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FOREWORD

This paper provides a compilation of practical knowledge and techniques that can be
employed to facilitate successful and timely delivery of quality software. The paper is based on
the results of a specific N Department development effort; however, the information is general in
nature and can be used in other software development efforts. The goal is to provide knowledge
gained from actual experiences, which might help another project leader avoid months, perhaps
years, of trial and error and disappointing results. Also presented are specific techniques for use
in delivering quality software that meets customer expectations.

Those interested in the following areas should find this document a useful reference tool:

e New Approaches to Lifecycle Development Methodologies
Quality Assurance and Process Improvement

Team Motivation and Development

Project Management Techniques

Approved by:

W&&d&/&a/»&o /
L. M. WILLIAMS, III, Head
Combat Systems Department
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SECTION 1

INTRODUCTION

From 1993 through 1997, the author pursued a master’s degree in Software Engineering
Technical Management through the National Technological University sponsored by the Naval
Surface Warfare Center, Dahlgren Division (NSWCDD). During that time, this author managed
two AEGIS Configuration Control Engineering Status System (ACCESS) software development
projects and had the opportunity to apply much of what was learned in pursuit of the degree in
managing these projects. This paper documents the synthesis of formal education and practical

experience on the most recent software development project, which spanned a period of two and
one-half years.

The narrative addresses four areas that impacted the project:
¢ Life Cycle Development Methodology

¢ Quality Assurance and Process Improvement

e Project Management

e Team Motivation

The discussion of each of these areas includes background information, implementation

efforts, and results supported by material from leading experts in the area of technical
management.

The purpose of this paper is to present a compilation of practical knowledge and
techniques that can be employed to facilitate successful and timely delivery of quality software.
This paper concentrates on what worked in this particular project; however, the paper also
documents what did not work. It is the goal of the author to provide knowledge that might help
the reader avoid months, perhaps years, of trial and error and disappointing results. Although the
information supplied relates to a specific project with specific constraints, much of the
information is general in nature and should be of interest to other project managers leading
software development efforts.

1-1
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SECTION 2

BACKGROUND

The Combat Systems Configuration Management Branch, N27, within the Combat
Systems Department, develops software configuration management support systems for use by
the AEGIS Systems Engineering Division of the Naval Sea Systems Command, the largest
program in the surface Navy. The complex AEGIS system is deployed on over fifty U.S. cruisers
and destroyers, creating a major logistics and support challenge for the Navy. The original
information tracking system was created in 1984 and was quickly outgrown by the configuration
management challenges facing AEGIS program managers.

In 1991, a small team of software engineers was called upon to reengineer the aging
system into a large relational database with nearly a thousand customers scattered across the
country. Phased increments of the system were released over a multi-year time frame. To date,
three subsystems and numerous upgrades have been delivered. The final subsystem is currently
under development with a release planned for fall of 1999.

All software built in the last five years has been developed using Computer Aided
Software Engineering (CASE) technology and structured Information Engineering (IE)
philosophies. The development effort has also created a software engineering process and
methodology that is gaining,positive recognition from other organizations. (More information on
CASE is provided in Section 3.)

The most recent development effort embraces client-server, distributed databases and
graphical user interface (GUI) technology. The development team initiated efforts to apply key
practices of the Software Engineering Institute (SEI) Capability Maturity Model (CMM) in order
to improve process execution and quality. (More information is provided on SEI and CMM in
Section 4, Implementing CMM Practices at the Project Level.)

2.1  PROJECT BACKGROUND

To facilitate the reader’s understanding of this paper, an overview of the project upon
which this paper is based is documented in the following paragraphs.

On 31 July 1997 the most recent system modernization, ACCESS Baseline (BL) 2

Computer Program (CP) Change Control (CC) software application was deployed. The system is
hosted in a client-server environment utilizing a graphical windows interface and a distributed

2-1
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Oracle relational database. A customized query environment that operates with Business
Objects, a commercial off-the-shelf (COTS) ad-hoc query package, augments the ACCESS BL 2
application. Deployment of the client software is accomplished via the AEGIS Combat System
(ACS) Configuration Management (CM) web site.

Development of ACCESS BL 2 followed a customized version of Oracle’s
CASE*Method incorporating rapid design and development techniques. The development team
conducted Joint Application Development (JAD) sessions with cross sections of the AEGIS
software customer community. Using job-specific business processes as a basis for system
validation, the JAD sessions provided a forum for developers and customers to simultaneously
review system requirements in the context of CM business practices, and to effectively resolve
open issues. These sessions produced information critical to the production of accurate and
effective database structures, module specifications, and reporting requirements.

In addition to the design and development improvements, customization of the data
transition approach also produced dramatic results. Developers created a transition engine to
efficiently migrate legacy data to the new data structures early in—and continuing throughout—
the development lifecycle. The data transition approach benefited the project by providing the
following:

e A data test-bed for use during application development

e A starting point for data validation by both the business and development
communities

e Anincreased level of confidence regarding final data transition
e A shorter cutover time to effect the move from the legacy system to the new system

The team of software engineers, composed of Government personnel and multiple
contractors under the leadership of the author, faced enormous challenges during the project.
However, through teamwork, dedication, and constant attention to detail, these challenges were
met. Through their vision, leadership, and unique technical expertise, the team substantially
improved the development lifecycle methodology, reduced time to deliver, and improved the
ultimate quality and customer acceptability of the final product. These improvements and
lessons learned will be instrumental in the continued success of the ACCESS program as the next
phase of ACCESS reengineering continues. Additionally, many of the advances in technology
and architecture and the graphical interface standards established for ACCESS BL 2 will be used
to accelerate the modernization and continued support of previously engineered phases of
ACCESS. -
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2.2 PROJECT PURPOSE

The purpose of the project was to reengineer the existing CP BL 0 application (which
provides CM lifecycle support to AEGIS computer programs) with an interface to the AEGIS
ACCESS equipment and administration applications.

BL 2 supports the process of creating, reviewing, maintaining, and tracking the status and
implementation of CP-related change requests, including Computer Program Change Requests
(CPCRs), Interface Change Requests (ICRs), Specification Change Requests (SCs), and Film
Label Change Requests (FLCRs). In addition, it supports the various Element Change Control
Boards and the AEGIS Weapons System (AWS) Change Review Board (CRB) in development
of board agendas, minutes, and status reports.

The technical goals and objectives of the project were as follows:

Exceed the functionality of the current system

e Provide a method for the customer to respond quickly to new representations of data
e Establish an interface with ACCESS equipment and administration systems

e Improve the capability of establishing interfaces with other applications

e Allow business rules to be modified with data, rather than code, whenever possible
e Provide an easily maintainable and well-documented application

e Provide a stable product for the CP community

e Develop an intuitive and self-documenting application

e Reduce data redundancy

e Improve integrity of business data via automated validation checks

e Simplify retrieval of business information by providing more flexible querying
capabilities

e Migrate the legacy system to a GUI/Oracle environment
Other goals and objectives included the following:
¢ Focus on customer business priorities

e Remove barriers to information

2-3



NSWCDD/MP-98/118

e Establish customer ownership
e Deliver short-term results
e Whenever possible, incorporate Level 2 practices as described in SEI’'s CMM

Although difficult to quantify, all goals and objectives were met.

2.3 PROIJECT SCOPE AND SIZE

The customer community for the ACCESS Computer Programs application includes 400
customers located primarily at the Naval Surface Warfare Center, Dahlgren Laboratory
(NSWCDL) site, with others at Bath, Maine; Pascagoula, Mississippi; and Port Hueneme,
California.

The application was built using Oracle Version 7 with Windows 95 and consists of 223
tables, 1941 columns, 31 modules, 7 menus, 35 reports, and a common report interface.

In its entirety, the project required over seven years. However, during the first four and
one-half years, the effort struggled because of other, higher-priority, development efforts;
inexperienced project leadership; personnel turnover; budget constraints; inexperience with a
new release of the software development tools; conversion to a different development
methodology; and customers’ redefinition of business processes.

As many as 17 people were employed during the effort. It is beyond the scope of this
paper to provide the aggregate cost of this effort.

The software development methodology is discussed in detail in Section 3, Lifecycle
Development Methodology; however, some preliminary understanding of the major events and
milestones will enhance the reader’s understanding of the magnitude of the effort. Figure 2-1
details the major events of the development effort from the time the author assumed
responsibility as project leader for the development effort. The timeline does not include strategy
of other analysis tasks.

Within each stage of development are milestone events that ensure the integrity of the
software. The following list indicates these major events for each stage.

Analysis:
Preliminary Design Review
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Develop Detailed Requirements
and Populate Repository

Develop First Cut of Modules

Conduct
Preliminary
Design
Review

Conduct

‘Workshops

Conduct
Testing
Readiness
Review

To Test and
Final Evaluation

Complete Module
Development

Conduct Developer Testing -

Conduct Customer Conduct Formal User
Freeplay Testing Acceptance Testing
’ Refine Application

FIGURE 2-1. MAJOR EVENTS TIMELINE

Conduct
Production
Readiness

Review

Deploy Application

Design and Initial Build:
Database Design Review
Data Transition Review
Customer Workshops
System Review Workshop
Developer and Peer Reviews

(Note: The Customer and System Review workshops equate to Critical Design
Reviews)

Final Build:
Developer and Peer Reviews
Test Readiness Review

Test and Evaluation:
Freeplay Test Reviews
User Acceptance Test Reviews
Production Readiness Reviews
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The activities listed above are structured activities that require significant time to plan
and conduct. In this effort, the team was responsible for these major events.

The major milestones are the completion of each of the development phases. In addition
to the magnitude of the development work, there are many other tasks that must be conducted in
parallel to the development work. The project leader may or may not be in charge of each of
these support tasks. In this effort, the majority of support tasks were managed by the project
leader and supported by the development team, increasing the complexity of the management
effort and the workload on the developers.

Some of the major tasks and the designated responsibilities in this development effort
include the following:

Under the responsibility of the project leader:
e Transition, database design reviews, transition reviews, and data quality reviews
e Common report interface development

* Synchronization between the portion of the old system not yet developed and the new
application

e Cutover from the old system to the new system
e . Ad-hoc reporting development
e Client-Server deployment strategy and mechanism (support task)
e Test plans and procedures planning and development (support task)
e User Guide development (support task)
e Customer training (support task)
e Customer testing (support task)
Outsi('ie of the responsibility of the project leader, but requiring coordination:
e User enrollment to new system
e Server readiness

e Customer support readiness
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24  PROJECT CONSTRAINTS

As mentioned above, the project was experiencing difficulties when the author accepted
responsibility as project leader. Immediate steps were taken to get the project on track.

Given the longevity of the project, almost all development aspects changed, including
methodology, architecture, development tools, etc. As a result, the original development team
had neither the skills nor, more importantly, the experience necessary to effectively complete the
effort. Project funding was extremely tight, and the budget did not support retraining or hiring
additional experience. The project leader was able to convince the customer of the seriousness of
the problems, and the customer provided additional funding for hiring skilled talent from other
contractors. This action, however, added complexity to budget planning and execution.

The new team members provided a solid GUI, client-server development foundation, and
facilitated the training of current team members. Consultants were hired to help put the
methodology in place and to provide expertise in developing processes to support the
methodology. Although the project leader had the necessary education to know what to do, the
consultants provided the “how to do” expertise.

Another constraint was the mix of developers from many contractors, which further
complicated management of the effort. However, the mix of developers brought the much-
needed skill set and experience required to do the job. Late in the development effort, a major
contract change almost destroyed the carefully built team of experts. However, through the
concerted efforts of the project leader, management, the customer, and the winning contractor,
the team was kept intact. Some time was lost because of the contract change, but the time lost
was minimal in comparison with the time required for a mostly new team to become productive.

Matrix management imposed additional constraints and management complexity. The
project leader reported to one chain of command for direction and another for the customer
requirements. Over time, this arrangement improved as the two chains of command, for the
project and for the customer, improved communications.

Resource limitations were caused by inadequate funding and necessitated using
developers to accomplish the required support activities. Leadership skill and finesse were
needed to motivate the team members to accept these additional responsibilities, such as
developing test scenarios and training customers.

Because the iterative development approach was not well understood, it was not initially
well received by management. Iterative development is almost the direct opposite of structured
approaches used for developing tactical systems. Management acceptance was gained by an
approach of continual review of iterative development techniques. To date, the methodology is
still questioned by many managers; however, the successful deployment of the application has
done much to obtain support and establish the methodology.
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25 PROJECT TECHNOLOGY

The following list depicts the key technologies used in the application:

Oracle 7 Relational Database

Server: Oracle version 7.3 on Vax4000 running UNIX

Normalized relational model using American National Standards Institute (ANSI)
standard Structured Query Language 2 (SQL2)

Use of stored procedures and triggers implemented at the server controls row-level
security

Role-based security privileges

Client-Server Application

CASE

Distributed environment using SQL*Net 2.1 Transmission Control Protocol/Internet
Protocol (TCP/IP) to provide connectivity between client workstation and database
Servers

Oracle Forms 4.5 and Reports 2.0 (GUI) running on the client-server

Designer 2000 application development environment
JAD/Rapid Application Development (RAD) methodologies and techniques

Generated Developer 2000 modules

Other COTS Software Tools

Production Version Control System (PVCS) for release management of software
components for multiple development and production releases

Business Objects for ad-hoc querying and reporting capability

Software Quality Assurance (SQA) for tracking of defects and automated testing
procedures
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SECTION 3

LIFECYCLE DEVELOPMENT METHODOLOGY

- Two documented processes, the Oracle CASE*Method, described in Reference 1, and the
Oracle CASE*Method for Fast Track Development, described in Reference 2, evolved to form
the lifecycle development methodology for this project. The author and the development team
members facilitated the evolution of the Fast Track Method. The evolution of the current
development methodology is described below. '

3.1 METHODOLOGY EVOLUTION

The project methodology is based on the original foundation of previous software
projects developed using CASE*Method by Oracle, which is “a structured approach to carrying
out the total task of developing systems to meet business needs.” This methodology is similar to
many waterfall methodologies, and the “tasks are grouped into major stages, each with clearly
defined deliverables, that are necessary for subsequent stages.” CASE*Method provides a
framework for the lifecycle of the business system. The steps in this methodology include
Strategy, Analysis, and Design, followed by parallel efforts of Build and Customer
Documentation, concluding with Transition and Production.

In the mid-1990s, Oracle applied the original principles of the methodology and
modernized these principles as the CASE*Method for Fast Track development, which is based on
RAD. According to Barker, in Reference 2,

As the systems development methods have matured and their use has
become more widespread, the technology for automating the development process
has matured. Initially, CASE tools were developed to automate the processes as
defined in systems development methods. But the technology quickly reached a
stage where it is possible to challenge the existing methods and make new
approaches possible. CASE tools now offer the prospect of re-engineering the
business of information systems development. They offer the opportunity to make
the transition to the next stage in the process of formalizing information systems
development. The fast track approach places the emphasis firmly on exploiting
CASE for productivity, without sacrificing the risk reduction achieved with
structured methods.

3-1
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The fast track approach builds on the success of CASE method in defining
the lifecycle and developing for a deliverables-oriented approach. The same basic
lifecycle remains, as do many of the tasks. However, fast track modifies the
lifecycle to exploit alternative techniques that use evolutionary iterations, often
known as “iterative builds” to produce deliveries.

Another major difference in fast track is the project management approach.
Fast- track adopts a more flexible strategy that is best described as risk adaptive as
opposed to risk aversive. There is intrinsically more risk in the evolutionary
approach. It is impossible to know for certain in advance how many iterations
will be necessary, but provided the number of iterations is low, the exploitation of
faster techniques means a net gain.

The third departure is in customer involvement. In fast track projects, the
level of customer involvement stays high throughout the lifecycle of development.
This is because customers are, in effect, participating in acceptance testing from
start to finish.

3.2  PROJECT LIFECYCLE DEVELOPMENT METHODOLOGY DETAILED
DESCRIPTION

As shown in Figure 3-1, the project lifecycle development methodology is an adaptation
of the CASE*METHOD fast track customized to support the N27 development environment.
(Section 3.5 describes the detailed tasks of the methodology.) A box is drawn around Analysis
and Design to emphasize that all requirements are not defined to the lowest detail prior to
Design. During Design, the customer, through a series of JAD sessions known as Module
Design Workshops, refines the requirements until they are complete by participating and
experiencing the software as it develops. (Workshops are detailed in Section 4.4.)

Also, note that the Design and Initial Build tasks are in the same box to indicate that these
activities are an iterative process. A first cut of software, without a lot of functionality, is built
based on a preliminary design. The requirements are refined, the design reflects those changes,
and the software goes through another build iteration. By the time the software enters the final
build stage, what is left to complete is underlying code at the database and library levels to
implement security, special procedures, integrity, etc. The “guts” of the system are completed to
allow the modules to function in compliance with the customer’s requirements.

Another deviation from the traditional methods is the early transition effort. Transition is
actually split into two tasks. The first task concentrates on having translated data available when
the module design workshops begin. This allows the customer to have real and current data
available for viewing the screens and the reports. The second part of the transition is continual
refinement and validation of the data throughout the workshops and initial build. The goal is to
have transitioned data that is accurate long before formal testing begins. Another enhancement is
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the development of a transition engine that takes data from the old system and, through
programmatic scripts, develops a process that can repeatedly take the old data and translate it into
the new data structure. (Transition is discussed in more detail in Section 3.5.4.)

Another area that is tailored to support the project methodology is testing. Testing is
supported early in the development process and there are a number of different types of tests that
continue throughout development. Testing begins in Initial Build with informal developer, peer,
and limited customer testing. During Final Build, there is formal user acceptance testing (UAT),
freeplay testing, and just prior to deployment, readiness testing. (Testing is discussed in more
detail in Section 4.4.)

33  CUSTOMER INVOLVEMENT

Customer involvement is considered crucial to rapid development. Involvement begins
early, is most intensive during workshops, and continues until the project is ready to deploy.
This project expanded customer involvement to include a full-time business liaison person, who
was assigned to the development team and who worked directly with the project manager and the
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developers on a daily basis. The list that follows documents some of the major contributions
made by this person:

e Discussed design issues and questions at regular customer meetings; worked with the
manager of Computer Programs Software Configuration to resolve issues that could
not be resolved through regular business activities

e Screened all customer-requested design changes prior to discussing the changes with
the developers

~® Translated at all workshops and meetings when customers and developers had
difficulty communicating

e Assured good attendance at workshops by selecting dates and times when the
customer community was most available

o Identified and notified participants of upcoming workshops and meetings; followed-
up prior to each meeting or workshop with a reminder, and when necessary, delivered
materials to the participants prior to meetings and workshops

e Produced all the user acceptance test scenarios for formal testing to ensure all
business functionality and all customer roles were addressed

e Worked with the development team to pretest software prior to customer testing,
which ensured the customer did not spend time testing software that was not ready

e Worked closely with the project leader on planning and scheduling and providing
background on procedures and politics

e Created a customer’s procedure manual that documented how to use the software
application to support business processes, such as complex change control boards

e Arranged for a state-of-the-art training facility to be ready and available when testing
and training were required

e Brought confidence to the customer community to enhance the customers’ reception

of software with functionality much different than that to which they were-
accustomed

34 TRAINING
Customer training is not discussed in detail in the methodology; however, for a customer

to be able to satisfactorily use complex software, training is imperative. The original plan was to
train approximately a dozen key users who would, in turn, train the customer community. This
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approach is a common tactic planned for many development efforts, but it is seldom effective. In
this effort, after an assessment of the workload and the extensive time required to train these key
customers to use complex software, the original plan was abandoned.

It became apparent that the initial training would require the combination of the project
leader, key developers, and the customer liaison. This approach proved to be effective. After the
initial deployment effort, the customer liaison conducted all follow-on training.

3.5 DETAILED TASKS WITHIN THE METHODOLOGY

The following section documents the detailed tasks within the methodology. The
different stages in the lifecycle development are defined followed by a listing of tasks in the stage
and other pertinent information. The focus of this paper is on iterative development. For
completeness, only a cursory overview is presented of the Strategy phase. It is assumed that
necessary planning and high-level analysis will be conducted prior to when the project enters the
iterative phase of detailed Requirements Definition, Design and Initial Build. For ease in

presentation, Transition is discussed after Final Build, but in reality, Transition is parallel with
the Requirements stage.

3.5.1 Strategy

The objective of the fast-track strategy or planning stage is to obtain the following:

* A clear definition of the project’s scope

e Prioritization within the scope

e The plan for the project

At this early point in the development lifecycle, the Project Plan is understood to be a
visual representation of major phases that must be completed prior to delivery of the software.

The plan is not intended to provide accurate time periods for tasks or a mechanism on which
final delivery schedules should be based.

A sample plan of action using the lifecycle development methodology can be found in
Appendix A.

The components of the Project Plan should include the following:
e Resources, people, equipment, and facilities
e Description of the deliverables (such as prototype, test plans, executable software,

customer documentation)
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e Tasks required for each stage to produce the deliverables
o Estimated task duration and how resources will be scheduled to accomplish the tasks
e Major milestones that can be used in tracking the progress of the project

¢ Configuration management and quality assurance processes that will be applied to
ensure deliverables meet the expected quality

For this effort, the following process improvement was added to the fast-track approach:

The Statement of Work (SOW) is one of the process improvements incorporated in this
effort. In this particular project, the SOW was not produced until the Analysis stage, at which
time the author accepted responsibility as project leader. However, this project leader felt the
document was needed to facilitate an understanding between the customer and development
communities, and therefore the SOW was produced and agreed upon near the end of Analysis.
The SOW adds an extra level of commitment and understanding to support the Project Plan. The
SOW (in Appendix B) is discussed in detail in Section 4.3, Software Project Improvement
Implementation for Software Project Planning.

3.5.2 Requirements (Design and Build)

Analysis is the first task of the Requirements stage. During Analysis, findings from the
Strategy stage are expanded into a set of verified preliminary requirements. An initial GUI
“Look and Feel” Model is developed to assist the customer in understanding how the software
will appear and function. This model or prototype does not address how the software will
function to support the requirements. The intent of the prototype is to help the customer
visualize how the new application will function and to lay the groundwork for visually defining
requirements.  This stage should culminate in a System Requirements Review, which
demonstrates that the requirements are balanced with the original project scope, cost, schedule,
and risk.

Major tasks of the analysis include the following (note that additions to the fast-track
approach are annotated as process improvements to the applicable task):

e Review requirements for clarity
e Prepare and conduct interviews to obtain additional details

e Construct a Requirements Specification Hierarchy (process improvement: see
Appendix C for an example)

e Establish a preliminary design, including an entity relation diagram and functional
model
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e Document analysis findings in the CASE tools

e Develop prototype

e Prepare and conduct a System Requirements Review (process improvement)
Deliverables of the Analysis stage include:

e Look and Feel Model

e Requirements Specification Hierarchy (process improvement)

e Database Design

e System Requirements Review Documentation (i.e., business flowcharts, module
design approach, known issues, etc.)

Once a preliminary set of requirements is developed, the iterative nature of the process
begins. During Design and Initial Build, the software is developed. Initially, the software has
the minimal functionality needed for the customer to verify and refine the requirements before
complex development is undertaken. Through a series of structured workshops, customer input
is received to validating the design review. This information is documented in the workshop
checksheets and other supporting documents and managed by using several tracking tools, and
the software is expanded to include the input. The goal of the workshops is to ensure the
requirements have been adequately incorporated into the software design and to receive a formal,
signed customer acceptance of the design.

During this phase, developer and peer testing are conducted. This testing should be
structured, documented, and managed. (Additional details about testing can be found in
Section 4.4.)

It is imperative that the system design be frozen early in Design and Initial Build to avoid
“scope creep.” The customer must commit to this requirement and actively seek ways to limit
changes. Occasionally, there will be a requirement to make a design change when
implementation does not effectively support the requirement, but design changes should be
minimized and infrequent. One approach that worked for this project was officially adopting
formal change control procedures that included logging and formal review of these changes. The
changes were reviewed by a board consisting of developers and customers to determine which
changes were needed in the initial release and which could be deferred. Negotiations on schedule
impact were conducted.

There were many workarounds, often known as requirement waivers, authorized to allow
the design to remain stable, but these workarounds made the software less than optimal. After
the initial release of the software, these changes were reviewed and those with the highest
priority were implemented in subsequent releases. The important point is that sometimes
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functionality must be compromised in order to deliver a timely product; however, functionality
should be implemented at the earliest opportunity.

A trend that appeared early in the development lifecycle was a customer not liking the
way the software worked and logging an enhancement request. After training and initial use of
the software, the customer often found the concern was a matter of education: Familiarity with
the software eliminated the problem, and the change was withdrawn. The moral of this trend is
to persuade the customer to wait until he or she is familiar with the software before judging its
ease of use.

Major tasks of Design and Build include:

Create and modify the database structure

Develop module designs for query and maintenance screens and reports
Develop detailed module specifications and business process models
Prepare and conduct functional design workshops

Develop modules with limited functionality

Conduct developer and peer software evaluations

Deliverables of the Design and Initial Build activities include:

Documentation and results of the functional design workshops (See -Section 4.4.5 for
details on how improved processes were developed to support this task.)

Business Process Model (See Figure 3-2 for an example.)
System Architecture Model
Software that demonstrates all requirements are in the design

Software that has been developer- and peer-evaluated

3.5.3 Final Build

During Final Build, the core requirements of the system are developed. This includes
database-level development, such as implementation of security, building common libraries, and
adding the capability to make the software function and perform to support the requirements. As
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much as possible, CASE tools and code generators are used to produce the system. Customers
remain an active part of this phase and should frequent the lab to assist in testing of the software.
The final activity of this phase includes a comprehensive workshop demonstrating the entire
functionality of the software.

Major tasks of Final Build include:
e Develop fully functional modules with all required special processing
e Conduct developer and peer testing

e Prepare and conduct system integration workshops
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Deliverables of Final Build include:

e Code and implemented database

e User documentation

e Test plans and other criteria to support acceptance testing
o Training plans

e System development documentation

¢ Signed customer acceptance of the system design and functionality

3.5.4 Accelerated Transition

As shown in the lifecycle development diagram (Figure 3-1), transition starts early in the
development lifecycle. During Analysis and Design, the software transition engine is designed
and built and the data model and transition mapping accuracy is validated. The accelerated
transition process is focused on reducing overall project risk by presenting end products to the
customers earlier and at a lower cost than expected.

Traditionally, legacy data is presented to customers in small data sets toward the end of
the Final Build phase. Discrepancies in the database design can be masked by review processes
that focus on the collection of data in screens and reports using only small samples of data, often
produced by hand. With the accelerated method, transitioned data that does not support the data
presentation needs of the customer community is recognized early in the lifecycle of
development.

The goals of accelerated transition are:

e Immediate insight into the business rules

e Real customer involvement in transition

e Early ability to validate the data model

e Use of operational and current data in testing

e Empowerment of timely data cleanup efforts

o Early availability for use with ad-hoc COTS products
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e Minimization of build changes
e Risk reduction

The transition process used in this effort is documented in Figure 3-3. For the transition
process, the team performed the following:

o Jdentified the data to be transitioned from one baseline to another

e Developed and loaded database tables with preload values (new data) and translated
values (changes to existing data)

e Developed and loaded a rules database, which has hundreds of rules for how the data
1S to be transitioned

e Developed the transition engine, which contains the programmatic scripts that take
the data from the original baseline and transition the data with the preload values, the
translated values, and the rules to the new database

Once the data is transitioned, it is available to be used in ad-hoc reporting and for testing
the modules and reports.

Transition was an activity planned to parallel the development of the software. In this
project an accelerated transition was initiated, but because of resource problems and a major
contract change, the transition did not stay in sync with the development and problems resulted.
- Data errors were not found until later in the build effort, which required reprogramming of the
transition engine, additional transitions (which took a great deal of computer and developer
time), and revalidation of data. Because the customers did not have complete, realistic, and

adequate data to use for testing, they had a more difficult time validating that the modules and
reports were correct.

In addition to impacting the quality of the development and testing, using poorly
transitioned data had a negative impact in customer confidence. Fortunately, intense efforts of
knowledgeable team members enabled the transition of data very successfully with only three
minor deficiencies. However, the workload on these people, at an already demanding time,
affected other areas of the project and put a tremendous strain and workload on already
overburdened people. These lessons-learned re-enforced the need for accelerated transition.

3.5.5 Completing the Lifecycle

During this phase, the system moves from development to production. Plans were put in
place for the cutover of the system. Several types of testing were completed. Customer
acceptance procedures were developed for detailed module testing and system integration testing.
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(Testing is covered in more detail in Section 4.4.) A period of freeplay, unstructured testing was
conducted. A final readiness testing was completed as part of the deployment process. Customer
training was conducted. The customer support service was readied.

During the final cutover, the final data transition, database and application installation
was conducted. Cutover for this application was a complex set of tasks that sometimes ran in
parallel to reduce the customer downtime, but often required task execution in a serial fashion.
The cutover period began on a Thursday afternoon and was completed the following Tuesday
morning, right on schedule. Two extra days were added to the schedule to allow reruns of
portions if necessary, and to accommodate the expected downtime caused by electrical storms of
a typical Virginia July. Developers and database administrators worked in shifts to minimize the
downtime. Check points were built into the process so that no more than a day would be lost.

Some of the tasks during the final cutover included the following:
e Freezing the original system

* Doing backups and reports from the old system
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Downloading the data

Transitioning the data

Loading the data

Loading the new database and applying the necessary database links
Running and validating scripts aﬁd reports to ensure integrity
Compiling the application

Packaging the application

Distributing the new application

Enrolling the users

After the cutover tasks were complete, the new application was made available to the
customer community.

Part of completing the lifecycle is follow-up with the customer after delivery, assessing
their satisfaction with the software.
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SECTION 4

IMPLEMENTING CMM PRACTICES AT THE PROJECT LEVEL

- The development of software continues to increase in complexity. Other disciplines of
science and engineering have found successful methods for managing the quality of their
products, such as in the development of hardware. Yet managing the development and quality of
software continues to be an elusive and frustrating challenge. During the last few years, new
methods have been introduced to help the manager and the developer in tackling this ever-
increasing problem. One of these techniques is the Capability Maturity Model, which helps an
organization improve their processes in developing high quality software.

This section addresses ways in which implementation of SEI CMM key practices at the
project level can be beneficial. Carl Dicter states in Reference 3, “Documenting your software-
development process is the only way to ensure that it is complete, repeatable, and improvable.
Fail to do so and you are likely to remain in a chaotic development mode. A properly
documented software development process can improve quality, save time and make work more
enjoyable.” The implementation of previously defined processes improves the ability to deliver
complete and quality software products. Work is more successful and enjoyable when it is not
chaotic, people know what to do, and when and how to do it.

4.1 BACKGROUND

Several years ago, the SEI of Carnegie Mellon University developed a process called the
CMM. Several departments at NSWCDL have begun initiatives to apply these principles to
software development. The adoption and institutionalization of the CMM by the organization
requires commitment at all levels of the organization, investment in resources to support the
discipline, and a significant time frame for realization of improvement in the software
development process.

Many of the principles upon which the CMM is built can be used at the individual project
level with significant results. This section addresses how a select group of processes were
developed and implemented and describes the resulting improvement in the quality of the
software being developed. It is this project leader’s belief that the best approach is to establish
the CMM throughout the organization; however, immediate improvements can be made at all
levels by applying the SEI principles.
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The improvement of software quality is difficult because organizations tend to lock on to
a specific pattern of doing things. They adapt to the current level of quality and do not
understand what is required to change to a new level. Since they do not know, they do not try to
change. The practices described in this document assist the software practitioner in
understanding what to change and how to make the change happen. The enlightened developer
or manager can take the SEI CMM to levels below the organization, apply the principles, and
benefit from the resulting improvement in quality. Even a small amount of process improvement
at the project level will net a large return for the initial investment.

At first glance, many activities may appear obvious as a project requirement, but in
reality, many of the basic principles needed for the development of quality software are often
overlooked. An organization need not wait until every process is documented and a plan is
developed to improve the development process before experiencing improvements. Application
of quality improvement principles can be applied successfully to any task, regardless of size, for
improvement of quality of the product developed. The development of software can be improved
even as the technical complexities of the software increase.

The development and institutionalization of the review process incorporated in this
development effort improved the quality of the software under development. It is important to
note that hundreds of errors were detected early in the lifecycle of development when the errors
were easy to correct and of little financial impact. Once developers thought they were no longer
being singled out for making errors, a team bonding formed, with members actively working
together to improve the quality of the software. Team members began to approach developing
software differently by learning from errors found in the past. The developers began to openly
interact with each other in critiquing the work.

This discussion focuses on the processes developed and lessons learned for specific key
practice areas at the project level. Before proceeding with details of the implementation using
key practices, a brief understanding of the SEI CMM is provided.

42  THE SEICMM

Watts Humphreys, in Reference 4, states in the part titled “The Software Process
Capability Maturity Model” that “CMM deals with the capability of software organizations to
consistently and predictably produce high quality products. It is closely related to such topics as
software process, quality management and process improvement.” The CMM is a framework
intended to help organizations assess the current level of capability of the software process,
discover strengths, weaknesses, and risks in the software process, and select