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Abstract: Object-Oriented software design improving technology is an effective means to increase system
flexibility for adapting to future requirement variation and expansion. In this paper, a software design improving
approach, based on micro-architecture anti-pattern and case based reasoning, is presented to improve software
quality and maintainability. In this approach, problematic, inflexible structures and corresponding refactoring
alternatives at micro-architecture level are formally defined and described as cases. Their organization and index
mechanism in the case base are studied. Following the 4R procedures of CBR, similarity measurement methods on
class diagrams, sequence diagrams, OO quality metric factors, and semantic constraints are discussed. Based on the
measurement results, some algorithms on identifying anti-patterns instances in a given original design and replacing
them by designs with high quality are presented. Furthermore, a supporting system CBDIT is developed to aid this
approach.
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[,
2

, . ,CBR

(case based reasoning) e Y : CBR
i CBR 7 CBR
; CBR )
1 ) .2 CBR
3 CBDIT(CBR based design improving tool),
4 ,
1
7 ( )
2
D 3 , D X

1) D=(SaticSructure)|(SaticSructure){DynamicBehavior)
SaticSructure=(SClasses)( SRel ationships)
SClasses=(Class)*
Class=(ClassName)|({ClassName)(Attribute)* (Method)*
SRelationship=(Relation)*
Relation=(Inh)|(Agg)[Ini)|Del)
Inh="Inh("(ClassName)“,” (ClassName)“)”
Agg="Agg("(ClassName)“,” (ClassName)",” (Multiple)*)”
Ini="1ni("(ClassName)",” (ClassName)")”
Del="Del("(ClassName)“,” (ClassName)")”
DynamicBehavior=(|S)*
1=*("(i0)","(ro)" " (msg)")"
i0o=(ObjectName)
ro=(ObjectName)
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msg=(ReturnType){MsgName)“ (" (Formal ParameterList)")”

2 3 D ;
(3 D 8 ”
, 4
:Inh,Agg,Ini Del, ,
: 4 ;
) , 3
1 , )
Staff Management Student, Teacher Dushman 4 NewTerm
, 3 Register,Enroll ~ Checkln
, Principal Login, Staff Management
Newterm, , Principal Login
) , 2
Student D=(Class) SaffMangement (Attribute) SaffPosition (Attribute)
(Method) NewTerm {/Method) (Class)
Sudents F1 [l Register() (Classy Student (Method) Register (/Method) (Class)
+1 (Class) Teacher (Method) Enroll (/Method) (Class)
/ (Class) Dushman (Method) checkln (/Method) (Class)
StaffM t f )
& sapostion: it |11 S Teche (ReLatonship
' Enroll (Agg) (Source) SaffMangement (/Source) (Sin k) Sudent (/Sin k)
= NewTerm() Q +1 pushmen |8 0 (Multiple) n (/Multiple) (/Agg)
- (Agg) (Source) SaffMangement (/Source) (Sin k) Teacher (/Sin k)
\ K Dushman (Multiple) m (/Multiple) (/Agg)
\\ (Agg) (Source) SaffMangement (/Source) (Sin k) Dushman (/Sin k)
\ @ CheckIn() (Multiple) m (/Multiple) (/Agg)
(ReLationship)
switch staffPosition {
case 1: for all student in Students { student.Register();}
case 2: for al teacher in Teachers { teacher.Enroll();}
case 3: for al dushman in Dushmen { dushman.CheckIn();}
}
Fig.1 An example of anti-pattern instance and the corresponding XML representation
1 XML
2
Staff Register, StaffManagement staff Staff JNewTerm staff
.Student, Teacher  Dustman Register
. ) ) Staff
Princinpal Register , staff

ok
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Staff Management off D=(Class) SaffMangement (Attribute) SaffPosition (Attribute)
& sai 1 saffs St (Method) NewTerm (/Method) (Class)
+t ;
O— [ Register( (Class) Student (Method) Register (/Method) (Class)
§ NewTerm() 4 (Class) Teacher (Method) Enroll {/Method) (Class)
O (Class) Dushman (Method) checkln (/Method) (Class)
f / /T\ (ReLationship)
| | (Agg) (Source) SaffMangement (/Source) (Sin k) Student (/Sin k)
| ‘\‘ (Multiple) n (/Multiple) (/Agg)
| ST | (Agg) (Source) SaffMangement (/Source) (Sin k) Teacher (/Sin k)
- X uden Teacher Dushman|| (Multiple) m(/Multiple) (/Agg)
for all staff in Staffs { : : (Agg) (Source) SaffMangement (/Source) (Sin k) Dushman (/Sin k)
staff->Register() $ I299'5“3*( R‘eg|ster() (Multiple) m(/Multiple) (/Agg)
} Register( (ReLationship)
Fig.2 Improved design and the corresponding XML representation
2 XML
2
) 4 (retrieve) (reuse)
(revise) (retain), CBR 4R
31, CBR
, Smilarity (Case,,,Case,) = N(l—ZWixDis(Casem.Attribute[i],Case,.Attribute[i])j. ,Dis ,
i=1
Attribute]i] W, Attribute[i] N
[4] . il 1 1
2.1
5 (APD) (SC) (QMBI) (PD)
(QMAI),
211
APD PD 4 ,
] XML SQL , 4
:UML XML i ,
2.1. , G:(Nc,Er,ﬂ,Lﬂ), N ,
(B, cNexNg , JBE—Lg Ls={Inh,Agg,Del,Ini}
22 ) G:(NO:EmyﬂnLﬂ)- nNO [l
JErcNpxNp , B En—Lg ,LscPosint,
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2.3. G=(NLEfLg)  G=(NgEs fslLp) , G G
17:G—>Gs,
(1) Vnee Ny, nse Nsg , n(n)=ng
@) ves(nun)el,  7(Ma)=ns, 7(Ni2)=Ne e=(Nano)eEs, & & , ne)=es
, G Gs 7.G—Gs, G Gs
24. NEC , 0.3x(1/NEC).
2.5. NEO . 0.2x(1/NEO).
212
8 : (WMCQC) (NOC)
(DIT) (RFC) (CBO) (LCOM) (NOAC)
(NRWAC), 6 [5] . : ,
- 1 2 NOAC NRWAC
Tablel Changeson NOAC and NRWAC before and after improving
1 NOAC NRWAC
Designin Fig.1 Designin Fig.2
NOAC 0 1
NRWAC 0 4
213
G G 17:G—Gs, ' ’
, Y ot 2
MeaningSmilar (Class;;.Function;;,Class,.Function;,,...,Class,. Function;,) [w 1]
Invoke(Class,.Functiony,Class;;.Function;,...,Class;,.Function;) [@2]
Class;;.Function;;= Class;;.Function;; ... AClass . Function; = Classjy,. Function;y, [@ 3]
MeaningS milar (Student.Register, Teacher .Enroll,DushMan.Checkin) [w1]
Invoke(SaffManagenent. NewTer m,Sudent.Regi ster, Teacher .Enroll,DushMan.Checkln) [@w2]
Sudent.Register=Sudent.Register ATeacher.Enroll
=Teacher.Enroll ADushMan.Checkln=DushMan.Checkin [o3]
2.6. NSC , 0.3x(1/NSC).
,MeaningSimilar,Invoke 0.3x(1/3)=0.1. ,
MeaningSimilar , . 8

, Len Silverston!®

, UML ocLM, OCL
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X(X=G(general)|[M(Manufacturing)|T(Telecommunication)|H(Health care)|l(Insurance)|F(Financial)|P(Professional

service)|R(tRavel ) |[E(E-commerce)), X

, G, ,
: XCOjQnS.  .C
;0 ;Q ;S Y
XML
2.3
, 4
. 4 ,
, 4 (DS,DS,,DS,DS) :0.30203 02, Max(D9=Max(DS+DS,+
DS;+DS)=0.3+0.2+0.2+0.3=1.
231
i XML ,
( )
: , (adjAPD), (adjoD);
(TDS);
TDS.
1) adjAPD SegAPD, ( )
M;
2 adjoD setOD;
(3) setOD M subSetOD={ set;,...,setd ;
(4) subSetOD set;, ,
segAPD (: sef M ,  SegAPD
)- preSeq={ seds,...,Setn} ;
|
(5) seq,  DSg=)V;. I seq Medge of seq)=/(edge of
j=1
SeAPD), Vi=aw; V;=0. D&;=TDS, seq;
232
8 1, -VC,
DS,=0.2x| >’ 1—u NES ,
& VC, 8
VI VG 2., i, VI;=VC, DS, 0.2.
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Table2 Meanings of VI; and VC;
2 V| VG,

1 2 3 4 5 6 7 8

V1 (value of initial design segment through

similarity measurement of class structure graph) WMC NOC DIT  RFC CBO LCOM NOAC ~ NRWAC

VC (value of design improving case) WMC NOC DIT RFC CBO LcomM NOAC NRWAC
24 FACADE
PD APD
. FACADE
, , : FACADE
(Scase) Dy;
1 i=0;
2 While (Sase2) DO
3 D;=D;_1; Get one Casee Scase; Let Scase=Scase-Case,
4 Let S ={class|classe D;_; A class¢ Case.APD}
5 Let So={class|classe Case.APD}
6 Remove all classese S, from D;;
7 Add aclass FACADE to D;; Add all classese Case.PD to D;;
8 Remove all relationshipse Case.APD from D;;
9 Add all relationshipse Case.PD from Dj;
10 While (S1#24) Do
11 Get one C, € §; Let §1= §1-C;;
12 While (S%29) Do
13 Get one C, € S5 Let So= So-Cs;
14 If (3Re {Inh,Ini,Del} in D;_; A R(C1,Cy)) Then
15 Remove R(C,,C,) from D;; Add R(C,,FACADE) to D;; EndIf;
16 If (3Re {Inh, Ini, Del } in D;_1 A R(C,,Cy)) Then
17 Remove R(C,,C,) from D;; Add R(FACADE,C,) to D;; EndIf;
18 If (3Agg(Cy,Cy,k) € Di_;) Then
19 Remove Agg(C4,C,,k) from D;;Add Agg(C,,FACADE,K) to D;; End If;
20 If (3Agg(C,,C1,k) € Di_y) Then
21 Remove Agg(C,,Cy,k) from D;;Add Agg(FACADE,C,,K) to D;; End If;
22 EndWhile;
23 EndWhile;
24 OutPut(Dy);
25 Remove all Case from S, satisfying that Jclass Ce Case.APD and C¢ D;;
26 i=i+1;
27 EndWhile;
28 Ruturn;
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25
24 ,
3 ) (
) 3 :
2.7. , )
Z(oi:OS, Wi I N
i=1
28. i (i=1,...,n) i m @' [m(i=1,
..,N) , i m (@ilmt o' |2
2.8 )
10 )
, 10 . ;
21 wim(i=1,...,n) i m , Za)i|m:0.3.
i=1
..m @' |m(i=1,...,n) i m
@ {"|(i=1,...,n) i m ,
@ i|=@ {1
n n
m=1 1 , 2.6 Zw’iLM:O.S, 2.7 Zw”i|m:1=0.3,
i=1 i=1

n n
@ |pat D@ e
2 i 21: ™! 03+03_

28, 01l1= Y011/ 2= E—— =03
i=1 i=1

n
m=k—1 . 0l 1=03, m=k

i=1

n n n n
2O ot 20" ek 2@ ek 1+ 20"
Hm: Him: = 1im: ~ m: :0-3_’_0-3:

- — S ’ " _ =1 i=1
;a)i |m:k_i2:1:[(a)i v+ i|m:k)/2]— > % > 2 0.3.
; , 2.3
3 CBR CBDIT(CBR-based design improving tools)
3 CBDIT )

CBDIT 4 3 :UML CBR
UML : XML

( )- XML 2
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CBR CBDIT ,
Designer N
‘\ —
Original Blackboard Seman_tic
Design _ »| constraints
9 Appl lcatlon Adaptation library
(Reuse) (Revise)

Design extraction
Legacy code

. S—
Improved design -
Case library

Fig.3 Architecture of CBDIT
3 CBDIT

Library manager

, CBR
Gomes'®? CBR ,
REBUILDER. , : ,

Correa® ,
OOPDTool,
Gronback!™¥ Borland Together

Daengdej'*? CBR . ,

CBR ,

4R , ’
) ——CBDIT
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