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PREFACE

This report describes the logic and operation of the simplified spares
optimization model called DRAMA. The model has been used to understand better

the relationships among availability, reliability, and spares investment

levels for new weapon systems.
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EXECUTIVE SUMMARY

DRAMA is an analytic model that relates the availability of a weapon
system to the cost of its spares. It is a model of a multi-item, multi-
location, two-echelon supply system in which each item may be stocked at a
depot and two or more similar bases. Item demands are assumed to be Poisson-
distributed. DRAMA focuses on only one weapon system at a time, so users who
are interested in modeling multiple weapon systems are referred to the LMI
Aircraft Availability Model, of which DRAMA is a simplified version.

DRAMA produces a set of points comprising an availability-versus-cost
curve. FEach point is an optimum, i.e., it represents the least-cost mix of
spares for that level of availability or, conversely, the greatest avail-
ability for that level of spares investment. Availability is defined as the
probability that an end item (such as an aircraft or tank) is not waiting for
a component to be repaired or be shipped to it; thus, availability is defined
from the point of view of the supply system.

The potential user should feel encouraged to use DRAMA for certain ap-
plications for which it may not appear, at first glance, to be entirely ap-
propriate. For example, despite its assumption of a two-echelon supply system
in which all bases are equal, DRAMA has successfully modeled the Army's five-
echelon system, and has represented situations where bases were not
equivalent.

In comparison with some spares-optimization models, DRAMA requires rela-
tively little input data. For each component, DRAMA needs removal-rate,

echelon-of-repair, cost, and application data. For the end item, it needs
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utilization and deployment data and base repair, depot repair, order-and-
shipment, and condemnation lead times.
DRAMA's primary output is a table of spares costs at various levels of

availability. Optional outputs, including quantities of items and costs, are

also available.
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I. THE ALGEBRAIC MODEL

THE INVENTORY SYSTEM

DRAMA1 is a model of a multi-item, multi-location, two-echelon inventory
system consisting of two or more identical using locations called bases and a
single, central resupply location called a depot. Each base is equipped with
end items, such as aircraft or tanks. The end items are comprised of various
components critical to their operation. These components are usually called

Line Replaceable Units (LRUs) and are to be distinguished from Shop Replace-

able Units (SRUs) which are subcomponents of LRUs and which are not directly
removable from end items. DRAMA models only LRUs, not SRUs.

The purpose of DRAMA is to maximize the availability of end items subject
to a constraint on the total cost of spare components or, conversely, to find
the least cost mix of spare components that will result in a specified avail-

ability. Availability is defined as the probability that an end item selected

at random will not be waiting for a component to be repaired or be shipped to
it.

When a component fails, it is removed from the end item and sent to
base repair. 1If a serviceable spare component is available, it is installed
on the end item. (By serviceable we mean in working condition, suitable for
use in the end item.) The base repair shop decides whether the repair of the
failed component is within its capability. If it is, it repairs the component

and gives it to base supply as a serviceable spare.

1DRAMA is an acronym for Diagnostic Reliability, Availability, and
Modularity Analyzer. The name comes from its original application, which was
to assess the impact of modularization and fault-diagnosis reliability on
spares costs.
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If the repair of the failed component is beyond the repair capability of

the base, it is declared to be not-repairable-this-station (NRTS) and shipped

to depot repair. In this event, a replacement item is immediately ordered by

the base from the depot. Thus, the inventory system operates according to an
($-1,8) inventory policy, i.e., whenever the number of components on-hand at
the base plus due-in from the depot minus due-out to the operational organiza-
tion falls below the authorized stock level, S, another component is ordered
immediately.

The flow of components in the system is described in Figure I-1.

FIGURE I-|
FLOW OF COMPONENTS

SERVICEABLE SERVICEABLE
COMPONENTS BASE COMPONENTS DEPOT
A Tt STOCKS STOCKS
A A
SERVICEABLE SERVICEABLE
COMPONENTS COMPONENTS
FAILED NRTS
COMPONENTS BASE COMPONENTS DEPOT
""" | REPAIR [~ = == = REPAIR

The average time that elapses from the removal of a failed component from

an end item until it is returned to serviceable condition (given that it is
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not NRTS) by the base repair shop is called the base repair time. The com-

ponents in the process of repair at the base are said to be in the base repair
pipeline. We define a pipeline as an expected value, e.g., the base repair
pipeline of a component is the expected number of that component in repair at
the base.

Similarly, the average time that elapses from the removal of a failed
component from an end item (in the case where the component is NRTS) until it

is returned to serviceable condition by the depot is called the depot repair

time. Note that the depot repair time includes the time required to ship the

failed component from the base to the depot. That shipment is referred to as

retrograde shipment. Thus, the depot repair pipeline includes the retrograde
pipeline.

The average time that elapses from the ordering of a serviceable com-
ponent by the base from the depot until the component is received by the base

is called the order-and-ship time. We assume that the determination of NRTS

status and the placement of the order are instantaneous.

Some proportion of the NRTS components sent to the depot for repair may
also be beyond the repair capability of the depot, or the cost of repair may
exceed the cost of a replacement item. In this case, the depot condemns the
component and orders a replacement from the manufacturer. The average time
that elapses from the removal of such a component from an end item until it is

received by the depot from the manufacturer is called the condemnation lead

time or procurement lead time. This lead time is combined with the depot
repair time for our purposes so that whenever we refer to the depot repair
pipeline, we include the condemnation pipeline.

Any component that is in the base repair, depot repair (including retro-

grade), or order-and-ship pipeline is said to be in resupply. The resupply
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pipeline (or simply pipeline) is the sum of these three component pipelines.
The average time a component is in the resupply pipeline is called the re-
supply time.

The inventory of spare components is positioned at the depot as depot
stock and at the bases as base stock. Whenever an order for a serviceable

component is received by a base and the base is out of stock, a base backorder

occurs. Similarly, when an order is received by the depot and the depot has

no stock, a depot backorder occurs. The time that elapses from the receipt of
an order by the depot until a serviceable component is available at the depot

is called the depot delay time. If one or more serviceable spares are in

depot stock when the order is received, the depot delay time is zero.
THE MODEL

The fundamental purpose of DRAMA is to produce a set of points describing
the relationship between end-item availability and the initial investment cost
for spare'components for depot and base stocks. Each point represents the
least-cost mix of spares for its corresponding availability. In other words,
DRAMA produces a spares list that maximizes end-item availability given a
budget constraint; conversely, it minimizes spares costs for any specified
level of end-item availability.

We will now show how DRAMA models this logistics system. We assume that
demands for components are equivalent to removals of components due to
failures and that: (1) demands follow a Poisson distribution and (2) demands
for any component are independent of demands for any other component. Then,
we define for any particular component:

T = average resupply time,
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tb = average base repair time,

t; = average depot repair time,

to = average order-and-ship time,
tw = average depot delay time,
tC = average condemnation lead time,

¢ = fraction of NRTS components condemned by the depot,

r = base repair fractiom (i.e., 1 = NRTS rate),
A = demand rate,
X = a random variable: the number of components in resupply, and

B(So, S) = a random variable: the number of base-level backorders given
a depot stock level of S0 and a base stock level of S.

In accordance with our Poisson assumption, the probability density func-
tion (p.d.f.) of X is given by
<M onE x =0, 1, 2

x!
p(x) =

0 elsewhere

where T is a weighted combination of pipeline times given by
T=rt + (1 - 1) (t0 + tw).
Despite the fact that T is, in fact, a random variable, we may use it here
like a constant due to a theorem and proof of C. Palm.2 Treating T as a con-
stant, we can express the expected number of components in resupply as
E(X) = AT.
The expected number of base-level backorders (EBO), given a base stock

level of S, and a depot stock level of So’ is simply

E[ B(S_,8) ] = ZSP(X) (x - 8).
x>

2Palm, C.,"Analysis of the Erlang Traffic Formula for Busy-Signal
Arrangements", Ericsson Technics, No.5, 1938, pp.39-58.
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The depot delay time is a function of the depot stock level and the depot
demand rate. The greater the depot stock level, the less the average waiting
time for a serviceable spare. Since we assume a steady-state system, the
expected depot delay time is equal to the product of the expected number of
depot-level backorders and the mean time between depot demands, i.e.,

E[D(s,)]
fv T X
where D, a random variable, denotes the number of depot-level backorders and
A (1-r) is the depot demand rate. We define N as the number of components in
the depot repair pipeline (including the condemnation pipeline). By Palm's
Theorem, N has a Poisson distribution. Its expectation is equal to
A=A (1-1) [or + (1 - o)yl

and its p.d.f. is simply

e-AAn, n=20, 1, 2,

n!
g(n) =

0 elsewhere.

o

Finally, E[D(SO)], the expected number of depot-level backorders is computed

as
E[D(s )] = I g(n) (n-8).
) )

n>Ss

o
We will now extend the model in a straightforward manner to the multi-
item, multi-base system. In our notation, we will let i denote the ith com-
ponent type where there are n different component types and we will assume

that there are k identical bases. Then, for component i,

X.

1

T.
i

a random variable: the number of components of type i in resupply,

resupply time,
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t . depot delay time,

¢. = fraction of NRTS components condemned by the depot,
i

r. = base repair fraction,

Ai = demand rate at each base,

pi(x) = the p.d.f. of Xi’

S . = depot stock level,
0,1

Si = stock level at each base,
Bi(S .,Si) = a random variable: base-level backorders at each base,

Di(so i) = a random variable: depot~level backorders,
b

Ni = a random variable: number of components of type i in the depot repair

pipeline, and

gi(n) = the p.d.f. of Ni'

The variables t,, t., t and t are defined as before; they are assumed to
b d o’ c

apply to all components.

Thus,

E[D.(S_ .)] = = g. (n)(n~-8_.)
i*Yo,1 i 0,1

’ n>S . ’
0,1

and E(N,) = kA, (1-r) [o,e_+ (1 - 0 )t4].

Denote E(Ni) by Ai. Then,

0 elsewhere-

The depot delay time for component i is

E[D, (s, ;)]

w,1i kki(l—ri)
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The p.d.f. of Xi becomes simply

—KiTi X
e (KiTi)

pi(x) = x!

“ 0 elsewhere

where Ti = ritb + (1 - ri) (to + t, i) ; SO

?

B[B, (s, ;-5;)] = XES.pi<n><n-six
1

THE CONCEPT OF AVAILABILITY

We will now consider the relationship between base-level backorders and
end-item availability. Suppose component i has a quantity per end item of ;>
that there are u end items at each base, and that there are k bases and n
different component types in the system, as before.

An estimate of the probability that component i is missing from any one

of its positions in an end item is

bl

uq,

The estimated probability it is not missing, then, is

E[Bi(so,i’si)]

uq

1 -
and that it is not missing in any of its positions on an end item is

9
E[Bi(so,i,si)]

uq

Finally, the estimated probability that no component is missing on an end item

is :
E[Bi(so’i,siﬂ i




"A" denotes the end-item availability rate. It is this function that DRAMA
maximizes subject to a constraint on spares investment.

Maximizing A is equivalent to maximizing the logarithm of A; indeed, that
is the objective function operated on by DRAMA. This objective function is
separable; i.e., it allows us to compute the ratio of marginal availability
per unit cost for each component type independent of all other component
types. The actual solution technique employs marginal analysis. It proceeds
in an iterative fashion. At each iteration it computes the end-item avail-
ability that would result from an incremental addition of spare components to
the system for each component type. It then selects the component type that
results in the greatest increase in end-item availability per unit cost.
These computations are based on the allocation of spare components among the
depot and all the bases that yields the minimal number of expected base-level
backorders in the system. The solution technique is explained further in
Chapter II.

Three fundamentally important assumptions underlie DRAMA's computations.
The first is that component demands are independent of one another. The
second is that the process that generates demands (e.g., a flying hour or
sortie program for aircraft or a number of miles of operation for tanks) is
known and does not change as a function of spares levels. The third assump-
tion is that the system is in a steady state, i.e., the demand process is

stationary.
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II. THE COMPUTER IMPLEMENTATION

STRUCTURE

To economize on core, the input and output functions of DRAMA have been
delegated to separate programs. These programs are respectively named PROLOG
and EPILOG, and are discussed in Chapter III. This chapter focuses
exclusively on the main program, DRAMA, and its subroutines.

DRAMA consists of a main program and twelve subroutines. The logical

links between subroutines are shown in Figure II-1. The functions of each

FIGURE II-|
DRAMA SUBROUTINE STRUCTURE

MAIN FIRST TIER SECOND TIER HIGHER TIER
PROGRAMS SUBROUTINES SUBROUTINES  SUBROUTINES

PROLOG

g

—{PRELm ‘[ ~ 118 | FACTLN
CON

——MRGIN —-WNEXTJ
——{ BNEXT {_Lxe_l —{ FACTLA

e}
UPDATEH AVAIL |

HiHi
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\

subroutine are discussed briefly below, and are more fully described in the

remaining sections of this chapter. We now define the critical variables that

the subroutines employ. These variables are:

BEBO:

DEBO:

BMEAN:

DMEAN:

The expected number of backorders of a component at each base.
It is a function of the spares inventories at the depot and at
each base. In Chapter I, it was defined as B[SO,S].

The expected number of backorders of a component at the depot.
It is a function of the spares inventory at the depot, and it was
defined in Chapter I as E[D(SO)].

The mean value of the Poisson distribution used in the computa-
tion of BEBO. BMEAN is equal to the expected number of back-
orders that a base would have if it had no spares, E[B(So, 0)].
Initially, when neither the bases nor the depot have spares,
BMEAN is also equal to the expected number of parts in resupply
to each base. This initial value of BMEAN is a distinct variable
in DRAMA called BMEAN@. In Chapter I's notation, BMEAN is
equivalent to AT.

The mean value of the Poisson distribution used in the computa-
tion of DEBO. It is equal to the expected number of parts in the
depot pipeline, where the depot pipeline is understood to include

both the condemnation pipeline and the retrograde pipeline, in

addition to the depot repair pipeline. DMEAN is equal to the

expected number of backorders, DEBO, when the depot has no
spares. In Chapter I's notation, DMEAN is equivalent to A.

Unlike BMEAN, it does not change in value during a DRAMA run.
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The

(1)

(2)

(3)

(4)

(5)

(6)

(7)

subroutine functions can be summarized as follows:

PRELIM: This is a preliminary routine, not involved at all in
marginal = analysis. At the user's option, it will '"purchase" a
reasonable, but not optimal, quantity of each component for the
depot and for each base.

AVAIL: This subroutine computes component and end-item availabili-
ties.

MARGIN: This routine computes a marginal benefit-to-cost ratio for
each component. In the process of computing these ratios, MARGIN
determines the purchase quantity that yields the maximum ratio, and
it computes the optimal base/depot distribution of the quantity of
spares that would be available after the purchase.

COMPOP: This subroutine ranks the components according to their
benefit-to~cost ratios. It also selects the component with the
highest ratio when a purchase has to be made.

UPDATE: This subroutine recomputes component inventories, system
spares costs, and component and end-item availabilities to account
for a spares purchase.

LIB: Computes expected backorders at the depot (DEBO) when the
depot has a quantity of spares equal to the depot pipeline (DMEAN).
Alternatively, it computes expected backorders at each base (BEBO)
when each base has a quantity of spares equal to BMEAN.

CON: Computes DEBO given a quantity of depot spares equal to DMEAN
minus six standard deviations (a standard deviation equals the
square root of the mean). Alternatively, it computes BEBO given a

quantity of spares at each base equal to BMEAN minus six standard

deviations.
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(8) DNEXT: Computes the DEBOs that a component could have after its

next spares purchase.

(9) BNEXT: Computes the BEBOs that a component could have after its

next spares purchase.

(10) SIZOP: Determines the purchase-size that will yield the greatest
benefit for its cost.

(11) FACTLN: Computes the logarithm of the probability that exactly N
units will be in the depot pipeline. Alternatively, it computes the
logarithm of the probability that exactly N units would be back-
ordered at each base if it had no spares.

(12) POISSY: This subroutine computes the value of BEBO that would
result from adding K spare units to each base.

WALKTHROUGH

DRAMA, the main program, initializes all of the variables involved in the
optimization process. For each component, it sets the counter of depot spares
(JSPARE) and the counter of base spares (KSPARE) to zero. In addition, it
sets BEBO and DEBO equal to BMEAN$ and DMEAN, and it computes values for all
of the variables that are later involved in the recomputation of BEBO and
DEBO. These variables are discussed extensively in the last section of this
chapter. Finally, DRAMA sets the user-option variables {described in Chapter
III) to their user-chosen values.

One of the options at the user's disposal is the option of making limited
purchases of spares prior to marginal analysis. This is done by calling
PRELIM. PRELIM is a particularly useful option for the user who is interested
in observing cost-availability relationships at only high levels of avail-
ability, for it considerably shortens the total running time of the model

without impairing its accuracy. However, for the user who is interested in
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observing low levels of availability, PRELIM is less desirable. Because it
does not buy "optimal" quantities of each component, PRELIM may result in
excessive costs at low availability levels (at higher levels of availability,
marginal analysis purchases will have corrected for these suboptimalities) and
because running-time problems are less severe at these levels, the advantages
of PRELIM are less significant.

If the user wishes to exercise his option of making a preliminary buy, he
must assign an appropriate value to the user-option variable IPRE. By setting
IPRE equal to two the user instructs PRELIM to buy liberally, and by setting
IPRE to one he instructs the subroutine to buy conservatively. Setting IPRE
to zero causes DRAMA to bypass PRELIM entirely and to proceed directly to
marginal analysis.

When instructed to buy liberally, PRELIM buys a depot-pipeline's worth of
spares for the depot. Then, after recomputing the expected number of depot
backorders (DEBO) and the Poisson-distribution mean at each base (BMEAN), it
buys BMEAN spares for each base. When the quantities DMEAN and BMEAN are not
integers, PRELIM buys spares quantities equal to the truncated values of DMEAN
and BMEAN. To reinitialize the variables associated with the expected back-
order computations, PRELIM must call the subroﬁtine LIB. This process is
carried out for each component in the end item.

When instructed to buy conservatively, PRELIM buys a quantity of spares
for the depot equal to DMEAN minus six standard deviations. (Note: the
standard deviation equals the square root of the mean). Then, after recomput-
ing the values of DEBO and BMEAN, it buys a quantity of spares for each base
equal to BMEAN minus six standard deviations. To update the values of the
variables used in the expected backorder computations, it calls the subroutine

CON. As in the liberal buy, PRELIM truncates spares purchase quantities
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whenever BMEAN and DMEAN are non-integral, and it performs its computations
independently for each component.

Whether or not the user has exercised his option of making a preliminary
buy, the next step in DRAMA is to initialize the availability of every com-
ponent. This is accomplished by calling the subroutine AVAIL. After the
availability initialization, DRAMA begins marginal analysis.

DRAMA's first step in marginal analysis is to compute marginal benefit-
to-cost ratios, or ranking values, for each component. This is accomplished
by the subroutine MARGIN. The second step is to rank the components according
to the magnitude of their ranking values, and to identify the component with
the maximum value. This is the task of the subroutine COMPOP. The third step
is to '"buy" spares of the component with the maximum value. This is ac-
complished by the subroutine UPDATE. Finally, it is necessary to see whether
the cumulative spares cost or the system availability has reached a con-
straint. If either of the constraints has been reached, marginal analysis
will terminate. If not, marginal analysis will continue, and the model will
return to step one.

In the second and subsequent iterations of marginal analysis, it is
unnecessary to recompute every component's ranking value. This is because the
purchase of one type of component has no effect whatsoever on the ranking
values of the rest.1 Therefore, when MARGIN is recalled, it has to recompute
only one ranking value, that of the component most recently purchased. Simi-

larly, when COMPOP is recalled, it merely has to find the new ranking position

1The benefit-to-cost ratios of component purchases are independent of one
another because the benefit function in MARGIN is the logarithm of end-item
availability. That function, unlike the availability function, is separable
by component type.
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of the most recently purchased component; the relative positions of the other
components remain unchanged.

When marginal analysis ends, DRAMA outputs a set of up to 27 cost-avail-
ability points which define the system's optimal cost-availability curve.
These points start at an availability level of five per cent and proceed up to
an availability of 99 per cent as follows: 5, 10,..., 90, 91, 92,..., 99
per cent. If the availability constraint is less than 99 per cent, or if the
cost constraint is exceeded before 99 per cent availability is achieved, then
only a partial set of cost-availability points will be output.

To insure that the quantity of spares purchased will be optimal, and to
insure that each component has an optimal distribution of spares between the
depot and the bases, DRAMA relies on the optimizing logic of MARGIN. MARGIN
calculates a component's optimal purchase quantity and spares distribution in
the process of computing its benefit-to-cost ratio; then it returns these data
to DRAMA so that the component's inventories will be properly updated the next
time it's purchased. Because of the importance of MARGIN to the overall
process of optimizing inventment in spares across components, the logic of the
subroutine is discussed extensively below.

THE LOGIC OF MARGIN

To calculate the optimal purchase quantities and distributions of spares,
MARGIN engages in a five-step process. The steps are:
1) Compute the wvalue of DEBO that would result from each

purchase alternative. (A purchase alternative is a particular

purchase quantity distributed in a particular way. There are a
limited number of purchase alternatives for each component.) This
is done by DNEXT.

2) Compute the value of BMEAN for each purchase alternative. (BMEAN is
a function of DEBO.) This is done at the beginning of BNEXT.
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3)

4)

5)

In

Compute the value of BEBO for each purchase alternative. (BEBO is a
function of BMEAN and the base spares inventory). This is done in
the latter part of BNEXT, and it may involve the subroutines LIB,
CON, FACTLN and POISSY.

Compute the benefit-to-cost ratio for each purchase alternative
(this ratio is a function of BEBO and the purchase quantity involved
in the purchase alternative). This is the job of the first part of
COMPOP.

Find the maximum ratio and identify the purchase.alternative that
yielded it. This is accomplished in the latter part of COMPOP.

order to perform these computations in a reasonable amount of time,

MARGIN considers only a limited number of purchase alternatives. The number

of alternatives considered can never exceed the number of bases being consid-

ered plus one (NOB+1). Thus, for a seven-base scenario, there can be no more

than eight purchase alternatives. Those alternatives are described below in

Table II-1, with j denoting the current spares inventory at the depot, and k

denoting the current spares inventory at each base.

TABLE II-1
THE PURCHASE ALTERNATIVES CONSIDERED

FOR A SEVEN-BASE SCENARIO

PURCHASE
ALTERNATIVE QUANTITY RESULTING RESULTING
NUMBER PURCHASED DEPOT INVENTORY BASE INVENTORY
1 1 ji-6 kK + 1
2 2 j-5 k+1
3 3 j-a4 k +1
4 4 j-3 k+1
5 5 j-2 k+1
6 6 j-=1 k +1
7 7 j k +1
8 1 jt+t1 k
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Note that MARGIN needs to return only one datum, the purchase-alternative
number, to inform DRAMA of the optimal purchase quantity and the optimal
spares distribution. The optimal purchase quantity will always equal the
purchase-alternative number (NBEST) unless the best purchase-alternative is
alternative eight, in which case the purchase quantity will equal one. The
resulting depot inventory will always equal the current inventory minus the
number of bases plus NBEST (j - NOB + NBEST). The inventory at each base will
equal the existing inventory (k) plus one, unless the best purchase alter-
native 1s alternative eight. Then the base inventory will remain the same.

Note also that the inventory at the depot can decline even though the
total number of spares is increasing. This is because higher availabilities
can sometimes be achieved simply by moving spare units from the depot to the
bases.

The set of permissible, alternative purchases is constrained by rules
designed to minimize an item's expected base-level backorders. Those rules
are:

RULE 1: A purchase cannot increase the inventory at any site by more
than one unit.

At any site, be it a base or a depot, tBe EBO reduction of
additional spares is strictly decreasing. The second spare
reduces EBO less than the first, and the third reduces the EBO
less than the second. Therefore, adding one spare to a site
will always be more cost-effective than adding two or more.

RULE 2: If a spare is added to the depot, none can be added to the
bases, and vice-versa.

Consider the EBO-reduction-to-cost ratios of the following
purchases: the purchase of a single depot spare, which reduces

2 . . . . . .

Decreasing marginal EBO is always present, but it will not necessarily
be evident until a site's inventory of an LRU exceeds the site's Poisson
distribution mean minus sixX standard deviations.
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RULE 3:

EBO across all bases by the quantity D; the purchase of N base
spares (no more than one per base), where each spare reduces
the EBO across all bases by the quantity B; the purchase of one
depot spare together with N base spares, where the depot spare
reduces EBO by the quantity D, and where each base spare re-
duces EBO by the quantity B'. Because the EBO-reduction of a
spare decreases as BMEAN decreases, and because BMEAN decreases
as the depot spares inventory increases, B is greater than B'.
To compute the EBO-reduction-to-cost ratios, we assume for
simplicity that each spare costs $1.00. Therefore, the EBO-
reduction-to-cost ratios for each purchase are:

D for the purchase of a single depot spare,
B for the purchase of N base spares,
and

D+NB' for the purchase of a depot spare together with
N+1 N base spares.

Now, if the depot spare is at least as cost-effective as the N
base spares, it is more cost-effective than the combined
purchase:

-V
[ve)

(N+1) B!

D
ND
D + N
D + NB'
+ 1

vV VvV VIV
ZUU%W

Similarly, if the N base spares are at least as cost-effective
as a single depot spare, then they are more cost-effective than
the combined purchase.

D

NB'
D+NB'
D+NB'
(N+1)

(N+1)

vV VvV VIV

B
NB
B
B

Therefore, it will always be more cost-effective to buy either
one depot spare or N base spares than to buy a depot spare
together with N base spares. As a consequence of this rule,
the maximum purchase quantity cannot exceed the number of
bases.

All bases must have identical spares inventories.

This is an integral part of the model's assumption that all
bases are identical in every respect.
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RULE 4: If the purchase quantity is greater than one, but less than
NOB, spares must be redistributed from the depot to the bases.

Suppose that more than one spare is purchased. Rule one pro-
hibits us from putting the entire purchase at the depot, and
rule three prohibits us from simply putting the entire purchase
at the bases, unless the purchase quantity is NOB. To satisfy
rule three, we have to put more spares at the bases than we
purchased. Therefore, we have to transfer a quantity of spares
from the depot to the bases. That quantity is equal to the
number of bases (NOB) minus the number of spares that we pur-
chased.

RULE 5: In no case will more than NOB-1 spares be redistributed.

We have not shown that it will never be optimal to redistribute
more depot spares; however, we have not observed any cases in
which greater redistribution will result in lower levels of
EBO.

Applying these rules, it is clear that there can only be NOB+1 per-
missible purchase alternatives. For a purchase quantity of one, there are
only two distributional alternatives--the one spare can be placed at the
depot, or the one spare can be placed at the base, with NOB-1 spares being
redistributed. And for purchase quantities of more than one, there is just
one distributional alternative--all of the purchased spares must go to the

bases, and NOB minus the purchase quantity must be redistributed.

COMPUTING EXPECTED BACKORDERS

Most of the time, expected backorders at the base and the depot are com-
puted with an iterative algorithm. We describe that algorithm below as it is
used in computing expected backorders at the depot. The same algorithm is
used in computing the expected backorders at the bases, the only difference
being the names of the variables.

The algorithm that computes DEBO performs the following steps with each
iteration:

STEP 1: Compute the probability that the population in the depot pipe-

line is equal to the inventory on hand. The logarithm of that
probability is called DPROB.
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STEP 2: Compute the reduction in backorders that will result from the
addition of a spare. This quantity is a function of DPROB, and
is called DRERO.

STEP 3: Compute the level of depot backorders that will result from the
addition of a spare. This variable is called DEBO. The new
value of DEBO will equal the existing value of DEBO minus
DREBO.

In the discussion below, we will denote the existing value of DEBO as
DEBON, and we will denote the new value as DEBON+1. The same notation will
also be used for DREBO and DPROB.

All of these variables can be expressed in forms that lend themselves to
iterative computations. Consider DPROB, the logarithm of a Poisson prob-
ability. We know that the probability of there being N items in the pipeline

1is

- DMEAN N
e

N!

DMEAN

Thus DPROBN is

-DMEAN + N 1n(DMEAN) - 1n(N!)
and DPROBy, . is equal to ’
-DMEAN + (N + 1) 1n(DMEAN) - 1n[(N+1)!]

or, equivalently,

DPROBN + 1n(DMEAN) - 1ln(N+1)

DREBO can also be computed iteratively. To see how it can be computed
iteratively, consider a situation in which there are no depot spares. A spare
at this point will reduce the number of depot backorders to zero when it

otherwise would have been one, to one when it otherwise would have been two,
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to two when it otherwise would have been three, etc. In short, it reduces

DEBO from

to

o
i=1

for a net reduction of

o]
DREBOl = 'Z'pi = l—po
i=1

where P. represents the probability that i units are in
the depgt pipeline.

Adding a second spare will further reduce DEBO. When the pipeline contains
two units, there will now be no backorders; when it contains three units,
there will now be only one backorder, etc. The net reduction in DEBO result-

ing from the second spare can thus be expressed as

o
DREBO2 = 'E p; = INE P, Py = DREBO1 - Py
1=2
Similarly, the net reduction in DEBO resulting from the N + 1st spare can
be expressed as

DREBON+1 =1 - P, " Py Py Py --- Py = DRERBO

N~ Py
Since Py is simply the antilogarithm of DPROBN, DREBON+1 can be easily com-
puted.
Using the DRAMA variable names, the iterative computation of DEBO can be
summarized as follows:
DPROBN = DPROBN_1 + 1n(DMEAN) - 1n (N)
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DPROB
DREBON+1 e

DEBON+1

DREBO N

N

DEBON - DREBON+1

The appropriate initial values of these variables are as follows:

DPROBo = - DMEAN
DREBO = 1.0

)
DEBOO = DMEAN

For the bases a similar computation of EBO is carried out in subroutine
POISSY. POISSY's computations can be summarized as follows for any specified

number of depot spares{

BPROB, = BPROB, . + In(BMEAN) - 1o (N)
~ __BPRO

BREBO,, = BREBO, -e By

BEBON+1 = BEBON - BREBON+1

The appropriate initial values of these variables are

BPROBO = - BMEAN
BREBO = 1.0

)
BEBOO = BMEAN

To save on running time, the model sometimes uses shortcuts instead of
this iterative computation. One shortcut, the subroutine CON, computes BPROB,
BREBO, and BEBO for an inventory of spares equal to BMEAN minus six standard
deviations; the other shortcut, the subroutine LIB, computes BPROB, BREBO, and
BEBO for an inventory of spares equal to BMEAN. These routines are regularly
called by the subroutine BNEXT. They may also be called by PRELIM, in which
case they will compute the depot variables, DPROB, DREBO, and DEBO, as well as
the base variables.

The logic in CON is based on the fact that Poisson probabilities are
infinitesimal (less than 10-7) when N is less than BMEAN minus six standard

deviations (BMEAN minus six standard deviations is called ISIG). Because of
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this fact, the first ISIG spares each provide a backorder reduction of ap-

proximately one unit, and the value of BEBO, after their purchase, is simply
BMEAN - ISIG .

When the spares inventory is greater than ISIG, but less than BMEAN, CON

has to compute BREBO and BPROB

The value of BREBOISIG is one, be-

ISIG ISIG’

cause the Poisson probabilities have all been rounded to zero. The value of
BPROBISIG is given by the équation
BPROBISIG = =-BMEAN + ISIG 1n(BMEAN) - STIRL

where STIRL is equal to the 1n(ISIG!) and is computed by the subroutine FACTLN
according to Stirling's formula. CON then transfers these values to POISSY,
which uses them to iteratively compute BEBON. By calling CON prior to POISSY,
far fewer iterations are required to compute BEBON. This saves a great deal
of time, particularly when the mean of the base Poisson distribution is large.

The subroutine LIB is based on the equivalence between the Poisson
distribution function and the incomplete gamma function. Because of this
equivalence, and because BREBON+1 can be defined as the complement of the
Poisson distribution function, BREBON+1 is equal to the complement of the

incomplete gamma function evaluated at N. According to a derivation published

by Knuth,4 the complement of the incomplete gamma function is approximately

3
y-2/3] _ 1 [ 23 v ¥ 32
. {___} 12 | 9
Vo
where x is equal to BMEAN, and

where y is equal to BMEAN minus the

inventory level.

4Knuth, Donald E., Fundamental Algorithms, Volume I, p.116, Addison-

Wesley Inc., Reading, Mass., 1973.
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Although this equation can approximate BREBO for various inventory
levels, the approximations are most accurate when the inventory level is equal
to the truncated value of BMEAN. This is the inventory level that is used in
LIB. 1In the model, this inventory level is called IMEAN.

LIB computes BPROBIMEAN just as CON computes BPROB by calling FACTLN

ISIG’
and applying the appropriate equation. It then computes BEBOIMEAN with the
equation below:
BPROBIMEAN
BEBOIMEAN = (BMEAN-IMEAN) (1-BREBOIMEAN+1) it BﬂEAN c e .

When the stockage level at each base exceeds IMEAN, DRAMA calls POISSY to

compute the backorder reduction of the remaining stock.
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IIT. USING THE MODEL

INPUTS

The DRAMA main program requires system-level data such as the number of
bases and the number of end items at each base, and some component-level data,
such as cost and the means of the depot and base Poisson distributions, DMEAN
and BMEAN@. Since these last two data elements are not usually available in
weapon system data bases, it may be necessary to compute them from elements
that are available. These computations are carried out by the preprocessing
program called PROLOG. In the sections below, we discuss PROLOG's outputs and
the manner in which PROLOG computes DMEAN and BMEAN{.

PROLOG

The standard PROLOG output consists of scenario data describing the
number of bases and end items per base, followed by a data line for each
component type. A brief description of the necessary data, along with the
corresponding FORTRAN variable name, is given below. In addition, a sample
PROLOG output appears in Table III-1.

Scenario Data: NOB, SPB, NCOMP

NOB = Number of bases supported by the depot.
SPB = Number of end items per base.
NCOMP - Number of components.

Component Data: I, COST(I), IPS(I), DMEAN(I), BMEAN@(I)

I = Counter used to indicate type-I component.
ICOST(I)- Type-I unit cost.
IPS(I) - Installations per system; number of type-I components

installed on each end item.
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DMEAN(I) - The expected number of backorders at the depot given
zero spares of type I.
BMEANG (1) - The expected backorders at a base given zero spares

of type I.

TABLE III-1. SAMPLE PROLOG OUTPUT (DRAMA INPUT)

17 121.0 70 Scenario Datga:
NOB, SPB, NCOMP
1 1607.70 1 2.18 8.12
2 1435 6 9.59 105.53
3 227 4 326.97 4591.79
4 1514 1 .96 3.74 Component Data:
I, ICOST(I), IPS(I)
5 1514 1 .96 3.74 BﬂEAN¢(I), ﬁMEAN(I)’
6 2230 4 2.00 7.78
7 2230 4 2.00 7.78
8 318 2 1.77 6.87

Scenario Data: SYSRAT, NSUBS

SYSRAT - System utilization rate for the particular scenario being
modeled.
NSUBS - The number of subsystems in the data base.

Component Data: RATE, DRCT, BRCT, PLT, OST

RATE(I) - Component removal rate per application.

ICND(I) - The percentages of removed units that get condemned.
IRTS(I,4) - Repairable-this-station rates.

DRCT - Depot repair time.

BRCT - Base repair time.
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DSRCT - 1In four-echelon systems, the repair time at the echelon
just above the base echelon.

GSRCT - In four-echelon systems, the repair time at the echelon
just below the depot echelon.

PLT - Procurement lead time; the time required to replace
a condemned unit.

DOST - Order-and-ship time from the depot to the bases.

GSOST - 1In four-echelon systems, the order-and-ship time from the

echelon just below the depot to the bases.

ISS (L) The subystem in which unit I is installed.

K(1SS)

The ratio of expected subsystem removal rate to the input
subsystem removal rate.

An input data base for PROLOG is illustrated below.

TABLE III-2. SAMPLE PROLOG INPUT

17 121 2.0 70 23.2 Scenario data:

NOB, SPB, NSUBS,NCOMP,SYSRAT
1.0 Subsystem data: K(ISS)
1.0

1607.00 1 10 20 30 40 0 1 7.5 Component data:
1435.00 6 5 10 20 40 25 1 22.3 ICoST(1), IPS(I), IRTS(I,1),
. © .+« « - <« .« IRTS(I,2), IRTS(I,3),
-+ - IRTS(I,4), CND(I), ISS(I), RATE(I)

PROLOG computes the rate of removal of a component at an individual base

as follows:
BRATE(I) = {K(ISS(I)-RATE(I) } {SYSRAT} {IPS(I)-SPB}

This quantity is used to compute the quantities BMEAN@ and DMEAN.
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A component's depot pipeline (DMEAN(I)) consists of its depot repair
pipeline, its condemnation pipeline and, in cases where four echelons are
modeled, its ''gemeral support" pipeline. Since a pipeline has a population
equal to the rate at which parts enter it times the length of time they remain

within it, these three pipelines are respectively equal to

DPIPE(I)

IRTS(I,4) - NOB - BRATE(I) - DRCT,

CPIPE(I) ICND(I) - NOB - BRATE(I) - PLT,

and GPIPE(I)

IRTS(I,3) - NOB - BRATE(I) - GRCT.
The depot pipeline equals the sum of these three pipelines, namely:

DMEAN(I) = DPIPE(I) + CPIPE(I) + GPIPE(I).

A component's resupply pipeline at an individual base, BMEAN@, consists
of a base's share of the depot pipeline plus the base repair, direct-support

repair, and order-and-shipping pipelines. These pipelines are respectively

BRPIPE = IRTS(I,1) + BRATE(I) - BRCT
DRPIPE = IRTS(I,2) - BRATE(I) - DSRCT
GOPIPE = IRTS(I,3) - BRATE(I) - GOST
and DOPIPE = [IRTS(I,4) + ICND(I)]- BRATE(I) - DOST.

The resupply pipeline at an individual base is given by

DPIPE(I)
NOB

BMEAN@(I) = + BRPIPE(I) + DRPIPE(I) + GOPIPE(IP) + DOPIPE(I).

STANDARD DRAMA OUTPUT

Every DRAMA run will output a 27-line cost-availability table. A sample
output appears in Table III-3.

OPTIONAL DRAMA OUTPUT

DRAMA will also output special files at the user's request. (The user
must attach these extra files to the DRAMA program in order to output data to

them. The appendix explains how this can be done on the Honeywell 635).
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TABLE III-3. SAMPLE AVAILABILITY-COST RELATIONSHIP

Total Total
Line Spares Line Spares
No. Availability Cost No. Availability Cost
1 5% 386061696 15 75% 584437472
2 10% 387825984 16 80% 614785536
3 15% 389122432 17 85% 655098880
4 20% 393912320 18 90% 707731904
5 25% 396275840 19 91% 719241698
6 30% 399317952 20 92% 731577216
7 35% 402902944 21 93% 744964448
8 40% 408072640 22 94% 759649216
9 45% 417048192 23 5% 776184256
10 50% 441347328 24 96% 795014144
11 55% 471371392 25 97% 817839264
12 60% 500581728 26 98% 847312960
13 65% 528524608 27 99% 892400672
14 70% 556713632

DRAMA can output four special files. One is the Base Spares File, which

contains the quantity of each LRU in the base inventory for each of the

27 availability levels. The second is the Depot Spares File, which contains

the quantity of each LRU in the depot inventory for each of the 27 availa-
bility levels. The third is the BEBO File, which contains the expected number
of missing units for each LRU for each of the 27 availability levels, and the
last is the DEBO File, which contains the expected number of outstanding
orders at the depot for each LRU.

To obtain these files, the user must specify an output option in the
OPTION section of the main program. If he specifies no option, he gets only

the standard output. If he sets the variable IOUT equal to one, he will get
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only the Base Spares File in addition to the standard output. If he sets IOUT
equal to two, he'll get both the Base Spares File and the Depot Spares File.
If he sets IOUT equal to three, he'll get all of the extra files.

EPILOG

EPILOG processes DRAMA'S output files and generates detailed tables of
LRU costs and backorders. To run EPILOG, the user must input the DRAMA output
files and the DRAMA input file (The method for inputting these files is
described in the next chapter.) In addition, he must specify his EPILOG
output options.

The variable IOUT appears again in EPILOG and, again, its purpose is to
dictate what will be output. By setting it equal to one, the user will obtain
a listing of the Base Spares File; by setting it equal to two, the user will
obtain a listing of the Depot Spares File as well; by setting it equal to
three, he'll obtain a comprehensive output table of quantities of component
spares at the base and the depot, the cost of the component spares at the base
and the depot, the unsatisfied component demand (expected back orders or EBOs)
at the base and the depot, and the component availability at the base. A
sample EPILOG output for IOUT = 3 is shown in Table III-5. Notice that this
output is for a special case where there were initially no depot backorders of
any component.

The first column of this table is the LRU reference number; the second is
the quantity of spares at the depot; the third is the quantity of spares at
each base; the fourth is the total spares in the system; the fifth is the cost
of the depot spares; the sixth is the cost of the base spares; the seventh is
the total cost; the eighth is the LRU's DEBO; the ninth is the LRU's BEBO and

the tenth is the expected LRU availability. In addition to the table, EPILOG
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will output system-level summaries of base and depot inventories and costs.
The summary for the run that produced Table III-5 appears in Table III-4,

below.

TABLE III-4. SUMMARY STATISTICS AT THE SYSTEM LEVEL

Total Spares Purchased 894

Total Spares at the Depot 0

Total Spares at Each Base 298

Total Cost of All Initial Spares 5773752

Total Cost of Spares Bought for the Depot 0

Total Cost of Spares Bought for the Bases 5773752

Base Expected Back Orders 0.01489
Depot Expected Back Orders 0

Full Systems Availability 99.5%

Normally, EPILOG will output a table for each cost-availability pair in
DRAMA's standard output. Should the user wish to obtain an output table for
just one availability level he can do so by setting NAVAIL equal to the line
number (from DRAMA's standard output) of the availability that he desires to
see. The line-numbers of each availability are shown in Table III-3. Failure

to assign a value to NAVAIL will result in the output of tables for all of the

27 availability levels.
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AM

AVCOMP
AVLOG(I)

AVTEST

AVTOT

BBOLIB(N)

BBOTOT

BCOST

BEBO(I)

BMLOG

BMEAN@ (1)

BMEANN

BPROB

BRATE

APPENDIX A

GLOSSARY OF DRAMA VARIABLES

In LIB or CON, the mean of Poisson distribution of backorders
at either the depot or the bases.

The availability of a particular component in EPILOG.
The logarithm of a component's availability.

The next availability milestone at which availability and
cost data will be output. Normally, it is initialized at
five per cent.

A particular availability level in EPILOG.

In MARGIN, the value that BEBO will assume if purchase alter-
native N is selected.

BEBO summed across all components at a particular avail-
ability level. Used only in EPILOG.

The total cost of base spares at a particular availability
level. Used only in EPILOG.

The expected number of backorders of component (I) at each
base.

In BNEXT, the logarithm of the variable BMEANN, which denotes

the mean value of the base Poisson distribution for purchase
alternative N.

The expected number of units of component (I) in resupply to
each base. Initially, when a component has no spares, it is
also equal to BEBO(I). It is called a "mean" because it is
the mean value of the Poisson distribution of backorders at
each base when the depot has zero spares.

In MARGIN, the mean of the Poisson distribution of backorders
at each base for purchase alternative N.

In BNEXT, this variable denotes the Poisson probability that
exactly K spares will be backordered.

The expected number of component removals per month at each
base. Used only in PROLOG.



BRCT

BREBO

BRPIPE

C1

C2

C3

CPIPE
CRANK(I)
DBOLIB(N)

DBOTOT

DCOST

DEBO(I)

DELTA

DMEAN(I)

DMLOG

DOPIPE

DOST

DPIPE

Base repair-cycle time. The time that elapses from the re-
moval of a base-repairable unit to its return to serviceable
condition. Used only in PROLOG.

In BNEXT, the reduction in backorders that will be experi-
enced if an additional spare is added to each base.

The base-repair pipeline. Used only in PROLOG.

A constant used in the subroutine LIB in the computation of
either depot or base EBO. It equals two-thirds.

Another constant used in the subroutine LIB in the compu-
tation of depot or base EBO. It equals 23/270.

Another constant used in subroutine LIB in the computation of
depot or base EBO. It equals one-sixth.

The condemnation pipeline. Used only in PROLOG.
The benefit-to-cost ratio, or ranking value, of a component.

In MARGIN, the value that DEBO will assume if purchase alter-
native N is best.

DEBO summed across all components at a particular avail-
ability level. Used only in EPILOG.

The total cost of depot spares at a particular availability
level. Used only in EPILOG.

The expected number of backorders of a component at the
depot.

In AVAIL, DELTA equals the difference between the avail-
ability logarithm of the purchased component after its pur-
chase and the availability logarithm of the component before
its purchase.

The expected number of units of a component in shipment to
the depot, depot repair, or procurement. This variable is
the mean of the Poisson distribution of backorders at the
depot.

The log of the depot pipeline, DMEAN. It is used in the
computation of DEBO.

The depot order-and-shipping pipeline for each base. Used
only in PROLOG.

The depot order-and-shipping time. Used only in PROLOG.

The depot repair pipeline. Used only in PROLOG.



DPQ

DPROB(I)

DRBLIB(N)

DRCT

DREBO(I)

DSPIPE

DSRCT

GOPIPE

GSOST

GSPIPE

GSRCT

ICND

ICOST(I)

IDONE

IFIN

IMEAN

In FACTLN, the double-precision equivalent of the variable
ISIG.

The logarithm of a Poisson probability. Specifically, the
log of the probability that the population of the depot
pipeline is equal to JSPARE(I).

In MARGIN, the reduction in backorders that will be provided

by an additional depot spare if purchase alternative N is
best.

Depot repair-cycle time. The time that elapses from the
removal of a depot-repairable unit to its return to service-
able condition. Used only in PROLOG.

The reduction in expected backorders that will accompany the
addition of a depot spare. This variable strictly decreases
as the depot inventory increases.

The direct-support repair pipeline. Used only in PROLOG.
The direct-support repair-cycle time. The time that elapses
from the removal of a Direct-Support repairable unit to its

return to serviceable condition.

In LIB, CON, POISSY or PRELIM, the EBO that will persist at a
site after it has obtained a pipeline's worth of spares.

The general-support order-and-shipping pipeline. Used only
in PROLOG.

The general-support order-and-shipping time. Used only in
PROLOG.

The general-support pipeline. Used only in PROLOG.
General-support repair-cycle time. The time that elapses
from the removal of a genmeral-support repairable unit to its
return to serviceable condition. Used only in PROLOG.

Indicates a particular component. It takes on values between
(and including) component and NCOMP.

The percentage of parts condemned. Used only im PROLOG.
The cost of a spare unit of a component.

Indicates whether all components have been ranked in COMPOP.
It is initially equal to zero; it is set equal to one once

the ranking process is completed.

In POISSY, the quantity of base spares accounted for when the
iterative computation of EBO ends.

In LIB or CON, the truncated value of AMEAN.
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I0UT

IPOS(NCOMP)

IPRE

IPS(I)

IRTS1

IRTS2

IRTS3

IRTS4

ISIG

ISP

ISTAR

ISTRT

IT

ITERS

JJ

JK
JSPARE (I)

K1

When it equals zero, DRAMA provides only standard output.
When it equals one, the base spares file is output. When it
equals two, the depot spares file is output as well. When it
equals three, depot and base EBO files will be output too.

Indicates which component is in ranking position one, ranking
position two, etc.

Dictates whether to call subroutine PRELIM. When it equals
zero, PRELIM is bypassed; when it equals one, PRELIM buys
conservatively. When it equals two, PRELIM buys liberally.

The number of parts installed per end item or system.

The percentage of parts repaired at the base echelon. Used
only in PROLOG.

The percentage of parts repaired at the direct-support
echelon. Used only in PROLOG.

The percentage of parts repaired at the general-support
echelon. Used only in PROLOG.

The percentage of parts repaired at the depot echelon. Used
only in PROLOG.

The truncation of the following quantity: The Base or Depot
pipeline minus six standard deviations.

In CON, the quantity of spares at each base; a surrogate for
KSP.

In POISSY, the quantity of base spares accounted for when the
iterative computation of BEBO begins.

In CON, the quantity of base (or depot) spares for which an
EBO is computed. It equals either the total inventory of
base (or depot) spares or the base (or depot) pipeline minus
six standard deviations, whichever is less.

The line in the DRAMA availability-cost table that is being
processed in EPILOG.

Counts the number of marginal analysis iterations in a run.

In DNEXT, it indicates how many spares will be redistributed
in a given purchase alternative.

In DNEXT, it is the indicator of the purchase alternative.
The number of spares of a component at the depot.
A constant used in subroutine FACTLN. It equals one-half of

the square root of TWOPI.
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K2

KSP

KSPARE (1)

KSTRT

K(NSUBS)

LCOST

LLL

LNFACT(30)

MAXRED

MODE

NAVAIL

NBEST(I)

NCOMP

NEWPOS

NOB

NTABLE

A constant used in FACTLN. It equals one-twelfth.

In BOUT, the number of spares that each base will have after
a given purchase alternative is executed.

The number of spares of a component at each base.

The number of base spares that BNEXT has accounted for in the
process of computing BBOLIB.

The subsystem "K-factor." The ratio of subsystem removals in
the DRAMA data base to the subsystem removals in the raw data
base. Used only in PROLOG.

The cost of a particular component's spares in EPILOG.
In PRELIM, the truncated value of PM.

In FACTLN, an array of the logarithms of the factorials of 1
through 30.

In BOUT, the indicator of the purchase alternative being
considered.

The maximum number of parts that may be redistributed from
the depot to the bases in a given purchase.

When it equals one, MARGIN computes a backorder-reduction to
cost-ratio, instead of a marginal availability-to-cost ratio,
for each purchase alternative. It is set equal to one only
when a component's marginal availability is undefined, e.g.,
when it has more backorders at each base than applications.

In MARGIN, it indicates the purchase alternative. It takes
on values from 1 to NOB+1.

The line in the DRAMA availability-cost table that is to be
output by EPILOG. When it is equal to zero, all lines are to
be output.

The purchase alternative which will yield the most avail-
ability for its cost.

The number of different types of line-replaceable units
(LRUs) in an end-item.

In COMPOP the new ranking position of the component that was
just purchased.

The number of bases.

The number of cost-availability pairs that have to be input
to EPILOG.



PLT

PO

QRANK(N)

RATE

SPB

STIRL

SYSLOG

SYSRAT

SYSTAV

TAIL

TCOST

TEMP (NCOMP)

TOTCST

TWOPI

In LIB, the Poisson probability that the quantity of parts in
the depot (or base) pipeline is exactly equal to the mean of
the pipeline.

Procurement lead time. The time that elapses from the con-
demnation of a component to the receipt of a replacement at
the depot.

In PRELIM, LIB, or CON, the temporary value of BMLOG or
DMLOG.

In LIB, an intermediate value in the computation of depot or
base EBO.

In SIZOP, the marginal availability (or marginal EBO reduc-
tion)-to-cost ratio for purchase alternative N.

In LIB, or CON, the reduction in BEBO that will accompany the
addition of one spare to each base.

The frequency of component removals. The number of removals

per component application per hour of use. Used only in
PROLOG.

The number of systems (or end items) per base.

In FACTLN, LIB, and CON, the logarithm of the factorial of
KSP, where KSP is the number of spares accounted for at each
base.

The logarithm of the system's availability.

The system utilization rate. Expressed in usage hours per
month. Used only in PROLOG.

The system availability.

In LIB, the area under the Poisson probability density func-
tion between IMEAN and infinity.

The total cost of spares at a particular availability level.
Used only in EPILOG.

In COMPOP, the component that is temporarily ranked number
one, number two, etc.

The total cost of spares of all component types.

Another constant in the subroutine LIB. It equals two times
Pi.

In LIB, an intermediate value in the computation of base or
depot ERO.



APPENDIX B

PROGRAM LISTINGS
PROLOG

1000 REAL K (Z0)
101H ZALL FMETDIIA(Z, )
CALL FMEDIAC1O,0)

1 O04QC e STENARIC DATAR %%

1050

1040 ‘ FREAD(?, 10%) NOB, PR, NSRS, MCOOME , ZYSRAT
10700 z

1 OO x2S IBISYITEM DATASREx

1O=20C

1100 ] 1onn IS = 1,MN3
1110 1000 READ (7, 1O7) k{132
1120 102 FURMHT\U

113002 .
1130Cswxa+33IGN VALUES TO THE REFAIR AND SHIFFING TIMEZ.
11500

114500 e MOIRMALLY, THESE TIMEZ ARE EZXFREZIED IN MOMTHZ s
11700

11€OC #ENOQTE: TO MODEL A FERFECT TWO-ECHELCON ZYETEM, ZET
OSROT. GIRCT, =T, AMD Ge3T T ZERD,

*
X
5%
*
x

BRCT = .1

CERCT = 5
GESRCT = 1.9
ORCT = Z.0
FLT = 1%

ST .o
QCesT = Z.0

R ITE SCENARIC INPUT TO DRAME INTO FILE CODE 10, sesxs

WRITE(LD, 10%) MOE. SFER.MNCIOMP

33 A *
1400 ERATE = K
14400
14200 #xweC0MPUTE OMEAN FOR THIS CTOMPOMEMT. sestx
14320 OFIFE = FLOAT(NDE) * FLOAT(IRTZZ/100) % BRATE # DRCT
1430 CFIFE = FLOAT(NOR) = FLOAT(TOND/ZLI00) = BRATE # FLT
1430 SIFIFE = FLOAT(NOR) # FLOAT(IRTIZIZ/ZL00) # BRATE »* Ge8CT

ERATE F“R THIS COMPOMENT. e
T) % RATE +# V:RA = FLUHT(I:E) * ZFB

1450 OMEAN = OFIFE + CPIFE + G3FIFE

147G

1420 ziexxxCOMPUTE BMEANG FOR THIS COMPONENT. swxxs
1470 ERFIFE = FLOAT(IRTS1/100) = ERATE = BRCT
1500 DEFIFE = FLOAT(IRTIZ/100) = ERATE = :
1Z10 GOFIFE = FLOATCIRTSE/100) % BRATE =

B-1

D00 ENOW IMFUT THE COMPONENT DATA. FROCEZS IT. THEMN QUTRUT
2400 IFPS, ICOET, BEMEANO. AND OMEAN TO FILE COOE 10,

2200

2ED o "'r')t‘)t') I = 1.,NCIMF

270 READCZ, LO?) ICDST, IFPZ, IRTSL, IRTSE, IRTSZIRTSS . TCMO, 153,



1520 DoFPIFE FLOAT( (IRTS4+ICNIN /100 ) » BRATE = DOST

13320 EMEAMO OMEAN/FLOAT (NOER) + BRFIFE + DSFIFE + GOFIFE +
1S40 & COFIFE

13O0

1SA0OC#%E2CLTRUT CTOMPOMENMT DATAS, %425

1370 2000 WRITE(CLO, 10%) IPS, [COST, EMEAMO . DMEAN

1 S20 STOFE

1520 END

<

B-2



DRAMA

LI=T

1000 COMMONSAVAAYLOGITO) s CRAME(TQ)  IFS(TO)

1010 COMMON/BRSE/RERD

120z COMMON/EBOM /A BEROIN(TO) , DERON(7O)

1030 MMM A CONS T /0L o2 02, TWOR T

1040 COMMON /DEFOT /A DEERD, DMLDIG, DRPROE. DRERD

1050 COMMONAEONST /L, K2

1040 COMMON/NEAT/BBOLIE. DBOLIB, PROLIE. ORBLIE

1070 ZI2MMMONM S MEAN/ BMES Ju»vu) OMEAN(TO)D

1020 COMMON/FARAMS  IDONE  MAXRELD, MHI_‘ch“ L NOIE. SED

1090 TOMMONSPRICES ICIZIZTf?'f)) S MBEST (7O
1100 COMMONSPARE Y/ JTFARE (700 L KEF HR «yﬂ)
1110 CIOPIMION /Y ST A3Vl E. SYSTAY . TOTOET

1120 OO SR TS S IFRE
11320 REAL BERZITO)
1140 REA&L DEBO(TO), OMLOG(7TQ) s DFROQB(TO) . OREBOCTOD
L 1S OOUELE FPRECISION 21, C032.03, TWOFI
1140 DIBLE FPRECISION E1.EZ
1170 OOURLE PRECISION BROLIB(LS) . DBOLIBCIS) . FPROICIECLE s DIR2LI
11200
L1700 RseasTHIS SECTION OF DRAMA ATTACHES
12000 THE FIRST FILE ATTACHED I THE
B ATTAZHED ARE CFTIONAL QUTRUT FI
CALL ATTACH(®, "QS2s /NZIZEL/LEMD
TALL FMEDIACLIO.O)
CALlL FMEDIS(11.00
CALL FMEDIACLIZ.O)
CALL FMEDIAL{ LD, 0

(1

)

m

& AL

MECZEZZARY LATA FILEE.
ILE. -“HI—_ Lr'h-lT FlLl_‘-.:.;

ZI"' - —
--‘_Elm
l-_—-l
M

»e 1)
[ ]
oy
-4
o
—

Yo' ?

“**%*:THI? SECTION OF DRAMEA ASIIGNS INITIAL VALUES T2 ALL EEY
FEY VARIABLESZ. IMSERSES MUST ASSIcN VALUES HERE IF THEY
WITH TO EXECLTE CFTIONS

#ezEwlER DEFINED CONTROL VARIABLZZwssas
IFRE = O
10T = O
paxxaNOTZ: IF THE WWZER SETS IOQUT T2 2 R 4 HE MUST DO TwWo
THIMGZ IN ORDER T QUTRUT EXACT VALLEZ OF BERD AND DEED.
CONE. HE MUST DEFIME "BEBON" AMND "DEBINY IM THE ZIOMMIN
SECTIOND OF DRAMS (SEE LIME 10Z0), MAERGINM. AMD UFPDATE
T, HE MUST RECOMFUTE BERD INM SUUBROUTIME UFDATE I”-TE“W
OF SUBROUTINE MAFSIN.  SEE COMMENTI DELOW,
AVLIM = 7
14“0 CIOLIM =

lﬂi”' e INTERNALLY DEFINED CONTROL VARIABLESS#xxs
1450 ITERZS = 0

1440 IDONE = ©

1470 AVTEZT = AVTEST + 0%

b s A= T

SYESTEM LEVEL SCENARID VARIADLEZ®wxss
(%, 10%) NOE,SFPE, NCOMF

B-3



12200

PELPRR R e

P A A

~

SCOMPONEN

1530 oo 200 1 = 1,
1S40 =00 FEATI(Z, 10%) 1
1350 10% FORMAT (W)

=x#NOTE:
ELEMENT FROM ITS

19

Lr“ DEL I\’I
MCOMP
FziI). 12

IN THIZ

O
LOO0
-1

~ Bt}
Wt

1S3OC e IBOOLIT INE
1 &G0 21 o= 2L 0Tn0sS.,
1410 T2 o= ZITL.0D0SZ270
1EZ0 L3 o= LZS00 %
1420 TWIFI = 2,00
1430 Bl o= LS00 =
LESO RZo= LS00 % O3
1445002

1 ATOC xsswWRITE

CLTFUT M

EARER

RIHEJ T_. S i
DT (ID

FORMAT, 1OIME

SLUCCEEDN I NG

CIONSTANT St 2

= e

B U C)

__ UL SR ¥ PO L

1420 WRITE (&, 345)

lez)  w3&s FORMAT (Y <, "TAVAILABILITY 75 1&X, "COST )
17000

17100C )

L720C8sxx2THIS SECTION OF DRAMA INMNIT1ALIZIES THE
17200 THE COMPUTATION OF BERD AND DEED.
1730 INITIALIZES COMPOMENT AVAILAEBILITIES
L7Z00C TIAL COMFONENT RAMEING VALUESD.

17400

17’w D 1000 I = 1, NCIMF

s BMEAMOC (1)

SRACE

sIMEANT D)

IEFARATES EAC

ELEMENT.

AERLES

VERT

AaMD CoMPUTES

£

INVILVED
THE Do LoOF BELCW &LZ0
THE INI-

OATA

IN

##ANOTE: THE VARIAEBLE "MODE" TELLSZ TH _UEFHhsIME MEaRGIN
WHETHER A COMPONENT HAS 8 PIOSITIVE AVAILARILITY. IF £
COMPONMEMT HAS & NOM-FISITIVE AVAILAZILITY. THEN
1z MODIE =TAavY 5 sl TO 2. AND AN AUTIOMATIC FRELIMIMARY
13 FURCHAZE WILL BE MALDE IN CRIER 7O MAKE AVAILARILITY
13 FOZITIVE. -
1S40 MODE = 1
12=00
13&00 ssaxxINTTIALIZE SFARES INVENTORIED#sdens
1574 JZFARE(IY = 0
12 rgFAEE\l) =)
12
1 e INITIALIZE THE VARIARLES INVIOLVED IN THE EBC COMFLUTAS—-
1 TIONS -G
o BEEZ(I) = DMEAMO(I)
1% DERBQ(I) = DMEAN(I)
1% CMLOGIIY = DS OMEAN(I) )
13 OFROECI)Y = =OMEANC(CI)
e OREBQCI) = 1.000
% #¥EMUTE: THE INDEY OF A& DO-Lo0OF 5“4 0T BE FASSED TO
18 A SURROUTINE. THEREFORE. IM&X MUST BE LEZED AT A SUR-
15%C GATE FOR "I
2000 IMAX = 1
ZO1OC
ZOZ0OCEEerEMARKE A PRELIMINARY BUY COF THIS CIMPONEMT IF OME I3 CALLED FC
2030 IF ¢ JRRE .GT. O AND., DMEAN{I)Y JGE. 10,909 ) CAlLL FRELIM(IME
(BFiNgH
CQSDUUH#se*xIMITIALIZE THIS COMPONENT 'S AVAILARILITYS® ==
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0 CARLL aVAIL T IMAX)
OO0k COMPUTE THIS COMPOMENT 3 RANEING VALUE##xies
20O
100 1000 CALL MARGIM(OIMAX)
Z1i1o0 '
21200
ZI20C3eRw 2 COMPLETE THE FIRST ITERATION OF MARSINAL ANALYSIS. RANE ALl
21400 THE COMEOMENMTZ AND IDEMTIFY THE EBEST BUY., WHEMN DONE, RESET
21500 “IDCME",
2140 CALL COMPOR (IMAaY)
2170 ITOMNE = 1
10
Z1FOCEReRFURCHASE THE BEST COMPONENT weews
2200 2000 CALL UFIARTE(IMAX)
ITERZ = ITERT + 1
FREFATEST o SHOULD AVAILABILITY AMD <27 LATA BE CDUTFUT AT
THIZ FOINTT

IF SYZSTAY LLT. AVTEST ) G0 TO 5000

N

IF A&VTEST . GE. 2 ) AVTEST = AVTEST + 001
IF AVTEST . GE . BYTEST JLT. (251 ) AVTEST =
& AVTEST +« .01l
IF ¢ AVTEST (CE. 0T L AND, aVYTEST JLT. 251 ) AVTEZT =
% AVTEST + .
SaE U TRUT OATA IS POSITIVE w$s%s
- i

¢l IR, B

o {4
1004 FORMAT LS 7,F1Z
FE0FTIOMAL  CHITERUT
)
y

IF ICT (ST, 0
IF TauT LS.
IF IOLIT L iGT.
I JGT. 2

e
ik

"
<

=X
ommmm

P

AV LGE. AYLIM JOR. O TOTIOET JGE. COLIM D
S T AOOO0

MEITHER CIINITRAINT HAS BEEM REACHELD REFEAT MARSG. ANALYSID,
CALL MAaRSGINCIMAXN?
CAlLL COMPOR(IMAXD)
SO0 T 2000
QU ]F EITHER CONSTRAIMT HAS BEEN REACHED, STOR, s
2490 000 CONTINMUE

[ R I

2S00 STOF
2510 END
T e mm m m ——————————

SLERCOUTINE MARGINCI)

COMMIN/ AVA/ BVLIDNZ(T0) s CRANE(70), IFS(70)
CUOMMON/BRSE/ BERD

COMPMON A EBOMN/ EERBON (7O0)  DERON(TO)
COMMON/DEFCOT /DERD . DML, DFROE,. DREED

2520 CCOMMON/NEXT/EROLIR, DEOLIR. FROLIEB.ORELIE
ZETP0 COMMON/FARAMS Y TOONE , MAXRED: MODE , MCOME, MOE, 3P

B-5



OO COMMON/FRICE/ ICOET (700, NEEST(70)

SE10 REAL BEBCO(70)

2L REAL DEBC(70).DMLOG(70), DFROB(70) » IREEQ(70)

DOUEBLE FRECISION BEOLIE(13),DBOLIB(1S), PROLIB(1S), DREBLIB(1S)

A40r _ a _a
ZETOCEFERXTEIT: CAN BERO BE FURTHER REDUCED?  IF IT CANNIT,
! SE IR BEBO COMPUTATIONS AND SET THE RANKING VALUE TO ZERC,

SEEO
EETOC

IF ¢ BEBECQ(I) LLE. 0.0 ) GO TQ 1810

'7001 ¥RHEHFLOMPUTE BBOL IB##sx%

27100

720 2010 CALL DONEXT(I)

;,Jﬁ CAall BNEXT(I)
2T L0

27SOCes*x*BERD OUTCOMES ARE NOW STORED IN THE ARRAY "BEOLIE". USE
27400 THEM TO COMPUTE THE BENEFIT-TO-COST RATIOS -OF THE FEAS-

27O IBLE FURCHASES. THEN FIND THE MO=ST COST-EFFECTIVE ONE.

27200

2720 CALL SIZ0OFR(I)
HE MOST COST EFFECTIVE FURCHASZE HAS BEEN UESIGNATED
NREZT". STOREZ THE DERLC AND BER w VALLEZ AZS0OCIATED
T Tl A ”'HA‘E.

HEBD(I EROLIEC NBEST(I) )
(R 1) = BEOLIB(NBEZST(I))
DEQLIEB. NBEST(I) )
DEBUN(I) = DROLIB(NBEST(I))
Sie i DOFROBC(I)Y = PROLIB( NBEZT(I) )
200 ODREBO(I) = DORBLIB( NBEST(I) )
210
220CxxxxxIF THIS COMPONENT ALREADY HAS A DEFINED AVAILABILITY, RETURN.

B

293200 IF IT DHIES NOT. BUY SPARES UNTIL ITS AVAILAERILITY CAN BE
29400 COMPLITEL,

22500 .

2PE0 IF ¢ MOQE E&, 2 ) 60 TO 1410

2970 CALL URDATE(D)

Goo TO 2010

20 1510 CRANEA(I)Y = 0,0
2000 1410 QONTINUE

F010 RETLIRN

020 END

2OZOC - - - . : -—
2040 SUBROUTINE DNEXT(I) il

IO50 COMMON/NEXT/BBOLIE, DBOLIE, FROLIR, DRBLIB

00 COMMON/DEFOT/ DERD, DMLOG, DPROE, DRERG

ZQT0 COMMON/SFARE/ASFARE(70) - KSPARE (70)

2020 COMMON/FPARAMI/ IDIONE , MAXRELD, MODE, NCOMF, NOR, SPR

20R0 REAL DEBO(70),DOMLOG(70) . DREBO(70), DFROB(70) ‘

100 OOBLE PRECISION BEOLIB(IS),DBOLIB(LIS),DRELIB(LIS).FROLIB(LE)

ziioc
S120CxexxxCOMFUTE THE DEBO THAT WILL RESULT IF THE LEPOT GETS A
21200 SFARE., THIS IS PURCHASE ALTERNATIVE NOBE+1,



N o= NOE + 1
ODRELIRIND
DEQLIEC(R)
FROLIEBON)

DREBQC(I) — LDEXYP(DFRORBIIND

DEERQ(IY — DRELIEB(MN)

DPFROBCIY - DLOGC 10000 + DELECISFARE(IY Y)Y +
DMLOG (DD

o

1}

e ]
o
m
(13}
[
—
I
4
]

-
o

STORE THE CURRENT VWALUEZ OF DE=D, IIFRIE. AND
FURL.HA:T ALTERNATIVE MIE,
CROLIBR(MOEY = LDEZZCID
DREBLIEB(MOE)Y = DREBCII
FROLIBIMIE)Y = DFROE(ID)

Qs COMFUTE THE VALLIES OF r“:'*_'"l LFROE. AND DRERD FOR ALLL OF THE
DOTHER FLURCHASE ALTERMNATIVEZ.

#xaxsDETERMINE THE MAXIMUM NMUMBER OF SFSRET THAT CANM RE RE-
ODISTRIBUTELD. IF NMONE CAM BE RETLIISTRIBUTED. RETURN.

MAXRED = MINOC( NOE - (., JSFAREC(I )
JF ( MAXRED .EG&. O ) 33 TO S0O1S

1) =~
JE A

sexexPERFORM COMPUTATIONS FOR EACH FURCHASE ALTERNATI
ALTERMATIVE MiE-1 FIRST, THEN DO NMOB-2, NOB—3, ETC.

O 4415 11 = 1, MAXRED
b= ONOR - L
o= 0+ 01

DEQLIBCGL = DROLIBCGIE) + DREBLIBOJED
FROLIEBCGE) = PROLIBCGAED + DLOS(DOBLE (JSPARE(IY ) -
b ODELECAL) + 1,000 ) — DMLCISCL)
§ DRELIZGN) = DRELIB(IR) + DEXF(FROLIER(.))
2470 4455 IF ¢ DRELIBCE LJGE. (.000 ) DRELIRBGEH = 1.CRO
Z420 015 CONTINUE
i RETLIRN
END

ZTZ0 SUEROUTINE BENEXT (D)

COMMON/MEXT/BBOLIR. OECQLIZ. FROLIRB. DRELIE
COMMIN/MESN/EMEANC (70) s IMEAN (70D
COMMON/SFARE/ JSFARE(TCY  HSFARE(TO)
COMMIN/FARAMS/ TDONE, MAXRED, MODE, NIZIDMP L NOR, =
DnBLE PRECI,IuN EECGLIERBC(IE) . DEOLIB(1S) ,, PRI
DOUBRLE FRECISION EMEANN. EFRIOE, BREED, EMILOG

l"' M

uﬂl** #RCOMPUTE THE RAZE SFARES INVENTORY FOR THE NEXT FURCHASE

Fiolb o= FEESFARE(IY + 1

médn'ﬁxﬂ**FWMCHTE THE BAZE EXFECTED BACKIRDER (BROLIE) VALLE FOR
. . EACH FURCHAZE ALTERNATIVE.
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i 2020 N = NCE - MAXRED, NOEB -+ i
IF ¢ N JEf. NOE + z

27100 srsxsRE-INITIALIZE SMEAN FOR EACH FURCHASE CUTCOME.

EMEANN = DELE(EMEANMO(I)) - ( DELE(DMEAN(I)) -
% DEQLIER(MY ) /0DBLE (NCOE)D

E EASE HA&T NO ZPAREZ. AND LF IT I'T ALLOTTED NGO
s THIS OQUTCOME, THEN BEROLIEB EGLALST EMEANM.

BROLIR(N) = EMEANN
IFC E=f JEZ, O ) G 70 Z0zZ0

s IF THE BAZE HAT ZFAREZ. EROLIE WILL BE LEDZ THAN BMEAN.
X COMPIUTE EEULIB FROM EMEAN SIVEM EISF BAZE SFPAREZ.
& 0D THISZ IN THREE =TERS.  FIRST. INITIALIZIE KEY VARIABLESZ.
5 SECOND,  LESE SHORTCUT CALCULATIONST, IF POIsIBRLE.
E THIRD. LEE QN ITERATIVE COMPUTATION. IF NECESZARY.

s INITIALLIZE

Ly i,

FSTRT = O
BMLIG = DG (EMEASNN)
BFROE = -EMEANN
EREED = 1,000

SRR THORTOUT S w1

SHORTCOUT 1 COMPUTES THE VALUE OF BROLIEB FOR AN IM-
VENTORY OF BMEANM. THEM IT SETT KITRT EGUAL TO THIZ

RO INVENTORY QUIANTITY.

L0000

4010 IF ( HZF ,GE. IFIX{EMEANMN! 4N, EMEAMN GE., 10.0)
4020 & CALL LIB(BFROE.EBRERC, BEILIBON) » BMLIDG, BMEANN.ESTE
402012

4048002 ®ESHORTOUT 2 CIOMPUTES THE VALLE OF BROLIER FOR OGN
20500 INVENTIORY OF ks, OR EMEAN MIMNULEZ IX STAMDARD DE-
JOEQT VIATIONZ. WHICHEVER I3 LETE, THEN IT ZETI EITRT
AQTOI Edial, TO THIS INVEMTORY QUANTITY

JOooT

2070 IF\ EEFP LT, IFIX(EMEANN) | ANMD., BMEANN (CE. 22,00
4100 AlLL CON(BRFROR. REOILIZON) - BEMLOG, Mfm.‘r FAZTRT, EZF)
41100

41200 *xxx# [ TERATIVE COMPUTATION OF BEOLIE.

41201

413800 IF THE IMVENTORY IZ GREATER THAMN EITRT. ONLY FSRT OF
41500 THE INVENTORY HAT BEEN QIOOUNTED FOR. ThHUE

414500 FOl=syY MUST BE CALLED T ACCOUNT FOR THE REMAIMIER.
41700

4120 IF ( k3P LGT. HSTHT Y CALL FOISTY( BRPROER. BRERO,
4170 b BREOL_IZON) s BEMULOGE. ESTRT » FISF)

A 00

4210 20z0 CONT INLIE
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RETURN

END

ZT0 SLUEROUTINE LIR(F, R, E, P2 aM, IMEAN)

4240 COMMON/CONST /01 02, 003, TWORI

QOURLE FRECTZION 21,022,032, TWIFI

QOUBELE PREZISION P.R.EZ.Fd.AaM. Y0, TAIL.STIRL

4 Q0 IMEAN = IF1X(AM)
FRXOMFUTE THE LN OF 1IMEAN FACTORIALxxxEx
CALL FACTLN(ITIRL, IMEAN)

’UI“%*”*EDMF“TE THE FOIZE0N DFROBARILITY THAT IMEAN UNITS ARE IN THE
FIFELINE.

F = DELE(IMEAN) #® FI - &M — ZTIRL

44661
441 Q% rrxeOMPUTE THE AREA LUINDER THE FPOF FROM IMEAM TO IMFINITY.
44200 IWZE THE ALGIORITHM FROM ENUTH. VOLLME 1. F, 11&,

44200 -
44240 Y = &AM — DELE(IMEAN)

450 @o= Y - D1 4+ 02 - Do Y /20000 - O sy o® Yo% Y )/
3440 % DELE { IMEAN)

4470 TRIL = & 7/ DSQRT( DELECIMEAN) = TWOFI 5 + ,5D0

44201

S4POCwxerR [T THE AREA ILIMDER THE FOF  FROM IMEAN TO IMFIMITY IN-
45000 CLODING THE PO OF IMEAN.

4T 00

4520 R = TAIL + DEXF(F

Lm0

4TAQC##ewcCIMRPLUTE THE EBRD AT THIS SITE GIVEN IMEAN SFARES

LSEOC

4TE0 E =Y % TAIL + AM * { R - TAIL )

I :

4520 RETURN

4570 END

B e e e e e e ———————————— e —————
4510 SUHERCUTINE CN(F, £ P2 AML TSTRT . 157

4520 DOUELE PRECITION F.E.PO.AM.STIRL

G200

FE40CRwxxCOMFLUITE THE -INTEGER THAT IS SIX STD. DEVIATIONS BELOW THE MEAM.
L4500

LAYCRAN 131G = IFIXC AM — &.0 % ZoRTAM) )

BLETOC )

452000 *EXEFTELECT THE SFARES QUANTITY FOR WHICH ERC WILL

4 oz

o~

BE CALCULATELD.

4710 ISTRT = MINO ( IZSIG. ISP )
473001

A720CH#xesDETERMINE UNSATISFIED LIBAND.
4740

4750 E =AM - DELE(ISTRT)



4740 IF ¢ IzFr LT7. I
a7 _7,") "'

472008kxxxIF THE SFARES IMVENTORY I3 .JGE, ISIG, COMPUTE THE S0rISiSoN
47200 ODFROBABILITY THAT THE FIFELIME FOPULATION I3 EXACTLY EGUAL
4230010 T2 ISIG.

4.3 IUL

0w

IG )Y S0 T 2030

e COMPUTE THE L3 OF IS

(RN
i
]

G FACTORIAL .

CALL FACTLM(ITIRL: IZIG

#FRRHEFIOMPUITE THE LT3 OF THE POISION DFROBLBTL

l—4
-
<

o= DBLE(IZSIGZ) * PO - AaM - STIRL

3FO0O SO0 CONTINUE .
210 RETLIRN
END
SUBROLTINE FACTULM(STIRL. I
* THIZ SUBROUTINE GSEMERATE
CHERexwr JF M OIS LEST THAN 21. T
STORED IM THE TABLE REL

)
ZOTHE LN OF M FACTORISL s=#sxs
£ LG COF ITS FACTORIAL IS
il .

CHMMON /A EONST /1, K2
OOUBLE PRECISION DFQ.STIRL
OOURLE FRECISION LNF&CT (S
OATA LNFACT Y

5030 2

SO40 oo ae

SO ool

S0LO L3

SOTO L .4 S ¥
SO0 LIS, nlnlﬁOJJD1
SO0 b .S,b- 1u’= 132001 .
S100 2 NRTASZTO2D .
5110 & .l”UUI.h,ﬁnnn”ii’/’ﬁ
e Lo 1s 1044 ;575

120 %

5140 b7

S1T0 %

S140 i3

S170 %

S0 b -
10 b

=2 b

é' é

SO G O 00
IR S X

P IS <)
HCR G

o
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N 21SRE0n:,
WL T71ZT7C 7 1&2002002,

S Y 10144502
v{/

DR = DELECIF)
IF(IF.LE.ZO)Y STIRL = LNFACT(IFR)
IF(IF.GYV. 20y STIRL = ( TFD + .S ) = DLOG(DFG)Y -
L ODFG + K1 4+ RZ/DFPD — E2/(,202 % DFD ow DRC % DR
RETURN
EMND
T310 SLURROUTIMNE POISSY (F.R.E, PO ISTARS IFIMY
S420 OOUBLE PRECISION FPLRLE-FPO
S430 . O 4040 11 = IZTAR+1.IFIN
440 R =R -~ LELF{F)

450 E E - R

S450 4040 Fo=F - DLOG(DBLEC(LIY) + PO
5470 IF (E JLE. D,000001) E = 0,0
S420 IF ( R JLE., 0.0 ) E = 0.0

T30 RETURN
STO0 END
SUBRCGUTINE SIZOF{ID
CIMMON/AVASAVLOG (70 c CRAME(TO)Y , IFS(70)
COMMIN/ BAZE /BERD
COMMON/NEXT/BRBOLIE. DEBOLIEB, FROLIEB. DREBLIR
COMMION/FARAMS A TTIINE ,, MAXRED, MODE .. MOIIMF, NCE, SRR
COMMON/FPRICEAICOETIZO) s NEBEST(TO)
REAL BERI(TO)
DB E FRECISION EBROLIB(LS) - OROLIB(LES) . PROLIBC(LY .ORBLI
REAL SIRANE (13D

73]

vl

J

ETERMINE THE RANKING VAILLLE OF EACH FERMIZSIELE FURCHASE
i 4545 N o= MOE - MAXRED, NUOER

FanrTHE RAMKING VALLUE IS THE RATIC COF ERQ REDILICTION TO COST
IF AVAILABILITY IS LUNDEFINED.

IF ( MODE JE®. 1 ) GRANE(M) = (BEER(I) — EROLIEB(N)) /TBLE(N?

wwxseTHE RANKING VALUE I3 THE RATIO OF THE 105 OF AVAILABILITY
- INCREASE

L 1
E TO Ti2T, IF AVAILARILITY IT DEFINELD.

740 4545 IF ¢ MODE JEQ. )

CRANEI(NY = ( DELE(IPS{I)) = DLOG({ 1.000 — BROLIB(N)Y S
(DELE(IFS(IN #DORLE(IFRY YD) — AaYLOE(IN )/
(DBLE(N) = DBLECICZET(OIN)

1]

1

. -, s
T aaa)
"0 O <

bt IF ( MQDE .E. 2 )

SE10 LoORRANE(NCER+ 1Y = DELECIFS(INY % DLOG( 1,000 — BROLIBINCE+1Y/
e & (DRLE(IFS{I) ) =DELE(IFRY Y ) — aVLIGCIN Y S/

& DELECICOST(IN

IF ¢ mMoDE (g0, 1) GRANK(NCE+L) = ( BERJ{I) - BEOLIB(NCOE+1) )
(
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SEAOC

THE MT Q02T EFFECTIVE FPURCHAZE.

CRANEAT)Y = QDRANE (NOER+1)
MNBEST(I) NI + 1
00 SZ4% N = NOR — MAXRED. NIE + 1
IF( BRANE(N) (LE. CRANE(I) )Y S0 TO S=4a45
CRAMEN(I) = GRANE(N)
NEEST(I) = N
CONT INUE
RETURM
END
SURBRCQUTING COMPOF(IMAY)
COMMON/AVA/AVLIDGITO) , TRANE (70, IFS(70)
COMMON S FARAMS Y TDONE , MAXRED, MODE - NCOMP . NOE, SFE
REAL TEMF(7O)
INTEGER IPQE70)

i

(1}
(]
»
‘_

AQZOCerers IF THIS IS THE FIRIZT RANMING OF THE RUN. RAME ALL OF HE
[ COMFONENT =, :

IF ( IDCOME (28, 1 ) G0 TO S3550

e TEMPORARILY STORE THE COMPOMENT RANKING VECTOR 1N TEMF.

OO

~A100 ol S0

SIS0 L o= 1., MOIOME
2110 S13T0 TEMF (L)Y = CRARME(L)
L1201
A1ZODE R *RANE EACH COMPONEMT.  ONCE IT IS RANEED, =ET ITS TEMFUR

E RY
&51400 RANEING VALLE T ZERO.

™

A1 S0
E1E0 LD S2530 M = 1, NZOMF

#eexsHYPOTHES IS COMPOMENT 1 SHOULD BE RANKED IN FOSIION M.

IFE(M) = 1

TR R KRR

Ot S220 L o= 1.NZOMF
waxuTEST HYFOTHESIS: I35 ANY LINRANFED COMPONENT MORE (ZDET
EFFECTIVE THA&M THE ONE CURRENTLY SANEED IN FOSIT VAN M7
IF S0, ASSIGN THE MORE EFFECTIVE COMPOMENT TO M.
IF ( TEME(L)Y ST, TEMR(IFO=S(MYY ) IFES(M) = L
TEMR(IFODZ(MY) = O, 0
30 TO SE50

WO r e IFDATE RANKINGS TO REFLECT THE LATEST FURICHAZE

ODexsxsFIND THE NEW RAMEING FPOSITION OF THE MOST RECENTLY FUICCHASZEDR OO
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SETO OMCWMIS =
S50 NN = NEWFDS - o

!4001
S 100 FEEFHFTEE IF THIZ VALUE COF MEWRDES IS THE NEW RAMEING MISITION
AL IF IMAX.
A0
L2440 IF ( CRANECIMAX) JGE. CRANECIFOE(NNY Y Y 50 To S750
A0
&AL #Eex]F IT IS MIT,. THEN THE COMPONEMT RAMEED NN SHOULD BE
L4700 BUMFED LIF ONE FOSITION.
oA =t Th
L4470 TFDSONEWRTZ) = IFQT (NN
LS00 MEWFIZ = NN
gfln IF ¢ NN VLT, NOOMP ) G0 T SASO

200

'_...a_...

c"ﬁf st lF IT IS, THEN RANE IT.
IFOS (NEWRIS)Y) = IMAY

IMAX = IFQZ(1)

RETLRN

END

SUBROUTINE UPDATE(I)
COMMOMSERON/BEROM(TO) - DEBOMITO)

COMMONSFARAMS TDONE . MAXRED . MODE,, MCOMP . NMOR. SFE
COMMON/FPRICE/TZOET (70 s MREEST (700

ZIOMMON Y/ .FﬁRE/_-.QRE'703~H§FQRE\/:)

CIOMMION /SY ST /ZSY LGS, SYSTAV,, TOToST

W ges#UIPOATE THE SFPARES INVENTIRIES AND THE TOTAL COST COUMTER.
BERO(IY = EE“N(I)
DERO(IY = DEROMNCI
JATFARE(IY = JQFHEExI) - NOE + MBEST(ID
IF( NBEZST(I) .EQ., MNIEB + 1 ) GO TO 445=
FSFARE(IY = EIPARE(IY + 8
TATZ=ET = THTEET + NEEST(I) = ICZOET(ID
S T

===s
TOT=ET = TOTCST + ICOET (DD

#UFDATE THE FURCHAZED COMPOMENT S AVAILAERILITY. ALSD UPHATE
THE =v=TEM S AVAILAEBILITY IF IT IS CUOMPUTAERLE.

CALL AVAIL(ID

RETLIRN

END

SUBROUTINE AVAIL(D)
COMMONAVA/AVLOG(TO) s CRANE(70) , IFS(70)
CCMMHN’EA“E/EEEW

COMMON/FARAMS/ TDONE - MAXRED . MODE . NTOMP . NOE, SFE
CDWMHN/FRIIE’ICO:T( D)L NEESTITO)

COMMON/SY ST A SYSLOGE, SYSTAY, TOTIS
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REAL. BEROCTO)H

PREESCOMPUTE THE LM OF THE COMPONENT AVAILAEILITY. IF THE ComMF.
HAZ ALREADY BEEN RANKELD, UZE THE QUICK METHOID OF COMFUTA-
TION, =STATEMENT NUMEER 4440,

IF ¢ IDONE .EQ. 1 JOR. MODE JEG. 2 ) GO TO 4450
IF ¢ BERO(I) JGE. FLOATC(IFS(I)) = SFE Y G0 TO 920
AVLDQG(IY = DELECIFZ(IN) » DG 1,000 — BERO(IN/

& (OBLECIPS (I ) #=DBLE (CSFRE)Y )

SYSLOG = SYSLOG + AVLOG(ID)D
TOIZ0 MODE = 2
TOa0 SO T 2Rs0
TOSO sAG0 IF O MBEIT(ILY JLE. MIER 3
TOAO T LELTA = DELE(NBEZST(I)) # DELECICZST(IN) = DOPLE(CRANK(I))
TQT0 IF ( NEREST(I) .EQ. NOE +.1
700 % DELTA = DELE(ICOST(IN)Y * DBLEC(CRAMIE(IN)

700 AVLOIG(IY = AVILOG(I)Y + DELTA

7100 SYSLOQG = SYSLOE + DELTA
7110 IF O 2¥ZLOG JGE., —21,000 ) SYSTAY = EXF(IYZIL05)

T1Z0 L0 CUONT INLIE
71Z0 RETLIRN
7140 ENLO

7150 i e — e e e e e e = e = — = = s

T80 SLUEROUITINE FRELIMCID)
COMMOMN Y/ BRIE S/ BERD
COMMON/DEFQT ADEEQ, DMLDE. DRFROE. DREBD
COMMON A MEAN/BMEANC{70) , DIMEAN(70)
SOMMON/CERTZ/ IFPRE
COMMION/FARAMS / IDONE,, MAXRED, MIIDE , NCOMF . NIOE, SFR
COMMON/PRICE/ ST (7)Y S NEBEST (70
COMMON /S SFARE A JSFARE(TOY s KSFARE(TC)
COMMION/SY ST 2SR5, SYSTAV. TOTOET

ntelLE FROCISION aM. o PR

FEAL BERQ(T7O)

DAL DERC(TOY, DMLOG{70) , DFRCB(TOY , UREBD(T7O)

7'3*#***MAHE FRELIMINARY EBUYZ OF EACH CTOMPOMENT FOR THE DEFOT
THE BASZES. IF NECEZZARY.

FEREFTEST: DOET THE DEFOT MEED & BLY™T
I= ¢ ( IFRE .E&. LANDL DMEANIIY L LE.

1
b { IFRE .E&. 2 LAMND. LIMEAM(I) .LE,.
% Gt T 1008

[y

sexswlF IT DOES, SET THE DEEQ VARIABLESD AND BLY, sxxxx

F ORLE(DFROBCL) )
F4z0 R DBRLE(DRERDC(ID)D
T4I0 E = DELE(DERCQ(I))

F

S

S
7410

=440 0 = DELE(OMLOG(I))
7450 AM = DELE(DMEANCID)
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T4LQ
74700
T30
7400
7SO0
TS100

7‘:4()1
7SS0

TLEOO

TE1O0

TTA0C
FTEO0

TT A

TTTO
7720
TTROL
TEO0OOC
O

Rk E~E

1015

1005

AT

LLL IFLX(DMEANCI))

LIZER OFTED FOR EilIY

-7

IF( IFRE .E&. 2 ) CALL LIBIF.R.E.FO. &M,

SER OFTED FOR 1,
THHN A FIFELIME”

EHV =IX
CRTH.
IFRE .EG. 1 ) CALL

@A ARCOUNT FOR THE SLUME AT THZ DEPCT

= [~

DFROECD)
ORERI(I)
DEBO(ID

TOTCET

R

=
s

TOTCET

Lo

= + JIFARE(IY = T(I)

COMF, E, PO AM. JSPARECT)

WIRTH.

PEFARECI N

DEVIAT IONE

< LLL)

%4 COMFLUTE BMEAN GIVEN THE FURICHAZED SFAREE., #ew#s
AM = OBLE(EMEAMNOQ(IY) = {(AM=E) /LELE(NOE)
E = A
#xwxxTEST: DOET THE BASE MEED & BUYT
IF ( ( 1IPRE LEQ. 2 JAND. AM JLE. 10.0 ) OR.
% { IFRE JESL. L LAND. AM O LJLE. 3OO o 0
g GOOTO 101sS
#=xxuxIF IT DOES. ZET THE EBERD VARIAELEST ANID BLIY. #esxx

o
s

LS AN

IFIX(AMD

wxxx[F THE IMZER OFTED FIOR 2. BUY A FIFLINE
IF ¢ IFRE JER. 2 ) CALL LIB(P.R.E,FQ.AM

FOR 1,
WIORTH.

waser IF THE
THAN A

LIZER
FIFEL

QFTED
INE"E

BLY

IF ( IFRE JEG. 1 ) CALL CONCCF,

2UFDATE EBEERC AND Z0OZTesxxs
BERI{I) = E
TOTCET = TOTCOST + ESFARE(DY = ICiETeID

CIONT INUE
RETIIRN
CEND

B-15

SIX STANDA

TEOWORTH.

CHSFARE (D))

FDD DEVIA

ARECIYLLLY

* NOE

TIONZ

[

—_
=



EPILOG

Tist

1000C%Rxxx2THIS FROAGRAM FROCESZES DRAMA CQUTRUT. <txsx
1010 INTEGER KIFARE(TO) . JSPARE(CTO)

1020 INTEGER IRZ(70), ICOST(7O)

1020 IF O NAVAIL .Ei. © ) MNTABLE = 27
1040 IF ( MAVAIL .GT. O ) NTAELE = NAVAIL
1050 REAL BEERQ(70),0DERIC(T7O)

1040 CAaLL FMEDIA(Z,0)

1070 CALL FMEDIA(L1O,O)

1 QIO CALL FMEDIASL1.0)

10w CALL FMEDIAC(LIZ,O)

1100C CALL FMEDIA(L1Z.9)

11100

11L200% 222 ISER OPTION VARIABLES, *##xs

11320 IauT = 1

1140 MAVAIL = O

1150C

1140102 INFPUT STENARIC DATA., #3tdesiex

1170 READ (7, 1OF)y NIE, SPE. NCOMP

11200 HEReE INFUT COMPONMENT DATA IF 10UT = 3., sk
1120 IF ¢ IQUT JLE. 2 ) GO Td 1000

1200 i =33 1 = 1,NCOMP

1210 w7 READCZ, 102) IFS(I), ICOEST(I) , BOUMMY . DDUMMY
1220 107 FORMAT (W)

1220 1000 CONTINUE

12400

IZS00x#exxFRIMT AN CUTFUT TAELE FOR EACH AVAILARILITY

zE

12607 LIZER
1_7ﬁﬁ
’:ﬁ 00 2000 IT = 1.NTAELE
; READ(CL1OQ)Y KISFARE

IF ¢ I0UT JGET. 1 ) READCLL) USFARE

IF  I0UT JGET. 200 READC(1IZ)Y BEED

IF ¢ IQUT JET. 2 ) READCLIZ) LEEC
ZHIC IF ( NAVAIL .LT. NTAELE .AMD. NAVAIL .GT. Q)
1 40C
12500 #rE#FINITIALIZE CIOUNTERT IF IQLT = 2, #xesx
1240 IF ¢ ITOUT JLT. 2 ) &G TO Zooo
1270 TCoET = 0.0
1: ) OCOsT = Q.0
1370 BCOEST = O, 0
1400 DBOTOT = 0.0
1410 SEOTOT = 0.0
1420 AVTOT = 1.0
14320 2000 CTONTIMUE
14401
14300 ##xx2FRINT A TABLE HEALER.
1440 IF ( IQUT JEZ. 1 ) WRITE (: b y IT
1470 IF ( IQUT JEG@. 2 ) WRITE(A = IT
1420 IF ¢ 10T JGT. 2 ) WRITE(A. s&) IT
1420 201&E FORMAT(LHL, ZOC %), "BATE STOZKAGE LEVELZT FOR
1500 oo LEVEL 7. I2:11(7%7),/7/)
151D 2024 FORMAT (IHL, 1007 %), "TOTAL STOCKAGE LEVEL FOR
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1520 07 LEVEL 7L I3, 100 %7, //7)

1520 2034 FDRMQT(lHLﬁlv( * ),” INVENTORY AMLD BACKOROER GUANTITIED FIOR,

1540 L7 AVAILAEBILITY LEVEL ", T3,10(7%7),//
1SZ00

1SAOC

13700%xex:0QUTRUT DATA TO TERMIMAL., FERFORM NECEZIARY COMFUTATIONS

15200 IF OFPTION = UR 4 HAZ EEEN SELECTED.

1570 O 7000 I = 1,NCOMF

1600 ITAB = Q

2% TART A MNEW FAuE EVERY 30
IFC MODi(10,1) e, 1 ) ITAE
IF ¢ ITRE .E@. 1 JAND. I JGET.
FORMAT(IHL)

INES, #xxxs

]
— [T

) WRITE( &, TOOE)

IF ¢ IQUT JE&., Z0) G0 Td AZ00
0 IF ¢ ICQT Ji353T7. 20009 hﬂ TO A2300
O et TRUT FOR OFTICN 1. #%exx

0 IF ¢ ITAR .E&. 1 ) WRI
O FOl4s  FORMAT( 7, "COMPONENT TYFES

7ot
@

.

E(=.7018)
SXs TBASE STOACK . /)

R RE LY

HHP-*P‘HHHH%—AH

00 WRITE(R,7017) I, ESFARE(I)

10 TO17 FORMAT (" 7, 11X, I3:11X.14)

=0 S0 TO 7000

ST S TN

T A0 xR OUITRUT FOFR QFTION TWO, #sxxx
750 L0 IF ( ITAR JE&. 1) WRITE(A,7024&)

LD WRITEC &, 7027 ) I.03FARE(I).KSFARE(I)

FTOOTO24 FORMATOS 7L TCOMPONENT TYFES, SX. "LERPQT STOCES,SX. "H

Py
L]

Mo O ZITLUCE . /2D
20 RO FORMAT (T "2 11X, I3, 12X, 14-11%X.14)
OO S0 TO 7000

ﬁﬁﬂﬁ'ﬂ‘d\lﬁ

0 el TRUT FOR COFRTIONS = AND dxxtxe
L3200 CUONT INLE

®EepZOMPUTE C2TS AND AVAILABILITIE S sxxxs
= ( MNOBEIFARE(I) + JSFARE(IY ) = ICOQETOD
TCooeT + LCOsT
OiZZesT + JSFARECI) # ICDST(I)

SN SOOST + (NOBSEZIFARE(I)®ICOSTOLYN)

AVIZOMFE = ( 1.0 — BEBO(I)Y / ( FLOAT(IPRPS(IY)Y * SFE )
hosw IRE(OIH

AVTAT = AVTOT = AVICOMF

BROTOT = BERBOTOT + BEROCID

DROTOT = DROTOAT + DEROCI)

ZEXHFCITRUT COMPONENT DATAEswxx

IF ( ITAR LEZ. 1 ) WRITE (&, 70348

WRITE( &, 7027 )
I JSFARE(ID) B HIFARE(D) - LCOST, DERCQCI) , BEROC( I) - AVCOMF
FARIEED FORMAT (7 7, "COMFP. TYFEY, 32X, "DEFOT STOCK -, 2X. "BASE
$ W 2X, TBAZE EBOC.IX, TLEFQT EEBQ.3X. "BASE EROC,3X,

2000 L TAVALLABILITY 5 /7/7)
Z0OL0O TO2T7 FORMAT(T 7, 74, 12, 10X, 148X, IS, 23X, F%. 2, 2. F?,3,5%.F
ZOZ0 TOOO CUOUNTINUE

_{
nmnnn

HD—*D—*D—*HHHHHO—-‘)—LHP—‘HHI——')—LHHD—*'—‘HHF‘
IR Bt 1 IRy Y p o s 00 L 0 T D 00 o0

20400
2080 IF O IQUT JLT. 2 ) GO TO 2000
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Z0OLOC

:OTOP****%MRITE A TUMMARY CUTPUT TRELE IF CONE 13 CALLED FOR. *exss

&uwu WRITE(A,200&) IT
2100 200&s  FORMAT(T 7, 1H1, "ENDN ITEM SUMMARY FOR AVAILABILITY LEVEL .
2110 Iz /7D

2120 WRITE(A,2014) LDICOST

2130 NRITE(-,ﬂﬁ’ V) BCIDET

2140 WRITE(A,702&) TCOQET

130 WRITE (4, ,”4/) OEOTOT

21A0 WRITE(A.20%4) BBOTOT

2170 NRITE(;,'H!') AYTOT

2120 w01ls  FORMAT (S TTOTAL CReET OF DEPHT ‘PARE”,EAX,FID o)

PO FORMAT (- ", TTRTAL ED:* QF BA AREZ ", ZTX.F10.0)

FORMAT (" 7, "GRAND TOTA CG:T ,F10.0)
FORMAT (" 7 "REMAINIMG EEU AT DEFUT 24X, 5.3)
FORMAT (" <, "REMAINIMG EEBO AT EACH BAZE, 20X, Fa.
FORMAT (" 7, "END-ITEM AVAILABILITY" ,_«A~F1w &)
CONTIMLLE
STOF
END
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APPENDIX C

EXECUTING JOBS ON THE HONEYWELL 635

TIME-SHARING MODE

When DRAMA is being run for a small data base (250 items or less) with
moderate demand (an average mean base demand across all components of 10 or
less) and for a small number of bases (15 or less), it is practicable to run
the model in a time-sharing mode. Setting up a time-sharing run is quite
simple, for all that needs to be done (besides setting up the input data base
with PROLOG) is to "attach" the input and output files to the main program.
The easiest way to do this is to add a line of code to the main program for
each file that needs to be attached. For example, the code required to attach
the input file XM-1DATA is

CALL ATTACH(9,"0S29/N232D/XM-1DATA;", 3,0,ISTAT,)

The 9 in the parentheses is the logical file number for DRAMA inputs.
The string 0S29 is a catalog string (which differs among using organizations).
The string N232D is a project-number string (which differs among users within
a using organization).

If one wishes to see additional outputs he must attach the appropriate
output files. The appropriate logical file number for each type of output

file is designated below:

File Type Logical File Number
Base Spares 10
Depot Spares 11
BEBO 12
DEBO 13



Therefore, if one wishes to output the Base Spares data to a file called
BSPARES, he must add the following statement:
CALL ATTACH(9,"0S29/N232D/BSPARES;", 3,0, ISTAT,)

RUNNING IN REMOTE BATCH MODE

Jobs too large for time-sharing can usually be run in remote batch mode.
To run in remote batch the user must: (1) put the DRAMA program into a form
submittable in remote batch, (2) properly define the input and output files in
a JCL program that will submit DRAMA in remote batch, and (3) establish
suitable limits in the JCL program for DRAMA's running time, core requirement,
and output requirement.

To put DRAMA into a form that can be submitted in remote batch, the user
must change all CALL ATTACH statements in the program to CALL FMEDIA
statements. For example, he must change the statement that attaches the input
file, XM-1DATA, from |,

CALL ATTACH (9,"0S29/N232D/XM-1DATA;",3,0,ISTAT,)

to

CALL FMEDIA (9,0).

Similarly, he must change the statement that attaches the output file
BSPARES from

CALL ATTACH (10,"0S29/N232D/BSPARES;",3,0,ISTAT,)
to

CALL FMEDIA (10,0).

To make sure that the correct file is input as logical file 9 (and to
make sure that the correct files are output as logical files 10, 11, 12 and
13), the user must include a PERMFILE or PRMFL statement in his JCL. For
example, to input the file XM-1DATA, the user should employ the statement

$:PRMFL:09,R,S,0829/N232D/XM-1DATA
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In this statement, 09 is the logical file number that will represent the
file XM-1DATA in the main program, the letter R indicates that this file will
be read, the letter S indicates that it is sequential, and the string
0S29/N232D/XM-1DATA is the complete catalog/project number/file name of the
input file.

To assign the output file "BSPARES" to the correct logical file number,
the following is required:

$: PRMFL:10,W,S,0S79/N232D/BSPARES

The number 10 here stands for the logical file number of the oufput file,
and the letter W indicates that this logical file must be written to, not
read. For each logical file in the main program, there must be a PERMFILE
statement in the Job Control Language program.

LIMITS FOR REMOTE BATCH JOBS

The limits for a remote batch job will need to be altered with the size
of the job. The running-time limit of the job is driven by the number of
components and by the size of BMEAN@ and DMEAN. TFor a data base of 200
components in which the average value of BMEAN@ was less than 10, 20 CPU
seconds were found to be an adequate limit. When average demand is higher--
say 25--then a 100-CPU-seconds limit would be more reasonable.

Core requirements are driven primarily by the number of components. Data
bases of 200 components or less should require no more than 15K of core.
Larger data bases--say 1000 components--will probably require more than 30K of
core.

Output requirements of DRAMA are minimal, so we have arbitrarily estab-
lished a nominal number of lines--2K--as the DRAMA output limit.

If a job exceeds one of its limits it will terminate, and the user will

have to resubmit it with altered limits in order to obtain a complete run.
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The LIMITS statement of the Honeywell JCL looks like this:
LIMITS:20,32K,,2K
In this statement 20 is the time limit in CPU seconds, 32K is the core

limit in 6-bit words, and 2K is the output limit in lines.

THE JCL PROGRAM

A sample JCL program for a complete DRAMA rum is presented below:

10##N,J

20S$:IDENT:0S2033N232D , 0OS29UFARBRO
30$:LIMITS:20, 20K, , 4K

60$:0PTION: FORTRAN

70$:FORTY : NDECK
90$:SELECTA:OSZ9/N232D/DRAMA
958:LIMITS:2,20K,,2K

100$:EXECUTE

110$:LIMITS:20,20K,,2K
120$:PRMFL:O9,R,S,OSZ9/N232D/XM—1DATA
lZSS:PRMFL:lO,W,S,OSZ9/N232D/BSPARES
140S$:ENDJOB

The IDENT statement contains the user's complete catalog-string. The
first LIMITS statement defines the limits of the entire job; the OPTION state-
ment denotes the language of the submitted program; the FORTY statement
instructs the FORTRAN compiler to read the stored program as if it were a deck
of cards; the SELECTA statement gets DRAMA; the second LIMITS statement estab-
lishes the limits for the compilation of DRAMA; the last LIMITS statement
establishes limits for DRAMA's execution; and the PRMFL statements define the
logical input and output files.

RUNNING THE JCL PROGRAM

To run the JCL program, the user must enter the Honeywell's CARDIN sub-
system. He does this by keying in "CARDIN" when the operating system asks him
what subsystem he wishes to use.

Once in CARDIN, the user can run the program by putting the JCL program

into his workspace and then typing RUN. The operating system will respond to



this command by typing out a job reference number, or SNUMB. This SNUMB must
later be used to retrieve output.
The recommended way to retrieve output is to type in the command

JOUT "SNUMB".
after giving the program a reasonable time to execute. Then the user can
inspect his output from a remote terminal by using the Honeywell Time-Sharing
System/Batch Interface facility. Finally, to get hard copy of his output, he
should type in the command

DIRECT ONLINE
which will cause the output to be printed out at the line printer in the Air
Force Data Services Center. Output will usually be printed out at the center

within a few hours of the DIRECT ONLINE command.
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