
*076 793 AIR FORCE AVIOW ICS LAB WRIGHT—PATTERSON AFB OH flG 1*/i
~c: ~~~~~~ SOFTWARE COST ESTIMATION MOOft

N~~~
ETCCU)

1878793 
1 -H



l~ 111128 111112.51 .0 L
_____ 

L ~~ Q 2.2
~~ J~36 PI~~~~

~ 
~~~

IIII~I ~2 5 OhIIi~ nnt~
MICROCOPY RESOLUTION TEST CHART



AFAL-TR-79.1 164

I 
~~~t

~1 4 ~~ a

4

V. (Sri

APPLICATION OF THE RCA PRICE-S SOFTWARECOST ESTIMATION MODEL TO AIR FORCE© AVIONICS LABORATORY PROGRAMS

A VIONICS SYSTEMS ENGiNEERING BRANCH
SYSTEMS A VIONICS DIVISION

d

OCTOBER 1979

D D C
~~r?1~z)rFnnnf?ii) :1>.J TECHNICAL REPORT AFAL.TR-79-1 164 It LIFinaI R port for period Jafluayy 1978_J~ y~ g79 l?1 JAN 3 aG

VU~~ t6u u~w A ’-J 
_ _ _ _ _ _ _ _ _ _ _ _ _

Approved for public release ; diatribudor~ unlimited. ]C.,
‘2

AIR FORCE AVIONICS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEMS COMMAND
WRIGHT-PA’I’rERSON AIR FORCE BASE, OHIO 45433

— °
~~~— 

_ 
~~~~~~~~~~~~~~~~~~~~~~~ — —



• ~~~~~~~~~~~~~~~~ ~~~~
. .

I

NOTICE

Wh n  Government drawings, specif ications, or other data are used f or any pur-
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.opera tion, the United States Governsent thereby incurs no responsibili ty nor any
obligation whatsoever; and the fact that the government may have f ormulated,
f urnished, or in any way supplied the said drawings, specif ications, or Other
data, is not to be regarded by implication or otherwise as in any manner licen-sing the holder or any other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention tha t may in any
way be related thereto .
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FOREWORD
‘I

This report is a revision of AFAL—TM—78—25 , which covers work

conducted in-house by the System Evaluation Group (AAA-3), Avionic

Systems Engineering Branch, and the Reference Systems Branch,

Air Force Avionics Laboratory , Wright—Patterson AFB , Ohio , 45433 .

Portions of this work were accomplished under Task 200309, “Avionics

System Cost—Effectiveness,~ Work Unit 20030902, “Avionics Life Cycle

Cost,” and Work Unit 60951502 , “Cost Estimating Methodology.” The

time period of work was November 1977 through August 1978.

Great appreciation is extended to Mr Earl J. Jones, Mr William

Mikulski, Mr William E. Shephard , and Mr R. Vanderburgh for their

assistance and contributions to this report.
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I
I. INTRODUCTION

BACKGROUND

In a recent USAF study of information processing requirements it

was shown that in almost all applications, computer software was the

major source of difficult problems, a major contributor to operational

performance penalties, and potentially the largest source of life cycle

1
cost. The Deputy Assistant Secretary of Defense (Material Acquisition)

estimated in 1976 that the DOD annually expends three billion dollars

for computer software.2 Althou gh avionics software is only ten percent

of the estimated distribution of USAF software costs, this amounts to

still a sizable annual expEnditure for computer software associated

with avionics programs. In addition to the constantly rising cost

for software development, software reliability, unresponsiveness , and

indirect costs associated with slippages in software developments

are of major concern to the USAF . As a result , the Air Force is taking

a closer look at software development procedures and a greater portion

of Its R&D resources are being allocated to the software verification

and validation (V&V) and to software development tools. However , in

order to reduce the costs of software, the Air Force requires a defined

method which will allow the analyst, software engineer, or project

manager to estimate software development and support costs when the basic

requirements of the new system being developed can be determined .

Operations analysts and software professionals have developed methods

and procedures for understand ing sof tware systems and how to develop

these systems . Examples of this type of work is eviden t in a report

— 1 —
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ASD—TR—76—ll , Management Guide to Avionics Software Acquisition , and
S.

AFAL—TR—77—66, Software Cost Estimating Methodology . Although these

kind of studies do exist and tools and techniques required to develop

software systems have been developed , the system software manager

responsible for the development of the software project has not possessed

the ability to accurately estimate the costs associated with such a

• development. The consequences to the software developers and customers

are dramatic as a result of the failure to develop accurate cost

estimating techniques. Several key decisions depend on timely, accurate

cost estimates such as: source selection decisions, system design trade-

off analysis, project scheduling and capital budgeting decisions.
2 The

Avionics Laboratory has investigated the use of “software cost estimating

models” such as the Wolverton model , Modified Wolverton model, ESD model ,

the Tecolote model, the IBM model, Naval Air Development Center model ,

Aerospace model, General Research Corporation model, and the System

Development Corporation model. The majority of the models were either

of the “rule of thumb” type or of parametric estimating relationships

based on very limited amounts of data. Each model was designed for a

particular application, but the Avionics Laboratory study concluded that

there was no generalized model tha t could be app lied to a var iety of sof t—

ware development ef for ts .

During the middle 1970 ’s , the Air Force Avionics Laboratory started

to util ize the RCA Corporation ’s Programmed Review of Information for

Costing and Evaluation (PRICE) family of cost predicting models . The

Avionics Laboratory f i rs t  utilized the basic PRICE model (referred to

now as PRICE—H) , which predicts developmen t and production costs for

proposed electromechanical devices or systems while they are still in

— 2 —
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• the conceptual stage. The PRICE model has been in develz pmen t at RCA

for the last fif teen years . Although the detailed workings of the PRICE

model are proprietary , the model has been available for general use

outside RCA via time sharing services since August 1975. In May 1977

the Air Force Avionics Laboratory was introduced to the RCA PRICE

Software Model , referred to now as PRICE—S . This introduction consisted

of a two—day training course held at Moorestown , New Jersey , by RCA

Corporation. PRICE—S applies the PRICE parametric modeling methods

to the problems of computer software developmen t costing and is designed

to cover the complete range of systems and applications programming.

This report describes an AFAL effort to validate and calibrate the RCA

PRICE—S model for avionics software development programs within the

Air Force Avionics Laboratory . As is apparent to any one familiar

with the PRICE models, quantitative inputs , (e.g., for hardware , physical

parameters like weight, volume, etc., or for the software , total number

of instructions, hardware configuration , and mixture of categories of

instructions) together with selected subjective inputs are utilized to

derive the final cost estimate. These subjective inputs are so sensitive

that for the PRICE—H and PRICE-S models the user can derive any cost

he wishes. The problem faced by the user and/or cost analyst is to

calibrate required subjective inputs which reflect the situation for

which the estimate is being developed; that is, he must get a feel for

the required subjective inputs which will obtain an accurate estimate

of the project. This study was conducted to help the analyst obtain

such a feeling, and to provide future guidance for calibrating the

subjective inputs required for the PRICE—S model .

— 3 —
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S.
OBJECTIVE

This report describes the efforts to validate and calibrate the

PRICE—S model by comparing the costs computed by the model to the

actual costs of four software developmen t programs within the Air Force

Avionics Laboratory . The approach used was f i r s t  to identify software

a development program s on which there was historical cost information

for the software developed . Once the programs were identified , the

cost analyst and the software engineer gathered the required inputs

to the PRICE—S model. The cost analyst then utilized those inputs ,

plus the subjective inputs derived from experience and the RCA PRICE—S

reference manual’s guidance to obtain an estimate of total development

cost. The outputs from the PRICE—S model were then compared to the

historical costs gathered under step one of this procedure. It

Is worth noting at this point that except for the first project analyzed

(GEAN S) , the historical costs were not furnished to the cost analyst

in advance of the utilization of the model so that the results could

riot be biased in any manner .

SU~ ’1ARY OF RESULTS

As mentioned above , four software development efforts within the

Air Force Avionics Laboratory were chosen for this analysis . The first

project was the in—house conversion of the Gimballed Electrostatic

Gyro Navigation System (GEANS) software from a Honeywell HDC—60l computer

to the Singer—Kearfott SKC—2000. The second project was another in—house

effort referred to as the in—house simulator program named LINEAR .

LINEAR represents the behavior of a 1A.nearized error model of a 3—axis

inertial navigation system through the simultaneous solution of a set

— 4 —
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I.
of seven first order differential equations by rectangular integration.

The last two efforts are contractual efforts which include a radar project

and an antenna project. In the cost of these two projects ac~ual

historical costs are as of this date yet unknown , and the cost used in

the analysis to compare with the outputed RCA PRICE—S estimate was

• the planned program funding .

3 The data base selected for this analysis included a representative

sample of software development projects from the standpoint of two

being in—hou~se and two being contracted efforts . There is also a range

in program size from 2600 to 73750 machine language instru.ctions. This

adds to the conf idence that the model is versatile in these respects.

The results are summarized below in Table 1.

PROJECT PRICE-S AC TUAL
NAME ESTIMATE COST DIFFERENCE

GEANS $406,035 $425,000 5% (—)

IN—HOUSE SIMU LATOR 12,039 12,000 0.3% (+)

ANTENNA 143 ,746 128 ,000 13% (+)

RADAR 1, 890 ,922 2 ,000 ,000 5% (— )

TABLE 1. PRICE—S Estimated vs. Actual Costs .

Except f o r the GEANS project , the PRICE—S value or estimate is the f igu re

derived by the cost analyst working without prior knowledge of the

actual cost. The subjective inputs, which will be discussed in

Appendix A of this report, were not derived in a vacuum for this

analysis. The RCA PRICE—S manual was used as a reference and

— 5 —
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these subjective inputs were then calibrated downward in most cases

due to previous experience on other app lications of PRICE—S. Two of

the fu ndamental f indings of this repor t are: first , the PRICE—S model

seems to wor k quite well for  avionics software developments e f f o r t s ;

and second , the average subjective inputs are much lower than stated

in the RCA PRICE—S reference manual. These two findings will be

discussed further in the Analysis Section of this report.
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II. WHAT PRICE—S IS

BACKGROUND

PRICE—S is a software development cost and schedule estimation

model developed by RCA Corporation. It is based on parametric modeling

methods that were used to develop their highly successful PRICE Hardware

model for hardware cost and schedule estimations. The model is

versatile; it allows the user to tailor the methods and regressions

Pt. to f i t  the var y ing skills , experience , and costs of specif ic proj ects

and organizations . There are three modes of operation available, the

norma l opera tion , ECIRP , and the design—to—cost mode. Costs are calcu1ati~

directly from user inputs for the normal operation mode. The ECIRP

mode (ECIRP is PRICE spelled backwards) enables PRICE—S to be utilized

to calculate PRICE—S empirical factors from known project costs. In

the design—to—cost mode the model utilizes specified costs to compute

typ ical program sizes and projec t schedules to scope work goals

for design— to—cost efforts.

Accord ing to RCA the principle PRICE—s inputs may be grouped into

seven categories.
3 

The seven categories are listed below.

1. Project Magnitude — the size or the amount of work to be done.

2. Program App lication — the type of project , such as Management

Informa tion Sys tem , Command and Con trol , Telemetry, Communications ,

etc .

3. Level of New Design — the amount of the effort that can be

taken from exist ing inventory .

4. Resources — the experience , skill , know—how , and cost of the

assigned indiv iduals or team as app licable to the specified task.

L ________ 
._
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5. Project Difficulty — the schedule time, in calendar months,
S.

required to complete the job with r espect to the or gan izational

resources , p rogram app lication , and proj ect size .

6. Project Specifications and Reliability — the requirements

relating to testing , transportability , efficiency , and end use

of the project (airborne, space, etc.).

7.  Ut i l izat ion — the effect of load conditions on the processor

relative to its speed (operations per second ) and memory ( fo r

examp le , is overlaying necessary?) .  Comp iler ineff iciencies

may be a problem.

Rather than using the seven categor ies of inputs described by RCA , this

repor t  will group the inputs into three distinct categories for further

discussion , those categories being : environmental parameters , hard system

parameters , and so f t  system parameters.2 Detailed descript ions of these

parameters, as well as the parameter values selected fo r  each project ,

are described in Appendix A.

a. Environmental Parameters

The environmental parameters describe the environmen t within which

the system will be developed . These fac tors  include such parameters

as pr ice  in f l a t ion  or escalation ( E S C ) ,  programming technological

improvement (TECIMP), and the schedule data. The schedule data is

further broken down into: start of design (DSTART) , end of desi gn (DEND),

implementation start date (ISTART), imp lemen ta tion end ( lEND) , test start

date (TSTART), test end date (TEND), and the base year of the anal ys is

( Y E A R) . These parame ters permit users to vary the economic , technolog ical

and work schedules assump tions .

— 8 —
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b. Hard Input Parameters

The hard input parameters represent system characteristics which

4 
can be physically measured . These parameters include such things as

total number of executable machine instructions (INST), device types ,

quanti ty of devices , and the proportion of the total ins t ruct ions  tha t

represent each of the seven different app lication categories. Although

they may or may not be well defined at the time a cost est imate is

made , historical data can be used to generate f i r m  measures of these

qu anti t ies  fo r  any system .

c. Sof t  Input Parameters

The so f t  input parameters are more subjective in nature  and may

require the using organizat ions to calibrate them to deriv e typ ical

values. PRICE—S u t i l izes  three sof t  parameters requiring calibration. These

parameters were referred to earlier in this report  as subj ective

inputs . Resources (RESO) is a measure of the inheren t d i f f i c u l t y  of

the system development task.  Theoretically ,  it rela tes the scope of

the work to the shop doing the work . Included in RESO are the e f f e c ts

of such things as skill levels , experience , product iv i ty , and e f f i c i e n c y

rates . Eng ineering Comp lexity (CPLX) is a measure of how long a p ro jec t

should take ( i . e . ,  relates the difficulty of the task to the normal

time required fo r  its accomplishment). The parameter platform (PLTFM)

is a measure of the reliability (sometimes thought of as an opera tional

environment) required of the system. The outputs  of the PRICE—S

model inc lude cost and schedule estimates . The cost estimates are broken

out in matr ix  form.  Columns of this matrix are the three phases of the

software development process as defined by RCA as: (1) design; (2) imp le—

— 9 —  
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mentation; and (3) test and integration. The rows are the five pro-

ductive activities described by RCA as: (1) systems eng ineering ; (2) pro-

gramming; (3) configuration management; (4) documentation ; and (5) program

management. The output schedule estimates include beginning and end

dates for each of the three phases mentioned above. Detailed outputs

for the four projects analyzed are included in Appendix B.

A more detailed description of the PRICE—S model is beyond the

scope of this report. More indepth information about the model can be

obtained from references (3) and (4) , or by contacting knowledgeable

personnel in the Avionics Laboratory . PRICE—S has been implemented by

a commercial time sharing organization. The Air Force Avionics Laboratory

has contracted with RCA PRICE Systems, Inc., for the use of the program.

The contract entitles the Avionics Laboratory to access the program by

using a standard teletype terminal.

— 10 —
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S.
III. PROJECTS ANALYZED

PROJECT DESCRIPTION S

The four avionics software developmen t proj ects selected for  this

study are described in this section .

a. Project A: GEAN S Software Conversion

The PRICE—S model was used to estimate development costs of the

conversion of precision inertial navigation system software from the

Honeywell HDC—60l Computer to the Singer—Kearfott SKC—2000. The inertial

navigation system was the Gimballed Electrostatic Gyro Navigation System

(GEAN S) developed under AFAL contract by Honeywell, Inc. The CEAN S

hardware consists of an Inertial Measurement Unit (IMU), an electronics

unit , a dig ital computer , and an associated cont ro l—and—disp lay u n i t .

The purpose of the GEANS Software Conversion Project was to evaluate

the machine dependency and f lex ib i l i ty  of app lication of the GEAN S

software . This was accomplished by implementing the alignment and

nav igation algori thms developed or ig inally for the Honeywell HDC—601

dig ital computer on the Singer—Kearfott SKC—2000. The software converted

was tha t used for  Optimized GEANS and is not identical to the more

recen tly developed SPN/GEANS software , al though differences are minor .

The conversion project was accomplished at the Air Force Avionics

Laboratory (AFAL/RWA—3) by AFAL personnel using the facilities of the

Reconnaissance and Weapon Delivery Division Software Evaluation

Labora tory .

b. Project B: In—House Simulator Program

The simulation program is named LINEAR and represents the behavior

of a linearized error model of a 3—axis Inertial Navigation System.

— 11 —
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The program was written in FORTRAN Higher—Order Language for use on the

CDC computer complex at WPAFB. It uses the SCOPE operating system and

is run interactively via INTERCOM.

- ‘ The mathematical approach used in this simulation program is the

simultaneous solution of a set of seven first  order differential  equations

by rectangular integration . The program contains units conversion and

matrix initialization instructions and provides for plotting of the

solution by Calcomp p lotter.

c. Proj ect C: Contracted Antenna System

This project consists of a phased array beam pointing antenna. It

is to be used in a hostile (i.e., jamming) electronic environment to

receive navigation information from an Air Force system. It is possible

to steer the null point of the beam at a jamming signal, thereby

minimizing the effect of the jammer while maximizing the signal from

the system.

The software for this system consists of a simulation program and

an adaptive algorithm . The simulation program consists of the antenna

model, antenna polarization , and power levels. Output data consists of

adaptive weighted values , which give amplitude and phase s h i f t .  This

simula tion p rogr am will be used to investigate the system anti—jam (AJ)

performance and vulnerability assessments . The adaptive algorithm is

the implementation of the antenna system with the software used to

control it in real—time . The software will be hosted on a microprocessor .

d. Project D: Contracted Radar Program

This project consists of software for an electronIc radar system .

Some of the software characteristics are as follows :

— 12 —
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Control is via a table—driven , dynamically modif ied executive which

sequences processing under either foreground or background conditions .
S.

Processing includes navigation update, antenna pointing , and data

processing for mapping and terrain modes and the control of associated

input/output transfers. Both interleaved and dedicated time tests

assure data and hardware integrity , and help to meet fail—safe require-

ments. Off—line fault detection/isolation software—controlled tests

identify line—replaceable modules/units to be replaced between missions .

PRICE-S DATA PROJECTS ANALYZED

AFAL/RWA personnel assisted AFAL/AAA—3 in gathering necessary

PRICE—S inpu t data for all four  proj ects ana lyzed . Jalues fo r  the

empirical parameters and the hard parameters were taken directly from

RWA data, except for the number of instructions for the contracted antenna

that had to be computed . Values for the soft parameters were estimated

by the AAA—3 analyst , them approved by RWA—3 personnel. Excep t

for project A , the AAA—3 analyst had no prior knowled ge of the actual

costs when he computed the sof t parame ter s, he did no t “adjust” those

inpu ts to get the “right” costs. A detailed discussion of all input

values selected for each projec t is given in Appendix A.

Using the input data in Appendix A , the analyst ran the PRICE—S

model for each project. The outputs for each run, which are deta iled

in Append ix B , included the following :

a. Total costs of software development.

b. A sensitivity matrix , which shows how small changes in two

soft  parameters , RESO and CPLX , af f e c t  the total project cost.

c. A schedule output , which compares the input schedule with a

“typical” schedule generated by the model for the same type project and

outputs possible cost savings that can be realized by schedule r ead jus tmen t .

— 13 —

____ ~~~~~~~~~~~~ ~~~~~~~~~~ -
,-~~—~ -. .- - --— -.~~~~~ 

. - .-— ~~-~~~--



IV. DISCUSSION OF OUTPUTS

PROJECT OUTPUTS

a. GEANS Software

The total cost of the GEANS Software Conversion was furnished by

AFAL/RWA—3. The ef f o r t  required eight and one—half man—years. Conversion

to estimated industry cost was accomplished by converting at the rate

of $50,000 per man—year. Thus, the total actual cost of the project
- S

was $425 ,000 . The PRICE—S Model estimated cos t , with RESO equal to 2 .7

and CPLX equal to 1.00, was $406,035.

Comparing the sensitivity analysis of RESO and CPLX, the model gave

a range f rom $378 ,315 to $441 , 212 . By the r esul ts of sensitiv ity data ,

Appendix B , values of RESO=2.8 rather than 2 .7  and CPLX the same , 1.0 ,

would result in a cost of $427 ,777; this indicates that values of

1.0 for  CPLX and 2.8 for  RESO would probably be the best f or estimating

the cos t of similar programming tasks . Had the actual cost not been

known, the analyst would have estimated a price of $406, 035 which is

$19,000 too low. The percentage error would thus have been 4.5 percent.

The SCHED outpu t of the model indicates that this proj ect could have

been done in 17 months instead of 31 months at a cost savings of

$71 ,391. This indicates possible inefficiency in use of resou rces

and indicates tha t fu ture  proj ects of this type may be don e in less

time.

b. tn—House Simulator

The total cos t of the In—House Simulator Program was furnished by

AFAL/RWA — 3. The total actual cost of the proj ect was $12 ,000 . The

PRICE-S Model estimated cost , with RESO equal to 3.15 and CPLX equal

to .9 , was $12 ,039.
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• Comparing the sensitivity analysis of RESO and CPLX , the mode l
1•

gave a range f r om $11,741 to $12,473. By the results of sensitivity

da ta , Appendix B , the chosen values of RESO and CPLX appear to be

reasonable. Hence , values of .9 for CPLX and 3.15 for  RESO should

pr obably be used for estimating the cost of similar programming tasks .

The error would t hus hav e been $39. The SCHED output indicates that

$741 could have been saved by doing the project  in 2.1 months instead

of 3 months. This indicates that proj ects of this type may be done in

.1 shorter t imes .

c. Contracted Antenna

The actual total cost of the Contracted Antenna was $128,000 , which

was also the total contract funding of this effort. The PRICE—S

model estimated the cost of the adaptiv e algori thm , RESO value equal

to 2.7, CPLX equal to 1.0, of $65 ,249 , as detailed in Appendix B.

The PRICE—S model estimated $69,366 for the simulator program , RESO

equal to 2 .7 , CPLX equal to 1.0. The cost to integrate and test the

adaptive algorithm and simulator programs together was estimated by

PRICE—S at $9,130 , which resul ts in a to tal cos t of $143 ,746. The

results of the sensitivity data indicate a cost range between $132 ,996

and $152 ,968 with expected cost of $143 ,746. The percent error would 7
have been approximately thirteen percent using the expected value .

Sensitivity data indicates that using a lower RESO and/or CPLX value

would have resulted in a more accurate prediction.

A point of particular interest here is that the Cost analys t does

not know beforehand a particular company ’s mark—up value . To exp la in

further, the value MTJLT in the PRICE—S model is used to adjust the

— 15 —
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estimate to include mark—up G&A IR&D , currency conversion and fee

or p r o f i t .  In this case MULT was 1060, which indicates a six percent

mark—up was assumed . Assuming no mark—up , expected engineering costs

for the adaptive algorithm would have totaled $135 ,609 . Schedule da ta

indicates tha t the actual schedule was not much d i f fe ren t  from the

PRICE—S “ typical” schedu le. Only a $5 ,000 savings could be realized

by adjusting the schedule.

App lications of the RCA PRICE—S model estimate for this type of

project may be difficult. The PRICE—S model can be used to evaluate

different proposals to do a certain software job , but the inputs must

be accurately estimated for the proposals and the mark—up of a particular

company must be known. However , the PRICE—S model does seem to be able

to scope this type of effort within reasonable bounds.

d.  Contracted Radar

The total Cost of the Contracted Radar computer program is not

known at  this  time , but is expected to be $2.0 million . This cost

accounts fo r  G&A , fee and p r o f i t , in—house IR&D , totalling between

11 and 12%. The PRICE—S model estimated cost with RESO equal to 2.5 ,

CPLX equal to .9 and MULT equal to 1120 ( 12% m a r k — u p ) ,  was $1 ,890 ,922 ,

as detailed in Appendix B. If the PRICE user was confident in the

choice of RESO 2.5, CPLX .9, the cost estimator would have quoted

$1,890 ,922. As compared to $2.0 million expected this would have been

a 5% error . However , f rom the sensi tiv ity ana lys is, RESO=2.6 would

have resulted in a more accura te estimate.

A few words should be said referencing the Schedule Effect Summary.

The schedule which was supp lied by the Program Office required 60 months

of development time . RCA PRICE model calculated a “typical schedule”
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of 20.8 months , which results in a cost penalty of $700 ,657 for

stretching the schedule. The Program Office stated that 60 months

were required because consecutive hardware development precluded a

faster software development schedule. The actual validity of the

“typical schedules” calculated by the PRICE—S model were not addressed

in this study; however, it is recommended that the effects and validity

of PRICE—S schedule calculations be studied in future analysis.

I
The table below summarizes the analysis . The actual reported

costs are shown together with the PRICE—S estimate and the RESO and

CPLX value used in the analysis .  Where indicated , differen t RESO and

CPLX values would have given closer estimates, but were not known

before the cost analyst was given the actual reported costs.

PROJECT ACTUAL COST PRICE—S RESO CPLX

GEANS Conversion $425,000 $406,035 2.7 1.0

In—House Simulator $12,000 $12,039 3.15 .9

GPS Null—Steering $128,000 $143,746 2.7 1.0
Antenna

EAR $2 ,000,000 $1,890,922 2.5 .9
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S.
V. RECOMMENDATIONS

The analysis of these four software development projects allows

the formulating of some general conclusions. First , the PRICE—S

model seemed to work quite well in these particular efforts and

therefore , should be utilized , along with engineering estimates , to

a
obtain a preliminary cost of future software development projects.

S
The PRICE—S user mus t realize tha t fo r  AFAL systems, certain complexity

f ac to r s  such as RESO and CPLX may be lower than the “average values”

stated in the PRICE—S users manual. This study is just the beginning

of many ana lyses which must be performed before the USAF can have a

100% confidence in the results of the PRICE—S model. First, many

more than four  histor ical programs should be calibrated against the

model ou tputs  to establish a comprehensive data base of complexity

fac tors  fo r  use during analyses of new programs . The effects of the

RCA calibrated schedules should be investigated for their accuracy .

The future analyses requires the use of a large and well formed data

base of software development efforts , which is non—existent to date.

But in the interim PRICE—S seems to be the most appropriate software

cost estimation model for obtaining preliminary software cost information,

which is available to the cost analysts today.

— 18 —
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APPENDIX A

PRICE—S INPUTS

This appendix contains a detailed discussion of all inputs used
for the PRICE—S model for the four projects described in this report .
A generalized description of the software programs is found in Section
III of this report. The last six pages of this appendix are the

actual input sheets used for each project.

The reader is asked to refer to the RCA PRICE—S User ’s Manual
for further information. AFAL System Evaluation Group has a copy and
will be happy to answer questions the reader may have.

For this appendix the four projects are abbreviated as follows:

Project A: GEANS Software Conversion

Project B: In—House Simulator

Project C: Contracted Antenna

Project D: Contracted Radar

— 19 —
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_ _ _

Title A D y e n d i x  A :  P R I C E — S  INPUT S

Application

Date 
________________ Optional

INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors

( 1 )  ( 2 )  ( 3 )  (~ 4 )  
________ _________ 

(5)

.4 MOAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix

(6) 
_______ ______ ______ ______ ______ ______ _____ —

DDAT DONL DREA DINT DMAT os in DOPR DAPP
New Des,gn

COAT CONL CREA CINT CMAT cSTR COPR CAPPNew Code
(8) 

_______ _______ _______ _______ _______ _______ _____

Device TOAT TONL TREA TINT

Types (9) 
_______ ______ ______

ODAT QONL aREA OINT
Quantity 

(10) 
_______ _______ _______

Schedule CPLX DSTART DENO ISTART lEND TSTA RT TEND

Data 
( i i ) ~~~ 

(12 )  
_______ _______ ______ _______ _______

supplementary YEAR ESC TECIMP MULT PLTFM UTIL TARcST

Information ( ‘3)  ( i n )  ( 1 5)  ( 16)  ( 17) ( 1 8 )  (i°~

Notes:
S e e  F o l 1 o wi n~ oa ee s  f o r  d e t a il ed  d i s cu ~-. s i c n  c f  t h e c ~ 
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INPUT DESCRIPTIONS

(Refer to the PRICE—S Input Sheet, page A—2 , for item number reference)

1. INST — Is the total number of machine—level executable instructions
in a program . The number of instructions for  Proj ects A , B and C were
obtained directly from RWA personnel . The “$“ for  the Integrat ion and

- , Test Section of Project  C indicates tha t port ion of the projec t  is fo r
the cost of integration and test only ;  no additional inst ruct ions  are
involved . For Project  D , the number of ins t ruct ions  had to be computed
from number of words . It was given that the entire program consisted
of 58 ,000 “resident” words and 60 ,000 “o f f — li n e” words . It was f u r t h e r
stated that  40% of all instructions required 1 word and 60% required
2 words; hence , INST was computed as follows :

I”~ST — 
58 , 000 + 60 , 000 = 118 ,000 =

- 

( . 4  x 1) + ( . 6  x 2) 1.6 , 750

2.  APPL — This is a single parameter which summar izes the mix of
instructions. Either APPL or MIX (See #6) must be specified for all
programs since all programs had a variety of app lications , MIX was
inpu t instead of APPL using the MIX descriptions on Table 1.

3. RESO — This parameter relates the scope of the work to the shop
do ing the work , and is a sing le parameter which includes factors such
as skill levels , produc tivi ty ,  labor ra tes , and effic iency .

The combined effect of these factors , according to RCA , tends to
rema in constan t for  a par ticular organiza tion over time . RCA says , in
the PRICE—S User ’s Manual, tha t RESO usually varies from 2.0 to 6.0
with  an “average” value of 3.5. In RESO , a lower number results in
lower cost fo r  the same type projec t , indica t ing all other factors
being equal , the lower the RESO value the be t te r  the company probabl y
is a t  develop ing sof tware . This parametel is very  sensi t ive;  a small
change in value shows a large change in cost. Past experience has
indicated that  for  AFAL proj ects , the “average ” va lue  of RESO is too
high , so va lues lower than 3.5  were chosen f o r  p r o j e c t s .  Spec i f i ca l ly ,
fo r  Pro jec t  A , a RESO of 2 .7  was chosen because the two peop le work ing
on the sof tware  conversion had extensive experience in s o f t w a r e .  For
Pro jec t  B , 3.15 was chosen fo r  RESO because the individual  p e r f o r m i n g
the p ro jec t  did not  have extensive exp er ience in so1tware cod ing. For
Proj ect C and D , RESO was chosen to be 2 . 7  and 2 . 5  respec tivel y, as
both cont rac tors  had experience in the  type p ro jec t  on which they were
working . All chosen values were agreed upon by the ~\AA-3 ana lys t  and
a p p r o p r i a t e  RWA personnel .

4.  FUNCT , STRU, LEVEL — These three pa rame te r s  a re  used w i t h  HIPO
c h a r t s :  FUNCT is the to t a l  number  of f u n c t i o n a l nodules p lanned f o r
s o f t w a r e  development ;  LEVEL i s  the average leve L of work breakdown
struc ture in a HIPO table of contents , and STRU i s an emp ir ical val ue
that relates LEVEL to FUNCT . .~one of these parameters are necessar\ for
PRICE—S inputs , however , they can be useful ~~ cro ss—check values.
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TABLE 1

I N S T R U C T I O N  M I X

A P P L I C A T I O N  I D E N T I F Y I N G
TYPE W E I G H T C H A R A C T E R I S T I C S

OPERATING SYSTEMS 10.95 Task manqement. Memory manage-
— OPR ) ment. Heavy harc lw~ire inter fa ce , Many

interact ions. High re l iab i l i ty and stri ct
th-~iin ~1 requ~rements.

INTERACTIVE 10.95 Real tir-n e rna r r . r n a c h e i c  in ter fac e s.
OPE RATIONS Human engineerin g considerations and

error protection very important.
• t— ±N Ti

R EAL TIME COMMAND 8.46 Machine to machine communications
A N D  C O N T R O L  under ti ght t iming corr~tr ai nts.

Queuing not prac t i cab l e .  Heavy hard-
( — R E A  ) ware inte rface. Strict protocol require-

men ts.

ON- LINE 6.16 rv lachine to machine coniriiu nicat ions
COMMUN ICAT I ONS wi th queu ing illowed. Timing restr ic-

t lo r)s not  as re s t r i c t ive  as with real( — O N L ) t ime  command and cont ro l .

DATA STORAGE AND 4.10 Operat ion of data storage devices.
RETRIEVA L Data base management. Secondary

stora ge handling. Data blockino and
— DAT ) de-blockin g . Hashing technique s .

Hardware oriented.

STRING 2.31 Routine app lications wi th no over
MANIPULATION riding co nstra in ts .  Not oriented

toward mathematic s. Typ ified by
( — S T R )  language compiler s , sorting, for-

matting, buffer manipulation , etc.

M A T H E M A T I C A L .86 Routine mathematica l app lications
OPERATI ONS with no overriding constraints.

(—MAT)
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( They were not specified for any of the four projects in this study.

5. INTEC — This parameter integra tes the level of integration and test
required to comb ine a program into the overall package . INTEG can vary
between 0 and 1, with .5 being “ typical .” For Projects  A , B and D ,
which were “stand alone” packages , no integration was needed , and
INTEG O was input for Project C , two packages had to have some inter—

- , action . Since the integration was not comp lex , INTEG .3 was chosen
fo r  bo th packages.

6. MIX — (MDAT , etc.) These seven parameters define the software
prof ile in terms of func tional app lications as outlined in Table 1.
For each of the four projects , the mix was given in input data . The

- , -‘ op tional parameters MAPP and APPL 8 were not used since these parameters
represent special categories not needed for these projects.

7. NEW DESIGN — (DDAT, etc.) This is the fraction of each mix category
(see Table 1) tha t requires new design. A value of “1” indicates 100%
new design. All values for  this ca tegory were ob tained direc tly f rom
RWA data .

8. NEW CODE — (CDAT , e t c . )  This is the fraction of each mix category
(see Table 1) that  requires new code. In some cases , where recording
is done to an existing program , NEW CODE may hav e a grea ter  value
than NEW DESIGN . For all projects , values for  NEW CODE were taken
directly f rom input data.

9. DEVICE TYPES — (TDAT , e tc . )  This is the number of unique hardware
devices in each of four  categories (see Table 1) fo r  the program . These
values have no e f f e c t  on cost and are used fo r  cross—checking onl y .  For
all proj ects , the device types , when input , were obtained directly
f rom RWA input data .

10. DEVICE QUANTITIES — (QDAT , e tc . )  This is the total number of hard—
ware devices in each of four  categories (see Table 1) fo r  the program .
Like types (see #9), these values have no effect on cost and a.e used
for cross—checking only. For all projects , these values , when input ,
were obtained directly from RWA input data.

11. CPLX — Th is is a measure of the complexity of the program which
relates the difficulty of a task to the normal time needed for
accomplishment. Table 2 outlines an RCA method for computing CPLX ,
with CPLX for a “normal new project” with a “normal crew” having a
value of 1.0. Using Table 2 and information about each software
program , CPLX was input as fol lows :

For Project A , a CPLX value of 1.0 was chosen, as the projec t was
considered a “normal” new project with an experienced crew . For Project
B, a CPLX value of 0.9 was chosen , as the project was considered a redo
of previous work, but done with some new hires. For Project C, a value
of 1.0 was chosen , as the project appea red “normal” in all respects.
For Project D, a value of .9 was chosen because of the experience level
of the personnel.
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TABLE 2

TYPICAL CPLX VALUES ~~‘ gdor rnaI~’ : ~ 
Q

Typical Complexity Adjustments

Personnel ACPLX

Outstanding crew , among best in industry — .2
Extensive experience , some top talent — .1
Normal  crew , experienc ed 0
Mixed experience , some new hires 
Relatively inexperienced , many new hires +.2

4
Product Familiarity

Old hat , redo of previous work — .2
Familiar type of project — .1
Normal new project , normal line of business 0
New line of business

Complicating Factors

New hardware
New language +,1
More than one location/orgar rizat ion +,2
Hardware developed in parallel 
Many changing requ irements +.3
State-of •art advancement +.4 to +.6

TABLE 3

TYPICAL PLATFORM VALUES

Operating E-nvironment PLTFM

Production Center — Internally Developed Software 0.8

Production Center — Contracted Software 1 .0

Military Mobile (Van or Shipboard) 1.4

Commercial Avionics 1.7

MIL-Spec Avionics 1.8

Unmanned Space 2.0

Manned Space 2.5
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12. SCHEDULE DATA — This consists of the schedule milestones for  a
project , includ ing Design Phase Start and End dates (DSTART , DEND) ,
Implementation Phase Start and End dates ISTART , lEND ) ,  and Test and
Integration Start and End dates (TSTART and TEND) . For all four
proj ects , the month and year for DSTART and TEND were specif ied ; the
intermediate milestones were not specified .

NOTE : For all PRICE—S runs , OSTART must be specif ied along with
either CPLX or TEND. If only DSTART and CPLX are specif ied , all other
schedule milestones will be computed by PRICE—S ; if only DSTART and
TEND ar e specified , PRICE—S wil l compute a CPLX value and all inter—
med iate milestones.

13. YEAR — This parameter def ines the baseline year for technology
improvement and for cost escalation . For all projects, the year of the
sta rt of the project  was selected .

14. ESC — This parameter defines how cost escalation will be computed .
A value of “1” used here for all projects lets the model calculate cost
escalation based on an internal rate table containing the following
rates:

5.5% for 1973 7.9% for 1978
6.7% for 1974 8.7% for 1979
9.7% for 1975 9.6% for 1980
8.0% for 1976 9.1% for 1981
7.6% for 1977

15. TECIMP — This parameter defines the level of software technology
improvement f rom January 1 of YEAR to DSTART . No technological improve—
ment was assumed for any of the projects , so TECIMP O was input for all
projects.

16. MtJLT — This is a linear multiplying f actor for  all project Costs
which is used for fee and “G&A. ” For Projects A and B , done in—house ,
MtJLT 1000 was selected , which does not add any overhead , but lists
outputs to the nearest dollar. For Projec t s  C and ~) , con t rac ted
e f f o r t s , MULT was input to r e f l ec t  fees .

17. PLTFM — This parameter relates the cost of software development
to the environmen t in which it must operate ; it is a measure of so f twa re
test ing and re l iab i l i ty  requirements that must be met .  Table 3 lists
typ ical PLTFM values . For Projects  A , D and Airborne portion of C ,
a PLTFM value of 1.7 , “Commercial. Avionics ,” was selected . The software
for these projects was designed for airborne applications , but no formal
testing or military specifications were required dur ing development .
For Projects B and the Simulator portion of Project C, a PLTFM value of
1.0 was selected because these projects were designed for fixed ground
applications .

18. UTlL — This parameter refers to the fraction of available hardware
speed and memory capacity utilized by a program , whichever is greater .
Values of tJTIL below .5 indicate no constraints and do not affect cost ,
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but values above .5 and especially above .8 , have sign ificant cost
impact. For Project D and for the Airborne portion of Project C ,
memory constraints resulted in high UTIL values of .80 and .85,
respectively .  For other projects , values of .5 or less were selected
f or UTIL , as no severe constraints were present.

19. TARCST — The actual cost of the project used in the “ECIRP” or
“Design to Cost ” modes of PRICE—S. This was not specified for any
of the projects , as all runs were made in the “normal” mode.



o o ~ uuware MOOel riiename:
Input Worksheet Page ....~~... of 1

Title p~~nr~ rP “ A ”

Application I N — H O U S E  SOFT WARE C O N V E R S I O N

Dste 7 Feb 78 Optional

INST APPL R ESO FUNCT STRU LEVEL INTEG
Descriptors

18000 0 2 .7  0 0 0 
_____

. 3
MOAT MONL MREA MINT MMAT MSTR MOPR MAPP APPt

Mix
.0 7 0 .17 .07 .33 .03 . 3 3  _____ —

DOAT DONL DREA DINT DMAT OSTR OOPR DAPP

New Design
.00 1, .001 1 1 .6 .001 1 

_____

CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code

1 .001 1 1 1 1 1 
_____

Device TDAT TONL TREA TINT

Types 
___- 

-~ 
_ _ _  _ _ _ _

GOAT OONL OREA OINT
Quantity 1 1 3 1

Schedule CPLX DSTART DENO ISTART lEND TSTART TEND

Data 1 p  0 57~ 0 ~~~~_ 0 _______ 1275

YEAR ESC TECIMP MULT PLTFM UTIL TARCSTSupplementary
Information 1973 1 0 1000 1.7 .5 _____

Notes:
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0 0 ~oiiware MoQel risename: _____________

Input Worksheet Page .~~.of 1

Title P R O J E C T  “ B”

App’ication — 
IN-HOUSE SIMULATOR

Date 13 Feb 78 Optional

INST APPL RESO FUNd STRU LEVEL INTEG
Descriptors

2t~00 0 3.15 0 0 0 
_____

MDAT MONL MREA MINT MMA T MSTR MOPR MAPP APP~Mix
0 0 0 .05  .95 0 1) 

—

ODAT DONI. DREA DINT DMAT DSTR OOPR DAPP
New Design

.001 .001 .001 1 .1 .001 .001 _____

COAT CONL CREA CINT CMAT CSTR COPA CAPP
New Code -

.001 .001 .001 1 1 .001 .001 
_____

Device TDAT TONL TREA TINT

Types 
1 1 _______ 1

GOAT OONL GREA QINT
Quantity

1 1 0 1

Schedule CPLX OSTART DENO ISTART lEND TSTART TEND 
-

Data .9 1177 0 0 0 0 027 8

Supplementary YEAR ESC TECIMP MULl PLTFM UTIL TARCST

Information 1977 1 0 1000 1.0 .3 _____

Notes:
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0 0 ~~ ~OTtware ~ oaei Filename: _____________

‘ Input Workshee t Pagej.....of 3

- . Title P R O J E C T  “ C ”

Application C O N T R A C T E D  A N T E N N A :  A I R B O R N E  S O F T W A R E

Date 20 Mar 78 Optional

INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors

2000 0 2 . 7 _ 0 0 0 .3
- 3 ___________

MOAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix

.1 .1 .8 0 0 0 0 
_____ —

ODAT OONL DREA DINT DMAT DSTR DOPR DAPP
New Das~n

.25  .25  .25 0 0 0 0 
_____

CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code

1 1 1 1) 0 0 0 _ _ _

Device TDAT TONL TflEA TINT

Types 0 0 0 
- 

0

GOAT OONL OREA QINT

Quantity
0 0 0 _ _ _ _

Schedule OSTART DEND ISTART lEND TSTART TEND

Data 1.0 0578 0 0 _ 0 0 0179

Supplementary YEAR ESC TECIMP MULT PLTFM UTIL TARCST

Information 1978 1 0 io6 o 1.7 .2 _____

Notes:
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o o ~o~tware MOO~i Filena me: _____________

Input Worksheet uage o. _ _ _ _

Title PRO JE CT “C”

Application C O N T R A C T E D  AN TE N NA : SIMULAT I ON SOFTW ARE

Date 20 Mar 78 Optional

INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors

20000 0 2. 7 0 0 — 0 -

I
MOAT MONL MREA MINT MMAT MSTR MOPR MAP? APPI

Mix
0 0 

______ 0 ______ ______ 2 _____ —

ODAT DONI. OREA DINT OMAT DSTR OOPR DAPP
New Design o 0 .: c .1 _____

COAT CONL CREA CINT CMAT CSTR COPR CAP?
New Code

_________ _________ 2 _________ 1 _________ _________ _______

Device b A T  TONI. TREA TINT

Types 0 _ o o _ c

ODAT QONL OREA QINT
Quantity

O _ _ _ _ _  
p _ p

Schedule CPLX OSTART DEND ISTART lEND TSTART TEND

Data 1.0 0578 0 0 0 0 0~~7Q

Supplementary YEAR ESC TECIMP MULT PLTFM UTIL TARCST

Information 1978 1 p 1n6o 1 u1 _______ _____

Notes:
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0 o Sottware MOø~l Filena me: _____________

Input Worksheet Page ...~ . of 3

Title PROJECT “C”

Application CONTRACTED ANTENNA : SOFTWARE INTEGRATION AND TEST

Date 20 Mar 78 Optional

INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors

I

MOAT MONL MREA MINT MMAT PASTA MOPR MAP? APPI
Mix

DOAT DONL DREA DINT OMAT OSTR DOPR DAPP

New Design

COAT CONL CREA CINT CMAT CSTR COPR CAP?
New Code

Device TOAT TONL ThEA TINT

Types

GOAT UONL OREA QINT
Quantity

Schedule CPLX DSTART DEND ISTART lEND TSTART TEND

Data 1.0 1078 0 0 
- 

0 0 0179

Supplementary YEAR ESC TECIMP MULT PLTFM UTIL TARCST

information 197& 1 ______ io6o 1.0 .2 _____

Notes:
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0 0 ~ortware ~ oaei Filename:
Input Worksheet Page .~_L of 1

Title PROJECT “D”

Application C O N T R A C T E D  RADAR

Date 23 Jun 78 Optional

INST APPL RESO FUNd STRU LEVEL INTEG
Descriptors

737 50  0 2 . 5  0 0 0 
_____

MOAT MONL MREA MINT MMAT MSTR MOPR MAPP APPI
Mix

.15 _______ . 15 - .05 .65 ______ ______ _____

DOAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design 1 0 1 1 . 99 0 0

COAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code

1 0 1 1 .99 0 0 _____

Device TDAT TONI TREA TINT

Types 
_______ _______ 

3 1

GOAT QONL OREA QINT
Quantity

_ _ _ _  3 3 1

Schedule CPLX DSTART DEND ISTART l END TSTART TEND

Data .9 05714 0 0 0 0 0579

Supplementary YEAR ESC TECIMP MIJLI PLTFM UTIL TARCST

Information jg~ 14 1 0 1120 1.7 .85 
_____

Notes:

— 32 —

GC 1610 8177 rin rr~ rwi

- ~~~ -~ —~~~~~—~~~~~~~~-— - -.  --~~~
-- — 

~~-



~~~~~~~~~~~~~~~ 
wI~~

_
L 

-
~~~ ~~~~~‘~‘ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F’ 
~~~~~~~ 

‘ -. . - - .-, j... - — ~ ‘- 
- -

APPENDIX B

PRICE—S OUTPUTS

This appendix contains the actual PRICE—S run data and outputs
fo r  each of the four projects considered , with total costs circled .
The outputs also include a sensitivity analysis which shows the
effect of changes for RESO and CPLX on cost , and a schedule effect
summary which compares the input schedule to a “typical” schedule

• computed by PRICE—S and demonstrates areas where cost savings may
- be realized by changing schedules.
4
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PRICE : ‘DFT IJAFE MODEL

DATE ~ — MFiR— 79 T IME 1i~~: U~
IN HDIJO-E ~DFT i lA FE CUFI ERO-. I Or-I - H A -  ‘ :LTEM

IN PUT DATA
FILEFIAF1E : FF- DJA - - - DATED : 7 FEE 7:

LIE OIOF’ I PTDF’:l
INLTRUCTIUN:: t8i:ii:II:i FWP LICA1 1DM 0. 000 F-EODUH:.E ~~ . 701
Fi_ Irii :- T lot- -i: ü ITFI_ICT I_IRE U. :0’:’ LE EL

APPL ICA T ION C-ATE’30F I El NEI l DEV ELOPMENT :‘ :~T Et1 JJHF I ~ ‘ -  ~ T I Lri
ri i:: LIE’: I 3M COLE T - - ’F’ E’:- I u

DATA - F’ i:. 07 0 .0’ :  1. U ’:’ 1 1
ONLINE ‘:0MM ii. OlD - U. 00 0.00 1 1
REALTIME C~oC 0.17 1.00 1.00 :3
INTE F’AC T I E  0. 07 1. 011 1 . 00 1 1
MATHEMA T ICAL I:I .~~~ U . t O  1. •..
TT F’ Ir’IG riAr’I IP L..c,:3 0 . 0 0  1 .00  ••. ••.
DPP l ’~ lTEti U. : : :  1. ‘: ‘ o t .Uo  ... ...

:l1HELILILE
C OMPLE:-: IT  ‘-

~ 1 .
[‘El i 3ri :JF’FT MA 7 . 3  IMFL ITAPT i: 3: ’  J 1R ~ T
LiElIGN END 0 IMPL Er-ID U T~: I E-~~I lE ~~

LIPPLEr1ENTAL I NFDPr1HI TO N
EHF 1~~ E I HI HTION 1 I I IUI I~ U ~ I I

r1L1LTIF-LI EF ioU’ : . i: ’:’ ’: F’LATFDF’ M 1.7 1JT I L IL — t 1:11

PPD’3FFdti i:o-:i

C D T  ELEMET-4T: 1 DE:I,5 r-i IMFL t I T~~~
~T Er1 EN I tIE EF I ri -~ ii — 4 -~ 

— 1F’ROGF’AM MIH, : 
~~i:’

’
~~

- . - 1 - . - 4 - -~~~~. ~ i: i~I DFIF Ii ‘F HI TOr i I LIr~T~. DL 14 11 4 I — 1”tOi: jrtFr- q~~T~~~r-4 l4c~~5. ~4~51 ~~~~~~~~~~~F P O~~ - kri r’lHNH ; EF lFr - ’r 
~ 
:; -~~ :~~~~ :‘7’ ‘ 

-

TOTAL 
- 

154 :~s. ~~~~~~ ~ U;~i 1 u. ~~~~
HDI :IITIDH40 r -[ 4 4

HE I C  F I PTOF’
Tri: ’IF” .”:TlOr- , 1~~i , ! AF’ F ’ L IC .A T IIJr -4 ~~~~~ ~ El L ’ I  FFUr-iLl Lot-i : ~~1IC .TF - I ,’CILiPE i i . OC .’ L~~:,EL

‘I HF [ILL F
I Dr’1~ - t , F .  IT ’ 1 ’ 1.
t ’Ei l i3N _ .TAF - T [‘iA 73 Ir’i~~i :YIHFT ii 1:’ I’t E l  l~ r~ END iD I11PL END U I:: I Et iJ ’  I
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PRICE IDFTI IAPE MOtEL

DATE E— r iAR —7 ~ TItlE U~~: 04

F -i HOLI : E I OFTI ,l iR E C:OF1 EP: lot-I - F-IA ‘L’ i ’ -LT EM

:LEF-4: ITI ITi DATA

CDMFLE ’: I T
4

- 
- . - ~ i: ‘1’ t .  U U 1. i OU 

C O l T  37~J31~~. ‘:0-I T T :~~,tii 1 . : CD~.T :4 7’~ :a~
, .

— 

: tiOt -ITHI :31.0 : t1ONTHT’ 31. ’~i : rlOt-ITHT : :31.0
F :

E : • ~ : . - .

0 LLi T ,—‘ Th- S I 0 T 4Iii~~U LO T 4L
7 U : : - : : - -

MOt- ITH I -3 1 .0  :~ MDNTH I 3 1 . 0  t iOt- ITHI 31. ’:’

E : : : 

- COlT 41S7:~~: . CD-I T 4~~777 7. C O l T  441~~1~~.

t1DNTHI ‘31. ’~’ : MONTH I - 31 .0  F1OF-ITH : 3 1 .0

~ CHEDL lLE EFFECT - lUFIMAF i

- 
A’l.T I lT ’~ LEF-~3TH UI t iOt i TH I

CDt1PLEI- - : I T -  = 1. 1:101’ : L’EI 1GM It1FL 
— 

T ~ I 
— 

: TOTAL

F’EC IFlED 1’:HEL’L~LE : 0 .0  0 .0  0 .0  : 31 .0
D EFLAF’ : ~ 0. 1 0 .0 -

T FL CAL  LCHEDLIL F : 7 .1  7.7 11.0 : 17.0
4.~

LIE ELOFF’l E F-I T C 011:1

CDrlPLE::1T-~ = 1. 000  : DEII’5r’i Ir1FL T :~ I T O T A L

F’ECIFIEL’ CHEDL’LE : 154 U~~5. ‘ : : ‘ 3 , i. aCi:3 1 10. : 4 ,:,~~Ul:5.

: T u P I CA L  ICHEILILE : l~’77 1~~. ~~~~~~ 17U~~~4. : i:

E :TIr1AT Et’ F’ENALT : ~E3 5 U .  75~~5. ‘ 37477 . : 71 3- L. 
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FR ICE :1:OFThJAFE t1DDEL

DAT E l— F1A F’ —79 TI t l E U’~ : (i:3

I N H[]LI: F L I  t1LII_ A I OF NIRV ‘Li TEri

ItIFLil DAT A
FILEIIHI-TE : PF’O IF DATE D: 1-3 FEE 7:~

• [‘E:’:F’ IF’TOF :
IN TF H’ lION ~ i — I l I i  HFFL ILHT IO N i i  i i i ’ ’  FE ONE, E 1w ’’FUIIC 1 1011:- 0 LTPUCTIJF’E o . I:’ 00 LE EL 1 . I) 00

A PF’LICAT IOI- i ‘:AlEGOPIE:I NE” LIE ELDF’tiEI-il 1 ~1Eri  Cot- IF I’3’J FAT lOt- i
ru :--: DEI I Gri CODE T ’i’PE’L LI _ ANT IT ’

DATA I’  P 0. 00 0.0’) 0. ‘DO 1 1
ONLINE COMM 0. 1:1 1:1 ID. ii:’ ~~. uo 1 1
F’EALTIME C~~I i:. 1_iii 0. 1)0 0. 1:1 1) U ID
It - ITE PACT I ’ ’E iD. 05 1. UI) 1.0’ )  1
HAl HEMAI I CAI_ i : . ~~ 0. 1 11’ 1. 0’)

TF’ ING [‘ lAHIF’ U. 00 i:. UI) ID. I:’’:,
OFF L’ i’LTE Il l  0 . 0 0  0 .0 0  0. ’:’ ’:’ ..*

IC HEL”,’LE
O r1FLEI, I T i  i: . U

[,E I:I,’~ LlAI~l t iC’ ’ 7 I11PL I- TAFT 0 T~ I :I,TAF’T 0
[El  I’5[i Er-IL’ U IMF’L Er-il’ U T~ I Et-IL’ FEE:

I ,’PF’LEME NTA L IF-IFDF11HT lOt
I F A ~ 1~ 77 E I C A L A T  ION 1. 00’) TECH IMP ID. I ,

r-1’ _ ’ L :T I FLIEF -  1010 .  0’) ’ F’LHlFDF’ri 1.0 IjT ILI:AI ION 0. ;‘ ‘

F’F-D’~F Hti C O l T :

CO I l  FILE MEt iT I  DI’ — I IN
T EN RNI It E L F  INI 

It1EL I i 1[I T~~L

11411 
. H ,-

I Dr i f - I ’  I F H T I O r 1  I Ot T F f l~ 1 
14~- I I  

~~~ I I
Lifli L itl E t-IIATI[ ,ti 

~~~~ 
‘~~~~ 1

~ ’:~E • 17, 4 .
FF’OGF H[-1 [-iHr ~~~I - E  ti E NT I :~ “ ~~~~~

. 
~~~~~~~~~

TOTAL lH~~~ . 1~~11. -
~~~~~: ~~~~~~~~~~~~~~~~

Alit’ I T L~j 1-~AL [‘AT ALIE IC F’ I Fl fl~ - :
IH IT ~~ I I  I1LIt~ 1 ~~~

‘ i1i A P P L I C A T I O N  1 .37 iD FE’  0 1 F F  1C ,IO N: c~~ IT PIjI 1i,FE Ii. 1111 11 LE - E L 
- - 

~- C HE [‘I L F
‘ ur’l F LE I IT , i:. ~~~I t  ~~~~~~~ H -

~~ 

IF Etif l I I EHI FF } -
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—— — PRIC E 1DFT l ~~~~E MUt’EL

DAT E ~‘ -‘M — 7 ~ TIME ,“ - ~~~: ii:’
HD .I E  1 IF1LILATO R - i I-

.LEN -L IT 1’- ’ 11’ , [‘AT A

I T i  

~~ Ic ’ 

~: ~

‘

~~~

‘ 

C D-I T l 1 ’ - 4 1  : C D T  1l~~3.E- : 0 t  ~ :
3. 05’~’ : :

MOr -ITH: i:. ,) : MONT H , ’ : .~) : MONT H .j
F : : :
F : : : 

0 Q T 1 ‘‘ ~~~ I 0 1 1 ‘‘ I B T ~~~I_I 1. 15’) : : :
F t lDt iT H 3. i) :: [‘l[’~1f H  3 .0  f ’ 1 7 I i ’ T H  — I

E : : 

C O l T  t~~3~3 i .  : ‘ :o :i 1a31- -I. C D T l~~ 4 ~~. :
1 F’flJ~-,T~~: I. ’:’ : t ’ l L I H T H  :. i:’ : M O N t H ’ , ( i

:11 HE [‘I _ IL P EFFECT I, I’ ltlH F

A i T I IT ,  LEN’~1 H IN [TONI H

CDr”F’LE :,IT-r = I~,.
-
~~1in : t ’EI IGN It - TE L T :- I : TOIAL

: IPEL IFLEL’ CHE L’L’ LE : ,j . ‘1 II~ :i u. 0 : 3.
I 

~i . I) 0. ‘Ii

T F’ IILAL CHELIL’LE o . :~ :1.7 1.1 ~ .i• ‘:‘ .~~ o.~

LiE ELOFriEr-il CD : T - L

CDr1 FLE:- :IT’ - ’ = 1’ . ~~,,1, : LIE: 1i3 ri I11PL T I : TOT i-~L. :

LFE’: IFLEI’ ;‘:HEL’L’LE : 339~~. 16’)l. 7’141. I 1~~ I:i3- -~.

T’ - ’F ’ ICAL II HEL” ,’LE : 3~:,) j~ 1575. ~~~~~ : 1 i : - ’ .

E T ir1ATE L’ F ENALT - : ‘~5. ~~~ t a o .  : j 4 1 .
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FFIC E ‘LOFTIIAE’E riEJI’EL

DATE ‘E:-MA~ — 79 TIME 07:

CO FII F:AITEI, At - i TEN NA ATRE :DF’NE LOFTFIARE

INF LIl DATA
F ILEt IAME : F’ FOJ C DAT ED :  a ’:’ MAF - CH 78

- - 
f t’E ’I PIF’TOPI

IN T E I I ’  l I O N  l I I i I i  HFFL I’ HIION H 1 1 1 1 1 1  FE 0 111 — I E ~V Fl ti’ lION I] T El , ,  T I l l - F I I  i~~ I~~i LE EL IJ I III

[F-i l EGRAT lot-i Ill .

REEL I i:AT I OF -i C-A T EI5OR I EL NEl~’ t’E ELDFIlEt-il 1 , 1  TEN C OTIF I GLIF-Al T Ot- i
MI::: [ ,EI IGt4 C’OIiE T ’ iFE L L’l_ iA t - ~T IT i

DATA I - F  0 .10  ‘lI.aS 1 .00  U ID
Dt- ILINE COMM ID. 10 ID.~~5 1.00 ‘:‘ 0
REALTIME C e- - C 0 .5 0  ‘:i .as 1 .00 U ID
INTERACT l E  0.0’) 1.00 1. 110 0 ID
M A T H E MA T I C A L  II~ ‘~‘‘) 1. ‘DO 1. ‘ ‘ C u
LTF’I r-1I5 [lAn E II. 00 1.0’ ’  1. ’:’ ,:,OFF : - - LTE ri: 0 • ID’,’ 1.01’ 1. ’:’’:’

I
C Oti FL El:, I T i - 1 . Ii’:’ :
[IE III~N ITA PT MA - 78 ItTPL START U T :: I I TAPT
LIE : I’3N EN[’ U IMPL El-lB 0 T~- I  EtIt’ JAN 7~

-: LIF’F’LEMEr,TA L I t-IFUF’MAT I OF-i
-

i EAF- 1978 ESC:ALAT IOF’ l 1. DU O TECH I F-iF’ ID. 00
MULTT F’ L IER 1 0~~U. 001) FtATFORr1 1 .7 IJTILI :AT lOt-i U .

PROGR AM C O T:L

‘IO~ T ELEMENT 1 DEl II3r’i IMPL T :~- I T O T A L
I LTEM Er iL I t4 EEF INC 1 14a4. ~~~~ 18457.
FPDI5PAMMIFI,; ~4~~E:. 490 1. 7549. 149 17.
C-O FIF IGUF’AT TO ri CONTROL 1:384. 1 U.~7. 2912. liLa _ I .
t IDCLIr1EtIIAT ION ~~~~~ 134. 3~ 5-3 . 5a74.
PROGPAM MkrIA~-F tTE Lii 1 i~’4~~. 292. 162:E: . ~‘ s  ~~‘

TOTAL 17~ a4. 74aE . 40199.

FILILIITIDF’IAL IIATA
tIE CP I F T O F L

1l4 TF-n : T T O N I a:’:’ ’: A F P LI CA 1  ION . 795 REL:DUPCE a.  700
Fl_ il- i’, T I 01-I T 32 ,TP IJC TL1F’E ‘:‘. i: ’:’ ’: LE EL U. lDCIII

:CHEI” iLE
C DI- IF- LEX I 1’ t .  ‘JO 0
DE~ 11314 -LTAF T h A  72 1MFL -TAF’T 13 T:, I LIAF T 13
LiE = 11511 END iD IMPL Er-i t’ I) l~ 1 EMIl JAr- I 13

— 38 —

- ~~~~~~~~~ --- ~~~~~~~~~~~~~~~~~~~~~~ -



____- 

-

PRICE :7:OFTI,IARE MODEL

DATE 8—MAR—79 TIME 117:40

CONTR ACTED ANTENNA AIREOF’t- IE SOFT IiA R E

LErIL:IT I IT ’ i DATA

a
COr PLE ’ I T - ’

- - .901:1 1.000 1.100

COL T 59-3~ 5 : C-0 T ~~~~~~~~~~~ : ‘lOll ~~~~~~~~~
. bI_Ill : : I

: MDI’ITHL: E~ U : MOf-ITH:: 2 .0  : FIOrIT HL ~~. ‘:i

F : I :

E ~, 

0 LO T - ,1~~ I i 0 T ~-~~~ 4-- ‘ 0  T - -
~~~~~

‘
~~~

I_I 2 7 UI) I : : :
:: tlOt- ITHI : 5 . 0 : :  MONTH~ 5 . 0

E

: CO L T ~ 4u5 i-3 . : COT-I 572’sS l- . : :011 15114 .
~ .80I: :

I tiOt-ITH:L 8 .0  1 MO t I TH I - 5. ) : MONT HI  8. 13

:L1 :HEL,1JLE EFFECT -IIJMFTAF-

AC - T IV IT’ t’ LENGTH Ill MOI- IT HI

COMFL E;IIT- i = 1. 0 :0  [‘EL 11514 I t 1PL T i :  I T O T A L

-3PEC1FIEL’ :L,CHELI I_ILE : U . )  0 .0  i:. I:, : 2 .0
IJ . U~ - 0 .0 ,-

T - rFICA L CHE DI ,’LE : 2.4  3.1 4. 5:  : 1. U
I ~- 1.4 -  - t. :i :

DE ELOFrlEr’il C 0511

CDr1FLE: I1 , = 1.0) ’)  : DEII’Sti IMF-L I :: : 1OTHI

:F’ EC.IFIED II:,HELILILE : IIE, 2’4 . ?4I,~~. 4 ’:’ 15~’~ . -5 4- - .

T - - P L’:-AL CHEI’L’LE I 174E 13. 1357. :4:L:12, . I ~~~~ ~-r- ~~

E T l tTA TE L I  F’Et IALT i : 161. h~~ . 33 3 .  : El  3.
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— — —  PR ICE :0FTI,IAFE FTOLIEL

IIATE 8— r1AR — 79 I IME 07:42

C:0r- IT FAC T Ell ArlTEr ir’IA 51 I1LILAT I ON :i:DFTI,IAFE

lr’IPUT [‘ATFi
F ILEI-lAr1E: PFO-JC DATED : 20 MARC H 75

[ ‘ E:CF IFTO P :
Iri l lF-IJCT IOI- l: 20(1 1:1 1:, AFFLII:Ftllor-l ID. 01:1 1:, F:E::OIJF i:.E 2 .700
FI_ir-iI: T to ri  = ID LTRI_II:,T IJF’E o. ID O l) L EVEL 13. 13 1:1 1:1

I NT E1SFAT To t- i 0. 3

AF FL ICATI OF - i  CATE ISOFI E r-IEI. l DE ELOFMEI’IT :L-~5T EF1 ITOr’I F IGL’F-AT ION
ri I:- -: DEL I ‘SF-I CODE IF-El OUANT I T - ~DATA I - - F’ ‘3 .0:’ 1.01:1 1.11 0 - U U

ONLINE [Orir i o. ’:i’:’ 1.0’) 1.0’) Ii Ii
REALT IME C :~C ii. 00 1.00 1.UI~I 13 iD
I I I T E F -A ’ IT I - E  ID. I1I III 1 _ ID ,) 1. 13 1:1 ID 13
MATHEMATIC AL i:’.si :i ij . 10 U. 1U
:TP ItIG r1ANIF ’ (i. 01) 1.0(1 1. 11 1:1 ... ...
OFF - ‘ ‘ LT EIH Ii. 21! 13.10 ‘3. 10

CHE[ILILE
CO MI LE : IT 1. I’jI) I)
LIE : I G r i  ::THF I [[A , - 

~~::: IrIPL IT A F T  U l~ I :TA F’T ID
LIE I I Gil EMIt ‘3 I IIEL El-il’ ‘1 T~- I Er-It’ JAN 19

LIFE LEMEII r AL I r4 F OF r1A1 I ON
‘ ‘ EAF’ 1 :  E C ALAT 1014 1. 00’:’ TE’I H IMF’ U. (‘CI
t l ’ ’ LT I F ’ L J E F  1 ’ -  0. I I)  FLA TF OF’M 1. 11 1JT LLI:ATIOF- i ‘:‘ .a’:’

F’F’OGF’A M CDL T I

lOll E L E t ~~t T - ~ DEL,II3N IMFL I ~- 1 TOTAL
1 . 1  IF it  ~ r ’ - j t ~~ ~ I i -  112 13 .  55.5’ . 22.53 :5 :.
P l - ~~H’-”-’ 1? I I~ 422 . -3 ’:’~ 5. 9095. 145:32.

r C D I I F  j,~ F H F  I~~’ ,~Dri1,.OL 13:5 .  ri54 . 1094-3 . 129::a.
1101: ‘[‘11- r 4  HI 1014 -~ ‘~5. i5~~. 3457. 4E- 14 .
FF- [ l ’~FHi :~~ r H ’ ~~t’~E t l T  1 :3 3 .  1::5. 1’~t~:’ . 

, ‘c

T O T A L  17051. 4 2 -1 4 .  4 77 :1 .  69 LEt

A LII,ITIDIIH I1ATA
I F  :CF IF TDF :

IN T l~’ ”  1101 ~
_ ‘ ‘ ‘ ‘ u’ ’  HE E l  I’ H i T O t I  FE DI P, E ~_ 

- i
E l i l l i  T i n t : 22.5’ ~~~~~~~~~~~ ~~~ ~:ç, LE EL ~~.

SC HEr” ‘LE
‘:Or F- L E IT i. i: ’: ’:’
[IEIIKI ~ 1HF T NH 1 LMPL TA F T 0 T : I
~‘F’ 1 1 :41 E l I -  ‘1 1t1F L Elli , 1:: 1 E111’ J Ht t  ~~~1
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PF ICE :OFT I,.IAFE MODEL

DATE 3—MA R—19 T ItlE :7: 44

C Ot- IT RACT EL’ A r-4TE r- I r i~ LI M ’ ~ A l  ION IDE 1 l~~~F E

IEI-l T- IT I - I T ’ DA 1 A

LOrT FLE: :  11, ’

1. 11 1:1 1:1 i _ i l :

CO-IT 65:14.  CO- T t5 ,t ,15L. ‘:u :1 t-1s’:’t.
~~. ~~I) Ij I :

I MOF-ITH I-- :3_ I) : MOt- IT H: -
~~~. i: : Mot - iTH:

F : :
E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 : CO LT 68145 . : : ‘ lO iT  E’~ LE- E . : 1  CULT 711LE- .
U 2 . 70 0  : : : ::

P : rlDfITHT 5: _ I) I : MON T H I 3. I) :: I1ONTHI , , _ I :

E

: COlT 7’j: 34’:’ . : ‘10-I T T 2 l i t - . I ‘lIL T - - , :

2 . 8 ( 0  : :
1 rlOtI1H : 3 _ U  : rl0Fi ’rHl  :5: _ i:, : [‘lfl Il ’[H

:3CHELILILE EFFECT LIFtt’lAF

AC T I II,- ’ LEF-1 STH 11-1 MONTH:

C0riPLE~: IT -  = 1. 1l,1 0 I DEL- 1GM [NFL T 1 I T O T A L

‘SPEC IFIED 1-CHELI_ILE : I1 _ I) li _ i] 0 .0  : : : _ I) :

C .  ‘: (l _ I_ i ,. :

: T ’IPIC-A L ,CHEIIL!LE : 1.5 1.5 3 . 1  5 .3
0 E FLAP : : _ ~ . •, I: _ ~

- - DEV ELOFtiFtIT CO LT S

I C0MFLE~-: ITi = 1. I 1 l l 1 1  : [‘El IGri Ir1F L I :~ I : T OT Ar

.FEC IF IE[’ ‘I_CHEBLILE : i;’:’st. 46 14.  4771)1. E9~~ -- .

T - IPICAL ZIHEL’IJL E : 15951. 4 321.  44 C~Z~7~ : t 4 8:3 - .

EI TIFIATELI FENA LT 11:171:, . 293 .  3114. 4471: .
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PP-ICE I-:OFTk.4AFE MODEL

li-I TE n I F-ITEIS FA T I 01-I j
DATE :3—t1A F’ —7 TIt lE 07:47

C- 0t- IT F’ACTE t’ AF iTEI-It- IA - - LF’ ITEGFiRT IOn- i Alit’ IELT

It’IF-UT DATA
F ILENAI1E : F F0_ IC LIAT ETI : 20 MAPCH

I - C HEDULE
cOnuF LE:IIT- ’ 1 . 01:111

tIES IGI-i :1-TAFT OCT 78 IMF L LTAP1 U flI : TA P-T (I
LIE:: 1GM Er-it’ I1 It1FL EMIl 0 T T- I EF’I[I JAIi 79

T l _IFFL EMEF- ITAL It- IFOF-MAT IGN
1EAP 1EII:5 E -C-ALAI lOt- i t . ,: ,I II, TEC:H IMP 0. 1I1)
t1LILTIPL IEF’ 1 0511 . 1:1 1:113 FLATFO RFi 1.0 UT ILI AT IOI’ i 0 .2 :,

PRO GR AM CO ST S

CQ::-T ELEMENTI DE .1GN IMEL 11 ~
- - - I TO1AL

_ :_ I - : T E M_ : Etl IS Ir-IEEPIF’IG 27413. 1-34. 2255. 5139.
PPOGF ArIFiIli’l -592 . 745., 9 . 5 7 .  3254 .
C Ot- IF IGUFAT IOr-i COr- ITPOL 219. LOS . 723.  t ’:’4s.
t,OI:Url Et4TAT 101-i L5:3 . 24. 208. 1:34 .
F POGRAFl MA NAGEMENT 155. 27. 115.

TOTAL 3859. L ,:, ::4. 423:5: .

A[’LIITIOIIAL LIATA

= : HEI’L’LE
‘::OtlPLE: ,i T - ~ 1 . 010
DEl II5~-l : T A R T  OCT 7 :5: lt1PL -1-- TAF T 0 1:1 I LTA F’T 13
[lET 11511 Eti l’ I) InlFL Enit’ 3 T :~ I EF’ID -JAr- i 79

:UMr1AF -- OF :- DFTI,IAFE DE’ ELOFr1EF- I T TOTAL S

PFOISFA F1 C 01-TI

I Q I T  ELEI1EIIT: DEI:IGt’i IMPL I ~
- I 1OTAL

I I  TEII I E r4 ’ 5 IF i EE F114G 25377 . 1568. 42950 . ~~~~~I:I5.

FPOI;FAMIl IF4 I:, 5481. 8711. 17571. 3 1763 .
I ONF II,lFI-ITIOnI I ON T F O L  ~~~~ t 4 ~~~~~~~~ ~~~ c- i,
[‘OCUIlEnI TAT IO I- i  2451. 5(11. 7317. 1:215.
PFDGPAr 1 rlAr- iA is EruEl-il 2237.  504. :3711 . - -

TOTAL 38534. 1-3014. 921 3: : . [4374~
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——— PRICE : :OFTI.,IAPE MODEL

- 
1- ITEI i IlITEC’FAl 101-i

DATE 8—MAR— 79 1 IME 117:49

C0NT FAC :T ED An’ITEFll’IA Lt- ITE’SF’AT 1011 At-il’ TE: - T

l’En’lL:ITI IT ’~ LIATA

COMFLE :-- IT-I

~~~~ 

. 91:1,:, 1. o _ ’_ ’ 1,. [‘:1 ’:,

CO:l :5:5[7. : C O lT  :3171. : C O T  9ui I.
2 . 5 (I Ii : : : I

: IlOt-iTHI :3. i) : MO1ITH I 3_ I l  : MONTH:  I. i: I
R : : : I

E ~~ I

0 : C O L T  :~:4 5p ,  C O lT  9130 :: COT T 9 4 4  1
LI ~~~. 1 II I) : : I : I I
F- I1ONTHI 3 _ I) I1Ot ITH I 3 . )  1 MONTH I . ’,’

E :~ : 

- I CO: T 92’#— ’S . : CO - IT ‘4 1 ’ - . : C UlT * c : .

t1OF- ITH : ~~. I’ tiUir- ill—i l :. i: tirir iTh

-SCHEDULE EFFECT :Z,I J tltTFI F- ’

AC -TIV ITI LENG TH IN MONTH I

C:Ot1FLE:-::IT- u- = 1. 1:10 ,: TJ EII ISI - 1 IM~’L I :~ I : T O T A L  :

lEE’: IFIEt’ : CHEIi _ILE : III . ‘:‘ 0_ i:’ C’. i~ : - .1’
•- O EFLAP - : • Ii _ i 0 _ U  I

T FICAL -CHEL’L’LE I 1.0 IT’ . 5: 1.2 : 4

• 0 EFLAP ’ : I~~. 4 , ) :~

11E,ELOFt 1EN I CDII :

I ,:0r1FLE:: ,IT ’ ,’ = i. ’:’ u : r , E : IG I  IMFL T :~ : TO~~

1FEC IF lEt’ , ‘IAEL’I ,,LE I 3 ,5 :5— . . 11,4 . 4213 .  : ~l - : ‘ ‘ . :

T F 1l:EiL CH EL’’ .’LE : 37:~~, . 11115. 4 1~~’I’ . : 5- —,-~,.

E I T I M A T E L ’  ~ Et - iH LT’  : 7 1 .  L~ . 7:5: . : i t :- .
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PRICE :LOFTI.JAFE MODEL — — —

[iRT E 6—MAR—7 9 TIniE 09:27

C ONTRAC TEL’ FA[IAF RADAR lOFT IAF E

a IN PUT DATA
FILEt- IA I1E: FFOJt ’  DATE D: 25 JH[* 75

LIE F IFTOF’ I
Ir- i :T F- L’CT IDt - i : 737cJ0 A P P L I ,A T IOr- i IL 011 1:1 F’E:OL’F-CE .5.511’
FLINCTIDNI 1 :TP- l_ICTUPE 0. 1:1110 LE EL 0.0 11 11

AP F’LICAT TOt-i CATEISDPIE: NEil l’E ELOE ’MEI-iT :1 :TEtI COFIF II*~~HT b I t
1111 :-I BE II GN ‘:;Ot’E 1 ‘ F E  : II’I_ I~~tii I T ’

LAIR :1- -F - 0.15 1. 13’) 1.01:1 4 4
ONL INE COMM U. u’: 1’ . ~‘ :  Ii. (ill 1
REALTII1E I:::- ,l ID _ i s  i. 01’ i . 3 ’ ~’ 3 1
It~ EPA ’ : T I E  0.1’S 1. 1” 1. 00 1 1
MAI H EMA ’T ICA L 0.6’ 0 .99 0. ~~~~

I IF I N 111:414 IF i_ I . Wi I 3_ I:,’: I l _ ‘:‘ ‘) ... ...
ORE I IT EI -1 ‘:‘ . 00 ‘:‘ . 01’ 0.0’ )

C - HE [IL 1LE
,:OMF-LE: ‘iT 0.9’~’~t,E IGIi : : T A F - T  MA’ , 74 IMEL ITA PT 0 1:: 1 TA F’l
LIE: I Gr END ‘3 I NFL Er-il’ 0 I:: I EriL’ t’lH ,

I I ,I1:PLEI’TE.t 4T AL It-IF DRF1HT I OH
‘lEAP l~~74 F : ’  AL l— I T 1011 1. 1,111, TECH IMP II _ ‘.10

[lULl IkL [ER 1i2’i . ‘:‘ ‘:‘ u F’LATFOPIl 1.7 UI ILUT I-il 1LIN ,: . :: c-

FF0 GF’A ri C a: I I

‘:0:11 ELEMEIiT I DES IGII IMPL T :: I T O T A L
TE ll EN’ I11~ EFIN’ 4 1, 41w  14 - ~14 4~~~ I

FF0’ PHNNTI1 ’ il114~ 1~ 
— -

~ 1’-
llOt IF1I~ L’ FHT 10N CDIITF -OL 519:31. L’5’~~~ - . 2 ’ ’ 4 L 74  1 1:7 1:1 l~I,DIIL , M E I IT A T I O t 4  5721)9. 9 ( C ,7 • 1317’ l’.
PROGRAM t 1 i- I I IHI-ElTEI1T 7 ’:’T 4~~. :~~~- : : ‘:‘ . t 1617 . _________

TO IRL 7174:35. 14’:’~ 1 1. 1 ‘) .54’~ t4.

ALIIIIT IOMAL LIAIH
[‘ETC F IF TOF

I r i :T F I .” T IQ F-i 1315’:’ AFFL 1CA T ION 2. ‘ ‘ ~1 F’E LOL IF’C E 2.51’ ’,F,_ ,ri,: lIOri: l’1’~ :TF - ’ ’ ’ l  IIJFE ,I _ ‘_ ‘ ‘:‘ u LE EL 0. 1:’’’’’

‘ H E I I , L_ E
‘: 01-1 F’ L E :- - IT ‘I. 1’
tIE:DI:~: TAI T l-T H’ 74 IMF’L l1A~~l : T:~ I :TAE’T U
t’E~ ~~~ Fli t C’ IMRL Erit 0 I:: I Etil’ [ - [h : -

~
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FF II_ E ,D F- T I  ‘HI- F n1O~ EL

tA TE E- —t- IAF—79 I I t E  , ‘ ~~~:

MiT PH” TEL’ F’A[’AF 0 I - — -

LE NI IT1 - , ’ T T ’  f H 1 4

I
ur- l i - LE ,  IT

I . ,:,, iI , . 9011 1.

I 
~~~~~~ 17:117’~~ . : ‘0’ F 175-0111 . ‘:0:1 17~~~I~~’;..

F- j U t IHI ~~~‘ . II : t -? L-r ’TI--i t ’ :,~ U t’L T , ’ H ~~~ - _ , ‘
F’ I : : : 

o C O T  l:3 45,2. I ‘1011 i:- ’ : c a .  : : ‘_ D .1 1 ~~ ‘ :--:- ,. : II
.5.511:1 1 : 1  : 1  :

F’ : [1O FIIH , ~~‘:‘ . ‘:‘ ‘t r i r ,— 
~~- ‘ ‘ _ ,) r ’ -7 r 1 f ,~~: ~~_ . II

- 
: C O l T  . 5 : 1 : 7 3 3 :. : :11 :1 . 5 ’ , , : 4  ~~ : C 0 1  .5 IJ. L~~~~~~ .

M0IITH t O . O  MONTH . ~.H’ . ,II MI r t H

:I:HE [’LLE EFFE IT I t1 ’ , ~~~ ’

H’ I [V I I ,  i EI IHIH I t ’  1-10r ,T H

CDr1PLE: IT ,’ i _ -~~ll I : t’E T i GI’ I rN- L ‘I :: 1 : lDI’l L

:PE’:IF lED ‘ H E l l  F : :~~_ ‘‘ . i: 0_ ID I H , i I • U
0 EF’LAF’ • : • ‘:‘ . I

ll ,  • I). ‘I’ I

T’ ,F - IIIAL :‘:HEL”.’LE : :5 . t  ~.2 1:.1
OV EF LAF . : 4 . -

~ 
. : :

L,E-,-ELOF riEri T ‘:0:1:

I COF-IF’LE:.IP,- = I:, . -
~~I : t ’ ET I ’ S t ’  IMF’L I :: 1 TOTA L

1~FEC IF1EL’ LCHELIULE : 7174:15. 14 1S2 :- . 1 ’J24 ’~ l4 . 1:5:’ I~~1I.

T’ ’F ’ ICAL lCHEL” _ ’LE 4581 13. ‘
~~ :‘4~~. 

,- , : - l i ( i . -  • 1 1’~ ’IL t-~

: Eli I MATE[I PENALT~ I 24~ 1 7.5. ~~~4 C 7 ::: : ‘ .t t , :. ,‘, : ,  • : 7’: ‘‘~~ -I
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