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Abstract

The Unified Modelling Language (UML), is the first step of developing an object-oriented
design method and a standard notation for the modelling of real-world objects and it consists of
fourteen various diagram types. The complex relationships between UML diagrams will lead to
the inconsistencies among the unified modelling language (UML) diagrams therefore, it is so
important to verify model in the early phase before implement it because early error detection
will be easier to fix than later phase.

This paper focuses on in what the way to determine and identify inconsistencies between
unified modelling language diagrams. Eleven of the consistency rules will be applied to check
the consistency models between mostly used categories of unified modelling language diagrams
in the field of systems design and systems analysis. As follows state of these diagrams: (Use
Case Diagram, Class Diagram, Communication Diagram, and Sequence Diagram). To check
inconsistencies between unified modelling language diagrams there are four ways: dynamic
check, automatic maintenance, manual check, and compulsory restriction. Using these methods
and rules are useful for developers to model material systems. In the consistency rules each
diagram has elements are described by a logical approach.

Keywords: UML; Consistency rules; Use Case Diagrams, Class Diagrams; Sequence Diagrams;
Logical approach.
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1. Introduction

Software processes whether if software specification, software designs and implementation,
software validation and software evolution are used four activities as software development's
criteria [1]. These activities are sequential, incremental or repetitive and functions are restricted to
programs it must be identified. One of the most important techniques used to document the
specifications of systems and software model [1]. The software model is a method of an abstract
representation, graphical functions and software limitations and used to understand the program
before building or modifying it.

There are many researchers involved in the given official definition of UML diagrams [2].
Unified Modelling Language (UML) is used to capture and document all program requirements in
the object-based system. Until now, UML is represented by fourteen graphs that are used to explain
various views of the system. Using Object Constraint Language (OCL) [3] which is supported by
natural language description the abstract syntax and semanticsthat is one of UML
standard. However, the reduction of OCL for the expression of UML elements [4] and as not all the
elements in the OCL [5] forces the research to give a more accurate definition of UML elements.
The exact meaning of the elements is very important in order to arrive at a common understanding
of their meanings and make UML can be a reason in terms of the consistency of the graph.

Consistency is a situation in which two or more elements of different programs that describe
aspects of the system are satisfied, the meaning of a dependency relationship is that class depends
on another class. In the program code, the dependency relationship is often represented by an object
being used in another object process [6]. One of the most important benefits of consistency between
the models is to make sure the implementation of the system properly and without problems [7].
Usually, there are three major activities in managing model consistency and these are inconsistency
detection, consistency specification and inconsistency handling [8]. In the consistency specification,
consistency rules that should be respected by various schemes are described in order to be
consistent. If the consistency rules are adhered to, inconsistencies will reduce and can be detected
and dealt with. Although there are a lot of researches on consistency between UML diagrams, there
is still a lack of research of consistency driven by the use case.

The remainder of the paper is structured as follows. In section 2 presents some of previous
work and methods to illustrate of finding the inconsistency together with discussions relating it to
other similar work and methods. In section 3 the scope of work is shown. In section 4 how
discovery of inconsistencies between UML Diagrams are shown with some rules and examples. The
outline the conclusions and future work in section 5.

2. RELATED WORK

This part provides a review of some of the related work that has been done from some of
researcher in the field of consistency of UML designs for software systems. Boris Litvak and
Yehudai used an algorithmic method to check consistency between UML diagrams Sequence and
State to check the contradictions the UML modeling tools was used to help us to detect
inconsistencies is shown in [9] while Kuster, J. M. and Stehr, J. [10] they proposed an advertising
approach using the CSP algebra process to verify consistency between sequence and state graphs.
Egyed, A. [11] has approach to examining the automated consistency named VIEWINTEGRA was
developed.

Chanda et al. [12] ,Shinkawa [13] and Sapna et al. [14] are proposed consistency between use
case and activity diagram. Using Colored Petri Net (CPN) ,Shinkawa [13] describe the consistency
between sequence ,use case, state chart and activity diagram. He is suggested that the use case
should have at least one activity diagram.

He determines the use case, action and implementation events as transitions. while Sapna and
other. [14] recognize employment case elements, sequencing and action graphs using the schema
table. But Noted the definitions are limited only to elements of the use case, activity, actor, and aim
of the writing. It is possible to be A use case it may be an activity diagram, and every actor in use
case diagram should is agree to a class in activity diagram. here found They define that all object
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and its messages in sequence diagram agree to a class and its style in class diagram. That should
notes They suggest two (2) consistency rules between sequence diagram and use case.

OCL is applied to fast the consistency rules. in use case maybe there are different flows of
scenarios or activities. and after that the scenario is described through a sequence diagram. Chanda
et al. [12] broad elements of use case, sequence diagram and activity such as CFG. They locate an
action/ activity in activity diagram such as a case of a use case in use case diagram. after that notes
The state syntax of all diagram is then used to cause the rules by using CFG.

All most study on consistency between class diagram and use case are most important to
researchers [14; 15]. Fryz et al. [15] see a use case diagram as Requirements for users and they
described the diagram as a graphic. by using graphs Was selected defined consistency between class
diagram and use case. Depending on the Elements assign in consistency rules by means of Chanda
et al. [12] and Sapna et al. [14] and not put up with abstract syntax standardize through Object
Management Group (OMG) [16]. It is advantageous from use the norm with regard Application of
any proposed approach to industrial software development.

3. SCOPE OF WORK

There are many researchers involved in the given official definition of UML diagrams because
they focused on several areas and use different technology. In this part of this paper, the explanation
of the formalization the elements of Use Case, Sequence, Class and Communication diagrams are
shown. Further, the consistency rules are shown.
Definition 1. UML model is defined as a set
UML model = {UCD = Use Case diagrams, SEQD= Sequence diagrams, CDs= communication
diagrams, CD= Class diagrams},
Where:
UCD = {ucdi|l <1<n} is limited set of Use Case diagrams.
SEQD = {SeqDi|l <i<n} is limited set of Sequence diagrams for Use Case.
CDs= {commDi|l <i<n} is limited set of communication diagrams for Sequence.
CD = {CDi|l <i<n} is limited set of Class diagrams for Sequence.

Definition 1 describes a UML model that consists of at least one Use Case diagram, one
Sequence diagram, one Communication diagrams, one Activity diagrams and one Class diagrams.

3.1 Formalization of UCD

Definition 2. Use Case Diagram (UCD) is defined as a set

UCD ={A, UC, R, CO},

Where

A is referring to limited set of actors when A = {ai|l <i<n},

UC is referring to limited set of Use Cases where UC = {uCi|l <i<n},

R is referring to limited set of relationships where R = {Assoc, Include, Extend, GenUC, GenAc},
CO is referring to limited set of constraints for UCD where CO = {COi|l <i<n},

COi is referring to limited set of constraints for a Use Case uCi where COi = {COij|l <i<nand 1
<j<n}.

3.2 Formalization of SEQD

Definition 3: SegDuCi is defined as a finite set of Sequence diagrams corresponding to a Use Case
uCi.

SeqDuCi = {SeqDuCil, SeqDuCiz, .......... , SeqDuCin| uC € UC}

where SeqDuCi € SEQD

Definition 4: SeqDuCin is defined as a tuple

SeqDuCin={Ps,E, V, |, 0, C, S}

where

e Psisaset of lifelines denoting involved in relations where Ps = {psi| 1<i<n}.

e E isaset of events, each event match to receiving or sending a message where E = {ei [1<1<n}.
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e V is a limited set of edges. V is referring to a link between two Ps. Therefore, V can be
representing as
{(e,e’) |e,e’ €EEand e’#e}. V= {vi| 1<i<n}.
| is a refer to labeling function which assign each v € V a message name m with m = | (v).
O is a function which maps each e € E to the member it belongs to.
C is a set of Boolean of form t(e) — t(e’) < d which represents the timing constraints enforced on
SeqDuCin.
S is a limited set of states to which participant goes where S = {si [1<i<n}.

3.3 Formalization of CDs

Definition 5: (CDs definition)

let assumed that the types of personal elements of communications diagram as:
Elements = {Lifelines, Links, Messages, Conds, Msgs,Vals, Prms }
A communication diagram has an 8-tuple:

CDs = ( CDname, Elements, dcond » Omsgs Ovals Oprm » Gin sGout)
Where:

e CDname refers to the communication diagram name.

Lifelines is referring to finite the set of lifelines

Links is referring to the finite set of links

Messages is referring to finite the set of messages

Conds is referring to the finite set of conditions.

Msgs is referring to the finite set of messages hames.

Vals is referring to the finite set of return values.

Prms is referring to the finite set of parameters.

3.4 Formalization of Class diagram

A class is a one of the most major block of UML class diagram that is used to store and manage
information. The main structure of class consists of " name at the top, attributes in the middle, and
operation at the bottom " by these three components with a class used to each class is graphically
depicted (see figure 1). A UML class C is representing by atomic theory C. The above explanation
describe that a class is usually a set of operations and attributes denote shorten as:

C=(Cn a3 Oi) where:
Ch, refer to the class name
a; is a finite set of attribute name of the class, fori=1..n.
ai- is a finite set of attribute type of the class, forj=1...n.
Oi is a finite set of operations of a class, fori=1..n

Attribute name

Accountltem 1
parameter

name

~ +MNotes: string
+order ;- int
+orderBalance:float
+orderstatus:string

Operation name

+GetitemBalance(¥Tloat
+Getordend():string

Figure 1. Common Properties of a Class in UML Class Diagram
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4. discovery of Inconsistencies between UML Diagrams
To ensure a system execution is correctly and the system is consistent or not, rules must be
used as explained below.

4.1. Consistency Rules between Class Diagrams and Sequence Diagrams

Class diagram includes an interfaces and relationship between other classes. A sequence
diagram is an interactive diagram that shows how objects works together and in which order and it
is object interactions appear arranged in the time sequence. It depicts the objects and classes
involved in the script and the sequence of messages exchanged between the requirements to
perform scenario functions. For example, the diagram as shown in figure 1 to explain the rules of
consistency between the two figures.

1) Rule 01: The number of objects in the sequence diagram must be equal to their number in the
class of the class diagram.
Usually the object created by the class, it is impossible created by itself. In Figure 1, object

“X” is a corresponds of class “X”, object “y” is a corresponds of class “Y”, but in the example it

is very clear that object "z" unmatched in the class and the class that belong to doesn’t exist. This

indicates that the existence of object " z " is a violation of Rule 1. If the object "z" is very
important, it can not be deleted, nor does it belong to the class "X" and the class "Y" so it must
be adding new named class "Z" to the Class Diagram. Conversely, if the addition class of object

"c" is not possible, It must be removed in the Sequence Diagram.

2) Rule 02: The name of the sequence Diagrams must be updated synchronously when the class
name is updated in corresponding diagrams in the sequence Diagrams.

In all Sequence Diagrams and Class diagrams, must give an appropriate object name as well as

an appropriate class type. That means the rule 02 is obviously right. The possibility of using the

class in multiple Sequence Diagrams, so update the class in Sequence Diagrams must be wholly.

3) Rule 03: There must be a dependency relationship between two or more classes to which the
objects belong respectively in Sequence Diagrams if the object sends a message to another object
in the sequence Diagrams.

In contrast, there should be at least one message interaction between the corresponding objects if

there is a dependency relationship between two or more class.

The meaning of a dependency relationship is that class depends on another class. In the program
code, the dependency relationship is often represented by an object being used in another object
process. Specifically, an object is used as a parameter or local variable for another object process.
Let's analyze the dependency relationship in Figure 1 and as shown in the program code part below.
Operation "operation7" of class "Y™" is called operation "2" of type "X", which determines that the
object "x" must send a message called "operation7" to intercept "y" in the sequence diagram. So
that means the Rule 03 is correct.

Public class X

Public void operation2()

{
Y y=new Y ();
y.operation7();
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Licong Tian and Besheng Zhou said that “if there is a message interaction between two objects
in Sequence Diagrams, there must be an association relationship between the corresponding two
classes.” [1]. Many researchers agree with this view. According to rule 03, it is obviously wrong.
Dependency is the best choice for the correct relationship.

4) Rule 04: Compatibility must be achieved between the message of sequence Diagrams and
operation of the receiver (an object), And the process must be visible to the sender (an object).

In the sequence Diagrams, the message means the object sends a message to another object. One of
the features of the order where the receiver should be able to complete it. The procedure is
ultimately represented as a process for the future. As shown in Figure 1, the message named
“operation7” in sequence diagram competitions the process named “operation7” of class “B” in
class diagram, but any operation corresponds the message named “operation A” in class “B” can't
be seen. There is clearly a no consistency between the sequence diagram and the class diagram.
When the talking about vision, the class "X" must have the authority to call the class “Y”, Which
depend on the vision of class "Y" and to which the class "Y". The same is true for the object “x”
and the operation "operation7".

5) Rule 05: If any deletion or addition of a class is done in the Class Diagram, the changes must be
done synchronously on the corresponding objects and message in the Sequence Diagram.

Through the class in the Class Diagram are derived messages and objects into the Sequence
Diagram.

4.2. Consistency rules between Communication Diagrams and Sequence Diagrams

Communication Diagrams it is shown the relations during an architectural view where the arc
between the communicate Lifelines are graced with description of the pass into Messages and their
sequencing. Communication Diagrams and Sequence Diagrams are ones of the types of variables of
the interaction diagram. Communication Diagrams and Sequence Diagrams are matched especially
with simple that uses none of the structure mechanisms like Combined Fragments and Interaction
Uses. Communication Diagrams and Sequence Diagrams are on par with each other as well as for
variables can be transformed from one variable to another. This means that the consistency rule
related that previously described in Sequence Diagrams can be also applied to Communication
Diagrams. So it is not very necessary to discuss all the consistency rules between Communication
Diagrams and other diagrams. Let's take an example in Figure 1 to explain and show some
consistency rule between Communication Diagrams and Sequence Diagrams.

6) Rule 06: The objects of both the Communication Diagrams and the Sequence Diagrams of the
system must belong to same class in the Class Diagrams.

The object can only be created through a special class. This means that when the object appears in
one or more interactions, it must be done in the same class. It is clear in the example in Figure 1, the
object "z" is a corresponding in class “Z” in the Sequence Diagram, but it is a corresponding in
class “D” in the Communication Diagram. That is means detection inconsistency between the
diagrams. Licong Tian argues one rule as follow: “If an object is created, deleted or modified in
Sequence Diagrams, it should be created, deleted or modified in Communication Diagrams™ [1].
This rule is significative when the two diagrams are used to describe the same use case diagram or
other objects. But do not benefit us to use at one time. Objects and messages become different when
a Communication Diagram and a Sequence Diagram describe different use case or other objects, so
this rule do not match by Licong Tian are useless.
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Class X Class Y

: ; attribute4: Double
aftribute1: integer aftribute5: String

gt i attribute6: integer
attribute3: Double @ =0 F e e — -

operation7():Double
operation1(): String operation8().integer
operation2(): Void operation9():Void
operation3(): integer

i ]

-

1:operation 7()

I 2:operation A I

| 3:operation B

check

1:operation 7 ()
x: X yY

l 2:operation y

z.D

Figure 2. An example of Class Diagrams, Sequence Diagrams and Communication Diagrams

4.3 Consistency Rules between Class Diagrams and Use Case Diagrams

Use Case Diagrams explain actors, Use cases and relationships between them. The developers
use the Use Case Diagrams to helps him to represent and capture the behaviors of information
systems. Since these behaviors of information systems will be implemented later in Class Diagrams.
For this reason, it is very important that there be consistency rules between Diagrams such as Use
Case Diagrams and Class Diagrams.

7) Rule 7: Each use cases in Use Case Diagrams must be correspond the operations of classes in
Class Diagrams.

Because the functions and services are explained by Use cases. The Operations in the class are the
final representation of the functions and services available in Use cases. Therefore, each Operations
in the class Diagrams must have the corresponding use cases in Use Case Diagrams. Because the
using of cases is not fixed, this use cases the possibility of mismatch one operation.

8) Rule 8: Each use case must have a noun and a verb.

The noun of use case in Use Case Diagrams should correspond to the name of one class in the Class
Diagram. That means, the use case in the class diagram and class in the class diagram must
belonging between them, so that Use case.name equal class. name. Also, the verb must match to an
operation of a class in the class diagram.
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4.4 Consistency Rules between Use Case and Sequence Diagrams
The ATM system will examine as example to show how the rules can be applied.

Withdraw

Request
Statemen

Transaction

User
Bank

Figure 3: Use Case Diagram for ATM System.

9) Rule 9: : in use case diagram for every Use Case, Sequence diagram will have occurred at
minimum one.

In figure 3 with Withdrawal Use Case and in figure 4 there is a one Sequence diagram is appearing.
So the figure 3 and figure 4 validated the Rule 1
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:ATM_Sys b:bank--

user ‘ﬁ'

Idle 5 Idle Idle
. 1
E@ Inzert Card :
- ft1=now}

-

1
1
1
1
1 - 1
: PIN Prompt Processing 5 ]
- : ;
{ 'jr””'tsi Enter PIN .j :
I I 1
! 1 1
! 1 1
] i 1
:Wa'rtin 0 #2=now} : Werify Account '
H S 1 M
: Waiting U A.countox | Processing 5 {= d units}
! ] b
! 1 1
! 1
: DISF"E‘}‘ Menu Prucming :
rd ; i
Processing 5 Withdrawal Option Chosen | Waiting 5
: » .
' Amount Prompt : :
O : :
% 1
{= d units} : Enter Amount i !
IV > |
! 1 1
: 1 1
: Werify Amount :
Waiting 5 : H
I 1 1
{= 2d units} ! VWaiting 5 Processing 5 < d units}
: ' Sufficient Amount |
: L :
. Dispense Cash rocessing !
a

Waiting

Proceszsing 5

Figure 4: Sequence Diagram for Withdrawal Use Case

10) Rule 10: in the corresponding Sequence diagram with a Use Case, each actor associated will
appear as a participant.
In figure 3 the use case of the bank and user of use case diagram, according to Rule 10 seem as
participants in Sequence diagram in Figure 4

11) Rule 11: Let the Use Case Diagram are a set of {Actor, use case, Relationship, constraints}

and sequence diagram. = {lifelines, Events, edges, labelling, maps, constraints, states} be a
sequence diagram matching to set Use Case Belongs Use Case. For any set of Use Case
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Belongs Use Case, the set of constraints Belongs constraints, associated with set of Use Case is
the subset of the set of constraints in sequence diagram of set Use Case. constraints C.

In figure 3 the Withdrawal Use Case is connected with some bands which are reflected in
Figure 4.

Table 1. Check methods of inconsistencies between UML diagrams.

consistency manual compulsory automatic dynamic
rules check restriction maintenance check
Rule 1 v
Rule 2 v
Rule 3 v
Rule 4 v v
Rule 5 v
Rule 6 \ V
Rule 7 v
Rule 8 \
Rule 9 v v
Rule 10 v
Rule 11 v

When any element is modified that means Automatic maintenance, the UML modeling tools
update corresponding elements as automatically can define the Dynamic check as UML modeling
tools capture user procedure by this way the users know the contradictions and how they should be
done. By using the UML modeling tools and using the three methods unfortunately not possible
find all the inconsistencies, this is proof of the manual check as method is indispensable, by using
the hand some of inconsistencies can find it easily. for each consistency rule as in Table 1 optimum
way are given to check it , but only one or two optimum methods are listed in the table 1. It must
be taken into consideration by using diverse methods can be checking the consistency rule in same
time should notes in the table at maximum two best approaches are listed.

5. CONCLUSION

It is very important to find the error from making sure user model in the early phase, when
those errors are detected early in the design process it is more helpful and easier to fix than if they
were detected at a later phase. In other words, the inconsistencies between UML diagrams will be
the cause of increasing defects, errors, and problems in the software systems, so the diagrams
describing a software must be consistent.

In this paper, three methods were examined: first verification was done by hand and the second
verification was done using modeling tools (UML) and the third verification using the
representation method. As is known, it is difficult to convert UML schemes or diagrams into
official language, so at present, the two previous approaches can be considered as feasible
approaches, to check the contradictions the UML modeling tools was used to help us to detect
inconsistencies, this is achieved by relying on three methods: method 1 compulsory restriction,
method 2 automatic maintenance and method 3 dynamic check. from the compulsory restriction the
UML modeling tools provided to the user a correct information to choose, parry inputting incorrect
information.
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