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Abstract 

MetaCASE is a generic approach to computer-aided software engineering (CASE). 

In recent years MetaCASE tools have been developed both commercially and in re- 

search centers. Their usage domain varies from an d-purpose CASE to a software 

engineering teaching tool. MetaCASE is a large field with many different viewpoints. 

There has been no extensive effort towards formal organization of this field and con- 

sistent analysis of different research results. Some researchers claim that their version 

of MetaCASE provides solutions to key problems surrounding adoption and use of 

traditional CASE tools. However, there has been very little work towards the exam- 

ination and analysis of these claims. 

This dissertation presents an in-depth examination of CASE and MetaCASE. It 

organizes the MetaCASE field, c l d e s  confusing aspects, and provides an extensive 

bibliography of the available MetaCASE publications. More importantly, it intro- 

duces a novel framework of study consisting of an architectural definition of Meta- 

CASE tools, a modeling of a sample method, and a grouping of existing or proposed 

MetaCASE tools. The practicality of this framework is established by an extensive 

survey of the field. Results of the survey identify the open problems in the existing 

MetaCASE tools and prove to be an important outcome of this research. 
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Chapter 1 

Introduction 

Building large-scale software systems is a difEcult task. A discipline is required to 

guide teams of software developers' towads building correct systems that are deliv- 

ered on-time and within budget. S o h e  Engineering provides such a discipline by 

devising methodologies to be used throughout the software process, but they are not 

widely adopted. Automation of the methodologies, known as computer-aided so& 

ware engineering (CASE), promised to make this discipline usable by easing the tasks 

of software engineers but its success is questionable [lo, 46, 891. 

CASE tools have been large, complex, very labour-intensive, and extremely costly 

to produce and adopt. They have provided less capability than they promised and 

what they have provided has not been viable. It is no wonder that the use of CASE 

tools is not as widespread as was once expected. Examination of this problem reveals 

that weak methodology support is a key issue. CASE tools support a fixed number 

of methodologies but software development organizations dynamically change their 

'For a defmition of some of the terms used in this dissertation please see the Glossary at the end. 
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employed methodologies. MetaCASE technology approaches the methodology au- 

tomation fiom a dynamic perspective. 

MetaCASE tools d o w  definition and customization of CASE tools that support 

arbitrary methodologies. First, a CASE tool builder specifies the desired method- 

ology and customizes the corresponding CASE tool, then a sohare developer uses 

that CASE tool to develop soRware systems. An advantage of this approach is that 

it allows the use of the same tool with different methodologies, which in turn, reduces 

the learning curve and consequently the cost of building software. In this approach, 

many desired methodologies can be automated or modXed by the developing orga- 

nization which provides a dynamic capabity in today's dynamic and competitive 

world. From another perspective, this technology can be used as a practical teaching 

tool considering the shortened length of development and learning times that suit 

academic course periods. 

1.1 Motivation 

Although MetaCASE is a recent technology, it has attracted the interest of many 

industrial and research organizations. Many commercial CASE tool vendors and re- 

search organizations have developed tools that they call MetaCASE. These vendors 

and organizations have their own standards and often develop their own unique ter- 

minologies. As a result, developed tools and components often appear different when 

they are directly related and sometimes seem similar when they are essentially dif- 

ferent. As an example, the following different terms are used by various researchers 

to refer to the same MetaCASE concept: CASE Shell [Ill, metmystern [31], meta- 

enuironment [87], or the most widely used MetaCASE [62]. 



With a large amount of research material described using Mlious terminologies, 

MetaCASE field can be mystifying for a newcomer. It is diflicult to read the litera- 

ture and distinguish between different concepts that appear to be similar. There are 

numerous publications that uniformly examine CASE tools and provide frameworks 

and comparison methods. Due to fundamental dXerences between CASE and Meta- 

CASE, provided CASE examination methods are not applicable to MetaCASE tools. 

As a result, industrial organizations have a very hard time adopting and using the 

various MetaCASE tools. 

To help MetaCASE research, frameworks specially designed for examining Meta- 

CASE tools are greatly needed. MetaCASE frameworks must also be used in provid- 

ing comprehensive surveys of the W i n g  MetaCASE tools. There are no up-to-date 

and comprehensive surveys of MetaCASE tools available. Such a survey can be used 

by developers in evaluating and selecting suitable tools for various projects. 

One of the aspects of MetaCASE research is the architectural examination of 

MetaCASE tools. For the purpose of this dissertation, I use Garlan and Shaw's defi- 

nition of architecture as being the 'components of a system and the interconnections 

among them' [33]. An architectural and component-based examination of MetaCASE 

tools is a worthwhile endeavor since it provides an in-depth insight into the existing 

tools. Architectural analysis of the tools is an aspect which has not previously been 

explored. It allows recognition of missing components and identification of similar 

ones. It also permits the study of MetaCASE inter-component relationships. 

A major issue that MetaCASE researchers face is to identify the open problem 

areas in MetaCASE tools. The existing MetaCASE research material does not provide 

a general list of the open problems. The efforts of various MetaCASE researchers are 
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focused in diffixent directions- Some of them are in areas that may not be of any 

key importance to the MetaCASE state of the practice. A list of open problems can 

be used together with MetaCASE user requirements to identify the key issues. Thus 

researchers may focus their efforts to address the identified important issues. 

The above observations justify research in the MetaCASE area. It is important 

to examine the methods and abilities of an architectural analysis of MetaCASE tools 

and explore their capabilities and shortcomings. 

1.2 The Thesis 

This dissertation examines MetaCASE tools from an architectural point of view and 

identifies their capabilities and shortcomings. I claim that three important open 

problems in the existing MetaCASE tools are: 

1. The limitation of methodology specifcation to data-capture 

2. The lack of analysis facilities such as simulation/animotion 

3. The difficulty of customitation and unavailability of CASE wer guidance 

To demonstrate the above claims, I provide an overview of the field and introduce a 

framework of study which is based on a novel architectural definition of MetaCASE 

tools and a new categorization method. I organize MetaCASE tools and examine 

representative ones based on this framework. A major part of this dissertation is a 

survey of the existing MetaCASE tools. It is based on the a d a b l e  literature and my 

practical experiences during the modeling of a sample method in the examined tools. 

As the sample method, I have selected a variation of finite state machines (FSM) 



with the added hierarchy to allow various experiments with the examined tools. My 

overview of the field, the in-depth architectural analysis of MetaCASE tools, and 

the included extensive bibliography of over 100 related publications provide d c i e n t  

evidence that I have identified the capabilities and open problem areas of the existing 

MetaCASE tools. 

1.3 Organization 

This dissertation is organized according to the chart of Figure 1.1 in the next page. 

The current chapter provides an introduction to this dissertation, establishes the 

motivations behind my research, and defines the thesis statement. 

Chapter 2 provides the necessary concepts and terminology. It includes a discus- 

sion of software engineering environments, CASE tools, MetaCASE technology, and 

the existing survey works of the area. 

Chapter 3 introduces a framework for studying MetaCASE tools. This framework 

involves an architectural definition of MetaCASE tools, the problem statement of a 

sample method to be modeled, and a categorization of the existing tools. 

Chapter 4 contains the review of representative tools selected from different cat- 

egories noted in chapter 3. This review is based on the introduced framework and 

includes the modelings of the sample method (FSM). 

Chapter 5 summarizes the key features of the reviewed tools, reports on my ob- 

servations during the modeling of FSM, and identifies the major shortcomings of each 

approach. 

Finally, chapter 6 concludes with the contributions and limitations of this disser- 

tation and outlines the Wure research directions. 
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Chapter 2 

Background 

In this chapter I examine the field of software engineering environments which is 

defined in section 2.1- The aspect of software engineering environments that I focus 

on is CASE. In section 2.2, various models of methodologies and CASE tools are 

examined and various CASE environments are discussed. MetaCASE as an extension 

of CASE is defined in section 2-3 where various claims are investigated. The final 

section of the chapter examines the existing surveys of MetaCASE and establishes 

the need for another review of the field, 

2.1 Software Engineering Environments (SEE) 

In this dissertation, I will use Charette's comprehensive definition of software en- 

gineering environment1 which is the integration of "software processn, "methods", 

and "automation" (131. Software proces2 is defined to be the foundation of any 

'Sometimes called Software Development Environment (SDE) . 
*Also referred to as Software Lifecycle. 
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Figure 2.1: Charette's Model of Software Engineering Environment (Ekom [13]) 

environment describing the sequence of events required to develop the software sys 

tern. Methods are used to define, abstract, modify, refine, and document the soRware 

system. Automation is the computer implementation of the methods necessary to 

develop the software system. Figure 2.1 shows Charette's model of the software engi- 

neering environment. Ideally this model should be a rectangle, where all the methods 

required by the software process are automated. However, in practice only a few 

methods support a software process and only a few of those methods are ever au- 

tomated. Therefore, software engineering environment is represented by a pyramid. 

2.1.1 Software Process 

Represented by process models or paradigms, software processes originate in the 

monolithic wuterfoll model [74]. This model regards development as one large process 

with successive phases as seen in figure 2.2. Each phase signifies activities that are 

distinct but whose boundaries are fuzzy. Typically, a project begins with an opportu- 

nity or feasibility study which is the recognition of a problem and the identification of 

possible solutions. Next is the formulation of the customer requirements and needs 

which produces a document called the requirtments specification This document is 

written using a formal or an informal language that may be textual or graphical 
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Y 
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I lhstiag I 
I 

Figure 2.2: Waterfall Model of Software Process 

[38]. The design phase starts with the planning of a l l  aspects of the project kom the 

labour management and budget plans to software configuration management. The 

actual design includes an architectural design of the software system followed by a 

detailed design phase. The outcome is a design specifcation document which specifies 

the modules of the software system and their interfaces. Implementation and testing 

deal with the development and verification or validation of the code. Maintenance 

refers to the evolution of the software system after the delivery, and it consumes a 

surprising 40 or more percent of total software effort in its Lifetime [68]. A detailed 

discussion of the activities involved in the software process can be found in [49]. 

With the waterfall model, the current position of the software system in the process 

is easily known. However, activities such as verification and validation, that cover 

the entire process, are left outside this framework. F'urthermore, customer feedback 

is not possible until the completion of the development process. 

For large software systems, an incremental pwcess can be used to allow quick 

prototyping and customer feedback at every increment of the way [82]. Figure 2.3 

illustrates this incremental approach in a very crude way. The introduction of high- 
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Management and Product Assurance 
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Release 2 

*.. 

Release n 

Figure 2.3: Incremental Model of Sobare Process (Adapted From [82]) 

level 4th generation languages, such as Tcl-Tk [66], now allows the prototype to be 

used as the basis of the developed software system, reducing the development time 

even further. 

Today there are many software process models. In particular, the knowledge- 

based model is worth mentioning. An example of this model is a ESPRI'I? project 

called ASPIS [4]. In this approach, application domain-specific knowledge is captured 

and used to support the software system development process. Figure 2.4 shows a 

model of the knowledge-based approach as outlined by Anderson Consulting [20]. In 
- .- - - - - . - - - - - - - . - 

3European Strategic Program for Research and Development in Information Technology. 



CHAPTER 2. BACKGROUND 

Informal Requirements 

I Vidation Specifim-on Development 

Figure 2.4: Knowledge-based Model of Software Process (Adapted &om [20]) 

this model, different reasoning assist ants (Requirements, Specification, and Imple- 

mentation) communicate with the developer while using s o h e  information and 

domain-specific knowledge. The current state-of-practice is far &om a completely 

automatic and artificially intelligent knowledge-based process. This is largely due to 

problems in managing the large knowledge base involved in this type of process. 

2.1.2 Methods 

A model is defined to be a simple representation of a system. It provides insight about 

particular instances and collections of instances by abstracting away the nonesen- 

tial details while generalizing the essential ones into components [67]. Methods are 

explicit steps and rules that are used to develop a model. They are required by 

the process model to provide reliability, efficiency, modifiability, or understandability 
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when building a software system. 

The ideal objective of a software engineer is to be able to use any method in 

conjunction with any other. However methods have implicit and conflicting rules in 

them which may not allow their integration. Hence, there has been a tremendous 

effort to choose, create, and combine integratable methods into methodologies that 

are useful throughout the s o h e  process. Therefore, methodologies can be defined 

as 'organized collections of methods' which is a definition that I will assume in this 

dissertation [13]. 

Examples of methodologies include: Jackson System Development (JSD) [41], 

Structured Systems Analysis and Design (SSAD) [99, 1001, Booch Methodology [9], 

Jacobsen's Object-Oriented Software Engineering (OOSE or Use Cases Methodol- 

ogy) [42], Rumbaugh's Object Modeling Technique (OMT) [75], and Shlaer-Mellor's 

Object-Oriented Analysis (OOA) [83]; there are many others. An important problem 

is the huge variety of different types of methodologies. Each methodology has its own 

extensive set of specific notations, process rules, and guidelines. Therefore, learning 

about various methodologies and switching between them is a very time-consuming 

and costly process. A recent ongoing effort by three of the leading methodologists 

(Booch, Jacobson, and Rumbaugh) is the creation of a standard unified notation 

for objectsriented development [71]. However, even if this notation could be used 

generically, non-object-oriented methodologies like JSD are left out of this framework. 

2.1.3 Automation 

Having discussed the soMware process and the supporting methods, we now focus on 

the practicality of software engineering environments. Although methods to improve 
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the practice of s o k e  development have been available for over two decades, it is 

only in the last decade that the daily practice of organizations has been changed 

[16, 461. For many years the labour-intensive nature of such methods outweighed the 

improvements they produced. Automation has changed all that. In this context, au- 

tomation differs from a single tool; it is the computer implementation of methods and 

an integral part of the total process. Automation reduces the labour cost, increases 

productivity and creativity by putting the focus of the developers on the task. It 

also helps learning and communication and allows deployment of methods that are 

clerically impossible for manual use. 

2.2 CASE Tools 

One of the earliest and simplest attempts to automate certain aspects of the software 

process is the familiar UNM make utility (281. The early efforts were mostly focused 

on building a language-specific programming support environment with facilities for 

error checking, debugging, compilation, linking, version control, and other program- 

ming supports [91]. This is still an active research area of software engineering. What 

is changed, however, is the focus which has moved from a particular phase of software 

process, namely the implementation phase, to cover the entire process [XI. 

In the last decade, various process frameworks and enhancements to software 

development models have gained acceptance. In addition, methods and method- 

ologies have been developed and practiced in software development projects, and 

well-est ablished techniques have been adopted from engineering disciplines. Many 

software engineering support tools have been used to aid the system development 

throughout the entire process from the analysis and design phase to generation of 
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code and testing. Since these tools allow the employment of weII-known software 

engineering methods, the term Computer Aided Software Engineering (CASE) has 

been coined [25]. 

Chikofkky notes: 'CASE is a production oriented integration technology that ties 

methods and tools into effective commercially viable environments' [16]. In the con- 

text of this dissertation, effectiveness of a tool refers to the satisfaction of the tool 

users and the quality of the tool-assisted products [12]. In general, CASE offers 

graphical tools with manipulation capabilities. These took d o w  information cap 

ture, exchange, storage, and transformation. Information is captured using a variety 

of graphical and textual tools. Captured information is stored in some form of a 

database, dictionary-, or repository. For the purposes of this dissertation these terms 

refer to the storage place of analysis and design objects such as requirements s ta te  

ments, structured diagrams, and source code. 

Most often, s o h e  system characteristics can be viewed from three perspectives. 

The first and most studied is the static structure of the software system which refers 

to the data structure perspective. The second perspective deals with the function of 

the software system. The third perspective examines the dynamic behavior and the 

control in the s o b a r e  system [40]. CASE tools provide capabilities to represent these 

characteristics. In mast cases, Entity-Relationship (ER) diagrams and structured 

textual descriptions are used to represent the static structure [Is]. The functions are 

often represented by data flow diagrams [97]. The dynamic behavior of the software 

system is usually captured by state transition diagrams (681. 
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2.2.1 The RPG and S M P  Models 

A recent model defines methodologies as attempts in coding experiences that have 

been found to produce good sohare  system structures [72]. This transfer of expertise 

can be useful if methodologies contain the following three parts: "representation", 

"process", and "guidelines" (RPG) . 
The representation part consists of a set of abstractions in textual or graphid 

forms. They are used to describe the components of a model of the system under 

construction. For example, the OMT methodology provides specific notations for 

modeling the dynamic behavior of the software system [75]. The behavior is modeled 

using system states and transitions that change the states. The OMT notation con- 

sists of a set of graphical facilities for representing the states (boxes) and transitions 

(arrows) as well as textual capabilities for labels and descriptions. 

The pmcess part provides the sequence of steps to be taken during development. It 

prescribes the systematic process involved in building software systems. In modeling 

the dynamic behavior of a system using OMT, the process rules indicate the definition 

of the states before the transitions. 

Guidelines refer to the set of heuristics, rules of thumb, and general directions 

that guide the developer in using the representation part and enforcing the process 

rules. A good example of a guideline is the recognition of objects from the customer 

requirements specification (which is usually in a textual form). Many object-oriented 

methodologies have guidelines that describe the extraction of fiequent nouns from the 

requirements specification which become the object classes of the modeled s o h a r e  

system. 

On the other hand, CASE tools are defined to have three interrelated components: 
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tgstruct~esn, "mechanisms", and 'policies" ( S M P )  [67]. 

The first component relates to structures such as filesystems, abstract syntax trees 

or graph structures, project databases, and repositories that represent the basic soft- 

ware artifacts and other related information. The representation past of method- 

ologies are usually supported by the structures of CASE tools. As an example, 

CASE tools supporting object-oriented methodologies define structures for represent- 

ing classes, properties, and associations [8l]. 

The second component deals with mechanisms such as languages and facilities 

that operate on the structures. They may be visible to the CASE users or hidden 

as low level support tools. Mechanisms encode information from all the three parts 

of methodologies (representation, process, and guideiines). For example, most CASE 

tools provide textual languages that allow modeling of software systems according 

to the representation format prescribed by methodologies. These languages also en- 

force some of the process rules and guidelines of the methodologies. However, the 

emphasis here is on encoding the representation part more than the other two parts 

of methodologies. 

The third component of CASE tools relates to the policies which are rules, strate- 

gies, and guidelines imposed on the developers. The representation and process parts 

of methodologies often have rules that are supported by the policies of CASE tools. 

For example, CASE tools may have rules that ensure the correctness of certain aspects 

of a diagramming representation notation or the ordering of the modeling process. In 

addition, guidelines prescribed by methodologies are also addressed by the policies 

component of CASE tools but there is very little emphasis on them. Some researchers 

believe that none of the existing CASE tools support the guidelines prescribed by their 
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underlying methodology 1811. 

Based on my preliminary studies of the OMT methodology, guidelines range fiom 

simple general directions to difficult and tedious tasks. For example, selecting mean- 

in@ names for classes is easily done by developers but it may be difficult to ac- 

complish by CASE tools. On the other hand, selecting qualified names for objects 

can be a tedious task for developers but it is a simple job for CASE tools (by using 

an automatic naming convention). Some of the guidelines are technically difficult to 

implement at this point. An example is extracting nouns fiom requirements specified 

in a natural language and mapping them onto classes of the modeled software sys- 

tem. Understanding natural language is an active research area and I believe CASE 

research should also place more emphasis on the application of this type of research 

in developing better CASE tools that support more of the guidelines. 

2.2.2 Various Kinds of CASE Environment 

Research in CASE tools has been a continuous focus of the software engineering 

community. An early classification of CASE is based on the supported process phases 

[97]. Upper CASE, or fiont-end tools, are used during analysis and design. Lower 

CASE, or back-end tools, are used during implementation and testing. This way of 

looking at  CASE tools changed as soon as total process support tools were introduced. 

An example of a CASE tool that supports the entire process is SoftDA [39]. As 

seen in figure 2.5, this tool has seven subsystems, two of which provide support for 

structured analysis and design [21]. Another two subsystems deal with detailed design 

and testing while the other three provide databases and reuse capabilities. 

Later, CASE research shifted from ensuring that a CASE tool works to making 
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Figure 2.5: SoftDA CASE Tool F'unctionalities (Adapted From [39]) 

sure that Merent tools work together. Hence integrated CASE tools gained popularity 

to the point of having dedicated workshops and conferences. A major effort in this 

area is the categorization of too1 integration into five types by Wasserman: platform, 

presentation, process, data, and control integrations [96]. Tool integration means 

following open architecture principles, writing program interfaces, using file formats 

or database schemas, building data sharing mechanisms, and doing d of those within 

a common CASE user interface. 

Of other buzzwords involving CASE tools, three are worth mentioning. Intel- 

ligent CASE took refer to the application of A1 to CASE in the form of built-in 

domaimspecific knowledge that may assist the developer [52]. These tools, although 
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promising and ambitious, lack performance when the domain is wide; they are not 

practical as general tools. Repository-based CASE to& offer enterprise-wide and 

projectiwide repositories that integrate various took for different phases of develop 

ment [63]. They are very dependent on the employed methodology and can support 

development of only certain type of applications. MetaCASE is the most recent 

approach to computer-aided software engineering which I will discuss next. 

2.3 MetaCASE Tools 

'Itaditionally CASE tools only allowed the employment of a certain type of software 

engineering methodology which was fixed for the CASE users. In this approach, the 

developers are provided with the expressive powers that the underlying methodology 

permits. Furthermore, traditional CASE tools have a certain type of data dictionary 

or repository that is used to store all the development artifacts. Object exchange 

is only allowed within the compatible and offered tools. Finally in the traditional 

approach graphical or textual editors are usable only when the rules and guidelines 

of the methodology are followed. As an example, Teamwork/OOAD is heavily based 

on the Shlaer-Mellor methodology [32, $31. 

This traditional approach is a source of great difficul@. It must be understood 

that every development company has its own organizational software process. CASE 

tool developers not only base their products on a particular methodology, they also 

adopt the underlying sobare process dictated by the methodology. This makes each 

CASE tool a special purpose tool that is useful for a particular type of organization 

developing a particular type of a software system. However, software developing 

organizations are different from one another and evolve over time. They change 
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their product lines, management styles, and manufacturing procedures to adapt to 

their customer needs and to maintain a competitive edge. As a result, since software 

processes and development methodologies change, traditional CASE tools are not 

able to provide realistic solutions. 

Many CASE developers are now moving towards CASE tools that are capable 

of providing support for seveml different methodologies [27]. Often a group of re- 

lated methodologies are supported by these tools without any real data or control 

integration faciliv. The CASE user selects a methodology and follows the enforced 

notation and rules. Although this approach is better than building took that support 

a single methodology, it does not provide the solution to the problem of dynamically 

changing software development methodologies that require modifiable methodology 

support. One solution is to build generic CASE tools that provide capabilities for 

dynamic product ion of toolsets for different methodologies. 

Customizing a tool to the needs of an organization is not a new concept. Many 

vendors have been providing this service to the large companies with a long software 

process who can &ord the high cost of customization. This high cost is due to the 

fact that CASE tools are large, complex, and very labour-intensive to adapt. High 

cost solutions are not feasible for srnd or mid-sized companies in need of CASE 

tools. What is really needed is to provide the ability to capture the specifications 

of the required CASE tool within hours and then to generate that CASE tool from 

its specification as automatically as possible. This is what MetaCASE technology 

attempts to offer. 

The term 'meta' is used by many researchers very loosely. Often the context of 

usage explains the meaning. Meta refers to the use of a representation facility or a 
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mechanism in describing a similar type of a representation faciliw or a mechanism. 

As an example, meta-data is data that describes other data like the classes in object- 

oriented models. Models are also meta-data that describe the modeled things rather 

than the actual things. To clarify any confusion, consider relational database manage- 

ment systems that use meta-tables to store table definitions and the tables themselves 

that store the actual data [75]. Meta-models are data modeling techniques such as 

those based on entity-relationships. They are used in MetaCASE tools to capture the 

underlying data models of different methodologies. 

MetaC ASE technology dates back to the int reduction of structured editors and 

the possibility of customizing tools that manipulate them [I]. An example is Hotdraw, 

a graphics framework that allows creation of editing applications [44]. An application, 

such as a state transition diagram editor, has a set of figures, for representation of 

states and transitions and a set of tools for creating and manipulating the figures. 

Today, MetaCASE makes full use of structured editors and has added many more 

technology-specific capabilities, such as correctness checking, through the introduc- 

tion and use of underlying data modeling techniques that suit soRware engineering 

applications. 

In general, MetaCASE 'includes m e c h u m s  to define a CASE tool for an ar- 

bitrary method or a chain of methods' as defined by Bubenko [Ill. As a simple 

example of this technology, Alderson (who is associated with IPSYS, developers of 

Toolbuilder MetaCASE tool), describes compiler-compiler systems [I]. In his descrip 

tion, first the syntax of a language is described to the system using a meta language. 

Then the system generates syntax and lexical analysis tables which parameterize a 

generic compiler to create a compiler for that specific language. 



Figure 2.6: The Three Levels of MetaCASE Development and Usage 

Alderson believes MetaCASE tools must have three components: a specification 

component, a generation component (which transforms the specification into param- 

eters for the generic tool), and a run-time generic tool. A similar division is shared 

by Sorenson and Tremblay of the Metaview project [86]. In their opinion, there are 

three levels of specification in a MetaCASE domain: meta level, environment level, 

and user level. Figure 2.6 shows a high-level view of a typical MetaCASE tool with 

the three levels of development and usage. 

At the top level, MetaCASE developers build the generic components of the tool 

and describe the basic structure of one or more meta-modeling techniques to be used 

in capturing the representation information present in a methodology. In addition, 

mechanisms and languages are developed that would allow defmitions of structures 

of the meta-models (as discussed in the SMP model of section 2.2.1). This would 

be the speciiic implementation of the meta-modeling technique. The Wculty in 

implementing a meta-modeling technique is twofold. If the meta-model is simple 

then it can be used to model most methodologies but may not be d c i e n t  in dealing 

with sophisticated methodologies. On the other hand, complicated meta-models are 

diflicult to work with and might make the modeling of a simple or a new methodology 

too complex. 

At the second level, CASE customizers use the provided meta-modeling techniques 

and the generic components to build a customized CASE tool. They define structures 
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of the particular CASE tool and encode the methodology prescribed representation 

and process rules (policies of SMP model). Custornization of the CASE tool is done 

using the mechanisms and languages defined by MetaCASE developers. This process 

can take only a few hours which is much shorter and less costly than the traditional 

vendor customization approach (21. 

At the last level, software developers use the customized CASE to develop software 

systems. An interesting approach to showing the powers of MetaCASE would be to 

compare development of the MetaCASE, both initially and using MetaCASE itself. 

This has been done in the case of Toolbuilder (291. 

2.4 Existing Reviews 

There exists a large amount of work on CASE tools including a number of books 

[59], various conference proceedings (SEE, SDE and CASE, and CAiSE), and special 

issues of journals and magazines. There are also many investigative and comparative 

papers [18, 64, 70, 941, and proposed general requirement models of CASE tools 

[24, 611. However, with respect to generic environments and MetaCASE tools there 

are only a few publications. 

MetaCASE is a relatively young field without much available analytical data about 

it. The little information that we have are rese&ch results of various academics. It was 

only recently (1995) that a conference was dedicated to MetaCASE technology [62]. 

In this conference, six papers reported on the experiences during MetaCASE adoption 

and use. They mention the cost as the primary MetaCASE selection criterion. On 

the other hand, MetaCASE has also opened avenues of research in automation of 

such tedious tasks as the collection of measurement data, metrics, and assessments 
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[23, 481. This capability is due to the generic nature of MetaCASE which dews 

methodology independent data collections, building of generic metric engines, and 

quali* assessments. 

In the following two sections, I will examine the only two published and readily 

available reviews of meta-environments and MetaC ASE tools. 

2.4.1 Karrer and Scacchi's Review 

Karrer and Scacchi's paper focuses on the broad area of the generic s o k e  engi- 

neering environments4[45]. They categorize more than sixty of the related tools and 

technologies based on the type of adopted software process and the services of the 

environment. They divide meta-environments into the following five classes with ex- 

amples from each class: environment frameworks, customizable environments, process 

modeling, process programming, and tool integration. The following sections provide 

an overview of these classes. 

Environment Frameworks 

Environment frameworks are those that support a set of low level services. Object 

Management Service (OMS) is an example of a low level service that provides for 

persistent objects and relationships as opposed to the traditional filesystem. User 

Interface Service (UIS) is another example that provides mechanisms for defining tool 

user interfaces and associating environment objects. The Portable Common Tool En- 

vironment (PCTE) is a typical environment framework with an Entity-Relationship 

Aggregate (ERA) model based OMS and a set of UIS primitives (921. PCTE is used 

'Also known as meta-environments [26,47 or environment generators(981. 
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as a basis for integrating tools. 

Customizable Environments 

Customizable environments provide high-level services such as s o h e  configuration 

management facilities. They also allow the users to extend and customize the pro- 

vided core capabilities of the environment. The main difference between customizable 

environments and the environment frameworks is that customizable environments al- 

low the modeling and customization of a small portion of the environment while fixing 

the rest. For example, meta-programming environments assist in creation of parsers 

and related tools which manipulate a particular language. 

Most MetaCASE tools are hybrids of the frameworks and customizable environ- 

ments. They offer low level s e ~ c e s ,  such as  the ER-based OMS of Metaview [86] 

or the graphical UIS of Toolbuilder [I], as well as customizability of a portion of the 

environment and adaptability to various methodologies. 

Process Modeling 

Karrer and Scacchi believe that the above two classes adopt particular sohaze pro- 

cesses aod consequently cannot be useful for other processes. The process modeling 

class of meta-environments attempts to overcome this problem. Here, the provided 

software process model can be instantiated to specify the activities, developers, re- 

sources, artifacts, and their relationships which together form the environment. I 

believe the generality of this process model reduces the possibility of providing fo- 

cused and useful tools. 
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Process Programming 

Process programming uses a programming language (like Ada) to describe the pro- 

cess and define the capabilities of the environment. It is most useful in providing 

programming support environments but in general may not be expressive enough to 

model various language-independent sof'tware processes. 

Tool Integration 

The final class, tool integration, deals with integrating various environment tools. 

This is done either by adopting a set of standards during development of new tools 

or by integrating existing non-standard tools. Although not entirely successful, it has 

been a desired objective of any meta-environment to provide integratable tools and 

services- 

2.4.2 Martiin et al's Review 

A more focused and detailed comparative review of MetaCASE is the research result 

of Martiin et a1 from the MetaPHOR project [53, 561. The acronym MetaPHOR 

stands for Meta-modeling, Principles, Hypertext, Objects, and Repositories. These 

words are used to show the objectives of this project: to build a configurable CASE 

tool by applying objectsriented modeling philosophies in a distributed computing 

environment while using modern hypertext-based user interfaces. The result of this 

project is the MetaEdit tool [60]. 

Martiin et al's comparative review is based on a fkamework addressing two issues: 

the properties and the effectiveness of MetaCASE tools. MetaCASE tools are divided 
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based on their linguistic properties, functional properties, and mechanisms. Linguis- 

tics refer to the description languages used in defining conceptual structure of models 

and their textual or graphical representations (meta-models) . Fhctional properties 

relate to the essential data management facilities like query and report definitions. 

Mechanisms cover CASE user interface, data communication, and operating system 

issues. Effectiveness of MetaCASE tools is studied in the meta-model, MetaCASE 

user interface, and design task areas. 

The selection of MetaCASE tools for the study is based on classifying the tools 

according to the style of customization. Four styles are identified. Database-oriented 

tools use a meta-modeling language to define the methodologies, e.g., MetaPlex [14], 

Metaview [86], and Quickspec [69]. Interfaceoriented tools have generic graphical 

notations for modeling the environment, egg., RAMATIC (51. Extension kits involve 

extending an d i n g  tool to include new meta-modeling languages, e.g., Excelerator 

and its Customizer [19, 271. Finally, knowledge-oriented tools like ConceptBase have 

a meta-model based on logical rules [73]. 

Martiin et a1 discuss the first three of these categories and review a representative 

tool from each category. They compare the tools based on properties and effectiveness 

as outlined before. Their review contains a good deal of detail about each tool and a 

modeling of a sample method in the reviewed tools. 

2.4.3 Concluding Remarks 

In general, Karrer and Scacchi's discussion of the sixty reviewed tools is not deep. It 

is merely a brief categorization and listing of various tools. This work can only be 

used as a preliminary framework for studying the existing meta-environments. 
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Martiin et al's discussion contains a good deal of detail but only covers three 

tools. The classification of MetaCASE tools does not provide any insights to the 

architecture of the tools. Finally, their review is outdated and does not cover the 

recent developments in MetaCASE technology. 

An unpublished paper by Stilwell (from the Metaview project) attempts to address 

some of the fundamental issues surrounding MetaCASE state of practice [88]. He 

examines five tools that are similar to the Metaview system. The main criterion for 

the comparison is the functionality provided by the Metaview system. His study, 

although detailed, fails to address many of the issues that are not addressed by 

Metaview system. Examples include the capability of tools in modeling the dynamic 

behavior of the software system, the process coverage, the level of provided support, 

and architecture related issues, 

As a r d t  of these observations, we can conclude that there are still issues sur- 

rounding MetaCASE which are not addressed by researchers. To address these issues 

we need to develop a framework for studying MetaCASE tools. Following the kame- 

work, a detailed architecture-based survey of the current MetaCASE tools is necessary 

and t imeIy. 



Chapter 3 

The Framework of Study 

My approach to examining MetaCASE tools is based on studying their architectures. 

Results of this examination would be beneficial for researchers of the field as well 

as the industrial developers. Analysis of the components of MetaCASE tools and 

their interconnections can help us identify the common parts and recognize the weak 

points of the tools. It can also be useful in evaluating the performance of the tools. To 

perform this analysis, I introduce a common architectural framework for MetaCASE 

tools. 

Section 3.1 describes the components of this architecture in detail. In section 3.2, 

I define a sample method (a variation of finite state machines) to be modeled in the 

surveyed tools. The final section of the chapter presents my view on how MetaCASE 

tools should be categorized based on their underlying data modeling techniques. This 

categorization includes a brief discussion of various example tools and the selection 

of the representative ones for this study. 
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Figure 3.1: Components of a Typical MetaCASE Tool 

3.1 Architectural Definition of MetaCASE tools 

Figure 3.1 illustrates the typical model of the architecture of MetaCASE tools as 

defined in the framework of this study. In this figure, the core components are repre- 

sented by boxes with solid lines; these components are parts of almost all MetaCASE 

tools. The other components are the possible additions and variations. As an ex- 

ample, a tool may be distributed with more than one data store or it may support 

group work with more than one user. The interface between these components is 

fuzzy and depends on the individual MetaCASE tool implementation. In an ideal 
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open architectwe, each component should be replaceable by other compatible ones. 

An example is the 'Other User Interfaoe' which may substitute the original one based 

on the application type or the user preference. 

In the following sections I will describe the typical components of MetaCASE 

tools. 

3.1.1 Data Descriptor, Access, and Storage Facilities 

The data descriptor allows modeling of the methodology-related data at the concep- 

tual level. Once descriptions are complete, models of software systems can be built, 

manipulated, and accessed according to the descriptor. By modeling, I mean using 

data structures to specify the methodology and the actual software systems. Descrip 

tors are also called meta-models which is a term that I use frequently. Often one 

or more meta-modeling techniques axe used in a MetaCASE to capture Information 

about the methodology. I categorize meta-modeling techniques into the following 

three types: 

1. ER-based: Some MetaCASE tools use traditional entity-relationship mod- 

eling techniques where concepts are represented as entities with relationships 

among them. This allows easy modeling of most of the concepts in structured 

analysis and design methodologies. Often the original implementation of these 

techniques in &om tools does not allow the modeling of hierarchy of entities 

and the graphical representations of the artifacts. Therefore, the implementa- 

tion has been extended to provide these functionalities but the success of these 

extensions is questionable (more detail in section 4.1). 
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2. 00-based: Other tools use more recent objectoriented modeling techniques. 

They differ from ER-based techniques in allowing object instantiation as well 

as the use of object modeling notations. Implementations of these techniques 

in MetaCASE tools permits easy modeling of most of the concepts in 00-based 

methodologies but requires extensions to include concepts such as aggregation 

and graphical representations. Impiemented 00-based techniques often contain 

too much detail and lack a clear and predefined structure and functionality 

(details in section 4.3). 

Graph-based: The third category of meta-modeling techniques involves hier- 

archical graphs. These techniques are more formal (set-theoretic or logic-based). 

They have visualization and querying capabilities with associated mechanisms 

and languages. Since the concepts of methodologies are often graph-like, these 

meta-modeling techniques match the natural form of the concepts and, there- 

fore, are more expressive. In addition, implementations of these met a-modeling 

techniques include logical querying languages that provide predefined structures 

with more semantic powers (as described in section 4.4). 

The storage of data involves low level data management issues such as  file locking, 

concurrency control, data sharing, and mapping of data fkom physical to conceptual 

level. A data management system is often used to control the access of data in 

the storage and provides functionality such as locking that would d o w  multi-user 

access. Another issue, addressed by this component, is network computing and use 

of distributed databases. 

There are further issues that need to be addressed by any MetaCASE tool. Ex- 

amples include software evolution and reuse. Evolution refers to concepts such as 
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re-engineering, reverse engineering, and design recovery of the d i n g  software sys- 

tems. Reuse is concerned with providing knowledge storage and analysis facilities in- 

cluding graphid user interface (GUI) libraries or program-code components. These 

issues arise during the customization of the CASE tool and more importantly while 

using the CASE tool. Often they are methodology dependent; thus the implemented 

meta-modeling technique must provide the appropriate capabilities. 

In reviewing the MetaCASE tools, I examine details of the meta-modeling tech- 

niques. I also briefly discuss some of the data storage and softmare evolution facilities 

of each tool but a detailed study remains to be conducted in the future, 

3.1.2 User Interfaces 

User interfaces make up the front-end of the MetaCASE tool. Often a combination 

of graphical and textual interface is used as a bridge between the MetaCASE system 

and the MetaCASE user. Since many of the concepts in software engineering involve 

graphical elements, there is a strong need for a GUI capability. Use of GUI facilities 

may help easy visualization and manipulation of graphical elements. However, some 

non-graphical software engineering elements are better understood and manipulated 

using a textual interface. Hence a combination is often desired. 

Another UI factor to consider is the type of the MetaCASE user. MetaCASE is 

used in two different levels as tools for building information systems (CASE tools) as 

well as s o h e  systems (products). Information engineers at one level build meta- 

models of methodologies and produce customized CASE tools which are then used by 

developers in building software systems. Users at these two levels may have differing 

computer knowledge and expertise. A good user interface should provide tools and 
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services appropriate to its users. A current popular tendency in MetaCASE UI design 

is a common user interface. This is based on the assumption that information engi- 

neers, or CASE customizers, and the s o b a r e  engineers, or CASE users, are the same 

people. Here, developers customize their own CASE tools and use the customized 

tools to build the software systems. 

The MetaCASE user interface must provide consistent facilities to reduce the 

learning c w e .  A MetaCASE user should be able to find and perform the common 

commands of different tools in a common and co~~~is tent  way. Differences may arise, 

based on the requirements of different methodologies, but these should already be 

understood by the user. I believe this aspect of MetaCASE is very important. A 

consistent and easy to learn MetaCASE user interface can lead to customizing and 

using customized tools in a shorter time which can result in increased productivity. 

3.1.3 An Object and Document Manager 

The object and document manager is the direct back-end of the MetaCASE user 

interface. With this facility, graphical or textual objects are assembled for viewing or 

manipulation by the MetaCASE user through the user interface. Interaction with the 

MetaCASE user is the responsibility of the user interface but the management and 

organization of the artifacts is the responsibility of the object and document manager. 

Documents are the artifacts created during the software engineering process. Ex- 

amples of such documents include data flow or module specification diagrams, test 

plans, user manuals, and source code. Organization and management of such docu- 

ments involves gathering all the related information born the data store, interpreting 
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and applying the enforced policies of the methodologies from the descriptor, and al- 

lowing MetaCASE user manipulations. In producing a document, the tool searches 

for the related artifacts, collects them while enforcing the descriptor's rules, creates 

the desired format by applying possible transformation techniques, and displays or 

outputs the result in the appropriate format. 

A form of management process support falls within the responsibilities of Object 

and Document Manager. Process support is a way of modeling the activities involved 

in a software engineering process. An activity refers to an information system de- 

velopment or managerial task (or a composition of tasks). It uses, or produces, a 

deliverable or acts as a managerial event. Events are often significant dates of the 

project. Such a support is project-tailored and involves all the managerial aspects of 

the project. Therefore, implementing a management process support system requires 

a rule based triggering mechanism in the database to deal with the events, a version 

control for all the deliverables, and navigational as well as viewing capabilities to 

provide decision support. 

3.1.4 A Query and Report Manager 

The query and report managers deal with MetaCASE user queries and retrieval of re- 

spective information satisfying a query or a report request. Queries vary from simple 

requests of information about states of certain documents to more complicated in- 

quiries about the methodology. Reporting the results of queries may involve searching 

and navigating around the documents, performing logical and arithmetic calculations, 

and displaying the results. 

Queries may involve requesting information about the methodology during the 
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customization of the CASE tool. Often the CASE customizer would inquire about 

the consistency and correctness of the meta-model with respect to certain logical 

rules and conditions. This may require a meta-model which can be mathematically 

manipulated. 

Queries may also be about the software systems under construction. The simplest 

query would be to ask about a certain input item or object of the sake system. 

This involves searching and navigating through the documents. A more complicated 

query may deal with checking if the software system can be in two merent states at 

the same time. This involves a simulation of the dynamic behavior of the s o h a r e  

system and a search through the possible states [37]. Some of these queries are quality 

assurance issues such as consistency, completeness, and conformance to the rules of 

the adopted methodology. 

The above facilities identify errors and problems in the form of reports. In addi- 

tion, various other statistical information about the models can be generated using 

implemented metrics and produced as reports. The formatting and production of 

these reports are managed by the report manager. 

3.1.5 Transformation and Meta-programming Tools 

Transformation and meta-progamming tools refer to the activities involved in 'lower 

CASE'. The ideal is to have the customized CASE automatically t r d o r m  the re- 

quirement s p d c a t i o n  into the source code. Transformations should be mathemati- 

c d y  provable, in which case, the source code would provably satisfy the requirements. 

However, in reality this is rare. Very few MetaCASE tools offer automatic code gen- 

erators and those that offer this feature require extra information from the developers 
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to be input and checked manually at  earlier stages in the process. 

According to the used methodology, transformation may involve the automatic 

generation of one or more of the documents (e.g., the module specification document) 

from the previous ones (e-g., the data flow and state transition documents). Often 

the degree of automatic code generation is dependent on the degree of formality of 

the originating documents. Methodologies prescribing a formal specification of the 

design would provide transformation mechanisms that, if employed, can lead to the 

automatic generation of the code. 

Meta-programming refers to the availability of programming support environment 

ranging from the choice of the language to the parsers, compilers, and debuggers 

specific to the language. In most cases, automatic transformation mechanisms provide 

the programmer with the module interfaces and program headers. Then, according to 

the specified behavior, the final coding is done and tested against the requirements, 

all within the rules of the specific captured methodology. 

3.2 Sample Method: A Variation of FSM 

To help us understand more of the issues involved in MetaCASE tools, I have selected 

finite state machines (FSM) as a sample modeling and experimentation method. This 

method is selected since it is SufEciently powerful to provide a realistic example and 

can easily be associated to a formal syntax and semantics. This method has roots in 

automata theory and is used in modeling of behavior in the construction of software 

systems [34]. Focusing on the dynamic behavior is a different approach than the other 

researcher's approach which is focused on modeling the data structure or functions 

of the software system (e-g., data Bow diagrams) (56, 881. 
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The importance of this method is the role that modeling of behavior plays in 

MetaCASE tools. In order to simulate, analyze, or animate behavior, a MetaCASE 

tool must allow behavioral modeling. Therefore, experimenting with ki te  state ma- 

chines can help us recognize behavior-related details and shortcomings in MetaCASE 

tools. In addition, it can help in understanding the expressiveness and usabilitry of 

the implemented metamodeling techniques used by the examined MetaCASE tools. 

In the following few sections, I will discuss the various selected concepts and 

constraints of FSM. The same organization is used in the next chapter during the 

modeling of the FSM in various surveyed MetaCASE tools. First, I discuss the basic 

primitives foilowed by 'transition' relationship. Next, I introduce an added concept 

called 'hierarchy' (or 'depth') followed by various simple and complex constraints. 

Finally, I comment on the meta-modeling technique of each tool based on my obser- 

vations. 

3.2.1 Primitive Concepts 

Based on classical automata definitions and Rumbaugh's usage, an FSM is represented 

by a state transition diagram (STD) [75]. It has two basic primitives: states and 

events. A state of a system is an abstraction of attribute values of the system which 

determines its behavior in response to input events. An event is informally defined 

to be an occurrence of something at a point in time which has an effect on the state 

of the system. 

In defining the basic primitives, I use generic primitives and inheritance relation- 

ships. Inheritance allows definition of more specific elements from the generic ones 
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by maintaining the structural similarities and dowing the definition of added char- 

acteristics. As a result of this type of modeling, I examine inheritance capabilities of 

various implemented meta-modeling techniques. 

Other concepts involved in FSM are transitions, attributes, and special initial 

or final states. I discuss transitions in the next section. Attributes are descriptive 

concepts relating to primitives. Initial state refers to a state where transitions of the 

FSM begins. Fial states are sets of states with special significance aRer a sequence 

of transitions has taken place. Input and output events act on the initial and find 

states. To keep the method simple, I omit concepts like the input and output events 

&om our study- 

3.2.2 Transitions 

lkansitions are relationships among the basic primitives (states and events) which 

determine the next state of the FSM. In particular, given a state and an event of an 

FSM, the system transits into at most one next state of that FSM. 

Figure 3.2 shows an STD of a simple popup menu with 'Idle' and 'Menu Visible' 

states (shown as boxes) and three transitions (represented by arrows). Once in 'Idle' 

state, a 'Button Down' event will take the system to the 'Menu Visible' state and a 

'Button Up' event will take it back. In the 'Menu Visible' state, the 'Cursor Moved' 

event does not change the state (and it remains in the 'Menu Visible' state). 

Most MetaCASE tools provide textual or form-based languages to define simple 

objects, like states, and more complicated ones, like transitions. I model the FSM 

concepts using the meta-modeling techniques of various MetaCASE tools. However, 

in order to keep it simple, I omit the definition of other associations and graphical 
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w 
Cursor Moved 

Figure 3.2: State-Bansition Diagram of a Simple Popup Menu 

representations which involve diagrams and graphics library calls. 

3.2.3 Hierarchy 

An important concept absent &om the simple fiat FSM is hierarchy. This concept 

allows modeling of complex software systems using a structured hierarchical approach. 

To investigate how well MetaCASE tools model hierarchy of objects, I am adding 

this concept to the definition of our sample method. Hierarchy in this context refers 

to a hierarchical arrangement (generalization) of states and events in an FSM. In 

particular, any state of an FSM can consist of another FSM. This leads to Levels of 

abstraction and explosion of states of one level into lower levels. 

Diagrammatically, a nested state of an FSM can be represented by a link fiom 

that state to  the lower level FSM. However, this may lead to consistency control 

problems which is discussed in the examination of the consistency control capabilities 

of each tool (within the object and document manager components). 

3.2.4 Simple Constraints 

Modeling FSM involves de-g constraints that compliment the above concepts. In 

most MetaCASE tools, transitions are often modeled as  simple relationships. Hence, 

there is an additional need for defining constraints such as the cardinality of the 
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participants in a relationship and unique identification measures. A good example 

is to ensure that the states and events participating in a transition of an FSM are 

the states and events of that FSM. Constraints of this type are simple to model and 

even implicit within the definition of primitive concepts. Tools that use visual meta- 

modeling techniques have more capabilities in defining implicit constraints. During 

the modeling of FSM, I examine some of the implicit or explicit simple constraints 

provided by the meta-modeling techniques. 

3.2.5 Complex Constraints 

A more complex constraint is reachability which refers to the existence of a path 

of non-zero transition fiom a state to another state. When the path consists of 

a single transition then the states are directly mchable. This constraint relates a 

statelevent pair to a unique next state. In general, all the states of an FSM should 

be reachable fiom the initial state and they should be able to reach some h a l  state 

via various transitions. These concepts are called reachability horn the initial state 

and reachability of the final state. I examine the direct reachability and reachability 

from the initial state as examples of complex constraints. The reachability of final 

states is a similar constraint. 

3.2.6 Observations 

In the previous few sections, I have discussed the necessary definitions of my selected 

sample method (FSM). Observations section will contain my observed comments on 

the meta-modeling techniques of each tool during the modeling of FSM in the next 

chapter. 
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3.3 Categorization and Selection of Tools 

Based on the architectwe discussed in section 3.1, I now classify the MetaCASE 

tools and select representative ones for the study. I use the underlying data structure 

representation and meta-modeling techniques used by MetaCASE tools to classify the 

tools. This approach is sound and reasonable since a MetaCASE tool with certain 

desired behavior requires suitable meta-modeling techniques. Some of the problems 

caused by a mismatch in this area are: data redundancy, poor performance, increased 

complexity of software, and lack of functionality [81]. 

Most of the h c t i o n a l i ~  provided by a MetaCASE is dependent on its meta- 

modeling techniques; fundamental limitations and capabilities of a tool can be traced 

back to the implementation of the meta-modeling technique and its characteristics. 

As an example, if a MetaCASE customized CASE tool does not allow modeling of 

the nested objects in a s o h e  system then it is likely that the implemented meta- 

modeling facility fails to model the hierarchy of the objects. 

As discussed in section 3.1.1, there are three major types of meta-modeling tech- 

niques: ER-based, 00-based, and graph-based. The implementation of almost all 

the tools extend and modify these basic modeling techniques to facilitate modeling 

of more complicated software engineering artifacts. Examples include set-theoretical 

concepts, such as hierarchy, as well as diagrammatic objects and graphical manage- 

ment capabilities. In the following sections, I provide discussions of example tools 

from each category and select representative ones for the survey. 
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Some of the MetaCASE tools that use an ER-based meta-modeling technique, or 

an extension or variation of it, are Metaview [30], MetaPler [14], Socrates [93], 

Totem (871, Toolbuilder [I], RAMATIC [5], and Customizer [19]. 

Among the ER-based tools Stilwell has reviewed the first four academic research 

tools [$a]. Based on my research and StilwelIYs results, all four of these tools are 

research tools with similar architectural concepts (e.g., object managers and t rans 

formation systems). Their Meta-modeling technique is a text-based meta language 

based on ER modeling with extensions to facilitate inheritance, hierarchy, and graph- 

ical associations. A single repository holds al l  the modeled information which is 

controlled by a data management system. These tools have focused on various issues. 

For example, Totem appears to have a well integrated architecture with  facilities for 

sofixaxe evolution. MetaPlex makes use of a knowledge-based object manager while 

Socrates allows easy modeling of software development processes. In general, they al l  

provide the same level of functionality and s d e r  &om similar problems. Examples 

of these problems are the representational problems (due to various implemented ex- 

tensions to their meta-models) and methodology modeling difficulties (due to lack of 

good user interfaces). 

The RAMATIC and Customizer tools have been reviewed by Martiin et a1 [56]. 

They are commercial tools with many similarities to the Toolbuilder system. Their 

most powerful aspect is the employed sake developer user interfaces. RAMATIC 

is graphicsoriented. It uses generic routines, that can be associated with symbols. 

Its functionality is very iimited. Customizer is not a real MetaCASE tool but only 

an extension on the Excelerator CASE tool that allows some degree of customization. 
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Much of the functionality of Excelerator is fixed and only the data-capture compo- 

nents are customizable. For example, various diagrnmming editors can be customized 

using Customizer and added to Excelerator. 

As a representative of reseaxch tools, I review the Metaview system. This system 

was selected because it involves a project with a long history of research and a wide 

variety of publications. Its architecture is very clear and can be a good representative 

of the ER-based tools. Furthermore, the employed meta-modeling technique is most 

developed and comprehensive. I also examine the Toolbuilder system. This tool was 

selected since it provides the most functionality among the commercial ER-based 

tools. It is a recent tool that is used in numerous research and commercial projects, 

and it has never been reviewed before. 

3.3.2 00-based Tools 

Examples of tools that use an 00-based or a variation of this meta-modeling tech- 

nique are MetaEdit [84], Quickspec [69], P hedias [95], and ConceptBase [43]. 

QucikSpec has been reviewed by Martiin et a1 [56]. It was originally developed 

to form the front-end of a CASE tool family called 'Meta Systems'. It is called 

MetaCASE because it has meta-modeling capabilities. Those capabilities, however, 

are limited to certain aspects of the Meta Systems that are customizable. The ma- 

jority of the functionality of the Meta Systems is fixed. Phedias is a fairly recent 

attempt in MetaCASE technology but in many ways it is very similar to MetaEdit 

and RAMATIC. ConceptBase is basically a deductive object manager for MetaCASE 

tools. It amalgamates ao 00-based meta-modeling technique with knowledge-based 

features to facilitate deductive reasoning on the data storage of MetaCASE tools. 



C W m R  3. THE FRAMEWORK OF STUDY 45 

Among the 00-based tools, I will examine MetaEdit which is the most complete 

and comprehensive example of 00-based MetaCASE tools. It is a popular commercial 

tool used by many organizations, and it has distinct methods engineering capabilities. 

3.3.3 Graph-based Tools 

The final category of MetaCASE tools, Graph-based, is a less-explored category. The 

rneta-modeling techniques of the tools in this category are attempts to overcome the 

difficulties with the implementation of the 00-based and the ER-based techniques. 

Graph-based meta-modeling techniques are claimed to be expressive enough to model 

all the aspects of methodologies and yet provide clear querying and manipulating 

capabilities. Examples of tools in this category are a prototype tool by IBM called 

lthought [79] and a proposed tool by Joint Research Center for Advanced Systems 

Engineering (JRCASE) called CASEMaker [81]. To investigate the claims about this 

category, I will examine both of the tools. 

3.3.4 Other Tools and Components 

There are MetaCASE tools and Components that I have not categorized or examined 

in my research. For example, ObjectMaker [65], Paradigm Plus [go], and Graphical 

Designer [36] are commercial tools with little or no available documentation and 

Hotdraw, Hardy, &fine and Goodstep [go] are merely components that can be used 

in construction of MetaCASE tools. Hence, this review does not include them. An 

extension to this research is the examination of the remaining tools and the related 

components based on the kamework built in this dissertation. 
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11 Metaview 1 Toolbuilder I MetaEdit I 4thought ( CASEMaker 

I Category ER-based I ER-based I 00-based I Graph- ( Graph- 
11 11 I I 1 based 1 based 

I 

Use Research Commercial Research/ Research Research/ 
Commercial Commercial 

1 ' 
Number of High Low High Average Average 
Papers 
Number of High High very Average Low 
Features High 
Issues Important Important Important Very very 
Addressed I Important Important 
Previous Two None One 1 None None 

Table 3.1: MetaCASE Tool Selection Criteria 

3.3.5 Concluding Remarks 

Table 3.1 is a summary of my selection criteria of the representative tools. I selected 

representative tools fiom the three categories of MetaCASE tools as identified in this 

dissertation. Selected tools are born both the research and commercial communities. 

Most of them have a long history of usage with numerous publications and developed 

features. The only exceptions are the Graph-based tools (4thought and CASEMaker). 

I have selected these since they address some of the most fundamental issues in 

MetaCASE research. Most of the selected tools are not reviewed before and those 

with previous reviews are selected for comparison reasons. 

My classification of MetaCASE tools differs from the existing three classifications 

in more than one way. One existing classification is based on the scale of the software 

system that the CASE tool is capable of supporting [67]. Another classification, 
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Karrer and Scacchils approach, is based on the provided services or the type of the 

adopted sobare process. These two approaches are broad c l d c a t i o n s  of more 

than just MetsCASE tools and, therefore, not practical in MetaCASE studies. The 

last c1aSSification, Martiin et d's, is designed for MetaCASE tools. However, it is 

based on the properties and effectiveness of the tools and, as I discussed in section 

2.4.2, has various shortcomings. A prominent one is the lack of architectural insights, 

which is a focus of my survey. 



Chapter 4 

The Survey 

This chapter contains the review of the representative MetaCASE tools selected in 

section 3.3. Selected tools are: Metaview, Toolbuilder, MetaEdit, $thought, and 

CASEMaker. The review follows the framework developed in section 3 by identifying 

and examining the typical components of the architecture of each tool. It also includes 

the modeling of the selected sample method (FSM) in the reviewed tools and my 

observational comments. 

4.1 Metaview System 

Metaview project is a joint effort between the universities of Alberta and Saskatchewan 

in Canada and dates back to McAllister's 1988 Ph.D. thesis [58]. A result of this 

project is the Metaview MetaCASE tool which is primarily a research tool. Cur- 

rently, this research continues in areas such as incorporation of the 'methodology 

knowledge' into MetaCASE tools and better representation of 'aggregation' in the 

met a-modeling techniques employed by Met aview [85]. 
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Figure 4.1: Metaview Architecture (Adapted From [30]) 

Figure 4.1 outlines the architecture of Metaview system using a data flow diagram. 

Based on data flow diagram conventions, boxes are labeled 'P' for processes, 'S' for 

data stores, and no labels for the CASE customizers and software developers interact- 

ing with the MetaCASE tool. The arrows show the flow of information between the 

boxes. This diagram divides the system into three levels of description (meta level, 

environment level, and user level) which were described in section 2.3. 

In the meta level, there are two types of soRware developed by two types of 

developers. The Metaview Definer describes one type of software which forms the 

Metaview s o h a r e  library (Sl) and the Tool Definer specifies the required tools to 

form the Metaview tools library (S3). The main dEerence between the two types of 

software is that the programs of the Metaview software library (Sl) are not directly 
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visible to the System Developers. In the environment level, programs of s o b a r e  

library (Sl) are used by the Method Definer to form the methods library (S4). F'ur- 

thermore, the Software Process Engineer makes use of alI three libraries (S1, S3, and 

S4) to configure the generic components and produce the customized CASE tool. The 

System Developer in the user level uses this too1 to produce software systems (S5). 

In the following sections, I will describe the components of Metaview system based 

on our architectural definition. 

4.1.1 Data Descriptor, Access, and Storage Facilities 

The meta-model defined for Metaview is EARA / GE (Entity, Aggregate, Relationship, 

Attribute, and Graphical Extensions). It is designed to describe various software de- 

velopment methodologies. The entities, relationships, and attributes are the familiar 

concepts from the ER modeling technique. Metaview extends these concepts to in- 

clude specialization, aggregation, and some generalization elements. These extensions 

allow data abstraction and modeling of the hierarchical nature of the artifacts and 

components of s o h a t e  systems during the engineering process. Aggregation permits 

representation of heterogeneous collection of entities and relationships as a single 

entity. Mhermore a graphical extension to E m  model supports definition of 

graphical representation of software artificts [30]. 

Examples of the methodologies modeled in EARA/GE are: Structured Design 

[loo], Highereorder software (571, and recently the OMT methodology [75, 1021. The 

concepts of these methodologies are defined using the Environment Definition Lan- 

guage (EDL). This language allows textual modeling of many of the concepts present 
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in the methodologies. EDL does not provide modeling capabilities for defining con- 

straints on the objects of the EARA model. These constraints enforce completeness 

and consistency checking on the objects. In Metaview, they are defined using the 

Environment Constraint Language (ECL) . 
Metaview is able to model a complex 00 methodology (OMT), however, it has 

limitations as described by StilweLI(881. Among the limitations is the impossibility of 

creating two relationships with the same participants. Ebrthermore, the aggregation 

mechanism, which is an important feature of the EARA model, fails to work well 

with the graphical extension. 

Data storage facilities of Metaview are the various Libraries of components, tools, 

softwares, and methods. The components and tools libraries (S2 and S3) support the 

user interface facilities. The software library (Sl) provides the database management 

and utility hnctions to be used by the soha re  process engineer. The methods 

library (S4) contains the descriptions of the software development methodologies. 

The software repository (S5), also referred to as specification database, contains the 

developed softwares. At the user level, the database engine, which is a Prolog-based 

database management system, manages the specification database. 

4.1.2 User Interfaces 

Metaview is an X-windows based multi-user system. Besides the Metaview Definer 

and the Tool Definer, there are three types of users, not necessarily distinct, with 

three different interfaces of Metaview. 

At the environment level, the Method Definer interfaces with the tool by providing 

the EDL and ECL source codes and creating the graphical objects with a primitive 
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graphical editor. The EDL and ECL codes are compiled into tables which describe 

the definitions of the objects and predicates which enforce the constraints. Currently 

the compilers cannot handle the graphical definitions or the graphical constraints of 

the objects. Creating graphical tables and constraints is done manually. 

Configuration of the CASE tool, to be used by software developers, is done by 

the Soha re  Process Engineer who selects one or more methods and configures the 

generic tools. Currently, the only generic tool is the Metaview Gmphzeal Editor 

(MGED). The database engine can also be customized and a project daemon may 

be created to handle consistency and completeness checkings. Configuration requires 

a large amount of knowledge about the methodologies, took, and the system under 

development. Most of the work is done manually and there are no help systems 

available. 

At the User level, the project daemon initializes and controls the server. It al- 

lows multi-user access and arranges the appropriate locking mechanisms. Software 

developers access and modify the specification database via an interface based on the 

MGED tool. This tool allows graphical editing of the objects of the specification 

database. Operations such as creation, deletion, and modification of objects, edges, 

and icons are supported using a variety of graphical editing facilities. 

4.1.3 An Object and Document Manager 

Tool components and Metaview tools libraries (S2 and S3) are the back-end libraries 

to the user interface facilities of Metaview system. These libraries are collections of 

C++ routines used in building the MGED graphical editor. 



One of the capabilities of Metaview at  the user level is to allow automatic transfor- 

mation of objects between two supported representation formats: textual and graph- 

ical (loud tmtufonnation). An open research issue is the automatic transformation 

of diagrams created using MGED to a Prolog form compatible with the Prolog-based 

specification database. 

Metaview supports global transformatiow of documents between different formats, 

at different stages of development, or even between different methods. This is done 

using a language called the Environment Transfomaotim Language (ETL) which I 

will discuss later. 

Among the s o h e  in the sohare library is the project daemon which is a server 

program that provides a uniform interface between the tools and the database engine. 

This program is responsible for handling the concurrent accessing of the database £?om 

the tools. It also manages the specification documents and enforces consistency. 

Metaview has an executable process model specification mechanism. This mecha- 

nism is based on an active database model. A special language, which is designed and 

hoped to be implemented in future, allows describing the process models, after which, 

automatic triggering rules act on the database and provide the necessary interaction 

with the CASE user [6]. 

4.1.4 A Query and Report Manager 

Metaview stores the methodologies in the methods library. During the definition 

of these methodologies, there are no CASE customizer supporting systems and no 

querying is possible about the correctness or consistency of the model. 

The software specifications are managed by a Prolog-based database that allows 



simple queries about the states of the objects. These queries involve searches and 

tracing of the objects and information requests using the embedded metrics. Metrics 

are defined explicitly at the environment level during the definition of the methodolo- 

gies. For example, metrics for DFDs and structure charts are embedded in the EDL 

and ETL of those methods [8]. They are often simple count functions that give the 

number of input and output data elements, processes, or terminators. 

The reporting is done using screens that display the metrics for each object or 

group of objects. Mhermore, rules specified in ETL allow the Metaview system to 

calculate certain metrics and, based on the result, give some assistance to the CASE 

user. As an example, the depth of the decomposition in the DFDs can be analyzed 

based on the number of the data elements at each level. There are no other reporting 

facilities available at this point. 

4.1.5 Transformation and Meta-programming Tools 

Metaview supports semi-automatic trandormation of formal documents from one for- 

mat or methodology (like DFD of structured analysis) to another format or method- 

ology (like structure chart of structured design). This form of global transformation 

is possible since both methodologies are modeled with the same language (EDL) and 

the transformation rules are expressed formally using the set-theoretic constructs of 

ETL [i']. 

At the environment level, the specific ETL code of a particular transformation is 

explicitly defined. Later, developers specify a software system based on one methodol- 

ogy and use those ETL definitions to automatically trandonn them into the first-cut 

of the software system in another methodology. Finally, developers must manually 



improve, optimize, and complete the first-cut to a full and valid sohare  system in 

the other methodology. 

Metaview focuses on the 'upper CASE' and provides tools for the analysis and 

design stages of the software engineering process. It does not provide any means 

of transforming the design into source code. Therefore, meta-programming or other 

'lower CASE' activities are absent. 

4.1.6 Modeling FSM in Metaview 

Based on the EARA/GE meta-modeling technique, Metaview provides languages 

(EDL and ECL) to model basic concepts of methodologies and the associated con- 

straints. In this section, I will use these languages to model the selected sample 

method (FSM) which was discussed in section 3.2. Once methods are modeled in 

EDL, graphical concepts are associated with the objects of EDL using the GE capa- 

biliw and the executable databases are produced. 

Primitive Concepts 

The primitive concepts of FSM are the states and events. The EDL code on top of 

the next page illustrates these concepts defined as the entities of EARA model. In 

this model, the FSM-entity is a generic entity with the name and the id attributes. 

The subtypes of the FSM-entity are the state and the event entities The state entity 

can be an initialAate or a finalstate. Subtypes inherit the structure of FSM-entity 

and add extra characteristics. As an example, event has an additional data attribute 

(eventdata) which is of type text (sequence of string). 



ENTITY-TYPE FSH-entity GENERIC 
ATTRIBUTES (id: string) 
ATTRIBUTES (name : string) ; 

ENTITY-TYPE state IS-A FSM-entity 
BECOMES substate ; 

ENTITY-TYPE initial-state I S-A state ; 

ENTITY-TYPE final-state IS-A state; 

ENTITY-TYPE event IS-A FSM-entity 
AlTRIBUTES (event-data : text) ; 

Transitions 

llansition is a relationship between states that take the cumenmate and the nextstate 

roles. Another participant of a transition is the event entity. Transition is described 

by the following EDL code: 

RELATIONSHIP-TYPE transition 
ROLES (current-state, event, next-state) 
PARTICIPANTS (state, event, state); 

This model of FSM is not yet complete. Various constraints need to be enforced. 

These constraints will be discussed later in the section. 

Hierarchy 

The hierarchical concept of state is defined with the 'BECOMES' keyword of the 

state entity. It is further defined to be of type aggregate representing the explosion of 

a state into the state, event, and transition components. The state component in turn 
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may explode into further substates. The following EDL code describes this concept: 

AGGREGATE-TYPE substate 
ATTRIBUTES (name: string) 
COMPONENTS (state, event, transition) ; 

Simple Constraints 

Our selected simple constraint is to ensure that the states and events involved in a 

transition of an FSM are the states and events of that FSM. This constraint is shown 

by the following ECL code: 

CONSTRAINT (1) ownership (a: substate) 
ALL t FROM (transition (P a) SATISFY 

t->current,state IN a 
t0>event I N  a 
t->next,state I N  a; 

The above constraint defines a to be a substate (FSM) and t to be a transition of a. 

It then ensures that the entities participating in the transitions of a are components 

belonging to a. 

Complex Constraints 

The direct reachability constraint ensures that given a currentstate and an event, 

the system will transit to exactly one n-ate. The ECL constraint number two 

on top of the next page is the definition of direct reachability constraint. Here to 

and t l  are transitions of a substate a. The body of the inner 'ALL7 statement is a 

condition that finds all the transitions with their current-state and event equal to the 

current-state and event of a given transition (to) and their nextstate different than 



the nats ta te  of that transition. Then the constraint ensures that for every transition 

to, the mentioned process produces no transitions (tl) that satisfy the condition. 

CONSTRAINT (2) direct-reachability (a: substate) 
ALL t o  FROM (transition Q a) 

ALL ti FRON (transition (O a : 
*->currentestate = to->current-state 
*->event = to->event 
*->next,state ! = to->next,state SATISFY 

tl = o // there is no other next states 

OTHERWISE message ("Transit ions must have next states.  "1 ; 

A more interesting constraint is to ensure that the initial state can reach any other 

state. The following ECL code is the definition of this constraint: 

CONSTRAINT (3) initial-reaching-others (a: substate) 
USES reached-states 
WITH all-states = [state 0 a] 

ANY 80 FROM all-states SATISFY 
(AFTER reached-states : = 

[initial-state (O 4; // start with initial state 

add-direct-reachables (SO, a) SATISFY 
ALL s l  FROM all-states SATISFY s l  I N  reached-states)) 

OTHERWISE message ("Initial state must reach every state. "1 ; 

In the above model, I build a set of reached states starting from the initial state. 

To do this, I use a function cded  adddirect-reachables whose ECL definition I have 

omitted for clariw. This function recursively adds the direct reachable states of a state 

(specified by its first parameter) from a machine (specified by its second parameter) 



using the previously defined directreachability constraint. Once the set of reached 

states is built, the above constraint ensures that every state of the machine is a 

reached state, 

0 bservations 

My concern during the use of EDL and ECL was the level of diflFiculty associated with 

the use of these languages. I have observed that defining the entities, aggregates, and 

relationships using EDL is a simple and straightforward process. However, those def- 

initions are not complete without the constraints. Defining constraints, in particular 

complex constraints, using ECL is a cumbersome task and requires extensive knowl- 

edge of the language. Metaview separates the data definitions fiom the constraint 

definitions. As a result, definitions of even the simple constraints are difficult. This 

seems to be a major problem of Metaview given that there is no help system available 

during the methodology modeling process. 

4.2 Toolbuilder System 

Toolbuilder is a commercial MetaCASE tool built by IPSYS Software in UK. Cur- 

rently, this tool is used by many researchers around the world in building experimental 

and industrial CASE tools. Current research in this area is to extend the tool in au- 

tomating more of diagram editing and correctness checking capabilities [29] . 
Toolbuilder has a method specification capture component (METHS) that c a p  

tures the underlying meta-model of the methodologies including the language of the 

diagrams and the input or output structures. These specifications are then trans 

formed into parameters for generic tools and mechanisms which form the run-time 
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Figure 4.2: Components of a Generic Tool in Toolbuilder (F'rom [4) 

component. The run-time component interacts with the CASE user, capturing the 

specification of the software, according to the rules of the parameterized methodology 

Dl 
It has been difficult to obtain technical details about Toolbuilder since it is a 

commercial tool with proprietary technology. Available documentation, prepared 

by academics using Toolbuilder, provides some technical detail [29]. Based on this 

documentation, Toolbuilder is a collection of integrated and generic tools and function 

libraries. It has two editors (diagram and text editors) that allow the building of the 

corresponding tools (diagram and text editing tools). 

Figure 4.2 shows the constituent parts of a diagram editor (or design editor). In 

this figure, DDL describes the underlying data S ~ N C ~ W ~ ,  FDL allows definition of the 

interface, and GDL permits the symbol and graphic associations. These descriptors 

parameterize the design editor and define its allowed behavior. In this architecture, 

the design editor remains generic. However, sometimes a specific behavior is desired. 

DDL, FDL, and GDL describe what is allowed and not how a desired action is to be 
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performed. To make the tool method-specific (capable of providing specific functions), 

Toolbuilder dows the CASE customizer to write customizer hnctions and Iink them 

to the design editor. Therefore, the design editor is parameterized by the descriptors 

and has a specific behavior defined by the linked functions. At a lower level the 

customizer functions can be e t t e n  as C subroutines, 

4.2.1 Data Descriptor, Access, and Storage Facilities 

The meta-modeling technique defined for Toolbuilder is based on the realization that 

diagrams used in methodologies generally are in the form of a directed network of 

nodes and links. Nodes are modeled by entities and links by reiationships. Diagrams 

also contain labels and values that are modeled by attributes and their values. The 

symbols and graphical styles are recognized as Iexis of a graphical language. The Legal 

uses of symbols are the syntax and the legal relationships among the nodes (or Links) 

are the semantics. Similar principles apply to forms, structured text, and matrices. 

Hence a language is dehed  to capture and describe the methodologies. 

Data description language (DDL) is used to express the schema of the data. A 

schema is the definition of entity types, attributes, and relationships among entities. 

The database or the data dictionary of Toolbuilder is produced by a compiler that 

compiles the schema defined by the DDL constructs. This database has two tiers: 

the 'file level' and the 'file content level'. There is also a distributed database man- 

agement system which is proprietary to the IPSYS company. This system manages 

the database and provides the necessary locking and concurrency control. 

The meta-model of Toolbuilder covers more than just the simple entities and 

relationships. Entities of this model have types that determine the allowed at tributes. 
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Attributes can have types that are printable, Iike strings and integers, or they could 

be entities by themselves. The latter types are known as the links or the relationships 

between entities. There are constraints on the types such as the cardinality of the 

entities and their attributes. 

This meta-modeling technique supports hierarchy of the entities where subtypes 

inherit the attributes of their parent type. It is possible to define derived multi- 

valued relationships as collections of the values of other relationships. This is the 

familiar notion of the aggregation. Furthermore, recursion is also supported which is 

used to define derived relationships by a recursive function over other relationships. 

This meta-model is active in that triggers can be associated with events applying to 

attributes and relationships. 

The graphical information about a diagram, like the various types of shapes, 

lines, texts, matrices, maps, and the relationship among them are described using the 

graphical description language (GDL). The layout language (LL) is used to describe 

how textual editing tools are to be customized. At m-time most of the functionality 

of the tools is provided by the customizer C functions which I discussed in the previous 

section. 

Toolbuilder has been used to encode SSADM which is considered to be a com- 

plex methodology [29]. In addition, it has been used in many MetaCASE related 

research projects including teaching, reverse engineering and reengineering [Z]. My 

general impression about Toolbuilder is that this tool is very effective in capturing 

the data structures of the methodologies and creating graphical and textual editors. 

Toolbuilder has little capability beyond capturing the data structures of the method- 

ologies and providing customized editors. 
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4.2.2 User Interfaces 

The user interface of Toolbuilder is OSF/Motif-based which is used in the Unix en- 

vironment. However, Toolbuilder has addressed portab0i@ across operating systems 

and hardware platforms. The customized tools are often single-user tools, however, 

Toolbuilder provides facilities for teamwork. 

The interaction styles of the user interface (windows, menus, buttons, etc.) and its 

layouts are described by a format description language (FDL). FDL parameterizes the 

tools by associating specific actions with the creation and selection of an interaction 

object such as a menu or an icon. The interaction is through the design diagram and 

structure text editors which capture both the diagrammatic and textual aspects of 

the methodologies or the software systems. 

During the specification of the methodologies, there is no help available for the 

CASE tool customizer. However with the specification, there are (not very explicit) 

facilities that would allow building of help systems, metrics, and rules to be used 

by s o h a r e  developers. In general, a conclusion in working with Toolbuilder by a 

long-time user (Ferguson) is the extreme complexity of extending the functionality 

of the tools beyond the default operations which, together with poor documentation, 

requires a lengthy learning curve [29]. 

4.2.3 An Object and Document Manager 

Toolbuilder manages user interactions with its user interface management system. 

Initially a log-on facility is responsible for setting-up the environmental variables used 

by the tools, compilers, and the database. Once logged-on, the user interface manager 

controls the interaction between the tools, compilers, and the database. Compilers 
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are the back-end to the languages of the Toolbuilder (DDL, FDL, LL, and GDL). 

Toolbuilder user's view of the underlying data is through the £kame model. Frames 

are collections of graphical or textual objects with images on the screen and associated 

actions. The actions may be default hctions, like cutand-paste, or more specik 

functions like navigation. There is a root kame which is invoked by the run-time 

component. Frames determine the presentation of information to the user. FDL, 

LL, and GDL scripts are all generated within the kames for use by the run-time 

component. 

Data consistency among different representations is the result of using a uniform 

meta-modeling technique in a single repository of data However, recently high- 

level manipulation functions have been developed that may be used recklessly and, 

therefore, introduce inconsistencies. There is a need for a formal mechanism that 

would check the correctness of the models. 

Toolbuilder has been used in building management process support systems. 

There are no documentation of this; however, the database of Toolbuilder has the 

capability of supporting automatic triggering rules. These rules can be used to de- 

fine events and actions required in supporting a process that would be executable at 

run-time. This capability is implicit in the meta-model. 

4.2.4 A Query and Report Manager 

Toolbuilder does not provide a complete, clear, and high-level querying facility. How- 

ever, the current stage of Toolbuilder's functionality is not clear and passing a judg- 

ment seems unfair. Based on the documentation available to us, there are functions 

developed for accessing the database (based on the attribute values) and visualizing 



the data (using links and sequences). This is accomplished using queries defined by 

the CASE tool customizet to be used by software developers. 

Toolbuilder allows generation of reports with structures defined using a specific 

sub-language. Once the report structure has been customized, the output generation 

aspect of Toolbuilder uses the design and structure text editors' off-line facilities to 

produce the appropriate output. Outputs generated in one development stage either 

become the inputs of later stages or are used directly by software developers. The 

customization of outputs has the following four phases: (i) controlling the source of the 

information (which is a crude form of integration), (ii) controlling the structure (which 

includes scripts for generating particular representations of data), (iii) controlling the 

logical appearance of data (at run-time), and (iv) controlling the physical appearance 

of the information (directly or using a publishing system). 

4.2.5 Transformation and Meta-programming Tools 

Toolbuilder uses integrated and shared data between its tools and ailows transfor- 

mations between textual and diagrammatic formats of data. This is like viewing the 

same data using different tools or in diflerent environments. Ruthermore, the report 

generating sub-language of Toolbuilder and the corresponding run-time components 

are used to define specific formats for the outputs. This may take place between 

different stages of the process and act as a transformation facility. 

Toolbuilder provides 'lower CASE' capabilities including code generation, config- 

uration management, and version control. These are based on Toolbuilder's open 

architecture which allows the integration of third party components like document 

processors and code generators. I have not been able to obtain any documentation 
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describing experiences in these areas. 

4.2.6 Modeling FSM in Toolbuilder 

Toolbuilder provides languages (DDL and GDL) for modeling concepts of methodolo- 

gies. In this section, I will use these languages to model our sample method (FSM). 

Modeled methodologies have associated graphical objects in Toolbuilder and may 

further be formatted for manipulation and viewing purposes and eventually act as 

customized CASE tools. 

Primitive Concepts 

To model the primitive aspects of FSM, I will use DDL codes. This is similar to 

defining a database schema with predehed types (Node and Link) and keywords. 

The following DDL code presents a model of these primitives: 

Node :: FSM-entity 

FSM-entity => i d  : String, name : String; 

Forward transition Is Link 

Type state Is FSM-entity 
(in-transition : In Set O f  transition; 
out-transition : Out Set O f  transition; 
substate : Omer O f  Set O f  state);  

initial-state <= state ; 
f inal-state C= state ; 

In this model, FSM-entity is defined to be a generic predefined Node type with name 

and id attributes. State is an FSM-entity which inherits its structure and may be an 
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in i t ia la te  or a final-state. Transition is a relationship whose definition is forwarded 

for later. It is used in defining the fact that a state can be a source or a destination 

of many transitions. The substate type refers to the concept of ownership which I will 

discuss later. 

Relationships between entities can be modeled by the Link concept of DDL as follows: 

Type transition Is Link 
(next-state : In state; 

current-state : Out state) ; 

transition => id  : String, 
event-data : Sequence of String; 

In the above model, transitions are links &om currentstate to next-state. Events are 

modeled as attributes of transitions with sequence of string types. Although this is 

an oversimplification, it is sufficient for the purposes of this work. 

Hierarchy 

In our definition of FSM, any state entity may consist of another FSM. This can be 

defined by a DDL code that allows a state to contain other states identified by their 

name and a linktype called explosion: 

state =>> explosion(name1 : state; 

This allows states to explode to more states. However, transitions occur within or 

between states and their substates. Therefore, we need constraints to ensure that 

states of a transition of an FSM are the states of the same FSM, 



Simple Constraints 

Unlike Metaview, Toolbuilder does not provide a separate language for defining con- 

straints. Some constraints may be defined with DDL. In our problem, DDL allows 

definition of ownership, as seen previously, with the substate concept. Here 'owned' 

objects (substates) do not know of the ' o w '  objects (parent states) and cannot 

access them. Therefore, a structured hieraxchy based on the levels of states and their 

substates will restrict the scope. Ttansitions would only be able to access states 

within the same level (FSM). An exception is a transition between a state and its 

substates. This type of transitions are not restricted. They provide for defining inputs 

and outputs of an FSM which is omitted from our discussion. 

Complex Constraints 

In addition to DDL, GDL also allows enforcement of some restrictions such as the type 

and the number of the participants in a Link. However, more complicated constraints 

like the reachability, which was discussed in section 3.2, are not modeled in any of the 

provided languages. In these cases, Toolbuilder allows definition of C functions that 

may be used to model the complex constraints. In order to access data and attribute 

values, Toolbuilder provides predefined functions, like get-attri bu te() , which form the 

interface between the CASE customizer defined C functions and the database. Once 

constraints are defined as C functions, they can be called directly using FDL formatted 

menu options or indirectly embedded within other methods and operations. 

An example of a complex constraint is the direct reachability which says: given a 

currentstate and an event, the system may transit to exactly one nextstate. A more 

complex example is to emwe that the initial state can reach a l l  other states. The 
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following pseudo C code illustrates a model of these constraints: 

DIRECT-REACHABILITY (state : cs , Seq-Of String: e) C 
state: ns = NULL; // t o  hold the next state  
// get an out-transition of carrent state and mark it 
String: t = get-out-transition (cs) ; 
while (t) ( 

if (cs = t . current_state) I: // given current state 
if (e = t . event-data) C // and an event 

if (ns = NULL) 
// i f  next state is the f i r s t  one 
ns = t .next,state; 

else i f  (ns != t .next,state) 
// Give ERROR Message and Exit 

3 
> 
// get another unused out-transition and mark it 
t = get,next,out,transition (cs) ; 

1 
return ( 0 )  ; // There i s  only one next state 

3 

INITIU,REACHING,OTHERS (state: is) ( 
Seq-Of-String: as = get-all-states 0 ; // list of all states 
Seq-Of-String: rs = is; // list of reached states 
as = as - is; // take initial state out of all  states 
while (1) I: 

Seq-Of-String: t; // to keep out-transitions 
Seq-Of String: d r s  =O ; // directly reached states 
while (t = get,next_out,transitions (rs)) 

d r s  = d r s  + t.next,state; 
if ( d r s )  ( 

rs = rs + drs; // add them t o  reached states 
as = as - drs; // take them out of all states 

3 
else break; // there is no more reachable states 

> 
if (as = NUU) return ( 0 ) ;  // all states are reached 
return (-1) // there is  a state that is not reached 

3 
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My objective in coding these constraints is not to implement them but to ex- 

periment with the tools and present their capabilities and shortcomings. They are 

provided for illustration purposes only- The important aspect is the outcome of the 

coding process which has allowed me to  draw conclusions about the reviewed tools. 

Observations 

In my experience, DDL is more expressive than EDL (of Metaview). Some of the 

constraints are modeled right within the DDL or enforced by the GDL codes. There 

is no separate language (like the ECL of Metaview) for constraints which makes 

modeling of constraints, that are closely related to the actual data, easier. However, 

DDL cannot model complicated constraints. In these cases, C functions are used 

which are easier to understand for programmers. However, using C functions creates 

the added complexity of managing the interface between the C code and the database. 

Toolbuilder provides predefined interface functions but is unable to eliminate the 

difficulty of understanding and maintaining those interfaces. 

4.3 MetaEdit System 

The MetaEdit family of tools, in particular MetaEdit+, is the result of a joint re- 

search project between Jyviiskyla and Oulu universities in Finland. It is one of the 

most popular MetaCASE tools both &om the research and the industrial point of 

view. MetaEdit+ is also called a computer-aided method engineering (CAME) tool. 

Although alI MetaCASE tools provide means of methodology specifications, only 

MetaEdit+ claims to be a distinct CAME tool by providing additional flexible means 

of method management, integration, and reuse. 
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Figure 4.3: MetaEdit+ Architecture (Adapted Fkom (601) 

Considering the discussion about the three levels of MetaCASE modeling in sec- 

tion 2.3, we should look a t  the corresponding three levels in MetaEdit+ [84]. As a 

MetaCASE tool, which is used to build CASE tools, the three levels are similar to 

the model of figure 2.6. However, as a CAME tool, the three levels operate one level 

'higher' than the other MetaCASE tools. As a result, the highest level is called the 

meta-meta-modeling level where the syntax and semantics of various meta-modeling 

techniques are defined. The subsequent levels of MetaEditf are the two highest levels 

of other MetaCASE tools. This dows definition of meta-modeling techniques and 

engineering of methodologies. I will refer to meta-meta-modeling as meta-modeling, 

since the concept of modeling is the same at any meta level. 

The general architecture of MetaEdit+ is shown in figure 4.3. This architecture 

is based on conceptual modeling principles. Hence, the repository has an associated 

conceptual schema and the tools resemble external views of that schema. In addition, 

object-oriented design is used in development of MetaEdit+ which allows reuse and 



interoperabilily between tools (as claimed by MetaEdit+ developers). The heart of 

MetaEdit+ is the MetoEngine which handles all operations on the underlying con- 

ceptual data. The tools of MetaEngine are divided into four groups: environment 

management tools (to manage features of the environment), model editing tools (to 

create, modify, and delete model instances or their parts), model retrieval tools (to re- 

trieve design objects and their instances), and method management tools (for method 

specification, management, and retrieval). 

4.3.1 Data Descriptor, Access, and Storage Facilities 

The meta-model used in MetaEditf is called GOPm Graph, Objects, Properties, 

Relationships, and Roles. This data modeling technique is used at the conceptual level 

for specification of Methodologies as they are observed, interpreted, and recorded. 

The objects of GOPRR refer to the independent and identifiable design objects (sim- 

ilar to the entities of an ER diagram). These objects often have properties (attributes) 

such as the name of a process in a DFD. Relationships are associations between ob- 

jects that appear as lines between shapes in diagrams. Roles define specific ways that 

objects participate in relationships. 

The concept of Graph was added to the OPRR model for several reasons. It 

denotes an aggregate concept which is the containment of a set of objects and theit 

relationships. This allows representation of complex objects using decomposition 

into contained objects. In addition, it allows different 'representational' graphs (like 

matrix or diagram) of the same 'conceptual' graph (like a DFD). Furthermore, it 

permits the use of multiple methods at various levels of the project while maintaining 

links among them. 
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Other capabilities provided by the Graph concept are the inclusion of generaliza- 

tion and specialization constructs as well as polymorphism. This Iast extension allows 

viewing of an object in one method as ao object and in another method as a rela- 

tionship or property. GOPRR allows method integration in such a way that objects, 

relationship, and roles can be reused and properties can be shared. My concern with 

such a flexibility is model integrity, consistency, and completeness. MetaEdit+ claims 

that, to some extent, a model checking system is present. 

MetaEdit+ provides support for 00 analysis and design methodologies, such as 

OMT and BOO&, as well as structured analysis and design methodologies such as 

Yourdon's SA/SD. Developers of MetaEditf claim that their system provides one of 

the largest selection of method supports. An advantage of this tool is the capabiliv 

to change the description of the methodology even while it is in use. These changes 

are reflected on the models immediately. The major focus of this tool is on capturing 

the methodology-related data in an integratable form. More work must be done on 

ensuring the correctness of the captured data and providing detailed analysis and 

simulation tools. 

AU the captured data is stored in the repository of MetaEdit+. Captured data 

include the method specifications represented as GOPRR concepts and other informa- 

tion bases needed to operate the tools. Among the information bases are the object 

representation symbols (such as spatial coordinates and shapes), MetaCASE user de- 

scription information (such as user status and permissions), and output specifications 

and reports. There is a data management system that allows data sharing and con- 

currency. This is achieved using a locking mechanism which admittedly reduces the 

performance. 
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4.3.2 User Interfaces 

MetaEditf is a multi-user and multi-platform system with a client-server architecture. 

Each client has an instance of MetaEdit+ with copies of all the available tools and the 

controlling MetaEngine. The main launcher allows only the permitted capabilities 

based on the MetaCASE user status information located in the repository. As an 

example, a browser dows hierarchical access to the models and the meta-models 

stored in the repository based on the user permission. F'urther interfaces with the 

system is through the graphical or textual tools. 

Specification of the methodologies is through the conceptual object type tools, 

such as the relationship tool, and their textual representations. This is often done 

by fUing in a form that describes the conceptual object. A symbol editor is used 

to specify and design the graphical objects and their behavior while linking them 

to the conceptual object type. There is no help available during the specification 

of the methodology [88]. However, facilities are provided for defining help, metrics, 

and reporting systems for the CASE users. Another open problem in MetaEdit+ is 

to guide the CASE user in selecting the right methodology for a particular project 

based on the type of the project. Ongoing research in this area is acknowledged by 

MetaEdit + developers [60]. 

CASE users interact with the tool using model editing tools such as diagram, 

matrix, or table editors. These tools are invoked &om a Workspace which holds 

information about the MetaCASE user and can be configured to the user's likings. 

Added facilities by the CASE customizer can provide metrics that are used to produce 

reports. It can also act as help systems that may be triggered automatically by the 

CASE users. 



4.3.3 An Object and Document Manager 

The MetaEngine is the direct back-end of the tools used by developers to access 

the repository. Implementation of the conceptual data model and the operational 

signatures are embedded in the MetaEngine. Accordingly, tools request services from 

the MetaEngine but operate solely based on their own specific paradigm. In the 

clientserver architecture, MetaEngine deals with al l  the communication issues with 

the server and VaTious tools. Hence, data sharing is made possible through data 

integration. 

As discussed earlier, this architecture allows transformation of objects from one 

format to another. This is possible among the three supported formats: diagram- 

matic, matrix, and tabular. In addition, objects can be viewed in one method as an 

object and in another method as a relationship or property. Although such flexibility 

is highly desirable, it may cause problems. A prominent one is to ensure consistency 

and integritsf within and between methods. This problem is the topic of one of the 

futrure research directions of MetaEdit-t, 

Another MetaEdit+ research direction is the building of a flexible process support 

which may coordinate various activities and manage deliverable [55]. 

4.3.4 A Query and Report Manager 

Met&&+ provides tools for editing specification of methodologies which is stored 

in the repository. No support is available for making queries about the correctness of 

the methodology. However, consistency and completeness of diagrams may be verified 

during the description process. 

Querying the states of the developer specified data is possible using the customized 
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querying and reporting facilities. The CASE tool customizer can use the report editor 

and the a~sociated procedural query and data manipulation language to generate the 

capabiliiy for producing textual descriptions of the models. This capability can be 

used by s o h a r e  developers in querying the models of the repository. These queries 

may be simple software system consistency checks or various data state requests. 

MetaEditf allows creation of reports that provide simple textual descriptions of 

the model of the s o h e  systems. As described above, reports are generated using 

the report editor and the associated languages. 

4.3.5 Tkansformation and Meta- programming Tools 

Data objects in MetiEdit+ can be viewed in Merent tools. This acts a s  a local 

transformation facilifgr- In essence, there is only one copy of the objects that is 

viewed in Merent environments and formats. An example is a textual-to-graphical 

transformation. There are no additional transformation languages that could be used 

to transform models between methodologies or tools. 

Transformation between Merent phases of the software engineering process is 

possible using a combination of the specification of methodologies and the report 

generating facilities. With the help of the report editing tool, functions can be defined 

to take data outputs of one phase (like object descriptions) and produce data inputs 

for the next phase (like language-dependent class definitions). 

Although the focus of MetaEdit+ is to act as an 'upper CASE', there are semi- 

automatic facilities that could be used as meta-programming tools. MetaEditf pro- 

vides predefined SQL and Smalltalk code generation capabilities. 



CHAPTER 4. THE SURVEY 

4.3.6 Modeling FSM in MetaEdit 

Based on the GOPRR meta-modeling technique, MetaEdit + provides a graphical 

interface to model the methodology concepts and constraints. CASE customizers 

use object modeling techniques to define the graphical represent a tion of the method- 

ologies which is transformed into the textual code of that model. The GOPRR of 

MetaEdit+ is similar to the previous two MetaCASE tools in two ways. Firstly, it al- 

lows definition of graphical objects associated with the methodology concepts (which 

I do not examine here). Secondly, it uses generalization and aggregation to build a 

hierarchy of objects (which I will examine). 

Primitive Concepts 

Figure 4.4 presents the GOPiR representation of our sample method (FSM). This 

model of FSM consists of a generic object called FSM-object which is only an abstract 

type and can never be instantiated. This generic object has a property called name 

which is represented by the oval in the figure. FSM-object is specialized into another 

object called state which inherits the name property and adds an identifying property 

called id. Identifying properties are represented by double ovals. The state object can 

be instantiated or fi.uther specialized to be an initialctate or a finalstate. 

Transitions 

Events are the properties of transition relationships defined as a relation between two 

states. The states participating in this relationship take the from or the to roles. These 

roles belong to the current-state or the nexutate objects. Transition relationship has 

two properties called the id and the eventdata. 
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Figure 4.4: GOPRR Representation of FSM in MetaEditt 

Hierarchy 

In figure 4.4, the 'Graph' of GOPRR for FSM is represented by the large rectangle 

which contains the definition of the flat FSM. To represent hierarchy of states and 

their substates, a particular type of relationship is used which relates the state object 

to the 'Graph' of FSM. This relationship is shown by a thick dotted m o w  called 

su bstate. 

Once the graphical representation of the model of FSM is defined by the CASE 

customizer, the corresponding tactual code is automatically generated. A sample 

fragment of the textual model of FSM is shown on top of the next page. This code is 

a simple description of the model and lists a l l  the Graphs, Objects, Properties, Roles, 

and Relationship. 
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Graph : substate Aggregation relationship 
Object: state Can explode to a substate 
Property : id I dent if ier 
Role : t o  Cardinality: 1; 
Relationship: transition Represented by a line 

Simple Constraints 

Many of the constraints, such as the cardinality of participants in a relationship or the 

type of the roles, are modeled within the GOPRR graphical representation. Consider 

the constraint ensuring that the states of a transition of an FSM are the states of that 

FSM. This constraint is implicit in our GOPRR model of FSM since the states taking 

the from or the to roles in a transition relationship are the states of that particular 

FSM (or 'Graph', as cded  in MetaEdit). 

Complex Constraints 

Consider the more interesting direct reachability constraint which ensures that given 

a current state and an event, the system will always transit to exactly one next 

state. This constraint is ensured by having unique identifiers and enforcing cardinality 

constraints in the roles of the states. Hence, the state taking the to role (nextstate) 

can have a cardinality of exactly one. This is shown in the cardinality part of the 

definition of the to in the textual format of the FSM model- MetaEdit+ does not 

provide any separate constraint definition facilities. 

The GOPRR graphical modeling of FSM is advantageous since it is easy to model 

and simple to understand. However in modeling constraints of a complicated nature, 



GOPRR modeling faces difliculties. As an example, consider the constraint ensuring 

that the initial state can reach any other state. Based on my examination of GOPRR 

meta-modeling technique, it is not easily possible to model this constraint. This 

appears to be a major shortcoming of MetaEdit+. 

4.4 4thought System 

The 4thought prototype is a result of the Advanced Softwiue Design Technology 

(ASDT) project of the Center for Advanced Studies (CAS) in IBM Canada [78]. This 

project was abandoned in 1995 for budget reasons. Since 4thought addresses some 

of the fundamental MetaCASE issues, I have decided to examine it. The underlying 

theory for the development of lthought is the Theory-Model Paradigm [50, 771- It 

is an attempt to provide confidence about the correctness of a complex design. Of 

course the real solution to the problem of correctness is the 'proof' paradigm which 

requires great effort in using formal methods and, consequently, is not practical. 

In the Theory-Model Paradigm, there are theories (methodologies) that prescribe 

categories of design concepts and rules. A design is defined to be a collection of 

facts that form a model for the theory. Once the model falls within a category and 

satisfies the rules, it is valid. This approach is easier and more practical than the 

difficult formal proof paradigm. Yet it is still partially formal since methodologies 

are described using a formal specification language such as Z [22]. The Theory-Model 

Paradigm provides the theoretical basis for the development of the 4thought system. 

It is important to notice that 4thought approaches MetaCASE from a different 

viewpoint. Most MetaCASE tools focus on providing means of capturing the data 

model of methodologies using various meta-modeling techniques. Then they provide 
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ways of customizing easy to use CASE tools. In this process, ensuring the correctness 

of the captured methodologies and even the produced software system is secondary. 

With 4thought, the focus is towards the correct capturing of the methodologies and 

verifying that a design meets the constraints of the methodology with which it was 

developed. 

4thought is only a prototype and lacks a complete architectural design. Based 

on the available documentation, it is a collection of stand-alone components. These 

components are integrated to provide the hctionality that supports the Theory- 

Model Paradigm. First, methodologies are formalized using various formalization 

techniques like 2. Then they are modeled, both graphically and logically, using meta- 

modeling techniques like GraphLog [I?]. Next, executables axe generated by trans- 

forming the meta-models into Prolog programs. Finally, software systems are specified 

and checked using the executable methodologies. 

One of the components that is used in 4thought is a Prolog database server that 

contains the information captured using meta-modeling techniques. Visuslization of 

data in the form of graphs is through the visualization and querying capabilities of 

the GraphLog system. Textual views of the data are also available, and are integrated 

with the graphical information. 

4.4.1 Data Descriptor, Access, and Storage Facilities 

Based on the Theory-Model Paradigm, methodologies are first formalized using a 

formal language. This step is particularly import ant for the informal methodologies. 

The key objective in doing this is to ensure that there is a precise meaning for the con- 

cepts found in the methodologies. Since most of the fundamental concepts in software 
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engineering can be described using elements of set theory and predicate logic, a formal 

language, such as 2, has been used for this part. Examples of modeled methodologies 

are JSD, OMT, and OOA [loll. Developers of 4thought argue that only a subset of 

the predicate calculus is d c i e n t  to represent the elements of methodologies. Hence, 

a visual logic programming language (GraphLog) has also been used to graphically 

express the concepts of methodologies. 

The meta-modeling technique used by 4thought is based on the graphical repre- 

sentation of the concepts of methodologies. As the first step, ER diagrams are used 

to model the primitive concepts. This meta-model provides a basis for visualizing 

concepts as graphs where entities are the nodes and the relationships are the arcs of 

the graph. This allows association of a semantic network with the meta-model. How- 

ever, ER models are not sufficient to describe methodologies. Therefore, GraphLog 

has been used to provide more semantic power. It allows representation of hierarchy 

using the nesting of nodes within nodes. This is referred to as the Hygraph structures 

that are formal and rich semantic networks [17]. 

A methodology includes derived concepts that are expressed in terms of the prim- 

itive ones. These concepts may include logical constraints and rules of the method- 

ology. In addition, operations for viewing or updating the captured data while pre- 

serving the integrity constraints are also required. GraphLog, as  the meta-modeling 

technique, allows definition of concepts, constraints, queries, and update transactions. 

Since GraphCog is a logic programming language, it allows definition of the logical 

constraints and rules that may be used in verifying the correctness, consistency, and 

completeness of the specified methodologies and software systems. 

The Prolog-based database of 4thought holds information about the methodology 



and the specified software systems. The entities of the ER diagrams are represented 

as  Prolog predicates in the database. Relationships, integrity constraints, queries and 

the update transaction operations of the GraphLog are the Prolog rules and facts. A 

database management system controls and manages transactions with the database. 

However, 4thought is a prototype too1 and advanced database hctionalities are not 

expected. 

4.4.2 User Interfaces 

The user interface of 4thought is mainly through the GraphLog system where method- 

ologies and software systems can be graphically specified, visualized, and edited. 1 am 

not aware of the details of this user interface, but we expect it to be a standard data 

visualization and editing facility. Besides GraphLog, the other facilities of lthought 

are prototypes involving little or no user interface issues. 

4.4.3 An Object and Document Manager 

Initially, 4thought allows the MetaCASE users to connect to the Prolog database and 

create a workspace that contains a meta-model of a methodology and snapshots of 

the specified software systems. Further Prolog programs can be invoked as helping 

or guiding facilities. Among these programs, is a viewing faciliw which creates snap 

shots of data about a specific design. This facility needs to provide a faster refreshing 

capabili~ and more upto-date views. There is also a Prolog program that allows 

correctness verification of a specified softspare system against the rules of the method- 

ology that it was built with. In addition, Pmlog programs exist that help in searching 

the database of a particular software system. Prolog programs are compiled with the 



standard Prolog compiler creating the run-time components of the 4thought system. 

4.4.4 A Query and Report Manager 

The GraphLog system allows inquiries about the modeled methodologies, specified 

software systems, and their consistency and correctness. Thae queries may involve 

searches through the database and computations about the states of the data. The 

GraphLog system has higher expressive powers than SQL, in particular, when ex- 

pressing graph traversal operations without using recursion. This, in general, can 

be considered to be one of the advantageous aspects of graph-based meta-modeling 

techniques. 

There are no explicit reporting facilities in the 4thought system. 

4.4.5 Transformation and Met a-programming Tools 

There is a GraphLog-to-Prolog translator which takes the GraphLog representation 

of the methodology and the software system produces Prolog facts and rules for the 

use by the Prologbased database system. This transformation can be considered to 

be a formal transformation, since the language of GraphLog is logic which can be 

mathematically transformed into logical statements readable by the Prolog compiler. 

The GraphLog-to-Prolog translator has performance difficulties which is most prob- 

lematic for large-scale software systems. This area is an active research area of the 

deductive database community. 

The 4thought system provides no 'lower CASE' facilities. 



4.4.6 Modeling FSM in #thought 

The 4thought modeling of FSM differs &om the previous1y seen ER-based or 00- 

based tools. It is a three level process consisting of a simple ER model, a Z formal- 

ization, and a GraphLog definition of FSM. The ER model has been fully discussed 

during the modeling of FSM in the ER-based tools. In this section, I will formalize 

selected aspects of FSM using Z and GraphLog. From GraphLog modules, 4thought 

creates the executable Prolog programs. 

Primitive Concepts 

The following Z code represents the basic entities of FSM: 

[FSM-entity , STRING] 
STATE, EVENT : P FSM-entity 
(STATE, EVENT) partition FSM-entity 

- BasicEntities 
entity : P FSM-entity 
states : P STATE 
events : lP EVENT 
id, name, event-data : B STRING 
initialstate : STATE 
finolstote : P STATE 
attribute : STRING tt FSM-entity 
attribute : STRING tt STATE 
attribute : STRING ++ EVENT 

in i t ia l~ ta te  E states 
finalstnte C states 
V a : dom attribute a a E id V a E name V a E event-data 
V b : ran attribute a a E entity V a E states V a E events 



In this model, we first define a generic FSM-entity with an id attribute and then build 

the basic entities from FSM-entity. These entities are STATE and EVENT entities. 

The STRING entity is defined for assigning a type to the attributes. Entities defined 

in Z can be represented as nodes of a graph in the GraphLog model. Relations, such 

as the attribute relation, are represented as Hygraph patterns or box graphs. Such 

a GraphLog model is a query which filters the database and only allows passing of 

the proper attribute relations. The following figure represents the attribute relation 

in the GraphLog model: 

Transitions 

The next step in modeling FSM is to define the transition relation which is a relation 

from a pair of current state and event onto a n& state. This relation is a function 

which represents the deterministic aspect of FSM. Therefore, for every statelevent 

pair there is exactly one next state. The following Z schema presents this definition: 

BasicFSM 
BusicEntzties 
transition : (STATE x EVENT) + STATE 

(states x events) -+ states 

Transitions can be modeled in GraphLog using a similar Hygraph pattern. For this, 

STATE x EVENT is defined as a set which is related to the STATE set using the 
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transition relation. The following Hygraph pattern represents the transition relation 

in GraphLog: 

STATE hm%%n 

Hierarchy 

Now we can formalize the added concept of depth or hierarchy of states. This concept 

is simply another relation which is shown in the following Z schema: 

DepthFSM 
BasicFSM 
substate : P BasicFSM 
decomposition : STATE tt BasicFSM 

dewmposition E states +, substate I- 
The GraphLog model of the above relation is also another Hygraph pattern which I 

omit its representation due to the similarities with the previous Hygraph patterns. 

Simple Constraints 

In the lthought model of FSM, some of the constraints are implicit within the defi- 

nitions. For example, our definition of transition of a given FSM involves only states 

and events of that FSM. Mhermore, the effect of a transition involves only states 

and events of that FSM. 
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Complex Constraints 

Besides the simple implicit constraints, the modeled FSM needs to satisfy more com- 

plicated constraints. One of these constraints is reachability which may be defined 

by the following Z schema: 

- Reachabilit y 
DepthFSM 
direct-reachability : STATE H STATE 
reachability : STATE tt STATE 

direct-reachability E states tt states 
reachability E states t, states 
V sl, $2 : states q H E direct-reachability e 

(3 e : events (sl H e) ct g2 E transition) 
reachability = direct-zeachability+ 

In this schema, the state 4 is directly reachable born sl if there is a transition from sl 

to e. In general, a state is reachable from another, if it is directly reachable by some 

path of nonzero length. To model these concepts in GraphLog, we need to define 

two Hygraph patterns for direct-reachability and mchability relations which is done 

similar to the previous patterns. Based on the information provided by the Z schema 

of the reachability constraint, we can now model the specific 'further' GraphLog 

definitions of the reachability constraint. These definitions are shown by the following 

GraphLog models: 

di-chabdify 



To encode the reachability of every state fiom the initial state, we now only need to 

add the following Z schema: 

Reachability 

recrehobility# ( in i t i a l~a te )  D u {initial-state) = states 

The GraphLog definition of this constraint is presented next which says: if a state 

+ is not equal to a state $1 (which is reachable from the initialstate), then q is 

reachable form the initialatate. 

0 bservat ions 

Although modeling methodologies in Z provides formal semantics, it is not practical 

since the formalized methodologies are not used directly by the 4thought system. 

CASE customizers are required to do this for a better understanding of the method- 

ologies. Z is a difficult mathematical formalism which is often disliked by developers. 

Based on my experiences, if CASE customizers take the time to learn 2, and if Z for- 

malization of methodologies can be transformed directly into the executable Prolog 



program, then the use of Z can be justified. The Z modeling is simple for some aspects 

of methodologies. Other aspects, including the informal guidelines, are more dBcult 

to model in 2. This difficulty can be outweighed by the formaliw of the model which 

is useful for model checking* 

My experiences in using GraphLog show that this modeling technique is more 

suitable for software engineering purposes than most of the other techniques that we 

have examined so far. It d o w s  construction of simple database filters and enforcement 

of various constraints. However, GraphLog uses Hygraph patterns or box graphs 

which appear to be counterintuitive. It has a Limited capability and does not provide 

a complete usable database schema. Thus, developers need to use some form of a 

complimentary ER-based database schema which, in turn, adds to the complexity of 

using 4thought. 

4.5 CASEMaker System 

CASEMaker is the most recent MetaCASE project undertaken by the Joint Research 

Center for Advanced Systems Engineering (JRCASE) and Macquarie University in 

Sydney, Australia. This project is only at  a proposal level which can hardly be re- 

viewed in comparison with other more developed tools. However, I believe it addresses 

many fundamental issues about MetaCASE technology and is worth examining. In 

addition, this study can help us understand the current state-of-practice in building 

MetaCASE tools, 

Motivation for the development of CASEMaker is claimed to be the demand for 

'better' MetaCASE tools. The word 'better' refers to the capability of providing more 

than just the data-capture which is about the only major functionality offered by 
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tools such as Toolbuilder and MetaEdit. CASEMaker claims to be able to offer more 

in areas such as design simulation, met&, transformations, and guidance services. 

However, as noted previously, this project is only a t  a proposal level and results do 

not yet exist. 

The proposed architecture of CASEMaker has two parts: components (customiz- 

able building blocks of the CASE tool) and assembly-customization tools (mechanisms 

for the assembly and custornization of the components). There are also three sections 

recognized in CASE tools: the MetaCASE user interface, the design support facility, 

and the database. In each of the three sections, there are components libraries and 

assembly-customization tools. 

Details of the architecture are yet unknown but the existing documentation shows 

numerous issues being addressed in the design of CASEMaker. The user interface 

of CASEMaker is an aspect whose requirements are identified and its concepts are 

designed [54]. The user interface is referred to as MetaDesigner consisting of a group 

of generic GUI classes. These clases can be integrated and configured (into the 

builder) so that specific CASE tools can be built. 

An extensive discussion of specific components of CASEMaker remains as  a future 

research to when a prototype is available. At this point, I examine the fairly complete 

meta-modeling technique (hypemodes) used in CASEMaker [80]. 

Similar to GraphLog stmctures, hypernodes are sets of nodes and edges of a 

graph, where a node can be a graph itself. As a result, hypernodes generalize nodes 

as oppose to the edges (which is the case in hypergraph). The hypernode model was 

originally proposed in 1990 and described as a graph-based deductive data model with 

a Datalog-based query language [51]. Later it was formalized using set theory into the 



hypernode query language (HNQL) which is described to be a high-level procedural 

query language (801. Based on these descriptions, EINQL provides functions for the 

creation, deletion, and manipulation of hypernodes as well as declarative querying. 

The hypernode model was finally extended by Louis Scott in his Ph.D. dissertation 

to include scripting capabilities by the addition of concepts such as the assignment 

statements and while loops [BO]. He argues that the hypernode model can provide 

support for modeling a variety of concepts in methodologies. These concepts include 

data structure representations, such as the 00 data, and dynamic behavior represen- 

tations, such as the Petri-net data. Scott has developed a prototype hypernode-based 

CASE tool to simulate software behavior. I believe efforts to show the effectiveness 

of the implemented meta-modeling techniques are the practical first steps towards 

building 'better' tools. 

I have provided some detail to introduce CASEMaker but any further detail with- 

out having a prototype would seem to shift us away from our objective which is to 

review the existing tools. In general, this tool is a hybrid between a formal research 

work (We (thought) and a commercial tool (like Toolbuilder). Its capabilities remain 

to be seen. 

4.5.1 Modeling FSM in CASEMaker 

h this section, I model the selected aspects of FSM using the meta-modeling tech- 

nique provided by CASEMaker. This technique is based on hypemode graphs and the 

associated query language. Models built with these graphs are complimented by tex- 

tual codes that are used for dehing constraints and typechecks. Hypernode models 

are then associated with the graphical objects and executed to create the underlying 
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state 

name string 
id --t string 

transition state - state 

Figure 4.5: Hypernode Representation of FSM in CASEMaker 

data model of various CASE tools. 

Primitive Concepts 

Figure 4.5 presents the hypernodes definition of the schema for basic entities of FSM. 

Hypernode entities are represented as ellipses with labels. Attributes of these entities 

are shown by the attribute name followed by an arrow which is pointing to the 

attribute type. For example, name and id are the attributes of the substate. In 

all the previous tools, I used the FSM-entity and the inherited state to represent 

the concept of inheritance- Hypernode also provides this capability but with slight 

differences which I wi l l  discuss Iater in this section. 

Transit ions 

Relationship between entities are captured graphically by joining the participants 

with an arrow labeled with the relationship name. For example, transition is a rela- 

tionship between states which is represented as an edge within the substate hypernode 
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shown in figure 4.5. Among the states participating in a transition, there is an ini- 

t i a h a t e  with transitions only going out and a final-state with transitions only corning 

in. Transitions have id and eventdata attributes of string types represented in the 

t ra nsition hypernode graph. 

Hierarchy 

To represent the added hierarchical aspects of FSM, the type definition of state is 

nested within itself via substate. In this definition, substate is a relationship between 

st at es and their su bstates. 

Simple Constraints 

Building a graphical hypernode schema, as  above, dows automatic generation of 

the corresponding database. However, this model is not yet complete. There are 

various constraints that need to be modeled. Hypernode provides a textual notation 

for defining constraints which are referred to as typecheckings of a schema. As an 

example, consider the following textual code: 

Typechecking substate : 
id: (1, 1) ; 
state : (0, uaspecif ied) ; 
initial-atate: (1, 1) , outdegree oIt state ( 0 ,  unspecified) ; 
initial-atate MUTEX state ; 

The above constraints ensure that the substate hypernode has one value for the id 

attribute and an arbitrary number of states. It also has one i n i t i a l ~ a t e  with arbitrary 

number of outgoing arrows with respect to other states and, finally, the initial-state 

is represented differently from other states. These constraints deal with cardinality 
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of hypernodes, edge relationships, and representation issues. 

Similar to MetaEdit, some of the other constraints are implicit within the defi- 

nition of hypernodes. As an example, consider ensuring that the states involved in 

a transition (current and next states) are the states of that FSM. In the hypernode 

model of FSM, transitions occur within a substate and, therefore, states involved 

in a transition are states of that substate. As a result, the ownership constraint is 

implicitly defined. 

Complex Constraints 

A more complex constraint is the direct reachabiiity constraint which ensures that 

given a current state and an event, the system will always transit to exactly one next 

state. This is inherent in the definition of the transition in hypernodes which does not 

permit non-deterministic sequences of a transition-t-transition nature. To encode the 

direct reachability constraiat, we also need to define cardinaliw constraints on the 

roles of states. This brings us to the concept of schema/instance in hypernodes. 

The hypernode modeling allows definition of multiple levels of abstraction which 

is referred to as a schema/instance relationship. Often various instances of one hy- 

pernode schema can be defined. Arrows directed from the instance hypernodes to the 

schema hypernode are used to represent schema/instance relationships. A function 

maps the instance onto a schema and ensures structural similarity (or inheritance) 

while allowing various cardinality and link-type constraints. 

An example constraint that could be enforced is to ensure that the id attributes 

are unique within the instances of the schema. This is done by constraining the 

cardinality of the outdegree of the id in the state instance to be exactly one with 
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respect to the state schema during the definition of the typechecking codes. 

Another constraint is to define roles for the states participating in transitions and 

to define cardinality constraints based on the defined roles. This is very similar to 

the 00 modeling concepts of MetsEdit. These definitions would allow encoding of 

the direct reachability constraint. I have omitted the details of this process due to 

the complexity of defining multiple levels of abstraction in CASEMaker. 

More complex constraints, like the reachability of every state &om the initialstate, 

do not appear to be any easier to model in hypernodes. 

Based on my observations, the simplicity of modeling the entities and some of the 

simple constraints is an important feature of hypernodes. The hypernode rneta- 

modeling provides the most expressive powers during the modeling process but it 

also adds to the modeling complexity. Hence, more complex constraints are not 

easily modeled. In general, usability of this modeling technique is dependent on the 

user interface of CASEMaker which remains to be developed. 



Chapter 5 

Discussion 

CASE tools are not widely used in industry. My investigation in chapter 2 revealed 

that the high cost of CASE adoption and use is a major underlying reason. In 

section 2.3, I showed that MetaCASE offers alternative low cost solutions. However, 

as discussed in chapter 4, most MetaCASE tools have problems with respect to their 

capability, ease of use, and functionality. I believe current MetaCASE tools are not 

built with developers in mind and do not offer the functions that developers want. 

Arthur Ryman, who started the 4thought project, believes design tools are not widely 

used since they are not programmer-friendly [76]. 

In this chapter, I examine the MetaCASE problems by surnmariziog and providing 

comparative discussions about the studied tools. I use the typical component sub- 

divisions of section 3 and compare and analyze the advantages and disadvantages of 

each tool in section 5.1. In addition, an evaluation of the tools is provided in section 

5.2 based on my experiences during the modeling of FSM. 
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5.1 Comparison on a Component-basis 

The component-based analysis of this section is conducted to help us identify the 

similarities and differences between various tools. It consists of a summary followed 

by the open problems of each component. 

5 -1.1 Data Descriptor, Access, and Storage Facilities 

All the reviewed tools provide a mix of textual and visual languages for modeling 

data, graphical objects, and constraints. The ER-based tools (Metaview and Tool- 

builder) offer textual languages while the 00-based took (MetaEdit) provide vi- 

sual capabilities. The Graph-based tools (4thought and CASEMaker) use a mix of 

both languages in their set-t heoretic or logic-based modeling techniques. With the 

exception of CASEMaker, all these languages extend the core capabilities of their 

implemented meta-modeling techniques to d o w  representation of inheritance, hier- 

archy, and graphical concepts. Developers of the reviewed meta-modeling techniques 

claim that many soha re  engineering artifacts can be modeled using the provided 

languages. They claim that complex methodologies, like SSADM and OMT, can be 

modeled with the provided techniques. 

The databases of the existing and developed tools (Metaview, Toolbuilder, and 

MetaEdit) offer file locking mechanisms which permit concurrent access of the data. 

Furthermore, commercial tools (Toolbuilder and MetaEdit) provide facilities for soft- 

ware evolution. These topics remain to be examined in our future research. 
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Open Problems 

Examination of the existing tools shows that their implementation of the meta- 

modeling techniques is generally Limited to data-capture. The employed meta-modeling 

techniques d o w  modeling of methodology prescribed data structures and some of the 

associated constraints. However, modeling of most of the process rules and guidelines 

of methodologies is absent. Process rules and guidelines were discussed in the RPG 

model of section 2.2.1. Without modeling the process rules and guidelines, developers 

do not find CASE tools to be viabIe or even beneficial. This leads to failures in CASE 

adoption. Capability of modeling the process rules and guidelines is, therefore, an 

important desired feature. 

A necessary meta-modeling requirement is to model the three aspects of software 

systems (data structures, dynamic behavior, and functions). Besides the data struc- 

tures, other aspects ofsoRware systems are not fully addressed by the implementation 

of meta-modeling techniques of the tools that we examined. These tools do not have 

explicit capabilities for modeling dynamic behavior and functions. Modeling of the 

three aspects must be done consistently and with direct links between the artifacts 

of Merent aspects. It is only then that further analysis, such as simulation and 

animation, can be conducted on the modeled software systems. 

The above problem leads to the lack of simulation or animation facilities in Meta- 

CASE tools. Except CASEMaker, other tools have not addressed this capability 

which would prove useful in ensuring the correctness of the captured specification 

of the soha re  systems. This capability may also encourage developers in using the 

customized CASE tools. Simulation and animation capabiliw is an important feature 

that must be included as a core function of any MetaCASE tool. 
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5.1.2 User Interfaces 

The CASE customization user interface of the reviewed tools is either a simple text 

editor, a form-based system, or a graphicd diagram editor depending on the language 

of the meta-modeling technique. Commercial tools (Toolbuilder and MetaEdit) pro- 

vide the easiest user interfaces while research tools (Metaview) are not concerned with 

UI issues. Most tools have capabilities for building help systems during customization 

to help the software developers. 

In the evaluated MetaCASE tools, the user interfaces of the customized CASE 

tools are distinctly easier to use. These tools would be beneficial if we assume that 

CASE customizers are different than soha re  developers. CASE customizers must 

be experts while CASE users need not to know the MetaCASE technology. However, 

these tools are not beneficial if our goal is to &ow software developers to build their 

own CASE tools. In this case, the user interfaces must be more consistent and suitable 

to software developers knowledge and expertise. 

Open Problems 

An important shortcoming in methodology specification and CASE tool component 

configuration is the lack of help systems. There is no responsive system that may 

help the CASE tool customizer in modeling the methodologies and configuring the 

components of the CASE tools. Tasks are often cumbersome and require MetaCASE 

tool experts. 

Although the user interfaces of the customized CASE tools are much easier to 

use, they lack directive guidance systems. Such systems may help CASE users in 

selecting a methodology for a particular development project. They would also help 
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in navigating between different customized CASE tools. In order to achieve a high 

degree of developer acceptance, MetaCASE tools need to focus on these user interface 

isflIes* 

5.1.3 An Object and Document Manager 

All the reviewed tools provide facilities that act as engines between the user interface 

and the database. These facilities establish links between various objects and docu- 

ments. Links ensure consistency and completeness in the modeled software system. 

The consistency and completeness checking is at the syntax level and is based on 

the modeled constraints of the underlying methodology. Consistency checking ca- 

pabilities of the tools, therefore, depend on how well the employed meta-modeling 

technique captures the methodology related information. 

In terms of management process support, all the reviewed tools are capable of 

some functionality. They have an active database or facilitate definition of triggers 

that may be used in defining events and actions, necessary for supporting management 

process controls. Of the examined tools, Metaview and MetaEdit acknowledge on- 

going research in this area. This topic remains to be fully examined in our h t w e  

research. 

Open Problems 

Examined implementation of the meta-modeling techniques suffer fkom various incon- 

sistencies due to the extensions on their core capabilities. Metaview has difficulties 

in using its two extended capabilities: aggregation and graphical extensions. Tool- 

builder must manage the CASE customizer dehed C functions and its interface with 
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the database schema. Although MetaEdit does not have direct problems, it is unable 

to provide complex modeling capabilities (as seen in the modeling of complex con- 

straints of FSM). The 4thought system has the burden of managing three different 

techniques: an ER-based database schema, a Z model, and the GraphLog filters and 

queries. CASEMaker is an exception but its capabilities remain to be seen. In short, 

since the implementation of the meta-modeling techniques of the existing took lack 

a clear and predefined structure, management of the objects and documents remains 

as an open problem area. 

In addition, an open architectural design of MetaCASE tools and their customized 

CASE tools is necessary to permit the integration and use of other existing tools 

within the customized CASE tool. This is an important developer-desired capability 

which adds to the complexity of managing the database objects and documents. 

5.1.4 A Query and Report Manager 

Among the studied tools, 4thought and CASEMaker offer the most formal querying 

facilities. This is due to the querying capabilities of their implemented meta-modeling 

techniques (GraphLog and hypernodes respectively). Other tools only allow a limited 

degree of querying about the captured software systems. 

The reporting facilities offered by Toolbuilder and MetaEdit seem to be most 

comprehensive, but other tools also provide the basic capabilities. Often there are 

different report generation control levels but the final format is mostly text-based. 

The text describes the modeled methodologies or the specified sohare systems. 
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Open Problems 

A high level of functionality with respect to data querying is desired. Most of the 

reviewed tools focus on the sohare systems. They allow some form of model check- 

ing of the captured software systems but do not provide any formal and extensive 

capabilities with respect to the captured methodologies. 

An exception is the 4thought system. It uses Z formalizations but the modeled 

information is not used automatically within the tool. I think a worthwhile future 

research in this area is to build a variation of Z that could be used automatically 

by the tool to create the executable databases. Such a variation must be mfticiently 

expressive for building database schemas. It should also allow various automatic and 

formal model checkings of the captured methodologies. 

5.1.5 Transformation and Met a-programming To 01s 

In all of the reviewed tools, a single repository is used to store the captured informa- 

tion about the software systems. This allows viewing of the same data in different 

formats. AU of the tools offer capabilities, often as a side effect of their querying and 

reporting facilities, for defining transformations between phases of the software pro- 

cess. However, only Metaview provides a semi-automatic mechanism, through ETL 

language constructs, that may be used to define mathematical transformations. 

Although some of the commercial tools support the later phases of the software 

process, many of the reviewed tools provide only the 'upper CASE' functionalities. 
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Open Problems 

Research is necessary to examine the use of formal and automatic transformation 

capabilities similar to the ETL facility of Metaview. This would be between the 

various phases of the software process or various customized CASE tools. As an 

example, in 'lower CASE', this mechanism would allow meta-programming and code 

generation. In general, an open issue in almost all the reviewed MetaCASE tools is to 

provide custornization capabilities of integrated CASE tools that support the entire 

software process. 

5.2 Comparison Based on FSM Modeling 

Table 5.1 summarizes my hands-on experiences during the modeling of FSM in the 

selected tools. I have rated the meta-modeling techniques of each tool based on how 

they model primitive concepts, inheritance, hierarchy, and various constraints. This 

rating varies from 'very simple' to 'average' to 'very di£6cult9. I have also categorized 

the tools based on their modeling notation which is either textual or visual. M h e r -  

more, table 5.1 includes a categorization of the tools within the range of 'very low' to 

'very high' expressive powers. 

As seen in the table, modeling primitive concepts, inheritance, and hierarchy is a 

very simple task in Metaview and MetaEdit. Metaview uses a textual language for 

defining data without the concern for constraints which are modeled using a different 

set-theoretic language. MetaEdit uses a simple and visual object-oriented notation 

for d e h g  data with the standard capabilities for defining simple constraints. Due 

to the intuitive nature of the employed meta-modeling techniques in the above tools, 
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Table 5.1: Comparison of meta-modeling techniques based on how they model FSM. 

11 Metaview I Toolbuilder I MetaEdit 1 4thought I CASEMaker 

defining data is very simple. This simplicity has drawbacks in the expressiveness of 

Primitive 
Concepts 
Inheritance 

Hierarchy 

Simple 
Constraints 
Complex 
Constraints 

Notation 

Expressive 
Power 

the used notation. Therefore, complex constraints are difficult or impossible to model 

in these tools. 

Very 
Simple 

Very 
Simple 
Very 
Simple 
Difficult 

Difficult 

Textual 

Average 

Other tools provide an implementation of the meta-modeling techniques which is 

not intuitive and definitely not easy to learn. Toolbuilder uses predefined concepts, 

Average 

Simple 

Simple 

Simple 

Simple 

Textual 

High 

such as Nodes and Links, which are hard to manipulate. 4thought and CASEMaker 

use set-theoretic or logic-based languages that are very difficult to learn. However, 

very 
Simple 

very 
. Simple 

very 
Simple 

very 
Simple 
Not 
Possible 

Visual 

Average 

once learned, these languages are easy to use. It is important to notice that this added 

learning difEculty has been ofbet by the high or very high level of the expressive 

Average 

Simple 

Simple 

Average 

Difficult 

Textual/ 
visual 
High 

powers of these meta-modeling techniques. 

Average 

Average 

Simple 

Average 

Very 
Difficult 

Textual/ 
Vial 

V ~ W  
High 

Constraints, on the other hand, are generally difEcult to model in most of the tools. 

This is often due to the difficulty of modeling logical and mathematical constraints. 
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In the case of Metaview, the separation of data born constraints has made definitions 

of the constraints more difficult. As for other tools, they provide an implicit way of 

modeling the simple constraints which eases this task. However, they have dBiculty 

in modeling the more complex constraints. This problem is most visible in the case 

of MetaEdit. Toolbuilder provides a solution to this problem by allowing the use 

of C functions in modeling complex constraints. This adds to the complexity of 

maintaining a consistent database. 

Based on my observations, CASEMakerYs hypernode meta-modeling technique 

provides the most expressive capabilities among the studied tools. It uses a visual 

notation that matches the concepts of software engineering. It also provides most 

of the ER and 00 concepts within its Graph-based technique. However, this added 

expressive capability has caused usability dif5culties (as seen during the modeling of 

the complex constraints of FSM). 

5.3 Results of the Discussion 

The following list summarizes the important open issues of the reviewed MetaCASE 

tools based on the component-based analysis and my observations: 

0 Implemented meta-modeling techniques have unclear and inconsistent struc- 

t ures. 

0 Information capture is Iimited to the data structures with little or no means of 

specifying the methodology prescribed process or guidelines. 

A higher degree of formality is necessary in capturing methodologies that would 

allow automatic model checkings. 
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a Model simulation/animation facilities are needed to perform analysis tasks. 

0 A better support of the entire software process and methodology navigation is 

necessary. 

0 An open architecture is desired to permit the integration and use of other ex- 

isting development or evolution tools. 

0 An extensive help system is necessary during CASE customization. 

a Customized CASE took must provide guidance and recommendations on the 

selection of project specific methods. 
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Conclusions 

As stated in section 1.2, this dissertation examines MetaCASE tools from an architec- 

tural point of view and identifies their capabilities and shortcomings. I claimed that 

meta-modeling techniques implemented in the existing MetaC ASE tools are limited 

to data-capture and are difficult to use. I further claimed that the existing Meta- 

CASE tools provide little or no analysis facilities, CASE customizer help, or CASE 

user guidance systems. Demonstration of my claims has been done in the following 

way. 

In chapter 2, I extensively described the background research in s o h a r e  engi- 

neering environments. In section 2.2.1, I looked at models of methodologies (RPG) 

and CASE tools (SMP) and for the first time identified their relationships. This 

led to an organized study of CASE tools and their underlying methodologies and 

allowed me to identify the parts of methodologies that are not supported by CASE 

tools (e.g., guidelines). In addition, I examined various research reports and opinions 

about CASE and MetaCASE and investigated the truth in many of their claims. In 

particular, in section 2.3 I analyzed how well MetaCASE answers the questions and 



problems surrounding the adoption and use of CASE tools. I identified similarities 

and differences between the notations and styles of different researchers. Finally, I 

looked at the Bdsting reviews on software engineering environments and established 

the need for a more comprehensive survey in section 2.4. 

In chapter 3, I developed a fkamework of study to structure and examine the 

existing MetaCASE tools. This framework involves an architectural definition of 

MetaCASE tools as outlined in section 3.1. This original approach allows division of 

a MetaCASE tool into core components necessary to provide the MetaCASE function- 

ality. I identified the most fundamental component to be the data modeling technique 

as discussed and grouped in section 3.1.1. To experiment with different MetaCASE 

tools and explore their capabilities, I defined a variation of finite state machines with 

added hierarchy in section 3.2. Another original aspect of my fcamework is the cat- 

egorization of the MetaCASE tools (as described in section 3.3) which is based on 

their underlying data modeling techniques. 

In chapter 1, I examined the current state of research and practice. I considered 

the important and representative MetaCASE tools in chapter 4. My review was 

based he presented component-based framework. It identified the existing or missing 

components of the reviewed tools. In addition, I modeled the sample method using 

the meta-modeling techniques of those tools. This gave me hands-on experience with 

the modeling techniques and an in-depth understanding of fundamental abilities and 

limitations of each tool. 

Finally, in chapter 5, I summarized the results of my survey from the component- 

basis and the observational aspects. On a component-basis, I identified some of the 

open problems in the existing MetaCASE tools. Fkom an observational aspect, I was 
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able to confirm some of my findings and provide a comparative and tabular evaluation 

of the examined tools. In section 5.3, I listed the results of my examinations as a 

summary of the MetaCASE open issues. Among the issues are the claims of my thesis 

which was therefore fully demonstrated. 

6.1 Contributions 

This dissertation has contributed to the MetaCASE research in many ways. For the 

first time, I have provided a much needed organization of this field, comparison of 

various terminologies, and clarification of the confusing views. I have also provided 

an extensive bibliography of over 100 MetaCASE related publications which may act 

as a resource for further MetaCASE research. In this dissertation I have provided 

a glossary of MetaCASE terminologies and described the various MetaCASE tools 

with a uniform terminology. Therefore, newcomers of the field now have sufkient 

information to understand the MetaCASE technology without being mystified. 

For the first time, I have provided an architectural definition of MetaCASE tools. 

It allows an orgaahed study of Werent components and identification of their h c -  

tionaliw. Based on this definition, the essential core components and the alternative 

implementations of MetaCASE tools can be recognized. As an example, I was able 

to identify the most essential core component as being the employed meta-modeling 

technique. 

Based on the employed meta-modeling techniques, I have provided a novel cat- 

egorization method to organize and structure the existing MetaCASE tools. This 

categorization method is designed for MetaCASE tools. Categories are indicative 

of the nature of the tool and its possible component-based architecture. Therefore, 
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it is superior in comparison to the existing methods which are outdated, arbitrarily 

selected, or not designed for MetaCASE took. 

A major contribution of this research is the introduction of a framework of study 

consisting of the architectural definition, the categorization method, and the definition 

of a sample experimental method (FSM). This framework can be adopted for in- 

depth architectural analysis of MetaCASE tools. To establish the practicality of this 

framework, I have provided a detailed survey of the existing MetaCASE tools. 

In the survey, I have included a model of the FSM methodology in each tool. 

These models can be used as starting points in customizing CASE tools that are 

based on the FSM methodology. This would be of interest to MetaCASE users with 

plans to customize CASE tools that &ow dynamic behavioral modeling of software 

systems. As I discussed before, behavioral modeling has key importance in software 

simulation and analysis. In addition, I have evaluated the reviewed MetaCASE tools 

based on how well they model the FSM method. This evaluation can be used in 

selecting and adopting Met aCASE tools by organizations. 

The survey, on its own, provides valuable information about the components of 

the reviewed tools. I have identified various related and differing key components 

of the tools and modeled the sample method using their underlying meta-modeling 

techniques. I have also provided comparative evaluations of the examined tools. This 

information may be used by MetaCASE researchers in understanding and building 

MetaCASE tools. It may also be of valuable use to organizations considering to adopt 

and use MetaCASE tools. 

Perhaps the most important contribution of this dissertation is the identified open 



CHAPTE'R 6. CONCLUSIONS 112 

problems of MetaCASE tools. Open problems are based both on the needs of Meta- 

CASE users and the unavailability of desired features. This knowledge can be used 

by MetaCASE developers in building better and functional tools. It is hoped to make 

a bridge between MetaCASE user needs and tool hctionality. There are various 

approaches to building these bridges and addressing the open problems which I wiU 

mention briefly in the next section. 

6.2 Limitations and Future Research 

In my research I was constrained by three major factors: available documentation, 

time, and budget. 

My examination of MetaCASE tools was based on documentation only. Due to 

time and budget constraints, I was not able to purchase, learn, and use the reviewed 

tools. My findings during the component-based study are based on the available 

Literature. They have not been verified against the actual tools. The modeling of 

FSM in various tools was also done based on the documentation and for illustration 

purposes only. They were not tested by the tools that employed the meta-modeling 

techniques which I used in the modelings. Further research in this area is necessary for 

experimenting with the actual tools and testing the correctness of my FSM models. 

In my studies, I was able to gather a large amount of MetaCASE related publica- 

tions which is evident from the bibliography of this dissertation. However, some of the 

commercial tools lack readily available documentation mainly due to the proprietary 

technology they employed. My examination consisted of only five MetaCASE tools 

and within the scope of this research achieved adequate results. An extension to this 

research may cover more tools but no surprising results are expected. 
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The scope of this dissertation is mainly architecture based. I examined the com- 

ponents of representative MetaCASE tools. However, details of the inter-connection 

of the components remain to be examined. W h e r  research in this area may reveal 

more implementation details about MetaCASE tools and together with performance 

analysis experiments provide a way of identQing performance bottlenecks. Therefore, 

a sophisticated experimental system development study, which is beyond the scope 

of my research, could be undertaken to address further issues such as tool usability, 

effectiveness, and performance. 

As one of the contributions of my dissertation I identified a list of MetaCASE 

open issues in section 5.3. Here, I provide a list of some of the important avenues for 

future research and possible routes: 

0 To extend the functionality of MetaCASE kom purely data-capture tools, more 

comprehensive implementation of the meta-modeling techniques are needed to 

allow capture of process and guidelines information from methodologies. Pro- 

cess information may be captured using model constructs allowing the defini- 

tion of orders for tasks and documents and various transformation capabilities. 

Guidelines may be automated using knowledge bases and cognitive reasoning 

tools [52]. 

To allow automatic model checkings, more formal meta-modeling techniques 

need to be used. One possible way is to develop an easy to understand version 

of a formal language, like 2, which is automatically used by the tool. This is 

an active current research area that may be applied to MetaCASE [3]. 

0 To analyze the captured data, model simulation/anirnation facilities axe neces- 

sary. A good approach is to select or develop a modeling technique with the 
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intentions of simulation/animation in mind. Such a technique will have the data 

structures as well as the functions and the dynamic behavior modeling capabil- 

ities. To animate the sohare system, messages ftom the simulated models will 

trigger the animator component and that may create animated processes. As a 

result, captured methodologies and modeled software systems can be analyzed 

and their performances may be evaluated [37]. 

a To address the user interface problems of MetaCASE tools, research is needed 

to examine the human computer interaction issues relating to MetaCASE. A 

possibility for a usable and f m a r  interface is to use a web browser with Java 

applets to visualize, manipulate, and even animate data. Some of the issues 

to consider are performance, data consistency, and screen updates. Another 

approach is to use a more specialized, distributed, interactive, and graphical 

interface such as Clock [35]. 

MetaCASE research in Software Technology Laboratory is at its early stages. Results 

of this dissertation may d o w  the formulation of a list of requirements necessayy to 

build a MetaCASE tool. It is our objective to address many of the issues identified 

as  open problems of MetaCASE tools. The most essential part of a MetaCASE tool, 

as identified in this study, is the meta-modeling technique which we plan to design 

and prototype in the near future. 
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Glossary 

This is the glossary of some of the terms used in this dissertation. For a more detailed 

discussion please see section 2.3 and figure 2.6. 

MetaCASE Developer: 

CASE Customizer: 

Information Engineer: 

Customized CASE: 

Software System: 

CASE User: 

Software Developer: 

Customer: 

MetaCASE User: 

The definer and builder of the MetaCASE tool generic 

components and mechanisms 

The definer and customizer of the specific CASE tools 

generated by a MetaCASE 

Refers to the CASE Customizer 

The product of CASE customization process in the Meta- 

CASE tools 

The product of sohare development process 

The s o h e  engineer who is using CASE tools to de- 

velop software systems 

Refers to the CASE User 

Is the ha1 user or purchaser of the developed s o h e  

systems 

Refers to the CASE Customizer and the CASE User of 

MetaCASE tools 




