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FOREWORD ]
A :
This report is a revision of AFAL-TM-78-25, which covers work 1
; 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

i 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. 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
cost.1 The Deputy Assistant Secretary of Defense (Material Acquisitiom)
estimated in 1976 that the DOD annually expends three billion dollars
for computer software.2 Although 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 understanding sof tware systems and how to develop

these systems. Examples of this type of work is evident in a report
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ASD-TR-76-11, Management Guide to Avionics Software Acquisition, and

NN e

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-

5

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 that could be applied to a variety of soft-
ware development efforts.

During the middle 1970's, the Air Force Avionics Laboratory started
to utilize the RCA Corporation's Programmed Review of Information for

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

Avionics Laboratory first utilized the basic PRICE model (referred to
now as PRICE-H), which predicts development and production costs for

proposed electromechanical devices or systems while they are still in

-3 -
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the conceptual stage. The PRICE model has been in development at RCA
for the last fifteen years. Although the detailed workings of the PRICE
model are proprietary, the model has been available for general use
outside RCA via time sharing serviceé 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 develoﬁment 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.
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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 development programs within the Air Force
Avionics Laboratory. The approach used was first to identify software
development programs 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
(GEANS), the historical costs were not furnished to the cost analyst
in advance of the utilization of the model so that the results could
not be biased in any manner.

SUMMARY 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-601 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 linearized error model of a 3-axis ]

inertial navigation system through the simultaneous solution of a set
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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 accual
 - 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.
y The data base selected for this analysis included a representative
sample of software development projects from the standpoint of two
ﬁ being in-house and two being contracted efforts. There is also a range
+
‘ in program size from 2600 to 73750 machine language instructions. This g‘
: adds to the confidence that tﬂé model is versatile in these respects. i3
» The results are summarized below in Table 1.
PROJECT PRICE-S ACTUAL %
NAME ESTIMATE COST DIFFERENCE
] GEANS $406,035 $425,000 5% {=)
] IN-HOUSE SIMULATOR 12,039 12,000 0.3% (+)
ANTENNA 143,746 128,000 137% (+)
RADAR 1,890,922 2,000,000 5% (=)
TABLE 1. PRICE-S Estimated vs. Actual Costse.
T Except for the GEANS project, the PRICE-S value or estimate is the figure

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




these subjective inputs were then calibrated downward in most cases

due to previous experience on other applications of PRICE-S. Two of

the fundamental findings of this report are: first, the PRICE-S model
seems to work quite well for avionics software developments efforts;
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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g"k 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

to fit the varying skills, experience, and costs of specific projects

-

and organizations. There are three modes of operation available, the
normal operation, ECIRP, and the design-to-cost mode. Costs are calculated
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
typical program sizes and project schedules to scope work goals
for design-to-cost efforts.
According 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 Application - the type of project, such as Management
Information System, Command and Control, Telemetry, Communications,
etc.
3. Level of New Design - the amount of the effort that can be
taken from existing inventory.

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

assigned individuals or team as applicable to the specified task.
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5. Project Difficulty - the schedule time, in calendar months,

required to complete the job with respect to the organizational
resources, program application, and project size.

6. Project Specifications and Reliability - the requirements
relating to testing, transportability, efficiency, and end use
of the project (airborne, space, etc.).

7. Utilization - the effect of load conditions on the processor
relative to its speed (operations per second) and memory (for
example, is overlaying necessary?). Compiler inefficiencies
may be a problem.

Rather than using the seven categories of inputs described by RCA, this
report will group the inputs into three distinct categories for further
discussion, those categories being: environmental parameters, hard system
parameters, and soft system parameters.2 Detailed descriptions of these
parameters, as well as the parameter values selected for each project,

are described in Appendix A.

a. Environmental Parameters

The environmental parameters describe the environment within which
the system will be developed. These factors include such parameters
as price inflation or escalation (ESC), programming technological

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

oy

further broken down into: start of design (DSTART), end of design (DEND),
implementation start date (ISTART), implementation end (IEND), test start
date (TSTART), test end date (TEND), and the base year of the analysis

(YEAR) . These parameters permit users to vary the economic, technological

and work schedules assumptions.
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¥ b. Hard Input Parameters : ’
The hard input parameters represent system characteristics which

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

e

total number of executable machine instructions (INST), device types,
quantity of devices, and the proportion of the total instructions that
represent each of the seven different application categories. Although
they may or may not be well defined at the time a cost estimate is
made, historical data can be used to gererate firm measures of these
quantities for any system.

c. Soft Input Parameters

The soft input parameters are more subjective in nature and may
require the using organizations to calibrate them to derive typical
values. PRICE-S utilizes three soft parameters requiring calibration., These
parameters were referred to earlier in this report as subjective
inputs. Resources (RESO) is a measure of the inherent difficulty of
the system development task. Theoretically, it relates the scope of
the work to the shop doing the work. Included in RESO are the effects
of such things as skill levels, experience, productivity, and efficiency
rates. Engineering Complexity (CPLX) is a measure of how long a project

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

time required for its accomplishment). The parameter platform (PLTFM)
4 is a measure of the reliability (sometimes thought of as an operational
environment) required of the system. The outputs of the PRICE-S

model include cost and schedule estimates. The cost estimates are broken

A o -

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

:
.
:
:

software development process as defined by RCA as: (1) design; (2) imple-




e

mentation; and (3) test and integration. The rows are the five pro-
ductive activities described by RCA as: (1) systems engineering; (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 =




III. PROJECTS ANALYZED

PROJECT DESCRIPTIONS

The four avionics software development projects selected for this
study are described in this section.

a. Project A: GEANS 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-601 Computer to the Singer-Kearfott SKC-2000. The inertial
navigation system was the Gimballed Electrostatic Gyro Navigation System
(GEANS) developed under AFAL contract by Honeywell, Inc. The GEANS
hardware consists of an Inertial Measurement Unit (IMU), an electronics
unit, a digital computer, and an associated control-and-display unit.

The purpose of the GEANS Software Conversion Project was to evaluate
the machine dependency and flexibility of application of the GEANS
software. This was accomplished by implementing the alignment and
navigation algorithms developed originally for the Honeywell HDC-601
digital computer on the Singer~Kearfott SKC-2000. The software converted
was that used for Optimized GEANS and is not identical to the more
recently developed SPN/GEANS software, although 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
Laboratory.

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 -




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 plotter.

c. Project 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 shift. This
simulation program 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:

=




Control is via a table-driven, dynamically modified executive which
sequences processing under either foreground or background conditions.
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 input data for all four projects analyzed. 7Values for 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, then approved by RWA-3 personnel. Except
for project A, the AAA-3 analyst had no prior knowledge of the actual
costs when he computed the soft parameters, he did not "adjust" those
inputs to get the '"right'" costs. A detailed discussion of all input
values selected for each project 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 detailed
in Appendix 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, affect 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

T s T

outputs possible cost savings that can be realized by schedule readjustment.
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IV. DISCUSSION OF OUTPUTS

PROJECT OUTPUTS

a. GEANS Software

The total cost of the GEANS Software Conversion was furnished by

AFAL/RWA-3. The effort 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
was $425,000. The PRICE-S Model estimated cost, 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 from $378,315 to $441, 212. By the results of sensitivity 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 for estimating

the cost 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 output of the model indicates that this project 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 resources

and indicates that future projects of this type may be done in less
time.

b. In-House Simulator

The total cost of the In-House Simulator Program was furnished by
AFAL/RWA-3. The total actual cost of the project 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 model

gave a range from $11,741 to $12,473. By the results of sensitivity
data, 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
probably be used for estimating the cost of similar programming tasks.
The error would thus have 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 projects of this type may be done in
shorter times.

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 adaptive algorithm, 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 results in a total cost 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
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 analyst does
not know beforehand a particular company's mark-up value. To explain

further, the value MULT in the PRICE-S model is used to adjust the

.-
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estimate to include mark-up G&A, IR&D, currency conversion and fee

r or profit. 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 data
indicates that the actual schedule was not much different from the
I PRICE-S "typical" schedule. Only a $5,000 savings could be realized
by adjusting the schedule.

Applications 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 for G&A, fee and profit, in-house IR&D, totalling between

11 and 127%. The PRICE-S model estimated cost with RESO equal to 2.5,
CPLX equal to .9 and MULT equal to 1120 (12% mark-up), was $1,890,922,
] as detailed in Appendix B. If the PRICE user was confident in the
choice of RES0=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 57 error. However, from the sensitivity analysis, RESO=2.6 would
have resulted in a more accurate estimate.

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

f The schedule which was supplied by the Program Office required 60 months |
' of development time. RCA PRICE model calculated a "typical schedule"
- Th =
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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.

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, different 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 $143,746 267 1.0
Antenna

EAR $2,000,000 $1,890,922 2.5 «9

o
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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
obtain a preliminary cost of future software development projects.
The PRICE-S user must realize that for AFAL systems, certain complexity
factors 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 analyses 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 historical programs should be calibrated against the
model outputs to establish a comprehensive data base of complexity
factors for 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 -




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
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k- - 0|0 Sottware model Filename:
P lJ Lllil.ﬁg Input Worksheet
? r P Page ___ of
. Title Appendix A: PRICE-S INPUTS
’p 3 Application
Date Optional
INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors
{i72) (2) (3) (L) {5)
MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix
(6) ey
DDAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design
(1)
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code
(8)
Device TOAT TONL TREA TINT 1
Types (9) ]
1
QDAT QONL QREA QINT
Quantity i
(10)
Schedule CPLX DSTART DEND ISTART IEND TSTART TEND
Data st (12)
Supplementary YEAR ESC TECIMP MULT PLTFM uTIL TARCST
Information (13) (14) (15) (16) Sy (18) (19) ;
Notes: !
See Following pages for detailed discussion of these parameters
]
20 - "
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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 Projects A, B and C were
obtained directly from RWA personnel. The "$" for the Integration and
Test Section of Project C indicates that portion of the project is for
the cost of integration and test only; no additional instructions are
involved. For Project D, the number of instructions had to be computed
from number of words. It was given that the entire program consisted
of 58,000 "resident'" words and 60,000 "off-line'" words. It was further
stated that 40% of all instructions required 1 word and 60% required

2 words; hence, INST was computed as follows:

58,000 + 60,000 = 118,000 =
(.4 x1) + (.6 x2) 1536

INST = 735750

2. APPL - This is a single parameter which summarizes the mix of
instructions. Either APPL or MIX (See #6) must be specified for all
programs since all programs had a variety of applications, MIX was
input instead of APPL using the MIX descriptions on Table 1.

3. RESO - This parameter relates the scope of the work to the shop
doing the work, and is a single parameter which includes factors such
as skill levels, productivity, labor rates, and efficiency.

The combined eifect of these factors, according to RCA, tends to
remain constant for a particular organization over time. RCA says, in
the PRICE-S User's Manual, that 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 for the same type project, indicating all other factors
being equal, the lower the RESO value the better the company probably
is at developing software. This parameter is very sensitive; a small
change in value shows a large change in cost. Past experience has
indicated that for AFAL projects, the "average' value of RESO is too
high, so values lower than 3.5 were chosen for projects. Specifically,
for Project A, a RESO of 2.7 was chosen because the two people working
on the software conversion had extensive experience in software. For
Project B, 3.15 was chosen for RESO because the individual performing
the project did not have extensive experience in software coding. For
Project C and D, RESO was chosen to be 2.7 and 2.5 respectively, as
both contractors had experience in the type project on which they were
working. All chosen values were agreed upon by the AAA-3 analyst and
appropriate RWA personnel.

4. FUNCT, STRU, LEVEL - These three parameters are used with HIPO
charts: FUNCT is the total number of functional modules planned for
software development; LEVEL is the average level of work breakdown
structure in a HIPO table of contents, and STRU is an empirical value
that relates LEVEL to FUNCT. None of these parameters are necessary for
PRICE-S inputs, however, they can be useful as cross-check values.
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TABLE 1

INSTRUCTION MIX

APPLICATION IDENTIFYING
TYPE WEIGHT CHARACTERISTICS
OPERATING SYSTEMS 10.95 Task mangement. Memory manage-
(-0PR) ment. Heavy hardware interface. Many
interactions. High retiability and strict
timing requirements.
INTERACTIVE 10.95 Real time man/machine interfaces.
OPERATIONS Human engineering considerations and
(~INT) error protection very important.
REAL TIME COMMAND 8.46 Machine to machine communications
AND CONTROL under tight timing constraints.
Queuing not practicable. Heavy hard-
(-REA) ware interface. Strict protocol require-
ments.
ON-LINE 6.16 Machine to machine communications
COMMUNICATIONS with queuing allowed. Timing restric-
tions not as restrictive as with real
(-oNL) time command and control.
DATA STORAGE AND 410 Operation of data storage devices.
RETRIEVAL Data base management. Secondary
storage handling. Data blocking and
(-DAT) de-blocking. Hashing techniques.
Hardware oriented.
STRING 2.31 Routine applications with no over-
MANIPULATION riding constraints. Not oriented
toward mathematics. Typified by
(-STR) language compilers, sorting, for-
matting, buffer manipulation, etc.
MATHEMATICAL .86 Routine mathematical applications
OPERATIONS with no overriding constraints.
(-MAT)
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They were not specified for any of the four projects in this study.

e MG

5. INTEG - This parameter integrates the level of integration and test
required to combine 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=0 was input for Project C, two packages had to have some inter- j
k1 action. Since the integration was not complex, INTEG=.3 was chosen i
‘ for both packages. '

E, 6. MIX - (MDAT, etc.) These seven parameters define the software é
2 profile in terms of functional applications as outlined in Table 1. ;
: For each of the four projects, the mix was given in input data. The i
4 optional parameters MAPP and APPL 8 were not used since these parameters 1
y represent special categories not needed for these projects.

7. NEW DESIGN - (DDAT, etc.) This is the fraction of each mix category f
(see Table 1) that requires new design. A value of "1" indicates 100% |
new design. All values for this category were obtained directly from |
RWA data.

|
8. NEW CODE - (CDAT, etc.) This is the fraction of each mix category 1
(see Table 1) that requires new code. In some cases, where recording :
is done to an existing program, NEW CODE may have a greater value

than NEW DESIGN. For all projects, values for NEW CODE were taken
directly from input data.

e il

9. DEVICE TYPES - (TDAT, etc.) This is the number of unique hardware
devices in each of four categories (see Table 1) for the program. These |
values have no effect on cost and are used for cross-checking only. For |
all projects, the device types, when input, were obtained directly
from RWA input data.

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

e i it i i i T

11. CPLX - This 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 '"mormal new project'" with a '"mormal crew' having a
value of 1.0. Using Table 2 and information about each software
program, CPLX was input as follows:

St i ettt

For Project A, a CPLX value of 1.0 was chosen, as the project was
considered a ''mormal" 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 appeared '"mormal" in all respects.

For Project D, a value of .9 was chosen because of the experience level
of the personnel. |

- 23 -~
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TABLE 2

Typical Complexity Adjustments

3
6 ¥ TYPICAL CPLX VALUES “ Normel" 21,0

¢ Personnel
Qutstanding crew, among bestinindustry .............. 00t
§ Extensive experience, sometoptalent.................ovutnnn..
& Normal crew, experienced . . ..o v ittt it e
P Mixed cxperience, some new hires . ...t viiii i nnnnen..
{;' Relatively inexperienced, many new hires . .......... ...,
;,’ gl
¥ Product Familiarity
o Old hiat) redo/of PreviouS WORK . .« i o S0 s ahs b s ma sietls a s wis oo
Famitiar type o projeet s e s e s e e e s e
Normal new project, normal line of business . .................
N W G O DS ITIESS! | 070 res, 0 6 0o s oo o b e s 1 1 o L

Complicating Factors

o AN B A A | T s b R e o e SRS o O S ey s e
NeW: Ianguiagel ™+ Sl e a d e ier v 0 04l st ats st dha ke @ ki e e e v
More than one location/organization .............c.coviuoneennns
Hardware developed inparalfef . ...... ... ... iy
Many changing requirements & o . v ouiiid e e uataivis vioie s o i oo b sl as
State-of-art advancementic. .. didae wolw sosiaea @ ole s o o e e sled ima

-2
-1

ol
+.2

-2
-1

+.2

+.1
+.1
2
+.3
+.3
+.4 to +.6

TABLE 3
TYPICAL PLATFORM VALUES

Operating Environment

PLTFM

Production Center — Internally Developed Software
Production Center — Contracted Software

Military Mobile (Van or Shipboard)

l Commercial Avionics

MIL-Spec Avionics

Unmanned Space

Manned Space

0.8
1.0
1.4
1.7
18
2.0
2.5

i Dl 1




12. SCHEDULE DATA - This consists of the schedule milestones for a
project, including Design Phase Start and End dates (DSTART, DEND),
Implementation Phase Start and End dates ISTART, IEND), and Test and
Integration Start and End dates (TSTART and TEND). For all four
projects, the month and year for DSTART and TEND were specified; the
intermediate milestones were not specified.

NOTE: For all PRICE-S runs, DSTART must be specified along with
either CPLX or TEND. If only DSTART and CPLX are specified, all other
schedule milestones will be computed by PRICE-S; if only DSTART and
TEND are specified, PRICE-S will compute a CPLX value and all inter-
mediate milestones.

13. YEAR - This parameter defines the baseline year for technology
improvement and for cost escalation. For all projects, the year of the
start 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 9.17% for 1981
7.6% for 1977

15. TECIMP - This parameter defines the level of software technology
improvement from January 1 of YEAR to DSTART. No technological improve-
ment was assumed for any of the projects, so TECIMP=0 was input for all
projects.

16. MULT - This is a linear multiplying factor for all project costs
which is used for fee and "G&A." For Projects A and B, done in-house,
MULT=1000 was selected, which does not add any overhead, but lists
outputs to the nearest dollar. For Projects C and D, contracted
efforts, MULT was input to reflect fees.

17. PLTFM -~ This parameter relates the cost of software development

to the environment in which it must operate; it is a measure of software
testing and reliability requirements that must be met. Table 3 lists
typical 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 during 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. UTIL - This parameter refers to the fraction of available hardware
speed and memory capacity utilized by a program, whichever is greater.
Values of UTIL below .5 indicate no constraints and do not affect cost,

- 25 o




but values above .5 and especially above .8, have significant 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
for 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 ''mormal" mode.




0o dullwdre moael ruename:
lJ Lﬂ.ﬂﬁg Input Worksheet
P Page_1_of _1
Title PROJECT "a"
Application IN-HOUSE SOFTWARE CONVERSION
Date 7 Feb 78 Optional
INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors
18000 Q- o7 R TR 0
MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix
.07 0 1% 07 +33 .03 .33 s
DDAT DONL DREA DINT DMAT OSTR DOPR DAPP
New Design .
.001 .001 1 1 s L1003 1
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code
1 .001 1 y ik % 1
Device TDAT TONL TREA TINT
Types 1 1 2 &
. QDAT QONL QREA QINT
Quantity 1 1 3 1
Schedu le CPLX DSTART DEND ISTART (END TSTART TEND
Data L 0573 0 o WSS Y 0 1275
supp'emen tary YEAR ESC TECIMP MULT PLTFM UTIL TARCST
Information 1973 1 0 1000 150 &5
Notes:
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Input Worksheet
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riename:

Page_1 of __ 1

Title PROJECT "“B"
Application IN-HOUSE SIMULATOR
Date 13 Feb 78 Optional
INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors
2600 0 Fols 0 0 0
MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix
0 0 0 .05 .95 0 0 .
DDAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design
00T +00] £ 001 Ak ) 2001 c 003
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code &
+ 001 <001 + 001 il ai .001 . 001
Device TOAT TONL TREA TINT
Types 1 ) 0 ik
QDAT QONL QREA QINT
Quantity
1 il 0 ¥
Schedule cPLX DSTART DEND ISTART 1END TSTART TEND
Data .9 1177 0 0 0 0 0278
E
Supplementary YEAR SC TECIMP MULT PLTFM uTIL TARCST i
Information 1L et SR 0 1000 140 3 ‘
i_
Notes: J ‘
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Sortware model
Input Worksheet

Filename:

Page 1 of _3

Title PROJIECT “c"
Application CONTRACTED ANTENNA: AIRBORNE SOFTWARE
Date 20 Mar T8 Optional
INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors
2000 0 2l 0 0 0 .3
MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix
el ; il .8 0 0 0 0
DDAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design
25 425 s 25 0 0 0 0
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code
1 i = 0 0 0 0
Device TDAT TONL TREA TINT
Types 0 0 0 0
QDAT QONL QREA QINT
Quantity
0 0 0 (6]
Schedule cPLX DSTART DEND ISTART IEND TSTART TEND
Data 1.0 0578 0 0 0 0 0179
E
Supplementary YEAR SC TECIMP MULT PLTFM uTIL TARCST
Information 1978 ) 0 1060 S, 8
Notes:
- 09 =
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0DJ]0D Sonware moael Fiename:
¥ Ll ,.JLilEE Input Worksheet

Page_2 of __3

Title PROJECT "c"
i
Application CONTRACTED ANTENNA: SIMULATION SQOFTWARE
i Date 20 Mar 78 | Optional
! INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors
Q 20000 0 DT 0 0 0 e 1
F MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
3 Mix
P 0 0 0. 0 8 0 -3 i
DDAT DONL DREA DINT DMAT DSTR DCPR DAPP
New Design o 0 0 a < o “a
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code
0 Q o] 0 1 Q 1
Device TDAT TONL TREA TINT
Types 0 L 9 0
QDAT QONL QREA QINT
Quantity
0 o s o) o0 D
Schedule cPLX DSTART DEND ISTART IEND TSTART TEND
Data 1.0 0578 0 0 0 0 0179
Supplementary YEAR ESC TECIMP MULT PLTFM uTIL TARCST
Information 1978 ] ol 1060 ! 2 o L 31
Notes: |
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olo Sottware Model Filename:
LI"I.JL“._EE Input Worksheet
P Page_3 of _3

Title PROJECT "o
Application CONTRACTED ANTENNA: SOFTWARE INTEGRATION AND TEST
Date 20 Mar T8 Optional

INST APPL RESO FUNCT STRU LEVEL INTEG
Descriptors

$ Koty L

MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
Mix

DOAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design

CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code -
Device TDAT TONL TREA TINT
Types

: QDAT QONL QREA QINT

Quantity
Schedule cPLX DSTART DEND ISTART 1END TSTART TEND
Data 1.0 1078 0 0 0 0 0179 _
Supplementary YEAR ESC TECIMP MULT PLTFM uTIL TARCST
Information 1978 ol Q 1060 5 i
Notes:

R
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v I 0 I 0 l l E g Sornware moael Fiiename:
Input Worksheet

Page __1 of 1

|4 Title PROJECT "D"
Application CONTRACTED RADAR
i P dero
Date 23 Jun T8 Optional
} 4 T
P INST APPL RESO FUNCT STRU LEVEL INTEG !
¥ Descriptors
,. 73750 0 2.5 0 0 0
F
i MDAT MONL MREA MINT MMAT MSTR MOPR MAPP APPL
i Mix
| o (6] s =09 .65 0 6] DN
DDAT DONL DREA DINT DMAT DSTR DOPR DAPP
New Design 1 0 1 1 .99 0 0
CDAT CONL CREA CINT CMAT CSTR COPR CAPP
New Code
L 0 1 1l .99 0 0
Device TOAT TONL TREA TINT
Types ) 1 3 1 i
QDAT QONL QREA QINT |
Quantity
Y 3 3 ni
Schedule cPLX DSTART DEND ISTART IEND TSTART  TEND
Data .9 0574 0 0 0 0 0579 j
Supplementary YEAR EsC TECIMP MULT PLTEM uTIL TARCST
Information 1120 1 + /8
19 Z).'l 1 0 7 5 :
Notes: ‘
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APPENDIX B

PRICE-S OUTPUTS

This appendix contains the actual PRICE-S run data and outputs

i for each of the four projects considered, with total costs circled.
f The outputs also include a sensitivity analysis which shows the
% effect of changes for RESO and CPLX on cost, and a schedule effect

i 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.
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