you?");
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Product Line AQP

/{ 7 8 (Aspect)) 7\

<}<émej' / class

| o -,
< optonal_ — o)
/\/a/li;ern;atiii around()

(38 5) MEZEz2iele] B Xgx 78

Aspect]= oA 2% 845 o]9d A4 I g
A3 Qo C+ dolE A3 AspectCr+ FA] FAl
FZEBER olFoA gt dA

oft rob i

Ao} il ARSE BACE s,

2 eRdAE oldd BHL A% 4PHA oA
Aol g ==9 WA glol AEe s 23
% 4 glE Yo sl ATeGon, B AF T2
2eYe) ZeUE el A% PUES FAL T & A&
Fuele 49ed

o
L

A o ot el
oAH Amste wde AolBg 4] noj

A WA 9L 7|2 2F Z2Azolth FA A0
A e 293 A8 4257 4 71T gl A

7HH 75l 74 2 Axd e BEGE R
Bol ole] et F WA ZEAAE FA Add ojd
3 A/ WARE hEAA et WA TlsY HExd
B np@stAelt) F4 Ada JhAH v5g dA}E
Al 39} @AV HER EA8te Aotk o]Fo] HAHAE
ojt}, ol2~HNEE AOPY FREZM FH29 FAE BY
g dta YA 2 AQellE MRS BY TF F LA, F
I, B9 Fol AR o) B Tx2EA 9EFE T
#atm 7|Ee FAALTG A V5] AXVEE §A

i &

718 Wdoz F4 AY9 microwaved <A} A
7150l utitlities®] ¢1xpote] AjFE 73 Z= AlEch
operate() @A microwave AIXJE Yo dao=z
makeWarm()S 33 A7+E HH3 2 makeWarm(}& +
gale A AL FHolth 97]9) microwave’t 3
= F¢ utilities®] 29 71T FFAI7] AT 2=
dstgnt. Z2adwe 298 JsE FHeb) e 2=
ol 8|5t makeWarm() €Aitel $AE Golopt gt of
154 A AASE B 22 =8g dhEdof g

ob My o> o

void operate({
Timer.setTime(10);
utilities.Light.turnLightOn();
makeWarm(timer),
utilities.Light.turnLightOff();

(38 7) AOP D|HE =8 7

=

e

Core asset

variants

i

connector

Z2MA0 H|@



public aspect Weaver
{
//optional

before() :connectComponents(){

}

after () :connectComponents(){

}

//alternaive

void around() :setLanguage(){

}

pointcut connectComponents():call( void microwave kernel.Operator.makeWarm());

microwave,utilities.Light.turnLightOn ()

microwave.utilities. Light.turnLightOn()

pointcut setLanguage():call(void microwave kernel. Attribute. setLanguage( )
microwave. kernel. Attribute.setLanguage (KOREAN)

(27 9o AEx
A Bol: AAY 4

M 7129 operate() A= oW Ayl WA A
A Arh old Fae} olF FuE AMEE] MeH WA
Aol 29 71%S F/18tAa, gA 208 AMSEe o
AH 715 ol AdEe oz WAk olF of
2FEZ 3}/\40}7] 23 nijaﬂuﬁ]- oofol & AL A

Wizel A mmel wa %Oﬂ A B33

 siek E2 AU B &

F itk o] ¥ 2e ALY ve AFS 44T W 2
2 P40z Aske 759 37 2 WAL A% dadE
g #4siol FARL,

AOPE EYel Z2uE B9 a7E 482, UML
olgste] HAE HYIW thFoE ¥ E=EAM AL

Al ZA AOPE Z=2Y
gste 4gS Bl

AET AFY 8T7AES <£ >3 2o 71EEY =
| E AFEAN A Bols

2Z 8o 7s, 28 2EE *3706}71 A% 2% x4 7]
=

2ozt HAe 7%, 29

Aol 71%E BF AFH NS HEstd Z2HE g
9] FE% 7% (commonalities)® 7}#% 7]5(variabilities) S
2 FEdith 2ae <F 2>9 2oy AdAe FEE A

3 Ae 753 gad Jjseg TR
g 7L AAHAA Zﬂw«l TTH s, =
713 dHlolE 7%, 4% 7% AF 7t hsd
1

N
olf
o

fr rx o

893 yl5olth, £ - 7|52 2E MY 750 ¢
one-level Al2€d @AER &% FdHo| 7Hed mul-
ti-level Al&®lo] gtk m3 AT o] 75 IpER

dojrl tt23, 3 EFZ EAHE one-line display unit}
o8] £2 FAHE multi-line display unite] thz 714
gk weld 4 A F AR g4E UE Jlsew 23

A,
CE 1D AKX 27 Arg
&7 A 4 %
22 7% zg 2 &9 g =8 @
2% 7% £l deidle ¢ 1ol AY FHE FAEL
H2gdo] 7% BHE AR A G
eez4d 7% Z# 2EE AP}
"elol g 7% zHsE T AUy HAEn
&g A Z7 &8 A AHgAelA 224 @t
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52 UMLE 0| &%t ==2HE 2|ele| 4

<<defautt <<alternativ <Laitemativ <<alternativ
feature>> e feature>> e feature>> e feature>>
English Korean German French
[ I é | 1
<<exactly—
<<optional requires one-of requires <<optional
feature
feature>> feature>>
Light group>> Turntable
Display
tanguage
\l/equires
<<exactly-
<« -
:nx:_ctrfy . <<common . one-of
fealu?e requires feature>> requires feature
Microwave group>>
group>> "
Display Unit Oven Kernel Heating
play Uni Element
E requires
<<altemativ <<default . <<defautt <<altematlv
<<
e feature>> feature>> fe:tztrlsgil feature>> e feature>>
Multi-line One-line Beeper One-level Multi-levet
Display Display Heating Heating

(38 9) UMLE 0|88t TAIIA| 715 MA

o]A TAA ZAd 27 A £4 A#E UMLE A
Agth E =FM AgdE ZHE el dAE
GommaZl AAE e wEch (23 9l Hole s}
Zol AAYAA Z2HE A9 FF 7|5 Microwave
Oven Kemelo] <<common feature>>% {HH L, Light
9} Turntable, Beeper’t 483 7]%<¢ <<optional fea~
ture>>2 3 H At Display Language®t Display Unit,
Heating Element® terd 7522 <<default feature>>
9} <<alternative feature>>% EdE 248 5 & HXE
AEA A sk

e AdAEe $jollA BAME<<common feature>>%t
<<optional feature>>, <<exactly—one-of feature group>>
o] Fd dAA AOP £ SAEH ogA TIAHEA
Bl

53 AOPE X g3t Z2HE 2ol 73

5.3.1 g8~ 7%

T8 @A e JAVA Qo8 &3 Aspect]E AHE-s}
Qo Aspect]e At D &, o]FY2(www.eclipse.org)
A Zaa(plug-in) 22X AFE Joer o|FHEE

g- [,_—7 microwave
&-E# commonalities
{ m-[f) StandardMicrowaveOven.java
E}w{}] variabilities, alternative
&-[§ DisplayLanguage,java
[3) DisplayUnit java
--[§] HeatingElement, java
- [0 MultiLevelHeatingElernent java
[3] MultiLineDisplayUnit.java
-[1) OnelevelHeatingElement java
-[3] OnelineDisplayUnit.java
variabilities, optional
--[£) Beeper.java
--[J) Light java
- [ Turntable,java
weaver
Weaver. aj

H.

n-@ B BB B

(3% 10) 24~ =

T3 =7 o] &3t

(29 1002 Fd29 725 Holi itk TFAHY 7T
9] 782 StandardMicrowaveOven 2|20 25 T8
o] Qla, o] F4] AYL F+E commonalities 1H7] =] o]
=T} 7}tﬂ 71%5 & variabilities 7] X|el ZgHt. o
A9 71552 optional WA, 22z H%H 7)E
E ¢ alternative 7)Ao 2o 3ot

optional #7)1A1¢k alternative #7|1xo] FdH 7498 7%
=3} commonalitieso] 7&E FF 7I5E 8] A
= Az e Fdol "Basdc)h Aspect] 2ol weaver
7] 2] 9] Weaver JAHET} o]E 3t AZX AL TH
i 2%S

Ir

O{NHiljﬂ

5.3.2 H2E WAi= 78 2 23

(2% 1)e A2E Hase Bgold Zzade) 27
= wgatE  initOd)A  tHoHH (alternaive) 7l%°‘
Language$® DisplayUnit, HeatingElement7} 7)€t} %

e & (optional) 715 @A F7HER] && Fejolrh ‘4%9—
2 Bg 9du gE AMSalY oWESY A $4& ¥ &
g, 7 948 F 4% Adle AdELeE TN
t}. openTheDoor()%+ closeTheDoor((e &< € 2% ol
HE A A $FHE Hasolth operate() olE 2H A
7+ AAsT, $AL U9, FRE ¢EE WAE F

e U

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.”);

(22 1) H2E fa=



set ENGLISH

just opened the door.
just put the food in.
just closed the door.
just set the operating time.

have just made warm.
just opened the door.
just take the food out.
just closed the door.

set the variahilities.alternative. OneLineDisplayUnit@1ad6e30
set the variabilities.alternative.OnelLevelHeatingElement@3e25a5

is warming for 10 in 120 degrees.

(28 12) dAe|elx] 71

H2E HAiz9 Ay Azges (2 12)8 2o A&
718 o]9) “ENGLISH"2 4% =%l3, DisplayUnit#
HeatingFlement¥ “OnlineDisplayUnit” 3} “OnLevelHeating
Element"2 AA=HAL. 27|13 o]F & €3, $4L ¥
I, B2 23, $AL dfe 59 AuEert HAE HR
o z&7 ARE7) Aol x8 N 27 AR E

5.3.3 Az 7d 4 A9

7h Add 7Hd 759 TE

(¥ 13)2 3% 7153 718 7159 2% 9
THel FEH & Weaver dofe A= F

s

2
Moo
o & N

(optional) 7ha 71Ee 78 HEo|gh AAHAA
dxn 2S o, 281 249 2IdE uPeR HAda,
@AH A Fo zdol AAm AN S5 FEsdr

Ueog, zEle 4RAEE AAPOR A, & dE=
Bag EAE TRMNLH, 49 2 Fo HolEel
gAze 71%e Frraaq

) dijkd 7hr)se 7

(¥ 1= TE 759 A 7159 2 g9 Az
Aol F@Ho Sl Weaver °H HE ot
(alternative) 7t 7159 78 ZEolth. dAZg o] &4
£ AAse FES uAHOE *104 S
g2Zgo] §49L Multi-Line t&Zde] #4232 w4
Pt EF A& HASE FES wAHR AAdd,
taZ o] AAE FojdlA #Folz HWASAT I 9
252 99 Heating ElementS &% ZHo] ¢ HE a4
i 2 ZHE & + & MultiLevelHeatingElement2
i A=

public aspect Weaver{

//adding the Light
Light 1 = new Light();

//adding the Beeper
Beeper b = new Beeper();

StandardMicrowaveOven.exit());

//adding the Turnable function
Turntable t = new Turntable();

StandardMicrowaveOven.makeWarm(..));

//xxxksikkoptional variantskskskss//

pointcut openingDoor():call(public void
StandardMicrowaveOven.openTheDoor(..));
after(): openingDoor(){l.turnOn();}
pointcut closingDoor():call(public void
StandardMicrowaveOven.close TheDoor(..));
after(): closingDoor(X{1.turnOff();}

pointcut makingWarm():call(public void
StandardMicrowaveOven.makeWarm(..));
before(): makingWarm({1.turnOn();}
after(): makingWarm(){L.turnOff();}

pointcut endOfOperation():call(void

after(): endOfOperation(){b.beep(3);}//beep for 3 seconds

pointcut turning TheTable():call(public void

before(): turning TheTable(){t.turnAround();}
after(): turningTheTableO{t.stopOff();}

o Jpd Jisel 7
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public aspect Weaver{

//resetting DisplayUnit

‘call(public void

settingDisplayUnit(display Unit){
//resetting Language

‘call(public void

void around(String language):
//resetting HeatingElement

heatingElement):call(public void

.//'*x;*****altemative variantg#sssssriks/
pointcut settingDisplayUnit(DisplayUnit displayUnit)
StandardMicrowaveQOven.setDisplayUnit(Display Unit))
&&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))
&&args(heatingElement);
void around(HeatingElement heatingElement)
‘settingHeatingElement(heatingElement){
proceed(new MultiLevelHeatingElement());}

(2 14) thets| 7kl Jisel T

set KOREAN

set the variabilities.alternative.MultiLineDisplay Unit@1fb8ee3
set the variabilities.alternative.MultiLevelHeatingElement@61de33
just opened the door.

just turn 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 tumn the light on

just take the food out.

just closed the door.

just turn the light off

(22 15) JHME TXIelx|el ME 2t

AaA 753 gty 75 BT 2 A 4sle sdd Az
golxe) A mgo] (27 150 £2 93 9L 1 o
Aol HA3m, 227}

AeHe Pt Argol BTG EH sEo HeF
9 o] ot AME YAHS 278 B AL

54 ’é"'ﬂ “47}

gels 7Tt T% 715 bE V% s 2%Ee #
Aol o} AOPE #8317 %<& A$9 AOPE A &3 7
S <H 3> #E AolE BT

£EEHo] Z2HE AL FHH gl AOPE A&
T AE VM 7ol AdE $A9 mol g%i’ﬁf‘““ﬂa

el g 2= HA ol

Al <E DAY ozt 5
B9 Aol Ao} AN AR
Ao v REEE )8 F 3

(% 3 S 71 71 7|52 =g2 *let AOP HE3
Ul’i*.% a3 Hu

AOP 7 & & AOP A&
P70l A4AE AE|7HE JlFe] AdE $Xe @
F=old | shetsly] A F=ef olsh | o] BHAF
7t dad
T 7% 1A 71ed | FEIITH M Jlees 2E
2E74 A4 2 32L 9% 2o (8] 9% 2= dAY =
I e - deod 78 Huz 74 ALY
of g3 ZE BAe] Qs
comm-—
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