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Course Code:  CSE-869  

Title:    Model Driven Software Engineering (MDSE) 

Credit Hours:  3+0 

 

Objectives  

1. Provide students with the overview of Model Driven Software Engineering 

(MDSE) and Model Driven Architecture (MDA). 

2. Prepare students for further specialized studies in MDSE, in particular for the 

MS and PhD thesis. 

3. Prepare students to undertake key research activities such as literature 

review, research paper reviews and teaches them how to present their own research 

work in  the form of research paper. 

4. Familiarize the students with the state of art Modeling technologies and 

languages such as Object Constraints Language (OCL), Action Language for FUML 

(ALF). 

5. Introduce students to the importance of MDA and automated model 

transformation.  

Outcomes  

6. Students will be able to model a given system using object oriented models 

and capture the constraints on the models using OCL. 

7. Students will be able to understand the UML meta model and be able to 

develop their own domain specific languages (DLS’s) or UML Profiles for modeling. 

8. Students will be able to perform basic transformations in languages, such as 

kermeta, ATL, QVT, etc, to automatically transform one meta model into another.  

9. Students will be able to study and understand the state of the art papers from 

leading conference and journals in the domain. 

10. Students will be able to review the existing literature and formulate problems 

that may be solved during their MS or PhD thesis. 

Contents 

11. Introduction to Model Driven Software Engineering - MDSE Overview:- 

a. Modelling Modern Software Systems 
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b. MDE Basics - Modeling Object Oriented Systems using UML Class 

diagram 

12. MDSE Basics  -  Modeling  system behaviour with Interaction diagrams 

Modeling system constraints using Object Constraints Language (OCL)  Modeling 

dynamic system behaviour with UML State machines:- 

a. Advanced Behavioural Modeling.     Adding guards, triggers, and 

effects - Concurrent state machines. 

b. Understanding UML Meta-Model  

c. Meta-model- Basics, Why Meta-model? 

d. Meta-model of UML Class diagram  

e. Creating Domain specific Models 

f. Creating domain specific languages - DSL and UML Profiles 

g. From DSL to code generation - tools and techniques 

h. Meta-modeling in MDA 

i. Defining modelling languages – meta-modeling approach 

j. UML as a meta-model based language - A walk through the UML 

meta-model 

k. Presentation / Guest Lecture by Domain expert 

l. Model Transformation 

m. Model Transformations - From one model to another 

n. Model Transformations - Model to Model Transformation - QVT 

o. Model Transformations- Kermeta, ATL, Java 

p. Selecting a transformation language for your project 

q. Case Studies  

r. Transforming OO model to Relational Model 

s. Model Transformations - Model to Code Transformation 

t. Model to Text transformation issues 

u. Empirical evaluation / Experiments  (Model transformation languages) 

v. Guest Lecture: Modelling Real time systems - state of the art and 

research challenges 

w. Evaluation / Discussion on Model transformation (State of the art) 

x. Evaluation/Discussion on Model transformation (State of the art)-Part II 

y. Understanding semantics - Arriving at Executable Models 
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z. Adding Semantics to the models: A deep drive through UML semantics 

aa. From Models to Executable Models  

bb. Executable Models: Foundation UML and Action Languages - ALF, 

ASL 

cc. Executable Models: Foundation UML and Action Languages - ALF, 

ASL. Cont 

dd. Foundational UML 

ee. Systematic Review of OMG® Specifications 

ff. Presentation / Guest Lecture by Domain expert 

gg. Lectures: Following is the non exhaustive list of OMG® Specifications. 

Some of these may be included based on the available expertise: - 

(1) Production Rule Representation,  

(2) Business Process Model and Notation 

(3) Workflow Management Facility 

(4) CORBA Component Model 

(5) Real-time CORBA 

(6) IDL to Java, Java to IDL,  

(7) OMG Systems Modeling Language 

(8) Ontology Definition Metamodel 

(9) Service oriented architecture Modeling Language 

(10) Software Process Engineering Metamodel 

(11) UML Profile for MARTE: Modeling and Analysis of Real-time 

and Embedded Systems 

(12) UML Profile for System on a Chip 

(13) UML Profile for Software Radio (aka PIM & PSM for Software 

Radio Components) 

(14) Knowledge Discovery Metamodel 

(15) PIM and PSM for Smart Antenna 

(16) Unified Profile for DoDAF and MODAF 

(17) Robotic Technology Component 

 

hh.   Overview of Current Research Areas in MDSE 

ii.   Advance Topics in MDSE 

jj.   Research Presentations 

http://www.omg.org/spec/#Profile
http://www.omg.org/spec/#Profile
http://www.omg.org/spec/PRR/index.htm
http://www.omg.org/spec/BPMN/index.htm
http://www.omg.org/spec/WfMF
http://www.omg.org/spec/CCM
http://www.omg.org/spec/RT
http://www.omg.org/spec/I2JAV
http://www.omg.org/spec/JAV2I
http://www.omg.org/spec/SysML
http://www.omg.org/spec/ODM
http://www.omg.org/spec/SoaML
http://www.omg.org/spec/SPEM
http://www.omg.org/spec/MARTE
http://www.omg.org/spec/MARTE
http://www.omg.org/spec/SoCP
http://www.omg.org/spec/SDRP
http://www.omg.org/spec/KDM
http://www.omg.org/spec/smartant
http://www.omg.org/spec/UPDM
http://www.omg.org/spec/RTC
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13. Library 

a. DSL Engineering: Designing, Implementing and Using Domain-Specific 

Languages,  Markus Voelter, Create Space Publishing 13 

b. Model-Driven Software Engineering in Practice, by Marco Brambilla, 

Jordi Cabot, Manuel Wimmer, Morgan & Claypool, 12 

c. Model-Driven Software Development: Technology, Engineering, 

Management, by Thomas Stahl and Markus Voelter, Wiley, 2006 

d. MDA Explained: The Model Driven Architecture : Practice and 

Promise, by Jos B. Warmer, Addisson-Wessely Professional, 2003 

e. Executable UML: A Foundation for Model-driven Architecture, S Mellor 

and M. Balcer 

14. Benefits and potential research areas to the society 

15. Benefits.     Here are some of the benefits of MDSE to the society:- 

a. The core MDSE outcome is the verification of system design in early 

development phases. Therefore, it is highly supportive to meet the 

business objectives like productivity and time-to-market.  

b. MDSE significantly reduces the development efforts, particularly for 

embedded systems, due to its early design verification capabilities. 

Consequently, it has been frequently utilized in various industrial and 

research practices for the development of embedded systems [1-13].  

c. As the structure, behaviour and constraints of the system are captured 

within a single model, any corrective, perfective or adaptive changes 

can be accommodated by performing the corresponding alterations in 

the model only. Therefore, it is not required to perform such changes in 

each software development phase. Consequently, the maintenance 

efforts are notably reduced. 

d. MDSE enhances the reusability as the developed meta-models and 

their transformation techniques can be applied to the different systems 

of a similar business domain. 

e. MDSE has the potential to raise application development to the next 

level of abstraction. Models hide ‘plumbing’ details, while highlighting 

the important concepts and essential business logic. This aids in 

understanding and communicating intentions among the various 

stakeholders in a language, which user understands. 

http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Markus+Voelter&search-alias=books&text=Markus+Voelter&sort=relevancerank
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f. To summaries, MDSE has a potential to mitigate the risk of software 

projects failure, resultantly the investment; as the requirements are 

rapidly transformed to design (model) which are validated in the early 

software development stages.  

16. Research Areas. As MDSE incorporates vast range of software engineering 

aspects, there is variety of research opportunities for practitioners and researchers 

of the domain. However, the most important research directions can be summarized 

as follows: - 

a. Modelling: It is always challenging to select appropriate UML profiles 

and their diagrams / notations for the specification of the system 

requirements. Therefore, one appealing research direction is to explore 

the UML profiles (e.g. FUML and SYSML etc) and propose the best 

solution by harnessing the strengths of different UML profiles. This 

should be done by considering the complete structure, behaviour and 

constraint requirements of the large and complex systems. To be more 

realistic, this research can be done by considering the particular 

characteristics of different systems separately e.g. embedded systems 

[1-13], data base systems etc.  

b. Model Transformation: It is demanding task to ensure the correctness 

of model transformation to get the desired output model. Therefore, it 

is the actual demand of the industry to explore and develop the generic 

mechanism to ensure the correctness of both M2M and M2T 

transformations. 

17. Relevant Research Journals/Conferences: MDSE is a growing area. It is 

evident as following reputed journals and conferences are focusing in this area: -  

a. MODELS Conference 

b. ECMFA Conference 

c. ICMT Conference 

d. MODELSWARD Conference 

e. TTC part of STAF conferences 

f. Special issue of MDSD on EJIS Journal 

g. Sosym Journal Springer 

 

http://www.modelsconference.org/
https://www.uni-marburg.de/fb12/swt/ecmfa2015/?language_sync=1
http://www.di.univaq.it/diruscio/sites/ICMT2015/
http://www.modelsward.org/
http://stafconferences.info/
http://www.disim.univaq.it/staf2015/
http://www.palgrave-journals.com/ejis/journal/v16/n4/full/3000684a.html
http://link.springer.com/journal/10270
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