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- Preface
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E The purpose of this study was to use existing cost models for
L‘ microcircuits, hardware, and logistics support to estimate and analyze
" life cycle costs (LCC) for insertion of Very High Speed Integrated

Circuit (VHSIC) technologies into future avionics systems. The impact
of VHSIC on the LCC of avionics systems is relatively unknown.
Therefore, a need existed for a cost estimating model that can estimate
LCC for various technologies, designs, and layout configurations of
VHSIC chips.

A LCC model spanning the life cycle phases of a typical avionics
system was developed using RCA PRICE (Programmed Review of Information
for Costing and Evaluation) cost models. First, PRICE M (Microcircuit)
was used to estimate the development and production costs of VHSIC
technology. Next, PRICE H (Hardware) estimated integration and test
costs for assembling VHSIC chips on to printed circuit boards (PCB) and
assembling PCBs into the finished system. Finally, PRICE L (LCC)
provided operations and maintenance costs for the deployed system. The
representative avionics system was a digital synthetic aperature radar
(SAR) processor. The VHSIC factors examined were 1) chip technology and
design, 2) fabrication yields, 3) substrate type, 4) the use of
computer-aided—design (CAD), and 5) maintenance level.

All results of this study apply only to the memory-intensive SAR
processor used as the insertion model. The major cost drivers are chip

fabrication yields, level of maintenance, and the use of silicon-on-

saffire rather than bulk silicon chip substrates. Design related items

ii
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such as the use of CAD in the chip design process, and the use of gate
array rather than custom chip layouts make negligible difference.
For systems similar to the SAR processor, VHSIC planners should
emphasize chip fabrication yields and maintenance support concepts.

VHSIC chip design and substrate type can be important although they

appear to be system dependent.

In performing the research, modeling, and writing of this study, I
have had a great deal of help from others. I am indebted to Major R.C. :
Byler, my faculty advisor, who guided me toward the research cbjective.
Also, I wish to thank Lieutenant Colonel Harold W. Carter of the AFIT
Engineering School who provided many hours of patient help in

interpreting and understanding the insertion model and VHSIC

technologies. A word of thanks is also owed to Lieutenant Colonel John
A. Long, and Mr. Daniel V. Ferens for their assistance during the LCC
modeling stages. Finally, I wish to thank the gifted and extremely
competent typist who prepared this report, Mrs. Carol Y. Long, my loving
wife. I would not be graduating but for her understanding and dedicated

work.

E. Andrew Long
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Abstract

The Very High Speed Integrated Circuit (VHSIC) technology program
is forecast to have a profound impact on performance, reliability, and
cost of future avionics systems. An important question is "how do VHSIC
design fabrication and support concepts impact life cycle cost (ICC) of
a host system?" To answer this gquestion, an insertion model
representative of future avionics systems is selected and LCCs are -i i
obtained for various chip designs and layout configurations which
implement this model. Five factors affecting VHSIC chips are examined J
with respect to LCC of a digital synthetic aperture radar processor.
These factors are 1) chip technology and design, 2) fabrication yields,
3) substrate type, 4) the degree to which computer-aided-design (CAD)
methods are used, and 5) maintenance level. Of these factors, the ‘ :_-j,
greatest impact to LCC is chip fabrication yields. The least effect on
ICC is the degree to which CAD methods are used. The remaining factors

fall between these two.




LIFE CYCLE COST MODEL FOR VERY e

HIGH SPEED INTEGRATED CIRCUITS

I. Introduction L

t In today's complex defense environment, great emphasis is placed

F on the development and acquisition of weapon systems and weapon system =
subassemblies that provide the most for each dollar (19:2-16). The -
Very High Speed Integrated Circuit (VHSIC) Program is a Department of

Defense (DoD) effort to provide a new generation of integrated e

4
!

circuits (IC) which will include higher throughput, smaller size,

lower weight, reduced volume, lower power consumption, increased

availability, and potentially lower cost (3).. However, the cost of :
VHSIC technology is an area of considerable uncertainty in 1984 .
(27:338). S
If Program Managers and planners are to have a reasonable basis :
for assessing potential costs of VHSIC insertion, managers need a N
modeling technique to estimate life cycle cost (ICC) for VHSIC chips
and VHSIC brassboard designs — prototype hardware design using VHSIC

designed chips.

Problem Statement s

A need exists for a cost estimating model that can estimate and Toa

N

analyze ICC for VHSIC gate array designs (off-the-shelf multipurpose \
design) and VHSIC custom designs (unique application design) as a

1 .
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function of technology, design parameters, production parameters, and

logistic support concepts of VHSIC chips and VHSIC brassboard designs.

Background

Acclaimed as the most ambitiocus and probably the most important
federal program since space exploration, the DoD VHSIC program is
administered and monitored by all three services (38:203).

Beginning in the mid 1980s, vastly more complex and capable
semiconductor integrated circuits (IC) will flow from the program.
They will be designed specifically to handle military tasks such as
detecting, recognizing and classifying targets through background
clutter. They will be used in new systems or retrofitted into
existing ones. Bulky blackboxes will be reduced to the size of cne or
two chips or a single circuit board., Fault-tolerance, with built-in
test capabilities and self repair circuit redundancy, will improve
weapon system reliability and reduce operating and support costs.
Based upon the commercial Very Large Scale Integration (VLSI)
development of ICs characterized by high density, low cost, high
reliability, standard chip sets, and self diagnostics, VHSIC
applications will additionally concentrate on military considerations
of radiation hardness, thermal tolerance, and 50 to 100 times greater
throughput rate (21:48-50, 4).

The price of VHSIC technology is an area of considerable
uncertainty in 1984. The VHSIC program (launched in 1979 for 225
million dollars) is projected to cost over a half billion dollars
(1981 constant dollars) when fully completed in 1987. The Pentagon

has added 300 million dollars to the FY 1984-89 budget to reduce
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contractor risk for using new equipment — Computer Aided Design (CAD)
and Computer Aided Manufacturing (CAM) -~ and to increase
manufacturing yield (percentage of chips in a given process that
perform to specification). According to Edith W. Martin, Deputy Under
Secretary of Defense for Research and Advanced Technology, these
additional investments are intended to reduce the cost of VHSIC logic

chips from 4000 to 5000 (1983 constant) dollars apiece in 1984-85 to

less than S00 dollars each by 1987 (27:338). However, Westinghouse _
(one of six VHSIC prime contractors) estimates the cost per logic chip ?j
in 1987 to be over 1000 (1983 constant) dollars (3). These
projections differ by a factor of two in the estimated cost of a VHSIC
logic chip in 1987. The extent of this variation makes credible and N

accurate cost estimates difficult for systems likely to use VHSIC

technology. Hence, the absence of a credible cost estimating

technique to predict VHSIC LCC could deter Program Managers from A
seriously considering a VHSIC based design, because the DoD :
Acquisition Improvement Program places the responsibility for __i

evaluating, quantifying, and budgeting technological risks on Program
Managers (15:11).

Research Objective -

Recently, Aeronautical Systems Division (ASD) Advanced Air-to-
Surface Missile (AASM) system, Project Office indicated a need for a el
model to estimate and analyze LCC for brassboard designs using gate
array design VHSIC chips, custom design VHSIC chips, or a mix of
gate array and custom VHSIC design chips. However, as part of a

separate effort, ASD/ACCR has bequn a ten month effort to develop a
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...............................................

VHSIC Cost Estimating Relationship (CER) model to estimate VHSIC chip

development and production costs. This project is scheduled for R

[

completion in June, 1984. Therefore, the objective of this thesis is
not to develop a new cost estimating model, but instead to use
existing models that can be modified or implemented directly to

estimate and analyze LCC for insertion of VHSIC Phase 1 technology.

. . y
S PR TR OO R
b e Mt e,

(The reader is referred to Chapter II for a detailed discussion on the

s
.
Las |

objectives and purpose of VHSIC Phase 1 technology).

Research Questions

The following research questions are posed to guide the research

sl A2

toward the stated objective: o

1. What is LCC modeling, and how does it apply to DoD and the
~ Air Force?

1
" 2. What are the cost estimating techniques used for ICC R
~ modeling? ‘ -

ala

- 3. Are there models currently available that estimate LCC for
- integrated circuits and how is access obtained to these
models and their documentation?

3Ty Ty Tpatt s

. PR

. UL

(R KT PN 5 RANE

S A

4. What are the objectives of the VHSIC Program and VHSIC
Phase 1 technology?

5. How can an existing model or a combination of existing models
be implemented to estimate and analyze ICC for insertion of
VHSIC Phase 1 technology?

6. What type of insertion model is needed to characterize the -
capabilities of VHSIC Phase 1 technology?

- 7. What are the data that must be collected and in what format bR
: must the data be collected? A
N 8. Where can these data be collected and what are limitations BSKY
3 for collecting these data? SRRSRN
: 9. How sensitive is the insertion model's LCC to changes in
& VHSIC chip technology, chip design, chip fabrication yields, T
, and logistics support concepts? -
N S
~

N .
- 4 .
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A literature review of ICC modeling, cost estimating techniques,
and the DoD VHSIC program is presented in Chapter II. Chapter III

presents the methodologies for VHSIC insertion and ICC modeling. In

addition, this chapter describes a process model for determining VHSIC B "(%_‘l;‘
fabrication yields. A LCC model is developed in Chapter IV by _‘~,'.- o
combining functional relationships of three separate models into the

major phases of life cycle costing (development, production, and

assumptions are fully explained to establish data validity. The

support). Chapter V provides derivation of the primary input data to

the ILCC model. Specific attention is given to those inputs relating B
REERNE

to the main areas explored in this study. Data sources and “_-; i
"'.0 e ne

outputs of the LCC model after processing the data described in

Chapter V are presented and analyzed in Chapter VI. Chapter VII gives

general conclusions drawn from the findings in Chapter VI, and

recommendations for further study are made. Two appendices are

attached which describe all input data and output data in detail. A DT
complete summary of all data input to and output from the LCC model is

provided in Appendix A and B respectively. *

Assumptions, Limitations, and Strengths O , A
Numerous assumptions are made with regard to 1) development and
production of VHSIC chips, 2) development and production of hardware,

3) development and support of software, and 4) deployment and support

of VHSIC systems. These assumptions are identified throughout this

study at locations where most appropriate and applicable to facilitate

understanding and validity of this work.
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The results of this study are limited in accuracy for the

following reasons:

1. Some data parameters required by the LCC model are
unavailable. Many companies consider data on fabrication
yields of integrated circuits as proprietary. Moreover, to
keep this study unclassified, data for the synthetic
aperture radar processor presented in Chapter III are
sketchy, and the derived quantities of logic gates and memory
bits are approximate.

2. The ICC modeling methodology presented in Chapter III and the
LCC model described in Chapter IV have not been tested or
validated against real systems implemented with VHSIC
technology. Thus, the model is more conceptual than real.

Because of these limitations, the reader is cautioned against
placing toco much reliance on the cost results given in Chapter VI.
%_ However, the model results presented are important for two reasons.

First, with one exception (5), no other LCC model for VHSIC insertion

exists. Second, the relative comparison of costs for the areas

ﬁ studied are indicative of where emphasis should be placed when using
_ VHSIC to implement military avionics systems. For instance, with the
- average VHSIC fabrication yields less than .5% (34:18), the results of
h this study suggest that profound LCC savings can be obtained by
increasing overall yields to just 1%. Another example is the use of

CAD to assist in the design of VHSIC chips. Over the life cycle of

the system, cost is relatively insensitive to the use of chip-level
CAD. However, the level of maintenance (organization versus depot)

has a large impact on ICC. Thus, chip designers and potential users

of VHSIC technology should concentrate on improving fabrication yields

and give close attention to support concepts. o
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II. Literature Review

A literature review of regulations, manuals, directives, and

other publications was accomplished to answer the following research
questions:

. . 1. What is LCC modeling, and how does it apply to DoD and the ' .o
-_ Air Force? e
» 2. What are the cost estimating techniques used for LCC
- modeling? i
3. Are there models currently available that estimate LCC for >
integrated circuits, and how is access obtained to these R
models and their documentation? T
4. What are the objectives of the VHSIC Program and VHSIC
Phase 1 technology? Lanas |
o
LG Defined 5]
10C, as defined in Air Force Regulation (AFR) 800-11, is: e
Saptad

«ese the total cost of an item or system over its full life. It -
includes the cost of acquisition, ownership, (operation, -
x:\ga:iln)t.enance, support, etc.) and, where applicable, disposal
Acquisition cost includes the cost of research, development,
test, and evaluation (RDT&E) and production/procurement of the end
item. In addition, acquisition costs include the initial investments
required to establish a product support capability (support equipment,
initial spares, technical data, facilities, training). Ownership cost
(operating and support costs) includes the cost of operation,

maintenance, and follow=-on logistics support of the end item and its

support systems (23:3-4).
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1OC Models

LCC models cover the entire cost spectrum from design,
development and acquisition, operating and support and ultimate
equipment disposal (24:2.1). The concept of life cycle costing is not

new. According to Blanchard, industries, businesses, government

agencies, institutions, and individuals have been dealing with
development, production, and support cost for years. However, these

costs were viewed in a fragmented manner with very little attention

directed toward overall cost of a system (2:1). "‘
Within the DoD, the evolution of LCC models began in the early *
1960s because of an increasing concern over the consequences of L

competitive procurement without regard to LCC (20:1-6). In the early "“"‘
1970s, a shift from the independent consideration of development,
production, and support costs to considering total cost growth took
place within DoD. Today, ICC modeling is one of the keys in DoD
management (25:4).

Characteristics and Deficiencies of ICC Models. There are many

ICC models available. Some ICC models are general purpose analytical
tools while others meet the needs of a specific program or type of
analysis. The AFSC/AFIC ICC Working Group has defined eight separate
categories of models:

1. Accounting Model, A set of equations used to aggregate
components of support costs, including costs of manpower and
material to a total or subtotal of ICC.

2. Economic Analysis Model. A model that considers the time
value of money, specific program schedules and investigates
the question of investing money in the near future to reduce
costs in the more distant future.

.
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3. Cost Estimating Relationship Model. An equation relating ICC
or some portion of ICC directly to parameters that describe
the design, performance, or operating environment of a BRSNS
Systaﬂ. L.—. '.._':

4. Reliability Improvement Cost Model. An equation that
reflects the cost for improving egquipment reliability.

5. Level of Repair Analysis Model. A model that determines a
minimum cost maintenance policy from among a set of policy
options for a specific piece of equipment.

6. Maintenance Manpower Planning Model. A model that evaluates
the cost impact of alternative maintenance manpower
requirements or the effects of alternative equipment designs S
on maintenance manpower requirements. - 4

e |

7. Inventory Management Model. A model that determines a set of -

spare part stock levels that is optimal for a specific RS

system. ‘

8. Warranty Model. A model that assesses the relative costs of <o

having the govermment do in-house maintenance versus having » 4

this maintenance performed by contractors under warranty o

For each of these eight categories of ICC models, the following _f h 1

are desired characteristics of these models: LA 1

1. Completeness. LCC models must include all elements of LCC 7'.‘

appropriate to the decision issue under considerations.

2. Sensitivity. ICC models must be sensitive . :he specific i——j

design or program parameters under study to resolve ICC

deficiencies between alternatives.

3. Validity. LCC models are an abstraction of the real world
and some judgement is required with respect to validity of
cost estimates.

4. Availability of input data. ICC models should use data that
are readily available at a low cost and have a high level of
validity (32:8.16-8.17).

However, according to AFSC/AFLC LCC Working Group, LCC models

commonly have these four deficiencies:

1. They are not sensitive to design and performance such as
accuracy, speed, range and early trade—off decisions.
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2. They are too complex. In many cases LCC models have a large
‘ number of parameters that obscure a small number of
e parameters that are more relevant to LCC. In addition, the i
3 definitions of these parameters are not clear. s
,. ‘ 3. Frequently, the requirements for input data cannot be Lo
- accomplished, because these data are not available, are 2T
- expensive to collect, or lack validity. R

l 4. Some ICC models are not sensitive to wear-induced failures s
(7:8-12).

Generally, a LCC model must be oriented to a narrow range of

application to be useful for analysis of a specific design issue.

| & ]

According to the AFSC/AFIC ICC Working Group, general purpose models

]
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tend to be inadequate for specific design applications because:

... they lack resolution with respect to specific decision
issues, do not reflect characteristics of peculiar equipment DS
types, require data in formats that are too extensive or are not S
compatible with formats of available data (7:4). L

™.

Applicability to DoD. Depending on the intended use, LCC is a

P N
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Lt e

i budgeting technique, a procurement technique (design-to-cost) and a —
management technique (acquisition consideration and trade-off tool) e
(12:2-3). As a budgeting technique, the research and development and
' production estimates of new systems play an important role in the DoD

Five Year Defense Plan (FYDP) and the President's budget. 1Invalid
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cost predictions can result in an unbalanced, unrealistic FYDP, and

loss of credibility with Congress (25:4, 19:12-16).
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A secord use of ICC is in the support of DoDD 5000.28 Design-to-

'l
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Cost (DIC) program. DoDD 5000.28 defines DIC as:

-
e’
e
s

‘. e 9 .
po b b oata’ala

- A management concept wherein rigorous cost goals are established
during development and the control of systems costs (acquisition, ==
operating and support) is achieved by practical trade-offs N
between operational capability, performance, cost, and schedule. RN
Cost, as a key design parameter, is addressed on a continuing S
basis and is an inherent part of the development and production N
' process (11:2).
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The purpose of this program is to ensure that the developed system v_ 1
will have the lowest possible LCC consistent with performance and -
I schedule requirements. Specifically, the 0SD began to realize that &‘4
* operating and support (0&S) costs were making up the majority of the 1
._ total cost on a weapons system. Moreover, OSD realized that higher
.: 0&S costs were primarily the result of the greater weapon system »‘:
complexity which tended to increase performance but decrease ;
reliability. The result of this program was a major transition from J
n emphasis on designing for unit production to an emphasis for total ICC - :‘.?
% (1:1-2). =
Finally, LCC is used to support Air Staff and Secretary of ]

5— Defense reviews of new weapon system programs (10:41). A memorandum -
in December 1971 from OSD advised all services that parametric cost :_-'-_;-_ﬁ-‘
estimates and analysis for each weapon system in the acquisition cycle ‘~_
a were to be incorporated into Defense System Acquisition Review Council :
(DSARC) presentations. This memorandum was followed in January 1972
Yy a memorandum that established a Cost Analysis Improvement Group 4
. (CAIG) within the 0SD. The 0SD (CAIG) was directed to review cost -—-4
‘ estimates presented to the DSARC and develop uniform criteria to be 1
' used by all DoD units making cost estimates. DoDD 5000.4 formally . i
established the OSD (CAIG) as the main advisor on cost to the DSARC in —

June 1974 (25:4-5). Specifically, DoDD 5000.4 directs the OSD (CAIG) '.

e to:
> o
. 1. Establish criteria, standards, and procedures concerning the A
e preparation of cost estimates to the DASRC and CAIG; j:j_::
2. Develop useful methods for formulating cost uncertainty/cost 4

. risk information for DSARC review; and N ::;
0 11
3 ]
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- 3. Work with DoD components to determine relevant costs for
DSARC consideration and to develop techniques for identifying
and projecting these costs (19:2-9).

Cost Estimating Techniques

The three most common estimating techniques used for LCC modeling

1. Parametric estimation which uses mathematical processes such
as regression analysis to develop cost estimating
relationships;

2. Analogy estimation which predicts the cost of a new system by
comparison of differences between an existing system and the
new system; and

3. Engineering estimation which relies on detail analysis of the
system being developed (24:3-1, 14:465, 23:6-10).

Parametric Estimation. Parametric cost techniques were pioneered

by RAND corporation in the late fifties and early sixties. This
technique provides fairly accurate estimates of system costs during
initial phases of system development. This approach uses output
explanatory variables (physical or performance parameters such as

weight, throughput rate, density) to predict cost since these

parameters can be estimated early in systems development. These
estimates are typically at an aggregate level and use historical
information on similar systems (25:6). Thus parametric cost estimates
- are made by developing cost estimating relationships (CER) from cost e
data, physical characteristics, and operating parameters of existing %

weapons systems (16:6).
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CERs are mathematical equations that describe the cost of an item
as a function of n independent physical or performance variables (xj)
and a set of p constant coefficients (aj) , and are denoted as follows:

LA - >
el . Lrato T

C = f(XI'xzpo-o Xn; a1' a2’ soe ap) (25:9)

To be useful, CERs should have the following characteristics:

1. All relationships describe aspects of reality which are
relevant to the problem;

The variables in the relationship are observable;

2 SR
N
.

3. The results should be repeatable with same input values;

4. The number of parameters should be small to make statistical
estimation possible; and

5. They should be easy to apply (25:10, 24:3.3).

Although CERs are used to predict costs of new or developing
systems, they have limitations. They should not be applied to
radically new systems because there will be little prior knowledge to
base estimates upon. In addition, since CERs are developed from
minimal data, periodic adjustments are required for changes in
economic trends, design, and maintenance policy (24:3.3-3.4).
Finally, since each CER is prepared for a specific purpose at a
particular time in a system's acquisition cycle, the development of an
all-purpose CER probably is not possible (23:7).

Analogy Estimation. In this technique an existing system is

identified similar in design and/or operational environment to the new
system. The cost of the new system is estimated by taking the cost of
the old system and adjusting it to account for differences between the

two systems. This method precludes many of the negative aspects of

13
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CERs. However, this approach relies heavily on expert opinion to

determine the similarities and differences between systems and to

assess the magnitude of their differences. Because opinions are
likely to vary among experts, documentation of the assumptions and

rationale is extremely important (24:3.6-3.7, 23:6-7).

becoming inflated through failure to identify the subjective

Engineering Estimation. The engineering or "grass roots" method } M?
relies on the availability of detailed information about the system q
under development. This method is considered to be the most complex 4
of the cost estimating techniques (14:153-157, 25:6, 24:3.8). It k 4
requires the use of all the costs associated with the elements of the s
developing system. When combined, the cost of the final product is ’«‘i
obtained (14:153-157). This method has the advantage of being able to - _J
be tailored to a specific system., If accomplished properly, the
engineering method will yield the most accurate results. However, the :
level of detail required for this method makes it very difficult and —1
_expensive to use, and by the time intricate data is available, it is ’
usually too late to influence crucial design and support decisions _._.S
(24:3.8, 23:8). According to Fox, an additional drawback is that as ““‘*
cost estimates for elements of the weapon system pass through j
succeeding levels of management, the estimates run the risk of :

-~

2

contributions of managers at each level (14:157).

According to long, most LCC cost estimates are accomplished using
a combination of the three estimating techniques (parametric, analogy,
engineering) discussed. In the conceptual phase and the early portion

of the demonstration/validation phase of a program the parametric
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technique is most often used. As the program progresses and more data -
becomes available, the analogy and engineering technique predominate
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Existing Models That Estimate ILCC For Integrated Circuits

An extensive review of literature on ICC modeling and numerocus P
personal interviews with experts in the discipline of ILCC modeling and
cost analysis revealed that few models are currently available which
deal specifically with estimating LCC of integrated circuits (5, 7, 8, ,L..
13, 17, 20, 23, 31, 39). Moreover, because VHSIC technology is in the ’
developmental phase, these models should be parametric. The following
models represent efforts to derive parametric cost estimates for o
avionics and/or integrated circuits.

1. ALPOSII (Avionics laboratory Operating and Support Cost
Model) .

This model predicts the life cycle operations and support
costs of the Air Force avionics equipments, which includes
logistics support, spares, support equipment, and training
costs. The model is based on CERs developed from historical e
costs of 128 Avionics LRUs. AFWAL has this model on the CDC R
6600 System (17:40). i
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2. Microcircuit ILCC model.

This model is coded in FORTRAN IV for the Honeywell 6000 B
computers. The program contains nonstandard conventions for e
the Honeywell compiler. It consists of a main routine and L
several subroutines that parametrically estimate chip costs _—
for all phases of ICC. Printouts of all phases as well as
total ICC cost are provided (5:79-80).

3. PRICE M (Programmed Review of Information for Costing and
Evaluation = Microcircuit). T
Like PRICE L, PRICE M is owned and controlled by RCA. This

model estimates development and production costs for custom .'j_.-lj',
microcircuit chips. It can be used in conjunction with

15
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PRICE H (Hardware Model) to estimate the cost of integrated
Ccircuitry of the finished product level. ASD/ACCC has access
to PRICE M on UNINET (30).

4. PRICE H (Programmed Review of Information for Costing and
Evaluation - Hardware Cost Estimating).

The RCA PRICE H model uses parametric information (unit g
weight, volume, type of electronics) to compute unit RS
acquisition costs. Although normally used for estimating .-"Q:
costs of line-replaceable unit (LRU) level items, the -

Avionics Laboratory at Wright-Patterson AFB, Ohio (AWAL/AAAS-
2) has successfully used PRICE H to analyze hardware
o acquisition costs. ASD/ACCC has access to PRICE H on UNINET
(13:1).

b 5. PRICE L (Programmed Review of Information for Costing and ' '
Evaluation - Life Cycle Cost). '

PRICE L is a parametric model owned and controlled by RCA.
This model estimates the life cycle costs of a wide variety
= of electro-mechanical or mechanical systems. It provides
p_ ways of tailoring analyses to fit a wide variety of
maintenance concepts and supply systems which can be custom
designed for specific programs and user organizations. Like
PRICE M and PRICE H, ASD/ACCC has access to this model
on UNINET (17:21).

VHSIC Program Description

As discussed earlier, LCC modeling includes all phases of a
system's acquisition and development. Therefore, modeling VHSIC life ..._
cycle costs requires an understanding of VHSIC technology and the
VHSIC Program. This portion of the literature review describes VHSIC
technology and outlines DoD strategy for development and acquisition .
of it. Finally, the performance and maintainability impacts on -.;:.:

defense system of VHSIC application are examined.

16 o
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Definitions. The following definitions apply to terms used to

el A N
P .
P

.

L describe VHSIC technology:

1. Integrated Circuit (IC) - an interconnected array of active
and passive elements integrated with a single semiconductor s
substrate or deposited on the substrate by a continuous s
series of compatible processes.

2. Chip - a circuit integrated on a small piece of semiconductor
material that is capable of performing from a small to a
significant number of functions.

3. Gate - a group of active and passive elements capable of
performing a single logic function.

4. Level of Integration - number of gates per chip or IC. ICs
are categorized according to level of integration as follows
(18:369-374) :

Category No. of Gates Per Chip -
large Scale Integration (LSI) 100 - 1,000

Very large Scale Integration (VLSI) 1,000 or more \

Program Organization and Objectives. The VHSIC Program was

launched in June 1979 to be accomplished over a six year period,
through four distinct phases and under the management control of the --
Office of Under Secretary of Defense for Research and Development and o
administered by all three services (Figure 1) (31:29). Phase O, 1,

and 2 will be carried out consecutively, while Phase 3 will occur -
parallel with Phases O, 1, and 2 (Figure 2) (36:4-7).

Phase O: Technology Definition. This phase (March 1980 to March

1981) was dedicated entirely to concept definition and managing the N

process of technological evolution (1:18, 14:4). Many believe that -

. .
et
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Phase O was cne of the more astute moves in the VHSIC Program, because A
17 -::1:
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UNDER SECRETARY OF DEFENSE, RESEARCH AND ENGINEERING

USDRE

VHSIC EXECUTIVE COMMITTEE

VHSIC STEERING COMMITTEE

VHSIC PROGRAM OFFICE

VHSIC PROGRAM DIRECTOR
DEPUTY DIRECTOR, RESEARCH
DEPUTY DIRECTOR, INTELLIGENCE
EXPORT CONTROL ADVISOR
MILITARY ASSISTANT

DOD ADVISORY

ELECTRON DEVICES

ARMY VHSIC

NAVY VHSIC

PROGRAM DIRECTOR PROGRAM DIRECTCR

AIR FORCE VHSIC
PROGRAM DIRECTOR

Figure 1. VHSIC Management Structure (31:29)
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Phase O
(Program Definition)

Phase la o =
(1.25 Micron* Dev.) -

Brassboard . o

Phase 2a }j_.,’
(1.25 Micron System R
de!m.) . - : "

Phase 1b
(Initial Sub Micron
Dev.)

Phase 2b
(Final Sub Micron
Dev.)

Phase 3
(Support Programs)

Results Fed Into Sub
Micron Dev.
|

*one micron = one millionth of a meter or 40 millionths of an inch

Figure 2: VHSIC Program Schedule (36:7)
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it planned the technological growth that was to follow (4:18, 21:77-

79, 36:5). A key aspect addressed in Phase O contracts was the

requirement for VHSIC coordinators to define and describe procedures

for making VHSIC components available to all other DoD contractors and

T government laboratories. In addition, there is a special clause in
all Phase O contracts which requires the primes to provide second
sources for all hardware and software developed under this program.
Finally, this phase provided plans for rapidly introducing VHSICs into
DoD systems (36:6).

Phase 1: Technology Development. As shown in Figure 2, Phase 1

is divided into two parallel efforts. Phase la will develop complete
electronic brassboard subsystems within three years of start. These
brassboards will include VHSIC chips and modules with a minimum clock
rate of 25 MHz and a functional-throughput-rate (FTR) of 5 X 1011
gate-Hz/cm2 {(clock rate times gate density). Density goals were set
as a product of the number of gates per square centimeter of chip area

and the operating speed of the gates which are more realistic measures

of IC utility for military applications (21:48). Phase 1b consists of
initial efforts to extend la technology to devices with minimum
7. feature sizes (line width/spacing) of 1.25 microns compared to the 3 - g
to 5 micron sizes being achieved prior to Phase 1 (21:51). In
addition, these efforts include high resclution lithography and

;o replication techniques, substrate improvements, metalization N

)
I
LT O

reliability, Computer-Aided-Design (CAD) techniques and systems

DO

', s ,':"-‘
e

:; consideration (36:6).
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Phase 2: Technology Demonstration. Similarly, Phase 2 is KX
divided into two parallel programs -- Phase 2a which will provide e
subsystem demonstrations of Phase la brassboards, and Phase 2b which -
continues the Phase 1b submicrometer development effort (36:6-7). The -
end goal of Phase 2 is to achieve FTR of 1 x 1013 gate-Hz/cm2 ;_J
(approximately 20-fold improvement over Phase 1) and feature sizes of L
0.5 microns dimensions if possible, or at least 0.8 micron sizes. f
To illustrate these dimensiocns, if a map of the entire United States _Mq
were printed using .5-micron-wide lines on 20 inch wide paper, it T 4
would be possible to show every individual street in the country
(4:18, 21:51). This miniaturization will culminate in a systems-on-a- »~—<1
chip device capable of incorporating up to one million transistors '_ "
(31:9). ]
Phase 3: Technology Support. Phase III, the VHSIC Support —'.'j:";.
Program (Figure 2) runs parallel to the main program efforts. Unlike w
Phase 1 and Phase 2 contracts (large, vertically integrated efforts
with each contractor covering all aspects of VHSIC development), . _," d
——
Phase 3 contracts consist of many smaller short term contracts (two or
three years in length) designed to encourage the participation of )
universities and small businesses in key technology areas that feed ,‘
into Phase 1 and Phase 2 (36:7, 21:54). According to Larry W. ]
-3
Sumney, (former VHSIC Program Director and now Executive Director of
the Semiconductor Research Corporation), these efforts will: .,
.«ss focus on high resolution lithographic equipment and -
processing technology:; advanced architecture and design concepts ,-:Z:-;?
for reducing custom fabrication; increasing chip utilization and -‘;.:~:7j
improving system reliability through fault tolerance and system ﬁ_»j-Z:}
testability through on-chip testing; advanced CAD techniques; MR
improved silicon materials and fabrication processes; analytical ~—
o
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methods for determination of substrate and fabrication methods

induced defects at the submicron level; methods for improving o
p radiation, thermal and mechanical stress tolerance; establishment e -1
I of design standards and interface requirements; new device, gate —
> and circuit structures; techniques for documentation and methods e
- for improved simplified utilization and testing (36:8). J
. VHSIC Application _,j

New breeds of military equipment are emerging that are designed
to collect, analyze and rapidly disseminate tactical information to
identify enemy forces, select critical targets, and precisely deliver
munitions. The selective, timely, and precise delivery of munitions k 31
and armaments produce a force multiplication factor intended to reduce
any numerical disadvantage that US military forces might face in _,j.-;
future conflict. This multiplication factor depends upon development
of equipments that make intensive use of signal processing and data "

analysis. Moreover, they must be lightweight, compact, reliable, low ]

power, and relatively inexpensive (36:7). These attributes uniquely
characterize the military application for VHSIC.

Performance. The IC performance levels can be characterized by .._...‘

> the functional throughput rate (FTR) defined as the product of the S
number of logic gates on the chip and their switching rate. A typical 3
., advanced commercial microprocessor contains 6,000 to 8,000 logic gates ;
* on a 7.5 mm square chip with a FTR of about 7 X 1010 gate-Hz/cmz. By “H*
comparison (see Table 1), several types of military equipment require \%
. that throughput rates be increased by two orders of magnitude or more. e
_ This increase can be achieved by increasing circuit density, circuit ) -\‘
speed, and total active area per chip (36:10, 33:46, 22:114). ‘g
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TABLE I S
Throughput Rates in Millions of Operations Per Second (36:10)
Bahe
]
oy
Current iy
Equipment Best to VHSIC .d
s :j
Programmable A/J Communications 10 to 500 e
Optical Surveillance Equipment 100 to 2,000 5
Radar Processor 50 to 1,000 .__;
Missile Sensors and Guidance 2 to 50 e
Acoustic Processors 100 to 1,000 o
L Airborne Early Warning Systems 100 to 3,000 . 4
i Current aircraft systems cannot afford to devote more weight,
Z:f power, volume, or cooling to electronic systems. For example, the
% total processing load for avionics in next generation aircraft systems
l has been estimated at 3 X 109 operations per second. A throughput
rate of this magnitude is not feasible using contemporary military IC e
<
technology (36:8-10). =]
L . -]
'»'v The FTR targeted by the VHSIC Program translate into improvements S
for critical military equipments. The following represent a few
: examples:
i" ' 1. Digital signal processing for target classification and et
= requisition used in surveillance radar and air-to-surface -
- missiles. o
2. Acoustic signal processing used for target identification in 5
- submarines and aircraft. T
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: 3. Time and frequency dispersion for command, control and '"_.f.‘."
communication (21:48, 36:13-14).
i Reliability and Maintainability. Due to the increasing '—‘:
complexity of military electronic systems, the failure rate for ii,'-._..l;]
aircraft avionics has increased to the point that the unscheduled 2
i maintenance of electronics has become the major cause of operational
- downtime (6:90-91). One solution to the complexity problem for
military electronics is the VHSIC Program. Rapid improvements can be ’
E_ expected as large assemblies of components are reduced to a single N :
8 chip, as mission functions are integrated into programmable
" processors, and as military systems achieve a level of commonality in 1
E. chip usage (21:77-79). Because of the high geometric resolution :‘1
demanded by VHSIC, additional area will be available on VHSIC chips ‘
for implementing self-repair and built-in-test functions that will 1
i increase reliability and simplify maintenance (21:48-69). The :
‘ ultimate goal is to create an interface with maintenance personnel
that demands less skill to restore a failed system to operational 2
‘ status (36:17). :
Air Force Management of VHSIC Application. To sustain the 1
objectives previously discussed, DoD attention is being focused beyond ‘
g acquisition of performance characteristics to that of achieving an :,ﬁ:
affordable product (36:15). The impact of VHSIC technology goes
beyond the cost of the product. The costs of VHSIC chips are small T
; relative to the aggregate cost of product qualification, acceptance - M
testing, packaging, documentation, special test equipment, logistics _'
:': and operational support, and life cycle cost of the host system. i
N N
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The Air Force VHSIC Program Office (AFWAL/AAD) at Wright :i;EE]

Patterson AFB, Ohio is studying ways to introduce VHSIC technology

' into weapon system design. They are working to establish requirements
E _ for demonstration of VHSIC insertion in the launch and leave guided
" bomb, the MIL STD 1750 A Computer, the ALQ 131 Signal Processor, the

modular avionics study, and the common signal processor (4:18). In -
addition, they will analyze the results, evaluate impact on weapon .
system performance and determine life cycle costs. The feasibility of ]
.improving software development tools will be studied to raise software 1
productivity to a level commensurate with the design flexibility 5
expected from VHSIC products. User requirements for interface to "'-f‘.*
system level computer aided design will be determined and functional :‘j
design specification produced. Finally, they will identify issues in
supportability, testability, reliability, and maintainability that are

influenced by VHSIC technology (3).

N Summary of LCC Modeling and VHSIC Technology
- N
H This literature review has examined concepts and techniques for
:TE;-T ICC modeling and has overviewed the DoD VHSIC Program and VHSIC
'..jj: technology. it
sl ’.‘_'.*
D_ ICC Modeling. The LCC literature examined DoD policy and H;
- requirements for LCC estimates. In addition, it investigated the _‘
' B
" characteristics, strengths, and deficiencies of estimating techniques ,.'_ii-j;
" - ' ) . .. '.‘1
_.3 used in ICC modeling. The AFSC/AFIC ICC Working Group Study was very —
o RS
Z:;: useful in identifying and categorizing the basic types of ICC models 2
N e
.::: and their characteristics and disadvantages. In addition, this study j.;'_.:
. Ty LY
L made clear that a wide spectrum of LCC mcdels exist and that each -
.':'-I: -
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model has unique characteristics for assessing specific types of ICC
issues. Therefore, the limitations and assumptions of a model should
be thoroughly understood before it is applied.

The literature authored by Long, May, McNichols, and Fox provided

additional insight to LCC modeling by describing and analyzing cost

estimating techniques and how they relate to various phases of program
development. Specifically, Long, May, and McNichols indicate that

parametric cost estimating techniques are best predictors of cost in

.

investigated the characteristics and features of VHSIC technology.

the early phases of a program, because they are based on physical and 3
performance parameters rather than detailed engineering data. :-"_.j;'-_f
However, as design progresses and detailed engineering data becomes M
available, Fox, May, and Long suggest that analogy and engineering * {'
estimates are better cost predictors. Hence, LCC modeling is an :
iterative process that depends on estimating techniques that become ___
more exact as data becomes more detailed. s
VHSIC Program and Technology. The VHSIC literature examined the
structure and objectives of the VHSIC Program. In addition, it ___’
1

S

The literature authored by Sumney, Reed, and Brannon described the
organization and objectives of the VHSIC Program. 1In addit.on, it
highlighted many of the planned and projected application of VHSIC

technology.

The literature authored by Klass, Sumney, and Schlag described : -,

the performance objectives and characteristic features of VHSIC

g
technology. =7
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Specifically, this literature detailed current approaches for the
design and manufacturing of VHSIC chips, and it compared performance
estimates for VHSIC technology to existing state-of-the-art for large

scale integrated circuits.
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III. Methodology

This chapter describes the methods that will be used to answer
the following research questions:
1. How can an existing model or combination of existing models
be implemented to estimate and analyze ICC for insertion of
VHSIC Phase 1 technology?

2. What type of insertion model is needed to implement and
characterize VHSIC Phase 1 technology?

3. What are the data that must be collected and in what format
must the data be collected?

4. Where can these data be collected and what are the
limitations for collecting these data?

5. How sensitive is the insertion model's LCC to changes in
VHSIC chip technology, chip design, chip fabrication yields,
and logistics support concepts?

This research adheres to the following steps to address the areas

of model selection, data collection, data formatting, and LCC

sensitivity analysis:

1. Select LCC model or models and determine how they will be
used for this study.

2. Select an insertion model that can be designed using gate
array and custom designed VHSIC Phase 1 chips.

3. Collect VHSIC Phase 1 density data for each technology and
fabrication yields for each technology.

4. Format VHSIC chip data to implement the insertion model for
each technolcgy and design type.

5. Format hardware parametric data to implement the insertion
model.

6. Perform ICC sensitivity analysis for areas of interest.

28
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Research questions one and two will be answered from the
literature review of Chapter II. Question three will be addressed by
examining the input data requirements of the selected LCC model or .
models. Question four will be answered from the literature review of 55:52.
Chapter II and interviews with experts in the area of microcircuit L

design and engineering. These experts are available through the Air

A Force VHSIC Program Office and the AFIT School of Electrical
h Engineering. Finally, question five will be addressed by reviewing
and analyzing output data of the LCC model. o

Modeling Methodology

Three models will be used for this research study. They are the e
following RCA PRICE (Programmed Review of Information for Costing and
Evaluation) mcdels:

1. PRICE M Model. This model estimates the cost for development e
o and production of both custom and gate array designed o
a0 integrated circuits.

2. PRICE H Model. This model estimates the cost for electro-
mechanical hardware, development, production, and integration

ard test. ""'
3. PRICE L Model. This model estimates the cost for supporting
'-".-.7 hardware during its operational life.
_: These models were selected because the PRICE M model is the only -
available model reviewed that is robust enough to model VHSIC T

technology. Moreover, PRICE M, PRICE H, and PRICE L can be used to
develop a complete ICC of VHSIC insertion from chip development a
through logistics support. Table II shows how these models will be

s used in this study. Z-:Z-j
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TABLE II
Use of PRICE Models
Model How Used
PRICE M To estimate development and production costs of
(Micro~ the VHSIC Phase 1 chip technologies. To perform
circuit) sensitivity analysis on design and production
variables.
PRICE H To estimate integration and test (I&T) costs for

(Hardware) assembling chips onto Printed Circuit Boards
(PCB). To estimate I&T costs for assembling
complete brassboards.

PRICE L To provide ILCC projections of the insertion model
(LCC) using different technologies, chip designs, and
support costs.

PRICE M MODEL. PRICE M is a parametric model designed to provide

estimates for development and production costs of microcircuit chips.

Input parameters are determined by physically describing the
VHSIC chip. A wide range of chips can be processed through a number
of input parameters including chip dimension, number of pins, number
of gates or transistors, type of packaging, CAD sophistication, and
amount of new design. Other significant parameters include
fabrication yields and development and production schedules. PRICE M
offers a number of features such as interactive data changes,
technology improvement rate tables, and automatic schedule calculation
that provide versatility for examining the impact of cost by varying

input parameters (30).
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An important feature of PRICE M is the ability to operate in
conjunction with the PRICE H to estimate the costs of integrated
circuitry at the finished product level. L

PRICE H. PRICE H is a parametric model that is used extensively
in DoD to estimate avionics and space system costs. It has been .
particularly useful in developing relative costs of competitive
systems (13:1).

PRICE H has been designed to estimate costs with a minimal amount
of hardware information. This feature makes.it an excellent tool for
cost estimation of programs in the conceptual stages of development. .

Inputs to PRICE H cover a wide range of systems. Since all
products have weight and size, these parameters are used as the
principal descriptors for electro-mechanical items. Electronic

components are characterized by their componentry (mode 1), or they

can be treated as purchased items using mode 3. In this study,

PRICE M is used to model the cost of VHSIC chip development and

production. The total cost of development and production are then

IR et
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introduced to PRICE H via mode 3. Chassis and circuit boards are
treated as government furnished equipment (GFE). They are presented
to PRICE H as mode 4, GFE items. Software development costs o

(estimated using an algorithm developed by Carter) are represented in

PRICE H as a throughput item, mode 8. Integration and test of the

P: ' VHSIC chips onto circuit boards, and integration and test of circuit S
| boards, software, and chassis into a line replaceable unit (LRU) are

accomplished using mode 5, integration and test mode, of PRICE H. R

1

.
.
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Finally, the average unit cost for a LRU is input to mode 7
to calibrate complexity functions for mode 1. Mode 1 is then used to
build a hardware file for PRICE L (28).

e PRICE L Model. The PRICE Life Cycle Cost model (PRICE L)

provides a methodology for computing support costs for a variety
of systems. Like PRICE M, it can operate in conjunction with the
PRICE H model. The major advantage of the PRICE H and PRICE L
methodology is the ability to assess the ICC effects of design
changes, while the hardware is still in the concept development stages
(24:1). PRICE L inputs are limited to factors for the equipment's
employment, deployment, maintenance policy and levels of support
capability, equipment and maintenance locations, and total number of .-~
years to be considered. All other inputs are developed by the PRICE H
model (mode 1). PRICE L is exercised in conjunction with the PRICE H
model through a real-time interactive terminal which facilitates
- sensitivity analysis.
: During the use of the PRICE H mode 1, the user can request the
system to generate a ICC data file consisting of all the ICC input
variables. Alternatively,a PRICE L data file can be created directly
to input the governing parameters. In this study both procedures are
used. All input values except MTBF, LRU production cost, cost of Dy
engineering, and nonrecurring production costs are generated by

mode 1. Finally, the PRICE-generated data can be modified before or

\;."

during the life cycle cost exercise.
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In this study, primary values developed by mode 1 for input to
PRICE L hardware file include:

1. Cost of LRU and module test equipment.

2. LRU and module checkout time.

3. MITR for all repairable assemblies.

4. Floor space for test equipment and storage volume for spares. _

In addition, PRICE L incorporates constant "Global" values that
can be changed to represent various maintenance and supply 1";
organizations. Three theaters of deployment and multi-year .i B
specification of equipment deployment and employment capability permit »
realistic modeling of overseas organizations sending work back to
CONUS depots and planned levels of operation for each year.

Finally, the "Maintenance Concept" file has 28 standard
maintenance concepts stored within the model, of which 19 can be
selected for examination during any run. Further, the model will
determine the most cost-effective support configuration, accompanied
by an assessment of the relative cost-effectiveness of the other
candidate configurations. Therefore, PRICE L can be used to

determine the most cost-effective support configurations (29).

VHSIC Insertion Model

The insertion model chosen for this study is an airborne
synthetic aperture radar (SAR) digital processor. A very top level
characterization of a SAR digital processor is presented here. The
reader is referred to Carter to gain further insight into SAR systems
(5:30-38). The SAR processor described here is used to demonstrate

the modeling methodology that will be described later in this chapter.
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Table III shows the assumed requirements for a SAR processor that

will mount in a typical military tactical aircraft.

TABLE III

Requirements for an Example SAR Processor (5:31)

Item Requirement

Resolution 5 feet range, 7 feet azimuth

Collection mode Stripmap

Processing mode 5 nm range by 7 nm azimuth in
slant plane

Range of radar 50 nm

Altitude of radar 30,000 feet

Speed of processor Real-time o

MIBF of processor As calculated from the VHSIC "—""
chips and other components 1

in the SAR processor

The processor receives digital data at high speed from the
radar transmitter/receiver unit, converts that data to an image, and t:::
displays the image on a CRT. Cnly the SAR processor is characterized .

and costed in this study.

Further, no attempt is made to present a complete, detailed
working design. The design is carried out to a level sufficient to
get an idea of the number of chips, PCBs, and chassy dimensions needed

to implement a SAR processer.
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Figure 3 diagrams the major functional steps in a SAR processor ;;f;

using the polar format method described by Carter (5:31).

Digital
Data from_y‘ PRF Azimuth Polar Range
Radar Buffer Presummer Formatter Processor L
Receiver S
/|
T
Control Processor S
Motion Compensation e
RERRRAE
e
\ \ \ LR
T T4
Digital Detection Azimuth Corner
Data to < L and Processor Turn |
CRT Resampling Memory

Figure 3. SAR Image Processing Functional Design (5:31)

PRF Buffer
The PRF buffer must slow the incoming radar data arriving at the
input to the processor at a rate of 150 megasamples per second (Msps)

to at least 1.79 Msps. The size of the PRF buffer is a function of

the number of samples per pulse. Carter estimates the samples per
pulse to be 9122.41 (5:35). The length of the PRF buffer is

approximately twice the length of one pulse of data to permit

simultaneous reading and writing of memory. The PRF buffer is about
0.219 Mbits in size (5:32-39).
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; Azimuth Presummer 3';3
The azimuth presummer is basically a low-pass digital filter.
_' Since radar processing is required to be at a real-time rate, the *ﬁj
::-. azimuth presummer processing rate is the same as the PRF output buffer -
rate (1.79 Msps) times the operations per sample (5:35). Therefore,
_. the azimuth presummer processing rate is about 17.9 million operations SRR
: per second (Msps). The output of the azimuth presummer is the same as :
the input rate in the worst case. Approximately 10,000 gates are w
= needed to implement this function (5:35). “
: )
Polar Formatter i
": The polar formatter is implemented with a two~dimensional (2-D) :"‘j
- resampler. This function performs continuous data sampling and
operates at the same speed as the azimuth presummer. In addition, it
i contains a memory to implement the 2-D resampler from two 1-D :
resamplers. Carter assumes this function operates over a S-nm by 7-nm
::' area at 5-ft range by 7-ft azimuth resolution oversampled by 1.5
I inches in each direction which corresponds to 83 million samples j
(5:36). However, only a fraction (maximum 10%) of this data needs to
be stored at any given time. Hence, the polar formatter is roughly
3 100 Mbits in memory size and requires approximately 16,000 logic gates ~
(5:36) .
Range Processor
L The range processor is a 1~D Fast Fourier Transform (FFT) which 1
- compresses each range line. Approximately 10,000 logic gates and very 1
; little memory are required (5:36). B
]
LY
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Azimuth Buffer Memory

-----

A corner-turn memory is required to hold the radar data for the
azimuth processor. This memory is capable of holding 5-nm by 7-nm
patch that requires approximately 83 million (20 bit) words or 1660

Mbits of memory (5:36).

Azimuth Processor

Like the range processor, the azimuth processor is a 1-D FFT
which compresses each azimuth line. Approximately 10,000 logic gates
and no memory are required (5:36).

Image Detector

The radar data is now fully compressed but each sample is in
complex form. The image detection process resamples the output data
before it is sent to the CRT. Very little memory is involved, and the
complexity of the circuitry is low (close to 5,000 gates) (5:37).

Control and Motion Compensation Processor

Control of the radar processor and the calculation of motion
compensation parameters are performed by a high speed general purpose
computer. Carter estimates 12 Mbits of memory and 100,000 gates are
required to implement this general purpose computer (5:37).

Table IV summarizes the operation rate and memory size of the
major subsystems in the SAR processor. Entries under "Technology"
indicate VHSIC Phase 1 technologies that can be used to implement a

particular function.
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TABLE IV S
o
I Speed and Gate Complexity of SAR (5:38, 37:35-38) o
- Max Number 3
. Function OP Rate | Memory Size of Gates Technology
Signal Processor ]
- PRF Buffer 150 Msps| .219 Mbits |Negligible| BIPOLAR* -
o Presummer 17.9 Negligible 10,000 BIPCLAR )
- Polar Formatter 17.9 100 Mbits 16,000 BIPOLAR* 1
: Range Processor 17.9 10,000 BIPOLAR* f’:z
3 Azimuth Buffer/ 17.9 | 1660 Mbits |Negligible| CMOS/Bulk, -
g Memory NMOS - ‘1
Azimuth Processor 17.9 Negligible 10,000 BIPOLAR, jrkj
CMOS/SOS R
e ot
i Image Detection 17.9 Negligible 5,000 BIPOLAR, -~
E CMOS/SCS S
Control Processor 55?
l Control & Motion 2.0 12 Moits 100,000 | BIPOLAR*, o
. Compensation CMOS/S0S, et
) CMOS/BULK L
3 *BIPOLAR Triple diffusion (3D)/Schottky transition logic (STL) or
) BIPOLAR Integrated Schottky logic (ISL)/Current mode logic (CML)
T Hardware
b The following assumptions are taken from Walker for the SAR

Processor PCBs and chassis:
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3 —
1. All PCBs are Air Transport Racking (ATR) standard.

- 2. PCBs are constructed of epoxy glass for military -
. environments. —
g 3. Chip packages are surfaced mounted with leads on 20 mil
- centers. ook
4. Maximum of 200 watts per board. :“
-

.. 5. Single chip packages mounted on both sides of the PCBs. A
6. Chassis are constructed of aluminum for military . "1

- environments (39). : 4

- !
SAR Equipment Breakdown Structure and LCC Modeling Methodology k 1

Figure 4 diametrically represents the equipment breakdown - i

i

~ structure (EBS) for VHSIC chips, hardware, and software necessary to S
J - =
B implement the SAR processor. Also, it depicts the integration and -

_—
DOW

test (I&T) requirements at each level of assembly. Figure 5 diagrams
the modeling methodology that will be used to estimate LCC of the EBS
presented in Figure 4. "
- As shown in Figure 5, outputs from PRICE M (total development l‘.;_ﬂ_i-.
costs and total production costs) for each VHSIC chip technology,

design, and function are input to PRICE H as mode 3, purchase items.

PRICE H will contain two subsystem I&T files and one system I&T file.

‘ Outputs (weight of structure, weight of electronics, average unit

)

o production cost) of mode 5 I&T of the SAR are inputs for mode 7. .
- o
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Figure 5. LCC Modeling Methodology for SAR EBS _'__'
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The ECRIP mode involves running PRICE H backwards to determine
complexity factors (indices that describe complexity for parameters
such as design, engineering, and manufacturing) for electronics and
mechanical structure when unit production costs are known. All inputs
except complexity factors are input to mode 7; the output is
complexity factors calculated by the model which are then used to
characterize the SAR as a mode 1 electro-mechanical item. Finally,
mode 1 is used to develop a LCC hardware file of the level 1 SAR
processor which is one of two input files for PRICE L (28:7.1).

The second PRICE L input file is the deployment file for the SAR
processor which is developed according to the following assumptions
made by the author for SAR deployment:

1. SAR processors are installed into one thousand tactical

aircraft of which 690 are at five CONUS bases, 170 are at
three European bases, and 140 are at two Asian bases.

2. All SAR processors average 46 hours per month operating time.
3. One maintenance depot facility located in CONUS.

4. All SAR processors have fifteen years operational life.

5. Supply facilities are located at each organization.

6. Two level maintenance concept (organization and depot) is S
used. e

7. Equipment locations and average operating life of the SAR
processor remain constant throughout the program.

The "Global" file contains program constants that describe labor

rates, shipping rates, cost to maintain supply items, travel time for
items in the supply pipeline, and repair percentage at each ‘,':.;-‘

maintenance level. - i
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Finally, PRICE L provides a summary output of each of the three R
ICC phases (development, production, and logistics support). The
development and production costs come primarily from PRICE M and

PRICE H and the support costs are produced by PRICE L.

Data Collection

An extensive review of electronics literature and numerous
interviews with experts in the area of integrated circuits design and
engineering indicates that density data for each of the VHSIC Phase 1
technologies are available and that it can be formatted as parametric
input to PRICE M (3, 4, 5, 8, 21, 22, 26, 33, 34, 35, 36, 37, 39).
Likewise, data for hardware configuration is also available and can
easily be formatted for parametric input to PRICE H (36).

However, due to its proprietary sensitivity, data for fabrication
yields are not available. Therefore, estimates of fabrication yields
are obtained from an adaption of a fabrication process model presented
by Carter. This model contains equations and algorithms that estimate
fabrication yields for chips based on type of substrate used, wafer

size, and the size of the chip die (5: 26-28, 43-51).

Fabrication Yields Model

The process model for fabricating packaged integrated circuits is

depicted in Figure 6. VHSIC chips are expected to be fabricated in

this manner. The "Die Prep" function includes wafer scribe, probe
test, and visual inspection. The circuit probe yield (CPYLD) is the
percentage of VHSICs which pass functional testing during this process
(34: 2.18).
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Figure 6. Process Model for Fabrication of Package VHSIC Chips.

(30: 7,10, 5:25-28) T =
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The assembly function includes breaking, packaging, and lead
bonding. Assembly yield (ASMYLD) is the percentage of VHSIC chips
which pass wafer dicing, packaging, bonding, and functional tests.
Overall yield (OVLYLD) is the percentage of chips which pass
production acceptance tests and is the product of CPYLD and ASMYLD
(30:2.18). For purposes of this study, fabrication yields for
development and production are assumed to be the same.

CPYLD is obtained from two equations that relate substrate type
and wafer size to an estimated wafer test and probe yield. For

silicon on saffire (SOS) wafers, the CPYLD equation is:

- ~472/c2
CPYID o = 4.1 x 107%(r%/c?) (1)

where
r = radius of wafer in inches
c = edge dimension of chip die in inches (5:49)

and for bulk silicon wafers, the CPYLD equation is:

CPYLD,, = 11.2 X 1074(r%/c?) (2)

where

r and ¢ have the same meaning as in equation 1 (5:49)
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ASMYID is defined by the following equation:

ASMYID = (.8/(1 + 3.0 X 107%c2)1(.735) (3)

where

¢ = chip die area in mils (5: 50-51).

The reader is advised to refer to Carter for derivations of equations

1, 2, and 3 (5:49-51).

Sensitivity Analysis

Of the many characteristics of VHSIC that could be studied with
respect to the SAR processor insertion model described earlier in this
chapter, only five are selected for sensitivity analysis. They are
the effects on ICC of chip technology and design, fabrication yields, :
substrate type, computer-aided-design (CAD), and level of maintenance. - _'
Each of these five areas will be analyzed with respect to four basic
cases. These cases are depicted in Table V. :

The memory portion of the SAR processor is implemented only in
custom chips, because VHSIC Phase 1 does not have a gate array f;::
designed memory chip.

:_l: The areas selected for sensitivity analysis (except level of
maintenance) are areas identified by the Second Tri-Service Workshop ]

> on Manufacturing Technology Program Planning for VHSIC technology as »

areas requiring manufacturing technology emphasis (34:2-6).




TABLE V v

Basic Cases for LCC Sensitivity Analysis of Sar Processor

o b

% Chip Design 5

Signal Control J

Case Processor Processor Memory .

1 Custom Custom Custom T

2 Gate Array Gate Array Custom -

: 3 Custom Gate Array Custom L

4 Gate Array Custom Custom

-1

Finally, ICC sensitivity analysis will only be performed on the

most expensive case and least expensive case; assuming LCC for the —

EQ;Z: remaining two cases will fall somewhere between for all five areas .—1

S studied. ;

e

o Methodology Summary ~

2N The LCC model for VHSIC insertion will be accomplished using - -]
% three cost models (PRICE M, PRICE H, AND PRICE L). These models will _'.

el - 4

i be used to estimate costs for each of the LCC phases of an example -

'-:I:Q avionics system (SAR Processor). Finally, sensitivity analysis of .

five areas will be accomplished for the most and least expensive of j

- 1. .1

e the four basic cases to determine their effects on ILCC. T
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IV. A VHSIC System Life Cycle Cost Model

This chapter presents mathematical expressions for a ILCC model
which is oriented towards VHSIC Phase 1 technology. The development
and production portions of this model are adapted from functional
relationships presented in the PRICE M and PRICE H models for
integrated circuit development and production and system hardware
development and production. Software development cost equations are
adapted from a cost model presented by Carter (5:6-28). Finally,
expressions for the logistic support phase are taken from the PRICE L
model.,

The complete code for algorithms and mathematical expressions
used in the PRICE models are proprietary. Hence, they are not
available for review. However, RCA PRICE does provide abbreviated
procedures and equations for review by the user. The equations for
development, production, and logistics support presented here are
taken from these abbreviated procedures and equations to demonstrate
how variables are used in this study.

The LCC model introduced in this chapter is based on the
following scenario. Consider an aircraft digital avionics system
which undergoes three phases (development, production, and deployment
and support) in its life cycle.

During development three activities occur. First, the system is
designed. Second, as a part of systems design, VHSIC chips are
designed, fabricated, tested, and used to implement the third activity
which is to assemble and checkout a prototype implementation of the

system.




In the production phase, the system design is finalized, a
preproduction prototype is built and tested, and the production of all
deployed systems is accomplished. In this study, all systems
fabricated during the production phase have the same fabrication cost.

Finally, in the support phase, all consumables for the life of the

program (assumed to be 15 years) are purchased at the beginning of the Y -

deployment and support phase. The logistics support scenario centers
around printed circuit boards as the basic repairable module. A two—
level logistics base is assumed (organization and depot) with supply FQ_:_-, R
and maintenance locations at each base. One thousand systems are S
deployed to three theaters (CONUS, Europe, and Asia). In essence, the
PRICE L model replicates standard logistics support concepts used in
the Air Force today. Fortunately, the model is robust enough to be
adaptable via input data to accommodate maintenance concepts

envisioned for VHSIC Phase 1 technologies.

Development Costs

Three cost equations comprise the development costs. They are:

1. VHSIC chip development and prototype fabrication costs from
the PRICE M model (30);

2. System prototype design, fabrication, integration, and test
costs from the PRICE H model (28); and

3. Software development costs from the Carter model (5).

mathematically
3
development costs = E DCy
i=1 (4)
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N e T Py e S e i s




- where ,_-I'1
o DC, = Total cost of VHSIC chip design and prototype fabrication. :
-. 4

h DC, = Total costs for system hardware design, prototype o
- fabrication, and integration and test. In addition, these el
t'-:- costs include the integration and test cost of prototype R
- VHSIC chips.

e DCy = Total cost of software design, code, and test. -y

Development Integrated Circuit Cost (DC4).

PROTCS1

DCy = E CSPEJCi + CDESli + CSYSli + CPMGTil 1
i=1 + CDATl; + CPROTOl; (5) )
where ]
- o i
PROTOS1 = Number of development prototypes for each VHSIC chip of -
type 1i. N jf-f

CSPEC; = Cost of functional and detailed chip specification of :
chip type i. The specification cost for a VHSIC chip
is a function of: —

1. The number of gates on the chip (GATES), or the

number of transistors (XSTRS) on the chip; g
2. The percent of each chip which is repeated design el
(DESRPT) ; and " )
3. System specification level (SPLTFM) which describes
the specification level imposed on the design. In R
this study SPLTFM=1.8, the PRICE M default value A
for military specifications. {
4. Engineering complexity (ECMPLX) factor which T
describes the scope of the development effort and RO
available resources; SR
S. Development calibration index (DINDEX) which X
relates past performance to new products; and - 1
6. Escalation control (ESC) variable which defines ii'-I::-;
cost escalation factors. In this study, ESC=0 :{I-{:’.w
which specifies constant year dollars in the -I;}.:j:

PRICE M model.

7
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7. Development cost multiplier (DMULT) which is used ]
to customize specification, system, project RN
management, prototype, and data costs to a S
_. particular user environment. For purposes of this ]
= study, DMULT=1, the PRICE M default value. o
8. Level of chip specification engineering (SPEC) '
= which is used to customize chip specification cost.
i This study uses the PRICE M default value of 1 ~
» (30:7.2).

CDES1; = Cost of chip design commencing with the specification

and ending with a pattern generation tape for VHSIC

s chip type i. The design cost for each chip is a
ﬂ function of: i

1. Gates or XSTRS;

2. Percent of new library circuit cells (NEWCEL) to

be designed;
- 3. DESRPT; and .d

4, Design specification level (DPLTFM) of the
designing organization. This study uses
DPLTFM=1.8, the PRICE M default value for military B
organizations. —

5. The degree of computer aided design (CADFAC) used
in the chip development;

6. Number of design/prototype/test iterations (ITERAT)
needed to meet chip specification;

SO - SOACERR - BRI

7. ECMPLX;
- 8. DINDEX;
- 9. ESC; and R
- —
e 10. Level of chip design engineering (DESIGN) used to N
el customize chip design cost. For this study, e
ol DESIGN=1, the PRICE M default value (30:7.5). N
SN = ,‘1
" o
)~ CSYS1l; = Cost of system engineering for chip type i. 1
]
"l;f CsYsl; is further defined to be:
) CSYS; = (CSPEC; + CDESL,)SE (6)
o
> —:'_:_C1
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where 1

2

Systems engineering factor which is a function of: o
1. BECOMPLX; and
2, DINDEX.

CPMGT1 4

Program management and control cost for chip type i.
CPMGT1; is further defined as follows:

= CPMGT1; = (CSPEC; + CDESl; + CSYS1;)PM (7) -

ey

3

Project management factor which is a function of: '."_".;

1. ECMPIX; and

r oy
e

2. DINDEX (30:7-8).

CDATli Cost for documentation, deliverable drawings and
i" reports for chip type i. —

RRRE
CDAT1; is further defined to be: R

i CDATl; = (CDESl; + CSPEC; + CSYSly CPMGT1;)DF  (8) —d

- where

= DF = Data factor which is a function of: 1
% :

»

1. ECMPLX; and -
2. DINDEX (30:7-9). o

."-‘
aaha

CPRCTOL; = The cost of prototype fabrication for chip type i. The .o
prototype cost is a function of: .

1. PROTOS1;

.’-'.'(
v ' I .
sl at s & ads

4 2. Length dimension of the chip die in mils (LENGTH);

> 3. Width dimension of the chip die in mils (WIDTH); =]
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| 4. Number of pins on the packaged chip (PINS); and
5. ITERAT (30:7.10).

Development System Design Cost (DCZ) .

DC 2 = CDRAFT + CDES2 + CSYS2 + CPMGT2 + CDAT2
+ CPROTO2 + CTTEQL (9)

where

CDRAFT = Cost of manufacturing drawings, data lists,
specifications, and incorporation of engineering
changes in drawings. Development drafting is a
function of:

1. Electronics manufacturing complexity (MCPLXE).
This is an empirical factor which represents a
products producibility. MCPLXE is a function of
componentry, packaging, density, manufacturability,
testing and power dissipation.

2. Structural/mechanical manufacturing complexity
(MCPLXS). This empirical factor represents
structural producibility for reliability
requirements associated with operating
environments.

3. Year of technology (YRTECH). This variable freezes
technology to a specified year. In this study,
YRTECH=1983.

4. Unigque new electronic design (NEWEL). This
variable indicates the level of engineering design
effort for integration of electronics into a system
or subsystem.

5. Unique new mechanical/structural design (NEWST)
required. This input indicates the level of
engineering design effort for integration of
structural items into a system or subsystem.

6. Designed operating environment (PLTFM) which is the
specification level that describes the intended
operating environment and reliability requirements
for each system. PLTFM=1.8, the PRICE H default
value for military environments.

7. Month/year of start of development (DSTART);
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8. Month/year of completion of first prototype not
including field tests (DFPRO);

10. Number of prototype units chargeable to development
effort (PROTOS1); number of government furnished
equipment prototypes chargeable to development
(PROTOS2); number of prototype systems to be
integrated and tested during development (PROTOS3).

ALY

b

1

g

9. Month/year development completed (DLPRO); and —*—'i

12. Development cost multiplier (DMULT). In this
study, the DMULT variable is used to input
VHSIC chip development costs from PRICE M.

13. Level of draft requirements for the development o

phase (DDRAFT). DDRAFT=1, the default value for SREN

PRICE H (28:19.1-19.13). "-‘:

CDES2 = Cost of laboratory experimental work, design and D
development engineering, and requisition engineering. ﬂ

CDES2 is further defined to be:

CDES2 = (CDRAFT)DF (10) R
where
K] . [l . . -—."q
DF = Design/drafting factor which is a function of: —
1. DFPRO;
2. DLPRO;
3. ESC; - e

4. DMULT; and

5. A constant factor controlling the level of j;:.'.f-::.',
developmental engineering design (DDSIGN). In this S
study, DDSIGN=1, the default value (28:19.12). -9

CSYS2 = The cost of converting performance requirements into )
design specifications. .
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CSYS2 is further defined as follows:

CSYsS2 = (CDRAFT + CDES2)SE2 (11)
where
SE2 = Systems engineering factor which is a function of:

1. DFPRC;
2. DLPRO;
3. ESC; and e
4. DMULT (28:19-13). @

CPMGT2 = The cost of program management and control which

includes travel expenses, computer cperations, reports,
and quality assurance.

CPMGT2 is further defined to be:

CPMGT2 = (CDRAFT2 + CDES2)PM2 (12)

where

PM2 = Project Management factor which is a function of:

1. DFPRO;
2. DLPRO;
3. ESC; and

4., DMULT (28:19-13).
CDAT2 = Documentation cost for manuals, lists, reports, and
drawings.

CDAT2 is defined further as follows:

CDAT2 = (CDRAFT2 + CDES2 + (CSYS2)DF2 (13)

S5
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DF2 = Data factor which is a function of:

1. DFPRO;

2. DLPRO; -
3. DMULT; and ::'i:;;_:

4. Level of data requirements for the development
phase (DDATA). In this study, DDATA=1l, the default
value.

CPROTO2 = Development cost for prototypes including material, §
labor, overhead, integration and testing. Prototype -

cost is a function of: o

1. MCPLXE; e

2. MCPLXS; fi:-'.;'-‘;

3. YRTECH; -9

7. ESC; :;4'.'.-1

.’_w...
".‘."_“'-
8. DMULT; and oD
Apeantionsy
9. Prototype adjustment factor (PRMULT). In this

study, PRMULT=1, the PRICE H default value
(28:19.15).

CTTEQL = Cost of all special tools and test equipment (not
capital equipment) and any refurbishment. Tooling and

test equipment cost is a function of: o

2. MCPLXS; o
3. YRTECH; T ]
4. PROTOS1; B
5. PROTOS2; :
o
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6. PROTOS3;

7. DFPRO;

8. ESC; and
9. DMULT (28:19.18).

Software Development Cost (DCj).

DC; = DOSC + DSSC (14)

where

DOSC = Cost of software used operationally by the prototype
system and the production system.

DSsC

Support software cost for the prototype system and
production system.

Operational and support software costs are further defined as:

DOSC = (DNCW) (DCOL) + DCOP (15)

where
DNCW = Total number of lines of operational code specifically
written for the development system and production system.
This includes discarded code as the system evolves.

DQOL = Average cost of operational software per line written.

DCOP = Total cost of purchased software used operationally in the
prototype system and production system.
DSSC = (DNSW) (DCSL) + DCSP (16)
where

DNSW = Total number of lines of support code written for the
prototype system and production system. This includes
analysis, simulation, and system software.

DCSL = Average cost of support software per line written.
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DCSP = Total cost of purchased support software in support of the i
prototype system and the production system. j-_..»;g:1
A
Production Costs tes
iy
Production costs are the sum of five cost equations. =i
. 0
.
They are: —
1. VHSIC chip production costs from PRICE M (30); o
2. Production system design, fabrication, integration and test
from PRICE H (28); :
3. Special test equipment costs from PRICE L (29); s
4. Cost of initial spares at all supply locations from PRICE L '
(29); and
5. Cost to enter spares into the supply system from PRICE L e
(29). =1
mathematically
5
BCj = S ; PCj
i=1 (17)
where
PC, = Total cost of VHSIC chip production.

PC, = Total cost of system hardware design, fabrication,
integration and test during the production phase. In
addition, this cost includes the integration and test cost
of all VHSIC chips.

PC; = Total acquisition cost of special test equipment and
support equipment.

PCy = Total cost of initial spares (chips, PCB, and SAR) at all
supply locations for all theaters.

PCg = g;:iém cost to enter and catalog spare items into the supply
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VHSIC Chip Production Cost (PCq).

BC; = AUCL, (QTYL;) (18)

Pl CINCARURL IR ¢ ) GLS N S A ]
.
!

5
¢

AUCli = Average unit production cost of VHSIC chip type i.
Average unit cost is a function of: v

1. Number of production units (QTY1l) to be fabricated
and delivered in the production period;

2. LENGTH:
3. WIDTH;

AMACRSRTD  SETRENLALEMNA  Aseaen
T
b

4., PINS; and

S. Production specification level (PROFAC) which
describes the manufacturing specifications of the L
chip. In this study PROFAC=8, the PRICE M default
value for military manufacturing specifications.

6. Type of package (PKGFAC) in which the VHSIC chip
is assembled, tested, and delivered; and

7. Percentage of VHSIC chips that pass production
acceptance tests (OVLYLD). ok
OVLYLD is further defined to be: C
\
OVLYID = (CPYID) (ASMYID) (19)
where ;j:
CPYLD = Wafer test and probe yield for chip type i. 7:“-;
ASMYID = Assembly and test yield for VHSIC chip type i.
i 8. Number of mask levels needed to fabricate the chip;
. 9. Chip substrate factor (SUBFAC) which describes the IZ;QZLEE
- type of substrate used; and Py
'
- 10. Manufacturing calibration index (MINDEX) which
b relates past experience to new products.
: 59
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QTYl; = Number of VHSIC chips to be fabricated and delivered in
the production period (30:7.11-7.14).

Production System Design and Fabrication Cost {PCy).

where

1.
2.
3.

IV.vFI' NN
r‘ .‘.'..v‘._.v

4.
5.

) ‘7.",:".."‘."‘. "

6.
7.

[ )

3 of:
2.
3.
.
5.

.............

PC,= CDRAFT2 + CDES3 + CPMGT3

+ CDAT3 + CPROD1

+ CTTEQZ2 (20)

CDRAFT = Production drafting costs for drawings, data lists,
specifications, and incorporation of engineering
changes into drawings.
function of:

Production drafting is a

MCPLXE;
MCPLXS;

YRTECH;

PLTFM:;
ESC; and

Production cost multiplier (PMULT). In this study,
PMULT=1, the PRICE H default value.

Production draft multiplier (PDRAFT). In this
study, PDRAFT=1, the PRICE H default value
(28:19.25).

CDES3 = Cost of production engineering and laboratory
experimental work.

Production design is a function

MCPLXE;

MCPLXS;
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6. PMULT; and

7. Production design multiplier (PDSIGN) PDSIGN =1,
the default value in this study.

CPMGT3 = Cost of program management and control which includes

travel expenses, computer operations, reports, and
quality assurance.

CPMGT3 is further defined to be:

CPMGT3 = (CDRAFT2 + CDES3)PM3 (21)

PM3 = Project management factor which is a function of:

1. Month/year that production cycle starts (PSTART);
and

2. Month/year of completion of production (PEND)
(28:19.29).

CDAT3 = Documentation cost for technical manuals, lists,
reports, and drawings.

CDAT3 is defined as:

CDAT3 = (CDRAFT3 + CDES3)DF3 (22)

e T T T i s T i o L S ——— — - - -
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where j

DF3 = Data factor which is a function of: , 1

- 1. PSTART; B
2. PEND;
4. PMULT (28:19-30). o
: CPROD1 = Manufacturing costs to include material, labor, setup,
- overhead, and quality control. Manufacturing costs are o
a function of: o
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1. MCPLXE;
2. ;
3. YRTECH;
4. QTY1;

5. Quantity of GFE items (QTY2):;

6. I&T quantity (QTY3); N
7. Weight of structure in pounds (WS); 1
8. Weight of equipment in pounds (WT);

9. Envelope volume of an item in cube feet (VOL);

10. Level of integration and test requirements for
electronics (INTEGE);

11. Level of integration and test requirements
applicable to structural items (INTEGS);

12, Number of systems or subsystems required for
integration to the next higher assembly level
(QTNHA) ; and

13. Economic base year (YRECON). In this study,
YRECON = 1984,

14, ESC; and

CITEQ2 = Tooling and test equipment needed to support
production. Tooling and test equipment is a function
of:

‘1
s
L.
.
. Fr
‘,’:,v"’

1. Ws;

¢

‘¢
a'aas 4

2. WE;
3. MCPLXS;

4, MCPLXE; -

T

5. YRTECH;

M
s

6.
7. QTY1;

!
g

]
-" n'.
.

A
’
o o’

o]

V]

’
(]
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Special Test Equipment Cost (PC3).

8. QTY2;

9. QIY3;

10. PEND;

11. ESC; and

12. PMULT (28:19.33).

CFIM

CFIP = The cost to develop and produce a test set capable of

i=1 (23)

3 3 3 P
pC; = z : oD; 2 | DD; (CFIM) ¢ E DD; (CFIP) .
i=1 i=1 R

(o
O
"

; = Number of organization level maintenance locations for
each theater i.

DD; = Number of depot level maintenance locations for each
theater i.

The cost to develop and produce a test set capable of
fault isolating to the module level (PCB) and test the LRU
(SAR) after the module has been removed and replaced.

fault isolating to a faulty part (VHSIC chip) and would
support fault isolation to the module level (29:9.5).

Initial Spares Cost (PCy) .

where

PCy, = (cup/RW)EYP + (ow/mey PP+ (cpp/rvp) EFP

+ ((CPPE) (FPE)})} (24)

EUP = PRICE L improvement factor used to adjust the average cost
of an LRU in production.
EMP = PRICE L improvement curve for modules to adjust the

average cost of a module in production.
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EPP = PRICE L improvement curve for parts to adjust the average

cost of a part in production.

CUP = Average unit production cost of an LRU. This value is
calculated by PRICE H.

CMP = Average cost of modules in production. This value is
calculated by PRICE H.

CPP = Averade cost of a single part in production. This value
is derived from PRICE M AUCl of each type i chip.

CPPE = Average cost of a part which is replaced only in the
installed equipment.

FPE = Fraction of parts (VHSIC chips) replaced at equipment.
This value is zero for this study.

RNU = Prcduction quantity of LRUs. This variable has same value
as PRICE H QTY1.

RNM = Reference quantity of complete sets of unique modules.

RUP = Reference quantity of complete sets of unique parts
(29:9.5).

Cost to Enter Spares Into Supply (PCg).

3

PCg = ((PODF)(PP)(FNSP) + P + ( E ED; (EE) }JCEN

i=1 (25)
where
PODF = Parts overlap discount factor. PCDF = 1 for this study.
PP = Quantity of part types per LRU.
FNSP = Percentage of parts that are not stock listed.
P = Quantity of module types per LRU.

ED; = Number of equipment locations for theater 1i.

B

Number of LRUs per equipment location.

CEN = Cost to enter item in the supply system (29:9.6).
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Logistics Support Costs R

Logistics support costs in PRICE L are the sum of six subcosts.

They are:
1. Support of support equipment support;
. 2. Supply support;
‘ 3. Supply administration support;
4. Manpower support;
5. Contractor support; and

6. Supply-spare storage and shipping costs (29:9.4).

mathematically

6
Logistics Support Cost = E ' LSCy
i=1 (26)

| foa s

&

Cost to maintain and support the support equipment of a
program.

B

Cost for procurement of Balanced Consumed Spares (LRUs,
modules, parts).

= Cost to retain new items in the supply system over the
D life of the program.

B

- LSC4 = Cost of labor required for operating and maintaining
) equipment over the life of the program.

B

oL Cost of contractor depot level repair for LRU maintenance.
D This cost is not included in this study.

S
[N

Cost of supply-spares storage, support equipment storage,
and shipping. N
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Cost to Maintain Support Equipment (LSC;).

ISC; = PC3(PCTS) (27)

where

PCTS = Support equipment annual upkeep fraction. In this study, :335
PCTS=.10, the PRICE L default value. .

Procurement of Balanced Consumed Spares (LSC,). %

The unit costs are derived in the same manner as PC4, but lot-buy ,_f;

quantities are smaller. Thus, balanced consumed spaces have a higher :;i;

unit cost (29:6.7). 1

Supply Administration Cost (LSC,) . i;;;

-

3 3
IsCy = {(PODF) (PP) (FNSP) + P + ( E ED, (EE) ) } (CAD) ( E oDs; )
i=1 i=1

(28)

Annual cost to maintain an item in the supply system. g

2

ODS; = Number of organization level supply locations for each
type i theater.

Manpower Cost (Lscq).

IsCy, = (NRA) (CUE, CUO, CUD) (TRE)

for unscheduled maintenance (29)

or

(SMF) (OTF) (CUE, CUO, CUD)

for scheduled maintenance (20)
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-1
where _
NRA = Number of repair actions. __“__;
CUE = Cost per man-hour at equipment. ! ’
CUO = Cost per man—hour at organization. :
CUD = Cost per man-hour at depot.
TRE = On equipment MITR, hours.

3

Fraction of equipment operating time that manpower is

3 assigned at the equipment level on a scheduled basis. In _

F this study, SMF=0, the default value.

*_: OIF = On time fraction or operating hours per month.

- Contractor Depot Cost (LSCg). :

E This cost is not represented in this study. r‘—j
Supply-Space Storage and shipping Costs (LSCq).

ICq (CFTO2, CFTD2) (FTSQF) + (CFTO2, CFTDZ2) (FTSQP)

(CFTO2, CFTD2) (FTSQC) + (CFTO3, CFTD3) (CUBEU) ——
(CFTO3, CFTD3) (CUBEM) + (CFTO3, CFTD3) (CUBEP) —

3
(WU, WM, WP)( Z CDID,)

j=1 (31) ;:iiﬁ

+ + 0

+

x

where 1
CFT02 = Support equipment space cost (dollars/square feet/month .’,-.:::Z‘

at organization level. e Y

CFTD2

Support equipment space cost (dollars/square feet/month)
at depot level.

- FTSQF = Floor space occupied by an LRU test set.
E FTSCP = Floor space occupied by a module test set. AR
i =
- FTSQC = Floor space occupied by LRU checkout test set at ST
. organization maintenance facility. N
. L N
i CFTO3 = Supply space cost (dollar/square £feet/month) at =)
organization level. "“"‘3
-‘y-.‘
3
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o
2 CFTD3

= Supply space cost (dollar/square feet/month) at depot
éj level. ;:i:j .' ‘
-: CUBEU = LRU storage volume. —
~ CUBEM = Module storage volume.
CUBEP = Part storage volume.
. WU = LRU weight in pounds. —
WM = Module weight in pounds.
WP = Part weight in pounds (29:9.8). :';fé‘
CDID; = Cost to ship from organization to depot for theater i. -‘“
Spares Cost and Placement
Determining the quantities and types of spares to support a
mission is a crucial aspect in ICC analysis. The ultimate goal is to :«j

y insure an acceptable operational readiness rate with minimum quantity
of spares and their related logistics costs.
Spares requirements computed in PRICE L are categorized and

- defined as follows:

1. Initial Spares. Initial spares (ISPARE) are LRUs, modules,
and parts needed to fill the supply pipelines at the ———
beginning of a program. They are manufactured and procured ———
concurrently with primary equipment, and their costs are .-
based on combined quantities of initial spares and primary

mission equipment. -
In this study, initial spare LRUs and modules are considered JORE
- repairable throughout the life of the program. R
A mathematically -
ISPARE = MSPARE + CK(MSPARE)1/2 + 3 (32) T
where

MSPARE = Mean quantity of spares.
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Mean quantity of spares is further defined as:

MSPARE = (ADFAC) (BSQTY) (33)

ADFAC = Adjustment factor.

Adjustment factor is further defined as:

AFAC = (ED) (CTF) (CA) (34)

£

(MIBF/OTF) / (MIBF/CTF) + TDOWN.

TDOWN = Downtime.

Downtime is further defined to be a function of:

1. TRE;

2. Days of supply at equipment level (DOSE);

3. Days of supply at organization for repairable items (DOSOR);:
and

4. Days of supply at intermediate for repairable items (DOSIR).
Although intermediate level maintenance is not used in this
study, DOSIR is used to reflect pipeline time between
organization and depot.

5. Days of supply at depot (DOSDR).

where

BSQTY = Basic supply quantity.

69
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Basic supply quantity is further defined to be: ,

-]

-—-44'-4
) BSQTY = (DDR) (DOS) (35)
: B
) where 3
l DDR = Daily demand rate. »«-—f

Daily demand rate is defined to be a function of:

1. Daily failure rate (DFR) D

W ... ae s

where 1
DFR = {(24 HOURS) (EE) (RATIO) }/MIBF.
. where ]

RATIO = A multiplier used to adjust MTBF per theater. In this
study, RATIO=1.

. 2. Maintenance actions at each maintenance facility.
DOS = Days of supply for respective supply locations.
CK = Safety stock coefficient for LRUs (CKU), modules (CKM),

. and parts (CKP) for each organization level. In this
I study, CK values are PRICE L default values.

Z = Stock roundup factor computed for LRUs (2U), modules

(zM), and parts (ZP) for each organizational level. 1In .

this study, 2U values are PRICE L default values. DRt

: 2. Balance Consumed. Balance consumed spares are required when R
initial spare quantities (ISPARE) are not sufficient to cover all
scrap for the duration of the program (29:6.7). As mentioned, ISPAREs
are procured at the beginning of the deployment and are sufficient to

: £fill pipelines in accordance with the number of authorized days of

supply.
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1f LRUs or modules are scrapped, PRICE L computes total life

h cycle consumption of LRUs and modules. From these subtotals are
i subtracted respective ISPARE quantities. This balance then becomes
k the balanced consumed quantities. For parts, ISPAREs plus balanced
ee consumed spares equals the total life cycle spares requirements.

r The assignments of LRU, module, and part spares are as follows: - ,:j

f."- 1. Parts are stocked at the location where repai}:s are ‘

accomplished to the piece-part (FIP). In this study, parts B

are stocked at depot (FIPD). ey

2. Modules are stocked at the location where the LRU is repaired fff}'_?

by replacing modules. In this study, modules are replaced at R

equipment (FIME) and repaired at organization (FIFQ). o

S

3. LRUs are stocked at organization supply (ODS) to replace LRUs ,,__3

removed from equipment (29:6.10). .

1CC Model Summary

The ICC model presented in this chapter is composed of functional ___

relationships from each of the three cost models used in this study. "

R

These relationships are combined in the form of mathematical o

expressions to represent the three basic phases of an avionics system ,,__

LCC. The expressions given here are intended to illustrate how :_1

variables are used and not portray actual CERs. 0
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V. LCC Input Data

The Second Tri~Service Workshop on Manufacturing Technology (MT)
Program Planning for VHSIC Technology has identified 12 characteristics
of VHSIC Phase 1 technology needing MT programs (34:7). The workshop has
determined these programs essential if "VHSIC is to remain on schedule

for system technology insertion” (34:2). This study investigates four of

these 12 areas. They are the effects on LCC of chip technology and

design, fabrication yields, substrate type, and computer-aided-design.

In addition, a fifth area, maintenance level, is studied. Each of these ]
areas must be narrowed to factors that can be quantified and used as 1
parametric inputs to the PRICE M, PRICE H, and PRICE L models. '

Parametric inputs are defined as numerical inputs which characterize the
components (VHSIC chips, hardware, software etc.) and logistics support s
concepts for the four basic cases of the insertion model (SAR processor)
introduced in Chapter III.

The LCC model developed in the last chapter has more than 200

parametric input variables. Initial values assigned to these variables

describe the four basic cases of the insertion model. These initial

values are termed default values. This chapter details the derivations ;;-_.-‘.":

and assumptions for default values that characterize VHSIC chips,

e

Lt b
y MRS
I AR S N )

hardware design and layout, and logistics support. However, some default

values such as complexity factors taken from the RCA PRICE User's Manuals

fa
A

are not discussed here (28, 29, 30). These defauv . values along with

et
L& LA

LR

those presented in this chapter are summarized in Appendix A. Finally, NN

I

Appendix B describes variations made to default values for sensitivity A

analysis of the five areas previously mentioned. .-;:Z':;
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VHSIC Phase 1 Chip Densities and Chip Size by Technology and Function

This section provides data for the densities of VHSIC chips, their
size, power requirement, number of pins, number of unique cells, and the
number of chips and PCBs needed to implement each SAR processor function

presented in Chapter III.

Gate Densities for Logic Chips. The gate densities for VHSIC

Phase 1 chips by technology are shown in Table VI for custom designed

v

chips and Table VII for gate array designed chips. Data for gates/ mil2
for custom chips are derived from data for gates/ mm? taken from Sumney ’ +

(37:36-38). Entries under "Gates/mil?" are gotten by multiplying

LRt Ak Ak Bl e Sha e 4
!
[
1
A

gates/mm2 by 6.4516 X 1074, Cells/mil? are obtained by multiplying

gates/mil2 by 5 to get the devices/milz. Then devices/mil2 are divided

T v

by 6, the number of devices/cell, to get cells/mil’. Next, assuming 85%

T

useable cell area per chip, devices/cell are multiplied by .85 to get
i useable cel.'Ls/mil2 (5:40-41). Finally, data for gates/mil2 for gate
array chips are taken from Blasingame. These data assume 80% cell

[
3
¢
Y utilization for gate array designed chips (3).

Cell Densities for Memory Chips

The memory cell densities for static Random Access Memory (RAM)

chips are shown in Table VIII. Data entered under "Bits/mil?" are taken 2o
from Blasingame (3). Assuming one bit per cell, then cells/mil2 are

equal to bits/mil? (5:40).
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TABLE VI

Gate Densities for Custom Chips by Technology (5:41, 37:36-38)

Technology

Gates/ mm? Gates/ mil?

Cells/mil?

BIPOLAR 3D/STL
CMOS/S0S
NMOS
BIPQLAR ISL/CML

CMOS/Bulk

390 .2516
400 .2581
570 «3677
480 .3097

558 <3596

.1782
.1828
.2605
.2194
«2547

TABLE VII

Gate Densities for Gate Array Chips as a Function of Technology (3)

Technology

Gates/mil2

Cells/mil2

CMOS/Bulk

BIPOLAR 3D/STL

.1488

.1740

.1240
.1449

TABLE VIII

Cell Densities for Memory Chips as a Function of Technology

(5:40, 37:36-38, 3, 18:274)

Technology

Bits/mil?

Cells/mil?

CMOS/Bulk (Static RAM)

NMOS (Static RAM)

1.309
1.652

1.309
1.652

--------------
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Calculation of Chip Size and Number of Chips per Function. This

section partitions the SAR processor into the number of logic and memory

chips of appropriate sizes. The total logic and memory requirements are e
sunmarized in Table IV of Chapter III.
Nearly 51,000 gates of high speed logic are needed to implement the x
signal processor portion, and approximately 100,000 gates of slower logic M
are required to implement the control processor. The logic naturally
divides between two chip types, a fast signal processor chip and a -_.«
slower control processor chip. B
Assuming 15% of the area of an integrated circuit chip is devoted to j
nonuseable area (benching pads, border area, chip test points, etc.) and -»--i
using data from Table VI, chip dimensions are derived as shown in Tables "ff‘f’

IX, and X for signal processor chips and Tables XI and XII for control
processor chips (5:40).' Due to current fabrication yields for VHSIC
Phase 1 technologies, chip dies with edge dimensions of larger than 350

mils are not economically feasible (3). Therefore, entries under

"Gates/Chip (K)" are based upon edge dimension of 350 mils or less. The
column entitled "Edge Dimension (mils)"™ gives the side dimensions for
chips of each technology. The edge dimensions in Tables X and XII assume

80% useable cells per chip (3). Other data, "Watts/Chip" and

"Pins/Package", are based on these dimensions. Finally, entries under

; "Unique Cells" are based on assumptions taken from Demarco that 85% of AR
o o
i: the cells for custom chips are unique design, and 50% of the cells for ‘_T‘:':T:E
- gate array chips are unique design (8:1027-1030). T
i’.: RS
:,:. AL
i
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TABLE IX X

Custom Chip Sizes as a Function of Technology for Signal é-ﬁi'f

Processor (5:38, 36:36-37, 35:52-54, 8:1027-1030) "'1

]

Gates/ Edge :i

Chip | Dimensions Pins/ ) e |

(K) (mils) Watts/ |Package | Unique -

Technology | (GATES) | (LENGTH,WIDTH)| Chip (PINS) Cells* TR

BIPOLAR 3D/| 25.5 345.31 6.9 180 18062 o

STL ,ﬂ,]

BIPOLAR o

ISL/CML 25.5 311.24 4.0 180 18066 .ii;l.-',

CMOS/Bulk 25.5 188.83 .71 180 18061

CMOS/S0S 25.5 340.93 1.7 180 18061 —
NMOS 25.5 285.63 2.8 180 18065

*Assume 85% of Cells on Each Chip are Unique

TABLE X T

e,

Gate Array Chip Sizes as a Function of Technology for Signal Processor ——
(3, 5:40, 36:36-37, 35:52-54, 8:1027-1030)

-]

Gates/Chip |Edge Dimension Pins/ - "1

(K) (Mils)* Package| Unique e

Technology (GATES) (LENGTH ,WIDTH) Watts/Chip (PINS) Cells+ 7} y
i

Bulk 10.2 283.98 Negligible | 148 5004 AR
BIPOLAR =
3D/STL 10.2 262.61 Negligible 148 5080 =
TR

*Assume 80% Useable Cells ber Chip. .
+Assume 50% of Cell on Each Chip are Unique. N




.................................. dt:-‘
4

TABLE XI '
Custom Chip Sizes as a Function of Technology for Control i
Processor (5:38, 3, 36:36-37, 8:1027-1030, 35:52-54) ]
Dimensions ]

Gates/ (mils) Pins/ | No. of S

Chip (K)| (LENGTH, | Watts/ | Package| Unique =53

Technology | (GATES) WIDTH) Chip (PINS) | Cells*

BIPOLAR
3D/STL 25 341.90 6.8 180 17707 4
BIPOLAR t <
CMOS/Bulk 25 285.99 .70 180 17708 'i»_'_;;
CMOS/S0S 25 337.57 1.6 180 17707 '"'j
NMOS 25 282.82 | 2.7 180 17711 S

4

*Assume 85% of Cells on Each Chip are Unique. :

TABLE XII

Gate Array Chip Sizes as a Function of Technology for Control Processor
(5:40, 36:36-37, 35:52-54, 8:1027-1030)

Gates/Chip|Edge Dimension Pins/
(K) (Mils)* Pakcage Unique
Technology (GATES) (LENGHT ,WIDTH) | Watts/Chip| (PINS) Cells+

¥

.4
!

2.4 g

QMO0S/Bulk 10.0 281.18 Negligible 148 4906

BIPOLAR
3D/STL 10.0 260.02 Negligible 148 4980

*Assume 80% Useable Cells per Chip.

. A A
ISP TITSPRTRINS G N XY TV 2N V)

+Assume 50% of Cells on Each Chip are Unique.

*y
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The amount of memory required for the SAR processor is high,
1762 Mbits in the signal processing portion and 12 Mbits in the control
precessor part. Table XIII gives chip sizes by technology to implement
the signal processor and control processor memory functions. The

densities given in Table VIII are used to determine edge dimensions.

Also, these dimensions are based on assumptions that all memory chips are
limited to 64K bits/chip and that 15% of the total chip area is devoted
= to nonuseable area (3, 5:42). Like logic chips, data for "Pins/Package" -4
and "Watts/Chip" are based on the chip's edge dimensions. Entries under '

"Transistors/Chip" are obtained by multiplying 64 by 1024 to get the

number.of bits/chip and then multiplying this product by 6 to get the
number of transistors per chip (5:42). Finally, data for "Unique Cells"

are based on the assumption that 15% of the cells for a custom designed
memory chip are unique desiyn (8:1027-1030).

Table XIV shows the number of custom and gate array designed chips
needed to implement each SAR processor function. Entries in this table
are based on the number of gates per chip given in Tables IX, X, XI, XII

and transistors per chip given in Table XIII.

Calculation of the Number of PCBs. By combining the data in '-
Tables IX, X, XI, XII, XIII, and XIV, and the hardware assumptions made in S0
Chapter III, the mix of PCBs that make up the SAR processor is shown in -«
Table XV, Note that the same number of PCBs are needed for both memory
technologies. However, due to lower power requirements and better ‘:’;'.:‘;r
dependability for CMOS/Bulk technology, only CMOS/Bulk memory chips are ) \
used in this study (37:35). ":
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TABLE XIII

Memory Chip Sizes as a Function of Technology for Signal Processor and Lo
Control Processor (5:42, 3, 35:52-54, 8:1027-1030) i

Bits/ |Edge Dimensions Pins/ | Transistors/
Chips (Mils) Watts/| Package Chip Unique
Tech. (K) (LENGTH, WIDTH) Chip (PINS) (XSTRS) Cells*

aos/| 64 223.75 .5 42 393,216 9831
- Bulk

ﬁ NMOS 64 199.18 .5 32 393,216 9831 .

*Assume 15% of Cells on Each Chip are Unique. 1

TABLE XIV

Chips Per SAR Processor Function

m—

-

]

SAR PROCESSOR - CUSTOM CHIPS AN
Signal Processor Control Processor "'"ﬂ

Logic  Memory Iogic  Memory
2 26,886 4 184

SAR PROCESSOR = GATE ARRAY CHIPS (LOGIC CHIPS ONLY)

Signal Processor Control Processor

1
10.2K 10K -]
20.2K ;

<

]

5 10 S
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TABLE XV

Quantity and Composition of PCBs as a Function of
Memory Chip Size

Memory Chip Size
(mil X mil) Number of VHSIC Chips on Each Board

223.75 X 223.75 Board 1 Boards 2-68 e
6 Custom Logic 0 Logic B

or 400 Memory R

15 GA Logic -
270 Memory [ .__,;

199.18 X 199.18 Board 1 Boards 2-68 -
6 Custom Logic 0 Logic T

or 400 Memory .;_:.':'.'_1

15 GA Logic e

270 Memory .: o

Calculation of VHSIC Fabrication Yields

Tables XVI and XVII provide fabrication yields for custom signal
processor chips and control processor chips respectively by technology
and substrate type. Likewise, Table XVIII and XIX show fabrication
yields for gate array signal processor chips and control processor chips
by technology and substrate types. Finally, Table XX provides
fabrication yields for memory chips by technology and substrate type.
All fabrication yields are calculated using equation 1 or 2 with wafer
diameter size _of five inches and chip die sizes given in Tables IX, X,
XI, XII, and XIII. Data entries for "Mask Levels" are taken from

Blasingame and QOldham (3, 26).
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TABLE XVI
Custom Chip Fabrication Yields by Technology for Signal Processor AR
(5:52, 3, 18:13-17, 26:111-128) S
Mask
Substrate Levels
Technology|  (SUBFAC) CPYLD ASMYLD OVLYLD (MSKLVL)
BIPCLAR o
3D/STL | Bulk Silicon .0587 .0431 2.53 x 10~3 5 S
BIPCLAR :. .
ISL/OML | Bulk Silicon | .0723 0196 | 1.42x 1073 | 7 o
CMOS/BULK | Bulk Silicon |  .0839 .0266 | 1.9 x 1073 5 S
QS/sos | Silicon-on .0220 .0162 | 3.6 x 1073 3 e
saffire " I
NMOS Bulk Silicon | .0858 0231 | 1.98x1073| s :

TABLE XVII

Custom Chip Fabrication Yields by Technology for Control Processor
(3, 5:43-52, 8:13~17, 111-128)

Mask
Substrate Levels
Technology (SUBFAC) CPYID | ASMYLD OVLYLD (MSKLVL) R
>
[

BIPOLAR
3D/STL Bulk Silicon | .0598 | .0440 2.63 X 1073

BIPCLAR
ISL/CML Bulk Silicon | .0737 | .0199 1.47 x 1073

CMOS/BULK Bulk Silicon | .0856 .0230 1.97 x 1073

CMOS/S0S Silicon-on- | .0225 | .0167 3.76 x 10~4

Saffire
NMOS Bulk Silicon .0875 .0235 2.06 X 10"3
81
e R S s e S S




TABLE XVIII

Gate Array Chip Fabrication Yields by Technology for Control Processor
(5:43-52, 3)

- Mask
AN Substrate Levels
!II Technology (SUBFAC) CPYLD | ASMYLD OVLYID (MSKLVL)
3

QMOS/Bulk Bulk Silicon .0885 .0238 2.10 x 10-3 5

& BIPOLAR
l:z 3D/STL Bulk Silicon | .1035 | .0276 2.85 X 1073 7
e

TABLE XIX

Gate Array Chip Fabrication Yields by Technology for Signal Processor
(5:43-52, 3, 35:52-54)

Mask
Substrate Ievels
Technology | (SUBFAC) CPYID | ASMYLD OVLYLD (MSKLVL)
Bulk
CMOS/Bulk Silicon .0868 | .0233 2.03 X 1073 5
BIPOLAR Bulk
3D/STL Silicon .1015 | .0271 2.75 X 1073 7
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TABLE XX
Custom Chip Fabrication Yields by Technology for Memory S
(5:43=-52, 3, 18:13-17, 26:111-128) -;‘
Mask
Substrate Levels o
Technology| (SUBFAC) CPYLD ASMYID OVLYLD (MSKLVL) ~. -
Mos/ Bulk 3

BULK Silicon .1398 .0367 5.13 X 107 5
NMOS Bulk .1764 .0456 8.04 X 1073 5 o
Silicon o
L

Parametric Input Data for Design, Reliability, and Logistics Support

Now that chip sizes for the SAR processor have been characterized,
the number of chips per function established, and expected fabrication

o

s,
|

yields determined, these data can be translated to parametric inputs that
} describe the SAR processor's design, reliability, and logistics support.

CAD and MTBF as a Function of Chip Size and/or Design. The size

A4 I S

and/or design of VHSIC chips impact the cost of the SAR processor in
| three primary ways. First, smaller chips increase the number of PCBs
needed to implement a system. For this study, 68 PCBs are required to .
implement the SAR processor.
Second, the SAR processor is impacted by chip design. The cost to

design VHSIC chips is dependent upon two primary factors. OCne factor is

.
LA

LY R R A

whether the layout of the chip is a custom design or a gate array design.

- e

P

| Custom designed chips require more time to layout. The other factor is

whether CAD systems are used in the design and layout of each chip. The

R ",’:;.' :u"'v ‘v
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average time in man-months to design custom VHSIC chips is shown in Table
XXI. Likewise, the average time in man-months to design gate array VHSIC
chips is depicted in Table XXI1. The values given in these tables are
man-months to design a 10,000 gate logic chip or a 64K memory chip (5:54-

56). Data under the entry "Cells not in Circuit Library” assume the more

e e

extensive the use of CAD, the fewer the number of cells requiring .

original design (8:1027-1030;. S

-
!

TABLE XXI

Estimated Man-Months to Design Custom Chips By Use of CAD
(5:38-56, 8:1027-1030)

CaD Man Months to Design Chip*
' Cells Not in
Use of CAD Circuit Library Signal Control
(CADFAC) (NEWCEL) Processor Processor Memory
Very Little** 85% 46 45 2
Some* 50% 31 30 1
Extensive 5% 15 15 1

*Start of development (DSTRT) to date the Pattern Generation Tape
is delivered (PSTRT).

**Default for logic chips (CADFAC=.8).
*Default for memory chips (CADFAC=1.0).
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TABLE XXII
Estimated Man-Months to Design Gate Array Chips by Use of CAD E
(5:38-56, 5:1027-1030) | ; i
CAD Man-Months to Design Chip* :
Cells Not in
Use of CAD | Circuit Library
(CADFAC) (NEWCEL) Signal Processor | Control Processor
Very Little 85% 12 12 '
Some S0% 6 6 l
Extensive** S% 3 3
*Start of development (DSTRT) to date the Pattern Generation Tape is .
delivered (PSTRT) . .
**Default for logic chip (CADFAC=1.2)

Finally, MTBF is affected by chip size and design. In this study,

an assumption is made that the MTBF of VHSIC chips is a function of the

complexity of chip design (39). Failure rates per chip p:£ 1000 hours
for chips in their useful life are given in Table XXI1II. Notice that for
the most complex designed chip (custom logic chips) the failure rate is
equal to the DoD VHSIC Phase 1 Request for Proposal (RFP) failure rate O |
of .006 failures per 1000 hours per chip (3, 5:53). Thus, the SAR -

processor MTBF is primarily a function of the number of VHSIC chips on

each PCB and the number of PCBs in each SAR processor.
Further, other assumptions are that a chip package has a failure
rate of 1 X 10'3 failures per 1000 hours and an unstuffed PCB with :':Z:::

connectors has a failure rate of 1.7 X 10™° failures per 1000 hours (39).
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Since the MTBF for each PCB is the reciprocal of the sum of the failure
rates for each component part, and given that the MTBF for all PCBs is
the reciprocal of the sums of each PCB, the MTBF for the logic and memory
PCBs are as shown in Table XXIII. Finally, this study assumes a failure
rate of 1.0 failures per 1000 hours for the rest of the SAR processor
(cables, chassis, backplane, etc.) (5:53-54). Therefore, the total MTEBF
for the SAR processor for each of the four cases studies are as shown in
Table XXIII.

Chip Technology. Table XXIII also shows the technology mixes and

layout configurations used in this study. Only the signal processor and
control processor are considered here, because memory chips were
restricted earlier to CMOS/Bulk technology and custom layout. Like
memory chips, the control processor chips are restricted to CMOS/Bulk
technology due to the lower power regquirements for this VHSIC technology
(37:35). Similarly, the signal processor chips are limited to Bipolar
technology because of the high FTRs for this technology (37:35). The
number of chips needed for each layout method are obtained from Table IX
and X for the signal processor and Tables XI and XII for the control
processor.

Maintenance levels. Tables XXIV and XXV give the parametric input

data used to analyze the impact on ICC for various fractions of failures
which are repaired at organization level and depot level. In both
tables, the author assumes that 95% of all faulty SAR processors can be
fault isolated to the module level (PCBs) and repaired at equipment with
the remaining 5% repaired at depot. Data in Table XXIV, the default case

for this study, assume 95% of the faulty PCBs are repaired at

.
e ‘.
R

s
)
LS

'y

o
’
%a

.
. ‘L.

87

2%

Ll
o et e e e
. 'l/... " .'




F;rv\rLr‘rlr‘.,‘i"-"‘-_i"....._._;'_.";"- AR oA SRS b=t i M At g Sttt e S e St T e
o

.

K8

Ko

J

TABLE XXIV

' Level of Maintenance (95% of PCBs Repaired at Organization)
o
o Maintenance Case 1 Case 2 Case 3 Case 4
) Fraction of SARs
Repaired at
Equipment (FUE) .95 .95 .95 .95
Fraction of PCBs
Repaired at
Organization .95 .95 .95 .95
(FMO)
Fraction of
Removed PCBs
. Repaired at
Depot (FMD) .05 .05 .05 .05
- TABLE XXV
- Level of Maintenance (5% of PCBs Repaired at Organization)

a Maintenance Case 1 Case 2 Case 3 Case 4

Fraction of .
SARs Repaired e
at Equipment .95 .95 .95 .95 BN
\ (FUE) - [

.o Fraction of S
-2 Removed PCBs -l;-‘ijj
: Repaired at s
. Organization .05 .05 .05 .05 RGN
3 (FMO) HERRE

Fraction of o
Removed PCBs SRS
Repaired at el
Depot (FMD) .95 .95 .95 .95 3

i 88 R
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organization with the remaining 5% repaired at depot. Conversely, data
in Table XXV assume 5% of the faulty PCBs are repaired at organization
with the remaining 95% repaired at depot.

The reader should note that these tables do not include costs for

software maintenance or changes. However, one would expect that as

software changes occur, new chips with changed firmware would be mounted *‘*
on PCBs at depot and sent to organizations for assembly into SAR 4
processors. Removed PCBs would then be sent to depot for firmware _H__j
modification. However, this feature is not modeled in this study. e

Hardware. Tables XXVI and XXVII describe dimensions and weight for

t chassis and circuit boards respectively. The chassy dimensions are based S
. on 68 PCBs that are spaced 10/32 inches apart. 1In addition, a space '"“":
t (5" X 10" X 28" is reserved for the power supply. These dimensions are
E included for weight and volume of the chassy. This study does not model __

the cost of the power supply. The circuit board dimensions and volume
are taken from data for ATR standard circuit boards (39). These data for

PRI
PAPEP AT MY

chassy and PCB dimensions and weight are used in PRICE H for assessing
integration and test costs. As mentioned in Chapter III, all hardware

items except chip packages are represented in this study as GFE items. :Z:'_T':]

p—
L ‘

E PRICE M includes the cost of chip packages in the unit production cost of .‘j
::;: chips. Finally, Table XXVIII depicts package types used in this study "—‘
' and the dimensions and volume of each.
b_‘ logistics Support Data. Table XXIX provides current AFIC labor and L
F shipping rates, supply administration and support costs, and travel times -‘__:1
for logistics support of spares (13:4). ,i
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‘TABLE XXVI

Parametric Data for Chassis (GFE Item) (5:57, 39)

CHASSY
Quantity
Next Higher Volume Weight of | Number
Assembly (££3) Weight/ | Structure |Required
(QTYNHA) Dimensions (vaL) ft (WT) (QTY2)
1 11" X 10" X 28¢ 1.94 34.5 b 66.9 1lbs 1000
TABLE XXVII

Parametric Data for Circuit Cards (GFE Item) (39, 28:4.14, 28:22.1)

CIRCUIT CARDS

Weight I
Volume of Number N
Logic PCB | Memory PCB (££3) Weight/| Structure | Required =
(QTYNHA) (QTYNHA) (VoL) ft (WT) (QTY2) -

1 1 .0052 110 .572 68,000 Y
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TABLE XXVIII
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- .

Parametric Data for Chip Packages (39, 35:53)

PACKAGED CHIP
Package Weight Package
Dimensions Vol ( )/ Weight Chip
(In) o | e iBe) | wee (PHERAC)
.5 X .5 1.8 X 1074 | .013 .005 Memory- Pin Grid
CMOS/Bulk
5 X .5 1.8 x 1074 [ .013 .005 Memory- | Pin Grid
NMOS
1.85 X 1.45 | 2.1 x 1074 | .013 .0349 Custom Pin Array
Logic
Chips
1.1 X 1.1 8 x 1076 | .013 .01573 Gate Flat Pack
Array-
Logic
TABLE XXIX

AFIC Labor, Supply, and Shipping Rates and Supply Time (13:4)

Description Rate
or Time
Base level labor rate (CUO): $29.00/hour
Depot level labor rate (CUD): $41.00/hour
Packing and shipping rate (CONUS) (CDFD, CDID, CDIO): $ 3.13/1b
Packing and shipping rate (overseas) (CDFD, CDID,

CDIO) : $ 6.00/1b
Cost to enter item into supply system (CEN): $1,200.00
Annual cost to maintain item in supply system (CAD): $150.00

Supply time to CONUS bases (DOSDR, DOSIR): 10 days

Supply time to overseas bases (DOSDR, DOSIR):

15 days
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Data Summary
The parameters and default values defined and reflected in the
tables of this chapter are parametric inputs to the PRICE M, PRICE H, and

PRICE L models which constitute the ICC model in this study. In addition

to a description of each variable, the derivation and scurce of each were

presented.
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VI. ICC Output Data and Analysis i

The results produced by the LCC model for each set of default values J

as described in Chapter V and Appendix A and changes to these values as :L

given in Appendix B are presented in this chapter. Finally, the actual u

) computer outputs which have been edited for readability are presented in ‘
Appendix B.

Impact of Chip Technology and Design on the SAR Processor's LCC ,'*:

The variation of ICC iue to signal processor and control processor
chip technology and design is slight (3.9%) for the technology and design
mixes examined. As shown in Table XXX, this variation comes primarily ..
from development costs. This result should not be surprising since of
the 26,076 VHSIC chips in the SAR processor, only six of them (two signal
processor chips and four control processor chips) are investigated here
with regard to chip technology and design. Recall that the only memory

chip technology studied is CMOS/Bulk with custom design. In the worst
case, the cost of the six logic chips represents only 1.1% of the total :j
cost of all the chips in the SAR processor.

If one considers only the unit production cost (UPC) of logic chips
(Table XXXI), the cost. to implement the signal processor with custom ::
chips is 26% higher than for gate array designed chips for Bipolar 3D/STL ‘-'~:
technologies. However, the cost to implement the control processcr with \?
gate array chips is 38% higher than with custom designed chips for --:

CMOS/Bulk technology. Interestingly, the UPC to implement the signal
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processor and control processor functions with gate array designed chips

S
is 8% higher than custom designed chips for Bipolar 3D/STL and CMOS/Bulk .‘-.-‘ '_..f;_‘"
technologies. However, when all other costs are considered as shown in . o]

Table XXX, the total ICC of the SAR processor is slightly less using gate

array designed logic chips.

R
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ICC of the SAR Processor as a Function of Chip Technology and Design ' ;
P
Chip Technology Costs* Ti':;'f.
Signal | Control Dev. | Prod. | Support | Total LCC b
Processor| Processor | Design | ($1.00 {$1.00) ($1.00) ($1.00) LS
BIPOLAR CMOS/
3D/STL Bulk Custom |$425116.$8617886.| $6852052.]|$15895054.
BIPOLAR CMOS/ Gate
3D/STL Bulk Array 76675.( 8581926. 6636718.| 15295319,
BIPOLAR CMOSs/ Custom/
3D/STL Bulk Gate
Array 251752.| 8586153. 6659221.| 15497126.
Gate
BIPOLAR caMos/ Array/
3D/STL Bulk Custom | 250066.| 8583960. 6680172.| 15514198.
*Costs are per SAR Processor in 1984 constant dollars based on default
values for the four basic cases studied.
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TABLE XXXI
Comparison of UPCs of Logic and Memory Chips by Technology and Design
Design/ Unit Production
Design/Gates Transistors Cost Per Chip ($1.00)* S
Chip P
Technology |Signal | Control Memory Signal | Control | Memory ’
1 BIPOLAR Custom/| Custom/
! 3D/STL 25.5K 25K - $2047.60( $1801.38 -
; BIPOLAR | ca/* Ga/ ’
s 3D/STL 10.2K 10.0K - 650.64{ 584.74 - :
; N
: BIPCLAR |Custom/| Custom/ j~'
ISL/CML 25.5K 25K - 2144.01| 1922.85 - -
cMos/ Custom/| Custom/| Custom/ ' R
Bulk 25.5K 25K 393216 1082.53| 981.20 |$282.15 R
cMoS/ GA/ Ga/ R
Bulk 10.2K 10.0K - 603.78| 542.15 - RN
cMOs/ Custom/| Custom/ !f;‘f"
Sos 25.5K 25.0K - 2932.45] 2662.42 -
Custom/| Custom/| Custom/
NMOS 25.5K 25.0K 393216 1278.85| 1305.14 | 288.72
*Costs are per chip in 1984 constant dollars based on default values
for development and production of VHSIC chips.
*Gate Array
Impact of Substrate Type on the SAR Processor's LCC and UPC of Chips s
As shown in Table XXXII, only custom designed chips are used for ! :
this LCC analysis, because the VHSIC Phase 1 program is not developing a _'Q;Ij; ::
4_\.{.:
gate array designed chip using SOS substrate (3). The use of SOS :-i:Z-:Q
DAY
N
R
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substrate for signal processor and control processor chips results in a
LCC of $15.91 million (1984 constant dollars) which is slightly higher
(.063%) than the same SAR processor implemented with bulk silicon chips. ]

i However, only six of the 27,076 chips which make up the SAR processor

have SOS substrates. Therefore, a better analysis of the cost

differences between SOS and bulk silicon substrates can be obtained by L
comparing UPCs presented in Table XXXI. Both the signal preccessor and
control processor functions implemented with CMOS/SOS chips are 171%

higher than the same functions implemented with CMOS/Bulk chips. b

Impact of Maintenance Level on LCC of the SAR Processor

Table XXX11I shows the LCCs of the SAR processor as a function of
maintenance level for each of the four cases examined. These costs are a
function of the percent of PCB repairs accomplished at organization and
percent of PCB repairs accomplished at depot. Data presented in this

table are based on the assumption that 95% of all SAR faults are isolated

to the module level and repaired on-line (maintenance accomplished
without removal from host system). The remaining 5% are repaired at l'---' o
depot.

Lower LCCs result when 95% of the PCBs are repaired at base level

rather than depot level for the deployment scenario used in this study. L_ N
Further, for all cases examined, LCCs for 95% of PCB repairs at
organization level are approximately 12% less than 95% of PCB repairs at

depot level. Figure 7 shows the percent of LCC difference between
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repairing 95% of PCB failures at the organization versus repairing only

5% of the PCB failures at organization for each of the four cases

-

studied. ..
h TABLE XXXIII o
ILCC of the SAR Processor as a Function of Maintenance Level
[ -
Percent Costs** o
F Percent of PCBs - :
- of PCBs Repaired Total
) Repaired at at SAR Dev. Prod. Support cc
- Organization* Depot* Design| (1.00) ($1.00) ($1.00) ($1.00)
i“ 95 5 Case 1[$425116.$8617886.|$6852052.|$15895054. mos
& St
[ - 5 95 Case 1| 425116.( 8806682.| 8525410.| 17757208. S
o o
95 5 Case 2| 76675.| 8581926. 6636718.| 15295319.
3 —
5 95 Case 2| 76675.| 8778374.| 8236005.| 17091054. —
95 5 Case 3| 251752.| 8586153.| 6659221.| 15497126. e
5 95 Case 3| 251752.| 8782600.| 8265754.| 17300106. ot
wlvion
95 5 Case 4| 250066.| 8583960.| 6680172.| 15514198. -
S 95 Case 4| 250066.; 8780406.| 8292071.| 17322543.
*Data based on the assumption that 95% of all repairs to SAR v
processors are fault isolated to module and repaired on-line. -
**Costs are per SAR processor in 1984 constant dollars based on e
default values for the four basic cases studied.
o
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Impact of CAD on LCC of the SAR Processor

As depicted in Table XXXIV, CAD analysis is limited to the most

expensive default case (case one) and the least expensive default case

'\-3}; . (case two). The methods of this analysis assume that the remaining two Zj::;
:jff cases (cases three and four) fall somewhere between case one and case -:’.::
ol

two. Further, only signal processor chips and control processor chips

. are analyzed. Memory chips, being of regular architecture, show little
variability in design man-hours whether or not CAD is used (8:1027-1030).
s -
> 12.0 1 -
1.8 ¢ -
- ICC 11.6 + -
o Percent 11.71 11.74 11.63 11.66 -
o Difference o
o v 11.4 4 o
, 1.2 1 -
: 11.0 + .
- | ! | | :
. | | | | -
: 1 2 3 4 -
. :'.: Case o
Figure 7. Percent Difference of the SAR Processor's ICC as a Function ~
e of 95% of PCB Faults Repaired at Organization Versus 95% -
St Repaired at Depot -
o
The ICC of the SAR processor differs by no more than 1.3% for custom -
o 99 i




The ICC of the SAR processor differs by no more than 1.3% for custom
designed chips and .065% for gate array designed chips regardless of the
use of CAD. The greatest contribution of CAD studied in this analysis e

shortened the design man-hours by a factor of 3 to 1 for custom designed

chips and 4 to 1 for gate array designed chips over very little use of

CAD. Finally, memory chips for both cases are custom design with some
CAD.
TABLE XXXIV
ICC of the SAR Processor as a Function of the Amount of CAD Used in the
Design of the Signal Processor and Control Processor Chips RO
Costs*
Dev. Prod. Support | Total LCC —
g Use of CAD{ SAR Design | ($1.00) ($1.00) ($1.00) ($1.00) SRS
Very
- Little Case 1 $425116. $8617886. | $6852052. | $15895054. T
Some Case 1 312310. 8617886. 6852052. 15782248. '“'"
Extensive Case 1 241386. 8617886. 6852052. 15711324, ;.' ‘
y Little Case 2 89435. 8586387. 6636718, 15312540.
Some Case 2 81626. 8586387. 6636718, 15304731. -
Extensive Case 2 76675. 8581926. 6636718, 15295319.
*Costs are per SAR processor in 1984 constant dollars. ?_‘_:’;f-
B
Sl
2
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Impact of Overall Chip Fabrication Yields on the SAR Processor's LCC

Of all the variables examined in this study, fabrication yields show

the greatest impact on the LCC of the SAR processor. Table XXXV shows "“" =

ICCs as a function of overall fabrication yields for all SAR processor ._i;f;f;:
functions. Fabrication yield analysis is limited to default cases one Y
q
TAELE XXXV »
LCC of the SAR Processor as a Function of Overall Chip Fabrication g
Yield for All SAR Functions o
c°sts** ‘-._"l
.':
A
Overall Yields . 4
for all SAR Dev. Prod. Support Total LCC L
Chip Functions Design $1.00 ($1.00) ($1.00) ($1.00)
L.E. .5%* Case 1 | $425116. |$8617886. |$6852052. |$15895054.
1 Case 1 425116. | 7136849. | 5678963. | 13240928. T
5 Case 1 425116, | 3887658. | 3106643. 7419417,
10 Case 1 425116. | 2051432. | 1652646. 4129194, —
L.E. .5%* Case 2 76675. | 8581926. | 6636718. | 15295319. M
1 Case 2 76675. | 7106528. | 5500957. | 12684160. . A
5 Case 2 76675. | 3870883. | 3011346. 6958904. ;'-:;‘:1
10 Case 2 76675. | 2044579. | 1602762. 3720016. M
S
*Default yields. .1
**Costs are per SAR processor in 1984 constant dollars. - ;j
R
e
T':'-.:"}
:' .'.‘-W
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and two, because these two cases have the highest and lowest total LCC
for the four default cases examined (Table XXX). The methods of this
analysis are based on assumptions that changes in ICC for cases three and
four fall somewhere between these cases. Figure 8 graphically shows the

decrease in the SAR processor's ICC as overall fabrication yields

increase from less than .5% to 10%, Note that fabrication yields can 1
affect ICCs by over a factor of 4 for both cases. o
" P
1" ]
16 10 L
i\ B
\ o
14 <+ \\ -
\! 1
W :
12+ \\
\\ ]
W\ —
I.CC 10 - \\
Per Unit W S
(Millions) W \ ]
8 + \ o
\\\ -f.\‘w
\\?\ \.. !
6 + AN
~ N \\ g
= \\ ~ . Custom
4 9 b ~ -~ - -———a
Gate Array
2 <L
| |
[ B
0% 5% 10% - -
Fabrication Yields ' \4
]
R B
Figure 8. LCC of SAR Processor as a Function of Overall Fabrication Y
Yields —
;;‘-:.'4
)
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Finally, Figure 9 shows the percent difference for the SAR

processor's ICC as overall fabrication yields improve from less than .5%

to over 10%.

Gate Array , -
300 T / / - e e d

250 4 7/

]
200 VZ4 e
Percent i N

Difference 47 RTEI
in LCC 150 ¢ 7 N
/4 ¥
// .
/,
100 ¢ 77
~
%
7”7

S¢ < &

0% 5% 10%

Overall Yield

Figure 9. Percent Difference in LCC as Overall Fabrication Yields

Improve
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Analysis Summary
This chapter has presented LCC output data and analysis for chip

technology and design mixes of the four cases studied. In addition,
sensitivity analysis of output data was accomplished to determine the
impact of substrate type, maintenance level, amount of CAD, and overall
chip fabrication yield on the SAR processor's LCC. Conclusions drawn

from the findings of this analysis are presented in Chapter VII.
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VII. Summary, Reconmendations, and Conclusions

This chapter summarizes findings of the analysis accomplished in
Chapter VI. In addition, recommendations are made for further study of
1) the methods given in Chapter III, 2) uses for the ICOC model developed

in Chapter 1V, and 3) the input data given in Chapter V and Appendix A.
Finally, a brief conclusion is presented. '.".'"1

Summary of Findings L I

Of the factors examined in this study with respect to LCCs of a j
memory-intensive avionics system, the major cost drivers are chip R
fabrication yields, level of maintenance, and the use of silicon-on-
sapphire rather than bulk silicon chip substrates. Other factors which
make negligible difference in the ICCs are design-related items such as
the use of computer-aided-design in the chip design process, and the use
of gate array rather than custom chip layouts. Moreover, 1CCs vary
slightly regardless of which VHSIC Phase 1 technology is used to
implement the logic functions (signal processor and control processor) of
the memory-intensive SAR processor.

This study investigated only five of the many factors that can
impact ICCs. Analysis of these factors indicate that they can impact
LCCs by anywhere from 2 to 4 times. Improving chip fabrication yield

rates are the largest single contributor to lowering ICCs.
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Recommendations

---------------

The following are recommendations for further study of the methods
- used in this study.

1.

The following are recommendations for further study of the use of

the LCC model.

i' L

2.

MR e g

baad [Rag® MR N A

o §7RTe e TE T 8 .V Ty

.
"-.J,\.. PRI RERI) .\"'::‘_'...::. *

Refine the LCC model presented in Chapter III to better
represent development and support costs of software. For
instance, software change costs should be included in the
support phase. The software cost model used here is very top- -
level and provides a broad representation of software costs.

RCA PRICE has a software ILCC model (PRICE S) that might be used )
for this purpose.

Improve the chip fabrication yield model to represent
improvements for yield rates as experience is gained. For RS
example, chip assembly yields should improve in the production
phase over the yields obtained in the development phase. e
Further, VHSIC chip fabrication is significantly more complex
than for current technology such as Very large Scale Integrated
Circuits (34). The chip fabrication yield model should be
refined to reflect this complexity. s

Much of the data in this study was obtained from other models
(reference Chapter 11I) or educated opinions of experts (3, 5,
8, 39). When better empirical data are available, the input
data used in this study should be refined.

Consider other insertion models besides the SAR processor.
Because the SAR processor is memory-intensive and requires a
large number of of chips, it is not representative of other
avionics systems being studied for VHSIC insertion by the Air
Force VHSIC Program Office (3, 4:18-22).

Use the LOC model to compare ICCs of one or more avionics system
using conventional integrated circuits with the same systems
using VHSIC Phase 1 chips.

Use the LCC model and insertion model presented here to compare
ICC for VHSIC Phase 1 technology with VHSIC Phase 2 technology.

Study factors which contribute to ICCs other than those analyzed Y
in Chapter IV. For example, this study assumed that PCBs are RO
not scrapped at depot. But undoubtedly some PCBs will be RN
condemned which could have a significant effect on ICCs. e
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Conclusion

The VHSIC program is a large and important undertaking by DoD which
will lead to vastly improved avionics systems for the Air Force. This
study presented a ICC model which was used to examine some of the factors
impacting LCCs of an avionics system implemented with VHSIC Phase 1

technology. Only the future can validate the conclusions reached here.




Appendix A: Description of Input Data for LCC Model

This appendix contains a complete description of every parametric
input variable used in the PRICE M, PRICE H, and PRICE L models. In
addition, the derivation of every variable not discussed in Chapter V is
provided here.

The definition of each part of Table XXXVII used here to describe
default input variables is as follows:

1. Variable Name. The names appearing in this column are symbolic
variables which were described in Chapter IV. Generally, these
variable names are the same as ones presented in the PRICE M,
PRICE H, and PRICE L User's Manuals. However, in some instances
where duplications occur between models, alpha numeric prefixes
or suffixes are added for clarity. For example, the input
variable, production quantity (QTY), is used as a symbolic
variable in the PRICE M and PRICE H models. To distinguish
their differences, QTY1l represents the PRICE M input variable
for production quantity of VHSIC chips, QTY2 is the PRICE H,
mode 4 quantity of GFE purchased items, and QTY3 represents the
PRICE H, mode 5 I&T quantity.

2. Value. Entries in this column are input values for each of the
four default cases described in Chapter III.

3. ij. When a variable refers to chip-related factors, then the
value for ij refers to chip type and design i and technology
type j. For instance, ASMYLD,, refers to a custom designed
signal processor chip using Bipolar 3D/STL technology. Table
XXXV1 provides a description for each of the remaining ij
factors.

4. Case. Entries in this column indicate the default cases for
which the variables in column one are applicable. For example,
1,3 means that the variable in column one is input for default
cases 1 and 3.

5. Model/File Name or Mode. Entries in this column show the LCC
models and their associated input files or mocdes for which the
input variable is used as input. For instance, "M" represents

108

.........................................

-

':" . N
P
IO

. RS o .
PP AT ST I

.

[}

Y
A

u‘- :"’




PP IR AR R P P i S M i e

PRICE M; "H/1, 3, 4, 5, or 7" refers to PRICE H, mode 1, mode 3,
or mode 7; and "L/Hardware, Global or
Deployment" indicates PRICE L, Hardware file, Global file, or
Deployment file.

mode 4, mode S5,

TABLE XXXVI

Description of ij Factors

i 3 Factor Description
1 Signal Processor, Custom Design
2 Control Processor, Custom Design
3 Signal Processor, Gate Array Design
. 4 Control Processor, Gate Array Design

5 Memory, Custom Design

1 BIPOLAR 3D/STL Technology

2 BIPOLAR ISL/CML Technology

3 CMOS/Bulk Technology

4 CMOS/S0S Technology

S NMOS Technology

6. Source. This column provides bibliography citations, text
references, or description of the source for each variable given

in column two.
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TABLE XX(XVII
Default Values for All Input Variables
Model/
Variable Name Value ij Case |[File or Mcde Source
AFSA=AF Supply 1 00 all L/Global 29:7.18,
Administration 9.6
Control
AUC1=Purchased 2,047.60 | 11 1,3 H/3 PRICE M
Unit Cost Output
AUC1 650.64 | 31 2,4 H/3 PRICE M
Output
AUC1 981.20 | 23 1,4 H/3 PRICE M
Output
AUC1 542.15 | 43 2,3 H/3 PRICE M
Qutput
AUC1 282.15 | 53 All H/3 PRICE M
Output
ASMYID = Assembly .0431 11 1,3 M Tol. XVI,
Yield Eq. 3
ASMYLD .0196 12 N/A M T™ol. XVI,
m- 3
ASMYLD .0266 13 N/A M T™1l. XVI,
Eq. 3
ASMYLD .0162 14 N/A M Tbl. XVI,
Eq. 3
ASMY1D .0231 15 N/A M T™l. XVI,
m. 3
ASMYLD .0440 21 N/A M Thl. XVII
Eq. 3
ASMYLD .0199 22 N/A M Tbl. XVII
Eq. 3
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TABLE XXXVII

...........

Default Values for All Input Variables (Continued)

......

Model/
Variable Name Value ij Case |File or Mode Source
ASMYLD .0230 23 1.4 M Thl. XVII
Eq. 3
ASMYLD .0167 24 N/A M Tbl.XVII,
Eq. 3
ASMYLD .0235 25 N/A M T™ol.XV1I,
Eq. 3
ASMYLD .0233 33 N/A M T™1.XIX,
Eq. 3
ASMYID .0271 31 2,4 M Tbl.XIX,
Eq. 3
ASMYLD .0238 43 2,3 M Thl.XVIII,
m. 3
ASMYID .0276 41 N/A M Tol.XVI1I,
Eq. 3
ASMYLD .0367 53 All M ™l. XX,
m' 3
ASMYID .0456 55 N/A M T™l. XX,
Eq. 3
AUCOST = Average 7,686,000 00 All H/7 PRICE H,
Unit Cost Mode 5
Output
CAD = Annual Cost $150.00 00 All L/Global Tbl. XXIX
to Maintain
CADFAC = CAD .8 11 1,3 M ™1, XXI,
Factor 8:1029
CADFAC .8 12 N/A M ™1l. XXI,
8:1029
111




TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/

Variable Name Value ij Case |File or Mode Scurce

CADFAC .8 13 | NA M Tbl. XXI, -
8:1029 -

CADFAC .8 14 N/A M Thl. XXI,
8:1029

CADFAC .8 15 N/A M Tbl. XXI, i
8:1029 -

CADFAC .8 21 N/A M ™l. XXI,
8:1029

CADFAC .8 22 N/A M Thl XXI,
8:1029 o

CADFAC .8 23 1,4 M Thl. XXI,
8:1029

CADFAC .8 24 | wa M Tbl. XXI,
8:1029 T

CADFAC .8 25 | N/A M Tbl. XXI, R
8:1029 2

CADFAC 1.2 33 N/A M Thl. XXII,

8:1029 T
CADFAC 1.2 1 | 2,4 M Thl. XXII,

8:1029
CADFAC 1.2 43 | 2,3 M Tbl. XXII, )

8:1029 "
CADFAC 1.2 41 | N/A M Tol. XXII, -

8:1029 o

CADFAC 1.0 53 | All M Tol. XXI, o
8:1029 L

CADFAC 1.0 55 | N/A M Tbl. XXI o
8:1029 i
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TABLE XXXVII
Default Values for All Input Variables (Continued)

Model/

Variable Name Value Case |File or Mode Source

ij

COOU = Cost of LRU| $ 4,970,700 00 All | L/Bardware PRICE H K
Checkout Test Set Mode 1, -

) Output
CDDI = Cost to 0 N/A | All L/Global Thl.XXIX
Ship from Depot to
Intermediate -

CDFD = Cost to Ship|$3.13 (CONUS)| N/A | All L/Global Tbl. XXIX
from Factory to $6.00 (Europe)
Depot. Dollars/ $6.00 (Asia)
Pound/Trip

CDID = Cost to Ship|$3.13 (CONUS) | N/A | All L/Global Tbl. XXIX

T.:‘ ' from Intermediate |$6.00 (Europe)
- to Depot. Dollars/|[$6.00 (Asia)
Pound/Trip

CDIO = Cost to Ship{$3.13 (CONUS) | N/A | All L/Global Thl. XXIX
from Intermediate |$6.00(BEurcpe) o
to Organization. $6.00 (Asia) N
Dollars/pPound/Trip .~

CDOI = Cost to Ship 0 N/A | All L/Global 29:7.12
from Organization o
& to Intermediate. o
Dollars/Pound/Trip

o CEN = Cost to Enter| $ 1,200{ N/A | All | L/Global |Tbl. xxXIX e
- an Item into the S
;- Supply System. nn

CEND = Cost of $425,116,000| N/A | 1 | L/Hardware | PRICE M o
Engineering : Output i
Development




- TABLE YOOXVII
- Default Values for All Input Variables (Continued) "
g |
S Model/ o
o Variable Name Value ij |(Case File or Mode Source R
i CEND $ 76,675,000] N/A | 2 | L/Hardware | PRICE M o
Output
CEND $251,752,000{ N/A | 3 | L/Hardware | PRICE M :
Output R
CEND $250,066,000] N/A 4 L/Hardware PRICE M
- Output
- CFIM = Cost of LRU | § 1,244,268| N/A | All | L/tardware | PRICE H,
g Test Set Mode 1 Lo
- Output -
CFIP = Cost of $ 3,803,676] N/A | All | L/Hardware PRICE H, o
Module Test Set Mode 1 o
Output
CMP = Average $ 113,000| N/A | All | L/Hardware PRICE H,
Cost of Module - o
in Production Output. o
CMR = Contractor | $§ 5,068.03{ N/A 1 L/Hardware PRICE H, -
Cost for Module Mode 1
Repair Qutput
CPE = Norrecurring| $ 4,374,000{ N/A 1 L/Hardware PRICE H, -
Production Costs Mode 5 =z
- Output :
CPE $ 152,000/ N/A | 2 | L/Hardware | PRICE H, -
Mode 5 o
Output .
Y CPE $ 4,378,000 N/A 3 L/Hardware PRICE H
N ‘ Mode S o
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case |File or Mode Source 7;‘-:—':

e

$ 4,373,000] N/A | 4 | L/Hardware | PRICE H i
Mcde 5 D
Output

CPF = Cost-Process .89 N/A | All H/1 28.67
Factor

) AAIRASOME
LA T

CPP = Average $282.15 N/A | All | L/Bardware PRICE H,
Cost of a Part Mode 1
in Production Output

CPPE = Equipment | $282.15 N/A | All | L/Hardware PRICE H,
Repair Part Cost Mode 1
Output

CPYLD = Wafer Test| .0587 1 | 1,3 M Tbl. XVI,
and Probe Yield Eq. 2 T

CPYLD .0723 12 | w/a M Tol. XVI, s
Eq. 2 i

CPYLD .0839 13 | N/A M Tbl. XVI, o
Eq. 2 oy

CPYLD .0220 14 | N/A M Tbl. XVI, L
Eg, 1 e

CPYLD .0858 15 | N/A M Tbl. XVI, o
Eq. 2 RN

CPYLD .0598 21 | N/A M Tbl. XVII,
Eq. 2 &

CPYLD .0737 22 | n/A M Tbl. XVII, L
m. 2 -::-.'.q

CPYLD .0856 23 | 1,4 M Tbl. XVII, _
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Mocdel/
Variable Name Value ij Case |File or Mode Source
CPYLD .0225 24 N/A M Tohl. XVII,
Eq. 1
CPYLD .0875 25 N/A M Thl. XVII,
Eq. 2
CPYLD .0868 33 N/A M T™1. XIX,
m. 2
CPYLD .1015 31 2,4 M Tbl. XIX,
Eq. 2
CPYLD .0885 43 2,3 M Tbl.XVIII,
m. 2
CPYLD .1035 41 N/A M Tbl.XVIII,
m. 2
CPYLD .1398 53 All M Tbl. XX,
m. 2
CPYLD .1764 54 N/A M Tbl. XX,
Eq. 2
CUBEM = Module .0052 N/A | All L/Hardware |[Tbl. XXVII
Storage Volume
CUBEP = Part .0002 N/A | All L/Hardware |(Tbl.XXVIII
Storage Volume
CUBEU = LRU 1.94 ££3 N/A | All | L/Hardware |Tbl. XXVI
Storage Volume
CUD = Cost per $41.00 N/A | All L/Global T™hl. XXIX
Man=-hour at
Depot
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TABLE XOIVII ’
Default Values for All Input Variables (Continued)
Model/
Variable Name Value ij [Case File or Mode Source
CUE = Cost per $29.00 N/A | All L/Global Tbl.XXIX
Man-hour at T
Equipment o
CUO = Cost per $29.00 N/A | All | L/Global |Tbl.XXIX T
Man-hour at’ )
Organization ‘1
> R
f CUP = Cost of an | $7,686,000 | N/A | 1 L/Hardware [PRICE H, "
LRU in Production Mode 5
OQutput
Cup $7,687,000 N/A | 2,3 L/Rardware |PRICE H,
[ Mode 5
s Output
i Ccup $7,685,000 N/A 4 L/Hardwaxre |PRICE H,
: Mode S
Output
CUR = Contractor | $133,940.78 | N/A | All L/Hardware [PRICE H,
. Cost for LRU Mode 5
g Repair Qutput
A DCOL = Average Cost|  $25.00 N/A | All | Software 5:99
i Per Line of Opera-
f tional Software
Z
¢ DCOP = Cost of $10,000 | N/A | All | Software 5:109
q Purchased Soft-
i ware
] DCSL = Average Cost $25.00 N/A | All Software 5:99, 109
. Per Line of Support
Software
117 S
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TABLE YOXXVII

s Default Values for All Input Variables (Continued)
- Model/
. Variable Name Value ij Case |File or Mode Source
B DCSP = Total Cost $10,000 N/A | All | Software 5:99

of Purchased

Support Software
, DD = Number of 1 N/A | All | L/Deployment| Assumed
ﬁ Depot Maintenance

Locations

DDS = Number of 1 N/A | All | L/Deployment| Assumed

Depot Level
X Supply Locations
~' DESRPT = Design .15 1 | 1,3 M 30:7.3

Repeat
s DESRPT .15 12 | N/A M 30:7.3
- DESRPT .15 13 | N/A M 30:7.3
- DESRPT .15 14 | N/A M 30:7.3
"1 DESRPT .15 15 | wv/a M 30:7.3
DESRPT .15 21 | N/A M 30:7.3
DESRPT .15 22 | /A M 30:7.3
3 DESRPT .15 23 | 1,4 M 30:7.3
DESRPT .15 24 | n/A M 30:7.3
> DESRPT .15 25 | N/A M 30:7.3
> DESRPT .50 33 | nvaA M 30:7.3
> 118




TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case |File or Mode Source
DESRPT .50 31 2,4 M 30:7.3
DESRPT .50 43 | 2,3 M 30:7.3 R
DESRPT .50 4 | WA M 30:7.3 R
DESRDT .85 53 | a1l M 30:7.3 '—7. s
3 . 4
DESRPT .85 55 | N/A M 30:7.3
SRR
DFPRO = Data First 187 N/A | A1l H/1 PRICE M ]
Prototype Complete| (Jan 1987) '*.‘"""
DI = Number of 0 N/A | All | L/Deployment| Assumed
Intermediate
Maintenance
Locations
DINDEX = Design 8.5 11 1,3 M 30:2.9
Index
DINDEX 8.5 12 N/A M 30:2.9
DINDEX 8.5 13 N/A M 30:2.9
DINDEX 8.5 14 N/A M 30:2.9
DINDEX 8.5 15 N/A M 30:2.9
DINDEX 8.5 21 N/A M 30:2.9
DINDEX 8.5 22 N/A M 30:2.9
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Variable Name Value ij |Case |File or Mode | Source N

I DINDEX 8.5 23 | 1,4 30:2.9 ) '“*
DINDEX 8.5 24 | N/A 30:2.9 ;
DINDEX 8.5 25 | N/A 30:2.9
g DINDEX 6.0 33 | N/A 30:2.9 ~

DINDEX 6.0 31 2,4 30:2.9

DINDEX 6.0 43 | 2,3 30:2.9 .

DINDEX 6.0 41 N/A 30:2.9

[ et

DINDEX 8.0 33 All 30:2.9

2T X2 X X R 2 X = =

DINDEX 8.0 55 N/A 30:2.9

DIS = Number of 0 N/A | All | L/Deployment| Assumed
Intermediate Level
Supply Locations

l DLPRO = Development| 687 N/A | All | H/Mode 1 |PRICE M —
| =7

Complete (June 1987) Output -
. DMULT = Development| 43,804.45 | N/A | 1,3 | H/Mode 3 |PRICE M 2
L Cost Multiplier Output —
¢ DMULT 1,332.534 | N/A | 2,4 | H/Mode 3 |PRICE M ;;2';';1;"4
Output *-'_:
; A
0 y:.:-_'?
::' .:...::1
.J H:‘...
.j :_.::'.
) e
’ I
- ]
: St
x 120 A
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TABLE XXXVII

- Default Values for All Input Variables (Continued)

- Variable Name

Model/

Value Case |File or Mcde Source

ij

| DNOW = Lines of
- Operational Code

200,000 N/A | All Software 5:99, 111

DNSW = Lines of
3 Support Software
I Written for the
Prototype System

275,000 N/A | All Software 5:99, 111

o DOSDR = Days of
s Supply at Depot

10 N/A | All L/Global Tbl.XXIX

DOSIC = Days of
Supply at
Intermediate
(Consumables)

0 N/a | All L/Global Tbl.XXIX

o DOSIR = Days of
- Supply at

- Intermeidate

i (Repairables)

10 (coNUs) | N/A | All Tbl. XXIX
15 (Europe)

15 (Asia)

L/Global

: DOSOC = Days of
o Supply at
Organization
(Consumables)

0 N/A | All L/Global Assumed

DOSOR = Days of
Supply at
Organization
(Repairables)

0 N/A | All L/Global Assumed

0 e e e Tt Ce e e e e B T S T T . .
P R LI AN 2 R Rl Yt R ) KIS I R A RN ] FCRR I R I R AR .
A WL S SIS, e N Lo e N P OGS DL KN ,'.‘;.‘_\':'. AU R IR
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TABLE XoXXVII O

< Default Values for All Input Variables (Continued) L
Model/ 'j'.?’
Variable Name Value i+ |Case |File or Mode | Source .

1]

DPLTFM = Design 1.8 00 | a1l M 30:2.9 P
Platform . .

- DSTART = Develop~ 183 N/A | All H/1 Assumed ]
o ment Start (Jan 1983) o
. -~ 4
4

DSTRT = Develop— 183 N/A | All M Assumed ]

ment Start (Jan 1983) -

BCMPLX = Engineer- 2.3 N/A | ALl H/1 28:6.6 -
ing Complexity “ A

ECMPLX = Engineer- 3.0 11 1,3 M 30:7.4
ing Complexity

EQMPLX 3.0 12 N/A 30:7.4

‘e

L

S

ECMPLX 3.0 13 N/A 30:7.4

[
a
[

1]

2T X X
AIIIA'AJ

I ]
I N 2T
Ul

LR

ECMPLX 3.0 14 N/A 30:7.4

ECMPLX 3.0 15 N/A 30:7.4

2 X

ECMPLX 3.0 21 N/A 30:7.4

ECMPLX 3.0 22 N/A

=

30:7.4

o
R
e z

ECMPLX 3.0 23 | 1,4 M 30:7.4 "o
ECMPLX 3.0 24 | N/A M 30:7.4 -_ ?;3_
ECMPLX 3.0 25 | /A Y 30:7.4 ==
ECMPLX 1.9 33 | N/A M 30:7.4 BRES
ECMPLX 1.9 31 | 2,4 M 30:7.4
BCMPLX 1.9 43 | 2,3 M 30:7.4 )
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case |File or Mode Source
. ECMPLX 1.9 41 | N/A M 30:7.4
ECMPLX 2.5 53 All M 30:7.4
ECMPLX 2.5 55 N/A M 30:7.4
ED = Number of 690 (CONUS) | N/A | All | L/Deployment| Assumed
Equipment 170 (BEurope)
Locations 140 (Asia)
EDS = Number of 0 N/A | All | L/Deployment| Assumed ’ "
Equipment Level co
Supply Locations R
PRICE H,
EE = LRUs per 1 N/A | All L/Hardware [Mode 5
Equipment Location Output
EMP = Improvement .945 N/A | All L/Hardware |PRICE H,
Curve for Mcdules Mode 1
Qutput
EPP = Improvement 972 N/A | All L/Hardware |PRICE H, IO
Curve for Parts Mode 1 e
Output .."_-‘: -1
‘... -
ESC = Escalation 0 N/A | All M 30:2.5, N
H/3 28:4.49 R
FRICE H, BaSe
EUP = Improvement .89 N/A | All | L/Hardware |Mode 1 NN
Curve for LRUs Output [ J
-:i
FMD = Fraction of .05 N/a | All L/Global Assumed -~
Modules Repaired at !
123
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TABLE XXXVII
Default Values for All Input Variables (Continued) R
st
ji’:: Variable Name Value ij Case [File or Mode Source :::
5
FMI = Fraction of 0 N/A | all L/Global Assumed - 4
Modules Repaired at -
Intermediate
3
FMO = Fraction of .95 N/A | All L/Global Assumed T
Modules Repaired P
at Organization
FNSP = Fraction of .5 N/a | All | L/Hardware | PRICE H, o
Nonstandard Parts Mode 1
| Output e
FTSQC = Floor Space| 4.02 £t2 | N/A | All | L/Hardware |PRICE H, o
LRU Checkout Set Mode 1, o
Output —
- FISQF = Floor Space| 10.06 £t2 | N/A | All | L/Hardware |PRICE H,
- LRU Test Set Mode 1 PR
. Output -
—
FTSQP = Floor Space| 30.74 N/A | All | L/Hardware |PRICE H, '
for Module Test Set Mode 1
Output e
- - 1
FUE = Fraction of .95 N/A | All L/Global Assumed .
o Units Repaired at i
- Equipment :;:I_-,
o N
FUI = Fraction of 0 N/A | All | L/Global | Assumed o]
- Units Repaired at L
Intermediate -
4

........
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TABLE XXXVII
Default Values for All Input Variables (Continued)

Model/ o
Variable Name Value ij Case |File or Mode| Source .
FUO = Fraction of 0 N/A | All | L/Global | Assumed ;4._
Units Repaired at

Organization

GATES = Number of 25,500 11 1,3 M T™l. IX o
Gates per Chip .‘

GATES 25,500 12 | n/a M Tbl. IX o
GATES 25,500 13 | N/A M Tol. IX
GATES 25,500 14 | N/A M Tbl. IX .‘:

: GATES 25,500 15 | N/A M Tl. IX :

[ GATES 25,000 21 | wa M Tbl. XI

’ GATES 25,000 22 | n/a M Tol. XI

E GATES 25,000 23 | 1,4 M Tbl. XI

Lf GATES 25,000 24 | N/A M Tbl. XI

! GATES 25,000 25 | N/A M Tol. XI

: GATES 10,200 33 | A M 1. X
GATES 10,200 1 | 2,4 M Tol. X :
GATES 10,000 43 |23 M Tbl. XII Ve

GATES 10,000 41 N/A M Tbl. XII

INTEGE = Next .5 11 all H/3,5 28:4.46, W
Higher Assenbly 8.4 e
Integration Factor v
for Electronics

INTEGE .5 12 | All | H/3,5 |28.4.46,8.4 S

INTEGE 5 13 All H/3,5 28:4.46,8.4
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
E Variable Name Value ij |Case |File or Mode| Source
5
INTEGE .5 14 | ALl H/3,5 28:4.46,8.4 w
INTEGE .5 15 | A1l H/3,5 28:4.46,8.4 '
INTEGE .5 21 | A1l H/3,5 28:4.46,8.4
INTEGE .5 22 All H/3,5 28:4.46, -
8.4 =
INTEGE .5 23 | A1l H/3,5 28:4.46,
8.4
INTEGE .5 24 | a1l H/3,5 28:4.46, -
8.4 =
INTEGE .5 25 | all H/3,5 28:4.46,
8.4
INTEGE .5 33 All H/3,5 28:4.46, -
8.4 -~
INTEGE .5 31 | Al H/3,5 28:4.46,
8.4
INTEGE .5 43 All H/3,5 28:4.46, -
8.4 —
INTEGE .5 44 | a1l | m/3,5 28:4.46,
8.4 -
) INTEGE 4 53 | All H/3,5 28:4.46, -
8. y
= INTEGE .4 ss | a1l | ®/3,5 28:4.46, w
_. 804 ‘::‘
INTEGS = Next 0 N/A | All H/3,1 28:4.46, L
Higher Integration 8.4 X
Factor for
Structural Items P




..........................

TABLE XXXVII
Default Values for All Input Variables (Continued)

Model/

Variable Name Value ij Case |[File or Mode Source

INTEGS .5 N/A | All H/4,5 28:4.46,
4051' 9.3

@ ITERAT = Design 2 11 | 1,3 M 8:1029,
h and Prototype 30:4.17 L
: Iterations .

ITERAT 2 12 N/A M 8:1029,
30:4.17

. -
F ITERAT 2 13 N/A M 8:1029, ;
30:4.17

. ITERAT 2 14 | w/a M

~] ITERAT 2 15 | N/a M

L4

v ITERAT 2 21 | n/a M

-8
.
[
~J
roes

F ITERAT 2 22 | v/ M
-

= ITERAT 2 23 [ 1,4 M 8
. 3

L ITERAT 2 24 | /A M 8:1029, -
: 30:4.17 :

30:4.17 N

- ITERAT 2 25 | wa M 8:1029, o
ITERAT 0 33 | w/a M 8:1029, .
30:4.17 .

ITERAT 0 31 | 2,4 M 8:1029, RS
30:4.17 ':.':‘
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TABLE XXXVII

L ARG e o

AIPSALAPS. e

Default Values for All Input Variables (Continued)

g Model/ =
- Variable Name Value ij Case |File or Mcde Source a
f::::' ;::
ITERAT 0 43 | 2,3 M 8:1029, 2
_ 30:4.17 -
ITERAT 0 41 | N/A M 8:1029,
o 30:4.17
p ITERAT 1 53 | ALl M 8:1029, -
30:4.17
ITERAT 1 55 | N/A M 8:1029,
30:4.17
LENGTH = Length 345,31 i1 | 1,3 M Tbl.IX -
Dimension of o
Chips in Mils )
LENGTH 311.24 12 | N/A M Tbl.IX S
LENGTH 188.83 13 | wa M Tol.IX =
LENGTH 340.93 14 | N/A M Tbl.IX
LENGTH 285.63 15 | N/A M Tbl.IX ____
LENGTH 341.90 21 | N/A M Tbl.XI RS
LENGTH 308.17 22 | nva M Tb1.XI B
LENGTH 285.99 23 | 1,4 M Tbl.XI k
LENGTH 337.57 24 | N/ M Tbl.XI -
LENGTH 282.82 25 | n/a M Tol.XI X
LENGTH 283.98 33 | N/A M Tol.X -
LENGTH 262.61 31 | 2,4 M Tol.X ]
LENGTH 281.18 43 | 2,3 M Tbl.X1I
LENGTH 260.02 41 | N/A M Tbl.XII
128 -
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TABLE XXXVII
Default Values for All Input Variables (Continued)

Model/
‘ Variable Name Value i Case |[File or Mode Source
. LENGTH 223.75 53 | a1l M Tbl.XIV
LENGTH 199.18 55 N/A M Tbl.XIV
MCPLX® = Manufac- 9.053 00 | ALl H/3 39, o
turing Complexity 28:4.47, ; R
of Electronics 8.4 TonE
Items - : .j"
MCPLXE 0 N/A | a1l H/4 28:4.47, TN
3.4 N
MCPLXE 11.730 N/A | ALl H/1 PRICE H, ’.
Mode 7
Output
MCPLXS = Manufac- 0 N/A | All H/3 28:4.47, b
turing Complexity 8.4 ERINGRG
of Structural
Items
MCPLXS 5.3 N/A | All H/4 28:4.47,
9.4
MCPLXS 8.217 N/A | All H/1 PRICE H, i
Mode 7 R
Output L
0.
MINDEX = Manufac- 14 11 1,3 M 30:2.14,
turing Index 39 -
MINDEX 14 12 N/A M 30:2.14,
39
MINDEX 14 13 N/A M 30:2.14,
39
MINDEX 14 14 N/A M 30:2.14,
39
129
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij |Case |File or Mode | Source
MINDEX 14 15 N/A M 30:2.14,
39
MINDEX 14 21 N/A M 30:2.14,
39
MINDEX 14 22 N/A M 30:2.14,
39
MINDEX 14 23 1,4 M 30:2.14,
39
MINDEX 14 24 N/A M 30:2.14,
39
MINDEX 14 25 N/A M 30:2.14,
39
MINDEX 7 33 N/A M 30:2.14,
39
MINDEX 7 31 2,4 M 30:2.14,
39
MINDEX 7 43 2,3 M 30:2.14,
39
MINDEX 7 41 N/A M 30:2.14,
39
MINDEX 13 53 All M 30:2.14,
39
MINDEX 13 55 N/A M 30:2.14,
39
MSKIVL = Mask 5 11 1,3 M Tbl.XVI
Levels
MSKLVL 7 12 N/A M Tbl.XVI
130
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Default Values for All Input Variables (Continued)

TABLE XXXVII

Model/

Variable Name Value ij Case (File or Mode Source
MSKILVL 5 13 N/A M Tbl.XVI
MSKLVL 3 14 N/A M Tbl.XVI
MSKILVL 5 15 N/A M Thl.XVI
MSKLVL 5 21 N/A M Thl.XVII
MSKLVL 7 22 N/A M Tbl.XVII
MSKLVL 5 23 1,4 M Tbl.XVII
MSKLVL 3 24 N/A M Tbl.XVII
MSKLVL 5 25 N/A M Tbl.XVII
MSKLVL 5 33 N/A M Tbl.XIX
MSKLVL 7 31 2,4 M Tbl.XIX
MSKLVL 5 43 2,3 M Tbl.XVIII
MSKLVL 7 41 N/A M Thl.XVIII
MSKLVL 5 53 All M Tbl.XX
MSKLVL 5 55 N/A M Tbl.XX

MIBF = Mean Time 510 00 1 L/Hardware | Tbl.XXI1I

Between Failure

(Hours)

MTBF 530 00 2 L/Hardware | Tbl.XXIII

MIBF 528 60 3 L/Hardware | Tbl.XXII1I

MIBF 526 00 4 L/Hardware | Tbl.XXIII
NEWCEL = New Cell .85 11 1,3 M Tbl.XXI




....................

TABLE XCOVII

Default Values for All Input Variables (Continued)

Model/

- Variable Name Value ij Case |File or Mode Source

NEWCEL .85 11 1,3 M Tbl.XX1
NEWCEL .85 12 N/A

=

Tbl.XXI

NEWCEL .85 13 N/A Tbl.XXI

< X

NEWCEL .85 14 N/A Tbl.XXI

Y

NEWCEL .85 15 N/A Tbl.XXI

NEWCEL .85 21 | N/A Tbl.XXI
NBWCEL .85 22 | N/A Tol.XXI .-

NEWCEL .85 23 | 1,4 Tbl.XX1 ﬁ

=2 X X X X

NEWCEL .85 24 N/A Tbl.XXI

NEWCEL .85 . 25 | N/a Tbl . XXI —

NEWCEL .05 33 | na Tbl.XXII Bess

:

.05 31 2,4 Tbl.XXII

NEWCEL .05 43 | 2,3 Thl.XXII ——_1
NEWCEL .05 41 | n/a Tbl.XXII 1

NEWCEL .50 53 All Tbl.XXI

T X2 X X 2 X x

NEWCEL .50 55 N/A Tbl.XXI

L

- NEWEL = New .3 N/A | All H/S 28:4.51, 2
o Electronics 10.1 )
- 8
» NEWEL .5 N/A | All H/1 28:6.6 O
! NEWST = New 3 N/A | All H/5 28:4.51, T
- Structure 10.1 "
. : R
r.-— <o
3 s
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TABLE JOGVII N
Default Values for All Input Variables (Continued) El.":fi?
Model/
Variable Name Value ij Case |File or Mode Source
NEWST .1 N/A | All H/1 28:6.5
0D = Number of 5 (OONUS) N/A | All | L/Deployment| Assumed
Organization 3 (Europe)
Level Maintenance| 2 (Asia)
Locations
QDS = Number of 5 (CONUS N/A | All [ L/Deployment| Assumed
Organization 3 (Burope)
Level Supply 2 (Asia)
Locations
OTF = On—time 46 (OCONUS) N/A | All | L/Deployment| Assumed
Fraction (Hours/ | 46 (BEurope)
Month) 46 (Asia)
OVLYID = Overall | 2.53 X103 |11 | 1,3 M Tbl.XVI
Fabrication Yields Eq. 19
OVLYLD 1.42x1203 [ 12 | wa M Tbl.XVI
Bq. 19
OVLYLD 1.9x 1073 |13 | /A M Tb1.XVI
Eq. 19
OVLYLD 3.6 X 1073 | 14 | n/aA M Tbl.XVI
Eq. 19 )
OVLYLD 1.98x 1073 | 15 | n/A M Tb1.XVI i
Eq. 19 y
OVLYLD 2.63x 1073 | 21 | wa M Tbl.XVII - i
Eq. 19 B
OVLYLD 1.47x 1073 | 22 | n/a M Tbl.XVII ]
Eq. 19 T
7y
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/

Variable Name Value i Case |[File or Mode Source
| OVLYLD 1.97x 1073 | 23 | 1,4 M Tbl.XVII
' Eq. 19

OVLYD 3.76 x 1074 | 24 | N/ M Tb1.XVII
2] OVLYLD 2.06 X 1073 | 25 | N/A M Tb1.XVII
Eq. 19
OVLYLD 2.03x10°3 | 33 | nvA M Tbl.XIX
Eq. 19
) OVLYLD 2.75%x 1073 | 31 | 2,4 M Tb1.XIX
. Eq. 19
- OVLYLD 2,10 x 10~ | 43 | 2,3 M Tbl.XVIII
L Eq. 19
| OVLYLD 2.85x 103 | 41 | wa M Tbl.XVIII
Eq. 19
- OVLYLD 5.13 X 1073 | 53 | All M Tol. XX
:-:. m. 19
| OVLYLD 8.04 X 103 | 55 | w/A M ™. X
. Eq. 19
P = Number of 68 N/A | All | L/Hardware | Tbl.XXIII
'., Module Types
: PEND = Production 994 N/A | ALl H/1.7 PRICE M
Complete (Sept 1994) Output
) PFAD = First 188 N/A | All H/1,7 PRICE M
" Article Delivery (Jan 1988) Output
= PINS = Number of 180 11 | 1,3 M Tbl.IX
“: Pins
)
oy
:-::
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TABLE XXXVII T
Default Values for All Input Variables (Continued) ,_j

) Y TeaT T T, T
AP LT A

i P

Y

Wodel/
. Variable Name Value ij |Case [File or Mode | Source i

*.,.‘
BN
(AT AR
—
——

+

P

PINS 180 12 | na Tol.IX =i

= PINS 180 13 | N/A Tbl.IX 1
T PINS 180 14 | wa Tbl.IX -
<) PINS 180 15 | N/A Tobl.IX T

Tbl.X1

" PINS 180 21 N/A

)
;.

|
Ve
|

PINS 180 22 N/A Tbl.XI

PINS 180 23 1,4 Tbl.XI
PINS 180 24 N/A Tbl.XI
PINS 180 25 N/A Tbl.XI
PINS 148 33 N/A Tol.X

PINS 148 31 2,4 T™ol.X ot

PINS 148 43 2,3 Tbl.XII T

PINS 148 41 | N/A Tbl.XII -

PINS 42 53 All Tbl.XIII

2 X X X X X X 22 X X 2 22 = =2 x

PINS 32 55 | N/A Tbl.XIII

PKGFAC = Packaging 2.4 11 1,3 M Tbl XXVIII .
Factor 30:2.15 R

: N
s PKGFAC 2.4 12 | va M Tol.XXVIII i
F.L; 30:2.15 ~‘:‘_-*
T PKGFAC 2.4 13 | wa M Tbl . XXVIII 3
o 30:2.15 N
e PKGFAC 2.4 14 | wa M Tbl.XXVIII o
e 30:2.15 £

[
O

s

. 8_s
[ )
.‘u_/o
.

i eTY e .
o
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TABLE XXX{VII

Default Values for All Input Variables (Continued)

Variable Name

Value

ij

Model/

File or Mode

Scurce

PKGFAC

PKGFAC

PKGFAC

PKGFRC

PKGFAC

PKGFaC

PKGFAC

PKGEFAC

PKGFAC

PKGFAC

PKGFAC

PKGFAC

2.4

2.4

2.4

2.4

2.4

2.4

1.7

1.7

1.7

1.7

2.4

2.4

15

21

22

23

24

25

33

31

43

41

53

55

N/A

N/A

N/A

N/A

N/A

N/A

N/A

2,4

2,3

N/A

all

N/A

M

Tbl XXVIII
30:2.15

T™hl. . XXVIII
30:2.15

Thl.XXVIII
30:2.15

Thl.XXVIII
30:2.15

Tbl.XXVIII
30:2.15

Tbl.XXVIII
30:2.15

Tbl.XXVIII
30:2.15

Tbl.XXVIII
30:2.15

Tbl . XXVIII
30:2.15

Tbl . XXVIII
30:2.15

Tbl. . XXVIII
30:2.15

Tbl.XXVIII
30:2.15

PLTFM = Specifi-
cation Level

1.8

All

All

H/1,3,4,5

28:4.46,
8-4,
4.52

......
------

-----
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TABLE XXXVII .
Default Values for All Input Variables (Continued) .
- o
[ Model/ :
Variable Name Value ij |Case File or Mode Source o
PMULT = Production 0 All | all H/3 28:4.49,
Multiplier 8.5
PP = Number of 3 N/A | All I/Hardware |[PRICE H,
Part Types Mode 1, s
Output -
PROFAC = Production 8 00 All M 30:2.13
Factor
PROTOS1 = Chip 2 11 | 1,3 M, H/3 |Tbl.XIV -
Prototype Quantity
PROTOS1 2 12 | N/A M, H/3 |mbl.XIV
PROTOS1 2 13 | nv/a M, H/3 |Tbl.XIv —
PROTOS1 2 14 | /A M, H/3 |Tbl.XIv S
PROTOS1 2 15 | N/A M, H/3 |Tbl.XIV o
PROTOS1 4 21 | wA M, H/3 |mbl.xIV i
PROTOS1 4 22 N/A M, H/3 Tbl.XIV N
PROTOS1 4 23 | 1,4 M, H/3 |mbl.xIv
PROTOS1 4 24 | N/A M, H/3  |Tbl.XIV
PROTOS1 4 25 | N/A M, H/3 |Tbl.XIV e
PROTOS1 5 33 | N/A M, H/3 |Tbl.XIV
PROTOS1 5 31 | 2,4 M, H/3 |Tbl.XIV -
PROTOS1 10 43 | 2,3 M, H/3 |Tbl.XIV
PROTOS1 10 41 | N/A M, H/# |Tbl.XIV .
137 i




TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case |File or Mode Source
PROTOS1 27,070 53 All M, H/3 T™1.XI1I,
T™1.XXIV
PROTCS1 27,070 55 N/A M, H/3 T™ol.XI1I,
Tbl . XXIV
PROTOS2 = Number 68 00 all H/4 Tbl.XXIII
of GFE Equipment (Circuit
Items Boards)
PROTOS2 1 N/A | All H/4 Tbl . XXVI
(Chassis)
PROTOS3 = Number 1 N/A | All H/S Tbhl . XXVI
of Prototype LRUs (SAR)
Requiring I&T
PSTART = Production 787 N/A | All H/1 PRICE M
Start . (July 1987) Output
PSTRT = Production 687 11 1,3 M Assumed
Start (Chip Fabri=| (June 1987)
cation)
PSTRT 687 12 | n/a M Assumed
PSTRT 687 13 N/A M Assumed
PSTRT 687 14 N/A M Assumed
PSTRT 687 15 N/A M Assumed
PSTRT 587 21 N/A M Assumed
(May 1987)
PSTRT 587 22 N/A M Assumed
PSTRT 587 23 1,4 M Assumed

!
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Variable Name

Value

ij

Model/
File or Mode

Source

PSTRT

PSTRT

PSTRT

587
587

983
(Sept 1983)

983

184
(Jan 1984)

184

584
(May 1984)

584

24
25
33

1
43

41
53

55

N/A
N/A

N/A

2,4
2,3

N/A

All

N/A

=

Assumed
Assumed
Assumed

Assumed
Assumed

Assumed
Assumed

Assumed

PTSTRT = Prototype
Start (Chip Devel-
opment)

PTSTRT

PTSTRT

PTSTRT

PTSTRT

PTSTRT

PISTRT
PTSTRT
PTSTRT

PISTRT

.............

1086
(Oct 1986)
1086
1086
1086
1086

986
(Sept 1986)

986
986
986
986

......................
.........

11

12
13
14
15
21

22
23
24
25
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1,3

N/A
N/A
N/A
N/A

N/A

N/A
N/A
N/A

N/A

=

=<

kS

X X2 X X

Assumed

Assumed
Assuned
Assumed
Assumed

Assumed

Assumed
Assumed
Assumed

Assumed
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TABLE XOO(VII
Default Values for All Input Variables (Continued) B
Model/ .ij:.
Variable Name Value ij |Case |File or Mode | Source )
PTSTRT 383 33 | N/A M Assumed Ia
(March 1983) .
PTSTRT 383 31 2,4 M Assumed
PTSTRT 383 43 | 2,3 M Assumed
G PTSTRT 383 41 N/A M Assumed
PTSTRT 183 53 | a1l M Assumed
] (Jan 1983)
i. - PTSTRT 183 55 | N/A M Assumed -
3 QTY1 = Production 2000 11 | 1,3 M, H/3 |Tbl.IX,
Quantity (Chips) ol.xv
oY1 2000 12 | N/A M, H/3 |Tbl.IX, —
T™ol. XV -
Qryl 2000 13 | wa M, H/3 |Tbl.IX,
Tbl.XV
oryl 2000 14 | NA M, H/3 |Tbl.IX, o=
Tbl.XV j_‘-_".'_
oyl 2000 15 | N/A M, H/3 |Tbl.IX, o
Tbl.XV
QrYl 4000 21 | WA M, H/3 |Tbl.IX, -
Tol.XV -
orvi 4000 22 | n/aA M, H/3 |Tbl.IX, L
'Ibl .XV ;‘:
QY1 4000 23 | 1,4 M, H/3 |Tbl.IX, "
Tol.XV '::'_?:
Qryl 4000 24 | N/A M, /3 |Tbl.IX, o
Tbl oxv ) - N
140 o
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TABLE XOO(VII -~
Default Values for All Input Variables (Continued) -
.
VModel/
\ Variable Name Value ij Case |File or Mode Source -..
‘ ] Tyl 4000 25 | N/A M, H/3 |Tbl.IX, =
Tbl-xv .‘
Qryl 5000 33 | N/A M, H/3 |Tbl.IX,
1w
] ary1 5000 31 | 2,4 M, H/3 |Tbl.IX, P
: Tbl.XV
: Qrv1 10,000 |43 |23 M W3 |ml.x, 2o
& ‘Ibl .XV
QrYl 10,000 41 | n/a M, H/3 |Tbl.IX, {' -
Tbl ‘W N
QrYl 27,070,000 | 53 | All M, H/3 |Tbl.IX,
Tbl.XV -
oTY1 27,070,000 | 55 | N/A M, H/3  |Tbl.IX, i
Tbl.XV EARN
QTY2 = Quantity of| 68,000 N/A | All H/4 Tol.XXVII, el
GFE Items (Circuit Tbl.IX o
Boards) P
QrY3 = 14T 1,000 N/A | All H/5 Tbl.XXVI
Quantity (SAR Units)
. '.
QIYNHA = Quantity 2 1 |1,3 H/3 Tbl.XIV =
Next Higher Tl
Assembly
QTYNHA 5 31 | 2,4 H/3 Tol.XIV N
'
QTYNHA 4 23 | 1,4 H/3 Tbl.XIV o
QTYNHA 10 43 | 2,3 H/3 TBL.XIV
ta1 R
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TABLE 300(VII
: Default Values for All Input Variables (Continued) B
: Wodel/ -
- Variable Name Value ij |case |File or Mode | Source o
b oo
QTYNHA 270 (PCB 1) | 53 | All H/3 Tbl.XIV N
400 (PCB
2-68)
QTYNHA 1 N/A | All H/4 Tbl.XXVII
(Circuit .
Cards) N
2 QTYNHA 1 N/A | ALl H/4 Tbl.XXVI o
(Chassis)
QTYNHA 1 N/A | All H/S Tbl.XIV e
(PCB 1) L
QTYNHA 67 N/A | All H/S Tol.XIV Ko
(PCB 2-68) L
QTYNHA 1 N/A | all H/S Tbl XIV
(SAR 1&T) y
RNM = Reference 1000 N/A | All | L/Haréware |PRICE H, B
Quantity for Mode 1 X
Modules Output RS
L.
RNP = Reference 1000 N/A | All | L/Hardware |PRICE H,
Quantity for Mode 1 -
Parts OQutput -
;.-,_;,
RNU = Reference 1000 N/A | All L/Hardware |PRICE H,
Quantity for Mode 1
LRUs Qutput
SPLTFM = System 1.8 00 | All M 30:2.9
Platform
. SUBFAC = Substrate 4.0 11 | 1,3 M 30:2.14
Factor
R
142 e
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TABLE YXXXVII T

Default Values for All Input Variables (Continued)

' v

Model/
Variable Name Value ij Case [File or Mode Source

SUBFAC 4.0 12 N/A 30:2.14

SUBFAC 1.5 13 N/A 30:2.14

. g RV

SUBFAC 2.5 14 N/A 30:2.14

SUBFAC 3.0 15 | N/A 30:2.14
SUBFAC 4.0 21 | N 30:2.14 i
SUBFAC 4.0 22 | va 30:2.14 P
SUBFAC 1.5 23 | 1,4 30:2.14 -~

SUBFAC 2.5 24 N/A 30:2.14 )

T R X BB X 2 22 X ==

SUBFAC 4.0 25 N/A 30:2.14

)
)

L

o

30:2.14 -

=

SUBFAC 4.0 33 N/A

SUBFAC 1.5 31| 2.4 M 30:2.14 =
SUBFAC 4.0 43 | 2,3 M 30:2.14 R
SUBFAC 1.5 41 | wa M 30:2.14 =
SUBFAC 1.5 53 | all M 30:2.14 : 4
SUBFAC 3.0 55 | N/A M 30:2.14

S
TC = LRU Checkout 1.76 N/a | All | L/Harédware |PRICE H, -
Time at Organiza- Mode 1 O
tion Output Bt

TF = LRU MTTR 1.76 N/A | All | L/Hardware |PRICE H,
Mode 1 T3
OQutput o

AN
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TABLE JOOVII

Default Values for All Input Variables (Continued)

"~ Model/ ]

Variable Name Value ij |Case |File or Mode | Source <
T™O = Module MITR 3.56 N/A | All | IL/Hardware |PRICE H, i
Mode 1 .o

Output

3

VOL = Volume 2.1x 1074 | wal 1,3 H/3 Tb1.XXVIII ,;i'-j
VOL 8 x 1076 NA | 2,4 H/3 Tbl.XXVIII |

VOL .0052 | N/A | All H/4 Tb1.XXVII

PR |

-

WECF = Electronics| 119.98 N/A | All H/1 Tbl . XXVI .
Weight/Ft3 -
WIDTH = Width 345.31 11 | 1,3 M Tbl.IX e
Dimensions of ~—
Chips in Mils IR
WIDTH 311.24 12 | N/A M Tol.IX 3
WIDTH 188.83 13 | N/A M Tbl.IX -—_:
WIDTH 340.93 14 | N/a M Tbl.IX o
WIDTH 285.63 15 | N/A M Tbl.IX 7
WIDTH 341.90 21 | w/a M Tbl.XI -
WIDTH 308.17 22 | wa M Tbl.XI I

.': 7o

WIDTH 285.99 23 | 1,4 M Tbl.XI _
WIDTH 337.57 24 | wa M Tbl.XI 4
WIDTH 282,82 25 | w/a M Tbl.XI .
WIDTH 283.98 33 | n/a M To1.X RS
=73

)
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TABLE XOOXVII :
Default Values for All Input Variables (Continued) ',‘
~ Model/
Variable Name Value ij Case |File or Mode Source
WIDTH 262.61 31 | 2,4 M Tl.X
WIDTH 281.18 43 | 2,3 M Tbl.XII ]
WIDTH 260.02 41 | N/A M Tol.XII S
WIDTH 223.75 53 | a1l M Tbl.XI11 s
»
WIDTH 199.18 55 | N/A M Tbl.XIII ]
[ PRICE H
WM = Module 2.57 00 | All | L/Hardware |Mode 1, S
Weight OQutput — g
»
' WP = Part .0349 00 | All | L/Hardware |Tbl.XXVIII B
Weight
WS - Structure 572 N/A | All H/4 Tbl.XXVII
Weight (Lbs) (Circuit
Card)
WI = Total 241.36 N/A | All H/1 PRICE H,
Weight (Lbs) Mode 3
[ Output
WT .0349 11 | 1,3 H/3 Tbl.XXVIII
WT .0157 31 | 2,4 H/3 Tbl. XXVIII
WT .572 N/A | All H/4 Tbl.XXVII
(Circuit
: Card)
WT .0349 23 | 1,4 H/3 Tbl.XXVIII
WT .0157 43 | 2,3 H/3 Tobl.XXVIII
. WT .005 53 | all H/3 Tbl.XXVIII
:
/
4
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TABLE XXXVII
Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case |File or Mode Source
WT 66.9 N/a | All H/4 ™l . XXVI
XSTRS = Number of 393,216 53 All M T™1.XIII
Transistors
XSTRS 393,216 5% N/A M Tbl.XIII
YD = Years in 4.5 N/A | All | L/Hardware |PRICE H,
Development Mode 1
Phase Output
YP = Years in 7.25 N/A | all | L/Hardware |PRICE H,
Production Mode 1
Phase
YRECON = Year 1984 N/A | All All Assumed
of Economics
YRTECH = Year 1983 N/A | All All Assumed
of Technology
e
- Y
)
iy
%
]
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Appendix B: LCC Output Data
’ . This appendix contains five sections of computer output data which
are analyzed in Chapter VI. Section 1l gives the output data which are
“ 1 results from the input of all default values presented in Appendix A.
I . Similarily, Sections 2, 3, 4, and S give the value changes to default
. input variables and present ocutput data used for analysis of the impact
\ on LCCs of maintenance level, substrate type, use of CAD, and overall
I chip fabrication yields respectively. Each run of the LCC model gives :““i
the costs for one set of input for one case. Changes to default values
for each area of sensitivity analysis are given with output data. ‘
i_ Finally, the definition of each part of the table used here to describe -
changes to default input variables is the same as given in Appendix A.

Output for all chip costs by design and technology are provided
i first. Next, outputs for each of the four default cases is given.
Finally, changes to the default input variables for sensitivity analysis
of interest areas and their outputs are provided.
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Section 1

Output Data for Default Values

- These outputs are results from the input of all default values given
in Appendix A for the four basic .cases studied. The first output

s

presented are chip costs. Then outputs for each of the four default

L0 .
‘I
]

cases are given beginning with default Case 1 and ending with default

- Case 4.

—e
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QSTS
ONIT PRCDUCTION QOST($ 1.00)

PROGRAM QOST ($
ENGINEERING
CHIP SPECIFICATION
CHIP DESIGN
SYSTEMS
PROJECT MaMT
DATA

SUBTOTAL ENGINEERING
MANUFACTURING
PROTOTYEFE
PRODOCTION

SUBTOTAL MANUFACTURING

1000.)

TOTAL PROGRAM QOST

SCHEDULE
CEVELCPMENT
CESIGN
PROTOTYFE
ENG TEST
ITERATIONS

NOV 86
MAR 87*
APR 87%

START

PRODUCTION JN 87 (3)
SUPPLEMENTAL INFORMATICN
YEAR OF BQONOMICS

ESCALATION

1984
0.00*

QsTS
UNIT PRODUCTION COST($ 1.00)

PROGRAM QCST  ($

ENGINEERING
CHIP SPECIFICATION
CHIP CESIGN
SYSTEMS
PROJECT MaMT
DATA

SUBTOTAL ENGINEERING

1000.)

MANUFACTURING

o TITLE: SIGVAL PROCESSOR VESIC CHIP-BIFCLAR 3D/STL (ij=11)

2047.60

34824.
124158.
10025.
7238.
3116.
179360.

28.
4095.
4123.

183483.

FINISH
QCT 86
FEB 87*
MAR 87*
JUN 87*

( 46)
( 4)
( 1)
(3
( 54)

END PRE-PRCD
AG 87

FINISH

(10)  JuN 88*

(13)

TITHE: SIGNAL PROCESSCR VHSIC CHIP-BIFIAR ISL/QOML (ij=12)

2144.01

34824.
124158.
10025.
7238.
3116.
179360.
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PRODUCTION
SUBTOTAL MANUFACTURING

TOTAL PROGRAM COST

l.; AJPRAPS S A .‘n Aaiahs n Y
. RN f s Y,

. . . . .
LI A A -

CESIN JAN 83
NOV 86
MPAR 87*

AFR 87*

ENG TEST
TTERATICNS

START

PRODUCTICN JIN 87

rjv'f I

(3)

SUPPLEMENTAL INFORMATICN
YEAR CF EQCNCMICS
ESCALATION

1984
0.00*

QosTS
UNIT PRCDUCTION COST($ 1.00)

PROGRAM QOST ($

ENGINEERING
CHIP SPECIFICATION
CHIP DESIN
SYSTEMS
PROJECT MoMT'
DATA

SUBTCTAL ENGINEERING

1000.)

MANUFACTURING
PROTOTYPE
PRODUCTIQN

SUBTOTAL MANUFACTURING

TOTAL PROGRAM QOST

TTTE: SIGWAL PROCESSCR VHSIC CHIP-OMOS/BUILK (ij=13)

..........................
-----------------

28,
4288.

4316.
183676.

FINISH
CCT 86
4) FEB 87*
MAR 87*
3) JUN 87*

FINISH

(11) JUL 88* (14)

1082.53

34824. L
124158,

10025. e
7238. :“ .-
3116,

179360. o
ni- [

280 - -
2165.
2193.

181553.

RSN
R
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DESIGN JAN 83
PROTOTYPE NOV 86
ENG TEST MAR 87*
ITERATICNS AFR 87*

START END PRE-PRCD
PRODUCTICN JUN 87 (3) AG 87*

SUPPLEMENTAL INFORMATION
YEAR CF EXONCMICS 1984
ESCALATION 0.00*

TITLE: SIGNAL PROCESSCR VHSIC CHIP-OMOS/SCS (ij=14)

UNIT PROCDUCTICN QOST($ 1.00)

PROGRAM COST  ($ 1000.)
ENGINEERING

CIIP SPECIFICATICN 34824.
CHIP DESIQN 124158.

SYSTEMS 1002s.

SUBTOTAL ENGINEERING

PROJECT MaMT
DATA

MANUFACTURING

PROTOTYFE
PRODUCTICN

SUBTOTAL MANUFACTURING

TOTAL PROGRAM COST

SCHEDULE
DEVELOPMENT START
DESIQN JAN 83
PROIOTYPE NOV 86
ENG TEST MAR 87*
ITERATICNS APR 87*

7238.
3116.

179360.

28.
5865.
5893.

185252,

( 46)
( 4
( 1)
( 3)
( 54)

START END PRE-PRCD

....................................

FINISH
oCT 86
FEB 87*
MAR 87*
JWN 87*

(11) JUL 88* (14) s

2932.45

FINISH
CCT 86 -
FEB 87* -
MAR 87* s
JUN 87+ -

FINISH
(12)  AUG 88* (15) -

[ - PRODUCTION JUN 87 (3) AUG 87* .
b,
2 -._:
SUPPLEMENTAL INFORMATICN e
- YEAR CF ECONCMICS 1984
N ESCALATION 0.00*
s _——

N o
e ':.'.
N - a®.
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S TITIE: SIGWAL PROCESYR VESIC CHIP-NMOS (ij=15)
p UNIT PRODUCTION QOST($ 1.00) 1278.85
. \
. PROGRAM COST ($ 1000.)
- ENGINEERING
= CHIP SPECIFICATION 34824.
'~ CHIP DESIGN 124158.
; SYSTEMS 10025.
PRAJECT MRMT 7238.
DATA 3116.
SUBTOTAL ENGINEERING 179360.
MANUFACTURING
PROTOTYEE 28.
PRODUCTION 2558.
SUBTOTAL MANUFACTURING 2586.
- TOTAL PROGRAM CCST 181945.
- SCHEDULE
- CEVELOPMENT START FINISH
CESIGN JAN 83 ( 46) OCT 86
PROTOTYEE NOV 86 ( 4 FEB 87*
ENG TEST MAR 87* (1 MAR 87*
\ TTERATIONS APR 87* ( 3) JUN 87+
-~ ( 54)
START END PRE-PROD FINISH
PRODUCTION JN 87 (3) NG 87* (11)  JuL 88* (14)
SUPPLEMENTAL INFORMATION
YFAR OF BCCNOMICS 1984
. ESCALATION 0.00* :
" .‘
:, TITIE: SIQWAL PROCESSCR VESIC CHIP-BIFQIAR 3D/STL (ij=31) :
: QOSTS
o WNIT PRODUCTICN COST($ 1.00) 650.64
PROGRAM COST ($  1000.)
ENGINEERING e
5 CHIP SPECIFICATION 1862. Y
CHIP CESIGN 1720. -
SYSTEMS 370. SO
PROJECT MaMT 247.
DATA 104. Y
SUBTOTAL ENGINEERING 4303. N
~ . 1
k3 -.__.‘_1
e
-
e 2
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32.
3253.
3285.

PRODUCTION
SUBTOTAL MANUFACTURING

TOTAL PROGRAM COST 7588.

START
JAN 83
APR 83
AG 83*

ITERATIONS - %

b. STARD
3
4
3

FINISH
3) MAR 83
4) JUL 83+
1) AUG 83*
0) -+
8)

DESIGN

P a— p— g~

END PRE-PRCD
NOv 83*

FINISH

PRCODUCTION SEP 83 (3) (12) NOV 84* (15)
SUPPLEMENTAL INFORMATICN
YEAR CF ECONOMICS

ESCALATION

1984
0.00%

F TITLE: SIGNAL PROCESSOR VHSIC CHIP-OMOS/BUEK (ij=33)
= oSS
¥ UNIT PRCDUCTICN QOST($ 1.00)

603.78
PROGRAM QOST  ($ 1000.)
ENGINEERING
CHIP SPECIFICATION
CHIP CESIQN
SYSTEMS
PROJECT MM
DaTA
SUBTOTAL ENGINEERING

1862.
1720.
370.
247.
104.
4303.

MANUFACTURING
PROTOTYEE
PRODUCTION

SUBTOTAL MANUFACTURING
TOTAL PROGRAM COST
SCHEDULE
CEVELCEMENT
DESIGN

PROTOTYEE APR 83

ENG TEST AUG 83*

o ITERATICNS - »

32.
3019.
3051.
7354’

START
JAN 83 3) MAR 83
4) JUL 83+
1) AG 83*
0) - *
8)

o~ — o~ —

START
SEP 83 (3)

END PRE-PROD
NOv 83*

FINISH

L PRODUCTION (13)  [EC 84* (16)
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- SUPPLEMENTAL INFORMATION

':-g YEAR CF ECONOMICS 1984

i ESCALATION 0.00%

TITIE: CONIRCL PROCESSCR VASIC CHIP-BIFCIAR 3D/STL (ij=21)

UNIT PRODUCTION QOST(S$ 1.00) 1801.38 o
PROGRAM QOST ($ 1000.) n
. ENGINEERING B
- CHIP SPECIFICATION 34440. 2
§ CHIP CESIGN 123067.
SYSTEMS 9887, e
PROJECT MMT' 7144.
DATA 3075. R
SUBTOTAL ENGINEERING 177613.
MANUFACTURING o
PROTOTYPE 28. O
PRODUCTION 7206. ——
SUBTOTAL MANUFACTURING 7234. .
TOTAL PROGRAM COST 184847. :
SCHEDULE : NS
CEVELCPMENT START FINISH —
DESIN JAN 83 ( 45) SEP 86
PROTOTYFE OCT 86 ( 4) JAN 87*
ENG TEST FEB 87+ (1 FEB 87* e
ITERATICNS MAR 87+ ( 3 MAY 87* e
( 53) e
START END PRE-PRCD FINISH
PRODUCTION MAY 87 (3) JUL, 87* (12) JuL 88* (15) %
SUPPLEMENTAL, INFORMATION Y
YEAR CF BXONCMICS 1984 W
ESCALATION 0.00* —

. TITIE: CONIROL PROCESSOR VESIC CHIP-BIRIAR ISIL/OML(ij=22)

QosTS Y
WNIT PRODUCTIQN COST($ 1.00) 1922.85 -z

PROGRAM QOST ($  1000.)
ENGINEERING S
CHIP SPECIFICATION 34440. o
CHIP DESIQN 123067. T
SYSTEMS 9887. ~—=
PROJECT MM 7144. i
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DATA 3075.
SUBTOTAL ENGINEERING 177613.

PROIOIYPE 28.
PROCUCTION 7691.
SUBTOTAL MANUFACTURING 7720.

TOTAL PROGRAM QST 185332.

DEVELOPMENT START FINISH o
CESIGN JAN 83 ( 45) SEP 86
PROTOTYEE OCT 86 ( 4 JAN 87+ o
ENG TEST FEB 87* ( 1) FEB 87+ ]
ITERATICNS MAR 87* ( 3) MAY 87+

START END PRE-PRCD FINISH o
PRODUCTIN MY 87  (3)  Ju 8™ (13)  AUG 88* (16) 3

SUPPLEMENTAL INFORMATION -
YEAR CF BCONOMICS 1984 .
ESCALATION 0.00*

TITIE: CONIRGL PROCESSCR VHSIC CHIP-OMS/HUILK (1j=23)

QosTS
UNIT PRCDUCTION COST($ 1.00) 981.20

1

1

[

PROGRAM COST ($ 1000.) L
CHIP SPECIFICATICN 34440. —
CHIP DESIQN 123067, )
SYSTB'S 9887. =
PROJECT MMT 7144, o
DATA 3075. T
SUBTOTAL ENGINEERING 177613, ‘-,

~
MANUFACTURING “Ta
PROTOCTYFE 28, el

PRODUCTICN 392s. R
SUBTOTAL MANUFACTURING 3953. R
TOTAL PROGRAM (ST 181566. oy

SCHEDULE
CEVELOPMENT START FINISH
[CESIQN JAN 83 (45) SEP 86
PROTOTYPE OCT 86 { 4) JAN 87+
ENG TEST FEB 87+ (1) FEB 87* 3
ITERATIONS MAR 87* (3) MAY 87* —

)
S

P

AT T
latatatale e ]

(53) oot
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START END PRE-PRCD FINISH 2ot
PRODUCTION MAY 87 (3) JUL 87* (12) JUL 88* (15) e

SUPPLEMENTAL INFCRMATION 2
YEAR OF EOCNOMICS 1984 o
ESCALATTON 0.00* R

TITIE: CONIROL PROCESSCR VHSIC CHIP-OMOS/SOS (1j=24) -

Q0STS
UNIT PRODUCTION QOST($ 1.00) .2662.42

PROGRAM QCST ($ 1000.)
ENGINEERING

CHIP SPECIFICATION 34440.
CHIP DESIQN 123067.
SYSTEMS 9887.
PROJECT MaMT 7144.
DATA 3075.
SUBTOTAL ENGINEERING 177613.

MANUFACTURING
PROTOTYEE 28,
PRODUCTICN 10650.
SUBTOTAL MANUFACTURING 10678.

TOTAL PROGRAM COST 188291.

SCHEDULE
CEVELOPMENT START FINISH
CESIN JAN 83 ( 45) SEP 86
PROTIOTYPE CCT 86 ( 4) JAN 87*
ENG TEST FEB 87* (1) FEB 87*
ITERATIONS MAR 87* ( 3) MAY 87*
( 53)
START END PRE-PRCD FINISH
PRODUCTION MY 87 (3) JUL 87* (14) SEP 88* (17)

SUPPLEMENTAL INFORMATION
YEAR CF ECONOMICS 1984
ESCALATION 0.00*

TITLE: CONIRQL PROCESSOR VHSIC CHIP-NMOS  (1j=25) I

QaosTS .
WNIT PRCDUCTION QCST(S 1.00) 1305.14 R
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PROGRAM COST ($  1000.)

ENGINEERING ;
CHIP SPECIFICATICN 34440. "
CHIP [ESIGN 123067. =
SYSTEMS 9887. s
PROJECT MGMT 7144, o
DATA 3075. o

SUBTOTAL ENGINEERING 177613.

L

MANUFACTURING
PROICTYPE 28.
’ PRODUCTICN 5221.
g SUBTOTAL MANUFACTURING 5249.

TOTAL PROGRAM COST 182862. o]

DEVELCPMENT START FINISH ]
DESIQN JAN 83 ( 45) SEP 86 o
PROTOTYPE OCT 86 ( 49 JAN 87*
ENG TEST FEB 87* (1 FEB 87* i
ITERATIONS MAR 87* ( 3 MY 87* ——

( 53) T

7 START END PRE-PRCD FINISH
- PRODUCTICN MAY 87 (3) JUL 87* (12) JUL 88* (15)

SUPPLEMENTAL INFORMATION
- YFAR CF ECONOMICS 1984
X ESCALATION 0.00*

TITIE: CONIRCL: PROCESSOR VHSIC CHIP-BIRCILAR 3D/STL (ij=41)

= STS 5
= UNIT PRODUCTION COST($ 1.00) 584.74
~ -1

3 PROGRAM QOST ($  1000.) ey
ENGINEERING

CHIP SPECIFICATION 1837.
= CHIP DESIQN 1696.
- SYSTEMS 364.
PROJECT MGMT 244.

- SUBTOTAL ENGINEERING 4244,

.. PROTOTYPE 32. e
PRODUCTION 5847. -

N MANUFACTURING ey

R
. !
* SUBTOTAL MANUFACTURING 5879. ,




TOTAL PROGRAM COST 10123.

CESIGN JAN 83
AFR 83

AUG 83*

3)
4)
ENG TEST 1)

ITERATIONS

—~ . p— o~ p—

8)

END PRE~-PRCD
MAR 84*

START

PRODUCTION JAN 84 ( 3)
SUPPLEMENTAL INFORMATION
YEAR CF BECONCMICS

ESCALATION

1984
0.00*

TITIE: QONIRCL PROCESSCR VESIC CHIP-OMOS/BULK (1j=43)

100 55+
UNIT PRCDUCTION QCST($ 1.00)

PROGRAM COST  ($

ENGINEERING
CHIP SPECIFICATICN
CHIP CESIN
SYSTEMS
PROJECT MaMT'
DATA

SUBTOTAL ENGINEERING

1000.)

1837.
1696.
364.
244.
103.
4244.

MANUFACTURING
PROTOTYPE
PRODUCTICN

SUBTOTAL MANUFACTURING

32.
5421.
5453.

TOTAL PROGRAM CQOST 9697.

JAN 83
APR 83
AUG 83*

DESIN

ENG TEST
ITERATIONS

PRODUCTICN JAN 84

SUPPLEMENTAL INFORMATICN
YEAR CF BOONOMICS
ESCALATION

1984
0.00*

158
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TITE: VESIC MAMORY CHIP-NMOS (1j=55)

QOSTS o
NIT PRODUCTION QOST(S 1.00) 288.72 .

PROGRAM QOST ($  1000.)
ENGINEERING -\._;
CHIP SPECIFICATION 13340. P

CHIP DESIN 33574. e
- SYSTEMS 2969.
- PROJECT MGMT' 2731.
DATA 1161.
SUBTOTAL ENGINEERING 83775.

MANUFACTURING PR

H PROTCTYFE 1e81. -
PRODUCTION 7815689. L
SUBTOTAL MANUFACTURING 7817369. s
TOTAL PROGRAM COST 7871144. ]
DEVELCPMENT START FINISH ~rrd
CESIN JAN 83 (1) JAN 83

. L0 A A v artgriner St
b P AR
L A T

- PROTOTYEE FEB 83 ( 8 P 83+
: ENG TEST OCT 83* (1 OCT 83* %
TTERATIONS NOV 83* ( 6 APR 84*
amheaid
( 16) -——dq
START END DRE-PROD FINISH -
PRODUCTION MY 84 ( 3)  JUL 84* (105)  APR 93* (108) Y
SUPPLEMENTAL, INFORVATION !
YEAR CF ECONCMICS 1984 —=d
: ESCALATION 0.00% s
-.'- *
N TITIE: VHSIC MEMORY CHIP-QMOS/BULK (i3=53) :
Q0STS ey
) UNIT PRCDUCTION QOST($ 1.00) 282.15 -
PROGRAM QST ($ 1000.) __;53
- ENGINEERING S

CHIP SPECIFICATION 13340. i
CHIP DESIGN 33574, O
SYSTEMS 2969. o
PROJECT MGMT 2731, 2
DATA 1161. i
SUBTOTAL ENGINEERING 53775. g

MANUFACTURING
PRCICTYPE 2029. KETn
PROOUCTION 7637761. ;'.-:i-;*
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SUBTOTAL MANUFACTURING 7639790,

s TOTAL PROGRAM COST 7693564.

g somaz

7 DEVELCPMENT START FINISH

o CESIQN JAN 83 ( 1) JBN 83
2 PROTOTYTE FEB 83 ( 8 SEP 83*

" ENG TEST OCT 83* (1) OCT 83*
. ITERATIONS NOV 83% ( 6) APR 84*
( 16)

START END PRE-PRCD FINISH
PROOUCTICN MAY 84 ( 3 JUL 84* (122) SEP 94* (125)

SUPPLEMENTAL INFORMATICN
YEAR CF BQONCMICS 1984
ESCALATION 0.00*
SAR 1 CUTPUT DATA: BASELINE CONFIGURATION
PURCHASED ITEM
PROGRAM QOST($ 1000) DEVELOPMENT PRODUCTICN TOTAL QOST
o SIGAL PROCESSOR (CASE 1)
s TOTAL COST 179388. 4095. 183483.

- TOTAL COST - - -

7 COVIROL PROCESSCR {CASE 1)
> TOTAL QOST 177641. 392s. 181566.

MEMCRY CHIPS CMOS/BULK (ALL CASES)

TOTAL COST 557. 76180. 76737.

- LOGIC FCB IST (CASE 1)
- TOTAL COST 52. 840. 892.
L SYSTEM QOST SUMMARY
) TOTAL QOST, WITH INTEGRATIQN COST
" PROGRAM QOST($ 1000) DEVELOPMENT PRODUCTION TOTAL CCST
s ENGINEERING
- DRAFTING 10. 7. 16.
CESIQN 32. 23. 55.

SYSTEMS 3. -
PROJ MaMT 3. 80. 83.

DATA 1. 30. 3. A
SUBTOTAL (ENG) 49. 139. 189. L

VANUFACTURING
| PRODUCTION - 68s. 688. .
- PROTOTYFE 3. - 3. i

4 L.
e PRENNRY
o

- RO
*. St
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TOCL~TEST EQ 1. 12, 13.
PURH ITEMS 357585. 84200. 441786.
SUBTOTAL (MFG) 357588. 84901. 442489.

TOTAL QOST 357638. 85040. 442678.

aafa o al

QOST RANGES DEVELCOPMENT PRODUCTICN TOTAL QOST N
FROM 357633. 84925. 442558. e
CENIER 357638. 85040. 442678. o
TO 357644. 85173. 442817.

* SYSTEM WT 2.13 SYSTEM WS 0.57 * o

* SYSTEM SERIES MIBF HRS. 2720 AV SYSTEM QOST g5 * "

RRARALRA AR AL R AR AR R AR AT AR AR AR R AR RN Ak ok R T sk s s o 7 e sk ok sk v ok sk sk ek sk ok _‘__ A
GFE ITEM :

PROGRAM COST($ 1000) CEVELCEMENT PRODUCTION TOTAL COST \
CIRCUIT CARD (ALL CASES)
TOTAL COST - - - =
MEMORY CHIPS QMOS/BULK (ALL CASES) -
TOTAL QOST 55247. 7561619. 7616866.
MEMORY ECB I&T (AL CASES) e
TOTAL COST 164. 34680. 34844, S

E

R
TOTAL COST, WITH INTEGRATION QOST -I:-"-
PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTION TOTAL 6T ™
ENGINEERING

DRAFTING 7. 10. 17.
CESIGN 24. 36. 60. -t
sYsm 3 . - 3 3 ;'-:‘.‘-
PROJ MMT 7. 2262. 2269. x
MA 2. 814. 816. ':. ::_

SUBTOTAL (ENG) 43, 3122, 3165. Lo

MANUFACTURING -
PRODUCTIN - 31136. 31136.

PROTOTYPE 110. - 110. i

TOOL~TEST EQ 1. 422. 434, )
PURCH ITEMS 55247. 7561619, 7616866. o

SUBTOTAL (MFG) 55368. 7593177, 7648545. oaL

TOTAL COST 55411. 7596299. 7651710. 2 ﬁ

QOST RANGES DEVELOEMENT PRODUCTICN TOTAL QOST ]
FROM 55394. 7592515. 7647908. A

CENTER S5411. 7596299. 7651710,
TO 55433. 7600473, 7655906.

]

b »
]

LA
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* SYSTEM WI 2.57 SYSTEM WS 0.57 *

* SYSTEM SERIES MIBF HRS. 1684 AV SYSTEM QOST 113 *
dedededededededed dedededededr dek dek desk ek At et ok ok ek Ak S e e e e el ek dok e Ak dri g ok ok

GFE ITEM

PROGRAM CCST($ 1000) CEVELOPMENT PRCDUCTION TOTAL COST
CHASSIS (ALL CASES)

TOTAL QOST - - - .
SCFTWARE CEVELOFMENT (ALL: CASES)

TOTAL QOST 11895. - 11895.

SYSTEM COST SIMMARY

SAR I&T (CASES 1 & 3)
PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTION TOTAL QOST
SAR IsT (ASES 1 & 3)

TOTAL CCST 172. 4409. 4581.

SYSTEM COST SUMMARY

TOTAL QOST, WITH INTEGRATION COST
PROGRAM QOST($ 1000) DEVELOPMENT PRODUCTICN TOTAL QCST
ENGINEERING

DRAFTING 48. 41. 89.
CESIGN 155. 145, 300.
SYSTEMS 17. - 17.
PROJ MaMT 20. 2724. 2744.
DATA 6. 985. 992.

SUBTOTAL (ENG) 246. 3896. 4142.

MANUFACTURING
PRODUCTION - 35556. 35556.
PROTOTYPE 128. - 128.
TOCOL~TEST EQ 15. 478. 492.
PURCH ITEMS 412833. 7645819. 8058651.
SUBTOTAL (MFG) 412975. 7681851. 8094826.

TOTAL COST 413221. 7685747, 8098968, S

COST RANGES CEVELOBMENT PRODUCTICN ~ TOTAL COST s
FROM 413183, 7681220. 8094403, Y
CENTER 413221, 7685747. 8098968, -

TO 413272. 7690807, 8104079. S

seS.

RERARBRRARE XL AR KA ARARRERRRE AR TR IR TRTRXRARRRRE AR AR AR LR AR AR AR RE AR AR R Rtk \'~\.:_

* SYSTEM WT 241.36 SYSTEM WS 105.80 * e
* SYSTEM SERIES MIBF HRS. 510 AV SYSTEM COST 7686 *

RARRREERARREAEARRREREERRRRARARARARARRRRAAEANRERARRAR AR AR R AR ARETRATARRR Rk R "‘""‘_"1
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MIBF 510 MITRIRU 1.8 MD TYPES/IRU 68 ILRUS/BQUIP

' RATIO (1) 1.00 -MODULE 3.6 PART TYPES/IRU 3 IRU FAIL ALLOW O

- RATIO (2)  1.00

2 RATIO (3)  1.00

= PROGRAM COST CEVELCPMENT PRODUCTION  SUPRCRT TOTAL

; FQUTEMENT 425116 7552234 e 7977350

§ SUPPCRT BQUIEMENT ok 38037 57055 95092

< SUPPLY ok 1027530 6789418 7816948

- SUPPLY ADMIN. ek 85 1745 1830
MANEOWER wow wok 2062 2062
CONTRACTCR SUPEORT *n dohex 0 0
OTHER 0 ok 1772 1772

TOTAL COST 425116 8617886 6852052 15895054

OPERATIONAL AVAIIABILITY 0.9997

SUPFORT EQUIPMENT ORG
NOMBER OF SETS 10
UTILIZATION 11.811
IOAD FACTOR 0.3%

SUPPLY INITS
INITIAL 118

BALANCE CONSIMED  687.60

THRO-PUT QOSTS CEVELOPMENT

SOFTWARE 11895.
TOTAL QOST, WITH THRU-PUT QOSTS
CEVELOPMENT
425116.

PRODUCTICN TOTAL QOST
0. 11895.

PRCDUCTICN TOTAL QOST

7685747. 8110863.

CPERATIONAL READINESS 0.9924

INT CERQT
0 0
0.000 0.000
0.000 0.000
MCOULES/TYPE PARTS/TYPE
18 332

0.00 4515.019

T

N e

R
POPRr Y
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PURCHASED ITEM

PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTICN TOTAL QCST s
SIGNAL PROCESSCR (CASE 2) e
TOTAL COST 4335. 32s3. 7588. A

TOTAL QOST - - - o

TOTAL QCST 4276. 5421. 9697. N
MEMCRY CHIPS OMOS/BULK (ALL CASES) T
TOTAL QOST 557. 76180. 76737.
IOGIC RCB I&T (CASE 2)
TOTAL QOST 45. 932. 977.

SYSTEM CCST SUMMARY

TOTAL QOST, WITH INTEGRATION COST
PROGRAM QCST($ 1000) CEVELOPMENT PRCDUCTICN TOTAL QCST
ENGINEERING

DRAFTING 8. 3. 17.
DESIQN 27. 30. 57.

SYSTEMS 3. -

PROJ MMT 3. 93. 95.

DATA 1. 35. 36.

SUBTOTAL (ENG) 42. 166. 209.

MANUFACTURING A
PRCDUCTION - 754. 74. anss
PROTOTYPE 2. - 2. A
TOCL~TEST EQ 1. 12. 13. s
PURCH ITEMS 9168. 84855. 94023, -

SUBTOTAL (MFG) 9170. 85621. 94791. RO

TOTAL QOST 9213. 85787. 95000.

QUST RANGES DEVELOPMENT PRCDUCTICN TOTAL QOST ,, :
FROM 9209. 85688. 94897.

CENTER 9213. 85787. 95000. N

0 9218. 85897. 95115. i
Jedede e de e deke dede de e dede de e de e e e dedk dede dedk ook ek e sk dedk e Ak ek devde dede deve sk e ek ool e e e e Je e Fek dede dede deke e dedk K i‘“~
* SYSTEM WT 2.16 SYSTEM WS 0.57 * .

* SYSTEM SERIES MIBF HRS. 3405 AV SYSTEM QOST g6 *

RREARERAXTRARRAAEREAAKERERKEERAIAANRAREXRAATKARAAAR AT AR EAR AT ARkdhkhkhdkdi ik
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GFE ITEM -

PROGRAM COST($ 1000) CEVELOBMENT PRCDUCTICN TOTAL COST

CIRCUIT CARD (ALL CASES) =

TOTAL COST - - - -

MEMCRY CHIPS QMOS/BULK (ALL CASES)

TOTAL COST 55247. 7561619. 7616866. :

MEMRY FCB I&T (ALL CASES) =

TOTAL COST 164. 34680. 34844, :

SYSTEM COST SUMMARY -

TOTAL COST, WITH INTHGRATION QUST '
PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTICN TOTAL COST

ENGINEERING
DRAFTING 7. 10. 17.

CESIQN 24. 36. 60. _
SYSTEMS 3. - 3. ..
PROJ MRMT 7. 2262. 2269. "
DATA 2. 814. 816.

SUBTOTAL (ENG) 43. 3122. 3165.

MANUFACTURING -
PRODUCTION - 31136, 31136, -
PROTOTYPE 110. - 110. -
TOOL-TEST EQ 11. 422. 434. X
PURCH ITEMS 55247, 7561619. 7616866. :

SUSTOTAL (MFG) 55368. 7593177. 7648545. -

TOTAL COST 55411. 7596299, 7651710. -

QST RANGES CEVELOPMENT PRCDUCTION TOTAL COST :
FROM 55394. 7592515. 7647908.

CENTER 55411. 7596299, 7651710.

O 55433. 7600473. 7655906. :

deders dede dode dede Ko Kook Aok Fede e sk ook R Kedk dek Aok ek dede A dek ek ek ek dek AR R dedk gk Aok Ak dede ek ek Ak ke kk hk k :;i

* SYSTEM WT 2.57 SYSTEM WS 0.57 * -

* SYSTEM SERIES MIBF HRS. 1684 AV SYSTEM QOST 13 o+ :

ook v st ok g s vk A ok A7 ok 1k e ok sl g sk ok ok A T sk e ok A 3k sk ok sk 3k A ATk ok e sk Rk sk ok A sk A sk ek e e e sk kb ok s e e kb b ek ok '-:
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G'E ITEM

: PROGRAM COST($ 1000) DEVELCPMENT PRCDUCTION
| CHASSIS (ALL CASES)
» TOTAL QOST - -
: SCFTWARE DEVELCEMENT (ALL CASES)
: TOTAL QOST 11895. -
| SYSTEM QOST SUMMARY
SAR IsT (CASE 2)
PROGRAM COST($ 1000) DEVELOPMENT PRODUCTION
. SAR IsT (CASE 2)
' TOTAL QOST 157. 5002.
TOTAL QOST, WITH INTEGRATION QOST
: PROGRAM COST($ 1000) DEVELOPMENT PRODUCTION
- ENGINEERING
b DRAFTING 10. 6.
5 DESIGN 3. 23,
SYSTEMS 3. -
PROJ MM 3. 80.
DATA 1. 30.
i SUBTOTAL (ENG) 50. 140.
: ' MANUFACTURING
PRODUCTION - 693.
PROTOTYFE 3. -
- TOL~TEST EQ 1. 12.
i PURCH ITEMS 182533. 83358.
; SUBTOTAL (MFG) 182536. 84064.
TOTAL QOST 182586. 84204.
SUBTOTAL (MFG) 64554. 7682950.
. TOTAL QOST 64780, 7687088.
' COST RANGES DEVELOPMENT PRODUCTION
FROM 64744. 7682654.
CENTER 64780. 7687088.
TO 64829. 7692006.

Fedesde e deok dede ke Jeok dede dek e dedk ek Fode dede ke ok e dedk dede dede dede dede A dodk de ke dede ek dede ok ek Ak Rk A de ek dede dedke ok ok

SYSTEM WS

* SYSTEM WT

* SYSTEM SERIES MIBF HRS. 530 AV SYSTEM QOST 7687 * Ve
Fedede oo o de e de drded ke dede sk e de e de e de sk dde ko dede e e de e e dedede drde de Ao ek g de ke ek ok ok e ke sk dedk Ak ek e ok & ?'.'-.".'7
e
R
. _.:‘_1

241.38

166

TOTAL QCST

11895.

TOTAL COST
5158.

TOTAL QOST

16.
56.
3.
83.
31.
190.

693.

3.

13.
265891.
266600.

7710888.
7747505.

7751867,

TOTAL QOST
7747397,
7751867.
7756835,

105.80 * S




THRU-PUT CQOSTS CEVELCPMENT PRCDUCTICN TOTAL QOST
m m 0. 0. 0: V'.'_"‘. -
m m 0. 0. 00 ':7
SOFTWARE 11895, 0. 11895. R
OTHER 0. 0. 0. ®
TOTAL THRU-PUT QOST 11895. 0. 11895.
TOTAL QCST, WITH THRU-PUT QOSTS
DEVELOPMENT PRCDUCTION TOTAL QOST
- 76675. 7687088. 7763762.

IOC OF SAR PROCESSCR, [DEFAULT CASE 2

Ve .-
—t he e

GICBAL FILENAME: GLOB.95 -
LIFE CYCLE FILENAME: SAR2.IC 'y
CEPLOYMENT FILENAME: SAR.LP o
MIEF 530 MITRIRU 1.8 MD TYPES/LRU 68 LRUS/BUIP 1 R
RATIO (1) 1.00 -MOULE 3.6 PART TYPES/IRU 3 LRU FAIL ALLOW O c
RATIO (2)  1.00 oy
RATIO (3)  1.00 » |
PROGRAM (ST DEVELCPMENT DPRODUCTION  SUPECRT TOTAL ]
FQUIBMENT 76675 7553395 *oan 7630070 el
SUPECRT EQUIEMENT *k 38037 57055 95092 —]
SUPPLY o 990409 6574227 7564636 S
SUPPLY ADMIN. x 85 1745 1830
MANEOWER wk *ick 1985 1985
CONTRACTCR SUPFORT ok win 0 0
OTHER 0 xxk 1706 1706
TOTAL COST 76675 8581926 6636718 15295319
CPERATIQNAL AVAILABILITY  0.9997 CPERATICNAL READINESS 0.9930 N
SUPECRT FQUIPMENT ORG INT DEECT ?!5--‘ R
NOMEER OF SETS 10 0 0 .
UTILIZATION 11.371 0.000 0.000
I0AD FACIOR 0.379 0.000 0.000
N
SUPPLY INITS MODULES/ TYPE PARTS/TYPE ]
INITIAL 114 17 321 .

BATANCE CCNSUIMED ~ 661.63 0.00 4345.692 RGOS
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PURCHASED ITEM o
PROGRAM COST($ 1000) CEVELOPMENT PRCDUCTICN TOTAL QOST EE
SIQAL PROCESSOR (CASE 3) T S
TOTAL COST 179388. 4095. 183483. -
CIRCUIT CARD (ALL CASES) .
TOTAL COST - - - R
QONTRCL, PROCESSCR  (CASE 3)
TOTAL QOST 4276. 5421. 9697. O
MEMCRY CHIP (ALL CASES) o
TOTAL COST 557. 76180. 76737. T
IOGIC RCB IST (CASE 3) -
TOTAL COST 53. 861. 914.

SYSTEM QCST SIMMARY
TOTAL COST, WITH INTHGRATION CCOST

- PROGRAM COST($ 1000) DEVELOPMENT PRCDUCTION TOTAL COST ]

3 ENGINEERING :

® CRAFTING 10. 7. 17.

- DESIGN 32. 24. 56. o
p, SYSTEMS 3. - 3.

PROJ MM 3. 82. 85. -9

--; DATA 10 31. 320 .‘:

SUBTOTAL (ENG) 50. 143. 193. L

.fih

MANUFACTURING

PRODUCTICN - 706. 706. —

PROTOTYPE 3. - 3. R

MHEST m 1. 12. 1.3. ?:_:i*

PURCH ITEMS 184220. 85697. 269918. e

SUBTOTAL (MFG) 184224. 86415. 270639. s

TOTAL, COST 184273, 86558. 270831. :

QST RANGES CEVELOPMENT PRCDUCTICN TOTAL COST

FROM 184269. 86441. 270709. o

e CENTER 184273. 86558. 270831.

o ™ 184280. 86693. 270973. o

- - 4

e RHT AR RTTRIRTRIRIR kAKX hddkkhdhdhdhdkdrkkhdhdihhdhdhkikkikkkkhkhhidrrrihirkd Et‘.-'_‘.:_:

* SYSTEM WL 2.15 SYSTEM WS 0.57 * o

Y * SYSTEM SERIES MIBF HRS. 3315 AV SYSTEM COST g7 * R

KRR RARA KR TR A AIRA SR Akkk kA hkdehkhhikiddkhhihtrkhhihkihhhihikiikihlikkiktiikiir




GFE ITEM
PROGRAM QOST ($ 1000) DEVELOPMENT PRCDUCTION TOTAL QOST
CIRCUIT CARD (ALL CASES)
TOTAL COST © - - -
MEMCRY CHIPS QMOS/BULK (ALL CASES IR
TOTAL QCST 55247. 7561619. 7616866 . PR
MEMCRY ECB IST (ALL CASES) S
m-l m 1640 346800 34844. :-,'.-.._‘..:

SYSTEM COST SUMMARY

TOTAL COST, WITH INTEGRATICN CCST
PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTION TCTAL CCST

ENGINEERING 8. ..
DRAFTING 7. 10. 17. R
DESIQN 24. 36. 60.

SYSTEMS 3. - 3.

PROT MaMT' 7. 2262. 2269. R

DATA 2. 814. 816. PR
SUBTOTAL (ENG) 43, 3122, 3165. P

MANUFACTURING
PRODUCTION - 31136. 3113e6.

PROIOTYPE 110. - 110. See

TOOL~TEST B 1. 422, 434, AR

PURCH ITEMS 55247, 7561619, 7616866. | 3 -
SUBTOTAL (MFG) 55368. 7593177, 7648545, L
TOTAL QOST 55411. 7596299. 7651710,

CQOST RANGES DEVELOPMENT PRCDUCTICON TOTAL QOST

FRM 55394. 7592515, 7647908.

CENTER 55411. 7596299. 7651710.

TO 55433, 7600473, 7655906 .

FRRAR ke ke e e R AR A etk e Fooe e At ok e e ek sk gk Ao e ek e sk s Sk e e ok e e Ak e
* SYSTEM WT 2.57 ) SYSTEM WS 0.57 *
* SYSTEM SERIES MIBF HRS. 1684 AV SYSTEM QCST 13 =*

sk sk e Ak v sk & e e o dede e A Ao e ded o e e dede dook S vk de e A e e ke Ak de e e de Ko de e e ek dek ke Kok k ke kek ek dk ke ke dek kdk
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GE ITEM

PROGRAM QOST($ 1000) DEVELCPMENT PRODUCTION TOTAL COST
GHASSIS (ALL CASES) e
TOTAL CCST - - - =
SCFTWARE DEVELOPMENT (ALL CASES) i
TOTAL COST 11895. - 11895. 2]
i)

SAR IST (CASES 1 & 3) ]
PROGRAM COST($ 1000) DEVELORMENT PRODUCTION TOTAL COST L
SAR IST (CASES 1 & 3)
m m 172. 4416. 4589. - - 4
v, ‘."1

SYSTEM COST SUMMARY

TOTAL COST, WITH INTEGRATICN COST -
PROGRAM COST($ 1000) CEVELOPMENT PRODUCTION TOTAL COST - -
ENGINEERING B
DRAFTING 4. a2. 89. o
DESIGN 156. 146. 301. R
SYSTEMS 17. - 17. o

PROJ MIMT 20. 2727. 2746. —

DATA 6. 986. 993, _—
SUBTOTAL (BNG) 247. 3900. 4147, .
MANUFACTURING R
PRODUCTION - 35579. 35579. SR
m 1280 - 1280 —etnd
TOCL~TEST EQ 15. 478. 493, —~—t
PURCH ITEMS 239468. 7647316. 7886783. ]
SUBTOTAL (MFG) 239610. 7683372. 7922981. o

TOTAL QOST 239857. 7687273. 7927129. L

SR

QOST RANGES CEVELOBMENT PRODUCTION TOTAL COST ~
FRM 239819. 7682742. 7922560. ]
CENTER 239857, 7687273, 7927129. i

™ 239908. 7692336. 7932243. L

-1- ]

dededefrdedede Jede dek Jede Jede dede dede Jede dede dedk dede dede ek dede e deke dede dede dede dek de ok dede ek dek ek ok ek dede ek dkede e e ek ok ke RS
* SYSTEM WT 241.37 SYSTEM WS 105.80 * o
* SYSTEM SERIES MIBF HRS. 528 AV SYSTEM COST 7687 * S
bt e 2t et e 2t e e e et L e R e T '_-.'_-.]
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THRU-PUT CDSTS DEVEICMENT ~  DPRODICTION  TOTAL QOST -
SOFTVARE 11895. 0. 11895. L
TOTAL THRU-PUT COST ~ 11895. 0. 11895. P
TOTAL COST, WITH THRU-PUT QOSTS
DEVEIORMENT ~  PRCDUCTICN TOTAL COST -

251752. 7687273. 7939024, AN

]

-aad

IC &F SAR PROCESSCR, CASE 3
GLOBAL FIIENAME: GLCB.95

LIFE CYCIE FILENAME: SAR3.LC 5
DEPLOYMENT FIIENAME: SAR.DP
MIEF 528 MITR-IRU 1.8 MD TYPES/ILRU 68 LRUS/BUUIP -

o+

RATIO (1) 1.00 -MCDULE 3.6 PART TYPES/LRU 3 IRU FAIL ALICW
RATIO (2)  1.00
. RATIO (3)  1.00

Lt e . . St e o
PP AR S N TR LT IR

i PROGRAM CCST DEVELCPMENT ~PRODUCTION  SUPRCRT TOTAL T

2 FQUIPMENT 51752 7557621 xx 7809373 "

SUPECRT EQUIBMENT *on 38037 57055 95092 T

s SUPPLY - 990410 6596717 7587127

- SUPPLY ADMIN. ok 85 1745 1830 Tl

~ MANECWER whk ok 1992 1992 ]
CONTRACTCR SUPEORT wan wox 0 0 !

OTHER 0 oo 1712 1712 T

TOTAL COST 251752 8586153 6659221 15497126 )

RN

CPERATICQNAL AVAILABILITY  0.9997 CPERATICNAL READINESS 0.9928 T

SUPFORT BQUIEMENT oG NT DEFCT N

NOMBER OF SETS 10 0 0 RS

UTILIZATION 11.412 0.000 0.000 o

> ICAD FACTCR 0.380 0.000 0.000 ]

e SUPPLY NITS MOOULES)/ TYPE PARTS/TYPE o
g INITIAL 114 17 322 ;

: BALANCE CONSUMED ~ 664.41 0.00 4361.441

[}
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s DT
', letets
A AR TR
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o PROGRAM QOST($ 1000) TEVELOPMENT PRODUCTICN TOIAL COST b
: SIGWL PROCESIR (CASE 4)

: TOTAL COST 4335. 3253. 7588. o
% CIRCUIT CARD (ALL CASES) 1
TOTAL COST - - - -
sl QONTRCL, PROCESSCR  (CASE 4) |

TOTAL COST 177641. 3925, 181566. =

!

TOTAL COST 557. 76180. 76737. ]

IOGIC RCB I&T (CASE 4)
TOTAL COST 53. 846. 899.

SYSTEM QOST SIMPRY "

TOTAL COST, WITH INTEGRATION COST RS

PROGRAM QOST($ 1000) CEVELOPMENT PRCDUCTION TOTAL QCST _‘_}

CESIQN 33. 23. 56. SE

SYSTEMS 3. - 3. B

PROJ MaMI 3. 80. 83.

DATA 1. 30. 3. -.-:4'-
- SUBTOTAL (ENG) 50. 140. 190.

MANUFACTURING .

-'.;- MICN - 693 . 693' ¢

j'.'-'_ m 3 . - 30

TOOL~TEST BQ 1. 12. 13. o
v PURCH ITEMS 182533, 83358. 265891. —
SUBTCTAL (MFG) 182536. 84064. 266600, B
2
~

TOTAL QOST 182586. 84204. 266790.

QOST RANGES DEVELOPMENT PRCDUCTICN TOTAL COST
FRCM 182581. 84088. 266669,

o

CENIER 182586. 84204. 266790.

e 10 182592, 84338. 266930. i
L3 ] .‘\':.,m
- N
}_ N

dedrde dede oo drk ede e dede dede e dede dede e dede dede dede At e Fe e deok dede e ook Aok dede deske dedk ek dek dede Kk ek dede Atk dek ko B "‘j

s * SYSTEM WI 2.14 SYSTEM WS 0.57 *

DN * SYSTEM SERIES MIBF HRS. 3237 AV SYSTEM CQCST B4 N
:',- dedededededede g de Jede o deded oo dede e de o de de o Yoo dede de de o dedededodede e dede dede dede dod dedo ke dedededede dedede ke de ke deded dede ke ko ok Ak ;.‘_‘.é
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GFE ITEM BRI
E
PROGRAM COST(S 1000) TCEVELOPMENT PRODUCTICN TOTAL COST .
CIRCUIT CARD (ALL CASES)
TOTAL COST _ - - -
MEMORY CHIPS QMOS/BULK (ALL CASES)
TOTAL CCST 55247. 7561619, 7616866.
MEMORY ECB IsT (ALL CASES)
TOTAL COST 164. 34680. 34844,
SYSTEM COST SUMVARY
TOTAL COST, WITH INTEGRATICN COST
PROGRAM COST($ 1000) CEVELOEMENT PRODUCTION TOTAL COST
ENGINEERING
DRAFTING 7. 10. 17.
CESIGN 24. 36. 60.
SYSTEMS 3, - 3.
PROJ MOMT 2. 2262. 2269.
DATA 2. 814. 816.
SUBTOTAL (ENG) 43. 3122. 3165.
MENUFACTURING
PRODUCTION - 31136. 31136.
PROTOTYEE, 110. - 110.
TOOL~TEST EQ 11. 422, 434.
DURCH ITEMS 55247. 7561619. 7616866.
SUBTOTAL (MFG) 55368. 7593177. 7648545.
TOTAL, COST 55411. 7596299. 7651710.
COST RANGES DEVELQEMENT PRODUCTIQN TOTAL QOST
FROM 55394. 7592515. 7647908.
CENTER 55411. 7596299. 7651710.
0 55433. 7600473, 7655906.

“ ‘,"d' :'-:,'b:"d

D LSTALT RSP .
L}

e Aok Ko Ao Aok Aok etk ek Aok sk sk s sk ok ok Sk ok ok ok skok deok s Ak s A A ok sk sk ek sk ek s A bk e sk ek ke ek ok

* SYSTEM WI 2.57 SYSTEM WS 0.57 *
* SYSTEM SERIES MIBF HRS. 1684 AV SYSTEM COST n3 =+
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GFE ITEM

PROGRAM COST($ 1000) DEVELOPMENT PRODUCTICN TOTAL COST L n
CHASSIS (ALL CASES) L
TOTAL COST - - - e
SCFTWARE DEVELOPMENT (ALL CASES) St
TOTAL CCST 11895. - 11895, oK

4

1

QOST SUMMARY
SAR IsT (CASE 4)
PROGRAM QST ($ 1000) CEVELOPMENT PRODUCTION TOTAL QCST

SAR IST (CASE 4)
TOTAL COST 174. 4401. 4575. -

TOTAL QUST, WITH INTEGRATICN COST __.,_J
PROGRAM COST($ 1000) DEVELOPMENT PRCDUCTICN TOTAL QOST o
ENGINEERING ot
DRAFTING 48, 41, 89. Rty

CESIGN 157. 144. 301.

SYSTEMS 17. - 17.

PROJ MaMT 20. 2725. 2745.

DATA 6. 986. 992, —

SUBTOTAL (ENG) 249, 3895. 4144. ~

MANUFACTURING
PRODUCTICN - 35554. 35554, :
m 1280 - 128. - J
TOOL~TEST BQ 15. 478. 492, e
PURCH ITEMS 237780. 7644977. 7882757. -

SUBTOTAL (MFG) 237922. 7681008. 7918929, -]
i

TOTAL QOST 238171. 7684903. 7923074.

QCST RANGES DEVELOPMENT PRCDUCTION TOTAL CQOST N
FROM 238133, 7680376. 7918508. B

CENTER 238171, 7684903. 7923074, X

™ 238222, 7689962, 7928184. -

€ ";

oot dededede dode dede dede dede dode deok ok dede Fde dedk e ek dededee Jede e dek dede ek ek dede de e deok ek e sk e ek ek e desk dedke ek j‘»f‘_’.‘-’_‘

* SYSTEM WI 241.36 SYSTEM WS 105.80 * -

* SYSTEM SERIES MIBF HRS. 526 AV SYSTEM CCST 7685 * R
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THRU-PUT QOSTS

3 SOFTVRARE 11895.

' TOTAL THRU-PUT COST 11895.
- TOTAL QUST, WITH THRU-PUT OOSTS
. CEVELOPMENT

LU 250066.

i ICC OF SAR PROCESSCR, [EFAILT CASE 4

GLOBAL FIIENAME: GLOB.95
LIFE CYCIE FILENAME: SAR4.IC
DEPIOYMENT FILENAME: SAR.DP

MIBF

RATIO (1)
RATIO (2)
RATIO (3)

526 MITR-IRC 1.8

-“MCOUE 3.6

BQUIBMENT

SUPFCRT BQUIFMENT
SUPPLY

SUPPLY ADMIN.
MANPORER wick
CONTRACTCR SUPFORT wk
OIHER 0

DEVELCPMENT
250066

Ktk
sekk
Rekek

TOTAL COST 250066

- CPERATIONAL AVAILABILITY  0.9997
- SUPECRT EQUIPMENT ORG

2 NOMEER OF SETS 10
UTILIZATION 11.453
IOAD FACTOR 0.382

i SUPPLY
" INITIAL
e BALANCE QCNSUMED

UNITS
114
667.21

_-\,-"

-
s
«

..........

MDD TYPES/LRU
PART TYPES/IRU 3

LI }
L
-

T TG TaT . TR mo
.................

TOTAL QOST
11895.

PRCOUCTICN
0.

0. 11895.

PRCDUCTICN
7684903.

TOT2L QOST
7934969.

68 LRUS/BQUIP 1

IRU FAIL ALLCW O

PRODUCTION
7555651
38037
990187

SUPECRT
Tk
57055
6617654
85 1745 1830
*kk 2000 2000
*nk 0 0
fadall 1718 1718

TOTAL
7805717
95092
7607841

8583960 6680172 15514198

CPERATICNAL: READINESS 0.9926
INT CEFCT
0 0
0.000 0.000
0.000 0.000

MCODULES/TYPE
17
0.00

PARTS/TYPE
323
4377.300
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Section 2

Input Data and Output Data for Maintenance Level Analysis

The case, 95% of all PCBs are repaired at organization, is the
default case. For this case, 5% of removed PCBs are repaired at

organization; 95% of removed PCBs are repaired at depot.
Table XXXV1II gives value changes to default input variables for

analysis of maintenance level.

TABLE XXXVIII

Changes to Default Values for Analysis of Maintenance Level

n Model/
L’.‘ Variable Name value ij Case |File or Mcde Source
: MO .05 00 All L/Global Assumed

L/Global

..............
....................
......

“ . . .
>, . .
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SYSTEM COST SOMARY, DEFAILT CASE 1
PROGRAM OCST($ 1000) CEVELOEMENT PRODUCTION TOTAL COST L
ENGINEERING NN
mm 480 41- 89. ‘.“-'- -
CESIQN 155. 145. 300.
SYSTEMS 17. 17.

PROJ MaMT 20. 2724. 2744.

: DATA 6. 985. 992.
SUBTOTAL (ENG) 246. 3896. 4142.
MANUFACTURING
PRODUCTICN - 35556. 35556.
PROTOTYFE 128. - 128. R
TOCL~TEST BQ 15. 478. 492. N
PURCH ITEMS 412833, 7645819, 8058651.
SUBTOTAL (MFG) 412975. 7681851. 8094826. -
]
TOTAL COST 413221, 7685747. 8098968. S
QOST RANGES CEVELOPMENT PRODUCTION TOTAL COST =
FROM 413183. 7681220, 8094403,
CENTER 413221, 7685747, 8098968. ]
70 413272. 7690807. 8104079.
£ ._‘j. -

dedede deode e dode dede ek e dede e dekedede dede dede dede dede ek dede ek e dede dede dee dede ek dede dede dedodede dede deck dededode Kok ke dek dek e

* SYSTEM WI 241.36 SYSTEM WS 105.80 *
* SYSTEM SERIES MIBF HRS. 510 AV SYSTEM OCST 7686 * o

Jedededededededodededkdededok ki hddkkk kR ik ki Rdhki iRk ikl Riddkdddddkdkikkihkkikikikihhkiihihkk

THRU-PUT (QOSTS DEVELOPMENT PRCDUCTION TOTAL QCST LT
SOFTWARE 11895. 0. 11895. AN

.TOTAL QOST, WITH THRU~PUT COSTS
. CEVELOPMENT PRCDUCTION TOTAL QOST
425116. 7685747, 8110863.
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s
IC OF SAR PROCESSCR CASE 1, 958 OF ALL KB REPAIRS AT [ERCT s
GICBAL FIIRNAME: GLOB.05 =
LIFE CYCLE FIIENAME: SARL.IC
DEPLOYMENT FIIENAME: SAR.P R
MIBF 510 MITRIRU 1.8 MD TYPES/LRJ 68 LRUS/BUIP 1
RATIO (1) 1.00 -MDULE 3.6 PART TYPES/IRU 3 IRU FAIL ALLGW 0 S
RATIO (2)  1.00 )
RATIO (3)  1.00 ,
PROGRAM COST CEVELCPMENT ~ BRODUCTICN ~ SUPECRT TOTAL S
EQUIPMENT 425116 7552234 ek 7977350 B
SUPPORT EQUIEMENT wiek 38037 57055 95092 »
SUPPLY won 1216326 8463918 9680244 o
SUPPLY ADMIN. ok 85 1745 1830 S
MANFOWER ok e 640 640 L
CONTRACTCR SUPFORT ek deeke 0 0 -
OTHER O 2052 2052 L
o .
TOTAL COST 425116 8806682 8525410 17757208 IR
CPERATICNAL AVATIABILITY  0.9997 CPERATICNAL REPDINESS 0.9924 I
SUPEORT EQUIPMENT oG INT DEFOT e __
NIMEBER OF SETS 10 0 0 el
UTILIZATION 0.622 0.000 0.009 T
IOAD FACTOR 0.021 0.000 0.000
SUPPLY WNITS MODULES/ TYPE PARTS/TYPE
INITIAL 118 43 32
EALANCE CONSUMED ~ 687.59 170.84 223.103 :
178
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SYSTEM QOST SIMARY, DEFAULT CASE 2
: TOTAL COST, WITH INTEGRATION CCST
| PROGRAM CCST($ 1000) CEVELOPMENT PRCDUCTICN TOTAL QCST st
. ENGINEERING '
DRAFTING 10. 6. 16.
CESIN 33. 23. 56.
: SYSTEMS 3. - 3.
¢ m m 3- 80. 83- : .
DATA 1. 30. 31. ;
SUBTOTAL (ENG) 50. 140. 190. ,
MANUFACTURING n
PRODUCTION - 693. 693. -
PROTCTYPE 3. - 3. :
TOOL~TEST BQ 1. 12. 13. N
PURCH ITEMS 182533. 83358. 265891. S
SUBTOTAL (MFG) 182536. 84064. 266600.
TOTAL COST 182586. 84204. 7710888.
SUBTOTAL (MFG) 64554. 7682950. 7747505, _
TOTAL QOST 64780. 7687088. 7751867. "
QOST RANGES DEVELOPMENT PRCDUCTION TOTAL QOST -
FROM 64744, 7682654. 7747397, -
CENTER 64780. 7687088. 7751867. =
T0 64829. 7692006. 7756835. L
Yedede dede dedk dede Krde dede do ok ok vk ek Fede e dovke dedk J vk devde dedk Te de sk dede Fedk derde de vk Kok Sede e e Ko dede Aok v ke ke Kk dek dek Aok k :
* SYSTEM WT 241.38 SYSTEM WS 105.80 * L
* SYSTEM SERIES MIBF HRS. 530 AV SYSTEM QCST 7687 *
dedode voTe Je o e d K o e v F F do e de e T K e g Fe vk Je sk Fede Je do d e Jede v ve v de ek Fe e T d Fe e Tk v v %k e e e v Yo vk sk v vk vk vk e vk v ok ok b gk b sk ok ok
THRU-PUT CCSTS DEVELOPMENT PRODUCTION TCTAL COST f .
SOFTWARE 11895. 0. 11895. L
TOTAL THRU-PUT COST 11895. 0. 11895, :
TOTAL CCST, WITH THRU-PUT COSTS
DEVELOPMENT PRCDUCTION TOTAL QCST L
76675, 7687088. 7763762. 2
]
179
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AD-A147 798 LIFE CYCLE COST HDDEL FDR YERY HIGH SPEED INTEGRRTED 3/3
CXRCUITS(U) AIR FORCE INST OF TECH HRIGHT PHTTERSON AFB
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LOC OF SAR PROCESSCR CASE 2, 95% OF KCB REPAIRES AT DEFOT

GICEAL FIIENAME: GLOB.05

LIFE CYCLE FILENAME
CEPLOYMENT FILENAME

MIBF 530

RATIO (1) 1.00
RATIO (2) 1.00
RATIO (3) 1.00

PROGRAM CCST
EQUIPMENT

SUPPCRT BQUIPMENT

SUPPLY
SUPPLY ADMIN.
MANFOWER

CONTRACTCR  SUPFORT

CTHER
TOTAL QOST

OPERATIONAL AVAITABILITY 0.9997

SUPFORT BQUIPMENT
NOMBER OF SETS

UTTLIZATION
IOAD FACTOR

SUPFLY
INITIAL

BALANCE CONSUMED

PR

MITR-IRU 1.8 MDD TYPES/IRU

SAR2.IC
SAR.OP

68
3

LRUS/EQUIP

-MDULE 3.6 PART TYPES/IRU IRU FAIL ALICOW

CEVELCPMENT  PRCDUCTION
76675 7553395

SUPPCRT

*hk

TOTAL
7630070

fadall 38037 57055 95092
*k 1186857 8174613 9361470
bl 85 1745 1830
hk ek 616 616
Ak Ak 0 0

0 baiaded 1976 1976

76675 8778374 8236005 17091054

CPERATIONAL READINESS 0.9930

aRG

10
0.598
0.020

WNITS

114
661.63
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SYSTEM (OST SOMMARY, [CEFAULT CASE 3

TOTAL COST, WITH INTEGRATICN QOST

PROGRAM QOST($ 1000) CEVELOPMENT PRODUCTION TOTAL COCST
ENGINEERING
DRAFTING 48. 42, 89.
DESIQN 156. 146. 301.
SYSTEMS 17. - 17.
PROJ MGMP 20, 2727. 2746.
. DATA 6. 986. 993,
SUBTOTAL (ENG) 247. 3900. 4147,
MANUFACTURING
t PRODUCTION - 35579. 35579.
PROTOTYPE 128. - 128.
TOOL~TEST EQ 15. 478. 493,
PURCH ITEMS 239468. 7647316. 7886783,
SUBTOTAL (MFG) 239610, 7683372, 7922981.
TOTAL COST 239857, 7687273. 7927129,
QOST RANGES CEVELOPMENT PRODUCTION TOTAL COST
FROM 239819. 7682742, 7922560.
CENTER 239857, 7687273. 7927129.
™ 239908. 7692336. 7932243,

RAXARRRARERRARER KRR AR IR RTREIRERXXRARTLR XTI AR AR AR AR KR RA AR KR AR AR AR IR AR Akddkd

1 * SYSTEM WI 241.37 SYSTEM WS 105.80 *
* SYSTEM SERIES MIBF HRS. 528 AV SYSTEM QOST 7687 *

AARARERIRERAARRINRRRRER AR RRRRNRRLRR AR AERXARARREXRAAR AR AR AR ARARARRR TR AL h

1 THRU=-PUT QOSTS CEVELOPMENT PRODUCTION TOTAL OO6T
d m 11895' 0. 118950
TOTAL THRU-PUT QCST 11895. 0. 11895.
i TOTAL GOST, WITH THRU-PUT CCSTS
} DEVELOPMENT PRODUCTICN TOTAL QCST
g 251752, 7687273. 7939024.
I
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ICC OF SAR PROCESSCR CASE 3, 95% CF ALL FCB REPAIRS AT DEFCT

P

GLCBAL FIIENAME: A(B.0S
: SAR3.IC
CEPIOYMENT FILENAME: SAR.[P

RS
f Ty e

viasts oty b

MITR-IRU 1.8 MXD TYPES/IRU 68 LRUS/BQUIP 1
-MDULE 3.6 PART TYPES/LRU 3 IRUFAIL ALLON O

)
R A A

N W

5.t
24
il

883 %
L}
b

o res e

L T
M N . N . e L4

: [ eat o e
PR YRS TS el

. PROGRAM QOST DEVELOPMENT PRCDUCTICN SUPECRT TOTAL
= BQUIPMENT 251752 7557621 il 7809373
SUPPCRT EQUIPMENT Tedk 38037 57055 95092

: SUPPLY ik 1186857 8204353 9391210
F SUPPLY ACMIN. e 85 1745 1830
: MANECOWER ik ek 618 618
CONTRACTCR  SUPFORT Tk ik 0 0 T
OTHER 0 hk 1983 1983 iend

TOTAL QOST 251752 8782600 8265754 17300106

= OPERATIONAL AVAILABILITY 0.9997 CPERATIONAL READINESS 0.9928

SUPFCRT BQUIPMENT RG INT DEFCT
NUMBER OF SETS 10 0 0
UTTLIZATION 0.601 0.000 0.000
IOAD FACTOR 0.020 0.000 0.000

SUPELY INITS MODULES,/ TYPE PARTS/TYPE L
INTTIAL 114 a3 31 -
BALANCE CONSUIMED ~ 664.41 163.62 215.496
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SYSTEM QOST SOMARY, DEFAULT CASE 4

: _._1
TOTAL QOST, WITH INTEGRATIQN COST 2y
PROGRAM COST(S 1000) DEVELOPMENT PRCDUCTION TOTAL COST
-

.‘
DRAFTING 48. 41. 89. R
CESIQN 157. 144. 301. ASS

SYSTEMS 17. - 17. ]

PROJ MMT 20. 2725. 2745. LT

. DATA 6. 986. 992. o
SUBTOTAL (ENG) 249. 3895. 4144. :

MANUFACTURING
PRCOOCTION - 35554. 35554.
PROTOTYPE 128. - 128.
TOCOLA~TEST EQ 15. 478. 492.
PURCH ITEMS 237780. 7644977. 7882757,
SUBTOTAL (MFG) 237922, 7681008. 7918929.

v N
AT
Eo T
[ -
PR TN N

h

R y SRR VRIS
i P B
v ey e

. ’ PRETERY I RY R
. e

s A e

.
§ 4 a

’

'
»
Y

r
Aad

TOTAL QOST 238171. 7684903 . 7923074.

QOST RANGES DEVELOPMENT PRCDUCTICN TOTAL QOST
FROM 238133. 7680376. 7918508.
CENTER 238171. 7684903. 7923074.
T0 238222. 7689962. 7928184.

e A A A A A A e A ek et et ek Ak A A A ek e e e ot A ek Ak ek ok ok ok e dee e ek ek ok _ }
* SYSTEM WT 241.36 SYSTEM WS 105.80 * i
* SYSTEM SERIES MIBF HRS. 526 AV SYSTEM QOOST 7685 * ;

RRRARARAR TR RTAN R AR IR TR AR AR ITAAIAER TR RRN ARk kR R dd R AR hdk hk Sk hdhhk ARk dd ke kkRkkk

THRU-PUT QOSTS DEVELOPMENT PRODUCTICN TOTAL CCST
SOFTWARE 11895. 0. 11895.

TOTAL THRU-PUT OOST 11895. 0. 11895, S
TOTAL COST, WITH THRU-PUT OCSTS

DEVELOBMENT PRODUCTICN TOTAL CCST N
250066. 7684903. 7934969. oSe
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I0C CF SAR PROCESSCR CASE 4, 95% COF ALL FCB REPAIRS AT DERCT

GIOBAL FILENAME: GLOB.0S
LIFE CYCIE FILENAME: SAR4.IC
DEPIOYMENT FILENAME: SAR.[P

MIBF 526 MITR-IRU 1.8 MDD TYPES/LRU 68  LRUS/BQUIP 1 <
RATIO (1) 1.00 -MDUIE 3.6 PART TYPES/LRU 3 IRUFAILAUOW O T
RATIO (2)  1.00 T
RATIO (3)  1.00

PROGRAM QOST DEVELCPMENT  PRODUCTION SUPFCRT TOTAL

85 1745 1830 -
e 620 620 L

SUPPLY ADMIN.
MANPOWER

CONTRACTCR  SUPFORT Rk bl 0 0
COTHER 0 fekesk 1990 1990 ‘_t’:.j:'_‘

EQUIPMENT 250066 7555651 okl 7805717
SUPPCRT BQUIPMENT faleiad 38037 §7055 95092 ]
SUPPLY drick 1186633 8230661 9417294 - ]
*kk
*k

TOTAL QOST 250066 8780406 8292071 17322543

OPERATIONAL AVAILABILITY 0.9997 CPERATICNAL READINESS 0.9926

SUPFCRT BQUIPMENT CRG INT DEPCT
NUMEER OF SETS 10 0 0
UTILIZATION 0.603 0.000 0.000
10AD FACTCR 0.020 0.000 0.000

SUPFLY UNITS MODULES/TYPE PARTS/TYPE
INITIAL 114 43 31
BALANCE CCNSIMED  667.21 164.37 216.383
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Section 3 it

{

Input Data and Output Data for Substrate Type Analysis d

The bulk silicon substrate case {case 1) is the default case.

Table XXXIX gives value changes to default input variables for -
substrate analysis.
TABLE 30XIX 5

Changes to Default Values for Substrate Analysis

;L.L.J

[ ES |

Model/

Variable Name Value ij Case |(File or Mode Source

E AUC1 2932.45 14 1 H/3 PRICE M
Output RN

AUC1 2662.42 24 1 H/3 PRICE M
Output

RN

|

o

-

. .'J
v

°d
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PURCHASED ITEM

PROGRAM QOST($ 1000) DEVELOPMENT PRCDUCTION TOTAL QOST
SIGNAL PROCESSOR-QMOS/SCS  (CASE S5:SUBSTRATE ANALYSIS)

TOTAL QOST 179388. 5865. 185253.
CIRCUIT CARD (CASE 1)

TOTAL QCST - - -
QONTRCL, PROCESSOR-OMOS/SOS  (CASE 5:SUBSTRATE ANALYSIS)

TOTAL QCST 177641. 10650. 188291.
MEMCRY CHIPS QMOS/BULK (ALL CASES)

TOTAL QOST 557. 76180. 76737.
IOGIC PCB I&T (CASE 1)

TOTAL QOST 52. 840. 892.

SYSTEM CCST SOMMARY

TOTAL COST, WITH INTEGRATION COST

PROGRAM QCST($ 1000) DEVELOPMENT PRCDUCTION TOTAL QCST
ENGINEERING
DRAFTING 10. 7. le.
CESIGN 32. 23. S5.
SYSTEMS 3. - 3.
PROJ MaMT 3. 80. 83.
DATA 1. 30. 3.
SUBTOTAL (ENG) 49. 139. 189.
MANUFACTURING
PRODUCTICN - 688. 688.
PROTOTYPE 3. - 3.
TOOL~TEST BQ 1. 12. 13.
PURCH ITEMS 357585. 92695. 450281.
SUBTOTAL (MFG) 357589. 93396. 450984.
TOTAL QOST 357638. 93535. 451173.
QCST RANGES DEVELOPMENT PRCDUCTION TOTAL QOST
FROM 357633. 93420. 451083.
CENTER 357638. 93535. 451173.
TO 357644. 93668. 451312,

Redek Sk Arie A A e Aok ke Sk Rk ok drdk R dedk A dedde sk deok Ak s sk ok ok Aok v ek ok dek Ak AR AR AR AR AR A ARk

* SYSTEM WI 2.13 SYSTEM WS 0.57 *
* SYSTEM SERIES MIBF HRS. 2720 AV SYSTEM QCST 94 *

Tedededede s Jo e e e e o e s o e Ao e o gk e g I Je de s e A e g e Fed K de de vk e e oo ok e de e e e e el de o e ek o e Fo ok e e e ok Aok ke
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G'E ITEM

PROGRAM QOST($ 1000) CEVELCPMENT PRODUCTICN
CIRCUIT CARD (ALL CASES)

TOTAL QCST - -
MEMCRY CHIPS OMOS/BULK (ALL CASES)

TOTAL QCST 55247. 7561619.
MEMORY FCB IS&T (ALL CASES)

TOTAL QCST le4. 34680.

SYSTEM QOST SUIMARY

TOTAL QUST, WITH INTEGRATION COST
PROGRAM COST($ 1000) CEVELOPMENT PRCDUCTICN
ENGINEERING
DRAFTING 7. 10.
DESIGN 24. 36.
SYSTEMS 3. -
PROJ MMT 7. 2262.
DRTA 2. 814.
SUBTOTAL (ENG) 43. 3122.

MANUFACTURING
PRODUCTION -
PROTOTYPE 110.
TOQOL~TEST -EQ 1. 422,
PURCH ITEMS 55247. 7561619.
SUBTOTAL (MFG) 55368. 7593177.

31136.

TOTAL QOST 55411. 7596299.

COST RANGES CEVELOPMENT PRODUCTICN
FRM 55394. 7592515.
CENTER 55411. 7596299.
0 55433, 7600473.

TOTAL QOST

7616866 .
3484.

31136.
110.

434 *
7616866.
7648545.

7651710.

TOTAL QOST

7647908.
7651710.
7655906.

i ek Rk R Ak dede Ak dede drdededk de sk dese ookt dedk devk dede Ak Aok et e ded Ak sk dede ek Ak deok dededrk drke Ak ek drk ek kA dede ok

0.57 *
* SYSTEM SERIES MIBF HRS. 1684 AV SYSTEM CCST 13

AERRRAXRAXARTNRARRARRRREAXRRERTAXRRARR TR I ARAARRRA KR TR Al d s ddk ke Rk fdr i didk

* SYSTEM Wr 2.57 SYSTEM WS
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G'E ITEM
PROGRAM QCST($ 1000) CEVELOFMENT PRCDUCTICN TOTAL COST
CHASSIS (ALL CASES)
TOTAL COST - - -
SCFTWARE CEVELOEMENT (ALL CASES)
TOTAL COST 11895. - 11895.
SYSTEM COST SUMMARY
DATE 13-~JUL~84 TIME 16:14 FILENAME: SARIT.13
(184170)
SAR IST (CASES 1 & 3)
PROGRAM QOST($ 1000) CEVELOEMENT PRCDUCTION TOTAL COST
SAR IsT (CASES 1 & 3)
TOTAL COST 172. 4409, 4581.

SYSTEM COST SUMMARY

TOTAL QOST, WITH INTEGRATION QOST

PROGRAM COST($ 1000) DEVELOBVENT PRODUCTICN TOTAL COST
ENGINEERING
DRAFTING 48. 41. 89.
CESIN 155. 145. 300,
SYSTEMS 17. - 17.
PROJ MGMT 20. 2724. 2744.
DATA 6. 985. 992,
SUBTOTAL (ENG) 246. 3896. 4142.
MANUFACTURING
PRODUCTION - 35556. 35556.
PROTOTYPE 128, - 128,
TOLATEST BQ 15. 478. 492,
PURCH ITEMS 412833, 7654314. 8067146.
SUBTOTAL (MFG) 412975, 7690346. 8103321.
N A
TOTAL COST 413221. 7694241, 8107463. RN
(QCST RANGES DEVELOEMENT PRODUCTICN TOTAL COST N
FROM 413183. 7689714. 8102897. S |
CENTER 413221, 7694241. 8107463. -
0 413272, 7699301. 8112573,
Fedededrde dede deode drode sk ek Ak Al el sk A ek Ar sk dedk o s dedke Ak e ok sk ek ek e ek e ok ek e ek ek ek Rk AR kR kek A
* SYSTEM WI 241.36 SYSTEM WS 105.80 *
* SYSTEM SERIES MIBF HRS. 510 AV SYSTEM COST 7694 *
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PRCDUCTION
0.
0.
0.
0.

TOTAL QCST
0.
0.
11895.
0.

CEVELOPMENT
0.
0.
11895.
0.

THRU~PUT (CSTS
FIELD SUPPCRT
FIEID TEST
SOFTWARE
OIHER
TOTAL THRU~-PUT QOST 11895. 0. 11895.
TOTAL QCST, WITH THRU-EUT CCSTS
DEVELOPMENT
425116.

TOTAL QOST
8119338.

PRCDUCTION
7694241.

I0C CGF SAR PROCESSCR CASE 1,05 SUBSTRATE ANALYSIS

GLCEAL FIIENAME: GL(B.95
SARS.IC
&." {-DP

68
3

LRUS/BQUIP 1
IRU FAIL ALLOW O

MITR-IRU 1.8 MDD TYPES/LRU
-MCDULE 3.6 PART TYPES/LRU

SUPECRT

*kk

57055

TOTAL
7985207
95092

CEVELOPMENT  PRCDUCTICN
425116 7560091
*ik 38037

SUPPLY ol 1028457 6796481 7824938
SUPPLY ADMIN. ik 85 1745 1830
MANPCWER wkk fadaded 2062 2062
CONTRACICR  SUPFORT badulad ik 0 0
COTHER 0 Tk 1772 1772

TOTAL QCST 425116 8626670 6859115 15910901

CPERATIONAL AVAILABILITY  0.9997 CPERATICNAL READINESS 0.9924
DEFCT

0
0.000
0.000

SUPFORT EQUIPMENT
NIMBER CF SFIS
UTILIZATICN
I0AD FACTCR

CRG
10
11.811

0.394

INT
0
0.000
0.000
MCOULES/TYPE PARTS/TYPE
332
4515.019

SUPFLY
INITIAL
BALANCE CCANSUMED

UNITS
118

687.60 0.00
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Section 4
Input Data and OQutput Data for CAD Analysis

The CAD case for custom design, case 1 (little CAD) and the case for
gate array design, case 2 (extensive CAD) are the default cases. Output K
data for chip costs are presented first which are followed by LCC output ;“'_:
data for cases 1 and 2, f;:.;;,-g
Table XL gives value changes to default input variables for little, ”-I';;
- -3
some, and extensive CAD. e
e
TABLE XL ]
Changes to Default Values for Little, Some, and Extensive CAD Analysis - QT
Model/ o]
Variable Name Value ij |Case [File or Mode | Source ]
CADFAC 1.2 11 1 M Extensive e
CADFAC 1.2 23 | 1 M Extensive
CAD idnad
—d
CADFAC 1.0 11 1 M Some CAD w
CADFAC 1.0 23 | 1 M Some CAD
CADFAC 1.0 31| 2 M Some CAD RRa
CADFAC 1.0 43 | 2 M Some CAD 7]
CADFAC .8 | 2 M Little CAD 5
CADFAC .8 a3 | 2 M Little CAD o
DESRPT .15 1m |1 M Extensive ConE

DESRPT .15 23 1 M Extensive
CAD
190
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TARLE XL

Changes to Default Values for Little, Some,
and Extensive CAD Analysis (Continued)

O AR

Variable Name

Value

ij

Model/
File or Mode

Source

DESRPT
DESRPT
DESRPT
DESRPT
DESRPT
DESRPT

.15
.15
.5
.5
.5
.5

11
23
31
43
31
43

N
2 X X 2 =2 R

Some CAD
Some CAD
Some CAD
Some CAD
Little CAD

Little CAD

DMULT

DMULT

DMULT

DMULT

NS ATREREATREAENE
"llr AR
N . . v N S

. RETRRR R

DMULT

T
.

DMULT

wiC
¥

e DMULT

DMULT

21305.431

21924.429

29980.465

30943.488

2098.8568

1242.0917

3307.2052

1957.3919

11

23

11

23

31

43

31

43

1 H/3

1 H/3

1 H/3

1 H/3

2 H/3

2 H/3

2 H/3

2 H/3

PRICE M
Qutput

PRICE M
Output

PRICE M
Qutput

PRICE M
Output

PRICE M
Output

PRICE M
Output

PRICE M
Output

PRICE M
Qutput

e ITERAT

.............

11
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TABLE XL

Changes to Default Values for Little, Some, .
and Extensive CAD Analysis (Continued) -

[ Model/ S
Variable Name Value ij Case |File or Mode Source e

ITERAT 0] 23 1 M Extensive
CAD

ITERAT 11 1 Some CAD

ITERAT 23 1 Some CAD

ITERAT 31 Some CAD

ITERAT 43

[ 8]

Some CAD

N R R
2 X X T R

ITERAT 31

N

Little CAD 1

ITERAT 2 43 2 M Little CAD

NEWCEL .05 11 1 M Extensive
CAD

NEWCEL .05 23 1 M Extensive i
Some CAD -
b N Co

- NEWCEL .50 23 1 Some CAD

NEWCEL .50 31 2 Some CAD

NEWCEL .50 43 2 Some CAD

NEWCEL .85 31 2 Little CAD

T T X X X X

NEWCEL .85 43 2 Little CAD

192 i;:::::;.
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CAD ANALYSIS FOR SIQNAL PROCESSOR AND (CNIROL PROCESSOR CHIPS
PROGRAM COST ($  1000.) =
TITLE ENGINEERING  PROTOTYPE  PRODUCTICN  TOTAL CCST '
SIGQWAL PROCESSCR VHSIC CHIP-BIFCLAR 3D/STL (CAD ANALYSIS~EXTENSIVE) I
87221. 29 L] 4095. 9]345 L) ..:-..'
SIQWL PROCESSCR VESIC CHIP-BIFIAR ISL/OML (CAD ANALYSIS-EXTENSIVE) e
87221. 2. 4288. 91538.
SIQNAL PROCESSCR VHSIC CHIP~QMOS/BULK (CAD ANALYSIS-EXTENSIVE)
87221. 2. 2165. 89415.
SIQWAL PROCESSCR VHSIC CHIP~OMOS/SOS (CAD ANALYSIS~EXTENSIVE) -
87221. 29. 5865. 93115. ‘o
SIQWAL PROCESSCR VHSIC CHIP-NMOS (CAD ANALYSIS-EXTENSIVE)
87221. 29, 2558. 89807. :
SIQWAL PROCESSCR VHSIC CHIP-BIRCIAR STL (GA: CAD ANALYSIS-LITTIE) -
10722. 370 3253. 140B . =

SIGNAL PROCESSCR VHSIC CHIP~-OMOS/BULK (GA: CAD ANALYSIS-LITTLE)
8017. 37. 3019. 11073.

CQCNTROL PROCESSCR VHSIC CHIP-BIPCIAR 3D/STL (CAD ANALYSIS-EXTENSIVE) -
86020. 29. 7206. 93254. -

CQONTROL PROCESSCR VHSIC CHIP-BIFCIAR ISI/OML (CAD ANALYSIS-EXTENSIVE) ::':;.
86020. 29. 7691. 93740. B

QONTROL: PROCESSOR VHSIC CHIP-QMOS/BULK (CAD ANALYSIS~-EXTENSIVE) —
86020. 29, 3925. 89974. T

CQONTROL, PROCESSCR VHSIC CHIP-QMOS/SOS  (CAD ANALYSIS~EXTENSIVE)

86020. 29. 10650. 96699.
CONTROL PROCESSCR VHSIC CHIP-NCS (CAD ANALYSIS~EXTENSIVE) :
86020. 2. 5221. 91269. ==
CONTROL PROCESSOR VHSIC CHIP-BIFCIAR STL (GA: CAD ANALYSIS-LITTLE)
10575. 37. 5847, 16459. o

CONTRCL: PROCESSOR VHSIC CHIP-OMOS/BULK (GA: CAD ANALYSIS-LITITE)

10575. 37. 5421, 16033.
SIGAL PROCESSCR VHSIC CHIP-BIRCLAR 3D/STL (CAD ANALYSIS~SCME)
122748. 28. 4095. 126871. S

SIGWAL PROCESSCR VHSIC CHIP-BIFCIAR ISIL/OML (CAD ANALYSIS~-SCME)

122748. 28. 4288. 127064.

SN

R

s

S
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TITIE ENGINEERING PROTOTYPE  PRODUCTICN

SIQNAL PROCESSCR VHSIC CHIP-OMOS/BULK (CAD ANALYSIS-SCME)
122748. 28. 2165.

SIGAL PROCESSCR VHSIC CHIP-OMOS/SOS (CAD ANALYSIS-SCME)
122748. 28. 5865.

SIGNAL PROCESSCR VHSIC CHIP-NMCS (CAD ANALYSIS-SCME)
122748. 28. 2558.

SIGVAL PROCESSCR VHSIC CHIP-BIFCLIAR STL (GA: CAD ANALYSIS-SQME)
6793. 35. 3253.

SIGAL PROCESSCR VHSIC CHIP-OMOS/BULK (GA: CAD ANALYSIS-SCME)
6793. 35. 3019.

CONTROL PROCESSCR VHSIC CHIP-BIPCLAR 3D/STL (CAD ANALYSIS-SCME)
121418. 29. 7206.

QONTRCL PROCESSOR VHSIC CHIP-BIFGLAR ISL/OML (CAD ANALYSIS-SCME)
121418. 29. 7691.

QONTROL PROCESSOR VHSIC CHIP-OMOS/BULX (CAD ANALYSIS-SCME)
121418. 29. 3925.

QONTROL, PROCESSCR VHSIC CHIP-QMOS/SOS (CAD ANALYSIS~-SOME)
121418. 29. 10650.

CONTROL PROCESSOR VHSIC CHIP-NMOS (CAD ANALYSIS-SOME)
121418. 29. 5221.

CONTROL PROCESSCR VHSIC CHIP-BIPLAR STL (GA: CAD ANALYSIS~SQME)
6699. 35. 5847.

QONTROL PROCESSCR VHSIC CHIP-CMOS/BULK (GA: CAD ANALYSIS-SCME)
6699. 35. 5421.

194
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TOTAL QOST

124941,

128641.

125334.

10081.

9847.

128653.

129139.

125372.

132097.

126668.
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SYSTEM COST SIMARY CAD ANALYSIS-SOME (CASE 1)
TOTAL COST, WITH INTEGRATION COST prie
PROGRAM COST($ 1000) CEVELOBMENT PRODUCTIQN TOTAL COST .
5 ENGINEERING
- DRAFTING 48. 4. 89.
TESIQN 155, 145. 300. :
- SYSTRMS 17. - 17.
ﬁ _ PROT MGMT 20. 2724. 2744. RERSS
_ DATA 6. 985. 992. .
g SUBTOTAL (ENG) 246. 3896. 4142,
- PRODUCTION - 35556. 35556. S
h m 1280 - 1280 - -
3 TOOL~TEST EQ 15. 478. 492. -
- PURCH ITEMS 300027. 7645819. 7945845. S
- SUBTOTAL (MFG) 300169. 7681851. 7982020. X
' TOTAL COST 300415. 7685747. 7986163.
F ST RANGES CEVELOFMENT PRODUCTICN TOTAL QOST -
- FRM 300377. 7681220. 7981597. .
3 CENIER 300415. 7685747. 7986163.
. b 300466. 7690807, 7991273,

Sedededede ook dede dede desk e dede Jode de vk ke de e de e sk Fed dede dede sk e ek e Ak deke Ak dede ek e ek e de dede e Aok ek ek ek ke ok

* SYSTEM WI 241.36 SYSTEM WS 105.80 * o

* SYSTEM SERTES MISF HRS. 510 AV SYSTEM COST 7686 * ot

RREAERT AR TR AR AR ok AR R AR A AR R R AR IR kAR AR AR RTA AR TR R A ARTR A ARR T IR TR AL TR T IR Ak kA d :;fn;
SOFTWARE 11895, 0. 11895,
TOTAL THRU-PUT COST 11895, 0. 11895. w

TOTAL COST, WITH THR-PUT COSTS
DEVELOPMENT PRODUCTICN TOTAL COST T
312310. 7685747, 7998058. s
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IOC OF SAR PROCESSCR CASE 1 (CAD ANALYSIS-SOME)

o

GLCBAL FIIENAME: GL(B.95
LIFE (YCLE FIILENAME: SCADS.LI

5
3

4 ala’a o 2" a

MITR-IRU 1.8 MDD TYPES/LRU 68 LRUS/BQUIP 1
6 PART TYPES/LRU 3 IRUFAILALIOWN O

- [ B .
t . AL AR N 1" v
. . v B
t, . PR M S M MR
N el . AR R
PO SR AT A & PN

0
RATIO (1) 1.00
RATIO (2) 1.00
RATIO (3) 1.00

PROGRAM QCST CEVELCPMENT  PRODUCTION SUPFCRT TOTAL
BQUIPMENT 312310 7552234 fainied 7864544
SUPPCRT BQUIFMENT ik 38037 57055 95092
SUPPLY fadadel 1027530 6789418 7816948
SUFPLY ADMIN. falaiad 85 1745 1830
MANFOWER falalad hadadel 2062 2062
CONIRACICR SUPFORT badaded wkk 0 0
OTHER 0 ek 1772 1772

Do

TOTAL QOST 312310 8617886 6852052 15782248

L4
A

CPERATIONAL AVAILABILITY 0.9997 CPERATIONAL READINESS 0.9924

SUPFCRT EQUIPMENT RG INT D 220}
NOMBER OF SETS 10 0 0
UTTLIZATION 11.811 0.000 0.000
IOAD FACTCR 0.394 0.000 0.000

S

.
ISR A

SUPPLY NITS MODULES/TYPE PARIS/TYPE
INITIAL 118 18 332
BALANCE CCNSIMED  687.60 0.00 4515.019

LT
o

w
hY

.
.
"
5
* e
T
P
el
S
- A
e




SYSTEM OOST SOMMARY CAD ANALYSIS-FXTENSIVE (CASE 1)

TOTAL QOST, WITH INTEGRATION COST

PROGRAM CQOST($ 1000) CEVELOEMENT PRODUCTION TOTAL COST ¥
CRAFTING 48. 41, 89. l;.'-.';:l
m@ 1550 145. 300 . ": : ':l
SYSTEMS 17. - 17. e
PROJ MaMT 20. 2724. 2744, i
DATA 6. 985. 992.

SUBTOTAL (ENG) 246. 3896. 4142,

MANUFACTURING

PRODUCTION - 35556. 35556. KR
PROTOTYPE 128. - 128, -
TOK~TEST BQ 15. 478. 492, 5
PURH ITEMS 229103. 7645819. 7874922, ]
SUBTOTAL (MFG) 229245, 7681851. 7911096. R
.. ”_J
TOTAL QOST 229491. 7685747. 7915239, ,._4

QOST RANGES CEVELOPMENT PRODUCTION TOTAL QOST ==
FROM 229453, 7681220. 7910673, e
CENTER 229491. 7685747, 7915239. S
TO 229542, 7690807, 7920349. e

Kehede Ak drk dede drk dek ded dede dedk Rk Ak dede i dedk dedk dede dede dedk dedk dek ek ek dedk dede ded drk ekt bk dek ke Ak ek dok ke ok ok

* SYSTEM WL 241.36 SYSTEM WS 105.80 *
* SYSIEM SERIES MIEBF HRS. 510 AV SYSTEM QOST 7686 *

Rk Rk kkkhidkihkidihihikhh iR ik hhir XA RARARERkkkAdddikdiidhihihikkkhidkiik

THRU-PUT QOSTS DEVELOPMENT PRODUCTICN TOTAL QCST
SCFTWARE 11895. 0. 11895.
TOTAL THRU~PUT COST 11895. 0. 11895.

TOTAL QOST, WITH THRI~PUT CQOSTS
241386. 7685747, 7927134.
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I0C OF SAR PROCESSOR,CASE 1 (CRD ANALYSIS-EXTENSIVE)

RATIO (1) | 1.00
RATIO (2) 1.00
RATIO (3) 1.00

TOTAL CCeT 241386

CPERATICNAL AVAILABILITY 0.9997

SUPFORT BQUIPMENT
NIMEER OF SETS
UTILIZATION
I0AD FACTCR

RG
10
1.811

0.394

SUPPLY
INITIAL
BALANCE CCNSUMED

WNITS
118
687.60

198
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MITR-IRU 1.8 MDD TYPES/LRU
-MDULE 3.6 PART TYFPES/IRU

CEVELCPMENT  PRODUCTION

7552234
38037
1027530
85

*edede
kR
Yekedk

8617886

68

SUPPCRT
ek
57055
6789418
1745
2062

0

1772

6852052

LRUS/BCUIP
3 IRUFAIL ALLGN O

TOIAL
7793620
95092
7816948
1830
2062

0

1772

15711324

CPERATIONAL READINESS 0.9924

INT
0
0.000
0.000

MCOULES/TYPE

0.00

CEFCT
0
0.000
0.000

PARTS/TYPE

4515.019

1
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e
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'
a

e
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SYSTEM QOST SIMMARY CAD ANALYSIS-SOME (CASE 2)

TOTAL QOST, WITH INTEGRATION COST

PROGRAM COST($ 1000) CEVELOEMENT PRCDUCTION TOTAL COST
ENGINEERING
DRAFTING 42, 54. 9.
DESIN 140. 188. 328.
SYSTEMS 19. - 19.
) PROJ MGMT 18. 2855. 2874,
DATA 7. 1039. 1046.
| SUBTOTAL (ENG) 226. 4136. 4362. ]
4
MANUFACTURING 3
PRODUCTION - 36001. 36001.
PROTOTYPE 125, - 125. ;‘—"‘*‘
TOOL~TEST EQ 14. 477. 491. R
PURCH ITEMS 69366. 7646474. 7715839. -
SUBTOTAL (MFG) 69505. 7682950, 7752456
TOTAL COST 69731. 7687088. 7756818.
. QOST RANGES DEVELOPMENT PRODUCTICN TOTAL QOST
‘ FRM 69695. 7682654. 7752348,
; CENTER 69731. 7687088. 7756818,
™ 69780, 7692006. 7761786.

AR drde dedk drdedrkdede drde e dede dede dord ek drde e dede Aok dedk dede dededrk Ak dek ek dedke sk dedk ks dek ek Rk ik dek Rk ok ek ek

, * SYSTEM WI 241.38 SYSTEM WS 105.80 *

, * SYSTEM SERIES MIBF HRS. 530 AV SYSTEM QUST 7687 *
RARAANREARERREARRARARARAEEAAERAR AR RARRARRERRREREARRRTARR AT AR AR bR kddkk iy

. THRU~PUT COSTS DEVELOPMENT PRCDUCTICN TOTAL COST

s SOFTWARE 11895, 0. 11895.

TOTAL THRU-PUT COST 11895. 0. 11895.

TOTAL QOST, WITH THRU-PUT CCSTS

, DEVELCPMENT PRODUCTICN TOTAL COST

; 81626. 7687088. 7768713,

é
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IOC OF SAR PROCESSOR,CASE 2 (GA:CAD ANALYSIS-SOME)

GLCBAL FIIENAME: GICB.95

LIFE QXLE FILENAME: SCIS.
: SAR.DP

PROGRAM CCST

SUPPCRT EQUIFMENT
SUPPLY

SUPPLY ADMIN.,
MANFGWER
CONTRACTCR  SUPFORT
OIHER

TOTAL QOST

CPERATIONAL AVAILABILITY

SUPFORT BQUIPMENT
NUMBER OF SETS
UTILIZATION
LOAD FACTCR

SUPPLY
INITIAL
BATANCE CONSUMED

Pl S MR Y A A

\'.-.".-...-5'(\'.(...-%. CECS NN, P N A A UL AN R LI L R SUL
R AP I & AP N o o A AR L P P P P RN VLI Lt

GLI

MITR-IRU 1.8 MDD TYPES/LRU
-MDUE 3.6

PART TYPES/LRU

DEVELCPMENT  PRODUCTION
81626 7557856

*kk 38037

wkk 990409

wkk 85

sk *kk
*kk *k
0 *kk

81626 8586387

£.9997

CRG INT

10 0
1.37n
0.379

UNITS

114 17
661.63

0.000
0.000

MODULES/ TYPE
0.00

....................

68 LRUS/BUIP 1
3 ILRU FAIL ALIOW O

SUPPCRT TOTAL
ik 7639482
57055 95092
6574227 7564636
1745 1830
1985 1985

0 0

1706 1706

6636718 15304731

CPERATIONAL READINESS 0.9930

DEFCT
0
o.ow
0.000

PARTS/TYPE
321
4345.692

--------

---------------------
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. SYSTEM (OST SUMMARY CAD ANALYSIS-LITTIE (CASE 2) N
: o
i TOTAL COST, WITH INTEGRATION COST s
' PROGRAM COST($ 1000) CEVELOPMENT PRODUCTION TOTAL COST e
ENGINEERING
. DRAFTING 42, 54. 9.
:' ESIQI 1400 188. 328- .
- SYSTEMS 19. - 19. "
) PROJ MaMT 18. 2855. 2874. SR
. ) m 7. 1039- 1046. ‘ '.'f.1
- MANUFACTURING R
: PRODUCTION - 36001. 36001. RS
i PROTOTYPE 125, - 125. -
x m"’m m 14. 477. 491- " '-'1
. FURH ITEMS . 7646474, T723648. 4
N SUBTOTAL (MFG) 71314, 7682950. 7760265.
R TOTAL COST 77540. 7687088. T764627.
. QOST RANGES CEVELORMENT ~  PRODUCTION TOTAL COST
FRM 77504. 7682654. 7760157,
CENTER 77540. 7687088. T764627.
TO 77589. 7692006. 7769595.
i dedrie Rk A At dedk drde Kk R R o oA AR AR AR AR AR AR AR AR AR AN ARRR AT AR AR AR AR AR AR AR TR TR A A Ak d
2 * SYSTEM WI 241.38 SYSTEM WS 105.80 *
~ * SYSTEM SERIES MIBF HRS. 530 AV SYSTEM COST 7687 *
-:. RARRERRARREEERRRRRARETRRARAARAAAAARARANAARRREARRARR AR RRR A TR ARk ~hRkkhkRkhRR
I THRU-PUT QOSTS DEVELORMENT PRODUCTION TOTAL COST
s m 1.1895. 00 11895. .'._..: ;.
TOTAL THRU-BUT COST  11895. 0. 11895. B
. TOTAL QOST, WITH THRU-PUT COSTS i”'-j“.-'t;1
) CEVELOFMENT PRODUCTICN TOTAL COST
: 89435, 7687088. 7776522 ~ =3
- SNy
k3 =730
)
b o
: S
N “~
kY RS
" RS
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ICC OF SAR PROCESSCR CASE 2 (GA:CAD ANALYSIS-LITIIE)

GLOBAL FILENAME: GILCB.9S
LIFE YO E FILENAME: SCIL.GLI

CEPLOYMENT FIIENAME: SAR.DP
MIBF 530 MITR-IRU 1.8 MDD TYPES/LRU 68 LRUS/BUIP 1
RATIO (1) 1.00 -MODUE 3.6 PART TYPES/LRU 3 IRUFAILALLOW O
RATIO (2) 1.00
RATIO (3) 1.00
PROGRAM QST CEVELCPMENT  PRODUCTION SUPPCRT TOTAL
BQUIPMENT 89435 7557856 badad 7647291
SUPPCRT BQUIPMENT ik 38037 57055 95092
SUPFLY fadaid 990409 6574227 7564636
SUPFLY ADMIN. *kk 85 1745 1830
MANFCWER hadaded fadaied 1985 1985
CONTRACTCR  SUPFCRT fadadad fadadel 0 0
OTHER 0 *ik 1706 1706
TOTAL QOST 89435 8586387 6636718 15312540

CPERATIONAL AVAILABILITY 0.9997 CPERATIONAL READINESS 0.9930

SUPFORT ECUIPMENT CRG INT DERCT
NOMEER OF SETS 10 0 0
UTTLIZATION 11.371 0.000 0.000
I0AD FACTCR 0.379 0.000 0.000

SUPFLY WNITS MCDULES/TYFE PARTS/TYPE
INITIAL 114 17 a1
BAIANCE CCNSUMED  661.63 0.00 4345.692
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Input Data and Output Data for Chip Fabrication Yield Analysis

- e e
P
'y PEATIR A

Overall yields for cases 1 and 2 are the default values for yield f'.:';ilf
jf:j analysis. Output data for chip costs are presented first which are ' ‘
. X followed by LCC cutput data for cases 1 and 2. T

Tables XLI, XLII, and XLIII depict value changes to default input

variables for 1%, 5%, and 10% yield analysis respectively.

TABLE XLI
Changes to Default Values for 1% OVLYLD Analysis

.
N
.
A
.
RN
‘.
L
HIEN
A
I
)

".‘ etetete

PP A I I S S R SR s W ettt e Tt T T T T T et e e e e e e e T e e e, et
SIS T SO Tt s i N S S e O TR A O AT I L A L T T e T T et S
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Variable Name

Value

ij

Model/
File or Mode

Source

.1

.1

.1

.1

.l

11

23

31

43

53

1,2

Assumed
for 1%

Assumed
for 1%

Assumed
for 1%

Assumed
for 1%

Assumed
for 1%

AUC1

AUC1

AUC1

AUC1

$901.50

$405.75

$351.60

$405.75

11

23

31

43

203

H/3

H/3

H/3

H/3

PRICE M
Output

PRICE M
OQutput

PRICE M
Output

PRICE M
Qutput
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TABLE XLI

Changes to Default Values for 1% COVLYLID Analysis (Continued)

Model/
Variable Name Value i3 Case |File or Mcce Source
AUC1 $233.26 53 | 1,2 /3 PRICE M s
OQutput . : j
CPYID 1 11 1 M Assumed o
for 1% RN
CPYLD .1 23 | 1 M Assumed -
for 1% SRR
CPYLD .1 31 2 M Assumed
for 1% -
CPYLD .1 43 2 M Assumed T
for 1% S
CPYLD 1 53 | 1,2 M Assumed R
' for 1% s
)
DMULT 99494.176 | 11 1 H/3 PRICE M —1
Output s
DMULT 109452.25 |23 | 1 H/3 PRICE M I
Output : _“
DMULT 2465.8703 | 31 | 2 H/3 PRICE M s
Output
DMULT 109452.25 43 2 H/3 PRICE M
Output R
)
DMULT 8.837650 53 | 1,2 H/3 PRICE M
Output
OVLYID .01 1T 1 M 1% Yield .
OVLYLD .01 3 | 1 M 1% Yield .
e
OVLYLD .01 31 2 M 1% Yield ]
OVLYLD .01 43 2 M 1% Yield 7
OVLYLD .01 53 | 1,2 M 1% Yield L]
204
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TABLE XLII

Changes to Default Values for 5% OVLYID Analysis

| Model/
Variable Name Value ij Case [File or Mode Source

ASMYID .224 1 1 M Assumed R
i for 5% »

ASMY1ID 224 23 1 M Assumed
for 5%

ASMYLD .224 31 2 M Assumed R
ASMYLD .224 43 2 M Assumed e
for 5% S

ASMYLD .224 53 | 1,2 M Assumed R
for 5% )

AUC1 $411.00 11 1 H/3 PRICE M
Output

AUC1 $212.75 |23 | 1 H/3 PRICE M Lo
AUC1 $199.20 |31 | 2 H/3 PRICE M
Qutput RO

AUC1 $212.75 43 2 H/3 PRICE M "-“T'T—‘
Qutput S

AUC1 $125.78 53 1,2 H/3 PRICE M
Qutput

CPYLD .224 1 ] 1 M Assumed R
for 5% X

CPYLD .224 23 | 1 M Assumed
for 5% )

CPYLD «224 31 2 M Assumed
for 5%

, CPYLD «224 43 2 M Assumed
! for 5% ) .
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TABLE XLII

Changes to Default Values for 5% OVLYLD Analysis (Continued)

Model/
Variable Name Value i3 Case |File or Mode Source
. CPYLD .224 53 | 1,2 M Assumed
' for 5%
DMULT 218233.58 11 1 H/3 PRICE M
b Output
o DMULT 208743.83 23 1 H/3 PRICE M
- Qutput
[ DMULT 4352.4096 | 31 2 H/3 PRICE M
L* Output
- DMULT 208743.83 43 2 H/3 PRICE M
Output
DMYLT 16.389492 53 | 1,2 H/3 PRICE M
Output
OVLYLD .05 11 1 M 5% Yield
OVLYID .05 23 1 M 5% Yield
OVLYLD .05 31 2 M 5% Yield
OVLYLD .05 43 2 M 5% Yield
OVLYLD .05 53 | 1,2 M 5% vield S
- ".‘
=
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TABLE XLIII

Changes to Default Values for 10% OVLYLD Analysis

Variable Name

Value

ij

Model/
File or Mode

Source

ASMYID

.316

.316

.316

.316

316

11

23

31

43

53

1,2

Assumed
for 10%

Assumed
for 10%

Assumed
for 10%

Assumed
for 10%

Assumed
for 10%

AUC1

AUC1

AUC1

AUC1

$317.00

$170.50

$129.40

$ 98.20

11

23

31

43

H/3

H/3

H/3

H/3

PRICE M
Output

PRICE M
Output

PRICE M
Output

PRICE M
Outpgt

e ™
-t

AUCL $64.96 |53 | 1,2 H/3 PRICE M

Output 2

CPYLD .316 11 | 1 M Assumed o

for 10% o

CPYLD .316 23 1 M Assumed o~

for 10% A

CPYLD .316 31 2 M Assumed -

for 1C% e

o

CPYLD .316 43 2 M Assumed i~

for 10% o

o 207 o
,‘:t'-'f QA
D .
N e S e N N T L e N e




IRAAA
. ,.i
%

r-nv..,—-. 4
ASAASACACI
AR e L )

(% /S R AT Tt St et i Kokt it SibC e TR ) T T AT AT

TABLE XLIII

.......
.....................

Changes to Default Values for 10% OVLYLD Analysis (Continued)

Value

ij

1

Case

|

Model/
File or Mode

I

Source

Variable Name
- cPYlD

.316

33

1,2

M

Assumed
for 10%

DMULT

DMULT

DMULT

282946.37

260470.67

6700.1546

4354.3788

31.734456

11

23

31

43

53

1,2

H/3

H/3

H/3

H/3

H/3

PRICE M
Output

PRICE M
Cutput

PRICE M
Output
PRICE M
Output

PRICE M
Output

NN = e

1,2

T X =2 X X

10% Yield
10% Yield
10% Yield
10% Yield

10% Yield
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YIEID ANALYSIS SP, CP AND MEMCRY CHIPS (13, 5%, AND 10%) -
PROGRAM COST (§  1000.)
TITLE ENGINEERING PROTOTYPE PRODUCTION TOTAL QOST
o SIGNAL PROCESSOR VHSIC CHIP-BIPCLAR 3D/SIL (YIELD ANALYSIS-1%)
- SIGNAL PROCESSCR VHSIC CHIP-BIFCLAR ISL/QML (YIELD ANALYSIS-1%) 2
- 179360. 28. 1376. 180764.
SIGNAL, PROCESSOR VHSIC CHIP-CMOS/BULK (YIELD ANALYSIS~1%)
- 179360. 28. 862. 180249. |
A SIGNAL PROCESSOR VHSIC CHIP-QMOS/SOS (YIELD ANALYSIS-1%)
179360. 28. 1432. 180819. -
8 SIGNAL PROCESSOR VHSIC CHIP-NMOS (YIELD ANALYSIS-1%)
» 179360. 28. 1048. 180436.
SIGNAL PROCESSOR VHSIC CHIP-BIFCEAR STL (GA:YIELD ANALYSIS-1%) —
i 4303. 32. 1758. 6093. -
SIGNAL PROCESSCR VHSIC CHIP-CMOS/BULK (GA:YIELD ANALYSIS-1%)
4303. 32. 1346. 5681.
SIGWAL PROCESSOR VHSIC CHIP-BIRCLAR 3D/STL (YIELD ANALYSIS-S5%) -~
179360. 28. 822. 180210. -~
SIQNAL PROCESSOR VHSIC CHIP-BIFCLAR ISL/OML (YIELD ANALYSIS-5%) "
179360. 28. 671. 180064. '
SIQWAL PROCESSCR VHSIC CHIP-QMOS/BULK (YIELD ANALYSIS-5%) -
n 179360. 28. 442, 179829. =
& SIGNAL PROCESSCR VHSIC CHIP-CMDS/SOS (YIEID ANALYSIS-5%)
- 179360. 28, 661. 180048. o
E SIGNAL PROCESSCR VHSIC CHIP-NVOS (YIEID ANALYSIS-5%) -
& 179360. 28. 540. 179927. x5
o SIGNAL PROCESSOR VHSIC CHIP-BIFCIAR STL (GA:YTELD ANALYSIS-5%) o
oo 4303. 32. 996. 5331. i
o Lo
o SIGAL PROCESSCR VHSIC (HIP-CMOS/BULK (GA:YIELD ANALYSIS-5%) N
::-:: 4303 L] 32. 746 L] 5081. . -
N SIGWAL PROCESSOR VHSIC CHIP-BIFCLAR 3D/STL (YIEID ANALYSIS-10%) =
o 179360. 28. 634. 180021.
- 5
- S
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TITIE ENGINEERING PROICTYPE PRCDUCTION  TOTAL QOST
SIGNAL PROCESSCR VHSIC CHIP-BIFCIAR ISL/OML (YIEID ANALYSIS-10%)
179360. 28. 536. 179924.
SIGNAL PROCESSCR VHSIC CHIP-QMOS/BULK (YIELD ANALYSIS-10%)
179360. 28, 3%4. 179741.
SIGNAL PROCESSCR VHSIC CHIP-QMOS/SOS (YIELD ANALYSIS-10%)
179360. 28. 512. 179899.
SIQWAL PROCESSCR VHSIC CHIP-NMOS (YIEID ANALYSIS~10%)
179360. 28. 433. 179820.
SIGNAL PROCESSOR VHSIC CHIP-BIRCLAR STL (GA:YIEID ANALYSIS~10%)
4303. 32. 647. 4982.
SIGQAL PROCESSCR VHSIC CHIP-OMOS/BULK (GA:YIEID ANALYSIS-10%)
4303. 32. S54. 4889.
QONTRCL, PRCCESSCR VHSIC CHIP-BIFOLAR 3D/STL (YIELD ANALYSIS-1%)
177613. 28. 3304. 180945.
QONTRCL, PROCESSCR VHSIC CHIP-BIPCIAR ISL/OML (YIELD ANALYSIS-1%)
177613. 28. 2575. 180216.
QONTRCL: PROCESSCR VESIC CHIP-QMOS/BULK (YIELD AMALYSIS-1%)
177613. 28. 1623. 179264.
CONTROL, PROCESSCR VESIC CHIP-OMOS/SOS (YIELD ANALYSIS~1%)
177613. 28. 2652. 180293.
QONTRCL, PROCESSCR VHSIC CHIP-NMOS (YIEID ANALYSIS-1%)
177613. 28. 2227. 179868.
CONIRCL, PROCESSCR VHSIC CHIP-BIFCLAR STL (GA:YIELD ANALYSIS-1%)
4244. 32. 3254. 7530.
QONTROL, PROCESSOR VHSIC CHIP-CMOS/BULK (GA:YIELD ANALYSIS-1%)
424. 32. 2493. 6769.
QONTRCL, PROCESSCR VHSIC CHIP-BIFCIAR 3D/STL (YIELD ANALYSIS-5%)
' 177613. 28. 1550. 179181.
QONTRCL: PROCESSCR  VHSIC CHIP-BIFCGIAR ISL/OML (YIELD ANALYSIS-5%)
177613. 28. 1298. 178939.
QONTROL, PROCESSCR VHSIC CHIP-QMOS/BULK (YIELD ANALYSIS-5%)
177613. 28. 851. 178492.
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TITLE ENGINEERING PRPIOTYPE PRODUCTION TOTAL QOST

CGONTRCL, PROCESSCR VHSIC CHIP-OMOS/SOS  (YIELD ANALYSIS~5%)
177613. 28. 1256. 178897.

CONTROL, PROCESSCR. VHSIC CHIP-NMOS (YIELD ANALYSIS-5%) o
177613. 28. 173. 178814. e

CONTROL, PROCESSOR VHSIC CHIP-BIFCLAR STL (GA:YIELD ANALYSIS-58)
4244. 32. 1872. 6147. o

QONTRCL, PROCESSCR VHSIC CHIP-OMCS/BULK (GAYIELD ANALYSIS-5%)
4244, 32, 1404. 5680.

CONTROL, PROCESSCR VHSIC CHIP-BIFCIAR 3D/STL (YIELD ANALYSIS-10%) P
:r77613- 28. 1203. 1785&44. -l

CONTRCL PROCESSCR VHSIC CHIP-BIPOLAR ISI/QML (YIEID ANALYSIS-10%)
177613. 28. 1032. 178673.

CONTRCL: PROCESSCR VHSIC CHIP-OMCS/BULK (YIEID ANALYSIS-10%)
177613. 28. 682. 178323.

bo

CONTROL, PROCESSCR VHSIC CHIP-CMOS/SOS (YIELD ANALYSIS-10%) S
177613. 28. 978. 178619.

CONTRCL, PROCESSCR VHSIC CHIP-NMOS (YIEID ANALYSIS-10%)
177613. 28, 939. 178580.

T I L |
e et
e
P S
PR
Jatet ot

QONTRCLL, PROCESSCR VHSIC CHIP-BIFCLAR STL (GAsYIELD ANALYSIS-10%)
424. 32. 4. 5417.

AR
RO
C o)
AR

Sy
[ DE IR -¥ I

QONTRCL, PROCESSCR VHSIC CHIP-OMOS/BULK (GAYIEID ANALYSIS~10%) e
424. 32, 982. 5257. i
L

VHSIC MEMCRY CHIP-NMOS (YIEID ANALYSIS-1%)
53775. 1681. 7397475. 7452930.

VHSIC MEMORY CHIP-QMOS/BULK (YIELD ANALYSIS-1%) i
53775. 2029.  6314254.  6370057. Y

VHSIC MEMORY CHIP-NVOS (YIEID ANALYSIS-5%) i
53775. 1681.  3617787. 3673243, N

VHSIC MEMCRY CHIP-OMOS/BULK (YIELD ANALYSIS-5%) LS
53775. 2029. 3404992. 3460795.

VESIC MEMCRY CHIP-NMCS (YIELD ANALYSIS-10%) Sl

53775. 1681. 1868391. 1923846. S

VHSIC MEMORY CHIP-OMOS/BULK (YIELD ANALYSIS-10%) e
53775, 2029. 1758493. 1814297. i

QOST SOMARY CASE 1, YIEID ANALYSIS 1% '
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TOTAL COST, WITH INTEGRATION QUST
PROGRAM COST ($ 1000) DEVELCPMENT PRODUCTICN TOTAL QOST
ENGINEERING
m 48. 410 89.
CESIGN 155. 145. 300.
m 17. - 17.
PROJ MaMT 20. 2724. 2744.
DATA 6. 985. 992.
SUBTOTAL (ENG) 246. 3896. 4142.
MANUFACTURING
PRCDUCTICN - 35556. 35556.
PROICTYPE 128. - 128.
TOCL~TEST EQ 15. 478. 492,
PURCH ITEMS 412833. 6317773. 6730605.
SUBICTAL (MFG) 412975. 6353805. 6766780.
TOTAL CQOST 413221. 6357701. 6770922.
QCST RANGES DEVELCPMENT PRODUCTION TOTAL QST
FRCM 413183. 6353179. 6766361.
CENTER 413221, 6357701. 6770922,
TO 413272, 6362754. 6776025,
Fededede ded dede ek dedk Kook de sk deve dede ek e etk e dedke ek deok sk Aok ek Ak vk s ek sk A dede dede ek ek kb ek ok AR Aok ek
* SYSTEM WP 241.36 SYSTEM WS 105.80 *
* SYSTEM SERIES MIEF HRS. 510 AV SYSTEM QOST 6358
dededede e ddedok A dedkkd A Rk k Rk d kAR ARk kR h ARk kk etk ki kkhiihkhhhkdhhhhkrkhhiiikiiiit
THRO-PUT QCSTS DEVELCPMENT PRODUCTION TOTAL QST
SCFTWARE 11895, 0. 11895.
TOTAL THRU-PUT QOST 11895. 0. 11895.
TOTAL QOST, WITH THRU-PUT COSTS
DEVELCPMENT PRODUCTICN TOTAL QOST
425116. 6357701. 6782817. X
]
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10C OF SAR PROCESSCR (CASE 1:YTEID ANALYSIS-1%) '
GILCRAL FILENAME: GILOB.95 i
LIFE CYCIE FILENAME: S1Y1.IC T
CEPLOYMENT FILENAME: SAR.DP .y
MIEF 510 MITRIRU 1.8 MDD TYPES/IRU 68  LRUS/ECUIP 1 N
FATIO (1) 1.00 -MODUIE 3.6 PART TYPES/IRU 3 LRUFAILALIOW O
RATIO (2)  1.00
RATIO (3)  1.00
t .._;-..’
b . --\
- PROGRAM COST [EVELOPMENT DPRODUCTION  SUPECRT TOTAL o)
¥ BQUIPMENT 425116 6248102 ok 6673218 S
- SUPFORT FQUIPMENT ek 38037 57055 95092 o
SUPFLY ik 850625 5616329 6466954 R
~ SUPPLY ADMIN. ik 85 1745 1830 ¢ o
: MANECWER sk wk 2062 2062 B
N QONTRACTOR SUPECRT e ek 0 0
s OTHER 0 weirk 1772 1772 ;
L TOTAL COST 425116 7136849 5678963 13240928 o]
CPERATIQNAL AVAILABILITY  0.9997 OPERATICNAL READDNESS 0.9924
SUPRCRT EQUIEMENT ORG INT CEROT
NUMEER CF SETS 10 0 0 —
~ UTTLIZATION 11.811 0.000 0.000 =
- IOAD FACTCR 0.394 0.000 0.000 ]
<. “',‘.'_;1
v SUPPLY UNITS MODULES/TYPE PARTS/TYFE :'::-\7?33

INITIAL 118 18 332 e
BALANCE CONSMED ~ 687.60 0.00 4515.019 —-ﬁ
]
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QOST SOMARY CASE 1, YIEID ANALYSIS-5%

TOTAL QOST, WITH INTBEGRATICN QOST

PROGRAM CCST($ 1000)
ENGINEERING
CRAFTING
CESIGN
SYSTEMS
PROJ MaMT'
DATA
SUBTOTAL (ENG)

MANUEACTURING
PRCDUCTICN
PROTOTYPE
TOCL~TEST EQ
PURCH ITEMS

SUBTOTAL (MFG)

TOTAL COsT

CCST RANGES
FRM
CENTER
Lo}

AR dedede dode e dede ek Arde dede dede ek ok ek e devk devk devk dedk dedk deode dede dede dede dede dek ek dedk ek dedk e ke ok ek ok ke dok ek

* SYSTEM WI

* SYSTEM SERIES MIEF HRS.

AR A s T s ok 2t 9 A 3 7k e s 3k SR A S T 2 7 ek A R AR R AR R Ak ARk AR AR A AR AR R A RA R T XA I AT AR NN kd

THRU-PUT QOSTS
SCFTWARE

TOTAL THRU-PUT COST

CEVELCPMENT

48.
155.
17.
20.
6.
246.

128.
1s.
412833.
412975,

413221.

CEVELCPMENT

413183.
413221.
413272.

TOTAL QOST, WITH THRU-PUT QOSTS

PRODUCTION

4.
145.

2724.
985.
3896.
35556.
478.
3406537.
3442570,

3446465.

PROCUCTICN

3441943.
3446465.
3451519.

PRODUCTION  TOTAL QCST

241.36 SYSTEM WS

510 AV SYSTEM (QUST
DEVELCEMENT PRODUCTION

11895. 0.

11895. 0.
DEVELOPMENT

425116. 3446465.

TCOTAL COST

TOTAL QOST
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ICC OF SAR PROCESS(R (CASE 1:YIEID ANALYSIS-5%) ]
e Y

GLCBAL FILENAME: GLOB.95

I LIFE CYCIE FILENMME: S1YS.IC
: SAR.DP

MIEF 510 MITRIRU 1.8 MDD TYPES/IRU 68 LRUS/EQUIP 1
3 IRU FAIL ALIOW 0

< RATIO (1) 1.00 -MDUE 3.6 PART TYPES/LRU B
':'; mo (2) 1-00 :'f‘:_::'
[ RATIO (3)  1.00 s

EQUIPMENT 425116 3388439 ik 3813555 -,
SUPFORT BQUIPMENT badadad 38037 57055 95092 x
-3

E SUPPLY ok 461097 3044009 3505106

SUPPLY ADMIN. ik 85 1745 1830 "]
MANECWER ik seicie 2062 2062 S
CONTRACTOR SUPECRT o i 0 0 o
OTHER 0 i 1772 1772

TOTAL QOST 425116 3887658 3106643 7419417 .

[ -

CPERATICNAL AVAILABILITY 0.9997 OPERATIONAL, READINESS 0.9924

o SUPPCRT EQUIPMENT ORG INT DERCT N
~ MMEER OF SETS 10 0 0

:’.. UTIIIZATIQ‘ 1.1-811 0.000 0-m0
- IOAD FACTCR 0.394 0.000 0.000

o SUPPLY UNITS MCDULES/TYPE PARTS/TYPE
INITIAL 118 18 332
B BALANCE OONSUMED ~ 687.60 0.00 4515.019
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QOST SIMMARY CASE 1, YIEID ANALYSIS-10%

" TOTAL QOST, WITH INTEGRATICON COST
I PROGRAM QOST ($ 1000) DEVELCPMENT PRODUCTICN TOTAL QOST
ENGINEERING
DRAFTING 48. 41. 89.
[CESIGN 155. 145. 300.
SYSTEMS 17. - 17.
PROJ M2MT 20. 2724. 2744.
DATA 6. 985. 992.
SUBTOTAL (ENG) 246. 3896. 4142,

JER S S S

MANUFACTURING
- PRCDUCTION - 35556. 35556.
I PROICTYFE 128. - 128.
TOL~TEST EQ 15. 478. 492,
PURCH ITEMS 412832. 1759756. 2172587.
SUBTCTAL (MFG) 412974. 1795789. 2208763.

TOTAL COST 413220. 1799685. 2212905.

QOST RANGES DEVELCPMENT PRODUCTICON TOTAL QCST
FROM 413182. 1795162. 2208344.
CENTER 413220. 1799685. 2212905.
T0 413271. 1804738. 2218009.

Fededede Ak ek doedede e e dede Ko dodk dede dedk e ke s de e ded ek dedk skt deok dede dede dede devedede dede ek dedk ek ek et Ak ek ek

* SYSTEM WI 241.36 SYSTEM WS 105.80 *
* SYSTEM SERIES MIEF HRS. 510 AV SYSTEM QOST 1800 *

T oo e Fe e de e v Je J Je Je Y I Jo e JeJe o de o o Fe ke Ak oo ek de s Aok e A KA de ke de K ke ek Kk ek Fede de e de ek e ek A e A Ak

THRU-PUT QOSTS DEVELCPMENT PRODUCTICN TOTAL QCST
SOFTWARE 11895. 0. 11895.

TOTAL THRU~PUT COST 11895. 0. 11895.
TOTAL CUST, WITH THRU-PUT QOSTS

DEVELCPMENT PRODUCTICN TOTAL QOST
425115. 1799685. 2224800.
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ICC OF SAR PROCESSCR  (CASE 1:YIEID ANALYSIS-10%)

GLCBAL FILENAME: GLOB.95
LIFE QCIE FILBNAME: S1Y10.IC
CEPLOYMENT FILENAME: SAR.DP

MIBF 510 MITR-IRU 1.8 MDD TYPES/IRU 68 LRUS/BUIP 1
RATIO (1) 1.00 -MODULE 3.6 PART TYPES/LRU 3 IRUFAILALION O
RATIO (2) 1.00
RA(IO (3)  1.00

PROGRAM COST CEVEIOPMENT PRCDUCTION SUPFORT TOTAL
BQUTPMENT 425116 1772023 *dck 2197139
SUPFORT BEQUIPMENT fadadad 38037 57055 95092
SUPPLY fadalel 241287 1590012 1831299
SUPPLY ADMIN. wkk 85 1745 1830
MANFOWER *hk faladd 2062 2062
QONTRACTCR SUPPCRT ok ik 0 0
OTHER 0 fadalad 1772 1772

TOTAL QOST 425116 2051432 1652646 4129194

CPERATIONAL AVAIIABILITY 0.9997 CPERATICNAL READINESS 0.9924

SUPECRT EQUIPMENT 0 ¢ INT CEFCT
NOMEER OF SETS 10 0 0
UTILIZATION 11.811 0.000 0.000
LOAD FACTCR 0.39%4 0.000 0.000

SUPPLY INITS MCDULES/TYPE PARTS/TYPE
INITIAL 118 18 332
BALANCE CONSUMED  687.60 0.00 4515.019

.'. ") ',o./a
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QOST SIMARY CASE 2,YIELD ANALYSIS 1%

TOTAL QOST, WITH INTEGRATION QOST
PROGRAM QST ($ 1000) DEVELCPMENT PRODUCTION TOTAL COST
ENGINEERING Lo
CRAFTING 42. 54. 96. -
CESIGN 140. 188. 328.
SYSTEMS 19. - 19. -
PROJ MGMT 18. 2855. 2874. S
DATA 7. 1039. 1046. .
SUBTOTAL (ENG) 226. 4136. 4362.

MANUFACTURING
PRCDUCTION - 36001. 36001.
PROICTYPE 125. - 125.
TOCL~TEST EQ 14. 477, 491.
PURCH ITEMS 64415. 6318598. 6383012.
SUBTOTAL (MFG) 64554. 6355074. 6419629.

Lo et

TOTAL QCST 64780. 6359212. 6423991.

QOST RANGES DEVELCPMENT PRODUCTICON TOTAL QOST 4
FRCM 64744. 6354778. 6419521.
CENTER 64780. 6359212. 6423991.
T0 64829. 6364130. 6428959.

Fededede dededededede dede dee de vk dede dede dede dede ede dedk Fedr devke dede dedk dedk dedk ek ek dede dedke dedk ook deske ek sk de dedk ek ek ek ko ko k ko W

A
* SYSTEM W 241.38 SYSTEM WS 105.80 * N
* SYSTEM SERIES MIEF HRS. 530 AV SYSTEM COST 6359 * I
s A dedede et e drde s dede 2k v e de Aok Ko de de e deok de v ek dede ek b R Ak Ak Ak Aok e de e sk dek ek ek ek k ke kkhd hkkkkd PR :

i

THRU~PUT QUSTS DEVELCPMENT PROCUCTICN TOTAL QOST S
m 118950 0. 11895. IR,

TOTAL THRU-PUT QOST 11895. 0. 11895.
TOTAL CCST, WITH THRU-PUT (QOSTS .
DEVELCPMENT PRODUCTICN TOTAL COST -

76675. 6359212. 6435886.
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3 IOC OF SAR PROCESSR CASE 2 (YIEID ANALYSIS-1%) o

L GLCRAL FILENEME: GIOB.95
ﬂ LIFE CYCIE FILENAME: S2Y1.IC .

. CEPLOYMENT FILENAME: SAR.DP I
MIEF 530 MITR-IRU 1.8 MOD TYPES/IRU 68 LRUS/BQUIP 1 e
RATIO (1) 1.00 -MDUIE 3.6 PART TYPES/LRU 3 IRUFAIL ALIOW O o
RATIO (2) 1.00 e
RATIO (3)  1.00

PROGRAM COST [CEVELOPMENT  PRCDUCTICN SUPFCRT TOTAL
BQUIPMENT 76675 6248503 faladed 6325178 Ll
SUPECRT BCUIPMENT dokk 38037 57055 95092 o
SUPPLY Tk 819903 5438466 6258369 -
SUPPLY ADMIN, ok 85 1745 1830
MANFOWER Tk *hk 1985 1985
CONTRACTOR  SUPFCRT kk fadall 0 0
COOER 0 ek 1706 1706

- mEy Yy T LA A AR
T e . R
. oot RPN
. .

'y
+
i

TOTAL QOST 76675 7106528 5500957 12684160

CPERATIQAL AVALLABILITY  0.9997 OPERATICNAL: READINESS  0.9930

SUPPCRT EQUIPMENT CRG INT CEROT
NOMEER CF SETS 10 0 0
UTILIZATION 1.371 0.000 0.000
I0AD FACTCR 0.379 0.000 0.000

7758 [l DRRRNEN.

e
.

I I B

SUPPLY UNITS MCDULES/TYPE PARTS/TYPE
INITIAL 114 17 321
BALANCE CONSUMED  661.63 0.00 4345.692

r T T, RY T WY W
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COST SUMMARY CASE 2 YIELD ANALYSIS 5%

" TOTAL COST, WITH INTEGRATION COST v
e PROGRAM QOST($ 1000) DEVELCPMENT PRODUCTICN TOTAL QOST ——

ENGINEERING SN
e DRAFTING 42, 54, 9%. o
CESIN 140. 188. 328, s
SYSTEMS 19. -
PROJ MGMT 18. 2855. 2874, T

SUBTOTAL (ENG) 226. 4136. 4362. o
e, ":'
g O
. '.Q' '. ."
\.- - " .i
oo Vo
- ST
K TS
o A
’..- . " l‘:
.. . ‘-
- \ N
v oo
N .-\.‘.
SN
. —
A v
~ . St
. ® y .
'.-. :. c‘,‘.
»;,-...’...-‘ .-.. ...... B S LA L R R LT T T T P R Y ".'\'_
RER e e et e e %t v . Car PN W - « N o CHR S I A I T SO ST TSI S St S SR N TP PN I ‘e
D A A AT W SR A 1‘.:-' .-‘\n': ,‘_'.‘\." N ‘-'\-‘\n' '.'.‘."'-‘\-‘ '."'.'.'J_'.'"A_' :ﬂ:‘.":'.é':{'x ..s".{‘.D_-,\‘&_-\-f.‘-:.‘.-:.\: -\‘.\.:'i‘:' "o R “t RCRE




PRCDUCTION - 36001. 36001.
- 125 .
TOCL~TEST EQ 14. 477. 491.
PURCH ITEMS 64415, . 3407264. 3471679,

SUBTCTAL (MFG) 64554. 3443742, 3508296.

TOTAL QOST 64780. 3447878. 3512658.

QOST RANGES DEVELCPMENT PRODUCTICN TOTAL QOST .
FRCM 64744. 3443444. 3508188.
CENTER 64780. 3447878. 3512658. T
TO 64829. 3452797. 3517625. Rt

Fededese dedvdededede dede dede dede dede dede e de devk Jede drdk dede ded Fededed Fodo e s dode dode dede dee Aok dede dede dedk Fede dek dede Aok dede Fedke deke dede Aok c
* SYSTEM WT 241.38 SYSTEM WS 105.80 * Bt

* SYSTEM SERIES MIEF HRS. 530 AV SYSTEM COST 3448 *
ekl etk kk kA kiAol ek dok ok ook ek deak o ek ook ok ke d i ook RSO

THRU-PUT CCSTS DEVELCPMENT PRODUCTICN TOTAL QOST
SCETWARE 11895. 0. 11895.

TOTAL THRU-PUT COST 11895. 0. 11895.

ﬁ DEVELCBMENT PROCUCTICN TOTAL QOST —m
76675. 3447878. 3524553. R

IOC OF SAR PROCESSOR CASE 2 (YIEID ANALYSIS-5%)

v racsenadl

. GICBAL FILENAME: GILOB.95 ——l
: S2¥5.IC ‘

CEPLOYMENT FIIENAME: SAR.DP

.

- MIBF 530 MITR-IRU 1.8 MDD TYPES/LRU 68 LRUS/EQUIP 1
; RATIO (1) 1.00 ~-MODUIE 3.6 PART TYPES/LRU 3 ILRUFAILAUION O

RATIO (2) 1.00

RATIO (3)  1.00 i

2 PROGRAM QOST CEVELORMENT PRODUCTION  SUPFORT TOTAL s
: EQUIEMENT 76675 3388156 we 3464831 R
< SUPFORT EQUTPMENT e 38037 57055 95092 feiys
SUPPLY war 484605 2948855 3393460 —

SUPPLY ADMIN. wan 85 1745 1830 R

" MANEOWER ok ik 1985 1985 AN
- CONTRACTOR SUPECRT e ok 0 0 QA
% OTHER 0 e 1706 1706 RN

TOTAL CQOST 76675 3870883 3011346 6958904
CPERATIONAL AVAILABILITY 0.9997 CPERATIONAL READINESS 0.9930 N

. /-!
]

.
'n »
.'1 l.
A
L el
DA
PR WL L LN iy

220

—r

t-‘ “. 1

-~ .

RN

RN

""""""""""""""""""" S i, TR P A R o S L T A T DA SO TR
o ATty e R N N N N A S NN T N LSRN




-----------------

SUPFCRT  EQUIPMENT CRG
NOMEER CF SETS 10
UTTLIZATICN 11.371
IOAD FACTOR 0.379

SUPPLY UNITS
INITIAL 114
BALANCE CONSUMED  661.63

QUST SIMRRY CASE 2 YIEID ANALYSIS 10%

TOTAL QCST, WITH INTEGRATICN COST
PROGRAM CQOST($ 1000) DEVELCPMENT
ENGINEERING

DRAFTING 42.
[ESIGN 140.
SYSTEMS 19.
PROJ MaMT' 18.
DATA 7.

SUBTOTAL (ENG) 226.

MANUFACTURING
PRCDUCTION -
PROIOTYPE 125.
TOL~TEST EQ 14.
FURCH ITEMS 64415.
SUBTCTAL (MFG) 64554.

TOTAL QOST 64780.

QOST RANGES CEVELCPMENT
FROM 64744.
CENIER 64780.
TO 64829.

* SYSTEM WT 241.38
* SYSTEM SERIES MIEF HRS. 530

THRO-PUT (OSTS DEVELCPMENT
CFTWARE 11895,

TOTAL THRU-PUT QOST 11895.
TOTAL QCST, WITH THRU-PUT QOSTS

DEVELCPMENT
76675.

........

---------

..........
-----------------

T TR AT AT AN NI IV W W W S Tr %o er -

0.000
0.000

MCDULES/TYPE

0.00

PRODUCTICN

54.
188.

2855.
1039.
4136.
36001.
477.
1760096.
1796573.
1800710.
PRODUCTICN
1796276.

1800710.
1805629.

PRODUCTION
0.

0.

PRODUCTION
1800710.

-------

CERCT
0
0.000
0.000

PARTS/TYPE
32a
4345.692

TOTAL COST

96.
328.
19 L]
2874.
1046.
4362.

36001.
1-25 L]

491.
1824511.
1861128.

1865490.

TOTAL QOST
1861020.
1865490.
1870458.

AEARRR AR AT ARRERERE R IRRRAX XA AR AR RRAR AN ER AR RRET AR AR TE AR AR RR TR XA AR Rk A AN TR kR

SYSTEM WS
AV SYSTEM QST

HARRAARRARRAAARERARARARAARARAZARRAARARR AR R AR KRR AR RRRE XA RRARET AR R R RR AR Rk

105.80 *
801 +

TOTAL QCST
11895.
11895.

TOTAL QOST
1877385.
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ICC OF SAR PROCESSCR CASE 2 (YIELD ANALYSIS-10%)

- GLCBAL FILENAME: GLOB.95 o
. LIFE CYCIE FILENAME: S2Y10.IC -
DCEPLOYMENT FILENAME: SAR.DP

R o A T
St ‘
0 A
. B ""
B

- MIEF 530 MITR-IRU 1.8 MDD TYPES/IRU 68 LRUS/BQUIP 1 ]

- RATIO (1) 1.00 -MCDULE 3.6 FPART TYPES/IRU 3 IRU FAIL ALIOW O

RATIO (2)  1.00 o
RATIO (3)  1.00 .

EQUIPMENT 76675 1769814 ik 1846489 A
SUPECRI ECUIPMENT folaed 38037 57055 95092 T
SUPPLY *k 232643 1540271 1772914 LT
SUPPLY ADMIN, gk 85 1745 1830
MANEFGRER ko *ik 1985 1985
CONTRACTOR SUPPCRT ek sk 0 0
OIHER 0 falaiad 1706 1706

TOTAL QOST 76675 2040579 1602762 3720016

CPERATICNAL AVAITABILITY 0.9997 CPERATIONAL, READINESS 0.9930

SUPPCRT' EQUIPMENT CRG INT CEFCT
-~ NOMEER OF SETS 10 0 0
‘ UTILIZATICN 11.371 0.000 0.000

o LOAD FACTOR 0.379 0.000 0.000
- SUPPLY INTTS MCDULES/ TYPE PARTS/TYPE o
- INITIAL 114 17 321 S
; BALANCE CONSUMED 66163 0.00 4345.692 S5

.' .'i ..l ‘.l '

.. oy
. N
. u‘_\‘;’
. [ W)
- LN
- ‘-..\-‘
P
“

.ﬁ.- ,.'.\ .

.* A%
.. ..! .
;. 222
ot Yl s
-, AN

o
. -

. e
5 N
.‘_.-..l
------------- cacav e LY N R . >
. -'..-' -F“.".) - o * \ , "_0\_-\--\ \¢- & n\ UK h.:.l‘ _c.‘.. '_.\Q, .



- = T T T

L’(_t'._':i_ DA A A AN AL gL s T R e e A T e L T S MO o S Rl o o ep e g

- '.. * .

~ .-— "--

Y MESEY
. l-~ Iu_
: .

Bibliography

T v o=

Bennett, John J. "Comment," Cefense Management Journal, 12: 1-4
{(January 1976).

Pd

e

Blanchard, Benjamin S. Logistics Engineering and Management. - .
= Englewood Cliffs NJ: Prentice-Hall, Inc., 1978.

N
.

3. Blasingame, John M. "Very High Speed Integrated Circuits
(VHSIC) ," Program Management Review Presented to ASD/CC, VHSIC
Program Office, Wright-Patterson AFB OH, September 1983.
Unnumbered.

4. Brannon, Phil, "VHSIC = Can It Clear the Third Hurdle?" Journal
of Electronic Defense, 6: 18-22 (November 1983).

Carter, Harold. Preliminary Investigation of the Life Cycle
Costs of a Digital Avionics Processor Using Very High Speed
Integrated Circuits. Student Research Report, No. 0460-81. Air
Command and Staff College, Maxwell AFB AL, June 1981 (AD-
BOS7 618).

6. Coleman, Herbert J. "Weapons Maintainability Guidance Sought by
GAO," Aviation Week and Space Technology, 116: 90-91
(16 February 1981).

DADCUFLLTR S e futaas oo Thd -~ - v, =
T i | P A . - N OR
L)

7. Collins, Dwight E. Analysis of Available Life Cycle Cost Models
and Actions Required to Increase Future Model Applications.
Technical Report ASD-TR-75-25. Joiat AFSC/AFLC Commanders'
Working Group on Life Cycle Cost, Wright-Patterson AFB OH, o
December 1974 (AD-AO14 772). i

8. Demarco, Anthony and W. Kenneth Witzgall. "The Economics of
Choosing a Custom Microcircuit Approach," Proceedings of the IEEE
1983 National Aerospace and Electronics Conference NAECON. 1027-
1031. IEEE Press, New York, 1983.

Department of the Air Force. Life Cycle Cost Management Program.
AFR 800~11. Washington: HQ USAF, 22 February 1978.

A HOCCYSEEAR { MIACARREPMAR - QOO
vy
L]
:

10. Department of Defense. Major System Acquisition Process. DoD Eﬁj:;l::
Directive 5000.2. Washington: Government Printing Office, 1983. o

11. Department of Defense. Major System Acquisition Process. ,
DoD Directive 5000.28. Washington: Government Printing Cffice, S

> 1975. -

223 e

AONOA . AOCAUNICILARE  BONACICH




........................................
.................

Earl, Don. "Techniques for a Multifaceted Discipline," Defense
Management Journal, 12: 38-47 (January 1976).

Ferens, Daniel V. "Preliminary Life Cycle Analysis for the Solid —
State Phased Array Antenna and VHSIC Processor." Report to
AFWAL/CC. Avionic Laboratory, Wright-Patterson AFB OH, 1983. L

Fox, Ronald J. Arming America. Cambridge: Harvard University
Press, 1974.

Gordon, Harvey. Acquisition Improvement Program (AIP). Second e
Year-End Report. Acquisition Improvement Program Steering Group,
Defense Systems Management College, Fort Belvoir VA, May 1983.

16. Guerra, Joel A., et al. An Operating and Support Cost Model for e
Avionics Automatic Test Equipment. MS thesis, LSSR 21-79B. -
School of Systems and Logistics, Air Force Institute of ¢

- Technology (AU), Wright-Patterson AFB OH, September 1979 (AD-

A075 586).

17. Hunt, Saadia Y. "Life Cycle Cost Models Reference Guide."

RS A DS

Report to Directorate of Cost Analysis, Comptroller. Wright-
§ Patterson AFB OH, April 1983. e
[ 18. Kabaservice, Thomas P. Applied Microelectronics. St Paul: L
; West Publishing Co., 1978. e
19. Kennerly, David H. "The Winds of Reform," Time, 121 (59): 12-30 —
(7 March 1983). T
20. Kernan, John E., and Lavern J. Menker. Life Cycle Cost
Procurement Guide. Joint AFSC/AFCC Commander's Working Group on s
Life Cycle Cost ASD/ACL, Wright-Patterson AFB OH, July 1976. ‘___
- 21. Klass, Philip J. and B. Elson. "Technical Survey: Very High T
- Speed Integrated Circuits," Aviation Week and Space Technology, D
- 114: 48-85 (16 Feburary 1981), -
_ 22. Klass, Philip J. "Retrofit Sought for High-Speed Circuits," ,
Aviation Week and Space Technology, 117: 114-115 —
: (21 September 1981). ot
f 23. Long, John A. Life Cycle Costing in a Dynamic Environment. PhD
dissertation. School of Industrial and Systems Engineering, Chio SR
State University, Columbus OH, 1983 (AD-A133 023). T
24. May, Thomas E. Operatirg and Support Cost Estimating, A Primer. R
- Report to Directorate of Cost Analysis, Comptroller, ASD/ACCL, TN
: Wright-Patterson AFB CH, May 1982. R
i
22
e
"..\.'

. * - ..
e
AOAR L SRR
e A st




.............

25. McNichols, Gerald R. On the Treatment of Uncertainty in Ve f:

— — —— h|

Parametric Costing. PhD dissertation. School of Engineering and i
Applied Science, George Washington University, Washington DC, et
February 1976 (AD-A022 153). PSS

26. Oldham, William G. "The Fabrication of Microelectronic %
Circuits,"” Scientific American, 237 (3): 111-128 (September e
1977). ,;._-;.i

27. "Pentagon Mulls VHSIC Applications,” Aero Space Daily, 11: 338 iy
(August 1983). oy

28. PRICE Hardware Reference Manual, Revision 3. RCA PRICE SYSTEMS, ?
Cherry Hill NJ, January 1982. ‘

<3. PRICE Life Cycle Cost Reference Manual, Revision 2. RCA PRICE 'j
SYSTEMS, Cherry Hill NJ, May 1983. w0

30. PRICE Microcircuit Reference Manual, Revision 3. RCA PRICE
SYSTEMS, Cherry Hill NJ, March 1984.

31. Reed, Ronald P. Long Range Logistics Planning for Very High
Speed Inteqgrated Circuit Components. MS thesis, NPS-54-81-021. ey
Naval Post Graduate School, Monterey CA, December 1981 R
(AD~A115 181).

32. Scherrer, John D. Life Cycle Costing - QMT-353. Unpublished

course material. Alr Force Institute of Technology, School of —
Systems and Logistics, Wright-Patterson AFB OH, September 1976. =7

33. Schlag, Jay. "Technologies and Design Tools in :;:::E::j
Microelectronics," Journal of Electronic Defense, 6: 46-49 i
(November 1983). S

rncand

34. "Second Tri-Service Workshop On Manufacturing Technology Program *
Planning for VHSIC Technology." Final Report. Air Force Wright 3
Aeronautical Laboratory, Materials Laboratory, Manufacturing R
Technology Division, Wright-Patterson, AFB OH, 14-15 October
1982, .
-

35. Speicher, Patricia S. and Eugene C. Blackburn. "VHSIC RN
Contractors Face Packaging Challenges," Hybrid Circuit S
Technology, 1: 51-55 (January 1984). R

36. Sumney, Larry W. VHSIC and Defense Technology. Unpublished }1
Program Description. Director, VHSIC Program, Office of Under :H_:
Secretary of Defense for Research and Development, Washington Y

DC, October 1980. el
':-.:Z'Q

S

RN

e

RN

225 e

1“.-:4

.'-;-\,4

.\ .\q

st e, e L e e et e e e M Te e e e Tt e e e e e et e e U Y e
o R T e e R R T N S ey




37. Sumney, Larry W. "VHSIC: A Status Report," IEEE Spectrum, 12:
34-39 (December 1982).

38. "Technology - A Quick Switch for Military Uses," Science News,
123: 203 (26 March 1983).

39. Walker, John. "VHSIC Insertion into the APG-66 PSP,"
Presentation to the USAF Scientific Advisory Board. Westinghouse
Defense And Electronic Systems Center, Baltimore MD, August 1982.

226




T el

T T W T AT T STImTI———— “
AR AT IR AV S AT BNV e s ol AR R SR A s S SN e g R e e o S 2t ara .'q..__-_.‘r:-?-..;._!
NS 2 . At

-
-

VITA

Captain Enzo A. Long was born on 1 September 1947 in Clovis, New
Mexico. He graduated from Clovis High School in 1966 and attended New
Mexico State University from which he received the degree of Bachelor of
Science in Mathematics in 1974. Upon graduation, he received a
commission in the USAF through the ROTC program. His Air Force
assignments have included a total of six years as Minuteman ICBM Crew
Member, Wing Evaluator, and Missile Operations Instructor at Minot AFB,
North Dakota and Vandenberg AFB, California. His last assignment prior
to entering the School of Systems and Logistics in 1983 was Chief,
Central Data Facility for the Ground Launch Cruise Missile (GLCM) Initial

3 Operational Test and Evaluation Test Team at Dugway Proving Ground, Utah.

Permanent address: 913 West Yucca Drive
Clovis, New Mexico 88101

- s ory

'Y ¥ wiw

» _ 227 R

. At et o e
AN TN I RO




__INCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

ls. REPOAT SECURITY CLASSIFICATION
UNCLASSIFIED

1b. AESTRICTIVE MARKINGS

2s. SECURITY CLASSIFICATION AUTHOAITY

2. DECLASSIFICATION/OOWNGRADING SCHEDULE

3. DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release;
distribution unlimited

4. PEAFOAMING ORGANIZATION REPORT NUMBER(S)

AFIT/GLM/LSM/845-39

5. MONITORING OQRGANIZATION REPORT NUMBER(S)

b. OFFICE SYMBOL
(If applicable)

AFIT/LS

6a. NAME OF PERFOAMING ORGANIZATION
School of Systems and
Logistics

7a. NAME OF MONITCRING ORGANIZATION

6c. ADDRESS (City. State and ZIP Code)

Air Force Institute of Technology
Wright-Patterson AFB, Ohio 45433

7b. ADORESS (City,. State and ZIP Code)

8s. NAME OF FUNDING/SPONSQRAING
ORGANIZATION

8b. OFFICE SYMBOL
(1f applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8c. ADORESS /City. State and ZIP Code)

10. SOURCE OF FUNDING NOS.

11. TITLE (Include Security Classification)

PROGRAM PROJECT
ELEMENT NO. NO.

TASK
NO.

WORK UNIT

NO.

L _See Box 19

12. PERSONAL AUTHORI(S)

S Captain, USAF

13b. TIME COVERED
FAOM

13a TYPE OF REPORT
TO

ais

14. OATE OF REPORT (Yr., Mo., Day)

1984 September

18. PAGE COUNT

240

16. SUPPLEMENTARY NOTATION

b 17. COSATI CODES 18. SUBJECT TEAMS (Co
EIELD GAOUP suB. GA.
15 0s. Very High Spe

19. ABSTRACT rContinue on reverse if necessary and identify by block number)

Title: LIFE CYCLE COST MODEL FOR VERY
HIGH SPEED INTEGRATED CIRCUITS

Thesis Chairman:

ntinue on reverse if necessary and identify by block number)

ed Integrated Circuits (VHSIC)

Life Cycle Costs, Integrated Circuits, Semiconductors,

N7 EFR 133,
Sah y\,)
- ar=1 Tevelopmeat
Aar F2:89 Ieeeiow 2l iozlzolery {AIC),
Wiighi-Fatwisoa i3 CH 4543

Rodney C. Byler, Major, USAF

20. OISTRMIBUTION/AVAILABILITY OF ABSTRACT

UNCLASSIFIED/UNLIMITED 1 SAME AS RPT. L OTIC USERS (]

21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIED

220. NAME OF RESPONSIBLE INDIVIOUAL

Rodney C. Byler, Major, USAF

22b. TELEPHONE NUMSBER
rinclude Area Code:

22¢c. OFFICE SYyMBO0L

DD FORM 1473, 83 APR

PN A e AN
A

ICASORI
a’pets " n

513=253-5023 AFIT/LSM
EOITION OF 1 JAN 7318 oeig.rra UNCLASSIFIED

SECURITY CLASSIFICATION QOF TMIS PAGE

WU SRy

] ,‘

[l
C

x

A A .o

<

A a8




oy Wr— PrrPpT——_— L e P—— v v . " ’ 4 - ——— T pulh S B dent e
CAER N AN e e N A R SRR . BRI READIARRER DR D AR

“~ . L. N M

~— UNCLASSITIED

SECURITY CLASSIFICATION QF THIS PAGE

,-‘/

o

/1752 The Very High Speed Intagrated Circuit (VHSIC) technology
program is forecast to have a profound impact on performance, raliability,
and cost of future avionics syszems. An important question ist™ow do
VHSIC design fabrication and support concepts impact life cycle cost (LCC)
of a host systam?™ To answer this question, an insertion modal represent- r
ative of future avionics systems iIs selected and LCCs are obtained for
various chip designs and layout configurations which implement this model.
Fivp factors affecting VHSIC chips Gra-aewamined with respect to 1LCIC of a
digital synthetic aperture radar processor. These factors ara:l) chip
technology and design;{2) fabrication rields)’3) substrate tvpe; (4) the
degr2e :o which computar-aided-design (CAD) methods are used; and(53)
2aiatenance lavel, Of these factors, the greatast impact to LCC is chip
fabrication 7ieids. The least 2ffect on LCC is the degree to which ZAD
nethods are used. The ramaining factors fall becween these :wo.
LM ore 30 L e WejWQ\‘d'.S Y IR "..v/w.CP.‘.S.:l?‘fm‘:)

“~

‘-M!Crc;”"n'{14.)-;
N -+ . . p Lo - .0! - \ . .
s T T oL eva Clhoa ‘,/:,/f/”n‘!'}rc)

{
SECUMI™Y S_ASSIA SATION S8 g 843E o]
D «




7 T —r Y T ———
e N L N T e T T T T T T LT TR T T PR R e JEh A T A I g

-~ END

V-

o 1-85 , '




