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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.
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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 = O;
it (>2) {
Factorial factorial = new Factorial(};
result = f * factorial.compute(f-1);
} else {
resulf = f;
}

return f;

}

}
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Fig 2. Java Factorial Program
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Algorithm 1. Algorithm to Generate Generalization
Graph

input : 242 W Ol& class Name

Output: 2413t 12HE &= (V. E)

Method generateGenailzationGraph(class Nam d
jevallass<readClass File (class Name)
this Class<javaClass.get This Class ()

Ve {thisClass} E«— @ N {thisClass}
while V= & do
super Class<—javaClass.get Super Class ()
Ve {superClass}
E «— EU {{(thisClass,superClass)}
inter faces<—java Class.get Inter faces ()
for all interface<inter faces do
V— VU {interface}
E «— EU {(thisClass,interface)}
end for
dependents < jovaClass.get Dependents ()

N <« N U dependents— {thisCluss}
class Name <« N.getElement()
javaClass<read Cluss File (class Name )
this Class<—javaClass.get This Class ()
end while

return &

end Method
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h }
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Algorithm 2. Algorithm to Generate Association Graph

Input : 24 W OIS class Name

Output: &2 = @=(V, E)

Method generateAssociationGraph(class Nam é
javaClass<—read Class File (class Nanmie )
this Class<—javaClass.get This Cluss ()

Ve— {thisClass} E«— @ Ne {thisCluss }
Call—{ INVOKEINTERFACE INVOKESTATIC. INVOKEVIRTUAL
while V= do
Methods<—javaClass.get Methods ()
for all method< Methods do
while method.hasNextInstruction()do
inst «—method.get NextInstruction ()
opcode < inst.get Opcode ()
if opcodec CALL then
operand< -inst.get Operand()
class Type «<—operand.get Class ()
Ve— VU {cdassType}
E — EU {(thisClass.class Type ) }
Ne—NU {class Type }
end if
end while
end for
dependents «— javaClass.get Dependents ()
N <« N U dependents — {thisClass }
N.get Element ()
javaClass<—read Class File (class Name)
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 ¢;
C ¢ = new C(); }
} public class C { }
}
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Fig 8. Classes with Aggregation
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Algorithm 3. Algorithm to Generate Aggregation Graph

Input : 24 It OIF cdassName

Output: B3 1A 6= (V,E)

Method generateAggregationGraph(clas s Namé
javaClass<readClass File (class Name)
this Class<—javaClass.get This Class{)

Ve {thisClass} E— @ N« {thisClass}
while V= do
Fields< javaClass.get Fields ()
for all fieldE Fields do
if field.hasClass Type() then
field Type < field.get Type ()
Ve VU {field Type}
E — EU {(thisClass, field Type ) }
N—NU {field Type}
end if
end for
Methods<—javaClass.get Methods ()
for all method= Methods do
while method.hasNeztInstruction()do
inst < method.get NextInstruction ()
opcode < inst.get Opcode ()
if opcodeE
{ NEW.NEWARRAY, ANEWARRAY,MLTIANEAARA Y}
then
operand <« inst.get Operand()
class Type < operand.get Class ()
Ve— VU {class Type}
E «- EU {(thisClass,class Type)}
N—NU {class Type}
end if
end while
end for
dependents < jovaClass.get Dependents ()
N <« N U dependents— {this Class }
class Name <« N.getFElement ()
javaClass<—read Class File(class Name)
this Class<javaClass.get This Class ()
end while
return &
end Method
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Fig 10. Generalized Aggregation
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Algorithm 4. Algorithm to Generate Generalized
Aggregation Path

Input : 285t AT ¢, = (V,E,) 8Es 2A4E G, = (V,E),)
Output: 2E5IE EHS 3@ P=(V,E)
Method generateGenailzedAggregationPath( G, G.,)
E<-E, where G=(V,E)
for all (u.,v)E E, where u,vE IV do
for all (v,w)E E, where v,w& V do
E — EU {{v,w),(u,v)}
end for
for all (w.v)E E, where v,w<E V do

E «— EU {{w2) (v,u)}

end for

end for

P= G.genPath()

return 7~
end Method
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Algorithm 5. Algorithm to Find Leaf Classes

input : YB3 1T @, = (V,El) Hos JAE @, = (V. 5,)
Output: 2 SciA°| Z&
Method findLeaveClasses( Gl, G,)
L—o
for all «= 1 do
if Goutdegree(u)=0An Gyoutdegree(u) =10
A Gyindegree{u) =1 then
L «— LU {u}
end if
end for
return 7
end Method i
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Algorithm 6. Algorithm to Find Leaf Aggregators

Input @ &5 2T = (V. E), & 20)A° TS
Output: & 29JC] &gk 4
Method findLeaveAggregators( G, L)

Ao

for all v= L do

if (wv)EFthen 4 «— AU {u}endif

end for

return A4

end Method
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Algorithm 7. Algorithm to Find Leaf Clusters

Aot T g=(V.E), & 222 &g 4,
@ 2AC TE L
Output: 2 &0idie 88 LC
Method findLeaveClusters( G, A, L)
LC— &
for all a= 4 do

C— &

for all (¢,/)=FE do

C— CU {l}

end for

LC « LCU {(a,C)}

end for
return LC

Input :

end Method

Aol 12 Bz gl
VC,Cil<ij< nAcycle(C,) =

Zop2e) 4T {Chn O} oI

UTRIE 8. ERE i | YT2E
Algorithm 8. Algorithm to Find Recursive Types

Input : 26tste JOg BE P= (V. E)
Output: |25 EfYC| e RT
Method findRecursiveTypes P)
RT— o
for all (u,w)EF do
T—{u}
for all (u,v)E EAcycle(u) = cycle(v) do
Te— TU {v}
end for
RT<— RTU {T}
end for
return X7
| end Method

2 s A2E A, (LaRE 82 HYE Bl
T} & skt VI, T, € R s

Ll
g R={T-
TNT,=@°3 Vjk< m,cycle(CY) = cycle(CY)

o theled 70 = {CL,.., "} oIk 5, SRS ERIL ofsr 2
Al TR Rl P Bijle] BE Sille T ARIES

Zed.
(F22F O =55 Bkl A ¢ Bolzld 3kE
AReEle] HEE golgle] e i) HEE gojale
T B

(RALC,,...LC,}) 2l Beelth. 7]l Re
ol LCY,...LC& BeIl7t Rel S22l o Wojgfoltt
(& V1<i<nLC = (0l 1"} Ag, € RT).
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AVRIE 9. HEE dofg| 2| i
Algorithm 9. Algorithm to Find Recursive Clusters

Input : &2 E12S & RT, ¥ Edele 88 LC
Output: T2 B0U2IS| &8 RC
Method findRecursiveClusters( 7, LC)
RCO—&
for all R RT do
ree— ¢
for all lc= (a,{I,-~,],})ELC do
if c= R then r¢c «— rcU {ic}end if
end for
RCe RCU {(R,rc)}
end for
return RC
end Method

VI, &

u9_.

at of

JCATE & =74 A T At Z2
2 HEA 3 A|aHeR Ecllpse Europa 14) o)At 2put
2 Fasith. JCATS A3 shde (ad 12)¢ 2} (2
& 12)9 9% e Aup YA 22 goln © B& 3P
9F 3 Z2 a3 A& FYAZ o FHls SRS
HEYS §4¢ 298 gAER HoFr,

(18 15¢ (a8 18)2 At 2231 14>
(g 17))(1,3,5)9 229 Hojzigy +29 A=
B =FM FEg Alz®lel A4 DOT Y=
Graphviz(8] & AHE3t 92 Zolt}k (I# 16)% (1%
192 23 XML &Aolt}.

rlo

o
|

9]

.

(2" 20)& GUI |zl 72M Er] 2 73(1,5)9 23
oltt, YA Z2au A3 XML FAle Zol7t Ui 2o

et

Asaivais Resyl

S asees [T, 72, T3, T4 TH

Tit= new T2,
A= nan T4Q;
B3 T35 new TR,

Cenerakzation Graph

i 0oclass T3S
10 Taft= s T,
-‘;2:}
Frlass T4 i
Bt class T
15 int =0,
.

T8 12, jCAT A8l 3l
Fig 12. Screen Shot of jCAT

(1% 13)& 2% XML #41& $% DTDelt

<7xml 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+)*>
<!ELEMENT LEAF (#PCDATA)>
<IELEMENT GENERALIZATION (FROM, TO+p>
<IELEMENT CLUSTERS
{LEAF_CLUSTERS, RECURSIVE_CLUSTERS)>
<IELEMENT CLASSES ((CLASS#))>
<IELEMENT CLASS (#PCDATA)>
<IELEMENT ASSOCIATION (FROM, TO+)x>
<IELEMENT AGGREGATOR (#PCDATA)>
<IELEMENT AGGREGATION (FROM, TO+)+>
<IELEMENT TYPE (#PCDATAD>
<IELEMENT FROM (#PCDATA)>
<IELEMENT TO (#PCDATA)>

2] 13, E1t XML A8 DTD
Fig 13. DTD for Result XML Document

public class BST {
public static void main (String argsi]) {
inti:  Tree tn;
ir = 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.l == n) return;
it (value < n)
if (right == null) right = new Tree(n):
else right.insert(n);
else if (left == null) left = new Tree(n):
eise left.insert(n};
}
protected Data value;
protected Tree left;
protected Tree right:
¥
public class Data {
static int i

1

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

% 14, oFl AM E| =27
Fig 14. Binary Search Tree Program
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Fig 15. Classes and Relationship of Binary Search Tree

Program

<RESULT>
<CLASSES>

<CLASS>BSTL/CLASS>
<CLASS>BTree</CLASS>
LCLASS>Data</CLASS>
</CLASSES>
<RELATIONSHIPS>
<GENERALIZATION />
<ASSOCIATION>
<FROM>BST</FROM><TCO>BTree</TC>
<JASSOCIATION>
<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>
<RECURSIVE_CLUSTERS>
<ReECURSIVE_CLUSTER>
<RECURSIVE_TYPES><TYPE>BTree</TYPE>
</RECURSIVE_TYPES>
<RECURSIVE_AGGREGATORS>
<AGGREGATOR>BTree</AGGREGATOR>
<LEAF>Data</LEAF>
</RECURSIVE_AGGREGATORS>
</RECURSIVE_CLUSTER>
</RECURSIVE_CLUSTERS>
</CLUSTERS>
</RESULT>

713 16. OfR M ERje| Znt XML 24
Fig 16. Resulting XML Document of Binary Search
Tree

public class T1 {
T2 12 = new T2();
T3 13 = new T3();
}
class T2 {
T2 tt = new T2();
T4 t4 = new T4();
T5 t5 = new T5();
}
class 73 {
T3 tt = new T3();
}
class T4 {}
class T5 {
int d=0;
}

O3 17, RS QoRIE W Z2 O
Fig 17. Program with Recursive Clusters

2118, I8 179 SeiA F=0f 2y
Fig. 18. Classes and Relationship of FHg 17

<RESULT>
<CLASSES>
<CLASS>T1</CLASS><CLASS> T2</CLASS>
<CLASS>T3</CLASS><CLASS>T4</CLASS>
<CLASS>TE</CLASS>
</CLASSES>
<RELATIONSHIPS>
<GENERALIZATION />
<ASSOCIATION>
<FROM>T1</FROM>TO> T2</TO>TO> T3/ TO>
<FROMDT2</FROM><TC> T4/ TO><TO>TE/TO>
</ASSOCIATION>
<AGGREGATION>
<FROMDTI</FROM><TO> T2/ TO><TO> T3/ TO>
<FROM>T2</FROM><TO>T2</TO><TO> TA</TO><TO>
TE</TO>
<FROM>T3</FROM><TO> T3/ TO>
</AGGREGATICN>
</RELATIONSHIPS>
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<CLUSTERS>
<LEAF_CLUSTERS>
<LEAF_CLUSTER>
<AGGREGATOR>T2</AGGREGATOR>
<LEAFSTAS/LEAR><LEAR>TS</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</TYPE>
</RECURSIVE_TYPES>
<RECURSIVE_AGGREGATORS>
<AGGREGATOR>T2</AGGREGATOR>
<LEAF>TA</LEAR><LEAR>TH</LEAF>
</RECURSIVE_AGGREGATORS>
</RECURSIVE_CLUSTER>
</RECURSIVE_CLUSTERS>
</CLUSTERS>
</RESULT>

T2 19, 38 179 Znt XML 2AM
Fig 19. Resuiting XML Document of Fig 17

 TreeGUT .:
“'_j;_;':ii\'é'-'..

Tree Duptree 1 StringElem

Abs_iree [ntE e

T2 20. TreeGUI =z 12| 59} t@iéﬁ
Fig 20. Resulting Graph of TreeGUI Program
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% 21, s{5i= olxl M E __E'_| 27l
Fig 21. Modified Binary Search Tree Program
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