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This paper traces the computer program software development
cycle and examines methods for technical performance measurement
which may be applied by System Program Offices. It has been generally
recognized that the development of software for modern computer sya'taI
acquisitions is a limiting factor with regard to program cost, schedule ’
and performance., One of the major problems in a large software
development project is the ability to portray an accurate picture of
software status to management, In this regard a two dimensional
weighted software matrix is examined and proposed as a method to
improve management visibility into software design, coding, and
testing progress. Another major theme of this paper is the use of an
integrated software engineering approach to focus attention on
fundamental aspects of the software design for technical performance
measurement. In this case the designated characteristics can be related
to the qualitative and quantitative system performance requirements
and cen be monitored throughout the development life cycle.
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TECHNICAL PERFORMANCE MEASUREMENT
FOR COMPUTER SOFTWARE
DEVELOPMENT PROGRAMS

1.0 Introduction
Operational computer software is a critical portion of computer

resources employed as dedicated elements, subsystems or components of
systems developed or acquired under the U. S. Air Force program manage-
ment concept established in AFR 800-2. Software commonly refers to a

3 collection of programs used to extend the capabilities of computer hard-

P LRy

ware. Each program is a sequence of machine instructions necessary for

the computer to solve a specific problem (application). To simplify

3 programming, machine language is, in turn, used to extablish higher level

languages such as Fortran and Cobol. As the complexity of computers

increase, another form of software called an operating system or execu-

- tive is usually required. Such software is designed specifically to

T

manage all the hardware resources as well as the other applications

» software residing within the system. The terminology "operational"
software 18 used herein to distinguish between military weapon system
weapon system applications versus the more standardized automatic data

processing programs of the business community. The latter is but sub-set

na

of the former in the military operational environment, where the require-

kot

ment exiets to acquire, process, and control data, frequently on a real-
3, ‘. time basis. These demands may require multi-processor applications to

<

B handle heavy and variable workloads, often originating from scattered

" - - a
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and remote locations. Examples range from command and control functions |
of the World Wide Military Command & Control System (WWMCCS) to the target- |
ing and launch functions of discrete weapon systems as Trident, Minuteman,

and SAM-D,

1.1 Purpose and Background !
The principal theme of this paper is an examination of methods ;

to measure the technical performance of operational software development
programs,

It 18 generally accepted that software is a critical aspect of
weapon system performance and recent disturbing trendsl (Fig. 1) indicate
that the acquisition cost of software has begun exceeding the cost of
hardware in most computer installations and are projected to represent
up to 80% of total costs in the next decade. Further, unexpectedly low
measures of quality experienced with delivered software, have resulted in
direct increases in system life-cycle-costs due to growth and maintenance
difﬁcultiosz. For at least one large Air Force command and 'control
acquisition program, familiar to the author, software currently represents _4
over half of the program costs and is presently the critical factor to
achievement of system performance requirements.

The overall program management of computer resources in system 3

acquisitions has been officially recognized as presenting a unique set of
problems by the Air Force Systems Control Project ACE> (Findings 31 & 42).

The problem is being addressed directly by a new draft regulation

AFR 800-14 (Attachment #1) titled "Management of Computer Resources in
Systems". The regulation is intended to establish policy for the acquisi-

tion and support of computer equipment and gomputer programs employed as
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dedicated elements, subsystems or components of systems developed or
acquired under the program management concept in AFR 800-2., Computer
resources in systems as defined by AFR 800-14 is the totality of com-

puter equipment, computer programs, associated documentation, contractual

services, persomnel and supplies,

1.2 Assumptions & Limitations

This paper will focus only on the software or computer program
development portion of the acquisition process and will concentrate on
the problem of measuring technical performance after contract award.
In thus limiting the scope of this paper, certain assumptions are im-
plicit. They include:

1., System and subsystem requirements have been established;

2. Trade-off studies for selecting and optimizing hardware and

software to satisfy a given application have been made;

3. Cost-effectiveness analyses which obtain the desired per-

formance at a minimum cost have been accomplished;

4. A contractor has been selected to design, develop, produce,

and test the system software.

Software has been singled out for further examination because
typical systems which have been developed by the Services have been
found to be largely composed of non-interchangeable components, hand
crafted at great expense, and are often unreliable, unmaintainable, and
and unintelligible®, This paper will limit its attention to the problem
of software development and production which can be considered to in-

clude analysis, design, implementation, integration, testing, delivery

and maintenance,
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In the analysis of technical performance measurement (TPM) for

software developments, consideration will be given to the major segments
of the software system development life cycle to include the mechanics
and psychology of computer programming. Current methods of measuring
technical progress, including a survey of the literature, will be
assessed. Emphasis will be placed upon potential application by System
Program Offices (SPO's) in the management of software development

programs.
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2.0 Relevant Software Considerations

One of the major problems in a large software development project
is being able to portray an accurate picture of software status to upper
management. To gain an 1na_15ht into prospective methods of determining
software status, the following aspects of the subject require considera-
tion.

2,1 The Software Development Cycle

In order to appreciate the nature of operational software develop-
ment, it is necessary to consider the components of the overall process
by which a developer/contractor produces the end item. Figure 2 depicts
a generalized process including verification and validation (V & V).
Verification is defined as any technique by which coded instructions or
model equations are compared against some higher level requirements to
determine if objectives will be met. By wvalidation iz meant any technique
which includes the overall system/subsystem execution and the application :
of input/output analysis to the results. After the computer system re- \3

quirements have been established the software development can be con-

sidered to follow the following phases’:

- Analysis and system design

Implementation

Integration and testing

Installation and maintenance
The handbood of Data Processing Management 5 describes a similar system
life cycle consisting of eight major segments, but essentially conforming

to the above phases. The gnalysis and system design phase is initiated
with a definition of the overall functional requirements to be satisfied
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with the computer system., This is followed by definition of the inter-

action of hardware and software required to provide necessary functicns.
With this understanding, software functions may be defined and the

sof tware system design approach is completed and documented,
Implementation involves the activities most generally considered to bo
programming. Design of individual modules, coding, language processing .
(assembly & compilation and unit testing are implementation activities). :
Integration and Testing are deceptively simple and easy to describe:

the warious modules of software and hardware are brought together and
and debugged as a working system. Typical experience indicates that
approximately fifty percent of the software costs occur in the integra-

tion and testing phase. Installation and Maintenance involves packaging
of the resultant software in a form which minimuzes the difficulty of

loading the software into the target computer. Demonstration of system
acceptability, follow-up on latent errors, and user support are considera-

tions during this phase of the software development cycle.

2,2 Characteristics of Computer Programming
There exists a significant variance in productivity between ﬁ

programmers. One study to determine efficiency of various programming
techniques could only show that programmer performance might vary 26:1

between progmmmara". It is eatimated that current software costs are
in the range of 15- 30 dollars per executable instruction of debugged
and documented code. Typical net software production rates are 2- 5
instructions per man-hour. A program which is considered of low to
medium size may have as many as 22,000 instructions. It has been found




|

that programming costs increase exponentially with the size of a program

and when programming is done under the duress of extremely limited

processor resources such as CPU time or memory, the costs can easily

double or triple. Coding alone represents less than 25 per ceut of the

total software development costs and the learning curve has been seen to 4

have a pronounced effect on costs. A wide variety of factors’ contribute

to programs belng structured the way they are. These include: machine
limitations; language limitations; programmer limitations; historical

accidents; and/or specifications. As a result nearly all programs have
some imperfections and to complicate matters further there are usually
multiple users. Most programs should be designed for adaptability since

-l

they will inevitably be modified to some degree. However, a program de-
signed to be adaptable will likely be inefficient while an extremely ef-
ficient program will not be adaptable. The term efficiency does not
stand alone, but must be further defined with respect to one or more of
the following measurers: compiler time; computer time; compiler speed;
people time; and/or excessive paging (page size). Programming is usually
accomplished by a programming team as the primary working unit in most
situations. The nature and composition of the team are particularly es-
sential to its relative performance. A large software development project

generally brings together several teams, the control of whom is parti-

cularly crucial to management. Programmsrs may be required to perform
a wide variety of tasks including: documentationj; program library work;
system testing; progress reporting; standards work; diagnostic program-

ming; and education.
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2.3 Software Testing and Quality Control
As previously indicated, software testing represents over fifty

per cent of all program development costs and thereby warrents special
attention. An organized test plan is a vital prerequisite to the success-
ful development of any software system and must include the following
considerationst:

Unit Test -- A unit test plan is developed to assure that all in-
dividual modules meet specifications. Such a test plan must contain
specifications for the routines which are to be used to exercise the in-
dividual module to insure its completeness. The ability to clearly define
these test routines is an excellent test of the completeness of the system
specifications.

Nucleus Testing -- The minimum number of modules required to
achieve meaningful interaction in a subsystem of the overall software
system must be determined. A plan must be developed for integrating and
testing this minimum number of modules, probably with the other software
components simulated by the testing routines used during the unit test
phase.

Staging Plan -~ Once the mucleus system is debugged, the test plan
must detail the order in which the new modules are to be interfaced with
the proven system components., Requirements for testing the subsystem as
it grows with the addition of new modules must also be detailed in terms
of test stimuli to be applied and the desired results.

Acceptance Criteria -- System acceptance criteria must be speci-
fied as the last major component of the system test plan. Techniques for
demonstrating that the system meets the acceptance criteria must be speci-
fied in detail.

PRI " W .
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Debugging Tools -- The debugging tools used should maximise the ]
visibility to the programmer of the actions of the program under test so |
that the unexpected response to test stimull may be readily identified.
They should also allow the programmer absolute control over directing the 3
flow of control within the system under test so that the suspect control !
paths may be exercised to determine their validity and all control paths I
within the system may be exercised. Further, it is essential that
during the debugging phase the same response occurs from a given set of
input stimuli, leading, therefore, to reproducible results.

The definition and establishment of universal quality control 1
standards during the development and production of software has not been ‘ ;
realized to date. Nevertheless, inspection can be made for readability,
modularity, adherence to documentation standards, and the use of struc- ;
tured code. Code reading is an important technique for detection of |
low-level errors not necessarily subject to formal testing scrutiny. 1»«1
Unfortunately, the typical Govermment/SPO monitoring practice exerts %

little influence on the quality aspecte of software during the design

and production phases of sof'tware devalopmantz.

2,4 Analytical Computer Models
A degree of research® has been done in developing analytical

models to project the performance of large-scale time-shared computer

systems. The models are stochastic in nature and their analysis usually

involves quewing theory. Most of these models are concerned with sub-

system behavior such as processor scheduling, secondary memory, multi-

programming, and program behavior. Although many analytical models have
«lle
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been developed and analyzed, there exists a general consensus that most
models have a serious weakness in one or more of the following areas:
System behavior vs subsystem behavior;
Paging activities and multiprogramming behavior;
Space-domain considerations;
Overhead considerations;
Choice of performance measure.
Models remain, nonetheless, an important tool for prediction of system
performance but have limited application to the actual measurement of

technical programs in the development of software,

2.5 Synthetic Programs
A straightforward approach9 to the problem of complex multi-

programming systems evaluation is to design and model a synthetic
program which will represent substantially some level of system
activity. the ability to reproduce realistically computing situations
in a controlled experimental environment, can be an invaluable tool in
system evaluation. As with any other model, synthetic programs have
their inherent limitations not the least of which is the cost of
development., Nonetheless, they represent a useful method for evaluation
of a software system/subsystem during the testing phase of the develop-
ment cycle. Synthetic programming does not, however, hold much promise
for performance measurement during the earlier and more crucial pheses
of software development during which fundamental design and coding
efforts are taking place.

- 12 -




3.0, Data Collection and Analysigs

The subject of programming and software development as related

to systems acquisition was examined by employing the following methods:
Review of current litersture;
Personal contact with responsible service staff members;
Software contractor briefings;
Discussion with SPO engineering personnel;
Personal system acquisition experience,

After an initial review of the literature and preliminary
contact with Service staff agencies in the Washingtonm, D.C. area, it
became apparent that little in the way of formal guidance was in
existance on the subject of software technical performance measure-
ment, Therefore, data from these sources is used primarily to establish
the setting and background. Relevant information was obtained from two
contractor sources presently engaged in software activities. These
were The Hughes Company, in a special briefing held at Headquarters,
Alr Force Systems Command on 7 February 1974; and Science Applications
Incorporated, in a special presentation on independent software test
and evaluation technology, held at Hq. Electronic Systems Division
(AFSC), on 15 December 1973, The most significant data relating to the
problem of managing a software development progrsm was received directly
from the Software Engineering Division of the 427M System Program
Office located at L. G. Hanscom Field, Bedford, Massachusetts. This
program is concerned with acquiring a computer system for the NORAD
Cheyenne Mountain Complex which iS part of the World Wide Military
Command and Control System (WWMCCS).

-13-
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As was mentioned earlier, one of the major problems in any large

software development project is the accurate representation of soft-
ware status during each major phase of the development cycle, Current
methods are derived principally from earlier program management exper-
ience with hardware acquisitions. A typical software milestone report
will contain all or some of the following sequential events:
1. Contract Award
2+ Part I Specifications Complete
3. Preliminary Design Review
4. Preliminary Part II Specifications Complete
5¢ Critical Design Review
6. Part II Specifications Complete
7. Preliminary Qualification Test
8. Formal Qualification Test
9. Functional Configuration Audit
10. Physical Configuration Audit
1l. Segment Test Complete

The problem with the exclusive use of these hardware orisnted
milestones, is that they presume relatively distinct phases in the
development cycle, Basic design for hardware is essentially completed
in conjunction with the Preliminary Design Review, however for soft-
ware basic design can extend through to the completion of PartIl
Specifications: Hardware fabrication or production activity normally
commences after the Critical Design Review. In the case of software

-l -
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development the parallel to fabrication is coding and checkout which
overlaps the design phase and can begin immediately after contract
award and extend through to the beginning of formal test activity. As a
result of these differences, the use of existing milestone definitions
and methods does not portray an accurate representation of the soft-
ware development status with relation to the actual design, code, and
test activity of the program. An approach to achieving improved
visibility into the software status at any given point in the develop-
ment process, is to utilize a weighted matrix approach by which a
discrete software element such as a module or an applications program
is weighted in two dimensions. The first is with respect to the
individual module's relative contribution to the entire software

system. The second éimenaion considers the software module as a

discrete entity and establishes the degree of effort required for
module design, code and checkout, and formal test. Essentially then

the welghted matrix assigne relationships between software elements

and between tasks to be accomplished for each particular element.
Figure 3 shows a generalized weighted software matrix which can be
used to determine the status of each software module in terms of percent

of module development effort completed. By use of the system scaling
factors, the relative portion of the total software system effort
completed can be estsblished.
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A Generelized Weighted Software Matrix

pre
LEMENT

PERCENT
DESIGN

PERCENT
CODE &
_CHECKOUT

PERCENT
VALIDATION

PERCENT COMPLETED
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EXPLANATION QF SYMBOLS IN FIGURE 3
1. 815 85y eeecos8y ¢ The reletive contribution of each module to

the total system effort (sum of all & equals 100 percent ).

2. Xy, X2, esecey Xy ¢ Percent of module development effort

estimated end/or allocated to design.
3. A]_, Ayy eeeeey Az Percent of module design actually completed.

be Y15 Y5y ceeeey ¥ ¢ Percent of module development effort estimated
and/or allocated to coding end checkout.

5¢ Byy Byy ceees, Bn ¢ Percent of module actually coded & checked.

é. 219 Zyy eecsey Zn ¢ Percent. of module development effort estimated
and/or allocated to formel validation and test.

Te cl, Cos eeeeey Cn ¢ Percent of module validation actually complete.

NOTE: The sum of Xn, !n, and Z, equals 100 percent

To further clsrify the concept consider Module #1 as an example:

AqX) represents that portion of the required design effort
which hes been completed for Module #1

ByY; represents that portion of the required coding and check=-
out effort which has been completed for Module #1

clzl represents that portion of the requred validation
effort which has beer completed for Module #1

A111+ B34 C17 represents the percent of total module
development effort comple ted
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al( A + 81!11- 0121 ) represents the contribution of Module #1

to the total software development
effort which has been actually been
completed

By performing similar calculations for each software element
or module we have the percent of contribution for each element toward
the total system development effort. The arithmetic sum of each of these

module contributions yields the percent of total system development

£, a 1ly completed.

The proposed weighted software matrix does mot represent a
complete solution to the problem of managing & software development
program, but is merely suggested as a structured approach to increase
SPO vieibility into the software status . It posesses the advantage
of arriving at a single figure-of-merit for the entire development
effort in terms of percent complete. There are unlimited varistions to
to the method such as further subdividing the design effort into
requirements & algorithim design, or into data structures & control
structures. Similarly, the validation effort can be further sub-
divided into module test & module integration. It is apparent that a
clear definition of terms and proper allocation of weights and scaling
factore is an essential prerequisite. The allocation can be made by the
contractor as part of his work package planning effort, or can be al-
located by the Program Office based upon prior experience. If the
software development program employs work breakdown structures in ac-
cordance with MIL-STD-881, then the contractor should have internal

module work packages containing both cost and schedule information. The
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weighted matrix can then be tailored to the contractor's work package
description, and the weights extracted from the man hours of effort
planned for each task. The concept described above was attempted by the
4L2M System Program Office in February 1974, and attachment 2 is an ex-
ample of the result. The summary findings were that the NCS Software
Segment was estimated to be 51.8% complete and the SCC Software Segment
ig‘i 30,9% complete. These results were confirmed by the contractors and

correlated with existing cost and schedule data.
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5.0 Integrated Software Engineering Approach

Another approach to the measurement of a software contractor's
performance is to consider the overall technology of designing and
develeoping the computer software. Basic considerations common to any
system include definition of data structures, control structures, real-
time processing, program and data organization, and memory management.
¥hen these aspects of the system design are baselined either by the SPO
or the contractor, they can be monitored throughout the development cycle.
To yield a meaningful measure of technical performance, they can be re-
lated to the system quantitative performance requirements such as
processing speed and accuracy.

Both data and control structures deal with the micro-aspect of
computer software. Questions of the organization of the data and the
techniques for achieving the required flow of control are dealt with.
The remaining items consider the macro-aspect of the software environ-
ment. Real-time considerations involve the problems encountered in
relating the basic sequential nature of the computer to the real world
in which multiple activities occur simultaneously. Program and data
organization techniques provide for the integration of the data and ~
control structures. Finally, memory management topics deal with the
problem of implementing this overall software system within the real
constraints of a given set of computer resources. The analysis of data
structures, control structures, and real-time considerations relate to
the basic problem of enabling the computer to carry out its functions.
Considerations of program organization and memory management relate
to the basic problem of enabling the computer to carry out ites functions,
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Considerations of program organization and memory management relate to

it il

the overall question of how to best organize and apply the resources of
the computer to execute the problem's solution in the most effective

manner,

5.1 Data Structures

A vital prerequisite to the development of a computer software
system 1s a careful and complete data-base definition. The system
data-base is that collection of data iteme and structures which constitute
the data portion of the system. Most computer application programs in- ,
volve a large number of different data types such as integer, real or
floating-point, logical, character variables, state variables, and
pointers, The concept of data structures provides a framework for re-
lating the data requirements to the problem of organizing the data within
the processor so that they may be updated, referenced, and manipulated
efficiently. A data structure then is a grouping of a number of simple
data items together, which have some logical significance when considered
as a set, Examples include the array, the list and the queue. The
logical organization of such data structures and their physical organiza-
tion in memory are particularly important for the achievement of efficient

programs,

5.2 Control Structures .‘
Control structures are techniques which alter the sequential H

nature of the computer, i.e., execution of instructions one at a time
from an ordered list, to achieve the desired operation, Examples in-
clude the unconditional and conditional tranafer, the typical iteration,
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and decision tables., The concept of the subroutine is a control struec-
ture which provides the basis for modular software. When the required
data structures and control structures are defined, the design of a

software module is virtually complete.

5.3 Real Time Processi
Real time considerations may involve the efficient use of a

computer with memory speed and execution cycles significantly faster
than the peripherals with which it communicates. Or it may involve
situations in which individual programs are not capable of fully utiliz-
ing the computer and there is no conflict in the requirement for
peripherals. Yet another instance may be the situation in which dif-
ferent programs are required for different system functions and each
mst be executed simultaneously. Such requirements lead to concepts of
tasking or parallel processing. This requires an operating system
which provides for the general function of selecting which programs

are to be run and allocating to them the required computer resources.
Typical operating system functions will include scheduling and super-
vieing the execution of programs, allocating main and secondary storage
as required, supervieing interrupts and events, coordination of the

programs, and handling of the input and output operations.

5.4 Program and Data Organization
This subject concerns techniques for internal communication

between program modules euch as through permanently allocated memory,
through blank and named common, and/or through files., When many programe

must reference a data structure it is usually left resident in the main

-2l e
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memory at some fixed location. An extension of communication through
fixed memory is by use of named or unnamed data blocks allocated in a
fixed manner by a compiler or loader. When the systen data base is too
large to be contained within main memory, components are stored on a
bulk memory device in named data structures called files., A file

system is then provided to reference and obtain this data on demand.

5.5 Memory Mapagement

Concepts of memory management deal with the problem of allocating
a shared main computer memory to the program which must be executed.
Memory sharing methods include overlaying, partitioning, and dynamic
memory allocation. Overlaying schemes are simple but may compromise
system response times due to the repetitive nature of the overlay func-
tion within modules which have constituent overlays. In partitioned
systems, the memory is divided into fixed length areas within which a
group of programs may run. For the dymamic memory-allocation system, an
executive program searches for an application program which wishes to be
run. Memory is then allocated at execution time, if required, at the
expense of a lower priority program. This approach requires a complex
executive but has inherent speed and flexibility.

- 22 -
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6.0 Alternate Approaches
During the course of collecting data for this paper, other ap-

proaches to the problem of technical performance measurement for software

developments have come to the attention of the author. They are pre-

sented here in summary fashion only in the interest of completeness and

to demonstrate that many variations to the theme are poscible.

6.1 Module Interface Control
Several categories of software modules can be defined and used
in the construction of real-time systems. These include:
1. Application modules: Discrete software elements
available for combination into application oriented
packages (CPCIs);
2. Systems-operating modules: Discrete software
elements which perform in the capacity of operating
system components such as exscutives, priority
schedulers, and generalized input/output systems;
3. User-interface modules: Customized user-interface
sof tware elements available for each application
area to include the linkages necessary to combine
the library modules and any specially developed
software into a functioning cystem,
The concept of module interface control is that the complete
interaction between modules be defined by the SPO or the contractor.
This will include such areas as input/output data flows, computational

speeds, etc.. These interface paramaters are then: closely monitored
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and controlled as the focus for technical performence measurement. The

actual design and construction of the module is only considered when and

if there is a change in the specified interfaces,

6,2 Library Utilization
One concept for improving the performance of programmers in

software developments is to utilize a library which permanently records
all software debugging activity either through compilation or through
direct simulation of the target computer. The regular screening and
reading of program errors will identify weak programmers to management
for corrective action. This approach has ites obvious limitations in
terms of both the human factors aspect of the procedure and the diffi-

culty associated with directing its implementation.

6.3 Independent Validation & Verification
For software developments with critical military applications, a

parallel but independent software test and evaluation process can prove
effective. There is precedent for such activity on programs such as
Safeguard and Minuteman. There is evidence that improved software
quality, and enhanced confidence in the functional capability of the
software results, This approach has increased cost and schedule im-
plications. Under certain circumstances however, it could be the only

certain method of assuring software technical performance during the

development process.
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7.0 Summary and Conclusions

The design and development of the software portion of computer
oriented system acquisitions is rapidly becoming a limiting factor in
terms of cost, schedule and technical performance of the system. Al-
though the software development life cycle is fairly well understood,
there exists little or no definitive guidance regarding effective
measurement of a contractor's progress toward achievement of technical
performance goals. The historical application of hardware oriented
program milestones has proved less than effective and both industry and
Govermment are actively seeking improved management methods. One of
the major problems in a large software development project is being
able to portray an accurate picture of software status to upper
management, This report has examined and proposed a two dimensional
weighted software matrix which can be used to satisfy this need. This
approach has been attempted on at least one large computer systems
acquisition program and found to be effective in representing a real-
istic plcture of software status, Another unique but complementory
approach to monitoring the software development progress is to employ
an integrated software engineering methodology. In this case, manage-
ment attention is concentrated on fundamental micro and macro aspects
of the development process which can be directly related to the system
quantitative performance requirements. Recommended areas for SPO

concentration include data structures, control structures, real-time

processing, program and data organization, and memory allocation. These
particular aspects were selected because they are absolutely fundamental

in establishing the charactor and capability of the software sub-system
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A corollary benefit of selecting the above aspects for technical per-
formance measurement, is that they will focus contractor management
attention on the essentials of the software design process. It is
concluded that there is significant room for improvement over current
methods of measuring software technical performance during the acquisi-
tion cycle. The methods recommended in sections 4 and 5 of this paper
can provide improved Program Office visibility into the software
development cycle for both timely detection of problem areas and for
enhanced confidence in a properly enginecered and integrated system.
The alternate approaches described in section 6 represent areas for
further consideration with the concept of module interface control

offering the most promise for future research.
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SPARTMENT CF THE AIR FORCE DR:\ | AFR 800-1L
Headquarters US Air Forne 21 Janvary itk
Washington BC 20320

. Acquisition Management
MANAGEMENT OF COMPUTER RESOURCES IN SYSTEMS
This regulation establishes ﬁolicy for the acquisiticn and support of
computer eéuipuent and computer programs employei as dedicated elemernts,
subsystems or compcrnenis of systems developsd or acquired under the
progranm management concept established in AFR 800-2. It supplements
AFﬁ 800-3 and complements AFR 300-1. Computer rescurces in all other
systems will be managed in accordance with AFRs Tl-11, 8C-2, 100-2,
102-5 and 30C-2 as applicable.
Parazraph
Applicability of This Regulation. . « + o « o o & o .1
Objective of This Regulation. . ik SRR T, o 2

Air Force Policy on Management of
Computer Resources-In Systems. « « « « ¢ o « ¢ &+ ¢ « 3

Headquarters USAF Responsibilities. . . . . . . . . .k
AFSC Respcnsibilities. R e L e R TR W R
Program Manager Responsibilities. « « v o v o » +« . .6
AYLC ReosponisiDiliting. « o v w6 » » v v 2 o m o n ' T
Using Activities Responsibilities. « « « o« ¢ ¢ « ¥’ 8

ARICResponsiblliBies, « ¢ v o » ¢ « ¢ o.5 o % & o9

Alr University Besponsibilities. . « « o o v s o 'w 210 ¢ 2
((\»
L .
Explanation of Terms: « s o ¢ s ¢ ¢« ¢ s o « v » » « JAttachment 1 -’
‘:.‘
OPR: KD :
DISTRIBUTION: S;X (Defense Systems Managerent Schocl, T5, Belvoir, VA
T YT s o ot o e 0 0, 5 i il v e 100)
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é ‘ » -l. Applicability of Thi§ Regulation. This reguletion applies to all

E | ’ Air Force activities with respensibilities Tor planning, developing,
ecquiring, supporting, and using systems managed and acquired under

k. ‘ AFR 800-2. |
"2. Objective of This Regulation. The objective of the Air Force is to
insure that systems' computer resources are plaﬁned, developed, acquired,
employed, and maintained to accomplish Air Force assigrned missions

F"‘ec tively, efficiently, and econoéically.
i 3. Air Force Folicy on nanabement of Com nuuer Resources In Systems.

e. Computer resources in systems will be manzged =

o

s elements or
subsystems of major importance during .conceptual, validation, full-scale
developzment, production, deployment, operation and support phases.

Requirements will be allocated to subsystems on a realistic and meaning-

Saiiuatvaie

4 ful basis using in-depth trade-off studies and cost-effectiveness analiyses.
b. maruﬂamenu responsibility for the 1 tegration of computer
3 equipment and comnute* programs into a system will re=ain centralized for
. the life of the system. Development, maintenance znd medification of .
b sclected computer programs may be decentralized commensurate with opera-
b tioral and suppcrt requirements.
3 . . .
. c. In-house compdte equipnent maintenance and computer progranm
B
f
|
{ to the extent practicable within each system as well as across systeas.
; | ; j
‘. ‘ é 9
" , \
i ”
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e. Automatic data processing (ADP) standards and higher level
programming languages will te used or established in the system under
development to the maximum extent.practicable.

f. Computer equipmént and computer program trade-offs will be
conducted throughout the life cycle of the system to minimize cost and
insure growth capability consistent with system needs.

g. Organizational r°spov51b111ties and computer resource "equlremerts
including support'facilities, documentation and other essential rescurce
Wlll be identified early in the system development prcgram to insure
coordinated actions and integrated suppbrt.for.the s&stem life cycle.

h. . ta item descriptions will be identified and de&eloped (ana
apﬁroved as may be required by AFR 178-8) to insure timely and adeguate

program documentation support throughout the system life cyecle.

|

i. Solicitation documents will include explicit statements estab- 5

£

lishing Air Force rights to computer programs required 4o cperate and '
support the system. This includes those computer prozrams and asscciated

documentation-required for the maintenance and modification of these .

programs.

sk

.L

j» Configuration management nr ocedures will be developed to assure

firm configuration control during development, test, transition, opera- 3

g

tional maintenance, and major modification.
k. An inventory of computer equipment and computer prograzs will
Y2 developed and maintained.
1. Provision will e made for user involvement in computer pro

ram

Vor
S

p 4 4o - - v + " N Sy f e st 3 e o & =
evelopment, test, opsrational maintenance and major modificaticn as .

U

y

o -~ L de 3.
systea needs dictate
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m. Program da*agemgnu Directives (FMDs) will require and Progranm
Management Plans (PMPs) will provide for:

(1) Estublishment of computer technical and manazerial expertise,
ina»peud%Pt of the system prlme or computer program development contractor,
responsive to, preferably as an organic capability of the Program
Orfice (PO), 1

(2) e specification and allocation of system rerformance

and interface requirements to be met by computer equipment and ccmputer

i e S i

prozrams.

(3) Reliability, maintainability, and availability as prime

i ik

development objectives.

(%) Compute* equipzent cabac1tj aqd computer program design

o

durirg the anning and development phases to provide for flexibility
pl it P 7y

growth and ease of modification and maintenance throughout ithe system

Iife. ' 5
(5) The timely preparation of development, acquisivion,
~
operational maintenance and support plans for computer equipment, * ;
computer programs, supporting documentation and facilities covering the ?

expected system life.

(6) Level of simulation to te employed to assist and assure

- o

the acquisition of systems responsive to mission requirenmsnts and to

I T T wd ol aaey Tl Sok i wthanamg il PR
minimize the cost or risk associated with changes arouginout the systen 3

conputer equipment and couputer programs. vecial emphasis will %
3 3 I $ ] g " Saxadd v mnA 2 i e $ ~ P ER e 2 -
directed to these items during the testing and evalu . cop ed in
- -t 4o AR § '
accordance with AFR 80-1L, -
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(8) The identification of computer equipment, computer prcgrams

and associated documentation as configuration items (CIs).
(9) Work breskdown structures (See MIL STD-§81) designed to
facilitate identification of computer resource costs.

(;O) Coverage of csmputer equipment and computer programs during
the conduct of system design reviews, audits, and management assessments.
L. Headquarters USAF Responsibilities.

a. Insures that.the managenent of computer rescurces in systerns
is consistent with the policies contained in this and cother applicable
regulations.

b. Insures that policies and procedures for
computer equipment and computer programs ars consistent
applicable policies, regulations and directives.

'5. AFSC Responsibilities.

a. Provides for the implementation of this regulztion in
ment, acquisition, turnover and transitionlof systems involving computer
resources.

b. Maintains an organic capability of computer technical and
managerial expertise.

¢. Provides fo; the standar izatiqn of comput
computer programs betiween and within
of available computer resources as practic:

d. Insures the timely application of advanced comput

2
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information to AFLC as new systems are developed.

f. Satisfies other responsibilities as defined in the Air Force 800
series and other applicable regulations. |
6. Program Manager Responsibilities.

e. Provides managemenﬁ and technical emphasis to computer egquipment
and computer program regquirements identified in the FAD.

b. Directs the preparation, update and implementation of the BMP

con31stent with the policies of this regulation.

c. Insures that the PO works with AFLC znd the user to incorporate

their needs into the RIP, supporting planc and other system documents

prepared and implemented by the PO.
d. Satisfies other responsibilities as defined in the

series and other applicable regulatiocns.

T. AFLC Responsibilities.

[aT

;

[
3

a. Provides for the implementation of this reguletion
transition and support of systems involving computer recources.
b. Maintzains an organic capebility of computer technical and

managerial expertise.

¢. Develops jointly with AFSC and maintaine an inventory and data
base on computer equipment and computer programs in systenms. i

d. Participates with the FO and the user in the preparation, update
end implementation of the IMP, support plans (including the integratad
logigtics system lan) and other systen docuzents.

Yo § 3 3 A 28] + 1 ~

e. Determines, in conjunction with the PO and the users, responsi-
Tdd e 5 R e - vyl - R 4t nym s T e ba s

bilities for the maintenance and modification of computer eguipment end
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