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ABSTRACT 

Modelling and implementation of Embedded Real Time (ERT) system are 

becoming more complicated to develop and be reused because of the increasingly 

complex designs and codes.  The complexity is due to the functionality increment 

factor, resulting in the growing scale of the developed systems and to meet users’ 

needs and demands.  The current development approach based on Object-Oriented 

(OO) does not match the current requirements of the system.  The OO approach has 

numerous flaws, thus, Component-Based Software Engineering (CBSE) has been 

selected to resolve these problems.  However, the current CBSE approach also has 

some drawbacks such as lack of ERT standardized modelling, specific development 

methodology and tool adaptation for code generation.  The problems concerning the 

established ERT system development methodologies, Methods for Component-

Based Real-Time Object-Oriented Development Testing (MARMOT) show that its 

ability to tackle ERT system modelling and implementation using CBSE strategy 

have not fully provided the required standard modelling language and development 

tool adaptation.  Thus, an integrated component model, comprising MARMOT and a 

modelling profile known as Modelling and Analysis for Real-Time and Embedded 

(MARTE) is proposed.  The new model can be adapted to the CBSE approach 

standard modelling.  In addition, the model can improve the existing MARMOT 

software process.  Besides that, a ‘code generation implementation steps’ was also 

proposed as a development tool application.  In these steps, IBM Rational 

Rhapsody® development tool was applied as a tester due to its code generation 

capability.  The modelling and implementation results were measured and compared 

with result from the previous MARMOT approach.  The findings showed that the 

proposed integrated component model and implementation steps have reduced the 

development complexity and produced functioning generated codes. 
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ABSTRAK 

Dewasa ini, pembangunan sistem masa nyata terbenam (ERT) menjadi 

semakin kompleks disebabkan pertambahan keperluan dan kehendak pengguna.  Ini 

secara tidak langsung mengakibatkan pembangunan sistem menjadi semakin sukar 

disebabkan oleh rekabentuk yang rumit dan saiz kod yang bertambah, mengurangkan 

kebolehan untuk proses guna semula.  Kekangan Pembangunan Perisian Berasaskan 

Objek (OO) menyebabkan Pembangunan Perisian Berasaskan Komponen (CBSE) 

telah dipilih bagi menyelesaikan masalah-masalah ini.  Walaubagaimanapun, CBSE 

juga mempunyai beberapa kelemahan seperti tidak menggunakan model 

berpiawaian, tidak mempunyai metodologi pembangunan perisian yang tepat dan 

kekurangan adaptasi perisian penjanaan kod.  Oleh itu, pemilihan MARMOT untuk 

menyelesaikan masalah permodelan and implementasi sistem ERT berasaskan 

kepada komponen walaupun ianya tidak mengaplikasi model yang berpiawaian.  

Hasil integrasi antara MARMOT dan MARTE memberikan kelebihan terutamanya 

membantu pempiawaian model mengikut pendekatan CBSE.  Satu proses 

pembangunan perisian yang dinaiktaraf daripada model tersedia dihasilkan bagi 

membantu penggunaan model komponen yang baru.  Selain itu, satu langkah 

implementasi penjanaan kod telah dihasilkan untuk tujuan kebolehgunaan pada 

perisian.  Perisian permodelan IBM Rational Rhapsody® telah dipilih berdasarkan 

kepada kebolehannya menyokong pembangunan sistem ERT, terutamanya fungsi 

penjanaan kod. Hasil permodelan dan implementasi kajian kes dikira dan 

dibandingkan dengan hasil yang terdahulu, iaitu dengan menggunakan pendekatan 

MARMOT.  Keputusan perbandingan menunjukkan model yang diadaptasi 

membantu meningkatan tahap gunasemula komponen dan menghasilkan kod yang 

boleh berfungsi. 



 vii 

TABLE OF CONTENTS 

CHAPTER   TITLE          PAGE 

  DECLARATION           ii 

  DEDICATION           iii 

  ACKNOWLEDGEMENTS          iv 

  ABSTRACT            v 

  ABSTRAK            vi 

  TABLE OF CONTENTS          vii 

  LIST OF TABLES           xii 

  LIST OF FIGURES           xiii 

  LIST OF ABBREVIATIONS         xvi 

    1  INTRODUCTION           1 

  1.1 Embedded Real-Time Domain Overviews       2 

  1.2 Challenges in ERT System Development       4 

   1.2.1 Modelling Challenges         7 

   1.2.2 Implementation Challenges        8 

  1.3 Motivation of Study          10 

  1.4 Problem Statements          12 

  1.5 Aim of Study           13 

  1.6 Objectives of Study          13 

  1.7 Justification of Study          13 

  1.8 Scope of Study          14 

  1.9 Thesis Outlines          14 

    2  LITERATURE REVIEWS          16 



 viii 

  2.1 Component Based Software Engineering 
Development Methodology         17 

   2.1.1 CBSE Development Methodology 
for ERT System         20 

   2.1.2 Evaluation of CBSE Development 
Methodology for ERT System       21 

   2.1.3 Comparative Evaluation of CBSE 
Development Methodology for 
ERT Systems          22 

   2.1.4 Comparative Evaluation Framework       23 

   2.1.5 Overviews of CBSE Development 
Methodology for ERT Systems       24 

    2.1.5.1 ACCORD         24 

    2.1.5.2 Method for Component- 
Based Real Time Object 
Oriented Development and 
Testing (MARMOT)        26 

    2.1.5.3 Component-Based Design 
of Software for Distributed 
Embedded Systems 
(COMDES)         27 

    2.1.5.4 Early Life Cycle Reuse 
Approach (ELCRA)        28 

   2.1.6 Summary of the Evaluation for 
CBSE Development Methodology       29 

  2.2 Modelling Language          34 

   2.2.1 Unified Modelling Language (UML)       35 

   2.2.2 UML Profiles for ERT System       36 

   2.2.3 Previous Comparative Evaluations 
in UML Profiles for ERT System       38 

   2.2.4 Review on UML Profiles for ERT       41 

    2.2.4.1 UML-RT         41 

    2.2.4.2 UML-SPT         42 

    2.2.4.3 MARTE         45 

   2.2.5 Summary on the Evaluation for 
UML Profiles for ERT        46 

  2.3 UML Modelling Tools         53 

   2.3.1 Previous Comparative Evaluation 
in UML Modelling Tools        53 



 ix 

   2.3.2 Review on UML Modelling Tools 
for ERT System         56 

   2.3.3 Summary on UML Modelling Tools 
for ERT System         57 

  2.4 Summary           61 

    3  RESEARCH METHODOLOGY         62 

  3.1 Research Operation Framework        63 

  3.2 Research Design Framework         66 

  3.3 Case Studies           67 

   3.3.1 Robotic Wheelchair System        69 

   3.3.2 Mirror Control System        71 

  3.4 Summary           73 

    4  INTEGRATION OF MARTE PROFILE AND 
MARMOT METHODOLOGY         74 

  4.1 The Integration Methodology         75 

  4.2 Integration Result          77 

   4.2.1 Information Gathering on MARTE 
and MARMOT         77 

   4.2.2 Mapping of Features and Artefacts       77 

   4.2.3 Integrating Component Model       80 

   4.2.4 Applying the Integrated Component 
Model           81 

  4.3 Integrated Component Model Validation       83 

   4.3.1 Meta-Model Validation Technique       84 

   4.3.2 Integration Validation Result        87 

  4.4 Summary           92 

    5  THE ENHANCED COMPONENT-BASED 
SOFTWARE PROCESS MODEL         94 

  5.1 The Software Process Mapping 
Methodology           95 

  5.2 Software Process Restructuring and 
   Mapping           96 

  5.3 The Enhanced Software Process Model       99 



 x 

   5.3.1 Component Analysis Phase        103 

   5.3.2 Component Design Phase        105 

   5.3.3 Component Integration and 
Composition Phase         107 

   5.3.4 Component Implementation Phase       109 

  5.4 The Case Study          110 

   5.4.1 Case Study Requirement 
Specifications          110 

   5.4.2 Component Analysis Phase        112 

   5.4.3 Component Design Phase        117 

   5.4.4 Component Integration and 
Composition Phase         119 

   5.4.5 Component Implementation Phase       120 

  5.5 Summary           121 

    6  CODE GENERATION IMPLEMENTATION 
STEPS AND EVALUATIONS         123 

  6.1 Code Generation Implementation Steps 
Methodology           124 

  6.2 Code Generation Implementation Steps 
Paradigm           127 

  6.3 Notation Mapping          129 

   6.3.1 Structural Notation Mapping        130 

   6.3.2 Behavioural Notation Mapping       131 

  6.4 Code Generation Implementation Steps       133 

   6.4.1 Component Modelling        138 

   6.4.2 The Code Generation         141 

  6.5 Model Checking          144 

   6.5.1 Simulation Technique         144 

   6.5.2 Direct-Embed Technique        146 

  6.6 Code Generation Evaluation         147 

  6.7 Summary           156 

    7  CONCLUSIONS           158 

  7.1 Chapters Summary          158 

  7.2 Contributions           161 



 xi 

  7.3 Direction for Future Works         163 

REFERENCES             164 

 


