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SC_MODULE(producer)  

{  

sc_outmaster<int> out1;  

sc_in<bool> start; // kick - start  

void generate_data ()  

{  

for(int i =0; i <10; i++) {  

out1 =i ; //to invoke slave;}  

}  

SC_CTOR(producer)  

{  

SC_METHOD(generate_data);  

sensitive << start;}};  

SC_MODULE(consumer)  

{  

sc_inslave<int> in1;  

int sum; // state variable  

void accumulate (){  

sum += in1;  

}  

SC_CTOR(consumer)  

{  

SC_SLAVE(accumulate, in1);  

sum = 0; // initialize  
};  

SC_MODULE(top) // container  

{  

producer *A1;  

consumer *B1;  

sc_link_mp<int> link1;  

SC_CTOR(top)  

{  

A1 = new producer(ñA1ò); 

A1.out1(link1);  

B1 = new consumer(ñB1ò); 

B1.in1(link1);}};  

A Programming Language SampleA Programming Language Sample   
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éand its Modeléand its Model  

«sc_slave»«sc_slave»  

B1B1:consumer:consumer  
«sc_method»«sc_method»  

A1:A1:producerproducer  
start out1 in1 

«sc_link_mp» 

link1 
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SC_MODULE(producer)  

{  

sc_outmaster <int > out1;  

sc_in <bool > start; // kick - start  

void generate_data  ()  

{  

for( int  i  =0; i  <10; i ++) {  

out1 = i  ; //to invoke slave;}  

}  

SC_CTOR(producer)  

{  

SC_METHOD(generate_data );  

sensitive << start;}};  

SC_MODULE(consumer)  

{  

sc_inslave <int > in1;  

int  sum; // state variable  

void accumulate (){  

sum += in1;  

}  

SC_CTOR(consumer)  

{  

SC_SLAVE(accumulate, in1);  

sum = 0; // initialize  
};  

SC_MODULE(top) // container  

{  

producer *A1;  

consumer *B1;  

sc_link_mp <int > link1;  

SC_CTOR(top)  

{  

A1 = new producer(ñA1ò); 

A1.out1(link1);  

B1 = new consumer(ñB1ò); 

B1.in1(link1);}};  

Spot the DifferenceéSpot the Differenceé  

B1B1:consumer:consumer  
«sc_slave»«sc_slave»  

B1B1:consumer:consumer  
«sc_method»«sc_method»  

A1:A1:producerproducer  
start out1 in1 

«sc_link_mp» 

link1 
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Tutorial OutlineTutorial Outline   

ÈModels: What and Why  

ÈModeling Language Design  

ÈModeling Language Specification  

ÈModel Transformations  

ÈSummary 
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Why is Software so Problematic?Why is Software so Problematic?   

ÈCOMPLEXITY!  

Á The machines we construct with computer software are 
often required to realize complex functionality  

Á ...and it has to interact with a physically complex world 
(including the hardware that runs it)  

ÈA useful distinction to keep in mind:  

ÈEssential  complexity  

Á Immanent to the problem  

Ý  Cannot be eliminated by technology or method  

ÈAccidental  complexity  

Á Usually due to technology or methods used  

Á This is the one we can fix  
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Coping with ComplexityCoping with Complexity   
È ABSTRACTION: Selective reduction of information of a 

system which preserves its salient properties relative to a 
given set of concerns  

Á Often, our only coping mechanism 

SYSTEM 



© Copyright Malina Software 8 

Model(s)  

System under  

study  

Models = Outcomes of AbstractionModels = Outcomes of Abstraction   

ÈA model is a set of òstatementsó about a system 
under study [ Seidewitz ]*  

È Involves three core elements:  

InterpretationInterpretation   

(Abstraction)(Abstraction)   

* E. Seidewitz , ñWhat models meanò,  IEEE Software, Sept./Oct. 2003  
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Engineering ModelsEngineering Models   

ÈENGINEERING MODEL: A selective representation 
of some system that captures accurately and 
concisely all of its essential properties of interest 
for a given set of concerns  

ÅWe donõt see everything   

Å adjusted  

ÅWe donõt see everything   
at once  

ÅWhat we do see is adjusted  
to human  understanding  
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Why Do Engineers Build Models?Why Do Engineers Build Models?   

È To understand  

Á ...problems and solutions  

Á Knowledge acquisition  

È To communicate  

Á ...understanding and design intent  

Á Knowledge transfer  

È To predict  

Á ...the interesting characteristics of system under study  

Á Models as surrogates  

È To specify  

Á ...the implementation of the system  

Á Models as òblueprintsó 
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Types of Engineering ModelsTypes of Engineering Models     

ÈDescriptive : models for understanding, 
communicating, and predicting  

Á E.g., scale models, mathematical models, qualitative models, 
documents, etc.  

Á Tend to be highly abstract (detail removed)  

ÈPrescriptive : models as specifications  

Á E.g., architectural blueprints, circuit schematics, state 
machines, pseudocode, etc.  

Á Tend to be detailed so that the specification can be 
implemented  

 
 Q: Is it useful to have models that can 

serve both kinds of purposes?  
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Characteristics of Useful Engineering ModelsCharacteristics of Useful Engineering Models   

È Purposeful:  

Á Constructed to address a specific set of concerns/audience  

È Abstract  

Á Emphasize important aspects while removing irrelevant ones  

È Understandable  

Á Expressed in a form that is readily understood by observers  

È Accurate  

Á Faithfully represents the modeled system  

È Predictive  

Á Can be used to answer questions about the modeled system  

È Cost effective  

Á Should be much cheaper and faster to construct than actual system  

 To be useful, engineering models must 
satisfy at least  these characteristics ! 
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Modeling Software  
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Whatõs a Software Model?Whatõs a Software Model?  

ÈSOFTWARE MODEL:  An engineering model of a 
software system from one or more viewpoints  
specified using one or more modeling languages  

Á E.g.:  

B 

A B 
0..* 

C 

0..1 
0..* 

«import»  

0..* 

left:B  right:B  

m1 

m4 

m2 

m3 

Structural  

(design -time)  

view  

Structural  

(design -time)  

view  

a : A 

left:B  right:B  c : C 

Execution  

(run -time)  

view  

Execution  

(run -time)  

view  
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Classical SW Modeling: SA/SDClassical SW Modeling: SA/SD   

 òébubbles and arrows, as opposed to programs, 
énever crashó 

--  B. Meyer  
òUML: The Positive Spinó 

American Programmer, 1997  

Monitor 
PH 

Raise 
PH 

Control 
PH 

PH reached X 

Current PH 

start 

stop 

Input valve 
control 

Modeling languages Modeling languages 
have yet to 
recover from this 
òdebacleó 

Q: What does this Q: What does this 
òbubbleó really mean? 

Q: How is it implemented 
in code?  
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òClassicaló Modeling LanguagesòClassicaló Modeling Languages  

ÈFlow charts, SA/SD, 90õs OO notations (Booch, 
OMT, OOSE, UML 1)  

ÈMost of them were intended exclusively for 
constructing descriptive models  

Á Informal òsketchingó [M. Fowler]* 

Á No perceived need for precision  

Á Languages are ambiguous and open to interpretation Ý 
source of undetected miscommunication  

*http://martinfowler.com/bliki/UmlAsSketch.html  
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New Generation of Modeling LanguagesNew Generation of Modeling Languages   

ÈFormal  languages designed for modeling  

Ý Support for both descriptive and prescriptive models  

Á ...sometimes in the same language  

ÈKey objectives:  

Á Well - understood and precise semantic foundations  

Á Can be formally (i.e., mathematically) analyzed (qualitative 
and quantitative analyses)  

Á And yet, can still be used informally (òsketchingó) if desired 
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Modeling Modeling vsvs  Programming LanguagesProgramming Languages  

ÈThe primary purpose and focus of programming 
languages is implementation  

Á The ultimate form of prescription  

Ý Implementation requires total precision and òfulló detail 

Ý Takes precedence over description requirements  

ÈTo be useful, a modeling language must support 
description  

Á I.e., communication, prediction , and understanding   

Á These generally require omission of òirrelevantó detail such 
as details of the underlying computing technology used to 
implement the software  
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Computer LanguagesComputer Languages  

ÈMuch of the evolution of computer languages is 
motivated by the need to be more human - centric  

Application 

specific 

Computing 

technology 

specific 

Assemblers (2G), 
machine 
languages (1G) 

Classical (3G) 
programming 

languages 

Modeling 
languages 

Implementation 

level 

Compiler Compiler 
filled detailfilled detail  

Can we do  
the same  

here ?  

Degree of  
(computing 
technology ) 
abstraction  



© Copyright Malina Software 25 

Components of a Modeling LanguageComponents of a Modeling Language   

ÈThe definition of a modeling language consists of:  

Á Set of language concepts/constructs (òontologyó)  

Åe.g., Account, Customer, Class, Association, Attribute, Package  

Á Rules for combining language concepts ( well- formedness  
rules ) 

Åe.g., òeach end of an association must be connected to a classó A
B

S
T

R
A

C
T

 
S

Y
N

T
A

X
 

 

ÁCONCRETE SYNTAX  (notation/representation)  

Åe.g., keywords, graphical symbols for concepts  

ÅMapping to abstract syntax concepts  

ÁSEMANTICS:  the meaning of the language concepts  

ÅComprises: Semantic Domain and Semantic Mapping (concepts 
to domain)  
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Semantics  

Elements of a Modeling LanguageElements of a Modeling Language   

Modeling 
Language 

1 0..* 
Concrete 
Syntax 

0..* 

0..1 

Semantics 
Domain 

1..* 

Abstract 
Syntax 

1 

1..* 0..* 

Concrete 
Syntax 

Mapping 

0..* 

Semantics 
Mapping 

1 
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ModelModel-- Based Engineering (MBE)Based Engineering (MBE)   

È An approach to system and software development in which 
software models play an indispensable  role  

È Based on two time - proven ideas:  

switch (state) {  

   caseó1:action1; 

          newState(ó2ô); 

          break;  

   caseó2:action2; 

          newState(ó3ô); 

          break;  

   caseô3:action3; 

          newState(ó1ô); 

          break;}  

(2) AUTOMATION  

S1 

S3 

S2 

e1/action1 

e2/action2 

e3/action3 

switch (state) {  

   caseó1:action1; 

          newState (ó2ô); 

          break;  

   caseó2:action2; 

          newState (ó3ô); 

          break;  

   caseô3:action3; 

          newState (ó1ô); 

          break;}  

(1) ABSTRACTION  

S1 

S3 

S2 

e1/action1 

e2/action2 

e3/action3 

Realm of  

 

Realm of  
modeling 
languages 

Realm of  Realm of  
tools  



© Copyright Malina Software 28 

ModelModel-- Driven Architecture (MDA)ÊDriven Architecture (MDA)Ê  

È In recognition of the increasing importance of MBE, 
the Object Management Group (OMG) is developing 
a set of supporting industry standards  

(1) ABSTRACTION  (2) AUTOMATION  

(3) INDUSTRY STANDARDS  
Å UML 2  

Å OCL 
Å MOF 
Å SysML 
Å SPEM 
Å éetc. 

http://www.omg.org/mda/  http://www.omg.org/mda/  
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Tutorial OutlineTutorial Outline   

ÈModels: What and Why  

ÈModeling Language Design  

ÈModeling Language Specification  

ÈModel Transformations  

ÈSummary 
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Primary Language Design ConcernsPrimary Language Design Concerns   

ÈWho are the primary end users?  

Á Authors / readers? (i.e., primary use cases)  

ÈWhat kind of models do they want?  

Á Descriptive, prescriptive, or both?  

ÈWhat is the domain?  

Á What is the application domain and what are its salient 
technical characteristics?  
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Sidebar: Feature Diagram EssentialsSidebar: Feature Diagram Essentials   

PC Purchase 
Configuration 

3 GB 
RAM 

1 GB 
RAM 

Linux 
OS 

Windows 7 
OS 

Extras 

DVD 
drive 

Display 
Screen 

Printer 

Mutually exclusive
 

Mutually exclusive  
alternatives (exclusive or)  

Inclusive

(but, at least 1)  

Inclusive - or  
alternatives  
(but, at least 1)  

Mandatory 
 

Mandatory 
sub- feature  Optional

 
Optional  
sub- feature  

Feature or Feature or 
concept  
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Key Language Design ChoicesKey Language Design Choices   
Modeling Language 

Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Abstraction 
Range 

Scope 

Some choices are 
inter
Some choices are 
inter - dependent  
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Selecting Language ScopeSelecting Language Scope   

ÈA common opinion:  

 òSurely it is better to design a small language that 
is highly expressive , because it focuses on a 
specific narrow domain, as opposed to a large and 
cumbersome language that is not well - suited to any 
domain?ó 

ÈWhich suggests:  

Scope 

Domain-
Specific 

General 
Purpose 

But, this may be an 
oversimplification
But, this may be an 
oversimplification  
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Scope: How General/Specific?Scope: How General/Specific?   

È Generality often comes at the expense of expressiveness  

Á Expressiveness : the ability to specify concisely  yet accurately  
a desired system or property  

Á Example:  

ÅUML does not have a concept that specifies mutual exclusion devices 
(e.g. semaphore) Ý to represent such a concept in our model, we 
would need to combine a number of general UML concepts in a 
particular way (e.g., classes, constraints, interactions)  

Á ...which may(?) be precise, but not very concise  

È It also comes at the cost of detail that is necessary to:  

Á Execute models  

Á Generate complete implementations  
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Specialization: Inevitable TrendSpecialization: Inevitable Trend   

ÈConstant branching of application domains into ever -
more specialized sub - domains 

Á As our knowledge and experience increase, domain concepts 
become more and more refined  

Å E.g., simple concept of computer memory Ÿ ROM, RAM, 
DRAM, cache, virtual memory, persistent memory, etc.  

ÈOne of the core principles of MBE is raising the 
level of abstraction of specifications to move them 
closer to the problem domain  

ÅThis seems to imply that domain - specific 

Å

ÅThis seems to imply that domain - specific 
languages are invariably the preferred solution  

ÅBut, there are some serious hurdles here...  
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The Case of  Programming LanguagesThe Case of  Programming Languages   

È Literally hundreds of domain - specific programming 
languages have been defined over the past 50 years  

Á Fortran: for scientific applications  

Á COBOL for òdata processingó applications 

Á Lisp for AI applications  

Á etc.  

È Some relevant trends  

Á Many of the original languages are still around  

Á More often than not, highly - specialized domains still tend to 
use general - purpose languages with specialized domain - specific 
program libraries and frameworks  instead of domain - specific 
programming languages  

Á In fact, the trend towards defining new domain - specific 
programming languages seems to be diminishing  

ÈWhy is this happening?  
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Success* Criteria for a Language (1)Success* Criteria for a Language (1)   

ÈTechnical validity : absence of major design flaws 
and constraints  

Á Ease of writing correct programs  

ÈExpressiveness  

ÈSimplicity : absence of gratuitous/accidental 
complexity  

Á Ease of learning  

ÈRun- time efficiency : speed and (memory) space  

ÈFamiliarity : proximity to widely - available skills  

Á E.g., syntax  

* òSuccessó 
 

* òSuccessó Ý language is adopted by a substantive development 
community and used with good effect for real - world applications  
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Success Criteria for a Language (2)Success Criteria for a Language (2)   

ÈLanguage Support & Infrastructure :  

Á Availability of necessary tooling  

Á Effectiveness of tools (reliability, quality, usability, 
customizability, interworking ability)  

Á Availability of skilled practitioners  

Á Availability of teaching material and training courses  

Á Availability of program libraries  

Á Capacity for evolution and maintenance (e.g., 
standardization)  
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Sidebar: Basic Tooling CapabilitiesSidebar: Basic Tooling Capabilities   

ÈEssential  

Á Model Authoring  

Á Model validation 
(syntax, semantics)  

Á Model export/import  

Á Document generation  

Á Version management  

Á Model compare/merge  

ÈUseful (to Essential)  

Á Code generation  

Á Model 
simulation/debug/trace  

Á Model transformation  

Á Model review/inspection  

Á Collaborative 
development support  

Á Language customization 
support  

Á Test generation  

Á Test execution  

Á Traceability  
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Language SizeLanguage Size   

È How complex (simple) should a language be to make 
it effective?  

simple complex 

Turing 

machine 

language 

C Java PL/I Java + 

Basic Java libs + 

Java-based frameworks 

C++ 

ÁThe art of computer language design lies in finding the right 
balance between expressiveness and simplicity  

ïNeed to minimize accidental complexity while recognizing and 
respecting essential complexity  

ïSmall languages solve small problems  

ïNo successful language has ever gotten smaller  

limited expressive 
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Practical Issues of ScopePractical Issues of Scope   

ÈPractical systems often involve multiple 
heterogeneous domains  

Á Each with its own ontology and semantic and dedicated 
specialists  

ÈExample: a telecom network node system  

Á Basic bandwidth management  

Á Equipment and resource management  

Á Routing 

Á Operations, administration, and systems management  

Á Accounting (customer resource usage)  

Á Computing platform (OS, supporting services)  
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The Fragmentation ProblemThe Fragmentation Problem   
ÈFRAGMENTATION PROBLEM: combining overlapping 

independently specified  domain- specific subsystems, 
specified using different  DSLs, into a coherent and 
consistent whole (i.e., single implementation)  

Network Node 

Comm. 
Channel 

Bandwidth Mgmt. System 

Resource Mgmt. System 

Call Processing System 

Sadly, there are no generic composition (weaving) 
rules 
Sadly, there are no generic composition (weaving) 
rules ð each case has to be handled individually  
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Approach to Dealing with FragmentationApproach to Dealing with Fragmentation   

È Having a common syntactic and semantic foundations for the 
different DSLs seems as if it should facilitate specifying the 
formal interdependencies between different DSMLs  

Common Abstract Syntax and Semantic Foundation 

DSL1 Refinements 

DSL1 Class Library 

DSL2 Refinements 

DSL2 Class Library 

. . .etc.  

È NB: Same divide and conquer approach can be used to 
modularize complex languages  

È Core language base + independent sub - languages (e.g., UML)  
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Selecting An Abstraction RangeSelecting An Abstraction Range   

È This decomposes into two separate questions:  

Á What is a suitable level of abstraction of the language?  

Á How much (implementation - level) detail should the language 
concepts include?  

È The answers depend on other design choices  

Modeling Language 
Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Scope 

Executable 

Abstraction 
Range 
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Abstraction Range of Computer LanguagesAbstraction Range of Computer Languages   

Application 

domain 

specific 

Computing 

technology 

specific 

Modeling 
language 
concepts 

How much 
detail do we 

provide?  

How far up 
do we go?  

Normally determined by Normally determined by 
the type and level of 
description  desired  

Normally determined by Normally determined by 
the type and level of 
prescription  desired  
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Selecting a Precision LevelSelecting a Precision Level   
Modeling Language 

Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Abstraction 
Range 

Scope 

Precision 
Level 

Informal Formal 

Ad Hoc Codified Precise Executable Implementation 
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FormalityFormality   

È Based on a well understood mathematical theory with existing 
analysis tools  

Á E.g., automata theory, abstract state machines, Petri nets, temporal 
logic, process calculi, queueing theory, Horne clause logic  

Á NB: precise does not necessarily mean detailed  

È Formality provides a foundation for automated validation of 
models 

Á Model checking (symbolic execution)  

Á Theorem proving  

Á However, the value of these is constrained due to scalability issues 
(òthe curse of dimensionalityó) 

È It can also help validate the language definition  

È But, it often comes at the expense of expressiveness  

Á Only phenomena recognized by the formalism can be expressed 
accurately  
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Precision vs. DetailPrecision vs. Detail   

ÈA specification can be precise but still leave out 
detail:  

Á E.g., we can identify a set very precisely without 
necessarily specifying the details associated with its 
members 

Bob  

Karl  

Alice  

Jill  

Peggy  

Adults  

Fred 

We state very 

its members

We state very 
precisely as to what 
constitutes the set 
of Adults  of some 
population (age ² 21) 
without being specific 
about details such as 
names or genders of 
its members  

back 
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Ad Hoc òLanguagesóAd Hoc òLanguagesó  

ÈMostly notations created for specific cases (not intended 
for reuse)  

È Used exclusively for descriptive purposes  

È No systematic and comprehensive specification of syntax 
or semantics  

Á Appeal to intuition  

Services LayerServices Layer  

RUFRUF  

SocketsSockets  
MemoryMemory  
ManagerManager  

CasterCaster  

PrintPrint  FileFile  

CoreCore  

BStackBStack  

CStackCStack  

PosterPoster  

MessagesMessages  

LogLog  
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Codified LanguagesCodified Languages   

ÈExample: UML 1.x, OMT, SysML, ...  

ÈCharacteristics:  

Á Defined: An application - independent language specification 
exists  

Á Some aspects of the language are fully defined (usually: 
concrete syntax, semantics)  

Á Semantics usually based on natural language and other 
informal specification methods  

Á Designed primarily for descriptive modeling  

Á But, may also be used partly for specification (e.g., partial 
code generation/code skeletons)  
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Precise LanguagesPrecise Languages  

ÈExamples: Object Constraint Language (OCL), 
Layered Queueing Networks (LQN)  

ÈFully defined semantics (domain and mapping)  

ÈHigh level of abstraction but typically cover 
relatively small range  

Á I.e., lacking detail for execution or implementation  

Á Often declarative  

ÈMostly designed for prescription (e.g., prediction 
and analysis), but may also be used for specification  
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Executable LanguagesExecutable Languages   

ÈòModels that are not executable are like cars 
without enginesó, [D. Harel ]  

ÈExamples: Modelica , Matlab  

ÈA subcategory of precise languages covering a range 
that includes sufficient detail for creating 
executable models  

Á But, may be missing detail required for automatic 
generation of implementations  

Á Often based on operational semantics that may not be 
easily analyzed by formal methods (due to scalability issues)  

ÈRationale:  

Á Enables early detection of design flaws  

Á Helps develop engineering intuition and confidence  
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How We Can Learn From ModelsHow We Can Learn From Models   

X = cos (h + p/2) 

+ x*5 

X = cos (h + p/2) 

+ x*5 

? ? ÁBy formal analysis  

ïreliable (provided the models  
are accurate ) 

ïformal methods do not  
scale very well  

? ? 

X = cos (h + p/2) 

+ x*5 

X = cos (h + p/2) 

+ x*5 

ÁBy execution  

ïmore reliable than inspection  

ïdirect experience/insight  

X = cos (h + p/2) 
+ x*5 

X = cos (h + p/2) 
+ x*5 

? ? 

ÁBy inspection  

ïmental execution  

ïunreliable  
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Executable Modeling Tool RequirementsExecutable Modeling Tool Requirements   

ÈAbility to execute a model on a computer and 
observe its behavior  

Á With possible human intervention when necessary  

ÈKey capabilities  

Á Controllability: ability to start/stop/slow down/speed 
up/drive execution  

Á Observability : ability to view execution and state in model 
(source) form  

Á Partial model execution: ability to execute abstract and 
incomplete models  
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Implementation (Modeling) LanguagesImplementation (Modeling) Languages   

ÈComputer languages that:  

Á Provide concepts at high levels of abstraction suitable for 
descriptive purposes, and also  

Á Include detailed - level concepts such that the models can 
provide efficient implementations through either automatic 
code generation or interpretation  

ÈExamples: UML - RT, Rhapsody UML, etc.  



© Copyright Malina Software 56 

Language Abstraction LevelsLanguage Abstraction Levels   

Application 

specific 

Computing 

technology 

specific 

Assemblers (2G), 
machine 
languages (1G) 

Classical (3G) 
programming 

languages 

Modeling 
languages 

Implementation 

level 

Compiler Compiler 
filled detailfilled detail  

Degree of  
(computing 
technology ) 
abstraction  
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Full Range Modeling LanguagesFull Range Modeling Languages   

ÈA number of òdescriptiveó modeling languages have 
evolved into fully - fledged implementation languages  

Application 

specific 

Computing 

technology 

specific 

Assemblers (2G), 
machine 
languages (1G) 

Classical (3G) 
programming 

languages 

Modeling 
languages 

Implementation 

level 

Compiler Compiler 
filled detailfilled detail  

Degree of  
(computing 
technology)  
abstraction  

Action 
languages 

Translator Translator 
filled filled detaildetail  

e.g., UML e.g., UML e.g., UML e.g., UML 
Action Action 
LanguageLanguage  
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Precision Level CategoriesPrecision Level Categories   

È A more refined categorization  based on degree of òformalityó 

Á Precision of definition, internal consistency, completeness,  
level of detail covered  

PRECISE Defined, formal, consistent 
Analysis, 
Prediction 

CODIFIED Defined, informal 
Documentation, 

Analysis 

AD HOC Undefined, informal 
Documentation, 

Analysis (no reuse) 

EXECUTABLE 
Defined, formal, consistent, 

complete 
Analysis, 
Prediction 

IMPLEMENTATION 
Defined, formal, consistent, 

complete, detailed 
Prediction, 

Implementation 

Category  Characteristics  Primary Purpose  
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refinerefine   

NotStarted  

Started  

start  

producer  

Modern MBSE Development StyleModern MBSE Development Style   

ÈModels can be refined continuously until the application 
is fully specified Ý in the extreme case the model can 
become the system that it was modeling!  

««sc_methodsc_method »»  

producerproducer   
start  out1  

NotStarted  

Started  

start  

producer  

St1 St2 

void void generate ()  
{for ( int  i=0; i<10; 
i++)  
{out1 = i;}}  

/generate ( ) 
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But, if the Model is the System...But, if the Model is the System...   

È ...are we not losing the key abstraction 
characteristic of models?  

NotStarted  

Started  

start  

producer  

St1 St2 

void void generate ()  
{for ( int  i=0; i<10; 
i++)  
{out1 = i;}}  

/generate ( ) 

ÅThe computer offers a 

any desired level of 

ÅThe computer offers a 
uniquely 
capable abstraction 
device:  

Software can be 
represented  
from any desired 
viewpoint and at  
any desired level of 
abstraction  

The abstraction 
resides within the  
model and can be 
extracted  
automatically  

NotStarted  

Started  

start  

producer  

Model  

Xform  
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The Unique Nature of SoftwareThe Unique Nature of Software   

ÈSoftware is a unique in that a program and its 
model share the same medium  ð the computer  

ÝThe two can be formally linked to each other  

ÝThis formal linkage can be realized by automated 
transformations  implemented on a computer  
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A Unique Feature of SoftwareA Unique Feature of Software   

Software has the unique property that it allows  Software has the unique property that it allows 
us to directly evolve models into 
implementations without fundamental 
discontinuities in the expertise, tools, or 
methods !  

 Ý High probability that key design  Ý High probability that key design 
decisions will be preserved in the 
implementation and that the results of 
prior analyses will be  valid  
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Automatic Code GenerationAutomatic Code Generation   

ÈA form of model transformation (model to text)  

Á To a lower level of abstraction  

ÈState of the art:  

Á All development done via the model (i.e., no modifications 
of generated code)  

Á Size: Systems equivalent to ~ 10 MLoC  

Á Scalability: teams involving hundreds of developers  

Á Performance: within ±5- 15% of equivalent manually coded 
system  
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Major Telecom Equipment ManufacturerMajor Telecom Equipment Manufacturer   

ÈMBE technologies used  

Á UML, Rational Technical Developer, RUP  

ÈExample 1: Radio Base Station  

Á 2 Million lines of C++ code (87% generated by tools)  

Á 150 developers  

ÈExample 2: Network Controller  

Á 4.5 Million lines of C++ code (80% generated by tools)  

Á 200 developers  
Benefits  

80%

30%

Benefits  

80% fewer bugs  

30% productivity 
increase 
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Styles of MBEStyles of MBE   

ñWho cares 

about the 

code?ò 

Model 

Model only 

ñWhatôs a 

model?ò 

 

Code 

Code only 

ñThe code is 

the modelò 

 

Model 

Code 

Code  

Visualization 

visualize 

ñThe model is 

the codeò 

Model 

Code 

Model-centric 

generate 

Levels of 

Abstraction 

Automation 

Time 

ñManage 

code and 

modelò 

Model 

Code 

Round Trip 

Engineering 

synchronize 
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NB: Slide idea borrowed from an itemis AG presentation 

Roundtrip EngineeringRoundtrip Engineering   

Implementation 

transformation 

Reverse 

engineering 
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State of the PracticeState of the Practice   

Levels of 

Abstraction 

Automation 

Time 

ñWho cares 

about the 

code?ò 

Model 

Model only 

ñWhatôs a 

model?ò 

 

Code 

Code only 

ñThe code is 

the modelò 

 

Model 

Code 

Code  

Visualization 

visualize 

ñThe model is 

the codeò 

Model 

Code 

Model-centric 

generate 

ñManage 

code and 

modelò 

Model 

Code 

Round Trip 

Engineering 

synchronize 

State of the  

Art 

Predominant 

State of the  

Practice 
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Selecting a Model TypeSelecting a Model Type   
Modeling Language 

Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Precision 
Level 

Abstraction 
Range 

Scope 

Model Type 

Descriptive Prescriptive 

With the With the 

support both types support both types 
of modelsof models

With the With the 
appropriate choice appropriate choice 
of of Abstraction Abstraction 
RangeRange  and and 
Precision Level Precision Level in in 
combination with combination with 
suitable model suitable model 
transforms, it is transforms, it is 
possible to define possible to define 
languages that languages that 
support both types support both types 
of modelsof models   
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Pragmatics: Multiple Models NeededPragmatics: Multiple Models Needed   

È In reality, it is generally not practical to have a single 
model that covers all possible levels of abstraction  

È But, it is possible to formally (i.e., electronically) couple 
different models via persistent model transforms  

Abstract Model  

m' 

a' b' 

Detailed Model  

a1 a2 c1 b1 

 

b2 c2 

m1 
m2 

m3 

m6 

m4 
m5 

NB: The same language 
and tools are used for 

NB: The same language 
and tools are used for 
both models  
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Selecting a Model of ComputationSelecting a Model of Computation   

ÈModel of Computation : A conceptual framework 
(paradigm) used to specify how a (software) system 
realizes its prescribed functionality  

Á Where  and how does behavior  (i.e., computation) occur  

Á Derived usually from domain semantics  

Modeling Language 
Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Abstraction 
Range 

Scope 
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Key Dimensions of Key Dimensions of MoCMoC  

È Involves a number of inter - related decisions  

Model of 
Computation 

Computational 
Paradigm 

Concurrency 
Paradigm 

Causality 
Paradigm 

Distribution 
Paradigm 

Semantic 
Domain 

Interaction 
Paradigm 
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Selecting a Computational ParadigmSelecting a Computational Paradigm   

Computational 
Paradigm 

ControlFlow 
Based 

DataFlow 
Based 

Object 
Oriented 

Flow 
Based 

Model of 
Computation 

Concurrency 
Paradigm 

Causality 
Paradigm 

Distribution 
Paradigm 

Semantic 
Domain 

Interaction 
Paradigm 
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Other Other MoCMoC  DimensionsDimensions  

È Concurrency paradigm : does computation occur sequentially 
(single thread) or in parallel (multiple threads)?  

È Causality paradigm : what causes behavior  

Á event driven, control driven, data driven (functional), time driven, 
logic driven, etc.  

È Execution paradigm : nature of behavior execution  

Á Synchronous (discrete), asynchronous, mixed (LSGA)  

È Interaction paradigm : how do computational entities interact  

Á synchronous, asynchronous, mixed  

È Distribution paradigm : does computation occur in a single site 
or multiple?  

Á Multisite (Ý concurrent execution) vs. single site  

Á If multisite: Coordinated or uncoordinated (e.g., time model, failure 
model)? 

NB: These choices require a deep understanding of computing NB: These choices require a deep understanding of computing 
technology and cannot be made easily by non - experts  
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SemanticsSemantics   

ÈThe meaning of language concepts  

ÈSpecified by relating them to concepts of a òwell-
understoodó different domain 

Á E.g.,  

 

UML 
Class 

(concept) 

Shared 
human 

knowledge 

A class describes 

a set of objects 

that share the 

same 

specifications of 

features, 

constraints, and 

semantics 

Semantic Mapping  Semantic Domain  
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òFormaló SemanticsòFormaló Semantics  

ÈThe mapping and the domain are defined using 
precisely defined domains and mappings  

Á Formal mathematical frameworks (e.g., first - order logic, 
abstract state machines, process algebras, IO streams, 
etc.) or  

Á Executable computer languages (e.g., Java, Prolog) 

ÅWhich may themselves have a formal semantics definition  

ÈExample:  

Á Base UML ( bUML) is defined in terms of mappings to the 
Process Specification Language (PSL), which is itself based 
on situational calculus and first order logic  

Á Foundational UML ( fUML ) is defined operationally as a 
bUML program  
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Selecting a Semantics DomainSelecting a Semantics Domain   

ÈAvoid sophisticated mathematical formalisms  

Á Difficult to understand and verify (unless suitable tools are 
available)  

Á Operational methods are generally preferred in practice  

ÈChoose a domain with existing tool support  

Á Enables verification of the semantics specification itself  

Á Enables verification/prediction of model properties  

Á Examples:  

ÅAbstract state machines  

ÅTemporal Logic of Actions  

ÅProcess Specification Language  
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Pragmatics: Multiple (Nested) Pragmatics: Multiple (Nested) MoCsMoCs  

ÈSome modeling 
languages use a 
combination of 
MoCs (e.g., UML)  

«sc_method» 

producer 
start out1 

NotStarted  

Started  

start  

producer  

St1 St2 

void void generate ()  
{for ( int  i=0; i<10; 
i++)  
{out1 = i;}}  

/generate ( ) 

EventEvent driven driven EventEvent -- driven driven 
concurrent concurrent 
MoCMoC  

ControlControl -- flow flow 
driven driven MoCMoC  

Distributed Distributed 
MoCMoC  
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Selecting a Concrete SyntaxSelecting a Concrete Syntax   
Modeling Language 

Features 

Specification 

Extension 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Abstraction 
Range 

Scope 

Concrete 
Syntax 

Surface 
Syntax 

Interchange 
Syntax 
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State of the ArtState of the Art   

 òVery little is documented about why particular 
graphical conventions are used. Texts generally 
state what a particular symbol means without giving 
any rationale for the choice of symbols or saying 
why the symbol chosen is to be preferred to those 
already available. The reasons for choosing 
graphical conventions are generally shrouded in 
mystery.ó [S. Hitchman ]*  

  

*  S. Hitchman , ñThe Details of Conceptual Modeling Notations are Important ï  

A Comparison of Relationship Normative Languageò, Comms . of the AIS, 9, 2002.  
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Concrete Concrete Syntax DesignSyntax Design   

È Two main forms:  

Á For computer - to - computer  interchange (e.g., XMI)  

Á For human consumption ð òsurface ó syntax 

È Designing a good surface syntax is the area that we understand least  

Á If a primary purpose of models is communication and understanding, what syntactical 
forms should we use for a given language?  

Á D. Moody, òThe ôPhysicsõ of Notations: Toward a Scientific Basis for Constructing 
Visual Notations in Software Engineeringó, IEE Transactions on Software Engineering, 
vol. 35, no.6, Nov./Dec. 2009  

È Requires multi - disciplinary skills  

Á Domain knowledge  

Á Computer language design  

Á Cognitive science  

Á Psychology   

Á Cultural Anthropology  

Á Graphic design  

Á Computer graphics  
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A Couple of Thoughts on GraphicsA Couple of Thoughts on Graphics   

ÈòWhenever someone draws a picture to explain a 
program, it is a sign that something is not 
understood.ó ð E. Dijkstra *  

ÈòYes, a picture is what you draw when you are 
trying to understand something or trying to help 
someone understand.ó ð W. Bartussek *  

*  Quoted in D.L. Parnas, ñPrecisely Annotated Hierarchical Pictures of Programsò, 

McMaster U. Tech Report, 1998.  
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Text vs. Graphics: ExampleText vs. Graphics: Example   

Off 

On 

Starting Stopping 

start/a1() 

started 

stop/a2() 

stopped 

State: Off, On, Starting, Stopping;  

Initial: Off;  

Transition:   

 {source: Off;  

  target: Starting;  

  trigger: start;  

  action: a1();}  

Transition:  

 {source: Starting;  

  target: On;  

  trigger: started;}  

Transition:  

 {source: On:  

  target: Stopping;  

  trigger: stop;  

  action: a2();}  

Transition:  

 {source: Stopping;  

  target: Off;  

  trigger: stopped;}  
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Surface SyntaxSurface Syntax   

È Textual  forms  

Á Same as for programming languages: linear sequence of symbols  

Á Usually specified as a type of BNF with terminals; e.g.:  

 <add - statement> ::= óADDô <left- bracket>  
                  <[arguments - list]> <right - bracket>  
<left - bracket> ::= ó(ó 

È Tabular  forms  

Á Constrained 2 - dimensional 

Á E.g., spreadsheets, Parnas tables  

È Graphical  forms  

Á More complex: unconstrained 2 - dimensional  

Å Actually 2.5 dimensional ð concept of Z - dimensions (overlapping graphics)  

Á More flexible: user can choose which parts of the model to represent and how!  

Å E.g., shape, line/fill styles, x - y position, size, font, etc.  

DepositFunds DepositFunds vs. 

Surface 
Syntax 

Graphical Textual 

Tabular 



© Copyright Malina Software 86 

Guidelines Guidelines for Effective for Effective Visual DesignVisual Design   

Cognitive 
Effectiveness 

3. Perceptual 
Immediacy 

4. Visual 
Expressiveness 

2. Perceptual 
Discriminability 

5. Graphic 
Parsimony 

6. Cognitive fit 

1. Semiotic 
Clarity 

1:1 correspondence 1:1 correspondence 1:1 correspondence 1:1 correspondence 
between concepts between concepts 
and symbolsand symbols   

Different concepts Different concepts Different concepts Different concepts 
should have should have 
different symbolsdifferent symbols   

  
Symbols should Symbols should 
suggest meaningsuggest meaning   

Use full range Use full range Use full range Use full range 
of visual of visual 
variablesvariables   

Number of different Number of different 

managablemanagable

Number of different Number of different 
graphical conventions graphical conventions 
should be should be cognitevlycognitevly   
managablemanagable    

Different visual Different visual 

audiencesaudiences

Different visual Different visual 
dialects for dialects for 
different different 
audiencesaudiences  

*  D. Moody and J.v.Hillegersberg , ñEvaluating the Visual Syntax of UML: An Analysis 

of the Cognitive Effectiveness of the UML Suite of Diagramsò, 
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Extending an Existing Language?Extending an Existing Language?   
Modeling Language 

Features 

Specification 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Abstraction 
Range 

Scope 

Extension 

Define Extend 

Refine 
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Approaches to DSML DesignApproaches to DSML Design   

1. Define a completely new language from scratch  

2. Extend an existing language : add new domain -
specific concepts to an existing (base) language  

3. Refine an existing language : specialize the concepts 
of a more general existing (base) language  
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Refinement Refinement vsvs  ExtensionExtension   

ÈSemantic space = the set of all valid programs that 
can be specified with a given computer language  

ÈRefinement : subsets the semantic space of the base 
language (e.g., UML profile mechanism ) 

Á Enables reuse of base - language infrastructure  

ÈExtension : intersects the semantic space of the 
base language 

Base Language SpaceBase Language Space   

Refinement  Extension  
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Comparison of ApproachesComparison of Approaches   

ApproachApproach  
ExpressiveExpressive  

PowerPower  

Ease of Ease of 

Lang.DesignLang.Design  

InfrastructureInfrastructure  

ReuseReuse  

MultimodelMultimodel  

IntegrationIntegration  

New Language High Low Low Low 

Extension Medium Medium Medium Medium 

Refinement Low High High High 



© Copyright Malina Software 91 

Define, Refine, or Extend?Define, Refine, or Extend?   

È Depends on the problem at hand  

Á Is there significant semantic similarity between the base language 
metamodel and the new language metamodel?  

ÅDoes every new language concept represent a semantic specialization of some 
base language concept?  

ÅNo semantic or syntactic conflicts?  

Á Is language design expertise available?  

Á Is domain expertise available?  

Á Cost of establishing and maintaining a language infrastructure?  

Á Need to integrate models with models based on other DSMLs?  

È The ability to reuse the infrastructure of a language has often 
led to refinement or extension as the preferred choice  

Á Not necessarily optimal from a purely technical viewpoint  

Á E.g., Z.109 (SDL profile of UML), SysML4Modelica ( SysML profile), 
SystemC (UML profile), AADL (UML profile), MoDAF/ DoDAF (UML 
profile)é 
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Selecting a Language Specification MethodSelecting a Language Specification Method   

ÈWhat methods should be used to specify a modeling 
language? 

Modeling Language 
Features 

Specification 

Extension 

Concrete 
Syntax 

Model of 
Computation 

Model 
Type 

Precision 
Level 

Abstraction 
Range 

Scope 
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Summary: Modeling Language DesignSummary: Modeling Language Design   

ÈModeling language design is still much more of an 
art than a science  

Á Few reference texts; no consensus  

ÈDoing it well requires a rare combination of skills:  

Á Understanding of modeling technologies, computer language 
technologies, domain knowledge, and even non - technical 
knowledge such as cognitive psychology  

Á Many complex technical and non - technical design choices 
and tradeoffs need to be made  

ÈDSMLs are an important and inevitable trend, but 
the often advertised notion of òend- user language 
designó is far from practical reality 
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Tutorial OutlineTutorial Outline   

ÈModels: What and Why  

ÈModeling Language Design  

ÈModeling Language Specification  

ÈModel Transformations  

ÈSummary 
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Semantics  

Elements of a Modeling LanguageElements of a Modeling Language   

Modeling 
Language 

1 0..* 
Concrete 
Syntax 

0..* 

0..1 

Semantics 
Domain 

1..* 

Abstract 
Syntax 

1 

1..* 0..* 

Concrete 
Syntax 

Mapping 

0..* 

Semantics 
Mapping 

1 
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Tutorial OutlineTutorial Outline   

È Models: What and Why  

È Modeling Language Design  

È Modeling Language Specification  

Á Specifying Abstract Syntax  

Á Specifying Concrete Syntax  

Á Specifying Semantics  

Á Case Study: UML  

È Model Transformations  

È Summary 
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Data and MetadataData and Metadata   

Legend:                  

 

 

 

Line A 

Line B 

Line C 

Line D 

The data  

The The 
metadata  
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MetamodelingMetamodeling   ApproachesApproaches   

ÈAbstract syntax specified by a model using a 
domain- specific modeling language  

Á i.e., a language for defining abstract syntaxes  

Á Metamodeling  language 

ÈNotable metamodeling  languages 

Á OMGõs MetaObject  Facility (MOF)  

Á Eclipseõs Eclipse Modeling Framework (EMF) 

Á Xactiumõs XMF 
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MetamodelsMetamodels   vs. Other Specification Stylesvs. Other Specification Styles   

ÈModels explicitly capture potentially intricate 
relationships between the elements of a model  

Á Models map naturally to graphs  

ÈBNF specifications are tuned to linear text - based 
syntactical forms  

Á Typically parsed into òabstract syntax treesó (ASTs) that 
obscure some relationships Ý need to rely on element 
identifiers to reconstitute them   

ÈEquivalent constraints apply to XML - based 
approaches 

Á Still, XML is typically used to interchange model specs  

Á Generated from models as a linear representation  
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The OMGõs 4The OMGõs 4-- Layer òArchitectureóLayer òArchitectureó  

Real Objects  
(computer memory,  

run -time environment)  

Model  
(model repository)  

Meta-Model  
(modeling tool)  

  CustomerOrderCustomerOrder   

itemitem   

quantityquantity

itemitem   

quantityquantity   

CustomerCustomer   

idididid   

Meta-Meta-Model  
(modeling tool)  

ClassClass     AssociationAssociation   . . .  

<sawdust><sawdust>

<2 tons><2 tons>

<sawdust><sawdust>   

<2 tons><2 tons>   

  <DeliIceCream><DeliIceCream>  
<lard><lard>

<5 tons><5 tons>

<lard><lard>   

<5 tons><5 tons>   

01011 
01011 

01011 

(M0)(M0)  

(M1)(M1)  

(M2 = UML, (M2 = UML,   

CWM)CWM)  

(M3 = MOF)(M3 = MOF)   Class(MOF)  . . .  

«specifiedBy» 

«representedBy» «representedBy» «representedBy» 

«specifiedBy» «specifiedBy» 

«specifiedBy»  
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The Structure of MOF (simplified)The Structure of MOF (simplified)   

UML Infrastructure 

CMOF 

EMOF 

«merge» 

Extension Extension 

«merge» 

Identifiers Identifiers 

«merge» 

Reflection Reflection 

«merge» 
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Essential MOF Concepts (Example)Essential MOF Concepts (Example)   

È Key concepts used to define an abstract syntax  

 Automobile  

make : String

power : Integer

make : String  

power : Integer  

Person  

driver   0..*  

vehicle   0..2  

Wheel  
w    

3..* 

Vehicle  

 
Class 

(concept)  

Generalization  
 

Generalization  
(relationship)  

Association  
 

Association  
(relationship)  

 
 

Composition 
(relationship)  

Package 

construct)  

Package 
(modularization 

construct)  

(driver.age <= 16) implies  

 (power <= 10)  

Constraint  
 

Constraint  
(well - formedness  

rule)  
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Example: EMOF Metamodel (Root)Example: EMOF Metamodel (Root)   

ÈUsing MOF to define  
(E)MOF 

Element  

Comment  

body : String  body : String  

NamedElement  

name : String  name : String  

TypedElement  Type 

Metaclass = A MOF Metaclass = A MOF 
Class that models a 
Language Concept 

0..* 

0..1 



© Copyright Malina Software 104 

Example: EMOF Metamodel (simplified)Example: EMOF Metamodel (simplified)   

TypedElement  

Class  

isAbstract : Boolean  isAbstract : Boolean  
Property  

isReadOnly : Boolean  

default : String [0..1]

isComposite : Boolean  

isDerived : Boolean

isReadOnly : Boolean  

default : String [0..1]  

isComposite : Boolean  

isDerived : Boolean  

0..* 

Operation  
0..* 

Parameter  
0..* 

Type 
type  

0..1 

0..* 

opposite  

0..1 
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The Meaning of Class ModelsThe Meaning of Class Models   

ÈA key element of abstract syntax definition  

ÈWhat does this model represent?  

Á There is much confusion about the meaning of this type of 
diagram (model)  

ÈQuestions:  

Á What do the boxes and lines represent?  

Á How many Types are represented in this diagram?  

Á What does òtypeó mean? 

Á What does ò0..*ó mean? 

TypedElement  Type 
type  

0..1 

0..* 
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Example: Two Populations with RelationshipsExample: Two Populations with Relationships   

Bob  

Karl  

Alice  

Jill  

Peggy  

Children  
Adults  

Fred 

Cory  

Dee 

Guy 

Hayley  

Ida 

Les 
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Some Facts We Can StateSome Facts We Can State   

ÈParticular statements (propositions ):  

Á Bob has no children (in the set Children)  

Á Karl is the father of Dee and Ida  

Á Karl and Jill are the parents of Cory  

Á Fred and Peggy are the parents of Guy  

Á Peggy is the mother of Hayley  

Á Alice is the mother of Les  

ÈGeneral statements ( predicates ð through 
abstraction ):  

Á Children can have one or two Adult parents  

Á Some Adults are parents of Children  

Á Every Person has a name and a gender  
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Classes and Associations in MOF (and UML)Classes and Associations in MOF (and UML)   

ÈClass: A specification  of a collection  of object 
instances characterized by possessing the same set 
of features and behaviours  

ÈAssociation:  A specification  of a collection  of links 
whose ends conform respectively to the same type  



© Copyright Malina Software 109 

Classes and Association ClassifiersClasses and Association Classifiers   

Bob  

Karl  

Alice  

Jill  

Peggy  

Adults  

Fred 

Children  

Cory  

Dee 

Guy 

Hayley  

Ida 

Les 

Adult 

name : String name : String 

gender : [M, F] 

Child 

name : String name : String 

gender : [M, F] 

parents 

 

1..2 

children 

 

0..* 
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Interpreting Association EndsInterpreting Association Ends   

Adult 

name : String name : String 

gender : [M, F] 

Child 

name : String name : String 

gender : [M, F] 

parents  

 

1..2 

children  

 

0..* 

Children  
Adults  

Karl  

Cory  
Dee 

Ida 

The òchildrenó The òchildrenó 
(set) of Karl(set) of Karl
The òchildrenó The òchildrenó 
(set) of Karl(set) of Karl   

Jill  

The òparentsó The òparentsó 
(set) of Cory(set) of Cory
The òparentsó The òparentsó 
(set) of Cory(set) of Cory   

Karl.children - >includes(Cory)  

An OCL An OCL 
constraintconstraint   
An OCL An OCL 
constraintconstraint   
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Example Metamodel: UML (simplified fragment)Example Metamodel: UML (simplified fragment)   

Element 

sources  

1..* 

targets  

1..* 

Directed 
Relationship 

NamedElement 

name : String 

NamedElement 

name : String Generalization Generalization 
generalizations  

0..* 

 NamedElement 

Type 

types    1..*  

TypedElement 

Classifier 

Attribute Attribute 

Operation Operation 

Class 

attributes  

0..* 

operations  

0..* 

Feature Feature 
features  

0..* 

Classifier Classifier 

PrimitivePrimitive
Type 
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Obj 1 

[ClassA] 

Obj 2 

[attr. a1] 

Under the Hood: How Models are StoredUnder the Hood: How Models are Stored   

A 

a1 : Integer 

B 

get_a1() : Integer 

User view  
Model 

repository 
view 

Diagrams are just 

 

Diagrams are just 
selective views of 
the underlying model  

: Generalization 

targets[1]  

sources[1]  

: PrimitiveType 

name = òIntegeró 

types[1]  

types[1]  

: Class 

name = òAó 

: Attribute 

name = òa1ó 

attributes[1]  

generalizations [1]  

: Class 

name = òBó 

: Operation 

name = òget_a1ó 

operations[1]  

NB: NB: 
Models 
are 
complex 
graphs 
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Models and DiagramsModels and Diagrams   
ÈModel elements can be created by:  

Á Indirectly: by creating a new element in a diagram  

Á Directly: by inserting it directly into the model (e.g., 
through a program or a model browser/explorer)  

 

Model Repository 

: Generalization 

targets[1]  

sources[1]  

: PrimitiveType 

name = òIntegeró 

types[1]  

types[1]  

: Class 

name = òAó 

: Attribute 

name = òa1ó 

attributes[1]  

generalizations [1]  

: Class 

name = òBó 

: Operation 

name = òget_a1ó 

operations[1]  

A 

a1 : Integer 

B 

get_a1() : Integer 

Diagrams  

(model views)  

Programmatic  

(API) 

access  

usually separated 
Diagrams are 

usually separated 
from the model  
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OBJECT CONSTRAINT 
LANGUAGE (OCL): WRITING 

CONSTRAINTS (WELL -
FORMEDNESS RULES) AND 

QUERIES  
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Example: A CommunityExample: A Community   

Alice  Bob  

Cory  Dee 

Eunice  Fred 

Guy Hayley  Ida 

Jill  Karl  

Les 

Millie  Nick  Orville  Peggy  

friend 

friend friend 

friend 

friend 
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A Corresponding Class DiagramA Corresponding Class Diagram   

Adult Child
+child+parent

0..*0..*

Person

+name: String
+isMarried: Boolean
+gender: Gender
+age: Integer

+isSenior(): Boolean

+friend

0..*

0..*

+wife

+husband

0..1

0..1

Gender
<<enumeration>>

+M
+F



© Copyright Malina Software 117 

Propositions, Predicates, and ConstraintsPropositions, Predicates, and Constraints   

È Proposition:  A statement that is either True of False  

Á Bob is an Adult  

Á Les and Ida are friends  

È Predicates : Propositions that involve variables; e.g.:  

Á There is at least one Adult  with the name òBobó 

Á All Adults  are married  

Á Every Child has at least one Adult parent  

È A predicate require a range for its variables  

È Constraints : predicates that, by design, must evaluate to 
True; e.g.:  

Á Only Adults can have Children  

Á An Adult who is married must have a spouse  
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FirstFirst -- Order (Predicate) Logic(s)Order (Predicate) Logic(s)   

È Used to reason about predicates  

È Basic operators of FOL:  

Á The usual Boolean operators  

Å AND ( Ø) 

Å OR (Ù) 

Å NOT ( ×) 

Á Conditional :  

Å If <predicate - 1> is True (hypothesis) then <predicate - 2> (conclusion) must be 
True  

Å <predicate - 1> ­ <predicate - 2> 

Á Existential  quantifier ( $):  

Å There exists at least one member of the domain such that predicate <predicate> 
is True  

Å$ a Í Dom | <predicate>  

Á Universal  quantifier ( "):  

Å For all members of the specified domain <predicate> is True  

Å" a Í Dom | <predicate>  
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FOL Examples and OCL EquivalentsFOL Examples and OCL Equivalents   

ÈThere is at least one Adult  with the name òBobó 

Á $ a Ë Adult | (name(a) = òBobó) 

ÈAll Adults  are married  

Á " a Ë Adult | (married(a) = True)  

ÈEvery Child has at least one Adult parent  

È " c Ë Child | (size(parents(c)) ² 1) 

È ...and their OCL equivalents  

Áexists (a:Adult| a.name = ñBobò) 

Á forAll  (a:Adult | a.isMarried )  

Á forAll  (c:Child | parents - >size() >= 1)  
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The Object Constraint Language (OCL)The Object Constraint Language (OCL)   

ÈAn OMG standardized language for specifying 
constraints and queries for UML and MOF 
classifiers and objects  

Á http://www.omg.org/spec/OCL/2.2/PDF  

Á Declarative side - effect - free language  

ÈPrimarily used in conjunction with MOF to specify 
the abstract syntax of modeling language constructs  

Á Example:   
Adult Child

+child+parent

0..*0..*

 >size() <= 2  

 context  Child inv :  

 self.parent - >size() <= 2  

http://www.omg.org/spec/OCL/2.2/PDF
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OCL Basics OCL Basics ðð  Contexts and ConstraintsContexts and Constraints   

ÈContext: identifies the class (or object) to which 
the constraint (also called an invariant ) applies  

 context  Person inv:  ...  

ÈClass constraints are written from the perspective 
of a generic member of the context class  

Á ...which means that they apply to all members of the class  

 (( self.isMarried ) and  ( self.gender  = #M))  

   implies (( self.wife - >size() = 1) and  

         ( self.husband - >size () = 0))  

Person

+name: String
+isMarried: Boolean
+gender: Gender
+age: Integer

+isSenior(): Boolean

+wife

+husband

0..1

0..1

+friend

0..*

0..*
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OCL Basics OCL Basics ðð  Data Types Used in OCLData Types Used in OCL   

È Reuses basic UML/MOF primitive types  

Á Boolean, Integer, String  

Á Adds type Real  

Á Support all common arithmetic and logic operators  

È Collection types  

Á Set, OrderedSet , Bag, Sequence  

ÈModel types  

Á Modeler - defined application - specific classes  

Á E.g., Person, Adult, Child, Gender  

È OclType  = the type of all types ( metatype ) 

Á Useful operation on any type: allInstances () 

 
   Person. allInstances () --  returns the set of all  
                         --  instances of Person  
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OCL Basics OCL Basics ðð  Standard Arithmetic OperatorsStandard Arithmetic Operators   

È<numeric - expr - 1> < <numeric - expr - 2> 

È<numeric - expr - 1> > <numeric - expr - 2> 

È<numeric - expr - 1> <= <numeric - expr - 2> 

È<numeric - expr - 1> >= <numeric - expr - 2> 

È<numeric - expr - 1> + <numeric - expr - 2> 

È<numeric - expr - 1> -  <numeric - expr - 2> 

È<numeric - expr - 1> * <numeric - expr - 2> 

È<numeric - expr - 1> / <numeric - expr - 2> 

È<numeric - expr - 1>. mod(<numeric - expr - 2>)  

È ...  
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OCL Basics OCL Basics ðð  Common Logic OperatorsCommon Logic Operators   

Ènot  <Boolean - expr > 

È<Boolean - expr - 1> or  <Boolean - expr - 2> 

È<Boolean - expr - 1> and  <Boolean - expr - 2> 

È<Boolean - expr - 1> xor  <Boolean - expr - 2> 

È<expression - 1> = <expression - 2> 

È<expression - 1> <> <expression - 2> 

È<Boolean - expr - 1> implies  <Boolean - expr - 1> 

È if  <Boolean - expr - 1> then  <expression - 2> 

[ else <expression - 3> endif ]  
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OCL Basics OCL Basics ðð  Accessing PropertiesAccessing Properties   

ÈClassifier (and object) attributes and operations are 
accessed by the dot (.) operator  

 self.name  --  returns name String  

self.isSenior ()  --  returns True or False  

self.friend  --  returns a collection   

 --  persons who are friends  

 --  of ñselfò 

Person

+name: String
+isMarried: Boolean
+gender: Gender
+age: Integer

+isSenior(): Boolean

+wife

+husband

0..1

0..1

+friend

0..*

0..*
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OCL Basics OCL Basics ðð  Association/Link NavigationAssociation/Link Navigation   

ÈAssociation ends are accessed like all other 
Properties of Classifiers  

ÈOCL can navigate from a Classifier context to any 
outgoing association end...regardless of navigability  

 self.friend  

self.person   --  uses default naming rule for  

    --  unnamed ends  

ÈUnless the multiplicity is exactly 1, the result of 
the navigation is a collection  

Person

+name: String
+isMarried: Boolean
+gender: Gender
+age: Integer

+isSenior(): Boolean

+friend

0..*

0..*
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OCL Basics OCL Basics ðð  OCL Collections and Operations OCL Collections and Operations   

È Collections represent groups of values (e.g., Classes)  

È Collections can be manipulated using special collection operations  

Á size()  --  the size of the collection (Integer)  

Á count(<value>)  --  the number of occurrences of <value> (Integer)  

Á includes(<value>)  --  True if collection includes <value>  

Á includesAll (<collection>)  --  True if collection includes <collection>  

Á isEmpty ()  --  True if collection is empty  

Á notEmpty ()  --  True if collection is not empty  

Á exists(<expression>)  --  True if <expression> is True for at least 1 element  

Á forAll (<expression>)  --  True if <expression> is True for all elements  

Á ...  

Collection

SetOrderedSet Bag Sequence
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OCL Basics OCL Basics ðð  Applying Operations to CollectionsApplying Operations to Collections   

ÈThe application of an operation to a collection is 
indicated by the use of the right - arrow ( - >) operator  

Á self.friend - >size()  --  number of friends of self  

Á self.friend - >isEmpty ()  --  checks if set of  

                         --  friends is empty  
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OCL Basics OCL Basics ðð  Universal and Existential QuantifiersUniversal and Existential Quantifiers   

Èòexistsó and òforAll ó operations are used to specify 
predicates over collections  

Á exists = $  (first - order logic existential quantifier operator)  

Åself.friend - >exists (f:Person | f.name = óBobô) 

 --  at least one friend must be named óBobô 

Á forAll  = " (first - order logic universal quantifier operator)  

ÅPerson.allInstances () - >forAll (p:Person| p.name <> óô) 

--  the name of a Person cannot be an empty string  

Á Avoids confusing mathematical symbols (+ avoids need for 
special typesetting)  
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OCL Basics OCL Basics ðð  Select and Collect OperationsSelect and Collect Operations   

ÈSpecial iteration operations for deriving useful new 
collections from existing ones  

ÈSelect  provides a subset of elements that satisfy a 
predicate  

Á <collection> - >select (<element> : <type> | 

<expression>)  

Á Person - >select (p:Person | p.isMarried )  

ÈCollect  returns a new collection of values obtained 
by applying an operation on all of the elements of a 
collection  

Á <collection> - >collect (<element> : <type> | 

<expression>)  

Á Person - >collect (p:Person |  p.name)  
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OCL Basics OCL Basics ðð  Other Useful Collection OperationsOther Useful Collection Operations   

È For Sets, Bags, Sequences  

Á <Coll - 1>- >union (<Coll - 2>)  --  returns the union of  

      --  <Coll - 1> and <Coll - 2> 

Á <Coll - 1>- >intersection(<Coll - 2>) --  returns the  

      --  intersection of  

      --  <Coll - 1> and <Coll - 2> 

Á <Coll - 1> -  (<Coll - 2>)   --  returns a collection of  

      --  elements in <Coll - 1> 

      --  that are not in <Coll - 2> 

È For OrderedSets  and Sequences 

Á <Coll >- >at( i )  --  access element at position i  

Á <Coll >- >append(<object>) --  add <object> to end of < Coll > 

Á <Coll >- >first()  --  return first element in < Coll > 

Á <Coll >- >last()  --  return last element in < Coll > 
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OCL Basics OCL Basics ðð  PrePre--   and Postand Post -- ConditionsConditions  

ÈòDesign by contractó for Operations, Receptions, 
and UML Behaviors  

Á Pre- conditions : Conditions that must hold before an 
operation  

Á Post- conditions : Conditions that must hold after an 
operation has completed  

ÈSyntax:  

Á pre: <Boolean - expr > 

Á post: <Boolean - expr > 

Á Also can use <attribute>@pre  in a post - condition to refer 
to the value of <attribute> prior to the execution of the 
operation  
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OCL Basics OCL Basics ðð  Defining OperationsDefining Operations   

ÈSyntax  
context  <operation - name>(<parameters>) : <return -

type>  

 [ pre:  <Boolean - expr >]     

 [ post: <Boolean - expr >]  

 [ body: <expression>]  --  must evaluate to  

       --  a kind of <return - type>  

ÈExample  

context  Person:: isSenior () : Boolean  

 pre:  age >= 0     

 post: age = age@pre --  age is unchanged  

      --  after operation  

      --  completes  

 body: (age >= 65)  
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Summary: OCLSummary: OCL   

ÈOCL constraints are one of the means to define 
well- formedness  (i.e., syntactic) rules for MOF -
based models  

Á Complement class (meta)models  

È It is based on basic first - order logic and set 
theory and operates on class (and instance) 
diagrams  

Á Since class diagrams deal with relationships between sets 
and elements of sets  

ÈDefines primarily static semantics but can also be 
used to specify dynamic semantics (e.g., through 
pre -  and post -  statements on operations)  
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MOF Pattern: Association SpecializationMOF Pattern: Association Specialization   

BankAccount BankCustomer 
accounts  

 

1..* 

customers  

 

1..* 

Corporate 
Account 

Personal 
Account 

Corporate 
Customer 

Private 
Customer 

owners  

 

1..* 

P-accounts  

 

1..* 

owner  

 

1 

C-accounts  

 

1..* 

NB: tightenedNB: tightened   NB: tightenedNB: tightened   
constraintconstraint   
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More Refined SpecificationMore Refined Specification   

BankAccount BankCustomer 
accounts  

 

1..* 

customers  

 

1..* 

Corporate 
Account 

Personal 
Account 

Corporate 
Customer 

Private 
Customer 

owners  

 

1..* 

P-accounts  

 

1..* 

owner  

 

1 

C-accounts  

 

1..* 

{subsets accounts}  

{subsets accounts}  

{subsets customers}  

{subsets customers}  

{union}  

/accounts  

{union}  

/customers  
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Composition (òBlack Diamondó) AssociationsComposition (òBlack Diamondó) Associations  

ÈImplies òownershipó of one element by another 

Á i.e., An instance of Person owns an instance of String that 
specifies that personõs ònameó 

ÈSemantics: òDeletionó semantics 

Á When the owner is removed, all its owned elements are  also 
removed with it  

0..1 name 

 

1 

Person String 

value 

a : Person 

name 

 :String 

value = ñBranò 
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Key MOF Abstraction: Names and NamespacesKey MOF Abstraction: Names and Namespaces   

È Names are specified by Strings  

Á No pre - defined character set or size limit  

Á E.g.: òAliceó, òR2- >D2ó, ò4 Saleó, òCeɍɊɬó, ò ó, òó 

Á NB: An empty name is a valid name  

È A namespace is a model element that owns a collection of model 
elements (that may be) distinguished by their names  

Á The features (attributes, operations, etc.) of a Class  

Á Used as a basis for specifying other MOF concepts: Package, Class, 
Operation, etc.  

È General rules (may be further constrained in a profile)  

Á Names in a namespace are not  necessarily unique (but is preferred)  

Å E.g. Two operations may have the same name but different parameter sets  

Å E.g.: an operation and an attribute of a class can have the same name  

Á Namespaces can contain other namespaces Ý hierarchical (qualified) 
names 

ÅUse of double - colon (: :) to separate names in a qualified name  

ÅE.g.: òSystem::CoolingSubsystem:: ACUnitó 
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The Concept of VisibilityThe Concept of Visibility   

È Named elements owned by a MOF namespace have a 
defined visibility:  

Á The capacity for an element to be referenced by other model 
elements (possibly in other namespaces)  

È Pre- defined visibility kinds:  

Á public (+) ð named element is visible to all elements that can 
access its namespace  

Á private  (- ) ð visible only within the namespace that owns it  

Á protected  (#) ð visible only to elements in its extended  
namespace (i.e., its namespace and the namespaces of all 
specializing classifiers ð for classifier type namespaces only)  

ÅE.g., a Class attribute visible to all subclasses of that Class  

Á package ð (~) visible only to other elements in the same package  

Åe.g., a Class attribute visible to all elements in the same Package as 
the Class  
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MOF PackagesMOF Packages  

ÈA Package is a means for grouping the parts of a 
(meta)model  

Á Packages are (typically) not intended to model anything  

Á Analogous to file system folders  

ÈA package is a kind of namespace  

Á Public elements from other packages can be imported into 
the package namespace (analogous to òexternaló declarations 
in programming)  
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Package DiagramsPackage Diagrams   

ÈShow relationships (import, merge) between 
packages in a model  

Á A design - time view  

«modelLibrary» 

UtilityClasses Kernel 

 ExtendedKernel 

Top 

«import»  

«import»  

«import»  

«merge»  
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X Y 

Package Import SemanticsPackage Import Semantics   

ÈFollowing importing, namespace X contains the 
following names:  

Á A, B, C, Y::C, E  

Á ...but not D  

ÈHowever, Y::C and E are not  owned by X  

«import»  
A 

B +C 
-D 

+E C 
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Package MergePackage Merge   

ÈAllows selective incremental concept extension  

EMOF::Reflection 

Element 

getMetaClass() 
é 

Object 

ElementElement  

InfrastructureLibrary 

«merge» 

EMOF::Reflection 

ElementElement  

getMetaClass() 
é 

Object 

resultresult  
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Package Merge SemanticsPackage Merge Semantics   

ÈA graphically - specified operation on packages and 
their contents  

Á Extends definition and scope of a concept through an 
increment  

ÈWhy not just use subclassing?  

Á The additional specifications apply to the original concept 
wherever it was used  

 
Element 

Object 

Element 

Object 

We would need to replace Element 
with the new ObjectElement class 
in all parts of the model where 
Element originally appeared

We would need to replace Element 
with the new ObjectElement class 
in all parts of the model where 
Element originally appeared  
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MOF Pattern: Modular (MOF Pattern: Modular ( MixinMixin ) Generalizations) Generalizations   

ÈA meta - modeling pattern for adding capabilities 
using specialized superclasses 

Á Each increment adds a well - defined primitive capability  

Á To be used with extreme caution because it can lead to 
semantic conflicts and overgeneralization problems  

ÅEspecially if the mixin classes have associations  

Property  Operation  Parameter  

 MultiplicityElement  

lower : Integer 

upper : UnlimitedInteger

lower : Integer 

upper : UnlimitedInteger 

NamedElement  

name: String [0..1] name: String [0..1] 

PackageableElement  PackageableElement  
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MetaMeta -- Modeling Trap: OvergeneralizationModeling Trap: Overgeneralization   

ÈFragment of the UML 2 metamodel (simplified):  

Relationship  

Dependency  

Classifier  

Use Case 

What does it What does it 
mean for a 
Dependency to 
own a Use Case?  

generalization  
Over -

generalization  

Element  

ownedElement   0..* 

owner   

0..1 
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Dealing with OvergeneralizationDealing with Overgeneralization   

ÈCaused by òabstractó associations 

ÈCan sometimes be avoided using association 
specialization (covariance) or constraints  

Relationship  

Element  

Classifier  

ownedElement   0..* 

owner   

0..1 

ownedElement - >size() = 0  

Element  

OwnedBy  

 

Element  

OwnedBy  

Classifier  
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MOF AlternativesMOF Alternatives   

ÈXMF Mosaic ð Extesible  Modeling Framework  

Á http://itcentre.tvu.ac.uk/~clark/downloads.html   

Á http://www.eis.mdx.ac.uk/staffpages/tonyclark/Papers  

ÈEMF ð Eclipse Modeling Framework  

Á http://www.eclipse.org/modeling/emf/   

ÈRDFS -  Resource Description Framework Schema  

Á http://www.w3.org/TR/rdf - schema/   

ÈXtext  ð a textual metamodeling  language for 
languages with a textual concrete syntax  

Á http://www.eclipse.org/Xtext/   

http://itcentre.tvu.ac.uk/~clark/downloads.html
http://www.eis.mdx.ac.uk/staffpages/tonyclark/Papers
http://www.eclipse.org/modeling/emf/
http://www.w3.org/TR/rdf-schema/
http://www.w3.org/TR/rdf-schema/
http://www.w3.org/TR/rdf-schema/
http://www.eclipse.org/Xtext/
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The XMF The XMF XCoreXCore  MetamodelMetamodel   
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The EMF MetamodelThe EMF Metamodel   
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RDFS RDFS ðð  An Alternative to MOFAn Alternative to MOF   

ÈResource Description Framework Schema (RDFS)  

Á A standardized format for knowledge (ontology) 
representation and interchange on the World - Wide Web  

Á Standardized by the W3C consortium  

Á http://www.w3.org/standards/techs/rdf   

ÈBased on simple <object - attribute - value> paradigm:  

 

http://www.library.org/books#WarAndPeace 

Leo Tolstoy 

author  

Resource Resource 
(object)  

Attribute  Attribute  
Value Value 

Encoded using an 
XML syntax
Encoded using an 
XML syntax  

http://www.library.org/content#WarAndPeace 

publisher  
Doubleday Co. 

content  
etc.  

 URI  

http://www.w3.org/standards/techs/rdf
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RDFS Metamodel (simplified)RDFS Metamodel (simplified)   

ÈEverything is a resource (identified by a URI)  

RDFSResource 

localName : String 
namespace : String 
uri : String 

RDFStatement 

1  predicate 

subject 

1 
object 

1 RDFSLiteral 

RDFProperty RDFClass 
domain 

0..* 
range 

0..* 

Properties can be 

multiple classes

Properties can be 
defined independently 
of Resources and can 
be associated with 
multiple classes  
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Tutorial OutlineTutorial Outline   

È Models: What and Why  

È Modeling Language Design  

È Modeling Language Specification  

Á Specifying Abstract Syntax  

Á Specifying Concrete Syntax  

Á Specifying Semantics  

Á Case Study: UML  

È Model Transformations  

È Summary 
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OMG Languages Concrete SyntaxOMG Languages Concrete Syntax   

È Incomplete and informally defined  

Á No definitive rules on what is a valid syntactical 
construction  

Á Abstract to concrete syntax mapping is incomplete and 
ambiguour  

Á Creates difficulties in model interchange and confuses users  

ÈFortunately, the new òDiagram Definitionó standard 
is a step towards remedying these deficiencies  
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OMGõs Data Definition StandardOMGõs Data Definition Standard  

È A standard for:  

1. Specifying concrete graphical syntax (Diagram Graphics = DG)  

2. Interchanging model diagrams (Diagram Interchange = DI)  

È For defining the concrete syntax of MOF - based modeling 
languages 

Á Comprises a modeling language in MOF  

È Support for variations  

Á Different ways of specifying mappings of concrete syntax 
elements to corresponding abstract syntax elements  

ÅModel transforms, tables, informal text...  

Á Different ways of interchanging diagrams  

ÅBased on what is assumed to be known by the rendering tool (e.g., 
UML tool versus general drawing tool)  
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Model editor  Rendering tool  

How DD Works: UML ExampleHow DD Works: UML Example   

MOF MOF 

UML 
Metamodel 

UML 
Metamodel 

UML DI 
Metamodel 

UML DI 
Metamodel 

Model Model 
Transform 
òLanguageó 

DD DI 
Metamodel 

DI 
Metamodel 

DG 
Metamodel 

DG 
Metamodel 

Mapping 

MOF MOF M3 

M2 

M1 
 :UseCase 

:Group :Group 

:Ellipse :Ellipse 

center = {25, 15} 

:Text :Text 
data = òmumbleó 

 
data = òmumbleó 
bounds =  {10, 25, 25, 10} 

 transform 

:UMLShape :UMLShape 

bounds = {0,0,50,30)bounds = {0,0,50,30) 

:UMLLabel :UMLLabel 

bounds
{10, 35, 25, 10}
bounds =   
{10, 35, 25, 10} 
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DD: Elements of the DI MetamodelDD: Elements of the DI Metamodel   


