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 “The companies that win and hold market share in today’s volatile market are the ones that actually relish the challenge of constantly changing business conditions.” -- David A. Taylor, Business Engineering with Object Technology.

“If you try to control your business environment, it will never work. Instead, think: How is chaos working and how can I ride it like a surfboard?” -- Kenneth Massey, “Fight chaos with chaos”, ComputerWorld.
Today’s businesses have developed a strong and binding dependence on the data processing systems they’ve created. The viability of these myriad collections of software systems and data stores can determine the company’s ability to compete effectively and to adapt to changing new opportunities and challenges in the marketplace. Companies that cannot operate efficiently or react quickly to changing conditions will find themselves at a crippling competitive disadvantage.
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Figure 1 - Critical Factors of Success

Those companies that now find themselves locked in by large, inflexible legacy systems are scrambling to revamp using client-server technologies. In February, ComputerWorld Magazine reported that Fortune 1,000 companies plan to deploy 230,000 new business-critical client-server applications between 1995 and 1997. According to Sentry Market Research, Inc. in Westboro Mass., client/server budgets are expected to grow by 28% and overall client/server will make up 50% of all software spending this year.

The Problem

These reengineering efforts are risky, though. In Reenginering the Corporation, Hammer and Champy estimate that between 50 and 70% of all reengineering projects fail to produce dramatic improvements, and, therefore, are failures. Given the costs of these projects -- often in the tens of millions of dollars -- these failures can have a dramatic negative impact on the company and people involved.

Even for those projects that are not considered failures, the success is difficult to determine. Success is typically measured in terms of cost, quality and time-to-market. Historically, the conventional wisdom has held that these goals cannot be equally achieved; a company which positions itself as a quality leader, for example, could not also expect to compete on the basis of cost or time-to-market.
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Figure 2 - The Key to Survival

Competitive pressures, however, no longer allow such compromise. Companies that manage to excel in all three areas obtain a significant competitive edge. Today’s businesses are faced with rapidly changing technologies and global economies. In this expanding global market, creating and maintaining an edge can make the difference between today’s market-leader and yesterday’s dinosaur. The leaders will quickly out pace their competitors by rapidly producing high-quality, lost-cost products.

The Solution
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Figure 3 - The RAPID Process Framework

For business to effectively meet this challenge, we must find new and better ways of developing and maintaining software systems. In particular, we must:

· maximize reusability,

· minimize maintenance,

· enhance adaptability,

· maintain consistency, and,

· increase productivity,

across all client-server projects developed in the enterprise.

This article presents a solution framework which employs a reuse-driven approach for parallel, iterative development (RAPID). RAPID utilizes object-oriented technology to form highly reusable architectures and incorporates feedback metrics for continual self-improvement. Figure 3 presents the structure of the process framework. RAPID also incorporates a number of advanced techniques to reduce training requirements, increase distribution of information and maximize the flexibility of the organization as a whole.

This framework divides the development process into three primary centers of activity: process development, parallel development and project delivery. Process development captures the activities needed to make RAPID highly adaptive to changing requirements, unforeseen challenges and new domains. The parallel development cycles form the core of  RAPID’s development. These are the key to quickly producing consistent, high-quality software products at drastically reduced cost. Finally, project delivery implements the quality assurance and transitioning steps needed to insure that each product effectively meets the needs for which it is intended.

Making Enterprise Software Adaptive

Highly adaptive software solutions require a highly adaptive development process. RAPID meets this demand by providing effective, continuous feedback mechanisms in all its activities bound together in an extremely flexible and cohesive framework.

Adaptive software also requires an architectural model that closely conforms to the structure of the business enterprise. Modeling the enterprise in software greatly simplifies the engineering process since each individual product becomes a specialized extension of a single overarching architecture. This approach eliminates the usual divergence between the business processes and the supporting software, thus simplifying both design and understanding. Modeling also facilitates change by drastically reducing the work needed to coordinate and implement software modifications to support changes to either the organization of the business or the processes it relies on.
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Figure 4 - Modeling the Business Domain

Modeling the Enterprise

Effective enterprise domain modeling employs a number of key strategies and techniques, including: use-case analysis, CRC group design sessions, legacy system encapsulation and object technology. The goal of this activity is to identify the key structures, processes and goals of the business and to construct a single, integrated working object model. This model will later be implemented in software to form the architectural foundation of all products developed within the business domain.

The scope of the system modeled in this manner is determined by the current and projected goals the business needs to satisfy. For example, if the business only intends to build a single, isolated payroll system, analyzing the structure of the entire business would be overkill. However, if long-range goals call for integrating the payroll system with human resources, employee activities, benefits or other systems, then a broader effort is needed.

In Business Engineering with Object Technology, David Taylor recommends that domain modeling be performed using small informal groups which meet for a week in a casual setting. Off-site locations are preferred to reduce distraction and increase creativity. Each team should consist of 10 or fewer people and include trained object modelers, business experts in the domain to be modeled, a scribe and a facilitator.
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Figure 5 - A CRC Card

These meetings start by establishing a broad, high-level view of the target domain. The group identifies the high-level entities involved and the entities are classified as external, internal or interface depending on the relationship to the domain. Each entity is recorded on a Class-Responsibility-Collaboration (CRC) index card and hung-up on the wall.

As the week progresses the group details the model by establishing the responsibilities of each entity, determining how these entities interact and developing scenarios, called use-cases, which describe the activities the model must support. The model is then tested against these scenarios, enhanced and optimized. Finally, the group decides what portions of the model need further detailing so that additional sessions can be scheduled.

The result of these meetings is an object model that eventually grows to encompass the entire specified domain. As the business adapts to changing circumstances or expands to meet new opportunities, future design sessions will enhance the model to support the new goals, processes and structures as needed.
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Figure 6 - Parallel Coordinated Engineering

Planning and Controlling the Process

Once an initial domain model is established, process planning begins. The planning activity consists of establishing the scope of the overall effort, setting high-level priorities, scaling and optimizing the process to meet that scope, determining and allocating the resources and driving technologies required to support the overall effort and other preparations needed to begin product development.

The process plan feeds directly into the process control activity. Process control is responsible for initiating individual projects, assigning resources, day-to-day management and coordination, and collecting and analyzing productivity metrics. The metrics analysis results feed back into the process development phases for continuous system improvements (see figure 6).

A significant and often startling revelation is that object modeling not only supports close modeling of the business in software, it also provides a superior model for engineering the business. Although this article focuses on software development, you should recognize that the models produced by domain analysis are equally applicable to documenting, driving and improving the business’s organization and processes in a coordinated fashion. Ivar Jacobson makes the importance of this interdependency clear in The Object Advantage:

“Objects in one model correspond to objects in the other. This is especially true of objects that are handled in businesses, such as products or their constituent parts. Thus, traceability between the models (business and system) is achieved, which reduces the risk of introducing errors into the transition between the two models. Having the developers of businesses, systems and software speaking the same language is of great benefit, in that it allows them to discuss their respective models with one another and thus verify that they are doing the right things.”

Developing and Managing Reusable Assets
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Figure 7 - Parallel Iterative Team Development 

The parallel development cycles form the heart of RAPID’s software development activity. Once the domain has been sufficiently modeled and the overall approach is understood, we can begin to assign resources to development.

Project development is divided into four interdependent activities divided among three kinds of teams. Each team performs its duties in parallel with the others, interacting as needed to maintain a consistent and cohesive transition from product requirements to deliverables. Each team iterates independently through the standard cycles -- analysis, design, development and validation -- as shown in figure 7.

The size, goals and complexity of the domain along with time and budget constraints determine the exact number, composition and roles of the teams. Each team should consist of no more than 10 members to insure that they can operate effectively, and focus on a specific task. Teams are formed to create well specified deliverables. Each team should begin its task by analyzing the scope of effort, dividing it into a series of subtasks and establishing a schedule for completion. The team then proceeds to iterate through the cycle in a recursive manner,  first developing the higher level tasks and then refining each in turn, until the entire deliverable has been completed.

As we have already seen, project control provides planning, allocation and oversight for the teams in the process. It also measures the performance of the system, evaluates the effectiveness of alternate approaches and implements those approaches. These are critical roles which require close coordination with all other teams. 
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Figure 8 - Layers of Reusability

Reuse management is the key to reducing the work needed to develop new systems, insuring that all products share a consistent architecture and establishing a common approach to development. Reuse management designs and sponsers development of a reusable class-based architecture that incorporates the domain model, graphical “look-and-feel” standards, common components, multi-platform strategies and other highly reusable assets. These assets, along with purchased tools and libraries, are maintained in a centralized repository that drives project development. The repository is divided into layers of reusability to simplify asset location and maintenance, as shown in figure 8.

Project development teams are formed as needed to develop specific software products to meet a particular process or business need. A single team may develop small applications, but larger systems are divided into smaller, relatively independent projects. Products developed by these teams include business applications, database schema’s, reusable components, domain class architectures and other needed software artifacts. Consequently, the skills required by team members will vary depending on the particular goals of each project. Project teams can be strategically staffed to grow talent with specific skills and to offer members unique opportunities for professional growth and learning.

Finally, the documentation and support activity is the glue that binds the process together. All teams produce deliverables that require these skills, both for internal and external communications. As I explained in my previous column, “Reusing the Wheel”, effective reuse requires well-planned, carefully organized and precise documentation, training and support. Excellent communication skills are needed to insure that all team members obtain a proper knowledge and understanding of the process, reusable asset library, domain model, client goals and organizational objectives. Consequently, this activity includes development of tutorials, technical reports, specifications, on-line help, training and help-desk support to insure these goals are met.

An Architecture for Rapid Project Development

A well-honed software development process needs a strong, yet flexible architectural underpinning. This architecture must facilitate concurrent project development, enforce business rules and development standards, speed and simplify software construction, increase product quality, consistency, and support rapid evolution in response to changing needs and requirements. The solution provided by RAPID is the Project Framework, which defines a highly reusable, object-oriented architectural design.

[image: image9.wmf]Applications and Projects

Applications and Projects

Project Framework Layer

Project Framework Layer

Development Tools and Libraries

Development Tools and Libraries

Graphical UI Sub-System

Graphical UI Sub-System

Disk/Network OS

Disk/Network OS


Figure 9 - The Project Framework Layer

The project framework forms the foundation upon which all software products are constructed, forming a layer between those products and the underlying tools and environment. The framework is a generalized class-based architecture that is specifically designed to enable dividing software development into relatively independent projects, each of which can be handled by a single, small team. Extending and specializing the project framework develop all products produced by this process, as I discussed in my previous column.
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Figure 10 - One Framework, Many Projects

Development based on a common object framework has many advantages. It encapsulates the business object model defined by domain analysis making it easier to maintain and modify. It encapsulates existing legacy data systems, protecting them from unauthorized use. It implements common user-interface actions and features, insuring all applications provide a highly consistent look and feel. Application development is simplified and speeded, becoming a component-oriented process of “plug-specialize-and-play.” Quality and maintainability are vastly increased since code fixes and enhancements can typically be isolated in a single object or module.
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Figure 11 - Encapsulating a Legacy

The development of highly reusable class-based architectural frameworks requires advanced design skills. However, it results in drastically simplified and standardized product development. Thus, developers of all skill levels can participate and grow in this process. In future columns we will look more closely at the design and implementation techniques used to create and extend the project framework.

Scaling RAPID
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Figure 12 - A Large Reuse Organization

The RAPID process and the project framework are designed to accommodate a wide variety of projects and enterprises. We can scale down to a single team for small, narrow projects or scale up to a multi-tiered organizational network to support large enterprise environments. 

The full benefit of this approach is only realized, though, when developing multiple projects within a mid-to-large domain. In its largest invocation, RAPID can be evolved into a distributed outsourcing organization to support multiple enterprises.  RAPID’s organizational network encompasses an advanced technology institute that manufactures and distributes reusable assets and performs research and training activities. Project development is distributed among any number of project development centers strategically located wherever they are most effective. An operations management center binds these entities together and along with strategic supporting departments and partnerships.

The result is a highly flexible and efficient organization that can rapidly evolve and change, streamlining efficiency; predicting, evaluating and deploying advanced technical directions and effectively capitalizing on strategic business opportunities as they arise.

RAPID Evolution

As with any new process, we begin with a relatively small pilot project and gradually build from there. The RAPID process framework provides a model for initiating the pilot project. We start by analyzing the long-term goals we hope to achieve and sketch a very high-level model of the domain we eventually hope to encompass. Next, we identify a good test project, produce a detailed object model of its domain and determine how it will interact within the larger system. Then we optimize the process, establish an approach, determine the schedule and allocate resources for the project.

An ideal pilot project will be large enough that it can be realistically completed within 3 to 6 months by a team of four to six people. Keeping the project small increases the chance of success. The project should have a high visibility, but it should not be critical.  Do not attempt to achieve high-levels of productivity or reusability in the initial project. Our goals are to establish the viability of the process, refine the approach, generate an initial repository of reusable assets and lay the groundwork for future development.

The project must receive strong high-level support and commitment from management. Sufficient funding must be provided to allow the project to proceed through completion. The pilot must have high priority; all team members should be fully committed to this project. The members of the team will require a high-level of expertise and advanced skills because of the experimental nature of the project. Success depends on recruiting the best and the brightest and cultivating a environment of creative innovation.

As the project progresses, be sure you continually measure the progress and explore alternate ways to hone the process. Emphasis should be placed on building the library of reusable assets. This library will become the most important product of the process as a whole, and the initial project must insure it is properly established. The team must not only build the target product, they must also build the initial portions of the project framework, set-up the asset repository and provide the initial documentation for reuse. All these tasks are critical for establishing an environment for future development.

Once the project has been completed, perform a through review and evaluation. Determine what worked well and what needs improvement. Review the contents of the repository and allocate some resources to polish it up. Then, repeat this process with a second, somewhat larger project.

The organization will gradually evolve and stabilize as the size and number of projects increase. Special teams are established for project control and reuse maintenance and documentation and training programs are developed. As the repository matures and the training evolves, junior developers can be added to the fold and mentored in project development. The benefits of this high-reuse, high-productivity approach will quickly become apparent as project development time and costs begin a dramatic drop.

Conclusion

The challenges of the emerging competitive global economy force companies to react quickly to new threats and opportunities or face extinction. Corporate restructuring must produce highly productive and flexible organizations to meet these demands. Inflexible legacy systems and enterprise environments must be replaced by high-speed, high-quality, low-cost centers of excellence. 

The approach I have outlined achieves these goals. Object technology provides the best solution for both software development and business engineering. By adopting a reuse-driven approach, you can maximize productivity while improving quality and reducing time-to-market. However, adoption requires a careful, nurturing approach to reduce the risk and insure success. But, the results make this effort well worth the cost.
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