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Section 0.0

FOREWORD

A methodology is developed in this report for assessing the life cycle cost
(LCC) impacts of microcircuit (MC) devices on system design, production and
lifetime support. The methodology is based on the development of parametric
cost-estimating-relationships (CER's) which relate specific MC characteristics
(eg, reliability grade, packaging, complexity, technology, etc.) to costs that
are incurred of various phases of system development, manufacturing, and
maintenance and support. The data used to develop the CER's was compiled
from Hughes' historical data files, literature searches, and government
sources.

A computerized LCC model Is provided which aggregates costs based on a
set of MC characteristics and summarizes the results into the major cost ele-
ments of each program phase. A typical application of the methodology would be
to compare the LCC of competing families of MC devices in the design imple-
mentation stage of system development. The level of ntegration (i.e., SBI/M8
vs. LSI vs. custom LSI), for example, would effect design partitioning which
determines the number and types of circuit card assemblies to inventory and
provide as spares during system maintenance and support.

Finally, a step-by-step guide is provided for using the LCC model which
details the input requirements and default options, and describes the various
outputs of the computer printout. Example applications of this model are also
provided which involve: to MC tradeoffs of device quantity level, inhouse
screening vs. vendor qualification, and custom LSI vs. standard SX/MSl.
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The objective of this study was to develop parametric cost estimating relation-

ships for guidance in selecting microcircuits that are intended for utilization in

maintainable equipments operating in military environments. Cost relationships were

developed and formatted in a comprehensive computerized model that provides a

measure of relative impact that technology, function, package complexity and

quality/reliability have on system Life Cycle Cost (LCC). The major LCC phases

affected by microcircuits; development, production and maintenance, each has been

accounted for in the model. Model users can input their specific data or default

options are provided when the required inputs are unavailable.

The following microcircuit factors were found to have a measurable impact on

system LCC:

Technology - Primary impact on material procurement cost.

Function - Strong influences on both material procurement and assembly cost.

Package - Material procurement and assembly costs are greater for flat-

packages than for dual-in-line.

Complexity - Increased complexity, particularly for custom circuits have a

noticeable impact on material and assembly cost. Test costs are significantly

increased when linear microcircuit complexity is increased.

Quality/Reliability - Higher quality devices increased material cost and reduced

assembly cost through less rework.

Vii
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The resulting microcircuit cost factor model is applicable primarily to

monolithic devices that represent today's technology. Updating of the model will be

necessary to accomodate hybrids, technology evolution and testing improvements, as

they are introduced. The model has been exercised using primarily the study

contractors data set; additional verification will therefore be necessary before

general purpose use can be recommended. The ultimate mechanism for distributing

this model, once verification has been satisfactorily accomplished, will be the RADC

Reliability Design Handbook.

EDWARD P. O'CONNEf(

Project Engineer
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Section 1.0

SUMMARY OF STUDY RESULTS

1.1 INTRODUCTION

Th.a extensive use of microcircuits (MC's) of all types and complexities in
military electronic systems necessitates a close examination of the cost impact
of these devices when alternate equipment designs, modifications, etc. are under
consideration. Decisions on whether to use standard or custom MC's, JAN B or
B-2 reliability grade, bipolar or MOS memory etc. can have far reaching impacts
on the costs of system development, production and lifetime maintenance and
support. Accordingly, the objectives of the study are to 1) analyze the cost
factors associated with MC characteristics (i. e., type, complexity, packaging,
technology, etc.), 2) develop parametric cost estimating relationships (CER's)
based on relevant MC characteristics and 3) provide an application guide for
selecting optimal (i.e., least cost) MC characteristics for use in military equip-
ments.

Hughes adopted a "systems" approach in deriving CER's which would account
for the major cost impacts resulting from changes in MC characteristics. In
this systems approach, the entl: e population of a family of candidate MC devices
is used to assess the life cycle cost (LCC) impact. A change from one faml1y
of devices to another not only has a direct effect on the MC population cost and,
therefore, the system cost, but also has many 'hidden" cost effects-that are not
generally accounted for in cost tradeoffs. Some of the major cost areas impacted
by MC changes are given in Table 1. 1-1.

The extent of the cost impact is, of course, a direct function of the MC devioe
population effected by the change. Thus, if the effected population is large only a
small change in MC characteristics could lead to a significant difference in LCC.
In small populations (i.e., involving less than 100 devices), however, it is doubtful
that the difference in LCC would be of any significance regardless of the change in
MC characteristics.

1.2 MC DEVICE MODEL DESCRIPTION, GROUND RULES AND ASSUMPTIONS

The algorithm developed for estimating MC LCC consists of CER's derived
from data gathered on device development and procurement, card and system

1-1



Table 1. 1-1. Major LCC Areas Effeztedby MC Differences

Major Cost Area Typical Causes Related to MC Differences

Card Production Differences in device type (linear, digital), complexity, quality
grade have an effect on assembly and test labor, and on test
yield (which is the card production cost driver in the test-rework
cycle.)

Sparing Differences in device complexity generally effects the unit
cost, and system re-partitioning which changes the number of
card types. Changes in device quality grade impacts the
quality of spares per operating site and the pipeline.

Depot Maintenance The repair labor and materials cost is directly effected by
differences In device complexity and quality grade.

Inventory and These costs are effected whenever new items, e.g., custom
supply LSI) are introduced into government inventory. If the device
Management complexity is changed and causes a re-partitioning of the

system, a very significant cost impact could result.

manufacture and from system maintenance support. The cost impact of a family
of MC devices over the life cycle (y) of a program is represented by the following
model:

4 6

(1.1) LCCMC(y) - RCER +E PCERi +Z MCERi(y)
iffi 1=1

Each of the cost factors in (1.1) represent a CER and is described in Table 1.2-1.
The sources of data and methodology for processing the data are provided in
Section 2 and a complete discussion of the CER's is given in Section 3 with
examples illustrating the LCC model application given in Section 4.

A computer program was developed for the LCC model as a tool for per-
forming trade-off analyses involving multiple changes in MC device character-
istics. The computer program is written in ANSI FORTRAN IV and is docu-
mented in Appendix C. The program provides a number of input default options
which are exercised when the user does not have the required data. For example,
the CER's for some of the cost areas consist of a "basic" equation plus alternate
equations based on a reduced set of MC variables. The "basic" equations provide
the best (in terms of statistical correlation) regression fit, whereas the alternate
equations require fewer input variables at the expense of a small loss in fit.
Another type of default is provided to supplement data normally supplied by the user
primarily in the area of maintenance support costs and factors. The default values
in these cases are generally taken from government standards or from published
literature. A detailed discussion of all default options is provided in Section 4. 1. 1.

1-2



Table 1.2-1. LCC Model CER's

LCC Phase CER Description

RDT&E RCER Total development cost (RDT&E) of new custom/
semicustom devices.

PCER Procurement cost of total MC device population (i. e.,
used in all systems being acquired under a programprocurement).

PCER 2  Total screening cost for upgrading desired MC types
PRODUCTION to higher quality grades.

PCER 3  Total card assembly cost (excluding PCER ) of all
cards effected by the MC devices under cotsideration.

PCER 4  The total cost incurred by cards going through card
test and system test. This CER includes a test-'
rework cycle based on card yields at card-level and
system-level testing.

MCER 1  Initial and replenishment spares cost. Initial spares

includes site and pipeline stockage. Replenishment

spares are based on lifetime losses due to condemna-
tion, pipeline "leakages" etc.

MCER 2  Support equipment cost consists of the development
cost for test software and card adapters for fault
isolation at the circuit card level.

MAINTENANCE MCER Inventory entry and supply management costs for new
AND 3 MC devices and cards entered into government
SUPPORT (M&S) inventory.

MCER4  Depot repair labor cost for fault verification and card
repair.

MCER5  Depot repair materials cost for card repair.

MCER6  Two-way transportation cost for transporting failed
(or suspected failed) cards during the repair cycle.

1-3
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In using the model computer program and CER's in general, there are a number
of ground rules and assumptions that should be noted. These are summarized below:

e All cost factors used in developing the CER's are based on FY 1980
dollars. FY 1980 is used as a 'base year" from which all cost
escalations are taken.

* LCC estimates are provided in constant, escalated and discounted
dollars at sell (i.e., general and administrative factors and a nominal
fee have been included) to the government. The rates for escalation
and discounting are user inputs with a default to 6% and 10%*,
respectively.

e Program phase start dates (i.e., RDT&E, Production and M&S) are
user inputs with defaults to FY 1980 start for RDT&E and Production
with O&S starting in FY 1981. If a start date other than FY 1980 is
used, all cost factors (including default values) are escalated to the
new base year.

* Program phase schedules are user inputs for RDT&E and Production
with defult to zero for RDT&E and one (1) year duration for Production.
If multiple year phases are Input, the total cost for the phase is allo-
cated uniformly. The schedule for the O&S phase is automatically
computed foi 5, 10 and 15 years.

* Although it is reasonable to extend the ranges of the MC CER variables to
values not included in the data base, care should be exercised to select
valid combinations (i. e., a normal physical relationship must be retained.)
In this sense the CER parameters are not free to vary in an arbitrary way to
investigate cause-and-effect relationships.

* The CER's developed in thts study are not applicable to hybrid technology.
There was not sufficient data to develop statistical relationships or make
meaningful comparisons. However, Hughes has conducted an independent
study of hybrid fabrication techniques and costs including a model for
estimating fabrication costs. 6

* Finally, the CER's developed In this study are intended for comparative cost
analysis as in design tradeoffs rather than absolute estimation. Thus,
common costs which are not sensitive (directly or indirectly) to differences
in MC characteristics have been neglected.

1.3 GENERAL EFFECTS OF MC CHARACTERISTICS ON LCC

The MC characteristics (or factors) effecting LCC are discussed in Section 2.3.
A large number of factors were considered, a reasonable number of which proved
to be good predictors of cost in the CER's. MC factors which were not included in

*Per DOD Instruction 7041.3, Economic Analysis of Proposed Department of
Defense Investments.
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7

the CER's were omitted for various reasons or combinations thereof. Typically,
these were:

* Insufficient data to make statistical inferences.

* Variations in the dependent variables (I. e., cost, labor hours etc.) already
explained by other more important MC factors.

* No significant relationship exists between the factor and the dependent
variable.

The following paragraphs summarize the general effects of those MC factors
which can have a significant impact on system LCC.

Technology - Device Technology (i.e., bipolar, MOS, ECL, ITL etc.) has an
obvious effect on the purchase cost of the device. Not surprising, the most significant
factors to consider are whether the device is bipolar or MOS. Bipolar devices are
more expensive than MOS particularly in the case of memories. Also, whether or
not the device uses ECL logic has a significant effect on increasing the purchase cost.
At the card level and higher levels of assembly, device technology exhibits no appre-
ciable affect on assembly and test costs.

Function - As a general rule, memory devices are significantly more expen-
sive to purchase than other functions. MOS memory devices, the exception, are
generally less expensive than other functions. Cards with RAM devices tend to
have more complex associated circuitry (see below) and, therefore, are more
expensive to assemble than cards without RAMS. The percent of MC devices that
are RAM's can, therefore, be used as a measure of the card assembly cost.
Figure 1.4-1 illustrates the general relationship between fraction of RAM
devices used, card density and card assembly costs. Using percentage of RAM
usage as a measure of card complexity, Figure 1.4-1 shows that cards contain-
Ing 25 percent RAM's are approximately twice as expensive to assemble as
cards that contain no RAM's. Other device functions, such as decoders,
counters, line drivers, etc., showed no significant correlation with cost.

Packaging - The only difference that was discernable in device packaging was
whether a ua-in-line package (DIP) or flat-package (FP) was used. Hermeticity
was a factor but not significant enough for use in any of the CER's. FP devices are
more expensive to procure but, except for material costs, do not have any significant
effects on card assembly or test costs. Cards using FP devices are probably more
expensive (because of hand wiring) than cards using DIP devices; however, there was
not sufficient data to test this premise. Hughes primarily uses DIP devices in
card assembly or a mix of DIP's and FP's.

Complexity - The number of gates per device hao an effect on the cost of device
development (RDT&E), device procurement and device screening (or quality
upgrade). Figure 1. 4-2 gives the development cost per gate for custom LSI devices

1-5
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as a function of the fraction of standard (already developed) functions. The upper
and lower bounds in the figure are extrapolations from published data. For example,
the development cost for a 2000 gate device utilizing 50% standard functions would
range from $180K to $250K depending on functional complexity. Differences in the
device complexity also has an effect at the card level particularly If the devices are
linear. Figure 1. 4-3 illustrates the impact of increasing complexity on card test
labor for various mixes of linear devices. For a 1K gate card which contains 25%
linear devices the test labor is approximately 5.5 hours. This compares to a digital
card of the same gate count which requires approximately 2 hours testing.

Quality/Reliability - Device quality grade affects procurement cost when con-
sidered on a per gate or per BIT basis. tor off-the-shelf available devices, relia-
bility is not a significant factor in cost determination particularly at the higher gate
or BIT counts. At the card level, reliability had a very significant effect on the card
test-rework cycle. The number of MC devices which are of quality grade B-2 or
lower has significant correlation with test yield. Figure 1. 4-4 gives the fractional
yield at card test as a function of fraction MC devices with quality grade B-2 or lower
using a 100-device card. A 75% MC device usage is assumed on the card. The fig-
ure shows that as the number of linear MC devices increases, the yield at card test
becomes lower.

Other MC Factors - Card density (i.e., quantity of devices per card) has an
effect on higher assembly test yield which becomes more significant as the usage of
MC devices increases (see Figure 1.4-5). For example, cards that contain 100
devices all of which are MC's will have an assembly test yield of approximately
83 percent.

When a change in device family results n a re-partitioning of the system (eg,
from SSI/MSI devices to LSI devices), government inventory, spares and lifetime
maintenance costs can be effected. Figure 1.4-6 illustrates the impact of introducing
new items (devices, cards, etc.) into government inventory and maintaining these
items for 15 years. These costs are also a function of the number of base supply
systems Involved In which card inventories must be maintained (see Section 3.3.4).
If, for example, 30 new device types are inventoried the 15 year maintenance cost
would be approximately $60K. If, 10 new card types are also inventoried at 5 base
supply systems, an additional cost of $50K would be incurred for a total cost of $110K.

The effect of a change In device family on sparing, support equipment and depot
maintenance is dependent on a large number of system-level and logistic support
considerations. These effects are best illustrated by examples using the LCC model
(see Section 4.2).

1-7
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Section 2.0

DATA BASE DESCRIPTION

2.1 SOURCES OF DATA

In order to provide a statistically significant data base for the prediction
model, fifteen systems/product lines in current manufacture at Hughes were
surveyed.

From the surveyed systems, seven were selected to provide the study data
base. The criteria for selection of the seven systems were:

a) Systems selected must represent a variety of equipment types.

b) Formal reliability analysis and prediction per MIL-HDBK-217C must
have been completed on the system.

c) The systems must be of recent vintage (i.e., post 1970), employing
current state-of-the-art MC technology.

d) Data collected on the systems must be relatable to MC cost factors
considered in this study.

The product lines and card types used in the data base are given in Table 2.1-1.
Within each product line a wide variety of card types were selected to enhance the
range of applications for the MC parameters under consideration. For each product
line, data was collected according to four sources: Plant, Program, Card and Device.
The MC characteristics for which data was collected from these sources is sum-
marized in Section 2.3.

Plant or factory level data could not be allocated to specific cards (i.e., by
assembly number) or programs but did provide measures of the combined trend of
the selected systems. Such data was used only when obtaining lower level data was
impractical or statistically meaningless. Plant level sources of data include labor
lop on card-rework (exclusive of fault isolation and checkout testing labor which was
accessible at the card level), system test (L. e., labor required to fault isolate to the
card level), and device reliability upgrade data.
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Table 2. 1-1. Systems and Card Configurations Used in Data Base

Percent
Production Line Card Function Type MC Devices

Micro-Computer Memory Interface Digital 44

Arithmetic Register Digital 52

External Register Control Digital 51

Serial Channel Interface Digital 45

Memory (ROM) Digital 31

Power Fault Determinator Mix, Digital/ 34
Linear

BITE Power Supply Linear 9

Display Refresh Memory Digital 32
Console Sweep Generator Mix, Digital/ 65

Linear

Line Generator Mix, Digital/ 14
Linear

General Memory Control Timing Digital 48
Purpose
Computer Electrical Memory Card Digital 33

Memory Input Switch Digital 54

Effective Address Logic Digital 31

16 BIT Mcroprcessor Digital 49

Communications Memory Interface Digital 55
Terminal

Indicator Logic Digital 37

Correlator Preamble Mix, Digital/ 1E
Linear

Submarine Fire Test Sensor/Focus Programmer Linear 6
Control System

C lock Generator Linear 15

Counter Digital Rate Multiplier Linear 77
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Table 2.1-1. Systems and Card Configurations Used In Data Base (Continued)

Percent
Production Line Card Function Type MC Devices

Submarine Fire Deflection Counter/Monobit Encoder Digital 80
Control System
(Continued) Pincushion Correction Linear 5

Data Select Digital 67

Test Logic Digital 65

Display Control A Digital 79

Display Control B Digital 74

Display Control C Digital 81

Edit Control Generator Digital 69

Symbol Integrator/Reference Supply Linear 72

Stroke Control Digital 81

ROM A Digital 41

ROM B Digital 39

ROM C Digital 37

Symbol Address Digital 78

Intensity Compensation and Gating Linear 1

Digital Logic Digital 69

Panel Interface Digital 79

Test Logic Sensor Linear 2

Mortar Integrated clutter map Mix, Digital/ 55
Locating Radar Linear

Modulated Frequency Shift Linear 14

Easting Driver Digital 36

Microprocessor Controller Digital 37

External Control Register Digital 50
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Table 2.1-1. Systems and Card Configuration Used in Data Base (Continued)

Percent
Production Line Card Function Type MC Devices

Mortar Diagnostic Interface Digital 40
Locating Radar
(Continued) Doppler Filter Linear 60

4K RAM Digital 34

MLVL Signal Generator Linear 53

ROM Circuit Digital 46

Gate Digital 45

Data Path Communication Digital 51

Dual Channel Control Digital 49

Artillery RAM Digital 51
Locating Radar

Analog-Digital Convertor Mix, Digital/ 6
Linear

Signal Generator Linear 52

Microsequencer Digital 49

Synchronizer Digital 47

Target/Bite Digital 50

Dual Channel Control Digital 30

Clock Oscillator Linear 32

Multiplexer Digital 40

Gate Digital 67

Canceller Digital 59
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Program level data could be allocated to a specific program but not to
specific cards. Program level data were gathered on this level only when lower
level data were inaccessible or statistically meaningless. Sources of program
level data include card defect analysis reports for specific product lines.

Card level data consisted of specific cards (by assembly number) with known
MC characteristics. Such data had the highest priority during the data collection
effort. Sources of card level data consisted of card assembly cost reports,
quality control defect analysis reports, system test defect analysis reports and
configuration parts lists used in reliability and maintainability predictions.

Device level procurement data account for specific MC device types and was col-
lected from purchase price lists. Data on research, development, test and evaluation
(RDT&E) for custom and semi-custom LSI devices was obtained from internal pricing
guides and from data in the literature survey (see 3.1. 1).

Section 3 contains a detailed description of the data used for each CER.
Sources for cost data and factors applicable to the support phase of the life cycle
were provided by Government standards. Table 2.1-2 summarizes the sources
of data used for developing the MC CER's. The references indicated provide a
detailed discussion of MC parameters used and CER development.

2.2 DATA PROCESSING METHODOLOGY

In order to determine which MC parameters had a significant effect on various
system costs and to provide accurate CERs, a multiple linear regression tech-
nique was employed. The basic assumptions of this technique are:

1) The dependent variable Y (cost, labor hours, etc.) is a linear combina-
tion of p independent variables (MC characteristics, card character-
istics, etc.) This relation is called a regression equation, and in matrix
notation the model may be represented in the form:

(2-1) Y = XB+e

where

Y is a (nX1) vector of observations of the dependent variable.

X is a (nXp) matrix of observations of the independent variables.

B i . a (pXl) vector of parameters (CER coefficients) to be
estimated.

e is a (nX1) vector of errors

2) The elements eI 1 < i < n of the vector e represent values of a normally
distributed random variable. This assumption is reasonable since the
error term iV most probably the sum of errors from a large number of
sources and, therefore, by the Central Limit Theorem their sum will
have a distribution that will be approximately normal regardless of the
type of probability distribution the separate error components may have.
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Table 2.1-2. Summary of Data Sources for CER's

Cost Estimating Relationship
Section

Description Code Data Source Reference

RDT&E for Custom IC's RCER Literature Search, Plant 3.1.2

Level

Device Procurement PC ER 1  Device Level 3.2.2

Device Screening PC ER 2  Device Level 3.2.3

Card Assembly PC ER3  Device Level, Card Level 3.2.4

Card-Test-Rework Cycle: PC ER 4

* Card Test Labor H Device Level, Card Level, 3.2.5.1
Program Level

* Card Test Yield YC Device Level, Card Level, 3.2.5.2
Program Level

* System Test Yield YS Device Level, Card Level, 3.2.5.4
Program Level

* System Repair C2 Plant Level 3.2.5.5

* Card Rework C3 Program Level, Plant 3.2.5.3
Level

Spares MC EN Card Level, Government 3.3.2
Standards

Support Equipment MC ER2  Plant Level 3.3.3

Inventory Entry and Supply MC ER3  Government Standards 3.3.4
Management

Repair Labor MC ER 4  Card Level, Government 3.3.5
Standards

Repair Materials MC ER 5  Government Standards 3.3.6

Maintenance Transportation MC ER 6  Government Standards 3.3.7
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3) E(e) = 0, V(e) = I, where I is the identity matrix, so the elements of e
are uncorrelated. That is, E(Y) = XB. The error sum of squares for
the system is:

e'e = (Y - XB)'(Y - XB)

= Y'Y - 2B'X'Y + B'X t XB

By differentiating this equation with respect to B and setting the resulting
equation to zero and replacing B by b, the normal equations result:

(2.2) 
(X'X)b = X'Y

b - (X'X)- 1 XIY

This solution b, called the least squares estimate of B, has the property of
being the best linear, unbiased, estimate. Further details are given in Draper
and Smith. 1

Multi-linear regression analysis is expedited by using the UCLA Health
Sciences Blo-Medical multi-linear regression computer program (BMD02R). 2
This regression analysis computes a sequence of multiple linear equations in a
step-wise manner. The procedure moves step by step from one regression to
the next, adding a predictor (forward regression) or deleting a predictor (back-
ward regression) at each step. This produces a sequence of regression functions:

y b0  bIx

(2.3) y b' + blx, + bx
o 1 2 2

y b"+by x +... + b" x
0 1 1 p p

Rather than adding predictors in order, the program steers the additions/
deletions by three statistical tests:

* The F-to-enter statistic foo a predictor is the F-statistic for testing the
significance of the regression coefficient the predictor would have if it
were added. (A predictor will not be entered if its F-to-enter value is
below a specified threshold.)

* The F-to-remove statistic of an entered predictor is simply the value of
the F-statistic used to test the significance of its regression coefficient.
(If its F-to-remove value is less than a specified threshold, a predictor
will be removed.)

* The tolerance of a non-entered predictor is one minus the square of the
multiple correlation between this predictor and those predictors currently
in the regression function. (The tolerance threshold Is used to prevent
the entry of highly correlated predictors and to avoid rounding error in
the computations.)
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Three rules control step operation:

1 If there are one or more predictors in the regression equation whose F
value is less than the F-to-remove value specified, the one with the
smallest F value will be removed.

2) If no predictor is removed by (1) and there are one or more independent
variables not in the regression equation which pass the tolerance test,
the one with the highest F value will be entered.

3) If no predictor is added or removed by (1) or (2) the stepwise procedure
stops.

The ratio:

(2.4) 2

Y(Y - E M)2

is the square of the multiple correlation coefficient and is a measure .of the use-
fulness of the predictors in the CER model. R2 measures the percent variation
explained by the model. Thus, if the estimated values of the CER (ki) equals the
observed values (Yi) for all 1 - 1s N (i. e., if the prediction is perfect), then
R2 = 1. If bl = b2 . bp = 0 (or a model Y = Bo + e alone has been fitted),
then R 2 = 0.

In developing a useful CER for a particular cost area, severpi of the equations
(2.3) may be of value. Each successive step provides an equ.A#l: widcr v.tlains
more of the variation (higher R 2 ) but also requires more indop'c-r4ent vaiables for
which the user mus t provide data. Thus, a selection of pred--don equations with
differing input requirements have been provided for most of the CER 's developed
from regressions. Section 3 provides a detailed description of the basic CER used
in the LCC model and applicable alternate CER's.

2.3 MC FACTORS EFFECTING COST

In formulating the model CER's as many MC factors were considered as
could be accommodated by the regression limits and data. Although many candi-
date cost predictors were considered during the study, only those found to be
both physically meaningful and statistically significant were incorporated in each
CER.

Table 2.3-1 provides a list of all MC factors (independent variables) which
were considered to possibly have some influence on cost (dependent variable).
Those MC factors that had significant impacts on cost are identified by an '"X".
The corresponding CER's in which they are employed are also given. These
factors effect the various aspects of system cost directly through device develop-
ment, procurement and/or testing, and also, indirectly, through their impact on
card assembly, test and lifetime support. For example, device quality effects
the cost of device procurement but also has an even greater impact on the ..ard
production cost through the card test yield. Similarly, since the cost per card
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Table 2.3-1. MC Factors Effecting LCC

MC Factors____

Applicable
Description to CER Variable Applicable CER's

Technology:

linear X 1-DIG Device Purchase (PC ER 1 3.2.2)

Bipolar K 1-MOB Device Purchase (PC ER1 3.2.2)

EC L x ECL Device Purchase (PCER1 3.2.2)

MOB (PMOS, NMCB & CMOS) X MOB Device Purchase (PC ER1 3.2.2)

Digital X DIG Device Purchase (PCER1 3.2.2)

Bipolar X 1-MOB Device Purchase (PCER1 3.2.2)

DTL

TL

ECL x ECL Device Purchase (PCER1 3.2.2)

IIIL

MOB (P1(05, NUOS a CMOs) x MOB Device Purchase (PCER1 3.2.2)

Schottky

Low-pwor Schottky

low-Power

High speed
Function:

Memory X ME1M Device Purchase (PC ER 1 3.2.2), Device
Screen (PCER 2 3.*2.3)

RAM(QTY on Card) X NRAM Card Assembly (PCER 3 3.2.4)

ROM

PROM

EPROM

Decoders

counters
Flip-Flops

Dividers

line Drivers

DEP X I- FP Device Purchase (PC ER1 3.2.2)

Flatpack X FP Device Purchase (PC ER1 3.2.2)

Sivge chip
Beam Lad

Hermetically Sealed

Gates (Qty on Device) x No RDT&E (RCER 3.1.2), Device Purchase
Screen (PC ER 1 3.2.3)

Digital (Qty on Card) x NDG Card Test Hours (H 3.2.5), Repair labor
(MCER 4 3.3.5)

Linear (4-trans -1I Gate: Qty on Card) x NLO Card Teat Hours (H 3.2.5), Card Test Yield
(YC 3.2.5), Repair labor (MCER 4 3.3.5)

Plas (Qty on Device) x NP Devce Screw (PCER, 3.2.3)

BrNl (Qty on Device) x NB Device Purchase (PCER 1 3.2.2), Device
Screw (PC ER 23.2.3)
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Table 2.3-1. MC Factors EffectingLCC (Continued)

MC Factors

Applicable
Description to CER Variable Applicable CER's

Quality/Reliability:

Quality Grade S
B
B-i
B-2 and Below X QB2 Card Test Yield (YC 3.2.5)

Reliability (Weighted/MIL-STD-217C) X REL Device Purchase (PCER1 3.2.2)

Combined MC Characteristics:

TlL, DTL

Linear, Beam Lead, ECL

MOS (Linear or Digital) X MOS Device Purchase (PCER1 3.2.2), Device
Screen (PCER2 3.2 , 3)

Digital Bipolar SSI/MSI, Digital
MOS SSI/MSI

Digital Bipolar LSI, Digital MOS LSI

ECL (Linear or Digital) X ECL Device Purchase (PCER1 3.2.2)

IlL, Low-power TTL

MOS Memory, Bipolar Memory

AVG. Quality Grade/MIL-STD-217C

Other Considerations:

MC Devices (Qty on Card) X NMC Card Test Hours (H 3.2.5), Card Test Yield
(YC 3.2.5), System Test Yield (YS 3.2.5)

Devices Active and Passive: (Qty on Card) X NDEV Card Assembly (PCER% 3.2.4), Card Test
Hours (H 3.2.5), Card Test Yield (YC 3.2.5).
System Test Yield (YS 3.2.5)

Ratio Contri. of MCs to the Card Failure X W Card Test Hours (H 3.2.5), Card Test Yield
Rate (YC 3.2.5), Spares (MCERI 3.3.2), Repair

Labor (MCER4 3.3.5), Repair Materials
(MCER 5 3.3.6), Main. Trans. (MCERi 3.3.7)

Card Failure Rate X CF Spares (MCER 3.3.2), Repair Labor
(lrCER4 3 .3. if, Repair Materials (MCER 6
3.3.6), Main. Trans. (MCER6 3.3. 7)
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and card reliability are effected by device quality so is the cost of spares and
mainterance support.

The effects of the MC characteristics on individual CERts are discussed in
the appropriate subsections of Section 3.
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Section 3.0

DESCRIPTION OF MODEL COST FACTORS

3.1 MC RESEARCH, DESIGN, TEST & EVALUATION (RDT&E)

3.1.1 LITERATURE SEARCH

In order to compare internal cost experience in custom/semi-custom LSI
development, a literature search was conducted. The search was restricted to only
recent publications going back three years. The data banks included in this search
were DOD Documentation Center (DDC), National Technical Information Service (NTIS)
the NASA Data Bank, and the Lockheed Dialog Information Retrieval Service. All
journals, reports and general technical information on RDT&E costs associated with
custom/semi-custom LSI devices were included.

There is a tremendous amount of literature on LSI devices. However, there
seems to be a great reluctance to publish RDT&E cost data. Of the items listed in the
searches only seventeen required closer review, and of these only three provided any
useful information on RDT&E costs. These items are given in the bibliography. Of
particular interest to this study is a comprehensive report oul~he application of LSI
technology to military systems including an analysis of LCC.Z This report was used
to compare the various aspects of costs and trends in technology.

3.1.2 RDT&E (RCER)

The cost to develop an LSI device varies considerably depending on the complexity
and the degree to which the device design can utilize standard already-developed func-
tions. When standard gate arrays are employed the development cost per gate can be
competitively low because the development of final metallization layers is all that
remains, thus minimizing the design layout errors which reduces design, test and
evaluation costs considerably. Completely custom LSI 's are not cost competitive
unless large quantities are procured or developed through functional standardization.
How large the procurement must be is subject to tradeoff. As logic designs become
more complex, the applications become more unique and, therefore, more costly to
develop on a per device basis. On the other hand, microprocessors were developed as
a method supplying a sufficiently large number of random logic functions to warrant
their economical development. Therefore, functional standardization in LSI is
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achievable through the microprocessor, and this appears to be the trend in the future
in military electronics. 5,8

At the low cost end (. e., using standard functions), the cost to develop an LSI
device starting with the logic design can vary from $12 to $30 per gate (1977 dollars).
At the high cost end, the cost can vary from $150 to $200 per gate (1977 dollars) 4 ,'
If these cost extremes are averaged and brought up to current 1980 dollars*, we can
expect a variation of from $24 per gate to $203 per gate. Thus, for a 2000 gate device,
the RDT&E cost in today's dollars would be:

" Complete Custom -------------- 406
" Standard Functions -------------- 48

These values are in fairly good agreement with Hughes experience in estimating
RDT&E for LSI devices.

The CER for RDT&E is based on the average cost per gate assuming a linear
relationship between cost per gate and fraction of standard functions employed. Thus,
the total RDT&E for N device types is given by:

N
(34j) RCER = LNG~i) NU'CN - C MAX) F(i) I CM.AXl

1=1 [SC STD

where:

NG(i) = Total gate count of ith device type.

C MIN = Cost per gate using standard functions ($24)

CMAX = Cost per gate for complete custom device ($203)

F(1) = Fraction made from standard functions, ith device type.
STD

Since there are large variances in the cost per gate in (3.1) based on the LSI
manufacturer's unique design process, the values of CMIN and CMAX are user
inputs in the LCC model. The values given above are provided as defaults when the
user has no better information.

The development cost of custom LSI's can also be off-set to some degree by
reducing the number of items to be inventoried, documented and spared, and by simpli-
fying system design (e.g., less complex back-plane wiring). In any event, the total
cost picture needs to be examined before a clear economic decision can be made.

*A compound rate of 5% is used. Although this rate is low with respect to the
inflation of the past few years, it has been off-set by advances in the LSI development
technology which have tended to reduce costs.
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3.2 PRODUCTION INVESTMENT
3.2.1 MANUFACTURING MODEL

Figure 3.2. 1-1 illustrates the flow of MC devices through the manufacturing
process. Starting with device procurement (PCER1) the devices are (possibly-
screened to a higher reliability grade (PCER2) and mounted on circuit boards (PCER3).
The circuit board (cards) are then tested at the card-level and system level (PCER4)
before final acceptance of the "host" system by the contracting agency. During card-
level and system testing, MC device failures occur which cause the card to go throug
a rework-retest cycle indicated by the "feed-back" loops in the figure. Failures other
than MC devices, of course, will also occtr but we are only considering the impact on
LCC of MC device failures. Once the devices have been mounted on cards, it is at
this step in the process that the card and, therefore, the devices start accumulating
"hidden" costs.

As a quantity of cards of a particular type (i.e., a unique function) is processed
through Card Test and System Test (i.e., all higher assembly testing) a portion of
these cards fail card test and a portion pass on to the system level. Similarly, at
the system level a portion will fail and a portion will become part of the system.
Those cards failing at either test are sent to rework after which they must repeat the
process at the card and system level. Thus, with yields of Yc at the card-level and Y6
at the system level, the cumulative effects on the card cost can be computed.

The probability that a card fails card test and is sent to rework is (1-Yc) and the
probability that a card passes card test and fails system test is Yc(1-Ys). Thus, the
probability that a card is sent to rework, either from the card level or system level
is simply: (l-Yc) + Yc( 1 -Ys) = 1-YcYs.

Clearly, the number of cards entering the process at the nth cycle (Xn) is equaL to
the number of failures of those processed on the previous cycle (Xn-i) and so forth,
I. e.:

(3.2) Xn = Xni(lYcYs) = Xn 2 (lYcYs)2  .... Xi(1.YcYs)n -

If C1, C2 and C3 are the card test cost, system test cost and rework cost, respec-
tively, the total cost of processing Xn cards is:

XnC1 +XnYcC 2 + Xn(1-YcYs)C3

or, XnLCi+C2Yc+C3(1-YcYs)]

or, Xj 1 -Y cY ) n-1 iCl+C 2Yc4C 3 (1-YcYs)l

Hughes' manufacturing experience indirates that it is rare for cards to be
scrapped as a result of cumulative damage incurred during the rework process.
Therefore, as a good approximation, the process can be summed up as an infinite
geometric series:

n X1 [C1+C 2Yc4C3 (ycys)1 (i-Ycy)n = XICI+C2Yc +C31-Yc Ys]/(Y0 Ys)

n-3
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where

c s

If X 1 represents all the cards required by the production program, then:

(3.3) PCER4 = X1 [Cl+C2 Yc+C 3 (1-YcYs)]/YcYs

The total production cost (CPROD) with appropriate summation across device types
(N) and card types (Nc) is therefore given by:

N N c

(3.4) CPROD = PER 1 (i)+PCER2 (i)]DEVQ(i) PC ER 3 (L)+PC ER4 (i)]CARD(i)
i=1 i=l.~

Formulated CER's have been developed to predict each area of the manufacturing
process which is sensitive to differences (either directly or indirectly) in MC char-
acteristics. The details of these developments are provided in Sections 3.2.2 through
3.2.5. The effects of other costs (i.e., device supplier qualification costs, device
obsolescence, on-shore versus off-shore procurements, etc.) are discussed in Sec-
tion 3.4. In the following sections the subscript denoting the ith device or card type
will be dropped.

3.2.2 DEVICE PROCUREMENT (PCER 1 )

Data was collected from two main sources:

* HAC Vendor Integrated Circuits Pricing Agreement
* Linear, Digital, Memory and Interface Integrated Circuits D.A. T. A.

Books of the Electronic Information Series

For each MC device according to device number, the Integrated Circuits Pricing
Agreement enabled the determination of device technology, packaging (Dual nline
package, flat package, etc.) reliability grade, whether or not the device was
hermetically sealed and unit cost. The D.A. T. A. books then provided information
on the device type and function, number of gates, and number of bits for memory
devices. The reliability grades were assigned weightings according to
MIL-STD-217.

Table 3.2.2-1 identifies the MC device characteristics that provided significant
correlations with purchase cost. Sixty nine data points were used to test nineteen
MC characteristics using the stepwise regression procedure. Table 3.2.2-2 provides
the applicable CER's for estimating the unit cost of an MC device with given charac-
teristics. The complete regression runs are given in Appendix A-2.
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TABLE 3.2.2-1 DEVICE PROCUREMENT VARIABLE DESCRIPTION

VARIABLE DESCRIPTION UNITS RANGE

PCERi  PROCUREMENT COST PER $ 0.24 - 30.79
DEVICE

MEM MEMORY DEVICE Indicator (1 )  0,1

DIG DIGITAL LOGIC DEVICE Indicator 0,1

ECL ECL DEVICE Indicator 0,1

MOS MOS DEVICE Indicator 0,1

FP FLATPACK DEVICE Indicator 0,1

REL RELIABILITY (2) 0.0 - 35.

GATES NUMBER OF GATES QTY 0 - 68

BITS NUMBER OF BITS QTY 0- 16384

(1)The indicator has value "1" if the characteristic is present, "0" otherwise.
(2)The following weightings were employed for the given quality grades:

QUALITY GRADE S B B-1 B-2 C C-1 D D-1

RELIABILITY 0.5 1.0 3.0 6.5 8.0 13.0 17.5 35.0
FACTOR

Using the coefficients (C's) in the table, the basic CER is:

(3.5) PCER1 = EXP (. 52165+1.38197. MEM-.69142. DIG+1. 84202. ECL

-2. 70211. MOS+. 56445. FP-. 22443. (REL/GATES)

-9.83248. (REL/BITS))

The alternate CER's given in the table can be written in a similar manner,
The indicator variable MEM was found to explain most of the variation (approxi-
mately 30%) in device cost.

It should be noted that the cost computed by PCERI is for off-the-shelf devices
in large quantity procurements. For a new device (eg, a custom LSI), a learning
curve should be applied to the CER as follows (see Section 3.4. 1 for a discussion of
learning curve applications):

(3.6) PCER'I(X) = AX a

3-6



0

al 0

Lt4 v4 v

C o co Co
mU

U C4 a m" 0

P4 w ~ 40

P4 CIOC O
P4 r- 0~-

t- o C t.

Nz w4 04 4 0

~ 1-4 I I

rz C O I" m
r_) O w I C

E- V 4 it4 CV I

0 1 1t 01O

V04 0*

rj 004 Co 0-

C? .t C! C
-4 V-4 -1 -4

0 +
go I4 U

I ~ ~ I4 N I l

C4,

00

it) N- C#3

04 E- i~4 o 0 0 3-72

Ao U 4 4 t) C



where:

PCER' (X) Adjusted unit cost for a procurement of X devices.

A AdjustmeTt factor for converting off-the-shelf unit cost (PCER 1 )
to the theoretical first unit cost

X = Procurement quantity

a Learning slope factor

3.2.3 DEVICE SCREENING (PCER2 )

Data for the Device Screening CER was assembled based on Hughes internal
device screening procedures per MIL-STD-883B, Method 5004.4 and MIL-M-38510D
for general purpose microelectronic devices. Manpower, labor grades and material
costs to perform the screening procedures were considered with respect to the general
level of complexity of MC devices. In addition, memory devices are more expensive
to test than non-memory devices, primarily because of the extra time spent in elec-
trical test and the burn-in material costs. The average labor hours and costs given
in Table 3.2.3-1 were allocated on a per-device basis, although actual estimating
was achieved on a lot sizes of 50 - 100 devices.

For interim and final electrical testing, it is assumed that an automatic tester is
used. The figures in the table represent labor required using a Sentry Tester. If
bench testing is used, however, the labor required could be 3 to 4 times that shown
in the table.

It should be noted that when device screening is employed, 100% testing is
assumed. Also, destructive physical analysis per MIL-STD-38510D which is some-
times performed on a sampling basis is not included in the CERs since this is an
insignificant cost for reasonable procurement quantities.

The resulting quality grade of screened MC devices is B-1. If a device is new,
additional Engineering labor hours (non-recurring) is incurred to set up the computer
programming for the Sentry Tester as a function of device complexity:

* SSI/MSI Non-Memory Devices ------- 20 Hours
o SSI/MSI Memory Devices --------- 80 Hours
* LSI Devices -------- ---- --- 180 Hours

The CER data for device screening is summarized in Table 3.2.3-2. The
general form of the Device Screening CER is:

(3.7) PCER2 
f {(L1(J). RATE4 + L2(J). RATE5 + K)]. DEVQ+S(). RATE4}/DEVQ

where: PCER2  Total Screening Cost per Device Type

L 1(0) = Engineering labor for device category j (Hrs.)

L2 0) = Technician labor for device category j (irs.)
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TABLE 3.2.3-2 CER DATA FOR DEVICE SCREENING

ENGINEERING TECHNICIAN OTHER SENTRY SOFTWARE
LABOR (HRS.) LABOR (HRS.) CHARGES ($) FOR NEW DEV.

CER L1 (j) L2(U) KO) S(j)

Non Memory 0.0192 0.411 -- 20
SSI/MSI

Memory 0.0542 0.601 13.75 80
55I/MSI

LSI 0.1242 1.191 72.00 180

KO) = Total other costs for device category j ($)

S U) = Engineering labor to program the Sentry Tester for new devices for
Device category j (Hrs.)

RATE4 = Engineering labor rate ($/HR)

RATE5 = Technician labor rate ($/HR)

3 2.4 CARD ASSEMBLY (PCER3 )

The card assembly process consists of 1) card kitting where all devices (MC
devices plus supporting non-MC devices) defined for a unique card function are
brought together for assembly, 2) card preparation (etch), 3) device lead preparation
and tining, 4) axial and DIP insertion, and 5) device mounting (e. g., machine wave
solder and/or hand solder). Rather than develop a single CER describing MC device
purchase as part of the card assembly cost, separate CERs were developed to take
advantage of separate sources of data in which:

(1) the sample size of device purchase costs could be much larger, and
(2) a greater number of independent MC characteristic could be considered as

variables.

This, the card assembly CER does not contain the cost of MC devices but does
include the cost of all supporting non-MC devices.

The basic sources of data for the card assembly CER were the Project Assembly
Cost Reports. These reports allocate material and over-all assembly costs of
specific cards (by part number) with known MC characteristics. MC material costs
were deleted from these reports (to avoid "double counting MC procurement cost), and
the remaining data (including the cost of supporting non-MC devices) were then
regressed against the known MC characteristics of the corresponding card.

Two variables were found which correlated significantly with card assembly cost
(see Table 3.2.4-1). Not surprising, the number of devices per card (NDEV) is the
most significant single MC factor relating to card assembly costs. The number of
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TABLE 3.2.4-1 CARD ASSEMBLY VARIABLE DESCRIPTION

VARIABLE DESCRIPTION UNITS RANGE

CER Card Assembly Cost Per Card $ 369.62 - 1627.36

NDEV Number of Devices Per Card Qty. 39 - 290

NRAM Number of RAMS Per Card Qty. 0 - 24

random access memory devices (NRAM) contained on a card was the only other MC
factor that explained any additional cost variation.

Nineteen candidate variables were tested in the step-wise regression procedure
using twenty two data points each one of which represented a historical average 0. e.,
each value of the dependent variables represents the assembly cost per card averaged
over all cards of that type produced over a period of time). However, none of these
variables had any appreciable correlation with assembly cost over that already
explained by NDEV and NRAM.

The applicable CER's and corresponding R-values are given in Table 3.2.4-2.
The complete regression runs are given in Appendix A-3. Basic CER for estimating
assembly cost per card is given by:

(3.8) PCER 3 = 5.91634. NDEV+27.57201' NRAM

This CER states that the assembly cost per card is approximately $6 per device.
If RAM devices are used, an additional cost of $28 per RAM device is incurred.

TABLE 3.2.4-2 CER'S FOR CARD ASSEMBLY

INDEPENDENT
VARIABLE VARIABLES

CER CONSTANT NDEV NRAM R REMOVED

C1 C2 C3 --

B,,SIC 0 5.91634 27.57201 .98

1 0 6.26267 -- .95 NRAM

PCER3 = C2 NDEV + C3 . NRAM
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3.2.5 TEST-REWORK CYCLE (PCER4 )

3.2.5. 1 CARD TEST LABOR CER

Three sources of plant level data were used to derive the CER:

" Card Test Defect Analysis (CTDA) reports,

" Assembly Area Quality Level (AAQL) reports and,

" Card level parts lists used with respect MIL-HDBK 217C for making
reliability predictions.

For each program in manufacture the CTDA report lists: 1) the number of
cards reworked (distinguished by function as linear or digital but not by part number);
2) the defect distribution D(dl, d2 , . . ., dlo) of these cards across ten standard
defect codes, di , 1 s i s 10; and 3) average test hours per card, H. Using 14 such
summaries, regression equations depicting test hours per card as a function of
defect distribution were developed, that is, each equation defines a function such
that:

H = F(D(dl,d 2 , . .,d)

Regression equations with high correlation (R >. 95) were found for six systems.

The second source of data (AAQL reports) defined the defect distribution, say
D*(dl,d2, . . . ,djo) of specific card types (by part number) over the same period of
time. By selecting card types with various quantities of MCs and using the regres-
sion equations, the average number of labor hours expended to test each card type
was determined; that is, new values of H were computed according to the equation:

H = F(D*(dl,d 2 9 • . .d0) )) I

Thus, H is now a relationship between card average test hours and specific card
types (by part number).

Finally, the third source of data, card level parts list data, provided the MC
characteristics ie, technology, quality grade, packaging etc of each card type. These
MC characteristics were treated as independent variables and H as the dependent
variable in the regression.

Table 3.2. 5-1 identifies the card characteristics relating to MC devices that were
significantly correlated with H. Twenty eight data points representing historical
averages were used. The variable representing the product of population times num-
ber of digital gates (NDEV. NDG) was found to explain most of the variation (approxi-
mately 36%) in card test labor. The applicable card test labor CER's and their
corresponding R-values are given in Table 3.2.5-2. The complete regression runs
are provided in Appendix A-4.
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TABLE 3.2.5-1 CARD TEST LABOR VARIABLE DESCRIPTION

VARIABLE DESCRIPTION UNITS RANGE

H CARD TEST HOURS PER CARD HRS .64 - 12.18

NDEV NUMBER OF DEVICES PER CARD* QTY 42- 524

NMC NUMBER OF MC DEVICES PER QTY 12- 144
CARD

NDG NUMBER OF DIGITAL GATES QTY 0- 2940
PER CARD

NLG NUMBER OF LINEAR GATES PER QTY 3.50 - 132.50
CARD (TRANS/4)

W CONTRIBUTION OF MC DEVICES RATIO .02- 1.00
TO CARD FAILURE RATE

*Total active and passive devices.

TABLE 3.2.5-2 CER's FOR CARD TEST LABOR

INDEPENDENT VARIABLE

2 VARIABLES
CER CONSTANT NDEV. NDG 1-W NLG (NMC/NDEV) R REMOVED

Cl C2 C3 C4 C5

BASIC -. 29669 .00000889 4.99908 .01514 1.98307 ,84----------

1 .37016 .00000891 5.13788 .81 NLG,
(NMC/
NDEV) 2

H = C1 + C2, NDEV. NDG + C3. (1-W) + C4. NLG + C5- (NMC/NDEV) 2

3.2.5.2 CARD TEST FRACTIONAL YIELD CER (Yc)

The AAQL report described previously provided the fractional yield of tested card
types with known MC characteristics. Table 3.2.5-3 identifies the card characteristics
relating to MC devices that provided significant correlations with card test yield (Ye).
Twenty three data points representing historical averages were used to derive the
applicable card test yield CER's. These are given in Table 3.2.5-4 with the corre-
sponding R-values. The completed regression runs are given in Appendix A-5.
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TABLE 3.2.5-3 CARD TEST FRACTIONAL YIELD VARIABLE
DESCRIPTION:

VARIABLE VARIABLE DESCRIPTION UNITS RANGE

Yc CARD TEST YIELD RATIO .42 - .92

NMC NUMBER OF MC DEVICES PER CARD QTY 42 - 524

NDEV NUMBER OF DEVICES PER CARD QTY 28 - 255

QB2 NUMBER OF MC DEVICES PER CARD QTY 0 - 144
OF QUALITY GRADE B2 OR LOWER

NLG NUMBER OF LINEAR GATES PER QTY 0 - 132
CARD

W CONTRIBUTION OF MC DEVICES TO RATIO .37 - .99
CARD FAILURE RATE

TABLE 3.2.5-4 CER's FOR CARD TEST FRACTIONAL YIELD

INDEPENDENT VARIABLE
VARIABLES

CER CONSTANT (NMC/NDEV) QB2 NLG 1-W R REMOVED

C1 C2 C3 C4 C5

BASIC 0 -. 20504 -. 00146 -. 00122 -. 14842 .90-----------

1 0 -. 31298 - .78 1-W, QB2,
I _NLG

(C2- (NMC/NDEV) + C3. QB2 + C4" NLG + C5. (l-W))
Y =10c

3.2.5.3 CARD REWORK COST FACTOR (Cl)

The labor required to rework a card (le, the labor for removing and replacing
defective MC Devices once a failure has been isolated with test equipment), TCR, does
not appear to vary significantly with changes in MC characteristics on the card ezcept
indirectly through card test yield. Based on manufacturing engineering estimates, an
average of 0.26 hours is expended for removing/replacing defective devices. Thus,
each failed card incurs a rework cost (cl) of:

c 1 =TCR.RATE1

where: TCR = 0.26 hours per rework action.

RATE1 f Technician labor rate during card test ($/hr.)
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3.2.5.4 SYSTEM TEST FRACTIONAL YIELD CER (Ys)

Data for the system (I. e., higher assembly) test fractional yield CER was
assembled from two sources before processing. The Indentured Parts Lists (JPL's)
of systems give the quantity of cards (by part number) used In a system. By comparing
the IPL's with the Abbreviated Failure Reports employed by systems using Hughes'
Failure Reporting and Corrective Action System (FRACAS), it was possible to create a
data base giving the system yield (Ys) as the dependent variable for specific cards with
known MC characteristics.

Table 3.2.5-4 identifies the card characteristics relating to MC devices that pro-
vided significant correlations with system test yield. Thirteen candidate variables
were tested in the stepwise regression procedure using twenty two data points. The
total number of devices per card (NDEV) explained most of the variation in system
test yield (approximately 65%).

Table 3.2.5-5 provides the applicable system test yield CER's and corresponding
R-values. Although the alternate CER given in the table provides an alternate for
computing system test yield, this CER is not used in the LCC model. This is because
other CER's require the number of MC deices as an essential input. The complete
regression runs for these CER's are given in Appendix A-6.

TABLE 3.2.5-5 SYSTEM TEST YIELD VARIABLE DESCRIPTION

VARIABLE DESCRIPTION UNITS RANGE

YS SYSTEM TEST YIELD PER CARD RATIO .74 - .96

NMC NUMBER OF MC DEVICES PER CARD QTY 3 - 58

NDEV NUMBER OF DEVICES PER CARD QTY 30 - 160

TABLE 3.2.5-6 CER's FOR SYSTEM TEST YIELD

INDEPENDENT VARIABLES
VARIABLES

CER CONSTANT NDEV NMC R REMOVED

Cl C2 C3 ---

BASIC 0 -. 00094 -. 001 .83

Y = EXP(C2 NDEV + C3. NMC)
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3.2.5.5 SYSTEM REWORK COST FACTOR (02)

Each failure at the system level necessitates technician time for fault isolation
and card replacement. These tasks depend on technician skill level and complexity of
the fault isolation process, factors which are Independent of MC characteristics and
which vary according to system design and complexity. Moreover, these factors
cannot be quantized from existing card-level data. In order to account for system
repair time when an MC device causes the failure, system test technicians were
interviewed. This resulted in an estimated average time from fault detection to
resolution and check-out of approximately 0.5 hours per repair action. Thus each
card failing system test incurs a rework cost (c 2 ) of:

c2 = TSR. RATE2

where:

TSR = 0.5 hours per rework action

RATE2 = composite labor rate at systems test ($/hour)
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3.3 MAINTENANCE AND SUPPORT

3.3.1 MAINTENANCE AND SUPPORT COST MODEL

Microcircuit characteristics are an important contributor to the lifetime
maintenance and support costs of modern military systems. The impact of micro-
circuit alternatives on the lifetime support costs (a major component of LCC) cannot
be assessed completely without accounting for the effects on system spares, support
equipment, inventory entry and supply management costs, and other support areas
where changes in device characteristics affect the next level of assembly (i.e., card,
module, assembly, etc.). For example, in comparing alternate methods of system
design implementation such as standard SSI/MSI versus custom LSI, the total number
of card types needed to implement a given function would be higher for one alternative
than for the other. In this case, the inventory entry (i. e., into government inventory)
and supply management costs would, of course, be higher for the alternative which
required more device and card types. Moreover. initial spares stockage and support
equipment costs may also be higher. Thus, if only the microcircuit's impact on
system acquisition is considered, an erroneous decision could be made because
major maintenance and support cost impacts were ignored.

Figure 3.3.1-1 describes the maintenance support model and identifies the con-
tributing cost factors which are influenced by changes in MC characteristics. The
model shows two levels of maintenance: the organizational level where M sites are
maintained with on-site spares and supply management and the depot where all card
repair actions are performed. The logistics pipeline between sites and depot is
supported with an initial spares stockage based on the repair cycle time and spares
replenishment due to supply leakages. In this two-level maintenance model, fault
isolation to the card or card group takes place on-site and card repair takes place
at the depot.

In a three-level maintenance situation where an intermediate repair facility is
inserted between the site and the depot, higher assemblies (units) are typically
spared on site. Thus, when a failure occurs, the entire unit is removed and sent
to the intermediate facility where the failed card is then removed from the unit and
sent to the depot for repair. For purposes of estimating MC cost impacts, this
three-level maintenance model can be approximated using the two-level model by
co-locating the intermediate with the organizational site or depot, as appropriate,
and adjusting 1) the false-return rate (i.e., pulling a "unit's" worth of cards for a
single card failure), 2) the spares order-ship time and 3) the depot repair cycle time.

Each of the maintenance support cost factors and their relationship to changes
in MC characteristics are discussed in Subsections 3.3.2 through 3.3.7.

3.3.2 SPARES (MCER1 )

A change in MC characteristics such as device quality grade, standard SSI/MSI
to custom LSI, etc. can have major impacts on partitioning the system design func-
tions into units, assemblies and cards as well as reliability and production cost.
On-site system sparing (e. g., cards) is a direct consequence of this partitioning sice
it defines the numbers and types of cards being utilized.

The Algorithm given below computes initial stockage, pipeline and the lifetime
replenishment spares due to pipeline leakages (i.e., losses due to transit damage,
condemnation, etc.). This Algorithm computes recurring and the non-recurring
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costs for each card type and then sums the results over Nc distinct card types. The
non-recurring costs represented in the algorithm reflect first year spares stockage
costs. The recurring costs of replenishment spares are distributed over operating
lifetimes of 5, 10 and 15 years. The card failure rate (CF) can be adjusted to account
for false returns (Fc). The average stock function (X) is based on the Poisson failure
distribution and a minimum site stock safety factor (PL) where the demand (A) is
derived from the card failure rate, order-ship time (Ts) and the false return adjust-
ment Factor.

Nc

(3.9) MCER(y) M (X(i) + y. M CARD(i)CF(i)

i=1(TR
" R8 + Wi).D D .Kc M

8760

where:

M = Number of sites for spares stockage

K c(i) = Card Cost of it h card type (see below)

TR = Repair cycle time (Hours)

T = Operating hours per year (Hours)

Fe = False Return Factor (Number of false returns per failure)

Card(i) = Total quantity of cards used, ith card Type

thCF(i) = Failure rate of I card type

W(i) = Ratio contribution of MC devices to card failure rate

D = Condemnation rate

X(i) = Site spares stockage. Minimum value such that:

x(1) e-A(i) Al) j/j, ?pL / N

j=0

A = Ts. (card(i)/M).CFi). (I + Fc)

PL = Stock Safety Factor

Nc = Number of distinct card types.

T = Order-ship time (Hours)

3-19
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The unit cost of a spare, Kc(t), is computed based on card type except for the
material cost of the MC devices which is averaged:

K (i) = (PCER, + PCER2)- NMC(L) + MANU$(1)

where:

PCER1 = total MC device procurement cost (See Section 3.2.2)

PCER 2 = total MC device screening cost (See Section 3.2.3)

NMC(i) = number of MC devices used on th card type

MANU$(i) = manufacturing cost of It h card type (i.e., assembly and test cost)

The spares cost represented by the above algorithm is driven primarily by the
number of operating sites (M) and the number of card types (Nc). The number of
sites acts as a simple multiplier of the spares cost at a single site. The number of
card types, however, plays an even more signiflcart role in that it also affects the
assurance spares for each card type (i.e., the factor PLI/Nc increases causing
X(t) to increase as N0 increases). Similarly, the expected number of false returns
per failure (Fe) can have a significant impact on spares cost since it multiplies the
demand, A(), as well as the pipeline and replenishment spares. Of course, the
other factors in the algorithm can also change resulting in significant cost impacts,
but they are not as likely to change as radically as M, Nc or Fc.

3.3.3 SUPPORT EQUIPMENT (MCER2 )

Adapters for circuit card testers (e.g., the General Radio 1796 card tester)
are generally required for each new card type or family of card types. Similarly, the
diagnostic software used in programmable testers must be developed for each new
card type. These costs are clearly a function of the card complexity, packaging and
density (devices per card), and, therefore, are valid candidates for microcircuit
CERs.

(3-10) MCER 2 = (IKA(I) + KS(l)
J=l

where:

N0 = Number of Distinct Card Types

KA(I) = Software equipment adapter cost for card type I.

KS(1) = Software diagnostic development cost for card type I
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Table 3.3.3-1 provides a range of factors for software development cost per card
and adapter cost per card based on the type of card (digital or linear) and level of
complexity. The higher cost values shown in thetable, particularly in the case of
linear cards, are greatly affected by test complications resulting from unusual signal
conditioning requirement, RF problems and security requirements (e.g., COMSEC).
Multi-layer circuit boards also complicate testing and thereby Increase software and
adapter costs.

TABLE 3.3.3-1. SOFTWARE AND ADAPTER DEVELOPMENT COSTS (K$)

Software Cost Adapter Cost

Card Complexity (KS) (KA)

Linear* Digital** Linear Digital Linear Digital

15-20 Non 10-25 4-6 3-5 .5-2
Memory

20-50 SSI, MSI 20-40 - 5-7 -

50-250 Memory 40-80 6-10 10-15 .5-2
and LSI

*Number of linear MC devices per card.
**Independent of the number of devices per card.

3.3.4 INVENTORY ENTRY AND SUPPLY MANAGEMENT (MCER 3 )

For a new system, the government incurs an initial cost of entering all new
pieceparts, cards, assemblies, etc. into the Federal Stock System and a recurring
cost of maintaining these Items in Inventory for the system's life cycle. In addition,
a recurring base supply management cost may also be Incurred for every item
stocked on-site.

Since a change in device characteristics may also change the number of card
types. For example, a change from standard SSI/MSI devices to custom or semi-
custom LSI would require a reparttioning of the system Into units, assemblies and
cards. This would introduce new (LSl) items into inventory but also would likely
result in a reduction in card types. Depending on the number of sites, the reduction
in card types may result in sufficient reduction in base supply management costs to
swing the tradeoff in favor of LSI.

The following algorithm is used to estimate lifetime (y) inventory management
costs based on the introduction of new MC devices (DNEW) and cards (Nc) into
government inventory and M base supply systems:

(3.11) MCER3 (Y) =NEW +NcKI + y [(DNEW+Nc)KR + M-Nc K-]
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where:

DNEw = Number of new MC device types.

Nc = Number of new card types.

KI = Government Inventory Entry Cost Factor ($/Item)

KR = Recurring Government Inventory Management Cost Factor

($Atem/Year)

KSM = Recurring Government Supply Management Cost ($/Item/Site/Year)

M = Number of Operating Sites

The cost factors KI, KIR and KSM are government derived and depend on the
type of support system in use. It should be noted that cards only are put in the M base
supply systems. Table 3.3.4-1 provides the values (used as defaults) currently
employed in the LCC model:

TABLE 3.3.4-1 COST FACTORS FOR INVENTORY MANAGEMENT

FACTOR VALUE* ($)

Inventory Entry (KI) 54

Recurring Inventory Management (KIR) 128

Recurring Base Supply Management (KSM) 42

*Based on LCC data currently used in cost analyses for the Joint Surveillance System
(JSS), Headquarters Electronic Systems Division (AFSC) Hanscom AFB.

3.3.5 REPAIR LABOR (MCER 4)

When a microcircuit device fails, the card that contains the device (and possibly
other cards as well, depending on fault isolation capability) is removed from the sys-
tem and transported to a repair facility where the failure is verified and fS - failed
device is Isolated, removed and replaced. The repaired card is then checked out and
put back into spares stock. The frequency of repair is determined from the card
failure rate (CF), false return adjustment factor (Fc), operating hours per year (To)
and the card usage population (CARD). The average labor hours to perform the
repair action is dependent on whether the card is a false return. A false return
incurs LF labor hours and a failed card incurs LR labor hours. The repair labor is a
function of device complexity, card density and the capability of the Depot support
equipment.
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The following algorithm is used to estimate depot repair labor cost based on the
expected number of returns over the lifetime (y) of the system and data on card repair
labor.

Nc

(3.12) MCER 4 (y) = ToKRY CARD(i).W(i)-CF(l).(LR(i) +LF(i).FC)
J=10) c

where:

To = Operating Hours Per Year

KR = Depot Labor Rate (Depot overhead should be included in this rate in
order to reflect "true" cost to the government)

Nc = Number of card types

thh
CARD(i) = Total quantity of cards of it type

W(i) = Ratio contribution of MC to card failure rate, it card type

CF(i) = Card Failure Rate, it h type

LR(l) = TCR + H(i)

TCR = Card Rework labor (see Section 3.2.5.3)

H(i) = Card Test Labor (See Section 3.2.5.1)

LF(i) = Average Labor to Verify Fault.

The estimated value for LF(i) is dependent on card type (Io e., linear or digital
and was derived from Hughes manufacturing test engineering experience:{ 1. 5, Hours For Digital Cards

LF() 3.0, Hours For Linear and Mixed (Linear-Digital) Cards

The value for the Depot labor rate (KR) is $20/hour (used as a program default)
and is based on Government data. 3

3.3.6 REPAIR MATERIALS (MCER5 )

The average repair materials cost per card (KM) associated with depot repair
actions is based on applying a 5% factor to the estimated card cost. This factor
is a government derived standard3 . The estimated card cost includes device
procurement cost per card, device screening cost, if applicable, assembly cost
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per card and the test cost per card. The following algorithm is used to estimate
the lifetime (y) depot repair materials cost.

Nc

(3.13) MCER 5 (y) = YToE CARD(i). W(i). CF(i)- KM(i)

i=1

where:

T = Operating Hours Per Year

Ne = Number of Card Types

CARD(i) = Total Quantity of Cards Used, th Card Type.
W(i) = Ratio Contribution of MC Devices to Card Failure Rate, i h Type.

CF(i) = Card Failure Rate, th Type

KM(i) = 0.05.Kc(i), Repair Material Cost

Kc(i) = Card Cost (See Section 3.3.2)

3.3.7 MAINTENANCE TRANSPORTATION (MCER6 )

The transportation costs associated with repair actions is based on the average
shipping weight of a card (Wc) and an average shipping cost per pound (KT). The
factor Wc is design dependent and, therefore, user furnished data. The factor KT is
a government standard based on TTO-ORT-032-78-V3. False returns (Fc) also incur
transportation costs and these are included in the estimate.

The following algorithm estimates the lifetime (y) transportation costs and is
based on the two-way transportation of all cards removed (i.e., site-to-depot and
return to site supply).

Ne

MCER6 = 2ToWKT(l+Fc)Y CARD(i).CF().W(i)MCER6= 2O~cKT('+c~yi=l

To = Operating Hours Per Year.

Wo = Average Shipping Weight of a card (Ibs).

KT = Average Shipping Cost ($Ab).

CARD(t) = Total Quantity of Cards Used, ith Card Type

CF(i) = Card Failure Rate, ith Type.

W (I) = Ratio Contribution of MC Devices to Card Failure Rf%'e.
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3.4 OTHER MC COST CONSIDERATIONS

The LCC of MC devices must also take into account perturbations to the "normal"
acquisition and support process. The cost of acquisition depend upon purchasing
characteristics (i.e., device availability in the desired quality grade, quantities,
etc.) standardization status, military qualification, risk of obsolescence and whether
the device manufacturer deals in off-shore procurements. When these factors are
present, their cost impacts must be taken Into account together with the MC charac-
teristics discussed in the previous sections. The following paragraphs discuss the
general impact of these considerations on MC devices.

3.4.1 LEARNING CURVE EFFECTS

The cost of most MC devices are generally set by pricing agreements between
supplier and contractor on a yearly basis. For low volume, custom or semi-custom
devices, learning curves are usually established in RDT&E on a low volume of
devices. Learning curve entry points and slopes are then established on the basis of
these device specifications and the characteristics of manufacturers' unique produc-
tion process. For example, if the manufacturer's production process is typified by
log-linear learning*:

Y(n) = ANa

where: Y(n) = Cost of the nth unit

A = Cost of the theoretical first unit

c = En S/tn 2

S = Learning curve slope

then A can be determined from the cost of, say, the first K units (i. e., Y(k)). With
a knowledge of S determined by the manufacturer's production history, prices can be
projected for any desired quantities (n) using:

3.4.2 COST OF SPECIFICATIONS, DEVICE QUALIFICATIONS

Documentation and qualification of MC devices to military standards can dis-
courage many suppliers from bidding on military LSI developments. Accordingly, the
military purchase typically only represents about 9% of the supplier's total procure-
ment. The cost to develop a device specification and negotiate a procurement with
a supplier can range from $1000 to $2000 (FY 80) per device, depending on the
complexity of the device. The low end represents a simple SSI/MSI and the upper
cost represents a custom LSI. Qualifying a device to JANB or space level can be

*Learning curves are discussed in some detail in TTO-ORT-032A-78-V3.
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a significant problem. Normally, a supplier will agree to qualify to JANB or higher
only on high-volume devices. If the supplier agreep, the cost to qualify is typically
$100K to $150K for a first-time qualification.

3.4.3 ON-SHORE/OFF-SHORE PROCUREMENTS

Many device suppliers have off-shore facilities due to the substantial differences
in labor rates. For example, labor rates of $22 - $25 per hour in the U.S. versus
rates of $1. 10 - $1.50 per hour in Taiwan. These differences in labor rates obviously
give suppliers with large-off-shore commitments the capability of being more com-
petitive than those with smaller or no off-shore commitments.

Companies with only on-shore commitments, however, tend to have much better
lead times than those companies with both on-shore and off-shore. Part of the
reason for this is that for devices produced in foreign countries, qualification and
final assembly must be conducted in the U. S. in order to qualify as a military stand-
ard. Moreover, at the present time all JAN operations must be conducted on shore.

Most military equipment contractors do not deal directly with an off-shore
supplier so that the affect on the MC device purchase cost is obscured by multiple
sourcing and competition among suppliers.

3.4.4 DEVICE OBSOLESCENCE

When a manufacturer puts out notifications that a device will no longer be pro-
duced, the buyer is left with several options. These options are usually never clear
cut since many factors must be considered in order to make a decision. The major
factors include the number of manufacturers producing these parts, the use of the
system(s) involved, the number of systems involved and the extent of the usage of
the part in the system.

When a manufacturer discontinues production of a MC device, the buyer is
given the option of purchasing a 'lifetime" supply of these parts in one last order,
thus incurring a large capital investment and a risk in not accurately estimating the
quantity of parts needed.

The buyer may also procure parts from other suppliers. But, as the number
of suppliers discontinue production, the cost of buying these parts can run up to
three or four times the original procurement price. Moreover, the turnaround
time for these parts can take up to as long as a year per order.

Normally, substitute devices providing the same function as the previous
device may be purchased. These replacements are generally superior (and more
costly) to the discontinued part. The problem with this option is that a large
expense is sometimes incurred in preparing the paperwork needed to implement
this new part into configuration control. Although these redesign changes can be
very expensive, they are uaually preferred over the other options in high usage
situations.
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Section 4.0

APPLICATION PROCEDURE AND EXAMPLES

4.1 GENERAL PROCEDURE

4. 1.1 INPUT DATA REQUIREMENTS AND PROGRAM DEFAULTS

The data input requirements and default options for the MC LCC Model are
described in Tables 4.1.1-1, 4.1.1-2, and 4.1.1-3. These tables describe the
input requirements and default options for the three input data sets necessary to
run the LCC Model computer program.

The first column of the tables describes variable names for each of the data
sets. The names are listed in the order that they must appear in the data sets.
The second column gives the description of variable. The third column gives the
required units for each variable in the program. The fourth column describes
the inputs necessary to exercise the default options. A dash in this column indicates
that no default options are available to the user. A "0" or "-1"' in this column initiates
the default value indicated. The fifth and sixth columns describe what values or condi-
tions are used in the program when a default is exercised. If a default equation is
employed, the CER's that are affected are noted. Conditions under which the program
will terminate are also provided.

Definition of Input Data Sets - The following general operational description
applies to all procedures for processing Input data and execution of the LCC Model
on an AMDAHL 470 or IBM 360/370 Computer System with a Time Sharing Option
(TSO). Information for the LCC Model are created by three data sets noted below.
The asterisks denote that the associated parameter has a default value or CER
equation supplied in the model.

FILE 01-Program. Data - This data set contains values for the parameters:
N, NC, FSTD*, CMAX*, RATE4*, RATE5*, RATE1*, RATE2*, RATE3*, M*,
TS*, PL*, TO*, TR*, FC*, D*, KI*, KIR*, KSM*, KR*, KM*, KT*, WC*,
RD*, RI*, YRDTE*, TRDTE*, YMANU*, TMANU*, YOAS*. (Refer to
Table 4.1.1-1)

FILE 02-Device. Data - This data set contains values for the MC devio
characteristics found on each MC device type. For each device type, an array
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(line) of 12 elements is generated which contains data for the parameters: NEW,
MEM, MOS*, DIG*, ECL, FP*, NG, NB, NP, DEVQ, REL, SCRN*. (Refer to
Table 4.1.1-2)

FILE 03-Card. Data - This data set contains values for the card character-
istics found on each card type. For each card type an array (line) of 10 elements
is generated which contains data for the parameters: CARD, NDEV, NMC, NDG,
NLG*, NRAM*, W*, CF, KA, KS. (Refer to Table 4.1.1-3)

FILE 06-Output. Text - This data set contains the results of the LCC Model.
An empty data set is created as a location for storage for the LCC results.

With the exception of FILE 06, all of the above files must be filled. If the
defaults are to be exercised, proper default inputs must be used as specified in
the tables. The input form for each of the above data sets is "unformatted" (i.e.,
the values for each record are simply separated by commas). This will be illus-
trated in the examples provided in Section 4-2.

Output Report - The output of the LCC program is separated into three
sections, or tables. The first table describes the impact of MC devices on LCC
in constant dollars (i.e., no inflation indicies or discount rates are applied) in
the form of a cost breakdown structure. A breakdown into major contributing
cost elements is provided for production (device procurement, screening and
card manufacture) and maintenance support (spares, inventory management,
depot maintenance, etc.), with the recurring costs distributed over life cycles
of 5, 10 and 15 years.

The second table describes the impact of MC devices on LCC in constant, esca-
lated and discounted dollars. The costs for each program phase are distributed
over the scheduled duration of the phase: the recurring costs of a phase are appor-
tioned equally over the time duration and the nonrecurring costs are incurred during
the first year of the phase. The escalation and discount factors applied each year
(based on user-provided rates or defaults) are also provided in this table.

The third table consists of three summaries of input data (program level, device
level and card level) used to make an LCC estimate, including any default values that
were employed.

All costs in the LCC summary tables are given in thousands of dollars. Some
errors will occur due to round-off. These errors may be significant in cases where
the computations result in amual costs less than $500, particularly if the program
phase is multiple year. However, if annual costs of $500 are important to the
analysis, the units can readily be changed (within the program) to whole dollars.

Dignostics - If the total quantity of MC devices at the device level does not
equal the total quantity of MC devices at the card level, an error message is
printed stating the quantity of MC devices at each level. Similarly, if the total
quantity of gates at the device level does not equal the total quantity of gates at
the card level, an error message is printed stating the quantity of gates at each
level.
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4.1.2 STEP-BY-STEP GUIDE

The following steps are recommended as guidelines for executing the model
program:

STEP 1 - Assemble required data for coding. Using Table 4.1.1-1 as a
guide, determine user-unique values, default values, etc. Note
that the parameters are ordered in the table according to the
input sequence.

S - Create the data files (sets) necessary for the model inputs and

output.

FILE 01 (PROGRAM. DATA)

Col. No. 1

N, NC, FSTD, CMAX, CMIN,

RATE4, RATE5, RATE1, RATE2, RATE3,

M, TS, PL, TO, TR, FC,

D, KI, KIR, KSM, KR,

KM,KT,WC,RD, RI,

YRDTE, TRDTE, YMANU, TMANU, YOAS

FILE 02 (DEVICE.DATA)

Col. No. 1

NEW, MEM, MOS, DIG, ECL, FP, NG, NB, NP, DEVQ, REL, SCRN

N Rows of Data (one for each device type)

FILE 03 (CARD.DATA)

Col. No. 1

CARD, NDEV, NMC, NDG, NLG, NRAM, W, CF, KA, KS

9
N0 Rows of Data (one for each card type)I

FILE 06 (OUTPUT.TEXT)

(This data set is empty)
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STEP 3- Allocate the data files for program execution.

FREE FI(FT06F001)

ALLOC FI(FT01F001) DA(PROGRAM.DATA)

ALLOC FI(FTO2FO01) DA(DEVICE.DATA)

ALLOC FI(FT03F001) DA(CARD.DATA)

ALLOC FI(FT06F001) DA(OUTPUT. TEXT).

LSTEP 4]- Program Execution. If MCF. MODEL has never been run before, it
is necessary to compile and link the program before execution:

FORT MCF. MODEL. FORT

LINK MCA. MODEL.OBJ FORTLIB

CALL MCF. MODEL. LOAD

If the model has been run previously, it is only necessary to
execute:

CALL MCF. MODEL

STEP5]- Print the results of the program. If the results are to be printed
at a terminal:

LIST OUTPUT. TEXT

If the results are to be sent to a line printer:

PRINTOFF OUTPUT. TEXT

4.2 EXAMPLES

4.2.1 DEVICE QUALITY EFFECTS ON LCC

For a population of typical high-density cards, the sensitivity of LCC to changes
In device quality grades is examined. The "selected" population consists of 880 cards
and is distributed over twenty (20) operating sites which are to be maintained over
a 15 year period. With reference to the procedure described in Section 4.1.2 the
detailed data is assembled and processed as follows:

STEP-1]- Assemble data for processing.

The data used consists of high-density digital, linear, and memory cards used
In a typical Command-Control system. The "system" configuration supported at
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each of the 20 sites is summarized in Table 4.2.1-1 and a detailed description of
each card type subject to change is given in Table 4.2.1-2.

The input values and assumptions for PROGRAM.DATA are as follows:

" Number of card types and devices types (NC and N) are determined from
Tables 4.2.1-1 and 4.2.1-2.

" Program default values are used for CMAX, CMIN, RATE4, RATE5, RATE 1,
RATE2, RATE3, TS, TO, TR, KI, KIR, KSM, KR, KM, KT, RD, RK, YRDTE
and FSTD (see Table 4.1.1-1).

* The number of sites (M) is 20.

* The false return rate FC is 3 returns per failure.

" Comdemnation rate is assumed to be 0.06.

" Card weights are all assumed to be 1 lb each.

" Production start (YMANU) is assumed to be 1980 with a duration (TMANU)
of 3 years.

" The operations and support phase is assumed to start In 1983.

The input values and assumptions for DEVICE.DATA are as follows:

* All the MC device types are off-the-shelf (i.e.: NEW=0).

% The input values for device characteristics MEM, MOS and DIG are deter-
mined from Table 4.2.1-2.

* All the MC devices are flat-packs (i.e.: FP1l)

TABLE 4.2.1-1. SYSTEM DATA FOR EXAMPLE -1

QTY OF TOTAL TOTAL
NUMBER OF CARDS CARDS PER FOR

CARD DESCRIPTION CARD TYPES PER TYPE SYSTEM 20 SITES

High Density Memory 1 5 5 100

High Density Digital 6 5 30 600

High Density Linear 3 3 9 180

Totals N = 10 44 880

4
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" The number of gates for each device type is determined from Table 4.2.1-2.

" The number of bits (NB) for the RAMS used on the digital logic and memory
cards is determined from Table 4.2.1-2.

* The pin count (NP) for SSI/MSI MC devices is 16 and the pin count for LSI
devices is 40.

* The total number of MC devices (DEVQ) is calculated by multiplying the
number of cards needed for the 20 sites in Table 4.2.1-1 by the device
quantity per type in Table 4.2.1-2.

" The reliabilities are per MIL-HDBK-217 for quality grades B, B-1,
B-2 and C (see Table 4.1.1-1).

The input values and assumptions for CARD. DATA are as follows:

" The total number of cards of each type (CARD) is calculated by multiplying
the quantity of cards per type (Table 4.2.1) by the number of sites (20).

* The number of devices (NDEV) is determined from Table 4.2.1-2.

" NMC is the sum of the MC devices per card neglecting actives and passives
(Table 4.2.1-2).

* NDG and NLG are determined by the device description (digital, linear) and
the total number of gates of that type (NG) in Table 4.2.1-2.

" The number of RAMS per card (NRAM) is calculated by multiplying the number
of cards needed for the 20 sites in Table 4.2. 1-1 by the device quantity per
type in Table 4.2.1-2 for RAM devices.

" W is calculated by dividing the sum of the MC device failure rates by the
total card failure rate in Table 4.2.1-2.

" CF is calculated per MIL-HDBK-217 assuming a ground-fixed environment
(Table 4.2.1-2).

" The support equipment adapter cost (KA) is assumed to be $1,000 for the
total family of logic cards and $1,000 per card type for the linear and
memory cards. Software development cost for support equipment (KS) is
assumed to be $5,000 for the total family of digital logic cards, $60,000 per
type for the linear cards and $8,000 per type for the Memory cards (see
Section 3.3.3).
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STEP2 -CODE INPUT DATA.

The coding for the input data given below is for the effects of quality grade B qzA
LCC. The coding of the input data for the other quality grades require appropriate
changes in the reliability (REL) in File 01 and the card failure rate (CF) in File 02
(see Table 4. 1. 1-1 for REL values and Table 4.2.1-2 for CF values).

FILE 01 (PROGRAM.DATA)

Col. No. 1
i~~
39,10,0.5,203,24,43.75,35,26.9,26.9,20.3,
20,336,0.95,8760,1440,3,0.05,54,128,42,
20, 0, 0.5, 1,0. 1,0. 06, 1980, 0, 1980, 3, 1983

FILE 02 (DEVICE.DATA)

Col. No. 1

T -~~
0,0,0, 1,0,1,500,0,40,600,1.0,1
0,0,0,1,0,1,500,0,40,600,1.0,1
0,0,0,1,0,1,500,0,40, 600,1.0,1
0,0,0,1,0,1,500,0,40,600,1.0,1
0,0,0, 1,0,1,10,0,16,3000, 1.0,1
0,0,0, 1,0,1,10,0,16,3000,1.0,1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0, 1, 0,1,10,0, 16,3000,1.0, 1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0,1,0,1,10,0,16,3000,1.0,1
0,0,0, 1,0,1,10,0,16,3000,1.0,1
0,1,0,0,0,1,0, 1000, 16,4800, 1. 0,1
0,0,0,0, 0,1,19, 0, 16,360, 1.0,1
0,0,0, 0, 0,1,19, 0, 16,360, 1.0,1
0,0,0,0,0,1,19,0, 16,360, 1.0,1
0,0, 0, 0,0,1,19,0, 16,360, 1.0,1
0,0,0, 0, 0,1, 19, 0, 16,360,1.0,1
0,0,0,0,0,1,19,0, 16,360, 1.0,1
0,0,0,0,0,1, 19,0, 16,360, 1.0,1
0,0,0,0,0,1,19,0,16,360,1.0,1
0,0,0,1,0,1,20,0,16,360,1.0,1
0,0,0,1,0,1,20,0,16,360,1.0,1
0,0,0,1,0,1,20,0,16,360,1.0,1
0,0,0,1,0,1,20.0,16,360,1.0,1
0,0,0, 1, 0,1,20,0, 16,360, 1.0,1
0, 0,0, 1,0,1,20,0,16,360, 1.0,1
0,0,0, 1, 0,1,20,0, 16,360,1.0,1
0,0,0, 1, 0,1,20,0, 16,360,1.0,1
0,0,0,1, 0,1,20,0, 16,360,1.0,1
0,0,0,1,0,1,20,0, 16,360, 1.0,1
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0,1,1, 0, 0,1,0,64000,16,6400,1.0, 1
0,0,1, 1,0,1,20,0,16,200,1.0,1
0,0,1, 1, 0,1,20, 0, 16,200, 1.0,1
0,0,1, 1,0,1,20,0,16,200,1.0,1
0,0,1, 1,0,1,20,0, 16,200, 1.0,1
0,0,1,1,0,1,20,0, 16,200, 1.0,1

FILE 03 (CARD.DATE)

Col. No. 01

T-
100,112, 62,2500,0,8,0.81,0. 00000266,1000,500
100,112,62,2500,0,8,0.81,0.00000266,0,0
100,112, 62, 2500, 0, 8,0.81, 0. 00000266,0,0
100,112,62,2500,0,8,0.81,0. 00000266,0,0
100,112,62,2500,0,8,0.81,0.00000266,0,0
100,112,62,2500,0,8,0.81,0.00000266,0,0
60,136,36,400,304,0,0.7,0.0000034,1000,60000
60,136,36,400,304,0,0.7,0.0000034,1000,60000
60,136,36,400,304,0,0.7,0.0000034,1000,60000
100,124,74,200,0,64,0.99,0.00010948,1000,8000

STEP 3 - Prepare to Run the Program.

free fi(ft06F001)

aoc fi (ft0f001) da(program. data)

aboc fi(ft02f 001) da(device. data)

aoc fi(ft03f001) da(card.data)

aoc fi(ft06f001) da(output.text)

STEP 4 - Execute the Program.

CALL MCF.MODEL

SSTEP 5 - Print the Results of the Program.

PRINTOFF OUTPUT. TEXT

The LCC model output report giving the LCC effects using quality grade B
MC devices is given in Table 4.2.1-3a, b, c. A similar set of tables (not shown)
provides the LCC impacts using the other quality grades. A comparison of the
quality grade effects taken from the model outputs is summarized in Table
4.2.1-4.
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TABLE 4.2.1-3a EXAMPLE -1. MC DEVICE IMPACT ON LCC

......... CUEVICEIi4PACI ON4 LCC (rIIOU4ANDS OF LOLLAIS)

CONSTANT OOLLA46)

ZO*Sr ELLA~LNI HS LdK~ 1 YLANS 1.. V A S

k'1F31UC iI IN 1.01 * 1-%9 . I J39.
ncv IC:" PHOCURHM:N r L53. 153. L53.
KrVIc ! ScALEN 3. a. 0.
CARI) A-EMuLY 36 1386. 1is(.:

JPEHAf1UNS & supv'URr 1138i. 1893. 2 118.
;p4Hj-i 1044. 1364. 1084.
supp'ofr EiuiPImC-Nr 1,)S. 198. 198.

itEPAIR~ LABOR ~ 6i. 130. 195.
HPAItl MArERIALS !)a. 100. L50.
MIN. TPANSPORTATION 3. 0. a.

faTAL CIT. 214 7. 3q#32. J At 7.

TABLE 4.2.1-3b EXAMPLE -1. LCC SUMMARY BY FISCAL YEAR

ICC iUMMARY BY FISCAL Tc:AR (tHOUSAN3S OF COLLARi)
-------- -------------------------------------------------------------------
F13CAL PROGRAM PHAiC fOfAL PRICE P4FLArzJ DISC. 107*1.
Y -AR HUT&L P8011 ac. OIILLARS INDEX OOLLA.I. FACT. 101T

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

1913 3. L3. C. !a13. 1.000 51J. 0.135% 409.
1981 3. i13. 3. 5i13. 1.060 54%. 0.861 472.
1982 3. 513. 1. 513. 1.124 57.A. 00188 454.
1193 0. 0. 1,320. 1020. 1.191 121a. 0.111 all.
1)84 3. 0: 91. 91. 1,262 L2-'. 0.65L 19.
19115 G. 3. 97. 17. 1:338 13J. 0.592 71.
19H6 0. 0. 97. 97. 1.419 131. 3.538 74w.
1987 0. 3. ')1. 97o 1.504 It#*. 0.4689 it.
1 988 (.1. 0. 91. -07.51 15J. 0.445 69.
19119 a. 1 91. 91. 1:689 164. 0.1405 66f.
1 330 0. 0 3 1.: -)1I. 10791 If*. 0.368 64.

0. 3. 91. 97. 11. d98 IS*. 0.334 62.
1.1. 9.1721 19i. 0304 59.

1. 97. 1: 1: 2i31. 0.:276 by.
114 0. 0. q1. )1. 2.261 211. 0.251 55.

0. 1. 91. 11. 2.397 231. 0.228 53.
13u 3. 0. )1. 97. 2.540 24 .b. 0.208 51.

IIIl 0. 0. 91. 17. 2.b93 241. 0.189 49.

------------ ----------------------------------------------------------
rUrAL C. 0A.9. 2114. 4917. 542L. 3172.
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TABLE 4.2.1-3c EXAMPLE -1. DATA USED IN LCC ESTIMATES

01AA U.3LO IN LCC ESTISAIL:

PrORA4 & 04S DATA
---- ---------------------------------------- ----------------------------

NC 10 13 336. Kt 81.44
FSTO 1., PL .9 KIT 0.50

CN4X 20.23 1 8160. C .00
C2.14 1 d440. 43 0.10

RA1E4 43.1s Fc 3. AL 0.06
qtA'5 35.)l u 0.05 IOTE 1980
t ATE 1 26.13 KI 514.00 N4OTE 0
4AIL 26.3b Klt 1200 FMANU 1980

0T.3 .:4, 42.00 HIANU 3
(0A 1983

MC DEVICE OAA

£NEWI lEN l): 130 CL VP NG Nit NP 0L~OP REL SCRN
I C. . 2. 1. 3. 1. .O0. 0. 40. 6iJ. 1.0 1.
2 0. 2. 3. 1. 3. 0. 500. . 44. 63M. 1. 1.3 0. 3. 3. 1. 0. 1. j33. 0. 40. 6JJ. 1.3 1.

0 . 0. 0. 1. 3. 1. 500. 0. #0. 6JJ. L.0 1.
0 . 0. 3. 1. 3. 1. 10. 0. 16. J33. 1.0 0.
6 2. 3. 2. 1. 3. 1. 10. 0. 16. 30jj. 1.0 1.
1 0. . 0. 1. 3. 0. 10. 0. 16. 3003. 1.0 1.
11 0. 3. . 1. 3. L: 10. 0: 16. 30JJ. 1.0 1:
9 c. 0. 0 . 1. 0. 1. 10. 0. 16. 30JJ. 1.3 1.

10 2. 1. 2. 1. 3. 1. 10. 0. 16. 83JJ. 1.0 1.
1' 0. 0. 3. 0. 3. 1. 10. 0. L6. 3J. 1.0 1.
12 . q. 3. 1. 0. 1. Ia. 0. 6. OJJ. 1.0 1.
13 3. 3. 0. 1. 0. 1. Ia. 0. 16. 3j. 1.0 1.
t 3. 3. ). 1. 3. 1. 1. 0. 1f.. 32JJ. 1.3 1.
13 0. 1. 3. 0. J. 1. 9. 1030. 16. 483j. 1.0 1.
1 0. 3. a. 0. 3. 1. 19. 0. 16. 3.3. 1.0 0.
I2 0. 0. ). I. 3. 1. 19. 0. 16. 3.3. 1.0 1.
23 0. 0. 3. 0. 0. 1. 19. 0. 16. 3.J. 1.0 1.
2I a. 0. . 1. 3. 1. L). 0. 16. 3.). 1.0 1.
23 0. 3. . 0. 2. 1. L9. 0. 16. 3.J. 1.0 1.
21 3. 0. 3. 1. 3. . 19. 0. 16. 3.J. 1.0 1.
22 3. 0. 3. 1. 3. 1. 2l. 0. 16. 3A3. 1.0 1.
23 0. 0. 2. 1. 3. 1. 19. 0. 16. 3. 1.0 1.
24 3. 0. 1. 1. 0. 1. 20. 0. 16. 30. t.0 1.

21 2. 1. 3. 1. 3. 1. 20. 0. 16. 3,). 1.0 1.
2 2. O. 2. 1. 3. 1. 23. 0. 16. 3.3. 1.0 1.
3 0. C. 3. 1. 3. 1. 20. 0. 16. 3.). 1.0 1.

23 2. 0.1 1. It I.t1 20 0 .: o 16. 33.3 1.0 S 1I

30 3. 3. J. 1. 3. 1. 20. 0. 16. 233. 1.0 1.
31 3. C. 1. 1. 3. 1. 23. 0. 16. 33. 1.0 1.
32 2. 0. 3. 1. a. 1. 23. 0. 16. 33J. 1.0 1.
33 0. 0. i. 1. 3. 1. 20. C. 16. 3J. 0.0 1.
34 0. 1. 1. J. '. 1. N. 64000. 16. bEVC° 1.0 1.
35 0. 312 . 1- 0. . 0 0. 0.2O 0. 243. 8. 1.
J 3. 1. . 2. 3 2. 3 0. O. Is- 2J0. 1.0 1.
3 3. 0.2 . 1. . 0. 1. 2. 0. 153. 0J,. 1.0 1.

I102. 112. .2. 3. 62. 3. 0. 3. 2500. 0. 8. 0.81 .300002? 10. 30.
2 163. 112.. .0.* 3* 36. 0. 0. 0. 4 03. 34 0. 0. 1.00300321000. 6030

4 63. 036. 1 . 1 . 3.. 2. 0. 0. 43. 23). 0. 0.13 .00034 103. 6 .

S 61. 1. t . . 3. 3. . . 03. 2j. 0. 0.0 3 .000003 100.. 60000.

10 103. 124. 1. 0. "2. 0. 0. D. 203. 0. 64. 0.89 .000025 1303. 5000.
00k 133 11 F C. 0 800.
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TABLE 4.2.1-4. QUALITY GRADE IMPACT ON LCC (K$)

QUALITY GRADE

COST ELEMENT B B-1 B-2 C

Production 1539 1533 1566
Device Procurement 153 147 141 138
Card Assembly 1386 1386 1425 1518

Maintenance & Support 2378 5629 11489 14286
Spares 1684 4245 8860 11057
Support Equipment 198 198 198 198
Inventory Entry 151 151 151 151
Repair Labor 195 585 1275 1575
Repair Materials 150 435 960 1245
Main. Transportation 0 15 45 60

Totals 3917 7162 13055 15942

While the procurement cost increases as the quality grade increases, card
assembly costs decrease (because of better yields in the factory) producing overall
production costs that decrease as the quality grade increases. The most dramatic
changes, however, occur in the Maintenance Support Phase. Over an operating life
of 15 years significant cost differences occur as the quality grade of MC devices
increases. This difference, of course, is driven by the operating profile (assumed
24 hours/day) the number of operating systems.

The results clearly indicate that the total cost to a system decreases as the
quality grades of MC devices increase. However, it should be emphasized that in
this example all MC devices quality grades are assumed to be available off-the-
shelf. The degree to which they are not available greatly affects the procurement
cost.

4.2.2 INHOUSE SCREENING TO B-1 VS QUALIFYING TO B

The affects on LCC of upgrading commercial grade devices (C-level) to a
quality grade B-i by inhouse screening versus the -Iternative of qualifying the vendor
and these devices to a JAN B quality grade is analyzed. The digital logic LS[ devices
employed in the population of high-density cards defined in example 1 are candidates
for this analysis.

Case 1 - Screen Commercial Grade LSI Devices to B-1

With reference to the data sets assembled in example 1, the changes vP.cssary

to analyze this problem are as follows:

* B quality level for all non- LSI MC devices

* LSI (i.e., 100 or more gates) are commercial grade - REL -8.0
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* [SI are screened (SCRN = 2)

" Card failure rates (CF) are adjusted per MIL-HDBK-217 (see step 1 in
Example 1) so that the LSI devices are B-1. The only cards affected are
the digital logic cards (CF = 3.14 X 10-6)

" Ratio contribution of LSI MC devices to card failure rate is re-calculated
(W=. 84)

These changes are made to the input files 02 (DEVICE .DATA) and 03
(CARD.DATA), and the data sets are re-allocated (STEP 3). The LCC model is
then executed (STEP 4) and the results of the LCC estimate are provided in Tables
4.2.2-1a and 4.2.2-1b. For this population of cards, therefore, the total LCC
impact is $4,197k in constant dollars.

Case 2 - Qualify LSI Devices to JAN B

The B-level quality grade data is provided in Example 1 Table 4.2.1-3c. In
this case, the device manufacturers must qualify the LSI commercial devices to
JAN B at a cost of approximately $150k per device (refer to Section 3.4 for a dis-
cussion on device qualification). For the four [SI device types being upgraded this
is a total cost of $600k that must be incurred for qualification. Therefore, the LCC
for this case Is $4,517k In constant dollars.

For the card population used in the above cases, it turns out that device qualifi-
cation is a more expensive solution to the problem. However, this result is clearly
a function of card population. By increasing the card population, device screening
becolnes more expensive and eventually overcomes the cost of qualification at
approximately double the original device population in this example. This is illus-
trated in Figure 4.2.2-1 where the points on the curve were obtained by successive
runs of t. LCC model with changes in card quantities (CARD) and corresponding
changes in the MC device population (DEVQ).

4.2.3 CUSTOM [SI VS STANDARD SSI/MSI

The affects on LCC of implementing digital logic cards with custom. [I devices
versus standard SSI/MSI devices into a system is analyzed. The custom digital logic
[SI devices employed are assumed to be procured at a commercial grade (C-level)
and require screening to a B-1 level. The device and card characteristics for these
custom cards are given in Tables 4.2. 1-1 and 4.2. 1-2 of Example 1. The standard
SSI/MSI device and card characteristics for this example are given in Tables 4.2.3-1
and 4.2. 3-2.
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TABLE 4.2.2-1a EXAMPLE -2. MC DEVICE.IMPACT ON LCC

M-- d VI Cr_ I 8PACT _JN LCC (IT1OUUANOS OF DOLLA;i)

CONSTARNT DOLLARS

Zid;I tLLM rT ~ ,TAi~i 10 YLAIRS LjVARS

-UT '-. 3. 0.

Pf i'O~mC )n 18K48. 1BRs. 1448.
DEVIC17 PAJCURtM

r JT 153. 153. L53.
fVI 3CRELN JIi. 315. $15.
CAAt A*';'MIILY 138 130 . 13 10.

3P'.RATIOW4, " SUl1OIRT 1q214. 124, 2 24.
';PA LS 103 0 1315. 1 10 .
SUPPORT QU|PIMNT 193. 198. 18.
INV'NTOY ENITRY 51., 101 151.
R8PAIR LAIUWR 65. 130 * 1)5.
,I PAIR MA .TERIAL, GO. 120. 180.
MAIrN. TIANSpURtA IO U. 0. 0.

r,)TAL COST 3212. 3772. 41212.

TABLE 4.2.2-1b EXAMPLE -2. LCC SUMMARY BY FISCAL YEAR

LCC SUMMARY IfV FISCAL YEAR (THOUSANOS OF OOLLAR$)
-------- ----------------------------------------------------------- ------
FISCAL PRIGRAM PI4ASi IOTAL PRICE IMFLArL) DISC. TOrAL
fFAH Rol.[ Pqu0 oss OULLARS INOEX DOLLA4, FACT. COST
------ -- -----------------------------------------------------------------

1l83 1. til,. 0. ut . . 1.000 613. 0.954 boo.
I Idl 61. 3. 616. 1.060 b5). 0.861 566.
1182 0 61f,. . 616. 1.124 t92. 0.188 545.
I .l13 C. 3. 1.' 4. 1024. 1.191 122J. 0.111 81,.
)11 0. 8. 100. 100. 1.262 12.. 0.651 82.

Sli . 3. 10 100. 1o. .338 13"4. 0.592 79.
J. Loo' . , . 131. 1.4119 1142h. 0-538 16.

[ 0 O . 10) . 100. 1.504 lij. 0.1499 13.
0 ' . 0. 103. lo0. 1.594 15P. 0.101q5 711,
5. .11' .. 10 3. iOJ, 1.689 16 , JP .405 68.
0'/ . 0. 103. 100. 1.791 IlT* 0.368 66.
C 'l . 103. Z100. lO 1898 113, O 03531 6l.

1r4 2 . 1 o. a0L. l0, 25012 241. 0.30 It1.1 fJ -. 1I00. 103 . 2.133 21J. 0.276 59.113 4 3 . 0. 101. 1IO1. 2,: 61 22J. 0.251 5r.
1 ))5 .. 1 I OJ, 100. 2,37? 2 11J. 0.226 550
L'f 1. 3,. 130. 10o 2.5140 2,5t. 0-208 53.
1'99 . 1. . tO-1. 1010. 2.693 126). 0.189 $1.

TOTAL '0. 19 9. • Z2 1. N212. 56,3S. 3488.
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Figure 4.2.2-1. Vendor Qualification vs Inhouse Screening
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Case 1 - Implement Digital Logic Functions With Custom LSI Devices

With reference to the data sets in Example 1 (Steps 1 and 2) changes
necessary to analyze this problem are as follows:

" RDT&E start (YRDTE) is 1980 with a duration (TRDTE) of 1 year.
Production starts (YMANU) in 1981 and Operations and Support
starts (YOAS) in 1984.

" B quality level for all non-LSI MC devices.

* LSI devices are commercial grade (REL=8.0), new devices (NEW=l),
and are to be screened (SCRN=2).

* The LSI devices are complete custom (FSTD=O) and, with the
change to LSI, fault isolation to the card level is assumed (FC=O).

* Card failure rates (CF) are adjusted per MIL-HDBK-217. The only
cards affected are the digital logic cards (CF = 3.14 x 10-6).

e The ratio card contribution of LSI MC devices to the card failureIrate is re-calculated W = .84).

" For new cards, support equipment adapter cost (KA) is $2, 000 per
card type and $10, 000 per card type for software development (KS).
For all other cards, KA and KS are assumed to be zero.

The changes are made in the input FILE 01 (PROGRAM.DATA),
FILE 02 (DEVICE.DATA) and FILE 03 (CARD.DATA). The data sets are
re-allocated (Step 3) and the LCC model is executed (Step 4). The results
of the model output is given in Tables 4.2.3-3a and b. The LCC estimate
for this case is $3, 311K (constant dollars).

Case 2 - Implement Digital Logic Cards With Standard SSI/MSI Devices

For this case, the data needed for the digital logic cards is given in
Tables 4.2.3-1 and 4.2.3-2. Card and system data is provided in Tables
4.2.3-1 and 4.2.3-2.

The changes to the data sets necessary to analyze this case are as

follows:

* N=35, NC=49 and FC=3 for FILE 01

e Replace the input data for the "custom" digital logic cards with the
input data for the "standard" digital logic cards in FILES 02 and 03,
recalculating the parameter values from Tables 4.2.3-1, -2 as
described previously.

* B quality level for all MC devices (REL=1).
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" None of the devices are to be screened (SCRN=I).

* Software and card adapter development costs for the cards is assumed to
have been developed (i. e., KA=KS=0).

The results of the model output for this case are given in Tables 4.2. 3-4a and b.
The LCC estimate for this case is $6,480 (constant dollars).

Therefore, for the card and device population used in the above cases, the
development and implementation of custom LSI devices is less expensive in LCC
than standard SSI/MSI devices. However, the most significant determining factor
for the outcome of this example tradeoff is the difference in the number of cards
necessary for LSI implementation versus those required for the standard SSI/MSI
implementation. The total number of digital logic cards using LSI is 600 and the
number of cards using SSI/MSI is 2,250. This factor alone has a tremendous impact
on the card assembly cost and on maintenance support costs. Obviously, an imple-
mentation leading to a smaller card difference could swing this tradeoff the other

way.

I421
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TABLE 4.2.3-3a EXAMPLE -3. MC DEVICE IMPACT
ON LCC (CASE 1)

MC DEVICE IMPACT ON LCC (THOUSANUS OF uOLLAAS)

CONSTANT DOLLA4S

COST LLEMENT S _YARS 10 YEARS L.i ILARS

.OT&E A6. 406. #0bo

PRODUCTION 1ddl- 1881. 1881.
DEVICE PROCUREMENT 153. 153. 1i3.
OEVICE SCREEN SAN. 348. 48.
CARD ASSEMBLY 1380. 1380. 1380.

OP7RATIONS A SUPPORT 614. 819. 1.24.
SPARES 416. 496. 116.
SUPPORT LQUIPTMENr 72. 12. 72.
INVENTORY ENTRY 1. 101. 131.
REPAIR LAHOR 15. 30. 45.
REPAIR MATERIALS 63. 120. 183.
MAIN. TRANSPORTATION 0. 0. 3.

TOTAL C03!f 293L. 5106. 3411.

TABLE 4.2.3-3b EXAMPLE -3..LCC SUMMARY BY FISCAL YEAR (CASE 1)

LCC SU-MARY HY FISCAL YEAR (HTOuSANJS OF DOLLARS)

FISCAL PROGRAM PHASZ TOTAL PRICE INFLAFTJ DISC. TOTAL
YEAR RO(&E PrOL) OiS DOLLARS INJEX OOLLAti FACT. CaST

1980 406. 2. 0. 406. 1.000 404. 0.954 387.
1981 D. 627. 0. 627. 1.360 6j. 3.861 51?.1982 0. 621. 0. 621. 1.124 704. O.18s j5,a.

1993 0. 627. 0. 121. 1.191 141. 0.717 535.
1914 a. 1. 453. 452. 1.262 561. 0.651 370.
1985 2. 1. 41. 41. 1.338 5j. 0.592 33.
11pa6 0. a. 41. 1. 1.119 53. 0.538 31.
1987 3. 0. .1. 41. 1. C4 62. 0.489 30.
113A 3. 0. L. 4L. 1.594 6i. 0.443 29.
19A9 0. 2. Il. 4L. 1.689 6. 0.405 28.
19)0 3. 3. II. 41. 1.191 i. 0.368 21.

0. 0. 41. .1. 1.898 li. 0.334 26.
1)'2 3. .. 41. i1. 2.312 83. 0.S30 2b.

3 0. 0. 41. A1. 2.133 81. 0.216 24.
19I# 2. 1. 41. 41. 2.2bl 9b. 0.251 23.
1195 0: a. 4l. 41. 2.397 14. 0.228 22.
1)916 3. J. Al. A. 2.,O 104. 0.238 22.
1911 0. 0. 41. 41. 2.L143 11J. 0.189 21.
1998 . 3. 41. Al. 2.aJ4 11. 0.112 20.

TOTAL 406. 1881. 1024. 3.11s 4242. 2185.
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TABLE 4.2.3-4a EXAMPLE -3. MC DEVICE
IMPACT ON LCC (CASE 2)

MC DEVICE IMPACT ON LCC (ThOUSAN0S OF OOLLAAS)

coNSr.. NT DOLLAA$

ZOST CLEMLNT t) YEAKS l0 YEARS Ij YEARS

,AUr&L 0. 0. a.

e RODUCfT10N 030. 3030. 5d30.
DEVICE PRUCURLMLNT 2b1. 2b7. 267.
3EVICH SCREEN 0. 0.' 0.
CARD ASSLMHLY 2763. 2163. 2 f3.

al)3RAI[ONS & SUIPORr 2110. 2180. 345a.
lPuic S 1162. 2087. 2412.
SUPPORT EQUIPTMENT a. 0. 0.
INVENTORY ENfRY 243. 483. 123.
REPAIH LAHtUR 73. 140. W1.
REPAIR MAIERIAL; 3!. 70. L05.
MAIN. TRANSPORTATION 0. 0. a.

rO|AL COSft '14- 5.1O. 6460-

TABLE 4.2.3-4b EXAMPLE -3. LCC SUMMARY BY FISCAL YEAR (CASE 2)

LCC SUMMARY HY FISCAL TEAK ([HOUSANOS OF DOLLAkS)

------------------------------------------------------------------------------------------
FISCAL PRO,;RA PHAS O-AL -1ICE INFLAT.J OLSC. TOTAL
YEAR RuT&E PROU U&S DOuLLAKS INaEX OOLLA4$ FACT. COST
----------------------------------------------------------------------------------------------
1 qo C. LOt[I. 0. 1010. 1.000 IaLJ. 009511 963.
tLis1 a. 1010. 0. 1010. 1.063 187L. 0.867 929.
I )R2 0. 1010. 0. 1010. 1.124 1133. 0.188 895.
t )83 3. 0. 1,14. 15714. 1.191 IdT3. 0.711 1S%4
laR4 0. 0. 134. 1.. 1.262 16J. O.361 110.
1982 3. 0. 134. 134. 1.338 1?$. 0.592 106.
186 2. 2. 13-. 1S'. 1.419 Ila. 0.538 102.

Iqljo O. -Jo 139. 134. 1.791 21#4 0.368 Be.Vil 0 . 131. 134; I.d; 250 033 5
L9q2 3. 3. 130. 13%. 2.012 21J. 0.304 62.
l))3 1. 2. 134. 131. 2.133 28a. 0.216 79.
I", 2. 1. 134. 114. 2.261 303. 0.251 76.
1095 3. 0. 13. 134-. 2.397 321. 3.228 13.
13J96 .3. 0. 1it. 134. 2:Li40 34). 0.278 71.199? C. 3. 13.. 13. 2.693 36L. 0.189 68.

----------------------------------------------------------- -------------------------tTATL .3. 3110. 5,53. L..411o 66'.. 555
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Section 5. 0

CONCLUSIONS AND RECOMMENDATIONS

A method of assessing the life cycle cost (LCC) impact of microcircuits
(MC) on military electronic systems has been developed which uses parametric
cost estimating relationships (CER's). The CER's have been combined into a
comprehensive computerized LCC model which has been exercised to determine
the general effects of MC factors on LCC. These general effects are sum-
marized in Section 1.0 together with the underlying assumptions and ground
rules used in the development of the CER's.

MC factors are categorized (see Table 2.3-1) with respect to technology,
function, packaging, complexity, and quality/reliability. The factors that
were cost sensitive were found to have effects which extend over the entire
operational life cycle of a system. For example, device technology (i. e.,
linear, digital, bipolar MOS, ECL, etc) has an effect on device purchase price
which determines the bulk of the circuit card assembly (CCA) material and
cost and, therefore, effects the cost of spares needed for maintenance support.
Similarly, MC device complexity (i. e., number of gates or memory bits) can
have an effect on design partitioning and, therefore, on the cost, numbers and
types of CCA's employed in the system. Device complexity can, therefore,
result In a direct impact on system spares, and on inventory entry and supply
management.

Although the LCC model structure is general, the CER's used in the model
should be updated periodically to reflect significant changes in MC technology.
Specifically, changes with regard to availability of new technologies (i.e., ECL,
33L, etc) at the higher complexity levels. As more data becomes available on
these devices, the appropriate CER's should be expanded. As stated earlier in
this report, the CER's are not generally applicable to hybrid technology. Be-
cause of the fabrication techniques unique to hybrids, it is recommended that
separate CER's be developed for these devices. An independent study of hybrid
fabrication techniques and costs was conducted by Hughes 6 and could be used as
a starting point for this development.

Finally, those costs which are insensitive to differences in MC character-
istics have not been included in the CER's. The LCC model should, therefore,
be used only for comparative analyses and not for estimating o cost.
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Appendix A

Regression Analysis Results
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Each of the regression runs in this appendix provide the following information:

a) The data sets necessary to execute the regression analysis. The data
sets variable names and format codes are provided at the top of each
data set.

b) A list of the means and standard deviations for the variables considered
in the regression analysis.

c) A correlation matrix for each of the independent variables showing
the individual correlations with the dependent variables.

d) The stepwise regression equations for the CER. At each step the
multiple R, the standard error of estimate, and an Analysis-of-variance
table is provided. For the independent variables in the equation
regression coefficients, standard error, and F-to-remove values are
given. For the variables not in the equation, partial correlations,
Tolerances and F-to-enter values are given. (Section 2.2.)

e) A summary table of the regression analysis. Included in this table
is a summary of the regression steps, the step at which variables
were entered into the equation, the multiple R and 11? values, the
increase in the R 2 value, the F-value to enter or remove, and the
number of independent variables included in the CER.

f) A list of residuals and plots of the residuals against the observations
and against the computed values of the dependent variable.
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REGRESSION ANALYSIS RESULTS FOR DEVICE PROCUREMENT
(PCERl)
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LABELS IS 2S 3L 4H srErt 6LNPUR
LABELS 70IG 8LI 90THE.q IOECL 1iCtIOS 12mos
LABELS 13NG 14HERMET 15FP 16REL 17NB 1816/13

LABELS 1916/17 56PURCH
(5F2.0,12X,F6.4,6F2.0,F3.0,2F2.0,F5.1,F5./F8.4,F7.5)
0 0 0 0 0 54/74193 -1997 1 0 1 0 0 0 48 1 0 80 0

1667 0
0 1 0 0 0 54/74LS113 3365 1 0 0 0 0 0 16 1 1 10 0

0625 0
01 0 0 0 54/74L257 - 0222 1 0 0 0 0 0 15 1 0 30 0

2000 0
0 0 0 1 0 54/74H00 - 6M 0 0 0 0 4 1 1 0 65 0
16250 0

0 0 0 1 0 54/74H72 -2319 1 0 0 0 0 0 8 1 1 10 0
1250 0

.0 0 0 1 0 54/74H101 3920 1 0 0 0 0 0 10 1 1 10 0
1000 0

0 0 0 0 0 $093 3001 1 0 1 0 0 0 16 10 30. 0.
1875 0

0 0 0 0 0 9614 3436 1 0 1 0 0 0 6 1 0 30 0
5000 0

0 0 0 0 09311 7324 1 0 1 0 0 25 1 1 80 .0
3200 0

0 0 0 0 0 L1OIA 0276 0 I 1 0 0 0 21 1 0 65 0...30950
0 0 000711 2271 0 1 1 0 0 ..4 1 1 30 0

7500 0

0 0 0 0 0 723 ...... 9933 0 1 1 0 0 0 5 i 0 10 0
2000 0

0 0 0 0 0 7815 6663 0 1 1 0 00 4 1 1 30 .0
7500 0

0 0 0 0 0 9615 -19850 1 10 00 9 1 0 80 0
8889 0

0 0 0 0 0 9301 4606 1 0 1 0 0 0 18 11 .65 0
3611 0

0 0 0 0 0 710 - 3638 0 1 1 0 0 0 2 1 65 0
32500 0

0 0 0 0 0 54/74365 -13665 1 0 1 0 0 0 7 0 350 0
50000 0

0 0 0 0 0 UL106 -12040 0 1 1 0 0 0 3 0 0 350 0
116667 0
0 0 0 0 0 54/7492 -1 397101 0 02 6 0 350 0

13462 0
1 0 0 0 0 54/74S03 -13744 1 0 00 4 10175 0.. '
43750 0
0 0 0 0 4001 - 5534 1 0 0 0 1 0 410 65 0
16250 0

0 0 0 0 0 4025 19459 1 0 0 0 1 0 3 11 10 .0"..
3333 0

0 0 0 0 0 4075 -18972 1 0 0 0 1 0 3 1 0 175 .... 0 ....
58333 0

o o o o 100i l81 1 .01. 0 0 10 0 0o ....
20000 0

0 0 0 0 0 10104 21401 10 0 .1 0 *11 30 0
7500 0

0 0 0 0 0 10106 -3567 1 0 0 1 0 3 1* 0 .175 .0 ......
58333 0

1 0 0 0 1 8216 14540 0 0 0 0 0 0 0 1 1 65 256
0 02539 3938462

1 0 0 0 1 82S126 22513 0 0 0 0 0 0 0 1 0 10 1024
0 00098 1024

0 1 0 0 1 27LSO0 5878 0 0 0 0 0 0 0 0 0 350 256
0 18672 731429

1 0 a 0 1 82S184 34012 0 0 0 0 0 0 0 1 1 80 8192
0 00098 1024

0 0 1 0 1 93L425 28034 0 0 0 0 0 0 0 1 1 65 1024
0 00635 15753844

0 1 0 0 1 74L207 24204 0 0 0 0 0 0 0 0 350 1024
0 03418 2925714
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1.0 0 0 . 74188 -5961 0 00.0 0 .0 .. 80 .. 256
...0 03125 32
.0 0.0 .74476 ...... 16409.0 0 0 0 .0 0 .10 .175 4096..

.0 . u0427 23405714

.1 0.0 0 825191 . 298570000 0 010 . 8016384
-.0 .... 00049 .2048 .. . .......
.1.0.0 01 5589 ....... 14351 0 0 0 0.00.0 0 1 . 65 256
...0 ..... 02539 3938462
.1 .0 .0 .1 82S09 ..... 34275 0 0 .00 00 0 i 1 ...30 576
.0 . .. 00521 .. 192 .......... . . .

01.0 0.1 74L5314 1879500 00 0 04 .1 0 i 1175 '1024
.0 01709.. 5851429

10 0 0 1 82523 . 11474 0 0 .0 0 .000 01 ... 30 .256
0 ...... 01172 .. 8533333 . . .... 0

1 0'0 01745477 .. 16409 0 0 ' 0 0 0 0 1 0 175 o4096 "
0 .... 00427. 23405714

1 .0 .00 .1.74387 ...... 1823 .0 0 .0 0 0 .0 .0 .0 350 1024
0 .... 03418.. 2925714.

0 0 1 93448 . 255330 01 0 0 o.00 1 654096
0 . 0159 63015385

0 '0 1 0 54/74HS0 .- 10642 1 00.0 00 6 1 .0 80 0
13333 ,0 ..........

10 0 .0 .781112 . . 5247 0 110.0 0 41130 0 ..

75000 .
.0.0 0 0 0 10016 ...... 22246 1 0 0 1 0 .0 .59 .11 .. 30 0...

0508.0
0 0 .0 0 7 *1A ...... 9933 0 1 1 0 .0 0 61 .1 65. 0
10833 0

o00 005 3ss4.850110.30 0 61 3 ...
5000 0

.0 .0 0 0 0 9614. 4 ' . .0551 0 0 0'6 11 "80 . . 0
13333 *0. ..0000105 0 :::- 7985000001 010 30 0 .

•. 0 0. .0 1 6. . . . . .. . . . . . . . . . . 6 .. . . . . . . . . . . .. .

0 0
0 00 i0711 ....... .22354 0 1 1 0 0 .0 .4 1 01 .10, 0

25 0
0 i 0 01 /7 04. -0030 1 0 0 0 00 6 1 .0 1 0 .06
1667.0

.0 1 0 54/784H103. 5906 I0 a 0 i 0 120 10. 0
0833 0

.0 0 0 Si74LS0, -8899i0000 4 0 65 '0 4 0
16250 0

.00 0 0 601 - 7700 1 0 0 0 0 0 8 1 0 80 0
1 0

1 0 0 0 1 82S129 8671 0 0 1 0 0 .0 0 1 0 80 256
0 03125 32

1 0 00 .1 2S10. 3056, 0 0 1 0 00 .0 1 .1 30256 "
0 01172 8533333

0 00 1 0 54/74H40 -3467 0 0 0 0 0 2 11 .30 0
15 0

0"1 000 54/74L00.-8989 1 0 0 000 .4 1 30 0
75 0

0 1 0 0 0 5/74LS166 5068 o 0oo oo 68 1 o 65 o0 958, o .. ... .
o 0 0o . 17047 1 41 0 1 o o 4 0 0 30 0

75 0 . 2. . . .0 0 0 00 10125 05310100 0 30 0
875 0

0 0 0 00 125 16831 0 0 1 0 0 4 0 3o 0

'V 010 0 0 o o0 10130 ......1 4 i  10 1 0 01 01 1 80 .0
4 0.0 6oe 0o 0. '10 3i 14 : 4 4 i V:+ + .1 1o o 'd 10 1 o 0 .86 o

00000 401 . 3646 10 0 0 1 0 4 1 .30 0
75 0

00 00.0 4066 ........ 139000 10 01 0 4 11 65 0
16250 0
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0 0 0 0 0 5 5 -7133o1001013 0 71 00'
13462 0 .. . ........

o o o o o 4019.2 -4943 .1 0 0 1 o 70 3 *'0''''
7447 0

0 o 0 0 0 40 -248 1 .0 0 1o o 0 0j4o1 oj'6
2759 0

VARIABLE MEAN STANOARD DEVIATION

5 1 0.10881 0.39390
LS 2 0. 26087 1.23255
L 3 0.01449 0. 12039
4 4 0.10145 0.30413
ME1 5 0.26087 0.44233
LUPW. 6 0.62332 1.27868
DIG 7 0.53623 0.50234
LN 8 0,18841 0.39390
OTHER 9 0.31384 0.46944
ECL 10 0.13043 0.33925
C105 11 0.11S, 0.322S0
Ms 12 0.01449 0.12039
I'll 13 8.52174 13.59453
HERMET 14 0. 8406 0.32250
FP 15 0.40580 0.49464
IEL 16 9.S420 10.29603
K'.s 17 642.7024 2311.72314
16/13 18 1.14307 2.08363
16/17 19 0.00628 0.02376

20 86.60942 305.97314
1 254.75362 779.'4268

22 1.SSC72 6.77264
23 1.36Z32 7.22123
24 1 37681 5.23730
2S 1:.26261 4. 919SS
26 0.05797 0.48154

27 S20. 34766 227S5. 78467
^a 7.26087 12.7084

29 S.53623 4.91868
0 .17391 0.38181
31 0.01449 0.12039
32 0.0 0.0
33 1 55797 4.05797
34 0.16841 0.39390
35 0.08696 0.2834
36 .O.348 0.20S42
37 0.07246 0.26115
38 0.0 0.0
39 6.63043 42.413S3
40 0.08696 0.28383
41 0.02899 0.16899
42 1.5072 8.SS006
43 181.79709 1261.08350
44 0.01449 0.12039
45 0.0 0.0
46 0.0 0.0
47 0.09420 0.782S1
68 0.01449 0.12039
49 0.01449 0.12039
so 0.0 0.0
51 14.84058 123.27504
S2 2.80435 6.95374
53 0.231e8 0.42513
56 627.94189 2312.52588
55 0.11S94 0.32250
56 4.23464 6.38981

COPRELATZO, MATRIX t

VA!~E 1 2 3 4 5 ? a 9 10.

1 1.000 -0.103 -0.058 -0.162 * -0.444 -0.232 -0.171 -0.107

2 1.000 -0.026 -0.072 -0,110 -0.103 -0.146 -0.03

3 1.000 -0.041 -0.130 -0.058 -0.083 -,047"i
4 1.00, 0.312 -0.162 -0.230 -0.13b
5 -0.639 -0.206 -0.194 -0.230
6 -0.397 -0.093 -0.092 0.116
7 1.000 -0.518 -0.237 0.360
8 1.000 0.565 -0.107
a 1.000 -0.t6S

10 
1.000
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VARIABLE 11 12 13 14 15 16 17 18 19 20

1 -0.174 -0.056 -0.293 0.174 O.OSS -0.062 0.45 -0.188 0.112 0.481
2 -0.077 -0.026 -0.041 -0.367 -0.128 0.330 0.005 -0.112 0.Z34 -0.046
3 -0.044 -0.015 -0.077 0.044 0.147 -0.037 0.020 -0.067 0.000 0.028
4 -0.122 -0.041 -0.041 0.122 0.016 -0.214 -C.30. -0.071 -0.089 -0.06
S -o0.Cls 0.204 -0.375 0.009 0.047 0.067 0.467 -0.S28 0.400 0.477
6 -0.187 -0.136 -0.175 0.223 0.303 -0.279 0.432 -0,432 0.014 0.6
7 0.155 -0.130 0.404 0.026 -0.060 -0.03 -0.301 0.186 -0.S66 -0.307
a 0.037 -0.056 -0.071 O.Osq 0.055 -0.08 -0.115 0.152 -0.118 -0.138
4 -0.Z48 -0.0a3 0.07S -0.044 0.068 -0.032 -0.129 0,067 -0-123 -0.119
12 -0.140 -0.047 0.055 0.006 0.030 0.009 -0.106 3 279 -0.103 -0.111
11 1.000 -0.044 0.130 -0.010 -0.023 0.081 -0.101 0.074 -0.096 -0.103
12 1.000 -0.077 0.044 -0.100 -0.078 -0034 -0..67 -0.032 -0.035
13 1.000 -0.063 -0.108 0.032 -0.177 -0,124 -0.1i8 -0.180
14 1.000 0.2;q -0.900 0.056 -0,402 -0.393 0.094
15 1.000 -0.418 -0.040 -0.130 -0.109 -0.017
16 1.000 0.036 0.487 0.373 -0.061
17 1.000 -0.25S -0.011 0.117
18 1.000 -0.147 -0.158
11 1.000 -0.039
20 1.000

VARIABLE 21 22 23 24 zs 26 27 26 29 30

I -0.165 -0.111 -0.092 -0.128 -0.127 0.2 2 0.478 -0.266 0.270 0.9S2
2 0.003 -0.049 -0.041 -0,056 -0.056 -0.026 -0.049 -0.02Z -0.151 -0.096
3 -0. .0 -0.028 -0.023 -0.032 -0.432 -0.015 -0.0^0 -0.070 3.0!!, -0.056

-0.386 -0.077 -0.064 -0.089 -0.088 -0.041 -0.077 -0.011 -0.170 -0.154
S -0.196 -0.137 -0.113 -0.157 -0.156 -0.072 0.388 -0.34C 0,161 0.772
6 -0.040 -0.17S 0.187 -0.253 -0.004 -0.1ql 0.374 -0.071 -0.073 0.459
7 0.273 0.141 0.177 0.112 0.244 0.113 -0.248 0.346 -C.070 -0.493
8 -0.116 -0.017 -0.092 0.043 -0.127 -0.054 -0.111 -0.036 -0,049 -0.2:1
9 -0.0 -0.15.a -0.130 -0.181 -0.160 -0.083 -0.151 0.060 -0.167 -0.150
10 0.0?7 -0.089 0.491 -0.103 0.678 -0.047 -0.089 0.284 0.032 -0.178
11 0.073 0.637 -0.069 0.731 -0.095 -0.044 -0.083 0.007 0,146 -0.166
i1 -0.040 -0.028 -0.023 -0.03: -0.032 -0.015 -0.028 -0.070 -0.063 -0.056
13 0.942 0.379 0.430 0.292 -0.049 -0.44! -0.145 0.21. -0.078 -0.290
14 -0.054 -0.233 0.0ti4" -0.209 -0.229 0.044 0.083 0.106 0.411 0.1bb
15 -0.079 -0.14Z 0.127 -C.159 -0.114 -0.100 -0.062 -0.033 -0,187 0.088
16 0.037 O.ZS3 -0.073 0.296 0.264 6.094 0.1S -0.Z14 0.028 -0.094
17 -O.0q9 -0.05 -o0.053 -0.074 -0.0714 -0.034 0.972 -3.161 0.203 0.470
18 -0.128 -0.028 -0.019 0.093 0.529 0.189 -0.127 -0.174 0.098 -0.254
19 -0.088 -0.061 -0.051 -0.070 -0.070 -0.032 -0.037 -0.153 -0.122 0.126
20 -0.0V4 -0.066 -0.C54 -0.076 -0.075 -0.035 0.637 -0.164 0.067 0.507
z1 1.000 0.288 0.477 0.226 -0.039 -0.037 -0.076 0.860 -0.046 -0.11S
22 1.000 -0.044 0.861 -0.061 -0.028 -0.053 0.0S1 -0.006 -0.106.
23 1.000 -0.080 0.171 -0.023 -0.044 0.477 -0.0S3 -0,087
24 1.000 -0.070 -0.032 -0.061 -0.C24 0.140 -0.122
25 1.000 -0.032 -0.C60 -0.0sq 0.027 -0.121
26 1.000 -0.028 -0.031 0.297 -0.056
27 1.000 -0.133 0.201 0.502
28 1.000 0.030 -0.264
29 1.000 0,185
30 1.000

VAPIASLE 31 32 34 3s 36 37 38 39 40

S 0.25 0.0 0.603 1.000 0.641 -0.103 -0.135 0.0 -4.076 -0.149
2 -2.0.6 0.0 -0.002 -0.103 -0.066 0.129 0.is9 0.0 0.O'1 1.156
3 -0.315 0.0 -0.047 -0.058 -0.037 -0.026 -0.234 0.0 -0.019 -0.037
f4 -0.04t 0.0 -0.130 -0.162 -0.104 -0.0712 -0.00. 0.0 -0.053 -0.104
S -0.072 0.0 0.508 3.77 0.519 0.39 -0.166 3.0 -0..25 -0.06.
6 .0.191 0.0 3.180 0.!36 0.413 0.16 -0.131 0.0 -0.324 -0.115
7 0.113 0.0 -0.290 -0.444 -0.332 -0.229 ;.:ba 0.0 -0.156 0,8w
4 o0.053 0.0 -0.186 -0.232 -0.140 -0.103 -0.135 0.0 -0.076 -0.144
I -C.03 0.0 -0.180 -4.171 -0.101 -0.1,6 -0.191 0.0 -0.18 -0.211

10 -0.347 0.0 -0.150 -0.187 -0.120 -0.053 -0.108 0.2 -0.0b1 -0.120it -0.0 4 0.0 -0.140 -0.174 -0.11.^ -0.077 -0.131 Co= -o.CS? -0.2
12 -0.013 0.0 -0.047 -0.058 -0.037 -4.026 -0.034 0,0 -0.019 -0.037
13 -0.041 0.0 -0.226 -0.33 -0.19S -0.13S 0.26? 0.0 -0.036 1.-11
If* I.044 0.0 0.140 0.174 0.112 -0.367 0.101 0.3 -0.38 4.112
iS -0.100 0.0 -0.100 0.05 0.373 -0.176 -0,003 0.0 -0.127 -0.046
16 O.01O 0.0 0.090 -0.062 -0.139 4.40S -0.S3 0.0 0.361 -0.101
17 -0.034 0.0 0.443 0..64S 0.135 0.012 -,).278 0.0 0.019 -0.163
1.0 0,189 '.0 -0.081 -0.118 -0.171 -0.118 -0.061 0.0 -0.-83 -0.103
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-0.0 OC62 0.112 1.003 0.660 -0.074 0.0 0.ZSO -0.045
-- 35 0.0 0.315 1.-31 0.160 -0.039 -0.030 0.0 -0.031 -0.078

U * 33 0.0 -0.1,26 -0.1S8 -0.102 -0.070 0.27 0.0 -0.035 0.260
31 -. 0 o. :o -0.!21 -0.071 -0.069 -0.014 0.0 -0.036 -0.071

3 0:23 3.0 .0.313 -. 02 -0 059 -0.041 -0.033 0.0 -0.00 -0.059
S o0.i2 0.0 -0.10Z -0.128 -o.G02 -0.056 -0.074 3.0 -0.042 -0.08t

.S -0.' 0.0 -0.102 -0.127 -0.351 -0.056 -0.073 0.0 -a.04L -0.031
7. 0 0.0 0..30 0.252 -0.037 -0.026 -0.033 0.0 -0.019 -0.037

:7 -3 3.0 C.'1 0.-73 0.M52 -0.349 -0.t64 1.0 -0.036 -0.071
: -0.01 3.0 -0.103 -0.166 -0.173 -0.213 0.313 0.0 -0.076 0.159

], 3:.)7 3.0 3.510 0.270 -0.034 0.313 -0.388 0.3 -0.150 0.0 5
33 -0.rJ6 0.0 3.677 0.9s 0.Q73 -0.090 -0.1:6 0.0 -0.07?Z -0.1 2
U lCO 0.0 0.00 O.ZSZ -4.037 -0.026 -0.036 0.0 -0.019 -0.037

3.0 1. 0.0 3.0 0.0 0.0 0.0 0.0 0.0
3 1.000 0.603 0.264 -0.082 -0.108 0.0 -0.061 -0.119

1.000 0.641 -0.133 -0.13 0.0 -0.076 -0.149
35 1.00 -0.060 -0.CS6 0.0 -0.C,9 -0.095

34 1.000 -0.043 0.0 0.114 0.166
1 1.000 3.0 -0.017 0.906

3 0.0 0.0 0.0
1.000 -0.003

1.000

'JOTZO-LE 41 4.2 43 44 45 '.6 67 45 69 so

1 -0.033 -0.088 -0.071 .. 5 00.0 .0 -0.051 -0.055 -0.055 0.0

2 0.104 0. 0. 6 35 00.0 0.0 0.026 -0.0 -0.06 0.0
-0.21 -o.147 -0.013 1.000 0.3 0.0 1.000 1.000 1.200 0.0

7 -0.03 -0.061 -0.150 -0.041 0.0 0.0 -0.1 -0.043 -0..41 0.0
5 -0.13 -0.009 -0.026 0.08 0.0 0.0 0.-04 C 0.0 G.Z04 0.0
6 -0.123 -0.047 -0.013 0.208 0.0 0.0 -0.03 0.208 0.C58 0.0
1 0.1i1 -0.371 -0.157 -0.130 0.0 0.0 -0.130 -0.L30 -0.07 0.0
: -0.'3 -0.016 -0.37i -0.056 0.0 0.0 -0.038 -0.053 -0.056 0.0
1 -0.2 -o.i2S -1.01 -0.083 0.0 0.0 -0.033 -0.013 -0.015 0.0
13 -0.C7 -0.371 -0.037 -0.047 0.0 0.0 -0.077 -0.047 -0.077 0.0
1 -. C63 -0.066 -0.03 -0.044 0.0 0.0 -0.0. -0.0' -0.064 0.0
5 0.0 -0.01 -0.1.3 -0.01S 0.0 0.0 -0.01S -0.015 -0.01 0.0

13 0.019 O.S31 -0.043 -0.07? 0.0 0.0 -0.077 -0.037 -0.077 0.0
. 0.C63 0.06 -0.370 0.040 0.0 0.0 0.044 0.020 0.040 0.0
is 0.101 -0.31 -0.182 0.17 0.0 0.0 0.147 0.067 0.047 0.0
19 - -0.0-4 0.15 0.037 0.0 0.0 -0.000 *0.007 -0.007 0.0
.7 -3.C'8 -0.351 -0.0Z 0.020 0.0 0.0 0.020 0.020 0.023 0.0
1 - 2.2 -C.064 -0.C4 -0.067 0.0 0.0 -0.C7 -0.047 -0.067 0.0
19 -0A.46 -0.04 0.1 -0.A0 0.0 0.0 0.400 0.000 0.000 0.0
23 3 33 -0.035 -0.027 0.028 0.0 0.0 0.028 0.02$ 0.023 0.0
21 - .37 0.o3 -0.049 -0.370 0.0 0.0 -0.040 -0.060 -0.040 0.0
22 -0.00 -0.32 -0.034 -0.938 0.0 0.0 -O.OZS -0.06 -0.023 0.0
23 -3..33 -0.023 -0.0"S -0.023 0.0 0.0 -0.023 -0.023 -0.015 0.0
27 -I..-0 -0.34. -0.037 -0.332 0.0 0.0 -0.:32 -0.032 -0.02- 0.0
01 - -3 0.548 -0.35 -0.130 0.0 0.0 -0.0 -0.03 -0.002 0.0
1 -3.01 -0.018 -0.02 -0.02S 0.0 0.0 -0.01 -0.01S -0.01 0.0

17 -O.C.0 -0.04 -0.038 -0.059 0.0 0.0 -0.15 -0.028 -0.058 0.0
23 -0.32 .10 -. 35 -0.015 0.0 0.0 -0.070 -0.070 -0.070 0.0
Z3 -3. 3 -0.013 -0.12 3.024 0.0 0.0 0.024 0.04 0.024 0.0
33 -0.071 -0.07 -0.57 -0.06 0.0 0.0 -0.056 -0.0S6 -0.06 0.0
31 -0.21 -0.122 -. 071. -0.015 0.0 0.0 -0.015 -0.015 -0.055 0.0
32 0.0 0.9 0.0 0.0 0.0 0.0 -0.0 0.037 0.3 0.0
S3 -0.037 -0.71 -0.1S7 -0.026 0.0 0.0 -0.047 -O.026 -0.07 0.0
3 -0.013 3.654 -0.071 -0.036 0.0 0.0 -0.0S -0.056 -0.036 0.0
3S -00.S6 -0.0 -0.037 0.0 0.0 -0.037 -0.037 *0.037 0.0
3S -0.39 -0.037 0.101 -0.026 0.0 0.0 -0.026 -0.026 -0.016 0.0
7 0.516 0.63 -0.001 -0.037 0.0 0.0 -0.03 -0.034 -0.37 0.0
.1 1.0 0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 -0.319 -0.007 -0227 -0.01 0.0 0.0 -0.0219 -0.019 -4.019 0.0
0 1.0 O.S9 -0.003 -0.017 3.0 0.0 -0.037 -0.03 -0.037 0.0

.1 0.G00 0.170 -0.325 *0.121 0.0 0.0 0.001 0.00 -0.021 0.0
'3 1.00 *0."27 -0.022 0.0 0.0 -0.02 -0.02 O..?Z 0.0
4$ 1.300 -0.013 0.0 0.4 -0.018 -0.018 -0.016 0.0

S1.000 0.1 0.0 1.000 1.000 1.000 0.0
4 .0 0.0 0.2 *.a 0.0 0,

-6 0.0 ^.0 0.3 0.0 0.0
-7 1.000 1.000 1.000 3,0

1.000 1.000 0.3
:0 1.000 0.0
so 0.0
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VAPIAILt S1 t 5 5 5 5

1 -1.088 0.287 0.789 0448 0. 0.476
2 3 02 .04 *0.0s: -0.046 -007 -0 .076
I .C00 0.065 0.22i 0.021. 0.33S 0.234

41 -4-414 -0..37 -0.185 -0.012 -0.122 -0.173
S 0.23'4 0.684 0.9a5 0.460 0.610 0.569
4 0.ZC3 0.338 0.519 0.4S4 3.510 0.822
7 -0.130 -0.437 -*.Sol -0.4 -0.389 -0.365
5 -0.0sa -0.196 -0.265 -0.13Z -0.174 -0.1,36

9 -4113 -0..9'4 -0.153S -0.1cs -0.053 -0.11S
.0 -0.347 -0.37 -0.213 -0.106 -0.140 0.0"8

12 -0.01S 1.003 0.221 -04433 .0.04,4 -0.072
13 -1.077 -0.7 -0.147 -0.173 -0.229 -0.200
14 0..^.'4 -0.312 0.199 0.074 0.131. 0.1ZZ
i5 0.147 -0.132 0.103 -0.0314 0.438 0.i0.
16 -0.037 0,406 -0.101 0.020 -0.149 -0.147
17 0.3310 0.294 0.475 0.999 0.193 0.5"4
i8 -0.C67 O0.ZZ4 -0.304 -0.152. -0.200 -0.256
19 0.0ca 1.707 0.Z13 -0.018 0.073 0.00.
.0 1.038 0_14 0.512 0.1318 0.232 0.586
21 -0.040 -0.134 -0.!81 -0.090 -0.119 -0.074
z2 -0.011 -0.0%4 -0.12? -0.063 -0.084 -. 1

-a_0123 -0.07 -0.104 -0.052 -0.069 0.097.
.4 0.3'2 -0..08 -0.145 -0.072 -006 -0.14t

26 015S -0.049 -037 -0.033 -0.044 -0.076
87-.^ 0.233 0.419 0.973 0.113 C.50

.3 . 0 -0.23:. -0.316 -0.137 -0.205 -0.153
a34 2.1.33 0.246 0.211 -0.31t -0.026

33 -O.:5s 0.312 0.&35 3.472 0.550 0.515
31 -. 315 -0.049 -0.067 -0.033 -0.044 -0.076

it 0.0 3.0 . 0.0 0.0 0.0
33 .0.:.7 0.354 3.f3 *.4"S 0.197 0.32.7

- 1 3.Z87 0.759 0.4"8 0.520 0.476
is -C.CV7 0.0's 0-562 0.13S 0.882 0.554
36 -0.0Z6 0.614 0.051. 0.013 -0.077 0.077
37 -.3.034 -0.114 -0.154 -0.076 -0.10. -0.144
33 3.5 3J.1 1.0 0.0 0.0 0.0
29 -3.019 0.073 -0.072 -0.034 -0.057 -0.053
40 -0.037 3.008 -0.040 -0.061 -0.1!2 -0.114
41 -0.312 -0.070 -0.093 -C.047 -0.063 -0.0%2.
:.t -0.01Z -3.074 -0.103) -0.050 -0.066 -0.082.
43 -0.015 3.047 -0.353 -0.321 -0.053 -0.041
44 1.000 0.065 3.221 0.021 0.M3 5.434
45 0.3 3.0 0.0 0.0 05.0 0.0
46 0.0 0.7 0.0 0.0 0.0 3.0
47 1.010 O.C65 0.221 0.021 0.335 0.:34
1.3 1.0n3 0.068 0.2^1 0.021 0.33S 0.23'
.44 :: ~~ 0.06 22.i 0.33.1 0.335 0.^.34
3* 0.0 3.3 0.0 0.3 0.0 0.0
51. 1.300 0.068 I.131l 0.022. 0.335 0.23'
F2 1.300 0.301 0.298 0.11s 0.37
53 1.023 1.479 0.059 0.567

LOGO0 0.1.5 0.551
1.030 0.636

54 1.100

pl"r.j2 p CF STEPS
F-dSVEL FCI ?:Li1~ 0.010002
AFLVEL FCP 2EIT.o 0.105M9
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'.AP!38L IN EOUATICH VAOXASLIS NOTI' N EWIATION

.-RIA'BLE COEFFICIENT STO. ERR1OR P TO R1) OVE VARIABLE P6IT-AL CORR. TOLERANCE F TO ENTER

C2-I37ANT 3.21396 1
Mj S1.77166 0.3i055 30.687 l? .2 S I -0.07320 0.43')1 0.3501. (t)

6/.17 19) -;.21194 S.*32 Z.3942 (8) L31. 2 0.02138 0.*t19 0.0297 (2)
L. 3 0.10363 0.9505 0.7056 (2)
14 . A -X.13W6 0.qt00 ; 0.273 12)

ViAS I.0 IN 14U(ATION .VARIABLES NOT IN EQUATION

qAPIABLE CLEFF!CIENT 570. ERROR F TO REIIOVf V ~ ARIABLE -ARIAL C011. TOLgRANCE F TO ENTER

(C3'nSTANT 0.59835 1
16/'17 19 3.)7757 6.S5463 0.3682 (3) . S 0.3161 0.91174 11.2495 12)

1.S c -0.07074 0.4451 0.3319 (1
* L 3 0.18 .00 3.0099 (2)
* 14 4 -0.2130 0.9020 3.1613 (2)

,?.EHl S 0.56334 0.8400 30.6816 (2)
c is 7 -0.3?!39 0.9132 12.!473 (1

* L:N a -0-.342 0.9336 0.4713 (2)
* OTIOER 9 -0.08364 0.9648 .44 Z
* Ed.. I0 0.z255 0.9894 3.5477 (11

CM,3S 11 -10.18120 0.9907 2.Z407 III
3ros 12 -0.13190 0.99z0 1-1050 (2)
110 13 -0.!6Sz6 0.78 1.853-1 (2)
)IERIIET 14 0.Z74SO 0.6455 5.3163 (2)
FP is 0.39..71 0.9081 12.18446 (2)
OIL. 16 --I.S3116 0.3610 8.1295 (2)
!13 17 a.4I33P5 0.49 15.3122 (2)

* 16/13 18 -0.427^,4 0.97864 14.7371 (2)
*20 0.46775 0. ",33 15.4647 (2)
*21 -.3.03396 0.9;,3 -.0763 (:)

z* 2. "692 1.126 121
Z 3 C.117166 0.91-14 2.5168 42)
24. -4.25111 0.9950 4.44t8 (2)
Is2 3.03131 0.9951 3.0001 (2)

1 7 0.37C01 0.4*16 11.0069 (2)
28 -0.060'44 9766 0.1.460 (2)

29 -0.06450 46002 0,1753 (1)
so 4.544 2.7342 17-1752 Z2)
31 0.31 .) 2,44711 (2)

*32 1.0 1.0 0.0 (2)
33 3.1764 3 0. 9"t ^.!205 (2)
34 0.13161 0.98,14 11.249S (2)
35 0.40016i 0.9413 13.,2289 al
36 0.16043 0.5641 1.7435 (2)
37 -1.17403 0.-1945 2.1104 (z)
36 0.0 0.0 0.0 (2)
39 -0.04390 0.9376 0.1274 (2)
.3 -0-11232 0.9980 0.8433 (ti
41 -0.12019 3.1979 0.96"74 (2)
42 -0.04337 0.9-16 1.1244 (2)
43 -4.2217'0 2.1657 0.80"9 It?
44 0.2088(o 1.0000 3.0099 (2)
45s 0.0 0.0 0.0 (1)
46 0.0 0.0 0.0 42)
47 0.z0865 1.000 3.0100 (t)
48 4.20!34 1.0200 3.00"9 (2)

*49 . 0. 0884 1.200 3.00"9 It)
$4 .3.0 0.0 0.0 (2)

st 0.21885 1.0000 3.0100 M*
52 0.%0584 0.5000 13.0141 42)
53 0.51519 0.2373 23.6470 (9)
S4 0.43667 0.9997 13499 (1)
55 0.50708 0.99%6 U.4442 (2)
56 0.82301 1.0000 139.4934 (1?

ST!P 1t.'3R

J!2tASLE !?4T!Pf S

fJLTM!' q 0.5646

PILlY01 Of 'A!3).d
or 01.1 OF KCJANES MI'AN SQUARE F RATIO

- ~0SC) 2 13.667 17.843 13.60,
qgSZDUL 66 75'o .141
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Z* 7 -0.*.SI7 0.5093 0-7*61 1:)

a 2) 0.01645 0.Olis 037 I
OTE 9 0.00733S 1. 1sil 0.0035 %!1
E* 10 . 0.-27-3 0.14*9 14-'314 (221
C*3S U2 -0.3.100 I.Q5i6 0.51i0 121

. !C5 1,3 -1. 3330a 3. 94Z9 01121)
* 42 Ls 1.334-Z 0.esa' 0.0-71 :

* 4~?T3. 3.23171 0.16 -374 1:
* PP 15 3-212 3.733 13.2117 2

PE i5 6 -0.3:6
7
3 51 a.si 31.112

HS 14 7 0.2i36' Z.7;60 3.CZ47 21
IS.6131 -0.3290o 0.--919 7233^4 2

*20 03. 3645 0.7005 3.!04 (2)
".1 .7q97 3.1417 0.4184 121

* 32 -0.31 0.'172 .3~7'

' 4 -. :71 0.40752 .~2 3
Z 5 J.0

3 0
o 0-75 0.*1l1 (2)

O 6 -835 0. 2.270a tit

*30 0.01410 0.6, 0.01Z9 42)

* 33 0.0 3.3 3.3 ()
*33 -0-7Z44 0.7185 1.9920 (it
*.4 -0.073Z0 0.4341 0.3901 (2)

.S3 0.1s818 1.7143 1.6081 (2)
*36 0.101.13 0.534 0.0730 (:)
*37 -0 .1 1262 0.097i4 3350 (2)

3.3 0.0 3.0 0.0 (2)
*39 0.04124 1.91,40 0.1:16 ;.1

40 -0.10014 0.9952 0.6564 (2)

(.3 0.:4,13 0.1533 0.133-S1 (2)
44 0.12363 3.15a5 0.7056 IV(
43 0.0 0.0 0.0 t3)
46 0.0 0.0 3.3 $2)
47 1.10363 0.*5OS 0.70S7 (:)

*48 0.13S43 0.935 0.-156 (2)
49 0.10363 0.930S 0.7056 f2)
so 0.0 1.0 0.0 ')
51 C.163 1t.ia 0.0 ".723
3z ll.t~si 0.33S6 0.5103 (2)
53 -0.11S71 0.0sa0 1.:106 (2)
S4 0.20008 3.733Z Z.0053 (2)
55 0.23410 3.5233 3.761:6 (2)
56 0.7SZ09 0.6148 75.07311 (1)

STIP FV:2tq 3
VARIASLE (ff1510 10

MUUPL 9 0.6656
57. 73a or 151. 0.9759

AlLSSOF VOP3JV.CE
or 51.31 OF SWA253 ME1AN SGUASI F ;A7ZO

0!0S~~l 3 49.241 16.414 27.234
49SZOU'L 65 a..36 015

VAR9AB5L93 IN !020371024 .VJP!ASLES NOT7 234 O2JArrC

V.2001331 COEFFICWIT S70. ERROR F .10 REMOVE V ARIABLE P4607L CCON. TOLERANCE F TO ENTER5

L~O31TANT -0018
I1)1 5 9. 049 3..2"040 45.1434 it) . ' -0.06497 3.4336 0.2713 it.

!CL 10 1.35240 3.35849 14.2314 (9) . S. 2 0.46469 0.6134 0.3052 It)
!6/17 1?) -. 95905 5.41404 2.7182 ($1 L I. 0.12.494 0.10505 0.8561 (z)

24 4 .13.0774 3.1Z73 3.2951 (2)
ate 7 -0.3370 0.5430 3.3109 (2)
IN a 0.11 " 0.650 3.2550O (1)
05)413 0..oOqss 0.0683 1.63.6 f:1

C~C 1 -0.30'a3s 0.4155 3.0015 (2)
mall 1t -03.36',00 0.%42q 4.%19 (22
(.0 13 a 13432 0.859 0.169A. (t)

- . mIef 14 0:.3125 0*.:1.6 3.2090 (2)
* FIN IS 0.43114 0.97;7 15.3339 it)
* ( L1 6 -4.38706 O.113.1 12.11780 v.2)

No 17 0-13111 0.7466 3.778S (2)
* 16/13 to *O.7371 0.$484 (9.0:73 (21)

A-l1



20 0.26323 0.095 4.7634 (23
21 0.071,S0 0.166 0.3410 (2)
12 -0.07?2 acS7 0.4012 (21
23 0.12430 0.7592 1.0076 (2)14 -'.loSe6 0.9348 1.8059 ()

IS -0.:^.60 0.5402 S2193 (2)
Z6 -0.74S 0.9q00 2.0040 (ZI
27 0o.1057 0.8059 '.5452 (I
*:8 0.1703 0.6527 1.610" (2)

*29 -0.30"'5 0.9Z79 6.3181 (1)
30 0.01749 0.3636 0.0196 11)
31 -0.17424 0.9905 2.0039 (2)
32 3.0 0.0 0.0 (2
33 -0.17077 0.7172 1.9224 (2)
34 -0.04.97 0.4336 1.2713 (2)
3S 0.17350 0.7145 2.0337 (2
36 0.11740 0.5334 0.7468 (2)
37 -0.0330 3.0497 0.1837 32)
38 0.0 0.0 0.0 (2)
39 0.C7969 0.9148 3,.091 (2)
40 -0.4394 0.9760 0.1353 (2)

*41 *.'03 0.9803 2.1-36 fz(
42 0.06.01 0.9705 0.2472 (2)
43 0.07-3 0.9499 0.3370 (2)

44 0.114;4 0.950S 0.8S68 I23
45 0.0 3.0 0.0 (2)
6 3.0 3.0 0.0 (2)

47 0.1.494 0.1350S 0.6569 (23
48 0.:14114 01.1505 0.Zsi8 (2)
49 0.11494 3.9050 0.8568 (23
0 0.0 0.3 0.0 32)
51 0.12494 0.9505 0.8569 12)
52 C.09C23 3.3C85 0.5527 (2)
53 -1.14354 0.0660 1.3464 (2)
54 0.23i.1 0.7392 3.610 (2)
5 3125.30 0.5038 .6344 (2)
56 0."1962 0.5022 68.6172 (1)

lj.,RA8LE ENTERED 1s

'"JLTPLE P 0.7SS4
S"D. 0=;C0 OF EST. 0.8635

ANALYSIS OF VARIANCE
OF SW OF S3UAPES MEAN SQUARE F RATIO

;SC29:7-4 4 63.4E3 15.57 21.Z67
'051!S24AL i4 47.719 0.746

VARIABLES IN EQUATION VARIABLES NOT IN EQUATION

VARIABLE CCIFFICIatT Sm1. cRDcO F TO REfmoVe VARIAOLE PARTIAL CORP. TOLERANCE F TO SNTER

(COOISTAHT 0.29312 3
53 5 1.09124 0.27316 38.6969 (2) S 1 -0.02735 0.4304 0.0472 3Z),

!CL 10 1.66570 0.32523 :.2316 123 LS 2 0.22^83 .0.9031 0.271 (211
16/13 13 -0.23749 0.05456 19.0273 (2) L 3 3.1.3013 O.SCS 1.0652 (2)
14/17 19 -9.20049 4.80865 3.7328 (80 N 4 -4.1"393 0.0137 1.2409 (2,

Oe 7 -0.32827 0.3372 7.6091 (23
LIN a 0.31558 0.5335 7.4701 (211
OTHER 9 0.233's 0.8316 3.7143 (2)
117S 11 00217S 0.9132 0.0296 i2)
4OS 12 -0.4L'411 0.9429 13.4Z45 (2)
NO 13 -0.0css3 0.7846 0.5840 (23
HERMIT 14 -0.01743 3.6174 0.0191 (23
FP 15 0.3*014 0.9404 11.9388 32)
OIL 16 -0.142$4 0.4S61 1.3066 12)

X3 17 C.:5432 0.1466 '.7105 (2)
20 0.: 60 0.70 5 4.0746 32)

21 -0.e.033 0.138 0.0927 (Z)
2 -0.11478 0.1431 0.9012 12)

0.33701 0.7308 3.564 I2)
24 -0.14113 0.0489 1.3747 (2)
IS -0.01533 0. 0k2 0.1207 (a)
Z6 -0.0357 0.0326 0.565 12)

9 12074 0.83 3.2271 32)

28 -3.0004 0.70. 0.0000 (23
29 -0.-650 0.0072 4.7390 (13
30 0.01706 0.3636 0.0183 (2)
31 -0.00357 0.9326 0.565 32)
32 3.0 .0 30 32)
33 -0.13186 0.7075 1.1247 (2)
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i5s176 0.7145 Z.53 72 3Z3

36 0.izess 0.5333 1.06:3 (23
37 -0.::4-15 0.9370 0.07 IZ

38 0.3 0.0 0.0 23)

3.7 o.2.i4f o.qc3 0.1270 .23

40 *.22C 0.*045Z 0.7738 33)

e.1 -q.io255 3.11740 0).-434 (^ZI
.2 l-,i00 3.16i3 1.0077 3Z)

(.3 0034 0.1475 0.:1 23
0.13013 0.9505 1.ca32 2

46 0.0 0.3 0.0 3

47~.1i t.131 OAO .25 2
'6 0103 0.^30S 1.l3Z (23

r0 0.0 0.0 0.0 fz

51 0.13013 1.3Ocs I.Ce53 133
SZ 0.-1274 0.33-5 001 1

53 -0.17293 0.0660 1.%421 32)

54 0-16341 Z.32 4.02')
s5 0.01389 O.St37 S.;557 '33
56 0.74285 0.56"75 77.5717(1

STEP W3t)2!q S

MUJLTIPLE 4 1.803S
!MO. 2O;;Cq OF 1S7. 0.7902

-- ASI FVAINE CF IL"1 Of St"JARES KEAN SOUAR F RATIO
70!SssION s 7i. 14.36Z Z3.301
Q!SICUAL 63 36.33. 0.624

VAR ZASLIS IN EOUATION .VARIAaLIS NO0T 2I4 2
7
UAT:ON

vARIASLe COEFFICIENT 870. EPRCR F T0 REMOVE V 'ARIABLE PARTIAL CORR. TCLERA14CE F TO EN)TER

I CON STAN'T 0.29525
M!!n 5 1.40-267 0.25646 S5.436Z (21 s 1 -0.21182 0.3739 2.9I26 1,1
!CL 10 1.66451 0.2.976Z 31.2792 (11) L S 2 0.03167 0.90.18 3.2623 'Z3
.05s 12 -3.C3344 1.a1973 13.'.245 (2) L 3 0.1,074. 0.1457 0.76945 323

16/13 2.0 -O.Z3336 3.C4903 112.7918 (3 -. 52 003 .33 3
i6/17 19 -11.35440 4.-3636 6.5505 (a) . 01 7 -0."Ii13 0.5371 q.4774 (33

!.P$ 3 0.:5733 0.353 q..^31 333
OTHER 9 9.23637 0-3500 3.4135 32)
CM.Os 11 0.02316 1.-132 -3.3333 123
N 3 13 -0.10715 0.781-6 1.7201 Q13
HERMIT 14 -0.^:6a0 0.bl7Z 0.-446 (Z)
Fo is 3.3Z-65 1J."31 10 (3 23
RIL 16 -1.*-^531 0.5441 (.Z173:

!3 7 0.20IG2 0.7218 308 2
20 C2.Z3939 0.6312 3. 7611 '2;
21 -0.04344 1.913a 0.11s0 Q23

22 -0.13137 0.t613 1.0338 32)
23 0.04058 0.7308 0.10^.333

* 4 -0.1614.3 0.1 .3*1 1.66-30 1
* 5 -0.04938 0.4042 3.1.316 333

26 -0.10315 0.90216 0.6663 3Q)
2? 0.17409 0.7871 1.4517 333)
Z ̂ -0.10464 0.7349 0.0113 32)
29 -8.35463 0.8917 6.111C (13
30 -O..1j445 0.3014 2.,956 Q)3
31 -0.10315 0.0536 0.6668 tar
32 0.0 0.0 3.0 333
33 -0.24443 0.6770 4.00.05 3z3
34 -0-31182 0.37314 2.4136S ta
35 3.13133 0.6677 1--b64 1"3
36 0.12348 0.5524 1.1400 33)
37 -0136 3.4370 1.3283 IZ)
33 0.0 ^.0a 0.0 it3
1 9 0.05988 0.401-4 1,223! 323
40 -0.13451 0. 64, 1.1OZ4 323

'1 -0.1121 0.47410 0.77643)
*2 0.01170 3.9

1
6 .05 3

0.05301 0.".33 0.1882'3
44b 0.27 .9457 0.760833
45 0.0 0.0 .3.0 33
46 0.0 3.3 0.0 3
47 0.17 005 .- 600 3
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44 0. 11074 0.'457 0.7698 (Z
4.9 4.11074 1.1457 0.7698 3.Z2,
so 0.0 0.0 0.0 (2)
51 0.13.075 0.9457 0.7699 (2)
52 0.03859 a.u021 0.2136 (2)
53 -. 92 0.0660 2.4749 (Z)
54 0.2"323 1.7133 2.8101 (2)
53 0-11,163 0.S549 2.93sl (2)
36 0.71259 0.5166 63.9601 (13

ST0V N~tlSP 6
V.\02.1sE E330!900 is

!'..L!ZPL5 P 0.8551
37 0 E;O9 OF EST. 0.7366

."L(LY!IS OF V.0AflAX
of SUM1 OF SCUAOES MlEAN 5'3APE F RATIO

PisS l 6 77.309 12.118 23.811
E00123.AL 62 33.637 1.543

VA91ABLES !H EGUATION VARIABLES NOT IN EQUATION

VA9IAO5LE COEFFICIENT 310. ERROR F TO REMOVE . VARIABLE PARTIAL CORR. TOLERANCE F TO ENTER

rm0 s 1.344.61 0.23192 59.1106 321 . 1 -0.21104 0.3131 2.8434 (2)
ECL 10 .516 0.273(.2 32.5373 -'3 . L3. 2 0.030,34 0.8019 0.3913 (23

:,-s15 -z-~*1 .,1^ l"31) L0.01141 0.532 0.2953 323
Fo! 161,0181.O6 Z -0.170 0.9i56 1.83778 (23

Ni/B 31075 19.03f) DG 7 -0.1-606 0.5531 9.1213 323
:6/1 li -. 59 .96347Z 8 I .2412!1 0.67206 6.5599 (23

2T1E 30-1-sa 0.8411 0.012 (23
-M9 1 0.:233 0.9412 0.'04 (2)

NG 23 0.~! .29 0.0098 (2)
HEt! 4 -0.11446 0A2l~z 0.3033 (23

25 1 -0.30391 0.415Z 0.0060 %Z3
261 -0.0,47 0.3490 0.4533 (23

zo 03:110 0.6779 6.0549 323
29 -0243 0.810 0.0813 (131

31 -0.031 0.1412 0.459 (23
23 3.0.! 0.023 0.001 323

: 4 -0210 .1Z3 0.3s33 32'
35 -0.01M(3 0.3537 0.0221 (23)

Z7 -0.134L 0.^1390 1.2532 323

03 . 33^ 0.077 3.07323Z
39 -0.2967 0.6476 0.7S30 323
so4 -0.19328 0.3034 0.672 (123
31 -0.3Z641 0,1402 0.86 23I
42 033 0.957 0.077 323
'.3 -0.11:15, 0.0331 2.'.77 323
34 .6 0.1731 0.Z332
3s4 3 .010 0.5$0 0.0ii 32)
46 3.0 3.37 0.037 (23
37 30.14492 0.1312 1.24 323

is6 43 06~. .0l 0.0'5 (2)

0. :1.42 0.901 0.0633 (2)

-51 006942I O.'3Z Z."5 (23
* 52 O.CS333 0.I23' 15 1323

43 -0.104:3 0.1315 (.44 23
44 0.06941 0.7012 0.194% '23
43 1.3 1..016 0.06 123
46 0.601 39 04.013 13

A-09140.13, Z



570 sumO OF SCS?.E MEN WAI PTI

RESIDUAL5 "Iv9!iC

VARIABLES IN !'UATcO) VA9228)S~ NOT IN EQUATI2N

VARI!ABLE CCEF33'CIEN1 510. EPqC9 F To PEMOVE . VARIABLE P89.2AL CC29. rOLERA33CE F EN~3TER

C03S7ANT 0.52165
'!M S 1.2617 0.272~@ 2.e833 313- S I 7 3 0.14 .73 (2
002 7 -. ~~± .::~3 2.23(23 LS 2 .. 1 .20z 3.01!40 1:3

to o:23 1-2417 4...377 (2 . 0 221 0
F, 15 C.0~...5 0.7'5 13.1305 (2) N 327 .30 223

141 8-4 0433 Z." 231.2h. 72 .0427 2..0 23

16/17 19 -352" .'E& *,Zqb1 (6) . c'lcs ii 2l22, 2
- N3 13 '.27027 1.25 7 2)

P EL 16 .32 .53 20132
333 17 .Z~5 . 7171 5,~6112

Z 2 0.32337 0.60o 7.0067 Iz3
*21 0.0-100 0.7 .32'40 (23

Z 2 -O.CS033 3.tIZ7 0.15C4 (Z)

24 -. 245 0.'-"66 0.65-1q 'Z
zS 0.0ai52 C..3296 1.0054 1:)

* 04 *.255 0.'220. 0.12" i23
Z* 27 .2622 0. 7o3. 4.4512 323

* 5 0.02077 3.7602 4.5554 (23
* 4 0.127 .8,15 4.4570 313

i 2 -0.-147 0.2032 2'3
*33. -0.04294 3.;131 2.1108 3^-I

3z 22- 2.0.0 0.0 tz3
3 3 -o..:a"3 O.C5il 2.1127 '23

340.37,14 Z.7332 Q23
SS3 -0.0045 0.533.3 G.CC50 323
3 6 0.Z2Saa a3374 3.-236 323
S* 37 0.0549 0.78 .1131 (a)
5 3 0.0 0.0 0.0 32)
p 3 0.:2743 03497 O.C6'S 3Q3
4 0 -0014 0.91.6 0.1050 (a3
41 -0.'t331. 0.924 1.0440 23I
42 0.'11712 1.1133S 0.337(. 323

4 .;Z..57 0.8743 0.0274 Z2)

*.4 0.07676 1-011Z 0.3556 (23
0.^~3* 0.0 0.0 323

-~ 0.0 3 0.0 f2)

67 0.17674 2.4312 a..1556 '21
.0 3.1,7674 2.0312 2.2556 -11
4; 0.27674 :.'3312 3.T25 323
50 0.0 2.4 3.3 3_2)
51 0.078746 0.1433. 0-35S4 2)
52 0.125%& q.2146 Z.14"4 t23
53 -0.Z3222 0.0653 5.2325 1:)
54 02i1 0.718 S.0083'2
55 031.337 0.4140 3.US1~ 323
96 0.7 1;7 0.4751. 58.2030 11)

$PtCrZE STEP REACHIED

ft?!URY !AdLI

STEP V&PAISLE MULTIPLE JCWEASE F VALUE TO
ENTORED PE'10VD a PSG IN) 430 E14TER 00 REMOVE

x 16/17 19 0.0-,39 0.0055 13.0os5 3.3682
2 pi 5 0.5666 0.3211 0.51%8 10.6607
I ECL 30 4.66S6 0-'430 0.l215 14-.314
4 18/13 Is U.I554 0.5707 0.1176 19.3^173

- In 0S 1 0.33.8 0.661 0.1754 13.,624S
8 39 is jOS5 1,6074 3.C513 10.5056
7 DIG 70.6563 0.7167 0.0374 '11

A-i15
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~ -- i.w ....... ... -. . ..+=

LIST AF QcSIDUALS

t4s:Z Xf 6)0 UALUTEO RESIDUAL X(l t x S) X(0| X(161 X(l

1 .0.1997 -0.207" 0.007 0.0 0.0 0.0 0.1667 0.0
0.3:3S -0.3s^? -0.442 0.0 0.0 0.0 O.067 0.0

-.0.34347 -0.1Z5 0.a 0.0 0.0 O.ZO00 0.0
32o34 -0.5345 -0.138 0.0 .0 0.0 1.620 0.0
1 o0.3 6 0.66' -0.5946 0.0 0.0 0.0 0.109 0.0

A. 0.2392 0.371Z -. 0198 0.0 0.0 0.0 0.7000 0.
7 0.i301 -0.',118 0.5119 0.0 0.0 0.0 0.87S 0.0
3 0.3 .0 -0. 1 0..0 a0 .0 0.000 0.0
9 1.73. 0.32229 0.4095 0.0 2.0 0.0 0.8389 0.0

10 0...76 0.52zz -0.426 0.0 0.0 0.0 0.301s 0.0
1 0..'-^71 0.9176 -0.6905 0.0 0.0 0.0 0.7500 0.0
17 -12,65 0.279 -0.076S 0.0 0.0 0.0 O.ZO00 0.0
3 0.6663 0.1167 -0.0515 0.0 0.0 0.0 0.6500 0.0

.0.1I9S 0.3719 -0.207 0.0 0.0 0.0 0.39 0.0
.3 0.3,06 01.1 0.1470 0.0 0.0 0.0 0.3611 0.0
16 -0.3633 0.3$67 -0.01OS 0.0 0.0 0.0 3.50 0.0
17 -1.'i59 °.919 -0.0746 0.0 0.0 0.0 0.0000 0.0
'3 -1.2:72 -2.0467 0.aga7 0.0 0.0 0.0 l.067 0.0

-1.4397 -0.4719 -0.9676 0.0 0.0 0.0 Z,0060 0.0
zi -1.3744 o1.1516 -0.02s 0.0 0.0 2.0 0.3750 0.0
24 -o.S53, 0.s345 -0.0139 0.0 0.0 1.00 1.30 0.0

S .;36 0.3194 1.640 0.0 0.0 0.0 0.3333 0.0
3 1.-72 -1.4780 -0.13 0.0 0.0 0.0 0.033 0.0

29 1..313 1.0234 -0.116 0.08.0 1.0000 Z00 0 2.0
33 1.C41 2.45)3 0.0717 0.0 0.0 1.0000 0.7500 0.0

40.3i 06 0.3-71 0.03 .0 0.0000 0.0333 0.0
V 1.,504 1.Z04 -0.7642 0.032S 1.0000 0.0 0.0 0.0
-3 -. 513 1.8940 0.373 0.0010 1.0000 0.0 0.0 0.0

.0.!73 1.0677 0.$201 0.107 !.1:00 0.0 0.0 0.0
lo S.901 :.4544 0.98 0.0010 1.^300 0.0 0.0 0.0
3. .4M54 ,.4OS6 0.3078 0.006 1.0000 0.0 0.0 0.0
3 .4204 1.Ws 1.0S0 0.0432 1.000 0.0 0.0 0.0
33 70.1.S.$64 02.1925 0.0313 1,200 0.0 0.0 0.0

20 .i4471 i.323 -1J.2CS4 0.0117 1.02300 0.00.00
:3 1...09 1.610 1.0 69 00005 1.0000 0.0 0.0 0.0
* 1 1.43S3 Z.213 -0.733 0.0,34 1.000 0.0 0.0 0.0
il 3.5S 2.4166 1.0107 0.00$6 1.0000 0.0 0.0 0.0
:3 1.37QS i...36 0.1439 0.01-1 0.C00 0.0.3 0.0
T9 .L474 .3173 -0.ZC1 0.0117 0.00 0.0 0.0 0.0
45 1.6.09 1.t25 -0.2207 0.0003 1.00c0 0.0 0.0 0.0
1 1.13Z3 0.8-56 -0.0033 0.034 0.0 0.0 0.0 0.0
4-, 2.533 ,.4524 0.1009 0.0016 0.0000 0.0 0.0 0.0
3 .. 42 -0.;,690 -0.500 0.0 0.0 0.0 1.3333 0.0

43 O.SZ4 0.78 0.3931 0.0 0.0 0.3 0.2500 0.0
4S 1.::46 -,.53 0.2007 0.0 0.0 1.0000 O.OSO 0.0
46 0.933 -0.1835 0.:503 0.0 0.0 G.0 1.0333 0.0
.3 0.890s -,40.5 -0.0609 0.0 0.0 0.0 0.6204 0.0,#a *..,.0 s 1.3951 0.3100 0.0 0.13 0.0 1.is33 0.0
41 o0.71:3 -0.71t5 oO..'CO0 0.0 I.1.:0 0.0 0.2 1.0000
33 Z..,IS4 0.4o$s 1.1-699 0.0 0.0 *.a O.ZS30 0.0

it -0.:030 -4.07?2 0.:C42 0.0 0.0 0.0 0.1667 0.0
sz 0.5^.08 -0.13Ss 0.6393 0.0 0.1 0.0 0.0633 0.0
53 -0.3989 -0.534S o0.169-4 0.0 0.0 0.0 1.6.1S0 0.0
54 -0.7730 o0.3942 -0.3758 0.0 3.0 0.0 L.0000 0.0
55 a.6671 1.5964 -0.7213 0.0313 1.0000 0.0 0.0 0.0

CASE y
IJ:n )C5 6) COIMTED RESIDUAL X(19) X( S) X(10) X161 X412)

Si 3.0564 2.3528 0.7036 0.0117 1.0000 0.0 0.0 8.0
57 -0.346 0.0540 -0.4047 0.0 0.0 0.0 1506 0.0
53 -00.39 O.2:64 -1.1253 0.0 0.0 0.0 0.7500 0.0
51 0.C01 .0.1911 0.6920 a.0 0.0 5.0 0.0"54 0.0
S 1..7347 1.5039 0.2008 0.0 0.0 1.1000 0.7500 0.0

'1 2.0541 2.0644 -0.0143 0.0 0.0 1.0000 0.7300 0.0
*2 0.¢0E3 -0.2015 0.34- 0.0 0.0 1.0000 O.,SCO 0.0
i3 1.6310 1.3390 0.3000 0.0 0.0 1.0000 4.0000 0.0
4 1.4469 1.49Z7 -0.0456 0.0 0.0 1.0000 0.8000 0.0
63 0.!646 0.2264 0.1382 0.0 0.0 0.0 0,300 0
6 :,03 0.7219 0.6606 0.0 0.0 0.0 1.6150 0.0
i7 -0.7133 O.Zl9S -0.9325 0.0 0.0 0.0 1.39#6 0.0
to -O...q43 -0.3369 -0.1574 0.0 0.0 0.0 0.744? 0.0
69 -0:2944 -0.2317 -0.4667 0.0 0.0 0.0 0.1759 0.0
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REGRESSION ANALYSIS RESULTS FOR CARD ASSEMBLY
(PCER2)
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LABELS ICASSY 2NDEV 3NIC 4QA 5QB 6Q81 7QB2

0
* LABELS IZTTLOTL 13ECL 14MOS ISIIL 1O1GLSI 19BIPMEM 20PIN"S

0

LABELS 21NDS ZZNLG 23BITS Z4NRO1 25NRAII 26MC/DEV 27MC**?2

0
LABELS 38RA

.0
(8X,F6.22X, 18F3.0,2F6.0,F6.2,F6.0,2F3.0)

*756. 77 50 09 41 0 0 0 0 0 1 0 0 49 50 0 0 0 1069 1000 0 0 0 0

41597 75 40 013 27 0 0 0 0 0 3 0 0 37 40 0 0 0 803 871 0 0 0 0

38609 41 24 0 4 20 0 0 0 0 0.1 0 03 24 0 0 516 404 0 0 0 0

44627 8 8*9 0 15334 0 0 0 0 0 5 0 04446 0 0 3 992 1080 0 51202 1

S295*..92*47 0 344 0 0 0 0 018 0 02931 0 .16 1054 781 03276816 0

S 0 48 1 0637 024130 0 0 0 0 814 0252314 0 0 439 4231220 0 0 0

4 91 S 86 8 0936 3 0 0 "0 0 7 3 038o40 0 0 8 1023 939 0 13312 S.3

449351 81 2051' 6 6 0000076 4 0 55700 6 70 16 4550 0 00

39282. 82* 011 ' 0 0 0 2 0 0 442 '0 00 607 12 0 0 0 0

.3909 *2 28 .0 206 0 0 0 0 1 . . .0 027280 0 0 -.464. 284 + 0 0 0 0

46101 3922 0 91300 0 0 0 * 0 01818 0 0 4 42 194 0 6192 *4 0

168118 290 17 0 6 i 00 ' 03 13 .1 '0 215 0. *0 28 8 5600 0 0 0'

10726 149 "33 '08 25' 'Z 0 000 IS. 4 .01 31'.2 0 0 .474 .754 150 00 . ,0 0',

1262736 22615S.2 .2 580. 0 0 03 .7 .23.6 .. 7 0.0 ..13* 56 102 00 0

11034 82 2 .0 8 3* 0 0 .0 0 0 S 0 O 71 0 .024 6 15 024576 02 4

369 ..2 67? 43 0 A S 03 0 0 0 1 0 0 42 43 .0 10 . .0 ... 917 970 0 . 00

1022*83 7 0 12 35 0 0 0 0 31 0 .0 16 27 0 020 .. 9 73 410 0245 7 176 4 16 "

39931 ... 8449 0 36 0 0 ".0 3 0 6 9 0 0 0 1227 . 00

.. S56006 5231 .0 1021 0 0 0 .0 0 0 7 0 0 24 .24 "0 .0 ..7 623 .278 0 14336 7 0

8024. 134.43 0 1823 "2 0.0'0 0 3 .0 8 4 1.0 760 777 525 0 0

.37970"62 .37 014 30 0 0 0 0 2 003S 0 .0 .1 .. 72S 778 0 .2048 1 0

50938 76 50 5 40 00 0 0 1 0 44 0 0 0 990 939 . 0 0 0 0
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VLOZAOLI MCAM SuuoAN0 GgVtAftCN
eASSY 1 649.64821 754.43904

hO1 40 2 9486101 114a 001
t 3 34.64:9 3.947

0.A 4 0.001 .2440
.18 5 10223 11.62677
4,112.000 0013

.382 7 145 z.42149
S .0o 0.0

ECL i3 a.31818 6.7SZ99
Ito3 14 0:13634 0.4671
11L is Z6.09000 10,04084

.6 39.40999 33.60045
17 2.04091 4.83039

IXLS? 18 0.04545 0.21320
BIFtON 1) 3.77273 7.8%419
Pills 20 603.1816-. 764.6.671
tics 21 420.13423 734.06665
,4LO 22 11.13434 10.6500
e175 23 5678456297 11264.6016

..OcN 26 1.77M7 4.0834

PC/0IV 24 0.6949 0.50645
,:C2 27 0.254 0.29124

28 0.0494S 0.21320
29 10.27273 11.4t&77

30 75.72 Z86.03409
31 4 ,79565. 15.73972
32 10.31018 11.43434
33 85.59090 93.32274

34 2.38635 97.18217....
35 10.36364 11.45020
S4 10.3634 11.65020
37 11.60909 12.65517

RA 38 10 &oils 14.08643
14 6.35031 .73

C&PRE1LATION I ATRIX

VARIABLE I 2 3 6 6 7 a 9 10
Nt~t.82

1 1.000 0.952 0.'54 0.60 0.663 0.709 0.625 0.0 0.0 0.0
21.00 0.749 0.420 0.6% 0.473 0.707 0.0 0.0 0.0

3 1.000 0.084. 0.86 - 0.977 0.241 0.0 0.0 0.0
4 1.000 0.037 0.038 0.704 0.0 0.0 0.0
5 1.000 0.773 0.235 0.0 0.0 0.0
4 1.000 0.153 0.0 0.0 0.0

O0.0 0.0

1 0.0 0.46 0.44 0.623 S.503 .. 0.44 0.414 0.136 0.5*2 0.678
a 0.0 0.567 0.755 .0.414 0.50 0.464 0.715 0.*49k 0.333 0.654

3 0.0 0.679 0.333 . .117 . 0.937 0.975 0.261 0.240 0.538 a."?7
0.0 0.051 0.314 0.84 Coll 0.038 0.306 8.0 0.0 0.037

5 0.0 0.414 0.674 CO00 . .799 0.844 0."0 0.330 0.355 0.0*5
4 0.0 0.657 0.208 0.050 0.939 .0. 95 0.154 0.175 0.50 0.9"1
7 0.0 0.18" 0.45* 0.767 0.115 0.141 0.415 0.174 0.057 0.151
8 0.3 0.0 0.0 0.0 . 0.0 .. 0.0 0.0 0.0 .0.0
9 0.0 0.0 0.0 .. 0.0 0.0 8.0 0.8 0.0 0.0 0.0
10 0.0 0.0 8 .0 0.0 . 0.0 C 0.0 0.0 0.0 0.0 oo
11 0.0 0.0 0.0 0.0 0.0 9.0 0.0 CI0 6.0 0.0

12 1.000 0. 24 0.0669 0.407 .544 0. 1" 4.568 0.741l 0.657
13 1.000 0.541 0.16 0.294 0.000 0.135 0.0*9 0.190
14 1.000 0.039 0.04a 0.567 0.0 0.0 0.037
is 1.000 0.949 0.094 0.057 0.365 0.953
14 1.000 0.140 $."1 0.379 4 .974
17 1.#*# 0.044 0.0 .0.116

16 1.00 0.0 0.*12
19 1.000 0.570

20 1.000
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VARIABLE 22 22 Z3 20 is Z6 21 2S, 29 10

1 0.578 0. eb90 0.047 0.1.9 0.436 0.664 0.406 040 0.045 0.702
2 0.626 0.511 0.30. 0.290 0.2%3 0.626 0.55 0.420 .0.694 0.673
3 0.937 0.254 0.504 0.479 0.375 0.954 0.917 . 0.084 . 4340 0.977
lb 0.014 0.100 0.0 0.0 0.0 0. #24 0.003 1.000 0.037 0.038
5 0.794 0.67 0.300 0.219 0.249. 0.841 0.11*S 0.057 .1.000 0.77
0 0. 3M 0.120 0.61S 0.522 0.398 9.9%5 . .96 0.038 0.773 1.000
7 0.127 0.531 0.00?. 0.069 0.027 0.134 0.088 0.70 0.25 . .1
8 0.0 0.0 0.0 0.4 0.0 0.0 0.0. 0.0 0.0. 0.0
9 4.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 a'0. 0.0
10 4.0 0.0 . 0.0 0.0 0.0 0.0 * .0 0.0 0.9 0.0
it. 4 .0 0.0 0.0 0.0 0.0 . 0.0 0.0 %,a 0.0 0.0
11 0.448 0.105 0.724 . 0.468 0.662 0.501 0,464 . G .051 0.010 0.057
is 4.1.91 0.464 4 .034 0.035 0.014 0.193 0.109 . 0.314 .0.474 0.202
14 0.016 0.264 0.0 4 .0 0.0 0.010 0.004 .0.694 0.08 oat 0.038
is 0.155 0.10a 0.413 0.400 .0.101 0.952 0.9490 0.021 0.794 . 0.09
U. . 0.978 0.130 0.4114 .. 390 . 0.226 . 0.949 4 .914 4,0038 O.a84 0. 95
17 0.112 0.911 0.0 .. 0.0 0.0 0.140 4.06S 0.306 0.408 0.134
is 0.20 0.037 . 0.0 0.0 0.0 0.135 .0.075 .. 0.0 0.30c 0.175
19 0.311 0.0 0.9S7 0.012 0.859 0.511 0.4631, 0.0 0.355 .0.582
to 0.903 0.127 0.640 0.504 0.395 0.900 0.934 . 0.007 3.825 0.991
.1 1.000 0.120 0.363. 4.371 0.152 0.88 a" CO57 . .016 0.794 0.938
21 1.000 0.0 .0.0 0.0 0.156 0.*83 ... 0.100 0.467 .0.120

23 1.000 0.819 0.070 0.544 0.516 4 .0 0.1fi0 0.015
2(4 1.000 0.140 0.670 0. "9 0.0 0.279 0.522
25 1.004 0.042 0.3zo 0.0 0.249 0.398
2. 1.000 0.991 .. 60261 0.843 0 .91S
27 1.000 0.001 0.016 0.900
28 100 0.037 .0.038
to 1.400 0.773

30 1.000

1VARIABLE 31 12 33 34 IS 30 37 38 . ... 39

1 0.62S 0.073 0.714 0.789 0.680 0.080 0.758 0.637 . 0.89!
2 0.1-07 0.1-01 4.694 0.781l 0.708 0.703 0.700 0.603 . 0.0806
0. 0.241 0.001 0.990 0.990 0.085 .0.83S 0.675 0.808 0.942
4 0.706 0C0SS 0.061 0.1%4 0.073 0.071 0.105s 0.088 0.l68
S 0.215 1.000 , 0.821 .0.420 0.999 0.990 0.9-16 O .523 0.068
0 0.1S3 0.71S 0.997 0.942 .0.773 0.773 0.7S3 0.81 0.880.
7 1.000 0.227 0.loO 0.321 0.240 0.240 0.419 .0.163 0.463
A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 6 .0 0.0 0.0 . . 0.0
20 0.0 0.0 . 0. 0. .0.0 0.0 0.0. 0.0 0.0
11 0.0 1.0 0.0 0.0 0.0 . 00 0.0 0.0 0.0
it 0.182 0.615 0. "a 0.071 0.615 .01% 0.610 0.56t 0.051
13 0.652 0.479 0.202 0.338 0.40 0.484 0.500 0.181 0.310
14 0.787 0.098 0.000 . 0.189 .0.111 fl.1l1t 0.200 0.115 0.133
is 0.115 0.794 0.94 0.920 6 0.794 4.79% 0.765 0.765 4-4.42
10 0.161 0. 844 0.970 o 0.958 0. 84 0.444 . 0.839 0.763 0.037
11 0.615 0.013 0.172 0.265 .0.018 4.041, .. 11 0.141 .. 0,459
18 0.1170 0.330 0.199 0.219 0.329 0.329 . 0.342 0.070 *.to7
10 0.057 0.355 0.508 0.S55 0.334 0.354 0.341 0.58 Sa 0.500
20 0.152 3.0.us 0.996 0.981 0.823 0.62S . 0.01 0.831 .. 0.642.
21 0.127 0.794 0.944 0.927 0,1 0.793 G .q 0.7?67 0.709 0.821
22- 0.183 0.008 0.107 0.222 0.409 0.409 0.513 0.099 .. 0.177
Z3 0.007 0.100 0.549 8.36 0.359 0.359 . 0.309 0.092 . .5
916 0. 049 0.278 0.5 0.490 0.27 0 .278. 0.2-3 0.719 0.435
af 0.027 0.209 0.392 0.351 0.269 0.209 9.257 0.27S 0.350
2* 0 .134 0.203 0.949 0.933 8.841 0.802 . 0.4,33 . 0.773 0.907
a? 003 0.817 0.18 0.494 0.826 0.810 0.7,79 0.745 0.057
a8 0.706 COSS1 0.001 4.134 . 0.073 .0.073 It9.2 to& 0.00 on . 0. 24
29 . 0.215 %.bo0 0.621 9..23 * 0.99 0 99 . .97 0.523 0.808
30 0.153 0.71 0.97 0.902 0.171 0.773 5 0.,33 0.871, 0.8
It 1.030 0.127 0.1L6 0.3211 . .260 4-140 .4.19 0.163 . 463
is 1.900 0.821 0.923 1.000 . 1.00 0.919 0.520 0.872
so 1.000 0. 907 0.821 0.121 . .00 0.849 . 0.906
36 1.000 0.627 0.827 0.836 0.001 0.94S.
39 1.000 1.000 0. 982 .0.5*5 0.875
36 1.000 0.932 0.525 0.075
07 1.000 0.327 0.908
34 1.000 0.765
39 1.000

02PE"T VARIABLE 1

P-LItVIL FOR IHCLU3CIm 0.01000
P-LIVE FOR OILEV101 0.00100
TOLIVAlict LEVELl 0.01004
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STEP N(68I2 I1
VARIABE E EUO .

MULTIPLE 0 O.9525 . .. .. .. ...........
TO. ERROR Of EST. 235.3682 ...

ANALYSIS Of VARINICE.
OF SUNt OF SUARES MEAN SQUARE P RATIO ...................

" IM ,SSION 11371861. 11371868.0 20.275 ..................
RIXOUL 21 1163362.0 55398.11 7.......

VAIII ALES IN E0I"ATZON VARIABLES mwT 114 IQUATI.o.

VARIABLE COEFFICIENT STO." 1111101 P TO EcmOVE . VAUIABLE PARTIAL CORN. TOLERANE f TO NT.ER

NDEV 2 4.26267 0.3711 205.27512 (9) WC 3 0.21218 0.4392 0.94114 (9)
(14 4 0.2163 0.at3u 0.9644 (M3
as 3 0.01831 0.318? O... 6? (ti
Ge1 6 0,27056 0.S68 1.5797 (23
Get 7 -0. M38 ... .S006.... 1,0"S aZl

8 0.0 0.0 0.0 (M)
9 0.0 0.0 0.0 42) .

.10 0.0 0.0 0.0 (2).

1 1 0 .0 0 .0 . 0. . 2 )
TTLOTL 11 0.42180 0.676 . 4.304 (23
ECL 13 -0.36506 0. 306 ... 3.0753 (tf
10S 14 0.15215 0.6202 . .. 04740 (13
I.L IS . 0.08738 0.6530 8. . 0.1539 (a)

16 0.04520 0.S569 . 0.0409 it)
17 -0.31580 0.4887 .S6 (t3

OULU 18 -0.34361 0.9381 . 2.6773 32)
HPEN31 19 0.713 53 " 9.83 . 20.739 (to

Plus 20 0. 4081 .. 7?2 ... 1.2314 (tl
N OG 21 ... -0.67592 . .. 0648 . ... OLS I (2)

NLO 22 -0.32MS3 . 0.736 2.31tl (t
&ITS Z 23 0.41267 0.8787 12.0187 (2)
NRO 24 0.872 . 9119 .... 1,3189 193
1U11, 25 0.72133 .. .9487 21.694? t9)

, C.'OEV 26 0.30034 0.6079 .. .1019 (2)
XMt*02 27 0.30906 0.693? 2.1t2 (t)

z2 0.21634 0.8*3, 0.114144 (2)
"9 .. 0.011 . 0.187 .0.0467 (t

30 0.270S6 0.54668 . 1.5797 (21
31 .,. -0.22238 0.500 1.40 (t

. 32 0.02353 .0.07.. 0.0111 (23
33 0.25300 0.5189 1.367? M4
.36 .- 0.23919 0.3900 1.2137 (2'

.8 0. 022 0.991 0.8164 (t

36 0.02"t 0.991 , 0.016 (2)
37 -0.019.2 0.3610 . 0.0074 2)

RIA 38 0.2S902 0.6361 1.43 (23
39 0.36234. 0.21 7 3,0226 (23

....................................... ......... ......
I I .... ' , .. . " .. .. .. .. ........STEP MR13111 2

VARIABLE EN.. . .. ..... ...... .

?IULTIP3.. Q 0.9773
570. MO2R Of EST. 167.0367

ANALYSIS OF VAN .. C. .... ... :
or ( OUP or SAM MEAN SQW1R Pt VATIO

R26I'E5S103 2 11977191.8t . 39883195.00 '2141.630
RISIOUAL to 0 38034. 37r 27981.918 ...... ....

VARAIALES IN EQUATION VARIABLES OT IN E MUT.ON

VARIABLE COEFFICIEPIT STO. ERROR F TO MENOVE VARIABLE " PARTIAL COME. TOLERAME F TO EITEI

(CONSTANT 0.0 1
3t0V 2 5.91634 0.31900 143.9717 193 "PIC 3 -0.0189? 0. 396 0.0088 (9)
,.I3A 2S 27.57to S.91159 s1.694? f(9 QA 4 0.43075 0.8137 4. 4,U8 (23

04 3 -8.13501 0.5064 0.35327 (2
081 6 0.04377 .. 0.6. .. 0.0365 (ti
482 . 7 -0.11060 0.466 0.2U64 (to

8 0.0 .6.. 0.0 0.0 (23
9 0.0 0.0 0.0 i2

10 0.0 0.0 0.0 II)
11 0.0 0.0 0.8 (8)

TTLOTL 12 -0.10468 0.3817 0.210 (2)
IC, 13 -4.27168 0.40 12 1.112B It)
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m3S 14 014-S3 0.5984 4.1294 (2)

ItL 1 o.C'.183 0.6467 0.0333 (21

16 -0.03663 0.5516 0.0Z5 (2)

17 -0..06oz 0.4593 0.8499 (C)

0IGLSI 18 -0.43281 0.934S 4.3795 (2)

.1P312'H 19 0.27267 0..^34 1.5261 (2)
PINS 20 0.00489 0.Sl01 0.000S (2)
tWuG 21 -0.11742 0.606 0.2656 '2)

NLG 22 -0.31903 0.719S 2.1533 I )

SITS 23 0.27268 0.063 1.S262 (2)
f(.03 26 o.,7368 0.9094 1.5262 (9)

hiCOEV .6 0.i6996 0.5672 0.56S0 (2!
%MC*.2 27 0.20688 0.653 0.8495 (Z

28 0.43075 0.6137 6.3286 (2)

29 -0.13S01 0.5064 0.3S27 (2)
30 0.44377 0..as3 0.0365 (2)

31 -0.16S0 0.4806 0.2S64 (2)
32 -0.12407 0.4609 0.3069 (2)

.3 0.02407 0.4628 0.0110 (21

14 0.30468 0.366q 0.0004 (2)
3s -0.11693 0.6877 0.3634 (2)

36 -0.11693 0.4a77 0.2636 (2)

37 -0.15414 0.3857 0.4624 (2)

RA 38 0.19600 0.6169 0.7591 (2!

39 0.20151 0.1938 0.6041 (2

SPECIFIED STEP REACHED

. SUMMARY TAOLE

STEP VARIALE MULTIPLE INCEASE F VALUE TO

(UmaiEn ENTEREO REMOVEO R OSQ IN 9SQ ENTER OR REIOVE

h.9V 2 0.9SzS 0.9072 0.9072 20W.2752

IVAH tU 0.9775 0.9SSS 0.0483 21.6947

LIST OF ktSZUAL1 ... .....

CASE Y Y
we"1618 xf 1) COMPIUTEO RESIDUAL Xf 2) X(25)

1 1103.700 1146.674 -43.3975 89.0000 24.0000

a 369.6201 396.3943 -26.7742 67.0000 0.0

3 1022.4399 932.2078 90.2322 83.0000 16.0000
6 390.3101 496.9722 -97.6621 84.0000 0.0

S 060."01 307.6696 252.6106 52.0000 0.0
6 680.2600 792.7888 -112.544 134.0000 0.0
7 379.7000 366.6127 12.8672 62.0000 0.0
6 504.3799 6.6614 S9. 738 76.0000 0.0
9 47S.6201 455.5579 20.0623 77.0000 0.0
10 41S.9700 443.7Z1 -27.7551 75.0000 0.0

11 384.0901 242.5698 143.5203 41.0000 0.0
i2 46.2700 546.2092 -101.9392 6.0000 1.0000
13 629.5600 S44.3327 aS.2373 92.0000 0.0
14 306.1799 627.1316 -122.987 106.0000 0.0
is 491.SOO 591.5205 -130.4706 86.0000 3.0000

16 693.S601 616.4543 -$2.8943 138.0000 0.0
17 392.6201 46S.1394 -92.3193 82.0000 0.0

14 390.5401 24.661 142.1060 42.0000 0.0
19 661.0100 230.7371 230.2729 39.0000 0.0

20 1661.1799 1715.7373 -34.5374 .290.0000 0.0
:1 107.o8601 801.5339 191.3262 144.0000 0.0
22 1627.3401 1337.0g18 290.2683 226.0000 0.0
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PLOT OF RzOIDUALS (V-AXIS) . PLOT OF ktSIDUALS (Y-AXIS)
VS. VARIABLE I (X-AXIS) VS. COMPUTED Y (X-AXIS)

369.6-0 437.285 904.950 1172.614 1440.281 1707.946.. 230.737 533.798 836.8S9 1139.921 1442.962 1746.043..
503.4S3 771.118 1038.783 1336.448 1574.114 .. 382.268 685.329 9"4.390 1291.431 1594.312

•.. .. . . ..... .. .. .-

* . " .' 1 .. ..

-72.625. . -2-6

.11 .. . . . ....1

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

.1.. 1 . . .

92. 62 .. .2.31 . . 1 0

.1 ~1.
11 . 8 . . 11 . . ... ....8

. 7 .. 1 8, 1 . 6

5.. 17 . . . . . . . . . •. .. .

- . • . . .. . . . . . . . -

. 1.. .1 .... -

240.21......240.2
-*. . . . . ... . .

0.21 .. S . ..

369,620 637.283 904.950 1172.616 1440.281 1707.946.. 230.737 33.798 836.839 1139,921 1462.982 1744.043..
903.453 771.118 1838.783 1306.448 1374.114 .. 382.268 665.329 948.390 1291.431 1594.512 .
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REGRESSION ANALYSIS RESULTS FOR CARD TEST HOURS (H)
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LABELS. IH 2P*NDG 31-H 4NLG 5RA*NHC 6.'*2
(F4.2,1X,F7.3,1XF2.2,1XFS.2,1X,F3.0,4X,F4.4) .
6.4, 19370 05 .... 3... 2275 .................................

237. 18200 12 13250 43 . 1094.................................
97 26044 03 37 2961
79 56274 01 46 3072

.198 133600 07 1000 .32 1916
64 15990 04 42 2623
234 2208 71 455 12 . 0076 ........
.52 2320 80 5600 17 0034 ............
119 80127 07.. 075 . 45 2675.........
127 12348 41 4075 20 0185
154. 28552 51 31 1299
124 135675 06 28 .1394 .........
274 49179 38 .. 48 2348
103 44581 15 49 2021
356 .. 97125 56 350 42 . 1600
718 .. 31920 74 42 . 1357
761 ... 480 98 1000 20 0225 ........
920 '40386 73 19250 37 1218 . ... ..
109.. 50505 78 49 1949
130. 2.00592 01 44 27.44
109 39592 04 50 2603.........

108 145848 01 9250 53 2017 .......... . .................

.101 139997 07 1275 44 . 0947 .............
602 260163 0 127 0955
1218 1208880 26 . . 144 4174

79 103238 11 42 2623
343 .71022 04 49 3031
100 45540 08 4900 24 1159

VJ.1BLE r.E.2 5T dAC OOVIATO

H 1 2.77857 2.94451

P-t 0G z 109-"7690 224.65331
1-W 3 0.2747 0.3:371
!L% 4 13.16150 6.1S5U
.A."c 5 44.57143 za.CS473
XtiC *z 6 O.J1E62 0.103s5

CCAELAT-N MATPIX

.AqAOLE 1 2 3 4 5 6

- 1.0o 0.5;3 0.44S 0.234 0531 0.006
2 1.0CC -0.14) -0.14,4 3.804 0.477
3 n.03 O.275 -0. . -0.560
4 1.000 -0.180 -0.378
5 1.000 0.484
6 1.000

SL - "c3L . !
0 .t r VARIABLE 1
r'J'UjXUR OF STES 12
F-L',EL FCR IN:CLU$:tN 0.0!0030
F-LSVEL FC2 2ELETIC-I 0.1^:C0

TCLEANCE LEVEL o.:31313

STEP fJr. n 1
VARIASLE !NT!R!O

rJLTIPL! 9 0,99E1
STD. Of7' 07 EST. .,.047

ANALYSIS 0 VARIANCE
07 St Of SMUAIES PE AN S7JAME ITzO

[3'ES08I 1 83.741 83.741 14.681

1 0SD3AL 26 13C.353 9.783
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VARIABLES IN E3'UATICN VARIABLES NOT IN EQATION

VAPIADLE CCI-FF!IU7? ITO. !UC P TO q1EP,0Vf VAY;IABLE PARTIAL CORR. TOLEPAt= ! TO eNTER

ICCN'STAIT 1-019:
F.3 7 0.437!. 0.=C16 14.0510 (2) . -N 3 'J.6-,27 0.;777 2I.7C05 (i)

* NLG 4 0.4033, 0.0793 4-5567 I2:
* A'w1C 5 3.10612 1.3611 0.-S.7 (1)

* fl*t6 -0.SQ475 0.7728 4.670S ill

7ARIABLE ENTERED 3

tATIPLE I C-Eoss
Sic. 00109 oF EST. 1.3119

ANALYSIS OF VARIANCE
oF I OF SQUARES NEAN SQUARE F RATIO

WEGRESSIOZi a 11.21:6 76.005 2^3.151
RSSICLE L 25 $!.ale 3.233

VARIABLES 11 EQUATION . VARIABLES NOT IN EQUATION

VARIABLE COEFFICIENT STD-. W.";l P TO REMVE VARIABLE PARTIAL 0089. TOLERANCE F To ENTER

CtISTANT 0.3713161
1,3 0.O0301 0.00157 32.2028 (2) . NLS * -3.36399 0.4369 3.6653

4- 3 5.13783 :.12667 10.7957 (). RA#>QI 5 0.4-131 1.3253 5-1z III
* .l*26 -0.02929 3514 3.:6

STEP PFSI8ER 3
VARIABLE ENTERED 4

I3JULTZPLI q 0.83,12
STO. EPIC' OF EST. 1.721$

At!ALYSIS OF VARIANCE
oF SUN OP SMARES MEAN SQUARE P RATIO

REGRESSION 3 16Z.6^4 54.Z97 28.331
Y4ESIDUAL 24 7124 2.967

vARIABLES IN EQUATION .VARIABLES NOT IN EQUATION

70RIALE CCIFFC!INT ITO. ERORS F TO RE:I2OVE . VARIABLE RARTIAL COER. TOLERANCE F TO INTER

CO0JSANT 9.!2%43
P'tK3 2 3.C^1-4 0.82350 317.8147 (2) . RARNMC 5 0.47473 0.3241 6.60!7 :11
t-w 3 4.71147 1.0901 18.4344 (2) .l 'I 8 .88 0.4815 0.1753 '2)
NLG 4 8.01416 3.30731, 3.o45S (2)

STEP PRAIS8ER 4
VARIABLE ENTERED 6

rJ;LTPLE R 0.135
5710. EIRCI OP EST. 1.732?

ANALYSIS OF VARIANCE
IF sw0 OF ST.UIYES MEAN SUARE P RATIO

REO0ESSICP! 4 163.439 48.563 13.301
IESI3L'AL 23 70.653 3.872

VARIABLFS IN SUATION .VARIABLES NOT IN EQUATION

VARIABLE CCZFFIC:ENT $TO. ERROR F TO REMOVE . VARIABLE PARTIAL CORN. TOLERANCE F 70 ENTER

(CONSTANT -8.1fW 9
P':OO 2 0.11389s 0.88173 26.3555 (2) . 840(11 5 0.47439 0.3233 4.3887 (1)

t-A S 4,-00-3 1.31769 14.3307 (t)
NLS 4 0.01514 0.00733 3.6913 (0)
:TC'*2 6 1.93307 4.669S3 9.1785S (2)

* P-LEVEL OR TOLERANCE IN8UPPICI!NT POR FURTHER CWPIJTATIOS
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STEP VAE.2ErJLTIPt.E INCREISE P VALUE TO

eNTERED REpVED P M3 EN M.5 ENTER OR REMOVE

- P-NOG 2 0.4":1 0.3577 0.3577 14.4810
2 -k 3 3.3C!3 0.t494 O.2f7 20.7957

3 N~L 4 0342 0.6rS0 0.046's 3.6653
4 :0C-.2 6 3.3354 0.6;82 0.072M 0.1788

LIST OF ,-SIL.

CASE
)KV:0 i I) CCMT~uTED RESIDUAL 0) 2) X( 3) X( 6) xi 6)

1 3.6"00 0.5767 0.0133 14.3700 0.0500 0.0 0.2275
3 2.37100 26:19 -0.317; 13.2000 0.1200 132.3000 2.1094
3 0.4700 0.6-1.' 0.2;079 2$.04.3 0.:300 0.0 0.2961

- . 71^C 0 4'-z4 -0.3729 56-2740 0.0100 0.0 0.3072
5 1.1420 %.72 0.207. 133.6000 0.0700 10.0000 0.1916
6 3.6-:'3 0.0744 15.1#900 0.0400 0.0 0.2,23
7 2.34CC 3.;7-' -i.6362 2-Cso 0.7100 45.5000 0.0-376
S 2.5z'30 4z" -2.0$77 2.32.3 3.0000 56.0000 0.0034

10 1.120 ' 13 1243 1240 0.4100 60.7500 0.0175
1.l20 .130 -1.1436 '0.3280 0.0100 04.7300 0.a675

15 1.34.02.72 -0.1743 97s.1250 0.3600 3.50 0.1600
12 7.A30 ,..0 .2424 131.9:00 0.7600 0.0 0.135?
17 27400 2.5027 0.0031 39.1890 0.30C 10.000 0.022a

is I.-,CI0 ..a6,6 2.3324, 60.3860 0.7300 192.5000 0.1218
1' 1-1200 4.430Z -3.34e2 30.3050 0.7800 0.0 0.1949
10 1.30oco Z.0512 -0.7012 Z0t.5a20 0.0100 0.0 0.2764
2. 1.0'CO 0.7715 2.3183 39.5@10 0.0400 0.0 0.2603
12 1.0000 :.25:4i -1.7706 14.40 0.0100 92.5000 0.27
:3 1.2120 i.6740 -0.6490 139.99710 0.0730 12.7500 0.094?

6.01.0 0.?262 3.5138 240.1631 0.3 0.0 0.0915
!3 2.1500 12.5!23 -0.4C08 1208.8799 0.2600 0.0 0.4174

24 0.7130 1,01 2O14 1^3.2350 0.1100 0.0 0.2623
27 3.430, 1.;359 2.11 71.0M 0-2630 0.0 033

25 1.3033 1-7Q0 -0.4797 45.5400 0.Ga00 69.0000 0.1159
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PLOT IF PcaIOtALS (V-AXIS) .. PLOT OF .,cSICALS (YAXSI
YS. VARflZiLI I (,AXS) .. '. CVS.C UTO V IX-AXIS) ..

0.640 2.995 5.353 703 1O.esg 12..416.. 0.166 3.01 S.470 7.92" 10.374 12.026..
1.61,8 t.173 4,.5 6.83 11.238 .. 1.712 4.24 .496 *.140 11.60 .-3 ."" ... .... ... .... .... ... .... .. 3 . ........... ... ......... . ......

-3.35. 1 .. -3.35. 1

.2.. -

* 1. . 1 .

-1.89 .7 -1.89.
.1 .. .. 1

.. .. . . . . .. . . . . . . . .. . . . . . . . ... I

a 60 29 .53 77S 1.6 t . . . 146*

1 -. 1...

- .1 1 •.• - . , .

1.1. 1 .. -0.42 1
11 1 • . : 1 ...11 1 .. .11 I .

.2 •*• .2 .
.3 1 1.. 0 . 1 1.

1.4 ... 1..

1.77 ... • 1.7.

1 1 .. 1 1
2.50 ... 2.S0 1.

I, .. .1 .

3.23 . • • 3.23 .1 ..

1.018 4i.273 6.328 8.883 11.235 .. 1.79! 4.244 6.696 .14S 11.000 .
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REGRESSION ANALYSIS RESULTS FOR CARD TEST YIELD (Yc)
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LABELS ILOGYC , t C/0EV 3Q82 4NLG 51-IW 6YC1 F7.4,1X,F4.,1XF3.0,x,FS.2,1XF2.2)"

-0.0362 4769 31 0S
-0.3372 3308 43 13250 12
-0.3665 5542 46 01
-0.2518 1415. 74 .9900 18I
-0.2924 4865 144 03
-0.3010 4651 5 65
-0.0605 5968 .02
-0.0915 3359 31 01
-0.1487 5250 02
-0.0809 4643 4 03
-0.0362 5055 . 07
-0.1249 5208 5 03
-0.0555 4909 13
-0.1249 5000 02
-0.0809 3209 2 525 63

-0,0809 5921 13
. . . . . .. . 1 3. 

. .

-0.065S 5581 3 01
-0.3768 6667 27
-0.1135 .4909 S3.... .53

VARIABLE "E1AN STANDARD DEVIATION
LOGYC 1 -0.159S 0..ie0O
I /D yV 2 3.4749 0 -.1. 912
Q82 3 20.4210S 41.1S312
NLG 4 12.460S3 37.96454
,-w • S 0.:1S474 0.2S&0? .. .
YC 6 0.71634 0.73649

COPRELATT... IATRIX

VARIABLE 1 a 4 s 6

1 1.000 -0.777 -0.642 .0.493 -0.362 -0.650
2 1.000 0.404 0.169 0.542 0.949
3 1.000 0.439 0.148 0.38S
4 1.000 0.199 0.227
S 1.000 0.551

. 1.000

S513-PR+OSUI 1

DEPENDENT VARIABLE I
MAXXlrd, N4*80R OF STEPS 12
F-LEVEL FCR IINCLUSbON 0.010000
F-LEVEL FOR DELETION 0.00S000
TOLERANCE LEVEL 0.301000

StEP AMIER 1
VAR bASL

I 
ENTERE0 2

MULTIPLE R 0.7771
STO. ERROR OF IST. 0.1274

ANALYSIS CF VARIANCE
OF SUN OF SQWAPIS . "CAN SQUARE F RATIO

E3;ESSN 1 0 .445 0.445 27 .440
RESIDUAL 18 0.292 0.016

VARIABLES IN EQUATION VARIABLES NOT IN EQUATION

VARIABLE COEFFICIENT 5D. EIROR F TO REIOVE VARIABLE PARTIAL CORP. TOLERANCE F To ENTR

(CONSTANT 0.0 

#0I0EV 2 -0.3129" 0.05975 27.4397 (El oat 3 -0.53944 0.834? 8.1576 (2)
NL. 4, -0.S6309 0.9715 8.774 (21
1-N S -0.26641 0.705 1.k9G4 (2)
Y 6 0.44278 0.0"09 6.1456 11)

A-34



STEP NL7'fl0 2
VARIABLE E1TERIO 4

MULTIPLE 9 0.850.
STO. ERRO CF EST. 0.1065 ..............

ANALYSIS OF VAR4NCE 
.......

OF $UK OF SQUARES MEAN SQUARlE F RATIO
02EGCSS20ll 2 0.545 0.112 24.011
RESIDUAL 17 0.193 0.011 .......

VAR]IABLES ZN EQUATION . VARIA LES NOT IN EQUA I TION

VARIABLE COEFFICIENT TO. lRa00 F TO REIMOVE VARISLE PARTZAL CORR. TOLERANCE . F TO ENT E

(CONSTANT 0.0 1

MC/OEV 2 -0.28744 0.050? 32.i294 2 . 4) 3 -0.44507 0.4951 3.923 125
NLG . -0.00193 0.00065 8.7574 (2) . 1-1 5 -0.23640 0.4939 0.9509 (2i

• C 6 0.717 7% 0. 049 16.9S7 1)

3TIP NU1iDE 3 . .. . .....VARIABLI ENTERED3 3

MULTIPLE 0 0.8490
STO. ER00O Of EST. 0.0903 .. .........

JUIA/TS S OF VA XK I[ . .. .. ....... . . . .
ANALYSIS OF VARIANCE

OF SUN3 OF SQUARES MEAN SQUAR0E F RATIO
RIEGI.SSON 3 0.54s 0.194 z0.10S
RESIDUAL 16 0.ISS 0.010

. .. ..T.. ..VARIABLES IN EQUATION VARIABLES NOT 14 QUA ..... ...

VARIASLI COEFFICIENT STO ERROR f TO RMOVE . VARIALE PARTIAL COl. TOLERANCE F TO I51123

I C0NSTJ hT 0.0 1

Ic/O'J 2 -0.1S034 0.06041 24.6654 t2) . A A -. S -0.4910 0.64 &.01I (2)
00* 3 -0.00131 0.00166 3.903 (2) . yc 6 . 0.711016 0.0934 . 0. 200 11)
WLG 4 -0.00139 0.00066 4.4280 Z.)

STE Iq.,q E 4 . .. ............................

STEP NUMBER 4
VAAIABLE 2HTI0 I

MULTIPLE lI 0.90 3 ............
STO. t

1
20 OF EST. 0.0.51

ANALYSIS OF VARIANCE ......
oF SUN OF 50(51*S MEAN SQUARE P RATIO

OEGOESSION 4 0.60i 0.150 14.619
RESIOUAL 1s 0.136 0.009

VARIABLES ZN EQUATION . VARIABLES NOT 251 EQUATION

VARIABLE COEFFICIENT STO. ERROR F TO REMOVE . .VAIABI. PARTIAL COI. TOLERANCE F TO OT

(CONSTANT 0.0 1
Sc/oIV 2 -0.20S04 *00601 I.4917 Is) , C . 15.44413 0.469 14.14 (1
00* 3 -0.00146 0.00064 S.1044 (t.
NLG . -0.00122 0.00065 1.4904 ( ..
1-m S -0.14642 0.1027 2,4114 42)

F-LEVEL 0R TOLERANCE INSUFFICIENT PON FUITHER COSSUTATIMN
. . . . . .

SU"IARY TABLE

STEP VARIALE MULTIPLE INCREASE P VALUE TO
NUMBER ENT1RED 10 EOVIo a111 IN4 PNTII OR1

1 MCtOEv a 0. 771 0.6009 4.6039 27.439
a 514 0.494 0.7304 0.1347 0.7374
3 432 3 0.4496 0.79S 0.016 3.9523
4 1-41 5 0.993) 0,119 0.063 2.0414
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LiST Oi s-xw: .L .

CASE Y Y

NUMIER X( 1) COMPUTEo RESIDUAL X( 2) Xi 01 X1 3) Xf SI

1 -0.0362 -0.1500 0.114Z 0.7609 0.0 31.0000 0... O0

z -0.3371 -0.3096 -0.0274 0.3306 132.SO0 43.0000 0.100

3 -0.3665 -0.18zl -0.1844 0.542 0.0 " .0000 - 0.0100

4 -0.2518 -0.2841 0.0323 0.141S 99.0000 74.0000 0.1800

5 -0.2924 -0.3139 0.3215 0.4"6 0.0 144.0000 0.0300

0 -0.3010 -0.1991 -0.1019 0.4651 0.0 5.0000 0.6500

7 -0.0400 -0.12S3 0.064 0.S%8 0.0 0.0 0.0200

6 -0.0915 -0.1153 0.0240 0.3359 0.0 31.0000 0.0100

9 -0.1487 -0.1100 -0.0361 .0.3S2SO 0.0 0.0 0.0200

10 -0.0809 -0.1055 0.024 0.40643 0.0 0.0000 0.0300

11 -0.0362 -0.1100 0.0778 .SOS$ 0.0 0.0 0.0700

12 -0.1249 -0.1185 -0.0064 .a-S208 1.0 S.0000 0.0300

i3 -0.055 -0.1199 0.040 0.%909 0.0 0.0 0.1300

14 -0.149 -0. 105 -0.0194 0.5000 0.0 0.0 0.0200

Ls -0.0809 -0.1680 0.0877 0.3209 5.200 2.0000 0.6300

*0 -0.0C09 -0.1407 O.OS98 0.3921 0.0 0.0 0.1300

17 -0.06SS -0.1203 O. 0508 0.501 0.0 3.0000 0.0100

to -0.376 -0.1768 -0.2000 0.667 0.0 0.0 0.2700

19 -0.113S -0.1793 0.0608 0.4909 0.0 0.0 0.5300

PLOT OP 0ktiOUALS (Y-AXIS) .. PLOT OF .. $I[UALS (Y-AXIS)

VS. VARIABLE I IX-AXIS) .. VS. COMtPUTED Y IX-AXIS)

-0.377 -0.307 -0.238 -0.168 -0.099 -0.029., -0.314 -0.271 -0.229 -0.186 -0.104 -0.101..

-0.342 -0.273 -0.203 -0.134 -0.064 .. -0.293 -0.2SO -0.208 -0.165 -0.122

-0. . .. - .................................................

.1 - : .. ..

0.0,

-0.17 .. .. -0.17 •

-0.1 .4 . . -0.10.•

-0I ] .. -0.10 2.1

-0.07 .. -0.07.

-0.04. . . -0.00. .

... ...
1 .. . ..

-0.01 .1 .. -0.01 . .

0.00. 1 11 .. 0.02,1 - 1 I .

0.00. 1 .. 0.00 .•

1 12; .. , 1 111I .

1 .. 1 .

0.09 .1 .. • 0.09 . 1••

I .. 1 .

-0.371 "-0i .30 -0i..23 -0~ .... -0; .09 -0.029. -0.31, -0.,71* -0.229 -0.18, -0.100 -0.101..
-0.302 -0.273 -0.,03 -0.130 -0.00, .. -0.295 -0.250 -0.208 -0.103 -0.100 .
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REGRESSION ANALYSIS RESULTS FOR SYSTEM TEST YIELD (Ys)
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LEL0 1ys 2NDE*V 3NMC 4QA S5 .....

LABELS '12TTLDTL '13ECL ... 14HOS ISML 1801GLSZ .1981PIEI .20Pf4S .... ......

LAELS 21ND6 2L 23SITS 24NROM2NRI 2611C/DEV 27XP1C**2
0
LABELS 38RA .. .. ..LNY.. ..S. . .. . .
0
(7XFS.2,2X,18F3.0,2F 6,F6.2,F6.0,2F3.0)........ ..... ....

.9614990.090a0040009 616. 0.0 . .....4' . .. 3750 0''.0 '0 '

94 615106 i 051 000.0 0510 050 0 Si -6 6-714 449 0 . 0..

87 129 19 0' 019 0' 0' 6 0 '460.0 1 010 00 2606 '173 .6 0 V .0 .0'

74 73560.05606'0 00 05S600 0600.0.684 .308 .0 .0 .6.

91 645101 0,0 0051000 6a6 i 'd5100.0" 714 ,70 vo.. 0 0

93 1967 0 04 7 0 . 0 0 0 .0 .2 0 '0'* 52 '0 0 .70 ...48 . 975 I. 0 ..0 0

61 54737700000 66 6370006 63700 0 5' 22.14 0 .00 .

'94 3 200020i66-06 o0200d0d 0 A,00 0 0 2 % 1060 000

8940 2.0 .0 2 .1 .2 6 0 ..060 036.. 34.238 '0.'000i .

951377007000001600. . .... 9. 1.6 .00. 14 .. 6 3525 .0 0 0....

7i 153t 3t 0 4 0 .3 0 0 ..0 .. 0 0 1 .2 ..0 ..0 1 -2 0' 0 '14 '' 4'.975' 0 0' 0 ..

96 .735O 60 S 0600005800800 86os ' 16 397..0 .... 0 0 0

91- 544400 o4460000....40 0. 0 44'0 .00, 616 242. 0 .0.. 0

91 594 0 041 0 0 .0 041- 0 ..0* 041, 0 0, 0 S82. 14 '0 0 '0 0

69 .564 .47 0 '0'4 7 '0 0 0 .0 . 0 47 0 0 0 4.7 .0 .0 ..0 .. 660 319 ..0 0* 0 0o

91 '" .8 0, '02,8 0, 0 '0 '0 0 26 0 ..0, 0 ..8-0 024 46*..32. .0, 51,20.20 '0..

93 4662 0 0 .026 0 0 0 0.26. .0 .0 .8 .0 . 0.18 .. 07.32... 0 .. 608.18 .0....

943 *..632 it 023t 0' 0 .. 00 23.* 0 * 0 0 8 .0 0.I5 352 .32 .. 0 .384015I ..0..

988 388020 0 0 .00428 0 .0. 0.28. 00 0.408 ..261 ... 0 ... 0 .00

.831601 0 0 1 0 0 0. 0 00.110.0.0 .1 .0 0 ....0 ... 0550 O... 0 0 0....

9673 .530 0 .0 .0 .0 53 .0 0 .0 53_0.0.0742 300 ... 0 ... 000o.o ...

VAALK "CAN SUTAIU DEVATION
YS 1 0.58 80.90006. .... . ... . . .
NOEV 1 42.0000 ... 91.34326 ....
Pmm 3 sindoi 36.31992
RA 4 0.0 . . . . .. .. . . .

as 5 0.0 .0.0 .. .. . . . .. . . .
Got 6 31. 5182 36 399 .. .... ... ...

Ge 7 e.0 0.0....
usa ~~ . .. .

t0 0.00.
- 11 0.0 0.
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TTLDTL 12 30.40909 36.2100
ECL 13 0.90909 t.39317
W~S 14 0.0. 0.0 . -PI 240 .0 . . . . . . . .. . . . . 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • . . . . . . . . . . . . . . . . ..
IlL 1s 0.0 0.0
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This appendix describes the computer program documentation for the
MC LCC model. Figure B-I gives a general overview of the LCC model flow
diagram and describes the order in which the major CER's for the LCC pro-
gram occur.

A detailed flowchart is also provided which gives a complete description
of the LCC programs. At each step (box) of the flowchart the following
information is provided:

a) The line number in the source listing for which the step
occurs (see page B-3).

b) The step (box) number found on the upper right hand side of
the box is a reference number for continuation branches in the
program.

c) In the continuation boxes, the number inside the box describes
the page and box number for the next step. The page and box
number are identified as follows:

Y .X

Where Y is the page number and X is the box number. The
number on the lower right hand side of the box is the corres-
ponding branch location to the source listing.

A source listing for the MC LCC program is provided following the
detailed flow diagram. Comments describing what each section of the
program executes are imbedded in the listing. All the CER's develo.. kd
for the LCC model are provided as subroutines and a', e cieariy marked in
the listing.
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B. 1 DETAILED FLOW DIAGRAM FOR THE LCC PROGRAM
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B.2 LCC MODEL SOURCE LISTING

c .MCF CO PUTERrZnO MODEL MAIN 10
C .....C. MAIN . 20

IMPLICIT REAL*8(A-H,K-Z) ...... MAIN 30
INTEGER XY,N'C,NYROTE,TROTE,YMAU,TANJU,YOAS MAIN. 40
DIMENSION NEW(100), SCRN(100), MEII(1001, 013(100), ECL(100), CFflOMAIN 50

10), 1105(100), FP(100), 1(100)0, 148(100,) OE.Q(100), REL(IOD), CARDMAIN 60
2(100), NOEV(100), NtC(100), QA(100), q8(1001, QS1UlO)o, q82(100), IIAIN 70

... 3NDG(10), HLG(100), NRAM(100), W(100), KA(100), KS(OO), NP(IOO), MAIN. 80

4H1100), YS(100, YC(100), XQBZ(100 ), CASSYS(100, CER1 100), MCERIAN 90
21100), YS(1CER3(00), QCD100), PROOF(100 ), CARDS(0), CER(100) MC ) AIN 00
6CERS(100), tCER6(1001, CAS(100), RDTE(100), PURCH(100), SCR(IOO),MAIN 110
7 1ANU(100), LOAS(100), TOTALCI100), LINV(100), LTOTAL(100), LRZIOMAIN 120
80), LRD(100), LID(100), LIDO(100), Rtll(100), HRtl(100), R3(100), MAIN 130
94RMS( 100), ROAS(100), NROAS(100) . MAIN 140

MAIN 150
C THIS SECTION READS & WRITES THE INPUT DATA AND TERMINATES THE MAIN 160
C ..... PROGRAM IN CASES OF INSUFFICIENT INFORMATION. MA.... AN170

.DEV=O.DO MAI.. .... ........... I N 180
. ..QCARD=O.DO M.. . . . . . . . . . . . . . . . . . . . . .fAIN 190

QNG=O0DO...................................................... MAIN 00
..... QGATE=O.DO .M... MAIN z10

READ (1,*) N,2C,FSTD,CMAX,CMIN,RATEE2,RATET*,RATE1,RATE2,RATE3,HTIIAN 220
IS,PL,TO,TRFC,D,Kr,KIRKSIKRKMKT,WC,R,RI,YROTETRTE*YHAU,TAtIAIN 230

..... 2NU,YOAS .. ......... ............................. MAIN 240

...... IF ((N.LE.O).OR.(HC.LE.O)) .GO TO .10 .............................. MAIN 250
.2O TO 20 .................... ... ............ . . . MAIN 26o

10 .. W. RITE (6,420) ................................................... AIN 270
GO TO !410 ...................... ............. MAIN 280

20 CONTINUE MAIN 29020 ,. ONT NU E ............................................. .......... Z 9
00 30 I=,N MAIN 300

... READ (2,*) NEW( I) ,tKEt( I ) ,OS(Z ),DI6( I) tECLI I) ,FP(!),6N~t I)(i ) HAIN 310
.. . 1(I),DEVQ(I),REL(I),SCRN(ZI ................... .................. MAIN 320

30 . CONTINUE ...................................................... MAIN 330
00 40 I=I,NC MAIN 340

.READ (3,*) CARD(i),HOEV(I),NMC(I),NDG(I),NLGEI),NRAMHl),M(!I,tF(I)MAIN 350
I,KA(),KS( MI....................................................MAN 360

40 ... CO4TINUE . .. MAIN 370
... DO 50 I=l,N ..... . ...... . .................... M................ AIN 380

.IF ((MEM().LT.O.DO).OR.(ECL(Il.LT.O.O0).OR.(NEWII).LT.O.DO).DR.(RMAIN 390
..... 1EL(I).LE.0.00).OR.(NG(IJ.LT.0.001.OR.(NB(I).LT.O.D0).OR.1DEVQ(I).LAIN 400

... 2E.O.DO).OR.(NP(I).LT.O.DO )) GO TO 70 ... M........................ *I M 410
50 ... CONTINUE MAIN 420

DO 60 I:1,NC M.AIN 430
IF ((CARD(1).LE.0.DO).OR.NDEV(I)..LE.0.0iE.. .OI.AIN 440
I(ND(I).LT.0.DO).OR.(CF(I).LE.O.D0)) *O TO 70 .................... *AH 450

60 ... CONTINUE .................... ...............................-... AIN 60

. 60T 120.. ........................ . ....... MAIN 470
70 WRITE..6,0 ............. ........ ................. ................ WIN 4 0
80 WIE(6,500) NAIN 490

WRITE (6,520) NH,"KRNC,TSKM,FST0,PL,KTCMAX,TO,Wc,CMINTRoRRAThAIN SO0
.... I1EE2,FC,RIRATET4,D,YRDTERATE1,KI,TROTEsRATE2tKIR,YIANU,RATE3,K,'*?AN 510

2TMANU,YOAS ........... ........................................ MAIN '20
RTE 6,570........................................... ........ IN 530

..... WRITE (6,S30) ................................................... .IAIN 40

00. D .90 I:1,N .. . . . . . . . . ... . . .. . . . MN 55
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. RIi .(6,540) INEN(I),MEM(Z),MOS(I),DZG(I),ECL(I),FP(I),NG(I),NC(hAN 560.... 1I),NP( ),DEVQ(I),REL(I),SCRN(I) ............ .................... IAIN 570
90 CONTINUE .. .. ................. . . AIN 580
..... W ITE (6,5 90 ) .................................................... MAIN 590
..... WRXTt (6,580) I.. .... ....... .A N 600
..... WRITE (6,550 ) ............. ....... ...... . . ... .. . .. MlAIN 610
..... 00 100 I1 ,HC .A....I... ..... MIN 620

WRITE (6,360) I CARD(I)oNDEV(X)tIC(z),QA(z),QB(I),QBI(I)',4q6(*I),4qAIN 630
.1CD(I),NDG(I),NLG(I)NRl(IJPW(I ),CF(IIKA(),IKs(J ................ MAZN 640

100.. CONTINUE MAIN 6S0
WRITE .(6,600 ) .... ............... . . "AIN 660
IF (QCARD.EQ.QOEV) GO TO .110 ..................................... MAIN 670
WRITE .(6,610) qOEVQCARD ......................................... MAIN 660

110 CONTINUE M.. . ................... . .. .'MAIN 690
IF (QNG.EQ.QGATE) GO TO 410 ........... AIN 700

..... )MITE .(6,620) QNG,QGATE ........................................ MAIN 710
GO TO 410 MAIN 720

120 CONTINUE 'MAIN 7301; 0 .. oN'z~uE ... ... .... ................................... .......... h T 7 0

.... IF (RI.LE.O.DO),RT=OO6DO .................. .... ...... MAIN 7*0
...... IF .(RD.LE.O.DO) RDO. MOIO .. ..... N................N............ I N 750

I..... F (M.LE.0.D0) M=I.DO. ................. MAIN .760
I..... F (YRDTE.LE.O) YRDTE=1980 ..................... ............. MIN 770

..... 'IF (TROTE.LE.0) TIRDTE=O .......................................... MAIN 780
...... IF (TKANU.LE.0).T'ANU=l ... ................................. MAIN 790

IF .(YMANU.LE.0) GO TO 140 ........................ . .... ... . . MAIN 800
130 IF (YOAS.LE.0) GO TO .130 ......................................... MAIN 810

60 TO 160 ... MAI.................................. "AIN 820
140 .YtANU=YROTE+TROTE M.................................. .... MAIN 830.... o T 3 . . . ... .. .... ... ...... ... .... ... .. .. .. ....... ... ... ..f ~ H 4

60.. 0 TO 0 .....130 MA........... IN 840
150 YOASYH( . R ANU . .* .T -850..... . . .........

.......... .. ............. .. . I.. ................. M Iu~ N 850160 .. CON4TINUE . . . . . . .. . . . . . . . . . . . . . . . . . . . .. MAIN 860
FAC!Mz( 1.DO.RI )*fYRDTE-1980) MAIN 870

e MAIN 880
C .THIS SECTION COMPUTES TOTAL ROTSE COST FOR ALL TYPES OF MAIN 890
C .... NEW DEVICES TO BE USED... .............. .. ................ "I N 900

.ROTES20.DO MAIN 910
..... IF (FSTO.LE.O.DO) FSTO.O...................................... MAIN .920

.IF (CMAX.LE.0.00) .GO TO .190 ............................... ... "AIN 930
170 IF (ChrN.LE ... DO) GO TO 200 . ... ........ .MAIN 940
180.. FSTDC=(CMIH-CtAX)NFSTDCMAX MAIN 950

.60 TO .210 MAIN 960
190. CMAX=203.04*FACI'H ....... I............ MIN 970

... T 70.................................................. . . A1N980

20.. CMtlN=:,,D0FACI................................................ MAIN 990
.60 TO .eo............................................... ......... MI NlO00

210 TCOTINUE ....................................................... MAINI00

. . DO 230 CN I,N .................................................... INIO3O
...... IF .(TRDTE.EQ. 60 :TO 240 ........................ ............... MAINIO2O

....IF (NEW(I).EQ.0.O0) 60 TO 220 .................... ............... PIAIN1O40
..... CALL XROTE (NG(I),FSTDCROTEl ) ................................... MAINOSO

RDTESi ROTES+RDTEF . . . . . ................... ' A N2060
220, CONTINUE ............................................ IO............. 7OIN1 7
230 CONTINUE .N................... . . . .. ....... .. ...... M NIO8O

D..... ROTESOROTES/(1000.,00 TRDTE) ............... . ............. MAIN1090
..... CALL IRNO .(ROTES) ..... .. .............. ...... .... . .. ......... .. MIAINIlO
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C ROT:RTESTODTE .............................................
AINliO240 .. CONTINUE .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. I N112

C .... , IN1130
C. iil r i E6*10k cPUR'0'A''E *P 'rA i t 'C'E -F'O'N T*H'E ..... AkiNi ,, 4
C .... QUANHT TY OF .EVICES ............................................... MAIN11SO

..... DNEI=0.DO ...................................................... AIN1lO
DO 250 I12,N .MAINi180DNEIO NEN.NE"(ZI NA iiiiiiiiiiiiii~ iii I Tizl9O!
CALL XPURCH (tEH(3) ,DoG(3, ECL(3),MOS(Z),FP(Z),REL(I),NBt),Ia(X) ,AINIO0

PURCHS=PURCk+PURCHFOEVQ() .................................... AINIZZO
250 CONTINUE .. AIN1230
..... PURCHSmC1. 25D0*PURCHS FAC'I/lO00.O~wThtMJ MAIN124O
..... CALL IRNO (PURCHS) ..................................... .AINZ SO

PURCHS=PURCH1S*TKANU MAIN2260.. .. P RC S PU CH N~IA U .. ..... ........ :............. .................. .iI H1270C .ItZlZTO

C . THS SECTIO' ESTIMIATES .THE PROPORTIONAL DISTRIBUTION OF 'St .... .IIAIN80
C .... QUALITY GRAOES AB,S,1,2 AND BELOW ON A CARD ......... ... IAIN1290
..... EQA:O.1O ............. . . ........... kAIN1300
..... EQ8=: .0 O .................. .. ............. .......... .1..... . AIN1310
..... EQSI=O.0O ........... .............. ............................. IA1N1320
...... .Q. .=O. ......................................................... +AIN1330
..... EQCRO0.OO .AINl340
...... RA= . . . . .. AIN13SO

Do 260 Z:IN ... .. .. ....... .
..... IF (SCRN(I).LE.O.00) SCRNtI)=2.D0 ......................... .A1N1370.
.... CALL XQLTY (REL() ,OEVQ()3,EQAEQPEQBIEQSI, ,I ,SCI(I)) ....... "AlIH360
..... QOEV=QOEV+DEVQ( ) .... ........................................... IA1N1390
. - NG=QN64NS (Z)DEVQ(I) ............................................ IIA N1400
260 .. CONTINUE MAIN1410
...... FQA=EQA/QOEV .................................. .................... .AIN. 20 .
..... FQB=EQB/QOEV ................................. .... .............. HAIN1430
..... FQBl=EQBI/QOEV .. .. . . ........................... ......... AINH1 40

... FQSZ=E Q 2/QDEV *...... ... ......... .............. ............. AUIN145O
.... FQCO:EQCD/QOEV ....... A.......... .. ................ ......... tAIN1460

C .. AIN1470
C' THIS SECTION COMPUTES THE CREENiN fTEST ........ IADl480

SCRS:O.O ................ It 90

. DO 280 I2,N ........ .......... II SO
IF (SCRN(I).EQ.2.Do) 9O TO 270 MINS O

..... CALL XSCR EOEVQI),MEII),HOSI),NP(I),NGI),RATEEtRATPACIH,?IAAN1N2@
S1EW(I),SCREEN) "AIN1530

SCRSzSCRSSCREEN ................................................ AINZ 0
2.0 CONTINUE... ............................................. AINISO5.

280 CONTINUE IAI"iSSO
..CRS SCR /( .1000.D . ................ ................. .... .IAIN1S O

. .. CALL IRN (SCRS) M.I.. 1s
..... A L SCRS*T U .. ....... .. . ................................. RI [NIS

C THIS SECTION COPUTES TOTAL CAR .A tL COSTS #O THE ......... HAINZSZO
C .. TOTAL QUANTITY OF CARDS ... ................................ .. .... M1 N160

ASSYS=O.D .. ..................... .............................. AIN 1630
TCP=O.DO NAIN1640
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DO 290 I:3,NC.. MAIN1660
IF (W4i)l.LE.0.00) I(I)m1.00 . tAINIE.70
TCP=TCPCARD( I) M1AIN1680
CALL CASSY INDEVII)PNIAM(I~sCASSYS(l)) M AIN1690

. ASSYS:ASSYS.1.2SOOFACI*CASSYS(I*CAR1)I MAIN1700

C THE TOTAL QUANTITY OF CARDS. MAIN1730
QCARD=QCARD+CARO( I NIC(r I) AIN1740
QGATE=QGATE,(NLG( I .NOG(lI)WCAR( I MIN1750

....QA(I)=FQAtflE) MIAIN1760
CALL rRNO (QA(131 . ...... MAIN1770

.Q(Ii)=QB*NM#C(I I MAIN1780
CALL WHNO EQB(I)) . 1.1... AIN1790

Q82()=FQ2*NM~l) AIN1820

.CALL rRNo tQB2(IJ M1AIN1830

.XQB2(I )=(FQB2,FQCD*2.82266Z0 )*NMC( I M AIN1840
CALL lAND (XQS2(I)I 11ArN1850

.CALL CIRSO (NOE(I),G(.WN(I1I)(3) MAINI:7:

... IF (U(T).LE.0.500) "(I)=0.SDO ...... . ... .... MAIN1S90
CALL XLl tH(I)wRATEl,FACIMpCl) . MAIN1900

.CALL )CC2 (RATEP.FACIMC2) . .. lAIN1910

.CALL XC3 (RATE-.,FACIHC3).................... .........MAIN1920
...CALL XYS (NDEVtl),NNC(I)pYSEI)) .. .. MAIN1930

.CALL XYC (N1C(l)htInV(I)XQ2(1),NLG(I),M(I),YC(I)j.........AflN94O

.CALL PROD (C1,PC2,C3,YCEI),YS(Z),PRODF(l)) ...................... IAIN1950
MANAJS:PIANUS4PROOF I )*CARD( I) M1AIN1960
CARDS( I ):((PURCHS.SCRS h'QDEV )*NII(1I +1 . 25O*FAClif4CASSYS( I JPRODF( 1AIN1970
III. . . . . . . . .I.. . . .I. . . . . . . MAIN1980

i140 CONTINUE MAIN1990
.MAFS=MANSASSYSi .............. MAIN2000

... APIJSzMANJS/ElOOO.ODA0hAN) '' **............ - MAIN2010
CALL lAND (MIANUS) ............ MAIN2020
MANUS=MANUS*ThANU mArZ030

PRS:PIJRCHSNANUSSCRS 11AIN2040

C THIS SECTION COMPUTES MAJOR ' MAIN4TENANCE AND SUPPORT COSTS.....1AN2060

IIML:0.DO0 MAIN2070

MCERWL:.00 ........ AIN2090

RM3L0.0 MAIN2100

MCERML:.00 MAIN2120
iNCER5L:0O.DO MA1N2130
MCER6LzO .00 ..... ............ MAIN2140

.IF+(TO.LE.0D@ TO:8760.00 PlAIN21SO
IF (FC.LE.0.001 FC90.DOIAI26
0O 300 Iz1,NC ........ MAIN217O

....CAk.L XNCERI (NCI ,KTSPLCAROS(I3,CARO(IJT0,TRCF(ZJ.M(I),fCDJMAIN2180
1,R"lF,NlP3F .. . . . . . . . . . . .. . . . . . . . . . . . AIN2190
RMlL:AMLRMlF ..... . . . . . . .MAII12200

.. . . .. . . .
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HRMLNR~lLNHt1F MAflN2210
CALL XMCERZ (KAMI)KS(),CER2FJ.............. .................. MAIN2220
MCEP2L=MCER2L+MCER2F t1A1N2230
CALL XtICER4(CR()KOFX.()HZCACNLSIQI)IA2f0

lt1CER'4F) (CMAIIN2250AIHC(I,(JCNCRF

CALL XtICERS (CARO(II,TO,CF(Ih#W .), K1,KCARD, HMC5)' MAIN2270
.............................1AIN2280

tICER6L=tICER6LIICER6F . 1Afl42300
300 6 CONTINUE . tAIN42310

CALL X1ICER3 (HCDNE4,I1KI.KIR,KSIFAflt,R 13L,4RI13LI . . ... A1NZ32@
RtI1L=RPlLIIOO0.OO . MAIN2330
CALL IRtlD (RIlL) .. . AIN2340
HRMlL=NRtfIL/I000.DO MAIN2350
CALL IRNO (NRtIIL) .... . ilAIN2360
tICER2L:ICER2L11000.00 .............. ...... AI27
CALL IRND (MCER2L) MAIN2380
Rt13L=Rfl3L/l000 .00 . AIt42390
CALL WHOD (RM3L) "AIN2400
N. Ht13L=NRMi3L/1000 .00 PAIN2410
CALL IRNO (NHI3L? ... ... AIt42420
IICER4LztiCER4L/l000.66 . .INl2430

CALL IRNO (MCER4L) MAflN2440
"1CER5L=t1CERSL/200.0 . MAIN2450

.. CALL IRMO MtCER5L) . AIN460
flCER6L~fiCER6L/1Q00.D0 . AIN2470
CALL IRND (1ICEA6L) MAIN480

Y=S AIt42490

NRIII(Y)=NRtUL ...... AIN2S10
t1CER1IY)=Rl11tfl.HRhI(Y) ..... . . . . .. . . . . AN2520
PICER2(Y):tICER2L .. . . . . . . . . . . . . . . . . . . . . AU42 30
Rt13(Y)=Y*R3L "AIH2540
N4t13(Y)%NRM13L MAZNZSSO

~ER( ' ):.j( Y).NII3 Y.................................I. ....... II!2~
t1CERe.(Y)=IiCER4L*Y I AIH2S7O

.... CERS(Y):tiCERSL*Y . ...... .... *............. "AIN23OQ

t1CER6(Y)=Y*t CER6L.......
NROAS(Y)zNRI(Y).NRMl3tY)0ICER2(Y) HAXH2610

.. ASIY) =t1CERltY):NCER2(Y)t1CER3 Y ) ?iCER*( Y ). ER5(i V ) t R6(' .. MAI22 0

IF (Y.GE.15) GO TO 320 ... ....... I........ N12640
Y2-Y45 iAflN2650

30.*GO TO 310 ... . . . . . .tA42@

3 0 CONTINHUE .. . . . . . . . . . . .I. . . .. N.. . AII42670
. MAIN2680

C THIS.......................................... ............... MAIN2690
YRDTE=YPOTE-1980 ............ .... I2700
YMANUYflANU-1980 NAI710
YOAS=YOAS-1980 "AtN27t0
IYOAS--YOAS414............. ........................... "A!N2730
00 330 IPYROTE,IYAS....*....... .. ...................*.......... "AlN2740
ROTEI 1)20.00 .. . . . . . . . ..1 . . . . . . .. . . . . . .I!AItIZTS@



... .L.N V.Z) : O .'D O ... . . M A N 2 7 6 0

..... LOAS(Z ):0 .D .................. .............. .................... MAIH2770
330 . CONTINUE .... ........ .................................... A.......... MAIN2780
..... IF (ThOTE.EQ.0) 60 TO 350 ....................................... MAINZ2790
...... IYROTE=YRDTE+TRDTE-1 ............................................ AIN2800

00 340 I=YROTE,IYROTE ........................................... AIN28 01
ROTE(I)=RDTES/TRDTE ............................................. lAIN2820

340 CONTINUE .tAZN2830
350 .. CONTI9UE ......................................................... H1AZN2640

XYMAN=¥YANU+ThANU-1 ............................................. AINZ2850
..... O 360 I=YMANU,IYMAN .............................................. MAIN2860

LZNV( Z )( PRS )/TIANU M.AIH2870
360 .. CONTINUE . .. A................... ............................... AN2880

D..... 0 370 I=YOASIYOAS .............................................. I lAIH2890
LOAS(I)zROAS(15)/IS.DO.......................................... MAN2900

370 CONTINUE MAIN2910
LOAS(YOAS)=LOAS(YOAS)NROAS( 15M)HAIN2920
ROFAC=DLOG(1.00+RD) MAZN2930

..... TOTRAD=0 .00 ...................................................... MAZN2940

..... TOTINV:.00. .................................................... AZN2950
.TOTOAS:0.O0 ...................................................... ,AIN2960

..... TOTC:O .DO ............ I... ......... ...... ...................... MA N2970
..... TOTZ:O .D0 ......................................................... hIAI 2980
.. .TOTZAD:O.00 ... ....................... ...... .................... MIAZN2990
.. .. D 380 I=YRDTEPIYOAS ......... .................................... IAIN3000

CALL IRND (ROTE( )) ..................................... AIN3010

CALL lRND (LINV(I)) ............................................. MAIN3020
CALL IAND (LOASM)) .A..................HA1N3030

TOTRAD:TOTRAOROTE(I) ................ AIN300O
TOTINV=TOTINVLZNV(I) ......... ................. IAMN350
TOTOAS=TOTOASLOAS() ........................................... 1AIN3060

..... LTOTAL(I)-"ROTE(I),LINV(I)4LOAS(I) ................................ 1tAZN3070
..... CALL lRNO (LTOTAL I)) ............................................ "AIN3080

.TOTC:TOTCLTOTAL(Z) ............................................. AIN3090

.LRI(I):(1.DORI)**(i-YbTE A......................................tAIN3100

..... LD( ):LTOTAL( )WLR ( )........ ................. .... ....... IA 3110
..... CALL ZRND (LZO(I)) ........................... ................... MAIH3120
...... TOTZI:OT14LIO(Z) ................................................ A1N3130

...... LRO(K)=RO/(RDFAC*(1.DO RO)I*(Z+I )) ............................... NAIN3140

.L)LZO(I)OLRD(I) ............................................ MAZ13150
ALL. AlTOTZAD LDDO(I) ............................................. MAZN3160

380 ONTINUE..................................................... .AIN3180
..... YROTExYROTE1980 ................................................ HAIN3190

Y. M NU Y fANU 198 .................................................. MA N3200
..... YOAS:YOAS+1980 .................................... ........ ...... IAIN3210
C .. .... . .... ... .. . .. ..... ... ... ... .... .... . ... .. ..... .. H A IN 32 20

,-C THIS SECTION PRINTS THE RESULTS OF THE LCC STUDY. ................ AIN3230
WRITE (6,510 ) ...... N............................................. MAIN3240

..... WRZTE (6,450 ) ............................................. ' ..... HAI*3ZSO

..... WRITE (6,440) .AZN3260

..... WRITE (6,460) ROTESROTESRDTESPRSPRSPRSPiRCSPURCHSPURCNS,SA1N3270

..... CRS,SCRS,SCRS,MANUSHANUStANUS,OAS(5),OAS(10),OAS(IS),tCERI(S),CIIAIN3280
.ER1( 10 ), (CER1(1),ttCEA(US ) ,ICER2( 101 ),fCER2( 15) ,tCER3(5 ),CER3( 10) ,NAIN3290

.31CER3( 15) ,ICER4( S) ,HCER4( 10) ,IICER4( 15) ,?ICERS( S) ,ICERS( 103 ,tCER5( 1S1AIN3300
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4iMC.tR(5),MCER6(10IMICER6(15),TOTALC(5),TOTALC(1S),TO'TALC(15) .. A IN3310
...WRITE (6,470) . 1A1N33*0

I=YROTE-2980 .. MAIN3330
INOEX=YROTE ttAIN3340

30..WRITE ( 6,480) 1ND0EXRD0T E I), INW I),LO0A S I pL TOT AL I v L RI I).LID1 1MAIN3350
3),LRDIZ),LIDD(I) . fAIN3360

...IF (I.GE.IYOAS) * o TO.400 ..................... 0AIN3370
- ..I= 1+1 ... .. . . . . . . . . . . . . . . . . . N.. . . . . . AIN3380
.. .INDEX=INDEX,1 .. . . . . . . . . . . . . . . . . . . . . . . . . .1AIN3390

GO TO 390 H AIN*O
400 WRITE (6,490) TORDTTNTTAOCTOITTA AXN34IO

6O TO 80 .. . . . . . . . . .AIN3420

410 STOP .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . AIN3430
C .... "tAIN3440
420 FORMAT (//1X'.PRqOGRAM TERkINATEd DUE TO INSUFFICIEN . AA..X'TAN35

... ItIE NUMBER OF DISTINCT DEVICE TYPES AND THE WIMlER OF DISTINCT CARDNAIN3460

...............2 TYPES AREESSENTIALTO RUN THE PROGRAM.'/) ........... I......... MAIN3470
430 -. FORMAT 1//IX'PROGRAII TERMINTED DUE TO INSUFFICIENT DATA.-!1) ... ilAIN3480
4.40. FORMAT ,(4X,'COST ELE1ET',15X,'5 YEAS',7X,'10 YEARSo7X,'15 YEARS1AIN3490

1 ... x ----X,---------------------------------------------------------- MAIN3500
.2 -----------I) .. . IAIN3s1o

'450 FORMAT (42X*CONSTANT DOLLARS'/30XI'----------------------------- MAIN3SZO
I ----- 1) ...... tAMNS30

460 . FORMAT (1K, 'ROTAE' ,17X,3(F15.0)//1X, 'PRODUCTION' ,1ZX,3(FIS.0)/EX, ffAIN3540
IDEVICE PROCUREMENT' ,3X,3(FIS.0)/tX, 'DEVZCE SCREEN' ,8X#3(P15.0)/2X,AIN35SO
2'CARD ASSEMBLY' ,SX,3(F15.0)/1X, 'OPERATIONS & SUPPORT' ,2X,(F15.O)MA1N356@

...............3/1K, * SPARES' ,15X,3(F1S.0)/1X, * SUPPORT EQUIPiMENT' ,3X,3CF15.0i/1XNAIN357O
. ... 4,0 INVENTORY ENTRY' ,6X,3(FlS.0)/1X#. REPAIR LA8OR' ,9X,3(FlS.0)/lX,(1AIN3560

S' REPAIR MATERIALS' ,SX,3(FIS.0 i/IX9' ttAZN. TRANSPORTATION' ,1Xo3CFIfA1N359@
65.0)"/IX,'---------------------------------------------- r--------- MAIN3600
7 ------------- /1X,'TOTAL COST' .12X*31F15.0)/////).............AIN3620

470 FORMAT (1ZX, 'LCC SUMMARY DY FISCAL YEAR (THOUSAND~S +OF DOLLARS~) iHArN36t6
It--------------------------------------------------------A130
2 -------------------/1X,'FISCAL'#8X9'PROGRAtM PIASE'OXv'TOTAL'p6Xt'hAIN364@
3PRICE',3X,'lNFLATED',*X,'DISC.',6X,'TOTAL'/IX,'YEAR',5X,'RDTaE',4XMAIN3650
4*'PROD',6X,'OAS',4X,'DOLLARS',*X'INDEX',4X'DOLLARS''.X,'FACT.',6NAIN366
SXP'COST'/1X* ----------------------------------------------------- MAIN3670

6---------------------'/................................. NA1N3680
480 FORMAT C1Xi4,4(1XF8.0),3X,2(IXF?.3,2XF9.0)) ...... N AIN3A9O
490. FORMAT 1/IXt ---------------------- ------------------------------- AIN3700

I -----------------------------/IX,'TOTAL',4(F.01X)7XP1.5XF14A1N3710

500 FOMT(UX DT USED IN LCC ESTIMATE: i/30X,-66k PRdAM biMiAN37
1,/1, ------------------------------------------------------------ 11A1N3740
2 - - - - - - ------- ) ,.. I , . . . . .. . .. .NAAt437SO

510 FORM1AT l///22X, 'NC DEVICE IlIPACT ON LCC ATHOUSANDS OF DOLLARS) V1I0IAZN3760
It' --------------------------------------------------------------- AZN3770
-----2- ' ) . . .. I I AINST60

520 FORMAT .(1X,'N',I17,ISX,*'' F14.0,1SX,'KR',F15.2/1X,'NC'.I1A.1SX.'THAIN3T9@
13'*F13.0,ISXP'Kll'#FIS.2/IX,'FSTD',FI4.991X,*PL**F3.ttl5X,'KT'FIAI3800
25.2/1K, 'CMAX ,F14.2,15X, 'TO' ,F13.0,15X, 'UC' ,P1.t/IX, 'CINt,FZ*.2,NAZN3SZ@
315X, 'T ' ,F13.0 ,1SX, 'R ' ,F1S.2/1X, 'RATE'' P3. 2,1SX, 'PC' ,P13.@,SXtUMAZH6
4'RI',F1S.2/1X,'RATES',F13.2,1SX'0',F*.215X'YRDTE,112/X'AATIIAXWN30
51.'.sl,F13.2,ISXt'KI'PF13.ZPISX,'TROTE',I12/1X,RAT9'PF3.215X'KIR'fAI340

................F2.2,15X, 'YMANU' ,fl2/lX, 'RATE3' ,P13.3,1SX, 'KUI' ,F1Z.2,5X, 'ThALItI385O
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7',1.i/6X,YOAS',%I3) .tAiN3860

s30 FORMAT (3X,"',I2X,'NEMZX,'PiE",Z'X,f"0iS',2X,'DIG',2X,'ECL',3X,'FPtAN3870
1',SX'N', 7X, 'N,3X'P'3X 'EV*',4X,'REL',X,'SCRN ) "AIN38S0

S40 FORMAT (IX*,3.6(2X,F3.0),2(lX,F?.O),2X,F4.O,,X,F6.OZXF4.1,X,F4.MAIN3890
10) MAIN3900

56' FORMAT (3X,Il',2X'CARO*,2X,NOEVp4xC93, QA3XQ 'X,!QMAIN391O
.... 1B1',2XQ'92',2XQ'CD',4X,'NG' ,SX,'NLG,X,'NRA',2X,'N*,7X.'CF' .6MAIN3920

2X, 'KA' ,SX, 'KS' MAIN3930
60" "FORMAT (IX,13,1X,FS.OZ(IXF6.0),5(IXF4.0),2(1X,F7.0) ,X,F4.O,1XtMAN3940

IF4.2,1X,F. 7,2(1X,F6.0)) . MAIN39SO
70" FORMAT (//35X,MC DEVICE DATA/1X,'- -------- ----------------- MIN3960

1- ----------------------------------------------- I - -ATN3970
580 FORMAT (//3SX,'CARD DATA'/IX, ------------------------------------- 'AN3980

1------------------------------------------------------------- I AIN3990
590.. FORMAT (lX,'* TOTAL QUANTITY OF HC DEVICES.') . .............. AIN4000
600 FORMAT (IX,'* TOTAL QUANTITY OF CARDS.*/) MAIN4010
610 FORMAT (CX,NOTE: THE QUANTITY OF MC DEVICES AT THE DEVICE LEVEL DmAIN4020
... IDES NOT AGREE WITH THE QUANTITY OF MC DEVICES AT THE CARD LEVEL. hAIN,030
..... 2,'IX,'QTY 0 DEVICE LEVEL:1,FIO.0/1X,'QTY 0 CARD LEVEL:,F12.0///)MAIN4040
6aO FORMAT (IX,'NOTE: THE TOTAL QUANTITY OF GATES AT THE DEVICE LEVEL MAIN4OSO

IDOES NOT EQUAL THE TOTAL QUANTITY OF GATES AT THE CARD LEVEL. '/1X,MAIN4060
.'QTY 0 DEVICE LEVEL:' ,FIS.O/1X,Q'CTY a CARD LEVEL: , F17.0///) AINA4070
E..... AD MAIN408o

C THIS SECTION SUPPLIES THE SUBROUTINES FOR THE MODEL. FORMULATED XRDT 10
C .... DEFAULT CERS ARE IPLEMENTED WHEN PIECES OF INFORMATION XRDT 20
C .... ARE MISSING. CERS FOR THE MAIN PROGRA ARE .SUPPLIED .IN THIS XRDT 30
C .... SECTION.. ... ... .... .................. . ... . . . XROT 40
C XROT SO
. SUROUTINE XRTE .(NFSTDCRdTEF) *R.......ROT 60

C. TIS SUSROUTINE PREDICTS THE COST OF RDT&E FOR ............. XRDT 70
C ..... NEW OEVICES, RCER. . .................... . ....................... XROT 80

... IMPLICIT REAL*8(A-HJ-Z) ...... XROT 90
... RDTEF:=HOFSTDC .ROT 100

RETURN XRDT 110
..... END XRDT 120
..... SUROUTINE XPURCH IHEMDI,ECLPMOS,FP,R,NG,NbPURCHF) ............ XPUR 10C ..... THIS$ SUBR OUTINE PREDI][CTS THE .PURCHASE COST FOR ...... ............. XPUR 2 0

C .. ANY GIVEN DEVICE, PCER1. ...... .. XPUR 30
. I...PLICIT REAL*8fA-HJ-Z) ............. .... XPUR 40
... ITEGER X,Y,HC,H XPUR S0

IF ING.GT.O.O0) 06 TO 10 ..... .- ...... XPUR 60
..RG O .DO . . .. ..... . ..... . . .. . XPUR ..70

..... RB=R/NB ... . .... .. .... .. . ... . ....... .... .. XPUR 650
so TO 0 XPUR 90

10 RG:R ... XPUR 100
RBO.DO.. XPUR 110,

a... CONTINUE ............ XPUR la0
....... iF (MOS.LT.V.b0 k * 46 ........ .............30 XPUR 130

.IF (FP.LT.O.00) O 0 O0 XPUR 140

.IF (DIG.LT.O.DO) .O TO 50 XPUR 150

.TO 60 XPUR 160
30 Pt.MCHF:OEXP(0.2931200.1.699240*IIEH1 .6O55700*ECL-O.a379900*RG-9.2XPUR 170

19049009R) XPUR 180
RETURN ..... ..... . .... .. ............. .. ..... . XPUR 190 .

40 . PURCFuDEXP(0.9528DOOae ,.909671DOu*.tl .66450**ECL-3.003440iitO -O.XPUR a00

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



1238S;!0*RG-11 .35440DOO RB) .. ......... .... . . ................. XP- 220
RETU.4 XPUR 220

50 PURCHF:DEXPIO.02207001.8446100t1Et1.SS81600*ECL-2.665T1700MH050 .XPUR 230

16091DONFP-0.20841DO*RG-9.3l5.97DOWRB) ...... XPUR 240
RETURN XPUR 250

60 PURCHF:DEXP(O.52165O)0,.3819700tkEH-0.69142DODIGl.84202DOECL-2.XPUR 260
170211DO*MOS,0.56445DO*FP-O.22'443000RG-9.8324800*RB . XPUR 270
RETURN XPUR 280

END XPUR 290
SUBROUTINE CASSY I(NEV,4RAt,CASSYSi) CASS 10

C THIS SUBROUTINE COMPUTES CARD ASSEMBLY COST, PCER3 .............. CASS 20

IMPLICIT REAL*S(A-HJ-Z) ........ . .............. CASS 30
IF (NRAM.LT.O.DO) SO TO 10 .. ......... ......... CASS 40
CASSYS-5.91634DO N

D
EV

T
27

.S
72

0
1D 

*
NRA. CASS 50

RETURN CASS 60
10 CASSYSz6. 26267DO*NEV.. CASS 70

RETURN CASS 80
..... END CASS 90
.... S ROUTINE XSCR .(DEVQ HEIHOSNPtNGRATEE2 .RATET4,FACIH-NEMeSCREENXSCR '10

i1 I XSCR 20.
C ... THIS SUBROUTINE COMPUTES THE COST OF PERFORMING THE .............. XSCR 30
C ... SCREENING TEST PCER2. 90. ................................... XSCR ..40

. ..]IMIPLICIrT REAL*8S1A-HJ-Z) . . . . . . . . . . . . . . .. . . .... XSCR . 0
.. .IF (RATEEZ.LE.O.DO) GO TO ,90 ............. _........................ XSCR .60

I' IF (RATET4.LE.0.O0) GO TO 100 . . .TO XSCR 70
2 0 . .. IF .60.O1D)AO((PG.SD)AD(N.L.6D))G TO So XSCR .80
..... I[F ((NP.GE.O.DO).AND. tHP. LT.17.DO).AND.(NG.GE.10.DO).AND.(NG.LE.IOXSCR 90

.10.00)) 6O TO 30 .......... .................... XSCR i0o
IF (INP.GE.24.DO .AD.(NG.GE.100.D0)) SO TO .70 ................... XSCR '110
GO TO 50 XSCR 120

30... SCREEN=( .01917DORATEE2+.431DONRATET4)*DEVQ .XSCR 130

..... IF (NEW.Eq.I.DO) GO TO 40 ............ ....... XSCR 140
RETURN XSCR 150

40 .. SCREEN:SCREEN 20.D0 RATEE2 ....... . ........ .............. XSCR 160
RETURN ..... XSCR 170

50 SCREEN=( 0. O5417D0ORATEEZ+O.62100*RATETf413.7506*FACIM )*DEVQ.40.DO*XSCR 180

IRATEEZ ............ ..... ............... XSCR 190
IF (HEW.EQ.1.O0) GO TO 60 ........................................ XSCR 200
RETURN ........ .. ' XSCR .219,

60 1 SCR EE C .... ................................... XSCR .250

.RETURN . . ..T . .. .......... ... ..... ............... ..XSCR .0
70. SREE(.1 . 766iRATE 21 1i RAT T4'2.D*FA H)*DEV 160.00*RXSCR 40
80 ... R1ATEE2 .. .. ...... .... ..................................... XSCR Aso

.. .. IF (HEW.EQ.I.DO) GO TO 80 ................................. ....... XSCR 260
RETURN ... *.. . . ... .... ........ . .. . .. . .. . . ..... XSCR EV O

86 " CREEN=SCkEN IdO.D0OelRATEEi ........ .............................. XSICR Etoo

RETURN XSCR 290
_96 .RATEE2=43.7dO,*FCIk XSC 300

GO TO 10 . . ..... ................ .. ......... .......... XSCR 310
100 RATET4:35.DOOFACIM ............................................... XSCR 320

60 TO 20 .. .. .. . .... . . .. XSCR .330
END :. 3 0.. ........................... .. .. XSC 34
SUBROUTINE CTHRS (NDEV,HOG,WpHLGNICtH) .......................... CTHR . 10

C .... THIS SUBROUTINE IMPLEMENTS THE CARD TEST HOMS CER, H.. .......... CTHR . 20
..... IMPLICIT REAL8(A-HJ-Z) ...... ....................... ... CTHR ..30

.. . .. .. ..i il , . ... l~ l . .. ... " .. .. • " .. . il l, ,, ---B .. . . .-



IF tNLG.LT.0.D00 GO TO .10 C i:%R '.0
H=-0.29669D0,0.00000889O00wNDEViND6,*.999080*(.D-)0.051.O*NLCTHR 50

.1.983079D0*(NMC/NDEV)**2 CTHR 60
.RETURN.. .. ..... .. CTHR .70

10 .71t0000090*MVNG51780(.0W CTI4R 80
.RETURN CTHR 90
... .END . . . . .I. . . . . . T R .0

SUBROUTINE XCI (H,RATE1,FACI",Cl) . ..... ........ CH .10
THIS SUBROUTINE COMPUTES Clo WHIICH IS USED IN .... ..... XC1 10

C LATER CALCULATIONS...... XCI 30
.IMPLICIT REAL*8(A-HJ-Z).......X1 4

10 IF (RATEI.LE.0.DO) GO TO 20 ... xl s

20 RATEI=26.9O)0*FACI1 ............. .l80
GO TO 1 . .. ... . . .. XC1 90

.. .END .. . . . . .xC1 100
SUBROUTINE XC2 (kATE2,pFACIMtC2)... ........ XC2 10C THIS SUBROUTINE COMPUTES C2, WHICH IS USED IN ......... XC2 ..20

C.LATER CALCULATIONS. XC2 .. 30
.IMPLICIT REAL*8(A-H,J-Z) .............. XC2 40
.IF (RATE2.LE.0.DO) GO TO 20* .... XC2 S0

106. C2=RATE2*0.5DO . . . . . . . . XC2 60

.RETURN XC2 . 70
20 ..RATE2=26.9D0WFACIM .. . . . . . . . . . . . .. . . . . . . . . . .)CZ so8

.GO TO .10 XC2 90

....END . . . . . . . .. XC2 .100

.SUBROUTrI XC RAEFCM, XC3 .10

C.THIS SUBROUTINE COMPUTES C3, WHIC4 ISl USED IN LATER...*........... XC3.. 20
C .. .CALCULATIONS. .. . . . . . .. . . . . . .. . . . . . . XC3 30

IMPLICIT REALi(-,-Z)i 16............. .................. XC3 40
.IF ERATE3.LE.0.D0) GO TO 20... XC3 ... S0

10 C3:RATE3*0.2600 ................. ............. XC3. 60
RETURN .... * ... *XC3 70

20 RATE3:20.300*FACik XC3 80
60 TO 10 XC3 90
EljO . . . ... . . . . . . . . . . . . .. . . . .. XC3 .100
SUBROUTINE XYS (NDEV,NMCvYS) XYS 10

C fNI9 SUBROUTINE COMPUTES THE SYSTEMS TEST YIELD, YS... XYS 20
. ... IMPLICIT REAL8(A-NJ-Z) .... XYS30

.... Y5:0eXP(-0.00094O*NDEV-.0010W4O1C)*.. ........... XYS .40

RETURN XYS so5

....END N6WY)...XYS 60

- SUBROUTINE XYC tWHCPNDEV,(Q82,NL...,... XYC . 10
C ... THIS SUBROUTINE IMPLEMENTS THE TEST FRAIONAL YItELd CERP .YC. ... XYC 20

IMPLICIT REAL*8(A-HJ-Z) XC 3
IF (NLG.LT.0.D0) GO TO 10 .................... XYC 40

.YC=20**(-0.200400*(NC/NDV)-'.01460Ni~2-.012D@N6aC-0.144DXYC 50

RETURN XYC70

10 . RTR ......(- .3190M ........ ........................ ..........XYC 890

END XYC 100
SUBROUTINE PROD C1C,,CYSP OF . . I PROD 10

.... THIS SUBROUTINE PREDICTS THE MANUFACTURING COSTS ..... PROD 20
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C .... FOR ,,tY CARD TYPE, PCER4. ....................... ............ . PktLJ .30
IMPLICIT REAL*8(A-HoJ-Z) 0.....................................0... PRO 40
....PRODF:(ClC2YCC3(1 -YCY))/(YCNYS) .... PROD. 50

RETURN ........ ......... PROD 60
END PROD 70
SUBROUTINE XMICER1 (NC,1,XTSPL,CARDS,CARO,T,TTR,CF,,FC,O,J,RI1F,XrtCE 10

1NRMIF) x/tee 20
C THIS SUBROUTINE COMPUTES .THE IITIAL STOCK i IPPELINE .... .XMCE 30
C .. PLUS REPLENISHMENT CERt MICERI, XMCE 40

. IMPLICIT REAL*8(A-HK-Z) .XCE 50

. INTEGER X,N,NC XICE..60
IF (TS.LE.0.O0) TS=336.00 XIICE 70
IF (TR.LE.O.O) TR=1440.D0 XMCE 80
IF (D.LE.O.DO) D= .0500 ........ ...... XICE
IF (PL.LE.O.DO) PL=0.9D0 .......................... XICE l00

..... KC=CARDS .............. .......................................... XMCE .110
QC=CARD/ ............................ XtCE .120X=O XIICE 130

..... AxTS*QC*CF*(1.O0FC) VICE .140

..... PROB=PL**(I.DO/NC) . . ........................... .............. XMCE 150
. SUtM=DEXP( -A) )ME ,160
..... IF (SUM.GE.PROB) GO TO .30: ................................1 XCE 170
• .. .TERM=SU1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. XMtCE .180

Jl XU..................................................... lCE 2190
10 I.. TERM=TER OB(A/J) 60T2..... ........ ............. ......... XICE 200

. T ............ ...................... CE
.J=J+l ...................................................... XMCE 230GO TO IQ. )MIE 240

20 X=J .XCE 250
30 ... MtULTTOQCCF*(I.0FC) ................................. ..... CE 260

R. RMIF=W*NDULT*KC*1 ........ .. ...... XCE 270
... .NRMIF=M*KC*(X+(TR/8760.OO)NULT) ........ ........................ XMCE 260

RETURN ..... ... . . .. . ............ VICE 290
EtND ... ....... ... ...... . .. .. . XtCE .300

SSUBROUTINE XMCER2 (KAKSkCER2F) 'XJCE .0
C THIS SUBROUTINE COMPUTES THE SUPPORT E IPTMENiT C'R, HCeR. l XMCE 20
. IMPLICIT REAL*(A-HtJ-Z) .ICE 30
.... IF (KA.LE.O.D0 ) KA=0.00 ............ .. X CE .40
. IF (KS.LE.O.00) KS=0.O0 X1CE .. 50
. MCER2F=KA+KS XMCE 60
. RETURN ...... ........................................... XIMCE 70..... ~~~ ~ ~ E O . . . . . ... ............. . .................... X E. B

END .XICE 80
SUBROUTINE X? CER3 ,O TEENTKRY E N.. . . ..3)(CE .-10

C .... THIS SUBROUTINE COMPUTES THE INVENTORY ENTRY .CE 20
C OF SUPPLY MANAGEMENT CER. . .. . .. ............. ? 30

. IMPLICITE ....... ............ .XMCE 40

. INTEGER NNC ........ ..ICE .. 0
0 IF (KI.LT.O.00) GO TO 40 ... .... AMC[ .60
10 IF (KIR.LT.0.D0) GO TO 60 ......... )CE 70
20 IF (KSM.LT.O.DO) 60 TO 60 ..................... ........ CE 80
30 ... IF (KI.EQ.0.D0) KIRzO.O0 ....................... CE .90

IF R KIR.EQ.0.DO) K I=O.DO.. ....................... ........... CE 100
RM3L= (DNEWMNC1 3W)KIR*M*NWKS. . .................. mE 116

. 3L..... ..... ... (NEWNC KI ..... I .......... ... ... VICE 120
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RE ~ xH .. ... .. ... .. ... . . . . . . . ........... Ja E 13

40 ... KX=54 .OON FACIM . ................ ................................. X= E 140

GO TO 10 .. ..... . ........... ...... ......... XMCE 150
50 ... KIR=128.D0*FACIM .................... XMCE 160

60 GO TO 20 . XMCE 170

60... KSM=42.DO*FACIM . XMCE 180
GO TO 30 XMCE 190
END XMCE 200

... SUBROUTINE XMCER4 (CARDKR,TOCF,d,H,FCFACIM,NLGNDG,MCER4F) .. . XMCE 10
C ..THIS SUBROUTINE COMPUTES THE REPAIR.LABOR CER, MCER4 .. ........... XMCE 20

IMPLICIT REAL*8(A-HJ-Z) .XMCE 30

.IF (KR.LE.0.OO) GO TO 20 . ....................... XMCE 40
LF=I.SDO ... XMCE 50
IF (NLG.GT.NDG) LF=3.DO -. XKCE 60

10 .MCER4F=KR*TO*CARD k*CF*(O.E6O+LF*FC) ................. X11CE 70

RETURN XMCE 80
26 KR=20.00*FACIM XMCE 90

GO TO 10 XMCE 100
..... END. ... XMCE .210

SUBROUTINE XMCER (CARD,TOCF, ,KM,CAROS,MCER5F)................. XMCE 10

C THIS SUBROUTINE COMPUTES THE REPAIR MATERIALS . XMCE 20

C COST CER, MCERS . . .... .. ............ ... ....... . XtICE 30
IMPLICIT REAL*(A-HJ-ZI ... XiCE 40
INTEGER N,NC ......... XMCE 50
IF (KM.LE.0.O0) GO TO 20 XMCE 60

20 MCERSF=TO*CARD*W*CF*KM ............. XMCE 70
RETURN XMCE 80

20 KM%0.O5OO*CARDS XMCE 90
GO TO 10." XMCE 100
END XMCE 110
SUBROUTINE XMCER6 (CARD,WC,TO,KT,FACIMCF,I',FC,MCER6F) ........... XMCE 10

C THIS SUBROUTINE COMPUTES THE MAINTENANCE ....................... XMCE 20
C .. TRANSPORTATION COST CER, MCER6. ................. XMCE 30

IMPLICIT REAL*8(A-H,J-W) . XE 40

INTEGER NNC ........... XMCE 50
IF (WC.LE.O.00) WC=1.O0 XMCE 60

IF (KT.LE.O.DO) GO TO 20 XMCE 70
26 MCER6F=?.00*WC*TO*CARD*CF*W *(1.OO FC')*KT ............... ........ XMCE .80

RETURN XMCE 90

0 ". .. KT:0.5D0*FACI .
.  XMCE 100

GO TO 10. . XMCE 110
END XMCE 120

.SUBROUTINE XQLTY (REL,OEVQ,EQA,EQB,EQBI,E ,EQC,SCRN)..... XQLT 10
C .... THIS SUBROUTINE ESTIMATES THE QUANTITIES OF MC'S, XQLT 20
C QUALITY GRADES ASB1,82,AND BELOI FROM ....................... XQLT 30

C .... THE DEVICE RELIABILITIES. ....... ............................. XQLT 40
IMPLICIT REAL*8(A-HK-Z) XQLT 50

.... IF (REL.EQ.0.500) GO TO 10 .................................... XQLT 60
IF (REL.EQ.1.00) GO TO 20 XQLT 70

IF ((REL.EQ.3.000).OR.((REL.GE.6.5D0).AND.(SCRN.EQ.2.DO))) GO TO 3XQLT 80
10 . XQLT 90
IF IREL.EQ.6.SD ) GO TO 40 .. . XQLT 100
EQCD:EQCD+OEVQ XQLT 110
RETURN XQLT 120

10 EQA=EQA+OEVQ ..... .... . XQLT 130
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RETURN . QLT 140

RETURN XQLT 160
30 EQ1lEQBIDEV4 ........... ...... XQLT 170

RETURN XQLT 180
40 .EQBZEQB2*DEVQ .... .......... XQLT 190

RETURN XQLT 200
END XQLT 210
SUBROUTINE 11R4D (A)'* IRNO 10

C THIS SUBROUTINE ROUNOS, THEt 'M6 ES 46E TO HE NEAREST 'INTEGEFR. IRNO) 20
REAL*8 APB .. . . . . . . . . . . . .IRMO 30
IRNOS=A IRNO 40
B=OFLOAT( IRNDS) IRNO 50
IF (A-B.GE.0.500) IRNOS:ZRNDS,1 IRNO 60
AZOFLOAT(IRNBS) *. IRNO 70
RETURN IRNO 80

END . . . . . . . . . . . . . .. . .. . . . .IRNDO 90
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