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ABSTRACT OF DISSERTATION

TRANSFORMING UML CLASS MODELS

In a model driven development (MDD) environment, developers create and 

evolve applications by creating models and transforming abstract models to more 

concrete models. To realize the benefits of MDD, model transform ation languages 

are needed. The MOF 2.0 Query View Transformation (QVT) Language is an 

Object Management G roup’s (OMG) standard for specifying model transform a­

tions. QVT transform ations are specified explicitly (in terms of) using instances 

of metamodel level classes. Using QVT to specify transformations on moderately- 

sized UML class models results in large object-level specifications tha t can be 

tedious to read and understand.

This dissertation presents a language for specifying class model transform a­

tions a t a higher level of abstraction than the level of instances of metanrodel 

classes. The language leverages the UML class model notation, and is used to 

create transform ation schemas th a t consist of transformation directives. An in­

terpreter for performing the transform ation is also presented. The interpreter 

performs the transform ation by processing the directives found in the transform a­

tion schema. The interpretation algorithm is described in this dissertation.

To demonstrate the use of the transform ation technique, platform-independent 

class models describing transaction and distribution features are transformed into
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platform-specific class models describing CORBA and Jini realizations of the fea­

tures.

Devon Michael Simmonds 
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C hapter 1 

Introduction

Models can aid the process of understanding, creating and evolving complex soft­

ware systems [33]. A model is an abstract representation of a system or entity, 

tha t is, a model does not describe all the properties of the entity being repre­

sented, but. describes only selected properties depending on its purpose. Model 

Driven Development (MDD) [32, 33] aims to leverage the benefits of models in 

software engineering. MDD m ethods take a model-centric approach to software 

development in which applications are created by transforming abstract models 

to concrete implementations.

A model transform ation is a process tha t takes as input one or more source 

models and produces one or more target models [11, 23]. For example, model 

transform ations may be used to integrate multiple source models, divide a single 

source model into multiple target models, add details to source models or remove 

details from source models.

1.1 P ro b lem  S ta tem en t

To realize the benefits of MDD, model transform ation languages and mechanisms 

are needed. A model transform ation language provides constructs for specifying 

transformations. The MOF 2.0 Query View Transformation (QVT) Language [27]

1
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is an Object Management G roup’s (OMG) standard for specifying model transfor­

mations. QVT includes an operational mappings language, a core language and 

a relations language. The relations language and the core language are designed 

for describing declarative transform ation specifications. In contrast, the opera­

tional mappings language is designed for describing imperative implementations 

of transformations.

The relations language includes equivalent textual and graphical syntax nota­

tions. In the graphical notation, a transform ation is expressed as a relationship 

between a source domain and a target domain, where a domain is a pa ttern  tha t is 

specified as an object diagram. The source domain pattern  describes valid input 

or source models and the target domain pattern  describes valid output or target 

models.

Each model element in the source domain is an instance of a class in the source 

metamodel and each model element in the target domain is an instance of a class 

in the target metamodel. The source and target metamodels are expressed using 

the OM G’s M etaObject Facility (MOF) [28], The MOF is a standard for creating 

metamodels. The MOF was used to  create the Unified Modeling Language (UML) 

2.0. metamodel [46]. The UML is an OMG modeling language standard.

Specifying transformations on UML models using the QVT relations language 

requires one to work at the level of instances of metamodel classes. Describing 

models in terms of metamodel class instances can produce large descriptions, and 

expressing transformations at this level of granularity can be tedious for medium 

to large-sized models. For example, a QVT source pattern  th a t describes class 

models consisting of two classes with one attribu te  each, and one association 

between the classes, will contain instances for the classes, the attributes, the 

attribu te  types, the association and the association ends, tha t is, a t least 9 model

2
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Figure 1.1: QVT Server D istribution Transformation.

elements.

In addition to being large, QVT specifications are difficult to understand be­

cause it is difficult to differentiate between types of model elements if they are all 

represented as instances of metamodel classes. For example, Figure 1.1 shows a 

QVT transform ation specification for transforming a platform-independent server 

distribution class model into a CORBA distribution class model. The figure in­

cludes a source pattern  and a target pattern. The dotted lines between the source 

pattern  from the target pattern  is added to separate the two patterns and is not 

a part of the QVT specification.

The source pattern  describes valid source or input models and the target pa t­

tern describes valid target or output models. The source pattern includes nine

3
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UML object symbols and eight links. A valid source model is shown in Figure 1.2. 

The source model consists of only a UML class, a UML interface with two opera­

tions and a realization dependency between the class and the interface. Figure 1.3 

shows a valid target model consisting of nineteen model elements (one interface, 

five classes, eight operations and five relationships). In comparison, the target 

pattern  consists of eighty three model elements (forty three object symbols and 

forty links).

The example illustrates that describing families of small models at the level 

of instances of metamodel classes can be tedious since patterns and relation­

ships among model elements are expressed in terms of explicitly defined object 

structures. There is a need to raise the level of abstraction at which transfor­

mations are specified above the level of instances of metamodel classes. Given 

two specifications, Specification-A and Specification-B, Specification-A 

is said to be at a higher level of abstraction than Specif ication-B, if a unit 

of specification in Specif ication-A describes one or more units of specification 

in Specif ication-B. This dissertation proposes a transform ation language tha t 

raises the level of abstraction at which transform ations are specified above the 

level of instances of metamodel classes. The new language defines units of specifi­

cation, each of which describes one or more instances of metamodel level classes.

S e rv e r

------------------------------------9  “ --------------------

' p ro v id c s ln tc r f a c c

S c rv c r O p c r a t io n s

w i th d r a w ( a c c :S t r in g ,  a m o u n t : f lo a t )  

d e p o s i t ( a c c :S t r in g ,  a iu o u n t : f lo a t )

Figure 1.2: A Source Model.
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O R B

in it< a rg s :S tr in g [ ] ,  p r o p s :P r o p e r t ie s ) :O R B  

re s o I v c _ in i t ia i_ r c f e r e n c e s ( r e f N a m c :S t r in g ) :C O R B  A .O b je c t  

r u n ( )

I D L I n t e r f a c e P O A

p r o v id c s ln te r f a c c

in i t ia l iz c O R B

* a c t iv a tc P O A
S e r v e r 0..I

P O A M a n a g e r
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Figure 1.3: The Target Model.
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1.2 S o lu tio n  O verv iew

This dissertation addresses the problems associated with the use of QVT for spec­

ifying class model transformations. The proposed transform ation technique con­

sists of a graphical transform ation language th a t raises the level of abstraction 

at which transform ations are specified above the level of instances of metamodel 

classes, and a mechanism th a t takes a transform ation specification expressed in 

the language as input, and performs the specified transform ation on instances of 

metamodel classes.

It is advantageous if available modeling tools can be used to specify transfor­

mations. We designed the language so th a t existing UML tools can be used to 

create the transform ation specifications. The language leverages the UML class 

diagram notation so th a t the transform ation specifications more directly reflect 

how the target model elements are produced from source model elements.

An overview of the technique is described in the activity diagram shown in 

Figure 1.4. The activities shown in the diagram are described below:

1. The Develop Source Pattern activity produces the Source Pattern that 

describes the set of properties tha t valid source models must possess. Each 

source model is an instance of the source pattern.

2. The transform ation specification is created in the Specify Model 

Transformations activity. A transform ation specification is called a 

Transformation Schema and it includes imperative statem ents called di­

rectives tha t stipulate how Source Model elements are transformed into 

Target Model elements.

3. The directives in the transform ation schema are processed in the Process 

Transformation Schema activity. The input to this activity are the Source

6
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S ource
M odel

T arget
M odel

Source
Pattern

T ransfo rm ation
Schem a
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Figure 1.4: Model-to-model Transformation Process.

Model and the transform ation schema. The activity outputs the Target 

Model.

1.3 C o n tr ib u tio n  and  S cop e o f  D isser ta tio n

The primary contribution of this dissertation is a model transform ation technique 

consisting of a graphical model transformation language tha t raises the level of 

abstraction at which transform ations are defined and an associated interpreter 

that performs the specified transformations on metamodel class instances. The 

technique is dem onstrated by using it to transform platform-independent trans­

action and distribution class models into platform-specific CORBA and Jini class 

models.

7
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The key feature of the transform ation schema language is that the language 

raises the level of abstraction of transform ation specifications above the level of 

instances of metamodel classes. This is accomplished by leveraging the use of 

UML class model notation.

The model transform ation language was created to transform UML class dia­

grams because class diagrams are the most widely used models in object-oriented 

modeling. One can expect tha t there will be many cases in which transformations 

on class diagrams will be needed. This dissertation provides a tailored language 

for specifying class diagram transformations.

1.4 S tru ctu re  o f  D isser ta tio n

Chapter 2 provides background information and Chapter 3 discusses related re­

search. Chapter 4 presents the technique for transforming class models using 

transform ation schemas. The technique is applied to the transform ation of distri­

bution and transaction class models in Chapters 5 and 6. Chapters 5 presents the 

transformation of a distribution class model to CORBA and Jini class models and 

Chapter 6 presents the transform ation of a transaction class model into CORBA 

and Jini class models. The conclusion and future research is presented in Chapter 

7.

8
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C hapter 2

Background

This chapter includes an overview of model transform ation, an overview to model 

driven development, a description of how model patterns are expressed and a 

description of CORBA and Jini middleware features.

2.1 M o d el T ran sform ation

Model transform ation [2, 5, 11, 14, 23, 29, 35, 36] is a process tha t takes as 

input one or more source models and produces target models. Model transform a­

tions can be classified into various types, based on the way the source models are

changed to realize the target models, for example [11]:

1. Com position is a transform ation in which multiple source models are inte­

grated.

2. A n ti-co m p o sitio n  is a transform ation in which a single source model is 

divided into multiple target models.

3. R e fa c to rin g  is a transform ation in which a model is reorganized into dif­

ferent parts at the same level of abstraction.

4. Refinem ent is a transform ation in which more detail is added to a model.

9
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5. A bstrac tion  is a transformation in which detail is removed from a model.

The transform ation language presented in this dissertation may be used to 

effect abstraction, refinement, refactoring and anti-composition. Composition is 

beyond the scope of the dissertation. Abstraction may be effected by excluding 

model elements from a source model using exclude directives. Refinement may be 

effected by using transform ation directives (e.g. new) to add model elements to 

a source model. Refactoring may be effected by using transform ation directives 

(e.g. new, source, exclude) to reorganize the model elements in a source model. 

Anti-composition may be effected by specifying a transform ation model (i.e. a 

transform ation schema) with two or more sub-schemas each of which results in a 

separate target model.

Vertical transform ations take source models a t one level of abstraction and pro­

duces target models at another level of abstraction, while horizontal transform a­

tions have source and target models at the same levels of abstraction [10, 11, 23]. 

Refinement and abstraction are vertical transform ations while composition, anti­

composition and refactoring are horizontal transformations.

Model transform ations may also be classified based on the way transform a­

tions arc specified. A d e c la r a t iv e  transform ation specification defines a rela­

tionship between source model and target model elements. An im p e ra tiv e  or 

o p e ra t io n a l  transform ation specification defines a transform ation in terms of 

actions performed on model elements.

Model transform ations are also classified based on the distinction between 

source and target models [2]. Model-to-model transformations produce one or 

more output models from one or more input models while model-to-code transfor­

mations produces source code from input models. Model-to-code transformations 

are a special case of model-to-model transform ations where the output model is

10
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code. Model-to-code transform ations are a special case of model-to-text transfor­

m ations where the output model is code. In model-to-text transform ations the 

output model may be text, such as source code, XML documents and configura­

tion information.

2.2  M o d el D riv en  D ev e lo p m en t (M D D )

In model-driven development (MDD) [32, 33, 37] design models are the central 

artifacts of software development. The Model Driven Architecture (MDA) [31, 42, 

43, 44, 45] is the most well known MDD initiative. The MDA is the work of the 

Object Management Group (OMG) [47], a large international trade association, 

tha t seeks to help reduce complexity, lower costs, and hasten the introduction of 

new software applications. In order to achieve these goals the OMG has provided 

a number of resources and standards, including the Unified Modeling Language 

(UML), the M eta-Object Facility (MOF), the Common Warehouse Metamodel 

(CWM), the Object Management Architecture (OMA), and the Model Driven 

Architecture.

The MDA has two primary principles, (1) models should be the prim ary arti­

facts in developing software, and (2) application development should be separated 

from the integration of a specific technology. The MDA proposes an architectural 

separation of concerns tha t articulates three viewpoints of a system:

1. A Com putation Independent Model (CIM): A representation of the system 

requirements from a business perspective without considering software con­

cerns.

2. A Platform  Independent Model (PIM): A representation of a system that 

ignores details related to specific platforms. It captures those elements of a 

system th a t remain the same from platform to platform.

11
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3. A Platform  Specific Model (PSM): A representation of a system that com­

bines platform independent information with information related to a spe­

cific platform.

The MDA proposes the development of transformations to support the trans­

formation of models across different abstraction levels, for example a PIM  to PSM 

transform ation or a PIM to PIM transform ation.

2.3 R ep resen tin g  M o d e l P a ttern s  U s in g  T em ­
p la tes

In this research, model patterns are used to specify the metamodel of source 

models. A model pattern  is described using a variant of the Role Based M eta­

modeling Language (RBML) [7, 6, 8, 9, 21. 20, 19]. RBML is a UML [46] based 

language th a t supports rigorous specification of pattern solutions, where a pattern  

solution characterizes a family of solutions for a recurring design problem. In 

RBML, structural design diagrams are specified using class diagram templates. 

Class diagram templates have tem plate model elements that are explicitly marked 

using the “|” symbol.

A class diagram tem plate consists of parameterized class diagram elements, 

for example, class templates and association templates. A class diagram template 

defines a family of class diagrams where each class diagram is obtained by binding 

the param eters to actual values. An example of a class diagram tem plate is shown 

in Figure 2.1 and the instantiated class diagram is shown in Figure 2.2.

A class tem plate consists of two parts: a ttribu te  templates and operation tem­

plates. A ttribute templates produce attributes when instantiated, and operation 

te m p la te s  p ro d u ce  o p e ra tio n s  w hen  in s ta n tia te d .

The class diagram tem plate shown in figure 2.1 consists of the following class

12
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{ R e q u e s to r

|O p e ra tio n [ l ..* ] ( |re q Id .  jparam s*) 

d o _ jO p cra tio n [ I ,.* ]( |rc q ld , jparam s*)

jA u th o r iz e r

|c h c c k A u th ( |re q Id . |o p e rld )

{authrcqld

{authoperld

[A u th K e p o s i to ry

operation template

Figure 2.1: Example of A Class Diagram Template

jch cck sW ith

A u th o r iz a t io n R e p o s i to r y

a u th u se r ld

a u th o p e rld

chcck_A uth{uscrld , o p c rld )

C lie n t

u se r id
a d d A c c o tin t(u se r ld . a c c o u n tld )  
d o _ ad d A cco u rtt(u sc rId . a cco u n tld )

C o n t r o l le r

Figure 2.2: Example of An Instantiated Class Diagram

templates: | Requestor, \Authorizer, and | AuthRepository. |Requestor has an a t­

tribute tem plate named \ reqld. The instantiation of | reqld is the userid  a ttribute. 

|Authorizer has a operation tem plates named | Operation and do.\Operation . 

Other a ttribu te  and operation tem plates are similarly specified. The instanti­

ation of operation tem plate | Operation is the addAccount operation.

The tem plate metamodel shown in Figure 2.3, defines types of modeling ele­

ments for representing class templates. Each tem plate type is a specialization of a 

UML metaclass, for example, Classifier Template is a specialization of UML Clas­

sifier. Instances of these elements are specialized classes using the same syntax as 

the parent UML metaclass. C lass Tem plate instances, for example, are specified

13
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Figure 2.3: Class Template Metamodel.

using UML Class notation. When a model element template is instantiated, the 

result is an instance of the parent UML metaclass. Class templates, for example, 

result in UML classes when instantiated and operation templates result in UML 

operations.

2.4 M id d lew are T ech n olog ies

Middleware platforms are designed to enable the development of complex distrib­

uted systems by hiding infrastructural details from the application program.

14
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2.4.1 Jini

Jini is a Java-based middleware technology th a t enables a federated group of 

users to share distributed services over a local area network [4, 38, 39, 51]. A 

federation consists of a collection of users, software, and devices tha t share a 

basic understanding on issues of policy, identification, administration, and trust. 

A service is any resource on the network th a t can be used by members of the 

federation. Services may be hardware, software or a combination of both, for 

example: application programs, operating systems, servers, hardware devices and 

appliances (e.g., printers) and storage. The main goals of Jini are:

1. To enable the sharing of services and resources over the network

2. To enable all persons and entities in the federation to have the flexibility to 

add and remove services randomly.

3. To provide location transparency to users (their network locations can 

change randomly), and easy access to resources on the network.

4. To simplify the construction, modification, and maintenance of a federation.

A federated group becomes a single, dynamic distributed system, and groups of 

federated entities can be federated into even larger systems. Jini extends the Java 

application environment from a single virtual machine to a collection of virtual 

machines. Jini built-in facilities include lookup, event, leasing, and transaction 

services.

1. The Lookup Service: Jini supports dynamically adding and removing ser­

vices through the lookup se rv ic e . The lookup service forms a repository 

where proxies for services are stored. A proxy is an application tha t knows 

how and where to access the actual service. The use of proxies shields the
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actual service from direct manipulation and facilitates transparent addition 

and removal of services. When a new entity wishes to join the federation, 

it first locates a lookup service using the Jini discovery protocol, and then 

joins the federation (using the Jini join protocol) by registering its proxy 

with the lookup service. The lookup service will then inform all members 

of the federation of the availability of the new services.

2. Events - Jini supports a distributed events model that allows one object to 

receive a notification of events in another object.

3. Leasing - a lease is a grant of guaranteed access to a resource for a given time 

period. Leases may be either exclusive (only one user per time period), on 

non-exclusive (multiple users allowed per time period). A lease is negotiated 

between client and service, and may be renewed, although a renewal request 

may be denied.

4. Transactions - A transaction is a indivisible collection of operations between 

servers and clients th a t remain atomic even if some clients and servers fail. 

Jini provides a transaction interface tha t specifies the service protocol used 

to coordinate a two-phase commit.

2.4.2 C om m on O bject R equ est Broker A rch itectu re  
(C O R B A )

CORBA [12, 41, 48] is an OMG [47] standard for open distributed object com­

puting. CORBA builds upon the core object model of the OM G’s Object Man­

agement Architecture (OMA) and provides a framework for interoperability, and 

a set of mappings from its interface definition language (IDL) to implementa­

tion languages. The OMA is the OMG framework within which all technologies
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adopted by the OMG fits. CORBA provides a comprehensive set of services and 

facilities including:

1. The CORBA nam ing Service allows objects to be located by the name of 

the object. Objects do not have fixed names, instead the name of an object 

is the name bound to the object within a specific context.

2. The CORBA event Service supports communication between objects where 

one object called a s u p p lie r ,  creates event da ta  and and another object 

called a consumer object, receives and processes the event-based data.

3. The CORBA s e c u r ity  Service provides facilities tha t address confiden­

tiality, integrity, accountability and availability. The main features of the 

CORBA security service are: identification and authentication, authoriza­

tion and access control, security auditing and adm inistration of the security 

service.

4. The CORBA tran saction  Service provides the facilities through distrib­

uted transactions are managed in CORBA. A transaction is a set of discrete 

operations th a t occur in time where all the operations are either committed 

or rolled back. Committing a transaction means the results of the trans­

action are accepted by participating clients and servers. Transactions are 

normally committed when the ACID[1] properties of the transaction have not 

been violated. Transactions are rolled back otherwise.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C hapter 3 

R elated  W ork

This chapter describes related work on transform ation languages.

3.1 K erm eta

M eta-data

Languages

Transformation

Languages
Action

Languages

Constraint

Languages

Common
denominator

Figure 3.1: Features of Kermeta [50]

Kerm ata [49] is an open-source imperative non-graphical metamodelling lan­

guage. A metamodelling language differs from a general purpose programming 

language like Java, in tha t a metamodelling language is designed with features 

to support the design of other transform ation languages. Kermeta, for exam-
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pie, is designed with features to support the representation and m anipulation of 

metamodels.

Kermeta is designed to be a foundation for implementing m etadata languages, 

action languages, constraint languages and transform ation languages as shown in 

figure 3.1. In the figure, the common denominator are those features th a t support 

the implementation of any of these languages. Kermeta is an Eclipse [3] plugin 

tha t is developed as an extension to the OM G’s Essential M eta-Object Facilities 

(EMOF) [28],

Many metamodel-based model transform ation languages support the specifica­

tion of software structure but provide no support for the specification of behavior. 

Therefore, the operational semantics of metamodels cannot be specified using 

these languages. Kermeta addresses this weakness by adding execution seman­

tics to  EMOF. Therefore, Kermeta can be used to define both the structure and 

behavior of user-designed metamodels.

Kerm ata differs from the model transform ation language proposed in this dis­

sertation in several ways: (1) Kermeta is a general-purpose transform ation lan­

guage while the language proposed in this dissertation is specific to  UML class 

models. (2)Kermeta is designed to be used to specify other transform ation lan­

guages and the language proposed in this dissertation is not designed for this 

purpose. (3) Kermeta is a textual transform ation language while the language 

proposed in this dissertation is graphical. (4) The language proposed in this dis­

sertation uses imperative transform ation directives. Such directives do not exist 

in Kermata.

Since Kermeta provides an environment for implementing transform ation lan­

guages, Kermeta may be used to implement the model transform ation language 

defined in this dissertation.
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3 .2  T h e  A T L A S T ran sform ation  L an gu age  
(A T L )

The ATLAS Transformation Language (ATL) [13] is a hybrid declarative and 

imperative model transform ation language. In ATL, the source metamodel, ta r­

get metamodel and transform ation metamodel, all conform to the OM G’s Meta 

Object Facility (MOF) core specification [28]. The language is designed to  en­

courage a declarative transform ation approach. However, imperative language 

constructs are provided for cases where a complete declarative approach is diffi­

cult. A transform ation is effected by executing a transform ation definition written 

in ATL. Transformations are unidirectional, converting read-only source models 

to write-only target models. Bi-directional transform ations are implemented as 

two unidirectional transformations.

ATL differs from the model transform ation language proposed in this disser­

tation in that ATL is a textual rather than a graphical language. In addition, 

ATL does not provide a transform ation specification syntax based on the syntax 

of UML class models nor does ATL use imperative transform ation directives.

3.3 V isu a l M o d el T ran sform ation  (V M T )

VMT [34] is a visual, declarative, model transform ation language tha t supports 

the specification, composition and reuse of model transform ation rules. VMT 

transform ation rules uses a visual notation and the Object Constraint Language 

(OCL) [52] to support the creation, modification and deletion of model elements.

The VMT transform ation approach is based on graph transformations. Specif­

ically, a VMT transform ation is defined by a set of transformation rules. Each 

transform ation rule is a mapping from source UML diagram elements to ta r­

get UML diagram elements. A transform ation rule is described by a r u le

20

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



s p e c i f ic a t io n  consisting of two parts: a m atching schema and a r e s u l t

schema. The matching schema is represented by a graph th a t defines:

• The conditions under which transform ation rules can fire.

• The input arguments for the transform ation.

•  The input arguments tha t will be deleted when the rule is executed.

The result schema is represented by a graph th a t defines the target model 

elements based on the elements specified in the matching schema. The VMT 

approach also supports the use of a r u le  o rd e r in g  schema that specifies the 

order of execution of rules.

While VMT is a graphical model transform ation language. VMT does not 

provide a transform ation specification syntax based on the syntax of UML class 

models nor does VMT use imperative transform ation directives.

3 .4  M O L A

MOLA [15, 17, 18] (M O del transform ation LAnguage) is a graphical model trans­

formation language created at the University of Latvia. The primary goal of the 

language is the creation of easily readable graphical transform ation specifications 

tha t make use of simple iterative control structures. MOLA combines traditional 

structured programming language constructs with pattern-based model transfor­

m ation rules to create a graphical notation for specifying model transformations.

A MOLA program transforms a source model into a target model where the 

source model is an instance of a source metamodel and the target model is an 

instance of a target metamoclel. A MOLA program consists of a sequence of 

graphical statem ents (rounded rectangles) linked by arrows, and somewhat like a 

structured flowchart. Two statem ent types are r u le s  and loops.
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Figure 3.2: MOLA Specification to  Transform A Class to A Tabic [16].

A rule is the simplest kind of statement. Each rule has two parts: a pattern 

and an action specification. A pattern  is a set of elements representing class 

and association instances. The pattern  is built in accordance with the source 

metamodel and may have OCL constraints associated with model elements in the 

pattern. An action specification is a description of new class or association in­

stances to  be created or deleted, and the modified attribu te values. The semantics 

of a rule requires the actions to be applied for all pattern  instances in the source 

model.

A loop is represented graphically as a bold-lined rectangle, containing a se­

quence of statements. This sequence begins with a special statem ent called a loop 

head, represented by a grey rounded rectangle. A loop head is a pattern, with a

22

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



single element, the loop variable. A loop variable is highlighted by a bold frame 

and represents an arbitrary  element of the given class. The semantics of a loop 

requires the execution of the loop for all loop variable instances that satisfy the 

conditions specified by the pattern. Figure 3.2 shows a MOLA specification to 

transform a class to a table. Tool support for MOLA has been built [18].

While MOLA is a graphical model transform ation language, MOLA does not 

provide a transform ation specification syntax based on the syntax of UML class 

models nor does MOLA use imperative transform ation directives.

3.5 Tefkat

Tefkat. [22] is a declarative logic-based transform ation language designed for the 

transform ation of MOF models. Tefkat is based on the use of patterns and rules. 

A Tefkat transform ation specification asserts a set of constraints tha t should hold 

over a collection of source and target models. These constraints are used to create 

a set of target models tha t satisfy, the constraints.

Three kinds of models can be represented in a mapping: a set of source models, 

a set of target models and a single tracking model. A transform ation rule may 

query source models and the tracking models. A transform ation rule may also 

make assertions about target models and the tracking model. The tracking model 

is therefore the only model th a t can be both queried and constrained. A rule has 

two parts: the query and the constraint. A rule also has two sets of variables: 

those tha t occur in the query and those tha t occur only in the constraint. A trans­

formation specification may contain class definitions, rules, pattern  definitions and 

tem plate definitions.

Tefkat differs from the model transform ation language proposed in this disser­

tation in th a t Tefkat is a textual rather than a graphical language. In addition,
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Tefkat does not provide a transform ation specification syntax based on the syntax 

of UML class models and Tefkat does not use imperative transform ation directives.

3.6  Q V T

The Query View Transformation (QVT) specification [24] includes declarative 

and operational parts. The declarative part consists of a two-level architecture 

that has (1) a r e l a t i o n s  language and an associated metamodel and (2) a core 

language and an associated metamodel. The operational part consists of an 

o p e ra t io n a l  mappings language and an associated metamodel.

3.6.1 T h e R elation s Language

The relations language supports the specification of transform ations as a set of 

relations among domains where a domain is a pattern  of objects. The relations 

must hold in order for the transform ation to be successful. A relation is a subset 

of a N-ary product of sets A1 x A2 x . . . x An where each set A i is a model 

type, for example a MOF type. This model type is called a domain.

A domain has a pattern  th a t describes valid candidate models, where a candi­

date model is any model th a t conforms to the model type. Each domain pattern  

is a tem plate for locating, modifying and creating objects and their properties 

in a candidate model to satisfy the relation. Relations also include definition of 

r u le s  for determining the model elements tha t are to be related. Rules include 

variables of MOF types, object tem plate patterns, OCL constraints over domains 

and variables of the relation, and assertions tha t other relations hold. Before a 

transform ation can be effected, the domain pattern  is matched against objects in 

the candidate model.

The relations language has equivalent textual and graphical forms. Figure
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Figure 3.3: UML Class to Relational Table Relation [26].

3.3 shows a class-to-relational-table relation specified using the graphical syntax. 

In the graphical syntax a relation is described by two patterns: a source domain 

pattern and a target domain pattern. Each pattern  is an object diagram consisting 

of objects, links and values. In the Figure, the source domain is the c: Class 

domain and the target domain is the t: Table domain.

The target domain of a relation may be marked as checkonly or enforced. A 

checkonly domain is marked with a c on the transform ation symbol as shown in 

the figure. An enforced domain is marked with a C on the transform ation symbol . 

When a transform ation executes in the direction of a checkonly domain, candidate 

models are checked to determine if they satisfy the constraints defined by the 

relation. W hen a transform ation executes in the direction of an enforced domain, 

if a candidate model does not satisfy a relational constraint, then the target model
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Figure 3.4: QVT Relation W ith where Clause [25].

is modified so tha t the relational constraint is satisfied. The equivalent textual 

syntax for Figure 3.3 is th e ’following:

relation UML2Rel {

checkonly domain umll c:Class {name = n, attribute = 

a: Attribute{name = an}}

checkonly domain rl t:Table {name = n, column = 

col:Column{name = an}}

}

The relational language allows constraints on relations to be specified using 

the when and where clauses. Each when clause specifies conditions under which 

the relation must hold. A where clause specifies conditions th a t must be satisfied 

by all model elements participating in the relation. Figure 3.4 shows an example
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of a where clause. The UMLeRel relation must hold for each class participating in 

the PackageToSchema relation.

3.6 .2  C om parison

While QVT provides a graphical syntax, QVT does not provide a transform ation 

specification syntax based on the syntax of UML class models nor does QVT 

use imperative transform ation directives. Difficulties with using QVT to specify 

transform ation models are presented in Section 1.1.

3 .7  S u m m ary and  D iscu ss io n

Model transform ation approaches tha t support a graphical notation (e.g., MOLA) 

are desirable in MDD because mappings specified in the notation may be used 

to visualize and communicate information about a transform ation in a way that 

cannot be done as conveniently with textual notation. VMT, MOLA and QVT 

support a graphical notation, however, none of these languages have a graphical 

notation closely related to the notation of the target models of the transformation.

Metamodel-based transform ation approaches have many benefits, such as sup­

port for domain-specific modeling. However, these approaches may be difficult 

to use when the metamodels are large and fragmented and transform ations are 

specified using metaclasses. For example, the UML metamodel for classes and 

interactions as specified in the UML 2 is fragmented, and the fragments are tied 

together via several other metamodel packages. As a result, using the UML nreta- 

model to specify transformations can be difficult, time consuming and tedious. 

Moreover, specifying models using the RBML tem plate metamodel, as is done 

for the model-to-model transform ation technique, is more concise tha t the use 

of UML metaclasses because the RBML tem plate metamodel elements use the
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notation of the UML model elements.

In addition to being graphical and using a notation closely related to  the nota­

tion of the target models, the model-to-model transform ation language provides 

a small set of transform ation directives with well-defined semantics. Although 

graphical, neither VMT, MOLA nor QVT is based on the use of transform ation 

directives.
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C hapter 4 

M odel-T o-M odel Transform ation

This chapter presents a technique for transforming class models from one level of 

abstraction to another. We first provide an introduction to the transform ation 

technique, followed by an example of a transform ation schema. We then describe 

the form of transform ation schemas, followed by transform ation directives used 

in transform ation schemas. Class transform ation metamodels, a grammar for the 

language and a transform ation algorithm are also presented.

4.1 In tro d u ctio n

The transform ation technique is illustrated in Figure 4.1. In the figure a Source 

P a t te rn  is created during the Develop Source P a t te rn  activity. A Source 

P a t te rn  describes valid source models.

The transform ation of a source model into a target model is specified by a 

class T ransfo rm ation  Schema. Transformation schemas are developed during the 

S p ec ify  Model T ransfo rm ations activity. A transform ation schema contains 

imperative statem ents called directives, th a t stipulate how target model elements 

are formed. One can view a transform ation schema as a program that takes a 

source model as input and produces a target model. A transformation is effected 

by applying a transform ation schema to a source model.
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Source
M odel

Source
P attern

T arget
M odel

B inding
S pecificationT ransfo rm ation

S chem as

D evelop  B inding 
S pecification

P rocess T ransfo rm ation
Schem as 5 Z

D evelop  S ource  Pattern

Specify
M odel

T ransfo rm ations

Figure 4.1: Model Transformation Process.

Target models are developed during the P ro cess  T ransfo rm ation  Schemas 

activity. The input to this activity are the source pattern, the source models 

and a B inding S p e c if ic a t io n . Before a transform ation can be effected, the 

source model element that each source pattern  element represents must be iden­

tified. This is accomplished using the B inding S p e c if ic a t io n . This specifica­

tion is a listing of source pattern  model elements and the corresponding source 

model element tha t each source pattern  model element represents. The B inding 

S p e c if ic a t io n  is created during the Develop B inding S p e c if ic a t io n  activity.

A source model conforms to a source pattern. The notion of conformance used 

in this dissertation is that established by Kim et al. [19]. A source model con­

forms to a source pattern  if the source model satisfies the structural and semantic 

properties defined in the source pattern. A source model element conforms to (or
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plays the role of) a source pattern  element if the source model element satisfies 

the properties defined in the source pattern  element. A source model element tha t 

plays the role of a source pattern  model element is said to be bound to the source 

pattern  model element.

Source models are described using UML and source patterns are specified using 

a tem plate version of the Role-Based Metamodeling Language(RBML) [7], RBML 

Class diagram tem plates have tem plate model elements tha t are explicitly marked 

using the “|” symbol.

4.2 C lass T ran sform ation  E xam p le

|Participant |T ransactionM anager

|c l ie n tlD :S tr in g  

c lie n tN a m e : S tr in g
|h a n d le s _ p a r t ic ip a n ts o p e n T ra n sa c tio n ( jt;IT T ty p e )

jo in T ra n s a c tio n ( [T id : |ty p e ,]P id : ity p e 2 )

jc lo se T ra n sa c tio n (; t :B o o le a n )

|g e tT ra n s S ta te () ;B o o le a n

tra n sO p e ra tio n (!T id :J ty p e , ip a r a m s l*) 

!c a n C o m m it( iT id :jty p e ) :B o o le a n  

d o C o m m it(  T id : |ty p e )

|d o A b o rt(  T  id; .ty p e )

Figure 4.2: Source Pattern  for Simple Transaction Service.

Figure 4.2 shows a source pattern  for a simple transaction service. The 

|Participant class tem plate provides service to clients through instances of its 

|transOperation operation tem plate and initiates a transaction whenever an in­

stance of this operation tem plate is invoked. The |TransactionM anager class tem­

plate manages transactions.

| Participant provides the jcanCommit, jdoCommit and j do Abort operation 

templates to indicate: (1) its readiness to commit a transaction, (2) to commit 

a transaction and (3) to abort a transaction respectively. jTransactionManager 

provides the |openTransaction operation tem plate to allow new transactions to be 

created and the (joinTransaction operation tem plate to allow participating objects
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to join a transaction. The jcloseTransaction operation tem plate is used to commit 

or abort a transaction depending on the value of its argument.

s o u r c e . |P a r t i c ip a n t

n ew  jtran sS ta te :S trin g  

red e fin e  ic licn tld :|S trin g
{ n a m c = ln tc g e r |

n ew  |g e tS ta te ():B o o Iean

s o u r c e . |T r a n s a c t io n \1 a n a g e r { n a m e = C u r r e n t}

red e f in e  |jo in T ra n sa c tio n { n a m c = rc g is tc r} ( |T id :|ty p c .!P id :|ty p c 2 )  

e x c lu d e  jc lo sc T ra n sa c tio n (< p a ra m s> ) 

new  c o m m itf)  

n ew  a b o rt()

Figure 4.3: Transformation Schema.

Figure 4.3 shows a transform ation schema for transforming source models tha t 

conform to this source pattern . The transform ation schema has two source  di­

rectives, an exclude directive, two re d e f in e  directives, four new directives and 

three rename directives.

This transform ation schema may be applied to any source model tha t conforms 

to the pattern  shown in Figure 4.2. An example of such a source model is presented 

in Figure 4.4 and the binding specification for this source model is presented in Ta­

ble 4.1. Note th a t UserManagement and [UserRepository have no corresponding 

source pattern  model elements. UserManagement and (UserRepository represent 

mechanisms for authenticating users of the transaction service.

The target model is obtained by processing the transform ation schema. W hen­

ever a directive in the transform ation schema references a model element from 

the source pattern, the corresponding source model element listed in the binding 

specification is processed. For example, a reference to  the jP a r t ic ip a n t  class 

template in the transform ation schema results in the AccountManager class being 

processed. The s o u rc e . |P a r t ic ip a n t  transform ation schema class is processed 

as follows.
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h a n d le s p a rt ic ip a n ts

m an ag eU ser

accessR ep o sito ry

a d dU ser(user:|U ser)
d e le teU ser(user:|U ser)
ch eckU ser(user:|U ser):B oo lean

U serM anagem ent

crea te(t:B oo lean)

jo in (tid :In teg er,p id : A ccoun tM anager)

c lose(t:B oo!ean)
getS tate( ):B oo lean

T ransactionM anager

c lien tid :S tring
c lien tN am e:S tring

w i t h d r a w { t i d : I n t e g e r ,  a m o u n t :  f l o a t ,  a c c : A c c o u n t )

d e p o s i t ( t i d : l n t e g e r ,  a m o u n t : f l o a t ,  a c c : A c c o u n t )

p repare(tid :In teger):B oo lean
com m it(tid : In teger)
a b ort(tid :In teger)

A ccoun tM anager

Figure 4.4: Source Model for Simple Transaction Service.

1. The source. [Participant directive is processed. The source directive is 

used to copy model elements from the source model to the target model. 

The source. [Participant directive results in the AccountManager class 

being copied to the target model.

2. The new jtransState: String directive is processed. The new directive is 

used to create a new model element. The new jtransState: String direc­

tive results in the a ttribu te  template: |transState: String being created 

and inserted into the AccountManager class in the target model.

3. The new |getState():Boolean directive results in the operation template: 

[getStateO :Boolean being created and inserted into the AccountManager

class in the target model.

4. The directive, redefine |clientID:String{name=Integer} changes the 

type of the |clientID:String attribu te tem plate in the AccountManager 

class from String to Integer.

Figure 4.5 (a) shows the target model after all directives in the
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Table 4.1: Binding Specification.

Source P a ttern  E lem ent Source M odel E lem ent
[Participant AccountManager
P a rtic ip a n t: :clientID Account Manager ::clientID
P a rtic ip a n t: :clien tN am e Account Manager::clientName
Participant:: tran sO peration AccountManager: :withdraw
[Participant ::jtransO peration AccountManager: :deposit
P a rtic ip a n t:: |canC om m it AccountManager: :prepare
P a rtic ip a n t:: doC om m it AccountManager: :commit
P a rtic ip a n t:: do A b ort AccountManager: :abort.
P artic ip an t:: T id Account M anager:: tid
P artic ip an t:: | ty p e AccountManager: :Integer
T ransactionM anager TransactionM anager
TransactionM anager:: openT rans- 

action
TransactionManager: :creat,e

TransactionM anager:: joinT ransac- 
tion

TransactionM anager: :j oin

T ransactionM anager:: closeTrans- 
action

TransactionM anager: :close

TransactionM anager: :getT ransState TransactionManager: :getState
TransactionM anager:: t TransactionManager: :t
T ransactionM anager:: T T ype TransactionM anager:: Boolean
T ransactionM anager:: |Tid: ty p e TransactionManager: :tid:Integer
T ransactionM anager:: P id :: typ e2 TransactionM anager:: 

pid: AccountManager
handles_participants handles-participants

source. [Participant transform ation schema class are processed.

The source. [TransactionManager{name=Current} class tem plate is 

processed as follows:

1. The source. [TransactionManager class is bound to the TransactionMan- 

ager class. As a result, the source. [TransactionManager{name=Current} 

directive results in the TransactionManager class being copied to the target 

model and the name of the copied class tem plate being changed to Current.
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A c c o u n tM a n a g e r

c lie n tID :In te g e r

c lie n tN a m e :S tr in g

! tra n sS ta te :S tr in g

w ith d ra w ( t id : In te g e r ,  a m o u n tif lo a t,  a c c :A c c o u n t)

d e p o s it ( t id :In te g e r ,  a m o u n tif lo a t,  a c c :A c c o u n t)

p re p a re ( t id : In te g e r ) :B o o le a n

c o m m it( tid :  In te g e r)

a b o r t ( tid iln te g e r )

!g e tS ta te () :B o o le a n

(a )  T a rg e t  m o d e l a f te r  all d i re c tiv e s  in  s o u rc e . P a r tic ip a n t  

t ra n s fo rm a tio n  sc h e m a  c la s s  a re  p ro c e s s e d

C urrent

c re a te ( t :B o o le a n )

r e g i s te r e d :  In te g e r, p id :A c c o u n tM a n a g e r )

g e tS ta te ( ) :B o o le a n

c o m m it( )

a b o rt( )

(b )  T a rg e t  m o d e l  a f te r  a ll d i re c tiv e s  in s o u rc e .(P a r tic ip a n t  a n d  so u rc e .IT ra n s a c tio n M a n a g e r  c la s s  te m p la te s  

a re  p ro c e s s e d

Figure 4.5: Target Model After Transaction Schema Classes are Processed.

2. The redefine |joinTransaction{name=register}(|Tid: [type,

|Pid:|type2) directive results in the name of the join operation in 

the Current class being changed to register.

3. The exclude |closeTransaction(<params>) directive results in the close 

operation being removed fron Current.

4. The new commit () and new abort () directives results in two new opera­

tions: commit () and abort () being created and inserted into the Current 

class.
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c lie n tID : ln te g e r  
c lie n tN a m e : S trin g  
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Figure 4.5 (b) shows the target model after all directives in the 

source. |TransactionManager{name=Current} transform ation schema class are 

processed. At this point all the directives in the transform ation schema have 

been processed. The other model elements not referenced by a transform ation 

directive (i.e., UserManagement, jUserRepository, handles_participant, 

manageUser, accessRepository) are copied to the target model. The model 

elements not referenced by a transform ation directive may be identified using the 

binding specification which docs not list these items. The complete target model 

is shown in Figure 4.G.

In this example, the source directive is used to copy the AccountManager and 

TransactionM anager classes to the target model. The source directive is used 

when modifications are to  be made to a source model element. Each source model 

element ma\ be transformed in one of three ways: (1) a source model element may 

be deleted using an exclude directive, (2) a source model element may be copied 

without modification, or (3) a source model element may be copied and modified 

using a source directive. When a source model element is to be copied without 

modification, the use of a transform ation directive is not required since model 

elements that are not referenced in the transform ation schema are automatically 

copied to the target model.

4.3  Form  o f  C lass T ran sform ation  Sch em as

Model elements in a class transform ation schema are either composite or non­

composite. Transformation schema classes and transformation schema interfaces 

are composite elements while transform ation schema operations, transform ation 

schema attributes and transform ation schema relationships are non-composite. 

A composite transform ation schema model element is divided into compart-
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h a n d le s p a r t ic ip a n ts

m anageU ser

accessR ep o sito ry

a d dU ser(user:|U ser)
d e le teU ser(user:jU ser)
ch eckU ser(user:|U ser):B oo lean

U serM anagem ent

crea te(t:B oo lean)
reg iste r(tid :In teger, p id :A cco u n tM an ag er)
g etS tate():B oo lean
com m it()
abort()

TransactionM anagerc lien tid :In teg e r
c lien tN am e:S trin g
|tran sS tate :S trin g

w ith d raw (tid :In teg er, am ount:float, acc:A ccoun t)
d eposit(tid :In teger, am ount:float, acc:A ccoun t)
p repare(tid :In teger):B oo lean
com m it(tid : In teger)
ab ort(tid :In teger)
|ge tS ta te():B oo lean

A ccountM anager

Figure 4.6: Target Model for Simple Transaction Service.

ments. A transform ation schema class is divided into an AttributeDirective 

Compartment, an OperationDirective Compartment and a NameDirective 

Compartment. Transformation schema interfaces have AttributeDirective 

Compartments and OperationDirective Compartments only.

Except for exclude directives, each directive in a name directive compartment 

results in a model element name when processed. Except for exclude directives, 

each directive in an a ttribu te  directive compartment results in an a ttribu te  or 

a ttribu te  tem plate when processed, and except for exclude directives, each direc­

tive in an operation directive compartm ent results in an operation or operation 

tem plate when processed. Figure 4.7 (a) gives a pictorial view of transform ation 

schema compartments, and Figure 4.7 (b) shows a transform ation schema class 

diagram. Transformation schema compartm ents may contain directives as follows:

1. A name directive compartm ent may contain source directives, rename di­

rectives, an exclude directive or a new directive.

2. A ttribute directive compartments and operation directive compartment may
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(b) Transform ation schema Example

source directive
rename directive

!m an ag cs_ c licn tT ran s

redefine directive

new directive

exclude directive

[ r c q u c s ts s c rv ic c

jh an d le s_ p a rtic ip an ls

jcan C o m m itO
co m m it_ o n e _ p h a se ()

forget{)

R e s o u rc e

so u rc e .|P a r tic ip a n t.g c tC lic n tld (e x c lu d c  < p a ra m s> ) 

n e w  so rtR eso iirce sO

p a r tic ip a n tld :ln te g c r

n ew  (P a r t ic ip a n t

>  ijo in (exc lude  |T id :!ty p e .iP id :|ty p e2  

_ _ _ _ _ P !n a m c = S tr in g ! . n ew  d u ra tio n :In te g e r)

ex c lu d e  |c lo se (< p a ram s> )

$
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so u rc c .|P a tr ic ip a n t.jid { n a in e = sc rv e r ld }
: In teg e r

] tra n sS ta te :ty p c  i n a tn e = S tr in g } ^ ------

new  |g o tS ta te (): |B o o lean  

e x c lu d e  |d ec is io n (;d cc :B o o lcan )

Figure 4.7: Transformation Schema Compartments, 

contain any directive: source, redefine, new, exclude or rename.

Transformation schema relationships may have source, new or exclude direc­

tives. Figure 4.8 shows the model elements used to describe class transform ation 

schemas. Each transform ation schema model element is a stereotype of a UML 

metaclass. For example, a transform ation schema class is a stereotype of a UML 

class, a transform ation schema interface is a stereotype of a UML interface, a 

transform ation schema operation is a stereotype of a UML operation and a trans­

formation schema attribu te  is a stereotype of a structural feature.
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Figure 4.8: Transformation Schema Stereotypes.

The directives in name-directive compartments, attribute-directive com part­

ments and operation-directive compartm ents are processed in order from top to 

bottom . Different ordering of directives may result in different target models. A 

name-directive compartment may contain multiple source directives. The seman­

tics of these directives is tha t the source model class or interface referenced by the 

first source directive is copied, after which the attributes and operations in the 

classes or interfaces referenced by the other source directives are merged into the 

copied class or interface in any arbitrary order. The merge operation preserves
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the integrity of the target namespace. The order in which transform ation schema 

classes, interfaces and relationships are processed is determined manually.

4 .4  T ran sform ation  D irec tiv es

The transform ation directives that, can be used in a class transform ation schema 

are: so u rc e , renam e, ex c lu d e , r e d e f in e  and new. Each directive is described 

using the following format [30]:

• D ire c t iv e  Name: this section states the name of the directive.

• Purpose: this section describes the purpose of the directive.

• Form: this section describes the syntactic form of the directive and the model 

elements that, the directive operates on. Items in square brackets, ‘[]’, are 

optional and keywords are italicized.

• C o n s tra in t:  this section gives the conditions that, must hold if the directive 

is to  have the intended effect.

• E ffe c t:  this section describes the effect of the directives on the target, model.

Transformation directives are described in the subsections tha t follow. In 

order to simplify the presentation of directives, source model elements are given 

the same name as the source pattern  elements to which they are bound with the 

exception of the ‘[’. For example, a [S e rv ic e P a r tic ip a n t class tem plate in the 

source pattern  is bound to a S e rv ic e P a r t ic ip a n t  class in the source model.

4.4.1 T he rename D irective  

D irective  Nam e: rename
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P u rp o se : The rename directive is used to provide a platform-specific name for 

a model element.

Form : The rename directive has the form:

ModelElement {name ̂ modelElementName}.

ModelElement is a reference to a model element in the source pattern  and 

modelElementName is the platform-specific name to  be given to  the source 

model element bound to ModelElement. For example, middleware protocols 

typically define specific names for their model elements. The Jini transaction 

service, for example, specifies a T ransactionM anager interface while the CORBA 

transaction service specifies C u rren t, C o n tro l, C oo rd inato r and T erm inato r 

interfaces. The name directive may be used to associate these platform-specific 

names with platform-independent model elements.

C o n s tra in t:  The model element referenced by ModelElement must exist.

E ffect: The name of the model element bound to ModelElement has been 

changed to modelElementName.

E xam ples: Examples of the rename directive will be given in the sections that 

follow.

4.4 .2  T he source D irective  

D ire c tiv e  N am e: source

P u rp o se : The source  directive is used to copy a source model element or 

m eta-attribute to the target model. When a model element is copied, any
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constraint associated with the model element is also copied.

Form: The source directive has the following forms.

1. source.P a re n t [Renam eD irective] . P a ren t is a reference to a composite

source pattern  model element and Renam eD irective is an optional rename 

directive. The source directive stipulates tha t the model element bound to 

P a ren t should be copied to the target model. All properties of the model 

element bound to ModelElement are copied.

2 . source. P a ren t .ModelElement [Renam eD irective] . P a ren t is a reference

to a composite source pattern  model element and ModelElement is a sub­

element of P a ren t. ModelElement must be bound to an operation, operation 

template, a ttribu te  or a ttribu te  template, in the model element bound to 

P aren t.

When an operation (or operation tem plate) is copied into a different 

namespace from the one in which it was defined, the developer must en­

sure that all constraints associated with the operation hold, and tha t all 

references to the operation are valid. The same is true of attributes, a t­

tribute templates, and other source model elements such as class templates, 

th a t are copied and modified.

3. source.M odelElement. Property[ . SubElement] .M e ta A ttrib u te  .

SubElement is a reference to an optional subelement of ModelElement. 

A sub-element of a model element is an element defined in the model 

element, for example, an operation defined in a class. M etaA ttrib u te  is a 

m eta-attribute of ModelElement or SubElement.

Constraint: The model element bound to ModelElement must exist. When
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Parent and SubElement occur in the source directive, the model elements bound 

to Parent and SubElement m ust exist.

Effect: For the first forms of the directive, a copy of the model element bound to 

Parent is present in the target model. If a rename directive is present, the name 

of the copied model element is the platform-specific name specified in the rename 

directive, otherwise, the name of the newly created model element remains the 

name of the model element bound to ModelElement. For the second form of the 

directive, a copy of the model element bound to ModelElement is present in the 

target model. For the th ird  form of the directive, the specified the m eta-attribute 

value has been copied to the target model.

E xam ples: Some examples of sou rce  directive are given in section 4.2.

4.4 .2 .1  M erging C lasses U sing  th e  Source D irective

The source directive may be used to merge multiple classes or multiple in­

terfaces. For example, Figure 4.9 shows a source pattern  with two class 

templates and a transform ation schema with a single transform ation schema 

class specified using two source directives: source. |AccountParticipant and 

source. |ServiceParticipant. The effect of the directives is to  merge that a t­

tributes and operations of the class to which jServiceParticipant is bound into 

a copy of the class to which [AccountParticipant is bound.

The name of the new merged model element in the target model is the name 

associated with the source model element that is bound to the first source di­

rective. As a result the name of the class in the target model in Figure 4.9 is: 

AccountParticipant. Merging preserves the integrity of the namespace by en­

suring that an operation or a ttribu te  is only added to the class or interface if a 

model element with that signature is not already present.
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Source Pattern

|o p e n A c c o u n t( |t :  |A c c T y p e )  
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Transformation Schema
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Exclude |ServiceParticipant

Source Model

f i n d S e r v ic e ( n a m e : S t r i n g ) : S e r v ic e  

c lo s e S e r v ic e ( n a m e :S t r in g )

ServiceParticipant
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f in d S e r v ic e ( n a m e :S t r in g ) :S e r v i c e

AccountParticipant

Target Model

AccountParticipant

o p e n A c c o u n t |tA c c T  y p e )  

c lo s e A c c o u n t ( t :A c c T y p e )  

f in d S e r v ic e ( n a m e :S t r in g ) :S e r v i c e  

c lo s e S e r v ic e ( n a m e :S t r in g )

Figure 4.9: Merging Model Elements Using The source  Directive.

The effect of the two source directives is illustrated in the target model in the 

figure. The target model has four operations: three from the AccountParticipant 

class and the c lo se S e rv ic e (n a m e :S trin g )  operation from the ServiceManager 

class. The f in d S e rv ic e  operation in the ServiceManager class has the same 

signature as the f in d S e rv ic e  operation in the AcountManager so only one copy 

of this operation is added.
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Figure 4.10: The source Directive Applied to Operation Templates.

4.4.2.2 Operation Template source Directive

Figure 4.10 provides an example of an operation tem plate source directive. 

The figure illustrates the use of the source directive to copy an operation 

to a target class. In the figure, the new AccountManager transformation 

schema class has the directive: source. [Participant. [transOperation. The
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new AccountManager directive stipulates the creation of a new class. The 

source. (Participant. [transOperation directive stipulates tha t an operation 

from the source model should be copied to the new class. The operation 

to be copied is the one bound to the [Participant. jtransOperation opera­

tion tem plate. In the example. Participant class from the source model is 

bound to the [Participant class tem plate, TransactionManager is bound to 

[TransactionManager, [joined: [Boolean is bound to joined:Boolean and so 

on.

The effect of the source directive is illustrated in the target model which has 

a new AccountManager class. The target model shows that the transOperation 

operation, including its pre and post conditions were copied from the Par­

ticipant class to the AccountManager class. The pre and post conditions 

were updated to reflect the context of the AccountManager class. Specifically, 

managesParticipant was changed to managesAccount and Participant .joined 

was changed to AccountManager. joined.

A m etaattribu te may be copied using the second form of the source directive. 

For example, the isAbstract property of the class to which the [Participant class 

tem plate is bound may be copied to a target model class or class tem plate using 

the directive: source. [Participant .property. isAbstract.

4.4 .3  T h e red efin e  D irective

Directive Name: redefine

Purpose: The redefine directive is used to modify a model element tha t is 

copied to the target model using the source directive.

Form : The redefine directive has two forms.
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1. redefine TSModelElement where TSModelElement is a reference to a source 

pattern  operation or attribute. W hen TSModelElement is an operation, it 

must have an associated exclude, new or rename directive. The associated 

rename directive may be applied to a transform ation schema param eter of 

the transform ation schema operation. The associated rename directive may 

also be applied to the name of the transform ation schema operation. The as­

sociated new or exclude directive may be applied to a transform ation schema 

param eter of the transform ation schema operation. W hen TSModelElement 

is a transform ation schema attribute, it must have an associated rename 

directive.

When an operation (or operation tem plate) is redefined, the developer must 

ensure tha t all constraints associated with the operation hold, and tha t all 

references to the operation are valid. The same is true of an a ttribu te  or 

a ttribu te  template.

2. redefine [M odelElement.] Propertyl. SubElement] .M e taA ttrib u te= v a l ,

where v a l  is the value to be given to the m eta-attribute. This form of the 

redefine directive is used to change the value of a m eta-attribute.

C o n s tra in t:  The model element bound to TSModelElement must exist. When 

P aren t and SubElement occur in the redefine directive, the model elements 

bound to P a ren t and SubElement must exist. The types of M etaA ttrib u te  and 

newValue must be compatible. A re d e f in e  directive may only be specified in a 

composite transform ation schema model element specified using a source directive.

Effect: For the first form of the directive, the model element bound to

TSModelElement has been modified according to the associated exclude, new or 

rename directives used. For example, if a rename directive is applied to the name
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of a transform ation schema operation, then the name of the model element refer­

enced by TSModelElement is changed to the platform-specific name specified in the 

rename directive. If an exclude directive is applied to the name of a transform a­

tion schema param eter, then the transform ation schema param eter is eliminated 

from the model element bound to TSModelElement .

For the second form of the directive, the m eta-attribute in the target model 

has the value newValue.

Exam ple:

In Figure 4.11, the Participant class from the source model 

is bound to the [Participant class template. The redefine

|committed :Boolean{name=Integer} transform ation schema attribu te  redefines 

the committed:Boolean attribu te defined in Participant by changing its type to 

Integer. Similarly, the redefine |canCommit{name=prepare}(jPid: [PidType)

: |commitVal{name=Vote} transform ation schema operation redefines the 

canCommit operation defined in Participant by specifying platform-specific 

names for the operation name and the return type. The target model shows the 

effect of the two redefine directives.

A m etaattribu te may be modified using the second form of the redefine direc­

tive. For example, in Figure 4.11, the isAbstract property of the Participant 

class in the target model may be changed by specifying the directive: redefine 

property.isAbstract = false or redefine property.isAbstract = true in 

the transform ation schema.

4 .4 .4  T h e new D irective

D irective  Nam e: new
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{Participant
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p o s t: p o s t:
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Figure 4.11: The red efin e  Directive.

Purpose: The new directive is used to specify a new model element or a value 

for a m etaattribute.

Form: The new directive has three forms.

1. [new] TSModelElement where TSModelElement is the specification of a 

new class, class template, interface, interface template, operation, operation 

template, attribute, a ttribu te  template, param eter, param eter template, re­

lationship or relationship template.
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2. | new j. In this form, the directive is attached to a transform ation schema 

association or transform ation schema relationship tha t is to be created.

3. [new] Property.metaAttribute = newValue .

Constraint: A model element with the signature of TSModelElement must not 

exist in the target namespace.

Effect: For the first form of the directive, a new model element with the

signature of TSModelElement is present in the target namespace. For the second 

form of the directive, a new model element corresponding with that associated 

with the directive is present in the target namespace. For the third form of the 

directive, the specified m eta-attribute of the model element in the target model 

has the value: newValue.

Example:

Figure 4.12 shows a source model with the jParticipant class template. This 

class tem plate defines one attribu te  tem plate and two operation templates. The 

figure also shows a transform ation schema with the following features:

1. The directive, new participant Id: Integer defines a new attribute.

2. The directive, new getStatusO : String, defines a new operation.

3. The directive, new quicksort (records: String [ ]) , defines a new opera­

tion.

The effect of the three new directives can be seen in the target model which 

shows tha t a new attribu te  and two new operations are added to the Participant 

class from the source model.
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Figure 4.12: The new Directive.

A transform ation schema model element th a t is specified without using a lead­

ing directive keyword defaults to ‘new’ as the leading directive keyword. A leading 

directive keyword is the first word in a directive. Source, ex c lu d e , new and 

r e d e f in e  are leading directive keywords. The specification of a model element 

without using a leading directive keyword is referred to as the implicit form of 

the new directive. For example, in Figure 4.13 C urren t is a new class tha t may 

be specified as: new C urren t. Similarly, the |jo in ed :B o o lean  transform ation
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Figure 4.13: Implicit. Use of The new Directive.

schema attribu te  template, the |join(Tid: [TidType, Pid: [PidType) transfor­

m ation schema operation tem plate and the jmanagesParticipant transform ation 

schema association tem plate are new model elements.

4.4.5 T h e exclude D irective  

D irective  Nam e: exclude

Purpose: The exclude directive is used to exclude source model elements from 

inclusion in the target model.

Form: The exclude directive has the two forms: (1) exclude ModelElement and 

(2) exclude. In the first form, ModelElement is a reference to a source pattern 

model element. In the second form, the directive is attached to a transform ation 

schema association or transform ation schema relationship tha t is to be excluded 

from the target model. The exclude directive may be applied to any model 

element.
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Constraint: The model element bound to ModelElement must exist in the 

source model. A model element can only be om itted from a namespace if the 

model element is visible within that namespace.

Effect: For the first, form of the directive, a copy of the model element bound 

to ModelElement is not present in the target model. For the first form of the 

directive, the source model element corresponding to the transform ation schema 

model element to which the directive is attached, is not present in the target 

model.

Example:

Figure 4.14 shows a source model with two classes: TransactionManager 

and Participant. TransactionM anager contains four operations, two of which 

(timeOut and initiateVotingPhase) have no CORBA equivalents. The fig­

ure also shows a transform ation schema defined for CORBA. The trans­

formation schema is specified as a class tem plate using a source directive. 

Based on this source directive, all four operation templates are copied to the 

target model including the two operations th a t are undefined in CORBA. 

These two operations are eliminated from inclusion in the target model us­

ing two exclude directives: exclude |timeOut (|Tid: |TidType) and exclude

]initiateVotingPhase(|Tid: [TidType. The other exclude directive in the fig­

ure: | join(exclude |Tid: (TidType) results in this param eter tem plate being 

eliminated from the operation. The effect of the directives can be seen in the 

target model.
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Figure 4.14: The exclude Directive.

4.4 .6  A p p ly in g  D irectives to  R elationsh ips

The source, new and exclude directives may be applied to relationships. Figure 

4.15 illustrates:

• The application of the source directive to the |v e h ic le D e ta ils  transforma-
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Figure 4.15: Applying Directives to UML Relationships, 

tion schema association.

• The application of the redefine directive to the [details and [truck trans­

formation schema association ends.
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• The application of the exclude directive to the transform ation schema gen­

eralization between source. [TruckType and source. |Make.

• Six applications of the new directive to transform ation schema generaliza­

tions.

A directive may be attached directly to an association end, or an association 

end may be accessed using the syntax, associationName. AssociationEndName 

or AssociationEndName. AssociationName is the name of an association and 

AssociationEndName is the name of one of its association ends.

The multiplicity at an association end is accessed using the 

syntax, associationName.AssociationEndName.multiplicity,

AssociationEndName.multiplicity or multiplicity. For example, in 

Figure 4.15, the directive redefine |details .multiplicity = *, results in 

the multiplicity of the corresponding association end in the target model being 

changed to *.

4.5  C lass D iagram  T ran sform ation  M eta m o d e ls

The relationships among transform ation concepts participating in the model-to- 

rnodel transform ation of class models are illustrated in Figure 4.16.

The Source Metamodel and the Target Metamodel is the class tem plate 

metamodel presented in Figure 2.3 in Section 2.3. The Source Pattern describe 

a subset of instances of the Source Metamodel. The source pattern  describes 

the properties expected of each valid source model. A source model element is 

transformed into a target model element using the directives associated with the 

source pattern  element to which the source model element is bound. In effect, 

source models may have model elements not described by the source pattern.
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Figure 4.16: Model-to-model Transformation ConceptusJ Model.

These model elements th a t are not described by any model element in the source 

pattern  are retained in the target model.

A transform ation is effected by executing the Transformation Algorithm. 

The input to the algorithm are the source model, the source pattern, the binding 

specification and the transform ation schema. The algorithm outputs the target 

model. The Transformation Algorithm is an instance of the Transformation 

Implementation Metamodel.

A model transform ation maps source model elements to target model elements. 

The Transformation Implementation Metamodel describes these mappings by 

specifying relationships between: (1) source metamodel elements and transfor­

mation schema metamodel elements, and (2) transform ation schema metamodel 

elements and target metamodel elements.
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The transform ation schema metamodel and the transform ation implementa­

tion metamodel are described in the subsections th a t follow. An object diagram of 

a transform ation schema is also presented to illustrate the conformance of trans­

formation schemas to the transform ation schema metamodel.

4.5.1 T ransform ation Schem a C lass D iagram  M etam od el

The relationships between transform ation schema directives and other transfor­

mation schema model elements are illustrated in the transform ation schema class 

diagram metamodel shown in Figure 4.17. A Directive is a ComplexDirective 

or a Rename directive. A ComplexDirective is an Exclude directive or a 

CreateDirective. Source, Redefine and New are CreateDirectives. A 

CreateDirective may contain other subdirectives where the first directive is the 

primary directive and the subdirectives are secondary directives.

A transform ation schema relationship may have a source, new, or exclude 

directive. Transformation schema attributes, transform ation schema operations, 

transformation schema types and transform ation schema param eters must have 

an associated complex directive.

4.5 .2  T ransform ation Schem a O bject D iagram

This section presents an object diagram of a transform ation schema based on the 

transform ation schema class diagram metamodel specified in Figure 4.17. Fig­

ure 4.18(a) shows a transform ation schema with a single transform ation schema 

class. The directives in the transform ation schema class are numbered from 1 to 

12. Figure 4.18(b) shows an object diagram of the transform ation schema class 

that conforms to the metamodel shown in Figure 4.17. The original transforma­

tion schema class may be recreated from the object diagram using the following 

algorithm:
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Figure 4.17: Transformation Schema Class Diagram Metamodel. 

1. Create a new transform ation schema class.
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( a )  T ransfo rm ation  Schem a

s o u r c e . |T r a n s a c t io n M a n a g e r { n a m e = c u r r e n t}

red e fin e  :p a r t{ n a m e = sc rv ic c ! : (P artic ip an t

red e fin e  [ c lo s e !n a m e = c o m m it;( )

red e f in e  [join !n a m e = jo in ! (e x c lu d e  (T id :jtypc. |P id !n a m c = id }  j ty p e  |n am e= lo n g )}

( b )  O bject D iagram

O p e ra tio n D ire c tiv e  

C o m p a rtm e n t In s tan ce

O p e ra tio n D ire c tiv e  

C o m p a rtm e n t in stan ce

N a m e D ire c tiv e  

C o m p a rtm e n t In s tan ce
A ttr ib u teD irec tiv e  

C o m p a rtm e n t In stan ce

T ran s fo rm a tio n S c h e m a  
O p e ra tio n  In stan ce

T ra n sfo rm a tio n S c h e m a  
O p e ra tio n  In stan ce

S o u rc e D ire c tiv e
Instance

T ra n s fo n n a tio n S c h e m a  
A ttrib u te  In stan ce

|T ra n sa c tio n M a n a g e r

R c d c fin e D ire c tiv c
Instan ce

R ed e fin c D ire c tiv e

Instan ce
R e d e fin cD irec tiv e

Instan ce

R c n a m e D i r e c t iv c  

I n s t a n c e  ( 3  J(close Ip a rl

n a m e = C u rre n t

R c n a m e D ire c tiv c
Instan ce

R c n am eD irec tiv c
Instance

R c n am eD irec tiv c

Instan ce

S erv ice

T ra n sfo rm a tio n S c h e m a  

T y p e  In stanceT ra n s fo n n a tio n S c h e m a  

P a ra m e te r  In stan ce

T ra n s fo n n a tio n S c h e m a  

T y p e  In stan ce [P artic ipan t

|T id l<ypc

H x c lu d eD irec tiv e
In s tan ce

T ra n s fo rm a tio n S c h e m a  

P a ra m e te r  In s tan ce

T ra n s fo n n a tio n S c h e m a  

T y p e  In s tan ce

IPid [type

R c n a m e D ire c tiv c

Instan ce

R cn am eD irec tiv c

Instance

long

Figure 4.18: Transformation Schema Object Diagram.

2. Obtain the directive for the name directive compartment from the objects 

connected to the name directive compartm ent instance.
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3. O btain the directive for the a ttribu te  directive compartment from the ob­

jects connected to the a ttribu te  directive compartment instance.

4. O btain the directives for the operation directive compartment from each 

section the object diagram that begins with an operation directive com part­

ment instance.

Ambiguities can be resolved my marking each element in the object diagram 

once the element has been visited and noting th a t a rename directive instance 

associated with a source directive in the name directive compartment, will always 

have a single link to the source directive instance.

4.5 .3  T ransform ation Im p lem en tation  M etam odel

The transform ation implementation metamoclel is shown in Figure 4.19 and Figure 

4.20. The first figure illustrates two sets of relationships. The +canBeAppliedTo 

association describes relationships between model elements of the source m eta­

model, and model elements of the transform ation schema class diagram m eta­

model. A Transformation schema interface, for example, may be applied to one 

or more interface templates. An association end tem plate labeled +source is 

connected to a model element from the source metamodel.

The +canBeDerivedFrom association describes the relationship between model 

elements of the transform ation schema class diagram metamodel and model el­

ements of the target metamodel. An interface template, for example, may be 

derived from a transform ation schema interface, by processing the directives in 

the transform ation schema interface. The +canBeDerivedFrom is a one-to-one 

relationship. An association end tem plate labeled target is connected to a model 

element, from the target metamoclel.

Figure 4.20 augments the metamoclel shown in Figure 4.19 by adding new
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Figure 4.19: Transformation Implementation Metamodel Showing Relationships.

metaclasses and behavioral features to support the transformation of class tem­

plate models. Figure 4.20 only shows those model elements of Figure 4.19 to which 

behavioral features are added.

4.6  A  G ram m ar for T ran sform ation  D irec tiv es

Figures 4.21 and 4.22 show a grammar for class transformation schema directives 

written in ExtendedBackus-Naur Form (EBNF). The grammar uses the following
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T r a n s f o r m a t io n S c h e m a C la s s M o d e l

g e tF irstC onnec tedC om ponen t():M odel 
g e tN ex tC o n n ec ted C o m p o n en t(): M odel 
g e tF irs tC o m p o siteE lem en t():E lem en t 
getN am eC o m p artm en tD irec tiv e():D irec tiv e

I
/ *

T r a n s f o n n a t i o n S c h e m a
E le m e n t

t - transSchem a 
< -----------

v isited :B oo lean
c om posite :B oo lean
signa tu re :S tring

m arkV isited ()
v isited ():B oo lean
nex t():E lem ent
g e tF irstC onstra in t():C onstrain t 
g e tN ex tC onstrain t():C onstra in t 
getD irective(): D irective

C o m p o s i t e
T r a n s f o r m a t io n S c h e m a E le m e n t

getF irstO perationD irective{): D irective

T r a n s f o r m a t io n S c h e m a
C la s s

g e tF irstA ttribu teD irec tive():D irec tive

ClassTransformer

S O U R C E = l, N E W = 2, R E D E F IN E = 3, R E N A M E = 4, 
E X C L U D E = 5: In teger

p rocessA H C onnectedC om ponen ts() 
p rocessC on n ec ted C o m p o n en t(c :C lassM o d eI):C lassM o d el 
p rocessC om positeE lem ent(cu r: E lem ent): E lem ent 
p rocessR elatio n sh ip (cu r:E lem en t):E lem en t 
p ro cessA ttribu teD irec tives(e lm : A ttribute) 
processA ttri b u teD irec tives(d :E lem ent, a: A ttribu te , c :E lem ent) 
p rocessS ourceA ttr(d : E lem ent, a: A ttribu te , c :D irec tive) 
p ro cessR ed efin eA ttr(d :E lem en t, a: A ttribu te ,c: D irec tive) 
g e tT arge tN am e(nam e:S tring):S tring  
ge tS ourceN am e(nam e: String): String 
d irect iveT ype(d ir:S tring ):In teger 
g e tS o urceE lem entS igna tu re(s:S tring ):S tring  
p rocessO pera tionD irec tives(p :e lem en t, t:E Iem ent):E lem ent 
p ro cessS o u rceO p (d :E lem en tra :O p era tio n rc: D irective) 
p rocessR edefineO p(d :E lem ent,a :O pera tion ,c : D irective) 

g e tS ourceR eference(cur:E lem en t):O bjec t 
c rea teE lem en t(cu r:E lem en t):E lem en t 
g e tB oundE lem en t(b :T ab le , d: D irec tive):E lem ent 
g e tB o u n dS ubE lem ent(b :T ab le ,sig :S tring , d :D irec tiv e):E lem en t 
g e tT arge tB oundS ubE lem ent(b :T ab le ,paren tS ig : S tring.

d irec tive :D irec tive , targ e t:e lem en t):E lem en t
g e tT arge tB oundP aram eter(new O p:O pera tion ,

boundO p:O peration , param D ir:D irec tiv e):E lem en t 
isE xcludeD irective(d ir: String): B oolean 
c o pyC onstra in ts(cu r:E lem ent, target: E Iem ent):E lem ent

isE xcluded(p :P roperty , d :D irective):B oo lean

 >
i a r g e t M o d e l

E le m e n t

v isited :B oo lean  
com posite: B oolean

m arkV isited () 
v isited ():B oo lean  
nex t():E lem ent 

getN am e(): String 
se tN am e(S tring  nam e) 
g e tF irstC onstra in t():C onstrain t 
g e tN ex tC onstrain t():C onstra in t 
get F irs tP ro p erty (): E lem ent 
ge tN ex tP roperty ():E !em ent 
addC onstra in t(C o n stra in t c)

C la s s M o d e l

a d d ('o m p o n en t(c :C lassM o d e l)  
addE iem ent(cu r: E lem ent) -so u rceM o d el

+ so u rceP attem

C o m p o s i t e E le m e n tT e m p la t e C l a s s T e m p l a t e

g e tF irstO pera tion():O pera tion  

addO p era tio n (O p era tio n  op)

< h getF irstA ttribu te (): A ttribu te

addA ttrib u te (attr:A ttrib u te)

Figure 4.20: Transformation Implementation Metamodel Showing Behavioral Fea­
tures.

syntax rules:

• Optional items are enclosed in: ‘p. ‘]’ pairs.
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Directives := SOURCE j RENAM E | N EW  J EXCLUDE | REDEFINE

S O U R C E  :=  C la s s N a m e S o u r c e  | A t t rS o u r c e  | O p S o u rc e  | R e la t io n s h ip S o u rc e  
j P r o p e r ty S o u rc e

C la s s N a m e S o u r c e  :=  “ s o u rc e . ’'  c lc m c n tN a m c  [ c la s s N a n ic E x p r ]  [R E N A M E ]
c la s s N a m e E x p r  ;=  “ s o u rc e ."  e le m e n tN a m e  [ c la s s N a m e E x p r ]

e le m e n tN a m e  :=  te m p la te ld  | id e n t i f ie r
te m p la te ld  :=  ( “ |”  id e n t i f ie r )
id e n t i f i e r  :=  l e t te r  { [le tte r  | d i g i t ] }
le t te r  =  A -Z  | a -z
d ig i t  =  0 -9
R E N A M E  := (“ { n a m e - ’ e le m e n tN a m e  “ J ” )

A t t rS o u r c e  :=  (“ s o u rc e ."  [ e le m e n tN a m e .]  a l t r D e t)
a t t r D e f  :=  ( a t t r ib u te N a m e  a t t r ib u te T y p e  [“ = ”  d e fa u l tV a lu e ] )
a t t r ib u te N a m e  :=  ( e le m e n tN a m e  [R E N A M E ] )
a tt r ib u te T y p e  := ( c lc m c n tN a m c  [R E N A M E ] )
d e fa u l tV a lu e  :=  n u m e r ic L ite ra l  j s tr in g L ite ra l
n u m e r ic L ite ra l  := ( d ig i t [ { d ig i t l ]  [ d ig i t  [ { d ig i t} ]  ])
s tr in g L ite ra l  — [ { [d ig i t]  [ le t te r ]  { ]

O p S o u rc e  :=  (“ s o u rc e ."  [ e le m e n tN a m e  “ ."]  o p D e f
o p D e f  := ( o p e r a t io n N a m e  “ ( "  a l lP a r a m s  | “ e x c lu d e  < p a ra m s > "  “ ) ” [“ :"  r e t u m T y p e ] )
o p e ra t io n N a m e  :=  ( e le m e n tN a m e  [R E N A M E ] )
a llP a ra m s  :=  [p a ra m s ]  {[“ ,”  p a ra m s ]}  ) [“ e x c lu d e  < p a ra m s > ” ]
p a ra m s  :=  a P a ra m l  | a P a ra m 2  | a P a ra m 3  j P a r a m E x c lu d e  | [“ n e w " ]  n e w P a ra m  | p S ta r  j m a n y
a P a ra m l  :=  ( [“ re d e f in e " ]  e le m e n tN a m e  R E N A M E  [“ re d e f in e " ]  e le m e n tN a m e )
a P a ra m 2  :=  ( [“ r e d e f in e ” ] p a ra m ID  [“ r e d e f in e ” ] e le m e n tN a m e  R E N A M E )
a P a ra m 3  :=  ( [“ r e d e f in e ” ] p a ra m ID  R E N A M E  [“ r e d e f in e ” ] e le m e n tN a m e  R E N A M E )

m a n y  :=  “ < p a ra m s > "
p a ra m ID  :=  ( e le m e n tN a m e  R E N A M E )
p a ra m T y p e  :=  ( e le m e n tN a m e  R E N A M E )
p a ra m E x c lu d e  :=  “ e x c lu d e ”  e le m e n tN a m e  “ :” e le m e n tN a m e
n e w P a ra m  :=  “ n e w "  c lc m c n tN a m c  “ :” e lc m c n tN a m c
p S ta r  :=  ( [“ r e d e f in e ” ] n a m e S ta r  R E N A M E )  j ( [“ re d e f in e " ]  n a m e S ta r  L o n g R E N A M E )  
n a m e S ta r  :=  id e n t i f i e r  [ in te g e r ]  
in te g e r  :=  d ig it  [ { d ig it)  ]
L o n g R E N A M E  :=  (“ { n a m e - ’ e lc m e n tN a m c :e le m e n tN a m c

[{ ,e le m e n tN a m e :e le m e n tN a m } ]  “ ) ” ) 
r e tu m T y p e  :=  ( [ “ r e d e f in e ” ] e le m e n tN a m e  R E N A M E )  

j  ( [ “ n e w ” | “ e x c lu d e ” ] e le m e n tN a m e )

R e la t io n s h ip S o u r c e := “ s o u rc e .”  e le m e n tN a m e  [R E N A M E ]  [ a s s o c ia t io n E n d ][ a s s o c ia t io n E n d ]  
a s s o c ia t io n E n d :=  “ r e d e f in e ”  e le m e n tN a m e  [ R E N A M E ]

| “ r e d e f in e ”  e le m e n tN a m e  “ m u l t i p l i c i t y ^ ’ m u lt ip l ic i ty V a lu e  
m u I t ip l ic i ty V a lu c  :=  n u m b e r  n u m b e r  
n u m b e r  =  d ig it[  { d ig it} ]

P r o p e r ty S o u r c e  :=  “ s o u rc e .”  e le m e n tN a m e  [“ .’’s u b E le m e n t]  “ .p ro p e r ty ” m e ta A t tr ib u te  
s u b E le m c n t  :=  te m p la te ld  | id e n t i f ie r  
m e ta A t tr ib u te  :=  id e n t i f ie r

Figure 4.21: EBNF Gramm ar for Transformation Directives.

•  R e p e titio n  is in d ica ted  by: :}7 pairs.
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N E W  := N ew C lassN am e | NewA ttr | N ew O p | NewR elationship | NewProperty  
N ew C lassN am e := ("new" elem entNam e)
N ewA ttr := “new ” (elem entNam e elem entNam e [“= ” defaultValue])
New O p := “new ” (elem entNam e “(” [ “new ” newParam [ {“,” “new ” 

newParam} ] ] “)” [“ :” elem entNam e] )
NewR elationship := “new ” elem entNam e
NewProperty := “new ” “property.” elem entNam e “= ” newValue
newV alue := identifier | defaultValue

EXCLUDE := C lassExclude | AttrExclude | OpExclude | RelationshipExclude 
ClassExclude := (“exclude” elem entNam e)
AttrExclude := (C lassNam eSource “exclude” [elem entNam e “ .”] dirFreeAttrDef) 
OpExclude := (C lassNam eSource “exclude” [elem entNam e “.”] dirFreeOpDef) 
RelationshipExclude := (“exclude” elem entNam e)

REDEFINE := OpRedefine | AttrRedefine | PropertyRedefine 
OpRedefine := ( ClassNam eSource “redefine” O p D ef)
A ttr R e d e fin e  :=  ( C la s s N a m e S o u r c e  “r e d e f in e ” a t t r R e d e f ) 
a t t r R e d e f a t t r R e d e f - 1 | a ttr R e d e f-2  | a ttrR ed e f-3
attrRedef-1 := (elem entNam e RENAM E elem entNam e [“= ” attrDefaultValue]) 
attrRedef-2 := (elem entNam e elem entNam e [“= ” attrDefaultValue] RENAM E) 
attrRedef-3 := (elem entNam e RENAM E

elem entNam e [“= ” attrDefaultValue] RENAM E)
P r o p e r ty R e d e fin e  :=  (“ r e d e f in e ” [e le m e n tN a m e ” .” ]

“p ro p e r ty  [“ .” e le m e n tN a m e ]  “ .” id e n t if ie r  “= ” v a lu e )  

v a lu e  :=  id e n t if ie r  | d e fa u ltV a lu e

Figure 4.22: EBNF Gramm ar for Transformation Directives (part 2).

• Items are grouped using pairs of parenthesis: 1 (’,

The grammar shows the rules for the source, redefine, new, exclude and 

rename directives. The directives are organized divided into parts based on how 

the directives are used with model elements. The SOURCE directive has the follow­

ing sub-rules:

• ClassNameSource describes the use of source directives with transform ation 

schema classes and interfaces.

• AttrSource describes the use of source directives with transform ation 

schema attributes.
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• OpSource describes the use of source directives with transform ation schema 

operations.

• RelationshipSource describes the use of source directives with transfor­

mation schema relationships.

• PropertySource describes the use of source directives with m eta-attributes.

The new directive has the following sub-rules:

• NewClassName describes the use of the new directive to give a name to a 

class or interface.

• NewAttr describes the use of the new directive with transform ation schema 

attributes.

• NewOp describes the use of the new directive with transform ation schema 

operations.

• NewRelationship describes the use of new directives with transform ation 

schema relationships.

• NewProperty describes the use of new directives with m eta-attributes.

The exclude directive has the following sub-rules:

• ClassExclude describes the use of exclude directive with transform ation 

schema classes and interfaces.

• AttrExclude describes the use of the exclude directive with transformation 

schema attributes.

• OpExclude describes the use of the exclude directive with transformation 

schema operations.
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• ParamExclude describes the use of the exclude directive with formal para­

meters of a transform ation schema operation.

• R e la tio n sh ip E x c lu d e  describes the use of exclude directive with transfor­

mation schema relationships.

The re d e f in e  directive has the following sub-rules:

• A ttrR ed e fin e  describes the use of the redefine directive with transform ation 

schema attributes.

• OpRedefine describes the use of the redefine directive with transform ation 

schema operations.

• P ropertyR edefine  describes the use of the redefine directive with m eta­

attributes.
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4 .7  A  T ran sform ation  D ire c tiv e  P ro c ess in g  A l­
g o r ith m  For C lass M o d els

An algorithm for transforming source class models by processing directives in a 

transform ation schema is shown in Figures 4.25 - 4.34. The algorithm is based 

on the metamodel shown in Figure 4.19 and Figure 4.20. The algorithm assumes 

class diagrams are represented as graphs and performs the following steps:

1. If source model conforms to source pattern  then

(a) Repeat for each connected component in the transform ation schema 

graph:

i. Repeat for each model element in a connected component:

•  Get a model element from the component.

• Process the directives associated with the model element.

(b) Copy all source model elements not referenced in the transformtion 

schema to the target model.

Figure 4.23 shows a partial call graph of the algorithm and Figure 4.24 shows 

a sequence diagram for the algorithm. The algorithm is based on the assumption 

tha t the source model conforms to the source pattern. Model conformance is be­

yond the scope of this dissertation. The core operations in the algorithm performs 

the following tasks:

1. The main operation in Figure 4.34 is the first operation executed. The 

command-line arguments supplied to main are the name of the hie contain­

ing the source pattern, the name of the hie containing the source model 

and the name of the hie containing the class model transform ation schema.
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processA IIC onnectedC om ponents
getF irstC onnectedC om ponen t getN extC onnectedC om ponent

getF irstC om positeE lem ent processC onnectedC om ponent

processR elationship
addE lem ent

processC om positeE lem ent

processSource getB oundE lem ent

processO peration
D irectives

p rocessA ttribu te
D irectives

processSourceO p processS ourceA ttr

getSourceN am e getT  argetN am e

processR edefm eO p processR edefineA ttr

addO peration addA ttribu te

deieteO pera tion deleteA ttribu te

getN extO perationD irective getN extA ttributeD irective

getT argetB oundS ubE lem ent

Figure 4.23: Call Graph of Algorithm for Processing Class Transformation
Schemas.

The class constructor ClassTransf ormer. creates internal representations of 

these input files. The source class pattern  is represented in the ClassTrans- 

former class by sourcePattern, the class model transform ation schema 

is represented by transSchema, the source class model is represented by 

sourceModel and the binding specification is represented by bindings. In 

the body of the main operation the transform ation of the source model is 

initiated with the invocation of the processAIIConnectedComponents op­

eration. The class constructor is represented in the sequence diagram by the 

create message invocation on the ClassTransf ormer instance.
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2. processAIIConnectedComponents processes each connected graph compo­

nent, tha t is, each set of model elements connected by relationships. Enu­

merated tem plates for example, normally do not have direct associations 

with other model elements and are therefore isolated components.

3. processConnectedComponent processes one component.

4. processCompositeElement processes a composite model element such as a 

transform ation schema class or transform ation schema interface.

5. processNameDirectives processes a transform ation schema class or inter­

face tha t has a source directive in the name compartment.

6. processAttributeDirectives processes all a ttribu te  directives for a trans­

formation schema class.

7. processSourceAttr processes a transform ation schema attribu te  source di­

rective.

8. processRedef ineAttr processes a redefine directive applied to an attribute.

9. getTargetName returns the target model name from a transform ation 

directive. For example, the operation returns Current for a directive 

source. |TransactionManager{name=Current}.

10. getTargetType returns the target model type from a a ttribu te  or opera­

tion directive. For example, the operation returns Current for a directive 

val: |TransactionManager{name=Current}.

11. processOperationDirectives processes all operation directives for a trans­

formation schema class or interface.

12. copyConstraints copies constraints from one model element to another.
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13. processSourceOp processes a transform ation schema operation source di­

rective.

14. processRedef ineOp processes a transform ation schema operation redefine 

directive.

15. getBoundElement returns a reference to the source model element bound to 

a source pattern  model element referenced by a directive.

16. getBoundSubElement returns a reference to an attribute, operation.

17. getTargetBoundSubElement returns a reference to an a ttribu te  or op­

eration of a newly created class or interface. For example assume the 

source.pCurrent transform ation schema class has the directive, redefine 

someOp(x:float). If the Current class in the source model is bound 

to pCurrent, then the source directive results in the Current class 

being copied before the redefine directive is applied. Therefore the 

getTargetBoundSubElement operation is used to return a reference to the 

someOp(x: float) operation of the copied Current class rather tha t Current 

in the source model.

18. getTargetBoundParameter returns a reference to a param eter of an opera­

tion in a newly created class or interface. The operation is used, for example, 

when a redefine directive is applied to a param eter of an operation tha t is 

in a class to which a source directive is applied.
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sd TransSequence

c re a te ) s o u r e c A s p c c tC la s s F i lc ,  t r a n s S c h c m a C la s s F i l e )

:ClassTransformer

loop

loop

c re a te )  t r a n s S c h c m a C la s s F i le )  

 ►transSchema:TransFormationSchemaClassModel

c re a te )  s o u r e e A s p e c tC la s s F i le )

^  | p ro c e s s A I I C o n n e c te d C o m p o n e n ts ) )

g e tF i r s tC o n n c e t c d C o m p o n e n t ) )  _L

< _ ------------------------------------------------
c o m p  I p

'c im p  < >  n u l l ]  1

o c c s s C o n n c c tc d C o m p o n c n t ( c o m p )  

c u r r e n t  =  g c tF i r s tC o m p o s i tc E lc m c n t ( )

sourceAspect:ClassModel

c r e a te ) )

comp:ClassComponent

c u r r e n t  < >  n u ll] current:Element

:
o m p o s i tc ) ) ]  J

i t e m p  -  p r o c c s s C o m p o s i te E lc m c n t ) c u r r e n t )

• u n e n t  c o m p o s i te ) ) = f a l s e ]  ■

te m p  =  p r o c e s s N o n C o m p p s i te E le m e n t ) c u r r e n t )

1  n e w E le m c n t  =  c r e a tc E le m e n t ( c u r r e n t )  1

j i r e c t i v e  == g c tD ir e c t iv e ) )  J !

:N a m e  =  g e tT  a rg c tN a m b fd ir e c t iv c .s ig n a l l in g  

s e tN e m a ( c N a m e )  1

newElementrE

■ d ir c tH \e T y p c ( d i r c c t iv c ) = S O U R C E ]

i 3  s o u r c c N a m c = g e tS o u r c e ^ a m c ( d i r e c t iv e )  

s o u re e R e f = g c tR e fT o R c la t io n s h ip ( s o u r c e N a m e )

J c o p y C o n s t r a in t s ( s o u r c c R e f ,  c u r r e n t )  

] r c tu m ( n e w E ie m e n t )  1

targetModel:
ClassModel

m a r k \  i s i te d ) )

a d d r .) o m e n t ( te m p )

c u r r e n t  =  n e x t) )

g c tN e x tC o n n e c te d C o m p o n c n t i  j

< -

Figure 4.24: Sequence Diagram for Transformation Algorithm.
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C lass C ia ssT ra n sfo rm er begin
C lassM o d e l so u rceP a tte rn , so u reeM o d e l, targ e tM o d e l 
T ra n sfo rm a tio n S c h e m aC la ss  tran sS ch em a  
V e c to r e rro rL is t, d e le ted L is t
final in t S O U R C E -1 , N E W = 2 , R E D E F rN E -3 , R E N A M E = 4 , E X C L U D E = 5  
T y p eD ef’inc  T ra n sfo rrn a tio n S ch em aE lem en t T S E lcm cn l

pub lic  C la ssT ra n sfo rm cr(S trin g  p a ttc rn F ilc , S trin g  m odelF ilc , S tring  schem aFilc , 
S tringJI b indingSpec) 

begin
so u rceP a tte rn  — n ew  C la ssM o d e l(p a tte m F ile )  
so u reeM o d e l -  n ew  C la ssM o d e l(m o d e lF ile )
tran sS ch em a  = new  T ra n sfo rm a tio n S c h e m aC la ssM o d el(sc h e m aF ile )  
targ e tM o d e l -  n ew  C lassM o d elO  
T ab le  b in d in g s  =  n ew  T a b le(b in d in g S p ec ) 
e rro rL is t =  n ew  V ec to rf)  
d e le te d L is t =  n ew  V ccto r() 

endM ethod

pub lic  void p rocessA IIC onnectedC om ponents() begin
C la ssC o m p o n e n t co m p  =  tran sS ch em a .g e tF irs tC o n n ee ted C o m p o n en t()  
w h ile fc o m p  != null)

C la ssC o m p o n en t n ew M o d el = p ro cessC o n n ec ted C o m p o n en t(co m p ) 
ta rg e tM o d e l.ad d C o m p o n en t(n ew M o d e l)  
com p =  tran sS ch em a .g e tN ex tC o n n ec ted C o m p o n en tO  

endw hile
co p y U n re fe ren ced E lem en ts (b in d in g s , so u rceP a tte rn , so u reeM o d e l, targ e tM o d el) 

endM ethod

pub lic  C la ssC om ponen t p rocessC onnectedC om ponen t(C IassC om ponen t com p) 
begin

C lassC o m p o n en t n ew M odel - n e w  C lassM odeK )
T S E lem en t cu rre n t =  co m p .g e tF irstE lem en t()  //T S  c lass , TS in te rface  o r  re la tio n sh ip  
w h ile (c u rre n t != null )

i f(c u rre n t.c o m p o s ite ())  /'/class o r in te rlace
E lem en t tem p  -  p ro cessC o m p o siteE lem en tfcu rren t)  

else / /  re la tio n sh ip
E lem en t tem p -p ro c e ssR e la tio n sh ip (c u rre n t)

e n d if
cu rren t.m ark V is is ted f)  
if( tem p  != null)

n ew M o d e l. ad d E lem en t( tem p)
end if
cu rren t -  c u ren t.n ex tO  

endWhile
rem o v cD elc ted E lcm en ts (n ew M o d e l)

r e tu rn  new M odel 
endM ethod

public void removeDeletedElements(ClassComponent newModel) begin
In teg e r tirs tE le m e n t =  0 
w h ile (!d e le le d L is t.isE m p ty ())

E lem en t e lm  =  d e le ted L is t.rem o v e(firstE lem en t)
E lem en t d  = t1ndE lem ent(e!m , new M o d e l)  
n ew M o d el. d e lc teE lcm en t(d ) 

endW hile 
d e le ted L is t. c learf) 

endM ethod

Figure 4.25: Transformation Algorithm for Class Models (part 1).
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public Element processCom positeElem ent(TSEIem ent current) begin
E le m e n t  n e w E le m e n t  =  n u ll
D ire c t iv e  d i re c t iv e  =  c u r r e n t .g c tF ir s tN a m c C o m p a r tm c n tD irc c tiv c ( )
E le m e n t  b o u n d E lc m c n t  =  g c tB o u n d E lc m c n t(b in d in g s ,  d i re c tiv e )  
i f (b o u n d E le m e n t  =  n u ll)

S tr in g  s =  d i re c t iv e .g e tS ig n a tu re ( )
e r r o r L is t .a d d ( “N o n e x is te n t  c la s s  o r  in te r fa c e :  ” +  s  )
r e t u r n  n u ll

endif
In te g e r  n u m  =  d i re c tiv e .g c tT y p c ( ) / /S O U R C E , N E W , e tc . 

s w i tc h ( n u m )  (
c a se  S O U R C E :

n e w E le m e n t  =  p r o c e s s N a m e D ire c t iv e s (b o u n d E le m e n t ,  c u r r e n t)  

i f ( c u r r e n t . ty p e  —  C L A S S  )
p r o c e s s A ttr ib u te D ir e c t iv e s ( n e w E le m e n t,  b o u n d E le m e n t ,  c u r r e n t)

endif
p r o c e s s O p e r a t io n D ire c t iv e s (n e w E le m e n t,  b o u n d E le m e n t ,  c u r re n t)  

b re a k ;
c a se  E X C L U D E : d e le te d L is t .a d d ( b o u n d E le m e n t)  

b re a k ;
c a se  N E W : n e w E le m e n t  =  c re a te E le m e n t( c u r r e n t)  

b re a k ;
d e fa u l t:  S t r  s 2 = d ir e c t iv e .g e tS ig n a tu re ( )

S tr in g  s i  =  ' i n v a l i d  n a m e -c o m p a r tm e n t  d ire c t iv e  e n c o u n te r e d  w h i le  p ro c e s s in g :  ” 
e r ro rL is t .a d d { s l  + s 2 )  

endSwitch  
return n e w E le m e n t  

endM ethod

public Elem ent processNam eDirectives(Elem ent bound, TSEIement current, Directive 
directive) begin

E le m e n t  n e w E le m e n t  =  c o p y E le n ie n t(b o u n d )  
d ire c t iv e  =  c u rre n t.  g e tN e x tN a rn e C o m p a r tm e n tD ire c t iv e ( )  
w h i le ( d i r e c t iv e  != n u ll)

i f ( d ir e c t iv e .g e tT y p e ( )  =  S O U R C E )
b o u n d  =  g e tB o u n d E !e m e n t(b in d in g s ,  d ire c tiv e )  
n e w E le m e n t .m e rg e (  b o u n d )  

else
S tr in g  s i  =  “ In v a l id  n a m e -c o m p a r tm e n t  d ire c tiv e :  "  d i r e c t iv e .g e tS ig n a tu re ( )  
S tr in g  s2  =  "  e n c o u n te re d  w h i le  p ro c e s s in g :  ” +  b o u n d .g e tN a m e ()  
e r r o r L is t .a d d ( s l  + s l )  

endif
directive = current.getNextNameCompartmentDirective()

endwhile
return n e w E le m e n t  

endM ethod

public Elem ent copyElem ent(Elem ent source) begin
E le m e n t ta rg e t  =  n e w  E le m e n t(s o u rc e .g e tE le m e n tT y p e ( ) )  
p ro p e r ty  p  =  s o u rc e .g e tF ir s tP ro p e r ty ( )  
while(p !=  n u ll)  begin

t a rg e t .a d d P ro p e r ty (p )  
p .m a rk V is i te d ( )  
p  =  s o u rc e .g e tN e x tP ro p e r ty ( )  

endW hile 
return ta rg e t  

endMethod

Figure 4.26: Transformation Algorithm for Class Models (part 2).
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public void processAttributeDirectives(Element newElm, A ttribute boundElm, 
TSEIement current) begin

A ttribute newA ttr, boundAttr
D irective parent = current.getFirstN am eCom partm entDireetiveO  
String psig = parent.gctSignaturc()
D irective attrD ir = current.getF irstA ttributeD irective() 
w hile(attrD ir != null)

Integer num = attrD ir.gctType()//SO U RCE, N E W , etc. 
sw itch(num ) 

case SOURCE:
String s 1 = attrD ir.getS ignaturef)
String s2 = boundElm .getN am eQ -j- + attrSig
boundA ttr = gctB oundSubElem cnt(bindings, psig, attrDir) 
if(boundA tlr -  null)

errorL ist.add(“Nonexistent attribute: ’’ +  s2 )
else

new A ttr = processSourceA ttr(boundElem ent, boundAttr, attrDir) 
newElm .addAttributc(ncw Attr) 

endif 
break: 

case REDEFINE:
boundA ttr =  geiTargetB oundSubElem ent(bindings, psig, attrDir, newElm) 
proccssRcdef1ncAttr(boundAttr, attrD ir) 

break; 
case EXCLUDE:

boundAttr = getTargetB oundSubElem ent(bindines. psig, attrDir, newElm) 
Element temp = newElm .deleteA ttribute(boundA ttr) 
if(tem p == null)

Siring s = boundAttr.getN am e()
crrorList.add(“attcm pt to delete nonexistent attribute: ’’ — s ) 

endif 
break; 

case NEW:
newA ttr = createA tlribute(attrD ir) 
new Elm .addAttribute( newAttr) 

default: Sir s2 =attrD ir.getSignaturef) + “ in ” + psig
String si = ‘in v a lid  attribute directive encountered while processing: ’’ 
errorL ist.add(sl s2)

endSw itch
attrD ir = current.gctN extA ttributcD ircetive() 

endW hile 
endM ethod

public A ttribute processSourceAttr(Elem ent boundElm , A ttribute boundA ttr, 
AttributeDirective opDir) begin

Attribute newA ttr = copyElcm cnt(boundAttr)
String attrSig = attrD ir.getSignature() 
if(new 'AttributeNam e(attrSig)==true)

String attrNam c = gctTargetN am c(attrSig) 
newA ltr.setN am e(attrNam e)

en d if
if(new A ttributeType(attrSig)==true)

String attrType = getTargetType(atlrSig) 
newA ttr.setType(attrType)

endif
String attrV alue = getD efaultV alue(attrSig) 
if(attrV alue != null)

newA ttr.sctD cfaultV aluc(attrV aluc)
endif

return  newA ttr 
endM ethod

Figure 4.27: Transformation Algorithm for Class Models (part 3).
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p u b lic  v o id  p ro e e s s R e d e f in e .A ttr (A ttr ib u te  b o u n d A tt r ,  A ttr ib u te D ire c tiv e  a t t rD ir )  
beg in

B o o le a n  s o m e C h a n g e  =  fa lse
S tr in g  a t t rS ig  =  a t t r D ir .g e tS ig n a tu r e ( )
i f ( n e w A ttr ib u te N a m e ( a t tr S ig )= = tr u e )

S tr in g  a tt rN a m e  =  g e tT a r g e tN a m e ( a tt rS ig )  
b o u n d A ttr .s e tN a m e (a t tr N a m e )  
s o m e C h a n g e  =  tru e

e n d if
i f ( n e w A tt r ib u tc T y p e ( a t t rS ig ) “ tru e )

S tr in g  a t t rT y p e  =  g e tT a r g e tT y p e ( a t t r S ig )  
b o u n d A ttr .s c tT y p c ( a t tr T y p e )  
s o m e C h a n g e  =  tru e

e n d if
S tr in g  a tt rV a lu e  =  g e tD e fa u i tV a lu e ( a t tr S ig )  
i f ( a t t rV a lu e  != n u ll)

b o u n d  A t t r .s e tD e f a u ltV a lu e ( a t t r V a lu e )  
s o m e C h a n g e  =  tru e

endif
i f f s o m e C h a n g e  =  f a ls e )

e r r o r L is t .a d d f 'U s e le s s  re d e f in e  d i re c tiv e :  ”  +  a ttrS ig )  
e n d if  

e n d M e th o d

// returns the m iddlew are-specific name o f  “name”. For exam ple for the 
// directive source.\TransMcmager{name=Current}. this operation returns Current. 

p u b lic  S tr in g  g e tT a rg e tN a m e (S tr in g  sig ) beg in
i f{ d ire c tiv e T y p e (s ig )= S O U R C E )

r e tu r n  g e tD ire c tiv e N a m e (s ig ,  “ s o u rc e ." )
else

i f ( d ir e c t iv e T y p e (s ig )= R E D E F IN E )
r e tu r n  g e tD ir e c t iv e N a m e ( s ig ,  “ r e d e f in e ” )

else
r e tu r n  g e tD ire c t iv e N a m e (s ig ,  ‘ " )

e n d M e th o d

p u b lic  S tr in g  g e tD ire c tiv e N a m e (S tr in g  s ig , S tr in g  s e p a ta to r )  beg in
S trin g [ ]  s t r l  =  s ig .s p l i t ( s e p a r a to r ,  2 ) //e .g .  s o u rc e .T x M g r{ n a m e = C u rre n t}
S trin g [ ]  s tr2  =  s t r l  [ l ] . s p l i t ( " : ’\  2 ) //e .g . s o u rc e .v a h ln te g e r  
S tr in g [ ]  s tr3  =  s t r l [ l ] . s p l i t ( “ )” , 2 ) //e .g .  s o u rc e .o p ( . , . )  
if ( s tr2 .le n g th  = =  I A N D  s tr3 . le n g th  = =  1)

S tr in g  r e s u l t  =  s t r l [ 1 ]

else
i f ( s tr3 .le n g th  = =  l ) / /a t t r ib u t e  s o u rc e  d i re c tiv e  

S tr in g  r e s u l t  =  s tr2 [0 ]
else

i f ( s tr2 .le n g th  = =  1 ) / /o p e ra t io n  s o u rc e  d i re c tiv e  
S tr in g  r e s u l t  =  s tr3 [0 ]

e n d if
S trin g [ ]  s tr4  =  r e s u l t . s p l i t ( “ n a m e = " .  2 ) //e .g .  s o u rc e .o p ( . .. )  
i f ( s tr4 .le n g th  = =  1) 

r e tu r n  r e s u lt
else

r e s u l t  =  s t r 4 [ l ] . t r im ( ) / / e .g .  C u rre n t}
r e tu r n  r e s u lt .s u b s tr in g { 0 , r e s u l t . le n g th ( ) - l  ) //e .g . C u r re n t  

e n d if  
en d M e th o d

Figure 4.28: Transformation Algorithm for Class Models (part 4).
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pub lic  S trin g  getA ttrib u teT y p e(S trin g  sig. S trin g  sep a ta to r)  begin
S tring[] s tr l  = s ig .sp lit(se p ara to r, 2 )//e .g . so u rce .v al:O b jec t{ n am e= X }
S tring[] str2  = s tr l  [ l ] .s p l i t ( “ :’\  2)//'e.g. “v a l” , “ O b jec t |n a m e = X } ”
S tringf] str3  = str2 [ 1 ] .sp lit(“ (“ n a m e = ” , 2 )//e .g . “O b je c t j n a m e -X ) ” 
i f(s tr2 .le n g th  = =  l) / /e r ro r  

re tu rn  null
else

i f(s tr3 .le n g th  = =  1 ) //a ttrib u te  so u rce  d irec tiv e  
re tu rn  s tr2 [ l]

else
re tu rn  s tr3 [ l] .su b s tr in g (0 , s t i3 [ l] . le n g th () - l) //e .g . “X ” 

end if 
endM ethod

pub lic  void p ro cessO pera tionD irectives(E lem en t new E lm , E lem ent boundE lm , 
T S E lem en t c u rre n t)  begin

O p era tio n  new O p , b o undO p 
S trin g  p sig  =  cu rren t.g e tS ig n a lu re ()
D irec tiv e  o p D ir =  c u rren t.g e tF irs tO p era tio n D irec tiv eO
S tr in g s !  =  o p D ir.g e tS ig n a tu reO
S trin g  s2 =  b o u n d E lm .g c tN am c() + op S ig
S trin g  s3 =  s i +  “  o f ” +  s2
w h ile (o p D ir  != null)

In teg e r num  =  o p D ir.g e tT y p e()//S O U R C E , N E W , etc. 
sw itch (n u m ){  

case  SO U R C E :
so u rceO p  =  g e tB o u n d S u b E lem en t(b in d in g s , bo u n d E lm , opD ir) 
if(so u rc c O p  = =  null)

e rro rL is t.a d d (“N o n e x is te n t o p e ra tio n  in so u rce  m odel: ” +  s3 ) 
else

new O p =  p ro cessS o u rceO p ( b o u n d E lem en t, so u rceO p , o pD ir) 
new E lm . ad d O p era tio n (n ew O p ) 

endif 
break: 

case  R E D E F IN E :
so u rceO p  ~  g e tB o u n d S u b E lcm en t(b in d in g s , b o u n d E lm , opD ir) 
if(so u rceO p  = =  null)

errorL i.st.add(“N o n c x is te n t o p e ra tio n  in so u rce  m odel: ” +  s3 ) 
else

b o u n d O p  =  g e tT arg e tB o u n d S u b E le m e n t(b in d in g s , psig, O pD ir. new E lm ) 
p ro cessR ed efin eO p (b o u n d E lem en t, b o u n d O p , sourceO p, opD ir) 

end if
break; 

c ase  E X C L U D E :
b o u n d O p  =  g e tT arg e tB o u n d S u b E lem en t(b in d in g s , psig , O pD ir, new E lm ) 
E lem en t tem p =  n e w E lm .d e le teO p era tio n (b o u n d O p ) 
if(tem p  = =  null)

S trin g  s = b o u n d O p .g e tN am e()
c rro rL is t.a d d (“ a ttem p t to  d e le te  n o n e x is te n t op era tio n : ” +  s ) 

end if 
break; 

c ase  N E W :
n ew O p  = c rea teO p era tio n (o p D ir)  
n ew E lm .ad d O p era tio n (n ew O p ) 

de fau lt: S tr s2 = o p D ir.g e tS ig n a tu re ()  + "  in ”+ cu rrcn t.g e tD irec tiv e .g e tS ig n a tu rc ()  
S trin g  s i  =  “ Invalid  o p e ra tio n  d irec tiv e  en co u n te red  w h ile  p rocessin g : ” 
e rro rL is t.a d d (s l s2)

endSw itch
o p D ir  = c u rren t.g e tN ex tO p era tio n D irec tiv e ()  

endW hile  
endM ethod

Figure 4.29: Transformation Algorithm for Class Models (part 5).
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pub lic  O p e ra tio n  p rocessS ou rceO p(E lem en t bou n d E lm , O p e ra tio n  sourceO p, 
O pera tio n D irec tiv e  opD ir) begin

O p e ra tio n  n ew O p  = co p y E lem en t(so u rceO p ) 
p ro cessO p R en am eD ir(n ew O p , opD ir) 
p ro cc ssP a ram e te rs (so u rcc E lm , new O p , so u rceO p , o p D ir)

re tu rn  n ew O p  
endM ethod

p ub lic  void p ro cessP aram e te rs (E lem en t sou rceE lm , O p e ra tio n  new O p, O pera tion  
sou rceO p , O p era tionD irective  opD ir) begin

D irec tiv e  p a ram D ir = o p D ir .g e tF irs tP a ram eterD iree tiv e()  
w h ile fp a ra m D ir  != null)

In te g e r nu m  -  p a ram D ir.g e tT y p ei ) //R E D E F rN E , N E W , etc. 
s w itc h (n u n i)

case  R E N A M E :
b o u n d P aram  = g c tT arg e lB o u n d P aram ete r(n ew O p , bo u n d O p , p aram D ir) 
i f(b o u n d P aram  = =  null)

S trin g  s i  =  pa ram D ir.g c tS ig n a tu reQ
S trin g  s2 ^  sou rceE lm .g e tN am eQ  -  -  op S ig
S trin g  s3 = s i + " o f ” + s2
e rro rL is t.a d d ( '‘N o n ex is ten t p a ra m e te r  in so u rce  m odel: ” + s3 ) 

else
S trin g  p aram S ig  =  p a ram D ir.g e tS ig n a tu re f)
S trin g  pa ram N am c = g e tT arg e tN am e(p a ram S ig ) 
b o u n d P aram .se fN am e(p a ram N am e)
S trin g  p aram T y p e = g e tT arg e tT y p e(p a ram S ig ) 
bo u n d P aram . se tT y p e(p a ram T y p e) 

en d if  
b reak : 

ease  E X C L U D E :
S trin g  s i — p a ram D ir.g e tS ig n a tu re ()
S trin g  s2 =  so u rceE lm .g e tN am e() + op S ig  
S trin g  s3 = s i  + “ o f ” + s2
b o u n d P aram  =  g e tT arg e tB o u n d P aram ete r{n ew O p , b oundO p, p a ram D irr)  
it‘(b o u n d P aram  =  null)

e rro rL is t.a d d (”aU em pl to  de le te  n o n e x is te n t param eter: ” +  s3 ) 
co n tin u e  

en d if
E lem en t tem p  -  b o u n d O p .d e le teP a ram ete r(b o u n d P aram ) 
if( tem p  = =  n u ll)

e rro rL is t.a d d (“a ttem p t to  d e le te  n o n e x is te n t p aram eter: ” +  s3 ) 
en d if  

break; 
case  N E W :

n ew P aram  =  c rea teP aram ete r(p a ram D ir)  
p o s itio n  =  p a ram D ir.g e tP aram ctc rP o s itio n ()  
n ew O p .ad d P aram ete r(n ew P aram , p o sitio n )

defau lt:
S tr s2 = p aram D ir.g e tS ig n a tu re ()  +  ” o f  ” + op S ig  
S trin g  str3  =  s tr2  + “ in ” +  b o u n d E lem en t.g e tN am c()
S trin g  s i  =  ‘in v a l id  p a ram e te r d irec tiv e  e n c o u n te red  w h ile  p ro cessin g : ” 
e rro rL is t. a d d (s l + s3) 

endSw itch
p aram D ir = o p D ir.g e tN ex tP aram e te rD irec tiv e()  

endW hile  
endM ethod

public  void p rocessR edefineO p(E lem ent sourceE lm , O p era tio n  new O p, O pera tion  
sou rceO p , O p era tionD irective  opD ir) begin

p ro cessO p R en am eD ir(n ew O p , o pD ir) 
p ro cessP a ram e te rs (so u rceE ln i, new O p , so u rceO p , o pD ir) 

endM ethod

Figure 4.30: Transformation Algorithm for Class Models (part 6).
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public void processOpRenam eDir(Operation boundOp, OperationDirective 
opDir) begin

B o o le a n  s o m e C h a n g e  =  fa ls e  
S tr in g  o p S ig  =  o p D ir .g e tS ig n a tu re Q  
i f ( n e w O p e r a t io n N a m e (o p S ig ) = = tr u e )

S tr in g  o p N a m e  =  g e tT a rg e tN a m e (o p S ig )  
b o u n d O p .s e tN a m e (o p N a m e )  
s o m e C h a n g e  =  tru e

e n d if
i f ( n e w O p e r a t io n T y p e ( o p S ig ) ~ t r u e )

S tr in g  o p T y p e  =  g e tT a rg e tT y p e (o p S ig )  
b o u n d O p .s e tT y p e (o p T y p e )  
s o m e C h a n g e  =  tru e

e n d if
i f ( s o m e C h a n g e  =  f a ls e )

e r r o r L is t .a d d ( ‘‘U s e !e s s  r e d e f in e  d ire c tiv e :  ”  +  o p S ig )  
e n d if  

end iM ethod

p u b lic  A t t r ib u te  c re a te A tt r ib u te (D ire c t iv e  d )  beg in
i f (d  !=  n u l l)

i f (d .g e tT y p e ( )  = =  N E W )
S tr in g  s ig  =  d .g e tS ig n a tu re ( )
S tr in g  e lm N a m e  =  g e tT a rg e tN a m e (s ig )
S tr in g  e lm T y p e  =  g e tT a rg e tT y p e ( s ig )
S tr in g  d e fa u l tV a lu e  =  g e tD e fa u l tV a lu e ( s ig )
V e c to r  lis t  =  d .g e tM e ta A ttr ib u te s ( )
A tt r ib u te  n e w A tt r ib u te  =  n e w  A tt r ib u te ( e lm N a m e , e lm T y p e , d e fa u l tV a lu e .

lis t)
c o p y C o n s tra in ts ( n e w A ttr ib u te ,  d) 
r e tu r n  n e w A ttr ib u te  

e n d if
e n d if  
r e tu r n  n u ll 

e n d M e th o d

p u b lic  v o id  c re a te A tt r ib u te s F ro m N e w D ire c t iv e s (E le m e n t n e w E le m e n t , T S E le m e n t 
c u r r e n t )  beg in

D ire c t iv e  d  =  c u r r e n t .g e tF ir s tA tt r ib u te D ire c t iv e ( )  
w h i le ( d  != n u ll)

if (d .g e tT y p e { )  = =  N E W )
A ttr ib u te  n e w A tt r  =  c re a te A tt r ib u te (d )  
n e w E le m e n t .a d d A tt r ib u te (  n e w A ttr )  

e n d if
d  =  c u r r e n t .g e tN e x tO p e r a t io n D ir e c t iv e ( )  

e n d w h ile  
e n d M e th o d

p u b lic  v o id  c o p y C o n s tra in ts (E le m e n t ta rg e t ,  E le m e n t s o u rc e )  beg in
p ro p e r ty  p  =  s o u rc e . g e tF ir s tC o n s tra in tQ  
w h ile (p  !=  n u ll)

t a rg e t .a d d C o n s tr a in t (p )  
p .m a rk V is i te d ( )  
p  =  s o u rc e .g e tN e x tC o n s tra in t( )  

e n d W h ile  
e n d M e th o d

Figure 4.31: Transformation Algorithm for Class Models (part 7).
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public Element getBoundElement(Table bindings, Directive directive) begin
String sig = directive.getSignatureQ  
String str = getTargetName(sig)
Element ref = bindings.getElementBoundToName(str)

return ref 
endMethod

public Element getBoundSubElement(Table bindings, String parentSig, Directive 
directive) begin

String sig = directive.getSignatureQ  
String str = getTargetName(sig)
String parent = getTargetName(parentSig)
Element ref = bindings.getElementBoundToName(str, parent)

return ref 
endMethod

public Element getTargetBoundSubElement(Table bindings, String parentSig, 
Directive directive, Element target) begin

String sig = directive.getSignatureQ  
String str = getTargetName(sig)
String parent = getTargetName(parentSig)
Element temp = bindings.getElementBoundToName(str, parent)
Element ref = target.findElementftemp)

return ref 
endMethod

public Element getTargetBoundParameter(Operation newOp, Operation 
boundOp, Directive paramDir) begin

String sig = paramDir.getSignature()
String paramName = getTargetName(sig)
Parameter p = boundOp.getParameter(paramName)
Element ref =  newOp.getParameter(p)

return ref 
endMethod

public String getTargefTvpetString sig) begin
if(directiveType(sig)=SOURCE)

return getAttributeType(sig, “source.”)
else

if(directiveType(sig)=REDEFINE)
return getAttributeType(sig, “redefine”)

else
return getDirectiveNam e(sig, “”)

endMethod

Figure 4.32: Transformation Algorithm for Class Models (part 8).
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public Element creatcElcm cnt(TSEIcmcnt current) begin
D irective d = current.getD irective()
String sig  = d .gctSignaturc()
String elm Nam e = getTargetN am e(sig)
Vector list = current.getM etaA ttributes()
Elem ent newElem ent = new' Elem ent(elm N am e, list) 
copyConstraints(new Elem ent, current) 
il‘(eurrent.getElcm cntType() == OPERA TIO N)

createA ltributesFrom N ew D ireclives(new Elem ent, current)
endif
il'(eurrent.getElem entType() =~ OPERATION ||

current.getE lem entType() == INTERFACE) 
createOperationsFrom New:Directives(new Elem ent, current)

re tu rn  newElement 
endM ethod

public O peration createO peration(D irective d) begin
if(d != null)

if(d.getType() == NEW )
String sig = d.gctSignaturc()
String elmName -  getTargelN am e(sig)
String retum Type = gctTargctTypc(sig)
V ector exceptions = getExceptions(sig)
V ector list = d.getM ctaAttributes()
Operation newOp = new Operaiion(elm N am e, retum Type, exceptions, list) 
copyConstraints(new Op, d) 
r e t u r n  newOp 

e n d i f

endif 
return  null 

endM ethod

public void createOperationsFromNewDirectives{Element newElement, TSEIement 
current) begin

Directive d = current.getFirsiO perationDirectiveO 
w hile(d  != null)

if(d.getType() == NEW )
O peration newO p = createO peration(d) 
newElem ent.addO peration(new Op) 

en d if
d = current.gctN cxtO pcrationD ircctivc() 

endW hile 
endM ethod

public P aram eter createParam eter(D irective d) begin
if(d != null)

if(d.getType() == NEW )
String sig = d.getSignature()
String elmName = getT argetN ame(sig)
String elmType = getTargetType(sig)
V e c to r  l i s t  =  d .g e lM e ta A t t r i b u t e s ( )
Param eter newParam  = new' Param ctcr(clm N am e, elm Type, list) 
copyConstraints(new 'Param, d) 
return  new'Param 

endif
endif
re tu rn  null 

endM ethod

Figure 4.33: Transformation Algorithm for Class Models (part 9).
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p u b lic  E le m e n t p ro c e s s R e la tio n s h ip (T S E le m e n t c u r r e n t )  beg in
R e la t io n s h ip  s o u rc e R e !  =  g e tB o u n d E le m e n t( b in d in g s ,  d i re c tiv e )
D ire c t iv e  d ire c t iv e  =  c u r r e n t .g e tD ir e c tiv e ( )
S tr in g  s ig  =  d i r e c t iv e .g e tS ig n a tu re ( )
In te g e r  n u m  =  d i re c tiv e .g e tT y p e ( )  
sw itch (n u m ) 

c a se  E X C L U D E :
if ( s o u rc e R e l  = =  n u l l)

e r r o r L is t .a d d ( ‘'a t t e m p t  to  d e le te  n o n e x is te n t  r e la tio n s h ip :  ”  +  s ig  )
else

d e le te d L is t .a d d ( s o u rc e R e l)
e n d if
r e tu r n  n u ll

b re a k
c a se  N E W :

E le m e n t  n e w E le m e n t  =  c re a le E le m e n t{ s o u rc e R e l)  
r e tu r n  n e w E le m e n t

b re a k
c a s e  S O U R C E :

R e la t io n s h ip  s o u rc e R e l  =  g e tB o u n d E le m e n t( b in d in g s ,  d i re c tiv e )  
i f ( s o u rc c R c l  = =  n u ll)

e r r o r L is t .a d d ( “ a ttc m p t  to  d e le te  n o n e x is te n t  re la tio n s h ip :  ”  -f s ig  ) 
return nu ll

else
E le m e n t n e w E le m e n t  =  c o p y E le m e n t( s o u rc e R e l)  
i f (n e w E le m e n t .g e tN a m e ( )  != g e tT a rg e tN a m e (s ig ) )  

n e w E le m e n t .s e tN a m e (g e tT a rg e tN a m e (s ig ) )  
e n d if
r e tu r n  n e w E le m e n t  

e n d if
b re a k
d e fa u lt:

e r r o r L is t .a d d ( “ In v a lid  r e la t io n s h ip  d i re c tiv e :  ”  +  s ig  ) 
r e tu r n  n u ll 

en d S w itc h  
e n d M e th o d

p u b lic  m a in (S tr in g []  a rg s )  beg in
S tr in g  p a tte rn  =  a rg s [0 ]
S tr in g  s o u rc c F i lc  =  a r g s [ l ]
S tr in g  t ra n s S c h e m a  =  a rg s [2 ]
S tr in g  b in d in g s  =  a rg s [3 ]
C la s s T ra n s fo rm c r  o b j =

new  C la s s T ra n s fo r m e r ( p a tte m , s o u rc e F i le ,  t ra n s S c h e m a , b in d in g s )  
o b j .p ro c e s s  A llC o n n e c te d C o m p o n e n ts ( )  

e n d M e th o d  
e n d C la ss

Figure 4.34: Transformation Algorithm for Class Models (part. 10).
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class Elem ent begin
public void m erge(Elem ent sourceElm ) begin

if(g e tE lem e n tT y p e() != sou rceE lm .g etE lem en tT y p eQ )  
return null

O peration  op =  sou rceE lm .getF irstO p eration Q  
\v h ile (o p  != nu ll)

if(o p e ra tio n lsN o tP resen t(o p ))
a dd O peration (op )

endif
op =  op .n ex t()  

endwhile
if(g e tE lem en tT y p e() = =  C L A S S )

if(so u rceE lm .g e tE lem en tT y p e() = =  C L A S S )
A ttribute a t tr =  sou rceE lm .getF irstA ttribu te() 
w h ile (a ttr  != n u ll)

if(a ttr ibu teIsN otP resent(attr))
addA ttribute(attr)

endif
attr =  attr.nextQ  

endwhile 
endif 

endif 
endM ethod  

endClass

Figure 4.35: The merge Operation.
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4 .8  H ow  th e  A lg o r ith m  Im p lem en ts  R u les  for 
P ro c ess in g  T ran sform ation  D irec tiv es

A class model is defined as a collection of connected graph components, where 

each component is a set of classes and interfaces connected by relationships. The 

transform ation algorithm processes one component on each iteration of the while- 

loop of the processAIIConnectedComponents operation. On each iteration of 

the loop, the processConnectedComponent operation is called to effect the trans­

formation of a component.

The processConnectedComponent operation processes a transform ation 

schema class, a transform ation schema interface or a transform ation schema 

relationship during each iteration of its while-loop. The algorithm deter­

mines the order in which transform ation schema classes, transform ation schema 

interfaces and transform ation schema relationships are processed using the 

getFirstElement and next operations. The first transform ation schema model 

element to  be processed is identified by the operation call: TSElement current 

= comp.getFirstElement(). Thereafter, model elements are selected to be 

processed by the call: current = current. next (). If the selected model element 

is a transform ation schema class or interface, the model element is processed by the 

operation call: Element temp = processCompositeElement (comp). Otherwise 

the selected model element is a transform ation schema relationship. Transforma­

tion schema relationships are processed by the operation call: Element temp = 

processRelationship(current).

Transformation schema model elements (classes, interfaces, etc) consist of one 

or more transform ation directives. Directives are processed according to the trans­

formation rule defined for each directive. The subsections that follow describe 

general rules for transforming class models and rules specific to each directive.
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For each set of rules, (e.g., general rules), a list of rules is presented in one subsec­

tion (e.g. section 4.8.1.1) followed in the next subsection (section 4.8.1.2) by an 

explanation of how the algorithm implements each rule. Explanations are ordered 

based on the list of rules in the previous subsection. The first explanation is for 

the first rule, the second explanation is for the second rule, and so on.

4.8 .1  T ransform ation R u les

Transformation rules are classified into general rules and specific rules.

4.8 .1 .1  G eneral R u les

1. Directives in the name-directive compartm ent are processed before directives 

in the attribute-directive and operation-directive compartments.

2. For each name-directive, attribute-directive and operation-directive com­

partm ent, directives are processed in the order specified from top to bottom.

3. A rename directive is always associated with either a source or a redefine 

directive.

4. A name-directive compartment may contain a new directive, an exclude 

directive or source directives.

5. An attribute-directive compartm ent may contain a new directive, an exclude 

directive, a redefine directive or a source directive.

6. An operation-directive compartment may contain a new directive, an ex­

clude directive, a redefine directive or a source directive.

7. Transformation schema relationships may have new, exclude and source di­

rectives only.

85

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



4.8 .1 .2  H ow  th e  A lgorith m  Im p lem en ts th e  G eneral R u les

The algorithm implements the general transform ation rules as follows:

1. Transformation schema classes or interfaces are being processed by the 

processCompositeElement operation (see Figure 4.26). W ithin the opera­

tion, directives in the name-directive compartm ent are processed as follows:

• W hen the directive in the name-clirective compart­

ment is a source directive, the Element newElement = 

processNameDirectives(boundElement, current) operation 

call first processes liame-eompartment directives, before di­

rectives in the attribute-directive compartment (for transfor­

mation schema classes) and operation-directive compartment 

are processed by the processAttributeDirectives( . . )  and 

processOperationDirectives( . . ) operation calls respectively (see 

Figure 4.26).

• W hen the directive in the name-directive compartment is an exclude 

directive, the exclude directive is processed, but a ttribu te  direc­

tives and operation directives are ignored. Exclude directives 

are processed by the EXCLUDE case of the switch statem ent in 

processCompositeElement.

• W hen the directive in the name-directive compartment is a new 

directive, the createElement operation is called in the NEW case 

of the switch statem ent to process the transform ation schema 

class or interfaces (see Figure 4.26). The createElement op­

eration processes the new directive in the name-clirective com­

partm ent before calling createAttributesFromNewDirectives and
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createOperationsFromNewDirectives to process a ttribu te  directives 

and operation directives respectively (see Figure 4.33).

2. The algorithm enforces processing order of directives in compartm ents as 

follows. For the name-directive compartments, the first directive is ob­

tained using the getFirstNameDirective operation call. This opera­

tion returns the directive at the top of the name-directive compartment. 

Other directives in the name-directive compartm ent are obtained by calls 

to the getNextNameDirective operation (see Figure 4.26). This opera­

tion returns directives in the order specified from top to bottom . Di­

rectives are processed in attribute-directive compartments and operation- 

directive compartments similarly. The getFirstAttributeDirective op­

eration returns the first a ttribu te  directive and other a ttribu te  direc­

tives are obtained by calls to getNextAttributeDirective (see Figure 

4.27). Similarly, getFirstOperationDirective returns the first oper­

ation directive and other operation directives are obtained by calls to 

getNextOperationDirective (see Figure 4.29).

3. A rename directive is only processed if it appears as part of a source 

or a redefine directive. Rename directives are processed by four oper­

ations: processSourceAttr, processRedefineAttr, processSourceOp, 

processRedefineOp. These operations are only called during the 

processing of a source directive or a redefine directive. The op­

erations are called by the processAttributeDirectives (. .)  and 

processOperationDirectives( . .)  operations (see Figure 4.27 - Figure 

4.30).

4. Directives in name-directive compartments are identified by the switch
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statem ent in the processCompositeElement operation, and by the if sta te­

ment in the processNameDirectives operation. Any directive other than 

source, new and exclude are trapped as errors in this code (see Figure 4.26 

and Figure 4.27). The processNameDirectives operation identifies situa­

tions where the first directive in name-compartments is a source directive 

but a subsequent directive is not.

5. Directives in attribute-directive compartm ents are identified by the switch 

statem ent in the processAttributeDirectives operation. Any directive 

other than  new, exclude, source or redefine are trapped as an error by the 

default case of the switch statem ent (see Figure 4.27).

6. Directives in operation-directive compartm ents are identified by the switch 

statem ents in the processOperationDirectives, processSourceOp and 

processRedef ineOp operations (see Figure 4.29 and Figure 4.30). When 

processing operation-directives, any directive other than new', exclude, 

source or redefine arc trapped as an error by the default case of the switch 

statem ent in processOperationDirectives. When processing parameters, 

any directive other than new, exclude, source or rename are trapped as an 

error by the default case of the switch statem ents in processSourceOp 

and processRedefineOp.

7. Directives associated with transform ation schema relationships are identified 

by the default case of the switch statem ent in the processRelationship 

operation. Any directive other than  a new', exclude or source directive is 

trapped as an error by the default case of the switch statem ent (see Figure 

4.34).
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4 .8 .1 .3  Specific source D irective  R u les

1. Source directives effect a deep copy of model elements so th a t when a model 

element is copied, associations and constraints are also copied.

2. W hen a name-directive compartm ent has multiple source directives, the 

name of the transformed model element is the name associated with the first 

source directive. A ttributes and operations of model elements referenced 

by source directives other than the first, are merged with attribu tes and 

operations of the model element referenced by the first directive.

4.8 .1 .4  H ow  th e  A lgorithm  Im p lem en ts source D irective  R u les

The algorithm implements the transform ation rules for source directives as follows:

1. W hen a source directive is being processed, model elements are copied 

using the copyElement operation (see Figure 4.26). The operation 

copies all properties associated with a model element. This operation is 

called by: (1) p rocessN am eD irectives to copy a class or interface, (2) 

p ro ce ssS o u rce A ttr  to copy a class attribute, (3) processSourceO p to copy 

an operation, and (4) p ro c e ssR e la io n sh ip  to copy a relationship (see Fig­

ure 4.26, Figure 4.27, Figure 4.30 and Figure 4.34 respectively).

2. The processN am eD irectives operation processes the source directives in 

a name-directive compartment (see Figure 4.26). The source model ele­

ment referenced by the first source directive is copied using the statement: 

Element newElement = copyElem ent(bound), where bound is a reference 

to the source model element and newElement is a reference to the new model 

element created. The source model element referenced by other source di­

rectives are merged into the copied model element by the operation call:
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newElement. merge (bound), where bound is a reference to the source model 

element th a t is being added. The merge operation merges a ttribu tes and 

operations tha t are not already present in the newElement namespace (see 

Figure 4.35).

4.8 .1 .5  Specific red efin e  D irective  R u les

1. A redefine directive associated with a transform ation schema attribu te  is 

executed by: (a) processing a rename directive associated with the name of 

the a ttribu te, and /or (b) processing a rename directive associated with the 

type of the attribute, and /or (c) changing the default value of the referenced 

attribute.

2. A redefine directive associated with a transformation schema operation is 

executed by: (a) processing a rename directive associated with the name 

of the operation, and/or (b) processing a rename directive associated with 

the return type of the operation, and/or (c) processing rename directives 

associated with parameters, and /o r (d) processing new directives associated 

with param eters and/or (e) processing exclude directives associated with 

the parameters.

3. W hen used with transform ation schema attributes and operations, a rede­

fine directive must appear in a transform ation schema class defined using a 

source directive in the name-directive compartment.

4.8 .1 .6  H ow  th e  A lgorithm  Im p lem en ts red efin e  D irective  R u les

The algorithm implements the transform ation rules for redefine directives as fol­

lows:

1. Transformation schema attribu te  redefine directives are processed
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in the REDEFINE case of the switch statem ent in the

processAttributeDirectives operation (See Figure 4.27). Process­

ing is done in two steps:

• A reference to  the a ttribu te  to be transformed is obtained by a call to 

the getTargetBoundSubElement operation.

• The processRedefineAttr operation (see Figure 4.28) is called to 

transform the a ttribu te  as follows: (a) The name of the a ttribu te  is 

changed in the first if statem ent. The newAttributeName operation 

returns true when the a ttribu te  directive has a rename directive 

attached to the name of the attribute. The statem ent, String 

attrName = getTargetName (attrSig) returns the name specified 

in the rename directive. For example, for the directive: redefine 

counter{name=index }: Integer , the operation returns index. The 

name of the a ttribu te  being redefined is changed using the statement: 

boundAttr.setName(attrName).

(b) The type of the a ttribu te  is changed in the second if statement. 

The newAttributeType operation returns true when the a ttribu te  

directive has a rename directive attached to the type of the attribute. 

The statem ent, String attrType = getTargetType(attrSig) re­

turns the name specified in the rename directive. For example, for the 

directive: redefine counter: Integer{name=Long }, the operation 

returns Long. The type of the a ttribu te  being redefined is changed 

using the statement: boundAttr.setType(attrType).

(c) The default value of the a ttribu te  is changed in the third i f  state-
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ment in the operation. The last i f  statem ent identifies redefine a t­

tribute directives th a t do not effect any change to the target attribute.

2. Transformation schema operation redefine directives are processed in the 

SOURCE case of the switch statem ent in the processOperationDirectives 

operation (See Figure 4.29). Processing is done in three steps:

• A reference to the source model operation that is being transformed is 

obtained by a call to the getBoundSubElement operation.

• A reference to the copy made of the source model operation is obtained 

by a call to the getTargetBoundSubElement operation.

• The operation is transformed by calling the processRedef ineOp op­

eration (See Figure 4.30). The operation: (a) processes rename direc­

tives associated with the name and the return type of the operation 

using the operation call: processOpRenameDirfnewOp, opDir), (b) 

processes all directives associated with parameters of the operation 

using the operation call: processParameters (sourceElm, newOp, 

sourceOP, opDir).

3. The algorithm ensures tha t redefine directives for transform ation schema 

attributes and operations always appear in a transform ation schema class 

or interface th a t is defined using a source directive.

Directives in the name-directive compartment are processed by the 

processCompositeElement (. .) operation. Redefine directives in the 

attribute-directive compartment and operation-directive compartm ent are 

processed by the processRedef ineAttr ( . .)  and processRedef ineOp ( . .) 

operations respectively. The processRedef ineAttrf . .)  operation is called
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by p r o c e s s A t tr ib u te D ire c t iv e s ( . . )  and p rocessR edefineO p(. . )  is 

called by p ro c e s sO p e ra tio n D ire c tiv e s  (. .) .

The p r o c e s s A t tr ib u te D ire c t iv e s (. .)  and

p ro c e ssO p e ra tio n D ire c tiv e s  ( . . )  operations are only called in the 

SOURCE case of the switch statem ent in processC om positeE lem ent . 

These operation calls are made after directives in the name-directive com­

partm ent have been processed by the operation call Element newElement 

= processN am eD irectives(boundE lem ent, c u rre n t)  (see Figure 4.26).

4.8.1.7 Specific exclude D irective  R ules

1. A source model element th a t is referenced by an exclude directive must be 

eliminated from the target model.

2. When used with transform ation schema attributes and operations, an ex­

clude directive must appear in a transform ation schema class defined using 

a source directive in the name compartment.

4.8.1.8 H ow  th e  A lgorithm  Im p lem en ts exclude D irective  R u les

1. The exclude directive may be used with (1) transform ation schema classes, 

interfaces and relationships, (2) transform ation schema class attributes, (3) 

transform ation schema operations, and (4) transform ation schema parame­

ters.

• Exclude directives in name-directive compartments of transform ation 

schema classes and interfaces, and exclude directives associated 

with transform ation schema relationships do not result in any 

immediate change to the target model. Instead, references to
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these model elements are stored to be processed after the trans­

formation is complete. When the transform ation is complete, the 

rem oveD eletedElem ents operation is called to determine if the 

target model has any excluded class, interface or relationship. This 

operation call, (rem oveDeletedElements(newM odel)) is made in the 

processConnectedCom ponent operation (See Figure 4.25).

References to excluded classes and interfaces are stored using the 

statem ent: d e le te d L is t . add(boundELement), in the EXCLUDE case of 

the sw itch  statem ent in the processC om positeE lem ents operation 

(See Figure 4.26). In the statem ent, d e le te d L is t  is a vector and 

boundElement is a reference to the element to be excluded.

References to relationships are stored using the statement: 

d e le t e d L is t . add (sou rceR el), in the EXCLUDE case of the sw itch  

statem ent in the p ro c e s sR e la tio n sh ip  operation (see Figure 4.34). 

In this statem ent, d e le te d L is t  is a vector and sourceR el is a refer­

ence to the relationship to be excluded.

• Exclude directives associated with transform ation schema a t­

tributes are processed in the EXCLUDE case of the sw itch  sta te­

ment in the p ro c e s s A ttr ib u te D ire c t iv e s  operation (see Fig­

ure 4.27). Processing is done in two steps: (1) A refer­

ence to the a ttribu te  to be removed is obtained by the op­

eration call: boundA ttr = getTargetBoundSubELement (b in d in g s ,

p s ig ,  a t t r D i r ,  newElm), and (2) The attribu te is removed by 

the operation call: n e w E lm .d e le teA ttrib u te (b o u n d A ttr). where
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boundAttr is a reference to the attribute that is being removed.

• Exclude directives associated with transform ation schema opera­

tions are processed in the EXCLUDE case of the switch state­

ment in the processOperationDirectives operation (see Fig­

ure 4.29). Processing is done in two steps: (1) A refer­

ence to the operation to be removed is obtained by the op­

eration call: boundOp = getTargetBoundSubELement (bindings,

psig, opDir, newElm), and (2) The operation is removed by the op­

eration call: newElm.deleteOperation(boundOp) , where boundOp is a 

reference to the operation th a t is being removed.

• Exclude directives associated with transform ation schema parame­

ters are processed in the EXCLUDE case of the switch statem ent in 

the processParameters operation. A reference to the param eter to 

be removed is obtained by a call to the getTargetBoundParameter 

operation. The param eter is then removed by the a call to the 

deleteParameter operation (see Figure 4.30).

2. As was the case for redefine directives, the algorithm ensures th a t exclude di­

rectives for transform ation schema attributes and operations always appear 

in a transform ation schema class or interface th a t is defined using a source 

directive. This is done by processing exclude directives in the attribute- 

directive compartment and operation-directive compartment after a source 

directive is identified in the name-directive compartment (see Figure 4.26).

4.8 .1 .9  Specific new D irective  R u les

1. A new directive results in a new model element being created.

2. When a new directive is used in a name-directive compartment, all directives
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in the attribute-directive compartment and the operation-directive compart­

ment must be new directives.

4 .8 .1 .10  H ow  th e  A lgorith m  Im p lem en ts new D irective  R ules

1. The new directive may be used with (1) transform ation schema classes, in­

terfaces and relationships. (2) transform ation schema class attributes, (3) 

transform ation schema operations, and (4) transform ation schema param e­

ters.

• A new directive in the name-directive compartment is processed in the 

NEW case of the switch statem ent in the processCompositeElement 

operation. A new class or interface is created and all directives in the 

transform ation schema class or interface are executed by a call to the 

createElement operation (see Figure 4.26).

• New directives associated with transform ation schema attributes 

where the name-directive compartment has a source directive, 

are processed in the NEW case of the switch statem ent in the 

processAttributeDirectives operation. A new class a ttribu te  is cre­

ated by a call to the createAttribute operation (see Figure 4.27).

• New directives associated with transform ation schema operations 

where the name- directive compartment has a source directive, 

are processed in the NEW case of the switch statem ent in the 

processOperationDirectives operation. A new operation is created 

by a createOperation operation call (see Figure 4.29).

• New directives associated with transform ation schema parameters 

where the name- directive compartment, has a source directive, and the 

transform ation schema operation has a source directive, are processed
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in the NEW case of the switch statem ent in the processParameters op­

eration. A new param eter is created by a createParameter operation 

call (see Figure 4.30).

• New directives associated with transform ation schema parameters 

where the name-directive compartment has a source directive, and the 

transform ation schema operation has a redefine directive, are processed 

in the NEW case of the switch statem ent in the processParameters op­

eration. A new param eter is created by a createParameter operation 

call (see Figure 4.30).

• New directives associated with transform ation schema relationships are 

processed in the processRelationship operation. A new relationship 

is created by a Element newElement = createElement(sourceRel) 

operation call, where sourceRel is a reference to the source model 

relationship being transformed:

2. The algorithm ensures that, all a ttribu te  directives and operation 

directives tha t appear in a transform ation schema class or in­

terface defined using a new directive are new directives. The

createElement operation is called in the NEW case of the switch 

statem ent in the processCompositeElement operation to process trans­

formation schema classes or interfaces (see Figure 4.26). The

createElement operation processes the new directive in the name-directive 

compartment before calling createAttributesFromNewDirectives and 

createOperationsFromNewDirectives to  process a ttribu te  directives and 

operation directives respectively (see Figure 4.33). An error condi­

tion is recorded when the createAttributesFromNewDirectives and 

createOperationsFromNewDirectives operations detects a directive that
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is not a new directive.

4.8 .2  Sum m ary

In addition to implementing the transform ation rules, the algorithm also traps a 

number of error conditions including the following:

1. A ttem pts to delete a non-existent operation, attribute, param eter or 

relationship. This is done by examining the model element re­

turned by deleteOperation.deleteAttribute, deleteParameter and 

deleteRelationship operation calls respectively. For example, in the 

EXCLUDE case of the switch statem ent in the processOperationDirectives 

operation, the statement: if (temp == null){. . .} records an attem pt to 

delete a non-existent operation.

2. The absence of a required model element in the source model. For example, 

the absence of a required class or interface is detected by the following 

statem ents in processCompositeElement (see Figure 4.26):

if(boundElement == null)

String s = directive.getSignature()

errorList.add(‘Non-existent class or interface: ’ + s)

3. Invalid operation, attribute, param eter directives and invalid direcives in 

name-directive compartments. For example, invalid direcives in name- 

directive compartments are identified by the default case of the switch 

statem ent in the processCompositeElement operation, and in the else 

condition of the if statem ent in the processNameDirectives operation 

(see Figure 4.26).
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It is im portant to note that combinations of different parts of the algorithm 

do not violate the transform ation rules. Several parts of the algorithm can only 

affect a rule if a target, model element may be produced by applying the directives 

associated with two or more transform ation schema model element to the same 

source model element. For example, if an operation may be created by applying 

two or more operation directives to the same source model operation. This is not 

possible. Each time a directive is applied to a source model element, a target 

model element results. Target model elements are never modified by any directive 

in the transform ation schema.

4 .9  L esson s L earned

The order of directives in transform ation schema compartments is im portant. 

This is illustrated by the transformations described in Figure 4.36, Figure 4.37 

and Figure 4.38.

Figure 4.36 shows two transform ation schemas, each containing a trans­

formation schema class with an exclude directive and a source directive. 

Transformation Schema A has the exclude directive before the source directive. 

Transformation Schema B has the directives in reverse order: the source direc­

tive followed by the exclude directive.

The source model contains two classes, MoneyTransfer and TransManager. 

MoneyTransfer is bound to |MoneyTransfer in the source pattern  and 

TransManager is bound to |TransManager. The commit (x: int) : boolean opera­

tion in MoneyTransf er is bound to the | commit (|x: type): |commitVal operation 

tem plate in (MoneyTransfer. Similarly, the commit(x: int) :boolean operation 

in TransManager is bound to the j commit (|y:type2): |commitVal2 operation tem­

plate in (TransManager.
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Figure 4.36: Ordering Transformation Directives - Example 1.

Figure 4.36 (a2) and Figure 4.36 (a3) show the effect of executing the directive 

in the order specified in Transformation Schema A and Figure 4.36 (b2) and (b3) 

show the effect of executing the directive in the order specified in Transformation 

Schema B.

For Transformation Schema A, the exclude directive results in the dele-
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co m m it(x :b o o le a n ):b o o le a n  

c o n m tit(x : in l> :b o o ie a n  Q

pre: x >  0  A N D  x < =  7 

post:

y is fa ls e  w h en  x != 0

(a3) T a rge t M odel A
(A fte r  so u rce  d ire c tiv e  is ex e c u te d )

T arg e t M odel B
(A fte r  e x c lu d e  d ire c tiv e  is ex e c u te d )

M oneyT ransfer
co m m it(x :in t ,  a :C lic n tlD ):b o o le a n  

co m m it(x :b o o le a n ):b o o lc a n  
c o m m it ( \ : i n t ) : b o o le a n  Q

m a n a g e T ra n sa c tio n

M onevT ransfer

m a n ag eT ran sac tio n

p re : x >  0  A N D  x 7 
post:

y  is fa lse  w h en  x != 0

T ran sM an ag e r
co m m it(x :in t ,  a :C lie n tlD ):b o o le a n  

co m m it(x :b o o le a n ):b o o le a n  

c o m m it(x : in t) :b o o !e a n  Q

T ran sM an ag e r
co m m it(x :in t,  a :C lie n tlD ):b o o le a n  
co m m it( x b o o le a n ) :  b o o lean  
c o m m i t ( \ : i i i t ) :b o o lc a n  Q

pro: x >  0  A N D  x < -  7 ^  
post:

y  is fa lse  w h e n  x != 0

p re : x >  0  A N D  x < =  7 
p o st:

y is fa lse  w h en  x != 0

Figure 4.37: Ordering Transformation Directives - Example 2.

tion of the commit operation copied from the source model by the 

source .MoneyTransf er directive (see Figure 4.36 (a2)). The source directive 

then results in the commit operation being copied from the TransManager class.
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(c) Source Pattern

|M oneyT ransfer

icom m it(jx :'ty p c ):ico in in itV a l

Im an ag eT ran sac tio n

[T ransM anager

|c o m m it( |y :lty p c 2 ):|c o m m itV a l2

(a l)
Transformation Schema A

source .|M oneyT ransfe r

ex c lu d e  |co m rn it(]x :|ty p c )

so u rce . (T ran sM an ag e r. |c o m m it(< p a ra m s> )

(bl)
Transformation Schema B

source.[M oneyT ransfer

so u rce . |T ra n sM a n a g c r .|c o m m it(< p a ra m s> ) 

e x c lu d e  |co m m it{ jx :|ty p c)

(d) Source M odel B

M onevT ransfer

co m  in t) :  b o o le a n

m a n a g e T ra n sa c tio n

T ran sM an ag e r

co m m it(x :in t.  a :C lic n tlD ):b o o le a n

co m m it(x :b o o le a n ):b o o le a n
c o m n i i t ( \ : in t ) :b o o le a n Q

pro: x  >  0  A N D  x <=  7 
po st:

y  is fa lse  w h en  x != 0

Tv

(a2) T a rg e t M odel A
(A f te r  ex c lu d e  d ire c tiv e  is ex e c u te d )

,b2) T a rg e t M odel B
(A fte r  so u rc e  d ire c tiv e  is ex e c u te d )

M onevT ransfer

m an ag e T ra n sa c tio n

M onevT ransfer

c o m m it(x :in t.  a :C lien tID ):b o o le a n  

co m m it(x :b o o lc a n ):b o o le a n  

corn n iit(x ;in t):b < n > iea»

T ra n sM an ag e r
c o m m it(x :in t.  a :C lie n tlD ):b o o lc a n  
c o m m it(x :b o o le a n ):  boo lean  
c o m n » i t ( \ : in t ) :b o o lc a »  Q

m an ag e T ra n sa c tio n

p re : x >  0  A N D  x < =  7 
post:

y  is fa lse  w h en  x != 0

T V

T ran sM an ag e r
co m m it(x :in t.  a :C lic n tlD ):b o o lc a n  
c o m m it(x :b o o le a n ): boo lean  
c o n in i i t ( x : in t ) :b o o le a n  Q

p re : x >  0  A N D  x <=  7 
post:

y is fa lse  w h e n  x != 0

TV

(a3) T a rge t M odel A
(A fte r  so u rce  d ire c tiv e  is e x ecu ted )

T a rg e t M odel B
(A fte r  ex c lu d e  d ire c tiv e  is ex e c u te d )

M oneyT ransfer
c o m m it(x :in t,  a :C lic n tlD ):b o o le a n  

c o m m it(x :b o o le a n );b o o le a n  
c o m m it ( x : in t ) :b o o le a n  p

m a n a g e T ra n sa c tio n

M oneyT ransfer

c o m m it(x :in t, a :C !icn tlD ):b o o le a n  

c o m in it(x :b o o le a n ):b o o !e a n

P

p re : x >  0  A N D  x  < =  7 

post:
y  is fa lse  w h en  x != 0

m a n ag eT ran sac tio n post:

y  is fa lse  w h e n  x != 0

T ran sM an ag e r T ran sM an ag e r
co m m it(x :in t .  a :C lic n tID ):b o o lc a n  
c o in m it(x :b o o !c a n ):b o o lc a n  

c o m m it ( \ : in t ) :b o o ! e a n  Q

c o m m it(x :in t.  a :C lic n tlD ):b o o le a n  
co m m it(x :b o o lc a n ):b o o le a n  
c o m n i i t (x : in t ) :b o o le a n  Q

pre : x  >  0  A N D  x < =  7 
p o st:

y is fa lse  w h en  x != 0

Tv pre: x >  0  A N D  x < =  7 
post:

y  is fa lse  w h e n  x != 0

Ts,

Figure 4.38: Ordering Transformation Directives - Example 3.

Therefore, after the source directive in Transformation Schema A is executed, 

the MoneyTransfer class has a copy of the commit operation defined in the 

TransManager class.
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For Transformation Schema B. the source directive is first executed. The 

execution of the directive does not result in any change in the state  of the 

MoneyTransfer class in Figure 4.36 (b2) because an operation with the iden­

tical signature to the one being copied from the TransManager class already 

exists in the MoneyTransfer class. W hen the exclude directive is executed, 

the commit operation in the MoneyTransfer class is deleted. Therefore, in 

contrast with the transformed model for Transformation Schema A where the 

MoneyTransfer class has an operation (Figure 4.36 (a3)), the transformed model 

for Transformation Schema B does not have an operation in the MoneyTransfer 

class (Figure 4.36 (b3)).

Figure 4.37 defines the same transform ations specified in Figure 4.36 but 

uses a different source model. In this case the order of directives defined in 

Transformation Schema A result in a transformed model with three new opera­

tions (see Figure 4.37 (a3)). In contrast, the order of directives in Transformation 

Schema B result in a transformed model with no operations in the MoneyTransfer 

class because the exclude directive results in the removal of the three operations 

that were copied from the TransManager class (see Figure 4.37 (b2) and (b3)).

If the goal of the modeler in the two examples above (Figure 4.36 and Figure 

4.37) was to have the MoneyTransfer class in the transformed model having sim­

ilar operations to TransManager, (for example, if MoneyTransfer is to act as a 

proxy for TransManager), then the order of directives specified in Transformation 

Schema A is the correct sequence. In these examples it is fairly easy to detect the 

error resulting from the order of directives shown in Transformation Schema B 

because the transformed MoneyTransfer class has no operations. Figure 4.38 il­

lustrates a scenario where the error resulting from the execution order specified 

in Transformation Schema B is more difficult to detect.

103

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



In Figure 4.38, the commit (x: i n t )  :boo lean  operation in M oneyTransfer 

is bound to the |com m it(|x :type) : [commitVal operation tem plate in 

[MoneyTransfer. In addition, the three commit operations in TransM anager 

are all bound to the | commit ( |y : ty p e 2 ) : |commitVal2 operation tem plate in 

[TransManager. The order of directives specified by T ransfo rm ation  Schema 

A results in the M oneyTransfer class in the transformed model having three 

commit operations (Figure 4.38 (a2) and (a3)). The order of directives speci­

fied by T ransfo rm ation  Schema B results in one operation being deleted from 

M oneyTransfer class in the transformed model (Figure 4.38 (b2) and (b3)). In 

this scenario, it may be difficult for a modeler to identify th a t one commit opera­

tion is missing from the class.
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4 .10  D iscu ssion : U se  o f  T arget P a tte r n s  to  V al­
id a te  T ran sform ation s

« c o n f o r m s _ t o »
« c o n f o r m s  t o » « c o n f o r m s  t o »

« c o n f o r m s  t o » « c o n f o r m s  t o »« i n p u t »

« i n p u t » « o u t p u t »

« c o n f o i m s  t o »

« i n p u t »

Transform ation

A lgorithm
Source M odel Target M od el

B in d in g  Sp ecifica tion

Sou rce Pattern

Sou rce M etam odel T arget M etam od el

Transform ation
Im plem entation

M etam odei

T arget PatternT ran sform ationS ch em a

T ransform ation Schem a  

M etam odel

Figure 4.39: Transformation Conceptual Model W ith Target Pattern.

In declarative approaches to model transform ation such as QVT, a transfor­

mation specification consists of a source model and a target model. The source 

model is a pattern  th a t describes valid input models and the target model is a 

pattern  tha t describes valid output models. In this dissertation, a transform a­

tion specification consists of a source pattern  tha t describes valid input models 

and a transform ation schema that describes how output (i.e., target) models are 

obtained from input models.

In addition to the source pattern, a target pattern  may be used as an oracle 

to help determine the correctness of model transformations. This is illustrated 

in Figure 4.39. In the figure, T arget P a t te rn  is a description of valid T arget
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Models where a target model is a class diagram that describes the transformed 

software feature. Each target pattern  describes the minimum set of properties ex­

pected of valid target models. The Target Pattern describe a subset of instance 

of the Target Metamodel.

A correct transform ation algorithm rejects all invalid source models and so an 

incorrect target model may only result from (1) an incorrect source pattern, (2) an 

incorrect transform ation schema, or (3) a faulty transform ation algorithm. If the 

transform ation algorithm is correct, then an incorrect target model may only result 

from a faulty source pattern  or a faulty transform ation schema. Therefore, a target 

pattern  may be used to validate the correctness of source patterns, transform ation 

schemas and transform ation algorithm. This may be done in several ways:

1. An target model th a t does not conform to a correct target pattern  indicates 

a faulty transform ation schema when the source pattern  and transform ation 

algorithm are correct.

2. An target model th a t does not conform to a correct target pattern  indicates 

a faulty algorithm when the source pattern  and transform ation schema are 

correct.

3. An target model th a t does not conform to a correct target pattern  indicates 

a faulty source pattern  when the transform ation schema and transformation 

algorithm are correct.

This suggests a test case design approach. For example, a transform ation algo­

rithm  should always produce correct output when exercised using source patterns 

and transform ation schemas tha t are known to be correct.

A target pattern  may contain three types of model elements: source pattern  

model elements copied without modification by transform ation directives, source
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pattern  model elements modified by one or more transform ation directives and 

new model elements created by one or more transform ation directives. Therefore, 

all model elements in a target model result from use of transform ation directives 

in the transform ation schema. It is therefore possible to create a target pattern  

from the source pattern  and the transform ation schema. The ease or difficulty of 

this process will depend on the complexity of the transform ation schema.
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C hapter 5 

P ilo t Studies: Transform ing  
D istrib u tion  Class M odels

This chapter presents two pilot studies to illustrate the application of the trans­

formation algorithm to a platform independent distribution class model. The first 

pilot study uses the transform ation language to transform a platform independent 

distribution class model into a CORBA distribution class model. The second pi­

lot study uses the transform ation language to transform  the platform independent 

distribution class model into a Jini distribution class model. The transform ation 

context is illustrated by the activity diagram shown in Figure 4.1.

5.1 P ilo t  S tu d y  1: T ransform ing D is tr ib u tio n  
C lass M od el to  C O R B A  C lass M o d el

This section illustrates the transform ation a platform-independent server distrib­

ution class model into a CORBA class model. CORBA is an OMG standard for 

open distributed object computing.

5.1.1 C O R B A  Support For Server D istr ib u tion

Server distribution is the process of making a server object available to remote 

clients. In CORBA, distribution can be realized by: (1) initializing an object
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request broker (ORB) through which clients communicate with the server, (2) 

initializing a portable object adapter tha t is used to manage object properties 

(e.g, object persistence) and to invoke operations on objects on behalf of the 

ORB and (3) registering the server with the CORBA naming service. CORBA 

provides a number of features to support the distribution of server objects, these 

include:

1. The CORBA object request broker (ORB): a collection of libraries, 

processes, and other infrastructure that connects objects requesting services 

to the objects providing the services and allows the objects to communicate 

by sending and receiving messages. In order for a server object to be dis­

tributed, the ORB must be initialized using its i n i t  operation and made to 

enter an infinite request processing loop by invoking its run  operation.

2. An object adapter: the ORB component responsible for managing object 

references, object activation, and object state. An object adapter maintains 

a mapping of object references to actual objects, and provides support for 

invoking operations on the objects on behalf of the ORB. In CORBA, the 

Portable Object Adapter, or POA, is a CORBA object adapter designed 

to: (1) allow programmers to construct object implementations tha t are 

portable between different ORB products, (2) provide support for objects 

persistence, (3) support the transparent activation of objects and (4) allow 

a single object to support multiple object identities simultaneously. Since 

an application may have multiple POAs, the first POA, called the rootPOA 

is typically obtained from the ORB. CORBA provides a number of classes 

and interfaces to support the POA role, these include: a POA interface, a 

POAHelper class and a POAManager interface.

3. The CORBA interface definition language (IDL) [40b an OMG defined lan-
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guage standard for defining interfaces for C'ORBA objects. An IDL interface 

may contain operations, exceptions, and attributes. An IDL file specifying 

the operations tha t the server will provide, must be created in order for a 

server to use the services and facilities provided by the ORB.

5.1.2 Source C lass P attern

« C la s s  T e m p la te »
|Server

Iprovideslnterface

7
« In te r fa c e  T e m p la te »

|ServerInterface

|operation(|params*)

Figure 5.1: Source Pattern.

Figure 5.1 shows a source pattern  tha t describes services tha t are to be dis­

tributed using middleware. The figure is expressed as an RBML class diagram 

template. The Server class tem plate represents the application that, is to be dis­

tributed. This application must have an associated provided interface represented 

by Serverlnterface.

5.1.3 Sp ecify  C O R B A  M odel Transform ations

The mappings to transform the generic distribution class model into a CORBA 

distribution model is specified as a transform ation schema as shown in Figure 5.2. 

The POAManager transform ation schema interface and the POAHelper transform a­

tion schema class represent parts of the CORBA POA that, support preparation 

of the middleware infrastructure. POAHelper provides the narrow operation that 

is used to provide a reference to the POA while the POAManager provides the
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N a m in g C o n tex tE x tH u lp e r

j n a rro v v (o b j :C O R B A .O b jc c t) :N a m in g C o n ic x tC x i

; ru n O

« l n i c r f a c e > >

P O A M an ag e r

| u s c C o m p o n e n t

IID L In te rfaceP O A  Kb
| w ith d raw ) a m o u n td lo a t)  

' d c p o s i t( a m o u n t : l lo a t)c o n li

P O A H elper
|n am e = |ID L In te rfa c e O p e ra tio n s)

N am ing

l is l (s :S l r in g ! ) :S i r in g [ ]  

lo o k u p !  s :S t r in g }): R e m o te  

re b in d (s :S tr in g . o b j:R c m o te )  

u n b in d (s :S tr in g )

th e _ P O  A  M  a n a g c r( ): P O A M a n a g e r

! s e rv a n M o  re fe re n c e ) s o b j:  S c rv e r ) :C O R B  A .O b je c t

Figure 5.2: CORBA Class Transformation Schema.

activate operation tha t is used to change the state  of the POA-manager to 

active and cause associated POAs to start processing requests.

CORBA requires the creation of an IDL interface file for the server. An 

IDL interface is similar to a Java interface but may also contain attributes and 

exceptions. The source. (ServerInterf ace{name= |IDLInterf aceOperations} 

transform ation schema interface represents a Java interface generated from the 

IDL interface by the CORBA IDL compiler and the |IDLInterf acePOA transfor­

mation schema class represents a Java class generated.

5.1.4 Source M odel and B ind in g  Specification

F igure  5.3 show s a  valid  source m odel for th e  source p a tte rn . T h e  source m odel 

consists of the AccountManager and Account classes and the Ac count Operations
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interface. The AccountManager class is bound to AccountManager class tem plate 

and the AccountOperations interface is bound to AccountInterf ace. Note that 

the Account class and manages association are not bound to any source pattern  

model elements. The complete binding specification is shown in Table 5.1.

A c c o u n tO p e r a t io n s

w i th d r a w ( a c c :S t r in g ,  a m o u n t : f l o a t )  

d e p o s i t ( a c c :S t r in g ,  a m o u n t : f l o a t )

 ?---------------
' p r o v id e s ln t e r f a c e

A c c o u n tM a n a g e r

m a n a g e s

A c c o u n t

w i th d r a w ( a m o u n t : f l o a t )

d e p o s i t ( a m o u n t : f lo a t )1

Figure 5.3: Source Model for Server Distribution.

Table 5.1: Binding Specification.

Source P a ttern  E lem ent Source M odel E lem ent
Server Account Manager
Serverlnterface AccountOperations
Serverlnterface:: operation AccountOperations:: withdraw
Serverlnterface:: op era tio n :: param s AccountOperations: :withdraw:: 

acc: String
Serverlnterface:: op eration :: par am s AccountOperations:: withdraw:: 

amount:float
Serverlnterface: ̂ operation AccountOperations:: deposit
Serverlnterface:: op eration :: par am s AccountOperations:: deposit:: 

acc:String
| Serverlnterface: ̂ operation:: par am s AccountOperations: :deposit.:: 

amount :float
providesln terface provideslnterface
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5.1.5 P rocess T ransform ation D irectives

In order to provide a systematic way of describing the order in which transfor­

mation schema model elements are processed, the following element selection 

heuristic is used.

1. The first element to be processed is selected arbitrarily.

2. After the first element has been processed, other model elements are se­

lected to be processed based on the lexographic ordering of names of model 

elements. An element with a smaller name in lexographic ordering is chosen 

before an element with a larger name.

The transform ation schema contains a single set of connected model elements 

and therefore the loop in the processAHConnectedComponents operation in 

the class model transform ation algorithm will be executed only once. A new 

component is created prior to the while loop in processConnectedComponent 

and a transformed source model element is added to this new component for 

each iteration of the while-loop in processConnectedComponent. On each iter­

ation of this loop, all the directives associated with the source model element 

that is being transformed are processed. Directives associated with a single 

source model element are expressed in one transform ation schema model ele­

ment. Each numbered item below lists the transform ation schema model elements 

and directives processed during the corresponding iteration of the the while-loop 

in processConnectedComponent operation. For example, the source. (Server 

transform ation schema class and the source. (Server transform ation directive 

are processed during the first iteration of the loop.

• Iteration 1: The source. |Server transform ation schema class is processed 

by a processCompositeElement operation call in the first iteration of the
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while loop in processConnectedComponent. From the binding speci­

fication. the | Server class tem plate in the source pattern  is bound to 

the AccountManager class in the source model. Processing results in the 

AccountManager class being copied to the new component.

• Iteration 2: The activatePOA transform ation schema association is 

the next item processed. Associations are processed by calls to 

processNonCompositeElement. A transform ation schema model element 

th a t is specified without using a leading directive keyword defaults to ‘new’ 

as the leading directive keyword. In this instance, processing results in a 

new association with the name activatePOA being created and inserted into 

the new component.

• Iteration 3: The POAManager transform ation schema interface is processed, 

resulting in the creation of a new interface with the name POAManager. The 

activate() transform ation schema operation is a new directive. Processing 

results in the creation of the operation: activate() . The operation is 

inserted into the newly created POAManager interface and the interface is 

inserted into the new component.

• Iteration 4: The conf igureManager transform ation schema association 

is processed. Processing results in a new association with the name 

conf igureManager being created and inserted into the new component.

• Iteration 5: The POAHelper transform ation schema class is processed re­

sulting in the creation of a new class with the name POAHelper. The em­

bedded directive: narrow(obj :CORBA.Object) :P0A results in the creation 

of the operation: narrow(obj :CORBA.Object) :POA. The operation is in­

serted into the newly created POAHelper class and the class is inserted into

114

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



the new component.

• Itera tion  6: The configureObject transform ation schema association 

is processed. Processing results in a new association with the name 

conf igureObject being created and inserted into the new component.

•  Iteration  7: The NamingContextExtHelper transform ation schema

class is processed resulting in the creation of a new class with the 

name NamingContextExtHelper. The embedded directive: narrow

obj : CORBA . Obj ect) : NamingContextExt results in the creation of the op­

eration: narrow(obj:C0RBA.Object):NamingContextExt. The operation 

is inserted into the newly created NamingContextExtHelper class and the 

class is inserted into the new* component.

• Iteration  8: The configurePOA transform ation schema association is 

processed. Processing results in a new association with the name 

configurePOA being created and inserted into the new component.

• Iteration  9: The POA transform ation schema interface is processed result­

ing in the creation of a new interface with the name POA. The embedded 

directives are processed as follows:

1. The directive the .POAManager ( ) : POAManager is processed resulting in 

the creation of the operation: the_POAManager( ) : POAManager. The

operation is inserted into the newly created POA interface.

2. The directive servant _to_reference (sobj : |Server) : CORBA. 

Object is processed resulting in the creation of the operation: 

servant.to.ref erence (sobj : |Server) : CORBA. Object. The opera­

tion is inserted into the newly created POA interface.
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The POA interface is inserted into the new component.

•  Iteration  10: The generalization relationship between source. jServer and 

[IDLInterfacePOA is processed. Processing results in a new generalization 

being created and inserted into the new component.

• Iteration  11: The | IDLInterf acePOA transform ation schema class 

is processed. Processing results in a new class with the name 

| IDLInterf acePOA being created and inserted into the new component.

• Iteration  12: The realization dependency between [IDLInterfacePOA 

and source. |ServerInterface{name=|IDLInterf aceOperations} is

processed. Processing results in a new realization dependency being created 

and added to the new component.

• Iteration  13: The source. [Serverlnterf ace{name=

[IDLInterf aceOperations} transform ation schema interface is 

processed. Processing results in a new interface with the name 

[IDLInterfaceOperations being created. The |operation(jparams*) 

operation tem plate is bound to the withdraw and deposit operations. As 

a result these operations are copied to the new interface. The new interface 

is then inserted into the new component.

• Iteration  14: The in itia liz e O R B  transform ation schema association 

is processed. Processing results in a new association with the name 

in itia lizeO R B  being created and inserted into the new component.

• Iteration  15: The ORB transform ation schema class is processed. A new 

class with the name ORB is created. The embedded directives are processed 

as follows:
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1. The directive init(args: String [] , props:Properties): ORB 

is processed resulting in the creation of the operation: 

init (args : String [] , props : Properties) : ORB. The operation 

is inserted into the created ORB class.

2. The directive resolve.initial.references(obj :

String) :CORBA.Object is processed resulting in 

the creation of the operation: resolve.initial

.references(obj :String) :CORBA.Object. This operation is used 

to create a CORBA reference for a server object. The operation is 

inserted into the created ORB class.

3. The directive run() is processed resulting in the creation of the oper­

ation: run(). The operation is inserted into the created ORB class.

The ORB class is inserted into the new component.

•  Iteration  16: The manageNamingContext transform ation schema associ­

ation is processed. Processing results in a new association with the name 

manageNamingContext being created and inserted into the target model.

• Iteration  17: The NamingContextExt transform ation schema interface 

is processed resulting in the creation of a new interface with the name 

NamingContextExt. The embedded directives are processed as follows:

1. The directive bind (n:NameComponent, obj: CORBA.Object) re­

sults in the creation of the operation: bind(name=n:NameComponent, 

obj :CORBA.Object). The operation is inserted into the newly created 

NamingContextExt interface.
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2. The directive to_name ( s t r :  S tr in g )  results in the creation of the op­

eration: to _ n a m e (s tr :S tr in g ) . The operation is inserted into the 

newly created NamingContextExt interface.

The NamingContextExt interface is inserted into the new component.

•  Itera tion  18: The useComponent transform ation schema association 

is processed. Processing results in a new association with the name 

useComponent being created and inserted into the new component.

• Iteration  19: The NameComponent transform ation schema class is processed 

resulting in a new class with the name NameComponent being created and 

inserted into the new component.

• Iteration  20: The manageNamingService transform ation schema associ­

ation is processed. Processing results in a new association with the name 

manageNamingService being created and inserted into the new component.

• Iteration  21: The Naming transform ation schema class is processed result­

ing in a new class with the name Naming being created. The embedded 

directives are processed as described below.

1. The l i s t  ( s : S t r i n g ) : S tr in g  [] transform ation schema op­

eration is processed. Processing results in the operation 

l i s t (s: S t r i n g ) : S t r i n g [] being created and inserted into the 

new class.

2. The lookup (s: String) :Remote transform ation schema op­

eration is processed. Processing results in the operation 

lookup(s: String) :Remote being created and inserted into the 

new class.
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3. The re b in d  ( s :S t r in g ,  obj :Remote) transformation schema op­

eration is processed. Processing results in the operation 

r e b in d ( s : S tr in g , obj :Remote) being created and inserted into the 

new class.

4. The unbind (s :  S tr in g )  transform ation schema operation is 

processed. Processing results in the operation u n b in d (s : S tr in g )  

being created and inserted into the new class.

The Naming class is inserted into the new component.

The Account class and the manages association are not bound to any source 

pattern  model elements. These items are copied to the new component and the 

new component is added to the target model. The resulting CORBA distribution 

class model is shown in Figure 5.4
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Figure 5.4: CORBA Distribution Target Model.
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5.2 P ilot Study 2: Transforming D istribution
Class M odel to  Jini Class M odel

This section uses the model-to-model transform ation technique to transform the 

platform independent source model shown in Figure 5.3 into a Jini distribution 

class model. The source pattern  for the transform ation is shown in Figure 5.1 and 

the binding specification for the source model is shown in Table 5.1.

5.2.1 Specify  M odel T ransform ations

Seria lizab le

« C l a s s i f i e r  T e m p ) a t e »
|T hread

I
|S erv iceP roxy

threadOpO

« i n t e r f a c e »

S c rv ic e R e g is tra r

lo o k u p ( tin p l:S e rv ic e T c m p la te ) :O b jc c t

{excep tion  R em d teE x cep tio n }

re g is tc r( ite m :S e rv ic e lte m . le a se D u ra tio n d o n g )

:S e rv iceR eg is tra tio n {  e x c e p tio n  R e in o te E x c c p tio n

n o tify ( tm p l:S e rv ic c T c m p la te .

tra n s :ln te g e r . l is te n e r iR e m o te E v c n tL is tc n c r . 
h :M a rsh a lle d O b je c t. le a se D u ra tio n :lo n g )  

:E v c n tR e g is tra tio n  J e x c e p tio n  R c m o te E x c c p tio n }

source. S erverln te rface R em ote

|R em oteIn terface

so u rce .  ̂ ServerS c rv ic e w ra p p e r

m i--id :|T yp

c o d e b a se rS tn n c

A ctivatab  e

IJiniFeature

Figure 5.5: Class Transformation Schema.

The mappings to transform the generic distribution class model into a Jini 

distribution model is specified as a transform ation schema as shown in Figure 5.5. 

The transform ation schema has the following features:

1. The Thread classifier tem plate represents a protocol for managing threads. 

The Thread classifier tem plate can be instantiated using classes or interfaces.
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2. The ServiceProxy class tem plate is a proxy for the Server class template. A 

proxy is an entity tha t acts on behalf of another entity. Client programs in­

teract with the Server transparently through the ServiceProxy. This shields 

the Server from direct m anipulation and allows services to be added to the 

Jini Lookup Service, or removed from the Jini Lookup Service transparently. 

The federated Jini service is a combination of Server and ServiceProxy. They 

can be combined in three distinct ways. (1) The Proxy and the Server can 

share the service functionality, or (2) the complete functionality of the ser­

vice can be implemented in the ServiceProxy or (3) The complete function­

ality of the service can be implemented in the Server. However, if either 

of the first two options are used then the proxy may have to be changed 

each time the service is updated. In order to make service proxies down- 

iaodable by clients, Jini requires tha t service proxies be serializable. This 

is accomplished by causing the service proxy to provide the Serializable 

class tem plate which facilitates object serialization.

3. The Activatable class tem plate facilitate persistent access to the Server 

with activation on demand.

5.2.2 P rocess T ransform ation D irectives

The transform ation schema contains a single set of connected model elements and 

therefore the loop in the processAHConnectedComponents operation in the class 

model transform ation algorithm will be executed only once. A new component is 

created prior to the while loop in processConnectedComponent. Model elements 

in the transform ation schema are processed and added to this new component as 

described below.
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1. [ServiceWrapper results in a new class tem plate with the 

name [ServiceWrapper being created. The | jini-id: (Type and 

codebase: String directives result in new attribu te  templatess being 

created and inserted into the new class. The new class is then add to the 

new component.

2. The transform ation schema association between |ServiceProxy and 

|ServiceWrapper is the next item processed. Processing results in a new 

association being created and inserted into the new component.

3. [ServiceProxy results in a new class with the name [ServiceProxy being 

created and added to the new component.

4. The transform ation schema realization dependency between [ServiceProxy 

and [Serializable is the next item processed. Processing results in a new 

realizaion dependency being created and inserted into the new component.

5. Serializable results in a new class with the name Serializable being 

created and added to the new component.

6. The transform ation schema association between [ServiceProxy and 

source. [Server is the next item processed. Processing results in a new 

association being created and inserted into the new component.

7. The source. [Server transform ation schema class results in the 

AccountManager class being copied from the source model to the new com­

ponent.

8. The transform ation schema generalization between source. [Server and 

Activatable is the next item processed. Processing results in a new gener­

alization being created and inserted into the new component.
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9. Activatable results in a new class with the name Activatable being cre­

ated and added to the new component.

10. The transform ation schema realization dependency between 

source. [Server and (Remotelnterface is the next item processed. 

Processing results in a new realization dependency being created and 

inserted into the new component.

11. (Remotelnterface results in a new interface tem plate with the name 

(Remotelnterf ace being created and added to the new component.

12. The transform ation schema generalization between (Remotelnterf ace and 

Remote is the next item processed. Processing results in a new generalization 

being created and inserted into the new component.

13. Remote results in a new class with the name Remote being created and added 

to the new component.

14. The transform ation schema generalization between I Remotelnterf ace and 

source. (Servicelnterf ace is the next item processed. Processing results 

in a new generalization being created and inserted into the new component.

15. The source. (Servicelnterface transform ation schema interface results in 

the AccountOperations being copied from the source model to the new 

component.

16. The transform ation schema association between |ServiceWrapper and 

(Thread is the next item processed. Processing results in a new associa­

tion being created and inserted into the new component.

17. (Thread results in a new classifier tem plate with the name (Thread being 

created. The threadOpQ directive results in a new operation tem plate being
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created and inserted into the new classifier template. The new classifier 

tem plate is then added to the new component.

18. The transform ation schema association between |ServiceWrapper and 

j Jinif eature is the next item processed. Processing results in a new' asso­

ciation being created and inserted into the new component.

19. The | Jinif eature transform ation schema classifier results in a 

new classifier tem plate with the name [Jinifeature being created. 

The |initialize(|paramsl*), jregisterServer (jser: (Server) and 

jconf igureServer (|ser: (Server, |params3*) operation templates are 

copied into the new classifier template. The new' classifier tem plate is then 

added to the new component.

20. The transform ation schema usage dependency between jServiceWrapper 

and ServiceRegistrar is the next item processed. Processing results in a 

new usage dependency being created and inserted into the new component.

21. The ServiceRegistrar transform ation schema interface is processed re­

sulting in a new interface tem plate with the name ServiceRegistrar being 

created. The embedded directives are processed as follows:

• The lookup(impl:ServiceTemplate) :Object{exception 

RemoteException} directive results in the operation: 

lookup(impl:ServiceTemplate):Object {exception 

RemoteException} being created and added to the new interface.

• The register (item:Serviceltem, leaseDurationrlong):

ServerRegistration {exception RemoteException} direc­

tive results in the operation: register (item: Serviceltem,
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leaseDuration:long):ServerRegistration {exception 

RemoteException} being created and added to the new interface.

• The notify(impl:ServiceTemplate, listener:

RemoteEventListener, h :MarshalledObj ect, 

leaseDuration:long): ServerRegistration {exception

RemoteException} directive results in the operation: 

notify(impl:ServiceTemplate, listener:RemoteEventListener, 

h:MarshalledObject, leaseDuration:long):ServerRegistration 

{exception RemoteException} being created and added to the new 

interface. The new interface is added to the new component.

The Account class and the manages association are not bound to any source 

pattern  model elements. These items are copied to the new component and the 

new component is added to the target model. The resulting Jini distribution class 

model is shown in Figure 5.6.
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Figure 5.6: Jini Server Distribution Target Model.
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5.3 D iscu ss io n
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Figure 5.7: Target Class Pattern

In Chapter 4 the use of target patterns as transform ation testing oracles was 

discussed. Figure 5.7 shows a target pattern  for the model-to-model transform a­

tion of server distribution class models. The target pattern  includes:

• The source] Server class tem plate represents the | Server class tem plate of 

the source pattern.

• The | ID LInterf acePOA class tem plate and the \ ID LInterf aceOperations in­

terface tem plate represent model elements generated by the CORBA IDL 

compiler to support the distribution of servers. The ID LInterf aceOperations 

interface tem plate is created using operation templates defined in the
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\ServerInterface interface tem plate in the source pattern. This is specified 

using the source.\ServerInterface.\operation(\params*) directive.

• The middleware distribution service is represented by the Initialize , Register 

and Configure Classifier templates.

• The Initialize Classifier tem plate represents the protocol for initializing the 

middleware infrastructure th a t supports distribution. Instances of the ini- 

tOp operation tem plate are used to prepare the middleware features that 

support distribution, for example, initialization of the CORBA ORB.

• The Register Classifier tem plate represents the protocol for registering the 

server with the middleware distribution service. The Server is made avail­

able to clients by registering the server with the middleware using instances 

of the registerServer operation template.

• After a service has registered, it may be necessary to interact with the 

middleware service. For example to change a property associated with the 

server or to reset a property associated with the distribution service. This 

is accomplished using instances of the conjigureServtr operation template 

of the Configure Classifier template.

The process of establishing conformance of the target model to this target 

pattern  involves determining tha t there is a target model element th a t plays the 

role (or conforms) of each model element in the target pattern.

A binding specification for this target pattern  and the CORBA target model 

shown in Figure 5.4 is shown in Table 5.1 and Table 5.2. The binding specification 

would be used in determining the conformance of the target model to the target 

pattern.
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Table -5.2: Target Binding Specification.

Target P a ttern  E lem ent Target M od el E lem ent
ID L InterfaceP  O A IDLInterfacePOA
ID L InterfaceO perations (IDLInterfaceOperations
In itia lize ORB
| In it ia lize:: | in it Op ORB:: init
(Initialize:: initO p:: p aram sl* ORB:: init::args:String[]
|Initialize::|in itO p:: p aram sl* ORB:: init::props:Properties
In itia lize:: in itO p ORB::run
R egister POAManager
R eg ister:: reg ister Server POAM anager:: activate
R egister N amingContext Ext
R egister:: reg ister Server N am ingContextExt:: bind
R eg ister:: reg isterS erver:: param s3* Nam ingContextExt:: 

bind::n:NameComponent
R eg ister :: reg isterS erver:: param s3* NamingContextExt,:: 

bind: :obj:CORBA. Object
Configure Naming
C onfigure:: configureServer Naming:: list
C onfigure:: configureServer:: param s2* Naming:: list::s:String
C onfigure:: configureServer Naming:: lookup
C onfigure:: configureServer:: param s2* N aming:: lookup:: s: S t,ring
Configure:: configureServer Naming:: unbind
C onfigure:: configureServer:: param s2* N aming ::|unbind::s:String
C onfigure:: configureServer:: |param s2* Naming:: unbind: :obj :Remote
C onfigure:: configureServer N am ing:: | rebind
C onfigure:: configureServer:: param s2* Naming:: rebind:: s: String
in itia lizeService initializeORB
configureServer manageN ameComponent
registerServer registerServer

In general, items in the target pattern  can be grouped into three sets. 

One set represents the primary business logic of the application, one set rep­

resents platform-specific items and the third set is the relationships defined be­

tween the first two sets of model elements. In this example, s o u rc e . jServer 

and s o u rc e . |S e rv ic e In te r f  a c e . |o p era tio n (|p a ram s* ) represent the primary
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business logic of the money transfer service application. jC onfigure, 

( i n i t i a l i z e ,  (R e g is te r , (IDLInterfacePOA and (ID L In terfaceO pera tions 

represent CORBA-specific items.
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C hapter 6 

P ilo t Studies: Transform ing  
D istrib u ted  Transaction M odels

This chapter presents two additional pilot studies to illustrate the application of 

the transform ation algorithm to a platform independent transaction class model. 

The hrst pilot study uses the transform ation language to transform a platform 

independent transaction class model into a CORBA transaction class model. The 

second pilot study uses the transform ation language to transform the platform 

independent transaction class model into a Jini transaction class model. The 

transform ation context is illustrated by the activity diagram shown in Figure 4.1.

6.1 P ilo t  S tu d y  3: T ransform ing T ran saction
C lass M o d el to  C O R B A  C lass M o d el

This section illustrates the transform ation of a platform-independent server trans­

action class model into a CORBA transaction class model.

6.1.1 O verview  o f C O R B A  T ransaction Service

A transaction is an indivisible collection of operations between servers and clients 

that remain atomic even if some clients and servers fail. An atomic operation is 

an operation tha t is free of interference from concurrent operations performed by

132

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



other threads in a system. Transactions are required to manifest the ‘ACID’ prop­

erties [1], While different middleware may provide different transaction models, 

a generic transaction model tha t captures the essence of distributed transactions 

can be specified at the PIM level. The generic model can then be transformed 

based 0 1 1  the specific protocols for each middleware.

CORBA provides a transaction service th a t supports five types of application 

objects: transactional clients, transactional objects, transactional servers, recov­

erable objects and recoverable servers.

A transactional client is an application th a t creates a transaction and invokes 

operations on one or more transactional objects. An object that has some behav­

ior tha t is invoked in the scope of a transaction is called a transactional object. 

A transactional server contains one of more transactional objects. Not all trans­

actional objects need support transactional behavior. To support transactional 

behavior, an object must, participate in the CORBA transaction protocols. Typ­

ically, objects participate in these protocols only if it manages persistent data. 

Transactional objects that directly manage persistent data  are called recoverable 

objects. Recoverable objects participate in the transaction completion protocol by 

creating and registering resource objects with the transaction service. A resource 

object is one tha t implements the CORBA Resource interface. The transaction 

service manages the two phase commit protocol for all registered resources. A 

recoverable server contains one or more recoverable objects.

The CORBA transaction service provides interfaces to support distributed 

transactions. These interfaces include: Current, Control, TransactionFactory, 

Coordinator, RecoveryCoordmator, Terminator and Resource. The Current in­

terface provides the primary protocol through which clients and servers interact 

with the transaction service. New transactions can be created using either the

133

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



Current interface or the TransactionFactory interface. Clients and servers can 

explicit propagate a transaction context using the Control interface. The Coordi­

nator, RecoveryCoordinator and Terminator interfaces are used by participants in 

a transaction to manage the transaction. The RecoveryCoordinator is a coordi­

nator th a t is used to manage the transaction recovery process while a Terminator 

object is used to end transactions.

The CORBA Object Request Broker (ORB) maintains a transaction context 

for each ORB-aware thread. The transaction context associated with an ORB- 

aware thread is null if there is no associated transaction, or it refers to a specific 

transaction. The transaction context is passed implicitly to each object tha t im­

plements the Resource interface, however the transaction context may also be 

passed explicitly to transactional objects as a param eter of a transactional oper­

ation.

6.1 .2  Source C lass P a ttern

The source class pattern  for the generic distributed transactions is shown in Figure

6.1. The diagram has two class tem plates (TransClient and Participant, and 

one interface tem plate (Participantlnterface).

• The TransClient class tem plate represents the set of classes th a t initiate

the transaction. The TransClient performs one or more operations for the

transaction.

• Participant represents the set of classes tha t provide some service re­

quired by transaction clients. These services are represented by the

Servicelnterface.

• Servicelnterf ace represents a service provided by a participants in a trans­

action.
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| r e q u e s t s _ p a r t i c i p a n t

lu sesln terface

i jp rov idesln terface

|transO pera tion (|T id :|type , jp a ra m s i*)

|S erv iceIn terface

|O pera tion (|param s*) 
jdecision(|decision: B oolean)

[T ransC lient

{Participant

Figure 6.1: Source Class Pattern  for Distributed Transactions.

T ra n sC lie n t has an operation tem plate named O pera tion  representing op­

erations th a t initiate transactional behavior. The d e c is io n  operation represents 

functionality that records the outcome of a transaction. A transaction may be 

either committed or aborted. The processCommit and p rocessA bort operations 

are carried out by the T ra n sC lie n t when a transaction is committed or aborted 

respectively.

S e rv ic e ln te r f a c e  has an operation tem plate named tra n sO p e ra tio n  rep­

resenting the P a r t ic ip a n t  operations that are transactional. The instantiation 

of the O pera tion  tem plate makes the instantiations of tra n sO p e ra tio n  transac­

tional. For every instance of tra n sO p e ra tio n  there should be a corresponding 

instantiation of do_ |transO peration . For example, if the tra n sO p e ra tio n  tem­

plate in P a r t ic ip a n t  is instantiated with a name opl. then d o .jtra n sO p e ra tio n  

must be instantiated as do.opl. The processCommit and p rocessA bort oper-
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ations are carried out by the P a r t i c ip a n t  when a transaction is committed or 

aborted respectively.

6.1 .3  Sp ecify  M odel Transform ations
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Figure 6.2: CORBA Class Diagram Transaction Transformation Schema.

The mappings to transform the source transaction class model into a target 

CORBA class model is specified as a transform ation schema as shown in Figure

6.2. The transform ation schema has the features described below:

1. CORBA requires all participants in a transaction to implement its Resource 

interface. This is represented as a transform ation schema realization depen­

dency between the s o u rc e . (P a r t ic ip a n t  transformation schema class and 

the Resource transform ation schema interface.
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2. CORBA provides a number of features to collectively perform the role of a 

transaction manager. These features are represented in the transform ation 

schema by: ORB, CurrentHelper, Current, Control, Coordinator and 

Terminator.

3. Source. [TransClient, source. [Participant and

source. [Servicelnterf ace represent model elements copied from 

the source model.

6 .1 .4  Source C lass M od el and B ind in g  Sp ecification

A ccoun tln te rface M oneyT  ransferS erv ice

w ithdraw (acc :S tring , am ount:floa t) 

d eposit(acc :S tring , am ount: float)

m oneyT ransfer(acc :S tring . acc:S tring , am o u n t:flo a t) 

d ec ision(dec :B oo lean)

A *

p ro v idesA ccess

A ccoun tM anager
1..*

A ccount

m anages
w ithdraw (am ount:fioa t)

d eposit(am ount:floa t)1 *

Figure 6.3: A Money Transfer Service Class Diagram.

Figure 6.3 shows a source class model of a money transfer service application. 

The model consists of three classes: AccountManager, MoneyTransferService 

and Account, and one interface: Accountlnterface. Accounts are managed by 

AccountManager objects. The AccountManager class provides Accountlnterf ace 

while the Account class has withdraw and deposit operations for the withdrawal 

of money from client accounts and deposit of money into client accounts respec­

tively. The MoneyTransf erService class has the moneyTransf er operation for 

transferring money between two accounts and the lookup operation for locating 

account manager objects. The binding specification for this source model is shown
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in Table 6.1.

Table 6.1: Bindings for Money Transfer Transaction Source Model.

A sp ect e lem en t nam e M odel e lem ent nam e
TransClient MoneyTransferService
TransClient:: Operation MoneyTransferService::moneyTranfer
Operation:: params* moneyTranfer::accl: String, 

acc2:String, amount Integer
TransClient:: decision MoneyTransferService: :decision
|decision:: decision moneyTranfer::decision:dec
[Participant AccountManager
clo_t.ransOperation::Tid: type, 
| params 1*

do_withdraw::Tid:String,acc:String,
amount:fioat

do-transOperation: :Tid: type, 
params 1*

do-deposit::Tid:String,acc: String, 
amount:fioat

[type String
Servicelnterface Accountlnterface
Servicelnterface:: transO peration Accountlnterfaceuwithdraw
transO peration::Tid: type, params 1 * withdraw: :Tid:String,acc:String, 

amount.:float
| Servicelnterface:: transO peration Accountlnterface:: deposit
transO peration:T id: type, |param sl* deposit::Tid:String,acc:String, 

amount :float
requests_participant requests_participant
c *

d 1..*

6.1.5 P rocess T ransform ation D irectives

The transform ation schema has three connected components. The first in­

cludes the source. |TransClient transform ation schema class and model ele­

ments connected to it. The other two are the enumeration templates: Status 

and Vote. Since there are three connected components, the loop in the 

processAHConnectedComponents operation in the class model transformation 

algorithm will be executed three times. A new component is created for each
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iteration of the while loop and model elements in one component are processed 

and added to this new component. The composite model elements in the first 

connected component are processed as follows:

1. The source. |TransClient is the first composite transform ation schema 

model element processed. The [TransClient class tem plate is bound to 

the MoneyTransferService class, therefore, the source. [TransClient di­

rective results in the MoneyTransferService class being copied and added 

to the new component.

2. The ORB transform ation schema class is processed. Processing re­

sults in a new class with the name ORB being created. The 

resolve_initial_references(s:String) :Object) transform ation 

schema operation results in a new operation being created and added 

to the new class. The new class is then inserted into the new component.

3. The CurrentHelper transform ation schema class is processed. Processing 

results in a new class with the name CurrentHelper being created. The 

narrow(obj :Object) :Current transform ation schema operation results in 

a new operation being created and added to the new class. The new class 

is then inserted into the new component.

4. The Current transform ation schema class is processed resulting in a new 

class with the name Current being created. The transform ation schema 

operations in Current result in new operations being created and added to 

the new class. The new class is then inserted into the new component.

5. The Control transform ation schema class is the next item processed. 

This item results in a new class with the name Control being cre­

ated. Two new operations: get.coordinator() Coordinator and
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g e t_ te rm in a to r  O : T erm inato r are created and added to the new class. 

The class is then inserted into the new component.

6. The C o o rd in a to r transform ation schema class is the next item 

processed. This item results in a new class with the name 

C o o rd in a to r being created. A new operation: r e g is te r_ re s o u rc e  

( |r :O b je c t)  :R ecoveryC oordinator is created and added to the new class 

and the class is inserted into the new component.

7. The T erm inato r transform ation schema class is the next item processed. 

This item results in a new class with the name T erm inato r being created.

.Two new operations: com m it(x:Boolean) and ro llb a c k O  are created and

added to the new T erm inato r class. The class is then inserted into the new 

component.

8. The s o u rc e . |P a r t ic ip a n t  is the next composite transform ation schema 

model element processed. Processing results in the AccountManager class 

from the source model being copied and added to the new component. 

The d e p o s it  and withdraw operations in Accountlnterface are bound to 

the |tra n sO p e ra tio n  operation tem plate in JS e rv ic e ln te rfa c e . As a 

result, the so u rce . [S e rv ic e ln te r fa c e . |tra n sO p e ra tio n ( |T id : [type, 

[paramsl*) {nam e=do_|transO peration} directive results in two 

new operations: d o _ d e p o s it(a c c : S tr in g , amount: f l o a t )  and 

do-w ithdraw (a c c : S tr in g , am ount: f l o a t )  being added to the new 

AccountManager class. The new class is then inserted into the new 

component.

9. The Resource transform ation schema interface is processed resulting in a 

new interface with the name Resource being created. Five new operations:
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p re p a re O  :Vote, commitO, r o l lb a c k O , commit_one_phase () and fo rg e t

are created and inserted into the new Resource interface. The interface is 

then inserted into the new component.

10. The source. [Servicelnterface is the next composite transform a­

tion schema model element processed. Processing results in the 

Accountlnterface from the source model being copied and added to the 

new component.

The first component is added to  the target model and the other two connected 

components are processed as follows:

1. The Status transform ation schema enumeration results in an enumer­

ation being created with the name Status and the following enumera­

tion literals: StatusCommitted, StatusRolledBack, StatusActive,

StatusMarkedRollback, StatusPrepared, StstusUnknown, 

StatusNoTransaction, StatusPreparing, StatusCommiting and

StatusRollingBack. The enumeration is then adeed to a new component 

and the new component is added to the target model.

2. The Vote transform ation schema enumeration results in an enumeration 

being created with the name Vote and the following enumeration literals: 

VoteCommit, VoteRollback and VoteReadOnly. The enumeration is then 

adeed to a new component and the new component is added to the target 

model.

All relationships in the transform ation schema are also processed. Finally, the 

Account class and the manages association are copied to the target model. The 

CORBA transaction target class model that results when all the transform ation 

directives are processed is shown in Figure 6.4.
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Figure 6.4: Target CORBA Transaction Class Model.

6.2 P ilo t  S tu d y  4: T ransform ing T ran saction
C lass M od el to  J in i C lass M od el

This section uses the model-to-nrodel transform ation technique to transform the 

platform independent source model shown in Figure 6.3 into a Jini transaction 

class model. The source pattern  for the transform ation is shown in Figure 6.1 and 

the binding specification for the source model is shown in Table 6.1.

6.2.1 O verview  o f Jin i T ransaction Service

In Jini, a distributed transaction model has three main parts: a Transaction 

Manager, Transactional Clients and Participants. The Jini transaction 

manager is specified as a Trans act ionManager interface. The interface supports 

distributed transactions and manages the two-phase commit protocol for all par-
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t.icipats th a t have joined a transaction. The interface has the following operations:

• The operations v o id  a b o r t( lo n g  id )  and vo id  a b o r t( lo n g  id ,  long 

w a itF o r), are used by clients and participants to request th a t a transaction 

be aborted. The second operation waits for all participants to be notified 

of the decision. The T im eoutE xpiredE xception is thrown if the transac­

tion manager is unable to notify all participants of the decision before the 

specified w aitF or timeout expires.

• The vo id  commitQong id ) and vo id  com m it(long id ,  long  w aitF or)

operations are used by clients and participants to request tha t a transac­

tion be committed. The second operation waits for all participants to be 

notified of the decision. The T im eoutExpiredException is thrown if the 

transaction manager is unable to notify all participants of the decision be­

fore the specified w aitF or tim eout expires. However, in cases where the 

w aitF or timeout, expires before the transaction manager reaches a decision, 

the T im eoutExpiredException is not thrown until the transaction manager 

reaches a decision.

•  The T ransac tionM anager.C reated  c re a te ( lo n g  le a s e )  operation is 

used to create a new top-level transaction. Jini also provides a Transac- 

tionFactory interface for creating transactions.

•  The g e tS ta te ( lo n g  id ) operation returns the current state  of the given 

transaction. The value returned can be any one of ABORTED, ACTIVE, 

COMMITTED, NOTCHANGED, PREPARED or VOTING. These returned values are 

of integer type.

•  Clients and participants use the jo in ( lo n g  id , Trans a c t  io n P a r t ic ip a n t  

p a r t ,  long crashC ount) operation to inform the T ransactionM anager of
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their desire to become participants in a transaction, i.e to ’jo in’ the trans­

action.

A transactional client is an application tha t creates a transaction and 

invokes operations on one or more services participating in the transaction. A 

transactional client initiates a transaction by asking the Jini Lookup service if 

a transaction manager is available. If one is available, the client creates a ob­

ject reference to the transaction manager and a new transaction by invoking the 

create operation of the TransactionManager or TransactionFactory class. The 

create operation returns a TransactionManager .Created object consisting of an 

identifier for the transaction tid and a Lease object. The client, then joins the 

transaction by invoking the Trans act ionManager’s join() operation, passing the 

transaction identifier as an argument. Typically, the client will then perform one 

or more transactional operations associated with one or more transaction partic­

ipants.

Objects become participants in a transaction by implementing the Jini 

Trans act ionParticipant interface and joining the transaction. The Trans- 

actionParticipant interface has four operations: prepare, commit, abort

and prepareAndCommit. Each operation has the same signature opera­

tion (TransactionManager mgr, Long transactionID). The prepare, commit and 

abort operations are used by the transaction manager to determine, if a partici­

pant is ready to commit resources, to inform a participant th a t it should commit 

its resources and to inform a participant tha t it should abort its resources respec­

tively. When all but one participant have been asked to prepare its resources, 

the prepareAndCommit operation is used to inform the last participant to both 

prepare and commit its resources. A participant is either a. client or a. proxy for 

a service. A service proxy is an application tha t known the location of the actual
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service. Clients invoke operations on the proxy which in tern directs all requests 

to the actual service.

6.2 .2  Sp ecify  M od el T ransform ations
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Figure 6.5: Jini Class Diagram Transaction Transformation Schema.

The mappings to transform  the source transaction aspect class model into a 

Jini model is specified as a transform ation schema as shown in Figure 6.5. The 

| J in iF e a tu re  transform ation schema class represents Jini features other than the 

Jini transaction manager, th a t are used to support distributed transactions, for 

example features of the Jini event service.

6.2 .3  P rocess Transform ation D irectives

The transform ation schema has a single connected component. The composite 

model elements in the connected component are processed as follows:
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• The source. {TransClient transform ation schema class is the first 

composite transform ation schema model element processed. The 

jTransClient class tem plate is bound to the MoneyTransferService 

class. The source. (TransClient directive is processed resulting in the 

MoneyTransferService class being copied and added to the new compo­

nent.

• The (ServiceWrapper transform ation schema class is the next item 

processed. This item results in a new class with the name (ServiceWrapper 

being created and inserted into the new component.

• The (JiniFeature transform ation schema class is the next item processed. 

This item results in a new class tem plate with the name (JiniFeature being 

created. The |featureOp(|id: (IdType) directive results in a new operation 

tem plate being created and inserted into the new (JiniFeature class tem plate 

The new class tem plate is inserted into the new component.

• The source. (Participant is the next composite transform ation schema 

model element processed. Processing results in the AccountManager class 

from the source model being copied and added to the new component. 

The deposit and withdraw operations in Accountlnterface are bound to 

the (transOperation operation tem plate in (Servicelnterface. As a 

result, the source. (Servicelnterface. |transOperation((Tid: (type, 

(paramsl*) {name=do_|transOperation} directive results in two 

new operations: do_deposit(acc:String, amount:float) and 

do_withdraw(acc:String, amount:float) being added to the new 

AccountManager class. The new class is then inserted into the new 

component.
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• The TransactionParticipant transformation schema interface is processed 

resulting in a new interface with the name TransactionParticipant being 

created. The new directives in TransactionParticipant results in the 

following operations being added to the new interface:

— prepare}(mngr:TransactionManager, id :long):Integer} 

exception UnknownTransactionException, RemoteExcpetion}.

—  commit(mngr:TransactionManager, id:long){exception 

UnknownTransactionException, RemoteExcpetion}.

—  abort(mngr:TransactionManager, i d :long){exception 

UnknownTransactionException, RemoteExcpetion}.

—  prepareAndCommit(mngr:Transact ionManager,

i d :long){exception UnknownTransactionException, 

RemoteExcpetion}.

• The TransactionManager transformation schema class is processed result­

ing in a new class with the name TransactionManager being created. The 

new directives in TransactionManager results in the following operations 

being added to the new class:

— create(lease:long):Created{exception LeaseDeniedException, 

RemoteExcpetion}. The operation is inserted into the newly created 

TransactionManager class.

— join(lease:long, part:TransactionParticipant, 

crashCount:long):Created{exception 

UnknownTransactionException, CannotJoinException, 

CrashCountException, RemoteExcpetion}.
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— getState(id:long):Integerjexception 

UnknownTransactionException, RemoteExcpetion}.

—  commit(id:long):Integer{exception 

UnknownTransactionException, CannotCommitException, 

RemoteExcpetion}.

—  commit(id:long, waitfor:long):Integerjexception 

UnknownTransactionException, CannotCommitException, 

TimeoutExpiredException, RemoteExcpetion}.

—  abort(id:long):Integer{exception 

UnknownTransactionException, CannotAbortException, 

RemoteExcpetion}.

— abort(id:long, waitfor:long):Integerjexception 

UnknownTransactionException, CannotAbortException, 

TimeoutExpiredException, RemoteExcpetion}.

• The source. |ServiceInterf ace is the next composite transforma­

tion schema model element processed. Processing results in the 

Accountlnterface from the source model being copied and added to the 

new component.

All relationships in the transform ation schema are also processed and the 

Account class and the manages association are copied to the target model. The 

resulting target Jini transaction class model is shown in Figure 6.6.

6.3 D iscu ss io n

A target class pattern  for the model-to-model transform ation of distributed trans­

action class models is shown in Figure 6.7. The target pattern includes the fol-
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Figure 6.6: Target Jini Transaction Class Model, 

lowing model elements:

• The s o u rc e . jT ra n s c l ie n t , s o u rc e . [P a r t ic ip a n t  and

s o u rc e . [S e rv ic e ln te r fa c e  represent model elements defined in the 

source pattern.

• [TransactionM anager represents a protocol for managing distributed trans­

actions. The [c rea te , [jo in , [commit, and [abort operation templates rep­

resent operations used for creating a transaction, registering to become a 

participant in a transaction, committing a transaction and aborting a trans­

action respectively. The jg e tT ran sS ta te  operation template returns the 

state of a transaction as specified by the [S ta te  enumeration template. A 

transaction may be in a number of different states for example, a trans­

action may be in a [COMMITTED or [ABORTED state which indicate that the 

transaction has been committed or aborted respectively.
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Figure 6.7: Target Pattern  for Distributed Transactions.

• P a r t i c ip a n t l n t e r f  ace represents the protocol through which a transaction 

manager communicates with Participant instances.

• The CommitVal enumeration tem plate represents values returned by in­

stances of the canCommit operation tem plate to indicate the decision of 

a participant in a transaction to commit ('YES’) or abort (‘NO’) a transac­

tion.

• |T ransF ea tu re  represents any other platform-specific transactional feature 

other than a transaction manager or a participant interface.

The process of establishing conformance of the target model to this target 

pattern involves determining tha t there is a target model element that plays the
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role (or conforms) of each model element in the target pattern.

Items in the target pattern  can be grouped into sets. TransClient, 

Participant, Servicelnterface and |request_participant represent the 

business logic of the application. In contrast, jTransactionManager, 

(Participantlnterface, jTransFeature, |CommitVal and (State represent 

platform-specific items. Model elements in the CORBA target model shown in 

Figure 6.4 are bound to target pattern  model elements as follows:

• TransClient, Participant, Servicelnterface and 

|request_participant are bound as described in Table 6.1.

• The other model elements are bound as shown in Table 6.2.

Model elements in the Jini target model shown in Figure 6.6 are bound to 

target pattern  model elements as follows:

• TransClient, Participant, Servicelnterface and 

jrequest^participant are bound as described in Table 6.1.

•  The other model elements are bound as shown in Table 6.3.

The binding specifications would be used in determining the conformance of 

the target model to the target pattern.
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Table 6.2: Target CORBA Binding Specification.

Target P a ttern  E lem ent Target M odel E lem ent
| Transact ionM anager Current, CurrentHelper, Con­

trol, Coordinator, Terminator
T ransactionM anager:: create CurrentHelper:: narrow
T ransactionM anager:: | jo in Coordinator: :register_resource
T ransactionM anager:: com m it Current ::commit
T ransactionM anager:: com m it Term inator:: commit
T ransactionM anager:: abort Current: rollback
T ransactionM anager:: abort Terminator:: rollback
|TransactionM anager:: getT ran sS tate Current ::get .sta tus
P artic ip an tln terface Resource
P articipantln terface:: prepare Resource:: prepare
P articipantln terface:: com m it Resource:: commit
P articipantln terface:: abort Resource:: rollback
|S ta te Status
State:: C O M M IT T E D Status: :StatusComm itted
S ta te :: A B O R T E D Status: :StatusRolledBack
[State:: N O D E C ISIO N Status: :StatusUnknown
| C om m it Val Vote
C om m itV al:: Y ES Vote:: VoteCommit
C om m it Val:: N O Vote:: VoteRollback
m anages_client Trans manages-dientTrans
handles_participants handles_participants
|TransFeature ORB
TransFeature:: feature Op ORB:: re-

solve_initial_references
a 1..*
m 1..*
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Table 6.3: Target Jini Binding Specification.

Target P a ttern  E lem ent Target M odel E lem ent
Transact ionM anager TransactionM anager
Transact ionM anager:: create TransactionManager: :create
Transact ionM anager:: | jo in TransactionM anager: :j oin
Transact ionM anager:: com m it TransactionManager: xom m it
T ransactionM anager:: abort TransactionManager: :abort
TransactionM anager:: getT ran sS tate TransactionManager: :getState
P artic ip an tln terface Resource
P artic ip an tln terface:: prepare TransactionPar t icipant:: prepare
P artic ip an tln terface:: com m it TransactionParticipant:: commit
P articip antln terface:: abort TransactionParticipant: :rollback
S tate Status
State:: C O M M IT T E D Integer
State:: A B O R T E D Integer
State:: N O D E C ISIO N Integer
C om m it Val Integer
Com m itV al:: Y E S Integer
C om m itV al::|N O Integer
m anages_clientTrans manages_clientTrans
handles_participants handles_participants
a 1..*
m 1..*
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C hapter 7 

C onclusion and Future W ork

A technique for transforming class models has been presented. The technique 

includes a graphical model transform ation language and a notation for specify­

ing transformations. A transform ation model is called a transform ation schema. 

Transformation schemas contain imperative statem ents called directives tha t stip­

ulate how a source model is obtained from a target model. A source model is- 

transformed into a target model by processing the directives in the transform a­

tion schema using a transform ation algorithm. A grammar for the language, 

a transform ation algorithm and a transform ation metamodel were developed to 

support class diagram transform ation.

Specifying transformations at the level currently supported by QVT can be 

tedious because QVT transform ation specifications are expressed as fine-grained 

object (an instance of a metamodel class) models. The new language leverages 

the UML class model syntax to specify transformations. This raises the level 

of abstraction at which transform ations are specified above level of instances of 

metamodel classes. In the new language a transformation specification is a trans­

formation schema that consists of one or more directives. Each transform ation 

schema (and each directive) implicitly refers to one or more objects. For example, 

a transform ation schema with one operation directive describes one object for the

154

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



associated class, one object for the associated operation, one object for the result 

type of the associated operation, and two objects for each associated param eter 

(one for the param eter, one for its type). As such, each transform ation schema 

defines a relationship among a set of objects and is therefore at a higher level of 

abstraction than  instances of metamodel classes.

The transform ation technique was illustrated by transforming platform- 

independent transaction and distribution class models into CORBA and Jini 

transaction and distribution class models respectively.

7.1 L esson s L earned

The first two pilot studies (presented in Chapter 5) applied the transform ation al­

gorithm to the transform ation of a platform independent distribution class model 

into a CORBA distribution class model and a. Jini distribution class model. Sep­

arate transform ation schemas were created for the CORBA transform ation and 

the Jini transform ation. The two pilot studies presented in Chapter 6 applied 

the transform ation algorithm to the transform ation of a platform independent 

transaction class model into a CORBA transaction class model and a Jini trans­

action class model. Separate transform ation schemas were created for each of 

these transform ations as well.

For all four pilot studies, a need for new directives was not encountered as the 

transformation directives currently defined were sufficient to  specify the transfor­

mations.

While a need for new directives was not encountered, a number of scenarios 

arose tha t may require the extension of the syntax of one or more of the current 

transformation directives. These extensions are anticipated to provide modelers 

with alternate ways of specifying transformations. For example, consider
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the following scenario: a modeler wants to specify that a copy of each

class bound to |ClassA should be present in the target model, with 

the attributes from the class eliminated.

Using the current notation, the goal of the modeler is realized by: (1) copying 

the a ttribu tes and operations using a source directive in the name-directive com­

partm ent of a transform ation schema class, and (2) eliminating the class attributes 

using one or more exclude directives in the attribute-directive com partm ent of the 

transform ation schema class. One exclude directive is required for each attribu te  

template in |ClassA.

Since all the class attributes are to be excluded, it may be convenient to 

extend the syntax of the exclude directive to allow a modeler the ability to use a 

single exclude directive to eliminate all the class attributes. This may be possible

using a notation such as: exclude All , which would stipulate the exclusion of

all class attributes associated with the transform ation schema attribute-directive 

compartment in which the directive is specified. The use of extended forms of the 

current transform ation directives is the subject of future research.

7.2 F u tu re W ork

The model transform ation research presented in this dissertation may be extended 

in several ways.

1. Extending the transform ation language to behavioral models such as se­

quence diagrams. Different diagram types (e.g. class diagrams, sequence 

diagrams) are used to describe different views of the same application and 

as such these views need to be consistent . Extending the research to include 

other diagram types such as sequence diagrams, should also include how the 

consistency of different diagram types can be effected.
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2. Examining how target patterns may be generated from source patterns and 

transform ation schemas.

3. Examining extensions to the current transform ation directives.

4. Examining how transform ation schemas may be generated from source and 

target patterns, for example, QVT source and target patterns.

5. Examining the use of aspect contracts for the run time validation of condi­

tions and properties necessary for the proper application of a transformation.

6. Applying the transform ation technique to other software features.

7. Defining mappings between QVT and new language.

The transform ation language presented in this dissertation facilitates the spec­

ification of model transform ations a t a higher level of abstraction than  object di­

agrams. More work, however, needs to be done to extend the research beyond 

UML class models and to create tool support to autom ate the model transform a­

tion process.
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