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Abstract ?‘
Model-Driven Engineering (MDE) tries to reduce the effort sp @oftware
ot &)

development by generating codes from models. People ntrate Inds on the
transformation between models and models, or betwe s and . People also

concentrate on checking consistency between gdiffereqt ‘modgls as consistency
between a class diagram and a sequence diagra consi diWetween a sequence
diagram and a state machine diagram. Chegking relationship®dconsistency and class
redundancy in a class model is still impor mt ign % recent years. This paper

S
concentrates on relationship problems Iy t classes_in anclass diagram and proposes
methods of checking various reIatio@problg s® address the redundancy of a
class’s operations and attributes. \/\Q tify 9% e range of the problems for class
diagram. Our research is ba%@ elationshiphabstraction rules.

Keywords: class diagram,
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ation;@’action, circulation inconsistency, class
redundancy
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1. Introductlof\\

A model abStract represefitation of a real system or phenomenon [11]. Models are
created to ) particila poses, for example, to present a human understandable
description of"'some as of a system or to present information in a form that can be

mechanically analyze . Models and modeling are essential parts of every engineering

iven Architecture (MDA) as a Model-Driven Engineering (MDE) standard
2]. The promise of MDE is that the development and maintenance cost can be
by working with models instead of codes [14]. In traditional software
%opment, codes are core elements. However software system of today’s are increasing
more and more complexity, distribution, heterogeneity and lifespan [5]. Traditional
software development methods cannot meet the changing requirement of users and cannot
catch the essence of the problem area. But in MDA, models become core elements in
software development and are not only used as an assistant tool.

Our research on model checking is based on the Unified Modeling Language (UML).
UML is a de-facto standard for object-oriented modeling [4]. Relevant information in
different UML diagrams [2] under one project should be consistent with each other. In
MDE we may need to check consistencies between diagrams.
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Checking consistency between two diagrams (CMod). For a given software project (P),
stakeholders propose a requirement (R). In order to model P, developers use two different
diagrams (D1), (D2). In D1, the information used to describe R is (INFO1). In D2, the

CMod:Vpe P,3dle D1A3dd2e D2;Vre R,dinfole INFO1A Jinfo2e INFO2;

(DIFF(infdL, info2) = True)= (INCON(d1,d1) = True);
information used to describe R is (INFO2). If INFOL1 is different from INFO2 (DIFF), we
conclude that D1 is inconsistent with D2 (INCON).

Consistency checking between models is an important part in developing models.
Nuseibeh proposed that consistency checking is an activity focusing on comparing
information in two or more views [8]. This implies that one important goal of view
integration is to provide automatic assistance in identifying view inconsistencies [3].

Three types of inconsistency are identified:

1). Inconsistency between two class diagrams. It means the inconsistency bet
low level class diagram and a high level class diagram. The high level class
abstracted from the low level class diagram. For this kind of inconsiste
check a model using the method CMod, one of D1 and D2 a hlgh le asg diagram
and the other is a low level class diagram.

2). Inconsistency between a class diagram and a se@e eans the call
between classes in sequence diagram doesn’t m. relati nsh n class diagram.
When using CMod to check that, one of D1 and a class%@fn and the other is a
sequence diagram.

3). Inconsistency between a state machi sequé gram. It means the states
in a state machine don’t match the ¢ n seq a sequence diagram. For
example, an object sends a message to r ob sequence diagram, but in a state
machine diagram there is no state crib %te change. When using CMod to

check that, one of D1 and D te ma iagram and the other is a sequence
diagram.

pathl

path2

% Figure 1. A Form of Circulation

per, we investigate relationship problems in a single class diagram. We also
te the redundancy of attributes and operations in a class diagram and circulation
ms in a class diagram. The circulation may have problems shown in Figure 1. In
Figure 1, there are two paths between class begin and class end. The two paths are pathl
and path2. {r1, r2, r3 }¢ pathl. r1, r2 and r3 are relationships. If we abstract r1, r2 and
r3 in pathl, we can get a direct relationship R1 between class begin and class end. If we
abstract r4, r5 and r6 in path2, we can get a direct relationship R2 between class begin
and class end. If R1 # R2, we conclude that pathl is inconsistent with path2 and the
circulation is not correct.
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2. Checking Relationships

If the size of a class diagram is small, we can check relevant problems on relationships
and classes manually. The checking includes consistency checking, redundancy checking
and completeness checking. However, when the software system becomes larger and
more complex, we are impossible to find out all the problems manually. Using a tool to
discover the problems in a diagram helps us to correct the diagram easily. We find that
relationship problems mainly exist in circulations as shown in Figure 1. Figure 2 is an
activity diagram indicating the activities in relationship checking. The activities
contain circulation finding, relationship consistency checking, completeness
checking and redundancy checking. The progress of the activity diagram is:

1). Using the depth-first search (DFS) method to find out all the circulations in the
class diagram.

2). Choosing two classes for each circulation. For the two selected classes, we use,
relationship abstraction rules to abstract the relationships between them. We.ge
relationship results R1 and R2 of two classes in Figure 1, because there a %ths
namely pathl and path2 between them.

*

Figure 2. The ity Diagram of Finding and Checking Circulations

3). Compari@ two relationship results. If the two results are identical, we then
check the,compléteness of information for each path. If the information of two paths is
eck the relationship redundancy in the circulation. If the information of
complete and the other one is not complete, we choose the path in which the
ion is complete to satisfy the requirements of stakeholders. If both two paths are
%mplete, we may create a new direct relationship between the two classes.

. Finding The reason of their difference. The first reason may be the different
execution order. The second factor may be the path inconsistency. If the relationship
difference is caused by the second reason, the circulation is not correct. We ignore
the first reason. In the section 3, we will analyze the difference caused by the rules’
execution sequences.

2.1. Searching Circulations in a Class Diagram

Figure 3 is a simple class diagram containing circulations. The left part of Figure 3
shows a class diagram. The right part of Figure 3 shows the relationships in the class
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diagram. We consider the class diagram as a graph. We use the DFS method to get
circulations in the class diagram.

A B C D

T aggregation
none gene(allzamn none
reverse

generalization
reverse

association association

dependency
reverse

aggregation | association

o|lo|=|>»

O

Figure 3. A Class Diagram Contains Circulations

association | dependency

2.2. Abstraction and Abstraction Rules

If we want to get the direct relationship between two classes, we need rules to W’
the paths between the two classes. Abstraction contains relationship abstra nd
classifier abstraction. Classifier abstraction uses the classification and cluster ethod
to get a high level abstraction. The package diagram in U iptrodu ethod of
using classifier abstraction. Relationship abstraction abstﬁ%e relatl% in the class
diagram. For example, relationship abstraction tween two
relationships and abstract the two relationships in e rel e%ﬂabstraction uses
rules to abstract the class diagram and abstracts a I N level clas%@(alm to a higher level
class diagram.

1). Grammars of relationship abstrac @[ n class% bstraction. Grammars of

S

classifier abstraction are like P1:[ class % |onsh| s —class ]. For example, if
in a scene class A and class B has a r to grammar P1, the scene can
be abstracted on class A. The g éa of reI p abstraction is P2:[ (relationship)
x class x (relationship) — h|p r example, if in a scene class A has a
relationship with class B an s B has at%onshlp with class C according to P2, the
scene indicates that class Ayhas a relati th class C. Figure 4 is a scene describing
the relationship betw ss Hum ammals and Animals. Human is a kind of
mammals and a a kin anlmals The scene can be described as S1:[ Human
X (Generalizatlo mmal rallzatlon) x Animals ]. According to the classifier
abstraction gragipar:[ Hu enerallzatlon) X Mammals — Human ], We abstract

Human x (Geferalizati Animal ]. If we use the relationship abstraction to abstract the
scene, according t@e relationship abstraction rule:[ (Generalization) x Class x
(Generalization eneralization ], we can get an Generalization relationship. And
finally we can“get the abstracted scene which describes Human and Animal is S3:[
Human X eralization) x Animal ]. Relationship abstraction means that the model is
abstrac ough relationship abstraction rules rather than classifier abstraction rules.
ship abstraction is used to get a higher-level abstraction of a class diagram and
onship abstraction is used to abstract paths.

the scene f&} we g%t stracted scene which describes human and animal is S2:[

Human Mammals Animals
- isa isa
Name:String ———{>NameStringf——>1 Name:String

Move() Move() Move()

Figure 4. Animal Family Example
2). Input and output for relationship abstraction and classifier abstraction. Figure 5

shows the input and output of relationship abstraction and classifier abstraction. The
upper part of Figure 5 indicates the input and output for the classifier abstraction. The
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upper part of Figure 5 matches the grammar of classifier abstraction P1:[ Class x
(Relationship) x Class — Class ]. If we input [ Classl x (Relationship) x Class2 ], the
output is Classl1. The lower part of Figure 5 indicates the input and output for relationship
abstraction. The lower part of matches the grammar of relationship abstraction P2:[
(Relationship) x Class x (Relationship) —Relationship ]. If we input [ (Relationshipl) x
Class x (Relationship2) ], the output is Relationshipl or Relationship2. The output of a
relationship abstraction depends on the relationship abstraction rules.

input: Relationship

Classl | X

T o= |

Classifier
abstraction [

Output:

Input:
Relationship

*
abstraction |
Output: RelationShip 1 or Relationship2 |

Figure 5. Input and Output for Abst ac;[ion
N

(1)AS x Class x AS equals AS 100 (26)AG x Class xDP NO,

(2)AS x Class x AG equals AS 100 (27)AG x Cla ualsWG 50
(3)AS x Class x GLr equals AS 100 (28) As x fla Ghedlsls AS 70
(4)AG x Class xAG equals AG 100 (29)AS x equals AS 7

Relationshipl I xl Class l x

)

i
&
S
o
=

S
0

(S)AG x Class x GLr equals AG 100 (30)AS x gEquals DP 50
(B)AGr x Class x AS equals AS 100 (31)AS x Class % DPr equals DPr 50
(7)AGr x Class x DP equals DP 100 ( x Class x AG equals 0
(8)AGr x Class x AGr equals AGr 100 DPWClass x AS edrals
(9)AGr x Class x GLr equals AGr 100 x Class xGLequ %
(10) DP x Class x DPequals DRyL00 )DPr x Class x AS equ& 50
(11)DPr x Class x AG equals DPr )DPr x Class uals DPr 50
(12)DP x Class xGLr equals, (37)DPr x @fass als DPr 50
(13)DPr x Class x DPr eq (381G % Cla als AG 80
(14)DPr x Class x GLr eQlials (39) & equals AS 70
(15) GL x Class x A SIRAS 100 (40)G lasSy AGr equals AGr 50
(16) GL x Cl x@s P 100 (41)GLr x CRgss x DP equals DP 50
(17) GL x Clasg x Is AG 100 r x Class x DPr equals DPr 50
(18) 1 GLequals GL 100® s x AS x Class equals Class 99
(19)GL x Gr equals AGr 100 § ass x AG x Class equals Class 99
(20)GL x Class x DPr equals @@, 5)Class x AGr x Class equals Class 99
xClass x GLr equ 00 (46)Class x DP x Class equals Class 99
Class x AS equalk 0 (47)Class x DPrx Class equals Class 99
% Class x DPr eguals DI (48)Class x GL x Class equals Class 99

)AGr x Class x GL eQuals AGr 80 (49)Class x GLr x Class equals Class 99

relationships requently used. The combination with repetition of any two
relationsHip§_can reflect in an input structure. And the input structure belongs to
relationgttiy abstraction input structure. If two classes are connected with a relationship, a
ingtien of the two classes and relationship can reflect on an input structure. And this
‘ pucture belongs to the classifier abstraction input structure. Figure 6 shows relevant

1@-‘ for relationship abstraction and classifier abstraction. The part before “equals” in
each rule is similar to the part before “—” in grammar. The part meets the input structure.
The part after “equals” is similar to the part after “—” in grammar. The part meets with
the output structure. The number at the end of the rule shows the reliability of the
abstraction rule. We get the final reliability after running two or more rules. For example,
the reliability of rule (23) is 80 and the reliability of rule (30) is 50. The ultimate
reliability is 80*50/100=40. The lower part of Figure 6 shows the short hands for the
relationships. In Figure 6, there are 42 relationship abstraction rules and 7 classifier
abstraction. The rules ranging from (1) to (42) belong to relationship abstraction rules.
The rules ranging from (43) to (49) belong to classifier abstraction rules. In the
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relationship abstraction rules, there are 21 rules ranging from (1) to (21) whose
reliability are 100, taking nearly half of the relationship abstraction rules.

2.3. Problems in Circulation

A relationship circulation in a class diagram requires that there are two paths from one
class to another class. If class A wants to get the information of class B, there will be two
paths for class A to choose from. Circulation often contains problems. For example, we
may select the wrong path. We get two relationships between class A and class B after we
abstract the two paths. If the two relationships are significantly different, the diagram
contains inconsistency. Another problem is relationship redundancy in the circulation.

1). Relationship consistency:

Check relationship consistency in a circulation (CkCir). We suppose that class diagram
(D) contains circulation (C). C contains two classes (CL1) and (CL2). Between CL1 and
CL2, there are two paths (P1) and (P2). Using abstraction rules (Abs), we abstr t
get a direct relationship (R1) between CL1 and CL2. We abstract P2 and %:%& ect

relationship (R2) between CL1 and CL2. If R1 # R2, we say that P1 is ingbn with

P2 (Inc).
Ckcir:vde D,3ce C;Vclle CL1,Vvcl2e @
Jple P1,3p2e P2;3rle R1,rl= Ab é RK}{ s(p2);

(r1#r2)= (Inc(pl,p2) =True).

Figure 7 shows 4 % circul :}V\/lth relationship inconsistency problems. These
qr@%

circulations are a ion n, composition circulation, dependency circulation
and generalizati culation edach kind of circulation, there are two relationship
results be ass A lass C and the two relationships are different. Take the

aggregatio Iatlonb example, if we use the relationship abstraction rule (4) to
abstract pathl:[ A x D x (AG) x C ], we get resultl:[ A x (AG) x C ]. However, if

we use rule (4) to t path2:[ A x (AGr) x B x (AGr) x C ], we get result2:[ A x (AGr)
x C1]. resultl 2, 5o pathl is inconsistent with path2. Figure 8 shows a simple class

diagram of the ATM system. The class diagram contains four classes namely Session,

Custome ation, TransactionRecord and Transaction. According to rule (32):[ (DP)

x Class ) equals DP 70 ] given in Figure 8, we abstract the scene as S1:[ Session x

ustomerinformation x (AG) x TransactionRecord ]. We get result r1:[ Session x

% ransactionRecord ]. The reliability of r1 is 70. The description of d1:[ (AGr) x

s x (DPr) ] is the same as the description of d2: [ (DP) x Class x (AG) ]. According

to rule (32):[ (DP) x Class x (AG) equals DP 70 ], we abstract the scene S2:[ Session x

(AGr) x Transaction x (DPr) x TransactionRecord ]. We get result r2:[ Session x (DPr) x

TransactionRecord ]. The reliability of r2 is 70. We conclude that S1 is conflict with S2
since r1#r2. The circulation contains inconsistency problem.
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Session Customerinformation
getCustomerinformation() f[===—=====-~= > Name: String
startTransaction() r1 IDCardNumber : String

T P [j) <L
Transaction TransectionRecord
saMoney(): | mmmmsTme e — CustomerName : String
sendOutM oney() Money : Integer

Figure 8. The ATM System Example

Incomplete b Complete
Lioeos Student || [ College Student
Student Al | A1
Teacher < name : String | 3:::2: = name : String ¢
searchCourse() id: Integer I g id: Integer
A5
Y pl selectCourse() | selectCourse()
A2 | <f A2 l
A3 A3
p2 /J) I |
Teacher Course | Teacher Course '
name : String Ad name : String | [name: String n - Strin,
teachCourse() selectCourse() | sort() sort()
Figure 9. A Relationship Circulation Co \oth Ag ation and
Associati \\/

2). Completeness of information in C|rcula nNThe com ness problem here mainly

refers to the reference integrity. For ex |n order@“meet the requirements of
stakeholders, class A need to get the |0n in C. But class A is not directly
connected to class C. Class A |s co to cl class B is connected to class C.
So class A gets the informatio C throug s B. But sometimes the information
is not correct or complete, ;so fornnt annot satisfy all relevant requirements.
This kind of problem is the conipletege em. The completeness problem is quite

common in circulation. p‘ S dlagra&p igure 9 shows relationships between class
College, Student, Teaghef*arid Courge pose there is a need to find out all the courses
in a college. In FigueeNQ (left We%% two paths from College to Course. They are pl:[
College x (AGr(Ad Stude%QA A3)) x Course ] and p2:[ College x (AGr(A2)) x
Teacher x (ASEA? ]. The courses we get may not only belong to the college,
because stugents in col choose the courses of other colleges. If we choose p2, the
courses we get may belong to the college for there are some visiting professors in
the college. Visitin ssors may teach some lessons for college students, but they also
teach lessons t ot belong to the college. We get a result that no matter through
which path p1 , we cannot fully satisfy the requirement. The result is a completeness
problem ﬂﬁgcirculation. When dealing with this kind of problem, we can add a direct
relation@ etween the two classes. For Figure 9, we can add a direct relationship
bet ss College and Course shown in Figure 9(Right). Using rule (2):[ AS x Class x
Is AS 100 ], we abstract p1 and get result r1:[ College x AS x Course ]. We
ct p2 and get result r2:[ College x AS x Course ]. rl = r2 and the relationship
between a college and a course is AS in rl and r2. The type of the direct relationship (A5)
between class College and Student is AS according to r1 and r2.

3). Relationship redundancy in circulation. Redundancy in circulation means that some
relationships are redundancy. Relationship redundancy is also common in a circulation.
Relationship redundancy does not cause software errors, but waste the resources such as
time and space. We can save resources if we identify and reduce them. Figure 10 shows
the relationship redundancy in circulation in Amazon Web Services. Figure 10 illustrates
class AwsService, AwsServiceDefinition, AmazonWhishListService and
AmazonWhishListServiceDefinition. According to rule (17):[ (GL) x Class x (AG) equals

Copyright © 2016 SERSC 191



International Journal of Hybrid Information Technology
Vol. 9, No.10 (2016)

AG 100 ], we abstract pl: [ AmazonWhishListServiceDefinition x (GL) x
AwsServiceDefinition x (AG) x  AwsService ] and get result rl:[
AmazonWhishListServiceDefinition x (AG) x AwsService ] with reliability 100. According
to rule (27):] (AG) x Class x (GL) equals AG 50 ], we abstract p2: [
AmazonWhishListServiceDefinition x (AG) x AmazonWhishListService x (GL) x
AwsService ] and get result r2:[ AmazonWhishListServiceDefinition x (AG) x AwsService
] with reliability 50. After checking the information completeness of two paths between
AmazonWhishListServiceDefinition and AwsService, we find that the information is
complete. Because rl=r2, we think that there may be relationship redundancy in the
circulation. Because the reliability of rl is bigger than r2, we suggest that redundancy is
existing in p2. We check p2 and speculate that the relationship AG in p2 is redundant and
delete AG. Then we check information completeness again. We finally find that there are
no problem in the class diagram so we are sure that AG in p2 is a relationship

redundancy. \/

AwsServiceDefinition
connection : HTTPconnection

4
request : Request frag t0) (&
operati
servicesDefinition() : AwsServiceDefinition Lol
‘ saghin

Figure 10. The Class@ram g{@on Web Services

searchByName()

connect()
disconnect()
searchByEmail) .

2.4. Checking Rroblems in Circulation

Figure\k&a simple circulation. In the circulation, between class Begin and class End
there ar paths. In order to obtain the relationship between class Begin and class End,
we abstract pl and p2. In order to abstract the two paths and apply the abstraction
omatically, we use an automaton. Figure 12 shows the method of using an

aton to abstract the two paths. The upper part of Figure 12 shows the automaton for
abstracting p1. State SO is the initial state. We describe SO as SO:[ (Begin) x (AS) x (Mid1)
X (AS) x (Mid2) x (GL) x (End) ]. Firstly, we use rule (1) to abstract SO, then the state SO
changes to S1. S1 can be described as S1:[ (Begin) x (AS) x (Mid2) x (GL) x (End) ].
Secondly, we use rule (28) to abstract S1 and the state S1 changes to S2. S2 can be
described as S2:[ (Begin) x (AS) x (End) ]. The reliability of S2 is 100*70/100=70. The
relationship between class Begin and class End is AS through pl and the reliability of the
relationship is 70. The lower part of Figure 12 shows the automaton for abstracting p2.
S3 is the initial state of p2. S3 can be described as S3:[ (Begin) x (DP) x (Mid3) x (DP) x
(Mid4) x (GL) x (End) ]. Firstly, we use rule (10) to abstract S3 and get S4:[ (Begin) x
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(DP) x (Mid4) x (GL) x (End) ]. Secondly, we use rule (34) to abstract S4 and get S5:[
(Begin) x (DP) x (End) ]. The relationship between class Begin and class End is DP
through p2. And the reliability of the relationship of S5 is 100*50/100=50. After using the
automaton to abstract the two paths, The relationship between class Begin and class End
inplis AS, in p2 is DP. (AS)#(DP), so p1l is inconsistent with p2.

Automaton for p1: Rule(1):[(AS) x Rule(28):[(AS) x
Class x (AS) Class x (GL)
° equalsAS 100) equaIsAS 70]
Automaton for p2: Rule(10}:[(DP) x Rule(34):[(DP) x
Class x DP) Class x (GL)

£

° equals DP 100] a equals DP 50] . V
Figure 12. Automata for Abstracting Paths OE

S

3. Inconsistency in a Path

In the method of using automaton, we apply @ in an way Through the
iterative approach, the final reliability may no blggest eed to find out a new
running order to get the biggest reliability. r are tw utlon orders after we run
two rules. Running the first rule flrstly nin nd rule firstly leads to two
different execution orders. Different e n orq Iead to different results. Figure
13 shows the two execution orders Igure 13 shows the first execution

(RelationshipB) equals Rel 1 ] fi nd executes the rule:[ (RelationshipD1)
x Class2 x (RelationshipC) equa 1 ] secondly. The ultimate relationship of
first order between Clas d Class ationshipEl. Reliability of RelationshipE1l is
FinalReliabilitya. Th r part | re 13 shows the second execution order. The
execution apply ule: ionshipB) x Class3 x (RelationshipC) equals
RelationshipD2 y and ap herule:[ (RelationshipA) x Class2 x (RelationshipD2)
equals Re ipE2 ] ndly. The ultimate relationship of second execution order
between : and is RelationshipE2. Reliability of RelationshipE2 is
FinalReliabilityb. T ionshipEl and RelationshipE2 may be different. At the same
time the FinalReljabi and FinalReliabilityb may be different too. If RelationshipEl #
RelationshipE e path contains relationship inconsistency. If FinalReliabilitya #
O The final relationship between class1 and class2: Class1 x RelationshipE2 x_Classd || FinaiRelisbiitya

r =Reliabil
RelationshipE2 ||  Reliability2 eliability2
The
second | -

order. The lower part of Fla execute rule[ (RelationshipA) x Class2 x
Rel

execution ¢ The second abstract step
sequence RelationshipD2 | |  Reliabifityl
hossdinicnn i

e Tirst abstract step
[ Classt x RelationshipA x Class2 x x Class3 x x Classd ]

Classl x RelationshipA x Class2 x RelationshipB x Class3 x RelationshipC x Classd
- he first abstract step -

The second abstract step

sequence [ Reliability2 ][Relanonshvp[l ]
| B e — FinalReliabilityb

=Refability1*Rel
The final relationship between classl and class2 [ Class! x RelationshipEl x Classd iability2

Figure 13. Two Execution Orders
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3.1. Reliability I nconsistency

The inconsistency between FinalReliabilitya and FinalReliabilityb belongs to
reliability inconsistency. Figure 14 is a scene describes the relationship between class
Vegetable, Human, Mammal and Animal. We can describe the scene as S:[ Vegetable x
(AS) x Human x (GL) x Mammal x (GL) x Animal ]. Two relationship abstraction rules in
S are rule (28):[ (AS) x class x (GL) equals AS 70 ] and rule (18):[ (GL) x class x (GL)
equals GL 100 ]. We use the automaton to abstract S iteratively, as the first sequence in
Figure 13 shows. Firstly, we apply rule (28) and get the output scene S1:[ Vegetable x (AS)
x Mammal x (GL) x Animal ]. Secondly, we still run rule (28) to abstract S1 and get the
output scene S2:[ Vegetable x (AS) x Animal ]. The reliability of S2 is 70*70/100=49.
However, if we firstly run the rule of which reliability is higher, the results may be
different. For the rules in Figure 14, we find that the reliability of rule (18) is 100 and the
reliability of rule (28) is 70. The reliability of rule (18) is higher than the reliability of rule
(28), so we run rule (18) to abstract S firstly. The second sequence shown in Fi
We get the output scene S3: [ Vegetable x (AS) x Human x (GL) x Animal ]. W Ie
(28) to abstract S3 secondly and get the output scene S4:[ Vegetable x ( imal ].
Finally the reliability of S4 is 100*70/100=70, the value i ohviou than 49.
Algorithm 1 shows the method of applying the rules o@h the @k is higher

I

firstly and through this method we can get a more reliab@le

Vegetable Human . | , ma]
Type:String Name:&rirg% Name: Stnrﬁ—@ Name:String
grow() Eavgl) o] Move() \ Move()
Figure 14. A Sample for th@ﬁ S|§Q\@e Running Sequence
\@ >
Algorithm 1 Get a ellable @

Require: Ap beglns fr ‘A and ends with class B
Ensure: R h|p betwe Iass A and class B and the reliability
1: whilé al relatioR between class A and class B is not found. do

2:Find elatlomQ s in the path.
: ank the retationship rules from big to small according to the

6. O] e relationship between class A and class B and the reliability

3.2 Relaa%lp I nconsistency
I we get after abstracting the scene shown in Figure 14 only contains the

ap/different execution orders have influence on relationship inconsistency. We should
consider whether the relationship inconsistency is caused by different execution orders or
caused by inconsistency between two paths. If the relationship inconsistency is caused by
the different execution orders, we need to eliminate the impact of different execution
orders. If the relationship inconsistency is caused by inconsistency between two paths, we
draw a conclusion that there are some problems in circulation and we need to modify the
information in two paths. In order to eliminate the influence of different execution orders,
we need to get all scene types which contain 3 relationships. A scene contains 3
relationships and contains 2 rules. A scene contains two rules and allows two different
execution orders. And after analyzing the two execution orders in each scene, we can
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know the impact of different execution orders on circulation checking results. If different
execution orders have no impact on scenes which contain two rules, execution orders will
not affect the scenes which contain 4 or more relationships. The form of the scene is
S:[ Class x (Relationshipl) x Class x (Relationship2) x Class x (Relationship3) x Class ].
Relationshipl, Relationship2 and Relationship3 are selected from relationship collection
C={ AG, GL, DP, AS, AGr, DPr, GLr }. So if we choose one relationship from C and
choose three times, we can get all scenes which contains 2 rules, we find that there are 7
relationships in C, so there are 7*7*7=343 scenes require analyzing. For each scene type,
we compare the two results got from two execution methods. The left of Figure 15 shows
the abstracted relationship between row and column. For example, the result
(RuleTable[AS][AG]=AS) is built according to rule (2):[ (AS) x Class x (AG) equals AS
100 ]. The right of Figure 15 shows the reliability of each abstraction rule. By searching
the two tables we can get the results of two execution orders for 343 scene types.Figure

16isa \/0
AS AG oP GL AGr DPr GLr AS AG opP GL AGr DPr r : ;

AS AS AS op As AS oPr AS AS 100 100 50 70 70 3 100
4

AG AS AG op AG X oPr AG AG 0 | QI *o X sol 1

oP As opP op opP opP X o oP s0 50 80

GL As AG oP GL AGr oPr X 6L u \ 100 100 12

X
AGr AS X opP AGr AGr DPr AGr r 100 80 IMO 100
DPr DPr DPr X DPr DPr DPr DPr J 100 X S0 100 100
GLr AS AG oP X AGr DPr GLr GLr 70 80 50 I \ 50 50 100
RuleTable shows the abstract relationship \ RE"HWVT the abstract reliability

flow chart used to analyze th ne ty& stly, we select three relationships
{R1, R2, R3} from the relatlon Iectl G, GL, DP, AS, AGr, DPr, GLr } in

order. And the relatlonshlps R3 repetltlvely selected. And there are 343
kinds of combinations of 1, R2 R er. A { R1, R2, R3 } order reflect a scene,
for a scene, there are cutlon 0 *We make one order apply rule:[ R1 x Class x
R2 equals R4 ] fir: d appl le:[ R4 x Class x R3 equals Ra ] secondly. The
application of r %& the 0 of checking the rule table and reliability table as
shown in Fig @é\ e make nother order apply rule:[ R2 x Class x R3 equals R5 ]
firstly and Q le:[R ass X R5 equals Rb] secondly. Finally the two results of the
two orders We=got are Ra’s o Rb. If Ra = Rb, for the circulation composed of this scene
type, different exec 0 ders will not result in relationship inconsistency in circulation.
If the 343 scene re not all analyzed, we choose another combination of { R1, R2,
R3 } to analyz

il
©)
Q°
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R4=RuleTable[R1][R2]

Ra=RuleTable[R4][R3]

Execution sequence
difference has
influence

Execution sequence
difference has no
influence

L 4

?\/
4@

Figure 16. Executio ders EIo@art

Table 1. Cé@ison I@l}s
AN\

N
Comparison of  two mber N Percentage
results _ o O
Equal T~ 255 N\ 0.74
Unequal P 0%\' 0.00
Invalid A 88 0.26
Total AN\ ﬁlB 1
Table 1 shows the result of\the)experiment. The number of equal type equals to 255.

The numbey™© qual type=equals to 0. The number of invalid type equals to 88. For the
equal type & e inva we show an example of each type as shown in Figure 17.

a case that the two results got from two execution orders are

The top of Figure
orders are shown in Figure 13. The bottom of Figure 17 shows

17
equal. The two &@n

an invalid type.

\E T B e U S N
O Egualiype | The first result by the first sequence: | ‘ A }' = >| D |
O l The second result by the second sequence: I | A }“ = >{ D |
@ [ ][ A {5 € {7
Invalid type I The first result by the first sequence: | | o JMOTUleACoORd |
with: GL x GLr, So it is invalid
| The second result by the second sequence: | I A '—1 D |

Figure 17. Examples of Different Result Types

After the experiment, we note that there are no cases of unequal type in which the two
results of the two execution orders are different. For the invalid type, one execution order
is invalid. The bottom of Figure 17 shows a case of invalid type. For this case, we cannot
abstract the scene S:[ A x (GL) x B x (GLr) x C x (AS) x D ] by the first execution order,
because there is no rule for the scene:[ A x (GL) x B x (GLr) x C ]. So for invalid type, we
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have only one execution order and can only get a relationship result. So for a circulation
contains this kind of scene execution orders will not cause the relationship inconsistency.
We conclude that different execution orders will not affect the relationship results of
abstraction. In the circulation, If results of abstracting two paths are different, we come to
a conclusion that there exists relationship inconsistency between the two paths and the
circulation has problems.

4. Reducing Redundancy and Abstracting a Class Diagram

4.1. Checking Redundancy

If classes in a class diagram have many similarities, redundancy may exist in the class
diagram. For example, if two or more classes have same attributes and operations, the
same attributes and operations may be redundancy. Figure 18 shows the classes that we,

o]Nlpe

used in drawing a graph. The classes contain Ellipse, Polygon,§ i

PolygonConnector and

* <<

Ellipse Polygon Polyline o T
setWidth() setWidth() setWidth() g nchorQ
setFill) setFill]) setFill) \se YoetAnchor(
sefFillColor() sefFillColor() setFillColor() ePollineConnector(
drawEllipse() drawPolygon() drawPolyline() b

Y &\
N\ N
Figure 18. A Sim NaphL I ss Diagram

PolylineConnector. Ellipse, omﬁrand Poly?&e\\as similar operations. We take their
same operations out and p% a nev@ss Shape. Then we make class Ellipse,
Polygon and Polyline inherit* clas h We do the same thing with class
PolygonConnector and ¢ olygon ector. If the limit of a operation is different, we
choose the Iargestpt&limit. Forvexample, if the method setWidth() in Ellipse is
private, in Polygm\1 blic an %olyline is public, the number of the limit which is
public equals t e numb the limit which is private equals to 1. The largest
number of %Is to 0 We set the limit of the method setWidth() in Shape public.
Through t same ms and operations in different classes out, we can reduce
redundancy in class m. As Figure 18 shows that we needn’t code setWidth(),
setFill() and setEll r() three times in class Ellipse, Polygon and Polyline. The
relationship beé@ class Shape and class Connector is based on the relationships
between clais ipse, Polygon, Polyline and class PolygoConnector, polylineConnector.

O Shape I Connector |
Shape Connector
setWidth( setSourceAnchor()
sefFill) <1

sefTargetAnchor()

Graphic |

sefFillColor)

Ellipse Polygon Polyline T

PolygonConnector PolylineConnector
0 o0 | | GrawPablined

nnector() || createPolyli nnector()

Figure 19. The Class Diagram after Reducing Redundancy
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4.2. Classifying Classes and Abstracting a Class Diagram

A package in UML can be viewed as a folder if classes are viewed as files. Package is
used to classify classes. In order to get the organizational layer of a software and help us
understand the software better, packages are put in place to get the big picture of a
software. Figure 20 shows a package diagram abstracted from the class diagram shown in
Figure 19. According to the generalization relationships between classes, we can get the
scope of a package. But the relationship between packages needs to solve manually.

Shape Connector

setWidth( setSourceAnchor()
setFill) setTargetAnchor()

seffillColor)
PolygonComnector PolylineConnector

I

Ellipse Polygon Polyline

drawEllipse() drawPolygon() drawPolyline()

3t nnector() ly onnector()

Figure 20. Using a Package to CIass#@s’Dla@Q
5. Conclusions O \1
. The abstraction of class

Model abstraction is an extremely |mpor art in

diagram takes a big part of model abstractl abstrav%f a class diagram can help
us to understand the software system. W tlg relationship between classes in a
UML class diagram. And we |nv @ ancy of class’ attributes and
operations. We discover that the ations in iagram often cause problems. We
investigate the problems rculati T ese problems include relationship
inconsistency, completeness em and r@shlp redundancy. We investigate how to
check these problems how to hese problems. In the future, we will
investigate the cooper etween s First, we will study the cooperation cases
between class d and s nce diagrams. Second, we will investigate the
consistency betw dmg@ d sequence diagrams.
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