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An Investigation of Simultaneously Changed Programs
Using Template Method Pattern

AKIRA SAITO, NORIHIRO YOSHIDA, MAKOTO MATUSHITA,
KATSURO INOUE

Design patterns are general repeated solutions to common problems in object-oriented de-
sign. Developers can design software systems easily by applying design pattern. However,
when we use template method pattern, which is one of the design patterns, simultaneously
changes occur if template method pattern is unsuitable to apply problems. In this paper, we
focused on cause of simultaneous changes. we assumed the cause is differences of imple-
mentation of template method pattern. As a result, these differences showed the relationship
with simultaneous changes in two of three open source software.
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Fig.1 Example of simultaneously changed programs using Template Method Pattern
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Fig.2 Overview of our investigation
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input Vi, Vo ; ®N\—T 3 D7 S ADHEE
return C,NC'; FARAENEC T2 Y F ADEE, FRAENEL TORWYT T ADES
d := (Chame, T, P) ; Primitive Operation
Chame : 77 A%
T : Template Method %4
P Primitive Operation D XY v FEH
begin
Dy « detect(V1), Dy « detect(V2)
for all d € D; do
Dj « extract ByClassName(D2, d)
if | D3| = 0 them
NC < d; 75 XM
continue
end if
DY « extract ByTemplateName(Dsy, d)
if| DY =0
C < d ; TemplateMethod {7
continue
end if
dpr « extract ByPrimitiveName(D3 , d)
if| DY) = 0
C < d ; PrimitiveOperation JH
continue
end if
ifDif f(dp,dp/) = true
C < d ; PrimitiveOperation D EFLMNZEH
continue
end if
NC < d; ZHEiL
end for

end
3 [FAREEHEERHTS7)VTY XL

Fig.3 Algorithm of simultaneous change detection
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BT zs, encoding, defaultEncoding, setEncoding T3 D, SubClass2 @ XY v R
HELd %A% zs, efaultEncoding T 5. TN 5 OHET % HZDOE|EHERRIT
ZRLEE LGHREENS. COEZELD, #HlFARUER T S AR cHE L2
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BIZFLE (TS) m{ADT T T ADZFNZIND Primitive Operation N TEZE I N TV B —
TR BIREBOTIZ L, AV FNTHUHIN T 2BE0518, R E0RY,
BEST, &L, BAFUE TS ZLLFOX S ICEHT 5.

.

@)

SubClass1 SubClass2

private boolean de-FaultEncodlng = true,

private String encoding = H

protected ArchiveScanner newAr‘chlveScanner‘() {
ZipScanner zs = new ZipScanner();

private boolean defaultEncoding = true;

protected ArchiveScanner newArchiveScanner() {
TarScanner zs = new TarScanner();
defaultEncoding = false;

zs.setEncoding(encoding); return zs;
defaultEncoding = false; }
return zs;
} 1 ,= {zs, defaultEncoding}
: : : waTammEs= L0k
1 ,={zs, encoding, defaultEncoding, setEncoding} | FRAI= [1,ul,] :

4 FATHREUE 18 OFRHEG

Fig.4 Example of how to calculate IS Simirality
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X1 6 (& 3.2.5 fiCTHIA L 723 70U (1S) & BIA AL (TS) £ T A bV 7 ZD5Hi
ZHETHTR LD THS. TNENOROLAMFERZE DA Ul - Toid 35 o
APV RO HEERL, HRUBNFAREEOEUCZA MY 7 ADNHERT. iz, KhD
EABO TN A NY J ZAOD5HOH 1 iz L, UL 3usfiiz®l, HROE

£ 1 MH I N7 Template Method 734 — > OFE
Table 1 Detail of detected Template Method

o PN Template Method 0D FARFZEEDETT - L R EOE C e
H N-Vav® S I Template Method i/l filoogy | Primitive Operation B | piiie Operation %
ArgoUML 10 84 17 98 22
JFreeChart 15 43 18 26 20
JHotDraw 7 37 11 38 12
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Fig.5 Number of Template Methods and Primitive Operation changed between versions (The lower part: the number of

simultaneous change, the upper part: the number of no simultaneous change)
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£ 2 UNEICKZDHER-R
Table 2 Result of U test

TRIZHALUE (TS)

AT FEUE (1)

feati

2.26

1.80

P fE

0.02

0.07

Type Similarity
0.4 0.6 0.8 1.0

0.2

0.0

Type Similarity
0.2 0.4 0.6 0.8 1.0

0.0

Type Similarity
0.4 0.6 0.8 1.0

0.2

0.0

Type Similarity
04 0.6 0.8 1.0

0.2

0.0

Not Changed Changed

(a) TS(ArgoUML)

Not Changed Changed

(b) IS(ArgoUML)

0.8 1.0

0.6

Type Similarity

M
0.2 04
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Not Change Change

(c) TS(JFreeChart)

Not Change Change

(d) IS(JFreeChart)

[ ]
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Type Similarity
0.4
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0.0

| —
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(e) TS(JHotDraw)

Not Change Change

(f) ISJHotDraw)

6 SRR & AR D IR
Fig.6 Distributions of Type Similarity and Identifier Similarity
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FERAEROZ Y MICBIT B8 L LT, fiH L@ SRRy —)L ORI <
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RIS OROEEMEIEKT TS, LML, KRWUIZE TS E L7z Template Method 7 8% —
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iz, SHHWICRNZEOGIZHET 5 HHEE, 3.2.4 BIlIR U 3 DD&MZHW
ey, B0 I ADAHDIHINEEENIGETE, TOI7IAMHMLUIzERESh, Rk
EHINTZLHEIND. TOHEFEBT T ADHRUNEEINZNOTRERZE EHET
BORHEELLRWVD, AFHEEINZT T ADMCEBRZEIGTT 2 2 LTRSS Ty
DT, SEOFEBRTEZOX S IGHEZEGATNS. SEIEA—T VY =AYV T+ 27 3
KN R L LIeh, TORIGI T AUOEENL YT Y27 ThUE, kD
FERNMESNHWVATEEMENH . F 7z, Template Method /82— DY Y 713 5 7B
HOBREZHA L TWEWDT, MRS S T EMNTE, THA 82— O HE)
M cENE, tMOSFETELEBROBRNMESNZ LEZDNS.

52 BRETNIRRZEEDH

FHAE NTZBALUEMRNEIT, RIS ED X S BREENE U ZHIAT 5. LUFIORT
Bk, AR IS, BIARELUE TS e &Ic B CHEENMECRAITHS. K7
BHERZEENE Clca— FORiEOREZERS. X7 O LEEERZENECBH10Y —
AO—RTHD, FEIEIREENECEEZEDY —RA2—RFTH5. ZORHIE instanceof 8
FAICE > THEROLIRZTT> TV 5. 5#DT " Mbase” BRD/N— 3 > T, “Object”
ICEBEEINTNS

//UMLAssociationRolelListModel

protected boolean isvValidElement(MBase o){
return o instanceof MAssociationRole &&
((MAssosiation)getTarget()). * * -+ .contains(o);

}

I—

//UMLAssociationEndAssociationListModel

protected boolean isValidElement(MBase element){
return element instanceof MAssociation &&
((MAssosiationEnd)_target). - - - .equals(element)

}

//UMLAssociationlLinkListModel

protected boolean isValidElement(MBase element){
return o instanceof Mlink &&
((MAssociation) getTarget()).* - -+ .contains(o);

}
I—

(a) FIFFZEENMEC 210 —Aa— R

//UMLAssociationRoleListModel
protected boolean isValidElement(Object o){
return Modek.getFacade(). 15Assoc1at10nRole(0) &&
.getFacade().getAssociationRoles().
contains(o);

[}

//UMLAssociationEndAssociationListModel
protected boolean isValidElement(Object element){
return Model.getFacade().isAssociation(element) &&
Model.getFacade().getAssociation(getTarget())
.equals(element)

[}

//UMLAssociationLinkListModel

protected boolean isValidElement(Object element){
return Model.getFacade().isALink(o)
&& Model.getFacade().getLinks(getTarget())
.contains(o);

R
(b) FMNZENECHBEDOY —ZAa—FR
7 RN U]

Fig.7 Example of actual simultameous modifications
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LIzA R I RAEHAEDET, VI R T THRON=T 3 VICBOTEEINDT WL
EIDTHT RHEEDFECODERTFBEHEZENS.

i

AWFZE I, AAZAHRIS R 7 BB AR 7S (A)GRETS:21240002), S
REAE R BB 48 TW9E (B)GREE 5:20700024), HAAGIRELSREHIZE 8555
B (GREES:20 + 1964) DU EET-.

2 £ X W

1) J.M. Bieman, G.Straw, H.Wang, P.Munger, and R.Alexander. Design patterns and change
proneness: An examination of five evolving sysftems. In Proceeding of the 9th IEEE Inter-
national Software Metrics Symposium(METRICS ’03), pp. 40-49, Sydney, Australia, 2003.

2) E.Gamma, R.Helm, R.Johnson, and J. Vlissides. Design Patterns: Elements of Reusable
Object-Oriented Software. Addison Wesley, 1995.

3) Y.G. Gueheneuc and G.Antoniol. DeMIMA: A multilayered approach for design pattern
identification. /[EEE Trans. Softw. Eng., Vol.34, No.5, pp. 667-684, 2008.

4) J.Bieman, D.Jain, and H.Yang. OO design patterns, design structure, and program changes:
an industrial case study. In Proceedings of the 17th IEEE International Conference on Soft-
ware Maintenance (ICMS "01), pp. 580-589, Florence, Italy, 2001.

5) MASU. http://sourceforge.net/projects/masu/.

6) T.Ng, S.Cheung, W.Chan, and Y.Yu. Work experience versus refactoring to design patterns:
a controlled experiment. In Proc. of SIGSOFT’06/FSE-14, pp. 12-22, Portland, OR, USA,
2006.

7) J.Niere, W.Schifer, J.Wadsack, L. Wendehals, and J.Welsh. Towards pattern-based design
recovery. In Proc. of ICSE’02, pp. 338-348, Orlando, FL, USA, 2002.

8) N.Shi and R.Olsson. Reverse engineering of design patterns from java source code. In Proc.
of ASE’08, pp. 123-134, Tokyo, Japan, 2006.

9) S.Steliting and O.Maassen. Applied Java Patterns. Sun microsystems, 2002.

10) N.Tsantalis, A.Chatzigeorgiou, G.Stephanides, and S.Halkidis. Design pattern detection
using similarity scoring. /IEEE Trans. Softw. Eng., Vol.32, No.11, pp. 896-909, 2006.

1) =, JRsI5RE, BB, X bV 2 ZGHT'S 7 A 275w b T 4 — 1 MASU O
PR VI b2 7LV =7 ) VT RAETHR 2008, pp. 6370, 2008.

&

(© 2009 Information Processing Society of Japan



