
A-A12 839 DEVELOPMENT OF A1 WRR READINESS fREKTMX - Lc
SOLUTION TECHNIGUE(U) OKLAHOMA STATE UNIV STILLMRTER
SCHOOL OF INDUSTRIAL ENGINEERI. M P TERRELL ET AL,

UNCLASSIFIED 31 DEC 96 F33608-SB-C-0423 F/fl 9/2 M

ImEnsooEI on.uurnuuuuuuuuuu
EmhhhhhhhhhhhhI
EhhhhhhhhhhhhE 0 o
sonhonhOlsonhNIE



I

111 1.0 Q_512

LIL

11111.25 1 6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-I963-A



I



PREFACE

This final report describes work completed under Research Number

F33600-80-C-423 during the period July 1980 through December 1980. This

effort was performed for the United States Air Force Logistics Command

at Wright-Patterson Air Force Base, Ohio.

The work was performed by the School of Industrial Engineering and

Management at Oklahoma State University. Dr. M. Palmer Terrell and

Dr. Philip H. Wolfe were co-principle researchers, assisted by Ph.D.

students, Mr. Umit Yuceer and Mr. Shawn Yu.

This effort was undertaken to develop a new model and approach for

solving the War Readiness Spares Kit (WRSK) problem. The development

. and evaluation of a new model and computer program, referred to as the

Greedy Algorithm, is described herein.

The final report is divided into iix chapters and four appendices.
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PART I

INTRODUCTION

Problem Statement

The management of spare parts inventories is indispensable to the

* logistics operations of the Air Force. Effective inventory management

* systems are of great importance to the Air Force since a large amount

* of money is spent annually on purchases of spare parts. Two systems

'METRIC and MOD-METRIC' have been implemented to assist in the manage-

* ment of recoverable spare parts. However, some of the logistics problems

*need specialized and sophisticated solution strategies and methods.

A special type of inventory is the war readiness spares kit (WRSK).

This consists of a group of spare parts that are deployed with a flying

unit. A WRSK system is in operation and assists in determining the spare

parts that should be in a kit. The objective of this system is to determine

the contents of a kit which will result in a high level of performance at a

minimum cost.

An important aspect of this problem is the definition of measures of

supply performance which are operationally meaningful. A thorough investi-

gation of the problem and the underlining assumptions suggests that the NORS

(Not Operationally Ready-Supply) and SDO (Stock Due Out) measures can be used

to describe the performance of the kit. (See references [3] and [6].) The

NORS function is non-linear and nonseparable over the nonnegative integers.

This makes the problem difficult to solve. In addition, the number of items

in the kit is very large in practice. Consequently, a large size non-linear

integer programing needs to be solved. Dynamic programming [1] or the branch-
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and-bound method [5] could be employed to solve the WRSK problem, but the

computation time required is impractical.

Brief Description of Current D029 WRSK Model

The current D029 Model and its computer prop-am is designed to solve

* this problem. It has two passes. The first pass tries to determine a kit

* which will yield a high performance for the initial six day period for a

* squadron of aircrafts. The second pass attempts to find the contents of

the whole kit for the thirty day period. A detailed description is pro-

vided by Wright Patterson Air Force Base Logistics Command in [8].

This model employs marginal analysis to obtain a kit which will perform

better than the requirement kit 57-18. The tradeoff between NORS and SDO is

handled by manipulating the weight between them at each step according to

some heuristic rules. In addition, at each step of the algorithm some number

of units of an item are added to the kit. This number is also manipulated

according to some heuristics. This is necessary because the current D029 Model

uses marginal improvements which must be recalculated after one unit of an

item is added to the kit due to the nonseparability of the expected NORS func-

tion, E(NORS/X).

The current D029 computer program has some special subroutines to handle

input,word packing and unpacking, and calculation and interpolation of pro-

babilities. One of the subroutines provides intermediate kits at various

budget levels.

Problems With Current Solution Methodology

The marginal analysis as currently used will not guarantee an optimum

solution. Fox [4] states conditions when discrete marginal analysis will

1.2
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6

result in an optimum answer. One criterion is that the functions must be

separable. The model used in the WRSK system involves functions which are

not separable. Consequently, the marginal analyis approach as applied to

the WRSK must be categorized as a heuristic.

Another problem involves the calculationof E(NORS/X) and E(SDO/X) functions.

i These expectation formulas are truncated to ease the computations. Truncation

may cause numerical errors if the upper bound of the truncation is not chosen

suitably.

Relative to the current WRSK system, models involving large flying units

(greater than 24 aircraft) require a large amount of memory. So much so that

portions of the resident software must be removed to provide the required stor-

age. In order to avoid the use of excessive storage, word packing and unpacking

is employed. This however creates some numerical errors throughout the compu-

tations. Some of the probability values are stored and others are interpolated

when needed. This causes some probabilities to be underestimated. More impor-

tantly, this process is very time consuming. Approximately half of the execution

time is spent on packing and unpacking.
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PART II

OBJECTIVES OF THIS RESEARCH

General

The objective of this research has been to develop, validate, and

document an improved War Readiness Spares Kit (WRSK) model and solution

procedure which may be used by the United States Air Force in the

management of recoverable spare parts.

This research effort has been achieved by accomplishing a series

of subobjectives. These objectives are stated below, and reference is

made to the pertinent parts of this report.

Objectives

Objective 1: Develop and validate an improved solution procedure for

the current WRSK model.

Development and validation of such a solution method was accomplished

in two stages. In the first stage, measures of supply performance and

their mathematical properties were investigated. Part III of this

report is devoted to the results of this investigation. The second stage

was the development of a mathematical model which is reported in Part IV

where a multiobjective approach is proposed for the WRSK problem. Poten-

tial solution methods were then investigated. A small example problem

was solved by these algorithms in order to demonstrate how they generate

solutions and how they converge to an optimum. Evaluation of these

methods led to the selection of a preferred solution method which was

investigated and tested using F4D data. The final section of Part IV

discusses the current D029 model which has features pertinent to this research.
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Objective 2: Develop procedures which will eliminate the problems

caused by using expected value approximations.

Part III considers the measures of supply performance which are

closely related to the stocastic behavior of a WRSK kit. Accurate

expected value computations are of vital importance to the generation

of high quality solutions. Truncation of an infinite sum is compared

to the approximation of the sum. Proper use of the truncation procedure

is explained by some examples in the last section of Part III.

Objective 3: Implement the algorithm to solve the War Readiness Spares

Kit problem.

A major aspect of this research has been to implement the proposed

solution method and use it to solve a WRSK problem with real data. The

implementation and computational features using F4D data is discussed in

Part V.

Objective 4: Compare the performance of the algorithm with the current

system in terms of time and computational feasibility.

In order to establish a base for meaningful comparison, the current

D029 computer program was modified for compatibility with IBM compilers.

Then, performance of the two algorithms was observed in terms of time

and computational feasibility. These results are discussed in Part V.

Objective 5: Document results and computer programs.

This report, in its totality, documents the research results. The

detailed documentation and FORTRAN listing of the proposed solution

method is given in Appendix B.1 and B.2. In addition, the FORTRAN listing

of the IBM modified D029 program is provided in Appendix C.1 and C.2.
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PART III

MEASURES OF SUPPLY PERFORMANCE

Introduction

This section focuses on measures of supply performance. The stochastic

prediction of the behavior of a kit during the mission is of vital importance

. in the study of the WRSK problem. Another important aspect, when measuring

the performance of a kit, is the relationship of the performance measures to

the operations.

The performance of a kit can be measured in several ways; fill rate,

operational rate, average back orders, average number of Not Operationally

Ready Supply Aircraft, and kit cost. These can be described briefly as

follows. Fill rate is the ratio of the number of parts issued over a fixed

time period to the number of parts demanded over the same period. Operational

rate is the probability that there will be no due outs from the base supply

at any time. Back orders contain the number of stock due-outs (SDO) from base

supply during a fixed period. Finally, NORS is the number of grounded aircraft

due to lack of spare parts. Experience has revealed that average SDO, average

NORS, and the cost of a kit relate to operations better than the other measures.

Mathematical Development of Performance Measures

The following definitions and assumptions are made in order to develop

the mathematical expressions for average back orders and NORS.

(1) X represents a kit consisting of individual items i of quantity xi.

(2) n items are under consideration for the kit.
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(3) The demand of an item is a Poisson distributed random variable.

(4) The failure of any item is independent of the failure of any other

item.

(5) When a demand for an item can not be satisfied from the stock on

hand, the required part is consolidated by cannibilization.

Let Fi(.) denote the cumulative Poisson sums for the item i. The opera-

tional rate given no more than k planes for cannibilization is expressed by

the statement

n
bk P[NORS < kIXJ - w Fj(xl + kai), k = 0,1,2,...,N

~i-i

where ai is the number of applications of the part i on an airplane, and N is

the total number of aircraft in the flying unit. Consequently

Ab - P[# of NORS = k] for k = 0,1,2,...,N

* then Abo = P[# of NORS -O] bo

and Ab = P[# of NORS < k] -P[# of NORS <k - 11

= bk - bk_1  for k = 1,2,3,...,N

N
Finally E(NORS/X) - E- (bk - bk-1)

k-l

An equivalent development of the expectation of the NORS function for a

given kit X goes as follows.

E(NORSlX) - 1 k P[# of NOES = k]
k-O

E(NORS/X) - 1 (1 - P[# of NORS < k])
k-O

E(NORS/X) - E (1 - Fi(Xi + kai))
k-O i-l

An approximation to the above function for computational purposes was

proposed byB. L. Miller in (6) as follows.
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E(NORS/x) E (1- 1 Fi(xi + kaj))+ E Z 1 - Fi(x i + kaj)
k-O i-1 k-m+l i=

where a is such that w Fj(xi+kaj) is very close to 1 for all k>m. See
i-i

Figure 3.1.

The expected back orders, SDO, for a given kit X is obtained by

E(SDO/X) - Z (1 - Fi(xi + J))
i-i J-o

Reference may be made to [3] and [8] for further details.

n
If item i costs $ci, the cost of the kit is then E ci xi or in

i-l
vector form, CX.

Mathematical Properties of Performance Measures

A few properties of the measures, E(NORS/X) and E(SDO/X), are presented

below. They will be used later in the development of solution methods and

algorithms.

Property 1

Both E(SDO/X) and E(NORS/X) are monotonically decreasing because the

first differences are nonpositive.

Define Ak E(SDO/X) - E(SDO/X + ek) - E(SDO/X) where ek represents

the kth unit vector. Then

n Wo CO n CO

Ak E(SDO/X)= E E [1 + Fi(xi + j)]+ E (1 + Fk(xk + 1 + J)]- E E [l-Fi(xi+j) ]
i-i J-O J-O i-i J-0
i~k

X[l - Fk(xk +j)] - E (1 - Fi (xk +J)] which yields
J-l J=o

Ak E(SDO/X) = -[l - Fk (xk) ], the marginal improvement in average SDO
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when a one unit of item k is added to the kit.

Likewise, the marginal improvement in average NORS is calculated as

follows.

Define Ak E(NORS/X) - E(NORS/X + ek) - E(NORS/X). Then

n nAk E(NORS/X) W [1 - F(xi + Jai)Fk(dk + Jak +I)]- T [I - nW Fi(xj + Jai)]
J-o i-1 J-o J-1

i-k

x E (W n Fi(xi + jai) ] [Fk(xk + jak)-Fk(xk + Jai + 1)])
J-o i-i

iyk

Eo Pk (xk + Jak + l) W Fi (xi + jai)
JWo i=1

i,'k

e-)k '8where Pk(S) =k_

Property 2

E(SDO/X) > E(NORS/X) for any X

Proof:

- n
E(SDO/D) [ I [- Fi(xi + j)] + E Z [I - Fi(xi + J)]

Jl i-i J-m+l i-I

1 1_n I n
E(NORS/X) I [ ir Fi(xi + jai)] + E E 11 -nj(xj +Jai)]

J=o it1 J-m+l i-1

3.4



Define DIF = E(SD./X) - E(NORS/X)

E (1 - Ft(x i + J)] - 1 + vt Fi (x + i + Ja)-Ft(xi +J)]

J-o i-1 i=i j=m+l 1=1

m n n n n
E I- 1 - E Fi(xi +j) + Fi(x i + jai ) + E [Fi(xi +Jai) - Fi(xi +J)]

J=o J.1 i=l J=m+l i=l

Since ai > 1 for all i, then I > Fi(x i + Jai) I Ft(xi + J) and

n n
w Fi(xi + Jai) I_ w Fi(xj +j), further
i=1 i-I

FtXt+ ) n n n1

F(x+J)- w F(x + jai) < E F(x + J) - w Fj(x + J).

i-I i=l i-i i-l

n n
Let Y(Y) - Z y1 - v Yi" The maximum of this function is (n-i). The proof

i-1 i-1

goes as follows:

n n n-i
VT - (1- W ip ... I ' Yi-' 1- It Yi)

i=2 i~k i=1

o a 1 2. . . in

V2T a21  o . . . S2n where akj= - Yi

ani an2  flnn and jakIj< 1

Clearly rt V2Ir < 0 rcR 0+. Hence T is concave in the positive unit

hypercube. Furthermore, V(y) 
= 0 yields the solution that Yi* 1 for

all i-,...,n. Consequently T() - n-1 is the maximum of the function.n

Finally DIF > 0, since (n-i) - [ E Fi(x i + J) - n Fi(xi + jai)] ._0
i-i i-i

and

E [Fi(xi + Ja) - Fi(xi + J)] >-0 for all j > O.

I-3
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Property 3

The E(NORS/X) function can be approximated by a separable function.

This is accomplished as follows (also see [3]).
• : n ato

E(NORS/X)2: (m+l) + Z Z bk log Fi (xi + kai) - Z [i - Fi(x I + kaj)i
i-l k-o k-m+l

n

where bk - w Fi(ii + ka i ) for some X ( 1,Y2,...Y ).
i-1

n
where n is such that w Fi(xi + kai) is very close to 1 for all k>m.

i-l

The term E [1 - w Fi(xi + kaj)] can be rewritten as (w+l) - w Fi(xi + kai).

k-o i-l k-o i1l

n
The product w Fj(x i + kai) can be replaced by some multiple of its logarithmi-I

in the following manner.

n n
-b Z log Fi(x i + kai) where bk is a parameter defined by bk = w Fi(X i + kaj)

i-1 i=l

for some X - (Y1 , X2 ,.'., )"

Finally then, separability is accomplished as E(NORS/X) - (+l) +

E Zbk log Fi(x i + kai) + z [i - Fi(xi + kaj) ].
i-l k-o k-m+l

This results plays an important role in the development of an algorithm

which is discussed in Section IV.
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Expected Value Calculations

Calculation of the expected NORS function for a given kit X; E(NORS/X) =

n
Z (I - w Fi(xi + Jai) creates computational difficulties. This expectation

J-i i-l

is an infinite sum. Since it is convergent, the terms become negligibly small

for sufficiently large J's. There are two ways to handle the computation.

One way is to truncate this infinite sum for a sufficiently large value M.

The second way is to develop an approximation as suggested by B. L. Miller in

[6]. Physically the number NORS airplanes can not exceed the number of airplanes

in the squadron. This then establishes a natural upper bound for truncation

Both truncated and approximate expected NORS formulas are provided below, and

the difference between them is evaluated.

M n
a) Truncation: fT(X) - E (1 - w Fi(xi + Jai))

J-0 i-l

m n n
b) Approximation: fA(X) w (1 - i Fi(xi +Jai)) + E I (1 - Fi(xi + Jai))

J.0 i=l Jmm+l i1l

where M is the number of planes in the squadron, ai is the number of applications

of the part i on an airplane, and m is such that R Fi(xi + Jai) is very close
i-1

to I for all J>m.

The difference is given by the relation A - fA(X) - fT(X). If m > M, then

nn
A = (-~ nFi(xi + Jai) + E E (- Fi(xi + Jai).

J-H+l ill J-m+l i-l

m n K n
If m< M, then A - E r (I - Fi(xi + Jai) - E (I - w Fi(xi + Jai))

J-m+l i-1 J-m+l i-1

G n M n
or A - Z E (1 - Fi(xi + Jai) - E (1 - Fi(xi + Jai))

J-m+l il J.m+l il

because the approximation is valid for all J>m. Finally
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00 n
A- E E (- F(xi + Jai))

J=H+l i-I

In either case, A is a positive term and A may not be negligibly

small especially for large squadrons with some items having heavy demand

rates.

The following examples illustrate the magnitude of the difference

between the truncated and approximated formulas.

Example 1

Suppose that there are three planes in a squadron, and there are two

essential items A, B with demand rates VA - 5 and UB * 5.5. The initial

stock levels are determined to be xA = 5 and xB 6. For simplicity,

aA = aB = 1.

a) Calculation of NORS by fT(X)

FA (5+J) -F(6+j) Product 1 - Product

0 .616 .686 .42258 .57742
1 .762 .809 .61646 .38354
2 .867 .894 .77510 .22490

fT(x) = 1.18586

b) Calculation of NORS by fA(X)

m is chosen as 6

FA(5+j) Fn(6+j) Product 1 - Product

0 .616 .686 .42258 .57742
1 .762 .809 .61646 .38354
2 .867 .894 .77510 .22490
3 .932 .946 .88167 .11833
4 .968 .975 .94380 .05620
5 .986 .989 .97515 .02485
6 .995 .996 .99102 .00898

Sum 1.39422
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1 - FA(5+j) 1 - FB (6+j)

7 .00202 .00160
8 .00070 .00060
9 .00022 .00020

10 .00007 .00006
11 .00002 .00001

Sum .00303 .00247 TSUM = .00550

fA(X) - 1.39972

A = 0.21385

Example 2

Suppose there are three items A, B and C with vc 4.5 and xc 5

m - 6 again.

a) Calculation by truncated formula

_j- FA(5+j) FB(6+j) FC(5+j) Product 1 - Product

0 .616 .686 .720 .30426 .69574
1 .762 .809 .884 .52029 .47971
2 .867 .894 .921 .71387 .28613

fT(X) - 1.46158

b) Calculation by Approximated formula fA(X)

__i FA(5+j) Fg(6+j) FC(5+j) Product I - Product

0 .616 .686 .720 .30426 .69574
1 .762 .809 .844 .52029 .47971
2 .867 .894 .921 .71387 .28613
3 .932 .946 .964 .84993 .15007
4 .968 .975 .985 .92964 .07036
5 .986 .989 .994 .96930 .03070
6 .995 .996 .998 .98904 .01096

Sum 1.72367
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6

1 - FA(5+j) 1 - FB(6+j) 1 - FC(5+j)

7 .00202 .00169 .00066
8 .00070 .00060 .00020
9 .00022 .00020 .00006

10 .00007 .00006 .00002
11 .00002 .00001 ---

.00094 TSUM .00644

fA(X) - 1.73011

A - .26853

These small examples show that there is an error which is not negligible.

Even if the number of airplanes in the squadron is sufficiently large, one

has to be careful to reduce the magnitude of this error. In addition, there

will be round-off errors for large size problems even with double-precision

arithmetic. It is essential to know the origin of the errors if one wishes

to reduce the magnitude of the errors.
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PART IV

MATHEMATICAL MODELLING AND SOLUTION METHODS FOR THE WRSK PROBLEM

A Multiobjective Approach to the WRSK Problem

In simple terms, the objective of the WRSK problem is to determine

the quantity of each part in the kit which will minimize the average NORS,

average SDO, and the cost of the kit simultaneously. All of these three

objectives conflict with each other. If cost is minimized, then the other

two measures increase. If average NORS is minimized for a fixed cost, the

average SDO turns out very high. Conversely, the average NORS comes out

high when the average SDO is minimized for a fixed budget level. The

relationship between average NORS, SDO, and the cost was discussed in [3]

and [8]. The WRSK problem is a multiobjective programming problem, and

the model is stated mathematically as

Min {E(NORS/X), E(SDO/X), CX}

s.t. X > 0, integer

This model is also operationally meaningful, since all of these

measures highly relate to operations. E(NORS/X) measures the expected

number of cannibalized airplanes. E(SDO/X) is an indicator of the addi-

tional work load for repairs, and CX gives the cost of the kit.

The following solution strategy is proposed for solving this multi-

objective programming problem. First of all, the problem can be considered

as a parametric programming in terms of budget levels 'b' as shown below.

Min (E(NORS/X), E(SDO/X))

s.t. CX < b

X > 0, integer.
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This reduced problem may be further investigated as two single-

objective problems as follows:

(1) Min E(NORS/X)

s.t. CX<b

X > 0, integer

and

(2) Min E(SDO/X)

s.t. CX < b

X > 0, integer

Obviously the optimal solution of (1) is not necessarily optimal to

(2), and conversely. If X solves (1) then E(SDO/X*) turns out to be

very high, and conversely if X* solves (2), then E(NORS/ *) is very high.

This phenomenon has also been observed by WPAF Logistic Command and was

stated explicitly in [8), the Preliminary Evaluation of D029 WRSK Model.

Since E(SDO/X) > E(NORS/X) for a given kit X, a best compromise solution

between the E(NORS/X) and E(SDO/X) is sought for a specified budget level.

Figure 4.1 illustrates the relation between E(SDO/X) and E(NORS/X) for

specified budget levels.

Problems (1) and (2) can be merged into one problem (3) by the use

of a weight w as follows.

(3) Min {E(NORS/X) + w E(SDO/X)}

CX < b

X > 0, integer

The weight w expresses the quantity of NORS planes equivalent to each

SDO. Prior assessment of the weight is required to obtain the best compromise
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Figure 4.1. Performance Measures Vs. Various Investment Levels
(Figure taken from 13])
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solution (see Figure 4.2). In the current D029 Model, the reciprocal of

the weight is changed dynamically in order that both objectives converge

simultaneously. It is also mentioned in [81 that 1/w - 50 produces good

results. During this research it was observed that w - 0.025 produced a

good solution for the initial six-day kit and w between 0.015 and 0.025

produced good results for the 30-day kit. A detailed description of select-

ing a value for w will be provided later when we discuss in Part V the com-

putational experience with this algorithm.

Investment Level

Figure 4.2. Compromise Solution For a Given Weighting Factor w
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Potential Solution Methods

Many potential solution methods were investigated. Those that were

found significant to the solutions of problem (1), (2), and (3) are

summarized as follows:

A Primal Search Algorithm

The problem to be solved is of the form

Min f(X) - E(NORS/X)

s.t. CX < b

x> 0

The discrete convexity of the (NORS/X) function was proved by

B. L. Miller [6]. The Lagrangian for this problem is given by

L(X;A) = f(X) + A(CX - b)

and

AiL(X;X) - L(X + ei;X) - L(X;X) i 1,2,...,n

where ei is the ith unit rector.

This algorithm makes use of the discrete convexity (see [6] and [9])

and the montonicity. A better feasible solution is obtained from the

current solution by determining a search direction and heuristically

selecting a step size.

The procedure is as follows:

Step 0. Initialization, pick a X and p where 0 < p < 1, and set

k - 0. Find X° such that L(X0 ;A) < L(X° + ei;A) for i = 1, ..., n.

aiis are assumed to be 1 for simplicity. The following reasoning can

easily be extended to the cases with ai > 1. In particular, the first

differences for the function are given by
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A 'L(X; A) - L(X + e; ) - L(X; X) for i 1, ... , n (3.7)

AL(X; 1 ) E- - ((Fi(zX + j + 1) - F1 (Xi + J)) v Fk(xk + J) - 1 +
±J-0 k-i

k~i

Ix + m + 1) + AC1

Since O< v F( i  + J) < 1 for 0 < J m, then
k# i

m (
-E~ F1(2i + J) - Fi(X i + m + 1) + F(x) +E F( + J) - 1 +

i-ii J= i- i

Fi(z + m+ 1) + Ci <A L(X;A )

and

F i (X) - 1 + Xci1 _<AL(X; A) < F(x i + m + 1) - 1 + Xci

Therefore, it suffices to find an X 0 - (x1 , ..., xo) where each

0
x satisfies -1 + F (xI -1)+AC 1 and

-1 + Fi(xi ) + Ac > 0 1 - 1, ..., n.

Step 1. Search for a better feasible solution; set k = k + 1.

Construct a favorable direction

dk = -Vf(Xk) - P-pkC

mk kn k k

where Vf(Xk) = (Alf(Xk),...,Anf(Xk)), A~f(X ) -

-E F i(x i + j + 1J)- 1+ Fi (x + j) -1 + Fi(xi + m + 1)

ki
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and pkis obtained by solving (-Vf(Xk) -pkC)*C -0 and p is left as

an input parameter by the user. dk is normalized such the max{JdkI

i - 1, ... , n) - 1. Calculate an a by a -Lm[5c-Ca where (--I denotes

the greatest integer function. Then a point ya is obtained as y1  x +

ad k' The nearest integer point V to ya is obtained by vi. [ M + .5]

for im .. n.

i) If V is feasible and f(V) < f(Xk ), set X k+l = V, to to Step 1.

ii) If V is feasible, but f(V) > f(X k), then check the points

V + e. for i =Is .. n, Figure 4.3. If there exists an i* such

that V + ei is feasible and f(V + e )< f(X k), set X kl V +

e.*, and go to Step 1. Otherwise, go to Step 2.

X2l

Figue 4.. Serch n te PstvQarn
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iii) If V is not feasible, then search the points V - ei for i - 1,

... , n. If there exists an i* such that V - ei* is feasible

and f(V - ei*) < f(Xi), set Xk+l . V - e and go to Step 1.

Otherwise go to Step 2.

Step 2. Test of optimality. Test the points Xk + ei, i = 1, ... , n.

If there exists an i* such that Xk + e, is feasible and f(Xk + ei*) < f(xk)

set Xk + l - Xk + ei, and go to Step 1, otherwise terminate.

The Modified Algorithm of Brooks et al.

This approach requires the objective function f(X) be approximated

by a separable functiodl of the form

n m
f(X) E E b.Fi(x1 ; J)

i-i JuO i

where

bj = " ... ' x') > 0

for some X' = (x, x, ... , X'), and for some function • .

m
Let gi(x ) = Z b Fp(xi; J)

then

n
f(X) E gi (xi)

l

When gi(Xi is strictly decreasing, then the implementation of marginal

analysis is justified, and leads to the following series of steps.
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Step 0. Initialization, pick b , b1, -.. , b°  set k 1.
m

Step 1. Solve the problem.

n
min Z g i (x i)

i=l

Subject to

m.cix i < b

i-i ii-b

xi 0 integer

by the following algorithm which is known as marginal analysis (4].

Step I i) Initialization: X = (0, 0, ... , 0), set £ = 0.

Step I ii) Y Y fy + ej, if feasible, where j is any index

for which the ratio

gi(yi + 1) - gi(yi)
ri =C

i

is maximum.

Step l iii) Stop if CY > b, and set X= Y , then go to Step 2.

Otherwise go to Step I ii.

k =j(k) o ,I .,m
Step 2 Calculate bk ) for j =0,1, m.

Step3 If bk is very close to bk-i for all j - 0,1,

then X* = Xk, and stop. Otherwise, set k - k + 1, and

go to 1.

This is a modified version of the algorithm proposed by R. B. S.

Brooks, C. A. Gillen, and J. Y. Lu on page 24 of [3]. The Step 1 of their
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approach was quite different from the one described above. They attempted

to find the saddle point solution to the problem

max min L(X:) - Eg1 (xI) + X(Ecixi - b).

X>O X>O

Their Step 1 was as follows:

k k k th
Step 1) Find xi , x , ... , x at k iteration which maximizes

m n n
Fb Flog Fi(x + J) - x cix1

j=0 i=l i x i=l

Since this function is separable, the optimization is carried out for

each component separately. At the end of the third step, the Lagrange

Multiplier is rearra'red as suggested in [2], and the algorithm repeated

again.

A Saddle Point Search Algorithm

This algorithm solves the problem

max min L(X;X).

X>O Xcen

The algorithm in fact sparches the saddle point (X*, X*) of the

Lagrangian function. This is, however, more complicated than the

previous algorithms, and requires subalgorithms to solve the primal

and dual subproblems. This was originally suggested by H. Everett [2].

The procedure is as follows:

Step 0. InitiaJY"Iation. Pick X and X . Set k = 0.

Step 1. Solve the primal subproblem.

min L(X;Xk)

to obtain Xk+l
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1

Step 2. Solve the dual subproblem

max L(xk+l;X)
X>0

to obtain Xk+l"

Step 3. Stop if Xk+l is very close to X k Otherwise set k = k + I

and go to Step 1.

B. L. Miller developed an algorithm to solve the primal subproblem

for discretely convex functions. Since a detailed description of this

algorithm is presented in [6], it is not going to be discussed here.

This is a very complicated algorithm. The author claims it produces

good solutions.

At the kth iteration (k > 1), a piecewise convex approximation of

L(X;X) can be given in the space generated by the points, X , X, ... ,

k+l
X as follows:

k+l
L(X;X) - otL(X t;X)

t-0

k+l
where E P M 1, lt. 0 for all t - 0, 1,..., k+l.

t-0

Then the dual subproblem is restated as

k+l
max E JtL(Xt;A)

t=O

Subject to k+l
E tl

t=O

X>0, 1 t > 0 for t - 0, 1,..., k+l
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Since L(X;X) - f(X) + X CX - Xb, then the problem

k+l k+l
max E Utf(Xt) + x tCX - Xb

two twO

k+l
Subject to E 1 li

t=0

X>O, t > 0 fort-, 1..., k+l

can be conaidered as the Lagrangian of the linear program

k+l
min Z 4tf(X )

t=0

k+l
Subject to< b

two

k+l

twO

ut . 0 for t - 0, 1,..., k+l

or as the Lagrangian of the dual linear program

min (Xb + v)

Subject to XCXr + V > f(X t) for t = 0, 1,..., k+l

X >0

v unrestricted

Therefore the dual linear program can be solved instead of the sub-

problem in Step 2. This can be done as suggested by Brooks R. B. S. and

A. M. Geoffrion in [2].
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Example Problem Solutions

General

A war readiness spares kit problem with five items is used to demon-

strate the calculations in the algorithms. Computer program listings are

given in Appendix A. The steady-state Poisson demand rates and cost of

each item is given in Table 4.1.

The budget is assumed to be M = $25000. In addition the value for

m of Equation is chosen to be 5. Also, ai = I for i = 1, 2, 3, 4, 5.

TABLE 4.1

COSTS AND DEMAND RATES FOR THE SAMPLE WRSK PROBLEM

Item No. Cost/Unit Demand Rate

1 2980. 2.10

2 1751. 1.50

3 462. 1.20

4 1500. 5.00

5 345. 3.50

Solution by Means of the Primal Search Method

Iteration 0. Initialization: Parameter p is chosen to be .85 and

the Lagrange multiplier is specified as A - .0002. (For further reference

see [9].) This iteration seeks an X0 which satisfies the condition of 3.11,

page 4.6.

Since -1 + F1(1) + (.0002) (2980) - -1 + .37962 + .596 = - .02438,

and -1 + F1 (2) + (.0002) (2980) - -1 + .64963 + .596 - .24563, xo - 2.

Repeating the same argument for each component, yields X0 - (2, 2, 3, 6, 6).
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Iteration 1. Seeking a better feasible solution: The first

differences, Vf(Xk), at the point X° = (2, 2, 3, 6, 6) are computed

(by Step 1, page 4.6), and Af (2, 2, 3, 6, 6) - (-.240, -.106, -.015, -.163,

.035)

-Af(2, 2, 3, 6, 6) C .00008

C.C

Since p - .85, then after normalization, the direction is

d= (.610, -.225, -.268, 1., .190)

and a is evaluated to be 1. Thus a point U - (3, 2, 3, 7, 6) is obtained

by finding the nearest integer point to Y = (2.610, 1.775, 2.732, 7.,

6.190). However the point U is not feasible, cost (U) - 26398, hence a

search in the negative direction is required. For that purpose

A f(2, 2, 3, 7, 6) = -.262, A2f(3, 1, 3, 7, 6) = -.333, A3f(3, 2, 2, 7, 6)123

= -.076, A4f(3, 2, 3, 6, 6) = -.185, and A5f(3, 2, 3, 7, 5) - -.100 are

calculated. The minimum of these values is for i - 3, but (3, 2, 2, 7, 6)

is not feasible. The second minimum value is for i - 5, again (3, 2, 3, 7,

5) is not feasible. The third minimum is for i 4, fortunately (3, 2, 3,

6, 6) is feasible and f(3, 2, 3, 6, 6) - .98571. Therefore X = (3, 2, 3,

6, 6) with CX - 24898.

Iteration 2. As in Iteration 1, a search direction d2 - (-.356, .362,

-.037, 1., .216) issuing from (3, 2, 3, 6, 6) is determined. A point

U - (3, 2, 3, 7, 6) is obtained similarly. Since U is infeasible, and a

search in the negative direction does not yield a distinct and better

feasible point than X1 M (3, 2, 3, 6, 6), a search in the positive direction

at X1 is employed. All the points of the form X1 + ei for i 1, 2,..., 5

1
are infeasible. Hence X - (3, 2, 3, 6, 6) is optimal. This small prob-

lem takes .24 seconds of execution time.
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Solution by the Modified Solution Method of Brooks et al.

0Iteration 1. -Choose b - bI = ... 4 - 0 and b. 1. Set x = 0

for i - 1, 2,..., 5, then g(xt) - b5 log Fi(xI + 5), and calculating the

ratio gt(xt + g) - si(xi) for each i = 1,..., 5 yields: r= 0.00000496,

r2 = 0.00000202, r 0.00000270, r - 0.00014200, r = 0.00024952. For

instance,

b F 6
b 5 log I log 99413=4.96 x 10-Sr 1 I(5)  2980 .97955

1

r5 is the maximum, hence x5 = 1. Updating r5 yields: r, = 0.00000496,

r2 = 0.00000202, r3 = 0.00000270, r4 = 0.00014200, r5 = 0.00011714. The

maximum is r4, then x
1 = 1. Continuing in this fashion produces X

1

4'P 4 11 n
(2, 2, 2, 8, 7) with cost(X1 ) - 24801, and calculating b by b -

1 1 . 1 1 1 1 fili

Fi(xi + J) gives b0  .419, b1 = .726, b2  .898, b3 = .967, b4 = .991,
1

and b = .998.
5

Iteration 2. Repeating the same steps with bI j - 0, 1,..., 5 yieldsi
X 2 = (2, 2, 4, 7, 9) with cost(X 2 24915, and b0  .450, b 2 728,
2 =.9,2 =2 =2 1
2 ...891, b2 962, b4  .988, and b5  .996. Since b1's are not within

2,

.001 of b 2s, go to Iteration 3.
j

Iteration 3. Repeating the same steps again with b for j = 0, 1,

2,...,5 yields X X and b b hence X is optimal with f(2, 2, 4,

7, 9) - .98619.

This solution however is a near optimal solution. The primal search

procedure has produced a better solution than this one. On the other

hand this method is faster, the execution time to solve this small problem

with this algorithm is .15 seconds.
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In this algorithm b 's are treated as parameters. They have practical

n
implications for real life problems. B is given by the product ur Fl(X + J)

i=l i

for some X and j - 0, 1,..., m. This product is in fact equal to the prob-

ability of cannibalizing at most j airplanes with a kit X. In other words

b gives the operational rate given j airplanes for cannibalization for a

kit X. Selecting bo = b ... = bM_1 - 0 and b - 1 implies that all the

planes will be cannibalized and corresponds to the most pessimistic view.

Solution by the Saddle Point Search Algorithm

Iteration 1. A starting solution of X0 = (10, 10, 10, 10, 10) with

f(X ) - .02486 and cost (X0) = 70380 and a Lagrange multiplier of

A - .0001 is chosen. In the first step the subproblem min L(X;A)

XEjln

f(X) + A0 (CX - M) is solved by the algorithm proposed by B. L. Miller in

[6]. This algorithm produces the solution X1 - (2, 2, 2, 6, 6) with

f(X1) - 1.28241 and cost(X 1 ) - 21456.

Step 1. Initialization: An initial point is obtained by solving

-1 + Fi(Wi - 1) + X Ci <'Oand -I + i(W ) + X Ci > 0 and settingXi =

max (0. Wi - k) for all i-1, ..., n where k is an input parameter and

chosen as 1 in this particular example. Since -1 + F1(2) + (.0001)

(2980) - -1 + .6496 + .2980 - -.0524 and -1 + F1 (3) + (.0001)(2980) =

-1 + .8386 + .2980 - .1366, then w 3, consequently x, = 2. Repeating

0 0 0W
the same argument for each component yields that x2 - 2, x3 3 2, x4 = 6,

and x5 = 6.

Step 2. Finding A Stationary Vector: Starting from X (2, 2,

2, 6, 6), a point X is sought such that Ai g(X - e,) < 0 and A. g(X) > 0

for all i1, .,, -. For instance for item 5, A5 g(
2 , 2, 2, 6, 6) is
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calculated as follows; A. g(2, 2, 2, 6, 6) = X C5 + F5 (6 + 5 + 1) - 1.

54
E ( F5 (6 + j + 1) - F5(6+J)) I Fi(X i + J)

j FI(2+j) F2 (2+j) F3 (2+j) F4 (6+j) F5 (7+j) - F5(6+j) Product

0 .64963 .80885 .87949 .76218 .03855 .01358

1 .83864 .93436 .96623 .86663 .01687 .01107

2 .93787 .98142 .99225 .93191 .00656 .00558

3 .97955 .99554 .99850 .96817 .00230 .00217

4 .99414 .99907 .99975 .98630 .00073 .00072

5 .99851 .99983 .99996 .99455 .00021 .00020

SUM = .03332

ThenA 5 g(2, 2, 2, 6, 6) = .0345 + .99992 - 1. -.03332 .00110. Since

it is positive, x5 
= 6. This argument is repeated for each item to

obtain a stationary vector X = (2, 2, 2, 6, 6) with f(X) 
f 1.28241,

cost (X) = 21456, and g(X) = 3.42801.

Step 3. A heuristic approach to obtain improvement in "up-phase":
n

Let Si = ek - e ,. then the ratios , g(X + S )/Ai g(X) are ranked in
k=i

ascending order, and the vectors of the form X + U will be tested for

improvement where Ui is the vector with +1 for variables ranked from

1 to i and 0 for the ones ranked i + 1 to n. Calculation of the ratios

gives A1 g(X + S1)/A1 g(X) = -5.61. A2 g(X + S2 )/ A2 g(X) .15,

63 g(X + S3)/63 g(X) = 1.47, A4 g(X + S4 )/A4 g(X) = 1.44 and A5 g(X +

S5)/A5 g(X) = 1.64. The ordering according to the magnitudes yields

1, 2, 4, 3, 5 respectively. For instance, for i = 4 U4 = (1, 1, 0, 1, 0)

and X + U4 = (3, 3, 2, 7, 6), but this point does not yield a better

solution, since g(X + U4 ) = 3.48107 is greater than g(X) = 3.42801.
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qI-

K

Repeating the same argument for each component results that the current

solution is stationary.

The same argument is repeated for the "down-phase" too. This does

not yield a better solution either.

Step 4. A Second Initialization and Reducing the Set of Potential

Improving Points.

First the up-phase is implemented. For instance for i = 1, the

vector (0, 1, 1, 1, 1) will be checked fcr improvement by looking at

A1 g(2, 3, 3, 7, 7). Since A1 g(2, 3, 3, 7, 7) 
= -.028 is negative,

the test fails. For i = 2, the vector (1, 0, 1, 1, 1) is tested and

2 g(3, 2, 3, 7, 7) = .005, then 
the conclusion is that x2 can not be

3. Next the vector (1, 0, 0, 1, 1) is used for the third component and

A3 g(3, 2, 2, 7, 7) = -.056. Similarly A4 g(3, 2, 3, 6, 7) = -.069 and

A5 g(3, 2, 3, 7, 6) = -.022. The test fails for i = 1, 3, I and 5.

Consequently Part 1 is used. Calculation of the ratios A1 g(2, 3, 3,

7, 7)/A 1 g(2, 2, 2, 6, 6) = -5.61, A3 g(3, 2, 2, 7, 7)/A 3 g(2, 2, 2, 6,

6) = 1.37, A4 g(3, 2, 3, 6, 7)/A 4 g(2, 2, 2, 6, 6) - 1.33 and finally

A5 g(3, 2, 3, 7, 6)/A 5 g(2, 2, 2, 6, 6) = 1.52 gives that the maximum

ratio is for i - 5. By contradiction it will be proved that h5 f 1

implies s3  1 1 where X + S is the point to be tested. Since b0 = -XC3

-A3 g(2, 2, 3, 6, 7) = .042 > 0, S3 can not be 1. Repeating this

argument for i - 1 and i - 4 does not yield a better solution. Conse-

quently the down phase is implemented. Down-phase does not generate a

better feasible solutioij. Finally the conclusion is that X = (2, 2, 2,

6, 6) is a stationary point.
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Then the linear program

min .02486 I1 + 1.28241 12

Subject to 70380 U + 21456 < . 25000

+ = 1

i '1' 2 > 0

is solved to obtain X = .0000257. Since X1 is not within .000005 of

x0 another iteration is performed.

Iteration 2. The subproblem min L(X;A 1) = f(X) + AI(CX - M) is

2solved again in the first step by the same method to obtain X = (4, 4,

4, 9, 9) with f(X2) = .17727 and cost(X 2) = 37377. In the second step

the linear program min .02486 11 + 1.28261 V2 + .17727 V3)

Subject to 70330 Vi + 21456 p2 + 37377 13 < 25000

+ 112 + 13 =

Pi > 0 i = 1, 2, 3

is solved to obtain .2 0000694. Since X2 is not within .000005 of XI.

another iteration is required. Continuing in this fashion produces the

following results:

3 3
Iteration 3. X = (3, 3, 3, 8, 7) with f(X) .49955 and cost

3
(x3) = 29994. Further X= .0000917.

Iteration 4. X4 = (2, 2, 3, 7, 7) with f(X 4 1.02459 and cost

(X4 ) = 23763. Also X4 = .0000848.

Iteration 5. X5 = (3, 2, 3, 7, 7) with f(X5) = .75556 and cost

(X5) = 26743. Also X5 = .0000903.
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Iteration 6. X6  (2, 2, 3, 7, 6) with f(X6) 1.06282 and cost

(X 6 23418 and X6 = .0000903.

This algorithm produced a solution with a better objective value

than the previous ones, but it is an infeasible solution. In fact,

this algorithm suffers from the duality gap. In the first step of

this algorithm, the subproblum minn L(X;X) is solved. Since L(X;A) is
Hn

discrete in Xc H , there is a range for X values which produce the

same answer. From the results of previous algorithms, it was dis-

covered that the optimal solution was X = (3, 2, 3, 6, 6). Evidently

its corresponding Lagrange multiplier should lie between X .0000848

and X = .0000903. Unfortunately the algorithm won't generate this5
x5

value, and if X is close to X4 , the solution to subproblem is X and

6
if A is close to X5, then the solution is X6 , see Figure 4.4.

1.06282 _

.48571 !

f(X(Y))

.75556

I

8.48 6 9.03(O-5 )

A(10- )

Figure 4.4. Duality Gap
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Selection of Solution Method

The objective of this research is to develop and/or modify an efficient

solution method to solve the WRSK problem. Therefore, these three solution

methods have been under investigation to observe their computational require-

ments. The result of this investigation shows that the Modified Algorithm

of Brooks et al. is more efficient in terms of computational time than the

others. This algorithm is also going to be compared with the current D029

Model which is summarized on the next page. The result of this comparison

will be discussed in Section V.

The Modified Algorithm of Brooks et al. is a greedy algorithm in nature,

and will be refined to in the remainder of this report as the "Greedy Algorithm".

It uses marginal analysis as a subalgorithm. It is easier to implement in

solving the WRSK problem and is faster than the others. The selection of its

initial parameters does not require any guesswork from the user. The parameter

values obtained for the requirement kit 57-18 can serve that purpose. On the

other hand, marginal analysis adds one unit of the item which will yield the

highest rate of return in terms of performance measures per dollar invested

in the kit. Approximation of the E(NORS/X) function by a separable function

[as discussed in Part III] eases the computations and in fact eliminates the

need for updating all of the marginal returns whenever a unit of some item

is added to the kit as is necessary in the current D029 computer program. The

speed of convergence of an algorithm is very important, especially when solving

large size problems, and this algorithm supplies this advantage.

The others have some particular advantages, but they are slower than

this algorithm. The Saddle Point Search Algorithm is theoretically very
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appealing but suffers from the duality gap as indicated by the small example

of the last section. The Primal Search Algorithm uses the first differences

in determining the search direction to explore better feasible solutions.

All three algorithms contain some heuristic rules. Thus the solutions are

not necessarily the true optimum which, for the same reason, is true for the

current D029 Model. The comparison of their solutions either with each other

or with the D029 solution indicates that they can generate good near optimal

solutions.

The Current D029 WRSK Model

This model and its associated computer program is currently in use

by WPAFLC. This solution method also makes use of marginal analysis. A

detailed description of this algorithm is provided in [8]. A brief

*description of the algorithm is provided here. The algorithm solves the

problems of the form

Min CX

s.t. E(NORS/X) < aI

E(SDO/X) < a 2

X > 0 integer

in the following manner.

Step 0. Set U 0, X W 0

Step 1. Choose a W
k and I 

k

Nt
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Step 2. Add I k units to the kit by selecting the highest Ik ratios
Nt Nt

from

k k u
W Ai E(NORS/X ) + Ai E(SDO/X u)

ri =C

I k+l . Xk + Eei

ieHINt

where Hk  is the index set of the highest Itk ratios.
INt Nt

Step 3. Calculate E(NORS/X 
k ) E(SDO/X k ) and CXk+ l

Step 4. Phase 1: Terminate if CX
k+ l > b*

where b* is 90Z of the cost of Kit 57-18

Phase 2: Terminate if E(NORS/X ) < and E(SDOIX~ a a2

Otherwise Set k = k + 1 and go to Step 1.
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PART V

A SUMMARY OF COMPUTATIONAL EXPERIENCE

Introduction

Computational experimentation was devoted to the investigation of

computational requirements, initialization of parameters for the Creedy

Algorithm (Modified Algorithm of Brooks et al) and the IBM version of

D029 Program. F4D Data was used in the computational analysis. Some of

the subroutines remain the same in both programs in order to make mean-

ingful comparisons. (The FORTRAN listings of the programs are in Appen-

dix B.2 & C.2.) The Greedy Algorithm takes 16.53 seconds of CPU time,

and the IBM version of D029 Program takes 24.78 seconds of CPU time on

IBM 370/168 at O.S.U. The Greedy Algorithm is obviously faster on the

F4D problem than the algorithm currently in use.

The Parameters bj and m of the E(NORS/X) Approximation

The Greedy Algorithm requires that bj and m be initialized in ad-

vance. A thorough inspection of the WRSK problem suggested that initial

b0j values can be calculated from the requirement kit 57-18 by the formula

b j = W Fi(xi + jai) j = 0,1,2,... K = Number of planes and

i=1 n = Total number of items in consideration

. in the squadron, where xi is the kit 57-18 quantity for item i. The ini-

tial bOj values for Phase 1 and Phase 2 of the WRSK Problem are displayed

in Table 5.1. Each bj is the operational rate given that there are j air-

craft for cannibalization. Hence, b0 j's represent operational rates under

the kit 57-18. These are good choices for bj's since the b0 j's may be con-

5.1
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sidered as operational rate goals as a consequence of the AFLCR. Since the

WRSK problem attempts to find a kit which will perform better than the kit

57-18, these bOj's, which can be observed in Figures 5.7a and 5.7b on pages

23 and 24 respectively, are the target operational rates for the optimal kit.

On the other hand, a natural selecrion for m is the number of planes in the

squadron. An inspection of the Table 5.1 indicates that the bj's approach

I for some lower value than m. Consequently, using Table 5.1, one can choose

n = 12 for Phase 1 and still get the same answers.

The b*j's displayed in Table 5.1 correspond to the calculated values

from the optimal kit and can also be observed in Figures 5.9a and 5.9b respec-

oi tively. For Phase 1 the b*j's are very close to the b~j's. However, a simi-

larly close relationship between b*j and bj does not occur in Phase 2. Note

* that each b*j > boj for all j. Since the b'j represent the operational rate

goals, this shows that the optimal kit provides higher operational rates than

the goals.

Instead of hueristically choosing the initial b~j's, the Greedy program

of Appendix B.2 uses the b~j's of the 5718 kit. It also uses m=24 , the number

of planes in the squadron, since 24 is not a large number.

5.2

- -- :: ...... . , l,.,il I i I~mil~ ill-ll |l / ii~-1



TABLE 5.1

COMPARISON OF bj VALUES

Phase 1 Phase 2

5718 Kit Optimal Kit 5718 Kit Optimal Kit

J boj b*j b oj b*j

0 .00000010 0.0 0. 0.0

1 .00286799 .00172540 V. 0.0

2 .06779460 .06441003 .0000001 .00000935

3 .25850234 .26115723 .00011449 .00376217

4 .48975927 .49893585 .00861967 .05835153

5 .68018747 .69276720 .07484124 .22116812

6 .81107932 .82435903 .23535679 .43810253

7 .89285344 .90472555 .44260779 .63279580

8 .94108090 .95038868 .63162230 .77581119

9 .96842135 .97499286 .77280201 .86953349

10 .98345607 .98772442 .86636330 .9266795;i
.99151443 .99410652 .92392780 .95987318

12 .99573534 .99722461 .95769561 .97850019

13 .99789912 .99871559 .97688397 .98868473

14 .99898552 .99941528 .98754667 .99413854

15 .99951989 .99973806 .99337298 .99700800

16 .99977739 .99988454 .99651327 .99849417

17 .99989891 .99994995 .99818555 .99925267

18 .99995505 .99997868 .99906608 .99963432

19 .99998044 .99999108 .99952462 .99982364

20 .99999167 .99999634 .99976077 .99991621

21 .99999653 .99999852 .99988101 .99996080

22 .99999859 .99999942 .99994153 .99998195

23 .99999944 .99999972 .99997163 .99999182

24 1 .99999991 1. , 1Cq-'fB6
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Articulation of the Weight w

The weighting factor w represents the relative importance of E(SDO/X)

function compared to the E(NORS/X) function. The weighting factor is, in

fact, a measure of cannibalization of any plane for each back-ordered part.

Conversely, I/w measures the number of consolidated parts from a cannibilized

airplane. During a mission, if a plane is grounded for lack of spare parts,

it may then be cannibalized to repair others by removing its good parts and

installing these parts in other downed planes. Theoretically 100% cannibalized

is possible. This process increases the work load during the mission. Obvi-

ously, a reduction in the work load is required by the mission command. In

practice, however, there is empirical knowledge as to when to cannibalize a

plane, which plane to cannibalize, and how many parts to be removed from a

plane. In the D029 program, manipulation of the parameter RATIO indicates

that this empirical knowledge is regularly applied (RATIO in the Greedy pro-

gram has a different meaning). It has also been observed that RATIO = 50 pro-

duces better results than any other value, for the purpose of reaching the

E(NORS) and E(SDO) goals simultaneously. The operational meaning of RATIO

50 is that, on the average, 50 parts are removed from a cannibalized plane;

thus RATIO corresponds to i/w. This would also mean that 2% of an airplane

is cannibalized for each back order. It is suggested by this research that

w be assessed in advance by evaluating this empirical knowledge. Tables 5.2,

5.3, 5.4 and Figures 5.1, 5.2, 5.3 show the relationship between E(NORS/X)

and E(SDO/X) for different weights. These relationships based on limited

experimentation, appear to be linear effects.

5.4
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The problem is to determine the best effective weight. Computational

experimentation with F4D data indicates that w = 2.25% is the effective

weight for the initial six-day period, and that 1.5% < w < 2.5% gives a range

for the effective weight for a thirty-day period. This means that 45 back

ordered parts would be cannibalized during the initial six-day and 40 to 65

back ordered parts would be cannibalized during the 30 day mission period.

This observation should be combined with the empirical knowledge to come up

with an effective weight in determining a best compromise kit.

Only a limited effort was undertaken to determine the underlying re-

i" lationships between the weighting factor w, budgetary levels, objective func-

tion values, and kit configuration sensitivity to these parameters and measures.

Tables 5.2, 5.3, 5.4 and Figures 5.1, 5.2, 5.3 indicate various ways that re-

lationships can be exhibited and analyzed. Analysis and study of the relation-

ships exhibited lead to the selection of parameters and measures that are used

in the next section which compares various solutions which have been computed.
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TABLE 5.2

OBJECTIVE FUNCTION Tf(w) VS. WEIGHTING FACTOR w:

PHASE 1 SOLUTIONS FOR A BUDGET OF $3,635,906

W(10-2 ) E(NORS/X) E(SDO/X) IF___ M v M

2 4.80602 31.02199 5.42646 5.4346

2.25 4.84981 29.36157 5.51045 5.5061

2.5 4.85617 29.07728 5.58315 5.579

3. 4.87135 28.57339 5.72855 5.724

4. 4.94188 26.69839 6.00982 6.013

TY (w) = E(NOR/X) + v E(SDO)

'(w) =28.94220 w + 4.85578

6

TP(w)* -0 ale

5

0 0 1 2 3 4 5
-2

w(10)

Figure 5.1. Plot of 'P(w) Exhibited in Table~ 5.2
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TABLE 5.3

OBJECTIVE FUNCTION T(w) VS. WEIGHTING FACTOR w:

PHASE 2 SOLUTIONS WITH A BUDGET OF $7.5 x 106

w(10 - ) E(NORS/X) E(SDO/X) _w)_(w)

.3 6.56880 261.25884 7.35258 7.36159

1. 6.91434 113.02191 8.04456 8.05923

1.25 7.01317 104.48303 8.31921 8.30838

1.5 7.12255 96.53860 8.57063 8.55754

2. 7.15833 94.41359 9.04660 9.05585

2.5 7.22784 90.83792 9.49879 9.55417

T(w) = E(NOR/X) + w E(SDO)

'(w) = 7.06260 + 99.66263w

TABLE 5.4

OBJECTIVE FUNCTION T(w) VS. WEIGHTING FACTOR w:

PHASE 2 SOLUTIONS WITH A BUDGET OF $9 x 10

w(10 2 ) E(NORS/XX E(SDO/X) 'y(w) T(w)

1 4.93755 41.56367 5.35319 5.37412

1.5 5.01991 38.17230 5.59249 5.57405

1.75 5.05138 36.31621 5.68691 5.67401

2. 5.08688 34.68301 5.78054 5.77398

2.5 5.12059 33.45378 5.95693 5.97390

T(w) - E(NORS/X) + w • E(SDO)

T(w) - 4.97427 + 39.98540(w)
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120 W

Table 5.3
Relationships

110 * w = 1%

100

10 
Budget $7,500,000

800

90 CP\ w =2.5%

0

"0

70 Table 5.4
Relationships

60

60

- Budget = $9,000,000

50

"p * w= 1%
40 Sr

w 2.5%

30O\

4.5 5 6 7

E(NORS/X)

Figure 5.3. Plot of E(SDO/X) vs. E(NORS/X)
from Tables 5.3 and 5.4
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Comparison of the Solutions

Comparison of solutions was undertaken relative to the two phases of

,* the WRSK Problem. F4D Data was used as sample data, and is provided in

Appendix C. Three sets of solutions are shown in Figures 5.4 a, b, 5.5 a,

b, and 5.6 a, b. They are the Phase I and Phase 11 output results of the

* Greedy Algorithm, the IBM version of the D029 Program and the D029-CDC Pro-

gram of WPAFLC. The FORTRAN listings of the first two algorithms are pro-

vided in Appendix B.2 and C.2, and are the final products of this current

research. It should be understood that only limited experimentation has

taken place with both of these programs.

The frequency of the differences in item quantities can be of interest

in discussing the kits obtained by these algorithms. In Phase I, there are

180 items under consideration. Table 5.5 indicates that 73% of the kit items

*(for the three comparisons) have the same quantity values with a standard de-

viation of 1.4%. Also the maximum difference between the individual kit items

does not exceed 2. One can also note, for example, that the Greedy Algorithm

kit has 40 and 43 less parts in the kit compared to the D029 solutions respectively.

In Phase II, there are 254 items under consideration. Table 5.6 shows

the frequency of the discrepancy of the kits. 75% of the individual items

in the kits have the same quantity values with a standard deviation of 3%.

This indicates that the kits are in close agreement. In this case, the

Greedy Algorithm kit has 19 and 18 less parts in the kit compared to the D029

solutions respectively. However, note the difference of nine that occurs in

column 1 and column 3.

This difference occurs on item number 249 in Phase II. WPAFLC's D029-CDC

Program (Figure 5.6b) yields x*2,4 9 =i, on the other hand the Greedy Algorithm

5.10
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TABLE 5.5

FREQUENCY OF DIFFERENCES OF KITS IN PHASE I

i;1

Difference Greedy-D029 CDC ,Greedy-D029 IBM D029 IBM-DO29 CDC

-2 8 - 6

-1 31 46 14

0 134 131 129

+1 7 3 31

Net A -40 -43 +5

TABLE 5.6

FREQUENCY OF DIFFERENCES OF KITS IN PHASE II

Difference Greedy-D029 CDC Greedy-D029 IBM D029 IBM-DO29 CDC

-3 2 -

-2 3 3 4

-1 34 37 33

0 196 195 183

1 18 19 30

2 3 3

9 1 1

Net A -19 -18 +4
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(Figure 5.4b) and the IBM Version of the D029 Program (Figure 5.5b) both

produce x*2 49 =10. This item has a moderate demand rate, P249=7.29728, is

not expensive at $653, but has, however, a high number, 15, of applications

on an aircraft (Appendix D.2.2). Since U24 9 =
7 .29 7 28 , probability of demand

not exceeding 1 is P(d < 1) = 0.0056, but probability of demand not exceeding

10 is P(d < 10) = .878. Addition of 9 more items increases the probability

considerably, thus providing more protection from back ordering item 249.

The same reasoning applies to other items which have different kit values.

If the difference in item quantities is small, the probabilities are close

to each other. Investigation has not been undertaken to determine why the

CDC version yields X*2 4 9=1. Different approaches to calculating the Poisson

*probabilities may be a contributing factor.

The Greedy Algorithm solution was obtained in 16.53 seconds of CPU time

while the D029-IBM solution was obtained in 24.78 seconds of CPU time. This

indicates the potential of a significant improvement in computational time if

the Greedy Algorithm is coded for a CDC FORTRAN compiler and used rather than

the D029-CDC program currently in use.

On Figure 5.6b it can be noted that the D029-CDC program has obtained a

kit with E(NORS) = 8.127, E(SDO) = 149.65, and cost = $7,108,451.15. This

cost was used as a budget parameter for the Greedy Algorithm solution which

is shown on Figure 5.4b. The solution obtained was E(NORS) = 8.037, E(SDO) =

144.96, and cost = $7,108,477. For $4 less expenditure of budget funds, the

Greedy Algorithm obtained a kit yielding better performance measures than the

D029-CDC solution.

Figure 5.5b illustrates a D029-IBM solution for the same budget for

$7,562,983 used by the D029-CDC solution (Figure 5.6b). In this solution
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E(NORS) = 8.130, E(SDO) = 145.30 and cost = $7,007,734. The budget is not

utilized to its full potential. The objective of the D029 approach (Part IV,

page 4.22) is to meet the NORS and SDO goals in a way that minimizes cost,

and under utilization of a budget can result since the actual budget is the

last item of priority that is checked in the algorithmic scheme of the D029

WRSK solution method.

The Greedy solution exhibited in Figure 5.7b for the same budget as in

Figures 5.5b and 5.6b ($7,562,983) yields E(NORS) = 7.158, E(SDO) = 96.81,

and cost = $7,562,944. All but $39 of the available budget is utilized.

These greatly improved performance measures are as expected since more money

has gone into the kit.

The WRSK Model solved by the Greedy Algorithm (Part IV, page 4.1) is not

the WRSK Model solved by the D029 Algorithm. For this reason it is difficult

at times to make direct comparisons between D029 solutions and Greedy solutions.

It should be recognized again that, in essence, the goals (constraints) to be

satisfied by a D029 solution, are the elements of the objective function (which

is to be minimized) of the Greedy model. In like manner, the Greedy model budget

constraint, which is not to be exceeded, is the objective function to be mini-

mized in the D029 model.

Figure 5.8b illustrates an attempt to develop a Greedy solution that is

relatively comparable to the D029-IBM solution of Figure 5.5b. Observe that a

budget of $7,075,000 was used leading to a solution in which E(NORS) = 8.173,

E(SDO) = 145.09, and cost = $7,074,907 which is within 1% of the D029-IBM solu-

tion of Figure 5.5b. Since two different models are being used, answers exactly

cqual to each other are not be expected. However, it might be hypothesized that

a closer stopping criteria on the b*j values might continue to improve the

Greedy solution.

5.13
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All of the algorithms contain some heuristic rules; therefore the answers

exhibited in this section are best categorized as near optimal solutions. Both

algorithms yield satisfactory answers, but with differences discussed in this

Part V and in Part VI.
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PART VI

SUNMHA OF RESULTS

This research provides a new and more general model, the "multiobjective

model," for the WRSK problem. This multiobjective approach resulted in an

improved measure of supply performance which relates E(NORS/X) and E(SDO/X)

for a WRSK kit in a meaningful way.

Three potential solution algorithms for this new "multiobjective model"

were investigated. The Saddle Point Algorithm was the most general, but suf-

fered from the duality gap. The Primal Search Algorithm made special use of

the properties of the objective function, but lacked flexibility to adjust

the search directionein an effective way.

A third method proposed by R. B. S. Brooks in [3] and subsequently mod-

ified during this research lead to the development of the "Greedy Algorithm"

, as the solution procedure. This algorithm requires that the objective function

o be approximated by a separable function. This research has accomplished the

required separability of the multiobjective model. This allows the use of

marginal analysis in a manner that achieves the highest rate of return per

- unit of performance measure per dollar invested in the kit as items are added

* to the kit.

Computational experimentation has shown that the Greedy Algorithm is

faster than the other two potential algorithms. An important result of this

research has been that the Greedy Algorithm program is faster and provides a

better solution than the current D029 using F4D data.

The Greedy Algorithm has several advantages. It requires only one

ratio of marginal return be updated whenever one unit of an item is added
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to a kit. This is an immediate consequence of having achieved a separable

approximation of the objective function of the new multiobjective Trdel.

This contributes to the ability of the Greedy Algorithm to yield an improved

kit compared to the D029-CDC kit, and in shorter time when properly compared

to the D029-IBM program.

A disadvantage of the Greedy Algorithm is that it is constructed on the

convergence of the bj parameters. The generation of a new set of parameter

values from a previous set takes one full iteration. The parameter values of

this new set are compared to the previous set. Such iterations and comparisons

are repeated until the parameters are sufficiently close, at which time the

algorithm terminates. Therefore, the last iteration is used only to conclude

that the optimal solution is as good as the next to the last solution. Thus

there is always an extra iteration that does not improve the kit configuration.

Another disadvantage might be that kits for intermediate budgets might be de-

sired, but must await determination of the optimal bj parameters. Also the

weighting factor w must be determined in advance, and additional experimentation

may be required to determine the appropriate value.

Another product of this research has been the modification of the current

D029 program for compatibility with IBM FORTRAN compilers. This effort has

provided some insight into the problems with the current D029 program. The

word packing and unpacking required by the CDC compilers, in order to save

memory, consumes a great deal of time. The storing of some probability values,

and the interpolation of others, when needed, does not appear to be a good

policy. Interpolation underestimates the probabilities; hence, the marginal

rates of return are less accurate and lead to kit solutions not as good as

those obtained by the Greedy Algorithm.
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The storing of probabilities, and interpolation of others, does appear

to possibly contribute to errors in a kit configuration. The Greedy Algorithm

and the D029-IBM program produces X* 10, but the D029-CDC program produces249

-* 1. The source of this error should be understood and eliminated from
249

the current D029-CDC program.

Comparison of kit results, indicates that the kits obtained by the Greedy

Algorithm or the D029 program are similar. Approximately 75% of the kit items

are present in the same amounts and the remainings deviate only by 1 or 2.

This is confirmation of the recognition that the current D029 model is accept-

able. The Greedy Algorithm appears to offer the potential of substantial time

savings, and a slightly better kit configuration.
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APPENDIX A

A. 1 Computer Code for the Primal Search Algorithm

A.2 Computer Code for the Modified Algorithm of Brooks, et al.

A.3 Computer Code for the Saddle Point Search Algorithm
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A List of the Variables in the Computer Program

ALFA Stepsize

BASLA The Subroutine that finds an initial point

BETA Product of the parameters p (user determined) and Pk

BUTCE Budget

C(100) Cost of item 1

CBETA The parameter Pk

CDOTD The dot product of the cost and direction vectors

CDOTX The dot product of the cost vector and the current
solution, also the cost of the kit

CKARE The dot product the cost vector with itself

COST Cost of the current solution

DENOM The dot product of the Cost vector the vector of first

differences at a solution

DIF The first difference

DIREC The direction vector

ENORS E(NORS/X)

EPS Parameter for testing the sufficiently closeness

IOX Integer Optimal Solution

ITETA Indicator of the search direction. If ITETA = 1, the
search is in the positive direction, if ITETA = -1,
it is in the negative direction.

IX(100) Current integer solution

IY(OO) Initial solution

KODE Indicator of the result of the search, "1" means success,
"0" means failure

N. Total number of items in the problem

NEW New integer point

NITER Number of iterations already performed
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NNORS Number of NORS function evaluations

NSTEP (NITER) Number of steps within iteration NITER

M Upper bound

PAR Parameter p (user determined)

PDFOP Function routine which calculates the individual
poisson terms

POISON (40,100) The matrix which contains the cumulative Poisson sums

SIRALA (X,IR) The subroutine which ranks the array X in descending
order. IR(k) gives the rank of X(k).

TABLE (POISON) The subroutine which fills in the matrix POISON,

UCOS Cost of NEWP

UNORS E(NORS/NEWP)

VNORS Function Routine to calculate E(NORS/X) funtion

XLAC Lagrange parameter (user determined)

XLAM(I) Poisson demand rate of item I.
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FORTRANI Listing of the Computer Program

lJCS TINE-OS
C .. *...***...***.*
C.
C.
C * A PRIM4AL SEARCH ALGORITHM
C.
C.
C *0***************

C
C NAIN PROGRAM: TO READ IN THE DATA
C TO WRITE OUT THlE SOLUTIOIS
C

I DIMENSION IX(100IIOX(100I91Y(1001,DELTA(100I
2 COJMP-ON Nv4/ BLOCKCI/C I1 )/OBLOCK 2/XLAM( 100) /BL0-.K3/BUTCE. PAR/BLOCK4.

*NI TE R,NSTEPI 500O)/8L OCK51POI SON140 pl 0) )/COUNT/ NNORS
3 EPSw.01)005

C IINPJT THE NECESSARY INFORMATION
C

4. NNORS90
5 REAC5,90) NOPR
6 REAO1591001 NPMVBIJTCE
7 REACf5v110) (C(I).IulN)
a REAC15911O) lXLAN(I)PI019N)
9 READ5120I PARXL4G

C
C CALCULATE TIE PROBABILITIES
C

10 CALL TABLEIPOISON)
C
C FIND AN INITIAL SOLUTION

11 CALL BASLA(XLAGIYI
12 00 10 IS1,N
13 10 IXII)MIYII)

C
C START THE OPTIMIZATIO4
C

14 CALL OPT IMIIX, IOX, ENORS*C3STJ
C
C PRINT THE RESULTS
C

is WRITE16,4001
16 WRITE(6, 4053 NOPR
17 WR!TE6t209) NBUTCE
1s WatITE16,200)
19 070 2D 1&l9N
20 20 WRITE16,210) IC(I~vXLAM(IlIYI,IOXII)
21 WRITE(6,2011 ENORS,COST
22 WRITE16P2351 NNORS
23 WRITE(6,2201 NITER, tNSTEPIIl,NITER)
24 WRITE1692501 PAR, XLAG
25 90 F0 RHAT( 14 1
26 100 FOR'1AT1214,F1O.01
27 110 FORMAT11OF8.)I
28 120 FORMAT(2FIO.O)
29 200 FORMATI /l//3SX91INI TIAL 5XIOPTI MALI,/,5Xv' ITEM' #3Xv 'CCST/UNIT, 6

1X# 'DEMAtED',4X. 'SOLUTIOd'. 4X, 'SOLUTIO1 'eli)
30 201 FORMAT(/// v5Xr,1ONE( NORS/X mFl 0.5 SX99HCIST(lJ2SFIO.2)
31 205 F~k-MAT(//#,5X, 8 3F N3RS EVALUATIOSs' ,141
32 20)9 FORMAT 1//l.SXt IIHO OF ITEMSu,14,3XSHBUDGET-SF1O.2)
33 210 FOR'AT(X,9,1t3,212XFIO.2),2(8X,14))
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36 223 FORMATl//,SX,'I OF ITERATI3NSe OPI49/,5Xgl9 OF STEPS IN EACH I TERA

35 253 FORMATI/f, 5Xs ILAMBOAs *F 10. 295Xv 9 LAGRANGE MULTI PLI ER09 ,F1O.8,/1
36 4.03 FORMAT I NI*//,1x, "A PRIMAL SEARCH METH2)Dfl
37 '.05 FORMAT(l//.S5X,'PROBLE4 NUX4BER$,l41
38 STOP
39 END

'.0 SUBROJT I NE OPT IMI IX, lO fo,ENORS, COST)
C. *
C * OPTIMIZATION ROUTINE
C.

41 DIMENSION IX(100),10X1100),DIREC( 1001 ,DELTAiI100INEh.P(1003,
IXHEWUOG) ,NEIGH(I00 lIY(100),)IRANC(lOOIXOELCI)3I

42 CONIMON N vM/BLOCKl/p 110I/BLOCK2/XLA14I 1031 lBLOCK3/BUTCEv PAR/ BLOCK4
*NITERtNSTEPI500)

C
43 NITERal
44 ENORSuVNORS(II
45 COST-PROO(II
46 CKARE-OOTPAIC)

C
C EVALUATE THE FIRST DIFFERENCES

47 200 CALL TJREV(IXOELTA)
48 NSTEP14ITERRsO
49 OEtJOMwOOTPRI DELTA)
so CBETAnDENCMd/CKARE

C
C EVALUATE THE DIRECTION PARAMETER PK

51 BETAmPAROCBET.A
C
C DETERMINE THE SEARCH DIRECTION

52 DO 10 Iw1,'N
53 OIREC(I)-OELTAIIl-BETA*CIII
S4 WS A-AS(CIREC(I )
55 IFII.EQ.1) GO TO 15
56 IFtWSA.LE.XSII GO TO 10
57 15 XSISWSA
58 10 CONTINUE

C
C NORo.AL 12E THE DIRECTION

59 DO 11 1-1,N
60 11 DIRECII)-DIRECII)/XSI

C CALCUILATE TIE STEP SIZE ALPHA
61 CDOTDcDOTPAIDIREC)
62 CDOTX-?ROOiIIl
63 XN*SORT IFLOAT IN))
64 AMAXzI BUICE-CDCTX)/ ICDOTO*XNI
65 IFIAMAX.LT.1.OJ AMAX-1.0
66 IMA=IFIX(AmAX+.5l
67 A'AXFLOATIMMAX)
66 AL FA- AMAX

C
C O8TAIN A NEW POINT

69 100 W 20 I-1,N
70 WNaFLOAT(IXII)),ALFA*OIREC(I)4.5
71 IFIWN.GE.I.) GO TO 20
72 WKS1.3
73 20 NEWPII'IFIXIWN)
74 NSTEPIN ITERIuNSTEPt NITER) +1
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C CALCULATE 1TS COST S E(NORS/X)
75 UCOS.PROD(NEWPI
76 UP4ORSuVNORS IN EWP)

C IF INFEASIBLE , PERFORM A SEARCH IN THE NEGATIVE DIRECTION
77 IFIUCOS.GT.BUTCE) GO TO 30

C IF A BETTER FEASIBLE POINT, REPEAT THE STEPS
is IF(UIJORS.LT.ENORS) GO TO 500
79 ITETA81
so GO TO 40
81 30 ITETA'-1
82 40 CALL SEARCH (ITETAvuCOSIJNORSENORSNEWP,KODEI
83 IFIKODE.EQ*1) GO TO 500
84 IF(ALFAoEQ.1.I GO TO 900
as ALFA&ALFA-1.
86 GO TO 100
87 900 UCO!: 'COST
83 UNORSwENORS
59 CALL SEARCHIl ,UCOSUNORS.ENORSIXKODEI

90 IFfKODE) 600,1000,600
91 500 Df) 45 1-1,14
92 45 1K112'NEWPIII
493 600 COS1'UCOS
14 E'4ORS*IJNORS

9s NITERz~l7ER*1
96 GO TO 200
9? 1000 DO 50 I-).ph
93 50 10IIOKIn I XII1
99 RETURN

100 END

101 SUBROUTINE SEARCHIITETA,UCOSUNORSENORStNEWPKODE)
C
C THIS SUBROUTINE PERFORMS SEARCHES EITHER IN POSITIVE OR NEGATIVE Of
C

102 DIMENSION NEWPIIOOINEIGH(I0),IRANKII0),DELTA(100)1NSETI100),D
*LI CO)

103 COMMON NN/BLOC~l/CIOO)/8LOCK2/XAMI 100) /BLOCK 3/B UTCEPAR/BLOC K4
ON! TERI4STEP(5001

C
104 NSTEPINITERI-NSTEPINITER).1
105 IFI]TETA.EO.1) GO TO 9

C
4 C CALCULATE THE FIRST DIFFERENCES FOR 4JEGA71VE DIRECTION

106 CALL TURNOINEWP,DELTA)
107 GO TO 11

C CALCULATE TI-E FIRST DIFFERENCES
108 9 CALL TUREV(NEWPoDELTAJ
109 11 DO 10 1.1,14
110 DELTAI)=FLOATI ITETA)*DELTA4I)
ill,1 10 DEL(IIIDELTAf 11

C RANK THE FIRST DIFFERENCES
112 CALL SIRALA(DELIRANK)
113 00 20 1- 19N
114 W2 15 JoltN
115 JV-J
116 IFl IRAN4KIJ).EQ.I) GO TO 17
117 15 CONTINUE
I1l 17 14SETf II JV
119 20 CONT INU E
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C
C CHECK WHETH4ER THERE IS A BETTER FEASIBLE POINT
C

120 0 25 I"IN
121 JV AL- 14SET(II
122 COSJ-UCOS* FLOATI ITETA I*CtJVAL I
123 IFICOSJ.GT.BUTCE) GO TO 25
12' DO 35 JJ=1,N
125 35 NEIGHiJJ)IwEWP(JJI
12b IFINEWPIJVALi.EQ.O.AN).ITETA.EQ,-I GO TO 25
127 NEIGHfJVALI-NEWP(JVAL)#ITETA
128 XNORSuUNORS-DELTA(JVALI
129 IFiXNORS-ENORS) 100, I29110
130 25 CO4T'INJ E
131 GO TO 120
132 110 DO 40 Is-oN
133 40 NEWPI)-NEIGH(II
134 U;ORS-XNORS
135 UCOS-COSJ

C IF NO BETTER FEASIBLE P31NT, FAILURE S KOEO
136 120 KODE-0
137 RETURN

C
C IF A BETTER FEASIBLE POINT, SUCCESS S KOOE-1

136 100 KODE=1
139 00 70 I1,N
140 70 NEWP(i!)=NEIGH|II
141 UNORS=XNORS
142 UCOSSCOSJ
143 RETURN
144 EN 0

145 FUNCTION PRODIXI
C
C TO CALCULATE THE 02T PR3DUCT C.IX
C

146 DIMENSION IXIlOo
C

147 COMMON N,M/BLOcKIfC(IO)
148 SUMNO.0
149 00 13 1-1,N
150 IXISIX(t)

d 151 10 SUM=SUMIFLOATIIXI)*CIII
152 PROD=SUM
153 RETURN
154 EM D

ISS FUNCTION OOTPRIX)
C
C TO CALCULATE THE DOT PRODUCT C.X
C

156 DIMENSION XI100I
157 COMMON N,?'/BLOCKI/:(100I
O15 SUM=o.3

159 DO 10 Jwlt4
160 SUP= SUM+C(J$'X(JI
161 10 CONTINJE
162 DOPR-SUM
163 RETURN
164 END
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165 FUNCTION VNORSIIX)
C
C TO EVALUATE THE EINORS/XI
C

166 D1IMENSION IX(IDIO,PMIIOO,2019PRO(201
167 COM4MON N,M/BLOCK5IPOISON('.0,100)/COUNT/NNORS
165 DOUBLE PRECISION SUM,PROTOPL,PM,XW

C
169 EPS.00001
173 Epso-.00000001
171 NNORS-NNORS*1
172 M1UN*1
173 SU)Mwo.D+O0
114 00 20 JJmlMI
175 PRO(JJ~wl.D0
176 00 26 11=19N
177 IXJ-IX( I I) JJ-1
178 IFIIXJ.GT.0) GO TO 24
179 XE.SPOFOP IIXJv I II
162 GO TO 2S
181 24 IFIIXJ.GT.401 JXJ=40
112 XX-POISON( IXJ. 1)
163 25 IF(XX.LT.EPSO) XX-O.O
184. IFIPROfJJI.LT.EPSQ) GO TO 20
185 PRDIJJ)UPRCIJJI*XX
186 26 CONT14UE
187 20 SUMSU41.-PRO(JJI,
188 TOPL-0.D#00
189 110 30 luloN
19) Kw3
151 42 MXKnIXII),Mt24K
192 WX-PDFDPIMXK I I
193 WW-FLOAT IK*1)*WX
194 IF(WX.LT.EPSJ GO TO 30
195 TOPL=TOPL+WW

17 GO 70 40
198 33 CONTINUE
199 VNORS-SUM.TOPL
202 RETURN
2-01 e9W

202 SUBROUTINE TUREV(IX,OELTA)
C
C TO EVALUATE THE FIRST DIFFERENCES
C

203 DIMENSION ZXtIOO),DELTAI100I
224 COMMON N,N

C
205 DO 10 KwlN
206 DELTAUC).oFIIXtKl
207 13 CONT INJ E
208 RETURN
209 END

210 SUBROUTINE TURNDINEWP,DELTA)
C
C TO EVALUATE THE FIRST DIFFERENCES IN NEGATIVE )IRECTION
C

211 DIMENSION NEWPI100bIJvEIGHI100),DELTAi 1001
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212 COMMON-NOR
C

213 00 10 1u-t*N
214 DO 20 Jul,h
215 IFtJ.EQ.I) GO TO 25
21b NE IGHI(J )-NEWEPIJ )
217 GO TO 2O
219 25 NEIGHIJ-NEWP(JI-I
219 IFI(EIGHIJI.LT.0) NEIGHJ)-0
220 20 CONTINUE
221 DELTA(I)wDIF(NEIGH, I)
222 10 CONTINUE
223 RETURN
224 END

225 FUNCTION DIF(IXK)
C
C TO COPUTE TIE FIRST DIFFERENCE OF ITEM K
C

226 DIMENSION IX(lOOI
227 C01MON NM/BLOCK5/POISNIN4D,103)
228 DOUBLE PRECISION PROSUMEPSQ

C
229 EPSO=1.D-08
230 41-4+1
231 SU'-C.DO4O
232 D3 20 JlmI M1
233 PROs1.OO0

234 JUJl-l
235 O 30 1=19N
236 IXJ- Ix( I I*J
237 IF(I.EQ.K) GO TO 25
238 IFIIXJ.EQ.O) GO TO 23
239 IF(IXJ.GT.391 IXJ-39
240 PRO=Ptg*POISONIIXJ9 11
241 GO TO 30
242 23 IXJI=IXJ
243 GO TO 26
244 25 IXJl=IXJ*l
245 26 IF(PRO.LT.EPSQ) G3 TO 20
246 PRO=PRO* PCFOP ( IXJ I, I)
247 30 C3NTINUE
248 20 SUM=SUM4PRO

4 249 IXMw IX(K)40+l
250 IF( IXM.GT.4G) IX.440
251 OIF-SUM.1.-POISON(IXMKI
252 RETURN
253 END

254 SUBROUTINE TABLE(POISON)
C
C TO FILL IN TIE ARRAY FOR CUMULATIVE POISSON SUMS
C

255 DIMENSION POISCN(43O130)
256 C3.4,G N.,M/BLOCK2/XLAMI 1,01

257 DOUBLE PRECISION EPSTERM, SU4X
C

256 EPS- I.D-06

259 03 10 JAI,N
260 TERMz-.O O0
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261 SUNX,1.D+00
26Z DO 20 1,,1,40
263 TERNMrTERM*XLAMI J (/FLOAT(If
261, I-I
265 IF TERM.LT.EPS) GO TO 25
2" SUt4X=SUM X+ TERM
267 POISON I, J)=EXP(-XL AM(J I I *SUNX
268 IFIPOISONIIJ).GT.1.)0 POISONII,J)=I .
269 20 CONT INUE
270 25 IF(IX.EQ.40I GO TO 10
271 D 30 I=lX,40
272 30 P1ISCNIIJJ1l.0
273 10 CONT iNUE
274 RETURN
275 END

276 FUNCTION PDFOP(XIo)
c
C TO CALCULATE INDIVIDJAL TERMS OF THE P3ISSON DISTRIBUTION
C

277 COMMON IBLOCK21XLAM11331
278 DOUBLE PRECISION SUMoWW

C.
279 SUM,, 0 .D 000
280 IF(K.LT.2) GO TO 10
281 DO 15 J*2,K
282 SUM-SUM*ALOG(FLOAT(J II
283 15 CONTINJE
284 10 WW--XLAMIIIK.ALOG(XLAM(I)I-SUM
285 IF (WW .L T .- 15 .0 1 CO TO 20
286 PDFOP=DEXP(WW)
287 GO TO 2 5
288- 20 PDFOPlO 0
289 25 RETURN
290 EN D

291 SUBROUT INE SIRALA(X, IRI

C THIS SUBROUTINE RANKS AN ARRAY OF ELEMENTS IN DESCENDING ORDER
C IR(KI IS THE RANK OF ITEM K IN THIS 3ROERING
C

292 COMMON N,M
293 DIMENSION XI0O),IR(I00),ISEQ(I00)Yl 1001

C
294 0 9 1-1,N
295 9 ISEQ(I)=I
256 DO 10 I-1,N
297 XMIN=X(lI
298 IM INJ-I
299 IMIN"ISEQ(1)
300 NI-N-14.
301 DO 20 J"IN1
302 IFIXIJ).GT.XMIN) GO TO 21
303 GO TO 23
304 21 XIIN-X(J)
315 .4IN-ISEQ(JI
305 IMINJ"J
307 20 CONTINUE
308 . IRfIMIN|I
305 IFINI.EO.IJ GO TO 10
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K

310 NZNI-l
311 00 30 JoltNZ
312 IFIJ.LT.ININJ GO 033
313 J1UJ~l
314 ISEQIJ) ISfEoIjI
31S Y JaXf J I
316 00 TO 29
317 33 Y(J)=X(Jl
318 29 XIJ)-YI J 1
319 30 CONTINUE
320 10 CONTINUE
321 RETURN
322 END

323 SUBROUTINE BASLA(XLAG#IXI
C
C THIS SUBAOUTIN FINDS AN INITIAL POINT WITH A PREDETERMINED
C LAGRANGE PARAMETER
C

324 DIMENSION IXi130)
325 COMMON N *M/BLOCK1/C (1001 /BLOC KS/POI SON('3 %1OO1

C
326 00 10 I-gh
327 IW0
328 A--XLAG*C( I3PDFOPIIW91I-1.
329 IFIA.GE.O.0) GO TO 10
330 15 1W-,IW*
331 B- A*PDFOP ( ,IWI
332 IFIA.LE.O.O.AND.B.GT.D.0I GO TO 10
333 A-S
334 CO TO 15
335 10 IX(IjI,,
336 RETURN
337 END

SENTRY

AI
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APPENDIX A.2

COMPUTER CODE FOR TOE MODIFIED

ALGORITHM OF BROOKS ET AL.
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A List of the Variables in the Computer Program

BO Coefficients bo, bI ..., bi

C(I) Cost of item I

COST Cost of the current solution X

ENORS E(NORS/X)

EPS Parameter for testing sufficiently closeness

F(100,50) Matrix for the cumulative poisson sums

ICOUN Counter for the number of iterations

IMAX The index I for which RATIO(I) is maximum

IX(lOo) Current solution

N An upper bound

N The total number of items under consideration

NOPR Problem number

NSTEP (ICOUN) Number of steps in iteration ICOUN

OPTIM The optimization routine

PDFOP Function routine which calculates the individual poisson
terms

RATIO (100) Ratio of return per dollar investment

RKAX Ratio (IMAX)

4 TABLE The subroutine to fill in the matrix F(100,50)

XLAM (100) Poisson demand rates

XINVT Budget

VNORS Function routine to calculate E(NORS/X)

A.2.2
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The FORTRAN Listing of the Computer Program

C

C
C MODIFIED SOLUTIOK METHOD OF BROOKS ET AL
C
C *******4****e******e*.***

C
I DIMENSION MX103)1801lOO)
2 COMMONC N,M/BLOCK1ICI13)O),XINV/lLOK2/XLAM(1O0,/BLOCK'./Fg130,50)/

*LOCKS/ ICOUNoNSTEP (501
C

3 EPSw.001
4 EPSCZEPS**2
C
C INPUT T HE CATA
C

9 READ( So901 NOPR
6 REAO(S,100) NMXINVT
7 READI5@110) lClI),ItlNI
* REAdS, 110) (XAN(II-lolN)
9 WRITE(6,4001
10 IRZTE16,4051 NOPR
11 WRITE(69 105) N,XI'4VT
12 ?4-~

C
C INITIALIZE TIE PARAMETERS B
C

13 00 10 Ju1.M
14 10 BOIJISO.0
is 80 (Ml )-1 .0

C
C CALCULATE TIE PROBABILITIES

16 CALL TABLEIF)
IT ICOUtEI

C
C PERFORM THE OPTIMIZATION
C

1s 1000 CALL OPTIMIBO,IXCOSTJ
c
C CHECK IF 8-NDE IS SUFFICIENTLY CLOSE TO 8-OLD
C

19 SUHSOMO.O
20 00 20 .11=1,M1
21 PRO=1.O
22 03 4.0 15=1.N
23 IXJSIX( 15)+JJ1
24 IFI(IXJ.GT .501 GO TO0 40
25 PRO-PROFII5vIXjl.
26 40 CONTINUE
27 JFIPRO.LT.EPSQ) PRAso.O
28 SUMSQUSUM4SQ. 1(80JI I-PROI**2)
29 BO jI iIVPRO
30 22 CONT ZNJ E

C
C IF SO# TERMINATE ANID PRINT THE RESULTS
c

31 IF ISUMSQ. LT. EPS) GO TO 533
C OTMEPWISE REPEAT THE STEPS

32 ICcXJNICOUN.1
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33 GO TO 1003
34 500 WRITE(6, 240)
3S 03 3C lt
36 30 WRITE16#2501 IsC(I tXLAM( I 191X(I I
31 Er4ORSuJNOASI IX)
38 WITEf692D1I ENCRSsCOST

40 WAI TE(6 93011 ICWUN9INSTEP( I)I11ICOJNI
41 9.) FOJ4MATI 141
42 100 FORMATI?14,F10.01
43 105 Fr)RMAT(//5X,N0 14,5XtoIUOGETaSFI3.21
44 113 FORMAT I OF2.0I
45 231 FORMAT(If5X 1 OHE INORS/X)m 9FlO .5v,2X,99COST( X) S.F 10*2)
46 24m0 F3RbAT///o38Xo' OPTI MALI 9/95Xv ITEM*93XoScOST/JNIr.,5SXv 'DEMND9, 4)

It, SOLUT ION,'// 1
47 250 FaRMAT(SX,#,1,322XF3.2,6X.14I
491 300 F)R'A // 5X'8: 1. (Fl0.3)
49 331 FORMAT 1///, 5X,16HO OF ITERATIDNSe,149 //#1 SX98 OF SIE PS IN EACH 11

OERATION3' 92014)1
so 400 FORMAT (IHIP//# SX,'T14E MODIFIED SOLUTION METHOD OF BROOKS ET AL 9/

51 405 FORtMATI///95X,'PROBLEM NUMBER' 14 1
52 STOP
53 END

54 SUBROUTINE OPT IMIBOIXCOSTI
C
C OPTIMIZATION ROUTINE PERFORMS THE MARGINAL ANALYSIS

55 DIMENSION IX(IIOO),BO(1301,RAT13(101,94R(1001
56 COMMON N,M/BLOCKI /C 1103 ItX INVT/LOCKi /Fj 1)) q5) 1IBLOCK 5/ ICOUNqNSTEl

*(501

57 "l~1
so CDSTW0.0
59 co 13 Iw1,N
60 IX(I)w

C
C CALCULATE T HE RAT713 OF RETUJRN PER EACH DOLLAR INVESTED FOR EACH ITE

61 SUMzO.o
62 DO 20 Jo1,Ml
63 JJuj*1
64 WwuF(I,JJI/FtltJl
65 20 SUM-SLJM*BO(J)*AL)GIIWWI
66 - 10 R&TIO(I)SUM/C(I
67 NSTEPIICOUNI*1
68 200 NO~wD

69 NSTEP(ICOUNI-NSTEP( ICOUNI*1
70 DO 21 1019N
71 21 MRIIjs-1
72 100 IMRSO

C
C FIND THE MAX IMJM RATIO S ADD ONE U41T 3F THIS ITEM TO THE KIT
C

73 D3 20 Iw~tN
74 IFIDRII).EO.1I GO TO 25
75 IMRwIMR#1
76 IFIIMR.EO.lI GO TO 26
77 IFIRATIO(I.LE.RAX) G3 T3 25
76 26 UMAX-RATIOMI
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so 25 CONTINUE
&I M(IIHAXI I

C
C CALCULATE THE COST OF THE NEW KIT

62 XCo STwCO ST4C( IMAXI
C
C IF COST EXCEEDS THE BUDGET, FINC THE ITEM WHICH WILL VIELD MAXIMUM
C WITHOUT EXCEEDING THE BUDGET# THEN RETURN THE MAIN PROG.
C

83 IF(XCOST.GT.XINVT) GO TO 30
84 COS7=XCOST
as IX (IMAX )-I~f I.AXI*1

56. SUMO.3
57 DO 35 Ju1.M1
63 IX J- IX I 4AX I J
39 IxJiuxj*1
90 IF( KXJ.GE.501 GO TO 35
91 WWFIIMAX9 IXJl )/F(IMAX, IXJ)
92 SUPO*SUM.BC(J)*ALOG(WWI
93 35 CONTINUE

C OTHERWISE UPCATS THE RATIO(IMAX19 REPEkT THE STEPS
94 RATIO( IMAX)mSUMIC( IMAXI
95 GO TO 200
96 30 NOR=NOR*1
97 IFINOR.LT.N) GO TO 100
93 REYJAN
99 END

100 SUBROUTINE TABLEMF
C
C CALCULATING CUMULATIVE POISSON SUMS
C

101 DIMEtZSION F1100.50)
102 CUMMON NtM/BLOCK/C(IO0).XINVT/BLOCK2/XLAMI1)3)
103 DOUBLE PRECISION EPSTERMvS~l$

C
104 EPSWI.O-06
105 D 10 In ,34
10$ Ff 1,13It POFOPIO, I I
107 TERMm.O.+OO
106 SuMm.O+00
109 DO 30 Jw2r50
110 TEPMaTERMOXLAMIII/FLOAT(J-1)
III JXVJ
112 lFITERM.LT.EPS) GO TO 25
113 SUPOinSU4I.TERM
114, Ft Ipj I-EXP I-XLAMI I I)*SUM
Its IF(F(ItJ).GT.I.01 FtIiJ)10
114 33 CONT I'3UE
1t7 25 IFIJX.EQ.501 GC TO 10
lie 03 35 JuJX,50
119 35 F(I,Jl11.0
120 10 CONTINUJE
121 RETUR'4
122 EN 0

123 FUNC71ON POFOPIIC,I)
C
C CALCULATING THE L4DIV IDUAL POIS34 TER14S
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c
124 COMMON /BLOCK2/XLA0NI1001
125 OaUBLE PRECISION SUMvww

C
126 SU'Iu0.90*
127 IF IKLT .2) GO T0 10
128 DO 15 Jm2vK
129 SjMwSUaIALOG(FLOAT(.JI
130 15 CONT INJ E
131 10 WIJ'-XLAMI I I.K*ALOS(XLAMII I I-SUM
132 JFIWW.LT.-15&3) GO TO 20
133 PDFOP=DEXP(WWI
134 GO TO 25
135 20 PDFOP=3.*0
136 25 RETURN
137 EV4D

118 FUNCTION VNORSC1XI
C
C CALCULATING THE EtNORS/XI FUNCTION

139 DIMENSION IXI100IPROI2OI
14,0 CO)MMON N,MISLOCK4/FIIOO.50)
141 OUBJLE PRECIS ICN SUMPRO, TOPL

C
142 EPSO.03001
143 Mu.
144 SUNUO.0*OO
145 D3 10 Jw1,N1
146 PROIJIM1.C*00
147 DO 20 1-1,N
148 IXJA IxtI )*j
10 20 PROJIsPRGj)*F(lIXJ)
1S0 10 SUMSM1.-PROIJ)
151 TOPLuj.O*0+0
152 DO 30 I-Ith
153 K0O
154 43 MAK. IX( 114M.+249
155 WXPDFOP(PXK,1)
156 ~ WWFLri&TIK+l *WX
1 57 IFI(WX.LT .EPS ) GO TO 33
156 TOPL=TOPLG WW
159 KmK41
160 GO T0 40
161 30 CONTINUE
162 VNORS=SUM.1OPL
163 RETURN
164 END

$ ENTRY
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APPENDIX A.3

COMPUTER CODE FOR THE SADDLE POINT

SEARCH ALGORITHM
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A List of the Variables in the Computer Program

A(50) The cost of the current solution for subroutine DUALPR

AXM Minimum of A(I) which exceed BUTCE; A(IXH)

AXP Maximum of A(I) which are less than BUTCE; A(IXP)

BASLA Subroutine which finds an initial point

BUTCE Budget

C(100) Cost of the item

COST Total cost of the current solution

CX(50) E(NORS/X) (used only in DUALPR)

"XM CX(IXM)

CXP CX(IXP)

DIF Function routine for calculating first differences

DOTPR The dot product of two vectors

DUALPR Subroutine which solves the dual problem to obtain the
Lagrange multiplier

ENORS E(NORS/X)

INPUT The subroutine which reads in the necessary data and
initializes the arrays

ISTAR Starting solution X°

IX(100) Current solution

IXO(100) Solution obtained in the Subroutine BASLA

IXI(100) Solution obtained in the Subroutine SEARCH

IX2(100) Solution obtained in the Subroutine TARAMA

IXO(100) Final and/or optimal solution

IY(100) Initial solution

KPAR Parameter for finding an initial point in BASLA

M An upper bound

A.3.2
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I1

N Total number of items under consideration

NARA Number of times Subroutine ARAHA called

NBAS Number of time Subroutine BASLA called

NITER Number of iterations

NOPG Number of points generated by the Saddle Point Search
Algorithm

NOPR Problem number

NPAI Number of times Part 1 called

NPA2 Number of times Part 2 called

NPA3 Number of times Part 3 called

NSEA Number of times SEARCH called

NVNOR Number of E(NORS/X) function evaluations

OPTIM Optimization Routine

PART1 The subroutine which performs a test by calculating an
upper bound to the linear program in determining
whether a component can be increased by one

PART2 The subroutine which calculates an upper bound for the
sum of first differences

PART3 The subroutine which performs the same test as in PARTI
but sets up the linear program explicitly

PDFOP Function routine for calculating individual poisson

terms

PLAG Current Lagrange multiplier

POISON Matrix for the cumulative poisson terms

POLD Previous Lagrange multiplier

SEARCH The subroutine that makes a one dimensional search for
each component separately

SIRALA (X,IR) The subroutine that ranks the array X in descending
order

TABLE The subroutine which fills in the matrix POISON
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TARAA The subroutine which makes an attempt for improvement
heuristically

VNORS The function routine to calculate E(NORS/X) + X CX

VXO E(NORS/IXO)

VX1 E(NORS/IX1)

VX2 E(NORS/IX2)

XLAM(100) Poisson demand rates

XLPRO The Linear Programming Routine which solves problems
of the type max CX subject to AX <b X >0.
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FORTRAN Listing of the Computer Program

AJOB TI4EwO5

C'
C.
C it A SADDLE PCINT SEARCH ALGORITIHM
C'
C.

C
C MAIN PROGRAM
C

1 DIMENSION IXIlOOI.IYI1001

C 14IPUT THE DATA
2 CALL INPUT (NOPRICPARPLAG IY)

C
C PERFORM9 THE OPTIMIZATION

3 CALL OPT IMIPLACKPAR, IY, ENORS, IX,COST I
C
C PRIN4T THE RESULTS

4 CALL OTPUT(PLA,NOPR,IYENDRS,IXCOSTI
C

5 STOP

I SUBROUTINE INdPUT(A0PR,KPARPLAG, IYI
C
C TO READ IN TPE DATA r
C

S DIMENSION JYIIOOI
9 COM-40N ,I.M/BLOCKI/C( 103 /BLOC K2/XLAP( 1003 /BLOCK3IBUTCE

10 COMMON /COUNT/NITER,NBAS 519NS EA501 NTARIS0,NARA SO),NPAII SDI
*NPA2ISiiNPA3I 503,NVNOR/TAB/POISONISO,100)

11 READIS,90) NOPR
12 REA(591O0aI NMBUTCE

1'6 REAOI5,113 IXLAM(1lI-I1NI
15 REAOISv1533 KPAR,JSTAR,PLAG

C INITIALIZE ThE CCUNTERS,
16 NITER-1

17 W40J'Rz)
18 D'J 19 11,950

20 4SEA IIIxuO
21 NTARII.O
22 NARA(IuO
23 KPAIII&O
24 NPA2II)jaO
2S NPA3(I)u0
26 19 COdT INISE
27 00 10 1019N

?a I IV I I)=ISTAk
C
C CALCULATE THE CUMULATIVE POISSON SUMS
C

29 CALL 7ABLEIPOISO.NJ
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30 g0 FORMAT t141
31 100 FO PMAT12 14 F 2 .0 1
32 110 FG RV.AT( 1OFSB. 0
33 150 FORMqAT12 149,F1'.0)
34 RE TURN
35 EN D

36 SU BROUJIN E OT PUT IPL ACNOPR, 1Y9 E4ORStI XvC3ST)
C
C WRITING OUT THE RESULTS

C7 D)IMENSION Iyf10JofX1l)01

39 CI"'bO04 NtM/8LG rK1.1102I/BLOCK2/XLAM(1O3I/BLOCK3/BUTCE
39 COMMON / COUNT/NIT ER, NBASI 52), 1SEA (S) NTAR 521 NARtA I 5)'#NPAI ISO)@

*NPA2(5)) .NPA3(50),NVNOR/TAB/POISONt5) ,123
C

40 WRITE1693Z#31
41 WRITE16,405) NCPR
42 WR ITE169 2351 NBUTCE
43 WRIT E(6t22 )IF
44 03 20 Iu1,N
45 20 WRITE(692251 19C( JJ,XLAMI1) PIYI),tX( is
46 b&ITE16,213) EtCORSCOST
47 WlJTEI 6 9 3 31 P LA;

46 WRIT Et6 924-3) N IT ERtNVN3R
49 WRI TEf6,92451
50 D3 30) 1-1,NITER
51 30 wrgirE(6,25)l I,*4ASI,SEAII),NTAI11),%IRAiIJNPAI(I),NPA2(1JNPI

13(l)
52 205 FOiRMAT(5XNUM4BER 3F ITEMS$v4,2X,lBGETSI,FI).21
S3 220 Fr'MAT(///38X,'I34lTAL%5E,'OOPTI4&L',I,X,*TM',3X.COST/WJlT'66

1K. 'DEMAND',t4XtOSOLIJTION'S.4XSOLUTIG4',I/I
54. 225 F3R4AT(5Xv 'Not13t2(2XvFl0-J.2,2f8x,14I)
55 210 FORIAT//,5X'EINORS/X)w*,9F1O.5.5X,'COSTIX)S$',FIO.2)
56 230 FJ R'IA T/ 95X9 1LAGR % NGE UL TI PL IER IF1O0. 61
57 240 FO.4 AT U//v,5X t' OF 17E RAT 1N oIt 1,49 //, 5Xt I OF NOR S E VA LUA TI OKS-,

1 14 I
59 245 FOR4AT( //, SX9 1 OF STEPS IN EACH I TERATI 3N' 9//,5Xt 11TERATION I','.

*X,ISTEP1 SJEP2 STEP3 STEP'. P41TI P%;T2 PRT3'9/)
59 25C F2R4 AT( 12 Xt1492Xi 7( 3 XI14)
60 300 FK4~AT(IHIp//t 5X,'$THE SA0DDLE POINT SEARCH ALGORITHH',fI)
61 405 FJRMAT(///5Xt 'PROBLEM NJM8ER0914,/1
62 RETUR4
63 En O

64 SUBROUTINE OPT IM(PLAG,KPARvIY0,VX&,IXO,C3STI
C
C OPTIMIZATION ROJT14E
C

*11
66 CC')P40N N,M/BLOCK3/BUTCE/BLOCK'./NOPG/BLOCKI/C(1301
67 C34404O /COLI1T/NIT 2RN'ASI)3,NSEA(50),NTAR(5)I,9NARA(53)ioNPA1I5)J,

*P4PA2 g5) NPA3( 50Ij4VNJR

68 EPSe.Ce0002

10 ZZ2O.0
71 CXI PG1=VPIj3Rs(ZZqIYO)
72 A(NOPG)-DOTR( lYO I
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C
C ST EPI: FIND AN4 INITIAL POINT
C

73 500 CALL SASLA(PLAGvKP4RIXOI
74 IF(NITER.GT.1) GO TO 23

?s go0 25 11,h
76 25 IV31 1Is IXDI- )

C
C STEP2.: FIND A STATIONARY POINT
C

.77 20 CALL SEARCINPLAG, IXIVIXI
78 VXI1VNOPS(PLAG,IXII

C
C STEP33 A H4EURISTIC INPR3VEFIENT TEST
C

79 CALL 7ARAHA(PLAGIXIVXltIXZVX2J
C
C COMPARE THE KEW FOINT WITH THE INCJ'tBENT POINT

so I"(VX2-VXll 14,12,12
81 14 120 13 Is 1, N
82 13 1X*fII I wX2 it)
83 00TO 20

C

84 12 CALL ARAMAIPLAG, IX2,VXZKIX39VXDI
as IF (VXO-VXll 10,15,15
66 D' I) I I a1, N
a7 11 1XPI I)= IXOI I
89 G370 20
89 15 N3P0-N3PG.1

C READJUST THE CDEFFICEINT OF THE LINEAR PROGRAM
C

90 A(IJOPC)-0OTPRI IXO)
91 CO STm AtNOPG)
92 VXAwVNoRSfZZ# IXO)
93 CX(NOPGIsVXA
94 POLDwPLAG

C
C SOLVE THE DUAL LP TO OBTAIN THE LAGRANGE MULTIPLIER
C

95 CALL DJALPRICXAPLAG
C
C IF THE 'dEW MUJLTIPLIER IS SUFFICIEN~TLT CLOSE TO OLD ONE, TERMINATE
C OTHERWISE REPEAT THE ITERAT1ONS
C

96 FARKABSIPCLO-PLAGI
97 IF (FARK LTEPS I GO TO 1003
98 NI TER-141 TER*1
99 Gn TO)500

100 1000 RETURN
101 ENJD

102 SUHROUTINE DUALPRICXAX)
C
C SOLVE THE DUAL TO OBTAIN A LAGRANGE MULTIPIER
C

103 DIMENSION CX(0)vA"53)
104 C.1MON /LCCK3/BUTE/BLOCK4/NOPG
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105 IXW0

107 DO 10 ImINoloG
108. IF IACI)-BUICE) 2092033
109 20 IYv IY*1
Ito trtiy.EQ.i) GO TO 25
III IF(A(3i-AXPI 13-43925
112 25 Xx-At 11
113 CxP.CX1 )
114 GO TO 10
115 30 IXv IX+1
116 IF( IX.EQO.1I GO TO 35
117 IFIA(II-AX'41 35,10,10
lie 35 AXMAlI)

120 10 CONTINUE
121 X&(CXP-CXMI'(A3u-AXP)
122 RE TUlAN
123 END

124 suepouTiNE BASLA(XLAGtKPARPIX)
-C
C FINDS AN 1141TIAL POI'4T
C

125 DIMENS104 IX1lDO)
126 CZVV404 N,M/BL3CKI/C(1132
127 COMMON /CCiNT/NITER,N3AS15),NSEAI5ORNTAR(IONARA1531 *NPA1I(531

*4PA2IS2),NPA3I S3,NVNOR
123 Ni3ASfNITERfrNBASlNITER)41
129 D.') 10 1-1 9N
130 hduO
131 A=XL AGO C II )+PDFDPI (W litI)-I.
132 IF (A.GE. 0. )) GO 70 11
133 15 Iwo Ih.1
13. 8- A+PDFDP( 1W, I I
13S IF (A-LE 0. 1. AND.B.GT.2.A2I GO TO I1I
136 Au 8
137 . GO TO 15
138 It IlisIW-KPAR
139 IFIIW.L7.')) IWm0
140 10 IX(I)mIw
141 RETUR~4
142 END0

143 SUBROUTINE SEARCHIXLAGIXIXOI
C
C PERF'IRmS nNE DIMENSIONAL SEARCH F3R EA:H :OMP3N='47 SEPARATELY
C

14. DI14ENSION IX(1DO)tIXO(I10)ZYIO0Il
145 UJ9,M0N Nom
146 COMMON /COJNT/hITERvNiAS(5 D tNSEAM PINT AR 5) )vNARA (50) 9NPAISI 

*NP A2(511 vNPA 3( 501 iNfVNOR
C

147 NSEACNITERI*NSEA(NITERI*1
146 D3' 10 ImI,t4

C
C CALCULATE THE F IRST DIFFERENCE

149 X1 0 1F( XL A GIXvEJ
c
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C IF IT .IS POSITIVE ,THE POINT X(I1 IS STATIONARY, OTHERWISE
C FIND X111 SUCH TI-AT ITS FIRST OIFFEREN:E IS P:!SITIVE
C

ISO IFtI1 20,25,25
151 20 In 11 Jz1,N
152 IF II.EOJI GO 10 12
153 IY (jIn IX(J I
154 C') 70 11
155 12 IYIJlxIXIJ)*1
156 11 W*.T IMJE
is? Y1 DIF(XLAG91Y I
158 £FfYI) 30,36936
159 30 00 It J-1,W
180 IF(I-J) 13914,13
181 14 IXIJI.Ix1J)+1
162 13 c3Nr 11JE
103 KIuYi
184 GO TO 20
165 25 00 15 Jul 9N
166 I1IIEQ.JI GO TO 16
167 I Ij Is IXIJ 1
168 G) TO 15
169 16 1YIJ)mIXIJI-l
170 IFIIYIJI*LT.0) G3 TO 36
171 1s CONITINUJE
172 Y2=DIF1 XLAG [Yell
113 IF (Y2 ) 36, 36p,40
174 40 00 60 Jul At
175 60 IX (J )aIYfIl
17b X1ZY2
177 G3 TO 25
178 36 D) 6S J-1,N
179 65 I!fJ)w JXIJ)
180 10 C3NT'I'JE
181 RETURN
182 END

133 SUBROUTINE TARAMAIXLAGIX#VXIXO#VXOl
C
C OBTAINS ID'PROVEMENT HEURISTICALLY
C

1 ati DIMENS ION IX( 100). IY( 100)v RATIO( 1001. IR4MKI 1003 it XOI1 00)
1015 c0MION ?JM
186 COM4N /COUNT/NITERtNBAS15O1tNSEA(501 vNTARfS)1,&ARA1S01,NPAZ (521,

*.4PAZIS) ),NPA3ISO).IV43R
C

187 'T4Rf41TER3)NTAR(NITER)t1
18 ITETAzl
139 100 DO 10 I=1,N
190 DO 20 Jx l,N
19i IFIJ.EQ.I) GO TO 25
19? IFIITErA. EC.-1.AND. IX(I.EQ.31 6070O25
193 IY(J)mIXtJ)*ITETA
19'. GO TO 20
195 25 1YIJ)sIXIJ3
196 20 CONTINUE
1 cv7 ALFBwOIFIXLAGv1Y,1

2941 ALrAm0IF1XLAGvIXII
199 RA11OIIIEALFG/ALFA
200 10 C3NTINUE
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c
C RANK THE PATIO OF FIRST DIFFERENCES OF EACH COMPONENT
C

201. CALL S 1RAL AtRAT 109IRA4MI
202 DO 30 lulth
203 W 35 jo1,N
204 1Ff IRA4KIJ).GT .1) GO T3 38
205 IF (ITETA. EQ.-1*AND. IXIJ).EQ.01 GO TO 33
206 IY(JlwIX(J1*ITETA
207 GO TC 35
203 38 IYIJ)=IXIJI
209 35 CO %T INU E

C
C CALCULATE ITS E(t.ORS/XJ

210 VYuVNORSIXLAGP IY)
C
C %COPARE WITH THE INCUMBENT SOLUTICN

211 IFIVYLT.VX) GO TO 50r
212 30 C:!NT INJE
213 IFIITETA .E0.-Il 50 TO 90
214 ZTETA-1
215 GO TO 100
2106 50 00 60 IZ1,14
217 60 1IV)II Y(I1)
218 VX')uVY
219 GI To 110
220 90 D0 70 1u1,N
221 70 IX'I4J)=IX(I)
222 VXOwVX
223 11 aEr.JRN
22'. END

225 SUBROUTINE ARAMAUQLAG,IXVXtIXOtVXO)
C
C REDUCES THE SET OF POTENTIAL CAND104TES BY CONTRADICTION
C

226 Of MES ION IX I100 1, IXO ( 10), IY( 100),s IZ t100 sI SIR (100),9JARR 1100 1 MO
&CI 100)

227 COMMON N, M/ BLOCKS/ ITETA/BLOCKS8MZEJ AR /BLOC K6WLAM
228 OM1MON /COIJNT/NITERNBAS(531,NSEA1502,NTAR1533,P4ARAt53),NPAI(5)I,

*NP -%21 511 ,NPA 3150) ,NVNOR
229 NARA (NIT ER)a NARA(N ITER )+I

C
230 WLAM=XLAG
231 IT ETA-1
232 500 lCV'LNO
233 NOZEwO
234 IKOOEwO
235 400 DO 10 Isl,N
236 IFINCIZE.EQ.,-) GO T3 19
;.'37 al 15 Il=1,NOZE
238 IF (JARR( II).EQ .11 GO 10 13
239 15 C-3N TINJ E
240 19 00 20 Jv1,N
241 IF(J.E3.13 GO TO 25
242 IF 1IIETA.EIJ.-I.AND. IXIJ ).EQ.OJ G3 T3 25
243 IFIN()ZF.E0.03 GO TO 29
244 DJ 26 JJ=1,NOZE
745 IF(JARRIJJ).EQ.Jl GO TO 25
246 28 C047INUE
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247 29 IV IJ I=IX IJ I#ITETA
248 Go TO 20
Z49 25 lY(JIBIX(Jt
250 2D CONT INIE
251 ALFA2=0 IFl XLAG9 I Ye I
252 IFIM.FAI 11t12912

M It 1Cq3tJNICOUIk4
254 ALFAISDIFIXLAGIX,1)
255 RATIO-ALFA2/ALFAI
256 ISIR(ICOU11juI
257 ZFtICO'JN.EO.13 GO TO 41
253 IF (RAT IO.LT.RMAX) GO 70 10
259 41 IQ4AXoRATIC
260 JJUJ
261 W TO10'
2*2 12 NOIFuOZE.1
263 JAVRIIJI4Z E -1
264 1.0 CONTI?J E
26.5 I0(1KO3E.EC.1) GO TO 11-3
266 IF( ICOUNt.EO.31 GO TO 110
267 DO 33 Iu1.N
265 IF[I.E3.JJ) GO TO 33
269 G3 TO3S
270 33 IF (17ETA. EO.-I.AND. IM(I).EQ.0 I GO TO 35
271 1 tIaIM(1I )+ITETA
272 GO T03%1
273 35 IYII)1lXf1)
274 30 C3"TI'IUE
275 ZFIICOUNoEO.1) GO TO 63
276 NmiCno
277 00 50 JulIt ICOUN
275 IF (IS IR IJ I.JQ.JJ)I GO T3 50
279 JL-ISIRIJI

C
C PROVE Bf C04TRADICT13N THAT JL-CO'4POlElT CAN'T BE 1

280 CALL PART1(IYJJvJLIlZ,ICODE)
281 I-IICODE.EO.01 GO TO 55
252 Wl 59 JI.N
283 59 IYIJIIIlZlJ1I
284 G3 TO SO
285 55 NU CwNJC +1
286 NUUC 41C) zJ
287 50 COTINPUE
283 IFINaJC.EC.J) GO TO 60
289 IF(NUJC.GT.11 GO TO 40
290 JuC-?oOUC(NL'C)
291 IF(ITETA.EC.-1.ANa.IY(JUC;).EQ.2) GO TO 60
292 ZYIJtlCl=IYIJUC)+ITETA
293 GO T 060
294 40 CALL PAiTZ(NUC,MOUC,IY,XLBI
295 1F(XLB.GE.VXI GO TO 13
296 C ALL PART 3 (IY,9VX, JJ #NJC v MOUCPIZ I
297 03 61 J1w1,N
298 61 y IY11 :ZI jI I
297 63 VY -VNOIS (XLA Gt IYI
300 IFIVY.GE.VX) GO 7O 100
301 VXOUVY
302 00 65 I1,9N
303 65 1XO(I)*ZYII2
3P4 GO TO 300
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305 100 1ClUNNI CO'JN-l
306 IF( ICO!JN.EO.01 G3 T3 110
30? NO ZERNIZ E+1
306 J& RR INXE) mJJ
309 IKODEul
310 GO T70 40 0
311 110 IF IItETA. EQ. -11 GO TO 2 3
312 17 ETAm- 1
313 GO 10 530
314 200 DO 70 1:1 .N
315 70 IXOlI I- IXII I
316 V Xnv X
317 300 RE7UR4
315 END

319 SUBROUTINE PARTIIX,JJ,JLPIY*IC3DEI
e
C PERFaRMS A TEST BY SIMPLY EVALUATI'4G AV UPPER BOUN) FOR THE LINEAR
C IF JCODE&I , TEST SUJCCEEDED
C IF IC3DE=0 TEST FAILED
c

320 01IMENSI[ON IMXI19 )IY11301)1Z(131,XCl 501, XA15 31,JARRI100)
321 C31040-4 NPI/iLOCK5/I TETA/BLOCK6/W4M/BLOCK8/N'OZEtJARR
31? COM4MON / CCNT/NIT ER*,NRASI 50),NSEA( 50) ,NTAR(53) sN4RA(52 1)NPA115O),

&NPA21SO) ,NPA3I511 vNVNOR/TAB/POISO415) 91:31I
C

323 NPAI (NIT ER)=NPAIINITERI*1
324 M 1411
325 XLAGaWLAM
326 *ti'-DIFfXLAG, !XvJL I
327 IF(BO.GE.M.) GO TO 50
325 00 10 Is ,N
329 IF tI.EQ.JJ) G3 TO It
330 IZII)=IX(ll
3'31 00 T013
332 11 JIZI) IXIli-ITETA
333 1s CON'T14UE
33 4 91-OIFIXLAG IZPJJ)
335 D3 20 IsI9,v1
336 IXSx IXJL 141
337 Tl=POFOP( IXS,JL)
338 T22POISONI IXSPJLI
339 XC (I la-7 /T2
340 IXP:IXJJ)*I,1
341 P1=PDF)P IXJJI
342 P2=POISONl IXPJJ)
343 XAI)x-PI/P2
344 20 C3NTI'gUE
345 TER=I.
346 7hR?21.
34? JFIBJ.LT.0.01 G:) TO 22

343 W2.3.
349 S0 TO 23
350 22 W1,I1*B)B
351 23 TERMW1'BI
352 00 30 1.1,141
353 WlzXCtI)-W1*XAII)
354 IFIWI) 30930@35
355 35 03 40) K-I,N
35b DO 37 KK'1.tJOZE
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3S? IFIJARR(KKI.EO.K) SO TO 36
358 37 CDNT 14J E
159 IXKuIXtKl*I11
36) TER~sTER 1*POI SONI IXKvK1
361 GO TO38
362 36 IXKu[X(Kl*I
363 TERPTER 1*POJSONI IXKqK1
36;. 35 IFIK.ED.JJ) GO TO 39
36S IYK=IXIKI+I-l
366 GO TO 41
367 39 IYK=IXIK)41+1
3bg 41 TER~z7ER 2*PO ISONI IYKqK)
369 45 C34T IN'J
373 UI-TFRI-TER2
371 TER~z TERM +*JJ*WJ
37? 33 CONTINUE
373 WwzTERIA-SO
374 !CODE=O
375 IFtWW) 50,5,5
376 SO IC0DEml
377 JF(ITETA.EQ.-1.A4d2.IX1JLJ.EQ.01 GO3 TO 55
378 1IEIJL)uIX(JL)+ITETA
379 55 00 60 full%
38) 6: IYII)=TX(I)
381 RETURN
382 E4JD

383 SU BROJT IN E P ART 21NJ CtMOUC, 1Yo XL 8
c
C IF PARTI FAILS, THIS FIN3S AN UPPER-BOUJND FOR THE SUM OF FIRST
C DIFFEREN~CES OF THE U4ODETER414ED C3EFFI:IENTS
c

384 OI1iENSION fI 1IOO)M0U1 1I0) IZIl11
385 COJMMON N,M/BLDCK5/ITETAlBL3CK6/WLAM
386 COMMON /COU4T/IIT ER , NAS (5 2 NSEA 15 3 1vNT AR(5 ItNARA (50 1NPAI 53 It

*NP A2151) 1,?JPA 31 50), 4VN3R
C

531 4P A2 [NJ TER I N PA I NITERI1
388 sj~Iuo.o
389 On 10 I=1,MJ~c
392) 1XK m 4OUC (I I
391 IXK131IX-l

3?IF(I XKI .EQ.OI GO TO 15
393 00 20 JZIXKl
3 9;p IF(ITETA.EQ.-1.AND.IYIJ).EQ.O) G3 TO) 25
395 IZIJ)=1YIJ)4ITETA
396 GO3TO 20
397 25 IZ(J)=IY(J)
38a 2) CoriTINJE
399 NXKuIX<
43? GO TO 35
4-11 15 NXKu1
4:2 35 M) 30 J=NXK,N
4?3 3) IZ(JlxIYIJ)
4'4 T~R. OIF( WLAM, IZv IXK1*
0)5 IF(TER*4.LT.3.0) G3 T3 40
4C6 TERM*3.0
4')? 44 S1jusSL'IM+T EkM
0?8 13 C3NT INU E
439 XL BsSU-M VPIOR S WLA Mg ZY)
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410 RETURN
411 IN D

412 SUBROUTINE P4RT311XvVXvJJvNUCvMOUCvIf I

C PERFORMS THlE SAME TEST AS 2AAT1, BUT SETS UP THE LINEAR PROGRAM EX
C

413 D114ENSION IXI 100)9IYI 103)9,111 03)tJARRI 137IMOUCI 1001 ,KOUC11031 9
* 10010)

414 CO'ItON N,!4IBLOCK5/1 TETA/RLOCKB/NOZE,JARP./BLCCK9/NROWNCOL/BLOCK6
W.A"

415 Wrimmom /COUNT/ NIT ERvNBAS( 531)NS EA 153) *NTAR 150 1 tARA IS31 9NPA153)
04P AZ 153) ,9NPA34 5019 ,NVNOR/TAB/ POI SONI 391011)

416 NP A3 (NITEJUINP A31 N ITER),1

41? .WCBuNUC
413 X LAGmW LAM
419 NRON=M*2
420 NCOLu&M43
421 NCOL~wNCOL-1
422 02 9 JI1,I
4Z23 IFfI.EQ.JJI GO TO 8
424 IZIII-IX(I
425 G3To 9
426 B IZ II)-IX II.)-I1TETA
427 9 CONTINUE
428 00 10 ISAY-1.NUC8
42? JL - OJC I ISAY 2
430
431 W3 It Jn2,NCOLl
432 TE.RlmI.D
433 TER2s1.*
43.p DI 43 K-1,N
43S 0') 37 KKmINOZE -

436 IFIJAt~IK~.EQeK) SO TO 36
43 7 37 CONT I AJ E
438 !XKUIZ(KIJ
439 G3TO 38
440 34IXK-JZIK)*J-1
44! 38 TE R -7r RI *PO ISCNJXK Ix
442 IF (K. EO.JJ I GO T3 39
443 IYKsIZIKI*J-1
444 GO TO 41
445 39 IYKvIZ(K )+J
446 41 TER2=IER2*POISONI IYKK
447 40 C34TINUE
443 11 Y I IJ) zT ER&-T ER 2
449 Y( I NCCIL) w-OIF IXLAG I Ze iiI
450 D3 15 Iw2#t*OW

452 YlII,11sPDFOP( IXSt JL)/POISON (IXS9 JLI
453 IXPRIXIJJ 141-2
454 IXRXIXIjj)4J-1
455 15 YI I,NCOLI).'DFOP(IXPJJI/POJSQN(IXPtJJI
454 m 25 1w2,i4FtR24
457 DO 25 Jx2,ECOLl
458 IF(J*E~o.I GO 10 27
459 Y1jJI36~)
460 GO0TO2S
461 27 Y( ItJi Ps1.0
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46? 25 CONTINUE
463 BOu-D IF I XLAG, I XJL I

46to DO 21) I1,1NROW
465 210 CONTIN!JE
466 CALL XLPRO(YV)SJI
46? FARKwVOBJ-BO
468 IF IFARK. GT.D.O0) GO TO 10
46; IF I GJ OOAY.IEAE.I O TO 50
471 IX(JL)=IXIJL)+ITETA
471 50 KuCRN'JC-1
472 IFfKUCEO.3) 6O TO 10
'.73 NKUC-0
474 D3 55 J-I*NUC
4.7S JFt'OUCIJ).E0.JLf GO TO 56
476 IF(NKUC.EQ.11 GO TO 5T
477 KDUCIJIuMOUC(J)
478 GO TO 55
479 56 PJKUCwl
480 GO TO55
48! 5y J1UJ-1
48? K34UC(J13-40UCIJ)
483 75 CLNTINUE
484 CALL PART21KUC,K3UC,IX,,XLB)
465 IF(X18.GE.VXI GO TO 503
486 NJCmKUC
487 D3 60 IwloIJC
486 60 I43UCtII=K0LC(IJ
409 10 CONT 1U E
490 500 DO 70 1=19N
491 70' IYfI Is I XgII
492 RETURN
4.93 END

4.94 FJNCfT13N DIFIXLAGtIXKl
C
C CALCULATES TI-E FIRST DIFERENCES
C

495 DIMENSION IX(10)2)
496 C3MMON PJM/8LOCKI/C(1003/TAB/POISON(50,100)
497 DWIBLE PRECISION PRO,SIM
495 Mt-=M+1
499 sum -O.00
Soo D3 20 J1=l,M1
5D1 PRO=I.D+0O
502 00 30 11,#N
503 IxX.I.j1
504 1Ff I.EQ.K) GO TO 25
505 PR0=P~t0*POIS0NIIXJ9II
506 GO TO33
507 25 PPO=PROP PDFOPI IXJI)
508 30 C3NYT [NJ E

23 SJ14-SJM*PRO
310 IX't I X(K)+M.2
511 01Fa-SUM-1.GPOISOfN( IX?4KItXLAGOC(KI
512 PETURN
513 E14

514 RI;#WCT 13N VNORS IXL AG 91 I

C EVALUATES THE~ FUNCTICN E(NORS/X)I*C.X
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Sc

515 D1,4ENSION IX(100IPH(I30,2DIPROIZ3)

Sir COM4MON~ /CCIJNT/NIlER,'8AS5OJ,NSEI50)vNT'.Rl53)o,4RAf52I PNPAll 533
.-MAZf5I,.JPA3150),NVNDaITAB/Po1SDN(5).l:1I

sit OOLF PRECIS10ON S~jMtPROtTOPLoP'4oXW
*51.9 NVNURs.4VNCR.1

520 EP Sm.O'011
521 I a 1
S22?U4o +0
Q23 03 20 JJw1.M 1

S?2. PRO WJI - I. G3
525 DO 25 11-1 PN
526 JXJ I X(11 4jj - I
52? IFI IXJ.GY.D) GO TO 24
528 XXcPDF3PI IXJI11
529 GO TO 25
530 24 XX-POISONtIXJZI)
531 25 PROtJJ~mPAOlJJ)*XX
53? 23 SJM=SJ'tI.-PRO(JJ)
533 7,)PL a3. D, 30
534 0~3 30 11,vN

536 40 14XKwlI(1+10+2+K
537 WX=PDFOP ('4XK,I I
539 Wd -FLOAT (K*1)J*WX
539 IFIWX.LT.EPS) GO TO 33
540 TOPLaT3PL+4WW
541 K=K41
542 GO TO 40
543 33 C3NTI4UE
544 VNORS=SUPMTDPL4XLAG*D)TP~ I IX)
545 RE TURN4
546 V4 0

547 SUBROUTINE TABLE(PCIISON)
C
C CALCULATES TPE CUMiLATIVE POISS34 SU4S
C

548 D14IENSION POISCN(5Cvl1223
549 C:JMM0N iM/BLOCK2/XLA4(112))
550 DOUBLE PRECISICN EPS,TERMSUIX
551 EPS=l.O-06
552 02 13 JC1,N
553 TERM4-1.D+0)
554 SJIAXu1. D+03
555 D3 20 1=1,50
556 TFR4- TERM* XLAM(J I/F LOAM1I
557 IX=I
556 Ir(7ER'.L7.EPS) GO TO 25
559 SU*4X=SJKX+IERM
560 POISON(I 9J)--EXP(-XLAM(J ))*SUM1X
561 IF (POI SON( 1,J).GT.I .01 POJSONI IJI=1.3
562 2) CONTINUE
563 25 IF(IJX.EO.50) GO TO 10
564 03 30 1 .X,50
565 32) PUISON( 1, Ju1 -0
50' 10 CUNTINJE
56? RETURN
566 E10
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569 FUNCTION PDFOPIK9IIrC
C CALCULATES TIE INDIVIDUAL POISS0l TERtMS

570 COMIMON /BLCCK2/XLAMI(1331
si71 DJBLE PRECISICN SuN,WW
572 SUM.D.O)0
573 IFIK.LT.21 G:) TO 10
574 03 15 J=29K
575 SuHw SUIIEALOG(F LOA TI JI)
57S 15 COWT 11IUE
577 10 W- -LM )KA3(L4( JS1
578 IFIA:W.LT.-15.0) SO TO 20
579 PDr(CP= DEXP (WW J
580 GO TO 25
So1 2) POF3P -. 0
582 25 RETURN
5833 END

584 FUNCTION DOTPRIIXI
C
C CALCULATES THE OUT PRODUCT C.X
c

sas DI4ENSJON 1X11301
586 CC.4'IO N NN/BLOCKI/C l1
587 S.3140.3
se8 on) 10 1-1,N
589 XX=FL OAT (I X(II I
590 13 SU~zSUM *XX*C ( II
591 D31PRvSUM
5S92 RE7UR'4
593 'jOD

594 SUBROUTINE S!RALAIXIRJ
C
C THIS ARRANGES AN ARRAY 3F ELEIE4TS 14 %SCENDIN 3R)ER
C IRIK) IS THE RANK OF ITEM K. INTHE LIST
c

595 DIM'ENSIJON X(1.0,3, IR 113),~ ISEQI 10,33,Y( 1031
596 COMNMON NN
597 00 9 11,9N
598 7 IS E01 1)*1
599 DO 10 I-ION
600 X3 IN- X( I
601 IM !~jal
602 IIN-ISEO(1l
603 41=N- 1+1
604 03 20 J-1,Nl
605 IF(X(J1.LT.XMINI SO TO 21
60(0 GO T0 20D
607 21 XMINVXIJ)
(to8 I'IN=ISEO(J)
607 I' INJZJ
610 2-3 CCINT INUE

612 IFl141.E0.11 GO TO 13
613 ri1 =411-1
614 DI' 30 jsl,N2
615 IF(J.Lr.IMI&JI GO T3 33
616 J1sJ*1
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617 IS EOJI IS EQ(J 11
615y VJ XIJ I)
619 G TO29
62) 33 Yl J)-X(J)
621 29 Xt J) uVJA
622 3) C0iT INUE
623 1) C14IT I JE
624 RETURN
625 END

M2 SUBROUTINE XLPRO(YVVOJI

C SOLVES A L INEAR PR3GtA? 3F THE TYPE
C MAX CE ST AX(DX)0

627 DIMENSION Yt1O.22i.XI10,20),IS'4B(1)ISV(1,MR3W(I03
628 CIMMON /BLOC.K9/NROW9NCOL

C
629 ISeV (11-0
63.) 1SNB(I I aNCCL4I
631 DO 10 1=2,NROW
632 10 Ii Rl( I) I-2NC0IL
633 DO 11 J=2,KCOL
634 11 ISNB( J InJ71
635 NR1OWI =R04 -1
636 %rCOL1m4COL-1
637 NCOL2*VCOL*1
638 NcflL3mtCOLNROWI
639 03 12 Im1,WOW
64' 01I 12 JmNCaL2,NC3L3
641 IMSI-1
642 Je4=J-NCOL
643 IFIJM.EQ.INI1 GO' TO 13
644 Y(f,j3zo.o
645 G3 -0 12
6 13 Y (I vJ ) 1 *

647 12 CJi'4TI NUE
64g 100 N' C0
649 NPVw3

651 N14 Va
652 D) L 5 J-2tNCOL
653 IF(Y(1,J).LT.0.O) GO TO 16
654 NNCZNNt.+1
655 IF(NNC.FO..NCOLI) GO T3 5-33
656 G.) TO 15
657 16 tiPCNPC~l
658 IF INPC.EO.1) GC TO 17
659 IFIYI1,.I).GT.YMIN) :0 TO 15

661 JMINJ
662 15 C3N T IN'JE
661 IEVzISNS(JMJNI
664t 44VAul
665 03 2) 1z2vNROW
665 IF(Y(I*JMIN).LE.3.0) GJ T') 25
667 I-)Nl
668 7ETA'Y( I.I1IYjIqJ.41N
669 IF(NN4V.EO.1) GO TO 23
670 IF ITETA-7MIN) 23,20920
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671 23 TM IlowT ET A
672 1141'401
073 1440W(4d4VA3IPIN
67.0 GO 7O?7.
4~7S 2S tUPVsNPV+ I
67b iVr*Jov.EQ.JROW11 G3 T3 453
67T Z3 C14T 1AU'E
67A 03 26 Ia?.tAOW
679 IF (V(IJHZ.J).LE.Do0l GO TO 26
681 TC TAwY(It /YI 1,JMINPd
1.91 IFITETA.G1.TMINI1 GO TO 26
be? IFII.EO.ImINI G3 T3 26
603 tmVAaN%VA41

69s 26 C34TJ9JJE
Ie86 IF INMV4.EQ.l3 GO TO 230
687 0) 80' I1 ,tNVVA
688 IK*MROIWII I

690 On 813 JmNCOL2pNCOL3
1%91 ~ X( lKqtJl Y(IKqJ I/Y(IK,JNI4-1

692 ZF(XtIKvJI.GT.O0 GO TO 85
6vo3 G3 TO ao

CS4 85 JPiJSwJP'3S.1
h~r, IF(JP3S.GT.11 GO TO 83

696 IFIIK.GT.MROW4 13) GO TO 87
67 WJ 1 T 93
699 87 IFIJ-JK.04I1a 6)99'393

6CO9 go 1F1XI1141%,JKMINI.LE.X(IK#J)) G3 T) 83
70C 93 1414=JK

701 JA 4 Jfl2J
702 SO C3?4T 141JE
703 200 !DVsISBVI ININ)
70'. ISNB(J~4JIN)a JDV
705 IS!VI INJN) ulEV
706 03 43 XsltWP.'J
707 D-1 40 JwIlb4COL3
703 Irll.EQ.IP'IJ) GO TO 55
709 IF(J.E2.J#41N) GO TO 6)
710 XI1,J3=YfIJ)-(YII,j4IV)YI'41'dJ3/Y(ININ,JMINI)
711 GUJ TO 40
712 55 IFIJ.FO.JMIN) GO T3 57
713 XlI,J)-Ytl,J)Yt1 4,Jl41N)
714 GO TO 49
715 57 XI lij)MI ./YI 1,J)
716 G) TO 40
717 63 Xf 1,J I2-Y( ItJ I/Yl IMINJMI NI
718 43 COW 1I4J E
719 Dl) 73 I11.NOU
72Z DO 70 J c1,M OL 3
721 7) y II I j IwX ( Itj
722 G.) TO 10)
723 450 ioITE(69 25;)
724 250 FaPMAT(5Xv'UN8CLlN0E0 S)LUTION11
725 SOO RETUR~4
726 EN D

&E%7RY
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* 1THE SADDLE POINT SEARCH ALGORITHM

PROBLEM NUMBER 1

tWMBEN OF ITE14Sw 5 PUOGETaS 25000.0)

INITIAL OPTIMAL
ITE1 COST/ J.4T DEMAND SOLUTIO4 SJLUTIO4

0 1 2980.00 2.10 2 2
* 2 1751.00 1.50 2 2
0 3 462.00 1.20 2 3
5 4 1500.03 5.03 6 7
0 5 345.00 3.50 6 6

E(NORS/XI- 1.06282 COSTIXI-S 23418.00

LAGRAVC- 14ULT IPLIERw 0.000090

0 OF ITFRATIONS- 6

I OF 4ORS EVALUATIONS- 141

9 OF STEPS 14 EACH ITERATION

ITERATION I STEPI STEP2 STEP3 STEP4 PARTI PART2 PART3

I 1 1 1 1 5 0 0
2 1 5 5 2 0 0 0
3 1 4 4 2 3 0 0
4 1 2 2 1 1 0 0
5 1 2 2 1 0 0 0
6 1 2 2 1 2 0 0

STATEPIENTS EXECUTED- 273.2?

CORE USAGE OBJECT CODE= 31504 BYTEStARRAY AREAs 48572 BVIESt 7OTAL

IAG?4OSTICS NU4SER OF ERRORSw 0, NUMBER OF WARNINGS. 0 F

CCYPILE T!'4Es 0.52 SECEXECUTION T1'E' 5.02 SEC, 12.27.33 "[LIE

CsSlOP
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APPENDIX B.1

DETAIL DOCUMENTATION OF GREEDY ALGORITHM

COMPUTER PROGRAM

General

In addition to the explanatory comment statements that are provided

in the program listing of the algorithm (See Appendix B.2), formulations

of computational formulas, and detailed statement by statement interpreta-

tions are provided in this appendix for several critical parts of the pro-

gram. Since some of the subroutines are either essentially the same as

those of the D029 program, or rather simple and straight forward, the

effort below is devoted mainly to three subroutines: TABLE, OPTIM, and

MARGAN. A flow chart describing the relationship between OPTIM and MARGAN

is also provided.

Terminology and Notations Used in Notes on Subprograms

ai = NAP(I) number of applications of item i

bi = BO(I+I) conditional operational rate, given i planes
available for canibilization

qi - KIT(I) quantity of item i in the kit

w weighting factor of AE(SDO) used in r calculation

Fi(x) probability of demand < x for item i

ITOT total number of items considered

MUP upper bound of subscript of bi

NAP(I)=ai

NMAX i  maximum possible number of demands for item i

NOPS - UE number of planes in squadran

NORS = NMCS number of Not Operationally Ready Supply aircraft

POISON (I,J) cumulative Poisson demand Fi(j-l) for item i
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ri=RATIO(I) Weighted average improvement of E(NORS) & E(SDO)

per dollar invested

SDO number of Stock Due Outs, or backorders

S(N) probability of NORS < N-i

UE NOPS

Notes on Main Program

This main program contains the various subroutine calling statements

shown below.

Start

INqPUT

TABLE

INKIT

OPTIM

UTPUT

Stop

Notes on Subroutine INPUT

This subroutine reads input data, calculates average demand rates, and

obtains KIT 5718 and its target value. The code is essentially the same as

the code for the D029 algorithm. LRU-RR, LRU-RRR, SRU-RR, and SRU-RRR are

differentiated and processed in different manners as required.
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Notes on Subroutine TABLE

This subroutine calculates the individual cumulative Poisson probabilities

for each item.
X

Poisson probability is P,(x) X x 0,1,2,... and I = 1,2,...rrOT

hence, PI (x+l) = P1 (x)
x+l

e.g. PI (0)= e- 1 , P, (1)= AI" P1 (
0 ), P1 (2) = PI (1),...etc.

Then the cumulative Poisson probability, Fj(x), can be expressed as follows:

x I e-I
FI(x) = E = Fi(x-l) + Pi(x)

j=0

By employing the two dimensional array POISON (500,60), Fi(j) of item i

can be stored in POISON (I, J+l), since POISON (I, 1) = F, (0) for item I.

The main segment of code for this subroutine is shown below.

iS" 0007 TEirL=S.oD-12
ISN 0008 DO 10 L=IsITOT
TSN 0009 *NOD-BLE4 (XUIh .
ism 0010 TEeP=OEXP4-%nwI
ISN 0011 POISON& loll:TERM

ISN 0012 DO 20 J=2960
ISN 0013 FI TERM.LToTERL.ANa)POISONI.J-11GT.9.0o01 GC T0 30
ISN 0035 TERP"TERM.WNU/DFLO4Tt j-i*
SN 0016 PO1SON1oJ)"POISONIoIJ-1*,1ERN

138 0017 20 CONTIN E
ISN 0018 (0 ia 10
ISN 0019 30 00 40 JXJ.1960
1SN 0020 40 POISON( IaJXlODOJ
ISN 0021 10 CONTZNUE

ISN 0022 RETURN
ISN 0023 END

Line 7 gives the criteria for stopping further computations of the upper-

tail of the Poisson distribution. At lines 10 and 11, POISON (1, 1) = FI (0) =

- X, Lines 15 and 16 calculate

e . Line 13 checks if the stopping criteria is met.
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all Pi(x) and FI(x) for each item. Lines 19 and 20 assign to all the re-

maining cumulative probability terms the value of 1.

Notes on Subroutine INKIT

This subroutine is essentially the same as that of D029. It appropriately

increases KIT quantities to ensure that the probability of any item being the

cause of half a squadron being down is less than 0.50.

Notes on Subroutine OPTIM

This routine calls marginal analysis subroutine, MARGAN, and updates the

parameters bi's. It terminates if the new set of bi's are sufficiently close

to the values of the previous set.

ITOT
BO = b 1 = F[ * + a1 (j-l)]

ITOT
fir IPOISON [KIT(f) + NAP(/) , (J-1) +1]

The measure of closeness between two sets of bi's and b'jIs is the sum of

squares f E (bi - b' 1)2.

Referring to the code of the main body of this subroutine on the next

page and the combined flow chart that follows, the algorithm can be clearly

explained.
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C
ISN 0017 100 CALL MARGAN(KIT#PRICEI

C
* ISN 0018 NITER=NZTER+i

C
C STEP 2
C UPDATE THE PARA.,ETERS 0
C

ISN 00l S UMSJ0+O, 0
IS 0020 DO 10 JzlSHUP
ISN 0021 PRO-1.0D 00
ISN 0022 O0 20 I=I1ITOT
ISN 0023 AITPJ=iK IT I I*j-1LI.NAPl Ib+I
ISM 0024 IFItITPJeGT.601 GO TO 20

WSN 002b PRO--PROOPOISoNI 4eKLTPJA
ISN 0027 IF(PROeLTeEPSII 60 TO 15
ISN 0029 20 CONTINUE
ISN 0030 15 SU1SuaSUNSUE B0| J1-PRU).,i
ISN 0031 004 JIPRO
ISN 0032 10 CONTINUE

C
C STEP 3
C COMPARE THE NEW VALUES CF 0 Wl1H PREVIOUS VALLES
C TERMINATE IF THEY ARE SUFFICIENTLY CLOSE
C

ISN 0033 IF1 SUMSQeLTeEPSb GO) fC 30
ISe 0035 60 TO 100

C
IStt 0036 30 C4LL CALC4IT*ENORSSCO)
1SN 0037 RETURN
ISN 0038 END

Line 17 calls the marginal analysis subroutine in order to find the

optimum kit under the current b i parameters. Once this is done, it comes

back and starts to update the bi's.

Line 24 provides a safeguard against running out of the limit of the

Poisson array. At line 26, bi's are calculated by multiplying all pertinent

cumulative probability terms together. Line 27 gives a lower bound check on

bi to save further calculations, since when bi < EPSQ = 5xlO - 1 1 we can treat

it as zero without practically affecting actual results. Line 30 gives a

measure of the difference between the latest two consecutive sets of bi's.

Line 33 checks to see if the difference is small enough to stop. If not, the
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*: algorithm continues iterations until the above stopping criteria is satisfied.

Finally, before returning to the main program, the performance of the optimal

- kit is evaluated.
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9-25 13-14

Start With Initial Initialize

Kit, Calculate All b 's
RATIOS

26-33 '

Find the Item With 1
Max. RATIO, IMAX

34 1 19-32

Obtain the Price of Update b 's
the Kit With qUpdate bi

35 33
Yes NoPrice > Budget E(bi  b' <•

No s

37-50 3

Update the Kit, Price, Call CALC to

and RATIO of Item, Evaluate the
IMAX Kit Performance I

52 37

RATIO (IMAX) OReu

Yes 5

MXRATIO>0

Subroutine MARGAN Subroutine OPTIM

Figure B.I. Flowcharts for Subroutines MARGAN and OPTIM
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Notes on Subroutine MARGAN

This subroutine performs the marginal analysis. It starts with the

initial kit and calculates the RATIO of return, (ri), per dollar invested

for each item i. This ratio is the weighted average of the improvements

of E(NORS) and E(SDO).

AiE(NORS) +WAiE(SDO)r i =
ci

weTOT MUP ITOT +

where AiE(NORS) =r E (MUPt + 1) - bj Z .n Ff(qf + ja f
r=1 j =0 C=i

FITOT MUP ITOT

- (MUPe + 1) - bj E tn F/(qi + ja,)
j=O (=1

where q= + 1 when t = i

q'= q. when f ( i

AiE(NORS) = E bj [en Fi (qi + 1 + jai) - en Fi (qi + jai)]
j=O

MUP Fi(qi + jai + 1)
E b ell Fi(qi + jai)j=O

MUP POISON (i, qi + jai + 2)=r bj tnj=- nPOISON (i, qi + jai + 1)
j =0

Since POISON (I, 1) = Fi (0)

( DO ITIT NM&Xp-I_F ()] ITOT JUP. l F( e. +) .

1=l x=qt £=l j=O

where JUP = (NMAX - 1) - qt

= [KIT (1) + (NOPS-I)*NAP(Q) + I] - 1 - KIT(t)

= (NOPS-I)*NAP(f) + 1
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ITOT Jf _F tjjIOTJUPK. Then AiE(SDO) = L Z Fq [1:FO(qj +)]

where qj = qt+ 1 whene = i

- qf when I

E= Ji -Fi(G + j) -[l1-Fi(q i + 1 + J)31

J=O

JUPi
i.e. AIE(SDO) = [Fi(qi + 1 + j) - Fi(qj + J)]

j=0

= Fi(qi + I + JUP i ) - Fi(qi)

or = POISON (i, qi + 1 + NMAXi - I - qi + 1)-POISON (i, qi + 1)

= POISON (i, NMAXi + 1) - POISON (i, KIT(i) + 1)

After comparing each ratio ri and obtaining the maximum one, we increase

its kit quantity by one. Termination occurs if the kit's price is greater

than budget, or the procedure is repeated to update the kit's value and the

ratio until the budget is exceeded.

Ratio Calculation Segment:

C START wITH THE INITIAL o.I7 AND CALCULATE TN! 1i4AZ.O
C PER DOLLAR INVESTED FOR EACH 17EN
C

ISM 0009 PRICE=PRCIN
ISN 0010 00 PC 1=1170T
ISN 0011 KIT41 IKIT1NA I
ISN 0012 NMAX1=LITI I)(NOPS-1a)NAP4 1142
IS$ 0013 IR NNAXleGE*606 NMAX&:60
ISN 0015 IXSsKIT(IJ+1
ISN 0016 SU 1xBLEIPARl*dPOl$ON P4$N JIopO|SONIIXS SI
ISN 0017 DO 20 j.i#l.UP
ISN 0018 IXJ=KITI4tgJ-I§NAPI #JeL
ISk 0019 1FIIXJ*GE*601 GO Tj 21
ISN 0021 IoPSONf slxj4pIISON(]I lXJI
ZSN 0022 60 TO 20
ISN 0023 21 mnwl.0.00
15 0024 20 SUr4SUM UsO J).OLOG 0 1i
15 0025 10 RAT 1011 18SUM/DbLE(' 0STI III

Line 9 and 11 start with the initial kit and its price. Line 15 increases

KIT quantity by 1, once for every item. Line 16 gives the w.AE(SDO), which is

B.1.10



the weighted improvement of E(SDO). Line 19 provides a safeguard against

running out of the POISON array limits. Line 21 and 24 calculate AE(NORS),

improvements of E(NORS), and add it to W-AE(SDO). Line 25 computes the per-

formance improvement measurement, RATIO.

Thc Remaining Segments:

C
C FIND THE NAxIMU4 RArIO
C

ISM 0026 100 00 25 IaULITOT
ISN 0027 IFf i.EIJ11 6O TO 3J
IS 0029 IFIRATIOd IILT@RMAA) GO TO 2!
IS 0031 30 1[MA Xs1
S 0032 RMAXSRATIO4I)
ISN 0033 25 CONTINUE
1S 0034 XPR ICE"PRICECOST( I PAA I

C
C TERMINATE IF THE TARGET! ORE ACHIEVEC

C
ISN 0035 IFf xPRICEGTBUDGEr) GO TO 5C

C
C IF NOT* UPDATe rei KIT SALUE AAO THE RAIO
C

ISN 0037 KITIMAXj*KITfIMAXA +1
ISN 0038 PRICEsxPRICE
IS 0039 NM4AXIedIT4MAXJ.dNJPS-.INAPtIMAXI.2
ISN 0040 IFINMAX1eGT,60) NMAXIM60
IS 0042 IXS z EIT4NAXi*1
ISN 0043 SUN z0UL EdPARI*IPO ION4IMAXaN11AAII.POISO UIND AX IJX 51
ISM 00 4 4 00 40 J=..MUP
ISN 0045 1MJ 2K IT INAxI+(J.itI 4NAPE IMDIXI#I

ISN 0046 IF( IAJeGE*601 GO TJ 45
ISN 0048 .iw*POIONIIPAXIXJ.I/POISCNtIMAXelXJ)
IS 0049 40 SUM,,SUM48( JI*OLOQi W, 0
IS 0050 45 RAT 101 INAXbaSUM/O8t. Ed CUST( IMA1 I
ISM 0051 GO TO 100
IS 0052 50 RATIOIMAXRA0D00

C
IS. 0053 IF4 RMAX*GT. 0.D.001 tio TO 1(0
IS 0055 NE'umIIW
IS 0056 EMU

Lines 26 to 33 find the maximum RATIO value. Line 34 then calculates

the corresponding price. At line 35, the budget is compared with kit price.

If the kit price is exceeded, continue to check tile feasibility of
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other possible kits. If not exceeded, the kit value and the RATIO are

updated. Lines 37 to 50 are similar to previous segments, lines 9 to 25,

except this time calculation of RATIO is for the most promising item only.

With the updated RATIO value, this item enters competition with all

other items again. If the kit with + 1 is infeasible, then line 52

sets its ratio to zero in order to eliminate qimax + 1 from further

investigation. Line 53 then checks if any other possibilities for consider-

ation are left out. If all possibilities are exhausted, then imax = 0;

hence the program exits from MARGAN.

Notes on Subroutine CALC

This subroutine calculates the expected NORS and expected STOCK DUE OUT

values.

UE UE
E(NORS) = E YP(NORS = Y) = E Y [P(NORS < Y) - P(NORS < Y-1)]

Y=l Y=l

UE-1
f UE - P(NORS < UE) - E P(NORS < j)

j=O

ITOT UE-1 ITOT
= UE • Fi(qi + UE .ai) - F n Fi(qi + jai)

ifil J-O i-l

UE
=UE S(UE + 1) - E S(J)

j=l

where S(N) f P(NORS < N - 1)

ITOT
= r .Fi(qj + (N-l)*ai)

i=l

ITOT
or = r POISON (i, qi + (N-l) * ai+l)

i B1
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NOPS
i.e. E(NORS) = NOPS • S(NOPS + 1) - Z S(j)

j=1

where NOPS-UE-number of planes in the squadron.

ITOT NMAXe-l [TOT JUP
E(SDO) = E r, [1-F/ (x)] - E E" [1-F,(ql+ j)]

t= xqQ f-1i j=O

where JUPf = (NMJAe - 1) -qt

= [(qe +(NOPS-1)*ae + 1)-i] -qt.

= (NOPS - 1)*ae + 1

E(SDO) = IT0T JUPf [1-POISON ( f, qt + j)]
1=i j=o

E(NORS) Computation Segment:

ISN O00G EPS*5OD-10
C
C Ed NORS/KI COMPUT AT IUN
C

[SN 003C S UN 8,1* 00
[SN 0011 SINOPS* IuA0D0
[SN 0012 DO 10 K=19NOPS
[SN OU13 S CK Is I* D# O0
ISN 0014 00 20 IsiITOT
ISN 0015 IXJ&K IT1I*(K-I uNA PI I*I
ISN 0016 IR IXJoGT.601 60 TJ 20
[SN 0018 1IS1 fIK *POSONI isKJ I
[SN 0019 1Ft St KILT* EPSO GO TO LS
[SN 0021 20 CONTINUE
ISN 0022 SU1=SUN4*S4 KI
[SN 0023 60 TO 10
[SN 0024 15 S I K O mDe00
[SN 0025 t0 CONTINUE
[SN 0026 VNOPSaDFLOATI NOPS$aSI ROPS, I I-SUN
[SN 0027 ENORS=VNORS

Line 18 gives the probability of NORS < N-1, S(N). Line 19 provides a

check for very small S(N) values to save further computational effort. Line

24 just sets any small value (< 5 x 10- 1 0 )to zero for practical purposes. At

line 26, E(NORS) is calculated by using the formula shown previously.
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E(SDO) Computation Segment:

C Ed SuLaoI COmPUrATIUN
C

ISN 0026 SOGPO.o 0-00
ISN 0029 00 50 £u1#ITOT
ISM 0030 jUPaNOPS-j1*NAP4 1J +L
1SN 0031 00 60 Js]81JUP

IS" 0032 1KJaK]T[1I J
I[S 0033 1F4 i[AJoGTb0 GO Ti.I 50

1SN 0035 60 SDGP=SOOP* LDOo-PJ I53N(1sI XJ1
I5 0036 50 CONTIINUE
I SN 0037 S0OUSDOP

IrSW 003d RETURN
IS% 0039 E NO

Line 35 gives the calculation of E(SDO), which is also formulated in

the above section. At lines 28 and 35, SDOP is used instead of SDO to avoid

alternating the current value stored in SDO. Line 37 then updates the SDO

value.

Notes on Subroutine OTPUT

This subroutine prints out the final results of the optimization. It

includes: the optimal kit, its price and performance indices E(NORS) and

E(SDO); parameters set bi's; weighting factor of RATIO computation; kit 57-18

and its relevant values. Number of iterations is also printed.
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APPENDIX B.2

FORTRAN LISTING OF

GREEDY ALGORITHM

COMPUTER PROGRAM

AND SOLUTION OUTPUT
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C
C .......... e..*. ee*s.*.s
C.
C.
C * GREEDY ALGORITIN
C.
C.

* ~~~~~C ................ S......
C

15W @062 DINIWSIOl ILITASO01
C

is 05 003 CALL IMPUT14KIT&POLCEP
1St. 8044 CALL TABLE
is" 00e5 C ALL INKIIKIT.PN1CE0
isle Goce CALL OPTZP4KIT9PMZCEvdMOUS@5C01
is" 0007 CALL OTPUTI lKIT*PA1Cg.Eg0PFS5Ob

C
is" 00es C ALL IMPuT2 K IT*PRLCE I
IS" @009 CALL TABLE
is" 01310 CALL INK IT&IT* PRIf;E I
is" @011 CALL OPTION KITsPRICE#!fvONSaSCO#
IS" @012 CALL OTPUT2 A KITS P4ICE.E MOPS* SOW*
151 0013 STOP
15W 0024 END

IS"5 0002 SUdMOUTIME 1WPUTAIA1T *PRIM
1SOI 0003 DIMNSION KZT4ISopOJFT43OI
IS". 0004 C 01 14Of PU1tO ISO 08 e904 5C I
ISM 0005 COMMONe ISLOCKVI1TOf #MITE~a.OPS* WP.BUOGET*SKF# PAR
IS" 0006 COMMON IBLOCK2/ MAPlSCOI.C(SI(S01.1NUf 5001
is" sac? COMPOW IdLOCKO# KT5?&lg5001vbG0AL*SGO&L~dU0%T
ISM Olled C Ollf 40 IPl4AS~of KP14ASl
I5W 0009 C014PON /IIWPUT/NDAVS.IFPWSJ
15W 0010 DOUBLE PRECISION PJISCW.BO
ISM 0011 DATA ~SRIRAN.PT711.5.2.2

C
1St. 0012 Ip"AstuI
IS" 0013 off ERSO
15W 0014 PRZCEOO.0
IStE Goss lY11080

C
ISW 0010 READE5elQ9) PAR

C
ism 0027 914OC15#101) SFPOpOOJAVS. DFPP.WOPS. ISUOsSKF

C
13W 0018 mkUPmmops.1
ISW 0019 1to 111U-ITEM14#

C
1SW 002C 20 REAO4 1#102sEhD8Sol CAPowitC sAPt IT 101 a ORCOS 4 ITEM lvTWP

C
C ONLY LQU ITE04S wILL 6! PROCESSED
C

ISM @021 IF4TVPEfu.1RuI GO fo 30
ISM 0023 6O To 20

ISM 0024 30 mmHudTepledo.
ISM 0029 LENTSOSUO,

C
ISM 0026 IFdCAP.e9uRPRS LEWT60SUD4.WSC

C
C M14ASS AND KIT VALUES
C

ism 0026 00 40 ZDAYUISINiET
ISM @029 40 AN4JSITgNUoANUIZ1NFLOATiCAP4LTE!PiI*TOROOFT1OAVI
is" 0036 &1T4ITEl90w
IS% 0031 GO TO 10
ISM 0052 10 lTO~aITENil
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C COMPUTATION OF TuHE 011UIRIEET KIT $716 4. TSR(ET VALUES
C

ISM 0033 BUOGETEOO
ISM @034 00 60 1018ITOT

*ISM 04)35 £LTS718IIUIFjZZEAWWI,.SKF+*SI
is" 0030 1P4aT571d4I8*LT*11 037T6I 31st1
ISM 0038 *UO6ETUBUO.ET.COSTI 18.PLOA1IsT5TIIII,,
ISM 0039 Go CumI~NUE

C

I5W 0040 o SOATUOGE

ISM 0045 209 FOR MAT( Floe 0
ISM 0040 110 FORMATI 100600
ISM 0047 RET4.0101
15W 0048 END

ISM 0002 SUBROUTINE OTPUTl4jLITsP9ICI.IWNORSsSOI
ISM 003 DINEWSIOW KIT45001s.51448
is% 0064 compose POISOtdl500860I.Woa5(9
I se 0005 COMPON 10 LOCILI. TOf1.01KT E R 0 P S aUF a U D $4ET 9 SKF PA H
ISM 0006 Compose INLUCK2I MAPIS06baCCSIISOO IsXPUW 5008
15W4 0007 COMMON */SLOCK4I KTS?1d4SO01.VGOALSGALBUDKT
IS" 0066 Compose IP"ASE/ IPHAkSE

C
I5M 0049 DOUBLE PRECISION PJtSJNdG

C
I5W 0010 ITEX00

C
is" 0011 4olITIE4692001
ISMe 0022 uRITF~.462101 ITOT

C
C PRINT OUT T.4E TARGET VALUES
C

1SM 0013 41RITE46*2050 CKT56V1CI*.1u3.tT0TO
is" 0014 wRITEI6o2200 SUSKT *VGOAL*SGCAL
15W 00ts *RITEdiO.2301 BUDGET.

C
I5W 0010 aR1TE46a4008 PRICEaENCRS.5I0
15W 001? NRITE469110S WITER*486djtwult"UPS
IS" 0016 wRITE66109) PAR
ISM 0019 WRITE4691051
ISM 002C 401IIE169A201 4K1111b1l.1*157

C
ISW 0021 RENRWO 1

C
ISM 0022 100 FORNATISa,'PICE(EeaSeFA5e2.5R.8EW0RSlO.Pa*@FO*55XK.E4 SO0III e

9-F 30.5.,,,
is" 0023 105 FORPAT01II.5X9 KWITA AL KIT$ */li8
13W 0024 109 FORNAT4 ifo.53is EIGOT I" FIC&390ifi,
Ilk 0J25 AID F ORMATI is 5 X* NUMSE R IF I 1kEWAT1 N0 m14o if 9S X 0InJI s &CI2 As F1008
15W 0020 120 F Oft 1A T1 S92 5141
1311 0027 200 FOR PATI, Is 5X0 GaEE OT ALGO 61THM 09 .4 1 5X 0P04ASE 10 9 1IID
ISM 002S 205 P OR MA T1$a 2 5141
is" 0029 210 FORMATI 1.e 'WII 144 kIT COPuTATIOM8if#*vl5X.14,* ITEMS IN COMPUTATION

1TATlOWs./.2Qg.*aIf 5Su/8tl
I5W 0036 220 FORNAT4/IhA.TAUIiETS%5aPoERFP0PACE Of 5711 KIT691/sSW.COST

1 OF 5716 KCITuSs.Fl-i.2s55EIS5CALuh.P10.S.5E.'SDOOiOALA~spi0.5.II8
15W 0031 230 FORMAT95494'BUDGET UF INITIAL KIT JS S 'uP15*2,IS1

C
15K 0032 So IPae8SI.2
ISM 0033 RETURNW
IW 034 END
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is" 0062 SUBROUTINE INPuT2IgITsPRICII

C
C 4140 In T146 PERTINENT DATA FOOP THE TAPE$ AND CA8RDS

IS15 0063 DIN INSION K IT( 500b1 Sot41&Tbd4199P GO(301 iFNDS1 3C I RQMT43Ql9RPHS1301
I5W 0014 CONPOlW PUISDWISOO9641i.U04 54
is% 0005 COMMON /BLOCK UITOf stTEfI %OFs Nut a aOU6 T 9 OKpa.FA h

*IS* 0Oia0 C ONNO noSLOCK21 NAP3oeC0ST50olex~if~ S00#
I5W 0007 COMMON ISLOCKU KT5?x8(500.VGOAL .SGOAL9BU0XT
15W 000& COMMON /PHASEI IPHASl
is" 0009 COMMON lIftPUTlW0AVSe0FP.S~jO
IS" 0010 DOUBLE PRECISION PtIISdNe80
I51 0011 OATA XMW'LRtUI.SRUj*SRU*.RRRPRI
IS15 0012 DATA OP6N7.1.1l5@e53*22*e52/

C
ISW 0013 "ITERSO
is" 0014 PRZCE-0.0

is" 0015 t AIE IT0aG
C

IS15 0010 2 RE4045198~E024 PARl~l49AP R6A4T~fTRORCS

C
C5 0017V 10 U lIE SR IE1ST E ROESE
C

ISM 002602 REAO4T aaEuWu200I GO 4*~1.eC~ WR*WPITM.I30O.C

ISM 0024 ItE~meTvPZM
ISW 0025 SR0TO 17O

C
C knitLU~SR IN uaLS PROCESSED
C

15W 0030 lPITVP9-EeRUIl 60 sOISO
is" 0022 tF4 TVP* E.XRUI GAO9 ra 20eI1 40
is"4 0024 l#KTM11N3C

ISM 0037 00 120 17~mpK
ISW 0026 320 RPNUIDY1

ISW 002 17TOTRN$UO.0
35W 0028 00 l25 1819aI.OT
ISM 0021 110 DM054 OAVP0LOA WAPI TMII.I0RDPGN 1

ISM~~ 4RRR PROCSSIWGC~l8PR0

ISW 004 JT0IaWSuO*"RC*

is" O0lS? 00 120 EIAVma.TOTWV
I5W 0036 120 RtPRS4IOAVDMFO NP1E&JeRDG44DYNC
I S" 0031 02 QM4OlbmM0.0 fRPS4a
IS" 004 00aOIiE.O 135 tO0 :32A

15W 0042 £torpcNSUsiftt
1SM 0045 00 250 1.8 ~OTS

15W 004 JIuWSUO.WRC.2 TTQf OI~wONID

IS" 0046 30 CONTINUE LAE 44 TM 1IR* GI 01-R
is" 004? 132 TOM T4I~DO~t1-P

35W 050 00135 OAVB.2.4V



C 34 PROCESSING

IS Swoo 25 00 160 :oavWNIONAvs
Is" 0059 160 T0TRgaTOTQQ*ODS4jAV I

C OEMAND AND KIT VALUES

ism 000470 ENMUCITEIu~TOTROe
ISN 0061 KIT( ITENIUax "
IS"5 0062 PRICEOPRICE*COSTC ITEM60FLOOT4IWOI
ISM 0063 60 TO 10

C
IS"5 0004 200 ITOI.ITEM-a

C
C COMPUTATION OF f149 REOAUIRE141EN KIT 5716 6 TARGET VALUES
C

is" 0065 bUOGETwO0
is" 0060 00 50 Ia019ITOT
IS" 0067 KT57LSII11uIFIE4XMIA J*eSKF*o59
15W 0066 1p1KT571641beLTe1I KT ST 84itI
ism 0070 SUiJGETUSUOCGET.C0STdtiI.FL0*OA157aqIIZb
ism5 0071 50 CONTINUE
ISM 0072 64JRTmUOGET

C
ISM 0073 102 F04WAT4 aSA9A4.5go I*I
ism 0074 A05 F ORNATI 14 1
is" 0075 106 FORMAT& ldDG*O)
ism 0070 109 FORPATI Floe 00
15W 0077 111 fOit AT A4oTjL9.pA3#LX& Ile 12*T32 05*49 Ig.FSe4 T46.p6e2aA3b
15W 0076 RETURN
15" 0079 END0

IS% 0002 SUdQOUTINdE OTPUT24IT&PRIC199MORS.5001
C
C T14IS SUSROUTIWE PRINT THE FIDAL REStLTS OF THE1 OPTIMIZATION
C

is" o03 0OINEWSLGN KIIESOOO
I5W 0004 CONPON PO150W45000006.80456h
I5W 0005 C0ONW0W tiLOCK11ITOT.W1TIN.#A0P5.R4UPsOU0DGT.S4CPfA3
ism 0006 C004MOW &§LOCK2/ NAP45001@COSTC500b9X14UI5000
ism 0007 COMPON SfLOCKO/ KT57II(S0019vGOAL.SGOAL9BUOKT

C
IS" 0006 DOUBL.E PRECISION PJISON.O

C
15W 0009 ORITEES.999b

C
C PRINT7 OUT THE TARGiT VALUE$
C

IS" 00t0 *RITflG.9501 VGOALaS6QAL9StO11I
15W GoAl ORITEt6@9901 lfTS718 Itlu~atZTDTO

C
ISM 0012 aR1?ff46m501 1TOT&MITE4
15W6 0013 wiRIE(S.1000 ENORS#SOO.PHi4CE
1sm 0014 mRITE46a200D dKITCLD.Iz1011l
ISM 0015 aRITE46a300) 4809J69JOI.NUF1
15W 0016 wRITEE6#5550 PAR

C
ISM 0017 50 FOR MAT4lif.eS. TOTA# NU149IER Of ITEENS UJNDER C0NSZVERATOS.I..alf.

*SX#61UM6ER OF ITERATZJIOS094iOSiA
ism 0gle 99 fONArE~df,15X.*GR1M1!OV ALGO41T.4R8.i*a5X PH4ASE 26tvlb
ism 0019 100 FORR*T45,sOElWORSjghla*.F~o.5.5Ag*165001Netab.P1C.5SE.'PRICEIAIU*

OF 1565S1011 9i5A OPTIMAL K(IT000IDf
15W 0020 200 FORMATISA92SI48
ISW 00211 300 FORPATEII.SA.49*s,1142X.P10.6011
15Wt 0022 SOS FOWWAT~i.SX.'UWEIGHT 8*.FICe..I/0
15W 0023 950 FORPAT~fIlo5X.*TARGErTS'.uiga.* W4ONSGOAL 18.Ft0*!a5X6SOOGOAL88#FIO.

O59SA@8PRICEuS.F15. 2*1i1
ISM 0024 990 FO am ATt SK. 251 41
SU_5025 RETURN
I5M 0024 gnu
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ish 0002 SUGAGUTIISE TABLE
C
C C044PUTATION OF THE CJMQLATIVI SUMS CF POISSON OISTUSOUTOP4
C

* 55W 0013 COUPON p0Iso"4500.04191*04(
* 5 0004 COMPON IBL0CK1ITOf.nLTEA.s0OFS.NUF.SU(~iTsSKFsFAR

Ism 0005 COMMON ##OLOCK2I4 M4P4S#01oCOS?45001.mXXU SOD
C

IS" 0006 DOUBLE PRECISION PJIS0M*T9$~uM9%ttSIIN.TEPL

IS" 000? TIER LasSo0- 12
13N 0006 D0 o 3 0 IOI

*is" 0009 044100ULE Ii I
Ism 00S0 TERPSOEM't-boal
ISM5 0011 POSSON41#11uTE111
ISN5 0012 DO 20 J&2@60
ISM 0033 IFiIEN.LT.TERL.ANJ.POZS0N$41.J-18.G1.9.O-OlI GE 10 30
I5W O01b TfQPmTER~eM*Wfv/pLO4T4j- it
is" 0016 Pot S0001.li a PO1SOM4 Ej-1I.Iepm
isN 0017 20 COYATIPME
ISM5 0016 60 10 10
is"5 0019 30 00 40 JX0496Q
IS" 0020 40 0O1S0Nt4t@JA1*O#OJ
I SN 0021 10 CON4Ts Nug
ISM 0022 RETURN
15k 0023 E NO

ISN 0002 SUBROUTINE 1INSITtEITePRICI
C
c INCREASE KIT VAL.UES TO ENSURE THAT THE PROBOB1LtTV OF ANY ITEm
C WHGICH WILL "AVE HA%.F dF T046 FLLET 00afW IS LESS ThAm S0&
C

5SM 0003 DIMENSION RIT45OOA
is" O0C4 COMPON PoiIS0W4 5009601 .601 5(
55W 0005 COUPON .,dLOCIITOT.NITER.IOPSPU.SGJDGE~oI.SF.IAi
ISW 0006 COMMON Od0CK20 MAio4S0O1@CCS1450OOaPU4l0
ISM 0U07r COMIXW fdLOCK30' KIT ZM4SODSPRCIN

C
ISN 0008 DOUBLE PRECISION PIISON.8O

C
ISW 0009 WEPSwU(NOPS+11#2
is" 0010 00 10 ITE14staliTT
ISW 0011 20 WtUf4=MPS.NAPI ITENI.KZII STEV1
Ism 0012 SF4 WUM*GT@60 GO TJ AC
Is* 0014 SF4 POSSOWdI T1NEUUNI.vf@@ GO TO 10
I 5W 0016 K ITt ITENI-mKITI ITEMS +1
is" 003? PRI CEPICE +C 0574 If Ems
IS" 0018 60 TO 20
ISN 0029 10 ILITSW41TEPSARKST4TE6h
1SW 0020 Poc IhapASCE

C
Ism 0021 R ETUVR
ISW 0022 END
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ISM 0002 SUGROUTIME OPTI14IKI ToURIClaEhORS.sOO00
C
C PAIN OPTIMIZATIJ16 ROUTINE
C

is"5 0003 DIMENSION KIT45@@.S031
is"5 0004 CO0RMO0W PO SIS Ol 90sS0IBo S5C I
15W 0005 COMMON isLOC£I1/IT Of*%I TER* &OPSMUP.BUOGtT&SAF *PAN
Is" GOCO COMMON tBLOCA2' WAidSOdalCCSTlS@@DaXMU410O§
is"5 000? COAPON -4LOCK41 KT*?lEfi500)eW6OALsSG0AL&8UDKT
15W 0006 COMMON 1PHAS41 IPH&Sl

C
is" 000 DOUSLE PRECISION PJI50WDBO.SLWISQ.EPSUopSO.#EPS.s
is" 0010 CONNOR .'S1/s

C
*is" 0011 DATA EPS*EPSui/1.D-J7p5.O-lto

C
C COMPUTE THE PE4FORPANCE CF £51 57-ae AND INITIATE PARAMETERS
C
C

ISN 0012 CALL CALCtKTS7~s.Vw.O£..SGOALl
* KSW 0023 00 a .jin1.Up

ISM 0024 1 solS .usail
1SW 0015 *RLTE4693001 48O4J#&JslsMUFl
15W 0016 300 FORMATS *&6*T9s*INITIAi. VALUES OF PARA14ETERS mooi 9104 2X*FA0.Sfba

C
C START OPYIMIZAILOS
C
C STEP I
C

ism 0017 200 CALL M4ARGANSKITePRICED
C

ism 0016 NITERsMITERi
C
C STEP 2
C UPDATE THE PARA4ETERS 9
C

IS" 0019 SUMSQ-06000
ISM 0020 00 10 J0191MUP
15W 04Zal PRO=s.oiO
ISM 0022 00 20 Iua.ITOT
ISM 0023 KITPJsKIT4Il.(j-1bsMAPEKS.2
ISM 0024 IFIIgITPjo6To605 6O TO 20
ISW 04i26 PROOPROOPOISON6 .KLTPJA
15ff 0027 SF4 PRO. LToEPS0QI GO TO 15
ISM 0029 20 CONTINUE
15W 0030 15 SUAS~uSUMSQ,(4601JI-PRO60021
ISM 0031 DOIJISPRO
ISN 0032 10 CONTINUE

C
C STEP 3
C COMPARE THNW VALUES CF 8 NXIN PREVIOUS VALU~ES
C TER14INATE IF TH4EY ARE SUFFICIENTLY CLOSE
C

ISMf 0033 1IF6 SUPSG.LT.EPS) GO fC So
ism 0035 60 TO 100

C
15W 0636 30 C~ALL CALC4KXTsEMORSs5C0l
ISW 0037 RETURN
Ism 0036 E NO
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IS" 0002 5UGROUTINE MAR6AWI(KTqPRIC11
C
C THIS SUBROUTINE PERFORMS THE MARGINAL ANALYSIS
C

*IS" 0003 01IMENSION RATIOtSOa1&KITISt08
ISM 0004 COMMON P0KSON4500e0188MO45c I
is" 0005 COMMON INLOCK V ITOT *lt IRs OPS9 NUP.sOJ, T &SKF @PAR
M5 BOCA, C0M"ON ifULocKa NAPI 5001 oCCS14 5001l.ANUSOOD00

IS" 0007 CON14ON IISL0CeKV KItf1N(S0PCLNI
C

IS"5 0006 DOUBLE PRECISION PJISOIN.RAIICsBO.!UM.NM.siRMAX
C
C
C START *ITei THE INITIAL lilt AND CALCULATE THE RATIO OF RETURN4
C PER DOLLAR INVESTED FOR EACH LIEN
C

ISM 0409 PR CIE PRC IN
is" 0010 00 SO ImasITOT
I SN 0012 KITEI1uKITIN4II
ISM 0012 NMWAE=aITIII.(fOPS.1)#NAP4IS,e2
ISW 0013 IFENNAAI.GE*601 NMAX1.m60
ISM 0015 IgSaKIT11#1
I5W 0016 SUaDHLEPARIslPOI$OtNIMD3)PO2S0NCZ.IXSII
I5W 0017 DO 20 jm1N4JP
IS" 0016 £XJ.KilT11h.4J-11.N4Pd 18*1
IkN 0019 1 IJshGE o6O 00O6 TJ 2 1
IS" 0021 uuupoIs0NiIIgxj~loPOISOW(2.1gjI
IS" 0022 GO TO 20
ISM 0023 21 04=19O00
ISM 0024 20 SU#4-SUM.b0( J1 OLOCA 00 1
1SW 0025 10 RAT3IUaUM/ObLEC^OSTf1#1D

C FIND THE MAXtMU4 RATIO
C

ISM 0026 100 DO 25 IuX9ITOT
ISW 0027 IFfIsIE~ell 60 TO 3.1
IS% 0029 IFI.PATIOIII.LTsRM4AX1 GO TO 2!
ISN 0031 30 I4AmxaI
15W 0032 RM4AXORATIO410
ISM 0033 25 C OffTItUE
ISM 0034 xPRICEmPRICE#COSTfjffAA1

C
C TIN1ATE IF THE TORGET! 009 ACHIEVIC
C

ISM 0035 IF( MPRLCEsGTe8UOGEr1 GO TO SC
C
C IF NOT* UPDATE rHEc IIT %ALOE AKO TH4E RATIO
C

ISM 0037 KftICIAX#=KTMAE#1
ISM 0036 PRICEUARPICE,
ISN 0039 NMAXI3KIT£14AXI,44JPS-1).N8PtIMAX 1.2
ISM 0040 £FtNAEIGT*601 49MEAX1O
ISM 0042 IXSs1KIT41f4AXs,1
1SW 0043 SU(4aO6L4tPARl.APOISON(1MPAE.NPAA18-POISOM [NSA@ JX31I
is" 00J44 00 40 JmisMUP
15W 0045 ZLDUKIT41IMAX)4J-100WAP41P918*I
15W 0046 5FI IXJ*GE*G0# GO TJ 41
15W" 0046 .OIasof1WAAs.IJ# aJPot SC4 AX #*..eI
I5W 0049 s0 5UM=SU0+89 Js .QLOSIWU I
15W 0050 45 R AT 101 MA AS aSU0/Ouq.EACUSTI JMA)I
IS" o00s GO TO £00
ISM 0052 50 RATI041MAX00.D.00

C
ISM oass IFIRfMAA.GT.0D,@0l GO TO 1CO
is" 0085 RETURN
IN 0096 END
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1SW 0002 SUBROUTINE CALCfKIT9E1A0S&.DCl

C T141S SUBROUTINE COMPUTES THE EdmORS/ %I AND E( *60'X&
C

ISM 0003 DIMENSION ts(O5.xtiso50@
Is% 0004 COMPOW POISON(SO0e0 h06 abds8

* 1310 0005 CONO0 /BLOCK VIT~r ofl TEN9 OPSm upU06DGET#SKF# FAR
Is 00W06~ COMMON ibLOCKV HAP iStOloCCS14500 SE~ud 53001
Is% 0007 COMMON f5315
IS" 0008 DOUBLE PRECISION PJ150Nes#a!U0@VfOfS9SOO~aEPS

C
C

is" Does EPSu5e0-10
C
C EIW4OQS/xI COMPUTATION
C

is" OG3c SwUMS00+0 7-
15W 0231 S4flops+1DSA000
is" 0012 00 10 %319NOPS

* 13W OU23 5(K to toD# 00
is 0014 0a.10 20 LuaITOT
I S" 0025 1 Xi auIT 4 1 1be- I4P4 161
ISM 0016 IFS 1AJ*GT&601 GO Ti 20
15W 0018 St K S tKI *POX SOW 10IXJ J
isk 0019 FtSt SKI a T9 EP' O TO 15
15M 0021 20 CONTINUE
15W 0022 S JUMSU#SS K I
ISM 0023 6o Ta 10
ISM 0024 15 S(KbaSD00
ISM 0025 to C OldII WuE
IS% 0028 VNONS&OFLOATI MOPS Is St NOPS* 3 $-Sun
1SM 0027 EMWOR=9VWORS

C
C Et SOO/Al C0OMPUFATIUM
C

ISW 0028 S 05 00 0#00
15W 0022 00 50 £ul.ITOT
ISM 0030 jUP04NOPS-11CNAPt 18 L
ISM 003.a 00 60 JslqJUP
ISW 0032 1 Xi it T41 )+j
ISM 0033 IFS l1j9GTe6O GO TJ 50
ISW 0035 60 SDOP=SOOP+JL.000PJ ISI3N(la IXJI
15W 0036 so1 CONINUE
15W 0037 SOUSOOP
1SW 003d RETURN
I5W 0039 EN
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APPENDIX C. 1

NOTES ON THE CONVERSION OF THE CURRENT D029 COMPUTER PROGRAM
TO AN IBM COMPILER

IBM and CDC FORTRAN compilers are not exactly the same. Any

computer code compatible with a CDC FORTRAN compiler is not compatible

with an IBM FORTRAN compiler and vice versa. Because of this, the

D029-CDC code has been converted into an IBM compatible code in order

that appropriate comparisons could be made between the current D029

program and the Greedy Algorithm-program.

CDC FORTRAN compilers accept variable names of seven characters,

but an IBM FORTRAN compiler can accept variable names of only six

characters. Therefore, variable names with seven characters were

truncated to six characters. In addition, the following statements are

not accepted by an IBM FORTRAN compiler.

IF(IMAIN.EQ.3HRRR)...

and READ(1,107)...

IF(EOF(1).NE.O) GO TO 200

The first statement is converted by defining an alphanumeric

variable RRR in the data statement as follows.

DATA RRR/'RRR'/

IF(IMAIN.EQ.RRR). ..

The second statement checks for the end of file in the data set

from a tape. The conversion is accomplished by combining the two lines

together as

READ(1,107,END-200). . .

C.1.2



The word size of a CDC computer is 64 bits, but on an IBM 370, a

word size of 32 bits is utilized. This 64 bit word size causes the

memory space on a CDC to be expensive and memory saving measures are

frequently devised. Consequently, special subroutines for word packing

and unpacking are included in the current D029 program.

It is mentioned on page 11 of the Preliminary Evaluation of D029

WRSK Model (81 that the QPA for each item is packed into six bits or

1/10 of a word. The cumulative probability of demand for an item is

packed into 20 bits, or 1/3 of a word. The probability values for

quantities K, K+QPA, K+2*QPA, . ., K+UE*QPA are stored when QPA is

greater than one. When a probability value for a quantity between

K+J*QPA and K+(J+I)*QPA is needed, this probability is estimated by

interpolation. On the IBM 370/168 at Oklahoma State University, sufficient

memory is available such that word packing and unpacking is not needed.

However, double precision is employed to increase the accuracy in

calculating the cumulative probability values for E(NORS/X) and

E(SDO/X).

The IBM version of the D029 computer program is summarized as

follows. The input section of the current D029 has been adapted as

before with some necessary modifications due to machine differences.

The optimization routine has not been changed. Subroutine ADD has also

been preserved with some modifications. Subroutine TABLE of the IBM

version calculates the cumulative Poisson sums and stores the values in

the array Poisson (500,60). Poisson sums are retrieved from this array

when required. The FORTRAN listing of the IBM version of the current

D029 program is provided in Appendix C.2.
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APPENDIX C.2

FORTRAN4 LISTING OF THE IBM VERSION OF THE D029 ALGORITHM

WITH A SOLUTION OUTPUT
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SC

C.
C 0 0029 AL GOMI M4 
C.0 US AIR FORCE
C.
C.

1St. 0002 DIMENSION KITISOGI
ISM 0003 DOUBLE PAECISION EfURS.SDO
15W 0000 COMMON OBLKOIISUPOPIPASS
ISM 0005 COMMON 1IPRZNToIINfqT.AMUpPITER

C
C DETAILED PRINT OUT OPTION. ALL DEFAULT TO ZE90.
C
C NINPUToZ WILL PRINT IOUT INPUT DATA,
C MX0MUBI WILL PRINT JUT AVERAGL DEMAND 114UIllo AND NFPOILI FOR EACH
C ITEM
c mITERmI WILL PRINT OuT CPU T1INE AND ITEMS ADDED FOR EACH ITERATION
C

IS%. 0006 CALL TIME
ISN 1007 1 CALL INPQTLI PRICE)
ISM 0008 CALL TABLE
ISM 0009 CALL INKITI KIT9PRICE6
I S%. 0010 :ALL OPT1I9KIT#EIO.5SO3&Pf.iCE#

*134 9Oil CALL OTPUT(KIT9EN0A5*50O*PFlICjb1
ISM 00 12 1 ftIPAS So Ee.2S 10 O a
15W 0014 STUP
ISM Oil* EN,

I5W 0002 BLOCK DATA
C
c. BLOCK DATA SUBPROG4AN TO It.1T1AL119 VARIIILES 1'i LASELID OMMON

ISM 0003 DIMENSION BINTZ'RI 101
ISM 000. COMMON IMkLKSISLWTM-/dLMtOISUN .IPASb
ISM 0005i COMMO40N 1bLK6/VPTs5jOT#VPf6O5L#SOGCL
ISM. 00ob COMMON /:OUWlTi:3 U4 Ir LADDI 2001
ISM 0407 CMMIOM oPeR1NToNINPUTs 4XMUoVTTER
I5W 00a6 DOUBLE PRECISION #P.J3ALoSCO(POL
ISM 0009 DATA AINTER/1.516o 3.O1ba, ..5f6m6#OEbm 7.5&bm9o0E6#I0.OE6.

*3*U*oDo'g1A5sj Ile PT9SDJT/2e0o./p tSUM/ VsICIUNTV o

15W 0010 END

ISO 0412 SU"RouTIIE A4L:dKIT~v.'.5D0#

C TIS SUBROUTINE COM4PUTES THE E(NORS041 AND f4SD;JfAI

ISt. 0003 DIMENSION SI45O8.K&TtSoJh
ISM 0004 :014MDN PJISUNI300.LOGI
ISM 0005 COMON1 1dLAKoISUM#LPA3S
ISM *iJ00 COMMON O§LK to T0T#4IP sdUUGET1SLK2 fXMU4500It fAP45@08.COST4 9008 ofFPC

.4 50SlBL43N4$UPS.SKFsLUEEFF.IftK

ISN Ouod DU.BLE PRECISION PJISJN,51.VPoSDO sEPS
13" 0009 DAT A EPSOI* D- 124
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L.
C

is" 0010 S U UP6 to 0#0
ISM 001% S DO a0*3 *@
IS" 0012 DO 10 ZIITOT
isle 003 'JUPSA HOPS-1 1*uAPd is #
ISM 0014 00 11 Ju1.JUP

* IS"S oil$ IXjnKlrA9I..j
15k 0016 1Ff ZXJ*6EoNFP~m ro GO TO IC
2 Sh 0018 It So S0100-PIO9iii
ISM 01 li0t CON T1NjE

C
ISMS 0020 Wpm 0D* 00
ISM 902a 1 UsIUEEFF
IS"S 0022 3~xA=IggK

*ISIS 0023 D0 25 421l U
ISM 0024 NIa1KK.*42
1is" 0025 S5i1" NB-i,.o.O
ISIS 3026 D0*20 Z.1.ITOT
I5% 0027 IXgm6(IT41I§#4k-Iftep4 I.
ISk 002a Ift IAJ&G9916VPP1 11a 60 TO 2C
ISMS 003o S 14Moss 11011POISOM4tIxja
ISM 0031 ZFt SIEISILE*EPSf GJ rfJ 22

* SIM IJ33 20 LONTINUI
ISMS 0034 21 V P=VPFLOATI N lotSit M 18- St fi I

*ISis oa~ sA 11 flItqe.LiQ*D+00# Gj TO 30
ISM 0037 (6U T~j 25

C
*ISMS 0036 22 S1 Is I 6=.00

I15k 003V (10 To a I
ISMS 0040 25 C a4 TI UE
ISM 0061 R ET UAN1
is" 0042 30 00 35 42a Ink
ISIS 00 a33 S i 51214DD00O0
isS 0J44 RETURIN
ISIS ')34s 540

ISS 000J SUdROUVIisE TIMEU
C
C IT1IS SJOROUTZINE G~dES CPU TIMES
C
c ELAPSES IS IS AM ASSEISALY LANGUAGE SUtIRGUrIME uailCg T144ES THE

EXECUTL~m OF A PORTt104 OF 1041 CALLLIMa PROGRAM
C

ISM 0003 COMMON /OLKOISURALPASS
IS"S 0004 DATA "('O
ISMS 0005 IFSKoEjeOf GU TO 31
15k 0007 CALL ErLAPSE S 1CPUO
M5 0008 1 StOMS13UM4,+1C PU

15 SM ()Jo TCPU- FLOATS ZCPU~I/&I) a
15kM OJIQ TSUM&FLOAT ZSUA44,1009
IbS 0011 .RLTESS*10I TSU149TCPU
13%S 0012 10 FORM"AT I1AK*104 Is e .PU 4e F P73.'0 SE: v'.5 so'LNCREAMENT =8 .

FT. 392X* 1o04 11 S
ISk 0O013 R ETU14M
1is" 0014 30 CALL ELAP1SES ICPU1
ISIS 001b AWL
ISMS 0016 REf.ORM
is" 0037 F NO
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1514 0002 sugmouigg zIMPUTIC PRICED
C
C %!AD IN fil PERTI14E~f, )A4TA FROM THlE TAPES AND0 CAkOS
C

ISM4 0003 DIMENSION DPGNl3010m ORS(3019PO454 30o8.aMaT30§9hSM44I
is"4 0004 COAMON .48L11TOT&4UP.&I0GETifLK2 IANU 50),14APS5Q0.C0STG 500$ $MFPO

0,S SiIOILI3IMOPS.SKF.IJEEFF.aK
15s" 0005 COMMON f8LKOl'ISUNolPASS
15"I 0006 COMMON ldLaL12/KTOT£.LTOT2
ISM 0007 GOAMON /fPRIftTjWK1PJTo4ARUfPITEft
is" Ojos IMT EGER 9 *AV aUPAI 93 it. pUP A
15S" 0009 INT EGER SRUS QRRo SAU iD
1514 0010 DATA XiRUI*LRU*.ORm4i'.*4RR*,OPGN/ 701o15 Is.53. 22**521'
ISM4 0011 DATA selu~*SitU*,'Er4)I*E140*

C
is%. 00 12 a FORNAft 0 *Voif 104 0*0. ZAo PASE Iilt. : AL.ULAf IMS6 2as 109 000 11
ISM4 0013 101 F OR4AT S F5.2s 11. 2 *l~sF so a. l12.T25 .12.T25.FG..e
1514 0U14 102 FOilMAT SI*.F5.2.IE.Ido1XsF!.21Aa12.T25.l2T28.F~o.4
1514 0 0 , 107 F0O4NAT4e4e.Tlg.A3.12.11.12sT32.FSoe.1X.FS...T*6.Fe.2.13I
ISN 001b 0?7 FOR NATI So2Xa .AA.2t 4So,12@ ,EI2 92 XoFG&.,.£sF8e Om2KoF8929 2X#A31

C
ISM 0017 *1SITE a69.11 1PASS

*s 1514001 100 IFS ZPASS.IEWILI1
*REA INSo1011 PC.NI&O4ASoPpM9 h0fPSe01 @51F

ISM 0020 IF4 ZP855e*ZU*A A
*uR TEI 69 A02I*PGMI.oA TS oPGN9 hOPS# 01 .SKF

15S4 0422 MUPmMOPS.1
1ISM 0023 1 " AWU
1514 0024 lUE:EFFafOPS
ISM 0025 ITNua
15S4 0426 RNA 0
15S4 0027 IF 4DI&GT.DAVSI 010DAYS
ISM4 0029 p6#4 toD.
isle 0030 00 6686 J.wDlD
ISle 0031 Sass PGA IAPGAI#OP(0pSJJ I
ISM4 0032 If SIPASS.EQG11 PGolaptimI
1514 0034 £03 ITUxITMI

I51 00OO35 105 READ I &.oLOT.E 400ut011IS 9 NIPA IN*RC dPA 19TOR aOOR @CUST4 IT") LRU
ts14 Oil'. IF 4ZPASSoEQ.2I 60 TO 32A
I514 000 4la "

ISM 0039 IFSIPU.U "i al I
*URITES6o£77IMM&.14514.IAIN. &CviaPAlmTON.DOftaCOSIIITMI. LAU

IS"4 004£ 32£ IJAPSIXT14 a SIPAX
2514 0042 BRA-TOR-e)04

C ON4LY LAU & SRU ITEMS WIi.L HE PSSOCESSEO

ISM4 1343 lFS LRU&LToXRUI GO TO 105
15SM 0045 IF ILRaJ.EO.NRUl GO 70 10#
1514 0047 IFILRU..EI.SRUI 60 rsO 4105. i086.1PASS
1ISM 0049 GO TO 105

15h4 0 W! 100 T OT MUUO.
IS'S 0351 11601
is"4 0151d IF IIPASS*EQ*28 IWO TO £09
ISM 0054 IFnIA .E.NRZ8IR
15SM 005. 109 00 110 1.1.11
is" )ls? 110 OMuSiteme4PAI4TORW06GqS11
is" nose IF 4IPASS@EU. 10 GO TO 145
is"4 004 OjNO ItI
IS"4 0061 00 115 IAJ*DAVS
1I14 0062 Its OM055 IeuuPAI.TOReOipGNSZI
1514 0063 IF 4IMAIN.NtEoRRRI k9O TO 15!

C
C LOU RAN PROCESSING
C
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134E 0066 IF 4X*&Te30J1 KUIG
1St. 0068 DO 320 ImIsK
1St. 0069 120 RPRS4 NJ a**
IS". 0070 A Pit fouo
ISlE 00h71 IFIK961*30b GO TO 132
IS". 0073 Kso %+I
I S%. 0474 00 125 to 10 K
is". 0075 125 NPRHe4 a RPUHO. FLO4Tt0APAI1*9RR*OPGmh13
ISME 0476 RPNSt40L.c#1b= RPRIO
IS". 0477 j4 *:+
1St. 0474 IFIJ*G.T*53 600 TO 32
ISt. 0000 00 130 Iuj*DAVS
ISM 0,301 150 APA St It a FLOATIQOPAI ledRR.0PG04t -4C.6
154I 0082 132 ISONTt Us INDS441- 4PS5E It
ISlE 0083 00 135 1a2*OAVS
ISt. 0064 135 RW4T. IINONTI I-Il e, 0405511 - RPRS411
ISlE 0065 T Of tNust14T4 IA
ISlE 0086 DO 140 1.2. DA VS
1St. 007 140 IF (RONIS Il*GT*TOTtQ# TOTA~am14u$N14 IS
ISM4 (ling9 90 TO 165
1St. 0090 145 00 150 161811
1SN 09 &SOI fo ftO -fOrfi.D post it

C RR PROCESSINEG
C

I SN 0092 4.0 TO 165
ISM 0g93 15S5 00 160 Kla9DAYS
ISt. 0094 TOTOT0TNQ.ONO4S(I I
ISlE 0095 160O IF 4IN4AIt~et.E.RRR 4iINT6I1=TOTRUA
ISME 0097 185 ANUIIThbu TOTRO
1St. 0096 610 TO 103
IS%. 0099 200 ITOTsIT U-I

C
ISt. 0100 IFS IPASS*E~h.1 I 70 I . (TT TOT
ISE 0102 IF4 1PASS*EFI.21 12 ITOt~
ISME 01lm XFdIPASSI.Ie 01 P*t:t0- . 0
ISt. 0106 **ITE4S9&93l 1701
ISlE O0O7 193 F0Rt.AT/1.5XTOTAL NUMBER OF ITEPS UNDER CON.SIDERATION. IS8.14pirls
IS"E Gil ETOUA

15% 0002 SUBRq0IIE 3TP0VVSKLT. IWORS .SaO9PR CES
C
C THIS SUBROUTINE PRINT TH4E FI&AL PIE$LLTS OF TH.E UvIAT14ZATIODN
C

1 St 000)3 COMMON s*LKITOTs4U~.bJDGET.s66K2,XfU(0oh1t.APS00S.C0Sf£500I.NFP0
.5 5008 I6LKSO't4aPS.SKf .1 JEFF .IKKe. £VLOQPC.

IS". 0004 CON14014 ISLKOIISUN4 mIPASS
ISt. 0005 DIMENSION. KIT45OQD.St.(41
1St. 0006 DOUBLE PRSECISION. Et.OASeSoo

I Sft 0007 A TE Mm 0
I S 0008 x4lTEIS.1005 PRICE* EOISSLO
ISE 0009 100 f0otlEAT5/iISX.OPRiC(Ai$.F15.2.8N.(tRSIXIhU.F0.55AEO0/Ib

ISME 0 010 sRITE46*L108 LOOKC
ISM. 0011 lid F09t.AT6. v5X*.XMW R OF ITERATION.S IS*914*//

C 000
ISM. 0012 CALL TINE
13%E 0013 REIVIND 1
is" 0014 IF SIPASS*.E0*2P STJP
is". 0016 IPASSSIPASS~ji
ISt. 0017 50 m Ef UNN
is". 0018 END
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15W 0002 SuaORGUrtiW TABLE
C
C COMPOTATION OF THE CINULATIWE SUNS OF POISSOm DIST.RIOU1ON
C
C POISOum .K$ = CIMU&.AT IVE PllOaA6ILIT 1OF 09fNDb OF QUANTITY K-3
C FPOtt I TE, I
c FOR K GNEATER fNAW NF-201119 P0153N4 1.48 a I
C

25W 0003 COMMON POIISO40sO0
130V 0004 COMMON g4LK 1 TOT&.4UP oUDGITi8L K2.4XUA 00 be fAP 5008.COST I OO$ 90FP0

*S SJ08IBLK31MOP5.SKF*IZUEEFF*IKK
IS15 0005 :DAMON. foLKOVISUN.OLPASS
Is"5 0006 C004MON *,PNMMIMPoTo 4XMU&P1TER
15W 0407 DOUBLE PRECISION PJlSaN9TEf4M~adwpSUm&TERL
ism 0000 TERL0S.O-91
isW 0309 DO to Ia&*ITOT
ism 03110 0468OBLEd EMUE to a
15W 0011 TERM= OEXP -oleo)
IS% 0012 PUISO14 1*11=TERN
ISM 0011 00 24) J82*I0
IS% 0014 IFI TERM*.T@TERL.AW1.P31511W41.J-1D.GT.9.0.OI GO 1 30
IS% 0016 TER MaTE Rmeuw/DFLOA T4 J- t
15Wh 0017 Pot 50W4 I aj IPOISOWItJ- I I *TE4
15W 0028 21 C ONTI NOE
ISM 0039 WvFPOl 18 .100
ISN 0020 6O TO 10
15W 0021 30 NFPO6 II..
IS%5 0022 00 40 JEZJe 100
ISM 0j23 41 Pot SOWi toJx tfI.0 J
1SP4 102 10 ZFI MXMu.Ed* )

**RITE46*.a 1.WUPOILDI* NAPt I$* J94III
15W 0026 it IT UfRW
ISM 0021 E NO

ISM 0o02 SUBROUTINE INXZTIKIT*PWXCE i
C
C INCREASE KIT VI...IS TO &NSUNE 704AT THE PaOBSBLITY OF ANY ITEM
c 4lCH WILL 4AW! 4A.F JF f4! FLEET 030W 1S LESS 111AN 509
C

15% 0003 DIAENSION ItITESOOS e.(T04!00)
IS% 0014 COMMON POlSOkt3O0.LOO#
15W 0005 COAWOW /OLgITOT.94UP.alJ0GETjBLK2IMMU(5008,NAP45Q08.C0ST45g)Ob.WFPO

#9 4005,LKL3IWOPS.SKF.10E!PF.14KV BLI(9/VP4fRO*SOsZIIO
ism 4006 CON0M0N /LKO/ISUM9IPASS
15W 0007 COP114N $dLK12IZTOTL#1 TOT2
ISM 0000 DOUBLE PRIECISION PJIS3N *UPlERO#l500 sVP9SOC
ISM 0009 DATA KgTJI'S003*Of
IS" 0410 194 IPASSoMEell GO TO) 1
ISM 0512 D0 I InisITOT
ism 0013 1 4174dil
15M 0014 2 CALL CALClKITO9VPZd:ROsS00lf0D
ism 00t5 WRIT146*9911IKIT.AIIU, IXul.ITOTl
15W 0016 991 FORMAT dlflS~s SE4PTY KIT01ISA92542A912111
15W 001? WRITE 169920 dPlERU.SORO9IUEEFF
13W 0018 992 FOMATI #4 SX*VPO# Floo.6#.04 * U09F10*SsSK**UEEFF.1I4J
ism 0019 W!PSmMJPf2
15W 0020 00 10 ITEMuIsITOT
ISW OU21 20 ftU~m.EPS5.MAP4 ITEM*.K1TI4ITEP1+I
1595 0022 IF4MUM.GTeNFPOfITEIIIl bO TO 10
1534 0024 1 F1 PO1SOWdI TE~MUP*;iT*5 b GO TO 0
ISW 0026 K ITI ITIMI KITI ITEM) #1
ISW 0Oi27 P RICE mRICE CO5T4 IfEm 0
15W 0020 48O To 20
ism 0029 1o C 0% T1NUE
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15% 0O0 v :ALL CALCtKIt.VPSj(3I
ISM 003A *RITE 969911 4 KZT411Isi.~
13% 0032 91 FORMATtIIIISX98ZWLTIAL Kll'.,£3g.25l2X@12h)8
15W 0033 ORATE 469"41 dP aSCO ILEEFP O.OR1CE
13M 0 j34 994 FOmn0AFA I 15X t 4VA * F I D o.SAO SO 3 F lU.5 o 5x vUE 1 F4 a14 95x

+ PRZC989 F12*21
ISW 0035 a ET uoN
15W 003a 3 1P£ITOTloEe.ITOT2) Wd TO 2
15W 0036 L. to zror. i
ISM 0039 00 4 MxL&9ITOT2
ISM 0040 4 OLIT INmis
Is" 0041 GO0 TO 2
I SW 0042EW

ISM 00132 SUBROUTINE OPTIlW(KITafP@SDO.PftI.E I
C
c 14AIN OPTINIZATIJ4 4OUTINE

15W4 0003 DIRENSSOM KIT4O5@1.T57164!O0S
I 1W Ojoa DIiMENSION BINTi~N1 10)
ISM 0005 CON"Off f8LKO/ISUM149PASS
is" 0006 C0OMMON IadLK UIT0T#4UP adUOGET.BL K21APIUE50 1 4A P45 001,CO5TI 50018NFPO

* 15 000? COMMON fUBLK61IN(T-io iBLK9fVPlEQOoSOOLRO
M5 0006 ^.000401 ffLKSIVPTP VP4OALmSDO(vOL
is" 0009 COMN OICOJNTflCOUVT# IAOD£ZOi4
ISM 0010 C014MOW lPRIWlT/IIPuTWAPSU9PlTER
ISW 0011 DOUBLE PRECISION West V (,OAL oVPOE LT VPTES TS0O9.S006OLe SD0ELo S0TES

0 *VPLE4OoSD00ZR0.VPI.

ISM 00141 99 1 F Oft AT 4#4 1 5X9KLT 17180 lf 63Ao25t2X9I2lb#
15W 0015 99* lFWtMATT3.'ITERATIiW'.14oX, OVP zOoFIO*59 3AvOSOO u.oFlOoS9 SAO

# "PRICE *.a F12.I.3g.'OTAL ITEPS AOUEO 00#55.I(Z7#9415048
154 0014 999 FOR PATI SAO TARGETS T3 tit ATVAIEO'.II.51.' COSTzS'%F~o.2mSXp.*ORS

#G3ALa'.FLOoSo 5X#O'5JOkoJAL8* OF ZooSo 1.41
C

15W 0015 IFi6A(.u
ISM 0010 L 00PCs.)
IS54 0017 0 W GFTao o0

C
C KIT S7&8 CALCULATIOW
C

15k 018 J0 10 ITEM. 1. hOT
IS% 0019 AT57IS£ ITEMIU:IFIAtAfu(ITEMI.*SKP..o!)
35W I0?) IF&KTS7 184ITElNI.LTo 18 KT 57 184ITEN let
15W 0022 SUDGET&SOGET #COST( zI -'4 FLCAr -!?ld I EM I
I5W 0023 10 CONTINUE

C
75N 0024 CALL CAL.CUMT7IO.VPGOL9SDO(.QLI
ISM OJ25 aRITEI99201 fKTS7A6ZIAlIX~l9ITO1*
154 0026 *aITE46 .9998 SUDGEr .v#8f'ALoS500.OL
ISW 0027 IF £lPASS9EU.26 vPria1.1.VPGDAL
ISM 0029 IN( IPASS.eOfe SUOwETm8UOGETe.o9

C
IS% 0031 VPOELT84VPLERO-VPGJA.8&5*0C
15W 0032 VPTEST=VPZERO-VPOELT
ISM 0%)33 1Wiau0
1SM 0034 SOLJOELm;4 OOlR0-SOOGOL 815.0C
15t4 aq~35 SOOTE~sSOOZRO-SOODii.
15ff 0036 wpavpzeao
IS0W OJ3? SOWS93140

I5W 0339 IOELVA21I
15W 0040 (.0 TO 2235
ISW 0041 210 Ift WP.Lf@VPTlSTI GJ TO3 220
130W Ouv3 IFt 50.LESo $OTES31 wO TO 222
15w Oo4s LO0PCwLOOPC.1

c
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ism 0046 215 CALL A004 KIT. VPsSOJ*P4ICEl

15W 0047 IFf MITER.EU Ib
M RITEitb9941 LJOPC.WP.SOPRICI.ICOUjWT.41AcO~iluuaJCOUwTI

15W 0049 0O 216 Ia 1. IOUT.
ism 0050 216 IAOO4 1lbso
ISM 0051 ICOUT-0

c ***
ISM 0052 1P F1 41TE-ReEQ L I

ISM 0054 IF4 IFLAG#E0A*L) GO TO 350
IS% 005b GO TO 210
15W 0057 220 wPT13T&vPTEST-VPDE%.T
15W 0056 IVPUIVP+L
15Wv 0059 ZFISOoGToSOOTES) w3 TO 223
I5W 0061 222 SOOTES&SOOTES-SDODIL,

C
C SEL.ECT P40PER ORATIO4 A140O 1W1
C

ISM 00fa 1500-1500+1
ISM 0063 223 IoRAM=0.LVP*ISDO
15W 006. IF4 IdQA49GT.361 184 Ariz36
1514 0066 GO TO 1 334s30593O6* 30.306s3O7,.i3.3Q4.130S,306,306.3079

t30393')3s3O4o3O5*3%s.73O~s3O393C39304@30b*3(179
23029302*30293029304*3 17*30 It3013 Cis301 301 3336fIRAN

1~m 0067 250640 TO 1311.311.311.JaJ.312.i3l2s311.311.312s312.3u33.
13 1L93 12.3 12.3 13.314 .3 14. 312. 312.3 13. 313.3 14.3 15.
2312.333l493l4*31l.m 16.312.313.3 14.315.316.333.ISRAN

ISM 0068 301 wPTESTOoD*Oo
C
c. 4RATIO* ANO 0INTO SET TABILE
C

ISM5 00bg 302 RATI1310.
Is"4 0070 60 TO 25J
ism ou~a 303 R AT IGxS5.
ISM5 0072 6.0 TO 250)
ISM -3073 3Of.i RA F 10-5O
15W 0074 60 TO 250
ISM 0475 305 RAT 10L3159
ISM 007o b0 TO 250
15W 0077 30a 4 AT 10 as00..
15W 0.17d 60 Tu 25o
15W 0079 307 kAT 10-1030.
15W 0000 SDJTES=OoO*00
ISt. OJO 60 TO 25J

C
15W 0002 311 1 MT atTO To 4 1
15W 0083 Goo 10 210
ISW 008. 312 1%T atTO Tf 8+1
1SM 0.165 G0 TO 210
15W 0066 313 1 4T tTO To16+ 1
15W 0.187 u0 TO 210
15W 006.d 314 INT -1TO T132 +1
15W 0089 i.O TO 210
I5W 0 Wo0 315 1 MTaI TO T/64 #1
ISM 0091 60O TO 210
15W OU92 316 1 NT -

I5M 0093 GO TO 214
ISM 0094 333 RATIOsSOo
1t.f 0092, IF4 f@UOGET-PICEJ*%pC. 40000.1 GO T C 334
15% 0097 I mr1Al
15W 0096 60 To 215
15W '3.09y 334 If4IMdUOG(ET-PRICEI#-wE*2lOoCt G0 O 1 335
15" 0101 tmrmTOTf64+1
1SM 01A02 GO to a15
ISM OsO3 335 1P(EWBWGET-PRICflswE# :Jioo*C0.I GO TO 336
ISM OA05 I mT ITOT.4 6+z
I5W 0100 .0O TO 215
159. 0107 3360 WTuITOTf 8#1
ISM 0106 60 TO 215
15W 0109 350 IFLAGOO
ISM 0110 RETURN
1St. 0111 1E MO
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is"4 0002 SUWOUTINE ADOC KIT& VP9SOOPALCE I
C
C THIS5 SUBROUTINE AOOS 1147 DIFFEREN4T ITEMS TO 7841 KIT SY
C AGINAL ANALYSIS
C

2514 0003 DIMENSION1 T54 S@0I.4IT4 Soot
ISM4 0004 0114Eu5201 SINT-Rd 103.5 It 501 9S Sit50b a.5IDELI1 508
IsM 0005 CONMON ParSOugS0.11ja
is% 000b COMMON0 fdLK04ISL#NsIP4SS
IS14 0007 CONMON 6LK V ITOTs4UP 96UOGETfdL420J1U4 5 ~is AP 500D.C5TI500D1 vFP0

*I530JOI3.NOPSS.IuEEFFIKL4IFLAjiMlToiAIU
is"51 0006 COMMON /SLAGISINTEM
is" 000w0 C314140 IBLK7ISl16IBLKAIVPTS ifPG3AL.s5) GUL
15S% 0310 C014MON ICOuNTIICOUg'. EADO' 20a1
2514 0311 DOUSLE PRECISION PJISJNoTSsOIF.VPoAsSDOPSOOPeTs

+ SI.SSISTEMPsSSITSMo SISU14o SSISU149SIDEL
15S4 0012 DOuBLE PRE: IS ION EP33AL.SDOG3L 9EPs sopr

*ISM 0013 DATA INTERI/i.M1FLA6#osOEPSI.0D-121
C

15S" 0014 N OP S 14OP S#I
i5s" 0015 IF& IPASSsEG.21 IBTE.IPaa1%TE INTER a
ISM 0,j17 IF 4IPAS59EUe 18S-fMPabUDGET
2514it I3 ZFt IP AS So EG 91 *AND OIN Tk1E d T IRI L ToBUDG ET b Of E 0P ubLNT E 4INTER I
IS"51 0021 S IT Emps00.00

C
1514 0022 DO 30 J51211aNOPS
IS D5J023 30 S ITE0MPsSjXEl4P#S1(Jill
1514 0u26 SISU.NwOPeS*NOPSL1.SLTEXP

C
1ISM 002b 0O 99 ATemulaITOT
25SM 0a2b IXLUKZFAZTPII.1
25S4 0027 lX'4=KIT(ZTN*. I14UPS-0 wMAPIIIMS,1 2
1 255 0328 IFE ZAN @oil. sFPOZ4e 0s maNFPU 4 1Too
15S4 0030 IF& IAL *AaEo NFP04TT1748 I %XLaFPITMl
1514 0032 JIFs POISONg2ITM.X1Xi*.0POISDA4 ITS!alAL)

c
25S4 0033 00 20 LamiefOPSa
IS14 003. AJ-KZT* ITM b4m K It NAPI ITPI *1
ISM4 0435 KI mKJ I
15S4 0I3b I F t KJ1 *b E NFP94 If.140 63 TO 33 3
1514 0038 1 RP ISQMI IT" KjI )Eo Cd0 V 607T0 222
2514 0040 SS14K *ASCK lo PO ISO %4 ITN K 11 .4PO 09O4 1T Ps jI
1514 0041 60O TO 20
25S4 0042 222 SS& iu1.to 0
Ism 0.843 00 223 KLsLIrOf
Ism4 0044 KIkfuIT4mL~l+K-I1*,AP1K28*)
2514 01345 IF1KI 9Ego14# R 10IK A1
Ibti 004? IF IKC11.6EeNFPP0(RleI GO TO 223
154 0049 SS1(L~sSS19K,.PDISJ14K *Kill
ISM14)050 IFISS514KIeLEsEPS) 40 TU 321
15M14 'j5d 223 CONTINU4E

C
1514 0053 60 TO 20

ISM 0054 321 SSI*Klu0.D@
1514 0055 160 To 20
Ism 0056 333 S S A4IK 1S ItK
1514 GOJ5 20 CON4TINUE

C
1514 0058 SS1 TEN@OO 
TSN OJSVD 00 60 JSSulaWgOPS
I514 0060 40 5 SA TENOSSIT EftSS it JSSI
1I14 OaeA SA SUMAOPSOS SIf MOO S L - SS I E p
1514 0062 A 03SISU M
ISM4 0063 T 34 I 1=I IV P- A eDOM.El *A T 10 1DIF 0 10LEOS T iIT 0 8
IS" 0064 99 04 11 Mu!

C
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C £D0 2 OF THE INTG ZTEAS sI1W THE Z096EST ZOOPkObERENT RATIOS
C ADD a OF THE NEXT P4I614EST INT-INiT14 ATENS
C

IS% 0065 INT~aINT/4
IS%4 0066 00 102 1IU41
ISM 0067 TaT Si l
IS% 0068 ITMUL
ISM 0969 00 101 Jm2v1T~f
is% 0070 IF4TSIjfoLTo1I G~O TO 101
1514 0072 VUS tiJ
ISle 0073 1I =~J
I1le 004 10i .ONTINJE
ISM 0tJ75 KIT# 74 ITW)KZT4 1I*a
1stk 0476 1CO UN TaICOUNT +1
1584 0077 IAODE3COUFITl=ITft
ISM 00 Ift 1FLAG.IUei8 :ALL. :iaL^.6 KIT&V~w~o D
IS15M 0080 PIIICE&PQICE4COST4 ITrNO
358. Does TSAI3TN"a002O
I5W 0082 IF4 PRICE* GT~dTEfMPoiRo i MFLA*E#Aol sANOe 1VP9LEeVP~vAL9At0

S00.A.SOOGOS Is (PO TC IDS
*IS% OJe. 1FI INTA.EO. @8 60 T) 1 02

IS" 0080 ikITlITMICKITfITNI.+&
Is.. 0087 AC04)NTOICOUNT.1
IS%4 0086 £AODIlCOUNMTf-ITlN
I5S* 0009 IFAMFL4G.E.Iji8 :ALi. 4'L1 KI To We S03 1
IS" 009A PRICEwPR1CE+C OST4I T*)
ISM 0092 lFAPRICEeGTodTEHPoJQ.4 ONPLAG.Ef..l *AMC0. 4VPeE*VPG6ALeAND*

* SOOLleSDUGOLlIt. too C 105
15W 009. INTea1WT.-1
3584 9095 &02 ^:OWT.3WE

1584 0090 CALL CALCdKIT$C1P#SDOP
358. 0097 IF CVP*LE*VPTO Mg:LAGAl
35W 0)99 RETOMN

C
ISle 0100 105 SF9441 PASSoEud.ab.A-iiodiTENPo.h~tUUEEYe *OR*

* (NPFLIG9EIb.1 *AftOolVP9LkevVP.OALeAN4Oe
* SOo.A.E.SDO(.OUl I FLA(.uI

154 O02 CALL CALCiKirewPosoo,
ISM 0 103 IF 4VP.LE*VPTO NFLAGAI
3540 o05 SF4 IFLAGeME o AI WRIT El 6. 99S8 I E P
I1S5? 0107 IF4 IFLAG Ego 1 WRITrS!fit994, 1FRICE
ISM 3109 uRIVE46999i8 4czrizma. IAui.ZTOTI
35W 0110 WRITE 46*9938 EP.S00uIttEEFPICEIIN.C0ST4ITN81
ISle 011A S1DEi.II8USLiI

ISe 0112 00 95 JE20NOPS
15W Oa 13 95 S 1DELdjIn S 14 il-51UJ-a1
IS14 0114 aRI TE 46Go9961 4 SlDiLiIIt 1 t i OP SO

C
ISM ) 0lb IF& IFLAGNiEs If 11TERA LuTEm#1
1ISM 0117 R4ETURN

C
3SW "L18 991 F OR4A T4i ls5E.Ktr oo to4 3 X 2 542 Xo 2 10
ISSW 0L19 993 F OR04A Tt 1i5K sV-*0sFto oS* O P10.5.5K m0SIO..K s0 UE!FF Ot 4.5E.

$ PRICE' 12 29 S o8L AS T ITE P ADDE0% 1 So S 9 01TE4 COST&* F 10s2

1SM 0120 995 FORNAUtfII Us. ODIJGEr 6aI,8012.21
3584 0121 9So6 F OR 14T 4X49k20o 12f
35W 0L22 994 FORMAT1412X9 OPAI.E )F 3PT104AL KIT a* P12*21
15WO 0023 END
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APPENDIX D

D.1 Listing of F4D Input Data

D.2 Listing of Phase 1 and Phase 2 A4D Input Data



APPENDIX D.1

LISTING OF

F4D INPUT DATA



D029 SYSTEN CONTROL/INPUT CARD FORMAT

. A: CARD PROGRAM CONTROL CARD

Field Column TM Description

1 1 - 5 15 Initial Program in Flying
Hours.

2 7 - 8 12 WRSK Support Period in Days.
3 10 -14 i5 Total Program in Flying Hours.

* 4 16 -17 12 Unit of Equipment.
5 19 -20 A2 Run Sequence Number.
6 22 -23 12 Number of Kit Authorizations,

o 25 -26 12 Number of Set Up Days.
3 F3 j ,re1 '8 54 Al A (Card Indicator).'

xII.. "B" CARD : KIT SUMMARY CONTROL CARD

1 1-10 ,AlO Kit Serial Number.
54 Al B (Card Identifier).

I

III. "C* CARD : ITEM DATA CARD

1 1 -15 A15 National Stock Number (Left
Justified).

2 17 Il Note Code.
3 19 -21 A3 RR/RRR Maintenance.Concept r

(Left Justified).
4 22 -23 12 Repair Cycle Time in Oays.
5 25 -26 12 Quantity Per Assembly.
6 28 -30 A3 Application Code.
7 32 -36 F5.4 Total OIM Demand Rate.
8 38 -42 F5A Depot Demand Rate.
9 44 Al Routing Identifier'.

10 46 -53 F8.2 Unit Cost.
11 54 -56 A3 LRU/SRU/EOQ/NOP Type Item.
12 58 -62 A5 Work Unit Code (Left Justi-

fied).
13 73 -80 A8 Noun.

Te Explanation

Numeric input only, leading zeros as required, right
justified.

A Alphabetic or numeric input.
Numeric Input, decimal assigned by systev,, leading
zeros as required, right justified.
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APPENDIX D.2

LISTING OF

PHASE 1 AN4D PHASE 2 F4D INPUT DATA
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Phase 1 Data

1 1 25927.00 0.65423 RR LRU
2 1 3054.00 9.01932 RR LRU
? 1 600.00 0ot 3737 RA LRU
4 1 8166.00 0.04807 RP LQU
5 1 11107.00 .C2b75 PR LRI'
6 1 3162.00 .03737 RR LRU
7 1 1390o.00 8.01276 kR LRU
8 1 2332.00 ,.04025 RR LRU
9 1 2868.00 S.03599 RR LPU
10 1 3550.00 9.03599 RR LRU
11 1 874*.0 0.0734 8 RR LRUJ
12 1 12366.f,0 0.04C25 RR LPU
13 1 1627.00 0.25553 RR LRU
14 1 2369.00 0.16422 RR LRU
1.5 1 5258*.e 0.11396 kR LRU
16 1 1325.00 0.03231 RP LRU
17 1 297r.00 0.12086 R LRU
18 1 2520.00 0.10879 RR LRU
19 1 303.24 0.13075 r<R LPU
20 1 799.D0 0.05L,8 RR LRU
21 2 1424.00 0.6348 RP LRU
22 1 1056.00 0.05773 RR LRU
23 1 845.3 0.04025 RR LRU r
24 1 919.80 0.04726 RR LRU
25 1 717.70 0.03749 RR LRU
26 1 927.00 0.09522 RR LRU
27 1 3126.00 0.10223 RR LRU
28 1 2122.00 0.06049 RR LRU
20 1 6851.00 0.21332 RR LQU
30 1 582.00 0.11569 RR LRU
31 2 374 5.00 0.10948 RR LRU
32 1 692.70 0.05198 RR LRU
33 1 133.006 0.0738 3 RR LRU
34 1 133.00 0.08889 PR LRU
35 1 3202.0, 0.22850 RR LRU
36 1 51£.00 0.71875 RR LRU
37 1 1241.00 0.29003 RR LRUA8 1 2109.00 0.05750 RR LRU
39 1 82'.5f, 0.07820 RR LRU
40 1 1342.00 0.06014 PR LRU
41 2 3914.00 0.17480 RP LRU
42 2 891.73 0,17227 RR LRU
43 2 933.80 0.04692 RR LRU
44 2 2058.00 019343 RR LRU
45 2 344.1 0 0.04653 RR LRU
46 2 1242.00 0-06923 RR LRU
47 21' 471o76 0.38180 RR LRU
48 5 30V430 0.27370 RR LRU
49 1 1317.00 0.04393 RR LRU
50 2 2083.00 0:35165 RR LRU
51 2 10C4,00 0.15 02 RR LRU
52 P 637.9U 0.13156 PR LOU
53 2 487.90 0.3831P RR LRU
54 2 9901.00 0.32798 RR LRU

5 2 27 t-.3 0.06624 FR LRU
b6 1 297.*00 0.17043 RR LRU
.57 4 1130.90 0.96370 PR LPU
58 1 886.00 0*07b24 RR LRU
159 5 32G.30 0*14U87 RR LRU
60 1 1303.00 0.04174 RR LRU
61 1 13"10.00 0.5566 PR LRU +
62 1 456.90 0.06175 RR LRU
63 1 09o70 0 . 4335 RP LOU
64 1 945.50 0.20493 RR LRU
65 1 288,*0 0,.2121 RR LRU
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66 2 97A.00 1.1007P RR LRU
£7 2 708.00 0.72450 RR LRU
68 1 4000.00 0420412 PR LRU
69 2 412.OC 0.01035 Rp LQU
70 2 262.10 0.06992 RR LRU
71 2 1358.OC 0s.4111 PR LRU
72 1 1874.00 0d17284 RR LRU
73 1 280.00 0 .161;22 RR LRU
74 1 3656.00 0 ,0 6 3 8 2 &R LRU
75 1 335.CC 0.09579 RR LOU
76 2 2129.00 0.37237 PR LRU
77 1 2166-0D 0.14973 RP LRU 0
78 1 1158.00 012788 RR LRU
70 1 3550.00 0.19251 RR LRU
81 1 3290.03 0443493 RR LRU
81 1 1,02.40 0.f4715 RR LRU
F2 1 1115.00 0.25392 RR LRU
83 2 267.80 0.23000 RP LRU
84 1 1051.00 0,54383 RR LRU
85 1 875.50 0*13524 RR LqJ
86 2 7P6.50 0.24978 RR LRU
A 7 1 1401.00 0.14846 RP LRU
E8 1 1585.00 0906290 PR LR'J
89 1 6180.03 0.8462 :R LRU•
90 1 2553.20 0.05186 RR LRU
C1 2 2292.OU 0011707 RR LRU
q' 1 831.2U 0.05681 RR LRU
93 1 641.69 0.1163P RP LOU
94 1 1421.00 0.11500 RR LRU
95 1 165.00 0.19090 PP LRU
96 1 165.00 0.13570 RR LRU
i 7 1 1656.00 0.P7003 RR LRU
98 1 591.2i 0.06359 RR LRU
99 ! 21P.91*U 0.66447 RR LPU

100 2 1275.00 0.12144 RP LRU
11 1 2to-,6.00 0.08820 RP LR "Vol
1u2 1 253.60 0 .03772 RR LRU
103 1 605.64 0.48587 RR LPU
134 1 108.00 0.21689 RR LRU

!(,5 2 457.30 0.41814 RR LU
I 16 1 1224.*0 0.27174 RP LRU
107 1 1159.00 0.10718 Rp LRU
3.R 1 4000. 1 2.44950 RRk LRU
1(!s 1 2!60,,00 0.4124 RRR LRU
210 1 12389.00 0.27715 RR LRU
11 2 430.50 0.08027 RR LRU

112 1 1082.00C 0.06382 RR LRU
A13 1 892.0L 0.07682 RP LRU
114 1429.00 0.0S003 PR LRU
115 2 141G.0 0.16882 RR LRU
116 2 250.00 0.06118 RR LRU
117 1 471.7 0.10154 RP LRU •"
118 1 715.70 0.51589 R I tRU .

119 1 1686.00 0.08096 RR LRU
120 1 1449.00 0.25001 RR LRU
121 2 970.50 0.OM177 RR LU
122 1 127P.00 0.12776 RR LRU
123 1 886.0 0.1117A PP LOU
124 3 659.40 0.08901 RP LRU
125 1 1119600 0.08b36 RP LOU
126 2 702.60 0.48323 RR LRU
127 1 54.o0 1.02649 RR LRU
128 1 238D0,¢ 0.52808 RR LRU
120 1 60u ON 0.09016 RA LRU
130 1 480.00 0.01035 RR LRU
131 1 840.00 0.07371 RP LRU
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1!2 1 5000.60 0.62732 RF LRU
133 1 1010.00 0.10718 RR LRU
134 2 718.05 0.10030 RR LRU
1.5 2 279o00 0-26818 RR LPU 0
136 1 129.00 0.07728 RP LRU
137 1 3097.00 0.71875 RR LRU
138 2 696.00 0.20332 RR LRU
139 1 3971.00 0.70081 RR LRU
140 1 2760.eCO 0.48288 RR LRU
141 1 2711.00 1.04075 RR LPU
142 1 9674.00 1o46027 RR LRU
143 1 3275o00 0.08119 PR LRU
144 2 1C15.00 0.87929 RP LRU
145 1 2,56,C 0o03875 RR LRU
146 1 1674.00 0.04611 RR LRU
!47 2 436oC 0.20102 PR LPU
148 1 35511.00 1.19232 RR LRU
1.49 1 1472.0 0,12960 RR LRU
150 1 2730.00 0.20838 RR LPU
151 1 17694.00 0.99969 RR LRU
152 1 3914.00 0.34258 RR LRU
153 1 3223.00 C e20642 RP LPU
1!4 1 1183.00 0.20044 RR LRU
i5. 1 1471.00 0.09085 RP LRU
15!: 6 1 1984.00 0.74658 RRR LRU
157 1 41566.00 2s91916 RRR LRU
158 1 41566.00 0*23000 RRR LRU
:59 1 3668.00 1.74018 RPR LRU
160 1 1200.00 1.01338 RRR LRU
161 1 13000.00 1.73680 RRR LRU
162 1 13000.00 1.18174 RRR LRU
I1,3 1 51886.00 16o.33919 RRR LRU
164 1 39000oO0 6.78960 RRR LRU
165 1 664A5.00 8.F0310 RRR LRU
166 1 40102.00 9.07718 RPR LRU
f 7 1 5951.00 2.91548 RPR LRU

168 1 2200.00 3o87596 RRR LRU
i69 1 5352.OC 1-12684 RRP LRU
170 1 4687.00 191958 RRR LRU
171 1 45581.00 11.02481 RRR LRU
172 1 29011.00 0.24426 FRR LRU
173 1 13721.00 4.60046 RRP LRU
174 1 11520.00 4038978 RRR LRU
175 1 321P2.0 5.55864 RRR LRU
176 1 566.50 0.29566 RRR LRU
177 1 1200.00 0.7100I RR, LPU
178 1 4496.00 1.00567 RRR LRU
179 1 21265.00 2-98546 RRR LRU
180 1 40606.00 11.13084 RRR LRU
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Phase 2 Data

1 1) 1 l. 3g3 7 2592,7.O0 RR LRU
2 0 1 0933t33 3054.00 RR LRU
3 0 1 J..L5065 bOO.O0 RR LRU
4 0 1 0.83683 8166. 00 RA L AU
5 0 1 0.50050 11107.00 RR LU
6 0 1 O.6b06. 3162.00 R LRU
7 0 1 0.22222 13900.CO RA L
8 0 1 G70070 2 230 RR LRU
5 0 1 1. ti266 2e e. 00 k LAU

10 0 1 O.62.62 3550.00 RR LRU
3 1 1.27928 8784.00 99 LRU

12 0 1 0&70070 1236b.00 HR LAU
13 1 1 4.44842 1627.C0 Ak LRU
14 0 1 2.65&:85 2369.0 RR LAU
.b 0 1 1 #983s8 u258*00 RR LAU IF
36 0 1 0.562b6 1.325.03 RR LRU
17 0 1 2.10409 2S75.oC RR LRU
18 0 1 10893138 2t20.00 RR L t
19 1 1 2o2I625 303*24 RR LRU
2C 0 i O87U88 799*00 RR LFU
2. 0 1 1.10510 1424.00 RR LRU
22 0 1 10CO500 1056.00 ;R LHLU
23 0 L 0.70070 .45.00 RR LAIJ ".

0 1 0.8a282 919.60 NR LRU25 0 A . 6526b 717.70 ArA LRU
26 1 1 1*65765 927.00 RR LRU
27 0 1 1.77977 3126*CO &R LRU
28 0 A 4,05j0b 2122.00 HR LRU
29 a 1 3.71369 6891.00 HR LRU
30 1 1 2.01401 582.00 RR LRU,
34 0 2 1.090b9 3745.00 R LAU
32 0 1 3.90490 692.70 R LAU.
33 0 I Io28528 1333.00 RR LAU
34 0 1 1.54754 1333.CO RR L AU
,5 0 1 0977107 3202.00 kk LRU36 B 1 12o51249 516.00 RR LRU
37 1 1 5.04903 1241.00 RR LRU
3e 0 1 1000100 2105.00 AR LRU
., 1 1 1.36135 a24.50 RR LAU

40 3 1 1.04704 13429CO RR LRU :
41 0 2 Jo04303 3Si14o CO HR LAU
42 1 2 2.99898 891.73 RR LRU
43 0 2 J.81682 933*80 HR LRU
44 0 2 3.3c7J5 2058.00 RR LRU
45 1 2 U*84484 349.10 kR LU,
46 0 2 1.20520 124200 RR LRU
47 2 20 to64t63J 471.70 HR LHU
48 2 5 4.76474 304.30 RR LAU
49 0 1 0*76476 131700 R LRU50 0 d 1.02102 2063.00 RR LRU
51 1 2 Ze*9867 1044.00 RR LRU
52 1 8 2.29027 637.50 R LRU
53 2 2 6.6706b 487.90 RR LRU
54 3 2 5.70970 9v01.O0 R LRU
5t) 1 2 1.15315 275.30 AR L RU
56 0 1 2e96695 2575e00 4R LRU
57 2 4 l6b7767i: 1130.00 RR L,;kL
58 0 1 1.22732 886.00 RR LRU
5S 1 b 2o45244 320.30 HR LRU
60 0 1 0.72o67; 1300.00 RR LRU
61 0 1 .db897 1300.00 RR LAU
G2 1 1 l.C7507 456.90 RR LRU
6.1 L 1 0.75475 309.70 RA L U
e4 1 1 3.56756 945.!0 R LRU 0_
65 1 1 d. 1101 0 288.00 AR LRU
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t6 3 z lye.16212 S78.00 RR LRU
67 2 2 i2.61259 708.00 RR LAU
68 0 a 3.55354 4000.00 RR LRU
69 0 2 0.18018 412&00 AR LAU
T0 1 2 1.21721 262.10 RR LRU
71 2 2 14.64261 1358.00 RH LRU
72 0 1 .3.00899 18374.00 RR LRU
73 1 1 20.85e85 280.00 RR LAU
74 0 a .11 35.00 kR LRU
75 1 1 1G666 335.*CO kR LRU
76 1 2 be4a247 22.ON R
77 0 a 2.60659 2166.00 RR LRU
78 1 1 2.22621 1158.00 RA LAU
79 0 1 Z353134 3550.30 kR LRU
80 I A 7o57156 3290003 NR LFU
81. 0 x Q.82082 802.40 RR LAU
e2 I I 4o42041 I115.00 RR LAU
E3 2 2 4.00398 267.80 WR L AU
84 2 1 v.o46745 ICS1.00 HR LRU
es 1 1 2e35434 875.80 RR LAU
86 1 2 4 *34183~ 7186o5O RR LRU
87 1 1 2.5e458 140toCO RF LAU
88 0 1 1.09509 1585.000 AR LRU
89 1 1 14,73270 6180.00 kR LAU
90 0 1 0.90290 2b53o00 RR LHU
91 0 2 2.03803 2292.00 AR LAU
9w- 0 1 0.S#8899 831.20 RR LAU
9P3 1 1 &e0260k 641.69 RR LRU
94 0 1 2.00198 1421.00 RR L AU
95 1 1 3,22332 16556.00 RR LRU
96 1 1 2o36235 165.00 RR LAU
4;7 0 k. 1.2192A 16-56.00 kR LRU
98 1 1 1.*0710 591.20 RR LRU
99 0 1 1152aebag0 R R L AU

t00 0 2 2.11410 1275.00 AR LAU
101 0 1 1.53553 2386.00 AR LAU
102 1 1 0.65666 253.60 AR LRU'
103 2 1 8.45844 605.64 PR LRU
104 1 1 3.77576 1308.00 RR LRU
105 2 P 7* 27S2b 4b7*30 A A LRU
106 1 a 4.7307L 1224.00 PR LRU
107 0 1 1.856 1359.00 &A LAU
108 4 3. 9.28535 4C00.00 ROR LAU0
109 1 1 J.64124 2560.00 RAR LAU
110 0 1 4.82480 12 389. 00 RR LRU
111 1 2 1.39739 '.30.80 RH LAU
112 0 1 1.11111 1082.30 RR LRIJ
113 0 a &o3373' 892.00 RR LAUJ
114 0 2 1.0450; 1429.00 PR LRU

15 1 2 2.9.3893 1400.00 kR LAU
116 1 2 1*06506 250.CO HR LRU
117 1 1 1.76776 471.70 &F LFU
118 2 1 8.ei8096 719.70 A R LRUI
119 a I 1.40940 itee*0 RR L F;U
120 1 3. 4..35234 1449.00 RP LRU
121 1 2 i.59768 970.50 WA LFIJ
122 x 1 2.2242& 1278.00 RR LRU
123 1 1 1.94594 d86600 HR L FU
124 1 3 :.84955 659.40 fiR LAU
125 a I I1a50 34f 1119903 FiR LAU
126 2 2 8.41240 702.60 AR LAUJ
12? 1 1, 17.86g7b 5954.00 RR LRU
128 1 1 9.19317 2380.00 HR LFU
129 1 1 .. 6b 650.00 kk LHLS
130 0 1 0.18018 480.00 RR LRU
121 0 1 1.28328 840.00 AR LAU
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132 1 1 L0.92090 b000.00 AR LAU
133 1 3 1.8656b 1010.00 RH LRU
134 1 1 1e 81 5l 718.75 HIA LRU
135 2 2 4966865 25o C.0 RR LIU
136 1 1 1.34534 12900 RH LRU
137 1 1 12o5La249 3057CO R LRU
13*3 1 2 3.53951 656o33 RR LRU
139 1 1 12.20018 3571.00 RR LRU
140 1 1 9040638 276000 RA LAU
141 2 1 1891180b 4711oCO AR LkU
142 1 1 25o42144 5674.CO &R LRU
143 0 1 1*41341 3275.00 RR LRU
144 2 2 15o30728 161500 IF LU
145 1 1 0.07467 2J6*40 RR LRU
146 0 1 Oo f0280 1074*00 RR LRU
147 1 k 3. 4r949 436.00 RR LAU
;48 0 1 20975b62 35511e00 AR LRU
145 0 1 2e2564 1472o00 RA LRU
1S 0 1 J4.2762 2730.00 RR LRU -
lt 0 1 17.40334 17694o CO RR LRIU

152 0 1 5o96394 3914.00 NR LRU
,4J 0 1 Je b9Jby J2239C0 R LRt.
154 1 1 3e48947 1183o00 RR LRU
155 3 1 1.58157 14?loO0 RR LRU
;56 2 1 io69859 1S84e00 RRR L RU
157 2 1 3. 5669? 41566.00 RHH LRU
l8 1 A 0.23000 415b6CO RA R LRU
159 3 1 1.74018 3668o00 RRR LRU
Af 2 1 1.01338 1200o00 HAR LRU
It( I 1138t8O 13000o00 RR LRU
162 1 1 1.18174 13000.00 RRR LRU
163 17 1 1 to 319 9 51886.0o3 RRN LAU
164 6 1 Co78560 39000.00 N R LRU
165 8 1 8e5031 J o0485e03 RRR LRU
166 9 A 9.07ib 40102o00 AAR LRU
167 4 1 2o91564 =GSeCC RRR LRU
168 7 1 3e8759b 2200.00 RRk LRU
its I 1 1.12884 5352*CO ARR LRU
170 3 1 1.91958 468700 RRR LRU
171 11 1 11.02481 4b581.O0 PRR LAU
172 1 1 0.57387 29011o0 RRR LAU
173 6 1 4.60046 1j721 o0 ARR LAU
174 5 a 4o38978 11520eCO RAR LRU
175 5 1 1205,9189 22182o0 RRR LRU
176 1 1 39 29566 566.50 APR LRU
177 2 A Oo7100! 1200.00 RRR LAU
178 1 1 2.89770 4496o02 RRk LRU
179 3 1 2.98540 212b5.00 RRR LAU
180 I2 1 11.13084 40606O0 RAR LRU
iei 0 1 1.94994 17150C3 RA SRU
182 0 1 O.62b62 132450CO RR SRU
183 0 1 ao42743 13260.00 RR SRU
184 0 2 1.2J120 3539.70 kR SkU
I15 0 1 0.08609 6761.00 RR SRU
i86 0 1 J957658 5300w00 RR SRU
187 0 1 0.62662 73OOoO0 RR SRU
A88 0 1 0o71471 21t2.O0 R SRU
189 0 1 1.00100 2554oCO MR SRU
190 0 1 Oe45846 2100.0CO AR SRU
IV f) & 1.13914 25500 O RR SRU
152 3 1 Oe 792?9 1250.00 ARN SRU
193 0 1 4.25224 2500o00 RR SRU
194 0 1 5. 38737 2200.30 RR SRU
195 0 1 A.13713 d39020 Rh SRU
19 0 1 192872b 75boO RP SRU
157 0 1 0.80080 4106.30 R S AJ
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s'8 0 A Oe 21L.Zi SSL 9'0 RR SFU
199 0 2 J.76374 1246.00 Rk SkU
200 0 1 t15o1971 6 4000.00 A R s ru
201 0 a AsoISGI 800030 AR SkU
202 .3 2 3.22721 t40.00 RN~ SRU
203 0 1 1.:* 293 i b5 3 5 oCO RR SRU
204 )1 1 5930.329 f30.60 kR SR~U
206 0 1 1 e5216 1 415.90 RR SkU
206 0 1 1043944 547*90 RR SRU
207 0 1 3.2492.' 574.00 RR SAU
2C8 0 2 40S168v 1174.-00 RR s Au
209 0 1 4o?747t 1124.00 AR SAU
210 0 1 'Je92O9g. 526.0-- HR SRU
211 .3 1 6.83081 1ea74.CO kA SFU
212 1 1.968768 434.00 RR SRU
213 *0 1 3~46.3 668.50 IsA SkU
214 0 1 1.60760 190.60 RR S AU
215 %) 1 1.3052%0 345.00 AR SRU
216 0 1 100100 772.50 RA SFU
217 0 1 2e0700b 2460.00 RR SRU
218 0 1 4o95294 3b46.0 Ol R SPU
219 0 1 Ce 5b09t) 3710.00C AR SAu
220 0 1 2o99497 1I4vaI~ RU.
221 0 1 4.668866 1654.00 RR SAU

222 0 1 2obt5bb 2563. 00 hA SRU
223 0 2 0.068307 556.10 R& SRU
224 0 2 0.13614 ae5oo0 AR SRU
225 0 1 9.82379 6026.00 R SAU
226 0 A le 3653to 1'972. 00 RR SRU
22? 0 1O00-96 3)250o CC RR SRU
228 0 1 2.17817 G71.90 RR SRU
229 0 1 2. 1731 7 2208.003 RR SRU
230 0 1 29178h.7 217.60 FiR SAIJ
231 a 1 2.00198 2052.003 AR F; sRu
232 0 1 le.2592 b 292.50 RR SRU
233 0 1 3.'VOJ89 490.20 AR SRU
234 3 1.SO017 - 321.40 AR SRJ
235 0 A joessab 27o.C-0 k& SRU
236 0 1 ko20219 i34.40 RR SRU
237 -.1 1 2oS5293 322.40 AR S Au
238 0 1 2 *8bU8Sj 1740.00 A R SRUj
239 0 1 Jo.00499 854.90 AR s Au
240 0 1 15.17715 8310.00 RR SRU
241 a 1 1980079 348.10 RR SRU
242 0 1 291201k. 381.10 RR SRU
243 0 1 0.00399 JG3.CO AR SRU
244 0 1 2.66666 473.80 RR SRU
245 0 1 1. 5395 3 'P22.40 RR SRU
246 0 4 bo00498 690*70 RR SOWU
247 0 1 1.42141 163.*CO RR SRU
248 0 83 3.63bb3 .372.90 RR SRU
249 0 k5 7o297213 bb3g00 RR SRU
250 3 1 2.27026 .114.00 AR SFU
251 0 1 t66766) 736.70 RR SFU
292 0 a 0.94094 1464.00 RR SAU
253 0 1 10.13811 7694.00 RR SAU
254 0 1 30t5*ti4 794.30 RA SRU
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