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FOREWORD

The Software Engineering Laboratory (SEL) is an organization sponsored by the
National Aeronautics and Space Administration/Goddard Space Flight Center
(NASA/GSFC) and created to investigate the effectiveness of software engineering
technologies when applied to the development of applications software.  The SEL was
created in 1976 and has three primary organizational members:

NASA/GSFC, Software Engineering Branch

University of Maryland, Department of Computer Science

Computer Sciences Corporation, Software Engineering Operation

The goals of the SEL are (1) to understand the software development process in the GSFC
environment; (2) to measure the effects of various methodologies, tools, and models on
this process; and (3) to identify and then to apply successful development practices.  The
activities, findings, and recommendations of the SEL are recorded in the Software
Engineering Laboratory Series, a continuing series of reports that includes this document.

The previous version of the Recommended Approach to Software Development  was
published in April 1983.  This new edition contains updated material and constitutes a
major revision to the 1983 version.  The following are primary contributors to the current
edition:

Linda Landis, Computer Sciences Corporation
Sharon Waligora, Computer Sciences Corporation
Frank McGarry, Goddard Space Flight Center
Rose Pajerski, Goddard Space Flight Center
Mike Stark, Goddard Space Flight Center
Kevin Orlin Johnson, Computer Sciences Corporation
Donna Cover, Computer Sciences Corporation

Single copies of this document can be obtained by writing to

Software Engineering Branch
Code 552
Goddard Space Flight Center
Greenbelt, Maryland 20771
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ABSTRACT

This document presents guidelines for an organized, disciplined approach to software
development that is based on studies conducted by the Software Engineering Laboratory
(SEL) since 1976.  It describes methods and practices for each phase of a software
development life cycle that starts with requirements definition and ends with acceptance
testing.  For each defined life cycle phase, this document presents guidelines for the
development process and its management, and for the products produced and their reviews.

This document is a major revision of SEL-81-205.

NOTE:  The material presented in this document is consistent with major NASA/GSFC standards.
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Figure 1-1.  The SEL Software Engineering Environment
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SECTION 1

INTRODUCTION

This document presents a set of guidelines that constitute a disciplined approach to software
development.  It is intended primarily for managers of software development efforts and
for the technical personnel (software engineers, analysts, and programmers) who are
responsible for implementing the recommended procedures.  This document is neither a
manual on applying the technologies described here nor a tutorial on monitoring a govern-
ment contract.  Instead, it describes the methodologies and tools that the Software
Engineering Laboratory (SEL) recommends for use in each life cycle phase to produce
manageable, reliable, cost-effective software.

THE FLIGHT DYNAMICS ENVIRONMENT

The guidelines included here are those that have proved effective in the experiences of the
SEL (Reference 1).  The SEL monitors and studies software developed in support of flight
dynamics applications at the National Aeronautics and Space Administration/Goddard
Space Flight Center (NASA/GSFC).  Since its formation in 1976, the SEL has collected
data from more than 100 software development projects.  Typical projects range in size
from approximately 35,000 to 300,000 delivered source lines of code (SLOC) and require
from 3 to 60 staff-years to produce.

Flight dynamics software is developed in two distinct computing environments:  the Flight
Dynamics Facility (FDF) and the Systems Technology Laboratory (STL).  (See Figure
1-1.)  Mission support software is engineered and operated in the mainframe environment
of the FDF.  This software is used in orbit determination, orbit adjustment, attitude deter-
mination, maneuver planning, and general mission analysis.  Advanced concepts for flight
dynamics are developed and studied in the STL.  Software systems produced in this facility
include simulators, systems requiring special architectures (e.g., embedded systems), flight
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dynamics utilities, and projects supporting advanced system studies.
The STL also hosts the SEL database and the entire set of SEL
research tools.

This revised edition of the Recommended Approach to Software
Development reflects the evolution in life cycle, development
methodology, and tools that has taken place in these environments in
recent years.  During this time, Ada and object-oriented design
(OOD) methodologies have been introduced and used successfully.
The potential for reuse of requirements, architectures, software, and
documentation has been, and continues to be, studied and exploited.
Ongoing studies also include experiments with the Cleanroom
methodology (References 2 through 4), formal inspection, and
computer-aided software engineering (CASE) tools.

Because the SEL's focus is process improvement, it is a catalyst for
this evolution.  The SEL continuously conducts experiments using
the actual, production environment.  The lessons learned from these
experiments are routinely fed back into an evolving set of standards
and practices that includes the Recommended Approach.

As these studies are confined to flight dynamics applications,
readers of this document are cautioned that the guidance presented
here may not always be appropriate for environments with
significantly different characteristics.

DOCUMENT OVERVIEW

This document comprises 10 sections.  Sections 3 through 9 parallel
the phases of the software development life cycle through acceptance
testing, and discuss the key activities, products, reviews,
methodologies, tools, and metrics of each phase.

Section 1 presents the purpose, organization, and intended
audience for the document.

Section 2 provides an overview of the software development
life cycle.  The general goals of any software development effort
are discussed, as is the necessity of tailoring the life cycle to adjust
to projects of varying size and complexity.

Section 3 provides guidelines for the requirements definition
phase.  Generation of the system and operations concept and the
requirements and specifications documents are covered.  The
purpose and format of the system concept and requirements reviews
are outlined.



Section 1 - Introduction

3

Recent SEL papers on software
maintenance include 
"Measurement Based 
Improvement of Maintenance i n
the SEL," and "Towards Full 
Life Cycle Control, " both by 
Rombach, Ulery, and Valett. 
See References  5 and 6.

REFERENCE

Section 4 discusses the key activities and products of the
requirements analysis phase:  requirements classifications,
walk-throughs, functional or object-oriented analysis, the
requirements analysis report, and the software specifications review.

Section 5 presents the recommended approach to preliminary
design.  The activities, products, and methodologies covered
include structured and object-oriented design, reuse analysis, design
walk-throughs, generation of prolog and program design language,
the preliminary design report, and the preliminary design review.

Section 6 provides comparable material for the detailed design
phase.  Additional topics include the build test plan, completion of
prototyping activities, the critical design review, and the detailed
design document.

Section 7 contains guidelines for implementation  of the
designed software system.  Coding, code reading, unit testing, and
integration are among the activities discussed.  The system test plan
and user's guide are summarized.

Section 8 addresses system testing, including test plans, testing
methodologies, and regression testing.  Also covered are preparation
of the system description document and finalization of the
acceptance test plan.

Section 9 discusses the products and activities of the acceptance
testing phase:  preparing tests, executing tests, evaluating results,
and resolving discrepancies.

Section 10 itemizes key DOs and DON'Ts for project success.

A list of a c r o n y m s ,  references , a
bibliography of SEL literature, and an
index conclude this document.

Although the maintenance  and
operation phase is beyond the scope of
the current document, efforts are now
underway in the SEL to study this important
part of the life cycle.  The results of these
studies will be incorporated into a future
edition.
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RULE

The software development/ 
management plan (SDMP) must 
describe how the life cycle will be 
tailored for a specific project.  See 
Section 4 for more details.

TAILORING THE LIFE CYCLE

One of the key characteristics that has shaped the SEL's
recommended approach to software development is the homo-
geneous nature of the problem domain in the flight dynamics
environment.  Most software is designed either for attitude
determination and control for a specific mission, for mission-general
orbit determination and tracking, or for mission planning.  These
projects progress through each life cycle phase sequentially,
generating the standard documents and undergoing the normal set of
reviews.

Certain projects, however, do not fit this mold.
Within the STL, experiments are conducted to
study and improve the development process.
Advanced tools are developed.  For these
development efforts — prototypes, expert
systems, database tools, Cleanroom
experiments, etc. — the life cycle and the
methodologies it incorporates often need
adjustment.  Tailoring allows variation in the
level of detail and degree of formality of
documentation and reviews, which may be
modified, replaced, or combined in the tailoring
process.  Such tailoring provides a more exact
match to unique project requirements and
development products at a lower overall cost to
the project without sacrificing quality.

The following paragraphs outline general guidelines for tailoring the
life cycle for projects of varying size and type.  Additional
recommendations may be found throughout this document,
accompanying discussions of specific products, reviews, methods,
and tools.

Builds and Releases

The sizes of typical flight dynamics projects vary considerably.
Simulators range from approximately 30 thousand source lines of
code (KSLOC) to 160 KSLOC.  Attitude ground support systems
for specific missions vary between 130 KSLOC and 300 KSLOC,
while large mission-general systems may exceed 1 million SLOC.
The larger the project, the greater the risk of schedule slips,
requirements changes, and acceptance problems.  To reduce these
risks, the implementation phase is partitioned into increments
tailored to the size of the project.
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METHODS AND TOOLS

The methods and tools used during the requirements definition
phase are

• Structured or object-oriented analysis
• Walk-throughs
• Prototyping

Each is discussed below.

Analysis Methodologies

Structured analysis and object-oriented analysis are techniques used
to understand and articulate the implications of the textual statements
found in the requirements definition.  The requirements definition
team uses analysis techniques to derive the detailed specifications for
the system from the higher-level requirements.  The analysis
methodology selected for the project should be appropriate to the
type of problem the system addresses.

Functional decomposition is currently the most commonly used
method of structured analysis.  Functional decomposition focuses
on processes, each of which represents a set of transformations of
input to output.  Using this method, the analyst separates the
primary system function into successively more detailed levels of
processes and defines the data flows between these processes.
Authors associated with structured analysis include E. Yourdon,
L.Constantine, and T. DeMarco (References 13 and 14).  S.
Mellor and P. Ward have published a set of real-time extensions to
this method for event-response analysis (Reference 15).

Object-oriented analysis combines techniques from the realm of data
engineering with a process orientation.  This method defines the
objects (or entities) and attributes of the real-world problem domain
and their interrelationships.  The concept of an object provides a
means of focusing on the persistent aspect of entities — an emphasis
different from that of structured analysis.  An object-oriented
approach is appropriate for software designed for reuse because
specific objects can be readily extracted and replaced to adapt the
system for other tasks (e.g., a different spacecraft).  Details of the
object-oriented approach may be found in References 11, 16, and
17.

In structured analysis, functions are grouped together if they are
steps in the execution of a higher-level function.  In object-oriented
analysis, functions are grouped together if they operate on the same
data abstraction.  Because of this difference, proceeding from
functional specifications to an object-oriented design may necessitate

structured
analysis

object-
oriented
analysis
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Figure 3-4.  Requirements and Specifications Document Contents

REQUIREMENTS AND SPECIFICATIONS DOCUMENT

This document, which contains a complete description of the requirements for the software
system, is the primary product of the requirements definition phase.  In the flight dynamics
environment, it is usually published in three volumes:  volume 1 lists the requirements, volume 2
contains the functional specifications, and volume 3 provides the mathematical specifications.

1. Introduction
a. Purpose and background of the project
b. Document organization

2. System overview
a. Overall system concept
b. Expected operational environment (hardware, peripherals, etc.)
c. High-level diagrams of the system showing the external interfaces and data flows
d. Overview of high-level requirements

3. Requirements Ñ functional, operational (interface, resource, performance, reliability,
safety, security), and data requirements

a. Numbered list of high-level requirements with their respective derived requirements 
(derived requirements are not explicitly called out in source documents such as the SIRD 
or SORD, but represent constraints, Iimitations, or implications that must be satisfied to 
achieve the explicitly stated requirements)

b. For each requirement:
(1) Requirement number and name
(2) Description of the requirement
(3) Reference source for the requirement, distinguishing derived from explicit

 requirements
(4) Interfaces to other major functions or external entities
(5) Performance specifications Ñ frequency, response time, accuracy, etc.

4. Specifications
a. Discussion and diagrams showing the functional or object hierarchy of the system
b. Description and data flow/object diagrams of the basic processes in each major

 subsystem
c. Description of general conventions used (mathematical symbols, units of measure, etc.)
d. Description of each basic function/object, e.g.:
(1) Function  number and name
(2) Input
(3) Process Ñ detailed description of what the function should do
(4) Output
(5) Identification of candidate reusable software
(6) Acceptance criteria for verifying satisfaction of related requirements
(7) Data dictionary Ñ indicating name of item, definition, structural composition of the 

 item, item range, item type

5. Mapping of specifications to requirements  Ñ also distinguishes project-unique
requirements from standard requirements for the project type (AGSS, dynamics
simulator, etc.)

6. Mathematical specifications Ñ formulas and algorithm descriptions to be used in
implementing the computational functions of the system
a. Overview of each major algorithm
b. Detailed formulas for each major algorithm
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REVIEWS

Two key reviews are conducted during the requirements definition
phase:  the system concept review and the system requirements
review.  The purpose, participants, scheduling, content, and format
of these reviews are discussed in the subsections that follow.

System Concept Review

The SCR gives users, customer representatives, and other interested
parties an opportunity to examine and influence the proposed system
architecture and operations concept before detailed requirements are
written.  It is held during the requirements definition phase after
system and operations concepts have been defined.  In the flight
dynamics environment, a full SCR is conducted for large, mission
support systems.  For smaller development efforts without complex
external interfaces, SCR material is presented informally.  The SCR
format is given in Figure 3-5.

SCR FORMAT

Presenters Ñ requirements definition team

Participants
¥ Customer representatives
¥ User representatives 
¥ Representatives of systems and groups that will interface with the
system to be developed

¥ Senior development team representatives (application specialists)
¥ Quality assurance (QA) representatives
¥ System capacity/performance analysts

Schedule  Ñ after the system and operations document is complete
and before requirements definition begins

Agenda  Ñ summary of high-level requirements (e.g., from SIRD and
SORD) and presentation of system and operations concepts; 
interactive participation and discussion should be encouraged.
   
Materials Distribution
¥ The system and operations concept document is distributed 1 to 2 
weeks before the SCR.  

¥ Hardcopy material is distributed a minimum of 3 days before SCR.

Figure 3-5.  SCR Format

SCR Hardcopy Material

The hardcopy materials distributed for use at the review should
correspond to the presentation viewgraphs.  A suggested outline for
the contents of SCR hardcopy material is presented in Figure 3-6.
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Figure 3-6.  SCR Hardcopy Material Contents

HARDCOPY MATERIAL FOR THE SCR

1. Agenda  Ñ outline of review material

2. lntroduction  Ñ purpose of system and background of the project

3. High-level  requirements
a. Derivation of high-level requirements Ñ identification of input (such as the SIRD and 

SORD) from project office, support organization, and system engineering organization 
b. Summary of high-level requirements

4. System concept
a. Assumptions
b. Overall system concept
c. List of major system capabilities

5. Reuse considerations
a. Existing systems reviewed for possible reuse
b. Reuse trade-offs analyzed
c. Proposed reuse candidates

6. High-level system architecture
a. Description and high-level diagrams of the proposed system architecture (hardware and 

software), including external interfaces and data flow
b. Diagrams showing the high-level functions of the system Ñ their hierarchy and 
interaction

7. System environment
a. Computers and peripherals
b. Communications
c. Operating system Iimitations and other constraints

8. Operations concept
a. Assumptions
b. Organizations that provide system and support input and receive system output
c. System modes of operation (e.g., critical versus normal and launch versus on-orbit 

operations)
d. Order, frequency, and type (e.g., batch or interactive) of operations in each mode
e. Discussion and high-level diagrams of major operational scenarios
f. Performance implications

9. Issues, TBD items, and problems  Ñ outstanding issues and TBDs and a course of action
to handle them

System Requirements Review (SRR)

When the requirements and specifications document is distributed, the requirements
definition team conducts an SRR to present the requirements, obtain feedback, and facilitate
resolution of outstanding issues.  The SRR format, schedule, and participants are given in
Figure 3-7.
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SRR FORMAT

Presenters Ñ requirements definition team

Participants
¥ Customer representatives
¥ User representatives 
¥ Configuration Control Board (CCB)
¥ Senior development team representatives
¥ System capacity/performance analysts
¥ Quality assurance representatives

Schedule  Ñ after requirements definition is complete and before the
requirements analysis phase begins

Agenda  Ñ selective presentation of system requirements,
 highlighting operations concepts and critical issues (e.g., TBD
 requirements)   

Materials Distribution
¥ The requirements and specifications document is distributed 1 to 2 
weeks before SRR.  

¥ Hardcopy material is distributed a minimum of 3 days before SRR.

Figure 3-7.  SRR Format

TAILORING NOTE 

For very large or complex 
projects, hold a preliminary SRR 
to obtain interim feedback from 
users and customers.  The 
format of the PSRR is the same 
as the SRR.  Hardcopy material 
contains preliminary results and 
is adjusted to reflect work 
accomplished to date.

SRR Hardcopy Material

Much of the hardcopy material for the review
can be extracted from the requirements and
specifications document.  An outline and
suggested contents of the SRR hardcopy
material are presented in Figure 3-8.

The Configuration Control Board (CCB)  is 
a NASA/GSFC committee that reviews, 
controls, and approves FDD systems, 
internal interfaces, and system changes.  
Among its duties  are the approval of 
system baseline reviews (e.g., SRR, PDR) 
and baseline documents (e.g., require-
ments  and specifications, detailed design 
document). 

DEFINITION 
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Figure 3-8.  SRR Hardcopy Material Contents

HARDCOPY MATERIAL FOR THE SRR

1. Agenda  Ñ outline of review material

2. lntroduction  Ñ purpose of system and background of the project

3. Requirements summary  Ñ review of top-level (basic) requirements developed to form 
the specifications
a. Background of requirements Ñ overview of project characteristics and major events
b. Derivation of requirements Ñ identification of input from project office, support 
organization, and system engineering organization used to formulate the requirements: 

e.g., the SIRD, SORD, memoranda of information (MOIs), and memoranda of 
understanding (MOUs)

c. Relationship of requirements to Ievel of support provided Ñ typical support, critical 
support, and special or contingency support

d. Organizations that provide system and support input and receive system output
e. Data availability Ñ frequency, volume, and format
f. Facilities Ñ target computing hardware and environment characteristics
g. Requirements for computer storage, failure/recovery, operator interaction, diagnostic 

output, security, reliability, and safety
h. Requirements for support and test software Ñ data simulators, test programs, and 

utilities
i. Overview of the requirements and specifications document Ñ its evolution, 

including draft dates and reviews and outline of contents

4. lnterface requirements Ñ summary of human, special-purpose hardware, and 
automated system interfaces, including references to interface agreement documents 
(IADs) and interface control documents (ICDs)

5. Performance requirements Ñ system processing speed, system response time, system 
failure recovery time, and output data availability

6. Environmental considerations Ñ special computing capabilities, e.g., graphics, 
operating system Iimitations, computer facility operating procedures and policies, support 
software limitations, database constraints, and resource limitations

7. Derived system requirements Ñ Iist of those requirements not explicitly called out in 
the SIRD, SORD, MOIs, and MOUs,  but representing constraints, Iimitations, or 
implications that must be satisfied to achieve the explicitly stated requirements

8. Operations concepts
a. High-level diagrams of operating scenarios showing intended system behavior from the 

user's viewpoint
b. Sample input screens and menus; sample output displays, reports, and plots; critical 

control sequences

9. Requirements management approach
a. Description of controlled documents, including scheduled updates
b. Specifications/requirements change-control procedures
c. System enhancement/maintenance procedures

10. Personnel organization and interfaces

11. Milestones  and suggested development schedule

12. Issues, TBD items, and problems  Ñ a characterization of all outstanding requirements 
issues and TBDs, an assessment of their risks (including the effect on progress), and a 
course of action to manage them, including required effort, schedule, and cost
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FINISH

NOTE

During and following formal reviews, 
review item disposition forms (RIDs) 
are submitted by participants to 
identify issues requiring a written 
response or further action.  Managers 
are responsible for ensuring that all 
RIDs are logged and answered and 
resulting action items are assigned and 
completed.

EXIT CRITERIA

Following the SRR, the requirements definition team analyzes all
RIDs, determines whether requirements changes are necessary, and
revises the requirements and specifications document accordingly.
The updated document is sent to the configuration control board
(CCB) for approval.  Once approved, it becomes a controlled
document — the requirements baseline.

Use the following questions to determine whether the requirements
and specifications are ready to be given to the development team for
analysis:

• Do specifications exist for all requirements for which
information is available?  Have TBD requirements been
minimized?

• Have external interfaces been adequately defined?

• Are the specifications consistent in notation, terminology, and
level of functionality, and are the algorithms compatible?

• Are the requirements testable?

• Have key exit criteria been met?  That is, has the requirements
and specifications document been  distributed, has the SRR been
successfully completed, and have all SRR RIDs been answered?

When the answer to these questions is "yes," the requirements
definition phase is complete.



Section 3 - Requirements Definition

20



Section 4 - Requirements Analysis

1

LIFE
CYCLE
PHASES

REQUIRE-
MENTS

ANALYSIS

DETAILED 
DESIGN IMPLEMENTATION

SYSTEM 
TESTING

ACCEPTANCE
TESTING

PRELIMI-
NARY

DESIGN

REQUIREMENTS
DEFINITION 

SECTION 4

THE REQUIREMENTS ANALYSIS PHASE

Requirements Definition Team

ENTRY CRITERIA
• System and operations concept complete d
•SRR completed
• Requirements and specifications baselined

EXIT CRITERIA
•Requirements analysis report completed
•Software specification review (SSR) 
completed
•SSR RIDs resolved

METHODS AND TOOLS

•Requirements walk-throughs *
• Requirements classification *
• Requirements forms
•Requirements analysis methods and 
CASE tools
• Prototyping
•Project library

 MEASURES
• Staff hours
• TBD requirements
• Requirements questions/answe r
• Requirements changes
•Estimates of system size, effort,
and schedule

• Requirements analysis report
• Software development/management plan
• Updated requirements and specifications

  PRODUCTS KEY ACTIVITIES

Development Team
•Analyze and classify requirements
•Refine the reuse proposal 
•Identify technical risks
•Prepare the requirements analysis report
•Conduct the SSR

Management Team 
   •Prepare the software development/
management plan
   •Staff and train the development team
   •Interact with analysts and customers to
  facilitate resolution of requirements issues
   •Review the products of the requirements
      analysis process
   •Plan the transition to preliminary design

• Resolve ambiguities, discrepancies,
and TBDs in the specifications
•Participate in the SSR

 Requirements Definition Team

PHASE HIGHLIGHTS 

The guiding philosophy of the Cleanroom method is intellectual control and reliance o n
the human mind to build a quality product the first time.  Walk-throughs and require-
ments classifications help intensify scrutiny and analysis of requirements early in the 
cycle so that requirements modifications during subsequent phases are minimized.

*
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NOTE

A typical  development team comprises
• the project manager, who manages 
project resources, monitors progress, 
and serves as a technical consultant
•the project (or task) leader, who 
provides technical direction and daily 
supervision
•the programmers and application 
specialists who perform the technical 
work 
•a quality assurance representative
•a project librarian (see METHODS & 
TOOLS)

TAILORING NOTE 

On large projects, requirements
analysis begins at the PSRR.  
Key members of the develop- 
ment team examine the review 
materials, participate in the 
review itself, and begin 
classifying requirements 
shortly thereafter.

OVERVIEW

The purpose of the requirements analysis phase is to ensure that the
requirements and specifications are feasible, complete, and
consistent, and that they are understood by the development team.

Requirements analysis begins after the
requirements definition team completes the
requirements and specifications and holds the
SRR.  During requirements analysis, members of
the development team carefully study the
requirements and specifications document.  They
itemize and categorize each statement in the
document to uncover omissions, contradictions,
TBDs, and specifications that need clarification or
amplification.  The development team takes the
analysis that was performed in the requirements
definition phase to the next level of detail, using
the appropriate analysis methodology for the
project (e.g., structured or object-oriented
analysis).  When analysis is complete, the team
presents its findings at an SSR.

The development team works closely with the
requirements definition team during the entire
phase.  The requirements definition team
participates in walk-throughs, answers questions,
resolves requirements issues, and attends the
SSR.  Meanwhile, the project manager plans the
approaches to be used in developing the software
system and in managing the development effort,
obtains and trains the necessary staff, and reviews
the products produced during the phase.

Figure 4-1 is a high-level data flow diagram of the
requirements analysis process.
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NOTE:   The methodologies used in the requirements classification and analysis activities (processes 4.1 and 4. 2
the above DFD) are described under METHODS AND TOOLS below.  The requirements analysis report (process 4.
is discussed under PRODUCTS, and a separate subsection is devoted to the SSR (process 4.4).  The planning activi t
(process 4.5) is outlined under MANAGEMENT ACTIVITIES and is described in detail in Section 3 of Reference 12.  

QUESTIONS
AND ANSWERS

Figure 4-1.   Analyzing Requirements
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NOTE

See METHODS AND 
TOOLS below for more 
information about 
walk-throughs,  
requirements 
classifications, and 
analysis  methodologies.  

KEY ACTIVITIES
In the requirements analysis phase, activities are divided primarily
among the requirements definition team, the development team, and
software development managers.  The key activities that each
performs during the requirements analysis phase are itemized in the
following subsections.  Figure 4-2 is a sample timeline showing
how these activities are typically scheduled.

Activities of the Requirements Definition Team
• Resolve ambiguities, discrepancies, and TBDs in the

specifications.  Conduct the initial walk-throughs of the
requirements and specifications for the development team and
participate in later walk-throughs.  Respond to all developer
questions.

Resolve the requirements issues raised by the development team.
Incorporate approved modifications into the requirements and
specifications document.

• Participate in the SSR.

Activities of the Development Team

• Analyze and classify requirements.
Meet with the requirements definition team
to walk through and clarify each
requirement and specification.  Identify
requirements and specifications that are
missing, conflicting, ambiguous, or
infeasible.  Assign a classification of
mandatory, requires review, needs
clarification, information only, or TBD  to
each item in the requirements and
specifications document.

Use structured or object-oriented analysis to verify the
specifications.  Expand the high-level diagrams in the
requirements and specifications document to a lower level of
detail, and supply missing diagrams so that all specifications are
represented at the same level.  Ensure that user interactions and
major data stores (e.g., attitude history files) are completely
specified.

Determine the feasibility of computer capacity and performance
requirements in view of available resources.  Establish initial
performance estimates by comparing specified
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NOTE

The contents of the 
requirements analysis 
report and the software 
development/management  
plan are covered under 
PRODUCTS below.  The 
SSR is discussed separately
at the end of this section.

See the Manager's  
Handbook for Software 
Development and the 
Approach to Software Cos t
Estimation (References 12 
and 18, respectively) for 
guidance in estimating 
project size, costs , and 
schedule.

REFERENCE

functions/algorithms with those of existing
systems.  Use the estimates to model overall
performance (CPU, I/O, etc.) for the operational
scenarios described in the SOC.  Adjust the
SOC scenarios to take these results into account.

Walk through the results of classification and
analysis with the requirements definition team.

• Refine the reuse proposal into a realistic
plan.  Analyze the software reuse proposal in
the SOC in light of the existing software's
current operational capabilities and any changes
to the requirements baseline.

• Identify areas of technical risk.  Plan and
conduct prototyping efforts or other appropriate
techniques to minimize these risks.

• Prepare the requirements analysis report
and distribute it before the SSR.

• Conduct the SSR and resolve all RIDs.

Activities of the Management Team

• Prepare the software development/management plan
(SDMP).  Review the histories of related, past projects for
applicable size, cost, and schedule data as well as lessons
learned.  Determine what resources are needed, develop a
staffing profile, and estimate project costs.  Identify project risks
and plan to minimize them.  Document the technical and
management approaches that will be used on the project.

• Staff and train the development team.  Bring staff onto the
project as soon as possible following SRR (or, on large
projects, PSRR).  Ensure communications among development
team members, managers, and the requirements definition team.

Also make certain that the requirements definition team is
adequately staffed following SRR, so that TBD and changing
requirements can be given prompt and thorough analysis.

• Interact with analysts and customers to facilitate resolution of
requirements issues. Work with team leaders to assess the
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REQUIREMENTS
DEFINITION
TEAM

SOFTWARE
DEVELOPMENT
TEAM 

MANAGEMENT
TEAM

Conduct requirements walk-throughs Participate in walk-throughs

Answer developer questions

Participate in SSR

Incorporate changes to requirements 

Prepare and conduct the SSR

Produce the requirements analysis report

TIME

SRR SSR

Prepare the SDMP

Estimate resources and schedules; staff the development t e

Direct the SSR 

Plan the transition to preliminary design

Facilitate resolution of requirements issues; review produ

Submit questions

Classify requirements

Conduct analysis walk-throughs 

Participate in walk-throughs

Identify risks; conduct prototyping efforts; refine operational scena r

Generate DFDs/OO diagrams

Resolve RIDs

Refine the reuse proposal

Figure 4-2:  Timeline of Key Activities in the Requirements Anal y

feasibility of proposed requirements changes and to estimate their impact on costs and
schedules.

• Review the products of the requirements analysis process.  Look at requirements
classifications, data-flow or object-oriented diagrams, the data dictionary, the
requirements analysis report, and the SSR hardcopy materials.  Schedule the SSR and
ensure participation from the appropriate groups.

• Plan an orderly transition to the preliminary design phase.  Convey to the development
team members the parts of the software development plan that apply to preliminary
design (e.g., design standards and configuration management procedures) and instruct
them in the specific software engineering approach to use during design.  While the key
team members are preparing for SSR, have the remainder of the development team
begin preliminary design activities.
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METHODS AND TOOLS

The following methods, techniques, and tools are used to support
the activities of the requirements analysis phase:

• Requirements walk-throughs
• Requirements classifications
• Requirements forms
• Structured and object-oriented requirements analysis
• CASE tools
• Prototyping
• The project library

Each is discussed below.

Requirements Walk-Throughs

At the beginning of the requirements analysis phase, developers
meet informally with analysts of the requirements definition team to
go through the requirements and specifications.  During these initial
walk-throughs, analysts discuss each of the specifications, explain
why certain algorithms were selected over others, and give
developers the opportunity to raise questions and issues.

After developers have analyzed and classified the requirements and
specifications, they conduct walk-throughs of their results for the
requirements definition team.  One walk-through should be held for
each major function or object in the system.  During these later
walk-throughs, both teams review all problematic specification items
and discuss any needed changes to the requirements and
specifications document.

To ensure that all problem areas and decisions are documented, one
member of the development team should record the minutes of the
walk-through meeting.  Developers will need the minutes to fill out
requirements question-and-answer forms for any issues that require
confirmation, further analysis, or other action by the requirements
definition team.

Requirements Classification

When the development team is thoroughly familiar with the
requirements and specifications document, they take each passage
(sentence or paragraph) in the requirements and specifications
document and classify it as either mandatory, requires review, needs
clarification, information only , or TBD.
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HINT

If the requirements and 
specifications are available in a 
database, enter the classification
and supporting commentary into 
the database online.  Otherwise, 
summarize each requirement or 
specification item,  create a list o
the summaries, and use the lists 
to assign classifications.

• An item is mandatory  if it is explicitly defined in project-level
requirements documents such as the SIRD or SORD, or if it has
been derived from analysis of the project-level requirements.  If
mandatory items are removed from the specifications, the system
will fail to meet project-level requirements.

• If (on the basis of project-level requirements and the system and
operations concept) there is no apparent need for a particular
requirement or specification, then that item requires review  (i.e.,
further analysis by the requirements definition team).  The item
must be deleted from the specification (by means of a
specification modification) or moved into the mandatory
category before CDR.

• An item needs clarification  when it is ambiguous, appears
infeasible, or contradicts one or more of the other requirements
or specifications.

• An item is labelled as information only
if it contains no requirement or
specification per se.  Such an item may
provide background information,
helpful hints for the software developer,
etc.

• A requirement or specification item is
TBD  if (1) the item contains a statement
such as "the process is TBD at this
time," or (2) information associated
with the item is missing or undefined.

Requirements Forms

During the requirements analysis and subsequent phases, question-
and-answer forms are used to communicate and record requirements
issues and clarifications.  Specification modifications are used to
document requirements changes.

The development team uses question-and-answer forms to track
questions submitted to the requirements definition team and to verify
their assumptions about requirements.  Managers of the
requirements definition team use the forms to assign personnel and
due dates for their team's response to developers.  Responses to
questions submitted on the forms must be in writing.

The question-and-answer form cannot be used to authorize changes
to requirements or specifications.  If analysis of the submitted

q u e s t i o n - a n d -
answer forms
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question or issue reveals that a requirements change is needed,
members of the requirements definition team draft a specification
modification.   Proposed specification modifications must be
approved by the managers of both the requirements definition and
the development teams and by the CCB.  The requirements
definition team incorporates all approved specification modifications
into the requirements and specifications document.

Analysis Methods and CASE Tools

The methods and tools applicable for requirements analysis are the
same as those recommended for the requirements definition phase in
Section 3.  The development team will generally use the same
method as was used by the requirements definition team to take the
analysis down to a level of detail below that provided in the
specifications.  This allows the development team to verify the
previous analysis and to fill in any gaps that may exist in the
document.  If CASE tools were used in the requirements definition
phase to generate data flow or object diagrams, it is important to use
the same tools in the requirements analysis phase.  The value of a
CASE tool as a productivity and communication aid is greatly
reduced if developers must re-enter or reformat the diagrams for a
different tool.

If the requirements definition team has used functional
decomposition for their analysis and the development team needs to
generate an object-oriented design, then extra analysis steps are
required.  The development team must diagram the details of the
specification at a low level, then use the diagrams to abstract back up
to higher-level requirements.  This allows the team to take a fresh,
object-oriented look at the system architecture and to restructure it as
needed.

P r o t o t y p i n g

During the requirements analysis phase, prototyping activities are
usually conducted to reduce risk.  If unfamiliar technology (e.g.,
hardware or new development language features) will be employed
on the project, prototyping allows the development team to assess
the feasibility of the technology early in the life cycle when changes
are less costly to effect.  If system performance or reliability is a
major, unresolved issue, the team can prototype critical operations
or algorithms.

On projects where the requirements for the user interface must be
prototyped — either because the interface is critical to system
success or because users are uncertain of their needs — a tool that

spec i f i ca t ion
modif icat ion
s
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RULE

Caution must be exercised to ensure 
that any prototyping activity that is 
conducted is necessary, has a defined
goal, and is not being used as a mean
to circumvent standard development 
procedures.  See PRODUCTS in 
Section 4 for additional guidance on 
how to plan a prototyping effort.

allows the developer to set up screens and
windows rapidly is often essential.  With such
a tool, the developer can give the user the "look
and feel" of a system without extensive
programming and can obtain early feedback.
The tool should be able to generate menus,
multiple screens, and windows and respond to
input.  One such tool that has been successfully
used in the SEL is Dan Bricklin's Demo
Program.

Project Library

In each software development project, one team member is assigned
the role of librarian.  During a project, the librarian (sometimes
called the software configuration manager) maintains the project
library, which is a repository of all project information.  The
librarian also maintains configured software libraries and operates
various software tools in support of project activities.

The librarian establishes the project library during the requirements
analysis phase.  In general, the project library contains any written
material used or produced by the development team for the purpose
of recording decisions or communicating information.  It includes
such items as the requirements and specifications document,
requirements question-and-answer forms, approved  specification
modifications, and the requirements analysis summary report.
Necessary management information, such as the software
development/management plan, is also included.

MEASURES

The following paragraphs describe the measures and evaluation
criteria that managers can use to assess the development process
during the requirements analysis phase.

Objective Measures

The progress and quality of requirements analysis are monitored by
examining several objective measures:

• Staff hours — actual, cumulative hours of staff effort, as a total
and per activity

• Requirements questions and answers — the number of question-
and-answer forms submitted versus the number answered

t h e
l i b r a r i a n
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NOTE

The SEL uses 3 hardcopy forms to 
collect metrics during the requirement s
analysis phase.  The Personnel 
Resources Form is used by the 
development team to record weekly 
effort hours.  The Project Estimates 
Form is used by managers to record 
their monthly size and effort estimates
The Development Status Form is used 
to record the number of requirements 
changes, and number of requirements 
questions vs. answers.  See Reference 
19 for detailed information about SEL 
data collection forms and procedures.

MEASURE SOURCE
FREQUENCY 

(COLLECT/ANALYZE)
DATA COLLECTION 

Staff hours (total and
by activity)

Requirements (changes 
and additions  to 
baseline)

Requirements (TBD 
specifications)

Requirements 
(Questions/answers)

Estimates of total 
SLOC, total effort,
schedule, and reuse 

Developers and 
managers
(via Personnel 
Resources Forms 
(PRFs))

Managers
(via Development
Status Forms (DSFs))

Managers

Managers (via DSFs)

Managers (via Project 
Estimates Forms 
(PEFs))

Weekly/monthly

Biweekly/biweekly

Biweekly/biweekly

Biweekly/biweekly

Monthly/monthly

*

*

*

*

*

CONTINUED         BEGUN

Table 4-1.  Objective Measures Collected During the Requirements A

• TBD requirements — the number of
requirements classified as TBD versus the
total number of requirements

• Requirements changes — the total
cumulative number of requirements for
which specification modifications have been
approved

• Estimates of system size, reuse, effort, and
schedule — the total estimated number of
lines of code in the system; the estimated
number of new, modified, and reused
(verbatim) lines of code; the total estimated
staff hours needed to develop the system;
and estimated dates for the start and end of
each phase of the life cycle.

For each of these measures, Table 4-1 shows who provides the
data, the frequency with which the data are collected and analyzed,
and whether data collection is continued from the requirements
definition phase or newly initiated.
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s t a f f
h o u r s

r e q u i r e m e n
ts questions
a n d
c h a n g e s

TBD
r e q u i r e m e n t
s

MORE MEASURES

Consider tracking these 
additional measures of 
progress during the require-
ments analysis phase: 
•number of requirements
 classified vs. total
 requirements
•number of requirements
 diagrams completed vs. 
estimated total diagrams

Evaluation Criteria

Staff hours are usually graphed against a profile of estimated staff
effort that is generated by the software development manager for the
SDMP (Figure 4-5).  This early comparison of planned versus
actual staffing is used to evaluate the viability of the plan.

In the flight dynamics environment, hours that are lower than
expected are a serious danger signal — even if schedules are being
met — because they indicate the development team is understaffed.
If too few developers perform requirements analysis, the team will
not gain the depth of understanding necessary to surface
requirements problems.  These problems will show up later in the
life cycle when they are far more costly to rectify.

A growing gap between the number of questions submitted and the
number of responses received or a large number of requirements
changes may indicate problems with the clarity, correctness, or
completeness of the requirements as presented in the requirements
and specifications document.  Data from similar past projects should
be used to assess the meaning of the relative sizes of these numbers.

Because unresolved TBD requirements can necessitate severe design
changes later in the project, the number of TBD requirements is the
most important measure to be examined during this phase.
Categorize and track TBD requirements according to their severity.
TBD requirements concerning external interfaces are the most
critical, especially if they involve system input.  TBDs affecting
internal algorithms are generally not so serious.

A TBD requirement is considered severe  if it could affect the
functional design of one or more subsystems or of the high-level
data structures needed to support the data processing algorithms.
Preliminary design should not proceed until all severe TBD
requirements have been resolved.  A TBD requirement is considered
nominal  if it affects a portion of a subsystem involving more than
one component.  Preliminary design can proceed unless large
numbers of nominal TBD requirements exist in one functional area.
An incidental  TBD requirement is one that affects only the internals
of one unit.  Incidental TBD requirements
should be resolved by the end of detailed
design.

For each TBD requirement, estimate the effect
on system size, required effort, cost, and
schedule.  Often the information necessary to
resolve a TBD requirement is not available
until later, and design must begin to meet fixed
deadlines.  These estimates will help determine
the uncertainty of the development schedule.
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Explanation:   The original staffing plan was based on an underestimate of the system size. Toward the end of the design phase, 40% m
 effort was required on a regular basis. This was one of many indicators that the system had grown, and the project was replanned acco r
 However, effort continued to grow when the second plan called for it to level off and decline. When it was clear that still more staff wo u
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ORIGINAL PLAN

Figure 4-3.  Effort Data Example — ERBS AGSS

system size
est imates

NOTE

In comparing actual data (e. g
staff hours) versus estimate s
the amount of deviation can 
show the degree that the 

development process or product is 
varying from what was expected, or it 
can indicate that the original plan was i n
error.  If the plan was in error, then 
updated planning data (i.e., estimates) 
must be produced.

The growth of system size estimates is another key indicator of
project stability.  Estimating the final size of the system is the first
step in the procedure for determining costs, schedules, and staffing
levels (Section 3 of Reference 12).  Make the initial estimate by
comparing current  requirements with information from past projects
within the application environment.  Update and plot the estimate
each month throughout the life cycle.

As the project matures, the degree of change in
the estimates should stabilize.  If requirements
growth pushes the system size estimate beyond
expected limits, it may be necessary to
implement stricter change control procedures or
to obtain additional funding and revise project
plans.  See Section 6 of Reference 12 for
additional guidance in evaluating size estimates.


