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3 GLOSSARY

c L
BINS = bin size needed for a feed type, tons,

per ton cost of feed, §.

carrying cost per day as a percent of feed cost,

ordering cost per order, 3,

Tchebysheff's constant,

fixed, out of stock cost, vﬁ/order.

Lagrangian,

lead time between placing an order and receiving the quantity ordered,
days. |

number of types of feed in the A group.

probability.

average demand through the lead time, tons,

reorder point, tons,

standard deviation of demand through lead time, tons.

total storage available for finished feed, in bulk, of group A feeds,
without inventory for demand in lead time, tons.

standard deviation of the demand (in the same given time period as Z),
tons.,

total cost of an inventory policy in a given period of time, §.

total storage available for storing finished feed in bulk, tons.
total storage available for finished feed, in bulk, of group A‘feeds,
tons,

total storage for mix-up, tons.

total storage available for finished feed, in bulk, for all feeds

except group A, tons,
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safety stock, tons,
lot size order, tons.

average demand per type in a given time period, tons,

Lagrange multiplier,
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INTRCDUCTION
In recent years, there has been considerable development‘in the feed
industry of techniques to achleve better efficiency in feed mills, Sophis~
ticated operations research techniques together with computer applications
give management better tools for decision making.
Two major decisions facing a production manager in the feed mill are:

when to produce additional quantities of a specific feed type and how much of

this material to produce.

While most of the development has been made in the field of nutrition and
formulation of feeds (4,16), little has been published on using these tech-
nigues in Production and Inventory=Control,

The studies that have been published generally concefn the designing and
planning of new facilities (6), and the Inventory-Control of raw materials
(17). Yet, the problems of the operation of an existing feed mill have not
been emphasized, although these problems arise daily and must be resolved by
management frequently.

This study is an attempt to give a solution to one problem which faces
the production manager daily.

General feed mills produce a large variety of feed formulas, in various
forms such as mash, pellets, crumbles or expanded products, These may be pro-
duced in several package forms or in bulk, A classification, resulting from a
simple analysis, can determine the relative importance of each of the many
products, as related to Production Scheduling and Inventory-Control.

Every feed mill has its total storage capacity for finished feed in bulk
divided into bins., When designing the total storage capacity, the number of

bins and their sizes, many factors must be taken into consideration. In an



existing feed mill this storage becomes, in most cases, a constraint, The
problem of assigning bins to types of feeds according ﬁo the constraints which
exist in the system should not be solved according to a rule of thumb, such
as: filling the first empty bin available,

It is desirable to have a mathematical form for describing costs and
other relations found in the storage of finished feeds., Although it should be
simple and easy to handle, it must be flexible enough to adequatély approxi-
mate a wide variety of situations, It is further desirable to obtain decision
rules from which actual decisions can be calculated by substituting numerical
data into a formula, The substitution of the data from a'particular situation
would yield optimal decision for the particular problem, A simple program
which is general enpugh for multi-formula feed mills would help in finding the
optimal solution in a given storage situation, It should consider the prob-
lems of calculating for each product the physical quantitiecs of production
batches, safety stock lewvels and recrder points, together with the total cost.

After finding the optimal quantities, the task of assigning bins to feeds
becomes a combinatorial problem. In a real life situation, however, according
to the constraints of each bin or feed, the number of combinations reduces to
a problem that can be handled and solved relatively easily.

The aim of this study was to reduce operational costs in a feed mill,
Reducing the number of times a given type of feed will be produced to a mini-
mum, will affect and smooth the production as a whole. In addition to other
considerations, holding an optimal safety stock most probably will reduce the
total cost to its opl. mal value,

The data used in this study is taken from "AMBAR" central feed mill in

Israel, The author hepes thal this work will contribute to improved decision

making in the manufacturing of feeds.



REVIEW (FF LITERATURE

Most of the Production Inventory Control Medels suggested by several
authors in the feed industry deal with four aspects:

1. Designing storage for raw materials and ingredients for a new feed mill,

2, Analyzing, according to Queueing Theory, an inventory policy of ordering
raw materials in an existing feed mill,

3. Analyzing the demand distribution for feeds by customers, aﬁd developing
an inventory control policy for finished feeds in designing a new feed
mill or bin sizing.

. Using a rule of thumb in order to design storage capécity for finished
feed,

Stafford and Snyder (17), developed an Inventory Control Simulator which

simulates three major operations:

1. Forecasting the magnitude of the ingredients required for a period of
production,

2, Scheduling incoming ingredient shipments for this period's production
according to forecasting requirements and safety stock policy.

3. Recording the cost effects of the resultant flow of ingredients into and
out of inventory,

Pfost (1k) developed, according to Queueing Theory, formulas for sizing
raw material bins for a new feed mill, He also suggested an ordering policy
of raw materials in an existing mill,

Carrillo (2) worked out methods of analyzing the demand distribution
functions of several feeds, He approximated the order size distribution by
polynomial expressions and the number of orders by Poisson distribution,
According to these functions he calculated the optimal inventory poliey

quantities, without any constraints or limitation,



Some designers like Cory (3) use a rule of thumb in designing space for
finished feed by providing space for at least a three day steck.

Much literature is published in the general area of Production and
Inventory Control without constraints, Less is published in the case of
shortage in capital investment, limited storage capacity, or other
constraints,

Starr and Miller (19) show a way te solve dynamic inventory‘control prob-
lems under certainty in constrained situations such as working capital or num=
ber of orders to be produced, These problems have been solved using Lagrange
Multipliers,

Hadley and Whitin (8), describe situations of constraints in dollar
investments, floor space, number of back orders, number of orders and in
volume, Almost all of those problems were worked out in deterministic models
or with well behaved functions in Stochastic models, The approach toward
solving these problems is dynamic programming or with Lagrange Multipliers.

An explanation of the economical meaning of the Lagrange multiplier is also
given,

Buchan and Kgnigsberg (1) describe Inventcry Control Models in various
kinds of industries and businesses, By using analytical or simulation methods
they improve total costs and inventory policies, Most of their models take
into account that there are no limitations and that there is enough storage
capacity for the optimal inventory.

Holt, Meodigliani, Muth, and Simon (10), solved theoretically and numeri-
cally, some inventory problems with restrictions using Lagrange Multipliers,

They provided mathematical models for decision rules in a large variety of



situations in industries and warehouses, Many situations under certainty as
well as stochastic conditions with well behaved function were described.
Eilon (5) used a linear programming model to optimize profit subject to

production censtraints of the individual products,



PROCEDURE

The problem of assigning bins to finished feeds in a feed mill may be a
daily task of the production manager, if no technique of analyzing the demand
is used, A careful examination of the situation will lead to a general
approach of solving the problem,

In part I, a procedure f.or testing the importance of each individual feed
type will be used, As a result of this procedure, a guide line te an inven-
tory policy for groups of types of feeds will be given,

In part I1I, several Inventory Control policies will be deseribed, some
definitions offered, and the particular model will be formulated,

The constrained feed mill is described in part III, while solving for the
optimal total cost and the corresponding physical quantities, The bin assign-
ment procedure end result is described in part IV,

I, Classification of Feed Types.

Most Production Inventory Systems analyses show that a small percentage
of produced and stored items account for a dominant percentage of the total
production, Therefore the same degree of control is probably not justified
for all items, and a common ABC or AB classification is often used. The pro-
cedure can be used for the number of types produced, the tonnage per type, the
percent of total dollar demand, and the number of orders per type, etc.

The procedure is as follows: List all the products in order from the
largest to the smallest value under consideration (descending order)., Calcu~
late the percentage each value is of the total value and calculate the curmula-
tive percentage, Table 1. Plol the curmlative percentage against the prode-

ucts, Fig, 1.



Thus, the class A items might justify the most careful control system,
Classes B and C ir B by itself arc often treated in another way. In most
general feed mills a classification according to percentage of the total
number of orders and according to percentage of the total tons demanded, will
show a small group of feeds in group A, Tt may show 20~25% of the total num-
ber of feeds accounting for 80-85% of the total demand, The author feels,
therefore, that this group of feeds, named High-~Volume feeds, grﬁup A, should
be treated in a special Inventery Control policy, regardless of the actual
demand for tomorrow, and according to the analysis of the demand over a period
of time. |

The other 75-80% of the types, which account for about 15-20% of the
total demand, should be treated as special orders, each time a demand for them
oceur's,

II. Inventory Control Policies;

Most authors use a different way of dividing the set of Inventory Control
problems into subsets, Let us use the method Starr and Miller (19) suggest
and divide the Inventory Control problems into five sections, namely:

(1) Inowledge of demand: certainty, risk, and uncertainty,

(2) Method of obtaining commodity: outside supplier or self supplied,

(3) The decision process: One shot decision~static, or repetitive~dynamic.

(L) Fixed demand distribution over time or varying demand distribution,

(5) Constant time lag in replenishment of inventory or probability distribu-
tion.

Building according to the above mentioned criteria the Inventory Control
Model of a feed mill depends on two major facts:

(1) The nature of the feed mill,

(2) The information available,



Table 1, Classification of Items Accoriding to Percentage of Total Demand,

Iten Uemand Percentage Cumulative
(units) of total percentage
C 98 Lo | L9
L 66 33 ‘ 82
D 12 6 88
A 10 5 93
B L 2 95
G 3 1.5 96.5
F 2 1 97.5
E 2 A 98.5
H 2 1 90,5
I 1 0.5 100

200
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A general feed mill, which produces many types of feed in varying quanti-
ties ordercd in many time periods belong, of course, to the dynamic class of
Inventory Control policy, Taking into account only the finished feeds, in
most cases the feed mill is also self supplied,

The lead time policy may differ from one feed mill te another, Ome can
get orders throughout the time before a certain "closing time", and from that
time until the feed is supplied can be counted as the lead time,

On the other hand, one can get the orders all the time and count the lead
time from the time of receiving the order from the customer up to the time of
supplying the feed,

A main distinction must be made between "outside lead time" as described
above, and lead time which is associated with production of feed for inwventory,
The second is the "inside lead time", which describes the relation of time to
a type of feed to be produced for inventory, This lead time will be discussed
later. Both "inside" and "outside" lead time may be constant or vary
according to a function, depending in part or in whole, by types or by
customer,

The accuracy of demand information is very important, A high accuracy
will yield the lowest total cost of the policy, If the demand is known with
certainty, no safety stock has to be held and the cnly costs are those which
are associated with erdering replenishment stock and carrying inventory, If
the demand varies according to a probability distribution, fixed or varying,
and the function is completely known, a model under risk will be built, Par-
tial information of the demand distribution will lead to a model under uncer-
tainty. Knowing the exact demand distribution will yield a smaller safety

stock and therefore reduce total cost when compared with partial information.
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Many authors have built the inventory model under risk, The difficulties lie
in the nature of the probability function of the demand, If the function is a
well behaved continuous known function, the numerical solution can be found
much easier than if it is a general function with nonregular shape.

The various techniques of fitting a given distribution function to a
known one results in increasing the safety stock, The most accurate model
will be the medel which solves numerically from the actual demand distribution
functions, If only partial knowledge exists for the demand, such as mean and
variance, a model under uncertainty can be built, Of course, the safety stock
level will be higher than in the case of risk. As will be discussed later, in
the constrained feed mill description, a model under uncertainty will be for-
milated,

Three Inventory Control ordering and review systems are commonly used:

(1) Q system, or reorder point system, in which an additional fixed
quantity of material, called lot size order, is produced whenever inventory is
reduced to a particular value. The frequency of ordering is determined by the
fluctuation in demand, This system is completely determined by knowing the
order size and the minimal stock level which represents the signal to place
the order (reorder point),

Fig, 2 illustrates the quantities referring to a storage bin, Precisely
speaking, the size of the bin must be large enough to contain the three gquan-
tities in the extreme case when no demand is required in the lead time between
placing an orcder and the time the feed is actually received in the bin,

Fig. 3 illustrates the fluctuation in the bin over a period of four days
when the lead time is half a day. On the first day, rate of demand is con=

stant, When the supply reaches the recrder point, an order for a fixed
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quantity is placed, During the lead time the demand continues and takes
material from part R of the supply. In the beginning of the second day the
demand, with a different rate, continues, depleting the R guantity and using
from the safety stock quantity (W). Receipt of the ordered quantity of the
second day will not fill the bin, Demand on the second day does not cause the
supply to reach the reorder point, On the third day the reorder point is
reached and the demand through the lead time is zero, and receipt of the lot
order size fills the bin. During the third day the supply reached the reorder
point again bui during the lead time, all R and W, which are stock for demand
during lead time and the safety stock, were used, This is a case of "out of
stock", The time and quantity out of steck are shown on the fourth day,
before the ordered quantity is received,

(2) P system, or reorder time method, (The method used to decide when
to order is to look at the calendar,) The size of the order varies with fluc-
tuations in demend, TIn this system the time between reorders is constant and
equal and the size of an order is variable.

(2) Combined method (15), combination of method one and two. Tuo cone

ditions must be satisfied before a new order can be placed, First, it rust be
time to reorder, and second, the inventory mist have reached or dropped below
the reorder point,

It seems but has not been proven that the Q system is the most applicable
system for the Inventory Control policy of finished feeds of group A,

After this brief review en the theory, the model used in this study can be
defined in Inventory Control terms as a dynamic inventory problem, under
uncertainty, self supplied and with a constant lead time for each product in a

Q system, The constraint will be discussed in the next part,
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Before procecding further, terms which will be used later need to be

defined,

Definitions

Z = average demand per type in a given time period, tons,

S1 = standard deviation of the demand (in the same given time period as Z),
tons,

LT = lead time between placing an order and receiving the quantity ordered,
days,

S = standard deviation of demand through lead time, tons.

n = number of types of feed in the A group.

TS = total storage available for storing finished feed in bulk, tons,

TSA = totai storage available for finished feed, in bulk, of group A feeds,
tons,

TS0 = total storage available for finished feed, in bulk, for all feeds exzcept
group A, tons,

35 = total storage available for finished feed, in bulk, of group A feeds,
without inventory for demand in lead time, tons,

X = lot size order, tons,

R = average demand through the lead time, tons.

W = safety stock, tons.

ROP = reorder point, tons,

K = Tchebysheff's constant.

T,C = total cost of an inventory policy in a given period of time, .

C. = ordering cost per order, §.

C = per ton cost of a feed, §,

C., = carrying cost per day as a percent of feed cost.
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= fixed, out of stock cost, $/order,

Lagrangian,

i}

v o=l
n

Lagrangian Multiplier,

BINS = bin size needed for a feed type, tons,

TSH total storage for mix-up, tons.

A clear description of the order costs and out of stock costs were given
by Carrille (2), and are quoted in Appendix 1., There are two additional set
up costs that are not discussed by Carrillo, Thelfirst one is simply the cost
of changing a formula in the mixer and its system. In a semiautomated mill it
means changing the card and waiting until the whole conveying system is
cleaned (mostly by itself)., The second is concerned with medicated or special
feed, which requires cleaning of the system and additional manual. work in the
premix area and in the mixing system, Sometime caution has to be taken, which
takes operation time, to produce two very different formulas each following
the other,

LT, the lead time, is considered here as the "iﬁside lead time", It is
simply described as the time between indication of the signal that a type
reaches the reorder point, and the time that the full lot size order was
placed in the bin,

Each total cost equation in the Inventory Control Theory is essentially
based on two components, which balance one another, Those two components are
the carrying costs and the set up and out of stock costs, Carrying costs, in
general, include the cost of carrying an average inventory, including safety
stock, throughout the period of time in consideration and cost of facilities,

Their opposing costs are built, in general, from two parts; the order cost and
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the out of stock cost, It is important, when dealing with the equations, to

consistently use the same time unit in all the terms., The time unit that will
be used here will be one day,

In the Q system, the number of times a feed is produced per day, i.e.,, the
number of orders, is

i

The ordering costs, are therefore
Z Cr
A

The average inventory which is being carried is

oL and the carrying costs for
the inventory are:

% 0C,

The next terms are concerned with carrying the safety stock and the
probability of being out of stock,

Completely knowing the demand distribution, (the case under risk), the

costs of being out of stock are described by

o0

3—; f f(y) dy

R+ W

where f(y) is the probability distribution function of the demand during the

lead time and the integrals! limils were from the reorder point to Infinity

(19). 1In this thesis, the demand distribution function is not known, but the

mean and standard deviation of the demand are known,
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A tool which helps in considering this situation is the Tchebyscheff
inequality Theorem (7). If y is a discrete random variable whose distribution
has the mean Z and the standard deviation S, then for any positive constant K
the probability that y assumes a value less than Z - K5 or greater than 7 + KS

1
is less or equal to EE
1
P(ly -z |2Ks)s-};- ;

This inequality indicates that the probability that demand will differ from
the mean by more than KS is always less than or equal to 55 .

K
A more detailed discussion on Tchebyscheff!s Theorem can be found in (7)

and (19), When interested only in the probability of deviations from the mean
in one direction, a better upper limit of the probability is Cramer's
inequality:

1
2

P ((y - z2)=>K3)<
K°+1

If the demand distribution is known to be symmetrical, the right-hand term

will change to -15 .
2K

I
In this study the term EEE is used, namely:

1

P ((y - 2)2KS)<—5

26 .

Returning to the total cost equation, it must be recognized that there
should be enough stock for the demand through the lead time peried, and a

safety stock for fluctuation of the demand,
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Assuming the demand during the lead time behaves like the demand in the
whole period of time, the stock for demand in lead time will be the conwvuluted

average demand
R = (LT)(2)

The costs of carrying R are included in the cost of carrying the average

inventory. The reserve stock will be XS,

where S is the conwuluted standard deviation through the lead time, or
S=S8141T .
The safety stock carrying cost is then

KSCC
c

The probability of being out of stock is
P (y=>R + KS).
using the Tchebysheff's Theorem, it can be approximated

P (y2R + KS)<—=s -
2K

If regardless of the number of units short, a fixed out of stock cost, X, is
assigned to the probability of being out of stock times %, the number of times

it may occur, the cost for being out of stock are,

X EKZ
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Collecting all the terms described above, the total cost equation for one day

for each type of feed will be:

2; Gy X 2, K
T.Ci = ot Bl @ BB & e
i X 7 wibgy * Aogbibag ey 2Ki§
i=1,,.n

where i stands for each type of feed,
The total cost of the whole cperation will then be, for the Q system,

n n

Zg X, z.K,
I.C = 2 T.C;= 2 e A AR TTX
i=1 i=l

The physical quantities will be:

BINS; = X; + Ry + Wy = X + (LTy) (Z3) + K /LTi (1)
RCP, = Ri W, = (LTi) (zi) + K, /LTi (Sli).

The optimal lot size order X; can be found by the methods of maxima-

minima of differentiating the total cost equation according to Xi and equating

it to zero.
The problem of optimizing the total cost equation and for solving the

physical quantities under constraints will be discussed in the next part.

ITI. The Constrained Feed Mill,
Constraints and Lagrange Multipliers (8,9).

Consider the problem of minimizing the continuous and differentiable
function

TC = f(Xi...Xﬁ)



el

subject to the constraint
g (X,...X ) =SS

where g (Xi...Xn) is also continuous and differentiable,

The optimal set of Xi values cannot be found by simply differentiating

C
and equating to zero g = 0 for 1 = 1...n because of the dependence of the
i

variables, A procedure for solving this problem would be to use the con-
straint to solve for one of the variables, say 4, to yleld
X, =h (X;...X, 7). This expression for X, is then substituted into f to

yield a function £ of n-l variables, which can then be optimized by

Ot

=O i=1|¢¢n-'l
E)Ki
S R DA (Xl...xn_l’h(xl...gn_l))

g(xl...gn) = g(xl...xh_l,h(xi...xh_l)) = S5.

In order to optimize

a;f*r_,a; ,9r On i=1,..n1
05 9% JE=E '

and

EDE% + ED £ E) ﬁ =0 i=1,..n=1
1 4n ) A4
Q7 gmg

from which
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The optimal Xi values must then satisfy n + 1 equations

ED T " ED g
Ea.gi A ED i

g(Xi"'Xn) = S5

= 0 i=1...n

and can be found by solving them,

The procedure becomes then:

L= f(Xi...Xn) + A (g(Xi...Xn) - 88}

= 0 i=1,..n

which provides n + 1 equations with n + 1 unknowns,

The economic interpretation of the Lagrange multiplier is, that A is
the amount by which the minimum TC can be reduced by adding an additional unit
of resocurce 88, A proof is given in (8).

A brief description of the Newton Raphson's Method (12,13) with one
variable will be given here. The method with many variables will be stated.
Selving the root of an algebraic equation may sometimes become very difficult
because of the complicated expressions. This method improves an approximation
to a root of an eguation in the form £{X) = 0. Figure L shows a function

f(X). Assume that X = X, is a first approximation of a root. A tangent line
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to the curve at X = }(.n intersects the X axis at the value Xn - which is an

improved approximation to the root (by /\ x).

It can be seen that

fx)  2x)
£ (%) = 7=x "X

n n+l

£(x,)
£7(x,)

Xner = %y -

the same procedure repeated with the new approximation to get a better
approximation to the root.

This procedure continues until successive values of.the approximated root
differ by less than a prescribed small amount, EPSI, which controls the
allowance error in the root,

In the case of more than one variable and many functions, the expression

becomes:

0= 2,050 + Ay, X+ Dxpyenity + Ax) =
Ot

= £ (X.0u) *571- (Xy0eeX) VAN Hy aat

i
91,

L] . * r LI
X,

Xn) A){n + Higher orders

0=f (X +A}{1, X, +AX2,.--XH +AXn) =
Oty

=f :{ ce s & 2 KR : e
%o X) * =y (Ko X) Ax o+

9]
B 73 & ED th (Xl"'xh) éﬁ} X, + Higher orders.

4n
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Constraints in an Existing Feed Mill,

There are many constraints in an existing feed mill, associated with
equipment, money, storage, raw materials or work force. As this work i1s cone
cerned with the finished feed bins, we will analyze the constraints related to
them, There are two main constraints:

1. Total storage capacity of all bins,

2, DNumber of bins,

Each individual bin has at least three constraints:

1, Is it a pellet or mash bin or both?

This may depend on the discharging equipment, flow angles, etc.

2., Connection of the bin to the systen,

(As an example, a pellet bin may be counected only to one of many pellet
mills.)

3., 'The size of the bin,

A general constraint is that one bin can be filled only with one type of
feed at the same time, regardless of the size of the bin, (This constraint
might cause a situation in which two tons of a particular feed are in a bin of
ten ton capacity,) This constraint simply says, that until the material in
the bin has been dispatched, the bin can not be used for another material,

In addition to the classification of types of feeds to "A" group and to
"B" group, data analysis for each type has to be done, This analysis will
provide the average and standard deviation for each feed type,

From now on the "A' group feed types will be called "Assigned feeds" and
all the others "nonassigned feeds", The bins for assigned feeds will be
called "Assigned bins", The bins for nonassigned feeds will be called "nen-

assigned bins", An assumption can be made here, that every nonassigned bin
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can be used twice a day. This assumption is, of course, particular, Any
other assumption is relevant, and will not lead from the gencralization of the
problem, With this assumption and the knowledge of how many nonassigned feeds
are demanded on the average per day and in what sizes, a group of bins have to
be reserved for them, Another need for bins is for mix-up, A mix-up bin is
used for material produced not according to the formulation, because of an
error made by the operator, It is to be held for reprocessing., The number of
bins for this purpose varies and is dependent on the system,
So

TS = TSA + TS0 + TSM

TSA =TS - TSO - TSM
TSA now becomes the constraint to the optimization of the total cost for all
assigned feeds,

Therefore, the formulation of the next part will deal only with the
assigned feeds and assigned bins, By mentioning assignment of bins to feeds,
it is assumed that some types will need a group of assigned bins while others
may need only cne bin,

Before formilating the problem, it is necessary to have some
assumptions:

1. The average and standard deviation of the daily demand in tons per
feed type are known,

2, The lead time is constant for each feed, (but need not be the same
for all or part of the formulas), and is dependent on the average demand for
that feed,

3. The total storage capacity available for all finished feeds in bulk

is knovm, as well as the total storage available for assigned feeds.
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L. The pfices and costs for each feed are known, as well as the opera-
tion costs of crdering and set up,

5. None of the feeds under consideration can be omitted, The optimal
solutien has to include all feeds with nonzero values.

The size of the bin for a feed will be
BINS = X+ W+ R = X + KS + (LT)(2)

and

n n
TSA = 2 BINS = Z (xi + K, 5, + (LTi)(Zi)) .
i= i=1

Assuming that the demand during the lead time is constant, it can be

subtracted,
TSA = SS + R
n
S5 =T8A =R = z (Xi+ K 8:) .
i=1

The formulation of the problem will then become: minimize total cost where



g

n
T.C = z TC; =
i=1
n n n -
SHETNS> o F
= + S.C + :2:
E‘ 1 ci Ki 301Ces X3 EE;?
el e i=1
subject to
n
2 (%, + K,5;) = 85 ;
i=]

It is important to recognize that the constraint is one total constraint
for all assigned feeds, while the aim is to find the optimal quantities for
each assigned feed which will yield an optimal total cost of the whole system,
Of course, this formulation will not yield the optimal solution of each feed
for itself. It will yield the optimal solution for the multiproduct system,

Using the Lagrangian Multiplier for optimizing the total cost equation

subject to the constraint:

n n n n _—
23 Cpy Xy ]
- ST B T nsocas D
Jci 2 1 ci i7i¥ci Xi 2K12
i=1 i=l i=1 i=1
n

+ 2 (xi+Kisi)-ss ;

i=1



30

The unknowns are X , K, and A,

In order to optimize:

O ; N - A —-—ZiK'—'—l-*h
== R - 2
o X4 2 X 2Ky

o) g Z; X

1
— AS

aKi‘""'O':SiCiCci‘ 7 Ki3" i
a n
L- = -
Qion T ona .
iml

If n is the number of feeds involved in the total cost equation, then
there exist 2n + 1 equations with 2n + 1 unknowns., The solutien of those
equations by algebraic methods will bring six ordered equations, in which two
unlmowns are involved in each. For a small number of equations, this may be
solved by a trial and errcr method,

In this case, a numerical method was chosen, The Newton-Raphsonts Method,
for more than one variable,

In order to solve these 2n + 1 equations according to this method, the

partial derivatives of the Lagrangian become the new functions,



aL - Zj.crl 1 Zl Kl 1 "
£y = X3 ﬁ + 5 030, = ; 5+ A
9 Al
i=1,..n
o 7. ¥.
g, e W
i R A Bl K13+asi
i=1,..n

In
z (X +KS)-SS

o

There are 2n + 1 eguations with 2n + 1 unknowns,

The partial derivative of each of these functions must be taken with

respect to each (2n + 1) variable,
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As will be shown, three partial derivatives for each function supply all

needed information because each function is related to one type of feed only,

Only A and the X and K involwved in the function yield a value other than

Zero,

The general expression will then be:

afi 22J. CI‘J. Zi Ki

1
= +
Koo 3 2
o x;? 57K
a £ 2z, &,

of x®x?
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a Xy xlf? K; 3
a gi - 321 .Kl
Of x K

The general expressicn of the set of equations to be solved will be given

by:

21 Cpy . 1 1%
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1

" ¥ KBy Ky KpSp el # K Sy - 85
= 1A% + AL + 1K, + 5,\K, +...

oot 10X+ 5. Ak + 0 AN,

The set of the equations gives a symmetric matrix, which is shown in

Fig, S.
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The procedure to be used for solving this set of equations will be the
Gauss Jordan Reduction (12).

For all of the unknowns beginning trial values must be taken, The solu~
tions will be the deltas of the X;'s, K;'s and the A . Those solutions will
be added to the previous corresponding unknowvms, The end of the solution will
occur when the deltas no longer change appreciably, or when both sides of the
equalions become approximately equal and zero, The final X's, K's and the A
are the values ﬁhich optimize the Lagrangian, or more important, the total
cost equation subject to the given constraint,

. Break down of the costs for each feed together with.its total cost can
also be calculated, By knowing the X and K for each feed type, the optimal
bin size and its relations can be calculated:

For each type of feed:

optimal BINS = X + W + R

R = (LT)(2)
W o= XS
X=X

ROP =R + W.

The value of A indicates that one additional ton of storage will reduce
the total cost by the value of A in dollars per day,

In order to show how the technique works an example of two feeds will be
given,

Appendix 2 contains a computer program which provides the inventory

policy for an existing constrained feed mill,



Example of a Constrained Feed Mill,

For illustration of how the technique works, assume a feed mill has

TSA = 100 ton for two types, P and M, with the following characteristics:

Type p Type m
i ton/day Lo 20
8 ton/day 15 10
Cr' $/order 15 10
) $/ton 50 100
By %/year W ilo 10
X $/order 30 20
LT days - 0.5 0.5
Trial X ton/order Lo 20
Trial K 2 2

also EPST = 0,0001

Trial A = 1,000
The demand during lead time is
R = z{LT)

Rp = (bd)(o.S) = 20 ton/ILT
R, = (20)(0.5) = 10 ton/IT

The convuluted standard deviation in the lead time is

S = (51)\/E3;

37



= (15)/0.5 = 10.6 ton/LT
Sp = (10)j0-_5 = 7.1 ten/LT .

Total storage for lead time demand is

p
z Ry =10 + 20 = 30 ton.

i=m

Total storage available without lead time inventory:

P
5SS = TSA = 2 Ri=100-30=70 ton,
i=m

The total cost equation:

2p0p

Z Cn 2, K
o= B 4 B G+ G * i

N

nCm Xn L Zn Kn
X + 5 Clem * KnSpCnCon * XEKE
m o m

4

has to be minimized subject to the constraint
Xp + I&Jsp + Xm + Kmsm

Substituting the values,

(10)(15) , *p (50)(.10) (50)(.10)

(Lo0) (30)

inimize TC = L@ (15)
minimize "p . 360 + 10,6 Kp %0

IO

(20) (20)

5 gzoxm)(lo) + im (100)(,10) , 5 4 k 00C10) ,

2 360 360

(x ) (@)K <)
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subject to
Xp+10.61{m+xm+ 7.1 K, =170,
The Lagrangian will be,
600

+ 0,0069 X+ 0,1 K +
3 9 X, L73 %, + —=
P p

. 600

L +

200 200
# =+ 0,0139 X, + 0,198l K + ——% +

il Xn Kn

+ P{(Xp+10.6l{p+}{m+7.1}gﬂ—70).

The partial derivatives are

E)L _ 600 600
fp=-a—-i;~0'=-;-g+0.0069———2——1{—?+h
p %
E)L 1200
g = =0 = 0,1473 - + 10.6 A
R B
E)L 200 200
f = — =0 = = 0.0139 -
YRR I
aL 1,00
B = % 0 = 0GBl - e T A
oo Xy Ky
oL

LI}
(@]
n

X +10.6 K + X + 7.1 K =-170.
b j8) m it}

Using Newton-Raphsonts Method, the partial derivatives of the functions

£
0 P . 1200, 1200 . 1200 (3 4 1
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O% x’? x3x? x3 de
p P P p p
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o

Je,

aKpﬁ 3600
% %

o

3%

Q%

a?l = 10,6

e,

%

dt,

o=

Jt,

%

e,

aKm= 1200
Xmeh

s,

a7| = 7,1

.

—_— = ]

L1



&

@
ab-':

= 10.6

= 7,1

© oo oo

=0,

oA

Substituting into the 2n + 1 = 5 equations with the trial values of X, X,

K, K and A
m

3

from i‘p

_ (- 00

-1-6-6—*00069

from
gp

- ( 0.1473 -

1200

= T3600) (8}

from fm

+1A) =

AN S VAC AT VAV S PAW,

(1600 (1)

seos ¢+ 100 % * a0y

+ 10,6A) =

AR m—g%.& Ky + 0\x, + 0K, + 10,60 A

12
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200 200
- (= oo + 0.0139 - ooy &y * 1A) =
1100

“OA%*OA%*W(“%)A%+W%WA%+1A7‘

Tfrom iy

- ( 0.19838 - Iz_g%* 7.12) =

=0A%+0A%+T%%A%+%A%+7,1Aa
from h
- (4O + (10.6)(2) + 20 + (7.1)(2) - 70 ) =

= lAKp o 10.6A1(p PEVAVEER R VAVERE VAV

Arranging the equations:

-0.5361 = 0.0235 N, # 0,098 AN, + 0 ANz 0o Ak+ 1 AA
-6.9973 = 0,938 AN\ x + 5.0 0% + o A g+ 0o Ax +10.602
-0.3889 = 0 pr ¥ 0 AKP 00625 /\x_+ 0,125 Ak + 1 /A
2983 = 0 ANz o Axy 0225 ANxy #3758 D+ 11AA
25 = 1 Axp-r 10.6AKP+ 1 Ax o+ Az + o A

Checking the constraint yields:

Lo + (2) (10.6) + 20 + (2) (7.1) = 95.L # 70

indicating that the assumed values were not correct.



The Lagranglan is

1= 8.4 (0.0069)(10) + (0,1473)(2) + 3%

+ 28% + (0.0139)(20) + (0.198L)(2) + .(.2%0)%). "

+ 1 (Lo + (2)(20.6) + 20 + (2)(7.1) - 70) =
= 15 + 0,2760 + 0,296 + 3,7500 + 10, + 0,2780 + 0,3968
+ 2,54+ Lo+ 21,2 + 20 + 14,2 = 70 = 57.895.

Solving the equations, the results are:

A\ %, = -11.2883
FA K, = =0.6581
D\ x5, = -1.1605
N\ K, = -0.8410
A\ A = -0.2110

By adding the deltas to the corresponding terms, the new wvariables for
the next iteration will be:

Xp = L0 - 11,2883 = 28,7117 ten

Ky = 2 = 0.6581 = 1,3L19

Xp = 20 =~ 1,165 = 18,8355 ton

K, = 2 - 0.8410 = 1,1590

A =1=0,2110 = 0,78%0,

bl
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The new Lagrangian will then be

600 600
= » 6 28. 11 Oo 1] 10 l
L = sy + (0,00 9)(28,7117) + (0.1473)(1.3419) + (2. 7017 (39D +
200 o 200
+ == + (0.0139)(18,8355) + (0.1984)(1.1590) + %
18.8355 (18.8355) (1. 1590°)

+ 0.7690 (28,7117 + (1.3419)(10.6) + 18,8355 + (1.1590)(7.1) = 70) =
= 51,5132
which shows an improvement to the previous one,
Proceeding in this way until all the absolute value of the deltas are

less than or equal to EPSI, will take five iteratiens, The end result will

xp = 27,42 ton
K, = L.53h
X, = 16,07 ton
K, = L.Lh9
A = 1.1300
with optimal total cost of $50,L9/day.
For type p:
Lot size order = 27,42 ton,
Safety stock = K5 = 1.53h4 x 10.6 = 16,27 ton,
Stock for demand during lead time = 20 ton,
Reorder point = 20 + 16,27 = 36,27 ton.

Optimal bin size = 27.L2 + 16,27 + 20 = 63,69 ton,

Cycle per day = % = §%QH§ = 1,46,

Order cost = $21,88/day.

Carrying cost = $0,19/day.
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Safety stock cost = $0,23/day.
Out of stock cost = #9,30/day.

Total cost = #$31,60/day.

1
Probability of being out of stock = ;——'= 0.2126,

For type m:.

Lot size order = 16,07 ton.

Safety stock = K, S, = 10,24 ton,

Stock for demand during lead time = 10 ton.
Reorder point = 10 + 10,2L = 20,2} ton,

Optimal bin size = 16,07 + 10 + 10,2l = 36,31 ton,

20
Cycle per day = 3757 = L.Lhg,

Order cost = $12.15/day,

Carrying cost = $0.22/day.

$0.29/day.
$5.93/day.
Total cost = $18,89/day.

Safety stock cost

Out of stock cost

]

Probability of being out of stock = ,2382,
Check the constraint:

63.69 + 36,31 = 100 ton,

IV, The Bin Assignment
Knowing from the previous procedure the optimal bin size needed for each
assigned feed, the problem remains now of fitting those values as closely as

possible into a given situation of bins, The total number of bins, their size

and their restrictions is well lmown,
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In most cases, the optimal bin size has a noninteger value, More than
this, in most cases a combination of the sizes of a number of actual bins does
not equal the integer part of the optimal bin size. It therefore becomes a
task of "rounding" the optimal bin size to a combination near the actual bin
sizes, This fact moves the actual solution from the theoretical solution cal-
culated before, and it i1s desirable to have the actual total costs as close as
possible to the theoretical total cost.

All finished feed bins must be taken into consideration although in the
previous procedure only total storage capacity for assigned feeds was used,
The average number of nonassigned feeds demanded per day and its standard

deviation is known., Assuming that the nonassigned bins can be used twice a

day, the number of these bins is supposed to be half of the average number of
nonassigned feeds per day plus half its standard deviation. This number of
bins for nonassigned feeds has to be determined, although they have not yet
been marked for this purpose, The bins for mix-up have to be determined and
marked because they are almost depenient on the system,

The total number of bins available for assigned bins and nonassigned
bins, therefore equals the total number of finished feed bins, excluding the
mix=-up bins.

Two criteria were chosen for marking the assigned bins:

1. According to total cost per type per demand,

2, According to the probability of being out of stock.,

The procedure will be as follows:

1. List all assigned feeds with the associated total cost, demand and

probability of being out of stock,

2. Calculate for each of these feeds



t- = '_'2- i=1ccon-

3. Seguence these feeds in such an order that the largest ti will be the

first and the smallest ti the last to be assigned,

L, List these feeds according to the probability of being out of stock

when the largest probability will be the first in the list.

The assignment will be done by fitting the optimsl bin size wvalue to a
combination of bins, as closely correlated as possible to the restriction of
the bins and one priority list, The same procedure will be done with the
second priority list.

The total cost has to be calculated for each assignment., The value
closest to the theoretical one will then be the best selection, In either
case, the predetermined number of bins for the nonassigned feeds has to
remain unchgnged. The remaining bins after marking the assigned bins then
become the nonassigned bins,

The actual values of the lot size order, the safety stock, the reorder
point and the costs have to be recalculated for the actual situation, It is
assumed that the change of the K's will be so small that the theoretical K's
can be used in calculating the actual total cost,

Although according to theory there are many combinations for bin assign-
ment, according to the restriction described before, the available bins reduce
the feasible solutions to only a few,

A small computer program for calculating the actual values after the bin

assignment is supplied in Appendix 3,
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RESULTS AND DISCUSSIOH

The AMBAR Feed Mill in Israel has an annual production of about 100,000
tons (metric), The Feed Mill produces 81 types of feed, about 76% in pellets
and 24% in mash, About 80% of the sales are in bulk, the remainder in bags,

In order to evaluate this study, data from one month was collected., The
data is based on the sales in May, 1969, where 83L5 tons were dispatched,
This quantity is built of 2580 Semiorders, where a semiorder is a demand per
type per feed. (A customer's order may contain several semiorders.) The
company has a very limited warehouse for bagged feeds, which has not been
taken into consideration, The size of the bins is based on the average
density of the feeds. The distribution of the bins are shown in Table 2, The
total storage capacity for finished feed of 705 tons is distributed in L6 bins

with the restriction as shown in Table 3,

Table 2, Distribution of the Finished Feed Bins,

== ?%}pose Size (ton) Ngfﬁof Tins Percentage of
- Total Size
Pellets L23 27 60,00
Mash 21 1 30.35
Pellets or Mash 28 2 3.97
Mix=-up Lo 3 5.68
Total 705 tons 46 bins

It is recognized that the bin distribution does not fit the demand distribu-

tioh according to pellets or mash,



Table 3. Finished Feed Bins Characteristics,
Bin Size For For Bin Size - For For
No, Tons Pellets Mash No, Tons Pellets Mash
« 2 1 + 2L 16 +
2 1L + 25 10 Mix up
3 1 + 26 9 "
L 1L + 27 18 +
5 1 * * 28 18 *
6 1 + * 29 18 +
7 1k + 30 18 +
8 1 + 31 20 +
9 1 + 32 20 +
10 U Mix up 33 20 +
11 i + 3l 20 +
12 i + 35 9 +
13 1 + 36 9 +
L 1 * 37 16 +
15 1 + 38 16 +
16 1k + 39 16 +
17 1 * Lo 16 *
18 1, * L1 16 +
19 i + L2 2L +
20 A1 # L3 1L +
21 16 Mix up W W +
22 16 + L5 ol +
23 16 + L6 16 +

50
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Data Processing

1, Classification of feeds,

An ABC analysis was performed and is shown in Tables ki and 5 and in
Figures 5 and 6, Table L and Fig, 5 show that 7059 tons, about 85% of the
entire production, consists of 16 feed types. Another 10% contains 15 feed
types, while the remaining 5% of the total production volume consists of 50
types. Table 5 and Fig, 6 illustrate the classification according to the
semiorders, where 19 types of feed make up about 85% of the total number of
semiorders, 12 types make up 10% of the orders and 50 types make up 5% of the
total number of semiorders.

Table 6 compares the type assigned to group A in both classifications,
Although the feed types sometimes are not sequenced in the same order, most of
the feeds contained in group A according to one classification are also in the
second group of A, It has then been decided that this study will emphasize
the 16 types of group A to be assigned feeds, Group B and C were combined to

nonassigned feeds,



Table . Classification of Feed Types by Total Téns Produced

in May, 1969,

Type Tons Percentage of Cumulative

Total Percentage
1 960, 230 k.51 11,51
2 930,880 13,15 22,66
3 583.830 7.00 29,66
L 578,740 6.93 36,59
5 577.980 6.92 L3510
6 503,340 6.03 L9.5L
7 384,140 L,60 Sh. 1l
8 370,900 h.L5 58,59
9 333.020 k.00 62,59
10 326,200 S5, 66,50
3l 323,980 3.88 70,38
12 317.120 3.80 74,18
13 282,590 3.39 71.57
i 229.730 2. 78 80,32
15 184,890 2.22 82,54
16 171.310 2.05 8L,59

YA 120550 L 86.03
18 106,410 1.28 87.31
19 90.360 1.08 88.52
20 80,060 0.96 89.48
21 61,670 : C. 7k 90,22

22 61,560 0.7L 90.96



Table l, Continuation,

Type Tons Percentage of Cumuiative

Total Percentage
23 57.690 0,69 91.65
2l 5L.060 0.65 92,30
25 50.190 0,60 92.90
26 L6400 0,56 93.L6
27 Lh.950 0.5hL 9L, 00
28 2,100 D51 9L.51
29 33.850 0.h1 . 94.92
30 32,290 0.39 95.31
31 30.6L0 0.37 95.68

R 8,200 022 95.90
33 17.650 0.21 96,11
3k 17.220 0.21 96.32
35 17.200 0.20 96,52
36 15,460 0.18 96,70
37 15,100 0.18 96,88
38 15,400 0.18 97.06
39 15,380 0.18 97.2L
Lo 12,580 @, 15 97.39
41 12,7L0 0.15 97.54
L2 12,40 0.15 97.69
L3 11,800 0.13 97.82
L4 11.0L0 0.13 97.95
Ls 10.620 0.12 98,07

L6 10.160 0,12 98,19



Table }. Continuation,
Type Tons Percentage of Cumulative
Total Percentage
L7 9.2L0 0,11 98.30
L8 8.950 0.11 98,41
L 8.100 0.10 98.51
50 7.900 0.10 98.61
51 7.620 0.09 '98.70
52 7.350 0.09 98,79
B3 6,460 0.08 98,87
5l 6.340 0.08 98.95
B 6.000 0.08 - 99.03
56 5.900 0.07 99.10
57 5.800 0.07 99.17
58 5.780 0.07 99.2L
59 5.300 0.07 g9.31
60 5.000 0.07 99.38
61 L. 600 0.06 99.4L
62 L. Loo 0.06 99.L9
63 L, 300 0,05 99.58
6l L.100 0.05 99.63
65 3.600 0.04 99.67
66 3.480 0.0k 99.7L
67 3.450 0,0k 99.75
68 2.L60 0.03 99.79
69 2.3L0 0.03 99.82
70 1,900 0.03 99.85

sk



Table L4, Continuation,
Type Tons Percentage of Cumulative
Total Percentage
71 1,800 0.02 99.88
T2 1,300 0.02 99.90
73 1,280 0.01 99.92
h 1,250 0.01 99.93
75 1.200 0.01 99.9k
76 1.200 1 0.01 99.95
77 1,000 0.01 99,96
78 1.000 0.01 29.97
19 .600 0,01 99.96
80 600 0.01 99,99
81 600 0.01 100,00

55



56

uorgbe8=1VIi0oL "JANMIOA NOILINAOdd
OL ONIQY020V NOILVYII4ISSVYID 43334 G 9 |4

JdAl

18 />>\ €T 0t o< 91 0! I

sadky 06 . sadhy ¢ sadA} 9]

uoigy 96~ uo4 G¢8 Z 0l~ uo} 660Q. %268~

o
le}

N
O

o
(@ls)
JOVINIOHdId 3IAILYINAWND



Table 5, Classification of Feed Types by Number of Semi-
Orders in May, 1969.

Type No, of Orders Percentage Cumulative

of Total Percentage
1 272 10.54 10,54
2 212 8.22 18.76
12 192 7.44 26.20
10 161 6.2} 32,4k
3 148 5.7 38.18
5 137 Sl | L3.L9
6 136 .27 18,76
L 13k 5.19 53.95
7 128 510 59.05
1 92 3.57 62,62
16 88 3.4 66.03
13 85 ' 3.29 69,32
8 80 3.10 7212
9 7 2,75 75.17
15 67 2,60 7. 77
17 61 2.36 80.13
11 55 2,13 82,26
18 3L 1,32 83.58
31 3k 1.32 8L.90

. s I 128 86.18
25 32 1,2l 87.L2
20 32 1.24 88.66



Table 5. Continuation,

Type No, of Orders Percentage Cumulative

of Total Percentage
30 23 0.89 90,52
19 23 0.89 91.41
23 19 0.7k 92.15
27 18 0.70 92,85
22 18 0.70 93.55
3k i 0.5k 9k, 09
32 10 _ 0.39 9L.L8
33 9 0.:35 94,83

2 o T 0.35 95.18
51 7 0.27 95.45
55 7 0.27 95,72
28 7 0.27 9599
35 6 0.23 96,22
67 5 0.19 96,11
L1 5 0.19 96.60
37 4 0.15 96.75
Lk L 0.15 96.90
56 i 0.15 97.05
L5 L 0.15 97.20
L7 L 0.15 97.35
43 3 0,11 97.L6
52 3 0,11 97.57
L8 3 0,11 97.68
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Table 5, Continuation,

Type No. of Orders Percentage Cumulative
of Total Percentage

81 & 100,00
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Table 6, Comparison Between Group A as Classified by Size and by Number of

Semiorders,
Flace According to Kccoraing Lo
Tons Semiorders
1 1 1
2 ) 2
3 3 12
b . 10
5 5 3
6 & g
7 i 6
8 8 I
g 9 7
10 10 1
11 11 16
12 12 »
13 13 8
i 1 9
= 15 15
1 — e 36_ ___' 85% of Total 17
o 1 | 11
% 18 : 18
2 19 : 31
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2, Demand
For cach of the sixteen assigned feeds the average demand per day and its

standard deviation in tons was found as sumnarized in Table 7.

Table 7. Average and Standard Deviation of the Demand Per Type Per Day,

Type Z Tons/Day ol Tons/Day
1 10,010 17.753
2 38.78L 15.12)
3 2k, 326 10. 729
h 2l 11k 8.773
5 2L, 082 10,250
6 20.972 12,570
7 16,006 1. 570
8 15.45) 8.122
9 13.876 5.690

10 13,592 6.L25
11 13. 500 1,122
12 13,213 10,567
13 11,774 7.603
1h 9.572 3.9k3
15 7.70L 6.314
16 7.138 © k302

In order to know how many types from either assigned types or nonassigned

types were demanded per day, the data was analyzed and is shown in Table 8,
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Table 8, Number of Assigned and Nonassigned Types of Feeds Demanded Per Day.

Day Number of Number of
Assipgned Feeds Nonassigned Feeds
1 13 6
2 15 16
3 16 2
L 15 1
& 13 15
6 16 13
7 15 19
8 i i
9 15 ‘ 7
10 1 16
1, | 16 11
2 16 12
13 16 19
1y | 16 9
15 16 11
16 15 16
17 16 12
18 16 13
19 15 i
20 = 11
2l 15 13
22 1, 17
23 16 | 16
_ 2l 16 21
Total 36l 317
Average 15,16 Types/Day 13,21 Types/Day

S5.D 0.9L Tvpes/Dav 3.87 Tvnes/Dav



6l

The results indicate that almost every day there was demand for almost
all assigned feeds., The demand for the sixty-five nonassipned feeds varies
much more, The average number of different feeds per day is about 28,

The Constrained Feed Mill,

The total storage capacity for finished feeds without the mix-up bins is
705 - LO = 665 tons divided into 46 = 3 = 43 available bins, from Table 3.
Table 8 indicates that the average demand for nonassigned feeds 13,21

with a standard deviation of 3,87, Therefore, assuming each nonassigned bin

will be used twice a day, 13,21 ; 3,87 £ 9 bins will be needed for this pur-
pose, Nine bins were taken for nonassigned feeds but not yet marked., The
smallest total capacity of nine bins is 3 x 9 + 6 x 1} = 111 ton, In order to
have also some bigger bins as nonassigned bins, storage of 135 ton was taken
into consideration for the nonassigned bin, The theoretical storage available
for assigned feed, therefore will be 665 - 135 = 530 ton, distributed in 3l
bins,

It is emphasized here, that the above assumptions are specific to a given
system, while the approach is general.

Computer Program Minimizing Total Cost and Cptimizing Bin Size for Assigned
Heed,

A complete computer program is supplied in the Appendix, The user only
has to change the DIMENSION cards, All arrays are dimensioned according to
the number of types in consideration, except array A, Array A is the matrix
to be solved for the deltas, It should be dimensioned as follows:

DIMENSION A(2 = NTYPE + 1, 2 % NTYPE + 2), In order to write out the deltas
further WRITE (3,102) (A(I N ),I=1,..) statements may be added. The program

gives an echo-check for the input,
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In the first part, the input is read in, The input includes for each

type the following values: Z, C., CC_, X, 51, a trial X and a trial

T2
Tchebyseff!s constant, Iead time for each type is also supplied, The input

ineludes also a trial A and the total storage available for these feeds,

The value of CC o In the input is ELB%;_l The program computes in the second
part the standard deviation and the demand during lead time,

In the third part the functions and their partial derivatives are calcu=~
lated and the coefficients are arranged in matrix form, which will be used in
the Gauss-Jordan reduction in the fourth part, and lastly the iteration proc-
ess, In order to control the length of the run, two control statements are
supplied, The first will stop the program after 20 iterations, the second
will stop it if the deltas reach EPSI, The output contains the information of
costs and physical quantities for each feed and for the whole system,

Table 9 shows a printout of the input and output, The values for Z and
S1 are analyzed aécording to the data., Prices of the feeds were assumed to be
$100 per ton, and the yearly percentage for carrying one ton 0.10. Cr was
assumed to be $10 for mash feed and $15 for a pellet feed, K is assumed to be
two times Cn., The starting values for the X's were chosen to be near Z, the
K's equal 2 and A =1,

Table 10 shows the results of the same program except an additional unit
of storage, one ton, was added to the restriction, This has been done in
order to show the meaning of A . While in the first system TSIZE, = 530 ton,
T.Cp = $399.85 and A= 1.69, in the second on TSIZE, = 531 ton, T.C, = 398,17
which shows,

¢, - TG, = 399.85 - 398,17 = 1,68 ~ A, ,

The computer time for one set of data, with 16 types was less than 3 ninutes,
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Table 9.

AN INVENTORY POLICY FCP AN EXTSTING FEED MILL CONSRAINEC
BY STUWHAGE FOR FINJSHED FEED IN BLLK.
BY REUBEN KAL INHUOFF
INPUT DATA
NUMBER OF TYPES=1ls
TYPE LEAD TIME IN DAYS

1 0.5
2 0.5
3 0.5
4 0.5
5 0.5
6 0.5
7 0.5
8 0.5
9 0.5
10 0.5
11 0.5
12 0.5
13 0.5
14 0.5
15 0.5
TYPE DEMAND PER CRCER COST CARRYING COST SET UP COST ST.DEV.OF TRIAL TRIAL
DAY TONS $ $/TON/DAY $/CRCER DEMAND TONS X TK
1 40,00 15.00 0.6279 3C.00 17.75 31.00 2.000
2 38.79 15.00 0.0279 30.00 15.10 30.00 2.0C0
3 2433 10.00 0.0279 20.00 10.73 19.00 2.0C0
4 24.11 15.C0 0.0279 30.00 B8.77 23.00 2.000
5 24,08 15.00 0.0279 30.60 10.25 23.00 2.000
6 20.97 15.00 0.0279 3C.00 12.57 22.00 2.000
? 16.00 15.00 0.0279 30.00 14.57 12.00 2.000
8 15.45 10.00 0.C279 ’ 2C0.00 8.12 12.00 2.000
9 13.88 15400 - 0.0279 3C0.00 5.67 12.00 2.000
10 13.59 10.C0 0.02179 20.00 b.42 12.00 2.0C0
11 13.50 15.00 0.0279 3C.C0 14,12 12.00 2.000
12 13.21 15.60 0.0279 30.00 10.57 12.00 2.000
13 11.77 10.00 0.0279 20.00 T.60 10.00 2,000
14 9.57 1%.00 0.0279 3C.C0 3.94 10.00 2.000
15 T«70 15.00 0.0279 30.00 6.31 10.00 2.cCCO

16 Ta14 10.00 0.0279 20,00 4,30 10.00 2.CCO
TRIAL LAMDA= 1.CC00 .
TOTAL STCRAGE AVAILAEBLE=530.0TONS

OQUTPLT DATA
TOTAL STORAGE AVAILABLE WITHOUT LEAD TIME INVENTORY=383,0
THE CELTAS OF Xy TK AND LAMDA

-0.00002 0.00001 -0.00002 0.C0000 -0.00002
-0,00CC0 -€.C0002 0.00600 -0.£00C2 -0.00000
-0.00001 -€.C0000 -0.€0C02 -0.CCCLO -0.00002
-0.00000 -0.00002 -0.00000 -0.c0CC!L 0.£00C0
-0.£00C6 €.C0003 -0.00001 -0.C0009 -0.00001
-0.000C0 -0.$¢002 -0.£0CGCO -0.CCO0L -0.00000
-0.00001 -0.00000 0.CCCO1
TYPE SET UP AND INVENTORY SAF.STOCK 0.0.H T0TAL
ORDER COST ccsT cosT CosT cosT
1 25.62 0.33 0.47 14.41 40.82
2 25.71 0.3? 0.42 12.96 39.41
3 16.43 0.21 0.29 8.89 25.81
4 21.00 0.24 0.217 B.43 29.94
5 20,63 0.24 0.30 9.30 30,47 )
6 18.60 0.24 0.33 10.29 29.47
7 15.59 0.21 0.35 10.71 26.86
B 13.18 0.16 0.22 6.86 20,642
9 16,19 0.18 0.19 5.78 22.34
10 12,62 0.15 0.19 5.78 18,74
11 14.20 0.20 0,33 10.17 24.90 .
12 14,65 0.19 0.27 847 23.58
13 11.40 Ol 0.20 6.25 17.99
14 13.67 0.15 0.14 4.29 18.24
15 11.55 0.14 0.18 5.55 17.41

16 9.23 0.11 0.13 ) 3.99 13.45



TOTAL COSTS FOR ALL TYPES,PER DAY

Table 9., Continuation

TOTAL CCST=
ORDER AND SET UP COST=

CARRYING COST=

SAFETY STCCK COST=

BUT CF HAND COST=

TYPE

-t o o e
R B WP OO I m S WA

TYPE

DO DWW N e

10
11
12
13
14
15
16

VALUE DOF LAMDA=
NUMBER CF

LOT SIZE SAFETY
ORCER TONS STUCK

23.42
22.63
14.81
17.22
17.51
16.91
15.39
11.72
12.86
10.77
1l4. 26
13,513
10.33
10.50
10.00
T.73

CPTIMAL BIN SIZE

399.85%
260,26
3.20
"DZB
132.11
STOCK FOR
LEAD TIME
16.73 20.00
L5.C4 19.39
10.32 12.17
9.79 12,06
10.79 12.04
11.95 10.49
12443 8,00
7.96 TT72
E.T1 65.94
6.71 6.80
11.8C 6.75
9.E3 b.60
T.26 5.89
4.97 heT8
6444 3.85
4,461 3.57
60.155
57,065
3T.292
39.064
404346
39,343
35,823
27.409
26.508
24,211
32.810
29,962
23.468
20.264
20.290
15.932
1.6949990

ITERATIONS= 7

REORDER

POINT
36.73
34.44
22.48
21.84
22.83
22.43
20.43
15.68
13.65
13.50
18.55
16.44
13.14

9.76
10.29

8.20

CYCLE
fOAY
1.71
1.71
1.64
1.40
1.38
1.24
1.04
le32
1.08
1.26

- 0495

0.98
lal4
0.91
0.77
0.92

CHEHYSHEV
TR
1.333
1.409
1.360
1.578
1.489
l.344
1.207
1.386
1.674
1.478
l1.182
1.315
1.350
l.786
1.443
l1.522

PROBABILITY
LEO OOUOH
0.2814
0.2520
0.2705
G0.2007
0.2254
0.2767
0.3434
Q.2602
0.1785
0.2289
0.35719
0.2890
6.2742
0.1568
0.2401
0.2159
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INPUT DATA

IN

% & & 8 ® 8 4 6 & v B 8 s = &
VMmoo Vo d sta e

AODOO0OCOCOC0CO0DOOOOO

NUMBER OF TYPES=16
TYPE LEAD TIME
1 .

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
TYPE CEMAND PE
DAY TCNS
1 40.00
2 38.79
3 24,33
4 24a11
5 24.08
& 20,97
1 16.00
B 15.45
9 13.88
10 13.59
11 13.50
12 13.21
13 11.77
14 9.57
15 7.70
16 T. 14

TRIAL LAMDA=

1.0000

YOTAL STCRAGE AVAILABLE=S31.0TONS
QUTPLT CATA
TOTAL STCRAGE AVAILABLE WITHOUT LEAD TIME

THE CELTAS OF X,

TYPE

-
O D= D WA e

Pttt el g
W A e

16

=-0.00005
~-0.000C0O
~0.00002
-0.00000
-0.00006
-0.C0CC0
-0.00002

SET UP AND
ORDER COST

25.512
25.63
16.37
20.93
20.56
18.54
15.54
13,13
l6.14
12.58
14.16
14.60
11.36
13.62
11.51

9.20

Table 10.
DAYS
ORDER COSY CARRYING COST SEY uP COST
$ $/TON/DAY $/CRCER )
15.00 0.0279 ic.Co
15.00 0.0279 30.00
10.00 0.0279 20.00
15.00 0.0279 30.00
15.00 0.0279 30.C0
15.00 0.0279 30.00
15.CQ 0.027% 30.00
10,00 0.0279 20.C0
15.00 0.0279 30.00
10. 00 0.0279 20.00
15.00 0.0279 30.00
15.00 0.0273 30.00
10.0C 0.0279 20.00
15.00 0.0279 3. 00
15.00 6.0279 30.00
10.00 0.0279 20.00
INVENTORY=384.0
TK AND LAMDA
0.G0000 -0.00004 -0.0CC00
-0.C0003 -0.00000 -0.L0003
~C.C00CO -0.C0C02 -0.CCC0D
-0.00002 -0.0CC00Q -0.C0C02
C.C0002 -0.00002 -0.C0000
-0.C0002 -0, 00000 ~0.00002
-C.CN000 0.0C001
INVENTORY SAF.STOCK (C.0.H TOTAL
CCsST caost cosT CCsT
0.33 0.47 14,32 40465
0.32 0.42 12.88 39.24
0.21 0.29 8.83 25.70
0.24 0.27 8.38 29.82
0.25 0.30 9.24 30.34
0.24 0.33 10.23 29.34
0.22 0.35 10.64 26475
0.l6 0.22 6. 81 20.33
Q.18 0.19 S T4 22.25
0.15% 0.19 5.74 18.66
0.20 0.33 10.10 24.79
0.19 0.27 B.42 23.48
0.l4 0.20 6.21 17.92
0,15 0.14 4426 18.16
0.14 0.18 5.51 17.34
c.l11 0.13 3.9¢6 13.40

ST.DEV.DF
EMAND TONS
17.75
15.10
10.73
2
10.25
12.57
14.57

8.12

5.67

6.42

l14.12
10.57

7.60

3.94

6.31

4.30

-0,00003
=-0.00000
-0.00002
-0.00000
-0.00002
-0.00000

TRIAL
X
31.00

- 30.00

19.00
23.00
23.00
22.00
12.00
12. 00
12.00
12,00
12.00
12.00
10.00
10.00
10.00

10.00

68

TRIAL

TK
2.000
2.000
2,000
2.000
2.000
2.000
2.000
2.000
2. 000
2.000
2.000
2.0C0
2.00C0
2.000
2.000
2.000



Table 10. Continuation

T0TAL COSYS FOR ALL FYPES,PER DAY
TOTAL COST=
DRDER AND SET UP COSI=

CARRYING COST=

SAFETY STOCK COST=

OUY CF HAND CUST=

TYPE

—
O D= S W -

—
-

e e
[« JRY QN R TE N N

16

VALUE OF LAMDA=
NUMBER OF ITERATIONS= 7

LAOT SIZE SAFETY
ORCER TONS STOCK

23.50
22.71
14.86
17.28
17.57
16.97
15,44
1l.76
12.90
10.80
14.31
13.57
10.36
10.54
10.04

T.76

OPTIMAL BIN SIZE

398.17%
259.38
3.21
4.28
131.29
STOCKX FOR
LEAD TIME
16416 20.00
15.C6 19.39
10.33 12.17
9,80 12.06
10.€1 12.04
11.597 10.49
12.45 B8.00
T.97 T.72
6,72 6.94
6.72 6.80
11.82 6.75
9.84 6.60
T7.27 5.89
4.98 4.78
645 3.85
4.63 3.57
60,258
574163
3T.357
39.137
40.421
39.417
35,892
2T.460
26,562
24.318
32.874
30,022
23.514
20.308
20.334
15.965
1.6818150

REORDER
POINT
36.756
34446
22.50
21.86
22.85
2245
20.45
15.70
13.66
13.51
18.57
16.45
13.15

9.7
10.30
B. 20

CYCLE
fDAY
1.70
1.71
l.64
1.40
1.37
1.24
1.04
l.31
1008
1.26
0.%94
0.97
1.14
0.91
0.77
0.92

CHEBYSHEV
K
1.33%
l.411
1.362
1.580
l.491
1.346
1.208
1.388
1l.676
1.480
1.184
1.317
1.352
1.788
Lo445
1.524

PROBABILITY
LE. C.0.H
0.2805
0.2512
0.2697
0.2002
0.2248
0.2759
0.3424
0.2594
0.1740
0.2283
0.3569
G.2882
0.2734
0.1564
042395
0.2153
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Bin Assignment,

Table 11.

Table 1l. Priority Lists for Assignment,

70

Using the resulis from Table 9, the priority lists can be built in

T.C
Type Pellets Z o ‘T List 1 | Probability | List 2

or Mash Ton/Day &/Day 5/Ton Priority Priority
1 P 40,00 140,82 11,0205 15 0.281L L
2 P 38,79  39.41 1,0160 16 0.2520 9
3 M 24.33  25.81  1,0608 1 0.2705 7
L P 24,11 29,94 1.2211 13 0,2007 i
5 P 24,08 30,47 1.,265L 12 0.2254 12
6 P 20,97 29,47 1.L053 g 0.2767 5
7 P 16,00 26,86 1.6788 6 0,343k 2
8 M 15.45 20,42  1.3217 11 0,2602 8
9 P 13.88  22,3Lh  1.6095 7 ~ 0.1785 15
10 M 13,59 18,7k  1.3790 10 0.2289 11
11 P 13,50 24,90  1.8LLL L 0.3579 1
12 P 13.21 23,58 11,7850 5 0.2890 3
13 M LYY ¥.9% 15285 8 0,2742 6
1 P 9.57 18,24 1.9060 2 0.1568 16
15 P 7.70  17.41  2,2610 1 0,2401 10
16 M M 13,45 1.8838 3 0,2159 13
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Table 12 illustrates two bin assignments, according to priority list 1

and 2, In both cases nine bins remain for the nonassigned types,
Table 12, Bin Assignment According to the Priority Lists,
Type Pellets Tneoretical Bin assignment Bin assignment
or Mash Bin Size Pricrity list 1 Priority list 2
1 P 60,155 2h 4+ W+ 1+ 9 =61 20 + 20 + 20 = 6D
2 P 57,065 W+ 1+ 1o+ 1 = 56 2l + 18 + 1 = 56
3 i 37.292 16 + Uy + 1L = Nk W+ U+ 16 =Ll
L P 39.06L 20 + 18 = 38 o+ 1+ 1h = 42
5 P L0.3L6 Ly + 2b 3 = L2 W+ 1+ 1 = L2
6 P 39.343 2l + 1 = 38 2L + 1y = 38
T - P 35,823 18 + 18 = 36 18 + 18 = 36
8 M 27,409 U+ 1 = 28 U + 16 = 30
9 P 26,5008 U, + 14 = 28 U+ 14 =28
10 M 2k, 271 16 + 1 = 30 16 + 1 = 30
11 p 32,810 18 + 1 = 32 18 + 1l = 32
12 B 29.962 20+ 9 =29 20+ 9 =29
13 M 23,468 16 = 16 U + 1 = 28
1 P 20,26l 20 = 20 20 = 20
15 P 20.2%0 20 = 20 1, =1
16 M 15.932 16 = 16 16 = 16

It can be seen from Table 13 that the total cost for the two assignments

differ slightly.,

The assignment according to the probability of being out of

stock is closer te the theoretical optimal solution and therefore will be the

selection,



Table 13,

MOCIFICATICN OF TOYAL COSY AND LCT SIZE ORCER AFTER BIN ASSIGNMENT

BY REUBEN KALIN-CFF

TYPE TOTAL COST LCY SIZE ORDER BIN CAPACITY REURDER PUINT SAF.STOCK CYC/ DAY

i 39,37 244316 61.0C 3¢.68 1&.68 l.64
2 41.30 21.561 56.0C 34.44 15.04 1.80
3 18.01 21.516 44,.CC 22.48 16.32 = 1.13
4 31.87 16.159 3g.oc 21.84 .79 1+49
5 27.91 19.168 42.0C 22.83 10.79 l1.26
b 31.94 15,569 3g.CC 22.43 ’ 11.95% 1.35
7 26.57 15.565 36.CC 20.44 12.44 1.03
8 19.47 12,317 28.CC 15.68 Ta496 l.25
9 20.C8 14,348 28.CC 13.65 6.71 0.97
1C 12.43 16,495 30.CC 13.5¢C 6.71 0.82
11 26435 13.449 32.0¢C 18.55 11.80 1.C0
12 25434 12.567 29.0C 16.43 F.83 1.05
13 63.98 2.860 16.CC 13.14 1.25 4.12
14 18.70 10.239 20.0C 9.7¢ 4.98 0.93
15 17.92 g.712 20.0C 10.29 6a.h4 0.79
16 12,34 1.802 16.CC 8.20 4.63 0.92
TOTAL CCST FOR GROUP A FEEDS IN THIS ASSIGAMENT= 434,55

TYPE TOTAL COST LCT SIZE CRDER BIN CAPACITY REQRCER POINT SAF.STUCK CYC/ DAY

1 41.09 23.269 60.CC 36.73 16.73 1.72
2 41.30 21.561 56.CC 34.44 15.04 1.80
3 18.C1 21.516 44.,0C 22.48 10.32 1.13
4 25.70 20.159 42.0C 2l.84 9.79 1.20
5 27.91 19.168 42.CC 22.83 10.79 1.26
& 3l.94 15,569 38.CC 22.43 11.95 1.35
7 26457 154565 36.0C 20.44 12.44 1.03
8 16.83 14.317 3C.CC 15.68 T.36 1.08
9 20,08 14,348 28.0C 13.65 6.71 G.97
1€ 12.43 1644195 310.0C 13,50 6.71 0.82
11 26435 13.449 32.CC 18.55 11.80 1.0C
12 25.34 12.5617 29.CC 16.43 9.83 1.05
13 12.68 14.860 28.4GC 13.14 T.25 0.79
14 44,68 4.239 14.0C 9.76 4.98 2426
15 46.30 3.712 14.CC 10.29 betd 2.07
14 12,34 T.6802 16.0C 8.2C 4.63 0.92

TOTAL CCST FCR GRCUP A FEEDS IN THIS ASSIGANMENT= 430.52
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The nonassigned bins therefore will be:

Number of Bins Form Size (tons) Total
1 P g 9
5 M 16 80
1 PM 1L 1
2 P 17 28
9 bins 131 tons

The actual total costs as well as the actual physical quantities are illus-
trated in Table 12,

Figures 7, 8, 9, 10, 11 and 12 illustrate the relation of some variables
as a fﬁnction of the demand. Any one of those pairs of graphs shows the

variable as a function of the demand before and after the actual assigning,
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EXPLANATION COF PLATE I

Fig., 7. Actual reorder point as a function of the demand per day.

Fig. 8, Optimal reorder point as a function of the demand per day,
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EXPIANATION OF PLATE II

Fig. 9. Actual bin size as a function of the demand per day.

Fig., 10, Optimal bin size as a function of the demand per day.
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EXPIANATION (F PLATE IIT

Fig. 11, Actual lot size order as a function of the demand per day,

Fig., 12, Optimal lot size order as a function of the demand per day.
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SUMMARY

Optimizing the use of storage for finished feeds in bulk was the aim of
this study, Classification of the types of feed according to an ABC analysis
proves that about 20 percent of the number of types handled in the feed mill
dominate about 85 percent of the production and inventory storage. These high
volume feed types were treatéd separately from other feeds, in order to opti-
mize their operational needs, The total storage available for these feeds
becomes a constraint for the inventory of these feeds,

In order to minimize total cost an Inventory Control model under uncer-
tainty was buillt with a constrained storage capacity. This model was solved
by use of a Lagrange Multiplier and the nonlinear equations by Newton-
Raphson's numerical method, The result is the optimal total cost and the
physical quantities subject to the constraint, together with an optimal bin
size for each type of feed under consideration., The actual bin assignment was
done according to restrictions depending on the system and according to two
priority criteria, The best actual inventory policy for finished feeds in
bulk was calculated,

The approach of building the model is general and can be used for a
general feed mill, Data of a specific feed mill was evaluated and the problem
was solved according to its specific restrictions, A computer program for the
optimal solution is supplied, Length of the computation was less than three
minutes for 16 types, The computation of actual assignment takes about ten
seconds per set of 16 types,

As a result of this study, the production manager is given a decision
rule for the main question he faces: when to produce a type of feed (from

this group of feeds) and how much to produce,
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SUGGESTIONS F(R FURTIER RESEARCH
More detailed study of the exact classificaticn of types as A4, B or
C. A simulation study would show the effect on cost of placing the
cut=off point for the A=-types at B80S or 90% rather than the 85% which
has been suggested in the literature and which was used here,
Study of an Inventofy—Control model for finished feeds under risk by
use of the actual demand distribution functions,
Development of a mathematical tool for the actual bin assignment
itself, after the optimal bin sizes were found by the methods pre-
sented in this study,
Study of the various effects of the lead time by inserting the bin
assignment into a feed mill model (such as by simulation techniques)
in order to study the production behaviour and its relationship to

the assignment,
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Set-up Cost (C,.) (2)

In general set-up cost is simply the ceost of the lost time during set-up,
Within the feed mill it would be the time lost in making the necessary
changes to produce a new formula when it has been producing a different one,

Whenever a change of formula occurs or even with the same formula but
changing the shape of the final product (mash, pellets, crumbles) or changing
from bulk to bags, some time is spent in setting the equipment so the new
formula can be produced at full capacity. This operation is called "set-up",
and the cost is the set-up cost.

Deriving the set-up cost involves determining the period of time spent
between the time the scheduled production of the current formula is finished
and the time the mill is producing the new formula at its regular capacity,
Once this period of time is determined and knowing the cost per hour of the
mill (labor, utilities, depreciation rates, etc.), the set-up cost is derived
by multiplying the set-up time times the cost per hour,

Set~up cost for similarly processed forrmilas would be the same. In other
words, independent of the formula itself if two formulas are produced in the
same way (pellets in bulk or mash in bags, for example) they will have, on the
average, the same set-up cost., By the same token, variation on these condi-
tions will vary the set-up cost. |

There are several operations that have to be made in changing formulas in
a feed mill, The set-up time will be computed on the "bottle~neck" operation;
that which will take more time in setting the mill up, since almost all of

them can be made simultaneously.
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In general time losses may occur at the following points,

Check if major ingredients are available in the ingredient bins, If
not, order transfer from storage bins or warehouse of the quantity
needed, Set grinders and grind if it is necessary. (Usually in
normal operation this should have been done before the formula
change. )

Check availability of minor ingredients, premix, etc. | same observa-
tion as in (a) .

Check if the flow from ingredient bins to final destination of the
mix is clear, JSet the flow, spouts, canveyors,letc. For bagged

feed: Arrange for availability of bags, labels, etc, For bulk feed:

Set spouts and flow to the desired bin., For pelleted or crumblized

feed: (1) change pellet mill die if it is necessary, (2) empty
cooler, (3) set feed rate, steam rate, temperature to get optimal
capacity in pellet mill and optimal pellet quality, and (L) fill

cooler,

Only careful time studies can determine the extent of the time losses in

an actual mill,

Cost of Being Qut-of-Stock (K)

The out-of-stock cost is the cost of net carrying inventory, There are

several situations to consider in regard to this cost. If an order for some

amount of a particular feed arrives at the mill when this is out-of-stock:

a,

If the customer is willing to wait the time required to fill the

order, and the mill is not running gg_hours per day, the order could

be filled by overtime production, The regular production schedule

could be interrupted in order to make room for the particular order,
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and of course, overtime is needed to recuperate the normal produc-
tion., Or the order could be run directly in overtime without inter-
rupting the regular schedule. In any case the out-of=-stock cost (K)
would be: (Overtime production cost + set-up cost for interrupted

normal schedule), The overtime production cost can be easily calcu=-

lated, and usually amounts to the regular production cost plus the

additional percentage of labor cost due to overtime.

Set-up cost was explained above,

b,

C.

If the customer is willing to wait some time to get his order filled
but the mill is running 2, hours per day, the oraer could be lost
(this case is discussed later), or the production schedule should be
interrupted to make room for that particular order, In this latter
case, recuperation of the lost production could be done over the
week-end with its consequent costs (overtime cost plus set-up cost),
or lost production could be carried on indefinitely with risk of
going out-of-stock in other formulas and losing additional orders.
Assuming that the mill is running 2L hours, seven days a week, or if
the customer is not willing to wait for his order te be filled in a
given time, This depends on the emergency of the order itself from
the customer's point of view, (Animals could starve, for instance,)
In this case, the sale will be lost because the customer will go to
some other feed supplier to get his order, The cost of out~of-stock
would be then, the profit lost due to not making a sale,

But usually this is not all because a customer who has found one
or more out-of-stocks in one given formula, will become less likely

to return and therefore, the customer will be lost, It could happen
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that a particular customer usually buys not only the formula we have
been talking about, but several others.

Thus, the cost of out-of-stock would be the profit lost due to not
making all possible future sales in the different formulas the lost
customer used to buy., It is very difficult to measure this cost and
perhaps it could only be established by estimation, The way to do
this is by establishing a policy of permissible percentage level of
out-of-stocks, one out-of-stock in a hundred times or one in a A

thousand times for example.



APFENDIX 2,

Computer program for optimal bin assignment.

90



O Wb N e

—
00 m=

$J08
c

c
Cobokis

Caeeddy
CHedaus
Cooxkns
Coatdknx
CAt ks
CH®rkkn

RK,TIME=S

OPTIMAL DBIN ASSIGNMENT.

BY R. KALINHOFF.
NTYPE= NUMBER OF YYPES.
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TCC= TOTAL COST.

ORCC= TOTAL COST OF REGULAR ORDER AND SET UP.
CACC= TOTAL CARRYING COST.

STCC= TOTAL SAFETY STOCK HCLDING COST.

OHCC= TOTAL OUT OF STOCK COST.

FOR TYPE (K)e. tEEE LRSS SRS EE R
Z{K)= AVERAGE DAILY DEMAND.

TLT(K)= LEAD TIME ,DAYS.

CRIK})= ORDER AND SET UP COST.

CC(K)= CARRYING COST PER DAY OF A TON,
FK{K)= FIXED COST FOR SPECIAL ORDER AND SET UP.
TKIK)= CHEBYSHEV CONSTANT. '
SD{K)= STANDARD DEVIATION CF DAILY DEMAND.
S{Kl= CONVULUTED STANDARD CEVIATICN,

X1(K}y= CAPACITY OF BINS.

X(K)= LOT SIZE ORDER.

ORC{K)= ORDER AND REGULAR SET UP COST.
CAC(K)= CARRYING COST.

STCI{K)= SAFETY STOCK COST.

SSTOCK(K)= SAFETY STOCK,TONS.

OHC{K)= OUT OF STOCK COST.

TC(K)= TOTAL COST.

ROP(KI=REORDER POINT,TONS.

R(K)= DEMAND THROUGH LEAD TIME.

TT{(K}= CYCLES PER DAY.

P{K)= PROBABILITY TC BE OUT OF STOCK.
BIN{(K)= BIN CAPACITY NEEDEC.

DATA ARRANGING  #&dkdk%
CARD = NUMBER OF SETS.
CARD NTYPE.

LEAD TIME FOR EACH FEEC.

TSIZE.

SLAMDA,
ZyCRyCCyFK4SDy X TKy FOR EACH FEED.

CARD
CARD

LEAD TIME
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DEMAND,

DIMENSTON Z(16),CR{16}+sCCULE6)+FKILE)sS{161+X(16),TKIL16),A(33,34)
DIMENSION ORC(16)sCAC(16)¢STC(16),0HC(16},TC(16)
DIMENSTIOUN SSTOCK(16)sROPI16)9yRIL1E)TTIL6)4P(16),SDI16)+BIN(16)
DIMENSIOUN TLT(16)
20 FORMAT(F5.2¢F5.24F64443F5.,24F5.3)
25 FORMATHULIH 42X91295K¢F5429BXeF5e2¢8X9F6:49BXoF5.2¢9XsF5.2¢4XsF5.2,2
1X4FS5.3)
30 FORMATI(6F1l4.4)
40 FORMATI(FT7.4)
50 FORFMATI(FS.1)
60 FORMATI(2F14.5)
70 FORMAT(1H ,°'VALUE OF LAMDA=',Fl4.7)
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13

14

15
16
17
18
-19

20

21
22
23
24

25
26
27
28
29
30

32
33
34

35
36
37

39
40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
€0

61

€2

92

BO FORMATILH 22X41294X F5.296XgF4a2yTXoF442+6X F6424TX9F5e292X4F5.2)
91 FORMAT(LH 4 *TYPE',2Xs*SET UP AND" 42X, VINVENTORY" 42X, ' SAF.STOCK® 42X
1y '0.0,H* 36X, "TOTAL")
92 FORMAT{LH ,6X,"0CROER COST' 44X ,*COST TX,*COSTY,6Xy*COSTY,TX,*COST?
1)
102 FORMATI(5Fl4.5)
111 FORMAT{1H ,*INPUT DATA'}
112 FORMAT(1H ,*NUMBER OF TYPES=',12)
113 FORMAT(I2)
114 FORMAT(LH ,*TYPE',2X,'DEMAND PER®,2X,*0ORCER COST',2X, *CARRYING COS
LT ' 2Xo"SET UP COSTY 42X *SToDEV.OF ' 44X, *TRIALY 42X, *TRIAL®)
115 FORMAT(LIH +6X,"DAY TONS®B8Xs"$7,BX,y"$/TON/DAY" 46X, '$/0RDER" 44X, 0E
LMAND TONS® 34X 4" X? 35X, *TK")
117 FORMATIIH L *TRIAL LAMDA=',F7.4)
118 FORMAT(LIH o*TOTAL STORAGE AVAILABLE=",F5.1,'TONS"}
119 FORMAT(LH ,*0OUTPUT DATA?') ‘
120 FORMAT({1H ,*TOTAL STORAGE AVAILABLE WITHGUT LEAD TIME INVENTORY=?',
1F5.1)
121 FORMAT(1H ,"THE DELTAS OF X, TK AND LAMDA*}
122 FORMAT(1H ,*TOTAL COSTS FOR ALL TYPES,PER DAY')
123 FORMAT(1H »*TOTAL COST='4F10.2,'%")
124 FORMAT(IH ,*ORDER AND SET UP COST=1',F10.2)
125 FORMAT({1IH ,*CARRYING COST=',F10.2)
126 FORMAT(1H o*SAFETY STOCK COST=',Fl0.2}
128 FORMAT{1lH ,*'0UT OF HAND COST=',F10.2)
129 FORMATIULIH ,°'TYPE' 12X, 'LOT SIZE" 2X,*SAFETY",2X,*STOCK FOR'*,2X, *REQ
IRDER® 42Xy *CYCLE " 42Xy "CHEBYSHEV® 42X, *PROBABILITY'}
130 FORMAT(1H 45X, '0ORDER TONS'2X,*STOCK' 42X+ 'LEAD TIME® 43X, ' POINT? 4%
Ly ' 7DAY Y 36X "TK* 37Xy "LEe Oo0ok')
131 FORMATILIH 42X31293XsF5e2¢5XsF50294X9F54295X93F5.214X9F%e294XsF5.3,
IinF-?o[i) t
132 FORMAT(1H ,*NUMBER OF ITERATIONS=',]12)
123 FORMAT(1H +2Xs0248XsF7.3)
134 FORMAT(LIH ,*'TYPE',2X,'OPTIMAL BIN SIZE")
135 FORMATI(LIH o'TYPE',2X,'LEAD TIME IN CAYS')
136 FORMAT{IH 41X412410XyF5.1)
222 FURMATI(1H »"AN INVENTORY POLICY FOR AN EXISTING FEED MILL CONSRAIN
LED*)
223 FORMAT(1H ,10X,'BY STORAGE FCR FINISHED FEEC IN BULK.?!)
224 FORMAT(IH ,20X,*BY REUBEN KALINHOFF')}
WRITE(3,222)
WRITE(3,223)
WRITE(3,224)
READ(14113) M
MO=0
2C00 WRITE(3,111)
MO=MO+1
NO=0
EPSI=0.6001
READ({1,113) NTYPE
WRITE(3,112) NTYPE
WRITE(3,135)
DO 77 K=1¢NTYPE
READ(1,450) TLT(K)
77 WRITE(34136) K,TLT(K)
WRITE(3,114)
WRITE(3,115)
N=2%NTYPE
Nl=N+]
N2=N~1
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t4
€5
€6
&7
&8
€9

70

71
12
13
14
75
16

17
78
19
£0
81

g2
83
84
€5
86
87
€8

89
90
91
92
93
G4

85
96
S7
98
99
1Co

101
1C2
103
1C4
1C5
1C6

107
1C€8
1C9
110

111

112

113

N3=N1+1
RR=0.
READ(1,50) TSIZE
READ(1:40) SLAMDA
DO 7 K=1,NTYPE
READ(1,201 Z(K) ,CR{K) CCUK} yFKIK) 4SCIK) 2 X (K)o TKI{K])
WRITE(3425) KeZ{K)eCR(K)COCTKY yFKIK}¢SDIK) o X(K)yTKI(K)
CHa¥xxxCONVULUTED STANDARD DEVIATICN.
SIK)=SCIK}*SQRT(TLT{K))
Cradaxs%{ EAD TIME DEMAND.
RIK)=Z{K)1*TLT{K}
RR=RR4+R {K)
T CONTINLUE
55=TSIZE-RR
WRITE{(3,117) SLAMDA
WRITE(3,118} TVSIZE
CAd3%%e ARRANGING OF THE COEFFICIENTS MATRIX ®*¥&s%%
DOlI=1,NL
DD2J=]1,N3
All.J)=0.
2 CONTINUE
1 CONTINUE
CH#¥¥xkkELEMENTS OF DIAGONAL,OCD COLUMNS,0CD ROWS.
100 K=1
NO=NO+1
DO31=14N2,2
J=1

AllyJ)=2%Z (K)*CRIK)/X(K}*23+Z(KIFFK{K)/Z(XIK)EEIXTK{K)*%2)

K=K+1
3 CONTINUE \
CHa32¢dkcl EMENTS OF DIAGONAL ,ODD ROWSEVEN COLUMNS.
K=1
DO4I=1sN242
J=l+]
Al J)=ZIK)EFKIK)ZIXIKY ¥R 2&TK(K) %%3)
K=K+]
4 CONTINUE
CHa%uxxELEMENTS OF DIAGONALLEVEN RCWS,0D0 CCOLUMNS.
K=1
DOSI=24N1,2
J=I-1
Al J)=2Z(K)RFKIK)/IX{K)*%2*%TK(K)%%3 )
K=K+1
S CONTINUE
Cod%ex%ELEMENTS OF DIAGONALEVEN RCHWS+EVEN COLUMNS.
K=1 :
DO 6I=29N1f2
J=1
AlToJ)=322(K)*FKIKY/IXIK)ETKIK)®R%y)
K=K+1
6 CONTINUE
CH33 %% LEMENTS IN COLUMN N1,0DC RCWS.
J=N1
DO8I=]1,4Ny2
All,J)=1.000
8 CONTINUE
C*o¥ex*ELEMENTS IN COLUMN N1,EVEN ROWS.
K=1
DO 9 I=24Ne2
All,J)=S1{K)

43
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115

116
117
118
119

120
121

122
123
124
125
126
127

128
129
130
121
132
133
134
135

136
137
138
139
140
141
142

143
144
145
146
147

148
149
150
151
152
153
154
155
156
157
L58
159
1¢0
161
L&2
163
1€4

165 .

1€6

K=K+l

9 CONTINUE

CtdakxkxELEMENTS IN LAST COLUMN, {THE FUNCTION),IN QDO ROWS.

10

CH3#xxxELEMENTS IN LAST COLUMNy {THE FUNCTION), IN EVEN ROWS.

11

J=N1+1
K=1
DO10I=14Ny 2

Allod)==(-Z{K}*CRIK}/XIK)*%2+4CC(K)/2
1-ZUK)SFK{KY Z7IX{K) ¥$2%2%4TK(K)#%2)+SLAMDA)

K=K+1
CONTINUE

K=1
0011["‘2'”12
J=N1+1

ALl 3J)==(S(K)®CC(K)=2Z (K)*FK{K)}/IX{K)*TK(K)*¥3)+SLAMDA*S(K))

K=K+l
CONTINUE

C¥¥+xkk AST ELEMENT.

12

T=0.

I=N1

J=N1+1
DOL2K=14NTYPE
Q=X(K}+TK{K)*5(K)
T=T+C

CONTINUE
AlIJ)=—{T=S§S])

CHe¥%kkEL EMENTS IN LAST ROW,0DD COLUMNS.

13

I=N1
DO13J=1,4N,2
A{I!Jltln
CONTINUE
I=N1

J=1 :
A(l,+J)=0C.

Ca%kxxELEMENTS IN LAST ROW,EVEN CCLUMNS.

14

K=}
DO14J=24N,2
A{l,J)=5(K)
K=K+1
CONTINUE

CH#¥32x%PERFORM A GAUSS JORDAN REDUCTION.

201

203
204

202
200

18

D0200J=1,N1

DIV=A{Jd,.J}

$1=1.C/DIV

DO201L=J,N3
AlJyL)=ALJ,L)%S51
D02021=14N1

IF(I-J) 203,202,203
Ald==A(1,4)

DO 204L=J4N3

ACToL)=A{T LYI+ATJI*A{J,L)
CONTINUE

CONTINLE

J=N3

IFI{NO.EQ.20) GO TO 900
DO18I=1,N1
IF(ABS{A{I,N3}).LT.EPSI}) GO TO 18
GO 10 19

CONTINUE

GO TO SC0



1€7 9C0 WRITE(3,119}

168 WRITE{3,120) 5SS
CHdakx%WRITE OQUT THE DELTAX'S,K*S,AND DELTA LAMDA,.
1¢9 WRITE(3,121)
170 WRITE{3+,102) (A(TI4N3)yl=1,45)
171 WRITE(3,102) (A(I,N3),41=6,10)
112 WRITE(3,102) {(A(I,N3),I=11,15)
173 WRITE{3,102) (A{I4N3),4I=16,20)
174 WRITE(3,102F (A(I+N31s1=21425)
175 WRITE(3,102) {A(L,N3),I=26,3C)
176 WRITE(34102) (A({I4N3),I=31,N1)
177 TCC=0.
118 ORCC=0.
179 CACC=C.
180 STCC=0.
181 OHCC=0.
182 DOZ21K=1,NTYPE
183 ORC{K)=0.
184 CAC(K)=0.
185 TC{K)=0.
186 STC(K)=C.
187 OHC(K i=0.
188 TTI{K)=0.
189 21 CONTINUE
150 WRITE(3,91)
191 WRITE(3,92)
152 DOLT K=1,NTYPE
193 ORCIK)=Z(K}*CR(K)/X{K)
164 ORCC=0RCC+0ORC({K)
185 CACIK)=CCIK)*X{K) /2,
156 CACC=CACC+CACIK)
197 STC(K)=TK{K)*S({K}*CC{K)
198 STCC=STCC+STC (K)
169 OHC(K}=Z [K)*FK{K)/(X{K)*¥2%TK(K)*%2)
2C0 OHCC=CHCC+OHC (K}
201 TC{KI=0RC(K)+CAC{K)+STC(K)+0OKC(K)
202 TCC=TCC+TC{K)
203 WRITE(3,80) K+DRC(K)sCAC(K}STC{K),OHCI{K)4TC{K)
2C4 L7 CONTINUE
2C5 WRITE(3,122)
206 WRITE(3,123}) TCC
207 WRITE(3,124) ORCC
2C8 WRITE(3,125) CACC
2C9 WRITE(3,126) STCC
210 WRITE(3,128) COHCC
211 WRITE(3,129)
212 WRITE(3,130)
213 DO33K=1+NTYPE
214 TTIK)=Z(K)/X(K)
215 SSTOCK(K)I=S{K)*TK({K)
216 ROP{K)=SSTOCKIK }+R({K)
217 P{K}=1e/ (2 %TK{K)*%¥2,)
218 WRITE(3¢131) Koy X{K)ySSTOCKIK)yRIK} yROPIK) yTTIK) o TK(K) 4P(K)
219 33 CONTIANUE
220 WRITE(3,134)
221 DO35K=1,NTYPE
222 BIN(K)=X(K)+R(K)+SSTOCKI(K)
223 WRITE(3,133) K¢BIN(K)
224 35 CONTINLE

225 WRITE(3,70) SLAMDA



226 WRITE(3,132) NO

227 GO TO $99
C¥¥¥%%%AND THE DELTAS TO THE CORRESPONDING VARIABLES.
228 19 K=1
229 DOL1SI=14N,y2
230 XIK)=X{K)+A(]I,4J)
231 K=K+1
‘232 15 CONVINUE
233 J=N3
234 K=1
235 DO16I=24N,y2
236 TK{K)=TK{KI+A(l,4J)
237 K=sK+1
238 16 CONTINUE
239 SLAMDA=SLAMDA+A(N]1,N3)
C*9%%¥G0 TC NEXT ITERATION.
240 GO TO 1000
CHdxkEkMAKE SECOND RUN WITH NEW DATA.
241 S99 IF(MO.EQ.M) GO TOD 888
242 G0 TO 2000
243 £88 STOP

244 END
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C ACTLAL BIN ASSIGNMENT,. 98
C
L BY R. KALINHOFF.

CradxkENTYPE=NO. OF VYPES.

CRATRRXTLTIK)=LEAD TIME,

C2A22x0%TC(K)=TOTAL COST FOR TYPE K.

CHA %% 7 {K)VAVERAGE DAILY CEMAND FCR TYPE K.
CA42+x%kCR(K)=0ORDER AND SET UP CCST FOR TYPE K.
Cita%¥%xCCIK}=CARRYING COST PER DAY OF A TCN CF TYPE K.
CAdedkxfFK (K)=FIXED COST FOR SPECIAL SET UP AND ORDER OF TYPEK.
CrH2xx3TK [K)=CHEBYSEV CCNSTANT FOR TYPE K.
C#4%%*&SP(K}=STANDARD DEVIATION OF DAILY CEMAND FCR TYPE K.
CA4#%%%S(K)=CINVULUTED ST. DEV. FOR TYPE K.

CHe X ] (K)=CAPACITY COF BINS ASSICNED TC TYPT K.

CAA 3% {K}=L0OT SIZE ORDER FOR TYPE K.

CaadexkR(K)=CEMAND THROUGH LEAD TYINE FOR TYPE K.
CH*a%xx¥ROP(K)=RECRCER PCINT FUR TYPE K.
CEA4%*%SSTCCK(K}=RESERVE STOCK FOR TYPE K.
C*42#¥%xFT(K}=CYCLES PER DAY.

Ca#%+%TCC=TCTAL COST PER CAY,

CaskxkxxN=NUMBER OF DATA SETS.

Cra4xxaM=COLNTER FOR N,

c ARRANGING OF INPUT DATA.
C ONE CARD = NUMBER CF DATA SETS.
C FOR EACH CATA SET---
o ONE CARD = NTYPE,
C NTYPE CARDS = TLT.
o NTYPE CARDS ON EACH Z,CR,CCyFKsSCoX1yTK.
DIMENSION TC(16)4Z(16)3CRUL6I+CCU16)4FK(L16)yTKILE),SO116},5(16)
DIMENSION X{16),X1{16)}4ROP(1E),R{16)4SSTOCK(L6)
DIMENSION TT(16),TLT{16)
1 FORMAT(I2)
2 FORMATU(//7,2X+"MODIFICATION CF TOTAL COST AND LOT SIZE ORDER AFTER
1 BIN ASSIGNMENT?) '
3 FORMATIT12}
4 FORMATUIF5,2,F5.2+F6e413F5.2,F53)
5 FCRMAT(FS5.1) :
6 FORMAT(IH 42X912,5XyF6e238X1F6.3310XF5.2710X1F54298X9F54295XsF542
1)
7 FORMAT(///+2X,*TOTAL COST FOR GROUP A FEEDS IN THIS ASSIGNMENT=!,F
110.2)
8 FORMAT(//742X, 'TYPE®,2X,'TCTAL COST*,2X,'LAT SIZE ORDER',2X,'BIN CA
1PACITY?y?2X, *REORCER POINT',2X, "SAF.STOCK® 2%, 'CYC/ DAY')
9 FORNAT(///,20X,*BY REUBEN KALINHCFF')
WRITE(3,2)
WRITE(3,9)
REACI1,1) N
M=0
$99 M=M+1

REAC(1+3) NTYPE
DO 1C K=1,NTYPE
READ(145) TLTIK)
1C CONTINLE
WRITE(2,8)
DC1S5K=1+NTYPE
READ(144) Z(K)oCRIK)CCUK) 4FKIK) ySCUK) 4X1(K)TK(K)
SIKI=SC(K)*SQRT(TLT(K])
RIKY=Z(K)XTLYIK)
SSTOCK(K)=TKIK)*5(K)



28 X{K)=X1(K)-RIK}-SSTOCK(K)

29 IF(XIK).GT.0.) GO TU 20 99

ag X{K)=X1(K} :

21 SSTOCK (K1=0.

32 R{K)=X{K)

EE 20 ROP(K)=R(K)+SSTOCK(K)

2y TTIKI=ZL{K)/X{K)

35 15 CONTINUE

36 TCC=C.,

a7 DO13K=1,NTYPE

28 TC(K)=C.

a9 13 CONTINUE

40 DClaK=14,NTYPE ,

41 TCIK)=2{K)%CRIK)I/XIK)+X(K)#CCIK) /2. +TK{K)*S{K)*CCIK)+FK(K)I*Z(K)/
IX(KI*2 % TK (K)%%2)

42 19 TCC=TCC+TC(K)

43 WRITE{3,6F KyTCUK) 9 X(K) yXL(K)sROPIK)SSTCCK(K) ,TT{K)

44 14 CONTINLE

45 WRITE(3,7) TCC

46 IF(M.EC.N} GO TO 10GO

47 GO TO %9

48 1CCO STOP
49 END
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Increased sales rate of feeds, failure in initial design and other
effects cause in some cases the finished feed bins in a feed mill to become a
constraint, A careful analysis of the demand will show that a small number of
feed types dominate the production and the inventory, while a large number of
feeds occupy a relative small production requirement and storage capacity. It
is not justifiable to treat éll types of feeds in the same manner, The high
volume feeds should be treated separately according to an Inventory Control
policy which will optimize the total cost of production and storing.

This study suggests a method, in which the high volume feeds will be
treated in a policy which will take care of the average demand and its fluc-
tuations, but not on the actual demand for "tomorrow", The low volume feeds
will be preoduced whenever an order for them arrives, An Inventory-Control
model under uncertainty in the Q system was built, The optimal total cost
equation for this model has to be solved subject to the total storage capacity
available for all of the high volume feeds, Solving this model will yield an
optimal bin size, lot éize order and safety stock as well as reorder point for
the high volume feeds, According to the limitation of feeds and bins, the
optimal results have to be fitted inte a given bin system in order to assign
the feeds to bins.

The analytical solution to the model has been done using a Lagrange
Multiplier, while the numerical sclution has been done by Newton-Raphson's
method, Two computer programs are supplied for the calculations. The cptimal
solution was computed in less than three minutes for 16 types, and the actual
assignment in less than ten seconds, As a result of these computations, the
production manager is given a decision rule in order to know when and how much

to produce of each of the high volume feeds.



