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ABSTRACT OF DISSERTATION

DEFINING DOM AIN-SPECIFIC O BJECT-O RIEN TED  MODELING LANGUAGES AS

UML PROFILES

The use of general purpose modeling languages (GPMLs) in specifying software applica­
tions is giving way to  the increasing usage of domain-specific modeling languages (DSMLs). 
DSMLs ofFer a vocabulary of terms and concepts that are fundamental to the problem and 
solution domains, whereas GPM Ls constructs are usually too generic to  be directly applied 
in some domains.

The Unified Modeling Lang-uage (UML) is a comprehensive set of graphical and textual 
notations for modeling various views of software systems, using object — oriented  concepts. 
Though the UML has been designed to satisfy the requirements of the typical software 
modeling tasks, there are some projects th a t require features beyond those explicitly defined 
in the UML. Application of the UML extension mechanisms on a coherent set of UML m eta­
models. which are defined by the requirement of a specific application domain or enterprise, 
results in what is term ed a  UML p r o f  ile. Profiles may be used to package domain-specific 
modeling entities th a t are applied in building application models for the domain.

The objective of this research is to develop domain-specific object-oriented modeling 
languages th a t are defined in the form at of UML profiles. Most DSMLs may be viewed as 
high level program m ing  languages, because they are usually applied near the end of the 
design phase of application development and are generally textual models. DSML, as used 
in this work, are graphical in presentation, and are intended to be used at the analysis and 
design stages of application development.

The result of this work will be the definition of components of DSMLs th a t constitute 
the syntax and semantics of the language, and the formulation of a process for defining 
DSMLs in the format of UML profiles.

The main benefits th a t are realized from using DSML are the reuse of standardized 
domain artifacts, reduction in the time to deliver complete products, and more easily main­
tained applications.

Emanuel Sylvester G rant 
Com puter Science Departm ent 
Colorado S tate University 
Fort Collins. Colorado 80523 
Fall 2002
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C hapter 1

Introduction

The title of the  dissertation, Defining Domain-Specific Object-Oriented Modeling Languages

as UML Profiles reflects the following:

• T he research work centers on issues related to the definition of analysis 
and design level object-oriented modeling languages for specific software 
domains, and

•  T he use of the Unified Modeling Language (UML) as the notation for such 
domain-specific modeling languages.

The above bulleted items form the basis for the research thesis, which is:

T h e  d evelop m en t and use o f  d om ain -specific  ob ject-orien ted  m od­
e lin g  lan gu ages in m ature and w ell-defined  softw are d evelopm en t do­
m ains fac ilita tes  ex ten siv e  reuse o f  m od eling  exp erien ces th a t are in­
tr in sica lly  em b ed d ed  in th e language com p on en ts, and w ill result in  
th e  d e liv ery  o f  so ftw are sy stem s th a t  are produced  from  standard ized  
d om ain  m od eling  artifacts.

The work of this dissertation (definition of domain specific modeling languages (DSML) [25, 

26, 86, 89, 9 L]) draws on work related to software reuse [5, 28. 39, 52, 59, 67] and modeling 

notations and techniques [43], and on work in the more general area of software engineering 

(SE) [18, 40, 51, 54, 82]. The research framework is illustrated in Figure 1.1: the DSML 

technology is viewed as a component of reuse technology with modeling notations and 

techniques, and  reuse technologies being components of software engineering.

The origin of the term  software engineering (SE) dates back to the 1960s and may be 

viewed as all the activities, processes, tools, docum entations, and practices that are applied 

in a scientific m anner in order to deliver software products that satisfy the stated require­

ments [85]. T he opening chapter of Shaw and G arlan’s text on software architecture offers

1
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Figure l.L: The Research Framework

an insightful chronicle of the evolution of SE [85], T he notion of re-usability is fundamental 

in all the established engineering fields, and is now being applied in a similar m anner to 

software development. Software reuse in its is simplest form is the use (adaptation) of parts  

from one system in the production of other software systems th a t have some features in 

common [68]. This type of reuse is accidental (i.e. the parts  th a t have been reused were not 

developed with reuse as an intended purpose). The o ther form of reuse occurs when software 

artifacts are developed specifically to be reused in many system s/applications. Such arti­

facts are developed not with a particular application in mind, but a family of applications 

and systems [68].

Modeling notations are fundamental to the representation of problems and solutions 

in an application domain and determine the types of problem and solution models th a t a 

developer may be able to create. Domain-specific modeling languages are graphical an d /o r 

textual notations th a t offer a syntax and semantics of term s and concepts tha t are intim ately 

bound to the domain under consideration. These languages are used by developers to express 

models of both  the problems and solutions within the domain, in a format tha t is native to 

the domain.
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1.1 Problem  S tatem ent

Software developers/engineers have been grappling with the demand for more reliable, main­

tainable, and correct software systems that have to be developed in an environment of con­

tracting development tim e [95]. Research in software development th a t is geared towards 

meeting the demands placed on the software practitioner has taken on a multi-pronged 

approach. A number of these approaches show promise of offering advances in software 

development. One such approach is the development and use of domain-specific technology 

in well defined and m ature domains [97]. Domain-specific technology, which includes the 

development and use of domain-specific modeling languages, is a sub-area of the wider field 

of software reuse technologies (as illustrated in Figure L.L). Reuse technology can be applied 

in two dimensions [94]:

L. horizontal (generic) reuse - occurs where architectural patterns (e.g. creation, struc­

tural, behavioral [33]), da ta  structures (e.g. queues, stacks [60]), and algorithms (e.g. 

searches, sorts, list m anipulation [14]) are applied in multiple application domains.

2. vertical (domain-specific) reuse - occurs when artifacts of software development are 

created for a fam ily o f products within a specific-domain (this is the type of reuse 

researched herein). Assets in this dimension are characterized by their application to 

a specific domain (e.g. mobile pager system [29]).

An organization th a t views reuse experience as an a ttr ib u te  of itself, rather than as an 

a ttrib u te  of individuals, is better able to capitalize on its collective experiences during 

system development [38]. Such an organization is better able to learn  from its collective 

experiences, and thus is in a b e tte r position to increase its productivity and the quality of 

its products. In this context, systematic reuse of high quality analysis and design expe­

rience during the development of software systems can lead to significant improvement in 

the quality of the product. The use of general purpose modeling languages (GPMLs) in 

specifying software applications is giving way to the usage of domain-specific modeling lan­

guages (DSMLs). This is evident from the large number of DSLs being developed and used,

3
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such as those presented a t the USENIX1 conferences on DSL, and the ACM workshops on 

DSL2. DSLs offer a vocabulary of terms and concepts tha t are intim ate to the problem and 

solution domains, whereas GPM Ls constructs are usually too generic to be directly applied 

in expressing the problem or solution for some domains [10]. Most DSMLs examined in 

this research are high level textual programming languages. Such DSMLs offer very little 

support for modeling at the analysis, and design levels of application development.

The Unified Modeling Language (UML) [9, 43, 44]is a comprehensive set of graphical 

and textual notations for modeling various views of software systems, using object-oriented 

(OO) concepts. The UML is a standard  modeling notation tha t was developed in response 

to  the problems arising out of a proliferation of OO modeling notations, and has been 

accepted as the de facto  modeling notation for object-oriented system [9].

As the use of the UML has grown, so has the need for it to satisfy the specific require­

ments of various user groups. T he initial response to this dem and was to  add new features 

and concepts to the UML [58]. Though the UML has mechanisms to tailor the standard 

UML concepts to specific requirements, such mechanisms were not extensively used in the 

early releases of the UML specification because of limited tool support, and ambiguities in 

the definition of some of the UML concepts. Thus the practice of adding more features and 

concepts to the UML resulted in it becoming large and difficult to  use.

This research aims to  make an original contribution to academic work on the derivation 

of modeling notations tha t support rapid development of high quality software through reuse 

of domain-specific concepts. This research develops processes for defining domain-specific 

modeling languages (DSML), based on the UML. DSMLs offer application engineers a set of 

domain-specific modeling concepts tha t are native to an application domain, and incorporate 

analysis and design development decisions related to domain products. Armed with such 

languages, software application engineers are able to develop models of the problems and

'See the USENIX web site at h t tp : / /w w w .u se n ix .o rg

2See the ACM DSL web site at h ttp : / /vn u w -sa l .cs .u iu c .edu /~ kam .in /d s l /

4
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solutions for the desired software products th a t are more reliable [69].

1.2 R esearch Objectives and P lan

The objective of this research is to develop a  systematic approach to defining, domain- 

specific modeling languages that are constructed using the UML. These DSMLs provide 

domain-specific modeling constructs that are used by application engineers to  c rea te  ap­

plication models a t the analysis and design levels. Because these constructs have in most 

cases, a precise basis (the formally constrained stereotypes) they may be rigorously analyzed 

(though not completely) by OCL analysis tools before being translated to code. A type of 

rigorous analysis is dem onstrated in one of the case studies conducted in this research. In 

such an environment, Domain-Specific Software Engineering Environment (DSSEE) appli­

cation engineers will develop models using constructs that directly reflect domain concepts 

as these models will incorporate expert experiences related to development in the  domain 

(see Figure L.2). A detailed description of Figure L.2 is given in Section 3.2.

Figure 1.2: Domain-Specific Software Engineering Environment (DSSEE)

The research documented in this dissertation intends to make a contribution to  work in 

the following specific areas:

•  Definition of domain-specific modeling languages.
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•  Definition of precise syntax and semantics for the specialized UML model element 
used in defining domain-specific modeling languages.

•  Specialization of UML model elements and meta-models, tha t define the components 
of domain-specific modeling languages.

•  Derivation of a process for developing domain-specific modeling languages based on 
the UML.

•  Demonstration of the development of domain-specific modeling languages so as to 
realize a high degree of reuse in application engineering.

The approach taken in conducting the research is targeted a t producing a set of deliverables. 

These deliverables are directly obtained from the areas of researched identified at the end 

of the previous Section 1.1, and are listed below:

•  A precise representation of the syntax and semantics of domain-specific modeling 

languages by using the UML extension mechanisms (EM), and denotational-like map­

pings on the UML model elements used in defining the domain-specific modeling 

language.

•  Techniques for defining domain-specific modeling languages as UML profiles.

•  Demonstration of the development of domain-specific modeling languages.

•  Results from the application of the research concepts on case studies from real world 

domains.

In order to accomplish this task (production of the deliverables) and dem onstrate the pos­

sible continuing benefits of this work the following research plan will be implemented:

1. A review of the UML concepts th a t are pertinent to  the research work undertaken, 
specifically the UML meta-modeling, model management, extension mechanisms, pro­
file. syntax  and sem antics  concepts.

2. An analysis of previous works on domain-specific modeling languages, for the purpose 
of determ ining the essential properties of DSML.

3. Development of the  deliverables of the research.

4. Presentation of ideas for future work th a t have been identified during the research.

6
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There are a number of benefits tha t may be realized from the use of DSML technology in 

system development. Among these benefits are: (1) increases in reliability, maintainability, 

and productivity; (2) increase in the level of abstraction of the system specification; (3) and 

the incorporation of domain knowledge in the DSML. Albeit, the dem onstration of these 

benefits is not within the scope of this research.

1.3 Organization and Scope

Throughout this report the term  domain-specific modeling language will be used, rather than 

the generic term domain specific languages, except in places where referenced works use the 

term domain specific languages. This terminology expresses the focus of this research, i.e. 

the use of UML variants for modeling software system artifacts in specific domains. In this 

work the emphasis is on the graphical modeling aspects of DSML. Use of the term modeling 

refers to the representation of problem and solution entities in prim arily graphical format.

The general approach taken in this report is tha t whenever a concept is introduced a 

definition (that supports the work) for the concept is presented. This definition may be in 

the form of (L) a statem ent tha t has been derived from a review of a number of published 

definitions, (2) a statem ent tha t has been taken verbatim from a published work, or (3) a 

statem ent that has been taken from a published work, and tailored to support the intent of 

the work.

1 .3 .1  S c o p e

For the purpose of consistency, the work presented here is based on the Unified Modeling 

Language (UML) Specification version 1.4 [43]. Errors th a t are encountered in this version 

will be noted.

The UML Specification [43] list a number of models th a t may be developed to present 

particular views of a software system. At the requirement phase the two models tha t are 

chiefly used are the use case and analysis class diagram. These are complemented at the 

design phase by design class diagram, the behavioral diagram s, which comprise state chart, 

activity, and interaction  (sequence and collaboration) diagrams. At the implementation

7
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phase the UML models are the com ponent and deployment diagrams. The DSML defined 

in this work will be used to specify a desired sub-set of these model.

In developing DSMLs for different domains there will be requirements for different sub­

sets of UML models. The goal is to use a core set of models th a t facilitates the imple­

m entation of DSMLs. Detail descriptions of the UML models used in defining DSMLs, in 

this work, are presented in Section 2.5.6. Com ponent and deployment diagrams - are used 

a t the implementation phase of system development, and are not considered in this work. 

Language com ponents that are used to represent the use case, activity, collaboration, class, 

s ta te  chart, and sequence diagrams are documented herein.

1 .3 .2  C h a p te r  d e s c r ip t io n

C hapter  2 presents an overview of the states of research and practice that contribute to 

this work, and presents examples of works in some of these areas. C hapter  3 presents a 

description of DSMLs that includes an in-depth look a t the use of the UML EM concepts 

used in defining DSMLs. C hapter 4 presents the processes tha t are used to construct 

DSMLs. C hapter  5 and 6 describes the application of the processes of Chapter 4 on real 

industrial domains. C hap terl docum ents the experience gained during the development of 

the theory of the research and the application of tha t theory in the form of two case studies 

on real industrial problems. C hapter 8 is the concluding chapter of the dissertation and 

contains the following sub-sections:

•  R esults  - a summary of the observed results of the documented work.

•  Future work - in this area of research. This will include a look a t the requirements 

for defining domain models, stereotypes, constraints, meta-models, for the other UML 

models not considered in this research.

•  Contribution - this concluding chapter will also contain a statem ent of the contribution 

that this work has made in the research field.

T he closing sections of the dissertation include a bibliography of referenced publications, 

and an index; of term s.

8
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C hapter 2

Background

This background chapter is to present an overview of the state  of research and practice in 

software reuse, software development and DSMLs. illustrated in Figure L.l. and outlined in 

Sections 1 and L.2. In addition this chapter docum ents o ther works tha t support the thesis 

of this research. This chapter also introduces the main term s and concepts.

2.1 Language D efinition

Various definitions of the concepts language and D S M L  are used in the software commu­

nity. The approach taken in formulating a definition for DSML is to first present varied 

definitions for the term language so as to identify the key features of this concept. This will 

then lead to a definition of the concept modeling language th a t reflects on the earlier defi­

nition of the concept language. Finally a definition for domain-specific modeling language 

tha t supports the basis of the research will be presented.

The term  language as defined in the W ebster dictionary[72], is: :

" . . . a  special set o f symbols, letters, numerals, rules, etc.. used fo r  the trans­
mission o f in fo r m a t io n [72]

A description of language, from the linguistic community, is based on the fundamental 

assumption th a t all languages have universal features [8]. The features of interest in this 

work are:

•  every language has a dictionary (lexicon) of words and sentences, and their associated 
meanings, and

•  every language has a gram m ar, tha t includes rules for the form ation of words and 
sentences,

9
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W ithin the discipline of com puter science the definition of language is given in term s of a 

simple grammar [87]:

Let G  =  {V, E , P , S} be a simple grammar. W here
V  is a finite set of variables.
E is a finite set of terminal symbols,
S is a distinguished element called the s ta rt symbol.
P  is a finite set of production rules, and
V  n  E =  0. Then

the simple language of G , denoted L (G ), is the set {w  6  E | S ic}

In David Schm idt’s work on programming language development [84] he defines a 

program m ing  language as having three characteristics:

•  Syn tax , which defines the appearance and structure of the language constructs,

•  Sem antics, which assigns meaning to the language constructs, and

•  Pragm atics, which specifies the usage of the language.

This notion of language is also presented in P ra tt's  work on programming languages [78].

The community of com puter science recognizes the significance and importance of lan­

guages that are not textual based, and have identified the field of visual languages (VL) as 

a major area of s tudy1. Some of the areas that VLs have been applied are in the design 

of: (1) digital circuits [92], (2) building structures [79], and (3) parameterized devices [75]. 

The specification of visual (iconic) languages is considered to  be the same as for a textual 

language, but

" .. .  whose basic expressions are small pictorial signs that refer to the ele­
ments they visually depict" [46]

The above definitions all contain the idea of a language consisting of: (i) a set of language 

constructs (symbols. words, sentences, expressions); (2) rules (gram m ar) for composing 

these constructs: and (3) the meanings of the language constructs. The notion of language 

used in this work refers to the language constructs and rules for composing the constructs 

as the syn ta x  of the language, and the meanings associated with the language constructs 

as the sem antics  of the language.

lSee Journal o f Visual Languages and Computing.

10
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2 .1 .1  L a n g u a g e  s y n ta x

All languages have a nota tion  th a t is used to express the constructs of the language. This no­

tation may be textual (for textual languages), or graphical (for VLs). For textual languages 

the constructs may be sets of words, strings, phrases, or sentences. For visual languages the 

constructs may be sets of icons, pictures, drawings, etc. These sets of constructs form the 

syntactic notation  of the language [46]. An example of a syntactic notation, for a simple 

textual arithm etic language, is: {0, 1, 2 , 3, 4 , 5 , 6 , 7 , 8 , 9 , -F, x, -4-, -}. Similarly, 

an example of a syntactic notation, for a visual UML state chart [43] language, is:

{© O  *--------- '}• The syntactic notation is used to define the concrete syntax  of the lan­

guage.

Along with its syntactic notation, a language must include rules for combining and using 

the constructs of the syntactic notation [46]. Such a set of rules defines the gram m ar  of 

the language. In defining these gramm atical rules it is necessary to specify the syntactic 

domains for the notation elements..

The syntactic domain of a language notation is a set of values with a common 

syntactic structure [84]. For example, the numerical values of the arithm etic expres­

sion are from the syntactic domain of d ig i t s .  Similarly the 'signs’ of the language is 

from the syntactic domain o p e ra to r . An example of a gram m atical rule for the arith­

metic language is given in BNF (Backus Naur Form) notation [71], by (ex p ressio n ) ::= 

(num era l)(operato r)(num eral). The complete language gram m ar, expressed in BNF is:

(exp ressio n ) ::=  (num eral) | ((exp ress ion )) | — (ex p ressio n )
| (e x p re ss io n )(o p e ra to r)(e x p re ss io n )

(numeral) ::=  ( d ig i t )  | (d ig i t)  (numeral)
(d ig i t ) ::=  0 |l|2 |3 |4 |5 |6 |7 |3 |9
(o p era to r) ::=  - H x | + | -

where: 0 ,1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,  9, -F, x , + , and - are term inal symbols, and (d ig i t) ,

(ex p ress io n ), (num eral), and (o p e ra to r)  are non-terminal symbols.

The gram m ar provides an algorithm for deriving legal expressions of the language, but 

the process of defining a language requires a description  of the language.

11
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2 .1 .1 .1  A bstract sy n ta x

This description of the structure  of a language is usually in a form that excludes use of 

the terminal symbols of the language. Terminal symbols are the symbols (letters, words, 

icons) that appear in actual expressions of the language, i.e. the elements of the syntactic 

notation. Such descriptions are identified as the abstract syntax  of the language [84]. The 

abstract syntax of the example arithm etic language is given as:

(exp ressio n ) ::=  (numeral) | le fL p a ra n (exp ress io n )r ig h C p a ra n  |
m inus(expression) | (expression)(operator)(expression) 

(numeral) ::=  zero \ one \ two \ three \ fo u r  | . . .  | f i f t y  \ f i f t y o n e  | . . .
(operator) ::=  div | tim es  | plus \ m inus

While this approach works fairly well for textual languages, it is not as straight forward 

to  define abstract syntax for VLs. The abstract syntax for a textual language contains struc­

turing information about the language, e.g. with the exception of the m inus  (ex p ress  ion), 

all operators must be preceded and followed by a num eral. It is difficult to reflect structu r­

ing information about concrete VL constructs in their corresponding abstract syntax. An 

example of the abstract syntax of a VL is illustrated in Figure 2. L. This diagram  has been 

reproduced from the UML specification [43], and shows the abstract syntax of the Core 

Package - Dependency. Figure 2.1 depicts: (L) the concepts Usage. Permission. Binding. 

and Abstraction as specializations of Dependency. (2) Dependency as a specialization of Re­

lationship. and (3) the relationship between Dependency and ModelElement. The syntactic 

information presented in this diagram is tha t a Dependency (be it a Usage or a Permis­

sion, or a Binding, or an Abstraction establishes an association between ModelElements, 

such that on one end of the Dependency the ModelElement plays the role of a public visible 

client, and on the opposite end of the same Dependency the ModelElement plays the role 

o f a public visible supplier. Additionally the multiplicity on the associations, of Figure 2.1 

specifies tha t dependencies must be associated with ModelElement. A set of UML rules - the 

well-formedness rules (W FR) are included to completely specify the structural definition 

contained in Figure 2.1.

At this point it is useful to introduce the term  m eta — m odel, and sta te  its relationship 

to  the term  abstract syntax. This is necessary because of the possibility of confusion in

12
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♦suppli«rO«p«nd«ncy

o..»

D ependency

Relationship

BindingPerm issionU sage

mappng' MappngExpmssion
Abstraction

Figure 2.L: UML Core Package - Dependency abstract syntax [43]

the usage of both terms. The UML views meta-model as: (L) an abstract syntax, (2) 

well-formedness rules (W FR), and (3) semantics [43]. In Section 2.1.1 it is shown that the 

syntax of the  UML is given my its abstract syntax and well-formedness rules. Thus it can be 

deduced th a t the UML meta-model is the UML language. In this work a slightly different 

interpretation of meta-model is taken - Meta-model is viewed as the syntactic graphical 

representation of DSMLs. In addition to the syntax of a DSML being captured in the 

meta-model it is also specified in the stereotypes of the DSML textually.

2 .1 .2  L a n g u a g e  se m a n tic s

Whereas language abstract syntax deals with the structure of the language constructs, 

language semantics deals with the m eanings  ascribed to the language constructs. An 

understanding of the semantics of any language is necessary for the purpose of being able 

to define, use, and modify the language [22]. Though extensive work has been done on 

the definition of semantics for textual languages, a general framework for specifying VL 

semantics is not available. There are a variety of semantic formalism (denotational [84], 

structured operational [90], action [44], and algebras [7]) tha t have been developed for 

textual languages over many decades, but it is only recently tha t research has focused 

on formal semantics for VL [22]. M artin Erwig [22] states that a possible reason for this

13
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situation is the  absence of an equivalent notion of abstract syntax  for VLs.

Though this lack of abstract syntax for VLs may be true in general, within the VL 

sub-domain of software modeling languages the modeling notation in use (the UML) is 

undergoing standardization. This standardized modeling notation, along with its abstract 

syntax provides the basis for research on the definition of semantics for VLs [24, 42, 81].

Similar to  the identification of a syntactic domain for the definition of the structural 

features of a language, the identification of a semantic domain is crucial to  the definition 

of the semantic features of a language. A semantic domain is a set of concepts whose 

m eaning  is known and well understood, and for which there is a mapping  from the syntactic 

constructs of the language to the concepts of the semantic domain [81]. Consequently, the 

view taken herein is th a t the semantics of a language is comprised of a semantic domain 

and a mapping from the syntax of the language to the semantic domain. This is the 

denotational approach to  semantic definition [84], and is also used in the Meta-Modeling 

Facility (MMF) [13] approach to engineering object-oriented design languages. An example 

of this mapping between the syntax of a language and the semantic domain of the language 

is shown in Figure 2.2

Semantic Domain

Set ol objects *

Relationship ■* 

Sub  se t ol objects ■* 

Relationship *

S et m em ber *

UML Concept

Class

Association

Specialization

Aggregation

Object

Concrete Syntax

C lass nam e

Ohjoct namo

Figure 2.2: Semantic domain mapping
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Figure 2.2 illustrates the m apping for a few UML constructs from the syntactic repre­

sentation to  the semantic domain. There can be more than one semantic domain for the 

syntax of a  language. For the purpose of this work a language is defined as:

•  syn tax , which includes the notation of the language, and the rules for composing 
compound constructs from the basic constructs of the language, and

•  sem antics, which represent the meanings of the basic and compound constructs of 
the language.

This definition is general enough to be applicable to both textual and visual languages. 

In the following section this definition will be refined so as to be specific to software mod­

eling languages, and then defined more specifically for software domain-specific modeling 

languages.

In this research work the a ttem pt to define precise (formal) semantics for DSML con­

structs is lim ite d  to the precision offered in the UML specification in conjunction with any 

additional mapping (denotation) from the model elements to formal concepts in a semantic 

domain. Because of this lim itation the semantic definitions for DSML model elements may 

not be in a one-to-one conformance with the specified textual specification of the elements 

meaning. This is because it may not be possible to map all textually specified m eaning  to 

a formal concept. Hence the precise (formal) semantics may be supplemented with textual 

description. Additionally, the UML and mapped semantics may be further constrained, 

but the mapped semantics and constraints cannot violate the UML specification semantics. 

The practice of supplem enting the formal semantics with textual description is currently 

how the UML semantics is defined.

In this work the following views on semantic definition for DSML are held:

•  The UML class and it associated objects concepts are the fundamental modeling 

concept used in all UML models of DSML.

•  A DSML class is a set whose members are termed objects and these objects are 

characterized by having unique identifiers (a requirement of set membership).

•  A universal DSML class characterizes all objects in the universe, and all classes 

defined in a DSML are sub-classes of the universal DSML class.

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.2 D om ain-Specific M odeling Language

Domain-specific modeling languages (DSMLs) are a subset of software visual modeling 

languages tha t are characterized by having a vocabulary of terms and concepts that are 

fundam ental to the problem and solution dom ains under consideration. Thus. DSMLs are 

identical, in definition, to tha t of software modeling languages, bu t w ith the added feature 

th a t the term s and concepts of the language have little applicability outside the specific 

domain.

The following sections (2.2.1, and 2.2.2) presents overviews of two DSML [70, 89]. From 

the overviews inferences will be drawn as to how closely these DSLs are in-step with the 

definition for DSML that has been accepted in this research. In addition, a summary of 

the benefits, requirements, and development issues associated with using DSMLs will be 

presented.

It must be again noted (as in Section L.3) th a t the term domain-specific modeling lan­

guage is explicitly uses herein, while the reviewed literature and previous work may use the 

term  domain-specific language.

2 .2 .1  J a rg o n  for d o m a in  e n g in ee r in g

Lloyd Nakatani [70] proposes the use of ja rg o n s  in place of formal DSMLs because of their:

(1) ease of definition, (2) composability, and (3) multi-purpose modeling capability.

The W ebster’s New World College Dictionary [72] defines the word jargon  as:

"The specialized vocabulary and idioms o f those in the same work, profession, 
etc.. as o f sportswriters or social workers. . . " 2

Though the word (jargon) is not explicitly defined in [70] the above definition aptly describes 

its usage in Nakatani's et al. work. The authors describe how their work with the Family- 

oriented Abstraction. Specification, and Translation (FAST) [15] process precipitated the 

invention of ja rgons. Jargon  was invented because of the need to overcome the problem of

2This is not the only definitions for the word ja rg o n  in [72].
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the long development time for producing a DSL. which caused a bottleneck in the overall 

software development cycle. The authors had worked extensively with the FAST process, 

and found th a t the time and skill that is required to build DSLs in the FAST process was 

not productive. Consequently they developed jargons, and have successfully incorporated 

this new form of DSL into the FAST process. A detailed description of the FAST process 

may be obtained from [15, 96], Suffice to say at this point that FAST is made up of two

main processes as itemized below and presented in Figure 2.3:

L. Domain Engineering (where software family members are analyzed to  determ ine their 
commonalities), and

2. Application Engineering (where a model of the software family members is specified 
in term s of one or more jargons).

A pplication Engineering 
^  E n v i r o n m e n t__

A pplications

Domain Engineering

A pplication Engineering

Figure 2.3: The FAST process [15]

Jargons  are implemented from a single abstract syntax whose form is given as: 

■,term{note\ \ note2 | . . .  | no£e,i)[memo]

where: (1) ‘|5, ‘( \  ;[!, and :]’ are jargon  meta-characters,
(2) te rm  is the name of the jargon  expression, and is user defined,
(3) m em o  is the information tha t is the focus of the expression, and
(4) notei (i =  l . . . n )  are either a ttributes of the m em o , or param eters 

used to control evaluation of the expression.

This abstract syntax ( W izT a lk ) is bu t one component in the application engineering 

environment ( I n fo W i z ). The other components are, the In fo W iz  generic interpreter, the
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F it programming language, and th e  API functions. The W izT a lk  abstract syntax is used 

to model document formats, algorithm s, and hierarchically structured information. The 

In fo W iz  generic interpreter is used to  process any ja rgon , which has been customized 

with a semantics of the user defined jargon.

The semantics for the ja rg o n  is defined by a set of actions, which has a one-to-one 

relationship with the expressions o f the specific jargon. T he file that contains the actions 

is called a w izer, and a num ber of these files may be loaded by the interpreter in a single 

execution. The interpreter processes a jargon  model by parsing it in a top-down, left- 

to-right, depth-first order; and executes the action corresponding to the expression a t each 

node of the parse tree. T he API functions allows the actions  to  interface with the In fo W iz  

interpreter.

The Fit programming language is used to write actions  with the support of the API 

function library. The F it program m ing language, and I n fo W iz  are proprietary properties 

of Lucent Technologies3, but F it  is available in the public domain.

An example'1 of a jargon, an associated action, and the ir execution are given by:

3See Lucent's web-page at http://tm uxu.pacelinetech.com  

‘Taken from [70] with changes.
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The ja rgon  expression is given by: 
g r e e t  ing[W orld]

where: (1) greeting is the name of the jargon  expression,
(2) World is the memo for the expression g re e t in g , and
(3) the expression is held in the file g re e t in g .d o c .

T he Fit function tha t defines the semantics of the ja rg o n  expression is 
given by:
A_greeting

WizOut ‘‘Hello to the whole ’’ GetWizMemo

where: (L) A_greeting identifies the jargon  expression for the action,
(2) WizOut and GetWizMemo are F it API library functions, and
(3) the action semantics is held in a w izer  file h e l lo .w

The line com mand to invoke the In fo W iz  interpreter, which (L) accesses 
the action in the h e llo .w  w izer  file, (2) processes the contents of the 
g r e e t in g .d o c  ja rgon  file, and (3) generates the ou tp u t is: 

lo c a lh o s t>  wiz -w h e llo .w  g re e t in g .d o c

and the output is:
localhost> Hello to the whole World

.Jargon DSLs support the decomposition (divide-and-concjuer) principle of software de­

velopment. The domain under consideration is partitioned into two regions: com m onalities. 

and variab ilities . In the case study given in [70] the configuration control domain region 

of commonality is its reconfiguration algorithms, and the region of variability is its config­

urations: as determ ined in the FAST commonality analysis process.

In the concluding section of [70] Nakatani points out that the Info Wiz jargon concepts 

could be implemented with XML [47] instead of W izT a lk . and Java [66] (or Perl [93] or 

Python [64]) used in-place of F it  for the host programming language.

2 .2 .2  A  D S L  for v id e o  d e v ic e  d r iv e rs

T he second DSL reviewed is from the work of Scott Thibault et a i .  [89]. Here the authors 

argue tha t a 's a fe r ' software architecture tha t is based on DSLs has as its primary aim, 

the achievement of applications in a shorter development time. DSLs produce safer appli­

cations because such applications are less error-prone than those developed using general
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programm ing languages (GPL). This occurs because DSLs abstract key concepts, thus al­

lowing the developer to  focus on the issues tha t are pertinent at the particular phase of 

the development cycle. They identify increases in flexibility, productivity, and reliability  as 

additional benefits tha t are realized from the usage of DSLs. But these benefits are offset 

by the difficult and costly task of building DSLs.

Thibault et al. [89] comments on two approaches to implementing DSLs, namely:

1. Those th a t are based on compiler technology, where there is a translation from the 

DSL to a target GPL. Such DSLs are difficult to write, require expert knowledge 

in language development, and are difficult to extend with new constructs or change 

existing ones. But on the positive side, these DSLs are very efficient.

2. Those that are based on interpreter technology are easy to write, require little knowl­

edge of language development, are easier to extend and maintain. The negative side 

of these DSLs is tha t they are inefficient.

In order to take advantage of the best qualities of both DSL implementation technologies the 

authors propose a framework for the development of application generators th a t reconcile 

both approaches. Their framework relies on the program transformation technique, partial 

evaluation, which is suited to automatically transforming interpreters into compilers. An 

explanation of partial evaluation will not be presented here, but it is sufficient to  say that 

it is a process by which known information about a programs input is exploited so as to 

evaluate sections of the program in advance (see [53] for details).

The framework proposed by Thibault et al. for the development of application genera­

tors is a  two level (A and B) structure as presented in Figure 2.4 [89].

The lower level (B) is the definition of an abstract machine; " . . .  whose operations can 

be viewed as generic components that capture important operations o f the domain. " [89] 

The upper level (A) is made up of a definition for a micro-language (a DSL) in terms of 

the abstract machine, and this DSL provides an interface to  the abstract machine. In this 

framework partial evaluation is applied at two points in the process, i.e. once a t each level. 

Partial evaluation is applied to map a micro-program (DSL program) into an abstract
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Figure 2.4: Generic program instantiation [89]

machine program . It is also used to map an abstract machine program into an efficient 

micro-program implementation.

The micro-language of Figure 2.4 is a " .. .  small restricted DSL which formally defines 

the program fam ily  . . . ” [89] An instantiation of this program family is specified by a micro­

program. The program-specializer (a partial evaluator) a t level A  accepts, as input, the 

micro-program and outputs an abstract machine program. The im plementation of the 

abstract machine is a parameterized library of fundamental operations of the domain, with 

the param eters representing the variations of the operations. An abstract machine program 

has a set of param eters that satisfies the particular required functionality of the operation. 

The program-specializer (another partial evaluator) at level B  eliminates the generality from 

the selected library function by using the supplied param eters. The result is the micro­

program  im plem enta tion .

The DSL (micro-language) captures the variations in what is done in the domain, and 

the abstract-m achine captures the variations in how things are done in the domain. The 

program-specifiers (partial evaluators) provide a mapping from the generic programs of the
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domain to a specific abstract machine program (level A ), and a mapping from the generic 

abstract program to a specific micro-program implementation (level B ). The DSL acts as 

an interface to the abstract machine library, i.e. DSL constructs reference the functions of 

the library.

The DSL designed for the video device driver domain is called Graphical Adapter Lan­

guage (GAL), and the following paragraphs offer a brief description of: ( i)  the inputs to 

its creation; (2) its level of abstraction; (3) its level of restriction; and (4) definition of its 

variability, readability, and maintainability.

In the description of the definition of GAL the authors wrote about the variabilities of the 

domain, which were obtained from documentation on existing video cards, and inspection 

of video device driver code. One example of variability tha t was identified is th a t of the 

number of ways of communicating with the various cards studied. The commonalities of 

the domain are expressed, in GAL, as elements of the abstract machine program.

A second main input to the definition of a DSL is the domain knowledge of the abstract 

objects (concepts), and terminology used in the domain. In the definition of GAL the au­

thors gained this dom ain knowledge from domain experts, and natural language application 

and system specifications. The authors identify this input as an im portant one, " . . .  because 

it leads to a more abstract user-level DSL." [89] Examples of domain concepts identified in 

this example are clocks, ports, and registers.

Once the dom ain concepts were listed, the attribu tes of these objects tha t relate to 

variabilities within the domain are then identified. From this, DSL declarative statem ents 

are defined to express values of those attributes that vary within the domain. Relationships 

between objects are translated into reference relationships in GAL. An example of this 

concept is given by registers  being defined by reference to port definitions.

Though the authors were able to identify the patterns and define the abstract machine 

for the video-card device driver domain, relatively easy, they encountered some difficulty 

as a result of having to deal with code tha t was written by a num ber of programmers with 

different styles. Thus, it was necessary for the domain analysis process to be extremely 

detailed in determ ining similarities in functionalities of control structures examined.
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T hibault et al. identified the provision of a high level of abstraction as an im portant goal 

behind the creation of a DSL, and this is their intent on focusing on the level of abstraction 

th a t can be achieved from the the  abstract machine program in GAL. They set out to include 

information in GAL, which is used exclusively at the analysis level of system /application 

development. An exam ple of this abstraction is dem onstrated in their use of the concepts 

f  ields and param eter  to elim inate the low — level (implementation) procedural nature 

of of operations th a t execute bitwise shift and logical operation. In developing GAL the 

developers went through a series of iterative revisions of the language and the abstract 

machine program. They had to  focus on the abstraction of the language during the many 

revisions so as to ensure tha t the correspondence constraint between the language and the 

abstract machine program  was maintained.

An example of the application of this DSL , as taken from [89], is from the domain of 

video device drivers for video adapters. This domain supports twenty five different types 

of video cards, with over twenty four different models for each card. From the domain 

analysis it was determ ined th a t there are enough similarities between models of a video 

card to implement the drivers, for each card, from a generic program, but not for multiple 

cards. This lim itation on the genericity of the  application of the DSL is due chiefly to the 

wider variation between the different video cards.

The abstract machine for the video device driver domain was defined before work began 

on the associated DSL. The abstract machine was built from an analysis of the imple­

m entation of existing device drivers, and was refined during development of the DSL. Three 

patterns were identified from the existing drivers, and implemented in the abstract machine. 

These patterns are: operational, combination o f operational and control.

The operation pattern  corresponds to basic atomic operations of the domain abstract 

machine. These patterns appeared as either repeated fragments of code tha t differ in the 

type of da ta  processed, or as fragments of code tha t execute the same type of operation 

but vary in the performance of the  operation. Modules from the first instance exist in code 

module libraries o r are defined as macros. An example of the second occurrence is identified 

in the frequently used code fragments that read and write d a ta  from and to the video-card.
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T here are a num ber of schemes for communicating with th e  cards and three such schemes 

were identified and captured in a single abstract machine as:

This input/output (I/O ) instruction is param eterized by flags, which 
specifies the scheme tha t is to be used. i.e. indexed, paired, or PCI.

write_port(port_number: integer,
index: integer,
indexed: boolean,
pair: boolean,
pci: boolean)

Reproduced from [89].

Combination o f operation pattern is made up of com binations of operations that have no 

commonalities between the family members. One such exam ple is the sequence of shift 

operations and logical expressions used on the video-card m emory registers. The developers 

found no common set of combinations between the different device drivers, but were able 

to  identify a set of operations from which any instance of these register operations could be 

constructed. Following is an example:

This register combination operation maps th e  value no ’ to an 
appropriate register in order to select the clock speed.

outb(0x3C2, (inb(0x3CC) k 0xF3) | ((no 2) k OxOC)); 
outb(0TI_INDEX, 0TI_MISC);
outw(OTI_IND$X, 0TI.MISC | ((( inb(0TI_R_W) k OxDF )

((no & 4) -C 3)) 8)) ;

Reproduced from [89].

T he control pattern is characterized by code fragments th a t exhibit a  common control struc­

tu re  and contains combinations of previously identified dom ain operation patterns. Such 

control patterns may be viewed as framework structures as described in Section 7.5 of [82]. 

An example of a control pattern is given by:
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This function saves, restores, or sets the clock value of the video-card.

Bool SelectClock(int elk, int val)
{

switch (elk) {
/* Save the clock value */ 
case CLK_REGJSAVE:

I /O  and logic operations

break;
/* Restore the clock value */ 
case CLK_REG_RESTORE:

I /O  and logic operations

break;
default:
/ *  Set the clock value to ‘val’ */

I /O  and logic operations

}

Reproduced from [89] with changes.

The authors introduce the concept of a h igh—order abstract machine operation, which takes 

in sequences of abstract machine operations as param eters. These param eters correspond to 

the fragments of code that make up the combination of abstract machine operation patterns. 

One such high-order abstract machine operation for the SelectClock operation is given by:

This h ig h —order abstract machine operation corresponds to the 
abstract machine S e lec tC lo ck .

clock_change (save_clk : i n s t r u c t i o n s ,
r e s to re _ c lk :  i n s t r u c t io n s ,
s e t_ c lk : in s t r u c t io n s )

Reproduced from [89] with changes.

In the concluding section the authors outline the results of their work with the GAL do-
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main specific language. They identify benefits of: (1) an increase in abstraction in using 

GAL; (2) the possibility of autom ated program analysis; (3) broad reuse; and (4) increased 

productivity; as being realized in the GAL application framework. The authors theorize 

that their approach to  DSL development

". . .  would benefit from, a generator-specific reuse method that would allow 
interpreters and abstract machines to be constructed from reuse composable 
parts. ” [89]

The following observations are based on the content of sections 2.2. L and 2.2.2:

•  Both DSLs are textual, and are easily defined, maintained, and translatable into 
program code.

•  Both DSLs may be applied in a software development paradigm where the problem is 
decomposable into smaller units, such tha t solutions are easily defined. These small 
solutions are then composed to form a solution for the larger problem.

•  Using both DSLs is much simpler than most o ther DSLs because of the absence of 
needed knowledge on language construction, and compiler technology.

•  Both DSLs distinguish between the syntax (textual constructs) of the language and 
the language semantics, though the definitions of both aspects are not the focus of 
the respective works.

•  Both DSLs are designed for application at the implementation phase of software de­
velopment.

•  Both lack a formal definition of their abstract syntax, because of the inclusion of 
terminal symbols (language tokens) in the given definitions.

The above observations are typical of most DSMLs th a t are currently in use. These DSMLs 

offer no support for system analysis and design, as they are chiefly intended to aid the im­

plementation phase of system development, vis-a-vis abstracting away some of the repetitive 

programming tasks.

2.3 DSM L Sum m ary

A summary of DSML set the stage for the work th a t is introduced in the following chapters.
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2 .3 .1  R e q u ir e m e n ts  for  D S M L

1. T he first requirement is th a t the domain of concern m ust be one that is mature, well- 

defined, and is comprised of a usable set of current and future applications [91]. This 

requirement is based on the necessity that the vocabulary, syntax, and semantics of 

DSL terms remain as stable as possible. If the domain is not m ature and well-defined 

then the frequent introduction of new concepts would result in frequent and costly 

changes in the DSML. This would nullify benefits of DSML technology. The domain 

may consist of a set of current applications that will act as a seed pool for the building 

of the  domain vocabulary, syntax, and semantics. There m ust also be a need for many 

future applications of the domain, without this need there is no point in defining a 

DSML for the domain.

2. A second requirement is tha t the DSML must encompass all known and relevant terms 

of the domain. Such term s are the names of all domain-specific concepts, objects, 

relationships, operations, functions, etc. that may appear in any domain application 

specification at the analysis, and design of the domain phases of development.

3. A th ird  requirement for DSML is that it offers a level of abstraction for the domain 

concepts at the analysis and design stages. Domain abstraction is chiefly concerned 

with the mapping of the various external views of the dom ain applications to a set 

of functional representations [89]. The relationships th a t exist between the levels of 

abstractions can be defined and codified in the DSML.

4. A fourth requirement for DSML is that it should be scalable. W ith the passage of time 

there will be new user requirements or the domain may be widened to include features 

and concepts th a t were not a part of the initial set of requirements, features and 

concepts. The DSML for such domains must be able to  be extended to accommodate 

these new requirements, features and concepts.

The work documented, herein, will use the UML: (1) notation, (2) model management 

concepts, and (3) extension mechanisms to define DSMLs th a t have a precise syntax and
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semantics, and conform to a  more strict set of requirements - as docum ented in Section 2.5.

2 .3 .2  B e n e f its  o f  D S M L

There are a num ber of functional and non-functional benefits tha t may be realized from 

the use of DSML technology in application/system  development. In the framework of this 

research the following non-functional benefits may be realized:

•  Increased reliability, and m ainta inability  arising from the reuse of high-quality ar­
chitectural and design patterns tha t are defined in the  DSMLs.

•  Increased productivity, arising from a reduction of the  overall tim e to deliver a com­
plete application/system .

The functional benefits tha t can be realized are:

•  Increase in the level of abstraction of the application specification. A good DSML 

extracts out implementation details, and relies on transform ation processing to go 

from the abstract DSML models to the concrete im plementation model. In the context 

of this work the DSML technology will be applied at the analysis and design levels of 

system development.

•  The domain knowledge incorporated into the DSML will be independent of any imple­

mentation programming language, i.e. it is up to a particu lar CASE tool to translate 

segments of the design DSML application specification into executable programming 

language code.

Though these lists of benefits are not exhaustive they are am ongst the ones considered most 

significant in this research.

2 .3 .3  D S M L  d e v e lo p m e n t  is su es

Though DSML technology is not the “silver bullet:' [54] it can  reduce development cost (i.e. 

time and man-power) and increase reliability, maintainability, productivity, and verifiability; 

when used in a suitable domain, along with the appropriate support tools [73, 91]. But there 

are a num ber of questions that have to be answered with in applying this technology. A 

summary of a few of these questions th a t have to be answered are as follows:
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1. To what extent does the application engineer (A E ) require DSML development knowl­

edge? It is theorized tha t the AE should not require any knowledge of DSML devel­

opment technology. The AE’s approach to using a DSML should be the same as that 

of the developer using any software modeling language.

2. Can a DSML be presented as a graphical model? Graphical models are widely used 

because of the ease of understanding (a picture is worth a thousand words), and 

ofFer more precision than textual descriptions. The research work is geared towards 

using a graphical notation for DSMLs, i.e. the UML [43]. Working in a CASE tool 

environment the AE will select domain term s and constructs th a t are represented as 

icons on a drawing palette. This simplifies the development process, as the syntactic 

checks will be done transparent to  the AE.

3. How can language extensibility be handled? All changes to a DSML are carried out 

by a domain engineer, who is versed in DSML development technology. Figure 1.2 

shows tha t feedback from domain application engineering activities is directed to 

the domain analysis and design process, which drives all changes to the language 

engineering activity.

4. Can the DSML definition process be standardized, and thus be amenable to reuse? 

The thesis of this research is th a t such a process can be standardized, and should 

address the three previously identified issues, which are related to the implementation 

of DSML technology. This standardization process will be presented in the form of 

UML profile description of DSMLs, along with a process for instantiating specific 

DSML models from the UML meta-models.

The solutions to the four issues of DSML development tha t have been listed above forms the 

four main deliverables herein. The research defines a UML-based model for the definition 

of DSMLs th a t is graphical, facilitates extension of the DSML in a precise manner, and 

perm its the application engineer the ease of developing analyzable models.

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.4 D om ain  A nalysis and D esign

From an exam ination of the DSSEE, as illustrated in Figure 1.2. it is noted th a t the activity 

of Domain Analysis & Design (DA&D) is not an area tha t is studied in detail for this work,

i.e. only the  shaded icons (domain models, domain language engineering, domain-specific 

rules, and domain-specific modeling language are researched. Since two of these areas are 

output of DA&D. and one of these areas provide feedback to DA&D it is necessary to 

present some aspects of DAD activity. In the remainder of this report the phrase domain 

analysis will be used in place of domain analysis & design. This is done because the former 

phrase is generally used to describe both the activities of analysis  of problem and design  

of solution. But in this work a distinction is made between the models obtained from both  

activities - hence Domain Analysis & Design in Figure 1.2.

2 .4 .1  D o m a in  a n a ly s is  a n d  d e s ig n  d e fin it io n

There are various published definitions for the term domain analysis, and a review of a few 

will lead to  a composite definition that encapsulates the intended usage in this research. 

Guilermo Arango and Ruben Prieto-dfaz define domain analysis as:

" . . .  the process o f identifying and organizing knowledge about some class of 
problems - the problem domain - to support the description and solution o f these 
problems. "[3]

Wilhelm Schafer. Ruben Prieto-dfaz, and Masao Matsumoto definition s ta te  tha t domain 

analysis is:

. .  organizing descriptions o f components and architectures common to the 
applications analyzed to those who adopt a systems taxonomy view on domains. 
. . . fr o m  the notions o f problem domain arid reasoning task, [it is] the process 
of creating models that make it possible to reason about the domain, that is. 
to predict, to explain, or to derive facts about the domain that are difficult to 
obserue d ir e c t ly [83]

Kyo Kang, Shaolom Cohen, James Hess, William Novak and Spencer Peterson define do­

main analysis as:

il. . .  the process o f identifying, collecting, organizing and representing the rel­
evant information in  a domain, based upon the study o f existing system s and
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their development histories. knowledge captured from domain experts, underly­
ing theory and emerging technology within a d o m a i n [56]

A forth definition, obtained from the Boeing, IBM and Unisys Technical Report for

STARS [26] states th a t domain analysis is:

"the processes that analyze, abstract and model the characteristics o f exist­
ing and envisioned application products within a domain in terms o f what the 
products have in common."' [26]

In the following sections 2.4.2 and 2.4.3 two industry created DA&D methodologies will be 

described. The purpose of this is identify the best set of sub-activities that support the 

above definition of a DA process for DSSEE.

2 .4 .2  F e a tu r e s -O r ie n te d  D o m a in  A n a ly s is  o f  S E I

The Features-Oriented Domain Analysis (FODA) methodology was developed from an in-

depth  study of the applications of a number of successful domain analysis methodologies [2].

FODA focuses on the features of the applications in the domain, i.e. it views the domain as

a collection of similar, existing or future applications. The features of FODA are in essence

the user requirements as implemented for the various systems of the domain,

" . . . th e  feature-oriented concept o f FODA is based on the emphasis the 
method places on identifying prominent or distinctive user-visible features within 
a class o f related software systems." [4]

Arango [2] defines three phases to the FODA methodology, namely: Context Analysis. Do­

main Modeling and Architecture Modeling. W hile K rut and Zalman [4] specify only the 

first two phases in their report. The Krut and Zalman description is more comprehensive 

as Arango specifies the th ird  phase, architecture modeling in his graphical notation, Hier­

archical Task Analysis (HTA) [57], bu t fails to elaborate on this phase in either the HTA 

representation or the textual description.

The HTA of Figure 2.5 defines a m odified  s truc tu re  of domain engineering in FODA. 

The do entity-relationship modeling of Arango’s [2] original FODA HTA has been replace 

with information analysis (0.2.2) in Figure 2.5, and  has been elaborated to specify three ac­

tivities: define entities (0.2.2.1); define objects (0.2.2.2); and define relationships (0.2.2.3).
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Also Arango’s Investigate functional and implementation constraints had been renamed 

constraint analysis (0.2.3.4) in Figure 2.5. These changes were implemented from the de­

scriptions obtained in K ru t and Zalman [61].

classify & cr*at« 
features modal

taxonomy of 
functions

coilact sourca 
documents

functional analysis

constraint analysis

define relationships

define context of 
each application

information analysis

analyze vanabiiity 
within applications

validate model 
against application

Figure 2.5: Features O riented Domain Analysis (FODA) taxonomy

The HTA of Figure 2.5 provides no information on the inputs and outputs of the listed 

activities. This information is captured in Table 2.1. which is another amalgamation of 

the descriptions of FODA from Arango [2] and Krut and Zalman [61]. Here the phases of 

FODA are associated w ith their inputs, outputs and activities.

The outputs from the context analysis phase are the context models (structure  and context 

diagram), and the domain dictionary. The structure diagram is an informal block diagram, 

which places the domain in a hierarchical mapping with its higher, lower and peer level
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Table 2.1: 7ODA Inputs and O utputs
Phase A ctivity Input Output

C ontext Analysis context analysis operating environment 
source document

context model
structure diagram 
context diagram  

domain dictionary

Domain Modeling

feature analysis
features
context diagram 
domain dictionary

features model
context features 
operational features 

domain dictionary’

information analysis
application domain knowledge 
domain dictionary

information model 
entity relationship 
semantic net 
object 

domain dictionary

functional analysis

domain technology 
context model 
features model 
entity relationship model 
domain dictionary 
requirements

functional model

domains. The context diagram is a data flow diagram that shows the communication be­

tween the domain and its external entities. Thus the context analysis defines the complete 

scope of the domain both in terms of its static and operational dependencies. The domain 

dictionary is a repository of all terms specific to the domain and this repository grows with 

the execution of each activity in the DA methodology.

The domain-modeling phase of the FODA paradigm comprises three activities, namely 

feature, information and functional analysis. The features model, ou tpu t from the features 

analysis activity, is made up of contextual and operational representations. The updated 

domain dictionary is also an output of the features analysis sub-phase of FODA.

T he context features describe the ways in which applications w ithin the domain may 

be used. Context representation addresses issues of performance, requirements, accuracy 

and tim e synchronization [4]. The context features of the domain modeling phase of FODA 

focuses on the representation of applications within the domain as distinct from the context 

features at the context analysis phase, (which focuses on the interface between the domain 

and entities external to the domain). Operational features describe how an application of 

the domain is executed. These operational features are equivalent to  the  defined functions 

of th e  application. The operational features exist as components of applications of the
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domain and are represented as operations in the operational model.

The ou tpu ts from the information analysis activity of the FODA dom ain modeling 

phase are the information model and the updated domain dictionary. The information 

model is made up of object or entity relationship models or semantic nets [4]. The tasks of 

information analysis are to capture, define, and represent domain d a ta  requirements and 

the associated domain knowledge. This activity is centered on data  abstraction and data 

decomposition. The representation of this dom ain knowledge may take the form of one or 

a combination of the information models.

The activities of the functional analysis of the domain modeling phase of FODA are the 

abstraction and structuring of the common functions defined within the domain. Finally 

these functions are sequenced into an operational model [4]. While there is no specifically 

stated  representation of the functional model, it is suffice to say the representation must 

capture

" . . .  both the behavioral and functional relationship between the objects in the 
information model and the features in the features model... [4]

Though there is no stated representation for the domain dictionary, K rut and Zalman [4] 

defines the function of the domain dictionary to be a tool for application developers and 

users to locate:

•  definitions of domain terms,

•  synonyms of domain terms,

•  sources of domain terms, and

•  hierarchical abstraction and decomposition of domain terms, definitions and features.

T he contents of the domain dictionary are obtained from requirements documentation, 

legacy systems of the domain, user specifications and domain experts.

2 .4 .3  C o m m o n a lity  a n a ly s is  o f  F A S T

Commonality Analysis (CA) is a strategy for developing software systems th a t came from 

an industrial dem and for rapid production of reliable systems. This strategy is based on 

three hypothesis [96], namely:
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1. The Redevelopment Hypothesis - asserts th a t most software development consists of 
the creation of variations of already existing systems. The off shoot of this is that 
these system s have more in common with each o ther than there are differences.

2. The Oracle Hypothesis - assumes tha t it is possible to predict the changes th a t a 
system will undergo during its lifetime, i.e. system  evolution is predictable.

3. The Organizational Hypothesis - The predictable changes that a system will under 
go (Oracle hypothesis) can be exploited so as to  obtain an advantage in the system 
maintenance through its organization. This is accomplished by structuring the system 
in modules where changes can be implemented with minimum im pact.

These hypothesis are set out in [96] from which the information for the FAST HTA (illus­

trated  in Figure 2.6) was obtained, and also from which the overview of the CA activities 

and processes are taken with additional descriptions from [95]. The thick-line bold-text 

branch, illustrated in Figure 2.6, identifies the CA activities.

quafify famdy

FAST Commonality 
Analysis P rocess

Figure 2.6: FAST taxonomy with the Commonality Analysis
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The goal of CA is to  be able to  define a family of applications based on the commonality

and variations in this family, and the success of this approach is dependent on the degree to

which the developer is able to predict the type of changes (variabilities) in the family. CA

is a sub-process of the FAST methodology. The process for conducting CA, in FAST, has

been reproduced in Figure 2.7. The leaf sub-activities of engineer family (task 0.1), namely

establish standard terminology (task 0.1.2.3.L), establish domain commonality/variability (task

0.1.2.3.2), and parameterize variabilities (task 0.1.2.3.3) in Figure 2.6 are conducted in the

Analyze process of Figure 2.7.

---------------------------------------------------------------------------------------

P ro c e s s  initialed

, ,  Family c h a ra c te r ized

C harac te riza tio n  
a n d /o r  sc o p e

n e e d s  ch a n g in g

Family quantified

C h a n g e s  requ ired

R eview  co m plete

Define term s

Train team

Identity
variabilities

Identity
com m onalities

D efine variation 
p a ram a te rs

Identity an d  
reso lve  is s u e s

D etine p u rp o se  a n d  
sc o p e  ot an a ly s is

Quantity

Plan

Analyza

Figure 2.7: Commonality Analysis (CA) Process [95]

In CA the process o f defining term s and identifying commonalities are closely related, 

as one can s ta rt with either of these tasks and segue to  the other in a logical sequence. This
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process is usually conducted in an iterative manner, i.e. the identification of a com mon  

activity leads to a definition of the technical term s listed in the narrative of th a t activity; or 

the defining of a technical term  leads to the  identification of a common usage or occurrence 

of the term . CA requires tha t the output of these two processes be in an agreed standard 

format. This requirement facilitates the systematic identification of the variabilities in the 

domain term s and activities.

The process of identifying variabilities involves a detailed review of the previously listed 

commonalities to determine whether: (1) a previous assumption actually holds true for all 

member of the family, and (2) there is the possibility of a common assumption changing in 

the future. Similar to tha t done for domain terms and commonalities, the domain variabili­

ties are docum ented in an agreed standard format. Implicit in this formating process is the 

requirement for the structuring of the identified domain artifacts, i.e. the commonalities 

and variabilities have to be organized " . . .  into groups that deal with particular aspects o f 

the domain'' [96].

In concluding this overview it must be emphasized tha t the outlined CA process does not 

identity the form of the representation of the domain terms, commonalities or variabilities 

identified in the process. Implicitly, there is the notion tha t a textual representation plays 

a significant part in the documentation of these artifacts of commonality analysis in FAST. 

Thus it is entirely left to the CA team to decide on the type of representation that will be 

used to record the outputs of the CA process.

2 .4 .4  D o m a in  a n a ly s is  a n d  d e s ig n  in  D S S E E

From the four definitions of domain analysis and design (DA&D) in Section 2.4.1 a composite 

definition for DA&rD is presented that captures the key aspects mentioned in the four, and 

supports the intent of DA&D in the DSSEE. Thus, DA&rD as specified in this work and 

illustrated in Figure 1.2 is defined as:

T h e  process o f  iden tify ing , co llectin g , organ izing , an alyzing , and  
rep resen ting  in  th e  form  o f  m o d els  relevant, com m on, and  variable  
know ledge about som e class o f  problem s in a dom ain  in  su pp ort o f  
th e  d escrip tions and so lu tions o f  th ese  prob lem s.
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The DA&D activity used in DSSEE is a set of tasks and products derived form the 

FODA [56J and FAST CA [95, 96], as outlined in Sections 2.4.2 and 2.4.3, respectively. 

In DSSEE the FODA architecture modeling (0.3 of Figure 2.5) is not used, hence there will 

be no further mention of this sub-task. Also, the Plan activity of CA, as illustrated in 

Figure 2.7, is not discussed herein.

The content analysis (0.1) and domain modeling (0.2) tasks of FODA, along with Analyze 

and Quantify activities of CA (Figure 2.7) constitute the DA&A activity of DSSEE. In 

DSSEE Feature Analysis of FODA (0.2. L) and Define terms of CA are focused on the 

identification of the static and dynam ic features/concepts of the domain. IN DSSEE the 

inputs to this activity are system requirements (legacy, user, and future as illustrated in 

Figure L.2). Legacy requirements are those th a t are obtained from the docum entation of 

existing systems in the domain. User requirements are those that have been defined for 

systems tha t are currently under consideration for development, and /o r are in the process 

of being developed. Future requirements are those that are envisaged for systems that may 

be desired in the future.

Itemized below is a description of the domain analysis activities and products taken 

from FODA and CA that constitute DA&D in DSSEE:

•  Domain dictionary - Both FODA and CA identify a domain dictionary as an im portant 

artifact of the DA process. The dictionary is intended to be a repository of domain 

term s, abbreviations, and definitions to be used by domain analysts and application 

developers. This artifact also facilitates communication between the various stake­

holders in the domain and application development processes. Neither FODA nor CA 

specifies a specific format for the domain dictionary. In the UML a domain dictionary 

would be a type of Artifact as specified in Section 2.5.2.2 and would be a  classified 

as a stereotyped docum ent » ,  which is a sub-class of the stereotype f i le  

In Section 3.2.1.1 a format for the domain dictionary, as used in this work, will be 

presented.
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•  Static concept model - Information analysis (0.2.2 in the FODA HTA of Figure 2.5) in 

DSSEE focuses on the capturing of domain information in the form of a set of models. 

This activity results in the creation of a domain static concept model (SCM) that 

captures the commonalities and variabilities in the domain from a static  perspective: 

This activity is specified in Commonality Analysis (CA) as Identify commonalities 

and Identify variabilities (see Figure 2.7).

•  Dynamic concept model - Taxonomy o f functions  (0.2.3.3 in the FODA HTA of Fig­

ure 2.5) in DSSEE focuses on the capturing of the domain’s dynam ic (behavioral) 

concepts. This activity results in the creation of a domain dynamic concept model 

(DCM) tha t captures the commonalities and variabilities in the domain from a behav­

ioral perspective. This activity is specified in CA as Identify commonalities Identify 

variabilities (see Figure 2.7).

The above bulletted models are directly associated with domain analysis of the problem 

space. The models associated with the design  in the  solution space are the set identified in 

Section 1.3.L, and are as defined in the UML specification. In this work there is no intent 

to define a  development methodology, as any methodology that facilitates the creation of 

the domain models identified as inputs to the language definition activity will suffice. In 

Section 3.2.1.1, 3.2.1.2, and 3.2. L.3 examples of these models will be illustrated.

2.5 U nified M odeling Language

The Unified Modeling Language (UML) [43] is a visual language tha t is intended to be used 

for the modeling and the documenting of software system s’ artifacts tha t are chiefly object- 

oriented in nature. The UML is partitioned into three main sub-groupings, (packages) as 

illustrated in Figure 2.8.

The UML specification [43] list seven design goals of the UML, and the following six are 

fundamental to this work:

1. "Provide users with a ready-to-use expressive visual modeling language to develop and 
exchange meaningful models.

2. "Furnish extensibility and specialization mechanisms to extend the core concepts.
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Figure 2.8: UML structure [43]

3. “Support specification that are independent o f particular programming languages arid 
development processes.

4. "Provide a formal basis for understanding the modeling language.

5. "Support higher-level development concepts such as components, collaborations, frame­
works and patterns.

6. "Integrate best practices." [43]

The UML has been primarily used as a notation for modeling single applications, and thus 

it is not surprising that its usage to model families of application is difficult. Despite this 

difficulty, the UML has been used to model reusable experience in the form of patterns and 

architectures (e.g. h ttp : / / s t  — w w w .cs.u iuc .edu /users/pa tterns/pa tterns.h tm l), bu t the 

resulting models are more representations of typical application examples, rather than true 

representations of product families. The UML p ro f ile concept is aimed at representing 

dialects of the UML language. These dialects are intended to be enterprise-, project-, or 

method- specific extensions of existing UML meta-model elements [45].
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In the following sections 2.5.1, 2.5.2. 2.5.3, 2.5.4, 2.5.5, 2.5.S.2, and 2.5.7 reviews of UML 

concepts and features th a t will be used in the proof of the theory of this work are presented. 

The goal of this exercise is to identify, and highlight the properties of these concepts and 

features th a t are crucial to  the research work.

2 .5 .1  M e ta -M o d e lin g

The general purpose for modeling, in any discipline, is multi-fold, some of these general 

purposes are:

•  the ability to communicate amongst a team about a particular problem and its solu­
tion,

•  docum ent and sta te  the boundary of some problem or class of problems, and the 
corresponding solutions,

•  to reduce the complexity of a class of problems and the corresponding solutions that 
are too large to be comprehended in its entirety, and

•  to test or analyze some property of a problem or solution before constructing or 
implementing a full scale version.

Thus, it can be inferred th a t models provide a means to reduce cost (be it financial, man­

power, or time), and predict results (be it performance, conformance or reliability) in a 

virtual manner. In researching modeling languages it is essential that one be able to  talk 

about the structu re  of the language models, i.e. be able to describe the models. Such 

descriptions may be in the form of a textual description, or (recursively) in the form of a 

model. Use of the la tter format (i.e. models to describe models) is termed met.a —modeling.

The Webster dictionary [72] provides a definition of the prefix meta-, which states:

•l. . .  going beyond or higher, transcending: used to form  terms designating an 
area o f study whose purpose is to examine the nature, assumptions, structure, 
etc. o f a (specific) fie ld” [72].

The UML specification [43] defines the term  m eta  — model as: ".4 model that defines the 

language fo r  expressing a models'

In a similar m anner one could describe the model tha t describes a model, as a meta­

model of the meta-model - this could go on indefinitely! The UML specification [43] limits 

the description of the UML and its meta-models to  four layers. The four layers are defined 

as:
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'able 2.2: UML four layer meta-model architecture [43]
Layer D escription Example

m e ta -m e ta -m o d e l
(level M3)

The infrastructure for a  meta-m odeling architecture. 
Defines the  language for specifying meta-models.

MetaClass, Meta A ttribu te , 
M etaO peration

m e ta -m o d e l
(level M2)

An instance of a m eta-m odel. Defines the  language 
for specifying a model.

Class, A ttribute, Operation, 
C om ponent

m o d e l 
(level M l)

An instance of a m eta-m odel. Defines a  language 
to describe an inform ation domain

StockShare, askPrice, sellLim it, 
S  tockQ uote Se  rver

u s e r  d a ta
(level MO)

An instance of a model. Defines a specific 
inform ation domain.

<.-lcrri£_.S’W  _Share_98789>. 
se ll-lim it, 65*1.56

From Table 2.2 it is noted that: (1) a language tha t specifies the UML, i.e. a description 

of the UML resides at the m eta -m eta -m od el level (M3). (2) the UML. i.e. the abstract 

syntax, well-formedness rules, and semantics, are at the m eta-m od el level (M2), (3) a UML 

model, such as a class diagram, activity diagram, etc., exists at the model level (M l), and 

(4) the entities of a model (such as the named objects and associations of a class diagram) 

exist at the user-data  level (MO).

2 .5 .2  U M L  sy n ta x

The UML syntax is given in the form of an abstract syntax  and a set of Well-Formedness 

Rules (YVFR). The abstract syntax presents a graphical description of the structure of the 

language, i.e. the gram m ar of the language. The abstract syntax is illustrated in the UML 

specification [43] as a set of UML class diagrams (CD), and the W FR as a set of Object 

Constraint Language (OCL) statem ents th a t are supplemented by textual descriptions. The 

classes of the abstract syntax CD are meta-classes, and attributes of these classes are meta­

attributes. In order to review the UML syntax a UML abstract syntax is reproduced in 

Figure 2.9, along with a sub-set of its textual description (Table 2.3), and W FR (Table 2.4); 

these have been reproduced from the  UML specification [43].

Figure 2.9 illustrates the five abstract syntax (meta-model) concrete elements ( Parame­

ter. Constraint, Attribute. Operation, and Method), with the other elements being abstract. 

Concrete elements are those that can be instantiated in a model of the meta-model, where 

as abstract elements (whose names are presented in italic font style) are chiefly used to 

organize, reify, or share structural inform ation of the concrete elements.
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Constraint

Siring

Figure 2.9: UML Core Package- Backbone abstract syntax [43]

The W FR descriptions of two meta-model elements (Attribute  and Parameter) th a t are 

defined in this meta-model are presented in Table 2.3.

The abstract syntax (e.g. Figures 2.L and 2.9) and the textual description of the abstract 

syntax (e.g. Table 2.3) constitute the syn ta x  of the UML.

Harel et al. [46] views the UML WFR as a ”bootstrapping"  of the UML abstract syntax in 

preparation for the definition of the UML semantics. They see the W FR as constraining the 

syntax in such a m anner as to eliminate the formation of problematic or invalid syntactic 

constructs, bu t not adding any meaning to  the syntactic constructs. The UML takes a 

different view of the W FR. The UML terms the W FR as "static sem antics' and defines it 

as being an instance of how a construct should be connected to other instances so as to  be 

"m ea n in g fu l" . But in the opinion of this work 'to be meaningful' does not define ‘m ea n in g \
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Table 2.3: UML meta-model description [43]
Attribute
An attribute is a name slot within a classifier that describes a range of values that an instance of 
the classifier may hold.

In the meta-model, an Attribute is a named piece of the declared state of a Classifier, particularly 
the range of values that Instances o f the Classifier may hold.

A ttr ib u te
in itia lV a lu e  An Expression specifying the value of the attribute at initialization.

It is meant to be evaluated at the time the object is initialized.
(Note that an explicit constructor may supersede an initial value.)

UML version 1.4 lists an associat ion o f A ttribu te as assoc ia tion  End.
This seems to be an error, as the abstract syntax has no association end type related to A ttribu te.
Further this association is defined in the description o f  S tru c tu reF ea tu re . Its definition here is 
redundant. It is thus excluded from  the description of A ttr ibu te  in this work.
Parameter
A parameter is an unbounded variable that can be changed, passed or returned. A parameter may 
include a name, type, and direction of communication. Parameters are used in the specification of 
operations, messages and events, templates, etc.

In the meta-model, a Parameter is a declaration of an argument to be passed to. or returned from, 
an Operation, a Signal, etc.

A ttr ib u te
d e fa u ltV a lu e

kind

nam e

A sso cia tion s
type________

An Expression whose evaluation yields a value to be used when no 
argument is supplied for the Parameter.

Specifies what kind of a Parameter is required: Possibilities are:
•  in  - An input Parameter (may not be modified).
•  out - An output Parameter (may be modified to communicate 

information to the caller.
•  inout - An input Parameter that may be modified.
•  return  - A return value of a call.

(Inherited from ModelElement) The name of the Parameter, which 
must be unique within its containing Parameter list.

Designates a Classifier to which an argument value must conform

The approach taken in this work, on the definition of semantics for domain-specific model 

elements, may be described as an amalgamation of bo th  tha t proposed by Harel et aL [46] 

and the UML. The approach first attem pts to apply the Harel et al. interpretation when 

there is adequately s tated  meaning of the term  being defined semantically: and reverts to 

the UML approach to  semantic definition when there is inadequate description of the term  

being defined.

The abstract syntax elements described in Table 2.3 have no additional description in
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the W FR, i.e. the syntactic definitions of these elements, as given in Figure 2.9 are complete. 

The W FR for the Constraint and Method elements from the meta-model of Figure 2.9 are 

presented in the following Table 2.4:

Table 2.4: UML Well-Formedness Rule [43]
C onstra in t 

[L] A constraint cannot be applied to itself.

______ n ot s e l f . constrainedE lem ent— in clu d es ( s e l f ) ___________________________________________
M ethod

[1] If the realized Operation is a query, then so is the Method, 

n o t s e l f  . s p e c if ic a t io n — isQuery im p lie s  s e lf . is Q u e r y

[2] The signature of the Method should be the sam e as the signature of the realized Method, 

s e l f . hasSameSignature ( s e l f . s p e c if ic a t io n )

[3] The visibility of the Method should be the sam e as for the realized Operation, 

s e l f . v i s i b i l i t y  = s e l f . s p e c i f i c a t i o n . v i s i b i l i t y

[4] The realized Operation must be a feature (possibly inherited) of the same Classifier as the 
Method.

s e l f . owner. a llO p era tio n s—‘in c lu d e s ( s e l f  .s p e c i f ic a t io n )

[5] If the realized Operation has been overridden one or more times in the ancestors of the owner 
of the Method, then the Method must realize the latest overriding (that is all other Operations 
with the same signature must be owned by ancestors of the owner of the realized Operation.)

s e l f . s p e c if  ic a t io n . ow n er.a llO p eration s— in c lu d e sA ll (
( s e l f . owner. a llO p era tio n s—s e le c t  (op | 

se lf.h asS am eS ign atu re(op )) ) )

[6] There may be at most one Method for a given Classifier (as owner of the Method) and 
Operation (as specification of the Method) pair.

______ s e l f  .owner ■ allM ethods—s e le c t (o p e r a t io n  = s e l f  .o p e r a t io n )— s iz e  = 1_________________

Table 2.4 gives the W FR in both textual and the OCL. T he W FRs are additional syntactic 

constraints tha t cannot be expressed in the UML graphical notation. In order for a model 

to be in full compliance with the UML such models m ust also obey the associated WFRs.

The syntax of UML is fully defined by the abstract syntax (e.g. see Figures 2.1 and 

2.9), the description of the abstract syntax elements (see Table 2.3), and the WFRs (see
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Table 2.4). The syntactic domain for the UML is defined as the set of two-dimensional 

figures containing: lines, arrows, circles, boxes, ovals and textual strings. The gram m ar 

of the UML is defined by the set of abstract syntax models as illustrated in the UML 

Specification docum ent (e.g. Figures 2.L and 2.9).

2 .5 .3  U M L  se m a n tic s

T he semantics of the UML is given in a number of sections of the UML Specification [43]. 

with the main section on semantics contained in C hapter 2. of the Specification. In Table 2.5: 

the first row is the description of semantics for the Operation element of Figure 2.9 as it is 

given in C hapter 2 ( UML Semantics) of the UML Specification. The second row of Table 2.5 

is the description of semantics for the same Operation element of Figure 2.9 as it is given 

in C hapter 3 ( UML Notation Guide).

_____________________ Table 2.5: UML semantics for Operation [43]__________________
Chapter 2 - Sem antics o f Operation
Operation is a conceptual construct, while Method is the implementation construct. Their common 
features, such as having a signature, are expressed in the BehavioralFeature metaclass, and the 
specific semantics of the Operation. The Method constructs are defined in the correspond subclasses 
of BehavioralFeature.______________________________________________________________________________
Chapter 3 - Semantics o f Operation
An Operation is a service that an instance of the class may be requested to perform. It has a name 
and a list of arguments.____________________________________________________________________

Though the Notation Guide chapter of the UML Specification states th a t its section on 

S em an tics  is a "brief sum m ary', and "a fuller explanation and discussion o f fine points'' 

on the semantics is contained in the Sem antics  chapter: it has to  be noted (from Table 2.5) 

th a t the fu l l  semantics is obtained from a reading of both sections. Further, semantic is 

given for only the concrete meta-classes of the UML meta-models. This is inline with the 

approach th a t abstract meta-classes are for the purpose of organizing, reifying, or sharing 

structural information of the concrete elements.

Because the UML semantics is given in a textual format it is difficult to  be precise about 

some aspects of this semantics, which is required for formal language definition. Conse­

quently. a m apping from the informal (textual) semantic description to a formal semantic
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description is required. This will be dem onstrated in the following chapter (Section 3.3.2), 

where a mapping from the syntactic domain to  formal semantic domain will be presented.

2 .5 .4  M o d e l m a n a g e m e n t

Model management in UML defines the mechanisms for structuring models, packages, and

sub-systems tha t are groupings of other UML model elements. Thus, Model, Package,

Subsystem, Element Import, and ElementOvmership constitute the concrete elements of the

Model M anagement abstract syntax, and Namespace being the abstract element (used for

classification purposes) as illustrated in Figure 2.10.

----------------------------------------------------------------------------------------------------

•HmpoitadSamam

0 ..*

M odal

Classifier 
{from Con)

P a c k a g e

Elem em O w nership 

(from Corm)

GanaralUableElemenl

S ubsystem

Elam anllm port

Figure 2.10: UML Model Management abstract syntax [43]

Figure 2.10 shows th a t Package is: (1) a realization of a Namespace, (2) a specialization 

of a GeneralizableElement, and (3) a generalization of a Subsystem  and a Model. The 

description states th a t a ”Package is a grouping o f model elements.'' [43], and the semantic 

gives its purpose as " . . .  providing a general grouping mechanism ." [43]

A key feature of the Model Management construct, for this work, is the structuring 

capabilities tha t are provided. An example of this is: a Package and a Model are realizations 

of model elements, and  a Package contains model elements, hence a Package may contain
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a Model and a Package may contain a Package, this is dem onstrated in Figure 2.1. This is 

the basis for the use of stereo-typed Package <Cprofile:» in defining DSML.

2 .5 .5  E x te n s io n  m e c h a n ism

The UML semantics defines the Extension Mechanism  (EM) as:

“. . .  the subpackage that specifies how specific UML model elements are cus­
tomized by using stereotypes, constraints, tag definitions, and tagged values.” [43]

It further states th a t a "coherent set o f such extensions, define fo r  specific purposes, consti­

tute a UML profile [43]. These statem ents suggest that the UML may be tailored for use in 

a manner tha t is specific to  a particular developer’s or dom ain’s requirements. The stereo­

type construct is the principal extension mechanisms. It provides the means for defining 

new meta — class elements in the UML. The abstract syntax for the EM is illustrated in 

Figure 2.11.

♦st*r«otyp«Constrttnt

(*or|

0.1

♦ccnstrainadSterootyp*0 . .*

Mode/Element

(from Ccm )

tagTyp*: Nam« 
multipiiaty. Multiplicity

TagDefimtion

dataValu# Strmg(*]

T agged  V alueC onstraint

icon: Goomatry 
basaCloss:

S tereo type

GeneralizableElement

Figure 2.11: UML Extension Mechanisms abstract syntax [43]

From Figure 2.11 it may be noted tha t a stereotype is a specialization of General­

izableElement, and may include Constraint and TagDefimtion. The constraint and tag 

definitions constructs allows the definition of new semantics for the UML model element 

tha t has been specialized as a stereotype. A tag definition specifies new properties that
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are attached to the associated stereotyped model element. While constraints are used to 

refine the semantics of the model element to which it is attached. The UML defines a 

"fundamental constraint” on all UML defined extensions which states that the extensions 

have to  additive to the UML semantics, i.e. such defined extensions cannot conflict with the 

standard semantics. This form of extensibility is referred to  as lightweight extension [20], 

as the application of the EMs preserves the semantics of the UML model elements. This 

contrasts with heavyweight extension  [20] in which the EMs are applied to the UML m eta­

model (i.e. a t the M3 level of the MOF). This type of application can result in changes to 

the semantics of the resulting meta-model elements, i.e. changes to the semantics of the 

UML model elements a t the  M2 level.

2.5 .5 .1  S tereo typ e

The UML specification defines a stereotype as

"a model element that defines additional values (based on tag definitions). 
additional constraints, and optionally a new graphical representation.” [-13]

A stereotype specification is composed of a S tereo typ e (name), B ase C lass, P arent, 

Tags, C onstra in ts and D escrip tion , as illustrated in Table 2.6.

Table 2.6: UML Stereotype temp ate
S t e r e o t y p e Base C lass Parent Tags C onstraints D escription
Stereotype
name

Model element 
from which the 
stereotype is defined

Stereotype
parents

Tag definition 
names

Constraint
expressions

Textual 
description of 
the stereotype

The S tereo ty p e  (name) is user defined and may appear between matched guillemets in 

the Base Class model element icon. The name has to be unique as specified by the UML 

W FR [43]:

[i] Stereotype names m ust not clash with any base class names.
Stereotype.alllnstances— <■ forAll(st | st.baseClass <> self.name)

The B a se  C lass is the UML model element tha t the stereotype is defined from. The 

P arent of the stereotype is the super-class from which the stereotype has been specialized.
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This Parent may be another stereotype or a UML model elem ent. If it is a stereotype then 

the base classes of both  the Parent and the Stereotype m ust be the same. Tags are the 

names of all tag definitions for the stereotype. Tag Definitions are specified in table format, 

similar to that of the Stereotype, and example is given in Table 2.7 and elaborated on below. 

C onstra in ts may be expressed in either an informal or a formal notation. The Constraints 

allow new semantics to be attached to model elements tha t a re  tagged with the stereotype 

name. D escrip tion  gives additional information about the stereotype but is not required 

for the definition.

Table 2.7: UML Tag template
Tag S te r e o ty p e T y p e M u lt ip lic ity D escrip tion
Tag definition 
name

Stereotype associated 
with this Tag

Tag type, and 
range of values

Number o f values 
of the Type

Textual description 
of the stereotype

Tag definitions, like stereotypes, are defined a t the meta-model level (M2 level) of the 

OM G ’s four layer meta-model architecture [43]. Tag definitions facilitates the specification 

of “virtu a l” m eta-attributes. The Tag column of the tem plate  records the user-defined 

name of the Tag, and the Stereotyp e column lists the nam e of the Stereotype (if there is 

one) th a t the Tag is attached to. The T yp e column gives the type of the Tag and the range 

of values (tagged values) of this Type tha t are applicable for this Tag usage. Type may be 

a UML datatype or a meta-class. If the Type is a UML d a ta ty p e  then the range of values 

are a subset of the defined values of the datatype. If Type refers to  a meta-class that is not 

a data type then the associated values (tagged values) are model-level (M l level) elements 

th a t are instances of the meta-class. The M u ltip lic ity  colum n gives the number (count) of 

d a ta  values, or number of model-level (M l level) elements th a t  can be associated with the 

Tag type. D escrip tion  gives additional information about th e  Tag, but is not required for 

the definition. All model-level elements that are branded w ith  a stereotype name inherits 

all the properties of the base-class of the stereotype, along w ith the tag properties of the 

stereotype.
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2.5.5.2 Profile

A p r o f ile is a UML stereotyped package th a t contains a set of meta-model elements that

have been customized by use of the EM for a specific purpose and are based on a set of

requirements. Profile packages are stam ped with the -C prof ile2 >  stereotype. A profile

may only contain datatypes, stereotypes, tag definitions, and constraints. The base-classes

of the profile stereotypes are include in the properties of the profile by having their names

listed as the tagged values of the profile’s tag definition {applicableSubset}. The W FR for

these two constraints are given as:

self.contents— >forAll(e |
e.oclIsKindOf(Stereotype) or 
e.oclIsKindOf(Constraint) or 
e.oclIsKindOf(TagDefinition) or 
e .oclIsKindOf(DataType)) 

and
self.applicableSubset— •

includesAll(self.stereotypes—^collect(baseClass))
respectively. The default tagged value of the applicableSubset m eta-attribute for tag defi­

nitions is the "whole UML meta-model” [43]. In the work of this dissertation profiles will 

be used to  package definitions for the components of DSMLs and for the packaging of the 

DSML itself. Thus, as identified in Section2.5.L profile packages will encapsulate other 

profile packages th a t contain the components of a DSML.

2 .5 .6  U M L  m o d e ls

The UML Specification [43] list a number of models tha t may be developed to present 

particular views of a software system. It is possible to list the UML models that are 

applicable a t the three main phases of software development (requirement analysis, design, 

im plem entation). At the requirement phase the two models that are chiefly used are the 

use case and analysis class diagram. These are complemented a t the design phase by 

design class diagram, the behavioral diagrams, which comprise state chart, activity, and 

in teraction  (sequence and collaboration) diagrams. And finally a t the implementation 

phase the UML models are the component and deployment diagrams. The DSML defined 

in this work will be used to specify a desired sub-set of these model.
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In developing DSMLs for different domains there will be requirements for different sub­

sets of UML models. T he goal is to  use a core set of models tha t facilitates the implemen­

tation of DSMLs. Listed below are short description of each UML model tha t may be used 

in defining a DSML:

1. Use case diagram - is used a t the analysis phase to present a structural view of 

the functional requirements of the problem domain. A use case diagram  illustrates 

the relationships between the use cases, of a system and the actors (users) of the 

system, with respect to  the services requested of the system by the user or the services 

provided by the system to the user. The UML specifies the notation for a use case 

diagram as a graph  of actors and a set of use cases, where a " . . .  use cases is a kind 

o f c lassifier...'’’ [43], and an instances of a use case is term ed a scenario  [62]. A 

scenario is described as " . . .  a specific sequence o f actions and interactions between 

actors and the system  under discussion' [62]. Use case diagrams may contain four 

types of relationships:

•  Association  - is the only relationship th a t exist between actors and use cases.

•  G eneraliza tion  - exists between use cases and allows for the specializa­

tion/generalization between use cases.

•  E xten d  - exist between use cases, and indicates that behavior of one use case is 

augmented with additional behavior so as to define the second use case. This is 

a stereotyped relationship.

•  Include  - exist between two use cases and indicates th a t the  behavior of one 

use case is included in the specification of the other. This is a stereotyped 

relationship.

Graphically, a use case is presented as an ellipse, and the use case nam e is contained 

within the ellipse.

2. Class diagram - is used at the analysis phase to present a view of the static entities in 

the problem domain, and a t the design phase to present a view of the static entities
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(classifiers) in the solution domain. This is the UML diagram used to  captures the 

static information a t the requirement phase of software development.

A class diagram  (CD) is described as “. . .  a graph o f Classifier elements connected by 

their various static relationships.” [43]. The set of classifier elements th a t may be 

present in a CD include interfaces, packages, relationships, instances, and links, etc. 

The UML labels a CD that contains no classes an object diagram (OD).

3. Activity diagram - is used to present the control or d a ta  flow of a process. An activity 

diagram is a type of state machine, where the states are represented by actions or sub­

activities, and transitions are implicitly triggered by the completion of an action or a 

sub-activity. An activity diagram is associated with a classifier, such as a use case (at 

a high level or granularity) or an operation (at a more detailed level of granularity).

Activity diagrams are made up of a sub-set of:

•  Action state - is one in which there is ”. . .  an entry action and at least one out­

going transition involving the implicit event o f completing the entry action" [43]. 

Action states are atom ic  states as they have no internal transitions, or outgoing 

transitions based on explicit events, or exit actions.

•  Call state - " . . .  is an action state that has exactly one call action as its entry 

action.” [43] The representation of a  call state is the same as an action state, but 

with the nam e of the operation, of the  call action, included in the icon.

•  Sub-activity state - is one in which, upon entry a nested  activity graph is executed. 

Exit from a sub-activity state occurs upon reaching the final s ta te  of the nested 

activity graph, or a trigger event occurs on a transition that exits the sub-activity 

state.

•  Decision  - are guard conditions th a t indicate different possible transitions, from 

a single sta te , tha t depends on the Boolean condition of the owning object.

•  Sw im lane  - organize actions and sub-activities into units of responsibilities, such 

as organizational units.
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•  Control icon - is an explicit symbol for specifying certain receiving, sending, and 

deferring of information on transitions. They are chiefly used for enhancement 

of activity diagram  presentation, bu t are not required for specification of the 

diagram.

•  Synch state - is one th a t indicates the synchronization of parallel (concurrent) 

activities.

4. Collaboration diagram - is used a t the design phase to present a view of the interaction 

in the solution domain. A collaboration diagram  may express the interaction (1) 

between classifiers in the realization of a use case (similar to an activity diagram), 

or (2) between the classes and local variables in the execution of an operation, i.e. a 

finer level of granularity tha t a t the classifier level.

A collaboration diagram is one of the two UML interaction diagrams that are used 

to illustrate object and message interactions [62]. The UML describes a collaboration 

as " . . .  those Instances and their cooperation involved in  accomplishing a purpose or 

a related set o f purposes [43]. Collaboration diagrams may be used to show a graph 

of either ClassifierRoles and AssociationRoles or Instances linked to each other. The 

order of interaction is determ ined by a sequence of numbers, usually starting with L. 

In a procedural flow of control nested calls are represented by nested number sequence.

5. Sequence diagram - are used a t the design phase to  present " . . .  an Interaction, which 

is a set o f Messages between ClassifierRoles within a Collaboration" [43]. A key feature 

of sequence diagram  is the capability to express timing constraints that are crucial for 

the modeling in real-time system  domains.

Unlike collaboration diagrams, sequence diagrams have no numbering scheme. Order­

ing of interactions in sequence diagrams is achieved by exploitation of 2-dimensional 

structuring of the diagram. T he vertical dimension in a sequence diagram represents 

time, and the horizontal dimension represents different Instances of the interaction.

6. State chart - is used to  present a view of th e  entity’s behavior vis-a-vis the specification
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of the en tity ’s response to the receipt of an event. Such models are crucial in real­

time reactive systems. T he UML views “activity diagrams as a special case o f a state 

diagram”, thus some aspects of DSML definition and development th a t are pertinent 

to  state diagrams are accounted for in those of activity diagrams.

State chart diagrams are “. . .  used to describe the behavior o f instances o f a model ele­

m ent such as an object.. . ” [43], by illustrating the different states tha t such instances 

may transition through as a result of discrete events th a t the instances is aware of.

C om ponent and deployment diagrams - are used at the im plem entation phase of system

development, and are not considered in this work. Language com ponents tha t are used to

represent the use case, activity, collaboration, class, state chart, and sequence diagrams are 

docum ented herein.

2 .5 .7  O b je c t  C o n s tr a in t  L a n g u a g e

T he Object Constraint Language (OCL) is a UML defined formal language that is user! 

to  express constraints, such as: (1) invariant conditions for the system  being modeled (i.e. 

constraints on the modeling language), and (2) to specify constraints tha t are application 

model-specific (i.e. constraints on the application models). OCL is also used to formally 

specify the VVFRs of the meta-classes of the UML meta-models. The UML lists six purposes 

for the use of OCL, not including the specification of VVFRs. The following four purposes 

will be used extensively in the definition of DSML:

•  “To specify type invariants fo r Stereotypes

•  “To describe pre- and post- conditions on Operations and Methods

•  “/Is a navigation language, and

•  “To specify constraints on operations.” [43]

T he OCL is defined as a “pure expressive language'' [43], i.e. it has no side effects on the 

model to which it has been applied. Evaluation of a model’s OCL statem ents results in the 

re tu rn  of a value, and the s ta te  of the  model after the after expression has been evaluated 

is the same as the state before evaluation of the OCL expression. OCL is a typed language,
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thus each OCL expression has a type associated with it. Comparison of expressions in OCL 

requires tha t the operand expressions be of the same type, or sub-types of the same super­

type. All OCL expressions are given in the context of an instance of a particular type. All 

classifiers within the scope of an OCL expression are types in the expression. The OCL has 

a set of predefined type definitions tha t are a part of the OCL definition. The basic OCL 

types, some of their associated operations, and example values are presented in Table 2.8 

(as taken from [43]).

Table 2.8: OCL basic types
T y p e O perator Value
Boolean and, if-then-else, implies, not, or, xor false, true
Integer +, + . / ,  -, abs() I, -5, 34, 26534. . . .
Real *, + , / .  floor() 1.5, 3.14. 0.6765___
String toUpper(), concatQ “To be or not to b e .. .  ’’

T he OCL is used to  navigate through a UML model by traversal of the model’s associations, 

association classes, and package names.

2.6 R elated  Works

Though this research work is not entirely new there is no single idea in this field which 

dom inates, and most works have had limited application outside of the respective research 

groups’ domains. In conducting this research some of the concepts, ideas, and approaches 

th a t are presented in the works of sections 2.6.1, 2.6.2, and 2.6.2.3 will be drawn on. The 

descriptions of these works will include an initial identification of points of commonality 

and divergence between the referenced works and the documented research herein. Addi­

tional commonality, divergence points will be identified in later chapters th a t document the 

research work.

2 .6 .1  F ir s t  c la ss  e x te n s ib il ity  a p p ro a ch

In April, 1999 the OMG released a docum ent titled White Paper on the Profile Mecha­

nism  [27], whose intent is to provide a “first specification” (requirements, properties, and
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structure) for the UML p ro f ile concept. T he idea was for the profile concept to be used 

in defining specializations of the M2 level; standard meta-models, such as the UML, and 

CWM (Common Warehouse Meta-model), which are derived from the M eta O bject Facility 

(MOF) of the OMG four layer meta-modeling architecture (see Table 2.2). Such special­

izations would be defined as Standard Profiles and these Standard Profiles would in tu rn  

be specialized to define End User Specific Profiles, which would also be positioned a t the 

M2 level. Figure 2.12 is reproduced from the  white paper to provide an illustration of this 

notion of profiles.

MeUMetaModel (M3) M OF

I

UML I

: | RealTime iEPOC I
1

j  CWM

Z D E
OLAP

OTHER STANDARDS...

SHnderd

Bid Speed*: PioHenfWt}

MyProtile

Model (Ml)

Object (MO)

Figure 2.12: W hite paper profile mechanism [27]

The white paper list fifteen requirem ents for profiles, which include support for heavy­

weight extension mechanisms. Heavyweight extension mechanism are those th a t are in­

tended to be applied at the meta-meta-model level (M3) of the MOF hierarchy, i.e. to 

provide the capability to  define new  meta-class at the M2 level (example, add a new model 

element to the UML).

Desmond D’Souza et al. [20] presents an approach to  defining different modeling lan­

guages as profiles that is based on the ir work with packages and frameworks in the Cataly­

sis [21] methodology. D’Souza et al. argued that a consolidation of the then current UML 

so as to  improve its model management and  structuring facilities, would result in the capa­

bility to  satisfy the stated requirements for pro fi le s  w ithout actually adding a  new feature

58

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



to  the UML.

The authors theorize th a t (L) application of the then existing UML mechanisms of 

package -im port, and -generalization, along with (2) frameworks {"to describe recurring 

patterns in models and meta-models” [20]), and (3) OCL ( "to express constraints on the 

meta-model” [20]) would in addition to satisfying the requirements of profile, also provide 

“first-class extensibility ”. This theory is based on:

•  The existing use of packages to define and structure the meta-models would also be 
applied to the definition and structuring of extensions to the meta-models. While, 
package im port and generalization  control the granularity of element grouping and 
visibility.

•  Using the package im port and package generalization to extend the definition of m eta­
model elements.

•  Defining a rules for the combination of two or more elements that have been extended 
from the same parent element.

•  Utilizing frameworks at the meta-model level to  express model level patterns a t the 
meta-model level.

•  Using the OCL to describe model-level constraints at the meta-model level.

D’Souza et al. argued tha t the use of stereotype and tagged value are redundant, because 

of the available facilities of frameworks. While this may be true the use of stereotype, and 

tag definition make the work of language definition less complicated than using framework 

features. Since the publication of D’Souza et al. work the UML profile description has been 

changed to being simply, a stereotype of the UML package construct, tha t contains a set 

of meta-model elements th a t have been customized by use of the EM for a  specific purpose 

based on a set of requirements.

The revised definition and description of profile (see the UML Specification version

1.4 [43]) have simplified much of the debate about profile by providing mechanisms (pack­

aging and EM) that facilitate satisfying most of the requirements for profile in the white 

paper [27] without including these requirements as explicit features of the UML. Chief 

among these is the fact th a t profile is no longer considered a meta-model element, as was 

done in UML version 1.3, but is now viewed as a UML defined stereotype of package, i.e. 

the UML EM has been applied in the definition of p r o f ile.
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Unlike D’Souza et al. this work will not consider any aspect of heavyweight extension 

mechanisms. Heavyweight extension mechanisms have the capability, and are intended to 

be use to change the semantics of the language it is being applied on. Thus, it is possible 

to  change the semantics of the UML as documented in the UML specification by applying 

heavyweight extension mechanisms on it. This research will apply only the lightweight 

extension mechanisms, which r e f  ines  rather than  changes the semantics of the language it 

is applied on.

The ideas of D’Souza et al. on (L) using package- generalization and im port to extend 

the definition of meta-model elements, (2) expressing patterns (domain) a t the meta-model 

level, and (3) using the OCL to describe model-level constraints at the meta-model level will 

be implemented in this research work. In addition, unlike D’Souza et al. work, extensive 

use of stereotypes will be applied herein. Though it must be noted that, similar to profile, 

the definition and description of stereotype has undergone extensive changes from UML 

version L.3 to version L.4.

2 .6 .2  O th e r  r e la te r  w ork s

Brief descriptions of works th a t have similarities with the research of this dissertation are 

presented in the following Sections 2.6.2.L, and 2.6.2.2.

2 .6 .2 .1  T h e  G M E approach

The Generic Modeling Environment [63, 50] (GME) is a configurable tool-set tha t supports 

the creation of domain-specific modeling and program synthesis environments. GME was 

developed a t the Institu te  of Software Integrated Systems (ISIS), Vanderbilt University. 

Similar to  the work of this report, GME specifies the configurations of the domain-specific 

applications through the  use of meta-models. In GME a modeling paradigm (the domain- 

specific modeling language) is composed of syntax, semantics, and presentation information 

of the dom ain. A nother similarity of the GME approach and tha t of this work is tha t 

GM E’s modeling paradigm  determines: (1) which concepts will be used to  construct models 

(commonality, and variability); (2) what relationships may exist between these concepts 

(associations, generalization/specialization, etc); and (3) how the concepts may be organized
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and viewed by the developer (domain pattern  models).

The main differences between th e  GME approach and this work are: (1) GME auto­

matically synthesizes modeling paradigm  from a description of the domain given in GME 

concepts; (2) GME interfaces with a repository of domain models th a t are synthesized to 

generate an application model; (3) GME deals with multi-aspect model integration; (4) 

the  GME models are in the form of entity  relationship diagrams; (5) the semantics of the 

models generated by GME is not defined in GME; and (5) GME is specifically focused on 

the modeling of large-scale, complex models.

2 .6 .2 .2  T h e pUM L approach

T he pUML5 proposed a re-architecture of the UML as p ro file s  [12]. In this proposal the 

UML is composed of a “. . .  kernel library, which provides a collection o f modeling concepts 

essential to the building o f UML profiles" [12]. Along with such a  library the UML will have 

“. . .  an extension mechanism for constructing profiles as extensions o f the kernel library or 

other profiles” [12]. These components will be supplemented by " . . . a  constraint language 

fo r  expressing invariant properties o f UML models" [12]. The pUML takes an approach to 

domain-specific language definition th a t is similar to this work but there are a number of 

fundamental differences, particular to  the that of the definition of semantics for the model 

concepts.

The pUML takes a denotational approach to the definition of semantics for the domain- 

specific concepts contained in a profile, but their denotational m apping requires a textual 

description of what the semantic concepts are th a t the domain concepts have been mapped 

to. Whereas in this work the semantic domain is a mathematical one (if one exists) or a 

concise textual description. Another m ajor point of dis-similarity between the two works is 

th a t the pUML approach seeks to re  — architecture  the UML, whereas this work explicitly 

uses the UML as it is presented in the specification. Suffice to  say tha t the pUML re- 

architectured UML would still fit into the process for defining domain-specific modeling

°See the web-site at h ttp  : / fw w w .pum l.org
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languages as researched herein.

2 .6 .2 .3  A dd itional rela ted  w orks

There are a number of additional works tha t are related to various aspects of the research 

work presented in this dissertation. Though it would be impossible to document or list all 

of these related works a few of them  are listed below, along with references:

•  Model Driven Architecture (MDA)6 - The "Model Driven Architecture (M DA) is an 

approach to the life cycle integration o f enterprise systems comprised o f software, hard­

ware, humans, and business practices.” [19] MDA provides a platform-independent, 

vender-neutral approach to the challenge of interoperability by use of the established 

OMG modeling standards, such as the UML. It is expected that as new platforms and 

technologies are developed the MDA will enable a streamline integration of these new 

platforms and technologies into existing ones. It is expected that all methodologies, 

technologies, processes, etc. th a t is base on any of the involved OMG specifications 

will be integrated into the MDA approach to software development. Consequently 

work such as tha t of this dissertation should be able to fall within the gambit of the 

MDA.

•  Using OCL far Defining Precise. Domain-Specific UML Stereotypes [35] - Martin 

Gogolla presents an idea for the use of stereotype in defining domain-specific UML 

language constructs th a t is sim ilar to the approach taken in this work. His intent, like 

th a t of this work, is to produce precisely stated stereotype definition of the domain- 

specific constructs by way of the OCL.

•  Will Domain-Specific Synthesis Become a Silver Bullet? [11] - In this "Trends & Con­

troversies” article a num ber of contributors look at the growing usage of domain- 

specific code synthesizer (generator) systems and the benefits tha t may be derived

6 See h ttp  : / f w w w .om g .org /m da /
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from such systems. This system is of the type worked on in the  case study  of Chap­

te r 6. The problems, outlined in this article are similar to those encountered in the 

case study, and the stated  benefits of such systems are exactly those being sought 

after by the developers of the case study system.

•  Catalysis [21] - Catalysis is an approach to component-based software development 

th a t is made up of a number of techniques and methods for developing high-integrity 

objected-oriented designed systems. These techniques and m ethods use the UML no­

tation and has been successfully applied in a number of large-scale industrial projects. 

T he concepts of "Model Frameworks'’ and "Packaging" as presented in Catalysis are 

similar to corresponding ideas applied in this work.

•  Domain-Specific Software Architecture (DSSA)7 - DSSA seeks to make the use of 

software architecture more rigorous by defining precise meanings and notations for 

the  specification of such architectures. This is intended to lead to the use of machine- 

process-able languages to capture architectural specifications; tools to analyze these 

specifications, estimate system properties, and automate the testing of software devel­

oped from these architectures. W ith DSSA, it is expected th a t reuse and autom ation 

will be applied at multiple phases of the system development life cycle. This goal is 

similar to one of the many goals of DSML usage, and like DSSA, DSML depends on 

precise meanings of the notation and constructs used in defining components (models) 

of DSML.

•  Product Lines [17, 88]. The notion of a software product line exist in an environment 

where an organization develops and markets a family of products with overlapping 

bu t not identical functionalities [88]. Software product line is viewed as one of the 

more promising proposals for improving the effectiveness and efficiency of software 

development [17]. One facet of software product line tha t is addressed in this work

7See h ttp  : / fww w.htc.honeyrwell.com /project3/d s s a /
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is tha t of evolution of software and software requirements. Software product line 

development is geared toward domain of software and software requirements rather 

than single product and single product requirements.

•  Software Systems Generator Research - An area of Don Batory’s work with the Soft­

ware Systems G enerator Research Group (SSGRG) a t the University of Texas, Austin 

is based on the idea tha t while past and current software design methodologies are spe­

cific to one-of-a-kind applications, future development methodologies will be centered 

around product line architectures (PLA), i.e. design for related families of applica­

tions8. The SSGRG definition of a PLA is “. . . a  blueprint fo r  creating families o f 

related applications."[6] This area of SSGRG’s research is focused on exploring ways 

in which software development may be autom ated so as to increase software produc­

tivity, and quality. The essence of this research is to take the concept of software 

components, which im port and export standardized interfaces to a ”logical conclu­

s io n ', a codeless programming environment where developers will have the:

" . . .  ability to assemble applications o f a product-line quickly and cheaply

merely through component composition; no source code has to be written." [6]

•  Stanford Medical Infom atics- A research group at Stanford Medical Infomatics (SMI), 

has been carrying out work aimed a t separating the modeling of software systems 

into domain knowledge and problem solving methods, which reason over the domain 

knowledge (see [34, 41, 76] and web-site http  : / /w w w  — sm i.s ta n fo rd .ed u ). Such 

knowledge-based systems seek to promote reusability and shareability of the given 

components. The SMI group developed a tool, Protege-2000, whose original goal was 

to reduce the knowledge acquisition bottleneck (as described in [48]). Protege-2000 

is a set of tool modules which aid in the construction of domain specific knowledge 

bases. Though Protege-2000 was originally developed for a medical domain it has

8see the SSGRG web site at: h ttp : / /w w w .cs .u tex a s.ed u /u sers /sch w a rtz /p u b .h trn
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evolved into a tool to construct knowledge bases for DSLs in other domains.
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C hapter 3

The Domain Specific M odeling  
Language Com ponents

3.1 Introduction

This chapter presents a description of domain-specific modeling language (DSML). The 

description is in the form of a presentation of the components (syntax, semantics, domain 

models, meta-models, and rules) of DSMLs. The architecture for DSML is presented in 

Figure 3.1. The DSML profile package of Figure 3.1 contains meta-models of the domain 

models tha t are created during the the DA&D activity. These meta-models are centered 

around the class diagram (CD) meta-model as illustrated in Figure 3.1. This choice of 

a central meta-model is based on the complete domain CD containing information from 

multiple views of a software system. A complete domain CD is one in which all classes, 

attribu tes, operation signatures, and associations th a t are relevant to the domain problem 

under consideration are included.

The Stereotypes sub-package of Figure 3.1 contains the domain-specific semantics as 

determined from the Domain-Specific Rules of Figure 3.2. T he semantics is in the form of 

stereotype constraints and denotational [84] mappings. These constraints also specify how 

models may be instantiated from the DSML meta-models and meta-model elements (e.g. an 

instantiation of an application CD from the DSML CD meta-model, or an instantiation of an 

application model element from a stereotyped model element), by identifying the m andatory 

(common) elements for the application models. T he broken lines of Figure 3.1 indicate tha t 

there may be other sub-packages and relationships, (i.e. additional meta-models) th a t are
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Figure 3.1: DSML architecture

not shown in this particular description.

The environment in which DSMLs are specified and used (as illustrated in Figure L.2) 

is also described in this chapter. The DSML syntactic (meta-models) and semantic (stereo­

types) basis are presented as the foundation for DSML definition, with the inputs to the 

definition process for DSML being the domain models and rules. These inputs are described 

in details, along with examples. The outpu t of the domain language engineering process 

will be a set of meta-models th a t defines the syntax of the DSML, and the stereotypes that 

define the semantics.

3 .1 .1  E x a m p le  d o m a in

Starting  in this chapter, and continuing through the following chapter, an example problem 

dom ain will be introduced for the purpose of illustrating components of the DSML pre­

sented. The example domain is titled C heckin  — Checkout. Applications in this domain 

provide a set of services to users th a t allows them to checkin  and checkout item s  from the
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system . There are restrictions on the  sequence of service activations, and there may be 

policies, and categories associated w ith the users, and items of the system. Examples of 

systems in this domain are: library, car rental, video rental systems.

Some of the main characteristics of a Checkin-Checkout application domain are:

•  An adm in istra tor  of the system (librarian in the library system);

•  A set of users  who will be associated with the functions of checking in and checking 
out (renter - customer in the car rental system);

•  A set of item s, with unique identifiers, tha t will be checked in an d /o r checked out 
(videos in the video rental system);

•  A description  of the item s  (title  information in a library system);

•  A set of policies associated w ith the administrator, items, users, and Transactions  
(age limit of customers in the car rental system);

•  A set of transaction  information (record of a rental receipt in the video rental system);

•  A set of categories for users, items, and transactions  (fictional or non-fictional in the 
library system);

•  The relationships between the above concepts;

•  A set of add. remove and update functions for adding, removing, and updating items, 
descriptions, users, categories and policies;

•  A set of checkin, checkout, browse, reserve item, and change reservation functions; 
and

•  A checkin  activity must be preceded by a checkout activity.

These characteristics were determ ined from the requirement analysis and dom ain analysis 

th a t would have preceded the work studied in this research.

3.2 DSM L Environm ent

T he software development environm ent in which DSML is intended to be specified and used 

is illustrated in Figure L.2. This figure is repeated as Figure 3.2 for ease of reference.

Figure 3.2 illustrates the operational framework of DSSEE. The broken line defines the 

domain engineering boundary, which is composed of the activities: Domain Analysis and 

Design and Domain Language Engineering. The inputs to  Domain Analysis and Design 

a re the requirements for future  and legacy systems, and user. The outputs from Domain
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Figure 3.2: Domain-Specific Software Engineering Environment (DSSEE)

Analysis and Design are a set of Domain Models and a set of Domain-Specific Development 

Rules. The inputs to Domain Language Engineering are the outputs from Domain Analysis 

and Design, with the output being the DSML.

T he sole activity outside of domain engineering is Application Engineering. This activity 

uses the DSML  to  create Application Models, based on the input application requirements. 

T he activities of Domain Language Engineering and Application Engineering have feedback 

to  the activity Domain Analysis and Engineering. These feedbacks are to facilitate modi­

fications to the DSML  tha t may arise from errors, inconsistencies, or omissions tha t have 

been uncovered during execution of the Domain Language Engineering and Application 

Engineering activities.

Only the Domain Language Engineering activity, of Figure 3.2, is researched in this 

work, along with the inputs and output of Domain Models, Domain-Specific Development 

Rules and DSML. Domain Analysis and Design (DA &: D) will be discussed in terms of its 

ou tpu ts are used in the language definition process. Application Engineering (AE) activities
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will be discussed with respect to its use of DSML in Section 4.3.

3 .2 .1  D o m a in  a n a ly s is  a n d  d e s ig n  a c t iv i ty

The dom ain analysis and  design (DA&D) 2.4 activity generates a set of domain models 

and rules tha t are used in developing DSMLs. T he DA&D activity, as used in DSSEE, is 

a set of tasks and products derived from FODA [56] and FAST CA [95, 96], as outlined in 

Sections 2.4.2 and 2.4.3, respectively. In Sections 3.2.1.1, through 3.2.1.3 the outputs of the 

DA&D will be presented.

3.2 .1 .1  D om ain  d ic tio n a ry

In the UML a domain dictionary is an Artifact as specified in Section 2.5.2.2 of the UML 

Specification [43] and would be represented as a stereotype <£. docum en ts, which is a sub­

class of the stereotype <g.file^>. There is no UML defined format for a domain dictionary. In 

this work the domain dictionary is a three column table tha t lists the nam e  of the domain 

concept, its properties , and exam ples  of the concept, and is included in the set of domain 

models. Table 3.1 list a  sub-set of the static concepts from the previously identified example 

C hecking  — Checkout domain. There are usually separate dictionary tables for static and 

dynamic concepts.

Table 3.1 lists the names, some properties and examples of the identified static concepts 

of the domain. The P roperty  column identifies whether the entity is concrete or abstract, 

optional or m andatory, and initially identified attributes. Concepts with a concrete prop­

erty are those for which there is a corresponding real world entity, while concepts with an 

abstract property are those tha t are used for classification (grouping) and usually have no 

corresponding real world entity. Concepts with an optional property are those tha t may be 

present in some applications of the domain and absent in others, i.e. domain variability. 

Concepts with m andatory  property m ust appear in all domain applications. The attribute  

of the static  concepts are listed along with a type designation. A ttributes are assigned 

an abstract type so as no t to  impose a design decision a t this stage of development. The
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Table 3.1: Checkin-Checkout domain dictionary (static concepts)
Term Property Example

user concrete, m andatory 
a ttr ibu te  identifier: IDENT 
re la tionsh ip  assist, user.cat, user.item, 

user.tran

customer, borrower

item concrete, m andatory 
rela tionsh ip  item -cat, item .tran.

item-desc, user.item

car, book, video

description concrete, m andatory 
a ttribu te  desc.info: DESC 
rela tionsh ip  itenudesc

title  information for a  book

user category abstrac t, m andatory 
rela tionsh ip  userjcrat, ucat.policy

categories of custom er (preferred, 
delinquent)

item category abstrac t m andatory 
rela tionsh ip  item -cat, icat.policy

categories of cars (economy, full size)

transaction category abstrac t, m andatory 
re la tionsh ip  tran .ca t, tcat.policy 

genera liza tion

categories of transactions for 
vehicle rental (daily, weekly rental)

policy ab strac t, optional 
a ttr ibu te  poly.type: POLICY 
re la tionsh ip  icat_policy, ucat.policy, 

tcat.policy, admin-policy

policy of borrow tim e for category of 
library users (professors - one year)

transaction ab strac t, optional 
a ttribu te  trans.date : DATE 
re la tionsh ip  user.tran. item_tran.

tran .ca t. generaliza tion

rent.vehicle, return.vehicle 
transactions

adm inistrator concrete, optional 
a ttr ibu te  identifier: IDENT 
rela tionsh ip  adrnin-policy, assist

librarian, vehicle rental agent

checkout trans concrete, m andatory 
a ttribu te  return-date: DATE 
rela tionsh ip  specialization

borrow a book

checkin trans concrete, m andatory 
a ttr ib u te  late^return: LATE 

charge: CHARGE 
re la tionsh ip  specialization

return a video

change trans concrete, optional 
rela tionsh ip  specialization

change a  vehicle reservation

reserve trans concrete, optional 
a ttr ib u te  s ta rt.d a te : DATE 

end_date: DATE 
re la tionsh ip  specialization

reserve a book

relationship  of the static  concept list relationship names associated with the concept and 

generalization, specialization designations indicate whether the concept is a classification 

(generalization ) or is classified (specialization).

The property column is updated as each activity in the DA process is carried out. This 

is indicated in the FODA Input Output table (Table 2.1). These properties will determ ine 

which of the UML model elements the concept will be mapped onto. The dynamic concepts 

of the domain are similarly documented as illustrated in Table 3.2.
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Table 3.2: Checkin-Checkout domain dictionary (dynamic concepts)
Term Property Example

checkin-checkout abstract, optional car rental, library rental system s
use system abstract, optional borrow a  book, re turn  a  video
checkin item concrete, m andatory  

sp e d  fic a tio n
An item  th a t had been previously 
checked ou t o f the  system  is checked 
back in.

return  a  rented vehicle 
return a  borrowed book

checkout item concrete, m andatory  
sp e d  fic a tio n

An item  th a t is available for 
checkout is checked ou t by a user.

rent a  vehicle 
borrow a  library book

browse item concrete, optional 
sp ed  f  ication

Items m ay be viewed in various order.

view all books on photography

change reserve concrete, optional 
sp ed  fic a tio n

An existing reservation is updated 
by th e  user who m ade th e  reservation.

cancel a book reservation

reserve item concrete, optional 
pre — condition

An item  th a t  is available for the 
reservation period is reserved by a  user

reserve library book 
reserve vehicle for rental

maintain category abstract, optional add a new category of books
add description concrete, optional 

sp ed  fic a tio n
The description to  be  added must not 
exist in th e  system . O nly a system 
adm in istra to r can execute this task.

add a  new hook to  the library 
add a  new car model to  the rental

remove item concrete, optional 
sp ed  f  ication

The item  m ust exist in th e  system and 
only a  system  adm in istra to r can execute 
this task.

copy of a book is removed from 
the library

a vehicle is removed from the 
rental fleet

Table 3.2 presents the initial definition of a sub-set of the dynamic concepts of the example 

domain (C heckin  — C heckout). The Property  column records properties of the concepts 

in the form of a textual statem ent. The properties of concrete and abstract are the same 

as that defined for the static  concepts in Table 3.1. The optional/m andatory property of 

the concept is indicated. T he m andatory  property of a static o r dynamic concept are the 

concepts th a t are com m on  to the domain. The optional static or dynamic concepts those 

th a t are variable in the domain. As other task in the DA activity are concluded more 

information will be added to  the domain dictionary.

3 .2 .1 .2  S ta tic  co n cep ts  m o d el (SC M )

DA&D focuses on the capturing of domain information in the form of a set of UML models. 

This activity results in the creation of a domain static concept model (SCM) tha t captures

72

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the static  concepts and their relationships in the domain. The domain SCM of the C heckin—

C heckout domain is presented in Figure 3.3.
-----------------------------------------------------------------------------------------------------------------------------
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e n d .d a te :  DATE

R eserve Trans

Figure 3.3: Checkin-Checkout domain static concept model (SCM)

Figure 3.3 (SCM) illustrates the static concepts of the domain and the relationships 

between them in the form of a UML class diagram (CD). The class constructs in Figure 3.3 

represents the static concepts of the domain and not classes of objects in the solution 

domain. This approach is an adaptation from Craig Larm an's description of domain mod­

els [62], where he points out tha t his domain model (and this work's concept model) " .. .  is 

a visualization o f things in the real-world domain o f interest, [and] not software compo­

nen ts” [62]. Larman also points out th a t his domain model (and this work's concept model) 

illustrates "conceptual classes”, which are "ideas" or “th in g s". The difference between Lar- 

m an’s domain model and the domain model of this work is tha t Larm an's domain model 

is a model of a single  instance of a problem, whereas the domain models in this work is a 

model of a fa m ily  of application problems.
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T he interpretation applied to multiplicities in a SCM is that such multiplicities are mul­

tiplicities of ideas or things. Consequently the multiplicities on the association itenudesc, 

between the Item  and the Description concepts state that: (1) an Item idea or thing  must 

be associated with one and only one ( i . . i )  Description idea or thing ; and (2) a Description 

idea o r th ing  may be associated with zero or more ( 0..*) Item ideas or things.

T he determ ination as to which UML model element these entities th ings  will be mapped 

to (classes, objects, associations, interfaces, nodes, etc) is not manifested in the SCM. This 

determ ination is made a t the next stage of analysis, where a domain class diagram will be 

derived from the SCM. The purpose of the SCM is to identify the static concepts of the 

problem domain and the relationships between these concepts. Is is from this model that a 

m apping is made to  the software concepts of the solutions space.

3 .2 .1 .3  D ynam ic co n cep ts  m odel (D C M )

In DA&D the Taxonomy o f functions (0.2.3.3 in the FODA HTA of Figure 2.5) focuses on 

the capturing of the dom ain’s dynamic (functional) concepts. This activity results in the 

creation of a domain dynamic concept model (DCM) that captures the dynamic features 

of the domain. These features are later categorized as being either common (mandatory) 

or variable (optional) features of the domain. This activity is specified in CA as Iden­

tify commonalities and Identify variabilities (see Figure 2.7). The domain DCM of the 

C heckin  — Checkout domain is presented in Figure 3.4.

Figure 3.4 is a hierarchical structuring of the domain dynamic concepts in the form of 

a UML use case diagram. This hierarchical structuring of the use cases facilitates a high 

degree of reusability, as a developer can select many combinations of concepts (based on the 

commonality or variability) for different applications from this use case diagram. The actor 

user has access to  a subset of the functional concepts, namely Use s-ystem th a t is specialized 

as Checkin Item, Checkout Item, Browse. Item, Reserve Item , and Change Reserve. While 

an Administrator of the C h eck in —Checkout system has access to all the dynamic concepts, 

including those th a t are accessible by an User. In DSSEE each use case is specified in a 

table format as illustrated in Table 3.3.
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Figure 3.4: Checkin-Checkout domain dynamic concepts model (DCM)

Table 3.3: Use Case Specification
U se  C o se Use Case Name
G e n e ra liz a tio n Name of use case th a t generalize th is  use case
S p e c ia liz a tio n Name of use case th a t  specialize th is  use case
C re a te Names of sta tic  concepts th a t are  created in order to  satisfy the  use case
R e a d Names of sta tic  concepts th a t are  read in order to  satisfy the  use case
U p d a te Names of sta tic  concepts th a t are  updated in order to satisfy the use case
D e le te Names of sta tic  concepts are deleted in order to  satisfy tiie use case
In p u t Inputs and types th a t  are required from the actor by the  use case
O u tp u t O utputs and types returned to  th e  actor by th e  use case
F o rm a l d e s c r ip tio n A formal description of the use case in OCL
In fo rm a l d e s c r ip tio n An informal textual description of the  use case, which is derived 

from the  formal description

This tabular specification for use cases is an adaptation  of the format used by the organiza­

tion from which the case study of C hapter 5 was obtained. The use cases are first specified 

in a textual (informal) format, and then converted to a formal representation by translating 

the use case specification into OCL. The activity of formalizing the specification leads to 

a more precise representation of the use case. Once the formalization is complete then the 

informal specification will be restated from the formal format of the specification.

The process of formalization used in this work is the mapping of a concept from the
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informal domain to a concept in a formal domain (a denotational mapping). This m apping 

creates a  formal meaning for the relevant properties of the informal concept for which 

precision is required. This process may not always produce a complete m apping of all the 

informal properties to formal properties. In such cases the unm apped informal properties 

will be retained in terse informal statements.

Formalization of the specification of the domain use cases in OCL is given within a 

context of an OCL expression. This context defines the scope of entities that may be 

referenced in the OCL expression. In order for this to be accomplished the relationships 

between the static concepts and the dynamic concepts have to be established. This relation­

ship model.in DSSEE, is referred to as a concept context model (CCM), and is an ou tpu t of 

the DA&D activity (see Figure L.2). T he CCM for the example domain C h eck in —Checkout 

is presenter! in Figure 3.5.

Figure 3.5: Checkin-Checkout concept context model (CCM)

Figure 3.5.4 is a package (high) level description of the relationship between the domain 

static and dynamic concepts that are illustrated in Figures 3.3 and 3.4, respectively. This 

diagram  shows tha t the CCM package imports from the DCM and SCM packages. The
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interpretation of this package import concept is as defined in the UML [43] and illustrated in 

Figure 2.10. The visibility o f the im ported model elements is public, and the isSpecification 

a ttribu te  is true.

Figure 3.56 is an example of the reification of the <§Cimports relationship between 

the CCM and the SCM and DCM concept elements. The static concepts Administrator, 

Description, Policy, and Item  are associated with the dynamic concept Maintain Descrip­

tion. The stereotype associations are taken from the use case specification of the dynamic 

concept. This model identifies all the static concepts tha t are involved with the three func­

tional concepts Add Description, Remove Description, and Update description, which are 

sub-concepts of Maintain Description. Figure 3.5 C is the context model for the Checkout 

Item  functional concept. In the execution of this dynamic concept the static concepts User, 

Description. Policy,and Item Category are read; Item  is updated; and Checkout.Trans is 

created. Figures 3 .56  and A are contained in the <3Cconcept context m o d e ls  package of 

Figure 3.5.4.

In DSSEE use case descriptions are presented in two format, an informal and a formal 

version. The formal version is intended for use by language and tool developers who require 

a precise (non-ambiguous, consistent) expression of the use case specification. The informal 

version is intended to be used by anyone who requires a clear but non-formal description 

of the use case. The approach taken in expressing the use case specification in a formal 

context is an adaptation from the work of the Methods Integration Research Group (MIRG) 

a t the Florida Atlantic University1. MIRG presents a specification for Fusion Operation 

Models [65] in terms of the the system 's configuration before execution and the system's 

configuration after execution of the operation as unprimed and primed (’) variables [32, 

30] respectively, in the Z [77] notation. In this work a similar approach is taken for the 

formal description of the use cases, i.e. by use of the OCL's ‘Qpre’ (before execution state) 

construct. MIRG’s approach w ith the Z notation is more extensive in its expressions than

lSee the MIRG web-site at tuw ur.cse.fau.edu/re sea rc h /M IR G /
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in this work’s OCL statem ents. An example of this is tha t there is no explicit matching of 

Qpre and non Spre variables, i.e. statem ents asserting that values of variables th a t are not 

created  or updated are unchanged.

An examples of a use case specification ( Remove Description) is presented below, addi­

tional examples of use case (Add Item, Add User, Update Policy, Checkout Item-And Checkin 

Item) for the C heckin — C heckout domain are presented in Section 3.6.6 a t the end of this 

chapter.

Table 3.4: Use Case: Remove Description
U se  C ase Remove Description
G en era liza tion Maintain Description
Sp ecia liza tion
R ead Administrator, Policy
U p d a te
C r e a te
D e le te Description
In p u t desc: Description, admin: Administrator
O u tp u t r e su lt:  Boolean
Form al
d escr ip tion

context Remove-Description inv:
(Description.ocLIsKindOf(Class) and Administrator.oclIsKindOf(Class) and  
Policy.oclIsKindOf(Class) and d e sc .ite m — size() =  0 and  
Description—exists(d | d.descJnfo'Spre =  desc.desc.info) and  
adm in.policy —exists(p | p.poly.type =  'remove d e s c r ip t io n ')  and  
Description— forAll(d | d.desc_info <> desc.desc.info) and r e s u l t  = TRUE) 
xor
(Description.oclIsKindOf(Class) and Administrator.oclIsKindOf(Class) and  
d e sc . item —size() =  0 and
Description—exists(d | d.desc_info<£jpre =  desc.desc.info) and  
Description— forAllfd | d.desc.info <> desc.desc.info) and r e s u lt  = TRUE)

Inform al
d escr ip tion

Administrator, admin, must have permission to delete the Description and 
desc is the Description to be deleted and d esc must exist in the system  and  
the number o f Item objects associated with d esc must be zero and after 
execution Description, d esc. does not exist in the system and r e s u lt  is true.

exclusive or  for a variation with no Policy concept:
Administrator, admin can delete the Description and d esc  is the Description 
to be deleted and d esc must exist in the system  and the number of Item 
objects associated with d esc  must be zero and after execution Description, 
desc, does not exist in the system  and r e s u lt  is true.

T h e  specifications contain both  the formal and informal descriptions of the use cases. The 

formal description is a post-condition of the use case. The pre-condition may be derived 

from the  post-condition. T he informal descriptions have been derived from the formal
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versions. These descriptions are statem ent of the requirements of the use cases and are 

not to  be inferred as design or code specifications. Variable names and literals introduced 

in the use case specifications are presented in T y p ew rite r fo n t style, and tex t from the 

model figures are in the Sans Serif font style. In OCL expressions spaces in model element or 

variable nam es will be replaced with an underscore (_), as spaces in names are not allowed 

in OCL expressions. The context specification for(oclIsKindOf) in the formal description of 

the use cases states th a t the model elements (Description. Administrator, and Policy) may 

be instances of meta-classes or instances of stereotypes of meta-classes.

The informal use case descriptions may be used to develop domain application models, 

but the formal format is required for the domain language definition process and incorpo­

ration of DSML into CASE tools.

3 .2 .1 .4  D om ain  class d iagram

From the Domain dictionary and the SCM a domain class diagram (CD) is created. The 

domain CD is developed after the domain concepts of the SCM are mapped to  UML model 

elements. This also results in the introduction of additional concept a ttribu tes in the domain 

CD and dom ain dictionary. In Section 3.2. L.L it was stated tha t the properties of the static 

concepts are used to determine which UML model element represents each of the static 

concept. This process of mapping the static concept properties to corresponding properties 

of UML model elements will be described in Section 4.2.1. A domain CD for the example 

C heckin  — Checkout domain is illustrated in Figure 3.6.

The dom ain CD model of Figure 3.6 is similar to the SCM of Figure 3.3, bu t with 

additional attributes. The key difference is th a t in Figure 3.6 the developers have restricted 

the dom ain applications to those for which the user and adm inistrators are of the type 

person.

3 .2 .1 .5  D om ain  a ctiv ity  d iagram s

For each use case definition a UML activity diagram  is created. Activity diagrams for 

the use cases Remove Description (Table 3.4is illustrated below in Figure 3.7A. Additional 

activity diagram s for the use cases Add Item . Add User. Update Policy, Checkout Item, and
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Figure 3.6: C heckin  — C heckout domain CD model

Checkin Item  (Tables 3.10. 3.1 L, 3.12, 3.13, 3.14, and 3.15) are illustrated in Figures 3.7.4 

and B , 3.8.4 and B, and 3.9.4 and B, respectively. These figures are also illustrated in 

Section 3.6.8.

Figure 3.7.4 illustrates the main (com m on ) flow for the Remove Description use case 

as including the sub-tasks; Administrator Logon, Verify Description. Verify Item, and Re­

move Description. The optional (variable) flow along the conditional path remove policy] 

is for applications tha t include a Policy for adm inistrators use of the system. Similarly, 

Figure 3.7B illustrates the  main (com m on ) flow for the Add Item  use case as including the 

sub-tasks; Adm inistrator Logon, Verify Description , and Add Item. The optional (variable) 

flow along the conditional paths [remove policy] is for applications tha t include a Policy for 

adm inistrators use of the  system.
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Figure 3.7: Activity diagrams - Remove Description & Add Item

Figure 3.8.4 illustrates the main (com m on) flow for the Create User use case as including 

the sub-tasks; Administrator Logon. Verify User, and Create User. The optional (variable) 

flow along the conditional paths [remove policyJ is for applications tha t include a Policy for 

adm inistrators use of the system. Similarly, Figure 3.86 illustrates the main (com m on) flow 

for the Update Category use case as including the sub-tasks; Administrator Logon. Verify 

Category, and Update Category. The optional (variable) flow along the conditional path 

[remove policy] is for applications tha t include a Policy for adm inistrators use of the system.

Figure 3.9.4 illustrates the main (com m on ) flow for the Checkin Item  use case as in­

cluding the sub-tasks; User Logon, Verify Item, Verify Description, and Create Checkout 

Transaction. The optional (variable) flow along the conditional paths [checkout policy] is 

for applications tha t include a Policy for users use of the system. Similarly,Figure 3 .96  il­

lustrates the main (com m on) flow for the Checkin Item  use case as including the sub-tasks;
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Figure 3.8: Activity diagrams - Add User i t  U pdate Policy

User Logon, Verify Item , and Create Checkout Transaction. The optional (variable) flow 

along the conditional path  [checkin policy] is for applications th a t include a  Policy for users 

use of the system.

3 .2 .1 .6  D om ain  co llab oration  diagram s

For each use case definition a UML collaboration diagram is created. Collaboration dia­

grams for the use cases Remove Description (Table 3.4) is illustrated below. Additional 

collaborations (Add Item. Add User. Update Policy, Checkout Item, and Checkin Item  (Ta­

bles 3.11, 3.12, 3.13, 3.14, and 3.15) are illustrated in Figures 3.10, 3.11, 3.12, 3.13, 3.14, 

and 3.15 respectively, and repeated in Section 3.6.9.

Figure 3.10 illustrates the collaboration between the Description object and the Item  

class in executing the Remove Description use case. The collaboration requires tha t the
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2a: [vtOK] rem ove.descQ

req u e s t.re m o v e .d e sc O
: Description

t :  vtOK *  venfy_item ()
Item

— ► — ►

2b: (not vtOK) report_error()

Figure 3.10: Collaboration diagram - Remove Description

Item, class is accessed to verify tha t no Item  object is associated with the Description th a t is 

to be removed. A fail condition, i.e. Item  objects are associated with the Description object 

th a t is to be removed, is reported as an error (reporLerror), and removal of Description 

does not occur.
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Figure 3.11: Collaboration diagram - Add Item

Figure 3.11 illustrates the collaboration between the Description object, Item Category 

and Item  classes in executing the Add Item  use case. The collaboration requires that the 

Description object verify that the inputted Item  (itm) does not already exists in the system. 

The Item Category is accessed to verify tha t the inputted Item Category (icat) exists, itm  

is then add to the system, and the Item Category (icat) updated. A fail condition, i.e. itm  

already exist in the system, or icat does not exist, is reported as an error (reporLerror).

1: vuOK = vonfy _user(usr)

requost_add_usor(ucat» usr)
[vuOK] ucOK a  verify _usef_cat(ucat)

2b: [not vuOK] 
3b: [not ueOK] 
roport.errorQ

3a. 1: update_user_eat(ucat)
3a: [ucOK and vuOK] create! usr)

User

Figure 3.12: Collaboration diagram - Add User

Figure 3.12 illustrates the collaboration between the User, and User Category classes in 

executing the Add User use case. The collaboration requires tha t the User class verify that 

the inputted  User (usr) does not exists in the system. The User Category is accessed to 

verify th a t the inputted User Category (ucat) exists, usr is then add to the system, and the 

User Category (ucat) is updated. A failed condition, i.e. usr already exist in the system or 

ucat does not exist in the system is reported as an error (report-error).
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Figure 3.13: Collaboration diagram  - Update Policy

Figure 3.13 illustrates the collaboration with the Policy, object in executing the Update 

Policy use case. The collaboration requires th a t the Policy object be updated with the new 

d a ta  contained in poly. There is no alternative or failed condition in this collaboration.

UvcOK avcnfy_item_cat(>cat)

fequest_checkoul(icat)
2a: (vcOK] viOK » verify ̂ itemQ

2b: [not vcOK] 
3b: [not viOK] 
report.errorO

3a: [vcOK and viOK] 
create.otransocat, desc)

Item

mtm: Checkout Trarq {new)

Figure 3.14: Collaboration diagram  - Checkout Item

Figure 3.14 illustrates the collaboration between the Item  an Item  Category classes and 

the Description and Checkout.Trans objects in executing the Checkout Item  use case. The 

collaboration requires that the Description object verify that the inputted Item Category 

(icat) exists, and the Item  class is accessed to  verify th a t at least one object of Item  exist 

in the Category icat is available to be checked out. A {new} Checkout Trans object is then 

created in the system, and the Item  class is updated. A failed condition, i.e. the inputted  

Item  Category does not exist or no Item  object is available to be checked out, is reported 

as an error (report.error).

Figure 3.15 illustrates the collaboration between the  Item  and Checkin Trans objects 

in executing the Checkin Item  use case. T he  collaboration requires tha t the Item  object 

request th a t a {new} CheckinJTrans is created in the system. There is no fail or alternate
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Figure 3.15: Collaboration diagram - Checkin Item

condition in this collaboration.

3 .2 .1 .7  D om ain  seq u en ce diagram s

A sequence diagram, is an interaction diagram (like tha t of a collaboration) tha t captures 

tim ing constraints of the sequence of messages involved in the interaction. A sequence 

diagram  is associated with an In teraction , and the " . . .  purpose of an Interaction is to 

specify the communication bet ween an ensemble o f interacting instances performing a specific 

task.” [43] A Collaboration  is defined as the “. . .  structure o f the participants that play the 

roles in the performance o f a specific task and their relationships.” [43]. The relationship 

between an in terac tion  and a Collaboration  is that a Collaboration is related to zero or 

more (0 .. .  1) In teraction . This leads to the interpret that a Collaboration  is characterize 

by a  set of In teractions. Hence each sequence diagram can be viewed as a scenario  of 

the In teraction . This notion of a scenario is similar to that of Larman's description of 

a scenario  as “. . .  a specific sequence o f actions and interactions between actors and the 

system  . . . o r  one path through [a] use case” [43].

For each use case definition a set of UML sequence diagram is created. Sequence di­

agrams for the  use case Remove Description (Table 3.4) and Add Item  (Table 3.10) are 

illustrated in Figures 3.16 and 3.17. respectively. Additional sequence diagrams for use 

cases User. Update Policy. Checkout Item, and Checkin Item  (Tables 3.11. 3.12. 3.13, 3.14, 

and 3.15) are presented in Section 3.6.10 as Figures 3.39, 3.40, 3.41, 3.42, 3.43, and 3.44 

respectively. These sequence diagrams are successful execution scenarios for each use case.

At the end of creating the collaboration and sequence diagrams, i.e. the interaction 

diagrams, it is now possible to determ ine the responsibilities for the operations of the
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2a: [viOK] remove_desc()

request _remove_desc() 1: viOK = venfy_item<)
Item

— ►
: Descnotion

— ►

2b: (not viOK] report_error()

Figure 3.L6: Collaboration diagram - Remove Description 
--------------------------------------------------------------------------------------------

2b: (not viOK] report _errof()
3b: (not vcOK] report_error()

request_add_item(icat, itm)
2a: (viOK] vcOK = venty_item_cat(icat)

t : viOK « venty_item(itm) ^

3a: (vtOK and vcOK] create.item dcat) 3a. 1: update.item.cat(ieat)

: Description

Item

: Item (new)

Figure 3.17: Collaboration diagram - Add Item

domain. This information is added to the domain CD to create a domain design CD. which 

is illustrated in Figure 3.18.

Only a subset of the domain operations are illustrated in the diagram of Figure 3.18 so 

as to  dem onstrate the relationship between the interaction diagrams and the design CD.

3.3 DSM L B ase

The base on which DSML are defined is taken from the specification of the UML. and its 

model management and EMs facilities. This concept is depicted in Figure 3.19.

Figure 3.19 illustrates the relationship between the UML meta-model and the researched 

DSML. DSML are derived from the UML meta-models as stereotyped <g.profile^> packages. 

The UML meta-model base includes the entire UML specification i.e. the Model Manage­

ment. Foundation, and Behavioral packages as depicted in Figure 2.8.
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Item Category

update_*at{...)
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0 . /

Item

item code: STRING

request_checfcm(...) 
update jtem (...) 
venfy_item(...) 
ereate(...|

0. /

Description

d esc jn fo : STRING

request.rem ove.desc(...)
request.update.descU .)
request_cheekout(...)
request.add .descU .)
requea t.add .item u .)
update_desc(...}
venfy_desc(._)
report_error(.„)

U ser Category

update_ucat(...|
venfy_ucat(...)

OS

OS

ucat.policy

user.cat

User

venfy_user(„.) 
update_user(...) 
report .error(...|

1-1

Transaction

tran s.da te : DATE 
trans.tim e: DATE n  —  10-

C.J

Policy

pofyjype: STRING

update.policy(...) 
verity _policy(...) 
report_error(...)

0 . /

0 . /

0 . /

0 . /

admm.policy

Administrator

Person

id .code: STRING 
name: STRING 
phone: STRING 
entry .date: DATE

teat.policy

Transaction Category

o./

resuR.m relate j o

1..1 0..1 0 . / 1..1

Checkout Trans Checkin Trans C hange Trans R eserve Trans
retum .date: DATE 
return .tim e: DATE

late: BOOLEAN 
charge: FLOAT

change J y p e : STRING start.da te : DATE 
en d .d a te : DATE 
notify .d a te : DATE

0-1
0..1

Figure 3.18: C heckin  — Checkout domain design CD model 

3 .3 .1  S y n ta c t ic  b a se

The syntactic base for a DSML may be obtained from the UML syntactic base or it may 

be defined independently. It is presumed that the syntactic base will be th a t of a visual 

language (i.e. chiefly non-textual). The syntactic base of a DSML is defined by a: (1) 

syntactic domain, (2) a mapping from the syntactic domain to  a set of domain constructs 

(icons, picture, etc.) and (3) a mapping from the domain constructs to  the concepts of the
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« s t e r e o t y p e »

« p r o f i l e »

DSMLZ
« p r o t i l e »

DSML A
« p r o t i l e »

DSMLB

UML meta-model 
base

Figure 3.19: The DSML base model

domain. T he syntactic domain defines the visual representation for the language, i.e. the 

language notation.

The UML’s syntactic domain is a set of constructs from the two-dimensional space of 

geometric figures, and alphanumeric characters. The sub-set of figures include: lines, points, 

and arrows. This sub-set of figures and characters are used to define the concrete syntax of 

the UML, i.e. the two-dimensional icons for representing the model elements of the abstract 

syntax, and models th a t are derived from the abstract syntax. The notation of the language 

is the set of iconic elements (concrete syntax) tha t are mapped to concepts of the language. 

Figure 2.2 gives examples of the concept to concrete syntax mapping for the UML.

The syntactic domain for a DSML may be identical to the UML’s, a sub-set of the 

UML’s, or taken from a different domain. Similarly the iconic elements used to define the 

abstract syntax of the DSML may be identical to  the UML’s, a sub-set of the UML’s, or 

from a different set of icons. The use of a syntactic domain, and syntactic elements tha t are 

different from the UML’s are perm itted  in UML, vis-a-vis the EM stereotype mechanism 

via its a ttr ib u te  icon tha t is a of the type Geometry and is defined as a " . . .  geometric 

description fo r  an icon to be used to present an image of a model element branded by the 

stereotype.’’ [43] In the example of the  example C heckin  — C heckout dom ain the UML’s 

syntactic dom ain and abstract syntax iconic elements will be used.
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3 .3 .2  S e m a n t ic  b a se

A semantic dom ain for the UML is not explicitly given in the UML specification [43], but 

this can be deduced, for each model element, from its semantic definition. The semantic 

definition for a Class sta tes that: a "‘class is a description o f a set of objects.. ."  [43]; and 

an association is defined a s ” a semantic relationship between classifiers." [43], where the 

“instances o f an association are a set o f tuples relating instances of the classifiers." [43], and 

each tuple value may appear at most once. '1 [43] These semantic definitions infer th a t UML 

classes may be semantically mapped to the mathem atical concept of sets, and associations 

to  the m athem atical concept of relationships [32, 77].

The approach taken in France et al. [32] and adapted in this work is to map the (domain) 

concept to a well known and understood (ideally a formal i.e. mathematical) concept that 

have similar properties to  th a t of the (domain) concept. The mathematical theory of sets 

and predicate logic [77] are applicable semantic domains for the UML. Examples of this 

mapping from a domain (the  UML) concept to a well known and understood domain concept 

is given in Figure 2.2, where the UML Concept is mapped to a Semantic Domain concept 

th a t is m athem atical.

In the definition of the semantics of DSML a mapping from the DSML concept to a 

well known and understood formal (mathematical) domain concept that exhibit similar 

properties to th a t of the domain concept. This is the approach outlined in the following 

works [12, 13, 23, 24], and applied in defining DSML. In the case where it is not possible 

to m ap a dom ain concept to  a mathematical concept the semantics of the domain concept 

will be presented in the form of a concise textual description.

3.4  T he D om ain  R ules

During software development the developer will implicitly and explicitly apply rules in 

defining the models of the application. Some of these rules are from the requirements and 

some are from the experience gained from previous software development projects. The 

characteristics of the example C heckin  — C heckout domain, as outlined in Section 3.1.1, 

forms a subset o f the rules th a t constitute the domain rules (DR) of the domain. In the Do-
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main Language Engineering activity of Figure 1.2 the Domain-Specific Development Rules 

are used to constrain the syntax and semantics of the DSML. The rules are applied to the 

concepts (static and dynamic) of the domain. T he rules are expressed as OCL constraints 

in stereotypes of UML model elements that the domain concepts have been mapped to as a 

part of the language engineering process. W ithin DSSEE language engineering three types 

of rules are specified:

1. Adaptation Rules - uses information contained in the  domain dictionary, to  determine 

which UML model element a domain concept is to be m apped to. and how the inherited 

syntax and semantics are to be constrained. Additionally, the adaptation rules specify 

what denotational-like mappings are to be applied to  the concepts to further refine 

its semantics.

2. composition rule - exploits the information contained in the SCM. DCM, domain 

dictionary, along with domain expert knowledge to determ ine which of these concepts 

must be included in an application model of the domain. Execution of the composition 

rules leads to  the definition of models tha t capture patterns  of the domain. These 

rules result in the definition of composition domain concepts from elementary domain 

concepts (UML model element).

3. refinement rule - exploits the information contained in the SCM and DCM, along with 

domain expert knowledge to determine which domain model elements may be option­

ally included in domain application models. The refinement rules are applied after 

the composition rules have been executed. The refinement rules, like the composition 

rules, result in further definition of composition domain concepts from elementary 

and composed domain concepts. The refinement rules facilitate the identification of 

optional UML model elements and variabilities in the domain patterns of the solution 

space.

These three types of rules are formally represented as OCL constraints and (initially) as 

a set of domain and  development requirements. The adaptation rules are chiefly used for 

defining the semantics of the domain concepts, while the composition rules and refinement
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rules are directed a t identifying the common (m andatory) and variable (optional) concepts 

o f the DSML. These rules are contained in the stereotypes of the  DSML.

T he revised presentation format for stereotype th a t is introduced in the UML 1.4draft 

version and continued in the L.4 version [43] is used in this report, but with the table 

reoriented to a vertical layout from its original horizontal layout. The purpose for the re­

orientation is to aid in the readability of the tables. Table 3.5 is a layout of the stereotype 

specification, where the constraints are expressed in OCL. T he constraint entry is a key 

element of the stereotype definition as it expresses the semantics of the concepts, by way of 

the domain rules.

____________ Table 3.5: Stereotype and tag definition specifications (textual)________
S te r e o ty p e Stereotype name
B a se  C la s s Stereotype base class
P a r e n t Name of parent stereotype
T ag s Tag names for th is stereotype
t c o i r Stereotype graphical icon name
C o n s t r a in t Stereotype constraints in OC’L
D e s c r ip tio n Textual description

T ag Tag definition name
S te r e o ty p e S tereotype tha t uses th is tag
T y p e Tag ty p e  and enum erated values
M u ltip lic ity N um ber of model elements or 

tag  values for this tag
D e s c r ip tio n T extual description

T he information contained in Table 3.5 will also be represented in a graphical format as 

specified in Figure 3.20. In the graphical representation the tag  definitions are the addi­

tional attributes of the stereotyped (specialized) base class classifier. Thus the language 

and application developers will have available to them  two representations for the rules 

(semantics) of the DSML.

The stereotypes dem onstrate how the UML meta-model elements are transformed into 

domain-specific elements by application of the EMs ( constraint, stereo-typing, and tag def­

inition) to define the semantics of the DSML.

3 .4 .1  S te r e o ty p e  e x a m p le s

In this section domain rules for the C h eck in —C heckout exam ple domain are presented as a 

set of UML stereotype definitions for the SCM, and DCM concepts. The m eta-attributes of 

the stereotyped model elements are explicitly assigned a value th a t help in the specialization 

of of the model element semantic definition. The <giitenc§> stereotype is illustrated below
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Base Class

1 attribute!

1
«stereotype a » «stereotype z »

tag_definition_al tag_definilion_z 1

Figure 3.20: Stereotype and tag definition specifications (graphical) 

in Table 3.6. Additional tables of stereotypes are presented at the end of this chapter in 

Section 3 .6 .LI.

Table 3.6: Class fte m  stereotype
S te r e o ty p e item
B a se  C la s s Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <3Citem;» inv:

self.isAbstract =  false a n d  [Stereotyped classes may have instances] 
self.isLeaf =  true an d  [Stereotyped classes may not have descendants] 
self.isRoot =  true an d  [Stereotyped classes may not have ancestors] 
self.mandatory =  true an d

[Stereotyped classes must be included in domain applications] 
self—isUnique(self.item_code) and [Item objects have unique item_code values] 
self.<Cuser2>—size() =  1) an d  [An Item class associates with one User class] 
self.<Cdescription»—size() =  1 and

[An Item class associates with one Description class] 
self, ̂ transactions*—size() >  0) an d

[An Item class associates with one or more Transaction class] 
self.<s;item-categoryS>—size() > 0 an d

[An Item class associates with one or more Item Category class] 
self. <SCitemjcodeS>.multiplicity =  1 an d

[Stereotype class has one item_code attribute] 
self.<Kitem-CodeS>.changeability =  frozen and

[Stereotype class item_code attribute value may be changed] 
self. ■CitenucodeS*. visibility =  public an d

[Stereotype class item_code attributes is private] 
self.operation—includesAll( request.checkin, updatejtem, createJtem, verifyjtem)

[Operations associated with the stereotyped class]
D e sc r ip t io n The con stra in t specifies the m eta-attributes, multiplicities and operations of the 

stereotype.
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Table 3.7: Tag definition Mandatory
T a g mandatory
S te r e o ty p e item
T y p e UML::Datatype::Boolean
M u lt ip lic ity L
D e sc r ip t io n Indicates whether a stereotyped class of this type must be included in a domain 

application model.

T he m eta-attribute mandatory of the stereotype <Citem» has been introduced as a tag 

definition, which is now available to be applied to any defined stereotype of the domain 

language. The semantics of the stereotype (<g;item») is defined by the inherited semantics 

of its (1) Base Class, (2) uniqueness (self—4sUnique(self. item code)), and (3) the semantics 

of the associated operations ( request checkin, update item, create item  and verify item).

Precipitating from the definition of stereotype for the SCM concepts, stereotypes for the 

operations of the static concepts (tha t are realized as classes) are also defined. T he textual 

stereotypes may also be represented in a graphical format. This graphical format illustrates 

the stereotypes as realized specializations of the UML model element base classes. This is 

the principle identified in Section 3.4 and illustrated in Figure 3.20. Graphical examples of 

the stereotypes for the example C heckin  —C heckout domain are presented in Figures 3.21,

3.2 L, and 3.23.

The mandatory m eta-attributes of Figures 3.2 L and 3.22, and mandatory and actor 

of Figure 3.23 have been introduced for the C heckin  — Checkout domain. These meta­

a ttribu tes are the tag definitions th a t are used in conjunction with the stereotype definitions 

for the domain. The stereotypes are presented as sub — types of their respective base class, 

thus they inherit the base class’ semantics, attributes, and associations as defined in the 

UML semantics and meta-model (abstract syntax).
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Class

« tra n sa c tto n  c a ta g o iy »c<itam c a ta g o ry » c<usar cst® gory»

« p o l tc y » « d ® s c rp tto n »« transact to n » «adm im strator>>

« tca t_ p o llc y »

mandatory

c<ucat_pollcy»

mandatory

« tc a t -p o l lc y » c<admtn_poHcy»

mandatory

« u s a r _ c a t »

« tra n _ c a t> > « tc a t_ d a s o > « u s a r j t a m » « r ta m _ tra n » « r ta m _ d a s o > « u s a r _ t r a n »

mandatory mandatory mandatory mandalnry mandatory mandatory

Figure 3.21: Graphical class and association stereotypes

•* Attnbutak - - - - - - - .

1 1 1 1
e < ro tum jim ® » « p o iy _ ty p a » c<it®m_code>> c< ratum _dat«» « d a s c j n f o » e < iran s .d a t® » « p h o n ® »
maraJatuy mandakry maralaliry manlalrry manta it ay manlalrry manlakry

c< o n try _ d ata» c<trans. t tm a » c<trans. d a t® » «tC _ c o d a » «nam ® >> « c h a n g a _ ty p a »
• • •

mantal<ry mantaUry manlahry manlakry maniatrry mandakry
» • •

^ O p e ra t io n

« u p d a ta _ ic a t»

mandatory

« v a r i ty _ ite m »

mandatory

e < u p d a ta .u c a t» «varify_ucat>>
mandatory

« v a n fy _ d a s o >
mandatory

c<verify_pol>cy» « ra p o r t_ a r ro r»

< <upda(9_it«m> > « c r* a to _ its m » « v e n fy _ u s a r » c< up d at« _ u s« r» c< u p d a t* _ d * sc» c<update _ p o ltcy»
mandatory mandatory mandatory mandatory mandatory mandatory

Figure 3.22: Graphical a ttribu te  and operation stereotypes

3.5 T he D om ain  M eta-M odels

In DSSEE a set of meta-models are created for each of the SCM, DCM, and domain UML 

models th a t have been created. These m eta models are specifically for the Language Engi- 
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U s e  C a s a  

. . .  —

« u s a  s y s l e m »
mandatory
mflator

« a d d  p o lic y »
mandatory
inrtator

c < c h a ck in  c h a c k o u t »
mandatory
initiator

cc rem ove i t e m »
mandatory
irattator

« a d d  u s e r s
mandatory
initiator

« m a in ta in  i t e m s ccb ro w se  i t e m » « c h e c k o u t  i t e m » c<add d e s c r ip t io n s cccheck in  i t e m s ccupdate p o licy »
mandatory
mflator

mandatory
inrtator

mandatory
inrtator

mandatory
inflator

mandatory
initiator

mandatory
ruHator

Figure 3.23: Graphical use case stereotypes

ntering  process, and are not intended to be explicitly used in Application Engineering. The 

meta-models are intended to be used by tool and language developers. Language developers 

will use the meta-models in defining the syntax of the language, and tool developers will use 

them to facilitate autom atic generation of application model components within the tool 

environment. W ithout a CASE tool facility that has incorporated the DSML an application 

engineer may work directly with the domain models to develop application models. The 

meta-models are made up of (I) graphical representations of the domain stereotypes, (2) the 

associations between the stereotypes, and (3) the multiplicities on the associations. These 

components of the meta-models must fully comply with the syntactic and semantic defini­

tions of the UML for the respective models and model elements used. The multiplicities in a 

meta-model stipulates the number of model elements tha t may appear in an associated ap­

plication model. This is so because the instances of the meta-model elements (stereotypes) 

are the stereotype base class model elements. An instance of <Otem category2> (Figure 3.24) 

is a class of type <^item categoryS>. This is consistent with the principle th a t the instances 

of the meta-model (instances of the stereotype) resides at the model level (MOF level M l of 

Table 2.2) and the meta-model elements (stereotypes) reside a t the  meta-model level (MOF 

level M2 of Table 2.2).

The naming convention taken in presenting the meta-models is to  use the underscore 

character instead of space for attributes, associations, and operation stereotype names. 

Class names may contain spaces. All stereotype names are presented in lower case letters.
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T he meta-model for the SCM is illustrated in Figure 3.24. A sub-set of the  meta-models for 

the example C heckin  — C heckout domain appears in Figures 3.6.12, 3.6.12, 3.6.12, 3.6.12, 

3.6.12, and 3.6.12 of Section 3.6.12 a t the end of this chapter.

Figure 3.24: SCM meta-model 

The SCM meta-model of Figure 3.24 is a graphical description  of th e  SCM of Figure 3.3.
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3.6 Checkin-Checkout Specification

The following sub-sections contain the complete specification for the example domain 

C heckin  — Checkout domain. The specifications for the various domain models were de­

veloped under using the process presented in C hapter 4.

3 .6 .1  E x a m p le  d o m a in

Some of the main characteristics of a Checkin-Checkout application domain are:

•  An adm in is tra to r  of the system (librarian in the library system);

•  A set of users who will be associated with the functions of checking in and checking 
out (renter - custom er in the car rental system);

•  A set of item s, with unique identifiers, tha t will be checked in an d /o r checked out 
(videos in the video rental system);

•  A description  of the item s  (title  information in a library system);

•  A set of policies associated with the administrator, items, users, and T ransactions  
(age limit of customers in the car rental system);

•  A set of transaction  information (record of a rental receipt in the video rental system);

•  A set of categories for users, items, and transactions  (fictional or non-fictional in the 
library system);

•  The relationships between the above concepts;

•  A set of add, remove and update functions for adding, removing, and updating items, 
descriptions, users, categories and policies;

•  A set of checkin, checkout, browse, reserve item, and change reservation functions; 
and

•  A checkin  activity must be preceded by a checkout activity.
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3.6.2 Checkin — Checkout domain dictionary

The domain dictionaries of Table 3.8 and 3.9 contain the names, properties, and examples 

of the term s used in the domain. The (Table 3.8) is updated during the DAfcD activity, 

as more information becomes available. This would include new classes and additional 

a ttributes tha t are introduced during the design phase. Initially, the SCD would contain 

only the static concepts from the analysis phase.

Table 3.8: Checkin-Checkout domain static concepts dictionary (SCD)
Term Property Example

user concrete, m andatory 
attribu te  identifier: IDENT 
rela tionsh ip  assist, user-cat, user.item . 

user.tran

custom er, borrower

item concrete, m andatory 
rela tionship  item-cat, item -tran, 

item-desc, user.item

car. book, video

description concrete, m andatory 
attribu te  desc-info: DESC 
rela tionsh ip  itenudesc

title  information for a  book

user category abstract, m andatory 
rela tionsh ip  user_cat, ucat.policy

categories of custom er (preferred, 
delinquent)

item category abstrac t m andatory 
rela tionship  item -cat. icat.policy

categories of cars (economy, full size)

transaction category abstract, m andatory 
rela tionsh ip  tran .ca t, tcat.po licy  

genera liza tion

categories of transactions for 
vehicle rental (daily, weekly rental)

policy abstract, optional
a ttribu te  poly.type: POLICY
rela tionsh ip  icat-policy. ucat.policy.

tcat.policy, adm in.policy

policy of borrow tim e for category of 
library users (professors - one year)

transaction abstract, optional 
attribu te  trans_date: DATE 
rela tionsh ip  nser.tran, item -tran ,

tran-cat, genera liza tion

rent.vehicle. return_vehicle 
transactions

adm inistrator concrete, optional 
attribu te  identifier: IDENT 
rela tionsh ip  admin-policy. assist

librarian, vehicle rental agent

checkout trans concrete, m andatory 
a ttribu te  return-date: DATE 
rela tionsh ip  specialization

borrow a  book

checkin trans concrete, m andatory 
a ttribu te  la te je tu rn : LATE 

charge: CHARGE 
rela tionsh ip  specialization

re tu rn  a  video

change trans concrete, optional 
rela tionsh ip  specialization

change a  vehicle reservation

reserve trans concrete, optional 
a ttribu te  s ta rt .date: DATE 

end-date: DATE 
rela tionsh ip  specialization

reserve a  book
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T he DCD would initially contain only the use cases of the domain. As th e  DA&D 

activity progresses operations are defined and these operations are added to the DCD.

Table 3.9: Checkin-Checkout domain dynamic concepts dictionary (DCD)
Term Property Example

checkin-checkout ab strac t, optional car rental, library rental systems
use system ab strac t, optional borrow a  book, re tu rn  a video
checkin item concrete, m andatory  

sp e d  f ic a tio n
An item  th a t  had been previously 
checked ou t o f th e  system  is checked 
back in.

return a  rented vehicle 
return a  borrowed book

checkout item concrete, m andatory 
sp e d  fic a tio n

An item  th a t  is available for 
checkout is checked out by a  user.

rent a  vehicle 
borrow a  library book

browse item concrete, optional 
sp e d  f ic a tio n

Items may be viewed in various order.

view all books on photography

change reserve concrete, optional 
s p e d  fic a tio n

An existing reservation is updated 
by th e  user who m ade the reservation.

cancel a  book reservation

reserve item concrete, optional 
pre  — condition

An item  th a t  is available for the 
reservation period is reserved by a user

reserve library book 
reserve vehicle for rental

m aintain category ab strac t, optional add a new category of books
acid description concrete, optional 

s p e d  fic a tio n
T he description to  be added must not 
exist in th e  system . Only a  system 
adm in is tra to r can execute this task.

add a new book to  th e  library 
add a new car model to  the rental

remove item concrete, optional 
s p e d  fic a tio n

T he item  m ust exist in the system  and 
only a  system  adm inistra to r can execute 
th is task .

copy of a book is removed from 
the library

a vehicle is removed from the 
rental fleet
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3.6.3 Checkin — Checkout static  concepts m odel (SCM )

The domain static concept model (SCM) for the C heckin  —C heckout domain (Figure 3.25) 

captures the relationships between the static concepts of the domain. The attributes pre­

sented in this model are the user defined attributes for the domain. These attributes, like 

the static concepts, are the concepts tha t are known and are m anipulated by the users of 

the system.

tcat.policy

0 ..*
Item Category

0 . . ’

Item

o./
item .desc

Description

desc .info: DESC

0..* u ser.item  0..*

item jran

0. /

User Category

1 ./

u ser.ca t

0 . /

User

identifier IDENT

1..1

user.tran

0 . /

Transaction

trans .da te : Da  IE

ucat.policy

I

Policy

poly .ty p e : POLICY

OS

0 ..*

0 ..*  

admin .policy

Administrator

Identifier: IDENT

tcat.policy

0. /

Transaction Category

Checkout Trans Checkin Trans C hange T rans R eserve Trans
retum .date: DATE late.retum : LATE 

late .charge: CHARGE
start.da te : OATE 
en d .d a te : DATE

Figure 3.25: Checkin-Checkout domain static concept model (SCM)
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3.6.4 Checkin — Checkout dynamic concepts m odel (D C M )

The domain dynamic concept model (DCM) for the C heckin  — C heckout domain (Fig­

ure 3.26 captures the relationships between the dynamic concepts of the  domain and the 

relationships between the users (actors) and the concepts. T he dynam ic concepts are the 

functions tha t are executed by the users of the system.

S y a f M antan  System

M antan  Oescnpticiv

— Add Uier~̂ ^  

—̂ R̂emove Usê ^Rem ewe Description Remove item Remove Policy

^Update Description Update Item Update Policy

Figure 3.26: Checkin-Checkout domain dynamic concepts model (DCM)
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3.6.5 Checkin — Checkout concepts context model (CCM )

The dom ain concept context model (CCM) for the C h eck in —C heckout domain (Figure 3.27 

captures the relationships between the static  and dynamic concepts in the domain.

O C C X W -C K C K O U T  

FEA TU RE CO N TEXT

Figure 3.27: Checkin-Checkout concept context model (CCM)
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3.6.6 Checkin — Checkout use cases

The following Tables 3.10 through 3. L5 detail a set of use case specifications for the example 

C heckin—Checkout domain. The use case specifications are obtained from the  SCM, DCM, 

and CCM of Figures 3.25, 3.26, and 3.27, respectively. T he Informal Descriptions of each 

use case specification is derived from the  Formal Description, which was initially obtained 

from the informally stated requirem ents for the domain applications.

Table 3.10: Use Case: Remove Description
U se  C a se Remove Description
G e n e ra liza tio n Maintain Description
S p e c ia liz a tio n
R ead Administrator, Policy
U p d a te
C rea te
D e le te Description
In p u t desc: Description, admin: Administrator
O u tp u t resu lt:  Boolean
Form al
d esc r ip tio n

co n te x t  Remove-Description inv:
(Description.ocLIsKindOf(Class) and Administrator.oclIsKindOf(Class) an d  
Policy.oclIsKindOf(Class) an d  d esc .item —size() =  0 an d  
Description—exists(d 1 d.desc_info<3pre =  desc.desc_info) and  
adm in .policy—exists(p  | p.poly.type =  'remove d e s c r ip t io n ')  and  
Description—forAll(d | d.descJnfo <> desc.desc.info) an d  r e s u lt  = TRUE) 
xor
(Description.oclIsKindOf(Class) and Administrator.ocllsKindOf(Class) an d  
d esc .item —sizeQ =  0 an d
Description—exists(d | d.desc.infoQpre =  desc.desc.info) and  
Description—forAll(d | d.descJnfo <> desc.desc.info) and  r e s u lt  = TRUE)

In form al
d esc r ip tio n

Administrator, admin, m ust have permission to delete the Description a n d  
desc is the Description to  be deleted and d esc  must exist in the system  an d  
the number of Item objects associated with d esc  must be zero an d  after 
execution Description, d esc , does not exist in the system  an d  r e s u lt  is true.

e x c lu s iv e  o r  for a variation with no Policy concept:
Administrator, admin can delete the Description a n d  d esc  is the Description 
to be deleted and d e sc  must exist in the system  a n d  the number o f Item 
objects associated w ith  d esc  must be zero an d  after execution Description, 
desc. does not exist in the system and r e s u lt  is true.
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Table 3.1 L: Use Case Add Item
U se  C a se Add Item
G en era liza tio n Maintain Item
S p e c ia liza tio n
R ead Description, Item Category, Administrator, Policy
U p d a te Item Category
C reate Item
D e le te
In p u t admin: Administrator, desc: Description, itm: Item, ic a t:  Item Category
O u tp u t resu lt:: Boolean
Form al
d escr ip tio n

c o n t e x t  AddJtem inv:
(Administrator.oclIsKindOf(Class) an d  Item.oclIsKindOf(Class) an d  
Description.oclIsKindOf(Class) an d  Policy.oclIsKindOf(Class) and  
ltem_Category.oclIsKindOf(Class) an d  Description—exists(d 1 d = d esc ) and  
Item.Category—exists(ic | i c  = ic a t)  an d  icat.itemOpre—for All ( i  | i  <> itm) and  
a d m in .p o lic y —exists(p: Policy | p.poly.type =  'add item ’ ) 
d e s c . item —exists(i | i  = itm) an d  r e s u l t ’ = TRUE) 
xor
(Administrator.oclIsKindOf(CIass) and Item.ocllsKindOf(Class) and  
Description.oclIsKindOf(Class) and  Item.Category.ocllsKindOf(Class) an d  
Description—exists(d | d = d esc) and Item.Category—ex ists(ic  | i c  = ic a t)  and  
icat.item@pre—forAll(i | i  <> itm) an d  d esc .item —ex ists(i | i  = itm) and  
r e s u l t  ’ = TRUE)

Inform al
d escr ip tio n

The Description (desc). of the Item (item ) must exist in the system a n d  the Item 
Category ( ic a t )  for itm must exist an d  itm must not already exist in the 
system  a n d  the Administrator (admin) must have permission to add itm  and  
after execution itm must exist in the system  and result is true.

e x c lu s iv e  o r  a variation with no Policy:
The Description (desc), of the Item (itm ) must exist in the system an d  the Item 
Category ( ic a t )  for itm must exist an d  itm must not already exist in the 
system  a n d  the Administrator (admin) can add itm and after execution itm 
must ex ist in the system an d  result is true.
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Table 3.12: Use Case Add User
U se  C ase Add User
G e n e ra liza tio n Maintain User
S p e c ia liza tio n
R ea d Administrator, Policy
U p d a te User Category
C r e a te User
D e le te
In p u t ucat: User Category, usr: User, admin: Administrator
O u tp u t r e su lt:  Boolean
F orm al
d esc r ip tio n

(c o n te x t  CreateJJser inv:
User.oclIsKindOf(Class) and Administrator.oclIsKindOf(Class) and  
Policy.oclIsKindOf(Class) and User_Category.oclIsKindOf(CIass) and  
User.Category—exists(uc | uc = ucat) and  
ucat .userfipre—*forAll(u | u.identifier <> usr. identifier) and  
ad m in .p o licy—exists(p: Policy | p.poly.type =  ‘add user') an d  
u ca t. u ser—exists(u: User | u.identifier =  usr .identifier) and  
r e s u lt  =  TRUE) 
xor
(User.oclIsKindOf(Class) and Administrator.ocllsKindOf(Class) and  
User.Category.oclIsKindOf(Class) and User.Category—exists(uc | uc = ucat) and  
ucat.userG pre—forAll(u | u.identifier <> usr.identifier) and  
u c a t . u ser—exists(u: User | u.identifier =  usr.identifier) and  
r e s u lt  =  TRUE)

In form al The User Category (ucat) must exist and the User (usr) to be added must not 
d e sc r ip tio n  already exist in the system and the Administrator (admin) must 
have permission to add the User and at the end of execution u sr  must be in 
the system  and an d  r e s u lt  is TRUE.

e x c lu s iv e  o r  variation with no Policy
The User Category (ucat) must exist and the User (usr) to be added must not 
already exist in the system  and at the end of execution usr must be in the 
system  and an d  r e s u lt  is TRUE.

Table 3.13: Use Case Update Policy
U se  C ase Update Policy
G e n e ra liza tio n Maintain User
S p e c ia liza tio n
R ea d Administrator, Policy
U p d a te Policy
C r e a te
D e le te
In p u t op oly , npoly: Policy, admin: Administrator
O u tp u t r e s u lt :  Boolean
F orm al
d esc r ip tio n

c o n te x t  UpdateJ^olicy inv:
Administrator.oclIsKindOf(Class) and policy.oclIsKindOf(Class) and  
Policy—exists(p@pre | p@pre =  opoly) and  Policy—forAU(p | p <> npoly) an d  
a d m in .p o licy—exists(p: Policy | p.poly.type =  ‘update policy') and  
Policy—forAll(p | p <> opoly) and P o lic y —exists(p: Policy | p =  npoly) a n d  
r e s u lt  =  TRUE

In form al
d esc r ip tio n

The Policy (opoly) to be updated must exist an d  the new Policy (npoly) must 
not exist in the system  an d  the Administrator (admin) must have permission to  
update op oly  an d  at the end of execution the updated Policy (npoly) must now  
be in the system  a n d  r e s u lt  is TRUE.
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Table 3.14: Use Case Checkout Item
U se  C a s e Checkout Item
G e n e ra l iz a t io n Use System
S p e c ia l iz a t io n
R e a d Description, Policy, Item Category, User, Transaction, Item
U p d a te
C r e a te o tran s : Checkout Trans
D e le te
I n p u t u sr : User, ic a t :  Item Category, desc: Description
O u tp u t oitm: Item, o tra n s : Checkout Trans
F o rm a l
d e s c r ip t io n

(c o n te x t Checkout-ltem inv :
Checkout-Trans.ocllsKindOf(Class) a n d  Policy.oclIsKindOf(Class) a n d  
ltem-Category.ocIIsKindOf(Class) a n d  Description.ocllsKindOf(Class) a n d  
User.ocl!sKindOf(Class) a n d  Item.ocllsKindOf(Class) a n d  
Transaction.oclIsKindOf(Class) a n d  Checkout_Trans.oclIsKindOf(Class) a n d  
u s r .u s e r .c a te g o ry .p o lic y —»exists(p: Policy | p.poly.type =  ‘check o u t ’ ) a n d  
d esc . item flpre—»in tersec tion (ica t. item Spre)—-exists(i: Item |

( i .  checkout .tra n sS p re —«size() =  i.checkin_trans<Bpre—>size()) a n d  
( i . r e s e r v e - t r a n s —*exists(r: Reserve-Trans | r.start_date > current date ) o r

i . re s e rv e .tra n s f lp re —»size() =  0)) a n d  
d esc . item , item -ca teg o ry . po l ic y —<exists(p: Policy | p.poly.type =  ‘check o u t’ ) a n d  
desc.item—*exists(i: Item | (i =  oitm) a n d
(oitm .checkout_trans—>exists(cout: Checkout.TVans | (o tran s  » cout) a n d  
(o trans.tran s.date  =  current date) a n d  (o trans.return .date  > current date))) a n d  
(o itm .c h e c k o u t.tra n s—size() =  o itm .ch eck in -tran s—»size() +  1))) 
x o r
(c o n te x t Checkout-ltem inv :
Checkout_Trans.oclIsKindOf(Class) a n d  ltem.Category.ocllsKindOf(Class) a n d  
Description.oclIsKindOf(Class) a n d  User.ocllsKindOf(Class) a n d  
ltem.oclIsKindOf(Class) a n d  Transaction.oclIsKindOf(Class) a n d  
Checkout.Trans.oc!IsKindOf(Class) a n d
desc.item<9pre—• in tersec tion (ica t.item Q pre)-*ex ists(i: Item |

( i .ch eck o u t.tran sO p re—-size() =  i.check in_ transQ pre—*size()) a n d  
( i . r e s e r v e . t r a n s —»exists(r: Reserve-Trans | r.start_date > current date ) o r

i . r e s e r v e . t r ansflpre—size() =  0)) a n d
desc.item—>exists(i: Item | (i — oitm) a n d
(oitm .checkout.trans—*exists(cout: Checkout.TVans | (o tran s  » cou t) a n d  
(o trans.tran s.date  =  current date) a n d  (o trans.retu rn .date  > current date))) a n d  
(o i tm .c h e c k o u t.tra n s—*size() =  o itm .ch eck in -tran s—>size() +■ 1)))

In fo rm a l
d e s c r ip t io n

T he User (u sr) m ust have permission to  checkout an Item a n d  an Item of Description 
(desc) m ust be available for checkout i.e. it must not be currently checked out nor 
reserved for the  curren t d a te  a n d  the  Item to  be checked out m ust be approved for 
checkout a n d  a t  th e  end of execution the  Item (oitm) checked ou t m ust be associated 
with the  newly created  Checkout Trans (o tran s) and the number o f Checkout Trans 
associated w ith o itm  m ust be greater th a t the num ber of Checkin Trans associated w ith 
oitm.

e x c lu s iv e  o r  variation with no Policy
An Item of Description d e s c r ip t io n  (desc) must be available for checkout i.e. it must 
not be currently  checked out nor reserved for the  current date  a n d  a t the  end of 
execution th e  Item (oitm ) checked ou t must be associated with th e  newly created 
Checkout Trans (o tra n s) and the num ber of Checkout Trans associated w ith oitm m ust 
be greater th a t th e  num ber of Checkin Trans associated with oitm .
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Table 3.15 : Use Case Checkin Item
U se C ase Checkin Item
G eneralization Use System
Specialization
R ead Item
U p d ate
C reate Checkin Trans
D e le te
Input itm: Item
O u tp u t itrans: Checkin Trans
Form al
description

con text CheckinJtem inv:
Checkin-Trans.oclIsKindOf(Class) and Item.ocllsKindOf(Class) and  
Item—exists(i: Item | i  = itm and itm. checkout_trans®pre—size() =  

itm . checkin-transGpre—size() -+- t) and  
itm. checkin-trans—exists(cin: Checkin-Trans | cin  = itran s and  

itr a n s . trans.date =  current-date) and  
itm .checkout-trans—sizeQ =  item, checkin-trans—sizeQ

Inform al itm is the Item object to be checked in and it must exist in the system  
and the number of Checkout Trans objects associated with itm must 
be one more than the number of Checkin Trans and at the end of the 
execution there must be a Checkin Trans associated with itm for which 
the trans-date is equal to the current date and the number of Checkin 
Trans and Checkout Trans objects associated with itm are equal.
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3.6.7 Checkin — Checkout dom ain class diagram

T he analysis level CD for the example C heckin  — Checkout dom ain (Figure 3.28) was ob­

tained from the SCM (Figure 3.25) by mapping the static concepts to  UML model elements 

and adding analysis level attributes.
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Figure 3.28: C heckin  — C heckout domain CD model
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T he design level CD of Figure 3.28 is refined from the analysis level CD (Figure 3.28) 

by the addition of design level classes, attributes, and operations.
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Figure 3.29: C heckin  — Checkout domain design CD model
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3.6.8 Checkin — Checkout domain activity diagrams

Figures 3.30A through 3.32B is a sub-set of the activity diagrams th a t may be created  for 

the Checkin — C heckout domain.
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Figure 3.30: Activity diagrams - Remove Description k  Add Item
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Figure 3.31: Activity diagrams - Add User k. Update Policy
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Figure 3.32: Activity diagram s - Checkout Item & Checkin Item
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3.6.9 Checkin — Checkout dom ain collaboration diagrams

Figures 3.33 through 3.38 is a sub-set of the collaboration diagrams th a t may be created 

for the C heckin  — Checkout domain.

2a: [vtOK] remove.descO

request_remove_desc()
: Descnotion

1: viOK s  venfyjtem ()
Item

— ► — ►

2b: [not viOK] roport_error()

Figure 3.33: Collaboration diagram - Remove Description

2b: [not viOK) report_error() 
3b: [not vcOK] report_error()

request.add  _item(icat. itm)
2a: (viOK) vcOK a  venfy_item,cat(icat)

1: viOK = verify jtem< itm) ^

3a: [viOK and vcOK] create jtem (icat) 3a. 1: update_item_cat(icat)

Item

Figure 3.34: Collaboration diagram - Add Item
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request_add_user(ucat. usr)
fvuOK] ucOK «  verify _user_cat(ucat)

2b: [not vuOK] 
3b: [not ucOK] 
report.errorO

3a. 1: update_user_cat(ucat)
3a: [ucOK and vuOK] createfusr)

: User (new)

User

Figure 3.35: Collaboration diagram - Add User
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1: update_poiicy(pdy)

request_poJicy_update<poly) : Policv

Figure 3.36: Collaboration diagram - U pdate Policy

1: veOK ** venfy_item_cat(»cat)

request .checkout(icat)
2a: [vcOK] viOK «  verifyjtemQ

2b: [not vcOK] 
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Figure 3.37: Collaboration diagram - Checkout Item

request_checkin()
1: create jt ra n s  (item)

: item
— ►

:Chectan Trans (new)
4

1.1: update jtem ()

Figure 3.38: Collaboration diagram  - Checkin Item
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3.6.10 Checkin — Checkout domain sequence diagrams

Figures 3.28 through 3.44 is a sub-set of the sequence diagram s that may be created for the 

C heckin  — Checkout domain.
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r tq u te  t .ftm o v t .d ttcQ
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Figure 3.39: Sequence diagram - Remove Description
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Figure 3.40: Sequence diagram - Add Item
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3.6.11 Checkin — Checkout domain stereotypes

Tables 3.16 through 3.21 is a sub-set of the stereotypes tha t are created for the C heckin  — 

C heckout domain.

Table 3.16: O peration Verify Item  stereotype
S te r e o ty p e verify item
B a se  C la ss Operation
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  verifyJtem inv:

self.ownerScope =  classifier an d  [Operation’s scope] 
self.visibility =  public an d  [Operation’s default value] 
self.isQuery =  true an d  [Operation does not change state] 
self.isAbstract =  false an d  [Operation is not abstract] 
self.isLeaf =  false an d  [Implementation may be modified by descendant class] 
self.isRoot =  false an d  [Operation can inherit declaration o f the same name] 
self.mandatory =  false an d  [Operation is optional in a domain application] 
((self im p lies  (existQ) an d  (exists() im p lie s  self)) and

[Operation is equivalent to the OCL collection operation exists()] 
collaboration.diagram::remove_description—includes(self) an d

[A remove description collaboration includes an verify item operation] 
sequence^diagram::remove_description— includes(self) and

[A remove description sequence diagram includes the verify item operation] 
collaboration_diagram::checkout_item— includes(self) an d

[A checkout item collaboration includes a verify item operation] 
sequence_diagram::checkout_item—•includes(self)

[A checkout item sequence diagram includes the verify item  operation] 
collaboration_diagram::addJtem—includes(self) an d

[An add item collaboration includes a verify item  operation] 
sequence_diagram::addjtem—»includes(self)

[A add item sequence diagram includes the verify item operation]
D e sc r ip t io n The con strain t specifies the meta-attributes, and context of the stereotyped  

operation.
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Table 3.17: Operation Create Item  stereotype
S te r e o ty p e create item
B a se  C la ss Operation
P aren t N /A
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  createjtem  inv:

self.ownerScope =  instance an d  [Operation’s scope] 
self.visibility =  private an d  [Operation’s default value] 
self.isQuery =  false a n d  [Operation may change state] 
self.isAbstract =  false an d  [Operation is not abstract] 
self.isLeaf =  false a n d  [Implementation may be modified by descendant class] 
self.isRoot =  false an d  [Operation can inherit declaration o f the sam e name] 
self.mandatory =  true an d  [Operation is not optional in a domain application] 
self.parameter =  ‘icat: Item C ategory’ and

[Parameter of the stereotyped operation] 
item-category—»exists(ic | i c  = ic a t )  an d

[The parameter must be known to the system]
((self im p lie s  (union()) an d  (union() im p lie s  self)) an d

[Operation is equivalent to the OCL collection operation union()] 
collaboration_diagram::addJtem—-includes(self) and

[An add item  collaboration includes an verify item operation] 
sequence_diagram::addJtem—•includes(self)

[An add item sequence diagram includes the verify item operation]
D esc r ip tio n The con stra in t specifies the m eta-attributes, and context of the stereotyped  

operation.

Table 3.18: Class D escrip tion  stereotype
S te r e o ty p e description
B a se  C la ss Class
P aren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <SC descrip tion  ~S> inv:

self.isAbstract =  false an d  [Stereotyped classes may have instances] 
self.isLeaf =  true an d  [Stereotyped classes may not have descendants] 
self.isRoot =  true an d  [Stereotyped classes may not have ancestors] 
self.mandatory =  true an d  [Stereotyped classes must be in domain applications] 
self.«: d e sc J n fo  2>—sizeQ >  I an d  [Stereotype class has one or more desc info] 
s e l f .«  d e sc J n fo  ^ .v isib ility  =  private an d

[Stereotype class descJnfo attributes is private] 
self.<s: ite m  S>—*size() =  1 an d  [Description class has one Item class] 
self.<§; item joa tegory  2>—size >  0 an d

[Description class has zero or more Item Category class] 
self.operation—•includesAll(request_checkout, request_update_desc, report_error, 

request-addjdesc, request_addJtem, update^desc, request_remove_desc, verify_desc)
[Operations associated with the stereotyped class]

D esc r ip t io n The con stra in t specify the m eta-attribute, meta-attributes and multiplicities of 
the classes that an Description stereotyped class is associated with.
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Table 3.19: A ttribute Desc Info stereotype
S te r e o ty p e desc info
B a s e  C la ss Attribute
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <SL d esc in fo  ~S> inv:

self.ownerScope =  instance an d  [Operation’s scope] 
self.visibility =  private an d  [Operation’s default value] 
self.targetScope =  instance an d  [Operation’s target scope] 
self.changeability =  true an d  [Stereotype attribute value may be changed] 
self.multiplicity =  1..1 an d  [Stereotype stores one value] 
self.type =  String an d  [Stereotype is o f type String] 
self.mandatory =  true an d  [Stereotype must be included in domain applications] 
self.persistence =  transitory and  [Stereotype is destroyed if instance is destroyed] 
(request.updatP.Hesc o r  request_add_desc o r  request.remove.desc o r  updatejdesc or  

verify.desc) im p lie s  self [Operations .associated with the stereotype]
D e sc r ip t io n The con stra in t specify the meta-attribute, meta-attributes and multiplicities of 

the classes that an Description stereotyped class is associated with.

Table 3.20: Association Item Desc stereotype
S te r e o ty p e item_desc
B a se  C la ss Association
P a re n t N /A
T ags none
C o n str a in ts c o n te x t  <g itemJLe.se inv:

(self.AssociationEnd.participant.type =  item  or
self.AssociationEnd.participant.type =  ■C descrip tion  3>) and  

[The stereotype may only associate Item and Description classes] 
self.AssociationEnd— forAlI(ae: AssociationEnd | ae.participant.type=<£C ite m  :» im p lies

ae.multiplicity =  0..*) and  
[The multiplicities of the association end Item] 

self.AssociationEnd— forAll(ae: AssociationEnd | ae.participant.type =
<§: description  3> im p lie s  ae.multiplicity =  I ..1) 

[The multiplicities of the association end Description]
D e sc r ip t io n The con stra in t specifies the stereotyped classes that this association may have.

For the use case stereotype of Table 3.2L the constraint is taken almost verbatim  from the 

Checkout Item  use case specification, see Table 3.12. In order to  reuse the use case formal 

description as the constraint for its stereotype definition the operations of th e  use case are 

identified, and the constraint implied from the operations' specification, i.e. the  operations 

must preserve the static constraints of the stereotyped use case. The tag definition actor is 

introduced to identify the type of the  actor that associates with use cases in the  domain.
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Table 3.21: Use Case Checkout Item  stereotype
S te r e o ty p e checkout item
B a se  C la ss Use Case
P a r e n t none
T a g initiator, m andatory
R e  p r  e s e n ta t  io n default
C o n s tr a in t (c o n te x t  checkout_item inv:

self.initiator =  user a n d  self.mandatory =  tru e  a n d
((self im p lie s  excludingQ) a n d  (exclud ing) im p lie s  self)) a n d
self.operation—• includesAll(request_checkout, verifyJtem.cat, verifyjtem, create-otrans, 
updateJtem , report.error) a n d
usr. user.category. policy—exists(p: policy | p.poly.type =  'check  o u t ’) a n d  
desc.item Qpre—intersection(icat.item Spre) — exists(i: Item | (i.checkout-transfipre—size() =

i.checkin.transQpre—size()) a n d  
(i.reserve_trans—forAll(r: reserve.trans | r.start_date > current date) o r

i.reserve_trans<Opre-size() — 0)) a n d  
desc.item.item.category.policy—exists(p: policy | p.poly.type =  'check  o u t’ ) a n d  
desc.item —exists(i: Item | (i =  oitm) a n d
(oitm .checkout.trans—exists(cout: checkout-trans | (otrans =  cout) a n d  
(o tra n s .tra n s la te  =  current date) a n d  (otrans.return.date >  current date))) a n d  
(oitm .checkout.trans—size() =  oitm .checkin.trans—size() +  1))) 
x o r
(c o n te x t  checkout_item inv:
self.initiator =  user a n d  self.mandatory =  tru e  t r u e
((self im p lie s  exduding()) a n d  (excluding() im p lie s  self)) a n d
self.operation—includesAII(request_checkout. verifyJtem-cat, verifyjtem, create_otrans.
update-item, report.error) a n d
desc.itenrQ pre-in tersection(icat.item G pre)—exists(i: Item | ( i.checkout-transitpre—size() =

i.checkin.transiipre—size()) a n d  
(i.reserve-trans—forAII(r: reserve.trans | r.start-date > current date) o r

i.reserve-transQpre—size() =  0)) a n d
desc.item—exists(i: Item | (i =  oitm) a n d
(oitm .checkout.trans—exists(cout: Checkout.Trans | (otrans =  cout) a n d  
(otrans.trans.date =  current date) a n d  (otrans.return.date > current date))) a n d  
(oitm .checkout-trans—size() =  o itm .checkin .trans-size() +  1)))

D e s c r ip tio n Use case is equivalent to  a  OCL excluding operation a n d  actor is of type user a n d  
T he User (usr) m ust have permission to  checkout an Item a n d  an Item of Description 
(desc) m ust be available for checkout i.e. it m ust not be currently  checked ou t nor 
reserved for the current da te  a n d  th e  Item to  be checked out m ust be approved for 
checkout a n d  a t th e  end of execution the Item  (oitm ) checked ou t must be associated 
with th e  newly created Checkout Trans (otrans) and the number of Checkout Trans 
associated with oitm  m ust be greater th a t th e  num ber of Checkin Trans associated with 
oitm .

e x c lu s iv e  o r  variation with no Policy
Use case is equivalent to  a  OCL excluding operation a n d  actor is o f type user a n d  
An Item  of Description (desc) must be available for checkout i.e. it must 
not be currently  checked out nor reserved for th e  current date  a n d  a t the end of 
execution th e  Item (oitm ) checked ou t m ust be associated w ith th e  newly created 
Checkout Trans (otrans) and the num ber o f Checkout TVans associated with o itm  must 
be g reater th a t th e  num ber of Checkin T rans associated with oitm .

Table 3.22: Tag definition In ita tor
T a g initiator
S te r e o ty p e checkout-item
T y p e UML::Foundation::Class
M u lt ip lic ity 1
D esc r ip tio n Actor for use case
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C hapter 4

Engineering Domain Specific 
M odeling Language

4.1 Introduction

In order for the development and  use of DSMLs to be successful there has to be a well defined 

process for creating DSMLs. In this chapter a process for creating DSMLs is presented, along 

with a description of how such DSMLs are intended to be used by application developers. 

Use of DSML by application developers is facilitated via a CASE tool environment, thus 

a description of how DSMLs may be incorporated into a CASE tool is also presented in 

this chapter. Figure 3.2 (DSSEE) identifies DSML engineering as an activity th a t uses 

the ou tpu t of DA&D. namely the domain models and domain rules. This chapter will 

not address issues of how the domain models and rules are constructed - this was outlined 

in Section 3.2.1. It is assumed that these models and rules are available to the language 

development process.

The process for developing DSMLs will result in a profile packaging of the DSML com­

ponents tha t were described in C hapter 3 and graphically illustrated in Figure 4.1, which 

has been reproduced for ease o f reference.

Figure 4.1 shows tha t a DSML is a UML profile package that is composed of a set of 

UML profiles, which are name-spaces for the various meta-models, and semantic definitions 

of the language. This s tructu ring  of the DSML holds true to the principle, presented in 

Section 2.1, i.e. a  language is composed of syntax (the meta-models) and semantics (the 

stereotype definitions).
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Figure 4.1: DSML architecture

4.2 T he D SM L D evelopm ent Process

The process for developing a DSML in this work is made up of six key tasks. This process, 

of six tasks, is illustrated in Figure 4.2 in the format of a  UML activity diagram. T he six 

tasks associated with the development of DSML in the DSSEE are: (1) Create SC  (static 

concept) Stereotype, (2) Create DC  (dynamic concepts) Stereotype, (3) Package Domain 

Stereotype, (4) Create Domain Meta-Models, (5) Package Domain Meta-Models, and (6) 

Package DSML (domain-specific modeling language).

The first two task of DSML development ( Create S C  Stereotype and Create DC Stereo­

type) are actually started  in the Domain Analysis and Design (DA&D) activity of DSSEE 

(see 3.2). These two tasks are presented in the Language Engineering activity of DSSEE 

because: (1) the im portance of the stereotype definition activity to DSML development, 

and (2) only the initial aspects of the stereotype definition are carried out in the DA&D 

activity of DSSEE. T he initial aspects of the stereotype definition involve: (1) the mapping 

of pertinent properties of the concepts to m atching properties of UML model elements, and 

(2) specification of the  semantics of the concepts in an  informal textual format. In the 

description of the creation of the stereotypes all aspects of these tasks will be presented,
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Figure 4.2: DSML development process

i.e. activities tha t occur during DA&D of Figure 3.2 with respect to  stereotype creation 

are included in the definition of DSML. The following Sections 4.2.1 through 4.2.6 offer a 

detailed description of the DSML development tasks as illustrated in Figure 4.2.

4 .2 .1  C r e a t in g  th e  S C  s te r e o ty p e s

Creation of the static concept stereotypes is carried out in an iterative manner with the 

static concept models (SCM, design class diagram  and static concept domain dictionary) 

and the profile base (the UML specification) as inputs. The process for creating the static 

concept stereotypes is illustrated in the activity diagram  of Figure 4.3.

131

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



S tatic 
concept 

model (SCM ) I
S ta tic  concep t 

dictionary
** * y .

Domain
' • a M ap S C  Properties 

To M odel E lem ent _  
P roperties

i:'

c la s s  d iagram
, - 7

UML 
prolile b a s e  
(UML sp ec .)

C oncept 
context 

m odel (CCM)
 —>

C onvert S C  Informal 
C onstrain t to  n  

Form al N otation ry*

[no iag |
V

-0
l'«9l

D efine T ag  
□ etina tlons a n d  n  

T ag V alues ry'

S ta tic  C oncep t 
s te reo ty p e  

[informal]

S ta tic  C oncep t 
s te re o ty p e  

[formal]

.............................3>
S tatic  co n c ep t 

dictionary 
[updatad]

S tatic  C oncep t 
s te re o ty p e  
[comp!ata|

Figure 4.3: Create SC stereotype activity diagram 

The detail description of the Create SC  Stereotype activity diagram is as follows:

•  Map SC  Properties to Model Element Properties - For each static concept identified in 

the SCM and domain static concept dictionaries, their set of pertinent properties are 

matched to the set of properties of a UML model element th a t have similar properties. 

Thus each domain static concept in the problem (analysis) domain is associated with 

a UML model element in the solution (design) domain. Consequently, the problem 

concepts tha t have been mapped to UML model elements inherit the semantics of 

that UML model element. An example of this process from the C heckin  — Checkout 

domain is the decision to map the Item  concept of the SCM to a UML class model 

element. This decision was driven by the properties of Item  (uniqueness, attributes, 

concreteness, and relationships with o ther concepts) th a t correspond to the proper-
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ties of the meta-model element Class. Inputs to this task are the SCM, domain class 

diagram , static  concept dictionary, and the UML. The informal static stereotypes are 

created from this task. In addition to the prior mapping there may be additional m ap­

pings between the domain concepts and a formal domain for further precise semantic 

definition. This additional semantics tha t is derived from this second mapping must 

not conflict with the existing UML semantics - It may further constraint the UML 

semantics but it must not replace or invalidate any aspect of it.

The principle of using a mapping from  the properties o f a concept in one domain to the 

properties o f another concept in a different domain, in order to establish a semantic 

basis fo r  the concept in one domain from that o f a concept in another domain  is 

adapted from the work outlined in Section 2.1.2. This principle is applied throughout 

this work, and will be so noted when encountered. This denotational [84] mapping  

process is fundamental to the task of defining the semantics of a DSML, as it addresses 

an issue (defining a precise semantics for the UML) tha t has become a focus of research 

on the UML [44].

•  Convert SC  Informal Constraint to Formal Notation  - The process to convert the 

informal constraints of the SC is carried out by first manually parsing the textual 

description of the concepts for phrases with a single subject and then anding, oring, 

or x o ring  these phrases. The textual phrases are obtained from the requirements 

docum entation and interviews with the users and domain experts. An example of this 

is the textual characterization of the semantics for the concept of electronic m em ory  

in a  com puter hardware configuration domain as:

A finite sequence of printable characters (string) a n d  for which the car­
dinality of the sequence is fixed a n d  whose characters may be updated, 
(where update is defined in terms of a set of OCL sequence operations.

This may then be converted to OCL as:

m em ory: Sequence(String) a n d  m em ory—?size() =  constant a n d
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c o n te x t m em ory  def:
le t  seIf.update_memory(s: Integer, e:, n: String) =

((self-^subSequence(l, e))—Hinion(n))—mnion( 
self—>subSequence(e 4- n—>size(), self—*-size()))

This example also dem onstrates the m apping  principle tha t was described in the 

previous bulleted section on Map SC  Properties to Model Element Properties. In 

this example the semantics of m em ory  is obtained by a mapping of this concept to 

Sequence(String), and restricting the known operations th a t may be applied to Se­

quence (String) to  th a t of an update operation. Inputs to the task (Convert SC  Infor­

mal Constraint to Formal Notation) are the CCM and the informal static stereotypes, 

with the output being the formal static concept stereotypes.

Because of the limited scope of the UML OCL (e.g. absence of an equivalence op­

erator), which is the formal notation used in this work it may not be possible to 

explicitly convert all textual descriptions to  OCL. There three options available as 

possible remedies for this situation:

1. Express the description as concise text.
2. Express the description with user-defined OCL constructs.
3. Express the description in some other formal notation.

The second option is the one selected in this work, an example of which was pre­

sented in the above discussion on the com puter m em ory  - where an operation to 

update an element of a sequence is defined in term s of two OCL sequence operations 

(subSequence() and union()).

•  Define Tag Definitions and Tag Values - Tag definitions and tag values are defined in 

accordance with the UML specification, as outlined in Section 2.5.5.1. For the example 

domain the tag mandatory is defined for identifying which stereotyped model element 

must be used in an  application model for the domain. This task is executed only if 

tag values an d /o r tag  definitions are required. The inputs to this task are the formal 

stereotypes and the outputs are the completed (tag  definitions and values added) 

stereotypes, along with the updating of the static  concept dictionary to  reflect the 

new m eta-attributes.
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Definition of the SC stereotype is difficult because the  mapping of a SC to a  UML model 

element is L—+n, where n  may be > 2. The decision of which model element will represent 

a SC in the solution space is determined by the language engineer.

4 .2 .2  C r e a tin g  th e  D C  s te r e o ty p e s

Figure 4.4 is an activity diagram for the Create D C  Stereotype of Figure 4.2. This task 

is decomposed into three sub-tasks, namely: (1) Define Use Case Stereotype. (2) Define 

Operation Stereotype, and (3) Convert Informal Operation Stereotype to Formal Notation.
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Figure 4.4: Create DC stereotype activity diagram

The detail descriptions of the Create DC Stereotype sub-tasks are:

•  Define Use Case Stereotypes - Each use case identified in the domain dynamic con­

cept dictionary. DCM. and the CCM is specified as a stereotyped use case for the 

purpose of reusability. This is a straight forward process of transforming the use case 

formal description to  its corresponding use case stereotype Constraint, and copying
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the use case informal description to  its corresponding use case stereotype Description. 

The inputs to  this task are the DCM, CCM, UML specification, dynamic concept 

dictionary, and use cases. The output is the formal use case stereotypes.

•  Define Operation Stereotype - Definition of the operation stereotypes is carried out 

by first identifying the class tha t owns the operation. This information is obtained 

from the domain collaboration or sequence diagram. The description of the operation 

is first specified in concise informal text. The format of this description is similar to 

tha t of the informal DC (use case) constraints of Section 3.2.1.3. Inputs to this task 

are the domain class diagram, collaboration or sequence diagram, and informal use 

cases, with the output being the in fo rm a l Operation stereotype.

•  Convert Informal Operation Stereotype to Formal Notation - The informal operation 

stereotype descriptions are converted to UML OCL, and the informal specification 

is now presented as the description of the stereotype. The input to this task is the 

informal stereotype and the output is the formal stereotypes. The dynamic concept 

dictionary is also updated.

T he mapping of a DC to a UML model element is L—>L..2 (i.e. DC is mapped to either a 

use case or an operation).

4 .2 .3  P a c k a g in g  th e  s t e r e o ty p e s

T he packaging of the stereotypes involves the definition of a name-spaces for the three sets 

of stereotypes (static concepts, use cases, and operations). The UML name-space concept 

<Siprofile^> is used to package the domain stereotypes, as illustrated in Figure 4.5.

The sets of stereotypes are individually packaged in profiles and these profiles are in 

tu rn  packaged as a profile of profiles ( Domain Stereotypes). In the profile of Figure 4.5 the 

relationship between the Use Case Stereotype and the Static Concept Stereotype profiles is 

th a t the Use Case Stereotype profile access 3> the Static Concept Stereotype profile. The 

Operation Stereotype profile has m utual «Caccess2> relationships with the Static Concept 

Stereotype and Use Case Stereotype profiles. The stereotype <§;access2> indicates that model
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Figure 4.5: Domain stereotypes packaged as UML profile

elements from the accessed profile package may appear, unchanged, in the accessing profile 

package.

4 .2 .4  C r e a t in g  th e  m e ta -m o d e ls

Figure 4.6 is an activity diagram for the Create Domain Meta-Models of Figure 4.2. This 

task is decomposed into two sub-tasks, namely: (L) Define Graphical Icon fo r Stereotype, 

and (2) Establish Association Between Icons.

The detail descriptions of the Create Domain Meta-Models sub-tasks are:

•  Define Graphical Icons - For each stereotype listed in the Domain Stereotypes pro­

file package an iconic representation is defined. The icon may be the default UML 

representation or a domain-specific designed icon. These icons are the ones that will 

be used in developing domain application models. The inputs to this task are the 

Domain stereotypes and the UML specification, and the output is the icons.

•  Establish Associations Between the Icons - Associations are established between the 

stereotyped icons of the domain to  complete the meta-models. Like the graphical 

icon definitions, some of these associations are domain specific (i.e. specialized UML
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associations) or generic UML associations. The multiplicities on these associations 

are contained in the respective stereotype definitions. The input to  this sub-task are 

the Domain stereotype icons and the UML specification, with the output being the 

Domain meta-models.

The domain meta-models are intended to provide a graphical representation of a sub-set of 

the information contained in the domain stereotypes.

4 .2 .5  P a ck a g in g  th e  m e ta -m o d e ls

The packaging of the meta-models involves the definition of a name-spaces for the meta­

models of all the models defined for the domain. The UML name-space concept <gLprofile'S> 

is used to package the domain meta-models, as illustrated in Figure 4.7.

The meta-models are individually packaged in profiles and these profiles are in turn 

packaged as a profile of meta-models (Domain Meta-Models). In the profile of Figure 4.7 

the relationship between the Class Diagram meta-model and the o ther profile packages is 

th a t the other profile packages <§Caccess2> the Class Diagram meta-model. The accessing
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of the Class Diagram meta-model profile package by the other profile packages indicates 

th a t the domain class diagram model elements may appear, unchanged, in the o ther profile 

packages.

4 .2 .6  P a c k a g in g  t h e  D S M L

T h e  packaging of the DSML involves the definition of a name-spaces for all the domain 

profiles tha t have been previously defined, i.e. Domain Stereotypes, and Domain Meta- 

Models. The UML name-space concept <g.profile'3> is used to package these profiles, as 

illustrated in Figure 4.8. This is the same architecture as was identified in Section 3.1, and 

illustrated  in Figure 3.1.

It should be noted tha t the packaging of the DSML is obtained by extending the meta­

m odel profile package to include the DSML stereotype profile package. The unattached line 

from the Class Diagram meta-model profile indicates tha t there may be additional meta­

model profile packages. This concludes the definition of the process for the engineering of 

a  domain-specific modeling language (DSML).
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4.3 U sin g  a DSM L

DSML, as presented in this work, are intended to be used by application develop­

ers/engineers in a CASE tool environment. Tool developers would encode the DSML in 

the CASE tool in a m anner tha t is identical to tha t which is currently done with the UML. 

with one m ajor exception. This exception is with respect to the interpretation of the se­

mantics of the DSML. The syntax of the DSML is presented to the tool developer in an 

identical form at to tha t of the UML, i.e. a set of meta-models (abstract syntax).

The semantics of the UML as offered in the UML specification and used by tool de­

velopers is textual. This textual format is then interpreted by the particular developers 

and incorporated into their CASE tool. This results in semantics for the UML tha t may 

vary from one CASE to another. Whereas, the semantics of a DSML is offered to a tool 

developer in the format of a set of stereotypes tha t are constrained by OCL expressions and 

denotational mappings that constraint the model elements to the specific requirements of 

the domain. This is more precise and is directed towards a single interpretation for each 

DSML semantics. Consequently, the  encoding of the semantics of a DSML in all CASE tools 

will result in all such tools expressing the semantics of the DSML in an identical manner.
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An example of a  CASE tool environment th a t an application developer/engineer will work 

in is illustrated in Figure 4.9.
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Figure 4.9: CASE tool for DSML

The stereotyped and UML generic icons for the domain would be listed on the drawing 

palette of a DSML tool . The m andatory concepts may be presented in a different color 

and /o r text font from th a t of the optional ones. The application developer would select 

the desired concept icons from the palette and place them  in the  workspace area. The 

tool would then autom atically include the m andatory concepts associated with the selected 

icon(s). This process would continue until the developer has created models tha t satisfy the 

requirements for the  application.

Figure 4.10 illustrates an activity diagram  for using a  DSML in a  tool environment. 

It is assumed th a t the developer has documented the set of user services required for the 

application prior to  commencing work with the DSML.
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Figure 4. LO: Process for using a DSML

T he detail description of the process of Figure 4.10 is as follows:

•  Select Dynamic Concepts - By exam ining the domain Dynamic concept dictionary and 

D ynamic concept stereotype (which are accessible from within the CASE tool) the 

application developer is able to identify and then select the set of dynamic concepts 

th a t satisfy the dynamic requirements (user services) as set out in the Application 

dynam ic concept requirements. In so doing a m andatory set of static concepts will 

be autom atically determined by the CASE tool. The output of this task is the set of 

Application dynamic concepts and m andatory Application dynamic concepts.

•  Select Optional Static Concepts - T he developer will next select the set of optional 

s ta tic  concepts tha t are needed to satisfy the Application static concept requirements. 

T h is is accomplished by examining the Static concept dictionary and Static concept
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stereotype (which are accessible from within the  CASE tool) in order to identify those 

tha t have matching properties of the concepts listed in the Application static concept 

requirements. The ou tpu t of this task is the updated  set of Application static concepts.

•  Refine Selected Dynamic Concepts - The dynam ic concepts selected (Application dy­

namic concepts) by the application developer are not complete with respect to the 

specific requirements of the application. Hence, the developer will have to r e fin e  

the dynam ic concepts specification in order to  completely satisfy the application re­

quirements. This task is accomplished by adding constraints for the specifications of 

the application tha t are not contained in the unrefined dynamic concept specification. 

These added constraints must not violate any of the already existing constraints. The 

output of this task is the re fined  Application dynamic concepts.

•  Refine Selected Static Concept - Similar to the  task of refining the dynamic concepts, 

the developer will be required to refine the Application static concepts. This refinement 

may involve: (I) including additional a ttribu tes and operations in the classes, and (2) 

including additional design classes and associations. The output of this task is the 

re fin e d  Application static concepts.

•  Select Application Design Models - The developer will next have to Select Application 

Design Models to satisfy the application requirements. Selection of the Application 

dynamic concepts, i.e. application use cases, will automatically identify a complete 

set of design models (activity, collaboration, sequence diagrams) associated with the 

use cases. T he developer will then select those th a t will be used to express the design 

solution for th  application. The ou tpu t of th is task is a set of design models.

•  Refine Selected Design Models - The selected design models, like that of the initially 

selected namic and static concepts have to  be refined to meet the specific require­

ments of the application. The initially selected concepts (dynamic and static) and 

design models are d om ain—specif ic and the  refinement process transform them into 

application—sp ed  f i c  concepts and models. T he  task of refining the Application design 

models involves: (1) selection of alternate paths in activity diagrams, (2) population
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of the design models with the refined design classes and associations, (3) determ ining 

the application-specific operations for the design models and (4) including additional 

design level operations.

By using a DSML the application developer/engineer is able to leverage the analysis and 

design decisions th a t have been incorporated in the language. There is also the benefit of 

using analysis and design models tha t have an implicit level of high reliability tha t was 

derived from the work conducted during the DA&D and language engineering activities. 

This will result in a greater level of efficiency in the analysis and design phase of application 

development, and the production of models that are: (1) completed in a shorter time-frame 

than during the pre-DSML development cycle, and (3) applications that are more easily 

maintained.
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C hapter 5

Case Study (Service Provisioning 
System )

5.1 Introduction

In this chapter a DSML for a sub-domain within the telecommunication industry will be 

developed, using actual d a ta  from a one such corporation. The da ta  presented herein will 

be sanitized so as to protect the identity and proprietary rights of the company. The 

sanitization process will involved: (I) the renaming of some concepts presented, so as not 

to reveal the identity of the company, (2) and abstracting out some details of concepts 

presented, so as to protect any proprietary information.

The process outlined in C hapter 4 will be applied to the data obtained to produce a set 

of models as presented in C hapter 3. It will not be possible to develop some of the models 

listed in C hapter 3 for this domain, as the d a ta  obtained is incomplete. Aspects of this 

incompleteness will be handled by recreating some of the missing d a ta  through an intuitive 

and logical analysis of the available data.

The d a ta  th a t will be used in this chapter was obtained during a graduate internship with 

a  telecommunication company. Throughout the remainder of this chapter the company will 

be referred to  as A lpha, Inc. This company was formed from the merger of two existing 

telecommunication companies (A lp h a , Inc. and B eta , Inc), which resulted in the need to 

merge the existing two information technology (IT) departm ents into a single operational 

unit. The company decided to go about this operational merger of the two IT  departm ents 

by analyzing the duel systems for making a determ ination as to: (1) replace A lp h a ’s system
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with B e ta ’s system, (2) replace B e ta ’s system with A lp h a ’s system, (3) use parts of both 

systems to build a new one, or (4) replace both systems with a new one.

The internship work involved the creation of a set of UML models for the two systems 

(one from A lp h a  and the from B e ta )  tha t essentially provided the same set of services. 

These models would then be used my A lp h a ’s IT  management to aid in their decision 

making process, as to which of the above four options will be selected for these two systems. 

Thus the internship team was face with conducting a domain analysis of the service domain, 

with the documentation of the two systems as the legacy input to the DA&D process, along 

with the input from domain experts (the engineers, users, and managers) involved with the 

two systems.

The purpose of the D A & D  exercise conducted departed from the traditional purpose of 

D A & D  in DSSEE, as illustrated in Figure L.2, and presented in Section 2.4.4. The tradi­

tional purpose of DA&D activity in general and in DSSEE is for " . . .  identifying, collecting, 

organization, analyzing, and representing . . .  knowledge . . .  in support o f the description 

and solutions [of] problem s". W hereas in the A lp h a  project the purpose was not for the 

derivation of a solution (solutions exist in the form of the two systems analyzed) but to 

determ ine whether either of the existing solution(s) is (are) suitable. At the end of the 

internship exercise the DA&D outputs would prove to  be an added benefit to A lpha , as 

they concluded that a new system would be developed to replace the existing two systems, 

and the models of the DA&D activity would be used in defining the new system.

5.2 D escription o f  th e D om ain

T he domain of A lp h a , In c  business tha t was investigated is th a t of the provisioning of 

electronic voice and data communication services to  a  major portion of its consumer base. 

These services include: (1) digital subscriber line (DSL), (2) wireless service, (3) repair 

verification, (4) call forwarding, (5) call blocking, (6) integrated service digital network 

(ISDN), (7) local number portability, (8) plain old telephone service (PO TS), (9) ring cycle 

control, (10) call waiting, (11) toll free call, (12) calling card, (13) credit card billing, and 

variants of these services. There are two systems, owned by A lp h a  th a t autom atically
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provision these services to the customers. One of these two systems was inherited by 

A lp h a , Inc. when it acquired B eta , In c., and the o ther was its own service provision 

system (SPS). Some of the provisioning services are duplicated in both  systems and some 

service provisioning are offered by only one of the systems. The number of duplicated 

services is greater th a t the num ber of un-duplicated services.

T he original A lp h a  SPS is a  real-time web-based (Internet) and client server graphical 

user interface system . In this system the customers will request, from the list of available 

telecommunication services, a set of desired phone services over the Internet by supplying the 

required data. T he SPS inherited by A lp h a  from B eta  is designed to receive and process 

transaction request from multiple interfaces by B eta  customer service representatives. In 

the original B e ta  SPS all required data had to  be subm itted before the autom atic processing 

would proceed. The B eta  SPS would a ttem p t to automatically provision the service even 

in the situation where the required data is incomplete.

Both systems interfaces with other sub-systems to establish or update: (1) client ac­

count data, (2) service requisition orders, and (3) telephone network switch instructions. 

Both SPSs run on multiple types of hardw are and software platforms, and interface with 

multiple types of telephone network switches. Both systems incorporate fault tolerance via 

hardware and software redundancy. In the original A lpha SPS fault tolerance is enhanced 

by requiring th a t complete service requisition d a ta  be subm itted before any a ttem p t is made 

to  provision the service. While, the original B e ta  system hands ofF failed service request to 

a sub-system where a B eta  representative interfaces to make amendment to the  fail service 

request. In both  system the initial requisition data  is converted to param eterized code that 

is then loaded onto hardware telecommunication network element processors (N EP). The 

code then execute on these processors to set the network switches tha t completes the service 

request.

The scope of the system analyzed commences with the input of the service requisition 

d a ta  and term inates a t the point at which th e  data  is converted to  N EP code and sent to 

the NEP. The scope is also bounded at points where processing is handed off to  sub-systems 

th a t handle o ther aspect of the service request, e.g. customer accounting, and  billing. The
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hand off to error handling sub-systems is included in the scope of the SPS tha t is analyzed.

5.3 Specifying the D om ain M odels

The activities for defining the domain models in DSSEE as presented in Section 2.4.4 is 

assumed to  have been conducted within a preferred domain analysis and design m ethod­

ology, and these models are presented below in Sections 5.3.1 through 5.3.6. It is to be 

noted that the definition of a DSML is independent of any domain analysis methodology 

tha t is used to define the domain models for DSML. In Section 2.4.4 a set of activities from 

FODA [56] and CA [96] were identified for creating the analysis models (SCM, DCM, and 

CCM). The design models (design class, activity, collaboration, and sequence diagrams) are 

derived from the analysis models.

5 .3 .1  T h e  s ta t ic  c o n c e p tu a l m o d e l

The static concept model (SCM) for A lp h a ’s service activation system is presented in 

Figure 5.L.

ISONDSL

Ton Praa Call

Nuntoaf Portability

Sarvica Oascflptwn

Calling Card

Call Blockng

POTS Cradit Card BillR n g  Cycla Control

Rapair Van! icatwn

Figure 5.1: SCM for A lp h a , In c . service activation system

Figure 5.1 illustrates the following static requirements of the domain:

•  There is a variety of Service Orders, which may be provisioned by the system, and these 
Service Orders are processed in an interactive (Interactive Order) or non-interactive 
(Non-Interactive Order) manner.

•  A Service Order may be associated with multiple Service Description, and a Service 
Description may be associated with multiple Service Orders.
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•  A Service Description may be associated with multiple Atomic Services, and an 
Atomic Service may be associated with one or more Service Descriptions.

•  An Atom ic Service may be associated with multiple Network elements, and a Network 
Element may be associated with multiple Atomic Services.

The static concept dictionary (SCD) is developed concurrently with the SCM. The initial 

SCD for A lp h a ’s service provisioning system is presented in Table 5.1.

Table 5.1: A lp h a , In c . domain dictionary (static concepts)
Term Property Example

service order abstract, mandatory 
association  service description

wireless service

DSL concrete, optional 
specia liza tion  service order

data transfer

wireless service concrete, optional 
specia liza tion  service order

pager

repair verification concrete, optional 
specia liza tion  service order

check service is on

call forwarding concrete, optional 
specia liza tion  service order

forward POTS to pager

call blocking concrete, optional 
specializa tion  service order

block I 900 numbers

ISDN concrete, optional 
specia liza tion  service order

Internet and POTS

number portability concrete, optional 
specia liza tion  service order

change address

POTS concrete, optional 
specia liza tion  service order

POTS

ring cycle control concrete, optional 
specia liza tion  service order

forward on 3rd ring

toll free call concrete, optional 
specia liza tion  service order

1 800 number

calling card concrete, optional 
specializa tion  service order

phone card

credit card bill concrete, optional 
specia liza tion  service order

bill to VISA card

call waiting concrete, optional 
specializa tion  service order

interrupt call

interactive order concrete, optional 
specializa tion  service order

failed order

non-interactive order concrete, optional 
specializa tion  service order

non-failed order

network element concrete, mandatory 
association  atomic service

network switch

service description concrete, mandatory
association  service order, atomic service

load next command

atomic service concrete, mandatory
association  service description, network element

set switch on
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A ttributes have not been included in the SCM of Figure 5.L because of the specificity 

of the known a ttrib u te  names to  A lpha's SPS, and including such attribute names do not 

enhance the problem definition activity a t this stage of the language development process. 

At the point when the design CD is introduced then some known generic attribu te names 

will be included in the model - The intent is to  keep the models as simple as possible, by 

adding information when it is needed and not before.

5 .3 .2  T h e  d y n a m ic  c o n c e p tu a l m o d e l

The dynam ic concept model (DCM) for A lp h a ’s service activation system is presented in 

Figure 5.2.

^  C s D  c

Figure 5.2: DCM for A lpha, Inc. service activation system

Figure 5.2 illustrates tha t the user service requirements of the domain are in a one-to- 

one relationship with the static service concepts, as presented in Figure 5.L. The dynamic 

concept dictionary (DCD) is developed concurrently with the DCM. The initial DCD for 

A lp h a ’s service provisioning system is presented in Table 5.2.

The DCD and SCD are updated a t the end of the DA&D activity to  include all information 

that has been elicited during the DA&rD process about the concepts.

For each use case listed in the use case diagram  of Figure 5.2 a use case specification is 

created. Tables 5.3 and 5.4 are specifications for the use cases of Figure 5.2 (Request Service 

Provision and Request PO TS). Complete specification for all the use cases of the DCM
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Table 5.2: Alpha’s domain dictionary (dynamic concepts)
Term Property Example

request service provision abstrac t, optional
request PO TS concrete, optional request PO TS
request ring cycle control concrete, optional 

spec ifica tio n  C ustom er must exist 
and C ustom er is associated with 
ring cycle type  service.

forward on 3 rd ring

request toll free call concrete, optional 
sp ec ifica tio n  Custom er must exist 

and C ustom er is associated with 
toll free type  service.

request 1 800 number

request calling card concrete, optional 
spec ifica tio n  Custom er must exist 

and Custom er is associated with 
calling card type service.

request phone card

request credit card bill concrete, optional 
spec ifica tio n  Custom er must exist 

and C ustom er is associated with 
credit card.

request bill VISA card

request call waiting concrete, optional 
spec ifica tio n  Custom er must exist 

and C ustom er is associated with 
call waiting type service.

request call interrupt

request DSL concrete, optional 
sp ec ifica tio n  Custom er must exist 

and C ustom er is associated with 
DSL type service.

d a ta  transfer

request wireless service concrete, optional d a ta  transfer
request repair verification concrete, optional 

sp ec ifica tio n  Custom er must exist 
and repair service was previously 
req nested.

check service is on

request call forwarding concrete, optional 
spec ifica tio n  Custom er must exist 

and C ustom er is associated with 
call forwarding type service.

request PO TS forward to  pager

request call blocking concrete, optional 
sp ec ifica tio n  Custom er must exist 

and Custom er is associated with 
call blocking type service.

request block 1 900 numbers

request ISDN concrete, optional 
sp ec ifica tio n  Custom er must exist 

and C ustom er is associated with 
ISDN type  service.

request Internet and PO TS

request number portability concrete, optional 
sp ec ifica tio n  Custom er must exist 

and Custom er is associated with 
num ber portability  type service.

request address change

(Figure 5.2 Request Service Provision. Request POTS. Ring Cycle Control. Request Toll Free 

Call. Request Calling Card. Request Credit Call Bill. Request Call Waiting. Request DSL. 

Request Wireless Service. Request Repair Verification. Request Call Forwarding. Request 

Call Blocking, Request ISDN, and Request Number Portability) are given in Section 5.5 at 

the end of this chapter.
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Table 5.3: Use Case: Request Service Provision
U se  C ase R equest Service Provision
G eneralization
Specialization R equest Service Provision, R equest PO T S, R equest Ring Cycle C ontrol, R equest Toll 

Free Call, R equest Calling Card, R equest Credit Call Bill, R equest Call W aiting, 
R equest DSL, R equest Wireless Service, R equest Repair V erification, R equest Call 
Forwarding, R equest Call Blocking, R equest ISDN, R equest N um ber Portability

R ead Custom er, Service O rder, Interactive O rder, N on-interactive O rder
U p d a te Network E lem ent
C reate Atomic Service, Service D escription
D ele te
Input s e rv :  Service O rder, c u s t :  C ustom er
O utp u t s ta b :  S ta te  T able
Form al
descrip tion

co n tex t R equest.S erv ice .P rovision inv:
(N etw ork_E lem ent.oclIsK indO f(C lass) and ln teractive_O rder.ocU sK indO f(C lass) and  
N on-interactive_O rder.ocllsK indO f(C lass) and A tom ic_Service.oclIsK indO f(C lass) and  
Service_D escription.oclIsK indO f(C lass) and Service_O rder.oclIsK indO f(C lass) and  
C ustom er.oc lIsK indO f(C lass) and
C ustom er— ex is ts (c  | c.cust.no<3pre =  cu st.cu st_no ) and 
(ln teractive_O rder— ex is ts(i | s e rv .o rd e r.n o  =  i.o rd e r.n o S p re ) xor  
N on-interactive_O rder—ex is ts(n i | se rv .o rd e r.n o  =  n i.o rd e r.n o 'S p re )))

Inform al
description

A C ustom er ( c u s t )  m u s t be  a ssoc ia ted  w ith  th e  Service O rder ( s e rv )  and th e  o rd e r 
m u s t b e  e ith e r  an  Interactive O rder o r  a  N on-interactive O rder.

The following use case specifications ( Request PO TS  is a specialization of the Request Service 

Provision of Table 5.3.

Table 5.4: Use Case: Request PO TS
U s e  C ase Request POTS
G e n e ra liza tio n Request Service Provision
S p e c ia liza tio n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C r e a te Atomic Service, Service Description
D e le te
In p u t pno: POTS, cu st: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  Request_POTS inv:
(Network_Element.oclisKindOf(Class) and lnteractive_Order.ocl!sKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and  Atomit^Service.ocllsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) and 5ervice_Order.ocllsKindOf(Class) an d  
Customer.oclIsKindOf(Class) an d
Customer— exists(c | c.cusUno@pre =  cust.cust.no) and  
(lnteractive_Order—exists(i | serv.order.no =  i.order.noSpre) x o r  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no'Spre)) and  
POTS— forAllfps | ps.pots_no@pre <> pno.pots.no))

In form al
d e sc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (pno.pots_no) must not exist at the start.
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It will be noted th a t the use case specifications of Table 5.11 through 5.23 contain informa­

tion, such as class attribu tes, which would not have been available a t the point when these 

use case specifications were initially created. The contents of the specification, as presented 

in Tables 5.16 to  5.23 was obtained by updating the initial use case specifications after the 

CD of Figure 5.4 was completed. Hence, Tables 5.16 to 5.23 represents the final iteration 

of the use case specification process.

5 .3 .3  T h e  c o n c e p t  c o n te x t  m o d e l

T he concept context model (CCM) for A lp h a ’s service activation system is presented in 

Figure 5.3.
-------------------------------------------------------------------------------------------------------------------------

« r a a d »

« c r e a l e »0 . /

R e q u est 
S erv ice  Provision0..1 « c r e a l e »

« r e a d » « r e a d »
XOR

0..1 0..1

C ustom er

S erv ice  O rder S erv ice Description

Noninteractive O rderInteractive O rder

Atomic S erv iceN etw ork E lem ent

Figure 5.3: CCM for A lp h a , In c . service activation system

Figure 5.3 illustrates th a t all service requests of the domain interacts with the same set 

of static concepts. Itemized below are the relationships between the static concepts and the 

dynamic concepts:

•  A Request Service Provision may be associated with multiple Atom ic Services, and 
an Atom ic Service may be associated with multiple Request Service Provisions.

•  A Request Service Provision may be associated with multiple Description Services, and 
a Description Service may be associated with multiple Request Service Provisions.

•  A Request Service Provision may be associated with multiple Non-interactive Orders, 
and a Non-interactive Service is associated with one Request Service Provision.
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•  A Request Service Provision m ay be associated with multiple Interactive Orders, and 
an Interactive Service is associated with one Request Service Provision.

•  A Request Service Provision may be associated with multiple Service Orders, and a 
Service Order is associated w ith one Request Service Provision.

•  A Request Service Provision may be associated with one Network Element, and a 
Netwark Element may be associated with multiple Request Service Provisions.

•  A Request Service Provision is associated with one Customer, and a Custom er may 
be associated with multiple Request Service Provisions.

The domain experts introduced a set of dynamic concepts (internal system services) that 

are fundamental to the operation of the system. Though these dynamic concepts are not 

visible to the system users they are introduced here because of their im portance. These 

dynamic concepts will be elaborated on in the domain design models. Itemized below are 

the relationships between the static  concepts and these internal dynamic concepts:

•  A Service Order may be associated with a single service request processor (S R P ). and 
a SR P  may be associated with multiple Service Orders.

•  A Service Order may be associated with a single activation manager (.4 M ) . and an 
A M  may be associated with multiple Service Orders.

•  A SR P  may be associated with multiple Service Descriptions, and a Service Descrip­
tion  is associated with one or more SRP.

•  A Service Description may be associated with multiple AMs, and an A M  may be 
associated with multiple Service Descriptions.

•  A network element processor N EP  may be associated with multiple AMs. and  an AM  
may be associated with multiple NEPs.

•  A N E P  may be associated w ith multiple Network Elements, and a Network Element 
may be associated with multiple NEPs.

The Network Element is outside of the stated scope of the domain, but have been mentioned 

here for completeness of the description of the concepts.

5 .3 .4  T h e  d es ig n  c la s s  d ia g r a m  m o d e l

The design level CD model for A lp h a ’s service activation system is presented in Figure 5.4.

From the design CD the SCD is updated to  produce the following final version as 

presented in Table 5.3:
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Figure 5.4: Design CD for A lp h a , Inc . service activation system

The existing application models were not developed as object-oriented (OO) models, thus 

adding difficulty to the process of deriving OO domain models from these application mod­

els. This difficulty in deriving OO models from non-OO models is exemplified in the addition 

of a Customer class in the design CD, which was not present in the SCM. The arose from 

analysis of the Service Order which also stores the Customer data. This data was then 

factored out to constitute a separate class (Customer).

5 .3 .5  T h e  a c t iv ity  ch a r t m o d e l

The design level activity diagram model for A lp h a ’s service activation system is presented 

in Figure 5.5. Unlike the analysis level diagrams (SCM of Figure 5.1, DCM of Figure 5.2, 

and CCM of Figure 5.3) and the design CD of Figure 5.4 for Alpha's SPS, the domain 

activity diagram presented in Figure 5.5 was developed w ith immense input from the domain 

experts.

The sub-tasks Receive Service Order, Validate Service Order. Translate Service Order, 

Create Service Description. Store and Schedule Order and Description. Generate Atomic 

Service, Determine Route and Send Atomic Service to N E P  and Execute Atomic Service 

are all too specific to  A lp h a ’s operations to  refine a  domain representation for each of
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Table 5.5: Alpha, Inc. domain dictionary (static concepts)
Term Property Example

service order abstract, m andatory
association  custom er, service description, service description 
a ttribu te  due_date process_date, order.date, order.info

wireless service

DSL concrete, optional 
specialization  service order

da ta  transfer

wireless service concrete, optional 
specialization  service order 
a ttribu te  wireless.no

pager

repair verification concrete, optional 
specialization  service order 
attribu te  repair_type, repair.no

check service is on

call forwarding concrete, optional 
specialization  service order 
a ttribu te  forward.no, frotn.no

forward PO T S to  pager

call blocking concrete, optional 
specialization  service order 
attribu te  block.no

block 1 900 num bers

ISDN concrete, optional 
specialization  service order

Internet and  PO TS

num ber portability concrete, optional 
specialization  service order 
a ttribu te  port.no

change address

PO TS concrete, optional 
specialization  service orrler 
attribu te  pots.no

POTS

ring cycle control concrete, optional 
specialization  service order 
attribu te  cycle, cycle.no

forward on 3rrf ring

toll free call concrete, optional 
specialization  service order 
attribu te  toll.no

1 800 num ber

calling card concrete, optional 
specialization  service order 
attribute  card_no

phone card

credit card bill concrete, optional 
specialization  service order 
a ttribu te  card.no, bill.no

bill to  VISA card

call waiting concrete, optional 
specialization  service order 
attribu te  wait.no

interrupt call

interactive order concrete, optional 
specialization  service order 
a ttribu te  wk^station

failed order

non-interactive order concrete, optional 
specialization  service order 
a ttribu te  logon.no

non-failed o rder

network element concrete, mandatory 
association  atom ic service

network switch

service description concrete, mandatory
association  service order, a tom ic service
attribu te  command

toad next com m and

atom ic service concrete, mandatory
association  service description, s ta te  table

set switch on

s ta te  table concrete, optional 
association  atom ic service

database

custom er concrete, m andatory 
association  service order
attribu te  h.name, h-address. b .nam e. b_address

new custom er
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Figure 5.5: Activity diagram  for A lp h a , Inc . service activation system 

them . Consequently, as no other telecommunication enterprise service provisioning system 

is available for this exercise Figure 5.5 is the single domain activity diagram developed for 

the domain.
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5.3.6 The sequence diagram model

The domain sequence diagram of Figure 5.3.6 was developed from the dom ain activity 

diagram of Figure 5.5, and the domain design C D  of Figure 5.4. The m ethod calls of 

the domain sequence diagrams are based on an O O  design, and though the sequence are 

actual representation of A lp h a ’s service activation process flow the association of methods 

to objects is an imposition of the OO approach.
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Figure 5.3.6: Sequence diagram  for Alpha, Inc. service provisioning system
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Figure 5.3.6 is but one possible distribution of m ethods between the possible classes th a t 

may be defined within a telecommunication service provisioning system. T he definition of 

OO classes and assignment of methods to  these classes for A lp h a ’s SPS was conducted 

without direct input from the  domain engineers. The definition of classes and assignment 

of methods were based on the information contained in the system docum entation, and 

interviews conducted with the domain engineers during the DA&D activity. The prim ary 

purpose for the DA&D activity was the creation of a set of activity diagrams (including 

that of Figure 5.5). The DA&D activity was then extended, a t a  later time, to produce the 

analysis models of Figure 5.1, 5.2 and 5.3, and the design models of Figure 5.4 and 5.3.6.

5.4 D eveloping th e  D om ain Specification M odeling Lan­
guage

The process for defining a DSML as presented in C hapter 4 and  illustrated in Figure 4.2 

will be applied in Section 5.4.1 through 5.4.5.

The stereotypes for the static concepts will be defined first in Section 5 .4 .L, followed by 

those for the dynamic concepts in Section 5.4.2, and the meta-models in Section 5.4.3.

5 .4 .1  C r e a tin g  th e  S C  s te r e o ty p e s

Following is the static concept (see Figure 5.4) stereotype for A lp h a ’s service provisioning 

system Service Order. C reation of the static  concept stereotypes is carried out in an iterative 

manner with the static concept models (SCM, design class diagram  and static concept 

domain dictionary) and the  profile base (the UML specification) as inputs. The process for 

creating the static concept stereotypes is illustrated in the activity  diagram of Figure 4.3. 

Additional SPS stereotype definitions are given in Section 5.5.3 at the end of this chapter.

Tables of the stereotypes for the attributes of the static  concepts (classes) are not illustrated 

as this is straight forward and can be easily from the owning static concept stereotype 

specification and the SC dictionary. This is with exception of the  of the order.info a ttr ib u te  

of the Service Order class. The stereotype definition of this model element is presented in
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Table 5.6: Class Service Order stereotype
S te r e o ty p e service order
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n s tr a in t c o n te x t  <gservice_order» inv:

self.isAbstract =  true an d  self.isLeaf =  false an d
self.isRoot =  true a n d  self.mandatory =  true and
self—isUnique(self.order.no) and  self.<Scustomer2>—sizeQ =  1 an d
self.<g!service_description2>—sizeQ >  0 and
self.<g;input_interfaceS>—size() =  L an d
self.Corder.no».m ultiplicity =  t an d
self.<s;order_no3>.changeability =  frozen and
self.^Corder_no3>.visibility =  public an d
self.<g;due_date3>.multiplicity =  I an d
self.<s;due_date^>.changeability =  changeable an d
self. <g;due_date3>. visibility =  private and
self.Corder_date^>.multiplicity =  L an d
self.<^order_date^>.changeability =  changeable an d
self.<§:order_date».visibility =  private and
self.<gprocess_date».multiplicity =  L and
self.<g;process_date».changeability =  changeable and
self.<?Cprocess_date3>.visibility =  private and
self.<g;order_info2>.multiplicity =  L an d
self.<g|orderJnfoS>.changeability =  changeable an d
self.<g|orderJnfoS>.visibility =  private and

[All specialized class attributes are specilied as follows]

((self. <Kwk_station2>.multiplicity =  1 and
self.<SCwk_station».changeability =  frozen and
self. <3Cwk_station^> .visibility =  public) xor
(self.<gClogon_no2>.multiplicity =  L an d
self.<g;logon.noS>.changeability =  frozen and
self.<g;logon.noS>.visibility =  public)) and
((self.<gwireless_no;».multiplicity =  L and
self.<£wireless_no;j>>.changeability =  frozen and
self.<Swireless_noS>.visibility =  public) xor
(se If. <gpots_no2>.multiplicity =  1 an d
self.«Cpots_no».changeability =  frozen and
self.<g;pots_noS>.visibility =  public) x o r  . . .  and
self—forAU(so | so.order_info: Sequence(String) an d  so.orderJnfo—sizeQ > 1 and  
(so.duejdate >  so.process.date) an d  (so.process.date >  so.order_date)) and  
self.operations— includesAll(validate_order, translate_order, send-orderJiandler.

store.order, schedulejarder)
D e sc r ip t io n The con stra in t specifies the meta-attributes, multiplicities and operations of the 

stereotype.

Table 5.36 as its specification adds to  the meaning (semantics) of the owning class (Service 

Order), and it is not as intuitively discerned as the other a ttributes presented in Figure 5.4.
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5.4.2 Creating th e  DC stereotypes

Each use case identified in the dom ain dynamic concept dictionary, DCM (see Figure 5.2, 

and the CCM (see Figure 5.3 is specified as a stereotyped use case for the purpose of 

reusability. Definition of the operation stereotypes is carried out by first identifying the class 

th a t owns the operation. This inform ation is obtained from the domain sequence diagram 

(see Figure 5.5. The description of the operation is first specified in concise informal text. 

The format of this description is similar to  that of the informal DC (use case) constraints. 

Inputs to this task are the domain class diagram, sequence diagram, and use cases. A 

couple of the DC stereotypes are illustrated Request Service Provision - Table 5.7 and 

Request Service Activation  - Table 5.8. An extensive listing of DC stereotypes are given in 

Section 5 .5 .L at the end of this chapter.

Table 5.7: Use Case: Request Service Provision stereotype
S te r e o ty p e request service provision
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n t e x t  Request_Service_Provision inv:

self.initiator =  user an d  self.mandatory =  false and
((self im p lie s  including()) an d  (including!) im p lies self) and
self.operations—includesAU(service.activation, validate_order, send_orderJiandler.
translate_order, create_service.description, store_order, schedule_order, store-description.
schedule-description, create_atomic_service, determine_route, send_atomic_service.
execute_atomic_service) an d
self.Customer—exists(c | c.cust_no@pre =  cust.cust_no) and  
(Interactive.Order—exists(i 1 serv.order_no =  i.order.no'Qpre) x o r

Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no<3pre)))
D e sc r ip t io n A Customer (cu st) m ust be associated with the Service Order (serv) an d  the 

order must be either an Interactive Order or a Non-interactive Order.

The operations identified in the dom ain sequence diagram of Figure 5.3.6 were derived from 

analysis of the available A lpha SPS docum entation. These operations were not explicitly 

identified in the docum entation, bu t were inferred from the containing information. Con­

sequently, the stereotype definitions of these operations are limited to the  specification of 

some of their m eta-attribu te values, and  to the identification of their formal semantic equiv­

alent, i.e. the  mapping of these operations into a  formal semantic domain (the UML OCL
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operations).

Table 5.8: Operation Request Service Activation  stereotype
S te r e o ty p e request jservice_activation
B a se  C la ss Operation
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  request-service.activation inv: 

self.ownerScope =  instance an d  self.visibility =  private an d  
self.isQuery =  false and  self.isAbstract =  false and  
self.isLeaf =  false and self.isRoot =  false an d  
self.mandatory =  tm e and
((self im p lie s  (union()) and  (union() im p lie s  self)) and  
sequence_diagram::service_provisioning.system—’includes(self)

D esc r ip t io n The co n stra in t specifies the meta-attributes, and context of the stereotyped  
operation.

See Section 5.5.4 for additional SPS operation stereotype specifications.

5 .4 .2 .1  Packaging th e  s tereo ty p es

The packaging of the stereotypes involves the definition of a name-spaces for the three sets 

of stereotypes (static concepts, use cases, and operations). The UML name-space concept 

<g.profile'^> is used to package the domain stereotypes, as illustrated in Figure 5.6. The sets 

of stereotypes are individually packaged in profiles and these profiles are then packaged as 

a profile of profiles ( Domain Stereotypes).

5 .4 .3  C r e a t in g  t h e  m e ta -m o d e ls

The process for creating the meta-models of the domain models calls for: (L) the definition 

of domain-specific graphical icons, and (2) the establishment of the relationships between 

the icons. In this dom ain (service provisioning systems) domain-specific graphical icons are 

not created as such information was not obtained from the domain experts. Consequently, 

the default UML icons are used. The association are then established between the default 

graphical icons th a t represents the stereotypes of Table 5.24 through 5.36. These m eta­

models are illustrated in Figure 5.7 (the static concepts), Figure 5.8 (the dynam ic concepts),
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«protti*»
SP S Domain S ta n o typ 0

« p ro ( ile »

S P S  U se  C a s e  
S te re o ty p e

S P S  O p e ra tio n  
S te re o ty p e

S P S  S ta tic  
C o n c e p t 

S te re o ty p e

Figure 5.6: SPS DSML stereotype profile packaging

Figure 5.9 (the concepts context). Figure 5. LO (the design class diagram). Figure 5.1 L (the 

activity diagram), and Figure 5.4.5 (the sequence diagram).

Figure 5.7: SPS DSML static  concept meta-model

These meta models were derived from the domain models of Figure 5.1 (the static 

concepts), Figure 5.2 (the dynam ic concepts), Figure 5.3 (the concept context), Figure 5.4 

(the design class diagram ), Figure 5.5 (the activity diagram), and Figure 5.3.6 (the sequence
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« r e q u e s t  call forwarding** « request calling c a r d »

Figure 5.8: SPS DSML dynamic concept meta-model

Figure 5.9: SPS DSML concept context meta-model

diagram), respectively.

5 .4 .4  P a ck a g in g  th e  m e ta -m o d e ls

The packaging of the meta-models involves the definition of a name-spaces for the six meta- 

models (static concepts, dynam ic concepts, concept context, design CD, activity diagram
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Figure 5.10: SPS DSML design class diagram meta-model

and sequence diagram ). The UML name-space concept <giproftle^> is used to package the 

domain meta-models, as illustrated in Figure 5.12. The meta-models are individually pack­

aged in profiles and these profiles are then packaged as a profile of profiles SPS (Domain 

Meta-Models) .

5 .4 .5  P a c k a g in g  th e  D S M L

The packaging of the DSML involves the definition of a name-spaces for the stereotype profile 

(Domain Stereotype, and the meta-model profile ( Domain Meta-Model). The UML name­

space concept <§Cpro/ife» is used to  package the domain stereotypes, and meta-models, as 

illustrated in Figures 5.6, and 5.12. These individually packaged profiles are then packaged 

as a profile of profiles {DSML) as illustrated in Figure 5.13.
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Figure 5.11: DSML activity diagram meta-model

This concludes the  creation of the domain-specific modeling language (DSML) for A l­

p h a ’s service provisioning system (SPS).
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5.5 Service Provisioning System  DSM L Specification

T he following sub-sections contain the complete specification for the A lp h a , In c . service 

provisioning system (SPS).

5 .5 .1  T h e  d y n a m ic  c o n c e p tu a l m od el

T he dynamic concept model (DCM) for A lp h a’s service provisioning system is presented 

in Figure 5.14.

Figure 5.14: DCM for A lp h a , In c . service activation system

The initial dynamic concept dictionary (DCD) for A lp h a ’s service provisioning system 

is presented in Table 5.9.

T he DCD and SCD are updated a t the end of the DA activity to  include all information 

th a t has been elicited during the DA process about the concepts.

5 .5 .2  T h e  u se  ca ses

T he following use case specifications ( Request PO TS. Request Ring Cycle Control. Request 

Toll Free Call. Request Calling Card. Request Credit Call Bill. Request Call Waiting. Re­

quest DSL, Request Wireless Service, Request Repair Verification, Request Call Forwarding, 

Request Call Blocking, Request ISDN, and Request Number Portability) in Tables 5.11 to 

5.23 are specializations of the  Request Service Provision of Table 5.10.
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Table 5.9: Alpha’s domain dictionary (dynamic concepts)
Term Property Example

request service provision abstrac t, optional
request POTS concrete, optional request PO TS
request ring cycle control concrete, optional 

sp e d fic a t io n  C ustom er must exist 
and C ustom er is associated with 
ring cycle type service.

forward on '6ra ring

request toll free call concrete, optional 
sp e d  fic a tio n  C ustom er must exist 

and C ustom er is associated with 
toll free type  service.

request 1 800 num ber

request calling card concrete, optional 
sp e d  fic a tio n  Custom er must exist 

and C ustom er is associated with 
calling card type service.

request phone card

request credit card bill concrete, optional 
sp e d  fic a tio n  C ustom er must exist 

and C ustom er is associated with 
credit card.

request bill VISA card

request call waiting concrete, optional 
sp e d  fic a tio n  C ustom er must exist 

and C ustom er is associated with 
call waiting type service.

request call in terrup t

request DSL concrete, optional 
s p e d fic a tio n  C ustom er must exist 

and C ustom er is associated with 
DSL type service.

data  transfer

request wireless service concrete, optional data  transfer
request repair verification concrete, optional 

sp e d fic a t io n  C ustom er must exist 
and repair service was previously 
requested.

check service is on

request call forwarding concrete, optional 
s p e d fic a t io n  C ustom er must exist 

and Custom er is associated with 
call forwarding type service.

request PO T S forward to  pager

request call blocking concrete, optional 
sp e d fic a tio n  Custom er must exist 

and C ustom er is associated with 
call blocking type  service.

request block I 900 numbers

request ISDN concrete, optional 
s p e d fic a t io n  C ustom er must exist 

and C ustom er is associated with 
ISDN type  service.

request In ternet and POTS

request num ber portability concrete, optional 
s p e d fic a t io n  C ustom er must exist 

and C ustom er is associated with 
num ber portab ility  type service.

request address change
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Table 5.10: Use Case: Request Service Provision
U se  C ase Request Service Provision
G en eralization
S p ecia lization Request Service Provision, Request POTS, Request Ring Cycle Control, Request Toll 

Free Call, Request Calling Card, Request Credit Call Bill, Request Call Waiting, 
Request DSL, Request Wireless Service, Request Repair Verification, Request Call 
Forwarding, Request Call Blocking, Request ISDN, Request Number Portability

R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D e le te
Input serv: Service Order, cust: Customer
O utput stab: State Table
Form al
description

context Request_Service_Provision inv:
(Network_Element.oclIsKindOf(Class) and Interactive.Order.oclIsKindOf(Class) and 
Non-interactive_Order.ocllsKindOf(Class) and  Atomic_Service.oclIsKindOf(Class) and 
Service_Description.ocllsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.ocUsKindOf(Class) and
Customer—exists(c | c.cust.no'jpre =  cust.cust_no) and 
(lnteractive_Order—exjsts(i | serv.order.no =  i.order.noSpre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noQpre)))

Inform al
d escrip tion

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order.

Table 5 .LI: Use Case: Request POTS
U se C ase Request POTS
G eneralization Request Service Provision
S p ecia liza tion
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D e le te
Inp u t pno: POTS, cust: Customer
O u tput stab: State Table
Form al
d escrip tion

context Request J O T S  inv:
(Network_Element.ocUsKindOf(Class) and lnteractive_Order.oclIsKindOf(Class) and 
Non-interactive_Order.oclIsKindOf(Class) and Atomic_Service.oelIsKindOf(Class) and 
Service_Description.oclIsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.ocUsKindOf(Class) and
Customer—exists(c | c.custJioQpre =  cust.cust.no) and 
(lnteractive_Order—exists(i | serv.order.no =  i.order.noSpre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noSpre)) and  
POTS—forAll(ps | ps.pots_no(Qpre <> pno.pots.no))

Inform al
d escrip tion

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order and the number to be 
provisioned (pno.pots.no) must not exist at the start.
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Table 5.12: Use Case: Request Ring Cycle Control
U se C ase Request Ring Cycle Control
G en era lization Request Service Provision
S p ecia liza tion
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D ele te
Input rcc: Ring Cycle Control, cust: Customer
O utput stab: State Table
Formal
d escrip tion

co n tex t Request_Ring_Cycle_Control inv:
(Network_Element.oclIsKindOf(Class) and lnteractive_Order.oclIsKindOf(Class) and  
Non-interactive_Order.ocllsKindOf(Class) and Atomic_Service.ocUsKindOf(Class) and  
Service_Description.ocllsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.ocllsKindOf(Class) and
Customer—«exists(c | c.cust_noUpre =  cust.cust_no) and  
(Interactive.Order—exists(i | serv.order.no =  i.order.noQpre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noQpre)) and  
pno.cyde >  0 and
(POTS—exist(ps | ps.pots.noSpre =  rcc.cycle.no) xo r  
Wireless-Service—exists (ws | ws.wireless.noSpre =  rcc.cycle_no) xor  
Toll.Free.Call—exists(tfc | tfc.toll.noQpre =  rcc.cycle.no)))

Inform al
d escrip tion

A Customer (cust) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order and the number to be 
provisioned (rcc.cycle_no) must exist at the start.

Table 5.13: Use Case: Request. Toll Free Call
U se C ase Request Toll Free Call
G eneralization Request Service Provision
S p ecia liza tion
Read Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D ele te
Input tfc :  Toll Free Call, cust: Customer
O utput stab: State Table
Form al
d escrip tion

co n tex t Request.Toll_Free.Call inv:
(Network.Element.oclIsKindOf(C’lass) and lnteractive_Order.ocUsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and Atomic_Service.oclIsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.ocLIsKindOf(Class) and
Customer—exists(c | c.cust_no@pre =  cust.cust.no) and  
(lnteractive_Order—exists(i | serv.order.no =  i.order.noapre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no@pre)) and  
Toll_Free_Call—forAll(tfc | tfc.toll.noapre <> tfc.toll.no))

Inform al
d escrip tion

A Customer (cust) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order and the number to be 
provisioned (tfc.toll.no) must not exist at the start.
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Table 5.14: Use Case: Request Calling Card,
U se C ase Request Calling Card
G eneralization Request Service Provision
Specialization
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D ele te
Input cc: Calling Card, cust: Customer
O utput stab: State Table
Formal
description

co n tex t Request-Calling-Card inv:
(Network_Element.oclIsKindOf(Class) and lnteractive_Order.oclIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and Atomic_Service.oclIsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) and Service_Order.oclisKindOf(Class) and  
Customer.oclIsKindOf(Class) and
Customer—exists(c | c.cust_no@pre =  cust.cust_no) and  
(lnteractive_Order—exists(i | serv.order_no =  i.order_no>3pre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noQJpre)) and  
Calling-Card—forAll(cd | cd.card_no@pre <> cc.card_no))

Inform al
description

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order and the number to be 
provisioned (cc.card_no) must not exist at the start.

Table 5. L5: Use Case: Request Credit Card Bill
U se C ase Request Credit Card Bill
G eneralization Request Service Provision
Specialization
Read Customer, Service Order, Interactive Order, Non-interactive Order
U p d ate Network Element
C reate Atomic Service, Service Description
D elete
Input ccb: Credit Card Bill, cust: Customer
O utput stab: State Table
Form al
description

co n tex t Request.Credit.Card.Bill inv:
(Network_Element.oclIsKindOf(Class) and Interactive.Order.ocllsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and Atomic_Service.oclIsKindOf(Class) and 
Service_Description.oclIsKindOf(Class) and Service_Order.ocUsKindOf(Class) and  
Customer.oclIsKindOf(Class) and
Customer—exists(c | c.cust_no@pre =  cust.cust.no) and  
(lnteractive_Order—exists(i | serv.order.no =  i.order_no@pre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.orderjio@pre)) and  
ccb.card.no.size() =  16 and
(POTS—exist(ps | ps.pots.noQpre =  ccb.bill.no) xor  
Wireless-Service—>exists(ws | ws.wireless.noSpre =  ccb.bill.no) xor  
Toll.Free.Call—exists(tfc | tfc.toiLnoslpre =  ccb.bill.no)))

Inform al
description

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order and the number to be 
provisioned (rcc.cycle_no) must exist at the start.
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Table 5.16: Use Case: Request Call W aiting
U se  C a se Request Call Waiting
G e n e ra liza tio n Request Service Provision
S p e c ia liz a t io n
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C r e a te Atomic Service, Service Description
D e le te
In p u t cv: Call Waiting, cust: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  Request.Call.Waiting inv:
(Network_Element.ocUsKindOf(Class) an d  lnteractive_Order.ocLIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and Atomic_Service.oclisKindOf(Class) an d  
Service_Description.oclIsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.oclIslvindOf(Class) and
Customer—exists(c | c.cust_noQpre =  cust.cust_no) an d  
(lnteractive_Order—»exists(i | serv.order_no =  i.order.nocspre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no9pre)) and  
(POTS—exist(ps | ps.pots_noi§pre =  cv.wait.no) x o r  
Wireless-Service—exists(ws | ws.wireless_no@pre =  cv.wait.no) xor  
Toll.Free.Call—exists(tfc | tfc.toll_no@pre =  cw.wait_no)) and  
stab.service_Description.call_Waiting—includes(cw)))

In form al
d e sc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (vc.wait_no) must exist at the start.

Table 5.17: Use Case: Request DSL
U se  C a se Request DSL
G e n e ra liza tio n Request Service Provision
S p e c ia liz a t io n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C r e a te Atomic Service, Service Description
D e le te
In p u t d sl: DSL, cu st: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  Request_DSL inv:
(Network_Element.oclIsKindOf(Class) an d  lnteractive_Order.oclIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and Atomic-Service.ocUsKindOf(Class) an d  
Service_Description.oclIsKindOf(Class) and Service_Order.oclIsKindOf(Class) and  
Customer.oclIsKindOf(Class) and
Customer—exists(c | c.cust_no@pre =  cust.cust_no) a n d  
(lnteractive_Order—exists(i | serv.order.no =  i.order_no'gpre) x o r  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order_noi9pre)))

In fo rm a l
d e sc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order

It will be noted that the use case specifications of Table 5.11 through 5.23 contain informa- 
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Table 5.18: Use Case: Request Wireless Service
U se  C a se Request Wireless Service
G e n e r a liz a t io n Request Service Provision
S p e c ia liz a t io n
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C re a te Atomic Service, Service Description
D e le te
In p u t us: Wireless service, cu st: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  Request.Wireless-Service inv:
(Network_Element.oclIsKindOf(Class) an d  lnteractive_Order.oclIsl<indOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) and  Atomic_Service.oclIsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) an d  Service_Order.oclIsKindOf(Class) and  
Customer.oclIsKindOf(Class) and
Customer—exists(c | c.cust_no'9pre =  cust.cust.no) an d  
(lnteractive_Order—exists(i | serv.order.no =  i.ordcr.noSpre) x o r  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no'Qpre)) and  
(Wireless_Service— forAll(wl | wl.wireless.no'Spre <> us.wireless.no)

In form al
d e sc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (us.wireless_no) must not exist at the start.

Table 5.19: Use Case: Request Repair Verification
U se  C a se Request Repair Verification
G e n e r a liz a t io n Request Service Provision
S p e c ia liz a t io n
R ead Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C re a te Atomic Service, Service Description
D e le te
In p u t rv: Repair Verification, cu st: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  RequestJRepair.Verification inv:
(Network_Element.oclisKindOf(Class) and  lnteractive_Order.oclisKindOf(Class) and  
Non-interactive_Order.oclisKindOf(Class) an d  Atomic_Service.oclIsKindOf(Class) and  
5ervice_Description.oclIsKindOf(Class) an d  Service_Order.oclIsKindOf(Class) and  
Customer.ocllsKindOf(Class) and
Customer—exists(c | c.cust_noiapre =  cust.cust.no) an d  
(lnteractive_Order—exists(i | serv.order.no =  i.order.no(3pre) x o r  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noQpre)) and  
(POTS—exist(ps | ps.pots_no@pre =  rv.repair.no)))

In form al
d e sc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) and the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
repaired (rv.repair.no) m ust exist at the start.

tion, such as class attributes, which would not have been available a t the point when these 

use case specifications were initially created. The contents of the specification, as presented 

in Tables 5.16 to 5.23 was obtained by updating the initial use case specifications after the 

CD of Figure 5.4 was completed. Hence, Tables 5.16 to  5.23 represents the final iteration
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Table 5.20: Use Case: Request Call Forwarding
U se  C a se Request Call Forwarding
G e n e ra liza tio n Request Service Provision
S p e c ia liz a t io n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C r e a te Atomic Service, Service Description
D e le te
In p u t cf: Call Forwarding, cust: Customer
O u tp u t stab: State Table
F orm al
d e sc r ip tio n

c o n te x t  Request_Call.Forwarding inv:
(Network_Element.oclIsKindOf(Class) an d  lnteractive_Order.oclIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) a n d  Atomic_Service.ocUsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) and  Service_Order.oelisKindOf(Class) and  
Customer.ocLIsKindOf(Class) and
Customer—exists(c | c.cust_no@pre =  cu st.cust.no) an d  
(lnteractive_Order—exists(i | serv.order.no =  i.order.noSpre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noypre)) a n d  
(POTS—exist(ps | ps.pots.no^pre =  c f  .forward_no) xor  
Wireless_Service—exists(ws | ws.wireless_no3)pre =  cf.forward.no) x o r  
TolLFree.Call—exists(tfc | tfc.toll_no@pre =  cf.forward_no)) and  
(POTS—exist(ps | ps.pots.no@pre =  cf.from .no) x o r  
Wireless-Service—exists(ws | ws.wireless.noSpre =  cf.from_no) x o r  
Toll.Free.Call—exists(tfc | tfc.toll.noapre =  cf.from_no)))

In form al
d esc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv ) an d  the order 
must be either an Interactive Order or a Non-interactive Order an d  the numbers to be 
provisioned (vf.forward.no and vf.from.no) m ust exist at the start.

Table 5.2 L: Use Case: Request Call Blocking
U se  C a se Request Call Blocking
G e n e ra liza tio n Request Service Provision
S p e c ia liz a t io n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C r e a te Atomic Service, Service Description
D e le te
In p u t cb: Call Blocking, cust: Customer
O u tp u t stab: State Table
F orm al
d esc r ip tio n

c o n te x t  Request.Call_Blocking inv:
(Network-Element.oclIsKindOf(Class) an d  lnteractive_Order.ocl!sKindOf(Class) and  
Non-interactive_Order.oclisKindOf(Class) a n d  Atomic_Service.oclIsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) an d  Service_Order.ocLIsKindOf(Class) and  
Customer.oclisKindOf(Class) and
Customer—exists(c | c.cust_no;Spre =  cust.cust_no) an d  
(lnteractive_Order—exists(i | serv.order.no =  i.order.noSpre) x o r  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order_no@pre)))

In form al
d e sc r ip tio n

A Customer (cust) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order.

of the use case specification process.
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Table 5.22: Use Case: Request ISDN
U se  C ase Request ISDN
G e n e ra liza tio n Request Service Provision
S p e c ia liz a tio n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C re a te Atomic Service, Service Description
D e le te
In p u t isd: ISDN, cust: Customer
O u tp u t stab: State Table
Form al
d esc r ip tio n

c o n te x t  RequestJSDN inv:
(Network-Element.oellsKindOf(Class) an d  lnteractive_Order.oclIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) an d  Atomic_Service.oclIsKindOf(Class) and  
Service_Description.oclIsKindOf(Class) an d  Service_Order.ocllsKindOf(Class) and  
Customer.oellsKindOf(Class) and
Customer—exists(c | c.cust_no>3pre =  cust.cust_no) and  
(Interactive.Order—exists(i | serv.order_no =  i.order.no'Qpre) xor  
Non-interactive_Order—exists(ni | serv.order_no =  ni.order.nosSpre)))

In form al
d esc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order

Table 5.23: Use Case: Request Number Portability
U se  C ase Request Number Portability
G e n e ra liza tio n Request Service Provision
S p e c ia liza tio n
R ea d Customer, Service Order, Interactive Order, Non-interactive Order
U p d a te Network Element
C re a te Atomic Service, Service Description
D e le te
In p u t np: Number Portability, cust: Customer
O u tp u t stab: State Table
Form al
d esc r ip tio n

c o n te x t  Request.Number_Portability inv:
(Network_Element.ocLIsKindOf(Class) and  Interactive-Order.oclIsKindOf(Class) and  
Non-interactive_Order.oclIsKindOf(Class) an d  Atomic_Service.oclIsKindOf(Class) an d  
Service_Description.oclIsKindOf(Class) an d  Service_Order.oclJsKindOf(Class) and  
Customer.oclIsKindOf(CIass) and
Customer—»exists(c | c.cust_no@pre =  cust.cust.no) and  
(lnteractive_Order—exists(i | serv.order.no =  i.order.noSpre) xor  
Non-interactive_Order—exists(ni | serv.order.no =  ni.order.noQpre)) an d  
(POTS—exist(ps | ps.pots_noi§pre =  np.port.no) xor  
Wireless_Service—exists(ws | ws.wireless.noSpre =  np.port_no) xo r  
Toll.Free.Call—exists(tfc | tfc.toll.no'Qpre =  pn.port_no)) an d  
stab.service_Description.call_Waiting—includes(cw)))

In form al
d esc r ip tio n

A Customer (cu st) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (pn.port_no) must exist at the start.
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5.5.3 SPS SC stereotypes

Following are the static concept (see Figure 5.4) stereotypes for A lp h a’s service provisioning 

system Service Order. Creation of the static concept stereotypes is carried out in an iterative 

manner with the static concept models (SCM. design class diagram and sta tic  concept 

domain dictionary) and the profile base (the UML specification) as inputs. T he  process for 

creating the static concept stereotypes is illustrated in the activity diagram of Figure 4.3.

Tables of the stereotypes for the attributes of th e  static  concepts (classes) are not illus­

trated as this is straight forward and can be easily from the owning static concept stereotype 

specification and the SC dictionary. This is with exception of the of the order-info attribute 

of the Service Order class. T he  stereotype definition of this model element is presented in 

Table 5.36 as its specification adds to the meaning (semantics) of the owning class (Service 

Order), and it is not as intuitively discerned as the o ther attributes presented in Figure 5.4.
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Table 5.24: Class Service Order stereotype
S te r e o ty p e service order
B a se  C la ss Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Sservice-order» inv:

self.isAbstract =  true an d  self.isLeaf =  false and
self.isRoot =  true an d  self.mandatory =  true and
self— isUnique(self.order_no) an d  self. <£customer2>—sizeQ =  I an d
self.<g;service_descriptionS>—sizeQ >  0 and
self.<s;input_interface3>—sizeQ =  L and
self.^Corder_no2>.multiplicity =  I an d
self.Corder_no^>.changeability =  frozen and
self.^Corder.no^>.visibility =  public an d
self. <gdue_date».multiplicity =  1 an d
self.^Cdue_dateS>.changeability =  changeable and
self.<5Cdue_date;s>.visibility =  private and
self.<g;order_date».multiplicity =  I an d
self.Corder_date».changeability =  changeable and
self.<§:order_dateS>.visibility =  private and
self.^;process_date».multiplicity =  L and
self.<g!process_date».changeability =  changeable and
self.<§:process_date».visibility =  private and
self. <SCorder_info2>.multiplicity =  1 an d
self.<?Corder_infoS>.changeability =  changeable and
self.<SCorder_infoS>.visibility =  private and

[All specialized class attributes are specified as follows]

((self.<g!wk_station».multiplicity =  L and
self.-Cwk_station;s>.changeability =  frozen and
self.<^CwlcstationS>.visibility =  public) xor
(self. 4Clogon_no».multiplicity =  1 an d
self. <g;logon_no;2>.changeability =  frozen and
self.<^;logon_no3>.visibility =  public)) an d
((self.^Cwireless_no^>.multiplicity =  I and
self.<5Cwireless.no2>.changeability =  frozen and
self.<g;wireless_no3>.visibility =  public) xor
(self. <§:pots_no».multiplicity =  1 and
self, ̂ p o ts -n o ^  .changeability =  frozen and
self.<Cpots_noS>.visibility =  public) x o r  . . .  an d
self—forAll(so | so.order_info: Sequence(String) and  so.orderJnfo—size() > 1 and  
(so.due_date >  so.process.date) an d  (so.process.date >  so.order.date)) and  
self.operations— includesAU(validate_order, translate_order, send-order_handler.

store.order, schedulejarder)
D e sc r ip t io n The con stra in t specifies the meta-attributes, multiplicities and operations of the 

stereotype.
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Table 5.25: Tag definition M andatory
Tag mandatory
S te r e o ty p e item
T y p e UML::Datatype::Boolean
M u lt ip lic ity I
D esc r ip tio n Indicates whether a stereotyped class with this tag must be included in a domain 

application m odel.

Table 5.26: Class Service Description stereotype
S te re o ty p e service description
B ase C la ss Class
P aren t N /A
Tag mandatory
R ep re sen ta tio n default
C o n stra in t c o n te x t  <^Cservice-description» inv: 

self.isAbstract =  false and  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and
self— isUnique(self.command) an d  self.<SCservice_order2>—size() >  0 an d  
self.<Catomic_service2>—size() >  0 and
((self.<g;state_table2>—sizeQ =  0) xor (self.<g;state_table2>—size() =  I)) an d
self.<g;commandS>.multiplicity =  I and
self.<gcommandS».changeability =  frozen and
self.<ScommandS>.visibility =  public and self— sizeQ =  constant an d  
self.operations— includesAll(create_service-description, store-description

schedule-description)
D escr ip tio n The c o n stra in t  specifies the meta-attributes, multiplicities and operations of the 

stereotype.

Table 5.27: Class Atom ic Service stereotype
S te r e o ty p e atomic service
B a se  C la ss Class
P aren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n stra in t c o n te x t  <atom icjervice2> in v:  

self.isAbstract =  false and self.isLeaf =  true and  
self.isRoot =  true and self.mandatory =  true and  
self.<?Cservice_description»—size() >  0 and
self.<g;state_table3>—size() >  0 and  self— sizeQ =  con stan t and  
self.operations— includesAll(create_atomic.service, send .atom ic_service)

D esc r ip tio n The co n s tra in t  specifies the meta-attributes, multiplicities and operations of the 
stereotype.
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Table 5.28: Class State Table stereotype
S te r e o ty p e state table
B a se  C la ss Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  < state_tab le» inv: 

self.isAbstract =  false and self.isLeaf =  true and  
self.isRoot =  true and self.mandatory =  false and  
self.<g!service_description:§>—size() >  0 an d  
self.<g;atomic_service2>—size() > 0

D e sc r ip t io n The con stra in t specifies the meta-attributes, and multiplicities of the 
stereotype.

Table 5.29: Class Input Interface stereotype
S te r e o ty p e input interface
B a s e  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <g;inputjnterface2> inv: 

self.isAbstract =  false and self.isLeaf =  true and  
self.isRoot =  true and self.mandatory =  false and  
self.4Cservice_order»—size() >  0 an d  
self.operations—»includesAll(request_service_activation)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, and multiplicities of the 
stereotype.

182

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 5.30: Class Custom er stereotype
S te re o ty p e custom er
B a se  C lass Class
P a ren t N /A
T ag m andatory
R ep resen ta tio n default
C on stra in t c o n t e x t  <Scustomer2> inv:

self.isAbstract =  false and self.isLeaf =  true and
self.isRoot =  true and self.mandatory =  true an d
self—*isUnique(self.cust_no) and self. <t;service_order;?>—sizeQ >  0 and
self.<g;cust_no2>.multiplicity =  L a n d
self.<g;cust_no3>.changeability =  frozen and
self.<g;cust_no3>.visibility =  public a n d
self. <g;h.name2>.multiplicity =  1 an d
self. <g;h_name2> .changeability =  frozen and
self.<gCh_name3>.visibility =  public a n d
self.<SCh_address^>.multiplicity >  I a n d
self.<gh_address^>.changeability =  changeable an d
self.<g;h_addressS>.visibility =  private and
self. <Sb.name;j>.multiplicity =  L an d
self.<g;b.name^>.changeability =  changeable and
self.<SCb_name2>.visibility =  private a n d
self.<§Cb-address^>.multiplicity >  I an d
self. <SCb_address^>.changeability =  changeable an d
self.<SCb.address^>.visibility =  private an d

D escrip tion T h e con stra in t specifies the meta-attributes, m ultiplicities and operations of the 
stereotype.

Table 5.31: Association Request stereotype
S te re o ty p e request
B a se  C lass Association
P a ren t N /A
T ags none
C on stra in ts c o n t e x t  <SCrequest2> inv:

(self.AssociationEnd.participant.type =  <5Ccustomer2> o r
self.AssociationEnd.participant.type =  <gservice_orderS>) an d  

self.AssociationEnd—forAU(ae: AssociationEnd |
ae.participant.type=<?Ccustomer» im p lie s  ae.multiplicity =  1..1) and 

self.AssociationEnd—forAll(ae: AssociationEnd | ae.participant.type =  
<g;service_order3> im p lies ae.multiplicity =  0..*)

D escr ip tion The c o n s tra in t specifies the stereotyped classes that th is  association may have.
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Table 5.32: Association Translate stereotype
S te r e o ty p e translate
B a s e  C la ss Association
P a r e n t N /A
T a g s none
C o n str a in ts c o n te x t  <^transiateS> inv:

(self.AssociationEnd.participant.type =  <Sservice_description» or  
self.AssociationEnd.participant.type =  <Kservice_order3>) an d  

self.AssociationEnd— forAll(ae: AssociationEnd | ae.participant.type =  
<§Cservice_description2> im p lies  ae.multiplicity =  0..*) and  

self.AssociationEnd— forAll(ae: AssociationEnd | ae.participant.type =  
<SCservice_orderS> im p lie s  ae.multiplicity =  0..*)

D e sc r ip t io n The co n stra in t specifies the stereotyped classes that this association may have.

Table 5.33: Association SD 2AS  stereotype
S te r e o ty p e sd2as
B a s e  C la ss Association
P a r e n t N /A
T a g s none
C o n str a in ts c o n te x t  <Ssd2as:§> inv:

(self.AssociationEnd.participant.type =  <SCservice.description2> or  
self.AssociationEnd.participant.type =  <Satomic_service2>) an d  

self.AssociationEnd— forAll(ae: AssociationEnd | ae.participant.type =  
<Sservice_description3> im p lies  ae.multiplicity =  0..*) and  

self.AssociationEnd— forAll(ae: AssociationEnd 1 ae.participant.type =  
<gatomic_service» im p lies  ae.multiplicity =  0..*)

D e sc r ip t io n The co n stra in t specifies the stereotyped classes that this association may have.

Table 5.34: Association Map-To stereotype
S te r e o ty p e store
B a s e  C la ss Association
P a r e n t N /A
T a g s none
C o n str a in ts c o n te x t  <§:map-to» inv:

(self.AssociationEnd.participant.type =  <?Cservice_descriptionS> o r  
self.AssociationEnd.participant.type =  <§:state_table2>) and  

self.AssociationEnd— forAll(ae: AssociationEnd 1 ae.participant.type =  
<SCservice_description2> im p lies  ae.multiplicity =  0..1) and  

self.AssociationEnd— forAll(ae: AssociationEnd | ae.participant.type =  
<Cstate_table2> im p lie s  ae.multiplicity =  0..*)

D e sc r ip t io n The con stra in t specifies the stereotyped classes that this association may have.
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Table 5.35: Association Sent-V ia  stereotype
S te r e o ty p e sent_via
B a s e  C la ss Association
P a r e n t N /A
T ags none
C o n str a in ts c o n te x t  <Ssent_via» inv:

(self.AssociationEnd.participant.type =  <SCservice_orderS> or
self.AssociationEnd.participant.type =  <g;input_interface2>) and  

self.AssociationEnd—forAll(ae: AssociationEnd | ae.participant.type =  
<SCservice_order2> im p lie s  ae.multiplicity =  0..*) and  

self.AssociationEnd—forAll(ae: AssociationEnd | ae.participant.type =  
•CinputJnterface» im p lie s  ae.multiplicity =  0..1)

D e sc r ip t io n The con stra in t specifies the stereotyped classes that this association may have.

Table 5.36: Association Order.Info stereotype
S te r e o ty p e orderJnfo
B a s e  C la ss Attribute
P a r e n t N /A
T ags none
C o n str a in ts c o n te x t  -CorderJnfo^ inv:

self.multiplicity =  1 an d  self.changeability =  changeable and  
self.type =  string
self.operations— includesAll(read_info, writeJnfo)

D e sc r ip t io n The con stra in t specifies the type of the stereotype attribute and the operations 
that may be applied to it.
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5.5.4 SPS DC stereotypes

O nly three of the use case stereotypes (Request Service Provision - Tables 5.37, Request 

P O T S -  Table 5.38, and Request Ring Cycle Control - Table 5.39) are listed, as the definition 

of the stereotypes is directly derived from the use case specifications of Tables 5.10 through 

5.12.

Instances of the following use case stereotype specifications (<Crequest PO TSs*, 

request ring cycle co n tro ls , -Crequest toll free calls*, <£.request calling carets, <§Crequest 

credit call billS*. <g;request call waiting» ,  <!Crequest DSL'S*. request wireless serv ices>, 

request repair verifications>, <SC request call forw ardings>, request call blockings>,

•Crequest ISDNS*, and <?Crequest number portability's*) are specializations of instances of 

the <g;request service provisions* stereotype of Table 5.7. Thus they inherit the constraint 

of the parent (generalization) stereotype <§;request service provision's*.

The operations identified in the domain sequence diagram of Figure 5.3.6 were derived 

from analysis of the available A lp h a  SPS docum entation. These operations were not ex­

plicitly identified in the documentation, bu t were inferred from the containing information. 

Consequently, the stereotype definitions of these operations are limited to the specification 

of some of their m eta-attribute values, and to the identification of their formal semantic 

equivalent, i.e. the mapping of these operations into a formal semantic domain (the UML 

OCL operations).
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Table 5.37: Use Case: Request Service Provision  stereotype
S te r e o ty p e request service provision
P a ren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  Request-Service-Provision inv:

self.initiator =  user an d  self.mandatory =  false an d
((self im p lie s  including()) an d  (includingQ im p lies  self) and
self.operations—includesAU(service.activation, validate.order, send.order.handler,
translate.order, create_service_description, store_order, schedule.order, store_description,
schedule-description, creates tomic_service, determine.route, send.atomic_service,
execute_a tomic.se rvice) and
self.Customer—exists(c | c.cust_no<8pre =  cust.cust_no) and  
(lnteractive_Order—exists(i | serv.order_no =  i.order.noQpre) xor

Non-interactive_Order—exists(ni | serv.order.no =  ni.order.no'Spre)))
D esc r ip tio n A Customer (cu st) must be associated with the Service Order (serv) and the 

order must be either an Interactive Order or a Non-interactive Order.

Table 5.38: Use Case: Request P O TS  stereotype
S te r e o ty p e request POTS
B a se  c la ss Use Case
P a ren t N /A
T ag mandatory
R e p re sen ta tio n default
C o n str a in t c o n te x t  Request-POTS inv:

POTS—forAll(ps | ps.pots_no«5pre <> pno.pots.no))
D e sc r ip tio n A Customer (cu st) must be associated with the Service Order (serv) and the order 

must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (pno.pots_no) must not exist at the start.

Table 5.39: Use Case: Request Ring Cycle Control stereotype
S te r e o ty p e request ring cycle control
B a se  c la ss Use Case
P a ren t N /A
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  Request_Ring_Cycle_Control inv: 

pno.cyde > 0 and
(POTS—exist(ps | ps.pots.no'Spre =  rcc.cyde.no) x o r  
Wireless-Service—exists(ws | ws.wireless.noSpre =  rcc.cycle_no) xor  
Toll.Free.Call—exists(tfc | tfc.toll_no<9pre =  rcc.cycle_no))

D esc r ip tio n A Customer (cu st) must be associated with the Service Order (serv) an d  the order 
must be either an Interactive Order or a Non-interactive Order an d  the number to be 
provisioned (rcc.cycle.no) must exist at the start.
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Table 5.40: Operation Request Service Activation  stereotype
S te r e o ty p e request_service_activation
B a se  C la s s Operation
P a ren t N /A
T ag mandatory
R ep re se n ta t io n default
C o n str a in t c o n te x t  r equest.se rvice.activation inv: 

self.ownerScope =  instance an d  self.visibility =  private and  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false an d  
self.mandatory =  true an d
((self im p lies  (union()) an d  (union() im p lie s  self)) and  
sequence^diagram::service_provisioning_system—includes (self)

D e sc r ip t io n T he con stra in t specifies the meta-attributes, and context of the stereotyped 
operation.

Table 5.41: O peration Validate Order stereotype
S te r e o ty p e validate_order
B a se  C la ss Operation
P a re n t N /A
T ag mandatory
R e p re sen ta tio n default
C o n str a in t c o n te x t  validate_order inv:

self.ownerScope =  instance and self.visibility =  private and  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false and  
self.mandatory =  true and
((self im p lies  (isQuery()) an d  (isQuery() im p lies  self)) and  
sequence_diagram::service_provisioning-system—>includes(self)

D e sc r ip t io n T he con stra in t specifies the meta-attributes, and context of the stereotyped  
operation.

Table 5.42: O peration Send Order Handler stereotype
S te r e o ty p e send.orderJiandler
B a se  C la ss Operation
P a re n t N /A
T ag mandatory
R ep r e se n ta t io n default
C o n str a in t c o n te x t  send_order.handler inv:

self.ownerScope =  instance an d  self.visibility =  private and  
self.isQuery =  false an d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false and  
self.mandatory =  true and
((self im p lies  (union()) an d  (union() im p lie s  self)) an d  
sequence_diagram::service_provisioning_system—'includes(self)

D e sc r ip t io n T h e constrain t specifies the m eta-attributes, and context of the stereotyped  
operation.
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Table 5.43: Operation Translate Order stereotype
S te r e o ty p e translate_order
B a s e  C la ss Operation
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n s tr a in t c o n te x t  translate.order inv:

self.ownerScope =  instance and self.visibility =  private an d  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false an d  self.isRoot =  false and  
self.mandatory =  true an d
((self im p lies  (collect()) an d  (collect() im p lies self)) an d  
sequence_diagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t speciiies the meta-attributes, and context o f the stereotyped  
operation.

Table 5.44: O peration Create Service Description stereotype
S te r e o ty p e create_ser v ice_descri p t ion
B a s e  C la ss Operation
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t co n te x t  create_service_descriptionr inv: 

self.ownerScope =  instance and self.visibility =  private an d  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false an d  self.isRoot =  false and  
self.mandatory =  true an d
((self im p lie s  (create()) an d  (create() im p lies  self)) a n d  
sequence_diagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t specifies the meta-attributes, and context of the stereotyped  
operation.

Table 5.45: O peration Store Order stereotype
S te r e o ty p e store_order
B a s e  C la ss Operation
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n s tr a in t c o n te x t  store-order inv:

self.ownerScope =  instance and self.visibility =  private a n d  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false and  
self.mandatory =  true an d
((self im p lie s  (collect()) an d  (collect() im p lies self)) an d  
sequence.jdiagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, and context of the stereotyped  
operation.
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Table 5.46: Operation Store Description  stereotype
S te r e o ty p e store_description
B a se  C la ss Operation
P aren t N /A
T ag m andatory
R e p r e se n ta t io n default
C o n str a in t c o n t e x t  store_description inv:

self.ownerScope =  instance an d  self.visibility — private and  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false an d  self.isRoot =  false and  
self.mandatory =  true and
((se lf im p lie s  (collect()) and  (collect() im p lies  self)) and  
sequence_diagram::service_provisioning.system—»includes(self)

D e sc r ip t io n T h e con stra in t specifies the m eta-attributes, and context of the stereotyped  
operation.

Table 5.47: O peration Schedule Service Desc stereotype
S te r e o ty p e schedule_service_desc
B a se  C la ss Operation
P a ren t N /A
T ag m andatory
R e p r e se n ta t  ion default
C o n str a in t c o n t e x t  schedule.scervice.desc in v:

self.ownerScope =  instance and self.visibility =  private and  
self.isQuery =  false a n d  self.isAbstract =  false and  
self.isLeaf =  false an d  self.isRoot =  false and  
self.mandatory =  true and
((se lf im p lie s  (asSequence()) an d  (asSequence() im p lies  self)) an d  
sequence^Jiagram::service_provisioning_system—'•inciudes(self)

D e sc r ip t io n T h e con stra in t specifies the m eta-attributes, and context of the stereotyped  
operation.

Table 5.48: Operation Create Atomic Service stereotype
S te r e o ty p e create_atomic_service
B a se  C la ss Operation
P a re n t N /A
T ag m andatory
R e p r e se n ta t io n default
C o n str a in t c o n t e x t  create_atomic.service inv:

self.ownerScope =  instance andself.visibility =  private and  
self.isQuery =  false an d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false an d  
self.mandatory =  true and
((se lf im p lies  (create()) and  (create() im p lies  self)) an d  
sequence.diagram::service.provisioning.system— includes(self)

D e sc r ip t io n T h e con stra in t specifies the m eta-attributes, and context of the stereotyped 
operation.-
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Table 5.49: Operation Determine Route stereotype
S te r e o ty p e determine jo u te
B a s e  C la ss Operation
P a ren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  determine_route inv:

self.ownerScope =  instance an d  self.visibility =  private an d  
self.isQuery =  false an d  self.isAbstract =  false and  
self.isLeaf =  false an d  self.isRoot =  false an d  
self.mandatory =  true an d
((self im p lie s  (isQueryQ) and (isQuery() im p lie s  self)) and  
sequence_diagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t specifies the meta-attributes, and context of the stereotyped  
operation.

Table 5.50: Operation Send Atomic Service stereotype
S te r e o ty p e send_atomic_service
B a se  C la ss Operation
P aren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  send_atomic_service inv:

self.ownerScope =  instance an d  self.visibility =  private an d  
self.isQuery =  false an d  self.isAbstract =  false and  
self.isLeaf =  false a n d  self.isRoot =  false and  
self.mandatory =  true and
((self im p lie s  (collect()) and  (coilect() im p lie s  self)) an d  
sequence_diagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, and context of the stereotyped 
operation.

’able 5 .5 1 : O peration Execute Atomic Service stereotype
S te r e o ty p e execute_atornic_service
B a se  C la ss Operation
P aren t N/A
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  execute_atomic_service inv:

self.ownerScope =  instance an d  self.visibility =  private an d  
self.isQuery =  false a n d  self.isAbstract =  false an d  
self.isLeaf =  false a n d  self.isRoot =  false an d  
self.mandatory =  true an d
((self im p lie s  (iterate()) an d  (iterateQ im p lie s  self)) an d  
sequence-diagram::service_provisioning_system—includes(self)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, and context of the stereotyped 
operation.
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C hapter 6

Case Study (Code Generator 
System )

6.1 Introduction

In this chapter a DSML for a program synthesizer th a t is used within the satellite navigation 

system domain will be developed, using actual data from a one such organization. The data 

presented herein will not be sanitized, as was done with the da ta  used in Chapter 5. This is 

because of the presence of publications of this work th a t are available in the public domain. 

Hence there is no need for the protection of any proprietary information.

The process outlined in C hapter 4 will be applied to the d a ta  obtained to produce a set 

of models as presented in C hapter 3. Some of these models have no applicability in this 

domain, and thus will not be developed.

The da ta  th a t will be used in this chapter was obtained during a ten week internship at 

the National Aeronautics and Space Administration (NASA). T he internship took place at 

the NASA Ames Research C enter in California, USA under the NASA/Research Institute 

for Advanced C om puter Science (RIACS) 2002 Sum m er S tudent Research Program. This 

work was supervised by Dr. Jonathan W hittle Ph.D. of QSS Group, Inc. at N A S A  A m es.

The internship work involved the creation of a set of UML models along with OCL 

constraint statem ents of an existing systems for which docum entation of the system exist 

in the form of legacy code, and publications from conference proceedings [80]. The UML 

models and OCL constraint statem ents are intended to  be used in validating the output 

from the system against the system input.
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The purpose of the DA exercise conducted departed from the traditional purpose of DA 

in DSSEE, as illustrated in Figure 1.2, and presented in Section 2.4.4. The traditional pur­

pose of DA activity in general and in DSSEE is for “. . .  identifying, collecting, organization, 

analyzing, and representing . . .  knowledge . . .  in support o f the description and solutions [of] 

problem s" . Whereas for the N A S A  A m es project the purpose was not for the derivation 

of a solution (solutions exist in the form of an existing system) but to develop static domain 

models of the system’s input and output, th a t are used to  specify a formal set of domain 

constraints.

6.2 D escription o f  th e  D om ain

The N A S A  A m es work involved the derivation of sets of constraints for the inputs and out­

puts of a system (Auto F ilte r ) th a t synthesizes (generate) code tha t implements a Kalman 

Filter. Kalman Filters are specifications th a t are used to  estim ate the dynamic state of 

a system such as is need in the filed of autonomous or assisted navigation. An under­

standing of Kalman Filters is crucial to this case study, and as such a description is taken 

verbatim from the web-site published work of Greg Welch1 and G ary Bishop2, titled A n  

In trodu ction  to  th e  K a lm an  F ilter3 in the following Section 6.2.1.

6 .2 .1  D e s c r ip t io n  o f  K a lm a n  F ilte r  b y  W elch  a n d  B is h o p

“In I960. R.E. Kalman published his fam ous paper describing a recursive solution to the 

discrete-data linear filtering problem. Since that time, due in large part to advances in digital 

computing, the Kalman filte r  has been the subject o f extensive research and application, 

particularly in the area o f autonomous or assisted navigation. The Kalm an filter is a set of  

mathematical equations that provides an efficient computational (recursive) solution of the

1 h ttp : !/imuw.cs.uTic.edu/'w e lch

2 h ttp :  /  liuww.cs.unc.edu/~gb

3 h t tp : /  /unuw.cs.u nc.edu /~ w elch /ka lm an /ka lm an  f i l t e r /ka lm an .h tm l
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least-squares method. The filter is very powerful in several aspects: it supports estimations 

o f past, present, and even future states, and it can do so even when the precise nature o f 

the modeled system is unknown. ”

6 .2 .1 .1  T h e  D iscrete  K alm an  F ilter

T h e  P ro cess  to  b e E stim a ted

The Kalman filter addresses the general problem o f trying to estimate the state o f a 

discrete-time controlled process that is governed by the linear stochastic difference equation:

x k =  A xk- 1 4- B u k + Wk- 1  ( L. L)

with a measurement z  €  that is

Zk — H Xk +  Vk (L.2)

'‘The random variables Wk-i andvk represent the process and measurement noise (respec­

tively). They are assumed to be independent (o f each other), white, and with normal prob­

ability distributions:

p(w) ~  iV(0, Q) (1.3)

p(v) ~  N(0, Q) (1,1)

“In practice, the process noise covariance Q and measurement noise covariance R matrices 

might change with each time step or measurement, however here we assume they are con­

stant. The n. x n m atrix A in the difference equation (1.1) relates the state at the previous 

tim e step k  -  1 to the state at the current step ik, in the absence o f either a driving function  

or process noise. Note that in  practice .4 might change with each tim e step, but here we 

assume it is constant. The m atrix B relates the optional control input u  €  3^ to the state x. 

The m x n matrix H in the measurement equation (1.2) relates the state to the measurement 

Zk. In practice H might change with each time step or measurement, but here we assume it 

is constant.''

T h e  D iscrete  K alm an  F ilter  A lgorith m

“The Kalman filter estimates a process by using a fo rm  o f feedback control: the filter es­

timates the process state at some time and then obtains feedback in  the form  o f (noisy)
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measurements. As such, the equations fo r  the Kalman filter fall into two groups: time 

update equations and measurement update equations. The time update equations are re­

sponsible fo r  projecting forward (in time) the current state and error covariance estimates 

to obtain the a priori estimates for the next time step. The measurement update equations 

are responsible fo r  the feedback-i.e. fo r  incorporating a new measurement into the a pri­

ori estimate to obtain an improved a posteriori estimate. The time update equations can 

also be thought o f as predictor equations, while the measurement update equations can be 

thought of as corrector equations. Indeed the final estimation algorithm resembles that of a 

predictor-corrector algorithm fo r solving numerical problems.

“The first task during the measurement update is to compute the Kalman gain. K k■ The 

next step is to actually measure the process to obtain Zk, and then to generate an a posteriori 

state estimate by incorporating the measurement. The final step is to obtain an a posteriori 

error covariance estimate.

“A fter each time and measurement update pair, the process is repeated with the previous 

a posteriori estimates used to project or predict the new a priori estimates. This recur­

sive nature is one o f the very appealing features o f the Kalman filter - it makes practical 

implementations much more feasible. "

Tables 6.1 . . .  offers a complete picture o f the operation o f the filter''.

Table 6.1: N A S A  Kalman Filter operation
M e a s u re m e n t  U p d a te  ( “C o r re c t” ) -  B

T im e  U p d a te  ( “ P r e d ic t” ) -  A (1) C om pute the Kalman Cain
K k  =  Pk « T ( H Pk H r  +  R) ~ 1

(2) U pdate estim ate w ith measurement Zk
*k  =  ifc +  Kfc(-fc — H * k)

(3) U pdate the error covariance
Pk = { f  -  K k H )P Z

(1) Project th e  s ta te  ahead
±~  =  A i k - i  + B uk

(2) Project the  e rro r covariance ahead
P Z  =  A  P k,-i A T  +■ Q

1) Initial estim ates forxfc_[ and  P k -i

T he N A S A  A m e s  system that was the subject of the internship work (Auto F ilte r ) is a 

code generator th a t synthesis a fully executable program (a Kalman Filter). A utoF ilter  

works by taking as input a mathematical specification of a set of stochastic equations, 

along with descriptions of the noise characteristics and filter param eters. A utoF ilter  then
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generates code th a t implements a variant of the equations specified in the Tables 6.1A  and 

B . Table 6.1 equations are bu t one representation of many possible configuration of filters 

th a t may be synthesized. O ther variations include, extended, information, and unscented.

In conducting the work A utoF ilter  was treated as a  black box, and the work focused on 

developing static  models of the input and output of A utoF ilter . The goal of this project 

was centered on being able to  determine whether the structure of a filter program  that 

was an ou tpu t of A utoF ilter  conformed to to a specified framework. This issue arose out 

of work done on modifying A utoF ilter  to provide additional functionalities. It became 

a concern to  the developers as to whether the previous synthesis process was adversely 

afFected by the modifications, i.e. IFas A utoF ilter still generating synthesized filters in the 

same m anner after the modifications as it was before the modifications, and was the the 

program a representation o f a valid Kalman Filter'?.

The N A S A  A m es researchers working with A u to F ilter  determ ined that one possible 

way to answer th a t question is to use a precise (formal) description of Auto F ilte r ’s input 

and outpu t as a metric for determining the validity of the output against the input. Thus 

the creation of this formal description and validation process was to  be the deliverables of 

the internship work.

6.3 Specifying th e Dom ain M odels

The first two weeks of the internship was dedicated to obtaining an understanding of the 

domain of Kalman Filters. This domain knowledge was obtained from discussions with 

the domain experts and the reading of some published literature on Kalman Filters. This 

knowledge would be used in identifying the ‘s tructu re’ of the input equations and output 

programs of A utoF ilter. Initially it was decide th a t a set of sta tic  and dynam ic models 

would be created, but the use of dynamic models was discounted as A utoF ilter  was being 

treated as a black-box consum er/producer  that consumed equation  specifications and pro­

duced Kalman Filter code. The next three of weeks were spent developing static  models 

of Auto F ilte r ’s input and output. These static models were in the form of UML class dia­

grams, a num ber of versions were generated before a satisfactory description was obtained.
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T he first three weeks of the second half of the internships was dedicated to developing the 

OCL constraints of the input and output models - W ith the final two weeks being spent on 

using an OCL validation too to verify the constraints th a t were developed.

The activities for defining the static domain models in DSSEE as presented in Section 2.4 

was conducted in this project, and the static models are presented below in Sections 6.3.1. 

It is to  be, again, noted that the definition of a DSML is independent of any domain analysis 

methodology tha t is used to define the domain models for DSML. Only design level CD 

domain models were developed in this N A S A  A m es project.

6 .3 .1  T h e  d e s ig n  c la ss  d ia g ra m  m o d e l

Figure 6. L captures the static structure of the input equations for N A S A  A m es A utoF ilter . 

T he input equations consist of a Process Model and a Measurement Model equations. A 

Process Model may be associated with multiple Measurement Model, and a Measurement 

Model may be associated with multiple Process Model. A Process Model may be specialized 

into a Linear Discrete Process model, Nonlinear Discrete Process model, Linear Continuous 

Process model, or a Linear Continuous Process model. These four specialized types of 

models constitute the main classification types of Kalman Filters for the domain.

A Process Model is made up of (1) a State Vector th a t is composed of a set of State 

Variables. (2) a Process Noise tha t is composed of a set of Process variables, and (3) an 

optionally Control Vector th a t is composed of a set of Control Variables. The State Variables 

and Process Variabless are random variables [55], and the Process Variable has a mean of 

zero and white noise.

The Measurement Model may be either a Linear Measurement Model or a Nonlinear 

Measurement Model, and is made up of a State Vector and a Measurement Noise. The 

State Vector o f the Measurement Model is the same State Vector of the Process Model. The 

Measurement Noise is composed of a set of Measurement Variables has a mean of zero and 

white noise.

The output of A utoF ilter , a Kalman Filter program, is illustrated in Figure 6.2. A 

Kalman Filter is associated with one Process Model and one Measurement Model. The
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Figure (i.l: Design CD for N A S A  A m es A utoF ilter  system input 

structure of synthesized filter program is composed in the following sequence:

•  A Declaration th a t is composed of multiple Matrixs.

•  An Initialization that is composed of multiple Matrixs and the set of Declaration 

Matrixs is included in the Initialization Matrix set,

•  A main Loop that is composed in the following sequence:

— A Measurement Processing tha t is composed of a Measurement and a Measure­

m ent Tran Hold Matrixs, and optionally a Measurement Predict Matrix,

— An optional Update Transition th a t is composed of optional Control Transition, 

Measurement Transition, and State Transition,

— One of each of a State Estimate proj eq, State Estimate updt eq, Gain eq, Error 

Covariance proj eq and a Error Covariance updt eq, where each is composed of
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Figure 6.2: Design CD for N A S A  A m es A utoF ilter  system ou tpu t 

multiple Matrixs,

— An optional Post Loop th a t is composed of a Filter Output and a Nominal Matrix.

Because of the project time lim itation it was not possible to develop a domain dictionary 

during the period of the internship. Albeit, this was done during the docum entation of the 

experience for this case study report. From the domain design CDs of Figure 6.1 and 6.2 

the static  concept dictionary (SCD) is presented in Table 6.2 (static input concept) and 6.3 

(static ou tpu t concept). The separation of the static concepts into two tables was done for 

presentation purposes only (the complete table is too large to be conveniently presented on
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one page).

Table 6.2: AutoFilter domain dictionary (static input concepts)
Term Property Example

process model concrete, m andatory
specializa tion  discrete process, continuous process 
association  proc_rneas, kf2pm 
attribute  equation: STRING , linear: BOOLEAN, 

tim e.variant: BOOLEAN, value_type: STRING

discrete process

m easurem ent model concrete, m andatory
specializa tion  linear m easurem ent model, 

nonlinear m easurem ent model 
association  proc_meas. kf2mrn 
attribute  equation: STRING , linear: BOOLEAN, 

tim e.variant: BOOLEAN, value_type: STRING

linear m easurem ent 
model

d iscrete process concrete, optional 
genera liza tion  process model 
specialization  linear discrete process, 

nonlinear discrete process

linear discrete process

continuous process concrete, optional 
genera liza tion  process model 
specia liza tion  linear continuous process, 

nonlinear continuous process

linear continuous 
process

linear d iscrete  process concrete, optional 
genera liza tion  discrete process

linear discrete process

linear continuous 
process

concrete, optional 
genera liza tion  continuous process

linear continuous 
proctss

linear continuous 
process

concrete, optional 
genera liza tion  continuous process

linear continuous 
process

nonlinear continuous 
process

concrete, optional 
genera liza tion  continuous process

nonlinear continuous 
process

linear m easurem ent 
model

concrete, optional
genera liza tion  m easurem ent model

linear m easurem ent 
model

nonlinear measurement 
model

concrete, optional
genera liza tion  m easurem ent model

nonlinear m easurem ent 
model

s ta te  vector concrete, m andatory 
aggregation  pm2sv. sv2svr. mtn2sv

sta te  vector

process noise concrete, m andatory 
aggregation  pm2pn. pn2pv

process noise

control vector concrete, optional 
aggregation  pm2cv, cv2cvr

control vector

s ta te  variable concrete, m andatory 
aggregation  sv2svr

s ta te  variable

process variable concrete, m andatory 
aggregation  pn2pv

process variable

control variable concrete, optional 
aggregation  cv2cvr

control variable

m easurem ent noise concrete, m andatory 
aggregation  mm2mn. mn2rnv

measurement noise

m easurem ent variable concrete, m andatory 
aggregation  mn2mv

measurement variable

T he application A utoF ilter  was not not developed with object-oriented (OO) principles, nor 

was there any intent to  apply OO principles in defining the domain models and constraints. 
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Table 6.3: AutoFilter domain dictionary (static output concepts)
Term Property Example

process model concrete, m andatory
specialization  d iscrete process, continuous process 
association  proc_meas, kf2pm 
a ttribu te  equation: STRING, linear: BOOLEAN, 

time_variant: BOOLEAN, value_type: STRING

discrete process

m easurem ent model concrete, m andatory
specialization  linear measurement model, 

nonlinear measurement model 
association  proc_meas, kf2mm 
attribute  equation: STRING, linear: BOOLEAN. 

tim e.variant: BOOLEAN, value_type: STRING

linear measurement 
model

discrete process concrete, optional 
genera liza tion  process model 
specialization  linear discrete process, 

nonlinear discrete process

linear discrete process

continuous process concrete, optional 
genera liza tion  process model 
specialization  linear continuous process, 

nonlinear continuous process

linear continuous 
process

linear discrete process concrete, optional 
getieraliza tion  discrete process

linear discrete process

linear continuous 
process

concrete, optional 
genera liza tion  continuous process

linear continuous 
process

linear continuous 
process

concrete, optional 
genera liza tion  continuous process

linear continuous 
process

nonlinear continuous 
process

concrete, optional 
genera liza tion  continuous process

nonlinear continuous 
process

linear m easurem ent 
model

concrete, optional
genera liza tion  measurement model

linear measurement 
model

nonlinear m easurem ent 
model

concrete, optional
generaliza tion  measurement model

nonlinear measurement 
model

s ta te  vector concrete, m andatory 
aggregation  pm2sv, sv2svr. rntn2sv

sta te  vector

process noise concrete, m andatory 
aggregation  pm 2pn. pn2pv

process noise

control vector concrete, optional 
aggregation  pm2cv, cv2cvr

control vector

s ta te  variable concrete, m andatory 
aggregation  sv2svr

s ta te  variable

process variable concrete, m andatory 
aggregation  pn2pv

process variable

control variable concrete, optional 
aggregation  cv2cvr

control variable

m easurem ent noise concrete, mandator}' 
aggregation  mm2mn. mn2mv

measurement noise

m easurem ent variable concrete, m andatory 
aggregation  mn2mv

measurement variable

But with the intent of using UML is was decided tha t an OO approach would be taken in 

developing the models. It was thought that this would prove to be advantageous in using 

UML and OCL.
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6 .3 .2  C r e a t in g  t h e  S C  s te r e o ty p e s

During development of the domain models, stereotypes were initially defined. This was 

done because of th e  varied use of a construct (the matrix) in the models. But this approach 

was revised during  work with the OCL validation because of the absence of support for 

stereotypes in the tool. The usefulness of stereotypes in the domain models was noted and 

it was agreed th a t this would be further pursued in developing a DSML for the complete 

Auto F ilter  system.

Following is an  example of a static concept (see Figure 6.L) stereotype for the Process 

Model class of N A S A  A m es (A utoF ilter) system. Creation of the static concept stereo­

types is carried ou t in an iterative manner with the design level CD and domain dictionary, 

and the profile base (the UML specification) as inputs. The process for creating the static 

concept stereotypes is illustrated in the activity diagram of Figure 4.3. The complete list 

of stereotypes is given in Section 6.4 at the end of this chapter.

Tables of the stereotypes for the attributes of the static concepts (classes) are also included 

in Section 6.4. T he stereotype definition of these model element adds to the formal meaning 

(semantics) of the  owning classes.

6 .3 .2 .1  P ackaging th e  s tereo ty p es

The packaging of the stereotypes involves the definition of a name-spaces for the stereotypes 

(static concepts). The UML name-space concept <$Cprofile2> is used to package the domain 

stereotypes, as illustrated in Figure 6.3(Autof i l te r  Stereotypes).

All the stereotypes of Section 6.4 are contained in the profile of Figure 6.3.

6 .3 .3  C r e a t in g  th e  m e ta -m o d e ls

The process for creating the meta-models of the domain models calls for: (1) the definition of 

domain-specific graphical icons, and (2) the establishment of the relationships between the 

icons. In this dom ain (A u toF ilter  program synthesizer) domain-specific graphical icons are 

not created as such information was not obtained from the domain experts. Consequently,
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Table 6.4: Class Process Model stereotype
S tereotype process model
Base C lass Class
Parent N /A
Tag mandatory
R epresentation default
C onstraint c o n te x t  <gprocessjnodelS> inv: 

self.isAbstract =  true and self.isLeaf =  false and  
self.isRoot =  true and self.mandatory =  true and
self.<gCstate_vector»—»size() =  L and self.«;process_noise»— size() = I and
(self.<Scontrol_vector2>—«size() =  0 or self.<Ccontrol_vector»—*size() =  I) and
self.«Cmeasurement_model2>—size() =  I and
self.<;equation».multiplicity =  1 and
self. <gequation3>.changeability =  frozen and
self.<SCequation».visibility =  public and
self.<slinear».multiplicity =  I and
self.<Slinear» .changeability =  frozen and
self.<glinear».visibility =  public and
self.<g;time.variant2>.multiplicity =  L and
self.<gtime_variant^>.changeability =  frozen and
self.<g;time_variantiS>.visibility =  public and
self. <JCvalue_type2>.multiplicity =  I and
self.<g;value_type3>.changeability =  frozen and
self.<gvalue_type3>.visibility =  public and
(self.<gCequation2>—forAll(eq | eq.initialValue.body =  ‘discrete’) xor

self, ̂ equations*—forAll(eq | eq.initialValue.body =  ‘continuous’)) and 
(self.<glinear;g>—■>forAll(lr | Ir.initiaiValue.body =  ‘true’) xor  

self.<^;linear3>—forAll(lr | Ir.initiaiValue.body =  ‘false’)) and  
(self.<SCtime_variantS>—forAU(tv | tv.initialValue.body =  ‘true’) xor 

self.<Stime_variant2>—forAll(tv | tv’initialValue.body =  ‘false’)) and 
(self.<SCvalue_type^—forAll(vt | vt.initialValue.body =  ‘absolute’) xor

self.<^£value_type;?>—*forAll(vt | vt.initialValue.body =  ‘incremental’)) and  
(self.«Scontrol.vector»—notEmpty() im plies

(seIf.^Ccontrol_vector.2>«Ctime_variant.^>—*forAll(tv | tv.initialValue.body =  ‘true’) 
xor
self.4CcontroLvector.»<g;time_variant2>—forAll(tv | tv.initialValue.body =  ‘false’))

D escription The con stra in t specifies the meta-attributes, multiplicities and specializations of 
the stereotype.

the default UML icons are used. The associations are then established between the default 

graphical icons th a t represent the stereotypes of Table 6.6 through 6.37. The meta-model 

of the design CD inpu t is illustrated in Figure 6.3.3. The complete A utoF ilter  meta-models 

are presented in Section 6.4.3 a t the end of this chapter.

6 .3 .4  P a c k a g in g  t h e  m e ta -m o d e ls

The packaging of the  meta-models involves the definition of a name-spaces for the two 

meta-models (input and output design CDs). The UML name-space concept profiled  is
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« p ro tile »
AutoFilter Stereotype

« p r o c e s s  m o d e !» • ■ • « m e a su re m e n t m o d e l»

« k a lm a n  f ilte r» « m a t r i x »

Figure 6.3: Domain stereotypes N A SA  A m es A utoF ilter  system

used to package the domain meta-models, as illustrated in Figure 6.4. The meta-models are 

individually packaged in profiles and these profiles are then packaged as a profile of profiles 

(A u toF ilter Domain Meta-Models).

6 .3 .5  P a c k a g in g  th e  D S M L

The packaging of the DSML involves the definition of a name-spaces for AutoF ilters  stereo­

type profile ( AutoFilter Stereotype, and the meta-model profile (AutoFilter Meta-Mode[). 

T he UML name-space concept <g.profile'3> is used to package the domain stereotypes, and 

meta-models, as illustrated in Figures 6.3. and 6.4. These individually packaged profiles are 

then packaged as a profile of profiles the (AutoFilter DSML) as illustrated in Figure 6.5.

This concludes the creation of the domain-specific modeling language (DSML) for 

N A S A  A m e s’s A utoF ilter  code synthesizer (generator) system.
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«profile»
AutoFilter Meta-M odel

«protile» «protile»

« in p u t  m e ta -m o d e l» « o u tp u t m e ta -m o d e l»

Figure 6.4: AutoFilter DSML meta-model profile packaging

«protile»
AutoFilter DSML

«protile» \ «profile» \

« au to filte r  s te re o ty p e » « au to filter m e ta -m o d e l»

Figure 6.5: AutoFilter DSML profile packaging
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6.4 A u toF ilter  D SM L  Specification

The following sub-sections contain the complete specification for the N A S A  A m es code 

(program) synthesizer (generator) system (A u to F ilte r) input.

6 .4 .1  A u to F ilt e r  in p u t  s t e r e o ty p e s

Table 6.5: Tag definition M andatory
T ag mandatory
S te r e o ty p e item
T y p e U t\l L:: D at aty pe:: Boolean
M u lt ip lic ity 1
D e sc r ip t io n Indicates whether a stereotyped class with this tag must be included in a domain 

application model.

207

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 6.6: Class Process Model stereotype
S te r e o ty p e process model
B a s e  C la ss Class
P a re n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  4Cprocess_model» inv:

self, is Abstract =  true and self.isLeaf =  false and
self.isRoot =  true and self.mandatory =  true and
self.<?Cstate_vector2>—«size() =  1 an d  self.<g;process_noise2>—size() =  I and
(self.«;controLvectorS>—size() =  0 o r  self.<gcontroLvector2>—sizeQ =  I) and
self.<g;measurement_model»—size() =  I and
self.eq u ation s.m u ltip lic ity  =  L and
self.<jCequation2>.changeability =  frozen and
self.<g;equations.visibility =  public an d
self. <g;linear3> .multiplicity =  I and
self.<SClinear» .changeability =  frozen an d
self.•^ClinearS>.visibility =  public and
self.<g;time_variant».multiplicity =  I an d
self.<g;time_variant2>.changeability =  frozen and
self.4Ctime_variant».visibility =  public and
self.<gvalue_type3>.multiplicity =  I an d
self. <gvalue_type;§> .changeability =  frozen and
self.value.type2>.visib ility =  public an d
(self.<g;equationS>—forAll(eq | eq.initialValue.body =  ‘discrete’) x o r

self.^CequationS>—forAll(eq | eq.initialValue.body =  ‘continuous’)) and  
(self.«;linearS>—forAll(lr | Ir.initiaiValue.body =  ‘true’) x o r  

self.<g;linear3>—forAll(lr | Ir.initiaiValue.body =  ‘false’)) and  
(self.<§:time_variantS>—forAll(tv | tv.initialValue.body =  ‘true’) x o r  

self.<g;time_variant»—forAll(tv | tv ’initialValue.body =  ‘false’)) and  
(self.<g;value_type3>— forAll(vt | vt.initialValue.body =  ‘absolute’) x o r

self.<g;value_type»—forAll(vt | vt.initialValue.body =  ‘incremental’)) and  
(self.<®;control_vector»—notEmpty() im p lies

(self.<gCcontrol_vector.S»<gtime_variant.2 >—forAll(t.v | tv.initialValue.body =  ‘true’) 
xor
self.4JcontroLvector.S'<g:time_variant2>—forAll(tv | tv.initialValue.body =  ‘false’))

D e sc r ip t io n The con strain t specifies the meta-attributes, multiplicities and specializations of 
the stereotype.

Table 6.7: Class Discrete Process stereotype
S te r e o ty p e discrete process
B a se  C la ss Class
P a re n t Process Model
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  <Sdiscrete_processS> inv: 

self.mandatory =  false and
self.«;equation2>—forAll(eq | eq.initialValue.body =  ‘discrete’)

D e sc r ip t io n The con stra in t specifies the specialization of a parent stereotype.
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Table 6.8: Class Continuous Process stereotype
S te r e o ty p e continuous process
B a s e  C la ss Class
P a re n t Process Model
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  <?Ccontinuous-process2> inv: 

self.mandatory =  false and
self.<g;equation3>—>forAll(eq | eq.initialValue.body =  ‘continuous’)

D e sc r ip t io n The co n stra in t specifies the specialization of a parent stereotype.

Table 6.9: Class Linear Discrete Process stereotype
S te r e o ty p e linear discrete process
B a s e  C la ss Class
P a r e n t Discrete Process
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <§Clinear_discrete_process2> inv: 

self.mandatory =  false and
self.<;linearS»—*forAll(lr | Ir.initiaiValue.body =  ‘true’)

D e sc r ip t io n The con stra in t specifies the specialization of a parent stereotype.

Table 6.10: Class Nonlinear Discrete Process stereotype
S te r e o ty p e nonlinear discrete process
B a se  C la ss Class
P a re n t Discrete Process
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <SCnonlinear.discrete_process2> inv: 

self.mandatory =  false and
self.^ClineaO—forAH(lr | Ir.initiaiValue.body =  ‘false’)

D e sc r ip t io n The con stra in t specifies the specialization of a parent stereotype.

Table 6.11: Class Linear Continuous Process stereotype
S te r e o ty p e linear continuous process
B a s e  C la ss Class
P a re n t Continuous Process
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <§dinear-continuous_process2> inv: 

self.mandatory =  false and
self.<Slinear^—forAllflr | Ir.initiaiValue.body =  ‘true’)

D e sc r ip t io n T he con stra in t specifies the specialization of a parent stereotype.
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Table 6.12: Class Nonlinear Continuous Process stereotype
S te r e o ty p e nonlinear continuous process
B a se  C la ss Class
P a re n t Continuous Process
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  <S;nonlinear-Continuous_process2> inv: 

self.mandatory =  false an d
self.Clineari§>—forAll(lr | Ir.initiaiValue.body =  ‘false’)

D e sc r ip t io n The constrain t specifies the specialization of a parent stereotype.

Table 6.13: Class Measurement Model stereotype
S te r e o ty p e measurement model
B a se  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  ^m easurem ent jnodel;g> inv: 

self.isAbstract =  true an d  self.isLeaf =  false and  
self.isRoot =  true an d  self.mandatory =  true and
self.«;state_vector3>—sizeQ =  I an d  self.<£measurement_noise2>—size() =  1 an d
self.<g;measurement_model;§>—sizeQ =  1 and
self. <^equation2>.multiplicity =  I an d
self.<SCequation».changeability =  frozen and
self. <s;equation2>.visibility =  public and
self.<^Clinear».multiplicity =  I and
self.<glinearS>.changeability =  frozen and
self. <^£linear».visibility =  public and
self.4£time_variant3>.multiplicity =  I and
self.<gtime.variantS>.changeability =  frozen and
self. <g;time_variant;§>.visibility =  public and
self.<gyalue_type2>.multiplicity =  I an d
self.<Svalue_typeS».changeability =  frozen and
self. <SCvalue_type:§>.visibility =  public and
self.4CequationS>— forAll(eq | eq.<g initial Value, body =  “discrete’) an d  
(self.<Slinear»—»forAll(lr | Ir.initiaiValue.body =  “true’) x o r  

self. 1 in ear»— for All (lr | Ir.initiaiValue.body =  “false’))
D e sc r ip t io n The con stra in t specifies the m eta-attributes, multiplicities and specializations of 

the stereotype.

Table 6.14: Class Linear Measurement Model stereotype
S te r e o ty p e linear measurement model
B a s e  C la ss Class
P a re n t Measurement Model
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  «:linear-m easurem ent_m odel» inv: 

self.mandatory =  false an d
self.<gClineafS>— forAU(lr | Ir.initiaiValue.body =  “true’)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, multiplicities and specializations of 
the stereotype.
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Table 6.15: Class Nonlinear M easurement Model stereotype
S te r e o ty p e nonlinear measurement m odel
B a s e  C la ss Class
P a r e n t Measurement Model
T a g mandatory
R e p r e s e n ta t  ion default
C o n str a in t c o n te x t  <gnonlinear_measurement_model3> inv: 

self.mandatory =  false a n d
self.<g:linear2>—*forAll(lr | Ir.initiaiValue.body =  ‘false’)

D e sc r ip t io n The con stra in t specifies the m eta-attributes, multiplicities and specializations of 
the stereotype.

Table 6.16: C lass State Vector stereotype
S te r e o ty p e state vector
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e s e n ta t  ion default
C o n s tr a in t c o n te x t  <Cstate_vector2> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self. <JCprocess_model2>— sizeQ =  I an d
self.<g:measurement_model»—size() =  1 and self.<Kstate_variable2>—sizeQ =  I

D e sc r ip t io n The constrain t specifies the meta-attributes, and specializations of the stereotype.

Table 6.17: Class Process Noise stereotype
S te r e o ty p e process noise
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e s e n ta t  ion default
C o n str a in t c o n te x t  <!Cprocess_noise» inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and
self.4Cprocess_model2>— size() =  1 an d  self.<Sprocess_variableS>—>sizeQ =  I

D e sc r ip t io n The constrain t specifies th e meta-attributes, and specializations of the stereotype.

Table 6.18: Class Measurement Noise stereotype
S te r e o ty p e measurement noise
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Cmeasurement_noise3> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory -  true and
self.«Cmeasurement_model»—sizeQ =  I an d  self.<measurement_variabie»—sizeQ =  1

D e sc r ip t io n The con stra in t specifies the meta-attributes, and specializations o f the stereotype.
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Table 6.19: Class Control Vector stereotype
S te r e o ty p e control vector
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  -CcontroLvector» inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  false and  
self. •4Ctime_variant^> .multiplicity =  1 and  
self.<§Ctime_variantS>.changeability =  frozen and  
self.<^time_variant3>.visibility =  public and
(self.<g;process_modelS>—size() =  0 x o r  self.<?Cprocess_model»—size() =  I) an d  
self.<g;controLvariable»—size() =  1

D e sc r ip t io n T he con strain t specifies the meta-attributes, and specializations of the stereotype.

Table 6.20: Class State Variable stereotype
S te r e o ty p e state variable
B a s e  C la ss Class
P a r e n t N /A
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <g|state_variableS> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self.<g;time_variant^.multiplicity =  I and  
self.<s;time_variant» .changeability =  frozen and  
self.<gtime_variantS>.visibility =  public and  
self. <g;state_vector2>—sizeQ =  L

D e sc r ip t io n The con stra in t specifies the meta-attributes, and specializations of the stereotype.
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Table 6.21: Class Process Variable stereotype
S te r e o ty p e process variable
B a s e  C la ss Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <gprocess_variable^ inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self. <g;mean;S>.multiplicity =  I and  
self. <?; mean ̂ .changeability =  frozen an d  
self.<gmean^>.visibility =  public and
self.<§;means*—»forAll(mn | mn.mn.initialValue.body =  0.0) an d
self.«;noise».m ultiplicity =  t and
se lf.n o ised .ch a n g ea b ility  =  frozen an d
self.<§;noiseS>.visibility =  public and
self.^CnoiseS*— forAU(ns | ns.run.initialValue.body =  ‘w hite’) and
self.<g;value».multiplicity >  L and
self.<g;valued.changeability =  frozen and
self.<gvalue2>.visibility =  public and
self.<Kprocess_noise;S>—size() =  1

D e sc r ip t io n The con stra in t specifies the meta-attributes, and specializations of the stereotype.

Table 6.22: Class Measurement Variable stereotype
S te r e o ty p e measurement variable
B a se  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <?Cmeasurement_variable3> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self. ■Cmean».multiplicity =  1 and  
self. <?Cmean 3>.changeability =  frozen an d  
self.•^Cmean^*.visibility =  public an d
self.<g;mean;s>— forAll(mn | mn.mn.initialValue.body =  0.0) and
self. <Snoise3>.multiplicity =  1 and
self. <g; noised.changeability =  frozen an d
self.«:noise3>.visibility =  public an d
self.<g;noiseS»—forAll(ns | ns.mn.initialValue.body =  ‘w hite’) an d
self.«Cvalue».multiplicity >  I and
self. <g valued.changeability* =  frozen an d
self.<SCvalue3>.visibility =  public an d
self.<Cmeasurement_noise»—size() =  I

D e sc r ip t io n The co n stra in t specifies the meta-attributes, and specializations of the stereotype.
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Table 6.23: Class Control Variable stereotype
S te r e o ty p e control variable
B a se  C lass Class
P a re n t N /A
T ag mandatory
R ep r e se n ta t io n default
C o n str a in t c o n te x t  <Kcontrol_variableS> inv: 

self.isAbstract =  false an d  self.isLeaf =  true an d  
self.isRoot =  true an d  self.mandatory =  false an d  
self.<g|value2>.multiplicity >  I an d  
self.<<Cvalue2>.changeability =  frozen and  
self.<gvalue».visibility =  public and  
self.<SCcontrol_vector»—size() =  I

D esc r ip t io n The con stra in t specifies the meta-attributes, and specializations of the stereotype.
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6.4.2 AutoFilter output stereotypes

T he following sub-sections contain the com plete specification for the N A S A  A m e s  code 

(program) synthesizer (generator) system  (A utoF ilter) output.

Table 6.24: Class Kalman Filter stereotype
S te r e o ty p e kalman filter
B a s e  C la ss Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  rekalmanJi lte r S  inv:

self.isAbstract =  false a n d  self.isLeaf =  true and
self.isRoot =  true an d  self.mandatory =  true and
self, re steps.m ultiplicity =  1 an d
self.<§!step:».changeability =  frozen and
self. restep S . visibility =  public and
self. reupdateJntervalS.multiplicity =  1 and
self. reupdateJntervalS.changeability =  frozen and
self. reupdateJntervalS.visibility =  public and
self.reprocess_modelS—size() =  I and
self.remeasurement_modelS—size() =  1 and
self.rematrixS—size() >  I an d
self, redeclarations—size() =  L and
self.^initializations— sizeQ =  I and
self.reloopS—size() =  I an d
self.restate estimate p ro jec ts— forAll(sep | sep.rerow_sizeS.initialValue =  

self.reprocess m odelS .restate vectors.restate variables— size()) and  
self.restate estimate p ro jec ts— forAll(sep | sep.recol_sizeSinitialValue =  I) an d  
self.restate estimate u p d a te s — forAll(seu | seu.rerow_sizeS.initialValue =  

self.reprocess m od elS .restate vectorS.restate variables—size()) and  
self, restate estimate u p d a te s — for All (seu | seu.recoLsizeSinitialValue =  I) an d  
self.restate transitions— forAll(st | st.rerow_sizeS.initialValue =

self.reprocess m od elS .restate vectors.restate variables—size()) an d  
self, restate transitions— forAll(st | st.recol-sizeS initial Value =  

st.re row_sizeSinitial Value) an d  
self, reerror covariance p r o je c ts— forAll(ecp | ecp. re row .sizes.initialValue =  

self.reprocess m odelS .restate vectorS.restate variables—size()) an d  
self.reerror covariance p r o je c ts—forAll(ecp | ecp.recol_sizeS.initialValue =  

self.reprocess m od elS .restate vectorS.restate variab les—size()) and  
self.reerror covariance u p d a te s —forAU(ecu | ecu.rerow_sizeS.initialValue =  

self.reprocess m odelS .restate vectorS.restate variables—size()) an d  
self, re error covariance u p d a te s —forAll(ecu | ecu.recol_sizeS.initialValue =  

self, re process m odels.■restate vectorS.restate variab les—size()) an d  
self, reprocess covariances— forAU(pc | pc.rerow_sizeS.initial Value =  

self, reprocess m odelS .restate vectors .restate variables—size()) an d  
self, reprocess covariances— forAll(pc | pc.recol_sizeS.initial Value =  

self, re process m odelS .restate vectorS.restate variables—sizeQ) an d
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Table 6.25: Class Kalman Filter stereotype cont’d...
S te r e o ty p e kalman filter

self.-^measurement transitions—for AU(mt | mt.-JCcoLsizeS.initialValue =  
self.-^process m o d e ls .E sta te  vectorS.<§Cstate variables— size()) an d  

self.-^CgainS—forAU(g 1 g.<g;row_sizeS. initialValue =
self.^process model S .-E sta te  vectors.<S state variables—size()) an d  

self.-C gainS—forAll(g | g.-?CcoLsizeS.initialValue =
self.-^process m o d e ls .E sta te  vectorS.<SCstate variables—size()) an d  

self. filter o u tp u ts— for All (fo | fo.<g;col_sizeS.initialValue =  
self. <CstepsS.initialValue) and  

self, ̂ measurement covariances— forAll(mc | mc.<g;row-sizeS.initialValue =
self.-^measurement m o d e ls . <sCmeasurement noiseS.-^measurement variab les— size()) 

an d
self. <?; measurement covariances— forAll(mc | me.-?Ccol_sizeS.initialValue =

self.<gmeasurement models.-^m easurement noised.-^measurement variab les—size()) 
an d

self.-^m easurem ents—forAll(m | m.<SCrow_sizeS.initialValue =
self.-^measurement model2>.^measurement noiseS.-^measurement variab les— size()) 

an d
self.-^m easurem ents—forAH(m | m.-CcoLsizeS.initialValue =  I) and  
se lf.m easu rem en t tran sitions—forAll(mt | nit. <Srow_sizeS. initial Value =

self.-^measurement m odels.-^measurement noiseS.-^measurement variables—size()) 
an d

self.<?;gainS—forAll(g | g.<Kcol_sizeS.initialValue =
self.^measurement m odels.-^m easurement noiseS.-^measurement variables—size()) 

a n d
self.<?Cprocess m odels-?;.state v e c to r s  =

self.<g;measurement m odelS-Sstate vectors an d  
self.<?;process m odels.^m easurem ent m o d e ls—exists(m m  | mm =  

self.-^measurement m o d e ls  and  
self.-^measurement m od elS .-^process m o d e ls—exists(pm  | pm =  

self.-^process m o d e ls  and  
self. «Cprocess model S.-^control v e c to r s—notEmpty im p lies

self. <?Ccontrol transitions—forAll(ct | ct.<SCrow_sizeS.initial Value =  
self.-Sprocess model S .-E sta te  vector S .-E state variables—size()) an d  
self.-Ccontrol transitions—forAll(ct 1 ct.<?Ccol_sizeS.initial Value =  
self.-Cprocess m odels.-E state vectors.-E state variables—size()) and  
self.-^control in p u ts— forAll(ci 1 ci.<Srow_sizeS.initialValue =  
self.-?Cprocess m o d e ls .E sta te  vectors.-E state variables—size()) an d  
self.-decontrol in p u ts— forAll(ci | ci.<Ccol_sizeS.initialValue =  L an d  

self.operations—includesAU(make_discrete, make-linear)
D esc r ip tio n The con stra in t specifies the meta-attributes, and operations o f the stereotype.
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Table 6.26: Class M atrix stereotype
S te r e o ty p e matrix
B a se  C lass Class
P a ren t N /A
T ag mandatory
R e p re sen ta tio n default
C o n stra in t c o n te x t  <g;matrix2> inv:

self.isAbstract =  true an d  self.isLeaf =  false and
self.isRoot =  true an d  self.mandatory =  true an d
self. <£;col_size3>.multiplicity =  1 and
self.<g;col_size2>.changeability =  frozen and
self.<Ccol_sizeS>.visibility =  public and
self.<g;row_size3>.multiplicity =  I and
self.<Krow_size2>.changeability =  frozen and
self.<gCrow_size3>.visibility =  public an d
self.4CvaluesS».multiplicity >  0 and
self.<values2>.changeability =  changeable and
self.<Svalues3>.visibility =  private an d
self.<g;kalman_filter:§>—sizeQ =  1 and
self.«Cstate_estimate_proj_eqS>—size() =  1 and
self.«Cstate_estimate_updt_eq»— sizeQ =  L and
self.<g!gain»— size() =  L and
self.<^error_covariance_proj_eqS>—size() =  1 and
self.<g:error.covariance_updt_eq3>—size() =  L and
self— forAll(mx | nix.values.multiplicity =  mx.col_size x mx.row.size)
self.operations— includesAU(multiply, transpose)

D escr ip tio n The co n stra in t  specifies the meta-attributes, and operations of the stereotype.

Table 6.27: Class State Estimate proj eg stereotype
S te r e o ty p e state estim ate proj eq
B a se  C lass Class
P a ren t N /A
T ag mandatory'
R e p re sen ta tio n default
C o n stra in t c o n te x t  <Sstate_estimate_proj_eq» inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self.<Cmatrix»—sizeQ >  L and  
self.'CloopS>—size() =  1 and
self.-Cm atrix»—includesAll(State_Estimate_pro]ect, State_Estimate_update)

D escr ip tio n The co n stra in t specifies the meta-attributes, and associations of the stereotype.
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Table 6.28: Class State Estimate updt eq stereotype
S te r e o ty p e state estim ate updt eq
B a s e  C lass Class
P a re n t N /A
T ag mandatory
R ep r e se n ta t io n default
C o n str a in t c o n te x t  <JCstate_estimate_updt_eqS> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory = true and  
self.«^m atrix»—*size() >  L and  
self.<§;loop»—»size() =  L an d
self.<|Cmatrix3>—•includesAll(State.Estimate_update, State_Estimate_project, Gain, 

Measurement_TranJHold)
D e sc r ip t io n The co n stra in t specifies the meta-attributes, and operations of the stereotype.

Table 6.29: Class Gain eq stereotype
S te r e o ty p e gain eq
B a se  C la ss Class
P a ren t N /A
T ag mandatory
R ep r e se n ta t io n default
C o n str a in t c o n te x t  <CgainjeqS> inv:

self.isAbstract =  false and  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self.-^;matrix2>—»size() >  I and  
self.<g;loop»—size() =  I and
self.<§;matrixS>—includesAU(Gain, Error_Covariance_project, Measurement.Transition 

Measurement-Covariance)
D e sc r ip t io n The co n stra in t specifies the meta-attributes, .and operations of the stereotype.

Table 6.30: Class Error Covariance proj eq stereotype
S te r e o ty p e error covariance proj eq
B a se  C lass Class
P a re n t N /A
T ag mandatory
R e p re sen ta tio n default
C o n str a in t c o n te x t  <SCerror_covariance_proj_eq» inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self.<gCmatrix^>—sizeQ >  1 an d  
self.«Cloop2>—size() =  1 and
self.<gCmatrix2>—•includesAIlfError.Covariance.project, State_Transition, 

Process_Covariance, Error.CovarianceJJpdate)
D esc r ip tio n The co n stra in t specifies the meta-attributes, and operations of the stereotype.
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Table 6.31: Class Error Covariance updt eq stereotype
S te r e o ty p e error covariance updt eq
B a s e  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <g|error_covariance_updt_eq3> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true a n d  self.mandatory =  true and  
self.«;m atrix»—*size() >  I and  
self.<?£loop5>—size() =  I an d
self.<g;matrix»—»incIudesAll(Error_Covariance_update, Process_Covariance)

D e sc r ip t io n The con stra in t specifies the meta-attributes, anti operations of the stereotype.

Table 6.32: Class Measurement Processing stereotype
S te r e o ty p e measurement
B a s e  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  -Cm easurem ent.processing^ inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true and  
self.<§;matrix»—-sizeO >  1 and  
self.<g;loop3>—size() =  I

D e sc r ip t io n The con stra in t specifies the meta-attributes, and operations of the stereotype.

Table 6.33: Class Post Loop stereotype
S te r e o ty p e post loop
B a s e  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  -CpostJoop3> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true a n d  self.mandatory =  true and  
self.-Cmatrix2>—»size() >  1 and  
self.<g;loop2>—size() =  1

D e sc r ip t io n The con stra in t specifies the meta-attributes, and operations o f the stereotype.

Table 6.34: Class Transition Update stereotype
S te r e o ty p e transition update
B a s e  C la ss Class
P a r e n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <SCtransition_update;2> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  true a n d  self.mandatory =  true and  
seIf.<SCmatrix^>—size() >  1 and  
self. <JCloop3>—sizeQ =  1

D e sc r ip t io n The con stra in t specifies the meta-attributes, and operations o f  the stereotype.
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Table 6.35: Class Loop stereotype
S te r e o ty p e loop
B a se  C la ss Class
P a re n t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  reloop2> inv:

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true and self.mandatory =  true and  
self.rekalman_filter»—size() =  I and  
self. <sestate_estimate_proj_updt2>—sizeQ =  I and  
self.restate_estimate_updt_updt»— size() =  I and  
self.rega in »— sizeQ =  I an d  
self.<|Cerror.covariance-proj.eq3>—-sizeQ =  L and  
self.<g;error.covariance_updt_eqS>—*size() =  I and  
(self.<Supdate_transition2>— sizeQ =  0 or and  

self.reupdate_transition2>— size() =  I) and  
(self.reloop2>—sizeQ =  0 o r  

self.reloop2>—size() =  I)
D e sc r ip t io n The constraint specifies the meta-attributes, and associations o f the stereotype.

Table 6.36: Class Declaration stereotype
S te r e o ty p e declaration
B a se  C la ss Class
P a ren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  redeclarations inv:

self.isAbstract =  false an d  self.isLeaf =  true and
self.isRoot =  true an d  self.mandatory =  true and
self.rCmatrix3>—sizeQ >  I an d
self. rekalmanJilter^—sizeQ =  1
self.rCmatrix2>—includesAll(Gain, State_Estimate_project, State_Estimate_update, 

Error_Covariance_project, Error.Covariance-update, Measurement-Transition, 
Measurement-Covariance, Measurement-Tran.Hold, Process-Covariance, 
State_Transition)

(self.rckalmanJilter2>.<g;{process_Model^>—forAII(pm | 
pm. rclinear2>. initialValue.body =  ‘false’) or  

self.rckalmanJ-ilter2>.r;measurement_Model^—forAll(mm 1 
mm.<Slinear2>.initialValue.body =  ‘false’)) and  

self.rekalman_FilterS>.reprocess_ModelS>— forAU(pm | pm.revalue_type.body =  
‘absolute’) im p lies
self.rematrix3>—exists(m x | mx.name.body =  ‘Measurement_Predict’)

D e sc r ip t io n The constraint specifies the meta-attributes, and associations o f  the stereotype.
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Table 6.37: Class Initialization  stereotype
S te r e o ty p e declaration
B a se  C la ss Class
P aren t N /A
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Sinitialization» inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  true an d  self.mandatory =  true an d  
self.<g;matrix3>—sizeQ >  L and  
self.^;kalman_filterS>—size() =  1 and
self. <Sm atrix»—includesAll(self.<g;kalman_Filter».^declaration 3>.«Cmatrix2>)

D e sc r ip t io n The con stra in t specifies the meta-attributes, and operations of the stereotype.
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Table 6.38: Class State Transition stereotype
S te r e o ty p e state transition
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <?Cstate_transition2> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  false a n d  self.mandatory =  true and  
self.<SCerror_Covariance_proj_eq3>—size() =  1 and  
(self.<g;transition_UpdateS>—size() =  0 o r  

self.<g;transition-UpdateS>—*size() =  L)
D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.

Table 6.39: Class Control Transition stereotype
S te r e o ty p e control transition
B a se  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <g;control_transition2> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  false and  
(self.<g;transition_Update^—size() =  0 or  

self.<SCtransition_UpdateS>— sizeQ =  I)
D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.

Table 6.40: Class Measurement Transition stereotype
S te r e o ty p e measurement transition
B a se  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Smeasurement_transition» inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false a n d  self.mandatory =  true and  
self.<ICgain_eq3>—size() =  1 and  
(self.<§ltransition_Update»—size() =  0 o r  

self.<g;transition_Update»—size() =  1)
D e sc r ip t io n The con stra in t specifies the m eta-attributes, and associations of the stereotype.
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Table 6.41: Class Process Covariance stereotype
S te r e o ty p e process coverance
B a se  C la s s Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  ^process-covarianceS* inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.4Cerror_Covariance_projS>—*size() =  1 and
self.<g;error_Covariance_proj_eq2>—size() =  I and  
self.<g;error-Covariance_updt-fiq3>—-sizeQ =  1)

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of th e stereotype.

Table 6.42: Class Measurement Covariance stereotype
S te r e o ty p e measurement covariance
B a se  C la s s Class
P a ren t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Kmeasurement_covariance2> inv: 

self.isAbstract =  false a n d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.<g;gain.eq»—size() =  I

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.

Table 6.43: Class Measurement stereotype
S te r e o ty p e measurement
B a se  C la s s Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  ^ m easu rem ents- inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.^Cmeasurement_ProcessingS>—sizeQ =  I

D e sc r ip t io n The co n stra in t specifies the meta-attributes, and associations of the stereotype.
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Table 6.44: Class Identity  stereotype
S te r e o ty p e identity
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R ep re sen ta tio n default
C o n str a in t c o n te x t  <gidentity» inv:

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true

D esc r ip tio n The con stra in t specifies the met a-attributes, and associations of the stereotype.

Table 6.45: Class Nominal stereotype
S te r e o ty p e nominal
B a se  C lass Class
P a re n t Matrix
T ag mandatory
R ep re sen ta tio n default
C o n str a in t co n te x t  <S£nominal3> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.<§;post_Loop3>—size() =  L

D esc r ip tio n The con strain t specifies the meta-attributes, and operations of the stereotype.

Table 6.46: Class Control Input stereotype
S te r e o ty p e control input
B a se  C lass Class
P a ren t Matrix
T ag mandatory
R ep re sen ta tio n default
C o n str a in t c o n te x t  <SCcontrolJnput2> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  false

D esc r ip tio n The con strain t specifies the meta-attributes, and associations of the stereotype.

Table 6.47: Class State Estimate project stereotype
S te r e o ty p e state estimate project
B a s e  C lass Class
P a re n t Matrix
T ag mandatory
R ep re sen ta tio n default
C o n str a in t c o n te x t  <SCstate-estimate_project;g> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.<sCstate_Estimate_proj_eq_eq;»—sizeQ =  I and  
self.<SCstate_Estimate_updt_eq;»— size() =  I

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.
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Table 6.48: Class State Estimate update stereotype
S te r e o ty p e state estim ate update
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  <Sstate_estimate_update;§> inv: 

self.isAbstract =  false an d  self.isLeaf — true and  
self.isRoot =  false and  self.mandatory =  true and  
self.<g;state.Estimate_proj_eq3>—size() =  I and  
self.'Cstate_Estimate_updtjeq»—»size() =  I

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.

Table 6.49: Class Gain stereotype
S te r e o ty p e gain
B a se  C la ss Class
P a ren t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t  < ggain »  inv:

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false and  self.mandatory =  true and  
self.<Cstate_Estimate_updt^qS>—size() =  I

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.

Table 6.50: Class Error Covariance project stereotype
S te r e o ty p e error covariance project
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t  ion default
C o n str a in t c o n te x t  <SCerror_covariance_proj2> inv: 

self.isAbstract =  false an d  self.isLeaf =  true and  
self.isRoot =  false an d  self.mandatory =  true and  
self.<ICerror_Covariance_proj-eq»— size() =  I and  
self.<g;gain_eqS>-—size() =  1

D e sc r ip t io n The con stra in t specifies the meta-attributes, and associations of the stereotype.
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Table 6.51: Class Error Covariance update stereotype
S te r e o ty p e error covariance update
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t >Cerror.covariance_updateS> inv: 

self.isAbstract =  false and self.isLeaf =  true an d  
self.isRoot =  false an d  self.mandatory =  true an d  
self.<SCerror_Covariance_update_eq;»—size() =  1 and  
(self.<^Cerror_Covariance_updtjeq»— sizeQ =  1

D e sc r ip t io n The constrain t specifies the meta-attributes, and associations o f  the stereotype.

Table 6.52: Class Filter Output stereotype
S te r e o ty p e filter output
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t co n tex t <KfiIter-output;£> inv: 

self.isAbstract =  false and self.isLeaf =  true and  
self.isRoot =  false and self.mandatory =  false an d  
self.<gpost_Loop2>—size() =  I

D e sc r ip t io n The constrain t specifies the meta-attributes, and associations o f  the stereotype.

Table 6.53: Class Measurement Predict stereotype
S te r e o ty p e measurement predict
B a s e  C la ss Class
P a re n t Matrix
T ag mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t <SCmeasurement_predict3> inv: 

self.isAbstract =  false and  self.isLeaf =  true an d  
(self.isRoot =  false an d  self.mandatory =  false and  
self.<SCmeasurement_ProcessingS>—size() =  0 or  
(self.«Cmeasurement_Processing2>—size() =  0

D e sc r ip t io n The constrain t specifies the m eta-attributes, and .associations o f  the stereotype.

Table 6.54: Class Measurement Tran Hold stereotype
S te r e o ty p e measurement tran hold
B a s e  C la ss Class
P a re n t Matrix
T a g mandatory
R e p r e se n ta t io n default
C o n str a in t c o n te x t <Smeasurement.tran_holdS> inv: 

self.isAbstract =  false an d  self.isLeaf =  true an d  
self.isRoot =  false and  self.mandatory =  false an d  
self.4Cmeasurement_Processing^>— size() =  1

D e sc r ip t io n The con stra in t specifies the m eta-attributes, and associations o f  the stereotype.
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6.4.3 A utoFilter m eta-m odels

T he meta-models for N A S A  A m es A u toF ilter  Kalman Filter program synthesizer (gen­

erator) the design CD input, and design CD output are presented in Figure 6.4.3A and 

6.4.3B respectively.

Figure 6.6C is a continuation of Figure 6.4.3B. The separation of the output meta-model 

into two diagrams was done for the purpose of presentation (fitting the entire model into 

one diagram would make it difficult to  read, because of the scaling).
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1. In order for experience to be reused it has to  be applicable to more than a single 

application (program). If experience gained during the development process is to  be 

reused then there must be other required development task that are similar to  the 

first.

2. Application of reusable experience has to occur within some definable 'dom ain ' , i.e. 

the application of experience (gained from work on one task) in solving a similar but 

different task results in confinement of tha t experience to a family of tasks tha t have 

some definable commonalities and variabilities.

3. As the reusable experience applies to a family of software development task then 

tha t experience m ust abstract away from the sp ec if ics of each task in the domain. 

Consequently, it can be concluded that reusable experience is best applied at a stage 

in the development process that is above the lowest level of software development.

4. For reuse of experience to be viable there has to be some 'precise' means of repre­

senting and expressing tha t experience.

T he above list of issues raised a number of additional questions tha t had to be answered 

either as a prelude to  the research or as a component of the research. The more pertinent 

of these questions as they evolved from the above issues respectively, are:

1. How are the similarities of the tasks to be identified and documented for the applica­
tion of reuse experience?

2. W hat constitutes a family of application in a domain, and what are the issues of 
representation and documentation?

3. At what level of abstraction is the reuse experience to  be applied, and what are the 
format and representation of this abstraction.

4. How formal can the representation of development experience be made, so as to facil­
itate precise inter- and intra- development team communication?

Armed with these issues and questions the research proceeded along the outline presented 

in C hapter 1.

The process of domain analysis and design (DA&D) [56, 96] was identified as a mecha­

nism for addressing the  issue of identification of commonalities and variabilities in a family

232

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



of application requirements. DA&D would also determ ine the scope (range) of application 

requirements that would be included in a domain in which the reuse of development expe­

rience is to  be exploited. From an analysis of the the quan tity  and quality of the research 

th a t had to  be conducted to address the remaining issues and questions, it was determined 

th a t DA&D would not be researched in this work, bu t applied in formulating the theory 

and application of the research work. This lead to a review of established DA methodologies 

from which a sub-set of processes and products that would satisfy the requirements of this 

research were synthesize. This review and selection of processes and products is set out in 

Section 2.4.

The research next focused on the examination of work related to  the representation 

and use of information about families of application requirements. This, supported by 

the knowledge obtained from the aforementioned review of DAfcD led to an examination 

of domain-specific languages (DSL). Based on the research on DSL, as documented in 

Section 2.2, the following observations about the general trend in the definition and use of 

DSLs are noted :

•  DSLs are textual, and are usually directly translated to code.

•  DSLs are designed for application at the im plem entation phase of software develop­
ment.

•  DSLs lack a formal definition of their syntax and semantics.

These observation led to the conclusions tha t current trends in DSL development do not 

provide much support for the : (1) abstraction of application requirements, or architectural 

design above the implementation phase of software development: (2) modeling of systems, 

because of their mainly textual notation; (3) incorporation into CASE tool, because of their 

incomplete syntax and imprecise semantics.

The perceived need for a 1m odeling' notation that is graphical in nature as a mechanism 

for abstracting away from the implementation level o f software development necessitated 

an exam ination of the current notations in use. The Unified Modeling Notation  (UML) [44] 

was identified as the most suitable notation for this work, because it:

1. ’’'Provide users urith a ready-to-use expressive visual modeling language to develop and 
exchange meaningful models.
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2. “Furnish extensibility and specialization mechanisms to extend the core concepts.

3. “Support specification that are independent o f particular programming languages and 
development processes.

4. "Provide a formal basis for understanding the modeling language.

5. "Support higher-level development concepts such as components, collaborations, fram e­
works and patterns.

6. "Integrate best practices.” [43]

The next stage in the research was the definition and description of the framework tha t 

bounded the scope of the intended work. This was outlined in the introductory section of 

C hapter I both textually and graphically.

Along with the description of the research framework an operational framework for the 

use of the deliverables was developed as described in Section L.2. The focus of this research 

is on Domain Language Engineering, where techniques for defining and using DSMLs are 

specified.

The next phased of the research looked at the formulation of a strategy for accomplishing 

the goals and producing the deliverables. The strategy decided on called for the definition 

of the concepts tha t are to be developed in support of the thesis. These definitions are: (I) 

language  as it is to be used in this research; (2) domain-specific modeling languages (DSML); 

and (3) precise syntax  and sem antics  for DSML. Along with the above definitions, strategies 

for formulating the following processes were also developed: ( i)  specialization of the UML 

so as to  constitute a DSML; (2) defining the components of DSML; (3) developing DSML; 

and (4) using the DSML to create ASM.

T he decision was taken a t an early point in the research th a t the abstraction of common­

alities and variabilities in a domain would be most advantageous to software development 

if it could be expressed at or near the highest (earliest) point in the development process. 

This view is based on the premise th a t as development progresses through the different 

stages of software development errors are introduced a t each stage, this is in addition to 

error th a t are carried through from the earlier stages of development.
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Figure 7. L: Error propagation in software development

This idea is illustrated in Figure 7.1l . Thus the intent is to use standardized constructs 

starting as early as possible (earliest being a t requirement analysis) in the development 

cycle. These standardized constructs would be less error prone, having being tested and 

formally verified (to some degree), before being used in application development. Thus with 

a reduction in the number of errors introduced at each phase of the development cycle a 

more reliable, and maintainable application th a t is delivered in a timely manner would be 

produced.

Experience gained from prior work on integrating formal notation (the Z notation [77]) 

with informal notation (the UML [43]) [30, 3L, 32] provided a springboard for the use 

of UML’s O bject Constraint Language (OCL) in specifying the domain-specific semantics 

of DSMLs in a precise format. The syntax of DSML is applied as it is defined in the 

UML specification [43] and constrained, when necessary, with the extension mechanisms. 

The semantics for DSML is similarly defined in the L'ML, and may be further refined in a 

denotational [84] manner. The syntactic model elements of DSMLs (original or specialized

‘Reproduced from Dr. Robert B. France’s lecture notes with modification.
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UML model elements) may be m apped to a concept in a formal domain. In this m anner 

the ‘m ean ing ’ of the DSML model element is refined by the semantics of the concept that 

it is m apped to  in the formal domain. This mapping m u st not violate the original UML 

semantics of the syntactic concept, as defined in the specification. This mapping, of UML 

model element to  a formal concept is illustrated in Figure 2.2.

It was not possible to define com plete precise (formal) semantics for all DSML constructs. 

Formal definition for these constructs (model elements) is lim ited  to the precision offered 

in the UML specification in conjunction with any additional mapping (denotational) from 

the model elements to concepts in a formal semantic domain . Because of this lim itation the 

semantic definitions for DSML model elements may not be in a one-to-one correspondence 

with the informal textual specification of the elements’ meanings. This is because it may 

not be possible to map all textually specified m eaning  to a formal concept. Hence the 

precise (formal) semantics can be supplemented with textual description. The mapped 

semantics and constraints must not violate the UML specification semantics. The practice 

of supplementing the formal semantics with textual description is currently how the UML 

semantics is defined. This lim itation is one tha t was identified as being of fundamental 

im portance to this work and will be referred to again in the following Section 8.2 on future 

work.

The research done on language development looked a t the definition and description 

of the concept of language in various domains and identify the common aspects of such 

definitions and descriptions. These aspects (syntax and semantics) were then defined in 

term s of DSML. The conclusion reached is that for DSML, the syntax of the language is 

textually captured in a set of stereotype definition and graphically represented as domain 

meta-models. Such meta-models are analogous to the UML abstract syntax, i.e. they both 

reside at the M2 level of the MOF (Meta Object Facility) [74]. The semantics of DSML is 

expressed in the stereotypes as OCL statements, which may be supplemented with textual 

statem ents. The OCL statem ents specify the semantics in a formal notation - by means of 

constraining the existing formal UML semantic statem ents an d /o r refining them by mapping 

informal concepts to formal concepts (denotational [84] mappings).
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The informal domain-specific descriptions contained in the system requirements that 

are input to  the DA&D process are transformed into formal domain-specific development 

rules (adaptation, composition, and refinement rules). Composition rules specify which 

UML concepts are used in the domain and how the syntax and semantics of the UML 

concepts are constrained so as to express the domain-specific semantics. Composition rules 

are those th a t specify what domain-specific constructs must be present in domain appli­

cation specifications (domain commonality constructs), and refinement rules specify which 

domain-specific constructs may be, optionally, included in domain application specifications 

(domain variability constructs).

During the early years of the research it was envisaged th a t there would have been an ad­

ditional rule for specifying how the DSML constructs could be further extended to account 

for requirements tha t were unknown at the time that the language was being specified. But 

this idea was abandoned because of the high degree of uncertainty involved. It was decided 

tha t the best way to deal with domain requirements that arose after DSML development is 

to provide feedback to the Domain Analysis and Design process, which would in tu rn  gen­

erate additional/m odified Domain Models and Domain-Specific Development Rules. These 

new/modified models and rules would then be used as input to the Domain Language En­

gineering process for language definition update. This is illustrated in Figure L.2 by the 

feedback arrows.

It was decided th a t DSML in this work would be as fully UML compliant as is possible, 

thus DSML have to be able to represent the UML models (use case, class diagram, activ­

ity diagram , etc), using specialized UML model elements. Hence, DSML components are 

defined in terms of the UML models tha t are required for the domain. These models are 

represented as meta-models (the DSML syntax) in DSML. These meta-models abstract out 

the commonalities and variabilities of the domain applications and present them as domain 

architectural models (domain pattern  models). Use of these domain architectural models 

(patterns) are governed by the composition and refinement rules contained in the domain 

stereotypes.

DSML, as presented in this work, are intended to be used by application develop-
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ers/engineers in a CASE tool environment. Tool developers would encode the DSML in 

the  CASE tool in a m anner th a t is identical to tha t which is currently done with the UML, 

with one m ajor exception. This exception is with respect to the interpretation of the se­

mantics of the DSML. T he syntax of the DSML is presented to  the tool developer in an 

similar format to that of the  UML, i.e. a set of meta-models (abstract syntax). But in the 

case of DSML the meta-models are domain-specific architectural and design patterns in the 

format of the UML model used in the domain.

The semantics of DSML is offered to a tool developer in the format of a set of stereotypes 

with OCL expressions and denotational mappings that constraint the model elements to 

the specific requirements of the domain. This is more precise and directed towards a single 

interpretation. The goal is th a t the encoding of the semantics of a DSML in all CASE tools 

will result in all such tools expressing the semantics of the DSML in an identical manner.

A simulation of a CASE tool environment tha t an application developer/engineer will 

work in is illustrated in Figure 4.9. Usage of DSML within a CASE tool environment is 

similar to current usage of the UML in the same environment. The difference is that with 

DSML the user (software developer) can leverage the development experience of domain 

experts, by use of the em bedded domain architectural and design patterns that constitute 

the DSML.

7.2 Research A pplication

T he work done in developing DSML for two real world industries have been documented 

in Chapters 5 and 6. In this section the experience gained from conducting the two case 

studies will be documented. This docum entation is to identify how the actual development 

of DSML impacted the theoretical principles and assumptions of DSML th a t were developed 

from the research.

7 .2 .1  S e r v ic e  p r o v is io n in g  s y s t e m

T he service provisioning system  (SPS)is used by a telecommunication company to autom at­

ically allocate and m aintain service to  i t ’s customer base. In  the initial stage of the work

238

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



there was a concern tha t working within one company would not provide a wide enough 

basis for defining domain  models. B ut there were two factors which allayed this concern. 

T he first is th a t the work involved two systems tha t were from two previously indepen­

dent organizations. Second, within the domain of telecommunications a wide range of the 

systems have been standardized. This standardization has been under the auspices of the 

International Telecommunication Union (ITU)2. Specifically, the ITU Telecommunication 

Standardization Section (ITU-T) was established to replace the International Telegraph 

and Telephone Consultative Com m ittee (CCITT) back in 1983. T he mission of the ITU-T 

is “. . .  to ensure an efficient and on-time production o f high quality standards covering all 

fields o f telecommunications"3. It was thus concluded that the work on this case study 

would be representative of the domain.

One of the first things learned about SPS in the telecommunication industry is its 

complexity. The complexity of such system is mainly due to its interfacing with multiple 

systems. Such interfacing systems include: (1) billing, (2) customer service, (3) marketing,

(4) credit/background checking, and (5) network element processors. In addition SPS is 

made up of independent service provisioning sub-units for each service supported by the 

system. The first m ajor task was identifying the bounds of the system under study. This 

was only possible after numerous meeting with different engineering groups, which added 

to  the complexity of modeling such a system. The various engineering groups viewed the 

system from different perspective, thus making it necessary to be able to identify overlaps 

in the descriptions of the system given by the different groups.

A lp h a , In c . had made a commitment to modeling their systems using the UML no­

ta tion  and this commitment eased the work that had to be done as most members of their 

software development teams had some knowledge of the notation. This m ade communi­

cation much easier than had there been no understanding of the modeling language. The

2See their web-site at http  : / / iv w w .itu .in t/h om e/

3h ttp  : / /w w w .itu .in t/I T U  — T / i n f o / i t u — t/in fo .h tm l
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extensive docum entation for one of the systems examined not only providing a comprehen­

sive description of th a t system, but also aided in filling in gaps in the docum entation of the 

lesser docum ented system. This was due in part to  both system apparently being developed 

along ITU-T standards.

Because DSML was not within the rem it of the project with A lp h a , In c . all such work 

was done off-line during the life of the project. Consequently, issues th a t arose with DSML 

development (especially those tha t required input from A lp h a ’s engineers’ input) were only 

dealt with tangentially during meeting w ith the engineers to  discuss aspects of the project. 

This proved to  be a m ajor handicap to the DSML development process. Consequently, a lot 

of needed inform ation had to  be extrapolated from what information was available. This 

would bring into question the usefulness of the DSML so developed. This concern can be 

addressed by noting that the intent is to dem onstrate tha t a DSML comprising a set of 

the components identified in C hapter 3 can be engineered by using the process outlined in 

Chapter 4.

Some questions on the usefulness of such a DSML are: ( I) Were all of the commonalities 

and variabilities in the system modeled? (2) Were all the need models for this domain 

included in the  DSML? These questions could be answered through consultation with the 

domain experts (A lp h a ’s engineers) or through an examination of the ITU-T standard. The 

outcome of either exercise would not invalidate the work done on developing the DSML for 

SPS domain - It may necessitate an expansion of the DSML components, but the underlying 

processes would still be used. Such modifications to a DSML, as developed under the process 

and principle in this work, have been considered. This is illustrated in Figure 1.2 by the 

feedback arrows, which indicate the path  for language modification.

7 .2 .2  C o d e  g e n e r a to r  ( s y n th e s iz e r )  s y s te m

The work a t N A S A  A m es Software Engineering group is chiefly involved with the devel­

opment of advanced tools for autom ated software synthesis and autom ated software veri­

fication and validation. The internship work involved the derivation of sets of constraints 

for the inputs and outputs of a system (A u to F ilte r ) th a t synthesizes (generate) code that
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implements a Kalm an Filter.

The domain expert was intimately involved with th e  development of the domain models, 

and all aspect of the work over the ten week period. Development of the models went 

through a series of iteration which resulted in the modeler obtain a great depth of knowledge 

on the domain requirements. This acquisition of domain knowledge proved extremely useful 

as the work progress, as it provided the modeler with not ju st the vocabulary of the domain 

but also the ability to conduct discussions about the dom ain in the language of the domain 

expert. As a result of this level of discourse the team  (both modeler and domain expert) 

was able to gain insight into the domain th a t was not apparent at the s ta rt of the exercise. 

It was from this collaborative effort tha t the team was able to re-scope the bounds of the 

domain at a point in the project that would allow a set of goals to  be achieved within the 

time-frame. At the start of the internship it was expected that a complete set of static and 

dynamic models of the system would be developed. B ut once the modeler began to gain an 

understanding of the domain requirements, and the dom ain expert an understanding of the 

purpose of the various models the re-scoping of the domain and the work to be accomplished 

was done.

The internship team refocused its attention on the input and outpu t of the code syn­

thesizer (generator) system, A utoF ilter. This approach to  system modeling turned out to 

be a very insightful one. as there was a fair amount of skepticism as to whether the models 

would be an accurate representation of A u to F ilter 's input and ou tpu t if A utoF ilter  was 

treated totally as a  blackbox. As it turned out it was a good decision.

At the point when there was satisfaction that the models were representative of the 

inpu t/o u tp u t an initial set of constraints were w ritten up by the domain expert. Prior to 

th a t (during the iteration of versions of models) the dom ain expert realized th a t a  number 

constra in t issues were being highlighted by the modeling exercise. The modeling activity 

was forcing the team to think about constraint iss-ues beyond ju s t those of association and 

multiplicities! O ne such constraint issue th a t arose because of the modeling exercise led to 

the question of: How is time variance in the Control Vector related to time variance in the 

Process ModeP
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W ith respect to the Process Model time variance is related to the entire 

process equation and not a particular term  of the process equation. A control 

input ( Control Vector) to the process may or may not be present. If it is present 

it usually is time variant, and this time variance is different from the Process 

Model time variance, notwithstanding the fact th a t the control input (Control 

Vector) is a  component of the process equation ( Process Model).

This necessitated tha t the Control Input and Process Model be modeled with 

time-variant attributes, and constraints written so as to perm it the Process 

Model to be time-variant true  when a Control Vector is present with time-variant 

fa ls e  and for a Process Model to be time-variant fa lse  when a Control Vector is 

present with time-variant true, even though the Control Vector (control input) 

is a com ponent of the Process Model (process equation).

A number of o ther insightful discoveries that arose from the modeling activity, suggest that 

the activities of domain modeling and deriving domain constraints (domain rules) are not 

independent of each other. This is to the extent tha t it may not be possible to define a 

set of domain models and then defined the domain constraints, but rather to incrementally 

develop both domain features (model and constraints). This was also discovered in the 

A lp h a case study where the models had to be modified once the constraints (domain rules) 

were being added to the models, vis-a-vis the domain stereotypes. In that case it was 

assumed tha t the needed modifications were as a result of having incomplete information 

about the domain models.

The decision th a t the static model (class diagram) would be sufficient to satisfy the 

established goals of the project was arrived a t after the task was clearly defined as:

D evelop  a se t  o f  UM L m odels o f  th e  in p u t and o u tp u t o f  A utoF ilter  
th a t w ill b e  su pp lem en ted  w ith  dom ain -specific constra in ts for th e  
purpose o f  verify in g  th at th e  ou tp u t is a  valid  representation  o f  a 
filter th a t is derived  from  th e  input.

During the early stage of the work it was thought th a t the exercise would have evolved into 

a static model checking [16] task, but this goal established requirements that were different 

from tha t of formal model checking [49]. In this case the models were worked on until it was
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determ ined th a t they fully expressed the aspects of the system th a t were to be constrained 

and validated. The validation task involved ensuring th a t (1) the structure of the input 

equation and the output synthesized program structures satisfied the respective models, 

and (2) the output synthesized code variables and constant values are consistent with the 

inpu t equation param eters and values.

After completing the constraint specification for the input and output models of 

A u to F ilter  the team looked at means to autom atically check these constraints against 

instances of input equations and ou tpu t filter programs. An UML OCL validation tool that 

was as a possible candidate. This tool (USE'1)

. . .  “is a system fo r  the specification o f information systems. It is based on 

a subset o f the Unified Modeling Language (UML) [43]. .4 USE specification 

contains a textual description o f a model using features found in UML class 

diagrams (classes. associations, etc.). Expressions written in the Object Con­

straint Language (OCL) are used to specify additional integrity constraints on 

the model. A model can be animated to validate the specification against non- 

formal requirements. System states (snapshots o f a running system) can be 

created and manipulated during an animation. For each snapshot the OCL con­

straints are automatically checked. Information about a system state is given by 

graphical views. OCL expressions can be entered and evaluated to query detailed 

information about a system state.

A graphical illustration of USE’s operational framework is presented in Figure 7.2, which 

has been reproduced from h ttp  : / /w w w .db .in f o rm atik .un i —brem en.de/p ro je c ts /U S E / .

Figure 7.2 illustrates th a t a D eveloper, using USE, first sp e c if ies the Model with USE 

Specification. The USE Specification is textual U M L  and O C L . The Developer then

4h ttp  : / fw w w .db .in f o rm a tik .u n i—b re m e n .d e /p ro je c ts /U S E /

5h ttp  : / /w w w .db .in f o rm a tik .u n i—brem en .de /p ro je c ts /U S E /
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USE
SpecificationModel with

specifies

describes OCLUML

constraints 
& queries

structure 
& behaviorDeveloper v^validates

by manipulating State 
(Objects, Links)System and observing

Figure 7.2: USE operational framework

validates  the S ys tem  (which is described by the M odel) by manipulating and observing the 

State (Objects, Links). UML specifies the structure & behavior of the  M odel and the OCL  

specifies the constraints & queries on the S ystem .

The developers of USE alluded to ambiguities in the interpretation of the OCL due 

to  " ...sem i-fo rm a l definition.. ."  in some of its constructs. This became apparent when 

conflicts arose between the interpretation used in USE and the interpretation used in de­

veloping the A utoF ilter  input output models. Since it would be difficult to modify USE to 

accom m odate the interpretation used on the models, the models and constraints were mod­

ified to accommodate USE’s interpretations. This did not conflict with any of the written 

constraints, but necessitated tha t a number of the constraints had to  be rewritten.

In the initial formulation of the constraints they were all specified within the single 

context of the Kalman Filter class, as this class was viewed as the foca l class of the system. 

But because of an apparent error or limitation this could not be successfully done in USE. 

USE seems to  sets a limit on the number of constraints that may be stated in a single 

OCL context. This limitation proved to be helpful, as the rewriting of the constraints 

w ithin multiple contexts for the respective classes produced a more easily understood and 

modifiable set of constraints. Each constraint was now w ritten as a labeled constraint within 

the  context of a particular class for the m odel/constraint system. Examples from the set of
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Declaration class constraints is presented in Table 7.1.

______________________ Table 7.1: Class Kalm an Filter stereotype__________________
context Declaration in v  KalmanDeclarationlO:

self.kalman.Filter.loop.error_Covariance_proj_eq.oppositeAssociationEnds()—•forAll(oae |
Set{ ‘Error_Covariance_project’, Error_Covariance_update’, ‘State_Transition\ 

‘Process.Covariance’}—incliides(oae. name, body)) 
context Declaration in v  KalmanDeclarationl2:

self.kalman.Filter.loop.error_Covariance_updt.eq.oppositeAssociationEnds()rlj7/itarroteforAll(oae |
 Set{‘Error.Covariance.update’. ‘Process.Covariance’}—•includes(oae.nae.initialValue.body))______

context Declaration in v  KalmanDeclarationld:
self.kalman.Filter.process_Model—forAll(pm | pm.linear.initialValue.body =  ‘false’) and  

self.kalman.Filter.measurement-Model—»forAIl(mm | nun.linear.initialValue.body =  ‘false’)) and  
self.kalman.Filter.process_Model—forAll(pm 1 pm.value_type.initialValue.body =  ‘absolute’) im plies  

 self.oppositeEndsQ—exists(oae | oae.name.body =  ‘Measurement-Predict)_______________________

The constraints of Table 7.1 are also specified in the stereotype Table 6.24 but have been 

written in more general OCL constructs in Table 6.24 than that of Table 7 .1. The constraints 

of Table 7.1 are specific to USE’s im plem entations (with minor additions). USE does not 

implement UML m eta-attributes (ex. in itia lV alue)  but defines a set of functions (ex. 

oppositeAssociationEnds) that allow access to  the values of UML m eta-attributes.

Once all the constraints were written and syntactically checked with USE a set of con­

straints values were created. These constraints values represented an instance of a  Kalman 

equation and filter. These values were equation/filters of actual domain problem /solution 

pairs that had previously been used in the  domain. The examples ran successfully under 

the domain m odel/constraint system. W hen errors were introduced in these d a ta  sets the 

m odel/constraint system  successfully detected  the errors (conflicting model or constraint 

values).

Development of the DSML for in p u t/o u tp u t (equation/filter) models of the code genera­

tor (synthesizer) system  was relatively sim ple once the constraints had been compiled. The 

only models developed for this system (and  represented in the DSML) are the design level 

CDs. The meta-models of the CD defined the  DSML syntax and the constraints constituted 

the semantics of th e  DSML. The semantics specify a formal meaning of the terms necessary 

for the successful definition of the DSML as outlined in this research. This provides for a 

more precise (less ambiguous) interpretation of the meanings of the language term s.
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At the end of the NASA Ames Summer 2002 internship a presentation of the work done 

over the ten week period was made to the full research group, under which the project 

fell. This group comprised teams of researchers who are working on a number of different 

but related projects. At the end of the presentation a consensus was reached th a t the 

work presented had great potential for assisting the other research teams in accomplishing 

a common project goal of system verification. This is a fundamental goal for all software 

projects at NASA, as all software has to be formally certified before it is phased into 

productive use.
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C hapter 8

Conclusion

The thesis of this research as quoted from C hapter L is that:

T h e  d efin ition  o f  dom ain-specific o b ject-o r ien ted  m od eling  lan­
guages in  m ature and w ell-defined  softw are d evelop m en t dom ains fa­
c ilita tes  ex ten siv e  reuse o f  m odeling  ex p er ien ces  th a t are intrinsically  
em b ed d ed  in  th e  language com p on en ts, and w ill resu lt in  th e  deliv­
ery o f  softw are sy ste m s th a t are produced  from  standard ized  dom ain  
m od eling  artifacts.

T he measure of the realization of this thesis is the extent to  which the stated goals of the 

research have been achieved. These goals as established in C hapter L is for the deliver of:

•  A relatively precise representation of the syntax and semantics of domain-specific mod­
eling languages by using the UML extension mechanisms, and denotational mappings 
on the UML model elements used in defining the domain-specific modeling language.

•  Techniques for defining domain-specific modeling languages as UML profiles.

•  Demonstration of the development of domain-specific modeling languages.

•  Application of the research concepts on case studies from real world organizations.

T he remainder of this chapter is as follows:

•  Sections 8.1 summaries the results of the research in term s of the experiences docu­

mented in C hapter 7. and the theories documented in Chapters 3 and 4.

•  In Section 8.2 a proposal for future work tha t has been identified as having potential 

to advance some of the ideas and concepts discovered in this work will be presented. 

This proposal will also include ideas for the validation of some of the conclusions 

presented in this section of the report.
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•  Section 8.3 list a number of contributions tha t this work is deemed to have made 

to the research related to defining DSML, and the application of this technology in 

industrial environments.

8.1 R esu lts

T he results of this research work dem onstrate tha t it is possible to define a process for 

developing DSMLs that are package as UML profiles, and such DSMLs are derived from 

the specialization of the UML meta-model elements by use of the extension mechanisms of 

stereotype, tag definitions, tag value, and OCL constraints.

This conclusion of the result of this work is arrived a t based on the earlier review 

of the development of the theory for DSML definition and the application of this theory 

(C hapter 7). The review presented in Section 7.1 docum ent the experience of developing 

the theory for defining DSML in the  form of UML profiles. It has been dem onstrated 

tha t the theory for defining DSML is consistent with the specification of the UML. The 

process for defining DSML, as outlined in Chapter 4 conforms to the specified usage of the 

UML model elements and the UML extension mechanisms. In addition, the components 

of DSMLs, as outlined in C hapter 3, are all UML components that are either used as they 

are defined in the UML Specification [43] or specialized into domain-specific components 

by the application of the UML extension mechanisms on the UML model element.

The works documented in C hapters 5 and 6 dem onstrate tha t the process for defining 

DSML (as outlined in C hapter 4) th a t are composed of various components (as outlined 

in C hapter 3) is consistent and produces a DSML tha t conforms to the stated goals of 

C hapter 1.

DSMLs, as defined in this research, comprise a syntax and semantics. The syntax is 

defined by the meta-models of the domain models tha t are developed for the associated 

domain. These meta-models (the DSML syntax) capture the patterns of the domain, and 

thus implicitly embed some aspects of development decisions th a t were made in defining the 

domain models. The semantics of th e  DSML is specified in the stereotypes of the DSML. 

The semantics is obtained (firstly) from the inherited semantics of the UML model elements
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tha t appear in the  DSML, and (secondly) by the denoted semantics of the formal concept 

th a t the DSML model elements are m apped to. This inherited and denoted semantics may 

be further constrained by the use of OCL statem ents. Similar to th a t of the DSML syntax, 

the DSML semantics implicitly embed aspects of development decisions for the domain.

The docum ent results support the conclusion tha t this research work was conducted in 

a m anner (as outlined in Section L.2) th a t successfully led to the accomplishment of the 

stated  goals of Section L.2.

8.2 Future Work

During this research a number of related areas of research were explored. Some of these, 

which impacted significantly on this work are: (L) Integration of informal modeling notation 

with formal notation [30, 32]; (2) Domain analysis and design [56, 95, 96]; (3) The stan­

dardization of modeling notations [43]; and (4) Modeling language development [44]. These 

areas of research were identified in the opening paragraphs of C hapter L and are illustrated 

in Figure l.L.

O ther areas of research tha t were explored, but had a lesser impact on the core goal of 

this research are: (L) Internet-based software system development [37]; (2) Formal nota­

tion graphical editor [36]; (3) CASE tools software modeling inter-operability [38]; and (4) 

A utom atic code generation from UML models [37]. Some of these lesser related areas of 

research may still impact the core goals of this research as it is continued beyond what has 

been documented in this dissertation.

The main areas of possible continuing research tha t are expected from this initial work 

are outlined in the following sections.

8 .2 .1  N A S A  A m e s  c o d e  g e n e r a to r  s y s te m

D uring discussions with the research team  tha t supervised this internship it was planned 

th a t continuing research with this work should be attem pted in the following manner:

1. The chief modeler (the intern) would proceed w ith a full docum entation of the work 

tha t was accomplished during the internship. The intent of this is for the preparation
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of a num ber of papers for submission to relevant academic or professional conferences 

and or journals. In addition the intern would be able to use the documented experience 

towards personal academic work.

2. A review of the internship work is to be done towards formulating a  strategic plan 

for the definition of a f  ull DSML for A u to F ilter  family of systems. This DSML. is 

not only intended to be used for the validation of the input equations against the 

ou tpu t filter code, but also for the development of other filter code generators. Thus, 

models beyond those tha t were developed in this internship (class diagrams) are to 

be considered.

Along w ith the definition of a DSML for filter code generator systems, further research 

consideration should include enhancing and extending the USE tool so as to  be able 

to autom atically check the full UML specification with respects to the models used 

defined in the DSML. Alternatively, o ther OCL validation tools are to  be identified 

and considered for possible use in place of USE.

4. A short term  plan is to be developed for the continuation of the sum m er 2002 work 

during the summer 2003 period. This plan will focus on completing some aspects of 

the sum m er 2002 work that required additional components, and delivering a near 

production ready A u toF ilter  in p u t/ou tpu t (equation/filter) validation system.

5. At a suitable date in the future the principal NASA researcher, intern, and other 

relevant parties would meet to discuss compiling proposals for the funding of contin­

uing research of this work. T he intent is to make this a joint academic and industrial 

funded project, with the involvement of multiple universities, professional institutions 

and funding agencies. This will be pursued after there has been some feedback from 

other researchers, vis-a-vis conference/journal publications of the work done over the 

sum m er 2002 internship.

This single proposal for continued research work is vast and will require the  commitment 

of a large am ount of resources to successfully achieve some of the anticipated benefits of
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such a project. Should this project be realized it would provide validation for the DSML 

principles docum ented in this research.

8 .2 .2  O C L  v e r if ic a t io n

One of the lessons learn during this research is that for the use of OCL (or any other formal 

notation) to be successfully applied in a productive system there has to be a means to 

automatically check (validate) the OCL (or any other formal notation) that are specified. 

The experience gained in using USE to validate the stereotype constraints defined in the 

A utoF ilter  code generator system clearly demonstrated tha t without automatic checking 

more errors could be introduced in the application models developed using such a DSML. 

It is therefore necessary for continued research to be conducted in this area (verification 

and validation o f form al constraint specification).

A starting point in this area of continuing research is with the proposal for extending 

and enhancing the USE tool. Based on the experience gained during the NASA internship 

with USE it is expected tha t extending the capabilities of USE so as to be able to specify 

additional aspects of UML (e.g. handling the specification of UML model elements meta­

attributes) would make USE an efficient tool for OCL validation and verification. This 

enhancement to USE would require extensive research on the interpretations to be taken 

for UML concepts th a t may have imprecise specification. This is necessary as verification 

and validation of OCL statem ent has to be consistent in usage.

8 .2 .3  L a n g u a g e  s y n ta x  a n d  s e m a n tic s  research

There is an intense am ount of research currently taking place within the software develop­

ment community on the definition of modeling language syntax, and more intensely on the 

definition of modeling language semantics1. Chief among this is the work on formalizing 

the semantics of the UML by the OMG.

'See the web-sites h ttp  : jfwurw.onig.org  and h ttp  :/fwvnu.pum l.org
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W ithin the pUML research group there is ongoing discussions2 on the use of a denotation 

semantics for formal specification of the UML semantics. The ideas being discussed in this 

forum are similar to the approach in this work, and outlined in Section 2.1.2.

8 .2 .4  O th e r  research  a rea s

In addition to the above main areas for continuing research th a t have been presented in 

Sections 8.2.1, 8.2.2, and 8.2.3 the research areas listed in the opening paragraphs of Sec­

tion 8.2 are strong areas for continuing research. Since these research areas offer support 

for the definition of domain-specific modeling languages that are based on the UML, any 

advancement in research in any of these areas should result in advancement in research on 

defining UML-based DSML.

8.3 Contribution

A number of academic and industrial contributions have been by this work to the research 

fields examined as identified in Figure L i. The main contributions are as follows:

L. Definition of a UML-based Concept Context Model (CCM). Prior to this research 

there was no known explicitly defined UML-base model diagram tha t captures the 

relationship between the static  and dynamic concepts at the analysis level of system 

development. This CCM may be viewed as a variation of the UML use case diagram, 

where the use cases are supplemented with the relationships of static concepts rather 

than actor-use case relationships.

2. The process for defining a precise semantics for the concepts used in DSML, i.e. (1) 

inheritance of UML semantics, (2) denotational-like mappings, and (3) refining the 

semantics of (1) and (2) by constraining them  with OCL statem ents, is a process that 

is being heavely debated and there is no one technique th a t dominates. This work has 

put forward a process tha t affords a relative degree of precision that has proven to be

2pUML email list at p u m l-lis t@ cs .yo rk .a c .u k
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sufficient to  meet the requirements of the NASA case study. Further, the process for 

defining precise semantics in this work takes into consideration the  situation where 

total precision is not achievable.

3. DSML th a t have been researched in this work are specified in term s of a specified set 

of domain artifacts (usually parameterized). This is similar to defining a language as 

a set of sentences with subsitutability of some words. This work defines a DSML in 

the formal sense of a language, i.e. syn ta x  and sem antics. The syntax is given in 

terms of a  set of UML models tha t capture patterns of the domain and the semantics 

is as outlined above. These features make DSML (of this work) applicable in multiple 

domains as the components are derived from the UML and not artifacts of any domain 

it is developed for.

4. The process presented in this work for defining DSML is applicable to a wider range 

of domains. Its an implicit hypothesis of this work tha t whereeuer the UML is appli­

cable this type o f DSML is also applicable - with some lim itation. None of the DSMLs 

reviewed in this work seems able to make such a claim of applicability of their devel­

opment technique across diverse domains. This feature is fundamental to research on 

reuse (which holds great potential for making advances in software development). The 

DSML development process of this work meets the requirements for the application 

of DSML technology, as outlined in Section 2.3.

The contributions listed above are complemented by the successful application of this DSML 

technology in the  case studies of C hapter 5 and 6, and in addition the com m ittm ent of the 

NASA research group to advance this work by developing a  more extensive version of the 

initial DSML defined during the case study. This dem onstrates tha t the DSML technology 

of this work has made significant contributions to work in the field of software development.
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