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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 this contract to a successful conclusion.
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SUMMARY

For sonic 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. The sole responsibility for these people is
to design, develop, integrate, test, and document the software on a continuing
basis. The Air Force is now attempting to better control the costs of
providing this vital support function.

Ey studying the factors Which affect the costs of maintaining embedded
computer software, the Air Force hopes to develop, support, and computerize a
methodology to accurately predict these costs. To accomplish this, SYSCON
Corporation has developed the Avionics Software Support Cost Model (ASSCM).
The 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 unique 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.

This 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 Wright-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 Which enables the user to estimate the

support costs associated with embedded computer software for avionics

systems. The 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 these programs. The model does not address software acquisition

costs, nor the costs incurred by tne users-at operational commands for

operating the software.

1, . ". - .
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2 APPLICABLE DOCUMENTS

The following list of documents are related to the total work effort and

Should be used as additional reference material. Several Of these 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.

1. Statement of Work - Avionics Software Support Cost Model

(March 26, 1980)

2. Predictive Software Operation and Support Software Cost Model

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

3. Methodology for Estimating Avionic Software O&S Cost-Concept Paper

(March 19, 1981)

4. Predictive Software Operation and Support Cost Model Development-

Technical Review/Progress Report (March 19, 1981)

5. Comparison Of Employee Benefits In Private, Federal Sectors, Office

Personnel Management (July 1, 1981)

6. Predictive Software Operation and Support Cost Model Development-

Preliminary Design Review (November 5, 1981)

7. Avionics Software Support Cost Model (ASSCM) - Software Design

Specification (March 31, 1982)

8. Predictive Software Operation and Support Cost Model Development-

Detailed Design Review (July 14, 1982)

9. Predictive Software Operation and Support Cost Model Development

Final Presentation (October 13, 1982)

2



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, 1983)

12. Avionics Software Support Cost Model. (ASSCM) - Computer Program

Product Specification (February 1, 1983)

13. Avionics Software Support Cost Model (ASSCM) - Model Validation

(December 1, 1982)
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3 OVERVIEW

The ASSCM was developed over a 27 month period from Seotember 1980

through November 1982. During this time a comprehensive effort to understand,

evaluate, and project embedded computer software maintenance costs was

completed. This effort included the following major milestones:

* Review

a Methodology Development

e Data Collection

9 Data Organization and Analysis

* Algorithm Development

0 Computerization

* Model Validation

a Documentation

3.1 Review

This task lasted approximately seven months and included a review of all

applicable documents and current software maintenance procedures. During tn'

time, discussions were held on site at various Air Logistic Centers (ALC's)

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 methodology 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.
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3.3 Data Collection

As a result of the formulated methodology, a two-phased data collection

effort was initiated. Phase I consisted of t collection of historical data

for each system currently past the Program Management Responsibility Transfer

(PMRT) date. A Phase I questionnaire was designed to obtain the software

support costs expended as well as information about the Characteristics

associated With the software. A Phase II questionnaire was drawn up to obtain

certain subjective information about those characteristics. Because of the

limited historic data available, subjective data was provided by Air Force

personnel on how Changes in certain characteristics affect software support

cost incurrence.

3.4 Data Organization and Analysis

The 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 (physical location,

comm~and decisions, salary steps, inflation etc.). The Characteristics

information was simply edited for completeness and summarized. Finally. the

subjective information was inputted into a computer. Using a statistical

package, arithimetic equations and functions were derived which reflect the

trends in the answers provided by the respondents.

3.5 Algorithm Development

An algorithm utilizing the information collected was established to

project software maintenance costs. The algorithm started with the historical

costs and Characteristics as the baseline data. The costs were then adjusted

according to the Characteristic values Of the system described by the model

5



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

factors and functions.

3.6 Computerization

The model algorithm, normalization factors, modification factors, and

other necessary information was programmed into a computer. The computer

automated the process by which the user may offer his own support software

characteristics and facilitated the thousands of computations necessary to

complete the cost projection methodology.

3.7 Model Validation

The model was val idated 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

discrepanci es were exami ned and expl ai ned.

3.8 Documentation

All 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 also the referenced

documents in Section 2

6
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4 MODEL DEVELOPMENT

4.1 Review

The review period enabled SYSCON personnel to become familiar with how

current software maintenance costs are generated, the procedures and problems

associated with software maintenance, existing data available, and current

methodologies used for estimating these costs. The review consisted of data

gathering trips to three ALC's and a comprehensive 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 might by useful and to find out as much as

possible about software maintenance costs and the factors which affect those

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

below:

Date Destination Systems Discussed Personnel

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

11/3/80-11/7/80 OC-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:

4

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

means for summarizing information for all ALC's.
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* There were too few systems with post-PMRT experience to develop

statistical cause-and-effect relationships between costs and

software characteristics.

e Air Force personnel were very interested in estimating software

support costs but had no formal means for doing so at this time.

o Labor cost data was collected uniformly on Form 75 for all ALC's;

however, this information was projected (not actual) and could not

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.

* There are certain software characteristics which dir-ctly impact

upon software maintenance costs. These include program size,

language, 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

8



alternative pragmatic approach for estimating support costs of future embedded

computer systems. This 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 the 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 (WS) shown

in FIGURE 1. This 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 compared.

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 Air

Force in Applicable Document No. 3. It relies on historical information from

current systems to constitute the baseline data. It then assumes that

relationships between costs and changes in the characteristics that describe

9
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the software can be quantified and appl ied 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

equati ons are to be deri ved fran data collected from Air Force personnel who -

are intimately famil iar with software maintenance.

4.3 Data Collection

To accomplish the data needs to support the methodol ogy, 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 lists 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

engineer or supervisor. Where the general information is not known,

additional personnel (usually administrative) were contacted at the various

ALC's. A copy of the Phase I 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

support engineers as possible. The objective is to find out how changes in

certain characteri stics affect l abor costs and to derive mathematical

functions to reflect the overall trend of answers. FIGURE 4 provides the

information about which expert judgment was requested. The Phase II

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 OC-ALC E-3A, A-7 R. Bentley, J. Murray

4.4 Data Organization and Analysis

Data was collected using the Phase I and Phase II questionnaires from all

known sources where embedded computer software was being maintained. FIGURE 5

summarizes 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

descri pti ve information about the software and the peopl e maintaining the

software. This information was summarized 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

systems were used to facilitate the model val idation.

Phase II data was collected from thirty-nine individuals who were

currently maintaining embedded computer software. These people exhibited

varying degrees of experience and provided a wide spectrum of responses from

which to derive trends. Each of the questionnaires was admininstered by

ii
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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 tne questions

were answered, the descriptive data was simply summarized. The cost data,

however, had to be normalized to remove the exogenous factors which affect the

costs for the 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 might be ten workers per supervisor. For another group it

might be six. The model assumes an average figure.

j All of these normalization factors and their FY 1981 values are provided

in TABLES I-A through 1-0

When determining tne actual values of the normalization factors, SYSCON

employed an expert panel approach to determine the most reasonable values.

This 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 might be referred to as an average may not actually equal the

arithmetic average of all tne data available. It simply reflects the

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

were based. A discussion of each normalization factor follows.

4.4.1.1 Organic Labor Cost/Manmonth 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/Manmonth

The contractor labor cost/manmontn is assumed to be $7,000 for fiscal

year 1981. This figure is based on the historical 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/manmonth is used to convert contractor

manmonths to contractor costs. This normalization is necessary to account for

the varying rates that are charged by different contractors.

4.4.1.3 Supervision Ratio

The supervision ratio 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 LA30R COSTS/MANMONTH

Grade Average Monthly Average 9ntnly

Level Base Salary±I Costs

Below 0-2 $1,329-3 /  1,994

0-2 1,651 2,477

0-3 2,112 3,168

Above 0-3 3 ,010i
/  4,516

f
i/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

-/Previous column multipled by 1.50. Overall civilian's benefit factor is
about 1.33. Since military benefits include housing and food allowances, 1.50
is used as an estimate.

-/Assumes 0-1

4/Assumes average of 0-4, 0-5, and 0-6 equally weighted.
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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

administrator was nearly the same. Therefore, the administrative ratio was

assumed to be the sane, i.e, .13.

4.4.1.5 Supervision Cost/Manmonth

The supervision cost/manmonth 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/Manmonth

The administrative cost/manmonth is assumed to be the sane for all

administrators. Since this person is usually a secretary below a grade 9, the

average cost/manmonth for a grade below GS 9 applied. As shown in TABLE 2-A,

the figure is $1,847.

4.4.1.? Administrative Compl exity Function

The administrative complexity 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
0 Z5 50 75 I00

Rel ati ve increase i n
administrative costs 1.00

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

% of work contracted
U Z5 50 /5 100

Relative increase in

administrative costs 1.00 1.125 1.25 1.375 1.50

Incorporating this information into a continuous function results in the

following equation:

y = .005X + 1

where y = relative increase in administrative costs
x = % of work contracted

4.4.1.8 Inflation Factors

The inflation factors are used to normal ize costs such that costs

referring to different periods of time can be compared. These factors remove

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

ass umed.

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 software after changes have been ccmpleted. The T&E ratio

is defined as the number of manhours requi red for testi ng and eval uatlng the

software (in the lab) divided by the number of hours required to test the

f software actually onboard the aircraft (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%

EW: 5.0%

CE: 3.5%

4.4.1.10 Cost/Flight Test Hour By Aircraft Type

The cost/flight test hour by aircraft type represents the hourly cost for

testing the updated embedded computer software under actual circumstances.

This is the cost of flying the airplane as well as using the test range.

The historical 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

Cag Bomber Fighter Surveillance

Cost/Flight 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. The 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 numnber of tapes or PROMs required per fielded system. The medi um

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 mediumn factor

is related to the number of lines of code and a constant, K, which takes into

account technological changes over time. The mediumn 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 lines of code by the amount of code able to fit on a

PROM, while assumling 100' spoilage. The amount of code able to fit on a PROM

is expected to increase over time, as indicated by the time-dependent val ues

of K.

The mediuma factor for magnetic tape i s different dependi ng on the system

application. The number of tapes necessary on average for an OFP application

is 2. For CE, the number of tapes required is significantly higher. T he

value chosen is 25.

4. 4.1. 12 Space/Person

The space/person normal ization factor is used to estimate the amount of

buil ding 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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is assumed to be representative.

4.4.1.13 Building Cost/Square Foot

The building cost/square foot is used to estimate the facility cost for

sheltering a software support staff. Although building costs vary

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

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 a building. This recurring cost varies considerably depending

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

most representative is $1.20.

4.4.1.15 Furnishing Cost/Person

The furnishing cost/person accounts for the nonrecurring costs of

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

The general computer cost/person is used to estimate the computer
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hardware 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

The hardware maintenance cost ratio is used to estimate the recurring

cost of maintaining the computer, peripherals, and Other lab equipment. Based

on the data available it appears that maintenance costs are approximately 10%

Of the original hardware acquisition cost.

4.4.2 Subjective Data.

The 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 indeptn knowledge of the procedures

required and know better than anyone else how certain Characteristics in the

software affect their time.

The Phase II questionnaire was given to several people at once and

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 questionnaires were

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 approach used to obtain the subjective information is known as the

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

where real answers are unknown--usually some sort of prediction of future

events is required. This is precisely the situation here. The objective is

to predict how 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 summlarized. The panal*ists 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 tnen tallied and readied for analysis.

All Of the Phase II responses were received by December 1981. The

answers were coded and fed into SYSCONs' Hewlett Packard 3000 computer. Next,

the numbers were averaged and summarized. Each respondent was then sent a

computer-generated letter indicating Mow his answers compar d to the groups'

averages. A sample of this letter is Shown in APPENDIX G. Each respondent

was given the opportunity to make any changes and forward the results back to

SYSCON. All questionnaires were completed and returned by February 1982.

The data changes were made SO that the 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, the answers were simply averaged to derive the general trend. This was

all that was necessary for several Of the questions that simply asked for

ordinall/ (ranking) data.

The otner questions asked for ratio type data, which is susceptible to

more Sophisticated statistical analyses. For these questions, linear and

IlThere are four types of data: nominal, ordinal, interval, and ratio.
Nominal data, such as the numbers on~ th~e back of baseball players' uniforms,
cannot be maniputed. On the other end of the scale is ratio data. An example
is the number of rrwne 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, Paul 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 how well tne equations reflected the data. In each case an

exponential and a linear relationship were tested. Where further testing was

deemed necessary, a logarithmic equation form was tried. The Shape Which

exhibited the best fit according to the statistical criteria was Chosen.

Computer printouts of the statistical results have been provided to the Air

Force under separate cover.

The results of the regression analyses discussed above are Shown in TABLE

3. TABLE 4 summnarizes the modification factors for those Characteristics not

susceptible to regression analysis. Each derivation is discussed below.

4.4.2.1 Lines of Code

The question 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, the shape of equations varies

between exponential and a straight line, depending upon the work phase in

question.

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

of the embedded computer software size.

4.4.2.2 Percent Memory Fill

The percent memory fill is important sinde as this characteristic

approaches 100%, additional lines of code will require some deletion of old

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

this.
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PAGE 1 OF 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&V RATING

PHASE (YEAR OF SUPPORT = 1)

NONE DEVELOPER COMPLETE

REQUIREMENTS REVIEW 1.41 1.00 .90

DESIGN 1.56 1.00 .80

DEVELOPMENT 1.65 1.00 .81

INTEGRATION 1.68 1.00 .78

TEST & EVALUATION 2.05 1.00 .67

DOCUMENTATION 1.68 1.00

REPRO/INSTALLATION 1.18 1.00 .96

SUPPORT SOFTWARE 1.00 1.00 1.00
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PAGE 2 OF 7

TABLE 4
MODIFICATION FUNCTIONS

9 DEVELOPMENT V&V RATING
(YEAR OF SUPPORT = 2)

DONE TOTAL
PHASE BY IV&V

NONE DEVELOPER COMPLETE

REQUIREMENTS REVIEW 1.14 1.00 .96

DESIGN 1.20 1.00 .92

DEVELOPMENT 1.23 1.00 .91

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 SUPPORT = 3)

. DONE TOTAL
PHASE By IV&VNONE 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 1.11 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;

1 1.3.32-10
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PAGE 3 OF 7

TABLE 4
MODIFICATION FUNCTIONS

10. PROGRAM DESIGN

PHASE
POOR FAIR GOOD EXCELLENT

REQUIREMENTS REVIEW 1.00 .93 .87 .79

DESIGN 1.00 .85 .72 .58

DEVELOPMENT 1.00 .85 .73 .59

INTEGRATION 1.00 .87 .74 .60

TEST & EVALUATION 1.00 .91 .80 .70

DOCUMENTATION 1.00 .89 .78 .67

REPRO/INSTALLATION 1.00 .97 .95 .91

SUPPORT SOFTWARE 1.00 1.00 1.00 1.00

!

11. PROGRAM IMPLEMENTATION
PHASE

POOR FAIR GOOD EXCELLENT

REQUIREMENTS REVIEW 1.00 .96 .91 .86

DESIGN 1.00 .89 .80 .69

DEVELOPMENT 1.00 .86 .73 .61

INTEGRATION 1.00 .87 .74 .61

TEST& EVALUATION 1.00 .89 .80 .70

DOCUMENTATION 1.00 .92 .84 .74

REPRO/INSTALLATION 1.00 .96 .93 .89

SUPPORT SOFTWARE 1.00 1.00 1.00 1.00

36
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PAGE 4 OF 7

TABLE 4
MODIFICATION FUNCTIONS

12. INITIAL DOCUMENTATION
(YEAR OF SUPPORT 1)

PHASE INCOMPLETE MIL-STD
NONE OUTDATED UP-TO-DATE

REQUIREMENTS REVIEW 2.84 1.00 .65

DESIGN 3.97 1.00 56

DEVELOPMENT 3.57 1.00 .61

INTEGRATION 3.79 1.00 .62

TEST & EVALUATION 3.13 1.00 .68

DOCUMENTATION 4.11 1.00 .52

REPRO/INSTALLATION 2.04 1.00 .84

SUPPORT SOFTWARE 1.00 1.00 1.00

12. INITIAL DOCUMENTATION
(YEAR OF SUPPORT = 2)

PHASE INCOMPLETE MIL-STD
NONE OUTDATED UP-TO-DATE

REQUIREMENTS REVIEW 1.64 1.00 .84

DESIGN 2.04 1.00 .78

DEVELOPMENT 1.90 1.00 .82

INTEGRATION 1.98 1.00 .82

TEST & EVALUATION 1.75 1.00 .86

DOCUMENTATION 2.09 1.00 .76

REPRO/INSTALLATION 1.36 1.00 .94

SUPPORT SOFTWARE 1.00 1.00 1.00

NOTE: IF YEAR OF SUPPORT IS4 OR MORE, THEN THE MODIFICATION VALUE FORINITIAL DOCUMENTATION IS 1.00.
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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 1.31 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 1.05 1.00 1.02

TEST& EVALUATION .80 .99 1.00 1.01

DOCLMENTATION .89 1.02 1.00 .99

REPRO/INSTALLATION .90 1.00 1,00 .99

SUPPORT SOFTWARE 1.00 1.00 1.00 1.00

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

INITIAL DOCUMENTATION IS 1.00.
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PAGE 63 OF 7

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

PHASE 15. RATE OF CHANGE

1 2 3 4 5

REQUIREMENTS REVIEW .64 .76 1.00 1.42 2.12

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 2.43

DOCUMENTATION .55 .72 1.00 1.86 2.68

REPRO/INSTALLATION .67 .79 1.00 1.42 1.99

SUPPORT SOitTWARE .61 .78 1.00 1.62 2.50
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PAGE 7 OF 7

TABLE 4
WORK EFFICIENCY (TIME)

PHASE16. SKILL LEVEL MIX

1 2 3 4 5

REQUIREMENTS REVIEW 3.20 1.94 1.00 .73 .55

DESIGN 3.86 2.18 1.00 .69 .47

DEVELOPMENT 3.68 2.12 1.00 .69 .48

INTEGRATION 3.95 2.33 1.00 .69 .49

TEST & EVALUATION 3.21 1.91 1.00 .74 .58

kDOCUMENTATION 2.77 1.69 1.00 .78 .62

REPRO/INSTALLATION 1.83 1.36 1.00 .88 .79

SUPPORT SOFTWARE 3.68 2.12 1.00 .69 .48

I NOTE: CONTRACTORS ARE ASSUMED TO WORK AS EFFICIENTLY AS SKILL
LEVEL MIX 5. IF CONTRACTOR IS PRESENT, WORK EFFICIENCY IS THE
WEIGHTED AVERAGE OF CONTRACTOR SKILL LEVEL MIX AND THE
ORGANIC SKILL LEVEL MIX.
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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 enough 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

The 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.

The exponential equations were cnoseO for each of the seven work

phases. As with percent memory fill, percentages below 75% are assumed to

have no impact on costs. Moreover, the percent timing fill has no effect on

the 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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The regression equations which best reflected the data indicate a

logarithmic Shape, except for documentation. For the latter, a linear Shape

was best.

The 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 Characteristic, 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 Year of Support

This Characteristic is designed to account for the time necessary to

become completely familiar With the software. The hypothesis is that as time

progresses, maintenance cost will decline (all other factors remaining the

same).

The equations indicate that costs decrease exponentially as time (year of

support) increases. This is indicated by the negative sign in the exponent.

It is also hypothesized that at some time a point of diminishing returns

would be reached, Whereby further familiarization With the coae has no cost

impact. SYSCON judged that after the Sixth year, this factor Will have no

impact on cost causation, therefore the questionaire allowed for an impact

from tnis 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.
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4.4.2.6 Number of Fielded Systems

The 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 algorithm.

This factor has 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 the 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 nave no effect.

The equation derived is exponential and snows 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 who responded to the question. As hypothesized,

a program written in a structured-higher order language, rather than assembly

language, is Shown to reduce substantially the 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

how 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 hypothesizes 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. Thus, after the third year this function reverts to all I's.

For the year of support equal to 2 and 3, a stepwise adjustment was

required 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

(/x-1) w + 1 (2)

where X = original factor

W a weight (% of full impact)

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

amount of impact. (For example, 1.80 means an 80% increase.) This is then
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multiplied by the weight. (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. The 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

(1/.555 - 1)1 37777 .7809

The 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 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
(1/.9O - 4)(.35) + 1 - .96
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The rest of the numibers 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 Implemlentation Rating

This factor is similiar to program design rating except that it is

concerned with how well the program structure is actually implemiented. The

results are very similar to those of program design rating.

4. 4.2. 12 Initi al Documnentati on Rati ng

The initial documentation rating is concerned with how well the

documentation is at the time the developnent software is turned over to the

support staff. The hypothesis is that little 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 redocumaents the changes, the initial documentati on has l ess and l ess

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

explained above for development M&Y rating.
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multiplied by the weight. (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 maintai4n

consistency. The logic and explanation is precisely the same. An

illustrative example is useful.

Suppose the original factor is 1.80. Thi , 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

(1/.555 - 1) (.35) -1 -T .7809

The 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 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
(1/.90 - 135) +1 * 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
= 84

(1/.65 - I)(.35) + I

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 to a lesser degree than

originally hypothesized. 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. The rating ranges from 1 to 5, with 5 being most complex. The definition

for each of the five levels is shown in FIGURE 6.

The 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 I 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 tne 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 with

user requests for software changes. It varies from 1 to 5. The definitions

are provided in FIGURE 6.

SYSCON hypothesizes 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 the

same as for the development phase.

4.4.2.16 Work Efficiency/Skill Level Mix

The work efficiency/skill level mix measures the 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.

This 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 Phase II questionnaire asks for the impact

on cost (not manhours) for the various skill levels. Work efficiency/skill

level is a measure of time. Thus, the results from the 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. This applies to each member of the staff and each member is assumed to

be paid the same amount. The methodology to accomplish this is Shown in

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

48

"-" , ANN



FIGURE 6

DEFINITIONS FOR COMPLEXITY, RATE OF CHANGE, AND SKILL LEVEL

Characteristic Range of Values

Complexity 1 z Easy to read code, many similar applications.

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

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

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

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

Rate of Change 1 -Stable code, changes required very infrequently,
minimal staffing required.

2 -Infrequent 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 immuiediate attention,
full-time staff required plus additional personnel forJ perturbations,

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

Skill Level Mix 1 - Predominantly inexperienced, junior personnel
unfamiliar With the software system.

2 z Variety of personnel with 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 personnel with a good working
knowledge of the software system.

5 z 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

Appl led Weighting Factors I/
Skill Level Avg Cost Per- /

Mix below GS 9 GS 9 GS 11 GS 12 GS 13 Manmonth

1 10% 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

j

1./ Factors determined subjectively

2/ Appl led weighting factors are multipi led by the respective average
costs/manmonth for each grade.

Grade Cost/Manmonth

below GS 9 $1,847
GS 9 2,502
GS 11 2,969
GS 12 3,576
GS 13 4,390
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Skill Level Cost Manmonth

1 $2,785

2 3,005

3 3,325

4 3,638

5 3,922

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 manmonth. That is:

relative cost = relative manmonths
cos t/manmonth

Taking a ratio of the manmonths for two skill levels will then result in the

relative differences in marmonths or time. An equation can thus be derived

using the fol l owi ng notati on:

Cx = Relative Cost/Manmonth for Skill Level x (x-1,2,...5)

I X = Relative Cost for skill Level x

TX z Relative Time required to perform the task for skill level x

I
X , T

If skill level 3 is considered the base from which all other skills are

to be compared, then Tx/T 3 will provide a new index for time, i.e, work

efficiency/skill level mix.

51
II

II



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

required for a skill level I staff to complete requirements review is:

2.68 .0009623

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

is:

$ -,35 .00030075

Comparing the skill level I staff to the base staff results in the relative

work efficiency:

.0009623 = 3. 20

.UU3UDU-

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

3 staff.

In general the derived equation which provides the results shown in TABLE

5 Is:
Tx  1x/C x

T, I

Tx 3325 1
I3 = x

For support software, the work efficiency for software development is

assuned.
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4.5 Cost Projection Algorithm

The algorithm designed for the ASSCM encompasses the Phase I historical

data, the Phase II subjective data, and the 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 the

characteristics specified by the model user. A schematic illustration of this

relationship is provided in FIGURE 8.

As Shown in FIGURE 8, there are three major areas in which computations

take place. First, the historical data is normalized. The normalization

factors are applied to the 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 the 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. Each 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

actual systems and their applications are listed below:

System Type Application

F-16 FCC OFP Fire Control

F-111F OFP Navigation, Weapon Delivery

A-7 OFP Navigation, Weapon Delivery, Fire Control

APR-38 EW Integrated System

ALQ-131 EW 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 cnange of each

system is recreated. A computer printout for the seven systems illustrating

these costs is provided in APPENDIX H. The historic 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 happened to be

available. This will enable the model to more easily handle a wide range of

characteristic values, while reducing the risk of error caused by estimating

the cost impact of changing a characteristic value from one extreme to

another.
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The characteristics of a typical system for each of the seven baseline

applications were generated from the Phase II 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

representative systems. The values chosen are Shown in TABLE 7.

Using these characteristic values, the algorithm applies the modification

factors to the historic baseline cost data. Representative cost projections

are obtained by using the following equation:

Rx = SRO M x Px (H) • Px (L)

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

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

SR = Cost/Manmonth for the skill level of the representative

system.

Mx  = Initial baseline annual manmonths required for phase x

Px(H)z 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

As Shown by the equation above, the representative costs are computed

independently for each phase (requirements review (x-l), 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 algorithm

starts with the historic manmonths (Mx), modifies this figure based on the
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cumulative cnange in the characteristic values (Px(H) and Px(L)), and finally

converts manmonths to dollars. This is accomplished by multiplying by the

cost per manmonth for the representative skill level (SR). Another way of

viewing these computations is illustrated in FIGURE 10.

The historic manmonths are provided by APPENDIX H; they are also repeated

in TABLE 8 for the reader's convenience. The possible values for SR are

provided on page 51 above. Px(L) and Px(H), however, require further

explanation.

The functions Px(L) and Px(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 rather 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 historic 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

The numbers .62 and .67 are taken right out of TABLE 4 under language.

Manmontns would be expected to decrease by 7.5%. Thus, the ratio of

modification factors for any given characteristic is the relative impact on

manmonths from changing the value of that characteristic from the historical

value to the representative value.

Px(H) accounts for the combined effect of those factors which increase

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

Px(H) and Px(L) is explained in the following paragraphs.
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Assume that Fi, x is defined to be the relative impact on manmonths in

phase x caused by modifying system characteristic i. (i refers to any of the

sixteen modification factors. See TABLES 3 and 4 above.) Fix is the ratio

of the modification function's value after the change, divided by the

modification function's value before tne change. Written algebraically,

Fi,x z Ai,x/Bi,x

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

characteristic value of the representative system

Bix = 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:

Fj1 = .0255 (30) + .587 = 1.128

.0255 (24) + .587

F, .239 (30) 539 1.128
12 .239 (24) .57 =11

Note that the equations above are from TABLE 3 under lines of code. Thus

there are 16 modification factor ratios computed, one for each characteristic,

for each of the 8 phases. The resulting matrix follows.
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CMC

% MeoyFL 21 F, 23F,

% TmngFill F3,1 F3,2  F3,3  . F3,8

Work Efficiency F16,1  F16,2  F16,3  F16,8

Once these rati os are com~puted they are posi ti oned accordi ng to ascendi ng

Aorder within each phase. If J represents the position nuber (j =1, 2, 3..

F 16), then a new vector Fi,x,j will be formed for each phase x. This is

illustrated below:
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For example, suppose all 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 Characteristic Factor Ratios i Factor Ratios

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 5

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 .11 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
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The functions Px(H) and Px(L) can now be computed from the resulting

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

S
Px(H) = j 1 1((Fixj- 1)(W) + 1) (3)

T

Px(L )  1 - (4)
PI) = 1~ (F__,.>- - 1)(W.) + I

i3

9I
In the two equations above, Wj is a vector representing various weights

applied to tne 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 which 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 will 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. The actual values are shown below:
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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 the number of ratios less than unity

and is also constrained to be 8 or less. Thus, if more than eight

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.

6
PI(H) = g 1 ((Fli,'j " 1 ) + 1)

PI(H) = 2.138 * ((1.536-1)(.667)+l) * ((1.372-1)(.50)+l) * ((1.237-1)(.40)+1)

* ((1.213-1)(.30)-l) * ((1.210-1)(.20)-l)

PI(H) = 4.1777
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8
PI(L) - j( 

-
P1L = F, 1) (W.) + 1

i,j
.1-11

Pi(L) = .716 • 1 1 1

1 1) (.667) + 1 (- 1) (.50) + 1

1 1 117 1) (30)) + (1.0)+1
0 1

( - 1 -30)

1 1

(.16 - I)(.10) + 1 (-M-- - 1)(.05) + 1

Pl(L) - .4855

Thus, in this example the overall impact on requirements review manmonths

caused by changes in characteristic values between the representative and

historical system is:

PI(L) e PI(H) = .4855 e 4.1777

PI(L) * PI(H) z 2.0283

That is, due to changes in the characteristics between the historical 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 the 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 relationships 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 historical systems, using the modification

factors and the algorithm described above. The results from this analysis are

provided in APPENDIX J. The representative characteristics 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

this time, the representative system characteristics and costs will be theI
starting point. Applying the modifications as before, direct labor costs are

estimated by using the following formula:
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8 R S P

L X P (H) Px (L)

where L Annual total direct labor cost for the system specified

by the operator

Rx  Annual direct labor cost for phase x for the

representative system

S = Cost/manmomth for the derived skill level of the

proposed system

SR = 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

equation, the functions Px(H) and Px(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 historical costs. In the

equation, RX/SR is the number of representative manmontns. Thus, multiplying

by Px(H) and Px(L) results in the number of manmonths required for the

proposed system. Multipying again by S p converts the numbers of manmonths 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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Fi, x = (Cix/Aix)

where Ci, x = The value for each modification factor i for phase x

using the characteristics of the proposed system.

Ai x = 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 the 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. The reason for this is twofold;

first, the historical breakdown of labor costs by phase from which 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 the 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

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 the 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 development 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 Document No. 12).

5. 1 Design

The purpose of the design phase i s to devel op a modul ar approach in

transferring the model algorithm into a computer program. A three step

process is used as a basi s for deri vi ng thi s modul ari ty.

USER INPUTS COMPUTATION OUTPUT

From thi s poi nt the vari ous processes are further broken down i nto

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

illustrated in FIGURE 13.

5.1.1 Model Executive (MODEXEC)

The model executive is the first and last subroutine executed and

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

of the other 10 subroutines to perform its task.
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5.1.2 Instruction Subroutine (INSTRT)

The 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 with the opportunity

to create a personal account by supplying his own password. This 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)

This subroutine allows the user to choose one of the seven baseline

systems for which costs are to be projected. The 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)

The user option subroutine allows tne user to supply interactively three

types of information. The user may:

* input the appropriate information that describes the proposed embedded

computer system software for which software maintenance costs are to

*be projected

* view and!or modify any of the normalization factors

* Choose the desired output format for the ensuing cost projection.
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5.1.6 Database Retrieval Subroutine (BASLIN)

This subroutine reads in the data for the historic direct labor maomonths

from an external fil e and i ni ti al izes the appropri ate vari abl es according to

the system chosen in the initialization subroutine.

5.1.7 Normalization Subroutine (NORWLL)

The normalization subroutine derives all costs for the historical system

using the historic direct labor manmonths and the nomalization factors. This

results in the historic baseline data for the type of system and application

chosen by the user.

5.1.8 Adjustments. Subroutine (ADJUST)

Thi s subroutine substi tutes the characteri c val ues of the hi stori cal and

repesentative systems into the modification factors. The modification ratios

are then computed and appl led to the historic di rect I abor maimonths by phase

to derive the representative baseline direct labor marmonths by phase.

Lastly, all other costs for the representative system are derived using the

direct labor mannonths and the normalization factors.

£ 5.1.9 Direct Labor Cost Subroutine (DLCOST)
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

representati ve direct abor 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 1abor costs

by phase. In addition, this subroutine derives all other cost elements

associated with maintaining the software.

5.1.11 Write Out Subroutine (WROUT)

Thi s 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 opment

The ASSCM computer program was devel oped 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

result of peculiarities present within the respective machines.I
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 portabil Ity of the impl emented software between the VAX 11/780 and the

Cyber 175 computer systems. The coding of the eleven subroutines and six

files was dne in four separate stages, each with a well-defined objective.

See TABLE 10 for a summary of these four stages.
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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 data files. These files contain the historical

characteristics, representative characteristics, the normalization factors,

and the historic direct labor manmonths by phase. The objective of this first

stage was to read in the files and correctly compute the historical baseline

of costs for each of the seven systems.

Like the first stage, the second stage did not require any user input.

The object;ve of this stage was to derive the representative baseline data by

applying the modification factors to the historical baseline. All

computations performed by the model were done externally to check for

I accuracy.

Stage three utilized information provided by the user. Using the

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. The objective here was to

.confirm that all of the cost information derived was an accurate reflection of

the user-inputted characteristics. The results were also compared to

computations performed outside the model.

The fourth 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

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

6.1 Summary

The development of a cost estimating model cannot be successfully

concluded unless there 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 that 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 Methodology

The validation procedure requires data from existing systems that were

not used in the development of the ASSCM cost estimating algorithm. 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. This 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-1I1A 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. If 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

segment by segment comparison indicated few major discrepancies. Where

si gni ficant discrepancies did exi st, pl ausl bl e expl anati ons concerning the

historic data were readily apparent.

6.3 Val i dati on R es ul ts

A summary of the model 's proj ecti ons versus the actual costs is shown

below for the major cost segnents.

Actual Cost Predicted Cost Percent Deviation

jSysteM Total Labor Support Total 6lbor Support Total Labor Suppor,

ALQ-155 1,862,302 200,509 1,661,793 2,012,825 14T,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 2,7343,286 2,686,117 313,268 2,372,849 7 7 16.t

As discussed in the Validation Report (Applicable Document No. 13), all of the

major differences between actual and estimated costs are explained. These

expl anations are jummarized in FIGURE 14.

It should be pointed out that two important changes were incorporated

into two modification factors and one normalization factor directly as a
result of the validation comparisons. That is, the validation process

uncovered previous errors that became readily apparent only after a comparison

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

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

PROJECTED OSTS

System Cost Segment Explanation

ALQ-155 Direct Labor Actual costs exhibited an abnomally
(Support Software) high proportion of time to maintain the

support software in this second blockchbange

Support Equi pent No actual costs were expended for this
(Test Aircraft/Time) cost segment. This is highly irregular

FB-111A Direct Labor Model may overstate costs when
(Development, Integration) percentage of work performed by

contractors i s high; impl mentati on
structure rating may be in error

Support Equi pment Actual costs appear to be 1 ow when
(Test Aircraft/Time) compared to costs experienced during

previous block changes

ALR-69 Support Equipment Estimate is computed directly from the
(Test Aircraft/Time) direct labor T&E estimate which was

high. Estimates assune all work
performed organi cally when at I east two
phases of work were performed by
contractors. Model is not designed to
handle this situation

Support Equipuen' Actual work was performed by
(Reproduction) contractors. Model is not designed to

handle this situation.
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fill (See footnote I in TABLE 3) and the addition of a time-dependent K for

the PROM's medium factor (see footnote 1 in TABLE 1-0).

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 the 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 successful ly i nstal Ied on the VAX 11/780

at Wright-Patterson Air Force Base. This task was simplified since final

development 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 Computer Program

Product Specification. (Applicabl e 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 algorithn, and internal computations perfomed by the ASSCM computer

pro gram.
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8 FU1TURE CONSIDERATIONS

This section details four areas where SYSCON feels that additional effort

may be expended by the Air Force to expand or enhance the capabilities of the

ASSCM. The four suggested areas are listed below.

* Developoent of Data Collection Techniques

* Collection of Additional Data

e Addition of New Systems and System Applications to the Model

* Modification of the Model To Support Other Requirements

The first two areas deal with the collection of cost data to support the

model. The 1 ast two are concerned with addi ng capabil iti es 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 from the ALC's to

support the algorithm. It was determined during the initial data collection

trip that little 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 led across all ALCs. This

methodology must include but not be limited to:

• identification of all data to be collected

9 identification of sources for this data

* providing standard reporting and data collection forms

* identification of filing requirements

9 identification of audit requirements to insure timely and accurate

data collection.
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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 more than offset by their increased visibility into

the costs associated With the software support area.

8.2 Collection of Additional Data

The model developed and implemented by SYSCON is a viable means to

estimate costs associated With avionics software support. As withl 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 that 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 model. 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 specif iced 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 effoi~t in all cases would require data collection, model

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. The 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 the 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.

The 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 requirements of AFLC, might be addressed

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

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 documentation.
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 perfo parWt
of the work for which mehours may or may not be available; 3) now
hires and resignations are comon 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
estemate of hours; 6) the cost per nanhour or GS grade of a worker
does not necessarily indicate the degree of productivity; and 7) man-
hours are not necessarily broken 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 optimal conditions.

In the opinion of several Air Force personnel, manhours by task
could be obtained along with their cost from available Gover=ment records
(other than Form 75) and interviews. The effort necessary to complete
tais research in order to recreate the manpower expended would be
tedious, perhaps taking as long as a manmonrh for each system. Such an
attempt 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 systm .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 direct labor cost is all that is necessary.
In any event, the collection of actual -anhours and costs for each system
does not seem possible given a reasonable time frame to collect this data.

Direct Suort Equipment

Direct support equipment varies tremendously among systems. Thus,
the estimation of costs for this equipment is difficult, especially because
of the lack of relationship between specific cost drivers and costs.
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APPENDIX A Page 2 of 2

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) the equip-
ment might be outdated (because of the technological advances over the
p ast 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 euqipuent is not available in
a useable form. The sources for any of this information are decentrali-
zed and, of course, it is difficult to break out the costs according
to system. Ideally, one would attribute total costs of a piece of
equipment based on some measurement of usage. In reality, 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 difficult
to obtain without significant effort for each piece of information.

Conclusion

In sumary it appears to be a very costly and time consuming effort
to collect all of the relevant cost information necessary to support avionics
software changes. The job is not impossible. It requires a person to
check out all data sources and spend a great deal of time with theI various supervisors in order to document the evolution of each system.
It does not appear to be practical for the Air Force to pursue such
a data collection effort because 1.) there 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 $reat in comparison to the benefits of obtaining an
objective cost estimate (which may or may not be better than a subjective
one).
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APPENDL Page 1 of 12

&VIONICS SUPPORT COST ESTMATION QUESTIONNAME

(PEASE 1)

This questionnaire is to be filled out by knowledgeable people in the

field of avionics software support. 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 area being questioned, do not answer the question. However, do not

be odest-your opinions are important and there are few people in addition

to yourselves that are more qualified to answer this questionnaire.

SYSCON has defined avionics software support costs into four categories:

direct and indirect labor costs and direct and general support equipment costs.

These costs are further broken down according to the work breakdown structure

shown on the next 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 questionnaire. This first portion consists

of two sections. Section : asks for specific tecl.mical and direct labor

information about the avionics system to vhich you are directly assigned.

The second section, Section 11, concerns various subjects that are less technical

in nature but are important for predicting costs other than direc: labor

necessary to support avionics embedded computer systems.

Sections III and ZV will be distributed to you at a later date. They -ill

elici: your expert opinions about how hypothetical changes in certain .actors

affect direct labor costs.

Please read the instructions at the beginning of each section carefully

and answer all questions that you can. Discussion of a particular question with

another person or several people is permit:ed. However, it is important that

answers be as reliable as possible. In scme cases where information has already

been pro-ided to SYSCON, the answers vill be filled in. In this circumstance, "ou

are asked eraly "to confirm your previously supplied data.

96



A.PPENDlIX B
Page 2 of 12

> -0

tM A I

tool

-z -

6u 2 z0'
CO c z

z4Ii

zz z:w
wi9

a..

os
wu u

~~ zz

cc 3

97



Page 3 of 1Z

APPENDIX B

Name:
Org:

Phone:
Title:

SECTION I

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

i. Application Type: Navigation OF? Weapon Delivery

EW Jener EW Receiver
Integrated EW Systems C-E
Fire Control OF? Other

2. PMRT Data:

3. Current Block Change Number:

-. Year of support

5. Documentation Rating at P(KT: None
tncomplete/Outdazed

=IL-STD & Up to Date
Other

6. Length (in months) of Block Change:

7. Development V&V RAcing: None
Done By Developers
Total IV&V wn System

8. Test Aircraft Type: Fighter Bomber Surveillance Cargo

9. Reproduction Medium: PROM ROM EAROM .ag Tape Other

10. Number of Fielded Systems:

11. Z.=ecced System Life:

!2. Approximate Direct Support Hardware Cost:
Year of Acquisition:

13. Approximate Support Software Development Cost:
Year of Acquisicion:

14. Number of Software Flight Test Rours by 7ear or block change number.
(Please indicate which)

2 3 4 S 6 7 8 9 10
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~APPENDL B

15. istcor7 of changes made/changes requested by :tye. (For uxample, if in

the first block change 10 corrections were requested and 
6 were compleced

7ou should write 6/10 in the frsc colum.) See defn:ions on page 101.

1 2 3 4 5 6 7 8 10

Correction

Delecton-----

Addition

0p tIm-Latiou

.Ref inement

EL/W Related

Ebedded Computer Srstem Znfor~acion (for he ost retortt block chage)

I 16. Type

17. Word Size

18. Percent F-ill

Timing

.Xemor7

Embedded Compuer Software :~nformation (for he =ost recent block change)

19_ Language

20. Lines of Code (size in words)

St:ructure

1. Design ._in _ Poor Fair Good Excellent

18. :mplementation -:-g Poor Fair Good -'xcallau
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23. Complexity Rating 1 2 3 4 5

24. Rate of Change 1 2 3 4 5

25. Skill Level ix 1 2 3 4 5

DEFIY=ONS

COMclaxitV Definitions:

(1) Easy to read and follow code, many similar applicaions.
(2) Time required to gain familiarity with code, many similar applications.
(3) Time required to gain familiarity with code, few similar applicattons,

approaching state-of-the-art.
(4) Extremely difficult to understand code, fed similar applications.
(5) Exermely difficult to understand coda, unique application, beyond

the state-of-the-art.

Rate of Chance Definitions:

(1) Stable coda, changes required very infrequently, minimal staffing required.
(2) Infre uent 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 attention,

full-time staff required plus additional personnel for -ertubatLons.
(5) Changes required continuously, full-time staff plus additional personnel

have dlfficulty keeping up with user requirements.

Skill Level M.ix Definitions:

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

(2) Variay of personnel with a limited working knowledge of the
software syst

m .
(3) Typical personnel With some exper;iencG With the soft-are system, mix

of junior and senior personnel.

(4) Predominantly senior personnel with a good working knowledge
of the software system.

(5) Stghly experienced, senior personnel with an in-depth knowledge
of the software system.

100



APPENDIX B Page 6 of 1.2

* 3, 3, 3, 3, 3, 3, 3, 3,

.3

* . .t P 4 .e 4 4 E 4 4
3

3.3.
.3 3 3

2

3

3 1* - - - - - - - - -

.5 =
3 5
*

fl~ *4 Pd P* *~ *d .4 .4 Pd .4 Pd
3
* 3

U
'I
3.

- a.
8

A
U S

- 1±1** 3 *3
- 3232

8 30
3 - 3. -

* 3
3

3 3a
I 3

8 U
* .

- S.
- - 2 -
- - - 8 8

3 -
* - . - - U

2 - - - -S - 3 - - -
- - - - 2
- 2 - S

* - - 6 £ -
3 - U 3 - 5 3

- -
* - - 3 3-

* A - ~ II - *1 -:21 .3 U

3 A 33 ~.3
-. 3 3~2
3 U 3 S..

* r ~.1
* 3 -
3 - 3 3

- 3 - - a a
- - - I A

3, 3 - 3 3 -
- *2

3 .8 U
8 ~ 3 - -
3 3 .3 3 8

- - - 3. 2 2 U
* 3 2 - -3 1

* .~ 3 2 * - A
3 3 3 3 2 U U - - -- 3 - 3 3

* 2 - 3 - - 2
- - U - I. * 3

- - -
= - - 3 6 3 -

- 3 3 2 8 - - - 3.4 .3
3 - A S - -
- r ~ L 1

3 3 - 2 3 .3
-3-S I
- S 3 3 6 8

- 3 2 - 3 3 3 - L
- - - - 8 4 3 2

& - S - a 8 8
- S - .3 8 4 - -

I - .3 3 A A
.3 2 2 - 3 3 3 1

2 -~
a. -'
- trill i S U

13- ~1~U - - -

a - - 2 4 2

~- 8

3 3U
2 - - 1 3

- .3

- - .e 3, j = 3 3. -U

101



Page 7 of 1.2
APP ENDIYX B

'II

* at

- Iq
III

S. ,1

=

- -

*. -"... - a .-,-

__ __ _ - --

* a ti -

S I '  I

3 310



APPENDlLX B Page 8 of £2

.I I

- - *

" I i 1 a
'II

* - * - . - m m.

III I

- I

I.3 , = - ! _ _ _ _ _ _ _ _

- - 7 - . - U

" I I

"ii

' I I '

- i

- ." I I

I I



Page 9 of 12
APPENDIX B

SECTION II

The following questions sometimes require very specific information. 1f

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 state the source in the left-hand margin.

Direct Labor

1. For the following grade levels, what is the current average cost per manmouth,

including benefits?

Civillan Military
Grade Level Cost/Manmonth Grade Level Cost/Manmonth

GS 7 0-1

GS 9 0-2

GS ii 0-3

GS 12 0-4

GS 13 0-5

GS 14_ 0-6

2. What is the average cost per manmonth for contractors if work is performed

a) off-site _? b) on-sit___

3. On average how many times more expensive is contractor labor than organic

labor if the work is performed a) off-sire ? b) on-size

4. AssiIng the developing software contractor has data rights (software is

proprietary) estimate the minimum percentage of total manonuths within

each phase that would have to be supported by the contractor during a

block change? (Go to next page)

*104
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Phase Minimum of Work Contracted

Requirements Review -

Design

Development

Integration

T&E

Documentation

Repro/Installatiou

TOTAL

5. Assuming 100 manmouths of direct labor were required to maintain the

embedded computer softvare, approximataey how many mamouths of direct

labor would be required to maintain the support software?

Indirect Labor

6. Assuming 100 manmonths of direct labor were required to complete a

block change, approximately how many manmonths of effort ould be

required for

a. supervisou

b. administration

7. What is the average cost per manmouth, including benefits, for supervision

and admncratlou, by phase? (NOTE: Cost may be the same for some or al

phases.)

Direct Labor Averace Cost/Manmonth
Phase Supervision Administration

Requirements Review ________________

Design

Development

Integration

Documentation

Raepro / .ns taJ.ation_

TOTAL
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8. Describe the relative increase, if any, in administrative costs c used 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 !-eel that

contracting 50% of the work would increase administrative costs by 20%,

you would write 1.20 below the 50 percent column.

Z of work contracted
0 25 50 75 100

Relative increase in
adminis3rative costs 1.00

General Suvoort Eauiment

9. Provide the current average cost per square foot for:

a) facilities (building costs)

b) utilities

10. Provide the average aumber of square feet of space required per 'erson -

11. Provide the current average cost per person for

a) desks and furnishings (iniial cost)

b) matarials and supplies (annual cost)

c) general computer equipment (initial cost)

12. Assuming chat computer hardware costs 5100,000 to purchase, approxi-

mataely how much would the yearly maintenance cost be?

Direct Suoort Euioment

13. Assuming 100 manhours were expended for test and evaluation during a

block change, approximately how many flight test and range time hours

would be required? _ _ _

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

Cost/Hour for

Aircraft Tve flight & test time

Cargo

Bomber

Fighter

Surveillance
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,5. What are the reproduction and ins:a.llatou costs for each medi=?

7ariable Cost
M(ediu Per Fielded Svsemm Flied Cost (if anY)

PRM

EARO

vAg Tape

Other_
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AVIOINCS SUPPORT COST ESTfl,&TION QU-ST:O1xNAIRE
(PEaSE IT)

This questionnaire is to be filled out by knowledgeable people in the field

of avionics software support. 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 area 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 questionnaire.

SYSCOM has defined avionics software support costs into four categories:

direct and indirect labor costs and direct and 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 11) 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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APPENIDIX C

SECTION II

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

factor impacts on avionics software 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 general

system apply:

Lines of code: 16K Program design: unstructured

Language: assembly Program implementation: unstructured

Z memory fill: 75% Initial documentation: incomplete and
outdated

% timing fill: 75Z Year of Support: 3

Work performed: totally organic Application: Navigation

Development V&V: Performed by Type of Aircraft: Fighter
developer

Complexity rating l/: 3 Number of fielded systems: 600

Rate of change V_/: 3 Skill Level Mix 1I: 3

Change Efficiency !/: 50?

With these characteristics in mind, please answer the following questions

about the relative impact on the number of required manhours virhin each phase

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

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

fou might expect software support direct labor manhours for requirements

review to remain the same whereas the labor manhours for the design phase would

increase by 15%. That being the case, you would fill in 1.00 in the requirments

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

If you feel a situation is not reasonably possible, fill in A for not

applicable.

See page 112 far the definicion of each raitig.

_ See page 121 for :he definiion.
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Compexit Defnitins: 
DEFINITIONS

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

(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-the-art.

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

(5) Extremely difficult to understand code, unique application, beyond

the state-of-the-art.

Rate of Change Definitions:

(1) Stable code, changes required very infrequently, minimal staffing required.

(2) Infrequent 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 inmediate attention,

full-time staff required plus additional personnel for pertubations.

(5) Changes required continuously, full-time 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

oftware 
system.

(3) Typical personnel with some experience with the software system, mix

of Junior and senior personnel.

(4) Predominantly senior personnel with a good working knowledge

of the software system.

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

of the software system.
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1. Relative impact on manhours from a change in the number of lines of code

Lines of Code

4K 8K 16K 24K 32K

Reauirements Review 1.00

Design 1. 00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00

2. Relative impact on manhours from a change of language

Language

Structured
Assembly Fortran HOL

Requirements Review 1.00

Design 1.00

Develooment 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

Z Memory Fill

50Z 75% 90% 95% 98% 1002

Requirements Review 1.00

Design 1.00

Development 1.00

Intearation 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00

4. Relative impact on manhours from a change in % timing fill

% Timing Fill

50% 75% 90% 95% 98% 100%

Requirements Reviev 1.00

Design 1.00

Develooment 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00
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5. ~Relative impact on manhours from a change in the % of work performed by

contractOr

Z of work performed by contractor

0% 25% 50% 75Z 90Z 1001

Requirements Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00

6. Relative impact on manhours from a change in development V&V rating

Development V&V Ratin s

Done Total
By IV&V

None Developer Complete

Regurirements Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Revro/Installation 1.00
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APPENDIX C

7. Relative impact on manhours from a change in program design structure

Progtram Design

Poor Fair Good Excellent

Requirements Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00

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

Program Implementation

Poor Fair Good Excellent

Requirements Review 1.00

Desian 1.00

Development 1.00

Integration 1.00

Test & Evaluation- 1.00

Documentation 1.00

Repro/Installation 1.00
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9. Relative impact on manhours from a change in initial documentation rating

Initial Documentation

Incomplete XIL-STD
None Outdated Up-to-date

Requirements Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Docuzmentat ion 1.00

Repro/Instaltlation 1.00

10. Relative impact on manhours from a change in the year of support

Year of Support

1 2 3 4 5 6

Requirements Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

alpro/Installation 1.00
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LI. Relative impact on manhours from a change in Che aircraft type

Type of Aircraft

Cargo Bomber Fighter Surveillance

Requirements Review 1.00

Design 1.00

Development 1.000

Intearation 1. 00

Test & Evaluation 1.00

Documentation 1.0

Repro/Installation 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

Integration 1.00

Test & Evaluation 1.00

Documentation 1.00

Repro/Installation 1.00
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13. Relative impact on manhours from a change in complexity

1 2 3 45

auir=4=nt Review 1.00

Design 1.00

Development 1.00

Integration 1.00

Test & Evaluation 1.00

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 applications.

(3) Time required to gain familiarity with code, few similar applications,

approaching state-of-the-art.

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

(5) Extremely difficult to understand code, unique application,
beyond the state-of-ther-ar:.
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14. 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

Inteuration 1.00

Test & Evaluation 1.00

Documentation 1.00

Rero/Insa l t O Ii 1. 00

Rate of Change Definitions:

(1) Stable code, changes required very infrequently, minimal staffing required.

(2) Infrequent 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 iimediate attention,

full-time staff required plus additional persounel for perturbations.

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

have difficulty keeping up writh user requirements.
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APPENDIX C

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

Develooment 1.00

Intearation 1.00

Test & Evaluation 1.00

Documentation 1.00

Rapro/Installation 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 personnel with a good working knowledge

of the software system.

(5) Righly experienced, senior personnel with an in-depth knowledge

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.

10% 25% 50% 75Z 100Z

Efficiency Ratio 1.00
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Pleas fill in th~e specif ic va.lues for this folawing characteristcs that

youa teal are reprseaticve of an "average" embdded comuterca uyuCM in te

fiel. Th"a sbould sac necesuarily reflect your erets and may reflect a

liypoghciaZ system.

UU
a

all a

Uae. of Code (1-Q) - - - - - -

Language (AseJby.
Forran. Structured

Z nemorw MIl (0-100) - - - I _____

Z Tlains Fll (0.400) -- -

Deve.Lopmt VGY (Nione.
aon by dav..lopev.

!air. Good. Excellent)

(Poor.uai, (Goo.

Initial documntatin

(Went. incomplee.

Year , ofale por (e

Cost of Direct Support
Equipent (1-6) _______

Late of- Chants 13 - - -

V iLUA Level 41X -1 1-s - - - -

See post 112 for the definition of each rating
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APPENDIX E

PERSONNEL COST INFORMATION

Annual Monthly
GS Grade Base Salary i_/ Military Grade Base Salary 2--

GS 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, 44
G-. 5 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
GS 15 50,112
GS 16 SO,112

I

.4

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

2/ Provided by Mr. Jerry Carter 10/27/81.
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APPENDIX F

RESPONDENTS TO PHASE II QUESTIONNAIRE

Name Location Cl assi ficati on

Wayne Lord SM-ALC MMECA
John Hancock SM4-ALC Autoneti cs
Ben Al sep SM-ALC MMECA
Bob Alley SM-ALC MMECA
Thomas Broers SM-ALC MMECA
Jim Sheppard SM-ALC Rockwell I nternati onal

? SM-ALC General Dynamics
Greg Straton Point Mugu USN
Richard Desposato Point Mugu USN
David Erickson O0-ALC MMECA
Russ Suzuki O0-ALC MMECA
El don Jensen O0-ALC MMECA
Val on Stock O0-ALC MMECA
Leon Oldham O0-ALC MMECA
Jim Healey O0-ALC MMECA
Mike Welch O0-ALC MMECA
Dea Johnson 00-ALC MMECA
Lt. Robert Sikes OC-ALC AWACS
Willis Janssen OC-ALC AWACS
Lt. James Hart OC-ALC AWACS
J ames Walker OC-ALC MMECM
Joseph King OC-ALC MECO
Tom King OC-ALC MIECO
George Wann OC-ALC MMECM
Coy Sullivan OC-ALC MMECT
Tom Reyenga OC-ALC MMECT
Michael Ryan OC-ALC MMECO
Leonard Wilson OC-ALC MMECT
Capt. Russell Hammerad OC-ALC AWACS
Novi e White WR-ALC MMECDA
Victor Vajo WR-ALC MECDA
Harry Jenni ngs WR-ALC MMRRVC
John Echols WR-ALC MMECDF
Suzanne Mason WR-ALC MMRRCC
Jim McKeen WR-ALC MMECDA
John Louth WR-ALC MIMRVA
Ron Parker WR-ALC M!ECV
Jim Hundley WR-ALC MMRRIA
Ken Obst WR-ALC MMECDF
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APPENDIX G
FOLLOW-UP LETTER WITH PHASE 11 QUESTIONAIRE

dSYSCON
CORPORATION

1054 31ST STREMT. 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 concerming 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 avionics system design.

You were chosen to take pa in Phase 11 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 one final opportumity to review your
answers. This method for data collection, known as the Delphi Technique, requests you
to compare you answers to the averages computed from the answers provided by all of
the respondents. You thus have one last opportunity to change any or all of yur
answers.

The purpose of this final review Is to allow you to see how your peen
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 hope we have made it simple for you to compare your
previous answers to the averages. Please also keep in mind that some questions were

4-munta-preted. You should note this when comparng your answers to the averages.

In computing averages we have omitted answers leoft bl-k In addition, we
set a limit of 10 to reduce the impact of any one answer on the computed averages.
Thus, if a respondent felt that costs would incease 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 feel any changes are in order or wish to
fill in answers you previously left blank, simply cros out your old 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 fox us if you work with a red pencil or pen. Also, if your answer and the grnp
average we 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 wre not subject to change.

This review should take you no more than half an hour. When you we
finished, pleas return the questionnaire in the sell-addressed, stamped envelop enclosed
for this purpose by 1Z December 1981. If there are any questions, plem feel free to call
me at 800-424-4503.

Thank you very much for your help and support.

Sincerely,
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AVIONICS SUPPORT COST ESTIMATIONAQUESTIONNAIRE
(PEASE 11)

This questionnaire is to be filled out by knowledgeable people in the field

of avionics software support. Because of 7our backgrotmd 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 area 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 questionnaire.

SYSCON has defined avionics software support costs into four categories:

direct and indiract labor costs and direct and 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 syste. All of the questions in

this second phase of the questionnaire relata to the estimation of direct labor

costs. Section II (the first section of Phase 1I) concerns tha impact of certain

factors on direct labor costs under several hypothatical conditions. These

questions are designed to elicit your best judgment. The final part, Section 1V,

asks you to define the technical parameters and attributes of an "average" systam.

Please read the instructions at the beginning of each section carefully

and answer all questions that you can. If you do not umderstand 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 know

to you.
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Ph=Me:
SECTION III Title:

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

factor impacts on avionics software direct labor costs. When answering these

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

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

system apply:

Lines of code: 16K Program design: unstructured

Language: assembl7 Program implementation: unstructured

Z memory fill: 75% Initial documentation: incomplete and
outdated

Wtmng fill: 75% Year of Sunport: 3

Work performed: totally organic Application: Navigation

Development V&V: Performed by Type of Aircraft: Fighter
developer

Complexity racing ': 3 Number of fielded systems: 600

Rate of change - : 3 Skill Level Mix ]': 3

Change Efficiency V/: 50%

Vith these characteristics in mind, please answer the following questions

about the relative impact on the number of required manhours within each phase

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

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

you might expect software support direct labor manhours for requirements

review to r-an che same whereas the labor manhours for the design phase would

increase by 153%. That being the case, you would fill in 1.00 in the requirements

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

If you feel a situation is not reasonably possible, fill in U for not

applicable.

See page 134 for the definition of each rating.

V' See page 142 for the definition.
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Comlextv Definitions:

(1) Easy to read and follow code, many simil4a applicat:iona.

(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 understand code, few similar applications.

(5) Extremely difficult to understand code, unique application, beyond

the state-of-the-art.

Rate of Change Definitions:

(1) Stable code, changes required very infrequently, minimal staffing required.

(2) Infrequent changes required on a periodic basis, staffing assigned

on a part-time basis.

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

constant.

(4) Frequent changes, changes require immediate at:ention,

t full-cime staff required plus additional personnel for pertubations.

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

have difficulty keeping up with user requirements.

Skill Level Mix Definitions:

(1) Predominantly inexperienced, junior personnel unf-liar with the

software system.

(2) Variety of personnel with a limited working "knowledge of the

software system.

(3) Typical personel with some experience with the software syste, mix

of junior and senior personnel.

(4) Predominantly senior perso nal with a good working kn~owledge

-f the software system.

(5) Highly experienced, senior personal with an in-depth knovledge

of the softare syutem. 134
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1. qtLAT1VC I~pak;T r), ,4H.UllKS FrIOAt A CHANISE Irv TIt mu49 OF 6.tiiE4 uF CUE
AQSu-ci. ]H4AT TmyE Qtut*(~t~iT. ijF TriE VARIOUS PqOtVRAM SiZES REFLECT TmEIR
ReLAT1Vt. COmP.EAIIY. TnIJbp IT £3 OoVjOuS TmAr A S2 P'RJGa(A, 1S muCn mOIwE

LINES OF LOuE

Rtump,~~ ,REvImw Ok 8u 1.Ou 1.2u 1.40
AvEkAGE .6a~ .9v 1.00 1.20 1.4.5

AVExiAG.E .61 0 1.00 1.30 1.71

Dt.VE.LjPT4ET .50 .7-2 1.00 1.2Z 1.5i0
AvEfAGE *be 975 1.0') 1.3e 1.63

I .TiGt A r I.N . JO.44 1.00 +-.-m / &' -,o.
AvEmA6iE .63 13 1.00 1.3.,.6

rQST A tVALuATIUN *5uv .7 1.0 uI -. ft43 %-r"Qt
AvEmAisE .(31 .7 .flu 1.3u l.6a

CuCUmEN7 ATwy .&TuN7! 1.0v 1... I.-,O au/.mS
AvEmA(iE ba~ 070 1.Ou 1.21 .5

REh/ T mS TALLAT JrI. .. jVk' Jl-X'iD 1.0v3- ~ ,.0 /O Z..4ZO
A \F F~kAGE .45Qj 1.Ou I.0ev .t

2. RtLATIVt IMPACT Os% mANYUUNS FkOM' A CHANGE OF LA~tGuAGE.

LAA1GUAGL

bT.'UL TuRcD
A*SE4,Ly FLJPTRAN H4uL

kt***t* I*W~* . 0u.#5/6

AvEnAiGE 1.Ou .01.00

kimG .0v .87.9

)dVr.LuPmE~T 1.011 .75 5
AvEnAGE 1.0y .7? 7

tT..GfhATItu 1.Ou *qo so0
AvEWAtE 1.00 .80.87

rEsT 6 eVALLJATIUN I.Ou .8v 7
AvExAGE 1.0y .80 .87

)LJvjEKAEu 1.0y .80 st

AVP-cO/INS&LEI 1.)V 1.0 .0v

AVEKwA(I,. 1.Ou
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J. mEL.ATIvE I.APACr Wh MAMMtOUR5 FR(Jtd A CiMAiiGt IN TrE Z 'A~P FILL.

Suz 7,2% 9UZ qz1 9OZ lVO&
******** *t**t*g **W*3 ****.ew **a*** e**u*

AvErnAtE Qij 1.Ou 1. u 1.3,z 1.66 .2

DESIGA' 1.00 1.00u 1.2y 1.40 1.60U 2.0..!
AvEgAGE .01.00 1.4V. 1.95 2.5c .e

DEVELOPmE.NT 1.00 1.01, 1.4U 1.60 1.7u .o
AvE,(A..E .81 I.Ou 1,4b 1.97 2.45 .1

AvFKA.E *01 1.()v 1.25 1.514 1.89 2.66

TES1 & EVALUATILJ% 1.00 t.OU LX 1--3~ -j l.J4II 1.70
AvERAba .93 1.Oui 1.21 1.4V 1.55 1.8e

DvCU POE N TA T I vN 1 .flu 1.00 1.00 1.10 -1wev I
AvEmnGE e* 9I .Ou 1.0t) 1.09 1.15 1.2v.

RPR0/I,".SIALLATi0r~ 1. 1.00 1. 0U 1.04 ) 1.00 IO 1.00
AVEmAGE 090 1.00 1.01 1.02 110a 1,04

a. RdLATIVE ImtOALT Otj M*A#V'UU.IS FsIO0H CHANI6E Iil TH*. % T1mIivG FILL.

% TIMINai FILL

50u% 7 % QU% q5Z 9e% 1 Oz

QtiUIvfE.1 iTz k~~v A 1.00 1.00 1.00 1.00 1.00
A V E KA. %.95 1.Ou 1.0Oa 1126 1.5 1 .7

1) ES I Gv aI1.00 t.2. 0 v
AVEA.E Ad .0.. 1.31 1.77 2.3: 3.01

iVELUPMEN~T It OU 1.2u I& .02S
AVER44E .37 1.0., 1,36 1.8:i 2.2i 3.OD

-: i,*.TGkArIUJ qr 1.00 U1AVi V_
AvWAi 094a 1.0, 1.2i 11 I.lb 2.5m

Tr.ST & cVALuAiI1jN 9, 1 .0o 1.20 a,
AVo*; .444 l.Ou 1121 ~ a 1.4*

DOCUMEN or I 3T I.OU 1.00 1.00 l.Ou 1.00

;i-vOO/!vSlALLATjr),i 1.Ov 00 1.0 11 1.00 1.00 1O
0VfAI 97 1.011 1.00 1.01~ 1.01 1.07
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RtL,4T vt:141-AtT Ov f~rAL i-iA,4wUIJ.%S (*OIH OmGANLC AiiO CJNfRqACrK) Om0M A

0%P5 u% t% u IOuZ

MtruTifrEiTo mvt~. 1.1) 1.Ou 1.00 1.Ou 1.Ou 1.00

AvEM-AGE l.O 111 1.21 1.3 1 1.3 .3 1.31

~~ 1.00 l~u11 .01.30 1.3z4
AVERAGE 1.6v 1.21 1.33 1.34 1.31 1.3.1

AvEmAwE 1.00 l.19 1.26 1.219 1.27 1.311

1,sI & mATUNTU 1.O(u I.Iv 1.10 1.2u 1.-30 1.35
AvEmAGE 1100 1.2y 1.21 1.24 1.27 1.2a

Du~CUMEM'IT ArU T O.Ou I.Iu 1.1 I.20j 1.30 t.4 v
l.00 1 .15 t.21 1.244 1.21 1.31

4z~k/1NSTALLATjOi4 1.0v I.Ou 1.00 1.Ou l.Ou 1.00
AvERAG 1.01i 1.0., 1.02 1.05 1.00 1.0,#

h . QLJATVz IMJAiT 011 r"A44HNtxS FiKOm A CH.ANtiE ti,4 uEYEL0P".NF v&'s .cArl.G.

uEvELOP94ENT V'*'I WlTivG

0uNym TuTAL

?NUNE DEVELUPOP CuMPLt.TE

ROU!WEE.TS REVtA 1.Ou l.Ou 1.00
AvEhAjF 1.37 1.0o Q7

1EIG .10 1.Ou.8
AvERAGE 1.51 1.Ou .87

DEVELuPpnEvT 1.10 I.Ou .75
hyERgAWE 1.Sa 1.Ouj.8

r~vTEsr I T./LjATN 1.25 1. (V 7

AVFKA6E 1.54 I.Ou gu1

daar5TiLjO4 1.00 1 .O I Ou
AVERAGE l.ln t.Ou I.Ou
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7. mEL'r:vE it'PMCf UN "ANhOUjRS FlUM A CiAenGE IN PH06RAM DESIG.4 bTKUCTuRc..

POkvRA&M Oct,1

pum ~ l Guoi. t XCELLdN(

Av7Au3 .84

A vE itA~ '.Oi. .8 S

r9;V LUPmEINT 1.Ou .4 VS

T,TEGmATIUM 1.0v OQU .8u .70

rtiST 6 EVALuArJM 1 . lu *~ 7w .5

AVENA6iE 1.0v.u .81 T

DUCUPMtNrA[IUN 1.t U 8 7u
AvEkA(UE 1.00 A .80 .741

AvEkAGE 1.0.90 Qq

8. ReLATJI IMPACT ON~ MH'HUjIJS FiROm A CHANG~E IN PoRLGRAm £MPLtNTATI3N

PtQ0,RAM IM'PLEi4EN'TATIOtt

IPtjI)w FAIrw rjoui tXLEtLENT
**W**w** ******** *W****~*** ***W****

qc-U E,~T cE v It.fd 1.0 .9 .70 *6 -
AVE~A#gE 1.00 90.9 .80

DlSIri4I. 0v u .80 .7u
AvEimA6E 1.')v~ .9d .86 .81

DEVEL.UPw4EdT t.ou . 0  au .70)

1IdTTU' .Ou .qj .4c .*

AvEmAbF ~ 1,Ou .0.70 .646

TEST 6 EVALUAJIUN 1.0 .4 .7vT
VmAEI.Ou .0u .1e 7

0 UCUMdlytATrtv 1.0v .4v .9v a
AVERAGE 1.Ou 09d .8% 7

1.0 qjA. 44Ou .9vJ
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4. IREArIVE ImC uN 4AN,'OURS rj'Q' A CraANGE IN INI.TIAL GuCLjMtNT41IoN RATiNuv.

IlivITAL Du.CME1ArIutv

INLOMPLETE IL-*TJ
iv&AE Our.)A rE up-ru-uATE

*****ta *****ff** *******

AVEm~AGE 2.81 1.44.6

AvEmqA6E 4,03 1.0v .50

OtVELU~s~jvT .Uu 5

tTG.kAT~uN -4 ldIAo .75
AYERA 3.l.Ou .hc

TEST 4 LVALUA;TUI~l 3.4 lOu .8v

Av~o~iv 3.0,1 .Ou.6

QP'O/I4STALLATIO,4 0 r in 1,0u
AvExA4E 2.02 1.0',.1

lu. R't-ATTYE IiP.^Cf UNd NANhOURb FR~UM A CrI~m'eGt IN TmE Yd.AK wF SjPipOkT.

'rl&,x oF SUP9OiT

12 3 4 5 6

~QuuTEiE11T4 mIcL 2.Ou 1.2v 100l .8v .7: .7.
AkwF1.77 1.2z 1.Ov .9 10 .9a .97

OESIGNJ 2.()u 1.25 1.0', .8u .75 .75
Av~rAtrE 1.77 1.3a 1.Oiiut a9 .5 $

OLVELOPmE'4T 2.00 1,25 1.00 .8u .75 .75

ItiT.G.ATIuN 1.2u 1.Iu t.Ov *0 sao .8,j
AVENAGE 1.54 1.3? 1.0y, *9z .0 .91

TEST & EvALwAT IwN 1.50 1.2(1 1.u.060 .7! .
4VErmAGE 1.7S 1.33S l.Oo C9b .97 1.00

lOCU4tNrArT',N u~ 6w" 1 .0 u 1. u 1. 00u l. 0u
A VEN A E 15 z 1.2.5 1 .0 .97 .90 1 . 0

RtPkO/,ISrAi.LATjO. 1.00u l.v.Ou 1.Oo I.Ou 10,1.00
AE&IE1.3,j l.1e l.Ou .90 1.Oo 110s
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IL. %E.rv 1T'"PMcr .iN 1tJANP.O.)Rs iRum A CMA.NGt IN TuE AIRCRAF1 TYE

Tytj nF AJlRCAArT

Su~vEiL-

L.ArnGu 0 " r F IGovR iLA.vC

AvExAGE i0 d l. 0v

A4,ZnAGE .01.02 1.00 1.11

AvERiAwE su8 1.0 1 1 .04) I Op-

ievTEGvA TIJN
AvExAGE .79 1.0,3 ll00 110?.

TtST & EVALJATulyI
AvEgxAGE .80 .9,4 1.00J 1.01

AvErEAGE *AO 1.Oe 1100(j9

AvEmAGE *.00 1.Ou 1.00 0q9

le. HEL.ArIvF IM4PACT VjN MAANMOUR.b FRUM A CHAvGk i N TH~E NumcER OF FIEL.DED SYSTEMS.

Numat8:Z OF FILj.Eu SYSTr.M*

t) uO 6i,0 1uou 20UQ

Rtum~ET uEvraM 1.00 1~v .Ou 1.sI .Ou 1.00

OESIGiv 1.00 1.Ou 1.Ou I.Ou 1.0lu
v E RA irE q 9 I Ov I.Ou 1.01 1 01

0iVL)Pm1Elv 1.00 1.O 1.001.0- 1.00
A~VERAGE *99 1.04) 1.04 1.01 1.02

Av~FmAGE 097 Qd1.01i 1101 1.0a

TQ.ST & tVALuATlu,'J I.Ou 1.00 1.Ou 1.Ou 1.Ou
AVEfqA4,E 096 9 1.00j 1.01 1.07

0CI.uE4T1IIN 1.00 1.0v 1.00 1.04) 1.00
4vEiiA6,E Q,4 l.Ou 1SOWD 1.01 1.01

Avlf~gAL.LL .6i .7n l.Ou 1.31 2.0d)
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i..kFL.ArtvE t.mPACr %jN FRUM A CmA-4k c IN CwF~t2LEXJTY.

L..CmPLEAITY 'RAT1Nts

Avn~, .73 .13 1.0v 1.57 .*

nE ivA VV0 U.v 41f

OE.VhLuPmEN~T .6v A8u 1.00 kr- -. j
AvEkiAtiE .51 .7, 1.00 2.1e 3.52

LTEGe A T I UN i' 1.00 +fT~ .0

kvEftAGE hu.8u 1.00 2.0, 3.33

TrST & tVALUATIuM~ .70 Atj I1.01i 1.2u
AvEmAtiE .6. .4 1.01) 1.711 2.81

DuCU#AtN1AlTLN Jurff _ 0iIvv -

REPtNO/I,(ALLATION 1.01 1.01) 1.0u 1.00 1.OU
.AvEkAbE Q7 qq1.00 1.0.3 I'll

i4.* rmLAIIvE IMPACf ON MANHOUR6 FqU*4 A CHA.'4Gt IN RATt UF CAiveGE.

ukATE OF CMANGE RATLN.

REUT9Et-E,,,b nEvT~w .3v Su 1.00 1.10 !.2v
AvEK~tE .746 .8e 1.0v 1.3c 1.90

OtSIGiv .60 .7z 1.00 mrft
AVERAGE .70 .844 1.Ou 1.54 2.27

DEVLLUPmENT b61 .75 1 Ou k1-9
4vEImA6E .7d .014 1.Ou 1.50 2.34

&.TEGptATIuK- .8u .~, 1.00 owm
AVErtAGE .60 .81 1.Ot, 1.50 2.37

* rjSr & tVALUA~TuN .60 .75 1 u"Zbr40
*I AvEKAGE ite Se~ 1.fu 1.50 .2

* %O9~PecO/1 4 3TALLATIO' 2 1O ,5b'0
AvEKA6iE .,b .74 1 .00 41A
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Ij. KW..hTIvE TmPACI ON CO.ST (NuT MANmOuR4) Fftfl. A CMANGE Ii, T 4t 4KILL L.EvEL P1I)

SKILL LEv~j mIx mArIWG

AvEmAGE . 1.7,3 I.Ou .81.6
%-.0* '7Zr .4-0

c. SI~s mr, 1.Oy ..&W
AvEmA~iE 3.1* 1.94 1.nlu .76 .58

Dt.VELJP,4 T i.- r"1.04) QV 0
AvEKAbiE 2.97 1.13d 1.Oy .77 .59

13.04 21.00 rS
T;4TEGkATIl'w1,O

AvE,(AGE 3.1i 2.A1 1.0y .77.6

Ttl& tvAL'JATiUN .O 1.50 1.00
AvEKAC3E 2., v 1.71 1.0v .82 .7u

DUCU,'e.NrTAIuN I-.r1100 n
,AvEAGE 2.15 1.47 1.Ou .8#3

% PkOihjSrALLATIOw 1.lu t.Ou 1.00 1.Ou 1.00
AvEpqAGE 1.51 1.2d 1.Ou q9b .93

Ia. %tLATIVr. I*4#ALT 064 .fAINJOURS FO# A CAAN&E r.o EFFICIiNCY, 11L.T IS, ThiE
QATIOj OF T'4E v'm~- OF CMANtiES COmPLETEO TO CmlA.GeS REQuEbTED. FUjR
ExA,4PLE, IF 100 CmiAiwG0 AEt iEwIJtsrEu, ~,IMT IS THiE RELATIVE IMPACT ON'
OANnOuRS IF lu (On 104) AdcRt. COM~PLETEU, 25 (ON iSA)? t.

FFFICIEi4CY NATItIG

,**.*** *******u ***,w**** **V** ***w*9**

46L PmASES .20 .bv l.Ou 1.20 I.5u
Av~qAGr_ 135. .0v 1.59 2.4.j
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APPENIX H

F - IIF

(OP) NAVIGATION wEAPON DELIVERY

SREAK DOWN OF ANNUAL COSTS (19R1S)
HISTORICAL SYSTrm

YEAR 1991

TOTAL ANNUAL COST 13277969.

TOTAL LABOR 578679.
DIRECT LABOk 503468,

REQUIREiNTS REVIEA 33963.
DESIGN 56380.
DFVEbnPHERT 56375.
INTEGRATION 85937.
TEST AND EVALUATION 100767.
DOCUAFNTATTOH 54849.
REPRODUCTION/TNSTALL 12274.
SUPPORT SOFTWARE 102916.

INDIRECT LABOR 75211.
SUPERVISIOU 47711.
ADMINISTRATION 27500.

TOTAL SUPOCRT EQUIPRENT 12699290.
DIDRECT 7567940.

HARDwAR 5079100.
SUPPORM SOrTWARE 2343800.
TEST &IRCRA77 TIM! 144000.
REPRODUCTION 20A0.

nE'EPAL 5131350.
FACILITY 29716.
UTILITIES 2622.
FTIRISHINGS 612.
MATTRTALS & SUPPLIES 6300.
CnmPUTEDS/TTRMINALS 14000.
HARDwARE MAINTENANCE 5079110.
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APPENDIX B

F - iIF

(UUP) NAVIGATION WEAPON DELIVEPY

EO@IVATI()N CF DIRECT LAoMR COSTS 8Y GRAD7
91STOJICAL SYSTEM

YEAR 10 dl

NULst.P OF COST PER COST PER DIRECT LABO$
PHAXE GRADE MANMORTUS KANVOWTH GOADE COST

1. kFOUIPNMENTS REVE19 33963.
SinLl 1.00 2969. 2969.

GS-13 n.07 4390. 293.
0-3 1.00 3168. 3168.
CNTR 3.93 7000. 27533.

2. CESIGN 5638b.
GS-11 1.13 2969. 3365.

0-3 0.53 3160. 169M.
CmTR 7.33 7000. 51333.

3. DvFtLOPMENT 56375.
G3-11 1.20 2969. 3563.
0-3 0.47 3166. 1478.
CNTR 7.33 7000. 51333.

4. IPTEGRATION 85937.
GS-1l 1.00 2969. 2969.
0-3 1.00 3168. 3168.

CNTR 11.40 7000. 7900.
S. TTST A n EVALUATION 100747.

GS-lt 2.00 2969. 5930.
13-13 0.07 4390. 293.

0-3 2.00 3168. 6336.
CNTR 12.60 7000. 88200.

S. DOCUmrN1ATION 54849.
GS-11 t.33 2969. 3959.
n-3 1.33 3166. 4224.
CNTR 6.67 7000. '6667.

7. EPQO/INSTALLATTOR 12274.
C:S-ii 2.00 2969. S93.
0-3 2.00 3168. 6336.

a. SUPvcPT sofTwArE 1U2916.
GS-Ll 1.33 2969. 3959.
0-3 1.33 3168. 4224.
rNTR 13.53 7000. 94733.

TOTAL v3.60 6045. 503464. 503468.

qOTE: ACTUAL 6BLOCX CHANGE LlNG m 1S 18 mnTHS
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APPENDIX H

F - JJiP

C"Vp) NAVIGATIUJ wEAPON DELIVERY

DERIVATIONI OF ANNUAL INDlIRECT L.ABOR ClST5 C(1941S)
HISITORICAL STSIEE

YEAH~ 1981

SUPEPV TSICN

Ml1ECT ANNUALIZED 0N-SITE 4ANOONTH'S X SUPERV13M RATIO 2 SUPjPVISMN AMJMONTHF
83.60 x 0,13 a lfl.87

SUPERVISION MANhONThS X COST/MANMOJT 2 SUPEOV!5TON COST
10.97 X 4390. a 47711.

&OMIRISTRATIVE

DIOLCT AtNUALLZUD 0t4.STTE MANMOOTHS X ADUNSTIVE RAIfl a AOMuSTIVE 'dANMOt4TmS
83.60 X 0.13 a 36

AC'ONSTTVE MANNON~THS X COST/MANNOPJTH X AD" COOP-FACT' z ADNNSTIVE COST
n.7x 1847. x 1.370 a27500.

TOTAL~ TNIPEZCT LABOR

SUPEPVTSTO4 + ADRIMISTRAIVE z INIRECT LABOR COSTS
47711. + 27500. z 75211.

147



Page 5 of 49

4PPENDIX H

F - 11IF

{OP) NAVIMATION WAPON OELIVERT

DEJRVATtON OF ANNUAL DIRECT SUPPORT EOUIPUENT COSTS (19S13)
41STnPICAL SYSTEM

YEAH 1961

TGUIPMENT

HAKDwARF SUPPORT SOFTWARE TOTAL

INTTIA, COST (1991S) 50781000. 23438000. 74219000.
COST (19LRS) 507RIO00. 23438000. 74219000.
EXPECTED SYSTEM LIFE 10 10 in

ANNUAL EOUIPmENT COST 5078100. 2343800. 7421900.

TEST AIRCRAFT/TIIE

AhNUAL T&E MANVONTH5 X 144 2 ANNUAL T&E VANNOURS
16.OR X 144 a 2400.00

ANNUAL TAE MANHUURS X UT RATZO a TEST ArRCRAFT HOURS
2400.U0 X 0.030 2 72.00

TEST ATRCRAFT HOURS X COST/HnUR a ANNUAL AIRCRArT/T? E COST
72.00 X 2000. g 144000.

RPRODUCTION

RUMBER OF Fl1LDED SYSTEMS X NED REP-FACT X COST/REPRn 2 REPRODUCTION COST
90 X 2,000 x 17.00 = 30bO0

RFPREIDUCTION COST X 12 / BLOCK CHARGE LENGTH v ANNUAL REPRODUCTION COST
3060. X 12 / 19 a 2040.

DI'rT SUPPORT OUIPMENT COSTS

DZECT hARDARr COST 5078100.
VIPECT SOCTARE COST 2343800.
AIRCRAFT/TTME COST 144000.
REPRODUCTION COST 2040.

DIPECT SUPPORT £OUIPENNT COST 7567940.
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APPENDIX H

F - 111F

(OFV) NAVTGATION WEAPOh DFLIVTRY

DERIVATTON OF ANNUAL GENERAL SUPPORT rOUIPMET COSTS (1981S)
RISTORICAL SYSTEm

YEAR lQ8I

PEOPLE kEGUIRED

REnUIRED ANNUAL Ob-SITE MANMONTHS / t2 a NO. OF DIRECT SUPPORT PEOPLE
83.60 / 12 a 7

ANNUAL SUPERVISION MANOONTHS / 12 z NO. OF SUPERVISORS
10.97 / 12 z 1

ANNUAL ADOINISTRATTVE MANMONTHS / 12 z aN. OF ADOINISTRTRS
10.87 / 12 1

NO. OF DIRECT SUPPORT PEOPLE 7
NO. OF SUPFRVISORS I
NOC. OF ArNTNISTRATORS I

4C. OF PEOPLE 9

FACILITY

DIPECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON U REG. WORXING SPACE
7 X 275. - 1925.00

CSUPERVSRS + ADMISTRTRS) X REQ. SUPERVISORY SPACE/PERSON 2 ADDITIONAL SPACi
C 1 1 .x 130. 2 260.00

*EnUIRED *nRKIG SPACE + ADDITIONAL SPACE a TOTAL SPlC-
10 25.0u + 260.00 a 2195.00

TOTAL SPACE X COST/SQUART FOOT S FACTLITY COST
2165.00 X 136.00 a 297160.

rACILITY COST / EXPECTED SYSTEV LIFE a ANNUAL FACILITY CnST
207160. / 1 z 29716.

UTILTTTES

TOTAL SPACE X COST/SQUARE FOOT s uTILITY COST
2145.00 x 1.20 a 2622.
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F - 111F

(OFv) NAVIGATION WEAPO* OFLIVERY

DEPIVATIOP OF ANNUAL GENERAL SUPPORT FOrhIDMENT COSTS r1901S)
RISTORICAL SYSTEM

YEAR 1991

FUPNTSPI4GS

TLTAL PERSMNS X INITIAL COST/PERSON a INITIAL TURNISHZPGS COST
9 X 630. a 6120.

TNTTTAL UNRNISHINGS COST / EXPECTED SYSTEM LIFE x ANNUAL FURNISHINGS COST
6120. / 10 * 612.

MATEPIALS AND SUPPLIES

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

COMPUTERS/TERMINALS

4C. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON 2 INITIAL COUP TrRm COST
7 X 20000, 140000.

TNITIAL, COOP TERO COST / EXPECTED SYSTEM LIFE a ANNUAL COMP TERM COST
140000. 1 0 x 14000.

uARDwARE mAINTENAmCE

RARDwARE COST (1981S) X MAINTENANCE RATIO 2 ANNUAL NARDWAR7 MAINTENANCE COS
5079t000. X 0.10 = 507R100.

WENERAL SUPPORT EQUIPMENT COST

FACILITY COST 29716.
UTILITY COST 2622.
WrPNISMINGS COST 612.
MATERIALS A SUPPLIES COST 6300.
r0mPUTERS/TEPMINALS COST 14000.
mAPOWAPE RAINTENaNCE COST 5079100.

;E;RAL SUPPORT EQUIPMENT COST 5131350.
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APPENDIX H

ALQ - 131

(Eu) JAMMER

BREAK DOuN OF APN(IAL COSTS (198151
HISTORICAL SYTEM

Y!AR 1981

TOTAL ANNUAL CnST 031074.

TOTAL LABnR
DIRECT LASOR 172956. 211064.

REGUIR£ENTS REVIEw 11542.
DESTGN 18694.
DEVFLOPUEVT 19694.
IN'TGRATION 18694.TES? IND IVALUATION 47302.DOCUAENTATION 40150.
RfPRODUCTTON/INSTALL 7152.
SUPPORT SOrTWARE 10721.rNDIPECT LAbOR 

38108.
SUPERVISION 26823.
ADOUTTSTRATION 11215.

TOTAL SUPPORT EOUTPMENT
DIDECT 491526. 620010.

HARDwARE 54600.
SUPPORT SOfT~WARE 244600.
TTST 4IRC ArT TIME 187200.REPRODUCTION 1126.GENERAL 

128484.
F&CLITY 924d.UTILZTIrS 1632.7Up"ISHINeS 204.
MATERIAS & SUPPLIES 420u.COMPUTEPS/TTRMINALS 4000.
HARnwARE mAINTEMANCE 109200.
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APPENDIX H

ALQ - 131

(EW) JAMMER

DERIVATION OF DIRECT LABnR COSTS BY GRADE
HISTORICAL SYSTEM

YEAR 1981

NUMBER OF COST PER COST PER DIRECT LABOF
PHASE 4RADE MANMONTMS MANMOHTP GRADE COST

1. REGUIRE"ENTS REVEIW 11542.
GS-12 2.00 3576. 7152.
GS-13 L.00 4390. 4390.

2. DESIGN 18694.
G3-12 4.00 3576. 14304.
GS-13 1.00 4390. 4390.

3. DEVELOFUET L8694.
CS-12 4.00 3576. 14304.
GS-13 1.00 4390. 4390.

4. INTTGRATION 18694.
G.S-12 4.00 3576. 14304.
CS-13 1.00 4390. 4390.

S. TEST AND EVALUATION 47302.
GS-12 12.00 3576. 42912.
GS-13 1.00 4390. 4390.

6. DQCU ENTATION 40150.
GS-I 10.00 3576. 35760.

CS-13 1.00 4390. 4390.
GS-12 2.00 3576. 7152.

R, SUPPORT SOFTWARP 10728.
GS-12 3.00 3576. 10728.

TOTIL 47.00 3638. 172956. 172956.

4OTE: ACTUAL BLOCX CRANGE LENGTH IS 12 MOWTHS

153

1 9 .5

C-- ~ -4



Page 11 of 49

APPENDIX H

ALQ - 131

(EW) JA'4"ER

DERIVATION OF A1NUAL INDIRECT LABOR COSTS (1981S)
HiISTORICAL SYSI'EN

YEAR 1981

SUEVTSTON

DIRECT ANNUALIZED ON-SITIE mAMONTHS X SUPEPVISN RATIO 2SUPERVISN MAMMpON'rHE
47.00 X 0.13 s6.1!

SUDEPVTSION MAMMN~qTHS X COST/MAMMONTH z SUPERVISION COST
6.11 x 4390. a26823.

AOMI5JISTRATTVE

orPEC? ANNUALIZED ON-SITE MAMMONTHS X ADMNSTIVE RATIO 2 ADUNSTIVE "MNONTHS
47.00 X 0.13 a 6.11

ACONSTTVE MANMONTHS X COST/MNMO'ITW X ADM COMP-FACT aADMNST!VE COST
8.11 x 1947. X 1.000 211285.

* ?09'.? INDIRECT LA80R

SUPERVISTOE 4 ADKINISTRATIVE x iNDIRpCT LABOR COSTS
7tR23. + 1.12e5. x 38104.
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APPENDI7 H

ALQ - 131

DERIVATTON OF ANNUAL DIRECT SUPPOPT EnUIPMENT COSTS (1981S)
HISTORICAL SYSTV'

YEAR 1981

SQUIPMRNT

HAPDoARE SUPPORT SOFTWAPE TOTAL

TNTTTAI. COST (19R1S) 1092000. 497200. 6064000.
CCST C1981S) 1092000. 49T2000. 6064000.
FXPECTED SYSTEM LIVE 20 20 20

ANNUAL EQUIPMENT COST 54600. 248600. 303200.

TEST ATRCRAFr/TIUE

ANNUAL T&E MANMONTMS X 144 : ANNUAL T&Z MANHOURS
7.81 X 144 z 1872.00

ANNUAL T&E MANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
1872.00 X 0.050 2 93.60

TEST AIRCPAFT HOURS X COST/HOUR 2 ANNUAL AIRCRAFT/TIME COST
p3.60 X 2000. 1. 17200.

REPRODUCI'ON

NUMBER 0F FIr7LED SYSTEMS X MED REP-$ACT X COST/PEPRO 2 REPRODUCTION COST
26d X 0.120 X 35.00 : 1126.

REPRODUCTION COST X 12 / BLOCX CHANGE LENGTH a ANNUAL REPRODUCTION COST
112b. X 12 / 12 = 1126.

TRTECT SUPPCPT £OifPwET C STS

pIpECT HARDWARE COST 54600.
OIPECT SOFTWARE COST 248600.
AIPCPAPT/TTME COST 187200.

* REOPODUCTION COST 1126.

DIRECT SUPPORT E3UIPMET COST 49152,
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APPENDIX K

ALQ - 131

(El) JAMMEp

DERIVATION OF ANNUAL GE4EPAL SUPPORT COUIPMENT COSTS (1981S)
:TSTORTCAL SYSTEm

YEAR 1981

DE )PLE EQUIREt~

REQUIRED ANNUAL ON-SITT ANMONThS / 12 = NO. OF DIRECT SUPPORT PEOPLE
47.00 / 12 4

ANNUAL SUPFRVISION M&NMORTHS / 12 a NO. OF SUPERVISORS
6.11 / 12 a I

ANNUAL ADMINISTRATIVE MANMONTNS / 12 a NO. OF ADPINZSTPTRS
6.11 / 12 = 1

NC. OF DIRFCT SUPPORT PEOPLE 4
NO. OF SUPERVISORS 1
NO. OF ADMINISTRATORS 1

n eeeeelqDmq i nqde e a~ 0 falm

NO. OF PEOPLE 6

FACILITY

DIRECT SUPPORT PCOPLF X REQ. TECHNICAL SPACE/PERSON 3 REG. WORKING SPACE
4 x 275. I 110000

(SJPERVSRS o.ADPNSTRTRS) X REQ. SUPERVTSnRY SPACE/PERSON = ADDITIONAL SP&CF
C 1 * I )X 13'- = 260.00 -

REOuIREO wORKIUG SPACE + ADDITIONAL SPACE w TOTAL SPACE
1100.00 + 260.00 1360.00

TOTAL SPACE 2 COST/SQUARE FOOT 3 FACILITY COST
1360,00 x 136.00 1 1'4960.

FACILITY COST / EXPECTED SYSTEM LIFE • ANNUAL FACILITY COST

194060. / 20 9248.

UTILTTTES

TCTAL SPACE X COST/SQUAAE rOOT : UTILITY COST
1360.0n x 1.20 a 1432.
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ALQ - 131

CE~W) JAPMER

CFRTVATICW OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (19ilS)
IIISTe'MZCAL SYSTEM

YEAR 1991

rupkIsmimcs

TCTAL PEPSONS X INTTTAL COST/PERSON a INITIAL FURNISHINGS COST
6 X 680. z 4000.

TNTTIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL rURNISHINGS COST
4080. / 20 = 204.

"AEqIALS ANO SUPPLIES

TOTAL PERSONS X COST/PERSON z MATERIALS & SUPPLIES COST
6 X 700.. a 4200.

COMPt'TERS/TEPMTNALS

NC. DIPECT SUPPORT PEOPLE X INITIAL COST/PERSON = TJITIAL COMP TER" COST
4 x 20000. 9 90000.

IrITIAL COMP TERM COST / EXPECTED SYSTEM LIFE a ANNUAL COMP TERN COST
00100. / 20 = 4000.

PARDWAPE NAIRTENANCE

MAODWARE COST (198!S) X VAINTENANCE RATIO 3 ANNUAL HARDWARE MAINTENANCE CO.
109200. x 0.10 3 109200.

GE'4£PAL SUPPORT EQUIPMENT COST

FACILITY COST 9246.
UTILITY COST 1632.
FUPNISMINGS COST 204.
MATERIALS A SUPPLIES COST 4200.
COMPUTERS/TEPbrNALS COST 4000.

4 ADWAP mAxINTNANCE CVST 109200.

GENEVAL SUPPORT EQUIPMENT COST 128484.
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APPENDIX H

F-16 FCC

(.OFP) Fire Control

Historical System
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APPENDIX H

F-16 FCC

(OF2) FIRF CUTROL

SPEA6 DOwN OF ANNUAL COSTS (1981S)
HISTORICAL SYSTEM

YEAR 1981

TOTAL ANNUAL COST 2339587.

TOTAL LABOR 402587.
DIRECT LABOR 326371.

RCQUIREPENTS REVIEW 57715.
DESIGN 4R98.
DEVELOPPENT 38643.
INTPGRATION 21189.
TEST A14 EVALUATION 45029.
DOCUMENTATION 26816.
RtPRODUCTTOX/INSTALL 1668.
SUPPORT SOFTWARE 86323.

INDIRECT LABOR 76216.
SUPERViSION 53646.
ADMINZSTRATION 22570.

TOTAL SUPPORT EOUIPMENT 1937000.
DIRECT 788493.

HARDWARE 447400.
SUPPORT SOFTwARE 223720.
TEST AIRCAFT TTNE 10440.
REPPODUCTION 7933.

GENERAL 1148506.
FACILITY 13382.
UTILITIES 2952.
FURNISHINGS 272.
MATERIALS & SUPPLIES 7000.
Cf"PUYERS/TERVINALS 6400.
MARD.ARE 4ATTEPANCE 111sn0.
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APPENDIX H

F-16 FCC

(OFP) FrRF CONTROL

DEPIVATION OF DIRECT LABOR COSTS BY GRADE
HISTORICAL SYSTEw

TEAR 1991

NUMBER Or COST PER COST PrR DIRECT LABOF
PHASE GRADE MANNONTHS MANPORTM GRADE COST

1. RFQUIREMENTS REVEI 57715.
6-11 4.00 2969. 1l876°

GS-12 12.00 3576. 42912.
G3-13 0.67 4390. 2927.

2. CESrIGN 48998.
GS-11 2.67 2969. 717.
GS-12 10.67 3576. 38144.
GS-13 0,67 4390, 2927.

3. DEVELOPMENT 38643.
Ga-Il 4.00 2969. 11876.
G3-12 6.67 3576. 23840.
GS-13 0.67 4390. 2927.

4. INTEGRATInN 21199.
GS-11 1.33 2969. 3959.
G3-12 4.00 3576. 14304.

5. T-ST AND EVALUATION 4S13 0.67 4390. 2927.S. TST AD E~bUAZON45029.

GS-11 1.33 2969. 3959.
GS-12 10.67 3576. 38144.
G3-13 0.67 4390. 2927.

S. DOCUNTNTATION 26816.
as-9 1.67 2502. 1668.
ca-11 2.67 2969. 7917.
63-12 4.00 3576. 14304.
G3-13 0.67 4390. 2927.

7. REPPG/INSTALLATTON 1668.
GS-9 0.67 2502. 1668.

q. SUPPORT SOFTARE 86323.
G3-11 4.00 2969. 11976.
63-12 20.00 3576. 71520.
63-13 0.67 4390. 2927.

TOTAL 94.00 3325. 326371. 326371.

NOTE: ACTUAL BLOCK CHANGE LENGTH 15 16 MONTHS
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APPENDIX H

F-16 FCC

carp) FIRE CONTROL

DFRIVATION Of ANNUAL INDIRECT LABOR COSTS C1901J
MISTMRICAL SYSTEW

YEAR 1991

SLPEPVTSION

DIRECT ANNUALIZED ON-SITP MANNONTHS X SUPERVISH RATIO : SUPERVISN MANoOIUTH.
94.00 x 0.13 2 12.22

SUPERVTSTON mAMPONWS X COST/MANMONTH v SUPERVISION COST
12.22 X 4390. a 53646.

&OUINISTRATIVE

DIRECT ANNUALIZED ON-SITE MANNONTHS X ADUNSTIVE RATIO = ADMNSTIVE MANNONTHS
94,00 X 0.13 x t2.22

ADMUSTIVE MANONTHS X COST/MANMONTH X AOM COPP-FACT a ADMNSTIVE COST
12.22 x 1347, - X 1.000 x 22570.,

TOTAL IhOIPECT LABOR

SWEPRVISION + IDNIVISTRATIVE x INDIRECT LABOR COSTS
53646. * 22570. * 76216,
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APPENDIX H

F-16 FCC

(OFP) FIRE CONTROL

DERIVATION OF ANNUAL DIRECT SUPPORT LOUTPUENT COSTS C1901s)
HISTORICAL SYSTEw

YEAR 1981

I !OUIPP'ENT

HARDWARE SUPPORT SOFTWARE TOTAL

TNITIAL COST (1981S) 12"18S000. 5593000. 16776000.
CCST (1991S) 11195000. 5593000. 16774000.
EXPECTTD SYSTEM LIFE 25 25 25

ANNUAL EOUIPMENT COST 447400. 223720. 671120.

TEST ATRCPAFT/TIME

AftNUAL T&E MANMONTHS X 144 a ANNUAL TZE MANHOURS
19.25 X 144 a 1824.00

ANNUAL T&C PANHOURS X T&E RATIO w TEST AIRCRAFT HOURS
1824.00 X 0.030 a 54.72

TEST AIRCRAFT HOURS X COST/HOUP 2 ANNUAL ArRCRAFT/TINE COST'
54.72 X 2000. w 109A40.

DEPRODUCTION

NUMBER Of FIELDED SYSTEMS X MED REP-FACT X COST/REPRO a REPRODUCTION COS'
350 X 2.000 X 17.00 a 11400.

REPRODUCTION COST X 12 / BLOCK CMANGE LENGTH • ANNUAL REPRODUCTION COST
11900. X 12 / 1 s 7933.

DIRECT SUPPORT EQUIPMENT COSTS

DIRECT HARDwARE COST 447400.
nIRECT SOFTUARE COST 223720.
AIRCRAFT/TIME COST 109440.

+ REPRODUCTION COST 7933.

DIRECT SUPPORT EQUIPMENT COST 789493.
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F-16 FCC

(Orp) -FIRE CONTRnL

DERIVATION OF ANNUAL GENEPAL SUPPORT EQUIPMENT COSTS (19 Is)
RISTORICAL SYSTEm

YEAR 1481

DEOPLE REQUIRLD

REOUIRED ANNUAL ON-SITE MANMONTmS / 12 a NO. OF DIRECT SUPPORT PEOPLE
94.00 / 12 a a

ANNUAL SUPERVISInN MANUORTHS / 12 a MO. OF SUPERVISORS
12.22 / L2 s I

ANNUAL ADMINISTRATIVE MANMONTHS / 12.s NO. OF AOMINISTPTRS
12.22 / 12 z I

NC. OF DIRECT SUPPORT PEOPLE a
4O. OF SUPERVISORS I

* NO. OF ADMINISTRATORS I

NO. OF PEOPLE 10

rACILITY

DIRECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON REQ. WORKING SPACE
9 X 275. a 2200.00

(SUPERVSRS + ADMNSRTRS) X kEO. SUPERVISORY SPACE/PERSON a ADDITIONAL SPAC
1 I ) x 130 260.00

REOUTRED OORFING SPACE + ADDITIONAL SPACE a TOTAL SPACE
22U0.00 + 260.00 • 2460.00

TOTAL SPACE X COST/SQUARE FOOT • FACILITY COST
2460.00 x 136.00 a 334560.

FACILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
334560. / 25 * 13382.

ITTLITTES

TOTAL SPACE X COST/SQUARE FOOT a UTILITY COST
2460.00 X 1.20 * 2952.
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F-16 FCC

(OFP) FIRE CONTROL

VERTiATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981S)
HISTORTCAL SYSTEMYEAk 1981

T UPNISHINGS

TOTAL PERSONS X TNTTTAL COST/PERSON = INITIAL t"URNISHINGS COST
10 X 600. u 6900.

TNITTXL FUNRUISHINGS COST / EXPECTED SYSTEM LIFE a ANNUAL FURNISHINGS COST
6800. / 25 u 272.

MATERIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
in X 700. 7000.

CONPUTERS/TERN IkALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON a INITIAL COOP TERN COST
4 X 20000. 3 160000.

INTTTAL COUP TERM COST / EXPECTED SYSTEM LTFE ANNUAL COMP TERM COST
160000. / 25 3 6400.

HARDWARE MAINTENANCE

* HAPDWARE COST (19911) X MAINTENANCE RATIO a ANNUAL HARDWARE MAINTENANCE COS
11185000. X 0.10 a 1119500.

GENERAL SUPPORT EQUIPMENT COST

rACILITY COST 13382.
ITILITY COST 2952.
rUPNISNINGS COST 272.
NATERIALS & SUPPLIES COST 7000.
CONPUT!RS/TEPNZNALS COST 6400.
HARDWARE MAINTENANCE COST 1115s00.

nEYERAL SUPPORT EOIfI'mENT COST 114850A.
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APPENDIX H

ALR - 62

(EW) Receiver

Historical System
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APPENDIX H

ALR - 62

(eW) kECEIVER

BREAK DOWN OF ANNUAL COSTS (1981S)
*HISTORICAL SYSTW4* ~YEAR 19RI

TOTAL ANNUAL COST 1161813.

TOTAL LAbOR 254877.
DIRECT LABOR 217255.

RFQUIREMENTS REVIFw 7152.
DESIGN 53150.
DEVELOPMENT 54997.
INTEGRATION 31998.
TEST AND TVALUATION 17846.
DnCUMTNTATION 17$46.
RFPRODUCTION/INSTALL 5423.
SUPPORT SOFTwARE 2844.

TNDIRECT LABOR 37621.
SUPERVISION 25682.
ADMINISTRATION 11939.

TnTAL SUPPORT EOUIPmENT 90*936.
DIRECT 7088U0.

HARDwARE 165400.
SUIPPORT SOFTWARE 101do0.
TEST AIRCRAFT TTA4E 72000.
mEPRODUCTTON 3600O.

GENERAL 196136.
-FACILITY IR496.

UTILITIES 1632.
iFURNISHINGS 40W.

MATrRIALS & SUPPLIES 4200.
CONPUTERS/TEROINALS 00,

t HARdwARE mATi4TENANCE 16540U.

I
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APPENDIX H

ALR - 62

CEW) RECEIVER

DEPIVATION OP DIPECT LA8nR COSTS BY GRADF
HISTORICAL SYSTE%

YEAR 191

NUMAEP OF COST PER COST PFR DIRECT LABOP

PWASE GR40F MANUORTHS MANMONTH GRADE COST
a- - ---- -- - - -- - - - --- - - --

1. 0rOUiREMENTS REVEIa 7152.
r5-12 2.00 3576. 7152.

2. DESIGN 53150.GS-7 2.n(. 1847. 3694.
GS-12 6.00 3576. 21456.
CNTN 4.0U 7000. 2ho~fn.

3. OFVELOPMENT 54997.

GS-7 3.00 1847. 5541.
GS-12 6.00 3576. 21456.
CNTR 4.00. 7000. 29000.

4. INTFGRATION 31998.
(5-7 2.0U 1847. 3694.
GS-12 4.0U 357b. 14304.
C1TR 2.00 7000. 14000.

S. T!sT ANn EVALUATION 17846.
GS-7 2.00 1847. 3694.
G3-12 2.00. 3576. 7152.
CNR 1.00 7000. 7 00.5

6. OOCU4gNTATI'N 17 46.

GS-7 2.00 1847. 364.
GS-12 2.00 3576. 7152.
CNTR 1.00 7000. 7000.

7. RPPRO/IT'STALLATION 5423.
GS-7 1.00 1847. 1847.
GS-12 1.00 3576. 3576.

9. StLPPOPT SnFTWAE 28844.
,S-7 4.00 Iu47. 718A.
(S-12 6.00 3576. 21456.

TOTAL 57.00 3844. 2'7256. 217256.

4,oPL? ACTUAL BLOCX ("ANGE LLNGTH IS 12 1ONTHS
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APPENDIX H

ALR - 62

(SA) RECEIVTR

UERIVATION OF ANNIJAL INDIRECT LABOR COSTS C1981S)
HISTnRTCA! SYSTEM

YEAR 1981

SUPERVISTON

MIRFCT ANNIALIZED ON-SITE MA'4ONThS X SUDFPVISN RATIO = SUPWPVISN MANMONTHS
45.00 x 0.13 = 5.85

SUPERVISION MANPONTHS X COST/MANMONTP = SUPERVTSION COST
S.85 X 4390. z 25682.

AOOINISTRATIVE

DIRECT ANNUALIZED ON-SITE MAMmOWTHS X ADMNSTTVE PATIO 2 ADNNSTIVE MANMONTHS
45.00 X 0.13 = 5.85

ADONSTIVE MANONTHS X COST/shauNT4 X kOm CUmP-F&CT c AOmNSTIVF COST
5.85 x 1847. X 1.105 = 11939.

TOTAL INDIRECT LABOR

SUPERVISION + ADMINISTRATIVE a INDIRECT LAROR COSTS
25682. + 11939. = 37621.
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APPENDIX H

ALR - 62

(CW) NECE2VEQ

DERIVATION OF ANNUAL DIRECT SUPPORT EQUTPvENT COSTS (1991S)
HISTORICAL SYSTEv

YEAR 19b1

QO UIPONT

HARDwAHF SUPPORT SOFTWARE TOTAL

INITIAL COST (1991S) 16540,. 101--0 oO. 2672000.
rtST (1981S) 1654000. 1018000. 2672000.

FXPECTED SYSTEM LIFE 10 10 10

ANN4AL £OUIPmNT COST 165400. 101600. 267200.

TEST AIRCRAFT/TIME

INNUAL TrE MANMONTHS X 144 = ANNUAL T&F 4ANHOURS

2.21 X 144 = 720.00

ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
720.00 x 0.050 = 36.00

TEST AIRCRAFT HOURS X COST/HOUP = ANNUAL AIRCRAFT/TImE COST
36.00 X 2000. = 72000.

REPRODUCTION

FUM6ER OF FrFLDED SYSTEMS X MED PEP-FACT X COST/PEPRO REPRODUCTION COST

300 x 61.600 x 20.00 = 369600.

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

369600. X 12 / 12 = 369600.

0IPECT SIUPPOPT EnUIPMENT COSTS

DIRECT HARDWARE COST 165460.
OIRECT SOFTWARE COST 101000.

4IQCRAVT/TINE COST 72000.
* FPtPnDUCTION COST 369600.

rIPErT SUPPORT EQUIPMENT COST 70P800.
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APPENDIX H

ALR - 62

(EW) RECEIvER

DENIVATION OF ANNUAL GENERAL SUPPORT rQUIPMNT rOSTS C19q8S)
HISTORICAL SYSTE M

YEAR 1981

PEnPT, F REQUIRED

PEOUTRED ANNUAL ON-SITE MANMONT4S / 12 z NO. OF DIRECT SUPPORT PEOPLEF
45.00 / 12 = 4

ANNUAL SUPERVISION MANMONTHS / 12 = NO. OF SUPERVISORS
5.85 / 12 = I

ANNUAL ADMINISTRATIVE MANMONTHS / 12 = NO. OF AOmINISTPTRS
5.85 / 12 = 1

4O. OF DIRECT SUPPORT PEOPLE 4
NC. OF SUPERVISORS I
NO. OF ADmTSITRATORS I

NO. OF PFOPLF 6

FACILITY

DIRECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON REQ. 4ORKING SPACE
4 X 275. : 1100.00

(SUPERVSRS + ADMNSTRTRS) X REG. SUPERVISORY SPACE/PERSON AODITIONAL SPACE
1 1 ) X 130. 260.00

PEOUTRED wORKING SPACE + ADDITIONAL SPACE = TOTAL SPACE

1100.00 + 260.00 = 1360.00

TOTAL SPACE X COST/SQUART FOOT = FACILITY COST
1360.00 X 13A.00 = 18496n.

fACILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
1R49bO. / 10 - 14496.

UTILITTES

?TTA[, SPACF X COST/SGUARE FOOT = UTILITY COST
1360.00 X 1.20 = 1632.
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ALR - 62

(EW) RECEIVFR

DERIVATTON OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (198tS)
HISTORICAL SYSTEV

YEAR 19VI

FURNTSHINGS

TOTAL PERSONS X INITIAL COST/PERSON = INTTTAL FURhISHINGS CuST
6 X 680, = 4080.

rIhTIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE = ANNUAL FURNISHINGS COST
4080. / 10 - 408.

WATEPIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON MATERIALS A SUPPLIeS COST
6 X 700. - 4200.

CO"PUTERS/TERMINALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/PFRSON : TNITIAL CuPP rEwm COST
4 X 200o0. 410000.

TpiITTAL COMP TERM COST / EXPECTED-SYSTFM LIFr x ANNUAL COMP TERm COST
80000. / 10 8000.

4ARUWARE MAINTENANCE

HARDWARE COST (19815) X MAINTENANCE RATIO x ANNUAL HARDWARE MAINTENANCE Cal

1654000. x 0.to = 165400.

rEVEPAL SUPPORT FOUIPMENT COST

FACILITY COST 18496.
UTILITY rOST 1632.
FuRNISHINGS COST 408.
MATERIALS & SuPPLIES COST 4200.
CrUMeUTERS/TEP INALS COST 8000.
&HARDWAnE MAINTENANCE COST 165400.

- - - ------------------- -- ------------
GENERAL SUPPORT EQUIPMRENT COST 148136.
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APR - 38

(EW) Integrated System

Historical System
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APPENDIX H

APR - 38

(CO) TNTEC.RITFD SYSTEN

BREAK 0ON OF ANN4UAL COSTS C1482s)
HISTOQXCAL SYSTTm

YEAP 1991

TOTAL ANNUAL COST 241292u.

TOTAL LABOR 298793.
NIRECT LABOR 227972.

REUIQEMENTS REVIEW 21670.
OCSIGN 37969.
DEVELOPMENT 34293.
INTEGRATION 30336.
TEST AND EVALUATION 64079.
DOCUMFNTATION 31725.
REPRODUCTTO/ItNSTALL 0.
SUPPORT SOFTWARE 0.

TNDIDECT LABOR 6Susi.
SUPERVISION 42803.
AOI!NISTRATIO% 19009.

ICTAL SUPPORT EQUIP4ENT 2124137.
DIOECT 1644787.

HAIwARE 426100.I SUPPORT SOT WARE 426200.
TTST 41QCPATT TTME 792000.
REPRODUCTTON 4@7.

GYEVEAL 479350.
FACILITY 29716.
UTILITIES 2o22.
FlIPR1SHTNGS 612.
NATrRtALS & SUPPLIES 6300.
COOPUTEPS/TERMINA.S 14000.
HAKDwARE mATNTEtANCr 426100.
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APPENDIX H

APR - 38

(EW) IqTEGRATED SYSTEM

DERIVATION OF DIRECT LA8OR COSTS BY GRADE
HISTORICAL STSTEM

YEAR 1941

NUMPER OF COST PER COST PER DIRECT LABOF
PHASE GRADE MANMONTS MANPONT14 GRADE COST

1. REQUIREUEMTS REVEla 21670.
GS-9 2.00 2502. 5004,
GS-11 2.00 2969. 5938.
GS-12 3.00 3576. 10728.

2. OESIGN 37869.
G-9 3.00 2502. 7506.
G3-11 3.00 2969. 8907.
r.3-12 6.00 3576. 21456.

3. DEVELOPUEXT 34293.
GS-9 3.00 2502. 7506.
G3-11 3.00 2969. 9907.
GS-12 5.00 3576. 17890.

4. IMT GRATION 30336.
GS-9 2.00 2502. 5004.
GS-1! 4.T0 2969. 11676.
G3-12 6.00 3576. 21456.

1. TEST AND EVALUATION 64079.
S9 6.00 2502. 15012.

GS-11 3.00 2969. 6907.
GS-12 q.00 3576. 32184.
0-1 4,00 19q4. 7976.

S. DOCUORNTATION 31725.
GS-9 2.00 2502. 5004.
43-11 9.00 2969. 26721.

7. PTPRO/ImSTALLATTON 0.
0. SUPPORT SOFTWARE

TOTAL 75.00 3005. 227972. 227972.

40TE: ACTUAL BLOCK CHANGE LENGTH 1S 12 mONTHS
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APPENDIX H

APR - 38

CEW) INTEGRATED SYSTEM

DrRTVATION OF ANNUAL INJIRECT LABOR COSTS (1941s)
HISTORICAL SYSTEM

YEAk 1981

SUPERVISION
---

DIRECT ANNUALIZED ON-STTE MANMONThS X SPERVISN RATIO a SUPEPVISN MANMONTHa
75.00 X 0.13 a 9.75

SUPERVISTON MANOONTHS X COST/MANMONTH 2 SUPERVISION COST
9.75 X 4390. = 42803.

AOU 1ISTRATIVE

DIRECT ANNUALIZED ON-SITE NANMONThS X AONNSTTVE RATIO W ADMMSTIVE MANMONTHS
75.00 X 0.13 3 9,75

9.75 X 1847. X 1.000 • 19008.

TOTAL INDIRECT LABOR

SUPERVTSTON AOINISTRATIVE a INDIRECT LABOR COSTS
A2003. L 11008. = 60811.
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APPENDIX H

APR - 38

(Ea) ITNTERATED SYSTEM

C!RIVATION Of ANNUAL DIRECT SlIPPORT EQUTPMENT COSTS (1l41S)
HISTORICAL SYSTE4

YEAR 1981

EQ'IPW{NT

HARDWARE SUPPORT SOFTWARE TOTAL

ThrTIAL COST (1981S) 4261000. 4262000. 8523001.
COST (1991S) 4261000. 4262000. 8523001.
EXPECTED SYSTEM LIFE 10 10 10

.0e .ofll .0 l0 - 1

ANNUAL EQUIPMENT COST 426100. 426200. 852300.

TEST AIRCRAFT/TIME

ANNUAL T&E MANNORT14S X 144 N ANNUAL T&E MANHOURS
16.58 X 144 s 3168.00

ANNUAL T&E XANHOURS X ThE RATIO 3 TEST AIRCRAFTr OURS
3168.00 X 0.050 s 158.40

TEST AIRCRAFT HOURS X COST/HOUR 3 ANNUAL AIRCRAFT/TINE COST
158.40 X 5000. a. 792000.

REPRODUCTION

NUMBER Or FIELDED SYSTEMS X "ED REP-FACT X COST/REPRO a REPRODUCTION COST
11X I 0.120 X 35.00 a 487.

REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH a ANNUAL REPRODUCTION COST
487. X 12 / 12 a 487.

* , DIRPCT SUPPORT EQUIPUENT COSTS

DIPECT HARDWARE COST 426100.
OIRECT SOFTUARE COST 426200.
AIRCRArT/TIME COST 792000.

+ REPRODUCTION CIST 467.

DIRECT SUPOORT EQUIPMENT COST 1644787.
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APPENDIX H

APR - 38

Cew) INTEGRATED SYSTEO

bERIVATION OF ANNUAL GE'1ERAL SUPPORT EQUIPMENT COSTS (1981S)
HISTORICAL SYSTEM

TEAR 19bl

ornPTE RlrUIRED

REQUIRED ANNUAL O-SITE WANMONTHS / 12 z 00. OF DIRECT SUPPORT PEOPLE
75.00 / 12 a 7

ANNUAL SUPERVISION MANUONTHS / 12 a NO. OF SUPERVISORS
9.75 / 12 a 1

ANNUAL ADMINISTRATIVE MANMONTHS / 12 a KO. OF AONIWISTPTRS
9.75 / 12 s 1

NO. OF DIRECT SUPPORT PEOPLE 7
40. OF SUPERVISORS 1
O. OF ADMINISTRATORS I

9O. OF PEOPLE 9

FACILITY

orpeCT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON a REQ. ORKING SPACE
7 X 275. 2 1925.00

CSUPrRVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON a ADDITIONAL SPACE
c 1 1 x 130. a 260.00 -

"EQUIPED WORKING SPACE * ADDITIONAL SPkC' a TOTAL SPACE
1925.00 * 260.00 x 2195.00

TOTAL SPACE X COST/SQUARE FOOT a FACILITY COST
2185.00 X 136.00 a 297160.

FACILITY CST / EXPECTED SYSTEM LIFE v ANNUAL FACILITY COST
2971.0. / 10 a 29716.

FITTLTTIES

TOTAL SPACE X COST/SQuARE F00T x UTILITY COST
2185.00 X 1.20 a 2622.
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APPENDIX H

APR - 38

(£E) INTEGRATED SYSTEM

DERIVATION OF ANNUAL GENERAL SUPPORT EQUIDUENT COSTS C1981S)
HISTORICAL SYSTEM

YEAR 19RI

UPNISHINGS

TCTAL PERSONS X INITIAL COST/PEKSON I INITIAL FURNISHINGS COST
9 x 680. 3 6120.

ThITIAL FUNRNISII.GS COST / EXPECTrD SYSTEN LIFE x ANNUAL FURNISHINGS COST
6120. / 10 6 o12.

MATEPIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON a MATERIALS A SUPPLIES COST
9 X 700. a 6300.

COUPUTFRS/TERMNALS.

MG. DIRECT SUPPORT PEOPLE X IITIAL COST/PERSON 3 INITIAL COPP TERM COST
7 X 20000. 1 140000.

TmITTAL COUP TERM COST / EXPTCTED SYSTEM LIFE a ANNUAL COMP TERN COST
140000. 1 10 a 14000.

VARDWAPE MAINTENANCE

PAPDWAPE COST (1981S) X MAINTENANCE RATI• a ANNUAL HARDWARE MArNTENANCE COS
4261000. X 0.10 a 426100.

GEV4RAL SUPPORT EQUIPmENT COST

FACZLITY COST 29716.
UTILITY COST 2622.
URNZSHINGS COST 612.
MATERIALS & SUPPLIES COST 6300.
COMPUTERS/TERNTNALS COST 14000.

* HAPDWARE MAINTENANCE COST 426t00.

GENERAL SUPPORT EQUIPPENT COST 479350.
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A - 7

(OFP) Navigation Fire Control Weapon Delivery

Historical System
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APPENDIX H

A- 7

(OFP) NAVIGATIOh FIRE CONT'OL WEAPUN DELIvERY

8EAK DOWN OF ANNUAL 10STS (19dls)
HISTOPIrAL SYSTP

YEAP 1981

TOTAL ANNUAL COST 574237.

TOTAL LABOR 321880.
DIRECT LABnR 275632.

REQUIREMENTS REVIEW 45146.
DESIGN 37078.
DEVELOPMENT 38552.
INTEGPATION 17959.
TEST 4ND EVALUATION 40541.
DOCU"ENTATION 34759.
REPRODUCTION/INSTALL 3002.
SUPPORT SOTARE 49894.

INDIRECT LABOR 4b248.
SUPERVISION 31845.
ADMImtSTRATrON 14403.

TnTAL SUPPORT EQUIPUNT 252357.
DIRECT 163139.

HARDWARE 33000.
SUPPOPT SOrTWARE 10000..
TEST AIRCRAFT TINT 119232.
REPRODUCTION 9017.

GENERAL 89218.
FACILITY 11118.
UTILITIES 1962.
UFURNSHTNGS 238.

. MATERIALS & SUPPLIES 4900.
COfmPUTEWS/TlERmruALS 5000.
0HPARE MAIMTENANCE 66000.
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APPENDIX H

A - 7

(OFP) NAVIGATION FITR CONTPCL WEAPrN DELIVERY

DERIVATION OF DIRECT LABOR COSTS BY GRADE
HISTORICML SYSTEM

YEAR 1981

NUMBER OF COST PER COST PER DIRECT LASOG
PHASE GRADE MANMONTHS NANMONTH GRADE COST

1. KOLIREPENTS DTVET* 45846.
43-12 3.00 3576. 10729.
GS-13 3.00 4390. 13170.
0-4 3.Ou 4516. 13548.
CNTR 1.20 7000. 8400.

2. DESIGN 37078.
US-12 3.60 3576. 12874.
GS-13 3.60 4390. 15804.
CNTR 1.20 7000. 8400.

3. DEVELOPMENT 38552.
GS-12 2.40 3576. 8582.
GS-13 3.00 4390. 13170.
CNTR 2.40 7000. 16800.

4. 1NTEGRATION 17959.
(8-L2 1.20 3576. 4291.
("95-13 1.20 4390. 5266.
CNTR 1.20 7000. 8400.

S. TPrST AND EVALUATI 48541.
GS-9 3.00 2502. 7506.
GS-12 3.00 3576. 10728.
GS-13 3.00 4390. 13170.
0-1 1.80 1994. 3589,
0-4 3.00 4516. 13546.

5. DOCUMENTATION 34759.
GS-12 1.20 3576. 4291.
GS-13 1.20 4390. 5260.
CNTR 3.60 7000. 25200.

7. REPRO/I'4SALLATION 3002.
G3-9 1.20 2502. 3002.

9. SUPPOPT SOFTWARE 49094.

G3-9 2.40 2502. bOOS.
GS-12 10.80 3576. 38621.
GS-' 1.20 4390. S2U.

TOTAL 65.40 4142. 275632. 275632.

NOTE: ACTUAL BLOCK CHANGE LENGTH IS 20 MONTHS
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APPENDIX H

A-7

(OFP) NAVIGATION TIRE CONTROL WEAPON DELIVERf

DERIVATION OF ANNUAL INDIRECT LAbOlR COSTS (198152
4ISTORICAL SYSTEM

YEAR 1q81

SUVERVISTOk

DIRECT ANNUALIZED ON-SITE NAN.ONTHS X SUPERVISM RATIO 2 SUPERVISN MANNONTH.
55.80 X 0.13 3 7.25

SUPERVISION MANNONTNS X COST/ANMONTH a SUPERVISION COST
7.25 x 4390. = 31845.

ADMINISTRATIVE

DIRECT ANNUALIZED Oa-STE MANNONTHS X AOMNSTrvE RATIO c ADNNSTIVE MANNORTHS
55.80 X 0.13 a 7.25

ALMNSTIVE *MANONTHS X COST/NANOONTH X ADO COUP-FACT s ADWNSTIVE COST
7.25 X 1847. X 1.075 14403.

TOTAL INDIRECT LABOR

SUPERVISTO * AOMINISTRATVE a INDIRECT LABOR COSTS
31945. * 14403. a -'b249.
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APPENDIX H

A- 7

COFP) NAVIGATION FIRE CONPOL WEAPON DrLIVrRY

DERTVATION OF ANNUAL DIRECT SUPPuPT EQUIPMENT COSTS (1941S)
HISTORICAL SYSTEM

TEAR 1981

EGUIP-FNT

HARDwARF SUPPORT SOFTWARE TOTAL

INITTAL CGST (19IS) 660000. 200000. *o0000.
COST (1981S) 660000. 200000. 160000.
FXPECTFD SYSTEM LIFE 20 20 20

ANNUAL EQUIPMENT COST 33000. 10000. 43000.

TEST AIRCRAFT/TIME

ANNUAL T&E MANMONTHS X 144 a ANNUAL T&E MANHOURS
10.23 x 144 a 1987.20

ANNUAL T&E MANHOURS X TGE RATIO a TEST AIRCRAFT HOURS
19R7.20 x 0.030 a 59.62

TEST AIRCRAFT MOURS X COST/HOUR a ANNUAL AIRCRAFT/TIVE COST
59.62 X 2000. 3 119232.

REDOCUCION

41iMBER OF FIELDED SYSTEMS X MED PEP-FACT X COST/REPRO a REPRODUCTION COS
360 x 0.120 x 35.00 a 1512.

PEPRDI1CTION COST X 12 / BLOCK CHANGE LENGTH a ANNUAL REPRODUCTION COST
1512. X 12 / 20 a 907.

DIRECT SUPPORT EQUTPUENT COSTS

DIRECT HARDWARE COST 33000.
.DI'ECT SOFTWARE COST 10000.
AIRCRAFT/TIME COST 119232.
R "EPRODUCTION COST 907.

DIRECT SUPPORT EQUIPMENT COST 163139.
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APPENDIX R

A- 7

(OFP) NAVTGATTON FIP: CONTROL WEAPON D9LIVERl

DERIVATTON OF ANNUAL GENERAL SUPPORT EQUIPmENT COSTS Clq61s)
HISTORICAL 5YSTEv

YEAR 1981

PEOPLE REQUIRED

REQUIRED ANNUAL ON-STTE MANMONTHS / 12 a NO. OF DIRECT SUPPORT PEOPLE
55.80 / 12 a 5

ANNUAL SUPERVISION MANMONTHS / 12 a NO. OF SUPERVISORS
7.25 / 12 a 1

ANNUAL AONIhISTRATIVF %ANNONTHS / 12 z NO. OF ADoIFISTRTRS
7.25 / 12 z

'10. OF DTPECT SUPPORT PEOPLE 5
mC. OF SUPERVISORS I

* NO. OF ADMINISTRATORS 1

MO. OF PEOPLE 7

FACIL-ITY
FA PECT SUPPORT PEOPLE X REG. TECHNICAL SPACE/PRSON REQ. WORKING SPACE

5 x 275. 1375.00

($UPERVSPS + AnmNSTRTRS) X REG. SUPERVISORY SPACE/PERSON A DDITIONAL SPA

C 1 + 1 3 x 130. 260.00

RAEqUTRED WORKING SPACE + ADDITIONAL SPACE a TOTAL SP&Cr
1375.00 + 260.00 a 1635.00

TOTAL SPACE X COST/SQUARE FOOT fACILITY COST
1635.00 x 136.00 • 222360.

* ArCILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
2223b0. / 20 • 11118.

UTTLITIES

TCTAL SPACE X COST/SQUARE FOOT 3 UTILITY Cf)ST
1635.00 x L.20 3 1962.
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APPENDIX H

A - 7

(OFP) N&VIGATION riPE CONTROL aEAPON DELIVERY

CF-IVATTON OF ANNUAL GENERAL SUPPORT rQUIPMNh? COSTS (1961S)
HISTORICAL SYSTEM

YEAR 1981

PUPISHINGS

TOTAL PEOSONS X TNTTIAL COST/PERSON INTTIAL rURNTSHINGS COST
7 X 60. 4760.

TITIAL FUNRNiSHINGS COST / EXPECTED SYSTEM LITE 2 ANNUAL VURNISHINGS COST
4760. / 20 3 238.

VAEDIALS AND SUPPLIES

TOTAL PEPSONS X COST/PERSON z MATERIALS & SUPPLIES COST
7 X 700. a 4900.

CONPUTERS/TERmINALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON 3 INITIAL COMP TERM COST
5 20000. = 100000.

ITHTTAL COMP TERM COST / EXPECTED SYSTEM LIFE • ANNUAL COMP TERM COST
In0000. / 20 u 5000.

RAPOWARE MAINTENANCE

HARDWARE COST C19813) X MAINTENANCE PATIO u ANNUAL HARDWARE MAINTENANCE COS
660000. x 0.10 b6000.

GENERAL SUPPORT EQUIPMENT COST

FACILITY COST 1111
UTTLIT COST 1962.
rURhISHINGS COST 239.
WATERIALS & SUPPLIES COST 4900.

CLMPUTERS/TERMINALS COST 5000.
* HARDWARE MAINTENANCE COST 66000.

I ~imee m~mi nrnm iem inmm

GLNERAL SUPPORT EQUIPENT COST 99213.
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APPENDIX H

E - 3A

(CE). Command and Control

Historical System
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APPENDIX H

E - 3A

(CE) COmmAND AND CONTkOL

SREAK 011N fOF ANNUAL COSTS Clils)
nISTOPICAL AYSTEh

Y AP 1991

TOTAL AMNUAL COIST 2190000.

TrITAL LAbOR 679244.
DRLCPT LABOR 528129.

REQUIRE"ENTS REVIFw 25433.
DMSIGN d0321.
DEVELOPMENT 18457.
INT!GPATION 26489.
T137' AND EVALUATION 34349.
DOCUMENTATION 18b33.
REPQCDUCTTON/INSTALL 10215.
SUPPORT SOFTWARE 147961,

INDIPECT LABOR 150116.
SUPERVISION 105661.
ADOTNISTRATION 44455.

TOTAL SIPPOPY EQUIPMENT 1511756.
DIPECT 1012S04.

HARDWARE 275000.
SUPPORT SOFTWARE 357967.
TE3T AIRCRArT TImE 362990.
REPRODUCTION 16757.

GENEPAL 499252.FACILITY 44600,
UTILITIT3 5904,
FURNLSHYNGs 907.

MATERIALS & SUPPLIES 14u00.

COPOUTERS/TERUINALS 21333.
NAROwARE MAINTERANC 412500.
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APPENDIX K

E - 3A

(CE) CnP'AND A4D CO"TROL

DERIVATLON OF DIRECT AJBOR COSTS oY GRADE

MISTO1rCAL SYSTEM
YEAR 19d1

NUMMR OF COST PEP COST PVR DIRECT LABOR

PHASE GRAUE MA&ONTMS MANNONTH GRADE COST

1. REQUIRE ENTS REVC£W 
25433

GS-12 3.43 1576. 12261.

0-3 1.71 3166. 5431.

0-4 1.71 4516. 7742. 8

2. DPSIGN 
I02.

GS-17  12.0u 357o. 42912.

0-1 5.14 1944. 10255.

3. DEVELOPMNT 0-3 R.57 3168. 27154. 184587.

GS-11 3.43 2969. 10179.

GS-12 20.57 3576. 73563.

o-1 25.71 1 9q4 . 51274.

0-2 6.Rb 2477. 1.965.

4 0-3 10.29 3168. 32585.
4. 1?TEGRAION 

26469.,

0-t 5.14 1994. 10255.

0-2 3.43 2477. 8493.

0-4 1.71 451b. 7742,

S. TEST AND EVALUATION 
34349.

GS-11 1.71 2969. 5090.

MS-12 1.71 3576. b130.

0-1 3.43 1994. 6837.

5-3 9.14 3168. 16293.

6. DOCUPENTATION 19833

GS-9 3.43 2502. 8573.

0-1 5.14 1994. 10255.

7. R PRO/I STALLATION 10291
0-1I 5.14 1 9q4o 10215.

* 9. SUPPORT SOrW'bARE 147861CS-12 25.71 3576. 919S4.

0-1 17.14 1994. 341d3.

0-3 6.86 3168. 21723.

TOTAL 775.14 3005. 528t29. 528129

NOTE: ACTUAL bLOCK CPANGE LENGTH tS 7 MONTHS
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APPENDIX 3

E - 3A

(C ) CjMmANO AND CONTROL

DERIVATIN Of ANNUAL INDIRECT LABOR COSTS (19015)
NISTORICAL SYSTUM

YEAR 1981

SUPERVISION

PIPECT ANNUALLZE ON-SITE MANONTHS X SUPEAV)IS RATIO SUPCPVZSN MANNONTH
185.14 X 0.13 a 24.07

SUPERVISION MAMMONTHS X COST/MANMONTR a SUPERVISION COST
24.07 X 4390. a 105661.

A&mlNISTPATIVE

DIRECT ANNUALIZED Oh-STTE MANMONThS X ADONSTIVE PATIO a ADUNSTTVE MANMNTHi
ldS.14 X 0.13 * 24.07

ACWNSTTVE MANMONTsS X COST/MAOMORTH X ADV COMP-FAC? * ADwNSTIVV COST
24.07 x 1847. - X 1.000 3 44455.

?OTAL INOIRECT LAdOR

SUPER3V1SON + ADMIVISTRATIVE a INDIRECT LABOR COSTS
105661. * 44455. S L50116.
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APPENIDIX H

E - 3A

(CC) COMMANO AND CnNTROU

OFRTVATION OF ANNUAL DIRECT SUPPCRT eOUIpmENT COSTS (1981S)
MISTORICAL SYSTEM

YEAR 1981

.O'1I PENT

dARDwAkE SUOPORT SOFTWARE TOTAL

TITTAL COST (1961s) 4125000. 5368000. 9493000.
COST (19618) 4125000. 5368000. 9493000.
rXPECTED SYSTEM LIFE 15 S 1S
fUel, neeeO i ne. 0 m m~o o e eoe~o o inm

ANNUAL COUIPUmNT COST 275000. 357867. 632867.

TEST AIRCRAFT/TIME

ANNUAL TSE mANONTHS X 144 : ANNUAL T&E MANHOURS
2.36 X 144 a 1728.00

ANNUAL T&E MAmHOURS X T&C PATZO w TEST AIRCRAFT HOURS

172R.00 X 0.035 a 60.48

TEST AIRCRAFT HOURS X COST/HOUR u ANNUAL AIRCRAFT'/TIM9 COST

60.48 X 6000. X 362A80.

RE't DDUCTION

NUmbEP CF IELDED SYSTEAS X MCD REP-FACT X CnST/REPRO a REPRODUCTION COST
23 X 25.000 X 17.U a 9775

DEPRODUCTION COST X 12 / BLOCK CRANGE LENGTH a ANNUAL REPRODUCTION COST
9775. X 12 / 7 3 16757.

DTOFCT SUPPORT COUTPUENT COSTS

DIRECT HARDwARE COST 275000.
DIRPECT SOFTWARE COST 3S7867.

* AICRAFT/TIpq COST 3a2880.
* *EPROOIICTXON COST 16757.

DIRECT SUPPORT EOUIP ENT COST 1012S04.
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APPENDIX H

E - 3A

CCE) CUmUAmn ANO CONTRUL

DrRTVATION OF ANNUAL 'EFCRAL SUPPORT COUIPmrNm COSTS (1981S)
RISTOrIC4L SYSTEMt Y£Ar 1981

PEnPLE 

RE 
UIREY 

R

RkOU!RED ANNUAL ON-STTE MA"AnNTmS / 12 a NO. Or DIPECT SUPPORT PEOPLE
185.14 / 12 x 16

ANNUAL SUPERVISION MANMONTHS / 12 a 40. OF SUPERVISORS

24.07 / 12 2 2

At*NUAL ADMINISTRATIVE OAMMONTHS / 12 a NO. OF ADMINISTRTRS
24.07 / t2 = 2

NO. OF DIRECT SUPPORT PEnPLE 16
o0, OF SUPERVISOPS 2

410. OF ADMINISTRATORS 2

NU. OF PEOPLE 20

FACILIT,

IRECT SUPPORT PEOPLE X RED. TECHNICAL SPACE/PERSON x R&. WORKING SPACE

16 X 275. a 4400.00

(SUPERVSRS + ADMOSTRTRS) X REQ. SUPERVISORY SPACE/PERSON 3 ADDITIONAL SPACt
C 2 * 2 ) 130. 3 520.00

QEQU-IRFD wORKING SPACE + ADDITIONAL SPACE a TOTAL SPCE
4400.00 * 520.00 a 4920.00

TOTAL SPACE X COST/SQUARE FOOT r FACILITY COST
4920.00 x 136o00 a 669120.

rACILZTY COST / EXPECTED SYSTEM LIFE 3 ANNUAL FACILITY COST
669120. / LS a 4S606.

UTTLrTTES

TnTAL SPACE X COST/SQUAR9 FOOT • UTILIY COST
4920.00 x 1.20 a 5904.
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APPENDIX H

E - 3A

(CE) COMMAND AND CONCPOL

LERIVATTON OF ANNVtAL GENERAL SUPPORT EQUIPMENT COSTS (1961S)
HISTf1ICAL SYSTEM

YEAR 1981

TUPaISHINGS

TOTAL PERSONS X INITIAL COST/PERSUN z INITIAL FUPNISHTNGS COST
20 X 691. 13600.

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LITE a ANNUAL FURNISHINGS COST
13600. / 15 3 907.

NATEPIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON = WATEPIALS & SUPPLIES COST
20 X 700. a 14000.

COwPijTFRS/TEpMINALS

4G. DIRECT SUPPORT PEOPLE X INITIAL COST/PlrRSON z INITIAL COPP TERM COST
16 x 20000. 320000,

INITIAL COMP TERM COST / EXPECTED SYSTEM LIFE z ANNUAL COMP TERM COST
32000m. / 15 * 21333.

4ARD*APE ,AIWTEN4NCE

RAPDWAPE COST (19813) X VAINTENANCE RATIO a ANNUAL HARDWARE MAINTENANCE COS
4125000. x 0.10 3 412500.

GEqERAL SUPPORT EQUIPMENT COST

FACILITY COST A460R.
UTTLITY COST 5904.
PuRNrSmINGS COST 90.
OATERIALS & SUPPLIES COST 14000.
CCUPUTERS/TERNINALS COST 21333.
MAPOwARE MAINTENANCE COST 412500.

4EVERAL SUPPORT EGUIPMENT COST 4492S2.
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APPENDIX I

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

SUPERVISION MANMONTHS X COST/MANMONTH - ANNUAL SUPERVISION COST

ADMINISTRATION

ANNUAL DIRECT ON-SITE MANMONTHS X ADMINISTRATIVE RATIO a 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 T&E MANMDNTHS 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/TIE COST

REPRODUCTION

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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3. COMPUTATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS

PEOPLE REQUIRED

REQUIRED ON-SITE MANMONTHS+ 12.6 - NO. OF DIRECT SUPPORT PEOPLE

SUPERVISION MANMONTHS + 12.6 - NO. OF SUPERVISORS

ADMINISTRATIVE MAIMONTHS -- 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 a TOTAL SPACE

TOTAL SPACE X COST/SQUARE FOOT - FACILITY COST

FACILITY COST- EXPECTED SYSTEM LIFE = ANNUAL FACILITY COST

UTIL IT IES

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

NO DIRECT SUPPORT PEOPLE X INIT COST/PERSON - INIT COPUTER/TERMINALS COST

INITIAL COPUTER/TERMINALS COST + EXPECTED SYSTEM LIFE a ANNUAL C/T COST

HARDWARE MAINTENANCE

HARDWARE COST X MAINTENANCE RATIO - ANNUAL HARDWARE MAINTENANCE COST
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APPENDIX J

(OFP) Navigational Weapon Delivery

Representative System
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APPENDIX J

COVPl NAVIGATION F.APON MELIVERY

dREAK DOWN OF AVNIJAL COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR 1981

TOTAL ANNUAL COST 1018461.

TOTAL LABOR 353839.
DIRECT LABOR 284470.

REQUIREENTS REVIEW 20015.
DES GX 2 440.
DFVELOP"ENT 26679.
INTEGRATION 43b36.
TEST AND EVALUATION 53455.
DOCUMENTATION 30382.
REPPODUCTION/INSTALL 25144.
SUTPPORT SOFTWARE 59500.

INDIRECT LABOR 69369.
SUPERVISION 48826.
ADMINISTRATION 20543.

TOTAL SUPPORT EOUIPMENT o64622.
DIRECT 355902.

HARDwARE 136650.
SUPPORT SOFTWARE 63150.
T'ST AIRCRAFT TIME 13Q902.
REPRODUCTION 17000.

GENERAL 308720.
FACILITY 16728.
UTILITIES 2952.
'FURNISHIN*S 340.
MATERTALS & SUPPLIES 7000.
COMPUTERS/TtRMINALS 900u.
HARnWARE MAINTENANCE 273700.

L
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APPENDIX J

(OrP) NAVIGATION WFAPON DETIVZRY

DERIVATION OF ANNUAL DIPECT LABOR COSTS (1901S)
REPRESE'TATIVE SYSTEM

YEAR 19PI

REQUIRED COST PER DIRECT LABOR
PHASE MANMONThS NANMONTH COST

1. REOUIREVENTS REVEIW 6.02 3325. 20015.

2. nESIGN 7.96 3325. 20460.

3. DEVELOPMENT 8.02 3325. 26679.

4. INTEGRATTON 13.19 3325. 43036.

5. TEST AND EVALUATION 16.0 3325. 53455.

6. DOCUMENTATION 9.14 3325. 30312.

7. PEPRO/TNSTALLATION 7.56 332g. 25144.

8. SUPPORT SOrTWARE 17.59 3325. 50500.

TOTAL 85.55 3325. 284470.
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APPENDIX J

(OFP) NAVIGATION WEAPON DKLIVERY

DERYVATION OF ANNUAL iNDrRECT LABOR COSTS (t9818)
RPRESPSNATIVE SYSTEM

YEAR 1 q01

SUPERVISION

DIRFCT ANNUALIZED ON-SrTE MANMO&THS X SUPERVISN RATIO £ SUPEPVTSN MaN'NT,

85.55 X 0.13 11.12

SUPERVISION MANMONThS X COST/MANNONTH : SUPERVTSION COST
11.12 X 4390. = 48826.

ADMINISTRATIVE

nIRECT ANNUALIZED ON-SITE MANMONTHS X ADmNSTIVE RATIO X AOMNSTIVE ANmONT
8X.55 X 0.13 a 11.12

ADMNSTTVT MANMONTHS X COST/MANMONTH X Aou COPP-fACT s ADMNSTrVE COST
11.12 x 1847. X 1.000 a 20543.

TOTAt TInlRECT LASOR

SLPCRVTSTON + ADMINISTRATIVE a INDIRFCT LABOR COSTS
48826. + 20543. a 69369,
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APPENDIX J

(UIFP) NAVIIATION wEAPON DELIVERY

DERTVATIOM OF ANNUAL DIRECT SUPPORT EQUTPUENT COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR 1901

COUIPMENT

HARDWARE SUPPORT SOFTUARE TOTAL

TNrTTAL COST (19915) 2737000. t263000. 4000000.

CCST (1991S) 2737000. 1263000. 4000000.

EXPECTED SYSTEM LIlE 20 20 20

ANNUAL EQUIPMENT COST 136850. 63150. 200000.

TEST AIRCRAFT/TIME

AmNUAL TSE AANMOwTHS X 144 a ANNUAL TEE MANHOURS

1b.06 X 144 a 2315.03

ANNUAL T&E MANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
2315.03 X 0.030 a 69.45

TEST AIRCRAFT "OURS X COST/HOUR z AnNUAL AIRCRAFT/TZWE COST
69.45 X 2000. a 138902.

REVRODUCTION

Uv9ER 07 FIELDED SYSTEMS X NED REP-FACT X COST/vEPRO a REPRODUCTION CnS

500 X 2.000 X 17.00 a 17000.

PEPRODUCTION COST X 12 / BLOCK CHANGF LENGTH a ANNUAL REPRODUCTION COST

17000. X 12 / 12 a 17000.

DIRECT SUPPORT EQUIPMENT COSTS

DIRECT NARDwARV COST 136080.

DIRECT SOFTwARF COST 631S0.

AIWCPArT/TIMCE COST 130902.
SREPpROIDCTION COST 17000.

OIRECT SUPPORT COUIPMENT COST 355902.
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APPENDIX J

(OFP) NAVIGATION WEAPON DELIVERY

DrRTVaTTON OF ANNUAL GENERAL SUPPORT 7QUIPMENT COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR 1981

O flPLE REQUIRED

REQUIrFD ANNUAL ON-SITE 4AMMONTHS / 12 a NO. 0 DIRECT SUPPORT PEOP
85.55 / 12 a 8

ANNUAL SUPERVISION MANMONTHS / 12 v NO. OF SUPERVISORS
11.12 / 12 a 1

ANNUAL ADNTNISTkATTVE 4AMPONTHS / 12 a NO. 0 AOMINISTRTRS

11.12 / 12 a 1

NO. OF DTRECT SUPPORT PEOPLE 8
mo. or SUPERVISORS I

+ NO. OF ADITNISTATORS 1

"0. OF PEOPLE In

rACILITY

DIRECT SUPPORT PEOPLE X REG. TECHNICAL SPACE/PERSON a REQ. *ORKI"G SPACE

a X 27S. a 2200.00

(SUPURVSRS + ADONSTRTRS) X REG. SUPERVISORY SPACE/PERSON • ADIT!ONAL SPAC
c 1 X 130. * 260.00

PEOUIRED wORKING SPACE + ADDITIONAL SPACE a TOTAL SPACE
2200.00 1 260.00 a 2450.00

* CTAL SPACF T COST/SQUARE FOOT = FACILITY COST
2460.00 % 136.00 334560.

rCILITY COST / EXPECTED SYSTEM LIFE a ANNtIAL FACILITY COST

334560. / 20 a 16716.

UTTLITIES

TOTAL SPACE X COST/SQUARE FOOT S UTILITY COST
2460.00 X 1.20 2q52.
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APPENDIX J

(OFP) NAVIGATION WEAPON DELIVERY

DFRTVATION OF ANNUAL GENERAL SUPPORT EOUIPMENT COSTS (1991s)
REPRESENTATIVE SYSTEM

YEAR 1Q4l

7UPNISHINGS

TOTAL PEPSON$ X INITIAL COST/PERSON = INITIAL PURNISFZNGS CUST
to X 680. • 6800.

INITIAL PUNRNISHINGS COST / EXPECTED SYSTEM LIFE • ANNUAL FURNISHINGS COST
6800. / 20 • 340.

MATERIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON a MATERIALS & SUPPLIES COST
10 X 700. a 7000.

COUP(ITTRS/TERMINALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/IPRSON 2 INrTIAL COPP TERM COST
q X 2MO0. 160000.

TNITIAL COMP TERM COST / EXPECTED SYSTEM LIFE x ANNUAL CnMP TERM COST
160000. / 20 • 4O06.

HARDWARE MAINTENANCE

4ARDWARE COST C1981s) X OArNTENANC! RATIO a ANNUAL HARD.ARF MAINTENANCE COSI
2737000. X 0.10 3 273700.

* ENERAL SUPPORT COUTPMENT COST

rACILITY COST 16728.
UTILITY COST 2952.
rURN1SHINGS COST 340.
MATERIALS & SUPPLIES COST 7000.

CCMPTERS/TERMNNALS COST 8000.
* HAPDWARE MAINTENANCE COST 273700.

GENERAL SUPPORT EOUIPMENT COST 308720.
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ALQ - 131

Representative System

204

. ----xv



Page 9 of 49

APPENDIX j

(E*) JAMrp

dPE~s DOWN OF ANNUAL COSTS ClgdlS)
REPPESENTATIVE SYSTTM

YEAR 1981

TOTAL ANNUAL COST 733302.

TOTAL LABOR 
286

DIRECT LABOR
REQUIREMAENTS REVIEW 7917. 101954.

DESIGN 9329.DErVPLOPMENT R823.
INTWrGRATION 9396.
TFST AN.D EvALuATION 25990.
DOCUMEXTATION 207
REPRODUCTION/INSTALL 9607.

INDIRECT L06OR 24862.
SUPIERLSION17493.

ADMINISTRATION 7362.

TflTAL SUPPORT C0UIPS4ENT606.
DIRECT 465035.604.

HARDWAREP 63050.

TEST AIRCRAFT TIME 112515.
REPQOUCTTOR 2S2'0.MENEIRAL 

141450.

UTILITIES132
FURNISHINEGS 130.
AAT'RIALS & SUPPLrEs 3500.
COMPUPERS/TTRUINALS 3000.
HAHOWARE MAINTENANCE 126100.
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APPENDIX J

(Ew) JAUWMR

DERIVATION OF AWNUAL DIPECT LA8OR COSTS (19R1S)

REPRESENTATIVE SYSTEM
YEAR 1981

REQUIRED COST PER DIRECT LAROR

PHASE MANMONTHS MANNONTM COST

1. REOUIREMENTS REVEIW 2.35 3325. 7817.

2. DESIGN 2.81 3325. 9329.

3. DEVELOPMENT 2.65 3325. 8823.

4. INTEGRATIOu 2.a3 3325. 9398.

5. TEST AND EVALUATTON 7.81 332S. 25990.

6. DOCUMENTATTON 7.83 3325. 26037.

7. DEPRO/IUSTALLATTON 2.56 3325. 8500.

V. SUPPORT SOFTWARE 1.82 3325. 6062.

TOTAL 30.66 3325. 101954.
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APPENDIX J

(£W) JAMMEP

DERrVATION OF ANNUAL INDIRECT LAdOR COSTS (1981s)
REPRESENTATIVE SYSTEM

YEAR 1981

SUPERVISION

DIRECT ANNUALIZED ON-SITE MANMONHS X SUPERVISM PATIO = SUPTRVTSN MANMONTHE
30.66 X 0.13 = 3.99

SUPERVISION UANMONTHS 7 COST/ANMONTH = SUPERVISION COST
3.99 X 4390. z 17499.

ADMINISTRATIVE

DIRECT ANNUALIZED Ok-SITE MANNONTHS X AOONSTIVE RATIO v ADMNSTIVE uMANMONIHS
30.f6 X 0.13 z 3.99

ADUNSTIVE MANMONTHS X COST/MANMONTW-X ADU COMP-FACT a AOMNSTTVE COST
3.99 X 1847. X 11O00 x 7362.

TOTAL INDIRECT LABOR

SUPERVISION + AOMINISTRATIVE a INDIRECT LABOR COSTS
17499. + 7362. a 24862.
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APPENDIX J

C(T) JAMMER

DoirpVATIO OF ANNUAL DIPECT SUPPORT EGUTPNT COSTS C19RIS)

REPRESEhTATIVE SYSTEM

YEAR 1981

TQUIPMFNT

HARDWARE SUPPORT SOFTWARE TOTAL
TNTTTAL COST (19815) 72e00. ee739000 700000.
STCOST (9) 1261000. 5739000. 7000000.

EXPECTED SYSTEV LIFE 20 20 20

ANNUAL EOUIPMEPT COST 63050. 286950. 350000.

TEST ATRCRAFT/TIVE

ANRUAL T&E MAN"ONTHS X 144 a ANNUAL T&E MANHOURS
7.81 X 144 a 1125.15

INNUAL TE MANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
1125.15 X 0.050 a 56.26

TEST AIRCRAFT HOURS X COST/HOUR v ANNUAL AIRCRAFT/TIWE COST
56.26 x 2000. 2 112515.

4PRODUCTION

NUM9ER OF rIELDED SYSTEOS X PED REP-FACT X COST/PEPRO 2 REPRODUCTION COST
600 X 0.120 X 35.00 z 2520.

REPRODUCTION COST X 12 / BLOCK CHANGE LENGTh a ANNUAL REPRODUCTION COST
2520. X 12 / 12 = 2520.

!IPECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 63050.
nIPECT SOFTWARE COST 296950.
AtRCPAFT/TTME COST 1L2515.
REPRODUCTION COST 2520.

DIRECT SUPPORT EQUIPVENT COST 465035.
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CEW) JAMMER

DFRIVATTON OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (198t3)
REPRMSENTATIVE SYSTEP

YEAR 19l81

PEOPLE REQUIRED

REQUIRED ANNUAL no-STtE wAMxONTS / 12 a NO. OF DIRECT SUPPORT PFOPLE
30.66 / 12 a 3

ANNUAL SUPERVISIOb MA,'UONTMS / 12 a ma. (r SUPERVISORS
3.99 / 12 a 1

ANijAL ADATNISTRATTVV VANuONTHS / 12 a NO. OF AONINISTRTPS
3.99 / 12 a I

4c. OF DIRECT SUPPORT PEOPLE 3
NO. OF SUPERVISORS I
VC. OF ADMINISTRATORS 1

4C. OF PEOPLE 5

* ACILITY

OIREC SUPPORT PEOPLE X REQ. TECHImCAL SPACE/PTRSOP o REQ. WORKING SPACE
3 X 275. a 825.00

(SUPERVSRS + AnOMSTRTRS) X REG. SUPERVISORY SPACE/PERSON 3 ADDITIONAL SPACE
1 1 )X 130. 260.00

REOUTRED 4ORKI4G SPACE * ADDITIONAL SPACE = TOTAL SPACF
825.00 + 260.00 a 1085.00

TOTAL SPACE X COST/SQUARE FOOT = FACILITY COST
1085.00 X 136.00 a 147560.

FACILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
147560. / 20 a 7378.

ITTLrTTES

TCTAL SPACE X COST/SQUARE FOOT 2 UTILITY COST
1085.00 X 1.20 = 1302.
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APPENDIX J

CE W) JAMMER

DERIVATION OF ANNUAL GENEPAL SUPPORT EQUIPMENT COSTS (1981s)
REPRESENTATIVE SYSTEM

TEAk 1981

FURNrSRINGS

TOTAL PEPSONS X INITIAL COST/PERSON z INTTTAL FURNISHINGS COST
5 X 680. R 3400.

IhTTIAL FURRNISHINGS COST / EXPECTED STSTE% LIFE a ANNUAL FURNISHINGS COST
3400. / 20 3 170.

MATERIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON w MATERIALS & SUPPLIES COST
5 X 700. a 3500.

:OUPUTERS/TEPMINALS

NO. DIRECT SUPPORT PTOPLE X INITIAL COST/PERSOM = INITIAL COUP TERM COST
3 x 20000. 3 60000.

INITIAL COPP TERM COST / EXPECTED SYSTEM LIFE a ANNUAL CON TERM COST
60000. / 20 a 3000.

4ARDWARE MAINTENANCE

PARDWARE COST (1981S) X MAINTENANCE RATIO • ANNUAL HARDWARE MAINTENANCE C
1261000. X 0.10 126100.

;iNERAL SUPPORT EQUIPMENT COST

FACILITY COST 73780
UTILITY COST 1.302.
FURNISFINGS COST 170.
MATEPIALS & SUPPLIES COST 3500.
COP UPTrRS/?ER4TNAL3 COST 3000.
H ARDW&RE MAINTZNANCE COST 126100.

GENERA- SUPPnRT EQUIPMENT COST 141450.
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(OFP) Fire Control

Representative System

211



Page 16 of 49

APPENDIX J

(OFP) FIRE CONTROL

BREAK DOWN OF ANNUAL COSTS (1901s)
RrPRESENTATIVE SYSTEM

YEAR 1981

TOTAL ANNUAL CnST 1361742.

TOTAL LABOR 655338.
DIRECT LABOR 535900.

REQUIREMENTS REVIEW 79262.
DESIGN 91270.
DEVELOPMENT 89296.
INTEGRATION 39373.
TEST AND EVALUATION 66388.
DOCUMENTATION 44637.
REPRODUCTION/INSTALL 3013.
SUPPORT SOFTWARE 122662.

INDIRECT LABOR 119437.
SUPERVISION 84069.
ADMINISTRATION 35370.

TOTAL SUPPORT EQUIPMENT 706404.
DIRECT 341466.

HARD*ARE 133350.
SUPOORT SOFTWARE 66650.
TEST AIRCRAFT TIME 157666.

REPROOUCTTON 23800.
GENERAL 324938.

FACILITY 27846.
UTILITIES 4914.
FURNISHINGS ST.
mAT!RTALS & SUPPLIES 11900.
COMPUTERS/TERMINALS 13000.
HARDWARE O,&INTENANCE 266700.
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COFP) FIRE CONTROL

DERIVATION OF ANNUAL DIRECT LABOR COSTS (91S)
REPRESENTATIVE SYSTEM

YEAR 1991

REQUIRED COST PER DTRECT LABOR
PHAST ANMMONTHS MAMMOwTH COST

1. REOUIREMENTS REVEIW 21.79 3638. 79262.

2. DESIGN 25.09 3638. 91270.

3. DEVELOPMRNT 24.55 3638. 69296.

4. IPTEGRATION 10.82 3639. 39373.

5. TEST AND EVALUATION 18.25 3638. 66388.

6. DOCUMENTATION 12.27 3638. 44637.

7. REPRO/INSTALLATION 0.83 3638. 3013.

0. SUPPORT SOrTWARE 33072 3638. 122662.

TOTAL 147.31 3636. 535900.
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APPENDIX J

(OrP) FIRE CONTkOL

DERIVATION OF ANNUAL INDIRECT LABOR COSTS (1941S)
REPRESPNTATIVE SYSE

YEAR 19d!

SUPERVISION

DIRECT ANNUALIZED ON-SITE MANMONTHS X SUPERVISN RATIO 3 SUPEPVIS NANONTHS
147.31 X 0.13 • 19.15

SUPEPVSION 4ANMONTHS X COST/MANMONTN a SUPERVISION COST
19.15 X 4390. a 94068.

ADMINISTRATIVE

DIRECT ANNUALIZED ON-SITE MANMONTHS X ADMNSTTVE RATIO x ADMNSTrVE NANNONTHS
147.31 X 0.13 3 19.15

AUMNSTIVE MMNO.THS T COST/MANPONTH X AD* COWP-FAC? ADtNSTIVE COST

19.15 X 1847. x 1.000 3 35370.

?OTAL, TNDIPECT LABOR

SUPERVISION * ADMINISTRATIVE a INDIRECT LABOR COSTS
04068. * 3537U. a 119437.
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cOFP) FIAE CONTROL

DERTVATION OF ANNUAL DIRECT SUPPORT EQUIPMENT COSTS C19S1S)
REPRFSENTATIVE SYSTEP

YEAR 1981

EQUIPMENT

HARDWARE SUPPORT SOFTWARE TOTAL
INITTAL COST (1981S) 266700. 1333000. 4000000.
COST (19819) 2667000. 1333000. 4000000.

EXPECTFD SY$TEm LIFE 20 20 20

ANNUAL EQUIPMENT COST 133350. 66650. 200000.

TEST AIRCRAFT/TIME

ANNUAL TEE MANMONTHS X 144 a ANNUAL T&E MANNOURS
18.25 X 144 a 2627.77

ANNUAL T&E 9ANHOURS X TEE RATIO a TEST AIRCRAFT HOURS
2627.77 X 0.030 s 78.83

TEST AIRCRAFT HOURS X COST/HOUR s ANNUAL AIRCRAFT/TIrE COST
78.83 X 2000. z - 157666.

PEPRODUCTION

NUMBEk OF FrILDED SYSTEMS X MED REP-FACT X COST/REPRO a REPRODUCTION COST
700 X 2.000 X 17.00 2 23800.

REPRODUCTION COST X 12 / BLOCK CHANGE LENGTH s ANNUAL REPRODUCTION COST
23800. X 12 / 12 a 23600.

DIRECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 133350.
DIRECT SOFTWARE COST 66650.
aIRCPAFT/TTME COST 157666.

+ REPRODUCTION COST 23900.

DIRECT SUPPORT EQUIPMENT COST 381466.
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(OFP) FIRE CONTROL

DERIVATTON OF ANNUAL GENERAL SUPPOk TOUIPMENT COSTS C19bls)
REPRESENTATIVE SYSTEM

YEAR lel

PEOPLE REQUIREP

PEOUIRED ANNUAL Ob-STTE MANPONTHS / 12 a NO. OF DIRECT SUPPOPT PEOPLE
147.31 / 12 a 13

ANNUAL SUPERVISION MANNONTHS / 12 = NO. OF SUPERVISORS
19.15 / 12 w 2

ANNUAL ADMINISTRATIVE UANMONThS / 12 a NO. OF AOMINISTRTRS
14.15 / 12 = 2

Pa. OF DIRECT SUPPORT PEOPLE 13
NO. OF SUPERVISORS 2
NQ. OF ADMINISTRATORS 2

NO. OF PEOPLE 17

FACILITY

DIRECT SUPPORT PEOPLE X REG. TECHNICAL SPACE/PERSON REQ. WORKING SPACE
13 x 275. a 3575.00

(SUPERVSRS + ADMNSTRTRS) X REQ. SUPERVISORY SPACE/PERSON 9 ADDITIONAL SPACt
C 2 2 )X 130. • 520.00

PEGOIRED WORKING SPACE + ADDITIONAL SPACE a TOTAL SPACE
3575.00 + 520.00 a 4095.00

TOTAL SPACE X COST/SQUARE FOOT x FACILITY COST
4095.00 X 136.00 3L 556920.

FACILITY COST / EXPECTED SYSTEM LIFE 3 ANNUAL FACILITY COST
556920, / 20 * 2784%.

UTTIrTIES

TOTAL SPACE X COST/SQUARE FOOT a UTILITY COST
4095.00 X 1.20 x 4914.
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COFP) FrPE CONTROL

DERIVATTON OF ANNUAL GENERAL SUPPORT RQUIPOTNT COSTS (i16s)
REPRESENTATIVE SYSTEu

YEAR 1981

FURNTSHINGS

TOTAL PEPSONS I INITIAL COST/PERSON a INITIAL FURNISHINGS COST
17 X 680. a 11560.

INITIAL FUNRNISHINGS COST / EXPECTED SYSTEM LIFE a ANNUAL FURNISHINGS COST
11560. / 20 a 578.

MATERIALS AND SUPPLIES

TOTAL PERSONS X COST/PERSON z MATERIALS & SUPPLIES COST
17 X 700. 1 11900.

CONPUTTRS/TERMINALS

NO. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON 2 INITIAL COOP TERM COST
13 X 20000. 260000.

INITIAL COUP TERM COST / EXPECTED SYSTEM LIFE z ANNUAL COMP TERM COST
260000. / 20 * 13000.

HARDWARE MAINTFNANCE

HARDWARE COST C1981S) X MAINTENANCE RATIO a ANNUAL HARDWARE MAINTENANCE COS
2667000. X 0.10 3 2b6700.

GEMEPAL SUPPORT EQUIPMENT COST

FACILITY COST 27S46.
UTTLTTY COST 4914.
FUR&TSMINGS COST 578.
MATERIALS & SUPPLIES COST 11900.

"OMPUTERS/TERMTNALS COST 13000.
HARDWAPE MAINTENANCE COST 266700.

GENERAL SUPPORT EOUIPMENT COST 32 4 930.
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APFENDTX J

(EW) Receiver

Representative System
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APPENDIX J

(EW) IrCFIVER

BREAK DOWN OF ANNUAL COSTS f19"61)
RFPRESENrATIVF SYSTEM

YEAR 19P1

TOTAL ANNUAL COST 2500159.

TOTAL LABOR 108279.
DIRECT LABnR R7052.

REQUIRENERTS REVIEW 4164.
DESIGN 17400.
DEVELOPMENT 18964.
INTEGRATION 116Ql.
TEST Ann EVALUATION 7349.
DOCUMEbTATION 6552.
REPRUOUCTION/INSTALL 6681.
SUPPORT SOFTWARE 14450.

TNDIRECT LABOR 21229.
SUPERVISION 14941.
ADmIftSTRATION 626.

TOTAL sUPPOwr EOUTPMCE'T 2391880.
DIRECT 1819429.

HARDWARE 278550.
SUPPORT SnFTwARE 171450.
TEST AIRCRAFT TIME 31829.
REPRODUCTION 1337b 00.

GENERAL 572450.
FACILITY 7378.
UTILITIES 1302.
FURNISHINGS 170.
MATERIALS & SUPPLIES 3500.
COmPUTERS/TERINALS 3000.
HARDwARF MAINTENANCE 557100.
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APPENDIX J

CEW) RECEIVEP

DERIVATION OF ANNUAL DIRECT LABOR COSTS (19R1SJ
REPRESENTATIVE SYSTFM

EAR 1991

REQUIRED COST PER DTRECT LABOR
PHAST MANMONThS MANAONTH COST

1. REQUIREMFNTS HFVEIW 1.25 3325. 4164.

2. DESIGN 5.26 3325. 17480.

3. DEVELOPMENT 5.b2 3325. 18694.

4. INTEGRATIOM 3.52 3325. 11691.

5. TEST ANO EVALUATION 2.21 3325. 7349.

6. DOCU*ENTATION 1.97 3325. b552.

7. PEPRG/INSTALLATION 2.01 3325. 6681.

8. SUPPORT SUFTWARE 4.35 3325. 14450.

TOTAL 26.ig 3325. 87052.
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APPENDIX J

(EW) RECEIVER~

DERIVATION OF ANNUAL INDlIRECT LABOR Cn)STS (I9QlS)
REPRESENTATIVE SYSTEM~

YEAR 1981

S UPEP VTSI 0P

DIRECT ANNUALIZED ON-STTF MANMqONTHS X SUPERVISN RATIO =SUPERVISN MANMONHS

26.1b X 0.13 =3.40

SUPEPVTSION 1'AN'ONTNS X COST/MANMONTH SUPERVISIUN COST

3.40 X 4390. =14941.

ADMINISTRATIVE
--------------------

DIRECT ANNUALIZED ON-SITE MANMONTHS X ADMNSTIVE RATIO z ADONSTIVE MAN?4ONTHS

26.16 x 0.13 z 3.40

ADONSTIVF MANMONTHS X COST/MANMUNTH X ADM COMP-FACT = DNSTIVE COST

3.40 X 1847. -x 1.000 =628b.

TOTAL INDIRECT LABOR
------------------------

14941. +6286. a 21228.
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APPENDIX J

(Ew) RECEIVER

DrRIVATION OF ANNUAL DIRECT SUPPURT £OUIPMENT COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR lQ81

EQUIvWFNT

HARDwARF SUP 7'IaT SOFTWARE TOTAL
-------- --------------

TNITIAL COST (10P1S) 5571000. 3429000. 9000000.
COST (1981S) 5571000. 3429U00. 9000000.
rXPECTED SYSTEM LIFE 20 20 20
------------------------------------------ ---- ------------ ----

AhNUAL EOUTPNENT COST 278550. 171450. 450000.

TEST AIRCRAFT/TIME
------------

AwNi, AL T&E MANMONTMS X 1A4 = ANNUAL T&T MANHOURS
2.21 X 144 = 316.29

ANNUAL T&E MANHOURS X T&E RATIO = TEST AIRCRAFT HOURS
318.29 X O.050 = 15.91

TEST AIRCkAFT HOURS X COST/HOUR = ANNUAL AIRCRAFT/TIuL COST
15.91 X 2000. a 31829.

REPRODUCTION
o---------

NUMBER OF FIELDED SYSTrMS X MED REP-FACT X COST/REPo = REPRODUCTION COST

950 X 70.400 X 20.00 = 13376u0.

REPRnD(ICTION COST X 12 / BLOCK CHANGE LENGTH 5 ANNUAL PEPRnDUCTION COST

1337600. X 12 / 12 - 1337600.

DI3CT SUPPORT EOUIPMENT COSTS
------ -------------------------- C

DIRECT HARDWARE COST 278550.
DIRECT SOFTwARE COST 171450.
AIPCRAFT/TTME COST 31829.

* LPRODUCTION COST 1337600.
--- m -- fi---------- -e----- wmw

IPLCT SUPPORT EGUIPOENr COST 1819429.
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CEO) RECEIVER

DERIVATION OF ANNUAL GENERAL SUPPORT EQUIPNENT CGSTS (lq81s)
REPRESENTATIVE SYSTEM

YEAR 1961

PEOPLF REOI1IRED

OEOUIRED ANNUAL ON-SITE MANMONTHS / 12 = NO. OF DIRECT SUPPORT PEOPLE
245.16 / 12 = 3

ANNUAL SUPMIVISION MANMUNTHS / 12 = KO. OF SUPERVISORS
3.4o / 12 = 1

ANNUAL AnMINTSTRATIVS MANNONTHS / 12 = NO. OF ADMINISTRTRS
3.40 / 12 = 1

4O. OF DIRECT SUPPORT PEOPLE 3
NO. OF SUPFRVISORS I
J0. OF ADMINISTRATORS 1

Nu. OF PFUPLF 5

r AC IL.ITY

DIRECT SUPPORT PEOPLF X REO. TFCHmLCAL SPACE/PERSON = REG. WORKING SPACE

3 X 275. = 825.00

(SUPERVSRS + ADONSTRTRS) X REO. SUPERVISORY SPACF/PERSON = ADDITIONAL SPACF
C 1 + 1 ) X 130. 260.00

REQUIRED WORKING SPACE + ADDITIONAL SPACF = TOTAL SPACP
R25.00 + 26U.00 2 1095.00

TOTAL SPACE X COST/SQUARE FOOT a FACILITY COST
10985.00 X 136.00 = 147560.

FACILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
147560. / 20 - 737U.

UTTLTTTES

TCTAL SPACE X COST/SQUARE FOOT UTILITY COST
1005.00 x 1.2n a 1302.
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(E,) RECEIVER

DERIVATION OF ANNUAL GENEAL SUPPORT EGUIPMENT COSTS (lqg1S)
REPRESENTATIVE SYSTEM

YEAR 1981

PUPNISHINGS

TOTAL PERSONS X INITIAL COST/PERSON = INITIAL FURNISHINGS COST
5 X bRo. - 3400.

INITIAL FUNRNISHING6 COST / EXPECTED SYSTEM LIFE z ANNUAL FURNISHINGS COST
3400, / 20 - 170.

MATERIALS AND SUPPLIES

TVTAL PERSONS X COST/PFKSON = MATEPIALS & SUPPLIES COST
5 X 700. = 3500.

COMPUT~kS/TERMINALS

MO. DIRECT SUPPORT PTOPLE X INITIAL COST/PISON a INITIAL COMP TERM COST
3 X 20000. c 60000.

TNITTAI. COMP rERM COST / EXPECTED SYSTEM LIFE a ANNUAL COMP TEPM COST
60000. / 20 a 3000.

HARDWARE MAINTENANCE

HARDWARE COST (1981s) X MAINTENANCE RATIO = ANNUAL HARtwAHE MAINTENANCE COS
5571000. X 0.10 - 5571nu.

GENLPAL SUPPnRT EQUIPMeNT COST

FACILITY COST 7378.
UTILITY COST 1302.
FURNISHINGS COST 170.
MATERIALS & SUPPLIES COST 3500.
COUPUTFRS/TERMINAIS COST 3000.

* HARDWARE MAINTENANCE COST 557100.

NERAL SUPPORT EUU1P4ENT CUST 572450. 
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APPENDIX J

CEk) INTEGRATED SYSTEM

BPEAK DOwN OF ANNUAL COSTS C1991S)
REPRESENTATIvT SYSTEM

YEAR 1981

TOTAL ANNUAL COST 1667721.

TOTAL LA~nR 246601.
DIRECT LABOR 198256.

REOUIREMENTS REVIEW 17891.
DESIGN 31420.
DEVELOPMENT 30450.
INTEGRATION 30250.
TEST kND ENALUATION 55126.
DOCUMENTATION 33129.
RFPRODUCTION/INSTALL 0.
SUPPORT SOFTWARE 0.

TNDIPECT LABOR 48345.
SUPERVISION 34028.
ADMINISTRATION 14317.

TnTAL SUPPORT EaUIPNENT 1421120.
DIRECT 997q02.

HARDdARE 200000,
SUPPORT SOFTWARE 200000.
TEST AIRCRAFT TIME 596852.
REPRODUCTION 1050.

GENERAL 423218.
FACILITY IL11B.
UTILITIES 1962.

FURRSHTNGS 238.
MATERIALS & SUPPLIES 4900.

COMPUTEPS/TERNINALS 5000.
HARDwARE NAINTENANCE 400000.
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APPENDIX J

(El) INTEGRATED SYSTEM

DERTVkTTON OF ANNUAL DIPECT LABOR COSTS (1981S)
REPRESENTATIVE SYSTEM

YEAR 1981

REOUIRED COST PER DIRECT LABOR
PHASE MANMONTHS MANNONTH COST

1. REOUIREMENTS REVEIW 5.38 3325. 17981.

2. DESIGN 9.45 3325. 31420.

3. DEVELOPMENT 9.16 3325. 30450.

4. INTEGRATION 9.10 3325. 30250.

5. TEST AND EVALUATION ' 16.58 3325. 55126.

e. DOCUMENTATION 9.96 3325. 33129.

7. PEPRO/INSTALLATION 0.00 3325. 0.

S. SUPPORT SOTWARE 0.00 3323. 0.

TOTAL 59.63 332S. 198256.
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APPENDIX J

(EW) INTEGPATED SYSTIE

DER!VATIO OF ANNUAL INDIRECT LABOR COSTS (1981S)
REPRESE.TATIVE SYSTEM

YEAR 1981

SUPEOVISION

DIRECT ANhUALIZED ON-SITE MANMONTHS X SUPERVI3N RATIO 3 SUPEPVISN MANMONTHS
59.63 X 0.13 7.75

SUPERVISTUR VANMONPHS X COST/MANMONTH a SUPERVISION COST
7.75 X 4390. a 34029.

ADMINISTRATIVE

DIDECT ANNUALIZED ON-SITE MANmONTHS X AOMNSTTVE PATIO • ADMNSTIVe NANNONTHS
59.63 X 0.13 • 7.75

ADUNSTIVE MANMONTHS X COST/mhNWONTV X ADM COOP-FACT a ADMNSTIVE COST
7.75 X 1847. X 1.000 a 14317.

TOTAL INDIPECT LABOR

SUPERVTSTON + ADMINISTRATIVE a INDTRECT LABOR COSTS34028. + 14317. 2 48345.
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APPENDIX J

(Ew) INTEGRATED SYSTEM

DERTVATION OF ANAUAL DIRECT SUPPORT EQUIPMENT COSTS (19010)
REPRESENTATIVE SYSTEM

YEAR 19al

QUTPl'E;T

HARDwARE SUPPORT SOFTWARE, TOTAL .
TomTT L COST (191m0m0000o 41100. 00000

IITTAL COST C19RiS3 4000000. 4000000. 8000000.
COST C1931S) 4000000. 4000000. 8000000.,

EXPECTED SYSTEM LIFE 20 20 20

ANNUAL EQUIPMENT COST 200000. 200000, 400000.

"EST AIRCRAFT/TIME

ANNUAL T&E MANMONTHS X 144 a ANNUAL T&E MANHOURS
16.58 X 144 = 2307.41

ANNUAL TIE MANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
2387.4t x 0.050 a 119.37

TEST AIRCRAFT HOURS X COST/HIUR a ANNUAL AIRCRAFT/TINE COST
119.37 x 5000, . 596852.

REPRODJCTION

NUPbER OF fIELDED SYSTEMS X MED PLP-FACT X COST/REPRO a REPROOUCTION COST
250 x 0.120 X 35.00 a 1050.

REPRODUCTION COST X 12 / BLOCX CHANGE LENGTH • ANNUAL REPRODUCTION COST
1050. X 12 / 12 3 1050.

DIRECT SUPPORT EOUIPENT COSTS

DTRECT HARDWARE COST 200000.
OiEvcT SOFTWARE COST 200000.
AIRCRArT/TIME COST 596852.
REPRODUCTION COST 1050.

no w-ineNte inmmnin

DIRECT SUPPORT EQUIPMENT COST 997902.
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APPENDIX J

(Ew) INTFGRAT7D SXSTEM

DThIVATTON OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (19b1s)
REPRESEhTATIVE SYSTE%

TEAR 1961

DEOltpj WFOUIRED

DEOUIRED ANNUAL ON-SITE MANMONTHS / 12 a NO. OF DIPLCT SUPPORT PrOpLF
59.63 / 12 a 5

ANNUAL SUPERVISION MANNORTHS / 12 = NO. OF SUPERVISORS
7.75 / 12 = 1

ANNUAL ADTNISTRATIVE NANMONTHS / 12 = N. OF ADMINISTPTRS
7.75 / 12 1

NO. OF DIRECT SUPPORT PEOPLE I
NO.-OF SUPERVISORS 1

* NO. OF ADNTNISTRATORS 1

NO. OF PEOPLE 7

FACILITY

DIRECT SUPPORT PEOPLE X REQ. TECHNICAL SPACE/PERSON a REQ. WORKING SPACE
5 X 275. a 1375.00

(SUPEPYSRS + ADMRSTRTRS) X RFO. SUPERVISORY SPACE/PERSnN z ADOOTIONAL SPACE
1 I x 130. a 260.00

VEQUIkFD WORKING SPACE * ADDITIONAL SPACE a TOTAL SPACE
1375.00 + 260.00 1635.O0

TOTAL SPACE X COST/SQUARE FOOT a FACILITY COST
1635.00 X 136.00 • 222360.

rACILITY CrIST / EXPECTED SYSTEN LIFE • ANNUAL FACILITY COST
222360. / 20 11119.

UTTLITTES

TCTA, SPACE X 'WOST/SQUAAE TOO T UTILITY COST
1635.00 X 1.20 1962.
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APPENDIX J

CZu) ITEGPATED SYSTEM

DEFTVATTON OF ANNUAL GENERAL SUPPORT EQUIPNMNT COSTS (1901S)
REPRESENTATIVE SYSTE"

YEAR 19R1

rURNIhSH1NGS

TOTAL PERSONS X IhITIAL COST/PERSON 3 INITIAL FURNISHINGS COST
7 X bOo. * 4760.

TNIIAL FUNRNISMIkGS COST / EXPECTED SYSTEP LIFE * ANNUAL FURNISHINGS COST
4760. / 20 • 238.

MATEPIALS AND SUPPLIES

TCTAL PERSONS X COST/PERSON = MATERIALS & SUPPLIES COST
7 x 700. x 4900.

CO"PUTRS/TERMINALS

NC. DIRECT SUPPORT PEOPLE X ThITIAL COST/PERSON • INITIAL COPP TERN COST
5 ' 20000. z 100000.

TNITIAL COMP TEPM COST / EXPECTED SYSTEM LIfE I ANNUAL COMP TERM COST
100000. / 20 * 5000.

'ARDWARE MAINTENANICE

MAROWAPE COST (1991S) X MAINTENANCE RATIO 3 ANNUAL HARDWARE MAINTENANCE COS
4000000. X 0.10 a 400000.

GENERAL SUPPORT roUIPMEmT COST

rACILITY COST 11118.
UTILITY COST 1962.
rU*NISPINGS COST 238.
MATERIALS & SUPPLIES COST 4900.
CCVPUTEPS/TER0TNALS COST 5000.

* MARObARE MAIRTTNANCE COST 400000.

CNERAL SUPPORT EQUIPNENT COST 423218.
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APPENDIX J

(OFP) Navigation Fire Control Weapon Delivery

Representative System

I
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APPENDIoX J

(OFP) NAVIGATION FIRE CONTPOL WEAPON DELIVERY

BREAK DOWN OF ANNUAL COSTS C1981S)
REPPESENTATIVr SYST!N

YEAR 1961

TOTAL ANNUAL COST 839@94.

Tf1AL LABOR 219172.
DIRECT LABOR 179228.

REQUIREMENTS REVIEW 33776.
DtSTGN 22662.
DEVELOPMENT 21708.
INTEGRATION 10211.
TEST AND EVhLUATION 37220.
DOCUMENTATION 19060.
REPRODUCTION/INSTALL 5037.
SUPPORT SOFTWARE' 30534.

INDIRECT LABOR 39945.
SUPERVISION 23116.
ADMINISTRATION 11829.

TOTAL SUPPORT EQUIPMENT 620712.
DIRECT 290494.

HARDWARE 153500.
SUPPORT SOFTWARE 46500.
TEST AIRCRAFT TINE 88394.
REPRODUCTION 2100.

MENERAL 330213.
FACTLUTT ti118.
UTILITIES 1962.
FURNISHINGS 238.
MATERTALS & SUPPLIES '900.
COmPUTERS/TERMINALS 5000.
HARDWARE MAINTENANCE 307000.
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APPENDIX J

(OFP) NAVIGATIDN FIRE CONTROL WEAPOA DELIVrkY

DERIVATION OF ANNUAL DIRECT LABOR COSTS (1981S)
RtPQPESENThTIVr SYSTSM

YEAR 1981

REQUIRED COST PER DIRECT LABOR
PHASE MANMONTHS MANNONTH COST

1. PEOUIREMENTS RFVElW 9.28 3638. 33776.

2. DESIGN 6.23 3633. 22662.

3. DEVELOPMENT 5.97 3638. 21708.

4. INTEGRATION 2.81 3638. 10211.

S. TEST AND EVALUATION 10.23 3638. 37220.

6. DOCUPENTATION 4.97 3638. 18080.

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 dEAPON DELIVERY

DERIVATION OF ANNUAL INDIRECT LABOR COSTS (1941S)
REPRESENTATIVE SYSTEm

YEAR 1981

SUPERVISION

DIRECT ANNUALIZED ON-SITE MANMONTHS X SUPERVISN RATIO a SUPERVISN MANMONTH.
49.27 X 0.13 a 6.40

SUPERVISTON MANMONTHS X COST/fANMONTF z SUPERVISION COST
6.40 X 4390. = 28116.

ADMINISTRATIVE

9 DIRECT ANNUALIZED ON-SITE MANMONTHS X ADuNSTIVE RATIO 3 ADNNSTIVE MANMONTHS
49.27 X 0.13 = 6.40

AC~NSTIVE UANNONTHS X COST/MANPONTM X ADM COMP-FACT • ADMNSTIVE COST
6.40 x 1847. X 1.000 11829.

TOTAL INDIRECT LABOR

SUPERVISION + ADNIISTVATIvE a INDIRECT LABOR COSTS
29116. + 11829. a 39945.
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APPENDIX J

(LP) NAVIGATION FIRE CONTROL WEAPON DELIVEmY

DERIVATTON Of ANWUAL DIrECT SUPPORT £QUIPMENT COSTS (1991s
REPRESENTATIVE SYSTEU

YEAR 1981

EQUIPMENT

HARDWARE SUPPORT SOrTWARE TOTAL

TKTTIAL COST C1981s) 3070000. 930000. 4000000.
COST C1981s) 3070000. 930000. 4000000.
EXPECTED SYSTEM LIFE 20 20 20

ANNUAL EQUIPMENT COST 153500. 46500. 200000.

TEST AIRCRAFT/TIVE

ANNUAL T&E MANMONTHS X 144 a ANNUAL T&E MANHOURS
10.23 X 144 a 1473.23

ANNUAL T&E MANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
1473.23 X 0.030 a 44.20

TEST AIRCRAFT HOURS X COST/HOUR w ANNUAL AIRCRAFT/TINE COST

44.20 X 2000. a" 38394.

REPRODUCTION

NUMBER OF FIELDED SYSTEMS X MED REP-FACT X COST/REPRO a REPRODUCTION COST
500 X 0.120 X 35.00 = 1 2100.

REPRODUCTION COST X 12 / SLOCX CHANGE LENGTH ANNUAL REPRODUCTION COST
2100. X 12 / 12 3 2100.

.INECT SUPPORT EQUIPMENT COSTS

DIRECT HARDWARE COST 153500.
DIRECT SOFTwARE COST 46500.
AIRCRAFT/TIE COST 88394.

+ REPRODUCTION COST 2100.

DIRECT SUPPORT EQUIPMENT COST 290494.
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APPENDIX J

(PFP) NAVIGATIUN FIRE CONTROL wEAPON DELIVERY

DEPIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (1981S)
OEPRESENTATIVE SYSTEP

YEAR 1981

PEOPLE RCQUIRED

PEOUTRED ANNUAL ONmSITE NANMONTHS / 12 a NO. O DIRECT SUPPORT PEOPLE
49.27 / 12 a 5

ANNUAL SUPERVISION MANNORTHS / 12 a NO. or SUPERVISORS
6.40 / 12 a 1

ANNUAL ADMINISTRATIVE PANMONTHS / 12 Z NO. OF ADMLNXSTPTRS
6.40 / 12 z 1

NO. OF DIRECT SUPPORT PEOPLE 5
4O. OF SUPERVISORS 1

+ 4O. OF ADMINISTRATORS I

NO. OF PEOPLE 7

FACILITY

DIRECT SUPPORT PEOPLE X REG. TECHNICAL SPACE/PERSON = REQ. NORKING SPACE
5 X 275. = 1375.00

CSUPERVSRS + AD"NSTRTRS) X REQ. SUPERVISORY SPACE/PERSON 3 ADDITIONAL SPACE
I + 1 ) X 130. a 260.00

REOUIRED WORKING SPACE + ADDITIONAL SPACE a TOTAL SPACE
1375.00 + 260.00 a 1635.00

TC*TAL SPACE X COST/SQUARE FOOT a FACILITY COST
1635.00 X 136.00 x 222360.

fACILITY COST / EXPECTED SYSTEM LIFE a ANNUAL FACILITY COST
2223b0. / 20 • 11118.

UTILITIES

TOTAL SPACE X COST/SQUARE FOOT 3 UTILITY COST
1635.00 X 1.20 1962.
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APPENDIX J

(OFP) NAVIGATION 7IRk CONTROL .EAPOK DELIVERY

DERIVATION or ANNUAL GENERAL SUPPOPT FOIJIPMFNT COSTS (1981S)
REPRTSENTATIVE SSTEN

YEAR 1961

rURNISKINGS

TOTAL PERSONS X INITIAL COST/PERSON 3 INITIAL FURNISHINGS COST
7 X 680. u 4760.

TNITIAL FUNRNISHINGS COST / EXPECTED SYSTEm LIFE z ANNUAL FURNISHINGS COST
4760. / 20 3 238.

MATEIAbS AND SUPPLIES

TOTAL PERSONS X COST/PERSON a MATERIALS & SUPPLIES COST
7 X 700. = 4900.

CONPUTrkS/TEPMINALS

NC. DIRECT SUPPORT PEOPLE X INITIAL COST/PERSON = INITIAL COMP TERM COST
5 X 20000. 100000.

TNTIAL COOP TERM COST / EXPECTED SYSTEM LIFE u ANNUAL COPP TERM COST
100000. / 20 3 5000.

4APDWAPE mAINTENANCE

HARDWAPE COST (1981S) X %AINTENANCE RATIO • ANNUAL HARDOARE MAINTENANCE COc
3070000. X 0.10 z 307000.

GENERAL SUPPMRT EQUIPMENT COST

FACILITY COST 11118.
UTILITY COST 1962.
rUDNISNINGS COST 238.
MATERIALS & SUPPLIES COST 4900.
CO"PIITERS/TERNINALS COST 5000.

* IARDWARE MAINTENANCE COST 307000.

GENERAL SUPPORT ?OUIPNMET COST 330216.
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APPENDIX J

(CE) Commnand and Control

Representative System
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APPENDIX J

(CE) COMMAND AMD CONTRnL

BREAK DOwN OF ANNUAL COSTS (19dls)
REPPESENTATTVE SYSTEM

YEAR 19P1

TOPAL ANNUAL COST 912764.

TfTAL LABOR 129519.
DIRECT LABOR 104126.

REQUIREwENTS DEVIEW 3945.
DESIGN 12554.
DEVELOPMENT 33043.
IVTTGRATION 5104.
TEST AND EVALUATION 7939.
DOCUPFNTATION 4572.
REPROOUCTION/TNSTALL 10990.
SUPPORT SOFTWARE 26079.

INDIRECT LABOR 25391.
SUPERVISION 17872.
ADMINISTRATION 7519.

TOTAL SUPPORT EoUIPMERT 79324i.
DIVECT 463796.

HARDWARE 152050.
SUPPORT SOFTWARE 197950.
TTST AIRCRAFT TIPE 71 2Q6 .
REPRODUCTION 42500.

GENERAL 319450.
FACTLITY 7376.
UTILITIES 1302.
FURNISHINGS 170.
NATrRIALS & SUPPLIES 3500.
COMPUTERS/TERUINALS 3000.
HARDwARE MAINTENANCE 304100.
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APPENDIX J

(CF) COMMAND AND CONTROL

DERIVATTON OF ANNUAL OIrECT LAV,; C1 ?S C19815)
R!PRESE'TATTVE SYSTlp

YEAR 19e1

RE6UIRED COST PER DrRECT LABOR
PHASE MANMONTHS MA"NMOTH COST

i. PEOUIRENEkTS REVEIW 1.19 3325. 3945.

2. DESIGN 3.78 3325. 12554.

3. DEVELOPMENT 9.94 3325. 33043.

4. TNTEGRATION 1.5A 3325. 5104.

5. TEST AND EVALUAT7ON 2.36 3325. 7839.

6. DOCUMENTATION 1.37 3325. 4572.

7. REPRO/?WSTALLATION 3.31. 3325. 10990.

8. SUPPORT SorTWARE 7.6' 3 3 2 F. 26079.

TOTAL 31.32 3325. 104126.
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APPENDIX J

CCE) COMMAND AND CONTROL

DERIVATZON Of ANNUAL INDIRECT LABOR COSTS C1981S)
REPRFSENTATIVE SYSTEu

YEAR 1961

SUPERWVS1O

nIRLCT AMNIALIZD ON-SITE MANMNONTHS X SUPERVSN RATIO a SUPERVISN MANMONTHS
31.32 X 0.13 a 4.07

SUPERVISION MANMONTHS X COST/MANMONTM a SUPERVISTON COST
A.07 x 4390. a 17872.,

&DuIMISTRATIVE

DIPECT AN#UALZZED On-STE MANNONTHS X ADMNSTIVE RATIO a ADNSTIVE MANMONTHS
31.32 X O.J3 3 4.07

LDMUSTIVE MAWNONThS X COST/MANMONTH N ADu CORP-FACT a ADAOSTZVE COST
4.07 x 1347. x 1.000 3 7519.

TOTAL ioDIRECT LABOR

SUPERVISION - ADOINISTRATTVE a INDIRECT LA9OR COSTS
17172. + 7519. a 25391.
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(CT) C)MMAND APC CONTROL

CIRIVATION OF ANNUAL OIRECT SUPPORT 9QurPuENT COSTS (19913)
REPENS 'ATIV£ SYSTEW

YEAR 19d1

HARDwARE SUPPORT SOFTWARE TOTAL
TWIT-AL COST (1981s) 304100, 39590 7000000.
COST (1931s) 304100n. 3959000. 7000000.

EXPECTED SYSTEM LIFE 20 20 20

ANNUAL EQUIPMEWT COST 152050. 107950. 350000.

TEST ATRCRAFT/TIME

ANNUAL T&E MANUONTHS X 144 a ANNUAL T&E 4ANHOURS
2.36 X 144 z 339.50

ANNUAL T&E PANHOURS X T&E RATIO a TEST AIRCRAFT HOURS
339.50 X 0.035 a U.88

TEST AIRCRAFT HOURS X COST/HOUR a ANNUAL AIRCRAFT/TIME COST
11.8 X 6000. a 71296.

* E'R CO LCTZ ON

4UMbE Or FIELDED SYSTEmS X NED REP-FACT X COST/'EPRO a PEPRC ODCTION COST
100 x 25.000 X 17.00 a 42500.

REPRODUCTION COST X L2 / BLOCK CHANGE LEVGTH a ANNUAL REPRODUCTION COST
42500. x 12 / 12 a 42500.

DrOECT SUPPORT EOUTPUENT COSTS

DIRECT HARDwARE COST 152050.
DIRECT SOFTbART COST 197990.
AIRCRAFT/TIPC COST 7129 .

* &EPRODUCTION COST 42500.

DIRECT SUPPORT £OUTPENT COST 463796.
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APPENDIX J

(CE) COMMANO ANC CONTROL

DERIVATION OF ANNilAL GENERAL SUPPORT .FQUIPNMCT CUSTS (1961$)
REPRTSENTATIVL SYSTEM

rEAR 1961

PEOPLE REQUIRED

REQUIRED ANNUAL ONwSITE MANMONTHS / 12 a NO. OF oIPECT SUPPORT PEOPLE

31.32 / 12 a 3

ANNUAL SUPERVISION MANMONTHS / 12 a NO. OF SUPERVISORS

4.07 / 12 a 1

ANNUAL ADNINISTRATIVE MANMONThS / 12 a NO. OF ADMNZISTRTRS
4.07 / 12 a I

NC. nF OIRECT SUPPORT PEOPLE 3
Nn. OF SUPERVISORS 1
NO. OF ADMINISTRATORS I

e fllmmmmee f bm w~~

NO. OF PEOPLE S

FACILM'

DIOECT SUPPORT PEOPLI X REG. TECHNICAL SPACE/PERSON 3 REQ. dORKI'G SPACE
3 X 275. • 825.00

(SUPERVSRS ADNNSTRTRS) X REG. SUPERVISORY SPaCE/PERSON 3 ADDITIONAL SPACF

c 1 1 )X 130. 3 260.00

REGUIRED wORKING SPACE + ADDITIONAL SPACE 2 TOTAL SPACE
e25.00 + 260.00 a 1005.00

?OTAL SPACE X COST/SQUARE FOOT * FACILITY COST
1065o00 X 136.00 3 147S60.

FACILITY CMS? / EXPECTED SYSTEM LIFE A ANNUAL FACILITY COST
14700. / 20 * 7378.

UTILITIES
r

TOTAL SPACE X COST/SOUARE FOOT 3 UTILITY COST
1085.00 X 1.20 3 1302.
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(CE) COIMAND AND (ONTOOL

DERIVATION OF ANNUAL GENERAL SUPPORT EQUIPMENT COSTS (19g1s)
REPKESEbTATIVE SYSTEM

YEAR 1981

w1URhISHINGS

TOTAL PERSONS X IITIAL COST/PERSON I ZNTTAL. FURNXSHINGS COST
5 X 680. 3400.

INITIAL rU"RNISHINGS COST / EXPECTED SYSTEM LIE * ANNUAL FURNISINGS COST
3400. / 20 a 170.

MATEPALS AND SUPPLIES

TVTAL PEPSONS X COST/PERSON z MATERIALS & SUPPLIES COST
5 X 700. a 3500.

COMPUTERS/TERPINALS

0. PIRECT SUPPORT PEOPLv X INITIAL COST/PERSON • INITIAL COPP TERN COST
3 X 20000. 60000.

TNITTAL COup TEAM COST / EYPECTED SYSTEM LIrE A ANNUAL COMP TERM COST
60000. / 20 * 3000.

I4APC"'APE MAINTtrNANCE

PAROARE COST (1961S) X MAINTENANCE RATIO 8 ANqUAL HARDWARE MAINTENANCE COS
3041000. X 0.10 a 304100.

GE*EDAL SUPPORT EQUIPMENT COST

rACILIfT COST 7373.
UTILITY COST 1302.
r'PJPISMIGS COST 170.
MATERIALS & SUPPLIES COST 3MO.
CCMPUTERS/TERMINALS COST JOU0.

S'APODWAPE NAINZENANCt COST 304100.

tENEPAL SUPPORT EQUIP"FqT COST 319450.
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APPENDIX K

DERIVATION OF ALLOCATION FACTORS

Requl resents Reproducti on/

System Review Design Development Integration T&E Documentation Installation

F-111F 9 14 14 19 24 14 6

FB-llA 9 27 12 6 24 20 2

F16-FCC 24 20 16 9 18 12 1

ALQ-155 8 12 13 25 29 13 0

ALR-62 4 25 28 17 11 11 4

ALOQ-131 7 12 11 11 29 25 5

APR-38 9 16 15 16 29 15 0

E-3A 5 19 49 8 9 6 4

A-7 20 7 15 7 27 12 2

Selected
Average 11 17 21 13 21 14 3

C
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