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Domain Engineering Concepts: 
Wh t i   D i ?What is a Domain?

A d i    f k l d  h d b    f  A domain is an area of knowledge characterized by a set of concepts, 

their relationships, and constraints accepted by practitioners in that area.

a set of applications that use a common jargon for describing the concepts, 

problems, and solutions

a class of similar systems that share common features and operations

Other names for the term ‘domain’: ‘product line’, ‘product family’, …

Domain attributes: mature, stable, economically viable

Domain examples: Telephone switches  Insurance  portals  Customer Relation Domain examples: Telephone switches, Insurance  portals, Customer Relation 

Management, Online banking 
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Domain Engineering Concepts:
Wh t i  D i  E gi i g?What is Domain Engineering?

Domain engineering is the development and evolution of domain 

specific knowledge and artifacts to support the development and 

evolution of systems in the domain. 

The purpose of domain engineering is to identify, model, construct, catalog, and The purpose of domain engineering is to identify, model, construct, catalog, and 

disseminate the commonalities and differences of particular domain applications

Domain engineering includes engineering of domain models  components  Domain engineering includes engineering of domain models, components, 

methods and tools

D   l d  h    d  l  d  Domain engineering includes three main activities: domain analysis, domain 

design, and domain implementation
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Domain Engineering Concepts:
Wh t i  D i  A l i ?What is Domain Analysis?

Domain analysis (The Free Dictionary by Farlex)

Is the domain engineering activity in which domain knowledge is studied and 

f l d   d  d f  d  d  f  formalized as a domain definition and a domain specification 

Relates to non-implementation issues

I  th   f id tif i  ll ti  i i  l i  d ti   Is the process of identifying, collecting, organizing, analyzing and representing a 

domain model and software architecture from the study of existing systems, 

underlying theory, emerging technology and development histories within the y g y, g g gy p

domain of interest 

Is the analysis of systems within a domain to discover commonalities and y y

differences among them 

A common way for carrying out domain analysis is modeling
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Domain Engineering Concepts: 
Wh t i  D i  A l i ?What is Domain Analysis?

Domain analysis includes: Domain analysis includes: 

Set objectives: identify stakeholders and their objectives

Scope domain: define selection criteria

Define domain: identify boundary conditions, examples, counter examples, main 

features

Define relations: define relations to other domains, divide the domain into sub-

domains

Acquire domain information from experts, legacy systems, literature, prototyping

Describe domain terminology: lexicon of terms, commonality & variability, features

Refine domain: build overall domain, analyze trade offs, innovative feature 
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Domain Engineering Concepts: 
Wh t  D i  D i  d D i  I l t ti ?What are Domain Design and Domain Implementation?

Domain design is the activity that takes the results of domain analysis to Domain design is the activity that takes the results of domain analysis to 

identify and generalize solutions for those common requirements in the 

f  f  D i S ifi  S ft  A hit t  (DSSA) form of a Domain-Specific Software Architecture (DSSA) 
(Carnegie-Mellon Software Engineering Institute)

It focuses on the problem space, not just on a particular system's requirements, p p , j p y q ,

to design a solution (solution space) 

It supports developing a common architecture for the system in the domain and 

devising a production plan

Domain implementation is the process of identifying reusable p p y g

components based on the domain model and generic architecture 
(Carnegie-Mellon Software Engineering Institute)
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Domain Engineering Concepts: 
H  d  D i  E i i  diff  f  A li ti  E i i ?

Application EngineeringDomain Engineering

How does Domain Engineering differ from Application Engineering?

Application EngineeringDomain Engineering

uses the assets to build specialized 
software systems in the given

a systematic approach to construct 
reusable assets in a given problem software systems in the given 

domain
reusable assets in a given problem 
domain

Do delta analysis and design relative Define and scope domain
to a domain model and architecture

Analyze examples, needs, trends

Use component systems as starting 
point

Develop domain model and 
architecture

Find specialize and integrateStructure commonality and variability Find, specialize, and integrate 
components

Structure commonality and variability

Exploit variability mechanisms, 
l t

Engineer reusable component 
t l d t l
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Domain Engineering Concepts: 
H  d  D i  E i i  diff  f  A li ti  E i i ?How does Domain Engineering differ from Application Engineering?

Domain Engineering
Domain requirements

Domain Repository

Domain 
Engineering
artifacts

Domain 
Engineer/Expert

p y
(models, architecture,

Components)

ReusableUnsatisfied requirements,

Application requirements

Reusable
assets

q ,
errors, adaptations

Application
Engineering

A li i

Application requirements
Developed system

Adapted from: Hassan Gomaa, Designing Software Product Lines with UML, Addison Wesley, 2004

Application
Engineer
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Domain Engineering Concepts: 
H  d  D i  E i i  diff  f  A li ti  E i i ?

Domain Engineering

How does Domain Engineering differ from Application Engineering?

o a g ee g

Domain Domain Domain 
Domain
knowledge

Domain Analysis
Model Domain 

Architecture

Analysis Design Implementation
Domain-specific 
languages

New Requirements

Components

Generators

New Requirements
Custom Custom

Requirements
Analysis

Product
Configuration

Integration 
d T t

Customer
Needs Features

New Requirements
Design Development

Application Engineering

Analysis Configuration and TestProduct
Configuration

Product
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Domain Engineering Concepts: 
D i  E i i  A h  A P ti l Li t

ODM – Organization 
Domain Modeling

FAST – Family-Oriented 
Abstraction Specification

Domain Engineering Approaches – A Partial List

Domain Modeling 
(M. Simos)

DARE – Domain Analysis 
and Reuse Environment

(W. Frakes & R. Prieto-Diaz)

Abstraction, Specification, 
and Translation (D. Weiss)

Feature-Oriented

Draco (J. Neighbors)

( )

FODA – Feature-Oriented 
Domain Analysis

Feature Oriented

DSSA – Domain-Specific 
Software Architecture

(ARPA)
ODE – Ontology-based

Domain Analysis
(Carnegie-Mellon SE Institute)

ODE Ontology based 
Domain Engineering 

(Falbo et al.)
PLUS – Product Line 

UML-based SE
(Gomaa)

GME – Generic Modeling 

metamodeling

Environment
(ISIS)

MetaEdit+
Software Factories 

(Microsoft)
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Domain Engineering Concepts: 
Wh t  th  d t g  f D i  E i i ?

d   f  h  d  d  l d 

What are the advantages of Domain Engineering?

Provide means for gathering and organizing domain related 

information and knowledge.

Provide libraries of assets to be instantiated (reused) in 

l lparticular applications.

Provide validation templates for particular applications in order p p pp

to avoid semantic errors in early development stages.
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Domain Engineering Concepts: 
Wh t  th  li it ti  f D i  E i i ?

l h  b d  d  h h  ll  d d 

What are the limitations of Domain Engineering?

Deal with too broad areas (domains) which are usually understood 

only during the development process.

Require expertise in the domain, reaching a very high level of 

b d d fl bl f l fabstraction, and providing flexible, yet formal, artifacts.

Deal with two different abstraction levels: the domain and the 

application.

Each level is accompanied by different notions and notations

The transition between the levels remains sometimes vague
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The Two Layer Domain Engineering Modely g g
Presenting the Model

Intra‐layer 
d i

Inter‐layer domain engineering:

Instantiation (reuse)

DomainDomain
domain 
engineering

Validation

Knowledge elicitation

Application 
App1App1

App2App2

App3App3

engineering

App3App3
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The Two Layer Domain Engineering Model

The domain layer is the layer in which the domain artifacts are 

y g g
Presenting the Model

The domain layer is the layer in which the domain artifacts are 
handled.

The application layer is the layer in which the applications pp y y pp
(systems) are developed

Examples:p

Application layerDomain layerField

Programs, applications, or Domain knowledgeSoftware Engineering Programs, applications, or 
systems 

Domain knowledgeSoftware Engineering

Particular business 
processes 

Reference modelsBusiness Process Design
processes 

Different development 
methodologies (e.g., RUP, 
XP d  )

Standards, such as ISO/IEC 
24744 and SPEM

Method Engineering
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The Two Layer Domain Engineering Model

Domain engineering supports:

y g g
Presenting the Model

Domain engineering supports:

Intra layer activities, namely domain analysis, domain design, 

d d  land domain implementation

Inter-layer activities, i.e., forces that exist between the 

domain and application layers:

The domain layer artifacts may be instantiated (reused) in the application 

layer.

The domain layer artifacts may be used for validation purposes in the 

li ti  lapplication layer.

The applications may be generalized into domain artifacts in a process of 

knowledge elicitation

Technion, October 2007 18ER'2008 Tutorial: Can Domain Modeling become Automated?

knowledge elicitation



Agendag

An overview of Domain EngineeringAn overview of Domain Engineering

Domain Engineering concepts

The two layer model and its related activities

Semi Automatic Creation of Domain Models

The ADOM approach

Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM

The ADOM supporting tools

Experimenting with ADOM 

Summary and Discussion

Technion, October 2007 19ER'2008 Tutorial: Can Domain Modeling become Automated?

y



The ADOM ApproachThe ADOM Approach
Motivation

An Application-based DOmain Modeling approach

Application and domain models are similar:Application and domain models are similar:

They both define structure

They both exhibit functionality (behavior)

They both introduce structural and behavioral constraintsy

However they also differ in their:

Abstraction level

Flexibility level
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The ADOM Approach

O   d  h l  l   l  

The ADOM Approach
Motivation

ADOM treats domains with regular application engineering tools, 

methods, and techniques.

Furthermore, it enables its adopt to different fields due to its independence 

in the modeling languagein the modeling language

ADOM defines three layers of abstraction: application, domain, 

and language.

In all layers the same approaches (notions and notations) are applied.y pp ( ) pp

Each layer defines constraints on the more concrete layers.
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The ADOM ApproachThe ADOM Approach
Examples of three Common Usages

Software Engineering

Goal: Guiding and validating system design using domain artifacts

Language: UML, mainly use case, class, sequence, and state diagrams

Deliverables: Application and domain modelsDeliverables: Application and domain models

Business Process Design

Goal: Guiding and validating business process design using reference models

Languages: EPC  BPMN  and UML activity diagramsLanguages: EPC, BPMN, and UML activity diagrams

Deliverables: Business process and reference models
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The ADOM Approach

Method Engineering

The ADOM Approach
Examples of three Common Usages

g g
Goal: Guiding the specification of method components and the creation of situational 

methodologies

Language: Mainly OPM

Deliverables: Method component type, method component, and situational p yp p

methodology models

Requirements from the associated modeling languages:Requirements from the associated modeling languages:

A multiplicity indicator mechanism

A d i  l ifi  h iA domain classifier mechanism

UML’s stereotype mechanism was employed for these purposes. Minor changes 

t  th  th  l  t d l  i t d d 
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The ADOM Approach for SEpp
Multiplicity Indicators in ADOM-UML

MeaningFull NotationAbbreviated MeaningFull NotationAbbreviated 
Notation

Any number (including 0) of application 
elements can be classified 

<<multiplicity min = 0 
   

<<optional many>>
elements can be classified 
(stereotyped) as this domain element 

max = ∞>> 

At most one application element can be<<multiplicity min = 0 <<optional single>>
classified (stereotyped) as this domain
element

max = 1>>

At least one application element can be
l ifi d ( d) hi d i

<<multiplicity min = 1 <<mandatory many>>
classified (stereotyped) as this domain
element

max = ∞>>

Exactly one application element can be
classified (stereotyped) as this domain

<<multiplicity min = 1 
max  1>>

<<mandatory single>>
classified (stereotyped) as this domain
element

max = 1>>

Between n to m application elements can be
classified (stereotyped) as this domain

<<multiplicity min = n 
max = m>>
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The ADOM Approach for SEpp
An Example of Process Control Systems

A li i  i  h  P  C t l S t  (PCS) d i  i  Applications in the Process Control System (PCS) domain monitor 

and control the values of certain variables through a set of components 

that work together to achieve a common objective or purpose.

Two specific examples in the domain:Two specific examples in the domain:

A water level control system (WLC) for monitoring and controlling the 

 l l i  kwater level in tanks

A home climate control system (HCC) for monitoring and controlling 

room temperature and humidity
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The ADOM Approach for SEThe ADOM Approach for SE
The WLC application model – a UC diagram

<<system activation>> <<checking>>

<<operator>>
<<sensor>>

<<monitoring & acting>>

<<monitoring & acting>>

p

<< t ll d d i >><<controlled device>>

<<controlled device>>

<<system settings>>

t tti

<<exception handling>>

<<exception handler>>
<<system settings>>

Technion, October 2007 26ER'2008 Tutorial: Can Domain Modeling become Automated?



The ADOM Approach for SEThe ADOM Approach for SE
The HCC application model – a UC diagram

<<system settings>>

<<system activation>><<operator>> <<system activation>><<operator>>
<<controlled device>>

<<system activation>>

<<monitoring & acting>><< it i & ti >><<controlled device>> <<sensor>>g g<<monitoring & acting>>

<<checking>>

<<sensor>>
<<sensor>>

<<checking>>
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The ADOM Approach for SEThe ADOM Approach for SE
The PCS domain model – a UC diagram
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The ADOM Approach for SEThe ADOM Approach for SE
The WLC application model – a class diagram

<<controller>>
<<controlled value>>

<<controlled device info>>

<<controlled element>>

<<sensor info>>

<<history>>

<<history element>>

sensor info
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The ADOM Approach for SEThe ADOM Approach for SE
The HCC application model – a class diagram

<<controller>>

<<controlled value>><<controlled element>><<controlled element>>

<<controlled value>>

<<controlled device info>>

<<sensor info>>
<<controlled device info>>

<<sensor info>>

<<sensor info>>
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The ADOM Approach for SEThe ADOM Approach for SE
The PCS domain model – a class diagram
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The ADOM Approach for SEThe ADOM Approach for SE
The WLC application model – a sequence diagram

<<controller>> <<sensor info>>
<<controlled value>><<controlled device info>><<controlled element>> <<controlled device info>>

<<controlled device>>
<<controlled device>>

<<exception handler>>
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The ADOM Approach for SEThe ADOM Approach for SE
The HCC application model – a sequence diagram

<<controller>> <<sensor info>> <<controlled value>> <<controlled device info>><<controlled element>> <<controlled device>><<sensor info>>
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The ADOM Approach for SEThe ADOM Approach for SE
The PCS domain model – a sequence diagram
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Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM
Basic Terminology

A d l M i   i  f i   f h  ld f i  A model M is a representation of certain aspects of the world of interest. 

The basic building blocks of models are elements.

A relational element re in a model M is a binary directional 

relationship between two other elements in M. relationship between two other elements in M. 

Notation: reM =(s, t), where s is the source of reM and t is its destination. 

Bidirectional relationships are represented as two relational elements re1=(s, t) 

and re2=(t, s). 

n-ary relationships are split into binary relationships.

Messages & Associations are examples of relational elements in UML.
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Knowledge Elicitation in ADOM

A d d t l t d i   d l M i   l t hi h h   

Knowledge Elicitation in ADOM
Basic Terminology

A dependent element d in a model M is an element which has an 

implicit binary directional relationship with another element e in a 

model M, such that the omission of e from the model implies the 

omission of d. 

Notation: d ↵M e, where e is termed the dependee of d in model M.

Attributes & Operations are examples of dependent elements.p p p

A first order element in a model M is an element which is not 

l ti l ith  d d t i  d l Mrelational neither dependent in model M.

Top-level packages are examples of first order elements in UML. 
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Knowledge Elicitation in ADOM

M i f i  i il i

Knowledge Elicitation in ADOM
Element Similarity Types

Meta-information similarity

Using meta-classes, types, and other kinds of meta-information in 

order to determine whether two elements are similar

Linguistic (syntactic) similarity Linguistic (syntactic) similarity 

Adopting Dao and Simpson similarity measurement between two 

 sentences 

Using WordNet - a large, online lexical base for English language, 

freely distributed by the Princeton University

Domain-specific vs. general purpose lexical bases
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Knowledge Elicitation in ADOM

C l ( i ) i il i

Knowledge Elicitation in ADOM
Element Similarity Types

Contextual (semantic) similarity

Dependee similarity takes into consideration the dependent 

elements of certain elements

The structure of compound elements is used in order to measure their similarityp y

In class diagrams, for example, we can assume, to some degree of confidence, that 

classes that exhibit similar attributes and operations are similar too. p

Relational similarity takes into consideration the relationships in 

h h  l      dwhich two elements participate as sources or destinations

Relational  similarity takes into consideration the type of the relationship

Technion, October 2007 39ER'2008 Tutorial: Can Domain Modeling become Automated?

Elements that are connected to similar elements are more similar



Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM
Examples of Similarity Measurements

HCC WLC

Connected to User, which is connected to Climate 
Controller Connected to Tank, which is 

connected to Water Controller

Linguistic (syntactic) similarity 

C t t l ( ti ) d d i il itContextual (semantic) dependee similarity

Meta-information similarity
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Knowledge Elicitation in ADOM

The approach refers similarity to both structural and behavioral aspects of the modeled 

Knowledge Elicitation in ADOM
Similarity Measurements of Behavior: UML Sequence Diag.

The approach refers similarity to both structural and behavioral aspects of the modeled 

systems

Models are considered hierarchical graphs with nodes (first order and dependent Models are considered hierarchical graphs with nodes (first order and dependent 

elements) and arcs  (relational elements)

A sequence diagram, for example, is the dependee of its elementsq g , p , p

Since sequence diagrams rely on the system structure as expressed in the class 

diagrams, matches established between elements in the class diagram are used for g g

matching behavioral elements in the sequence diagram

In order to refer to the order of messages in a sequence diagram, we implicitly add 

relational elements re=(m1, m2 ) between any two messages m1 and m2 such that m1

precedes m2
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Knowledge Elicitation in ADOM

Th  i il it  f t   di  d  i  d  f ll

Knowledge Elicitation in ADOM
Similarity Measurements of Behavior: UML Sequence Diag.

The similarity of two sequence diagrams, seq1 and seq2, is measured as follows:

Linguistic similarity takes into consideration the sequence diagrams 

names

Dependee similarity refers to the similarities of the different combined 

fragments, messages, and lifelines that constitute the sequence diagram. 

Relational similarity refers to the message sources, destinations, and y g , ,

order.

Meta information similarity takes into consideration the element types Meta-information similarity takes into consideration the element types 

(e.g., the message types).
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Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM
Similarity Measurements of Behavior: UML Sequence Diag.

WLC: Tank Fill

Linguistic (syntactic) similarityLinguistic (syntactic) similarity 

Contextual (semantic) dependee similarity

HCC: Room HeatHCC: Room Heat

Meta-information similarityMeta information similarity

Contextual (conceptual)
relational similarity
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Knowledge Elicitation in ADOM

Thresholds are defined in order to consider only similar enough pairs of 

Knowledge Elicitation in ADOM
Merging and Generalizing 

y g

elements for the model merging phase

Similarity groups are definedy g p

A similarity group of an element e, SG(e), is defined as a group of elements 

whose general similarity with e passes a certain similarity thresholdg y y

Note that e∈SG(e') ⇔ e'∈SG(e)

All elements in the same similarity group are generalized into one domain y g p g

element. WordNet is used for giving names to the domain elements. We 

distinguish between:

Mandatory elements that appear in all applications in the domain

Optional elements that appear in several applications in the domain
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Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM
The PCS Example
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The ADOM Supporting Tools

Plugs-in to different Modeling languages:Plugs in to different Modeling languages:
TOPCASED – UML CASE tool
OPCAT – OPM CASE tool

The plugs-in support:
Domain model creation
Domain model instantiation guidance
Application model validation

A semi-automatic domain modeling (SDM) tool:
Gets a set of UML models in XMI format and creates a domain model 
(in XMI format)(in XMI format)
Currently supports class and sequence diagrams only
More on the tool can be found at 
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Experimenting with ADOMExperimenting with ADOM
Experiment #1: SDM vs. Manual Domain Modeling

Goal: checking model comprehension  correctness  and completeness Goal: checking model comprehension, correctness, and completeness 

when using SDM

Subjects: third year undergraduate students (HU) who had previous Subjects: third year undergraduate students (HU) who had previous 

knowledge or experience in system modeling and specification and took 

an advance software engineering coursean advance software engineering course

Forms: the forms included three models of a project management 

domaindomain

SDM domain model generated on 4 applications

Human made domain model created after carrying out literature reviewHuman made domain model created after carrying out literature review

Human made domain model created after carrying out reverse engineering of 

systems in the domain
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Experimenting with ADOMExperimenting with ADOM
Experiment #1: SDM vs. Manual Domain Modeling

T k  Tasks: 

Mapping the SDM domain model terminology to concepts in the two 

human made domain models

Grading 9 different aspects in the SDM domain modelg p

The aspects referred to correctness, completeness, redundancy, and consistency of 

the SDM model

Correcting the SDM domain model to reflect their knowledge in the 

domaindomain

Technion, October 2007 50ER'2008 Tutorial: Can Domain Modeling become Automated?



Experimenting with ADOMExperimenting with ADOM
Experiment #1: SDM vs. Manual Domain Modeling

R lt  Results: 

Above 98% of the participants mapped the structure correctly 

Above 70% of the participants succeeded in correctly mapping 

the behaviorthe behavior

The main criticism:

Too abstract names or names that are not compatible with their expected 

roles in the domain

To Raw Data …
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Experimenting with ADOMExperimenting with ADOM
Experiment #1: SDM vs. Manual Domain Modeling

R lt  ( t )  Results (cont.): 

The participants graded the SDM model as follows (out of 5):

Correctness – 3.9

Completeness – 3.7p

Redundancy – 4.5 (i.e., the participants thought that the model did not 

include too many redundant elements)y )

Consistency – 4.0

Abstraction level 3 5Abstraction level – 3.5

To Raw Data …
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Experimenting with ADOMExperimenting with ADOM
Experiment #2: SDM vs. Ontologies

Goal: checking SDM model comprehension  correctness  and Goal: checking SDM model comprehension, correctness, and 

completeness in comparison to those of ontologies

Subjects: third year undergraduate students (BGU) who had previous 

knowledge or experience in system modeling and specification and took 

an advance software engineering course

Forms: the forms referred to a scheduling domain and included:

SDM domain model generated on 13 applications

A known ontology in the domain (Ozone)
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Experimenting with ADOMExperimenting with ADOM
Experiment #2: SDM vs. Ontologies

Tasks:Tasks:

For each element in the SDM model, determining whether it is 

relevant to domain and how, and giving it a more meaningful name.

Mapping the SDM model terminology to that of the ontology and 

vice versa

Grading 7 different aspects in the SDM domain modelGrading 7 different aspects in the SDM domain model

The aspects referred to correctness, completeness, and redundancy of the SDM 

modelo e

The aspects referred only to structure and not to behavior
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Experimenting with ADOMExperimenting with ADOM
Experiment #2: SDM vs. Ontologies

Results:Results:

75% of the SDM domain elements were evaluated as relevant to the domain

73% of the participant answers correctly mapped the SDM model 

terminology to that of the ontology

65% of the participant answers correctly mapped the ontology terminology 

to that of the SDM model 

To Raw Data …
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Experimenting with ADOMExperimenting with ADOM
Experiment #2: SDM vs. Ontologies

R lt  ( t )  Results (cont.): 

The participants graded the SDM model as follows (out of 5):

Correctness – 3.9

Completeness – 3.7p

Redundancy – 3.9

Abstraction level – 2 3Abstraction level 2.3

To Raw Data …
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Agendag

An overview of Domain EngineeringAn overview of Domain Engineering

Domain Engineering concepts

The two layer model and its related activities

Semi Automatic Creation of Domain Models

The ADOM approach

Knowledge Elicitation in ADOMKnowledge Elicitation in ADOM

The ADOM supporting tools

Experimenting with ADOM 

Summary and Discussion
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Summary & DiscussionSummary & Discussion
The ADOM Approach Perspectives

Th  k l d  i i  tiThe knowledge engineering perspective
ADOM provides a means for knowledge representation and 
elicitationelicitation

The instantiation perspective
ADOM t  diff t t  f  ( t i ti  ADOM supports different types of reuse (customization, 
specialization, open and closed reuse) by incorporating domain 
elements into application modelselements into application models

The validation and verification perspective
ADOM provides means for relaxing application artifacts to domain ADOM provides means for relaxing application artifacts to domain 
artifacts in order to check the validity of the application artifacts in 
the context of the given domain. 
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Summary & DiscussionSummary & Discussion
ADOM’s Advantages

Treating domains similarly to applications enables the specification of 

behavioral constraints and not just structural ones.j

Treating domains in a separate layer (and not in the language layer) 

bl  d  f ADOM  d ff  d l  lenables adjustment of ADOM to different modeling languages.

The usage of the same modeling language for both the application and 

domain layers can reduce the ontological gap and the communication 

problems between the different stakeholders in the system development problems between the different stakeholders in the system development 

process.
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Summary & DiscussionSummary & Discussion
ADOM’s Advantages

ADOM supports semi-automatic domain knowledge elicitation 

This process is supported by a toolp pp y

This process outputs reasonable models even on small numbers of applications

h l dADOM supports other inter-layer domain engineering activities:

Validating application models throughout gradual system development stages 

for reducing the development efforts and costs as errors are detected in early 

stages

Guiding the instantiation of application models from domain models
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Summary & DiscussionSummary & Discussion
ADOM’s Limitations & Future Work

The completeness and expressiveness of the constraints in ADOM have 

not been checked (yet)

In particular, classifying different types of variability and supporting them in 

ADOM

As many domain engineering techniques and methods, the ADOM 

approach can be criticized as dealing with too broad areas (domains)pp g

The results of SDM depend on the broadness of the domain

The results of SDM depend on the chosen applications and their modelsp pp

The results of SDM depend on the lexicon used (WordNet is too general 

purpose)
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The ADOM Approach for BPThe ADOM Approach for BP
Event-driven Process Chains & Multiplicity Indicators

EPC was originally designed for business process modeling

There are attempts to extend EPC to reference models as wellThere are attempts to extend EPC to reference models as well

The most notably is Configurable EPC (C-EPC)

EPC has no multiplicity indicators, neither domain classifiers

We added multiplicity indicators of the form <m  n> to the domain layer and We added multiplicity indicators of the form <m, n> to the domain layer and 

domain classifiers of the form <domain-element name> to the application layer

l l l d h h b d<0, 0> is a special multiplicity indicator which can be associated to 

connectors and denotes a design-time decision
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The ADOM Approach for BPpp
An Example of Sales processes

Th  l  f  d l i  k l d  b  lli  d  The sales reference model integrates knowledge about selling products 

Deferent topologies for selling/producing are known:

make-to-stock: production is made for stock and not for a specific order. E.g., a 

chocolate manufacturer 

assemble-to-order: off-the-shelf parts are composed for a specific order. E.g., a 

computer store computer store 

engineer-to-order: production is made for a specific order. E.g., a software 

development company  development company  

… 
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The ADOM Approach for BPThe ADOM Approach for BP
The Sales reference model

<1,*>
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The ADOM Approach for BPThe ADOM Approach for BP
The Sales process of a Chocolate Manufacturer 

<Customer Order

V

Check Required 
Transport 
Conditions

<Customer 
Credit

<Check 
Customer 
Credit>

<Customer Order 
Received>

Phone Call Received

<Insert Order>
Order Chocolate

<Customer Order 
Received>

Fax Received

<Insert Order>
Order Chocolate

<Customer Order 
Received>

Internet Form 
Received

<Insert Order>
Order Chocolate

<Check 
Availability>

Check Chocolate 
& Packages 
Availability

<Payment>
Issue Invoice & 

Receive 
Payment

Conditions

XOR

Local Export Own Shipment

Credit 
Validated>

by Phone by Fax Via Internet

XOR

<Delivery>
Local Delivery

<Payment 
Handled>

Shipment Shipment Own Shipment

<Delivery>
Export 

Delivery

<Delivery>
Delivery by 
Customer

XOR

<Some Resources 
are not Available>

Chocolate is

<Some Resources 
are not Available>

<Order Inserted>

<Delivery 
Handled>

V

XOR

Chocolate is 
Available, but 

Packages are not 

Wait for 
Packages XOR

Chocolate is not 
Available

Cancel Order

<All Resources 
Available>

Chocolate & 
Packages Available

<Close Sell>

S ll P

<Sell Process 
Failed>

Due to lack of 
Required Chocolate
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Successfully>

back



The ADOM Approach for METhe ADOM Approach for ME
ISO/IEC 24744

ISO/IEC 24744 b  2007    l d d ISO/IEC 24744 (Feb. 2007) is an international standard 

regarding software engineering metamodel for development 

methodologies 

f fISO/IEC 24744 refers to five aspects:

Work Units – the process aspects of methodologies

Work Products – the product aspects of methodologies

Producers – the people aspect of methodologiesProducers the people aspect of methodologies

Stages – the temporal aspect of methodologies
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Model Units – the modeling language aspect of methodologies
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The ADOM Approach for ME 

OPM i   i t t d h t  th  d l t f t  i  

The ADOM Approach for ME 
Object-Process Methodology (OPM)

OPM is an integrated approach to the development of systems in 

general and software systems in particular

OPM unifies the system’s structure and behavior throughout the analysis, 

design and implementation of the system within one frame of reference

• Objects and processes are two types of equally important things (entities) required to 

describe a system in a single, unifying model

• At any point in time, each object is at some state. Object states are transformed 

through the occurrence of a process

Obj  d P   d i  l d d l li k• Object and Processes are connected via structural and procedural links

• Complexity is controlled through recursive and selective scaling (zooming) of objects 

and/or processes to any desired level of details
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and/or processes to any desired level of details
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The ADOM Approach for ME The ADOM Approach for ME 
OPM and ISO/IEC 24744

A work unit is represented by an OPM process.

A work product is represented by an OPM object which may be an input 

and/or an output for a work unit. 

A d i   h i l d i l bj  h    h  A producer is a physical and environmental object that represents a human 

(or a team of humans) who should be involved somehow in the work unit. 

A stage is a wrapping process which may comprise of one or more work 

units. units. 

Model units are objects which are required for carrying out work units and 
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producing work products. 
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The ADOM Approach for ME The ADOM Approach for ME 
OPM and ADOM

OPM has multiplicities only to structural links

Domain model roles are used for specifying multiplicity indicators of objects, 

processes, and states

Link’s cardinalities/multiplicities are used for specifying multiplicity 

i di t  f t t l li kindicators of structural links

The default multiplicity indicators of entities (objects, processes, and states) 

are assumed to be ‘optional many’are assumed to be optional many

The default multiplicity indicators of links are assumed to be ‘mandatory 

single’single

OPM has roles as domain classifiers

A special kind of role (in the domain layer) is meta attribute
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A special kind of role (in the domain layer) is meta-attribute
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The ADOM Approach for ME The ADOM Approach for ME 
The top level domain model
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The ADOM Approach for ME The ADOM Approach for ME 
Unfolding Work Unit

Relationship name ∈ { is mandatory forRelationship name ∈ { is mandatory for, 
is recommended for,       
is optional for,
is discouraged for,       
is forbidden }
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The ADOM Approach for ME The ADOM Approach for ME 
Unfolding Work Product and Document
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The ADOM Approach for ME The ADOM Approach for ME 
Unfolding Stage
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The ADOM Approach for METhe ADOM Approach for ME
“Extract Requirements" activity (from RUP)
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The ADOM Approach for MEpp
“Requirement Document" work product from RUP
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Experimenting with ADOMExperimenting with ADOM
Experiment #1 Raw Results
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Experimenting with ADOMExperimenting with ADOM
Experiment #2 Raw Results
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Experimenting with ADOMExperimenting with ADOM
Experiment #2 Raw Results
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Experimenting with ADOMExperimenting with ADOM
Experiment #2 Raw Results
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