Requirements Planning: A Little-Used But Valuable Technique

By Ralph R. Young

It's well known and understood by most people that a bit of planning goes a long way. Yet we frequently charge ahead with the "doing" with little or no planning, don't we? It's human nature to want to get on with the "real work."

Systems-development and software-development managers and practitioners are typically familiar with several types of plans: project plan, systems-engineering management plan, quality assurance plan, configuration management plan, software development plan, and so on. However, the concept of a requirements plan (see Figure 1) is probably new.

[image: image1.png]Section

Summary of Updates to this Version of the Document
Purpose
Contract Surrmnary
Use ofthe System Engineering Process
Suggested Straegy
Regirements Process
Itmportance of the Requiremnents Process
Mechanisrns, Methods, and Tools
Suggested Approach
Industry Requiremnents Best Fractices
References Consulted
Appendices
A Reguirements Process (lowchatts and process descriptions)
B Parineing Process Briefing
C  Characteristics of Good Requirements
Goals of Good Reqirements Engineers
Before You Write Requirements
The Up-frort Process
D Guidelines for System Developrment Based on Requirements Considerations




Figure 1

Table of contents for a requirements plan.

Note that this plan calls for a "suggested strategy." The strategy might include the following steps:

1.
Identify subject matter experts (or "domain experts") to perform requirements-related activities.

2.
Consider alternative industry-strength automated requirements tools and select one.

3.
Study how to evolve the real requirements from the stated requirements.

4.
Identify a few useful measures (or "metrics") for use in managing the requirements process.

5.
Utilize a set of mechanisms for facilitating the needed work.

Industry experience indicates that you get the best results by investing 8–14% of the total projected project costs in requirements activities throughout the development effort. (See Effective Requirements Practices page 62.) These activities might include the following:

· Understanding the customers' needs

· Identifying requirements

· Clarifying and restating requirements

· Analyzing requirements

· Defining requirements

· Prioritizing requirements

· Deriving requirements

· Partitioning requirements

· Allocating requirements to the components of the system

· Tracking and managing requirements

· Testing and verifying requirements

· Validating requirements

The Process Approach

These activities should be crafted into an organizational requirements process that's tailored for specific projects. This approach enables reuse and continuous improvement of the process. It should be apparent to both managers and practitioners that this is a valuable, highly leverageable investment.

The Software Engineering Institute (SEI) has documented the benefits of a process approach. Over an average time of five years, typical improvements are a 200% increase in productivity, a 46% reduction in cycle time, and a 90% reduction in defects (SEI Technical Report, CMU/SEI-94-TR13, August 1994).

A process approach implies the following:

· Establishing a set of organizational and project policies.

· Documenting a process for each process area; for example, requirements, project planning, project tracking, quality assurance, configuration management, and peer reviews. The documented policy might include a flowchart accompanied by a narrative process description that explains relevant aspects. The flowchart would provide the project with a documented way of performing these tasks. It would serve as a base to start continuous improvement. It could even become the organizational standard for that process, with each project being expected to tailor it to meet individual project needs.

· Providing training for developers so that they become familiar with policies and processes.

· Creating a set of reusable assets or artifacts to facilitate reuse, reduce costs, and enable evolution of an organizational approach.

· Establishing ethics of quality improvement and continuous improvement. Institutionalization of these values will help your project and organization with retention and reduce personnel turnover and its associated disruption and costs.

Mechanisms, Methods, Tools, and Training

Another area that should be addressed in the requirements plan is the set of methods and tools that will be utilized by the project. Industry experience has shown that a small subset of all available methods and tools have proven to be the most effective. A related issue is that training needs to be provided regarding the selected methods and tools. For example, if a project or organization acquires an industrial-strength requirements tool but fails to provide training in how to use it, the tool is unlikely to be used at all, or else will be used far below its capacity. You'll find that investment in training pays large dividends.

Best Practices

Industry requirements best practices should be considered for use on your project. Examples include partnering, having a requirements policy and process, discovering the real requirements, having an organizational requirements working group, and measuring the return on investment (ROI) of using these best practices. Each of these examples is summarized briefly in the following list:

· Partnering. This involves developing a shared vision of the project goals and objectives, a set of guiding principles for project execution, and an issue-resolution process. Partnering is separate from the contract. It addresses the human dimension[md]specifically commitment. Without commitment, it's difficult to get anything of lasting value accomplished. Projects can use an experienced facilitator and achieve amazing results. (See Partnering in Construction: A Practical Guide to Project Success in the References section at the end of this article.)

· Having a requirements policy and a documented process. Because the requirements provide the basis for all of the follow-up development work, I recommend a project requirements policy in addition to complying with the organizational requirements policy (see the later section "Template for a Project Requirements Policy").

· Discovering the real requirements. Take sufficient time to work with customers and users to evolve the real requirements from the stated requirements. We always seem to find the time and money to do things over; rarely do we plan how to get the requirements right and plan for the inevitable changes that occur because the world doesn't stop while we're building the system.

· Having an organizational requirements working group. This provides a mechanism to share experiences, practices, methods, and tools used by requirements specialists to perform their work. I recommend that this group "own" the organization's requirements process. The requirements process utilized by each project should be a tailored (modified) version of the organization's process. The requirements specialists should meet periodically to share insights concerning the implementation and deployment of the process. They should work to take advantage of lessons learned to continuously improve both organizational and project requirements processes.

· Another activity requirements specialists should consider is measuring the return on investment (ROI) of using alternative practices, methods, techniques, and tools. Some will yield better results than others. The organizational requirements working group provides the perfect forum to share this data and evolve an organizational approach consisting of best practices.

A project must assess the extent to which it should invest in such efforts in order to achieve the desired benefits. See the example at the end of this document, in the section "Guidelines for System Development Based On Requirements Considerations."

Summary

As in other areas of life, planning the set of activities concerning the requirements for a system or software project reaps enormous benefits. It's not typical to plan these activities that are crucial for project success, but we're well advised to take the time to develop a requirements plan and to think through aspects of our work that will have major impacts.

Template for a Project Requirements Policy

1.0 PURPOSE. The purpose of this document is to provide a project policy concerning the requirements for a system. For purposes of performing system development or enhancement effort on this project, the following are included within the scope of the Requirements (RE) Process:

1.1 To define the functional/high level requirements for a new system or capability; or for enhancements or updates to a system or capability (Requirements Definition). This includes compliance with Process Area (PA) 06, Understand Customer Needs and Expectations, of the System Engineering Capability Maturity Model (SE-CMM).

1.2. To perform analysis of requirements and requirements elicitation (the use of a variety of techniques to achieve a more rigorous and agreed upon[md]with the Customer[md]description of system requirements); to resolve issues concerning requirements; to provide peer review of the requirements document; and to provide for review and approval by appropriate project managers. (Requirements Analysis) (Software Product Engineering (PE) KPA).

1.3 To evaluate requirements on the basis of a set of criteria deemed appropriate by the Project (such as feasible, appropriate to implement in software, clearly stated, consistent with each other, testable, and complete (when considered as a set). Note: The group responsible for system and acceptance testing of the software should verify that each software requirement can be tested. (Requirements Analysis).

1.4 To put the requirements document under configuration management.

1.5 To provide a basis for estimating, planning, performing, and tracking the software project's activities throughout the software development lifecycle.

1.6 To allocate requirements to software, hardware, training, documentation, installation, communications, database, and other system components (Requirements Allocation). This includes compliance with Process Area (PA) 02, Derive and Allocate Requirements, of the System Engineering Capability Maturity Model (SE-CMM).

1.7 To document the functional/high level requirements, create a documented requirements document, and put the requirements into an automated requirements traceability matrix or tool of some type that has the ability to track additional, lower-level requirements throughout the system lifecycle and to verify that all valid requirements are met and where in the system they are satisfied. (Requirements Management) (SE KPA).

1.8 To provide the ability to adjust the affected software plans, work products, and activities to remain consistent with the updated requirements whenever system requirements are changed during the system lifecycle (Requirements Management) (SE KPA).

1.9 To provide a draft Functional Description (FD)/functional baseline for the system or capability.

1.10 To ensure that appropriate support tools, methods, disciplines, and training are selected, utilized, and integrated in support of this process.

1.11 To provide for review of requirements by the QA group to ensure that they are complete, correct, consistent, feasible, and testable, and that the products comply with the standards and requirements specified for them.

2.0 BACKGROUND. Experience has shown that a formal process resulting in an agreed-upon definition of requirements for new systems, new capabilities, updates, or enhancements to systems is a prerequisite to proceeding to system/capability design; and also that failure to do this results in rework and unnecessary costs and delays in schedule. Accordingly the XYZ Project has adopted this policy for managing system requirements.

3.0 ASSUMPTIONS.

3.1 For purposes of systems and software development, Customer requirements are not limited to software but may also include hardware, training, documentation, installation, communications, database, and other system components.

3.2 The XYZ Project's RE Process will be compliant with the Requirements Management (RM) Key Process Area (KPA), in the Capability Maturity Model for Software (SW-CMM) as well as the requirements-related aspects of the Software Product Engineering (SE) KPA; and the Systems Engineering Capability Maturity Model (SE-CMM), specifically, PA01, Analyze Candidate Solutions; PA06, Understand Customer Needs and Expectations; PA02, Derive and Allocate Requirements; and PA03, Evolve System Architecture.

4.0 POLICY. The following organizational policy will be utilized for all systems and software efforts for managing the requirements:

4.1 Project requirements activities and processes will comply with the PRC Requirements Policy.

4.2 Requirements for systems/capabilities will be documented.

4.3 Requirements will be reviewed via a joint process of the Customer's management and technical representatives and PRC developers/other engineering groups (OEGs) including test, QA, CM, and documentation support.

4.3.1 The purpose of this process will be to document agreed-upon descriptions of the requirements, to communicate a thorough understanding of the requirements, and to prioritize requirements.

4.3.2 Each requirement will be evaluated on the basis of the following criteria:

· Clearly stated.

· Understandable.

· Testable (in the new/updated system).

· Complete (when considered as a set).

· Feasible.

· Consistent.

· Documented.

· Agreed-upon (between the Customer and PRC).

4.3.3 Requirements for each new/updated system/capability will be documented in a Requirements Definition (RD), including the rationale for the selected alternative.

4.3.4 Changes to requirements will be provided by the Customer in writing so that PRC can evaluate them and provide appropriate feedback and resolution. Note that industry experience is that a 30% change in requirements results in 100% increase in the cost of the project. Therefore changes in requirements should also include changes in the project's cost, schedule, and contract.

5.0 REFERENCES.

5.1 Requirements Processes and Process Descriptions.

5.2 Requirements Management Tools.

5.3 Requirements Process Training Course and Training Materials.

5.4 Related artifacts in the project Process Asset Library (PAL).

Guidelines for System Development Based on Requirements Considerations

1.
Developers must be trained not to add any features or capabilities beyond those stated in the approved requirements. Industry experience is that developers add capabilities, increasing the scope of the product and adding to the effort required throughout the system's lifecycle.

2.
Methods such as requirements workshops (conducted as needed), storyboards, requirements reviews, idea reduction, role playing, and prototyping should be used. See Dean Leffingwell, Managing Software Requirements: A Unified Approach, for a lot of experience and suggestions.

3.
"What if" questions should be asked, focusing on the boundary conditions, exceptions, and unusual events.

4.
A careful manual review and analysis of the complete set of requirements, supported by the user and utilizing appropriate automated tools, will be needed to ensure consistency in the requirements set.

5.
Developers, customers, and other stakeholders need to rank the individual requirements in terms of their importance to the customer. This technique helps to manage the project scope. Requirements should also be ranked in terms of their stability. This is only a beginning to defining the releases of the product. Data dependencies must be considered as well. See Bill Wiley, Essential System Requirements: A Practical Guide to Event-Driven Methods, Chapters 8 and 9 for discussion of data/process interaction and transition to physical design.

6.
One of the most difficult requirements challenges is writing the requirements detailed enough to be well understood without over-constraining the system and annoying users with details intended to remove ambiguity. Here are some guidelines:

· Use natural language whenever possible.

· Use pictures and diagrams to further illustrate the intent.

· When in doubt, ask for more information.

· Augment specifications with more formal methods when it is critical not to be misunderstood (life-and-death situations or grave consequences of erroneous behavior).

· Train people to recognize the problem and the solution.

· Use diagrams and structured pseudo-code to describe complex technical specifications.

7.
We know that the requirements will change for several reasons:

· External factors:




a.
Change in the problem (the business) we are attempting to solve.




b.
Users change their minds.




c.
The external environment has changed, creating new constraints and/or opportunities (for example, the availability of the Internet and the World Wide Web).




d.
The very existence of the new system causes the requirements for the system to change!

· Internal factors:




a.
Failure to discover the real requirements during the initial requirements-gathering effort.




b.
Failure to create a practical process to help manage changes.

· Requirements leakage:




a.
Direct user/customer requests to programmers.




b.
Functionality inserted by programmers "because it's a good thing."

Change must be managed. Here are some guidelines:

· Recognize that change is inevitable and provide methods to deal with it.

· Baseline the requirements.

· Establish a single channel to control change (such as the joint team).

· Use a change-control system to capture changes. Keep requirements under vigorous configuration management (CM).

· Manage changes hierarchically so that the downward ripple effect of a change will be highlighted by the traceability in the requirements tool.

· Industry data show that a change of 30% in the requirements results in doubling of the costs of the project. The joint team is critical to provide joint customer and contractor responsibility for the requirements and for the impacts of any approved changes.
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