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Abstract

There is an increasing need for effective testing of
software for complex safety-critical applications. This
paper proposes a supporting method of testing for Java
programs by using Unified Modeling Language (UML) in
order to improve the reliability of them. The correspon-
dences of source codes in Java and elements of a class
diagram, a sequence diagram, and a statechart diagram
have been extracted. By using the extracted correspon-
dences as test items in testing, it becomes possible to test
effectively the specification of software, the structure of
Java programs, the flows of processing of a system, and
the flow of transition between states. Moreover, in or-
der to confirm the wvalidity of the proposed method, a
prototype tool to support testing for Java programs is
implemented. The inputs of this prototype are three di-
agrams, and the outputs are test items generated from
the extracted correspondences. As an example, a source
code of blackjack game in Java has been tested by using
the test items outputted from the prototype. It has been
possible to test 67.2% of the number of lines in the whole
source code.

keywords: software testing, Unified Modeling Language
(UML), test items, functional testing, Java.

1 Introduction

There is an increasing need for effective testing of
software for complex safety-critical applications, such as
avionics, medical, and other control systems. This paper
proposes a supporting method of testing for Java pro-
grams by using Unified Modeling Language (UML)][1, 2],
in order to improve the reliability of programs written
in Java programming language[3].

UML has been proposed to OMG (Object Manage-
ment Group)[4] as a unification methodology, and agreed
officially with UMLI1.0 in 1997. After that, UML is ex-
panded and it is UML2.0 in Oct., 2004. UML has been
accepted as an industrial standard for specifying, visual-
izing, understanding, and documenting object-oriented
software systems. The object-oriented language repre-
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sented by Java and C++ is spreading quickly. For pro-
gramming with an object-oriented language, an object-
oriented analysis and design is required. After Smalltalk
called first object-oriented language in 1970 is proposed,
various object-oriented methodology is advocated in
about 35 years. UML is becoming leading now.

In this paper, correspondences of source codes in Java
and elements of a class diagram, a sequence diagram,
and a statechart diagram, which are UML diagrams, are
extracted. The correspondences are extracted from the
specifications of UML and Java. By using the extracted
correspondences as test items in testing, it becomes pos-
sible to test effectively the specification of software, the
structure of Java programs, the flows of processing of a
system, and the flow of transition between states.

Moreover, in order to confirm the validity of the pro-
posed method, a prototype tool to support testing for
Java programs is implemented. The inputs of this pro-
totype are a class diagram, a sequence diagram, or a
statechart diagram drawn by using GUI (Graphical User
Interface), and the outputs are test items generated
based on the correspondences extracted in the proposed
method.

Section 2 shows the correspondences extracted in this
paper. Section 3 describes a prototype tool to support
testing for Java programs to confirm the validity of the
proposed method in Section 2. It is implemented in
Java and is applying to an example. Section 4 describes
discussion and evaluation.

2 Correspondences of source codes in
Java and UML diagrams

This paper proposes a supporting method of testing
for Java programs by using UML, in order to improve
the reliability of Java programs. In order to realize this
method, correspondences of source codes in Java and
elements of UML diagrams are extracted. This section
explains the correspondences. A class diagram, a se-
quence diagram, and a statechart diagram are adopted
in this paper.
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2.1 Class diagram

2.1.1 Attributes, operations, and visibility

Attributes in a class diagram correspond to variables.
For this reason, the variables defined in the class dia-
gram must be declared in a source code. Operations
correspond to methods. Hence, the methods defined in
the class diagram must be declared in a source code.
On the contrary, variables or methods which are not de-
fined in the class diagram must not be declared in a
source code. As an exception, even if only a method of
a class name (initialization method) does not exist in a
class diagram, it can be declared in a source code. As
to visibilities, their abbreviations are used before an at-
tribute, operation, and a roll name, and it means how it
is visible from other objects. In Java, + is public, # is
protected, and - is private.

Figure 1 shows a class diagram of class Person and
its source code implemented in Java. #name:String is
defined as an attribute in the class diagram. It is ascer-
tained that its visibility is protected, its type is String,
and its name is name. Hence, in a source code in Java,

protected String name

must be declared in class Person.

As to a operation, +getName () :String is defined an
operation in the class diagram. It is ascertained that its
visibility is public, its type is String, and its name is
getName. Hence, in a source code in Java,

public String getName()

must be declared in class Person.

The method public Person(String name) which is
not defined in the class diagram exists in its source code.
Since it is an initialization method, it is not an error.

2.1.2 Associations

If an association exists between classes, in Java, an
instance of a class with the association is stored in an
instance variable, and is possessed. Otherwise, an in-
stance of other classes is not stored in an instance vari-
able, and is not possessed. When a direction is given
to an association, it will become the meaning “unidirec-
tional navigatable association”, and the instance of the
only class of the arrowhead side is stored in an instance
variable, and is possessed.

Figure 2 shows an example of a bidirectional navigat-
able association between two classes exists. In class A,
the instance variable b in class B is defined. Hence, in a
source code in Java,

private B b;
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public class Person {
rotec ring name:;
protected String address;

Person public Person(String name) {

- this.name = name; '\
#name : Strifig } initialization method

#address: String public void setAddress(String address) {
this.address = address;

+setAddress(address: String) }
+getName( ): String
+getAddress( ): String

public String getName() {

— return (name);
}
public String getAddress() {
return (address);

}

Figure 1. A class diagram of Person and its
source code

must be declared in class A. In class B, the instance
variable a in class A is defined. Hence, in a source code
in Java,

private A a;

must be declared in class B.

Figure 3 shows an example of a unidirectional navi-
gatable association between two classes exists. In class
A, as similar to Figure 2, the instance variable b in class
B is defined. Hence, in a source code in Java,

private B b;

must be declared in class A. Class B does not need to
define an instance variable.

2.1.3 Aggregations and Compositions

If an aggregation exists, variables of the class equiv-
alent to the whole are implemented as object variables
of the class equivalent to a portion. Figure 4 shows an
example of aggregations. In a source code in Java,

private Person owner_;
private Person account_;
private Vector employee_ = new Vector();

must be declared in class Company.

As to compositions, aggregations and compositions
cannot be distinguished in the specification of Java. For
this reason, when compositions exist, in a source code in
Java, it is defined definition as similar to an aggregation.

2.1.4 Generalizations

If a generalization exists, the class of the arrowhead
side is inherited. In a source code in Java, it corresponds
using delimiter extends.
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Class A{ Class B(
Private B b; Private A a;
} )

Figure 2. An example of a bidirectional navigat-
able association

—

0.1 0.1
Class A{ Class B{
Private B b; /I no definition for instance variables

) }

Figure 3. An example of a unidirectional navi-
gatable association

Inheritance is succeeding attributes and operations in
the class which have already been prepared and is creat-
ing a new class. Hence, when a generalization exists, the
sub-classes can use the variables and methods declared
in the super-class, unless their visibilities are private.
It can use only in the class itself in which variables exist
when their visibilities are private.

Figure 5 shows an example of a generalization. Class
Customer has inherited class AbstractPerson. Hence,
class Customer must be declared as

public class Customer extends AbstractPerson

in a source code in Java.

Although a variable name exists in the source code
in Figure 5, it does not exist in the attributes of class
Customer. However, the variable name is not an error
since it is a variable in class AbstractPerson, its visibility
is protected, and class Customer is a sub-class of class
AbstractPerson. Hence, in this case, it can be used.

2.1.5 Multiplicity

Since a multiplicity means how many a class has asso-
ciations between the class and instances, in case a mul-
tiplicity is zero or one, a source code are needed to write
as similar to associations. When a multiplicity is plural-
ity (0-N or 1-N), it needs to realize an array of class type
whose multiplicity is plurality, or to realize an array of
Vector type in a source code in Java. When a multi-
plicity is constant, it is necessary to realize an array of
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account Account
Company 1 1
- - I
owner.Pers.on employee Person
-employee[]:Person 1 1%

-account:Account owner
s e

public class Company {
private Person owner_;
private Person account_;
private Vector employee_ = new Vector();
public Company(Owner owner, Account account) {
owner_ = owner;
account_ = account;

<<omission>>

Figure 4. An example of aggregations

AbstractPerson
#name:String

public class Customer extends AbstractPerson {
public Customer(String name) {

 — super(name);
}
public int getSalary() {

Customer return (0);

— }
+Customer(name:String) }
+getSalary():int

Figure 5. An example of a generalization

the maximum value of the multiplicity. In Java, in order
to create an array, it is necessary to use operator new.
As to the minimum value of a multiplicity, it cannot be
declared in the specification of Java.

Figure 6 shows an example in case a multiplicity is
plurality. It means that class A can posses 0-N instances
of class B. It is necessary to use operator new to create
an array. Hence, in a source code in Java,

private B[] b = new B[];

must be declared in class A. Or in a source code in the
case of using an array of Vector type,

private Vector b = new Vector();

must be declared in class A. When a multiplicity is con-
stant, the maximum value of the multiplicity will be put

in [].

2.1.6 Interfaces

If an interface exists, it can be corresponded to de-
limiter implements which means implementation of an
interface. Figure 7 shows an example of interface IPer-
son which class AbstractPerson refines. Hence, class Ab-
stractPerson must be declared as

@
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gs

“in case of using an array of class type”

Class A{
private B[] b = new B[];

T
“in case of using an array of Vector type”

Class A{
private Vector b = new Vector();

}

When a multiplicity is constant,
the its maximum value is put in [].

Figure 6. An example in case a multiplicity is
plurality.

Linterface>» IPerson
IPerson
ZAN
AbstractPerson AbstractPerson

Q <<abbreviation>>

publict class AbstractPerson implements |Person {
protected String name;
protected String address;
public AbstractPerson(String name) {
this.name = name;

}

<<omission>>

Figure 7. An example of interfaces

public class Customer extends AbstractPerson

in a source code in Java.

The above is the extracted correspondences of ele-
ments of a class diagram and source codes in Java. Table
1 summarized the correspondences.

2.2 Sequence diagram

When an input arrow exists in an object lifeline which
is an element of a sequence diagram, it is necessary to
declare a method for a label of the arrow inside the class
of the object in Java. But, since a class cannot be spec-
ified when the class name of an object symbol is hidden,
it is impossible to declare the method inside a specific
class. When an output arrow exists in an object lifeline,
it is necessary to declare a method call for a label of the
arrow inside the method outputting the arrow in Java.
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public class Window(

actor | | me:Window ‘ bvplaver:P\aver } ‘ myDealer.Dealer | pressNewButton(){
i 1:pressNewButton() ! 1.1:init() myPlayer.init()
myDealer.init();
1.2:init() ' }
J pressHitButton(){
2pressHitButton) &' 5, hit) myPlayer.hit();
- B }

pressStandButton(){

3pressStandButton()' 3 1.getsum() e Flaver aortom()
- 3 2:seek() myDealer.seek()
; myDealer.getSum();
| 3.3.getSum() T showResult();

}
showResult(){

34 showResu\l[);
1 }

Figure 8. A sequence diagram of blackjack and
its source code.

waiting for player's card;
while(sum<15){
in dealer thinking;
require cards;

if(sum>=22)
displaying win;
elsef
judgment;
<<OMmission>>

}

waiting for player’s input

require cards [sum<15]

in dealer thinking

[sum>=22]

)

[sum<player.sum]

judgment

[sum>=player.sum]

Figure 9. A statechart diagram of class dealer of
blackjack and its source code.

Figure 8 shows a sequence diagram of blackjack,
which is a famous card game, and a source code in Java
of class Window. First, since pressNewButton inside
class Window is called from actor, it is necessary to de-
clare method pressNewButton inside class Window in a
source code in Java. Its call cannot be declared since
actor is not a class name.

And then, function pressNewButton calls function
init in class Player and Dealer. Hence, it is necessary to
declare the call of function init of object myPlayer and
myDealer inside method pressNewButton in a source
code in Java. Simultaneously, function init must be de-
clared inside class Player and Dealer.

The above is the extracted correspondences of ele-
ments of a sequence diagram and source codes in Java.
Table 2 summarized the correspondences.
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Table 1. Correspondences of elements of a class diagram and source codes in Java.

an element in | correspondences to source codes in Java

class diagram

attribute It is declared as a variable. In a class diagram, “visibility attribute_name:type = initialized_value” is
described. In a source code in Java, “visibility type attribute_name = initialized_value” must be written.

operation It is declared as a method. In a class diagram, “visibility operation_name:type_of_return_value” is de-
scribed. In a source code in Java, “visibility type operation_-name” must be written.

visibility Its abbreviations are used before an attribute, operation, and a roll name, and it means how it is visible
from other objects. In Java, + is public, # is protected, and - is private.

association An instance of a class with the association is stored in an instance variable, and is possessed. In case of
a unidirectional navigatable association, the instance of the only class of the arrowhead side is stored in
an instance variable, and is possessed.

aggregation Variables of the class equivalent to the whole are implemented as object variables of the class equivalent
to a portion.

composition In the specification of Java, aggregations and compositions cannot be distinguished. For this reason, it
is defined definition as similar to an aggregation.

generalization | The class of the arrowhead side is inherited. In a source code in Java, it corresponds using delimiter
extends. If class A inherits class B, class A is declared as public class A extents B. The sub-classes
can use the variables and methods declared in the super-class, unless their visibilities are private.

multiplicity In case of zero or one, a source code is needed to write as similar to associations. In case of plurality
(0-N or 1-N), a multiplicity needs to realize an array of class type whose multiplicity is plurality, or it
is necessary to realize an array of Vector type. In case of constant, it is necessary to realize an array of
the maximum value of the multiplicity. In Java, in order to create an array, operator new is used.

interface If class A implements interface B, class A must be declared as public class A extends B.

Table 2. Correspondences of elements of a sequence diagram and source codes in Java.

ran element in sequence diagram

correspondences to source codes in Java ‘

In case of an input arrow existing in
an object lifeline

It is necessary to declare a method for a label of the arrow inside
the class of the object in Java. But, since a class cannot be specified
when the class name of an object symbol is hidden, it is impossible
to declare the method inside a specific class.

In case of an output arrow existing
in an object lifeline

It is necessary to declare a method call for a label of the arrow inside
the method outputting the arrow in Java.

2.3 Statechart Diagram

When a loop exists in a statechart diagram, it is nec-
essary to implement it by using statements having repet-
itive structure (e.g. while or for statement) in Java.
In this case, its guard conditions correspond to the con-
ditional expressions of the statements having repetitive
structure. When a guard condition exist in an output
transition or multiple output transitions exist, it is nec-
essary to implement it by using statements having se-
lection structure (e.g. if-else or switch statement)
in Java. In this case, its guard conditions correspond
to the conditional expressions of the statements having
selection structure.

Moreover, when multiple output transitions exist and
a loop exists, it is necessary to implement the state-
ments having selection structure after the statements
having repetitive structure. The things as above inside
the class which the statechart diagram expresses must
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be implemented.

Figure 9 shows a statechart diagram of class Dealer
of blackjack and its source code in Java. The state “in
dealer thinking” has three output transitions, and one
among them is a loop with an event.

Suppose that if-else statement uses as a statement
having selection structure and while statement uses as
a statement having repetitive structure. First, since
the guard condition of the loop is sum<15 it is neces-
sary to describe while (sum<15) in a source code in
Java. Next, since a guard condition is sum>=22 in an-
other transition to state “displaying win” and a guard
condition does not exist in the other transition to state
“judgment”, it is necessary to describe if (sum>=22) to
state “displaying win” and then to use else statement
to the transition to state “judgment”.

The above is the extracted correspondences of ele-
ments of a statechart diagram and source codes in Java.
Table 3 summarized the correspondences.

mr@
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Table 3. Correspondences of elements of a statechart diagram and source codes in Java.

an element in state diagram

correspondences to source codes in Java ‘

In case of a loop existing

It is necessary to implement it by using statements having repetitive
structure (while or for statement). Its guard conditions correspond to
the conditional expressions of the statements.

In case of a guard condition existing
in an output transition or multiple
output transitions existing

It is necessary to implement it by using statements having selection
structure (if-else or switch statement). Its guard conditions corre-
spond to the conditional expressions of the statements.

In case of multiple output transitions
and a loop existing

It is necessary to implement the statements having selection structure
after the statements having repetitive structure.

UM edne
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Figure 10. a class diagram including an associa-
tion (drawn on the input window of the proto-

type).

3 A prototype tool to support testing
for Java programs

This paper proposes a supporting method of testing
for Java programs by using UML. The correspondences
of source codes in Java and elements of a class diagram,
a sequence diagram, and a statechart diagram are ex-
tracted in Section 2. In this section, the validity of the
proposal method is confirmed by implementing a pro-
totype tool to support testing for Java programs. This
prototype has been implemented in Java[3] so that it can
be executed on different operating systems.

The inputs and outputs of the implemented proto-
type is described. The inputs of the prototype are a
class diagram, a sequence diagram, or a statechart di-
agram drawn by using GUI (Graphical User Interface),
and the outputs are test items generated from on the
correspondences extracted in the proposed method.

The procedure of the prototype is described. First,
either of three diagrams of a class diagram, a sequence
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£: Test items generation from a class diagram

<Test tems genereted from a Class>
Is class Person defined?

Is class Shop defined?

Is vanable name in class Person defined?

I the type of variable name in class Person declared s String?

Is variable age in class Person defined?

Is the type of variable age in Class Person declared as int?

Is method buyGoods(goods: String) in class Person defined?

Is the visibilty of variable name defined as private?

Is the visibiity of variable age defined as private?

s the wisibiity of method name defined as private ?

Is varisble goods in class Shop defined?

s the type of variable goods in class Shop declared as String?

Is variable price in class Shop defined?

is the type of variabte price in class Shop declared as int?

Is method sellGoods(goods: String) in class Shop defined?

Is the visibility of variable goods defined as private?

s the visibilty of variable price defined s private?

Is the visibilty of method goods defined as private?

Are netther the class, the variable nor the method defined except the above-mentioned?

<Test tems generated from Relations and Mulipiicity>
Is the type of instance variable shop in class Person declared s Vector or Shop?
Is the vishbilty of array shop in class Person defined as private?

Is the type of mstance variable person in cless Shop dectared as Vector or Person?
Is the visibilty o arrav berson in class Shoo defined as orivate?

Figure 11. Test items generated the class dia-
gram from Figure 10. (Output of the prototype.)

diagram, and a statechart diagram is chosen with the tab
and is drawn on an input window. And then, clicking the
“test” in the upper left of the input window displays an
output window. In the output window, test items gener-
ated automatically are displayed by itemized statement
based on the correspondences extracted in this paper
from diagrams drawn on the input window.

Figure 10 shows a class diagram, which includes two
classes Person and Shop, and an association between
the classes, drawn on the input window of the prototype
implemented in this paper. The test items generated
from this figure. Figure 11 shows the output window
obtained by clicking “test” in the upper left of Figure
10.

Test items are obtained from Figure 11. The sen-
tences currently displayed on <test items generated from
a Class> are test items extracted from two classes Per-
son and Shop, and four sentences currently displayed on
<test items generated from Relations and Multiplicity>
are test items extracted from the association between
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Table 4. The rate in which we can test a source code (with the number of lines).

source code the number of | the

tested from a se-
quence diagram

tested from a
class diagram

the number of
lines number of lines | lines
from a state-
chart diagram

the number | the number of | The rate
tested | of lines of the | in which we
lines which | whole source | can test the
we can test code source code

class Parent 29 40 28 83 112 74.1 %
class Child 22 23 6 37 52 712 %
class Player 15 13 14 31 48 64.6 %
class Card 17 8 12 29 47 61.7 %
class Cardstack 11 13 7 22 31 71.0 %
class Blackjack 16 27 15 48 82 58.5 %

| Total | 110 | 124 82 | 250 | 372 | 672 % |

two classes.

It has confirmed that the test items can be outputted
correctly based on the correspondences extracted in this
paper about attributes, operations, visibility, associa-
tions, and multiplicity as elements of a class diagram.
Moreover, it has confirmed that the test items can be
outputted correctly based on the correspondences as to
the other elements of a class diagram. Similarly, it has
confirmed as to elements of a sequence diagram and a
statechart diagram.

Here, time until an output window is displayed from
each UML diagram drawn on an input window time
takes about 1 second. The prototype has been ex-
ecuted on CPU: Pentium4 1.80GHz, Memory:512MB,
and OS:Windows XP.

4 Discussion and evaluation

In this paper, a supporting method of testing for Java
programs by using UMLI1, 2] has proposed in order to
improve the reliability of programs written in Java pro-
gramming language[3]. The correspondences of source
codes in Java and elements of a class diagram, a se-
quence diagram, and a statechart diagram have been
extracted. By using the extracted correspondences as
test items in testing, it becomes possible to test effec-
tively the specification of software, the structure of Java
programs, the flows of processing of a system, and the
flow of transition between states.

In order to confirm the validity of the proposed
method, a prototype tool to support testing for Java
programs is implemented. Table 4 shows the result in-
vestigated the rate in which we can test a source code of
blackjack in Java by using the test items outputted from
the prototype implemented in this paper. It is based on
the number of lines.

From Table 4, we can conclude that any source code
can be tested in range about 60 to 70 percent. It is
possible to test 67.2% in the whole source code in this
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example. Here, when the number of lines which we can
test from each diagram is compared with the total num-
ber of lines, the rate in the total number of lines is lower.
It is because lines which we can test in each diagram
overlap.

Consequently, the improvement in reliability of pro-
grams written in Java is expected by using the proposed
method. The rate has been measured with the number
of lines of a source code for convenience in this time. If
structural testing with coverages is used together, more
effective testing may be expectable.

In this paper, the correspondences have been ex-
tracted from a class diagram, a sequence diagram, and a
statechart diagram. By extracting correspondences be-
tween the other diagrams of UML and in a source code
in Java from now on, test items increase, and the rate in
which we can test the whole improves, and then it be-
comes possible to test it more effectively. Moreover, it
may also become possible to check adjustment between
UML diagrams by using the test items which each UML
diagram overlaps[5].

In recent years, MDA (Model Driven Architecture)[6]
which develops a system focusing on its model expressed
by diagrams attracts attention. Software tools which
actually generate a template of a source code in Java
automatically from UML diagrams are marketed([7, 8].
Such tools have not only a source code automatic gen-
eration function but also a reverse conversion function
(reverse engineering) which generates a model from a
source code.

If a source code automatic generation tool is applied
in software development, the prototype to support test-
ing implemented in this paper this time may become
unnecessary. However, a template of a source code gen-
erated automatically by the generation tools must add
to be written by a hand and then consequently to test
the source code after adding to write.

On the other hand, a main purpose of a reverse con-
version function is maintenance of a source code. Re-

B
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turning the original diagrams is not taken into consider-
ation. For this reason, as diagrams become complicated,
all elements of the diagrams from a source code cannot
be generated as the original diagrams That is, it is dif-
ficult to test whether a source code is implemented as
UML diagrams by using the reverse conversion function.

Moreover, when a UML diagram used as an input
is mistaken, a mistaken source code may be generated.
In the proposed method, when errors are noticed in a
source code, not only the source code but also errors of
UML diagrams may be able to be noticed by referring
to its specification.

Various researches for a UML-based testing method
have already started. [9, 10, 11] have proposed cover-
age criteria to generate test data based on events (tran-
sitions) of a statechart diagram or a collaboration dia-
gram. They are methods for a structural testing and are
important researches. They differ from our approach,
which generates test items from all elements of diagrams,
for a functional testing. [12] has suggested a testing
method to derive test requirements from a class diagram
and a collaboration diagram. It introduces a scripting
language over a concept of UML in order to derive ac-
curate test requirements. In the proposed method, the
correspondences have extracted from only the specifica-
tion of UML. Anybody who learns only UML is available
and understandable for the method.

5 Conclusion

T'his paper has proposed a supporting method of test-
ing for Java programs by using UML in order to improve
the reliability of them. The correspondences of source
codes in Java and elements of a class diagram, a sequence
diagram, and a statechart diagram, which are UML di-
agrams, have been extracted. By using the extracted
correspondences as test items in testing, it becomes pos-
sible to test effectively the specification of software, the
structure of Java programs, the flows of processing of a
system, and the flow of transition between states.

Moreover, in order to confirm the validity of the pro-
posed method, a prototype tool to support testing for
Java programs is implemented. The inputs of this pro-
totype are a class diagram, a sequence diagram, or a
statechart diagram drawn by using GUI, and the out-
puts are test items generated from the extracted corre-
spondences.

As an example, we have tested a source code of black-
jack game in Java by using the test items outputted
from the prototype implemented in this paper. It has
been possible to test 67.2% of the number of lines in
the whole source code. Consequently, the improvement
in reliability of programs written in Java is expected by
using the proposed method.
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Future issues are as follows:

e More extraction of the correspondences.

It is possible to extract more correspondences.
In this paper, the correspondences have been ex-
tracted from a class diagram, a sequence diagram,
and a statechart diagram. By extracting corre-
spondences between the other diagrams of UML
and in a source code in Java from now on, test
items increase, and the rate in which we can test
the whole improves, and then it becomes possible
to test it more effectively.

e Automation of the proposed method.

At present, it is tested whether any error exists in
a source code by comparing the test items gener-
ated by the prototype and the source code in Java.
In future, automation of the test which used the
outputted test items must be considered.
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