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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 M. 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 evalgation of a new model and computer program, referred to as the
Greedy Algorithm, is desc;ibed herein.
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The final report is divided into =ix chapters and four appendices. gi;———
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PART 1

INTRODUCTION

Problem Statement

The management of spare parts inventories 18 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 1is very large in practice., Consequently, a large size non-linear

integer programming needs to be solved. Dynamic programming f1) or the branch-
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and-bound method [5] could be employed to solve the WRSK problem, but the
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computation time required is impractical.

Brief Description of Current D029 WRSK Model

The current D029 Model and its computer program 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 1sApro-
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 eaéh 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 18 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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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 calculation of E(NORS/X) and E(SDO/X) functions.
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 fljing 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
wvhen 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

LY
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
caugsed 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. 1In addition, the FORTRAN listing

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

(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 camnibilization.
Let F4(:) 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
by = P[NORS < k/X] = » Fy(xj + kajy), k = 0,1,2,...,N
i=]1

where aj 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

Abg = P[# of NORS = k] for k = 0,1,2,...,N
then Aby, = P[# of NORS = 0] = b,
and Ab = P[# of NORS < k] - P[# of NORS < k - 1]
= by - byk-1 for k = 1,2,3,...,N
Finally E(NORS/X) = :él (bg ~ bk-1)

An equivalent development of the expectation of the NORS function for a
given kit X goes as follows.

E(NORS/X) = T k P[# of NORS = k]
k=0

E(NORS/X) = T (1 - P[# of NORS < k])
k=0

[ n
E(NORS/X) = T (1 - 7 Fy(xq + kag))
k=0 i=1

An approximation to the above function for computational purposes was

proposed by B. L. Miller in (6) as follows.
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m @
E(NORS/X) = I (1 - 7% Fi(xg +kap))+ T 3

1l -~ Fi(Xj_ + kaji)
k=0 i=1 k=mt+l i=1

where m is such that % Fi(x{ tkaj) 1is very close to 1 for all k>m. See
i=1
Figure 3.1.

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

E(SDO/X) = * %

(1 - Fi(xqy + 3))
i=1 j=o0

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

n
If item i costs $ci, the cost of the kit is then I «¢i xi or in
i=1
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 Ax E(SDO/X) = E(SDO/X + ei) - E(SDO/X) where ey represents

the kth unit vector. Then

n -] [ -] n [
& E(SDO/X)= I L 1+ Fg(xg +ND+ {1 +Fxx+1+3)]-I I [1-Fi(xg+])]
i=1 j=0 j=0 i=1 =0
ik
- % [1-FGx+)]- I (1-F (x +)] which ylelds

=1 J=o

A, E(SDO/X) = ~{1 - F (xx)], the marginal improvement in average SDO

3.3
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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 Ax E(NORS/X) = E(NORS/X + ey) - E(NORS/X). Then

B E(NORS/X) = I (1~ 7 Fy(xg + jap)F(dk + jax +1)])- § [1 - 7 Fi(xs + jai))
j=0 1=1 -0 1=1
1=k

= j; ([1¥1 Fy(xy + Jaj)] [Fe(xe + jap)-Pp(xp + jag + 1)])
.o -

i¥k

= - L P (xp + jag + 1) ‘#Fi (xy + jay)
jao i=1
isk
~Uk .8
vhere Py(s) 'S
s!

Property 2

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

Proof:

E(SDO/D) = F 3 [1-Fy(xg + )] + ; b [1 -PFi(xy + )]
j=1 i=1 Jemtl 1=

E(NORS/X) = ; {1 - % Fi(xij + jaj)) + E % [1 - Fy(x3 +jai1)])
j=o0 i=1 jemtl i=1

3.4




Define DIF = E(SDQ/X) - E(NORS/X)

= ? % (L-F n s n
(xg + D1 -1+w Fy (xg +Jag)y+ I L [Fy(xg+ -F
=0 ‘i=1 i=1 } jowtl i=1 1(x1 + Jag)-Fi(xq +3)]

= ? {n -1-
=0

n n 0 n
3 E Fi(xi +j) + iIIFi(xi + jai)} + I ) [Fi(xi +jai) - Fi(xi +3j) ]

=1 jemHl i=1
Since ay > 1 for all i, then 1 > Fy(xy + jay) > Fy(xy + 1) and

n n
m Fy(xy + jay) > ® Fy(xy +3), further
i=1 i=1

n
b> Fi(xy +3) - m Fi(xq + jay) 5_1%1 Fi(xy +3) - 2 Fj(x; + 3).

i=1 i=1 i=1
Let ¥ n n
t Y(Y) = 1tii - iwlyi. The maximum of this function is (n-1). The proof
goes as follows:
n n n-1
VW= (1- 7 yipeeep 1~ 7 Yiseers 1= W i)
i=2 ifk i=1
- -
(o] 8120 « o 81n
2y = a; 0. . . 8pn where ay4§ = -i;kyi
e s e e e 1# 4§

8n; 38pp - - 8an

and Iakjl < 1

Clearly rt 92¥r < 0 reRP+. Hence ¥ is concave in the positive unit

hypercube. Furthermore, V¥(y) = O yields the solution that yq4* = 1 for

all i=1,...,n. Consequently W(I) = p-1 is the maximum of the function.

n
Finally DIF > O, since (n-1) - [ E

Fy(xy + 3) - 7 Fylxg + Jag)] 20
i=]1 i=1

and
n
L [Fy(xg + jag) - Fy(x; + N1 >0 for all j > 0,
i=1
3.5
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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 n Y
E(NORS/X)~ (m+l) + I ZIb, log Fy (xy + kay) - I [1 - F,(xy + kay)]
k i % i 1% i
i=]l k=0 k=m+l

n
where by = w F;(xy + kay) for some X = (X;,X,,...% ).
i=}

n
where n is such that # F;(xs + kay) is very close to 1 for all k>m.
i=1 :

m n
The term I [1 - Fi(xi + kay)] can be rewritten as (wtl) - 'E 2 Fi(xi + kay).
k=0 i=1 k=0 i=1

n

The product =« Fy(x; + kaj) can be replaced by some multiple of its logarithm
i=1 .

in the following manner.

n

n
-b £ log Fy(xq + kaj) where b, is a parameter defined by by = 7 Fi(ii + kaj)
i=]1 i=1

for some X = (%), Xzs...» X ).
Finally then, separability is accomplished as E(NORS/X) = (mwtl) +

n m )
L Lby, log Fy(xq + kag) + I [1 - Fy(xy + kay)].
i=1 k=0 k=m+1

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

which is discussed in Section 1IV.
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Expected Value Calculations

Calculation of the expected NORS function for a given kit X; E(NORS/X) =
o
I (1- 7
i=1 i=1

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

Fj(xqy + jaj) creates computational difficulties. This expectation

for sufficiently large j's. There are two ways to handle the computation.
One way 1s 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.
a) Truncation: fT(X) = % Q- : Fi(xq1 + jay))

j=0 i=1

b) Approximation: f£,(X) = % a-
=0

“N‘ Fi(Xi +j81)) + °f t;: (1 - Fi(xi + jai))
j =

i=1 J=mtl i=1

where M is the number of planes in the squadron, aj is the number of applications
of the part i on an airplane, and m is such that L Fi(xy + jaj) is very close
i=

to 1 for all j>m.

The difference is given by the relation A = f;(X) - £p(X). If m > M, then

.A = 9 (1- t Fy(xq4 + jag) + b % (1 - Fi(xq + jay).

=M+l 1=l J=mrtl i=1

L n M n
If m <M, then A= I L (1-PFy(xq+3a3) - I (L~ w Fi(xy + Jay))
J=mtl i=l1 jemtl i=1

) n M n
or A= I L(L-Fy(xqy +3ay) - L L (1 - Fy(xy + jay))
j=mtl i=1 jemtl i=1

because the approximation is valid for all j>m. Finally

3.7
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A= T T Q- Fylxg + dap)
§=MH1 4=1

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 Up = 5 and ug = 5.5. The initial
stock levels are determined to be X) = 5 and xg = 6. For simplicity,
ay = ag = 1.

a) Calculation of NORS by fT(X)

g Fp(5+1) Fp(6+3) Product 1 - Product
0 .616 .686 .42258 +57742
1 .762 .809 .61646 .38354
2 .867 .894 .77510 «22490

fr(x) = 1.18586
b) Calculation of NORS by f,(X)

m is chosen as 6

3 Fa(5+1) Fp(6+i) 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 J

b

1
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- 1 - FaA(5H)) 1 - Fp(6t])
T 7 .00202 .00160
8 .00070 .00060
9 .00022 .00020
10 .00007 .00006
11 .00002 .00001
Sum .00303 .00247 TSUM = .00550

£A(X) = 1.39972

A = 0,21385

Example 2

Suppose there are three items A, B and C with p. = 4.5 and x, = 5

m = 6 again.

a) Calculation by truncated formula

3 Fa(54)) Fp(6+1) Fc(5+4) Product 1 - Product
0 .616 .686 .720 .30426 .69574
1 .762 .809 .884 .52029 .47971
2 .867 .894 .921 .71387 . 28613

£p(X) = 1.46158

b) Calculation by Approximated formula f,(X)

i Fp(5+1) Fp(6+j) Fc(5+1) Product 1 - 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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.00202
.00070
.00022
.00007
.00002

P
- O WO W~ '-‘

1 - Fp(5+))

1 ~ Fp(6+§)

.00169
.00060
.00020
.00006
.00001

£,(X) = 1.73011

A = ,26853

.00066
.00020
.00006
.00002

.00094

1 - Fc(5+))

TSUM = .00644

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

Even 1f 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

s

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 c¢f 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.

4‘1




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/i*) 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(SD0/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 [3])
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solution (see Figure 4.2). In the current D029 Model, the reciprocal of
r‘ the weight is changed dynamically in order that both objectives converge

simultaneously. It is also mentioned in [8] 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 éelect—
ing a vglue for w will be provided later when we discuss in Part V the com-

putational experience with this algorithm.

Measures of Effectiveness

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 £(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) = £(X) + A(CX - b)
and

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

where ey 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 A\ and p where 0 < p < 1, and set
k = 0. Find X° such that L(X°;}) < L(X° + e 5)) for 1 =1, ..., n.

a,'s are assumed to be 1 for simplicity. The following reasoning can

i

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

differences for the function are given by
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Ai{L(x; \) =LX+e;32) -LXA) fori=1, ..., (3.7)

and
m n
8,L(X; 1) = —jEO((Fi(x1 +3i+1) - Fi(:x4 + j))k:IFkﬁxk +3) -1+
k#i
.Fi(!i+m+ 1) +M31
Since 0< "'Fi(xi"'j)il for 0 < j < m, then
k#d
m . m
-jilri(x1 +3) - Fi(xi +m+1)+ Fi(xi) + jElri(xi +3)~-1+

Fi(xi +m+ 1)+ Aoy < AiL(x;)‘ )
and

Fi(xi) -1+ Aci'i AiL(X; A) 5_F1(xi +m+1) -1+ Xci

Therefore, it suffices to find an x° = (xg, ey xz) where each

x° satisfies ~1 + Fi (xz -1)+2C, < 0 and

i i

-1 + Fi(x:) +7\<:i >0 41i=1, ..., n.

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

Construct a favorable direction
d = -v£xX) - pep, -C
k k

where VE(XK) = (Alf(xk),...,Anf(xk)), Aif(xk) =

-t [r e+ g+ -7 65+ 9) 1F G+ 9 -1+F, G5 +m+1)
jeo L11 1%y ) 154
2$1
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and p, is obtained by solving (-vE(xX) - PC).C =0 and p is left as
an input parameter by the user. dk is normalized such the mak{ldki];

- K
i=1, ..., n} =1. Calculate an a by a -E;E—Egéi{] where [°+] denotes

the greatest integer function. Then a point Yo is obtained as y, = xk +
udk. The nearest integer point V to Yo is obtained by v, = [yai + .5]
fori=1], ..., n.
. . . k k+1
i) 1f V is feasible and £(V) < £(X"), set X =V, to to Step 1.
ii) 1f V is feasible, but £(V) Z_f(Xk), then check the points
vV o+ e, for i =1, ..., n, Figure 4,3, 1If there exists an i* such
that V + e, is feasible and £(V + ei*) < f(Xk), set X¥*1 2y 4

e x> and go to Step 1. Otherwise, go to Step 2.

X2

Ve 2

~

cy=M

£(X)=£(x )

X1

Figure 4.3. Search in the Positive Quadrant 3
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- 111) 1If V is not feasible, then search the points V - e, for 1 = 1,

seoy Nn. If there exists an 1* such that V - e % is feasible

and £(V - ei*) < f(xi), gset Xk+1 =V - e and go to Step 1.

Otherwise go to Step 2.

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

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

set Xk+1 = Xk + ek and go to Step 1, otherwise terminate.

The Modified Algorithm of Brooks et al.

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

by a separable functiod of the form

n m
£X) = I I b,F,(x,; 1)
=1 403 11

where

bj = Bj(xi’ xé, ceey x;) >0

for some X' = (xi, Xy eee, x;), and for some function Bj C.).
L m
et = .
gi(xi) z bjFi(xi’ »
j=0
then
n
f£(X) = I g (x,)
1=1 171

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 bg, bg, ceey bg, set k = 1.

Step 1. Solve the problem.

n
min I g, (x,)
=1 h A §

Subject to

m
Ze,x, <b
=1 i1

x, > 0 integer

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

Step 1 1) Initialization: X° = (0, O, ..., 0), set £ = O.

Step 1 ii) Y'M1 = Yz + ej, if feasible, where j is any index

for which the ratio

) gylyy + 1) - g, (v

i Ci

r

is maximum.

Step 1 iii) Stop if CY2+1 > b, and set Xk = YQ, then go to Step 2.

Otherwise go to Step 1 1i.

Step 2 Calculate b§ - Bj(xk) for § = 0, 1, ..., m.
k k-1
Step 3 1f bj is very close to bj for all j=0,1, ..., m,

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

go to 1.

This 18 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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AN A ARG 2 §

7

approach was quite different from the one described above. They attempted

to find the saddle point solution to the problem

max min L(X:)A) = Zgi(xi) + )‘(Xcixi - b).
A>0 X>0

Their Step 1 was as follows:

Step 1) Find x?, xg, ceey xi at kth iteration which maximizes
m n n
I b, Tlog F,(x, + j) - A I c,x
j=0 14=1 11 g=1 11

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 rearrarred as suggested in [2], and the algorithm repeated

again.

A Saddle Point Search Algorithm

This algorithm solves the problem

max min L(X;)\).

A>0 Xell”
The algorithm in fact searches the saddle point (X*, A*) 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. Initialiration. Pick x° and Ao' Set k = 0.

Step 1. Solve the primal subproblem.

min L(X;Ak)
Xem”
to obtain Xk+1.
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Step 2. Solve the dual subproblem
max L(Xk+1;k)
A>0

to obtain Ak+1'

Step 3. Stop if Ak+1 is very close to A Otherwise set k = k + 1

K’
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;A) can be given in the space generated by the points, Xo, Xl, ey
xk+1 as follows:
k+1 ¢
L{(X;A\) = I utL(x sA)
t=0
k+1
where z B, = 1, M, >0 forallt=20,1, ..., ktl.
t=0

Then the dual subproblem is restated as

k+1 ¢
max L utL(X $A)
t=0

Subject to k+1
Zutsl
t=0

A>0, utzo for t =0, 1,..., kil

4.11




T el

Since L(X3;A) = £(X) + A CX - Ab, then the problem

k+l k+1

max utf(xt) +AZ utcxt - b
t=0 t=0
K+l
Subject to z M, = 1
t=0

>0, utzo for t = 0, 1,..., k+l
can be con3sidered as the Lagrangian of the linear program

k+1 t
min I utf(x )
t=0

k+1l ¢
Subject to ZuycCx <b
t=0 ¢

k+1
Tu =1
t=0 ©

u, >0 for t =0, 1,..., ki1

or as the Lagrangian of the dual linear program
min (Ab + V)

Subject to ACX' + v > £(X°) 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].

4.12
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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, a, = lfori=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 x° which satisfies the condition of 3.11,
page 4.6.

Since ~1 + Fl(l) + (.0002) (2980) = -1 + .37962 + .596 = - .02438,

o
1

Repeating the same argument for each component, yields X° = (2, 2, 3, 6, 6).

and -1 + F1(2) + (.0002) (2980) = -1 + .64963 + .596 = .24563, x, = 2.
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3 Iteration 1. Seeking a better feasible solution: The first
b 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)

= "AfQ: 2) 3: 69 _6l =
Pl cC .C .00008

Since p = .85, then after normalization, the direction is
dl = (0610’ -0225’ -.268’ lo, -190)

and o 18 evaluated to be 1. Thus a point U= (3, 2, 3, 7, 6) is obfained
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
Alf(z, 2, 3, 7, 6) = ~.262, Azf(3, 1, 3, 7, 6) = -.333, A3f(3, 2, 2, 7, 6)
= ~.076, Aaf(3, 2, 3, 6, 6) = -.185, and ASf(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 £(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 xl = (3, 2, 3, 6, 6), a search in the positive direction
at x1 is employed. All the points of the form X1 + e for i =1, 2,..., 5
are infeasible. Hence xl = (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.

Iteration 1. Choose b, = b, = ... = b, =Qand b, = 1. Set x° = 0

0 1 4 5 i

for 1 =1, 2,..., 5, then gi(xi) = b5 log Fi(xi + 5), and calculating the

ratio r, = for each 1 = 1,..., 5 yields: r, = 0.00000496,

i Ci

= 0.00000202, r, = 0.00000270, r, = 0.00014200, r_ = 0.00024952. For

I 5

instance,

3 4

by @

T, = - log =
1 ¢ F1(5) 2980

.99413 _
.97955

-6

log 4.96 x 10

is the maximum, hence xé = 1, Updating L yields: r1 = 0.00000496,

= 0.00000270, r

s

= 0.00000202, r = 0.00014200, r_ = 0.00011714. The

T2 3 4 5
maximum is T, then xi = 1. Continuing in this fashion produces Xl =

by b1 = &

(2, 2, 2, 8, 7) with cost(Xx}) = 24801, and calculating b 3
t=1

]

1 1 1 1 1
Fi(xi + 3j) gives bo = .419, b1 = .726, b2 = .898, b3 =

and b; = ,998.

Iteration 2. Repeating the same steps with b; j=0,1,..., 5 yields

X2 = (2, 2, 4, 7, 9) with cost(X’) = 24915, and b 2
2 2 2 2 1,
9 = .891, b3 = ,962, b4 = ,988, and b5 = ,996. Since bj g are not within
.001 of bi's, go to Iteration 3.

Iteration 3. Repeating the same steps again with b§
2,...,5 yields X3 = X2 and b; = bj, hence x2 is optimal with £(2, 2, 4,

.967, bz = .991,

= .450, bS = .728,

b
for j =0, 1,
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 bj's are treated as parameters. They have practical
implications for real life problems. Bj is given by the product izl Fi(i + j)
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
bj gives the operational rate given j airplanes for cannibalization for a
kit X. Selecting bg=by =...=b , =0and 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 Xo = (10, 10, 10, 10, 10) with
f(XO) = ,02486 and cost (XO) = 70380 and a Lagrange multiplier of

AO - .0001 is chosen. In the first step the subproblem min L(X;X
Xel®

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

o =

[6]. This algorithm produces the solution Xl = (2, 2, 2, 6, 6) with

£x1) = 1.28241 and cost(x}) = 21456.

Step 1. Initialization: An initial point is obtained by solving
-1+ Fi(mi - 1)+ 2 C <0and -1+ Fi(wi) +aC o> 0 and setting Xi =
max (0, w, - k) for all i=l, ..., n vhere k is an input parameter and
chosen as 1 in this particular example. Since -1 + Fl(2) + (.0001)
(2980) = -1 + .6496 + .2980 = -.0524 and -1 + F1(3) + (.0001)(2980) =
-1 + .8386 + .2980 = .1366, then w, = 3, consequently x? = 2. Repeating

o o o
the same argument for each component yields that x, = 2, X, = 2, X, = 6,

and x; =6,
o
Step 2. Finding A Stationary Vector: Starting from X = (2, 2,
2, 6, 6), a point X is sought such that Ai gX - ei) < 0 and Ai g(X) >0

for all i=1, ..., 2. For instance f?r item 5, A5 g(2, 2, 2, 6, 6) is
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b

calculated as follows; AS g(2, 2, 2, 6, 6) =2 C5 + F5(6 +5+1) -1,

5 4
-z (F6+3+1) - F(6+ ) 1 FiX; +1)

j=0 i=1
h | F1(2+ﬂ) 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

Then Ag g(2, 2, 2, 6, 6) = .0345 + .99992 - 1. -.03332 = .00110. Since
it is positive, g = 6. This argument is repeated for each item to
obtain a stationary vector X = (2, 2, 2, 6, 6) with £(X) = 1.28241,

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

Step 3. A heuristic approach to obtain improvement in "up-phase:
n
Let S, = kii e " then the ratios Ay g(X + Si)/Ai g(X) are ranked in

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

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

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

gives p; 8(X + Sl)lzsl g(X) = -5.6L p, 8(X *+ S,)/ A, 8(X) = .15,

Ay g(X + 53)/A3 g(X) = 1.47, p, (X + S‘.)/Al‘ g(X) = 1.44 and Ag g(x +

SS)IA5 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+ U, = (3, 3, 2, 7, 6), but this point does not yield a better

4
solution, since g(X + UA) = 3.48107 is greater than g(X) = 3.42801. K
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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 solugion either.

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

First the up-phase is impleménted. For instance for i = 1, the
vector (0, 1, 1, 1, 1) will be checked fcr improvement by looking at
by g(2, 3, 3, 7, 7). Since By g(2, 3, 3,7, 7) = ~-.028 is négative,
the test fails. For i = 2, the vector (1, 0, 1, 1, 1) is tested and
Ay g(3, 2, 3, 7, 7) = .005, then the conclusion is that x; can not be

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

W

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, 4, and 5.
Consequently Part 1 is used. Calculation of the ratios a4 g(2, 3, 3,
7, /b, 82, 2, 2, 6, 6) = -5.61, 4, (3, 2, 2, 7, T)/a, g(2, 2, 2, 6,
6) = 1.37, 4, 8(3, 2, 3, 6, /s, 8(2, 2, 2, 6, 6) = 1.33 and finally
Ag g3, 2, 3, 7, 6}/A5 g(2, 2, 2, 6, 6) = 1.52 gives that the maximum

ratio is for 1 = 5. By contradiction it will be proved that s_ = 1

5
implies s, = 1 where X + S is the point to be tested. Since b0 = -XC3
-A3 g2, 2, 3,6, 7) = .042 > O, S3 can not be 1. Repeating this

argument for 1 = 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 solutioq; Finally the conclusion ié that X = (2, 2, 2,

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

min .02486 ul + 1.28241 Y,
Subject to 70380 u + 21456 ¥y < 25000
U+, =1
His Uy 20
is solved to obtain Al = ,0000257. Sinée Al is not within .000065 of

AO another iteration is performed.

Iteration 2. The subproblem min L(X;A
Xelm

solved again in the first step by the same method to obtain X2 = (4, &4,

1) = £(X) + Al(cx - M) is
4, 9, 9) with £(X2) = .17727 and cost(X?) = 37377. In the second step

the linear program min .02486 Uy + 1.28261 Uy + .17727 u3,

Subject to 70330 ul + 21456 u2 + 37377 u3 < 25000
Mty tug =1
My >0 i=1, 2, 3

is solved to obtain AZ = ,0000694. Since Az is not within .000005 of Xl,

another iteration is required. Continuing in this fashion produces the

following results:

Iteration 3. X° = (3, 3, 3, 8, 7) with £(x°)

]

.49955 and cost
(X3) = 29994, Further A3 = .,0000917.
Iteration 4. X4 =(2, 2, 3,7, 7) with f(XA)

1.02459 and cost

(xa) = 23763. Also A, = .0000848.

4
Iteration 5. XS = (3, 2, 3, 7, 7) with f(XS)

.75556 and cost

(xs) = 26743. Also AS = ,0000903.
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Iteration 6. X6 =(2, 2, 3, 7, 6) with f(x6) = 1.06282 and cost

(x6) = 23418 and Ag = .0000903.

This algorithm produced a solution with a better objective value

P’

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 subproblem minnL(X;X) is solved. Since L(X;)) is
Xell
discrete in X € Hn, there is a range for A 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 ka = .0000848

and AS = .0000903. Unfortunately the algorithm won't generate this
value, and if A is close to Ays the solution to subproblem is X5 and

if A is close to A then the solution is X6, see Figure 4.4 .
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1.06282 | Ap——————1

48571 L !

£(X(D) ;
.75556 |_ . A

1

]

]

]

[ t |

8.48 &  9.03
A(107°)

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 1s 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 parémeter
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 II1] 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. T
The others have some particular advantages, but they are 8lower than

this algorithm. The Saddle Point Search Algorithm is theoretically very

4.21
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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 solutionms.

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) < o

E(SDO/X) < a,
X > 0 integer

1

in the following manner.
Step 0. Set U=20, X° =0

Step 1. Choose a Wk and I:t
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Step 2. Add I;t units to the kit by selecting the highest Ik

Nt ratios

from

ka1 E(NORS/XX) + Ay E(Spo/x")

r =
i Ci
Xk+l = Xk + el
ieH
INt

k k
where H is the index set of the highest I  ratios.

INt Nt
Step 3. Calculate E(NORS/X<™Y)  E(spo/x*™) and cx*?
Step 4. Phase 1: Terminate if ka+1 > p*

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

Phase 7: Terminate 1f E(NORS/X*'') < o, and E(sDO/X*!) < o

2
Otherwise Set k = k + 1 and go to Step 1.




PART V
A SUMMARY OF COMPUTATIONAL EXPERIENCE
Introduction

Computational experimentation was devoted to the investigation of
computational requirements, initialization of parameters for the Greedy
Algorithm (Modified Algorithm of Brooks et al) and the IBM version of
D029 Program. FA4D 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 0.5.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
boj values can be calculated from the requirement kit 57-18 by the formula

o, -
by =
i

Fi(%i + jap) j=0,1,2,... K = Number of planes and
1 n = Total number of items in consideration

K =23

in the squadron, where ¥j 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, boj's represent operational rates under

the kit 57-18. These are good choices for bj's since the boj's may be con-
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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 bj'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 selection for m is the number of planes in the
squadron. An inspection of the Table 5.1 indicates that the bj's approach
1 for some lower value than m. Consequently, using Table 5.1, one can choose
m = 12 for Phase 1 and still get the same answers.

The b*;'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-
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 b®j does not occur in Phase 2. Note
that each b*j > b°j 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.
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TABLE 5.1

COMPARISON OF bj VALUES

Phase 1 Phase 2
5718 Kit Optimal Kit 5718 Kit Optimal Kit
] b b*j b0 b*j
0 .00000010 0.0 0. 0.0
L .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 163279580
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 .999996 34 .99976077 99991621
21 99999653 .99999852 .99988101 .99996080
22 -99999859 .99999942 .99994153 .99998195
23 - 99999944 .99999972 .99997163 99999182
24 I .99999991 1. 40636
. -
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Articulation of the Weight w

“The ééighting 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, l/w measures the number of consolidated parts from a cannibilized
airplane. During a mission, if é 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% camnibalized
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. 1In 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 RATIOQ = 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 1/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.
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The problem is to determine the best effective weight. Computational
1 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 ;n effective weight in determining a best compromise kit.

Only a limited effort was undertaken to determine the underlying re-
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 ¥(w) VS. WEIGHTING FACTOR w:
PHASE 1 SOLUTIONS FOR A BUDGET OF $3,635,906

w(10™%) E(NORS/X) E(SDO/X) ¥(w) ¥ (w)
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
¥ (w) = E(NOR/X) 4+ w - E(SDO)
¥ (w) = 28.94220 w + 4.85578
@(w)
6 L
.
1 .
Yw) /'/
5 o
{ PO . s 1] % POy 4 { 'y Py « 1 e . . o 1 A, L PO A
0 0 1 2 3 4 5
w(lO_z)

Figure 5.1. Plot of ¥(w) Exhibited in Table 5.2
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TABLE 5.3

OBJECTIVE FUNCTION ¥Y(w) VS. WEIGHTING FACTOR w:

PHASE 2 SOLUTIONS WITH A BUDGET OF §7.5 x 10

w(10~%) E(NORS/X) E(SDO/X)

.3 6. 56880 261.25884

1. 6.91434 113.02191

1.25 7.01317 104.48303

1.5 7.12255 96.53860

2. 7.15833 94.41359

2.5 7.22784 90.83792
¥Y(w) = E(NOR/X) +w -

Y(w) =

Y(w)

7.35258
8.04456
8.31921
8.57063
9.04660
9.49879
E(SDO)

7.06260 + 99.66263w

TABLE 5.4

6

¥ (w)
7.36159
8.05923
8.30838
8.55754
9.05585
9.55417

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

PHASE 2 SOLUTIONS WITH A BUDGET OF $9 x 10

w(107) E(NORS/X)
1 4.93755
1.5 5.01991
1.75 5.05138
2, 5.08688
2.5 5.12059

¥(w) = E(NORS/X) + w -

E(SDO/X)

41.56367
38.17230
36.31621
34.68301
33.45378

¥ (w)

5.35319
5.59249
5.68691
5.78054

5.95693
E(SDO)

¥(w) = 4.97427 + 39.98540(w)

5.7

@(w)

5.37412
5.57405
5.67401
5.77398
5.97390
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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. Théy are the Phase T and Phase I1 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 cﬁrrent
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, therec are
180 items under consideration. Table 5.5 indicates that 73%Z 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 1I, 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 37%.
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

columm 1 and column 3.

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

|

Program (Figure 5.6b) yields x*2ﬁ9=1, on the other hand the Greedy Algorithm
5.10
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FREQUENCY OF DIFFERENCES OF KITS IN PHASE I

TABLE 5.5

Difference

Greedy~D029 CDC

Greedy-D029 1BM

D029 IBM-D029

cne

-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-D029 CDC

-3 2 -
-2 3 3
-1 34 37
0 196 195
1 18 19
2 - 3
9 1 -
Net A -19 -18

—

33
183
30

+4
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(Figure 5.4b) and the IBM Version of the D029 Program (Figure 5.5b) both
produce x*,, 4=10. This item has a moderate demand rate, y,,q=7.29728, is
not expensive at $653, but has, however, a high number, 15, of applications
on an aircraft (Appendix D.2.2). Since Npu9=7.29728, 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*,,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 D029-1BM 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 experditure 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). 1In 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 D029-1IBM 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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Budget (is for kit 5718) = $7,562,983 ($7,563,001.17 originally)
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PART VI

SUMMARY 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 algoritims 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 directioﬁ‘i; 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
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 wedel.
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 DO29-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 éomparisons
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 D029-1IBM program produces xgug = 10, but the D029-CDC program produces

x;ug = 1., The source of this error should be understood and eliminated from
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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APPENDIX A.1l

COMPUTER CODE FOR THE

PRIMAL SEARCH
ALGORITHM
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- varrrV'r
PR PSP

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 P

BUTCE Budget

c(100) Cost of item I'

CBETA The parameter P,

CDOTD The dét product of the cost and direction vectors

CDOTX The dot product of the cost vector and the currént
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 solutiom

DIF The first difference

DIREC The direction vector

ENORS E(NORS/X)

EPS Parameter for testing the sufficiently closeness

10X 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
1Y(100) Initial solution
KODE ' Indicator of the result of the search, "1" means success,

"0" means failure

N Total number of fitems in the problem
NEWP New integer point
NITER - Number of iterations already performed 7

A-l-z A
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- NNORS ' Number of NORS function evaluations
:‘ NSTEP (NITER) Number of steps within iteration NITER
Lc 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
XLAG Lagrange parameter (user determined)

XLAM(I) Poisson demand rate of item I.

A.1.3
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32
33
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FORTRAN Listing of the Computer Program

LIS 2 A A A IR 2022 2 TR A S22 td 2]
]

A PRIMAL SEARCH ALGORITHM

R K]
anBpe

PESEEEE SIS REREE SISV IO S 06 S NEEFES

MAIN PROGRAM: TO READ IN THE DATA
TO WRITE OUT THE SOLUTIONS

DIMENSION IX(100),10X(100),1Y(100),DELTA(1DD)

COMFON N,M/BLOCK1/C(100)/BLOCK2/XLAM( 100) /BLOCK3/BUTCE 4 PAR/BLOCKS.
*NITER,NSTEPI500)/BLOCKS /POISON{40,10) }/COUNT/ NNORS

EPS= .07005
INPUT THE NECESSARY INFORNATION

NNORS®0

REAC{S,90) NOPR
READ(5,100) N,M,BUTCE
REAC(5,110) (C(I),I=],N)}
REACIS,110) (XLAM(I},I=1yN)
READ(S,120) PAR,XLAG

CALCULATE T+E PROBABILITIES
CALL TABLE(PDISON)

FIND AN INITIAL SOLUTION
CALL BASLA(XLAG, 1Y)
00 10 I=1,N

19 IX(3)=1vY(1)

START THE OPTIMIZATION
CALL OPT IMUIX, JOXy ENORS,CIST)
PRINT THE RESULTS

WRITEL6,402)
WRITE(6, 405) NOPR
WRITE(6,205) N,BUTCE
WRITELS6,200)
03 20 I=1,N
20 WRITE(649220) 1,C00) XLAMII), 1Y), 10XLI)
WR ITE(69291) ENORS,COST
WRITEL6,205) NNORS
WRITE(6,220) NITER, INSTEP{1) .11 ¢NITER)}
WRITE(6, 250) PAR, XLAG
90 FORMAT( 14)
100 FORMAT(214,F10.0)
110 FORMAT{10FE."D)
120 FORMAT(2F10.0)
209 FORMATI//7/7+38X oINS TIALS 45X, OPTIVALY o/ ¢5Xo' ITEM! 43X, *CCST/UNIT? 6
1X¢ *DEMAND® ;46X 'SOLUTION Y, 4X, 'SOLUTION *,//)
201 FORMAT(///7+5X 91 0HE({NORS/X)=2yF190.5 ,5X,9KCOSTIX)=8, F10.2?
205 FIKRMAT(//¢5Xs *8 OF NORS EVALUATIQNS=* ,14)
209 FORMAT(/// +5X911H2 OF ITEMSs, 14,3X,8HBUDGET»$,F10.2) -
210 FORMAT{S5X,'#8? 4 13,2(2XyF10.2),2(8X,16))

A.l.a
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LERERE

Lath. 20 4

akE el

L

35
36
Y

38 -

39

41

42

43
&6
45

47
48
49
50

S1

52
53
56
55
56
57
58

59

61
63

&5
66
67
68

69
70
71
72
73
14

(s X aX 2]

la X2l

(2% 2]

an

22) FORMAT{//:5X, '8 OF lTERATlS‘S".!&.IoSX-‘I OF STEPS IN EACH I1IERA
“IONz?,,(5X,2014))
25) FORMATU//, 5%, 'LAMBOA="®F10. 295Xy *LAGRANCE MULTIPLIER=s',F10.8+/)
400 FORMAT(1H1+/7,10X.*A PRIMAL SEARCH METHID®)
435 FORMAT(///¢5X.*PROBLEM NUMBER® 416}
sTae
" END

SUBROUTINE OPTIM{ IX,y IOX,ENORS,COST)
L J

OPTINIZATION ROUTINE »
*
DIMENS ION IX€100), 10X{1001sDIREC( 100) yOELTA{100)},NEW (100},
1XNEW(100) (NEIGH(1D0),IY(100), IRANK(100}, XDEL(1)D)
COMMON N,M/BLOCK1/Z(100)/8LOCK2/XLAM(10)) /BLOCK3/BUTCE, PAR/ BLOCKS
*NITER\NSTEP(500)

[ 2K 2K 3

NITER=1
ENORS'VNORS(IX)
CGST=PROD(IX)
CKARE=DOTPRIC)

EVALUATE THE FIRST DIFFERENCES
200 CALL TIREVIIX,DELTA)
NSTEPINITER)=0
OENGM=DOTPR(DELTA)
CBETASDENCM/CK ARE

EVALUATE THE OIRECTION PARAMETER PK
BETA=PAR®(CBETA

DETERMINE THE SEARCH DIRECTION
DO 10 I=)1,N
DIRECI1) =DELYA(L1)-BETA=C(I])
WS A= ABS (CIREC( 1))
1F(1.EQ.1) GO 70 15
IFt{WSA.LE.XSE) GO TO 10

15 XS I=sNSA

10 CONTINUE

NORMALTIZ2E THE DIRECT ION
OC 11 I=1,N

11 DIRECI1)=DIREC(1}/XS]

CALCULATE THE STEP SIZE ALPHA
CDOTD=DOTPRIDIREC)
COOTX=PRODLIX)
XN=SORTY { FLOAT (N))
AMAX=( BUTCE-COCTYX)/ (COOTO*XN)
IFIAMAX.1LT7.1.0) AMAX=1.D
NMAX = IF IX{AMAX+,.5)
AVAX=FLOAT(MMA X)
AL F A= AM AX

OBTAIN A NEW POINT
100 00 20 Is=),N
WNeFLOATCIXE I) JeALFA*DIREC(I)+.5
JFIWN .GE.1.) GO TO 20
WN=1,)
20 NEWPI1)=IFIX{WN)
NSTEPINITERI=NSTEPINITER)¢1

A.l.s
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SN aans SHD DNEARNR

s
.76

78
19

el
82
e3
84
es
86
87
83

91
92

S6
95
95
S7
98
95
100

101

102
103

104
105

106
107

108
109
110
111

112
113
114
115
116
117
118
119

[aXaXa)

(aX 3]

C

CALCULATE 178 COST $ E{NORS/X)
UCOS=PRODINEWP )}
UNORS=VNORS (N EWP ) . .
JF INFEASIBLE o, PERFORM A SEARCH IN THE NEGATIVE DIRECYIJN
IFIVCOS.GT.BUTCE) GO TO 30
IF A BETTER FEASISLE POINT:s REPEAT THE STEPS
IF {UNCRS.LT. ENORS) GO 70 500
ITET A=)
GO TO 40
30 ITETA=-]}

40 CALL SEARCH(ITETA,UCOS,UNDRS,ENORS, NE WP, KODE)

IF(KODE.EQ.1) GO TO 500
IF(ALFA .EQ.1.) GO TO 900
A FA=ALFA-1,

GO 70 100

900 ULCOL~COST

UNORS =ENORS
CALL SEARCH(1 ,UCOS,UNORS: ENORS 4 IX +KODE)
1FIXODE) 6C0, 1000,600

500 D) 45 1=]1,N

%S IX(I)=NEWP(])

600 COST=UCOS

ENORS=UUNORS
NITER=NITER+1
G0 10 220

1000 DO 59 I=L,A

S0 IOX{I)=IX(I)
RETURN
END

SUBROUT INE SEARCH{ITETA,UCOS,UNORS,ENORS,NEWP,KODE)

THIS SUBROUTINE PERFORMS SEARCHES EITHER IN POSITIVE OR NEGATIVE DI
DIMENSION NEWP(100) yNEIGH{100), IRANK{ 100), DELTA(100), INSETL100) 4D

«L(1CO)

COMMON N,M/BLOOXL/C(100)/BLOCK2/XLAMI 100) /BLOCK3/BUTCLE 4 PAR/BLOCKS

&NITER,NSTEP(S500)

NSTEPINITER)=NSTEPI(NITER)+]
IFLITETA.EQ.1) GO TO 9

CALCULATE THE FIRST DIFFERENCES FOR NEGATIVE DIRECTION
CALL TURNOINEWP,DELTA)
GO 10 11

CALCYLATE THE FIRST DIFFERENCES

9 CALL TUREVINEWP,DELTA)

11 D0 10 I=1,N
DELTALI)=FLOAT [ ITETA)*DELTA(L)

10 DEL(I)=DELTALL)

RANK THE FIRST OIFFERENCES
CALL SIRALA{DEL, IRANK)
00 20 I=1,N
DO 15 J=1l,N
JVe)
IFLIRANK(J).EQ.1) GO TO 17
15 CONTINUE
17 INSET(II=JV

© 20 CONTINUVE

Al1.6
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1
€ CHECK WHETHER THERE 1S A BETTER FEASIBLE POINT

c
120 D3 25 Is1,N
121 JVAL= INSET(I
122 COSI=UCOS ¢+ FLOATLITETA)SCL{JIVAL)
123 IFLCO0SJ.GT.BUTCE) GO TO 25
124 00 35 JJ=1,N
125 35 NE IGHJJ) *KEWP(JJ)
128 IFINEW{ JVAL) .EQ.D.AND.1TETA.EQ.~1) GO TO 25
127 NEICHIJVAL)=NEWP{JVAL)+ITETA
128 XNORSSUNORS-DELTACJVAL)
129 IF (XNORS ~ENORS } 100,122,110
12 25 CONT-INJE
13t GG TO 120
132 119 DO 49 I=1,N
133 40 NEWP(I)}=NEIGHLI)
134 UVOR S= XNOR $
135 UCOS=C0SJ
C IF NO BETTER FEASIBLE PIINT, FAILURE $ KOXE=0
136 120 KDDE=0
137 RETURN
c
€ IF A BETTER FEASIBLE POINT, SUCCESS $ KODE=l
138 100 KODE=1
139 D3 70 Isl,N
140 70 NEWPI1)=NEIGHL 1)
141 UNORS=XNORS
142 YCcas=cosJ
143 RETURN
146 ND
145 FUNCTION PROO( IX)
c
€ 70 CALCULATE THE DIT PRIDUCT C.IX
c
146 DIKENSION IX(100)
c
147 COMMON N, M/7BLOCX1/C (190)
148 SUM=0.0
149 D) 13 I=1,N
150 IXI=1X¢1)
151 10 SUM=SUMSFLODATL IXI)eC(])
152 PROD=SUM
153 RE TURN
154 END
155 FUNCTION DOTPR(X)
¢
€ TO CALCULATE THE DOT PRGOWCT C.X
c
156 DIMENSION X{100)
157 CONXIN N,M/BLOCKL/Z ( 100)
158 SUM=D.D
159 D0 10 J=1,N
160 SUMsSU4SCLJI®X(J)
181 10 CONT INJE
162 DOTPR=SUM {
163 RETURN
166 END ]

A.l.7




: 165 ¢ FUNCTION YNORS(1X)
p..
g c TO EVALUATE THE E(NORS/X)
c .
166 DIMENSION IX(100),PM(100, 201, PRI( 20)
187 COMMON N,M/BLOCKS/POISON{4D,100)/ COUNT/NNORS
168 ODUBLE PRECISION SUM,PRO, TOPL ,PM, XU
C
169 EPS=.00001
17 EPSQ=.50000001
17 NNORS=NNORS¢1
172 Ml=M+]
173 SuM=0.0+00
174 00 20 Jy=1,M1
1715 PRO(JJ)I=1.D+0D
176 00 26 II=1,N
177 IXJI=IX(11)¢JJ~-1
178 IFLIXJ.GT.0) GO TO 24
179 XX =POFOP ( I1XJy 11}
182 GO 70 25
181 24 IFLIXJD.GCT.40) IXJI=4D
182 XX=PDISONI{ IXJ, 11D
183 - 25 IF(XX.LT.EPSQ) XX=0.0
184 IF(PRO{JIS)I.LT.EPSQ) GO TO 20
185 PRO(JI) =PRCIII IsXX
186 26 CONTINUE
187 20 SUM=SUM+1.-PRO(JI )"
188 TOPL=0.D+00
189 00 30 I=1,N
19 K=)
161 43 MXK=IX(I)eNMe2¢K
192 WX=PDFOPIMXK, 1)
193 WW =FLOAT (K41 ) sWX
16+ IF{WX.LY.EPS) GO TO 3D
195 TOPL=TOPL +WN
19% KsKel
197 GO T0 40
198 3) CONTINUE
159 VNORS =SUM+TOPL
203 RETURN
251 B8id
202 SUBROUTINE TUREV{1X,DELTA)}
c
< YO EVALUATE THE FIRST OIFFERENCES
c
203 OIMENSION IX{100),DELTA{10D)
224 COMMON N, M
C
205 DO 10 K=1,N
206 DELTAIK )= DIFL IX,K)
207 13 CONTIMJE
208 RETURN
299 END
219 SURROUTINE TURNDINEWP,DELTA)
c
C TO EVALUATE THE FIRST DIFFERENCES IN NEGATIVE DIRECTION
c
211 OIMENSION NEWP(100) ,NEFGHI100),DELTAI100)
Al ll8
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212

213

214
215
215
217
218
219
220
221

222
223
22%

225

226
227
228

223
230
231
232
233
234
235
236
237
238
239
240
261
242
243

245
245
245
247
2648
249
250
251

252
253

256

255
256
257

258
259
260

[a N a N

2 XaXal

25
20
10

COMMON -NoM

DO 10 I=1,N

DO 20 J=1,h
1FLJ.EQ.1) GO TO 25
NE IGH(J )=NE4PLJ)

GO 70 20

NEIGH(J IsNEWP(J)-1
IFINEIGH{J).LT .0) NEIGH(J)=)D
CONTINUE
DELTA{I1)=0I1F(NEIGH, I)
CONTINUE

RETURN

END

FUNCTION DIF(1XK)

TO COMPUTE THE FIRST ODIFFERENCE OF ITEM K

23

25
26

30
20

DIMENSION [X(120)
COMMON N,M/BLOCKS /POISIN{4D,10D)
DOUBLE PRECISION PRO,SUM,EPSQ

EP SQ=1.D-08

Ml=4+])

SYM=C.D+09

02 20 Jl=],Ml
PRO=1.D0+00

J=J1-1

03 30 I=1,N
IXJ=IX{1)+J
IF(1.6Q.X) GO TO 25
IFLIXJ.EQ.0) GO 1O 23
IFUIXJ)GT.39) [IXJ=39
PRO=PRN*POISON(IXJ, I
G0 T0 30

IXJ1=IXJ

GO T0 26

IXJi=1XJel :
IF(PRO.LT.EPSQ) GO TO 20
PRO=PRO*PLFOP( IXJ1, 1)
CINTINUE

SUM=SUM+PRO
IXM=IX{K)4M+)
IFUIXM.GT.40) [IXM=40
D1FaSUM+]Y .~POISONLI XM, K)
RE TURN

END

SUBROUT INE TABLE(POISON)

TO FILL IN THE ARRAY FOR CUMULATIVE POI SSON SUMS

DIMENSION POISCN{40,130)
COMMGN N,M/BLOCK2/XLAM( 100)
OOYBLE PRECIS JON EPS, TERM, SUY X

EPS=1.D-06
D) 19 J=1,N
TeRM=1.D+00

A A a &




261 S5UMX=1.D+00

262 DO 20 I=1,40
- 263 TERM=TERM*XLAMIJ)/FLOAT(S)

266 Xsl

265 IF {TERM. LT.EPS) GO TO 25

2¢e8 SUMX=SUM X+ TERM

267 POISONTT,J)=EXP(-XL AM(J }) *SUMNX

2¢8 IF (POISON{1,3).GT.1 .0} POISON(T,J)=1,.9

269 20 CONT INVE

210 25 1IF(IX.EQ.40) GO TO 10

m 0 30 I=1X,40

27 30 POISONII1,J)=1.0

2m 10 CONTINVE

274 RETURN

275 END

276 FUNCTION PDFOP(X,1)
4
€ 7O CALCULATE INDIVIDJAL TERNS OF THE PIISSON DI STRIBUTION
c

2m COMMON /BLOCK2/XLAM(132)

278 DOUBLE PRECISION SUM,WW
c -

215 SUM=0.D+00

280 IFtK.LT.2) GO TO 10

281 DO 15 J=2,K

282 SUM=SUMSALOGIFLOAT(J))

283 15 CONT INJE

284 10 WW=-XLAM{I)4Ke ALOG(XLAMIT) ) =SUM

285 IFWW LT .~15.0) GO TO 29

286 PDFOP =DEXP (WN)

287 o 16 25

288 20 POFOP=0.0

289 25 RETURN

290 END

291 SUBROUT INE S IRALAIX, IR)
(4 .
C THIS SUBROUTINE RANKS AN ARRAY OF ELEMENTS IN DESCENDING ORDER
€ IR(K) 1S THE RANK OF ITEM K IN THIS JRDERING
c

292 COMMON N, M

293 DIMENS JON X(100), IR{100), I1SEQ(100), VI 100)
c

294 00 9 [=1,N

295 9 ISEQUI)=1

256 DO 10 I=1,N

297 XM IN= X (1)

298 [MINJsL

299 IMIN=ISEQ(1)

300 NiaN=-]¢1

201 D0 20 J=1,N1

302 IF{X1J).GT.XMIN) GO 10 21

303 GO 10 2)

304 21 XMIN=X{J)

395 14 IN= 1SEQ( J)

305 IMINJ=J

307 20 CONTINUE

308 . IR(IMIN]=]

396 : 1FIN1.EQ.1) GO TO 10
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310
an
N2
313
316
315
316
17
318
319
320
3a
322

323

324
325

326
327
328
329
330
331

332
33
336
335
336
337

anon

(2]

33
29
30.
10

N2=N1-1

03 30 Jel,N2
IFtJ.LT. IMINJ) GO TO 33
Jisgel .
ISEQLI)=ISEQLJL Y
YiI)=X(J1)

G 70 29
YiJl=Xt2}
X(J)=¥t 3)
CONTINJE
CONTINVE

RETURN

END

SUBROUTINE BASLAIXLAG,IX)

THIS SUBRCUTIN FINDS AN INITIAL POINT #1TH A PREDETERMINED
LAGRANGE PARAMETER

15

10

DIMENSION JX(120)
CIMMON N+M/BLOCKL/C(100)/8LOCKS/POISGN{4D,41001)

DO 10 I=1,M

IW=Q

Az XLAG*C{ 1)+PDFOP(1IW,1)~1.
IF{A.GE.OQ.0) GO TO 10
Iw=fwWel ’

B= A*PDFOP (M, 1)
IF(A.LE.0.0.AND.8.GT.0.0) GO TO 10
A=B

GO 70 1%

IX(I)=]l W

RETURN

END

SENTRY

A.1.11
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APPENDIX A.2

COMPUTER CODE FOR THE MODIFIED

ALGORITHM OF BROOKS ET AL.

A.2.1




A List of the Variables in the Computer Program

c(1)

COST
ENORS
EPS
F(100,50)
ICOUN
IMAX
1X(100)

M

N

NOPR
NSTEP (ICOUN)
OPTIM

PDFOP

RATIO (100)
RMAX
TABLE
XLAM (100)
XINVT

VNORS

Coefficients bO’ bl,..., bm

Cost of item X

Cost of the current solution X

E(NORS/X)

Parameter for testing sufficiently closeness
Matrix for the cumulative poisson sums
Counter for the number of iteratioms

The index I for which RATIO(I) is maximum
Current solution

An upper bound

The total number of items under consideration
Problem number

Number of steps in iteration ICOUN

The optimization routine

Function routine which calculates the individual poisson
terms

Ratio of return per dollar investment

Ratio (IMAX)

The subroutine to fill in the matrix F(100,50)
Poisson demand rates

Budget

Function routine to calculate E(NORS/X)

A.2.2
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rw

13
14
15

1%
17

18

19

21

22
23
26
25
26
27

28
29
30

3
32

C
o
c
c
C
4
C
C
C 1
c
C
4 1
c
10
c
c
c
c
C
1000
¢
C
C
42
22
C
C 1
Lo
c

The FORTRAN Listing of the Computer Program

VUSROS SSRGS PITE RIS IS SERERESE NG SE 940448

MODIF JED SOLUTION METHOD OF BROGKS ET AL

SIS BENEIIRNRRD S48 I8P PSSP LB IF PRI 44 & RS ES

OIMENSION 1X(109),80(1000

COMMON N,M/BLOCK1/C(100), XXNVT/BLDCKZ/XLAN( 120) IB LOCK4&/F(120,50)7/

*LOCKS/1COQUN,NSTEP (50)

EPS= .001
EPSC=EPS**2

NPUT THE CATA

READ( S,90) NOPR

READ(S, 100) N, M, XINVTY
READ(S,110) (C{1),]=1,N)
REAC(S, 110) (XLAMI{I},I=1¢N)
WR ITE{ 6, 400)

W ITElI6§,405) NOPR

WRITE(6, 105) N,XINVT

M) =Me]

NITIALJZE THE PARAMETERS B
00 10 J=14+M

80(J)=0,.0
BO(M1)=].D

CALCULATE TrE PROBABILITIES

CALL TABLEIF)
JCOUN=]

PERFORM THE GPTIMIZATION

CALL OPTIM{BO, IX,COST)

CHECK IF B-NEW 1S SUFFICIENTLY CLD‘E T0 8-0LD

SUMKSQ=0.0

00 20 J1=1,M1

PRO=1.0

00 40 15=1,N

IXJ=1X( 151401,

IF1IXJ.GT .50) GO TO 40
PRO=PRO*F(15,1XJ) .
CONTINUE

IF{PRO.LT .EPSQ) PRI=D.0
SUNSQ=SUMSQr { { BOLJL }-PROISS2)
80 (J1)=PRO

CONTINJE

F SOy TERMINATE AND PRINT THE RESULTS
IF (SUMSQ.LT.EPS) GO 1O 532

OTHERWISE REPEAT THE STEPS

JCOUMN=1COUNS]

A.2.3




33
3%
3$
36
k)

39
%0
41
&2
43
4%
&5
46

47

49

51
52
53

5%

55
56

57
58
59
60

6l
62
63

65
66
67
68
69
10
71

72

73
76
715
76
7
78

[a XXl

C
9
c

| i

G0 10 1000
500 WRITE(6, 240)
D) 3C 1=]1,N
30 WRITEL6:253) J,CU1),XLAMLT),IX(])
ENORS =/NORS( IX)
WRITE(6+2010 ENCRS,COST
WRITE(6,300) (BOMJ),J=1,M1)
W ITE(64301) ICOUN, INSTEP(I),1=1,1COJN)
Q) FIRMAT{ 14)
120 FORMAT {2 14,F10.0)
105 FORMAT(//+5Xe* N=* .16 ,5X " BUOGET=8$?,F10,.2)
113 FORMAT(10F£.0)
251 FORMAT (/7 ,5X%X, 1OHE(NORS/X)2 s F10,.5,2X o QHCOST( X) =8 ,F 1 0. 2)
240 FIRMATL//7¢38X s 0PTIMALY o/ oSXe*ITEM®*,3Xs* COST/INIT? ;5X, "DEMAND?; &
1, *SOLUTIONS /7)) .
250 FORMATISX ' #° ,13,2(2XeF1).2),8X,14)
300 FORMAT(//,5X,'B32'410F10.3) .
321 RIRMAT(///+5Xe 16H8 OF ITERATIONS=, 14, //,{SX,°8 OF STEPS IN EACH I°
SERATION:® ,20141)) ’
40D FIORMAT (YH3,//.5% *THE MODIFIED SOLUTION METHOD OF BROOKS ET AL',/,
*) .
405 FORMATU(///+5X%X,:*PROBLEM NUMBER® ,14)
' sTop
END

SUBROUTINE OPT IMIBO, IX,COST}
OPTINIZAT IGN ROUTINE PERFORMS THE MARGINAL ANALYSIS

DIMENS JION 1X(120), 80{12J0), RATII( 103}, MR( 100}
COMMON NoH/BLOCKL/C (10D )s XINVT/BLOCK: /F{1)345))/BLOCKS/ ICOUN,NSTEI
*{50)

Ml =M¢]
C0ST=0.0

m 12 I=1,N
IXt1)=9

CALCULATE THE RATID DF RETJURN PER EACH DOLLAR INVESTED FOR EACH 1 TE

SUM=0.9
00 20 J=1,Ml
Ji=del
WA=F(1,3J)/F(14J)

20 SUMzSUM+BO(J)*ALIGI WW)

10 RATIO(1)=SUM/C(I)
NSTEPIICOUN)=1

200 NORs)
NSTEP{1COUN) =NSTEP{ ICOUN) ¢1
0J 21 [=1.N

21 MR (1)=-]

100 IMR=0

FIND THE MAXIMJM RATIO $ ADD ONE UNIT JF THIS ITEM TO THE KIT

D) 20 I=]},N s

IFIMR{T).EQ.1) GO TO 25

IMR={MR®}

IFLIMR.EQ.1) GO TO 26

IFIRATIO(1).LE.R1AX) G T) 28
26 RMAX=RATIO(1}

' .
ACa 4 o

i e 4_0_.1
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7%
80
sl

83
84
85

86

87
83
89
$0
91
92
93

9%
95
96
97
93

9

100

101
102
103

104
105
105
107
108
109
110
i

112
113
156
1S
116
117
110
119
120
121
122

123

2 XaXaXa) [a ¥ ol

[aNals)

C
¢

Inaxs=1
25 CONTINUE
MR {IMAX ) =]

CALCULATE THE COST OF THE NEW KIT
XCOST=COST+C( IMAX)

1F COST EXCEEDS THE BUDGETy FINC THE ITEM WHICH WILL YIELD MAXIMUM
WITHOUT EXCEEDING THE BUDGET, THEN RETURN THE MAIN PROG.

IF{XCOST.GT.XINVI) GO TO 30

COST=XCOST

IX(IMAX )= IXCIMAX) #2 .

SUM=0.)

00 35 J=1,M]
IXJJ=IX{ IMAX ) ¢4
IXJ1=1XJ+l

IF({ IXJ.GE.50) GO TO 35
WWsF{IMAX, IXJ1 )/ FUIMAX, IXJ)
SUM=SUMe BCLJ)* ALOG( WW)

35 CONTINUE

OTHERWISE UPCATSH THE RATID(IMAX), REPEAT THE STEPS
RATION IMAX)=SUM/C( T HAX )

GO0 TG 209
30 NOR=NOR ¢l

IF{NOR.LT.N) GO 70 109

RETJRN
END

SUBROUT INE TABLE(F)

CALCULATING CUMULATIVE POISSON SUMS

DIMENS ION F(100, 50}
CUMMON N,M/BLOCKL/C({100),XINVT/BLOCK2/XLAM{13))
DOUBLE PRECISION EPS,TERM, SUM

EPS'I-D-O&
0 10 I=1,N

FC1,1)=POFGPIO, 1)

TERM=1.0+00
SUN=1,D+09
Do 30 J=2,50

TERM=TERM* XLAM{I)/FLOATLJ-1)

JXeJ

IF(TERM,LT.EPS) GO TO 25

SuM=SUM ¢+ TERM

FU1,J)=EXPI-XLAMI 1) )*SUMN
IFIFL1+31.6T.1.0) F(lyJ1el1.0

30 CONTINUE

25 IFLJX.EQ.50) GC TO 10

0) 35 J=JX,50
35 F(1,J)=1.0
10 CONTINVE

RETURN

12 ]]

FUNCTION POFOP(K, 1)

CALCULATING THE

INDIV IDUAL POISSON TERUS

A, 2.5

=9




PO S0 MR RIS

c
124 CCHMMON /BLOCK2/XLAM{100)
12% DIUBLE PRECISICN SUM, W
Cc
126 SUM=(G.D+00
127 IFIK.LT.2) GO TO 10
128 DO 15 J=2,K
129 SUM=SUM+ALOG(FLOATIY))
139 15 CONTINJE
131 10 WWes=XLAM{ I)¢K=ALOG{ XLAM(I ) ) -SUM
132 IFINMW.LT.~-15,0) GO TO 20
133 POFOPSDEXP (WHW )
134 GO T0 25
135 20 POFOP=) ,0
136 25 RE TURN
137 END
138 FUNCT ION VNORS (IX)
c
(4 CALCULATING THE E{NURS/X) FUNCTION
4
139 *  DIMENSION I1X(100),PRO(20}
140 CUMMON N,M/BLOCK4/F {100,500
141 OOYBLE PRECIS ICN SUM,PRO, TOPL
c
142 EPS=.03001
143 Ml=Mel
144 SUN=Q,. 0+ 00
145 D3 10 J=)1,M]
145 PRO(JI=1.C+00
147 DO 20 Is=},M
148 IXJd= IX( 1)4S
14 20 PRI{J)I=PRGII)I*F(l,IXJ)
150 10 SuM=S'Me) -PROLY)
151 TCPL=L . D+0D
152 DO 30 Isl,N
153 K=0
154 40 MAK= IX{T)eMe2+4K
155 WX=POFOPIMXK,1)
1<6 WHsFLOATIK+] ) *WX
157 IF{WX.LT.EPS) GO TO 3D
158 TOPL=TOPL4 WM
159 KsKel
160 G TO ¥
181 30 CONTINUE
162 VNDRS=SUM+10PL
163 RETURN
164 END
S ENTRY

A.2.6 1
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APPENDIX A.3

COMPUTER CODE FOR THE SADDLE POINT

SEARCH ALGORITHM

A.3.1 3




T v
P

bt

~Y

A(50)

BASLA
BUTCE
€(100)
COST

€X(50)

DIF
DOTPR

DUALPR

ENORS

INPUT

ISTAR
1X(100)
IX0(100)
1X1(100)
IX2(100)
1X0(100)
1Y(100)
KPAR

M

A List of the Variables in the Computer Program

The cost of the current solution for subroutine DUALPR
Minimum of A(I) which exceed BUTCE; A(IXM)
Maximum of A(I) which are less than BUTCE; A(IXP)
Subroutine which finds an initial point

Budget

Cost of the item

Total cost of the current solution

E(NORS/X) (used only in DUALPR)

CX(IXM)

CX(IXP)

Function routine for calculating first differences
The dot product of two vectors

Subroutine which solves the dual problem to obtain the
Lagrange multiplier

E(NORS/X)

The subroutine which reads in the necessary data and
initializes the arrays

Starting solution X©

Current solution

Solution obtained in the Subroutine BASLA
Solution obtained in the Subroutine SEARCH
Solution obtained in the Subroutine TARAMA
Final and/or optimal solution

Initial solution

Parameter for finding an initial point in BASLA

An upper bound

A.3.2




NITER

NOPG

NOPR
NPAl
NPA2
NPA3
NSEA
NVNOR
OPTIM

PART1

PART2

PART3

PDFOP

PLAG
POISON
POLD

SEARCH

SIRALA (X,IR)

TABLE

Total number of items under consideration
Number of times Subroutine ARAMA called
Number of time Subroutine BASLA called
Number of iterations

Number of points generated by the Saddle Point Search
Algorithm

Problem number

Number of times Part 1 called

Number of times Part 2 called

Number of times Part 3 called

Number of times SEARCH called

Number of E(NORS/X) function evaluations

Optimization Routine

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

The subroutine which calculates an upper bound for the
sum of first differences

The subroutine which performs the same test as in PARTI
but sets up the linear program explicitly

Function routine for calculating individual poisson
terms

Current Lagrange multiplier
Matrix for the cumulative poisson terms
Previous Lagrange multiplier

The subroutine that makes a one dimensional search for
each component separately

The subroutine that ranks the array X in descending
order

The subroutine which fills in the matrix POISON

A.3.3




Pt 4 Irrrr
Ty .
f

TARAMA

VRORS
VX0

VX1

VX2
XLAM(100)

XLPRO

The subroutine which makes an attempt for improvement
heuristically

The function routine to calculate E(NORS/X) + A CX
E(NORS/IX0)

E(NORS/1IX1)

E(NORS/1X2)

Poisson demand rates

The Linear Programming Routine which solves problems
of the type max CX subject to AX < b X > 0.
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ocwnw &

(- R N ]

11
12
13
16
15

16
17
13
19
20
21
22
23
26
25
26

20

29

FORTRAN Listing of the Computer Program

$J0B TIME=05
V0 SCINNPLESINNSSORINI SV SEEHB RIS

L

L ]
- .
® A SADDLE PGINT SEARCH ALGORITHM =
] *
L} ]
-

SR ERARBNERE SIS IBITNSBEIIIF VI VNS
MAIN PROGRAM
DIMENS JON 1X(100}, I1Y1100)

INPUT THE DATA

C
1
c
¢
c
c
c
c
c
c
c
c
CALL INPUT(NOPR,KPAR,PLAG, 1Y)
C
c PERFORM THE CPTIMIZATION
<
CALL OPTIMIPLAGKPAR,IY,ENORS, IX,COST }

c .
c PRINT THE RESULTS
c

" CALL OTPUT(PLAG,NOPR,IY,ENDRS,IX,COST}
c

ST10P
END

SUBROUT INE JNPUTINOPR,KPAR, PLAG, IY)

TO READ IN TFE OATA

(aXaRal

DIMENSION 1Y(100}

COMMON N, M/BLOCK1/C(103)/BLOCK2/7XLAM( 100) /3LOCK3/BUTCE

COMMNN /COUNT/NITER.NBAS(SO) s NSEALSO) 4NTARLS0), NARAISO) NPALI50),
*NP A2(S0) ¢ NPA3L 501, NVNOR/TAB/POISONISO +100)

READ(5,90) NOPR
READIS+100) N,My3UTLE
READ(S, 11)) (C{1)yI=1yN)
READIS,113) (XLAM(I),I=1yN)
READU S, 15J)) KPAR,ISTAR,PLAG

c INITIALIZE THE CCUNTERS
NITER=1
NVHOR=)

D) 19 1=1,50
NeaAS(I1=0
NSEA(])=D
NTAR({1) =D
NARALLI=D
KNPAl{1)=0
NPA2(]1) =D
N2 A3 ])=0
19 CONTINUE
00 10 1=1,N
1) v {1)=ISTAR

CALCULATE THZ CUYMULATIVE POISSON SUMS

(2 X2 X2

CALL TAELE(PIISON}
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)}
32
33
36

35

36

37
38
39

40
41
42
43
4%
&5
46
47
%8
«9
50
si

52
53

56
5%
56
57

58

59
&0
51
62
62

&4

65

66
67

¢8
69
76
71
72

2 X2 X2

90 FORMAT(14)
100 FOPMAT(2 14,F12.0)
110 FGR¥AT(10FB.0)
150 FORMAT{214,F12.0)
RE TURN
END

SU BROUT INE OT PUT {PLAG, NOPR, I ¥y ENOR Sy I X,CAST)
WR ITING OUT THE RESULTS '

DIENSICON 1Y(1J00),1X(100}

CIUMON N,M/BLOCKL/C (1021 /BLOCK2/XLAMI10)) /BLOCK3 /7BUTCE

COMMON /CONT/NITER,NBAS{52).NSEAL50) yNTAR{ 52),NARAL50) ,NPALLSO),
SNPA2(S)) (NPA3(50) y NVNOR/TAB/POISONIS) 4122 )

WRIT E16,35))
WRITE(6,495) NCPR
WR ITE (6, 225} N,BUTCE
WeITE(6,22))
0] 20 I=1,N
20 WRITE(69225) T,COT)4XLAMEED R YET) (IX( )
W ITE(6,212) ENORS,COST
W ITE(6,23)) PLAS
WRITE(6,242) N ITER, NVNIR
WRITE(6,245)
D) 30 I=1,NITER
30 WRITEC6425)1 1, NBASC1), ¥SEACT),NTARLT),YARA(T ), NPALLI} ,NPA2(1) NP/
13(1)
205 FGRMAT(SX, 'NUMBER JF ITEMS=¢,14,2X,'BUDGET=S",F1).2)
220 FORMAT(//7,38%,* INITIAL?, 5X, *OPTIMAL® 4/, 5Xe *ITZM®, 3% *COST/WNITY 6
1%, *DEMAND" 14X, * SOLUTION? 16X 4* SOLUTION® 37/ )
225 FORMATUSX, "#°, 13,2(2X,F10.2),2( 8X,14))
210 FORMAT(//+5X»® E{NORS/X)=* s F10.545Xs *COST(X)=$", F10.2)
230 FIRMAT(/,5X, "LAGRANGE MULTIPLIER=",F10,6)
240 FO.-4AT(//,SXo "% OF ITERATIINS=*,I4,//45Xs '8 OF NORS E VALUATIOANS=!,
114)
245 FORMAT(//45X,*# OF STEPS IN EACH ITERATION' /75X, ' 1 TERATICN #%,4
¢X,'STEP1 STEP2 STEP3 STEP4 PART1 PART2 PARTI,/)

T 25C FORMAT(12X,14+2Xs7(3X%X,18))

ann

300 FORMAY (1H1,//, 5%, *THE SADDLE POINT SEARCH ALGORITHM'4//)
405 FURMAT(///+5X¢?'PROBLEM NJMBER?¢ 144/ 1

RETURN

END

SUUBROUTINE OPT IM{PLAG,KPAR, IYQ,VX 4, 1X0,CIST)
OPTIMIZAT ION ROJT INE

DIMENSION IXI01020,IX1€103) 1X0(1220,y IYDLLIO31,CX(5D), ALSD ), IX21100
*)

CIMMON NyM/BLOCK3/ BUTCE/BLOCK4/NOPG/BLOCK1/C(120) :
CIYMON /COUNT/NITEZR ,N3AS{S)) (NSEA(50) yNTAR{51}, NARA(5)) yNPALLS5) ),
*NP A2 (5) ) ¢NPA3( 500, NVNIR

EPS=.000002

NOPG=1

12:0.9

CX INOPG )=VNORS(2Z,1Y0)
A(NOPG) = DOTPRL IYD)
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73
74
75
76

n
78

79

81
82
83

8%
85
a6
a7
1]
49

91
92
93
9%

95

96
97
98
99
100
101

102

103
104

[a X ¥

STEP1: FIND AN INITIAL POINT

S0D CALL BASLA(PLAG,KPAR,1 X0)
IFINITER.GT.1) GO TO 23
DU 25 f=1,A
25 IvOtl)=1X2(1)

STEP2: FIND A STATIONARY PJINT

abhn

20 CALL SEARCF{PLAG, IX9, IX1)
VX1=VNOP.S(PLAG,IX]}

STEP33 A HEURIST IC IMPRIVEMENT TEST
CALL VARAMA(PLAG, IX1,VX1sIX2,VX2)

a0 Onn

COMPARE THE NEW FOINT WITH THE INCJMBENT POINT
IF(VX2-VX1) 14,12,12

14 0O 13 I=1,N

13 IxJ(1)=1x2¢(1)
G TO 20

STEP&4: REOUCTION OF POTENTI AL CANDIDATES BY CONTRADICTION

[aXaKal

12 CALL ARAMZ(PLAG) 1X2,VX2:1IX2,VX0)
IF (VX0-VX1) 10,15,15

12 0 11 I=1,N

11 IX211)=1X0(1) ¢
63 10 20

15 NOPG=NIP G+l

READJUST THE COEFFICE INT OF THE LINCAR PROGRAM

[ X2k

A{NOPG) =DOTPRI IXO)
COST=AINGPG)
VXA=zYHNDRS {22, 1X0)
CX (NOPG) =VXA
POLOD=PLAG

SCLVE THE DUAL.LP TO OBTAIN THE LAGRANGE MULTIPLIER
CALL DJALPRICX,A,PLAG)

1F THE NEW MULTIPLIER IS SUFFICIENTLT CLOSE TO OLD ONE, TERMINATE
OTHERWISE REPEAT THE ITERATIONS

ASOAN AN

FARK=ABS({PCLD-PLAG)
IF(FARK.LT .EPS ) GD TO 1002
NI TER=NITER+]
Gy 10 500

1000 RETURN
END

SUBROUT INE DUALPRIC XsA, X}

SOLVE THE DUAL TO OBTAIN A LAGRANGE MULTIPLIER

[aXaXa

DIMENSION CX(50),A(52)
CIMMON /BLCCK3/BUTCE/BLOC X4/ NOPG
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E_‘,
.
-
b2
LA
e 105 Ixs=9
106 Iv=9
107 o0 10 I1=1,NOPG
HE 108. IF LALL) -BUICE) 20,290,3)
169 20 jy=1Ye)
110 IF(1Y .EQ.1) GO TO 25
111 IF (A(1) -AXP) 13,192,225
112 25 AXP=A(])
113 Cxp=CX(1I)
114 GD YO0 10
115 30 Ix= IX+1
116 IF(IX.EQ.1) GO TO 35
117 IFtALI)-AXM) 35,10,19
118 35 AxM=A(]l)
119 CXM=CX(I)
120 10 CONTINUF
121 X={CXP-CXMVW (AXN-AXP)
122 RE TURN
123 END
124 SU BROUT INE BASLAIXLAG,KPAR,IX)
-C
C FINDS AN INITIJAL POINT
c
125 DIMENSJON [X{10D)
126 COMMON N,M/BLICK1/C(1D)) .
127 COMMON /COUNT/NITER,N3AS(5)),NSEA(SO),NTARISD), NARA{5)} (NPAL(S5))
*NDP AZ(5) «NPA 3 SO) 4NVNOR
128 NBASINITER =NBASINITER )¢+l
129 D2 19 1=1,N
13 Iw=0
131 A=XLAGCCL1)+PDFOPLIW,1)-1,¢
132 IFIA.GE.D.2) GO0 7D 11
133 15 IWs kel
136 B8z A+PDFOP(IN, 1)
135 IF(A.LE.0.9.AND.B.GT.D,.Y) GO TO 11
13 As B
137 . GO 70 15
138 11 Iw=1W~KP AR
139 IF(IW.AT o) IW=0
140 10 IX(1)=IW
1461 Rz TURN
142 13270]
143 SUBROUTINE SEARCHIXLAG, IX,1Xx0)
c .
C PERFORMS ONE DIMENS IONAL SEARCH FIR EAZH ZOMPONINT SEPARATELY
c
144 DIYENSION IX(L120),1X0(10),1Y(109)
145 CI4MON N, M
146 COMMON /COUNT/NITER,NIAS(3D),NSEA(3)) NTAR(5) ), NARAISD),NPALIS))
*NPA2(5) 1, %PA3( SO ,NVYNOR
c
147 NSEA(NITER)=NSEA(NITER )¢l
148 DI 10 I=1,R
c
c CALCULATE THE FIRST DIFFERENCE
149 XizDIF(XLAG) IXo ()
C

1
A0308 'vi
1




c

c

c
150
151
152
153
156
15%
156
157
158
159
160
161
162
163
164
185
166
167
168
169
170
17
172
173
174
175
17s
177
178
179
180
18!
182

183

[2XaXa)

18¢
185
186

187
188
129
190
191
192
193
194
195
196
167
198
199
200

{1F IT IS POSITIVE + THE PGINY x(1) IS STATIONARYy OTHERWISE
FIND X(I) SUCH TFAT TS FIRST OIFFERENZE 1S P2SITIVE

20

12
1

30

14

13

25

16
15

36
10

IFt{X1) 20,25,25

DD 1l J=), N
IF11.€Q.J) GO TO 12
IY (I s [X(S )

6" 10 11
Iv(Ji=IXtJ)+]d

CONT INJE
YI=DIFLIXLAG,1Y,1)
IFLY1) 39,36436

00 13 J=1,QWN

IF(I-J) 13.:14913
IX{Si=s Xt )]

CONT INJE

X1=Y}

GO 70 20

DO 15 J=1,N
IFt]1.€Q.J) GO T0 16
IYiJ)s IXtJ)

G 1015

1IvVidi=IXxt J)-]

IFCIYII) ALT.O) GO TO 36

CORTINUE
Y2=0IFIXLAGy 1Y)
IFIY2) 36,36y 40
00 60 J=1,N
IX(J)=1Y¢J)
X1=v2

G3 1O 25

00 65 J=1,N
1X0{J)=IX(J)
CINTINUE

RETURN

END

SUBROUT INE TARAMALXLAG, I Xy VXyI X0, VXO)

0B TAINS 1VMPRGVEMENT

100

25
20

10

DIMENSION IX(100), IY(100), RATIO(100), IRANK{100) ,1 XD(100)

CIOMMON N M

COMMON /COUNT/NITER yNBAS(S50)¢NSEA(S50) JNTAR{S5I ), NARA(SO)yNPALIS5D )y

HEURISTICALLY

*4PA215) )y NPA3(50), YVNIR

NTAR{NITER )=NTAR(NI
1TETA=]

D9 10 I=1,N

DO 20 J=1,N
IFtJ.EQ.I) GO TO 25

TER)+1

IF{ITETA. EC.~1 .AND. IX(J).EQ.D) GO TO 25

IY(JI=IX(JJ¢ITETA
GO 10 20
1Y¢J)=IXtI)

CONT INVE
ALFB=DIF(XLAG, 1Y, 1)
ALTA=DIF(XLAG,IX, 1)
RATIO({1)=ALFB/ALFA
CIONTINUE
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RANR THE RATIO OF FIRST DIFFERENCES OF EACH COMPONENT

" z:a—‘r'v;v._’_v,‘_.'__
(2 X2}

201 CALL SIRALAIRAT IOy IRANK )
202 DD 30 I=1,N
203 DD 35 J4=)],N
204 IFCIRANK(D).6T 1) GO T 38
205 IF LI TETA. EQ. -1 .AND. I1X{J).EQ.D) GO TD 38
206 IY(I 1= IX(J I+ ITETA
207 G3 TC 35 .
208 38 IY(J)=IXtJ)
209 35 CONT INUE
c .
Cc CALCULATE ITS EINORS/X)
2K VY=VNORS { XLAG, IV)
4
c COMPARE WITH THE INCUMBENT SOLUTICN
211 IFIVY LT .vX) GO TO SO
212 30 CONT INJE
213 IF(ITETA .EQ.~1) 30 TO 90
214 ITETA=-]
215 63 7O 100
216 'S0 DO &6C I=1,N
217 60 IXDUI)=IY(])
218 VX1=VY
219 & 10 119
220 90 DO 70 I=1,"%
221 70 IXNUIYy=1XL])
222 VX0=VX
223 110 RETJKRN
226 END
225 SUBROUT INE ARAMAL XLAGy 1X, VX1 XO,VX0)
¢ )
C REDUCES THE SET OF POTENTIAL CANDIDATES BY CONTRADICTION
C
226 DIMENSION IX(100),IX0€100),1Y(100),1Z(200),1SIRL100),JARR(100},MO
«C(100)
227 COMMON Ny M/BLOCKS/ITETA/BLIOCKB8/NO ZE ¢ JARR /BLOC K6/WLAM
228 COMMON /CODUNT/NITER,NBAS{S) ),NSEA(S50) ¢ NTAR(SD), NARA(S5) ) 4NPAL(SI),
SNP A2(ST)4NPA 3L 59) yNVNOR
229 NARA(NIT ER )= NARACNITER ) +1
c
23¢ WLAM=XLAG
231 ITETA=]
232 5060 1CCUN=0D
233 NO2E=0
23% IXODE=D
235 400 DO 10 1=1,N
236 IFINOZELEQ.O) & TI 19
237 0N 15 11=1,NO2E
238 [FIJ2RRII1).EQ.I} GO Y0 1)
239 15 CONT INUE
240 19 00 20 J=1,N
241 IF(J.EQ.1) GO TO 25
242 IF(ITETA.EQ.~1.,AND. IXIJ).EQ.0) GD TD 25
243 IF{NO2E.EQ.C) GN TO 29
244 D) 2€& JJ= ) NOLZE
245 IF(JARRIJVII.EQWJ) GO TO 25
246 28 CONTINUE

PPU DY U §
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2A7
268
249
250
251
252
253
254
255
256
257
258
259
260
261

2¢€2
263
264

265
266
267
268
263
270
7N
272

2713
274
2715

276
2n
278

2719

280
281
282
233
2845
285
286
287
283
289
290
261
262
293
29
295
295
297
293
293
300
301
302
303
3P4

29
25

11

12
10

K} ]

PROVE BY CONTRADICT ION THAT JL-COMPONENT CAN'T 8E€ 1
CALL PARTL(1YyJJeJL, 12, ICODE)

59
55

40

61
6

65

IVIJ)=IXCJI )¢ 1T ETA
G0 70 20

Iv{J)=sIXxta

CONT INVE
ALFA2=DIF(XLAG1IY,l)
IFIALFA2) 11,12012
1CaUNs 1 COUNeL
ALFALI=DIFIXLAG.IX,1}
RATID=AL FA2/ ALFAY .
ISIRLICOUN)=]

IFt ICOYN .EQ. 1) GO TO 41

IF(RATIO.LT.RMAX) GO TO 10

KMAX=RATIC

Ji=1

GO 70 t0

NO ZF=NOZE+]

JARRINIZE )=]

CONTINUE

1# (IKDDE.CC.1) GO TO 119
IF( ICOUN .EQ.2) GO TO 110
D) 3) 1=1,N

IF(1.€2.JJ) GO TO 33

Gl 10 35

IFCITETA.EQ.~]1 .AND. IX{1).EQ.0) GO TOD 35

IVEI = IXU I ITETA

GO 10 30

IVET1)=1X(T1)

CIONT INUE

IFLICOUN,.EQ.1) GO TO 62
NUC =0

00 50 J=1, ICOUN

IFCISIRIJ).EQ.JVJD GO T S50

JL=ISIR(J)

{+({ ICODE.EQ.0) GO TO 55
D 59 Jl=1.N
1Y(31)=12141)

G) 10 SO

NU C=NUC ¢+]

MOUC INIC) =)

CONT INUE

IFINUC.EC.)) GO TO 60
IFINUC.GT.1) GO TO 40
JuC=rMOUC{NLC)

IFCITETALEC. -1 .AND. IY(JUC).EQ.D) GO TOQ 50

IYISUC) = IYIJUC I+ITETA
GO TO 60

Catl PART2(NUC 4MOUC,1Y,XLB)

IF(XLB8.GE.VX) GO TO 13)

CALL PART3(1YsVXsJJsNICyMIUC, IZ)

D) 61 Jl=1,N
IY(JI1¥=124091)

VY =VNGORS (XLAG, 1Y)

IF (VY.GE.VX) GO 70 100
VXd=vY

DO 65 I=1,N
1xot1)=1vtll)

GO 10 300
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305 100 1CIUN=]COUN-1

306 IF{ ICOUN .EQ.D) G TI 110

307 NOZE=NIZE+])

308 JARRIND2E) =44

309 IKODE=]

3516 a TO 400

nm 110 JIF(ITETA.EQ.~1) GO TO 29

312 ITETAa=})

313 GD 10 520

314 200 DO 70 I=)1,AN

315 70 IXO{lI)= IXL1)

316 VXDavX

317 300 RETURNY

s END

319 . SUBROUTINE PARTI(IX,JJ,JL, 1Y, ICODE)
(4
€ PERFORMS A TEST BY SIMPLY EVALUATING AN UPPER BOUN) FOR THE LINEAR
[+ 1F ICODE=y , TEST SUCCEEDED
C IF 1CIDE=0 TEST FAILED
C

320 DIMENSION IX(1033,1Y1000,120102),XCE 501, XA(5I),JARR(100)

32 C3¥MDN N,M/BLOCKS/I TETA/BLOCKS6/MLAM/BLOCKB/NOZE, JARR

322 ° COMMON /COJUNT/NITER,NBAS{50),NSEAL 50) yNTAR{SD)},NARA(5) ,NPALY{S0),

SNPA2(53) ¢NPA3(59) ,NVNOR/TAB/POISONIS) »12))

c

323 NP AL INIT ER )=NPALINITER )¢}

324 Ml=Ms]

325 XLAG=XLAM

326 BD=~DIF(XLAG, IX,JL)

327 IF(80.GE.J.0) GO T0 59

328 0C 10 I= 1N

329 1F({1.EQ.JJ) GI TO 11

330 1241 =1xt 11

331 @ T0 1) '

232 11 1201) IXC))-1TETA

333 13 CONTINUE

33% . 8l=<DIFIXLAG, 12,4J)

335 DI 20 Isl,¥

33 IXS=IX(JL )+l

337 T1=POFOP(IXS,JL)

338 T2=PD1SON( IXS, JL)

339 XCtl)z-T1/72

340 IXP=IX(JJ)+]+L

341 Pl=PDFIP({ IXP,JJ}

342 P2=POISONI IXPy S}

343 XA(1)=-P1/P2

344 2C CINTINUE

345 TER1=1,

346 TER2=1,

347 IFIBI.LT.2.0) GO 1D 22

243 Wil2).)

349 50 10 23

350 22 Wl={1.1)*87/81

351 23 TERM=Kk1s81]

352 0G 30 I=]1,M1

353 WI=XCl1)-d1l*XALI)

356 IFIWT) 39,390,355

355 35 0) 49 K=1,N

356 DO 37 KK=1.,NOZE

A'3.12




357
258

3159
36)
361

362
383
36%
365
366
367
368
369
3N
mn
372
3713
374
375

376
an
378
319
38
381
382

k)3

384
385
386

587
aes

393
39
395
396
397
368
399
422
4N
4.2
423
424
435
4C6
o7
48
409

(2 XaNaNal

k14

36
E1
39

3
45

3

S

55
&2

I
0

25
2)

15
35
»

40

b
-

IFLJARR (KK).EQ.X) S0 TO 36
CONT INSE .
IXK=IX{K) ¢ [e])
TER1=TER 1%P0] SONIL I XX.K)
GJ T0 38 .
IXK=IX(K)+]

TER1=TER 1¢POISONI I XK,K)
IF{K.EDQ.JJ) GO TO 39
IYK=IX{K)+1-)

G) TD 41

1YK= IX{K)+ 1]
TER2=TER 24PO | SON{ 1 YK K}
CONT INUE

Ul=TFR1-TER2

TERMzTERM +J1*N]

CONT INV E

KWW =TERM-80

1CODE=D

IFtWN ) 50,55, 55

J1CODE=]

TFCITETA .EQ.~1.AND. IXIJL) .EQ.O0) GO TO 55
INIL)=IX(JL)+ITETA

00 60 I=1,A
IVCII=1IXx(1)

RETURN

END

SUBROUT INE PART2INJIC,MOUC, 1Y, XLB)

F PARTY FAILS, THIS FINDS AN UPPER-BOUND FOR THE SUM DF FIRST
JFFERENCES OF THE UVDETERWINED CIEFFIZ IENTS

DIMENSION [V{120),MDUC{100),1Z(10W

COMMON N,M/7BLDCKS/ ITETA/BLICK 6 /WL AM

COMMON /COUNT/AITER (NSASI52),NSEA(3) )} ,NTAR(SY )y NARALS5D),NPALIS) )
eNPA2(52),HNPA3L 50),NVNIR

NPA2INITER) =NPAZ {NITER)¢]
$JU4=J,.0

D2 10 I=1,NWC
IXK=NMOUC( 1)}

XK1= IXK=1

IF (1XK1 .EQ.0} GO TO 15
03 2C J=1,1xK1

IF(ITETA. EQ.~1.AMD . IY(J).EQ.D) G TD 25
12(3) =21 Y(J)+]ITETA

GO 10 2¢

12Zt3)=1v (J)

CORTINJE

NXK= IX<

GO 70 35

NXK=1

00 30 J=NXK,N
1Z1J)=1Y(J)

TERM.- OIFUVWLAM, IZ,1XK)
JF(TERM.LTD.0) 63 T2 &0
TERM=2D.0

SUYa SUM ¢ TEKM

CINT INVE
XLB=sSUME VNORS [ WLAM, 1Y}
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410
411

%12

413
414
415
416

417
413

&9
520
421
422
423
424
425
429
427
428
427

430
43]

432
433
&3%
435
435
427
438
429
440
44!

442
443
4Las
445
446
447
448
449
450
451

452
453
45%
455
456

457
%58
459

461

[a3alal

PERFORMS THE SAME TEST AS 24ART],

37

36
38

39
41
40
11

15

27

RETURN
END

SUBROUT INE PAR T3LIX,VX,JJ,NUC, MOUC, 17 )

DIMENSION 1X(100), IY( 103}y 121 197)4JARRI 212} ,MOUC{ 1 00) ,XKOUCI10D) o
¢15.,10)
COMMON N,M/BLOCKS/1 TETA/BLOCKB/NOZE + JARR/BLCCK9/NROW, NCOL/8LOCKS
1AM
COMMOR /COUNT/NITER yNBAS(5) )4 NSEAI52) ¢NTAR(S5D])s NARA(5D) yNPALL5I)
»\NPA215))NPA3(50) »NYNOR/TAB/POISONIS5I 4197

NP A3 INIT ER)=NPASINITER )¢l

NV CBsNUC

XLAGSWLAM

NROWsMe 2

NCOLzM+3

NCOL1=NCOL-)

DD 9 I=1,N

IF(L1.6EQ2.9J) GO TO0 8
1ZiD=1X(1)

G 10 S

1Zi1)=1X{1)-1T ETA
CONTIMNUE

DO 16 ISAY=],NUCB
JL=MOJC ( ISAY)

Yt1:1)290.)

D2 11 J=2,NCOL )

TER1=1.0

TER221. 0

DY 40 K=1,N

0N 37 KK=1,NOZE
IFLJARRIKK).EQ.K}) GO TO 36
CONTINJVE

IXK=1Z{K}eJ

G) TO 38

XK= J2(K)eg-1
TERLI=TLR1*POISCNI IXXK,K)
IFIK.EQ.JJ) GO TD 39

1IYKa [Z{K} ¢3~-]

GO TO 41

1YK= 12(K ) ¢)
TER2=TER2*POISON(IYX,K])
CINTINVE

Y(1,J)=T ERI~-TER2
Y{1sNCOL) =-DIF(XLAG,12,J4J)
D) 15 1=2,KR0ONW
IXS=IX{JL el -1
Yils1)=2POFOPLIXS,JL)}/POISON(IXS,JL)
IXP=IXx{JJ)e]~-2
IXR=IX{JJ}4]-1 .
YU IsNCOL ) =PDFOPLIXP ,JJ) /POISON(IXP,JJ)
DD 25 1=2,NRDA

Do 25 J=2,NCOLY

IFlJ.62.1) GO 10 27
YileJd)isd )

GO 10 25

Y(TeJ32~-1,9

A.3.14
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482
463
40%

485
466
467

©68
467

LI
471
&72
41
LY
475

476
an
473

479
480
48!

482
483
484
485
&86
487
%86

489
%90
491

462

493

49%

495
456
4S7
493
499
500

501
502
503
5%
505
506
507
508
RQ3
210
511
512
513

514

25

210

50

56
57
35

&0
10
500
70

o CALCULATES TFE FIRST DIFERENCES

25
0
2)

LY EVALUATES THZ FUNCTICN E(NORS/X)+L,Co X

‘D3 30 I=1,N

CONTINUE
BO=-DIF{ XLAG, I XoJL)

DD 21) 1Is=]1,NROW

CONTINJE

CALL XLPRO(Y,VIBJ)
FARK=VORJ-BO

IF (FARK.GT.C.0) GO TO 1D
JFLIXEIL ). EQ.0.AND, ITETA.EQ.~1) GO TO S50
IXUJL)=IX{JL) ¢ ITETA
KUC=N'C=-1

IF{KUC.EQ,J) GO TD 1D
NKUC=0

D) 55 J=1.NUC

1F (MOUCLJ) .EQ.JL) GO TO 56
IF INKUC.EQ.1) GO TO 57
KJUC(J)=MOUCLJ)

G0 J0 55

NKUC=]

GS 10 55

Ji=J-1

KJUCtJ1) =M0UCl J)

CONT INUE

CALL PART2{KUC,XJUC,IX,XLB)
1F{XLB.GE.VX) GO TC 500
NUC=KUC

D3 60 I=1,MUC
MIUCtII=KCWC(])

CONT INUE

DO 70 I=1,.N

IviId=sIxtId

RETURN

END

FINLTION DIFUXLAG, I XK}

DIMENS ION IX(102)

COMMON M,M/RLOCK1/C(100)/TAB/POISON(SD,100)
DIVUBLE PRECISION PRO, SUM

Ml =M+l

SUM=0. D¢ 00

D) 20 J1=],M]

PRO=1.0+00

XJ=IX{1)+J1

1IF(1.EQ.K) GO TO 25 -4
PRO=PRO*POISON(IXJI, 1)

GO 70 3D

PRD=PRO* PDFOP( IXJ, 1)

CONTINJE .
$SJIU=SJIMPRO E
IXu=EX{K)¢He2 o
DIF==SUM=1.4P0 ISONC IX4, K} +XLAGT (K)

RETURN -1
END b

FUNCT 1IN VNORS {XLAG, I1X) _ ]
-
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515
316
£ 334

518
519
520
s2t
€22
s23
526
525
526
527
528
529
530
%531
532
533
534
525
536
537
533
539
540
541
542
543
S 44
545
546

547

5648
549
550
551
552
553
5564
555
556
557
£56
559
560
sel
562
563
564
<65
564
567
568

C

24
25
23

40

3D

C

2)
25

32
10

DIMENSION 1X(150).PM{1I0+20),PRO(2))
CIMMON N M .
COMMON ZCOUNT/NITER,NBASES50),NSEAL 50) ¢ NTAR(5I), NARAISD) NPALL 50}
SN242(5)) +NPA3ISO) yNVNOR/TAB/POISON(S) o12)) ~
ONIBLF PRECIS ION SUM,PROy TOPL 4 P4 XNW
NVNUR=NVNCR+]1

EP S= .07001

MlzMe]

SUM=0,D+D)

D) 20 JJ=]1,M]

PRO(JII)I=1.C¢ID

DO 25 1]=]1,N

IXJ=IX{JT1)edJ-)

IF11X0.6Y.9) GO TD 24

XX=PDFIPL IXJe11)

GO TD 25

XX=POISONLIXJ,II)

PRO1JIJII=PROL JJ )eXX

SIM=SJMe] ,-PRO{J))

MPL=I. D*+ID

DI 3D I=1,N

K=)

MXK=IX(I)+Me2eK

WX=PDFOP(4XK, 1)

Wad =FLOAT (K+¢1)#X

1IFIWX.LT.EPS) GO TO 3)

TOPL=TIOPL +4W

KzKel

GO TO 40

CONT INUE
VNORS=SUM+TOPL +XL AG*0D TP { 1X}

RETURN

END

SUBROUT INE TABLELPOISON)
ALCYLATES THE CUMJLATIVE PDISSIN SUMS

DIMENSION PGISCN(5C,139)
COMMON N, M/BLOCK2/XLAM({1DD)
DOUBLE PRECISICN EPS,TERM,SUMX
EPS=1.0-06

D3 1) J=1,N

TERM=1.D+0)

SJuX=1.D+9)

00 20 1=1,50
TERM=TERM«XLAM{JII/FLOATIID)
IX=1

IF(TERM.LT.EPS) GO TO 25
SUMX=SUM X+ TERM

POISGNC 1, J)=EXPI-XLAMIJ ))eSUMX
IF (POISCNI1,J).GT.1.0) POISON{I,J)=1.D
CONTINUE

IF(IX.EQ.52) GO TO 19

D) 30 1=,X,59

POISON(T,J)=1.0

CONT INUE

RCTURN

END
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569

570
571
5712
573
57¢
575
57%
511
s78
579
580
581
582
533

5864

5as
585
587
588
589
590
591
%92
593

59

595
596
597
598
599

501

502
603
504
605
600
07
608
607
610
611
612

613
616
615

616

c
C
c

c
c
c

N AN

FUNCTION POFOPIK, 1)
CALCULATES TFrE INDIVIOUAL POISSON TEIMS

COMMDN /BLCEK2/7XLAM(I1DD)
DOJBLE PRECISICN SUM, W
SUMsG, 00 0)
IFIK.AT.2Y GO 1) 1D
0) 15 J=2,K
SUM=SUM+ALOGIFLOATL J))
15 CIONT INUE
10 Wa==XLAMLI)+X=ALDG(XLAM (]I} ]}-SUM
IF(AW.LT7,.-15.3) 50 T0 20
POFOF=DEXP (WW )
GO TO 25
2) POFDP -).0
25 RETURN
END

FUNCT ION DOTPRIIX)
CALCULATES THE DTT PRODUCT C.X

DIMENS ION 1X(122)
COMMON N,M/BLOCKL/C (120}
SJM=0.D J
0N 10 I=1 o
XX=FLOAT(IX{1))
13 SUM=SUM+XX*C(I)
DD IPR=SUN
RE TURN
EnNo

SUSROUTINE SIRALA(X,IR)

THIS ARRANCES AN ARRAY JF ELEMENTS IN A SCENDING JRIER

IRIK) IS THE RANK OF ITEM K INTHE LIST

DIMENS 10N X(120), IR11J00)y ISEQ(100), ¥l 10J)
CUMMON Ny M '
03 9 Is1,N
? ISEQI])=]
DD 10 I=1,N
X4 IN=X(1}
Mgl
IMIN=]1SEQ(1)
N1=N~-1+1
03 20 J=1,Nl
IFIX{IYLT.XMINY 30 TO 21
G) TO 20
21 XMIN=X{J)
IMIN=ISEQ(J)
M INJ=Y
29 CONTINUE
REIMIN =]
IFIN1.EQ.1) GO TO 1D
N2 =N1=1
D™ 30 J=1,N2
IFIJ.LT.IMINS} GO TI 33
Ji=Je]
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617
618
619
62)
621
622
623
626
625

¢26

628

629
63)
631

632

¢33
634
635
636
637
638
639
64
541
642
€43
644
645
645

647
548
649
£5)
551
652

653
654
655

¢56
657
658

659
60
e6l

662
663

664
665
565

667
568

669
670

o XaNa¥,]

kX |
29
k>
12

ISEQ(J)=~ISEQ(J 1}
Yt 3)=X(J1)

GO T0 29
YiJi=X(J)}

X{J) =YiJ)
CONT NV E
CONTINUE

RE TURN

END

SUBROUT INE XLPRI(Y,V0BJY

SOLVES A L INEAR PROIGRAM JF THE TYPE
MAX CX ST AX<B,X>0

10
11

13
12
100

16

17

15

DIMENS ION Y{10,23 )0 X0 1002004 ISNB{ 10}, 1SBV( 1)) yMRIW({10)
CIMMON /BLOCK9/NROW,NCOL

IS8V (1)=0
1SNB{1)=NCCL4Y

00 10 f=2,KROW

1387 { 1)= 1-2+NCOL

00 11 J=2,ACOL

ISNB(J 1= -1

NROW1 =NROW -1

NCOL1=NCOL-1

NCOL 2= VCOL +1
NCNL3=NC OL +NROWL

03 12 I=1,AROW

00 12 J=NCOL2,NCIL3

IM=1-1

JM=J-NCOL

IFIJM.EQ.IM) GD TO 13
Y(1,d)20.D

63 0 12

Y(l.J)=1.)

CUNTINJE

NNC=D

NPV =9

NPC=D

NNVY=)D

09 i5 J=2,NCOL
IFIY(1,J).17.0.0) GO T9 16
NNC=NNC + 1

1F (NNC.EQ.NCOL1) GO T3 599
G TO 1S :
NPC=NPC+1)

1F (NPC. EQ.1) GC TO 17
IFIY(1,4).GT.YMIN) 30 TO 15
Y It=YCL, 3 )

JMIN=J

CONT INUE

1EV= ISNS(JIMIN)

LHAY S ) |

20 29 1=2,NKOW

IF(Y (1, JMIN) .LE.D.0) 6] T) 25
NNV=MNVe]
TETA=Y( 1, 11/Y( 1,I4IN)

1F (NWV. EQ.1) GO TO 23

IF (TETA=-THIN) 23,20,20
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el

oT1
672
673
&T%
£y ¢
' [
617
¢7R
$79
68)
81
682
563
68%
95
[§:1
6R7
688
€89
690
641
€92
653
€S%
695
695
657
598
&9
706
701
702
703
70%
705
706
7C7
703
709
710
711
712
715
714
715
ne
717
7.8
719
722
721
122
723
726
725
726

25
2)

26

85

87
93

80
200

55

57
&)
4)
7
450

250
<00

TMINSTET A
1MIN=]

NIOWINMVA IsININ

GO 10 2)

HPVENPVE ]

IFINPY . EQ LIRINLS G T 45)
CINTINUE

D) 26 122.NROW
IFIY(1,JMLI).LEDOD) GO TO 26
TETA=YL] o) WY I,JMIN)
IF{TETA.GT.TMIN) GO 10 26
IFL1.EQ.IMIN) G2 T 26
NMyAaNuVA+]

MR MUV AL=]

CINT INJE

IF {(NMVA.EQ.1) GO TO 2)0

D) 83 I=1,AMVA

IKeMROW( 1)

JPDS=)

DD 8% J=NCOL2,NCOL)

XUIKeJd =YL I J MY LIK,IMIN)D
IF(XtIK,J).GT.0u0) GO TO 85
G) 10 a0

JPIS=JPDSel

1IFtJPIS.GT.1) GO TO 8)
IFIIK.GT ., MROW (1)) GD TO 87
GJ TD 93

IFLJ-JKMTIY) 8),9),93
IFIXETAING JKMINVLLE XLIK,J)) GD T) 82
I9IN=IK

JEMIN=)

CINTINE

IDV=]1S3V{ IMIN)
ISNB(JM IN )= 1DV
ISSVIIMIN)=1EV

D) 43 I=1,\POW

D) 49 J=1,NCOL)

ITL1.EQ. IMIN) GO TO S5
IFLJ.EJ.JUMIND GI TO &)
XU14d)2Y (1,0 )0=(VLLJMINDI*YININ,JI/YL IMIN,JIMIN))
GU TO 40

IFLI.EQ.JMIN) GO 1D 57
XU1,3)=¥Y{1,J)7YLIMIN,JNIN)
Gl 10 9

X{1,0)=2/Y(1,d)

G) 10 %9

XU 1y )z==YE 1, 3) /YL IMIN, JMIN)
CONTINJE

DU T7J I =1 ,AROW

D3 70 J=1,NCOL3
Yil,J3)=X(1,J)

6) 70 102

wRITE(H, 250)

FORMAT(S5X, *UNBCUNDED SILUTION?®)
RETURY

ND

SENTRY
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CORE USAGE
Cl1AGNOSTICS
CCVPILE TIME=

THE SADDLE POINT SEARCH ALGORITHM

PROBLEM NUMBER
NJMBER OF ITEMS=

JTEM COST/UNIT

1 2980 .00
e 2 1751 .00
s 3 ©62.00
1 4 1566 .00
s S 345.00

EINIRS/X )= 1.26282

LAGRANGE MULT IPL IER=

¢ OF [TERATIONSs

# OF NORS EVALUATIONSs

# OF STEPS IN EACH JTERATION
ITERATION ¢ STEP]

VS WN -

STATEMENTS EXECUT ED=

Cs310P

ki ad N R X o

OBJECT CODE=

S PUDGET=s

DEMAND

2.10
1.50
1.20
5 .00
3.50

COSTIX)=8$ 23418.00
0.000099

161

STEP2 STEP)

NNy pN

NUYBER OF ERRORS=

0.52 SEC,) EXECUTION TIME=

A.3.20

oceNuN

NN,V
s e N3 N e

OPTIMVAL
SILUTION

STEP4 PARTL

5
0
3
1
0
2

31504 BYTES,ARRAY AREA=
NUMBER OF WARNINGSs
5.02 SEC,

oO~NWwWNN

o000
CooorProOoC

43572 BYIES, TOTAL
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APPENDIX B.1

DETAIL DOCUMENTATION OF
GREEDY ALGORITHM

COMPUTER PROGRAM
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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 belbw 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

ay = NAP(I) number of applications of item i

bi = BO(I+1) conditional operational rate, given i planes
available for canibilization

q4 = KIT(I) quantity of item i in the kit

w weighting factor of AE(SDO) used in r calculation
Fi (%) probability of demand < x for item i

ITOT total number of items considered

MUP upper bound of subscript of bi

NAP(I)=ai

NMAXi 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 Fj(j-1) for item 1

B.l.z




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-1
UE = NOPS

Notes on Main Program

This main program contains the various subroutine calling statements

shown below.

8

3
5

Hj

TABLE
3

INKIT
!

OPTIM

.

UTPUT n

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 DOZ9 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 =)

A 1
Poisson probability is Py(x) = —I:E——— s Xx=0,1,2,... and T = 1,2,...ITOT

AL
hence, Py (x+l) = e P (%)
= "M - = A
e.g. P1 (0)=e "5, pp (1)= Ay - Pr(0), Py(2) = 2 P1 (1),...etc.

Then the cumulative Poisson probability, Fj(x), can be expressed as follows:

X AI e~AI
Fi(x) = I ——— = Fr(x-1) + Py (%)

j=0 3

By employing the two dimensional array POISON (500,60), Fy(j) of item i
car be stored in POISON (I, j+l1), since POISON (I, 1) = F; (0) for item I.

The main segment of code for this subroutine is shown below.

ISN 0007 TEAL=Se D= 12

ISN 0008 DO 10 L=1+1I707

ISN 0009 wuw=DBLEC XMUC I

ISN 00140 TER¥=DEXPl=wnn)

ISN 0011 POLSONLI,1)=TERM

ISN 0012 D0 20 J=2460

ISN 0013 LIFC TERMoLToTERLOAND ¢POLISON(L sJ=1) ¢GT49¢0=01}) GC YO 30
ISN 0015 TERP2TERMeWnN/DFLOATL y= 1)

ISN 0016 POLSONIIou)=POISONE Lo J=1)+1ERM
ISN 0017 20 CONTINE

ISN 0018 60 70 10

ISN 0019 30 00 40 JXx=ys 60

ISN 0020 40 POISUN(TIosux)I=1,D¢0)

ISN 00212 10 CONTINUVE

ISN 0022 RET URN

ISN 0023 END

Line 7 gives the criteria for stopping further computations of the upper-
- 1
tail of the Poisson distribution. At lines 10 and 11, POISON (I, 1) = Fp 0) =

e-AI. Line 13 checks if the stopping criteria is met. Lines 15 and 16 calculate '1
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all Py(x) and Fy(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 bj's. It terminates if the new set of bj's are sufficiently close

to the values of the previous set.

I1TOT
BO(I) = by-1 = ™ Bp[ag* + ap (3-1)]
=1

1TOT
= n POISON [KIT(£) + NAP(£) % (J-1) +1]
£=1

The measure of closeness between two sets of bi's and bj's is the sum of

squares = I (by - by)2.
i

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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Cc
ISN 0017 100 CALL MARGANC(KIT,PRICE)
c
ISN 0018 NITER=NITER+1
C
c STEpP 2
C UPDATE THE PARASETERS 8
C
ISN 0019 SUMSU=0es0+00
ISN 0020 D0 10 v=1,MUP
ISN 0021 PRU=1.D+90
ISN 0022 DD 20 I=1,1IT70Y
ISN 0023 KITPUKLITUTI dely=1)eNAPLI)e])
ISN 0024 IFLKITPUeGT 600 GO TO 20
ISN 0g206 PRU=SPRO«P OISON XKL TP Y
ISN 0027 LIFC PROs LT LEPSA) GO TO 15
ISN 0029 20 CONTINVE
ISN 0030 15 SUMSUzSUMSU+( (BOLJI=PRU)SsZ)
ISN 0031 80t J)I=PRO
ISN 0032 10 CONTINVE
C
C STEP 3
C COMPARE THE NEW VALVUES (F 8 wIH PREVIOUS VALLES
C TERMINATE IF THEY ARE SUFFICIENTLY CLOSE
C
ISN 0033 IFL SUMSUeLT,EPS) GO TC 30
1SN 0035 60 70 100
C
ISN D030 30 CALL CALCIKITSENDRS »SCO?
ISN 0037 RETURN
ISN 0038 END

Line 17 calls the marginal analysis subroutine in order to find the
optimum kit under the current bj parameters. Once this is done, it comes
back and starts to update the bj's.

Line 24 provides a safeguard against running out of the limit of the
Poisson array. At line 26, biy's are calculated by multiplying all pertinent
cumulative probability terms together. Line 27 gives a lower bound check on
bj to save further calculations, since when bj < EPSQ = 5x10-11, 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 bj's.

Line 33 checks to see if the difference is small enough to stop. If not, the

B. l.6
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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 ;

Start With Initial
Kit, Calculate All
RATIOS

26-33

Find the Item With
Max. RATIO, IMAX

34

Obtain the Price of
the Kit With 9

MAX+1

35

Price > Budget
?

37-50

Update the Kit, Price,
and RATIO of Item,
IMAX

y

13-14 l

Initialize

L
bi s

52 !

Set
RATIO (IMAX)=0

53
Yes

No

Subroutine MARGAN

19-32 ¢

Update bi's

33

2
- Rh'
i(bi b))

Call CALC to
Evaluate the
Kit Performance

37

‘ Return ’

Subroutine OPTIM

Figure B.l. 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, (rj), per dollar invested
for each item i. This ratio is the weighted average of the improvements

of E(NORS) and E(SDO).

e = A;E(NORS) + WA{E(SDO)
i =

ci
ITOT MUP ITOT
where A{E(NORS) =| I (MUP, +1) - £ bj I {nFy(q, + jaz)]
€=1 j=0 e.—_l ’
[1'1‘0'1‘ MUP ITOTK
-L 2 (MUP, +1) - I by I £n Fy(q, + ja )]
where qé =4d, + 1 when £ =1
qp = qp when £ # i
MUP
AJE(NORS) = 'zo bj [Kn Fi (44 + 1 + jaj) - £n F; (94 + jai)]
J=
MUP e Fi(qi + jai + 1)
= I . fn 3 "
420 by ™ ¥Fi(qr * Jap)
MUP POISON (i, q; + jaj + 2)
= I by oo G + jag + 1)
j=0 s 44 T Ja4

Since POISON (I, 1) = F4 (0)

E(SDO) =" %% mﬁxz']f_l-Fe(x)] Lrgr JUke [1~Fp(qp +3)]
£=1 x=q, £=1 j=0

where JUPp= (NMAX - 1) - qp
= [KIT (&) + (NOPS-1)*NAP(£) + 1] - 1 - KIT(®)

= (NOPS-1)*NAP(f) + 1
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ITOT JUPp ITOT JUP
- x [-

Then A4E(SDO) Folaptd] - 3 1 [1-Fy(ag +3)]
. £;=1 j=0

b3
£=1 3=0
where 9y = Qp+ 1 when £ =4
qé =qp when ¢ # i

JUP
ri {l-Fi(qi + 3) -(l—Fi(qi +1+ j)]’
j=

P

JUP;
i.e. A4E(SDO) = I [Fi(as + 1 + ) - Filag + 3]

j=0

Fi(qi + 1+ JUPi) - Fi(‘Ii)

or = POISON (i, q; + 1 + NMAX; - 1 - g3 + 1)-POISON (i, qj + 1)

= POISON (i, NMAXj + 1) - POISON (i, KIT(i) + 1)

After comparing each ratio rj 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 INKITIAL eIV ANO CALCULATE THE SAT:D |
C PER OOLLAR INVESTED FOR EACH I TEM :
C

ISN 0009 PRICE=PRC IN

ISN 0010 00 1C I=1,1IT707

ISN 00112 KITELIdakITINCI)

ISN 0012 NMAX1=KITCI Do (NOPS~1) sNAP( 1) 42

ISN 0013 IFC NMAX 10GEe60) NMAXL=60

ISN 0015 IXS=2KIT(I)e 1

ISN 0016 SUM=DBLEC(PARI=(POISOR(IsNMAX]I=POISONCI sIXS))

ISN 0017 DO 20 u=1sMUP

ISN 0018 IXS=2KITEXdedJ=2DeNAPL 10¢]

ISN 0019 IFLIXJe GE«e6O0) GO T 21

ISN 0021 Aa3POISONIIsIXS+1I/7POISONE ]S IXJ)

ISN 0022 GO Y0 20

ISN 0023 21 an=1,0+00 7]

ISN 0024 20 SUM=SUM+B0L J) «DLDGL wa ) -3

ISN 0025 10 RATIO(1 )=aSUM/DBLEC(Z OST( 1)) ]

Line 9 and 11 start with the initial kit and its price. Line 15 increases 1

KIT quantity by 1, once for every item. Line 16 gives the w-AE(SDO), which is =
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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:

Cc
C FIND THE MAXIMUM RATIU
c
ISN 0026 100 00 25 I=1,1707
ISN 0027 IFl feEWel) GO YO 3
ISN 0029 IFLRATIO(INeLToRMAL) GO TO 2%
ISN 0031 30 IMAX=T
ISN 0032 RMAX=RATIO(I)
ISN 0033 25 CONTINUE
ISN 0034 XPR ICESPRICE+COST(LIPAX)
Cc
C TERMINATE IF THE TIARGETS 4RE ACHIEVEC
c
ISN 003S LF( xPRICE«GT4BUDGEF?Y GO TO 5¢C
Cc
C IF NOTs UPDATE THE KIT VALUE AND THE RATIUL
Cc
ISN 0037 KITOIMAXI2KITLIMAX) #1
ISN 0038 PRL1CE=xPRICE
ISN 0039 NMA X13KITUIMAX)I®ENIPS=1)uNAPCIMAX ) o2
ISN 0040 LFUNMAX1eGTe60) NMAXL360
ISN 0042 IXS =KITCIMAX) ]
ISN 0043 SUMOULE(PARIS(POTISONCIMAK oNFAXL)=POISONM IMAK S IXS))
ISN 0048 DO 40 J=1sMUP
ISN 00458 IXJSKITOIMAXRD) ¢l U= 1) oNAPC IMPX )4
ISN 0046 IFLIXJeGE 600 GO TJ &5
ISN QO04a8 BN3PULSONLIMAX,IXJr 1) /POLISCNLINAK sIXJ)
ISN 0049 40 SUMSSUMBOI JIsDLOGL W b
ISN 0050 4% RATIULIMAX)=2SUM/DBLECCUSTY( IMaKX) )
ISN 005) GO T0 100
ISN 0052 S0 RATIU¢IMAXIZ(QeD¢00
C
ISN 0053 IFCRMAXeGTe 0D+ 00) GO TO 1(¢O
ISN 0055 RETURN
ISN 0056 END

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.

I1f the kit price is exceeded, continue to check the feasibility of

B.1.11
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other possible kits. If not exceeded, the kit value and the RATIO are
T 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 U max + 1 is infeasible, then line 52
sets its ratio to zero in order to eliminate 94max + 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) = § YP(NORS = Y) = 3 Y [P(NORS < Y) - P(NORS < Y-1)]

Y=1 Y=1
UE-1
= UE - P(NORS < UE) - £ P(NORS < j)
, j=0
1TOT UE-1 ITOT
=UE - n Fy(qy + UE -ay) - & n Fi(qi + jaj)
i=1 §j=0 i=1

UE
UE = S(UE+ 1) - % S(3)
j=1

where S(N) = P(NORS < N - 1)

ITOT
= m Fy(q; + (N-1)»ay)
i=1
ITOT
or = n POISON (i, 94 + (N-1) % aj+1)
i=]

atcadenduiniiadhindei
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3 NOPS
- i.e. E(NORS) = NOPS « S(NOPS + 1) - 2 S(j)
S .
T 3=

where NOPS=UE=number of planes in the squadron.

ITOT NMAXp-1 ITOT JuUP
: EGSDO) = = I [-Fp] = T ELfi-Fp(apt 9))
L=1 x=q, £=1 j=0

]

where JUPf = (NMAXe -1 —qe

[(ap +(¥OPS-1)2ap + 1)-1] -q,

(NOPS - 1)*a£ +1

UP
E(SDO) = Ifotr JY E[I—POISON (£, 95 + 3]
L=1 j=0

E(NORS) Computation Segment:

ISN o00¢S EPS=540~-10
c
C E( NORS/7Xx) COMPUT AT IUN
o
ISN 0016 SUM=(0e0¢00
ISN 0011 SINOPS* 2i=44D0
ISN 0012 00 10 K=1,NOPS
ISN 0vu13 S(KI=1.0¢00
ISN 0014 D0 20 1=2s1IY0T
ISN 0015 INS2KITLL Vel K=2)oNAPC L)1
ISN 0016 IF(l IXJeGT 9600 GO TU 240
ISN 0018 SIKI=SE KIsPOISONt Is IX U2
ISN 0019 IFLS(K)eLTe EPS) GO TO 15
ISN 0021 20 CONTINUE
ISN 0022 SUM=SUMeS(K)
ISN 0023 ‘ 60 10 10
ISN 0024 15 S(K1=0s D¢ 00
ISN 0025 10 CONTINUVE
ISN 0026 VNORSaDFLOAT( NOPS )& St NOPS+ 1)=SuM
ISN 0027 ENURSSYNORS

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 lo-lo)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 ECSVOZa) COMPUF AT IUN
C
ISN Qo026 S00P=0e D¢ 00
ISN 0029 00 50 I=3+1707
ISN 0030 JUPS(NOPS=1)eNAPLY) ¢}
ISN 0032 00 60 Js)ieJUP
ISN 0032 IXJaRIT (LI Ve y
ISN 0033 IFtIXJeGT060) GO TU 50
ISN 0035 60 SDOP=SO0P ¢1e0¢00=PIISINCIs IXJ)
ISN 0036 50 CONTINUVE )
ISN 0037 SD00sSD0P
ISN 0034 RETURN
ISN 0039 ENV

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 bj'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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1SN
IS
b 1]
ISN
ISN
ISN
ISN

ISN
ISN
ISw
ISN
ISN
ISN
ISm
ISN
ISk
ISN

ISh
ISw
SN
ISN

Iss
ISN

IS8
ISN

138
ISN
1 &1
Ish
188

0003
0004
00¢s
agce
0007

o008
00¢9
ov1o
0011
0012
0013
0014

0062
0v0l
0004
0905
0006
00c?
0902
0009
0010
0013

0012
0ov13
LR L
0018

0016
0017

ovae
o019

ooac

0021
0023
0024
0023

0020
0029
0030
0032
0032

a o0coannan

(a2 2 W 2 TR 1

ann O

G80CESU NS RECESREC SO ELEE S S8 EPS IE SR IG SEESCE SO ES

GREEDY ALGORITumM

a®eaae

.

.

.

.

SSCES S EEESSECSSS S EEEE SE IS LEB IS SSSSE VEES IS GS SO
DIMENSION KIT(S5000

CALL INPUTLIKITSPRICE)?

CALL TABLE

CALL INKITEXKIT,PRICEY

CALL OPTIMIKITIPRICESIENORS #SLO)
CALL OTPUTL (XKIT M ICESENDOES,SO0)

CALL INPUT2(KITSPRICE?

CALL VABLE

CALL INKITLKEITSPRICE)

CALL OPTIM KITePRICEsENORSSCOD
CALL OTPUT2 ( KITs PRICESENOFS, SOO)
stoP

€ND

SUSROUT INE INPUT IIKIT PRICE)D

OINENSION XITE300)s DF T4 30)

COMMON PULISON(5000600.,80¢5CH

CONMON /7B8LOCK 1/ ITOT oNLITERS NOPSs MUPeBUDGET s SKF» PAR
CONNON /BLOCK 2/ NAPISCOYsCLSTIS500)sXmUL SO0
CONPON /78LOCKA/ KT37280500 30 vGOAL 2+SGOAL s8UODKT
COMNON /PHASE/Z IPHASE

COMPON ZINFUT/NODAY3 2uFP s NSUD

DQUBLE PRECISION PIIS(NLBO

DATA XRU/ZPLRUC/IRRI/* RRR® 7 s0FT/ 7% 101590 530226422/

IPHASEs])
NIT ER=gQ
PRICE=0,60
ITEMNsQ

READE 5012090 PAR
READ( Ss101) SFPDsNIAYSs DFF,NOPSe ASUDSSKF

MUP SNDPSeL
10 ITEmsITENMe)

20 READC 10 102,END=S0) CAPoNRCINAPL ITEN) s TORICOSTLITEM IS T VP
ONLY LRU ITENS wilL JE PROCESSED

LFCTYP.EueXRY ) GD 1.0 3O
0 10 20

50 XxMUIEITENIn0.0
LENT=NSUD

IFCCAPoEURRR ) LENT =N SUD *NRC
OEMAND AND xIT VvALUES

00 40 IOAYS 3, LENY

00 RAMYCEITEMIaxMUCTITE M) oF LOATE MAFCLTEPII¢TORGOF TC T0AY)
AITCITENInD
G0 %0 30

30 IT0V=1ITEN=]
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g
rrf

c .-
[ 4 COMPUTATION OF FHE REUUIREMENT KIT 35718 & VTARGET VALUES
1 C
{ ISN 0033 8UOGET=0,0
't ISN 0034 00 60 I=145T0T
L ISN 003S KTS7286 IISIFI X6 XNUE 1) 6SKF ¢03)
- . ISN 0036 IFC KTST 18¢ 070 1) KT ST 18¢ 201
= ISN 0038 OUDGET=BUDGET ¢COSTY [0eFLOATCATSTLELI D)
L ISN 0039 60 CONTIMWE
B [ 4
=
: ISN 0040 BUOKTe8 UDGET .
: IS 0043 BUDGET=9¢BUDGEY
c
ISN 0082 3102 FORMATEFS0201%01202X0F 5029 INs32eT335120T280F6,4)
ISN 004a3 102 FORNMATETA99A30T29 140120 T32,sF %0007 aGoF 86 2043
ISN 0044 105 FORPATL Ia)
ISN 0048 109 FORWMATL(F 100 0}
ISN 0046 210 FORNATL 1008,0)
ISN QQe? RETLAN
ISN 00468 €80
ISN 0002 SUBROUTINE OTPUTLIK LT o PRICELENORS 2300)
ISN 0003 DIMENSION KITES500)sSN(CA)
ISN 0004 CONMON POISONC(S00s00)280¢S¢(?
ISN 0005 CONMON 78LO0CK LI/ ITOT oNETERIAOPSs MUF2BUDLET s SKF o FAR
IS8 0006 CONMON Z7uLUCK2s NAPISO0D,CCSTL300 dexPUL 5000
ISN 0007 COMMON /78LOCK &/ KT371385000s vGOAL 9SGOAL +BUD KT
ISN 0oce CORRNON /PHASE s 1IPHA SE
C
ISN 0009 OO0UBLE PRECISION PILISINGHD
c
ISh 00120 I1YEms
c
ISN 0011 aRETEC(69200)
ISn 0012 wRITE(64210) ITOT
<
C PRINT JUT THE TARGET VALUES
c
ISN 0013 WRETE(S2205) (KTS5T1L8C 200123, 1T707)
ISN 0014 sRITELOG0220) BUDKT »vGOAL»s SGCAL
ISN 0013 WRITEL6+230) BUDGET.
c
ISN 00136 RRITE(G62100) PRICELENCRSS(O
ISN 0017 ARITECG2210) NITERe (dQC U)o =)o UP )
ISN 0018 sRITE(LG2109) PAR
1SN 0019 WRITELG60103)
ISN 002¢C WRITEL62220) (KITILD, 122,170V
14
ISN 0022 REnIND 1
c
ISN 0022 100 FORMATISKs *PRICEC X023 23 FL3¢205N0"EANORS/XIR*3F 30eS95Xe*EC( SO0/ X)Im®
*F 10e89/7/7)
ISN 0043 305 FORMATL 7793 Xe*INITLAL KIT®0//)
ISN 0022 109 FORMATC /775X NELIGHY 8°oF1Ceds7/7)
IS 0u2S 310 FORMATL 70 13 Ks 'NUMBER IF ITERATIONS®oL80 /7SR €L J)"s A0(2XsF10e8))
IS8 0020 3120 FORMATI Sxs2514)
ISN 0027 200 FORPATI /779 13XKe°GREEOY ALGOFRITHA®, 779 13K s* PHASE 1%0/777)
ISN 0028 205 FORMATI Sxe2514)
ISN 0029 210 FORMAVC 77 915K+ INITIAL KIT COMPUT ATION® /7 08x0 24,° ITEMS IN COMPUTATION
ATATION® 5775 20Ks°K1T S718%5¢/7)
ISN 003¢ 220 FORMATI /779 45X s TARGET S sSRs* FERFORMANCE OF 571¢& xIT®s//703Xs°COST
1 OF 5718 KEITn$%0F 13,2950 NORSGOAL=E® oF100 50 5K9°S00G0AL2" 3F10,3¢7/)
ISn 0032 230 FORMATI S4s° BUDGET UF EINITIAL KET IS 8 % F 1862977
c
ISk 0032 S0 IPHISEe2
ISN 0033 RETURN
ISN 003¢ Enp
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ISN

| £ 1]
ISN
SN
ISN
ISN
1SN
ISNn
b ¢ 1]
ISN
ISN

ISN
ISN
ISN

ISN
1SN
ISN

3N

ISN
ISN
ISN
1SN
ISN
ISN
SN
ISn

SN
ISN
ISN
ISh
ISN
ISN
ISN
ISN
ESw
ISN
ISN
p& ]
SN
1SN
ISN
13Nn
IsN
pe L
b ¢ 1]
1§ L}
ISN
1§ 1)
1SN

0003
00Cs
0003
0y 06
0007
[ 1']11]
0009
0010
0012
0012

0013
0014
00138

0016
0017
0018

0020
0022
0028
0023
0026
0027
0028
0049

0030
0032
0034
0038
0937
0038
0039
0060
00 42
0043
00484
0045
0046
0047
00ae
0049
0080
00%)
0052
0083
00ss
00%6
0087

[
4
c

ann

oo

SUSROUT INE INPUT24K IV PRICED
READ XN THE PERTINENT OATA F60F THE TAPES AND C ARDS

OINENSION KITCSQ0Ms SNE QDTN 403 0P CAC 30) sDMDSE 3C)sRUMTEIQIsRPRSE SO
CONPON PUISON(S500560C080¢5¢)

COMMON /78LO0CK 17 ITOT oNLTERINOFS, MUF,BUOGET s SKFofAR

COMMON /8LOCK2/ NAP(S0UsCOSTLS 00 deXNUC 5000

COMNMON 7BLUCK A/ KT37180 30010 VGOAL »SGOAL sBUOKT

COMNON /7PHASE/ IPHASE

COMNON /ZINPUT/NDAYS ¢OFP oNSLD

OOuUBLE PRECISION PULISONIBO

OATA XRW *LRU®/9SRU/® SRU® /7 sRRA/*R KR /

OATA DPGM/T®2015005 30220083/

NITER=0
PRICE=0.0
ITEN=g

REACC S 2090 PAR
10 ITEWsITEM®)

20 READC 19 1135END=200) ¢ SNUEDsI=215403CAPs NRCoNAPLITEM) s TDRsOCR»COST
st ETEM I TYP
BRR=TOR-DDR

ONLY LRU & SRU ITENS aliL BE PROCES SED

IFCTYPoEueSRU ) GO TV 30
IFE TYPe NEOXRUI GO TO 20
INd=KITL ITEM?
GO0 Y0 a7
30 INusQ
17 TOTRU=0.0
DO 110 TOAVYaL,NDAYS
3110 OMOS{ IOAYIESFLOATENAPL STEM) Ve TORSDPGM( 10D AV )

RRR PROCESS ING

IFCCAPsNESRRR) GO 1,015
LFE TYPoEUeXRUSAND oL NULLTo1) INusy
K TO TaNSUDSNRC
LIFLKTOT eGT6e 30) KYOT =3 Q
DO 120 I0AY=) KT0OT
120 RPRSL IDAY IS0, 0
RPRHNOL=0. 0
LFL&TOVeGEe30) GO TO 332
KT3TaNS LU}
00 125 Is 1eKTOY
125 RPRAOLERPRHAOL FLOATINAPC(ITENI IS BR FeDPGNEL Y
RPRSL NSUDSNRC ¢1 )SRPANCL
JTOT=NSUD ¢+NRC ¢2
00 330 I0AV=4TOToNDAYS
130 RPRSULIDAV ISFLOATINAPL [TEN) JeERR D FGMNLIDAY=NAC )
132 ROM T( 10=DNDS( 1)=RPRS¢ 1)
00 135 10AVS2,.MDAYS
135 ROMTLIOAY ISRONT(IOA Y= 1) eOMESLIDAY )=RPRSC(XIDAY)
TOTRusRUATL £
00 140 IVAVY=2 sNDAYS
TFCROMCLIOAY)IoGYe YUTRG) TOTRG=ROM YL ZDAYV )
340 CONTINUVE
60 Y0 70
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el Pl

.
[4
€ RR PROCESSING
C
. ISN 00956 15 00 160 l0AV=1,NDAYS
" ISN 0059 160 TOTRQaTOTRU*DOMOSE DAY )
[
C OEMAND AND KIT VWALUES
¢
ISN 00€¢ 70 XMUCITENISTOTRG
ISN 0061 KITCITENI=ING
ISN 0062 PRICE=PRICE ¢COSTe ITEMISFLOATC ING)
ISN 0063 60 T0 10
[ 4
ISN 00€a 200 ITOTSIVERM=)
c
4 COMPUTATION OF FHE REWU IREMENT KIT 5718 € TARGET vALUES
<
ISN 0063 BUDGET= 0,
ISN 00¢§ 00 S0 I=a,ITOT
ISN 0067 KPST100I)=IFIXC AN [0 ¢SKF¢o5)
ISN 0068 IFCKT ST 1803 0elVo2) KT ST 8¢ 10a)
1SN 0070 BUVGETSBUDGET ¢COSTE T) ¢FLOAT( K¥ST7184T )
ISN 04072 50 CONTINUVE
ISN 0072 BUDKT=BUOGET
c
ISN 0073 2102 FORMATE Sxs84AA 5K Te)
ISN 0074 105 FORMATLIAD
IS8 0073 108 FORMATE 100840
ISN 007¢ 109 FORMAT( F10e OF
ISN 0077 311 FORMATL GAMOTLI9sA30 0 R0 l20 1R sl20732 oFSeds 3XsFSe0sTA69)F8e2sA3)
IS8 0078 RET URN
ISN 0079 €ND
1SN 0002 SUBROUT INE OTPUT2(K LT s PRICE s ENORS 5500 )
<
C  THIS SUBROUTINE PRINT VTHE FISAL RESLLTS OF THE OPTIMJZATION
¢
ISN 0003 OIMENSION KIT(S500)
ISH 00Ce CONMON POISON(500s3C0s80(S¢)
ISN 0008 CONMON /7dLOCKL/7ITOT oNITERIADESo MU EosBUDGET o SKF o FAR
ISN 0000 COMMON /8LDCK2/7 NAP(S000.COST(S 00 dsXMUL 5000
ISN 0007 COMmMON /BLOCK A/ KT5T18( S00)s vGOAL ¢SGOAL sBUD KT
<
ISN 0008 DOUBLE PRECISION PIISGN.BO
c
ISN 0009 RRITEC6299)
¢
c PRINT OUT TME TARGET VALUES
c
ISN 0010 ARIVEC60950 ) VGOALs SGOALIBLDKT
ISN 00131 WRITE(6+990) (RTST18( L)21= 3, ITOT)
c
ISN 0012 ARITEC6:500 ITOVoNLTER
ISw 0013 WRITEC(6+100) ENORS, SOOePRICE
ISN 0016 WRITEC632000 (KITCLIo 1=2,1107)
IS8 0018 - WRITECS-300) (BN JIsu=2sMUF)
ISN 0016 WRELTECG555 ) PAR
(4
1SN 0017 SO0 FORMATE/7¢5Ke*TOTAL NUMBER OF ITEENS UNOCER CONSIVERATIONS®sl10s7/,
¢S Ks *NUMBER OF ITERATLIINS®s I4e/77)
ISN 0018 99 FORMAT( 779 23K 0" GREEOY ALGORITHMSs 09 13Xs PHASE :°977)
1SN 0019 2100 FORMATISAs*E(NORS /K035 F100505K0° E(SO0/ NI=® sF 1(eSs3Xs*PRICE(K IS,
SF 15050777 015K 3°0PTLMAL KIT %40/}
ISN 0020 200 FORMATI SX02514)
ISN 0023 300 FORMAT( /7 oS Ko "8°970(10C 2X0F10e8020)
1SN 0022 883 FORMATL /795Xs 'MELGAT 19F (e 2s/7)
ISH 0023 980 FORPAT( 7/ o5Xr *TARGETS *0 /778207 NORSGOAL 7:F 10425 5X0°S00GOALE?4F10,
6505k °PRECESS*9F150 2077
ISN 0026 990 FORMATE SXe2518)
180 0028 RETURN
1SN 0020 EnV
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ISn
ISn
ISN

IS8
1SN
ISN
ISN
ISN
ISe
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SNk
ISN
ISh

1SN

ISN
ISN
ISN
ISN
ISN

I3SN
ISH
b1
ISN
ISN
ISN
P& 1]
ISN

0003
0004
0903

0o0ce

0007
000e
goc9
0020
0011
0012
6013
0015
0016
0017
0018
0019
0020
0021
0022
0023

0d02

0003
adce
0a¢s
0006
ovo7

0009
0010
00113
0012
0014
0016
0017
go18
0019
0020

0021
9022

[ X2 Kal

O nO

SUBROUTINE TABLE

CONPUTATION OF THE CuMULATIVE SunMS CF POLISSON OISTRIVUTON

30
40
10

CORPON POISONES00:000,80¢80)
CONMON 7B8LOCKL/ITOT sNITERSIDOFSe MUFIBUOGET s SKF s FAR
COMMON /76LOCK 2/ NAP (S C0eCOSTLIS00)s XMW 500

DOUGBLE PRECISION PIISONsTESMsnnms SUMMTERL

TERL=S, 0~ 12

DO 10 Is=}3eIYOT

nua=DBLEC RNV L)

TERPaDE XPL=nnn)
POLSONLIL L I=TERN

D0 20 ¥=2:60

LFC TERNGLToTERLOAND ¢POISONII sV~ 1) ¢GTe9e¢0=-01) GL 10 30
TEQPaTERMONAN/DFLOATC y=1}
POLSONL S0 )=POISONCE £5J=1 b¢ TERN
CONTINE

60 10 10

00 40 JX=y» 60

POLSON TedX )8 1,0000

CONTINVE

RET URN

END

SUSB ROUTINE INCIT(KIT,PRICE

INCREASE K IT VALUES TO ENSURE TwWAT THE PROBABILITY OF ANY [TEM
oHICH wILL HAVE MALF OF Tut FLEET 00aN IS LESS THAN S0

DIMENSION KIT¢(S500)

COMMON PUISONI30056C)sB0LSC)

COMMON /78LOCK 1/7ITOT oNITERIROPSs MUFIBUDGET »SKF s FAR
COMMON /78L0CK2/7 NAP (5000,CCSTUS00 doxnul 300
COMMON /8L0CK 37 KITIN(S008sPRCIN

OOUBLE PRECISION PJIISON,00

NEP S=(NOPS+11 /2

00 30 ITEm=1q, ITOYV

NUMSNEPSsNAP( ITEMIeKIT(ITEM)
IFENUMIGT 0600 GO TU ¢
IFCPOISONCITEMINUMI o6 TeeS) GO TO 10
REITUITEMI=SKETLITEM ¢
PRICE=PRICE ¢C OST( LT €M)

60 Y0 20

KITINCETEMI=X ITLITVEN)

PRC INSPRICE

RET URN
END




ISk

ISN
I8N
ISN
ISN
ISN
ISN

ISN
ISN

ISN

ISN
IS
1SN
ISN
TSN

ISN

ISN
ISN
ISN
ISN
1SN
1SN
ISN
ISN
IS~
ISN
ISN
1SN

1SN
1Sk

ISN
ISn
ISN

0o0c2

0003
000e
0o0es
gc6cCe
ooo?
0008

00C9
0010

0011

0012
0013
0014
0015
0616

0017

0019
0020
0¢dn
0022
0023
0024
0uv20
0027
0029
0030
0031
0032

0033
0035

00306
0037
ou3les

[a N s N2

s N2 ¥aXal [}

aAadon A OOAND

afnmn

300

3¢

SUBROVUT INE OPTIM KX Yo PRICELERCR S, 5004

RAIN OPTINIZATION AOUTINE

OINENSION KIT(S000s 1 300

COonnoN
Connon
CONNON
COnNMON
CONMON

O0ueLE
CONNON

POISONIS00060)8B0(SC)

s6LOCK 1/ ITOF oNETER) AOPSs MUFoBUDGET s SKF 4 PAR
78L0CK27 NAPES003sCLSTIS00 1exMUt 200}
/90L0CK&/ KT371€43001evGOAL sSGUAL sBUDKT
I/PHASE/ IPHASE

PRECISION PIISONsBOsSINSQs EPSUIPROIEPRS,S
81/

OATA EPSsEPSU/1eD=0T0 Se 01 ¥

COMNPUTE

CALL CALCI(KTST728sVuOALsSGOAL)
00 2 Jym1eMUP

80 yi=S L)

ARETVTELE9300) (BOCJIss=LosNUF)
FORMATE ¢ 1°/T94°INITIAL VALUES OF PARAMETERS B°/ (10 2XsF 1080 ))

STARY OPTIMIZATION

STEP 1

CALL MARGANCKITSPRICED

NITER=NITER+)

SYEpP 2
UPDATE THE PARAJETERS 8

SUNSY=0,0+00

00 10 vs1eMUP

PRO=31.0¢90

D0 %0 I=jpeXIVOY

KITPYUKIT(I deo(u=LdeNAFPIT e}
IFLKITPJeGT 600 GO TO 20
PROSPROSP OISON JoKLTPJ?

IFt PRO LT oEPSQ) GO TO 18

CON TINVE
SUMSU=SUMNSU+( (BOL JI=PRU}=e3)
80t JI=PRO
CONTINVE
STEP 3 :
COMPARE THE NEW VALUES (F B8 WITH PREVIOUS VIALLES
TERMINATE IF THEY ARE SUFFICIENTLY CLOSE
IFL SUPSQe LTLEPS) Gu TC 30
G0 Y0 2100
CALL CALCUIKITSENORS,,SLO)
RETURN
END
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1SN
1SN
Isn
ISN
ISN

ISN

ISN
ISN
ISN
ISN
1SN
ISN
1SN
ISN
ISy
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISNn
ISN
ISN
ISn
ISN

ISN

ISN
ISN
ISN
1SN
ISN
ISwn
ISN
1SN
1SN
IS
pe-1 ]
ISN
f &1 ]
ISwn

ISN
ISN
ISN

0003
0004
oo0s
ooce
0007

0909
Qo1
0013
0012
0013
0015
0016
0017
0018
0019
0021
0022
0023
0024
0023

0026
0027
0029
0031
0032
0033
0034

0033

0037
0038
0039
0040
00482
0043
0uss
0043
0046
00
0049
0030
0023
0082

0033
0038
0086

Oo0nn

OO nh

aon

Onaon

aon

21

1690

30

23

a0
as

<0

SUBROUT INE MARGANC(KITsPRICE)D
THIS SUBROUTINE PERFORMS THE MARGINAL ANAL VSIS

OINENSION RATIOCSO0D s nETES(O0)

COMNON POISONES00+500080¢5C)

CONMON 78LOCK L/ ITOT oNITERSPOP S MUP,BUDG ET o SKF o PAR
CONMON /78LOCKY, NAP(S5C00)sCCST(S00).xmUL 500}
COMNNON /BLOCK 37 KITINCSOQ)+PRCIN

DOUBLE PRECISION PIISONIRATICsBCs SUMoWH sRNA X

STARTY nlTH THE INLTIAL &IV ANO CALCULATE THE RATIO OF RETURN
PER DOLLAR INVESTED FOR EACH 11Em

PRICE=PRC IN

00 30 I=31,1IT0Y

KETCL)aITING I

NMA XLk ITUI Do (NOP S~ 1) ¢NAP( 1042
IFC NNAX 14GEe5 O) NMAXLS60
INS=XIT(L)e1
SUMSDBLE(PARISIPOISONCIaNMIX I )=POISONCI 01 XS )
DO 20 u=)LeMUP
IRJSKITCIded U= 0 NAPL J0¢)

IFL IRJ GE«60) GO T 21
#asPOISONLESsIXJe2 )/ POLISONC s INJ )
60 T0 20

nn3140+00

SUMESUMeB0( 4) »DLOGL Wa )

RAT I0(L d=SUM/DBLE(S OSTL( 1))

FIND THE MAXTIMUN RATIO

D0 25 I=)1,1T07

IFl fo€uel) GO YO 3)
IFCRATIONT) oL ToRMAKS GO TO 2%
IMAR=I

RMAX=RATLIO(D)

CONTINVE
APRICESPRICE+COST(LIMA XD

TERMINATE IF THE TARGEYTS 4RE ACHIEVES
KFt xPRICE+G T2 BUOGET Y GO TO 3¢
IF NOTs UPODATE THE &KIT SALUE AND THE RATIXO

KITCEMAXKISKITCLIMNAXY o3

PRAICE=XPRICE

NMA X1 ITCIMAKD ¢{ NUPS= L) oNAPCTINAX §e2
LIFCNMAKL10GTe60) NMA X160
IXSasKITLIMAX) ¢2
SUMSDBLE(PAR) s( POZSONCIMAX oNPAXK L) =POISONM IMNAK 0 IXSH?
D0 40 Js i IMUP
IRSSKITCIMARD el U= 1) oNAPC INIX )¢
IFCIXJeGEL60) GO TU 419
ARsPOISONCIMAR,IXJe § 0 /7POLSCNCINAX 61Xy
SUNaSUMEB Ol V) sOLOGL Ww ¢
RATIOLIMAX)=SUN/DBL BLCUSTE INAXD)D

GO 10 100

RAT JUCIMAXIZ04D¢00

IFLRMAK«GTe 00 D+ 00) GO TO 1¢€0

RETURN
END
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L IS8 0002 SUBROUTINE CALCIKITSEAORSs $OC)

THIS SUBROUTINE COMPUTES THE E(NORS/X) AND EC $C0/X)

e X 2 X2l

ISN 0003 DIMENSLION S¢505,KIT(500)
ISN 0004 COM®ON POTISON(S 000 00 sBDCSCH
ISN 0005 COMMON /BLUCK I/ ITOF sNLTENDOPS,MUFBUDGET s SKF» FAR
ISN 0006 COMMON /8LOCK2/ NAP (5C01,CCSTC(500 )5 XNUC 500
ISN 0007 COMMON sS1/S
1SN 0008 DOUBLE PRECISION PIISANs 5 SUPIVNOFSsSOOPIEPS
C
c
ISN 00¢CS EPS=5¢0-10
c
(= EC NORS/X) COMPUT AT 1UN
C
ISN 001¢ SUNSQ.D*00
ISN 0012 SI(NOPS+19=,3,00
ISN 0032 00 10 x=1sNOPS
ISN 0u1l S(K )= 1 De 00
IS¥ 0014 00 20 is=i1eITOT
ISN 0015 1XyaKITCLVe(Kk=20eNAPL LY
ISH 0016 IF( IXJe 67,600 GO T) 20
ISN 0018 SIKI=St K)sPOISON 1s IXU)
ISN 0019 IFLSUEKbaLTs EPS) GO TO 15
IS8 002, 20 COnTINVE
ISN 0022 SUNESUNeSEK)
ISn 0023 60 70 10
ISN 0024 15 S(x )= D¢ 00
ISN 0025 10 CONTINVE
ISN 0026 YNORS=DFLOATUNOPS b SLKOPSe 1 )=SuN
ISN 0027 ENORS=YNORS
C
c €E(SDO/x) COMPUT AT IUN
c
ISN 0028 S00P=20e D¢ 00
ISN 0029 V0 S0 I=101I7CT
ISN 0030 JUPS(NOPS=1)sNAPLT) ¢}
ISN 002 00 60 J=asJVP
ISN 0032 1%JaRiT(Ldey
ISN 0033 IFCIxJeGT o602 GO T 350
ISN 0035 60 SOOP=SO0P¢20¢00~PIISINCI, IXYD
ISN 0036 50 CONTINVE
ISN 00137 $00=S00P
ISN 0033 RETURN
15N 0039 ENY

B.209 !
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APPENDIX C

C.1 Notes on Conversion of the D029 Computer Program to an IBM Compiler

C.2 FORTRAN Listing of the IBM Version of the D029 Algorithm with a
Solution Output
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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 compileré 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.0) 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). . . -

Lo gl
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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

ic 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 [8] 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 fér
* quantities K, K+QPA, K+2*%QPA, . . ., K+UExQPA are stored when QPA is
greater than one. When a probability value for a quantity between
K+j*QPA and K+(j+1)%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

b

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. _é
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APPENDIX C.2

FORTRAN LISTING OF THE IBM VERSION OF THE D029 ALGORITHM

WITH A SOLUTION OUTPUT
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SESEO S CECE SECE SO GSEONE SO CSE SR P S TEE S GO SO SRS

[
C s s
C s 0029 ALGORE Ty »
C e US alf FORCE -
C = -
[ ] .
C SUSEEISEEEE SO CETERSEE O SS CS S S 05 AES SE VST LSS SE RS
ISN 0002 DIMENSION KIT(500)
158 0003 DOUBLE PRECISION EvUR3,800
ISN 000ea COMNMON /BLK 07 ISUNSIPASS
ISN 0008 COMNON /PRINT /NINPY Ty 4aMUs PITER
C
c ODETALLED PRINY OUT OPTIONs ALL DEFAULT TO LERU,
C
C MINPUTs 3 wWILL PRINT UUT INPUT DATS
c NXAUs 3 wElLL PRINT JUT AVERAMGE DEMAND XMW Ils AND NFPOL L) FOR EACH
C ITEN
C NITER=sL wiLL PRINY OuT CPU TIME AND ITEMS ADDEO £OR EACH ITERATION
C
C «ss
ISN 0006 CanL TEIME
ISN N007 1 CALL InPUTLL PRICE
ISN 00040 CALL TABLE
Isn 0009 CALL INKITI KITsPRICES
ISn 0010 SALL OPTAMLKITIENOISsSVIsPRICES
ISN QU112 CALL OTPUTIKITYIENDR S SOQsPRICE)
ISN N012 LFt IPASSeEUe2) GO TY 1
ISN 00131+ stTop
ISN 0uld END
ISN 0002 8L0Ck DATA
[«
C 8LOCK DATA SUBPROGRAM TO INITIALIZE VARTABLES 1N LABELED TOMmON
Cc
1SN 0003 DINENSION BINTZRU 100
ISN 000e COMMOIN /BLKRO/BINTIR/73LKOZISUN $LIPASS
ISN 0005 COMMON /76LK8/7VYPTeSOOT»VPLOMLH»SOOGCL
ISN 000 COMMON /ZOUNT/ZIZIVUT LADDE 2000
ISN 0u07 COMMAN /PRINT /RINPUT, SXMU PTITER
ISN 0U08 O0UBLE PRECISION ¢PGIALLSCOGOL
ISN 0009 OATA BINTER/105%6s 300EGs 40SEG26,0E0) 74 5E009e0E6¢1000E6 s
. 380007017 A5571/79VWPTSD)T/72¢0e.70ISUN/ (/sICIUNTZ U/ o
. RINPUT s MXRUYs MITI R/ Ju O/
ISN 0010 END
ISN 00932 SUBROUTINE CALZ(KITsVv295D0)
C E
C THIS SUBROUTINE COMPUTES THE E (NORS/ X)) ANC €L SDU/X) k
C ]
ISN 0003 OIMENSION S1450)sKLT( 500)
ISN 000s SOmMDN PILSONC30001L90) .
ISN 0003 COMMON 70L& O/ ISUN LPAS3S 1
ISN 900 COMMON 78LK 17 ITOT s 4UP s BUUGEY /8L K2 /7XMUC5000e NAPCS00)9oCOSTISA0) eNFPO
¢4 5000 /8L&3/ NUPSeSKF 9L UEEFF 2 InK
188 0007 COImMN0y 78LK7/%12
ISN 0008 VOVBLE PREC ISION PIISINIS1eVPSO0 HEPS
ISN 0009 DAT A EPS/ 100=12/
C02.2 -




— W — T o~ T

A —

)
b .
c
1SN 0010 SU NUPI=.De00
ISN oomn SDD=0¢3 +00
ISN 0u12 00 10 I=1+3170T
ISN 0013 JUPSINOPS=2)eNAPL 1) 2
"c ISN 0014 00 11 JmieJup
¥ ISN 0013 EXoaKICAL by
g ISN 0016 LFC EXJeGESNFPOLTI) Gd TO 1¢
ISN 0018 11 SDUSSD0+160+00=POTSONCLeLXyd
IS8 0019 10 CONTINE
c
1SN 0020 VPs 0s D¢ 00
ISN 002) 1Us TUEEFF
ISN 0022 1 K% ke IK K
ISN 0023 DO 25 N2s1s1U
ISN 0Q02s N2LKKKe N2
ISN 0028 SUNI=ZL0e00
ISN 0026 DO 20 IsasITOY
ISN 0027 I205KIVEL Dot =l danaPs [)o)
ISN 0028 IR IXJe GESNFPOI 1)) GO TO 2¢
ISV 003¢ S 2 NISS 16 ND SPOESONG To LX)
ISN 003: IFCSIINIGLECEPS) GJ TQ 22
ISN 2033 20 CONTINGE
ISN 003 21 VPaYPeFLOATINISC(SIE NeL)=STEtND)
ISN 0035 LFCSICY1eEus 0eD¢00 GJ O 30
ISN 0037 60 T2 2%
c
ISN 0038 22 S14M1%0400
ISN 003y 60 Y0 21
ISN 0040 25 CowTENUE
ISN 204, RET URN
ISN 00e2 30 00 35 N2s1sN
TSN 0083 35 S1CN2)20. 0000
ISV 00 RET.URN
1SN a0es EnO
ISN 0002 SUSROUTINE TIME
c
¢ THIS SIBROUTINE GIVES CPU TIMES
¢
¢ ELAPSES 1) IS AN ASSEMALY LANGUAGE SUSBROUFINE wnICH TIMES THE
N EXECUTION UF A PORTION OF THE CALLING PROGRAM
¢
1SN 0003 COMMON /8LK 97 ISUM L PA $S
ISN 0008 OATA K/ 0O/
ISN 0005 LFCKeEUsd) GU TO 30
ISn 0007 CALL ELAPSE ¢ ICPUI
1SN 0008 LSUMs IS yn 1L PY
ISN 0309 YCPU= FLOATC1CPUI /A 0000
1SN 0010 TSUMSFLOATE ISUMIZ 1300,
ISN 0011 WRITE(6010) TSUMaTC Py .
1% 0012 10 FORMAT € 1X0 10€°€9), 2Ks92PU =99 F7e30® SESe®s5Xs® INCREANENT =0,
. F7¢302%0 100 % 0* )3
ISN 0013 RETURN
ISN 0014 30 CALL ELAPSECLCPU)
IS 001> K=y
1SN 0016 REFURN
ISN 00137 ™
]
1
4
4
c.2.3




1SN

ISN
ISN

ISN
1SN
ISN
ISwn
ISN
IShH
ISN

1 $1 ]
ISN
ISN
ISN
ISN

ISN
ISN

1SN

ISN
ISN
ISh
1SN
SN
ISN
ISN
ISHh
ISmn
ISN
ISk

1SN
ISN
ISN

ISN

ISN
ISn

ISn
ISN
15N

ISN
ISN

1S5y

1SN
ISw
ISN
ISw

SN
ISN
ISN
1SN
1SN

0003
000e

0903
0006
0007
0uns
0009
00130
oo

0012
0013
00 1le
001>
0016

0v17
0018

0020

0v22
0023
0026
0025
No26
ova27
0029
0034
0031
0332
0034s

00335
0030
003¢

ov3y

[V LY
00 42

7343
03 5
Qua7
ovey
09"
03312
[ I L P
00%4
00 50
1987
N0Se
0064
0061
0062
0063

ann

[a X2 B2

[a X2 ¥ gl

3
102
102
107
AT7?

100

103

105

3z

108

109
110

115

SUSROUTINE INPUTLY PRICED
EAD IN THE PERTINENI, DATA FROM THE TAPES AND CAKDS

DIMENSION DPGML 300, DNOSE 3000 RPRSE 300 RUNMT( 300, ASNC )

COMNON /78LK127 ITOT sNUP B UDGET/BLK2 7XMUL 500 s NAPIS 00)sCOSTE5000 sNFPD
*I5000/7BLKI/NOPSeSKF T JEEFF oL KK

COMNON /78LK 0O/ ISUNLLPASS

CONMON Z70LK 12/71TOTV,L,2TOT2

COMMON /PRINT /RINPSTe 4AMU, PITER

INTEGER DAVSsUPALI ) 210 RZ s uPA

INTEGER XRUsRRR, SV, 2ND

DATA XRUZPLRVUC/SRRR 7% ARR®° /7 0PGMN/ Te 10159 ¢530 2286527

DATA SRUZC*SRU '/ END 7* END*/

FORMATE ®1°777 200 °%°«® )9 2Ro°PHASE 5 X120 CALZULATIINS s 2X010(%¢%))
FORMAY ( FSe¢291Ks I201%0F S0 201Xe 1207250120T28sF0e8)

FORMAT CAKoF5e204%0 T2 02 XsF 2% 200K0 1207250120728 eF60)

FORMATI OAN)TL 99A3 0L 20880020 T325F5¢001KsF309T060FB8020A3)
FORMATE 1502X0 AA00249A 350120 3Xs 1202 X0F 808 3AKsFB8e 09 2XsFB8e202XsA3)

BaRITE (65 1) IPASS

IFL IPASSoEuel)
*READU 593030 POGMIsOAYSIPGMI AOESe 01 »5kF
IFL IPASSeE0e 1))
*URITECG2402)PGMISDA VS oPGMs NOPSy D) »SKF
MUPaNOPSeL

1 KK sMYP

LIUEEFFsNDOPS

iTusg

LLER ]

IF $D1:6T,DAYS) D13DAYS

PGM I= 0.

00 8888 vu=1eD1

PGM IaPGALeOPOM Ju )

LF (IPASSeEGe 1) PGUSP NI

ITH=iTH el

READ €(10207sEND=200) VSN LIMALIN,RC suPALs TOR,; D0RsCUSTI LTM) s LRY
IF (IPASS.EQe2) GO TO 324
L 2L 138

LFLNINPUTLEWe 1)
*BRITECE» LATTIMNMINSNG INAUINe FCoUP AL sTORSDOR,COSTYCITMI) LRV
NAPLITM) = QPAL

BRR =TDR=0 DR

NLY LRU & SRU ITEmS wiitL HE PROCES SED

IFCLRUs LT o XRV) GO TO 3298
IF (LRUSEQeXRY) GO TV 108
IFLLRUsZUeSRUI 60 10 (2050 308)s IPASS
60 Y0 108
TOV RUS Y,

L1201
1F (IPASSeEQGe2) GO TO 109
LFC IRAING EUeRRR IT 12N} oRC
00 110 I=1.12
OMYSE TIsuPASSTORSD? GO I}
IF CIPASSEus 1) GO YO 143
FT BT
00 115 I=ysDaAYS
OMOSCLISyPALsTORGDPGH( L)

I1F C(IMAINGNE,RRR) 0 TO 158

LRY RRR PROCESSING

c.2.4
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ISN 0065 (ST ET] o

ISN 0068 IF (Ke&Te 300 K=30
IShN 0068 00 120 Isfex
ISN 0069 120 RPRSE V=0,
ISN 0070 RPRHO=0 ¢
1SN 072 IFIXeGZe30) GO YO 532
1SN 0073 =0 i¢1
IS 0074 00 125 Is1ek
ISN 0075 125 RPRHO = RPRHO* FLOAT(UPAI ) eBRReOPGNCL)
ISN Q076 RPRS(DLeRCe )= RAPRIO
ISN 0u77 I3 1eRC 2
1SN 0078 IFt JeGTe30) GO TO 132
ISN 0080 DO 130 I3JsDAYS
ISN 098) 130 RPRSI Ii= FLOATIQPALIedRReDPGM(I=RC.H
ISN ove2 132 RAMTL )= DMODSL 30= PRSC 1)
ISK 7983 00 135 1=s2sDAYS
ISN 006e 235 RUMTCII=RONTI I~} ¢ 040SCI) « RPRS(I Y
ISN 008S TOT RUsRONATE 1)
1SN 0086 00 140 [=2+DAYS
ISN Qu87 180 IF (RAATE XD oGTeTOTI W) TOTROGSRUNTY I
ISN 0389 60 TO 165
ISN 0090 145 00 150 I=st,s13
ISN 0091 450 TOTRusTOrRR+OMDSL Ty
-C
[ KRR PROCESSING
C
ISN 9092 40 10 165
ISN 0993 155 00 169 I=1sDAVS
ISN 0094 YOT RO =T 0T RU+DMDSE )
ISN 0095 160 JF (IMAINGNECRRR) RunT( 1 I=sTOTRY
ISN 0097 165 XMULITH)s TOTRG
ISN 0098 0 70 103
ISy 0099 200 1T0V=slfMey
C
ISN 0400 LFL IPASSeEWe 1) ITAT 1= (TOT
ISN 0102 IFLIPASS.Eue2 ) LITOT 2a (T OT
ISN O310s LFCIPASSeEuve L) PRIZIE=Q, O
ISN 0206 wRITECG62293) IYOY
ISN 9,07 193 FORMATE/Z795Xs *TOTAL NUMBER OF IVYENS UNDER CONSIDERATION IS°*sl4as//)
ISN 0108 RETURN
ISN 2179 EnND
ISN 0002 SUBROVUTINE 3T PUTL RE To INORS +SU0» PR ICED
C
c TH1S SUBROUTINE PRINT THE FIML RESLLTS OF THE OrTIMIZATION
C
ISN 00N3 COMMON /7BLK 17 ITOTsMUP sBUDGET /8L K2 7XMUCS 00)s NAPLS 00)sCOSTL S000eNFPOD
L SU00 /BLKI/NOPS 9SKF oL VEEFF s IKK/ 8L K5/L00P2
ISN 0008 COMMON 78LK O/ ISUM 5 TP ASS
ISN 0005 OIMENSION KITES5000, SN (4}
ISN 0006 OOVBLE PRECISIGN ENORSs SLO
IS8 0907 LTENaAQ
IS8 0998 ARLTELS4200) PRICE,ENORS,SLO -
ISN 0009 100 FORMATE 77 o8X o *PRICECA IZS° 3F 180295 N E(NORS/ XIZ*9F100505K0°EC(S00/K) 5
e %, FL10e%077) 7
ISN 0v1lY wRI YEL69210) LOOPC -
ISN 0012 210 FORMATEZ »5Xs*NUMBER OF ITERATIONS IS%e I6e/ /)
C ane ~
ISN 0012 CALL TINE
188 0013 RENIND 13
ISN 0014 IF (1IPASS.EQe2) STUP
ISN 0Q16 1PASSSIPASS ey 1
IS™ 0017 50 HETURN
ISN 0018 END
-9
<
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ISN 0002 SUSROUTINE YABLE
<
C COMPUTATION GF THE CUMULATIVE SUNS OF POLSSON OLSTRISUTON
c
¢ POLSON ToX) = CUMULATIVE PROUASIL ITY DF DEMANDS OF QUANTITY K=}
¢ FOR ITEM 1
t FOR K GREATER THAN NF20(X0s POLSINGKsK) s 3
¢
ISN 0003 COMMON POISONE300s400)
IS 0004 COMNON /80L& 12/ ITOT 2AUP suUDGET /BL K2 /XMUI500) s NAPE5005sCOSTE500) s NFPO
+4 5000 /76L& 3/ NOPS s SKF » [ VEEFF 2 1KK
ISV 0003 COAMON /8LKO/ ESUMe LPASS
ISN 0006 COMMON /PRINT ZMINPUTs 4XMU» #TTER
ISN 0907 OOUBLE PRECISION PJISINSTERMsnamws SUM,TERL
Isn 0008 TERL®5 0= 12
ISN 0)09 DO 10 IsgelTOY
ISN 0210 W =DBLEC XNW 1D )
tSN 0012 TER M= OF XP¢ = Wn W)
1SN 0012 PULSONGLs 20 =T ERN
ISV 0013 DU 20 4324199
ISN 0V14 1FC TERMGLTo TERLGAND o JISUNEL sJ= 1) oGT 94 D=01) GO TO 30
ISN Nu3b TERMsSTERMNennu/0FLOATE 4= 1}
1SN ov1? POLSONCIs JI=POISONE To J=1de TERM
ISN 0018 2y CONTINVE
ISN 0029 NFPOL 1) =100
ISN 0020 60 YO 190
ISN 0021 30 NFPOL Li=y
1SN 0022 00 40 JX*Js100
ISN nu23 4y POISONL Es Uk = 220400
ISN 2026 10 1FE MXMYGE e 1)
*RRITELGss) IsNFPOLL)s NAPLLIs XMULET)
1SN 0026 NETURN
1SN 0927 €np
ISN 0902 SUBROUT INE INKITEKETs PRICE )
c
c INCREASE KIT VALUES TO ENSURE THAT THE PROBABLLLTY OF ANY ITEM
c afiCH mILL 4AVE WALF JF TAE FLEET DJlaN I3 LESS THAN 504
c
IS 3003 DINENSION KIT(500) »x1TUM200)
ISN 0074 COMMON FOISONE300s400)
ISN 0005 COMYMON /7BLK1/ ITOT s UP sBUDGET/BLK2 /XMUCS 00)s NAPLS00IsCOSTESUO) s NFPO
05300 /BLRI/NOPSeSKF 2L UESFF ot KK/ BLKI/ VP I  RO» SOCZRO
ISN 0900 COMMON /8LK O/ ISUMSLPASS
ISN 0007 COMMON /8LK12/1T0T1,5T0T72
tSN 0008 OOUBLE PRECISION PII5IN o VPZERDs SDOLRO sVP9SOC
1SN 0009 ODAT A XITYr500e0/
IS™ Ou1d 1FC IPASSeNEs1) GO 9 3
ISN 012 00 1 I=geIVOT
ISN 0013 1 xITels=p
ISN 001e 2 CALL CALCEKITNIVPZERD L SOOZ FO)
ISN 0018 WRITZC6+992)IKL TIC LKD) s Ins2slTOT)
ISN 90106 991 FORMAT (/715X SEAPTY KIT®/0 3K 02502K0e1200)
ISN 0017 SRLTE € 60992) ¢PLERU»SO0ZR0 ¢S VEEFF
ISN 0018 992 FONMAT( / 15Ks°VP®', F10e2e5Ks * SUO® sF 105 95K s® JUEEFF* o 18I
ISN 0019 NEPSEMIP/ 2 4
TSN 0920 00 10 ITEMa 1, IVOT ]
ISN dv2a 20 NUMaNEPSNAP( ITEMIoKLTCITERI 02 ]
ISN 0022 LFUNUNGT oNFPO(ITES ) 6O TO 10 )
ISN 0024 1F1 POISONS ITEMINUNS o5 Te05) GO TD 10 1
ISN 0026 KITCITEM) sKITCITEM) o} ’
TSN 927 PRICESPRICE+COSTIITEM)
ISN 0028 60 10 20
ISN 0029 10 CONTINVE !
1
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e 4
A

v

g

Jrﬁ'—l Y,
'

IS8
ISN
ISN
ISN
ISN

ISN
ISN
| &1}
b ¢ 1)
ISN
ISN
1Sn

ISN
ISN
ISN
ISN

5N
ISy
ISN
ISN
SN

ISN
ISN

1S»

ISN
ISN
154

1SN
ISw
ISh
& 1]
ISN

ISN
ISN
ISN
ISN
ISN

ISN
ISN
1SN
1SN
ISK
ISNn
IS
I5m
1SN
ISN
ISN
1§ 1)
1§}

ov3o
0033
0032
0033
043¢

0033
0030
0938
0039
ovag
0041
0082

0092

0003
090
0005
0000

o007
0006
000y
ovio
0011

9012
%2013

0014

0u1d
fv1to
0017

NJ13
0019
2029
0022
0023

929
0v25
%026
ovary
0029

0032
0032
0u33
2934
2933
0036
0937
0923
0339
ovsy
004}
0ouAd
0J6S

[a N 2¥ 2]

C

ann

91

998

3

cALL CALCUKEITs¥Ps S0
BRITE €6592) ¢ wITV(EDs L=yl ¥OTH
FORMATC /7 /77 15X *INLTL AL KIT® s 3K0250(2X 612000
WRITE (62994) ¢vpP +$CO s L VEEFF +PRICE
FORNATL 7 18Xe°V2 % F10e6505Xe *SUI?eF 1UeSe5Re*IUEZFF*9I895R,
. *PRICE®y F 12,2)
RETY URN
IFLITOT1,€QITOT2) GO YO 2
LIsITOlaed
00 & M=i2e1T0T2
KIT(MIsD
60 Y0 2
ENO

SUB ROUT INE OP TIMIK LT, vPoSODOsPRIZE )
RAIN OPTIMIZATIJON WUTIME

OIMENSION KIT (500 )exT 3718¢ 2002
DINENSION BINTE R1L 190
COMMON /7BLKO/ ISUMGLPASS
COMMON 7oLK L/ ITOTs4UP s BUDGET /BLK2/7XMUI5 000 e NAPIS5000,COSTIS00) ¢ NFPO
*C 5000 /8LR3/NOPSeSKF oL JEEFF sT XK/ BL K&/ LFL Ao ENT ¢ RATI )/7BLKS/LOOPC
COMMON 7BLKO/BEINTEN /78LKY/Y PZ EROs SOOZ RO
COMMDN 78LKS8/ VPTs VRGO AL SN 06 OL
COMMON /COUNT/ICOUNTs [ADDE 2000
COMMON /PRINT /ZNINPUT, MaMus PITER
DOUBLE PRECISION VP svPGOAL sVPUELT sVPTES Ts SU0s SO0GOL SDODEL s SUOTES
. sVPLERO,SDDZRDevPT.

990 FORMATE 777 ASKe*KLT 35T718° 77 $3X0254¢ 240120 00

99¢

999

10

219

FORMATLTISITERATIUN® 31498 X9 VP 2%,F 10659 3X0°S00 =2°,F10e5s 3X»

* *PRICE 275 F12e2e3Ks?’TOTAL L[TEPS ADUED =9 L3970 LTs19¢C 1500}
FORMATI SKs*TARGETS TI) UE ATTAINED "o/ /7 e5Ke® COST=23°oF10e2¢5Xe *NORS
*GOALEFL00Ss 8K *SO00IALE® oF 200 5s #/7)

IFLAGSD
LA0OPCsY
BUDGET= 0,0

KEIT 5718 CALCULATIUN

v0 1) ITEMS 1, ITOY

K75 7180 ITEMI=IFIREAMUCITEM DS SKF es %)
IFUKTST18CITEMIoLY, 1) KTST IBCITEM =)
BUDGET=BUOGET+COST( ITZMIsFLOATIKT ET714C1TEM) )
COnTINGE

CALL CALSIKTS718,¥PGUAL»SO0GUL)
NRUTEC62990) (KTSTL8L LXIoIN=2,XITOTY
WRETEL6+999) BUDGET »v PLOAL »SD0LOL
IF (IPASSeEUe2) VPI ;=1 41¢vPGOAL

IFC IPASS.€Qe L) BUDLET sBUDGET oe9

VPOELTSL{ yPLERDO=VPGIAL #/75:DC
VPTESTaVPLERO-VPDELTY

Ivwws=0
SOUDELS{SO0ZRO=SOO0GOLI7S.0(
SOOTES=SO0ZRO=-3000c |
vPs yP ZERD

$00=S0) 270

1%00=1%

I1DELTAsy

©0 T0 223

LFL YPLESVPTEST) GU TQ 220
1FL SDOs.LEe SOOTES) 0O TO 222
LOOPCaLO0PCe)
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radinl
o

B

.;3

& ISN 0046 219 CALL ADDIKEIT, P ,SDJIsPIAIICE)D
{ 1SN 0047 IFCMITERGEUo L)
’ * NRETECO 99981 LIOPCoVPeSDOWPRICESICOUNTICLIACO(LII»I=10ICOUNT )
ISN OuUd9 DY 216 Is 19 ITOUNT.
ISN 0050 216 LADOK 1) &
ISN 005 ICOUNT=Q
C ses
ISN 0052 IFE MITER,EGe L)
eCALL TInm
[
ISN QUSe IFC IFLAGeEUGL) GO TO 350
ISN 00506 G0 70 210
ISN 00537 220 vPTESTsyPTEST«VPDELT
ISN 0058 IVP=lvPe)
1SN 0USY 1FE SD0:GToSOOTES) o 10 222
ISN 0OuU6a 222 SOUTES=SOOTES=SDOD:L
C
c SELECTY PIOPER *RATIO®* AND °INTS
c
ISN 09€2 I1S00=21500+1
ISN 0VU63 223 L8R ANSGef VP ¢ISDO
ISN 00¢€e IF( IURANGGT236) JIBRANS36
ISN 0U66 60 TO (334530503060 3020306307930 393089305+3069306+307»

13039303:3040305e3M03527:302530353C39300,3062307
230291302+30293020306 3375302030093 C2s3010300033300T3RAN
ISN 0067 250 60 TO ¢ 3212031103125 31253123125311031153125322+3135313,
1312031253129313932493 089312531253 1230313,314,315
2312931331403 14531053 1693129031303 1345315:3162333)+18RAN

ISN 0V68 301 VPTEST= Qe D+ 00V
C
C CRATLIO* AND * INT® SET TABLE
c
ISN Q0bY 302 RAT1IO=10.
ISN 397V 60 Y0 2%
ISN Q072 303 RATIO=2S,
ISN Qo772 60 YO 250
ISN Ju73 306 RAT I0=50e
ISN 0074 GO To 2%0
ISN 097S 30% RAT IO=15).
ISN 0070 L0 70 250
ISN 0077 300 RAT 102300
ISN JuTd vd Tuo 259
ISN 0V79 307 RATIO=1000¢
ISN 0080 SOUTES=0.0¢00
ISN 0081 60 YO 2%
C
ISN 0082 314 INT=2ETOT/ 8¢ 1
ISN ovu83 60 V0 210
ISN 008 312 INT=IT0T/ 8¢1
ISN 0485 60 T0 210
ISN 0u8o 313 INT=ITOTs7 16¢12
ISN 0487 60 T0 210
ISN 00KBg 318 INTaITOT/322
ISN 0UB9 @0 T0 210
ISN 009V 315 INTSITOT/64¢)
ISN 009 60 TO 219
ISN 0vu92 316 InNT=3
ISN 0093 G0 T0 21
ISN 0098 333 RAT I0=30¢
ISN 009> LFLLBUDGET=PRICE) o »Ce 4000040 GO TC 230
ISN 0097 INT.=}
IS8 0ugs Ga 70 215
ISN 0u9y 334 IFCLBUDGET=PRICE ) eGEL 20000(Ce ) GO YO 333
ISN 01012 INT=ITOT/7 6488
ISn 0102 GO YO 213
ISN N303 335 IF(C(BUIGET-PRICEI 0 €y VOGO (0ed GU TO 336
ISN 0,05 INT=2LTOT/ 162
ISN 0100 w0 T0 215
ISh 0107 330 INT=LTOT/8¢1
ISN 0408 0 TO 215
ISN Oaly 350 LIFLAGSY
ISN 0210 RET URN
ISN 0111 END
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ISN
1SN
1SN
ISn
ISN

ISN
ISN
ISN
ISN

ISh
1SN

ISh
ISN
1Sm
ISN
ISN

ISN
IS8
1SN

ISn
ISN
ISN
ISN
ISN
ISN

ISN
1SN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
IS5N
ISh
ISN

ISn
ISN
ISh
ISy
ISN

1SN
ISh
188
1SN
ISh
1SN
ISN

0002

0003
0004
0005
000
99ar

0008
000y
0010
0311

ov1i2
ov13

001s
0015
0ou17
0J19
D F Y

0022
ov23
ouz2s

0925
L y1)
ova2r
0J23
0v30
0032

0u33
003e
0035
ov3o
0038
00489
ousy
0042
ovs3
004
LI LY
00 A7
0089
N0%0
LB LV

0053
0035a
0055
ovsé
0us7

0038
095y
0060
Q0es
0062
0063
0J€e

ooOnn

SUBROUTINE ADOI KITs vP sSO009 PR ICE D

THLS SUBROUTINE ADOS INT OIFFERENT [TEMS YO THE KIT BY
MARGEINAL ANALYSIS

DINENSLION TS¢S5000e<ITE5000
ODIMENSION BINVIR( 100eS M 500 5S1050) eSL0ELL SO
COMMON POISONC300sL W
CONMON ZuLK O/ ISUMLLPASS
COMNMON 78LK 17 ITOT s4UP s SUDGET /BL K2 /7KRUCS 002s NAPL5000+COST(50004NFPO
*1 3000 /8LKI/NOPSsSKF oL VEEFF s I KK/ BL K7 IFLAG INTHRATIV
CONMUN /BLKG/BINTER
CIMMOY /7BLKT/S L /78LC3/VvPT VPGIAL S)IGUL
COMMNON /COUNT Z/ICOUYTs LADODL 000
ODOUBLE PRECISION PIISINsTS s0LFs vP sAsSD0sSD0Ps T,
. S195S1-S1TERPSS5 1T SMe SISUMe S S1SUMs S10EL
DOUBLE PRECISION ¢PGIALISDOGIL +EPS SvPl
DATA INTER/L/sMFLAGY/ 37 +EPS/ 1aD=L 2/

NOPS1=NOPSe

IFLIPASSsEQe2 ) BTE4Ps JINTERL INTER)

IF (IPAS5eEWe 1) BYIMPaBUDGET

LIFC IPASSsEQe 1 eAND ot INTERITATER) oL YoBUDGETY ) BTEWP st INTERC INTER )
S ITEnP= 0. DO

D0 30 JSi=1,s NOPS
30 SATENPsSATENP ¢S U5 1)
SISUMaNOP S&S LINDPSL 1= 3.TERP

00 99 [Tm=1,IT0Y

IXL=KETA45TM)e )

LXMaKITCLTRIe (NOPS =)L) sNAPILTN) ¢2
LFC AN o0Ee NFPOC KT M2 ) LAMaNFPOLITHY
LFC IAL oLEe NFPOLITHMI) TXLaNFPOLITM)
VIFs POISONCITMsIX9)=:POISOM 1TH 51 XL)

D) 20 R=eNDPS)
RJsKITLITMIet K o 1) eNAPL 1T P o)
KJleJel
IF (KJ o6Ee NFPOCITMII G TO 333
LFL POISONIITM KUY D e£Qe 0eDJ? GO TO 222
$Si(x 152K 16POISONC ITMIK 4L I/7PO XSONCIT Po YD
60 Y0 20

222 $S1(RI®1,.00
00 223 XI=gsITOT
KILoKITE(RID o koL deeAP (K] Ve )
IFEKLoEQe ETM) KILSK[Le}
IFf (KI14LEQNFPO(ARXS I GO TO 223
SSA(RIESS LI KISPOISINIKE »XKX1)
L1FE SS U KD oLESEPS) 50O Tu 32)

223 CONTINUE

0 T0 20

321 $S1(k)=0600
0 T0 20

333 SSatkIsS UKD
20 CONTINVE

SS1TEN=0Q,D0
00 80 4851=1,s NOPS
A0 SSLITEMsSSITEMSSLYSS 1)
S$SSASUNaNDPSeSSIINDP S, I=SS1TEN
AsS S1Sun
TS ITMIng VPo A)eDALEl QAATIO)e DIF §/7 DBLELC OSTLITHM )
99 TONTINUE
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A el

N

ISh
ISN
ISN
ISNh
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISk
15N
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISh
ISN

ISN
ISN
ISN

1SN

ISN
15N
1SN
ISN
1SN
ISN
1SN
1SN
15N
ISN

ISN
ISN

ISN
15N

ISN
SN
ISw
1SN

0065
0066
0067
0068
0069
0070
0072
0073
2074
Q7S
00Te
o077
2078
0080
0081
008z

0ouss
LD L
o087
0088
LB LL
0091
0v9z

009
N09S

0J%e
0097
0999

0100

0492
0103
0103
0107
n109
0110
o111
0112
N113
0118

N115
0117

ni11d
o119

0120
0121
0122
n3123

onn

C

c

ADO 2 OF THE INTA ITENS alTH THE FKIGHEST IMPROVEMENT RATIOS
ADD 3 OF THE NEXT A IGHEST INT=INT /6 LTENS

INTA=INT/Z G

00 102 I=1e INTY

Taf St 1)

ITM=)

00 101 J4s2. 1707

EFCTSEUelToT ) GO TO 101

IsTS¢ 4

ITA=y

104 CONTINJE

KITCITNY)aKITC LTM) o,

1COUNT=1ICOUNT ¢)

LADDC ICOUNT )= ITN

1FE MFLAGoEWedd TALL ZiALIH KETs WP SO0 )
PRICESPRICECCOSTL IT M)

TSt ITHI=YeD¢I0

IFCPRICECGT B TEMPe IRt MFLAGeEWSL oANDy (VP oLE VPG IALGAND
. SO0 LEL SOOGOLY ) 60 TC 108

IFL INTRL,EQe 00 GO T) 302
RITCITMIaKITE ITMD o,

LCOUNT= ICOUNT o)

LAD DL ICOUNT I=ITHM

LFE MFLAGeEDe s ) CALL ALY KITs WP9S$SDI )
PRICEPRICE+COST( X M)
LFCPRICE.GToBTEMPIURe { MFLAGOEULL oANDe ¢ VP oLESVPGIALGAND,
. SO0 LE«SOOGOL) )¢ 0 ¥G 105
INT Ao INTa =)

202 ZONTINVE

CALL CALCUIKITs4Ps 5002
IF (VPoLEWVPT ) WFLAG=L
RET URN

105 IFCUCIPASSeEUeLIoAUNGATEMP ¢EueBUVGET ) o OR,
* CRFLAGe Cuol oANDe tVPo L Lo YPUOALIAND,
. SO0 LE« SOOGOLI V) IFLAG=)
CALL CALC(KITsvPs 5009
IF (VP LEWVPT) MFLAG=1
IFCIFLAGeNEe L) WRITEL 599950 UYEMP
IFCIFLAGeEUel ) WRITS( 5,994 ) PRICE
WRITE(H 29920 (CIfLIXds TX=2[TOT)
ARITE (659930 vPISODIEIUEEFF P RICEsI TM,COST(LITN)
SIDELILI=SA()L)
D0 95 Js2+NOPS
95 SIDELLY IS S II=S U I 1)
WRITE (609960 (SIDELL LMo Im 3o NOP S

IFLIFLAGoNE e 1) INTERaINTER e}
RET URN

Y91 FORMATL 715Xa°KXT*s75¢3X925¢2X0 1200

993 FORMATY 715K 0°¥> % F10e5e5Xs *S0)%sF 100 S5o8Ks*IVEEFF %9145 5K»
* CPRICE® 9 F120 295K s°LAST ITEM AODDEO® 9159 5X» °ITEN COSY=*,F 102>
. 771

995 FORMATC /777 2Xs °BUDGET $a¢ oF 124 2)

996 FORMATL 3t 4X9E 200120 )

994 FORMAT(/7/72%s *PRICE )F JIPTIMAL KIT =%, F12.2)
END
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APPENDIX D

D.1 Listing of F4D Input Data

D.2 Listing of Phase 1 and Phase 2 F4D Input Data
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APPENDIX D.1

LISTING OF

F4D INPUT DATA
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1-33’

'DO29: SYSTEM CONTROL/INPUT CARD FORMAT

: PROGRAM CONTROL CARD .

1. *A" CARD:
_ rieid, COlumn
1 1-5
2 7 -8
3 ‘10 -14
4 16 ~17
5 19 ~-20
6 22 -23
KAsS 25 -26
a.‘%?‘ 54
xx. "~ "B" CARD : KIT
1 1-10
54

III. "C" CARD

Type *
15

12
I5
'I2
A2
I2

I2
Al

Descrigtion

Initial Program in Plying
Hours. .

WRSK Support Period in Davs.
Total Program in Flyxng Hours.
Unit of Equipment.

Run Sequence Number. '

Number of Kit Authorizations.

Number of Set Up Days.
A (Card Indicator).

SUHMARY CONTROL CARD

~Al0
Al

'ITEM DATA CARD -

Kit Serial Number.
B (Card Identifier).

' National Stock Number (Left

1 l -15- AlS
Justified) .
2 17 Il Note Code.
3 19 -21 A3 RR/RRR Maintenance Concept
(Left Justified).
4 22 -23 I2 . Repair Cycle Time in oOays.
S 25 =26 12 Quantity Per Assembly.
6 28 -30 Al Application Code.
7 32 -36 FS4 Total OIM Demand Rate.
8 . 38 -42 F54 Devot Demand Rate.
9 44 Al Routing Identifier.
11 54 -56 A3 LRU/SRU/EOQ/NOP Type Item,
12 58 -62 AS Work Unit Code (Left Justi-
fied).
13 73 -80 A8 Noun. .
* Tvpe Explanation
I Numeric input only, leading zeros as required, right
justified.
)3 Alphabetic or numeric input.

Numeric Input, decimal assigned by system, leading
zeros as required, right justified.
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8Cs/08/11 MVYS/RJIe7C

16323357592

cCt

PAGE
6666666677777777778

80/80 LIST

2345€E786C1234567890

OLFL ?74E40

€6
Cl
CLRU 73EBC

SUP

CTL Av
SRVC

SETY
AY
SEL

Fuk SUP
HGULENG
IND

TAMK
INERREEL
ACT

AC1

INO
GYRO £COP

LSRR CTL

CLNF
RAC CHIN

EELL AY
CTL EXST
Fwk LT
VALVE
SEFARATC
CyiL Ay
CNMF FRUCE
CAMPER
CAMFER
TCRCESTR
PMPG ELE
CCCLER AY
ThRTL EX

SEAT REL
ACT

TURBINE
ANE

Cou

CTL
SkRv(
PWR
CowmrP
SCT

CTL
comp
CUucCT ay
CUCT AY
CLCT AY
CUCTY AY
CLCT AY
VAL VE
STAE CvYL
TUREINE
REGC Gxv
REG

REG

REG
NOZZLE
VALVE

QO0OOOOFQOWOULWAVPUNULVVLVINILVUNWAQLLAOOLVUGLEXCUWAICDOELIVUWO=U
VUWUDNCO SN LR WORKY ~MAPINWNMOITET SN NNMIMQOQN AT o P=OMIQM = g g =) O
WY WY UL W™ LW RIS (NN PIM I UINI W T M) vy on 0y w1 U W e ) o U O0
MEIMMIMIIMETEMNIMNOITMeu POttt P )MINTIPUICNNAN =t "I NFTNMMI OO MIF)
Rt v @@ PTG T Y Nt Qrrmlod i TF TG QAN 700 g (NN PN T (NN

~
A IV DDA I D IR II IR DDA D) ADIIIA DDA DI DIIIIIIIAID
CXCECEXCA LU YU CELEFUECLYIUCALUEUQRUEAULIUETCEELZUIZIRL I LT

D jeddfdd e SR ddddd DA JdAd DA B S d A Jd IS dd A d A YDA

VWUOOQUOWOOWOWWOVWEOWUOWOLUWOUWOUOOVVIYWOVWWMNWVOOVLOVLUWYWO OO
VOOWWOVOOWOOWWWUYOUNOUUOOWNUWOWUWVOTOOWUWWYNIUWNWO U )WOUW
PYOUPNUNDOI YT AWHNVYMIIACTWNVISFWUNS WD MIWNOR NS =W RNT Mgt
NSOWYOVWONWHWOWNVVNANVYPRWNOI S SN NN NVWEVYVNPRWU ST UONTPNNUIQGIU= Irw
POWH At et P MIQUICMMUMNY PN COUVNVE xRNV MWNGON=~QIODVONNTMOVYO e
WU WNS PN NYPIW N NS NNNUID SOV VWM NUVYPUI S IO =P OWiNOD =W =y -t O
NDOUMO~OQOO~UOWVLOWUOUWOOWUOWUOWLUOUOLYOLUOVUDWORUOLWOWWO
COOOLUWOVWOOOOOWUWOOVLUYVYUYULDOOVOVIOOLWVUOWOOWEUYOUUOUOOUOWLOOWIO

eSS~
DD
X ¥. & 4
b
(4]

A Jd®™  dd d A dd LS L L VYVOVIVVOUVUVVOOVOVVOVOLLLLLELLWOVULILLLLY LA

NMQTIVPTVRNSP M =PV ND IO NM WMt NP TN OO NVNOLRNONOD M OWMY
MCTAYMEANUPINO TR NV =POMNOUORYHQAU~NJINNTNINNTMPONDVOODNT VM NM -~

OMOVUVOVOSNYOUAVPAOcCTNTMANTMINNMUEFOL TUNNTTYIIMPY™ONN~TMN V=Q
MOOOUVDHOOOOCO0=OOOVOO00R000AO0O~VOUOONINOOIVOO0O00000000 VO -
OQOVUD OVLVO0 0000000V WIOROOWOVUVUIOVOOOUOVIRULOQUAWOOOQO
PONVON=IMMOAOND =ttt ONPNNO=YORPJUIVONNMMONOOMOP P m=~QONNETMNO
DON=ON=DNa=mNNNCANTMMIUINNNDNOOIMR NS DNNODRNVNYLO =D 9O NTTO
OMMETNM=MNIIOMNNSVNOVWRCUHMOMNMUBORWOITINMNNIINOUN SR NONM=Tr N V=Y
POOVOOWOOOOOINHM VWO wVUaNOOUII0OOWWRLO™ OO W QNOO0OOWVIOO00000OOWO =
WVOOUVUOOUOWUOUOOVWOOUWOOOOWUWOWOOWOLUUOUWOVOOWWOWOYWOOWOOWOW
Q00ALONLLLLALLAVLAVLUOLLAGUALLOAVNALUAOUALLAOULULNAAWALLOVD

TP I TV T TPATOTIVT I AIUEITQITQQIVCIIQCIT T OI IV eI
W W e L W W W A G M Sy L e S, L, e W by W e W oh G W W 0 M U U, M Mo G e G b W ), M U L N U U W W W 4, e U LW

O Cuf o) T o T anf TP ol guf S PG ol B ) g T D T T g S TN g S T g TP GO AN T g omt i gog it o gt " O WO N O BP0 (N WD
Q0000000000000 0QO0OVWO0VOO000000VOVOOVWOOURTVOLUONDOOQOO
0000000000000 000000000000000002000000000000000000002
wWOOUOOOOWOOUVOOOOO0OOOVWLOVIOOOOWOOUUOUVUOOODOOOOVWOOUWOLVVYWOOWOOW
CRUCTCACUURRLZELECUECUUKEZIUCEEUCLKECRRITUERULUEITZUEEES ZRUUER I OR WL
R IR EE R UL R CA AR ETXC YL IATER IR LB LI RET
T 0t 0 ot et 5O g 8 b () =0 O\ (N 1V e O SV \SEV CNOV LV AN ) SN 0 OV N O\ (N0 AN 0y (N TN QY AN 6 EN SN CV AN O (N TN O\ SNV O SN Y
hwmmau&m&&u& Uy G g, -4, U dNRLULVNId I =
L4« VWALROW DWW QUOQDWO WJDwJawgusd W
USRNSSR TN WRAVANNCDOWUNECRNNTONYOIOYOVLNaaMMOWN WM NNEe ROV NNO
S AMPO MOCNM=RPVMVIROINRPALTNWIOAVOONCOOVNPLPNMARNOMEADN==NRN=™
MYV NONT OV QRPN OO URPRRCUR VOO OAMEIQWOINMNEHN WM e e~

CNOSNOONPDCTOLWRYNNNIUCIM SR ND e TADOWOMPNIPNS Q= =00 PME Y et =N
VNV UW VB RP NI N P PN ETWINIVWU WO TUGE ORI WO W SN iy ¥ N v
WOOCQRECTPNVHVNRNMN QP et VW JINWEDHINWUNNNMAVOAROYrIINNDUNM VOO
Dt IOIMININOORP NQ e NPFPAPRPROPPRFONMNOOAR =T AROOMECEe TNV NO =
UOOOVLUOOWOLUTOUOUYWOOUVOOIOWUWOWROOOUUOOUWOVIOULUOWIOOWOOWwOWO
00000000 AVIGUVOUVIOOVOVUWUWUOIWOUVULOVOOWUWOWIQUOVOOOOWOWOOU
0000000000000 0NCO00MNO300000A00ND0000000VARIINVVIVI NINY
NN A RSN MMAOOOOIIOONNAIMNNNNININVOOOO TN DOD D=t et e MO
NNIVNNINNNANNNNNNN OOV VNWOVVYVYOIWOOVIOVIOIVDIVOVOOPRNVY AW

D g 0 ot o ot T g G P gt T ol T o g ) PR o) O Gl o T O T O ol ) D ) TS D g 0 T o oh g " et (\] g = \JONNWNN NN
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Nt it

P

v
L

002

FAGE

80/80 LIST

sLy ELC
REG WV
viv ELC
viv BLC
SEL wLYV

AQA

VLV
S1¢ PRQAC

IND

NL 1 TRNS'
CCMF

IND

ALY

ANE MHCR
GYRQ

YL
GYRC sCCP

SIRTIE
CTL EXx
COMP
PMP AY
10€€23C
CET

CE?

AMP
SwICh
FANEL
CTL EX
InD

INO

ING

INO

IND

INC
ACCEL
XMTIR
INC

IND

INC
ACTLATR
ACCEL
ACCEL
INTR
GYRL
CTLR
CTL Awp
XNTR
TIVER
CLCCK
INC ECT
CANKO268B
CIL BXx
TFRAM RCR

ANCWWUECEVAOARIOVUOOUOVWOVOCOIALJIVWOCOULTWUWORIOULIOOUVOQOOOUVUNICOOLNOO
N Rt Mt NWVOMINCWUWRYMEMIUVCLCTUVICVCqCUAICEMNUONVNSXYDO™ LWESCC e tVNNN™
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M) Qo AN ot = DWWV D IMPIVIN) ot et 1) 0 b ") 4 g Vo oo 2 et et 1) ST NI NNWNIIWNM ) =P QP @
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O = OO0V OVO=ONOOVOMN MUV Ow = utMONOF~*~mOPYOO0O O w~200V0O0OWN~«00OC
VOO0V QOVLUUWIYOUVWOOO0OOWO0O000g0UUOVIOVUVYOUUOLUOVOOUVYOOWOOLOV

VONNIOIMINPNSCVONNEFRMOUNINANNSNODOQPVOSMA«PRINOOCOPMBIONDEOOING
NDOPOVOMPODAOWNAFTIOINONNNMuUOND~OO0ONTORTNVOD~OYVDONFCNYONND =VMN
NGO UVNICUNMNIMROMTaAFEOMWIHITU DOV O PNOMN " ONUIMINSOOOU=JUMNCUNMINGOGIONM
DN OOPOVWDAmPMutOOMN OOt ™ PO WNTN P Pttt O QOO =mQUINVOOT e =\ND W
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