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Abstract

In the given article, the writes, a number of vendors and government offices were assigned by the US Government to develop a system for the Computer-Based Patient Record using Object-Oriented (OO) technology.

It was first thought that bringing order to many diverse and conflicting views represented on the team would be impossible. However, the team decided to develop a process definition technique based on the metaphors of OO technology and this brought about common understanding and a clear project plan, which in the end saw through the satisfying outcome and ability to meet up with the deadline and provided rather accurate cost estimation. 

The project was seen as a challenge as beside the magnitude, at the time of the project development-1996-the literature on OO technology was much less robust and there were no cookbooks or many guides. 

Due to the magnitude, complexity, and funding of the project, in implementing the project, besides using the OO approach, the team embraced the Incremental Model as the Software Process Model and accepted the assertion of the Software Engineering Institute’s Capability Maturity Model (SEI-CMM). They also decided to make use and extend concept of Convergence Engineering and class-based reengineering and also Class/Responsibility/Collaboration (CRC) concepts. Also used is Unified Modeling Language notation and Computer-Aided Software Engineering (CASE) tools.
During the implementation, the team considered the theoretical logical work units as classes, defined class responsibilities as tasks with level-of-effort parameters and articulated collaborations as explicit interface definitions expressed in terms of dependencies and products with definitions articulated as acceptance criteria.

In the initial phase, the team management began by asking the members of each anticipated logical work unit to write down their own responsibilities and collaborations in general CRC card form. These would to include estimates of person-effort and the specific input required and output produced by each process. Each team was also to develop CRC cards for each of its “process neighbors”. 

These processes are then followed by planning sessions in which different teams meet up together to hammer out details of collaboration with its process neighbors. All the previous processes proved to be valuable, as in these sessions considerable amount of dialogue are stimulated and redundancies, gaps, and faulty assumptions are quickly exposed. Finally, a face-to-face validation conference was held, attended by the entire team to refine all tasks, dependencies, sequences and product interfaces. 

It was found that using the OO techniques, misconceptions, faulty assumptions, inexperience and biases are easily exposed. It has also simplified the project’s complexity, and the detailed, common understanding of responsibilities and collaborations substantially mitigate risk and save time and effort for the next increment process. The technique also made responsibilities, assumptions, and interdependent collaborations explicit.

The result of the first increment yielded a successful proof of concept, showing that interoperability among heterogeneous systems was feasible using open, distributed-object computing. For the second increment, it was found that the detailed process definition from the first increment had substantial reuse value, allowing rapid development of level-of-effort and schedule estimates for later increments. The first increment was successful and fell within the cost and schedule tolerances. The subsequent increment was also easily estimated in term of time and cost needed. 

Furthermore, the clearly defined process as the results of the works in the initial phase save the teams substantial time in executing the tasks. Generating contact task statements for the subsequent increments took a fraction of the normal time because a large portion of the process definition can be reused.

Team status meetings also let managers detect departures from the defined process easily and early and thus wasteful misunderstandings between teams, tangential and dead end activities can be avoided.

The main limitation of the OO approach in defining team process is that the initial level of effort to develop the process reference model is high. It would be a contentious process and can easily harm team relationship early in the process. Also, all the member of the teams have to commit themselves to attending meetings in its entirety.
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1. Introduction

The abstract from the article (Defining Software Processes Using OO Metaphors) above is an example of the use of Software Engineering methods in daily software system development. At the time of the software development in the above article, we can tell that there has been a rather well defined Software Engineering approaches as can be seen from some of the methods that the writers used in developing the Computer-Based Patient Record system.

However, half a decade down the road from the time the above development takes place, there has been a rather significant change in Software Engineering approaches, especially in the availability of tools and guidelines to follow. 

Software Engineering approaches are vital in the development of software systems, especially large systems, as can be shown from the above article, and are also true for most of the software development processes we encounter in the real life. Software Engineering aims to consistently perform a well-defined engineering process that integrates all the software engineering activities to produce correct, consistent software products effectively and efficiently. Hence it is crucial for software developers to have knowledge and apply the knowledge of Software Engineering.

In this report, I would like to discuss the above article and to comment on the approaches that the writers have used and also to provide some insights about the development since the software development at the above article.

2. Exposition

In the article, there are a number of Software Engineering approaches that have been carried out throughout the software development process. In this section I would like to give a brief explanation about the approaches and terms that have been used.

The mentioned approaches are as follows:

2.1 Incremental Approach

The Incremental Approach is one of the Software Process Models. This model combines the elements of the linear sequential model which is applied repetitively with the iterative philosophy of prototyping. Each linear sequence will produce a deliverable “increment” of software.

In the Linear Approach, software development is carried out in a systematic, sequential approach which begins at the system level and progresses through analysis, design, coding, testing, and support.

The first increment is often a core product, i.e. the basic requirements are addressed, but many supplementary features remain undelivered. The core product is used by the customer or undergoes detailed review. As the result of use or evaluation, a plan is developed for the next increment. The plan addresses the modification of the core product to better meet the needs of the customer and the delivery of additional features and functionality. The process is repeated following the delivery of each increment, until the complete product is produced.

2.2 Software Engineering Institute Capability Maturity Model (SEI CMM)
This is a comprehensive model predicated on a set of software engineering capabilities that should be present as organizations reach different levels of process maturity. Capability Maturity Model (CMM) defines key activities required at different level of process maturity and provides a measure of the global effectiveness of a company’s software engineering practices and establishes five process maturity levels that are defined in the following manner:

1. Initial
The software process is characterized as ad hoc, and occasionally even chaotic. Few processes are defined, and success depends on individual effort and heroics. 
2. Repeatable
Basic project management processes are established to track cost, schedule, and functionality. The necessary process discipline is in place to repeat earlier successes on projects with similar applications. 
3. Defined

The software process for both management and engineering activities is documented, standardized, and integrated into a standard software process for the organization. All projects use an approved, tailored version of the organization's standard software process for developing and maintaining software. 
4. Managed

Detailed measures of the software process and product quality are collected. Both the software process and products are quantitatively understood and controlled. 
5. Optimizing

Continuous process improvement is enabled by quantitative feedback from the process and from piloting innovative ideas and technologies. 
There area associated Key Process Areas (KPA) with each of the maturity levels. The KPA are additive in nature. The details of the KPA will not be discussed here and can be found at reference 2 and at SEI website at reference 3.

2.3 Object Oriented Methodology and CRC Card
Object Oriented is a software development approach whereby noun phrases that satisfied certain requirements will be treated as object. The Steps in OO Design are as follows:

1. Identifying Objects (and Classes)

· Identify the nouns (objects) in the problem description. 

· Identify more objects in your developing problem solution. (Design is incremental and iterative) 

· From these objects, determine what new types (classes) you need

2. Identifying Operations

· Identify what can be done to objects. 

· Identify what objects can do for themselves. 

· Identify who is responsible for doing what. 
3. Identifying Relationships

· Identify object relationships, e.g. what objects need to know about what other objects, what objects are part of other objects. 

· Terminology: collaboration; aggregation/has-a relationships; knows-about relationships 
(Note: is-a relationships are class relationships, not object relationships. They should be handled separately, usually by inheritance.) 

4. Developing Scenarios

· Develop scenarios of how the objects interact to see if you have identified the right objects, the right operations, and the right relationships. 

· Develop common scenarios (this is how the thing should usually work). 

· Remember to also develop uncommon scenarios, "weird cases," boundary conditions. 

· Scenarios are similar to, but more informal than, design-based test cases. 

· Developing scenarios will often cause you to recognize new design requirements. Remember that design is incremental and iterative!

2.4 Unified Modeling Language (UML)

UML is a general-purpose notational language for specifying and visualizing complex software, especially large, object-oriented projects. UML defines twelve types of diagrams, divided into three categories: Four diagram types represent static application structure; five represent different aspects of dynamic behavior; and three represent ways you can organize and manage your application modules. 

Modeling is the designing of software applications before coding. Modeling is an essential part of large software projects, and helpful to medium and even small projects as well. A model plays the analogous role in software development that blueprints and other plans (site maps, elevations, physical models) play in the building of a skyscraper. Using a model, it can assure that business functionality is complete and correct, end-user needs are met, and program design supports requirements for scalability, robustness, security, extendibility, and other characteristics, before implementation in code renders changes difficult and expensive to make.

2.5 Computer-Aided Software Engineering (CASE) Tools

a category of software that provides a development environment for programming teams. CASE systems offer tools to automate, manage and simplify the development process. These can include tools for: 

· Summarizing initial requirements 

· Developing flow diagrams 

· Scheduling development tasks 

· Preparing documentation 

· Controlling software versions 

· Developing program code 

Various companies offer CASE software capable of supporting some or all of these activities. While many CASE systems provide special support for object-oriented programming, the term CASE can apply to any type of software development environment. 

3. Comments, Conclusion and Future Work

The Software Engineering approaches that have been carried out by the writers and their team are very well done, considering that the team does not have any OO experience beforehand and there is hardly any Computer Aided Software Engineering Tools. However, Software Engineering approaches have also gone through quite a considerable improvement since then.

In the process of developing the software, the writers did not mention about the way of handling the timing management of the project. One of the efficient methods of doing so is by using the Critical Path Method (also known as PERT). Using this method, the team will need to define the estimated time needed to develop a module. These estimations are then combined together to form a path where the project manager will then be able to find out the critical path(s) of the project, whereby a delay in the development of a model will cause a delay in the development of the whole system. In this way, it would be much more efficient for the project manager to keep track of the development process in order to avoid delay. Rather than having to cramp himself with all the different modules development, the project manager can focus on the specific team at different period of time. This method has proved to be very useful, which can be seen that it is still being used although it was first introduced in the early 1950’s

A significant problem which was faced by the teams in developing their software was the lack of the commercially available Computer Aided Software Engineering (CASE) Tools. In fact, at the time of the development there was no single, commercially available tool to support automation. These had led to a laborious time taken for designing the software and laborious task when change in documentation is needed.

Computer Aided Software Engineering tools have came a long way since then. At the present time there are hundreds of CASE tools available commercially. An example of a commonly used CASE tool is Rational Rose. In fact, Rational Rose has been used to aid the design of the UML diagram in the software development. At the present time, Rational Rose has improved significantly and its capabilities include automation translation of UML diagram into source code, reverse engineering, and other Software Engineering Features.

Another advancement in Software Engineering since the time of the software development is the introduction of the COCOMO II model which allows one to estimate the cost, effort, and schedule when planning a new software development activity. This model is introduced in the mid-1997.

The team in the development process used the Unified Modeling Language (UML) notation, which is a standard modeling process for software. This is a good practice as all the software developers should be able to grasp their work easier through the standard diagrams which are produced during the software development. This would make it easier if say, another group of software developers are assigned to improve the system in the future. UML, first introduced in 1995, has also undergone some development from UML 1.0 in 1996 to UML 1.1 in 1997.

The project mentioned in the article has proved to be a big step in the Software Engineering Field whereby the team uses OO Approach in their Team Management. This is so because at that point of time, OO has just gone through standardization in the late 1996. The OO approach is a well chosen approach as it promotes a good software design through reusability, abstraction, encapsulation and information hiding. In the team management, software development can be done independently by each team, where each team only needs to know the interfaces of the other teams’ works and not the details of what they are doing.

In conclusion, I would reckon that the project is a successful one. It is also one of the few projects which apply the OO Methodology at the time when the technique was still rarely used, and therefore in a sense, it is one of the pioneers in spearheading OO. At the present time, most software are being developed using OO Methodology.

3.1 Relevance to Lab Project

The methods use in the software development in the article is relevant to my group lab project only to a certain extent. In our lab project (3D Maze Game), the team structure is not as extensive as the one in the project mentioned in the article. However, the article did provide a very good insight about the usefulness of Object Orientation, which we are using in our lab.

Furthermore, the article made us realize the usefulness of the CASE tools that we are using in the lab. (In this case Rational Rose and to a certain extent Metamill software). The CASE tools are very useful especially in producing the UML, class and collaboration diagrams.

3.2 Related Work

1. David Bellin and Susan Suchman Simone, The CRC Card Book, Addison Wesley Longman, 1997.

2. Nancy M. Wilkinson, Using CRC Cards: An Informal Approach to O-O Software Development, SIGS Books, New York, 1995.
3. Jim Arlow, Ila Neustadt, UML and the Unified Process: Practical Object-Oriented Analysis and Design, Addison Wesley, 2002

4. Software Cost Estimation with Cocomo II by Barry W.Boehm, Ellis Horowitz, Ray Madachy, Donald Reifer, Bradford K. Clark, Bert Steece, A. Winsor Brown, Sunita Chulani, Chris Abts, Prentice Hall, 2000
5. UML Distilled: Applying the Standard Object Modeling Language by Martin Fowler, Addison-Wesley, 1997. 
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