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A GUI-based Approach to Software Modularization
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Abstract

Software maintenance activities have always been important issues in many domains of the

software industry. In order to help to resolve this issue, software modularization approaches have

been studied to build adequate modules with high cohesion and low coupling; such modular structures

can help the comprehension and maintenance of complex systems. In this paper, we propose a

GUI-based automated approach for software modularization based on GUI structure analysis. GUI is a

principal manner to allow users to access the overall functionalities of a software system; in

particular, GUI is closely related to software functionalities, which makes it a promising tool to

identify and understand the entire software system. We also implement a software tool to support our

approach and evaluate it with a case study using an open source software.
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Table 1. Comparison of the proposed approach with the existing approaches

Design—based approach

Structure-based approach

Term—based approach

GUl-based approach

Characteristic
for
modularization

Modularization by inferring
functional relationships
between modules through the
analysis of design documents

Modularization by inferring
functional relationships
through structural dependency
between modules

Modularization by inferring
functional relationships
through the similarity of
semantic terms in modules

Modularization by inferring
functional relationships
through the relationships
between GUI and module

Well-managed
design
documents

required

not required

not required

not required

Well-managed
terms in source
codes

not required

not required

required
(continuous management)

not required

A Level of
understandable
for “functional
relationships”
highlighted in
modularization

Developer level

Developer level

Developer level

User level
(easily understandable
through GUI)

In case that there is perfectly

In case that there is a perfect

In case that there is a perfect
presentation of terms in class

The best managed design documents | presentation of structural . In case that there is a perfect
. . - L names, function names etc . .
performance which is completely reflected | characteristics which is used . . presentation of functional
. . . . within predetermined ) S
condition the source code in the to infer functional . relationships in GUI
. . . vocabularies, as an aspect of
maintenance stage relationships I : .
functional relationships
It is difficult to manage and L e . . It is difficult to apply the It is difficult to apply the
. g . It is difficult to identify the ) PRl . . poly
update consistently design functional relationships that is software with terms that is not | softwares which are not
Limitation documents according to ° consistently managed across | based on GUI and to identify

changes across the whole
software development lifecycle

not expressed by structural
characteristics

the whole software
development lifecycle

hidden functions which are
not related to GUI

A AR 71 o

w3l 9F3Kreverse engineering)

[l Eo] th3} cross—reference B AES AR
s A vlwd 4= Qlth cross-reference @2EQ] ¢ &
el A A L AA FA-EE ke AAARIE Fasi,
et olg AR FA RS A
o] & FA=7|7F fA ek wbA] fA E dAelx o] REs)
(modularization) ATFEAA = LA o2 o]2fgt AA LA 9}
cross—reference Z|2E7} $li= A5 71k Qluh ¥ Ao
AME 7)E F2A 7 A 9 Rof 7k AR fA RS
Al st o] AAREAZE i AEollA AXEele] 223 4= 9tk GUL 7|9 A
E(source code)”t 71 2% & A H(source of information)
oli o]& &&al RE3t drhe 4SS A = gtk

A7 H(design

Ly

AT FE 2 A5

E3F

]
=
recovery)2 Z2~FE9] Tzl WS E250] 8831 ukaly

wo] 9lar 54 GUIeY 7]efsh=
7lojgttar 7Hgekal RESHE Megth

TE3} o] F AT EY Y] FARSE Q&) ~AZEY S A
oJsfeh=z ZellA e o7} whAYgc), 324 7]qk
3t A7z, A8 9 REES Ase) T} 159 124
oJE FAIRE FojRIT), whE g0 7]
H goj5o] FojH|7] Wit &
ol T4 7|uk U Eeh RESE At gk o] &=}

]

Fol e AHgA} ol
fARSA urk 58 olal

e ==

Eas0

NI
it
rlo

9
o
41,

| gamow ge )5

) =
e s

[e} = = =
v A e wEsle] FAlo
=0 o]
== ¢l =

Fedt ol 2Esh A3} A H ez

=gol 9 4 gl

5= Bl = Qirk Eshe Fell Al Hehs Wk L Al

JWo] th=rk 722 7k A
o WS FEdlo] AHsh=,
olegt WA HHE Fgalo] TRAo® oF AL YT E
S 28 7150l 71993 K contribution) il 713}, &0 7]t
T &2 FEoA AP aKidentifier)H 54} (comment) ]

!

=

%]

H

k= Bote FEdto] AFgshztl, 80 Tl 74 59| 7154
Exo

=

=

= 7

vehiks go15e] ek ZFgaha oY golEg v1Eo
e 7)ol Jelste mES okt olgl #A GUI
7NN AL GUI AR5 BAE e 71 ARt 29

2

o o

[1l. The Proposed Scheme

f
(i
Sl
2
X
B
=
ol
Kl
0
rlr
()
G
N
=
1o

il
il
ot
N
it

lo
i

2
t}. o= &) o F7F2] GUI o|HE(GUI event)Eo] &
A 4 st 579 GUI oHIE HlolHE 53 &
©]&(Class name), °|HIE WAZ(Event method), F-2.-AH4
42X BA(Parent—-Child method relationship) Hlo|EE &7
T3R8 Step 2. oA E o] Aol FR HRE 7pto g
GUI o[HIEES] dadAE B4 GUIY A4S ATTx
o]F= FH|E T Y] widl A¥A EA A= AST

Fel 3o} 9lar ARgAP ofasl] 18 E] FEE vEehd

BN



100

Journal of The Korea Society of Computer and Information

I
edit

1
1
I color
1
1
1

GUI event
identification

Event method
identification

copy red

Parent-Child
method relationship

a
mm
Class name t}ljrrver
identification 20ljava
Filjva

Step 1. SW pre-analysis

-

i UMChpOb“ava
magicselectTool java
selectallTool java
selectTool java
brushTool java
Converter java
curveTool java
eraserTooljava
main_canvasjava

- Provide class names
according to the GUI
_event occurrence i

.

=

Level 2

Level 1: SW for modularization
Level 2: Intermediate nodes to group GUI panels

Level 3: GUI event names of the SW

cl 4: Child GUI event names related with Levela/

Step 2. GUI layering

/

Step 3. Modula rization

Fig. 1. Overall approach

o). Step 3. oA ol WAGAS GUI ARTEE 7|Hkow
57 GUI o[ME AT 49 pelel RE 2U25S s
1

pEAR LA u

ARste BEsE Tt oy A5EE 279 Stepell tisl
B} ARz Av)s)

1. SW pre—analysis
Step 1. ollxf EAataA} sh= AT EYo]o] is] GUI o[HIE

71“Li AP EAEte] RESle] Qg 7] dlolEES At

D}ﬁl =2

Edo]e] &

535 938 GUI oMIE(GUL

event), &2 O]%(Class name), °|HE WA= (Event method),
g HE-z4 wi= #A(Parent-Child  method

relationship)9] 47}4] Ho|HE =33t} GUI o|HlE+ 48l
A} gl AZEgo]e] BE GUI oHIE o] 5-g A3 Hlo|Efo|t}.
22 o]FE AL sk A ES oS kAL A FYX
59 o]&& 2He doJgoth. oMIE HAEE 5§

A S o A A= oHlE A WAEE o

GUI o[HIE A A Adta oz Agu= BE vt

7YzZve] qAE oA tA] 3712 789 e HARES
SR, e 54 GUL o HIEZ 2AE o ofujst FelaEo]
A ol=x] goldk 4 9l 8x 2 2 ET) npx|uto 2 K-z}

A 2t $AE 54 GUL o HIE WA A] ob 308 BE vlas
5 Alole] F-E-21A BAE AHEE) o] oHlEd oHIEE
Fhsle HlaEE AAste] RS o 2g o[HIE HloE| 9
A4E g AZEY o] ALRE T GUIE Atol9 AT
& TA87] g 7% dlolE & &gt GUI o|HEE7]
ol g AHAAE 7L QIEA A8t o|MEE7] 2] -3t

0] -
PR

A wAE EHEHA AEE ¢

Source code line
: Check variables

Next Line

i GUI event

variable?

h 4

Extraction of the variable name

Save the wvariable name

Fig. 2. Identification of the GUI event name

FR8l7] f1eiME Fig. 2.1 A% GUI o[HlE
of GUI oMIE o5& d7 #dd + =5
155 A9RH QEA S Edolo] B AA
& PSR ol EAIEE] mlEel oS 4dsto] A9
3L GUI oHIE W47} ofd AWk G=E51e o] EAsh7] wite]
o] &gk 2jsto] Al9jgitt

o[HIE wlA=o] 75 A GUI o[HlES] thek
AlaEg Aske] AEsigint. v Fig 3.3 o

P

HEe Aelshs

] A 2ZES]



A GUI-based Approach to Software Modularization 101

el 574 GU OMﬂE w4 9
2 U ChA] Q0
Lo} Sot] mE B
o PR v A

A AT L 5

= HE

1‘%11 72 <

9 % Qi oHE v

s
o
)

©
=

Sl

]

offt

[

-z
M

E

f the method ‘

4{ Extraction of the related method ':|

Recursive

Fig. 3. Identification of the GUI event method

Extraction of the source code
he relationship

Identification of the parent and the

. Identification of the Parent—Child
method relationship

2. GUI layering
Step 2. o4& Step 1. oA AEE 4714 e HARE
&3to] GUIY AFES Tx38lste] F&38t) Fig. 5.9 v

R o= AAE GUI oMIEES Ed] 2 Rdsto A

A7F Bk A IAska ApEE 4 QIEE gl EdA 7}

7re] k=& Z47ko) GUI o]l Ee} o]g} § 7}1] FaEfold & 9l

= duE GUI o[HIESS Yehdllth FAstaa sk AZE

gole] GUIIA AlFsh= 71 sEs Tl AEskal #4183l
7] el o] &zt qlo] olals) v & Sl
GUI A% 7% F&& FlaA]

& RootZ 4 A3t} o]

d

2] Zlo|(Depth) & ol 5 Itk ol 7 zlo] HlolH
39 wER = E9s

g o83 =9 4 EPE A=A B geE T
zafaich. ke WA 4449 REE AW 9
3 7t GUI ol Ml=E ollE MAsES w2 A% n

= 4SSt

Fig. 5.914 Zo] 4FDepth Level) 1& EAstax} sl
X ESO)(Root)E HERHIL Zlo] 7 2¢& Root =004
71 A AAR eg] dolol2 $X|8k= GUI panelES %@
3}, Zo] 47 35-EE 72 GUI panelE & AF9] #lojofdl] ]
2% GUI o|HEES vz o2 et} Fig. 6.9] 283}
Gxol FR-AA FAE G dolHE o]&ste] ojugh
GUI oHIE w=o oust GUI =55 sh9lel 7t 3
g2 d7gsic)

3. Modularization
Step 3914+ 53 @ GUI o|HEE ] tjdle] Z} o|HlE
A A T6£0}~Eﬂ ﬂ*x*oi Od?ﬂrﬂoi AE %EH*%% F

S LAt T~ = O ru1m
i
I
il
tlo
(=l
4
’ 1> ’1
i
i
—&N'
_O‘L
Q
ra
_I
HU
o
2
N
>

N S Ao T

AE)e] 9ed 24 ],_]—_y élo =2 el ],134_ APy =&
3 olg FHslr] A FYLES GUI olHIETS 2 a3}
slo] FEa & AES ek F, AA BAsLA sk

FYshed] 4140w AHEE Feas
E3} 3te] AFsiA ") 54 GUI ©
E Y A5S w5 5= A4 3L Fig 8.9 LrERTh
Eels o} gl wEE F AT She wE54 GUI

oIE) e Al AZEo]e] HA Se2 HtelA alF GUI

jﬁ
o |

= £

ZEgJololA] 54 GUI oMES 2T 4$- Y oMES
=90 1 X 1=

= - a-

L

=
m
i
og)(:‘l‘
>
re uk



102  Journal of The Korea Society of Computer and Information

2 7K oMIE Hams} Y FeaE Foburh
E AT U] X g2 WAiasrt 2EFHEA A
U1

Undo
Action History to Undo.
Redo.

cut

Copy.

Paste

Clear Selection
Select All

Copy To
import

Preferences
Layer Add Layer
Remove Layer by Name _J

Fiatten Layer _

Fig. 5. An example of modularization

Level
: Depth of the current node

Level + 1

k.

Assign Parent node into Node 1
Assign Child node into MNode 2

True
MNode 2

== NULL

Assign Node 2 into
Child node of Mode1

False

k.

Make a tree-type node

Fig. 6. An algorithm for tree—type GUI layering

The executed classes by the Square event

.'qv[\assA
o | Class B

o Class C
o Class D
public void squarelActionPerformed(java.aut. event MonEvent evt) { | ClassE
toolBrush. setBrushType(toolBrush. SQUAREL); ++* p Class F
curBrush, setBackground(Color, LightGray); Class G
curBrush = squarel; /* FAULT: curBrush = sq Class H

curBrush. setBackground(propColor); "y, EE: z
]

fa,, Class K

e Class L
® Class M
Class L
Class 0
Class P

called by Class A

..'.L..-.........]

.u.,..‘

The end of the Square event analysis

Fig. 7. Class identification for modularization

Selection of a GUI event

l

Identification of a GUI event method
including the GUI event name

Selection of a Class
in all Classes

Next
Class

There is the GUI event
methed in the Class.

Another methods are
called in the GUI event
methad.

Identification of the GUI
event method

‘ Extraction of the Class

Fig. 8. GUl-based modularization

V. Experiment

1. Experimental design
B ATl AREEE 71 e] ARle ffel EAs ATEY
o] F 3shyel TerpPaints &83%tH16]. TerpPaint=
University of Marylandol|A] 7 TerpOffice A|ET2] &
-2 Java Swing 71¥Fe] tE A1 13 24 HF T ot
)

2
-0,

083+ TerpPaint= AES SdAo) ] 7| 2A oz 225
= “aEW R fake ZRagelrh GUI HE oMlES] F7t
Bal QEALEA FYHA = E707] it Be
EollA E4E ﬁﬁH gava gk B dqa g
TerpPaint®] WAL 4.0013 #4335k Y= AA S~ As

= 5771 o]t} Fig 9. & TerpPaintE& A& Al 7]
& BojErh TerpPaint 27| 3t S A9 HH A9l 914
gk File, Edit, View, Image, Filter, Colors, HelpE3} #54|
ol $1xIe 19 WEE, 28

- GUI o[IESS vEkith
oAM= ARk 7] mabAQl AE-
A3

AES & 5 e BTE AT sl 4

shebulrol 91418 Apgso

2. Experimental results and discussion
AT Abs 253} 7HE TerpPaintell 483131
1 Ay tisf A3k} Fig. 9.9 YEelo] TerpPaintol
A Adete a3 VS EL A A R ERE 4 9
t}. A wl 7o EA5HE o MEE(File, Edit, Image )& 1}
dS B oAY A4S A T oY 7 FUHE1 2



A GUI-based Approach to Software Modularization 103
3] - [m] X
File Edit View Image | Filter | Colors Help
o Brightness Cii-g
= Blur CHrl-i
fo Sharpen  Cil-H
ﬂ & Emboss  Ctl-M
i@ A Edge Cirl-D
1|2
o L
@ | =
£l
Fig. 10.
Fig. 9. A snapshot of TerpPaint
= 0 X

N

& A F5 v A5 oMIEEL ke 3
Fo wQlshiel] A o7 a8s I F 9E 7es A
3L SlTk aphitel] 9]k oMl EES
ot} WE flgh thefet AS HEE 4= A dlFa 19
Jo] ARARE AT

Fig. 10,2 2 Aol A 7jasl Tt Teerain
o] E&¢ ANE HoFrh ZAspde A5

oX off

* oo
Oll

rulm
i)
oo
ol
ol

layerings F3 2E GUI o|MIES H7] A ASTEE &
ok o]y AT F+2E B3 GUI oHIEES7]E] 9] #AE

el B skl ARAow dord 4 gk,
Aasirie] 5522 54 GUI olHE
EE §ldl dA 9

=
= 2ong EAE AT oME $9 A

o 2d5E Zix A A
i Aol 2, Ansue] #3520l 247ke] GUI o]4l
E5 HeEsu o9 GUI oMIESS oh) e 4

9 F7F A4 L=t 4 1
Qlstar gpotdl 4= Qlws gk

Fig. 10.& AF&-A7} TerpPaint?] o8] 7155 5 A Wi
of A&k [File]-[New] "3t Hejsle] #d 258 =
3 Aol [New] ©WIE: TerpPainte] 7}&-d shHd
A A S AFste] 1 ol AR 1HS 28 F AEF
gl 7150l [New] o|HIEE #4138t A3 & 39719 ¢
27 ol 4H S & 4 gla, A P WAL Fig. 10.9] 4
Hspd Sl GAlE et et

Fig. 11.5= TerpPaint?] o8] 7|5E F 5 ol X8t
Brush] "Wl7w& Agsie] 243 ZAzel), TerpPaint’doll A
Brush]®] ¢ 4= F3¥ ] IA FaL 29 ofo]Zew
dxlo] JAE, Ao g 17l ofo]Ze| Brusheh=
o8 ?"@‘iﬂ‘ﬂ Ao] EAE o]} e o]F o LhE}
Atk [Brush] oWIE+= I8 s A& AslE 7]5olth

o= =

o

]
h

Stepran
o (] menu_contangr
§ Cwest
1 ( shapss
Dtee

Dome
[ rounced recange
[ saus

[ obgon

[eiose

[ selecal
st

[ pat

D medene

Dw \,

[ brushl

Doy ™ o

[ teter

[ seet

[ magicsatect
(3 propentes

Qs

TerpPaint®] - 713 2ZEdo]e] S4F &
[e]

=
5ol oy SY~E FEsHA wE %TE g ddlE
zé \J

olghd UmA| W2 FalseZ & EJE}.

@3] Boolean’|'sTHe A|Yste 4% EAgt) 3

TerpPaint®] A§- L& AT E o] EXY 335 S

Al FEet dar AA| 7)so] ofF FEEA ¢ HEEC]
e

A G A Aot gJejo]E Fol Bl H$-
© Zexrt EAeA @7] ool Fig. 12. oA
boolean HE FE& ¢ o] HlEL AAg

ohiehs WAL EAE S QS sl

an?
A
oy L Rl
L My i

)

Jo]E

o



104  Journal of The Korea Society of Computer and Information

[=J terpPaint
& [ menu_container
o Cwest ’ 2
% [ south Pl
¢ [ colors
¢ =3 color_meny”
Diss”
[ areen
[ piue
[ vellow
[y magenta
0 evan
[ pink
[y white
[ 1gt_gray
[ oray
[} ark_gray
[ black
[ brown
[ orange
[ colort
[} color2
[ colorz
[} colora
[ colors
[ colors
[ color7
o= (=] current_colors
o =] status

’E'é boolean HIE £= YOIDIE B2 HES A4 - &L |

Fig. 12. An example of the boolean type in the GUI event

3. Detailed analysis and discussion

=l A ARk 7S FE AA EAlstaA) sk AXE
gofo] HEs AAR S48 o] FoAREA AFA A5
A3} AFE YslHE TerpPainte] 715E 5 “line” 7]%
o tigte] sid 71sS FAet] A3l LLE sk SHAER
ol59] TEIWAES shpy K7 A3 7h AA| TerpPaint9t
Ze PEHE ERE2 HE AeA EAESIth

“line” & spdel 2 A& 19 F &= 7selth v dsi
A A9} Fig. 13.914] YehGIRo] o8& A8t = &

2= & 8MEM ZZ TerpPaint.java, selectTool.java,

magicSelectTool.java, selectallTool.java, polygonTool.java,

converter.java, curveTool.java, main_canvas.javas A&}
I AAY. X TerpPaint.java©lA] lineo|HE7} wA5HH
line?] 715& F3517] o] dol FEAU 715& 77 FA=E
F53sl7] fIske]  selectTool.java,
selectallTool, polygonTool.java 47F4 Sej~Z A3} 4
7] e T alE =0 T)se] Ado] JloW FRE]
QA A= lined] 71%50] LHlEA FHHES Fv= S
2otk 4704 S#j27t Ado] Hal v AA line 75&
A¥Hor FIPT £ QJEE  FE=  converter.java,
curveTool.java, main_canvas.java 37142 Sel2r} A3)o]
#Ao. g4 59 RE HFEE 2T|gE sl fg
converter.javaZt Aol ¥, whg-25 ARESl] S Al
Fejz 29§ Qlom meaE =y @ FE gl

T—=
curveTooljavaZ} A& o]

agicSelectTool.java,

ok mpA o shHo| Aol &
FS 18]7] 93 A"S Z95E main_canvas.javaZl 23

S

TerpPaint.java

@ Classes implementing common features

e selectTooljava

magicSelectTool java

selectallTool java

polygonTool java

e converter java

curveTool.java

S main_canvas.java

Fig. 13. Manual analysis for the Line feature
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