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EVALUATION

This report describes the software development technology and
management practices employed on three specific developments by Computer
Sciences Corporation.

The intent of the RADC program to which this document relates,

TPO V/3.4, is to describe and assess software production and management
tools and methods which significantly impact the timely delivery of
reliable software.

The study contract is one of a'series of six with different firms
having the similar purpose of describing a broad range of techniques
which have been found beneficial.

RADC is engaged in promoting utilization of Modern Programming
Technology, also called Software Engineering, especially in large

complex Command and Control software development efforts.

4/§iju~ W. Weber

ROGER W. WEBER

Project Engineer




SECTION I - RESFEARCH TASK

1.1 OVERVIEW

The primary objective of this research task was to assess the effects of modern
programming practices (MPP) on selected Computer Sciences Corporation (CSC)
software system development projects. In order to do this it was necessary to
identify and define specific MPP used on the projects studied. MPP are those
engineering and management techniques that may be applied in an integrated fashion
to influence software reliability, cost, and schedule during development of a software
system. This definition is broad enough to include all of the diverse management
and technical staff activities such as structured programming, design reviews,
support software implementation and others. Xach project was carefullv researched
to isolate the programming practices used. In some cases the project managers

had adapted specific practices to meet unique requirements. These variants were
also identified and defined. Using each complete list of project MPP as a guide, the
individual projects were carefully examined in depth. All available information
sources were used. This included project personnel, documentation, reports,
products, etc. This research was directed toward assessing the impact of the pro-
gramming practices on the conduct and completion of the system development. The
product of this research is a complete analysis of the three CSC projects which
served as the basis for the subsequent research tasks.

Once the assessment had been completed, the programming practices identified were
compared with the structured programming technology (SPT) techniques discussed

in the IBM Structured Programming Series. Before the two could be compared it
was necessary to develop a format and criteria for completing the comparison.
There was not a one-to-one correspondence of MPP to SPT techniques except in a
few instances. In some cases, terminology was different where actual activities
were the same or very nearly alike. In these instances the practice and technique
were identified by their similarities. {n every iustance possible, correspoundence
between individual MPP and SPT techniques was established for comparison purposes.
The comparison process was completed for each applicable computer program life
cycle phase, and to the extent possible, wuas based upon quantifiabl e factors common
to the activities under study. Where correspondence was not established the

activity was evaluated and compared to other MPP and SPT techniques within appro-
priate phases.

For the purpose of this study the computer program life cycle as described in the
AFM 800 series was used. This manual defines the life cyele as being composed of
Analysis, Design, Code and Checkout, Test and Integration, Installation, and
Operating and Support phases. The Design phase has been subdivided into Functional
and Detailed Design subphases for the purpose of these discussions. The phases

are shown on Table 1-1 along with phase activities, documents, and reviews.
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Following the comparison of MPP and SPT techniques, a composite set of standard
practices was identified. These standard practices were selected because of their
positive effect on the acquisition process and their utility within the various types
of system development environments. The factors influencing the selection of
these practices are discussed, along with techniques for their usc. This set of
modern programming practices represents an optimum array of management and
technical aids to be applied throughout the complete life cycle. However, these
practices are not representative of the eantire spectrum of available management
and technical aids. They were selected from only three projects and the Structured
Programming Series. It must be emphasized that there are other practices which
should be evaluated in order to produce a comprehensive analysis.

The final phase of the Software Production Data project involved development of a
plan for future MPP research. The rescarch plan presents a phased approach to
the study of MPDP that is an extension und amplification of research conducted under
this contract. The MPP study discussed herein produced significant insight into
the identification and definition of effective programming practices. There remain,
however, mauny areas of potentially productive research that can be pursued. The
goal for this research will be to confirm the validity and usefulness of the MPP
selection methodology. To accomplish this CSC proposes a research program that:

° Provides for systematic performance data collection from new software
acquisition projects of varied types

] Defines an automated data reduction system to assimilate the research
data

@ Performs analvsis of the reduced performance data.

The MPP research was hampered during its conduct by adverse circumstances which
had some effect on the results. This is not to say that the couclusions drawn from
the research are necessarily invalid. It is simply to point out that for counclusive
proof that the resecarch findings are truc, more comprechensive and extensive re-
search is necessary. The most significant problems encountered in this research
project were twofold. First, none of the three projects' management controls or
reporting produced the types of data necessary for a thorough ana'yvsis of the pro-
gramming practices effectiveness. The data required for complete analysis must
be defined at the project outset and then collected and verified throughout the life

of the project. The performance measurement and reporting required for this goes
far beyond that necessary for routine project management and will, in all likelihood,
increase overhead costs considerably. Second, by beginning this study when the
projects were completed or in the final development phases much of the information
sought was not readily available. Keyv project persounel often had transferred,
substantiating resource data was occasionally missing and some reports were
difficult to analvze.




MPP data collection can only be effective if it is structured as a coordinated project
task which is an integral part of the software development. This approach to soft-
ware data collection offers significant benefits over that used for this study. First,
by initially defining data collection requirements and procedures there is more
assurance that they will be less disruptive of the software development process and
will produce more definitive and accurate data. It is extremely important that data
collection not inhibit the normal production cycle. Data accuracy must be main-
tained throughout the collection process to insure the validity of research findings.
Next, software data collection must be carried out by an independent research
group. To the maximum extent possible members of this group should maintain

a disinterested status relative to the project in order to prevent any bias from
appearing in the research report. This approach will be costly in terms of man-
power required in excess of that required exclusively for program development.

L2 REPORT CONTENT

This technical report includes both the results of the MPP research and the future
research plans. Section 2 contains descriptions of the three CSC projects studied,
including definitions of the MPP used on each project. Section 3 includes the analy-
ses of the practices used on these three projects plus comparisons among related
MPP from these projects. Section 4 discusses the CSC comparison methodology.
Section 5 defines a recommended set of programming practices selected from MPP
and SPT techniques. Section 6 is the plan for future research into MPP technology.
Appendix A contains a list of terms common to the discussions of programming
practices included in this report.

1-4
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SECTION 2 - PROJECT DESCRIP TIONS

2.1 OVERVIEW

The three CSC projects studied had many similar characteristics, and yet they were
diverse enough to have varied environments for employment of MPP. Each project
involved either direct or indirect countractual relationships with the U.S. Navy. The
software in all three projects was developed for real-time command and control
systems for shipborne employment. The earliest, and largest (in terms of manning)
of the three provided the nucleus of experienced personnel for the other two. Also,
much of the support and test software was common to all three. This was due to

the standardization of computer hardware aund software for Naval tactical systems.
The Univac AN/UYK 7 computers are used for Navy shipborne tactical systems and
all software is developed using the CMS-2 compiler. The CMS-2 compiler is the
responsibility of oue organization that makes all modifications and enhancements

to the compiler to ensure all Navy iastaliations are operating with a current standard
version. Neverthel ess, development environments, mangement approaches and
system requirements all were different, and the success achieved in each of these
acquisition projects varied considerably. The tollowing discussions will provide

a basis for the MPP analvsis and recommendations. Table 2-1 identifies the three
projects and the programming practices they employed.

The subsections which follow inciude discussions of ARGIS @.2), TRIDENT (2.3)
and DD-963 (2.4). These discussions will cover requirements, environment,
history and MPP.

2.2 AEGIS ENGINEERING DEVELOPMENT MODEL-1 PROJECT

The AEGIS Engineering Development Model-1 (EDM-1) project was a subcontract

with RCA for the U.S. Navy to design and develop engineering models o1 the Command
and Control (C and C) subsystem, Radar (SPY-1) subsystem, Operational Readiness
Test System (ORTS), the real-time executive (ATEP) and the support software

(i.e., Signal Processor Check Out (SIPCO), Utility software (ATUL) and data re-
duction programs (SMART and RAP)).

2.2.1 System Requirements

AEGIS is an integrated, computer-controlled shiphoard weapon system composed

of a guided missile, acquisition and guidance radar and an automated control system.
EDM-1 is a proof-of-concept system now at sea on the USS Norton Sound. The
computer selected for operational software was the UNIVAC AN/UYK-7 and the
language selected was the CMS-2 high order language.
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Table 2~1. Project Programming Practices

2

7 e

PROJECT i :
2] = ]
PROGR AMMING e i
PRACTICES = g a
TOP DOWN DESIGN % X
THREADS X X
BUILDS X | x X
THREADS MANAGEMENT SYSTEM X X
PROJECT REVIEWS X
PROGRAMMING TECHNIQUES % X X
PROGRESSIVE TESTING & INTEGRA TION X |x X
SOFTWARE CONFIGURATION MANAGEMENT sl X
STRUCTURED WALKTHROUGH X X
BUILD LEADER X
CHIEF PROGRAMMER X
SUPPORT PROGRAMS X %
VERIFICATION PROCEDURES X
INDEPENDENT TEST & EVALUATION X X




2.2.2 Development Envircnment

The CSC contract performance peviod evaluated by this rescarch project was from
January, 1970, through April, 1973, for the EDM-1 version of the system. The
data collected for this research only covers the EDM-1 software development,
however, CSC also provided level of effort (LOL) support to RCA in the areas of
system integration and testing of EDM-1 software.

The AEGIS technical staff average approximately one hundred personnel over the
contract period. This staff had an average of ten years data processing experience
and 909 had related experience prior to assignment on the AEGIS project. Related
experience was determined to be experience in the subsystem to which the person
was assigned (i.e., real-time executive, radar, command and contro!, etc.). The
staff was comprised of 677 senior members of the technical staff or higher, while
707 of the staff possessed college degrees. The requirements for a senior member
of the CSC technical staff are: BS degree, MS preferred. Minimum five years
professional experience with supervisory or management experience. The average
turnover rate for the technical staff during contract period was 21.6% per year.

2.2.3 Project History

The EDM-l was an R and D effort with customer emphasis on quality. The hardware
and software for the system were developed in parallel which resulted in several
restarts and modifications to the original design. The project personnel interviewed
during this research felt that the success of this project was due to the very close
working relationship among all personnel and a cood overall system coordination.
The CSC developed software amouated to over 310, 000 words of core in size at a
cost of 87,850, 000 for the development.

The first year of the contract, 1970, was spent in preliminary and critical design
reviews. The executive design was accepted in March, 1971, the command and
countrol design was accepted in May, 1971, and the radar SPY-1) design was
accepted in September, 1971. The build concept was used on the ALGIS project to
permit demonstration of system capabilitics to the customer as the capabilities were
produced. The first capability of the com mand and contro! (C and C) system was
demonstrated in November, 1971. The first SPY-1 radar capabilities were
demonstrated in Jaauary, 1972, and C and C and SPY-1 interface capabilities were
successfully completed in February, 1972, The final ;n‘(‘(JUL"Li()n version was tested
and subsystem integration compl eted in early 1973 and delivered to the customer

in April, 1973.

The major milestones were met early or on time., ‘The development schedu' e was
established by CSC in conjunction with the customer and monitored very closely.
The demonstrations of ™ rtial system capability (uilds) were the intermediate

milestones and these woce met on time or within a week or two of the scheduled date.
5
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The CSC management monitored this progress very closely and redistributed
resources when necessary to maintain the overall schedule.

2.2.4 Project MPP

The modern programming practices identified on the AEGIS project were:

Top Down Design

Threads

Builds

Threads Management System
Project Reviews

Functional Programming
Progressive Testing and Integration
Software Configuration Management
Support Programs

Independent Test and Evaluation

2.2.4.1 Top Down Design

The AEGIS designers decided on a top down approach to the software system design
for several reasons, the most important being the system size and complexity. The
AEGIS system was at that time one of the largest ever developed by CSC and the

top down design was to provide a systematic approach to segment the system into
manageable development units. The decomposition and refinement of functions down
to the program level during a top down design requires the identification of the
interfaces necessary to communicate between the levels of the system. Once these
interfaces hetween levels of the system are identified the system becomes less
complex as components become smaller. In contrast, the bottom up approach
becomes more complex as the next higher level of a system is built and lower levels
dictate what system interfaces are required. Thus Top Down Design was chosen
for AEGIS.

The total system development concept for the AEGIS program was to develop the
EDM-1 version for maximum functional flexibility and system maintainability to
enabl e future enhancements to be made with a minimum effort and cost. The top
down design provided CSC with a system architecture that was compatible with
development of functional subsystem components.

2.2.4.2 THREADS

The THREADS concept, which is used by CSC on most of its current projects, was
conceived during the AEGIS project. AEGIS was one of the largest real -time systems
CSC had ever developed and a technique was needed to ensure that all system

requirements were covered by the design specification. Some of the AEGIS staff
2-4




members developed this technique by identifying all system inputs and outputs in
the design document and identifying the processes or puths through the system from
input(s) to output(s). Then, these processes were mapped back to the requirements
to verify that requirements were met by the design, thus insuring that the design
was complete.

%, Once the data from this first threuding process had been collected and documented
k- the true potential of threads became apparent. The grouping of related processes
3 or threads was uscd to identity functional system components that coul'd be

developed and demonstrated as a partial system capability: these groups were
called Builds. Since the threads were paths through the system, the interfaces be-

& tween modules had to be identified and the data buse clements used for intermodule
. ) communications were defined early in the development cycle. The early identifi-
f” ' cation and definition of module interfaces established the message patterns for all
{, N programs which eliminated programmer interpretation, thus reducing this type of
B, integration problem.

-

2.2.4.3 Builds

The Build concept was primarily used on the AEGIS project as a means of incre-
mental system development. A build, as stated in section 2.2.4.2, was a group of

3 functionally related threads which could be developad and demonstrated as a partial

s system capability. By grouping the threads into controliable entities, the total
software production could be scheduled and controtied at o manageable level. This
technique allowed management to schedule the development basad on hardware
availability, critical areas of software and other constraints and to utilize develop-
ment resources to the maximum degree. This technique provided visibility if re-
planning was necessary due to unavoidable problems, such as late delivery of a p:
hardware component. The build completion dates were used as intermediate mil e-
stones by lower levels of management to measure progress.

The technique also promoted progressive testing and integration which is covered
in section 2.2.4.7 of this report.

2.2.4.4 Threads Management System (TMS)

As discussed in Section 2.2.4.2 of this report, after the threads were defined and
documented, other uses of this information were conceived and computer programs
were developed to obtain the full benefits of the data. This collection of programs
was called the Threads Management System (I'MS) because many of the reports
generated by the system were used for management control.

The data base for the TMS contained identifving information about each system thread,
such as:




Thread name

Thread number

Performance specification paragraph reference number
Design specification paragraph reference number

Modul es required to process the thread

Thread input source

Thread output format

Thread status such as designed, coded, tested and integrated
Mil estone reporting dates

The AEGIS management used the TMS report to monitor production progress of
modules by threads within a module. The status is reported in a binary format,

a module is either 1007 coded or 0% coded. This type of status reporting eliminates
estimates by the programmers and reports the true status of a software package.
The system also reports missed schedules on an exception basis, as well as, current
and projected activity status. Other reports include any changes to the data base,
such as rescheduling of milestones and providing change impact analysis for pro-
posed system changes.

This system has been enhanced since its development on the AEGIS project to
provide extensive management reports. The system served AEGIS as a control
tool and provided visibility to CSC management and the customer.

2.2.4.5 Project Reviews

Project reviews may not always be considered to be MPP, however, during this
research all project managers interviewed felt that the use of in process reviews
(IPR) kept the customer involved in the project throughout the development cycle
and enhanced development progress. The normal sequence of events for most
projects begins with the customer approving the system design at the Critica!
Design Review (CDR) and then departing until some time later when he returns to
accept the software. This results in little or no input by the customer as the pro-
duct evolves through the development phases. This sometimes causes system
integration problems due to hardware or software changes or trade-offs being made
without proper developer-customer coordination. CSC encourages customer
involvement during all phases of the software development. This fosters awareness
by all system development participants in problem areas thus promoting their
expedient resolution and keeps everyone informed of the current status of progress
on all project tasks. The AEGIS project staff had a monthly status neeting in which
problem areas were identified, action items were assigned to the appropriate
personnel and progress reported since the last meeting. CSC staff personnel en-
joyed a very good working relationship with the other members of the AEGIS program
team. This is not to imply there were no problems, however, a good overall team
coordination assisted in quick solutions or work arounds to most problems.

2-6




The preliminary design reviews (PDRs) and critical design reviews (CDRs) are
contract obligations, however, the format in which they are performed can have a
significant impact on the system development. The schedule for PDRs and CDRs
are normally milestones in a development cycle (and should be), however, the
schedul e should be fl exible enough to be adjusted if the design is not 1007 complete.
To hold a review on a scheduled date without regard to actual design status, often
results in reviewing an incomplete document which creates excessive questions and
wastes many hours of valuable management time. If approval is given to an incom-
plete design document the result will probably be an incomplete or faulty system
design.

The CSC approach to this problem is to insure the design is complete prior to the
review or delay holding the review until it is complete. Copies of the material

to be reviewed are sent to all parties attending the review early enough to allow
them time to read the material and formul ate questions prior to the meeting. This
procedure expedites the review process and produces a solidified design. "

2.2.4.6 Functional Programming

The AEGIS program was designed as a three phase procurement to be developed in
engineering development models by adding enhancements and additional capabilities
to each succceding model. Therefore, CSC designed the software in functional
modules to enabl~ additional functions to be added or upgrade existing functions
without affecting the other system components. The system design techuique was
top down, however, the module development was not restricted to hierarchical
levels of the system.

By programming modules to perform a function or functions, conversion to the
next phase or model in the AEGIS program required fewer development resources.
This technique also allowed flexibility during development of KDM-1 since require-
ments changed rapidly as they normally do in an R and D environment. Another
consideration with this approach was that it supported progressive testing and inte-
gration which is discussed in Section 2.2.4.7.

Structured programming (SP) was considered for this effort, but was not used.
Several test programs were written using the SP constructs and the same programs
were written in free form. The results of these tests revealed that SP written in
CMS-2 (the high order language selected for this project) required 8% more core
than free form. Since the core allocation for the system was limited, the decision
was made not to use SP. CSC did enforce coding conventions on the tactica! sub-
system programs to ensure standardized modul ¢ construction and to promote main-
tainability of these programs, while obtaining the most effective use of core.
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2.2.4.7 Progressive Testing and Integration

The CSC AEGIS staff used the progressive testing and integration technique in
conjunction with the MPP discussed earlier to support phased system implementation.
Progressive testing and integration is the process of testing the builds as they are
developed, demonstrating the capability performed in the build and baselining the
programs after a successful demonstration. This process continues as each suc-
cessive build is completed, with each build being integrated with the previously
baselined builds and additional system capabilities being added until the total system
is integrated.

The benefits of this tool make it very cost effective. For example, errors are
detected and corrected earlier in the development cycle when the cost-to-correct is
lower. By initiating the integration process early, any interface problems are
easier to track and total system integration at one time is avoided.

Another benefit is that the customer can see success demonstrated early. During
the AEGIS demonstrations, Navy personnel were used to operate the consoles to
demonstrate that the software and the man-to-machine interfaces functioned as
designed. This technique gave the Navy hands-on experience and their inputs and
comments helped to improve areas such as display formats and operator key-ins.
The build-a-little, test-a-little philosophy of incremental development and testing,
used in conjunction with regressive testing to assure that previously baselined
functions were not affected, provides a complete verification of the system functions
prior to system testing and acceptance tests.

2.2.4.8 Software Configuration Management (SCM)

As stated earlier in this report AEGIS was a very large system and contro! of the
software during the phased implementation process required a large SCM staff.
The AEGIS SCM staff ranged between four and six personnel over the life of the
project. The primary i1 esponsibility of the SCM staff was to countrol the baselined
software from unavthorized modifications and provide documented verification of
the various versions of the system. This group also tracked and controlled all
changes to the computer programs which had been baselined and all system
documentation.

The benefits of this function are normally dependent on the size of the SCM staff
in relation to the size of the project. The AEGIS project had proper funding to

allow for an SCM staff capable of controlling the software.

2.2.4.9 Support Programs

AEGIS support programs were developed to influence the design development, test,

integration and validation of the operational software. They were not a part of the
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operational software. Included were those programs used in the integration of
hardware and computer programs, the installation and checkout of each system
with every other system element. These programs along with the tactical executive
program provide facilities and tools to determine product quality and acceptability.
The programs used included the following:

° Test Support Programs
° Interface Simulators
° Operational Readiness Test System

2.2.4.9. 1 Test Support Programs

The computer program development activity utilized test support programs as tools
in the process of development of computer programs. One such test support pro-
gram was the Software Test and Evaluation Program (STEP). STEP included the
following functions:

° Driver-Control execution of STEP internal functions, together with
module under test.
® Interpreter-Interpret input control card images and set up schedule

table linking modules with each other and with their test data.

° Loader-Link-Editor - Load and patch the modules being tested and
link them to any previously loaded modules. The loader shall maintain
a memory map and make available the locations of globally defined

symbols.
® I/O Control - Control the input-output section of the computer.
® Test Evaluation - Evaluate and print specified test results.
) SNAP/DUMP - List contents of selected areas of memory. 1

Other programs like STEP were developed, as needed, to serve as test tools to aid
in the orderly development of computer programs for the AEGIS system.

2.2.4.9.2 Interface Simulators

Computer program debugging and testing, as well as system debugging and testing,
were aided by use of interface simulation programs in the ahseunce of complete
system interfaces. These programs introduced external stimuli into the system,
program or element under test, noting occurrance and validity of response: facili-
tated action/reaction criteria; and supported evaluation of timing considerations.
The utility portion of STEP was used as a test tool along with simulation programs,
as appropriate.

The complement of interface simulator routines included both special-purpose
routines for directly simulating the interfaces to the routines being tested and the
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service routines that were used to help set up and monitor the particular test. The
former set was prepared individually for each autonomous system. Some of the
service routines were shared by more than one simulator package.

2.2.4.9.3 Operational Readiness Test System (ORTS)

Although ORTS was configured as part of the operational software it was classified
as a support program.

ORTS provided a system for performance and readiness monitoring, fault diagnosis
and maintenance evaluation of function availability and operability level, and
summary status reporting at the command level. Within this framework, the
operational programs residing in the computers employed by the radar, command
and control and weapon direction subsystems demonstrated the following capabilities:

8 Fault detection by periodic monitoring and analysis of critical sensor
test data and computer programs.

® Fault isolation by monitoring and analysis of discrete sensor test data
and computer programs.

® System operability testing by processing and analysis of simulated radar
return data.

° Controlled injection of simulated signals into monitored equipment for

the purposes of fault detection, fault isolation, and operability testing.

° Coutrol of ORTS displays for the purpose of reporting the results of
testing and processing of ORTS ope rator inputs, for test initiation, and
access of system operability and maintenance action information.

° System operability testing of the AEGIS equipment.

° System operability testing of the overall AEGIS system.

2.2,4.10 Independent Test and Evaluation

Computer program testing was conducted by the AEGIS Test and Evaluation (T&E)
Department. This department operated independently within the project organization
to prepare test plans and procedures and conduct the testing. Project staff pro-
grammers and analysts completed all computer program unit testing during
development of the programs. When unit testing was successfully completed the
programs were integrated into functional subsystems known as builds and released
to the T&E Department for testing. Using prepared scripts and scenarios the T&E
personnel evaluated the performance of build programs using a build demonstration
as the vehicle for the testing. A build demonstration is a formal test of specific
system functional capahilities. Normally, the customer observed each build
demonstration as the vehicle for the testing. A build demonstration is a formal test
of specific system functional capabilities. Normally, the customer observed each
build demonstration and reviewed test documentation.
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The T&E Department manager reported directly to the AEGIS project manager.
Computer program testing was executed and documented under project guidelines
using standardized procedures.

2.3 TRIDENT MONITORING/DATA ACQUISITION SUBSYSTEMS PROJECT

The TRIDENT Monitoring/Data Acquisition subsystems project was a subcontract
with IBM for the U.S. Navy to develop the Monitoring subsystem (MS) and the Data
Acquisition (DA) subsystem software for the TRIDENT submarine sensor system.
CSC had responsibility for design specification, detail design, program generation,
coding and checkout, and subprogram integration. However, all system testing
and integration is being accomplished at this time by CSC personnel at the Navy
Land Based Evaluation Facility (LBEF) in Rhode Island. The work is being done
under a time and materials contract with IBM as the prime contractor.

2.3.1 System Requirements

The TRIDENT class submarines will be the largest of the Fleet Ballistic Missil e
Submarines (SSBN), and will carry a complement of 24 TRIDENT I missiles. Each
submarine is designed for quiet operation, high systems reliability, and extended
cruise endurance.

The MS and DA subsystems operate within the ship's central computer complex to
provide automated sensor signal analysis, supporting quiet operation of the ship.
The on board computers to support these programs are the UNIVAC AN/UYK-7
and AN/UYK-20. The computer programs are written in the CMS-2Y high order
language.

2.3.2 Development Environment

The CSC contract performance period for this effort was April 1974 through

August 1976. The technical staff consisted of approximately thirty personnel during
the coding and testing phase, of these 607 were senior level personnel. The average
data processing experience for the staff was 9.6 years, and 737 of the staff
possessed college degrees. Some of the technical staff members were transferred
from similar CSC projects, and of the total staff, 477 had directly related experience
using the UNIVAC AN/UYK-7 and the CMS-2Y language prior to assignmeunt to the
TRIDENT project. The annual turnover rate was 247 during the contract period.

The MS and DA subsystems developed by CSC totaled 94K words in size and the
development cost was $2.4M over the contract period.

0o
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2.3.3 Project History

This project encountered several problems during the development cycle. The
major problem arose when a complete redesign of the subsystems was required |
after the sensor data collection hardware could not meet the performance require-
ments. The original hardware known as the Information Transfer System (ITS) was
replaced by special purpose hardware using an AN/UYK-20 computer as a control
unit. This involved a major change in the concept of operation of MS and necessi-
tated development of the DA subsystem. The decision to make this change was
made only after the first two levels of the monitoring subsystem were delivered

to the customer.

The project also had a problem with program sizing caused in part by the added
requirements that accompanied the replacement of ITS by DA hardware. Also the
subsystems were coded using structured programming with the CMS-2Y language
which further extended the core budget. Even after several test cases proved

that structured programs required 5% to 8% more core than non-structured programs,
the decision was made by the customer to continue with structured programming.

A major effort was undertaken to reduce the size of the programs late in the
development cycle and monitoring of the core budget became a high priority effort.

Hardware, compiler and facility problems further slowed progress and resulted in
milestones being rescheduled. The customer became concerned and was given
additional visibility into development activities. Additional controls, resources and
techniques were applied to the project and most of the problems were resolved.

The problems resulted in the final product delivery date being rescheduled from
May 1976 to August 1976.

This pro ject did not use the Threads Management System and the mil estone achieve-
ment data was not well documented. The first two major milestones, Level I and
Level II of the original subsystem design were delivered on schedule. At this

point the decision was made by the customer for a redesign of the monitoring and
information transfer subsystems and all milestones had to be rescheduled.

2.3.4 Project MPP

The modern programming practices identified on the TRIDENT project were:

. Top Down Design

] Builds

® Structured Programming

® Structured Walkthrough

° Progressive Testing

. Software Counfiguration Management
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The use of these MPP's and the impact they had on the CSC TRIDENT project will
be discussed in this subsection.

2.3.4.1 Top Down Design

CSC was required by contract to develop the monitoring and data acquisition subsys-
tems using top down structured programming techniques. The design of the sub-
systems was implemented using a top down approach, by designing the contro!
architecture first, then the internal control logic within each module to a progres-
sively lower level of functional detail, until the lowest functional level is complete.

The result of this technique was a design that segmented the software package into
functionally unique elements that supported phased development and implementation
using the top down structured programming techniques.

There was no data to indicate that this approach was more or less expensive than
another approach, such as a bottom up design.

2.3.4.2 Builds

Late in the development cycle several problems began to surface and the customer

required additional management visibility. A CSC technique known as '"builds' was
implemented. This technique groups related processes into system functions which
can be demonstrated to the customer. This confirms that specified fully developed

processes do perform their design function or functions.

The technique impacted the project in several ways. It provided the customer and
CSC management with visibility into the true status of the project. The milestones
were then rescheduled and lower level milestones were established to assist CSC
management in tracking and controlling the system. This "build-~a-littl e-test-a-
little"" concept promoted early subsystem integration and led to detection of inter-
face problems early. This technique in conjunction with other tools assisted CSC
management in resolving some problems and turaning out good software within a
reasonable time frame.

2.3.4.3 Structured Programming (SP)
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