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Classifier Instance Operation CallMessage W& ReturnMessage Maanlaaiy

ExecutionContext 1u {aaifi

® Classifier luanrsunisdangi@aniinliuase fasnreiy wieudunangaes

Classifier lua1AUNTAUNALZANANANTS

v v
® 1Y (role) 289 Instance luanfuNITdaNdIdaTade azsaansariy (ludunay
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TURBUNITIATITT EXecif diainglalng Bseudo Code) felugi 3.6

verifyExecutionContext(expectedGik,aq

begin

# verify classifier of instances P Ltely

if not (actualCtx.instance.classifier is oglis i of e : ance.classifier)
report defect "Object is not @ (g [

# verify role usage

if expectedCtx.instance.role and ac X.Mstance.role a d for the first time

put a map entry ofl ex ISEanGE.rgle in rolemap
else if expectedCtx.instance ‘ .' fore

if a map entry of expgt is not in rolemap

report defe va rit

i
ll 1

report defect "Invalid role usage"

# verify operation

if expectedCtx.opera Mﬂt%m mj w Ej ’] n ‘j
report defect ! ain

# verify call me!

e fﬁﬁﬂﬁﬁfﬁﬂiﬁ%@ﬂﬂ? Gk

# verify return message
if expectedCtx.returnMessage not match actualCtx.returnMessage
report defect “"Mismatched return message”

else

end

= z = ;
3% 3.6 TUABUNMSILATIEN ExecutionContext
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verifyCallMessages(expectedMsgs, ackiaiages CallMgs
begin :

# verify each call message in
foreach exptMsg in expected
begin foreach
# fetch call messagesffo
actiMsg = next actualMsg
while exptMsg.operatigh noj
if actiMsg is'refi ‘
actiMs@f= |

message

else :

report dgfe isnatehiet]/

: . Pty

# verify receivers of the mesgéiges 4k .. ,
verifyExecutionContext(expt JPCeyer,.actil

end foreach

end
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3.5.1 Simple Polymorphic Assignment
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% main : Factoryhain factory : AFactory a: A

perform(param)

- a = createA(param)
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angLlf 4.17 MeaziBungdiAauILia 1: Add contact 194g8LAd Add contact T

. pr . :
LUUNNEALARLAAIAIANTINT 4.3 TEaZIBUAYALAEVNIEIAT 2 Authenticate client Tu
LHUANEALARLAAIIIANTINT 4.4 LaTTEaTBEAYALAAUNIELAY 3: Invalid phone no
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A157499 4.3 i‘qﬂﬂzk‘ﬂﬂﬂﬂﬂtﬂﬁﬂuqﬂtﬁ'ﬂ 1: Add contact

Use case no.: 1
Use case name: Add
Description: e o_ntac i —
Actor: . ' . ‘
Pre-condition: . : ign: name, surname,
e A ip code.
Required-item: : : Max Min
u s i - -
t pho 1 7 ing - -
Fodras 20 : .
zi LA 5 10000 | 99999
Is abstract: — ]
Success scenario: :
Condition no: 0 (name.leng surname.lghgth > 0) &&

ftgphone>?"0000m") && (telephone<="9999999")

Step J/‘:CJO

{ucz}

q sm AATRNRAT BN

System saves the contact information into database.

4 System shows a message “Save new contact complete”.

Alternative scenario:

Condition no: 2.1 (name.length <=0)

Step Action

201 System shows an error message “Please enter name”.
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A9 4.3 18RTLBYAYRLARUNIELAT 1: Add contact (AB)

Condition no: 2 (surname.length <= 0)
Step Action
2231 System shows an error message “Please enter surname”
Condition no: 2.3 n/a
Step Action
23 {UC3}
Post-condition 0 Syst W/ 7 d shows a message “Save
— p,eé
- R o sfol messa08 “Please enter name”
o
: lease enter surname”

-l -
A9 4.4 S1HRSLBER

Use case no.:

Use case name:

Description:

the system.

Actor:

Pre-condition:

at@d in system. Client

-
-

LY
s
Required-item: a ne Sizeflll Max Min
7 ¢ glogin Stipg 8 - -
qle 9.0 1 9 EFH ' ‘i )
Pl B BE) Vi
Is abstract U 0
¢ F-N Qs
Success‘§deh : ganI
' =19

Condition p: (passwd <>"")
Order Action
1 System submits login name and password form client.
2 System checks login name and password.
3 Client logs in to the system.
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ANT1N9N 4.4 IFI'J'é]ﬂﬂﬂﬂﬂﬂgL’aﬂﬂgﬂLﬂﬂﬁN’lﬂLﬂﬁl 2: Authenticate client (A1@)
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Alternative scenario:

Condition no: 2.1 (login == "")
Step Action
2.1 System shows an error message “Please enter login”.
Condition no: 22, (passwd =5.¢
Step Action | 1
2528 sane e “Please enter password”.
Post-condition: 0 tofthe
21 lease enter login”.
2.2 lease enter password".
AN5197 4.5 ArasnesEay . hone no
Use case no.: A J:
Use case name: nvald p TG
Description: 7 e ¥ li
Actor: A%
Pre-condition:
Required-item: Max Min
telephone String - -

Is abstract

Success scen

=

LT )
IRBRTHYAT
o 1l

(telephone‘< “0000000") disitelephone > “9@RP999")

Condition no: 0 :
ighb | [oY )
= i
1 System shows error message “telephone number length
must be 7"
Post-condition: 0 System shows error message “telephone number length

must be 7"
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A8 Add contact wuLAUAZA uaziEndinumua iRy anaiiaediniuyang
Add contact naug¥wnsdinagevdegaiaafisonuda HmaaziBungaing Add contact

samnsah 4.6

=l a = - \
A5V 4.6 1RSI AL A LA NEINAANNT A NS iNNELRY 1: Add contact

Use_ case no.:

Use case name:

' Descripti_on: :

Actor:.

Pre-conditio'n:' :

name, surname,
Zlp code. Login name and

14 Client enters login name

Required-item: Max

g A 9 N Qi g|99999

‘lsabstray . w10
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M15719N 4.6 i’lﬂaxtaﬂmgﬂLﬁﬂmqummﬁ'uwuégamﬂﬂmﬂm‘n 1: Add contact (A8)

Success scenario:

Condition no: 0 (name.length>0) && (surname.length>0) &&
(telephone>="0000000") & (telephone<="9999999") &&
(login <> “") && (passwd <> ")
Step Action N
1-1 System;st H!}%: c#nd password form client.
1-2 . eks login AariCaneipassword.
1-3
2 \ation form client.
3 ation into database.
4

Alternative scenario:

leyw contact complete”.

Condition no: 1-2.1

Step

1-2:1.4

Condition no: 1-2.2

Step

1-2.2.1

Condition no:

-
-
-

i
He8se enter password”.

Step

241

Condition no: 2.2

— TR

(surname.lenﬁth<20) F- L7

3
22,1

System shows an error message “Please enter surname”.

Condition no: 2.3

(telephone < “0000000") || (telephone > “9999999")

Step

Action

2.31

System shows an error message “telephone number length

must be 7".
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ai P =l s '
A197199 4.6 iqﬂﬂzl'ﬂﬂﬂ%ﬂlﬁﬁﬂiquﬂ?qﬂﬁuwuégﬁlﬂﬂunqﬂlﬂm 1: Add contact (Aa)

Post-condition: 0

1-2.1
1-2:2
24
2.2
2:3

Client logs into the system. System saves new contact and
shows a message “Save new contact complete”.

System shows an error message “Please enter login”.
System shows an error message “Please enter password”.
jeirar message “Please enter name”,

!/ age “Please enter sir name”.

S an erre S2ge “telephone number length

System show i

Syste 0.8

Systefis

T

NYALAR Add contacid

=i -
ANT9N 4.7 NTUNARALUS

q

Test case id 31

Test case name | Add conta

(teleph

Description Success Scg

<> P )
- -

Pre-condition Clientdft S

D¥len(sir_name)>0) AND

one>="( O'-"; hone<="9999999") AND (login

h
-l
i

LY
'; me, telephone

numbe nd e-mail address. 1D and passwdgd are created in

system. Olfgghenter ID and pag@sivord.

Input 1] m |
id setapong
AR AATUNMINENAY
5  name j andryi
sir_name shevchenko
telephone 1234567
address ltaly
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mmeﬁ 4.7 NTONARDUNNELAY 1.1 21RIHLAN Add Contract (Aa)

Expected System submit id and password form client
Output System check id and password

Client log into the system

System submit the contact information form client
System save the contact information into database

System show messa o‘- ew contact complete”

: !
Post-condition Client log into thel U. [,Jp' 2ye new contact and show

message “Seawee ., bntact cEimetiam

—

ﬁ']‘i’li‘l‘l/l 4.8 ﬂi‘mﬂﬂﬂ’ﬂﬂﬂ&l’i . I

Test case |_d 12 e ‘

//// -
Test case name | Add .I//h ‘\ \\
Description Alternafive i l W \

Pre-condition Client end€r th IF name, telephone
number andfe-| :e{ o531 1Dk A rd are created in

system. Clie '

Input Name "0k

e

.-I: Andryi

AUBINYNINAAS

. P address o Italy (v
Expected ‘) 1Al Sk <dbmt ik rl: ! or '-EJ ’ o\ ’

Output 9 Syéterh cHe;:I{ id and password

System show an error message “Please enter ID”.

Post-condition System show an error message “Please enter ID".




ﬁ‘l"l‘a"ls‘iﬁ 4.9 ﬂifﬁﬂﬂﬂﬂﬂ“uﬁﬁltﬂﬂl 1.3 WRIYALAA Add Contract

Test cas‘e'id

1.3

Test case name

Add contact

Description

Alternative Scenario: (passwd = ")

Pre-condition

Client enter the contact information: name, sir name, telephone

number and e-mail addre D and password are created in

system. Client enteplDiand eds
yste t.fl_{‘f/' Ji

Input

Name s

Expected
Output

t it il
System subgiit igfand 'J,‘,;_ D

System check il ﬁf:_.':._.

System show an e &17 FEESag 8¢ enter Password”.
i 7 ot

Post-condition

Systein 3he &

-l =
B899 4.10 NSUNAR DL NS

v —

TELa 1.4 1298 Add Contrac.
u

Test case id

¢ a L7

Test case name

ﬂ’*ﬂ}:

Descri pt|on

natlve Scenario: (Iea{name <=Q)

9

s QPRI TS

number and e-mail address. ID and password are created in

system. Client enter ID and password.
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57971 4.10 NIANARAUMMNELAY 1.4 UBIEALAT Add Contract (si)

Client log a6
System sulg

Systern#€ho

Post-condition

System s#fiow,

al o
A19191 4.11 NFUNAFABLKRNNE

Testcaseid

1.5

Test case name

| Add

Description

Alterfai
M

Pre-cO_n'dition

1nput

Y Name Value
—_ QS
QWW aﬂﬂ‘imu‘lﬂﬂ neay
passwd ‘note '
name andryi
sir_name <blank>
telephone 1234567
address [taly

Client efifer the contae

number agd gmail address. IQygnd password are created in

UEPRBNININT

Input Name Value
. id setapong
passwd note
name <blank>
sir_name shevchenko
telephone g 1234567
addre - Italy
'E'x_p'ec:'ted _ ' System s Al Oraior "*'L"i._
Outbut . System che

E— e

ation. name, gifiname, telephone
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5197 4.11 NSRMARAUMANELAT 1.5 123gALAN Add Contract (sia)

Expected
Output

System submit id and password form client
System check id and password

Client log into the system

System submit the contact information form client

System show an error message “Please enter Sir name"”.

Post-condition

-
System show an erié I. ! If > #Please enter Sir name”.

al -
A9 4.12 NTUNARDURN

L

BLL ‘_-_, 'ﬂd &

Test case id

1.6

Test case name

Description

OR (telephone >
"99999g

Pre-condition

Client entg

name, telephone
number and Mord are created in

system. Clien

Input Name . g
fpmo )
Sr_pgme shevchenko
AUBANYNIN a'mi
e AWTASTNT ERITINENAE

Client log into the system
System submit the contact information form client

System show error message “telephone number length must be 7"

Post-condition

| System show error message “telephone number length must be 7"
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Supporting Software Testing

Based on UML Sequence Diagrams

Siros Supavita and Taratip Suwannasart
Department of Computer Engineering, Faculty of Engineering
Chulalongkorn University, Thailand
Siros.S@student.chula.ac. th, Taratip.S@chula.ac.th

Abstract

As UML Sequence Diagram usually rep,
interaction of objects in object-oriented s,
of a sequence of messages sending betwee

implementation. Likewise, lesting, espe
and system testing, potentially benefits
source of ftest specification. Whereas the
the testing is to verify whether thg
conforms to the design, message send
implementation is required to be compare,
the design. While the expected messagefse
is extracted from UML Sequence Diagrg
message sending sequence s derivg

along with the basic guidance of how to app
software testing, as test oracle and lest coverdg

4 Introduction

While object-oriented paradigm pig
inheritance and polymorphism, tha =-
easily solve problems, it poses difffeditie
the features are specific to the |pgradight;
techniques for structural programming=paradigm are not
adequately appropriate. Although some techniques,
particularly functional

im

sed on the model is very desirable. The goal is to
ormance of the implementation against the
el Nevertheless, there is no standard way of
ations in models and diagrams. Testability
e model must be established so that the
otatiens 2 mly used to produce test-ready model.
\kﬂ:\{{\» have defined usages for their specific
;\.ﬁ; pproacheS™aWhile some focus on system-level
56], some focus on internal interaction or
nlementati 9,10].
\ \‘- f88ues about object-oriented software testing
1 -,{, BgsC i'en UML in mind, we are working on
tes¢ approach based on message sending
"\w ."\‘- in UML Sequence Diagram. We focus

0D stem or integration level, as UML

: \l'ﬁﬂil am usually represents interaction of a
o system. This paper presents a model for
entinglmessage  sending sequence which is an
patt of the test approach. Section 2 gives an
w of the test approach. Section 3 shows related
ncept of the model is discussed in section 4,
5 explains the model elements. Section 6

of-the model and the application of the

-
Feéclion 7. Finally, section 8 concludes

ust
TEQULEET D
i .

SH citieatic

2. Testing of ﬂssage Sending Sequence

testi t iqu b 1
s uence
applicable [1], most are us %%rﬂsﬂﬂ mﬂ" ﬂ&i‘l
[2] shows that programs désign AR iedts brlegmponént8 idkobject-oriented software interact

paradigm usually result in y operations with onl
simple intraprocedural control flow. This is significantly
different from stru@aﬁﬁl ﬁ '
and data flow basgd tin h S i
originally designed f8 the structural design principle, is
not suitable [3]. Moreover, unit testing in object-oriented
program is inseparable from integration testing [4].

As UML (Unified Modeling Language), as a modeling
language for object-oriented paradigm, is gaining more
popularity, it becomes the essential part of many object-
oriented software development projects. With its standard
notations and semantic, designers can use UML to model
their design in an expressive way, and also communicate
to others effortlessly. Beside design and implementation,

by sending messages to each other. It is said that a sender

ject s a message to @freceiver object which is
i ) }‘%Ez olyj c an operation on the
eiv e sa ifiglsequence is an ordered

sequence of message flying between objects in the
interaction.

“Message” is a design term and is usually in higher level
and conceptual; hence, it can be interpreted into several
different meanings in implementation. “An object sends a
message to another object” can be interpreted as “an object
calls an operation on another object”, “an object posts an
event which causes another object, as an event handler, to
be executed”, or even “an object asynchronously calls an



operation on another object”. In our current work, we
consider only message which is a synchronous operation
call.

2.2 Test Approach

From an interaction diagram like UML Sequence
Diagram, message sending sequence is defined as the
design specification. Programmers use the message
sending sequence as the guidance of their implementation
of the interaction. For test purpose, it is treated as the
expected message sending sequence using as a part of test ,
oracle, in addition to the output. The implementation unde
test must perform message sending equivalent {o°
expected message sending sequence. \ "
According to the test approach, instrumenta
execution is required to capture the act®
sending occurs under the execution. As stated
compared to the expected message scndmg seg
verify conformance of the implementa Ao
design model. An overview of how the apprg
shown in Figure 1.

wol (st

Design Model Imp Enlal
(Sequence Diagram) Under Te

Extracting

Capiding

(Instlimenting

Expecled Message
Sending Sequence

Actual MegSlte
Sending Uence '

Figure 1. Testing of message sending seq

We are currently working on defining the syst
procedure to verify the execution result
message sending sequence) against the -
expected message sending sequence). §
need to be considered, regardin
sequence analysis. Ideally, the expectc [
message sending sequence must be iden Nonethe ess,
the interaction diagram, as the source of the expccted
message sending sequence does not ushallys contain
interaction in a great detail
Designers ordinarily omit the

common classes, like String in Jéj, or their own utility or

framework classes. As a result, the actual message sendmy

sequence is evnde
message sending seq

AFRATT
which is a spemﬁc fea e to object-oriented para

another important issue or sequence comparison.

2.3 Scope

Although our approach aims generally to UML Sequence
Diagram, it apparently has limited range of usage. As
stated earlier, our focus is on message which is a
synchronous operation call, even though UML Sequence

U ——
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Diagram also supports other types of message, like an
asynchronous call.
Another limitation lies in the way the interaction diagram
is written. The previous section shows that the interaction
diagram usually omits some classes, resulting in a gap
between the interaction diagram and the lmplcmentatlon
As the gap grows wider, more messages in the actual
message sending sequence are missing from the expected
message sending sequence. Hence, the accuracy of
message sending sequence verification is lessened. This
becomes even worse when the diagram is written for high-
el design where many parts of the interaction have been
fidedd from the diagram. Thus we currently limit the
/ !- w expected message senr_iing sequence to on!y
the/ ? design diagram which reflects the main
portiBi-eFtic lementation.

ed a tool, named SeDiTeC [9], to
ava program from UML Sequence

ce Diagrams are taken as the test
est drivers are generated according to
ed in the diagram. Several diagrams
srm a test scenario; as a result, it
step, test execution, and result
o written in separated diagrams. Test
parameters of operation calls which are
grams. Moreover, test stub class can be
complete implementation.
exéeution is determined as pass or fail by
& the execution with the Sequence Diagram. The
all, the object identity, input parameters, and
vecified, by the testers, are used for the
dbe) design model does not fully
‘ ation, the testers are required to
is passed or failed. However, it
de su l',.l ort for polymorphic interaction.

i

4. oncept of the Model

| .3.‘

t0

AL 11 *3‘ WHINI

Our goal is to have the expected message sending
uence #éid the actual mMge sending sequence
u q w ease the sequence
ati t have all common

features of both message sendmg sequences, while must

also avoid contradiction or confusion from both message
sending sequence.

4.2 Instrumentation Model Requirement

Basic requirement of the instrumentation model is that the
model must represent message sending sequence between



objects which occurs in an execution of object-oriented
software. The model is significantly different from the
instrumentation models which capture only function
entry/exit in structural program, since object-oriented
software makes uses of objects. An object is a cohesive
piece of data and operations that manipulate the data. It is
different from a structure type in structural programming
which contains only data; the manipulation operations live
apart. Moreover, each object has an identity of its own
which distinguishes itself from other objects. Two objec
although contain identical values of data members, hd
different identities; hence, they are not identical
difference is the major requirement of the mode
As polymorphism is a specific feature of objee
paradigm, discovering faults related to pot
the main purpose of an object-oriented testi
As a consequence, the model must
representing polymorphic server situation

similar to usual function entry/exi
models. The model must be able to address
called function name and arguments
specific function), and context of the
where the function is called).

4.3 Design Model Requirement

The model, which satisfies requirement in th
section, is also capable of representing th€" mss
sending sequence from the design model, as the g&
information about the message sendmg sequence (m
sender, message receiver, message actign, an T
about the operation and class where ik
are similar. Although for now we
support message sending sequence Ge
the execution and the design model, the
extensible to support further analysis, example return
condition (usual return or exceptxon throw and returned
value verification. Since w

oty the
requirement for the analy51s, a.u lEln %
open for possible future extensibn
4.4 Assumption and Restrlctlon

First assumption is a i&qah

sendmg as described éarlier; only the message sending
which is an operation invocation is supported. Another
assumption is about thread of execution. It is allowed to
present concurrent execution in a single UML Sequence
Diagram, by using notations like asynchronous call, return
call, and object lifeline. However, testing for concurrent
execution is complicated. Specific test techniques and
instrumentation techniques are required to support
concurrency. As a result, our current model supports only
a single thread of execution for both the actual execution
and the design model.

D2
E ode
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As UML Sequence Diagram allows guard conditions to be
attached to messages in a diagram, a single Sequence
diagram can represent a main scenario with several
alternatives. Our model is a representative of one scenario;
therefore, guard conditions are not currently considered.
Further extension of this model, however, might include
guard conditions for analysis purpose.

5. Design of the Model

gh UML provides semantic that covers wide array
iented modeling including structural model and
odel, the structure of message sequence in
essages are grouped into an ordered list,
¢ to represent execution sequence in our
as a structure similar to dynamic call
dilich_does not share a node when there is
a an operation.

ented in class diagram as shown in
equent subsections, each element in
ition model is discussed and possibly
equence Diagram element to give an
¢ design model might be extracted and
Xecution.

iS "-llp opria

ontext

tiof€ontext element holds information about an
0 operation under a specific circumstance.
tion may send messages to instances and results
in other contexts. Therefore, a context can be
p€ssage receiver, or both.

ic—sendgreda context has a reference to an
l,‘:g it sends. The messages are sorted
. Each message represents call and
all. Using depth first traversal on the
ds the sequence of message sending

O l
urn of t
oontext hlerarchy

ire interaction in timely order.
re are 2 aspects of operation
ﬂ:ta e H@ﬁ? a direct associated operation
etu n operation actually executed,

and an operation associated to the stimulus message as an
operation #fe sender intends®b invoke. This is for

NI LIRS e e o e

explicitly presented, both operations are identical.

Unless the execution is on class operation, an execution
context must be associated to an instance. The instance
must be an instance of the class where the operation of the
execution context and the operation of the stimulus
message are defined or inherited. This is not an issue in
some object-oriented programming languages (i.e. Java,
C++), for they perform static type checking which already
prevents undeclared operation calls on an object [12].
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:EmalnnSpqumce i

' ReturnMessage

containg

-retunkiessage [ 0.1

Trexecutar return

is contexi of

__tinstance 0.* E

sender send

sxetlte

recaivar

s an instance of

-type

5.2 Instance

Classifier, because an object in the collab
roles of several Classifiers. However, an
implementation must have a type as a concy

verification needs to compare the instances of #he
and the receiver of each message as well as the me
itself. In the design model, instances are identifie
assigning a role to each instance. Th
model must also support instance ides
example, using generated object runf
mapping between roles in the design a
not possible, improper instance usage is recagnizable

L
5.3 CallMessage

-stimulug 0.~
Ca.lMessaue i
repe _abla hoolean-false

accommodate polymorphic interaction.
ation associated to the execution
ver, the call association on the call

\,.
\ o reveal defects in polymorphic

ement contains information about
eturn condition. As stated earlier, the
info ol from both the design model and the
tatiofymodel are important if we want to perform
thé&€xecution result or condition, in addition to
sending sequence. For design model, this element
information specified in the model as return
ecutiga, if any. For the execution model,
a=yalue or condition captured from
v |the thrown exception. However,
D Glar requirement on this issue yet,
iS¢ ,;J tly empty and optional.

cutmnSequence

A CallMessage element is a rﬁeﬁ Q'nﬁsﬂ n:} ﬂ%&gent is a container element
sent from a sender object to el ject apls th s. It has an association to an

earlier, our focus is on an opcratlm call message, which i 1s
similar to CallAction in UML semantic. A message has
references to its sendﬁyﬁ'}: ﬁ:ﬂ
ExecutionContext el ts ti

is the context where tig message is issued, while the
receiver execution context is the context that the receiver
instance executes as the effect of the message. As an
execution context element has a reference to an operation
it is associated to, we can trace from a message to the
operation which is the origin of the message and the
operation which is the target of the execution.

In addition to the context of the sender and the receiver, a
CallMessage element also has a reference, named “call”,
to an operation as the target of the call. The purpose of the

execution context, which is the context of the actor of the
interaction. #&Bhe actor, as thutlmulus initiates the

: s to other objects.
leme rmation which is

apphed to all elements in the interaction as global
attributes of the interaction; for example, an identifier
which is assigned to a particular execution scenario for
further reference or the condition of the scenario collected
from guard conditions of the diagram.

5.6 Classifier and Operation



Though sharing the same name, the Classifier element in
this model is different from Classifier in UML model. In
UML, a Classifier element is a base element for others,
like Class, Interface, Components etc., providing general
attributes to support different aspects of modeling. In our
model, Classifier, as a base class for Class, Interface, and
DataType elements, only provides the “name” attribute
common to all of its subclasses. The only purpose of
Classifier element in our model is to provide a common
structure for its subclasses. There is only one usage of
Classifier, as a type of each formal argument of an
operation.

An operation is identified with its signature which includes
its name, the list of its arguments along with their ty]
and the class where it is declared. The class diagrai
Classifier and Operation is shown in Figure 3.

5.7 Class, Interface, and DataType

67

This section shows how the model looks like for a given
example of UML Sequence Diagram and a snippet of Java
code. While the model is capable of representing complex
diagrams and execution, the example is rather simple for
understandability.

Fﬂnr [ controller : MainController
T

==

numbery, | I

I

2: doSth(tex) o

As described in previous section,
DataType elements are subclasses af
They inherit an attribute, name, fromi €k
The attribute represents name of class;
type respectively. :I

We designed these elements based on well-known object-
oriented programming languages, Java and C++. Class
element is apparently require
class-based. These languages, ¥hi

most of object-oriented feature

dynamic binding, are classified®ds hybrid [12]. They do

be an object, so there are pieccf

not require everything to b

of data that are dehdﬂ Thi N Wit
represented by DataT§p em| imyJofir fm {m
addition, Java has an adgitional construct, interface, w ich
is considerably different from class in many senses; as a

consequence, Interface element is designed to support this
construct.

6. Example

e affeliages are
eni]
sther ands

ExscutionContext
operation=doSthinumber)
class=A

Instance

rolelD=server fe—Is instance of
type=A

)

gur :.’Jj Design model example
i

Figlid 4 shows a simple example of Sequence Diagram.
aild *to controller, an instance of
1 Oﬁ:tm instance, in turn, sends 2
messages to server, an instance of class A; as a result, 2
operations 4 server, doSth(text) and doSth(number), are
ively. S sending sequence
uﬁleﬂt‘%ﬁﬂnqi nE{shown in Figure 5.
The "examp 0 oW ifrthe design model, as
previously discussed, the operation associated to an
execution context is identical to the operation associated to
its stimulus message. Moreover, how overloading methods
are modeled is also shown in the example model.
Figure 6 shows a snippet of Java code which is an example
of implementation of the diagram in Figure 4. When the

controller instance is instantiated with an instance of class
A, the message sending sequence captured from the



execution is identical to the one in Figure 5. However, it is
slightly different, when an instance of any subclass of
class A is supplied for the instantiation. Figure 7 shows the
part that is different from Figure 5 with the different
elements highlighted, for the case where an instance of
class B, as a subclass of class A, is supplied rather than an
instance of class A.

class MainController {
protected A server;

public MainController (A server) {
this.server = server;

}

public void doSth(String text, intyalm

server.doSth(text);

server .doSth (number) ;

Tigure 6. Java code exaa

ExecutionContext
operafion=toSth{text,number)
class=MainControlles

Is instance of —

Figure 7. Partial instrumentatigr‘ing

7. Application !
b |

The model presented in this paper l‘| be applied 1o

several tasks in testing. Application o e model as test

oracle, as emphasized in this paper, is th important

one. This model provides fi

generation approach, where [exgc

case yields the message senquequence equ:va]en' t lo% I I

model.

Besides, the models=
model. When the
conditions, basic cov
based testing can be applied. As the model is capable of
representing polymorphic interaction, it is also possible to
define coverage criteria based on polymorphism for the
interaction.

8. Future Work and Conclusion

L ———
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In this paper, we propose a model for representing
message sending sequence of object-oriented software.
The major purpose of the model is to support testing based
on message sending sequence which we are currently
working on. We plan to implement extraction of the
expected message sending sequence from XMI format
which is a standard form of representation of metadata
model, including UML, in XML. For the actual message
sending sequence, Java is our target of implementation.
Next, the verification rules for message sending sequence
are established and evaluated with several patterns of
taraction. After we accomplish this step, test
3 ! ment based on the test approach will be developed.
‘ /J:. gonment will allow testers to automatically
cases based on UML Sequence Diagrams
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Abstract

Testing is very important for
interactions, as the exact interactic

that concern about inheritance and
none of them aims at the context of i

criteria to generate and select test cas
oriented interaction testing.

Keywords: Software Testing, Test Adequ
Criteria, Object-Oriented, Interactions,
Polymorphism

1. Introduction
As object-oriented software :i sting req

significantly different concerns ®om procedure-
oriented software testing, specific test gpproaches for

object-oriented paradi e
As the unique features Off
encapsulation, inheritancé, and

faults that do not exi

in procedure-oriented

software, the test approaches must aim to ,unco,vel‘

these kinds of ﬂ L dds, sﬂﬁ '
in [2] that these featiir selspme] difficulll i

for testing and resflit in test adequacy criteria that are
different from procedure-oriented software.
Adequacy criteria are defined specifically for
each test approach, as each of them concerns with
faults on different angles. In this paper, we explore
an idea of adequacy of testing object-oriented
software, focusing on inheritance and polymorphism
features in the context of interactions, as we are
working on defining a test approach for testing
interactions defined in UML Sequence Diagrams.
Given an interaction or, strictly speaking, a
polymorphic interaction, the effects of inheritance

¥ib
rph¥sm) causes”

orphism under the interaction execution
gfi® are. important to design an appropriate
imetha@ 10T testgeneration and selection. Even also

1 focuSeamen_inheritance and polymorphism, other

adequacy criteria focus on the

§ént ways.

organized as followed. Section 2
ickground in adequacy criteria,

orphism. Related works are

on, 3. Our criteria are presented in

,*,\ e 5 compares and discusses

afficiency and subsumption. A case study

A 8% 6, and the paper is concluded

nd

equacy Criteria

iafire always an essential part of
apbipaches. Without adequacy
88 of testing cannot be evaluated,
Orresiness of the software under test.
dequacy crite Oh expresses whether a given test
set is appropriate for uncovering faults in software

unchyest according to a particular testing technique.

t meg an exhaustive test set,
nﬁ-ﬂiﬁqﬁ%e and a lot of effort to
xecute. s not t-cffective and, sometimes,
impossible in practice. Testing software with an

. es the software is

ﬂeﬁﬁo %%?q oﬁroughness; as
sequeride, quality=or c f the software

is trusted to the level corresponding to the criterion.

For program-based testing approaches, an
adequacy criterion is defined based on basic building
blocks of the artifacts under test [6]. For example,
adequacy criteria of path testing (i.e. branch
coverage criterion etc.) [7] are defined based on
elements in the control flow graph of the program
under test.

2.2 Inheritance & Polymorphism



very convenient features of object-oriented
inheritance and polymorphism can help to
ve many problems with less complicated design.

of their important characteristics is instance
tution under a polymorphic interaction, where
instance of a class may be substituted, under the
~ actual execution, by an instance of any subclasses of
the class. With a little help from creational patterns
like Abstract Factory [8], new classes can be
introduced to inheritance hierarchies without any
modification to the interaction code. However, it
does not mean that testing for the additional classes
is unnecessary [2,5].

There are variants of inheritance from differe
aspects. The effects of strict inheritance, subtypi
and subclassing under software testing are dis
in [5], and they all are also considered in thi:

3. Related Works

3.1 Criteria for Testing Polymor
Relationships

Alexander and Offutt present four te
criteria for testing polymorphic re
object-oriented software in integration te
[9]. These criteria are designed to sup
approach [10], which is an altere
coupling-based testing technique [11]. Basi
criteria are defined around “defs” and
criteria for data flow testing [7]. Conce
inheritance and polymorphism are applied,
the criteria require all subclasses to be tested in
interaction context of their respective supercla: ”
3.2 Test Adequacy Criteria for
Models

Andrews et al. propose adequack fcriteria
testing UML design models, which include class
diagrams and interaction diagrams [lz]ﬂgng is
performed on the design ﬁq

c crlterla ar

execution  techniques
implementation of the mo
e dlagram elements

defined based on the:r respec
in several diffi
association-end m
is defined based on
diagrams, requires a adequate test set to cover
scenarios where various numbers of instances are put
on the opposite end of an association.

They also conducted an experiment to see
whether test cases created based on the criteria are
effective in detecting faults in design models. The
result shows that some selected criteria are effective
in revealing faults, including incorrect sequence
numbering, missing flows, and data flow gaps.

/:}
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4. Our Criteria

There are two important concerns in defining the
criteria. The first concern is about how thorough an
inheritance hierarchy is tested under a polymorphic
interaction. Apparently there are two choices;
whether to include all subclasses to be tested in the
context of their superclass, or to just include only the
subclasses which override the method under test.
Although there is no practical evidence about
necessity of testing all subclasses in the context of
the superclass, several research studies address this

13]. From designers’ point of view, inherited
to be ready for use right away, as
osed to promote reusability of the

nhe . However, the results from the
stuglies, ter-intuitive, give strong reasons
est S in the context of the superclass.
er - focus on testing inheritance
tures, adopt this idea into their
ad: : In our research, we also
? dequacy criterion, as well as
)t c as options.
L P
- ;e A
L. - F; e
é # F - +perform(} -X
ahi i 4 ' BAEeh
- +getdg.
= - B2 *getYQ.
r AR . orths
L +peroimige it Fealilyd
ol s g : T
- C1. S
A, saDK) +seti(x)
m for the example
the situation where an
se ore than one class with

inheritance hierarchy.48dy there are classes as shown

in Figure 1, and their interaction is shown in Figure

2. Frofafthe diagrams both class B and class C,
E] eritance hierarchies,
imvi the posed that the test
adequacy criterion rcqulres all subclasses from each
mher:tance hﬂrchy to be testeUere will be 3
B2) and 4

hy ﬁl and C3) to

A demsmn 1s requlred e made, as either
the classes are tested in combination (like all paths
coverage in path testing), or just cover each class at
least once. It is clear to see that the first option
results in a test set that grows multiplicatively, while
the latter yields a test set that is limited to the
maximum number of classes in each inheritance
hierarchy. Indeed, the first option is more desirable
in testers’ perspective, as it covers all combinations
of subclass substitution and results in a more
thorough test set. However, it possibly results in a



massive test set for situations like the example,
where 12 test cases (the product of 3 and 4) are
required for testing such a simple interaction without
any condition or loop.

_Reagealea

It |)9|Torrn_0| !
I |
2: perforr |
|
|
| |
3 set}f(x)
|
4: ser\r(y)
|
|
L |
i ! ‘

Figure N Sequence Diagrarh for t

From these concerns, five criteria
shown below. Table 1 shows an
selection set of test cases for the interacii
2 corresponding to each criteri
subsumption hierarchy of the criteria ig
Figure 3. Note that although, inherita
and strong overriding method coverage cj
aligned on the same level, they are not coq

4.1 Base Class Coverage

This criterion requires no superclass-subclass

substitution. Classes that must be covered under-te5& = ¢ &

are only those defined in the interactipn
R

4.2 Overriding Method Cove F

.ll
This criterion requires each class in an interaction

to be substituted by its subclasses whic nu:le the
method involved in the in

4.3 Inheritance Coveragéd)|

PR I‘M"N—"

.Q‘
[
o
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4.5 Strong Inheritance Coverage

Similar to strong overriding method coverage,
this criterion is an extension of inheritance coverage
criterion to support several subclass substitutions in
an interaction. All substitutable classes are required
to be covered in combinations.

Table 1. Example of class selection sets of test

cases
Criteria Class Selection Sets*
Base Class {B,C}
Coverage
Overriding {B,C} {B1,C1} {B,C2}

‘Method

ouérage
caince {B.C} {B1,C1}
i (B2.C2} (B.C3)

i (B.C) (BCI} (B.C2}
; (B1,C} {B1,C1}
(B1,C2}

{B.C} {B.Cl} {B,C2}
{B,C3}

{B1,C} {B1,Cl1}
(B1,C2} {B1,C3)
(B2,C} {B2,C1}
{(B2,C2} {B2,C3}

"»\ equired for all test cases, it is left from the

\ Strong Inheritance Coverage

overage

Overriding Method Coverage

Base Class Coverage
gtion hierarchy of the
“@riteria

ﬁﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂi

As the weakest criterion, base class coverage
criterion is afparently weak, maMprlate and only

Subsuming th h
na th M ca @ ‘? ﬂ a case is
requires eac el a sion of its

by all of its subclassqs
4.4 Strong Overriding Method Coverage

Based on overriding method coverage criterion,
this criterion is an extension to support the case
where an interaction comprises more than one class
with inheritance hierarchy. In addition to cover all
overriding methods, this criterion requires testing for
all combinations of all choices of substitution.

superclass (no ovcmdmg), and analysis result shows
that the class does not involve in multiple context
scenario. This situation is free from ITU
(Inconsistent Type Use) fault presented by Offutt et
al. [13], as the extension methods, which can cause
failures, are not accessible in the context of the
superclass, and the absence of multiple context
scenario also keeps them from being accessed in the
context of the subclass as well.

Another situation that this criterion is appropriate
is where the inheritance is subclass inheritance rather

Strong Overriding Method Coverage



than subtype inheritance. Subclass inheritance, as a
relaxed version of subtype inheritance, does not
preserve substitutable property of inheritance, since
it rather aims at reusability of attributes and methods
of the superclass. Superclass-subclass substitution
does not occur at any time; consequently, no testing
is required for it. Using base class coverage criterion
in these situations cuts down the number of required
test cases, as the additional test cases tend to uncover
no additional fault.

It is intuitive that when a method s overridden,
the overriding version of the method should be tested
in the context of the overridden method to ensure
that the overriding method is correct, According to
this belief, overriding method coverage criterion
seems to be appropriate for testing polymorphic
interaction. However, showing in the studies, the
absence of overriding method does not guarantee
total correctness. While a subclass inherits a method
from its superclass, correctness of the method is not
inherited to the context of the subclass, There may be
side effects from situations outside the scenasie’ of.
the interaction under test like, for example; usage'of
multiple context (casting}) and differenée in
initialization (or constructors) of superelass sand
subclass. Testing is usually required for thelentire
inheritance  hierarchies to  ensure complete
correctness, whether overriding or not: therefore,
inheritance coverage criteria is considerably better/in
terms of reliability and thoroughness. However,
overriding method coverage criterion can provide a
reasonable trade off in the situation where basé class
coverage criterion is inappropriate, and inheritanee
coverage criterion requires an unacceptable amount
of effort.

Advancing the regular criteria by exercising all
combinations of substitutable classes, _strong
overriding method coverage and strong-ihheritance
coverage criteria are designed to cope’with an
interaction, which includes more than oné¢ class with
inheritance hierarchy. While they are very effective
to reveal faults which occur in the situation of a
particular combination of class substitution,s they
may require a tremendous test set..In the situdtion
where, in an interaction, two objects with inheritance
hierarchies do not interact with each other directly,
there is a very little chance that faults could occur
from the combinations of class substitution. In such a
case, either one of the/regilar criteria is possibly
more cost-effective than its strong version criterion,
as the excessive test cases are eliminated while
comparable test effectiveness is achieved.

6. A Case Study
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Figure 4. Selquence diagram for Log4j case study

Weselect Jakarta Logdj, an Apache open source
project [14], to be analyzed as our case study. Log4j
is a framewark providing logging mechanism to any
application ~ developed under Java platform,
Undemeath,its simple APL the logging mechanism is
configurable, as the logging interaction is designed
to be polymorphic. Basieally, the logging interaction
comprises several main classes as shown in UML
Sequence Diagram in Figure 4. The diagram
represents an overview of the logging interaction.
(Although there are.a lot more classes involved in the
actual interaction, only the ciésses that we focus are
shown to simplify the example). Appender, Filter,
and Layout have their own inheritance hierarchies
shown in Figure 5 and 6,as any instance of their
concrete  subclasses can| be substituted in the
interaction to form any desirable logging capability,
For example, substitution of an instance of
ConsoleAppender ,class in the place of Appender
interface causes log messages to go.io the console of
the application.” Eaclrimplementation of Appender,
Filter, and Layout must override append, decide, and
format methods respectively to implement their
specific functionality.

|
!
|
|
|
I



Appender

]

J

Figure 6. Class diagram for layou:; and filters

quaﬁwa

6.1 Base Class Coverag ¢

Testing this fhier %ﬁ?{ﬂsﬁv
criterion requires Bnly dne tBst*case. Sihce Appender

is an interface, add Layout and Filter are abstract
classes, it is impossible to have direct instances of
these types. Therefore, the test case must rather use
instances of their concrete
subclasses/implementations instead. As the criterion
does not consider polymorphic interaction, any
single selection of the classes satisfies the criterion.
This criterion is obviously inappropriate for testing
the interaction, as subclass substitution is
fundamental under actual execution.
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6.2 Overriding Method Coverage and
Inheritance Coverage

All concrete subclasses of Appender, Filter, and
Layout have overriding methods; consequently,
applying overriding method coverage and inheritance
coverage criteria yield similar test sets. The numbers
of concrete implementations of Appender, Filter, and
Layout are 17, 4, and 5 respectively; hence, the total
number of required test cases is 17,

ysStrong Overriding Method Coverage and
N dnheritance Coverage

&niding method coverage and strong
in erage criteria require significantly

overriding method coverage and
age criteria. Considering only the
ations, 340 test cases (17 x 4 x 5)
satisfy either one of the strong
A &ither overriding method coverage
coverage criterion requires a
ount of test cases, they seem
Its from various combination of
*~\= Either strong overriding method
g inheritance coverage criterion
\-\- effective in detection of these
1
€6 0 be cost-effective in practice.

& COVEr:
o
'hh.

assive amount of required test cases

provement

applying the criteria to different parts
istknowledge could yield a more
:".qw terms of cost and possibility
Lt . . .
L EFOm analysis of the interaction
cif@tion, it is clear that Appender
implementations 1 deal with any Filter

implementations in only doAppend method in

A derSkeleton abstract class, the superclass of all

e e ﬂ s. If the interaction

effye defSKelgtofil and Filter is tested with

one of their implementation selection, it is less likely

that other gelections would in@pfluce a new defect.

: i bifidtiof: t ses seems to

u%ﬂ@mﬁm& cgjqucntly, some
teSt Cases be removed without significant effect.

However, it is different for the interaction

between Appender and Layout. Each implementation

of Appender interface differently interacts with

Layout; for example, they call the format method on

Layout in different sequence or, in some cases, the

method is not called at all (as some implementation

of Appender does not require Layout, as marked in

guard condition in Figure 4). As a result, it is still

necessary to test combinations of these classes.

However, another improvement comes from this fact

that some Appender implementations do not require



Layout. Testing them together is fruitless, let alone
testing various combinations of them; therefore,
some unnecessary test cases can be removed. This is
one of limitations of our proposed criteria, as
conditions in interactions are not considered.

The case study also shows another limitation of
the criteria. Log4j allows a log event to go to more
than one appender as shown in the sequence diagram
as iteration condition of doAppend method call. The
scenarios where more than one instance of appender
attached to Logger are not covered by the criteria.
Criteria based on interaction diagrams with this
information would be more effective in addressi
these issues.

7. Conclusion

In this paper, we address the g
concerns of inheritance and polymorphisig
Our proposed criteria provide erg
guidelines for adequacy of testing

interactions. However, the case sudly D ihar

these criteria alone are not comprehensi€ eg
test interactions, as they leave some giliineglblg
of the interaction untested. Adequficy gfitey
other aspects; for example interaction g6nd
multiplicity of association ends, #f€¢ rgui
complement our criteria to form better g
criteria.
As we are working on defining an appfoac
testing object-oriented interactions based®on /i
Sequence Diagrams, we plan to incorpora
proposed criteria as a part of adequacy criteria f
approach. As addressed above, wg wi T
criteria with other criteria based:
Diagrams to strengthen the propd

8. Acknowledgement

¢
This research is su by
(Thai-Japan Technology WeahsfeciPeject -|Japade
Overseas Economic Fund)

ngineering — Industry‘.

Linkage Research Proj ar 2004, Chulal n
University. Th AW \ﬁ iketo”t ﬁ@ .
Koichiro Ochimizu Fofl JAI v

Department of Computer

Institute of Sciend® and Technology) for his useful
comments and suggestions.

9. References

[11 R. V. Binder, Testing Object-Oriented Systems:
Models, Patterns, and Tools, Addison-Wesley, 1999,

[2] D. E. Perry and G. E. Kaiser, “Object-Oriented
Programs and Testing”, Jowrnal of Object Oriented
Programming, January/February 1990

y v}

76

[3] J. H. Hayes, “Object-Oriented Programming Systems
(OOPS): A Fault-Based Approach”, Proceedings of
International Symposium on Object-Oriented
Methodologies and Systems (ISOOMS), Palermo, ltaly,
September 1994, pp. 205-220.

[4] E. V. Berard, “Issues in the Testing of Object-Oriented
Software™, Proceedings of Electro’'94 International, IEEE
Computer Society Press, 1994, pp. 211-219.

[5] S. Barbey and A. Strohmeier, “The Problematics of

Jesting Object-Oriented Software”, Proceedings of SOM
S Conference on Software Quality Management,

otland, UK, volume 2, 1994, pp. 411-426.

evuker, “The Evaluation of Program-Based
oftwarl Test Data Adequacy Criteria”, Communications
> l,Issue 6, June 1988.
NS o s 2 o
R i2eT N80 are Testing Techniques, 2™ Edition,

(r Remmhold Co., 1990.
. Helm, R. Johnson, and J. Vlissides,
dition, Addison-Wesley, 1995.

lgxander and A. J. Offutt, “Criteria for Testing

R ationships”,  Proceedings of the
osium on Software Reliability and
SRE00), IEEE Computer Society, San Jose

exander _and A. J. Offutt, “Analysis
stifie | Polymorphic Relationships”,

I EEE International Conference

¢ Computer Systems (ICECCS

i;f.' pp. 172-178.

1

U

[11] Z. Jin and A. J. Offutt, “Coupling-Based Integration

Testihg”, Proceedings of Second IEEE International

“omplex Computer Systems
CECCS'Y) ntrga , October 1996, pp. 10-17.

[12] A. Ande@xs, R. France, S. Ghd8hf and G. Craig, “Test

. : | LD Mddels”, Software
ing, Verifigatign .g Relighthify| Jounpal, Volume 13,
umber 2, June 2003.

[13] J. Offutt, R. Alexander, Y. Wu, Q. Xiao, and C.
Hutchinson, “A Fault Model for Subtype Inheritance and
Polymorphism™,  Proceedings of Twelfth IEEE
International ~ Symposium on  Software  Reliability
Engineering (ISSRE '01), Hong Kong, PRC, November
2001, pp. 84-95.

[14] Apache Software Foundation, Jakarta Logdj,
http://logging.apache.org/log4j/docs/, 2004.



7
El

quence Diagrams

Testing Polymorp nt
.a"

tetbrce on Info ot .--_-_’? d Computing
Vi AY J

International Co

LUSEU9199UN 40 tHEIE U 2548 4

L@as Vegas, Nevadg U.S.A

HUEJ’J'VIEWITW BN
’Q‘W']Ei\‘lﬂ‘iﬁuﬂﬂﬂﬂmﬁﬂ



78

Testing Polymorphic Interactions in UML Sequence Diagrams

Siros Supavita and Taratip Suwannasart
Department of Computer Engineering, Faculty of Engineering
Chulalongkorn University, Bangkok, Thailand 10330
Siros.S@student.chula.ac.th, Taratip.S@chula.ac.th

Abstract

Nowadays UML based testing becomes more and
mare noteworthy, as UML is broadly accepted as de
Jacte standard  for objeci-oriented modeling
language. A ot of researches propose test
approaches for several types of UML diagrams,
JSocusing on various viewpoints, An approach-for
lesting polymorphic interactions, which are dgfined
in UML Sequence Diagrams, is presented inthis
paper. From our observation, there areseveral
Jorms of polymorphic interactions, which haveitheir
polymorphic behavior controlled by distinciifactors.
A method to test each form is determinedfromithese
Jactors. If an interaction is in one of the polymorphic
Jorms defined in this paper, the factors ihat affect
polymorphic behavior of the interaction can be
addresses. Finally test cases for the inferaction ean
be created for testing its polymorphic behavior.

Keywords: Software Testing, Object-Oriented,
Polymorphism, UML, Sequence Diagram

1. Introduction

UML [1] is getting more populac as-a-standard
modeling language for object-oriented analysis and
design. With its well-understood THetations, it
provides a wide array of diagrams, which help
designers to effectively communicate with
developers in many different aspects. #As an
interaction diagram, UML Seguence Didgram shows
a design of an interaction among a.group of objects
under a particular scenario. Basically, an interaction
is represented as a sequence of messages sending
between objects. Conformance-directed, testing=[2]
aims at uncovering any discrepancy between
specification and implementation.” Based on UML
Sequence Diagrams, "this kind of testing is to
determine whether the implementation produces the
equivalent message sending sequences as defined in
the UML Sequence Diagrams as the specification.

In addition te control flow, testing object-
criented interactions also needs to take into account
the effect of polymorphism. In our previous work
[3], we present an instrumentation model for
message sending sequences. The model supports
comparison of the expected message sending

sequence against the actual message sending
sequence, which is not necessarily exactly identical
to each other, due to the effect of polymorphism.
Howeyer, it is required that a polymorphic
interactions'is , tested with particular scenarios to
ensure that pagticular subclasses are tested in the
interaction“as instances of their superclass, which is
defined in theinteraction.

For a polymorphic interaction, there are factors
that influence its polymorphic behavior. Test cases
must be designed around these factors in order to
execute required classes under particular scenarios.
This paper discusses several forms of polymorphic
interactions and their factors. For a polymorphic
interactton under test, it is necessary that the factors
are identified. This paper shows the basic pattern and
factors of each form along with guideline for test
design.

This, paper is organized as follow. Related
background knowledge about object-oriented
software testing is explained in Section 2, while
Section 3 reviews our test approach. In Section 4, the
forms of polymorphic interactions are presented
along with some examples of the forms. A discussion
about variations of the forms is given in Section 3.
The paper is concluded in Section 6 with potential
fuiure work.

2. Object-Oriented Software Testing

2.1 Polymorphism and Testing

Polymorphism means the ability to take several
forms [4]. In other words, an ibstance of a class can
be handled as an instance of one of its superclass. In
cooperation withudynamic binding, #t.ds a very useful
featute, as it/allows al program’fo have dynamic
behavior according to the actual type of object under
execution. A number of design patterns [5] are
formalized based on this concept.

Despite its usefulness, a number of researches
address that polymorphism does not prevent the
software from defects [2,6,7,8]. Perry and Kaiser
state that both inherited and overriding operations
require new test sets, which are different from the
test set for their superclass [6]. Furthermore, an
object reference in runtime can be substituted by a
reference to the class, which is not the one defined in



the code, This could make behavior of the program
unpredictable, which is not good in testing point of
view [71.

There are several terms defined by Meyer [4]
which are used in this paper. “Polymorphic
assignment” is the situation when a reference is
assigned with an object which is not its exact type,
but one of its subclasses. “Polymorphic entity” is a
reference  which appears in a  polymorphic
assignment.

2.2 Testability

Testability is always one of the most important
issues in testing, In [9], Binder states that testability
consists of 2 important factors: controllability and
observability,

Controllability is the capability of controlling
inputs of the program under testeLack .of
controllability results in low testability, a8 ipis
difficult to test the program under test'as inténded,
The term “input” also includes data that are not
explicitly passed to the program. Assan object can
have its own internal state, an operation on'the abject
can have execution logics according to the state.
Usually encapsulation and information hiding
prevent object states from being accessed direcily.
This could become a big obstacle in testing, since
object states as ones of inputs cannot be gentrolied
by test drivers. A common workaround for this
problem is to temporarily break encapsulagion by
adding public methods to access and mutate ‘the
states during the test.

Observability is the ability to examine
intermediate outputs of the programsunder test. It is
important to have access to these outputs in order to
determine whether the test passes or fails. Similar to
controllability, encapsulation is also, the major
obstacle for observability.

Controliability is critical in the discussion of this
paper, since it is required that a polymorphic
interaction under test is controlled to,be ‘executed
with a particular set of class€s. From now on, it is
assumed that whatever input is discussedyit is'always
accessible to test drivers. Therefore, there is no
controllability issue.

3. Message Sending Sequence Testing

3.1 Concept

Message sending is a way to express object
communication in an interaction. A sender object
sends a message to request a receiver object to fulfill
a particular service [4]. A message sending sequence
is a sequence of messages flying between objects in
an interaction under a specific scenario.
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Figure 1. Overview of the comparison of message
sending sequences

In addition to checking the actual test result with
test oracle, the comparison of message sending
sequences is the key of this test approach. The
approach aims to detect any discrepancy between
interactions in the design model and the
implementation: This test approach is conformance-
directed testing rather than fault-directed testing [2],
as there is-no-specific fault model. Any difference
between the  .message sending sequences is
considered as a defect. As shown in Figure 1, the
expected message sending sequence, which s
extracted from the design model, is analyzed against
the actual message sending sequence, which is
mstrumented  from the execution of the
implementation. A model which represents beoth
types of message sending sequences is presented in
our previous work [3]. The model captures all
information necessary for comparison of the message
sending, . sequences, particularly polymorphism
related information.

3.2 Refinement Issue

In design model, all detailed information is not
usually presented. Refinement is an action of
implementing the software, slightly differently from
the-design-model-usually by adding implementation
level detail, which is intentionally omitted from the
design model, With refinement, the message sending
sequence from the implementation is not identical to
the one from the design model, i.e. UML Sequence
Diagraim,’ although the implementation is correctly
implemented based on the diagram.

For example, common classes, which provide
clementary services like String and Integer in Java,
are omitted from the design model for simplicity in
the designmodelnalthoughsthey arespresented and
required in the implementation.. Comparison of
message sending sequence must take care of
identifying refinement messages; therefore, the
actual message sending sequence of an
implementation with refinement can be compared
against its design model.

4. Forms of Polymorphic Interactions
and Testing



This section discusses forms of polymorphic
interaction and how to test them. To thoroughly test
a polymorphic interaction requires that all subclasses
are substituted to the polymorphic entity; as a
consequence, each test case must be designed to
execute a particular subclass.

Polymorphism could only happen when there is
polymorphic assignment in the interaction. Forms
discussed in this section differ from each other in the
patterns of their polymorphic assignments. The form
of non-polymorphic interaction is introduced before
the 3 forms of polymorphic assignments to identify
and exclude non-polymorphic interaction from our
further discussion.

4.1 Non-Polymorphic Interaction

% s . Stabichiain

Aty
|

[ | .

Figure 2.
interaction

Example of non-polymorphic

Basically non-polymorphic interaction is -an
interaction which does not have any polymorphic
assignment, although a reference in the interaction.is
defined as a class with one or more subclasses, In
other words, it is the situation where-the classes of
the instances in an interaction are unconditionally
fixed to the same set of classes for every execution,
Figure 2 shows an example of this form of
interaction. Although class A may have subclasses, it
is not possible for polymorphism to occur.

4.2 Simple Polymorphic Assignment

The first form of polymorphic assignment is the
simplest one. An instance.-which js assigned to-the
polymorphic entity is passed ag a parameter to _the
interaction; therefore, polymorphic behavior  is
directly controlled by the parameter. Figure 3 shows
the UML Class Diagram of classes in the class
hierarchy used in the examples in this section. An
example of an interaction with simple polymorphic
assignment is shown in Figure 4.
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Figure 4. Sequence
polymorphic assignment

Diagram of simple

Testing an interaction with this form of
polymorphic assignment requires each test case to
pass In an instance of the class intended to be tested
as testinput. This form of polymorphic assignment is
casy to test, as the parameter to the interaction is
directly‘assignied to the polymorphic entity.

From Figure 3, there are 4 concrete subclasses of
abstract class Product (classes with italic names are
abstraet): Book, ComputerCD, MusicCD, and DVD.
In order to test this interaction with all 4 subciasses,
4 test cases must be ereated: one for each class. The
skeletons of test cases for this example are shown in
table 1.

Table 1. Test cases for interaction in Figure 4!

No. . Test Input
1 An instance of Book

An instance, of ComputerCD

2
% An instance of MusicCD
4 An instance'of DVD

4.3 Parametei“Influenced Polymorphic
Assignment

Parameter-influenced polymorphic assignment,
as its name suggests, is a polymorphic assignment
which has its behavior dependent on one or more
parameters. The common form of this type of
assignment is one of the variations of “factory
method” design pattern, known as “parameterized

! Note that the table does not show complete test cases. Some
information, e.g. exact test data and expected result, is omitted, as
it is not relevant to the discussion. This is also true for the
subsequent subsections.




factory method” [5]. As a creational pattern, a
“parameterized factory method” is responsible for
creating instances of various classes from the same
inheritance hicrarchy. One or more parameters
passed to the method are used to determine from
which class an instance is created.

An example of an interaction with parameter-
influenced polymorphic assignment, still based on
inheritance hierarchy in Figure 3, is shown in Figure
5. The polymorphic assignment is in step 1.1, where
the reference “product” is assigned to the return
result from method “getProduct” on finder object as
an instance of class ProductFinder. The method
“getProduct” is a parameterized factory method, as it
creates an instance of one of concrete subclasses of
class Product according to the parameter “id” (it may
determine the type of product by looking up in data
storage, e.g. database, using the given id.)

% ronin ; Wiain product : Product findesd Product Fingier
] I
procuct § getprocietid) o |
4.8 |
|
QetAvelabiRy(: |
2 |
|

1 T T I
Figure 5. Sequence Diagram of parameter-

influenced polymorphic assignment

This form of assignment is similar to simple
polymorphic assignment discussed in the previous
subsection in that they both are dependent on
parameters, Testing this form of Zassignment;
however, is not as straightforward as the other. Each
test case must be designed with specific test input
which causes the polymorphic assignment to result in
the particular class.

Table 2 shows skeletons of test cases foruthis
example. Notice that these ftest (cases are” mdre
abstract than the ones from table 1. Its not possible
to determine exactly what valugs of the test inputs
should be just from the interaction diagram.
Additional information rand, ~sometimes, ~human
decision are required o identify the exactappropriate
test input values. As a result, testing this form of
polymorphic assignment is less likely to be
automated,

Table 2. Test cases for interaction in Figure 5
_No. : - Test Input (id)

1 Id of a book

Id of a computer CD

2
3 Id of a music CD
4 id of a DVVD
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From Figure 3, the parameter “id” is identified as
the parameter which affects the polymoerphic
assignment. It is required that this parameter is also
one of parameters of the interaction or is directly
dependent on parameters of the interaction, in order
to fulfill testability requirement. As this example
falls into the first case, the test cases are designed
based on the parameter that influences the
polymorphic assignment {product id). For the latter
case, test case design is more complicated, if not
impossible.

4.4 Configuration-Influenced Polymorphic
Assignment

The * last oferm is configuration influenced
polymorphic~“assignment. For this type of
assignment, ane or more types of configuration are
the |factor that influences polymorphic assignment.
Configuration in this context includes all types of
set-up and envirenment, which is external to the
interaction. Different from parameter-influenced
polymorphic assignment, this form of assignment is
net dependent on any parameter passed to the
interagtion; thus, test cases for this form of
assignment are not designed solely around test
inputsy

Also based on inheritance hierarchy in Figure 3,
Figure & shows an example of an interaction with
configuration-influenced polymorphic assignment.
The polymorphic assignment is in step 1.1, which is
the - result “lof the execution of method
“geiTopSelling” on finder object as an instance of
class ProductFinder. Notice that it is different from
the 'interaction in Figures5 in that the method
“getTopSelling” does not take any argument, The
method “getTopSelling” feturns an instance of the
best selling product, which could be one of concrete
subclasses of class Product. The behavior of this
polymorphic assignment is based on external set-up,
not any of parameters of the interaction. Testing this
interaction with, different subclasses of class Product
requires set-up to have different types of product as
the best 'selling preduct.! The' skeletons of test cases
for this example are shown in table 3.

prosiuct -rennct | (e : ProcurFinder

Figure 6. Sequence Diagram of configuration-
influenced polymorphic assignment



Table 3. Test cases for interaction in Figure 6

No. | ~Test Set-up

1. | Setthe top selling product to be a book

2. Set the top selling product to be a computer
CD

3. Set the top selling product to be a music CD
4. Set the top seliing product to be a DVD

The interaction in Figure 6 does not have any
argument, and the polymorphic assignment is not
dependent on any parameter either. Test cases for
this interaction must be designed around
configuration, as it is the factor that affects the
polymorphic assignment. Testing this form of
assignment is rore complicated than testing
parameter-influenced polymorphic assignment, as
test cases with configuration set-up or, best known
as, lest set-up are difficuit to be designed
systematically. Moreover, automated test for this
form is difficult due to the variety of configuration
implementation.

There are a number of possible implementationg
which falls into configuration-influenced
polymorphic assignment. From the example #in
Figure 6, some content, which is persistediin a file or
a database, affects the polymorphic assignment;
therefore, changing sales record may resuliin change
of the best selling product. For each test case
execution on this interaction, set-up stepsimust be
performed to achieve the required configuration
state.

Another example of this form is inversion of
control or dependency injection pattern presented by
Fowler [10]. There are several Java implementations
of this concept, e.g. Spring [11], PicoContainer [12}
etc. With dependency injection, associations between
objects are not statically fixed in the compiled code;
but injected into the code in runtime. Dependency
injection could result in polymorphie assignment.
Another alternative is “Service Locator” patterns
presented by Sun Microsystems [13].

5. Discussion

5.1 Variations

In the previous section, forms of polymorphic
assignments are discussed, in basic patterns,
However, it is not . uncommon 1o, sec different
patterns of polymorphic ‘assignments in the real
world. Figure 7 shows an example of parameter-
influenced polymorphic assignment, which does not
strictly follow the basic pattern. The polymaorphic
entity is “conn” as a reference to class
URLConnection, which has subclasses for specific
URL protocois (i.e. HttpURLConnection for HTTP
connection and FtpURLConnection for FTP
connection etc.). However, the polymorphic
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assignment in step 1.2 does not take any parameter.
The parameter that affects the polymorphic
assignment is “urlString”, supplied in step 1.1 when
an instance of URL is created. Then test case design
for this interaction must focus on the parameter
“urlString™,

‘% main : Main | | conn - URLConhection

N

I
Figure 7. Sequence Diagram of URL example

This example shows that, although does not
follow the pattern exactly, the concept of testing can
also.be applied. The problem is how to identify the
formiof these interactions. Stereotypes in the design
model may be required in order to automate test case
creatioh,

5.2 Combination

Another possible situation is when there is more
than one polymorphic entity in an interaction, In
addition, it lis. possible that different forms of
polymorphic  assignments happen in the same
interaction. The concept “in this paper is still
applicable in this case, although it does not deal with
the issue of combination. In our previous work [14],
we present adequacy criteria for testing polymorphic
interaction which address the situation where more
than one polymorphic entity is involved.

6. Conelusion

In this paper, 3 forms of polymorphic
assignments-arespresented along, with their test case
design approach., Given a polymorphic interaction
with an'inheritance hierarchy, it is possible to apply
the relevant approach to design test cases for the
interaction. Although test data generation is not
considered in this paper, automated test case
generation is possible with some help from
additional information in the design model.

The finding in this paper complements our
previous works [3,14]; a tool can be implemented to
aid testing of OO software based on its sequence



diagrams. From UML Sequence Diagrams with
additional information for inheritance hierarchy
from, for example, UML Class Diagram, adequacy
criteria presented in [14] can be applied to decide
which classes (or, strictly speaking, subclasses) are
to be included under test and how many test cases
are required to cover these classes. Combined with
conventional control flow testing, the concept in this
paper can be applied to identify test input and/or test
set-up for each test case, and finally an
instrumentation model in [3] is applied to check
whether test execution results in the same message
sending sequence, including the order of messages
and classes of instances under test, as designed in the
design model and the test case.
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Abstract

Testing is a very important activity in software
development process. During testing, testers have fo
generate test cases, which consist of test input values
and expected results, before test execution .dn
Sfunctional testing, lest designers can generate lest
cases from a requirements document. The test cases
generating process takes a lot of time in'large
systems. In this paper, we propose an approach for
generating test cases from use cases, which rgpresent
software requirements. These test cases can launch
the test process early in the software development life
cycle.

Keywords: Software Testing, Use /cases;
Test Cases

1. Introduction

Testing is an important activity, in software
development process, since it is expensive and takes a
lot of time. If testing can start at an early stage such
as requirement analysis, money spent 11 developing a
software product would be less.

To start testing process early I software
development process, we should focus on’ how to
design test based on functions of'd seftware: To,date;
UML [1] has emerged and widely used in many
software development organizations. Use case
diagram, which is a UML °’s diagram, shows
relationship among use-cases:within a-system-or other
semantic entity and their actors. Use case diagrams
and documents are writfen during analysis phase to
identify and partition system functionalities. Our
research is focused on how to derive specification-
based test cases from use cases. In this paper, we
propose an approach that generates test cases from
use cases.

The organization of this paper is as follows. In
section 2 of this paper, we discuss related works.
Section 3 describes the UML use case diagram and
document, Use cases are explained in section 4. Our
approach is illustrated with a case study in section 5.

In section 6, we discuss the future works. Finally, we
conclude the paper in section 7.

2. Related Works

There are numbers of researchers have been
focused on fest case generation based on UML
diagrams. However, few researches propose the
techniques that automatically generate test cases from
a use case diagram or a requirement document. Jim
Heumann [2] proposed how test cases are generated
from use cases by extracting use cases’ description in
order to get their scenarios, and then, building the test
case qmatrix that includes test case id, inputs and
expected output. With his approach, test designers
must analyze the use case description and create the
scenarios for each use case.

Imp Software, Inc. [3] developed the tool, named
“SpecStudio”, that can build and analyze behavior
specification. This tool can generate test cases from
the behavior specification. System analyst can
generate fest cases by choosing actions from the
behavior specification. The generated test cases have
no_test data therefere they cannot be applied for
testing immediately. Thus, testers have to identify
test data to each test cases.

3. Use case diagram

Use case diagram [1]"is an UML diagram which
shows relationship'between actors and use cases. Use
cases represent function of a system, or a subsystem.
Actors represent users or systems that connect to use
cases. ‘A juse case diagram is-a graph of actors, a set
of 'use cases, 'possibly some interfaces, and the
relationships between these elements. An example
use case diagram is shown in figure 1.
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Figure 1. A use Case Diagram

A use case is shown as an ellipse containing the
name of the use case. The behavior of a use case can
be described in plain text. An actor is shown as a
stick figure with the actor name.

There are several standard relationships “among
use cases or between actors and use cases.

¢  Extend — An extend relationship is happened

when use case A cannot apply thedctions'as
a normal behavior and call use case'B for
handling the failure or exception.

®* Include — An include relationghip /s

happened when an use case A caliuse ¢ase
B. Use case A includes the behavior of uge

Table 1. Example of use case: Add centact
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case B. It’s similar to main program call sub
program.

*  Association — An association relationship is
a relationship between actors and use cases
that is happened when the actors use the use
cases.

4. Use Cases

Use cases are a powerful tool to capture
functional requirements. They provide a mean to
specify the interaction between a certain software
system and its environment and allow for structuring
requirements according to user goals. An effective
and widelyused technique for specifying use cases
was presented by Cockburn in [4). In this research,
we choose scme parts of Cockburn’s use cases
(including use case name, actor, pre-condition,
Success scenario, alternative scenario and post-
condition) to deal with software requirements
specification for generating test cases. Use case
description format, which is used in this approach, is
depicted in table 1 and described as follows.

Use case no.: 11

Use case name:

Add contact

Description: Adding new contact to list

Actor: . Client

Pre-condition; Client eriters the contact information: name; Surmame,

|-telephone number and address.
Required-item: Name Type Size
: hame String 15

surname String 20
telephone String 7
address String 20

Is abstract:. y 1

Success scenario: =1 d , _

Condition no: 0 [ (name.length > 0) && (surname.length > 0) &&

(telephone>="0000000"") & & (telephone<="9999999)

Step Agtion
1 {ug2}
2 System submits the contact information from client.
3 System saves the contact information into database.
4 System shows a message “Save new contact

complete”,

Alternative scernario:

Condition no: I 2.1

(name.length <= 0)

Step

Action
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2.1.1 System shows an error message “Please enter Name”.
Condition no: ] 2.2 | (sir_name.length <= 0)
Step Action
221 System shows an error message “Please enter
surname”.
Condition no: ' 23 |-
Step Action
2.3.1 {UC3}
Post-condition 0 System saves new contact and shows a message
“Save new contact complete”.
2.1 System shows an error message “Please enter
message “Please enter

Use case no — a number as unique ident - rinning number. As in table 1, in case that
a use case which starts at 1. €LEnt enters “name” as blank or represented by
Use case name — the name is the u gth == 07, it is not applied the steps
as a short active verb phase. umber 2 of the success scenario.

Description — a detailed explanation the use case has to follow alternative
case. his case if condition number 2.1 is
Actor — a name of user or system that must be followed.

the system to deliver one of its servi — the state to be happened after
Pre-condition — a condition that ompletely executes. The state will
to satisfy before starting the use case. fled by number of conditions. As in
Required items — Inputs, which post-condition has 3 states. )

give the system, including item nam € has to have one SUC.:CCSS scen:’—mo and
types, and item sizes. e or more alternative scenarios. The
Is abstract — the property of use case e 1, the use case “Add_ contact” has a
shows that the use case is the abstract usé cas nario and 3 alternative scenarios.

If “Is abstract” is represented by “0”, it mea ;
that the use case is an abstract use P proach
otherwise it is not. {
Success scenario — a story line fhat
system deliver the goal. A sufe 3';
consists of a condition as an expression, a
steps of actions. When the conditiond true, the
system will apply the steps of actlans as a

normal behavior. The nu

success scenario is alwayﬁ ﬂ%ﬁ'@t% EJ 7] 3 w El’] n ‘j
number of actions starts at

Alternative scenario — a st Ime that shows

the conditions an
failure or excepti al e ﬁﬁm u w f] q ﬂ E] f] a EJ
includes numbers of con 1t e Conditi

H0ossik \'|.

pose an approach that generates
s. The conceptual framework is

S

corresponding to a condltlon numbers,

steps of actions that are the results of the
conditions. The condition number is
represented by the step number of action,
which happens as an exception, in success
scenario followed by “.” and a running number.
The step number of action in an alternative
scenario is represented by the condition number
in the alternative scenario followed by “.” and a
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number 2.3.1 of the alternative scenario calls use case
Save as number 3, “Invalid phone no”.

Use case diagrams and use case documents are
physically stored in XML format. When there are
relationships between use cases, the use case documents
of the related use cases must be merged into one use
Analyze Use Case case document representing those use cases. As shown

Risgram in Figure 1,the use case “Add contact” includes the use
case “Authenticate client” and is extended by the use
case “Invalid phone no”, therefore, the use case “Add
contact” (shown in table 1) has to merge use case
‘Authenticate client” (shown in table 2) and use case
ff d phone no” (shown in table 3) to become the
Fi .;/ ase “Add contact”. Table 4 shows a logical

H.effcrced use case document representing use case
"Adaontacty, "Authenticate client", and "Invalid phone

Use Case
Diagram
(use cases)

as relations betweel
use cases

i

Merge use cases F

nds A are.shown in table 1, 2, and 3 respectively.
.| Extract use cas \ \\ rodiice a merging use cases procedure as
o description " —

iine the caller use case as the main use case
allee use case as the sub use case.
otbine the pre-condition of the sub use case
mio presgondition of the main use case.
hé"new required items from the sub use

e required items of the main use case.
se case relationship is an include
fienship, or, in the other word, the linked
ippears in a step in the success scenario.
merge procedure proceed as follows:
Combine the conditional expression of the
success scenario of the sub use case to the
conditional expression of the success

gndfio of the main use case with an AND

The test generation process & - o (“&87).

preparation of use case documents. Usg g 3 6# the action of the success scenario
must be written in the format describes 'l ofthie main use case at the linked point
Beside general use case information, the farmat include 'ul the actions of the success scenario of
some additional information that could aid the test case the sub use case. Adjust step number of the

generation process. In the previous sectlon new actions. The new step numbers begin

le
of a use case document showgﬂ ﬁ\ﬂﬂ V] j w E]Qfl prevnous old step number
step numbers for basic flow andjall e fol “- and running number

&

Generate
test cases

Figure 2. The test case generator proces

is another additional mforrnatlolﬂllmked points. When (started from l) For instance, in table 1,

there is a relationship between use cases, either include & the first step @ the success scenario is
or extend, a linked po&sﬁﬂtﬂsﬂtﬂﬁm u w f] ’g ﬂ rﬁrt‘ﬁ ﬂ actions in success
where the use cases ¢ se number 2, and the
number 1 calls use @ase number 2 as include step number of the actions are labeled as 1-
relationship, a linked point "{UC2}" is represented in 1, 1-2, 1-3, and so on.

the step. As shown in the example in table 1, the first 4.3 Add the steps from the alternative scenario
step in the success scenario of the use case "Add of the sub use case to the alternative
contact" is a linked point to the use case number 2, scenario of the main use case and adjust
"Authenticate client". When a relationship between use the condition numbers and the step
cases is an extend relationship, a linked point is numbers of the new steps as described in
specified in a step of action in the alternative scenario of the previous merging step. An example of
the use case. As shown in the example in the figure 1, merged include relationship use case is
the use case “Add contact” is extended by the use case shown in table 4.

“Invalid phone no” and the example in table 1, the step



If the use case relationship is an extend
relationship, or, in the other word, the linked
point appears in the alternative scenario, the
merge procedure proceeds as follows:

5.1 Insert the conditional expression of the
success scenario of the sub use case into
the alternative scenario of the main use
case where the linked point locates.
Replace the step in the alternative scenario
of the main use case with the steps of the
success scenario of the sub use case.
Adjust the new step numbers by appendi

S

Table 2. Example of use case: Invalid pligné

Table 3. Example of use case;#
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the previous step number with a dot and a
running number. For example, the merged
use case in table 4 shows the new step
number as 2.3.1,

Add the post-condition of the alternative
scenario of the sub use case to the post-
condition of the main use case.

After use case documents are merged, we have to
extract all information (including use case number, use
case name, pre-condition, required-item, success
_ cenario, alternative scenario, and post-condition) of

55

juse case and insert them into the database.

Use case no.:

Use case name:

Description:

7 DL nva

[3 ||.

Actor:

orGtumber isin
_w"/ﬁ /| lﬂh\\a‘:\

- Pre-condition:

Required-item:

T e @1\“““
4 NiEdy LY

‘Is abstract

=k \ .
| @€lephohd”, <-4 String \\\ 7
FLE FF = AN W

Success scenario:

Condition no: |

Step

I

VI
@e\ elephone number

Post-condition:

sag@ “telephone number

Use case no.:
Use case name:
Description:

NE thesystem.

Actor:

Client . Il |

Pre-condition:

1 Login name and password are created in system.
¥ €lient enters login nlwfe and password.

Required-it. : %1 % Size
g
i 5)
b A

TR Y

= | —

Action

System submits login name and password form client.
System checks login name and password.
Client logs in to the system.

Alternative scenario:

Condition no: I 2.1 | (login = ")

Step Action

2o System shows an error message “Please enter login”.
Condition no: l 22 (paSSWd S “u)




Step

Action

2521

System shows an error message “Please enter
password”.

Post-condition:

0 Client logs into the system.

2.1 System shows an error message “Please enter
login”.

2.2 System shows an error message “Please enter
password”.

Table 4. Example of merged use case: Add contact

Use case no.: 1

Use case name: Add contact
Description: Adding newset
Actor: Client

Pre-condition:

Clienten oM oarname, surname
per an { mname and

3

Required-item:

\\""; ers login

Tyhes, ™ Size
8
5
15
20

20

Is abstract

Success scenario:

Condition no: 0

length>0) &&
leplone<="9999999")

<> “!!)

d § _5- client.
d-pa ,.,....,....! d
wom client.

: Ormation into | atabase
stem shows a message “Save new contact

Alternative scenario@{

Condition no: -2.1

co o ¥

Step

Action

1-2.1.1
Condition

System shows ITOr message TPy

3

St Action
1-2.2.1 System shows an error message “Please enter
password”.
Conditionno: | 2.1 [ (name.length<=0)
- Step Action
Al System shows an error message “Please enter name”.
Condition no: | 2.2 | (sir_name.length<=0)
Step Action
221 System shows an error message “Please enter

surname”.
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Condition no: | 2.3 | (telephone < “0000000) || (telephone > “9999999™)
Step Action
231 System show error message “telephone number length
must be 7
Post-condition: 0 Client log into the system. System save new contact

and show message “Save new contact complete”
1-2.1 System shows an error message “Please enter
login™.

1-2.2 System shows an error message “Please enter
password”.

2.1 System shows an error message “Please enter
name’’
2.2 Syst

or message “Please enter

ge “telephone number

m — —
The format of our generated test/ \ \\\l e use case. We propose steps to

parts as follows: i enerate \ﬁ'\ es as follows:
o Test case id — the unique - N» efietest case id as the use case id and
test case. ' - \ :."- wed by a dot and a running number started
o Test case name — the name of i 1N
from the name of the source u A the use case name to the test case name.

e Description — the detail shows

case is generated form the alf€magiVe | ario, write description of test case as
success scenario along with the gty Sligcess scenario”; otherwise write it as
expression of the scenario. b Alternative  scenario”. And follow by

s  Pre-condition — the pre-condition of 3QUICE
use case. —

o Input — the test data of the test case whichiis\)
generated randomly corres P ding X
types of required items ag
expression of scenario. L\

e  Expected output — the rest
happened after testers use thes j est data TO"tes
the system. The expected outputf'is displayed as
a sequence of actions. ‘a

T
R b

pre-condition of the test case.

action§) which happen according
conditiénal expression.

e  Post-condition — t e stzcondition of test case.
scenario of the sourc uﬂ tEJ V] im‘lﬂm 1 ﬁ? test case, which is generated
| ch  are om Usé=ease “Add centact”, is shown in table 5. Since

use case “Add contact” has 6 conditional expressions,

We use information of Qe cases, whi
extracted and stored in the database, to generate test’

B e oo < > G L o he nuftber of the genera cases for the use case is
representing a smgleﬁ]ﬁwg\ﬂﬁ‘m ,1 | Fi g

test case; thus the numBer of generated test cases for a
use case is equal to the number of all conditional

Table 5. Example of test case that is generated from use case: Add contact

Test case id 1.2
Test case name Add contact
Description Alternative Scenario: (login == )

Pre-condition Client enters the contact information: name, surname, telephone
: : number and address. Login name and password are created in
system. Client enters login name and password.
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e, test case is generated for a success

nditional expression of scenario of use case.
Assign the pre-condition of the use case to the

Randomly generate test data considering the
ed item types, sizes and the conditional
Sor of the scenario of the use case.
ehexpected output by using the order of
the

7. Assign the post-condition of the use case to the
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Input Name Value
: ' login <blank>
passwd vr
name c2cs
surname ru845uw8nlku
telephone 636053
: address zcSrks
Expected Output 1. System submits login name and password from client.
o 2. System checks login name and password.
3. System shows an error message “Please enter login”,
Post-condition | System shows an error message “Please enter login”,

6. Future Works

We have developed a tool to support automation of
the proposed approach. The tool can generatgsést cases
from use cases by extracting use case description from
use case diagrams that are drawn with Ratignal Rose
and exported to an XML file. This tool suppori§ fotir

data types: integer, float, boolean and string. Hour

arithmetic operators can appear in c¢onditional

expression: +, -, * and /. The outputs of this tool are tést .’

cases in HTML documents. All test data of test/€ascs is
generated randomly accordmg to data types of imput;

therefore, some test data is maybe not realistic. So, ongl "+

of our future research directions is to overcome thls

limitation. L
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7. Conclusion p =

This paper presents an approach to géfierate test
cases from use cases. We define the use case.format that
is suitable for test case generation, We discuss the
process of generating test case step by step includifighuse
case merging procedure and test gemeration procedure.
The generated test cases cover all possible’ seenarios of
the source use cases. Based on this ‘approach, we have
developed a tool that can_ automatically generate test
cases from use cases. Thesg test gases cambe,applied for
system testing in software development process.
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