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Generating Object Diagrams from Java Class Files
A Practical Approach
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Abstract

Gestwicki et. al. proposed the technique that detects and predicts the structure of object
diagrams from class diagrams to get the improved drawing of object graphs. Their approach finds
two predictable structures - recursive clusters and leaf clusters from class diagrams. Their approach
is not practical to be applied to real programs, because the starting point is class diagram.

In this work, we improve and implement their technique to apply to Java classes. We obtain the
structure and relationships of classes and clusters extracted from class files. This information can

be provided and used as a template of object graphs for Java execution visualization tools like JIVE.

» Keyword : XEIEeiAntl, UML clojojz, Z24x| clo|loj224(Object Diagram), 3&sHReverse
Engineering)
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public class FactMain {
public static void main(String args(]) {
int num = 5;
Factorial factorial = new Factorial();
int fact = factorial.compute(num);
}
}
class Factorial {
public int compute(int ) {
int result = 0;
if (5>2) {
Factorial factorial = new Factorial();
result = f * factorial.compute(f-1);
}else {
result = f;
}
return f;

}

}

T2 2. Kot Beplet T2
Fig 2. Java Factorial Program
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Fig 3. Dependency Graph of Fig 2.
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Algorithm 1. Algorithm to Generate Generalization
Graph

Input : 242 WY 0IE class Name
Output: 28¢5 J2NZ G= (V,E)
Method generateGenailzationGraph(class Name)
javaClass<—readClassFile (class Name)
this Class<—javaClass.get This Class 0
V «— {thisClass} E «— & N <« {thisClass}
while N = & do
super Class<—javaClass.get Super Class ()
V «— {super()lass}
E <« E U {(this Class, super Class)}
inter faces<—javaClass.getInterfaces()
for all interface Einterfaces do
V<—VU {interface}
E <« E U {(this Class,interface)}
end for
dependents < javaClass.get Dependents ()

N < N U dependents— {this()lass}
className <— N.getElement ()
javaClass<—readClassFile (class Name)
thisClass<—javaClass.get This Class 0
end while
return G
end Method
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Algorithm 2. Algorithm to Generate Association Graph

Input : 242 WY 0IE class Name
Output: %2 1= &= (V,E)
Method generateAssociationGraph(class Name)
javaClass<—readClassFile (class Name)
this Class<—javaClass.get This Class 0
V «— {thisClass} E «— @ N <« {thisClass}
Call«—{ INVOKEINTERFACE,INVOKESTATIC,INVOKEVIRTUAL}
while N = & do
Methods%java()lass'getMethods()
for all method<= Methods do
whlle method.hasNextInstruction()do
inst <« method.getNea:tInstruction()
opcode < inst.get Opcode ()
If opcode= CALL then
operand < inst.get Operand()
class Type < operand.getClass ()
V — V U {cdassType}
E— FE U {(this()lass,classType)}
N <« N U {classType}
end If
end while
end for
dependents < javaClass.get Dependents ()
N < N U dependents— {this()lass}
<« N.getElement()
javaClass<—readClass File (className)
this Class<—javaClass.get This Class()
end while
return G
end Method
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class A { public class B {
void method(C ¢) { public C ¢
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Algorithm 3. Algorithm to Generate Aggregation Graph

Input : 22HA It 018 dassName

Output: 23 J2NE = (V,E)

Method generateAgaregationGraph(class Name)
javaClass<—readClassFile (class Name)
this Class<—javaClass.get ThisClass()

V <« {thisClass} E «— @& N <« {thisClass}
while N = & do
Fields%java()lass'getFields()
for all ficld< Ficlds do
If field.-hasClassType() then
fieldType < field.get Type ()
V «— V U {fieldType}
E<«— E U {(this()lass,fieldType)}
N «— N U A{fieldType}
end If
end for
Methods<—javaClass.get Methods 0
for all method<= Methods do
whlle method.has Next Instruction()do
inst <« method.getNea:tInstrudion()
opcode < inst.get Opcode ()
If opcode=
{ NEW,NEWARRAY,ANEWARRAY,MLTIANEAARAY}
then
operand < inst.get Operand()
class Type < operand.get Class ()
V «— V U {dassType}
E— FE U {(this()lass,classType)}
N «— N U {dassType}
end If
end while
end for
dependents < javaClass.get Dependents ()
N < N U dependents— {this()lass}
className <— N.getElement ()
javaClass<—readClassFile (class Name)
thisClass<—javaClass.get This Class()
end while
return G
end Method
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Algorithm 4. Algorithm to Generate Generalized
Aggregation Path

Input : 2EHEt DE G, = (V. E) &8s 2HE G, = (V. E,)
T eketE TSt ”E P=(V,E,)
Method generateGenailzedAggregationPath( G, G,)

E<E, where G=(V,E)
for all (u,v)E E, where v,v=V do
for all (v,w)E E, where v,w<V do
E<— E U {(v,w),(u,v)}
end for
for all (w,v)E E, where v,wE V do
E<— E U {(wv),(v,u)}
end for
end for
P= G.genPath()
return P
end Method
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Algorithm 5. Algorithm to Find Leaf Classes

Input : 283t 2D G, = (V. E,) 823 2l G, = (V,E,)
Output: & ZciAo &g L
Method findLeaveClasses(G,, G,)
L—o
for all u=V do
If G .outdegree(u)=0A Gy.outdegree(u) =0
A Gyindegree (u) =1 then
L— LU {u}
end If
end for
return L
end Method

(guelF 6)& o FY2E Jaslshe BolE 2o
(ZaelE 1L A 2o7) as} a7} Fele A FY2E
° g

{1y} & Bom, IH-r forall 7% "4"“ oA
olg)E gt o golle (EEFE 9dA HRE Fol

ADRE 6. A 2oVl F| YDRIE
Algorithm 6. Algorithm to Find Leaf Aggregators

Input : 5 JHE G=(V,E), & SHA2 Z& L
Output: & 22012 &g A
Method findLeaveAgaregators(G, L)

A—go

for all v=L do

If (u,v)EE then A < A U {u}endIf

end for

return A
end Method
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ATRIE 7. o Hofg| 20| YIRE
Algorithm 7. Algorithm to Find Leaf Clusters

s JE ¢=(V,E), & 2209 &8 A,
Q SeAo EE L
Output: 2! &0i2le && LC
Method findLeaveClusters(G, A, L)
LO—o
for all a= A do
C—o
for all (a.l)=F do
C—cu {1}
end for
LO < LC U {(a,0O)}
end for
return LC
end Method

Input :

g9 12 u¥E HY. WvE Ege
VC’,]-/,C},I <i,j <nAcyde(C,) =cycle(C})%L
2o 27 {C,. €, ok, 0

UTEIE 8. FHE EIQY FY| YIRIE
Algorithm 8. Algorlthm to Find Recursive Types

Input : %U@ et 32 P=(V,E)
Output: =% E+°'°I &8 RT
Method ﬂndRecurswveTypesP)
RT<—o
for all (u,u)EE do
T—{u}
for all (u.v)EEA cycle(u) = cycle(v) do
T TU {v}
end for
RT < RT U {T}
end for
return RT
end Method

ksl Hds} ARS ARl (LaRls 8)2 S iRl
B R={Ty-, T} 2 E2keet VT, T; € Rel vidked
T,NT,= @0l Vjk<mcyce(C)) =cycle(CF)

Aefsle] T, = {C}.... C" foltk. 3, B9 BRI olat Z
P RS S HRE BRI BE Feat U A1
Zk=r}

(d18]& Q= 5] E}C’]/] ;az‘g_—,]_ ol équ @ﬁ__%
*F‘-’uokﬂ g EMEH 4Ye etk 99 Qolels

°lm LGy, LC, & _I_JH7]' Re| Ze)29) 9 gojeleltt
(& V1=i<nLC=(a{ll,.II'") Ao, € RD).
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UTRIE 9. EHRE Hog| 3| YIRE
Algorithm 9. Algorithm to Find Recursive Clusters

Input : TI£S EtQ & RT, & 02l B8 LC
Output: =28 20i2le && RC
Method findRecursiveClusters(R T, LC)
RC—g
for all RERT do
re<—J
for all ic= (a,{l},--+,1,})ELC do
If a=R then r¢c < rc¢ U {ic}tend If
end for
RC «— RC U {(R,rc)}
end for
return RC
end Method

A of

JCATE B =FoA AA3 <o &gt S
2 #HA F3 A 2O Eclipse Europall14)olA] ==}
2 FE3h JCATY 43 shAL (o’ 12)¢ 2tk (2

g 12)9] 9% Mo A} YA Tz gMon QEZ Fm
o 92 3l g gA Az} FPY AR I FYx JUE
o FEAS TAS AAE HAER HoFEr

(ad 159 (ad 18)2 Axt zzal((ad 14)%

(a" 17)(1,3,5)9 S} golglge] +x29 #A8 S
2 =Roa] FE3 Alz"He] A DOT U
Graphviz(8)& A3l 4L Aolt}h. (a¥ 16)9 (O™
19)& 23} XML #4o]tt.

(728 2002 GUI o]R 74 E2] Z23i(1,5)9] A
olt}, A Ty Az XML BAE Zolzt Y& Ao
A,

B iCAT - java Class File Analysis Tool
File View Analysis

1-public class T1 {
20 T212= hewT20;
3: T3t3=newT3Q,;
43 "5 Clasges [T1, T2, T3, T4, T4)
class T2 {

6: T2 tt=new T2(;

" Genetalization Graph

7: T4 14 = new TAQ; 1+ =
8. T515=new TS0, T2+
9} T3+
0:class T3 { T4+
11: T3tt=newTag; IT5+
123
13class T4 {}
1 4:class TH{ * Assaciation Graph
15 into=0; T1+-5T2-5T3
16 T2+ TdxT5
T3+
Ta+ ~

T2 12. jCAT &3 sl
Fig 12. Screen Shot of jCAT

(28 13)& 23 XML 242 3 DTDelt}.

<?ml version="1.0" encoding="UTF-8"?>
<IELEMENT RESULT
(CLASSES, RELATIONSHIPS, CLUSTERS)>
<IELEMENT RELATIONSHIPS
(GENERALIZATION, ASSOCIATION,
AGGREGATION)>
<IELEMENT RECURSIVE_TYPES (TYPE+)>
<IELEMENT RECURSIVE_CLUSTERS
(RECURSIVE_CLUSTER+)>
<IELEMENT RECURSIVE_CLUSTER
(RECURSIVE_TYPES,
RECURSIVE_AGGREGATORS)>
<IELEMENT RECURSIVE_AGGREGATORS
(AGGREGATOR, LEAF+)*>
<IELEMENT LEAF_CLUSTERS (LEAF_CLUSTER)*>
<IELEMENT LEAF_CLUSTER
(AGGREGATOR, LEAF+)*>
<IELEMENT LEAF (#PCDATA)>
<IELEMENT GENERALIZATION (FROM, TO+)%>
<IELEMENT CLUSTERS
(LEAF_CLUSTERS, RECURSIVE_CLUSTERS)>
<IELEMENT CLASSES ((CLASS+))>
<IELEMENT CLASS (#PCDATA)>
<IELEMENT ASSOCIATION (FROM, TO+)*>
<IELEMENT AGGREGATOR (#PCDATA)>
<IELEMENT AGGREGATION (FROM, TO+)%>
<IELEMENT TYPE (#PCDATA)>
<IELEMENT FROM (#PCDATA)>
<IELEMENT TO (#PCDATA)>

T2 13. Z3} XML 2Ae| DTD
Fig 13. DTD for Result XML Document

public class BST {
public static void main (String args[]) {
inti:  Tree tr
tr = new Tree(100);
tr.insert(150);
}
}
class Tree {
public Tree(int n) { value.i = n; left = null; right = null;};
public void insert(int n) {
if (value.i == n) return;
if (value.i < n)
if (right == null) right = new Tree(n);
else right.insert(n);
else if (left == null) left = new Tree(n);
else left.insert(n);

tr.insert(50); tr.insert(25);

protected Data value;

protected Tree left;

protected Tree right;
}

public class Data {
static int i

}

T2 14, ofxl HA Ep| =273
Fig 14. Binary Search Tree Program
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Fig 15. Classes and Relationship of Binary Search Tree
Program

public class T1 {
T2 t2 = new T2();
T3 t3 = new T3();
}
class T2 {
T2 tt = new T2();
T4 t4 = new T4();
T5 t5 = new T5();
}
class T3 {
T3 tt = new T3();
}
class T4 {}
class T5 {
int d=0;
}

<RESULT>
<CLASSES>
<CLASS>BST</CLASS>
<CLASS>BTree</CLASS>
<CLASS>Data</CLASS>
</CLASSES>
<RELATIONSHIPS>
<GENERALIZATION />
<ASSOCIATION>
<FROM>BST</FROM><TO>BTree</TO>
</ASSOCIATION>
<AGGREGATION>
<FROM>BST</FROM><TO>BTree</TO>
<FROM>BTree</FROM><TO>BTree</TO><TO>Data</TO>
</AGGREGATION>
</RELATIONSHIPS>
<CLUSTERS>
<LEAF_CLUSTERS>
<LEAF_CLUSTER>
<AGGREGATOR>BTree</AGGREGATOR>
<LEAF>Data</LEAF>
</LEAF_CLUSTER>
</LEAF_CLUSTERS>

J217. RS HoRlE 2= =20f
Fig 17. Program with Recursive Clusters

Tl

1 1

T2 Dl T3

T4 TS5

O3 18, O3 179 Saia 7xot mss
Fig. 18. Classes and Relationship of Fig 17

<RECURSIVE_CLUSTERS>
<RECURSIVE_CLUSTER>
<RECURSIVE_TYPES><TYPE>BTree</TYPE>
</RECURSIVE_TYPES>
<RECURSIVE_AGGREGATORS>
<AGGREGATOR>BTree</AGGREGATOR>
<LEAF>Data</LEAF>
</RECURSIVE_AGGREGATORS>
</RECURSIVE_CLUSTER>
</RECURSIVE_CLUSTERS>
</CLUSTERS>
</RESULT>

T2 16. OfFl A Eg|of Aot XML M
Fig 16. Resulting XML Document of Binary Search
Tree

<RESULT>
<CLASSES>
<CLASS>T1</CLASS><CLASS>T2</CLASS>
<CLASS>T3</CLASS><CLASS>T4</CLASS>
<CLASS>T5</CLASS>
</CLASSES>
<RELATIONSHIPS>
<GENERALIZATION />
<ASSOCIATION>
<FROM>T1</FROM><TO>T2</TO><TO>T3</TO>
<FROM>T2</FROM><TO>TA</TO><TO>T5</TO>
</ASSOCIATION>
<AGGREGATION>
<FROM>T1</FROM><TO>T2</TO><TO>T3</TO>
<FROM>T2</FROM><TO>T2</TO><TO>T4</TO><TO>
T5</TO>
<FROM>T3</FROM><TO>T3</TO>
</AGGREGATION>
</RELATIONSHIPS>
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<CLUSTERS>
<LEAF_CLUSTERS>
<LEAF_CLUSTER>
<AGGREGATOR>T2</AGGREGATOR>
<LEAR>TA</LEAR><LEAF>TES/LEAR>
</LEAF_CLUSTER>
</LEAF_CLUSTERS>
<RECURSIVE_CLUSTERS>
<RECURSIVE_CLUSTER>
<RECURSIVE_TYPES>
<TYPE>T3</TYPE></RECURSIVE_TYPES>
<RECURSIVE_AGGREGATORS />
</RECURSIVE_CLUSTER>
<RECURSIVE_CLUSTER>
<RECURSIVE_TYPES><TYPE>T2<K/TYPE>
</RECURSIVE_TYPES>
<RECURSIVE_AGGREGATORS>
<AGGREGATOR>T2</AGGREGATOR>
<LEAR>TA</LEAR><LEAF>TES/LEAR>
</RECURSIVE_AGGREGATORS>
</RECURSIVE_CLUSTER>
</RECURSIVE_CLUSTERS>
</CLUSTERS>
</RESULT>

T2 19. &l 172 Zn XML 24
Fig 19. Resulting XML Document of Fig 17

TreeGUj

% ——
OutputPanel

StringElem

Abs_tree DZ

Element

T2 20. TreeGUI =224 779} ni24M
Fig 20. Resulting Graph of TreeGUI Program
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Fig 21. Modified Binary Search Tree Program
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