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Abstract—A consistency check between design and implementation is usually done in order to check the correctness of the systen’
requirements. However, if the requirements are changed over time, then the document versioning occurred within the requirements.
For XML Schema, document versioning exists when there is a change in the XML Schema from its previous Schema. In order to
detect the versioning of both XML Schemas, consistency rules check need to be performed to both class diagrams produced by both
Schemas. The consistency between two XML Schemas is checked based on transformation rules and versioning rules. Transformation
rules are used for translating the XML Schema into the class diagram, and versioning rules are used for checking the existing of
document changes between two XML Schemas. Once two XML Schemas are different the consistency rules will be used for the
consistency check. This paper presents an approach based on transformation rules and versioning rules to check consistency between
XML Schema and UML class diagram when document versioning exist. The approach is then used for the case study to show how the
consistency is checked in order to detect the versioning of two different XML Schemas. Based on the case study, the approach shows
that two XML Schemas can be checked for their consistency when document versioning exist.

Keywords— consistency rules; XML schema; UML class diagram; document versioning.

requirements of the system. This class diagram contains the
[. INTRODUCTION attributes and methods extracted from the XML Schema.
Document versioning exists when XML Schema has been
changed over time due to changes of requirements. Once the
versioning exists, the consistency rules check has to be

In software development life cycle (SDLC), four main
phases are involved during the development of any system
They are analysis, design, implement, and testing. During
analysis and design, UML specification is usually used to pegormgd betweeln the rt]WOkXML Sch?lmas. qf hecki
represent the system’s requirements. Diagrams usually Qnsstencg rules chec 'ﬁ usua ydu§e . orl checking
represent UML specification. Eleven main diagrams are usedtonsistency between the schema and its Implementation

for UML specification [1]. One of the important diagrams in _USin% thedpredefined ruhles. Cr?a\fzal‘ [4]' for e>k<)ample, h
the UML specification is a class diagram. A class consists ofinfroduced an approach to check consistency between the

a name of the class, its attributes for describing the classWML class model with its Java implementation. Ibrahim et

data and the methods for representing the behavior of the?l- Bl on the other hand, proposed a formal model for

class. A class diagram consists of a minimum of two classes-ONSistency rules between the UML use case diagram and

that are usually connected by association. activi.ty diagram. This paper proposes an approach to check
XML Schema is usually used for developing web consistency between XML Schema and UML class diagram

applications. XML Schema consists of rules that define theWhen document versioning occurred in XML Schema. The
constraint of each element in the XML document. It provides consistency check is pgrformed based on several rules
a mean for defining the structure, content, and semantics mextracted for the consistency between the two XML
XML document in more detail [2]. XML Schema consists of Schemas.

5 components as described in [3]. A UML class diagram can

be formed based on the XML Schema in order to extract the
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[I. MATERIAL AND METHOD phase, schema parser is used to read the XML Schema in

XML is used for the web applications. Any changes to the order to extract relevant information such as data structure
web application will reflect the changes in the XML schema. &nd XML elements. In the second phase, the transformation

XML commercial tools offer editing XML document and rules are used for the extracted information from phase one
schemas, for example, XSPath [6]. However, when there is d" Order to transform them to class diagram using the data
slight change in XML schema or document, the changes will Structure and XML elements as described in [7]. The class
be saved automatically once the document of XML is SaVed_d|agra|.”n is used in order to capture the important information
For this reason, changes in the document cannot be traced. Iff9arding the XML Schema. Any changes in XML Schema
order to manage the changes in the document, we need t¥ill P& captured in a class diagram. These changes can be
keep track of the changes. This is the motivation for research/Sed for the detection of the XML versioning. In a situation
for keeping track of the changes in the document angWwhen for the two XML Schemas of the same scenario are

managing the changes in the document. Therefore, arPresented, two cl_ass diagrf_;lms will be produced. B_oth of
approach to check consistency for document versioningthese two clas_s diagrams .WI||. be compared for checking the
between XML schema and UML class diagram using consistency using the versioning rules of the XML Schema.

consistency rules (CR) is proposed using Fig. 1. In~ XML documents, changes occurred must be
y (CR) s prop . understood and documented. The issue of changes in XML

documents is addressed by using the versioning of the XML

documents. If XML document changes, it implies that the
TR S versioning occurs. Therefore, to address the versioning issue,
écMhLemaZ _ g:gss 5 two class diagrams are used from XML schemas for
" gram versioning purposes. The earlier XML Schema is used to
~— generate a class diagram (class diagram Z). When
maintenance process occurs, new XML schema is introduced.
XML TR T This new XML schema has been modified because of the
Schema Z' > Diagram Z' number of XML schema components have been changed.
The changes are visible in syntax. In order to capture the
D semantic changes of the new schema, the new schema is
used for the transformation of the second class diagram,
which is called class diagram Z'. The same transformation is
VR @ VR used to generate the class diagram Z. The changes occurred
in class diagram Z are captured and a new class diagram
called class diagram Z' are produced. Both class diagrams (Z
1 Yes (CR) and Z’) are then compared against each other in order to

capture any additional class diagram elements and others.
For the third phase, both class diagrams (Z and Z’) are
compared and analyzed for the consistency in order to detect
Fig. 1 Consistency Rules (CR) Check for Document Versioning the versioning of the XML Schema. The analysis of the
consistency between two diagrams are used to highlight the

The transformation rules (TR) illustrated in Fig. 1 is used changes and are used for the traceability factor. The
for extracting the information needed from the XML Schema. traceability factor is used for generating the software
This information is used to translate the XML Schema into requirements documents (SRD) of the latest XML Schema.
class diagrams as in [7]. The versioning rules (VR) are used In forward engineering, the transformation rules are used
to check the consistency between two XML schemas andto generate UML class diagram from XML Schema and the
two UML class diagrams as in [8]. Fig. 2 shows when the versioning rules are used to check the document versioning
transformation rules and versioning rules are used. between two XML Schema for their UML class diagram.

From Fig. 1, three phases are involved. The first phase isBoth transformation rules and versioning rules have been
schema parser, the second phase is reverse transformatigfiscussed in [7] and [8] respectively. The formalization of
using the transformation rules (TR), and the third phase isthe transformation rules are presented in [7] and the
the versioning using the versioning rules (VR). For the first formalization of the versioning rules are presented in [8].

Document Versioning
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<xs:schema xmlns:xs="http://
www.w3.0rg/2001/
XMLSchema" elementFormDefault="q
ualified" attributeFormDefault="unqu
alified">
<xs:element name="Categories">
XML Schema Version 1

<xs:schema xmlns:xs="http://
www.w3.0rg/2001/
XMLSchema" elementFormDefault="q
ualified" attributeFormDefault="unqu
alified">
<xs:element name="Categories">
<xs:complexType>

XML Schema Version 2

Formal
Transformation

Formal
Transformation

Fig. 2 Transformation rules and Versioning Rules for the Consistency Rules (CR)

Idea

~post_id: integer

-user_id : UserType

title :string

~description : string
~category_id : CategoryType
~status : string

-selected : string
~created_at : dateTime
-update at : dateTime

!

}

Rating

User

Categories

-ratingld : integer
-post_id : IdeaType
-ratingNumber : integer
~totalPoints : integer
-created : dateTime
-modified : dateTime
-status integer

-user_id : UserType
~email :string
-password : string

-salt : string

~group_id : GroupType
-ip_address : string
-active : char
-activation_code : string

Group

~group_ld : integer
-name: string
~description : string

~categories_id : integer
-name ;string
-description :string
~status : char

sa|ny
SUIUOISIA (W04

Textldea Imageldea
-post_id: integer integer
-user_id : UserType serType

~title :string

-description : string
-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

-ImageFile : string
-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

Rating Staff Student Categories
-user_id : UserType -user_id : UserType -categories_id : integer
-ratingld : integer -email :string -email :string -name ;string
-post_id : IdeaType -password : string -password : string. -description :string
-ratingNumber : integer -salt : string -salt : string. -status : char

-totalPoints : integer
-created : dateTime
-modified : dateTime
-status integer

-staffNumber:string
-group_id : GroupType
-ip_address : string
-active : char
-activation_code : string

-group_id : GroupType
-ip_address : string
-matricNumber: string
-active : char
-activation_code : string
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Group

-group_|d : integer
-name: string
-description : string




Based on transformation rules from Fig. 1, the XML I1l. RESULTS ANDDISCUSSION

S_chema is used to transform into a class diagram. Both class This section discusses a case study on a house of the ideas
diagrams that have .be(.en tran.sformed from the same XMLy eb page from [13]. The house of ideas represents a web
schema when versioning exist will be checked for the n,qe that can share a new idea and browse ideas that have
consistency using versioning rules. The consistency checkjeen stored in the database. Based on the case study, the
can be done in order to validate that the documentansiormation rules and versioning rules are applied to the
versioning occurred within the two XML Schemas. Table 1 ,qq study and the final results are shown in Fig. 2. The
lists the consistency rules for the document versioning for a1 schema is extracted from [13]. The extracted XML
XML Schema using UML class diagram. schema is shown in Fig. 3. From Fig. 3, the XML schema
consists of 5 global elements, 20 local elements and 10

TABLE | attributes as described in Table 2.
CONSISTENCYRULES FORDOCUMENT VERSIONING

Consistency Rule| Details <xs:schema xmins:xs="http://
(CR) www.w3.0rg/2001/
CR1 Each class from both class diagrams has XMLSchema" elementFormDefault="q
been Compared and checked (leve| b) Ua.l?ﬁed" attributeFOrmDefaU|t="Unqu
level of the diagrams for the alified"> . .
consistency of type definitions, element <...element name="Categories">
declaration, attribute declaration,
attributes group definitions and model < ...element name="Idea">
group definition)
CR2 - < ...element name="Rating">
Based from both class diagrams, eac
added classes and removed classes gre < ._element name="User">
compared and checked for the
consistency
< .. element name="Group">
CR3 Based from both class diagrams, classes
which have the same attribute and same </xsischema>
relationship are consistently checked
for similarity in order to detect the new ) .
version of class diagram. Fig. 3 Extracted XML Schema version 1 [13]
Based on Table 1, three consistency rules are used in ELEMENTS Iﬁf IA'ETIFLBUTES[B]

order to detect the versioning of two XML schemas exist or i i
not. Both XML schemas are compared first using the first | Global Element | Categories, Idea, Rating, User, Group
consistency rules. Then the second consistency rules check -0c@l Element ) created_at, selected, title, updated_at,
on the possibility of any classes that has been added or created, modified, rating_number,

df h . | di inallv. the third total_points, activation_code, active,
removed from the previous class diagram. Finally, the thir created_on, email, forgotten_password,

consistency rules detect on the existent of the versioning ip_address, last_login, nomatrik,

from two class diagrams that have been compared. password, remember_code, salt,
Versioning occurred when there exist changes in one username

XML schema from the preceding XML schema. The | Attributes categories_id,groups_id, ideas_id,

preceding XML schema is used to generate the above class user_id, rating_id, post_id, description

diagram. When the maintenance process occurs, new XML status, username, name

schema is introduced. This new XML schema has been o
modified from the preceding XML schema. Therefore, the ~ From the extracted schema in Fig. 3 and the elements and
new XML schema is used to generate the new class diagram@ttributes in Table 2, the class diagram is developed using
The new class diagram is compared with the preceding clashe transformation rules. The developed class diagram is
diagram for detection of document versioning. shown in Fig. 4. The actual XML Schema can be
Document versioning is important to keep track of the downloaded from [13[]. The global elements from Table 2
changes in XML Schema. Tan and Goh in [9] described theare transformed into classes in Fig. 4. Over time, during the
XML specifications for changes in XML Schema. The Maintenance phase, the XML schema has been changed, and
importance of keeping track for the changes in XML anew class diagram is developeq and shown in Fig. 5. Ba;ed
documents and schemas are also discussed in [10]. Cavalie@N Fig. 4 and Fig. 5, both class diagrams are compared using
[11] introduced a tool for keeping track of the changes from the consistency rules in Table 1 to check whether the
XML Schema and its documents. Brahraial. [12], on the document versioning occurs or not.
other hand, proposed an approach for detecting changes in
XML Schema for fundamental elements.
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Idea

-post_id: integer

-user_id : UserType

-title :string

-description : string
-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

Rating

-ratingld : integer
-post_id : IdeaType
-ratingNumber : integer
-totalPoints : integer
-created : dateTime
-modified : dateTime
-status integer

User

-user_id : UserType
-email :string
-password : string

-salt : string

-group_id : GroupType
-ip_address : string
-active : char
-activation_code : string

Categories

-categories_id : integer
-name ;string
-description :string
-status : char

Group

-group_ld: integer
-name: string
-description : string
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Fig. 4 A class diagram is generated from an earlier version in [13]




Textldea

-post_id: integer

-user_id : UserType

-title :string

-description : string
-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

Rating

Imageldea

-post_id: integer

-user_id : UserType

-title :string

-ImagefFile : string
-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

Staff

Student

Categories

-user_id : UserType

-user_id : UserType

-categories_id : integer

-ratingld : integer -email :string -email :string -name ;string
-post_id : IdeaType -password : string -password : string -description :string
-ratingNumber : integer -salt : string -salt : string -status : char

-totalPoints : integer
-created : dateTime
-modified : dateTime
-status integer

-group_id : GroupType
-ip_address : string
-matricNumber: string
-active : char
-activation_code : string

-staffNumber:string
-group_id : Group Type
-ip_address : string
-active : char
-activation_code : string

N/

Group

-group_ld : integer
-name: string
-description : string

Fig. 5 A new class diagram is generated for the newer version in [13]

TABLE Il

From Fig. 3, the class diagram is generated based on the
DIFFERENCE CLASSES DETECTED

XML Schema using the transformation rules. Schema parser

is used to extract every class from the XML Schema [ Class Removed Class Added
including the attributes and methods. Then the | Ideas Imageldeas
transformation rules are used to generate the class diagram Textldeas
The generated class diagram from XML Schema is shown in | User Student

Fig. 4. The house of ideas system has gone into a second Staff

cycle, and updated XML Schema has been produced. This
updated XML Schema is once again used to generate a new Based on Table 3 and using the consistency rules in Table
class diagram. Using the transformation rules and versioningl, attributes in each removed class are compared with the
rules, a new class diagram is generated and shown in Fig. 5.attributes in class added. If the attributes remain more than 1
From the generated class diagram in Fig. 4, two mainin the new classes added, it means that the new schema has a
classes are used for the house of ideas system. They are claBgw version from the old schema. Clédeasis evolved to a
Idea and clasdJser. However, when a new class diagram is new version ofmageldeas andTextldeas. Fig. 6 shows class
generated as in Fig. 5, these two classes do not exisiTextidea has the same attributes as cledm. While class
anymore. New classes have been detected in the new cladsnageldea has nearly all attributes as clasdea. The
diagram. Table 3 shows the added classes, and removetelationship of clasSextidea and Imageldea remains the
classes are detected based on CR2 from Table 1. same as the relationship with cldsiea. This shows that
classesTextldea and Imageldea have evolved from class
Idea.
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Idea

-post_id: integer

-user_id : UserType

-title :string

-description : string
-category_id : CategoryType

Textldea

Imageldea

-post_id: integer
-user_id : UserType
-title :string
-description : string

-post_id: integer
-user_id : UserType
-title :string
-ImageFile : string

-status : string
-selected : string
-created_at : dateTime
-update_at : dateTime

-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

-category_id : CategoryType
-status : string

-selected : string
-created_at : dateTime
-update_at : dateTime

Fig 6. Class Idea has evolved.

The second class is examined with the same proceduredoes not exist anymore in Fig. 5. Instead, a new two classes
The CR2 in Table 1 stated that for both class diagrams, eaclare introduced which are class8aident and Staff. Both
added classes and removed classes are compared and chedlsses have nearly the same attributes and relationship as

for the consistency. Based on Fig. 4, a cldss has been
used for the house of ideas system. However, this tlsss

User class as shown in Fig 7.

Student

User Staff
-user._id : 'UserType -user_id : UserType
-email :string X .

. -email :string
-password : string .
-salt : string -password : string
-group_id : GroupType -salt : string
-ip_address : string -staffNumber:string

-active : char
-activation_code : string

-group_id : GroupType
-ip_address : string
-active : char
-activation_code : string

-user_id : UserType
-email :string
-password : string

-salt : string

-group_id : GroupType
-ip_address : string
-matricNumber: string
-active : char
-activation_code : string

Fig 7. Class User has evolved

Based on Figure 7, the attributes for cl&aff are the
same as the attributes for clddser and the attributes of
classSudent have almost the same attributes for cldssr
with one extra attributenatric number. Based on CR3 from
Table 1, both class diagrams are compared and checked
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