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Class Relation Graph (CRG)
Multigraph that represents relations among OO classes

public abstract class A {}
public class B extends A {

public B(){ C c; } 
}
public class C { 

private C(){ }
}
public class D { 

public D() {
A a = new B();
E e = new E(); }

}
public class E {} 
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Detecting Component Candidates
Structurally reusable component

Standalone and executable JavaBeans component
Component’s interface is separated from implementation
All classes necessary for instantiation are packaged

Detecting all clusters (component candidates) on CRG
Cluster: cs = ( <Facade class>, <Set of participants> )

cs1 cs2cs3

cs1 = ( B, { A, B, C } )     cs2 = ( E, { E } )   cs3 = ( D, { A, B, C, D, E } )
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Extract Component Refactoring

Regular expression component

Transforming Clusters into Components:
1. Creates a new Facade interface
2. Adds declarations of all public methods
3. Adds declarations of setter/getter methods corresponding to 
public fields
4. Compiles and packages all class files into JAR archive
5. Modifies the surrounding parts to use extracted component

E.g. Jakarta Regexp program
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Extraction Experiment
Target: 4 open source programs + 6 Java demo programs

Result: We extracted 282 components
72% of all extracted components are high reusable 
80% of all extracted components are composed of three or more classes

11
9

22

16

5

16

3 2 3

9

2

9

12

4

14

2 2 3

0

5

10

15

20

25

JUnit Regexp JXPath JBeans TableExample Metalworks SampleTree Font2DTest FileChooser

N
. 
e
x
tr

a
c
te

d
c
o
m

p
o
n
e
n
ts

N. all components N. components with high reusability

0

10

20

30

40

50

60

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 10
1

10
5

Number of participant classes/interfaces, except the Facade interface, in each component (#Vc)

N
um

be
r 

of
 e

xt
ra

ct
ed

co
m

po
ne

nt
s



7

Automated Extraction Tool
Implementation: Java2 SDK1.4.0, JavaCC (parser generator)
Analyzes Java program source codes, and displays CRG
Performs all necessary steps of the Extract Component Refactoring
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What does “reusable” mean?
Extracted components are structurally reusable

Internal structure is hidden from outside
Component can be instantiated and executed alone

However, NOT semantically reusable
Not always reusable in all possible contexts
How to guarantee semantic reusability?
Are some generative techniques (e.g. template programming) 
helpful for this objective?

Towards “generative reuse”
Target of reuse has been abstracted. 
Target can be easily customized to match the new contexts. 
Target has capability of generating a part of program by 
specifying parameters. 
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Thank you.
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