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Abstract

Nowadays the usage ofnified Modeling Language (UML)s becomingmore
popularin industrial projectsFor quality assurance atfie assessment of large scale
models constraints and queries are us€lde Object Constraint Language (OCL) is
suitable foraccomplishinghis task. Howevelpractitioners find it difficult to define
OCL expressionsThus there is a need for simplification mechanisms toywtethe

use of OCL. One simplification mechanism is the concept of OCL libraries for model
queries, whih simplify the definition of OCL expressions by hiding definition
details fromthe end userMoreover, theelibrarieslead toa high reuse factothey

are configurable antéstable andhey aredocumented. The libraries can be checked
for syntax correctess and can be tested agairdgsired semantics.

In this thesis an Advanced OCL Editsr presentedupporting features related to
different aspects othe OCL library definition, such asyntactical correctness
(syntax checkingsyntax completionusag of templatey semantical correctness
(testing, readability (syntax and error highlightingcode formatting reusability
(comments, documentatian)



Kurzfassung

Die Unified Modeling Language (UML) wird heutzutage vermehrt in der Industrie
eingesetztFur die Qualitatssicherung und Beurteilung von umfangreichen Modellen
werdenConstraintgZusicherungen) unQueries(Anfragen verwendetDie Object
Constraint Language (OCL)ti®in geeignetes Werkzeutpfur. Jedoch wird das
Definieren von OCLAusdrickenin der Industrie als zu schwierig angesehen.
Deshalb sindMoglichkeiten gefragtum diese Aufgabeu vereinfachendamit OCL
vermehrt eingesetzt wird.Eine Mdglichkeit ist der Einsatz von O€L
Programmibliotheken die die Details eines OCGAusdrucks und @mit die
Komplexitat vom Endanwenderverbergen Darlber hinaus ermdglichendie
Programmbibliothekendie Wiederverwendung von O®Ausdricken. Siesind
konfigurierbar, koénnen getestet werden und sind dokumentiddie
Programmbibliotheken kdnnemfainre Syrax Uberpriftsowie auf die gewlnschte
Semank getestet werden.

In dieser Bakkalaureatsarbeitlsder Advanced OCL Editor vaestellt werdender
das Erstellen von OGProgrammbibliotheken in vielerlei Hinsicht unterstiitwie
zum BeispieSyntax(Syntatberprifung, Syntaxvervollstandigung, Verwendung
von Vorlagen),Semantik(Tesen), Lesbarkeit(Syntax- und Fehlerhervorhebung,
CodeFormatierung)Wiederverwendbarke{Kommentare, Dokumentation).



Contents

1. oo 18 o 1o o [PPSR 1
O S = - Tod (o | {0 18] o [PPSO PSPPI PP 1
02 | o 1Y/ [ o U 1

2. Requirements SPecCifiCation...........ccccuuuvuiiiiiiimeeiiiiieie e 3
Nt R O LV T 3
2.2. Functional REQUIFEMENTS........ccoiiiiiiiiiiiiiii e B
2.3,  Technical REQUITEMENTS........cuiiiiiiiiiiiiiiiiiieeeii et e e eeee e e e e 5
2.4, ClasSS DIBQIAML.....eiiiiiie ittt eeeete et e e e e et eeeer et e e e e e e e e snb e e s eeemee s 6
2.5. Description of the Class Diagram...........ccoooiuiiiiiiiieeeiieeee e 6

228 T RV 1 o1 P 7
2.6, USE CABSES....oiiiiiiiiiiiiiee ettt eeee ettt as 8

3. Architecture and CONEXL.........ciiiiiieeee e eeeeeeee e eeme e 19

3. 1. DeSign Paradigms. ......couieiiiiiiiiiiiii et e e eeesr e e e e 19
3.1.1  ThreeTier ArChItECIUIE. ... et eeee e e e e e e eree e e e e e e e e e e aeeeeees 20
3.1.2  MOdE-VIiEeW-CONIOIEL.......ceeeiitieeiieiieeiseeeee e e e e eeere e e e e e e e aaaaeeeeees 21
0 G T B =T o g I = 11 = PP PPRPP 22
3.1.4 Creational Pattern SINGIEtON.........ccoiiiiiiiiiiie e 22
3.1.5 Behavioral Patterii Observer Pattern...........cccoiuviiiiiiiecce e 23
3.1.6 Behavioral Patterii Visitor Pattern...........occuveviiiiiiiieeiiiieee e 24

3.2.  Design Orerview and CONTEXL........cuuiiiiiiiiiiiiiiiieesiiieeeee e e e e e e s eeeeseeeees 25
2 R O] 1o o o] o T=T o | A B T= Vo = 11 4 VSRR 25
3.2.2  Library Interpretation PrOCESS.......ccuiiiiiiiiiie ittt rmeee s 26
3.2.3 Advanced OCL Editor in the Context of SQUAM............cooerrirviiiieeeeeeeeerrirnn, 27

3.3, DesSign DetallS..........cooviiiiiiiiiieeeeeee e ————— 28

G0 T N O = L= B - Vo | - o SRR 29



Contents

3.3.2  PreSentation LAYEr.......ccciieiei et ee e s ee e 30

G TR TR T AN o] o] [ To%= o) 0 ] - 1= U 36

4. IMplementaton.........ccoooo i 40
O - Y - F PP 41
4.2, EClIPSE. ..o 42
4,21 ECHPSE IDE......ccc i eeee e r e e e e e e e e enanrnnrrnrrnnneeed 42
4.2.2 Eclipse Rich Client PlIatform..........ccevviiiiiieii e 42
o R = 1o 1= 2K L S 44

4.3. ANTLR Parser Generator and ANTLRWOIKS .........ccovvvviviiiiiviiiiiennneeeeeennn. 45
A4, USEr ManUAL..........oooiiiiii e ee e ae e rene e 45
5. PrOJECE PIAN.......c i eeeer s e e e e e e aeas 46
6. LISt Of FIQUIES ....ueeeiei et 49
7. LiSt Of TADIES.....uuiiiiiieiie et erme e e e e e e e eees 50
8. LiSt Of LILEIratUre........cvvuiiiiiieeiii e ceeee e ereee e e e e e e e e eeeenes 51



Chapter 1

Introduction

1.1. Background

The Unified Modeling Language(UML, [1]) is a standardized genej@lrpose
modeling language fothe objectoriented analysis and desigyf systems[Z2].
Nowadays UML is also increasingly used in industrial projectarge scale models
Along with the growing size of UML modelthe need for model constraints, model
querying and their automatiomas come upThe supportof model constraints is
required to assurthe correctness of models in application domains. The sumbort
model querying is redqred foranautomated or serautomated model inspection.

The Object Constraint Language (OCB]J)[is a formal language used to specify
constraints for model elements in UML méele OCLG6s ability to na
and form collections of objectisas ontributed toits usage a® query language

Based on these properti@3CL can be used for queryitayge scale mode[g}].

1.2. Motivation

Although OCL is an expressive formal language and applicable for the tasks
described in 1.1, it is not widely usadpractitionersfind it difficult to define OCL
expressionsThus there is a need for simplification mechanisimgpramotethe use

of OCL. A possiblesimplification mechanismis the concept of OCL libraries for
model queries described in 4]. This conceptsimplifies the definition of OCL
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expressions by hiding definition detail®om theend userMoreover, the libraries
lead to a high reuse factor. Theye configurable testable and documented.
Furthermore the support of tools can simplify the definition @CL expressions.
Although there are toolthat supportOCL related activities, they do not focus on
writing OCL expressionsThe combination othe concept ofOCL libraries anda
user friendly editor supporting OGixpressionss well as OCllibrarieshasresulted

in the idea of an Advanced OCL Editor.

The goal of theAdvanced OCL Editor is teimplify thewriting of OCL expressions
It shouldsupport the end user in writing, testirapnd documenting OCL libraries.
While the conceptuahspectof OCL libraiiesis beyondthe scope of this thesis and
can be found if4] (see Appendix B)thisthesisdescribs the requirementsQhapter
2), thearchitecture (Chapted), and the implementation (Chap®#rof the Advanced
OCL Editor. In addition a brief overview of the project plas given(Chapterb).



Chapter 2

Requirements
Specification

2.1. Overview

The goal of the Advanced OCL Editor is to makdting OCL code easier and
therefore an erreiree and less timeonsuming taskThe textual notation of OCL
makes itsimilar to programming language$he tasks ah problemsrelated to
programming in OClare the samas those related to other programgnianguages
Therefore mechanisms typically useth programming languages to deal with
problems are also approgte for the Advanced OCL Editor for whithe following
requirementfave beemefined

e F1: Syntactical correctnessis required to make writgn an OCL code
syntacticdly errorfree. In general the syntactical correctness is the basic
property required for angourcecode as well asthe prerequisite foman
interpretation othe OCL code

e F2: Semantical correctnesss required fora semanticdy errorfree writing
of anOCL code Semantical correctness can be assured by formal verification
or empirical investigation.
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¢ F3: Readability refers to the ease with which a reader can compretiend
OCL code.Some factorenhancing its readability amoding rules, different
indentations styles, decompositji@amd comments.

e F4: Reusability can helpto write anOCL code more efficiety. Reusable
modules reducéhe implementation time and increase the likelihood that
prior testing and use hawdiminatedbugs. Thus reusabilityimprovesthe
semantical correctness.

e F5: Understandability is important for reusing and exchangiag OCL
code. Besides readability also documentation makes code easier to
understand.

2.2. Functional Requirements

A set of required faares for anAdvanced OCL Editohas beerdetermined. Thee
features are related tbhe requirementdescribedabove

e Syntax checking increasesthe syntactical correctnesg¢F1) and the user
satisfaction This feature is necessary for any language editothe context
of the Advanced OCL Editpsyntax checking ensures syntactical correctness
againsthe OCL grammar and thenderlyingmetamodel.

e Syntax completionis a featurewhich increases theser satisfactionthe
efficiency, and the syntactical corretness(F1) of OCL expressionsThe
Advanced OCL Editor should suppstandardDCL andOCL libraries

e Templatesincrease thaiser satisfactionthe efficiency, and the syntactical
correctnesgF1) of OCL expressions. Templates can be defined for concepts
related to OCL libraries.

e Testability increaseshe semantical correctneg$2) of OCL expressionsA
sufficient number of unit testensurethe correctness of an incremental
development of OCL expressioasd libraries respectively These tests are
similar to unit tests provided for many programming languages.

e Syntax and error highlighting contributes to theefficiency, a better
readability (F3), and user satisfacticend t enablesafaster error correction.

e Code formatter enablesa betterreadability (F3) andthe exchange of OCL
expressiongindlibrariesrespectively

e Documentation and commentsis important for sharing OCL expressions
and libraries respectively as well agor an easier understanding(F5),
readability (F3), and reusability (F4). It covers writing documentation
commentsandthe documentation generation.
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2.3. Technical Requirenents

The Advanced OCL Editor should meke following technical requirements:

e The Advanced OCL Editor should be available in two vession

0 Plug-in for Eclipse[5]
o Rich Client Platform stanéilone applicatioii6]

e Library storage in file system/Subversiof

e Static metamodel bindingor a library and test models

e Library import reuse of existingOCL libraries;import mechanism like in
Java B]

¢ Managing files as project alibrary is stored in a filea projectconsists of a
number of files

e Tree representation of a library

o library name
A meta- model
A import declarations
e required library 1
o« £
A definitions
e context::definition name 1
o« £
A queries
e context::query name 2
o« £
A tests
e modelna mel
0 testnamel
o é
¢ model name 2
0 testname 2
o é

o ¢

e List of problems a list of all problems, warningsand errors (e.g. syntax
errors)
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2.4. Class Diagram

The conceptual class diagramigure 1) shows the main building blocks of the
systen.

Project MetaModel 1

1 ! !

is a file

j hierarchy + — @
fmpots . | =

Library

)

LibraryContent
I +visibility : VisibilityKind

|

Query < Definition Test * 1 Model
| <=use== Z2usess
T : T

Lo— = — |

| =2Use== |

=2usess

Figurel Conceptual Class Diagram

2.5. Description ofthe Class Diagram

In this sectionthe elementare described which are neededneet the requirements
discussed in the previous sections. The relatimtween the elementse illustrated
in the conceptual class diagraRigurel).

e Project: A library is stored in a file. A number of librariégles) is managed
asproject A projecthas an associatedetamodel A projectsimplifies the
maintenance dfbraries

e MetaModel A metamodel is assigned tprojectsandlibraries and specifies
the scope othe applicationof the librarieswhich can be used for modeds
instances of the metaodel.

e Library : A library is specific toa given metamodel It canimport other
libraries and consists adfome norempty content. The import mechanism
enablesthe usage of expressions defined in other libraries. The visibility of
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imported expressions depends on their visibility of libeary contentin
which the expresens are defined.ibraries are stored in files.

e LibraryContent: There are three different types of library content:
definitions tests andqueries The visibility of the library content is specified
by VisibilityKind defined in the UML 2.0 Superstructurd. The visibilities
are described ithe nextsection

e Query: Thequeries are a collection @CL methods deditad tothe usage
for model querying ira modeling or an analysis tool.

e Definition: The definitions are a collection o©OCL method and attribat
definitions to be used in other OCL expressions in the sanie amother
library. Moreover they should be tested and accessibline testing libraries

e Test The tests aretest case definitionfor OCL expressions, in particular
definitions.For theevaluation of testsa concrete user model is required.

e Model: For testsa model is required. The modwes tobe an instance of the
metamodel. Moreover, the metanodel specified in the testing libraimas to
be the same as in the corresponding tesbedri.

2.5.1 Visibility

There are four visibility kinds defineith the UML 2.0 Superstructurd]: private,
protected, packagend public. The interpretaticrof the public and private eleants
arethe same as in the UMIpscification. The interpretation of gexted elements is
modified, while the package visibility is not udeA private expression is only visible
inside the librarywhich owns it. A public or protected expression is visible in other
librarieswhich import the one that owns it. Moreoyer publc expression is visible

in tools that use the libraryTable 1 illustrates the possible combinations of
visibilities for an external usé exporting librariesand within the same library.

Concerning the visibility by defaulgueries are public, definitions are protectaad

tests are privateincequeries should be used in modeling tools, definitions should be
tested and accessible in the testing libraries or used in another libraries, and tests are
not intended to be reusetsewhere.
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scope
external exported same
visibility kind
public true true true
protected false true true
private false false true

Tablel Possible @mbinations oWisibilities

2.6. UseCases

In this sectiondifferentuse caseare discussedzigure2 showsan overview of the

use casefollowed by detailed textual descriptiotigereof Trivial use cases and use
caseglescribed by the included use case are not discussed separasdyiSEncases

(Projed¢ modification, Project storage, OCL library modification, Edit OCL queries,

Edit OCL definitions, Edit OCL test€dit OCL documentatigrarein orange.The

use cases NOCL domd mBBdati OCLedpoumentat
implemented by Hanndddsl and are not part of this thesis. Nevertheldssse use

cases are illustrated and describedrovidea complete overview.
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Project creation

Add external OCL

extension points library/model

existing project

-
I <<inuud§>>
<<ex19nd>> o
-
existing project - Remove external
¢ SRIBIEE S _ OCL library/model
user % I = _=<includes> .
3 Project modification
<<include=» OCL library creation
~ extension points
~ existing library
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=<include==
> <=exténd=>

~
~ (existing library)
Sy
OCL library export ) OCL library storage )
OCL library
modification -
|
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=<include==
~
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documentation
export

~ ~
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~ oy
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Edit OCL
documentation 3

Figure2 Use Case Diagram
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Project creation

Summary The user wants taeate a new OCL libramgroject The
usernames the project, specifies package namand
selecs a metamodel.

Actors User

Preconditions

Basicflow:

1. The user initiates a new OCL library project

2. The user names the projeatd selects the storage
location.

3. The user speciisa package name

4. The user dfines the metaodel and the modeling
level.

5. The system creates the project, fosdr OCL
libraries and user modelknd an initial user mode

Postconditions

The names of th©CL library projectand packagare
unique.

Alternativeflows:

2a.The pojectalready exist.
The user receivgan error message.

3a. The mckage namalreadyexists
The user receivgan error message.

5a. The user cancelbe project creation
All creation data ardiscardedThe file system is
not modifiedfor the project.
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Add external OCL library /model

Summary

The user wants tre)use an extern®CL library/model

Actors

User

Preconditions

The user has thave a configurd OCL library projectind
anexternalOCL library/user model

Basicflow:

1. The user selects the OCL library project

2. The user opens th@operties of the OCL library
project

3. The useselectgheexternal OCL librarimodel
For modelsthe usehas toadditionally select a
unique name that will be used to identify the mo

4. The systenassociatethe external OCL
library/modelwith the selected project

Postconditions

The names of th©CL library and modedre unique.

Alternativeflows:

3a. The name of th@CL library/modelhasalready
beenadded
The user receisan error mesage.

4a.The user cancels thaperation.
The external resource is nadsociated witlthe
project
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Removeexternal OCL library/model

Summary The user wants teemoveanassociation witlan external
OCL library/modelfrom the project
Actors User

Preonditions

The usehas tohave aconfigured OCL library projeand
anassociate@xternal OCL library/user model.

Basicflow:

1. The user selects the OCL library project.

2. The user opens th@operties of the OCL library
project

3. The useremovesheassocitedexternal OCL
library/modelfrom the project

4. The systemiemoves th@ssociation wittthe
external OCL library/moddtom the selected
project.

Postconditions

Alternative flows

4a.The user cancels thaperation.
The association with the external rese is not
removedrom the project
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OCL library creation

Summary: The user wants to create a new OCL library.

Actors User

Preconditions The usehas tohave a configured OCL library project.
Basic flow 1. The user initiates a new OCL library

2. Theuser names thiérary and selects the storage
location.

3. The system createsnew OCL library file

Postconditions The names o®CL librariesare unique.

Alternative flows 2a.TheOCL library already exists.
The user recei\san error message.

3a. The user caeels theOCL library creation
All creation dataarediscarded. The file system is
not modified.
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Edit OCL expressions

Summary: The user wants torede or modifythelibrary content (OCL
definitions, OCL queriesor OCL tests)

Actors User

Precondibns The usehas tohave aconfigured OCL libray project and
an OCL library.

Basic flow 1. The useopensan OCL library.

2. The useinsertschanges or deletescertairlibrary
content

3. The user saves the changsseUseCase
Description OCL library sbrage )

Postconditions

Alternative flows

3a. The user loses the OCL library without sang it.
All changes ardiscarded. Theorrespondindile is
not modified.
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OCL library storage

Summary:

The user want® savdibrary modifications.

Actors

User

Preconditions

The usehas tohave a configted OCL library project and
modified OCL libraries.

Basic flow

1. The user saves the modified OCL library

2. Thesystemchecks the syntactical correctness of
OCL library.

w

The systenshowsall errors and prolkeimsthat have
occurredn thelist of problemsMoreover the
system marks the problems in the library editing
window. All representations of the librafe.g. the
tree representatiomye alsanarked

»

The system refreshes the tree representation of
library.

o

The system applies the changes to the
corresponding file

Postconditions:

Saved modifications are stored in the file system.

Alternative flows:

3a.The OCL library is syntactichl correct.
All previous warnings and problemsncerninghe
correspondig OCL library are removed from the
list of problemsPossiblyexisting error mar&rs are
removed.

4a.The tee representation is not available.
An empty tree marked with a question mark
displayed
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OCL library export

Summary: Theuserwantsto export OQ librariesto reuse or
exchangghem
Actors User

Preconditions

The usehas tohave a configured OCL library project.

Basic flow

1. The usestarts the OCL library export

2. The useselects th®©CL librarieshe wants to
exportandspecifieshe exportdestination.

3. The system createsJAR file including the selecte
libraries andan indexof therequired libraries
which are not in the JAR file

Postconditions

Thenames of thdibrariesin the exportedAR file are
unique.

Alternative flows

2a.The useselects two libraries witldenticalnames.
The user recei\san error message.

3a. The user cancels th@CL library export
All creation dataarediscarded. The file system is
not modified.
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OCL testsevaluation

Summary: The usemwants to evaluate OCL tegb ensurghe
syntactical correctness of OCL librarid$e user can
evaluate tests on different levels: project, libraryest
mode] or a single test.

Actors User

Preconditions

The usehas tohave a configured OCL library projeatd
at least oa librarywith OCL tests

Basic flow

1. The user selects the projéat whichhe wants to
runall tests.

2. The user starts the test evaluation.

3. The system illustrateshich testshavepassed and
which ones havéailed.

Postconditions

Alternative flows

la.The user selects the desired test evaluation leve
(library, test modelor a single testjrom the tree
representation
All included tests are evaluated.
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OCL documentation export

Summary: The user wants tgenerateanHTML documentatiorof the
OCL libraries
Actors User

Preconditions

The usehas tohave a configured OCL library project ang
at least one library witan OCL documentation

Basic flow

1. The user starts the OCL documentation export.

2. The user selects ti@CL librariesof which he
wants b generateanHTML documentatiorand
specifies the export location

3. The usedefines thevisibilities for which he wants
to generatanHTML documentationThe members
of the selected visibiliéswill be exported.

4. The systengenerateanHTML documentatio of
the selected OCL librariemnd an index

Postconditions

Alternative flows

4a.The user cancels the OCL documentation expor
All creationdataarediscardedThe file system is
not modified.
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Architecture and
Context

The software architegte of asoftwaresystem refers tthe structurés) of the system
which comprisés) software elements, the ertally visible properties of tlse
elements, and the relationshgosd constraints betwedimem P]. Hence the software
architecture structuresthe software system into elements with specified
responsibilities Furthermorethe quality of theentire system can be determined on
the basis of the quality of these elemeMsreover the software architecture defines
interfaces for future extensiofi3].

3.1. Design Raradigms

In this section the generahrchitectural and design pattern used for the Advanced
OCL Editor are introducedAt first, two architectural patternare presentedthe
threetier architecture ection 3.1.1) and the modeView-controller architecture
(Section3.1.2. Then a brief overview othe design patteriis given(Section3.1.3

and the Singleton patterr{Section3.1.4, the Observerpattern (Sectior8.1.5, and

the Visitor pattern (SectioB.1.6 are describeth detail.
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3.1.1 Three-Tier Arc hitecture

Thethreetier architectureseparatea software system intihreeinteractinglayersof
which eachhasits own specific responsibilitie§igure3):

e The presentation layer is responsible fothe graphicalrepresentation of an
application.

e Theapplication layer implements the business logic.

e Thedata layer represents data and provides an interface to a database, if the
system uses one.

Presentation layer

Application layer

Data layer

= Access in strict three-tier architecture

— — — 7 Additional in flexible three-tier architecture

Figure3 ThreeTier Architecture

A threetier architecture meets the fundamental requiremeot a layered
architecture; this means thelements may access only elements of their lawer or
a lowerone[10]. Heretwo specifications are possible:

e Strict three-tier architecture: The presentation layer manly accesshe
application layer. The advantage of this architecture is tleap#sentation
layer only dependsn the application layer. Hencihe presentation layer is
completely independent from the data layer.

¢ Flexible three-tier architecture: The presentation layer may not only access
the application layer but also the data layérs architecture is more flexible
and has a better performance, but the maintainability, changeahiity
portability of such @& architecturearelower [11].
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3.1.2 Model-View-Controller

A fundamental idea of a layered architectigaghat the representatiofayer (user
interface) is nodirectly accessed by ather layer.Today he isolation ofthe user
interface andhe business logic & basic principle of software desigviany ofthese
ideashave their origirin the ModelView-Controller(MVC) architectue [11]. MVC
considers three roles:

e Themodelis an object that represemsrtaininformationon domain

e Theview represents the display of the model in the user interface.

e Thecontroller takestheuser inputjnvokes changes dhe model, and causes
the view to update appropriate]$2].

Figure 4 illustrates the relationship between ghethreeroles. The solid lines
representa direct associatiorwhile the dashed lines indicate an indirect association
(e.g.observer patte)pn The model hasio knowledge of the view and may not directly
access the associated view and controller objettsase of aupdate it has tonotify

all dependentobjects about the chargjeThis consistent isolation enablem
independent development tife user interface and the business logic. Moreoier
improves the exchangeability of the user interfddg.

 — — — — — > Controller

| .

View | Model

> direct association

— — — = indirect association

Figure4 ModelView-Controller
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3.1.3 Design Patterrs

A design pattern is an approved and generic solution to a commonlyriogcu
problem in software design. Design patterns are grouped into the following
categories:

e Creational patterns create objects withowdirect object instantiation.

e Structural patterns describe how classes and objects can be comlmed
larger structtes.

e Behavioral patterns deal with the communication betwe#re objects of a

system 13].

In the following sectionghe creational and behavioral patterns used in the Advanced
OCL Editorare described

3.1.4 Creational Pattern i Singleton

The singleton patterrestrics the instantation of a class to one object and enables a
public access to this object. This pattern is useful when exactlgasily accessible
object is neededlB]. The implementation of a singleton pattern is presented in the
following codesnippet:

public class Singleton {
private static Singleton instance = null;
private Singleton() {}
public static Singleton getinstance() {
if(instance == null)
instance = new Singleton()

return instance;

The singleton pattern is implementdoly creating a class with a method
(getinstance () ) that creates a new instance of the clagsdibes notetexist If

an instanceifstance ) already exists, it returns a reference to that object. To make
sure that the object cannot be instantiatedary other way, the constructor
(Singleton () ) is made private.
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The singleton pattern is realizedtive following classegdescribed irSection3.3):

e Activator

¢ MetaModelManager
e OCLLibraryManager
e OCLModelManager

3.1.5 Behavioral Pattern i Observer Pattern

The observer pattern consists ofuibject object, which contains data that may
change over the time, and a numbepbs$erver objects. If the data changes, the
subject  object automatically notifies thebserver objects, usually by cafig
one of their methoddl4]. There aretwo communication methoder this process

e Push model Thesubject sends detailechformationon the change to the
observer whethert wanssit or not.

e Pull model: The subject only notifies theobserver if a changean its
state appeayswhile it is the responsibility othe observe r to get the
required data from theubject  [15].

The choice of the communication method and the resulting effigidependn the
application arealhe push model can be inefficiahtalarge amount of data needs to
be sentwhereashe pull model ca be ineféctivesincethecommunication is done in
two steps and problems might appear in rhiteading environmentgl6]. The
common communication method in the Advath€CL Editor is thgoush model.

The observer pattern is very often associated with the MVC parathguivC, the
observer pattern is used to create a loose coupling between the model and the view
[14]. Moreover the observer pattern is usdéor event managementience this

pattern is used in various view elements whachbasel on the MVC architecture.

Some classeg@lescribed in Sectio®.3) using theobservepattern are:

e OCLContentOutlinePage
e OCLDocumentModel
e OCLEditor
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3.1.6 Behavioral Pattern i Visitor Pattern

The visitor patterrseparatesan algorithm from an object structure upon which it
operates. A practical result of this separation is the ability to add new operations to
existing objectstructures without modifying tlse struatres. In essencehe visitor
(Visitor ) allows adéhg new virtual functions to a family of classeslément )
without modifying the classes themselves; instead, a visitor class
(ConcreteVisitor ) is created whichimplements all of the appropriate
specializations of the vl function. The visitor takes the instance referencanas
input and implements the gobly means of double dispatchl[7]. The relationship
between the lements is illustrated inFigure 5. The Advanced OCL Editor
implements tk following visitor classes (described in Secttod):

e AbstractincrementalProjectBuilder
e OCLLibrarylncrementalProjectBuilder

Client Visitor O

| +visit( ConcreteElement : Object )

Zlk

J |
Element ConcreteVisitor

+accept( Visitor : Object )

T

ConcreteElement

Figure5 Visitor Pattern
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3.2. Design Qverview and Context

In the followingsub-chaptersthe architecture of the Advanced OCL Edit8e¢tion
3.2.7) is presentedwvhich is based on the introduced architectui@sction 3.1).
Furthermorethe library interpretation procegsdescribedSection3.2.2 andFigure
8 illustrates how the Advanced OCLEditor is integrated into the SQUAM
Frameworl{18] (Section3.2.3.

3.2.1 Component Diagram

A software cormponent is a system element with an explicit interfabéch can be
connecedto other components without any modificatio2$. [A component diagram
showshow a software system is split up imddferent components and shows the
dependencies amgthem[19].

The component diagram illustrated kigure 6 presentghe main componentsf the
Advanced OCL Editorin the context of the threter architecture.The orange
componentsqui , parser |, library parser ) are implemented in éhconext of
this thesisThe topmost level of the application is the graphical user interfgae ).
In the application layerthe relevant parts for OCL library interpretatioan be
found parser , library parser , and two external components, i.©CL
interpr eter and compiler compiler . The parser is responsible for
OCL-expressiofparsing. Ther®re, the parser uses thdibrary parser that
separatethe pure OCL fromthe OCL library syntax. Théibrary parser itself
uses an externaompiler compiler . Finally, the pure OCL parts of the OCL
library are interpreted byn OCL interpreter . In the last layerthe f ile
system is considered The library interpretation process is describedha next
section.



Architecture and Context 26

Presentation layer

<=component=> S]
gui

1

Application layer

<=component== g] <=component== g] =zcomponent==
______________ parser <<USE>: library parser ==use=>| compiler compiler

<zcomponent== g]
OCL interpreter

—o—

Data layer

\r
==component== E]
file system

<<

— — — — B el 5 — — — —

Figure6 Advanced OCL Editor Achitecture

3.2.2 Library Interpretation Process

OCL libraries include parts which are standard OCL expressibimstefore the
process of the library interpretation is split into two pafigyre7). The first one is
related to the int@retation of standard OCL and is in the scope of @@L
interpreter functionality. The second one is relatedttee OCL library concept
and isincludedin the OCL Editor functionality. The extraction o standard OCL
expression takes place in several poments, i.eparser |, library parser and
compiler compiler . Hence the second pais split into the responsibilitiesf
these components.
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OCL interpreter OCL Editor
parser library parser compiler compiler
Library file
Library parsing | Library file _—{ Library model Library file Library parse
"X creation "L tree generation
OCL parsing OCL expression 7
Library model Library parse tree
Library) model

—Ij—” =

Library

ocL Model instance interpretation
interpretation

OCL expression result

Figure7 TheLibrary InterpretatiorProcess

The interpretation process starts wtitie library file used in th®©CL Editor . This
file includes a library to be interpretethe input library is parsed in tleempiler
compiler by whichan appropriate parse tree (tokens) is obtaiAferwards the
parse tree igransformed into a Library modelbject in the library parser

Parts of the Library modetelated tothe standard OCL are sent tthe OCL
interpreter together with model instances. In tQ&€L interpreter OCL-
expressionparsing andinterpretation take place aride results are sent back tioe
OCL Editor . IntheOCL Editor |, the results from th®CL interpreter are
used to obtain the complete interpretation of the input library.

3.2.3 Advanced OCL Editor in the Context of SQUAM

As mentioned before the Advanced OCL Editor is a part of the SQUAMtacture
[18]. Relevant parts of the architecture denonstrateth Figure8. At the top level
OCLEditor , SQUAMFramework and two external components, i.e.
EclipseOCL and UMLTool are considered OCLEvaluator and
GeneralLibrary are parts of theSQUAMFramework related to the library
conceptsyhile other parts o056QUAM Framework architecture are omitted.
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SQUAMFramework sl sl ihs sl il | I

I |
|
| l | |
<<component== g] <=component== | | g] GenerallLibrary I <=component== g]
EclipseOCL OCLEvaluator | OCLEditor
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IEvaluator C | 1QueryKind (7) LibraryDescriptor (7) OCLEditorLibrary
k| _|*evaluate( Object, IQuery, [QueryKind ) I kH -+ —|—
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All ‘
I [
| [
IEvaluatorListener ( | | IDefine O| ILibrary O |
L | +getalDefines() on i |
+getAlQueries()
IQuery O L | =
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| 1 |
==component== =]
UMLTool

Figure8 Architecture in theContext of SQUAM

OCLEvaluator is based orkeclipseOCL , which is not usedlirectly but via an
interface. ThelEvaluator interface is designed to enalilee exchange of the
underlyingOCL interpreter and to includedditional functionalityAnother interface
is IEvaluatorListener to which observers of a particular kind@uery Ki nd)

of OCL expression evaluations can registerFigure 8, two observersMLTool
and OCLEditor , are registered tdEvaluatorListener . Additionally, two
interfaces,|Define  andIQuery , are designed to hidibe internal represeation
of defines and queriesGeneralLibrary provides an extension point which
enablesthe definition of different types of libraries. A library is specified by
implementing tle ILibrary interface which preides methods to get all defined
queries and defas. A library includesa LibraryDescript or with information

on the library.OCLEditorLibrary is an implementation dgeneralLibrary
used in theOCLEditor and it implementsboth interfaces. Observers of OC
expressions, likeUMLTool, use thellLibrary interface, whichconcealsthe

concrete implementation.

3.3. Design Details

In this sedbn, the implemented classase discussedrhe package diagrankigure
9) givesan overview of theentire system $ection3.3.1). Then,the classesvill be
describedaccording to the layers of the threer architecture, i.epresentation layer
(Section3.3.2 andapplication layer (Sectio8.3.3. The data layer is ntggtedsince
the Eclipse File Systeims usedor datapersistence
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3.3.1 Class Diagram

Figure9 givesan overview of thentiresystemThe packageseemplate , ocldoc |,

and ocldocexport have beenmplemented by Hannes Mosl and are not jodr
this thesis. Therefor¢hese parts of the application are not described in dbiag .to
the complexity of the systemmota complete class diagramdssplayed but specific
parts theref will be delineatedn the following sections

I
ui
1 ) =)
text ocleditor actions =
ocldoc
i | i [ LS
model wizards jarpackager misc
&= == = | M
viewsupport preferences ocldocexport model html
)
propertiesfileeditor

(ol
model
=)
preparser
i ] = 1
[ | core template
parser | =
builder ocl

Figure9 PackageDiagram
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3.3.2 PresentationLayer

The presentation layer is responsible fibe graphical representation of an
application. Thereforethe ui package consists of various wizards, dialogs, views
and of course the editoFhe presermttion layer includethefollowing classes:

Class

Description

Package: info.squam.ocl.editor.ui

OclPerspectiveFactory

Generates the initial page layout.

ResourceManager

Manages images for the Advanced
OCL Editor.

Package: info.squam.ocl.editairtext

IOCLPartitionTypes Definition of the OCL partitioning and
its partitions.
OCLANNnotationHover Determines all markers for the given

line and collects and concatenates tf
messages.

OclColorProvider

Manages SWT color objects and
contains theolor keys used fahe
syntax highlighting OCL code and
OCLDoc compliant comments.

OCLConfiguration Configuration ofa source viewer
which displaysthe OCL code.
OCLDocument Document for OCL expressions.

OCLDocumentProvider

Creates OCL documents

OclDocumentSetupParticipant

The document setup participant foe
OCL.

OcIMultiLineRule A rule for detecting OCL patterns
which begin with a given sequence
and may end with a given sequence
thereby spanning multiple lines.

OCLPartitionScanner Dividesthe OCL code ito singleline

comments, multline comments,
OCLDoc and OCL library content.
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Class

Description

Package: info.squam.ocl.editor.ui.text

OCLWhitespaceDetector

An OCL aware white space detector

OclWordDetector

An OCL awareword detector.

Package: info.squam.ocl.editor.ui.text.ocl

CompletionProposalComparator

Compares two CompletionProposals
according to their display strings.

IOCLSyntax Definition of the OCL syntax. P
OCLAutoCompletion An OCL code completion suppdor | H
OCL libraries, OCL definitions, OCL
gueriesand OCL tests.
OclCodeScanner An OCL code scannavhich E
recognizes keywords, types, strings,
iterators, functionsand comments.
OCLCompletionProcessor OCL code completion processor. P

OclTemplateCmpletionProcessor

OCL template completion processor

T

OCLTemplatelnnerPartitionScanner

Scanner used for OCL templates
which dividesthe OCL code ino the
OCL library header, OCL definitions,
OCL queriesand OCL tests.

OCLTemplateOuterPartitionScanner

Scanner used f@@CL templates
which dividesthe OCL code imo
singleline comments, mukliine
comments, OCLDqgand OCL library
content.

Package: info.squam.ocl.editor.ui.ocleditor

OCLContentOutlinePage

Representghelibrary structure as
tree.

OCLDocumentModel

Model for OCLEditor , enables
automatic parsing after a specific
delay.

OCLEditor

OCL library specific text editor.

OCLOutlinelnput

Model for

OCLContentOutlinePage
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Class Description I

Package: info.squam.ocl.editor.ui.actions

EvaluateAction Action to evaluat®©CL expressios E

RunTestAction Action to run OCL tests. E

Package: info.squam.ocl.editor.ui.model

ModellmportSelectionContentProvide| Content provider for user models. | E

ModelingLevelProvider Content provider fomodeling levels. | E

TargetMetamodel Represents metaodels. E

TargetModelProvider Content provider for metmodels. E

UserJarsContentProvider Content provider for imported Java | E
Archive (JAR) files including OCL
libraries.

UserModelsContentProvider Content provider for imported user | E
models.

Package: info.squam.ocl.editor.ui.wizards

NewOclLibraryProjectWizard Wizard to create a new OCL library | E
project.

NewOclLibraryProjectWizardPage Wizard page to create anew OCL | E
library project.

NewOclLibrayWizard Wizard to create a new OCL library. | E

NewOclLibraryWizardMainpage Wizard page to create anew OCL | E
library.

OCLLibrarylmportWizard Wizard to import OCL library H
projects.

Package: info.squam.ocl.editor.ui.jarpackager

ExportJarWizard Wizardfor exporting OCL libraries | E
from the workspace to a JAR file.

OCLManifestProvider Creates manifest files for exported | E
JAR files including OCL libraries.

WizardJarExportPage Wizard page fothe Export JAR E

Wizard.
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Class

Description

Package: ird.squam.ocl.editor.ui.viewsupport

Decorationlmages

Manages images for label decoratior

LibraryLabelDecorator

Decorates OCL libraries in the
Package Explorer with problem
markers.

LibraryLabelProvider

OCL library label provider for the
Package Explrer.

OclLibraryDecorator

OCL library project label provider for
the Package Explorer.

Package: info.squam.ocl.editor.ui.viewsupport

OclProjectDecorator

Decorates OCL library projects in the
Package Explorer with problem
markers.

Overlaylmagelco

This class is used for overlaying ima
icons.

UserLibrariesLabelDecorator

Decorates librariem the properties
dialogwith problem markers.

UserLibrariesLabelProvider

Library label provider for the
properties dialog.

UserModelsLabelDecorator

Decorates user modaisthe
properties dialogvith problem
markers.

UserModelsLabelProvider

User model label provider for the
properties dialog.

Package: info.squam.ocl.editor.ui.preferences

OCLMetamodelPreferencePage

Specifieshe metamodel.

OCLPreferencePage

Defines thetarget metanodel andhe
modeling level.

OclTemplatePreferencesPage

Configurestemplate preferences.

Preferencelnitializer

Initializes the preferences with defau
values.
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Class

Description

Package: info.squam.loeditor.ui.propertiesfileeditor

ImportSelectionDialog

Selecs external user models or OCL
libraries.

OCLPropertyPage

Defines thetarget metanodel andhe
modeling level.

UserLibrariesPropertyPage

Import external JAR files including
OCL libraries

UserModelsPropertyPage

Imports external user models.

Table2 ClasseRRepresentatiohayer

Table legend
e ANl 0 = I mplemented by
e TEO = Ekrem Arsl an
e THO = Hannes M°s|
e i P=Partiallyby Ekrem Arslan and Hannes Masl|
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Figure10 ClassDiagramRepresentatiohayer



