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Chapter 1. Introduction

1.1. Motivation

This report presents the implementation of the import/export of User Requirements Nota-
tion (URN) models in Z.151 format with jJUCMNav. Z.151 [4] is an ITU-T standard for
the URN language. jJUCMNav [7] is an Eclipse plug-in for the design and analysis of
URN models. The current jJUCMNav files are in XML/XMI format [11] complying with
JUCMNav’s metamodel [8]. To better comply with the Z.151 standard, jJUCMNav needs
to support importing/exporting of URN models in Z.151 XML files.

1.2. Contributions

This project provides an import/export mechanism for URN models in Z.151 format with
JUCMNav that has been implemented using JAXB. The implementation supports a bi-
directional transformation between the standard Z.151 metamodel (November 2008) and
the JUCMNav metamodel version 0.23 (December 21, 2009). Through this project,
JUCMNav becomes the first tool in the world to support the Z.151 file format.

The import and export were tested with a comprehensive set of existing URN
models provided by Prof. D. Amyot’s team.

Along the way, several errors in the URN standard were also detected and fixed.

These corrections will be incorporated in the URN standard.

1.3. Report Outline

This report is structured as follows. Chapter 2 presents background concepts related to
URN, jJUCMNav and JAXB. In chapter 3, we present the implementation details: ration-
ale for the choice of the technology to be used in the implementation, configuration to set
up the project, package and class structure, and explanation of attributes and methods in

the super classes. Chapter 4 discusses major differences between jJUCMNav’s metamodel
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and Z.151’s metamodel and reports on how we handle these differences in the implemen-
tation. Chapter 5 covers our validation approach based on testing and chapter 6 discusses

conclusions and future work.
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Chapter 2. Background

This chapter describes the background on the User Requirements Notation (URN),
jUCMNav and JAXB.

2.1. User Requirement Notation (URN)

The User Requirements Notation (URN) defines a set of modeling concepts and nota-
tions, which software or requirement engineers can use for the elicitation, analysis, speci-
fication, and validation of requirements. URN consists in two subsets languages: Goal-
oriented Requirement Language (GRL) for goal-oriented modeling, and Use Case Map
(UCM) for scenario modeling. URN became an ITU-T standard (Z.151) in November
2008 [4]. This standard dictates the use of an XML-based interchange format for URN
models, and an XML schema is specified. However, no tool had implemented support for

this format before this project.

2.2. jUCMNav Project

JUCMNav is an Eclipse plug-in, which provides users with a graphical editor to draw and
analyze URN models [7]. Requirements engineers can draw their functional requirement
and non-functional requirements in graphical URN models, and then analyze these URN
models using scenario traversal and goal evaluation. A URN model can be transformed to
other languages such as MSC, SDL, TTCN and UML.

The project has started in year 2005 and it is very active open source project. Pro-
ject statistics provided by Ohloh' indicate that 10 different developers contributed around
50,000 commented lines of code (LOC) to JUCMNav’s code base (which is now close to
275 KLOC) since the beginning of my project, 8 months ago. In addition, jJUCMNav’s

metamodel was modified 4 times during this period.

! http://www.ohloh.net/p/117122p={UCMNav, accessed January 5, 2010

Chapter 2. Background - User Requirement Notation (URN) 3



2.3. JAXB 2.0

Java Architecture for XML Binding (JAXB) provides two main features: marshalling of
Java objects to XML files and unmarshalling of XML files to Java objects. The tutorial

on JAXB’s home website [9] provides the basic design structure of our implementation.

Chapter 2. Background - JAXB 2.0 4



Chapter 3. Import/Export between Z.151 and
jUCMnav

3.1. Introduction

The URN tool jUCMNav is developed from an EFM-based metamodel for URN.
JUCMNav contains around 80 KLOC of Java code generated automatically from the me-
tamodel. The metamodel for standard URN Z.151 [4] has a corresponding standard XML
schema used for persistence. There are substantial differences between jUCMNav’s me-
tamodel (created in 2005 and in constant evolution) and the standard URN Z.151 meta-
model (standardized in 2008); for example, jJUCMNav’s metamodel contains non-
standard exploratory concepts such as Key Performance Indicator Model (KPI model) [2]
and facilities for code reuse. The metamodel for URN standard Z.151 was established in
2008. It is independent from code reuse and covers exactly whatever is standardized.

We need to provide JUCMNav with the functionalities to import and export URN
models in the format standardized in URN standard Z.151. This will allow users to create
and analysis URN models with jJUCMNav and also be able to use the same URN models
in other URN tools complying with URN standard Z.151.

3.2. Comparison of Different Approaches

In this section, we compare two candidate approaches to implement Z.151 import/export:
JAXB and ATL.

JAXB is Java-based. Since the JUCMNav project is implemented in Java, it is in-
expensive to implement the required new functionalities in the same language: Develop-
ers already have knowledge of Java. Integration with the jJUCMNav project is easy (see
3.4). Import/export Z.151 is mainly about objects creation and attributes assignment.
Most of the code is quite similar and we can create code to generate Java files with skele-

ton code structure. This helps us not to miss any classes or any attributes for attributes
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assignment. It is easy to maintain and update to be aligned with future changes in the
JUCMNav and Z.151 metamodels. Adding and removing classes or attributes are trivial
operations in Java, and they do not require much testing since actions are isolated from

each other.

Easy Integrate
with jUCMMNaw

an to mamtam e e
and update + 100

Cheap to Implement with Support Z.151
implement JAXE import/export
- 100 - 100

Aond

|

Traverse through all
classes and attributes

Traverse through all
classes and attributes
in Z.151 metamodel

Compile Z.151
metamodel to JAVA
classes in jUCMMNav

metamodel

Figure 1 GRL Model for Supporting Z.151 import/export Using JAXB

ATLAS Transformation Language (ATL) is a model transformation language de-
signed by OBEO and INRIA (France) [3][1]. It is a hybrid declarative/imperative lan-
guage. It is harder to implement our import/export in ATL than in JAXB. First of all,
very few developers have the knowledge ATL and learning it is expensive. Second,
model-to-model transformations involve several layers (see Figure 2). For ATL applica-
tion, source models and target models are in the “MSI” format, source metamodels and
target metamodels are in the “KM3” [6] format, and the transformation model is com-
posed of ATL rules. In addition, to take XML files as input or output, an injector and an
extractor (Ant scripts) have to be implemented. The integration with the JUCMNav pro-
ject is not trivial either. To launch transformations programmatically, we need to write an
Ant script using the AM3 Ant Tasks. It is hence difficult to maintain the support of Z.151
import/export as all these layers need to be updated upon any change in the jJUCMNav or

Chapter 3. Import/Export between Z.151 and jUCMnav - Comparison of Different Approaches 6



Z.151 metamodels. Finally, ATL rules are somewhat hard to write and read for begin-

ners.

D\,

Ecore

4 BN

Source Transformation Target
metamodel metamodel metamodel

fi

Type Transformation
model

Source Target

model — ‘ model

Source-target execution

Figure 2 Model-to-Model Transformation [9]

Given the above observations, using JAXB to implement the Z.151 import/export is a

better option compared with ATL.

3.3. Approach to Import/Export of Models in Z.151 Format

The Z.151 metamodel is captured as an XML schema in the Z.151 standard. We store it
in the Z151.xsd file. JAXB provides a solution for implementation with benefits of cheap
implementation, easy configuration, and easy maintenance. We use JAXB to import and
export URN models in Z.151 XML files. Figure 3 describes the architecture used to im-
port/export URN models in Z.151 XML files.

Chapter 3. Import/Export between Z.151 and jUCMnav - Approach to Import/Export of Models in Z.151
Format 7



Z151 XML Schema Z151 Classes

<xs:schema>
<xs:element/>
<xs:complexType>
<xsielement> ‘ ‘

Schema compiler
Xjc

v

</¥s:isequence>
</%s:complexType>
</x%s:schema>

Ifonows l instanciates
<individual>
2@1;/15}}} unmarshal
irgememe (+validation) transform

John

</firstname>
<hcmeAddress>
</homeAddress> marshal transform

</individual> (+validation)

v
v

F 3

. Z151 Objects
Z151 XML files jUCMNav Objects

Figure 3  Import/Export of URN Models in Z.151 XML Files

We use the schema compiler xjc [12] to compile Z151.xsd into Z.151 Java classes.
These generated Z.151 Java classes are used for unmarshalling Z.151 XML files to Z.151
objects during the import and for marshalling Z.151 objects to XML files during the ex-
port. Then, the import programmatically transforms in-memory Z.151 objects to jJUCM-
Nav (EMF) objects whereas the export transforms in-memory jUCMNav (EMF) objects
to Z.151 objects.

3.4. Configurations

3.4.1 Setting Up the JAXB Environment

To make JAXB available for the jJUCMNav project, we need to add two jar files jaxb-
apijar and jsri73 1.0 apijar from JAXB version 2.0 (or above) into the
/seg.JUCMNav/lib folder and also add them into Java’s build path (see Figure 4). Please
visit JAXB [5][9] home page for downloading.

Chapter 3. Import/Export between Z.151 and jUCMnayv - Configurations 8
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type filter text
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Java Code Style
Java Compiler
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Refactoring History
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JARs and class folders on the build path:

- g itext-2.0.6,jar - seg jUCMMav/lib
» i jaxb-api.jar - seqjUCMNav/lib

» o jdom.jar - seq.UCMNav/lib |

» (wa Jsr173_1.0_apijar - segjUCMNav/lib
- g mevaljar - seg jUCMNav/lib

» =i JRE System Library [jre6]

> = Plug-in Dependencies

Add JARS...

Add External JARs...

Add Variable...

Add Class Folder...

Add External Class Folder..

[ l
[ l
[ l
[ Add Library... ]
[ l
[ J

Edit...

[ Remove ]

Migrate JAR File...

0K ] [ Cancel

Figure4 AddJAR file in Java Build Path

It is better to use JAXB 2.0 (or above) than JAXB 1.0 because JAXB 2.0 significantly
reduces the number of generated classes. However, using JAXB 2.0 forces the jJUCMNav
project to be compliant with Java 1.5 rather than Java 1.4. We have no choice to config-
ure Java compiler JDK compliance level to 1.5 (see Figure 5). Since the project is sup-
posed to move from Java 1.4 to 1.5 soon anyway, this change is in line with the project’s

goals and constraints.
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Java Compiler
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> Plug-in Development
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When selecting 1.5 compliance, make sure to have a compatible JRE installed and
activated (currently 1.6). Configure the Installed JEEs or change the JRE on the Java
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[Restore Qefaults] ’ Lpply ]
@ [ QK J [ Cancel ]

Figure 5 Configure Java Compiler JDK Compliance Level to Java 1.5

3.4.2 Adding Extension Points in JUCMNav

We added this line to the seg.jUCMNav.plugin.properties file.
2151 = URN Standard 72151 (*.z151)

We also added the following into the import and extension points sections of the

plugin.xml file:

<extension
id="seg.jUCMNav.importexport.ExportURN"
name="%exportToImage"
point="seg.jUCMNav.URNExport">

Chapter 3. Import/Export between Z.151 and jUCMnayv - Configurations 10



<exporter
class="seg.jUCMNav.importexport.z151.Exportz151"
extension="z151"
id="seg.jUCMNav.Exportzl151"
name="%7151"
useStream="false"/>
</extension>

<extension
id="seg.jUCMNav.importexport.ImportURN"
name="%import"
point="seg.jUCMNav.URNImport">

<importer

class="seg.jUCMNav.importexport.z151.Importz151"
extension="z151"
id="seg.jUCMNav.Importzl51"
importInSelectedFile="true"
name="%z2151"
useStream="true"/>

</extension>

After inserting the above into the plugin.xml file, a new selection for importing and ex-
porting URN standard Z.151 files becomes available for users in jUCMNav through the

import/export interface.

3.5. Compiling Z.151 Schema Elements into Java Classes

The Z.151 metamodel is defined in a schema (saved in the Z.751.xsd file). To support
marshalling/unmarshalling between XML files and Java Z.151 objects programmatically,
our first step is to compile the elements in Z/5/.xsd into a set of Java classes. jaxb-xjc.jar
is the JAR file used to compile Z151.xsd file to Java classes. It is in the lib directory of
the downloaded JAXB file. Below is a sample command line to compile the Z.151

schema into Java classes:

java -jar jaxb-xjc.jar -d c:\tmp z151.xsd
-p seg.jUCMNav.importexport.zl5l.generated

After running this command line, we find Java classes in the c:\tmp folder, and all gener-
ated Java classes are part of package seg.jUCMNav.importexport.z151.generated. The

following explains command line options:

Chapter 3. Import/Export between Z.151 and jUCMnav - Compiling Z.151 Schema Elements into Java
Classes 11



-d <dir>
By default, the XJC binding compiler will generate the Java content
classes in the current directory. Use this option to specify an alternate out-
put directory. The output directory must already exist; the XJC binding
compiler will not create it for you.

P <pkg>
Specifying a target package via this command-line option overrides any
binding customization for package name and the default package name al-
gorithm defined in the specification.

3.6. Package Structure

There are four packages in the implementation:

e seg.jUCMNav.importexport.z151

e seg.jUCMNav.importexport.Z151.marshal

e seg.jUCMNav.importexport.z151.unmarshal
e seg.jUCMNav.importexport.Z151.generated

The package seg.jUCMNav.importexport.Zz151 has two Java classes Im-
portz151 and Exportz151. Class Importz151 implements the URNImport extension
point. It is used to load a Z.151 XML file and create an instance of urn.URNspec. Class
Export151 implements the URNExport extension point. It takes an instance of
urn.URNspec and exports it into a Z.151 XML file.

The package seg.jUCMNav.importexport.z151.generated includes all
Java classes generated from schema defined in Z.151 with using the JAXB schema com-
piler xjc. The Java classes in this package present the Z.151 metamodel and they have
preserved the hierarchy relationships defined in the Z.151 metamodel. We need to point
out that we shall never modify the code in these classes, especially due to the fact we
have to re-compile the schema to generate new Java classes for any future changes in the
Z.151 metamodel.

The package seg.jUCMNav.importexport.marshal contains all Java classes
which are used to transform instances of jJUCMNav classes to instances of Z.151 classes.
This is the transformation of objects during the export process. The package depends on
Z.151.generated, URN, URNcore, GRL, and UCM packages. Whenever Z.151.generated,
URN, URNcore, GRL, and UCM package change, we need to update classes in this

Chapter 3. Import/Export between Z.151 and jUCMnayv - Package Structure 12



package to reflect the changes and ensure the export works properly. Figure 6 is a pack-

age diagram showing dependencies among packages involving in the export process.

]

-

URN

URNCcore

I

seg.jUCMNav.imp
ortexport.Z151

\\%/

— >

seg.jUCMNav.importe
xport.Z151.marshal

— >

I

seg.jUCMNav.importex
port.Z151.generated

Figure 6 Package Diagram for Export

The package seg.jUCMNav.importexport.unmarshal contains all Java

classes which are used to transform instances of Z.151 classes to instances of jJUCMNav

classes. This is the transformation of objects during the import process. The package de-
pends on Z.151.generated, URN, URNcore, GRL, and UCM packages. Whenever
changes occur in Z.151.generated, URN, URNcore, GRL, and UCM packages, we will

find we are in the situation to update classes in this package to reflect the changes and

make the import work properly. Figure 7 is a package diagram showing dependencies

among packages involving in import process.
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URN URNcore

I

seg.jUCMNav.imp seg.jUCMNav.importe
ortexport.Z151 | -~ xport.Z151.unmarshal -

I

seg.jUCMNav.importex
port.Z151.generated

GRL UCM

Figure 7 Package Diagram for Import

3.7. Naming Conventions

Each class in package seg.jUCMNav.importexport.z151.marshal is a handler
class used to generate output objects of a specific class in the Z.151 metamodel with in-
put objects of corresponding jJUCMNav classes. Handler classes in this package are
named in this way: the name of the input jJUCMNav class concatenated with a string
“MHandler”. For example, handler class is named as ActorMHandler takes an object of
class grl.Actor and creates an object of class seg. jUCMNav. importexport.z151.
generated.Actor.

Each class in package seg.jUCMNav.importexport.z151.unmarshal is a
handler class to take input objects of a specific class in the Z.151 metamodel to generate
output objects of corresponding jJUCMNav objects. We name the handler classes in this
package with the name of the input Z.151 class concatenated with a string “UMHandler”.

For example, handler class is named as ActorUMHandler because it takes an object of
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class seg.jUCMNav.importexport.z151.generated.Actor and creates an object

of class grl.Actor.

3.8. Classes in Packages Marshal and UNMarshal

As we have mentioned previously, the Z.151 metamodel and the jJUCMNav metamodel
define classes with hierarchy relationships. Hierarchy relationships increase code reuse,
minimize the amount of repetitive code and increase maintainability. Package
seg.jUCMNav.importexport.Z151.marshal is in charge of transforming Z.151
objects to JUCMNav objects and package
seg.jUCMNav.importexport.Z151.unmarshal does the transformation from
JUCMNav objects to Z.151 objects. We organize classes in these two packages with hier-

archy relationships.

3.8.1 Classes in Package marshal

Package seg.jUCMNav.importexport.z151.marshal is used for jJUCMNav-to-
Z.151 object transformation. Each class in this package is designed to take input objects
of a single class in JUCMNav metamodel and create output Z.151 objects of an appropri-
ate Z.151 class. All classes in the jJUCMNav metamodel have a corresponding handler
class in this package. All classes in the package marshal are direct sub-classes or descen-
dent classes of MHandler (see Figure 8, Figure 9). MHandler has common methods re-
quired by all other classes.

One handler class per class in the jJUCMNav metamodel has been written for
JUCMNav-to-Z.151 object transformations. If a jJUCMNav class implements hierarchy
relationships, a group of handler classes which follows a similar hierarchy tree will be
used to transform the objects of the jJUCMNav class to the objects of corresponding
Z.151 classes. For example, handler classes ContributionMHandler, ElementLinkMhan-
dler, GRLmodelElementMHandler, and URNmodelElementMHandler are used to con-
vert an object of JUCMNav class Contribution to an object of Z.151 class Contribution.
The reason why we need a group of handler classes is that Class Contribution inherits

class ElementLink, class ElementLink inherits GRLmodelElement, and GRLmodelEle-
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ment inherits URNmodelElement and each handler class only deals with the transforma-

tion of the attributes which are defined within the Z.151 class but not the inherited attrib-

utes.

4 © Object - javalang
4 ¥2" MHandler - seg,jUCMNav.importexport.z151.marshal

[

lojalafofafalofafofafofalalalafafala)

BeliefLinkMHandler - segjUCMMav.importexport.z151.marshal
CommentMHandler - segJUCMMav.importexport.z151.marshal
ComponentBindingMHandler - seg.jUCMMav.importexport.z151.marshal
ConditionMHandler - seg.jUCMMav.importexport.z151.marshal
DemandMHandler - seg.jUCMMav.importexport.z151.marshal
EvaluationMHandler - seg.jUCMMav.importexport.z151.marshal
GRLspecMHandler - seg.jUCMMNav.importexport.z151.marshal
InBindingMHandler - seg jUCMMav.importexport.z151.marshal
InitializationMHandler - segjUCMMNav.importexport.z151.marshal
LinkRefBendpointMHandler - seg.jUCMMNav.importexport.z151.marshal
LinkRefMHandler - seq.jUCMMav.importexport.zl 51.marshal
MetadataMHandler - seq.jUCMMav.importexport.zZ151.marshal
ModeConnectionMHandler - seg,]UCMMav.importexport.zZ151.marshal
QutBindingMHandler - segjUCMMav.importexport.zl 51.marshal
PluginBindingMHandler - seg,]UCMMNav.importexport.z151.marshal
UCMspecMHandler - seg jUCMMav.importexport.z151.marshal
URMNIinkMHandler - seqjUCMMav.importexport.z151.marshal
URNmodelElementMHandler - seg,jUCMMav.importexport.z151.marshal
® ConcemMHandler - seq,jUCMMav.importexport.z151.marshal

4 ® GRLmodelElementMHandler - seg.jUCMNav.importexport.z151.marshal

® ActorRefMHandler - seq. jUCMMNav.importexport.z151.marshal
a ® ElementLinkMHandler - seg jUCMMav.importexport.z151.marshal
(& ContributionMHandler - seg JUCMMNav.importexport.z151.marshal
(®@ DecompositionMHandler - seq.jUCMMav.importexport.z151.marshal
® DependencyMHandler - seq.jUCMNav.importexport.z151. marshal
EvaluationStrategyMHandler - seq.jUCMMav.importexport.zl 51.marshal
GRLGraphMHandler - seq.jUCMMav.importexport.z1 51.marshal
GRLLinkableElernentMHandler - seg.)UCMMav.importexport.zZ151.marshal
® ActorMHandler - seq.jUCMNav.importexport.z151.marshal
® BeliefMHandler - seq.jUCMNav.importexport.z151.marshal
® IndicatorMHandler - seg.jUCMMNav.importexport.z151. marshal
® IntentionalElementMHandler - seq.jUCMNav.importexport.z151,. marshal
4 ® GRLNodeMHandler - seg,jUCMNav.importexport.z151.marshal
® CollapsedActorRefMHandler - seq.jUCMNav.importexport.z151.marshal
(& IntentionalElementRefMHandler - seg,JUCMMav.importexport.z151.marshal
C] StrategiesGroupMHandler - segjUCMMNav.importexport.z151.marshal

P06

Figure 8 seg.jUCMNav.importexport.Z151.marshal Class Hierarchy (1)
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4 @ UCMmodelElementMHandler - seqjUCMMav.importexport.z151.marshal
ComponentMHandler - segjUCMMNav.impeortexport.z151.marshal
ComponentRefMHandler - segjUCMMav.impeortexport.z151.marshal
ComponentTypeMHandler - seg.jUCMNav.importexport.zZ151.marshal
EnurmnerationTypeMHandler - seg.jUCMMav.importexport.2151. marshal
GeneralResourceMHandler - seg,jJUCMNav.importexport.z151.marshal
® ActiveResourceMHandler - seg.jUCMNav.importexport.z151.marshal
® EBdemalOperationMHandler - seq.jUCMNav.importexport.z151.marshal
(® ProcessingResourceMHandler - segjUCMMNav.importexport.z151. marshal

90000

@

PassiveResourceMHandler - seg jUCMMNav.importexport.z151.marshal
4 ® PathNodeMHandler - seqjUCMNav.importexport.z151. marshal
AndForkMHandler - seg.jUCMMNav.importexport.z151.marshal
AndloinMHandler - seg,JUCMMav.importexport.z151.marshal
AnythingMHandler - seg,jJUCMNav.importexport.z151.marshal
ConnectMHandler - segjUCMMav.importexport.z151.marshal
DirectionArrowMHandler - segjUCMMav.importexport.z151.marshal
EmptyPointMHandler - seg,UCMMav.importexport.zl 51.marshal
EndPointMHandler - segjUCMMNav.impeortexport.z151.marshal
FailurePointMHandler - seg.jUCMMNav.importexport.z151.marshal
OrForkMHandler - seg jUCMMav.importexport.z151.marshal
OrJoinMHandler - segJUCMMav.importexport.z151.marshal
RespReffMHandler - seg jUCMMav.impeortexport.z151.marshal
ScenarioEndPointMHandler - segjUCMMav.importexport.z1 51.marshal
ScenarioStartPointMHandler - seg.jUCMMNav.impeortexport.z151.marshal
StartPointMHandler - seg.jUCMMav.importexport.z151.marshal
StubMHandler - seg.jUCMMNav.importexport.z151.marshal
WaitingPlaceMHandler - segjUCMMav.impeortexport.z151.marshal
® TimerMHandler - seg.jUCMNav.importexport.z151.marshal
ResponsibilityMHandler - seg,jUCMMav.importexport.z151.marshal
ScenarioDefMHandler - seg.jUCMMNav.importexport.z151.marshal
ScenarioGroupMHandler - segJUCMMav.importexport.z151.marshal
UCMmapMHandler - segjUCMMav.importexport.z151.marshal
VariableMHandler - seg jUCMMav.importexport.z151.marshal
WorkloadMHandler - seg.jUCMMNav.importexport.z151.marshal

® URNspecMHandler - segjUCMNav.importexport.z151.marshal

jojofofolofafolofofolofofofafolo)

[
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Figure 9 seg.jUCMNav.importexport.Z151.marshal Class Hierarchy (2)

All handler classes implements the abstract method handle() in class MHandler. It
takes a JUCMNav object, creates a corresponding Z.151 object, and transforms the value
of attributes from the source jJUCMNav object to the result Z.151 object. Each handler
class only handles the attributes defined within to Z.151 classes, but it does not handle
the attributes inherited from supper classes. This is by designed to reduce the amount of

duplicate code and increase maintainability.
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The signature of method implemented by all classes is public Object han-
dle (Object obj, Object target, boolean isFullConstruction). Object
obj is a source jJUCMNav object. Object target is the target Z.151 object passing in this
method, usually null. And boolean isFullConstruction is to indicate whether we transform
the values of attributes from jJUCMNav object to returned Z.151 object or not. The
method returns a Z.151 object transformed from jJUCMNav object with/without assigned
attributes depending on the value of the indicator isFullConstruction. If isFullConstruc-
tion is true, attributes are transformed from source jJUCMNav object to the result Z.151

object.

3.8.2 Classes in Package unmarshal

Package unmarshal contains all handler classes for transforming Z.151 objects to jJUCM-
Nav objects. All classes in the package unmarshal are direct sub-classes or descendent
classes of EObjectimplUMHandler (see Figure 10, Figure 11). Class EObjectlmplUM-
Handler provides implementation of all common operations required by all other classes.
One handler class per class in the Z.151 metamodel has been written for conducting
transformations.

All handler classes implement the abstract method handle() in class EObjectlm-
plUMHandlerprovides. It takes a Z.151 object, creates a corresponding jJUCMNav object,
and transforms the value of attributes from the source Z.151 object to the resulting
JUCMNav object. Each handler class only handles the attributes defined within jUCM-
Nav classes, but it does not handle the attributes inherited from jUCMNav super classes.
This is designed to reduce the amount of duplicate code and to increase maintainability.

In the case a jJUCMNav class implements a hierarchy tree, a group of handler
classes which follows a similar hierarchy tree will be used to transform the objects of the
Z.151 class to the objects of corresponding jJUCMNav classes. For example, we use Con-
tributionUMHandler, ElementLinkUMhandler, GRLmodelElementUMHandler, and
URNmodelElementUMHandler to transfer an object of Z.151 class Contribution to
JUCMNav class Contribution. Here is the reason why we need a group of handler classes:
Class Contribution inherits class ElementLink, class ElementLink inherits GRLmod-
elElement, and GRLmodelElement inherits URNmodelElement in Z.151 metamodel.
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Each handler class only deals with the transformation of the attributes which are defined
within the Z.151 class but not the inherited attributes.

The signature of method implemented by all classes is public Object han-
dle (Object obj, Object target, boolean isFullConstruction). Pa-
rameter obj is a source Z.151 object. Parameter target is the target jJUCMNav object
passed in this method, usually null. The boolean isFullConstruction parameter is to indi-
cate whether we transform the values of attributes from Z.151 object to returned jUCM-
Nav object or not. The method returns a jJUCMNav object transformed from the Z.151
object with/without assigned attributes depending on the value of the indicator isFullCon-
struction. If isFullConstruction is true, attributes are transformed from source Z.151 ob-

ject to the result JUCMNav object.
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4 @ Object - javalang

4 ¥9" EObjectimplUMHandler - seq.jUCMMav.importexport.z151.unmarshal
CommentUMHandler - seg,jJUCMMNav.importexport.zZ151.unmarshal
ComponentBindingUMHandler - seg.jUCMMNav.importexport.z151.unmarshal
ConditionUMHandler - seg,jUCMMav.importexport.z151 . unmarshal
DemandUMHandler - seg.jUCMMNav.importexport.zl 51.unmarshal
EvaluationUMHandler - seg,jUCMMav.importexport.z151.unmarshal
GRLspecUMHandler - seg.jUCMNav.importexport.zZ151.unmarshal
InBindingUMHandler - seg.jUCMMav.importexport.z151.unmarshal
InitializationUMHandler - seg,JUCMMav.importexport.z1 51.unmarshal
LabelUMHandler - seg.jUCMMav.impeortexport.z151.unmarshal
LinkRefBendpointUMHandler - segjUCMMNav.importexport.z151.unmarshal
LinkRefUMHandler - seg.jUCMMNav.importexport.z151.unmarshal
MetadatalUMHandler - segjUCMMav.importexport.zl51.unmarshal
ModeConnectionUMHandler - seg,jJUCMNav.importexport.z151.unmarshal
OutBindingUMHandler - seg.jUCMMNav.importexport.z151.unmarshal
PluginBindingUMHandler - seg,)UCMMav.impertexport.z151 . unmarshal
UCMspecUMHandler - seg.jUCMMNav.importexport.zZ151.unmarshal
URNlinkUMHandler - seg,jJUCMNav.importexpert.zZ151.unmarshal
URNmodelElementUMHandler - seg,jUCMMav.importexport.z151.unmarshal
® ConcernUMHandler - seg,jUCMNav.importexport.z151.unmarshal
(® GRLmodelElementUMHandler - seg.jUCMNav.importexport.z151.unmarshal

® ActorRefUMHandler - seqUCMMavimportexport.z151.unmarshal

4 (& ElementlinkUMHandler - seg,jUCMNav.impertexport.z151.unmarshal

® ContributionUMHandler - seg.jUCMNav.importexport.z151.unmarshal
(® DecompositionUMHandler - seg jUCMMNav.importexport.z151.unmarshal
C] DependencylUMHandler - seg.jUCMMav.importexport.z151.unmarshal
EvaluationStrategyUMHandler - seg,jJUCMMNav.importexport.z151.unmarshal
GRLGraphUMHandler - seg,jUCMMav.importexport.z151.unmarshal

[

lojofofofofofofofofofofofolafolafolo)

[

PO

4 GRLLinkableElementUMHandler - segjUCMMav.importexport.z151 . unmarshal
C] ActorUMHandler - seq.jUCMMNav.importexport.z151.unmarshal
(® IntentionalElementUMHandler - seq,jUCMMNav.importexport.z151.unmarshal
4 ® GRLNodeUMHandler - seq.jUCMNav.importexport.z151.unmarshal

® CollapsedActorRefUMHandler - seg.jUCMNav.importexport.z151.unmarshal
(® IntentionalElementRefUMHandler - seg.jUCMNav.importexport.z151.unmarshal
(® StrategiesGroupUMHandler - seg.jUCMMNav.importexport.z151.unmarshal

Figure 10 seg.jUCMNav.importexport.Z151.unmarshal Class Hierarchy (1)
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PRIC) UCMmodelElementUMHandler - seg.JUCMMav.importexport.z151.unmarshal
ComponentRefUMHandler - seg.jUCMMNav.importexport.z151.unmarshal
ComponentTypeUMHandler - seg,JUCMMNav.importexport.z151.unmarshal
ComponentUMHandler - segjUCMMNav.importexport.z2151.unmarshal
EnumerationTypeUMHandler - seg jUCMMNav.impeortexport.z151.unmarshal
GeneralResourceUMHandler - seq.jUCMMav.importexport.z151.unmarshal
® AdiveResourceUMHandler - seg,jUCMNav.importexport.z151.unmarshal
(® BdemalOperationUMHandler - seq,jUCMNav.importexport.z151.unmarshal
(® ProcessingResourceUMHandler - seq.jUCMNav.impertexport.z151.unmarsh:

\ P00 @

@

PassiveResourceUMHandler - seg.jUCMMNav.importexport.z2151.unmarshal
PRIC) PathNodeUMHandler - seq.jUCMMav.importexport.z1 51.unmarshal
AndForkUMHandler - seg jUCMMNav.importexport2151.unmarshal
AndloinUMHandler - segjUCMNav.importexport.z151.unmarshal
ConnectUMHandler - seg, UCMNav.importexportz151.unmarshal
DirectionArrowUMHandler - seg.jUCMMav.importexport.z151.unmarshal
EmptyPointUMHandler - seg.jUCMMav.impeortexport.z1 51.unmarshal
EndPointUMHandler - seg,jUCMMNav.importexport.z151.unmarshal
OrForkUMHandler - seg,jUCMMNav.impertexport.z151.unmarshal
OrJoinUMHandler - seg.)UCMMNav.importexport.z151.unmarshal
RespRefUMHandler - seg,]UCMNav.importexport.z151.unmarshal
StartPointUMHandler - seg.jUCMMav.impeortexport.zl51.unmarshal
StubUMHandler - seg jUCMMNav.importexport.z151.unmarshal
WaitingPlaceUMHandler - segjUCMMNav.importexport.z151.unmarshal
© TimerUMHandler - seq,UCMMav.importexport.z151.unmarshal
ResponsibilityUMHandler - seg,jUCMMNav.impeortexport.z151.unmarshal
ScenarioDefUMHandler - seg.jUCMMav.importexport.z151.unmarshal
ScenarioGroupUMHandler - seg,jJUCMMNav.impeortexport.z151.unmarshal
UCMmapUMHandler - seg jUCMMav.impeortexport.z151.unmarshal
VanableUMHandler - seg,UCMMNav.importexport.zZ151.unmarshal
WorkloadUMHandler - seg,jUCMMNav.importexport.z151.unmarshal

® URMspecUMHandler - seq.jiUCMMav.importexport.z151.unmarshal
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Figure 11 seg.jUCMNav.importexport.Z151.unmarshal Class Hierarchy (2)

3.8.3 Class MHandler

Class MHandler is the super class or ancestor class of all handler classes in package
seg.jUCMNav.importexport.Z151.marshal and it has static attributes and meth-
ods which are used in subclasses or descendent classes.

Static attribute ourClass2Conv is an object of type Hashmap. Each handler
class has an instance added in Hashmap ourClass2Conv with the class of input

JUCMNav objects as a key.
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Static attribute id2object is an object of type Hashmap. When a new output
object with an ID is created for the first time, it will be added into id2object with the
ID as the key. Moreover, the same object will be fetched by using the ID for later use.

Method handle (Object obj, Object target, boolean isFullCon-
struction) is an abstract method, which is implemented by all other classes in package
seg.jUCMNav.importexport.Z151.marshal. The method accepts a jUCMNav
object and returns a Z.151 object.

Method process (Object obj, Object target, boolean isFullCon-
struction) functions as a dispatcher: Based on an input jJUCMNav object, an instance
of a MHandler class is fetched from Hashmap ourClass2Conv. Then, the method han-
dle () ofthe MHandler is called, and a Z.151 object is created and returned.

Method process (Object obj, Object target, String methodName,
boolean isFullConstruction) functions similarly to the above method process(),
apart from returning an object of type JAXBElement<Object>.

Method processList (EList 1list, List<V> targetlList, boolean

isFullConstruction) is for processing a list of input jJUCMNav objects. Method
processList (EList 1list, List<JAXBElement<Object>> targetlist,

String methodName, boolean isFullConstruction) is similar, apart from the

returned object.

3.8.4 Class EObjectimplUMHandler

Class EObjectimplUMHandler is the super class or ancestor class of all handler classes in
package seg.jUCMNav.importexport.z151.unmarshal and it has static attributes
and methods which are used in subclasses or descendent classes.

Static attribute ourClass2Conv is an object of type Hashmap. Each handler
class has an instance added in Hashmap ourClass2Conv with the class of input Z.151
objects as a key.

Static attribute id2object is an object of type Hashmap. When a new output
JUCMNav object with an ID is created at the first time, it will be added into id2object
with the ID as the key. The same object will be fetched by using the ID for later use.
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Method handle (Object obj, Object target, boolean isFullCon-
struction) is an abstract method, which is implemented by all other classes in package
seg.jUCMNav.importexport.z151.unmarshal. The method accepts a Z.151 ob-
ject and returns a jJUCMNav object.

Method process (Object obj, Object target, boolean isFullCon-
struction) is functioned as a dispatcher: Based on an input Z.151 object, an instance
of an EObjectlmplUMHandler class is fetched from Hashmap ourClass2Conv. The
method handle () of the MHandler is called, and a Z.151 object is created and returned.

Method processList (List<V> 1list, EList targetList, boolean

isFullConstruction) is for processing a list of input Z.151 objects.

3.9. Code Generator for Creating Skeleton Classes

Classes in Package marshal and unmarshal are used to create new objects and transform
the values of the attributes from the input object to the newly created output objects. It is
a process of mapping attributes between input objects and output objects. There are more
than a hundred handler classes needed to be written and the contents of all classes are
quite similar: class definition, method definition, the attribute mapping between input and
output classes. We wrote a code generator for the purpose of generating Java files con-
taining the skeleton classes. The generated skeleton Java files has the content of class
name, method name, all getters and setters from input object, and related XML segment
from Z151.xsd.

We benefit from these skeleton classes with reduced typing, copying, and pasting
work. The second benefit is that we can view related XML segment and all getters and
setters for input class in the same file. This is very important for us to go through all at-
tributes in Z.151 and jJUCMNav metamodel and make sure we do not miss the handling
of any attributes. Without these generated skeleton classes, it could be tedious and mis-
take-prone: imagine how tedious it could be if we needed to type, copy and paste, and
look for available getters and setters.

Class SkeletonClassesGenerator is a JUnit class. This class provides two

JUnit test cases for us to generate skeleton classes: testMarshalGenerator and tes-
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tUNMarshalGenerator. We can run them as JUnit tests and skeleton classes will be
created in generatedSkeletonClasses directory. Running testMarshalGenera-
tor method creates skeleton classes for handling each class in Z.151 metamodel. Run-
ning testUNMarshalGenerator method creates skeleton classes for handling classes
in JUCMNav metamodel and these classes are organized in the same directory structure
as in packages in JUCMNav metamodel (see Figure 12). Appendix A describes a sample

generated skeleton class.

[y tests

= commands
[ progress
[=f scenarios
gy Z151limportexport
[#3 generatedSkeletonClasses
[£3 marshal
[#3 unmarshal
% grl
[=3 ucm
[=% urn
[ urncore
m SkeletonClassesGenerator.java 1839 1,/2/10

Figure 12 Skeleton Classes Directory Structure

Please note we need to delete the generatedskeletonClasses directory to ensure a

successful jJUCMNav build, after running JUnit test cases in testUNMarshalGenera-

tor.
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Chapter 4. Handling Differences between jUCM-
Nav and Z.151 Metamodels

JUCMNav’s metamodel has been designed, implemented, maintained since 2005. There
are quite a few differences between the jJUCMNav and Z.151 metamodels. The most re-
cent version of jJUCMNav metamodel is version 0.23. We will list key differences be-
tween jJUCMNav metamodel v0.23 and Z.151 metamodel in this section and then address

them one by one.

4.1. In jUCMNav’s Metamodel but not in Z.151’s Metamodel

4.1.1 KPIModel in JUCMNav’s Metamodel

Z.151 does not have any support for KPIModel, but jJUCMNav supports KPIModel. All
classes and relationships, which are specific to KPIModel, will be ignored in the export-
ing/importing processes. Ignored classes are KPIInformationConfig, KPIInforma-
tionElement, KPIEvalValueSet, KPIModlelLinkRef, KPIModleLink. These classes are
colored in red (see Figure 13, Figure 14, Figure 15). We will not export the relationships
from or to instances of these classes either. The only things that will be exported are in-
stances of Indicators in jJUCMNav. They will be exported as instances of IntentionalEle-
ment with TASK as IntentionalElementType and with a Metadata where name is

“jUCMNav Indicator” and value is “Indicator”.
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GRLmodelElement
(from URNcore)

Indicator | 0..* 0.*

-indicators -groups

9..*( GRLNode
-indicatorGroup (from GRL)

IntentionalElement
(from GRL) -grispec i
[EStype : IntentionalElementType 10 “grispec
lecompositionType : DecompositionType = A..| intElements 1 | GRLspec
mportance : ImportanceType = None (from GRL)
mportanceQuantitative : int = 0 0.* -grispec
neColor : String
lIColor : String
lled : boolean = false

Figure 13 KPIModelElements in jJUCMNav’s Metamodel

GRLmodelElement

S (from URNcore)
<<Interface>> <F\

IURNDiagram
(from URNcore)

IntentionalElement

-diagram$@ 1 (from GRL)

[EBtype : IntentionalElementType
ZadecompositionType : DecompositionType = And
mportance : ImportanceType = None
ZimportanceQuantitative : int = 0

&lineColor : String

[E&fillColor : String

[Efilled : boolean = false

A 0.7

-connections| 0..*

<<Interface>>
IURNConnection
(from URNCcore)

-intElements

1
Indicator -grispec
GRLspec
1 /-indDest (from GRL)
-grispec
1 -grispec
1
-kpiModelLinksDest,/0..* o -kpilnformationElements\ 0..*

-refs  -link -kpiModelLinks -kpilnformationElementSrc
0.* 1 -kpiModelLinksSrc 1

0.*

Figure 14 KPIModelLinks in jJUCMNav’s Metamodel
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Figure 15 KPIStrategy in jJUCMNav’s Metamodel

4.1.2 Classes Defined but Unused in jUCMNav’s Metamodel

Some classes are defined in jJUCMNav metamodel, but actually never used. Here are the
classes: ContributionChange, ContributionContext, and ContributionContextGroup. We
will not import/export these classes. Consequently, the relationships from and to these

classes are ignored as well. These ignored classes are highlighted in red in Figure 16.
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Figure 16 GRL Strategy in jJUCMNav’s Metamodel

4.1.3 Classes Defined in jUCMNav Metamodel, but not in Z.151

Class FailurePoint and Anything are subclasses of PathNode (see Figure 17). They are
defined in jJUCMNav, but they are not in Z.151. Class FailurePointMHandler and Any-
thingMHandler are the handler classes for export, and EmptyPointUMHandler are the

handle class for import. Instances of these two classes are exported as instances of Emp-
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tyPoint with a metadata. For FailurePoint objects, the name for metadata is “jUCMNav
FailurePoint expression” and value for metadata is the value of the attribute expression.
For Anything objects, the name of metadata is “jUCMNav Anything” and the value of
metadata is an empty string. The import works by reconstructing FailurePoint objects and

Anything objects from information in metadata.

PathNode
(fromMap)
FailurePoint Anything
(from Map) (from Map)
&xexpression : String

Figure 17 Class FailurePoint and Anything in JUCMNav Metamodel

4.1.4 Interface Defined in jJUCMNav’s Metamodel

Interfaces are used to organize code in a way such that all implementations of the inter-
face have to provide attributes and implement functions defined in interface. JUCMNav’s
metamodel has several interfaces (see Figure 18), but Z.151 as a URN standard does not
provide any interface for implementation purpose. However, Z.151 keeps the equivalent
attributes and associations inside classes. All information will be preserved during ex-

port/import. Figure 18 shows all interfaces defined in jJUCMNav’s metamodel.
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Figure 18 URNcore/URNabstract in JUCMNav Metamodel

Table 1 lists all interfaces in JUCMNav and all implementation classes:

Table 1 Interfaces and Classes.

Interface Implementation Class
IURNConnection BeliefLink, LinkRef, NodeConnection
IURNContainer Actor, Component

IURNContainerRef | ActorRef, ComponentRef
IURNDiagram GRLGraph, UCMap
IURNNode GRLNode, PathNode

4.1.5 Attributes Defined in jUCMNav’s Metamodel, but not in Z.151

Some attributes and associations are defined in jJUCMNav’s metamodel, but they are not
defined in Z.151’s metamodel. In the case of deprecated attributes, we will ignore them
during import/export. If they are not deprecated, we export these data as metadata and
import these data back as attributes/associations for jJUCMNav objects to preserve as
much data as we can. Table 2 lists attributes/associations defined in jUCMNav’s meta-
model but not in Z.151. We also list the way we handle them. The name of the metadata
is created in this way: keyword jUCMNav followed by the class name and then the attrib-
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ute’s name or the role of the association. For example: “jUCMNav Actor includedAc-

tors”. The value of the metadata will be the value of the attribute.

Table 2 Attributes in jJUCMNav’s Metamodel but not in Z.151.
Class Attributes Associations Handling
Actor Bi-direction self association: Metadata
0..1 includingActor and 0..*
includedActors
ActorRef Bi-direction self association: | Metadata
0..1 parent and 0..* children.
AndFork, And- orientation Ignored
Join, OrFork, Or- | (Deprecated)
Join
Blief author Metadata
Component Slot (Deprecated) Ignored
ComponentRef ReplicationFactor, Metadata
role, anchored,
fixed
EndPoint Local Metadata
EvaluationStrategy | author Metadata
Responsibility context, empty Metadata
StartPoint local, failureKind Metadata
Stub Aopointcut, as- Metadata
pect, repetition-
Count, shared,
PointCut

4.1.6 ComponentKind has Other in JUCMNav, but not in Z.151

JUCMNav has Component objects with ComponentKind Other, but Z151 does not have
this kind. Since jJUCMNav sets component to have TEAM as default ComponentKind,
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we export the Component objects with ComponentKind Other in jJUCMNav to Compo-

nent object with ComponentKind Team in Z.151.

4.1.7 IntentionalElementType has INDICATOR in jUCMNav, but not in Z.151

JUCMNav has INDICATOR as IntentionalElementType for Indicators, but Z151 does
not have it. We export this information to metadata to indicate the IntentionalElement
object is actually an Indicator object and set IntentionalElementType to TASK. We im-
port this information by reconstructing the Indicator object. Note that we drop all the re-

lated KPI links and objects.

4.1.8 DeviceKind has Other in jUCMNav, but not in Z.151

JUCMNav has DeviceKind Other, but Z151 does not have this kind. Since JUCMNav sets
DeviceKind to have PROCESSOR as default, we export and import the value
PROCESSOR instead.

4.1.9 ScenarioStartPoint and ScenarioEndPoint in jJUCMNav, but not in
Z.151

Import is handled by ScenarioDefUMHanlder, StartPointUMHandler, and EndPointUM-
Handler, and export is handled by ScenarioDefMHandler, ScenarioStartPointMHandler,
ScenarioEndPointMHandler, StartPointMHandler and EndPointMHandler.
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ScenarioDef
(from Scenario)
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scenarioDef
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Figure 19 ScenarioStartPoint and ScenarioEndPoint in JUCMNav’s Metamodel

{ordered} ergllioims
startPoints »
StartPoint | 0..*

EndPoint

Figure 20 ScenarioStartPoint and ScenarioEndPoint not in Z.151’s Metamodel

4.2. In Z.151’s Metamodel but not in JUCMNav’s Metamodel

4.2.1 ID in Z.151, but not in jJUCMNav

In Z.151°s metamodel, the following classes are required to have a universal unique iden-
tifier ID: InBinding, LinkRef, NodeConnection, OutBinding, PluginBinding, and
URNIink. The attribute IDs for these Z.151 classes are required for successfully marshal-
ling/unmarshalling between XML files and Z.151 objects. However, the corresponding
classes in jJUCMNav’s metamodel do not have an attribute ID: InBinding, LinkRef,
NodeConnection, OutBinding, PluginBinding, URNIink, and grl.BeliefLink.
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We need to make up fake IDs for Z.151 objects created by the corresponding
handler classes in package marshal for export. The generation of the fake IDs must sat-
isfy the condition: the generated fake ID for the same jUCMNav input object must be al-
ways the same at run time. The reason is we use the same ID to store and fetch the same
Z.151 output object from the HashMap id2object at run time.

This is the code used to generate IDs in class MHandler:

public String getObjectId(Object obj) {
return "Z151_id_" + obj.getClass().getName() + "_"
+ obj.hashCode () ;

4.2.2 GRLnode Has a Size (Width/Heigth) in Z.151, but not in jUCMNav

In class GRLnodeMHandler, we have assigned GRLnode objects a size with width and
height set to zero. Other tools importing this information will hence need to infer appro-

priate sizes for GRL elements.

4.2.3 Z.151 Supports Visualization of XOR/IOR as Means-end

We do not import/export this information. All XOR/IOR are displayed simply with an
XOR/IOR decomposition graphical syntax, no means-end symbol (Z.151, section 7.6.1)

1s used.

4.2.4 Workload Decomposed in Z.151, but not in jJUCMNav

JUCMNav uses only one class to describe performance workloads associated with UCM
start points (Figure 20) whereas Z.151 (section 8.6.1) defines a hierarchy of classes
(Figure 21). During the export, class WorkloadMHandler creates Z.151 objects of the ap-
propriate sub-class of class Workload decided by the values of attributes closed and
arrivalPattern of the input jJUCMNav workload objects. During the import, class
WorkloadUMHandler creates JUCMNav workload objects and sets attributes accordingly
with respect to the class of the input jJUCMNav workload objects
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ESpopulation : String

Figure 21 Workload in jJUCMNav’s Metamodel
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Figure 22 Workload in Z.151°s Metamodel

4.2.5 Z.151 supports Movable GRL LinkRef Labels, but not jUCMNav

Labels associated with GRL link references have a position computed automatically by
JUCMNayv, whereas such labels can be moved around by modellers in Z.151 (section

7.6.8). When importing, this position information is dropped.
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4.3. In Both Metamodels, but Unused in jJUCMNav

4.3.1 Component Types

The values of UCM ComponentType (Z.151, section 8.2.1) are preserved during import
and export even though they are not used in jJUCMNav’s GUI. This is handled in class
ComponentMHandler and ComponentUMHandler.

4.3.2 Collapsed Actor References

Instances of GRL CollapsedActorRef (Z.151, section 7.6.6) are preserved during import
and export even though they are not used in jJUCMNav’s GUI. This is handled in class
CollapsedActorRefMHandler and CollapsedActorRef UMHandler.

4.4. Mismatches between the Two Metamodels

4.4.1 Differences between Belief and Belief Link

A Belif object in jJUCMNav metamodel is equivalent to an instance of IntentionalElemen-
tRef and an instance of to IntentionalElement with IntentionalElementType Belief. How-
ever, nothing in jJUCMNav metamodel is equivalent to IntentionalElement with Inten-
tionalElementType Belief. When we export a Belif, we create a Z.151 IntentionalEle-
ment object with IntentionalElementType Belief and a Z.151 IntentionalElementRef ob-
ject. Import ignores the Z.151 IntentionalElement object but covert the Z.151 Intention-
alElementRef object to a Belief object
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Figure 23 jUCMNav Belief

Belief links are instance of class BeliefLink in jJUCMNav’s metamodel. They are in-
stances of LinkRef with type IntentionalElementType.BELIEF in Z.151°s. When we ex-
port a BelifLink, we create a Z.151 LinkRef with type IntentionalElementType.BELIEF
and a Z.151 ElementLink object. Import will ignore the Z.151 ElementLink object but
covert the Z.151 LinkRef object to a BeliefLink objct.

4.4.2 Concern

Concern in (Z.151, section 6.1.5) targets URNmodelElement, whereas Concern targets
only [IURNDiagram in jUCMNav. Since GRLgraph and UCMmap implements interface
IURNDiagram, we currently only import and export Concern objects associated with
GRLgraph objects or UCMmap objects and ignore other Concern objects associated with
objects with type of other URNmodelElement. However, a last-minute modification to
JUCMNav’s metamodel added another relationship between Concern and URNmod-

elElement, and hence this difference could be resolved in the future.

4.4.3 DecompositionType

DecompositionType in the metamodels is slightly different. Z.151 (section 7.4.6) has
{AND, XOR, IOR}, whereas jUCMNav has {And, Or, Xor}. Since Or is equivalent to
IOR, we export DecompositionType with Or in JUCMNav to be IOR in Z.151 and import
DecompositionType with IOR in Z.151 to be Or in jJUCMNav.
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4.4.4 Association between EvaluationStrategy and StrategiesGroup

EvaluationStrategy in Z.151 may be associated to at least one StrategiesGroup in Z.151
(section 7.5.2), but to only one in JUCMNav. We export one StrategiesGroup associated
with EvaluationStrategy and we only import the first StrategiesGroup associated with

EvaluationStrategy. We notify users with a warning when we ignore StrategiesGroups.

4.4.5 Role includingComponent for Component Self-association

There are different multiplicities involved here: 0..1 Component can be includingCompo-
nent in JUCMNav, but we find 0..* includingComponent in Z.151 (section 8.4.1). We ex-
port at most one includingComponent associated with Component because at most one
Component can be includingComponent in JUCMNav and we only import the first asso-
ciated includingComponent from Z.151. We notify users with a warning when we ignore

includingComponents.

4.4.6 Association between ScenarioDef and StrategiesGroup

ScenarioDef in Z.151 may be associated to at least one StrategiesGroup in Z.151 (section
8.5.2), but to only one in JUCMNav. We export one ScenarioDef associated with Evalua-
tionStrategy and we only import the first StrategiesGroup associated with ScenarioDef.

We notify users with a warning when we ignore StrategiesGroups.

4.4.7 URN Data Model

There are differences between the data languages used to describe conditions. For in-
stance, Z.151 (section 9) supports special prefixes for references to original variable val-
ues in postconditions, and JUCMNav supports the keyword “else” (which is the logical
complement of the other conditions involved in an OR-Fork or a Stub). These differences

are currently not handled, and logical expressions are exported/imported as is.
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Chapter 5. Testing

The import and export of URN models in Z.151 XML file format with jJUCMNav is actu-
ally the process of transforming information stored in Java Z.151 objects into Java
JUCMNav objects, and vice versa. Testing these features is a validation of the equiva-

lence between source objects and target objects.

5.1. Test Items

We need to test the following four categories of items:

1. URN elements exist in both jJUCMNav’s and Z.151’s metamodels

2. URN elements exist in JUCMNav’s but not in Z.151’s metamodels

3. URN elements do not exist in JUCMNav’s but do in Z.151’s metamodels

4. URN elements mismatch in JUCMNav’s and Z.151°s metamodels
URN models created by jJUCMNav plug-in are used as inputs to test this feature. Where
this is not sufficient, we manually create Z.151 XML files containing URN elements that
jJUCMNav is unable to create.

We test the implementation with explicitly created URN models (which are as
simple and targeted as possible), and then with existing complex jJUCMNav models cre-
ated by Dainel Amyot’s team. Many existing models contain more than 100 diagrams,
whereas others were created explicitly as new test cases for specific URN constructs. Test
cases with explicitly created models are important for us to pinpoint problems, whereas
complex jJUCMNav models improve test coverage. Together, these test cases cover all the
classes, attributes, and associations found in jJUCMNav’s metamodel that are accessible
to modellers through the tool GUI.

The following models were used to test the import and import features:
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Figure 24 Test Models

5.2. Approach

We used the following approach: Take a jJUCMNav URN model, export it to a Z.151
XML file, and then import the exported Z.151 XML file back. We compared the im-
ported jJUCMNav URN model with the original jJUCMNav URN model using Eclipse’s
comparison tool. Then we export each imported jJUCMNav URN model to another Z.151
XML file, and compare these two Z.151 XML files. Comparing two jJUCMNav files
helps identify URN model elements that have gone missing during import/export. Com-

paring two Z.151 files does the same thing, but we write JUnit test case for regression.

5.3. Test Cases

Class z151importexportTest is a JUnit class to test this feature. Directory ‘ex-
pect’ has all expected Z.151 XML files and directory ‘actual’ holds actual Z.151
XML files generated by JUnit test cases (see Figure 25).

Class zZl15limportexportTest has two mock methods: mockImport and
mockExport. These two methods are very similar to the implemented import and export
methods, but for testing purpose. The method compareTwoz151File implements the
main testing process. It takes a string (a path) for the expected Z.151 XML file, imports

the expected file to a urn.URNspec object and exports the urn.URNspec object to an-
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other Z.151 XML file (actual), and then compare contents of two Z.151 XML files as two

strings.
4 [ tests
- =% commands
- = progress
- [ scenarios
a i Z5limportexport

[gy actual
- [y expected

[J} SkeletonClassesGenerator.java 1846 1/6/1012:1
11} Z151importexportTest.java 1854 1/9/1011:32 P

Figure 25 Z151limportexport Test Directory

It is simple to create a test case in class Z151importexportTest: Initializing a string
with the path to the expected Z.151 XML file and then call method compareT-

woZ151File. The below is an example for a test case.

public void testActor () {
String expected = "actor.zl51";
compareTwoZl51File (expected) ;

}

Please note that we need to run test cases in this class as JUnit Plug-in Test: Right click
on the file in eclipse, select ‘Run As > JUnit Plug-In Test’. Since some input jJUCMNav
files are designed for customers, we should not publish test cases based on these jJUCM-

Nav files in JUCMNav project’s source code for confidentiality reasons.
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Chapter 6. Conclusions

This report is about the implementation of Eclipse plug-ins for importing/exporting URN
models in Z.151 XML format with jJUCMNav.

6.1. Contributions

This project led to the following contributions

e We have implemented a new functionality for the jJUCMNav application: the im-
port/export of URN models in the standard Z.151 format.

e We have supported a bi-directional transformation between the standard Z.151 meta-
model (November 2008) and the jJUCMNav metamodel version 0.23 (December 21,
2009).

e We have tested the import and export with both a set of simple URN models and a
comprehensive set of existing URN models provided by Prof. Amyot’s team.

e We have found six errors in the Z.151 XML schema, which will be sent to ITU-T as a

contribution to improve the Z.151 standard.

With the above contributions, jJUCMNav becomes the first tool to support the standard
Z.151 file format.

6.2. Future work

JUCMNav’s metamodel keeps evolving possibly a few times per year and the metamodel

defined in URN standard will evolve possibly once per two years. Maintenance of the
code will be required whenever one of these metamodels evolves.

e Upon receiving changes in the standard Z.151 metamodel, we need to recom-

pile the most updated Z.151 schema and save the generated Java files to the

directory seg.jUCMNav.importexport.z151.generated package, and rebuild the
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jJUCMNav project. Then, we need to update the handler classes to be aligned
with the updates in corresponding classes.

e If a new class is introduced into the standard metamodel or jJUCMNav’s
metamodel and if we decide to support this class, we need to create two han-
dler classes: one for MHandler and one for UMHandler. We also need to add
an entry with a pair composed of the class and the handler class into HashMap
ourClass2Conv in class MHandler and EObjectimplUMHandler. If the new
class is a subclass of an existing class, only the attributes defined in this class
should be handled in the new MHandler and UMHandler.

e Make sure to test the newly introduced changes thoroughly.

In addition, remaining compatibilities issues and limitations identified in Chapter 4
should be addressed. In particular, two issues were stored in jJUCMNav’s Bugzilla data-
base: improvements to the handling of Concern associations (bug 750), and the handling

of differences between the JUCMNav and Z.151 data models (bug 752).
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Appendix A: Sample Generated Skeleton Class

The code below is a sample skeleton class for EnumerationTypeUMHandler:

package seg.jUCMNav.importexport.zl5l.unmarshal;

[/ Slmm v v N N N N N N N — >
// <!-- EnumerationType -->

[/ Slmm v v N N N N N N e — >
// <xsd:complexType name="EnumerationType">

// <xsd:complexContent>

// <xsd:extension base="UCMmodelElement">

// <xsd:sequence>

// <xsd:element name="values" type="xsd:string" />
// <xsd:element maxOccurs="unbounded" minOccurs="0"
// name="instances" type="xsd:IDREF" /> <!-- Variable -->
// </xsd:sequence>

// </xsd:extension>

// </xsd:complexContent>
// </xsd:complexType>

import org.eclipse.emf.common.util.EList;
import seg.jUCMNav.importexport.zl5l.generated.EnumerationType;
import seg.jUCMNav.model.ModelCreationFactory;

public class EnumerationTypeUMHandler extends UCMmodelElementImplUMHandler ({
public Object handle (Object o, Object target, boolean isFullConstruction) {

EnumerationType elemZ = (EnumerationType) o;
String objId = elemZ.getId();
ucm.scenario.EnumerationType elem = (ucm.scenario.EnumerationType) getOb-

ject (objId, target, ucm.scenario.EnumerationType.class);
if (isFullConstruction) {

elem = (ucm.scenario.EnumerationType) super.handle(elemZ, elem, is-
FullConstruction);

elem.setUcmspec () ;

elem.setValues () ;

elem.setId();

elem.setInconcern () ;

elem.setName () ;

elem.setDescription();

elem.getUcmspec () ;
elem.getInstances();
elem.getValues () ;
elem.getFromLinks () ;
elem.getToLinks () ;
elem.getMetadata () ;
elem.getInconcern();
elem.getName () ;
elem.getId();
elem.getDescription () ;
elem.getClass () ;

}

return elem;

Appendix A: Sample Generated Skeleton Class
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