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FOREWORD

This report is the result of a special study which was carried out at the
System Development Corporation offices in Santa Monica, California. The study
was a portion of the contract work for the BUIC III System Program during the
period of July 1968 to June 1969. The purpose of the study was to provide a
documentary record of the contractor's experiences in applying Air Force systems
management techniques to the BUIC III computer program acquisitien.

Material contained in this report represents a revision of material ori-
ginally reported in the SDC Technical Memorandum TM-4223, "Systems Management
Applied to Information Processing Elements in BUIC III; Review of Experience,"
dated 25 February 1969. The content is based on information which was collected,
organized, and interpreted by the contractor; it does not reflect official
information provided by the 416M System Program Office (SPO) nor technical
participation by SPO personnel.

Administrative monitoring of the task was accomplished by Major Harvey B.
Blanton and Captain James E. Puffer, Office Symbol ESSGB, of the Air Weapons
Surveillance and Control System Program Office (416M/P/418L), Electronic
Systems Division, Air Force Systems Command, Laurence G. Hanscom Field,
Bedford, Massachusetts.

Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is published only for the exchange and

stimulation of ideas.

LIONEL C. ALLARD, JR., lonel USAF

System Program D1recto

Air Weapons Surveillance and Control
System Program Office (L416M/P/418L)
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ABSTRACT

This report is a review and analysis of experience with the
application of Air Force systems management techniques to the
acquisition of information processing elements in the 416M

(BUIC III) system program. The report includes a background
review of the systems management concepts and trends in relation
to practices which had been employed in L-system programs pre-
ceding BUIC III. Novel requirements introduced in BUIC III

are identified in the areas of computer program configuration
management, standard documentation, design reviews, and Category

I testing; and a summary is presented of the milestones associated
with these requirements as they actually occurred during the
program. Finally, the experience in specific areas is discussed
and evaluated with respect to implications for future modification
and use of the management techniques.
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CHAPTER I

INTRODUCTION

A. SCOPE AND OBJECTIVES

This report is concerned with the problem of the integration of a new type of
technology and the management process in the military realm. The technology
is that of computer-based command and control systems. The particular focus
of this report is upon the computer programs and associated products. Manage-
ment, in this context, refers to the process whereby electronic command and
control systems are acquired by a procurement agency for a using command. The
system on which we shall focus is known as BUIC III (416M), the back-up inter-
ceptor control gystem for the SAGE (416L) system of air defense.

The procurement agency in this example of the system acquisition process is

the Electronic Systems Division (ESD) of the Air Force Systems Command (AFSC)
while the Air* Defense Command (ADC) is the user. Two non-military, not-for-
profit organizations of critical concern in this report are the MITRE Corpora-
tion, which was the General Systems Engineering/Technical Direction Contractor
(GSE/TDC) in BUIC III, and the System Development Corporation (SDC), which was
responsible for the BUIC III operational computer program system segment.

Other non-military organizations, of course, also played important roles in

the development of BUIC III. Foremost among these is the Burroughs Corporation,
which designed and manufactured the system equipment. However, since the focus
of attention in this report is on the acquisition of computer programs, the
roles of these other organizations will be dealt with only insofar as they
impinge upon the main areas of concern.

In the BUIC III system project, several management techniques based on the
AFSCM 375-series and associated systems management principles were applied on
a broad scale for the first time to the acquisition of information processing
elements of a command and control system. While some of the techniques have
now been adopted as formal Air Force requirements for general use, BUIC III
represents a first and significant case of actual experience with their
systematic application in a major system project. Because of the increasing
importance of information processing elements in Air Force systems, that
experience constitutes an invaluable source of potential guidance for future
applications, as well as for continued expansion, modification, and refinement
of the techniques. It is therefore a primary objective of this report to
document the history of the program in such a way as to make the lessons
learned available for early dissemination and use.

* Now Aerospace Defense Command.




B. METHODS

Two main types of sources were used to gather the information upon which this
report is based: (1) documents of various types, and (2) interviews with SDC
personnel who participated in the BUIC III system program.

The documents used to reconstruct the history of the BUIC III acquisition
effort and the problems encountered by SDC during the course of that effort
were derived primarily from SDC sources. These included: historical reports
on SAGE, BUIC II, and BUIC III written by SDC personnel; letters, notes, and
memoranda obtained from SDC personnel who participated in a variety of capa-
cities in the BUIC III effort; similar types of documents obtained from SDC's
BUIC Management File; the BUIC III/SDC Configuration Index, SDC's BUIC Monthly
Management Report going back to July, 1964, SDC's Technical Objective and

Plan series, SDC's Air Defense Division's annual Activities Report, SDC's
Lexington Liaison Office Activity Reports and a variety of technical documents
(SDs, TMs, FNs, Notes). Important sources of information were letters, notes,
and memoranda prepared by SDC personnel who gathered these documents while
investigating a particular problem at the request of an SDC manager.
Additionally, extensive use was made of the files of SDC's System Management
Project, which has provided continuing support to ESD during the past 5-6
years in developing the computer program acquisition guidelines, and whose
members have also conducted special studies associated with the BUIC II and
BUIC III programs.

In addition to the document sources, much information in this report has been
supplied by SDCers who participated in the BUIC III program and provided first-
hand data on the application of the 375-series to the design and development

of the operational computer program system segment. Material for Chapter VI,
Discussion and Evaluation, was initially gathered in a series of interviews

and group meetings with SDC technical and managerial personnel in the Military
System Division. Their number was too large to permit listing of all of their
names. These people not only provided essential basic information but also
contributed useful comments and corrections as the writing progressed through
several drafts. Helpful factual comments were also supplied by several members
of MITRE Corporation.

In working with this material and benefitting from the many comments and sug-
gestions received, the three authors wish to make it plain that the interpreta-
tions and viewpoints expressed in the report are their own.



CHAPTER II

BACKGROUND OF SYSTEMS MANAGEMENT FOR COMMAND AND CONTROL SYSTEMS

A. THE PROGRAM DEFINITION PHASE

On 14 January 1963, the Office of the Secretary of Defense issued a draft
instruction entitled "Program Definition.'" The concept of '"program definition'
was based upon the experience of AFSC's Ballistic Systems Division (BSD). The
formal presentation of the concept appeared in BSD Exhibit 62-101, System
Analysis: Procedures for System Definition, published in June, 1962, for the
Mobile Mid-range Ballistic Missile (MMRBM) program. BSD exhibits had pre-
viously been forerunners of military management procedures with Air Force-wide
applicability and this proved to be the case in this instance. The BSD exhibit
proposed a new "system definition' phase, Phase I, to cover the first four
months of the Acquisition Phase. The Department of Defense instruction
required such a phase for all large-scale military system development programs,
not merely those within BSD or the Air Force.

The new phase was defined as follows in the draft DOD instruction:*

"Program Definition is the formal process whereby preliminary
engineering and management planning are accomplished in order
to arrive at definite performance specifications and refined
cost and schedule estimates for the project under consideration.
It is a funded effort by one or more contractors, working in
close collaboration with the government, having as essential
objectives the achievement of best technical approaches, the
identification of high risk areas, and the development of an
adequate basis for firm fixed price or incentive contracting

of the main body of a major development project."

Headquarters USAF responded quickly to the DOD draft instruction and then
turned the matter over to the Air Force Systems Command for detailed study.
Headquarters AFSC arranged for a Command-wide meeting to be held at Andrews

AFB on 6 and 7 February 1963 to review the impact of the new concept on
existing management policies and procedures. Representatives of the Depart-
ment of Defense as well as the Army and the Navy also attended and participated.

*The expression "Program Definition'" was changed to "Project Definition" and
subsequently to '"Contract Definition'" in successive revisions to the original
draft instruction, which were issued in February 1964 and July 1965 as
DOD Directive 3200.9.



It is evident in the report of the Command-wide meeting that the cost concerns
of the Department of Defense were a primary factor in the publication of the
draft instruction on Program Definition. It was closely related to the
experimentation then going on throughout the aerospace industry with a new
management tool known as Program Evaluation Reporting Technique (PERT). A
variation of PERT called PERT/Cost was clearly exciting to DOD personnel since
it provided "a single system for collating the three things that one has to
manage in a program...the work to be accomplished, the time schedule...and the
cost...."* Mr. Robert S. Tucker, Assistant Director for Engineering Management
in Department of Defense Research and Engineering (DDR&E), who presented this
interpretation of the DOD position, went on to say that PERT/Cost seemed to be
a powerful tool for managing large development programs of the type represented
by TITAN III, then under development. At this point it is worth quoting a
later section of the report on PERT/Cost in full:*%

"About two years ago (1961) when people really began to worry about
bad cost estimates and the spiralling cost of weapon systems, the
discussions always centered about the very beginning of the program.
It was stated that most of our problems were caused because we
hadn't had a good cost estimate to start with. Everybody seemed to
agree that this was so. They further agreed that you couldn't get
a good cost estimate unless you had a good statement of work to
define the job clearly. We began by thinking along the lines of
how we could get a better statement of work at the beginning of

a program and, therefore get a better cost estimate."

The objective of the Program Definition Phase, then, was to obtain accurate
cost estimates, and the procedure for achieving this was by associating costs,
not with some '"combination of functions and hardware" but by analyzing the
system into subsystems and then into specific pieces. These pieces are
identified as "hardware end-items' and, on the basis of these end-items, PERT
networks are created. This approach was applied during the TITAN III program
in the belief that it would provide "a firm basis for negotiation of definitive
contracts with the contractors when they were selected.''*** In this way, the
contractor's cost estimates would be related to explicitly defined items of
work instead of an amorphous work statement. Phase I of the Acquisition Phase
required competition among contractors for the award of development contracts.
It was believed that PERT/Cost would provide a basis for evaluating competing
proposals from industry.

* The Program Definition Phase, Report of a Command-wide Conference held at
Hq. AFSC, Andrews AFB, 6 and 7 February 1963, p. 6.
*% Tbid., pp. 51-52.
*%% Tbid., p. 7.




The use of PERT/Cost approach in the TITAN III program was regarded as very
successful by the Department of Defense and it asked for a similar approach to
the development of BSD's Mobile Mid-range Ballistic Missile (MMRBM) program
then just getting underway. In this case, DOD referred to the period of
system definition as the "Program Definition Phase' and that, according to

Mr. Tucker, is how the name came into being.

In essence, the value of the Program Definitien Phase, according to the Depart-
ment of Defense, was that it would make possible the identification of the
components of a large-scale program before it was undertaken, rather than

after it was contracted for, and it would provide a means for controlling the
program, especially costs, after it was begun.

B. IMPACT OF PROGRAM DEFINITION CONCEPT ON ESD

Prior to the publication of the DOD draft instruction on Program Definition
and the AFSC-sponsored Command-wide meeting in February, 1963, the Electronic
Systems Division had initiated efforts to improve the procurement procedures
for large-scale, computer-based, command and control systems. In August, 1962,
personnel representing ESD, MITRE Corporation, and System Development Corpora-
tion met at Headquarters, ESD, and established a Task Group to examine the
problems associated with the acquisition of the L-systems which were ESD's
responsibility. MITRE and SDC were not for profit organizations providing

ESD with technical support--MITRE for over-all system engineering and SDC

for computer programs and associated products, a "package" referred to

at that time by the generic term "software."

The reasons for the creation of the Task Group may be briefly summarized: (1)
pressure from the DOD and USAF for tighter and more effective control over the
procurement process; (2) ESD's concern over the adequacy of its own management
process; and (3) concern by the ESD SPOs about managing a procurement process
for "software' aspects of military systems, aspects which were relatively
unfamiliar to them and which had been managed up to that time by the con-
tractors.

The ESD/MITRE/SDC Task Group was composed of a Steering Committee and, over a
period of time, a number of ad hoc Working Groups. The Steering Committee was
composed of senior representatives from the three participating organizations.
Responsibilities of the Committee were to identify problem areas that needed
investigation, to define specific tasks for the Working Groups, to provide the
groups with guidance, and to review their work.

The first Working Group, composed like the Steering Committee of representatives
from ESD, MITRE, and SDC, and under the chairmanship of then Lt. Col. S. G.
Morgan of ESD, studied the acquisition histories of 465L, 473L, 425L, 416L,

and 4121 to attempt to identify the typical problems encountered in their
management and to assess the adequacy of the management techniques used to deal

{



with them. The Working Group reported the results of its investigation in
October 1962. The following areas were described as major sources of problems
in need of additional study and improvement:

: Management tools and techniques, i.e., specifications, contract
work statements, concurrence documents, etc., for acquiring computer
programs, associated products, and related technical data.

User relationships to development agencies and user participation
throughout the system development process.

Capabilities of ESD military personnel in the fields of system
design and computer programming.

g The philosophy and concepts of system design.

A second Working Group was created to address itself to the problem areas
identified by its predecessor with a particular focus on the first area,
management tools and techniques. The task assigned to the Group was to ''pre-
pare drafts or outlines of ESD Exhibits which would serve as guidance and
illustration in the use or applicability of specific documentation, procedural
steps, processes and definitions for the uniform conduct of management of com-
puter program design and acquisition ...." The results of this Working Group's
efforts were published on 18 February 1963 as a MITRE document, TM-3551,
Computer Program Acquisition Study. This document constituted a good beginning,
despite some deficiencies, in what was to become a long-range task of detailed
definition of the procurement process for computerized systems. It identified
the major problems associated with the acquisition of computer programs and

it recommended possible solutions to them.

Meanwhile, significant events were also taking place elsewhere in Systems
Command. Following the Command-wide meeting at Headquarters AFSC in February,
1963, General Schriever established a system Definition Task Force (SDTF) on

4 March 1963. The '"charter'" for the SDTF made it clear that the AFSC Commander
considered the work of the Task Force to be of the utmost importance and to
merit top priority support from all AFSC divisions. The first meeting of the
SDTF was held a week later at Headquarters BSD, which had been made the lead
division for the task at hand. An interdivisional team was formed as a result
of this meeting and it began full time work at Norton AFB, California, on

1 April 1963. Lt. Col. S. G. Morgan was the ESD representative.

The immediate objective of the Task Force was to incorporate a Definition Phase
into the typical system life cycle, in compliance with General Schriever's
directive to implement the DOD instruction on that concept, and to revise
existing Air Force systems management documentation accordingly. However,
after studying the problem, the SDTF undertook the reorganization and



consolidation of the entire systems management framework. This task took the
form of initiating the development of a guidance manual for general use by the
System Program Offices throughout AFSC, which would contain uniform procedures
covering all phases of the system life cycle and all major aspects of systems
management. This manual (which eventually became AFSCM 375-4) would presumably
be applicable to electronic command and control systems as well as to jet air-
craft, missiles, and space vehicles.

While these events were transpiring at the Command level, the activities of
the ESD/MITRE/SDC Task Group were interrupted by the receipt of a letter from
AFSC, dated 20 March 1963, requesting the Division's comments on the DOD draft
instruction on Program Definition and the BSD Exhibit 62-101 on the same
subject. Senior ESD, MITRE, and SDC representatives met to consider how to
reply.

Various staff groups were asked to review the DOD instruction and BSD exhibit.
The consensus was that, although there was no question about the desirability
of a '"program definition' phase to precede acquisition, the proposed procedures
were based upon experience with weapons systems and were not suitable for
command and control systems. Both MITRE and SDC recommended to ESD that it
resist any attempt to establish a single type of program definition procedure
for all Air Force system programs.

One of the products of the Definition Phase identified by the DOD was a
detailed PERT/Cost network 'for the development of all items contained in the
system or portion thereof on which he (the contractor) was asked to bid." A
list of all end items was to be included and, for each end item, performance
specifications, cost estimates, and foreseeable technical problems were to be
presented. In retrospect, the dismayed reactions of the MITRE and SDC staffs
to these demands upon their technical virtuosity are not difficult to under-
stand. Detailled end items had never before been systematically identified in
advance of development for the then current crop of L-systems. Disagreement
was rampant over the kinds of products which should be included under the
rubric "software." Did it, for example, include "system training," 'human
engineering," '"system evaluation,' etc.? No reliable cost estimates for
computer programming tasks in military command and control systems existed.
SDC personnel could not see how computer program end items could be identified
sufficiently at this early phase in the system life cycle to provide a basis
for cost estimates accurate enough for fixed price or incentive contracts--the
basic objective of the DOD instruction.

Considering the computer programming state-of-the-art, the requirement

to identify "foreseeable technical problems" during Phase 1B, was regarded

by experienced programmers as an unrealistic one. In the early 1960s,
computer programmers regarded a large part of what they did in military systems
as research or exploratory development. The DOD requirements implied a more



highly developed technology. In Phase 1B, for example, it was stated that the
contractors' approach "should be such that the system development to follow can
be accomplished essentially as an engineering task requiring little or no
further exploratory investigation.'" 1In general, the feeling at ESD was that

the DOD concept of the system life cycle had the phases in a reverse order

of emphasis insofar as L-systems were concerned. For L-system development,

more time should be devoted to system design and relatively less to acquisition.
They saw the basic problem as ''the proper phasing of software with hardware
design and development.' Past experience indicated that requirements for the
computer programs were usually underemphasized during the early stages of a
system program. Prior to 1963, for example, it was common for computer
equipment, displays, and operator consoles to be contracted for before the
writing of performance-level specifications for computer programs was initiated.

In spite of such questions, however, the obvious importance of the general
problem motivated ESD and its supporting not-for-profits to take immediate
action.

The ESD/MITRE/SDC Steering Committee established the third Working Group at
this point to provide technical support to ESD in preparing its response to
AFSC, and to provide limited support to the interdivisional team which was
already in session during the first week in April. Known as the System
Acquisition Working Group (SAWG) this group led an active and productive
existence for a period of about six months. Its primary objective was to
define an acquisition process which would take into account the unique needs
of electronic system development as viewed in the ESD management framework.
The personnel associated with SAWG continued to provide occasional support
to the interdivisional task force during.that period. However, the factors
of remote geography, disparities of initial orientations, and inherent
complexity of the problems prevented the SAWG efforts from being materially
influenced by the command-wide concepts being evolved at Norton, which sub-
sequently resulted in the 375-series manuals.

The SAWG resulted in two published reports which, although issued separately
by MITRE and SDC, represented complementary treatments of the total system
problem as viewed at that time in the ESD context. These were: SDC
TM-(L)-LX-74/000/00 (Draft), Command Control Software Subsystem Development
During the Conceptual, Program Definition, and Acquisition Phases, 14 August
1963; and MITRE TM-69, The Electronic Systems Acquisition Process, 31 October
1963.

Both reports, in different ways, were something less than finished products.
TM-69 defined a general process at the total system level, in terms of the
four subsystems which had been chosen as typical of an electronic system —-
namely, hardware, software, testware, and facilities. While the intent was
to amplify processes subsequently for the subsystems (except software, which
was amplified in the SDC report), this intent was never realized. The SDC



document was published only in draft form. Like TM-69, it contained a variety
of management concepts and assumptions which later proved to be incompatible
with the Command-wide 375-series philosophy. However, it did provide, for

the first time, a comprehensive description of the technical processes
involved in "software' development which both reflected a breadth of L-system
experience and established valuable precedents for subsequent work.

C. DEVELOPMENT OF CURRENT CONCEPTS AND PROCEDURES

The SAWG activities terminated in late 1963. However, the Command-wide
efforts which were destined to result in the 375-series manuals continued,
with increasingly active participation by ESD. During the early part of 1964,
the attention of aerospace industry and defense agencies was drawn to the
newly-revised issue of AFSCM 375-1, which had begun to expand the scope and
importance of configuration management. Although the immediate impact of the
manual was on systems and items of equipment, a decision had already been
reached by Systems Command that the principles of configuration management
should be extended to cover computer programs. In effect, this was a decision
that computer programs are a class of system components which should be managed
like items of equipment -- as opposed, specifically, to items of data.

The decision to classify computer programs with equipment for purposes of
management was not altogether novel. However, appearing as it did in the con-
text of the emerging 375-series concepts, 1t provided a new set of criteria
and guidelines for approaching questions of computer program acquisition which
had not been present in the earlier ESD studies. Further studies were clearly
needed, since it was recognized that the equipment procedures were of
questionable applicability to computer programs in many areas, not only within
configuration management but throughout the systems management structure. As
a result, and because of ESD's primary interest in computer-based systems, ESD
was designated the lead division for Systems Command to resolve the associated
problems.

Since that time, the tasks undertaken have been concerned with developing the
necessary adaptations of requirements and procedures in the areas of configu-
ration management, data management, testing, and system engineering, using
the established manuals covering those areas as points of departure. This
process actually began in late 1963, as a result of a tentative proposal made
by the 416M SPO to apply the ANA Bulletin No. 445 to SDC's contract for the
BUIC II computer programs. Problems posed by the bulletin's equipment-oriented
language and procedures stimulated SDC to undertake, by way of a counter
proposal, to develop a special exhibit which would apply to managing computer
program changes. A series of drafts of the exhibit, initiated in December,
1963, evolved into a final exhibit which was attached to the BUIC II contract
in June 1964.



In the interim, SDC had also been invited by the Technical Requirements and
Standards Office of ESD to comment on the revised AFSCM 375-1 which was issued
in draft form in January 1964. Through interest in the general problem, SDC
initiated a staff study, expanding the BUIC II exhibit effort, which both
influenced the content of the BUIC II exhibit along lines suggested by 375-1
and also resulted in a report (SDC TM-1918, 1 June 1964) containing a proposed
approach to computer program configuration management for general application.

In January 1965, the Technical Requirements and Standards Office took steps
to initiate continued studies on a more formal basis. A Software Management
Committee, composed of representatives from a number of ESD offices, was
formed to coordinate and direct the efforts, and arrangements were made for
contract support by SDC. At SDC, the contract work was carried out by a small
group of the personnel who had been associated with the earlier work in SAWG
and configuration management.* The contract for the first six-months period
was sponsored by the 416M SPO, with specific objectives to (1) develop a set
of AFLC/AFSC Forms 9 covering the information processing data items for a
typical system program, to fill a vacuum which existed in that area in the
310-1 manual, and (2) to expand and refine the requirements for computer pro-
gram configuration management. Requirements incorporated in the BUIC III
contract, which are the subject of this report, were largely products of that
effort.

Continued work by the ESD/SDC team during the next few years was devoted to
refining those early products, expanding the coverage of 375-series areas,
and coordinating products with other agencies. Figure 2-1 summarizes the
events which have been described, and also indicates a number of relevant
events which have occurred since. The principal documents shown on the chart
beyond those already discussed are identified and explained briefly below.

ESD 416M-34 -- The BUIC III configuration management exhibit was issued
before the general exhibit, EST-1, became available. It was based
on materials resulting from the project described above (SDC TM-1918/
01), but with a few revisions which (1) had been made in the course
of subsequent Air Force/industry coordination and (2) were indicated
for the specific BUIC III applications.

EST-1 -- The ESD Exhibit EST-1 was first issued in May 1966. Based on
TM-1918/01, it was reorganized into the form of change pages and
additional exhibits to AFSCM 375-1.

* This group became the SDC System Management Project, which has been in
existence since that time, usually at a level of 2-4 members. Current
members are the authors of this report.
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EST-2 -- ESD Exhibit EST-2 was directed towards the 'parent' manual of

the 375-series, AFSCM 375-4. The exhibit contained some minor
additions to the 375-4 flow charts of events for a system life cycle
and a set of supplementary narratives, keyed to the narratives of
375-4, to clarify application of the manual to ESD systems. The
exhibit was revised and reissued the following year (1967) in the
form of ESD Supplement 1 to AFSCM 375-4.

EST-3 -- ESD Exhibit EST-3, "Instructions for Conducting Formal Technical

Reviews, Inspections, and Demonstrations,' was written. by personnel of
the Technical Requirements and Standards Office to clarify the subject
topics for the benefit of the program offices. It covers those
requirements as they pertain to systems and equipment, as well as

to computer programs.

TM-3596 -- This document, entitled "System Engineering Guide for Computer

DOD

Programs," was initially issued in September 1967 as an SDC Technical
Memorandum. It was subsequently reissued as ESD-TR-68-1, in March
1968. As the title suggests, it was directed towards the areas
covered by AFSCM 375-5. However, it was written in informational
rather than directive form, to provide a basis for further study

in relation to the applicability of 375-5 requirements.

5010.19/.21 -- The DOD Directive 5010.19 and Instruction 5010.21

were issued in July and August of 1968, providing authority for

the subsequent issuance of military standards 480 and 490 con-
taining uniform configuration management requirements for use by
all defense agencles. These events have caused the Air Force to
initiate revisions of 375-series AFSC manuals to comply with the
new standards, and will result in some variations in procedures

and terminology from those described during later chapters herein.
The conversion has not yet been accomplished at the time this report
is published.
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CHAPTER ITI

ORIGINS AND DESCRIPTION OF THE BUIC III AIR DEFENSE SYSTEM

A. INTRODUCTION

The history of the BUIC system program is treated in two parts in this and the
following chapter. This chapter reviews the evolution of BUIC as an air
defense system out of its predecessor systems: the Manual Air Defense System
and the Semi-Automatic Ground Environment System (SAGE). The major reasons for
the creation of the BUIC III system are reviewed and the nature of the system--
its operation and organization--are described. Chapter IV reviews the history
of SAGE and BUIC II in terms of their acquisition as system programs managed by
an ESD SPO.

B. MANUAL AIR DEFENSE SYSTEM

The defense of the continental United States against air attack was not regarded
by the military services as a serious problem until after World War II. Two
events altered military thinking about the need for an effective continental

air defense: the successful explosion of an atomic device by the U.S.S.R. in
1949 and the outbreak of the Korean War in 1950 which raised the possibility

of an attack directly against the United States mainland by manned Soviet
intercontinental bombers.

The defense of the continental United States against air attack in the early
1950s was the responsibility of the Air Defense Command (ADC) of USAF. ADC
operated an Aircraft Control and Warning (AC&W) network composed of a few
hundred radar stations in the United States and Alaska.*

Responding to the pressures of the cold war, ADC's manual AC&W network gradually
expanded. In cooperation with Canada, radar coverage was extended outside of
the United States to include the so-called Pine Tree Line, the Mid-Canada Line,
and the Distant Early Warning (DEW) Line. Radar picket ships and early warning
and control (radar) aircraft patrolled the approaches to the east and west
coasts of the United States, thereby extending continuous radar coverage
hundreds of miles out to sea. The Greenland-Iceland-United Kingdom (GIUK) Line,
also composed of airborne radars, extended radar coverage across the north
Atlantic. The Ballistic Missile Early Warning System (BMEWS) was added to
provide warning against a possible U.S.S.R. ballistic missile threat.

* A USAF plan in 1947 called for the construction of 411 radar stations at a
cost of about $4,000,000.
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The primary functions of air defense were to detect, identify, intercept, and
destroy the elements of an enemy air attack. The operations required to detect
and identify aircraft and to control interceptors were carried out in Air
Defense Direction Centers, the basic units of the AC&W network. These Direction
Centers (DCs) were located at the surveillance radar stations where air traffic
was kept under constant observation.

The basic operations within the DC may be briefly described. Operators watched
displays of radar echoes on radar scopes for signs of movement indicating the
flight of aircraft. After detecting an aircraft, the operators would pass its
range, azimuth, and estimated speed to plotters who marked its position
relative to local geography of the DC on a large, vertical, Plexiglass board.
Other plotters maintained the current status of interceptor squadrons, status
of winds aloft, and status of the air defense system as a whole, The radar
operators kept the plotters informed of the movements of an aircraft, referred
to by an assigned track number, as it flew over the DC's geographical area of
responsibility. Each track was quickly identified from available flight plans
or was declared unknown if no match with a flight plan could be made. Infor-
mation on tracks was passed laterally to adjacent DCs and vertically to higher
headquarters known as Control Centers (CCs), each of which had jurisdiction
over several DCs.

If it became necessary to identify an unknown track visually or to intercept

a potentially hostile aircraft, the Control Center issued scramble orders

to a selected interceptor base and then assigned control of the interceptor to
the DC best located to direct the interception. By following the flight of the
unknown aircraft and the interceptor on his radar scope and by passing verbal
instructions to the interceptor pilot via radio, a weapons director guided the
fighter pilot to a point where visual identification of the unknown aircraft
could be made, or, if the unknown was determined to be a hostile track, into a
position to intercept and destroy it.

Organizationally, each DC was identified as an AC&W Squadron. The commanding
CC and its several assigned AC&W squadrons comprised an Air Defense Division.
The several Divisions into which the United States was divided reported to
North American Air Defense Command (NORAD) headquarters at Colorado Springs,
Colorado. 1In 1956, the continental United States was organized into twelve
Divisions grouped into three Air Defense Forces.

The Manual Air Defense System suffered from two basic weaknesses: 1inadequate
radar coverage and an inability to process with sufficient speed and accuracy
the large amounts of data which could be expected to accompany any reasonably
large-scale air attack. The Ground Observer Corps was utilized to attempt to
fill in the gaps in radar coverage. In response to the problem of data
processing requirements beyond the system's capabilities, USAF requested the

14




assistance of the Massachusetts Institute of Technology. In 1951, a special
study known as Project Charles was instituted by MIT. Recommendations stemming
from Project Charles led to the creation of the Lincoln Laboratory which
investigated the feasibility of using an electronic digital computer for
processing radar data. It was this investigation and other similar studies
which led to the concept of a Semi-Automatic Ground Environment system or SAGE.

Throughout the growth and development of SAGE, selected elements of the manual
system have continued to provide a back-up capability for the air defense
network.

C. THE SAGE SYSTEM

SAGE was the first real-time, computerized air defense system in the operational
inventory of the Air Defense Command. Headquarters, USAF approved its acquisi-
tion in 1953 and the first site attained operational status in 1958. The
rationale for the replacement of the Manual Air Defense System by SAGE is reviewed
in these words:*

"In early 1950, the military concluded that the manual air-
defense system in use at that time could not adequately co-
ordinate use of our improved hardware against the growing

enemy threat. The capacity of the system was too low; the
speed with which enemy aircraft could be detected, tracked,

and intercepted was too slow; and the area over which an air
battle could be closely coordinated was too small. The problem
was one of inadequate, nation-wide, data-handling capability:
facilities for communication, filtering, storage, control, and
display were inadequate. A system was required which would 1)
maintain a complete, up-to-date picture of the air and ground
situations over wide areas of the country, 2) control modern
weapons rapidly and accurately, and 3) present filtered pictures
of the air and weapons situations to the Air Force personnel
who conduct the battle.”

SAGE performs essentially the same operational air defense functions as did its
manual predecessor: surveillance, identification, and weapons control. SAGE

is different in one basic respect--it employs electronic digital computers,

in addition to human operators, to accomplish selected air defense functions.
While Air Force personnel carry out such tasks as the initiation, identification,
and monitoring of tracks, the computer programs plot, correlate, and display
surveillance data. The assignment and commitment of weapons are made by weapons

* See R. R. Everett, et al., p. 148, in the bibliography
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directors, but the central computer continuously tracks the position of
interceptors and makes the calculations necessary to guide a weapon to its
target. Man-computer communications flow is shown in Figure 3-1. A key
characteristic of SAGE, deliberately built into the system, is its semi-
automatic operations: human operators have the capability to intervene at
‘practically any point in automatic processes. All major decisions are made by
Air Force personnel.

The SAGE DC contains over 100 console positions, although actual manning at any
given time varies with traffic load and the military situation. The opera-
tions of the DC are conducted in several rooms, each responsible for a basic

air defense function: the Surveillance Room, where radar returns and tracks

are monitored; the Weapons Room, where interceptors and missiles are assigned to
targets and controlled; the Identification Room, which processes flight plans;
the Manual Inputs Room, where data received by voice and teletype are inserted
into the computer; the Command Post, where the Battle Staff may observe the
course of the air situation or battle on a large wall display; and the Training
Battle Staff Room, where training and simulation activities are conducted.

The SAGE Direction Center (DC) is the basic operating unit of the system,
modeled after its manual DC prototype. However, communications laterally with
adjacent DCs and vertically to the Combat Centers are primarily digitalized.
The elements linked to the SAGE DC by both automatic and manual information
processing capabilities are shown in Figure 3-2. These elements include the
command element, the SAGE CC; adjacent SAGE and manual DCs; the Army Air
Defense Command Post with its complement of Nike guided missiles; interceptor
bases; weather stations; the Air Route Traffic Control Center, which through
its Air Movements Information Section (AMIS) provides the SAGE DC with flight
plan information; long range and gap filler radars; radio transmitters linking
the DC by voice and digital data to interceptor pilots; BOMARC guided missiles;
and, at various times in the past, Navy radar picket ships and Air Force early
warning and control aircraft.

The SAGE system, in 1966, consisted of 14 DCs under the command of 5 CCs, one
of which (Ottawa) was a combination CC/DC.

Each SAGE DC contains duplexed IBM digital computers, designated the AN/FSQ-7.
The two components ensure round-the-clock operations. The following descrip-
tion of the computer system and computer programs as of 1966 is quoted from
H. Sackman,*

"The computer system consists of the central computer, the
computer programs, magnetic drum buffer storage, six magnetic

* See H. Sackman, pp. 109-111, in the bibliography. Changes to SAGE have, of
course, occurred since this description was written.

16



49VS UF MOTJ uoTiEdTunumo) Iajndwo)d-uel *T~¢ 2an31g

W31SAS IN3W33 |e
H31NdNOD = 1NdNI NN9 LHON
IWHLN3D AVNNYN ‘I-

S1NdN! SWuvIV
WoLms| 318100V

3NN _|
S39VSSIN NOHAT13L

Avidsia

S3IHILIMS
NOILN3IAHILNI

SAV1dSI0 SAV1dSIO
mzzzo ,_a:_m_ob VL1910 NOILYNLIS
SIHILIMS
| A¥O931VD
viva XOvdl
ViV ¥VOVY

SAVdSIO vLli9i0

17




ADJACENT NORAD
SAGE CC— coc

g ADJACENT |
%ﬁﬁ\ e SAGE DC 4

GUIDED
MISSILES
AEWBC
R B
ADJACENT
- / __STATION MANUAL DC
Aehraal “&”7RADIO_RECEIVER >
PICKET SHIP AND DIGITAL DATA <
TRANSMITTER Ny
5
INTERCEPTOR
BASE
WEATHER
STATION
HEIGHT @AIR ROUTE
n FINDER TRAFFIC CONTROL

CENTER

GAP FILLER .
(AMIS)

RADAR SITE 7 LONG RANGE

RADAR SITE

Figure 3-2. SAGE Data Flow

18



tape units on each side,* and a real-time clock. The central
computer is a general-purpose,** binary, parallel, single-
address machine with a 32-~bit word length. The magnetic core
memory originally included 8,000 registers, later expanded to
69,000. Memory cycle time is 6 microseconds, and average
instruction operating time is close to 10 microseconds, per-
mitting up to 100,000 dynamic instructions to be executed per
second."

"There are 12 magnetic drums, each with 12,288 32-bit words,

for a total capacity of some 150,000 words. The magnetic drums
are used for storage of the operational program, system status
information, and for in/out buffer data. A break feature permits
central computer operations to continue while data are transferred
from core memory to a terminal device. For example, although

325 miceroseconds are required to transfer a word from core to
tape, only six microseconds of central computer time are used
during this period for the instruction that initiates the
transfer. This feature is most important for a real-time
computing system since considerable time is consumed in input/
output searching, waiting and transfers. Separate read-write
heads permit in/out operations between external sources and
buffer storage to occur independently of central computer
operation. This frees the central computer from routine

service activities and permits it to do more complex jobs more
closely tied to air defense operations."

"The operational or real~time program system for the SAGE
Direction Center contains about 100,000 instructions. It is
partitioned into some 40 sub-programs to handle specific
functional areas. Roughly speaking, the operational program
is approximately equally divided in size between four general
areas: 1input/output operations, man-computer communications,
tracking and weapons control, and miscellaneous areas includiang
bookkeeping (updating tables) and simulation. The various Q-7
support programs involve over half a million instructions.
They include utility, assembly, recording, data reduction,
simulation, site production, and JOVIAL compiler programs."

* Four tape units were standard at SAGE sites.

** The AN/FSQ-7 was actually designed to incorporate special-purpose features
for air defense application.
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"There are additional operational and support programs for the
AN/FSQ-8* (Q-8 for short) used at higher headquarters at SAGE
Combat Centers. The Q-8 computer 1s physically identical with
the Q-7 computer as it was originally designed with an 8,000
word core memory. A broader definition of the computer program
system might reasonably include contractor activities in direct
support of SAGE training and operations, activities requiring
the use of SAGE and other computers and associated support
programs. Under this broader definition, the grand total of
SAGE-related programs incorporates more than one million com-
puter instructions."

The SAGE system suffered from one very critical flaw -- it was extremely
vulnerable in an age of thermonuclear missiles. As so frequently happens in
the race between offensive and defensive weapons development, USAF had
committed itself to SAGE before the advent of the ICBM. 1In addition to the
question of SAGE survivability, USAF was concerned over what it regarded as
unexpectedly high operational and maintenance costs. Numerous studies were
conducted in the 1959-1961 period in an attempt to find solutions to SAGE
inadequacies.

In the 1959-1960 period, Super Combat Centers were proposed and evaluated in
an effort to reduce SAGE vulnerability. The SCCs were conceived as hardened,
underground sites. However, the SCC concept did not resolve the problem of
the high cost of air defense. Rather than build expensive underground Combat
Centers, USAF turned in 1961 to an alternative concept -- a decentralized
dispersed, less vulnerable and less expensive system which would provide a
back-up capability in the event SAGE facilities were destroyed.

The Back-Up Interceptor Control or BUIC system was a natural outgrowth of SAGE
modes of operation. In Mode I, normal air defense operations are conducted

by the SAGE DCs. If the active computer failed, the standby computer assumed
operational responsibility. 1In the event a SAGE DC was completely disabled,
Mode II operations began. In this mode, adjacent DCs expanded their geo-
graphical areas of responsibility to cover the disabled sector. Mode III
referred to an operational situation in which manual or back-up sites assumed
the task of air defense when their SAGE DCs were inoperative.

D. THE BUIC CONCEPT

In 1961, a Task Group at Headquarters, USAF developed the concept of an

"~ * The Q-8s have since been phased out.
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austere interceptor control system as a back-up to SAGE and submitted their
plans to NORAD, ESD, and ADC. The cost of the system was not to exceed $100
million, using off-the-shelf equipment, available communications, and was to
be acquired in the shortest possible time.* The USAF planners believed that
the BUIC concept would make a SAGE reconfiguration possible in which the most
vulnerable DCs would be eliminated and, as a result, USAF would realize
significant savings in operations and maintenance costs. In January 1962, ADC
published an operational plan for BUIC and a month later ESD published a
document dealing with BUIC functional design and performance requirements.
These early documents recommended the creation of back-up control centers,
called NORAD Control Centers (NCCs), which would take over the air defense
responsibilities in the event SAGE control capabilities were lost. The
assumption that the NCCs would have a higher probability of surviving a missile
attack than SAGE DCs was based on the fact that they were to be collected

with selected long-range radar sites which were not near expected ICBM targets.

The BUIC system implementation was divided into three phases. BUIC I was
conceived as an interim system consisting of 27 manual NCCs. This system
provided an immediate manual back-up control capability comparable to the
earlier Manual Air Defense System. While some of these BUIC I NCCs will

remain part of the air defense system, most will be either phased out or con-
verted into semi-automatic NCCs. BUIC II was originally planned to have 34
NCCs; however budget limitations and other factors reduced that number to 13
computerized NCCs capable of assuming the SAGE air defense functions. The BUIC
NCCs do not have the same data processing capabilities as SAGE DCs, but perform
basically the same air defense operations in a similar, computer-assisted manner.
BUIC II is currently operational.** The BUIC II system with improved and ex-
panded capabilities, roughly twice that of BUIC II, is gradually replacing it.

E. THE BUIC III SYSTEM#***

BUIC II1 is a command control system composed of semi-automatic NCCs located
at selected long-rage radar sites. One, two, or three NCCs are installed
in an Air Defense Division to serve as a backup to the SAGE DC (see Figure 3-3).

* See W. S. Melahn, p. 1, in the bibliography

** A description of the BUIC II system may be found in a System Development
Corporation document, BUIC II Interface Exercise Manual, TM-2329/000/02,
4 April 1966.

*** The information on BUIC III in this section, with the exception of Figure
3-3, is taken in its entirety from a System Development Corporation document,
Introduction to BUIC III and SETE, TM-3000/100/02, 1 February 1968.
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When the DC in a Division is operating, the NCCs in that Division monitor the
air defense situation to be able to assume air defense responsibility quickly
in case the DC becomes inoperative. This operational mode, called the Monitor
mode, is the normal operating state of NCCs. If a SAGE DC becomes inoperative,
the NCCs in that Division change to an Active mode of operation and assume
responsibility for alr defense operations within the Division. At the NCC,
BUIC III operators receive displays of filtered and processed data and enter
instructions at display consoles connected to the BUIC computer.

A digital, teletype, and voice communications network interconnects NCCs and
other air defense system elements. Most of the data entering the NCC are in
digital form and are enter2d directly into the computer. ‘Other data received
by voice or teletype may be entered into the computer manually by card inputs.
The NCC, in either a Monitor or an Active mode, receives a continuous flow of
data which must be processed and displayed to support its air defense role.
There is also a continuous flow of data out of the NCC, but the volume of out-
puts is much less in the Monitor mode than in the Active mode when the NCC has
active control of air defense elements in its area of responsibility. The
major elements that a typical NCC interfaces with are depicted in Figure 3-4.

In the Monitor mode, an NCC maintains a current air picture by means of radar
data received directly from radar sites and track data received from its
parent DC (the DC in its Division) or from associate NCCs (other NCCs in the
same Division). Radar data come from the same network of radars used by the
SAGE system. This network includes long-range radars (LRRs), gap-filler
radars (GFRs)* and airborne long-range radar inputs (ALRIs). These data are
processed and displayed at the NCC in the same manner in either the Monitor
or the Active mode. An NCC in the Monitor mode, however, has no cortrol over
the operations at the radar sites. In the Monitor mode, the track data from
the DC are automatically updated by the BUIC computer program by means of
radar inputs. This helps to ensure the continuity of tracks in the system in
the event the NCC has to take over the air defense function. While in the
Monitor mode, an NCC does not initiate tracks, request height, or identify
live tracks, nor does it commit weapons.

When the parent DC becomes inoperative, the NCCs in the Division take over the
functions of the DC. The Active mode NCCs expand their interfaces and each
assumes control of a predesignated portion of the Division. External defense
elements are informed by voice that the NCC is assuming control and circuits
are established for the flow of information. An NCC replaces its parent DC

in the lateraltell network of DC communications. One NCC in the Division
becomes interconnected with the SAGE Combat Center (CC) which is responsible

* All but one of the GFRs have been phase out.
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for the direction and coordination of air defense functions in the Region.

The NCC transmits track data and weapons status information to the CC via data
link. By voice, the CC provides the Active NCC with early warning information,
nuclear detonation reports, and information on adjacent Region activity. If
the CC becomes inoperative, and no DC in the Region remains in operation, the
Battle Comrander in a designated NCC establishes voice communications with the
NORAD Combat Operations Center (COC) in order to transmit Region status data,
battle damage, and track information to the COC and to receive threat infor-
mation, nuclear hazard data, intelligence data, and battle direction.

An Active NCC is responsible for all air surveillance and weapons control
functions in its area of responsibility. Close coordination with radar site
personnel is needed to maintain the best possible surveillance radar data.
Height finding radars at these sites are also controlled. Tracks are initiated
and monitored by air surveillance personnel at the NCC. Identification
responsibilities are assumed. Flight plan information received from the Air
Movements Information Section (AMIS) via teletype is inserted into the computer
by card input for manual and automatic identification processing. Weapons
personnel commit manned Interceptors or BOMARC missiles against tracks
identified as Hostile or the tracks are passed to Army Air Defense Command Post
(AADCPs) for engagement by ADA fire units. Manned interceptors are scrambled
by means of voice communications between NCC weapons personnel and personnel

at the Combat Alert Center (CAC) at an airbase. Control of the aircraft is
ordinarily by means of data link transmitted via Time Division Data Link

(TDDL) but two-way voice communications are provided by ground-to-air voice
radio sites. BOMARC control is always via TDDL.

In the remainder of this chapter, MCC equipment, computer programs, and
personnel are described briefly.

1. - Equipment

Data processing and display equipment are installed at each BUIC II NCC to
support the NCC air defense role. As an integrated group this equipment, the
AN/GSA-51A Radar Course Directing Group, is capable of performing the calcula-
tions and data manipulations required by computer programs; accepting and
transmitting information via digital data circuits; displaying information

to operators; accepting and processing manually inserted information, operator
requests and commands; and storing information for subsequent processing.

a. Data Processing Equipment
The BUIC III data processor consists of solid state computers, core memories,
and input/output modules. Their functions and the functions of related peri-

pheral equipment are described below.

Digital data computers. Two digital data computer modules interpret and
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execute program instructions. They operate independently and each is capable
of controlling the operation of a stored program.

Core memories. Eight core memory modules provide a high-speed random access
storage of a total of 32,768 words.

Controller-comparators. Four controller-comparators or input/output control
modules control the transfer of data between the core memories and peripheral
devices.

Magnetic drums. Three magnetic drums are used for the storage of computer
programs, -large blocks of data, and information to be displayed. Each drum
provides 65,536 words of storage. Three magnetic drum controller-converter
enable the transfer of data from a display drum to a data display console.

Message processors. Two message processors receive digital data from external
sources, store the data, and send them to a controller-comparator. They also
store output messages from the controller-comparators prior to transmission
over the output circuits.

Magnetic tape units. Four magnetic tape units or recorder-reproducers are
used to record data and store computer programs and simulated data. They are
made compatible with the controller-comparator modules by means of a recorder-
reproducer controller.

Teleprinter set. An on-line teleprinter produces permanent records of selected
data. This high-speed device can print 120 characters per line in quadruplicate
at a rate of 600 lines per minute.

Keypunch. A keypunch machine is used to punch and verify data on 80-column
cards.

Punch card reader. An on-line punch card reader is used for the manual inser-
tion of information to be used by the computer program.

Teletypewriters. Teletypewriters (teletypes) are used to receive flight plan
data, winds aloft data, and weather information. They output information in
both punched paper tape and printed form.

047 Tape-to-card converter. This device converts the punched tape output by
the teletype to punched cards which are ready for entry into the card reader.

Typewriter-punch reader. An on-line typewriter-punch reader provides a means
of communication between the data processor and maintenance personnel.
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Status display console. A status display console is provided in the data
processing area for use by maintenance personnel in controlling and monitoring
all central and peripheral data processing equipment.

Simulator group. The simulator group consists of two manual input keyboards
located in the data display area and one compatibility unit in the data pro-
cessing area. This equipment can be used to generate and control simulated
interceptors and to simulate pilot response during a training exercise.

b. Data Display Equipment

Data display consoles provide operators with the computer-generated displays
they need to perform their assigned tasks, a means of selecting the information
to be presented, and a means of inserting requests and commands into the com-
puter. Eleven data display consoles are provided in those NCCs having an Air
Defense Artillery responsibility. All other NCCs have ten. All consoles

are logically and electrically identical, but they may be assigned to different
functions by means of manual input card messages. A typical configuration of
display equipment and assignments is shown in Figure 3-5. The minimum and
maximum number of consoles that may be assigned to various functions is as
follows:

Console Function Min. Max.
Senior Director 1 1
Weapons Director(s) (0] 6
Air Defense Artillery Director(s) 0] 2

Radar Inputs and Countermeasures

Officer/Air Surveillance Officer 1 1
Air Surveillance Operator(s) 1 7
Identification Operator (s) (0] 2
Simulation Supervisor 0 1
Flight Path Simulator(s) (0] 3
Target Monitor 0 1

Situation Display. The data display console contains a cathode ray tube for
" the display of information concerning the air defense situation. It has a
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Figure 3-5. Typical BUIC III Display Area
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viewing area 12 5/8 inches square. Symbols and vectors are used to display
such information as radar data, track information, alarms, intercept points,
the location of air defense facilities, and geographic boundaries. By push-
button action an operator may select display expansion levels of two, four, or
eight in addition to the basic display which covers an area 1500 nautical miles
square.

The classes or categories of data displayed on a situation display may be
selected to be appropriate to the function being performed at each individual
console. Forty three-position category selection switches are provided on the
left side of the situation display viewing surface for this purpose.

Tabular display. A separate cathode ray tube is provided on the data display
console for the display of data in a tabular format. It has a viewing area 3
3/6 inches square. Within this area a maximum of 17 columns and 16 rows of
symbols may be displayed.

Computer alarms. One visual and one audible computer alarm are provided at
each console. Activation and resetting of the alarms are under the control

of the computer program but the audible alarm may also be reset manually by the
console operator.

Manual intervention. By means of pushbuttons or switches, an operator may
enter and transmit information from the display console to the data processor.
The switch panel on the console contains a twelve-column pushbutton keyboard,
a rotary heading switch for the insertion of heading information, and an
activate pushbutton/indicator to transmit information to the data processor.

Light sensor. Operators are provided with light sensor devices similar to the
SAGE light guns to initiate requests or commands to the data processor. This
device is activated by positioning it over a displayed symbol or vector by
means of a projected circle of light.

Coordinate data monitor. A coordinate data monitor console is provided for
the monitoring of radar inputs. This equipment is also called a Random Access
Plan Position Indicator (RAPPI).

2. Computer Programs

The computer programs provided for BUIC III were identified and developed as
four separate computer program contract end items (CPCEIs), distinguished on
the basis of system functions as follows: (a) operational functions, (b)
system exercising functions, (c¢) utility functions, and (d) computer mainten-
ance~diagnostic functions.

a. Air Defense Computer Program (ADP)

The ADP performs the calculations and data manipulations required for air
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defense operations. It provides the capability for tracking and identifying
aircraft, for the scrambling and control of interceptors, and for the transfer
of information to adjacent facilities or higher echelons. In addition, a
capability is provided for periodically recording operations data for later
analysis. For training operations crews, a means of simulating certain inputs
to an NCC is included in the program.

b. System Exercise Computer Program (SEP)

The SEP provides the capability to generate simulated data on magnetic tapes
to be used as inputs to ADP during air defense exercises and during the
testing of ADP. It also provides a means for analysis of data recorded during
exercise and training missions. Summary information may be provided on
individual operator performance as well as on the performance of groups of
operators or of the system as a whole.

% Utility Computer Program (UCP)

The UCP is the system used for the production and maintenance of ADP and SEP.
It is also capable of maintaining itself. 1In producing a coded system, infor-
mation is accepted by the program, assembled into a machine language and
placed on a magnetic tape for later use. These tapes may be changed via the
UCP to correct errors or to incorporate required changes to the system.

d. Maintenance Computer Program (MCP)#*

The maintenance computer program is made up of two parts: the backup con-
fidence~diagnostic (BCDP), and the active confidence-diagnostic (ACDP). BCDP
consists of confidence checking and diagnostic testing programs which exercise
and operate in the backup equipments. This program operates in parallel with
ACDP or ADP. ACDP operates in the active equipment modules when ADP is not
running. It provides executive control for parallel BCDP/ACDP operation,
diagnostic testing, and error analysis. The MCP provides the BUIC III system
with early malfunction detection and fault isolation to minimize the effect
of equipment failures on overall system performance. The computer operators
are kept informed of equipment failures through audible alarms, visible dis-
plays, or printed output on the typewriter-punch reader or the teleprinter.

o 3% Personnel

Operations and maintenance personnel are stationed at each NCC for the perfor-
mance of air defense operations. They are divided into functionally oriented

* MCP is a Burroughs Corporation computer program.
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groups consisting of a Supervisory Team, an Air Surveillance Team, a Weapons
Direction Team, a Manual Data Team, a Maintenance Team, and several other
support teams. The authorized positions which constitute these teams are out-
lined in the following paragraphs, but the number of operational positions which
will be manned at any given time will depend on the NCC status and the Division
air defense conditions.

a. Supervisory Team

The Supervisory Team is composed of the Battle Commander (BC), a Senior
Director (SD), and a Senior Director Technician (SDT). The BC is responsible
for the NCC operation and coordinates with higher echelons of command. The
BC's position is at a table in the display area adjacent to the SD. He does
not have a display console, but he may share the SD's console. The SD is
responsible for air defense functions being performed within the NCC and
coordinates defense operations with other NCCs. The BC is supported by the
Weather Officer (WX0) and the Communications-Electronic Staff Officer (CEO),
who are located at the same table as the BC.

b. Air Surveillance Team

The Air Surveillance Team is responsible for radar input data control, tracking,
height finding, track identification and coordination with other control
centers. The team's supervisor is responsible for dual functions. As the
Radar Inputs and Countermeasures Officer/Air Surveillance Officer (RICMO/ASO),
he supervises the action of the air surveillance function, monitors radar
input data, and coordinates ECCM activities in an ECM environment. He also
supervises the manual inputs function. The Air Surveillance Technician (AST)
assists him in these duties. Other team positions include Air Surveillance
Operators (ASOs) who initiate and drop non-Interceptor tracks, monitor active
tracing, initiate height requests, and monitor passive tracking; and Identi-
fication Operators (IDOs) who identify tracks and coordinate flight plan
information with input agencies.

(=7 Weapons Team
The Weapons Team is responsible for directing and controlling air defense
weapons and coordinating activities with other control centers and AADCPs.
The team consists of Weapons Directors (WDs) and their technicians, and an
Air Defense Artillery Director (ADAD) and his technician. Army personnel
are stationed at the NCC to perform ADA functions.

d. Manual Data Team

The Manual Data Team is responsible for handling data received by voice or
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teletype from external sources and entering it into the NCC data processor.
Normally, the team is composed of three Manual Inputs Operators (MIOs) and a
Manual Status Clerk (MSC). The duties of the MSC include the maintenance of
current status data on a vertical plotting board in the display area. Other
than this task, the functions of the Manual Data Team are performed in the
Manual Data/Weather area, which is a 9' by 12' space partitioned within the
data processing area. This team has no data display console.

e. Weather Team

The Weather Team provides weather information to operations personnel in the
NCC. Weather staff support is given to the Battle Commander. Nuclear fallout
patterns are developed, and weather forecasts and winds aloft data are prepared
for the Manual Data Team to enter into the data processor. The Weather Team
consists of a Weather Officer (WX0) whose normal position is at the BC's table
in the front of the display area and a Weather Observer (WXOB) who is located
in the Manual Data/Weather room in the data processing area.

f. Maintenance Team

The Maintenance Team is under the direction of the Electronic Computer Main-
tenance Office (ECMO) who normally supports the SD in the display area. The
Computer Maintenance Supervisor (CMS) and the Facility Maintenance Monitor
(FMM) have over-all responsibility for the maintenance and operation of the
data processing and display equipment. They are assisted by Computer Main-
tenance Technicians ((MTs) and Display/Input-Output Technicians (D/IOTs). A
Computer Program Maintenance Team (CPMT) is responsible for monitoring the
operation of the NCC computer programs and making on-site modifications and
corrections as necessary.

g. Target Monitoring Team

The Target Monitoring Team consists of an Exercise Director and a Target
Monitor. They are responsible for controlling exercise target aircraft and
for ensuring the safety of all aircraft during air defense exercises using
live aircraft. These are not full-time positions but will be filled by
qualified operations personnel as a supplement to their normal duties.

h. Simulation Team

The Simulation Team is responsible for the generation of the simulation environ-
ment and performance evaluation during a training mission. The only full time
position is the Training Technician (TT). Other positions are manned as
required by available NCC personnel.
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CHAPTER IV

INFORMATION PROCESSING ELEMENTS
OF THE SAGE/BUIC II SYSTEM PROGRAMS

A. INTRODUCTION

Whereas the preceding chapter presented an outline description of the SAGE/
BUIC systems, the purpose of this chapter is to review those aspects of the
earlier system programs which are relevant to an appreciation of the BUIC III
experience. As in other portions of the report, the focus of interest is on
the elments of contractor responsibility which were once known as "software"
and are presently referred to as the computer program, or information pro-
cessing, system segment.

The distinction is being made herein between a system, on the one hand, and a
system program on the other. By system program we refer to the management
structure and organizational activities which are involved in the process of
creating, delivering, and sustaining an operable and supportable system (cf.

AFR 375-1). The system itself is the collection of equipment, computer pro-
grams, facilities, procedural data, and personnel which is provided to a user
for operational employment. Thus, in brief, the system ig the product, while
the program is the set of time-phased work elements which bring the product

into being. The point of making this distinction is that the program is basi-
cally a set of R&D activities, and encompasses many products which are not

parts of the delivered system. Also, the complete operational system may involve
elements which were not acquired under a given system program; for example,
neither of the two BUIC systems could operate without the radar, communications,
and other elements which were acquired as parts of other air defense programs.

BUIC II and BUIC III were closely related not only as systems but also as
system programs. BUIC II provided the direct precedent for defining the scope
of contractor responsibilities associated with computer program development in
BUIC III; and BUIC II, in turn, was an outgrowth of the developmental history
of SAGE. Relevant aspects of those earlier programs are therefore reviewed
briefly in the following sections of this chapter, to provide a basis for
understanding the new elements which were introduced in BUIC III.

B. SAGE
As the first big computer-based system to be developed at the Hanscom complex

(now ESD), SAGE established procedents which have influenced most, if not all,
of the later L-System programs. Beginning as an R&D project at the MIT Lincoln
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Laboratory in 1951, it merged into the Experimental SAGE Sector (ESS) in 1953,
became operational at its first site (McGuire AFB) in 1958, and has continued
to grow and change to the present time. Thus, its history covers the time
span during which the data processing arts have had their growth, essentially
from a state of infancy, to their current and rapidly expanding roles of
importance as elements of military system programs. SAGE was directly re-
sponsible for much of the growth; in the late 1950s, more than half of the
nation's computer programmers were still associlated with the program.

It was a natural result of its close association with the evolving state-of-
the-art in data processing that SAGE was adopted as a ''model" for command and
control system development. Constant changes in configuration were its most
distinguishing characteristic. Factors leading to the changes included the
advent of new weapons, equipment, and tactical/strategic doctrines, as well as
improved computer programming techniques. The concept of "evolutionary de-
velopment' was derived from that experience and generalized as a guiding
principle for command and control system programs. This principle has a variety
of facets which are closely in conflict with current objectives to procure
systems as items having pre-defined performance, schedules, and costs. Hence,
it provided some of the basis of early resistance at ESD to the new systems
management philosophy (see Chapter II) and the feasibility of developing
computer programs, in particular, under conditions of fixed performance, cost,
and schedule requirements has continued to be a matter of debate.

The evolution of SAGE computer programs occurred in a variety of forms, but
notably through the development of a series of "SAGE Models". The first
operational model, which was installed at the New York Air Defense Sector at
McGuire AFB in 1958, was based on the Model Zero that had resulted from the
experimental developments at Lincoln Laberatory. Subsequent models incorpora-
ted various computer program improvements, but were mainly in response to
requirements for new capabilities or to changes in system/equipment configura-
tion and interfacing weapons. By the time the BUIC II program was initiated
in 1962, Model 9 was operational and a next was in the planning stages. The
last model was never implemented, although new 'versions' incorporating exten-
sive changes have continued to appear at the rate of 3 or 4 per year since
that time.

Each new model or version represents a complete re-cycling of the computer pro-
gram acquisition process through its 6 phases of analysils, design, development,
testing, installation, and maintenance. The process naturally emphasizes the
added or altered operational capabilities, but it also typically involves
altering other parts of the ''basic" computer programs to avold exceeding fixed
storage constraints and compensate for interactions. The analysis phase in-
volves conducting studies of feasibility and trade-offs, and defining firm
requirements to be incorporated in the new model or version. The design phase
consists of both (1) "operational design', which results in the precise
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formulation of performance-level requirements, and (2) design of the computer
program changes to meet the requirements. Development encompasses the coding,
testing, and debugging of individual computer programs, while the test phase
is devoted to assembly testing of functionally-related elements, checkout of
the integrated computer program system at an operational site, and the per-
formance of tests under live conditions. During installation, site-specific
adaptation data are incorporated and the new version is checked for operation
at each site. Once operational, a maintenance* phase begins and continues for
the life of that model or version, which consists of (1) malfunction diagnosis
and error correction and (2) incorporating minor or emergency modifications
on-site, pending appearance of the next complete new version.

Involvement in SAGE computer programming by the organizational unit of RAND
Corporation which eventually became SDC was an outgrowth of earlier work in

the field of operational readiness training for personnel of the manual air
defense system. The capability known as the Manual System Training Program
(MSTP) had been developed and put into operational use in the manual air
defense system during the period of 1954 to 1957. This capability consisted

of a complex set of simulation equipment, materials, and procedures which could
be used at the operational sites, permitting personnel manning the air defense
network to conduct realistic exercises against simulated air attacks. Following
the introduction and use of MSTP, requirements were established for a similar
capability to be provided in SAGE. The result was the SAGE System Training
Program (SSTP), which was developed and implemented concurrently with other
SAGE elements. And like the other elements, SSTP underwent a continuing series
of evolutionary refinements and changes.

The close association of computer programming and training was a natural result
of their mutual technical concern with and dependence on the detailed pro-
cedures involved in air defense operations. Also, in SAGE, special computer
programs emerged as important elements of the on-site SSTP capability; and
still others were developed to generate the synthetic input data, aids, and
materials for distribution to the sites.

As integral parts of the computer program and training development activities,
extensive documentation was associated with the SAGE models and SSTP problems.
These documents included reports of special studies and analyses, operational
specifications for the computer programs, positional handbooks for the SAGE

* Use of the term "maintenance' for these activities is commonly accepted,
although some other term might be preferable in the interest of avoiding
confusion with equipment usage; for example, "modification" is closer to the
point, since the indicated action in cases of malfunctions or other deficien-
cies is always to alter the original configuration, rather than to restore
or maintain it.

35




operational personnel, SAGE System Description, adaptation data, and
positional guides, manuals, and other materials for SSTP.

C. BUIC II

The conceptual studies leading to the choice of a system configuration for

BUIC II were carried out principally during 1961. The document which served

as a system specification, entitled BUIC System Functional Design and Perfor-
mance Requirements, was issued as ESD Document No. 416L-1 in February 1962.
There followed a period of negotiations, resulting in the award of contracts

to two assoclate contractors prior to mid-1962. These were: Burroughs Corpora-
tion, for system computer and associated equipment; and System Development
Corporation, for computer programs.

Although the initiation of BUIC II thus preceded the appearance of the DoD
Draft Instruction on Program Definition by about a year, pressures for firm
planning of costs and schedules were in evidence from the outset of the program.
The equipment contract was negotiated on a fixed-price basis; and the equipment
schedules and constraints soon became the pacing factors in the program as a
whole. At that time, ESD studies which led to the MITRE TM-3551 (see Chapter
I1) were just beginning, and little or no guidance was available to the SPO

for planning the management of computer program acquisition, other than that
which could be supplied by MITRE and SDC as the program progressed.

At SDC, SAGE experience provided a ready basis for defining the major technical
products. However, in SAGE, those products had come into being gradually,
through the "evolutionary' processes of experimental developmental and successive
modifications based on use under operational conditions. Such factors as the
brief and fixed timing of acquisition, concurrency of equipment development,
close schedules, and the general austerity of funding which characterized BUIC
IT throughout its course were novelties. Hence, the scope and content of work
elements for the computer program contractor had to be worked out for the first
time in BUIC II under conditions which were significantly closer to those of
current system programs than had been true earlier. The resulting elements

are outlined briefly below.

Operational Design

As it has been defined traditionally in SAGE and BUIC, this is the set of
activities which results in completed 'operational specifications' for the
computer programs. As a level of technical work, it is comparable in a
general way to the system engineering effort which a contractor would carry
out to produce Part I specifications for contract end items, although with
some discrepancies. It encompasses such component elements as: analysis of
user requirements; study of alternative solutions and trade-offs; development
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of detailed operating descriptions of computer functions, controls, and
displays; derivation and selection of mathematical formulas and equations;
specification of interconnections between console switches and computer (Vari-
able Display Equipment); and writing of the operational specifications.

Computer Program Design, Development, and Test

Although not known as contract end items at that time, elements of the BUIC II
computer program system were separately identified as: operational; utility

and support systems, including an automatic adaptation capability; Field Site
Production System (FSPS) for on-site generation of Problem Input (PI) tapes
used in system exercising; and the BUIC Data Reduction System (BUDR) for a
variety of uses in testing, checkout, system exercising, and operational data
reduction. The development process for each of these elements was divided into
a series of phases, which were identified in one BUIC II work statement as
follows:

a. Program Design: allocation of functions to subprograms;
allocation of drum and core storage; design of control
and timing subprograms.

b. Program Costing: determination of machine instructions,
display slots, and programming personnel requirements.

c. Subprogram Design and Coding: determiration of logic,
design of internal and external communications, and
refinement of storage allocation.

d. Simulation Testing: initially, testing of subprograms
(parameter testing) to verify conformance with subprogram
design; subsequently, testing at successively higher levels
of assembly to verify conformance with operational specifi-
cations, using simulated inputs.

e. Documentation: preparation of technical documents describing
design, data structure, testing accomplished, and other
information for using and modifying the computer programs.

f. Retrofit: incorporation of changes to meet new requirements.
g. Program Maintenance and Error Correction: diagnosis of
malfunctions and correction of errors; maintaining cor-

respondence of computer programs at different locations;
maintaining technical documentation.
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Program System Testing (PST) ~

Following the installation of system equipment at an operationally configured
facility, the computer programs resulting from in-plant development were
installed and subjected to extensive testing, using both simulated and live

" inputs. 1In BUIC II, this PST activity was initiated at the BUIC Evaluation
Facility (BEF), located at Hanscom Field, and was later continued at the first
operational site at North Truro, Massachusetts. Category II tests were also
accomplished, to some degree concurrently, at those same locations.

Data Collection and Processing

This activity encompassed the collection of geographic, unique-to-site, and
weapons characteristics data, as well as processing, verifying, publishing,
and maintaining the data.

Personnel Subsystem (PS)

BUIC II was the first system program at ESD to be materially affected by the
concept of the personnel subsystem, which had become established as Air Force-
wide policy through the issuance of AFL 375-5, Planning and Programming for
System Personnel, in October 1961.* The spectrum of PS requirements defined

in AFL 375-5 was set forth in the BUIC II specification issued in February

1962, although stated at a very general level. They posed a variety of problems
which were new in the ESD system context and which were also somewhat foreign
to the PS concept itself because of the fact that PS, like other systems
management elements which were yet to appear, had originated with aircraft and
missiles. There ensued a period of study to define implementing methods which
would be suitable to the requirements of. an information system, and to identify
workable allocations of responsibilities to the SP0O, MITRE, and the two associate
contractors. As a result, BUIC II preceded BUIC III as a 'test bed" for the
requirements in this area as they relate to computer program acquisition.
Elements assigned to SDC as PS contract activities are summarized briefly
below. **

a. Personnel-Equipment Data (PED). PED was only partially
implemented in BUIC II because of the general austerity
of funding. Information was compiled and maintained by
each contractor for internal purposes only, at the level
of whole documents rather than as individual data elements.

b. Human Engineering, Detailed task analyses for operating
system personnel were required as a basis for design of

* The Air Force letter was later superseded by AFR 30-8.

**% An expanded description of the PS adaptations arrived at in BUIC II is con-
tained in SDC TM-1494, The Personnel Subsystem Program for an Information
System, dated 23 September 1963.
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display format/content, switch functions, and special
computer program functions, and to provide the basic
data for positional handbooks and QQPRI.

Qualitative and Quantitative Personnel Requiremerts
Information (QQPRI). Position description information
was prepared for the operater, simulation/exercising,
and computer programming support (Blue Suit) personnel,
for input to the system QQPRI report which contained
similar information for equipment maintenance and other
personnel supplied by the hardware contractor.

Personnel Subsystem Test and Evaluation (PSTE). Con-
tractor support was provided to develop plans and assist
in conducting PSTE during Category 1I system testing.

System Exercising for Training and Evaluation (SETE).
Although not included as a recognized element of the
general PS structure, SETE was so classified in BUIC
because of its emphasis on training. Develcpmenrt of
the SETE capability in BUIC IT was based on the SAGE
model, SSTP, but with the addition of requirements per-
taining to use for evaluating system functions and sub-
functions as well as training and evaluating personrel.
Tasks required to accomplish the development included
the following variety of elements:

(1) analyses of training and evaluation requirements;
(2) specification of exercising modes and configurations;
(3) identification of performance/design requirements

for special equipment for problem generation, sim-

ulation, communications, and recording;

(4) specification of computer programs for data
reduction and recording;

(5) development of computer programs for on-site
generation of simulated aircraft tracks;

(6) development of problems for system-wide exercises,
together with associated aids and materials;

(7) development of manuals and guides covering the

organization, planning, and conduct of system
exercises.
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Configuration Management

The circumstances under which configuration management was introduced in BUIC
I1 were mentioned earlier, in Chapter II of this report. At the time the con-
figuration management exhibit was placed on contract (June 1964), the documen-
tation to be controlled either was already completed or was in advanced stages
of development. Hence, the exhibit merely identified the specific documents
which constituted the baselines, in terms of their contractor document numbers,
titles, and dates, rather than specifying their format and content. The base-
lines identified were (1) operational specifications which had been written

for the operational field-site problem generation (FSPS), and data reduction
(BUDR) computer programs, and (2) a series of user manuals which was in process
of being completed for the utility and support elements. Also, as compared
with subsequent exhibits, there was no attempt to identify a FACI or establish
product configuration baselines. In other respects, the control and document
maintenance procedures were closely similar to those which were later adopted
for general use, although with a number of minor differences in the names and
formats of control and maintenance forms. In June 1964, the contract identi-

fied the following specific activities under a task entitled '"Configuration
Management' :

a. Prepare Change Proposal (CP) forms for all proposed changes
to the established computer program baselines.

b. Prepare Change Recommendation (CR) forms for any system item,
when considered necessary because of conditions affecting the
computer program developments.

c. Provide summary cost estimates for each Class I CP.

d. Publish, maintain, and revise the Configuration Index.

e. Publish and update the Configuration Management Status
Report.
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CHAPTER V

BUIC III PROGRAM REQUIREMENTS AND EVENTS

A. INTRODUCTION

The Air Force was authorized by the Defense Department to proceed with the
BUIC III program in November 1964, This event had been preceded by a variety
of studies involving ADC, ESD, MITRE, SDC, Rand, and others, as a result of
which the BUIC III concept had been selected from among several alternatives.

As a fundamental aspect of the BUIC III concept, the program was initiated as
a major "modification" of the BUIC II system, rather than as a completely new
system program, and prior to the time that BUIC II was scheduled to be com-
pletely operational. Thus, it readily became an extended and modified effort
of the same agencies, including the same principal contractors (Burroughs and
SDC) who had been involved in the development of BUIC II. A Definition Phase
was not required since estimated costs were below the stated DOD thresholds.
The draft system specification was developed during the first half of 1965 by
ESD/MITRE, with some support by the contractors, following which formal con-
tract work initiating system acquisition began at the outset of FY 1966 (July
1965).

The BUIC III system specification was the first to be produced at ESD which
attempted to conform to the guidance established in Exhibit I of AFSCM 375-1,
which had been issued in essentially its present form* and coordinated among
the AFSC divisions during the preceding year. The specification defined
performance/design and test requirements for the system, including require-
ments for the system exercising capability*#*,and allocated requirements among

* The January 1964 draft, which was issued for official use in June 1964, was
a major expansion and revision of an earlier version of AFSCM 375-1 which
had appeared in June 1962,

** The label carried by this capability in both BUIC II and BUIC III is System
Exercising for Training and Evaluation (SETE). Although often thought of
as part of the computer program system segment because of SDC's responsi-
bility for its extensive computer programming, problem generation, and
personnel subsystem aspects, the capability is more properly treated —-- as
it was in the BUIC III System Specification -- as a system-level set of
requirements. Its impact on the system includes, for example, additional
capacity of the operational computer, as well as special consoles, communi-
cations, simulation equipment, and personnel.
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the five system segments:

Data Processing and Display System Segment
Maintenance Computer Program System Segment
Operational Computer Program System Segment
Building and Facilities System Segment
Communication System Segment

Major developmental work to be performed by the two associates system con-
tractors was defined by the first three of these segments. The equipment and
maintenance computer program segments were assigned to Burroughs, while
activities associated with the operational computer program were assigned to
SDC.

To provide a basis for discussing experience with the systems management tech-
niques, the following two sections are devoted to outlining the elements of
work which comprised SDC's system segment, and describing the ways in which
these were influenced by the new management procedures and requirements. Sub-
sequently, in the final section of this chapter, an attempt will be made to
present a factual summary of events as they actually occurred during the pro-
gram,

B. THE CPERATIONAL COMPUTER PROGRAM SYSTEM SEGMENT

The basic items to be developed and delivered under the contract were three
computer program contract end items (CPCEIs), which were identified as:

ADP —- Air Defense Computer Program
SEP -- System Exercise Computer Program
UCP -- Utility Computer Program

It has been mentioned earlier (Chapter IV) that these correspond closely, with
regard to general computer program types and functions, with the computer pro-
grams which had been required in both SAGE and BUIC II.

In addition to the CPCEls, important items of deliverable data included the
computer program specifications, positional handbooks, user manuals, exercising
manuals and guides, and system exercise problem inputs and materials. For the
most part, these items had precedents in BUIC II (cf. preceding chapter).

The technical activities were also similar to those which had been carried out
under the BUIC II program, except for the pervasive influence of BUIC III
management innovations. These included: operational design; computer program
design, development, and testing; development of system exercising problems,
aids, guides, and materials; and performance of associated personnel sub-
system tasks. In addition, SDC became responsible eventually for the
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management and conduct of the Category II test program.

However, essentially all of these activities were affected in varying degrees
by the procedures and guidelines which had been developed by the SDC Systems
Management Project during the first six months of FY 1965 (see Chapter II).
That effort had been funded by the 416M SPO, with the explicit intent to
acquire products which could be applied and tested in the BUIC III program.
Also, the SPO was actively represented* in the ESD Software Management
Committee which reviewed and coordinated the effort during that phase of the
project. As a result, it is of note that some of the specific new requirements
were influenced by known characteristics of the BUIC III system. This was
considered to be a desirable circumstance by the committee members, who
regarded the development of generalized L-System procedures to be the primary
objective, but felt at the same time that the realism of concepts would be
materially enhanced to the degree that they could be related to the parti-
culars of an actual program. Thus, BUIC III became a 'test bed" for guiding
the initial formulation of many of the concepts, as well as for subsequently
evaluating the experience with their applicationm.

The procedures applied in BUIC III consisted of adaptations to computer pro-
grams of established Systems Command procedures, principally in the areas of
data management (AFSCM/AFLCM 310-1), configuration management (AFSCM 375-1),
and testing (AFSCM 375-4; AFR 80-14). Except for formal design reviews, the
program was not specifically influenced by the concepts and requirements of
system engineering management as set forth in AFSCM 375-5. The specific doc-
uments which governed the application of these requirements in BUIC III were:
(1) AFSCM/AFLCM 310-1, together with AFLC/AFSC Forms 9 which were then largely
ESD-unique, (2) the BUIC III configuration management exhibit, ESD-416M-43%%
and (3) the contract statement of.work, which incorporated certain require-
ments in the computer program testing area, in particular, which were not
covered elsewhere. During the first year of this contract, a few of the Forms
9 were published in 310-1, and such other documents as ESD Exhibit EST-2
(later superseded by ESD Supplement 1 to AFSCM 375-4) and ESDP 375-10 (sub-
sequently ESD Exhibit EST-3) appeared.

The following subsections describe the requirements which were introduced in
BUIC III. Most of these were novel, in the sense that they did not exist

* By Lt. B. Capehart

**% The exhibit was based upon the same materials which were issued a few weeks
later as ESD Exhibit EST-1. Except for being a self-contained document
(whereas EST-1 is in the form of change pages to AFSCM 375-1), differences
in content as compared with EST-1 are negligible.
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in the same form in BUIC II. For convenience, Table 5-1 presents a summary
list which identifies the particular aspects of novelty as compared with
earlier practice.

~C. SYSTEMS MANAGEMENT INNOVATIONS

Data Management

The use of a Contractor Data Requirement List (CDRL: DD Form 1423) was
initiated in BUIC III, together with the application of Forms 9 governing the
preparation of identified data items. The applicable Forms 9 included a set
which had been developed under the Systems Management Project to cover items
which were judged to be of typical interest in ESD systems, but which had not
previously existed in AFSCM/AFLCM 310-1. As listed below, these items were
initially ESD-unique; nearly all have since been published in Volume II of
310-1:

Positional Handbook--Information System Operational Personnel
(ESD 178) (H-109%)

Contract End Item Detail Specification (Computer Program), Part
I (ESD 236) (C-132%)

Contract End Item Detail Specification (Computer Program) Part II
(ESD 237) (C~-133%)

Category I Test Plan (Computer Program), (ESD 261) (T-103-1%)
Category I Test Procedures (Computer Program), (ESD 262) (T-103-1%)
Category I Test Report (Computer Program), (ESD 263) (T-118-1%)
Exercise Conduct Manual (ESD 281) (Q-125-1%)

Synthetic Inputs Operator Guide (ESD 282) (Q-123-1%)

Evaluation Manual (Information System Exercising Personnel),
(ESD 283) (Q-124-1%)

Human Operator Task Analysis for Information Systems
(Q-]5-18.0) (Q-118-1%)

Training Needs/Exercise Requirements Analysis (Q-26-18.0) (Q-119-1%)

* Refers to the data item number (DD Form 1664) in Volume II of AFSCM/AFLCM
310-1 as of 30 August 1968.
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Table 5-1. Summary of Computer Program Management
Requirements Introduced in BUIC III.

ITEM PRECEDENTS NOVEL ELEMENTS
AFSCM/AFLCM 310-1 Some Data Items Use of CDRL
= b Requirements Specified Format/Content
< O Some Items
o X
Part I Specification Ops Specs Quality Ass.; Interfaces
Utility Coverage
Spec. Conventions
=) Part II Specification TM-1333 Comprehensive Coverage
% User Manuals (U) Up-to-date Accuracy
g
3 ECP }
CP CR
= CP (I1I) Part I SCN Part I
e C°“§’°l CR Only SCL &
< Conf. Index EICC Part II
§ A ntin
= SRR & Status Rpt. Conf. Index
b Ch St Rpt
Z V.D. Doc )
=,
O
FACI -—— Formal Audit
Reissue
PCB
2] PDR Informal Formal Review
=
2% Minutes
-t
>
=)
- CDR . ——— Formal Review
O Incremental (w/PQTs)
[
0 Minutes
g
a
- Part I Spec (Sec 4) ——— Required (ESD 236)
4 Cat I Test Plan —_— Required (ESD 261)
&= Cat I Test Proc. —— Required (ESD 262)
- Cat I Test Reports —— Required (ESD 263)
2 PQTs ——— Required
S FQT CE T Required
P
B CPT&E P&A Testing
3 PST (no change)
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Evaluation Needs/Exercise Requirements Analysis
(Q-24-18.0) (Q-117-1%)

Exercising Capability Implementation Plan
(0-27=29.0) (Q-120-1%)

Minutes of Formal Reviews and Inspections
(ESD 289) (C-131%)

Users Manual (Computer Program), (ESD 290) (H-110%)

Version Description Document (Computer Program)
(ESD 291) (C-135%)

Configuration Index (Computer Program)
(ESD 293) (C-136%)

Change Status Report (Computer Program)
(ESD 293) (C-137%)

System Exercising Problem Package
(Q-28-56.0) (Q-121-1%)

System Exercising Problem Agreements Document
(ESD 295)

It was indicated earlier that most of the above items, as well as others
listed in the CDRL which were not unique, had precedents among deliverable
items of data which had been prepared in BUIC II. However, the CDRL pro-
cedures as such, a few of the data items (notably, in the test area), and a
number of specific format/content requirements were introduced for the first
time in BUIC III.

Specifications

The Forms 9 for CPCEI Detail Specifications, both Parts I and II, were derived
from studies which had attempted to take into account a complex of considera-
tions posed by (1) the general characteristics of uniform specifications as
embodied, e.g., in Exhibit II of AFSCM 375-1, (2) previous practices in doc-
umenting computer program developments, as exemplified in such systems as
416L, 416M, 465L and 473L, and (3) the similarities and differences between
computer programs and equipment which relate to purposes of configuration
management. Hence, they involved a number of novel elements in BUIC III, as

* Refers to the data item number (DD Form 1664) in Volume II of AFSCM/AFLCM
310-1 as of 30 August 1968.
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compared with the "specifications'" which had been written previously for
BUIC II. The major differences may be summarized as follows:

1. The Part I Specification is basically a performance-level
specification, as were the earlier "operational specifications
(ops specs)'" which had been in use for SAGE and BUIC II. How-
ever:

a. Ops specs had previously been written and provided to
the user only for operational and support, but not for
utility, computer programs. Hence, the requirements
to write a performance-level specification for utility
elements (including the compiler) was completely new.

b. The ops specs had not contained a quality assurance
section comparable to Section 4 of the Part I
specification.

€. Interfaces and, in general, the specific identification
of detailed inputs and outputs for each functional

element of the CPCEI, had not been systematically in-
cluded in ops specs. Equipment interfaces, as well as

personnel operating procedures, had been included in the
ops specs, however, often in the form of detailed
narrative descriptions of system operational sequences
and conditions. In addition, a separate set of documents
known as ''Variable Display Equipment Specifications (VDE
specs)'" had been written, defining functions and labels
of console switches and detailing the recommended wiring
of console switches to computer storage locations.

2. Essentially all of the computer program documentation requirements con-
tained in the Form 9 for the Part II specifications were based
upon elements which had previously existed in some form, and
for some computer programs. However, the requirement had not
previously existed to provide all of those elements for each
CPCEI, and at one point in time. Some of the elements, e.g.,
flow charts, had been prepared at early phases of the develop-
ment process, but had not been prepared at detailed levels for
all components of each computer program. Nor had the design
description material generated during developmental phases,
including flow charts, been revised and updated on a con-
tinuing basis to reflect actual design decisions resulting
from the processes of coding, testing, and ongoing changes.
Thus, the requirement to prepare the type of comprehensive
description described in the Form 9 for a Part II CPCEI
specification, which would be accurate in all respects at
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the time of FACI for each CPCEI, represented a major new element
in the BUIC III effort.

Configuration Management

Most of the procedures and standard forms used for computer program configura-
tion control and accounting had been developed during the period of 1963-1964,
and had been used in BUIC II. Only a few changes of a minor nature were made
in the forms used in BUIC III, which conformed in all essential respects to
those currently described in ESD Exhibit EST-1. These were: Engineering
Change Proposal; a Change Report form for reporting Class II changes; Speci-
fication Change Notice; Specification Change Log; End Item Configuration Chart;
Configuration Index; Change Status Report; and Version Description Document.

In BUIC II, traditional operational specifications (ops specs) comprised the
baselines, which were established and formally maintained only at that

level -- i.e., of performance, rather than at the level of detail design.

In fact, the controls adopted in BUIC II were largely based on controls which
had been exercised by ADC to govern performance-level changes in the SAGE
system for some years previously.* Format and content requirements for the
ops specs had not been contractually specified. These were replaced in BUIC
III by the Part I specifications, with new format/content elements as described
above, which became approved and controlled as Design Requirements Baseline
documents. In addition, the Part II specifications were also required as
deliverable items under the contract, and were scheduled to be established as
Product Configuration Baselines as a result of First Article Configuration
Inspection (FACI).

Thus, while configuration control at the performance level had been introduced
earlier, configuration management procedures were expanded in BUIC III to
encompass uniform computer program specifications, FACI, and control of base-
lines at the product configuration level.

Design Reviews

The Preliminary Design Review (PDR) and the Critical Design Review (CDR)
involved formal meetings and reviews of computer program design data which had
no direct precedents in earlier systems. Although specific design questions
had occasionally been matters of interest to the SPO's GSE/TDC, MITRE, during

* ADCM 55-32, Processing Adaptation Data, Computer Program, and Related Equip-
ment Changes in SAGE, which has been updated a number of times since, was
issued as early as January 1961.
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BUIC II, the ESD SPOs had not, in general, been able to acquire and maintain
the capability to monitor contractor computer programming efforts at the
technical design level. At SDC, the entire processes of computer program
design, coding, and testing had been carried out, of necessity, as "in-house"
contractor responsibilities. Thus, the objectives, functions, and conduct of
PDRs and CDRs became matters with which both the SPO and contractor personnel
gained their first actual experience in BUIC III. The PDR was scheduled as

a single review of each CPCEI (with minor variations noted in a later section
of this chapter), concerned with the design approach to the CPCEI as a whole.
The CDR for each CPCEI was planned to be carried out in increments, con-
currently with Preliminary Qualification Tests (PQTs), as a review of the
completed design of CPCEI components undergoing PQT.

Note: ESD Exhibits EST-1 and EST-3 emphasize CDR

as a review to be conducted at the time when de-
tailed flow charts are available for the computer
program components, prior to the start of coding.
However, EST-1 also allows for the variation chosen
for BUIC III, in which the review was conducted after
coding of the component undergoing review was com-
pleted.

Category I Testing

Prior to BUIC III, computer program testing associated with the earlier air
defense systems had been accomplished by the contractor without formal involve-
ment by the SPO. The test process included in-plant testing of components as
a normal adjunct to coding and assembly operations at SDC. 1In addition, it
also involved the conduct of a comprehensive checkout of the computer program
at the Category II test site following installation of equipment and computer
programs and prior to the formal beginning of Category II tests. This check-
out operation was known as '"Program System Testing (PST)". It is considered
to be an important and necessary extension of the development process for
operational computer programs, in particular, since the Category II site
normally provides the first opportunity to exercise the complete set of com-
puter programs in the operational equipment configuration.

The Category I test program formulated for BUIC III consisted of the elements
which are now described elsewhere, in varying degrees of detail, in such doc-
uments as ESD Exhibit EST-1, ESD Supplement 1 to AFSCM 375-4, SDC TMs 3361 and
3596, ESD-TR-68-1, and associated Forms 9 in the Test Category of AFSCM/AFLCM
310-1, Vol. II. The major elements are summarized briefly below:

1. Category I Test Plan. A test plan was required for each of the
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three CPCEIs. These plans were based on the Form 9 (ESD 261),
but were also influenced by a variety of specific circumstances
and agreements reached with the SPO, relating to both structure
and content.

Classes of Testing. By analogy with the types of Category I
testing which have been established for equipment CEIs, re-
quirements were formulated under the following three categories:

a.

Computer Program Test and Evaluation (CPT&E). 1In
general, CPT&E encompasses the testing which a con-
tractor normally conducts as an integral part of his
design and development effort. Thus, this category
subsumes essentially all of testing which had been
typical of the preceding systems, as described above.
Major requirements formally recognized by the SPO
with respect to CPT&E pertain to in-plant use of

GFE computing equipment, and to utilization of the
Category II test site for computer program install-
ation and checkout (formerly PST; cf. above).

Preliminary Qualification Test (PQT). PQTs are con-
ceived as interim tests which are intended to serve

the primary purpose of demonstrating contractor pro-
gress towards meeting design objectives for a computer
program CEI. As expressed in current guidance documents
(e.g., ESD Exhibit EST-1), they are oriented towards
verifying portions of the CPCEI prior to formal queli-
fication, but are not expected to accomplish the quali-
fication as such. This concept was introduced for the
first time in BUIC III, without benefit of either
amplifying guidance or experience on the part of the
SPO or contractor. As a result, PQTs were required

and performed in BUIC III with somewhat greater emphasis
(and difficulty) than might normally be expected. PQTs
were scheduled to test/demonstrate essentially all re-
actions within each function of the ADP and SEP CEls,
prior to formal qualification tests. Each PQT was
combined with an incremental CDR of design data per-
taining to the tested components. No FQT (Formal
Qualification Test) and PQTs only for two of its

many functions were conducted on the utility com-

puter program (UCP). To save time and cost, com-

plete Category I testing was not required for UCP,
which could reasonably be considered qualified
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through its extensive use during the program in
developing ADP and SEP.

c. Formal Qualification Test (FQT). FQTs were required
for the ADP and SEP, and were scheduled for perfor-
mance at the Category II test site following computer
program installation and checkout, prior to FACI and
the beginning of Category II testing. Successful com-
pletion of FQT was planned as the primary testing basis
for acceptance of the CPCEI.

3. Test Procedures and Reports. Procedures and reports were required
for both PQTs and FQTs, in conformance with ESD 262 and 263 (currently
contained in Vol. II of AFSCM/AFLCM 310-1 as T-103 and T-118). Test
Procedures documents for PQTs were required for SPO review 30 days in
advance of scheduled PQTs. In the case of FQTs, the Test Procedures
document was required 90 days in advance, for SPO review and approval
and to accomplish necessary changes.

In summary, the Category I test program applied to BUIC III CPCEIs, other than
utility, covered the full range of documentation and formal testing procedures
which have since become incorporated in general guidance for 375-series appli-
cations to computer programs. The novel elements, as compared with previous
SDC/416M SPO experience, were the preliminary and formal qualification tests
and their associated test plans, procedures and reports.

D. PROGRAM MILESTONES
i3 General

A summary of major events as they actually occurred during the program is pre-
sented graphically in Figure 5-1, which portrays significant dates relating to
specifications, design reviews and FACI, test plans, and tests, principally
for the three computer program contract end items (CPCEIs) in question. Dates
on which the system specification was issued and the Category II testing was
conducted are also included, however, for orientation to the system program as
a whole.

To distinguish among the three CPCEIs, different symbols are used for the Air
Defense Program (ADP), the System Exercise Program (SEP), and the Utility Com-
puter Program (UCP); these are triangles, circles, and squares, respectively.
Symbols are drawn as solids for actual past events, and in outline only for
scheduled future events which had not occurred at the time the chart was

drawn (February 1969). As stated, the chart represents the timing of actual
occurrence, prior to February 1969. It is not based on the initial program
schedule, nor on periodic revisions which occurred as the program progressed.
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Some of the events are depicted in the figure in a somewhat oversimplified
manner, in the interests of avoiding clutter. However, more precise data,
together with some amplification of their meaning in terms of related events
and circumstances, are provided in the narrative below. In this section,
emphasis is placed on descriptive and factual data regarding the program events.
Discussions of problem areas and evaluative comments will be reserved for the
following chapter.

2, System Specification

The system specification for BUIC III was initially issued as a formal document,
designated SS-ES416M-65-1A, on 1 June 1965. It had been developed during the

first six months of 1965 by the MITRE Corporation, principally, but with signi-
ficant inputs from the two associate contractors, SDC and Burroughs Corporation.

A major revision, designated SS-ES416M-65-1B, was issued exactly one year
later, on 1 June 1966. The revision contained significant changes and expan-
sions resulting from contractor efforts in developing Part I specifications
for the system contract end items.

These two events are depicted by star symbols in the top row of Figure 5-1.

3is Part I Specifications

The dates of Part I specifications which are shown in Figure 5-1 for the three
computer program CEIs represent, in general, the principal dates of basic
issue -- i.e., of the first issues in accepted forms which constituted initial
baselines for the items. 1In all cases, basic issues were preceded by one or
more drafts for SPO review and approval. Hence, except for formally pro-
cessed subsequent changes, the dates attempt to represent times at which the
Part I specification developments were completed. Certain deviations and
other amplifying information are noted below, separately for each of the
CPCEIs.

AIR DEFENSE PROGRAM (ADP)

Because of its complexity and bulk (in excess of 2000 pages, total) the ADP
Part T specification was structured into a set of 11 volumes, corresponding
generally to a breakdown of the ADP into major functional grcupings. This
multi-volume structure was also adopted for most of the other principal com-
puter program documents, as will be explained subsequently for each.

The date indicated in Figure 5-1 actually represents completion of only the

first 10 of these volumes; the 1llth, "Message Formats', was delayed for an
additional six months by the need to resolve interfaces with other systems
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(SAGE, BUIC II). A list of actual dates for all volumes, together with their
numbers, titles, and functional elements covered under each, is presented in
Table 5-2. For convenience, the table combines the Part I specification data
with similar data relating to Category I Test Plans, which will be discussed
in a later subsection.

SYSTEM EXERCISE PROGRAM (SEP)

The Part I specification for SEP was written in four volumes. The first two,
"General" and "'BUIC Exercise Preparation System (BEPS),'" were issuec on 21
January 1966 and the second two, "BUIC Analysis and Reduction System (BARS)"
and a "Classified Supplement,'" were issued on 1 September 1966. Table 5-3
lists these volumes, their titles, the functional elements comprising indiv-
idual chapters under each, and the dates of basic issue. As in the case of
ADP above, the table also includes Category I Test Plan data which will be

discussed separately.

The widely-separated dates of their Part I specification vclumes reflects, in
part, the fact that BEPS and BARS were relatively independent part of the SEP.

A similar separation with respect to major milestones tended to be character-
istic throughout the program. However, the late initial dates of BARS Part I
specifications were largely a result of new requirements associated with the
System Test Reduction Processor, the Subsystem Test Processor, and modification
to the Test Data Analysis Processor. The new requirements, which were introduced
shortly prior to the original completion date, added about 40% to the size and
occasioned a realignment of contractor manpower and schedule.

UTILITY COMPUTER PROGRAM (UCP)

The UCP Part I specification consisted of four volumes, all of which were
issued on 10 January 1966 as indicated in Figure 5-1, three weeks earlier
than the ADP and SEP specifications. The left-hand column of Table 5-4 shows
the volume numbers and titles of the UCP Part I specification. The second
column in the table lists the functional elements which comprise individual
chapters in the various volumes. Note, as indicated in Table 5-4, that one
function, "Timing,'" was added to Volume 3 on 5 November 1968. This addition
was the result of ECP 120-2, "Addition of a Timing Program to ADP/UCP,'" which
provided for a timing tool to facilitate estimating the operating time of ADP
programs or portions thereof. The third column in the table shows the dates
of issue of the UCP volumes and the Timing function document. The last two
columns contain data pertaining to Category I Test Plans, which are discussed
in the following section.

4. Category I Test Plan

The Category I Test Plans for BUIC III CPCEIs, like the Part I specifications,
were also structured into volumes, corresponding roughly to functional elements
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Table 5-2. Volume Structure of Part I Specification and Category 1
Test Plan for the Air Defense Program (ADP)

Part I Specification Cat. I Plan
Vol. Title Functional Elements Dates Vol. Dates
1 General 31 Jan 66 || 1 1 May 66
2 Air Surveillance 31 Jan 66
Radar Inputs 2. 1 May 66
Active Tracking 3 1 May 66
Passive Tracking 4 28 Jan 66
Height 5 21 Jan 66
Positive Target Control 6 1 May 66
Identification 7 1 May 66
L 3 Weapons 31 Jan 66
Weapons Assignment 8 25 Jan 66
and Commitment
Weapons Direction/ 9 25 Jan 66
Communication
Air Defense Artillery 10 25 Jan 66
4 Information 31 Jan 66
Transfer and
Manual Inputs
Information Transfer 11 24 Jan 66
Manual Inputs 12 1 May 66
B Startover, 31 Jan 66
Control, Record-
ing, and Real-
Time Simulation
Startover 13 1 May 66
Control 14 1 May 66
Recording 15 1 May 66
Real-Time Simulation 16 1 May 66
6 Adaptation 31 Jan 66
7 Variable Display 31 Jan 66
Equipment
8  Displays 31 Jan 66 || 17 1 May 66
Display Specification
Situation Displays
Tabular Displays
Abbreviations and
Definitions
9 Switch Actions 31 Jan 66
10 Classified Supplement 31 Jan 66
11 Message Formats 1 Aug 66
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Table 5-3.

Test Plan for the System Exercise Program (SEP)

Volume Structure of Part I Specification and Category I

Part 1 Specification Cat. I Plan
Vol. Title Functional Elements Dates Vol. Dates
1 General 31 Jan. 66|| 1
Control
Data Base Maintenance
Octal Correction
2 Exercise Pre-
paration (BEPS) 31 Jan. 66| 1 1 May 66
Exercise Tape 1
Generation
Exercise Tape 1
Description
Exercise Tape 1
Modification
3 Analysis and
Reduction
System (BARS) 1 Sept. 66
Exercise Processor 2 15 Nov.66
Operational Processor 3 15 Nov.66
Test Data Analysis 4 15 Nov.66
Processor
System Test Reduction 5 15 Nov.66
Processor
Subsystem Test Pro- 6 15 Nov.66
cessor
4 Classified 1 Sept. 66

Supplement
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Table 5-4.

Test Plan for the Utility Computer Program (UCP)

Volume Structure of Part I Specification and Category I

Part I Specification

Vol. Title

Functional Elements

Dates

Cat.

I Plan

Vol.

Dates

1 General

2 Assembly Analysis

3 Facility System

4 General Utility

Machine Language
Assembler

JOVIAL Compiler
Assemble Compool
Assemble Geography
Binary Data Insertion
Tape Load

Set/Use

Indirect Address and
BAR Table Reference
Adaptation Calculation
Parameter Test Tool

Facility Control
Pre-Recording
Dynamite

Symbolic Relative
Corrector

Timing

Tape File Maintenance
Binary Read

Load Octals on Tape

Tag Reference

Symbolic Corrector
Loader

Input/Output

Computer Utility and
Support System Executive
Dump Function

10 Jan. 66

10 Jan. 66

10 Jan. 66

(added 5
Nov. 68)

10 Jan. 66

1 May 66

1 May 66
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of the computer program. In general, basic issues of test plan volumes were
preceded by drafts for SPO review and approval. While they are not directly
subject to configuration management, the plans were also maintained on a
continuing basis during Acquisition to reflect approved changes to the Part I
specifications. Accordingly, they were frequently updated by means of change
pages or revision, following their dates of basic issue.

In Figure 5-1, symbols are located at points which represent the basic issue
dates for groups of volumes. Additional explanation is provided below for
each of the three computer program items.

AIR DEFENSE PROGRAM (ADP)

The Category I Test Plan for ADP was written in a total of 17 volumes. One
of these (Vol. 1, General) emphasized planning of formal qualification (FQT)
for the CPCEI as a whole. The other 16 were devoted individually to detailed
planning of PQTs for the computer program functional elements identified in
various volumes of the Part I specification, primarily, but also included
planning pertinent to FQT.

Symbols shown in Figure 5-1 are located at two different dates for ADP,
indicating that 6 volumes were issued in January and the remaining 11 volumes
in May of 1966. The volume numbers, titles (corresponding to the Part I
specification titles shown), and dates of issue are listed in the preceding
Table 5-2. It may be noted that the table shows an absence of test plan
volumes corresponding to switch actions and message formats. These were
necessarily included as essential aspects in the testing of other functional
elements.

SYSTEM EXERCISE PROGRAM (SEP)

The two points shown in Figure 5~1 for the SEP Category I Test Plan also
indicate two separate dates of issue for the test plan volumes, in May and
November 1966. The volumes, dates, and correspondence of test plan breakdown
with elements of the Part I specification are identified in the preceding
Table 5-3. The discrepancy of 6 1/2 months in publication dates reflects,
basically, the lag in BARS portions of SEP which had been initiated by the
earlier delay in completing BARS volumes of the Part I specification.

UTILITY COMPUTER PROGRAM (UCP)
An early decision had been reached that utility computer programs, except for
two designated elements, would be qualified through their use in developing the

ADP and SEP. As a result, the test plan for UCP was confined to one volume
each for the two designated elements, the JOVIAL Compiler and BUIC Adaptation
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Calculation (BAC). These are listed in the preceding Table 5-4. 1In Figure
5-1, the symbol represents the date on which both volumes were published.

5. Preliminary Design Reviews (PDRs)

PDRs for the three CPCEIs were held on the following dates: for ADP, on 14-15
February 1966; for parts of SEP, on 15-16 February 1966; for UCP on 16
February 1966; and for remaining parts of SEP, on 23 August 1966. The two
increments of PDR for SEP basically followed the discrepancy between BEPS and
BARS which had been generated earlier by the delay in the BARS Part I specifi-
cation. However, the February PDR, for BEPS, also covered the BARS Test Data
Analysis Processor. The later increment was devoted to the BARS Exercise
Processor, Operational Processor, System Test Reduction Processor, and Sub-
system Test Processor.

The review in each case was concerned with preliminary design of the CPCEI as
a whole, with respect to levels of design information which would subsequently
comprise a general volume (Vol. 1) of each Part II specification. These
included attention to interfaces, allocation of functions to computer program
components (CPCs), control and sequencing of CPC operations, and storage
allocations. The preliminary design information to be reviewed was documented
and delivered to the SPO for advance examination, prior to each PDR. Results
of the reviews were subsequently incorporated in PDR Minutes, which were pre-
pared by the contractor and approved by the SPO.

6. Critical Design Reviews (CDR)

The basic approach adopted in BUIC III was to conduct CDR incrementally in
association with PQTs.* For this reason, the chart in Figure 5-1 shows a
single row of combined PQT/CDR events for each CPCEI. The precise dates and
numbers are discussed further under PQTs, in the next subsection.

However, in the case of SEP, some elements underwent CDRs which were not
associated with PQTs. These were cases in which combined PQT/CDRs had been
planned initially, but for which PQT requirements were subsequently waived.

* ESD Exhibit EST-1 (Sec. H; Exh. XIV) defines CDR for CPCEIs as basically a
review at the level of logical design of individual CPCs, prior to coding
and testing. However, it also permits "flexible application' in the case
of CPCEIs whose development follows an incremental pattern during Acquisition,
suggesting that the CDR may be held in corresponding increments and may be
combined with PQTs.
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The SEP portions affected, and the dates of their CDRs, are listed below:

BEPS
Exercise Tape Generator
Exercise Tape Description 15 January 1968
Exercise Tape Modification
BARS
Test Data Analysis Processor 1 February 1967

Where PQTs were held, material reviewed at CDR was the available Part II
specification material for the elements undergoing PQT. Hence, it was at

the level, in essence, of completed design. It is reported that items
specifically reviewed included, for each given CPC or combination of CPCs,

the following: CPC name(s), functions, size, and interfaces; emphasis was
placed on CPC sizes, noting comparisons with BUIC II and deviations from

PDR estimates. It has also been reported that questions of timing were

raised with increasing interest as the program progressed towards later phases.

748 Preliminary Qualification Tests (PQTs)

As indicated in Figure 5-1, PQTs occurred in large numbers for the ADP and SEP
CPCEIs. Initial planning of PQTs was based on the philosophy that preliminary
qualification testing was required for each and every element of the computer
program. Accordingly, they were so defined and scheduled in the ADP and SEP
Category I Test Plans.

As was noted in the preceding subsection, each PQT was initially planned to
occur in combination with an incremental CDR of the element(