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PREFACE

The Avionics Software Support Cost Model is a new step forward in an
attempt to estimate the cost of maintaining onboard embedded computer
software. SYSCON Corporation is pleased to be a part of this effort and to
have an opportunity to explore new areas to apply its expertise. SYSCON would
like to offer its gratitude to the Air Force for its patience, understanding,
and guidance. In particular SYSCON wishes to extend a special thanks to Mr.
Dan Ferens, the Avionics Laboratory Project Monitor, for his continuous help
in bringing tnis contract to a successful conclusion.
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SUMMARY

For some time now the Air Force has become acutely aware of the ever
escalating costs for maintaining embedded computer software. Such costs are
necessary to keep onboard avionics systems completely up-to-date with users'
requests. To accomplish this, each software system is currently provided with
its own uniquely qualified staff. Tne sole responsibility for these people is
to design, develop, integrate, test, and document the software on a continuing
basis. Tne Air Force is now attempting to better control the costs of
providing this vital support function.

gy studying the factors which affect the costs of maintaining embedded
computer software, the Air Force hopes to develop, suppcrt, and computerize a
metnhodology to accurately predict these costs. To accomplish this, SYSCON
Corporation nas developed the Avionics Software Support Cost Model (ASSCM).
Tne ASSCM is the result of more than two years of work. It is an interactive
model that projects annual software support costs for various proposed
software configurations during the early design phase of system development.
It bases its cost projections on a unigque algorithm specifically designed to
utilize as much of the available historic data as possible. To complement
this data, the algorithm also relies on subjective information obtained from a

large group of individuals intimately familiar with software support and its
costs.

Tnis final report describes the work effort and provides the information
necessary to understand, use, and, perhaps, update the ASSCM.
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1 SCOPE
1.1 Purpose

This final report provides the necessary information to support the
development, implementation, use, and understanding of the Avionics Software
Support Cost Model (ASSCM). This model was designed according to tne
stipulations and guidelines of the Avionics Laboratory at wrignht-Patterson Air
Force Base (WPAFB) by SYSCON Corporation under contract number F33615-80-C-
1157.

1.2 Functional Summary

The ASSCM is a predictive model wnich enables the user to estimate the 1

support costs associated with embedded computer software for avionics

systems. Tne model is applicable to a wide variety of avionics computer
software; specifically, operational flight program (OFP) software, airborne
communications/electronics (CE) software, and airborne electronic warfare (EW)
software for tnese programs. The model does not address software acquisition
costs, nor the costs incurred by the users-at operational commands for

operating the software.
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2 APPLICABLE DOCUMENTS

The following 1ist of documents are related to the total work effort and
should be used as additional reference material. Several of tnese documents
are referred to in this Final Technical Report and are described as such. In
the event of conflict between the documents referenced herein and the contents
of this document, the contents of this document shall be considered a

superceding requirement.

P Sy
)

1. Statement of Work - Avionics Software Support Cost Model

i (March 26, 1980)

2. Predictive Software Operation and Support Software Cost Model {

Development - Technical Review/Progress Report (Januany 23, 1981)

3. Metnhodology for Estimating Avionic Software 0&S Cost-Concept Paper f
(Marcn 19, 1981)

4. Predictive Software Dperation and Support Cost Model Development -

’ Technical Review/Progress Report {Marcn 19, 1981) i
' 5. Comparison Of Employee Benefits In Private, Federal Sectors, Office ?
; Personnel Management (July 1, 1981) g
' 6. Predictive Software Operation and Support Cost Model Development - é
% Preliminary Design Review (November 5, 1981) :
¢ 7. Avionics Software Support Cost Model (ASSCM) - Software Design
i Specification (March 31, 1982)

)

f 8. Predictive Software Operation and Support Cost Model Development -
}.

Detailed Design Review (July 14, 1982)

9. Predictive Software Operaticn and Support Cost Model Development -

Final Presentation (October 13, 1982)




10. Predictive Software Operation and Support Cost Model Development -
Training Course Material (October 14, 1982)
11. Avionics Software Support Cost Model (ASSCM) - User's Manual
{ (February 1, 1933)
g ‘ 12. Avionics Software Support Cost Model (ASSCM) - Computer Program
; Product Specification (February 1, L983)
13. Avionics Software Support Cost Mode1 (ASSCM) - Model Validation

(December 1, 1982)




3 OVERVIEW

The ASSCM was developed over a 27 month period from September 1980
through November 1982. During this time a comprenensive effort to understand,
evaluate, and project embedded computer software maintenance costs was

completed. This effort included the following major milestones:

® Review

o Methodology Development

e Data Collection

e Data Organization and Analysis
e Algorithm Development

¢ Computerization :*
e Model Validation |

¢ Oocumentation

3.1 Review 1

Tnis task lasted approximately seven montns and included a review of all
applicable documents and current software maintenance procedures. During th®
time, discussions were held on site at various Air Logistic Centers (ALC's) H

with Air Force personnel.

3.2 Methodology Development

This task concerns the development of the model algorithm to be used by
the computer for projecting costs. The metnodology that was ultimately used
was derived specifically as a result of the review process. It reflects a
simulation of real world software maintenance procedures as well as a
pragmatic approach designed to compensate for the limited amount of available

data.




3.3 Data Lollection

As a result of the formulated methodology, a two-phased data collection
effort was initiated. Pnhase [ consisted of t = collection of historical data
for each system currently past the Program Management Responsibility Transfer
(PMRT) date. A Pnase I gquestionnaire was designed to obtain the software
support costs expended as well as information about the characteristics
associated with the software. A Phase Il questionnaire was drawn up to obtain
certain subjective information about those characteristics. Because of tne
limited historic data available, subjective data was provided by Air Force
personnel on now changes in certain characteristics affect software support

cost incurrence.

3.4 Data Qrganization and Analysis

Tne data collected from the field was coded and edited so that it could
be analyzed for use by the model. The cost information was normalized to
remove individual differences caused by extraneous factors (pnysical location,
command decisions, salary steps, inflation etc.). Tnhe characteristics
information was simply edited for completeness and summarized. Finally, the
subjective information was inputted into a computer. Using a statistical
package, aritnimetic equations and functions were derived wnich reflect tne

trends in the answers provided by the respondents.

3.5 Algorithm Development

An algorithm utilizing the information collected was establisned to
project software maintenance costs. The algoritnm started with the historical
costs and characteristics as the baseline data. Tne costs were then adjusted

according to the characteristic values of the system described by the model

s e v




user. The adjustments were accommpl ished by applying the derived modification

factors and functions,.

3.6 Computerization

The model algorithm, normal ization factors, modification factors, and
other necessary information was programmed into a computer. The computer
autamated the process by which the user may offer his own support software
characteristics and facilitated the thousands of computations necessary to

compl ete the cost projection methodology.

3.7 Model validation

The model was validated by inputting the characteristics of three
existing systems whose costs were not used in the model development. The
costs projections were compared with the actual costs and the major

discrepancies were examined and expl ained.

i 3.8 Documentation
A11 of the information required to develop, implement, and use the ASSCM
belongs to the Air Force. An audit trail to support all of the data utilized
by the model, as well as the algorithm itself, is provided in this document as
well as other publications provided to the Air Force. See aiso the referenced

documents in Section 2 .
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4 MODEL DEVELOPMENT
4.1 Review

Tne review period enabled SYSCON personnel to become familiar with how
current software maintenance costs are generated, the procedures and problems
associated witnh software maintenance, existing data available, and current
metnodologies used for estimating these costs. The review consisted of data
gathering trips to three ALC's and a comprenensive review of all documents
written heretofore related to the subject of projecting costs for maintaining
embedded computer software. The three trips were designed to obtain any
available data or documents which mignt by useful and to find out as much as
possible about software maintenance costs and the factors which affect those

costs. Tne dates, destination and SYSCON personnel involved are summarized

below:

Date Destination Systems Discussed Personnel

9/22/80 Cnina Lake, CA A-7 J. Cyr

11/3/80-11/7/80 0C-ALC E-3A - T. Pavlick, J. Murray

1/12/81-1/16/81 SM-ALC F-111F, F-111D J. Murray, B. Johnson
FB-111A

2/9/81-2/13/81 WR -ALC APR-38, ALQ-155 W. Gagner, R. Bentley,
ALQ-131, ALR-69 J. Murray

ALR-46, ALR-62
The major conclusions that resulted from this review are summarized

below:

e The ALC's collect cost data independently, providing a nonstandard

means for summarizing information for all ALC's.
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o There were to0 few systems with post-PMRT experience to develop
statistical cause-and-effect relationships between costs and
software characteristics.

| o Air Force personnel were very interested in estimating software
‘ support costs but had no formal means fcr doing so at this time.
’ e Labor cost data was collected uniformly on Form 75 for all ALC's;
;' nowever, this information was projected (not actual) and could not
k ? be used to support the ASSCM in its present form.
e Indirect labor costs and support equipment costs are not broken
out by system, nor are the costs available from one source.

® Where cost information exists for a specific system, summarizing

it would be an extremely time-consuming and costly effort, perhaps
reaching a point of diminishing returns.

o Tnere are certain software characteristics which dir~ctly impact
upon software maintenance costs. These include program size,
Yanguage, complexity rating, structure, etc. and are discussed in

greater detail in section 4.2.

¢ An algorithm uniquely capable of simulating a situation wherein
limited available data is required to project software maintenance

costs would best achieve the Air Force's goals. .

SYSCON's conclusions about the lack of available data were not
encouraging insofar as the development of a computer model based on
statistically reliable manipulations of a comprehensive data base. Prior to
suggesting an alternative methodology, SYSCON presented its summary of data
collection problems. This is provided in APPENDIX A.

As a result of these observations and conclusions, SYSCON developed an




alternative pragmatic approach for estimating support costs of future embedded
computer systems. Tnis was presented on March 19, 1981 in a concept paper.

(See Applicable Document No. 3)

4.2 Methodology Development

After the data collection trips and the information received was
digested, SYSCON developed a unique methodology upon which to base the
model. This methodology makes use of tne data currently available while
providing a means to logically project and support cost estimates.

The first task was to develop a standardized means for collecting cost
information. Tnis effort resulted in the work breakdown structure (WBS) shown
in FIGURE 1. Tnis WBS enables one to collect cost data for all systems such
that a consistent definition of costs can be assured. This formed the basis
from which costs were collected and projected, enabling costs for the various
systems to be properly and reliably comparecd.

Associated with the costs collected for supporting the embedded computer
software of any one system are the characteristics that describe that |
system. As a result of the review effort, sixteen factors were .ypothesized
to affect costs. These factors, as well as some additional descriptive
information, are listed in FIGURE 2. Depending upon the value given for each
of the characteristics, software support costs could be expected to increase
or decrease in a predictable fashion. This forms the basis upon which the
methodology is founded.

The general methodology with a specific example was provided to the Afr
Force in Applicable Document No. 3. It relies on historical information from
current systems to constitute tne baseline data. It then assumes that

relationships between costs and changes in the characteristics tnat describe
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the software can be quantified and applied to the historic costs to form a
new, projected cost estimate, Costs are defined according to the WBS and are

adjusted according to arithimetic modification equations. The modification

equations are to be derived from data collected from Air Force personnel who

are intimately familiar with software maintenance.

4,3 Data Collection

To accompl ish the data needs to support the methodology, two separate
questionnaires were designed. The Phase I questionnaire seeks specific
information about a particular system as well as general information which
might apply to several systems. FIGURE 3 Tists the information requested by

- the Phase I questionnaire. It should also be noted that the Phase I
questionnaire was completed by only one person per system, usually the lead
* engi neer or supervisor. Where the general informmation is not known,
addi tional personnel (usually administrative) were contacted at the various
' . ALC's. A copy of the Phase ! questionnaire is provided in APPENDIX B.
The Phase II questionnaire is designed to obtain subjective
information. This questionnaire was to be completed by as many software
1} { support engineers as possible. The objective is to find out how changes in

certain characteristics affect 1abor costs and to derive mathematical

functions to refiect the overall trend of answers. FIGURE & provides the

information about which expert judgment was requested. The Phase 11

questionnaire is provided in APPENDIX C.
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With questionnaires in hand, additional data collection trips to the

ALC's were made by SYSCON personnel. These are summarized below:

DATE Destination Systems Discussed Personnel
8/17/81-8/19/81 00-ALC F~4,F-16 R. Bentley, J. Murray
8/19/81,8/20/81 SM-ALC F-111F, F-111D R. Bentley, J. Murray

FB-111A
8/21/81 Point Mugu, CA F-14 R. Bentley, J. Murray
10/12/81,10/13/81 WR-ALC APR-38 ,ALQ-155 R. Bentley, J. Murray
ALQ- 131,ALR-69
ALR-46,ALR-62
10/13/81,10/14/81 0C-ALC E-3A, A-7 R. Bentley, J. Murray

4.4 Data Organization and Analysis

Data was collected using the Phase 1 and Phase II questionnaires from all
known sources where embedded computer software was being maintained. FIGURE 5
summari zes the location, systems, and type of data collected.

As stated above there are two distinct types of data: historical and
subjective. The historical data for each system includes actual costs
expended during the most recent block change period as well as various
descriptive information about the software and the people maintaining the
software. This information was sumarized and edited for completeness. The
data for seven systems was deemed sufficiently complete. These systems
eventually became the baseline data for the ASSCM. Data for three other
systams were used to facilitate the model validation.

Phase 11 data was collected from thirty-nine individuals who were
currently maintaining embedded computer software. These people exhibi ted
varying degrees of experience and provided a wide spectrum of responses from
which to derive trends. Each of the questionnaires was admininstered by

18

- - S

P A




NOILVAITVA INIT3svE

38N WOSSvY

X X X X X X

X X X

X X X X

1 3SVHd

INI
ONI

x

ONI

ONIi
INI
INI

| 3ISVHd

a3ildo3anod vivda

S 34NOId

d40

d40
30

m3
M3
m3a
m3
m3
m3

d40
d40
d40

dd40
d40
d40
d40

3dAL

rzeoii

vi—4d J1Wd

LY
ve—-3 J1v-20

29— HIV
9y—HIV
69— HIV
LEL-DOV
G610V
8€—HdV JTv—HUMm

16

viiti—8ad
a4
Ji—4 IIV-IS

anH9oL—d
SWS9L—d
HO4 91—4
204914 Iv—00

W3LSAS L

<

—

m——
I REETEP- ot LU '
et s e =
.
} . .
— e

 —— .. o . i T e

anthossatiiie dondis e it

o ——— e —— e = -




SYSCON personnel to maintain as consistent an understanding of the questions ;

as possible. The results were coded, edited, and read into a computer for

final analysis.

4.4.1 Historical Data.

The historical data was usually obtained from either the lead engineer or
the supervisor for each software support staff. Once all of the questions
were answered, tne descriptive data was simply summarized. The cost data,
nhowever, had to be normalized to remove the exogenous factors which affect the
costs for tne various systems differently.

For example, a GS-11 employee's annual salary may vary considerably

depending on his or her step. To compensate for this exogenous cost
difference, an average annual salary for each grade was derived. Another
example concerns the number of personnel managed by a supervisor. For one
group the ratio mignt be ten workers per supervisor. For another group it
might be six. The model assumes an average figure.

A1l of tnese normalization factors and their FY 1981 values are provided
in TABLES 1-A tnrough 1-D

when determining the actual values of the normalization factors, SYSCON
empioyed an expert panel approach to determine the most reasonable values.
Tnis was necessary because the data available was limited and not subject to
statistical analysis. It should be noted that the explanations provided below
include the input and judgement from several individuals. Thus, a particular
value tnat mignt be referred to as an average may not actually equal tne
aritnmetic average of all tne data available. It simply refliects the

concensus of the entire group for the most reasonable figure.
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See APPENDIX D for a summary of tne data from which most of the decisions

were based. A discussion of each normalization factor follows.

4.4,1.1 OQrganic Labor Cost/Manmontn By Grade

The organic labor cost/manmonth by grade is assumed to be the same for
all personnel within each grade. This was determined separately for civilian
and military grades and is used to normalize the historical direct labor cost
for maintaining the software for the most recent block change. See TABLES 2-A

and 2-B for the derivation of these normalization factors.

4.4.1.2 Contractor Labor Cost/Manmontn

The contractor labor cost/manmontn is assuméd to be $7,000 for fiscal
year 1981. Tnis figure is based on the nistorical data collected which
indicated a range of $4500 to $10,000. The chosen figure seems to best
reflect the average for contractors, either on-site or off-site.

The contractor labor cost/manmontnh is used to convert contractor
manmonths to contractor costs. Tnis normalization is necessary to account for

the varying rates that are charged by different contractors.

4.4.1,3 Supervision Ratio

The supervision rétio is the inverse of the employees per supervisor,
Actual data indicated that supervisors managed from three to fourteen
people. An average figure of 7.7 was assumed to reflect all of the ALC's.
Thus, the supervision ratio is computed as follows:

1 +7.7 = .13
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TABLE 2-B
DERIVATION OF MILITARY LA3OR COSTS/MANMONTH

| Erade Average Monfy]y Average gyntn]y
Level Base Salary Costs
, Below 0-2 $1,3293/ 1,994
f 0-2 1,651 2,477
, 0-3 2,112 3,168
Above 0-3 3,010%/ 4,516

e

l/Average monthly base salaries by grade were received 10/27/81 from
| Mr. Jerry Carter, HQTRS AFLC/NPKP at WPAFB. Figures are for 10/1/81. See
APPENDIX E

g/Previous column multipled by 1.50. Overall civilian's benefit factor is
about 1.33. Since military benefits include nousing and food allowances, 1.50
is used as an estimate,
y 3/assumes 0-1

4/assumes average of 0-4, 0-5, and 0-6 equally weignted.
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4.4,1.4 Administrative Ratio

The administrative ratio is similar to the supervision ratio but reflects
the number of administrative personnel required to serve the software support
staff. Actual data showed that the number of workers per supervisor and
adninistrator was nearly the same. Therefore, the administrative ratio was
assumed to be the same, i.e, .13.
4.4.1.5 Supervision Cost/Mamonth

The supervision cost/mammonth is assumed to be the same for all
supervisors. Since this person is usually a grade GS 13, the average cost/
manmonth for this grade is assumed to apply. As shown in TABLE 2-A, the
figure is $4,390.

4.4.1.6 Administrative Cost/Manmmonth

The administrative cost/mammonth is assumed to be the same for all
administrators. Since this person is usually a secretary below a grade 9, the
average cost/mamonth for a grade below GS 9 applied. As shown in TABLE 2-A,
the figure is $1,847.

4.4.1.7 Adninistrative Complexity Function
The administrative campiexity function is designed to reflect the
increase in administrative costs due to the monitoring of outside
contractors. This equation is derived from subjective information requested
as part of the Phase I questionnaire. The question reads as follows:
Describe the relative increase, if any, in administrative costs caused by
increasing the amount of work contracted. Assume that if 0% of the work
is performed by contractors, the value is 1.00. For example, if you feel

that contracting 50% of the work would increase administrative costs by
20%, you would write 1,20 below the 50 percent column.
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% of work contracted

Ret ative increase in
adnini strative costs 1.00

———— —— — —— ———

The average of all answers reflect the following relative cost increases:

% of work contracted
U_ 25 50 75 100

Relative increase in
administrative costs 1.00 1.125 1.25 1.375 1.50

Incorporating this information into a continuous function resuits in the

following equation:

y= .005 + 1
where y = relative increase in administrative costs
x = % of work contracted

4.4.1.8 Inflation Factors
The inflation factors are used to normalize costs such that costs H
referring to different periods of time can be compared. These factors ramove
the impact of price increases directly tied to inflation.
The inflation factors were provided by the Air Force and are current for

October 1981. For all years after 1986 an annual inflation rate of 9.6% is

assumed.

4.4.1.9 T&E Ratio

The T&E ratio is used to estimate the number of actual hours in the air
for testing the new sof tware after changes have been completed. The T&E ratio
is defined as the number of manhours required for testing and evaluating the
software (in the lab) divided by the number of hours required to test the
sof tware actually onboard the afrcraft (in the air).
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The average figures selected are estimated from the historical data
available. Because it appears that system type impacts the amount of T&E

required in the air, three separate factors are used. These are listed below:

System Type T&E Ratio

OFP: 3.0%
EwW: 5.0%
CE: 3.5%

4.4.1.10 Cost/Flight Test Hour By Aircraft Type

The cost/flignht test hour by aircraft type represents the nourly cost for
testing the updated embedded computer software under actual circumstances.
Tnis is the cost of flying the airplane as well as using the test range.

The nistorical data indicates varying costs per hour for testing
depending upon the type of aircraft being used. The amounts selected as most
representative are shown below:

Aircraft Type

Cargo Bomber Fighter Surveillance

Cost/Flignt Test Hour $2,000 $5,000 $2,000 $6,000

4.4.1.11 Cost/Reproduction By Medium
The cost/reproduction by medium is used to estimate the cost necessary to

duplicate the updated software and install it on the aircraft in the field.

There are three primary media for copying the software: mylar tape, PROM, and
magnetic tape. Tne unit medium costs are $35, $20, and $17, respectively,
Associated with each of these media is an undefined factor called the

medium factor. The medium factor is used to convert program size to an
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average number of tapes or PROMs required per fielded system. The medium
factor is .12 for mylar tape. This indicates that only a portion of the
entire role of mylar tape is required per system. For PROMS the medium factor
is related to the number of lines of code and a constant, K, which takes into

account technological changes over time. The medium factor is:

Medium Factor (PROM)= Lines of code X 1.1
K
Where K= .25 before 1981
K = .50 between 1981 and 1982
K = 1,00 between 1983 and 1985
K= 2.00 after 1985

This factor divides the 1ines of code by the amount of code able to fit on a
PROM, while assuming 10% spoilage. The amount of code able to fit on a PROM
is expected to increase over time, as indicated by the time-dependent values
of K.

The medium factor for magnetic tape is different depending on the system
application. The number of tapes necessary on average for an OFP application
is 2. For CE, the number of tapes requiréd is significantly higher. The

value chosen is 25.

4.4.1.12 Space/Person

The space/person normalization factor is used to estimate the amount of
building space required once the number of people has been estimated by the
model. For technical personnel, the number of square feet per person is
275. This includes space for lab equipment, desks, chairs, shelves, floors,

and anything else,

Since supervisors do not necessarily require space for equipment, a

smaller space is required. An office of 10 feet by 13 feet or 130 square feet
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i
f é is assumed to be representative.
i

4.4.1.13 Building Cost/Square Faot
Tre building cost/square foot is used to estimate the facility cost for
sneltering a software support staff. Although building costs vary

| considerably all over the country, $136 per foot is assumed to be

R e P

representative for this nonrecurring cost.

4.4.1.14 Utility Cost/Square Foot
Tne utility cost/square foot is used to account for utility costs
associated with & building. This recurring cost varies considerably depending

on the climate experienced by a particular region. The figure chosen to be i

most representative is $1.20. |

4,4.1.15 Furnisning Cost/Person
The furnishing cost/person accounts for the nonrecurring costs of
i supplying employees with their everyday needs: desks, chairs, filing

cabinets, etc. An amount of $680 is assumed.

4,4,1.16 Materials and Supplies Cost/Person
» . Tne materials and supplies cost/person includes recurring costs necessary
to supply each employee. Tnis includes pens, pencils, paper, desk pads, paper

clips etc. The amount assumed is $700 per year.

4.4.1.17 General Computer Cost/Person

—

p Tne general computer cost/person is used to estimate tme computer
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nardware and other peripheral costs that are assigned to, and used by, more

than one staff of people. This nonrecurring cost is assumed to be $20,000.

4.4.1.18 Hardware Maintenance Cost Ratio
‘ Tne hardware maintenance cost ratio is used to estimate the recurring
cost of maintaining the computer, peripherals, and other lab equipment. Based

on tne data available it appears tnat maintenance costs are approximately 10%

o et e

! of the original nardware acquisition cost.

4.4.2 Subjective Data.

Tne subjective data is obtained from members of the software support
staffs at each of the locations visited. These people work with the embedded
computer software everyday. They have an indepth knowledge of the procedures
required and know better than anyone else how certain characteristics in tne
software affect their time.

i The Phase II questionnaire was given to several peopie at once and
3 adminstered by SYSCON personnel. In this way, a consistent understanding of
] the questions would be relayed to the respondents to insure reliability of

answers to the maximum extent possible. Thirty-nine guestionnaires were

i

completed, thirty-six by Air Force personnel. These included both civilian
and military. APPEND. F lists the names of the respondents and their
locations.

The approacnh used to obtain the subjective information is known as the

Delphi Technique. Generally, the Delphi Technique is applicable to situations g

where real answers are unknown--usually some sort of prediction of future
events is required. This is precisely tne situation nere. The objective is

to predict now changes in certain system characteristics will impact on costs.
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The Delphi Technique calls for the opinions of expert panelists. The

original responses are tallied and summarized. The panalists are then
notified of the average answers of the group as a whole. Each has an
opportunity to change any of his/her answers based on this additional
knowledge. The final answers are then tallied and readied for analysis.

A1l of tnhe Pnase Il responses were received by December 1981. The
answers were coded and fed into SYSCONs' Hewlett Packard 3C00 computer. Next,
the numbers were averaged and summarized. Each respondent was then sent a
computer-generated letter indicating how his answers compa’-d to the groups'
averages. A sample of tnis letter is shown in APPENDIX G. cach respondent
was given the opportunity to make any changes and forward tne results back to
SYSCON. A1l gquestionnaires were completed and returned by February 1982.

The data changes were made so that tne files could be updated. The files
were then fed into a statistical package to ensure that the new answers could
be edited for completeness and consistency and readied for statistical
analysis.

There were two types of statistical analyses performed on the data.
First, tne answers were simply averaged to derive the general trend. This was
all that was necessary for several of the questions tnhat simply asked for
ordinall/ (ranking) data.

Tne otner questions asked for ratio type data, wnich is susceptible to

more sopnisticated statistical analyses. For these questions, linear and

i/Tnere are four types of data: nominal, ordinal, interval, and ratio.
Nominal data, such as the numbers on the back of baseball players' uniforms,
cannot be maniputed. On tne other end of the scale is ratio data. An example
is the number of nwme runs nit by baseball players during the year. Ratio
data can be manipulated such that adding or dividing two totals is

meaningful. For more information on this subject see any standard statistical
test book, including Research for Marketing Decisions, Pau) E. Green and
Donald S. Tull, Prentice-Hall, Inc., Englewood Cliffs, N.J., 1970, pages 174-
181.
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nonlinear regression analysis was used to derive arithmetic equations that
statistically represent the data. This also provided statistical criteria for
measuring now well tne equations reflected tne data. In each case an
exponential and a linear relationship were tested. wWhere further testing was
deemed necessary, a logarithmic equation form was tried. The shape which
exnibited the best fit according to the statistical criteria was chosen,
Computer printouts of tne statistical results have been provided to the Air
Force under separate cover.

Tne results of the regression analyses discussed above are shown in TABLE
3. TABLE 4 summarizes the modification factors for those characteristics not

susceptible to regression analysis. Each derivation is discussed below.

4.4.2.1 Lines of Code

The quesfion on lines of code is designed to measure how changes in the
embedded computer software size affect costs. The hypothesis is that the
larger the program, the more difficult to change and update the software,
causing costs to increase. As shown in TABLE 3, tne snape of equations varies
between exponential and a straight line, depending upon the work phase in
question. .

Tne cost of maintaining the support software is assumed to be independent

of the embedded computer software size.

4.4,2.2 Percent Memory Fill
Tne percent memory fiil is important sinCe as this characteristic
approaches 100%, additional lines of code will require some deletion of old

code. Obviously, time and costs would increase substantially to accomplisn

this.
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PAGE 10F 7

TABLE 4
MODIFICATION FUNCTIONS
PHASE 8. LANGUAGE
STRUCTURED
ASSEMBLY FORTRAN HOL
REQUIREMENTS REVIEW 1.00 .94 91
| DESIGN 1.00 .84 .78
DEVELOPMENT 1.00 .67 .62
INTEGRATION 1.00 .83 .76
TEST & EVALUATION 1.00 .87 .82
DOCUMENTATION 1.00 .82 .75
REPRO/INSTALLATION 1.00 .95 .91
SUPPORT SOFTWARE 1.00 1.00 1.00
' 9. DEVELOPMENT V&YV RATING
PHASE (YEAR OF SUPPORT = 1)

NONE DEVELOPER COMPLETE

REQUIREMENTS REVIEW 141  1.00 .90
DESIGN 156  1.00 .80
_' DEVELOPMENT 166  1.00 81
7 INTEGRATION 1.68  1.00 .78 |
[ TEST & EVALUATION 205  1.00 67 |
: DOCUMENTATION 168  1.00 o '
, REPRO/INSTALLATION 118 1.00 96 '
SUPPORT SOFTWARE 1.00  1.00 1.00

4 |
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PAGE 20F 7

TABLE 4
MODIFICATION FUNCTIONS

9. DEVELOPMENT V&V RATING
(YEAR OF SUPPORT = 2}

DONE TOTAL
PHASE BY V&V
NONE DEVELOPER COMPLETE

REQUIREMENTS REVIEW 1.14 1.00 .96
DESIGN 1.20 1.00 .92
DEVELOPMENT 1.23 1.00 9
INTEGRATION 1.24 1.00 .85
TEST & EVALUATION 1.37 1.00 .85
DOCUMENTATION 1.24 1.00 .93
REPRO/INSTALLATION 1.06 1.00 .99
SUPPORT SOFTWARE 1.00 1.00 1.00

9. DEVELOPMENT V&V RATING
(YEAR OF SUPFORT = 3)

PHASE oy dien
NONE DEVELOPER COMPLETE
REQUIREMENTS REVIEW 1.04 1.00 .99
DESIGN 1.06 1.00 .98
DEVELOPMENT 1.07 1.00 .98
INTEGRATION 1.07 1.00 .97
TEST & EVALUATION 1.1 1.00 .95
DOCUMENTATION 1.07 1.00 .98
REPRO/INSTALLATION 1.02 1.00 1.00
SUPPORT SOFTWARE 1.00 1.00 1.00

NOTE: IF YEAR OF SUPPORT IS 4 OR MORE, THEN THE MODIFICATION VALUE FOR
DEVELOPMENT V & V RATING IS 1.00;

35
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MODIFICATION FUNCTIONS

PHASE

REQUIREMENTS REVIEW
DESIGN

DEVELOPMENT
INTEGRATION

TEST & EVALUATION
DOCUMENTATION
REPRO/INSTALLATION

SUPPORT SOFTWARE

PHASE

REQUIREMENTS REVIEW
DESIGN

DEVELOPMENT
INTEGRATION

TEST & EVALUATION
DOCUMENTATION
REPRO/INSTALLATION

SUPPORT SOFTWARE

§ m— e o m——— e = =

PO

iacdiing P

TABLE 4

POOR
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00

POOR

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00

A ;..,‘,*,c,*,w ;"e&y"-"}' -

- ——————m —m D e

10. PROGRAM DESIGN

FAIR
.93
.85
.85
.87
91
.89
.97

1.00

FAIR
.96
.89
.86
.87
.89
92
.96

1.00
36

GOOD

.87
72
.73
.74
.80
.78
.95

1.00

GOOD
91
.80
.73
.74
.80
.84
.93

1.00

e i e i e

!
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EXCELLENT

.79
.58
.59
.60
70
.67
B2

1.00

11. PROGRAM IMPLEMENTATION

EXCELLENT
.86
.69
61
.61
.70
74
.89

1.00

adesatiin.
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TABLE 4

MODIFICATION FUNCTIONS

PHASE

REQUIREMENTS REVIEW
DESIGN

DEVELOPMENT

_ INTEGRATION

TEST & EVALUATION
DOCUMENTATION
REPRO/INSTALLATION

SUPPORT SOFTWARE

PHASE

REQUIREMENTS REVIEW
DESIGN

DEVELOPMENT
INTEGRATION

TEST & EVALUATION
DOCUMENTATION
REPRO/INSTALLATION
SUPPORT SOFTWARE

NOTE: IF YEAR OF SUPPORT IS 4 OR MORE, THEN THE MODIFICATION VALUE FOR
INITIAL DOCUMENTATION IS 1.00.

12. INITIAL DOCUMENTATION.
(YEAR OF SUPPORT = 1)

INCOMPLETE MIL-STD

NONE OUTDATED UP-TO-DATE

2.84 1.00 .65

3.97 1.00 .56

3.57 1.00 .61

3.79 1.00 .62

3.13 1.00 .68 i
4.1 1.00 .52

2.04 1.00 .84

1.00 1.00 1.00

12. INITIAL DOCUMENTATION
{YEAR OF SUPPORT = 2)

INCOMPLETE MIL-STD
NONE OUTDATED UP-TO-DATE
1.64 1.00 .84
2.04 1.00 .78
1.90 1.00 .82
1.98 1.00 .82
1.75 1.00 .86
2.09 1.00 .76
1.36 1.00 .94
1.00 1.00 1.00

37




)

PAGE 5 OF 7
TABLE 4
MODIFICATION FUNCTIONS
12. INITIAL DOCUMENTATION
, (YEAR OF SUPPORT = 3)
PHASE INCOMPLETE MIL-STD
NONE OUTDATED  UP.TO-DATE
REQUIREMENTS REVIEW 1.18 1.00 95
DESIGN 1.30 1.00 93
DEVELOPMENT 1.26 1.00 94
INTEGRATION 1.28 1.00 94
TEST & EVALUATION 1.21 1.00 96
DOCUMENTATION 1.21 1.00 92
REPRO/INSTALLATION 1.10 1.00 .98 ’
SUPPORT SOFTWARE 1.00 1.00 1.00

13. TYPE OF AIRCRAFT

PHASE
CARGO BOMBER FIGHTER SURVEILLANCE
REQUIREMENTS REVIEW .83 ' 1.02 1.00 .98
DESIGN .80 1.02 1.00 1.01
DEVELOPMENT .80 1.01 1.00 1.02
INTEGRATION 79 1.0 1.00 1.02
TEST & EVALUATION .80 .99 1.00 1.01
‘ DOCLUMENTATION .89 1.02 1.00 .99
| REPRO/INSTALLATION .90 1.00 1.00 .99
SUPPORT SOFTWARE 1.00 1.00 1.00 1.00 1
NOTE: IF YEAR OF SUPPORT IS 4 OR MORE, THEN THE MODIFICATION VALUE FOR

INITIAL DOCUMENTATION iS 1.00.
33
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TABLE 4
MODIFICATION FUNCTIONS

, PHASE 14. COMPLEXITY
| 1 2 3 4 5
| REQUIREMENTS REVIEW .74 .86 1.00 1.56 2.27
DESIGN 52 75, 1.00 2.15 3.60
DEVELOPMENT 51 .75 1.00 2.15 3.60
INTEGRATION 59 .80 1.00 2.08 3.40
TEST & EVALUATION .65 .83 1.00 1.71 2,87
DOCUMENTATION .69 .86 1.00 1.65 2.68
REPRO/INSTALLATION .97 .99 1.00 1.05 1.10
SUPPORT SOFTWARE 51 .75 1.00 2.15 3.60
¢
i PHASE 15. RATE OF CHANGE
1 2 3 4 5
REQUIREMENTS REVIEW 64 .76 1.00 1.42 212
DESIGN 62 77 1.00 1.60 2.39
DEVELOPMENT 61 78 1.00 1.62 2.50
INTEGRATION .61 77 1.00 1.62 2.48
? TEST & EVALUATION 62 77 1.00 1.62 243
DOCUMENTATION .55 72 1.00 1.86 2.68
- REPRO/INSTALLATION 67 79 1.00 1.42 1.99
; SUPPORT SOFTWARE 61 .78 1.00 1.62 2.50
39
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PAGE 7 OF 7

TABLE 4
| WORK EFFICIENCY (TIME)

PHASE 16. SKILL LEVEL MIX

fl 1 2 3 4 5
" REQUIREMENTS REVIEW 320 194 100 73 .55
| DESIGN 386 218 100 .69 .47
DEVELOPMENT 368 212 100 .69 .48
INTEGRATION 395 233 100 .69 .49
, TEST & EVALUATION 321 191 100 74 58
; DOCUMENTATION 277 169 100 .78 .62
| REPRO/INSTALLATION 183 136 100 .88 .79
; SUPPORT SOFTWARE 368 212 100 69 .48

NOTE: CONTRACTORS ARE ASSUMED TO WORK AS EFFICIENTLY AS SKILL
LEVEL MIX 5. {F CONTRACTOR IS PRESENT, \VORK EFFICIENCY IS THE
WEIGHTED AVERAGE OF CONTRACTOR SKILL LEVEL MIX AND THE
ORGANIC SKILL LEVEL MIX.

40
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Once the regression equation was selected, a further adjustment was

necessary. Since regression analysis assumes a continuous function, the

resulting equation reflects a relationship over all possible values for
percent memory fill. To compensate for the unnecessary need of concern to
| reduce program size for low percentages, SYSCON judged that deletion of lines
of code does not become important until the percent memory fill reaches 75%.
Only as the percentage becomes 75% or greater does this concern become
significant enougn to affect costs. Thus, percentages of less that 75 are
assumed to have no impact on cost causation.

The cost of maintaining the support software is assumed to be independent

of the embedded computer software.

4.4.2.3 Percent Timing Fill

Tne percent timing fill is important for the same reason as percent
memory fill. As the percent reaches 100%, additional program adjustments may
be necessary to reduce timing constraints when the software is updated.

Tne exponential equations were cnhosen for each of the seven work
phases. As witn percent memory fill, percentages below 75% are assumed to
have no impact on costs. Moreover, the percent timing fill has no effect on

tne support software maintenance costs.

4.4.2.4 Percent of Work Performed by Contractors

This characteristic is used to estimate costs associated with using
outside help to perform the work. The hypothesis is that hiring outside
people will cause some duplication of work, as well as additional costs for

monitoring the effort.
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Tne regression equations which best reflected the data ipdicate a
logarithmic shape, except for documentation. For the latter, a linear shape
was best.

Tne equations indicate that costs rise as the percentage of work
performed by contractors rises. However, after a certain percentage, perhaps
30%, the amount of rise tends to slow considerably.

With this cnaracteristic, support software costs are expected to change
in the same manner as software development costs. However,
reproduction/installation costs are unaffected by the percent of work

performed by contractors.

4.4.2.5 VYear of Support

Tnis cnaracteristic is designed to account for the time necessary to
become completely familiar with the software. The hypotnesis is that as time
progresses, maintenance cost will decline {all otner factors remaining the
same).

Tne equations indicate that costs decrease exponentially as time (year of
support) increases. This is indicated by tne negative sign in the exponent.

It is also hypothesized that at some time a point of diminishing returns
would be reached, whereby further familijarization with the code has no cost
impact. SYSCON judged tnat after the sixtn year, tnis factor will nave no
jmpact on cost causation, therefore the questionaire allowed for an impact
from this characteristic only for the first six years of support.

The equation for support software is assumed to be the same as derived

for the development phase.

R ot e A RN

e —— A . it T

S




4.4.2.6 Number of Fielded Systems

Tne number of fielded systems has only a small cost effect on software
support. However, because the regression equations for this factor are
statistically significant, SYSCON allowed the model to incorporate the small
effect into its cost estimating aigorithm.

This factor nas no impact on maintaining the support software. ;}

4.4.2.7 Change Efficiency

The question regarding change efficiency is designed to gain a measure of
the amount of work performed compared to the amount of work requested. Thus,
change efficiency is tne number of changes to be completed by the software
support staff divided by the number of changes requested by the user. Its
effect on cost is the same for each of the work phases, except requirements

review and reproduction, where it is assumed to have no effect.

Tne equation derived is exponential and shows a significant impact as the

amount of work to be completed is increased. This is as expected.

4.4.2.8 Language

The language of the software is expected to impact the costs of software
maintenance. The question lists three alternatives and requests opinions as
to what extent costs are impacted. The results shown in TABLE 4 are simply
the arithmetic means for all wno responded to the question. As hypothesized,
a program written in a structured-nigher order language, rather than assembly
language, is shown to reduce substantially tnhe costs of supporting the
software, all other factors remaining the same.

The language of the embedded computer software does not affect the cost

of maintaining the support software.
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4.4,2.9 Development V&V Rating

The development verification and validation (V&V) rating is a measure of
now well the software as originally developed performs. As expected, the
results of the survey show that maintenance costs will diminish as the
development V&V rating improves.

In TABLE 4, for year of support equal to 1, the numbers shown provide the
actual computed averages of responses. However, SYSCON nypothesizes that
after the tnird year of support, the support staff has made sufficient changes
in the software that the V&V rating would no longer have an impact on the
support costs. Tnus, after tne third year tnis function reverts to all 1l's.

For the year of support equal to 2 and 3, a stepwise adjustment was
reqguired to smooth out the reduction of importance for this factor over
time. SYSCON judged that 100% of the impact for V&V rating is felt during the
first year of support, 35% during the second year, 10% during the third year,
and 0% thereafter . Thus, the following equations are used to adjust the

originally computed averages:

For values greater than one (unity):
(X-1) w + 1 (1)

For values less than one (unity):

1
W T (2

where X = original factor

W= weight (% of full impact)

For equation (1), 1 is substracted from the original factor to obtain tne

amount of impact. (For example, 1.80 means an 80% increase.) This is tnhen
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multiplied by the weignt. (That is, 35% of 80% would be 28%). One is then
added back to get the new factor. (.28+1 = 1.28).

For equation (2), one must work with the reciprocal to maintain
consistency. Tne logic and explanation is precisely the same. An -
illustrative example is useful. .

Suppose the original factor is 1.80. Tnis represents an 80 percent

increase in costs. A second factor to exactly offset this increase is
1/1.80 = .555

Thus, a .555 factor is precisely an equal and opposite factor that would
offset an 80% increase (.555 x 1.80 = 1.00).
Now apply the 35% weignhting factor by using equations (1) and (2):

(1.8-1) (.35) +1 = 1.28

.7809

Tne 1.28 and .7809 are also equal and offsetting. (1.28 X .7809 = 1.00)

Using the two equations discussed above and the weights W=.35 for year of
support = 2 and W=.10 for year of support = 3, the numbers shown in TABLE 4
can be computed. For example, the 1.41 and .90 for requirements review in tne

first year of support are modified to 1.14 and .96, respectively, for the

second year of support. The computations are illustrated below:

(1.41 - 1)(.35) +1 =1.14

]
7o - OBy v - %
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The rest of the numbers are computed in precisely the same fashion.

Development V&V rating is assumed to have no impact on maintaining the

support sof tware.

4,4.2.10 Program Design Rating

The program design rating is a measure of how well the program was
supposed to be structured. As expected, the results showed that as the
program design structure improves, maintenance costs would diminish.

This factor is not expected to affect support software maintenance costs.

4.4.2.11 Program Implementation Rating

This factor is similiar to program design rating except that it is
concerned with how well the program structure is actually implemented. The

resul ts are very similar to those of program design rating.

4.4.2.12 1Initial Documentation Rating ’

The initial documentation rating is concerned with how well the
documentation is at the time the devel omment software is turned over to the
support staff. The hypothesis is that 1ittle or no documentation increases
support costs and vice versa.

In addition, SYSCON hypothesizes that after the third year of support,
this factor diminishes in importance. As the staff reworks the software over
time and redocuments the changes, the {nitial documentation has less and less
of an impact on costs. The methodology used to smooth the impact of this

factor for the second and third years of support is precisely the same as that

expl ained above for development V&V rating.
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multiplied by the weignt. (That is, 35% of 80% would be 28%). One is then
added back to get the new factor. (.28+1 = 1.28).
For equation (2), one must work with the reciprocal to maintain
consistency. 7he logic and explanation is precisely the same. An -
illustrative example is useful.
Suppose the original factor is 1.80. Tnis represents an 80 percent

increase in costs. A second factor to exactly offset this increase is
1/1.80 = .555

Thus, a .555 factor is precisely an equal and opposite factor that would

offset an 80% increase (.555 x 1.80 = 1.00).

Now apply the 35% weighting factor by using equations (1) and (2):

(1.8-1) (.35) +1 = 1.28

VA IRy ot I E 7809
Tne 1.28 and .7809 are also equal and offsetting. (1.28 X .7809 = 1.00)

Using the two equations discussed above and the weights W=.35 for year of
support = 2 and W=.10 for year of support = 3, the numbers snown in TABLE 4
can be computed. For exampie, the 1.41 and .90 for requirements review in the
first year of support are modified to 1.14 and .96, respectively, for the

second year of support. The computations are illustrated below:

(1.41 - 1)(.35) +1 =1.14

1

VA R D! 96
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For example, the factors for requirements review in the first year of
support are 2.84 and .65. This is shown in TABLE 4. These numbers are
adjusted for the second year of support as follows:

(2.84 - 1)(.35) +1 1.64

1
785 - (. 3B) + 1 -84

This factor has no impact on support software maintenance costs.

4.4.2.13 Type of Aircraft

The type of aircraft is judged to affect costs tc a lesser degree than
originally hypotnesized. However, because of the significantly diminished
costs associated with cargo aircraft, this factor was retained.

Type of aircraft does not affect support software maintenance costs.

4,4,2.14 Complexity Rating

This factor is a general measure of how complex the software and hardware
is. Tne rating ranges from 1 to 5, with 5 being most complex. The definition
for each of the five levels is shown in FIGURE 6.

Tne complexity factor is important because it has such a pronounced
effect on maintenance costs. As shown in TABLE 4, the difference between a
complexity rating of 1 and 5 for the software development phase is a factor of
seven (3.60/.51 = 7.06).

Complexity is assumed to affect support software maintenance in the same

manner as it affects the development phase.
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4.4.2.15 Rate of Change

The rate of change is a measure of how difficult it is to keep up witn
user requests for software changes. It varies from 1 to 5. The definitions
are provided in FIGURE 6.

SYSCON nypotnesizes that the more stable the code is, the lower the
maintenance costs and vice versa. The survey results bear this out.

For support software, the cost impact of this factor is assumed to be tne

same as for the development phase.

4.4.2.16 Work Efficiency/Skill Level Mix

Tne work efficiency/skill level mix measures tne ability and experience
of Air Force organic personnel. The skill level varies between 1 and 5, with
5 referring to the most experienced staff. See FIGURE 6 for the definitions.

Tnis factor is important because experience and familiarity of the code
can make a very large difference in the time required to update the
software. For example, a staff of skill level mix 5 can be expected to
develop new code almost eight times as fast as a skill level 1. (3.68/.48 =
7.7).

The original question in the Pnase Il questionnaire asks for the impact
on cost (not manhours) for the various skill levels. Work efficigncy/ski11
level is a measure of time. Tnhus, the results from tne survey Showing
relative costs have to be transferred to a measure of time. A two-step
process is required.

The first step is to establish an average cost/manmonth for each skill
level. Tnis applies to each member of the staff and each member is assumed to

be paid the same amount. The metnhodology to accomplish this is snown in

FIGURE 7. The results from this analysis are listed below:




FIGURE 6

DEFINITIONS FOR COMPLEXITY, RATE OF CHANGE, AND SKILL LEVEL

Characteristic

Complexity

Rate of Change

Skill Level Mix

Range of Values

Easy to read code, many similar applications.

Time required to gain familiarity with code, many
similar applications.

Time required to gain familiarity with code,
approaching state-of-the-art,

Extremely difficult-to-understand code, few similar
applications.

Extremely difficult-to-understand code, unique
application, state-of-the-art.

Stable code, changes required very infrequently,
minimal staffing required.

Infrequent changes required on a periodic basis,
staffing assigned on a part-time basis.

Cnanges required on a periodic basis, staffing
requirements fairly constant.

Frequent changes, changes require immediate attention,
full-time staff required plus additional personnel for
perturbations.

Cnanges required continuously, full-time staff plus

additional personnel have difficulty keeping up with
user requirements.

Predominantly inexperienced, junior personnel
unfamiliar with the software system.

Variety of personnel with limited working knowledge of
the software system.

Typical personnel with some experience with the
software system, mix of junior and senior personnel.

Predominantily senior personnel with a good working
knowledge of the software system.

Highly experienced personnel with a good working
knowledge of the software system.
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FIGURE 7
DERIVATION OF COST/MANMONTH BY SKILL LEVEL

Applied Weighting Factors Y

Ski11l Level Avg Cost perl/
Mix below GS 9 GS 9 GS 11 GS 12 GS 13 Manmonth
1 102 50% 20% 15% 5% $2,785
2 0 40 30 25 5 3,005
3 0 15 35 35 15 3,325
4 0 0 30 40 30 3,638
5 0 0 10 40 50 3,922

_1./ Factors determined subjectively

2/ Applied weighting factors are multiplied by the respective average
costs/mamonth for each grade.

Grade Cost/Manmonth

below GS 9 $1,847
GS 9 2,502 v
6S 11 2,969 {
GS 12 3,576
GS 13 4,390
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Ki11 Level Cost Mammonth

$2,785
3,005
3,325
3,638
3,922

o AW Ny

The second step is to adjust the averages of the answers obtained from
the respondents who answered the Phase II questionnaire. These averages are
shown in TABLE 5. Costs can be converted to time by dividing the relative

cost by the cost per mammonth. That is:

relative cost

cost/mammonth rel ative manmonths

Taking a ratio of the mammonths for two skill levels will then result in the
relative differences in mammonths or time. An equation can thus be derived

using the following notation:
Cx = Relative Cost/Manmonth for Skill Level x (x=1,2,...5)

I, = Relative Cost for skill Level x

Ty = Relative Time required to perform the task for skill level x

I1f skill level 3 §s considered the base from which all other skills are

to be compared, then T,/Ty will provide a new index for time, i.e, work
efficiency/skill level mix,




For example, take the first number in TABLE 5, 2.68. The relative time

required for a skill level 1 staff to complete requirements review is:
2.68 _
17,785 © .0009623

The relative time required for a skill level 3 staff to complete the same task

is:

1l .
.35 00030075

Camparing the skill level 1 staff to the base staff results in the relative

work efficiency:

0009623
“mooz0075 < 3+ 20

Thus, the skill level 1 staff will take 3.20 times as long as the skill level
J staff, )

In general the derived equation which provides the results shown in TABLE
5is:
T . Ix/cx
T3 T37T,
Tx lx/cx

T * 7173375

Tx 35
LEL

For support software, the work efficiency for software development is

assumed.
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4.5 Cost Projection Algorithm

Tne algorithm designed for the ASSCM encompasses the Phase ] historical
data, the Pnase Il subjective data, and tne work breakdown structure to
project costs. The historical data is used to derive the normalized baseline
data. Independently, the subjective data is used to derive modification
factors. The modification factors are applied to the baseline data twice:
once to reflect representative characteristic values, and again to reflect tne
characteristics specified by the model user. A schematic illustration of tnis
relationship is provided in FIGURE 8.

As shown in FIGURE 8, there are three major areas in wnich computations
take place. First, the nistorical data is normalized. The normalization
factors are applied to tne historical data to remove outside, exogenous
factors to the extent possible. Secondly, the historic characteristics which
describe the software are changed to reflect a more typical system. To
accomplish this, the modification factors are applied to the normalized
baseline data to obtain the representative baseline data. Finally, the
representative characteristics are changed again, according to the values
selected by the model user. Applying the modification factors again, this
time to the representative baseline data, results in the final cost
projections being sought by tne user. See FIGURE 9 for a schematic view of
the relationship among data bases.

A discussion of how each of the three data bases is derived follows.

4.5.1 Normalization

From the historic data collected, seven systems were chosen to comprise
the baseline data. Eacn represents a different application of either

operational flight program (OFP) software, airborne communications/
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electronics (CE) software, or airborne electronic warfare (EW) software. The

actua) systems and their applications are listed below:

System Type Application

F-16 FCC OFp Fire Control

F-111F OFP Navigation, weapon Delivery

A-7 QFP Navigation, Weapon Delivery, Fire Control
APR-38 EW Integrated System

ALQ-131 EwW Jammer

ALR-62 EW Receiver

E-3A CE Command and Control

The first step in the algorithm is to normalize the historical data from
these systems. Using the normalization factors discussed in sections 4.4.1.1
through 4.4.1.18, the annual cost for the most recent block change of each
system is recreated. A computer printout for the seven systems illustrating
these costs is provided in APPENDIX H. The nhistoric characteristics which

these costs reflect are shown in TABLE 6.

4,5.2 Representative Baseline

Tne representative baseline data is generated to allow the cost
projections to start with a data base that is more reflective of a future
system than, perhaps, the one system for which data nappened to be
available. This will enable the model to more easily handle a wide range of
characteristic values, wnile reducing the risk of error caused by estimating
the cost impact of changing a characteristic value from one extreme to

another.

57

o7 I Ba s e

A

B e W e T e

4

o

o




ezec

ANTIVA IVIHUIWON HOVI 30 DNINVIW IHL HO4 Z JHND IS 33S 310N

0 z o z ° o ' HOLIVHINGD 40 NOILYIOT
o st ° 1z 0 o e BOLOVHINOGD % |
' t z ' ' . @ IINVNILNIVW JUVMLIOS 1HOLINS .
¢ oz z z 8 2 st {uiopw) HLONIT IONVHD %2018 :
st oz o at sz 0z o (sreeA) 3911 WILSAS G31334X3 !
89c's 00z’ z9e'y 8101 £65°S 6y eEvez (1961)38YML40S .
szi'y 099 \ozy vso'l S8LLL 760t 18008 {1861)3UVMABVH
(N $) L.4IND 1.44NS 123M10 |
s¢ st st st s¢ 05 st (%) ADN3IDI443 IDNVHD .
z v 4 z € v z Xin 13T TUNS o
s v s v v v £ 3ONVHD 40 3LvH 5
y S £ € € v, v ALIX3T14NO0D . W
€2z 09€ aul oot 0sc 89z 06 $AS 0301313 ‘ON A w :
y € z € £ £ £ 24AL LIVHIUWY ,W |
€ ) ' z £ ' € WOIG3N NOILINO0USIY i
£ z z z € £ z ONILYY 300 LINI :
£ z £ ' £ ‘ z DNILYY W3 Taw )
€ z € ) £ . z ONILYM NDIS3O ~
; € z z ' € ' 1 ONILVY ABA A30 ;
z6 16 8 o0 58 % 566 13 DHINIL % ,
. 6 (53 oot 0s 6 oot st6 1714 ABOWIN %
€ ' ' t £ 1 1 IOVNONVY
szE 9 o " t'62 o 2 %) 3003 40 SINNT
1161 96l 6261 8L6L Le6t 0861 ve6t LHOMNS 40 UVIA 15UI4
22 440 M3 M3 440 M3 430 2115142LIVHVHI
10H1NOD AY3AI730 NO4VIM SAS H3AI393Y 0uINOD HINWYE ANIAI30 NOJYIM
2 ONVNWOD T0UINOD U4 G3LVHOILNY 29 IV P 1ELOTY NOILVOIAVN _

vE 3 NOILYOIAVYN 9£-HdvY 22481 4 FIYSaF]
oy

}

!

]

|
SWI1SAS INITISVE TVIIHO1SIH 3HL 40 SOI1SIHILIVHVHI e u i
9378V _




] The characteristics of a typical system for each of the seven baseline
applications were generated from the Pnase [I questionnaire. There, each
respondent was asked to provide his judgment as to the representative value
for each of the sixteen characteristics. After tabulating the results, SYSCON
selected values from the available information to describe the hypothetical

i representative systems. The values chosen are shown in TABLE 7,

Using these characteristic values, the algorithm applies the modification
factors to the nhistoric baseline cost data. Representative cost projections

are obtained by using the following equation:
R = SpeMe Px (H) o Py (L)

where R = Representative baseline annual direct labor cost for phase x

(x =1, 2, 3, .......8)

; Sg = Cost/Manmonth for the skill level of tne representative
é | system.
My = Initial baseline annual manmonths required for phase x
P,(H)= Function of modification factors whose overall effect is to

increase costs for phase x
P,(L)= Function of modification factors whose overall effect is to

decrease costs for pnase x

As shown by the equation above, the representative costs are computed
independently for each phase (requirements review (x=1), design (x=2),
development (x=3), integration (x=4), T&E (x=5), documentation (x=6),
reproduction/installation (x=7), and support software (x=8)). The algoritnm

starts with the nistoric manmonths (M,), modifies this figure based on the

1
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cumulative change in the characteristic values (PX(H) and PX(L)). and finally
converts manmonths to dollars. This is accomplished by multiplying by tne
cost per manmonth for the representative skill level (SR). Another way of
viewing these computations is illustrated in FIGURE 10,

Tne historic manmonths are provided by APPENDIX H; tney are also repeated
in TABLE 8 for the reader's convenience. Tne possible values for Sp are
provided on page 51 above. P, (L) and P,(H), nhowever, require further
explanation.

The functions P (L) and P,(H) are derived from the modification
factors. They are used to quantify the impact on manmontns directly caused by
a change in one or more system characteristics. These changes are measured in
relative ratner than absolute terms. Thus, the modification factors are
always a ratio of computations which result in the relative impact on
manmonths of changing a characteristic from one value to another.

For example, if the language is FORTRAN for the nistoric system and a
structured higher order language for the representative system, then the

separate impact on manmonths for program development is computed as follows:

.62/.67 = .925
Tne numbers .62 and .67 are taken rignt out of TABLE 4 under language.
Manmonths would be expected to decrease by 7.5%. Thus, the ratio of
modif ication factors for any given characteristic is the relative impact on
manmonths from changing the value of tnat characteristic from the nistorical
value to the representative value.
P, (H) accounts for tne combined effect of those factors which increase

costs. P,(L) accounts for those which decrease costs. The derivation of

P.(H) and P (L) is explained in the following paragraphs.
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Assume that Fi,x is defined to be the relative impact on mammonths in
phase x caused by modifying system characteristic i. (i refers to any of the
sixteen modi fication factors. See TABLES 3 and 4 above.) Fi,x is the ratio
of the modification function's value after the change, divided by the

modi fication function's value before tne change. Written algebraically,

= Aj x/Bi,x

where Ai,x The value of each modification factor i for phase x using the

-
—-te
-
b

characteristic value of the representative system

The value for each modification factor i for phase x using the

characteristic value of the historic system.

For example, if lines of code is 30K for the representative system and 24K for

the historical system, the ratio of the modification factors for the first two

phases (requirements reviews and design) is:

[
Py 0255 (30) + 587y
.539
Fo. . +239 (30) . 1.128

L2~ T39 (28) -9

Note that the equations above are from TAGLE 3 under 1ines of code. Thus
there are 16 modification factor ratios computed, one for each characteristic,

for each of the 8 phases. The resul ting matrix follows.




[
by
!
;
3 2 "
< 5 5
Q © k3
o [ =] [~ L
= S
w - L [«
= < @ @
i g & g e
= o (=]
. - o - 2
: E 7 E S
g g | 8 A
o
g Lines of Code F1,1 Fl 2 F1’3 . F1,8
; % Manory Fill F2,1 F2,2 F2.3 . FZ,B
. % Timing Fill F3 1 F3 2 F3 3 . F3 8
i 1 1] * 1]
i Work Efficiency| F1g 1 | F1g2 |F16,3 |+ - - | Fie,8
§ Once these ratios are computed they are positioned according to ascending .
‘ | order within each phase. If j represents the position number (j =1, 2, 3 ...
| 3
! 16), then a new vector Fi,x,j will be formed for each phase x. This is

{1Tustrated below:

Fi,x,1 Fi,x,2 Fi,x,3 == Fi,x16




For example, suppose al) of the modification factor ratios for requirements
review are computed. The vector would be rearranged in ascending order. This

is illustrated below.

Computed Modification Rearranged Modification

i i Cnaracteristic Factor Ratios i Factor Ratios J

i 1 Lines of Code 1.536 15 716 1

! 2 % Memory Fill 1.000 8 781 2

) 3 % Timing Fill .976 9 816 3

# ; 4 % Work Contractor 1.237 16 .875 4
5 Year of Support .901 5 .901

; 6 No. Fielded Systems .978 12 .910 6

7 Change Efficiency 1.372 3 .976 7

8 Language .781 6 .978 8

9 Dev V&V Rating .816 13 .996 9

] 10 Program Design Rating  1.213 2 1.000 10

| 11 Implementation Rating  1.210 1 1.210 11

12 Init Documentation .910 10 1.213 12

13 Type of Aircraft .996 4 1.237 13

14 Complexity 2.138 7 1.372 14

! 15 Rate of Change 716 1 1.536 15

16 Work Efficiency .875 14 2.138 16

. -




Tne functions P, (H) and PX(L) can now be computed from tne resulting

vector. The formulas for Px(H) and P, (L) are shown below:

S
PeiH) = 5 T H0(F; 4 5= DWy) + 1) (3)
T
P (L) = .0 L (4)
x I=l L 1w

Fi.x,J

In the two equations above, wj is a vector representing various weights
applied to the separate impacts of each characteristic. Since the independent
impacts of each of the 16 system characteristics can be expected to interact
with one another, an additional smoothing algorithm is necessary. This
additional smoothing algorithm reduces the compounding effect of two or more
factors wnich affect costs in the same direction.

It should be noted that the effect of incorporating the weighting factors
materially affects cost projections only under certain conditions. When two
or more characteristic values change such that the separate cost impacts are
considerable and in the same direction, the weighting factors wili tend to
reduce the overall impact on the cost projections. In other words, the
combined effect of changing characteristic values will be less than if the
individual effects are treated separately and simply added to one another.

The values for W are determined judgmentally based on actual data and

expert intuition. Tne actual values are shown below:
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E;
1 1.0
2 .667
3 .50
4 .40
5 .30
6 .20
7 .10
8 .05

S and T in Equations (3) and (4), respectively, are values of j. S

represents the number of modification factor ratios that is greater than unity
and is constrained to be 8 or less. T is tnhe number of ratios less than unity
and is also constrained to be 8 or less. Tnus, if more than eignht
modification factors tend to change costs in the same direction, only the
eight with the greatest individual impacts will be included in the
computations. The others will be ignored. .

To illustrate, the computations of PX(L) and PX(H) are shown below for

the example previously begun.

é

6

i; Pl(H) = ng ((Fl,'i,j ‘]-)(wJ) +1)

' PL(H) = 2.138 o ((1.536-1)(.667)+1) o ((1.372-1)(.50)41)  ((1.237-1)(.80)+1)
$ e ((1.213-1)(.30)-1) o ((1.210-1)(.20)-1)

{ pr(H) = 4.1777

[ TR
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Py(L) = {I 1
S A f S TR

1 1
(g - 1) (.667) + 1 (5= - 1) (.50) + 1

[ J 1 L ] 1 L 1
(75~ - 1) (.40) +1 (=g - 1) (.30) +1 (=5 - 1)(-20) + 1)

1 1

. (g7~ - D(.10) +1 (—gog- - 1)(.05) +1

Py(L) = .4855

Thus, in this example the overall impact on requirements review manmonths
caused by changes in characteristic values between the representative and

nistorical system is:

.4855 « 4.1777

PL(L) * Py(H)

PL(L) ® Py(H) = 2.0283

Tnat is, due to changes in the characteristics between tne nistorical and

representative systems, the number of manmonths required for requirements

review can be expected to be more than double in this example.

]
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Once tne direct labor costs are estimated, indirect labor, direct support
equipment, and general support equipment costs can be estimated. This is
accomplished by applying the normalization factors and the relationsnips shown
in FIGURE 11. APPENDIX I provides the specific computations.

A representative baseline is derived from each of the seven historical
baselines. The computations are based on the changes in characteristic values

between the representative and nistorical systems, using the modification

factors and the algorithm described above. The results from this analysis are
provided in APPENDIX J. The representative cnaracteristics which these costs

reflect are shown above in TABLE 7.

4.5.3 Cost Projections

Once the representative baseline systems are derived, the model is ready
to project cost estimates given a new set of characteristics. This set is to
be offered by the individual desiring to estimate future costs for various
possible system configurations. With this information, the user will be able
to reliably compare the costs for the many. configuration options which exist
during the conceptual phase.

The key to this portion of the algorithm is the set of new characteristic
values. As these values are altered from the representative values, the

modification factors will be used in precisely the same way as before. Only

i

i

'

3 this time, the representative system characteristics and costs will be the
!

.‘ starting point. Applying the modifications as before, direct labor costs are
; estimated by using the following formula:

’

'

i

!
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8 R oS
L = v I3 -XTB o P (H) o P (L)
where L = Annual total direct labor cost for the system specified

by the operator

Ry = Annual direct labor cost for phase x for the
representative system

Sp = Cost/manmomth for the derived skill level of the
proposed system

Sp = Cost/manmonth for the skill level of the representative
system

PX(H) = Function of modification factors whose overall effect is
to increase costs for phase x

PX(L) =  Function of modification factors whose overall effect is

to decrease costs for phase x

Another way of viewing this equation is provided in FIGURE 12. In this
equztion, tnhe functions PX(H) and P,(L) are computed the same way as for the
representative baseline costs, except that the modification factors are
applied to the representative costs rather than the nistorical costs. In the
equation, Rx/SR is the number of representative manmontns. Thus, multiplying
by P,(H) and P.(L) results in tnhe number of manmonths required for the
proposed system. Multipying again by Sp converts the numbers of manmontnhs to
a cost figure.

If is assumed as before that Fi,x is defined to be the relative impact on
manmonths in phase x caused by modifying system characteristic i, then Fi,x is

computed as follows:
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Fix = (Ci,x/Ai,x)

where Ci x = Tne value for each modification factor i for phase x
’

using the characteristics of the proposed system.
A; = The value for each modification factor i for phase x
using the characteristics of the representative system.

Substituting Ci,x for Ai,x and Ai,x for Bi,x' PX(H) and PX(L) are computed in

precisely the same fashion as described in the previous section.

Finally, the labor costs are computed for each of the eight work phases
and summed. The total, L in the equation, represents tnhe total annual cost
for direct labor. In order to breakdown this total into the eight phases,
SYSCON determined that a general methodology would be superior to simply

accepting the previously computed subtotals. Tnhe reason for this is twofold;

——

first, tnhe historical breakdown of labor costs by pnase from wnich the
projections are based may not be representative of a typical system. Second,
because of the purpose for which the ASSCM is designed, a general breakout of
labor costs is superior. This allows the cost for two or more proposed
systems to be more consistently compared. .

As a result, SYSCON chose percentages which, when applied to the labor

cost total, could be used to estimate tnhe labor cost by phase. These
percentages are derived from the historical data available and are deemed most
reasonable for all system types. See TABLE 9. The derivation of these ﬂ
figures is shown in APPENDIX K. Thus, to estimate the costs by phase, the
percentages are simply multiplied by the projected direct labor cost total.
¢ For other cost elements within the WBS, the normalization factors are

. applied in the same fashion as for the representative system. See FIGURE 10

above and APPENDIX I for tne methodology.
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5  COMPUTERIZATION

The computerization phase first involved reviewing the available software
and hardware of the systems on which the ASSCM would be installed. This was
done to determine if there were any constraints that could impact the
program’s design specifications. Initial develomment of the program was done
on SYSCON's HP-3000, and this also was taken into consideration. Using the
results of the review, a method of automating the model algorithm was
developed that would satisfy these requirements. This section addresses the
computerization procedures taken to design and develop the ASSCM computer
program. For a more detailed discussion of the computer program, see the

Computer Program Production Specification (Applicable Docunent No. 12).

5.1 Design
The purpose of the design phase is to develop a modular approach in
transferring the model algorithm into a computer program. A three step

process is used as a basis for deriving this modul arity.

USER INPUTS b COMPUTATIONS OUTPUT

From this point the various processes are further broken down into

specific subroutines. Each subroutine is defined on the basis of the task it
is designed to perform. This results in eleven specific subroutines which are
{Tlustrated in FIGURE 13.

5.1.1 Model Executive (MODEXEC)
The model executive is the first and Yast subroutine executed and

provides overall control for the program. 1Its main function is to access each ﬂ

of the other 10 subroutines to perform its task.
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§.1.2 Instruction Subroutine (INSTRT)
Tne instruction subroutine allows the operator the option of viewing the
instructions. If he chooses to do so, a file containing the instructions on

the model and its use is printed out to the user's terminal.

5.1.3 Account Management Subroutine (MANAGE)

The account management subroutine provides the user witn the opportunity
to create a personal account by supplying his own password. Tnis allows the
user to create and save his own input files within this account. Only by
providing this password at the beginning of a session can these files be

recalled and/or deleted during a future run.

5.1.4 Initialization Subroutine (INIT)

Tnis subroutine allows the user to choose one of the seven baseline
systems for which costs are to be projected. Tnhe external files containing
the appropriate historical data are read in and all necessary variables are

initialized based on the system chosen.

5.1.5 User Option Subroutine (OPTION)

Tne user option subroutine allows tne user to supply interactively three

types of information. The user may:

e input the appropriate information that describes the proposed embedded
computer system software for which software maintenance costs are to
be projected

e view and/or modify any of the normalization factors

o choose the desired output format for the ensuing cost praojection.




)

5.1.6 Database Retrieval Subroutine (BASLIN) i
This subroutine reads in the data for the historic direct 1abor mammonths '

from an external file and initializes the appropriate variables according to

the system chosen in the initialization subroutine.

5.1.7 Nomalization Subroutine (NORMAL)

The nomalization subroutine derives all costs for the historical system

i
! using the historic direct 1abor mammonths and the normal ization factors. This
results in the historic baseline data for the type of system and application

’ chosen by the user.

, 5.1.8 Adjustments. Subroutine (ABJUST)
i This subroutine substitutes the characteric values of the historical and
repesentative systems into the modification factors. The modification ratios |
- , are then computed and applied to the historic direct 1abor mammonths by phase
to derive the representative baseline direct labor mammonths by phase.
' i Lastly, all other costs for the representative system are derived using the

direct labor mammonths and the normalization factors.

5.1.9 Direct Labor Cost Subroutine (DLCOST)

R The direct labor cost subroutine substitutes the characteristic values of
the representative and proposed systems into the modification factors. This
second set of modification ratios is computed and applied to the

'“’ representative direct 1abor manmonths by phase and summed to derive a total

direct labor cost for the proposed system.
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5.1.10 Cost Allocation Subroutine (ALOCAT)

This subroutine utilizes the total annual direct labor cost projection
and cost allocation factors to determine a breakdown of the direct labor costs
by phase. In addition, this subroutine derives all other cost elements

associated with maintaining the sof tware.

5.1.11 Write Out Subroutine (WROUT)
This subroutine outputs to the user the cost breakdown for the proposed
system according to the output formats selected previously by the user.

5.2 Devel opnent

The ASSCM computer program was developed over a period of seven months on
SYSCON's HP-3000 and VAX 11/780. The program is written in ANSI Standard
FORTRAN for interactive use on the ASD Cyber 175 and the Avionics Laboratory
VAX 11/780. Two separate programs exist with the only differences being the

resul t of pecul farities present within the respective machines.

5.2.1 Coding

' The ASSCM is developed in accordance with the requirements specified in
the Software Design Specification (See Applicable Document No. 7). A
hierarchical structure is used to provide a cohesive software system which
facilitates easy expansion and modification of the model. This also provides
for portability of the implemented software between the VAX 11/780 and the
Cyber 175 computer systems. The coding of the eleven subroutines and six
files was done in four separate stages, each with a well-defined objective.

See TABLE 10 for a sumary of these four stages.




L Z80ELL

‘3SN IAILIOVHILNI 31Vl
1713V O4 SANILNOY ONIANTINI A8 WISSY 40 ONIA0D 3ZITVNI4

‘W3ILSAS A3S0d0Ud IHL

HLIM @31VIJ0SSV S 'S0 H3HL0 1TV 3LNdW0I ANV "'SHLNOWNVIW
HO49V1 133410 A3S0d0OHd IAIHIQ 01 ‘SHLNOWNVYW HO8V 1

1334140 JAILVLNISIHIIY OL AVddV "SOLLVH NOILVII4IAONW IAIHIA
‘W3LSAS G3S040Ud 39143S3A OL ALINNLHOJIO HISN IQIAOHd

‘WILSAS JAILVLINISIHAIY IHL

HLIM Q31VIO0SSY S1S0J HIH10 17V 31NdWO0I ONY ‘SHLNOWNVIN
408V 133410 IAILVINISIH4IH IAIHIA 0L SHINOWNYIN HO8VY
13341Q TVIIHOLSIH OL A1ddV 'SOILVYH NOILYIIdIQOW IAIHIQ

'SWILSAS TVHHOLSIH
JH1 HLIM @31VIJ0SSV S1S0D 11V 3LVINITIVI ANV WVHDOHd
H31NdWOI WOSSY 3HL OL1 S3714 FHL NI AV3H 'S31714 Viva 31Vv3IHD

IAILI3rF0

330V1S ONIdOD

0L 319Vl

S$S37d TYNHILX3I JLVIIANI S310ND 3LO0ON

1N0OYM ‘NOILJO
.$37TN4., ‘IDVNVW
‘. 1X3L., "LUISNI

LNOYM ‘LVYI0TV
1S0270 ‘NOILdO

1NOYM ‘1sSnrav

LNOYUM “TVIWHON
‘NITSVE ‘1INl ‘“03X3IA0W

Lidviva. ‘.eldviva.
~c1dviva, ‘.i11dviva.,

a34iIND34 SNIA0D

81

3OV1S




"1

5.2.2 Integration and Testing

As each stage of coding was completed, top-down integrated testing was
performed to ensure conformity with the Software Design Specification and to
demonstrate the completion of development milestones. There were four such
stages, each successfully completed to insure that the model executed
properly.

The first stage of integration consisted of creating an external data
base for the four permanent déta files. These files contain the historical
characteristics, representative characteristics, the normalization factors,
and the nistoric direct labor manmonths by phase. The objective of this first
stage was to read in the files and correctly compute the nhistorical baseline
of costs for each of the seven systems.

Like the first stage, the second stage did not regquire any user input.
The objective of this stage was to derive the representative baseline data by
applying the modification factors to the nistorical baseline. All
computations performed by tne model were done externally to check for
accuracy.

Stage three utilized information provided by the user. Using tne
characteristic values of a proposed system configuration, the model computed
all the projected costs. This is accomplished by applying modification
factors to the representative baseline data. Tne objective nere was to
confirm that all of the cost information derived was an accurate reflection of
the user-inputted characteristics. Tne results were also compared to
computations performed outside fne model.

The fourtn stage did not involve data manipulation of any kind. The user
interface was refined by adding a subroutine to print instructions from an
external file. In addition, another subroutine was incorporated into the

mode) to allow the user to create, save, and delete his own input files.
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6 VALIDATION

6.1 Summary
Tne development of a cost estimating model cannot be successfully

concluded unless tnere is some way to test how good and how reliable the
estimates are. Therefore, it is necessary to evaluate the resulting cost
projections to make sure tnat they are not only plausible, but reasonable as
well. Moreover, cost projections must be consistent with the known facts as

well as with common sense.

6.2 Metnodology
The validation procedure requires data from existing systems that were

not used in the development of the ASSCM cost estimating algorithnm. This is
necessary to insure that the cost projections are derived independently from
the existing data to which the projections are to be compared. To accomplish
this, SYSCON conducted an exhaustive searcn to complete its data base as best
it could. Tnis resulted in complete cost and characteristic information for
two systems and incomplete cost information for an additional system. These

are listed below:

System Type Application Cost Data Characteristic Data

ALQ-155 EW Integrated System Complete Complete
FB-111A  OFP Navigation, weapon Delivery Complete Complete

ALR-69 EW Receiver Incomplete Complete

In order to facilitate the validation of the ASSCM it is necessary to
compare actual costs with those projected by the model. To accomplish this,

SYSCON inputted the descriptive characteristics for the three systems listed
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above and allowed the model to project the annual software maintenance costs
for fiscal year 1981. 1If the discrepancies between the actual and estimated
costs are small or can be reasonably explained, then one can conclude that the

model is valid.

By making these comparisons, SYSCON obtained encouraging results. A
f segnent by segnent comparison indicated few major discrepancies. Where
" significant discrepancies did exist, plausible expl anations concerning the

historic data were readily apparent. 5

6.3 Validation Resul ts

A summary of the model's projections versus the actual costs is shown

below for the major cost segments.

|

i

J

t Actusl Cost Predicted Cost Percent Deviation
System Total Lapor Support Total Labor Support Total  Labor Suppor?

- ' ALQ-155 1,862,302 200,509 1,661,793 2,012,825 17,228 1,865,597 +8.1 -26.6 +12.3

FB.111A 8,870,723 280,968 8,589,755 9, 104,983 368,501 8,736,482 +2.6 +31.2 «1.7
ALR-69 ? 7 2,754,286 2,686,117 313,268 2,372,849 7 ? +16.1

As discussed in the Validation Report (Applicable Document No. 13), all of the
major differences between actual and estimated costs are explained. These

t expl anations are ,ummarized in FIGURE 14.

It should be pointed out that two important changes were incorporated
into two modification factors and one normal ization factor directly as a
result of the validation comparisons. That is, the validation procuss
uncovered previous errors that became readily apparent only after a comparison

of the actual and prajected costs was made. This led to the reduction of

¢t impact on costs for low percentages of percent memory fill and percent timing
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FIGURE 14
REASONS FOR MAJOR
# DISCREPANCIES BETWEEN HISTORIC AND
PRGJECTED COSTS
| System Cost Segment Explanation
’ ALQ-155 Direct Labor Actual costs exhibited an abnormally
(Support Sof tware) high proportion of time to maintain the
support software in this second bl ock
‘ . change
Support Equipment No actual costs were expended for this
| (Test Aircraft/Time) cost segnent. This is highly irregular
FB-111A Direct Labor Model may overstate costs when

' (Develoment, Integration) percentage of work performed by
contractors is high; implementation
structure rating may be in error

Support Equi pment Actual costs appear to be 1ow when
(Test Aircraft/Time) compared to costs exgerienced during
previous block changes
ALR-69 Support Equiment Estimate is computed directly from the
(Test Aircraft/Time) direct 1abor T&E estimate which was
, high. Estimates assume all work
9 performed organically when at least two
phases of work were performed by
‘ contractors. Model is not designed to
i handle this situation
Support Equipmen’ Actual work was performed by
(Reproduction) contractors. Model is not designed to

handle this situation.




fi11 (See footnote 1 in TABLE 3) and the addition of a time-dependent K for
the PROM's medium factor (see footnote 1 in TABLE 1-D).

In summary, SYSCON concludes that to the extent possible, the ASSCM has
shown that it provides reasonable, accurate cost projections for existing
systems. Part of this success is due to the support costs being known.

During tne conceptual phase, where these costs are not known the model may not
be expected to be as accurate. SYSCON believes though, and has demonstrated,
that the ASSCM can be used with confidence to project and support cost
estimates for maintaining the software on proposed avionics systems in the

future.
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7 INSTALLATION AND TRAINING
7.1 Installation

The ASSCM computer program was successfully installed on the VAX 11/780
at Wright-Patterson Air Force Base. This task was simplified since final
developnent of the model was completed on SYSCON's VAX 11/780. Once the
program was compiled and executing correctly on the VAX, a separate tape was
made for installation on the ASD Cyber 175. Once installed, some
modifications were made to the program source code to allow the ASSCM to be
compiled and executed correctly on the Cyber 175 system. Thus, one version is
currently being maintained for both of the Air Force's systems. For a summary
of the differences between the two versions, refer to the Camputer Program
Product Specification. (Applicable Document No. 12)

7.2 Training
A one-day training course was given at Wright-Patterson Air Force Base

for all necessary Air Force and DOD personnel. At that time an oral
presentation was given and the training materials and User's Manual were
delivered. The training course covered model description, user interface,

model algorithm, and internal computations perfommed by the ASSCM computer

program.




8 FUTURE CONSIDERATIONS
This section details four areas where SYSCON feels that addi tional effort

may be expended by the Air Force to expand or enhance the capabilities of the
, ASSCM. The four suggested areas are 1isted below.
o Develoment of Data Collection Techniques
o Collection of Additional Data
’ o Addition of New Systems and System Applications to the Model
e Modification of the Model To Support Other Requi rements
The first two areas deal with the coliection of cost data to support the
model. The last two are concerned with adding capabilities to the model to

support additional Air Force requirements. Each of these areas are discussed

in the following paragraphs.

8.1 Development of Data Collection Techniques

) The first year of the ASSCM developent effort centered around the design
of the ASSCM algorithm and the collection of cost data fram the ALC's to
support the algorithm. 1t was determined during the initial data collection
. trip that 1ittle data was available. When data was available, it was
{ frequently poorly organized and not readily useable. (See APPENDIX A.)
SYSCON suggests that the Air Force support an effort to develop a cost .
} and tracking methodology which may be appl ied across all ALC's. This
methodology must include but not be Timited to: *
. o identification of all data to be collected |
) e identification of sources for this data
e providing standard reporting and data collection forms
‘ ¢ fidentification of filing requirements
' o f{dentification of audit requirements to insure timely and accurate
data collection.
! t
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This methodology is just a first step to insure pertinent, reliable, and
accurate information for future model developments and accurate cost
tracking. The time spent by the ALC personnel to collect, correlate and
report this data will be ﬁore than offset by their increased visibility into

the costs associated with the software support area.

8.2 Collection of Additional Data

Tne model developed and implemented by SYSCON is a viable means to
estimate costs associated with avionics software support. As with any model,
however, the accuracy of the model is only as good as the data which supports
the model. SYSCON has endeavored to make the model flexible and
maintainable. To meet this end, all cost data used to support the model can
be easily updated to allow for the use of newer, more accurate cost
information.

SYSCON feels tnat the Air Force should review the costs associated with
the software support area at least every two years and incorporate any
additional information into the mode)l. This will insure that cost projections
estimated by the model will be based on the most current information.

This effort may be best organized if it is tied with the development of

data collection techniques discussed in the previous section.

8.3 Addition of New Systems and System Applications

The development of the ASSCM, as specificed in the government statement
of work, does not address the software support cost associated with Automatic
Test Equipment (ATE) and Aircrew Training Devices (ATD). The model, as

designed, could easily be updated to estimate costs for these systems as

well. Moreover, additional applications of CE, EW, and OFP systems may be
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added to increase the capabilities of the model's projections to cover these
new areas. The effort in all cases would require data collection, mode)

modification, testing, validation, and documentation.

8.4 Modification of the Model

As with many model developments, the ASSCM is designed to support a
specific requirement. Tne methodology employed, however, is well suited to
many applications where the volume of data is inadequate to support
traditional cost estimating techniques. Tne applicability of the model
methodology must be assessed on a case by case basis. The unique algorithm
developed for the ASSCM is appropriate when the need arises to project costs
and very little data exists to support the projections. The algorithm
utilizes tne historic data available plus the judgment of cost experts.
Moreover, the methodology breaks down each individual cost estimate to a much
more manageable degree and then sums up all of the pieces to arrive at a final
estimate.

Tne ASSCM, as developed by SYSCON, might also support additional
requirements in the software support area. Requirements of other labs and
divisions within ASD, as well as reguirements of AFLC, might be addressed

through minor changes in the model's output.
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APPENDIX A Page 1 of 2

DATA COLLECTIONS PROBLEMS

Direct Labor

Total manhours required to complete a block change appear to be
available from Form 75. This is the only source of documentacion.
It will be difficult, however, to match maniours with the cost per
manhour for the following reasons: 1) people are not necessarily
dedicated to one change block or system; 2) contractors perform part
of the work for which manhours may or may oot be available; 3) new
hires and resignations are common causing turnover; 4) the nature
of the work causes training to be long and tedious, resulting in a
high variation of productivity; 5) Form 75 data represent only an
estimacte of hours; 6) the cost per manhour or GS grade of a worker
does nor necessarily indicate the degree of productivity; and 7) man-
hours are not necessarily brokea out by task as desired according
to the WBS.

It should also be noted that the number of manhours and the cost
per manhour reported might reflect the availability rather than the
requirement for people. This is because the work involved is exceeding-
ly specialized, and manpower needs cannot be met under cptimal conditions.

In the opinion of several Air Force personnel, manhours by task
could be obtained along with their cost from available Govermment records
(other than Form 75) and interviews. The effort necessary to complete
tnls research in order to recreate the manpower expended would be
tedious, perhaps taking as long as a manmonth for each system. Such an
attemp:t was not made during the data collection trip.

Indirect Labor

Indirect labor costs include supervision and administration. These
hours are not normally broken out by system.so no data is available. It
does seem possible, however, that an estimate could be made based on the
amount of direct labor spent on a particular block change. Perhaps
only a percentage of the diresct labor cost is all that is necessary.

In any event, the collection of actual manhours and costs for each system
does not seem possible given a reascnable time frame to collect this data.

Direct Support Equipment

Direct support equipment varies tremendously among systems. Thus,
the astimacion of costs for this equipment is difficult, especially because
of the lack of relationship between specific cost drivers and costs.
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The collection of meaningful equipment cost information is hindered
for the following reasons: 1) the equipment cost is included as part of
the development contract and is thus difficult to obtain; 2) equip-
ment may be leased, with no purchase price available; 3) che equip-
ment might be outdated (because of the technmological advances over the
past 5 years)or might be much cheaper if purchased today; 4) the date
on which equipment was purchased is not always available; and 5) the
purchasing of equipment is decentralized,

There is no single source to obtain cost information from. Thus,
obtaining the cost of all direct equipment will require significant
time and resources to exhaust all data sources for each system.

General Support Equipment

Cost information on shared support euqipment is not availahle in
a useable form. The sources for any of this information are decentrali-
zed and, of course, it is difficulr to break out the costs according
to system. Ideally, ome would attribute cotal costs of a piece of
equipment based on some measurement of usage. In realicy, this is
almost impossible to do without being subjective. Even the total costs
which are to be divided up among the various systems would be difficulc
to obtain without significant effort for each piece of informatiom.

Conclusion

In summary it appears to be a very costly and time consuming effort

to collect all of the relevant cost information necessary to support avionics

softwvare changes. The job is not impossible. It requires a person to
check out all data sources and spend a great deal of time with the
various supervisors in order tc document the evolution of each syscem.
It does not appear to be practical for the Air Force to pursue such

a data collection effort because 1) thare is some risk that the
quantification of cost estimating relationships might not be possible
even if sufficient data is collected and 2) the cost of conducting such
a study is too great in comparison to the benefits of obtaining an
objective cost estimate (which may or may not be bett
one). ‘
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APPENDIX B Page 1 of 12

AVIONICS SUPPORT COST ESTIMATION QUESTIONNAIRE
(PHASE 1)

This questionnaire is to be filled out by knowledgeable people in the
£ield of avionmics software support. Because of your background and experience,
you have been chosen ro help in this study to predict soitware support costs.
Please answer all questions in which you feel you are qualified to provide
the necessary information or axpress an opimion. If you have no experience
in the arsa being questioned, do not answer the quescion. However, do a0t
be modest-—-your opinions are important and chere are few Eeople in addicion
to yourselves that are more qualified to answer this questionnaire.

SYSCON has defined avionics software support costs into four categories:
direct and indirect iabor costs and direct and gemeral support equipment costs.
These costs are Zurther broken down according to the work breakdown structure
shown on the nex: page. Please keep in mind the kind of cost referred to by
a question as you respond to it.

There are two phases to this questiounaire. This first portion counsists
of =wo sections. Sectiomn I asks fér specific techmical and direct labor
informacion about che avionics system =0 which you are directly assigned.

The second section, Section II, concerns various subjects that are less technical
in aacure but are important for predicting costs other than direct labor
aecessary -0 support avionics embedded computer systems.

Sections III and IV will be distributed to you at a later date. They will
elicit your expert opinioms about how hypothetical changes in certain Zaczors
affect direct labor coscs.

Please read the instructions at the beginning of each secticn carefully
and answver all questions that you can. Discussion of a particular question with
another person or several people is permitcted. However, it is important that
answvers be as reliable as possible. In scme casss where information has already
been provided to SYSCON, cthe answers will be filled in. Ia this circumstance, vou

are asked mersly to coniirm your previocusly suoplied data.
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SECTION I

Please circle or £ill in the correct answer about the avionics system for
which you are assigned.

1. Application Type: Navigation OF? Weapon Delivery
EW Jammer EW Receiver
Incegrated EW Systems C-2
Fire Coutrol OFP Other
PMRT Date:

Current Block Change Number:

Year of support

Documentation Ratiag at PMRI: None
Incomplete/Qutdated
MIL-STD & Up to Date
Other

Length (in monchs) of Block Change:
Development V&V Rating: None
Done By Developers
Total IV&V un System
Test Aircrait Type: Fighter Bomber Surveillance Cargzo

Reproduction Medium: PROM ROM ZAROM Mag Tape Other

Number of Fielded Systems:

Ixvected System Life:

Approxinate Direct Suppor: Fardware Cost:
Year of Acquisitiom:

Approximace Support Software Development Cost:
Year of Acquisicion:

Number of Sofzware Tlight Test Hours by year or block change number.
(Please indicate which)
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15. Hisctory of changes nade/changes requasted by type. (For axample, if in
cthe £irst block change 10 corrections were requastad and 6 vere completed

you should write 6/10 in che first columm.) See defimitioms on page 101.

10

-
"~
w
F o
w
o
~
o
0

Correction

Delecion

© B e mpden AN - A

Addition

Optimizacion F

Refinement

o

H9/W Related . i

Other

Embedded Compﬁcer System Iaformacion (for the most recent block change)

16. Type

17. Word Size

I o ———s oA

18. Percent Fill

Timing ;

Memory

Zmbedded Computar Sofctware Information (for the most recent bdblock change)

19. Language

20. Lines of Code (size in words)

Strucsture
21l. Design Rating Poor Faix Good Excellan:
21. Ilaplemencation Rating Poor fair Good ixcellent
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23. Complexity Rating 1 2 3 4 5
24, Rate of Change 1 2 3 4 S
25. Skill Lavel Mix 1 2 3 4 3
DEFINITIONS

Complexity Definitions:

(1) Easy to read and follow code, many similar applications.
(2) Tide required to gain familiarity with code, many similar applicatiocus.
(3) Time required to gain familiarity with code, few similar applications,
approaching state—of-che-art.
3 (4) Extremaly difficult to understand code, few similar applicationms.
(5) Extremely difficulc to understand code, unique application, beyond
the state-of-che—-arc:,

| Rate of Change Definitioms:
i (1) Stabla code, changes required very infrequently, minimal staffing required.

(2) 1Ianfrequent changes required on a periodic basis, staffing assigned
on a part-time basis.

(3) Changes required on a periodic basis, staffing requirements fairly
constant.

(4) Frequent changes, changes require immediate atteaciom,
full-cime stafif required plus additional persomnnel for pertubatious.

(5) Changes required continuously, full-cime staff plus additional personnel
have difficulty keeping up with user requirements.

Skill Level Mix Definitions:

(1) Predominantly inexperienced, junior personnel unfamiliar with the
' software system.

(2) Variety of personnel with a limited working knowledge of the
software system.

(3) Typical persounnel with some experience with the software systam, aix
of junior and senior personnel.

(4) Predominantly senior personnel with a good working iknowledge
of the software sysctem.

(5) 3ighly experieanced, senior persomnnel with an in-depth knowledge
of the software system.
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APPENDIX B

SECTION II

The following questions sometimes require very specific information. 1If
you feel you are not qualified to answer a question, leave the answer blank.
However, if you know a source and can obtain the required information, please

do so and stacte the source in the left-hand margin.

Direct labor

1. TFor the following grade levels, what is the current average cost per manmonth,

including benefits?

Civilian Military

Grade Lavel Cost/Manmonth Grade Level Cost/Manmonth
GS 7 — o-1
GS 9 —_— 0=2 —_—
GsS 11 —_— 0=-3 —_—
Gs 12 — O=-4 —_—
GS 13 0-5 —_—
GS 14 06

2. What is the average cost per manmonth for contractors if work is performed
a) off-site ? b) one-sita ?

3. On average how many times more expensive is contractor laber zham organic

1 ]

labor if che work is performed a) off-sice ? b) on-sice

4. Assuming the developing software contraczor has data rights (sofcware is
proprietary) estimatcs the =zinimum percentage of total manmonths wizhin
each phase that would have to be supported by the contraczor during a

block change? (Go to next page)
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Indizect Labor

6.

Phase Supervision Adminisctracion

APPENDIX B Page 10 of 12
Phase Minimum % of Work Concractaed

Requirsments Review

Design
Development

Incegration

T&E

Documentation

Repro/Installacion

TOTAL

Assuming 100 manmonths of direct labor were raquired to maintain the
embedded computer software, approximately how many manmonths of direcs:

labor would be required to maintain the support software? f |

Assuming 100 panmonths of direct labor were Tequired to complete a

block change, approximately how many xzammonths of effort would be
required for

a. supervison

D. administration

What is the average cost per mammonth, including bemefits, for supervision
and adminiscracion, by phase? (NOTE: Cost may be the same for some or all
phases.)

Direct Labor Average Cost/Mammonth

Requirements Review

Design

Developaent

Integration

T8E

Jocumentation

Repro/Inscaliacion

TOTAL
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9.

10.

12.

Direct Suvvort Ecuipment

13.

la.

Adrcraft Tvoe flight & test cixze

ﬁ,‘

£ 3
APPENDIX B Page 11 of 12

Describe the relactive increase, if any, in adminiscrative costs caused by
increasing the amount of work contracted. Assume that if 0% of the work is
performed by contTactors, the value is 1.00. For example, if you feel that
contracting 50% of the work would increase adminiscrative costs by 20%,

you would write 1.20 below the SO0 percent column.

%2 of work contracrted
0 25 50 75 100

Relative increase in
adminisctrative costs 1.Q0

General Supvort Equipment

Provide the current average cost per square foot for:

a) facilities (building costs)

b) utilities |

Provide the average number of square feet of space required per person
Provide the current average cost per persoun for

a) desks and furnishings (initial cost)

b) macarials and supplies (annual cost)
¢) general computer equipment (initial cost)
Assuming that compuzer hardware costs $100,000 to purchase, approxi-

mately how much would the yearly maintemance cost be?

Assuming 100 manhours were expended for test and evaluation during a
block change, approximately how many flight test and Tange time hours

would be required?

What is the cost per flight and test time by aircraft type?

Cost/Hour for

Cargo
Bomber

Fighter

Surveillance
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15. What are the reproduction and installation costs for each aedium?

Variable Cost

Medium Per Fialded Svstem Fixed Cost (if anv)
PROM
ROM

EARCM
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APPENDIX C Page | of l4

AVIONICS SUPPORT COST ESTIMATION QUESTIONNAIRE
(PHASE 1II)

This questionnaire is to be filled out by knowledgeable people in the field
of avionics software suppor:. Because of your background and experience, you have
been chosen to help in this study to predict software support costs. Please
answer all questions in which you feel you are qualified to provide the necessary
information or express an opinion. If you have no experience in the ares being
questioned, do not answer the question. However, do not be modest--your opinions
are important and there are few people in addition to yourselves that are more
qualified to answer this questiocnnaire.

SYSCON has defined avionics software support costs into four categories:
direct and indirect labor costs and direct aund general support equipment costs.
These costs are further broken down according to the work breakdown structure
shown on the next page. The most important cost component is direct labor
expended in supporting the embedded computer system. All of the questions in
this second phase of the questionnaire relate to the estimation of direct labor
costs. Section III (the first section of Phase II) concerns the impact of certain
factors on direct labor costs under several hypothetical conditions. These
questions are designed to elicit your best judgment. The final part, Section IV,
asks you to define the technical parameters and attributes of an "average" system.

Please read the instructions at the beginning of each section carefully
and answer all questions that you can. If you do not understand the question,
ask for clarification. You will be given a chance to change your answers at a
later date when the results from all respondents are tabulated and made known

to you.
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SECTION III

Page 3 of 14

The following quastions ask for your expert opinion on how a change in one

factor impacts on avicnics software direct labor costs. When answaring these

questions assume that all other factors remain unchanged. Also, you may assume

(unless otherwise specified) that the following characteristics about a general

system apply:
Lines of code: 16K
Language: assembly

Z memory £1ill: 752

Z timing f£11.: 752
Work performed: totally organic

Development V&V: Performed by

developer
Complexity rating _1;/: 3
Rate of change l/: 3

2/

Change Efficiency = : 502

Program design: unstructured
Program implementation: unstructured

Initial documentation: incomplete and
outdatad

Year of Support: 3
Application: Navigation

Type of Aircraft: Fighcer

Number of fielded systems: 600

Skill Level Mix -1-/: 3

With these characteristics in mind, please answer the following questions

about the relative impact on the aumber of raquired zanhours within each phase

of direct labor. For exampla, 1if the question asks you to focus on the impact

of changing the program size from 16K to 24K, all other facrors being equal,

you might expect software support direct labor manhours for cequirements

review to ramain the same whereas the labor zanhours for the design phase would

{acrease by 15%. That being the case, you would £11l in 1.00 in ths requirements

review block under 24K, and 1.15 in the design block under 24K.

If you feel & situation is not reasonably possible, £1ll in NA for not

applicabla.
1/

=’ See pagell2 for che definiticn of each rating.

2/ See page 121 Zor she definitionm.

it
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Complexity Definitions:

9]
(2)
3

(4)
(5)

APPENDIX C Page 4 of 14
DEFINITIONS

Easy to read and follow code, many similar applications.

Time required to gain familiarity with code, many similar applications.
Time required to gain familfarity with code, few similar applications,
approaching state-of-the-art.

Extremely difficult to understand code, few similar applications.
Extremely difficult to understand code, unique application, beyond

the state-of-the-art.

Rate of Change Definitions: i

(1)
(2)

(3)

(4)

(s

Stable code, changes required very infrequently, minimal staffing required.
Infrequent changes required on a periodic basis, staffing assigned

on a part-time basis.

Changes required on a periodic basis, staffing requirements fairly
constant.

Frequent changes, changes require immediate attention,

full-time staff required plus additional personnel for pertubations. t
Changes required continuously, full-time staff plus additional personnel ‘

have difficulty keeping up wi:ﬁ user requiremeuts.

Skill Level Mix Definitions:

(1)

&)

(4)

(5

Predominantly inexperienced, junior personnel unfamiliar with the
softvare system.

Variety of personnel with a limited working knowledge of the
software systaem.

Typical personnel with some experience with the software system, mix
of junior and senior personnel.

Predominantly senior personnel with a good working knowledge

of the software system.

Highly experienced, senior personnel with an in-depth knowledge

of the software systmm.
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Relacive impact on manhours from a change in the number of lines of code

Lines of Code

4K 8K 16K 26K 32K
Reguirements Review 1.06
Design 1.00
Development 1.00
Integration 1.00
Test & Evaluaticn 1.00
Documentacion 1.00
Repro/Installation 1.00

Relative impact on manhours from a change of language

Language
Structured
Asgembly Fortran HOL
Requirements Review 1.00
Design 1.00
Development 1.00
Integration 1.00
Test & Evaluation 1.00 ]
Documentation 1.00
Repro/Installation 1.00
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.

3. Relative impact on manhours from changes in the % memory fill

1 2 Memory Fill

502 752 902 952 982 1002

i Requirements Review 1.00
: Design 1.00
Development 1.00
Integration 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installation 1.00 |
4, Relative impact on manhours from a change in Z timing fill
2 Timing Fill

502 75% 90% 95% 982 1002

; Requirements Review 1.00

| Design 1.00
Develovment 1.00
Integration ’ 1.00
Test & Evaluation 1.00
Documentation 1.00 )
Repro/Installation 1.00
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S. Relative impact on manhours from a change in the % of work performed by

contractor
Z of work performed by comtractor
(97 4 252 502 75% 90% 1002
} Requirements Review 1.00
{ Design 1.00
Development 1.00
Integration 1.00
Test & Evaluation 1.00 }
Documentation 1.00 |
Repro/Installation 1.00
4. Relative impact on manhours from a change in development V&V rating

Development V&V Rating

Done Tocal
; By VeV
' None Developer Complete
Requrirements Review 1.00
Design 1.00 !
Development 1.00
Integration 1,00 ’ !
Test & Evaluation 1.00 t
Documentation 1.00
Repro/Installation 1.00
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‘. Relative impact on manhours from a change in program dasign structure

Program Design
Poor Fair Good Excellent

Regquirements Review 1.00

‘ ‘ Design 1.00
. Development 1.00
Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installacion 1.00

8. Relative impact on manhours from a change in program implementation st ture

Program Implementation

Poor Fair Good Excellent
Requirements Review 1.00
Design 1.00
Develovment 1.00
Integration 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installation 1.00
H
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9. Relative impact on manhours from a change in initial documentation rating

Initial Documentation

Incomplete MIL-STD
None Outdated Up-to-date
l Reguirements Review 1.00
Design 1.00
! Development 1.00
Incegration 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installation 1.00

10. Relative impact on manhours from a change in the year of suppor:t

Year of Support

Requirements Review 1.00
Design . 1.90
Development 1.00
Integration 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installation 1.00
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1. Relative impact on manhours from & change in the aircrafr type

s t—— < —————

Type of Aircraft

Cargo Bomber Fighter Surveillance

Requirements Review 1.00 i

5 Design 1.00 |
Development 1.00 ‘
Integration 1.00 i
Test & Evaluation 1.00 ;
Documentation 1.00 i
Repro/Installacion 1.00

12. Relative impact on manhours from a change in the number of fielded systems

Number of Fielded Systems

50 200 600 1000 2000
Requirements Review | 1.00
Design : 1.00
Development . 1.00
Integracion 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installation 1.00

118

I S
— . . -
—_ ——— e e = - - s e L A ———— e ———— -

. ——— SN




e S R ————

APPENDIX C Page 11 of 14

13. Ralative impact on manhours from a change in complexity

1l 2 3 4 5
Requirements Review 1.00
Design 1.00 L
Development 1.00
Incegration 1.00 %
Test & Evaluaéion 1.00 L
Documentation 1.00
Repro/Installation 1.00

Complexity Definitions:

(1) Easy to read and follow code, many similar applications.

(2) Time required to gain familiarity with code, many similar applicatioms.

(3) Time required to gain familiarity with code, few similar applicatious,
apprvaching state-of-che-art.

(4) Extremely difficult to understand code, few similar applicatious.

(5) Extremely difficult to understand code, unique applicationm,

beyond the state-of-the-art.
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Relative impact on manhours from a change in rate of change

1 2 3 4 5
Requirements Review 1.00
Design 1.00
Development 1.00
Integration 1.00
Test & Evaluation 1.00
Documentation 1.00
Repro/Installacion 1.00.

Rate of Change Definitious:
(1) Stable code, changes required very infrequently, minimal scaffing required.
(2) Infrequent changes required on & periodic basis, staffing assigned
on a part-time basis.
(3) Changes required on a periodic basis, staffing requirements fairly
constant.
(4) Frequent changes, changes require immediate sttentionm,
full-cime staff required plus aédi:ional personnel for perturbations.

(5) Changes required continuously, full-time staff plus additional persomnnel

have difficulty keeping up with user requirements.
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15. Relative impact on cost from a change in the skill level mix

1 2 3 4 5
Requirements Review 1.00
. Design 1.00
Development 1.00
Integration 1.00
Test & Evaluation 1.00 5
Documentation 1.00
Repro/Installacion 1.00

Skill Level Mix Definitions:

(1) Predominantly inexperienced, junior personnel unfamiliar with the
software system.

(2) Variety of personnel with a limited working knowledge of the
software system.

(3) Typical personnel with some experience with the software system, mix
of junior and senior personnel.

(4) Predominantly senior persoannel with a good working kmowledge

of the software system. 'T
4

(5) Highly experienced, senior personnel with an in-depth knowledge ;
1

of the software system.

16. Relative impact on manhours from a change in efficiency, i.e., the ratio

of the number of changes completed to changes requested.

102 252 502 75% 1002

Efficiency Ratio 1.00
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SECTION IV
?lease {11l {n the specific valuss for the following characteriscics that

"

you feal ars represeatacive of an gs" embedded computar systes in the

fiald. This should not necassarily reflect your syscem aod aay reflec: a

hypothacical syscam.

Intugrated system
Meapon Delivery
Fire Control

Navigasion
Jamsur
Receliver

CE

Lines ot Code (l~a)

Laagusge (Assembly,
foreran, Structured

gor)
2 Mewory 7111 (0-100)
2 Tiaing T4l (0-100)
, Devalopmenc 747 (Noua,

dona by developer,
\ V&V :

Program design (Poor,
fagr, GCood, Sxcellenc)
i , Prograa isolesencation
; ' (Poor, Tair, Good,

Excallent)
[aittal documenctacion
(Rone, incowplets, -
MI1-$TD)

Yaar of Support (1-a)

Type of Alrcrafe
(f1ghzer, bomber,cargo,

surveylissce)

Yumber of fielded m:-J
(ea)

Cost of Direct Support

Eauipesge (1-a)

compramicy & 1o

tace of Change Y 1.3
e Segll tever ax & 1og

res

1/
T ses page 112 for the definicios of asch racing
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Page 1 of 1

APPENDIX E
PERSONNEL COST INFORMATION

Annual Monthly
GS Grade Base Salary 1/ Military Grade Base Salary 2/
6S 1 $8,398 0-1 $1,329
GS 2 9,764 0-2 1,651
GS 3 10,907 0-3 2,112
GS 4 12, 683 0-/ 2,445
GS § 14,893 0-5 3,034
GS 6 16,926 0-6 3,549
GS 7 18,336 0-7 4,176
GS 8 21, 586 0-8 4,176
GS 9 22.719 0-9 4,176
GS 10 25,385 0-10 4,176
GS 11 27,076
GS 12 32,729
GS 13 40, 311
GS 14 47,284 i
GS 15 50,112
GS 16 50,112

AR I

-

1/ provided by Mr. Jerry Carter, HQTRS AFLC/NPKP WPAFB, 10/21/81. Figures
include 4.8% cost-of-1iving raise effective 10/1/8i.

2/ provided by Mr. Jerry Carter 10/27/81.
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i
RESPONDENTS TO PHASE II QUESTIONNAIRE
Name Location Classification
Wayne Lord SM-ALC MMECA
John Hancock SM-ALC Autonetics
Ben Alsep SM-ALC MMECA
Bob Alley SM-ALC MMECA
Thomas Broers SM-ALC MMECA
Jim Sheppard SM-ALC Rockwell International
? SM-ALC General Dynamics
Greg Straton Point Mugu USN
Richard Desposato Point Mugu USN
David Erickson 00-ALC MMECA
Russ Suzuki 00-ALC MMECA
Eldon Jensen 00-ALC MMECA
Valon Stock 00-ALC MMECA
Leon 01dham 00-ALC MMECA
Jim Healey 00-ALC MMECA
Mike Welch 00-ALC MMECA
. Dea Johnson 00-ALC MMECA
Lt. Robert Sikes 0C-ALC ANACS
Willis Janssen 0C-ALC AWACS
Lt. James Hart 0C-ALC AWACS
James Walker 0C-ALC MMECM
Joseph King 0C-ALC MMECO
Tom King 0C-ALC - MMECO
George Wann 0C-ALC MMECM
Coy Sullivan 0C-ALC MMECT
Tom Reyenga 0C-ALC MMECT
Michael Ryan 0C-ALC MMECO
Leonard Wilson 0C-ALC MMECT
Capt. Russell Hammerad 0C-ALC AWACS
Novie White WR-ALC MMECDA
Yictor Vajo WR-ALC MMECDA
. Harry Jennings WR-ALC MMRRYC
. John Echols WR-ALC MMECDF
: Suzanne Mason WR-ALC MMRRCC
. Jim McKeen WR-ALC MMECDA
] John Louth WR-ALC MMRRVA 4
Ron Parker WR-ALC MMECY
Jim Hundley WR-ALC MMRRIA
Ken Obst WR-ALC MMECODF
L
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APPENDIX G
FOLLOW-UP LETTER WITH PHASE 11 QUESTIONAIRE

A SYSCON

‘ CORPORATIQON

1084 31ST STREET, N. W.
WASHINGTON. D.C. 20007
PHONE: (202) 342-4000
TWX: (710) 822-0103

You may recall that earlier this year, Rich Bentley and I visited your Air
Logistics Center in order to collect information concerning the costs of maintaining
embedded computer software. SYSCON Corporation is under contract from the Avionics
Lab at Wright-Patterson to develop a computer model to estimate these costs during the
conceptual stage of aviomics system design.

You were chosen to take part in Phase I of our two-phase questionnaire.
Because of the subjective nature of the information requested, we feel the reliability of
the data you provided would be enhanced if you had cne final opportunity to review your
answers. This method for data collection, known as the Deiphi Technique, requests you
to compare your answers to the averages computed {rom the answers provided by ail of
the respondents. You thus have cne last opportunity to change any or all of your
answers,

The purpose of this final review is to allow you to see how your peers
interpreted the same questions. We have enclosed a computer printout of each question
and your previous answers. Below each of your answers is the average as computed from
all 39 respondents. In this way we hupe we have made it simple for you to compare ycur
previous answers to the averages. Please also keep in mind that some questions were
misinterpreted. You should note this when comparing your answers to the averages.

In computing averages we have omitted answers left blank. In addition, we
set a limit of 10 to reduce the impact of any cne answer on the computed averages.
Thus, if a respondent felt that costs would incredse oy a factor of 10 or more, an answer
of 10 was substituted. We would greatly appreciate your help one last time so that we
can finalize our mathematical algorithms. If you f{eel any changes are in order or wish to
fill in answers you previously left blank, simply cross out your oid answer and insert the
new one in its place. Keep in mind that you do not have to change your answers. It will
be easier for us if you werk with 2 red pencil or pen. Also, if your answer and the group
average are both shown to be 1.00, no changes are necessary. You may recall that these
were present only to establish a point of reference and are not subject to change.

This review should take you no more than half an hour. When you are
fSnished, please return the questionnaire in the self-sddressed, stamped envelop enclosed
for this purpose by 12 December 1981. 1If there are any questions, please feal free to call
me at 800—424-8503.

Thank you very much for your help and support.

Sincerely,
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AVIONICS SUPPORT COST ESTIMATION. QUESTIONNAIRE
(PHASE II)

This questionnaire is to be filled out by kmowledgesble people in the field
of avionics software support. Because of jyour background and experience, you have
been chosen to help in this study to predict sofrware support costs. Please
answer all questions in which you feel you are qualified zo provide :hc.necnury
information or express an opinion. If you have no experience i{n the ares being
questioned, do not answer the question. However, do not be modest—your ocpinions
ars important and theres are few people in additiom to yourseives that are more
qualified to answer this questionnaire.

SISCON has defined avionics software support costs into four catagories:
direct and indirect labor costs and direct and genmeral support equipment costs.
These costs are further broken dowm according to the work breakdown structure
shovm on the next page. The most important cogt component is direct labor
expeuded in supporting the embedded computer system. All of the questions in
this second phase of the quastionnaire relate to the estimation of direct labor
costs. Seczion III (the first section of Ph;sc II) concerns the impact of certain
factors on direct labor costs under several hypothetical conditions. Thase
quastions are designed to elicit your best judgment. The final part, Sectiom IV,
asks you to define the technical paramaters and attributes of an "average" systam.

Please read the instructions at the bcg@g of each section carefully
and answer all guestions that you cam. If you do not umierstand the question,
ask for clarification. You will be given a chance to change your answers at a
later dats when the results from all respondents ars tabulated and made knowm

to you.
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Nagne :

Crg:
Phona:
SECTION III Ticle:

The following questions ask for your expert opiniom om how a change in one
factor impacts on avicnics soitware direct labor costs. When answering these
questions assume that all other factors remain unchanged. Also, you may assume
(unless otherwise specified) that the following characteristics about a gemeral

system apply:

Lines of code: 16K Program design: unstructured

Language: assembly Program implememtation: unstructured

<« memory f£fill: 75% Initial documentation: incomplete and
' outdated

= timing £411: 75% Year of Suvport: 3

Work performed: totally organic Application: Navigation

Development V&V: Parformed by Type of Aircraft: Fighter

developer
Complexity rating i/: 3 Number of fielded systems: 600
é Racta of change y: 3 Skill Level Mixz y: 3

Change Efficiency 2/ :

502
With these characteristics in mind, [;lme answer the following questions
about the relative impact on the number of required manhours within each phase
of direct labor. For example, if the questicn asks you to focus on the impact
of changing the program size from 16K to 24K, all other factors being equal,
yuu might expect software support direct labor manhours for requirements
review t0 remain the same wheress the labor manhours for the design phase would
v increase by 1537. That being the case, you would £i1ll in 1.00 in che requirements
review block under 24K, and 1.15 in the design block under 24K.

If you feel 2 situation is oot reasonably possible, £1il1 in NA %07 not

,‘ applicable.

1/ Sea page 134 for the definition of each rating.

2/ See page 142 for the definition.
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DEFINITIONS
Complexity Definitioms:
(1) Easy to read and follow code, many similar applicationmns.
(2) Time required to gain familiarity with code, many similar applications.
(3) Time required to gain familiarity with code, few similar applications,
approaching state-of-Che-art.
| (4) Extremely difficult to underscand code, few similar applicacions.
(5) Extremely difficult to understand code, unique application, beyond
the stats=of-the-art.
Rate of Change Definitions:
(1) Stable code, changes required very infraquently, minimal staffing required.
(2) Infrequent changes teq;ul.:ed on a periodic basis, staffing assigned

on a part~time basis.

e

(3) Changes required on a periodic basis, staffing requirements fairly

coustant.

é i (4) TFrequeat changes, changes require immediate attentionm,
full-cime staff required plus additional personnel for pertubatioms.

(5) Changes requirad continucusly, full-cime staff plus additional personnel

i have difficulty keeping up with user requirements.
Skill Level Mix Definitions:
(1) Predominantly inexperisnced, junior persomnel unfamiliar with the
software system.
(2) Variety of perscnnel with a limited working inowledge of the

e software system.

f ) (3) Typical personnel with some axperience with the software system, mix
of junior and senior personnal.
(4) Predominantly senior personnel with a good working kmowladge ]

~f the software system.

(S) Highly experienced, semior persounel with an in-depth knowledge

of the softwaras system. 134
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A3Sume 1HAT TaE ReQUIKEMENTS UF ThE VARIOUS PROLRAM S.2c8 REFLECT TmEIR
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7. KRELATTIVE ImPali uN MANROURS FIuM A CrAwGE IN PrOuRAM DESIGw 5TrUCTURe.

PxOuoRaM 0eS[Gw

R AT AR AR R T F R PR AR TP A AR X R AR RS
Pulin Falw Gulu EXCELLENT

ARAERNTRRE ARXWXTRARR AXRXARNPR FRERERE R

PZNUIREMENTS REVIEN 1,00 By T .Sy i

H AvEmAuE 1,04 e93 .9¢ .89 ;

! D:SIGN IOOU QSU 070 osu !

) AvERAGE t.00 .21 <85 « 82 :

NEVELOPMEIT 1.0v .8y . X «Sv l

AVERAGE 1.0v .91 .80 o8u l

!

INTEGKA'IUN 1.00 .°U .8“ .70 g

H AVERAGE 1,00 .8Y X7 .71 z

g

TEST & EVaLuATIuM 1,0 1 +TU «Sv |

AvEKAGE 1.0v .91 .81 TV !
DUCuMeNTA[TUN 1.0u .94 .10 o7V
AVERAGE 1,00 AY « AV ]
REPRO/INSTALLAT (Qiv 1.0v 1.0V 1.0V 1.0y
AvExAGE 1.00 .90 <%0 .93

8, RELaTlve IMFACT On MAWHUDKS FrOm a CHaNGE IN PRUGRAM [MPLEMENTATIQN
{ STRUCTUKE,

PrOGRaM IMPLEMENTATION
"'Qt*'i*ttii*Qtﬂ"'*t'tt'*!"'l'!’i.t
PUlK Faln Gulu eXCELLENT
ARERDERD AR \ 222223 2] ARTRRAREN

QEIJUIRE=F TS nEvicH 1.0V v .70 )

AVEXAUE 1.00 .9@ oql oea

DéSKGN l.OU .qu .80 .70

AVERAGE 1.0 .92 .86 .81

DEVELUPMENT t.00 « 90 <80 I ]

AVERAGE 1.0V <8¢ s 72

TeiTeGrATIYN 1.00 1) TV o5V

3y AyEnABE 1.,0u .80 7o obu

TEST & EValLuadjlun 1.0V «Av Y oT0

AVERAGE 1.00 .QV 08‘ .7‘

. QUCUMENTATIUN 1,0v « v <9 «8V

AVERAGE t.0v « 92 8w «719

QePrO/INSTALLAT O 1.00 te0v 10V 1.0

: AVExABE 1.0V <817 «Su v
i 138
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. APPENDIX G
9. RELAFIVE TaPaCl uUN MANROURS FIuM A CAANGE 1N InNITIAL CUCUMENTAITUN RATING.

InITTAL DUCUMENTATIUN
(222 R2X2XRRXXESELRASEXEREREX]
INCOMPLETE IL=3TO
nOWE QUTUATED UPeTy=yuaTE

ARRRAIREN L2 R E RS & AR

REAUIREMEWTS xEview  F.9V 1.0y e Sv
DES1Gw &,00 1,00 . Sv
AVErAGE a,03 1.0v +«Sa
DEVELUPMEWT 3. 1.0v .50
‘VEKA‘:E 3.69 1.0\‘ .61
IWwTEGRATIUN .00 1.0v .75
AVERAUE 3.8/ 1.0“ '6‘
TEST & eVaALuASTun 3.00 1.00 <8y
AVEnAGE T.09 1.0v oho
DUCUMENTATIUN ¥,00 1.0y .Sy
AVExAGE 4,00 1.0V «S9
RePrO/INSTALLATION 2. 00 1.0y 1.00
AVERAGE .92 1.0v ofAa

1ve RELATIVE ImPn.CT uN MANRQURS FRUM A CAAnGz: IN TrE YEawn uF SUPPOKRT,

YEAx uFf SUPPORT

Page 10 of 13

o

[ FZXIERZXIEEXERREL LRSS ZERZZARSRRRRARARRASRA R AR 22 2 R R o 8 B

1 2 3 4 S
YRR EN ARPRAETER TERMRNBRERYY ARNATRETRR EXAREERYE
REQUINEMEWTS nEVIcE  2.0U 1.2v 1,00 .8V B
AyExAuf 1.77 1.2 1,00 %0 .%o
NESIGN 2.0V 1.28 1.00 «8v o715
AVExAE 1.77 1.3¢ 1,00 .99 55
DEVELOPMENT 2.04 1,25 1,00 <AV 73
AVERAGE 1‘7'; 1.35 1.00 105 IQ“
I.«TEGRATIUN 1.2V 1.1v 1.0u « 90 <8y
AVERAGE 1.84 1,37 1.0v «92 .96
TeST & EValuAllun 1.5V 1.20 1.00 « 8V « 1D
AVENAGE 1};2 1.335 1.0v .90 .97
) /25"

NOCUMENTATIUN L?VF—_. by 1,00 1.00 1.00
AVENRALE 1.5 1.23 1.0u 97 <90
RePrO/InSTALLATIOwW 1.0 1.0v 100 1.0u 1.0v
AvErAGE 1.30 1.1¢ 1,0v «98 1.0V

6

TR

«73
97
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. APPENDIX G
11. RELATIVE ImMPACT UN MaNrMOURS FRUM A CrnAaNGE IN THE A[RCRAFT TYPE,

TYME NF AIlRCrAFT
ERTRA AN AN LA RRANTCRRANECN RN ARSI ANIRP RN
SURVE]IL~-
LARGUY oN¥AcR FIGRTER LANCE

TR ER AXRNERXRER AXAXRAREY LER A2 SRR

REAUIRKEMENTS ~Evigw

AVERAGE B3 1.0¢ 1.0v 94
MeSIGw

AVvERAGE .80 1.0 1,00 1.01
NEVELUPMENT .

AvERApE «8U 1.01 1,00 1.08
InTEGRATION

AvERAGE .79 1.05 1.0u 1,02
TeST 6 eVALUATTuwN

AvExAGE «BY .99 1,00 1.01
2UCUMENTATIUN

AvENAGE < AY 1.0¢ 1.00 «93

REPrO/INSTACLATION
AvERAGE « S0 1.00 1,00 .99

lee RELATIVE [MPACT uN MaANROURS FRUM A CHANGE N TnE NuMpEr OF FLELDED SYSTEmMS,

NUMBER OF FIELVEYU SYSTeMmy

[FIETEEE I RILERZS SRR SRR 2222242 2R Rt st il

50 2vl T 6vl 1900 2uov

ARTRARNRY ERAXRENEN AXRXRRTTR TREAANRRS TR NN

ReQUIKESENTS <EvIicw 1.90 1,00 1.0v 1,0V 1,00
AVERAGE « 90 o v 1.0v 1.0¢ 1,04
NESIGN 1,00 1.0v 1.0V 1.0u 1.0v
AvERABE .99 1.0v 1.0V 1.01 1.0¢8
DivéLOPNENT ‘.00 1.00 1.0" 1.00 1.00
AVExAGE .99 1,0v 1,00 1,01 1.02
INTEGK‘I:UN l.OU l.ou 1.09 1.00 1.00
AvERAGE .97 .9¢d 1.0V 1,0¢ 1.00
TeST & cVALUATIUYM 1,00 1.00 1.00 1.0v 1.00
AVErAuE .98 902 1.00 1,01 1.07
OUCUMEMT A ICN {1.00 1.0u 1,00 1.00 1.00
AVErALE .99 1.0v 1.0v 1,0v 1,01
eORN/ TnSTALLATIOWN .10 30 1.0v 1.5y 2.0V

AVEHAB-E o’b‘q .7= l.ou 1.31 2.04

ity
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15, KELATIVE [WPaACT UN “aNnOUuR> FRUM A CrAnGE IN CUMPLEX(TY,

COMPLEXITY RaTINg
R R N R R AR N R T RN AR A TR N AN RN RN RN R NN AR RIIRNRY

| 1 e K] [} S
g ARIRIRERN AN EXERTER YRR PY ARXXRRARER ANETRANRR
B3 2.49
ReQUIREMENTS <EvIEN «Tu LYY 1.00 0 1°%v
AVEK‘\’F. .73 .43 1.00 1057 2.29
.00 . g9
PESIGK <Y <8y 1.0v g;év ;ﬂmr
AVEKAGE .52 .73 1.0\’ 2.10 Sosl
2.00 ¥.00
DEVELUPMENT ey .8y 1,00 ST
AvERAGE .51 TS 1.00 2.1¢ 3.52 ;
5 o 2.00 .00 !
IwTEGrRATIUN .&z’ ;v 1.00 50 %—.—"'rv’ :
AVERAGE «bU 8¢ 1.00 2.09 3.33
.70 2.75
TeST & eVALUATIUNM <70 «AY 1,00 1.2v e
AvErAGE «hD <84 1.00 1.7¢ 2.81 :
[} o /.S-D 20@
‘ DUCUMENT AT TUN 4;12' krzv 1.00 12 2 2
? AVERALE .71 «817 1.00 1.63 2.57
REPRO/IWSVALLATION 1.00 1.00 1.00 1.00 1.00
AVEKABE .97 .99 1,00 1.03 1.11

14, wELAIIVE IMPACT ON MANROURS FRUM A CHANGE IN RaTe UF CrAwGE.

.

: #ATE OF CMANGE RaTLNG
(222222 ZX222XX2 22222222 RR22dR22 22222222222t s X
1 c ) 4 S

TERXRETRER FPTRERWERR TERROERNETY PERRXTRR PRERARRRTY

REQUTREMEANTS rREvIZW .3y <S5V 1.00 1.19 1.2V
AVErAE Ta «8¢c 1.0v 1.30 1.90

{52 &

DeSiGn -y 713 1.00 )
AVERAGE o708 o84 1.0V 1.54d 2.27

D) <0

DEVELUPMENT -] 75 1.0v L'rea e;é'v
AVERAGE .7e A4 1.00 1.5¢ 2.39

l‘ln Jd‘

. T.TEGRATTUN .30 .9 1.00 e i
AVENAGE b0 .81 1.00 1.50 2.37
- 130 0
s TEST & cVALUAT TuN 1Y) «75 1.00 ) E:gn—
! AvErAE ] «8¢ 1.00 1.%0 2.29

C

| 1.7% 2.5

OQYCUMENTSTION 1] 78 1.00 -l i
AVERAGE .5y .76 1.00 1.81 2.5

5= .g?: Iy 2,00

PEOK0/1eSTALLAT O £3~ y 1.00° T v

AvErALE Y] .79 1.00 1,82 1.97
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APPENDIX G

135 KELBTIVE ImPaCIl uN CuST (MUT MaMnOUR3) FrOm A CHAMGE Iiv THe oKILL LEvEL mI

SKILL LEvEL MIXx mATInG

L2222 AR SRR RER2l 0282 2fR2RRRARSRRRRRR S

i 2 5 < 5
(2 & X8 A X2 TREXAXNR PARRTERN ARERNREY RN ER

G 2o &0

REQUINKEMENTS wEvIck -y 1.%y 1.00 ‘e
AVEK‘GE 2069 1073 1.0“ QEL -69
.00 200 3 .50

DeSIGw %—Hﬂo o 1.0V —— T
: AyExAGE I.10 1.94 1,00 o 16 .58
» .00 1.00 v’r :“
CEVELUPMENT ” =T 1.0v o S o
AvENAGE .97 1.88 1.00 ot7 e 59
34’0 =n0° R ,Sv

TWTEGRATIUM ety U 1.,0u 255: -
AVExAGE 3,19 2.07 1.0v o717 YY)

o g ()

TeSl & cVALUATIUN 3.0v 1.50 1.0V .zsL ;Zv—
AVERAGE 2.5V 1.7 1,00 .82 + TV
2,00 <0 g5 it

OUCUMENTATIUN TV {2 1.00 f?g;' L aea 2t
LAVEXAGE 2.1 1.47 1.0V .88 W78
REPRO/InSTALLAT[Qn 1.1V 1.00 1,00 1.0v 1.00
AvEnAGE 1.51 1.22 1.0v <%0 .93

1o. RelLATIVe [4PACT OW «ANHUURS Fnx0s 4 CHANGE I EFFICIENCY, THaAT IS, ThE
] RaTID OF THE wUMRER OF (CHANGES COMPLETED TO CHAWGES REQUESTED, FyR
ExAmMPLE, IF 100 CHANGES WERE REYUESTEU, “mAT (S THE RELATIVE LIMPACT Ow
MANROURS IF 1ty (Or 104) weERe COMPLETZU, 25 (Or eSa)? eTC,.

i FFFICIENCY xATInG
(22222 X2 A2 2A2RXXXX2XARSLIEAREZZ2A 2222222222282 R 2
103 254 20% 1Sz 102
1222222 2] L2222 22 2] (L2 &2 2 X & PRARXRERY PETRNOERNN
ALL PHASES 20 «bu 1,00 1.20 1,5v
AVERAGE .34 59 1.0V 1.59 2.438
g
|
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APPENDIX H

F - 111F

(JFP) NAVIGATION wEAPQON DELIVEPY

SREAK DOWN OF ANNUAL CQSTS (1981s)
HISTOPICAL SYST®M
YCAR 1991

TOTAL ANNUAL COST 13277969.

= .

TOTAL LABAR

DIRECT LABOR SN03468,
REQUIREMINTS REVIEwW 33963,
DESIGN S6388.
DFVELNPMENT 56375.
INTEGRATION 3%937, |
TEST AND EVALUATION 100767,
DOCUMENTATTION $4049.
REPRQDUCTION/INSTALL 12274, i
SUPPOPT SOFTWARE 102916,
INDIRECT LABOR 75211,
SUPERVISION 47711,
ADMINISTRATION 27500,
TATAL SUPPCRT EQUIPMENT 12699290, i
DIRPECT 7567940,
HARDwARF 5079100,
SUPPQORT SOFTWARE 2343800,
TEST AIRCRAFT TImE 144000, :
REPRODUCTTION 20490. H
GEVEPAL §131350. H
FACILITY 29716,
UTILITIES 2622.
FIIRNISHINGS ela.
MAT®RTIALS & SUPPLIZES 63n0. >
COMPUTEPS/TERMINALS 14000,
HARDwARE MAINTENANCE 5078190,

145
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APPENDIX H
F - 111F
(JUFP) NAVIGATION w~EAPON DELIVERY
DESIVATINN OF DIRECT L2wNR COSTS 8Y GRADF
HISTONICAL SYSTEWN
YEAR 1941
; NUMBER OF COST PER COST PER DIRECT LAABGCH
' PHASE GRADE MANMONTHS MANMONTH GPADE COST -
1. #EQUINEMENTS REVEIwW 33963.
S~11 1.00 2969, 2969,
GS~113 0,07 43940, 293,
N=3 1.90 3168, Jié8,
CNTR 3,93 7000, 27%33, i
2. CESIGH 56385,
GS=§1 1,13 29695, 3368,
N=3 0,.5%3 3168, 1690,
CNTR 7.33 7000, 1333,
3, CFVFLOPMENT 5637S.
GS=11 1.20 2969. 3563,
Nel n.47 3168, 1478,
CNTR 7.33 7000, $1333,
4, IMTEGRATION 85937,
‘ GS=11 1,00 2969. 2969, :
! Q=3 1.00 3168. 3168,
CNTR 11.49 7000, 79900,
S, TEST anh EVALUATION 1007647,
GS=11 2,00 2969, $938,
38=13 0,07 4390. 293,
0-3 2.00 3168- 6336.
CNTR 12.60 7000. 88200,
8, DOCUMENTATION 54849,
GS=11 1.33 296¢, 3959,
Ne3 1.33 31A8. 4224,
CNTR 6.67 7000, 46667,
7. REPAG/INSTALLATION 12274,
GS=11 2.00 2969. $930
2, SUBPCPFT SOFTwAxE 1U2916.
GS~t1 1.33 2969, 3949,
. Ne) 1,33 3168. 4224,
: ONTR 131.8%3 7000. 047133,
TOTAL 83,60 6045, 5034683,

NOTE:® ACTUAL BLOCKX CHANGE LENGTH IS 18 MANTHS

146
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APPENDIX H
F - 111F
(NFP) NAVIGATIUM WEAPON DELIVERY
DERIVATION OF ANNUAL INDIRECT LABOR CNSTS (15R1$)
1 HISTORICAL SYSTEM
] . Tan 19€1
| .
SUPEAVTSICN
NIRECT ANNUALIZED ON~SITE MANMONTHS X SUPERVISN RATIO 2 SUPEPVISN MANMONTHS
83.60 X 0.13 = 10.87
SUPERVISION MANNONTHS Y COST/MANMONTH = SUPERVISION COST
10,87 X 4390, z 47711,
AOMINISTRATIVE
PIMECT ANNUALIZED ON~STTE MANMONTHS X ADMNSTIVE RATIN = AOMHSTIVE MANMONTAS
83,60 - X 0.13 2 10,57
ACMNSTIVE MANMONTHS X COST/MANUONTH X ADM COWP=FACT = ADVNSTIVE COST
i 10,87 X 1947, x 1.370 = 27500,
' T3TalL INDIPECT LABOR
SUPERVTSTON + ADMINISTRATIVE = IMDIRECT LABOR COSTS -
47711, + 27500, s 785211,
147
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APPENDIX H

F - 111F
(OFP) NAVIGATINN WRAPON DELIVEZRY

DERIVATION QF ANMUAL DIRECT SUPPQORT EQUIPMENT COSTS (19818)
YISTNRICAL SYSTEM

YEAR 1961 .
FQUIPMENT ‘
) HADwARE  SUPPORT SGFTWARE TOTAL
INTTIAL COST (19818) 50721000, 23438000, 74219000,
COST (1981S) $0781000, 23438000, 74219000,
EXPLCTED SYSTEM LIFE 10 19 10
ANMUAL EQUIPMENT COST 5078100, 2343800, 7421900,

TEST AIRCKRAFT/TIME

ANMNUBL T&E MANMONTHS X 144 = ANNUAL T&E WANHOURS
16,08 X 144 = 2400,.00

ANNUAL TRE MANWUURS X TGE RATIOC = TEST AIRCRAFT HOURS
2400,v0 X 0.030 = 72,00

TEST ATRCRAFT HOURS X COST/HOUR
72,00 X 2000,

ANNUAL AIRCRAFT/TIME COST
144000,

REPRODUCTION

NUMBER OF FlELDED SYSTEMS X wED ReP=FACT X CDST/REPRn's REPRODUCTION COST
90 ) 4 2,000 X 17,00 = 3000,

REPRODUCTION COST X 12 / BLOCX CHANGE LENGTH = ANNUAL REPRODUCTION COST
3060. X 12 v/ 18 = 2040,

DICPECT SUPPORT EQUIPMENT COSTS

DIRECT nAHDwARF COST 5078100,

DIRECT SCOFTwWARE COST 2343300,

AIRCRAFT/TTME COST 144000,

+ REPRODUCTION CNST 2040,

DIPECT SUPPORT EQUIPMENT COST 7567940,
148
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APPENDIX H

F < 111F

(QFP) NAVIGATIQON WEAFON DFLIVFERY
DERIVATTON OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1981S8)

HISTORICAL SYSTEM
YEAR 1981

PEOPLE KREQUIRED

REQUIRED ANNUAL ON=SITE MANMONTHS / 12 = NO, OF DIRECT SUPPORT PEDPLE
83,60 /7 12 = 7

ANNUAL SUPERVISION MANMONTHS / 12 = NO. OF SUPFRVISORS
10.87 /7 12 = 1

ANNUAL ADMINISTRATIVE MANMONTHS / 12 = N0, QF ADMINISTRTRS
10,87 / 12 = 1

NG. OF DIRECT SUPPORT PEOPLE 7
NO, OF SUPFRVISORS 1
+ N0, OF ADMINISTRATORS 1

NC. OF PEDPLE 9
FACILITY
DIPECT SUPPQRT PEGPLE X REQ, TECHNICAL SPACE/PERSON = REQ. WORKING SPACE
7 X 2758, = 192%,00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISNRY SPACE/PERSON = ADDITIONAL SPACE
¢ 1 * 1 ). X 130, = 260.09
REQUIRED WNRKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
192%,00 * 269,00 = 2185.00
TCTAL SPACE X COST/SQUARE FOOT = FACILITY COST
2185.00 X 136.00 = 297160,
FACILITY COST / EXPECTED SYSTEY LIFE = ANNUAL FACILITY CNST
297160, 7/ 10 = 29716.
UTILTTTIES

TCTAL SPACE X COST/SQUARE FQOT = UTILITY COST
2185,00 X 1.20 s 2622.
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APPENDIX H

F - 111F

(OFP) NAVIGATION WEAPOw OFLIVERY

DExIVATIOM OF ANNUAL GENERAL SUPPORT FEQIUIPMENT COSTS (1981s)
RTISTORICAL SYSTEM
YEAR 1981

FUPNTSHINGS

1 5D @ = 4 BN W B P

TUTAL PERSANS ¥ INITYAL COST/PERSON 3 INITIAL FURNISHIMNGS COST
9 X 680, 3 6120,

INTTTAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
6120, 10 = 612,

MATERIALS aMD SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COsST
9 X 700. = 6300,

COMPUTERS/TERMINALS

! NCG. DIRECT SUPPQRT PEOPLE X INITIAL COST/PERSON = INITIAL COWP TFRM COST
X 20000, b 140000,

TNITIAl COMP TER¥ CUST / EXPECTED SYSTSN LIFE = ANNUAL COMP TERM COST
140000, / 10 E 14000,

UARDwARE wAINTENANCE

HARDWARE COST (1981s) X MAINTENANCE RATIN = ANNUAL HARDWARF PAINTENANCr cas
50781000. X 0.10 = $078100, .

S
~

GEZNERAL SUPPORT EQUIPMENT COST

FACILITY COST 29716,

UTILITY COST 2622,

FUPNISKHINGS COST §12.

MATERIALS & SUPPLIES COST 6300,
COMPUTERS/TEPMINALS COST 14009,

« HAPDWARE MAINTENANCE COST 5078109,

! GENERAL SUPPORT EQUIPMENT COST 513113589,
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APPENDIX H
ALQ - 131
(EW) Jammer
: Historical System ;
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APPENDIX H

ALQ - 131

(Ew) JAMMER

BREAR DOwN OF aANNUAL COSTS (1981s)

| HISTORICAL SYSTEM
YZAR 198)

TOTAL AnNUAL COST 931074,

TOTAL LABNR

' DIRECT LABOR
REQUIREMENTS REVIEw
DESIGN
CEVELOPwENT
INTEGRATION
TEST 4nND EVALUATION

- DOCUXENTATION
RTPRODUCTION/INSTALL
SUPPORT SOFTWARE
INDIRECT LABNR

SUPERVISION
ADMINTISTRATION

TOTAL SUPPQORT EQUTPMENT

DI®ECT
HARDwARE
SUPPORT SOFTwARE
TEST SIRCRAFT TINE
REPRGDUCTION

GENERAL
FACILITY
UTILITI®S
FURNISHINGS
MATERIALS & SUPPLIES
COMPUTERS/TERMINALS
HARDwWARE MAINTENANCE

152

11542,
18654,
19694,
18694,
47302,
40150,

7182,
1072s,

26823,
11285,

54600,
248600,
187200,

1126,

9248,
1632,
204,
4200,
4900,
109290,

Page 9 of 49

211064,
172956,
3gios,
620010, |
491826,
128484,
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APPENDIX H
ALQ - 131
(Ek) JAMMER
DERIVATION OF DIRECT LABOR COSTS 3Y GRADE
HISTORICAL SYSTEM
YEAR 1981
NUMBER OF CNST PER C3ST PER DIRECT LABOF
PHASE GRADE MANMQNTHS MANMONTH GRADE cosT
1, RECUIREMENTS REVEIW 11542.
GS=12 2.00 357s. 7182,
Gs~=13 1.00 4390, 4390,
2. DESIGN 18654.
GS=12 4,00 3s7s. 14304,
GS~13 1.00 4390, 4394,
3. DEVELOFMENT 18694.
65=12 4.00 3876, 14304,
GS=13 1.00 4390, 4390.
4, INTEGRATION 18694.
G5=12 4,00 3576, 14304,
GS=13 1.00 4390. 4390,
S. TEST AND EVALUATION 47302.
GS=12 12,00 3576, 42912,
GS=13 .00 4390. 4390,
6. DOCUmMENTATION 40150.
GS=12 10,00 ~ 3$76. 3s7e60,
Gs~=13 1.00 4390. 4390,
7. REPRO/INSTALLATION . 1182,
GS=12 2.00 3576, 7152, -
2. SUPPCRT SOFTWARF 10728,
GS=12 3.00 3s7s, 10728,
TOTAL 47.00 36138, 172956, 172956,

NCTE: ACTUAL BLOCK CHWANGE LENGTH IS 12 MONTHS
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APPENDIX H

ALQ - 131

i (EW) JAMMER
| DERIVATION OF AMAUAL INDIRECT LABOR COSTS (1981s)

RISTORICAL SYSTE™
YEAR 1981

SUPERVTISTION

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN WANMONTHS

47.00 X 0.13 = 6,11
SUPEPVTSION MANMONTHS X COST/MANNGNTH = SUPERVISION COUST
6.11 X 4390, = 25823,
AQWINISTRATIVE

DIPECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE "AN!ONTHS‘

ﬁ 47.00 X 0.13 z 6.11
’ ADMNSTIVE MANMONTHS X COST/MANMONTH X ADM COMP=FACT = ADMNSTIVE COST
6.11 X 1847, X 1.000 = 11285,

TOTAL INDIRECT LABOR -

SUPEPVISTION + ADMINISTRATIVE = INOIRECT LASCOR COSTS
26823, =~ 11288, = 38108,

v %
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APPENDI” H
i ALQ - 131 '
(Ea) JAMMER '
% DERIVATION OF aNNUAL DIRECT SUPPGRT ENUIPMENT COSTS (1981S)
HISTORICAL SYSTz¥
YEAR 1981
' '
i CQUIPMENT
.; . L 2 1 2 1 . 2 1 J
HARDwARE  SUPPORT SOFTWAPE TOTAL
L 1 2 1 _ ]
TNTTTAL COST (19R1S) 1092000, 4972000, 064000,
CCST (19%18) 1092000, 4972000, 6064000,
FXPECTED SYSTEM LIFE 20 20 20
ANNUAL EQUIPMENT COST $4600, 248600, 303200.

TEST AIRCRAFT/TI™E

peprapr—te ooyt

ANNUAL T&EZ MANMONTHS X 144 = ANNUAL T&E MANHOURS
7.81 X 144 = 1872.00

ANNYAL T&E MANHGURS X T&E RATIO = TEST AIRCRAFT HOURS
# : 1872.00 X 0.050 2 93.60

o

TEST AIRCPAFT HOURS X COST/HOUR = ANNUAL AIRCRAFT/TIME C3ST
’ $3,60 X 2000, = 187200,

QEPRACUCTION

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/PEPRO = REPRODUCTION COST
264¢ X 0,120 X 35,00 = 1126,

REPRODUCTION COST X 12 / BLOCX CHANGE LENGTH = ANNUAL PEPRODUCTION COST
1126. X 12/ 12 = 1126,

NIRECT SUPPCPT EQUIPMENT CNSTS

o . CIFECT HARDWARE COST 54500,
v NIPECT SOFTWARE COST 248600,
AIRCRAFT/TINE COST 187200,
+ REPRODUCTION COST 1126,
P«
' , DIRECT SUPPORT EJAUIPMENT COST 491526,

: 155
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APPENDIX E
ALQ - 131

(Ew) JAMMER
DERIVATION OF ANNUAL GENERAL SUPPCRT EQUIPMENT CUSTS (1981s)

SISTORTCAL SYSTE™
YEAR 1961

DENPLE REQUIRER

QEQUIRED ANNUAL ON=SITT MANMONTHS / 12 = NO., OF CIRECT SUPFORT PEOPLE
47.00 /712 = 4

ANNUAL SUPFRVISION MANMONTHS / 12 = NQ. OF SUPERVISORS
6,11 / 12 = 1

ANNUAL ADMINISTRATIVZ MANMONTHS / 12 = NO, OF ADMINISTPIRS
6.11 /7 12 = b

NC, OF DIRFCT SUPPORT PEOPLE 4
NO. DOF SUPERVISORS 1
+ NC, OF ADMINISTRATORS 1

NC. OF PEOPLE

[ ]

FACILITY

DIRECT SUPPORT PEOPLF X REQ, TECHNICAL SPACE/PERSON = REQ. wORKING SPACE
4 X 27S. = 1100,00

(SUPERVSRS + .ADMNSTRTRS) X REQ, SUPERVISNRY SPACE/PERSON = AODITIONAL SPACF

( 1 * 1 ) X 132. = 260,00

REQUIRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
1100,00 * 260,00 = 1360.00

TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
1360,00 X 136,00 = 124960,

FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
184860, / 20 =z 9248.

UTILTTTES

- A b @ BN

TCTAL SPACE X COST/SAUARE FCOT = UTILITY COST
1360.00 X 1.20 s 1632,

A .".,(:
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APPENDIX H

ALQ - 131
(Ew) JAmMED
CFRIVATICY OF ANNUAL GENERAL SUPPORT EQUIPMENT CDSTS (19é1s)

HISTORICAL SYSTEM
YEAR 1981

FUPMISHINGS

TCTAL PERSONS X INITTAL COST/PERSON = INITIAL FURNISHINGS COST %
6 X 680, = 40RO,

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
4080, / 20 z 204,

VATERTIALS AND SUPPLIES

TCTAL PERSONS X CUST/PERSON = MATERIALS & SUPPLIES COST
6 X 700, = 4200,

COMPUTERS/TERPMTNALS

NC. DIRECT SUPPORT PROPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
4 X <0000, = 80000,

INITIAL COMP TERM COST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
RQN00, / 20 = 4000,

HAPDWARE ®AINTENANCE -

HAPDWARE COST (1968!8S) X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE CO¢
1092000, X 0,10 s 109200, f

GENERAL SUPPNRT EQUIPMENT COST

FACILITY COST 9248.

UTILITY COST 1632.
FUPNISHINGS COST 204,
MATERIALS & SUPPLIES COST 4200,
COMPUTERS/TERMINALS COST 4000,

+ HAPDWAPE MAINTENANCE CNST 199200,
GENEPAL SUPPORT EZQUIPMENT COST 128484,

157
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h APPENDIX H

F-16 FCC
(OFP) Fire Control

Historical System
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S TOTAL

ANNUAL COST

(OFP) FIRF COUNTROL
BREAK DNwM QF ANNUAL COSTS (19&1S8)

HISTORICAL SYSTEMm
YEAR 198

2339587,

TOTAL LABOR

DIRECT LABOR

REQUIREMENTS REVIEW 57715,
DESIGN 40908,
OEVELOPMENT 38643,
INTEGRATION 21189,
TEST AMD EVALUATION 45029,
DOCUMENTATION 26816.
R¥PRODUCTTION/INSTALL 1668,
SUPPORT SOFTWARE 86323.

INDIRECT LABOR
SUPERVISION $3646.
ADMINISTRATION 22570.

TOTAL SUPPORT ZQUIPMENT

DIRECT
HARDWARE 447400,
SUPPGRT SOFTsARE 223720.
TEST AIRCWAFT TIME 109440.
REPRODUCTION 7933.

GENERAL 1
FACILITY 13382.
UTILITIES 2982,
FURNISHINGS 272,
MATERIALS & SUPPLIES 7000,
CPYPUTERS/TERVINALS 6400,
HARDwARE MAINTENANCE 1119500,

159
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APPENDIX H
F-16 FCC

326371.

76216,

7884913,

148506,

402587,

o

1937000,
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APPENDIX H
F-16 FCC
(OFP) FIRF CONTROL
L DEPLVATION OF DIRECT LABOR COSTS BY GRADE
! HISTORICAL SYSTEWV
, YEAR 1981
i
NUMBER OF COST PER COST PFR  DIRECT LABOF
PHASE GRADE MANMONTHS  MANMONTH GRADE COS?T
1. REQUIREMENTS REVEIw 57715,
Gs~11 4,00 2969. 11878,
GS=12 12.00 3576, 42912, j
GS=13 0.67 4390, 2927.
2. CESIGN 49988,
GS=11 2.67 2969, 7917,
GS=12 10.67 3876, 38144,
GS~=13 0.67 4390, 2927.
3, DEVELOPMENT 38643,
GS=11 4,00 2969, 11876,
GS=12 6.67 3%576. 23840, .
GS=13 0.67 4390, 2927,
4, INTEGRATION 21109,
GS~11 1.33 2969, 3989,
GS=12 4,00 3876, 14304,
GS=13 0.67 4390, 2927.
S, TFST AND EVALUATION 45029,
GS=11 1.33 2969. 3989,
GS=12 10,67 31876, 38144,
6GS~13 0.67 4390, 2927, |
6., DOCUMENTATION 26816.
GS~=9 .67 2502. 1668,
GS~11 2.67 2969. 1917,
6S=12 4,00 3576, 14304,
GS=13 0.67 4390, 2927,
7. REPPG/INSTALLATION 1663.
GS=9 0.67 2502. 1668,
%, SUPPCRT SOFTwARE 96323.
GS~11 4,00 2969, 11876,
GS~12 20,00 3576, 71520,
GS~-113 0.67 4390, 2927,
TOTAL " 94,00 3328, 326371, 326371,

NOTE: ACTUAL BLOCK CHANGE LENGTH IS 18 MONTHS
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APPENDIX H

F-16 FCC

(QFP) FIRE CHONTROL
DERIVATION OF ANMNUAL INDIRECT LABGOR COSTS (1981s)

HISTNRICAL SYSTEM
YEAR 1981

SUPERVISION

DIRECT ANNUALIZED NN=SITF MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMOUTH!

94.00 X 0.13 = 12.22
SUPERVISTON MANMONTHS X COST/MANMONTH = SUPERVISION COST
12.22 X 4390. = $3646.
ADMINISTRATIVE

DIRECT ANNUALIZED ON=STITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS
94.00 X C.13 = 12.22

ADMNSTIVE MANMONTHS X COST/MANMONTH X ADOW COMP=FACT = ADMNSTIVE COST
12,22 X 1847, - X 1.000 s 22570,

TOTAL INDIPECT LABOR

SUPERVISION + ADMINISTRATIVE = INDIRECT LABQOR CUSTS
53646, ~ 22570. = 76216,
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APPENDIX H

F-16 FCC

o

(OFP) FIRE CONTROL

DERIVATION OF ANNUAL DIRECT SUPPORT ENUTIPMENT COSTS (1921s)
HISTCRICAL SYSTEW

| YEAR 1981

i

} FQUIPMENT

HARDWARE  SUPPAORT SOFTWARE TOTAL

TNITIAL COST (1981S) 11185000, $593000. 16778000.
CCST (19818) 11195000, $593000., 16778000,

‘ EXPECTFD SYSTEM LIFE 2s 25 25
ANNUAL EOUIPMENT COST 447800, 223720. 671120,

TEST AIRCRAFT/TINME

ANNUAL TEE MANMONTHS X 144 = ANNUAL TGE MANHOURS
18.25 X 144 = 1824,00 ]

, ANNUAL TS&E MANHOURS X T&E RATIO = TEST AIRCRAFT HQURS
! 1824.00 X 0.030 = 54.72

TEST AIRCRAFT HOURS X COST/HOUR = ANNUAL ATRCRAFT/TIME COST
54.72 X 2000, = 109440,

SEPRODUCTION

NUMBER OF FIELDED SYSTENS X MED PEP«FACT X COST/REPRG = REPRODUCTION COS3
350 X 2,000 X 17,00 = 11800,

PEPRODUCTION COST X 12 / BLOCK CHMANGE LENGTH = ANNUAL REPRODUCTION COST |
11900, X 12 / 18 = 7933, '

: DIRECT SUPPORT EQUIPMENT COSTS

CIRECT HARDwARE CQOST 447400, !
DIRECT SOFTWARE COST 223720,
AIRCRAFT/TIME COST 109440,
+ FEPRODUCTION COST 7933.
! DIPECT SUPPORT EQUIPMENT COST 7898493,

o RSN s
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APPENDIX H

F-16 FCC

i (OFP) -FIRE CONTROL
; CERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s)

HISTORICAL SYSTEM
{ YEAR 1981

f PEOPLE REGUIRED

REQUIRED ANNUAL OM=SITE MANMONTHS / 12 = NO. OF DIRECT SUPPORT PEQPLE
94,00 /7 12 = 8

ANMUAL SUPERVISINN MANMONTHS / 12 = NO. OF SUPERVISORS
‘ 12.22 /7 12 = 1

ANNUAL ADMINISTRATIVE MANMONTHS / 12 = NQ., OF ADMINISTRTIRS
12,22 /7 12 = b

NC. OF DIRECT SUPPORT PEOPLE 8
NO. OF SUPERVISORS 1
+ NG, OF ADMINISTRATORS 1

NO, OF PEGPLE 10

FACILITY

DIRECT SUPPORT PEDPLE X REQ., TECHNICAL SPACE/PERSON = REQ. wORKING SPACE
8 X 27%. =z 2200.00

(SUPERVSRS + ADMNSTRTRS) X KREG. SUPERVISORY SPACE/PERSON = ADDITIONAL SPAT
( 1 + b ) X 130. = 260.00

REQUIRED WwORKING SPACE + ADDITIONAL SPACY = TOTAL SPACE
2200.00 * 260,00 = 2469,00

TOTAL SPACE X COST/SQUARE FOCT = FACILITY CUST
2460,00 b 136,00 t ] 334860,

FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
334800, / 25 = 13382.

TTILITIES

TCTAL SPACE X CUST/SQUARE FDOT = UTILITY CODST
4 2460.00 X 1.20 ] 29520

T ———— T T T
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APPENDIX H

F-16 FCC
(OFP) FIRE CONTROL
DPERIVATION OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1981s)

HISTORICAL SYSTEM
YEAR 1981

FUPNISHINGS

TOGTAL PERSONS X INTTYAL COST/PERSON = INITIAL FURNISHINGS COST
10 X 680. = 6800,

INITTAL FUNRNISHINGS COST / EXPECTED SYSTEY LIFE = ANNUAL FURNISHINGS COST
6800, / 258 = 272.

MATERIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
10 X 700. = 7000,

COMPUTERS/TERMINALS

MG. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
X 20000. = 1600060,

INITTAL COMP TER™ COST / EXPECTED SYSTEM LTFE = ANNUAL COMP TERM COST
160000, / 2S = 6400,

HARDWARE VAINTENANCE

KAPDWARE COST (19818) X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE COS
11185000, X 0.10 Ld 1118500.

GENERAL SUPPORT EQUIPMENT COST

PACILITY COST 13382.
"TILITY COST 2952,
FUPNISHINGS COST ' 272.
WATERIALS & SUPPLIES COST 7000,
COYPUTERS/TEPMINALS COST 6400,
+ HARDWARE MAINTENANCE COST 1118%00.
GENERAL SUPPORT EQUIOMENT CNST 1148506,
164
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APPENDIX H

ALR - 62

(EW) Receiver

Historical System
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APPENDIX H
ALR - 62

- (£W) KECEIVER

= BREAK DOWN OF ANKNUAL CUSTS (1931S)
| HISTORICAL SYSTFM

' YEAR 19R1
: TOTAL ANNUAL COST 1161813,
TOTAL LABOR 2%4877.
\ DIRECT LABOR 217255.
RFQUIREMENTS REVIFw 7152,
DESIGN 53150, i
DEVELOPMENT 54997,
INTEGRATION 31998,
TEST AND EVALUATION 17846,
DOCUMENTATION 17846,
RFPRODUCTION/INSTALL 5423,
SUPPGRT SOFTwWARE 28844,
TNDIRECT LABOR 37621,
: SUPERVISION 25682,
,‘ ADMINISTRATION 11939,
TNTAL SUPPORT EOUIPMENT 9009136,
DIRECT 708800,
HARDWARE : 165400,
SUPPORT SOFTWARE 101400,
TEST AIRCRAFT TTME 72000,
HEPRODUCTION 369600,
. GENERAL 198136,
L FACILITY 18496,
» UTILITIES 1632,
) FURNISHINGS 404,
3 MATERIALS & SUPPLIES 4200,
CNMPUTERS/TERMINALS 8000,
HARDWARE MATATENANCE 16540u.,

—— W W H A
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APPENDIX H

ALR - 62

(EW) RECEIVER
3
H ‘ DERIVATION OF DIRECT LABOR COSTS 3Y GRADE
HISTORICAL SYSTEM
] YEAR 1931
|
G
NUMRER OF CNST PER CCST PFRR DIRECT LABOP
u ' PHASE GRADF  MANMUNTHS MANMQNTH GRADE COST
t. RFQULREMENTS REVEIw 7152.
GS~12 2.00 3576. 7152,
2. GESIGHM 53150,
GS=7 2.00 1847, 3694,
Gs=12 6.00 3576, 21456,
CNTR 4,00 7000, 26000,
1, OFVELOPMENT S4997.
GS=17 3.00 1847, 5541,
GS=12 6.00 3576, 21456,
CNTR 4.00 7000, 28000,
4, INTFGRATION 31998,
65=17 2.9 - 1847, 3694, !
i GS=12 4,00 3576, 14304, !
‘ CNTR 2,00 7000. 14000,
S. TEST AND EVALUATINN 17846,
Gs=7 2,00 1847. 3694,
GS=12 2.00. 3576, 7182,
CNTR 1.00 7000. 7600,
6. DOCUMENTATION 17846,
GS=1 2,00 1847, 3694,
CNTR 1.00 7000, 7000,
7. RFPRO/IMSTALLATION S423.
GS=7 1.00 1847, 1947,
8, SUPPGRT SOFTwaARE 28844,
38=1 4,00 1847, 7388,
GS=12 6,00 3576, 21456,

TOTAL §7.00 3844. 217256. 217256,

NQTE: ACTUAL BLOCK C"ANGE LENGTH IS 12 MONTHS
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APPENDIX H

ALR - 62

(E4) RECEIVER

DERIVATION OF ANNUAL INDIRECT LABOR COSTS (19818)
HISTNRTCAL SYSTEM
YEAR 1981

SUPERVISION

NIRECT ANNUALIZED ON=SITE MANMONTRS X SUPRPFRVISN RATIO = SUPKRVISN MANMONTHS
45,90 X 0.13 = 5.85

SUPERVISION MANMONTHS X COST/MANMONTH = SUPERVISTION CUST
5.8% X 4390, = 25682,
ADYINISTRATIVE

DIRECT ANNUALIZED ON=SITE MANMOWTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS
45.00 X 0.13 = 5.85

ADMNSTIVE MANMONTHS X COST/MANMUNTH X ADM CUOMPe§ACT
5.85 X 1847, X 1.108

ADMNSTIVE CQST
11939,

TOTAL INDIPECT LABOR

SUPERVISION + ADMINISTRATIVE
25682, ¢+ 11939.

INOCIRECT LAROR COSTS
37621.
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Page 26 of 49

(EW) RECE]1VE®

DERIVATION OF

ANNUAL DIRECT SUPPORT

EQUTPYENT COSTS (1981s)

HISTORICAL SYSTE¥

YEAR 1981
FQUIPMENT
HARDwWARF SUPPORT SOFTWaRE TOTAL
INITIAL COST (1981S8) 1654000, 1018000, 2672000,
CCST (1981s) 1654000, 1018000, 2672000.
FXPECTED SYSTEM LIFE 10 10 10
ANNUAL EQUIPMENT COST 165400, 1016890, 267200.

TEST AIRCRAFT/TIME

BNMNUAL TFE MANMONTHS X 144 =
2.21 X 144 =

ANNUAL T&E MANHQURS X T&E RATIOD
720.00 X 0.050

TEST AIRCRAFT HQURS X COST/HOUR
36,00 X 2000,

REPRODUCTION

MUMBER OF FIFLNDED SYSTEMS X MED REP-FACT X CNDST/PEPRO =

3n0 X

REPRODUCTION COST X 12 7/ BLOCK CHANGE LENGTH =

369600, X 12 7

DIPECT SUPPORT ENUIPVENT COSTS

DIRECT HARDwARE COST
D]JRECT SOFTWwWARE COST

ATRCRAFT/TINE COST
+ FePRNADUCTION COST

RIPECT SUPPORT EQUIPHMENT CNOST

ANNUAL T&F MANHOURS

720,00

TEST AIRCRAFT HOURS
36.00

ANNMUAL ATIRCRAFT/TIME CNDST
72000,

61,600 X 20,00 = 369600,
AMNUAL PEPRODUCTION COST
12 = 369600,
165400,
101400,
72000.
369600,
708800,

REPROADUCTION COST




Page 27 of 49

APPENDIX H

ALR - 62
(EW) RECEIVER

DEKIVATION OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1931s)
HISTORICAL SYSTEw
YEAR 1981

PENPLE REQUIRED

NO. OF DIRPECT SUPPORT PEOPLF

REQUIRED ANNUAL ON=SITE MANMONTHS / 12
/ 12 4

45.00

AMNUAL SUPERVISION MANMQNTHS / 12 = NO., OF SUPERVISORS

5.85 / 12 1
ANNUAL ADMINISTRATIVE MANMONTHS / 12 = R0, QF ADMINISTRTRS
5.85 /7 12 = 1
NC. OF DIRECT SUPPORT PEODPLE 4
NC. OF SUPERVISORS 1
+ NC., GF ADMINTISTRATORS 1
NQ, OF PEOPLFE 6

FACILITY

OIRECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON = REQ, N¥ORKING SPACE

4 X 27S. 1100.00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADODITIONAL SPACE
( 1 + 1 ) X 130, = 260,00
PEQUIRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
1100,00 + 260.00 = 1360.00
TGTAL SPACE X COST/SQUARE FOOT = FACTLITY COST
1360,00 X 136,00 = 1849640,
FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
184960, / 10 = 19496,
UTILITTES

UTILITY COST
1632,

TUTAL SPACF X COST/SQUARE FGOT
1360.00 X 1,20
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APPENDIX H

ALR - 62
(Ew) RECEIVFR
DERIVATION OF ANNUAL GEMERAL SUPPORT FQUIPMENT COSTS (1981s)

HISTORICAL SYSTEM
YEAR 19¥1

FURNISHINGS

TOTAL PERSONS X INTTIAL COST/PERSON = INTTTAL FURKISHINGS CuST

6 X 680, 4080,
INTIIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNIAL FURNISHINGS COST
4080, / 10 s 408.

“ATEPIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSUN = MATER[ALS & SUPPLIFS COST
6 X 700, = 4200,
COMPUTERS/TERMINALS

NG. DIPECT SUPPQRT PEOPLE X INITTAL COST/PFRSON = TNITIAL CUMP [ERM COST
4 X 20000, ] 80000,

TMITTAL COMP TERM COST / EXPECTED-SYSTEM LIFFE = ANNUAL COMP TERm COST
89000, / 10 = 8000,

HARUWARE “AINTENANCE

HARDWARE COST (1981s5) X MAINTENANCE RATIO = ANNUAL HARDWARFE MAINTENANCE CO:
1654000, X 0.1¢ = 165400,

REVERAL SUPFORT FQUIPMENT COST

FACILITY COST 18496,
UTTLITY COST 1632,
FURNISHIMGS COST 408,
MATERIALS & SUPPLIFS COST 4200,
COMPUTERS/TEPRINALS COST 8000,
+ HARDWARE MAINTENANCE CNOST 165400,
GENERAL SUPPORT EQUIPMENT COST 198136,
171
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APPENDIX H

APR - 38

(EW) Integrated System

Historical System
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APPENDIX H
APR - 38

(Ex) INTEGRATED SYSTEM

BREAX DOwN OF ANNUAL COSTS (1981s)
HISTOPLCAL SYSTFM

YEARP 1981}
TQTAL ANNUAL COST 2412920,
TOTAL LASCR 288783,
PIRECT LABOR 227972.
REQUIREMENTS REVIEW 21670,
DESIGN 37969,
DEVELOPMENT 342%3.
INTEGRATION 38336,
TEST AND EVALUATION 64079,
DOCUMFENTATION 3172s.
REPRODUCTTION/INSTALL 0.
SUPOORT SOFTWARE 0.
TNDIRECT LABOR 6ueil,
SUPERVISION 42803,
ADMINISTRATION 18908,
1CTAL SUPPORT EQUIPMENT 2124137,
DIPECT 1644787,
HARNWARE : 426100,
SUPPQRT SOFTWARE 426200,
TTST AIRCRAFT TIME 792000,
REPRGDUCTION 487, -
GEVERAL 479350,
FACILITY 29716.
UTILITIES 2022.
FIURNISHINGS 612.
MATERIALS & SUPPLIES 6300,
COmPYTEPS/TERMINALS 14000,
HAKDWARE MATATENANCF 426100,
173
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APPENDIX H

APR - 38

(EW) INTEGRATED SYSTEM

DERIVATION OF DIRECT LABOR COSTS BY GRADE
‘ HISTORICAL SYSTEM

YEAR 1941
’;
o NUMBER OF COST PER COST PER DIRECT LABOF
PHASE GRADE MANMONTHS  MANMONTH GRADE cos?T
1. RECUIREMENTS REVEIw 21670.
GS5=9 2,00 2502, 5004,
GS~-11 2.00 2969, s938,
GS=12 3.00 3876, 10728, .
2. DESIGN 37869, |.
Gs~2 3.00 2502, 7506, z
GS=11 3,00 2969. 8907, 1
GS=12 6.00 3578, 21456,
3. DEVELOPMENT ‘ 34293,
GS~-11 3.ov 2969, 8907,
GS=12 5.00 3876. 17880,
4. INTEGRATION 38336,
] GS=9 2.00 2502, S004, ;
Gs~-11 4,00 2969. 11876,
, . GS=12 6.00 3576, 21456,
€. TEST AND EVALUATION - 64079,
65=9 6.00 2502. 15012,
Gs=11 3.00 2969, 8907,
GS=1% 9,00 3576. 32194,
0=t 4.00 1994, 7976. -
: 5. DOCUMENTATION 31728,
' 6S5=9 2.00 2502. 5004,
: GS=11 9.00 2969, 26721,
7. PEPRG/INSTALLATION d.
R, SUPPGRT SOFTwWARE c.
v TOTAL 7%.00 3008, 227972. 227972,

NQTE: ACTUAL BLOCX CHANGE LENGTH IS 12 MONTHS

. N
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APPENDIX H

APR - 38

(EW) INTEGRATED SYSTEM
OERTVATION CF ANNUAL INDIRECT LABOR COSTS (1981S)

HISTORICAL SYSTEM
YEAK 1981

SUPERVISION

DIRECT ANMUALIZED On=STTE MANMONThS X SUPERVISN RATIO = SUPERVISN MANMONTHE

7%,.00 X 0.13 = 9.75%
SUPERVISTON MANMONTHS X CDST/MANMONTH = SUPERVISION COST
] 9.75% X 4390, ] 42803,
!
s \
‘ ADVMINISTRATIVE

i DIRECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS

7€.00 - X 0.13 = 9,75
3 ADOMNSTIVE MANMONTHS X COST/MANMONTH.X ADM COMP=FACT = ADMNSTIVE COST
9.7% X 1847, X 1.000 = 18008.
TGTAL INCIRECT LABOR ' -

SUPERVISTON + ADMINISTRATIVE = INDIRECT LABOR COSTS
42803, ~+ 18008. = 60811,

175

hatl L e

. S Y N
. l L ety ¥ o

. ARSI
N R




Page 33 of 49

APPENDIX H
APR - 38

(Es) INTEGRATED SYSTEM

CERIVATION 0OF ANNUAL DIRECT SUPPORT EQUIPMENT COSTS (1vAls)
HISTORICAL SYSTE«

YEAR 1981
EGQUIPMENT
HARDwARE SUPPORT SJFTWARE TOTAL
TsITIAL COST (19818) 4261000, 4262000, 852300t.
COST (19818) 4261000, 4262000, 8523001,
EXPECTED SYSTEM LIFE 10 10 10
ANNUAL EQUIPMENT COST 426100, 426200. 852300,

TEST AIRCRAFT/TINE

ANNUBL T&E MANMONTHS X 144 = ANNUAL T&E MANHOURS

16.58 X 144 =

ANNUAL TS&E MANHOCRS X T&E RATIO
3168.00 X 0.080

TEST AIRCRAFT HOURS X CUST/HOUR
158.40 X 5000,

REPRODUCTION

NUMBER OF FIEZLDED SYSTEMS X MED
itle X

PEPRODUCTION COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPRODUCTION COST

487. X 12/

DIPECT SUPPORT EQUIPWENT COSTS

DIRPECT HARDWARE COST ,
DIRECT SOFTWARE COST .
AIRCRAFT/TINE COST '

+ REPRODUCTION CNST

3168,00

2 TEST AIRCRAFT HQURS
= 158.40 .

2 ANNUAL AIRCRAFT/TIME COST
=, 792000,

REP=FACT X COST/REPRC = REPRODUCTIOn COST
0.120 X 35.00 = 487,

12 = 487,

426100,
426200,
792000.

487.

DIRECT SUPPCORT EQUIPMENT CCST

1644797,




Page 34 of 49
APPENDIX H

APR - 38

(£W) INTEGRATED SYSTEM

CERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s8)
BISTORICAL SYSTEM
YEAR 1981

BENET.E RFQUIRED

PEQUIRED ANNUAL ON=SITE MANMONTHS / 12 = 80O, OF DIRECT SUPPQRT PEQPLE
75.00 /712 = 7

ANNUAL SUPERVISION MANMONTHS / 12 = NO. OF SUPERVISORS
9.7% / 12 = 1

, AMNUAL ADMINISTRATIVE MANMONTHS / 12 = KO, OF ADMINISTPTRS
9.75 /7 12 = 1

NG, OF DIRECT SUPPORT PEOPLE 7

NO. OF SUPERVISQRS 1

« MO, OF ADMINISTRATORS 1

NO. OF PEQPLE 9
FACILITY

DIRECT SUPPORT PEQPLE X REQ, TECHNICAL SPACE/PERSON = REQ. WORKING SPACE
7 X 275. = 1925.00

(SUPFRVSRS + ADMNSTRTRS) X REQ. SUPERVISNRY SPACE/PERSON = ADDITIONAL SPACE
¢ 1 * i }J X 130. = 260,00 =

REQUIRED WORKING SPACE + ADDITIONAL SPACT = TOTAL SPACE
r 1925.00 . 260.00 = 2185.00

TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
2185,.00 X 136.00 = 297160,

. FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
' 297100, 7/ 10 = 29716,

YTTLTTIES

TOTAL SPACE X COST/SAUARE FOOT = UTILITY COST {

i " 2185.00 X 1.20 = 2622,
) "
' ?

¢
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APPENDIX H

APR - 38

(E#4) INTEGRATED SYSTEM
DERIVATIGN OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1981S)

HISTORICAL SYSTEM
YEAR 1981

FUFRNISHINGS

TCTAL PERSONS X INITLAL COST/PERSON = INITIAL FURNISHINGS COST
9 X 684Q. = 6120,

TNITIAL FUNRNISHINGS COST / EXPECTFD SYSTEY LIFE = ANNUAL FURNISHINGS COST
6120, ' / 10 t 512, ‘

MATERIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
9 X 700. = 6300,

COMPUTFRS/TERMINALS

NG, DIRECT SUPPORT PEDPLE X INITIAL COST/PERSUON = INITIAL COMP TERM COST 1
X 20000, = 140000,

TNITTAL COMP TERM COST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERs COST
‘ 140000, ' 10 = 14000.

YARDWARE MAINTENANCE

HAPDWARE COST (1981s) X MAINTENANCE RATIN = ANNUAL HARDwWARE MAINTENANCE COS
4261000, X 0.0 4 426100,

GENERAL SUPPORT EQUIPMENT COST

FACILITY COST 29716,
UTTLITY CCST 2622,
FURNISHINGS COST 6l2.
MATERIALS & SUPPLIES COsST 6300,
COvMPUTERS/TERMINALS COST 14000,
+ MARPDWARE MAINTENANCE COST 426100,
GENERAL SUPBORT EQUIPMENT COST 479350,
178
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APPENDIX H
A-7

(OFP) NAVIGATION FIRE CONT®QL WEAPUN DELIVERY

BREAK DNwN OF ANNUAL ©QSTS (19u1s)
HISTORICAL SYSTTs

. YEAR 1981
?
TOTAL ANNUAL COST 574237,
TOTAL LABOR 321880,
DIRECT LABOR 275632,
REQUIREMENTS REVIEW 45946,
DESIGN 37078.
) DEVELOPNENT 39552,
INTEGPATION 17989,
TEST AND EVALUATION 38541,
DOCUMENTATION 34759,
REPRODUCTION/INSTALL 3002.
SUPPORT SOFTWARE 49894,
INDIRECT LABOR 46248,
SUPERVISION 3184S.
ADMINTSTRATION 14403,
: TATAL SUPPORT EQUIPMENT : 252357.
DIRECT . 163139,
’ . HARDWARE 33000.
SUPPOPT SOFTWARE 10000..
TEST AIRCRAFT TINE 119232,
2 REPRODUCTION 907, -
GENERAY, 89218.
FACTILITY 11118,
UTILITIES 1962,
FURNISHTINGS 238.
RATERTALS & SUPPLIES 4900.
COMPUTERS/TRRMINALS 5000.
HARNWARE MATNTENANCE §6000.
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APPENDIX H

A-7

(OQFP) NAVIGATION FINE COMTPCL WEAPOM DELIVERY

DERIVATION OF DIRECT LABOR COSTS B8Y GRADE
HISTORICAL SYSTENM

YEAR 1981
KUMBER QF CNST PER COST PER DIRECT LABCF
PHASE GRADE MANMQONTHS MANMONTH GRADE Cos?T

1. REQUIREMENTS REVEIw 45846.
GS=12 3,00 35%76. 10728,
GS=13 3.00 4390. 13170,
CNTR 1.20 7000, 8400,

2. DESIGN 37078.
GS=12 3.60 3576, 12874,
GS=13 3.60 4390, 15804,
CNTR 1.20 7000, 84400,

3, DEVELOPMENT 38552.
GS~12 2.40 3576. 8582,
GS=13 3.090 4390, 13170,
CNTR 2.40 7000, 16800,

4, INTEGRATION 17959,
GS~12 1,20 3576, 4291,
G5=13 1.20 4390, 5268,
CNTR 1.20 7000, 8400,

S§S. TEST AND EVALUATI 48541,
GS=9 3.00 . 2502. 7806,
G5=12 3,00 3576, 10728,
GS~13 3.00 4390, 13170,
Net 1.80 1994, 3589,

D=4 3.00 4516, 13548, =

&, DOCYUMENTATION 34759.
GS=12 1.20 3576, 4291,
GS=13 1.20 4390, 5269,
CNTR 3,60 7000, 25200,

7. REPRO/INSTALLATION 3ooa.
G3S=9 1.20 2502. 3002.

8, SUPPCLPT SOFTWARE 49494,
GS~-9 2.40 250%2. 800S,
GS=12 10.80 3575, 38621,
Gs=1? 1.20 4390. S208,

TOTAL 65,40 4142. 275632, 27%632.

NQTE: ACTUAL BLOCK CHANGE LENGTH IS 20 MNNTHS

ahax
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APPENDIX H

A-7

(OFP) NAVIGATICN FIRE CONTROL wEAPON DELIVERY
DERIVATION OF ANnUAL INDIRECT ([A2BNP COSTS (1981s8)

YISTORICAL SYSTEM
YEAK 1981

SUPERVISTION

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTH:

55.80 X 0.13 = 7.25
SUPERVISION MANMONTHS X COST/MANMONTH = SUPERVISION COST
7.25 X 4350, = 31845,
ADMINISTRATIVE

DIRECT ANNUALIZED ON=STITE MANMONTKS X AODMNSTIVE RATIO ® ADMNSTIVE MANMONTHS
§5.80 X 0.13 3 7 .25

ACMNSTIVE YANMONTHS X COST/MANMONTH X ADM COMP=FACT = ADMNSTIVE COST
7.25 X 1847, . X 1.07S = 14403.

TOTAL INDIRECT LABOR

SUPERVISTION + ADMINISTRATIVE = INDIRECT LABQR CQSTS
31”‘50 * 14403, t 4 &:62‘8.
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APPENDIX H
A-7

(OFP) NAVIGATION FTRE CONTPOL 9WEAPON DELIVERY

CERTVATION OF ANMUAL DIRECT SUPPUPT EQUIPMENT COSTS (19918)
HISTORICAL SYSTEM

YEAR 1981
EGQUIPWMENT
HARDWARE SUPPORT SOFTWARE TCTAL
INITIAL CGST (19AR1sS) 660000, 200000, 860000,
COST (19818) 660000, 200000, 860000,
FXPECTED SYSTEM LIFE 20 20 20
ANNUAL EQUIPMENT COST 33000, 10000, 43000,

TEST AIRCRAFT/TIME

ANNUAL T&E MANMONTHS X 144 = ANNUAL T&E MANHOURS
10,23 X 144 = 1987.20

ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
1987,20 X 0.030 t 3 $9.62

TEST ATIRCRAFT HOURS X COST/HOUR = ANNUAL AIRCRAFT/TIVE COST
59,62 X 2000, = 119232,

REPRODUCTION

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRO s REPRODUCTION COS
360 X 0,120 X 35.00 = 1§12,

REPRNDUCTION COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPRODUCTION COST
1512, X t2 v/ 20 s 907.

DIRECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 33000,

-DIPECT SOFTWARE COST 10000.

AIRCRAFT/TIME COST 119232.

+ REPRODUCTICON CODST 907,

DIRECT SUPPORT EQUIPWENT COST 163139,
183

— e, DU TR SRS

M)’{ £ hkT @‘.‘-.."‘ LS

[ PSS e R ——————




Page 41 of 49

APPENDIX H

A-7

(OFP) NAVIGATTON FIRE CONTROL #EAPON DELIVERY

DERIVATTION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1931s)

HISTORICAL SYSTEV
YEAR 1981

PECPLE REQUIRED

REQUIRED ANNUAL ON=STTE SANMONTHS /7 12 = NO. OF DIRECT SUPPORT PEOPLE
§5.80 / 12 = ]
ANNUAL SUPERVISION MANMONTHS / 12 = NO, OF SUPERVISORS
7.25 / 12 = 1
ANNUAL ADMINISTRATIVE MANMONTHS / 12 = NO, OF ADMINISTRIRS
7.25 / 12 = b

N0. OF DIKRECT SUPPORT PEOPLE S

MC. OF SUPERVISORS 1
+ NG, OF ADMINISTRATORS 1

NC. OF PEOPLE 7

FACIT-ITY

NIRECT SUPPORT PEOPLE X REC. TECHNTICAL SPACE/PERSON = REQ. WORKING SPACE‘

s X 27%. z
(SUPERVSRS + ANMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADOITIONAL SPI*
( 1 * 1 J X 130, =
RENUTRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACFE
1375,00 * 260.00 = 1635.00
TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
1635.00 X 136,00 = 222360,
FACILITY COST 7/ EXPECTED SYSTEM LIFE =3 ANNUAL FACILITY COST
222300, 7/ 20 t ] 11118,
UTTLITIES

TCTAL SPACE X COST/SQUARE FQOT = UTILITY CNST
135,00 X 1.20 S 1962,

184
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APPENDIX H

A-7

(OF®) NAVIGATION FIPE CONTROL wEAPON DELIVERY

CERIVATTON OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1961s)
HISTORICAL SYSTEM
YEAR 1981

FURKISHINGS

TCTAL PEPSONS X TNITIAL COST/PERSON = INITIAL FURNISHINGS COST
7 X 680, =z 4760,

1

IKITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
4760, / 20 s 238.

YATERIALS AND SUPPLIES

TOTAL PEFSONS X COST/PERSON = MATERIALS & SUPPLIES COST
7 X 700. s 4900,

COMPUTERS/TERMINALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITTAL CONP TERM COST
5 x 20000. = 100000,

INTITTAL COMP TERM CQOST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
1000900, / 20 = $000.

1

HAPUWARE MAINTEMNANCE

HARDWARE COST (1981s) X MAINTENANCE RPATIO = ANNUAL HARDWARE MAINTENANCE COS
660000, X 0.10 =z 66000,

GENERAL SUPPORT EZQUIPMENT COST

FACILITY COST 11118,
UTILITY COST 1962,
FURMISHINGS COST 238,
MATERIALS & SUPPLIES COST 4900,
CLUMPUTERS/TERMINALS COST 5000,
+ HARDWARE MAINTENANCE COST 66000,
GENERAL SUPPORT EQUIPwENT COST 99218,
185
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APPENDIX H
E-3A
(CE) COmMMAND AND CONTKROL
BREAK DNwN OF ANNUAL COSTS (19s18)
i nISTUPICAL SYSTEh
; YRAP 1981
TGTAL ANNUAL COST 2190000,
TOTAL LAEOR 678244,
PIPECT LABOR 529129,
REQUIREYENTS REVIEw 25433,
DESIGN §0321.
DEVELOPMENT 184597,
INTEGRATION 26489,
TEST AND EVALUATION 34349,
COCUMENTATION 18833,
REPOCDUCTTON/INSTALL 10255,
SUPPORT SOFTWARE 147861,
INDIFECT LABOR 150116,
SUPERVISION 105661,
ADMINISTRATION 444SS,
TOTAL SUPPOPT ZRUIPMENT 1511756,
DIRECT 1012504,
HARDWARE . 27%000.
SUPPORT SOFTWARE 357867,
TEST AIRCRAFT TIME 362840, ;
REPRODUCTTION 16757, j
GENERAL 499252, -
FACILITY 44608,
UTILITI®S 5904, ‘
FURN[SHINGS 907. ;
MATERIALS & SUPPLIES 14000, E
COMPUTERS/TERMINALS 21333, |
HARDWARE MATNTENANCE 412500, ;
4
1
!
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APPENDIX H

E-3A

(CE) CNM4AND AMD COnTROL

! PERLVATINN OF DIRECT LABOR COSTS oY GRADE
3 HISTORICAL SYSTEM

YEAR 1981
; .
i NUMBER OF COST PER COST PER DIRECT LABOR|
f PHASE GRADE mANMONTNMS MANMONTH GRADE cosT
: 1. REGQUIREMENTS REVEIW 2%433.
: GS=12 3.43 1876, 12261.
O=4 1.7 4516, 7742.
2. DFRSIGN 80321,
GS=1? 12.00 3570. 42912.
{ O=1 5.14 1994, 102SS.
( 03 8.57 3168, 27154,
i 3. DEYELOPMENT 184587,
GS=11 3.43 2969, 10179.
GS=12 20,57 3576, 73%63.
, Qel 25.71 1994, 51274.
i 0=2 6.80 2477, 10985,
: 0=3 10,29 3168. 3258S.
' 4, INTEGRATION 26489,
O=1 $.14 1994, 102S8S.
‘ N=2 3.43 2477. 84913,
S, TEST AND EVALUATION 34349,
GS=11 1.7 2969, 5090,
: N=3 $.14 3168. 16293. .
v 6. DOCUMENTATICON 18§33
o GS=9 3.43 2502, 8578, 1
oy Oe=t $.14 1994, 10285,
- 7. REPRO/INSTALLATION 10295
| - 9, SUPPORT SOFTWARE 147961 ¢
S F 6S=12 25.71 1576, 91954,
: O=1 17.1¢ 1994, 341483,
0-3 6.86 3168, 21723.
i B TOTAL 185.14 3005, $28129. $28129

: g { NOTE: ACTUAL BLOCK CWANGE LENGTH [S 7 MONTHS

. % 188
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(CE) CUMmAND AND CUNTROL

DERTVATION OF ANNUAL InDIRECT LABOR COSTS (1981S8)
HISTORICAL SYSTEM
YEAR 1981

SUPERVISION

4
D S S e

o o A wea—e
-

v RIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTH
' 185,14 X N.13 s 24.97

SUPERVISION MANMONTHS X COST/MANMONTR = SUPERVISION COST

| 24,07 X 4390, = 105661,
AVMINISTRATIVE
“ DIRECT ANNUALIZED ON=STTE MANMONTHS X ADWMNSTIVE RATIO = ADMNSTIVE NANADNTH$
; 185.14 X 0.13 = 24.07

ACMNSTIVE MANMONTHS X COST/MANMONTH X ADV COMP=~FACT = ADWNSTIVE COST
’ 24,07 X 1847, - X 1,000 s 44455,

; . TO0TAL INPIRECT LASOR

SUPERVISION + ADMINISTRATIVE = INDIRECT LABOR COSTS T
105661, < 44455, s 150116,
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APPENDIX H

E~3A

(CE) COMMAND AND CNNTROML

OFRTVATION OF ANNUAL DIRECT SUPPCRT EGUIPMENT COSTS (1981s)
HISTNRICAL SYSTEM

YEAx 1981
SCHIFPKMENT
AdARDwAKE SUPPORT SOFTWARE TCTAL
INITTIAL CDST (1981s) 4125000, $368000, 9493000,
COST (1998:%) 4125009, §368000, 9493000,
FXPECTED SYSTE™ LIFE 1§ 1§ 18
ANNUAL EQUIPMENT COST 275000, 357867, 632867,

TEST AIRCRAFT/TIME

ANNUAL TSE MANMONTHS X 144 = ANNUAL TG&E MANHOURS
2.36 X 144 = 1728.00

ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HUOURS
17289.00 X 0,035 s 60,48

TEST AIRCRAFT HOUKS X COST/HOUR = ANRUAL AIRCRAFT/TINE COST
60.48 X 600¢C, J62R80.

REPRODUCTION

MUMBER UF FIELDED SYSTEMS X MED REP=FACT X CNST/REPRO = REPRODUCTION COST
23 X 25,000 X 17.00 = 977S.

PEPRODUCTION COST X 12 / BLOCK cmuct LENGTH = ANNUAL REPRODUCTION COST
9778 . X 12 7 s 16787,

DTSECT SUPPORT EQUTIPMENT CNSTS

DIRECT HARDwARE COST 275000,
CIRECT SOFTwARE CGST 357867,
AIRCRAFT/TIME COST 302880.
+ PEPRODICTION COST 16757,

DIRECT SUPPORT EQUIPHENT COST 1012504,




16 X 278, = 4400,00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADDITIONAL SPACE
¢ 2 . 2 ) X 130. z 520,00
REQUIRED wORKING SPACE + ADDITIONAL SPACS = TOTAL SPACE
4400,00 * $20.00 2 4920,00
TCTAL SPACE X COST/SQUARE FOOT = FACILITY COST
4920,00 X 136,00 s 069120,
- FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
¢ 669120, / 15 = 446038,
UTILITIES
TOATAL SPACE X COST/SQUARE FOOT = UTILI™Y COST 1
4920.,00 X 1.20 = $904,

.
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E-3A

(CE) CUMMAaD AND COMTRUL
OFRTIVATION OF ANNUAL GEFERAL SUPPORT EQUIPHMENT COSTS (1981s)

HISTORICAL SYSTEM
YEAR 1981

PENPLE RFEQUIRED

REQUIRED ANNUAL ON=SITE MAMMONTHS / 12 = NO, OF DIRECT SUPPORT PEDPLE
185.14 /7 12 = 16

ANNUAL SUPERVISION MANMONTHS / 12 = NQ, OF SUPERVISORS

24.07 /12 = 2
ANMUAL ADMINISTRATIVE MANMONTHS / 12 = NO. OF AOMINISTRTRS
24,07 /12 = 2

NO. OF DIRECT SUPPORT PENPLE 16
NO. OF SUPEKVISOPS 2

+ M0. OF ADMINISTRATORS 2
NO. OF PEOPLE 20

FACILIT.

LIRECT SUPPORT PEQOPLE X REQ, TECHNICAL SPACE/PERSON = RE0Q., WORKING SPACE

191
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APPENDIX H

E-3A

(CE) COMMOND AKRD CONTROL

UCERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1961s)
HISTARICAL SYSTEW
YEAR 1981

FURNISHINGS

| ccomcccncas

TOTAL PERSONS X INITIAL COST/PERSUN = INITIAL FUPNISHINGS COST
20 X 68v. s 13600.

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
13600, / 15 = 507. g

YATERIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
20 X 700, = 14000,

COMPITERS/TERMINALS

NG. PIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
16 X 20000, = 320000,

INITIAL COMP TERM COST / EXPECTED S&STEM LIFE = ANNUAL COMP TERM COST
320001, / 15 = 21333,

HARD®ARE MAIVTENANCE

NARPDWARE COST (19818) X MATNTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE COS
4125000, X 0.10 = 412500,

! GENERAL SUPPORT EQUIPMENT COST

N ’
' FACILITY COST 44608,
_ UTTLITY COST 5904,
s FURNISHINGS COST %07,

“ATERIALS & SUPPLIES COST 14000,
X CCMPUTERS/TERWINALS CUST 21333,
» + HAPOWARE MAINTENANCE COST 412500,
: BENEPAL SUPPORT EQUIPSENT COST 499282,
¢
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APPENDIX 1

COMPUTATION OF COSTS OTHER THAN
DIRECT LABOR

1. COMPUTATION OF ANNUAL INDIRECT LABOR COSTS

SUPERVISION
ANNUAL DIRECT ON-SITE MANMONTHS X SUPERVISION RATIO = SUPERVISION MANMONTHS
SUPERYISION MANMONTHS X COST/MANMONTH = ANNUAL SUPERVISION COST

ADMINISTRATION
ANNUAL DIRECT ON-SITE MANMONTHS X ADMINISTRATIVE RATIO = ADMIN MANMONTHS
ADMIN MANMONTHS X COST/MANMONTH X COMPLEXITY FACTOR = ADMIN COST

TOTAL INDIRECT (FIRST LEVEL) LABOR COSTS
SUPERVISION + ADMINISTRATIVE = ANNUAL INDIRECT LABOR COST

2. COMPUTATION OF ANNUAL DIRECT SUPPORT EQUIPMENT COSTS

' TEST AIRCRAFT/TIME
ANNUAL TAE MANMONTHS X 144 = ANNUAL T&E MANHOURS
ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
TEST AIRCRAFT HOURS X COST/HOUR = ANNUAL TEST AIRCRAFT/TIME COST

REPRODUCT ION
NUMBER OF FIELDED SYSTEMS X MEDIUM FACTOR X COST/REPRODUCTION = REPRO COST
REPRODUCTION COST X 12 + LENGTH OF BLOCK CHANGE = ANNUAL REPRODUCTION COST
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APPENDIX 1

3. COMPUTATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS

| PEOPLE REQUIRED

L! REQUIRED ON-SITE MANMONTHS =~ 12.6 = NO. OF DIRECT SUPPORT PEOPLE

; SUPERVISION MANMONTHS -+ 12.6 = NO. OF SUPERVISORS

' ADMINISTRATIVE MANMONTHS -+ 12.6 = NO. OF ADMINISTRATORS
NO. DIRECT SUPPORT PEOPLE + SUPERVISORS + ADMINISTRATORS = NO. OF PEOPLE
FACILITY
NO. DIRECT SUPPORT PEOPLE X REQ TECHNICAL SPACE/PERSON = REQ WORKING SPACE
(NO. OF SUPERVISORS + ADMINISTRATORS) X REQ SUP SPACE/PERSON = ADD'L SPACE
REQUIRED WORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
FACILITY COST + EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
UTILITIES
TOTAL SPACE X COST/SQUARE FOOT = ANNUAL UTILITY COST
FURNISHINGS
NUMBER OF PEOPLE X INITIAL COST/PERSON = INITIAL FURNISHINGS COST
INITIAL FURNISHINGS COST + EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST

_ MATERIALS/SUPPIES
» ‘ NUMBER OF PEOPLE X COST/PERSON = ANNUAL MATERIALS/SUPPLIES COST

COMPUTER/TERMINALS
v NO DIRECT SUPPORT PEOPLE X INIT COST/PERSON = INIT COMPUTER/TERMINALS COST
INITIAL COMPUTER/TERMINALS COST + EXPECTED SYSTEM LIFE = ANNUAL C/T COST

HARDWARE MAINTENANCE
i ! HARDWARE COST X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE COST

TP TUSIPIIET. Y GURP IR S AP 4
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APPENDIX J

(OFP) Navigational Weapon Delivery

Representative System
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Page 2 of 49
APPENDIX J
(QFP) NAVIGATIOM wEAPON NELIVERY
SREAK DOwN OF AVUNIAL CNSTS (19818)
REPRESENTATIVE SYSTEm
YEAR 1981
' TOTAL ANNUAL COST 1018461,
TOTAL LABOR 3s3839,

DIRECT LABOR 284470,

REQUIREMENTS REVIEW 20015,
DESIGN 26460,
DFVELOPMENT 26679,
INTEGRATION 43836,
TEST AND EVALUATION ' $3455,
COCUMENTATION 30382,
REPRODUCTION/INSTALL 25144,
SUPPORT SOFTWARE 58500,

INDIRECT LABOR 69369.
SUPERVISION 48826,
ADMINISTRATION 20543,

TOTAL SUPPORT EQUIPMENT 064622,

DIRECT 355902,
HARDwARE 136850,

SUPPORT SOFTWARE 6315%0.
TEST AIRCRAFT TIME - 138902,
REPRODUCTION 17000,

GENERAL 3n8720.

FACILITY 16728,
UTILITIES 2952,
FIURNISHINGS 340.
MATERTALS & SUPPLIES 7000,

COMPUTERS/TERMINALS 2000,
HARNWARE WAINTENANCE 273700,
198
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3 DERIVATION OF

PHASZ

coves

' 1. REQUIREMENTS REVEIW
2. DESIGN
3., DEVELOPMENT

! 4. INTEGRATIGN

S. TEST AND EVALUATION
6. DQCUMENTATION
7. PEPRO/TINSTALLATION

' 8. SUPPORT SOFTVWARE

TOTAL

PR T T Y

APPENDIX J

(OFP) NAVIGATION #FAPOY DELIVERY

ANNUAL DIPECT LABOR COSTS
REPRESENTATIVE STSTEM

Page 3 of 49

(19R1s)

YEAR 198}
REQUIRED COST PER DIRECT LABOR
MANMONTHS MANMONTH cos?T
0.02 3325. 2001S.
7.96 332s, 26460,
8.02 3328, 26679,
13.18 3328, 43836,
16.08 332s. 5348S.
9.14 3325, 30382,
7.56 3328, 25144,
17,59 3328, 58500,
85.55 332s. 284470,
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1
APPENDIX J |

(OFP) NAVIGATION WEAPON DFLIVERY

DERTVATION OF ANNUAL INDIRECT LABOR COSTS (1981s)
REPRESFNTATIVE SYSTEM
YEAR 1981}

SUPERVISION

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATID = SUPEPVISN MaNMNaT

85.55 X 0.13 = 11.12 ,
SUPERVISION MANMONTHS X COST/MANMONTH = SUPERVISION COST ‘
11.12 X 4390, = 48826,
ADMINISTRATIVE

DIRECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTY{
8S.5S X 0.13 L] 11.12

ADMNSTIVE MANMONTHS X COST/MANMONTH X ADM COMP=FACT = ADMNSTIVE COST
11,12 X 1847, X 1.000 = 20543,

TOTAL I~NIRECT LABOR

SUPERVTISION + ADMINISTRATIVE = INDIRFCT LABOR COSTS
48826, 20543, s 69369,
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APPENDIX J

(UFP) NAVIGATION «EAPON DELIVERY

DERIVATION OF ANNUAL DIRECT SUPPORT EQUIPMENT COSTS (1981S)
REPRESENTATIVE SYSTEWM

YEAR 1981
EQUIPMENT
HARDWARE SUPPORT SOFTWARE TOTAL }
INITIAL CUST (1981S8) 2737000, 1263000, 4000000,
CCST (1981s) 2737000, 1263000, 4000000,
CXPECTED SYSTEM LIFE 20 20 20
ANMUAL EQUIPMENT COST 136850, 63150, 200000,

TEST AIRCRAFT/TIVE

ANNUAL TGE MANMONTHS X 144 = ANNUAL T&E “ANHOURS

ANNUAL TSE MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
2315.03 X 0.030 = 69.45
TEST AIRCRAFT YOURS X COST/HOUR = AWNUAL ATRCRAFT/TIME COST
69.45 X 2000, = 138902, H
REDROCUCTION "1

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRO = REPRODUCTION COS
500 X 2.000 X 17.00 = 17000,

PEPRODUCTION COST X 12 / BLOCX CHANGE LEMGTH = ANNUAL REPRODUCTION COST ‘
17000, X 12/ 12 = 17000,

DIPECT SUPPORT ERUIPMENT COSTS

DIRECT HARDWARE COST 136850,

DIPECT SOFTw#ARE COST 63150,

AIRCRAFT/TIME COST 138902,

+ RPEPRODICTINN COST 17000.

DIRECT SUPPCRT cEQUIPMENT COST 388902,
201
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APPENDIX J
(OFP) NAVIGATION WEAPONM DELIVERY
DERIVATION OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (19818)
REPRESENTATIVE SYSTEW™
YEAR 1981

PENPLE REQUIRED

REQUIRFD ANNUAL ON=SITE MANMONTHS 7/ 12 = NO, OF DIRECT SUPPORT PEQPLF

88,55 / 12 = 8

ANNUAL SUPERVISION MANMONTHS / 12 ® NO. OF SUPERVISORS
11.12 /7 12 = 1

ANNUAL ADMINISTRATTVE MANMONTHS / 12 = NN, OF AOMINISTRIRS
11,12 / 12 = b

NO. OF ODTRECT SUPPORT PEOPLE 8
NQ., OF SUPEZRVISORS 1
+ NG, OF ADMINISTHRATORS 1

NO. OF PEOPLE 10

FACILITY

DIRECT SUPPORT PEOPLE X REQ, TECHNICAL SPACE/PERSON = RED. wORKING SPACE

8 X 275, = 2200.00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ACDITIONAL SPACE ]
( 1 +* 1 ) X 130. s 260,00
PEQUIRED wORKING SPACE + ADODITIQNAL SPACE = TOTAL SPACE
2200,N00 4 260.00 = 2460.00
TOTAL SPACF X COST/SQUARE FOOT = FACILITY COST
246C,00 b 136.00 = 334560,
FACILITY COST / EXPECTED SYSTEM LIFE = ANN'AL FACILITY COST
334560, / 20 = 15728.
UTTLITIES

TCTAL SPACE X COST/S5QUARE FOOT = UTILITY COST

2460.00 X 1.20 = 29%2.
202
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APPENDIX J

(OFP) NAVIGATION WEAPON DELIVERY
DFRIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s)

REPRESENTATIVEI SYSTEWM
YEAR 1981

FUPNISHINGS

TOTAL PERSONS X INITIAL COST/PERSON = INITIAL FURNISHINGS CUST
10 X 680, 2 6600.

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FUPNISHINGS COST
5800, / 20 = 340,

MATERIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
10 X 700, s 7000,

COMPUTERS/TERMINALS 1

NG. DIPRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
X 20000. = 160000,

INITIAL COMP TERM COST / EXPECTED SYSTEM LIFE = ANNUAL CNMP TERM COST
160000, / 20 = §000,

HARDWARE MAINTENANCE

HARDWARE COST (1981S8S) X MAINTENANCE RATIO = ANNUAL HARDwARFE MAINTENANCT COS1
2737000, X 0.10 s 273700,

GENERAL SUPPORT FQUTIPMENT CQST

FACILITY COST 16728,
UTTLITY COST 2952,
FURNISHINGS COST 340,
VATERIALS & SUPPLIES COST 7000.
CLMPUTERS/TERMINALS COST 8000,
¢+ HARDWARE MAINTENANCE COST 273700,
GEVERAL SUPPORT EQUIPMENT CUST 308720,
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APPENDIX J
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Representative System
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APPENDIX J

(Ew) JAMMER
SREAK DOwN OF ANNUAL COSTS (19d1is) ﬂ
REPRESENTATIVE SYSTTN
YEAR 1981
TOTAL ANNUAL COST 733302,
TOTAL LABNR 120616,
DIRECT LABOR 101954,
REQUIREMENTS REVIEW 7817.
DESIGN 9329,
DEVFELOPMENT 823,
INTFGRATION 9398,
TEST AND EVALUATION 25980,
DOCUMENTATION 26037,
REPRODUCTION/INSTALL 8508,
SUPPURT SOFTWARE 6062,
INDIRECT LABOR 24862,
SUPERV[SIAN 17499,
ADMINISTRATION 7362.
TOTAL SUPPORT SOUIPMENT : 606486,
DIRECT ) 465035,
HARDWARE . 63080,
SUPPORT SOFTwARE 286950,
TEST AIRCRAFT TIME 112515, i
REPAQOUCTTION 2520, 1
GENERAL 141450,
FACTILITY 7378,
UTILITIES 1302,
FURNISHINGS 170.
MATERIALS & SUPPLIES 3500,
COmPUTERS/TERMINALS 3000.
HARDWARE MAINTENANCE 126100,
L
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APPENDIX J

(Ew) JAVMFR

DERIVATION OF aANNUAL DIPECT LABOR COSTS (19%1s)
REPRESENTATIVE SYSTEM

YEAR 1981
REQUIRED COST PER DTIRECT LAROR
PHASE MANMONTHS WANMONTH COST

1. REQUIREMENTS REVEIW 2.35 3328, 7817,

, 2. DESIGN 2.81 3328. 9329,

t 3. DEVELOPMENT 2.65 3328. 8823,

N 4. INTEGRATIOM 2.33 3328, 9398,

\ S. TEST AND EVALUATION 7.81 3328. 25990,
'

6. DOCUMENTATION 7.83 3328. 26037.

7. PEPRO/INSTALLATION 2.56 3328. 8508,

8. SUPPORT SOFTWARE 1.82 3328, 6062,

TOTAL 30.66 3328, 101954,
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APPENDIX J

(EW) JAMMEPR
OERTVATION OF ANNUAL INDIRECT LABOR COSTS (1981s)

' ] REPRESEMTATIVE SYSTEV
i YEAR 1981

SUPERVISICN

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN PATIO = SUPTRVISN MANMONTHS

30,66 X 0.13 = 3.99
SUPERVISION YANMONTHS Y COST/MANMONTH = SUPERVISION COST
3.99 X 4390, = 17499,
ADMINISTRATIVE

DIRECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS |
30,66 X 0413 = 3.99

ADMNSTIVE MANMONTHS X COST/MANMONTH-X ADM COMP=FACT = ADMNSTIVE COST
3.99 X 1847, X 1.000 = 7362,

TOTAL INDIRECT LABOR

SUPERVISION + ADMINISTRATIVE = INDIRECT LABOR CDSTS
17499, 7362, = 24862,
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APPENDIX J

\ (Fw) JAMMER

DtFIVATION CF ANNUAL DIRECT SUPPOPT EZQUTPMENT CDSTS (1981s)
‘ REPRESEMNTATIVE SYSTEM

YEAR 1961
]
TQUIPMFENT
- D D O T ‘
HARDWARE SUPPORT SOFTwARE TQTAL
TNTTTAL COST (19818) 1261000, $739000, 7000000.
COST (1981s8) 1261000, 5739000, 7000000.
EXPECTED SYSTEM LIFE 20 20 20 ;
ANNUAL EQUIPME™T COST 63050, 286950, 3sooo0c.
TEST ATRCRAFT/TIME i
if

AWMUAL T&E MANMONTHS X 144 = ANNUAL T&E MANHOQURS
7.81 X 144 = 1125.15

ANNUBL TSE MANHGURS X T&E RATIO = TEST AIRCRAFT HOURS
1125,15 X 0,080 = 56.26

TEST AIRCRAFT HOURS X CDST/HOUR = ANNUAL AIRCRAFT/TIME COST
56.26 X 2000, = 112918,

EPROCUCTION

NUMEER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRQO = REPRODUCTION COST
600 X 0.120 X 3s.00 = 2520,

REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPRODUCTION COST
2520. X 12 12 = 2520,

SIPECT SUPPORT EQUIPMENT COSTS

OIRECT HARDWARE COST 63050,
: NIRECT SOFTwWARE COST 2869%0.
AIRCPAFT/TIME CDST 112818,
+ REPRODUCTION COST 2520,
DIRECT SUPP®URT EQUIPMENT COST 465015,
208
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APPENDIX J

(Ew) JAMME®

OFRIVATION NF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s)
REPRESENTATIVE SYSTEM
YEAR 1981

PEOPLE REQUIRED

REQUIRED ANNUAL OnN=SITE WANMONTHS / 12 3 NO, OF DIRECT SUPPORT PFGPLE
30,65 / 12 = 3

ANNUAL SUPERVISION MANMONTMS / 12 = NQ, NF SUPERVISORS
.99 / 12 = 1

AMNUAL ADRINISTRATIVE YANMONTHS / 12 = NO, OF ADMINISTRTRS
3.99 /7 12 = 1

NG. OF DIRECT SUPPORT PEOPLE 3
NQO. OF SUPERVISORS 1
+ NC, OF ADMINISTRATORS 1

NC. OF PECPLE S

TACILITY

DIRECT SUPPORT PEOPLE X REQ,. TECHNICAL SPACE/PERSON = REQ, WNORKING SPACE
3 X 27S. = 825.00

(SUPERVSRS + ANDMNSTRTRS) X REQG. SUPERVISORY SPACE/PERSON = ADDITIONAL SPACE
( 1 - i ) X 130. = 260.00

REQUTRED #ORKING SPACE + ADDITIONAL SPACE TOTAL SPACF
825,00 + 260,00 s 1085.00

TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
1085.00 X 136.00 = 147%60,

FACILITY COST / EXPECTED SYSTEM LIFE =3 ANNUAL FACILITY COST
147560, / 20 = 7378,

JIPILITTES

TCTAL SPACE X COST/SQUARE FOOT = UTILITY COS?T

1085.00 X 1.20 =z 1302,
209
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APPENDIX J

(EW) JAMMER

DERIVATION OF ANNUAL GENEPAL SUPPORT EQUIPMENT CQSTS (1981s)
REPRESENTATIVE SYSTEM
YEAR 1981

FURNISHINGS

TCTAL PEPSONS X INITTAL COST/PERSON = INITTAL FURNISHINGS COST
] X 680, =z 3400,

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNIAL FURNISHINGS COST
34049, / 20 a 170.

MATERTALS anh SUPPLIES

TOTAL PERSONS X COST/PERSON :.!ATERIALS & SUPPLIES COST
S X 700. = 3500,

COMPUTERS/TERMINALS

NG, DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
3 X , 20000. = 60000,

INITIAL COMP TERM CUST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
60000, / 20 = 3oqa,

JARDWARE MAINTENANCE

HARDWARE CDST (19618) X MAINTENANCE RATIO = AnNNUAL HARDWARE MAINTENANCE CQ
1261000, X 0.10 = 126100,

3ENERAL SUPPORT EQUIPMENT COST

FACILITY COST 7378.
UTILITY COST 1302,
FURNISHINGS COST 170,
MATERTIALS & SUPPLIES CNST 3soo,
COMPUTFRS/TERYINALS COST 3000,
‘ ¢ HARDWARE MAINTENANCE COST 126100,
GENERAL SUPPNRT EQUIPMENT COST 141450,
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APPENDIX J

(OFP) Fire Control

Representative System
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APPENDIX J

(OFP) FIRE CONTRGL

BREAK DOWN OF ANNUAL COSTS (1981s)
REPRESENTATIVE SYSTEM

YEAR 1981
!
TOTAL ANNUAL CNST 1361742,
TOTAL LABOR 655338.

DIRECT LABOR 535900,
REQUIREMENTS REVIEW 79262.
CESIGN 91270,
DEVELOPMENT 89296.
INTEGRATION 39373,
TEST AND EVALUATION 66388 .
DOCUMENTATION 44637,
REPRODUCTION/INSTALL 3013,
SUPPOURT SOFTWARE 122662.

INDIRECT LABOR 119437,
SUPERVISION 84048,
ADMINISTRATION 35370, -

{ TOTAL SUPPORT EQUIPMENT ’ 706404,

DIREC? 381466,
HARDWARE 133380,
SUPPQORT SOFTWARE ’ 66650,
TEST ALRCRAFT TIME 157666,
REPROOUCTTION 23800,

GENEPRAL 324938, -
FACTILITY ' 27846.
UTILITIES 4914,
FURNISHINGS $78.
MATERTALS & SUPPLIES 1t900.
COMPUTERS/TERMINALS 13000,

HARDwARE “AINTENANCE 266700.
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APPENDIX J

(OFP) FIRE CONTROL

DERIVATION OF ANNUAL DIRECT LABOR COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR 1981
REQUIRED COST PER DIRECT LABOR
PHASF MANMONTHS MANMONT i Ccos?
1. REQUIREMENTS REVE]W 21.79 3638, 79262.
2. DESIGN 25.09 3638, 91270.
3. DEVELOPMENT 24 .55 3638, 89296,
4, INTEGRATION 10.82 3638, 393713,
5. TEST AND EVALUATION 18.25 3638, 66388,
; 6. DOCUMENTATION 12.27 638, 44637,
7. REPRO/INSTALLATION 0.83 3é3s., 3013.
' 8. SUPPORT SOFTWARE 33,72 3638, 122662.
TOTAL 147.31 3638, 5359%00, -
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APPENDIX J

(OFP) FIRE CONTROL
DERIVATION OF ANmnUAL INDIRECT LABOR COSTS (1981s)

REPRESFNTATIVE SYSTEY
YEAR 1931

SUPERVISION

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPEPVISN MANMONTHS

147.31 X 0.13 t 19,18
SUPEPVISION MANMONTHS X COST/MANMGNTH = SUPERVISION COST
19.18 X 4390, = 84068,
ADMINISTRATIVE

DIRECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS
147.31 X 0.13 s 19.18

AUMNSTIVE MANMONTHS X COST/MANMONTH X ADM CQYP=FACT = ADMNSTIVE COST
19.18 X 1847, X 1.000 = 3537¢.

TOTAL INDIPECT LABOR

SUPERVISION + ADMINISTRATIVE = INDIRECT LABOR COSTS
24068, < 38370, s 119437,
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APPENDIX J

(OFP) FIRE CONTROL

DERTVATION OF ANNUAL DIRECT SUPPCRT EQUIPMENT COSTS (19818)
REPRFSENTATIVE SYSTEM

YEAR 1981

i

i EQUIPMENT

; . L . 2 * r 1 I 1 J

HARDWARE  SUPPORT SOFTWARE TOTAL

INITTAL COST (1981S) 2667000, 1333000, 4000000,
COST (19818) 2667000, 1333000, 4000000,
EXPECTFD SYSTEM LIFE 20 20 20
ANNUAL EGUIPYENT COST 133350, 66650, 200000.

TEST AIRCRAFT/TIME

ANNUAL TE&E MANMONTHS X 144 = ANNUAL T&E MANHOURS
18.25 X 144 = 2627.77

ANNUAL T&E MANHOURS X TGE RATIO = TEST AIRCRAFT HOURS
i 2027.77 X 0.030 = 78,83

TEST AIRCRAFT HOURS X COST/HOUR = ANNUAL ATRCRAFT/TIME CNST
3 78.83 X 2000, = - 157666,

i RPEPRODUCTION

NUMBER OF FIFLDED SYSTEMS X MED REPe=FACT X COST/REPRO = REPRODUCTION COST
700 X 2.000 X 17.00 = 23800,

REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPRODUCTION COST
23800, X 12/ 12 s 23800,

DIRECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 1333%0.

DIRECT SOFTwARE COST 66650,
ATRCRAFT/TIME COST 157666,

+ REPRODUCTION COST 23800.

DIRECT SUPPORT EQUIPMENT COST 381460,
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APPENDIX J

(QFP) FIRE CONTROL

DERIVATION OF ANNUAL GENERAL SUPPOKT EQUIPMENT CUSTS (19818)
REPRESENTATIVE SYSTEM
YEAR 19w1

PEOPLE REQUIRERP

PEQUIRED ANNUAL On=STTE MANMONTHS /7 12 = NN, QF DIRECT SUPPQPT PEOPLE

147,31 /12 = 13 ;
ANNUAL SUPERVISION MANMONTHS / 12 = NO., OF SUPERVISORS 2
19.15 /12 = 2 §
ANNUAL ADMINISTRATIVE MANMONTHS / 12 = NO, OF AOMINISTRTRS 5
19,15 /12 = 2
¥0. OF DIRECT SUPPORT PEOPLE 13
NO. OF SUPERVISORS 2 |
+ NQO. OF ADMINISTRATORS 2 |
NG, OF PEOPLE 17 E
FACTLITY

DIRECT SUPPORT PEOPLE X REO; TECHNICAL SPACE/PERSON = REQ, WORKING SPACE

13 . X 278, = 3§75.00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADDITIONAL SPACF
( 2 + 2 ) X 130, = §20,00
REQUIRED WORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
3575.00 + §20.00 = 4095.00
TOTAL SPACE X COST/SQUARE FOOT = FACILITY CQST
4095%,.00 X 136,00 = 556920,
FACILITY COST / EXPECTED SYSTEM LJIFE = ANNUAL FACILITY COST
550920, / 20 = 27840,
UTTLITIES

TOTAL SPACE X COST/SQUARE FOOT = UTILITY COST
4098.00 X 1.20 = 4914,
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APPENDIX J

(OFP) FIPE CONTROL

DERIVATION OF ANNUAL GENERAL SUPPORT FQUIPMENT COSTS (1981s)
REPRESENTATIVE SYSTEW
YEAR 198%

FURNTSHINGS

TCTAL PEPSﬁNS X INITTAL COST/PERSON = INTITIAL FURNISHINGS COST
17 X 680. s 11560,

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURPNISHINGS COST
11569, / 20 = 578.

MATEPTIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
17 X 700, = 11900,

COMPUTERS/TERMINALS

NC. DIRECT SUPPORT PECOPLE X INITIAL COST/PERSON = INTITIAL COMP TERM COST
13 X ' 20000. = 260000,

INITIAL COMP TERM COST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
260000, / 20 = 13000.

HARDWAPE MAINTFNANCE

HARDWARE COST (1981S) X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTEMANCE COS
2667000, X .10 3 266700,

GENERAL SUPPORT EQUIPMENT COST

FACILITY COST 27846,
UTILITY COST 4914,
FURNISHINGS COST 578.
MATERIALS & SUPPLIES COST 11900,
COMPUTERS/TERMINALS COST 13000,
+ HARDWARE MAINTENANCE COST 266700,
GENERAL SUPPORT EQUIPwENT COST 324939,
217
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APPENDIX J

(EW) RFCFIVER

BREAK DOWN OF ANNUAL COSTS (19u1s)
REPRESENTATIVF SYSTEM

YEAR 19°P1
TOTAL ANNUAL COST 2500159,
TOTAL LABOR 108279,
DIRECT LABOR 870582,
RFEQUIREMENTS REVIEW 4164,
DESIGN 17480.
DEVELOPMENT 186R4,
INTEGRATION 11691.
TEST AND EVALUATION 7349,
DOCUMENTATION 6552,
REPRUDUCTION/INSTALL 66R1.
SUPPORT SOFTwWARE 14450.
INDIRECT LABOR 21228,
SUPERVISION 14941,
A ADMINISTRATION 62R6,
i TOTAL SUPPORT EQUTSMENT 2391880,
DIRECT . 1819429,
HARDWARE 278550,
SUPPORT SODFTwAKE 171450.
TEST AIRCRAFT TIMF 31829,
REPRODUCTION 13376600,
GENERAL 572450,
FACILITY 7378,
UTILITIES 1302,
. FURNISHINGS 170.
MATERIALS & SUPPLIES 3sno,
COMPUTERS/TERMINALS 3900,
HARDWARE MATNTENANCE §57100.
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APPENDIX J

(EW) RECEIVER

DERIVATION OF ANNUAL DIRECT LAB

OR COSTS

Page 24 of 49

(1981s)

REPRESENTATIVE SYSTFM
YEAR 1981
REQUIRED COST PER DTRECT LABOR
PHASE MANMONTHS MANMONTH COST

1. REAUIREMENTS RFVEIW 1.25 332S. 4164,

2. DESIGWN 5.26 3325. 17480,

3. DEVELOPMENT §.62 3325, 18604,

4. INTEGRATIOM 3.52 3328. 11691,

S. TEST AND EVALURTION 2.21 3328. 7349.

6. DGCUMENTATION 1.97 3325, 6552,

7. PEPRG/INSTALLATION 2.01 3325, 6681,

8. SUPPORT SUFTWARE 4,35 3325. 14450,

TOTAL 26.18 332S. 87052,
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APPENDIX J

(Ew) RECEIVEK

DERIVATION OF ANNUAL INDIRECT LABOR CNSTS (19R1s)
REPRESENTATIVE SYSTEM
YEAR 1981

SUPERVISIOM

DIRECT ANNUALIZED ON~STITF MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTHS
26,18 X 0.13 = 3,40

SUPEPVISION MANMONTHS X COST/MANMONTH = SUPERVISION COST
3,40 X 4390, = 14941,
ADMINISTRATIVE

t DIRECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS
26,16 X 0.13 = 3.40

AUMNSTIVFE MANMONTHS X COST/MANMUNTH X ADM COMP=FACT = ADMNSTIVE COST
3.40 X 1847, X 1.000 = 6286.

TOQTAL INDIRECT LABOR

SUPERVISTIUN + ADMINISTRATIVE = INDIRFCT LABOR COSTS
14941, + 6286, = 21228,
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APPENDIX J

(Ew) RECEIVER

DFRIVATION OF ANNUAL DIRECT SUPPURT £OQUIPMENT COSTS (19818)
REPRFSENTATIVE SYSTEM

YEAR 1981
EQUIPMFNT
HARDWARE SUP’1:1T SOFTWARE TOTAL
INITIAL COST (19R1S) §571000, 3429000, 9000000,
COST (19818) $571000, 3429000, 9000000,
TXPECTED SYSTEM LIFE 20 20 20
ANNUAL EQUTPW™ENT COST 278550, 171450, 450000,
TEST AIRCRAFT/TIME
AWNUAL T&E MANMONTHS X 144 = ANNUAL T&F MANHOURS
2.21% X 144 = 318.29
ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
318.29 X 0.050 = 15,91
TEST AIRCKAFT HOURS X COST/HOUR = AwNUAL AIRCRAFT/TIME COST
15.91 X 2000, = 31829,
REPRODUCTINN
NUMBER OF FIELDED SYSTFMS X MED REP=FACT X COST/REPRN = REFP"DUCTION COST
950 X 70,400 X 20,00 = 1337600,
REPRNODUCTINN COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPRNDUCTION COST
1337600, X 12 7/ 12 : 1337600,
DIPECT SUPPCRT EQUIPMENT COSTS
DIPECT HARDwARE COST 278550,
DIRECT SOFTwWARE COST 171450,
A)PCRAFT/TIME COST 31829.
+ RLPRODUCTION COST 1337600,
NIRECT SUPPORT ECUIPMENT COST 18194293,
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APPENDIX J

(Em) RECETJVER

DERIVATION OF ANNUAL GENERAL SUPPOKRT EQUIPMENT CCSTS (1981s)
REPRESENTATIVE SYSTEM
YEAR 19s1

; PEOPLF REQUIRED

REQUIRED ANNUAL ON=STTE MANMONTHS
26,18

12
12

w0. OF DIRECY SUPPORT PEQPLE
3

NN

ANNUAL SUPERVISION MANMONTHS / 12 NO. OF SUPERVISO®RS
3.40 /12 = 1

ANNUAL ADMINTSTRATIVE MANMONTHS / 12 NO, OF ADMINISTRTRS

3.40 /7 12 1
NC. OF DIRECT SUPPORT PEDPLE 3
NQ, OF SUPERVISORS 1
+ NG, OF ADMINISTRATORS 1
Nu, OF PFUPLF S

, TACILITY

DIRECT SUPPORT PEQPLF X REO. TECH~nLCAL SPACE/PERSON = REQ, WORKING SPACE
3 X 275, = 825.00

(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACF/PERSON = ADDITIONAL SPACF
( 1 + 1 ) X 130. s 260,00

REQUTRED wORKIMG SPACE + ADDITIOWNAT, SPACF = TOTAL SPACF
825,00 + 260,00 = 1085,00

TOTAL SPACE X COST/SQUARE FONT = FACILITY COST
1085,00 X 136.00 = 147560,

v . FACILITY COST / EXPECTED SYSTEM LIFE
147560, / 20

ANNUAL FACILITY COST
7378,

UTTLITIES

TCTAL SPRCE X COUST/SOUARFE FOOT = UTILITY CNST
1085,00 X 1.20 = 1302,
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APPENDIX J

(Ea) RECEIVER

DERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s)

REPRESENTATIVE SYSTE™
YEAR 1981

FUPNISHINGS

TCTAL PERSONS X TINITIAL COST/PERSON
S X 080,

INTTIAL FUNRNISHINGS COST 7/ EXPECTED SYSTEM LIFE

3400, / 20

MATERIALS AnND SUPPLIES

TCTAL PERSONS X COST/PERSON MATERPIALS &

5 X 700,
COMPUTFRS/TERMINALS
NQ, DIRECT SUPPORT PROPLE X INITIAL CQOST/

3 X 20000,

INITTAL COMF TERM COST / EXPECTED SYSTEM
60000, / 20

HAROWARE MAINTENANCE

- - D P R P D R W

HARDWARE COST (1981s) X MAINTENANCE RATIO
5571000, X 0.10

GENELRAL SUPPNRT EQUIPMENT COST

(A L L L 2 L r2 2t X L L 2 ¥ 1 73

FACILITY COST 73
UTILITY COST 13
FURNISHINGS COST 1
MATERIALS & SUPPLIES COST 35
COMPUTFRS/TERMINALS COST 30
+ HARDWARE MAINTENANCE COST §571
GFENERAL SUPPORT EWU]IPHMENT CUST 5724

INITIAL FURNISHINGS COST

Page 28 of 49

3400,

ANNUAL FURNISHIMGS COST
170.

SUPPLIES COST
3500,

INITIAL COMP TERM COST
60000.

PE.RSON

ANNUAL COmMP TERM COST
3000,

LIFE =
=

ANNUAL HARDwWARE MAINTENANCE COS
587100,

78,
0?2,
70,
00,
oo.
0o,

S0,
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(EW) Integrated System

Representative System
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APPENDIX J

(Ew) INTEGRATED SYSTEM

BREAK DOwN COF ANNUAL COSTS (19818)
REPRESENTATIVE SYSTENM

YEAR 1981
TOTAL ANNUAL COST 1667721,
TOTAL LABAR

DIRECT LABOR
REQUIREMENTS REVIEmW 17881,
DESIGN 31420,
DEVELOPMENT 30450,
INTEGRATION 302S0.
TEST AND EVALUATION 55126,
DOCUMENTATION 33129.
RFPRODUCTION/INSTALL 0.
SUPPORT SOFTWARE 0.

ITNDIRECT LABOR
SUPERVISION 34028,
ADMINISTRATION 14317,

TOTAL SUPPORT EQUIPMENT

DIRECT
HARDsARE 200000,
SUPPORT SOFTWARE 200000,
TEST AIRCRAFT TIME 596882,
REPRODUCTION 1050,

GENERAL
FACILITY 111t8.
UTILITIES 1962.
FURNISHINGS 238.
MATERIALS & SUPPLIES . 4900,
COMPUTERS/TERMINALS $000.
HARDwARE MATNTENANCE 400000,

226
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198256,

48345,

997%02.

423218,

246601,

1421120,
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APPENDIX J

(Ew) INTEGRATED SYSTEM

DERTVATION OF ANNUAL DIRECT LABOR COSTS (1581s)
REPRESENTATIVE SYSTEM

YEAR 1981
REQUIRED COST PER DIRECT LABOR
PHASE MANMONTHS KANMONTH cosT
1. REQUIREMENTS REVETIW 5.38 3325, 17881,
2. DESIGM 9.45 3128, 31420,
3. DEVELOPMENT 9.16 3328, 30450,
4. INTEGRATION 9.10 3328, 30250,
S. TEST AND EVALUATION =~ 16.58 1328, 55126,
t. DOCUMENTATION '9.96 3328, 33129,
7. PEPRO/INSTALLATION 0.00 3328, 0.
8. SUPPORT SOFTWARE 0.00 3328, 0. -
———
TOTAL . $9.63 3328, 198256,
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APPENDIX J

(E¥) INTEGRATED SYSTEw
DERTVATICHN OF ANNUAL INDIRECT LABOR COSTS (1981S)

REPRESENTATIVE SYSTENM
YEAR 1981

SUPEPVISION

DWW P PO

DIRECT ANMUALIZED On=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTHS

55.63 X 0.13 = 7.75
SUPERVISIUN VANMONTHS X COST/mANMONTH = SUPERVISION COST
7.78 X 4390, = 34028,
ADVINISTRATIVE

DIPECT ANNUALIZED ON=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS
59,63 X 0.13 = 7.758

ADMNSTIVE MANMONTHS X COST/MANMONTH X ADM COMPeFACT = ADMNSTIVE COST
7.78 X 1847, X 1.000 = 14317,

TOTAL INDIPECT LABOR

SUPERVISTON + ADMINISTRATIVE = INDIRECT LABOR COSTS
34028, 14317, = 48345,
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e —

(Ew) INTEGRATED SYSTEM™

CERTVATION OF ANANUAL DIRECT SUPPORT EQUIPMENT CDSTS (19818)
REPRESENTATIVE SYSTEM

Page 33 of 49

TEST AIRCRAFT/TIME

16.58 X 144 =

119.37 X 5000,

REPROCUCTION

250 X 0.12

1050, X127/ 12

DIRECT SUPPORT EQUIPMENT COSTS

YEAR 1981
EQUIPKENT
HARDwARE SUPPORT SOFTWARE TOTAL .
INITTAL COST (19R1S) 4000000, 4000000, 8000004,
cOST (19818) 4000000, 4000000, 8000000,
EXPECTED SYSTEM LIFE 20 20 20
ANNUAL EQUIPMENT COS?T 200000, 200000, 400000,

ANNUAL T&E MANMONTHS X 144 = ANNUAL T&E MANHOURS

2387.41

ANNUAL T&E MANHOURS X T&E RATID = TEST AIRCRAFT HOURS

11

TEST AIRCRAFT HOURS X COST/HOUR 3 ANNUAL AIRCRAFT/TIME COST

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRO = REPRCOUCTION COST

0 X

REPRODUCTION COST X 12 / BLOCX CHANGE LENGTH = ANNUAL REPRODUCTION COST

229

DPIRECT HARDwARE COST 200000,
DIPECT SOFTwARE COST 200000,
AIRCRAFT/TIME COST 596852,
+ REPRODUCTION CNST 1080,
DIRECT SUPPORT EQUIPMENT CDST 997%02.

9.37

5968S2.

35,00 = 1050,

s 1050,
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APPENDIX J

(Ew) INTEGRATZID SYSTEM

CFRIVATION OF ANNUAL GENERAL SUPPNRT EQUIPMENT COSTS (1981S8)
REPRESENMTATIVE SYSTEM
: . YEAR 1981

SEOPLE KRFQUIRED

PEQUIRED ANNUAL ON=SITE MANMONTHS / 12 = NO, QF DIPeCT SUPPORT PEDPLF
59.63 /7 12 = S

ANNUAL SUPERVISION MANMONTHS / 12 = NQ. OF SUPERVISORS
7.75 / 12 = 1

ANNUAL ADMINISTRATIVE VWANMONTHS / 12 = NN, OQF ADMINISTPIRS
7.75 /7 12 = b

NG, OF DIRECT SUPPORT PEOPLE s
NO. ‘OF SUPERVISORS b
+ NG, OF ADMINISTRATORS 1

NO. OF PEOPLE T

FACILITY

DIRECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON = REQ, WORKING SPACE
] X 27S. = 1375.00

(SUPERVSRS + ADMNSTRTRS) X RFQ. SUPERVISNRY SPACE/PERSON = ADDITIONAL SPACf
( 1 * b ) X 130, = 260.00

PEQUIKFD WORKING SPACE + ADUITIONAL SPACE = TOTAL SPACE
137%.00 + 260,00 = 1635,00

TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
163%,00 X 136,00 = 222360,

FACILITY CNST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
! 222360, 7/ 20 . = 11118,

UTTLITYES

TUTAL SPACE X "0ST/SAUARE 00T = UTILITY COST
1635,00 X 129 ] 1962.

230

,
1 = TR Y

i I B 7 S+ RTEL R
e —————— . e 2 e W e

3

" o s 5 By . P SRR S R PR PTis; Tou0 VT Sy




Page 35 of 49

APPENDIX J

(Ew) INTEGRATED SYSTEM
DERTIVATIOM OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981S)

REPRESENTATIVE SYSTEM
YEAR 1981

FURNISHINGS

TOTAL PERSONS X INITIAL COST/PERSON = INITIAL FURNISHINGS CDST
7 X 080, = 4760,

INITIAL FUNRNISHINGS CQST / EXPECTED SYSTEY LIFE = ANNUAL FURNISHINGS COST
4760, 20 s 238.

MATEPIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
7 X 700. = 4900,

COvPUTERS/TERMINALS

NC. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSOR = INITIAL COMP TERNM COST
S "X 20000, = 100000,

INITIAL COMP TErM COST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
1000v0, / 20 = 5000,

HARDWARE MAINTENANCE

HARDWARE CNST (19681S) X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE COS

4000000, X 0.10 = 400000,

GENERAL SUPPORT FQUIPMENT COST

FACILITY COST 11118,
UTILITY COST 1962,
FURNTISHINGS COST 238,
MRTERIALS & SUPPLIES (COST 4900,
CCYPUTERS/TER#TNALS COST 5000,
+ HAROWARE MAINTENANCE COST 400000,
GENERAL SUPPORT EQUIPMENT COS?T 423218,

231
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APPENDIX J

(OFP) Navigation Fire Control Weapon Delivery

Representative System "

l
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APPENDIX J

(OFP) NAVIGATION FIRE CONTROL WEAPON DELIVERY

l BREAK DOWN OF ANNUAL COSTS (1981s8)
: REPRESENTATIVE SYSTEM
. YEAR 1981

!
’ TOTAL ANNUAL COST 839e684,
TPIAL LABOR 219172,
DIRECT LABOR 179228,
: REGUIRENENTS REVIEW 33776.
DESTGN 22662. }
DEVELOPMENT 21708,
INTEGRATINN 10211, ‘
TEST AND EVALUATION 37220.
DOCUMENTATION 18080,
REPRDDUCTION/INSTALL 5037,
SUPPORT SOFTWARE 30534,
INDIRECT LABOR 39945,
SUPERVISION 28116,
ADMINISTRATION - 11829.
i
' TOTAL SUPPORT EQUIPMENT 620712,
DIRECT . 290494,
' HARDWARE 153500,
SUPPORT SOFTWARE 46500,
TEST AIRCRAFT TIME 88394. : -
REPRODUCTION 2100,
GENERAL 330218,
FACILITY 11118,
UTILITIES 1962,
FURNISHINGS 238,
MATERTALS & SUPPLIES 4900,
COMPUTERS/TERMINALS 5000,
HARDWARE MAINTEVANCE 307000,
f
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APPENDIX J

(OFP) NAVIGATION FIRE CONTROL WEAPOW DELIVFRY

DERTVATION OF ANMUAL DIRECT LABOR COSTS (1981s)
REPRESENTATIVF SYSTEM

YEAR 1981
REQUIRED COST PER DIRECT LABOR
PHASE MANNONTHS MANMONTH cosT

1. PEQUIREMENTS RFVEIW 9.28 3638, 33776,

2. DESIGN 6.23 3638, 22662.

3. DEVELOPMENT 5.97 3638, 21708,

4. INTEGRATION 2.81 3638, 10211,

5 S. TEST AND EVALUATION. 10,22 3638. 37220,
‘ 6. DOCUMENTATION 4.97 3638. 18000,
' | 7. PEPRO/INSTALLATION 1.38 3638. 5037,
8. SUPPORT SOFTWARE 8.39 3638. 30534,

TOTAL 49.27 3638, 179228,
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APPENDIX J

(OFP) NAVIGATION FIRE CONTROL WEAPON DELIVERY

CERIVATION OF ANNUAL INDIRECT LABOR CNSTS (1981S)
REPRESENTATIVE SYSTEV
YEAR 1981

* SUPERVISION

U W e G &

DIRECT ANMUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTHS

49,27 X 0.13 = 6.40
SUPERVISTON MANMONTHS X COST/mANMONTHE = SUPERVISION COST
6,40 X 4390, s 28116,
ADMINISTRATIVE

i DIRECT ANNUALIZED ON=SITE MANMONTHS X AD®NSTIVE RATID = ADMNSTIVE MANMONTHS
49.27 X 0.13 = 6.40

! ACMNSTIVE MANMONTHS X COST/MANMONTH X ADM COMP=FACT = ADMNSTIVE COST
1 6.40 X 1847, X 1.000 b 11829,

TGTAL INDIRECT LABOR

SUPEZRVISION + ADMINISTRATIVE = INDIRECT LABOR COSTS
28116, 11829, = 39945,
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APPENDIX J

(GFP) NAVIGATION FIRE CONTROL WEAPON DELIVERY

DERIVATION QF ANKWUAL DIFECT SUPPURT EZQUIPMENT CUOSTS (1981s;
REPRESENTATIVE SYSTEM

| YEAR 1981
f
EQUIPMENT
HARDWARE SUPPORT SOFTWARE TOTAL
INITIAL COST (1981€S) 3070000, 930000, 4000000,
COST (1981s) 3070000, $30000, 4000000,
EXPECTED SYSTEM LIFE 20 ' 20 20 {
ANNUAL ECUIPMENT COST 153800, 46%00, 200000,

TEST AIRCRAFT/TIME

ANNUAL T&E MANMONTHS X 144 = ANNUAL T&E MANHOURS
10.23 X 144 = 1473.23

) ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
1473.23 X 0.030 = 44,20

TEST AIRCRAFT HGURS X COST/HOUR = ANNUAL AIRCRAFT/TIME COST
44,20 X 2000, =- 88394,

REPRODUCTION -

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRO = REPRODUCTION COST
500 _ X 0.120 X 3s.00 = ’ 210¢C,

. REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH = ANNUAL REPROODUCTION COST
) 2100, X 12 / 12 = 2100,

' DIRECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 153800,
‘ DIRECT SOFTwARE COST 46500,
‘ AIRCRAFT/TIME COST 88394,
i + REPRODUCT1ON COST 2100,
f
! % DIRECT SUPPORT EQUIPMENT COST 290494,
1 P
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APPENDIX J

(OFP) NAVIGATIUN FIRE CONTROL wEAPON DELIVERY
DEPIVATIOM OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (19818)

QEPRESENTATIVE SYSTEW™
YEAR 1981

PEOPLE REQUIRED

REQUIRED ANNUAL ON=SITE MANMONTHS / 12 = NO, OF DIRECI SUPPORT PEOPLE
49.27 /7 12 = S

ANNUAL SUPERVISIOM MANMONTHS / 12 = NO. OF SUPERVISORS
6.40 / 12 = 1

ANNUBL ADMIKNISTRATIVE MANMONTHS / 12 = NO., OF ADMINISTRTRS
6,40 / 12 = i

NC. OF DIRECT SUPPORT PEOPLE S
NG, OF SUPERVISORS 1
+ NG. OF ADMINISTRATORS 1

NG, OF PEOPLE 7

FACILITY

DIRECT SUPPORT PEQPLE X REQG, TECHNICAL SPACE/PERSON = REQ, WORKING SPACE
] X 275, = 1375,.00

(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADDITIONAL SPACE
¢ 1 - 1 ) X 130. s 260.00

REQUIRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
137,00 * 260.00 t 1635.00

TCTAL SPACE X COST/SQUARE FDOT = FACILITY COST 7

FACILITY COST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
222360, 7/ 20 s 11118,

UTILITIES

TGTAL SPACE X COST/SOUARE FCOT = UTILITY COST
1635.00 X 1.20 = 1962,
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APPENDIX J

(OFP) NAVIGATION FIRE CONTROL «EAPON DELIVERY

CERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT CDSTS (1981s)
REPRESENTATIVE SYSTEM
YEAR 1981

FURNISHINGS

TOTAL PEPSONS X INITIAL COST/PERSDON = INITIAL FURNISHINGS COS?T

7 X 680, = 4760,
ITNITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
4760, / 20 = 238.

MATERIALS AND SUPPLIES

TOTAL PERSONS X CUST/PERSON = MATERIALS & SUPPLIES (COST
7 X 700, 2 4900,

CDMPUTFRS/TEPMINALS

NC, DIRECT SUPPORT PEQPLE X INITIAL COUST/PERSON = INITIAL COMP TERM COST
S X 20000, = 100000,

TNITIAL COMP TERM COST / EXPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
100000, / 20 = $000,

SARDWARE MAIMTENANCE

HARDWARE COST (1981S) X MAINTENANCE RATIO = ANNUAL HARDWARE MAINTENANCE CO¢
3070000. X 0.10 = 307000.

GENERAL SUPPNRT EQUIPMENT COS?T

‘ FACILITY COST 11118,

UTILITY COST 1962.

FUPNISHINGS COST 238,

MATERIALS & SUPPLIES COST 4900,

COMPUTERS/TERMINALS COST $000.

+ HARDWAPE MAINTENANCE COST 307000,

’ GENERAL SUPPORT TQUIPMENT COST 330218,
238
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APPENDIX J
(CE) Command and Control
Representative System
i
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APPENDIX J

(CE) COmMANE AMD CONTRAOL

BREAK OOwN OF ANwUAL COSTS (19418)
REPRESENTATTIVE SYSTENM

YEAR 1981
TOTAL ANNUAL COST 912764.
TOTAL LABOR 129518,

DIRECT LABOR 104126,
REQUIREMENTS PEVIEW 3945,
DESIGN 12554.
DEVELOPMENT 33043,
INTEGRATION 5104, |
TEST AND EVALUATION 7839. :
DOCUMENTATION 4572, ?
REPROOUCTION/INSTALL 10990, f
SUPPGRT SOFT4ARE 26079. ;

INDIRECT LABOR 25391, :
SUPERVISION 17872. |
ADMINISTRATION 7516, :

TOTAL SUPPORT EOUIPMENT 783246, |

DIRECT 463796, :
HARD#ARE 152050, i
SUPPORT SOFTwWARE 197980, |
TEST AIPCRAFT TINE : 71296.
REPRODUCTION 42500,

GENERAL 319450,
FACILITY 7378. -
UTILITIES 1302.
FURNISHINGS 170.
MATFRIALS & SUPPLIES 3500.
COMPUTERS/TERMINALS 3000.
HARDWARE MAINTENANCE 304100,
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APPENDIX J

(CE) COMMAND AND CONTROL

DERIVATION OF ANNUAL DIRECT LABOR CUSTS (19818)
REPRESENTATIVE SYSTEM

f fSAR 198}
REGUIRED CUST PER DIRECT LABOR
PHASE MANMONTHS MANMONTH cosT
1. PEQUIREMENTS REVEIW 1.19 3328, 3945,
E 2. DESIGN 3.78 3325, 12554,
3. DEVELOPMENT 9.94 3328, 33043,
: 4. INTEGRATION 1.54 3328. s104.
) 5. TEST AND EVALUATION 2.36 3328, 7839,
; 6. DOCUMENTATION 1.37 3328, a572.
’ 7. REPRO/INSTALLATION 3.31 3328, 10990,

8. SUPPORT SOFTWARE 7.64 332%. 26079,

TOTAL 31.32 3328. 104126,
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APPENDIX J

(CE) COMMAND AND CONTROL
OERIVATION OF ANNUAL INDIRECT LABOR CDS™S (1981s)

REPRESENTATIVE SYSTEM
YEAR 1981

SUPERVISION i

DIRECT ANNUALIZED ON=SITE MANMONTHS X SUPERVISN RATIO = SUPERVISN MANMONTHS

A st et i 8

31,32 X 0.13 = 4,07
SUPERVISTION MANMONTHS X COST/MANMONTH = SUPERVISION COST
4,07 X 4390, 2 17872,
ADMIMISTRATIVE

DIPECT ANNUALIZED OnN=SITE MANMONTHS X ADMNSTIVE RATIO = ADMNSTIVE MANMONTHS

31.32 x 0.13 = 4.07
: ' ADMNSTIVE MANMONTRS X COST/MANMONTH X ADM COMP=FACT = ADMNSTIVE COST
'[ ‘.07 x 18‘7. x 1.000 E 75190

TCTAL INDIRECT LABOR

SUPERVISION « ADMINISTRATIVE a INDIRECT LAROR CDSTS
17872. « 7519, s 25391,
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APPENDIX J

(CT) CHMMAND ANC CONTROL

CERIVATION OF ANNUAL DIRECT SUPPGRT ZQUIPMENT COSTS (19818)
REPRESEFR™ATIVE SYSTEW

YEAR 1991

1

: SGUIPMENT

i ' HARDWARE  SUPPORT SOFTWARE TOTAL

: oowew
TMITIAL COST (1981S$) 3041000, 3959000, 7000000,
rGST (19818) 3041000, 3989000, 7000000,
EXPECTED SYSTEM LIFE 20 20 20

' ANNUAL EQUIPMENT COST 152050, 197950, 350000,

TEST ATRCRAFT/TINE

ANNUAL T&E MANMONTHS X 144 = ANNUAL TGE MANHOURS
2.36 X léa = 339.50

ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HQURS
339.50 X 0.035 = 11.88

TEST AIRCRAFT HOURS X CDST/MOUR 3 ANNUAL AIRCRAFT/TIME COST
' 11.88 X 6000, = 71296,
a

PESRODUCTION

NUMBER OF FIELDED SYSTEMS X MED REP=FACT X COST/REPRO = RPEPRODICTION Cbé}

100 X 25,000 X 17.00 3 42800,
‘ REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH = ANnNUAL REPRODUCTION CDST

4 42500, X 12/ 12 = 42%00.,
L
' DI9ECT SUPPORT EQUTPMENT COSTS i
¥ k
]

DIRECT HARDwARE CQST 1520%0.
N DIRECT SOFTWARFE COST 19798¢g,
‘ AIRCRAFT/TINE CRST 7129, ,

+ AEPRODUCTION COST 42%00,
DIRECT SUPPORT EQUIPWENT COST 46379%6. i

| | 243




- e———
.

o . ‘ﬂi-ia-...-.-.---!“

Page 48 of 49

APPENDIX J

(CE) COMMAND ANC CONTROL
DERIVATION OF ANNIAL GENERAL SUPFORT FQUIPMENT CUSTS (1981S)

REPRESENTATIVE SYSTEM
YEAR 1981

PEOPLE REQUIRED

REQUIRED ANNUAL ON=SITE MANMONTHS / 12 = NO, OF DIPECT SUPPORT PEQPLE
31.32 / 12 = 3

ANNUAL SUPERVISION MANMONTHS / 12 ® NO, OF SUPERVISORS ;
4.07 /7 12 = 1 K

ANNUAL ADMINISTRATIVE MANMONTHS / 12 = NO, OF ADMINISTRIRS |
4.07 /12 = t

NC. NF DIRECT SUPPORT PEOPLE 3
N0, OF SUPERVISORS 1
+ NO, OF ADMINISTRATORS 1

NO., OF PEOPLE 5

FACILITY

DIRECT SUPPORT PEOPLE X REQ. TECHNIC‘L SPACE/PERSON = REQ., JORKING SPACE

3 X 278, = 825.00
(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON = ADDITIONAL SPACE
( ] * 1 ) X 130. s 260.00
REQUIRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE
225,00 * 260.00 s 1085,00
TOTAL SPACE X CQOST/SQUARE FOOT = ¢ACILITY CUST
108%,00 X 136.00 s 147%60,
FACILITY CNST / EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST
147500, / 20 s 7378.
UTILITIES

TOTAL SPACE X COST/SQUARE FODT = UTILITY COST
1085.00 X 1.20 s 1302.

244




R i e e e

Page 49 of 49
APPENDIX J

(ZE) COMMAND AND CONTSOL
DERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981s)

REPKESENTATIVE SYSTEWM
YEAR 1981

FURNISHINGS

TOTAL PERSONS X INITIAL COST/PERSQON = INTTIAL FURNTISHINGS COST
5 X 680, = 3400,

INTTIAL FTUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
3400, / 20 = 170,

MATEFIALS AND SUPPLIES

TCTAL PERPSONS X COST/PERSON = MATERIALS & SUPPLIES COST
5 X 700, s 3500,

CO%PUTERS/TERMINALS

MD. PIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
3 X 20000, = 650000,

INITIAL CO™P TExM COST / EYPECTED SYSTEM LIFE = ANNUAL COMP TERM COST
60000, / 2Q = 3000,

HAPCWARE MAINTENANCE -

HARDWARE COST (19818) X MAINTENANCE RATIO = ANNUAL HARDwWARE MAINTENANCE COS;
3041000, X 0.10 = 304100.

GENEPAL SUPPORT EQUIPMENT COST

FACILITY COST 7378,
UTILITY COST 1302,
FUPNISHNINGS COST 170.
MATERIALS & SUPPLIES COST 3500,
CCYPUTERS/TERMINALS CCST Jovo,
+ HAPDWAPE MAINTENANCE COST 304100,
GENERAL SUPPORT EQUIPMFT CUST 319450,
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APPENDIX K
!
DERIVATION OF ALLOCATION FACTORS
f ,
4 Requirements Reproduction/
: System Review Design Development Integration TE Documentation Installation
i 1
! F-111F 9 14 14 19 24 14 6
FB-111A 9 27 12 6 24 20 2
, F16-FCC 24 20 16 9 18 12 1
ALQ-155 8 12 13 25 29 13 ]
ALR-82 4 25 28 17 11 11 4
ALQ-131 7 12 11 11 29 25 5
APR-38 9 16 15 16 29 15 0
£-3A 5 19 49 8 9 6 4
- A-7 20 7 15 7 27 12 - 2
L ' Selected
Average 11 17 21 13 21 14 ‘ 3
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