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Preface

The purpose of this study was to use existing cost models for

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 VESIC 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 0 ..

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 objective. ".

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 (MCC) of

a host system?" To answer this question, an insertion model

representative of future avionics systems is selected and LCCs are

obtained for various chip designs and layout configurations which

implement this model. Five factors affecting VHSIC chips are examined

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

greatest impact to LCC is chip fabrication yields. The least effect on

LCC is the degree to which CAD methods are used. The remaining factors

fall between these two.
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LIFE CYCLE COST MODEL FOR VERY

HIGH SPEED INTEGRATED CIRCUITS

I. Introduction

In today's complex defense environment, great emphasis is placed

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

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).

If Program Managers and planners are to have a reasonable basis

for assessing potential costs of VHSIC insertion, managers need a

modeling technique to estimate life cycle cost (LCC) for VHSIC chips

and VHSIC brassboard designs - prototype hardware design using VHSIC

designed chips.

Problem Statement

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

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 ambitious 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 one 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

2
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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 500 dollars each by 1987 (27:338). However, Westinghouse

(one of six VHSIC prime contractors) estimates the cost per logic chip

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

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

seriously considering a VHSIC based design, because the DoD

Acquisition Improvement Program places the responsibility for

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

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 begun a ten month effort to develop a

3
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VHSIC Cost Estimating Relationship (CER) model to estimate VHSIC chip

development and production costs. This project is scheduled for

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.

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

objectives and purpose of VHSIC Phase 1 technology).

Research Questions

The following research questions are posed to guide the research

toward the stated objective:

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

2. What are the cost estimating techniques used fok LCC
modeling?

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

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 LCC for insertion of
VHSIC Phase I technology?

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

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

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

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

4
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Overview

A literature review of ICC modeling, cost estimating techniques,

and the DoD VHSIC program is presented in Chapter II. Chapter III . I

presents the methodologies for VHSIC insertion and L= modeling. In

addition, this chapter describes a process model for determining VHSIC

fabrication yields. A LCC model is developed in Chapter IV by

combining functional relationships of three separate models into the

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

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

the LCC model. Specific attention is given to those inputs relating

to the main areas explored in this study. Data sources and

assumptions are fully explained to establish data validity. The .

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

complete summary of all data input to and output from the ICC model is

provided in Appendix A and B respectively.

Assumptions, Limitations, and Strengths .

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 .0

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. ..

5
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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 LCC 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 too 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

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

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 WC. Thus, chip designers and potential users

of VHSIC technology should concentrate on improving fabrication yields

and give close attention to support concepts.

6



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
Air Force?

2. What are the cost estimating techniques used for LCC
modeling?

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

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

LOC Defined

LC, as defined in Air Force Regulation (AFR) 800-11, is:

the total cost of an item or system over its full life. It
includes the cost of acquisition, ownership, (operation,
maintenance, support, etc.) and, where applicable, disposal
(9:1).

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).

7



tC 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

competitive procurement without regard to ICC (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, LCC modeling is one of the keys in DoD

management (25:4).

Characteristics and Deficiencies of LCC Models. There are many

LCC 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/AFLC LCC 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 LCC. ;L

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

8



3. Cost Estimating Relationship Model. An equation relating LCC
or some portion of IC directly to parameters that describe
the design, performance, or operating environment of a
system.

4. Reliability Improvement Cost Model. An equation that
reflects the cost for improving equipment 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. 0

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

7. Inventory Management Model. A model that determines a set of
spare part stock levels that is optimal for a specific
system.

8. Warranty Model. A model that assesses the relative costs of
having the government do in-house maintenance versus having
this maintenance performed by contractors under warranty
(7:6-7).

For each of these eight categories of LCC models, the following

are desired characteristics of these models: 0

1. Completeness. LCC models must include all elements of LCC
appropriate to the decision issue under considerations.

2. Sensitivity. LCC models must be sensitive :he specific
design or program parameters under study to resolve LCC
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. LCC 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

comonly have these four deficiencies:

1. They are not sensitive to design and performance such as
accuracy, speed, range and early trade-off decisions.

9
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2. They are too complex. In many cases ICC models have a large
number of parameters that obscure a small number of
parameters that are more relevant to LCC. In addition, the
definitions of these parameters are not clear.

3. Frequently, the requirements for input data cannot be
accomplished, because these data are not available, are
expensive to collect, or lack validity.

4. Some LCC models are not sensitive to wear-induced failures __

(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/AFLC LCC Working Group, general purpose models

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
types, require data in formats that are too extensive or are not
compatible with formats of available data (7:4).

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

budgeting technique, a procurement technique (design-to-cost) and a -

management technique (acquisition consideration and trade-off tool)

(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. Invalid

cost predictions can result in an unbalanced, unrealistic FYDP, and

loss of credibility with Congress (25:4, 19:12-16).

A second use of LCC is in the support of DoDD 5000.28 Design-to-

Cost (DTC) program. DoDD 5000.28 defines DTC as:

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
between operational capability, performance, cost, and schedule.
Cost, as a key design parameter, is addressed on a continuing
basis and is an inherent part of the development and production
process (11:2).

10
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The purpose of this program is to ensure that the developed system

will have the lowest possible LCC consistent with performance and

schedule requirements. Specifically, the OSD began to realize that

operating and support (O&S) costs were making up the majority of the

total cost on a weapons system. Moreover, OSD realized that higher

O&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

emphasis on designing for unit production to an emphasis for total LC.

11-2).•

Finally, LCC is used to support Air Staff and Secretary of

Defense reviews of new weapon system programs (10:41). A memorandum

in December 1971 from OSD advised all services that parametric cost

estimates and analysis for each weapon system in the acquisition cycle

were to be incorporated into Defense System Acquisition Review Council

(DSARC) presentations. This memorandum was followed in January 1972

y a memorandum that established a Cost Analysis Improvement Group

(CAIG) within the OSD. The OSD (CAIG) was directed to review cost

estimates presented to the DSARC and develop uniform criteria to be

used by all DoD units making cost estimates. DoDD 5000.4 formally

established the OSD (CAIG) as the main advisor on cost to the DSA in

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

to:

1. Establish criteria, standards, and procedures concerning the
preparation of cost estimates to the DASRC and CAIG;

2. Develop useful methods for formulating cost uncertainty/cost
risk information for DSAPC review; and

I" .
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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:A-9).

Cost Estimating Techniques

The three most common estimating techniques used for LCC modeling

are:

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

data, physical characteristics, and operating parameters of existing

weapons systems (16:6).

12



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:

C = f(XIX 2 ,... Xn; a1 , a2 , ... 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;

2. The variables in the relationship are observable;

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



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).

Engineering Estimation. The engineering or "grass roots" method

relies on the availability of detailed information about the system

under development. This method is considered to be the most complex

of the cost estimating techniques (14:153-157, 25:6, 24:3.8). It

requires the use of all the costs associated with the elements of the

developing system. When combined, the cost of the final product is

obtained (14:153-157). This method has the advantage of being able to

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

expensive to use, and by the time intricate data is available, it is

usually too late to influence crucial design and support decisions

(24:3.8, 23:8). According to Fox, an additional drawback is that as

cost estimates for elements of the weapon system pass through

succeeding levels of management, the estimates run the risk of
.,°

becoming inflated through failure to identify the subjective

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

14
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technique is most often used. As the program progresses and more data

becomes available, the analogy and engineering technique predominate

(23:39-40).

Existing Models That Estimate LCC For Integrated Circuits

An extensive review of literature on ICC modeling and numerous

personal interviews with experts in the discipline of LCC modeling and

cost analysis revealed that few models are currently available which

deal specifically with estimating LCC of integrated circuits (5, 7, 8,

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

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
costs of 128 Avionics LRUs. AFWAL has this model on the CDC
6600 System (17:40).

2. Microcircuit LCC model.

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

3. PRICE M (Programmed Review of Information for Costing and
Evaluation - Microcircuit).

Like PRICE L, PRICE M is owned and controlled by RCA. This
model estimates development and production costs for custom
microcircuit chips. It can be used in conjunction with

15
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PRICE H (Hardware Model) to estimate the cost of integrated
circuitry 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
weight, volume, type of electronics) to compute unit
acquisition costs. Although normally used for estimating
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

acquisition costs. ASD/ACCC has access to PRICE H on UNINET
,-I" (13:1).•

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
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.

'.1.

4.
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Definitions. The following definitions apply to terms used to

describe VHSIC technology:

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

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 (LSI) 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

administered by all three services (Figure 1) (31:29). Phase 0, 1,

and 2 will be carried out consecutively, while Phase 3 will occur

parallel with Phases 0, 1, and 2 (Figure 2) (36:4-7).

Phase 0: Technology Definition. This phase (March 1980 to March

1981) was dedicated entirely to concept definition and managing the

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

Phase 0 was one of the more astute moves in the VHSIC Program, because

17
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UNDER SECRE!TARY OF DEENqSE, RESEAC AND ENGINEERING

KVHSIC EXEUTIVE CMITTEE

IL VHS IC STEERING COMMITTEE

VHSIC PROGRAM OFFICE

VHSIC PRORAM DIRECTOR
DEPUTY DIREM'R, RESEARCH DDAVSR

DEPUTY DIRECTOR, INTELLIGENCE GOPO
EXPORT CONTROL ADVISOR -'~RN EIE

MILITARY ASSISTAT

Figure 1. VHSIC Managemrent Structure (31:29)
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Yrl Yr2 Yr3 Yr4 Yr5 Yr6 Yr7

Phase 010
(Pr-ogram Definition)

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

Brassboard
Demo.

Phase 2a
(1.25 Micron System

demo.)

Subsystem
Demo.

(Iital Sub Micron
Dev.)

Phase 2b
(Final Sub Micron
Dev.)

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 0 contracts was the

requirement for VHSIC coordinators to define and describe procedures

for making VHSIC components available to all other DoD contractors and

government laboratories. In addition, there is a special clause in

all Phase 0 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-H /cm (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 lb consists of

initial efforts to extend la technology to devices with minimum

feature sizes (line width/spacing) of 1.25 microns compared to the 3

to 5 micron sizes being achieved prior to Phase 1 (21:51). In

addition, these efforts include high resolution lithography and

replication techniques, substrate improvements, metalization

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

consideration (36:6).

20
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Phase 2: Technology Demonstration. Similarly, Phase 2 is

divided into two parallel programs -- Phase 2a which will provide

subsystem demonstrations of Phase la brassboards, and Phase 2b which

continues the Phase lb submicrometer development effort (36:6-7). The

end goal of Phase 2 is to achieve FTR of 1 x 1013 gate-Hz/cm2

(approximately 20-fold improvement over Phase 1) and feature sizes of

0.5 microns dimensions if possible, or at least 0.8 micron sizes.

To illustrate these dimensions, if a map of the entire United States

were printed using .5-micron-wide lines on 20 inch wide paper, it V

would be possible to show every individual street in the country

(4:18, 21:51). This miniaturization will culminate in a systems-on-a-

chip device capable of incorporating up to one million transistors

(31:9).

Phase 3: Technology Support. Phase III, the VHSIC Support

Program (Figure 2) runs parallel to the main program efforts. Unlike

Phase 1 and Phase 2 contracts (large, vertically integrated efforts

with each contractor covering all aspects of VHSIC development),

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.

Sumney, (former VHSIC Program Director and now Executive Director of

the Semiconductor Research Corporation), these efforts will:

focus on high resolution lithographic equipment and
processing technology; advanced architecture and design concepts
for reducing custom fabrication; increasing chip utilization and
improving system reliability through fault tolerance and system . -
testability through on-chip testing; advanced CAD techniques;
improved silicon materials and fabrication processes; analytical

21



methods for determination of substrate and fabrication methods
induced defects at the submicron level; methods for improving
radiation, thermal and mechanical stress tolerance; establishment
of design standards and interface requirements; new device, gate
and circuit structures; techniques for documentation and methods
for improved simplified utilization and testing (36:8).

VHSIC Application

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

and armaments produce a force multiplication factor intended to reduce

any numerical disadvantage that US military forces might face in

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

number of logic gates on the chip and their switching rate. A typical

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 101 0 gate-H10cm . By

comparison (see Table I), several types of military equipment require

that throughput rates be increased by two orders of magnitude or more.

This increase can be achieved by increasing circuit density, circuit

speed, and total active area per chip (36:10, 33:46, 22:114).

22
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TABLE I

Throughput Rates in Millions of Operations Per Second (36:10)

Current

Equipment Best to VHSIC

Programmable A/J Communications 10 to 500

Optical Surveillance Equipment 100 to 2,000

Radar Processor 50 to 1,000

Missile Sensors and Guidancze 2 to 50

Acoustic Processors 100 to 1,000

Airborne Early Warning System 100 to 3,000

Current aircraft systems cannot afford to devote more weight,

power, volume, or cooling to electronic systems. For example, the

total processing load for avionics in next generation aircraft systems

has been estimated at 3 X 109 operations per second. A throughput

rate of this magnitude is not feasible using contemporary military IC

technology (36:8-10).

The FTR targeted by the VHSIC Program translate into improvements

for critical military equipments. The following represent a few

examples:

1. Digital signal processing for target classification and
requisition used in surveillance radar and air-to-surface
missiles.

2. Acoustic signal processing used for target identification in
submarines and aircraft.
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3. Time and frequency dispersion for command, control and
communication (21:48, 36:13-14).

Reliability and Maintainability. Due to the increasing

complexity of military electronic systems, the failure rate for

aircraft avionics has increased to the point that the unscheduled

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

expected as large assemblies of components are reduced to a single

chip, as mission functions are integrated into programmable

processors, and as military systems achieve a level of commonality in

chip usage (21:77-79). Because of the high geometric resolution

demanded by VHSIC, additional area will be available on VHSIC chips

for implementing self-repair and built-in-test functions that will

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

status (36:17).

Air Force Management of VHSIC Application. To sustain the

objectives previously discussed, DoD attention is being focused beyond

acquisition of performance characteristics to that of achieving an

affordable product (36:15). The impact of VHSIC technology goes

beyond the cost of the product. The costs of VHSIC chips are small

relative to the aggregate cost of product qualification, acceptance

testing, packaging, documentation, special test equipment, logistics

and operational support, and life cycle cost of the host system.
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The Air Force VHSIC Program Office (AFWAL/AAD) at Wright

Patterson AFB, Ohio is studying ways to introduce VHSIC technology

into weapon system design. They are working to establish requirements

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

productivity to a level commensurate with the design flexibility

expected from VHSIC products. User requirements for interface to

system level computer aided design will be determined and functional

design specification produced. Finally, they will identify issues in

supportability, testability, reliability, and maintainability that are

influenced by VHSIC technology (3).

Summary of LCC Modeling and VHSIC Technology

This literature review has examined concepts and techniques for

LCC modeling and has overviewed the DoD VHSIC Program and VHSIC

technology.

LCC Modeling. The LCC literature examined DoD policy and

requirements for LCC estimates. In addition, it investigated the

characteristics, strengths, and deficiencies of estimating techniques

used in LCC modeling. The AFSC/AFLC LCC Working Group Study was very

useful in identifying and categorizing the basic types of LCC models

and their characteristics and disadvantages. In addition, this study

made clear that a wide spectrum of LCC models exist and that each
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model has unique characteristics for assessing specific types of LCC

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

the early phases of a program, because they are based on physical and

performance parameters rather than detailed engineering data.

However, as design progresses and detailed engineering data becomes

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.

VHSIC Program and Technology. The VHSIC literature examined the

structure and objectives of the VHSIC Program. In addition, it

investigated the characteristics and features of VHSIC technology.

The literature authored by Sumney, Reed, and Brannon described the

organization and objectives of the VHSIC Program. In additLon, 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

technology.
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Specifically, this literature detailed current approaches for the

design and manufacturing of VHSIC chips, and it compared performance

estimates for VESIC technology to existing state-of-the-art for large

scale integrated circuits.

F-
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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 LCC 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 technology and design type.

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

6. Perform ICC sensitivity analysis for areas of interest.
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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

Chapter II and interviews with experts in the area of microcircuit

design and engineering. These experts are available through the Air

Force VHSIC Program Office and the AFIT School of Electrical

Engineering. Finally, question five will be addressed by reviewing

and analyzing output data of the LCC model.

Modeling Methodology

Three models will be used for this research study. They are the

following RCA PRICE (Programmed Review of Information for Costing and

Evaluation) models:

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

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

3. PRICE L Model. This model estimates the cost for supporting
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

technology. Moreover, PRICE M, PRICE H, and PRICE L can be used to

develop a complete LCC of VHSIC insertion from chip development

through logistics support. Table II shows how these models will be

used in this study.
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TABLE I I

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 LCC 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.

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

i 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 ol. VHSIC chip development and

production. The total cost of development and production are then

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

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

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

VHSIC chips onto circuit boards, and integration and test of circuit

boards, software, and chassis into a line replaceable unit (LRU) are

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

31

L" - . - " . - . .-.-.. . *"" . """""""""° . . e""".* " - ¢ "."""-"-"-" " . . "- -"-"-"-"-"-" ".".".".- .-.-

_.' '. .'," '. ; .. " ... .. 2 .. ' .. '.'/ '. . "..2 .. '-.. " "",..' .. '-. . ." " . " . ..- " " . ""-." "



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).

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 LCC 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

S." 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 LCC data file consisting of all the LCC 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

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 inclu"e:

1. Cost of LRU and module test equipment.

2. LRU and module checkout time.

3. MTTR for all repairable assemblies.

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

In addition, PRICE L incorporates constant "Global" values that

can be changed to represent various maintenance and supply

organizations. Three theaters of deployment and multi-year _

specification of equipment deployment and employment capability permit

realistic modeling of overseas organizations sending work back to

CCNUS 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

MTBF of processor As calculated from the VHSIC
chips and other components
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

displays the image on a CRT. Only 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

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

Digital
Data from__ PRF Azimuth Polar Range ,._

Radar Buffer Presummer Formatter Processor0
Receiver

F g tro Fuessor D

[Motion Compensation" :".,.,.

Digital Detection Azimuth Corner i-~. .;-

Data to and Processor Turn---"cr~ Resampling Memory :., -

Figure 3. SAR Image Processing Functional Design (5:311)'.. -: .

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 PRE 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 (5:32-35).
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Azimuth Presu.er

The azimuth presummer is basically a low-pass digital filter.

Since radar processing is required to be at a real-time rate, the

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

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

needed to implement this function (5:35).

Polar Formatter

The polar formatter is implemented with a two-dimensional (2-D)

resampler. This function performs continuous data sampling and

operates at the same speed as the azimuth presummer. In addition, it

contains a memory to implement the 2-D resampler from two 1-D

resamplers. Carter assumes this function operates over a 5-nm by 7-nm

area at 5-ft range by 7-ft azimuth resolution oversampled by 1.5

inches in each direction which corresponds to 83 million samples

(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

100 Mbits in memory size and requires approximately 16,000 logic gates

(5:36).

Range Processor

The range processor is a 1-D Fast Fourier Transform (FFT) which

compresses each range line. Approximately 10,000 logic gates and very

little memory are required (5:36).
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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 5

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).

Img 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 CMT. 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

Speed and Gate Complexity of SAR (5:38, 37:35-38)

' Max Number "
Function OP Rate Memory Size of Gates Technology

Signal Processor

PRF Buffer 150 Msps .219 Mbits Negligible BIPOLAR*

Azimuth
W Presunmer 17.9 Negligible 10,000 BIPOLAR

Polar Formatter 17.9 100 Mbits 16,000 BIPOLAR*

Range Processor 17.9 10,000 BIPOLAR*

Azimuth Buffer/ 17.9 1660 Mbits Negligible CMOS/Bulk,
Memory NMOS

Azimuth Processor 17.9 Negligible 10,000 BIPOLAR,
CMOS/SOS

_ Image Detection 17.9 Negligible 5,000 BIPOLAR,
C.OS/SOS

Control Processor

Control & Motion 2.0 12 Mbits 100,000 BIPOLAR*,
* Compensation CMOS/SOS,

CMOS/BULK

*BIPOLAR Triple diffusion (3D)/Schottky transition logic (STL) or
BIPOLAR Integrated Schottky logic (ISL)/Current mode logic (CML)

Hardware

The following assumptions are taken from Walker for the SAR

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

2. PCBs are constructed of epoxy glass for military
environments.

3. Chip packages are surfaced mounted with leads on 20 mil
centers.

4. Maximum of 200 ;tts per board.

5. Single chip packages mounted on both sides of the PCBs.

6. Chassis are constructed of aluminum for military
environments (39).

SAR Equipment Breakdown Structure and LCC Modeling Methodology

Figure 4 diametrically represents the equipment breakdown

structure (EBS) for VHSIC chips, hardware, and software necessary to

implement the SAR processor. Also, it depicts the integration and

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

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

production cost) of mode 5 I&T of the SAR are inputs for mode 7.

39

_____ ____ .- ,. ,.-%. . ".



0-4

E- 1.4

40



Input Data Input Data Input Data

PRICE M PRICE H PRICE L

II
Deve l Pent and IIOIC SAR

Production of SP (Mode 3) Deployment
Signal Processor CP (Mode 3) File

Logic Chips Memory (Mode 3)
Circuit Board (Mode 4) I I

I&T (Mode 5) 1

CP Global
Development and Constants
Production of i File

Control Porcessor
Logic Chips I

____ _ MEMORY
-t Memory (Mode 3)
Circuit Board (Mode 4) SAR

Memory File 1
Development and I
Production of .....
Memory Chips CHASSIS AND SOFTWARE

Chassis (Mode 4) ICC Output
L--Software (Mode 8) 1 Data

SAR I&T (Mode 5)I I'
I 1 I

SAR CALIBRATION I
(MODE 7) I

I I

I Electro-Mechanical
(Mode 1)

~J

Figure 5. LCC Modeling Methodology for SAR EBS
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The BCRIP 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 CCNUS.

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
used.

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.
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Finally, PRICE L provides a summary output of each of the three

LCC 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 -.

Data Collection
S

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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Mask
Fabrication

Wafer
Fabrication

Waf erMark Bad Chip Die

Yield: CPYLJ) Wafer Test and Probe Yield

Die Prep Reject Bad Die

Dicing,
Packaging, Reject bad VHS IC chip

and
Assembly

+ 
Yield: 

ASMYL 

= Assembly 
Yield

FunctioReject Bad VHSIC Chip

Y ield: OVLYLD =Overall Yield

Deliverable
Packaged VHS IC

Chip

Figure 6. Process Model for Fabrication of Package VHSIC Chips.
(30: 7.10, 5:25-28)
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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 CPYID equation is:

OL
CPYIDso s - 4.1 X 10 4 (r2 /c 2 ) (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:

CPYLDbs = 11.2 X (024 r 2/c 2) (2)

where

r and c have the same meaning as in equation 1 (5:49)

45

-,.,.-
....................................................

:-:.::,....:,. ". ,":'''; .', ,-.-,". . . ,.. .... ; ','-"-., . . . .. _" "-" ". _ ",--: ." .",". ."-.' v' ' ""-" '..-.',-
• "- "-'-' ', ."".° .'... -' -' . '. -. • . " - ..-. ,,.-.... -'..-' , ,,. -' ,'..' . '." . -' .'...-'. '.. .'. -'..I..A- ",2 "., * -.--.__..a



ASMYLD is defined by the following equation:

ASMYID = [.8/(1 + 3.0 X 10- 4c 2 )(.735) (3)

where

c = 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

designed memory chip.

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).
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TABI V

Basic Cases for LCC Sensitivity Analysis of Sar Processor

4". *

Chip Design

Signal Control I
Case Processor Processor Memory

1 Custom Custom Custom

2 Gate Array Gate Array Custom

3 Custom Gate Array Custom

4 Gate Array Custom Custom

Finally, ICC sensitivity analysis will only be performed on the

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

remaining two cases will fall somewhere between for all five areas

studied.

Methodology Sumary

The LCC model for VHSIC insertion will be accomplished using

three cost models (PRICE M, PRICE H, AND PRICE L). These models will

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

avionics system (SAR Processor). Finally, sensitivity analysis of

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

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

This chapter presents mathematical expressions for a LCC 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.
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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 .6

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 .

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

and maintenance locations at each base. One thousand systems are

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 = DCi

i=1 (4)
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where

DC, = Total cost of VHSIC chip design and prototype fabrication.

DC2 = Total costs for system hardware design, prototypefabrication, and integration and test. In addition, these

costs include the integration and test cost of prototype
VHSIC chips.

DC3 = Total cost of softare design, code, and test.

Development Integrated Circuit Cost (DC).

PROTOS1

DC1 = CSPECi+ CDESli + CSYSli CPMGTiI

i=1 + CDAT1 + CPROTO1 i  (5)

where

PRIOS1 = Number of development prototypes for each VHSIC chip of
type i.

CSPECi = 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;

2. The percent of each chip which is repeated design
(DESRPT) ; and

3. System specification level (SPLTFM) which describes
the specification level imposed on the design. In
this study SPLTFM=1.8, the PRICE M default value
for military specifications.

4. Engineering complexity (ECMPLX) factor which
describes the scope of the development effort and
available resources;

5. Development calibration index (DINDEX) which
relates past performance to new products; and

6. Escalation control (ESC) variable which defines
cost escalation factors. In this study, ESC=O
which specifies constant year dollars in the
PRICE M model.
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II

7. Development cost multiplier (DMULT) which is used
to customize specification, system, project
management, prototype, and data costs to a
particular user environment. For purposes of this
study, DMULT=1, the PRICE M default value.

8. Level of chip specification engineering (SPEC)
which is used to customize chip specification cost.
This study uses the PRICE M default value of 1
(30:7.2).

CDES11 = Cost of chip design commencing with the specification
and ending with a pattern generation tape for VHSIC
chip type i. The design cost for each chip is a
function of:

1. Gates or XSTRS;

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

3. DESRPT; and

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

7. ECMPLX;

8. DINDEX;

9. ESC; and

10. Level of chip design engineering (DESIG) used to
customize chip design cost. For this study,
DESIGN=1, the PRICE M default value (30:7.5).

CSYSli = Cost of system engineering for chip type i.

CSYSli is further defined to be:

CSYSi  (CSPECi + CDES1i)SE (6)

53".



where

SE - Systems engineering factor which is a function of:

1. ECMPLX; and

2. DINEX.

CPMGT1i Program management and control cost for chip type i.

CPMGTl i is further defined as follows:

CPMTl i - (CSPECi + CDESli + CSYSli)PM (7)

where

PM = Project management factor which is a function of:

1. ECMPLX; and

2. DINDEX (30:7-8).

CDAT1 i = Cost for documentation, deliverable drawings and
reports for chip type i.

CDAT1 i is further defined to be:

CDAT1 i = (CDESli + CSPECi + CSYS1 i = CPMGT1i)DF (8)

where

DF = Data factor which is a function of:

1. ECMPLX; and

2. DINDEX (30:7-9).

CPROTO i = The cost of prototype fabrication for chip type i. The
prototype cost is a function of:

1. PROTOSI;

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

3. Width dimension of the chip die in mils (WIGTH);
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4. Number of pins on the packaged chip (PINS); and

5. ITERAT (30:7.10).

Development System Design Cost (DC-).

DC 2 CDRAFT + CDES2 + CSYS2 + CPMGT2 + CDAT2

+ CPRCTO2 + CTT I (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 p
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,
YRTEDH=1983.

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

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);

9. Month/year development completed (DLPRO); and

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

11. ESC; and

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
phase (DDRAFT). DDRAFT=I, the default value for
PRICE H (28:19.1-19.13).

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

CDES2 is further defined to be:

CDES2 = (CDRAFT)DF (10)

where

DF -Design/drafting factor which is a function of:

1. DFPRO;

2. DLPRO;

3. ESC;

4. DMULT; and

5. A constant factor controlling the level of
developmental engineering design (DDSIGN). In this
study, DDSIGN=, the default value (28:19.12).

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

CSYS2 = (CDRAFT + CDES2)SE2 (ii)

where

SE2 = Systems engineering factor which is a function of:

1. DFPRO;

2. DLPIE;

3. ESC; and

4. DMULT (28:19-13).

CPMGT2 : The cost of program management and control which
includes travel expenses, computer operations, 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)

5 . -
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where

DF2 =Data factor which is a function of:,

1. DFPRO;

2. DLPRO;

3. DMULT; and

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

CPROT0O2 =Development cost for prototypes including material,
labor, overhead, integration and testing. Prototype
cost is a function of:

1. MCPLXE;

2. MCPILXS;

3. YRTC;

4. PIRYLOS1;

5. PRJTOS2;

6. PFOIOS3;

7. ESC;

8. DMULT; andS9. Prototype adjustment factor (PRMULT). In this
study, PRMULT=1, the PRICE H default value
(28:19.15).

CTI'EQ1 =Cost of all special tools and test equipment (not
capital equipment) and any refurbishment. Tooling and
test equipment cost is a function of:

1. M4ZPLXE,

2. MCPtLCS;

3. YRI'EGI;

5. PRfIOS2;
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6. PR1.OS3;

7. DFPRO;

8. ESC; and S

9. DMULT (28:19.18).

Software Developuent Cost (DC3).

DC3 = 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

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

DOOL = 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
prototype system and the production system.

Production Costs

Production costs are the sum of five cost equations.

They are:

1. VHSIC chip production costs from PRICE M (30);

2. Production system design, fabrication, integration and test
from PRICE H (28);

3. Special test equipment costs from PRICE L (29);

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
(29).

mathematically

5

PCi =PC i

i=l (17)

where

PC1 = Total cost of VHSIC chip production.

PC2 - 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.

PC3 =-Total acquisition cost of special test equipment and
support equipment.

PC4 = Total cost of initial spares (chips, PCB, and SAR) at all -
supply locations for all theaters.

PC5 = Total cost to enter and catalog spare items into the supply
system.
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VHSIC Chip Production Cost (PC1).

PC1  AUCl i (QTY1i) (18)

where

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

1. Number of production units (QTYI) to be fabricated

and delivered in the production period;

2. LE GTH;

3. WIDTH;

4. PINS; and

5. 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).

OVLYID is further defined to be:

OVLYID = (CPYID) (ASMYID) (19)

where

CPYLD = Wafer test and probe yield for chip type i.

ASMYID = Assembly and test yield for VHSIC chip type i.

8. Number of mask levels needed to fabricate the chip;

9. Chip substrate factor (SUBFAC) which describes the
type of substrate used; and

10. Manufacturing calibration index (MINDEX) which
relates past experience to new products.
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QTYli - Number of VHSIC chips to be fabricated and delivered in
the production period (30:7.11-7.14).

Production Ss e sign and Fabrication Cost (PC2). -

PC2= CDRAFT2 + CDES3 + CPMGT3 + CDAT3 + CPRODI

+ CTTEQ2 (20)

where

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

1. MCPLXE;

2. MCPLXS;

3. YRTECH;

4. NEWEL;

5. NEWST;

6. PLTFM;

7. ESC; and

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

9. 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
of:

1. MCPLXE;

2. MCPLXS;

3. YRTECH;

4. PLTFM;

5. ESC;
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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:

CPMT3 = (CDRAFT2 + CDES3)PM3 (21)

where

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)

where

DF3 = Data factor which is a function of: - -

1. PSTART;

2. PEND;

3. ESC; and

4. PMULT (28:19-30) .

CPFODI = Manufacturing costs to include material, labor, setup,
overhead, and quality control. Manufacturing costs are
a function of:
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1. MCE;

2. MCPTxS;

3. YRTCH

4. QTl1;

5. Quantity of GFE items (QTY2);

6. I&T quantity (QMY);

7. weight of structure in pounds (WS);

8. Weight of equipmient in pounds (WT)

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

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

IL 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
(QfrJHA); and

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

14. ESC; and

15. PD4ULT (28:19.31-19.32).

CTTEQ2 =Tooling and test equipment needed to support
production. Tooling and test equipment is a function
of:

1. WS;

2. WE;

3. M4ZPLXS;

4. M4CPLXE;

5. YRTECH;

6. PSTARI;

7. QTY1;
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8. QTY2;

9. QTY2;

10. PE .D;

11. ESC; and

12. PMULT (28:19.33). -..

Special Test Equipment Cost (PC). 0

3 3 3

PC3  ODi  DDi(CFIM) + DDi (CFIP)

i-1 i=1 i=1 (23)

where

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

DDi = Number of depot level maintenance locations for eachtheater i.

CFIM = 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.

CFIP= The cost to develop and produce a test set capable of
fault isolating to a faulty part (VHSIC chip) and would
support fault isolation to the module level (29:9.5).

Initial Spares Cost (PC4 ).

PC4 = (CUPIRNU)EUP + (04p/1qM)EMP + (CPP/RNp)EPP

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

where

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

DT 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 = Average cost of a single part in production. This value
is derived from PRICE M AUCI 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 = Production 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 (PC.

3

PC5  - C (PODF) (PP) (FNSP) + P + [ EDi( E) ]]CN

i=i (25)

where

PODF = Parts overlap discount factor. PODF 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.

EDi  - Number of equipment locations for theater i.

EE = Number of LRUs per equipment location.

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

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

They are:

1. Support of support equipment support;

2. Supply support; 7,7

3. Supply administration support;

4. Manpower support;

5. Contractor support; and I
6. Supply-spare storage and shipping costs (29:9.4).

mathematically

6

Logistics Support cost = rSCi
i=1 (26)

where

LSC1 = Cost to maintain and support the support equipment of a
program.

LSC2 = Cost for procurement of Balanced Consumed Spares (LRUs,
modules, parts).

LSC3 = Cost to retain new items in the supply system over the
life of the program.

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

LSC5 - Cost of contractor depot level repair for LRU maintenance.
This cost is not included in this study.

LSC6 = Cost of supply-spares storage, support equipment storage,
and shipping.
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Cost to Maintain Supr Equipment

LSCi  = PC3 (PCTS) (27)

where

PCTS - Support equipment annual upkeep fraction. In this study,
PCTS=.l0, the PRICE L default value.

Procurement of Balanced Consumed Spares (LC2.

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

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

unit cost (29:6.7).

Supply Administration Cost (LSC3j).

3 3

LSC3  = (PODF) (PP) (FNSP) + P + ED2(I).] CAD ( ODSi)
i=3 i=l

(28)

where

CAD = Annual cost to maintain an item in the supply system.

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

Manpower Cost (LSC )

LSC4  = (NA) (CUE, CUO, CUD) (TRE)

for unscheduled maintenance (29)

or

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

for scheduled maintenance (30)
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where

NRA = Number of repair actions.

" 1

CUE = Cost per man-hour at equipment.

CUD = Cost per man-hour at organization.

CUD = Cost per man-hour at depot.

TRE = On equipment MTTR, hours.

SMF - Fraction of equipment operating time that manpower is
assigned at the equipment level on a scheduled basis. In
this study, SMF=O, the default value. -'

TF = On time fraction or operating hours per month.

Contractor Depot Cost (ISC5).

This cost is not represented in this study.

Supply-Space Storage and Shipping Costs (ISC&).

LC (CFTO2, CFTD2) (FTSQF) + (CFTO2, CFTD2) (FTSQP)
+ (CFTO2, CFTD2) (FTSQC) + (CFTO3, CFTD3) (CUBEU)
+ (CFTO3, CFTD3) (CUBEM) + (CFTO3, CFTD3) (CUBEP)

3

+ (WU, WM, WP)( CDID2 )

i=1 (31)

where

CFT'02 = Support equipment space cost (dollars/square feet/month
at organization level.

CFTD2 - Support equipment space cost (dollars/square feet/month)

at depot level.

FTSQF = Floor space occupied by an LRU test set.

F'SQP = Floor space occupied by a module test set.

FTSQC= Floor space occupied by LRU checkout test set at
organization maintenance facility.

CFMi3 = Supply space cost (dollar/square feet/month) at
organization level.
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CFTD3 = Supply space cost (dollar/square feet/month) at depot
level.

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).

CDID i = 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 LCC analysis. The ultimate goal is to

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 "
repairable throughout the life of the program.

mathematically

ISPARE = MSPARE CK(MSPARE)1/2 + Z (32)

where

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

MSPARE = (ADFAC) (BSQTY) (33) 0

where

ADFAC = Adjustment factor.

Adjustment factor is further defined as:

AFAC = (ED) (OTF) (OA) (34)

where

OA = (MTBF/OTF) / (MTBF/OTF) + TD1.

where

TDCMN 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); L
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.
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Basic supply quantity is further defined to be:

BSQT = (DDR) (DOS) (35)

where

DR = Daily demand rate.

Daily demand rate is defined to be a function of:

1. Daily failure rate (DFR)

where

DFR = C(24 HOURS) (EE) (RATIO) )/MTBF.

where

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

study, RATIO=l.

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
study, CK values are PRICE L default values.

Z = Stock roundup factor computed for LRUs (ZU), modules
(ZM), and parts (ZP) for each organizational level. In
this study, ZU values are PRICE L default values.

2. Balance Consumed. Balance consumed spares are required when

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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If LRUs or modules are scrapped, PRICE L computes total life

cycle consumption of LRUs and modules. From these subtotals are

subtracted respective ISPARE quantities. This balance then becomes

the balanced consumed quantities. For parts, ISPAREs plus balanced

consumed spares equals the total life cycle spares requirements.

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

1. Parts are stocked at the location where repairs are

accomplished to the piece-part (FIP). In this study, parts
are stocked at depot (FIPD).

2. Modules are stocked at the location where the LRU is repaired
by replacing modules. In this study, modules are replaced at
equipment (FIME) and repaired at organization (FIPO).

3. LRUs are stocked at organization supply (ODS) to replace LRUs
removed from equipment (29:6.10).

LCC Model Summa"

The ICC model presented in this chapter is composed of functional

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

These relationships are combined in the form of mathematical

expressions to represent the three basic phases of an avionics system

LCC. The expressions given here are intended to illustrate how

variables are used and not portray actual CERs.

6V.
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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

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

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,

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

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

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

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

Appendix B describes variations made to default values for sensitivity

analysis of the five areas previously mentioned.
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VHSIC Phase 1 Chip Densities and Chip Size y 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 S

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

chips and Table VII for gate array designed chips. Data for gates/mil 2

for custom chips are derived from data for gates/mm2 taken from Sumney .

(37:36-38). Entries under "Gates/mil 2 " are gotten by multiplying

gates/mm 2 by 6.4516 X 10-4. Cells/mil2 are obtained by multiplying

gates/mil 2 by 5 to get the devices/mil 2 . Then devices/mil 2 are divided

by 6, the number of devices/cell, to get cells/mil 2 . Next, assuming 85%

useable cell area per chip, devices/cell are multiplied by .85 to get

useable cells/ril 2 (5:40-41). Finally, data for gates/mil 2 for gate I

array chips are taken from Blasingame. These data assume 80% cell

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/mil2 " are taken

from Blasingame (3). Assuming one bit per cell, then cells/mil 2 are

equal to bits/mil 2 (5:40).
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TABLE VI

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

Technology Gates/nmm2  Gates/mul2  Cells/mu,2

BIPOLAR 3D/STh 390 .2516 .1782

Q4OS/SCIS 400 .2581 .1828

NMOS 570 .3677 .2605

BIPOLAR ISL/CM'L 480 .3097 .2194

CMOS/Bulk 558 .3596 .2547

TABLE VII

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

Technology Gates/mu 2  Cells/mu2

CMOS/Bulk .1488 .1240

BIPOLAR 3D/STL .1740 .1449

TABLE VIII

Cell Densities for Memory Chips as a Function of Technology
(5:40, 37:36-38, 3, 18:274)

Technology Bits/mil 2  Cells/mil 2

CMOS/Bulk (Static RAM) 1.309 1.309

NMOS (Static RAM) 1.652 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

summarized in Table IV of Chapter III. -:

Nearly 51,000 gates of high speed logic are needed to implement the

signal processor portion, and approximately 100,000 gates of slower logic

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.

Assuming 15% of the area of an integrated circuit chip is devoted to

nonuseable area (benching pads, border area, chip test points, etc.) and

using data from Table VI, chip dimensions are derived as shown in Tables

* 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

the cells for custom chips are unique design, and 50% of the cells for

gate array chips are unique design (8:1027-1030).
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TABLE IX

Custom Chip Sizes as a Function of Technology for Signal
Processor (5:38, 36:36-37, 35:52-54, 8:1027-1030)

Gates/ Edge
Chip Dimensions Pins/
(K) (mils) Watts! Package Unique

Technology (GATES) (LENGT,WIDTH) Chip (PINS) Cells*

BIPOLAR 3D! 25.5 345.31 6.9 180 18062
STL

BIPOLAR
ISL/CML 25.5 311.24 4.0 180 18066

CMO/Blk 25.5 188.83 .71 180 18061

CM.Vs/SOS 25.5 340.93 1.7 180 18061

NIMVS 25.5 285.63 2.8 180 18065

*Assume 85% of Cells on Each Chip are Unique

TABLE X

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

Gates/Chip Edge Dimension Pins!
(K) (Mils)* Package Unique

Technology (GATES) (LENGTH,WIDH) Watts/Chip (PINS) Cells+

Bulk 10.2 283.98 Negligible 148 5004

BIPOLARI
3D/STL 10.2 I 262.61 Negligible 148 5080

*Asm 86% Useable Celis Per Chp.
+Assume 50% of Cell on Each Chip are Unique.
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TABLE XI

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

Dimensions
Gates/ (Mils) Pins/ No. of

Chip (K) (LENGTH, Watts/ Package Unique
Technology (GATES) WIDTH) Chip (PINS) Cells*

BIPOLAR
3D/STL 25 341.90 6.8 180 17707

BIPOLAR

ISL/CML 25 308.17 3.9 180 17711

CMOS/Bulk 25 285.99 .70 180 17708

CMOS/SOS 25 337.57 1.6 180 17707

NMOS 25 282.82 2.7 180 17711

*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+

CIES/Bulk 10.0 281.18 Negligible 148 4906

BIPOLAR
3D/STL 10.0 260.02 Negligible 148 4980

*Assume 80% Useable Cells per Chip.

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

processor 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"

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 desizjn (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

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

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
Control Processor (5:42, 3, 35:52-54, 8:1027-1030)

Bits/ Edge Dimensions Pins/ Transistors/ .-.

Chips (Mils) Watts/ Package Chip Unique
Tech. (K) (LENGTH, WIDTH) Chip (PINS) (XSTRS) Cells*

CMDs/ 64 223.75 .5 42 393,216 9831
Bulk

NMOS 64 199.18 .5 32 393,216 9831

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

TABLE XIV

Chips Per SAR Processor Function

SAR PROCESSOR - CUSTOM CHIPS

Signal Processor Control Processor

gic -Logic

2 26,886 4 184

SAR PROCESSOR - GATE ARRAY CHIPS (LOGIC CHIPS ONLY)

Signal Processor Control Processor

10.2K 10K

5 10
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TABLE XV

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

Memo~ry Chip Size
(mil X mil) Number of VHSIC Chips on Each Board p

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

or 400 Memory
15 GA Logic
270 Memory .

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

or 400 Memory
15 GA Logic
270 Memory P

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 taker, from

Blasingame and Oldham (3, 26).
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TABLE XVI

Custom Chip Fabrication Yields by Technology for Signal Processor
(5:52, 3, 18:13-17, 26:111-128)

Mask
Substrate Levels

Technology (SUBFAC) CPYLD ASMYID OVLYID (MSKLVL)

BIPCLAR
3D/STL Bulk Silicon .0587 .0431 2.53 X 10-3  5

BIPOLAR
ISL/CML Bulk Silicon .0723 .0196 1.42 X 10-3 7

09flS/BULK Bulk Silicon .0839 .0266 1.9 X I0-  5

CM(S/SOS Silicon-on .0220 .0162 3.6 X 10-3  3
Saffire

NMOS Bulk Silicon .0858 .0231 1.98 X 10-3  5

TABLE XVII

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

Mask
Substrate Levels

Technology (SUEBFAC) CPYID ASMYID OVLYID (MSKLVL)

BIPLR
3D/STL Bulk Silicon .0598 .0440 2.63 X i0- 3  5

BIPOLAR
ISL/CML Bulk Silicon .0737 .0199 1.47 X i0-3  7

CMOS/BULK Bulk Silicon .0856 .0230 1.97 X i0- 3  5

CMOS/SOS Silicon-on- .0225 .0167 3.76 X 10-4  3
Saffire

N4OS Bulk Silicon .0875 .0235 2.06 X 10- 3  5.

81

* .- - .°

___-_-____° _____, ___o ___._._. __o._..... _._. . . .*.. . . .. . . . . . . . . . o .



TABLE XVIII

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

Mask
Substrate Levels

Technology (SUBFAC) CPYID ASMYID OVLYLD (MSKLVL)

CMOS/Bulk Bulk Silicon .0885 .0238 2.10 X 10 5

BIPOLAR
3D/STL Bulk Silicon .1035 .0276 2.85 X 10-3  7

TABLE XIX

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

Mask
Substrate Levels

Technology (SUBFAC) CPYLD ASMYLD OVLYID (MSKLVL)

Bulk
CMOS/Bulk Silicon .0868 .0233 2.03 X 10 5

BIPOLAR Bulk
3D/STL Silicon .1015 .0271 2.75 X 10-3  7
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TABLE XX"

Custom Chip Fabrication Yields by Technology for Memory
(5:43-52, 3, 18:13-17, 26:111-128)

Mask
Substrate Levels

Technology (SUBFAC) CPYID ASMYID OVLYLD (MSKLVL)

CMOs/ Bulk
BULK Silicon .1398 .0367 5.13 X 10-3  5

NMOS Bulk .1764 .0456 8.04 X 10-3  5 8
Silicon

p.

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

yields determined, these data can be translated to parametric inputs that

describe the SAR processor's design, reliability, and logistics support. V

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

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. One factor is

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

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 I
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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 XXII. 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

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

original design (8:1027-1030j.

TABLE XXI

Estimated Mn-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) (NEqCEL) 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 (CADPAC=.8).

+Default for memory chips (CADFAC=.0).
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TABLE XXII

Estimated Man-Months to Design Gate Array Chips by Use of CAD
(5:38-56, 5:1027-1030)

CAD Man-Months to Design Chip*

Cells Not in -
Use of CAD Circuit Library(CADFAC) (NEW=) Signal Processor Control Processor

Very Little 85% 12 12

some 50% 6 6 .

Extensive** 5% 3 3

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

**Default for logic chip (CADFAC=1.2)

p._-

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 prt 1000 hours i
for chips in their useful life are given in Table XXIII. 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 S

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. S

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

connectors has a failure rate of 1.7 X 10-3 failures per 1000 hours (39). .

85

... ...* ... .. ........ ..... ,-.. . : .'. ..... . , . '. ..:_..... .. ... -. -*%,-*i4d..,, .*..., .



_ _ In In _n n

41 (A(Nu

0 0 I'D %D(

U) to 0 w

(N V. (n

00 0

4.49 s44.

Ln U)

V4 0nI I& 4

.~ . . s
i0 04 A

r-4 si

m) 1.U)

U))

03 U) 0 4)

00 1-i

It~ If0

8600



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 MTBF

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 requirements 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 LC 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

87

o* -.



TABLE 30CIV

Level of Maintenance (95% of PCBs Repaired at organization)

Maintenance Case 1. Case 2 Case 3 Case 4

Fraction of SAPs
Repaired at
quipment (FUE) .95 .95 .95 .95

Fraction of PCBs
Repaired at
Organization .95 .95 .95 .95
(FM)

Fraction of
Removed PCBs
Repaired at
Depot (FD) .05 .05 .05 .05

TABLE XO(V

Level of Maintenance (5% of PCBs Repaired at Organization)

Maintenance Case 1 Case 2 Case 3 Case 4

Fraction of
SA~s Repaired
at Equipment .95 .95 .95 .95
(FUE)

Fraction of
Removed PCBs
Repaired at
Organization .05 .05 .05 .05

Fraction of
Psroved PCBs
Repaired at
Depot (FM) .95 .95 .95 .95
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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

processors. Removed PCBs would then be sent to depot for firmware

modification. However, this feature is not modeled in this study.

Hardware. Tables XXVI and XXVII describe dimensions and weight for

chassis and circuit boards respectively. The chassy dimensions are based

on 68 PCBs that are spaced 10/32 inches apart. In addition, a space

(5" X 10" X 28") is reserved for the power supply. These dimensions are

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

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.

PRICE M includes the cost of chip packages in the unit production cost of

chips. Finally, Table XXVIII depicts package types used in this study

and the dimensions and volume of each.

Logistics Stmr Data. Table XXIX provides current AFLC labor and

shipping rates, supply administration and support costs, and travel times 2
for logistics support of spares (13:4). -
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TABLE )OMV

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

CHASSY

Next Higheri Ivolume Jeigj of Jumbe
(OTYNHA) Dimensions (VOL) ft (WT (OM~)

1 11" X 10" X 280 1.94 34.5 lb 66.9 lbs 1000

TABLE X0CVII

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

CIRCUIT CARDS

Volume [[ of fNumber
Iogic PCB Memo~ry PCB (ft3) IWeight/ jStructure IRequired
(QTYNHA) (QTYNHA) (VOL) ft (Wr) (QTY2)

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

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

PACKAGED CHIP

Package Weight Package
Dimensions Volume (lb)9)eght Chip ..

(In) (ftI) Type (PROAC)

.5 X .5 1.8 X 10 .013 .005 Memory- Pin Grid
C:MO:/Bulk ...

.5 X .5 1.8 X 10- 4  .013 .005 Memory- Pin Grid
NMOS

1.85 X 1.45 2.1 X 10- 4  .013 .0349 Custom Pin Array
Logic L.
Chips

1.1 X 1.1 8 X 10-6  .013 .01573 Gate Flat Pack
Array-
Logic

TABLE XXIX

AFLC 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/lb
Packing and shipping rate (overseas) (CDFD, CDID,

CDIO) :$ 6.00/lb
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 COUS bases (DOSDR, DOSIR): 10 days
Supply time to overseas bases (DOSDR, DOSIR): 15 days
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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 LXC model in this study. In addition

* to a description of each variable, the derivation and source of each were

presented.
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VI. = t Data and Analysis

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

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

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

computer outputs which have been edited for readability are presented in

Appendix B.

Imac of Chi Technology and Design on the SAR Processor's ICC

The variation of ICC ue 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

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 processor 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

is 8% higher than custom designed chips for Bipolar 3D/STL and CMOS/Bulk

technologies. However, when all other costs are considered as shown in S

Table MXX, the total LCC of the SAR processor is slightly less using gate

array designed logic chips.
S

TABLE XXX-

ICC of the SAR Processor as a Function of Chip Technology and Design

Chip Technology costs*

Signal Control Dev. Prod. Support Total LCC
Processor Processor Design ($1.00) ($1.00) ($1.00) ($1.00)

BIPOLAR CMOS/
3D/STL Bulk Custom $425116. $8617886. $6852052. $15895054.

BIPOLAR CMOS/ Gate
3D/STL Bulk Array 76675. 8581926. 6636718. 15295319.

BIPOLAR CMOS/ Custom/
3D/STL Bulk Gate

Array 251752. 8586153. 6659221. 15497126.

Gate
BIPOLAR CMOS/ 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)*

Chip
Technology Signal Control Memory Signal Control Memory 0

BIPOLAR Custom/ Custom/
3D/STL 25.5K 25K - $2047.60 $1801.38 -

BIPOLAR GA/+ GA/ .
3D/STL 10.2K 10.0K 650.64 584.74

BIPOLAR Custom/ Custom/
ISL/CML 25.5K 25K 2144.01 1922.85

CM4s/ Custom! Custom! Custom/
Bulk 25.5K 25K 393216 1082.53 981.20 $282.15

CMs/ A/ GA/
Bulk 10.2K 10.OK 603.78 542.15 -

CMOs/ Custom/ Custom/
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 Typ on the SAR Processor's IC and UPC of Chips

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

gate array designed chip using SOS substrate (3). The use of SOS

9I
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p

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. P

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 P

comparing UPCs presented in Table XXXI. Both the signal processor and

control processor functions implemented with CMOS/SOS chips are 171%

higher than the same functions implemented with CMOS/BIlk chips. .

Impact of Maintenance Level on LCC of the SAR Processor

Table XXXIII shows the LCCs of the SAR processor as a function of
IL

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

depot.

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

rather than depot level for the deployment scenario used in this study.

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.

TABLE X=III

LCC of the SAR Processor as a Function of Maintenance Level

Percent Costs**
Percent of PCBs _

of PCBs Repaired Total
Repaired at at SAR Dev. Prod. Support LOC
Organization* Depot* Design (1.00) ($1.00) ($1.00) ($1.00)

95 5 Case 1 $425116. $8617886. $6852052. $15895054.

5 95 Case 1 425116. 8806682. 8525410. 17757208.

95 5 Case 2 76675. 8581926. 6636718. 15295319.

5 95 Case 2 76675. 8778374. 8236005. 17091054.

95 5 Case 3 251752. 8586153. 6659221. 15497126.

5 95 Case 3 251752. 8782600. 8265754. 17300106.

95 5 Case 4 250066. 8583960. 6680172. 15514198.

5 95 Case 4 250066. 8780406. 8292071. 17322543.

*Data based on the assumption that 95% of all repairs to SAR
processors are fault isolated to module and repaired on-line.

**Costs are per SAR processor in 1984 constant dollars based on
default values for the four basic cases studied.
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mpact 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

(case two). The methods of this analysis assume that the remairing two

cases (cases three and four) fall somewhere. between case one and case

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).

12.0

11.8

LCC 11.6 -

Percent 11.71 11.74 11.63 11.66
Difference

11.4

11.2

11.0

1 2 3 4

Case

Figure 7. Percent Difference of the SAR Processor's LCC as a Function
of 95% of PCB Faults Repaired at Organization Versus 95%
Repaired at Depot

The ICC of the SAR processor differs by no more than 1.3% for custom
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The LCC 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

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

LCC of the SAR Processor as a Function of the Amount of CAD Used in the
Design of the Signal Processor and Control Processor Chips

Costs*

Dev. Prod. Support Total LCC
Use of CAD SAR Design ($1.00) ($1.00) ($1.00) ($1.00)

Very
Little Case 1 $425116. $8617886. $6852052. $15895054.

Some Case 1 312310. 8617886. 6852052. 15782248.

Extensive Case 1 241386. 8617886. 6852052. 15711324.

Very
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.
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Impact of Overall Chip Fabrication Yields on the SAR Processor's ICC

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

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

LCCs as a function of overall fabrication yields for all SAR processor

functions. Fabrication yield analysis is limited to default cases one

TABLE XXXV

ICC of the SAR Processor as a Function of Overall Chip Fabrication
Yield for All SAR Functions

Costs**

Overall Yields
for all SAR Dev. Prod. Support Total ICC

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.

5 Case 1 425116. 3887658. 3106643. 7419417.

10 Case 1 425116. 2051432. 1652646. 4129194.

L.E. .5%* Case 2 76675. 8581926. 6636718. 15295319.

1 Case 2 76675. 7106528. 5500957. 12684160.

5 Case 2 76675. 3870883. 3011346. 6958904.

10 Case 2 76675. 2044579. 1602762. 3720016.

*Default yields.

**Costs are per SAR processor in 1984 constant dollars.
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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 LCC for cases three and

four fall somewhere between these cases. Figure 8 graphically shows the

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

increase from less than .5% to 10%. Note that fabrication yields can

affect LCCs by over a factor of 4 for both cases.

'i

16 It
'I

14

12

ICC 10
Per Unit

(Millions) 8,i'
8

6 "

Custom

Ga e A~fay"""

2

0% 5% 10%

Fabrication Yields

Figure 8. LCC of SAR Processor as a Function of Overall Fabrication "°-'
Yields
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Finally, Figure 9 shows the percent difference for the SAR

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

to over 10%.

300 Gate Array

//custom

250 I

200 /
Percent /

Difference /
in tC 150

100

50

0% 5% 10%

Overall Yield

Figure 9. Percent Difference in LCC as Overall Fabrication Yields

Improve
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Analysis u

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.

1-0 -

1- 'I
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7. 7....

VII. Sum e, Recommendations, 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 LOC model developed

in Chapter IV, and 3) the input data given in Chapter V and Appendix A.

Finally, a brief conclusion is presented.

Of the factors examined in this study with respect to LCCs of a

memory-intensive avionics system, the major cost drivers are chip

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 LCCs 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, LCCs 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 LCCs. 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 LCCs.
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ReccmslndationS

The following are recommendations for further study of the methods

used in this study.

1. 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 ICC model (PRICE S) that might be used
for this purpose.

2. Improve the chip fabrication yield model to represent
improvements for yield rates as experience is gained. For
example, chip assembly yields should improve in the production
phase over the yields obtained in the development phase.
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

L refined to reflect this complexity.

The following are recommendations for further study of the use of

the I CC model.

1. Much of the data in this study was obtained from other models

(reference Chapter III) 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.

2. 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).

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

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

5. Study factors which contribute to LCCs other than those analyzed
in Chapter IV. For example, this study assumed that PCBs are -
not scrapped at depot. But undoubtedly some PCBs will be :
condemned which could have a significant effect on ICCs.
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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 LCC 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.
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Appendix A: Description of Inpt 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, QTY1 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, ASMYLD1I refers to a custom designed
signal processor chip using Bipolar 3D/STL technology. Table
XXXVI 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 modes for which the
input variable is used as input. For instance, "M" represents
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PRICE M; "H/1, 3, 4, 5, or 7" refers to PRICE H, mode 1, mode 3,
mode 4, mode 5, or mode 7; and "L/Hardware, Global or
Deployment" indicates PRICE L, Hardware file, Global file, or
Deployment file.

TABLE 00CVI

Description of ij Factors

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 COS/Bulk Technology

4 CMOS/SOS Technology

5 NOS 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 XXXVII

Default Values for All Input Variables

Model/
Variable Name Value Case File or Mode 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

AUCI 981.20 23 1,4 H/3 PRICE M
Output

AUCI 542.15 43 2,3 H/3 PRICE M
Output

AUCI $ 282.15 53 All H/3 PRICE M
utput

ASMYID Assembly .0431 11 1,3 M Tl. XVI,
Yield Eq. 3

ASMYLD .0196 12 N/A M Tl. XVI,
Eq. 3

ASMYLD .0266 13 N/A M Thl. XVI,
Eq. 3

ASMYLD .0162 14 N/A M Tl. XVI,
Eq. 3

ASMYID .0231 15 N/A M mhl. XVI,

Eq 3
ASM9-= .0440 21 N/A M Thl. XVII

Eq.3

ASM.-. .0199 22 N/A M ml. XVI
Eq. 3
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/

Variable Name Value Case File or Mode Source -

ASMYID .0230 23 1.4 M Tbl. XVII
Eq. 3

ASMY.ED .0167 24 N/A 14 Tbl.XVII,
Eq. 3

ASMYID .0235 25 N/A M Tbl.XVII,
Eq. 3

ASMYID .0233 33 N/A M Tbl.XIX,
Eq. 3

ASMYID .0271 31 2,4 M Tbl.XIX, .
Eq. 3

ASMYID .0238 43 2,3 M Thl.XVIII,
Eq. 3

ASMYLD .0276 41 N/A m Thl.XVIII,S
Eq. 3

ASMYI.D .0367 53 All M Tbl. XX,
Eq. 3

ASMYID .0456 55 N/A 14 Tbl. XX,
Eq. 3

AUCOST =Average $7,686,000 00 All H/7 PRICE H,
unit cost Motde 5

ouatput

CAD =Annual Cost $150.00 00 All L/Global Th1. XXIX
to Maintain

CADFAC =CAD .8 11 1,3 M Tbl. XXI,
Factor 8:1029

CADFAC .8 12 N/A 14 Tbl. XXI,
8:1029



TABLE XOOCVII

Default Values for All Input Variables (Continued)

Model /
Variable Name value Case File or Mode Source

CADFAC .8 13 N/A. M Tbl. XXI,
8:1029

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

CADFAC .8 15 N/A M mhl. )c(I,
8:1029

CADFAC .8 21 N/A M Thl. XXI,
8:1029

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

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

CADFAC .8 24 N/A M Tbl. XXI,
8:1029

CADFAC .8 25 N/A M Thl. XXI,
8:1029-

CADFAC 1.2 33 N/A. M ml. XXII,
8 :1029

CADFAC 1.2 31 2,4 M Tml. XXII,
8: 1029

CADFAC 1.2 43 2,3 M mli. XXII,
8:1029

C.ADFPIC 1.2 41 N/A M mhl. XXII,
8:1029

CADFAC 1.0 53 All M Tml. XXI,
8:1029

CADFAC 1.0 55 N/A M Thl. XXI
8:1029
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TABLE XCOCVI I

Default Values for All Input Variables (Continued)

Model1/

Variable Name Value ij Case File or Mode Source

CCOU =Cost of LRU $4,970,700 00 All L/Hardware PRICE H
Checkout Test Set Mode 1,

output

CDDI =Cost to 0 N/A All L/Global Thl.)OXIX
Ship from Depot to
Intermediate

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

* Pound/Trip

CDID =Cost to Ship $3.13 (CCNUS) N/A All L/Global Thl. XXIX
from Intermediate $6.00 (Europe)
to Depot. Dollars! $6.00 (Asia)
Pound/Trip

CDIO =Cost to Ship $3.13 (CNUS) N/A All L/Global Thl. XXIX
from Intermediate $6.00 (Europe)
to organization. $6.00 (Asia)
Dollars/Pound/Trip,

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

CE Cost to Enter $ 1,200 N/A All L/Global Tml. XXIX
an Item into the
Supply System.

CEND - Cost of $425,116,000 N/A 1 L/Hardware PRICE M
Engineering Output
Developmnent
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

CEND $ 76,675,000 N/A 2 L/Hardware PRICE M
output

CEN $251,752,000 N/A 3 L/Hardware PRICE M
output

CEND $250,066,000 N/A 4 L/Hardware PRICE M
output

CFIM = Cost of LRU $ 1,244,268 N/A All L/Hardware PRICE H,
Test Set Mode 1

output

CFIP = Cost of $ 3,803,676 N/A All L/Hardware PRICE H,
Module Test Set Mode 1

output

CMP= Average $ 113,000 N/A All L/Hardware PRICE H,
Cost of Module Mode ."
in Production output

CR= Contractor $ 5,068.03 N/A 1 L/Hardware PRICE H,
Cost for Module Mode 1
Repair output

CPE= Nonrecurring $ 4,374,000 N/A 1 L/Hardware PRICE H,
Production Costs Mode 5

Output

CPE $ 152,000 N/A 2 L/Hardware PRICE H,
Mode 5
Output

CPE $ 4,378,000 N/A 3 L/Hardware PRICE H
Mode 5
utput
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TABLE XMVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case File or Mode Source

CPE $ 4,373,000 N/A 4 L/Hardware PRICE H
Mode 5
output

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

CPP = Average $282.15 N/A All L/Hardware 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

CPYID = Wafer Test .0587 11 1,3 M Tbl. XVI,
and Probe Yield Eq. 2

CPYLD .0723 12 N/A M Tbl. XVI,
Eq.2 

CPYLD .0839 13 NA M Thl. XVI,
Eq. 2

CPYID .0220 14 N/A M Thl. XVI,Eq, 1 " (

CPYID .0858 15 N/A M Thl. XVI,
-. ~~Eq. 2 ;i,-

CYLD .0598 21 N/A M Thl. XVII,
Eq. 2

CPYD .0737 22 N/A M Thl. XVII,
Eq. 2

CPYLD .0856 23 1,4 M Tl. XVII,
Eq. 2
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TABLE X00(VI I

Default Values for All Input Variables (Continued)

Mde 1
Variable Name Value ij Case File or Mode Source

CPYID .0225 24 N/A M Tml. XVII,
Eq. 1

CPYLID .0875 25 N/A M Tml. XVII,
Eq. 2

CPYID .0868 33 N/A M mli. XIX,
Eq. 2

CPYLD .1015 31 2,4 M Tml. XIX,
Eq. 2

CPYID .0885 43 2,3 M Tbl.XVIII,
Eq. 2

CPYID .1035 41 N/A M Tbl.XVIII,
Eq. 2

CPYID .1398 53 All M mhl. XXC,
Eq. 2

cPYI-D .1764 54 N/A M Tbl. XX,
Eq. 2

CUBDI =module .0052 N/A All L/Hardware mhl. XXVII
Storage Volume

CUB = Part .0002 N/A All L/Hardware Tbl.XXVIII
Storage Volume

CUBEU =LRU 1.94 ft3  N/A IAll L/Hardware mhl. XXVI
Storage Volume ______

CUD = Cost per $41.00 N/A All L/Globa. ml. XXIX
Man-our at j _ _ _ _ _
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TABLE )O0(VI I

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/Globa. Thl.)0(IX
Man-hour at
Equipment

CUO =Cost per $29.00 N/A All L/Global Tbl.XO(IX-
Man-hour at'
Organization

CUP =Cost of an $7,686,000 N/A 1 L/Hardware PRICE H,
LRU in Production Mode 5

output

CUP $7,687,000 N/A 2,3 L/Hardware PRICE H,
Mode 5
output

CUP $7,685,000 N/A 4 L/Hardware PRICE H,
Mode 5
output

CUR =Contractor $133,940.78 N/A All L/Hardware PRICE H,
Cost for LRU Mode 5
Repair output

DCOL =Average Cost $25.00 N/A All Software 5:99
Per Line of opera-
tional Software -

DCOP = Cost of $10,000 N/A All Software 5:109
Purchased Soft-
%we

DCSL = Average Cost $25.00 N/A All Software 5:99, 109
Per Line of Support
Software
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

F FModel/
Variable Name Value Case File or Mode Source

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
Depot Maintenance
Locations

DDS =Number of 1 N/A All L/Deployment Assumed
-. Depot Level
p Supply Locations

DESRPT =Design .15 11 1,3 M 30:7.3

Repeat

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

IDESRPT .15 15 N/A M 30:7.3

DESRPT .15 21 N/A M 30:7.3

DESRPT .15 22 N/A M 30:7.3

D 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 N/A M 30:7.3
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TABLE XXOCVI I

Default Values for All Input Variables (Continued)

Model/
Variable Name value Case File or Mo~de Source

DESRPT .50 31 2,4 M 30:7.3

DESRPT .50 43 2,3 M 30:7.3

DESPPT .50 41 N/A M 30:7.3

DESRPT .85 53 All M 30:7.3

DESRPT .85 55 N/A M 30:7.3

DFPRO Data First 187 N/A All H/1 PRICE M
Prototype Complete (Jan 1987)

DI =Number of 0 N/A All L/Deploment 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)

Model/ ...

Variable Name Value Case File or Mode Source

DINDEX 8.5 23 1,4 M 30:2.9

DINDEC 8.5 24 N/A M 30:2.9

DINDE( 8.5 25 N/A M 30:2.9
r8N3

DINDEX 6.0 33 N/A M 30:2.9

DINDEX 6.0 31 2,4 M 30:2.9

DINDEX 6.0 43 2,3 M 30:2.9

DINDEX 6.0 41 N/A M 30:2.9

DINDEX 8.0 53 All M 30:2.9

DINDEX 8.0 55 N/A M 30:2.9

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

DLPRO = Development 687 N/A All H/Mode 1 PRICE M
Complete (June 1987) Output

D ULT = Development 43,804.45 N/A 1,3 H/Mode 3 PRICE M
Cost Multiplier Output

DMULT 1,332.534 N/A 2,4 H/Mode 3 PRICE M
output
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

DNOW = Lines of 200,000 N/A All Software 5:99, 111
Operational Code

=NSW Lines of 275,000 N/A All Software 5:99, 111
Support Software
Written for the
Prototype System

DOSDR = Days of 10 N/A All L/Global TbI.XXIX
Supply at Depot

DOSIC = Days of 0 N/A All L/Global Tbl.XXIX
Supply at
Intermediate
(Consumables)

DOSIR = Days of 10 (CONUS) N/A All L/Global Thl. XXIX
Supply at 15 (Europe)
Intermeidate 15 (Asia)
(Repairables)

DOSOC = Days of 0 N/A All L/Global Assumed
Supply at
Organization
(Consumables)

DOSOR = Days of 0 N/A All L/Global Assumed
Supply at
organization
(Repairables)
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

Model/ "
Variable Name Value ij Case File or Mode Source

DPLTFM = Design 1.8 00 All M 30:2.9 -

Platform

DSTAM = Develop- 183 N/A All H/I Assumed

merit Start (Jan 1983)

DSTI = Develop- 183 N/A All M Assumed
ment Start (Jan 1983)

ECPLX= Engineer- 2.3 N/A All H/i 28:6.6
ing Complexity

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

ing Complexity

ECMPLX 3.0 12 N/A M 30:7.4

EO4PL 3.0 13 N/A M 30:7.4

ECMPLX 3.0 14 N/A M 30:7.4

ECMPLX 3.0 15 N/A M 30:7.4

ECMPLX 3.0 21 N/A M 30:7.4

ECMPLX 3.0 22 N/A M 30:7.4

ECMPLX 3.0 23 1,4 M 30:7.4

ECMPLX 3.0 24 N/A M 30:7.4

ECMPLX 3.0 25 N/A M 30:7.4

ECMPLX 1.9 33 N/A M 30:7.4

EOPLX 1.9 31 2,4 M 30:7.4

ECMPLX 1.9 43 2,3 M 30:7.4
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

Variable Name Value j Case lFile 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 (Europe)
Locations 140 (Asia)

EDS = Number of 0 N/A All L/Deployment Assumed
Equipment Level
Supply Locations

PRICE H,
EE= LRUs per 1 N/A All L/Hardware Mode 5
Equipment Location output

EMP = Improvement .945 N/A All L/Harduare PRICE H,
Curve for Modules Mode 1

ouitput

EPP = Improvement .972 N/A All L/Hardware PRICE H, --

Curve for Parts Mode 1
output

ESC = Escalation 0 N/A All M 30:2.5, -.

H/3 28:4.49

PRICE H, - .

EUP = Improvement .89 N/A All L/Hardware Mode 1
Curve for LRUs Output

FMD = Fraction of .05 N/A All L/Global Assumed
Modules Repaired at
Depot
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TABLE XXXVII

Default Values for All Input Variables (Continued)

1 1 Model/
Variable Name Value ij Case [File or Mode I Source

FMI = Fraction of 0 N/A all L/Global Assumed
Modules Repaired at
Intermediate

FMO = Fraction of .95 N/A All L/Global Assumed
Modules Repaired
at Organization

FNSP Fraction of .5 N/A All L/Hardware PRICE H,
Nonstandard Parts Mode 1

Output

FTSQC = Floor Space 4.02 ft2  N/A All L/Hardware PRICE H,
LRU Checkout Set Mode l,

Output

FTSQF = Floor Space 10.06 ft2  N/A All L/Hardware PRICE H,
LRU Test Set Mode 1

Output

FTSQP = Floor Space 30.74 N/A All L/Hardware PRICE H,
for Module Test Set Mode 1

Output

FUE = Fraction of .95 N/A All L/Global Assumed
Units Repaired at
Equipment

FUI = Fraction of 0 N/A All L/Global Assumed
Units Repaired at
Intermediate -..-_
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TABLE XXXVII•

Default Values for All Input Variables (Continued)

1 - I !Model/
Variable Name Value iCase File or Mode Source

FUO = Fraction of 0 N/A All L/Global Assumed
Units Repaired at
Organization

GATES =Number of 25,500 11 1,3 M Tbl. IX

Gates per Chip

GATES 25,500 12 N/A M Thl. IX

GATES 25,500 13 N/A M Tl. IX

GATES 25,500 14 N/A M Tbl. IX

GATES 25,500 15 N/A M Tml. IX

GATES 25,000 21 N/A M Tl. XI

GATES 25,000 22 N/A M Thl. XI

GATES 25,000 23 1,4 M Tl. XI

GATES 25,000 24 N/A M Tml. XI

GATES 25,000 25 N/A M Tl. XI

GATES 10,200 33 N/A M Tl. X

GATES 10,200 31 2,4 M Tbl. X

GATES 10,000 43 2,3 M Tl. XII

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

INTEE = Next .5 11 All H/3,5 28:4.46,
Higher Assembly 8.4
Integration Factor
for Electronics

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

INTEGE .5 13 All H/3,5 28:4.46,8.41
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TABLE XXXVII

Default Values for All Input Variables (Continued)

i1 Model/
Variable Name Value i Case File or Mode Source

INTEGE .5 14 All H/3,5 28:4.46,8.4

INTEGE .5 15 All H/3,5 28:4.46,8.4

INTEGE .5 21 All H/3,5 28:4.46,8.4

INTBGE .5 22 All H/3,5 28:4.46,
8.4

INTEGE .5 23 All H/3,5 28:4.46,
8.4

INTEGE .5 24 All H/3,5 28:4.46,
8.4

INTEGE .5 25 All H/3,5 28:4.46,
8.4

INT=E .5 33 All H/3,5 28:4.46,
8.4

INTEGE .5 31 All H/3,5 28:4.46,
8.4

INTEGE .5 43 All H/3,5 28:4.46,
8.4

INTEGE .5 44 All H/3,5 28:4.46,
8.4

INTEGE .4 53 All H/3,5 28:4.46,
8.4

INTEGE .4 55 All H/3,5 28:4.46,
8.4

INTEGS = Next 0 N/A All H/3,1 28:4.46,
Higher Integration 8.4
Factor for
Structural Items

126

:..- ....



TABLE XXXVI I

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

IN=E~ .5 N/A All H/4,5 28:4.46,
4.51, 9.3

ITERAT =Design 2 11 j1,3 M 8:1029,
and Prototype I30:4.17
Iterations

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

ITERAT ~ 2 13 N/A M 8:1029,
30:4.17

ITERAT 2 14 N/A M 8:1029,
30 :4.17

ITERAT 2 15 N/A M 8:1029,
30:4.17

ITERAT 2 21 N/A M 8:1029,
30:4.17

ITERAT ~ 2 22 N/A M 8:1029,
30 :4.17

ITERAT 2 23 1,4 M 8:1029,
30 :4. 17

ITERAT 2 24 N/A M 8:1029,
30:4.17

ITERAT 2 25 N/A M 8:1029,
30 :4. 17

ITERAT 0 33 N/A M 8t1029,
30: 4. 17

ITERAT 0 31 2,4 M 8:1029,
30:4.17
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TABLE XXXVI I

Default Values for All Inpuit Variables (Continued)

Model1/
Variable Name Value Case File or Mode Source

ITERAT 0 43 2,3 M 8:1029,
30 :4.17

ITERAT 0 41 N/A M 8:1029,
30: 4.17

ITERAT 1 53 All M 8:1029,
30:4.17

ITERAT 1 55 N/A M 8:1029,
30 :4.17

ILNTH =Lenqgth 345.31 11 1,3 M Tbl.IX
Dimension of
Chips in Mils

LENTH 311.24 12 N/A M Thl.IX

LENGTH 188.83 13 N/A M Thl.IX

LENGTH 340.93 14 N/A M Thl.IX

LENGTH 285.63 15 N/A M Tbl.IX

LEGH341.90 21 N/A M Tbl.XI

LENGTH 308.17 22 N/A M Tbl.XI

LUEJGTH 285.99 23 1,4 M Thl.XI

ILNTH 337.57 24 N/A M Tbl.XI

LEGH282.82 25 N/A M Tbl.XI

LENGTH 283.98 33 N/A M Tbl.X

LENGTH 262.61 31 2,4 M Thl.X

LENGTH 281.18 43 2,3 M Tbl.XII

LENGTH 260.02 41 N/A M Tbl.XII
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

LENTH 223.75 53 All M Tbl.XIV

INGTEH 199.18 55 N/A M Tbl.XIV

MCPIX9 = Manufac- 9.053 00 All H/3 39,
turing Complexity 28:4.47,
of Electronics 8.4
Items

MCPLXE 0 N/A All H/4 28:4.47,
9.4 "

MCPLXE 11.730 N/A All H/I PRICE H,
Mode 7
outpult '

MCPIXS = Manufac- 0 N/A All H/3 28:4.47,
turing Complexity 8.4
of Structural
Items

MCPIXS 5.3 N/A All H/4 28:4.47,
9.4 1-.

MCPLXS 8.217 N/A All H/i PRICE H,
Mode 7
Output

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
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case File or Mode Source

MINDE( 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

MIODEX 13 55 N/A M 30:2.14,
39

p

MSKLVL i Mask 5 11 1,3 M Tbl.XVI
Levels

MSKLVL 7 12 N/A M Tbl.XVI
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TABLE X0O(VI I

Default Values for All Inpuit Variables (Continued)

I - Model/
Variable Name Value Case File or Mode Source

MS1GJVL 5 13 N/A M Th1.XVI

MSKa.VL 3 14 N/A M Thl.XVI

MSKJvL 5 15 N/A M 2b1.XVI

MSKJVL 5 21 N/A M Tbl.XVII

MSKJVL 7 22 N/A M Tbl.XVII

MSKJVL 5 23 1,4 m Tbl.XVII

MSIK~vL 3 24 N/A M Tbl.XVII

MSKaLVL 5 25 N/A M Tbl.XVII

MSX~VL 5 33 N/A M Tbl.XIX

MS1XIvL 7 31 2,4 M Tbl.XIX

MSKLVL 5 43 2,3 M Tbl.XVIII

MSKLVL 7 41 N/A M Tbl.XvIII

MSKLaVL 5 53 All M Thl.XOC

MSIKJVL 5 55 N/A M Thl.X0C

X = Mean Time 510 00 1 L/Hardware Tbl.XXIII
Between Failure
(Hours)

lvTlBP 530 00 2 L/Hardware Thl.)0(III

TTBF 528 00 3 L/Hardware Thl.XXIII

IBF 526 00 4 L/Hardware ml .XXII I

NEWCE = New Cell .85 11 1,3 M Tbl.XXI
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/"--,1 ~ File 1rMd
Variable Name Value Case e or Mode Source

.85 11 1,3 M Tbl. XXI

NEW=L .85 12 N/A M Tbl.XXI

NEWCEL .85 13 N/A M Tbl. XXI

NEWCEL .85 14 N/A M Tbl.XXI.

NEW= .85 15 N/A M Tbl. XXI

NEWCEL .85 21 N/A M Tbl.XXI

NEWCEL .85 22 N/A M Tbl.XXI

NEWCEI .85 23 1,4 M Tbl.XXI

NEWCEL .85 24 N/A M TbI.XXI

NEWCEL .85- 25 N/A M Thl.XXI

NEWCEL .05 33 N/A M Tbl.XXII

NEWEm .05 31 2,4 M Tbl.XXII

NEWCEL .05 43 2,3 M Thl.XXII

NEWCEI .05 41 N/A M Tbl.XXII

NEWEL .50 53 All M Tbl.XXI

NEWCEL .50 55 N/A M Tbl .XXI

NEWEL -New .3 N/A All H/5 28:4.51,
Electronics 10.1

NEWEL .5 N/A All H/i 28:6.6

NEWST = New .3 N/A All H/5 28:4.51,
Structure 10.1
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TABLE X)O(VII

Default Values for All Input Variables (Continued)

Variale NaeMoel/
vralNaeValue Case File or Mode Source

NEWST .1 N/A All H/1 28:6.5

O Nunter of 5 ((XtIUS) N/A All L/Deployrment Assumed
Organization 3 (Europe)
Level Maintenance 2 (Asia)
Locations

OS= Nunter of 5 (COtUS N/A All L/Deployment Assumed
organization 3 (Europe)
Level Supply 2 (Asia)
Locations

OTF = (l-time 46 (CONUS) N/A All L/Deployment Assumed
Fraction (Hours/ 46 (Europe)
Month) 46 (Asia)

CIVLYID = Overall1 2.53 X 10-3 1 13M b.V
Fabrication Yields Eq. 19

OVLYLD 1.42 X 10-3 12 N/A M Tbl.XVI
Eq. 19

OVLYID 1. 9 X 10-3 13 N/A M Tbl.XVI
Eq. 19

OVJLYID 3.6 X 10-3 14 N/A M Tbl.XVI
Eq. 19

OVLXID 1.98 X 10-3 15 N/A M Tbl.XVI
Eq. 19

OVLI.D2.63 X 1- 21 N/A M Tbl.XVII
Eq. 19

OVYW1.7 1~ 22 N/A M Thl.XVII
Eq. 19
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case File or Mode Source

OVLYID 1.97 X 10 - 3  23 1,4 M Tbl.XVII
Eq. 19

OVLYIrD 3.76 X 10-4  24 N/A M Tbl.XVII
Eq. 19

OVLYLD 2.06 X 10- 3  25 N/A M Tbl.XVII
Eq. 19

OVLYLD 2.03 X i0 - 3  33 N/A M Tbl.XIX
Eq. 19

OVLYID 2.75 X 10-3  31 2,4 M Tbl.XIX
Eq. 19

OVLYLD 2.10 X 10- 3  43 2,3 M Tbl.XVIII
Eq. 19

MULYD 2.85 X 10-3  41 N/A M TbI.XVIII-
Eq. 19 -- :

OVLLD 5.13 x 10-3 53 All M Th.. XX
Eq. 19

OVLYIW 8.04 X 10-3  55 N/A M Thl. XX
Eq. 19

P Number of 68 N/A All L/Hardware Tbl.XXIII
Module Types

PED= 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
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Variable Naume Value i as ile or Mode Isource

PmN 180 12 N/A M Thl.IX

PINS 180 13 N/A M Tbl. IX

PINS 180 14 N/A M Thl.IX

PINS 180 15 N/A M Thl.IX

PIN 180 21 N/A N Thl.XI

PIN 180 22 N/A M Thl.XILPIN 180 23 1,4 M Tbl.XI

PINS 180 24 N/A. M Thl.XI

PINS 180 25 N/A M Tbl.XI

PINS 148 33 N/A. M ThI.X

PINS 148 31 2,4 M Tbl.X

PINS 148 43 2,3 M Tbl.XII

PINS 148 41 N/A M Thl.XII

PINS 42 53 All M Thl.XIII

PINS 32 55 N/A M Tbl.XIII

PKGFAC =Packaging 2.4 11 1,3 H Tbl.XXVIII
Factor 30:2.15

PKGFAC 2.4 12 N/A M Tbl.XXVIII
30:2. 15

PKGFAC 2.4 13 N/A m Tbl.XXVIII
30:2.*15

PKGFAC 2.4 14 N/A m Th1.X0CVIII

I I 1 30:2.15
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TABLE XO0(VII

Default Values for All Input Variables (Continued)

I Mobdel!
Variable Name value Case File or Mode Source

PKGFAC 2.4 15 N/A M Tbl.XOCVIII
30:2.15

PKGFAC 2.4 21 N/A M Tbl.XaVIIi
30 :2.15

PKGFAC 2.4 22 N/A M Tbl.XOCVIII
30: 2. 15

PKGFAC 2.4 23 N/A m Thl.XXVIII
30 :2.15

PKGFAC 2.4 24 N/A m Thl.XXVIII
30 :2. 15

PKGFAC 2.4 25 N/A M Tbl.)OCVIII
30:2.15

PKGFAC 1.7 33 N/A M Thl.aXVIII
30:2.15

PKGFAC 1.7 31 2,4 M Thl.)OCVIII
30:2.*15

PKGFAC 1.7 43 2,3 M Thl.XXVIII
30:2.15

PKGFAC 1.7 41 N/A M Tbl2'DCVIII
30:2.15

PKGFAC 2.4 53 All M Tbl.XXVIII
30: 2.15

PKGFAC 2.4 55 N/A m Thl.XOCVIII
30:2.15

PLTFM =Specifi- 1.8 All All H/1,3,4,5 28:4.46,
cation Level 8.4,

4.52
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TABLE XO0CVII

Default Values for All Input Variables (Continued)

Variable NaeValue ij Case File or Mode SourceJ

PMULT =Production 0 All All H/3 28:4.49,
Multiplier 8.5

PP Number of 3 N/A All L/Hardware PRICE H, -

Part Types Model1,
output

PROFAC =Production 8 00 All M 30:2.13
Factor

PFOIOS1 =Chip 2 11 1,3 M, H/3 Tbl.XIV

Prototype Quantity

PROT OS1 2 12 N/A M, H/3 Thl.XIV

P1FOCS1 2 13 N/A M, H/ 3 Thl.XIV-

PROTOS1 2 14 N/A M, H/3 Thl.XIV

PRl'OS1 2 15 N/A M, H/3 Tbl.XIV

PROTOSI 4 21 N/A M, H/3 Tbl.XIV

PROTOS1 4 22 N/A M, H/3 Thl.XIV

PIFtIS1 4 23 1,4 M, H/3 Thl.XIV

PROIOS1 4 24 N/A M, H/3 Thl.XIV

PROTOS1 4 25 N/A M, H/3 'bl.XIV

PR07OS1 5 33 N/A M, H/3 Thl.XIV

PROTOS1 5 31 2,4 M, H/3 Thl.XIV

PROTOS1 10 43 2,3 M, H/3 Tbl.XIV

PROTOS1 10 41 N/A M, H/# Tnl.XIV
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ICase File or Mode Source

PFOTOS1 27,070 53 All M, H/3 Tbl.XIII, -

Tbl.XXIV

PFUTOS1 27,070 55 N/A M, H/3 Tbl.XIII,
Thl.XXIV

PRYIOS2 = Number 68 00 All H/4 Tbl.XXIII
of GFE Equipment (Circuit
Items Boards)

PR7lOS2 I N/A All H/4 Tbl.XXVI
(Chassis)

PROTOS3 = Number 1 N/A All H/5 Tbl.XXVI
of Prototype LRUs (SAR)
Requiring I&T

PSTART = Production 787 N/A All H/1 PRICE M
Start (July 1987) output

PSTT = 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

PSTFC 687 14 N/A M Assumed

PSTRT 687 15 N/A M Assumed

PSTRT 587 21 N/A M Assumed
(May 1987)

PSTFC 587 22 N/A M Assumed

PSTRT 587 23 1,4 M Assumed
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

I Mdell
Variable Name Value Case IFile or Mode ISuc

PST~587 4 N/ M Asume

PSTRT 587 25 N/A M Assumed

*PSTFG 983 33 N/A M Assumed
(Sept 1983)

PSTRT 983 31 2,4 M Assumed

-. PSTRT 184 43 2,3 M Assumed

(Jan 1984)

PSTRT 184 41 N/A M Assumed

PSTRT 584 53 All M Assumed
(May 1984)

PSTRT 584 55 N/A M Assumed

PTSTRT =Prototype 1086 11 1,3 M Assumed
Start (Chip Devel- (Oct 1986)

* . opment)

PT=~ 1086 12 N/A M Assumed-

PTSTRT 1086 13 N/A M Assumned

PTSTRT 1086 14 N/A M Assumed

PTSTRT 1086 15 N/A M Assumed

PTSTWI 986 21 N/A M Assumed
(Sept 1986)

PTSTRT 986 22 N/A M Assumed

PTSTRT 986 23 N/A M Assumed

PTSTFC 986 24 N/A M Assumed

PTSTRT 986 25 N/A M Assumed
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TABI. XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

PTSTRT 383 33 N/A M Assumed

(March 1983)

PTSTRT 383 31 2,4 M Assumed

PTSTRT 383 43 2,3 M Assumed

PrSTFr 383 41 N/A M Assumed

PTSTRT 183 53 All M Assumed
(Jan 1983)

PTSTRT 183 55 N/A M Assumed

QTY1 = Production 2000 11 1,3 M, H/3 Tbl.IX,
Quantity (Chips) TbI.XV

QTY1 2000 12 N/A M, H/3 Thl.IX,
Tbl .XV

QTY1 2000 13 N/A M, H/3 Tbl.IX,
Tbl.XV

QTYl 2000 14 N/A M, H/3 Tbl.IX,
Thl.XV

QTY1 2000 15 N/A M, H/3 Thl.IX,
Thl . XV

QTY1 4000 21 N/A M, H/3 Tbl.IX,
Tbl.XV

QTY1 4000 22 N/A M, H/3 Tbl. IX,
Tbl.XV

QTYl 4000 23 1,4 M, H/3 Tbl.IX,
Tbl.XV

QTY1 4000 24 N/A M, H/3 Tbl.IX,
Tbl.XV
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value Case File or Mode Source

QTY1 4000 25 N/A M, H/3 Tbl. IX,
Tbl .XV

QTY1 5000 33 N/A M, H/3 Tbl.IX,
Thl.XV

QTYI 5000 31 2,4 M, H/3 Thl.IX,
Tbl.XV

QTY1 10,000 43 2,3 M, H/3 Thl.IX,
Thl.XV

QTY1 10,000 41 N/A M, H/3 Thl.IX,
Tbl.XV

QTY1 27,070,000 53 All M, H/3 Tbl.IX,
Thl.XV

QTY1 27,070,000 55 N/A M, H/3 Tbl. IX,
Tbl .XV

QTY2 = Quantity of 68,000 N/A All H/4 Thl.XXVII,
GFE Items (Circuit Tbl. IX

Boards)

QTY3 = I&T 1,000 N/A All H/5 Tbl.XXVI
Quantity (SAR Units)

QTYNHA = Quantity 2 11 1,3 H/3 Tbl.XIV
Next Higher
Assembly

QTYNHA 5 31 2,4 H/3 Tbl.XIV

QTYNHA 4 23 1,4 H/3 Thl.XIV

QTYNHA 10 43 2,3 H/3 TBL.XIV
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TABLE XXXVII

Default Values for All Input Variables (Continued)

Model/

Variable Name Value ij Case IFile or Mode Source

QTYNHA 270 (PCB 1) 53 All H/3 Tbl.XIV
400 (PCB

2-68)

QTLNHA 1 N/A All H/4 Thl.XXVII
(Circuit
Cards)

QTYNHA 1 N/A All H/4 Tbl.XXVI
(Chassis)

QTYNHA 1 N/A All H/5 Tbl.XIV
(PCB 1)

QTYNH0A 67 N/A All H/5 Tbl.XIV
(PCB 2-68)

QTYNHA 1 N/A All H/5 Tbl.XIV
(SAR I&T)

RNM = Reference 1000 N/A All L/Hardware PRICE H,
Quantity for Mode I
Modules output

RNP = Reference 1000 N/A All L/Hardware PRICE H,
Quantity for Mode I
Parts output

RNU = Reference 1000 N/A All L/Hardware PRICE H,
Quantity for Mode 1
LRUs output

SPLTFM = System 1.8 00 All M 30:2.9
Platform"

SUBFAC = Substrate 4.0 11 1,3 M 30:2.14
Factor
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TABLE XXVII

Default Values for All Input Variables (Continued) ,

Model/-Variable Name Value ij Case File or Mode source

SUBFAC 4.0 12 N/A M 30:2.14

SUBFAC 1.5 13 N/A M 30:2.14

SUBFAC 2.5 14 N/A M 30:2.14 j
SUBFAC 3.0 15 N/A M 30:2.14

SUBFAC 4.0 21 N/A M 30:2.14

SUBFAC 4.0 22 N/A M 30:2.14

SUBFAC 1.5 23 1,4 M 30:2.14

SUBFAC 2.5 24 N/A M 30:2.14

SUBFAC 4.0 25 N/A M 30:2.14

SUBFAC 4.0 33 N/A M 30:2.14

SUBFAC 1.5 31 2.4 M 30:2.14

SUBFAC 4.0 43 2,3 M 30:2.14

SUBFAC 1.5 41 N/A M 30:2.14

SUBFAC 1.5 53 All M 30:2.14

SUBFAC 3.0 55 N/A M 30:2.14

TC LRU Checkout 1.76 N/A All L/Hardware PRICE H,
Time at Organiza- Mode 1
tion output

TF = LRU MTTR 1.76 N/A All L/Hardware PRICE H,
Mode 1
output
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TABLE XXXVI I

Default Values for All Input Variables (Continued)

VaiblsaleModel/

Variable Name Value Cae File or Mode Source

TMO - Module MTTR 3.56 N/A All L/Hardware PRICE H,
Mode 1
output

VOL = Volume 2.1 X 10- 4  N/A 1,3 H/3 Tbl.XXVIII

VOL 8 x 10-6 N/A 2,4 H/3 Tbl.XVIIIj

VOL .0052 N/A All H/4 Tbl.XXVII

VOL 1.94 N/A All H/I Tbl.XXVI

WCF = Electronics 119.98 N/A All H/i Tbl.XXVI

Weight/Ft3

WIDTH = Width 345.31 11 1,3 M Tbl.IX
Dimensions of
Chips in Mils

WIDTH 311.24 12 N/A M Thl. IX

WIDTH 188.83 13 N/A M Thl. IX

WIDTH 340.93 14 N/A M Thl. IX

WIDTH 285.63 15 N/A M Thl. IX

WIDTH 341.90 21 N/A M Thl.XI

WIDTH 308.17 22 N/A M Tb.XI"

WIDTH 285.99 23 1,4 M Tbl.XI

WIDTH 337.57 24 N/A M Thl.xi

WIDTH 282.82 25 N/A M Thl .XI

WIDTH 283.98 33 N/A M Tbl.X

144

• . --



. . . .. . . .,-0

TABLE XX0CVII

Default Values for All Input Variables (Continued)

Model/
Variable Name Value ij Case File or Mode Source

WIDTH 262.61 31 2,4 M Tbl.X
S

WIDTH 281.18 43 2,3 M Tbl.XII

WIDTH 260.02 41 N/A M Tbl.XII

WIDTH 223.75 53 All M Tbl.XIII
I

WIDTH 199.18 55 N/A M Tbl.XIII

PRICE H
M= Module 2.57 00 All L/Hardware Mode 1,

Weight Output

WP = Part .0349 00 All L/Hardware Tbl.XXVIII
Weight

WS - Structure 572 N/A All H/4 Tbl.XXVII
Weight (Lbs) (Circuit

Card)

WT = Total 241.36 N/A All H/i1 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 I

WT .572 N/A All H/4 Tbl.XXVII
(circuit
Card)

WT .0349 23 1,4 H/3 Tbl.XXVIII

w .0157 43 2,3 H/3 Thl. XXVIII

WT .005 53 All H/3 Tbl.XXVIII
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TABLE XOOCVI I

Default Values for All Input Variables (Continued)

Model/
Variable Name value ij Case File or Mode source

Wr 66.9 N/A All HA4 lbl.)O(VI

XSTRS =Number of 393,216 53 All M Tbl.XIII
Transistors

XSTRS 393,216 55 N/A M Tbl.XIII

YD =Years in 4.5 N/A All L/Hardware PRICE H,
Developmient Mode 1
Phase output

YP = Years in 7.25 N/A All LlHardware PRICE H,
Production Mode 1
Phase

YPEZJ = Year 1984 N/A All All Assumed
Of Economics

YR1'ECH =Year 1983 N/A All All Assumed
of Technology
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Appendix B: ICC Output Data

- This appendix contains five sections of computer output data which

are analyzed in Chapter VI. Section 1 gives the output data which are

results from the input of all default values presented in Appendix A.

* • Similarily, Sections 2, 3, 4, and 5 give the value changes to default

input variables and present output data used for analysis of the impact

on LCCs of maintenance level, substrate type, use of CAD, and overall

chip fabrication yields respectively. Each run of the LCC model gives

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.

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

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

presented are chip costs. Then outputs for each of the four default

cases are given beginning with default Case 1 and ending with default

Case 4.

* -
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TU SMGWZ VBSC CTH?-&Eaa 30t~flI (ij=W)

LICT FRM=.~CN CC~($ 1.00) 2047.60

PIGM OT ($ 1000.)

aUEP SEWICATI()I 34824.
CHIP CMGq 124158.

10025.
PR3=T M29 ~ 7238.

DAM 3116.

PFVTTYPE28.

SUlBTOTAQL MAUA~UJ 4123.BlaRIL(j=2

TOMP F40OM a C=13484.

CEVJMET sumfl 7238.
EMCI JAN 83.4) O=8



~RIY~28.

SLBMIAL !'VNJACTERING 4316.

T1OMh PFG ccT 183676.

EMGNJAN 83 (46) OCT 86
PRY0rI NOV 86 (4) FE 87*

RGMR 87* (1) MAR 87*
ITPATICNS AR 87* (3) IJUN~ 87*

(54)

PFCCTrIaN JWV 87 (3) fLG 87* (1-1) 1JUL 88* (14)

SEPPLEMBITL INECR.IATI

E9011ICIN 0.00*

THE: SIQM PIC M vmic alOSXE (j13)

LUT PF'DIQC CCT($ 1.00) 1082.53

PFG t~ma6 (s 1000.)

CHIP SPIFICATIM ~ 34824.
CHIP CEIRN 124158.
SYSThM6 10025.
PM 2 7238.
DAk 3116.

SM1OM E3114MThM 179360.

P!UIO1YPE 28.
PRCCE~-TICN2165.

SEBUIhL M'NUFArrJEnM 2193.

'IUMA PFGAM C1' 181553.
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EEINJMN83 (46) OCT86
PF1OYME NOV 86 (4) FJEB 87*

EN7 EMMR 87* (1) MAR87*-
ITERATlCNE APR 87* (3) JUR 87*

54)

MeEND PIE-f rC FINISH
PFCCr-rICN JUN 87 (3) AUG3 87* (11) JUL 88* (14)

SUPPIENEq2M llRERTIM
)SRCF BCOXa~ICS 1984

EStAATIM~ 0.00*

T=n: SINL VIBIC CEUP-aW'SO (ij=14)

UNIT PRflMfCN OXT($ 1.00) 2932.45

PFCGM COST ($ 1000.)

CHIlP SPECWICATIaM 34824.

SYSTEMs 10025.
Pro= m~a7238.

DAM 3U6.
SLBTOIAL EJSGIN0PJN 179360.

PFCTCYPE 28.

SU1L MAUFAS2URflM 5893.

'TOTAL PFCGM COS 185252.

DBECMWSTA FINISH
EEINJAN 83 (46) CT 86

PFCICTYPE NOVJ 86 (4) FEB 87*
D(MA.R 87* (1) MA~R 87*

ITRATICNS APR 87* (3) JUN~ 87*
54)

END PFE-PRfl FRUHI
PFCUE)IN JUN 87 (3) ALIG 87* (12) AMX 88* (15)

SUPLEMML flOEMIC
YEA OF BaCK~CS 1984

~tAT~aq0.00*



KTI'ff: SIGNAL WFCS3 VIIC QIIP-NK) (ij=15)

UNIT PR0=CN COST($ 1.00) 1278.85

PFGA C~ST ($ 1000.)

CHIP SPEMIICATICN 34824.

SYSTEMS10025.
PR=EC Ms1 7238.
DAMk 3116.

* BIThL ENIEEI 179360.

PROTOTPE 28.
PiR=ICN 2558.

SBTTL MANEkWIURIM 2586.

1DL PRCGRAM 181945.

EMGNJN 83 (46) OCT 86
PFCIY= NOVt 86 (4) EBh 87*
ENG TlEST MAR 87* (1) MAR 87*
~ITERAT~ICNS APR 87* (3) JU 87*

54)

PF3CTC W 87 (3) AUG 87* (11) JUL 88* (14)

SUPLMTAL INE~lMATICtN
)M CP ECONOMICS 1984
ESOUTICTI 0.00*

TifE: SIGNAL PFCES 'AmC CHIP-BI 3D/Shin (ij-31)

EIT PTIN OI'($ 1.00) 650.64
PSGRM COT ($ 1000.)

CHIP SPECIFICATIGO4 1862.
aup0EIGN 1720.
SYSTEMS,~ 370.
P*C M 2Cf 247.

DATA 104.
SUBTOTAL ENG34NEERI 4303.
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PROTTYE 32.
PRCD=ICK3253.

SUMIAL MWFCPIJf 3285.

TIOM~ PfAM COI 7588.

CEIGNT JAN 83 (3) M.A83
PRIUYPE AER 83 (4) ~ JUL 83*
EZ M AW, 83* (1) AM 83*

- * (IM 0)-
8)

skTEND) PRE-PE FINISH
PclTIcN SE 83 (3) NO 83* (12) NOV 34* (15)

YEA CF OORCS 1984
ESCAIMC 0.00*

TfNZE: SrGNL PFCES VIEC CM .acWK (ija 33)

UNIT PFCUzICTI OT($ 1.00) 603.78

PROAZ4XCST ($ 1000.)

CHIP SECWh'ICATICN 1862.

SYSTEMS370.
MGMT~a~ 247.

DTA 104.
SU310TL ENINEMPING 4303.

PFCMTYPE32.
JcTrIclN 3019.

SUBI]L MRNUFACZIT3RD.G 3051.
TOTAL PROMM O~ 7354.

]DVEEISAWFNS
CEIGNJ JAN 83 (3) MAR 83
PFC7TYPE APR 83 (4) JIL 83*

EN ETAW 83* 1) AM~ 83*

STAW2 END) PF-P~FCFNS
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saPPENUThL IN1CR@1TICN
YEMi C ECCN3ICS 1984
ESAATCN 0.00*

CTNfE: PIUMW VMIC CHIW-M 3Y/SI (ij-21)

UNIT PRriai Ccs($ 1.00) 1801.38 2

*FGA COT ($ 1000.)

CHIP SPEBIFI=ATIN 34440.
* CHIP LSIQI 123067.

SYSMM9887.
PF OB= MW 7144. --

IDITA 3075.
SLBOMAL EGN, Rfl 177613.

~IO1'~PE28.
OL PO=CN7206.

SLETOmA MAUEACURDG 7234.

TOM~I PFCAM COT 184847.

CEINJAN 83 (45) SEP86
PFIOT= CT86 (4) JAN 87*

EW EB87* (1) EB 87*
I!RAIM MR 87* (3) MAY 87*

(53)

PRD CN MY 87 (3) JtL 87* (12) JUL 88* (15)

YER CF BOONDCS 1984
EtAIIC 0.00*

'TME: aORnM PFCE- VAIMC CHPBUXE IL,/CNL(ij=22)

LMT PRU=CIN COST($ 1.00) 1922.85

PFCGAM OST ($ 1000.)

CMP SEcwICATICN 34440.
CHIP EESIGN 123067.

SYSMM9887.
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DMT 3075.

PFC~o'iFE 28.
jI.r ri7T CN 7691.

SLDIAL MNFamyum 7720.

CEIGq JAN 83 (45) SE 86
PRU=Y CC 86 (4) 3JN 87*

EMT~ EB87* (1) FEB87*
rTIMMMS M~R 87* (3) MAY 87*

(53)

SwEND PRE-PIRD Ffl'JIi
PKct=IC4 MAY 87 (3) JUL 87* (13) AM. 88* (16)

)MARCF E2MCS 1984
ESCAUIC 0.00*

'TifE: amm~ MOESOv!rIC Ofp-Oc/Hx (ij=23)

PEiGA4 COT ($ 1000.)

CWi SPECIFICATIM 34440.
CHIP EMSG'1 123067.
SYMMhS 9887.
PFIO= M29 7144.

P~n=ICN3925.
SJBIMAL MMMF~IURIMG 3953.

CEVEL rM s~h FDMSH
CMNJAN 83 (45) SE 86
PR~YE ca 86 (4) JA 87*
34 ET FB87* (1) FEB87*

ITERATIS MAR 87* (3) MAPY 87*
(53)
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smw END Pe-PPMFIIS

SLJLEENTL INFFIaI
)M CF ECONCCS 1984
ESATMCN 0.00*

EIT P~aIC~a ~(s 1.00) .2662.42

PFGAMCT (S 1000.)

CHIP SPBFICATIN 34440.
CHIP CEIGN 123067.
SYSMS6 9887.
PFCOB Me 7144.

D~n 3075.
SLBIYTL ENGUEERDG3 177613.

~1OIY~28.

TIOMl PFCGAM CCT 188291.

EINJAN 83 (45) SE 86

RG = EB 7*1) FEB87*
ITERArIaM MAR 87* (3) MAY 87*

53)
snw ~ END PR- FINISH

PwRMIaN MA.Y 87 (3) JUL 87* (14) SE 88* (17)

SMPLEMENAL DEIFO'TIMt
MR F BOMS 1984

E9:)TIQJ 0.00*

UIT PuJRIM=CN ( 1.00) 1305.14
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CHrp CIICATICN ~ 34440.
CHIP tIEIGN 123067.

SYSTEMS9887.

DA 3075.
SUBTOTAU~L ENnEEn 177613.

F~1U1Y~28.
PROD=CNa 5221.

SBTTL MWJEACTURIM 5249.

TM PFCGRA COT 182862.

]DEIGN ~ JAN 83 C45) SE 86
PF~i E OCT86 (4) JM 87*

Eb JEB87* (1) FEB87*
I7EUMNa MAR 87* (3) MAY 87*

53)

smw ~ EN E-E ~ s
PR3 IC MY 87 (3) JUL 87* (12) JUL 88* (15)

SPPLE'MTL DrFRGTICN
YERC BOON341C 1984

EStALIC 0.00*

TflE CO~MM WFOES VHSMC CHEP-BPCAR 3Q/Sg1 (ij=41)

UNIT PFrrria COS($ 1.00) 584.74

PFGAm cT ($ 1000.)

CHIP SEIFICATION 1837.
CHIP EEI24 1696.

SYSTEMS364.
PFOB M~ 244.
DATA 103.

SUBTOTAL EW7R43MW 4244.

P~cwzTICN 5847.
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JAIG N 83 C3) MAR 83
PF1MYPE APR 83 C4) JtL 83*

RG ESTAG 83* (1) AM~ 83*
ITEATrIC 0 )- *

8)

PFCUrICN JAN 84 (3) MAR84* (14) MA~Y85* (17)

SWRaE.1ThL DEUR4ATICK
YWA CF EC S 1984
ESO=ICI 0.00*

TTE: C= PF= Wmc COUP-OHIXM (ij=43)

LWIT PRODcC CCT($ 1.00) 542.15

PF 4A Cwr ($ 1000.)

CHIP CESIGNI 1696.
SSTEMS 364.
PFCOB= 1Gw 244.
DTA 103.

~I~IY~32.
PRtOZICN 5421.

SLUICM !~MFCTERIN 5453.

TOMA PFCGAM C= 9697.

IZvEIpm snAR FINISH
tESIGN JAN 83 (3) M9R83
PICT1YPE APR 83 (4) .JEL 83*
BG TErAUG 83* (1) AL)G 83*
I'TEPATIa * 0)- *

8)

nwEND PRE-PCFM FIIH
PruXtrIa4 JAN 84 (3) MAR84* (15) JUN 85* (18)

YER CF B320ICS 1984
ESZ=ICN 0.00*
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UN~IT PF4rnaIC COS($ 1.00) 288.72

PFGAM 4~E ($ 1000.)

CHIP SpMrIFICpArICN 13340.
MEIP CMSIC 33574.

SYSIM2969.
PEir= M29 2731.
DAMh 1161.

SBOEAL EN3ThERPDU 53775.

PFOC1PLPE 1681.
UC2TICN 7815689.

SBUThL MUJFAPL'JI 7817369.
~TM PR1 CCS 7871144.

ID.VEEXBRNT sn FIIS
MIGN JAN 83 (1) JWN 83
prIqoYaE FEB 83 (8) SE 83*

EI W C 83* (1) OCT 83*
ITERATICN NOV 83* (6) APR 84*

16)
snw ~END)I-E C

PRX9NMY 84 (3) JUL 84* (105) APR 93* (108)

YEAR C' EOONCCS 1984
E9ZVMTICN 0.00*

PCGRM CO ($ 1000.)

CHIP SEIFICATIM ~ 13340.
CHIP CEIGN 33574.
SYSM~S 2969.

PECJB m~mr2731.
DA 1161. .-

SEBIOTL EWIEEJ 53775.

PRXMPE2029.
PFCU=C 7637761.
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.~ 77 1.,.7..77

SUBOIL MANFACTINGh 7639790.

tTAL PR3GPAM OST 7693564.

051E 4 IN F' JIS"
£MSIGN JAN 83 (1) JAN 83
PFC1DI'E FEB 83 ( 8) S 83*

CT 83* ( 1) OCT 83*
ITERATIO NOV 83* ( 6) APR 84*

16)
START EN PEE-PIED P]nISH :

PXCUTICN MAY 84 ( 3) JUL 84* (122) SEP 94* (125)

)MR CF E034MCS 1984
ESATIqN 0.00*

PUR~kED ITE

PFCG T($ 1000) MVLFEI PR G= N TO ClcST ..:

SIGNAL P SSOR (CASE 1)
TOTAL sT 179388. 4095. 183483.

CIRIT CARD (CASE 1)
TMCOST---, --

C PKCESSO (CASE 1)
TIOITL COST 177641. 3925. 181566.

(Mm cips CMCS/B (ALL CASES)
TUAL CIr 557. 76180. 76737.

WGIC P.B I&T (CASE 1)
OTAIL OST 52. 840. 892.

SYSTMO r S"

TUAL OST, WITH IN0XRTICN COST
PF3GRAM (ST ($ 1000) [EVELODR4r ]UTION TOTAL CST

CRAFTING 10. 7. 16.
CESIGN 32. 23. 55.
SYSTEMS 3. - 3.
PFJ M2Ma 3. 80. 83.
D1A 1. 30. 31.

SUEUTL (N) 49. 139. 189.

PFCCUCTICN - 688. 688.
•3. 3.
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r -7

TOCI/ EQ 1. 12. 13.

Pt1R2 I 357585. 84200. 441786.SBITm L (m) 357588. 84901. 442489.

IOML CST 357638. 85040. 442678.

COST RANGE o PKCDO=lCN TOML 00
357633. 84925. 442558.
357638. 85040. 442678.

mO 357644. 85173. 442817.

• SMS"h!4 WT 2.13 SZSM4 WS 0.57 *
* SYTM SRIE MBF HRS. 2720 AV SYSIT Cr 85 *

GFE ITE1

SOST($ 1000) VHREN CN OTAL OT
C=Ir I CAM (ALL CASES)

TOTAL C&S-
SCPS COs/LXU (ALL CASES)

TOTAL C6T 55247. 7561619. 7616866.
MEW .CB I&T (AL CASES)

TOM COA 3ST 164. 34680. 34844.

SYSTM cosT s

TTL 01ST, WIH N TcN amrPFCGR COST($ 1000) 10 PXUEI CNTAL TM bT
EG3INRING

DRATIG 7. 10. 17.
rESIGN 24. 36. 60.
Sysmm 3. - 3.
PEoJ boa 7. 2262. 2269.
DATA 2. 814. 816.

S 0IUL (EG) 43. 3122. 3165.

b'PNJFURD.Z
PccUcICN - 31136. 31136.

110. - 110.
11. 422. 434.

* ITMS 55247. 7561619. 7616866.
S om(mEG) 55368. 7593177. 7648545.

TOAL OT 55411. 7596299. 7651710.

COST RANZS MOMN PFDcIClN TOTAL COST""
FKN 55394. 7592515. 7647908.

55411. 7596299. 7651710.
10 55433. 7600473. 7655906.
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* SYSTM W 2.57 S W 0.57 *

*SYSTM SERIES MBF HRS. 1684 AV SY 11T3 * 113

FCPM1 CS($ 1000) CEYELCR4W PRTICN T sAL "-:r
CEASSIS (AIL CS)-.

70M& OIST---
SCIW ClEVE.IPM (ALL CASES)

ITIEA axE 11895. 11895.

SAR I&T (CM 1 & 3)
PFGRA M =($ 1000) OVELCENENT PRTICN TA COST".
SAR I&T (C 1 & 3)

TTAL CCST 172. 4409. 4581.

TCUOL COST, VaINT MATCN CIST '-:..

FM CX6T($ 1000) V-flCN TOTAL OT

AMTING 48. 41. 89.
CESIGN 155. 145. 300.

STEMS 17. 17.
Pm0J MGMW 20. 2724. 2744.
DATA 6. 985. 992.

SB~tIU (EG) 246. 3896. 4142.

MRIZFACTING -
PCU=ICN - 35556. 35556.

I128. - 128.
ItacLTEST BO 15. 478. 492.

PUCH ITES 412833. 7645819. 8058651.
SLEIML(EG) 412975. 7681851. 8094826.

TOOL (w5 413221. 7685747. 8098968.

CWT RANGES P t P ECI=CN TEmL COST
FAN 413183. 7681220. 8094403.
CmcE 413221. 7685747. 8098968.
O 413272. 7690807. 8104079.

*SYSTEM4 WE 241.36 SYSTEM w 105.80*
* SYSTEM SIES MTEF HRS. 510 AV SYSTEM C5T 7686 *
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~TH YRR C06TS DEVELOMENT M =W TOMA COST
11895. 0. 11895.

ClVEEOR.ENT PRrUCICi TOTAL COT
425116. 7685747. 8110863.

LO CPSR EEE CM 1

GMAL FILENME: GE.95
L IFECYL FIMME: SARi .1C

CEPWM FIENIME: SALE

MTF510 'MTT-rg 1.8 MOD TYMS/IAJ 68 1RS/ECUJW
RATIO (1) 1.00 -M3)ELE 3.6 PAR TYPS/IU~ 3 IRU FAIL AII0W 0
RATIO (2) 1.00
RATIO (3) 1.00

mu R4WEN 425116 7552234 7977350
SPP BQIJIE4ENT 38037 57055 95092

SUPY1027530 6789418 7816948
WUPPIX AD4IN. 85 1745 1830

MAPWR2062 2062
CONTRO SM:'FOF 0 0

OTERQ 1772 1772

TTAL OCST 425U16 8617886 6852052 15895054

CPEATICA.L AVAILABILITY 0.9997 ATICA~wL REDESS 0.9924

148EROF SETS 10 0 0
UTILjIZATIZM 11.811 0.000 0.000
LMA FAIO 0.394 0.000 0.000

SUPLYUNTS MIXJJIS/TIPE PARS/YE
IN4ITIAL 118 18 332
BALAC 03ME 687.60 0.00 4515.019
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PURCHASED 1T9

PFGAM COS($ 1000) CEVELCRO PRD=T TIOM COST
SIGNAL WFCSC (CAS 2)

TOTAhL Oxr 4335. 3253. 7588.
ca~J1T -M (ALL CASES)

TomA COS~T
CONTRM PFCSC (AS 2)

*.TOMA CCST 4276. 5421. 9697.
MU CKEPS Q-CS/BUU( (AIL CASS)

TOTAL 03T 557. 76180. 76737.

TOTAL COT45. 932. 977.

SYSTM MST suK

- K~TOTL COT, WITH~ INtRAT1W4Crs

FCGA1 OCSr ($ 1000) DEEO4WPCrICN TOMA COT

DR~tN ~8. 8. 17.

CEIN27. 30. 57.
SSES3. 3.

DATA 1. 35. 36.

SJB1OAL (N) 42. 166. 209.-

PFCUCION 754. 754.
PrIqol'pE 2. -2.

IV~cHI'll 9168. 84855. 94023.
-JBtL=(mEG) 9170. 85621. 94791.

*TOTAL OI' 9213. 85787. 95000.

OC~rRANES EVEDEM PFDE)ICNTOTAL ~
R~m9209. 85688. 94897.
CE R9213. 85787. 95000.

*TO 9218. 85897. 95115.

* SYSTM WT 2.16 SYSTEM. W 0. 57*
* SYSTIEM SEIES MTBF FM. 3405 AV SYSTEM COST 86 *
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GFE I2M

PFCGRAM O0ST($ 1000) EVEDRAD. PRFMZ-TICN TOtaL OcST
CICUIT CAPD (ALL CASES)
TOTAL CrS

(c aups as/miu (ALL CASES
TTAL OST 55247. 7561619. 7616866.mMUM PCB I&T (AIL CASES)

TOTAL O3ST 164. 34680. 34844.

i. TAL CcST, wr DUMMICN COST

PFCGRAM (CST($ 1000) VELMENr PJCICN TOAL 03ST

RIAFTIbG 7. 10. 17.
MIGN 24. 36. 60.

3. - 3.
PFJ M1a 7. 2262. 2269.
DATA 2. 814. 816.

SULIU A(E ) 43. 3122. 3165.

a ION - 31136. 31136.
PROrIPE 110. - 110.

- L-EST EQ 11. 422. 434.
P"ECP ITINS 55247. 7561619. 7616866.

.BIT1 (MG) 55368. 7593177. 7648545.

TOML OT 55411. 7596299. 7651710.

COST R(PA S LVE W PRurI(lN 1O]L sr.
FR4 55394. 7592515. 7647908.

55411. 7596299. 7651710.
10 55433. 7600473. 7655906.

* SYS4 w 2.57 SYS'TM %S 0.57 *
* SYSM SERIES MIF HES. 1684 AV SYSIE T 13 *
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GFE MTEN

Ca;m T($ 1000) DV71.R4W PN TTAL COSTCHASSIS (ALL CASES)
TTAL COST

S E MMAOr4 (ALL CASES)
T11895. .1895.

SAR I&T (CASE 2)

PFN4AM COST($ 1000) WVEO PR4NCN TOM COST
SAR I&T (CASE 2)

TOAL CIST 157. 5002. 5159.

TOTAL cor,MwrTH RMURAIQN CCr
P1PM OST($ 1000) IEVELDRN PFI4 TICN TOTAL OCST

DRAFTIG 10. 6. 16.
CESIGN 33. 23. 56.
SYS55 3. 3.
PmJ MMt 3. 80. 83.
DATA 1. 30. 31.

(ENG) 50. 140. 190.

PFCCWCICN - 693. 693.
PETYPE 3. - 3.

1OOD'TESr EQ 1. 12. 13.
PLYJH Imm 182533. 83358. 265891.

SBIT DEAL (MFG) 182536. 84064. 266600.

TOTAL O3Sr 182586. 84204. 7710888.
SUBIUTAL (MFG) 64554. 7682950. 7747505.

TamAL OST 64780. 7687088. 7751867.

CoST RANGS .VELO M E PR2I(r TOTAL COST-
FRCM 64744. 7682654. 7747397.
CENTER 64780. 7687088. 7751867.
TO 64829. 7692006. 7756835.

*********** **************** **********************************************? .

" SYiIEM WT 241.38 SYSTEM Z 105.80 *
" SYThN SEIES MIF HRS. 530 AV SYSTEM COST 7687 *
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F=. TMT 0. 0. 0.
scim11895. 0. 11895.

aim~ 0. 0. 0. 0

TOM~ Mini-rur acer 11895. 0. 11895.

TCDL~'IEA wi wSTr ci

76675. 7687088. 7763762. 0

IM OFSR PECSSR EEwiw a 2

GWML Ffl.EA: GUB.95
LIFE CYCE FILEAW: SAR2 .TC
MM1OMT FIIENE: SAR.CP

MIF530 MIIR-FgJ 1.8 MO T-GES/IZJ 68 LgS/BOUI 1
RATIO (1) 1.00 -MCCUErE 3.6 FAT TMfP/,'IA 3 IRU FAMh AIlJ 0
RATIO (2) 1.00
PATIO (3) 1.00

PFCPRA CCST CE NI'R PEKUCTICN SUPF '1UEAL
BWIPHNI 76675 7553395 7630070
SUPPC1C BJIR1E4I 38037 57055 95092

SUPY990409 6574227 7564636
SUPPLY A124N. 85 1745 1830

HlWR1985 1985
CONTRACTOR SUPEORE' 0 0

GE 0 1706 1706

TOTIAL OCS 76675 8581926 6636718 15295319

FEATICNAL AVAILABILITY 0.9997 CPERfA@ICL READIN~ESS 0.9930

SUPPOR EUIMCGI EC
MMEER OF SETS 10 0 0
UTIhIZATIMt 11.371 0.000 0.000
IMD FACTOR, 0.379 0.000 0.000

aiPE WY M.cr5JES/YPE PAPT/YP
INITIAL 114 17 321
BAIA CtLED 661.63 0.00 4345.692
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. '. =. .

SCOST($ 1000) C RXITOAL OCST
SIGNAL IPOCESSM (CASE 3)
TOTAL COST 179388. 4095. 183483.

CIPJIT CAM (ALL CASES)
TOT LST - --

* W009MM PFCCES (CASE 3)
TOTAL COST 4276. 5421. 9697.
MEm aiP (ALL CASES)
TOTAL OST 557. 76180. 76737.

IJICC PIB I&T (CASE 3)
T1OTAL CT 53. 861. 914.

S"Sm ! S SLrMARY

TOTAL CST, WIT INEMATICN Cs"r
* FGR4 CST($ 1000) CEV MENT PFlCN TOTAL CCST

DRAFT1G 10. 7. 17.
DESIGN 32. 24. 56.
SYSEM 3. - 3.
:mj M3M 3. 82. 85.

DATA 1. 31. 32.
S3ICIAL (Oq) 50. 143. 193.

MR~J7CTURflG
PREx~iZai - 706. 706.
PEICJIYPE 3. - 3.EQ 1. 12. 13. .[,

PLTUa ITEM 184220. 85697. 269918.
StB1TAL(M-G) 184224. 86415. 270639.

OL 6T 184273. 86558. 270831.

C=T PANGES LEV]EDMENT PU ICN TOTAL COST
FRCM 184269. 86441. 270709.
CNTER 184273. 86558. 270831.
1O 184280. 86693. 270973.

* S sh2 Wr 2.15 SYSTEM WS 0.57 *
* SYTEM SEES I[BF HRS. 3315 AV SYSTEM COST 87 *
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GFE ITE

PFG ($S 1000) CVLPE PF(C=CN~ TTAL OCr

TIOTAL COS
ma aEIPs a43S/BL (AIL CASES)
TOTAL COST 55247. 7561619. 7616866.

MEOWPC I&T (ALL CASES)
TIOTAL COST 164. 34680. 34844.

SYSlA COST' SLUWEy

PFCPI4 OXSr($ 1000) EE~~EL NT PFCDUTIC!4 TOTAL COST -4

MIGNT 24. 36. 60.
SY M3. 3.

PEW Maff 7. 2262. 2269.
DATA 2. 814. 816.

SU MOT AL (EW) 43. 3122. 3165.

PFCUCICzi 31136. 31136.

TOC-Er EQ 11. 422. 434.-
PUi{ ITIEMS 55247. 7561619. 7616866. 5

SUMIAL (DEG3) 55368. 7593177. 7648545.

TlOM~ COS 55411. 7596299. 7651710.

COS PAGS DEVE 'rO PF'CzxNa TIOM~ ccsr
FRMK 55394. 7592515. 7647908.
CEN2ER 55411. 7596299. 7651710.

TO55433. 7600473. 7655906.

*SYSTEM WT 2.57 SYSM4~' WS 0. 57 *
*SYSThZ4 SEPJIES KW~ H1FS. 1684 AV SYSTEM' COST 113 *
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GF'E ITM :.

r 4 Ccr($ 1000) EEXCR4W P.1UUCTICN TM COST-a- slsi (ALL CASES):

TOTAL osr - -

SC'DQRE I VELCR'1W1 (ALL CA11895
'IO"AL Ts2 11895. 11895.

SYSM4 COST S.M4A

SAR I&T (CAMS 1 & 3)

PRMGRA CZ ($ 1000) DVOR4W CN TOTAL CWT
SAR I&T (CASES 1 & 3)
TOTAL COST 172. 4416. 4589. --

SYSIM CCST 3 .'-

% MZ CCST, WITH INq RATCN OST
8Am T ($ i000) EEV.E NI' PRIMUTICN 'TOAL C(ST

EFA'TING 48. 42. 89.
CESIGN 156. 146. 301.

S S 17. - 17.
PmJ Mfl 20. 2727. 2746.
DAMA 6. 986. 993.

SUVAL (Elj) 247. 3900. 4147.

PR =IaN- 35579. 35579.PrIVIIPE 128. 128.""
TOCCL-'=T ED 15. 478. 493.

PLTCH ITEMS 239468. 7647316. 7886783.
SUBTCIUL (4G) 239610. 7683372. 7922981.

'IOAL S 239857. 7687273. 7927129.
CCTPR4GES MP 24 P KXDr TICN TO COST

FR3M 239819. 7682742. 7922560.
CN R239857. 7687273. 7927129.

TO 239908. 7692336. 7932243.

* SySIm] WT 241.37 SYSTE14 W 105.80 *
* SYSTEM SIES MIBF HRS. 528 AV SYSM CST 7687 *
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THRU-P~r COMS CEEME~r PF~CD=C 2OMAL OCS

TIOMA THFl-PUt CCsr 11895. 0. 11895.

IAL CM, WfI{ MlJ-PUr CCMI

251752. 7687273. 7939024.

IM CFSR T; 3

G.OB.L FIIEA: G.CB.95
LIFE CYCLE FIULEME: SAR3 .IC
DEPIMEUC FILEM~E: SAR.EP

MTF528 MTM'-TRU 1.8 MCD TYPES/I.M 68 IJS/EJ7JIP
RATIO (1) 1.00 4t3XLE 3.6 PART TYPE/IJ 3 I.ZJ FAfl AU.CW 0
PATIO (2) 1.00
RATIO (3) 1.00

PRCGLM OCsr CVELCeRW PFIJXICI@J SU~ 'IUI'AL
MJIPMW~ 251752 7557621 7809373
suPmJc EJIum'~w 38037 57055 95092

SUPY990410 6596717 7587127
SUPPLY ACK N'. 85 1745 1830

1992 1992
oaqnPAC=t sp~RP 0 0
0OHER 0 1712 1712

TOMA COW 251752 8586153 6659221 15497126

CPEATICN@L AVAJIABILITY 0.9997 cpEATicNL REMINlESS 0.9928

SUPPCFT Eu~ICFirEE~
NLBRO M10 0 0

WJILIZATIM ~ 11.412 0.000 0.000
LOAD FAC1OR 0.380 0.000 0.000

TIITIAL 1.14 17 322
BALANCE OMMD 664.41 0.00 4361.441
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PUMr) rq

FRG4a ($ 1000) PF4F.CN TOT CeST
SIGIL PRXESS (CASE 4)

TOTAL COST 4335. 3253. 7588.
CIRCIT CAM (ALL CASES)

TOTAL ST - -

02MM PCSxSC (CASE 4)
TOTAL 0ST 177641. 3925. 181566.

M fm a-IPS (AIL CASES)
IOTAL (T 557. 76180. 76737.

WGIC PCB I&T (CASE 4)
TOTAL COST 53. 846. 899.

SYSTM COST LH@f

TOTAL COST, WTiH INM ICN T
PKXGPM CCST($ 1000) MVEE M PFUTICN TOAL OOST

DRAFTING 10. 6. 16.
.ESIGN 33. 23. 56.

3. - 3.
P* J M2 3. 80. 83.
DATA 1. 30. 31.

SBTTAL(EN) 50. 140. 190.

PFCCrICN - 693. 693.
PIUTYE3. - 3.
M1, r= EQ 1. 12. 13.
P IM 182533. 83358. 265891.

S (OAL Or) 182536. 84064. 266600.

TOTAL CtST 182586. 84204. 266790-

CMT RAMES 9 w P CN TOTAL CX-'
FROM 182581. 84088. 266669.
CENTER 182586. 84204. 266790.
TO 182592. 84338. 266930.

* SYSffZ Wr 2.14 STE vs0.57*
* MSTM SETR MIBF HRS. 3237 AV SYSM CST 84 *
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PCRAM CT($ 1000) EEVE[.OEMW PC=C TOT'AL COT
CI~rI CAR (ALL CASES)

TOTAL COT
MOM~ CMIS CMCS/BTU (ALL CSES)

TOTAL COT 55247. 7561619. 7616866.
MOMPC I&T (ALL CASES)

TOTAL COST 164. 34680. 34844.

PMGRAM CST ($ 1000) EEM 4NT PR3='C4 lTOMA COST
EWANERIM

DATG7. 10. 17.
CEIN24. 36. 60.

PMJ mw 7. 2262. 2269.
DAT'A 2. 814. 816.

S MICT L (W) 43. 3122. 3165.

PFCEUCrICN - 31136. 31136.
noTNP 1. no11.

TCL-Er'T EQ 1 422. 434.
Puu rI.S 55247. 7561619. 7616866.

SJ~UBTILN) 55368. 7593177. 7648545.

TOTlAL COST 55411. 7596299. 7651710.

OCST MIMS CIEriaOM UrC OTL COT
RFc4 55394. 7592515. 7647908.
CENTER 55411. 7596299. 7651710.
TO0 55433. 7600473. 7655906.

" SYSTh4 W7 2.57 SYSTEM WS 0.57 *
" SSIEM SEPIES MMF HFRS. 1684 AV SYS1I4 CCr 113 *
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GEE ITE

mN4M OT($ 1000) DUAOR4P TOOtAL (csT
oClssIs (AL., OCAES)

.- rAL sT-"-'THW CEV ) (AI., CASES) <:

-TAL COST 11895. 11895.

COST S(Ztpmea _c:

SAR I&T (CASE 4)

,FCR COST($ 1000) C VE T PFCDCTICN TOeAL COST
SAR I&T (CASE 4)

TOTAL COST 174. 4401. 4575.

SYTMCOS6T SUVZAW i .

T OTACST, WTH DW3PICU COST "''

PFCGRAM COST($ 1000) EVEIDR4W P TIOAL COST
RL EWSINRIM

DAETIM ~ 48. 41. 89.
CESIGQ 157. 144. 301.
SYS 17. 17.
PR3 M2M9 20. 2725. 2745.
D 6. 986. 992.

sB'UmvmL(Eau) 249.• 3895. 4144.

PK rIcN - 35554. 35554.

T ESrl= EY 15. 478. 492.
PCH I 237780. 7644977. 7882757.

SDID]AL(MEG) 237922. 7681008. 7918929.

TOTAL COST 238171. 7684903. 7923074.

CC6V 'NOL sr
238133. 7680376. 7918508.

CDTh: 238171. 7684903. 7923074.
TO 238222. 7689962. 7928184.

*SYxSEM WT 241.36 SYSTEM 96 105.80*
SxSEM SIES MW HFS. 526 AV SYSTEM COST 7685 *
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7HD-Er OTS PF CCN TOTAL COST "

S" 11895. 0. 11895.

UAL fl--PT COST 11895. 0. 11895.

TOTAL OST, WITH UlY-Put OSTS

250066. 7684903. 7934969.

Ir- cr sR f , DFAI1 CAM 4

G FLE : G.CB.95
LIFE CYCI FIIDENE: SAiR4IC

MMBF 526 MITR-ILJ 1.8 MD TYPES/UMJ 68 IRUS/E UIP 1
RATIO (1) 1.00 -MI.E 3.6 PART TYPES/IIM 3 LMJ FAIL ALCW 0
RATIO (2) 1.00
RATIO (3) 1.00

MGM CT EVILOPHW PICU=IC SUT 'TOTAL
E~JR4N~250066 7555651 7805717
'qART E=UIF *** 38037 57055 95092
SUPPLY 990187 6617654 7607841
SJPPLI AM4IN. 85 1745 1830

•ANPOWER.2000 2000
0O1RII SUPORT' 0 0

0 1718 1718

TOTAL COST 250066 8583960 6680172 15514198

CPEATINAGL AVAIIABILITY 0.9997 CEFMICNAL EREDINESS 0.9926
SUTRTEUIM ORG INT M ..'-

NLWE OF SETS 10 0 0
U=ZATICN 11.453 0.000 0.000
IOM FACT 0.382 0.000 0.000

SUPPLY I.TS MX Jt.S/T'y PAPSlTYPE-
IIAL 114 17 323

BALANCE CC& 667.21 0.00 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 XXXVIII gives value changes to default input variables for

analysis of maintenance level.

TABLE XXXVIII

Changes to Default Values for Analysis of Maintenance Level

Model/
Variable Name Value ij Case File or Mode Source

.05 00 All L/Global Assumed

FMD .95 00 All L/Global Assumed
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SEJM ~ SgMW, EEFALIL CAM 1

PICM COT$ 1000) E'EDVEMM PFCtICTOM ~

DRnG48. 41. 89.
EMGN 155. 145. 300.

SY7M17. -17.
M ma20. 2724. 2744.

DA 6. 985. 992.
gzUMUMLO) 246. 3896. 4142.

PfcIaN 35556. 35556.
FCTO='f~ 128. -128. -

CCr r Q15. 478. 492.
PLC TM 412833. 7645819., 8058651.

s ~LEM(W4 G) 412975. 7681851. 8094826.

TOTAhL C~r 413221. 7685747. 8098968.

COR RNM DVELOM PFC=CN OM ios
FFM413183. 7681220. 8094403.

CENIE 413221. 7685747. 8098968.
TO413272. 7690807. 8104079.

* SYSTEM Wr 241.36 m w105.80*
* SYSMN SEPh MIBF HRS. 510 AV SYSEM OCS 7686 *

TFWi~-lur CI'S DVEIMM~1 PFnrirICN TIOTAL oxr
SOFIMA 11895. 0. 11895.

TOTIUAL COST, WIMh ME4-ur asIm

425116. 7685747. 83-10863.
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ICC CP SA A 1, 95% CF AIL FM MM AT EMK

GECAL FILEAE: MC.05
LIE CYE FMtN : SARI.JC
DEE2R MfEMfM: SAR.El-

mw510 Mr'm-rg 1.8 MMJ TYPES/IAJ 68 TAErUIP 1
RATIO (1) 1.00 -M=U 3.6 PART~ TYPES/LUJ 3 IPIJ FAIL ALC 0
RATIO (2) 1.00 .0
RATIO (3) 1.00

PFCGRA1 CCr EVEICP4N PKLCUXTICN1 SUPPCXJATO
EBUIn*EN 425116 7552234 7977350
SjLpjM EJTUfl4J 38037 57055 95092p

SLPEy1216326 8463918 9680244
SUP~lY PGAMN. 85 1745 1830
MANPCE 640 640

ZATP ICR StJPFUTI 0 0
aHR0 2052 2052

Tamt cxSr 425116 8806682 8525410 17757208

OPEATICNAL AVAIABILITY 0.9997 CFERATIaC.L FEADINESS 0.*9924

SUJPM EUIPMW a IDu CS~
N1MER OFS 10 0 0
ET7ILIZATICtN 0.622 0.000 0.000
LOAD FACtM 0.021 0.000 0.000

SLUp~Y LITfS 1.CfJIE/'IYPE PARM/TLPE
UMTIAL 118 43 32
BAIANCE CCNSUMED 687.59 170.84 223.103

0
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SYSM4 C ST SUN , IE~fir CAS 2

TOTAL ST, Wfl DIr.PAMfC (CST
PC (CST($ 1000) EEVEIDO* PUCTICN TOAL CST

D1FTNG 10. 6. 16.
CESIGN 33. 23. 56.
SYSTEM 3. - 3.
PWJ Dm 3. 80. 83.
DATA 1. 30. 31.

S (ICrAL (G) 50. 140. 190.

PR=ICN - 693. 693.
PFIOICY O 3. - 3.
T0CL-MST IQ 1. 12. 13.

PLUM ITv 182533. 83358. 265891. h
S.BW1DAL(DG) 182536. 84064. 266600.

TL SCT 182586. 84204. 7710888.

S= W G) 64554. 7682950. 7747505.

OTAL COST 64780. 7687088. 7751867.

CST RANES DEVELOPMIENr PcD: ICN TOM.L CT
FRCM 64744. 7682654. 7747397.
CI E R 64780. 7687088. 7751867.
TO 64829. 7692006. 7756835.

* SYSI04 Wr 241.38 M w 105.80 * 1
* SYSM SIES MIWF HRS. 530 AV SYSIM (CST 7687 *

UFhRU-PLlr 001 LEVELOWR-T PrIITCIN TOTAL OCS.

'IUL 11895. 0. 11895.

TOM THFU3-Pt COST 11895. 0. 11895. {

TOTAL CCST, WITH aM R-PUT OMSTS
CV ELONT PR ICN TCTAL CCST

76675. 7687088. 7763762.
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r. OLP S PLUCESSM C 2, 959 C KR AT

GrOSAL FIf E : G Z.05
LIFE CYCLE F : SAR2.IC

530 KLR-rtJ 1.8 MOD TYIE/I/J 68 LUS/EIIP 1
RATIO (1) 1.00 -M3XE 3.6 PAR TYPES/UI! 3 LRU FAIL AlC 0
RATIO (2) 1.00
RATIO (3) 1.00

MGM CSI' DVMXC]ie PFCrCUCICN SUPPCRT TA1L
M3lRM 76675 7553395 7630070
SPAVFT B *UI** 38037 57055 95092
SPLY 1186857 8174613 9361470 "
SUEIZL A1MIN. 85 1745 1830

• ** *** 616 616
cIIapA= SUTJPT 0 0

0 1976 1976

TAL COer 76675 8778374 8236005 17091054

EATICNAL AVAILABILITY 0.9997 PATICL REDID=S 0.9930

NLIUEM OF IS 10 0 0
UTILIZATIN 0.598 0.000 0.000
I=D FACIC 0.020 0.000 0.000

SUPRX WI M3XMES MP P .S/TP.
INITAL 114 43 31
BALANCE CLM 661.63 162.88 214.615
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p

COISI SM44WN, MU CI 3 '-

TomL cre, Vaim IEATI4 COS
PmPZ OST ($ 1000) CEVEL 4M 'MI= OL C

ORMUG 48. 42. 89.
ESIGN 156. 146. 301.

SSES17. - 17.

PF?T 1.24 20. 2727. 2746.
Dpn 6. 986. 993.

UBIO1AL(EW.) 247. 3900. 4147.

PRM1 ICN - 35579. 35579.
PIOIYPE 128. - 128.
TOOr'MST EQ 15. 478. 493. s "

PIRC I 239468. 7647316. 7886783.
SEBIO 1]AL (.rG) 239610. 7683372. 7922981.

TOM CO' 239857. 7687273. 7927129.

COS RAME rCEnELCrM PRM=CN~a l~am COST
K 239819.* 7682742. 7922560.

CENTE 239857. 7687273. 7927129.
10 239908. 7692336. 7932243.

* SYM WT 241.37 SYSIM W 105.80 *
* SYSIM IE5 MIBF HFG. 528 AV SYSh COST 7687 *

THRU-PEyr COSTS proxcriaq P'LIC OTAL COST

SF1WJM 11895. 0. 11895.

TOTAL TfJ-PJr COST 11895. 0. 11895.

T oaL r, WiTH Tm)-P iS'
LVCEV 4 N TOTAL COST
251752. 7687273. 7939024.
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IX CP AR C- 3., 95% CF ALL =-M REA AT EES

GXBSAL FIM: GrEB.05
LIFE QIE FUfl : SAR3.IC
CEPDYMC ENA II: SALIP

528 MT!TR-IA] 1.8 MO) TYPES/IRJ 68 LSISME/EJIP 1
RATIO (1) 1.00 -MXUE 3.6 PAPr TPESUi 3 LRU FAIL AUI 0
RATIO (2) 1.00
RATIO (3) 1.00

AMCST viE ii' P1ICRTKI 1 " ° OM
sIR4Ei 251752 7557621 7809373

m R EJIPNT** 38037 57055 95092
*** 1186857 8204353 9391210

SLYi ACMIN. 85 1745 1830
*** ***618 618

COM= **** 0 0
0 1983 1983

TOL COST 251752 8782600 8265754 17300106

QRATIGaiL AVAfIABILITI 0.9997 MPATIIAL RDINESS 0.9928

1aRI EUIPMEN CFG INr I:EPME

UM, OF S 10 0 0
UrILZATIaN 0.601 0.000 0.000
IAD FCTIR 0.020 0.000 0.000

SPL T xT~rjw.E'F~E PAaS/TYPE
INITIAL 114 43 31
BAAC CCLMD 664.41 163.62 215.496

IZ'
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r. .. ,... ~ -o...-

-2S Ca S3emW, EEILT CA 4

170hL COST, WITHI DiESATICN CCT

PF3GN C ($ 1000) VLNe PFCrICN TOTAL (T.

DPAFRG 48. 41. 89.MMSGN 157. 144. 301. ,'.
S YSEM 17. 17.
P 3 20. 2725. 2745.
- ITA 6. 986. 992.

- BTOTAL(IG) 249. 3895. 4144.

PFCCUCICN - 35554. 35554.
128. - 128.

]L-= EQ 15. 478. 492.
Pupm ITIS 237780. 7644977. 7882757.

SEBMO7TL(*EG) 237922. 7681008. 7918929.

TTUL COIST 238171. 7684903. 7923074.

COST RM ErD CNL PR =T Tam ,&
FE04 238133. 7680376. 7918508.
CENIR 238171. 7684903. 7923074.
TO 238222. 7689962. 7928184.

* 5IT WT 241.36 SYSTE4 TS 105.80 *
* ST S b3F HS. 526 AV SYSTE CST 7685 *

T ~-P~r COMVIDE~ 1EL~

11895. 0. 11895.

TOTAL -PUr aSr 11895. 0. 1895.

TOTAL CCSr, WITH TflR-PUT CTS
CIVLPER RD CN TOML05 ..::

250066. 7684903. 7934969.
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-C rSA A 4, 95% CP ML EM IE T AT EEI

LIFE CYCE FLE: SAR4.W
CEPLOYEN FIENA: SALT

MTF526 IRTX-Lg 1.8 MOD TYiM/IR 68 LPJS/B= 1I
RATIO (1) 1.00 -43XUE 3.6 PART~ TN/IM 3 ER! .J M LC 0
RATIO (2) 1.00
RATIO (3) 1.00

PF1GRA Cor CEVELCPIT PFiCriCI SU~ 'TOMA
EI IPENI' 250066 7555651 7805717
SUPE EYaUIpm 38037 57055 95092
SLIM~ 1186633 8230661 9417294
JPI AD-IN. 85 1745 1830

MFER620 620
RATC SUPO 0 0

OIM0 1990 1990

TM Cxr 250066 8780406 8292071 17322543

CPEATICNAL AVAflAB=JT 0.9997 ClPEATICNAL FEDNMS 0.9926

SUP)F BEXJIJUCE e E
M14EROF STS 10 0 0
urznI Na 0.603 0.000 0.000

*IDAD FACICP 0.020 0.000 0.000

SEM!CCU1ES~x/TiPE PAR7S/TYPE
UITIAL 114 43 31

MALAIC CCNEM4E 667.21 164.37 216.383
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Section 3

Input Data and Output Data for Substrate Type Analysis

The bulk silicon substrate case (case 1) is the default case.

Table XXXIX gives value changes to default input variables for

substrate analysis.

TABLE XOCCIX

Changes to Default Values for Substrate Analysis

Model/
Variable Name Value Case File or Mode Source

AUCI 2932.45 14 1 H/3 PRICE M
output

AUC. 2662.42 24 1 H/3 PRICE M
output
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PUCHASED ITEM

PF GRAM OC6T($ 1000) EVEOMENT E ZFICTI(4 TIOTAL -•r_
SIGNAL kSS2P-t6/SOS (CASE 5:SLBST1E ANALYSIS)
TIOAL (T 179388. 5865. 185253.

CMIWIT CAD (CASE 1)
-TAL O-r.

OOMM PKCOMSSP-OC/SOS (CASE 5:SUBSTRATE ANALXSIS)
TOTAL OWT 177641. 10650. 188291. - -

m6Gw aiipsQacsiULx (AIL CASES)
TOTAL (XS 557. 76180. 76737.

LOGIC PCB IST (CAS 1)

TOM 52. 840. 892.

MIEAL cxST, WI NIGRcUIN CST
SRT4 ($ 1000) CEVELOR4NT PFCIICN TOTAL 3ST

DRAFTING 10.• 7. 16.• :

CESIGN 32. 23. 55.
3. - 3.

PEW MM 3. 80. 83.DATA 1. 30. 31.
SLmmL(ENG) 49. 139. 189.

PFCU IO- 688. 688.
FPFCTOYPE 3. 3.
TOBT~ Q 1. 12. 13.-- -
PUC ITEMS 357585. 92695. 450281.

jLSTBTL(fr) 357589. 93396. 450984.

IOL OST 357638. 93535. 451173.

COS RANGES rtEVELOPMNT PRrr3it- TOTL CcSr
FloM 357633. 93420. 451053.

p CEN= 357638. 93535. 451173.
TO 357644. 93668. 451312.

SY STEM WT 2.13 SYSTM WS 0.57 *
S STE SERIES MIBF HRS. 2720 AV SYSITE 5 94 *
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g CPJ4 cce($ 1000) DEVEEI.4er PrnCxUCI T1OM acr

CI~)1 apps acSB AL CASES)

TO*ce 55247. 7561619. 7616866.
MEMCW PCB I&T (ALL CASS)

TCA CT164. 34680. 34844.

1(IAL CX6T, WITH flM1MPUICN OXT
PCR4N CC($ 1000) LEVEMPR4ENI'=C 'lO1AL OCST

DEATG7. 10. 17.
CEIGN 24. 36. 60.
SSTED 3. 3.

IL bro m 7. 2262. 2269.
DATA 2. 814. 816.

SJB~t1ALOG~) 43. 3122. 3165.

TOLT~ Q11. 422. 434.
Pu~ai ITEM 55247. 7561619. 7616866.

SLBTTAL(*4G) 55368. 7593177. 7648545.

TO~M 03r 55411. 7596299. 7651710.

CCS PA3S CEEMWPFRWMNT0AL OS
xx55394. 7592515. 7647908.

CENIER 55411. 7596299. 7651710.
TO0 55433. 7600473. 7655906.

* SYTh24 WT 2.57 SYSTM ws 0.57
* SYTEM4 SERIES MTBF MG. 1684 AV SLSME CCS 113
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LL~s GFE ITEM:

CHASSIS (AAL ASES) L-

T1LCOST U895. -11895.--'

SYSTEM COST SLI4A9M

13-JUIL-84 TIME 16:14 FUINAI4E: SARIT.13
(184170) [" '

SAR I&T (CAS 1 & 3)

P A OST($ 1000) .:TICN 2OIAL OsT
SAR I&T (CASS 1 & 3)

TOAL OS 172. 4409. 4581.

S~~SEM -- . -SyWE COST SLJ....

TOTA COST, WIT n ICN CS Tr

MST($ 1000) EWVUO4T PFU=IC.riTOTAL OCST

EmFTDG 48. 41. 89.
CESIGN 155. 145. 300.
SYSEM 17. - 17. ..

PEW MW 20. 2724. 2744.
DTA 6. 985. 992.

q TAL (G) 246. 3896. 4142.

M*U!FACT I3R;.;
P ICN - 35556. 35556.
POOYE128. - 128. ::.

TE Q 15. 478. 492.
I IT'S 412833. 7654314. 8067146.

StI L(I(MFG) 412975. 7690346. 8103321.

TOTAL C 413221. 7694241. 8107463.

CCST RANAS D PRCD=CN TOL cs.r
F"3 413183. 7689714. 8102897.

413221. 7694241. 8107463.
TO 413272. 7699301. 8112573.

*•******************************************* ** ********* .**

* SYSE WT 241.36 SYSTEM 105.80 *
* SYSTEM SEES MW HS. 510 AV SSTM COST 7694 *
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5-"r TS EVEC W PXELTICNAL 
FIHD S 0. 0. 0.
FIED MT 0. 0. 0.

11895. 0. 11895.
OE 0. 0. 0.

TOTAL RU-PU0T OT 11895. 0. 11895.

TOTAL CCG6T, WITHI THRO-I.'T OCSTS"'"

IMvEM.OPI NT P.9C TOTAL CCST
425116. 7694241. 8119358.

LCP SA R PRXMSEti CA 1,$S SU M MA-"MS

GAL FIEM : GXCB.95 -
LUE CCLE FIMAM: SAR5.I.C

MITBF 510 MTR-1 3 1.8 MM TYPES/IZJ 68 IRUS/ JIP 1"
RATIO (1) 1.00 -MWIE 3.6 PART TYPES/IU 3 M FAIL AU 0
RATIO (2) 1.00
PATIO (3) 1.00

PFGRM ST J B tPir PFCarTION SUPF~a TOTAL
n425116 7560091 7985207

FF **I*ENT 38037 57055 95092
SUPPY *1028457 6796481 7824938
SUPY ALM4IN. 85 1745 1830

• 2062 2062
*** *'** 0 0 ' -

OTHER 0 1772 1772

'IOTAL OST 425116 8626670 6859115 15910901

CPERATIAL AVAILABI.ITY 0.9997 PERATIONAL RFADNS 0.9924

sP KI JIP O CRR CEPOT
1MEER OF SES 10 0 0

UTnIZAICN U.811 0.000 0.000
I=D FAC1MR 0.394 0.000 0.000

APLy TS twrDJ1ES/TYPE PARIS/TYPE
INITIAL 118 18 332
BA1AM 'IEtI.D 687.60 0.00 4515.019
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Section 4

Input Data and output 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

data for chip costs are presented first which are followed by LCC output

data for cases 1 and 2.

Table XL gives value changes to default input variables for little,

some, and extensive CAD.

TABLE .-

Changes to Default Values for Little, Some, and Extensive CAD Analysis

Model/
Variable Name Value ij Case File or Mode Source

CADFAC 1.2 11 1 M Extensive
CAD

CADFAC 1.2 23 1 M Extensive
CAD

CADPAC 1.0 11 1 M Some CAD

CADFAC 1.0 23 1 M Some CAD

CADFAC 1.0 31 2 M Some CAD

CADFAC 1.0 43 2 M Some CAD

CADFAC .8 31 2 M Little CAD

CADFAC .8 43 2 M Little CAD

DESRPT .15 11 1 M Extensive
CAD

DESRPT .15 23 1 M Extensive
CAD
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TABLE XL

Changes to Default Values for Little, Some,
and Extensive CAD Analysis (Continued)

Model/
Variable Name Value Case File or Mode Source

A.

DESRPT .15 11 1 M Some CAD

DESRPT .15 23 1 M Some CAD

DESRPT .5 31 2 M Some CAD

DESRPT .5 43 2 M SomneCAD

DESRPT .5 31 2 M Little CAD

DESRPT .5 43 2 M Little CAD

DKULT 21305.431 11 1 H/3 PRICE M
Output

D4ULT 21924.429 23 1 H/3 PRICE M
Output

DMULT 29980.465 11 1 H/3 PRICE M
Output

DMULT 30943.488 23 1 H/3 PRICE M
Output

DMULT 2098.8568 31 2 H/3 PRICE M
Output

DMULT 1242.0917 43 2 H/3 PRICE M
Output

DMULT 3307.2052 31 2 H/3 PRICE M
Output

DMULT 1957.3919 43 2 H/3 PRICE M
Output

ITERAT 0 11 1 M Extensive
CAD
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TABLE XL

Changes to Default Values for Little, Some,
and Extensive CAD Analysis (Continued)

Variable Name Value ICase ]Fiie or Mode]I Source

ITERAT 0 23 1 M Extensive

CAD

ITERAT 1 11 1 M Some CAD

ITERAT 1 23 1 m Some CAD

ITERAT 1 31 2 M Some CAD

ITERAT 1 43 2 M Some CAD

ITERAT 2 31 2 M Little CAD

ITERAT 2 43 2 M Little CAD

NEWCM .05 11 1 M Extensive
CAD

NEWEL .05 23 1 m Extensive
CAD

NECL.50 11 1 M Some CAD

NEWCEL .50 23 1 M Some CAD

NWE .50 31 2 M Sane CAD

NEWELJ .50 43 2 M Some CAD

NECL.85 31 2 m Little CAD

*NECL .85 43 2 M Little CAD
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PF40 ( 1000.)

TfIME ENGNEI3 PFOrME PFCDUTICN TOM.A cxsr

SIGNAL PFCEO vI'Eic (2IP-BIPCAR 3D/SMl (CD RW.AIS-~ENIM~
87221. 29. 4095. 91345.

SIGNAL WFCES VHSIC CHIP-BIPCM~ ISOL/C (00D ANAISIS-EXTENIVE)
87221. 29. 4288. 91538.

87221. 29. 2165. 89415.

SIGNL PFCXESSC V1SIC CHIP-4OS/SOS (CAD AXLb'SI-MI )
87221. 29. 5865. 93115.

SIGNAL PFCCESS9 VBIC O I-lKS (CAD AL-E]MIVE)
87221. 29. 2558. 89807.

SIGNAL PES VHSIC CHIP-BIPCEAR gIL (GA: CAD ANALYSIS-LIMrE)
10722. 37. 3253. 14013. -

SICGL PRMCR& V.WIC CIP-C/BU (GA: CAD MEYUSIS-LITELE)
8017. 37. 3019. 11073.

CU11ML PROMSSOR VHSIC afIP-BIKLAR 3D/SrL (CAD ASIS-OMX2IME
86020. 29. 7206. 93254.

0IMM PSSJR VHSIC Caiip-BnumA isu'O4 (CAD MPLYIS-EMIVE)
86020. 29. 7691. 93740.

C0NnM PCCSWR VHSIC CHOMBLC~U (CAD R@IVsIS-EcMNIVE) -

86020. 29. 3925. 89974.-

crlrOL POOSSR VFSIC CHI]?-6/SOS (CAD ALYSIS-EMMIVE)
86020. 29. 10650. 96699.

COL1 PE~SSR VHSIC CUP-MES (CAD AHLYSIS-XENIE
86020. 29. 5221. 91269. -

CCIER PROESSR %]SIC CHIP-BIl.AR SIL (GA: CAD AH.LYSIS-LITI!.)
10575. 37. 5847. 16459.

CCIRCL PROMSSOR VA1SIC CHIP-CNtS/BUU(K (CA: CAD AMUYSIS-LI=lE)
10575. 37. 5421. 16033.

SIGNL PRXCESSR 'VASIC ai[P-BIPCAR 3D/SMh (CAD AN~lYSIS-C)
122748. 28. 4095. 126871.

SIGNL PCR~ VHSIC OiIP-BIPCEAR ISVa4L (CAD AMIiSIS-SCM)
122748. 28. 4288. 127064.
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TIlE ENMEMUM PROKIWME PRO N TUM AL COST

SIGNL P VIEIC CIP-CMO/BUU( (CAD AALYSIS-SOME)
122748. 28. 2165. 124941.

SIGNL PROCESSO VSIC CHIP-CCS/SCS (CAD MALSIS-S -E)
122748. 28. 5865. 128641.

SIGNAL PESC VHIC CHIP-*KS (CAD AW.tZSSOE)
122748. 28. 2558. 125334. - ,

SIGNAL P R VISIC CHIP-BUICAR STL (GA: CAD ALYSIS-SOME)
6793. 35. 3253. 10081.

SIGNAL PR VHSIC CHIP-QO/B/ (GA: CAD ANAtSIS-E)
6793. 35. 3019. 9847.

03MM PESSOR VHSIC CHIP-BIPCEAR 3D/SML (CAD ALYSIS-SCME)
121418. 29. 7206. 128653.

02 ML PROCESSOR VHSIC C3IP-BIPCFAR ISUC4L (CAD AAYSIS-SO2E)
121418. 29. 7691. 129139.

02MM R L CESOR VHSIC aiIP-lOS/BLMX (CAD AMAMSIS-SOME)
121418. 29. 3925. 125372.

(flflM CESSOR MiSIC Oa IP- /SOS (CAD AAUfSIS-SO"E)
121418. 29. 10650. 132097.

O POCSOR VHSIC CHIP-CS6 (CAD ANAtSIS-SOME)
121418. 29. 5221. 126668.

(I1f OL CESSOR VHSIC C1IP-BIP SIL (GA: CAD ANALYSIS-Sn4)
6699. 35. 5847. 12582.

02MMflL PROCESSR VHSIC CHIP-0t5/BUJK (GA: CAD AMkLSIS-S24E)
6699. 35. 5421. 12156.
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SYS SM C --- S *-M CAD -S (CAM 1)..:....

TOTAL COS, wir im pA .a o r
P CCST($ 1000) VEOP RU 'DLUDICNAL TO ST ..

ClRAETIG 48. 41. 89.
CESIGN 155. 145. 300.

17. 17.
PEW7 MfGf 20. 2724. 2744.
DATA 6. 985. 992.

SMBOcTAL(EM) 246. 3896. 4142.

c I(3N - 35556. 35556.
128. - 128.

TCL-TESr B2 15. 478. 492.
Ri ITEMS 300027. 7645819. 7945845.
Sw L (D'FG) 300169. 7681851. 7982020.

TOM CST 300415. 7685747. 7986163.

COST PAGE CEECM PR:CD.U CN~ TOTAL COS

FRM 300377. 7681220. 7981597.
CNMR 300415. 7685747. 7986163.
TO 300466. 7690807. 7991273.

* SY WTr 241.36 SYS'1T WS 105.80 *
* SYIM SERIS KMF IM. 510 AV SYSTEM CT 7686 *

THRU-U COSTS MNIM M PFHCt CN TOTAL CO ST

11895. 0. 11895.

TIML 71J-Pr COST 11895. 0. 11895.

TOTAL T, WI i T&j-PST T3TS
EPRW CN TOTAL CST-

312310. 7685747. 7998058.
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rM C SA OW1 (CAD NPUM~S-M

LIME CLf FUWE: scADS.ra
CEPE02ENT FMM: SALIP

?4IDF 510 MT4III-UkU 1.8 MOD Tn!S/IR 68 IM4/YIJJIP1
RATIO (1) 1.00 -M3XE 3.6 PAT Tn)ES/IWJ 3 UkW FAIL AULDW 0
RATIO (2) 1.00
RATIO (3) 0178454

SLPF B~1IRE? 38037 57055 95092
SUPPLY 1027530 6789418 7816948
SLNM~ AD4IN. 85 1745 1830
MANPOWERA 2062 2062

spm0 0
Onm1 0 1.772 1.772

PL7TWAL COS 312310 8617886 6852052 15782248

CFEATICWL AVAILABILITY 0.9997 CPEATICNAL EMBIESS 0.9924 .-

KNER OF SIS 10 0 0
LUMLIZATICZ4 11.811 0.000 0.000
IDAD FAC~TOR 0.394 0.000 0.000

SMRXMUTSM3XMT-MPAgLS/T'iPE
flUJTIAL U18 18 332-
BALM= 03GMME 687.60 0.00 4515.019
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MIL COST, WITH n~MWMCa COST

CAT 48. 41. 89.

CM N155. 145. 300.

fWmw20. 2724. 2744.
DATA 6. 985. 992.

SLSIAL (MN) 246. 3896. 4142.

FC =I -35556. 35556.

'iC-'rS EQ 15. 478. 492.
MUci im 229103. 7645819. 7874922.

SB1T71LM~) 229245. 7681851. 7911096.

TO OT229491. 7685747. 7915239.

FM229453. 768122. 7910673.
CEM229491. 7685747. 7915239.

TO'1 229542. 7690807. 7920349.

*~m SZSN W 241.36 SMmw m 105. 80 *
* SYThM SERIM tW H1. 510 AV S'iSl'M COS 7686 *

THF~-RJT OXM UTE EID PRIT TIOTAL Ocr

SF7WMR 11895. 0. 11895.

T07rAL Tffl- OCT 11895. 0. 11895.

'IDIA 0mr, WITH i -Uv com

241386. 7685747. 7927134.
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urC OF SA M'0 1 (CAD AISIS-EIEVE

GLBA F1112AE: GU.95
LIFE CYCL.E FIWENAE: LZ~iJ
EM052M FIIErE: kRrP

KM 510 ML'TR-INU 1.8 MOD TYPS/IIJ 68 UI,'B=3I1
RATIO (1) 1.00 -M3X1LE 3.6 PART WiPES/IAJ 3 I3 FAIL ALUD 0
PATIO (2) 1.00
RATIO (3) 1.00

Brn M241386 7552234 7793620
supC BJIR. aa 38037 57055 95092
S]P~tkT 1027530 6789418 7816948
SUPPL ADUN~. 85 1745 1830

*A ER2062 2062
024RACIC, SUPO 0 0

0 hi*1772 1772

TOTAL owT 241386 8617886 6852052 15711324

MEATI~t~l, AVAILABflITT 0.9997 CPEATMA.L, PMDllS 0.9924

NIMM CF SES 10 0 0
U!ILIZATICt4 1.811 0.000 0.000
IMD FACICIR 0.394 0.000 0.000

SJPFLY EmsI~ M3XIM/TLPE PAPS/TMPE
DITMA 118 18 332
BAAC CCNSLMM 687.60 0.00 4515.019
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MM CS 93692 -- D ANN S-S (LS 2)

)PG4 OOS($ 1000) CEELMET FDUTINLO COT

EPMFPIG 42. 54. 96.
EIISIN 140. 188. 328.

SYSTMIS 19. 19
PFJ Ma11 18. 2855. 2874.
DATA 7. 1039. 1046.

SLEMOTAL(G) 226 4136. 4362.

PIU IN- 36001. 36001.

TCLTS Q14. 477. 491.
MIC Imm 69366. 7646474. 7715839.

SLB1OAL(*"G) 69505. 7682950. 7752456.

'TOTAL OOSr 69731. 7687088. 7756818.

COS RNGS CEVEIOPRENT PFlCD C TOM~ cxsr
EM:M 69695. 7682654. 7752348.
CENME 69731. 7687088. 7756818.
TO0 69780. 7692006. 7761786.

*syThN W7 241.38 SYID4 w 105.8 so
*M S S ERIE MWI1 HFG. 530 AV SYS1TM Cr 7687 *

THU-U CSS ovyom FCUTC OTAL
11DQ 895. 0. U1895.

TOTA~L TR-Pvr MST 11895. 0. 11895.

81626. 7687088. 7768713.
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TM CR SMT5rwq 0S 2 (GO ARLYSS-S)

GL&EL FflEMM: GE.95
LIFE C= FLE: SZ6.GU~3 0M FEN: S7AR.CP

-. mmD 530 MrfTR-LW 1.8 MM TYP/IM4 68 LPJE/EVJJIP 1
RATI (1) 1.00 -*M3= 3.6 PAWr TnPES/J1#J 3 I.J F.A AUW~ 0
PATIO (2) 1.00g RATO (3) 1.00

PFN4 amD DEVECPMWN PFOUCICJ SiPPRC TOTAL
81626 7557856 7639482

SME EQUm,1~w 38037 57055 95092
5 ___ 990409 6574227 7564636

SJRMY ACI4lN. 85 1745 1830
MN0 1985 1985

CONTRACTOR .0 0
am0 1706 1706

T 'OMA am 81626 8586387 6636718 15304731

CPEATICAIL AVAfl.BIIT 0. 9997 RMCIAL FE7DIES 0.9930

saEO EQUMP4NP INTD CF
NDCF2 -SD 10 0 0
UFILIZATI U5.371 0.000 0.000
I 5D FACTOR 0.379 0.000 0.000

3PFLY W() 00 36 ATT ES/T 3L PAIdS/TLPE
IAL U4 17 321

p,.

~5. 200

S.P.* r *5!IR %* * *...5.* 38037 ** 5- 5 *50 55 95092~ * *% 5** 5.
*___~ ___ * .5*99009 5............... . ..

***___ 5 * * 5 *98 198 -. .. *
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S m COWS S M CA (: ,ANMS S-LZT (CAM 2)

UOIL COST, WiH PAN nCsr
oM; sD($ 1000) DXVI'I4 TtWaL F' -. TOM :T

IPAETDG 42. 54. 96.
.ESIGN 140. 188. 328.
ST 19. - 19.

I -OM3w 18. 2855. 2874.
" 7. 1039. 1046.

SmBICALWN) 226. 4136. 4362.

PF ON - 36001. 36001.

i ]Q 14. 477. 491.
PEH ITM 77175. 7646474. 7723648.
SBIOTAL (MFG) 77314. 7682950. 7760265.

TOM 6 77540. 7687088. 7764627.

6TRAE MNIMCFNI - 2U1P COST ..

FKN 77504. 7682654. 7760157.
CENTER 77540. 7687088. 7764627.
TO 77589. 7692006. 7769595.

* S WT 241.38 S1D4 WS 105.80
* SYSM SEIES W HRS. 530 AV SYSM4 CST 7687 *

******************A AA -A AA ***********' ******** ..:

7BR-pr cxsrs iOVE ir cRriaN TOIAL
SC'1WARE 11895. 0. 11895.

TOL IT m --PU 11895. . 11895.-.

TMCOST, %7IH VJ-PrE C=6S --

MVEIOR4PEeCr IN T0rAL 0T r
89435. 7687088. 7776522.

1 -

201 '"

1._,

....................... ***..** **.*. *.-':.-..-.



Im cr AR ME 2 (G M ARMI S-LITTE :)

GjCIBAL FIIE:: GU.3.95
LIFE CY= FIIEN : SCM.GLI

DELYEI FILE : SRD

mm 530 MrTR-IJJ 1.8 KX) TZiPS/IRU 68 I.S/BOJIP 1
RAI'O (1) 1.00 -MCIXXE 3.6 PAW TYPES/IA, 3 IMJ FAIL AUDI 0
RATIO (2) 1.00
RUIO (3) 1.00

FGMCOST CEELR PF:CCIUCTlCN SUP .;C TOTA-

B~JII4ENT 89435 7557856 7647291
SJPPCr UI***T 38037 57055 95092
SUPPLY 990409 6574227 7564636
SUPPLY AMIfN. 85 1745 1830

*** *1985 1985
SalTERACO*** *** 0 0

0 1706 1706

TOTAL COST 89435 8586387 6636718 15312540

CcpATIaiAL AVAILM =LITY 0.9997 ICHAL F ADI 0.9930

NUMER OF SETS 10 0 0
UTILIZATIM ~ Ui.371 0.000 0.000
ILOAD FC7C 0.379 0.000 0.000

SUPLY MTS /T P SPE "'/T.E
DMIAL l4 17 321
BIARCE St14 661.63 0.00 4345.692
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Section 5

Input Data and Output Data for Chip Fabrication Yield Analysis

Overall yields for cases 1 and 2 are the default values for yield

analysis. Output data for chip costs are presented first which are

followed by LCC output data for cases .and 2.

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% OVLYID Analysis

Model/
Variable Name Value Case File or Mode Source

ASMYLD .1 1 M Assumed
for 1%

ASMYLD .1 23 1 M Assumed
for 1%

ASMYID .1 31 2 M Assumed
for 1%

ASMYLD .1 43 2 M Assumed
for 1%

ASMYIJ .1 53 1,2 M Assumed
for 1%

AUCI $901.50 11 1 H/3 PRICE M
Output

AUCI $405.75 23 1 H/3 PRICE M
Output

AUCi $351.60 31 2 H/3 PRICE M
output

AUC1 $405.75 43 2 H/3 PRICE M
output
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TABLE XLI

Changes to Default Values for 1% OIVLYID Analysis (Continued)

Model/
Variable Name Value ij Case File or Mode Source

ALJC1 $233.26 53 1,2 H/3 PRICE M
output

CPYID .1 11 1 M Assumed
for 1%

CPYhD .1 23 1 M Assumed
for 1%

CID .1 31 2 M Assumed
for 1%

CPYLD .1 43 2 M Assumed
for 1%

CPYLD .1 53 1,2 M Assumed
for 1%

DMULT 99494.176 11 1 H/3 PRICE M
output

DM~ULT 109452.25 23 1 H/3 PRICE M
outpuit

CC4ULT 2465.8703 31 2 H/3 PRICE M
output

DIULT 109452.25 43 2 H/3 PRICE M
output

DMULT 8.837650 53 1,2 H/3 PRICE M
Output

OVLYID .01 11 1 M 1% Yield

OVLYLD .01 23 1 M 1% Yield

OVLYI.D .01 31 2 M 1% Yield

OVLyL.D .01 43 2 M 1% Yield

OVLYI.D .01 53 1,2 M 1% Yield
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TABLE XLII

Changes to Default Values for 5% OVLYlD Analysis

~Model/

Variable Name Value Case File or Mode Source

ASMYID .224 11 1 M Assumed
for 5% 0

ASMYID .224 23 1 M Assumed
for 5%

ASMYLD .224 31 2 M Assumed
for 5%

ASMYLD .224 43 2 M Assumed
for 5%

ASMYLD .224 53 1,2 M Assumed
for 5%

AUC1 $411.00 11 1 H/3 PRICE M
Output

AUCI $212.75 23 1 H/3 PRICE M
Output

AUCI $199.20 31 2 H/3 PRICE M
output

AUCI $212.75 43 2 H/3 PRICE M
Output

AUCI $125.78 53 1,2 H/3 PRICE M
Output

•YID .224 11 1 M Assumed
for 5%

CPYID .224 23 1 M Assumed
for 5%

CPYID .224 31 2 M Assumed
for 5%

CPYID .224 43 2 M Assumed
for 5%
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TABLE )UMII

Changes to Default Values for 5% OVLYLD Analysis (Continued)

[Model/
Variable Name Value ij Case lie or Mode Source

CY.D .224 53 1,2 M Assumed
for 5%

DM4ULT 218233.58 11 1 H/3 PRICE M
output

DKULT 208743.83 23 1 H/3 PRICE M
output

ED4ULT 4352.4096 31 2 H/3 PRICE M
output

DMULT 208743.83 43 2 H/3 PRICE M
output

DMAYLT 16.389492 53 1,2 H/3 PRICE M
output

OVLYWD .05 11 1 M 5% Yield

OVLYLD .05 23 1 M 5% Yield

OVLD .05 31 2 M 5% Yield

OVLYWD .05 43 2 M 5% Yield

OVLYWD .05 53 1,2 M 5% Yield
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TABLE a.LIII

Changes; to Default Values for 10% OVLYID Analysis

Model1/
Variable Name Value ij Case File or Made Source

ASNYLD .316 11 1 M Assumed
for 10%

ASMYID .316 23 1 M Assumed
for 10%

ASMYLD .316 31 2 M Assumed
for 10%

ASMYLD .316 43 2 M Assumed
for 10%

ASMYID .316 53 1,2 M Assumed
for 10%

AUCi $317.00 11 1 H/3 PRICE M
c'utp.

AUCi $170.50 23 1 H/3 PRICE M
outpu~t

AUCi $129.40 31 2 H/3 PRICE M
output

AUC1 $ 98.20 43 2 H/3 PRICE M

AUCi $ 64.96 53 1,2 H/3 PRICE M
ou.tput

CPYID .316 11 1 M Assumed
for 10%

CPYI.D .316 23 1 M Assumed
for 10%

CPYLD .316 31 2 M Assumed
for 10%

CPYLD .316 43 2 M Assumed
for 10%
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TABLE XLIII

Changes to Default Values for 10% OVLYLD Analysis (Continued)

Model/
Variable Name Value ij Case File or Mode Source

CPYID .316 53 1,2 M Assumed
for 10%

DMULT 282946.37 11 1 H/3 PRICE M
output

DMULT 260470.67 23 1 H/3 PRICE M
output

DMULT 6700.1546 31 2 H/3 PRICE M
output

DMULT 4354.3788 43 2 H/3 PRICE M
output

DMULT 31.734456 53 1,2 H/3 PRICE M
output

OVLYID .10 11 1 M 10% Yield

OVLYID .10 23 1 M 10% Yield

OVLYID .10 31 2 M 10% Yield

OVLYLD .10 43 2 M 10% Yield

OVLYID .10 53 1,2 M 10% Yield
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YIKD RNUS SP, CP AM )BC CHP (1%, 5%, AND 10%)

TITLE ENGINEERING P0I YE PRDOCIM TOTAL T

SIGNAL PROCESSOR VHSIC c -BIP[AR 3D/SIL (YIM ANAISIS-1%)
179360. 28. 1803. 181191.

SIGNL PROCESSOR VSIC a1IP-BIPEAR ISEJC2L (YIElD ANAYSLIS-%)
179360. 28. 1376. 180764.

SIGNAL POSSOR VHSIC CHIP-CMOS/B/P (YIE. ANAUIS-%)
179360. 28. 862. 180249.

SIGNAL PRCESSOR VHSIC CHII t/SOS (YED AALSIS-%)
179360. 28. 1432. 180819.

SIGNAL PROCSR MSIC CHIP-NMOS (YID AALYSIS-%)
179360. 28. 1048. 180436.

SIGNAL PROCESSOR VHSIC CHIP-BIMAR Sfl (GA:YIElD ANALYSIS-1%)
4303. 32. 1758. 6093.

SIGNAL PROCESSOR VHSIC CHIP-QMCS/BULK (GA:YIMLD ANAtYSIS-%)
4303. 32. 1346. 5681.

SIGNAL P R VHSIC CHIP-BIPLZAR 3D/SrL YIED ANALSIS-5%)
179360. 28. 822. 180210.

SIGNAL PRSR VHSIC aflP-BIIMR ISU1L (YIELD AALYSIS-5%)
179360. 28. 677. 180064.

SIGNAL PROCESSOR VHSIC CI:P-0c6/BLUL (YIElD ALYSIS-5%)
179360. 28. 442. 179829.

SIGNAL P SOR VHSIC CHIP-CMOS/SOS (YIEl ANMLSIS-5%)
179360. 28. 661. 180048.

SIGNAL PESSOR VHSIC CHIP-4S (YID ANALSIS-5%)
179360. 28. 540. 179927.

SIGNAL PROCESSOR VHSIC CHIP-BfLUAR SI. (GA:YI D ANtMIS-5%)
4303. 32. 996. 5331.

- SIGNAL PRCESR VHSIC CHIP-CMDS/BLU/ (GA:YIEM ANALYIS-5%)
4303. 32. 746. 5081.

SIGNAL PROSSOR VHSIC CHIP-BIP.AR 3D/SnT . ANALISIS-10%)
179360. 28. 634. 180021.
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TITL EN~WURfG P1U1'V E PRM CNa TOAL 00g

SIGAL P- M 'ASIC C2UP-BIKAR LMLI =MI~D MT2MSIS-10%)
179360. 28. 536. 179924.

SIGAL WFCEO VHIC CaIP-OC6/BEZ( (YEED NWLXSIS-10%)
179360. 28. 354. 179741.

SICGPL PCOM VHSIC OAW)-oCS/sos (YID manfis-0%)
179360. 28. 512. 179899.

SIGUL P~am mASC OIw4K (YItl mxSis-0%
179360. 28. 433. 179820.

4303. 32. 647. 4982.

SIMAL WFCSO VASIC CHIP-COS/BEJU (@A:YMEL ANAtSIS-10%)
4303. 32. 554. 4889.

a=KILpr~s P~si VIC a~IBIPCEAR 3D/SIL (YIMD XMYIS-1%)
177613. 28. 3304. 180945.

177613. 28. 2575. 180216.

177613. 28. 1623. 179264.

wOMPCES VHSICc up-aCrSiSOS (Y=~l ALS-1%)
177613. 28. 2652. 180293.

177613. 28. 2227. 179868.

~ PRXE~ HSIC ~I-BICLAR SIL (GA:YIHD ANLYSIS-
4244. 32. 3254. 7530.

OOMM PCCSSF VASIC CIP-CO6/BLU (GAMYE[D XLYSIS-1%)
4244. 32. 2493. 6769.

177613. 28. 1550. 179191.

177613. 28. 1298. 178939.

aum PRXLS -- SIC a OMt/BU (YIMD AM IS-5%)
177613. 28. 851. 178492.



rTI'zz EGDEERDG3 PPU'YFE PRXTI(2N TOM co

W~mFCEO VHSIC CHU3-()C/SO (YIEL RALYIS-5%)
~s ~ ~ 177613. 28. 1256. 178897.

02MM ~ ~ Q~P4( (YIESR HSCCH = D R49MIS-5%)
177613. 28. 1173. 178814.

OW FCE1C VASIC CRI-BUEA Sfl (GA:YIHD ANAIRSIS-5%)
4244. 32. 1872. 6147.

4244. 32. 1404. 5680.

a=C PCM VHSIC CHEP-BIPCAR 3D/SL (YID XIMLYIS-10%)
177613. 28. 1203. 178844.

a=KLPCE VHSIC Q1IP6-BIuA ILVCML (Y=hI RMIS-10%)
177613. 28. 1032. 178673.

177613. 28. 682. 178323.

fl31M PROCES 'AIC (3IP-CCS/SCS =MID A&PLXSIS-10%)
177613. 28. 978. 178619.

177613. 28. 939. 178580.

Cflqya. PESC VASIC CnRLDTBIC1A SME (@A:YD ANLYSIS-10%)
4244. 32. 1141. 5417.

CT211M PFCSO VHSIC CIPCOS/BU (@A:YMHD MALYIS-10%)
4244. 32. 982. 5257.

53775. 1681. 7397475. 7452930.

VIBIC MDM C HYaIP-o EI3Jt (YIM. XLYSI-1%)
53775. 2029. 6314254. 6370057.

VISIC MEKM CHE?- C (I=D AMUSIS-5%)
53775. 1681. 3617787. 3673243.

* ~VHSIC m ~ cOII-C/BLI1 (Y=H. MtkIS-5%)
53775. 2029. 3404992. 3460795.

I..-KI ~: Y QMS1%

53775. 1681. 1868391. 1923846.

53775. 2029. 1758493. 1814297.
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TO1L COST, WITH nMW OCN OST
TC ($ 1000) EVEI*MNr P 10C TOTAL COST

EADG48. 41. 89. :

rESIGN 155. 145. 300.
17. - 17.

PEW Moff 20. 2724. 2744.
6. 985. 992.

SUBTTAL(ENG) 246. 3896. 4142.

MR957PCTURflG
"" U=CN - 35556. 35556.
FOY128. - 128.
'1XL-'T EQ 15. 478. 492.
P ITEIS 412833. 6317773. 6730605.

BI L (MEG) 412975. 6353805. 6766780.

(UrAOL T 413221. 6357701. 6770922.

EF4 413183. 6353179. 6766361.
CNTE 413221. 6357701. 6770922.
TO0 413272. 6362754. 6776025.

* S WT 241.36 SYSMN wS 105.80 *
* SY SERIES IH . 510 AV SYShM 005T 6358 *

THM -PUT CXT S DEECFM R C=ICN TOTA L CO T
SCETIVAM 11895. 0. 11895. i"i

TOTrAL "TH.U-:UT COS5T 11895. 0. 11895..:""--

TamU~ crr, WITH i -pYr COSTS
DIVHENT PR=I(N TOTAL cwT

425116. 6357701. 6782817.
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I cY S W (A I:YIm D NL SIS-1%)

GrAL FIENAE: GB.95
LFE CY'CLE FILEME: S1Y.IC
EPEMNT FLEM: SAR.DP

510 MnM-.UJ 1.8 MO TnS/IPJ 68 IJ/EOCU
RATIO (1) 1.00 -aXX.E 3.6 PAM TWES/IXJ 3 IM3 FAIL AUIC 0
RATIO (2) 1.00
PATIO (3) 1.00

PGPGRZ CT srVEDR4 PFCDUTICN SM TOM
EK JIPU E 425116 6248102 6673218
SPIT EJIPQUI*** 38037 57055 95092
SuPPY * 850625 5616329 6466954
PL 1N. **85 1745 1830

MRS M **2062 2062
CaMAM *** ** 0 0

0 1772 1772

TOM 425116 7136849 5678963 13240928

CPRATICA~L AVALABILiTY 0.9997 CPERATItIL RDINEM 0.9924

supraBUIMN CEG INT cEpor- T

NL?4ER CF SETS 10 0 0
UTILIZATICN 11.811 0.000 0.000
IID FAC7CR 0.394 0.000 0.000

SUPYWT M3X I'TYP PARTS/TYFE-."
INITIAL 118 18 332
BMRX CC 687.60 0.00 4515.019
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PA14 =r ($ 1000) CEVELCczW P' IO L TOST T

C:RAFTING 48. 41. 89.""'
CESIGN 155. 145. 300.

17. 17.
PJ M29 20. 2724. 2744.
DAh 6. 985. 992.

SIu IOAL (E W) 246. 3896. 4142.

PFCtEX IL - 35556. 35556.PCCYE128. - 128.
TOCaFrEST B9 15. 478. 492.

SITES 412833. 3406537. 3819370.
SLw IAL(Mi-G) 412975. 3442570. 3855545.

TOTAL CCIT 413221. 3446465. 3859687.
L L IC ICN TAL CS'

413183. 3441943. 3835125.
CENTER 413221. 3446465. 3859687.
mI 413272. 3451519. 3864790.

SYTE WT 241.36 SYSTM WS 105.80 *
* SYSTM SRIES !4E HRS. 510 AV syn4 aoS 3446 *

THRU-PT OSTS CEECPM PFCUJETIN TDTAL :T-
sFi1m 11895. 0. 11895.

T0A 5fRH-PUT XsI 11895. 0. 11895.

TOTAL CEr, WITH 49,J-PT ¢ICIS
DEVELOPMEIT PROUCIICN TOAL OST•

425116. 3446465. 3871582.
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ILX CY SR W(A 1:YID A1NLIS-5%)

EAL FUBE&M: GTI.95
LIFE CCLE FIL : SlY5.IC
EEP.OYMMI PLENAME: SAR.DP

MCE 510 MIrm-M 1.8 MOD TESA/URU 68 IAj/EI 1-
RATIO (1) 1.00 -M4CUJE 3.6 PART TYPES/IUM 3 IM3 FAIL AUCW 0 - -.

RATIO (2) 1.00
RATIO (3) 1.00

Eir p~w 425116 3388439 3813555
P U** 38037 57055 95092

SMPLY 461097 3044009 3505106
MPLY A :N.f** 85 1745 1830

*** **2062 2062
CONRATO ***p *0 0

** 0 1772 1772

TOIAL (XT 425116 3887658 3106643 7419417

WRPATIONAL AVAIABULITY 0.9997 CFERATICNAL RADIESS 0.9924

SJ'PX] E IWN a Il :"

NU1R CF SETS 10 0 0
ULIZATIN 11.811 0.000 0.000
LOAD F 0.394 0.000 0.000

S'PLY UNITS MI7JLES/TYPE PAS/TYPE
ITIAL 118 18 332

BAIRM 02U 687.60 0.00 4515.019

2..5
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(oosT cA - 1, Y D RuImsi10%"

PFaM COSr($ 1000) oIr cR ICN TOTAL X6T

DRAFIM 48. 41. 89.
%ESIGN 155. 145. 300.
sysm 17. - 17.
PmJ MG! 20. 2724. 2744.
DATA 6. 985. 992.

,B t1T (EW) 246. 3896. 4142.

PE'=CN - 35556. 35556.
128. - 128.

1T(L-mw EQ 15. 478. 492.
PVXHITEMS 412832. 1759756. 2172587.

OIMALO(G) 412974. 1795789. 2208763.

ITAL ST 413220. 1799685. 2212905.

CCSIT RAX ODMC PR3EXt=ICN TOTAL C6T"!
FRX 413182. 1795162. 2208344.
CEIR 413220. 1799685. 2212905.
TO0 413271. 1804738. 2218009.

I

•Sys Wr 241.36 SYSEM WS 105.80 *
SYSTM SERES MIEF HRS. 510 AV SYST E 1800 *

THK-PWT CCSTS CEEC4 PFC tICN TDm (DST
S'1lRE 11895. 0. 185

"'II'AL T41--:UT Cosr 11895. 0. 11895.

(TOTT, WITH' 'MW]R-PUT O

EEVECPMEW PFUCIMN TOTAL Cc
425115. 1799685. 2224800.
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G.CBAL FU.JNE: GEB.95
LIFE CY FILENAME: S1Y1O.IC
tCM05MNI FIl.NAME: SAR.DP

Km510 Mrn'm-IRJ 1.8 MOD TWES/.P5 68 IAJS/B,-UlP
RATIO (1) 1.00 -MJ.EU 3.6 PAIT TYM/IM 3 IF4I FAILJ AULJW 0
RATIO (2) 1.00
RkaTO (3) 1.00

PRORA COSI CEVELCNT PFCD=CNa SUE OA
BWPET425116 1772023 2197139

SURX Mup 38037 57055 95092
SUPPLY 241287 1590012 1831299
SUPPY ACMIN. 85 1745 1830

MAPCM2062 2062
~caapOR gJPpCr -.- 0 0

aHR0 1772 1772

TIam cow 425116 2051432 1652646 4129194

WEATICA@L AVAIIABILJITY 0.9997 ATICNL RMDESS 0.9924

NUERCF SETS 10 0 0
r.7ILZATICN 11.811 0.000 0.000
ICAD FAC~TR 0.394 0.000 0.000

SUPPL UNITS M ES/T'iPE PARTS/TYFE

INIIAL 118 18 332
BALPZE CONSUMM 687.60 0.00 4515.019
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CAFTIM ~ 42. 54. 96.
rM N140. 188. 328.
YSMS19. 19.

PRU mmf 18. 2855. 2874.
DAk7. 1039. 1046.

SEOTEAL(!MG) 226. 4136. 4362.

MXCFCURflG
Jm N36001. 36001.

Tcrm 2 14. 477. 491.
PLT~ ITEMS 64415. 6318598. 6383012.

]IEA(MG) 64554. 6355074. 6419629.

TOM~A O=T 64780. 6359212. 6423991.

EM4 64744. 6354778. 6419521.
CNM64780. 6359212. 6423991.

TIO 64829. 6364130. 6428959.

*SYSIM4 WT 241.38 SYSTEM w's 105.80 *

*SYS1EM sIES MTE Im. 530 AV SYSM'4 CCT 6359 *

THR-PUr rEVL1MU PFCCEXICN' TML CMTr

IOUL flHRU-PV r 11895. 0. 11895.

DBAMCPHENTUI~i PFC= N TMCST
76675. 6359212. 6435886.
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IX OF SAR P CASE 2 (YIELD A .NM IS-1%)

( BAL FILENAME: G.OB.95
LIFE C=CE FLME: S2YI.IC
DPYE FILNAME: SAR.DP

Mrs' 530 MrIR-IMJ 1.8 M4 TYPES/IRU 68 IFS/X7UP i '

RATIO (1) 1.00 -MXME 3.6 PA r TYPESA/P 3 IRJ FAIL AILCW 0,-
RATIO t2) 1.00
RATIO (3) 1.00

* PGP4O Sr tEVELORMC PRCD=CI SrJPFO!r Tu-
ErJJIF 4E~r 76675 6248503 6325178

SUPPM E3UIPMR* 38037 57055 95092
***LY 819903 5438466 6258369

SIUPLY I.(** 85 1745 1830
*** **1985 1985

TR ****** 0 0
0 *** 1706 1706

TCMAL OS 76675 7106528 5500957 12684160

CPEpATaiL AVAIAPIITY 0.9997 MnaoL PEADESS 0.9930

SUPPCr s ~uI T CF--
NUMEER CP SETS 10 0 0 -

UtILI ZATICN 11.371 0.000 0.000
IOD FACrC 0.379 0.000 0.000

SUPL UN, M3XMa/TY PA I T-.

ITIAL 114 17 321
BAIMCE C1S 661.63 0.00 4345.692 -

0:6r SN4W CSE 2 YIELD ANR IS 5%

TMAL COST, WITH I'GATION Co"
PRxm a6 ($ i000) CIEVEMctM PEIOION TOM -

.AFrTIM 42. 54. 96.
140. 188. 328.

SYsrSh 19. 19.
PRJ 1Mr 18. 2855. 2874.

7. 1039. 1046.
SIB (EG) 226. 4136. 4362.
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"" 'Na~ -36001. 36001.
SCICITYPE 125. - 125.

.E 14. 477. 491.
PCH ITEM 64415. 3407264. 3471679.

M]BIVI'AL (MEG) 64554. 3443742. 3508296.

TOMIL OT 64780. 3447878. 3512658.

O&T PAIMS DEVE&F.EW PiCaTICN TOTAL 0C35
SIM 64744. 3443444. 3508188.
CEqNIT 64780. 3447878. 3512658.
TO0 64829. 3452797. 3517625.

*SYSTEM WT 241.38 Ssm4 TS 105.80 *
* S EIES M32F HRS. 530 AV SZSTID cosr 3448 *

V-PuT xSTS pDxVE W PR3XX ICN 'TM

SFTWRE 11895. 0. 11895.

TOTAL 'HRU-PUT C(r 11895. 0. 11895.

T o aST, WITH MV-PUT CS"-
CEVE.P£r PiCT'IN TOM Co

76675. 3447878. 3524553.

Ur- CF SA.R M -MCS 2 (YIELD ALYSIS-5%)

GLCMA FILNN: GWB].95 -
LIFE CYCLE FILE : S2Y5.IC.
EEPIENT FIL.NW: SAR.DP

MMF 530 MI'-!3 1.8 MOD TYPES/IRU 68 IHJS/BJIP 1-
RATIO (1) 1.00 -KrULE 3.6 PART TYPES/Ig 3 IE FAIL AI -- 0
PATIO (2) 1.00
RATIO (3) 1.00

MCRMCOST DEEOMN PmtX.CTICN SLAPORT arm..-..
BJJ M 76675 3388156 *** 3464831
SMP C n m *** 38037 57055 95092
SPPIX *** 444605 2948855 3393460
SMPIF ALMIN. 85 1745 1830

*** *** 1985 1985
1C I0q R ~~j'** * 0 0

O 0 *** 1706 1706

TOM 76675 3870883 3011346 6958904
MATICNAL AVAL.ABILITY 0.9997 EERATIDL EX)IIEDSS 0.9930
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SUPFCRr EQUPJ l CSr7 INT
NUM1 C SETS i0 0 0
UTILIZATICN 11.371 0.000 0.000
LOAD FACIR 0.379 0.000 0.000

SPUNTS M3XIJtzS/TYPE PAS~rlTYPE-
INITIAL 114 17 321
BALANCE W1NSM 661.63 0.00 4345.692

CSW f 2 YnD ANNUM 10%

TIAZL COST, WIT INTEGRATICN COST "':

P~ 4 COST($ 1000) CRI1X a OICN L TM 5T !

rlRAETING 42. 54. 96.
DESIGN 140. 188. 328.
SYSTEMS 19. - 19.
PmJ W 18. 2855. 2874.

7. 1039. 1046.
SSUBIAL(ENG) 226. 4136. 4362.

PCUTN -36001. 36001.
P1iEglY 125. - 125.
T ~jETE 14. 477. 491."'"
PEBM ITEMS 64415. 1760096. 1824511.

SBKtOMA(MG) 64554. 1796573. 1861128.

Tam COST 64780. 1800710. 1865490.

ClST RAGE [EVEECPIMEW P aXION TOTfAL CCST"."-

FRcl 64744. 1796276. 1861020.
CENTER 64780. 1800710. 1865490. .
TO 64829. 1805629. 1870458.

* SYSTEM WT 241.38 SYSTEM WS 105.80 *
* SY SERIES K HRS. 530 AV STE CsT 1801 * ..

'IHW-PUT EEEClN PR3)UC~l TO CI 6 : :'

SFAA 11895. 0. 11895.

TIOTAL TW-PT ODST 11895. 0. 1.1895.
TOML Cl$2, WITH THr*-PUT 03STS """

76675. 1800710. 1877385.

221

• ,"-. " .. ,' " ." : ., -" .. " . , - . . . .•. . .. . . • - . . . . . . . .. - -. - . .-... . . . . . ..- ' " "



IrCF SAR W CAM 2 (YIELD RIKSIS-10%)

G[CB A FILNAM: CMB.95
LIE .E FIL 4M: S2Y10.IC
EEPLOVD1T FIfLEME: SAR.DP

MI_ 530 MIrM-IBJ 1.8 MD TYPES/IRU 68 IR/USI.IP
RATIO (1) 1.00 4ILUE 3.6 PART TYPS/IRL 3 LM FAIL ALUN 0
RATIO (2) 1.00
RATIO (3) 1.00

P~Amv aos EEVEC1T~ PR2XYUflCN SPX TIOTAL
i3P~lr76675 1769814 1846489
sIMPmEi ***' 38037 57055 95092
SUPPLY 232643 1540271 1772914
SUPPLY ADMLN. 85 1745 1830

• ** *** 1985 1985
3 CR ****** 0 0

0 0 1706 1706

TOTAL 76675 2040579 1602762 3720016

CPI ATIA AVAI.ABILIEY 0.9997 OIPTIC.L IDf4S 0°9930

F 10 0 0
UTILIZATICN 11.371 0.000 0.000
IM FACR 0.379 0.000 0.000

SPLr..IS MOEflUIS/TPE PARTS/TE.-
INITIAL 114 17 321
BALRX MaM 661.63 0.00 4345.692

222.
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