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NOTE OF TRANSMITTAL

The SEASAT Economic Assessment was performed for the
Special Programs Division, Office of Applications, National
Aeronautics and Space Administration, under contract NASW-2558.
The work described in this report began in February 1974 and
was completed in August 1975.

The economic:studies were performed by a team con-
sisting of Battelle Memorial Institute; the Canada Centre for
Remote Sensing; ECON, Inc.; the Jet Propulsion Laboratory; and
Ocean Data Systems, Inc. ECON, Inc. was responsible for the
planning and management of the economic studies and for the de-
velopment of the models used in the generalization of the re-
sults.

The SATIL 2 program has been developed to assist with
the programmatic evaluation of alternative approaches to estab-
lishing and maintaining a specified mix of operational sensors
on spacecraft in an operational SEASAT system. The program en-
ables the assessment of the effects of operational requirements
and reliability (spacecraft buses, sensors, and transportation
systems) on the time phased costs of alternative approaches.

The SATIL 2 program is specifically designed to allow for the
explicit consideration of reliability and cost uncertainties.

In order to perform this evaluation, the launch systems and
spacecraft (buses and sensors) are considered in detail from

the points of view of the major sub-systems reliability and
costs. All costs are treated as uncertainty variables where
ranges of possible values are considered as well as subjective
estimates pertaining to the form of "the uncertainty (the proba-
bility distribution) within the range. As a result, the program
develops a set of probability distributions associated with costs
and events (i.e., number of launch attempts, etc.) as functions
of time and the probability distribution of the present value

of total recurring costs.  All of the results are based upon an
optimization of the mix of sensors, spacecraft buses, and trans-
portation systems and launch schedules in order to meet the sen-
sor demand function:

Although the SATIL 2 program was developed to' assist
in the evaluation of the casts of operational SEASAT system
alternatives, the program is general and can be used for the
evaluation of the costs of any proposed geocentric satellite
system. . B
The SEASAT Users Working Group (now Ocean Dynamics
Subcommittee) chaired by Dr. John Apel of the National Oceano-
graphic and Atmospheric Administration, served as a valuable 4
source of information and a forum for the review of these studies.
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Mr. S.W. McCandless, the SEASAT Program Manager, coordinated the
activities of the many organizations that participated in these

studies into the effective team that obtained the results de-~
scribed in this report.

The SATIL 2 mathematical model, its structure, and
computational procedures were developed by Joel S. Greenberg
who also authored this report. B.P. Miller assisted in the
formulation of the problem and the structuring of the model.

Programming was performed by Michael Silverman and Philip Abram
implemented the linear programming algorlthm.
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1.

OVERVIEW OF THE ASSESSMENT

This report, consisting of ten volumes, repre-

sents the results of the SEASAT Economic Assessment, as

completed through August 31, 1975. The individual volumes

in this report are:

Volume
Volume

Volume

Volume

Volume

i
Vo lume

Volume

{

Voldme

Volume

Volume

I
II

kIII
Iv
v
Vi
VII

VIII

Summary and Conclusions
The SEASAT System Description and

Performance
Offshore 0il and Natural Gas Industry -
Case Study and Generalization

Ocean Mining - Case Study and Generali-
zation T

Coastal Zones - Case Study and Generali-
zation :

Arctic Operations - Case Study and
Generalization

Marine Transportation - Case Study and
Generalization

Ocean Fishing =~ Case Study and Generali-
zation | S

Ports and Harbors =- Case Study and Gen-
eralization o

A Program for the Evaluation of Opera-

tional SEASAT System Costs.

Each volume is self-contained and fully documents

the results in the study é;éa corresponding to the title.

Table 1.1 desﬁribes the'cénﬁenﬁuof eaCh volume to aid readers

in the selection of material that is of specific interest.

The‘SEASAT Economic Assesshen;»began:during Fis~-

ca; Year 1975.

The objectives of the preliminary economic

assﬁéément,:conducted during Fiscal Yeér'l975, were to identi-

tfy thé uses and uéefs of the data thatzcouid be produced by

an operational SEASAT system and to provide preliminary esti-

mates of the benefits produced by the applications of this
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rtable 1.1:

No. Title

content and Organization of the Final Report

Summary -and Conclusions

The SEASAT System

Description and Per-
formance

Ooffshore 0il and

Natural Gas Industry-

Case Study and Genexr-
alization

Oc¢ean Mining - Case
Study and General-
ization

Content

A summary of benefits and costs, and a statement of the
major findings of the assessment.

A discussion of user requirements, and the system concepts
to satisfy these requirements are presented along with a
preliminary analysis of the costs of thcse systems. A
description of the plan for the SEASAT data utility studies
and a discussion of the preliminary results of the simula-

tion experiments conducted with the objective of guantifying
the effects of SEASAT data on numerical forecasting.

The results of case studies which investigate the effects of
forecast accuracy on offshore operations in the North Sea,
the Celtic Sea, and the Gulf of Mexico are reported. A
methodology for gencralizing the results to other geographic
regions of offshore o0il and natural gas exploration and de-
velopment is described along with

an estimate of the world-
wide benefits.

The results of a study of the weather sensitive features of
the near shore and deep water ocean mining industries are
described. Problems with the evaluation of economic benefits
for the deep water ocean mining industry are attributed to
the relative immaturity and highly proprietary nature of the
industry.

s



Table 1.}: Countent and Organization of the Final Report

{continucd)

Volume No.

Title

Content

A\

vVII

VIIX

IX

Coastal Zones - Case
Study and General-
ization

Arctic Opcrations -~ lase
Study and Generalization

Marine “Transportation-
Case Study and General-
ization

Ocean Fisliing -~ Case
Study and Generaliz-
ation

Ports . and lHarbors - Case
Study and Generalization

A Progqram for the Evalu-
ation of Operational
SEASAT System Costs

The study and generalization deal with the economic losses
sustained in the U.S. coastal zones for the purpose of
quantitatively establishing cconomic bencfits as a conse-
quence of improving the predictive quality of destructive
phenomena in U.S. coastal zones. Improved prediction of
hurricane Yandfall and improved experimental knowledge of
hurricane seeding are discussed.

The hypothetical developwent and transportation of Arctic
0il and other resovrces by ice breaking super tanker to

the continental East Coast are discussed. SEASAT data will
contribute to a movre effective transportation operation
through the Arctic ice by reducing transportation costs as
a consequence of reduced transit time per voyage,

A discussion of the case studies of the potential use of
SEASAT oceaw condition data in the improved routing of dry
cargo ships and tankers. Resulting forecasts could be
useful in routing ships around storms, thereby reducing
adverse weather damage, time loss, related operations costs,
and occasional catastrophic losses.

"The potential application of SEASAT data with regard to

ocean fisheries is discussed in this cdase study. Tracking
fish populations, indirect assistance in forecasting expected
populations and assistance to fishing fleets in avoiding
costs incurred due to adverse weather through improved ocean |
conditions forecasts were investigatedn

The case study and generalization quantify benefits made
possible through improved weather forecasting resulting
from the integration of SEASAT data into local weather
forecasts. The major source of avoidable cconomic losses
from inadequate weather forecasting data was shown to be
dependent on local precipitation forecasting.

A discussion of the SATIL 2 Program which was developed to

assist in the evaluation of the costs of operational SEASAT
system altermatives. SATIL 2 enables the assessment of the
effects of operational requirements, reliability, and time-
phased costs of alteranative approaches.




data{* ‘The preliminary economic assessment identified large
potential genefits from the use of SEASAT-pzoduced data in the
areas of Arctic operations, marine transportation, and offshore
0il and natural gas exploration and development.

During Fiscal Year 19276, the effort was directed to-
ward the confirmation of the benefit estimates in the three
previousiy‘identﬁfied major areas of use of SEASAT data, as
well as the estimatioﬁ of benefits ;n additional application
areas. The confirmation of the ben;fit estimates in the three
major areas of applicatién was acéomplished by increasing both
the extent of user involvement énd the depth of each of the
studieé; Upon completion of this process of estimation, we have
concluded that-éﬁbstantial, firm benefits from the use of oper-
ational SEASAT data can be obtained in areas that are extensions
of current operations such as marine transportation and cffshor;
0il and natural gas exploration and development. Very large’
potential benefits fromvthe'use of SEASAT data are possible in
an area of operations tﬁat is now in the planning or conceptual
stagg;~namely the,ﬁéansportation of o0il, natural gas, and other
Fesources by'surfacé’ship in the Afctic’regions. In this case,
the bgnéfits are dependent upon the rate of development of the
resources:- that are belieﬁed to be in £he Arctic regions, and
also dependent upon the choice oé surface transportation over

pipelines as the means of moving these resources to the lower

N ,
SEASAT Economic Assessment, ECON, Inc., October 1974.



latitudes. Our studies have also identified that large
potential benefits may be possible from the use of SEASAT
data in support of ocean fishing operations. However, in
this case, the size of the sustainable yield of the ocean
remains an unanswered question; thus, a conservative view=-
point concerning the size of the benefit should be adopted
until the process of biological replenishment is more
completely understood.

With the completion of this second year of the

SEASAT Economic Assessment, we conclude that the cumulative

gross benefits that may be obtained through the use of data

from an operational SEASAT system, to provide improved ocean

condition and weather forecasts is in the range of $859

million to $2,709 million ($1975 at a 10 percent discount

rate) from civilian activities. These are gross benefits

that are attributable exclusively to the use of SEASAT data
products and do not include potential benefits from other
possible sources of weather and ocean forecasting that may
cccur in the same period of time. The economic benefits

to U.S. military activities from an operational SEASAT sys-
tem are not included iﬁ these estimates. A separate étudy
of U.s. Navy applications has been conducted under the
sponsorship of the Navy Environmental Remote Sensing Coor-
dinating and Advisory Committee. The purpose of this Navy
study was to determine the stringency of satellite oceano-

graphic measurements necessary to achieve improvements in



military mission effectiveness in areas where benefits are
known to exist.* It is currently planned that the Navy
will use SEASAT-A data to quantify beqefits in military,
applications areas. A one-time military‘benefit of approx-
imately $30 million will be obtained by SE?SAT—A, by pro-
viding a measurement capability‘in suppoft of the Depart-
ment of Defense Mapping, Charting and Geodesy Program.
Preliminary estimates have been made of the costs
of an operational SEASAT prégfam that woula be capable of
producing the data needed to obtain these benefits. The
hypothetical operational program used to model the costs of
an operational SEASAT system includes SEASAT-A, fciiowed by
a number of developmental and operationgl demopstration
flights, with full operational capability commencing in
1985. The cost Qf the operational SEASAT system through
2000 is estimated to be about $753 million ($1975, O per-
cent discount rate) which is the equivalent of $272 million
($1975) at a 10 percent discount rate. iiﬁ shogld be noted
that this cost does not include the cdsts of the program's
unigue ground data handling eguipment needéd to process,
disseminate or utilize the informatibn produced from SEASAT
data. Figures 1.1 and‘i.z iilustrate the net cumulative .

SEASAT exclusive benefit stream (benefits less costs) as a

* .
"Specifications of Stringency of Satellite Oceano-

graphic Measurements for Improvement of Navy Mission
Effectiveness.” (braft Report.) 'Navy Remote Sensing
Coordinating and Advisory Committee, May 1975.
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function of the discount rate.

This volume describes a mathematical program called
SATIL 2 which hés‘been developed tqraid in the programmatic
evaluation of alternative approachés to establishing and
maintaining a specified mix of operational sensors on space-

craft in an operational SEASAT system.
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2. INTRODUCTION

The evaluation and comparison of alternatives which
are based upon technologies in various stages of research,
development, design, and use should take into account not only
expected cash flows and present values, but should also take
into account the associated levels of risk. Risk may be
characterized as the probability that pertinent evaluation
measures exceed specified values. Major contributors te'risk'
are system unreliability, performance uncertainties, and cost
uncertainties.~;Becadse of the netmally complex interactions
between performance, reliability,‘and cost; it is desirable-
to consider these factors simultaneously when establishing
the probability distributions of measures such as annual cash
flews and present vaiuegof cash flow.

This report is concerned with the documentation of
the SATIL 2 program which computes the probablllty distribu-
tions of events (i.e., number of launch attempts, number of
spacecraft purchased, etc.), annual recurring cost, and
present value of recurring cost. This is accomplished for
the specific mission of placing a mix et sensors'inverbit in
an optimal fashien inorder to Satisff a specified sensof
demand function." The eptimization is based upon selecting
the mix of spaceeraft buses . (the platform consisting of the

basic housekeeping and support functions upon which the

OF THE
ODUCIBXL ITY O .
%gggmm PAGE IS POOR
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sensors’ are mountéd), sensors and launéh.schedule which mini-
mizeé the éresent value of Qatisfying the specified sensor
demand (as a function of time) requirements. The SATIL 2
program models the interactive effects of reliability,
performance, and coét.

This report consists of a srief‘overviéQ Sf‘the
methodology: for evaluéting‘altérnatives‘which expliqitly;'
takes into account reliability and cost uncertainties and
develops quanfitative risk measures. T@e methodology makes

possible the comparison of alteinativeszwith the explicit

consideration of risk. The methodology also allows an

economig Qaiue to be established for changes in requirements
and/or capabilities. For example, the economic value of
subéystem reliability improvements can be assessed and can
be of considérablerimportance when making reliability
allocations.

SATIL 2 is intended to work wiéﬁ a data set which
descfibes the opgrational SEASAT system requirements  and
alternatives. Be@ause of time const?aints, it was not
possible tb develop: a SEASAT data sef du%ing this phase of
the work. The development of a SEASAT déta Set and the use

of SATIL 2 to evaluate the costs of operational SEASAT

‘alternatives is planned for a subsequent effort during

FY-1976. However, to demonstrate thée methodology and the

capability of the SATIL 2 program, the economic consequences
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of unreliability are considered for a hypothetical space
mission requiring the emplacement and maintenance (for an
extended period of time) of a system of eartﬁ observation
sensors in geobentric érbits. The demand for sensors may be
sat%sfied by utilizing different spacecraft types, each with
a different mix of on~board sensors and each requiringka
different transportation system capability. rThe objective
is to select that mi# of spacecraft and launch schedule which
provides at least the desired sensor demand and which mini-
mizes the present §;lue of the costs. Reliability plays an
important role in this analysis since the number of sensors
which must be placed in orbit each year depends upon those
which were placed in orbit iq%previdus years and are no
longer operational. The hypothétical.example illustrates an
assessment of the effects of operatiogal reguirements, per-
formance capability, and reliability (spacééraft support
subsystems, ;ensors, and ali pertinent'operaﬁional aspects
of the transportation systems) on the time phased costs of
alternative approaches. It also illﬁétrates how theiimpact

of technology improvements, reliability variation, and their

combined effects can be evaluated by considering the preéent

value probability distributions.
The value of reliability improvement and/or tech-
nology improvements can be established as the change in the

present value of recurring costs with and without the
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improvements. The value of risk reduction through both
reliability improvements and operational capability is also

discussed.

2.1 Uncertainty, Risk, and Decision Making N

A typical problem confroﬁting decision ﬁakefs is to
determine the cost, present value, etc., of alternative ways
of satisfying a mission requirement and, thence, to select
that alternative which minimizes a performance measure such
as total cost, present value, etc. Since, in the aerospace
industry, the decision is usually concerned with selecting an
alternative from among a set of alternatives which utilize
different technologies, are in various stages of planning,
research, design énd development, different levels of uncer-
tainty, and hence, risk exists. The comparison and selec-
tion of_the.variéué alternatives should consider the different
levels éf“risk. The addition of the risk dimension is
illustrated in Figure 2.1 and implies the consideration of
reliability and cost»and performance uncertainties.

The economic analysis of space programs involves
cash flow patterns that occur o&er several (n) years; thus,
it is desirable to prgsent the results of economic analyses
(whicﬁ‘gombine the interactive effects of perforhahce, cost,
and mission requiréments) in terms of the present value of

costs.  The present value, which explicitly takes into
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account the magnitude and the timing of the cash flow patterns,
is defined as the summation of future annual costs discounted

to the present and is given by

PV =

N

. c
1
[1+(r/100)]%

i=1

where PV=present value of cost, Ci=cost in the ith year, and
r=discount rate (%) or cost of capital.

The costs entering into the above equation, however,
are not deterministic quantitiés. Variations in the yearly |
costs, Ci,boc;ur because of the uncertainties in predicting
future item (or per event) costs and due to the uncertainty
both in the number of events necessary %o perform the desired
program and the‘timé éf occurrence of theée'eventg.' Thus,
the present value of costs must also be characterized by a
probability distribution. The probability of present Value
exceeding a specified level is the area under the probability
density curve ‘for all values greater thén the spgcified
lével.and is henceforth referred to aé:a risk profile.
-Typiéal risk prggiiES-of_present value:aré shown in;Figure 2.2
Wherevtherprobabilit§ or éhance, p, of exceeding the various
levels of present value, ?V,»is indicated. In general, the

steeper the curve, the lower the risk (or variabilify).. When

comparing alternatives, it is important to compare the
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expected or most likely present values. It is equally impor-
tant to also compare risk levels [1-4].*

Figure 2.2 illustrates the risk profiles of present
value for two hypothgtical alternatives, A and B. It should
be noted that the expected, median (p=0.5), or most 1ike1y**
Present values of the two alternatives are equal. A decision
maker performing a traditional analysis usually evaluates only
the most likely present value. To this uninformed decision

maker, alternatives A and B "look alike".

p

005 e e e o e e ot eme e e e e e e S e

Probability of Exceeding
Indicated Present Value,

\

\--"‘9-'

Ty

Present Value of Costs, PV

Figure 2.2 Risk Profile of Present Value

* . N
Numbers in brackets refer to references.

* & : ) :
Since present value probability distributions generally
tend to be normal, the expected, median, and most likely
values are approximately the same. , : :
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In the certainty situation, it is generally desir-
able to select the alternative which yields the minimum
present value of costs when all alternatives are evaluated
on an equal capability* basis. When present values are egual,
the choice is immaterial. The selection process becomes more
difficult when uncertainties are considered; tradeoffs must be
made between alternatives possessing different expected pre-
sent values and associated levels of risk. When the risk
dimension is available, Alternatives A and B are found to be
quite different. The risk associated with Alternative A is
greater than that of Alternative B. Thus, a conservative
decision maker** would normally select Alternative B, provided
that other unquantified pressures to select Alternative A do
not exist.

Generally, one can identify many alternatives that
must be compared for selectién of”the best one. The problems
of coﬁparison are éased‘somewhat by the fact that the proba-
bility distributions of the present value of costs are usually
very nearly normal. Thus, the distributions can be fully

characterized by their mean, m, and standard deviation, 0, and

* -
- Equal capability is defined as providing the same level
of service.

* % . E
Conservative in the sense that risk aversion preferences

are evident.
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each alternative can be represented by a point on the m-o
plane. An example is illustrated in Figure 2.3. Here,
Alternatives 1 and 2 have the same level of risk (i.e.,
01=02), but the expected PV of the cost of Alternative 2 is
greater than that of Alternative 1. Therefore, Alternative 1
is preferable to Alternative 2. In a similar manner, it can
be argued that Alternative 3 is preferable to Alternative 4.
Also in a similar manner, Alternative 3 is preferable to
Alternative 1, since both have the same expected PV, but

*
Alternative 1 is riskier. This process can be continued

X

o \ x
. \ X
z X X X

\
“ \ '1 lz
5 N I I
e} X
ol ~ l ' X
p N X 3 4
‘;——————~~—-—\—<-—X————X|——_——
a \\J |
o ON
¥ Frontier of ;//T/ ~ | X X
g "Best" Alternatives | ~\j -~ -
T~
0 | L

Expected PV, m

Figure 2.3  General Problem of Decision Making
Under Uncertainty

N :
This assumes a rational risk averse decision maker.
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with all alternatives being considered. In the limit, it can
be seen that a frontier of "best" alternatives can be estab-
lished. Each of the points or alternatives represented by the
frontier are different in the respect that the risk and ex-
pected PV are different. The class of best alternatives has
thus been obtained and the "best" alternative can then be
selected based on the decision maker's risk judgment. That

is, the decision maker must decide what the tradeoff is be-

tween a reduction in expected PV of cost and an accompanying

increase in risk.

The risk judgment may be purely intuitive or it may
be based on a guantified utility function [5,61]. In each case,
the tradeoff bet&een expected rewards and risk is made explic-
itly clear to the decision maker.

It is clear from Figure 2.3 that the economic value

of pursuing Alternative 1 relative to Alternative 2 is m_-m

2 1
and Alternative 3 relative to Alternative 4 is m,-m,. Thus,
one could afford to spend up to an additional amount mz-ml on

non-recurring costs in order to achieve Alternative 1 and
still be better off than with Alternative 2. Considering
Alternatives 1 and 3 with equal expected present value of
costs, the value of Alternative 3 relative to Alternative 1
is clearly associated with risk reduction and can be assessed

either intuitively or by developing utility functions. Again,
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one can afford to spgnd an additional amount of up to this
established value on non-recurring costs to achieve Alter-
native 3.

The following paragraphs are concerned with the
methodology incorporated into the SATIL 2 program for estab-
lishing the annual cost probability distrib;tions in terms of
reliability and cost uncertainties and éstablishing the PV

probability distribution.

2.2 The SATIL_2 Methodology (Overview)

Because of the complex interactions of performance,
reliability and cost, the methodology [7,8,9] for evaluating
the annual cost‘and present value probability disﬁributibné
is based upon Monte Carlo simulation modeling technique; {101].
Specifically, a simulation model has been develqped‘to assist
with the programmatic evaluation . of alternative.approaches to
establishing and maintaining a s?ecified desirea mix éf
operational sensors on spacecraft in geocentfic orbits;’ The
program enables the assessment of the effects of operational
requirements: and reliability (spacécfaft support subsfstems,
sensors, and transportation systems)von the time phased costs
df alternative approaches to satisfying mission requirements.
The program is specifically designéd to allow for the expiiéit
‘cohsideratioh'qf-reliability and cost uncertainties. In ordef

to perform this evaluation, the launch systems and spacecraft
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- .
(support systems and sensors) are considered in detail from
the points of view of reliability and cost. All costs are
treated as uncertainty variables where ranges of possible

values are considered as well as subjective estimates pertain-

ing to the form of the uncertainty (the probability :distribu-

tion) within the range. The input to the program consists
primarily of a set of numbers which describes tﬁe demand for
various operational sensors in orbit as a function of time,
the mix ofr%ensbrs availablekperéspacecraft typé; the'tfans-

- i : : : .
poitation system to be used fot each spacecraft type as a
function of time, spacecraft subsystem, sensor and transpor-
tation system reliability, spacecraft and tragspo;tatiqn
system costs inpluding éxplicit quantitative uncertainty
asSessméﬁts and cost learning rates, The output from the
simulation program consists of a set of probability distri-
butions associated &iﬁh costs and éeévents (i.e., number of
launch attempts,‘etc.) as functions of time and the proba-
bility distribution of the present value of total recurring
cost.

The reliability, uncertainty and risk assessment

capability embodied in the simulation model allows - for:

* ! .
The group of support systems is frequently referred
to as the spacecraft bus. '
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® the specification of the mix of operational
seﬁsors required in geocentric orbits as a
function of time;

e the consideration of multiple spacecraft which
are defined in terms of the reliability of
the major support subsystems, the mix of on-
board sensors and their reliability and
5p;cecraft cost;

e the consideration of spaéecraft subsystem and
sensor failure models which allow for both
random and wearout failures;

e the specification and éonsideration of multiple
tragsﬁortétion systems which may consist of
current or new expendables or the space shuttle.
The transportation systems may also include (as
neceséary) orbit-to-orbit shutties or propulsion
modules (for example, Agena, Centuar, Space Tug,
etc.) . The propulsion médules may‘be expendable
or reusable'énd may be uséd for plaéing space-
craft in orbit and retrieving spaéecraft which
fail-;nd require replacement. The specification
of the trapsportaﬁion.systems inciu&é cost ahd
reliability asséssments. Reliability is

considered at ' the major subsystem level;
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iR sy el e

° the specification of transportation systems to
be utilized for placing different spacecraft
into orbit as a function of time. ’Changing
the specification of transportation system-
spacecraft assicnment as a function of time

allows performance capability (such as

allowable mission modes and reliability)

and cost variations to be considered;

e the explicit consideration of multiple time
periods, thus allowing for annual costs
to be established;

e the consideration of cost learning curves
and

e all costs to be treated as uncertainty

variables.

The simulation model, taking'into acccunt the‘
required number of sensors as & function of time, number
of operational sensors in orbit (as determined from space-
craft subsystem and sensor reliability characteristics) and
spacecraft..and launch costs, determines a near-optimal mix
of spacecraft launches as a%function of time. Since the
simulation is based upon ﬁohte Carlo techniqaes, it is
possible to establish:the probability dist;ibutiohs of
pertinent performance measures which ‘allows alternatives

to be compared by considering both expected values of
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performance measures and the chance of variation (i.e., the
risk) of the values of the measures. Speéifigally, the
simulation model establisheé the probability diséributions of:
e pertinent quantities by year (for example,
numberrqf 1agnch attempts, nuﬁber of space-
craft required, number of propulsion
/ modules required, number of propulsion
module refurbishments, etc.);
e launch, spacecraft, and total costs by space-
craft type and by year and

e present value of recurring costs.

The basic structure of the simulation model ié
illustrated in Figure 2.4 and is typical of that required to
evaluate service—type* of missions. The overall simulaéi;n
model consists of a numger of submodels, namely a Unit Coét
Model, Sensor/Spacecraft Reliability Model, Demand/Scheduling
Model, Operational Analysis Model, and an Annual Cost Model.

Each of these are described briefly below.

Unit Cost Model: The Unit Cost Model establishes

the cost associated with each of the cost incurring events.

* :
Those missions requiring an establishment and main-=

tenence of service (for example, remote sSensing of
earth resources, ocean surveilance, etc.).
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That is, it estabklishes the initial cost per launch, propul-
sion module refurbishment, spacecraft bus purchase, etc. The
costs are gstablished once for each Monte Carlo simulation run
and are basically first unit costs. Future costs take into
account learning effects and are discussed in the Annual Cost
Model,

Recurring cost uncertainties arise from the diffi-
culties of predicting the cost of producing an item before it
has been designed. An overall economic analysis must be
concerned with these uncertainties. The problem is how to
guantify uncertainty. This requires that informed estimates
be madé of the rénges of uncertainty of key cost variables
and their probability distributions within the range. The
estimates of uncertainty might be made, for example} at the
CER (cost estimating relationship) 1level or‘théykmight be
made at the unit cost level. The uncertainty assessments
{4,11] can be made by individuals with the assistance of an
experienced analyst or they can be made by an experienced
gfoup of analysts using:Delphi-type'techniques. The estimates
are very subjective in nature and quantitatively express the
attitudes regarding the uncertainties. The estimates reflect

past experience Qith similar efforts, problems which have

been encountered in the past, insights into problem areas

which might develop, etc.
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A methodology for establishing the shape of the cost
certaintyrprofiles is illustrated in Figure 2.5 and has. been
employed invmany previous risk analyﬁeé. The fifsf step is
to establish the range ;f unit cgst uncertainty based on
knowledgeable persons assessing»&ﬁat can QB right:and what
can go wrong. The rahgé isgthen divided into five equal
intervals and a relative raﬁking of the likelihood of the
cost variable falling into each of ﬁhe intervals is performed,
The general shapek(skewed left, skewed right, central,retq.)
of the‘uncertainty profile is thus éstab;ished. The next
step is to establish relative values of ﬁhé~chance of falling
into each of the intervals. For example, in the illustgation,
the chance:of falling into the fir;t interval is estimated
to be half as likely as falling into the second interval.

This is repeated for each in?erval relative to the previously
considered interval;‘ The last step is to solve the‘illus-
trated eqguation for the guantitative values by substituting
the data from»the brevious step.

Iqrorder to simplify thiswprécedure, a large number
of typical ﬁncertainty profiles are stored in the computer.
The evaluatér‘may thus Simply spééify the range of uncertainty
(minimum and maximum Valués) an@ tﬂé namé of the auncertainty
profile which reasonably repreéeﬁts his feelings, If none
of the stored profiles is sﬁitable, then the previously

described procedure may be followed.
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The Unit Cost Model is based upon the above method-
ology. The Unit Cost Model employs minimum and maximum cost
estimates and the associated uncertainty profilés (probability
distributions) and random sampling techniques to determine the
unit costs which are to be used for each of the Monte Carlo
simulation runs. N

Sensor/Spacecraft Reliability Model: The purpose of

the Sensor/Spacecraft Reliability Model is to determine, based
upon estimated failure characteristics, which of the pre-
viously-launched sensors are still operational in the time
frame being considered.

A service mission typically consists of two phases,
namely the establishment of a desired level of sé??ice and ﬁhé
maintenance of that level of service. The establishment éf
the service is concerned with successfully placing a nugber
of sensors in orbit over a Qeriod of timé as determined by
service needs. If it is assumed that both thé need and the
capab}lity of the spacecréft are known, it follows that the
numb;riof spacecraft required to establish the service ié
‘deterministic. The maintenance of the service is concerned
with maintaining the QQSired number of operational sensors in
service. As.a result of less-than—perfect reliability and
variability associated with weafoﬁt bhenomena, such as
attitude control gas depletion, failures will occur in a

random manher'with the result that the traffic associated
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with the maintenance of the service will be known only in a
probabilistic sense. The probabilistic nature of the traffic
due to spacecraft failures and replacements adds an important
degree of uncertainty and risk to the service mission. It

is, therefore, necessary to consider the impact of reliability
on the overall mission.

Spacecraft failures occur as the result of four
causes: improper design or manufacture generally due to an
incomplete understanding of all related physical principles,
imperfect guality control during manufacture, uncertainties
in the environment during storage, transportation and oper-
ation, and because of design and technology limitations
generally associated with lifetime, These failure causes
generally manifest themselves in three different types of
failures: early, chance, and wearout. In fhis paper, early
spacecraft failures are considered in the Operational Analysis
Model. “heir consequences are dependent upon the Space
Transportation System and the operational modes.

The general failure model [8} utilized in this
analysis considers both random and wearout failures and is

given by
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This expresses the combined effects of the random and wearout
phenomena as the probability of surviving through the nth time
period (years) and A is the failure rate (failures/year) or
reciprocal of the mean-time between failures (MTBF), Mf is

the mean or expected wearout life (years) and Of is the
standard deviation of wearout life (years). The probability

of a failure in time period n, F(n), given success to the

beginning of time period n is thus

F(n) = [é(n-l)-R(n{]//R(n—lL

The failure characteristics can be modeled by esti-
mating, based on current design and/or past experience, the
anticipated MTBF (1/A) for the random failures and the expec-
ted wearout life and the standard deviation of wearout life.
Although this failure model is a very simple one, it serves
to illustrate the way in which reliabilities enter into the
economic analysis. More detailed reliability modeis could
be developed as necessary.

The Sensor/Spacecraft Reliability Model considers

“the reliability of each of the sensors and each of the space-

craft support subsystems inaividually keeping track of when
each is placed into orbit énd determineé by éampling tech-
nigues wheh each fails. Sensors are'considered to be inde-
pendent of each other, whereas sensor operation is dependent

upon successful operation of all the support subsystems.
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Demand/Scheduling Model: The purpose of this Model

is to determine which spacecraft and sensor mix should be
launched each year taking into consideration the number and
type of operational sensors at the start of each year and
future sensor demand and unit costs. The objective is to
minimize the present value of recurring cost by selecting the
optimum mix of spacecraft bﬁses, sensors, and launch systems
and schedule such that the demand for sensors is always satis-
fied even though sensors placed in orbit in previous years
may no longer be operational., The problem is complicated by
the fact that it is assumed that sevéral different spacecraft
buses (group of support subsystems) are available which are
capable of supporting different mixes of sensors.

The optimum solution cén be obtained using an
integer programming algorithm. However, because the Demand/
Scheduling Model is contained within a Monte Carlo locp, a
linear programming algorithm, with its increased computational
speed, has been utilized to find a very near optimum solution.
The cbjective function and constraints for the linear program-

ming algorithm are as follows:

‘N J
Minimize Z PVF, x Z (sc. .+LC. .)x NA., .
1 1,3 1.7 1,3

i=n ’

i=1
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subject to

A\"3

J N

N + .

% ,n z X5,k % 2 NA L3 ND; x
j=1

i=n

°
>

for each i such thet n<ig<N and 1<k<K, where

n = start of the time horizon (years),
N = number of time periods (years) to be
considered,
PVFi = present value factor applicable to the
ith time period,
J = maximum number 0f spacecraft bus types,
- .th
SCi , = cogt. {($) of the 3 spacecraft (bus
] plus sensors) in the ith year,
LCi ., = cost ($) of launching the jth spacecraft
’3 in the ith year,
K = maximum number of sensor types,
NOk = number of senscors of type k operational
' at the end of the nth year,
; .th
SX, " = sensor types available on the j
3 spacecraft (¢ or 1),
NDi K = number of sensors of type k required

to be operational in the ith year.

The above guantities are provided to the Demand/

Scheduling Model which thence determines NAi ., the number
. 14

of spacecraft of type j to be placed successfully in orbit

in the ith year. NAi 5 thence serves as a primary input to
, !

the Operational Analysis Model.
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Operational Analysis Model: The function of the

Operational Analysis Model [9] is the quantification of the
probability distributions of the numbers of recurringkcdst-
associated events required to establish and maintain the
desired level of service (as determined By the Demand/Sched-
uling Model, i.e., the value of NAi’.). These‘events‘may‘
include the number of spacecraft purchased, the number of
launches, the number of spacecraft retrievals or refurbish-
ments, and so on. Each of these events has associated with
it a cost that, at least in the planning phase, includes
some uncertainty.

Operational analysis explicitly coﬁsiders the
possibility of failures in the space transportation systems,
the chance of these failures occhrring, and the conseguences
if the failures do indeed occur. More specifically, the
analysis considers (1) the number, sequence, and complexity
of operations to be performed, (2) the recovery modes, that
is, givén that a failure has occurred, the possible resulting
sequences of events, and (3) the probability of successfully
performing eéch of the regquired operations, both in the
success and -failure recovery seguences.

The Operational Analysis Model is based upon a
generalized mission scenario. The mission scenario is defined

as the timeline sequence of all possible events (within the

REPRODUCIBILITY OF THE
" ORIGINAL PAGE I8 POOR
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desired level of detail) that can occur from start to comple-
tion of a mission. The success=-oriented path throughrthe
mission scenario is the mission profile. A typical mission
profile based upon the Space Shuttle-Tug Transportation System
is illustrated in Figure 2.6. Note that, in the general sense,
this represents a mul;i-Stage‘launch system. As Qill be dis-
cussed in following paragraphs, the multi~stage launch system
may consist of various combinations of recoverable and re-
usable and/or expendablé stages. This 1is possiblé by?prééiding
appropriate values for the various recovery probabiliﬁies;

The mission scenario includes both the success~oriented paths
and all of the pertinent failure recovery paths as &eil. The
mission scenario can be depicted as a series of nodes con-
nected by branches. Each node is a decision point representing
a group of events. Emanating from each node are branches for
the success and failure recoVery pathhs. The probability of
departing the node on one branch or another depends upon the
probability of success (or failure) of fhe events represented
by the node. The failure recovery pathS‘must ultimately pro-
vide a route to mission completion (i.e.,lplacing NAi,j'Spéce_
craft sﬁccessfully into orbit).’ This mission scenario is
illﬁétrated in Figure 2.? ésga ldgiérflow diagram where the
"nodes are represented 5y:the diamond—shaped boxes and éhe
brancheé as iines with majér cost-associated events éiven in

the rectangular boxes.
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It should be noted that the logic diagram of the
mission scenario is based upon the Space Shuttle - gSpace Tug
spacecraft placement mission. The reason for this is that
a large class of space transportation systems and associated
scenarios form a subset of that shown in Figure 2.,7. For
example, the scenario for an expendable launch system is
achieved simply by setting all of the appropriate probabi-
lities (for example, probability of orbiter (upper stage)
recovery) to zero.

The Operational inalysis Model establishes the
probability distributions of thejnumber of events which occur
as a result of the requirement to place NA, . spacecraft

’
successfully in orbit. This is accoﬁplished through the use
of Monte Carlo techniques and the associated random sampling
to determine which of the branches are to be followed at each

of the nodes.

Annual Cost Model: The purpose of the Annual Cost

Model is to establish the probabili;y distribution o6f the
annual recurring cost associated with the service-type of
mission. The annual cost is established as the sum of the
various unitécosts multiplied by the aséoéidted number of
events. The'unit costs are'aajuéted individually on an

annual basis to allow for learning effects as follows:

o4

C, Uc x i
1

Q
(1

-1 4+ [logl¢CAL—l.699]/.3¢l
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where Ci is the cost in the ith year based upon a first unit
cost of UC. o is the learning exponent and CAL is the cumu-~
lative average learning rate (%). When CAL=1¢¢, there is no
learning. When CAL=8¢, the cost is reduced to 8¢% of its
value every time the number of years doubles,

The unit costs are the result of sampling of the
unit cost uncertainty profiles and ranges of uncértainty and
the number of events is the:result of the operational analysis
simulation. By repeating the process a large number of times,
the annual cost probability distributions are established.

The final step, after all time periods have been
considered, is thé establishment of the present value proba-
bility distribution and the expected value and standard

deviation of PV.

2.3 An Application Example

To illuétrate the use of the SATIL 2 program and to
demonstraté typical results obtained from the expiiéit con-
sideration of reliabil;ty and cost uncertainties,* a typical,
though hypothetical, service mission is considered over a ten-

year time period. It should be noted that this mission is

| comme————

* o . .
Cost uncertainties have not been considered in the re-

sults shown so that the impact of reliability consider-
ations can be clearly seen.
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strictly hypothetical and is not intended to represent an
operational SEASAT program. It is planned that the data set
needed for the analysis of operational SEASAT alternatives
will be coﬁpiled jointly by NASA, JPL, and ECOdeuring FY-1976.
Estimates of costs using the SEASAT data set and the SATIL 2
program will be prepared during FY-1976.

The basic mission is described by thé sensor demand
function given in Table 2.1, where the assumed demand for.five
different sensors in geocentric orbits is illustraﬁed for a
10+.year period. Table 2.2 illustrates the assumed sensor/
spacecraft mix based upon four spacecraft types. Spacecraft 1
can accomodate Sensors 1 and 2, Spacecraft 2 can accommodate
Sengors 2 and 3, and sc¢ forth. The assumed reliability param-
eters are mean-time to failure,‘expected wearout life, and
standard deviation of wearout life.

A typical specification of launch systems technology
is illustrated iﬁ Table 2.4, wheére the probability of success
of performing majof operations is’shown for five launch tech;y
nologiés. Thése teéhhology specifications are representative
of the Thor—belté,éAtlas-Centauf;:Space Shutt;e and Ipterim
Uéper St&ééf-séace Shuttle and Improved Inteiim Upper Stage,
and Space Shuttle and Reusable Space Tug Transportation
Systems, respectively. Table’éts describes the applicability
of these launch technolpgies to placing eaéhvof the four

spacecraft into orbit as a function of time. For example,
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Table 2. 1

Assumed Sensor Demand
Sensor Year
1l 2 3 4 5 6 7 8 9 19
1 1 1 2 2 3 3 3 3 3 3
2 1 1 2 2 3 3 3 3 3 3
3 g g 11 2 2 2 2 2 2
4 7/ o] ) 1 2 2 2 2 2 2
5 g g g 1 1 2 2 2 2 2
Table 2.2 ’Sensor/Spacecraft Mix
= e =
vSpécecraftl
Sensor
1 2 3 4
1 v
2 v %
3 \4
4 v
5 v v
, Table 2.3 Sensor Reliabiﬂity Assumptions
—_ e e ]
; Sensor
Reliability Item 1 2 3 4 5
Mean Time to Failure (yrs) 5 7 7 5 5
Expected Wearout Life (yrs) 5 5 5 5 5
Std. Dev. of Wearout (yrs) 1 1 1 1 1
s vy OF THE
i&i‘fﬁEBﬁ‘i)UCﬁ%ihlﬂ Ogg{)ﬁ'

. 1

ORIGHN AL P
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Table 2.4 Reliability Specifications of Launch Technology
| .
Launch Technology*
Probability of Success for 1 2 3 4 S
Booster burn .95 .95 1. 1.8 1.9
! Booster recovery given success @ .g . g .2 .5
| Booster recovery given failure g .8 .2 .@ .9
~Orbiter achieves low earth orbit .95 .95 1.9 1.8 1.9
. Orbiter recovery given abort to orbit o} .2 1.9 i.¢9 1.9
Orbiter recovery given booster failure .g .2 1.4 1.8 1.9
Orbite# fecovery from low earth orbit o} g 1.9 1.9 1.0
Upper stage (i.e., space tug) . checks
out successfully in low earth orbit g 1.9 .95 .95 .95
' Upper stage transfers to s/c placement
orbit - .95 92 .95 .25 .95
Upper stage transfers. from terminal
orbit to low earth orbit and rendez--
vous with orbiter .9 .8 . ¢ .9 .95
- Upper stage feacquiring s/c which does
does check=-out in terminal orbit ) .g .g g .9
s/c type
1 2 4 4

-s/c checks-out in terminal orbit

.95 .9 1.9 1.9

*
Probabilities of 1.¢ imply greater than @.99 chance of success.
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it is assumed that’SpaCecraft 1 will be placed in orbit by tﬁe

Thor-Delta during the first three years, by the Space Shuttle

and Interim Upper Stage during the next three years, etc.
Table 2.6 illustrates the assumed costs fér sensors,

launch technologies, and spacecraft buses. The model allows

Table 2.5 Launch Technology Applicable per Spacecraft

Time (years)75 é
Spacecraft | 1 2 3 4 5 6 7 B 9 1p
1 11 1 3 3 3 4 4 5 5
2 2 2 2 3 3 3 i 4 5 5
3 2 2 2 3 3 3 4 4 5 5
4 2 2 2 3 3 3 4 4 5 5

Table 2.6 Cost Estimates®* ($millions)
"_Sensor‘ Coéé Launch Coéﬁ Bus  ;Cost
($M) Technology ($M) : ($M)
1 15 1 ’lb 1 15
2 7 2 15 2 30
3 7 3 17
4 o 5 ‘4 15
5 40 ' 5 15
*Costs assumed known with certainty
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all of these costs to be treated as uncertainty variables
(ranges plus probability distributions). However, since
emphasis is being placed upon the effects of unreliability,
all costs have been assumed to be known with certainty (i.e.,
single values).

The Mathematical Model develops, based upon thé
Monte Carlo methodology, probability distributions for all
pertinent events and costs and present value of cost. Typical
event statis?ics (based upon the data presented in ‘the pPrevious
tables) are éhown in Table 2.7, where fhe probability density
function of launch attempts as a function of time is pfesented.
This data encompasses the effects of both transportation sys-
system and spacééraft (bus and sensors) unreliability. Table
2.8 illustrates £he‘summary statistics, in terms of expected
value and standard deviation of annual launch attempts, wheﬁ
all random failure rates (bus and sensors) are zero and all
launch:reliabilities are unity. Only bus wearout failures are
considered (sensor wearout life is assumed in’excessrof bus
wearout 1i£e).“ in éffecﬁ; Table 2.8 illustr%tes the number of
launéh attempts. tﬂat would be éonsidered when allowing for
"planned" replacement.’;The effect of random failures is
immediately apparent by cdmparing the summary statistics in
Tables 2.7 and é.é.

Table 2.9 illustrateé the probability density func-

tion of total annual recurring costs. The variability of the
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Table 2.7 Probability of Indicated Number of Launch Attempts
Quantity
10 .0 .0 .0 .0 .0 .0 .01 .0 .0 .01
9 .0 .0 .02 .0 .0 .0 .01 .0 .01 .0
8 .0 .0 .03 .0 .03 .0 .02 .01 .02 .02
7 .0 .0 .06 .0 .05 .07 .03 .03 .02 .05
6 .0 .0 .07 .0 .10 .37 .07 .10 .04 .07
5 .0 .01 .25 .02 .16 .11 .15 .11 .08 .11
4 .0 .02 .34 .03 .33 .16 .18 .13 .27 .17
3 .01 .10 .23 .13 .30 .19 .26 .17 .19 .25
2 .15 .30 .0 .26 .03 .19 .22 .30 .23 .22
1 .84 .57 .0 .50 .0 .16 .04 .13 .12 .06
0 .0 .0 .0 .06 .0 .05 .01 .02 .02 .04
1 2 3 4 5 6 7 8 9 10
Year
Expected
No. 1.17 1.60 4.56 1.63 4.27 3.21 3.71 3.20 3.26 3.51
std.
Dev. .40 .82 1.40 1.02 1.36 1.89 1.79 1.78 1.72 1.89

Sb



Table 2.8 Launch Attempt Statistics Considering Only Spacecraft
Bus Wearout Failures , ; R R

1 2 3 4 5 6 7 8 9 10

Expected No. | 1.00 1.00 3.01 .02 2,51 1.03 1.88 1.60-1.40 2.51

Std. Dev. 0 0 7 .10 .14 .50 .74 .99 .89 .95 1.24

9%



- Table 2.9 Probability of Indicated Total Launch & Spacecraft Costs

Cost Range
(Millions
of Dollars)
480.00F—~500.00 0.0 0.0 0.0 0.0 0.020 0.0 0.0 0.0 0.0 0.0
460.00---480.00 0.0 0.0 0.C 0.0 0.0 0.0 0.0 a.0 0.0 0.0
440.00~---460.00 0.0 g.0 0.0 0.0 0.020 0.0 0.0 0.0 0.010 0.0
420.00~-~-440.00 0.0 0.0 0.0 0.0 0.010 0.010 0.020 .0 0.010 0.0
400.00---420.00 0.0 0.0 0.0 0.0 0.0 0.010 0.010 0.010 0.0 0.010
380.00---400.00 0.0 0.0 0.020 0.0 0.020 0.030 0.020 0.010 0.0 0.020
360.00---380.00 0.0 0.0 0.0 0.0 0.0 0.020 0.020 0.030 0.020 0.020
340.00-~-360.00 0.0 0.0 0.030 0.0 0.020 0.050 0.020 0.040 0.030 0.0
320.00---340.00 0.0 0.0 0.010 0.0 0.0490 0.020 0.020 0.010 0.010 0.050
300.00~-~--320.00 0.0 6.0 0.050 0.0 0.060 0.030 0.050 0.020 0.030 0.060
280.00---300.00 0.0 0.0 0.0 0.010 0.080 0.070 0.080 0.110 0.030 0.040
260.00---280.00 0.0 0.0 0.070 0.0 0.030 0.010 0.030 0.050 0.080 0.050
240.00-~-260.00 0.0 0.0 0.0 0.010 0.140 0.080 0.050 0.020 0.010 0.030
220.007--240.00 i 0.0 0.0 0.150 0.020 0.130 0.060 0.100 0.080 0.120 0.060
200.00---220.00 0.0 0.0 0.100 0.0 0.020 0.040 G.010 0.010 0.050 0.010
180.00---200.00 0.0 0.010 0.0 0.050 $.220 0.120 0.150 .0.050 0.090 0.160
160.00---180.00 0.0 0.020 €.340 0.0 0.020 0.030 0.050 0.030 0.030 0.020
140.005--160.00 N _0.8310°7 0.0 0.0 0.070 0.140 0.050 0.120 0.030 0.080 0.120
120.00---140 .86 0.0 0.040 0.230 0.030 0.0 0.050 0.060 0.110 0.130 0.080
100.08=+%=120.00 0.0 0.060 0.0 0.040 0.0 0.0 0.030 0.040 0.040 0.060
~"80.00---100.00 0.150 0.150 0.0 0.200 0.030 0.110 0.100 0.190 0.110 0.090
60.00--~ 80.00 0.0 0.150 0.0 0.020 0.0 0.030 0,010 0.010 0.010 0.0
40.00--- 60.00 0.840. 0.0 0.0 0.490 0.0 0.130 0.040 0.130 0.090 0.060
20.00~-~ 40.00 0.0 0.570 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 --- 20.60 0.0 0.0 0.0 0.060 0.0 0.050 0.010 0.020 0.020 0.040
Year 1 2 3 4 5 6 7 8 9 10
Expected Costs 55.0 61.8 202.0 82.8 241.1 187.8 203.7 176.7 ‘180.8 162.7
Std. ‘Dev. 18.9 34.1 62.2 56.9 80.1 . 110.8 93.7 103.7 g95.1 103.4

LY
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costs and gquantities (with cost uncertainties set equal to
zero) is due to system and subsystem unreliability.

The risk érofile of present value of recurring cost
({i.e., probability of PV exceeding specified ?éluesf“is iiius-
trated in Figure 2.8. Since this risk!profile is appiogi—
mately normal, the éxpected, most likely and median valﬁéé,
are the same, i.e., $1037 million with a standard deviation
of $132 million. If unreliability of 1aunch’systems and”7'~
random spacecraft and bus failures are not considered (as in
Table 2.8), the expected present value is $545 million with a
standard deviation of $35 million.

The importance: and economiq value‘of unreliability

is addressed in Figure 2.9 which indicates the effect of MTBF

and expected wearout time (Of held constant). The value of

achieving different MTBFs and Mfs is apparent. Moving from

an expected wearout time of M to M , and on MTBPF to
£,1 £,3 1

MTBF3, results in an expected economic value of ml-m3 and a

g

1705- Tﬁﬁs, a development program

reduction in risk of ©
should be uhderﬂaken which1WOuldimOVe the technology from
Point A to Point B if the expected present value of the cost

of the development program were less than m -m,. More

1
precisely, it is necessary to develop the probability distri-
bution of the present valﬁe of the devélopment procgram and

compare it with the probability distribution of the present

value difference between technologies indicated as points A
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Figure 2.8  Present Value Risk Profile
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Expected PV of Recurring Costs, m

Figure 2.9 Effect of Spacecraf’ Reliability on
Preséent Value of Recurring Cost
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and B. Whether or not the development program to move from
A to B should be undertaken depends ﬁpon the chance that tﬁe
present value of development costs will exceed the reduction
in the present value of the recurring costs and ﬁhe decision
makers risk aversion preferences. To illustfate the above

quantitatively, m.,-m_ is equal to $24 million and 0,~-03 is equal

1 73 1

to $12 million when bus expected wearout time is increased from
four-to-eight years with a constant MTFB of 15 years, and the
other parameters are as given in the previous tablés.

The importance and economic value of unreliability
is addressed in Figure 2.9 which indicates the efféct of MTRBF

and expected wearout time (0_ held constant). The value of

£

achieving different MTBFs and M_s is apparent. Moving from

£

an expected wearout time of Mf,l to Mf'3 and MTBFl to MTBF3

results in an expected €conomic value of ml-m3 and a reduction

in risk of 01-03. Thus, a development program should be under-

taken which would move the technology from point A to point B
if the expected present value of the cost of the development

program were less than mi4m More precisely, it is necessary

3

to develop the probébility distribution of the present value

of the development program and compare it with the probability

distribution of the present value difference between technolo-
gies indicated as points A ancé B. Whether or not the develop-
ment program to move from A to B should be undertaken depends

upon the chance that the present value of development costs

1
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will exceed the redqction in the present value of the recur-
ring costs and the decision makers risk aversion preferenées.
To illustrate the above gquantitatively, ml-m3 is equal to $23
milliion and 01-03 is equal ﬁo $12 miliion when bus expected
wearout time is increased from four-to-eight years with a

constant MTBF of 15 years and the other parameters are as

given in the previous tables.
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3. INPUT DATA REQUIREMENTS, DEFINITIONS
AND DATA SHEETS

The SATIL 2 data requirements, definitions, and input
data sheets are presented in the following pages. The Fortran
name of the input data vériable is presented along with the
definition of the variable. Each variable has a reference
number associated with it. This réferenqe:number appears on
both the input data specification sheet and the input data
shéet, thus allowihg for easy cross-referencing.

A range of valid data is given for each of the inpu£
variables., If the input data does not;lie:within.thelvalid
range, an error message is printed and the program exécdtion
terminates. In order to simplify the inputting of data, all
variables are initialized to "defaulé"'values by the program.
The default values are indicated on the input data specifi-
cation sheet. If input data is omitted for a variable, the
program will use the default value. Therefore, if the input
data for a variable corresponds to the default value for that
variable, it is not necesséry to input the data to the program.

The input -data sheets contain the Fq;tran‘namé of
each of the input variables and space for the input daté.

The input data system utilizes the Fortran "NAMELIST" feature.
This feature regqguires that the name of each variable be ihput_
along with an equal giéﬁ and then the data. Each data

term must be followed by a comma. This is 'all takenh care of
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by the input data sheet as well as the variations for integer
and real varia?les. It is only”pecessary to place the input
data in the appropriate spaces on the data sheets and thence
to keypunch one card (and continuations if necessary) for
each row shown on the data sheets. Everything in the ruled

boxes is to be keypunched.
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VARIABLE
NAME

INPUT DATA SPECIFICATION (SATIL 2)

DEFINITION

RANGE

DEFAULT
VALUE

1. MAXN

2. MAXLSC

3. MAXLS

4. MAXNB

5. MAXLB

6. MAXIE

Number of time periods (years) to
be considered.

Number of spacecraft'types to be
considered. A spacecraft consists
of a bus, made up of a number  of
subsystems, and one or more Sensors.

- Number of sensor types to be con-

sidered. This is the total number
of different sensors used by the
MAXLSC spacecraft. i

Maximum number of spacecraft buses
to be considered. A bus consists
of a number of support subsystems
(i.e., AVCS, TTC, power subsystem,
etc.) all of which must function
properly for the sensors (i.e., the
payload) to be operational.

Maximum number of spacecraft subsys-
tems which comprise the bus and whose
reliability are to be explicitly
considered.

Maximum number of launch system con-

‘figurations to be considered. A

launch system consists of a set of
cost and reliability data in terms of
spacecraft type. ;

S



* The general subscript nomenclature is illustrated in Figure 3,1,

 VARIABLE DEFAULT
' , DEFINITION RANGE

~NAME . N VALUE

7. MAXR Number of Monte~Carlo simulation Unlimited 1
runs to be performed (even multiples
of 14@). When only a single run is
to be performed, enter MAXR = @.

8. MAXI- Maximum number of rows to be printed 1-4¢ 25
in "“Probability of Indicated Quantity"
output table.

9. _NOINT Number of rows to Be printed in 1-49 25
"Probability of Indicated Costs" and
"Probability of Present Value of
Cost" output tables.

1g. NSEN__(N) Number of operating sensors of type g-1p /]
LS required in orbit in year N. for all N
Values must be specified for N < MAXN.

11. IMIX _(LSC) specification of sensors-of-type* LS - g or 1 ")

... per spacecraft type (LSC). When equal for all LSC

to 1, the LS sensor is on-board the
LSC spacecraft. When a sensor is not
on-boa¥d a specific LSC spacecraft type,
the corresponding value of IMIX_ _ is #.
Values must be specified for 1 < LS <
MAXLS and 1 i LsC f MAXLSC.

12. IBMIX (LSC). Identity of the spacecraft bus* (i.e., 1-5 1
value of NB) to be used to form the for all LSC

LSC spacecraft. ' Values must be speci-
fied for 1 < LSC < MAXLSC. :




-
IB = 1
1
LB = 2
i L Lo
,] i Spacecraft bus NB =1
] ! |
1 i '
i ! L
| 's
LB = MAXLB I |
J | :‘
[ AN
:i |
| !
|
1 |
; |
| |
] 8 l
LB =1 :
L l
LB = 2 !
T | &Spacecraft bus NB = MAXNB
i I
: §
!
! |
LB = MAXLB
I e
NB NB
{ |
L ] | |
LS=1 e LS=MAXLS LS=] - LS=MAXLS
) (4 J
Spacecraft LSC=l  —=-cce-—ccccmac<<-- Spacecraft LSC=MAXLSC

Figure 3.1

56
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INPUT DATA SHEET

MAXN = :
MAXLSC = ,
MAXLS = ,
MAXNB = .
MAXLB = ,
MAXIE =

MAXR = |
MAXI = ,
NOINT = ;

N

1 2 3 4 5 6 7 8 9 1g: 11 12 13
NiSENﬂl = b -
NéENﬂZ = ’ ’ B r ] ’ v | r ’ k ’ ’
NSEN@3 = 5 NS PSRV RS SRS NS D RS S S S
NgENﬂ4 = ’ ’ ’ Pl ' ’ ’ ’ : ’ ' ‘ .
NSENAS = 1 ' el ' 1 i 8 P S S SRS N
NSENZ6 = ' 2 ' ; . i ’ | ' A o :
NSENg7 = f 8 A% MRS S ’ ’ ‘ ‘ ¢ ’ ’
N;SENﬂS = . ‘: i ’ 7 ’ r‘A ¢l ’ 1 ’ ’ ’ oy
NSEN@9 = ’ ' ’ ’ ';;,.,,1, ‘r ’ ' ’ ' i '
wsenig = | o4 ool ol o b e




11.

12.
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INPUT DATA SHEET
LSC
2 3 4 5
IMIXZ1l= , , , , N
IMIX@2~ . , , , ,
IMIX@3= , , / . .
IMIX@4 = ’ , / . L
IMIX@S = | , , , , .
IMIX@6 = ' : / , ,
IMIX@7 = ’ ' , ' .
IMIXPS = ' , , , ,
IMIX@9 = ' ' ' ' '
IMIXlﬂ = ’ ! ’ [ [}
©LSC
1 2 3 4 5
IMBIX = ’ ’ ’ ’ ’




of the LS sensor. Specify for
1 < LS < MAXLS. LT

o i & & e i o ‘o

VARIABLE DEFAULT

DEFINT
NAME 7 TION RANGE VALUE

13. - AMTBF_(NB) Mean time before failure (years) .g1l-19@. 5.9
for random or chance failures of for all NB
the LB subsystem which comprises
the NB bus. Specify values for
1 <_ LB f_ MAXLB and 1 <_ NB <_ MAXNB.

14. STAND_ (NB) Standard deviation (years) of the .P1-1¢9. 3.5
wearout life of the LB subsystem for all NB
of the NB bus. Specify values for- -

1 < LB < MAXLB and 1 < NB < MAXNB.

15. AMEAN_(NB) Expected or mean wearout life (years) .P1-1g9. 5.0
of the LB subsystem of the NB bus. for all NB
Specify values for 1 < LB < MAXLB
and 1 < NB < MAXNB.

16. AMTBS (LS) Mean time before failure (years) Ffor .g1-1¢9¢@. 5.0

: random or chance failures of the LS —for all LS
sensor. Specify for 1 < LS < MAXLS.

17. STANDS (LS) Standard deviation (years) of the .¢1-lﬂ¢.lw"§:¢
wearout life of the LS sensor. o for all LS
Specify for 1 < LS < MAXLS.

18. <~ AMEANS (LS) Expected or mean wearout life (years) .A1-1¢g@. 5.0

for all LS

6%

€



13.

14.

15.

16.

17.
18.

INPUT DATA SHEET

60

NB
2 4

AMTBF1= . ,
AMTBF 2= - '
AMTBF 3= - ,
AMTBF 4= - ,
AMTBF 5= ) ,
‘STANbl; . ,
STAND2= . ) .
STAND3= ] )
STAND4= ) ;
STANDS5= ) )
AMEAN1= ) ,
AMEAN2= g .
AHMEAN3=| . oy ,
AMEAN 4= . ,
AMEANS= . ,

Ls

2

AMTDS= . )
STANDS= . ]
AMEANS= , ]




VARIABLE
NAME

DEFAULT

DEFINITION RANGE VALUE

19. AMAXC (LS)

2¢. AMINC (LS)

21. IPT (LS)

22. CALC (LS)

Maximum estimated unit cost (1¢6$) - .P-1p08. . g

of the LS sensor. This establishes : for all LS
the upper limit for the rarge of :

cost uncertainty. Specify for

1 < LS < MAXLS.

Minimum estimated unit cost (1¢6$) -g-1909. .9

of the LS sensor. This establishes for all LS
the lower 1limit for the range of

cost uncertainty. Specify for

1 < LS f MAXLS.

Name of the uncertainty profile* 1-3¢ 16
(i.e., probability density function) for all LS
to be associated with the range of

uncertainty established by AMAXC

and AMINC for the LS sensor. This

establishes the subjective probability

distribution of cost. Typical uncer-

tainty profiles are illustrated (see

Figure 2-2) and may be modified by

changing values of PPP. Specify for

1 f LS f MAXLS.

Cumulative average learning rate (%) .@1-199 20

for the LS sensor. Assumes that costs fsr all LS
are reduced by 188.-CALC percent every

time the number of years frem first

use doubles. Specify for I < LS < MAXLS.

* The default uncertainty profiles are illustrated in Figure 2-2.

19



30

29
T

27

26

24

™
~ R
~

22

o ~ T T
s:iiav AL PAGE 15 POOR

Uncertainty Profiles

Figure 3.2



27.

23.
29.

g,

€
«

1g

11

12

¢

13

14

€

15

-
INPUT DATA SHEET
LS

5 6 7 8
AUAZC= v . ’ . ’ -t -
M INC= . ) R - -
P == ’ . ! 2
JALC = ’ : ’ . ’ L .

: NR

5
AMA. K B= , 4. it
AMINB= , i -
IPTR = , ;
CALB = , .,

NMAXMN=

AMINM=

PTM =

CALR =

€9
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VARIABLE DEFAULT

DEF 9
NAME INITION RANGE VALUE
. . . 6

23. AMAXB (NB) Maximum estimated unit cost (1@ $) .P-100@. .9
of the NB spacecraft bus. This for all NB
establishes the upper limit for
the range of cost uncertainty.

Specify for 1 < NB < MAXNB.
. . . 6
24. AMINB (NB) Minimum estimated unit cost (10 $) .B-1000. .8
- of the NB spacecraft bus. This for all NB
establishes the lower 1limit for
the range of cost uncertainty.
Specify for 1 < NB < MAXNB.

25. IPTB (NB) Name of the unéertainty profile 1-3¢ 16
(i.e., probability density func- for all NB
tion) to be associated with the
range of uncertainty by AMAXB and
AMINB for the NB spacecraft bus.

Specify for 1 < NB < MAXNB. (See
IPT (LS)).

26.  CALB (NB) Cumulative average lééfﬁiﬁg rate .g1-1g¢@. 9.

(%) for the NB spacecraft bus. for all NB

Assumes that costs are reduced by
148 .-CALB percent every time the
number of years from first use

doubles. Specify for 1 < NB < MAXNB.

¥9



TABLE NaME DEFINITION RANGE DEFAULT

VALUE

AMAXM ~Maximum estimated spacecraft re- HB-148. )
furkbishment and maintenance cost
expressed as a percentage of total
spacecraft (including bus and sensors)
cost. This estabishes the upper limit
for the range of cost uncertainty.

AMINM Minimum estimated spacecraft refurbish- .pB-188. .9
ment and maintenance cost expressed T
as a percentage of total spacecraft
(including bus and sensors) cost. This
establishes the lower limit for the
range of cost uncertainty.

IPTB Name of the uncertainty profile (i.e. 1-3g¢ 16
probability density function) to be
associated with the range of uncer-
tainty by AMAXM and AMINM. (see IPT
(LS) ).

CALR Cumulative average learning rate (%) .B1--184. 9g.
for the spacecraft refurbishment and..
maintenance cost.  Assumes that costs
are reduced by 1g#-CALR percent every
time the number of years from first
use doubles.

99
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]A;iSELn DEFINITION RANGE DgggggT

31. AMXLC_(IE) Max}mum estimated launch cost LP-10¢p. - — - - g
(1#°$) for the LSC spacecraft for all IE
with the IE.launch system. This :
establishes the upper limit for
the range of cost uncertainty. -
specify for 1 < IE £ MAXIE.

32, AMNLC (IE) Min%mum estimated launch cost .¢-l¢ﬂﬂ: .2
{16 $) for the LSC spacecraft for all IE
with the IE launch system. :
Specify for 1 £ IE £ MAXIE. -

33. IPTLC_(IE; Name of.- the uncertainty profile 1-3¢g 16
(i.e., probability density func- for all IE
tion) to be associated with the
range of uncertainty by AMXLC _

-and AMNLC for the 'IE launch
system. Specify. L < IE £ MAXIE.

34. CALLC_(IE) Cumulative average.learning rate .Pl-1¢g. 9g.

%) for launching the LSC space- for all NB
craft with the IE launch system.
Assumes that costs are reduced by
1¢$.~-CALLC_ pe~cent every time the
number cof years from first use
doubles. Specify for 1 £ IE £ MAXIE.
35.  LNCHS_ (N) The name of the launch system (value 1-1¢ 1
' of IE) to be used in year N for for all N

launching the LCS spacecraft.
Specify for 1 £ N < MAXN.

99



INPUT DATA SHEET

IE
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AMXLC]

AMNLCL
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AMXLC2

AMNLC2 ! =

IPTLC2
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INPUT DATA SHEET

F‘-MXLC‘l:_ . ’ - ’ . 7 . z . z . z .
AMNLC4 = - ’ . ’ . ’ . ’ - , . ’ .
IPTLC4 = ’ ’ ’ 7 ; ’

CALLC4 = 5 A o, ., ., ., ., .
AMXLCS = . A -, <, -, -, - .
AMNLCS5 = . ’ . ’ - R - ’ . ’, . .
IPTLCS = , . , . . .

CALLCS = . ’ . r . ’ d ’ . ’ . ’ -
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(i.e., no abort prior to placing

"spacecraft and/or upper stage and

spacecraft in orbit). Specify for .
1 < IE < MAXIE. Y

-9-1.9p

o y - e w ey wr w
VARIABLE DEFAULT
DEFINITION RANG
NAME NGE VALUE

36. ORBCAP (LSC) Indicator of Orbiter capability Y or N N
for placing the LSC payload directly for all LSC
into the desired orbit. When ORBCAP
= Y it 1is implied that the orbiter
is capable of placing the payload
into the desired orbit. When ORBCAP
# Y it is implied that a "space tug"
or upper stage is required. Specify
for 1 < LsSC < MAXLSC. :

37. PPS (LSC) Probability of the LSC spacecraft .p-1.090 1.900
. functioning properly when placed for all LsC
in final desired orbit (wear-in
period) . Specify for 1 < LSC <
MAXLSC.

38. PBS (IE) Probability of a booster success .p-1.89 1.0¢9
per launch for the IE launch system. for all IE
Specify for 1 < IE < MAXIE.

- 39. PBRS (IE) Probability of a booster recovery g-1.90- 1.92¢9

‘ given a boostexr launch success. for all IE
Specify for 1 < IE < MAXIE. '

aQ. PBRF (IE) Probability of a booster recovery .g-1.090 1.99
given a booster failure or malfunc- for all IE
tion. Specify for 1 < IE < MAXIE.

41. POS (IE) Probability of an orbiter success 1.98

for all IE

0L



terminal orbit is reacquired by the
propulsion module (space tug or other
upper stage) for return to low earth
orbit. Specify for 1 < IE < MAXIE.

VARIABLE DEFAULT
DEFINITION RANGE
NAME .- VALUE
42, 'POROF (IE) Probability of an orbiter recovery .P-1.9¢0 1.09
given an orbiter abort. Specify - for all IE
for 1 < IE < MAXIE.

43. PORBF (IE) Probability of an orbiter recovery .g-1.90 1.908
given a kbooster launch failure. for all IE
Specify for 1 < IE < MAXIE. ‘

44. POR (IE) Probability of an orbiter recovery .g-1.049 1.909
given an otherwise successful for all IE
flight. Specify for 1 < IE <
MAXIE.

45. PPMO "(1IE) Probability of propulsion module .g-1.00 1.49

' (space tug or other upper stage) for all IE
checking out successfully (wear-in
period) prior to leaving vicinity
of orbiter. Specify for 1 < IE <
MAXIE.

46. PPMP (IE) Probability of propulsion modules .2-1.00 l.9¢9
(space tug or other upper stage) for all IE
transferring to and placing space-
craft in desired orbit. Specify for
1 < IE < MAXIE. ' ‘

47. PPMRP (IE) Probability of propulsion module .B-1.90 1.¢9p
(space tug or other upper stage) for all IE
successfully returning and rendez-
vousing with the orbiter. Specify
for 1 < IE < MAXIE.

48. PPLRR (IE) Probability that a spacecraft which .P-1.00 1.9¢0

‘ ' : does not check out successfully in for all IE

TL



L
V‘ARIABL'E DEFINITION RANGE DEFAULT
NAME VALUE
49.  MAXM (LSC) Maximum number of spacecraft of 1-2¢ 19
: type LSC which will be operational

at any point in time.

50. NN Number of time periods to be con- 1-HMAXN 5
sidered for the optimization of
spacecraft launch schedule.

51. DR Discount rate, expressed as a .g-10a. 1.0
percentage, used in the present
value of cost computations.

52.  DETC If it is desired to have detailed Y or N N
cost reports (i.e., costs by
spacecraft type) printed then
DETC = 'Yy'.

53. PPA__(IA) Uncertainty profile data; i.e., .@-1.0@ See

probability associated with the
IA interval of profile IB where
1 <1A <5 and 1 < IB < 24.

Table 3.1.

cL



36.

37.

38.

39.
4g.
41.
42.
43.
44.
45.
46.
47.

48.

49,

50.
51.

52.

INPUT DATA SHEET

L&C

ORBCAP

PPS

73

19

PBS

PBRS

PBRF

POS

POROF

PORBF

POR

PPMO

PPMP

PPMRP

PPLRR

MAXM

NN

DR

DETC




53.

INPUT DATA SHEET

74

PPPP1

i

PPP@2

PPPJ3

PPPZ4

PPP@5

PPPJ6

PPPG7

PPP 8

PPPJ9

PPP1g

PPP11

PPP12

PPP13

PPP14

PPP15

PPP16

PPP17

PPP18

PPP19

PPP2g

IA
2
’ 3 ’
’ . ’
4 h 7
! ’
! - 14
[4 1
4 z
14 ® 7
(4 14
[ 14
4 * ’
4 . 7
7 d ?
7 * 14
4 14
4 14
! . ’
14 o 14
4 7
4 7




»
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Table 3.1 Initialization (Default) Values
of Uncertainty Profiles
PPPXX (IA)
. ThA

XX 1 2 3 4 5

g1 .58 .25 .15 .27 .93
a2 .39 .25 .29 .15 .10
23 .3 .37 .29 .13 .87
24 .35 .49 .15 .87 g3
25 .21 .32 .27 .15 .35
26 .23 38 .23 .16 .28
7 .25 .35 .25 .1¢ g5
28 .16 .49 .24 .39 .82
2o .12 .32 .32 .17 .87
1g .15 .34 37 .12 B2
11 .20 .20 29 .28 2

12 .15 .22 .26 .22 .15
13 .19 .25 .38 .25 .1g
14 .88 .25 .34 .25 .98
15 .85 .25 .4q .25 .@5
16 .19 .28 .48 .20 .1
17 .83 .39 .34 .30 .43
18 .85 .29 e .58 .29 .g5
19 .93 .29 .54 .29 B3
29 K] .37 .89 37 .93
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4. MATHEMATICAL STRUCTURE

4.1 Subscript Notations
N Time (years)
LS Sensor type
LSC Spacecraft type
LB Bus subsystem identifier
IE Launch system technology
NB Bus type
J Column of output data
4.2 Some Notes on Input Data

The following input data (see Chapter 3) are input
in the form of linear arrays and form the indicated two-dimen-

sional arrays. ®

Two~-Dimensional

Input Variable Vwﬁrray Comment

1. NSENXX(N) NOSEN (LS, N) XX is value of LS
11. IMIXXX(N) ISMIX(LS,LSC) XX " " " LS
13. AMTBFS (NB) AMTBF (LB, NB) g " " " LB
14. STANDS (NB) STANDL (LB ,NB) g " " " LB
15. AMEANSE (NB) AMEANL (LB, NB) g v " " LB
31. AMXLCY(IE) AMAXLC(LSC,IE) y o " " LSsC
32. AMNLCY (IE) AMINLC (LSC, IE) y o " " usc
33. IPTLCY(IE) IPTLC (LSC,IE) y noow " LsC
34. CALLCY(IE) CALLC (LSC,IE) y “ “ LSC
35. LNCHSY (N) LNCHS (LSC,N) y v " LSC
52. PPPXX(IA) PPP (IA,IB) , XX " " " IB



4.3 List of Variables
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The following is a list of the variables used in

the mathematical formulation of the SATIL 2'program.l

The *

indicates input data variables, and the + indicates integer

variables.

The computed variables are defined by the equa-

tions and operations indicated in the computation functional

flow given in Section 4.5.

RELS (LS, N)

AMAXLC (LSC,IE)

PFS(LS,N) AMINLC (LSC,IE)
RELB(NB,N) +* IPTLC(LSC,IE)
+* MAXLB LCELC(LSC,IE)

* AMTBF (LB)
* STANDL(LB)
* AMEANL(LB)
* AMTBS (LS)

* STANDS (LS)

CALLC(LSC,IE)
RANGLC(LSC,IE)
UCPLC(I,LSC,IE)
SCCST(LSC,N)
UCLC(LSC,IE)

* AMEANS (LS) + ITS(LS)
+% MAXLS PVF (N)
+* MAXN * DR

LCE(LS) + IX(LSC)

* CALC (LS) + ITL
+* MAXIE +* LNCHS (LSC,N)
+* NN + IXB(NB)

. PFB(NB,N) + IN

* AMAXC(LS) LCST(LSC,N)

* AMINC(LS) LCER

RANGE (LS) * CALR
+* IPT(LS) LCEB (N5)
~UCP(I,LS) * CALB (NB)

* PPP(IA,IB) + NOSSC(L&C)
+* MAXB * AMAXB (NB)
+* MAXNB * AMINB (NB)

- Nole! RANGEB (NB)
RN +* IPTB (NB)

- uc(Ls) UCPB (I,NB)
+* MAXR * AMAXM :
+* MAXI * AMINM
4+%* NOINT +* IPTM
+* ISMIX (LS, LSC) UCPM(I)
+* MAXLSC UCB (NB)

+%* NOSEN(LS,N) UCM

+ 4+ 4+ + o+ o+

+

O X %k ¥ F

NOOP (LS, N)
NOSA (LSC,N)
IS(LSC,M)
ISS(LS,LSC,M)
IYEAR(LSC,M)
NFAIL(LSC)
ILA(LSC,N)
PBS (IE)

PBRF (IE)
IBR(LSC,N)
IB(LSC,N)
IPL(LSC,N)
POROF (IE)

IOR (LSC,N)
IO(LSC,N)
ORBCAB(LSC)
IPM(LSC,N)
PBRS (IE)
POS(IE)

POROF (IE)
IPM(LSC,N)
PPS (IE)
POR(IE)
IPLR(LSC,N)
PPMO (IE)
IPMR(LSC,N)
PPMP (IE)
PPLRR(IE)
PPMRP (IE) ;
C(K,LSC,N,NR) .
SUMC(K,LSC,N)
SUMSC(K,LSC,N)
CT(K,N,NR)
SUMCT (K, N)



*

SUMJ (J,N)
SUMSJ (J,N)
ANPV (NR)
SUMLA (LSC,N)
SUMPL (LSC,N)
SUMSPL(LSC,N)
PPL(II,LSC,N)
DETC |

AMX (K, LSC)
AMN (K, LSC)
CSTI(K,LSC)
P(K,LSC,L,N)
AMXT (K)

AMT (K)

Integer
+ Input Data

+*

RANGEM
IBMIX(LSC)
SUMPV

SUMSLA(LSC,N)
CSTIT(K)

PT(K,L,N)

PVX

PVN

PVI

PPV (L)
MCST(K,LSC,N)
STDCST (K,LSC,N)
ME(J,N)

STDE (J,N)

SUMSCT (K,N)
PE(II,J,N)
SUMSPV

PLA(II.L3C.N)
MT (K, N)

STDT (K, N)

MLA (LSC,N)
STDLA (LSC,N)
MPL (LSC,N)
STDPL(LSC,N)
MPV

STDPV
NOS(LSC,N)
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Initialization of the following variables to the

indicated values takes place both inside and outside of the

Monte Carlo loop.

to entering the Monte Carlo loop,

and

itialization after entering the Monte

List l:

List 2:

RELS (LS, d)
RELB (NB, @)
PFS (LS,N)

PFB (NB,N)
SUMC (X,LSC,N)
SUMSC (K,LSC,N)
MLA (LSC,N)
MPL

SUMJ (J,N)
SUMSJ (J,N)
PE(II,J,N)
SUMLA (LSC,N)
SUMSLA (LSC,N)
PLA(II,LSC,N)
SUMPL

SUMSPL

PPL

SUMPV

SUMSPV
P(K,LSC,L,N)
PT(X,L,N)

PPV (L)

MI

SCCST(LSC,N).
LCST(LSC,N)
IS (LSC,M)
NOOP (LS, N)
ILA(LSC,N)
IB(LsSC,N)
IBR(LSC,N)
IPL(LSC,N)
IO(LSC,N)
IOR(LSC,N)
IPM(LSC,N)
IPLR(LSC,N)
IPMR(LSC,N)
ISS(LS,LSC,M)
NFAIL(LSC,M)

"ANPV (NR)

L | N N O Y Y O |

i

1

Ll
(SRCRORSRESRSRSRSRECROROESRESECRCRORCESE SR SR SR SRS

=
.0-!"Q&

ESTRVER SERASER SER SRR SRS IR S BRI ST NI S B ST

[
w

=

for
for
for
for
for
for
for

for
for
for
for
for
for
for
for
for

for
for
for

for
for
for

‘for

for
for
for
for
for
for
for
for
for
for
for
for

List 1 refers to data initialized prior

List 2 refers to in-

Carlo loop.

all
all
all
all
all
all
all

all
all
alil
all
all
all
all
all
all

all
all
all

all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all

LS
NB
LS and N
NB and N

K,LsC,&N (k=1,2,3)

K,LSC,&N
LsSC and N

J and N
J-and N
II,J and N
LSC and N
LSC and N
ITI, LSC,&N
LSC and N
LSC and N
I1,

LsC,L,N
L,N

14
’

(A

LSC and N
LSC and N
LSC and M
LS and N
LSC and

LSC and

LSC and

LSC and

LSC and

LSC and

LSC and

LSC and

LSC and

LS,LSC,M
LsSC,M

NR

ZZ 222 A

LSC,&N

(L<NSMAXN+NN)
(1<N<MAXN+NN)
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Computaticn Functional Flow Description

START

thitialice input Data $Sce Input Data Specification

to Default Values

.

Read laput Data | Use FORTRAK NAMELIST
Validate Input Data k See lnput Dota Specification

Validation
Error

Print Error Halte

Initialize as per
List A1

NB=M

B+

N=N+1

[FONDUKC RELB(NB,N) ] (See reliability notes)

RELB(HS N-1)-RELS (N8, %)

PEBING. M) =r e TR =T

v

PFB(NB,N)=RELB(NB,N-1)
~RELB{NB,N)

-

y

PFB(NE,N)S. 0801 Computation of
bus reliability and
prob. of failure per

year,
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Reliability Notes and General Spacecraft Configuration

LB = |
LB = 2
P NB
|}
|
|
L8 = 5
LS = 1 LS = 2 ts = 19
(4 v. —t
LSC
Bus Reliability: RELB{NB,N)
-]
MAXLE o xp [-N/AMTBF (LB, NB) NES “AMEANL (L8, NB))?2
(1) RELB(NB,N)= 11 exp TCSTANOLILE NI T2
L8=1 vZ.@m * STANDL(LB,NB)
N
Sensor Reliability:i RELS(LS,N) Assumption is that once a sensor is placed in orbit
- it goes into an operational (i.e., non-dormant) mode.

(27 reLs(Ls,ny-cxeln/anTes (L)) f o[- LxzAMEANS (LS)) 2 __]dx

Y2.07 % STANDS(LS) L 2,8 % (STANDS(LS))?
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NIE ]
)
Ne|
—
|
[ Compute RELS(LS,N) ] {See reliabilit. nozes)
i ,
cs M-1}-RZ_3{i3.0
L=l PESILS . N) = FELSILS N1

1k L Nelie] -

PFS(LS,H)=RELS(LS, N-1)
“RELS{LS \N)

PFS{LS M), D091 N -
Computaction of z2nsor
refiapitity anc :ro:.
of failure per ;z2ar.

For IslLS<MAXLS

LCE(LS)--I.*[Iog(CALC(LS))-I.GS,]/.}GI

Learning tucwe
exponent: for:

-}

5€°50°3

LCER=-! .+[|og(CAL3)-L599]/.33|

Mm3itenarce

3 F205i7

i

For IgNSSHAXMNE
LCEB(NS)’-I.#[Icg(CALa(HB))ﬂ .639]/.35!

quses

For lsLSCSHAXL
MAX

[
S

~un

NOSSC(LSC)-LS=KISHIX(L%.LSC)

" Total no. of
seénsors oder
spacecraft-type




N=1

1

For all LS:
ITS(LS)=0

Y Y

83

R
ROSEN(LS,N)>¢ ITL=9 ITL=N i
N < I
Y
ITS(LS) =N
N
LS=LS+] -
Determipation ¢f st yee-
of activity & "3t year c-
activity for e:zch se~sor.
N Y
N=N+1 —d N=}
\ D
PVF(N)=I.G/(I.B+.BlﬁDR)d_l Disce.nt fazto-
N
N=MAXN+M, NNl
. J
Y
for I<NGSMAXNB -

IXB{NB)=ITL

for each LSC
and J=LSCsMAXLSC

_Max fIT5(LS)
Ix(Lsc) =g {ISMIX(LS,LSC)

;

Start. of sctivicy far
spacecrafi & buses.
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for I<LSC<MAXLSC
LCELC(LSC,IE)=~1.

-l.699]/.35'

and I<STE<MAXIE.

S

+[log(CALLC(LSC.IE)) Launch cost

learning expcnents

.

AMAXC (LS)

AMINC (LS

I=I+1

set up probabilijty

» dist. of sensor
I=1 costs

LS=LS+!

LS=MAXLS

3A

I=I+1

30



]

AMAX B (NB)
HINB (HB

85

Set up probability
distribution of bus costs

IPTB(NB)<20

I = I+}




g

B

T

AH&XM
AMINM

86

RANGEM= [AHAXH-ANINH] #,2

TpTH= 20

Set-up probability
distribution of

I - spacecraft maintenance
repair cost (as ¥ of
S/¢ cost)

\ I
UCPM{T)=PPP(6-1,1PTH-248)

I« Is




}

AMAXLC (LSC, 1E)

AMINLC(LSC, TE)

L
el

87

TeE=MANIE

LSC=LSCHI

for HAXHQHSMAYI+IN and
for I<LSEHAXLS
NOSEM (LS, H)=HOSENR (LS, MAXN)

Y




b

SR

s

Sensor cost
computation

“Note:

NR=1|

e

88

Start of Monte-Carlo loop.

Y

Initialize as Per
List #2

HR=HR+ 4__‘

AMAXC(LS)

-
AMINC(LS)

r_"'lAcc=Acc+UCP(I,Ls) 1

Iulsl

ACC = RN

UC{LS)=AMAXC(LS) J_

UC(LS)=AMINC{LS)+RANGE(LS)* [1-1]

RANGE {LS)

+[rRN-AcCHuCP (T, LS ] TCP (I TeT

RN implies the generation

of a random number.,

LS=LS+1

YT Yt i r-\}? rﬁﬁm
f E?RODQLBLML FARY)
}émen\m pACE I8 POOR



N8
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AMAXB(NB) ™

AMINB(NS)

UCB(NB)=AMAXB(NB)

AcC = .¢

1

Bus Cost
Computation

UCB(NB)=AMINB(NB)+RANGEB (NB)* [T-1]

LRANGEB(NB)

+ [Rn-Acc+ucPs (I,N8)] #prpy NG

~NB=MAXNB

NB=NB+I|

Y

9A




N

ACC=.9¢

90

UCM=AMAXM

ACC=ACC+UCPM(I)

I

= I+)

S/C refurbishment
and maintenance
cost computation

+[RN-Acc+ucPH (1))

UCM=AMINM+RANGEM: [I-1]

~RANGEM

“UCPM(I)




.: ¥
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UCM=AMAXM

oy
Jq -

ACC 2 RN

S/C refurbishment
and maintenance
cost computation

UCM=AMINM+RANGEM: [I-1]

, LRANGEM
+[RN Acc+ucpmx;)] GePH (T




B . TR

o pram.

IE = )

e o 4 R PR
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AMAXLC(LSC,TE)
-
AMINLC (LSC, IE)

ucLC(LsSC,IE)=
AMAXLC(LSC I5)

ACC=.9

v

1

I=)

1

ACC=ACC+UCPLC(I,LSC,TE)

I «14)

Launch
Cost
Computation

UCLC(LSC, TE) =AMINLC (LSC, TE) +RANGLC (LSC, TE)* [1-1)

+[an-acceucPLe(I,LSC,TE)) #

RANGLC (LSC.IE)
UcPLC(TI,LSC,IE)

LSC=LSC+)

IE-TE+!

1 (it e 250 10n 21 1




e e bl L ST

IE =

91

LSC = 1}

AMAXLC(LSC,TE)

=
AMINLC (LSC, TE)

UCLC(LSC,TE)=
AMAXLC(1SC T2}

I=1

ACC=ACC+UCPLC(T,LSC.TE)

I =14

Launch
Cost ’
Computation

UCLC{LSC, IE)=AMINLG (LSC, TE)+RANGLC (LSC, TE)* [r=1)

CRANGLC (L'SC.TE)

+[an-accrucpie(T,use, I6)) #iopre TSt TET

LSC=LSC+1

IE=TE+!
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for IX(LSC)SNSMAXN ang
TCCST(LSC,N)=UCB(IBATX(LSC)) " (N-IT L+ yCEB(IBNIX(LSC))

ISLSCSMAXLSC

MAXLS
ISMIX(LS,LSC)*uc(LS)

*(N-ITS(LS)*I)LCE(LS)

-

LS=1]

Spacecraft
cost in year N
(bus + sensors)

1

for MAXNSNSMAXN+NN and ISLSCSMAXLSC
SCCST(LSC,N)=SCCST(LSC,MAXN)

LSC=1
N=IX(LSC)
s
LNCHS (LSC,N) N
- IN=]
LNCHS (LSC,IXx(LSC))
v
[iﬁ-u-lx(Lsc)oll bx(tsc)vu l
LCST(LSC.N)-UCLC(LSC.IE-LNCHS(L}C.N))
LCELC(LSC,IE=LNCHS(LSC,N)) Launch cost
= IN In year N

N=N+|

LSC=LSC+I

for ISLSCsMAXLSC

and MAXN<N<MAXN+NN
LCST(LSC ,N)=LCST(LSC,MAXN)




23

N=ITL

Time loop
- N=N+1 < 4”& ’
For lsLSC<MAXLSC
N=ITL Y Computation of
. NOSA(LSC,ITL)

(See S/C launch schedule notes)

LSC=1
i LSC=LSC+I P
Y
M= ]
N> M=M+] o “M=M+]

IS(LSC,M)=9

LS=1 g IS{LSC,M)=1

N
o |NOSA(LSC,N-1)=
NGSA(LSC,N-1)=-1
Y
Y Y
ISS(LS,LSC,M)=) LS=MAXLS
IYEAR(LSC ,M)=w
LS=LS+I ~+
Y
\ N
= N Print:WARNING
LSC=MAXLS -
el ALL S$/C USED
Y : {E8Ce: ) ==
s 2%

REPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POOR
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LSC=|
—- LSC=LSC+!
Y : ( )
M=
— M=M+| 16
/

M=MAXM(LSC)

Bus doesn't
fail

LSC=MAXLSC

PFB(IBMIX(LSC),
N-TYEAR(LSC,M)
)

Bus fails

IS(LSC,M)=0 ] ISS(LS,LSC,M)=BforislS< MAXLS

LSC=MAXLSC

-

{

(See S/C For lSLSCsMAXLSC
launch schedule Computation of
notes) NOSA(LSC,N)

( ) Y
NOS(LSC,H)-NOSA(LSC.N;} =1 LSC=1 |

‘]I LSC=LSC+! l
:




95

Notes on Determination of S/C Launch Schedule

(NOSATLSC,N))

MAXLSC

N+NN
Hinimize; ;Z PVF(I)=) (SCCST(LSC,I)+LCST(LSC,I))*NOSA(LSC,I)

Lsc=1

MAXLS * N+
NOOP(LS,N)+ ISMIA(LS,LSC)= NOSA(LSC.I)!Z NOSEN(LS.T)

I=N
=)
Subject to:
H
) Inputs
N
NN
PVF(I)
MAXLSC
$CCST(LSC.T)
> LesT{Est. 1)
NOOP(LS,N)
ISMIX(LS,LSC)
NOSEN(LS,I)
» Output
NOSA(LSC,I)
+
»
]

Ry =N )

for each I such that N < ISN+NN
and for ISLSSMAXLS

start of the time horizon (years)

number of time periods (years) tc be considered

present value factor

maximum number of S$/C types

cost of the LSC 570 In vear 2 3

cost of the launch of the LSC S/C in year I

number of sensors of type LS operating successfully
at the end of year N

sensor types available on the LSC spacecraft (g or 1)

number of sensors of type LS required in operation
in year I.

number of S/C of type LSC to be placed successfully
in orbit in year I.



E E o € 5L A > % E TR A e 2E

LS=MAXLS

sensor functioning

\

sensor fails

sensor

NFAIL(LSC,M)
=NFAIL(LSC, M)

+ 1

N doesn't fail

NOOP (LS ,N)

=NOOP(LS,N)+I

I1SS(LS,LSC,M)=0

]

NOSsC(LSC)
pd

FAIL(LSC, M

IS(LSC,M) = @

96



IT-LnCHS(LSE M) _J

1

L}LA(LSC,H)-ILA(LSC.N)’!

booster
recovered

RN

Y booster
success

RN

ANCPBRS(II)

booster not
recovered

97

booster
recovered
Y
RNCPBRF (I1) IBR(LSC,N)=IBR(LSC,H)+I
bgoster not 4
N
recovered 4

IB(LSC N)=IB(LSC . N)+I

orbiter not
recovered

IPL(LSC,N)=IPL(LSC,N)+I

N

V

IB(LSC,N)=IB(LSC, N)+I

IBRILSC,N)=IBR(LSC,N)+I

|

RNCPOROF (II)

orbiter
recovered

IOR(LSC,N)=IOR(LSC, t)+!

IO(LSC,N)=I0({LSC,N)+I

No orbiter
abort
Y

RHCPOS (IT) 23

RNCPOROF ({II)

orbiter
reccvered

. orbiter

abort

orbiter not
recovered

N

ORBCAP(LSC)=Y

b |

IPM(LSC,N)=IPM(LSC, N)+!

r

IPL(LSE N)=IPL(LSC, N)+]

1

Io(LSC N)=TOo(LSC, )1

JOR(LSC ,N)=TOR(LSC ,N)+I

ORBCAP(LSC)=Y

IPM(LSC ,H)=IPM(LSC,N)+)




orbiter
recovered

4

GRBCAP(LSC
=y

RN

Payload does not
function properly

N

RN

Payload
0.K.

2 4

RN

IOR(LSC,N)
=YOR(LSC,N)+I

RN<POR(II)

orbiter
N not
recovered

10 (LSC,N)
10 (LSC.N)+1

Y

IPL(LSC,N)
=IPL(LSC,N)+1

A

orbiter

orbiter

98

recc.ered

not N
recovered

10(LSC.N)
=70 (LSC . N)=+1I

IPLR
=IPLR

»3C.N)
LSC,N)+1

4

IPL(LSC,N)
=IPL(LSC . N)+1

l




L)

RN

PM does not
check out 0.K.

RN

RN

PM places payload
in desired orbit

PM does not place payload
in desired orbit

RN

orbiter recovered

recoveredY

IOR(LSC,N)
=TO0R(LSC,N)+1

I0(LSCN)
=T0(LSC,N)+1

\

IPL(LSC,N)
el =IPL(LSC,N)+1

[

IPM{LSC,N)
=IPM(LSC,N)+1

orbiter

RNCPOR(LII)

orbiter not
recovered

recovered

I0(LSC,N)
=I0(LSC,N)+1

Y
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=IO0R(LS

I0R(L

IPL(LSC,N)
=IPL(LSC,N)+!

B

IPMR(L
=7 PMR (L

SC,N)
SC,N)+1

\

IPM(LSC,N)
=TPM(LSC N} +]1

©
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Payload does
not function

RN
Payload not
reacquired
! N
RNCPPLRR (I1) Kel
Y Payload
reacquired
Ksg&
\

Orbiter
recovered

PM does not return
PL to orbiter

N Y
RN(Poi:ii)/,'
7 |
Orbiter not d N
recovered
, Y
TOR(LSC,N)=TZOR(LSC,H)+]
Orbiter no: '
recovered \ I
" —— - ; T
RNCPOR (1T) 10(LSC,H)=T0(LSC,N)+]
Orbiter V
recovered
A J
IQR{LSC,N)=TOR(LSC,H)+1 > iPL(LSC,N)=IPL(LSC.N)‘I
PL was not reacquired + E
- - IPM(LSC,N)=2PHLSC,N
IPL(LSCLN)=IPL(LSC H)+1 AN mIPHiLSC, u) -

PL was

reacquired

i ; . . '
| ] : R _ :
EXPLR(LSC.N)=IPLR(LSC.N)H P o @

] Y
i IPMR(LSC , N)=IPMR{LSC ,H)+1

18




PM does not return

to orbiter

M returns
to orbiter

orbiter not
recovered

orbiter
recovered

IOR(LSC,N)=IOR(LSC,N)«I

\

IPMR(LSC ,N)=IPMR(LSC.N)+!

1

IPL(LSC,N)=IPL(LSC, N"+I

101
RN
orbiter
recovered
IOR(LSC,N)=IOR(LSC ,N)=}

orbiter not
recovered

TIO(LSC, N)=TO(LSC,N)+! IPM(LSC N)=IPNILSE K)ol

\

(

IPL(LSC n)=

IPL(LSC, Nt

P
e}

]

Qﬁ

NOS(LSC,N)=NOS{LSC ,N)~I
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C(1,LSC,N,NR)=TILA(LSC,N)*LCST(LSC,N)

'

C(2,LSC,N,NR)=IPL(LSC,N)*SCCST(LSC, c
IPLR(LSC )*ucM*.ﬂ!*SCCST(LSc,N)*(N-ITL+1)L Ef

N)+

V
for- K=1,2,3 - ]
SUMC(h.LSC M) = SUMC(K LSC,NY+C(K,LSC,N,NR) 5
SUMSC (K,LSC,N)=SUMSC(K,LSC,N)+[C(K,LSC,N,NR)]
TLSC=LSCH]

for K=1,2,3

MAXLSC
CT(K,N,NR)=

LSC=1
‘ MAXLSC
SUMCT (K, N)=SUMCT{(K,N)+ c
LSC=1

C(K,LSC,N,NR)

(K,LSC,N)

MAXLSC
C{K,LSC,N

suMSCT(K,N)=SUMSCT(K{Ny+Z
Lste

)2

28
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LSC = LSC-# 1

CIT = IT 4 TLA(LSCLN) —

IT = II + IB(LSC,N)

II = IT + IO(LSC,N)

IT = IT + IPM(LSC N)

II = II + IPL(LSC,N)

I = II + IBR(LSC,H)

IT = II + IOR(LSC,N)

IT =|II + IpmR(LSC,N)

II = IT +IPLR{LSC,N)

LSC = MAXLSC

- REPRODUCIBILITY OF THE
ORIGINAL PAGE Is POOR



SUMJ(J,0) = SUMJ(J,N) + II
SUMSJ (4, ) = suMsJ(Jd,n) + (1T)?

PE(1I,J,H) PE(II,J N):-+ |

A

MI

II

A J =9 J=;’+)

ANPV(NR) = ANPV(NR) + CT(3¢N§ NR)#PVF (N)

SUMPV = SUMPV + ANPV(NR)
SUMSPV = SUMSPV + [ANPV(NR)]?




.gyA ‘

CIT=ILA(LSC,N) J

3

SUMLA(LSC,N)=SUMLA(LSC,N)+II 2
SUMSLA(LSC . N)=SUMSLA(LSC N)+(ITX)

IT=MAXT

MLA(LSC ,N)=1IX

Y

[II:IPL(LSC.N)‘I

1

SUMPL (LSC,N)=SUMPL(LSC, H)}+II

SUMSPL(LSC.H)=SUMSPL(LSC H)+(II)>

- LI=MAXI

LSC=LSC+]

105
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for 1=K+3 & IgLSCsMAXLEC
£ for N>ITL

Anx(x.LSC)-:";R{c\x.Lsc.n.\n)}

3 Mi
AHN(\.LSC)-N::R{C\K.LSC.N.\R)}
AMX (K, LSC)=AMN %, LSC,

CSTI(K,LSC)= NOLTT

CSTI(K,LSC)
s.000

C(K,LSC,N,NR)=AMN(K,LSC)
CSTI (K. LsC) +9239

L-Integcrz

P(K,LSC,L.N)=P(K,LSC,L.N)+I

H=N+|

L=NOINT

NR=NR+|

I LSC=LSC+| } o

Ke¥+l o
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for l<K-:3 and NzITL

AMXT(K)= Max JCT(K,N,NR)
N.NR{ }
AMT (K)= Min {ct(x,u,ua\
N,NR
AMXT (K) -AMT (K)

CSTIT(K)= NOTW

CSTIT(K)
<.8801 Ne | * PT(K, ! ,N)=MAXR
N
NeN+| N=MAXN
¥
g
Ne | I
. T
= CT(K,N,NR)-AMT (K) }
. '*'"teger{ C3TIT(K) + .9999

PT(K,L,N)=P(K,L,N)+I

E—

L=MGINT

NR=NR+!
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PVX = Max {AHPV(NR%
; NR

| PUN = Min {ANPV(NR)}
NR

y
PVI = [PvX-PVN] /NOINT
PPV (1) = MAXR
NR = |
L =1 + Integer Aﬁi!iﬁﬁl;ﬁlﬂ+.9999

PVI

PPV (L) = PPV(L) + 1

NR +




3 |  Note:

For all K.LSC and WaSITL
TRCST (K, LSC,d) SUMC (K, LSC, )/MAXR

STDCST(K LSC N)*{SUMSC(“,LSC 1AXR -
2

109

/h
(MCST(K,LSC,N) 2]
For all ¢ and N=ITL

HE(J,N)=SUMJ(J,N)/MAXR

STDE (J,N)= [SUMST (J, ) /UAXR- (ME (J,N)) 2]

For all K and N=ITL

MTL{K,N)=SUMCT (K,N)/HAXR

STOT (K, N)= [SUMSCT (K, N) /HAXR- (MT (K, N))Z]I
For 211 LSC and N=ITL

MLA(LSC,N)=SUMLA(LSC,HN)/MAXR

STDLA(LSC N) [SUMSLA(LSC N) /MAXR=(MLA(LSC, N)) ]

For all LSC and N=ITL
iMPL(Lsc NY= SUMPL(LSC N)/MAXR

'STOPL (LSC,N)=[SUHSPL(LSC,N) /MAXR - (nPL(LSC,n))2]E

HPV=SUMPV/MAXR -
'STOPV=[SUMSPY/MAXR=- (MPV)“]

For N<ITL all
expected values

and standard devia-
tions are equal. to
zero!




(3

4.6

- tation.

OQutput Document Description

The following pages Summarize the output documen-

110
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- -
QUANTITY
XXX X.XXX
XK X.XXX
XXX i
XXX X.XXX
XKX X. XXX
LAUNCH
ATTEMPTS
EXPECTED

NUMBER XXX.XX

STD.
DEV.

XXX.XX

OF A SYSTEM 0

X.XXX

X. XXX
X.XXX

ADDIT.
BOOSTERS
REQUIRED

XXX .XX

XXX .XX

ESTA

PROBABILITY OF INDICATED QUANTITY

ADDIT.
ORBITERS
REQUIRED

XXX .XX

XXX .XX

SHMENT & MAINTENANCE
EARTIH ORBITING SPACECRAFT

ADDIT.

PM's

REQUIRED

XXX .XX

XXX.XX

X.XXX

X.XXX
X.XXX

SPACECRAFT
REQUIRED

XXX.XX

XXX .XX

X. XXX

X.XXX
X.XXX

BOOSTERS
REFURB.

XXX .XX

XXX.XX

YEAR: XX
X.XXX X.XXX
X.XXX X.XXX
X.XXX X.XXX
ORBITERS PM's
REFURB. REFURB.
XXX .XX XXX . XX
XXX . XX XXX.XX

SPACECRAFT
REFURB.

XXX . XX

XXX .XX




qoyuddd

HOOd 81 EOVd TV NIDIHO

AHL 40 ALITIEION

QUANTITY

MI

MI-1
MI-2

|- NW

EXPECTED
NUMBER

STD.DEV.

ESTABLISHMENT & MAINTENANCE

OF A SYSTEM OF EARTH ORBITING SPACECRAFT

PROBABILITY OF INDICATED QUANTITY

PE(MI+1,1,N)/MAXR
PE(MT,1,N) /MAXR i

PE(II,J,N)

PE(1,1,N)/MAXR °

LAUNCH Ad - - - - il . . . . . . - . . -
ATTEMPTS

ME(1,N)s ¢ « « o : i

SPORILLNE v e e

-
.
-

, PE(MI+1,9,N)/MAXR

PE(1,9,N)/MAXR

. SPACECRAFT

. HB(9,N)

« STDE(9,N)




COST
RANGE
(MILLIOUNS
OF DOLLARS)

XXXK . XX=-XXXX.XX

HKAXX X X==XXXX.XX
XXXX . XX==XXXX.XX

XXAX . XX=~XKXXX. XX
XXXX.XX--XXXX.XX

YEAR
EXPECTED COST

STD. DEV.

ESTABLISHMENT & MAINTENANCE
OF EARTH ORBITING SPACECRAFT

OF A SYSTEM

PROBABILITY OF INDICATED

X . XXX
X.XXX
X. XXX

X XXX
X. XXX

XXXX.X

XXXX.X

X.XXX
X . XXX
X . XXX

X . XXX
X XXX

2
XXXX.X

XXXX.X

X.XXX
X . XXX
X.XXX

X . XXX
X . XXX

XXXX.X

XXXX.X

TOTAL LAUNCH & SPACECRAFT COSTS
TOTAL LAUNCH COSTS

TOTAL SPACECRAFT COSTS
LAUNCH & SPACECRAFT COSTS
LAUNCH COSTS (LSC=X)
(Lsc=X)

SPACECRAFT COSTS

X.XXX
X. XXX o « =+ »
X.XXX

X . XXX
X.XXX

4 e e e e

XXXX.X o = < o

XXXX.X *= =~ ¢ o

X . XXX
X.XXX
Y XXX

X . XXX
X.XXX
MAXN
XXXX.X

XXXX.X

(LSC=X)

These three sets
of reports are
to be printed on
request only,

.

i1.e., DETC=Y.

ETT

FEiE T




ESTABLISHMENT & MAINTENANCE
OF A SYSTEM OF EARTH ORBITING SPARCECRAFT

fOTAL LAUNCH & SPACECRAFT COSTS

K=3
PROBABILITY OF INDICATED ¢ TOTAL LAUNCH COSTS K=1
TOTAL SPACECRAFT COSTS K=2
COosT
RANGE
(MILLIONS
OF DOLLARS)
AMT(K) +[NOINT-1] *CSTIT (k) —-~AMT(K)+NOINT*CSTIT (K) PT(K,NOINT,1)/MAXR. . « PT(K,NOINT,N) /MAXR
AMT(X)+2*CSTIT(R) ~~AMT(K)+3*CSTIT(K) . .
AMT (K) +CSTIT(K) ==AMT (K)+2*CSTIT(K) . .
AMT (K) : ==AMT (K)+CSTIT(K) PT(K,1,1)/MAXR » - + -PT{X,1,N)/MAXR
YEAR : 1 = ¢ o o o e o o e o N
ESPECTED COST ‘ MT(K,l)e * o « ¢ s « MT(K,N)
STD.DEV. : STDT(K,Ll) o o« o o & STDT (K, N)

VIT

Zhais




ESTABLISIHMENT & MAINTENARCE
OF A SYSTEM OF EARTH ORBITING SFACECRAFT

LAUNCHE & SPACECRAFT COSTS {LSC=LSC) K=3

PROBABILITY OF INDICATED LAUNCH COSTS (LSC=LSC) K=1

SPACECRAFT COSTS (LSC=LSC} K=2
COST
RAMGE

(MILLICNS

OF DOLLARS)

AMN(X,LSC)+[NOINT=-1]*CSTI(K,LSC)--AMN(K,LSC)+NOINT*CSTI(K,LSC) P(X,LSC,NOINT, 1) /MAXR...P(¥,LSC,NOINT, N)/MAXR

. . . -
. :
.
- . *
.
. .

AMN({X,L5C)+CSTI(K,LSC) ~-AMN(K,LSC)+2*CSTI(K,LSC)
AMI(K,LSC) 7 -~AMN(K,LSC)+CSTI(K,LSC) P(K,LSC,1,1,)/MAXR.....:P(X,LSC,1,N)/MAXR
YEAR 1 « o o o « e s o o« N

EXPECTED COST MCST(X,LSC,1) « ¢ « « «MCST(K,LSC,N)

STD. DEV. STDCST(K,LSC,1) + « ¢ +STDCST(K,LSC,N)

(=
-
wm

T



QUANTITY

XX
XX
XX
XX

XX
YEAR

EXPECTED
NUMBER

STV.DEV.

ESTABLISHMENT & MAINTENANCE

OF A SYSTEM OF EARTH ORBITING SPACECRAFT

PROBABILITY OF INDICATED {

XX

XX

XX

XX

SPACECRAFT TYPE:

LAUNCH ATTEMPTS
SPACECRAFT REQUIRED

XX

9TT

e



QUANTITY

MY
MI-1
MI-2

RN W

YEAR

EXPECTED
NUMBER

STD.DEV.

ESTABLISHMENT & MAINTENANCE
OF A SYSTEM OF EARTH OREITING SPACECRAFT

SPACECRAFT TYPE: LSC

PROBABILITY OF INDICATED LAUNCH ATTEMPTS

PLA(MI+1,LSC,1)/MAXR « «¢ + o o o
PLA(MI,LSC,1l)/MAXR.
PLA (MI-1,LSC,1)/MAXR

PLA(II,LSC,N)

PLA(1,LSC,1l)/MAXR-

l . . . ¢« 0 . . e Neo » . . .

MLA(LSC,l) L L] - - . . - - . [] 'Y .

STDLA(LSC,1l) » o o s o o o « o & o

« PLA (MI+1,LSC,MAXN)/MAXR

o

d i

PLA{1,LSC,MAXN) /MAXR

« « « «MAXN

« MLA(LSC,MAXN)

+ STDLA (LSC-,MAXN)

LTT



ESTABLISHMENT & MAINTENANCE
OF A SYSTEM OF EARTH ORBITING SPACECRAFT

: PRESENT VALUE . PROBABILITY OF INDICATED
(MILLIONS OF DOLLARS) PRESENT VALUE OF COST
(DISCOUNT RATE=XX.X)

XXXXX . XX~-~-XXXXX .XX X . XXX
XXXXX.XX--XXXXX.XX X.XXX
XXXXX . XX--XXXXX.XX X.XXX
XXXXX.XX--XXXXX.XX X .XXX
EXPECTED PV XXXXX.XX
STD. DEV. : XXXXX .XX

8TT




e e e s s -

@
€
€
€
€
€

b iy
ESTABLISHMENT & MAINTENANCE
OF A SYSTEM OF EARTH ORBITING SATELLITES
PRESENT VALUE PROBABILITY OF INDICATED
(MILLIONS OF DOLLARS) PRESENT VALUE OF COST
(DISCOUNT- RATE=DR)

PVN+[NOINT-1]*PVI--PVN+NOINT*PVI PPV (NOINT) /MAXR

.o - . - - A

. e . ) v

- . .
PVN+2*PVT -—-PVN+3*PVI .
PVN+PVI ~-PUN+2*PVI ; T
PVN --PVN+PVI PPV (1) /MAXR

EXPECTED PV MPV

STD. DEV. STDPV

6TT



4.7 Optimum Scheduling Formulation-

The problem is to satisfy the‘yeaflj démand for vaf—
ious sensor t&pes in every year by launching spacecraft wﬁich
transpdrt a:certain subset of the sensor types so tﬁat the
overall prdgram cost is kept to a minimum, kIf there were no
random eiementsksuch as sensor failures, then the problem
coula be solved by considering the‘eﬁtire time frame of the
program. In this analysis, however, the random element is
incofporated and the decision as to which spacecraft to launch
must bé'bn a year-to—yéar‘bésis (gach vear looking ahead to
the future but taking into account what has happened in the
past which w;ll effect the future). |

The v;riables for the problem consist 6f ﬁh; numbef
of new sensors which must be launched each yéa?,ithe sengor
mix which is carried on each spacecraft, and the space-
craft associated cosﬁ“each year. In order tp achieve a bet-
ter conception éf the potential launches, a "look;ahead“'
period beyond the current vear is considered so that the‘costs

will be minimized with respect to the "1ook-aheaa“ period

~and not just with respeét“to the current year. That is to

say that it may be economically preferred to launch excess
serisors in ﬁherqurrent year to satisfy later year demands.
Formally stated as a linear integer program, the

problem becomes:




33}

Minimize:

L m
Total Cost = :E: }E: (cOst)i'jx (I.av.uu:l-a):l.'j
i=1l j=1

Subject to

(Launch)i'jis integer valued for i=}1,2...,L; §™1,2,

....'m
and

h

E (Sen)k'i X (Launch)i'j+(Excess)k'j_l-(Excess)k,j

=1

--(Dem)k'j

for {i-l,Z....,L
knl,Z reee N}
Where
> 1 = index relating to spacecraft type
3 = index relating to year of the "look-ahead"
period (current=1)
k = index relating to sensor type
L = number of spacecraft types
m = number of years in the "look=-ahead" period
n = number of sensor types
Costi 3 = Cost to launch spacecraft i in year j
'
Launchi 3 = Number of spacecraft of type i to launch .in
t year j
Senk i - {0 if spacecraft i does not carry sensor k
£ 1l if spacecraft i carries sensor k
Excessk j = number of excess sensor k in orbit in year j
’

Dem = demand for new launches of sensor k in year j

k.3




w

122

As the launch optimization occurs withiﬁ a Monte
Carlo simulation aﬁ efficient algorithm must be employed.
Conventional linear integer programming algorithms are too
time consuming to be considered( and a subopti%al choice
procedure is empioyed. The problem is treated as a con-
tinuous linear program and a simple upwards rounding of any
non-integer first year launchés is employed.é Althouqh not
always optimal, the rouhded continuou§ solution'will’corrg-
spond to the best integer solution the vast majority of the

time due to the nature of the setup of this specific problem.

3
b

s T T 3
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5. SATIL 2 PROGRAM DESCRIPTION

The FORTRAN coding for SATIL 2 follows the flow-
chart (Section 4.5) very closely. The:following is a de-

scription of the program implementation.

5.1 Organization

=
R

The computational variables, i.e., counters and sums,
are initialized in one of three ways.
1. data statements
2. assignment statements
3. the subroutineiAiiSTl
The nominal values of the input variables are established in
subroutine DFLTIN. :The periodic_reinitialization of vari-
ables within the MOAté~Cafio loop is déne by ‘subroutine
ALIST2. Many of the NAMELIST input variables are arrays ;
inputted as vectors in row rather than column order. The
transpositién of those arrays is accomplished by subroutine
TRAMSP; fThe reliability equations are implemented in sub-
routine RELIAB. The linear programming algorithm is imple-
mented in subroutine NOSAT which calls two assembly language
routines. The output of the program is done by subroutine
OUTPUT.
kThose variables dimensioned in the flowchart by the-
number of Monte -Carlo runs haQe beéniwrittenvouﬁ to -disk on
standafd FORTRAN‘logical unit 2, and are then réadjbaék'in

aftexr the Monte Carlo runs are completed.

Mgwmwwmﬁw R TP




o
o

124

ek &

kg 175 5

5.2 Control Cards andiInput

PERCEI STy LAt

Standard FORTRAN compile,;linkigdit, and go cards

are used 1if the source cards are keing run and standard link-

edit and go cards are used if object decks are used. A

U.F4STAT SYSLIB card must be included in the link-edit step Q
to locate and link subroutine TRAMSP. Inputs via NAMELIST
should be entered in the appropriate place in the back of the

decks.




tta.umdi

)V 125

6. SATIL 2 PROGRAM LISTING

e e i R

syt et L
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SATIIN2 LAUNCH S
IXTERNAL FIXUD
%EAL LCER,MPY
TNTEGER DEZUS ,IETZ
FRAL *0 MATZTY

R RRTIE R e B AR .0

INTIGEE “)’:ﬂDEZ?,INSEXZ
DIUZNsSION ﬁ??RIF(1ﬁ,2R),TJDu“7(1D‘,:ID"AC(23),COZ-(5,25) -
DTHPNSION PPRO(5) ,PEEON(8),PTR03 (5) ,PPR04 (5), PPROS(5) ,PPP00 (5)
DI MY NS ION ??907(%),99?06(5),?990? 5) ”7°1n(3),~9911(5) PPEL2 (5) o
DIMOHSTAY pDnl13(%) ,2P214(5),PPR15(5) ,22P 15 (5), PPE1T (5) ,PPP13 (5) ;
DIMFESTION 22219(5) ,229220 (5) o i
TH?I 308 IPTLO(5,10), ITI(10), TE(5), LNCHS(5,25) SA7L0200 :
THTEGET IYR(S), N0S3C{5), IPTE(S), ISHIZ(5) SaTL0300 K
INTR 3PS YOAP (16,29), WCSA(5,25),YIH58N(10,25) ki
TIATHGER IPT(1Q), TSN (15, 0) ,4C3EY (10,25) (HaXi(5),NFAIL(5,20) 35aILG500
TUTEIEP ILAE(5,25), IR (5,25), IB(5,25) 3ATL0600
TW”“F~? IPI(5,25), IOn(5,25), I0(3,25) SATLO700
TUTEGRR T2L3(5,25), 12%3(5,23), 4N2S(5,23) ; SATLO300
INTRSER T8 (5,20) ,I33(12,5,22) ,IY:A3(5,20) i SATL030C
REAL C(3,%,25 Y, ST (3,25 y.23425,3,25%)
KZAL D(3,5,%7,25),97(3,47,25) ,PPv {42) SATL1100
ERAL RELS (19,25), 973 (1¢,25) ,AuLn (5,25) ,3#7BF(10,5) SATL1200
RRAL STAVDGIL (19,5) (,aXBANL(12,5) ,AHTES (12) ,STASNDS (10) ,ANEANS(19) SATL130C
TEAL LCI(1€) ,CALC(10) ,PPR(5,25) ,4%ARC (10) SATLI4V0
RTAL ANINIT (1Y) ,P P"‘"(1"\,UCP(5,1J)r???(%,ﬁﬂ) SATL1500
FHAL HC(I0) , AHANLC (5, 10) ,ANTILC(5,10) ,LCELC (5, 10) SATL7500
 CALLC(5,10) ,PENILC(5,10) , UCeLL(5,5,17) ,5CC38T (5,25) SATL1700
U:L: G,l(),“V‘(Zi) LCST(5,25),LCIB (5) ,CALE(3) SATL1800
AN IN zawsza(sj,ucaa(s,s),UC?H(S) SATL1300

REN O : RS Y, RBET(10),2LR0F (1) o e
7 ZAL p31<(10),:35(10), 2S( 5) ,FOR(10) ,PRAC (1D) ol
TUTRGER IPN(5,25) '
HUAL PESD (T10),DPRLrl (10),02052 (10) ,S214C(3,5,2% SATL2240C
LHAL POTAF{TM) y2LE(25,5,25) ,2PL(25,5,25) .
AL SUNTC(3,5,25) ,SUMCT(3,25) s3U8SCT(3,25) ,3084(Y,25) SATL250C
PPAL SUMSI (F,20) ,5U8LA{5,25) ,SUNSTA(3,25) ,59501 (5, 25) 3ATL2000
IEAL SUMIPL(5,25) ,A%% (3,5),44%(3,9),C57T (3,9) 5ATL2700
TEAL AVTT (D) ,ANT(3),CSTIT(3),¥C3U(3,5,25) 48 (3, 25)
DRAL STOR {C,25),MT(3,25) ,3T07T(3,425), 1LA (5,23
RZAL STDCET(3,5,25) ,47i377(5,13) ,32ANDI (S, 10),CALLCT (19, 3) SATL3000
PEAL SHTMLT(1C0,9) ,M8aSL7(1Q,5) ,AREAIT (5, 10) SATL3100
TN D8 3ER fswrx?(s,1c),noszr:(zs,10),:9?L:t(10,5),LﬂCﬁsr(zs,S) SHTL3200
WAL STDLA(S,23) ,#2L(5,21%),SEDEL(5,25) SLTL33900
THTRGEZR “9*u01(23),x3£302(25),M53n03(25),huAWAu(v)),;sruoa( 9) SATL3LQO
INTRGDR VSENOA(25), NEANDT (25) , NSEU08 (25) (NSEL0S (25) (NSEN10(25) SATLIS500
TUNTAGES IAZNCL(R) ,TATMO2 (%), ININNI(5) ,INTNOU (S ),LX-.LS(J),-A'/OS(JJH¢L3b00 :
2y 11IN0T(5) , THIN B (5) 2089 (5) , 211X 10(5) : SATL3700 .
EQUIVALENCE (DATNOT, IS8TNT (3, 1)), (T¥IL02, ISHIRT (1,2)) SATL360D i
REAL AESANT(S) LANBAND (B), ARFAUI(3) LAMEANY (5) ,AHEANS (D) BATL3IS00 i
REAL AMTLCTI(1]), 244L22(10) ,ANELIC3 (10) ,AHNICH (10), AMKLTS (10) SATLYU00 B
REAL “uwr 110y, ASNLT (13),=1hL:x(10),\wnLcu(10),x.uL 5(19) SATLG100 s
INTZGER IETLCT(IN STLS2 (W), IBTLC3 (19) ,IeT Cu(lO),Z?TL;S(10} SATLY200 S
LEAL C\LL\1(1“),““ C2(1C) ,CALLCI(10) ,CALLCH (10), CALLTS (10) SATLU3O0 - g
THTEGRE LYCHS 1(~ NCHS2 (25) 4 LUCHS3 (29) ,LUCHE 4 (25),LUCHSH(29) SRTLY400 i
REAL STANDI(S) 8 5} ,SUAND3(5) ,STANDY (D) ,STAEDS () SATLYS00 g5
AEAL ANTREI(S 5) g ANTATI(5) LASTREN(5) ,ANTID A5 (5) SKTLY4600 4
BRI VALSNCE (RHTY HINT (1, 3) ), (TUTENY, I56INT (1, 4)) SATLUTO00 o
EOUT vaL.\r'(f T(1,5)), (ZRIKCh, ISHIXT (1,6)) ST SATLEBOO0

PRI E

REPRODUCIBILITY OF THE
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SOUIVALENCE (STANDT,STAMDL), (ANAXLE, AMAXLT), (AMEANL, AMEANT) SATLU900
ZOUTVALENCE (TSM1Y,ISMIXT),(LNC!IS,LUCHST) SATLS5000
BQUI VALENCE (IMINAT,ISXI®T(1,7)), (INIXNQ3,ISNINT (1,8)) SATL5100
ZOUT VALLNCE(TAZENY, ISNTXT (1,2)), (INIX1D, 135102 (1,10)) SATL5200
EQUTVALENCEZ (NEDH91,%05ENT (1,1)), (ISEND2,HCSENT (1,2)) SATLS300
20U VALSH 22 (HSBN03,N03IFT(1,3)), (NSINDL, NOSEL T (1,4)) SATL5400
FPOUIVALENCE (NSENCS,NC3ENT (1,5)), (NS24D6,40SENT (1,06)) SATL5500
BQUI VALENCT (NSTNO7,HOSENT (1,7)), (4S3NIS,NOSENT (1,€)) SATLS5600
EOQUI VAT LUCE (MSENOD,HOSENT (1,9)), (NSENID,NOSE£UT (1,10)) SATLS5700
BOUTVALZNCE (VNEANT,AYEAYT (1,1)), (A4ZAM2,A4EANT (1,2)) SATLSE0UY
EOUIVALEUCE (ANFAN3,ANTAYT (1,3)), (ALSA43,ANMERGT (1,4)) SATL5900
BQUZVALEYCE (AMEAMS,AHEANT(1,5)) SATL600Q
EOUTVALGECE (ANYICT,AMAXLT (1,1)), (ARYIC2,AnAYLD(1,2)) SATL6100
BLUTYALINCE (ASXICI, AJAXLT (1,3)), (A4LICH,AMAKL.T (1,4)) SATL6ZUV
BOUZ VALENCE (AZXLCH,ANAXLI(1,5)) SATL6300
i TQUIVALECE (ANLCT,MAZULT (1,1)), (AMALC2,a%iNLT (1,2)) SATLOUGU
e PQUT VALENCE (ANNLTI,AKINLT(1,3)), (AINLTH,ANIXNLIT (1, 4)) SATLH500
E PQUI VALZINCE (AYFICS,ANINIT (1,9)) SATLooVY
S BQUI VALENCE (ANINLZ,AUTILT) SATL6700
E EQUIVALSNCE(ANTETT,ANTEF) MBS
g BQUI VALSMCE (NOZEY, ICS IHT) SATL6300
5 EQUIVALECE (ZPTLC1,IPTLCT(1,1)), (IPTLC2,TFTLCT (1,2)) SATL690U
s BQUIVALEMCZ (TPTLC3,I2TLCT(1,3)), (Z2TLCH,IPILIT(1,4)) SATL7000
& PONT VALFNCE (TPTICS,TPTLCT(1,5)) SATL7100
g; 20UT VALZNCE (I271.C,T2TLET) SATL7200
g gQUT VALENCE (CALLC1,CALLC™(1,1)), (CALLC2,CALLIT (1,2)) SATL7300
g, EQUTVALINCE (CALLC3,CALLCT(1,3)), (CALLCH,CALLCT (1,4)) SATL74CO
S EQUIVLLENCE (Callc5,CALLCT™ (1,5)) SATLT500
2QUTVALZICE (CALLC,CALICT) SATL7000
£ QNS VALETCE (LNCHES1,IYCUSI(1,1)), (LUCHS2,LNCHIL (1,2)) SATL7700
5 EIUT VALENCZ (LuCHS3,LNCEST (1,3)), (LNCH3U,LECHST (1,4)) SATL7800
E BOUT VALZNCE (LNCHSS,INSHST(1,5)) SATL79J0
g EQUI VAL2NCRE (3TAND1,STANDT(1,1)), (57AMD2,STANOT (1,2)) SATLB000
ZOUT VALAMCE (STA¥D3,3TANDT (1,3)), (STANDY,3TALDT (1,4)) SATLS1020
BNz VALENCE (3TA'D5,STANDT(1,5)) SATLB200
ZOUTVALTHCE (AVT831,A%TH27 (1,1)), (A47B22,A4TB7T (1,2)) SATLB 300
BQUIVALINCE (247TBF3,A423F7(1,3)), (ANTBTY,A8TBET (1,4)) SATLSB40D
FOOT VALOSCE (AnT373,A87B77T(1,5)) SAILB500

PIUTYRLENCE(P22(1, 1),22201(1))

SQUIVALTNCE (PBE(1,72) ,PPTI2(1))
€AYT VALLICT (PP (1,03) ,P2R03(1))
EQU-VALENCE(D22(1,04) ,2220u(1))

? EQUI VALENCE (P22(1,05) ,PRPRPAS(1))
BQUIVALENCE (P22 (1,06) ,2PP06 (1))
FQUI VALINCE (PRE (1,27) ,P2207(1))

AR e Y A

EGUIVALENCE (PFE(1,08) ,PP208(1
EQUTVALES ST (222(1,09) ,222)3(1
=0T VALEY CF (PP (1,100 ,PPE10(Y
ROUTVALENCE (POF(1,11) ,2PE11(1
EJUIVALAMCE (222(1,12) ,22212(]
EQUIYALIYCE(PPF(1,13) ,PEP13(]
BQUI VALLNCE (PPE (1,14) ,TPP14 (1
EJUT VALIENCE(DEP(1,15) ,PP215¢()
EQUT VALE“CL (PPP(1,16) ,PPP16(1
EQUIVALENCE (222(1,17) ,P2217(1
EQU- VALENCF (BP2(1,19) ,PPFR18(1
BQUT VALELCL (PP (1,19) ,0P219(0
RQUL VALEYCE (PPP(1,20) ,PPEP20(0

))
))
))
))
))
))
))
)
))
)
))
))
))
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caoaoaon

1
2

w(1::>-3;0~dc\ulcldhau
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COMMOR/DUTS/MI,PE, XAV, MF,STDE ,AMT ,NOINT ,CSTIZ, P, NT,STDI,NC3T,

STDCST,PLA, MAYN,4LE,STDLA,ZVN, 2VI,BPV,NPV,S5TDPYV,ITL,DETC
+PT,PPL,MPL,STEPL,AMN,CSTI,MAXLSC, DR
Prvvoq/ﬂ'uw/gtﬁub
CONMON/ADNT/ILA,ZN, 20,108, IPL, I8 ,20R,IPNR,IDLE
COMMON/LINEARZ CRZT,L3,L8C 03, 4,ISNX X, HRUSES
COMMOM/LAUYCH/KEAT(S) ,TCO3T
COMMOYN/DISK/C,CT ANDY
2Q0T v LEF\F("OW”(I 1,1),71A(1,1))

ALP(Y) ==1,4 (ALOG 10 (%) =1.696) /. 391
DEV(X,Y) =SORT (F/AVALE-YEx2)

DAZA UCLC,1CELC, LCE/1108G,/

DATA YOSA,NCS/25C*/

DATA 175,2.9,23/15*0.5‘-5/

DATY AYTIL2S57

DAZA ANT3 2,508,/

DATA IMDEND,TUDENSLUU*C/

DATA MATITYN/446%0,7D)/

DATA B2F11/45,425,415,.07,.03/

DATE 22202/43,:25,42,415,.V/

DA?A PP?C!/."Q]'.;"Q‘]'.\\?/

DATA PPTCO4/.35,.4,.15,.07,.03/

DATA PPRP25/.21,432,627,415,.05/

DA':\ ??9?6/02310,'023'-’()’0();’/

ATR 2920 7/.25,035,625,41,.05/

DATA PPP03/.10,.49,.24,,02,.02/

DATA P2P09/012,032,32,417,.07/

DA™ PPDP10/.15,.34,.37,.12,.02/

DATA PPP11/.20420e2004408/

DATA P9212/415,022,425,4¢22,.15/

DATA P?P13/01'0251034025351/

DAY 22214/.0%,,25,.,34,.25,.0N8/

:)A:l‘\ ?95’1':/.05,.25,.“,.25,-';"3/

DATA PPP1A/e1,02,04,42,.1/

D&T;’x ?0?17/0':."0 -"-‘u,oJ,.OJ/

DATA PPP18/,05,02965,42,.95/

DATA B2213/,03,.2,¢58,42,.03/

Dr\“ D"T"".v],. .)7'0&'.07..03/

NANTLTEY /o92UT2 QAP ydACIEC MRANLE SR NNB  IALLR s Na Ll VAN IRE S,
MILUT,NTEVOY,NSIENIZ, NSENC3,N520 “,?SENG%,SSENOO NSENOT,
“'"‘Oo,tqa‘”‘ ®S “110,-L_t01,132?02.2 103,.iIﬁO“.:HliOb,IHIlOb,

-V? Iﬂ" " T A"': .1- JQ - 10,:?“:‘:.& !..;-1‘ -X-- 't'2,isﬂTﬁf3,A.1TBF“,
ANTB? 5 "h"D?,..A )2,4 A D3, STAIDU,STANDS L AMZANY, ANZAN2,ANZANS,
AHEEN“,&Z:R"' AMTZS, S"‘Jﬂ,AVJ:“‘,R”Aﬁ:,&ﬁ:”;,:?r,»‘l-,1 tad3,
AMTIB P U CALR ,AANZY  AAINE T F2A,CALI,ANKLCT, ANXLC2,ANLLET,
RXTLCU,AETIT:,f%-IC JAERLC 2, ARNLCI, AMNLCA, AGHICS, IB.L»1,-..LC2,
I?TLCJ,‘k LS L TLCS,CnLLC1,CA~L»2.~wLLL? CALLCW,CalilCS,LiCHSY,
LNCHS2,LUCHS3,LNCHS U, LNCHSS ,0R8CAP, PPS, FBS,2085,0BRT,P0CS,20R37,
N RBF,P0OT, ?‘"C ??L[,L YEP,OPLAR  MACY,AN,08,DETC
??PO‘,PPP02,P?PO!,??PGS,P?FO 22PV6,P2PC7, 35“0...??09 P20,
???11,???12,???13,???14,???15,?°?16,?P°1’,???1o,???13,P??ZO
$DERUS

ITIALIZE INPUT DATA T0O DETAULT VALUES

MBS
MBS

SKATL3L30
SATLS5u?
SEIL%600
3ATL9700
SATLS5UY
SALL93JC
SATL0300
SAZLCICD
SATLOIU
SATLO3Q0

SATLO0500
SA1LO0600



&

kol

auaan

(GO

O

aa

$I=0

HOTN T=28

DO 59210 K=1,3

DO 5913 %=1,25

CT (X ,M) =",

SUNCTIN, V)=,
5913 SU%SCY (X, V) =0,

AMXT (K)==99),

ART(K) =17, 519

DO 5910 L3C=1,5

AMY(K,LSC) ==999,
5910 AM%N(K,L3C)=12,.T10

PVV==G53,

2U¥N=10,E12

DEBIG=0

N3=3

CALs DILTTIE( PP,

1RO, I Iy, TN L, ANs T, &2 DL ,ANE SL AMTIBS,STALDS ,AVEANS,ANALC,

129

2 AHT"C.I?T,CALC,A!R?&,A?I”B,I‘33,CALB.Aﬂkiﬁ,k::ﬁ!,!??x,CALi,
3 AﬁAfLC,AR:ﬂZC,:??LC,CALLC,LNCHS.ORJCA?,P?S,PFJ,PB&S,PBEF,EGS,
3 ?ﬂPOF,PGRBF.POR,??JC,?Pd&?,??LZB,ﬂAEH,HK,DS,DE?C)

HANELIS™ TNPUY

PEAD (S5,1NPUT)
sRITE(6,IN20T)
W2ITF(6,700)
00 PIEYAT(141)
WRITE(A,327)
328 “QPYAT (10%,19pDY)
DO 324 T=1,29
326 WRITE(6,327) (PEP (IX,1),212=1,5)
327 PCRMAT(3V,577.2)
APITE(6,7090)
VAL DAT?2
e g b g e o e W Rk e o R
CAIL START ('%')
CALL TIANEZ(A2TEDT,S, 10, 374%4)
CALL ‘RAHS?(LYCHST,ZS,S,STARU)
CALL TRANSI(STANOT,5, 10,3TA%0)
CALL TPAESB(CALLCT,10,5,3T484)
SR S L E R IR b B BB TR R R
CALL TRANSZ(AEINLIT,I0,5,57A04)
CALL TRANSP(AXANLT,10,5,STARY)
CALL TRAUSP?(AACANT,S5, 10,SMARY)
CALL TEAVS2(ISAIrT,5,19,3%Ax4)

CALL TRANSP(WTSENT,25,10,3TARY)

¥2TTE(6,343)
343 POTMAT( ! ISMIVY)
DA 3448 I=1,19
344 9IITE(6,3U5) (ISYIX(I,J),d=1,5)
345 20371 (32,574)

LA2IRLTILR AS 2ER LIST «f
CALL ALIST1(SU!PL,SUHSPI,P,PFL,PT,?PV,ANPV,SUSPV,SUHSPV,
EARCIS AN  AAEN AN L8 e278 +@FD3 ,SUXLA,SUHSLA, LA,

& DL, SU~C,SUNSC, PLA,SUNI,SUMST,PD)

#B5001

SATLCE0C
SATLGO30J
SATL1000
SATL110C

SATL1200
SATL1300

SATL15CC
SATL 1030
SATL1700
SATL1&)0
SATL15J0
SATL2C00
SATL2100
SATL2200
SATL2300
SATL2400
SATL250Q
SAYL2000
SATL2700

SATL2E0QO

SaTL30o0
SATL3100
SATL32930
SATL3300

BN N TS T T L TR (215




#

~ CONPUTATION OF EUS RRLIABILITY & 2ROB. OF PAILURNE/YEAR
CALL PTILIAB(MRYLB,

1 NAX!H,&AZ?.?SB,:ELB,ASTS?.STANDL.ASSASL,&AZLS,P?S,ELLS.AHTBS,

2 STANDS,ANMEAYS)
WETTE (6,348)
348 TORYAT (/' TEn')
DO 346 I=1,5
346 HYITE(6,J“7)(P?U(I,J),J81,10)
347 POSUAT(194,1076, 3)
WETT2(6,309)
89 DoMUY PR
D) 350 T=%,10
359 ARITP(6,307) (27S (I,Jd) ,9=1,10)
I?(MEBUG. 0. 0) GC TO 351
D3 352 I=1,25
P35y 3t
353 P¥B(J,1)=0.
by 354 Jg=1,10
354 p?5(J,T)=9,
353 couTIRge
35 COMOsqtie

esveese JEALNING CUBVE EXPCONINIS FOF S3TYSORS

aaan

DD 202C L1, MR¥LE
2020 LCE(LS)=ALlZ(CALC (LS))
LCFE sALS (CALF)
D3 3021 80=1,1\248
8021 LCZJ (“B)=ALD (CAL3(53))-
DO 9022 LSC=1,:h<LSC
DO £023 1S=1,4AXLS
8023 NNSSC(LSC) =NOSSC (L57) +ISMTH(LS,L3C)
8022 ChuINUE:

C
Coevnevnsese 2 2
c
DO 1029 Ls=1,4arLS
1029  Tr3(LS) =)

17320
DY 10310 r=1,8any
DO 1931 LS=1,%A%LS ;
If (NOSEY(LS,).LE.2)G0OT7C 1031
12 CTL.%0.0) T ="
IF (CTS(LS) «EQ.0) TTS(18)=N
1031 2 nTINUS
1039 coNTINDE

anonrc

COMPUTE DTSCOMNT FACTOR

MAYN WM =MAVH N
DY 1040 N=1, YAYNNN
1040 PVI(M)=1,0/ (1,06, V15L7) we (¥=1)
c

Covesevesesss START OF ACTIVITY FOi SPACECIAS? AND DUSES
¢

DI 1044 L5C=1,~AXLSC

I¥ (L30)==5

DY 1045 LS=1,4AYLS

SATL3400
SATL3500

SATL3700
SATL3800

SATL3300

SATLU4300
SATLG4400
SATLY4500
SATLY460C
SATL470Q0
SATL4500
SATL43I0
SATLS5000
SATL5590
SATL5630
SATL57Q0
SATL6CIG
SATLO10V

SATL7000

SATL7100
SATL7200
SATL7300

:

Uiniendintadi bl
N

#

i

v ‘('.V.._,i_.m
00 1o04. Lot

hiaRani A




&

TRAD=ITS(1S) #TSMTY(LS,LSC)
IF(IPADGT TYL(ISC))IY (LSC)SI3ND
1045 conTINng
1044 CIONT TNIE
D9 1047 ¥3=1,%AYUB
1947 T2p(uB)st=L

c...o..'n.? ’

Coevevenses LAUMCH COST LEARNING EYXPOMENT
D) 10%9 Zi=1,M2%3I2
DO 1989 LSC=1,MAYLEC

1050 LCELC(LSC,Z8) =ALR(CALLO(LSC,IE))

uett:(e,JSS)L:E
358 fIRMAT (/Y LoT=
x::rz(s,z,e)L::?
356 FOXMAT (/' LCIE=' ,1312,4)
H?TTh(G,J%’)'unB
357 PORMAT (/' 1CLiE=!,5212.4)
WRITL(6,355)
358 TIR4AT(L LSEICHY)
42?75(6,350)(( LCRLC (T ,d) ,2=1,5) 01, 10)
359 FCRIAT (3%, 2.4)
w ™6, 360 T"
363 FTORYLT(/Y “lism!, 114)
4#"‘(6 e s
361 ‘*='a (2 170 105 4)
WRTT2(6,362) T
362 TOTNAT (/' TXst,574)
WOIPE(6,363) T¥R
363 JOFMAT (/) Ix3=!,58I4)
WIITF (6,3688) (OVF (i) ,M=1,10)
364 CRIAT(/Y PVFPsS?,10212.4)

:'ooo.u.‘?l 4

+ 10212, 4)

DO 1059 LS=sy NKVIS
Ir (\’\-:(LS). B0 AUTIC(LS) ) GOTO 1059
PANSE (LS) = (AMAZ C(LS) -A4iv C(LS))*,.2
b & & 34 P'(L=).LH.-\)PD‘7 10561
B 1982 T=%,5

1052 HLP(',LS)RPP?(ﬁ-Ip:P”(LS)-ZO)

1051 DO 1054 ==1,5
1054  ©BCO(T,LS) =202 (T, T(LS))
1053 CONTTUME

1059 CINTTIUE

C...'....QL‘ 3A

c.....l...b “A
DA 35 NB=1,%aAvYYNE
TF(AMASB(UDB) « EQe AMINB (UR)) GO T2 38
RANIER(YR) = (AMAX B (N3) =ANTNB (D)) *.2

Cosevenese SE™ Up DoOBARILITY DISTY OF BUS CCSTS
IT(IPTR(EB).L5e27) 3070 1069
DO 1062 T=1,5

1062  nCOM (T,NB) =PP2 (6-T,IDTB(NB)~-20)
GOTU 1063

1061 0 1064 ==1,5

131

SATL7400
SATL7530
SATL790C
SATLou00
SATL9100
SATLec400

SAILa3500
SATL3000

SATLE700
SATLEBI0

SATL2130

SATL9300
SETLS409
SATL?500

ATL3000
SATLS790
SATLS800
SAELS3900
SATLC00D

SATLO700
SATLI909

SATL1.00
SATL1300
SATL1400

SATL1500
SATL1000C
SATL1700
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1064 UCP3 (T,NB)=D2P(I,IFTe (NE))
1063 couTI%uY
35 COND INUE

AT 3B

anoaon

IP(AY + 2O+ RTINS 3220 39
RAWG“uS(A'A}! AYINY)*,2

:oooooooou: UP "J;‘- D S"‘o O 3/C 'AIN?. & RSPAIP. :OSTS

Cossssee (A% % C® S/C COST)
IP(COTH.LE£.29) GO 1079
D" 1271 7=1,5

1071 JSPM(T)=PRP(6-I, TO™X=20)
TN 108

107¢ no 1274 T=1,5

1074  1CPY (T)=222(%,I27Y)

1072 CoONI IRUR

e
o b i
£
39 pO 34 IZ=1,MA77E
2" 36 L°C=1 MAZLSC
.F(\“AVIC('S',::).?Q.A'I!LC(LSC,: 7)) GCT ) 36
RANILC (LSC,2R) = (AMASLC LSS 22y =ANINLC (LSC,22)) *.2
Coosonnese 82T UD PRIB, 2IS2N. OF LAUNCH CCST3
IF(T2TLC(LSC,TR) «22.20) 3970 1089

DO 3081 T )
1081 UC?LC(I,LSC,I’)*???(6°I.I?TLC(ISC,IE)-20)
0™ 1032
1080 DC 140%3 T+1,5
103% - 33 P!:(‘,g1C,IJ)??P?(.,‘”T'C(LS-.-;H
1082 CONTPINDE
36 cYNMTINUE
34 CoNTTIHUZ

N¥N= MA NNy
09 1088 N=MATM,NNY
DO 1033 18=1, "“"Z:
1083 1957 ¥ (LS, ¥) =UA3EN (L5, YAXY)
4277 2(5,377)
377 FORLAT (/' 'IOSTH=1)
WETIL (A, 178) ((NOETN (2,3) ,3=1,25) ,I=1,10)
378 FORMAT(31,2513)
c#“‘#‘*‘t T A kN R Rt R R R OR X EOR R R Rl R o o ok ok ook o gl o R o o ok S e o o o e

sesesssco0snns e START 0F MOVTT CARLO L00°?

coagooan

.
.
-
.
-
.
-
-
w
~

Cissrssned B
(ol L T

D9 6901 ¥2=1,%A17
IETTIALIZE AS PSR LIST 2

«Qa

CALL ALI3T2(¢ cozT,
1 !A LSC,“A%XLS,MAX?,I¥,S8CCST,LCST, ILA,I8,28P,IFL,10,ICR,IPH,IPLR,
2 1PN xonp, NFAIL,IS,ISS)

SATL1800
SATL1SVY
SATL2300

SATL2700

ATL2E00
SATL2907
SiAsl3Co0
SATL3100
SATL3200
SATL330C
SATL3uCC
SAT1355)
SATL3600
SATL370¢C

SATLUEDC
SATILU70C
SATILUEVD
SATL49CU
SATLS500Y
SATL513¢C
SATILS5200
SATLS302
SAILS400
SATLS55090

SATL6500
SATL6800
SATL6S0Q
SATLT7000

SATL7100
SATL7200
SATL7320
SATL74Q0

SATL7600

SATL770¢C
SATL7500

BN

E
§
1




A5

o

9010

1092

c

-
R )

~
~

b P i+ T g R

1093
1091
e

c..'..

2002

1

2003
2001

<

<
Cll'.'

c"l..

e

2006

2007
2009

A
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DY 3010 K=1,3
DO 9010 v=1,25
CTK,MNH=0,

D¢ 9019 15C=1,5
3 PR G ER TN

ANDPY=C,

20 1091 13=1,42%LS
I?(ASAZC(LS).“?.AH:WC(LS));O:O 1032
U:(LS)*A!AXC(LP)

3070 199

ACC=0,0

ININDYS(DUNAY)

D3 1393 v=1,5

ACCzhtto"FP(I,LS)

TP RLCCIT AN 307D 1Y93

++ SEN3OT COST COMOUTATION
ﬂC(LS)'AHZRC(LS)03A368(LS)*(I-1)0(HN-ACC¢UCP(I,IS))‘EAKGE(IS)

O3 1Ny
CONMINYE
CIaT INU:

)
DG 2001 vE=1,5A%4R

TF(AMAYE(NB) VE,AMTAR (VB) ) GOTO 2002
UCB(YR) =a¥A¥3 (¥3)

3970 23501

RC32 0,0

RI=2NDYS (LUMMY)

D) 2303 T=21,8

R2C=ACC+nCAR (7,11)
IPACC.L™,.3N)GCTA 2903 ;
UTH(YB)=LAT1B (M) +RaNGES va)t(:-1)o(an-ac:oucyn(:,vn))*EA&;ca(xs)
ZUC2B (T, Nn3)

G607 2001

canT INye

causTIvue

seee00e5/C REFURZISHUENT AND MAINT, CO3T CONDPNTATION
....:) ‘.’5

TO(AARYN, NELANIYY) GOTO 2906
Ues¥= Avaxy

GO 2009

ACC=0,0

RN=2NDYS (DX NY)

DO 2007 I=1,5

ACC= ACS+ICDY ()

IF(ACC.LT.RY) ¢OTC 2007
nCK=AﬂIEﬁ0RANGEK‘(t-1)O(RN°ACCOUC)E(I))‘RAHGE&/UCP&(I)
31970 2009

CONT INUE
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DD 2020 I==1,4AYZ
DO 2021 L3C=1,4a%L SC
TF(AMAZLC (LSC,TE) L NE, AMINLC(LSC,23)) 6CTO 2022
UCLC(IQ:,:F)=\l;TLC(LSC.IE)
30 20 2021
ACC=9,
RE="NDYS (DUMNY)
DY 2023 1=1,5
ACC=AC+yCRLC(I,L3C,28)
TP (ACC.3EL.RN) 30 20 2024
CAN™ TUUE
cO¥TINUZ
-L-(I:C,IS)'A"I'L»(LQC.:i)* A:SLC(LQL TE)*PLOAT (Z=1)
(-‘ -ACC#+UCIILC (I'ub‘.' 4 l-) A\'ULC(LS:,::)/JL ’LC \-,LSC, IE)
COMT THIE
COSTIMUR

sos? 3}
sies sessvees S/C COST TV YEAR ¥ (DUSHSEUSOR)

DO 2030 LSC=1,%AXLISC

NQ=T ¢ (LSC)

DY 2031 N=1Q,MAEY

syu=n

00 2032 1S=1,%2¥LS

'“(’TQ(’Q).;T.?) s$O-"0-2032

Pal=TT3(LS) +1

SU=SUMSFLOAD (TSHTE (LE,LSC)) *UC(L3) *#F**LCE (LS)
r’r s 1-\- ']b

T?(TT'.u..f) e dmre o DR S

f""{uSC,n)=U B (I34I¥ (LSC)) * (7 ) ** L 2B (ZBMIX (LSC)) +SU

ME = LT eRY

DO 2033 H=XALY,ENY
D2 2033 LsC=1,NAx
SCC37T (L5, K) =SCCS

.-
-

3C
T
-

EC,UALYN)

D2 2934 LEC=1,4A7%LSC

1Q=TX (L3C)

DY 2935 U=hQ,MANN
'(IVPWS('SC,‘).ﬂE.LNCHS(LSC,ﬁQ))JO TC 2036
PN=N=-TX (LEC) ¢1

G2 79 201317

FY=1

X (LSC) =" -
LCS’(LSC,N)!UCLC(ESC,LRCHS(LSC,S))‘?3**(LCELC(LSC,L&C&S(LSC,N)))
coNoIreuz

eour NNy

DO 2038 N=EAWM,NNN

DO 2038 LsC=1,4L4ANLSC

LCST (LEC, ) =LCET (LSS, PaXE)

DO 9003 ¥=1,M8N

PYIN=DVT ()

DO 9008 LSC=1,KAYLSC

COZ® (LEC, %) =PVIY* (SCCST(LSC, ¥) 4LC3T(LSC, 1))
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IT(MAYR.NELT) GO 70 5900
WRTT3(6,365)
365 TOZIAT (/' SCCSTY)
D6 3166 I=1,5
366 ST ®(6,367) (SCCET(T,Jd),J=1,10)
367 FOWAT(IT,1076,.1)
WETTR (6,353)
36”2 FOF4AT (/' LC3T')
DO 352 1+1,5
363 WSITE(6,367) (LCST(Z,J) ,J=1,10)
WRTTE(6,370)
370 202477 (/' Nz
D0 371 I=1,5
371 WEIIE(6,367) (C0ZT(T,J) ,0=1,10)
WeTT2(5,372)'CB
372 FOF4AT (/) UC3=',2V,576,1)
wW2TT 3(6,373)NCH
373 POZMAT (/' UCH=',1FA, 1)
WRIDZ(6,374)
374 POEMAT (/' UCLCY)
D) 375 t=1,5
378 WEITE(6,376) (USLS (T,J) ,J=1,10)
376 POCAAT(5%,10%6.1)
¢ TINE 1.00P
¢
c.looooo-.) 12
§8C0 Do INC2 N=T"L,NAXN
Ni=N ¢

TP (1 LUP.ITL) 30 TO 2061

C

Covennne COMPUTE NOER
LSC= NAYISC
LSs®AvVLS

VUAT =LS*N3+1

HMET = (LSC+LS) 03+ 1

DO 2313 T10=1,10

DO 3 312-125=1,25

NBESBEY(T1D,225)=M03EX (210,725) -M0CE(T10,N)

IPCIBUSEY (I19,225).L7,0) “MENSEN(I10,:25)=)
9312 CHANT INUE

DO 3314 T253=11,25 .
J25= 25451125

MEWSEN (110,J25) = NEWS2N (110,J25)=4cd528(210,J25=1)

IF (T ENSEY (110,J25).L7.0) NEWS3IN(I10,J25)=0

9314 CoYT THUY
9313 CONDINUF
CALL NOSAT (SATRIY,INDEXR,INDEXC,AMAT,NYAT)
IP (“AXR.NE.1) 30 TO 5902
4EITE(6,332) 1
332 TOPMAT(//' %= 0, 1T4)
WRITE (6,319) (NOCDP(T,Y) ,2=1,10)
339 FOSMAT(' NCIP= 1,1013)
YETTE(6,329)
329 FORXAT(' NEWSEN')
DY 330 I=1,10
3310 4YITE(6,331) (KCWSEL(T,J) ,d=1,25)
331 FOPMAT(3%,2513)

REPRODUCIBILITY OF THE
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2015
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39776
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2072
2078

C...I.

2082
2081

2083

2971

2079
c

c..'..

~
-

c

WEITE(5,333) ReAT
FOATC* X517 £,523)
ne 29175 LSC=1,%AXLSC
NO Sy, (LSC, N)=KSAT (LSC)
CONT INUE

GO TC 13

CO¥T INUE

DC 2942 LSC=1,%AXLSS

YM=YALY (15C)

DI 2963 2=1, 1%

IP (IS (1SC,Y) .M0.C) GY 70 2063

TP (NOSA(ZSC,N=1) .22.0) GO T0 2062
IS (LSC,Y) =1

DO 2064 LS=1,4A11S

IF (ISYIF(LS,L5C) JLE.Y) 38 TO 2964
ISS(L1S,1E€3,1) =1

caNTINNT

MOSA (ISC, i=1) =103 (L5C,4=1)~1
IYSAR(LES, M) =

CONT TN"E

AITTL(6,89770) 1SC, 1, ¥AXR

POBM LTV AL S/C NEED = LIC. U, EAER® F.ITH)
CINT IUMYE

.-l’ 15

pe 2970 18C=1,42VL58

YR AYM(LECY

Do 2071 *=1,M%

3 SEL3C, 0. 20:0) 30 20 207

RN=2 4DYS (DU~ 1Y) :

I:#}W.G“.P?J(:EM?X(LSQ),F-IYi&R(LSC,H)*1)) 30 70 207¢&
~Enas

QOMNT 2MO%

ee? 15

DO 2081 LS=1,%AXLS

TELISIT LS, 1% oL 0) 680 S0 208

IP(TSS (L5,L8C,M) JN2.1) GO TO 2082
RN=3 MDYS (DUMNY)
IPNSLE, DTS (LS, U=TYPAR(LSC, H) +Y) ) 30 TO 2092
NOOP (15,%)=rI0P(L5,¥) +1

g3 T3 20%%

MPATL (LSC, %) =NFATIL (LSC,H4) +1
IsS(LS,L5C,8)=0

ol IR0

ST {UOSSC(LSC) (GT I NPAZL ST ,%)) 6O 15 2089
1S g sc,h)y=0

CarEInge

couTINyS

CONPIRUE

0« SINPUTE NOSA(LSC, M)
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LeC=MAYLSC

9352

€315
9353

335
5901
9006

a0

13
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DEeETES]

2n7¢%
2075

aoonooan
-
-
-

2080
3020

c‘.. L

c“...

2091
2092

L3=MAXLE
MMAT=LS*l3+1

N¥AT = (LSC+LS) *N3 +1

P 9353 T19=1,10

DN 3352 I25=1,25

NZASEX (I1C,T23)=K0S7Y (210,3235) =NOOE(Z10,N)
IP (NEFSTY (I10,125).17.0) NEWSEN(I10,225)=0
oWt INUE

DY 9316 T25=%1,25

J25=254%1-125

RRUS EN (213,25) =¥24STy (T10,J25) = 4ENSEY (1 19,J25-1)
I? (NEWSEN (I10,J25).LT.0) NEWSEN(I10,J25) =0
CONTINUR

CONT INUZ

CALL ¥OSAT(“ATEIY,INDEXE,INDEXS,M4AT, NMAT)
IP (A2, ME.1) GC T2 5901

WRITE(6,332)

¥nITE(6,329)

WRITE(6,333) (WO0P(Z,%),I=1,10)

DI 3135 I=1,1)

WRITZ2(A,331) (YEWSEI(T,d) ,J=1,25)
WRITE(6,333) KSAT

DO 3106 LSC=1,XALLSC

NOSA (L3C, N) =& 3AT (L3C)

CHMT INUR

CONT INI®
DY 9883 LSC=1,MAXLSC
MOS(LSCS,%) =NCSA (LSC,N)

SPAC ECRAFT LOOP

LsSC=1

CoNT TNOR

IFP (NOS(LSC,X) YEL.C) GO TO 2030
LSC=LECH+1

IF(LSC.2Q.MAYLSC) GO "0 2076
30 2O 29479

START OF LaUNCH SEQJhﬂCE

2 29
CONT INUE

TI=LNCUS(15C,M)
ILA(LSS,N)=TLA(LSC,N) +1
RU=FNDYS (DUXHY)

IF (ANJSE.DBS (TI)) 30 TO 2060
«BOOSTER SUCCESS

RN=] MDYS (DN YY)
IP(EN.GP.PBRS(IT)) GO 70 2091
¢« +BOCSTEP FECOVIRFD
IRR(LSC,H)=1IBR (LSC,N) +1

GO TO 2092

IP(LSC,N) =TB(LSC,N)+1

RN = NDYS (DUMMY)
ITENJAT.POS (Z2)) GO TO 3023

37
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C........"?BT"'h ABCHT
G0 TO 13001
2090 2= NDYS(DUMLY)
T R.1T. 202 011)) 62 o 00
IB@LSC,t) =IEB (L3SC,M) +1
GO T0O 3N
Ceosose ACISTER R[ECOVERZD
3909 TB2(LSC,N)=I3K(LSC,N)+1
3001 Y=TEDY5 (DX AY)
IF (1 Jde 32, ?CEJ"(:!)) 3IC¢-To 3002
IOT(LSC,N)=INT (L3C,d) +1
GO TO 3020
3002 IPL(LSC,E)s=IPL(LC,¥) +1
ZO(L5C,%) =TO (LEC,%) +1
IPOIBCAP(LEJ) JEQeY) 30 TO 3029
IPM(LSC,H) =TPM(LAC,Y%) +1
G0 79 3020
3023 CONTTRUD
Cossess? 23
IP (CPSCAP (LSC) N7, 1) GC TO 3034
SA=3INDYS(DUY 1Y)
FPE K. SELPRPS(LSC)) -3 T0 30370
Ceseees e PAYLCAD OK
PU=T NDYS (DK 1Y)
TP NGRS PCE YT GO TS 0N
’:0.00000.0 0"3':'1‘.‘ \&COVSRFD
IGR(LSC,N)=I)0% (LSC,N) +1
Gy TN N32
3031 IN(LSC,H) =10 (LSC,N)+1
S LS S5 B a [l B e ST 0 H e TR
7€ )9035
3030 RN=? NDYS(DUNAY)
IERN BT PORH{STY) 83 7€ 3938
I0 (L3C,Y) =19 (LSC, i) +1
TAL(LSC,H) =1L (L5S,1) ¢
% s iy o B a b,
LR vSBI"Q "’C"VE, .\‘.D
3936 IOA(LSC,) =IdR(1SC,i) +1
IPL® (LSC,H)=IDLR (LSC,3) +1
59 T0 3320
3N36 SORT TUUE
C.....--?% 24
PU=2NDYS (D% HY)
TF (PH.GE, 220 (2ZX)) GC TO 3040
Ceeosees 24 OK
AN=R NDYS(DUNMY)
IF(INLLTL22M2(ID)) G0 7O 3046
Cosenssedd DOEF 40T PLACT PAYLOARD TN DESINCD ORBID
AN=2 XDYS (DUMEY)
AT(RYLLD.POR (2T ) 39 TO 304
Civisnsers o UEBT PN YO FECCVYERED
IOLSC,N) =TC (LSC,N) ¢1
GC TC 3C4)
SOkt CagyTune
CovoseseMBITER ERCCVERED
TOP(LEC,N)=TI02 (1 3C,N) +1
3043 TAL(LSC,NI=T2L(1SC, M) +1
LS C =TI 2C, N) o 1
a0 -0 3020
3040 CONDINVIR




T Cesssesess @M DAES IO CHECK OU™ OK
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RU=R NDYS (DiIrYY)
IP(RN.LT.PCR(TI)) GO TO 39u8
:00.0.:.0.33?1?:3 MO0 RESOVERED
IO(LSC,N)=I0(LSC,N) +1
a2 TN 33}
~
3043 CONTINMNE
Coeveveesee OREITRE RICOVERED
203 (LES,Y) =7OR (LEC,N) +1
IPYR (LEC,H)=sT2MF (LSC,N) 1
30 7O 3929
CoeeoeesP? PLACES PAYLCAD IN DFSIFED ORBIT

c......‘! 26

3040 CONTINUE
RiI=2NDYS(OUNHMY)
PR ITPRS(1SC)) G 5C 3057
Crsrssasss PAYLORD DOSS ROT FUNCTLION
RN=2 §4DY5(DULNY)
=0
IF("NJGE.PPLRYV(TZ)) Ks1
EN=2 XDYS5(DUNMY)
PP RS PENRPIIT))-3C 50 3050
RU=R NDYS (2UNM1Y)
IP(EN3E.2C2(22)) 30 TOo 305%
Coeses s OREBITER RBCOVEEED
SCRLLSC,N)2TAR(LST,:1) «1
I3 8O 70 3952
CO.o'oit ’L “.’\s i’.?ACQUI’SD
bt LSOy U= TR (LST FY e}
GO7J 3053
3952 TPL(LSC,Y)=T2L(LSC,Y) +1
3033 TP¥® (LSC,%N)=TF4F (LSC,Y) +1
60 70 1020
0%y o IYns
Cisiss 20 DOYs NOT RETURN "0 ORB2ITER
IR NOYS (DUXNY)
FENITPOR(TI)) GO To 3055
3951 2O ST s In s I #)
30 79 32413
3755 TOT(LSC,%)=Ia2 (LSC,Y) +1
30 70 3043
- .
Coeeeses 2AYLCAD FUNCTIONS QK '
c...'.'.\e 27
3057 covrIaas
AN=2 NDYS (DUN'TY)
1P (EN.GZ.DENRDP(IZ)) GG To 306C
Gsessvas - SEounES Y0 ORRITER
=R NDYS (DUMMY)
IT(AN.GZ.0CE(12)) GO TO 3062
CoseeesNWITEX PECOVERZD
TAT(LSC,MN) =I0% (LSC,Y) +1
TO¥X (LST,N)=IPME (LSC,N)+1
SPL(LSC,N)=TPL(13C,N) +1
3035 CONT INUR :
NOS(L3C, )=NOS(LSC,N) -1

e SND OF SUCCRESSTUL LAUNCH SEQUENCE
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(9]

30432

o
we 9s 00

Cevonns

30u4u

Coto"

veen '1 Dol‘s ‘ii)q\ CHE:
an:aunvS(ouva)

IF L1T.PCR(IT)) GO TO 39u8
ee oo uf\ntt:? ‘IO: Fu\.(‘VE ED
IO (LSC,Y) =I0 (LSC, N) +1

30 PO 3243

K oU7 oK

ed

CONT Iy
....ORE 'E
nF(LeC,n)y="7
IP‘°(L°C,.)
30 70 3020

P4 TLACES PAYLCGAD IN DE3IFED
d 26

. RICOVERE
OF (LSC, ws+1
=IPMF (LSC, %) +1

i
R

CONT INUE

RiA=2 NDYS (HUHHY)
SPNLLT.EES (LEC))Y 30 TCc 3057
ee e PAYVLOAD DOZ8 NOT FUNCTIOW
?H-"?DYS(DUN%V) o

¥=0

IF(RNLGE.PPLRY(TZ)) K=1

EN “”VDYS(DUI“Y) :
IT(FN.3T.PFERP(II))

DERANCE

3¢ we 3050

RYN=% MDYS (JU”1V)

o os o

~ i
we se e

3952
3053

3031

Covend?

3951

3955

8 sses

C....'
3057

s esee

c..o--

3035

TP (RN.35. 287 (I2)) 30
CEBITER 2RCOVEFEDR
TOR(LSC,N) =TNE (LSa,H) +1

To 3051

TP 37.0) GO TO 30562
oo 2L RAS RTACQUIPED
TDLA(LEC, M) =TIPLR (LSC, MY +1
GoT2 13053
TPL{LSC,E)=I2L(LSC,N) +1
TP (LSC, W) =TEUB (LSC, Yy +1
GN TO 3020
CONT INOTE ,
P¥ DOES ACT RETYKIKN ™2 ORBITER
EN=S2 MDY (DHNMY)
IF(RN.I?.POR(TI)) GO TQ 3955
I0(LsT,H) =I0(L $C,U) #1

u

wi
O
'l
\'J
(/J
(9]

3
TP (LSC,%¥)=I02(LEC,H) +1
3

G50 70 304

.. 2AYLCAD FUNCTIOYS OK

'Ci\ 27 -

CONTINUR

AIN=2 UDYS (DUKIIY)

I (FN.GE.PEHRD(TI)) GG Tn 3066
.+ IETUENS TO OPBITER
RE=X ¥DYS (DUMMY)

IF (FN.G2.2CE(IX)) GO IO 3062
JN2BITER PECOVERZD
TA%(LSC, M) =I0R (LSC,U) +1
I?V?(LS»,V)“TDIV(Lau,b)+1
IPL(LSC, ) =IPL(LSC,N) +1

CONT INUE

NOS(LSC,H) “OS(LbC V) -1

SSTUL LAUNCH SEQUEN
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C
GO 20 2072
3040 CONTINUE

Ceveusns @M DOES NOP BEETURN TO ORBITER
RN=R UDYS (DHAHY)
TP (#MLLT.POF (I3)) 6O 7O 3063
3062 IO (LSC,Y) =I0(LSC,Y)+1 ,

30 TO 3064
3063 ICI(LSC,¥y=ITE(LSC,M) +1
3N64 TOM(L3C,HN)=IPH (IS, ) +1
PL(ISC,%N)=TIPL(LSC,! +1

69 70 3035

c
c E¥D OF LAUNCH SEQUENCE
2076 QNTINUE
C.'..'% 21
c
FAC= FLOAT (N=TTL+1) **LCER
DO 3070 Lsc=1,~Ast:
c(1,15¢,¥ )=ILA&(L3C, ')*Lcsr(zsc,m)
C(2,1s2,%  )=IfL(LSC,
2 SCCST(LSC, M) *PAC
(3, 1SC,%  )=C(1,LSC,N  )+C(2,LSC,¥
DI 3071 K=1,3

DO fo¢ (K,LSC,A ) e BT ANN(K,LSC) ) ANX (K,

)

L3Q)
ITA{T(K,LS¢, N ).LT.AP-(h,~SC))A’V(h,LSC)
)

SUXT (K,L5T, %) =SUNC (K, QL,‘)+C(A,“CC,W
SUMSC(K,LSC, %) =SUHIC (K,L3C,Y) +C(K,ISC,Y
3071 ConrINig
3070 CONTINGE
D0 3090 K=1,3
‘A=0. _
DO 3191 L3C=1,%A%LSC
3031 A=+ C(X,L3C,;%)
SUMT (K, M) =SUNCT (K,N) +4
30399 SUSSCT (X, 0)=SUNSCT (K, Ny +a %%

1,42 ‘ .
: CT(K,N T(K, N ‘)+C(K,LSC,N )
3073 CONTINYS

IF(IT (R, 4 ) eGTeALMT (

IPECT(R,Y ) .IT AT (K
3072 CoNTINUE

A) ) R X7 (K) =CT n,w
)Y ANTHK) =CT (K,

.. 928
3088 CONTINUT
DO H000 J=1,9
IT=0
DO 4001 L3C=1,4A¥LSC
4N01 II=ITTI+INONT(LSC,N,d) -
; SWUI (J,N) =SUAJI (J,N) +IT
SUMST (T, R) =SUMST (I, N) +TI*%2
I7 (TT.GR.MAYI) IT=NAXT

)

)

(K, LSC, ¥

C(K,L3C,¥

) *%2

140
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TJ=II+1
P2(IJ,J,%)=2R(IJ,J,8) +1
IP(ITI.0T. NI NIs2Y
4000 COANTTNUE
DO 400S LSC=1,MACLSC
IT=TLA(LSC,YN)
SHKL A (LSC,Y) =3IMLA(LSC,Y) +II
SUASLA (LSC,¥) =SUMSLA(LSC,N)+II*s2
IP(CTo3TMAXTI) I1=MAXS
IJ=I1+1
PLA(TJ,LSC,Y)=PLA(TJ,L18C, V)1
ST iE3ioT. "A(L‘C,V)) YLA(LSC, M) =27
W PL (L3C, )
SYMPL (LSC,N) =SUMEL (L3C,K) +IT
SUHSPI(.ﬁc,ﬂ)tSUHS?L(LSC,ﬂ)’II“Z
RT3 00 ) sosMAYE
IJ=IT+
PPL('J,L;.,N)’PP'('J L8, )+1
PEI.CT.NEL(LEC, 1)) ¥PL(LSC, ') =II
4003 C ”WUB
ANPY=ANTV+CT (3,N) *PVF (M)
9Nn02 CHNTINUF

E

= SND CF TINE LOOP

&
SUYOY=SyUNDV+ALDRY
I (AN2V GTPVR) 2V¥=pN2Y
i?(ANPV «LI.PVX)PYR=ANDY

SUMS PV=SUNSPV+ANDYV*%2
Ceea+x0yT207T ANRAYS TC DISK AND CLEAR STOZAGEZ
=
RAITE(2)C,C0, APV
9091 cHNTINUE
RIWIND 2

END OF “ONTE CARLD

oo

DO 4010 K=1,3

CS”’T(K)t(‘*"“(K)-AHT(K))/KOINr

DJ 4010 1.3C=1,%A%LSC

CST: (XK,LSC)= (AKX (K,LSC) - A4N(K,LSC))/NCINT
4010 Qo zNuz

PVI= (PVY=-2VE)/NOINT

=
¢ LOO? BACK OVER DATA STORED ON DISK
c

D2 5000 NR=1,4AY®

READ (2)C,CT,ANPY

DO 5001 K=1,3

IF(CSTTT(K).6GT..001) GO TO 4032
DY 4033 =1, MALN




aaoana

4033
4032

4035
4034
4937

4023
5003

5004
5002
5001

40492

unu2
5929

4051
4059

ups52

LULR

PT(K,1,Y) =¥ave
30 TA 4237

0O 4935 4=1,4%A
Lo (O (K, "

I7(L.%0.0) L=
TP (LGTHOTYT)
PY (£,L,%) =P7 (X

coNTINUE
ceNTINUS

CoLT INYE

D9 5002 18C=1,
CSTIK=CSTY (K,L

e

)=R¥T (K)) /C3TIT(K)+.3999

IsN0TuT
PELIES

N2YISC
£C)

AMER =AVU(K,L50)

5 bl 4 PR S EP
DD 4023 ¥=1,4A

B (K, 2823,1,%) =42

62 t0 5072

DO 5004 ¥=9,%A;

L={C (%,L3C,
IP (L .E.0) L=
"'(L Qﬂ ln?lx \
”(K.LSC,-,ﬂ)=)
orT e
CINT IeuE
CANT TUNE
IZ7(PVI 07,001
La(ANTY -2
PE.20.0) Ls)
I? (L7009
POV(L) =22V (L) +
32 T0 M2
CITTIUNE
2I7( N =EANT
ST s
sonTIvyE

L3

» 33

AMAX X=MAMR

TP (DETC.NZ. 1)

DO 4951 K=1,3

B3 8951 L5Cut;

DJ 4051 n=2I7L,

* SP(",LS-,L)
TGS (K,..‘u,‘

C”““'“UF

cour tEnT

DO 4069 a-ITL,

D2 4052 J=1,

2L (T LN)=SUNT (I,

STOT (4,Y) =REV (

CENTISHE

D) 40583 K=1,1

o001y 30 S0 50013
=N
AN

s

) =a%H (K,1SC) ) /C3TI(K,L3C) +.99:6

L=xosre
(K,-ac...,:!) +1

) 30 T2 4049
VR) /2VZ+,999

* t.‘t“: ,‘1','..

1

GO TO 4350

4R L1SC
kAR

2SUYC(K,182, 1) ZANAYS

) =DEV (SU53C (K, LSC, Y1) ,4CST (K,LSC, N))
KM%Y

) ZA¥AKE
SUESI (J,8) ,8E(J, W)

HT((,V)=Q"“C“(F,H)/A!AXR

STDT (K,N)=D3V(
SoONT INUR
DO 4054 LsC=1,

SUYSCT (K, %) BT (K,%))

HAYLSC

142
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MLA(LSC,M) =SUMLA (L3C,) /AMAXR
STPLA(LEC,N) =DEV (SUMSLA(LSC, ) ,MLA(LSC,N))
MEL(LSS,N) =SUMEL (L33, N) /ZANANR
STDPL(L3C,N) =OEV (SUASPLILSC, ¥) ,MPL(LSC,¥))
4084 CHANTZNUE
4080 CoONT INYT
MRPY=SUMPV /ZAMALY
3TO2V=DLEY (SUNSeV,M2V)
- ERE TR T B R O
c..-:.“...pg:n: REP02TS
c......‘.. LR
CALL OuyTPyT
sTC2
END
SUBRQUTING QUTPUT
RVAL M2V
COMMNR/OUTS/MI, PP, 4 %R ,42,S7DE,ART,HI2N?,C8720,P,MT,STDT,KCST,
1 STDCST ,PLAPAAN,XLA,8TDLA,2VN, VT, 2PV ,4PY,S20PV,ITL,DETC
2 PP, PPL, PDL,STDPL,ANN,CETI ,MALLSC, O
IUTEGEF 0ETC
DIMENSTION LAREL(3,3),L1ADIL (3,8)
REAL AMN(3,5) ,CSTI(3,5)
PEAL P£(25,°,25),!E(?.ZS),S?DE(9,25).A!T(J),CSIIT(J).9(3,5,00,25)
LAY M3, 25) ,ST DN [3,.25) 00T (3,5,25) ,8%DCET(3,;5,25) sELA125,5,:25)
PSAL “PL(5,25),5TD?L(5,25) ,PBV (42)
2RAL YLA(5,2%) ,STDLA(5,25),P2(3,40,25),2PL (25,5,25)
AXR=MAYET
MT1=NT+1
DY 511 LSCO=1,8%A7LST
D) 11 =1, ,MAYN ¥
PO 511 ¥=1,M%
611 PPLCM,L3C,N)=2PL (4,LSC,¥)/ ATE
S1% PLA(M,ISC,U)=2LA (M,LSC,N)/ AZR
pe 120C X=1,1
RERD (5,1001) (L2
READ (5,1201) (LA
1001 =2RMAT (2A4)
DO G4u J=17,%AVN
DO duy NO=1,NNINT
DO 502 LSC=1,MA%LSC
8G2 (X, 12C,N0,N)=P(K,LEC,%7,M) /2 AR
Yga 2™ (R ,MC,N)=PT(K,N0,8)/ AL?
1000 CoNT 1IN .
pO 2 I=y,u21
Do 2 J=1,9
DO 2 N=TTL,NAXN
2 PE(I I N)BPE(X,d,N)/ AXR

JL(KyZ) en=1,8)

BIL{X:I)sax),8)

DO 1 ¥=ITL,MAXY
WRITE(6,999)
969 FISTAT (1% 1)
WRITE(A,720)
700 FORYAT(29:7,'SSTAELISHMENT AND MAIMIENAJCE')
WIITT (6,701) :
7¢1 PAPYAT(1S%,'0F A SYSTEM OF EARTH CRBITING SPACECRAFT!)
4RITF(A,1002)
1002 TIRIAT ()
WRITE(6,702)"
WRTITE (6, 1002)
702 POR“AT(60Y,'YERR:?,1%,112)




anan

aaa

703

3
704

705
706

707
708
709

1
710

711

8

44

921
713
714

115
4
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WRITR(6,703)
POFYAT (20%,'PRCRADILITY OF INDICATED QUANTITY')
WRITE(6,718)

DO 3 ITI=1,NI1

T=NT =TTe1

J=Ie1

WS ITE(6,708)2, (FE(J,K,L) ,K=1,9)
FORAAT (14,113,9%,9F11.3)

¥RIF (6,795)

!OF!AT(17X,'LAUVCH'.057,'ADDIT.'.051,'ADDI:.',OSﬁ.'RDDIT.'.OSX,

1 ' SPACEZSRAFI',01%,'BOOSTERS! ,03%, ' OPAITERS', 034, 243",08y,'SEACE
2CEAZTY)

4RITE(6,706)
PORHAT(‘Q?,'A:f?ﬁ?TS',03?,'8005?335',033.'055::3?3',033,'?35'.033,
% 1=eQUITED! ,N3Y,VRSFLAD, Y 047, REFURBL Y ,04X,  PEFUFS, !, 04X, 'REFUID
A0

¥2ITE (6,707)

O34 AT (304, REQUTE2SD! , (3, 'REQUIRED' , 03X, REQUIRED?)

W2IT R (6,778)

POMAT(NLIY, ' EVRECTED?)

RRITE (6,709) (ME(T,3) ,I=1,7)

PO AT (N1, YUMBER! ,5V,9711,2)

WAPIDZ(6,710) (STDE(Z,X) ,2=1,9)

D0 4 ¥=1,3

CK=CS™I™ (K)

AHTK =247 (X)

NTINE(6,09%)

42TV (6,7C0)

WLTTR(6,701)

WIITE(6,1002)

WRITE(6,711) (LABEL(K,T),2=1,9)
WRITE (6, 1002)

SCP% A™ (20 7,' 9ROEASILIZY OF INDICATED ',8A4)

RETPE(6,712)

PORMAT (067,108 /05F , 'EANGEY /, 08, (HILLIOKS! /,04X,'C? DOLLARS) ')
DO 44 NGC=1,¥0TYF7

JEENINT=NO+1

I=J-1

A=AV TR+I=*CK

B=A4 TK+J*CK

WRITE(6,7T13)A,B, (PT(K,Jd,N) ,0=1,4AXN)
WETI2(6,1002)

WRAI"E(Hh,921) (N,N=1,44¥N)

PORYAT (N2K,'YBAT ' ,13%X,1018)
W2IIE(6,1002) :

F0ENAD (1':' 1.'7.2' teeat ' 1?7-2,6!,1“580 3)
URITE (A, 718) (%7 (K N) N=1,8A5%)
PORYAT (OS5, R 2ECPED COSTS',03, 10P3.1)
WRITE(6,715) (37D7 (K,M) ,N=1,1AKYN)
?OP‘-AT ((‘-5:':,'3".'1). D:V.'.ax.10?8.1)

CONT INUE

i S
[t i,
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a0

ana

911

501

50¢C

716

718

719

290

512

721

722

723
510
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IP(DETC.EQ.0) G "¢ S

DO 500 K=1,3

DY 500 LSC=1,¥A¥LSC

CK=CSTZ(K,L1S2)

AK=A %Y (X, LSC)

WATT 2(6,999)

WETTR(6,709)

WAITES(6,701)

WEIT? (6,1202)

WIITE(6,311) (LABTL(X,T),-=1,9),L5C

FCIYAT (207,'2FOEABILITY OF TUDICATED ',3a4,122,')')
WOTT K (€,1002)

WPITE(€,712)

DO 571 ¥o=1,801n"

JEUIINT=2 041

I=J-1

A=A +ToCH

B=AK ¢ J*(CK

WPITZ(6,713)4,B, (P( K,LSC,J,¥) ,4=1,4A%Y)

82172 (6,1002)
WEITE(6,921) (4,%=1,4A¥N)
WRIT2(6,1002)

WRIT 2 (6,714) (YCST (K,1SC,N),N=1,4A4N)
#RITR(6,715) (STOCST(K,L3C,H) , =1, *AXY)
corTIvIe

CONTINDE

DO 510 LSC=1,4AYLSC
A2ITE(6,9909)
ARITE(6,700)
MRITR(6,701)
WEITE(A,1002)
wEITBE(6,716) LSC
R3ITT(6,1002)
FOT4AT™ (40 £, S2ACECRATT TY2E :!,113)
NETTE(6,718)

POTMAT (10%,!'PBCBABTLITY O

W2TTE(6,1702)

WRITE(6,719)

FO2 AT (02,1 QUANTITYY)

DO 512 ¥=1,¥T1

I=NI=-t+1

J=I+1

WAITE(6,720) I, (PLA(J,LSC,MN),k=1,4A%Y)
PORAY 032,122,104, 10046, 3)

coONZoMIT

WRITE(6,1002)

WRITE(6,721) (N,N=1,4A%N)

POSYAT (02%,' YEAR' ,06X,101I6)

WFITE(6,1002)

WEIZT (6,722) (MLA (LSS, N) ,E=1,38A%N)

POFYAT (3K, 'EXPECTED! /3X, " NUMBER ,5%, 1076.2 )
WRITE (6,723) (STDLA(LSC,N) ,N=1,MA%N)
POPIAT (3%, 'STD. DEV,.?,2%,1076.2)

CONIINUE

? JHDICATED LAUNCH ATTEN2TS!)

THE
REPRODUCIBILITY OF
ORIGINAL PAGE I8 POOR
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725

612

610

726
727

728

729
789
790
791
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DI 10 LSC=1,4AXLSC

WPITE(6,999)

WRITE(6,709)

WEITE(6,701)

WITE(6,1002)

WRITE (6,7 18) LSC

WRITE(6,1002)

WRITE(6,725)
SORMAT (12V,' P2°BABILITY O7 INDICATED SPACECPAFT EEQUIRED')
W23IT2(6,1002)

WRITS(6,719)

DO 612 E=1,M71

I=NI=%e¢1

J=T+1

WRITFR(6,720)1, (EPL(J,LSC,N),N=1,4AXN)
CoNTTNUE

REIPE(7,1002)

WRITE(6,721) (N,N=1,4ALN)
WRITE(5,10C2)
SEITEL6,722) (P (LSC 5 im A AN)
WAITE(6,723) (STD2L (LSC,) ,N=1,MAXYN)

CANTTNUE

DO 300 lO=1,NCTRT

POV(N2) =PDY (10)/ AR -
WRTTE (6,999)

WEITE (6,700)

WRIZZ(6,721)

WA TTE (6,1902)

WiITH(6,726)

TOMAT (1Y, ORESENT VALIUE? ,13Y,¢PROBABILITY OF INOUICATED!?)
NEITE(6,727)

POS4 AT (107, (MILLIONS COF DOLLARS)!,05X,'2RISENT VALUE OF COST!)
SRYCEI6,72R) D3

FORAAT (356, (DISCONNT RATES! ,1P4,1,') )

NPT 32 (6, 102)

DO 7293 NOS1, NNTNT

J=MOINT=NO

I=Jg+1

A=PV N+ g*27I

B=PV+I*PVTI

WRITE(6,792)14,8,PPV (L)

courInye

NBTPE(5,1002)

FO":‘!A?(’C‘"‘,1?'302'.""15802'16.'-' 1?5. 3)

WRITE(6,730) ¥V

PORMAT(ICY,"BL2ECTED OV!,19X, 1F8.2)

WRIZD(6,721)CTDPYV

®ARM AT (10,2, ' STDLDEV. Y, 223, 1F6. 2)

RETURN

PREY

SYBROUTIVE ALIST1(SUMPL,SUMSPL,P,PPL,PT,PFV,ANPV,SUMPV,SUNSDY,
1 MANLS,MAFN,XAXEB,MAXLSC e PFS +EFB ,SUMLA,SUNSLA, ULA,
2 ¥pPL,SUNC,SU4SC, PLA,SUMI,SUAST,PE)

PEAL SUMPL (5,25) , S"MSPL({5,25) ,P(3,5,40,25) ,2PL(25,5,25

.~
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1,27 (3,43,25) ,2PV (40)

RFAL SUMJ (9,25),5U4SJ(9,25),PF (25,9,25)

REAL PPS (10,25), 278 (5,25) ,SUMLA (5,25)

REAL SUXSLA(5,25),5U4C(3,5,25) ,514SC (3,5,25),PLA(25,5,25) ,¥%4a(5,25
3 ),%PL(5,25)

O

DA 800 LS=1,10
DO 89n ¥=1,25
800 27S(LS,¥)=0,0

DO 301 %5=1,5
DO 301 %=1,25
801 PF3(N3,N) =9,

DO 802 YM=1,25
D3 203 LC=1,5
SMMDL (LSC, %) =)
SYM3PL (L5T,N) =0
SUYLA (LSS, V) =0
S35 LA (LSC,N) =0
BLA(LSC,%) =0
MPL(LSC,N) =9

DY 394 K=1,3
L) 2013 L=1,42
2016 22v(L)=0
2215 o7 (K,%1,4) =9
2913 P(K, LSC,2,%) =9
SU%2 (K,LSC,K) =0,
804 SUSC(K,LSC, M) =0

DY 305 TT=1,25
2014 P2L(I7,L58,%)=0
805 LA(IT,LSC,N4)=0

o

803 COSTINNL

(9]

DO 896 J=1,9

suM (3,.0) =9,

SIS J (J,N) =",

DC 8396 TT=1,2%5
906 :b(-.,d,n)--
8{)2 b')‘f‘?) HF

c
anov=0,
Suxpv=C,
SUNS PV=0,
RETM 3N
FyD
SUBROUTINE ALIST2(COZT, :
1 ®ANLSC,MA¥LS,MASR,TX,SCCST,LoST, 1A, 28,283,12L,10,I0R,198, IPLR,
2 10vR, NOCP,  NIAIL,IS,ISS)
REAL 1CST(5,25),3077(5,25)
INTESZE IX(5),ILA(S.25),10(5,25),108 (5,25),12L (5,25) ,15(5,25),
1192(5,25) ,-rv(s, 25) , I2LF (5,25) ,1247(5,25) , %002 (19,25) , iFAIL (5,20),
2 1515,29) .2 (1u 5,20)
REAL SCCST (5,25)
p

DN 420 LSC=1,5
420 I¥ (LSC)=1

kil

3
i
3

3
-
B &
E =
]
i 4
n’é 3

R (SRR IPRIUTE b e SR DB eI
i siib & i




2002

2012

10609

2011
2019

01
700
702

7C3
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DO 1059 %=1,25

DO 2078 LsC=1,5
CO2T (LSC,N)=1,E10
oS Tle3t N el k10
ECST (LSC,%)s1.510
ILA(13C,%) =0

IP 3,y uh
SHFP(LSC,Y) =0
IPL(L3C,N) =0

I0 (LSC,) =0
TOE(LEC,N) =)
IPE(LSC, ) =

TPLR (LSC, %) =0
TBE2 (L3S, 8%)=)

CONT INUP

CONT TXNE
D9 2019 ¥=1,29
D2 2010 :sC=1,5
NFATL(LSC,¥) =0
IS (LSC,%) =0
DO 2011 13=1,10
ISS(L3,LSC,¥)=0
COKRTINUT
IDTU Y
zND
SUBLAUTINZ DFLTIY( 2PYP,
1M0S2N, TENIY, 130T, ANTSF, STANDL, AMEANL,ANTBE,STALDS , ANSALS ,ABALC,
2 MINC,I2T,CTALC,AYANE,ANING,Z278,CALE, ANAYY,ANILY,IPTY, CALG,
3 A%AYIC,ANIVLC,I2TLC,CALLL, LNCHS ,URBCAP,2PS,PBS, FBIS,PBRE, 2GS,
3 22807,207TF,202,2210,22130, PALRE, A M, Ui, DY, DETC)
INTEGEP NOSTN(1C,25),ISMT5(10,5) ,IBXIN(5), ZPT(10) ,2P73(5),
1 IPTLC(5, 10) L LECHS (5, 25) , "aZE (5)
PEAL CALC (10)
TIZAL PRuP (1)

REAL LM?&?(’?,G),FTAXDL(1C,5),AWPARL(10,5),AHZBS(10),STASDS(10)
"EAL AVCASF(10),AﬂFKC(10),AﬁlﬁC(iO),AHRIB(S),A&:Rd(S),CKLB(S)

IFAL l%hKLC(5,10),AHIYLC(5,1C),CALIC(5,1C) ¢ PPS(5) , BBS (10
1 ),PDES(1“),?BS?(lﬂ),?05(10),PORO?(10),PORB?(10),POR(10).PPHG(1C)

TNTEGER OFECAZ(S)

EEAL PPMED (19) ,BTLIR(1C)
DO 700 15=1,10

DO 7C1 %=1,25
NOST N (LS, H) =0

DO 700 18C=1,5
IEMI N (LS,15C) =0
DO 792 15c=1,5
TENTY (LSD) =1

DO 703 La=1,10

DA 703 ¥n=1,5
AXTAT (13, 10) =5,
S™ANDL (L3, NP} =, 5
AMEAYL (L3, %B) =5.2
DO 754 LE=1, 10
ANTBS (L3) =5.0




T gTAYDS (1S)=5.0

704

705

707

708

710

711
712

AMPANS (LS) =5.0
AAZ C (LS) =0
ARINC (LS) =0
IPT(LS) =16
crIC (LS) =29,
po 705 ¥p=1,5
AHAY B (¥3) =0.
ANTN B (nB) =0,
*o7T3 (MB)=16
CALS (NE) =90,
CONT IMUE
A¥AY =0,
AYTN ¥=0.
IETr¥=16
CAL2 =50,
pc 707 Lsc=1,5
pn 707 IE=1,10
A¥AY LC (LSC,T®)=C.
AMTVIC (LSC,I1E)=C.
TP7LC(LSC,IF) =16
CALLC(L3C,TE)=30.
CoSTIYUZ
po 708 L$C=1,5
pDC 708 ¥=1,25
Hed S (L37,M) =1
DG 710 LsC=1,5
0R2s A0 (L83) =0
PPS(L5C)=1.09
D2 711 IF=1,10
oac(17)=1.
PB2S’(IF) 21,
oR%” (18)=1.
pPOS(IE)=1.
POV F (I) =1,
20287 (TE) =1,
POR(TE)=1.
ppvd (Z3)=1.
ppxp (TE)=1.
PP P (TS) =1,
22122 (15) =1,
DO 712 15C=1,S
¥AYY (.SC) =10 :
N%=5
pE=10.
DEIC=0
RTTURY
XD
Sun: ONTINE RTLIAD(MANL3,
1 4AZNS,MAYY,P°0,REL3, ANTDF
2 ST ANDS, AMEANS)
REM. DPFB(5,25) (%ELB(5,25) .

REAL PFS(10,25), LS (19,25

PATA PT/3. 1115626535/

R (¥, ¥,2,5) =EX? (~X/Y) *E2FC(
RO™= SC27(2.0)

DO 1001 N=1,4A%N

F=X

pO 1002 ¥3=1,MA%YD

A=1.

-
"ni
)
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,STANDL,A&EANL,SAILS,P?S,RELS,AﬂTBS,
NS: ]
M

15¢%
AMZ

(16,5) ,STANDL(10,5) (A4EANL (10,5)
85 (10) ,STANLS (10), AMEANS (1C)

(Y*Z)/(ROT*W))/2.
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Do 10723 LB=1,MAXLB
REL=R(P,ANTBP (LB,N3) , AMBANL (LD ,NB) ,STANDL(i3,K¥3))
" D 1003 A=A*KRFL
?PLY (%B,N) =A
27B(NB,%) =1.-RELB(NB, M)
IFM.EQ.1) GO T0 1002
PFB(NB,Y) =1,
IP (RELB(YB,N=1),3T7.1,.F=50) EF8 (NB,NL) =1.-RELB(KDB,N) /REL3(NB,N~1)
1002 CONT INUZ
(o4
5 C
2 PO 1011 LS=1,MAXLS
RELS (LS,N) =R (7,AMT3S (LS) ,AUEANS (L3),STANDS (LS))
PFS(LS,Y) =1.-TZLS (LS, d)
TR0 3070 300
PES(LS,X) =1,
D TT(RETS(L3,M-1) .GT.1.5=52) 2FS(LS,N)=1,-RELS(LS,N)/3ZLS (L5,K-1)
101y o IROr
1001 CONIINUZ
SETIIRY
END
SUFROTINE NOSAT (MATZZYX,INDENE,INDEXC,MMAT, NIAT)

o
* TMTEGES SAT,DEH
PEAL *8 M2TOTIX (¥MAT,NSAT)
INTEGEF VERIG
TAT2GFR#2 INNSXNC (NHAT) ,INDESI (MMAT)
coM*ON/L J‘iw/CCS'(S,Zq), 'SEY, USAT,NYZAR,4TINE,
- SAT (19,3) ,0BM (12,25)
SOMMON/ZAUNCE/"ASAT (5) ,TS0ST
] COY¥40N/BENT/DENRUG
~
¢ SO¥BYTSS THE NUMBER COF SATSLLITES 92 TYPE J TJ LAINCH
e TN THE GIVEN TNPUT YEAF
c
c NPT ==
e €OBSTis TOTAL COST OF S/€ OF "YPE T I¥ YEAR O
’ = wWSFN:: NUMBIP OF SENSO® TYPES
e NSAT:: NUMBEF CF S/C TYPE3
= MYZAP:: VOUMBER OF YIALS T0O l09XK AHZAD
¢ MTTIMPs: INDEX FJR THE CURIEHT YEAR
A SAT™:: HUMRID OF SENSGPE OF ?YF: T ON S/C OF TYEZ O
C DEv¥:: DEMAND FOR SSNSCR OF TYPE I IN YSAR J
o QUT2 UM ===
) C FUNSAT:: NUMBEE J7 S/C OF ZYPE I IO LAUNCH FOR THE CUBREZUT YESAR
= TCOST: :CCST OF LAMNCEIMS THE TOTAL NUMREE CF S/C
c
MVAR=YMAT-1
NTIMER=NHTIMF=1
Cc
o - ZAP MATRIY.
| ) e
DO1I ZAP=1,HMAT
: = DOV ZA2=21, NNAT
o 1 MATRIX(I2A2,J2AP)=0.0D0
€
= INITIALIZE INDEX FOR ROW AND COLUMMN VARIABLES
o
) PO2ICOL=1,NMAT
2 INDEXC (JCOL) =JCOL




anaw

(9]

A ana

- 2N n
o

aNvanO
>

Gaan

aoa o

70

0

80
100

naooaon
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DO3IRNW=1,MMAT
NVAR=MNVAZ ¢+ 1
INDEXR (I20W) =NVAR

GENERATE SINPLEY MATIIZ
DC1ICYRAK=1,NYFAR
NTINOR=TIMNED+1]
IYH=IY2AR-
JCCL1=TYV%®NSAD
NCOL =J29L1
JCOL 2=TY“ANSIN4NSAT*LYTAR
JCOL 3=JCoL2=-N3EN
INCH 1=TYN*NS ey
DN9YIsSEN=1,N35:n
IR04 1=220W 1+
JCOL 1=uC0L1+1
JCOL 2=7CIL 2+ 4

POSITIVE IDENTIIY MATREIX
MATRIY (I20%1,JC0L2)=1,0D0
I7 (Ty4)22,20,12

NEGATIVE IDENTITY MATEIY

JCCL 3=JC2L 3+ 1
MATRIV(I20W1,JC0L3)=-1,000

DEMAXD FOZ SENSCES
AT TN (T20W1,NMAT) ==DEN (ISEY, NTIHER)
JCOLu=ECOL
DGRO 230=1, 5547
JCOL 8=JC0LG+ 1

S/C--3ENSJ2 PELATICNSYZ?

YAT2 IV (IP041,JCOLY) ==SAT (ISEN, ISC)
IF (ZSZN-1)70,7C, 50

COST TOE 3/

MATR I (MHAT,JCOLY) ==CCST (ISC, NTINTE)
conr THUE

CONTINUE
CONT INUE

RUN SIMPLEX ALGORITHM

CONT INUF
CALL PVS?L%(ﬂAT”IX,H!AT,S"AT.IBOd.JCOL)
IF(:SOU.EQ.O.B?.JCCL.EQ.O)GOTP300

53
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CALL PIVOTS(5ATEIX,!%AT,NﬂAT,IﬂDBXR,ISDBXC,IRDH,JCOL)
G070 299

DETEIMINE TIE NUY3ER OF S/C TO0 LAUNCH 07 EaCH TYPE
DETERMNINE THE TCTAL LAUNCH COSTS

wwaooaonao

o0 DO319I2aD=1,4SAT
10 NUMS AT (IZzaP) =0

EMH=NMAT- :

TCOS T=2.0

DO33DICH%Z =1, uMp

IND=INDSL S (ICHK)

TE(IXND.3T."8AT)S0TN33N

HUﬂSAT(:VD)UHATFIX(ICHK,NKAT)0.9?900

’COS?*TCQST*NU]FAT(IHD)‘COST(INO,3TISE)
33n CONI INUE

c
WTURY
890 79 891 1=1,5
301 NUMSAT(T) =1
RETU Y
EMD
PYSEL8 =2§so- 0010
peIN:  »,15 0C20
ST 14,12,12(13) 0030
i 0040
* 0050
* SUBRONTINE BYSELS (MAT, ¢, 4,I204,JC0L) + 0060
® MAT IS AN N OY N RIAL DOUSLE-P2RCISTON ARFAY. 0070
» * OPIGIWALIY WFPITTEN TN TORTRAY BY PHILI? ABRAN. 0080
* PEESENT VERSTON S5 MAY 1975 BY R. YECKSDRCTH 0030
* 0100 3
* 0110 3
* REIISTHRS: 0120 ’
* 0130 13
® 2 PRASE FOR (N,JHIN) (4-1)%p 0140 E
» * 3 BASE FOR (INIV,N) (N-1)susg 0150
« 4 ypm 0160
* 5 NINBOW, T:HI% BAS. @CF (IEOW,INTU) , 'TR0K " 0170
* 6 NINCCL, BASE TOF (z¥1IX,Jc0L) 0180
* 7 1002 IMBEZ, 'Jcon! : 0190 '
* 8 BROW INCRESMENT (=9) 0200 F
* 9 M¥O LIMIT (= (#=2) *2) 0210 ]
» * 10 COLUMN INCREMEZNT (429) 0220 1
¢ 11 MO LTMIT ((Me%-4)*3 = H(¥=2)»8) : 0230 2 3
* 0240 &
* 0250
¥ TPLOATINJ-2CINT RESIST:=as: 0260
4 0270
S S9ER =y : S : : 0280
* * 2 My 0290
* 4 -100-30' THEN Te D=30 0300
* 6 VALUE : 0310
* 0320
* 0330
L 2,4(0,1 ALD2 (4) 0340
L 3,3¢(0,1 ADDR () : 0350
’ L 4,0(0,1) ADDR (MAT) 0360
L 2,0(0,2) » 0370
.



DO10

END10
*
*=

D020

END2O

E A R C Y ST S e I B

SLL

BCTR
LD
L 5

cnee
<D
BL
£e
LD
AXLE

= o
[ o]

W O O eI >y
-

“

cHn?
ch
AL
DD

CDR
BNL

LDF
BXLE

AR
SR

9,0(7,3)
7,8,0010

c,=p'0?
MAY
12,12 (0,1)

(0,7)
(0,12)
o'-1 £=-39!

5
3
1
0
=D'9,3999L50"

NN O ENN 9

’
4
r’
’
’
'
I
’
.

..a&:q::\

9

2(6,5)

N
O

(6,2)
(6,5)

N
(=)

, 0029
6 ¢,

AN ONmITOOn O
o-o

e NS DTSt e e

N QIO OOD2L DD
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S
N-1
INDEX
¥-1
¥ (N-1)

(N=1) #4
(N=1) #i=¥ = (4=2) *¥
M¥ (N-2) *8

MINROW
M %3

M-1
MINCOL
M1
(¥4=1) *3
(K=1) #3%x
BASS
BASE
M=2

MIN
(4=2) *8

MIN VS, MAT (IMIN,N)

=P (8IN.G2.0)

30 70 MA¥X; ELSE DO 20 LCCP & SETURN.
ACD (IEDW)

CCN7ERD MINROW T) FCRTRAN FORM.

TROW

L P4
Inpey
Jeor!
BASE FOR MAT (IPCH,JMIN)
- (¥*8) = FO27TRAN ZLkRO

=1.D=30 VS, ¥AT (IROW,JNIX)
MAT (¥, JNTH)

/UAT  (T20W,JNMIN)

'JCOLY = JMIN., STORED BELOW
®IN = VALUE

ADDE (JcCcCL)
CONVEERT 'J;CL' TO FORTRAN FORM.

0380
0390
0400
0410
0420
0430 0
0440
0450
Cu60
0u70
0480
04490
0500
0510
0520
0530
0540
0559
0560
0570
0580
0530
0600
c610
0620
0630
0640
0650
0660
0670
068C
0690
0700
0710
0720
0730
0740
075G
0769
0770
0730
0730
0800
0810
0820
0830
0540
0€50
0860
0870
0880
0690
0300
0910
0920
0930
9940
0950
0260
0370




po11¢

END11D
*

*®

¥ORE

00120

ZND120

DR
sT

Ly
BR
LD
SR
cNOP
<D
Bl

LD
3Y¥LE

TJo=2oown WWHID O PR E |

QO wOFEFIr*uuumauerr*i1“ogumesu

W
0w =D
) ™ n

BXL
S3L
b

sT
LM
BR

6,10
7,0(0,12)

14,12,12(13)
14

2"0' -9o 990250 '
P
6,6

0,8
2,0(6,2)
END110
7.6
2,0(6,2)
6,1G,00110

2,=D'0?
YOPE

¢,o
2,12(0,1)
3,96(0,1)
0,0 (0,2)
0,0(¢¢,3)
1W,12,1213)
14

7.,MINCOL

710

6,6

6,10

12,16 (9,1)
0,=D'9,932¥50!
4,=D'1,E-30!
7,0(0,12)

%9
5,5
6,MINCCL
5'3

6,4

4,0(7,6)
END120
6,0(7,3)
6,0(7,6)

6,0

END?20

59

0,6
7,3,D0120
5,3

5,1(0,5)
12,12 (0,1)
5,0(0,12)
14,12,12(13)
14

JCOL/ (M*8)
JCOL

RETURN

MINCOL
INDEX

MARX VS, NAT (F,JXIN)
KINCOL
MAX=MAT (M,JHNIN)

MAX VS. 0

GREATER: GO O

ELSE I2)%,JCOL=0 AND RETURN
ADDR (I2304)

ADDR (JCCL)

IROW=0

JCOL=0

CONVERT MINCOL TO FORTELY FORM,

ADDR
MIN

(JCaL)

JCOL
IuDex
tIPOw!

-8 = FORTRAN 2ERO
BINCOL + ADDR (4AT) BASE 120 LOQP
1.6=30 vS, KAT (IMIN,JCOL)

NAT (IMIN,N)
/Z SAT (INTN,JCOL)
VALUE V3. H8Il

YIROMW!
MIN=VALUE

CONVERT IFOW TO FORTRAN FCRY

ADDR (I3C4)
1804
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REPRODUCIBILITY OF THR

ORIGINAL PAGE I8 POOR

0980
099¢C
1000
1010
1020
1030
1042
105¢
1060
1070
1080
1030
1100
1110
1120
1132
11490
1150
116C
1170
1189
1190
1200
1210
1229
123¢C
1240
1453
1200
127¢C
1280
123¢C
1300
131C
13290
133¢C
134C
1350
1360
137¢C
1380
13490
1400
1410
1420
143¢C
1440
1450
1460
1470
1480
1490

1500 .

1510
1520
1530
1540
1550
1560
1570

sl

Jeiti




T s ‘ 155

" R

) S e ‘ s : ‘ 1580

: MINCOL DS 17 1590 i
: END 1600 g
{ PIVOTS  CSFCT 0010 :
: USING *,15 0020 ¢
ST™ 14,12,12(13) 0030 ¢
* 0049 B
D * 0050 i
. SUBROQITINE PIVOTR (MATEBIX,Y,N,INDZXR,INDEXC,IFCHW,JCOL) 0060 :
* MATIIY TS AN M BY % 2EAL DOUBLFE=-9RECISION ARKAY. 0070
® INDIZF (#) AND IMDIXC (M) ARE wane-oao INKTEGER ARRAYS, 0080
® ORTGIMALLY AFITTEN IN FOETRAN BY 2UILI? ABRAM 4/4/75 0090
& DPRESI%NT VYEOP3ION BY R, MSCKSTRE?H 4/31/75 0100
¢ HEGISTURS DUIING ZXPCUTZON 2T LOGPS: 0110
* 1 TND®Y OF IRQW,J2IV 0120
* 2 MIGH INNKEE LOOP INCIZMENT 0130
* 3 AIGH INNZ2 1002 LINIT 0140
* 4 ADDI3ISE OF WATRIY 0159
* S <TNDEY REGISTERX TOR IPIV,JCOL 0160
* 6 TINDEZ "rsfs:~4 PGP IPIV,J2IV 0170
* 7 OUTEF LOOP INDEY 0180
. £ OUTER LCOND TUCHIMENT 0190
* 3 9YTIP LOOP LIMTY (CHANGED BEDAEREN Ts0 LOOPS) 0200
* 1) TNMER LOOP INCRSMINT 0210
* 11 THMED LOOP 104 LINIT 0220
% 12 TNYFR LOCOP INDEY 0230
= 13-15 IINKAGE 0240
* 0250
* PLOATIYG POTNT BLGISTEIS: + 0260
* n RECI? 0270
« A MR (MEUXRECID 9280
* 0230
* 0300
« 0310
: 12,20 (0, 1) ADDR (I2CW) 0320
L 12,9(0,12) IROR 0330
BCT2 12,0 1204-1 0340
LR 2,12 2350
SLL 23 (TROW=1) *2 0360
1 3,12(n, 1) ADDP (TNDZX?) 027¢
Li 0,0(2,3) ITMP=INDEXR (IR0W) 0380
L u,zu(o 1) KBOR (J26%) 0390
% 4,0(0,4