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Summary of Updates to this Version of the Document

3/17/99:

- Added the recommendation to Point 5 ("Project Scope") of the Suggested Strategy to describe the system in less than 100 high-level features.

-Added Para 24, page 7 to include peer reviews (preferably inspections) of requirements documents.

-Added Use Cases to the Methods anticipated for use on the Contract for requirements elicitation.

-Added several very recent references concerning Use Cases and the Unified Modeling Language (UML) to the References Consulted Section.  Also added briefings (Insights Concerning the Requirements Process, R. Young, and Generating Test Cases from Use Cases Automatically, R. Poston).

-Added Appendix D, Use Cases as a Requirements Elicitation Method.

-Added Appendix E, Guidelines for System Development Based on Requirements Considerations.

6/17/02


-Deleted references to “PRC”


-Updated several Web site URLs

Requirements Plan

Purpose.  The purpose of this Requirements Plan is to provide a suggested strategy and recommended approach to identify, define, prioritize, derive and allocate, track, manage, and verify the requirements. 

Contract Summary. Provide details of the specific contract. 

Use of the Systems Engineering Process.  We employ the System Engineering Process (SEP) consisting of requirements analysis, functional analysis/allocation, synthesis, and systems analysis and control progressively throughout the systems life cycle for all programs.  The SEP uses customer needs, stated requirements, technology base information, prior output data, and tailored standards and specifications as inputs to create an overall balanced system solution output.  The SEP provides three overall feedback loops iteratively until the final system solution is obtained.  The three feedback loops are:

1. The Requirements Loop that iterates between the Requirements Analysis processes and the functional analysis/allocation processes until the lowest practical levels of system functions, performance requirements, and design constraints are achieved.

2. The Design Loop that iterates between the functional analysis/allocation processes and the synthesis processes until the best product concept and system architecture that satisfies the system functions and performance requirements are achieved.

3. The Verification Loop that iterates among the requirements analysis, functional analysis/allocation, and synthesis processes to show that all requirements are satisfied by the system.  Verification is the process of checking designs, code, test plans, and final products against requirements.


Systems Analysis and Control measures progress, evaluates alternatives, selects preferred alternatives, and documents data and decisions used and generated for all three loops.


A top-level diagrammatic view of the SEP is as follows:









Suggested Strategy.  The suggested strategy to understand and document the customers’ needs and expectations is described in the following actions:

1. Acquire a copy of the DOORS automated requirements tool to provide a requirements repository and database for the Project.  Note that DOORS is the industry leading requirements tool.  It is an industry-strength tool that supports the entire life cycle of requirements-related activities.  For more information concerning DOORS, see http://www.qssinc.com
2. Identify, define and document in DOORS the new requirements, i.e., the requirements for capabilities that extend beyond current capabilities and systems.

3. Identify, define, and document (using selected requirements elicitation techniques discussed below and the DOORS tool) the requirements of existing capabilities and systems (the "As Is Model"):

a. Where possible, obtain requirements documents or other descriptions/documents which identify and describe the requirements and capabilities of existing systems.  Another source of requirements is the Systems Maturity Matrix (SMM) that has been provided by the Government.  It provides an unclassified list of system capabilities and characteristics.  The Government indicates that the SMM will be populated in the 3/99 timeframe.  The Government has asked that contractors advise what makes sense in terms of trade studies and Cost as An Independent Variable (CAIV) analyses.

b. For those capabilities and systems for which the requirements are not documented, a team of system and software engineers and functional analysts will need to document the requirements through user interviews, by reverse engineering, or other approaches.

4. Identify the requirements due to integration of the identified system and other related C2 systems.

5. Develop the "Project Scope," including need, goals and objectives, mission definition, operational concept, customer requirements, constraints, schedules, budgets, and authority and responsibility.  Identify the top 50-200 system-level requirements of the "To Be Model" by prioritizing the requirements.  Note that the customer has asked offerors to explain how they will identify the relative priority of individual requirements.  This can be accomplished by comparing high-level system requirements to the identified goals and objectives of the system in a needs/risk/CAIV analysis.  Describe the system in less than 100 high-level features ( a feature is defined as an externally observed service provided by the system that directly fulfills a user need).

6. Through analysis, identify opportunities to reduce the cost of ownership; increase flexibility to respond to rapidly evolving mission needs and technology insertion opportunities; and improve interoperability.

7. Evolve a candidate/preliminary proposed architecture.  

8. Form the Joint Customer/Management and Technical Requirements Team ('Joint Team') as described below (in the Requirements Process).

9. Execute the Partnering Process (see Appendix C).  Commit to the approach to translate customer needs and expectations into a verifiable set of requirements.

10.   Iterate the system-level requirements and the preliminary proposed architecture within the Joint Team environment to obtain an initial requirements statement and proposed architecture.

11.   Validate the initial requirements set.  Validation is the process of checking the agreed-upon requirements to ensure that they meet defined customer needs.  The result of this process is documented, verified requirements.  The requirements database in DOORS is updated.  Some prototyping will likely be needed.

12.   Agree on the stated requirements within the Joint Team.  These agreements provide the basis for design and development engineering efforts.

13.   Provide a defined approach to accommodate changes in requirements during the system development process.  Impacts of changes in requirements must be defined.  The Joint Team concurs on whether the requested changes will be accommodated; and adjusts the system architecture, design, budget/costs, and schedules accordingly.

14.   Develop an Initial Operational Concept Definition (OCD) describing why the capability and system are needed, how this fits into the overall DOD system, and identified requirements.  Trace the requirements to the OCD.

15.   Maintain the requirements baseline in DOORS and control changes.  Provide the origin for each requirement and its change history.  This requirements database continuously reflects the current status of the developing system.

16.   Develop a detailed operational concept of the interaction of the system, the users, and the environment.

17.   Partition requirements into groups based on established criteria to facilitate and focus requirements analysis.

18.   Derive requirements and identify interface requirements.

19.   Allocate requirements to functional partitions, objects, people, or support elements.  This step requires interaction with the System Architecture Process and the components of the defined system.  Group requirements into builds.

20.   Analyze requirements to ensure verifiability.

21.   Capture system and other requirements, derived requirements, derivation, rationale, allocation, traceability, and requirements status in the requirements repository (DOORS).

22.   Maintain appropriate metrics:

a. Number of requirements, by priority.

b. Number of changes to requirements (requirements volatility).

c. Time to complete RE100, RE200, and RE300.

d. Number of defects in requirements, based on peer reviews.

23.   Utilize WPI Peak Performance Solutions concepts and expertise to improve user interfaces and system effectiveness.

24.  Conduct peer reviews of the requirements.  A rigorous peer review process (preferably, a formal inspection) of requirements documents (once they are in good shape) is valuable and a cost-saver.  Note the following data from industry experience:

-80% of all defects of systems are inserted in the requirements phase.

-Requirements defects are the most costly to fix, since their effects cascade through the rest of the life cycle.  There is as much as a 200:1 cost savings from finding and fixing errors in the requirements phase as compared to the maintenance phase of the life cycle.

-Information concerning inspections is available from Systems and Process Engineering--contact Andy Meadow or Barb Dreon.  

25.   Ensure formal CCB approval of final requirements outputs so that all engineering groups are informed of requirements activities and status.

26.   Utilize extensive system integration expertise and proven system engineering processes to proceed with system design and development.

Requirements Process.  We have upgraded the Requirements (RE) Process over the past six years based on the experience of its project requirements engineers and the framework of industry models, specifically the Capability Maturity Model for Software (SW-CMM) and the Systems Engineering Capability Maturity Model (SE-CMM).  The RE Process flowcharts ("process flows") are provided in Appendix A. These include the RE Macro [REOOO] and three micro-processes:

RE100
Assess New/Changed Requirements and Control Changes

RE200
Understand Customer Needs and Expectations

RE300
Derive and Allocate Requirements

Each process flow has an accompanying narrative Process Description (PD) which provides information concerning the process purpose, standards and references, related processes, customer description, entrance criteria, inputs, outputs, responsibilities, tools, and metrics.  The PDs are available online, together with other artifacts supporting the RE Process, at the Requirements Jump Start Kit Web page, URL  http://www.pal.des.it.northgrum.com/PAL/documents/kpa/rm/rmpackage.htm
This web page is designed to facilitate reuse, deployment, and implementation of the Requirements Process.

According to our process management methodology, Quality in Daily Work (QIDW), the Customer Valid Requirements (CVR) of the RE Process are:

1.
Provide an effective system.

2.
Within budget.

3.
On-time delivery.

4.
Win-win partnership relationship throughout the system life cycle.

By, CVRs, we mean these requirements must be met as a condition of executing the process.  If the CVRs are not met, the Process is considered ineffective; or else it hasn't been executed properly.  The former implies a need for continuous improvement of the process based on feedback from its users; the latter implies a need for changing the project management approach.

The RE Process is characterized by partnership between the customer and the contractor team; by extensive communication and close and continuous -coordination; and by use of methods and tools to gain an increasingly more robust understanding of customer needs and expectations throughout the systems life cycle.

Importance of the Requirements Process.  Industry studies and our own experience highlight the critical importance of having an effective requirements process.  Here are conclusions from a 1996 Study of 8,000 projects by The Standish Group:


-53% of industry's investment on application development projects is a casualty of cost overruns and failed projects.


-Major contributing factors include: lack of user input (13%); incomplete requirements (12%); and changing requirements (12%).


-Reducing requirements errors is the single most effective action developers can take to improve project outcomes.

-There is as much as a 200:1 cost savings from finding errors in the requirements stage vs.in the maintenance stage of the life cycle.

-Requirements errors are the largest class of errors typically found in a project (41-56% of errors discovered).

-The cost of rework is typically 40-50% of project costs.

Donald C Gause and Gerald M. Weinberg, industry requirements gurus, in their book, Are Your Lights On? How to Figure Out What the Problem REALLY Is, note that the source of more than half of the requirements problems is the contractor itself--53% of requirements problems are due to failure of the requirements engineers to properly define the requirements (page 116).  The critical importance of getting the requirements right is hightened because requirements problems translate into huge cost impacts in downstream project activities.

Mechanisms, Methods, and Tools.  The RE Process is supported by mechanisms, methods, and tools.

a.
Mechanisms.  The Software Engineering Institute (SEI) defines a mechanism in the context of systems and software engineering as a process, technique, group, policy, or procedure for achieving a result.  The RE Process utilizes the following mechanisms:

-"The Joint Customer/Management and Technical Requirements Team." This is an Integrated Product Team (IPT) which utilizes customer and management and technical personnel.  The Team functions throughout the entire system life cycle and is responsible for achieving definition and agreement on all requirements.  This mechanism reflects that there is a partnership relationship throughout the system life cycle for definition of requirements and for agreement on any changes to requirements.  This is vital to success, since industry data show that there is a doubling in system cost associated with a 30% change in requirements.  The composition of the members of the Joint Team may change over the course of system development as different levels are defined and addressed.

-Project Configuration Control Board (CCB).  The Project CCB consists of the Project Manager (PM) and the leads from all involved engineering groups.  This is a mechanism to manage the project in a coordinated, effective manner.  It may include a customer representative.

-Interaction with other processes.  The RE Process identifies the interaction with other processes throughout the execution of the steps of the process.  For example, the requirements produced by the RE Process will be impacted and changed by the activities in the System Architecture (SA) Process.  Another example will be actions taken as a result of the Manage Risk (RI) Process.

b.
Methods.  The RE Process employs an extensive set of methods described in the Process Descriptions (PD).  For example, methods anticipated for use for requirements elicitation include:

-Review of source documents 

-Requirements mining of legacy applications 

-User interviews

-Joint Application Development (JAD) Sessions 

-Rapid Application Design (RAD) 

-Rapid prototyping 

-Trade studies: need/risk/CAIV tradeoffs 

-Functional process improvement

-Use Cases

c.
Tools.  The Dynamic Object Oriented Requirements Systems (DOORS) is an industry strength, life cycle tool, which supports large projects.  It provides connectivity (import and export) which is superior to other requirements tools.  It has a Microsoft look and feel, with customizable buttons.  The DOORS Extension Language allows customization.  DOORS maintains a history of all requirements and has the capability to provide baselines.  It treats requirements as objects that have attributes.  It has a change proposal system, allowing users to make suggestions and recommendations concerning requirements.  It provides standardized templates to facilitate start-up and preparation of needed documents.  DOORS is the current market leader and has a strong corporate commitment.  Quality Systems and Software (QSS), the vendor, is responsive to users and encourages DOORS user groups.

Suggested Approach.

1. Acquisition of the automated requirements tool to be provided very early and utilized throughout the Project lifecycle.  The Requirements Working Group (RWG) recommends DOORS.  It's recommended that the DOORS Tool be implemented immediately.

2.
Identify a small number of customer [Air Force] and contractor technical and management representatives, empowered to make decisions, who will comprise the Joint Team.  A key to the success of any project is the commitment of the members of the Joint Team to taking responsibility for the identification of the 'real' requirements; wording of the requirements, statements; changes in the requirements throughout the project life cycle; and the impacts of the resulting decisions in terms of costs, schedules, and resources needed.  Without the sincere commitment of both the customer and the contractor to joint responsibility for the requirements, no system development can be successful (as evaluated by the criteria provided above).

The Partnering Process and execution of a Partnering Agreement at the beginning of the contract can facilitate achievement of such a commitment.  The Partnering Process is itself facilitated by a two-day workshop involving all key customer and contractor decision-makers.  The benefits of partnering are:

· REDUCED LITIGATION EXPOSURE

· FEWER COST OVERRUNS

· BETTER QUALITY PRODUCT

· EXPEDITE DECISION-MAKING

· MAY EXPEDITE PROJECT

· SWIFT PROBLEM RESOLUTION

· LOWER ADMINISTRATIVE COSTS

· INCREASED INNOVATION

· FEWER DELAYS AND DISPUTES

· GREATER FINANCIAL SUCCESS

· REDUCED “CYCLE TIME”

· ISSUES ARE FOUND EARLY

· ESCALATION IS AN EASY OPTION
Source: Charles Markert, "Partnering: Unleashing the Power of Teamwork"
More information about the Partnering Process is provided in Appendix B.

3.
Selection of the requirements engineering Staff.  The Project Requirements Engineering (RE) staff will logically report to the Lead System Architect or Lead System Engineer and will be the single point of contact (POC) for current information and status concerning the requirements.  The lead RE should be a senior technical systems or software engineer who is familiar with the functional requirements and who is a trained DOORS user (see 3, below).  Using the approach suggested by the capture manager, we should involve in the proposal effort individuals who can participate in the execution of the work.  The RE on the  Project is also familiar with the DOORS requirements tool.  He is an excellent candidate for this group.

4.
Early and concerted efforts to elicit requirements for the System.  Several methods for requirements elicitation are recommended in the RE200 Process Description (PD), including review of source documents, requirements mining of legacy applications, user interviews, Joint Application Development (JAD) sessions, Rapid Application Design (RAD), rapid prototyping, trade studies (need/risk/CAIV tradeoffs), and functional process improvement.  High level system requirements need to be iterated with the preliminary system Architecture in order to achieve a continuously improving, better defined requirements baseline and a better defined system architecture.  The System Architecture (SA) Process (see  http://www.pal.des.it.northgrum.com/PAL/documents/pa/index.html) should be utilized.

5.
Utilization of the Joint Team to manage the requirements, per the RE Process.  The customer has indicated that the requirements for the system will be very dynamic.  Industry experience is that a 30% change in requirements results in a doubling of costs.  Thus the critical importance of the Joint Team, to ensure that those changes that are approved are really needed and that the resulting cost and schedule impacts are both understood and planned for.  Tradeoffs will need to be made; these decisions need to be made on the basis of what is best for the total system.

6.
Use of electronic format for documents required by the Project (e.g., Operational Concept Definition [OCD], Requirements Document/Database, User Interaction Sequences).  Some or all of these documents may be maintained internally within the DOORS Tool.  Experience has shown that production of hard copies and also waiting for review and approvals of documents have been both costly and unsuccessful.  Those responsible for approval of documents must commit to timely approval or else jeopardize project schedules, costs, and success.

7. Use of Requirements Best Practices.  In Requirements Engineering: A Good Practice Guide, Ian Sommerville and Pete Sawyer recommend a set of best practices for execution of requirements-related activities throughout the life of a project.  Since these best practices are based on extensive industry experience, it is recommended that they be considered and employed as appropriate in support of project activities.  A list of these best practices is provided in Figure 1.

Figure 1

Industry Requirements Best Practices


Guideline




Applicability           

3.1
Define a standard document 


Requirements document


structure

3.2 Explain how to use the


Requirements document


document 


3.3
Include a summary of the


Requirements document


requirements

3.4
Make a business case for the


Requirements document


system

3.5
Define specialized terms


Requirements document

3.6
Lay out the document for


Requirements document


readability

3.7
Help readers find information

Requirements document

3.8
Make the document easy to change

Requirements document

4.1
Assess system feasibility


Requirements elicitation

4.2 Be sensitive to organizational

Requirements elicitation

And political considerations

4.3
Identify and consult system


Requirements elicitation


stakeholders

4.4
Record requirements sources


Requirements elicitation

4.5
Define the system's operating

Requirements elicitation


environment

4.6
Use business concerns to drive

Requirements elicitation


requirements elicitation

5.1
Define system boundaries


Requirements analysis and








negotiation

5.2
Use checklists for requirements

Requirements analysis and


analysis




negotiation

5.3
Provide software to support


Requirements analysis and


negotiations




negotiation

5.4
Plan for conflicts and conflict

Requirements analysis and


resolution




negotiation

Figure 1

Industry Requirements Best Practices

(continued)
5.5
Prioritize requirements


Requirements analysis and




 
negotiation

6.1
Define standard templates for

Describing requirements


describing requirements

6.2
Use language simply and concisely

Describing requirements

6.3
Use diagrams appropriately


Describing requirements

6.4
Supplement natural language with

Describing requirements


other descriptions of requirements

7.1
Develop complementary system


System modelling


models

7.2
Model the system's environment

System modelling

7.3
Model the system architecture

System modelling

8.1
Check that the requirements


Requirements validation


document meets your standards



8.2
Organize formal requirements


Requirements validation


inspections

8.3
Use multi-disciplinary teams to

Requirements validation


review requirements

8.4
Define validation checklists


Requirements validation

9.1
Uniquely identify each


Requirements management


requirement

9.2
Define policies for requirements

Requirements management


management

9.3
Define traceability policies


Requirements management

9.4
Maintain a traceability manual

Requirements management

10.1
Create safety requirement


Requirements engineering 


checklists




for critical systems

10.2
Involve external reviewers in the

Requirements engineering 


validation process



for critical systems

2.5.2
Intermediate guidelines
4.7
Look for domain constraints


Requirements elicitation

Figure 1

Industry Requirements Best Practices

(continued)
4.8
Record requirements rationale

Requirements elicitation

4.9
Collect requirements from multiple

Requirements elicitation


viewpoints

4.10
Prototype poorly understood


Requirements elicitation


requirements

4.11
Use scenarios to elicit


Requirements elicitation


requirements

4.12
Define operational processes


Requirements elicitation

5.6
Classify requirements using a

Requirements analysis and


multi-dimensional approach


negotiation

5.7
Use interaction matrices to find

Requirements analysis and


conflicts and overlaps


negotiation

6.5
Specify requirements



Describing requirements


quantitatively

7.4
Use structured methods for system

System modelling


modelling

7.5
Use a data dictionary



System modelling

7.6
Document the links between


System modelling


stakeholder requirements and


system models

8.5
Use prototyping to animate


Requirements validation


requirements

8.6
Write a draft user manual


Requirements validation

8.7
Propose requirements test cases

Requirements validation

9.5
Use a database to manage


Requirements management

requirements

9.6
Define change management


Requirements management

9.7
Identify global system


Requirements management


requirements

10.3
Identify and analyze hazards


Requirements engineering 





for critical systems

Figure 1

Industry Requirements Best Practices

(continued)

10.4
Derive safety requirements from

Requirements engineering
hazard analysis



for critical systems

10.5
Cross-check operational and


Requirements engineering 


functional requirements against

for critical systems


safety requirements

2.5.3
Advanced guidelines
4.13
Reuse requirements



Requirements elicitation

5.8
Assess requirements risks


Requirements analysis and








negotiation

8.8
Paraphrase system models


Requirements validation


9.8
Identify volatile requirements

Requirements management

9.9
Record rejected requirements


Requirements management

10.6
Specify systems using formal


Requirements engineering 


specification




for critical systems

10.7
Collect incident experience


Requirements engineering 








for critical systems

10.8
Learn from incident experience

Requirements engineering 








for critical systems

10.9
Establish an organizational


Requirements engineering 


safety culture




for critical systems

Source: Requirements Engineering: A Good Practice Guide, by Ian Sommerville and Pete Sawyer, John Wiley & Sons, 1997.
Endnotes:

1.
Substantial industry literature reports on industry experience in not being able to identify the 'real' requirements for systems.  Industry data result in the conclusion that the best results are achieved (i.e., more successful system development efforts as measured by project costs) when 8-15% of the total project cost is applied to the requirements process (Ivy Hooks, Compliance Automation).  Industry requirements experts report that over half of stated requirements are not in fact real requirements (Donald Gause and Gerald Weinberg, Are Your Lights On: How to Figure Out What the Problem REALLY Is, page 116).  Hence, major development efforts are well advised to ensure that the real customer needs and expectations are determined and that the real requirements drive the system design and development activities.

References Consulted

Working Draft of Section M Evaluation Factors.

Systems Maturity Matrix (SMM), Working Draft, Undated.  Note that the Customer has indicated that the SMM will be populated by March 1999.

Statement of Qualifications, November 2, 1998.

Focus Group Sessions:


13 January 1999 (includes a discussion of Requirements, pp. 11-16).


27 January 1999

Requirements Workshop, 9 February 1999

"System Architecture Attributes," 1/28/99.


"Survey of the Current Environment," 2/10/99 (Draft).

Team Meetings (2/9-11/99)

The Requirements (RE) Process.  See the Requirements Management Transition Package web page at  http://www.pal.des.it.northgrum.com/PAL/documents/kpa/rm/rmpackage.htm
for artifacts: policy, process flowcharts, process descriptions (PD), methods to support each part of the process, recommended tools, training materials, tailoring guidance, references, templates, examples of the deployed and implemented process, etc.

Insights Concerning The Requirements Process, Briefing developed by Dr. Ralph R. Young.

The Capability Maturity Model for Software (SW-CMM), Version 1.1, Software Engineering Institute, Carnegie Mellon University, February 1993.

A Systems Engineering Capability Maturity Model (SE-CMM), Version 1.1, Enterprise Process Improvement Collaboration (EPIC), November 1995.

Requirements Engineering: A Good Practice Guide, Ian Sommerville and Pete Sawyer, Wiley, 1997.

Software Architecture in Practice, Len Bass, Paul Clements, and Rick Kazman, Addison-Wesley, 1998.

Are Your Lights On: How to Figure Out What the Problem REALLY Is, Donald

C. Gause and Gerald M. Weinberg, Dorset House Publishing, 1990.

How To Run Successful Projects II: The Silver Bullet, Fergus O'Connell, Prentice Hall, 1996.

Software Project Survival Guide, Steve McConnell, Microsoft Press, 1998.

"Partnering: Unleashing the Power of Teamwork,"  Briefing and Process by Charles Markert.

Briefing and Materials from WPI, "Peak Performance Solutions."

Managing Software Requirements, Dean Leffingwell and Don Widrig, Addison Wesley Longman, 1999 (forthcoming).  Ralph Young has a copy of the draft manuscript.

Applying Use Cases: A Practical Guide, Geri Schneider and Jason P. Winters, Addison Wesley Longman, 1998.

The Unified Modeling Language User Guide, G. Booch, J. Rumbaugh, and Ivar Jacobson, Addison Wesley Longman, 1998.

UML Distilled: Applying the Standard Object Modeling Language, M. Fowler with K. Scott, Addison Wesley, 1997.  This is the best overview of the core parts of the UML that everyone can use.
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Appendix A

Requirements (RE) Process Flowcharts

("process flows")

(Provided Separately)

Appendix B

Partnering Process Briefing

(See Attachment)

Appendix C

Characteristics of Good Requirements

See Tab 11 of the Requirements Process Course Notebook for an article by Pradip Kar and Michelle Bailey for a concise seven-page discussion.  See also, Writing Good Requirements by Ivy Hooks, available for $10 from Compliance Automation, contact via telephone in San Antonio, Texas, 877-234-2468.

Goals of Good Requirements Engineers:

-Identify incorrect assumptions.

-Ensure consistency.

-Increase compliance.

-Reduce misunderstandings between organizations and individuals.

-Improve the responsiveness of suppliers.

        -Improve the satisfaction of all customers.

Before You Write Requirements:

-Perform the up-front process.

-Assemble, and educate the team.

-Define documents.

-Define outline (checklist).

        -Plan for change.

The Up-front Process:

-Determine drivers.

-Understand customer needs and environment.

-Understand and document the scope of your project.

-Define external interfaces.

-Define system components.

        -Define specifications outline.
Appendix D

Use Cases as a Requirements Elicitation Method

Consideration should be given to using Use Cases to describe the outwardly visible requirements of the System.
  Use Cases allow analysts to identify the required features of a system.  They describe the things users of a system want the system to do (sometimes referred to as "scenarios").  Use Cases are especially helpful for processes that are iterative and risk-driven (this helps identify and address risks early in the program).  At the beginning of the effort, high-level Use Cases should be developed to help scope out the project.  What should be included?  What can we realistically accomplish given our schedule and budget?
  The developed Use Cases can also be utilized as Test Cases.

The scope of the project is determined and a Vision or Scope document is written.
  The business case is presented.  One should be able to answer the question, Does it make good business sense for us to continue with this project?  Next during the elaboration phase, requirements analysis and ris analysis are performed and more detailed Use Cases are developed.  These contribute to the risk analysis; to the development of a baseline architecture; and are used to create the plan for the development work.

The Unified Modeling Language (UML) has become a vendor independent standard for expressing the design of software systems and is being rapidly adopted throughout industry.  UML is a language for visualizing, specifying, constructing, and documenting the artifacts of a software intensive system.  The UML incorporates Use Cases as the standard means of capturing and representing requirements.  

As with any method, there are both advantages and disadvantages of using Use Cases as a method.  Among the advantages is that because of the thread of behavior characteristic and the fact that the UML includes certain specialized modeling elements and notations (e.g., 'Use Case realization'), Use Cases provide additional value added in their role of linking the requirements activities to design and implementation.  Among the disadvantages is that Use Cases are not good containers for non-functional requirements (such as the ilities and attributes of the system environment) and design constraints.  Dean Leffingwell's forthcoming book, Managing Software Requirements recommends alternative approaches based on the experience of the Project Team.
  In the situation in which the team's experience with the requirements process is limited and the Object Oriented (OO) paradigm has not been adopted and used, a conventional Software Requirements Specification (SRS) approach is recommended (see IEEE Std 830, IEEE Recommended Practice for Requirements Specifications, 1998).  If the team's experience with the requirements process is limited but the team is in the process of adopting the OO paradigm, the recommendation is to work with the Use Case method but to master it fully before depending on it to represent the requirements.  There are additional options, but it would appear that one of these two is the situation of the Team.

As noted above, the developed Use Cases can also be utilized as Test Cases.  Bob Poston, Director of Quality Assurance Technology at Aonix, Inc. advocates front-end testing or specification (a model of a requirement) testing to achieve defect prevention in a requirements process.
  According To Alan Davis, 55% or more of software failures discovered by end users and system testers are caused by problems with requirements.
  Bad requirements cause rework.  Based on industry data (Standish Group, 8,000 projects, 1996), the cost of rework is typically 40-50% of project costs.  We know from industry data and our experience the types of requirements problems we have.  We know the methods for preventing the most probable defects in requirements (e.g., project requirements engineers understanding the context of the requirements [domain expertise]; documenting the rationale of why each requirement is needed [by performing this step, we may be able to eliminate up to 50% of the stated requirements], requirements workshops; inspections and rigorous peer reviews of requirements documents; verifying facts; checking for omissions, inconsistencies, and ambiguities--rigorous definitions prevent ambiguities, usage checkers prevent inconsistencies, checklists prevent incompleteness, standards prevent testability problems and traceability problems, rules prevent undesirable design impositions; watching for the specification of an implementation; writing lessons-learned frequently to gain and share information and preferences concerning our customers' needs and expectations; building mechanisms into project activities to require all development groups to share information about their activities with the other engineering groups; and taking the time to perform our work correctly with good people and good methods).

Poston asserts that project time and resources allocated to testing (typically 30% or more)
 can be dramatically reduced, and he recommends adding formality to the requirements phase using a requirements modeling tool and Use Case notation and scenarios.  Provide system level Use Cases; then object level Use Cases for the design.  Add sufficient information to the Use Case to make it test ready.  Poston notes (based on data from Capers Jones) that typically 16% of the test cases are redundant and 10% are irrelevant; therefore, in a typical project, 26% of the test effort is wasted.  We need to develop requirements specifications that have the data in them that allow primary specification based test design.  Poston cited two examples in his presentation, one in which the defect count dropped 94%
 and another in which productivity increased 100 fold from 100 test cases in 20 days to 1,000 test cases in 2 days.

Appendix E

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 effort required throughout the system life cycle.

2. Methods such as requirements workshops (approximately twice annually), storyboards, requirements reviews, idea reduction, role playing, and prototyping should be used.  See Dean Leffingwell, Managing Software Requirements, 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 skills of the development team and 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.

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.

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

1) External factors:

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

b) Users change their minds.

c) The external environment has changed, creating new constraints and/or opportunities (e.g., 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!

2) Internal factors:

a) Failure to discover the correct requirements during the initial requirements gathering effort.

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

3) Requirements leakage:

a) Direct user/customer requests to programmers.

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

Change must be managed.  Industry data indicate that in accululation, these factors contribute one-third of the total scope of the project.  Here are some guidelines:

1) Recognize that change is inevitable and plan for it.

2) Baseline the requirements.

3) Establish a single channel to control change (such as the Project Change Control Board (CCB) as recommended in the Requirements Process.

4) Use a change control system to capture changes.  Keep requirements under vigorous Configuration Management (CM).

5) Manages changes hierarchically so that the downward ripple effect of a change will be highlighted by the traceability in our requirements tool.

6) If the requirements change rate exceeds 2% per month, the development process is jeopardized.  Industry data are that a change of 30% in the requirements results in doubling of the costs of the Project.  The Joint Requirements Team, a central mechanism of the Requirements Process, is critical to provide joint customer and contractor responsibility for the requirements and for the impacts of any approved changes.
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� Members of the requirements engineering and system architect groups may need to be trained on Use Cases and the Unified Modeling Language (UML).  See Applying Use Cases: A Practical Guide (Addison Wesley Longman, 1998) and other related references in the References Consulted Section for more information.


� A reference point based on industry data is that systems and software projects are over-promised by an average of 100-200% (Standish Group, 8,000 projects, 1996).


� See the RE100 Process Description (PD) for reference to this document, which helps establish customer expectations and includes a statement of system need; system goals and objectives; mission definition; operational concept; customer requirements (high-level set); constraints; schedules; budgets; and authority and responsibility.


� To be published by Addison Wesley Longman in 1999.  Draft manuscript is available from Ralph Young.


� See his presentation from the National SEPG99 Conference, March, 1999, Generating Test Cases from Use Cases Automatically (copy available from Ralph Young).


� Alan Davis, "System Testing: Implications of Requirements Specifications," Information and Software Technology, Vol. 32, No. 6, July/August 1990, pp. 407-414.


� Capers Jones, Software Quality: Analysis and Guidelines for Success, International Thompson Computer Press, Boston, MA, 1997, p.xxiv.


� Robert M. Poston, "Counting Down to Zero Software Failures," Automating Specification-Based Software Testing, IEEE Computer Society Press, Los Alamitos, CA, 1996, pp. 230.


� Richard Adhikari, "Development Process is a Mixed-Bag Effort," Client/Server Computing, February 1996, pp. 65-72.
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