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Overview

During fall 2000 semester, methods of software development class introduced UML Components methodology during the first few weeks. And this introduction is nicely linked with implementation experience using Enterprise JavaBeans. This class also provided an opportunity to expose Microsoft Component Object Model (COM), which mainly emphasized language independent aspect. This class was well-balanced class, which provided academic approach and industrial products seamlessly.

To have more deeper and broader understanding of methodologies and software development technologies, I decided to research on methodologies comparison as my final project in this class. I have two different methodologies. One is UML components, which I learned through the class, design a system and implement it using EJB. Another one is Catalysis approach (Objects, Components, and Frameworks with UML), which was a required textbook for this class. 

This paper mainly compares UML components and Catalysis, which has long history of component-based methodology, and also looks into the difference between component and object oriented approach. 

Before comparing two component-based methodologies, I make clear the definition of component (based methodology). In comparing the two methodologies, I will show what aspects are similar and what is different after explaining the core concepts of both methodologies. After comparing the two methodologies, I try to look for the mandatory concept for methodology for the today’s software development industry while considering the existing technology including Object Oriented technology. For the last few years, Object Oriented methodology is attractive technique for software developers but they began feeling the limitation for it at the same time. And finally I conclude this paper by summarizing what the methodology can do for us.

To complete this paper I used many web sites and document available document on these web sites including Power point slides. Therefore the most idea of this paper mainly comes for the authors of the web pages and files on the sites. But this is very valuable research project for me to establish concrete knowledge about available methodologies and I believe this experience bring significant improvement on my skill designing huge computer system and complicated software near future. 

In Japan, there are few companies and projects using formal approach and concrete methodologies. I have more than 6 years working experience as system engineers but I have encountered such organized way of developing. Japanese software industries are also struggling with software crisis like in US but the situation is much worse. The way of our “methodology” is to ask client what they want basically user interface issues and some data available for the system (Input data / Out date). After the requirement phase, we design relational database tables and begin to make prototype to get approval for the user interface issues. The middle between I/F and tables are developed by developers’ intuition and previous experience. In better case, they might provide E-R diagram for the future reference. For the bigger system, they provide one sample (core) application from I/F to database and other many developers copy it to make tons of similar products. In this kind of development, there is no academic and formal approach so that they are struggling with development cost and high retirement rate of developers. I personally hope this technique related with the topic in this paper will change the industry habit and save the lives of developers in this industry in the world.

1. Critical comparison of the UML Components and Catalysis methods

1.1What makes a method component-based


The methodology, which can make components, can be defined as component-based method. 

Within the software industry, a component can be defined as a pre-built software ‘part’ with well-defined interfaces and behavior, at can be used and re-used across a number of different applications. Component Based Development (CBD) is relatively recent in software but it has used effectively in engineering and manufacturing for many years. An example might be a currency-conversion component – rather than this being written many times for separate applications, a single common component could be written once and then re-used. 

There are three basic aspects for component:

1. Service interface

2. Client interface 
3. Implementation

Under this broader definition, all of the following products become a component

· A C++ class.

· A cluster of C++ classes, with a particular class serving as the exported interface, and the other classes functioning as part of the implementation.

· A Windows DLL.

· A COM object.

· A Java Bean.

· A CORBA-based server object.

· A Unix shell program (i.e., functioning within a pipe-and-filter style architecture).

It might to be too broad to define today’s component technology (component-based methodology). In one definition, a software component is defined as a unit of software that implements some known functions and hides the implementation of these functions behind the interfaces that it exposes to its environment. The term component ware is also described as software assembled from a set of components. In another definition, “A software component is a unit of composition with contractually specified interfaces and explicit context dependencies only. A software component can be deployed independently and is subject to composition by third parties.” 

Therefore, additional constraints might be sometimes applied to define component in addition to the above three defines:

· Binary level reuse

· Hidden implementation of the functions behind the interfaces

· Can be deployed on different servers in a network 

· Can communicate with each other for needed services. 

· A component runs within a context called a container.

The recent E-Commerce boom require software industry to make more complicated software much more efficiently (reuse, integrity, platform/programming language independent), Component-Based Software Engineering (CBSE) or CBD is considered a new paradigm of a software development method that consists of component production, selection, evaluation and integration.

The technologies of CBSE are categorized into

· Component building technologies 

· 'Design/Development for Reuse' based on Object-Oriented Programming(OOP)

· Design Patterns and Frameworks

· Re-engineering

· Component Description

· Domain Engineering and Component Certification

· Component use technologies. 

· 'Design/Development with Reuse' based on a Reuse Repository

· Domain Engineering and Reuse Metrics

  
Feasibility of developing component-based systems 

· CBD is becoming feasible due to: 

· The increase in the quality and variety of COTS products 

· Economic pressures to reduce system development and maintenance costs 

· Emergence of component integration 

· The increasing amount of existing software in organizations that can be reused in new systems 

· CBSD shifts the development emphasis from programming software to composing software systems

Definition of Component Based Development (CBD)
· Strong support for interface-centered design

· Black-box descriptions of components that are clear and simple

· Explicitly addresses problems of business components integration

· Clear definition and support for architecture centered development

· Works for heterogeneous and legacy components as well as OO

· Leads to rapid assembly and flexible configuration from parts

1.2 Are UML Components and Catalysis both component-based methods?

Yes, both methodologies are component-based methods. Catalysis is an object -oriented method that has been designed to support modern Component-Based Development (CBD). Catalysis is a rapidly emerging UML-based method for object- and component-based development. As the name tells, UML-Components is the component-based method by using UML to specify system/business models and divide the models (total system) into bunch of components.

1.3 Critical Concepts

There are some critical concepts in each methodology. Before going to find commonalities and diversities, it is good time to think about each of them and identify the core concepts behind the methodologies.

1.3.1 UML Components

Developers using component technologies such as COM+ and Enterprise Java Beans need to be able to define and express specifications for their components. They can do so using the Unified Modeling Language (UML), whether or not the components are being implemented internally using object technology. However, they also need a simple process that ensures specifications relate correctly to requirements.

Although originally conceived as a notation for object-oriented modeling, UML has great potential for component-based systems. UML Components applies UML to the world of component architecture, demonstrating how it can be used to specify components, their interactions, and their integration into cohesive systems. It is important to define which elements of UML apply to server-side component-based development and how to use them most effectively. UML components methodology enables step-by-step processes such as requirements definition, component identification, component interaction, component specification, and provisioning and assembly. UML Components’ focus is on the specification of the external characteristics of components and their inter-dependencies, rather than on internal implementation. 

There are two great challenges of designing and constructing enterprise-scale component-based software: 

1. Finding a process that can support the construction of large component systems

2. Making the best use of the wide range of notations and techniques found in the UML.

Many software developers are now building with application servers, and emerging standards like J2EE provide powerful technology for building flexible e-Commerce systems. But how do you go about designing an e-Commerce system? What's the process you follow? UML Components shows you how, with practical examples and a realistic case study.

  
UML Components: A Simple Process for Specifying Component-Based Software
UML Components methodology is nice tool to describe how to architect and specify enterprise-scale component-based systems. It seems that people who want to take a model-based approach to the design and construction of enterprise-scale component-based software face two big problems. 

1. What tasks and techniques can they use that will both produce a good system and be compatible with whatever project management process is in use? Little has been written to date about processes that can support the construction of large component systems.

2. How should they use the wide range of notations and techniques found in the Unified Modeling Language (UML)? The UML has become the de facto standard for pretty much all application development modeling, but its application to component-based approaches isn't obvious. 

Of course, the full development process covers more than just specification; it covers all activities from requirement gathering to system deployment. But UML Components methodology focuses on specification. It explains how to represent requirements in a way that will facilitate the construction of specifications, it shows how to create specifications, and it gives guidance on implementing the specifications in software. The main challenge that a component approach can meet is dealing with change, but the substitutability of parts this requires can be achieved only if components are properly specified. 

UML Components describes a clear process for moving from business requirements to system specifications and architectures. This will be helpful for those struggling with business-IT alignment in today's e-business world. The architecture pieces will assist those focusing on system architectures and assemblies, from city planning through detailed application architectures. The emphasis on unambiguous interface specification will be useful for those trying to establish software factories, those defining clear buy-and-build software policies, and those involved in application integration and legacy migration. It should also appeal to testing and validation teams. 
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1.3.2 Catalysis

Using notation and concepts compatible with the emerging standard Unified Modeling Language (UML), Catalysis is the first commercially proven method that combines an object oriented domain modeling approach with a behavior-driven approach to defining component interface specifications.

Catalysis Models

· Catalysis Approach 

· Business Model 

· Requirements Specification 

· Component Design 

· Object Design 

· Component Kit Architecture 

Catalysis is a rapidly emerging UML-based method for object- and component-based development. "The Catalysis Approach" explains how patterns can be characterized as model frameworks. Through the application of frameworks in requirements, specifications, architectures, and designs, it will be obvious that all models contain recurring patterns of structure, behavior, and refinement. This opens the way to building models and designs rapidly by adapting and composing both generic and domain-specific modeling frameworks. 

Key Features of Catalysis:

· Shows how to build clear shared business models 

· Defines essential shared vocabulary in a precise way 

· Points out critical requirements and design decisions early while abstracting detail 

· Uses UML as a powerful, unambiguous communication tool between analysts and designers 

· Makes families of adaptable systems from coherent kits of pluggable components 

· Assigns interface-centric design and composition to components 

· Creates robust components, using techniques of precise specification and design 

· Applies and extracts reusable frameworks for designs, specifications, and architectures

Catalysis provides a clear set of design process patterns for: 

· Building software and business models from re-usable components 

· Integrating legacy components with new development work 

· Development or re-development from scratch 

· Business process re-engineering 

· Rigorous, robust design

Key principles of Catalysis:
Catalysis defines a clear way to document designs, and to discuss them at the whiteboard. It's a development approach that helps stand above the detail, tackling the big issues early on. But getting the big picture doesn't mean painting a fuzzy picture: it can be adjusted as precise or as informal as developers judge to be appropriate. 

Catalysis is about building component ware. It gives clear ways to define components and plug them together, and is the perfect underpinning for a Rapid Application Development cycle. Reuse does not stop at program code: all stages of design can be generic enough to be used in many developments. A central issue in object-oriented design is how objects collaborate together to achieve a common goal: in Catalysis developers can develop reusable collaboration schemes, and apply them to many designs. 

Patterns too are a feature of Catalysis, applied both in the design, and to the development process itself. There should not be just one development process: there are many, which depend on where projects are and where projects want to go. The only sensible way to express this diversity is as a set of process patterns that can be used to craft and develop a project plan. 

Process patterns

Catalysis does not specify a single straightjacket method for all projects. Instead, it acknowledges that different projects start in and are heading for different places; so they need different routes. Catalysis provides a set of process patterns that guide on when and how to apply its techniques. 

Catalysis provides a clear set of design process patterns for:

· Building software and business models from re-usable components 

· Integrating legacy components with new development work 

· Development or re-development from scratch 

· Business process re-engineering 

· Rigorous, robust design

Catalysis defines a systematic and flexible process to:

· Help business developers and software developers share a clear and precise vocabulary

· Combine different business or component views into an integrated whole

· Design and specify component interfaces so they plug together readily

· Implement components by systematic assembly of other components

· Develop greenfield applications using object and component technologies

· Integrate heterogeneous and legacy components or systems into new development

· Build high-confidence models and designs of business and technical components

· Reuse domain models, architectures, interfaces, code, and process based on patterns

· Improve business processes with clear traceability to application development

Concepts

At its core, Catalysis is based on a very small number of precisely defined UML concepts that can be combined and used in increasingly sophisticated ways. All higher-level modeling constructs are ultimately defined in terms of this core, and could, in theory, be translated to them. At its core it is correspondingly simple, and applying it in its light form is easy and suitable for some projects; applying it in full, with rigor, precision, and sophistication takes more investment and offers corresponding benefits to other projects.

Having such a small core has some nice benefits. Basic but effective use becomes simpler: to use Catalysis on a project. Developers just need to understand a couple of key concepts such as collaborations and refinement. As their usage becomes more sophisticated, developers do not need to understand new fundamental concepts, but simply better ways to use that core. The method itself becomes more robust, since the relationship between the different views is precisely defined. Hence new views, constructs, and notations can be added with far less risk of ending up with a "kitchen sink" approach, in which the individual pieces may be useful but how they fit together remains unclear. Tools can provide more meaningful support for the method and process, instead of the overpriced "smart-drawings-plus-database" version that developers have unfortunately become accustomed to. 

Because Catalysis encourages certain separations of concerns that are often overlooked (e.g. interface specifications from implementations, architectural definitions from their applications), there is still a learning curve associated with it despite its simple core; the same is true of any other systematic approach to modeling and design. Moreover, Catalysis provides a very concrete basis for things traditionally left very vague in other methods - architecture, testing, configuration management, non-functional requirements. The alternative path of starting up a rich and complex notational set (e.g. the complete UML notation) without the usage guidelines, separations, and semantics, would be easy to learn on the surface, but of far less value in practice.


Principles

Catalysis is based on a set of principles about software development. These will be discussed in some detail here.

         
Abstraction

The only way to handle complexity is by avoiding it. Selectively, that is. Catalysis focuses on aspects that are important to its perspective, and ignore all others. Developers abstract when they publish an interface without exposing its implementation; or describe an abstract action without drilling down to the interaction protocol beneath it. Other significant abstractions include requirements - what must be done, not how it gets done; and architecture - large grained structure and relationships rules and constraints, not the detailed design. There is nothing theoretical or academic about abstraction; effective software development demands it.

         
Precision

Do developers use precise or formal methods? Surprisingly, the answer is yes. In code. Code is about as precise as you can get; you can't hand-wave at the compiler, or tap-dance your way around its error messages.   

Yet, when it comes to more abstract descriptions we are very accustomed to being fuzzy and imprecise. Both hand waving and tap dancing come in handy a bit too often. This is probably why "abstract" is often equated with fuzzy, imprecise, or unreliable. Often, "requirements" are described so poorly and inconsistently that is becomes impossible to determine whether a given implementation meets that requirement or not. Similarly, the term "architecture" is often used to grace a prettily laid out set of boxes and lines on a PowerPoint slide; but no one can really determine whether a given design conforms to that architecture. As a result, a clearly shared understanding becomes difficult; the validity of these abstractions is very hard to ascertain (and maintain); and you cannot validate implementations against them. This need not be so. 

         
Refutable Abstraction

Abstraction is a wonderful and valuable thing. However, abstractions in which the meaning of that abstraction is very fuzzy, so that a team of people will likely walk away with different interpretations, loses a lot of that value. In Catalysis we believe that the most useful abstractions should be at lease precise enough to be refuted i.e. if you give me a specification of some services (an abstraction), and I return with the code (an implementation), the abstraction should be precise enough for you to show me (via tests, examples, inspection, or argument) the error of my ways i.e. to refute the abstraction. 

         
Refinement

Abstractions are fine; but they must have realizations. How are these two related? By the key concept of refinement, each refinement may have associated with it a justification (which helps map from the realization to the abstraction); tests (to verify that an implementation is correct with respect to that abstraction); architecture (to define the standard structures and patterns used in the realization).

         
Should Models be Executable?

Some say yes, others say no. The reasoning behind this is actually quite interesting, particularly in the world of component-based development -- where you often want to abstract away details and provide multiple, increasingly abstract views and interfaces to some implemented behavior.

         
Pluggable Parts

Very little development work is entirely unique. When modeling, when you draw two boxes and connect them with a particular kind of line, someone else has done something very similar, with the same intent as you (in a different context, admittedly). So, why don't we simply define Two_Boxes_with_Line construct once, and then use it as a pluggable model part? Similarly, other kinds of patterns recur in business models, system specifications, architectures, and code. We would like all development work to be done by putting together units from an extensible set of reusable parts.

         
Conservation of Pain
For every project there is a certain minimum amount of pain that will be encountered, regardless of how you do that project. This is the law of conservation of pain. The approaches and routes that get over that pain earliest in the development cycle tend to minimize the overall cost of that pain.

         
Minimize the Magic

There is often too much "magic" in development. This magic shows up in large gaps between the descriptions between business process, software solution, and technical infrastructure; or in the mysterious ways some design elements become invented by the gurus and just work well; these are often things, which no one can quite explain.

Over time and across projects, you want to minimize the “magic” that happens in a development process. One way to do this is to capture known designs, techniques, processes, and architectures to establish a common vocabulary across business, analyst, architect, and programmer and to use common core techniques for requirements, non-functionality, specs, and design. And while there is no way to bottle up creativity, careful thinking, and insights, we can at least minimize the magic.

         
Reuse Laws
         
Don't reuse code without reusing the specification of that code.

         
Once and only Once (Kent Beck)

If there is anything important you need to say (in your model, design, or code), make sure you say it once, and only once. Specifically, if there is a term that is very natural for the client to use to describe some rule, constraint, or behavior, make sure that you introduce this term into your model and define it. Use the introduced term every place else you need to, so you don't redundantly describe it separately elsewhere.  

         
The same rule at the level of code is one of the tenets of Extreme Programming.

Notation
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1.4 Commonality of two methods

· USE-CASE

To identify system needs and requirement, use case model and approach is one of key commonalities for both methods. This approach enables developers to think about developing system at client’s point of view.

· UML notation

The UML has become the de facto standard for pretty much all application development modeling, but its application to component-based approaches isn't obvious. But both methods heavily use UML notation for requirement analysis and define interface specification.

· Interface oriented approach (Component)

Both methodologies pay attention on specifying the interface of components rather than implementation of each component.

· Reuse

Both methodologies are motivated to use component- based approach because enterprise software development need to be more efficient by reusing software/products, which have been developed before.

1.5 Variation between two methods

The biggest variation between two methods is that UML Components has a concrete process that can support to construct large component systems, while Catalysis provide wide range of development issues

For example, UML Components provides excellent way to divide complicated information consisting of many components into some business interfaces by identifying weak relations (dependencies) among components and using IIM (Interface Information Model). Catalysis does not provide specific ways to attack component-based development but provides general definition or guideline and broader issues including the following issue not only component-based design phase on which UML Components mainly pay attention:

Traceability
· Same techniques and notations apply from business level to code

· Explicit refinement relationship: business, design, and code

· Improved change management, testing, maintainability

· Frameworks (later) enable reuse of standard refinement patterns

2. Mandatory points in any methods / The way of balancing description and prescription


There are three main points, which could be proposed.


1. The balance OOP/Component-Based approach

OOP is great advancement from non-object oriented language such as pure C to create huge but many repeated/similar functionalities or interfaces because of inheritance, encapsulation, and so on. These are nice techniques but too much complicated class libraries make developers use them later. Component is simpler one, which basically separate interface and implementation.   

2. Reusability

To reduce software development cost, reusability and its process much be defined explicitly.

3. Abstraction

As system/software becomes more complicated, the more precise abstraction technologies or methods are important. It is critical issue to negotiate with client, who do not understand software methodology or development technique well.

3. Critical difference between component-based methods versus other methods (such as OO)

There are many methodologies used today but Object-Oriented technology seems to be widely used as well as component-based methodology. Therefore the comparison between Component-based methodology and Object Oriented methodology will be shown here. The critical difference between two methodologies is the way of information aggregation/structuring. Component-based methodology uses many components, which is resource consuming but easy to reuse, while Object Oriented methodology many classes, which is relatively efficient (not binary level reuse) but relatively difficult to reuse (more than interfaces). In these days, the credibility of Object Oriented methodology seems to be eroded by the emergence of Component-based methodology.

 Component 

          A component is a unit of independent deployment 

          A component is a unit of third-party composition 

          A component has no persistent state

 Object 

          An object is a unit of instantiation; it has a unique identity 

          An object has state; this state can be persistent state 

          An object encapsulates its state and behavior

Component verses Object Oriented

· Components has complex interfaces that result in objects of many classes 

· Components use persistent storage, more often. 

· Components has more intercommunication specification: events, workflow, and messages 

· Components present the interfaces that they present to other 

· Components pull, Objects push 

· Components static, Objects dynamic 

· Old style: APIs; New Components style: Links

As one of Object-Oriented methodologies Rational Unified Process is picked but it is not pure Object-Oriented methodology.

The Rational Unified Process describes how to effectively deploy commercially proven approaches to software development for software development teams. These are called "best practices" not so much because you can precisely quantify their value, but rather, because they seem to be commonly used in industry by successful organizations. The Rational Unified Process provides each team member with the guidelines, templates and tool mentors necessary for the entire team to take full advantage of among others the following best practices:

    1.Develop software iteratively 

    2.Manage requirements 

    3.Use component-based architectures 

    4.Visually model software 

    5.Verify software quality 

    6.Control changes to software

Use Component-Based Architectures— Rational Unified Process is not OO method

The process focuses on early development and base lining of a robust executable architecture, prior to committing resources for full-scale development. It describes how to design a resilient architecture that is flexible,  accommodates change, is intuitively understandable, and promotes more effective software reuse. The Rational Unified Process supports component-based software development. Components are non-trivial modules, subsystems that fulfill a clear function. The Rational Unified Process provides a systematic approach to defining an architecture using new and existing components. These are assembled in a well-defined architecture, either ad hoc, or in a component infrastructure such as the Internet, CORBA, and COM, for which an industry of reusable components is emerging. 

It seems that the credibility of Object Oriented technology is declining.

What did traditional object-oriented development do wrong?

· Undue emphasis on class and implementation inheritance rather than interfaces

· Just one basic form of connectors -- explicit message invocations

· Unfortunate language-imposed dependencies on class source code -- .h files

· Boundaries such as host, programming language not transparent

· Architecture standards ignored -- persistence, transactions, security, discovery

· Granularity too small for effective distribution and management

· Not symmetrical in the treatment of an object -- focus on services provided, not required

We might be able to argue that Object Oriented methodology would be ideal methodology for internal development (in a component) and Component-based methodology begins to be mostly used to divide a whole system into components and integrate them to complete system design.

4. What to use the most suitable method

UML Components

UML Components is ideal approach to implement EJB applications because business/system interfaces are directly related with session/entity beans. Not only for EJB, it can be used for COM/DCOM application as well. Especially if developers are looking for the concrete technique to divide whole information into appropriate number of components, UML components will help them significantly. Typical web based enterprise systems, which require stubborn backend processes to support their business, can relatively easily distinguish front-end process (FEP) and backbone processes. UML components is ideal methodology to analyze and make specification for these backbone processes.

Catalysis

Catalysis has influenced the UML standard and the MicrosoftTI component-definition model as implemented in the Microsoft Repository. Its simple core, on-demand precision, and  separation of concerns support component technologies and standards based on Java, CORBA, COM+, and RMODP. Catalysis fits with a wide variety of project management processes, especially modern incremental development cycles like RUP, XP, DSDM. Its rules and patterns prescribe relationships between architecture, high-level design, and code. Catalysis is for large and rigorous projects. 

It supports: 

· Component Based Development 

· Unambiguous definitions of component interfaces. 

· Scalable, fractal process for development 

· Enterprise Integration 

· Ensure all subsystems adhere to same business model and rules 

· Clarify interfaces 

· High-integrity design 

· Precise specifications and high-level designs. 

· Traceable refinement from business requirements through component specifications and design, down to code. 

· Object-oriented design 

· Layered design process that takes the big decisions first and defers the detail. 

· Coherent and consistent use of the UML notation and a "no magic" process for design.
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