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Abstract: Based on qualitative description of code replaceability in ISO25010 standard, it is difficult to quantitatively
measure code replaceability. In order to make this process automatic,we define a replaceability measurement formulation by
adequately considering the coupling relationship and intrinsic complexity in classes/packages. Then, an experiment is per-
formed on 100 popular open source projects,and results show that (1) there are significant differences among different clas-
ses in terms of replaceability and these differences largely depend on the degree of communication between different classes
and (2) there is no significant linear relationship between package replaceability and the total number of classes located in it
and (3) the replaceability value of package designed by feature is more than the value of package designed by layer. From

perspective of code replaceability ,our empirical study also provides some suggestion for developers when they design a class

or package.
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01. sourceFiles = extractSourceFiles( P) ;

02. astSet = generateASTs ( sourceFiles ,jarFiles) ;
03. classNodeSet = extractClassNodes ( astSet ) ;

04. FOR each classNode in classNodeSet DO

05. pkgName = extractPackageName ( classNode) ;
06. clsName = extractClassName ( classNode ) ;
07. superClasses = extractSuperClasses ( classNode ) ;
08. update( classCouplings, superClasses,IH) ;
09. FOR each subnode x in classNode DO

10. IF isMethodInvocation(x) THEN

1. update ( classCouplings , locatedClass(x) ,MI) ;
12. parTypes = extractMethodParameterTypes( x) ;
13. FOR each parType in parTypes DO

14. IF isUserDefinedType ( parType) THEN
15. update ( classCouplings, parType , MP) ;
16. END IF

17. END DO

18. retType = extractMethodReturnType (%) ;

19. IF isUserDefinedType ( retType) THEN

20. update ( classCouplings, retType ,MRT) ;
21. END IF

22. END IF

23. attrRef = extractPublicAttributeReference ( x) ;
24. IF isUserDefinedType ( attrRef) THEN

25. update ( classCouplings , attrRef ,PAR ) ;

26. END IF

27. attrType = extractAttributeType(x) ;

28. IF isUserDefinedType ( attrType) THEN

29. update ( classCouplings, att'Type , AT) ;
30. END IF

31. varType = extractLocalVariableType(x) ;

32. IF isUserDefinedType ( varType) THEN

33. update ( classCouplings, varType ,LVT) ;
34. END IF

35. END FOR

36. END FOR

37. FOR each coupleNode in classCouplings DO

38. update( packageCouplings, coupleNode ) ;

39. END FOR

40. classRepList = computeClassRep ( classCouplings) ;

41. pkgRepList = computePackageRep ( packageCouplings) ;
42. RETURN classRepList U pkgRepList;
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1. 2. 16 junit4. 12  checkstyle6. 3 . guaval4. 0 H. 51 H i
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T 55 B 3k 85 (/T 0. 5) , 1 Data Class, Data Pro-
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0.9 Zfa)). 5 =R E T2 a2k, eiE
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Large Class [192| 80 AE % /N, {NTE ArgoUMLO. 12 H %
I —~ Configuration &, HAv F org. argouml. application.
api t3H. W& 4 Fr7 , Configuration 26 B L& 30 J7 ik
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Configuration

+ final static Category cat

— Configuration()

+ static final load():boolean

+ static final load(File): boolean

+ static final load(URL): boolean

+ static final save(): boolean

+ static final save(boolean): Boolean

+ static getConfigurationHandler(): ConfigurationHandler

+ static getString(ConfigurationKey): String

+ static final getFactory(): ConfigurationFactory

+ static final getString(ConfigurationKey, String): String

+ static final setString(ConfigurationKey): void

+ static final setInteger(ConfigurationKey): void

+ static final setDouble(ConfigurationKey): void

+ static finalsetBoolean(ConfigurationKey): void

+ static finaladdListener(PropertyChangeListener): void

+ static finalremoveListener(PropertyChangeListener): void
+ static makeKey(String): ConfigurationKey

+ static makeKey(ConfigurationKey): ConfigurationKey

+ static makeKey(String,String): ConfigurationKey

+ static makeKey(String,String,String): ConfigurationKey
+ static makeKey(String,String,String,String): ConfigurationKey
+ static makeKey(String,String,String,String,String): ConfigurationKey

4 ArgoUMLO.12 ' Configuration A2 [&]

28115347, Configuration 287K 7R Z HYHA ST , HAK
ARG GEIR I8/ PR AT, T B e Pk i B8/ Vi ], T e
PEAS T WEWT , DA SRS 1 i B R B 4. A %28
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0.2(HP,4/(4 +16) =0.2, Configuration Z& s 3% A H #
BRI .
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], oy B e P 1 B2 B A T Controller Fl Factory 115
Bk Z ). sk L3 A, iT LA 6 AN [
RIS, H D) Bt 22 S 0K, 22 S AR JE E e 1
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RQ2 : £ FP 2R AN EI0 755 i H 2 B i P 8 AR E 2
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PERR. X—45e S RATH A A R WIS POk, 5
BIE— MU RN Z R E SRR RGN — T
ThAE , A2 0 B AT B A P SR M. 3R 4 S i) 2
ArgoUMLO. 12 ,junit4. 12 FI checkstyle6. 3 =4~ H H{if
FIHT S WAL (R AECR % R B/NIFHEF ), H Ca
TG AR NEL, Ce FRon AL AL 194, Rep Rt
M) o &4tk N 4 AT AR, HAWTH checkstyle Hh
com. puppycrawl. tools. checkstyle €1 [ 5 % # 1 %% /)
(Rep =0.04) , i i & & AL, AT R B Z AT
sre/main/java HsEH, XA H R —3LF 21 g, H
com. puppycrawl. tools. checkstyle £ 5 H 4% 20 />3 ) TR
JZ2H 5, ERIIReR G RS AR I TR AR
IR MGG R Y SRR A 44 2 X R A
AR XTI RE R LB B T — AN SR AL com. pup-
pycrawl. tools. checkstyle. api, Tfj H K Z 5 Th e 3wk H 4%
1 20 B A, Qi e 2 AL iR AL 4 AT
S U IZ A BT I A S B (140 28, TREE T
iy OSSR AL B e g RIS 4 35 S QU X N
Dy BRI B BEE AR 0. 04.

*3 ANSEHRESEHBENLEEXRBIRELER

Spearman Kendall
p-value 0.62 0.87
rtho/tau -0.08 -0.06
accepl/reject accept accept

R4 EYBHENANERES BRI

Package Name #Cs | #CCs | Ca | Ce | Rep
org. junit. tests. experimental. rules 158 1 019 (0.9
org. argouml. uml. ui 143 6 15 |31 | 0.65
com. puppycrawl. tools. checkstyle 140 4 25| 1 |0.04

om. rawl. tools. checkstyle. cod-
‘L puppycrawl. tools. checkstyle. co " ) ol 1 loos
ing
org. argouml. uml. cognitive. critics 99 0 3 1151(0.83

FE K 4 PHCs R FIAEL #CCs FR B AFIANEL

RQ3: YA A 05 2R 1 L Wi 5y gt 1k 2

R 2.4 B PEAL T FRAT o3 S R A T A B
Y7 L) 5 B MR . SCR A5 RN IE S o,
MNP AT DU - 4% SRR 23 5 4% J2 O3 o0 ML G i
AT LA M AR T 1) B A, B 7S5 % TR )
PEATF 0.5 F10.9 ZIA], T 75% 2 i Btk A
0. 1 F10.6 Z[a]. WFhA [ 44 73 75 X4 A R B, 4 it
R BRI, NGy AR MR AR R, 2 D RE 70 2607 Xkl 7
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