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ABSTRACT:

Inventory control has become an extensive field of
the operations Research investigatiogg specially after tne
wide use of computers in this field. Although most-5E.the
literature was devoted to inventory control problems in
industry and commerce, neglecting its application to agric-
ultural inventories. Therefore, thé undertaken paper deals
with the application of inventory control models to agric-

ultural inventories.

The paper considers the application of inventory con-
trol models to the stocking of insecticides, wheat, flour
(extera and normal), and animal foods. In addition, the
various developed inventory models are reviewed, laying eamp-
hasis on the models that suit the situations of the prement-
ioned agricultural inventories.

Obiectiv: and Scope of works

Pne undertaken research, aims at finding out the inventory
control models applicable tc some agricultural inventories.
This necessitates studying the different inventory models
very well, the assumptions on which each is based, the limit-
ations of application and the methods of treatment.

It is essential in addition, to study very well the
Circumstances and the nature belonging to each inventory
item of the agricultural inventories undex consideration.
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The Study May Include:

1. ''ne metnod of stocking the item.

2. ‘The systeﬁ of providence and consumption.

3. <ne importance of the item and the effect of
its shortage.

4. 1tne probapilities of spoilage and deterioration
according to tne time of stocking.

5. ‘the statistical distrinution of tne demand.

It remains then to f£it the adequate model for each
item according to the prementioned studies.

une of the most important objectives of the paper
is to overcome the difficulty of computation associated
with the inventory models specially those including the
-~sybstitution of complicated statistical distriputions and

‘. the correspending matpematical treatment. This is performed

through developing compucer programs ready to be used for
difterent situations of applications. ‘fhus enabling attain-
ing the effect of cnahging different factors i.e., for sen-
sitivity @f the program with respect to differxent factors
involved in eacn case of application.

Needless to say, the main objective of the paper is to
emphasize that the techniques of Uperations kesearcn in
general and inventory control tecnniques in particular are
applicable to the field of agriculture exactly as well as
in industry and commerce (1).

INTRODUCTION:

Inventory control models can e classified generally
into two categories; tne first is the category of determin-
stic models, in which tne demand of certain item is specific-
ally known with certainity. It may be constant allover the
periods, therefore, the problem is to determine the optimal
reorder quantity (£0Q). Un tne other hand it may vary
from period to another (known in each period), in this case,
Dy the use of dynamic programming technique, the optimum
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reorder point and optimum reorder guantity can be determ-
ined. ‘fhe second is the category of probabilistic inventory
models, in which the demand is a random variable with known
or unknown probability distribution function.-Althougn, the
input and lead time may be random varxiable with probability
distribution or it may be determinstic variables.

The determinstic models are mostly familiar and widely
handled in several references. Thus the undertaken paper
lays emphasis on the probabilistic inventory models.

he probabilistic inventory models are classified mainly

to: v .

l -~ Single period model, in which the problem is to deter~
mine how much of a single item to have on hand at the
begining of the period to minimize the total purxchase
cost, ending inventory nolding cost, -and stock out cost.
Phis model can be applied to tne stocking of seasonal
products and stocking of short-lived perishable items.

4 = Multi-period models, dealing with inventory situations
where the item must be recorded periodically. There are
baéically two types of multi-period models:

a) Continuocus review models.,
p) Periodic review models.

In the continuous review models, time is treated as
a continuous variable and it is assumed tnat a replenish-
ment order occurs whenever the inventory level reaches
the recorder point. While in the periodic review models,
a reorder decision is permitted to occur only at a fixed
intervals of time.

Many authors, handled the different inventory models with
~ different assumptions. arcnibaled and silver 4 studied the

(s, 8) policies for continious review and discrete compound
Poisson demand. Gross and Harris"¥ described tne development
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of continious review (s, S) inventory model with complete
backo:derxng and state—dependent. stochastic lead times.
#Hadley and Whithin *3 analyzed the complete backlogging
and lost sales for Poisson demand and any dLstrlbutLon of

r@plenishnent time. Galliher, Morse, and Simond *5 studied
the complete backlogging case under stuttering Poission
demand. Gross and Harris*4 analysed the backlogging case
for Poisson demand but allow replenishment time to depend

on the levél of unfilled demands .

The application of continyous review models depends on
the in?entory system situation. Continucus review models
can be applied in inventory systems in wnich the stocking
level is of great importance, so the inventory level can
not be checked at constant intervals as the demand may exceeds
the inventory level at any period. Continuous review models
will be applied to control the inventory level required for
the stocking of strategic goods such as wheat and flour, wherxe
it is impossible to permit snortage in inventory. In addition
the models are applicable for situations of high probabilistic
demand.

Ptobabilistic 1Inventory Modelss

In these modela. the demand is a random variable, discrete
Or continuous, w:th‘known-or unknown probability distribution
tunct;on- The mnst famllxar'polzcy of these models is the(s,S)
polxcy, where s is tne optxnum reoxrdexr point and S is the
optimum inventory level, hence, ‘the optimum amount to order
Q =8 -3

1. Single~Pexiod Model:

This model considers the inventory problem of stocking
an ‘item of one period (Long or short). The model therefore
suits the case of stocking insecticides, where the insecti-
cidesvaxe used for the protection and to remedy crops against
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insects. To avoid the immunity generated against a certain
insecticide, the insecticide must be changed every season,
otherwise it looses its effectiveness.

The single period model is based on the following assum—

ptions:

1.
2‘

3.
4.
2.

The demand for the product is a random variable.

No backordering is permitted (unfilled demands are lost
sales).

The delivery rate is infinite.

Lead time is zexo.

Costs are associated with placing an order, inventory hold-
ing cost, and shortage cost.

The expected total inventory cost can be expressed by :

DIL
E(TIC)= Co + ¢, (DIL = IOH) + le (DIL = x) £(x) dx
. . ‘ A
. o0 , ,
+C4/ (X"DIL) F(X) dx .n.odthc‘nlcl‘.o.(l)

DIL

where:

X = Demand in the given period.

f(x)s’Prbbability distribution function of demand.

F(x)= Commulative distribution function of demand.

DIL = Desired inventory level at the start of the period.
IOH = ih?entoty on hand before placing an order.

C, = Ordering cost per order or setup cost/setup .

'Cl = Inventory holding cost/unit per unit time.

03 = Purchasing cost/unit or production cost/unit.

C Shortage cost/unit out of stock.

%

4
The invéhtory level that will minimize the expected

total inventofy cost is the value of the desired inventory
level (DIL) such that; '

P (X$DIL) =F(DIL) = -_c-'"—*—c" : .............-..(2)
: T 1¥%
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The value (C, - C3)/(Cl + ¢,) in equation (2) represents
the probability of no stockout when the given item is ztocked
at the optimal DIL, Otherwise;

€3 7 S5
P(x>WIL) = 1 - & (DIL) = s - csecssssssancasall)
1 )

represents the probability of at least one stockout.

If the demand is a discrete random variable, the summat-
ion sign is used instead of integration sign and then the
optimal desired inventory level is the smallest value of DIL
such that;

€4 =S5
P(x<s DIL) = F(DIL) > T -7 sesessscnnvanass{d)
1 4

The data representing the demand of a certain kind of
insecticides (Dymitwit) which was obtained fraom the Bank of
Levelopment and Agricultural credit of Shebin EL-Kom Governorate,
reveals that the demand follows the normal distribution. This
means that £(x) in eguation (1) should be substituted by the
probability density function of the noxmal distribution. A com-
puter program is developed to over come the complexity of the
computation giving the optimum stock level at the begining of
the season which minimize the expected total inventory cost. The
program facilitates the computations at different levels of

ordering cost, holding cost, and snortage cost.

2. Multi-Period Models:

Tnese models deal with inventory situations which involve
a product that must be reordered periodically. The reordering
may occur at any interval of time within the cycle time, the
models in this case are called continuous review models. On the
other hand, the reordering may occur at fixed intervals of time,
which is called periodic review models.
l. Continuous Review Models: '
These models can be applied to the stocking of all
the strategic goods (wheat and flour in our study) in
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which the stocking level can not be checked perjodically
as the demand may exceed the reorder point resulting in
shortage which is unpermissable in the strategic goods.
In addition the models are suitable for the situations of
high probabilistic demands. The continuous review models
are based on the following assumptionss

1.

4.

6'
7.

8.

9.

Demand is -a random variable (discrete or continuous)
with known or unknown probability distribution fun-

ction.

“Lead time -may bea random variable (discrete or con-

tinuous) with known or unknown probability distribut-
ion or it may be determinstic.

‘fhe distributions of deamnd and lead time do not
change from cycle to cycle.

Delivery rate may be infinite ( a complete order is
received at one time) or it may be finite delivery
rate. ,

Cycle time is the number of units of time between two
successive orders.

The planning period is one year.,

Backordering is probable, but in the application of
this model there will be a high safty stock to over-
come shortages.

An annual expected demand is given.

Costs are assoclated with placing an order, holding

inventory, and stock out costs.

’The models are formulated and mathematically treated in
such away that one can determine the optimal reorder point (s)
and the optimal reorder quantity (W) that minimize the total
cost., In what follows the models are explained in some

detail.
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Model 1 Fixed Reorder Point-fixed Reorder Wuantity

Model.

This model can be one of the two models illustrated in
Fig. (1) where £ig. (l-a) represents fixed reorder point-Lixc:
feorder quantity model with infinite delivery rate (compliete
orcder is received at one time). Therefore Dby substituting onec
ratio ¥ = K§ (in the formula of reorder yuantity) equai u
gives the optimum reorder aquantity for model (l-a). wnile
Fig. (1-b) represents the fixed reorder point-fixed reorde:
quantity model with finite delivery rate (delivery occurs wui-

ing a certain period of time tj).

The expected total inventory cost can be expressed as Zo.

ows:
ETAIC (S, @) = AQC + EAIHC + EASC
M Y -
= Cy Q"f cl[s + 5 {1 ~) ML]
v, B13° (y-s) h(y)] ceeneen(5)
y=3
wheres

M =~ kxpected demand per unit of time.

My - kxpected demand during lead time.

(ML = M.L). in case of constant lead time,

L - Lead time.

¥ - demand durinyg lead time.

h(y)=- Uistribution function of demand during lead time.
8 =~ Reorder point.

~ Number oL cycles.

[’}
@ = Order gquantity.
K
v - ﬁg_ (where = is the consumption rate, Ry is the

d ‘delivery rate).
C =~ Ordering cost per order.
¢, - Annual inventory holding cost.
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¢y - Purchase cost per item.

C, - Shortage cost/unit out of stock.

AOC~ Average ordering cost.

EAIHC- Expected annual inventory n01d1ng cost.
EASC - Expected annual shortage cost.

ETAIC~ Expected total annual ilventory cost.

B[Efmzcasgs, )l _ 0 gives

. ¢, @

P(Y?S) = "H(S) 'C"""T l-o--..-.(G)
&
Where H(Y) - Cumulative demand distribution during lead
time.
The optimal S and ¢ values must be such that the prob-

abzllty that the demand during lead time is greater than s
is ( _-L-)
4M

sferazc (s o W) - o gives
du

Optimal Q nJE%T%‘W [co + c?f&ms (s)]]....u(’l)

Where:

ENS(s) = Expected number of stockouts per cycle

Qo
=y£% (y=-s) hiy) “-  discrete

oo . L
=7 (y=s) n(y) dy continious

The optimal values of s and @ must satisfy equations
(6) and (7) simultaneocusly.
Model 2 Contimious Review Model With Fixed and Known

Lead Time.

The expected total annual 1nventory cost per unit of
time can be expressed as follows:
o M. .
BIAICS c, Q +CyMt C) ( - ML +s) + 35(C L+ 2C,) g’:’s(y-s)n(y)
Q.C.l..l(a)
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‘ | [\ l ) TIME
b T - b
a= infinite delivery rate (kd = 00s ¥ = 0)
4 5P0CK LEVEL '
S.8
TIME
T
T .
b~ Finite delivery rate (v# ©)
FIG., 1 STOCK CIME CHARY
s = Optimum reoreder point @ = Optimum order gquantity
L = Lead time . P = delivery time
¢ = Cycle time r%= Average consumption rate
S.F = Safty stock K= Average delivery rxate.
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wifi} al .
S(BTAIC) = Q gives.

ag
2. ¢ m 2c,
optimal 4 = | —g>— + M(L + =) °% (y-s) n(y) .....(9)
1 : 1 y>s

Define the cumulative demanda uistribution as

Y .
z e e
H(Y) = 2 A(y) (10)
Then the optimal s is the smallest integer such
that
H(S) 2 R seeas{ll)
2¢, w ‘
Where R = .l ol ClML T 2C4M. sesse (12)

The order quantity ¢ and the reorder point s are
optimal if they simultaneocusly satisfy eguations (9) and (10).

Tne minimum expected total annual inventory cost is

given by

. , C,L Q0

dinimum ETALIC = CyM n//gclu c°+(n%~ *64) §5s(y-n) h(y)+C, (s~rL)
*aeeres(l3)

The continuous review models were applied to contrel the
stock level of wheat and flour. The data obtained from the
provisional department in Shebin EL~Kom, representing the
demand of wheat and normal flour, reveals that the demand foll-
ows the negative exponential distribution and that the demand
of extra flour follows the normal distribution. This means that
h{y) should be substituted by the probapbility density function of
of negative exponential distribution in case of wheat and nor-
mal . flour and substituted by the probability density function
of the normal distribution in the case of first class flour.

Computer programs were developed for single period model
and continious review models (model 1 and model 2). The program
of model 1 was provided with a subroutine to determine the
distribution of demand during lead time h(y) by simulation if
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it is unknown. Figures (2) and (3) illustrates the flow
charts of the computer programs.

The following notations to be used in the flow chart:

Co -~ Ordering cost.

cl =~ Inveniory holding cost/unit per unit time.

C3 - Purchase cost pexr unit.

C4 - Shortage‘cost/unit out of stock.

I0H = Inventory on liand belore placing an order.
HIGX = Maximum demand.

LOWX -~ Minimum demand. .

PDF = Probability density function of demand x.

COF = Cumulative distribution function ©of demand x.
VIL « Dersired inventory level at the start of the

period.
UILSYAR = Optimum desired inventory level.
A - Critical value for determining if an oxder

should be placed. .
SPARMU - Expected total cost as a function of demand
. ' and WIL, CO.
PESEMU - kxpected total cost as a function of dewand
- . and DIL,
M = anndal expected demand.

where KC is the ~unsumption rate, RD is the

=
i

Els
1

delivery rate.
KNCY -~ humber of different values of demand during

lead time.

HSMALL(Y) = Propability distribution function of demand dur=
ing lead time. ’ i

HLARGE(Y) = Cumulative distribution function of demand dur=-
ing lead time.

Y - Uemand during lead time.

PYGROP - Probability that the demand Y is greather than
reoxder point.

BPAIC -~ Expected total annual inventory'cost.

ROP -~ Reoxder point.

UPLROP - Optimum reorder point.
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Maximum order quantity.

Optimal order quantity.

Expected demand during lead time.

0 if the demand during lead time is unknown.

1 if the demand during lead time is known.

A subroutine used for the determination of dist-
ribution of demand during lead time in which
the data are the demand (x) and lead time (L).
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Fig.(2) FPLOW CHART OF A SINGLE PERIOD MODEL

Read

¢o, C1, ©3, G4, IOH,HIGHX

LOW.X,PDF(x), CDF(x)

c4 ~C
A

C =

) C_a.lculato

E

T ~ DIL
P(X < DIL) = F(DIL) = Zx.owx

PDF(x) » ©

. DILSTAR
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.
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Pig.(3) FLOW CHART OF A CONTINUUG4S REVIEW MODEL 1

ﬁ0’01’03.04' M, ’ ,mTY,KNOWII

J
S

 (HSMAIL(d)

Call DDDLET

betd

EX PECY = ¥ x HSMALL(Y)= - yx¥P(¥=y)

yes

1

ENS (ROP) = ZTY;ROP), HSMALL (Y)

Y= RQP

yes

P(Y¥> ROP)= 1 -~ HLARGE(Y)

ROP=LISTAR

P

Q= '(E%‘i) fc?o + G4 (ENS (ROP) )] |

ROP=0PT ROP

Q=0PLQ

011'0 Q
C=WI

P(Y>2)<C OPPROP= Z

o Yo OPTROP,EQCROP

«
yeu ;

ETAIC ‘(Roy,q);co M/Q+C4= M/ntNs(Rofjwl(norm(l- a)/a-E(y))
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CONCLUSIONS & HECOMMENDATIONS:

It develops from the preceding study that the model
selected to be applied should take into consideration the
conditions, the limitations and the assumptions of the
case of application. In other wards, it is not allowed to
apply any inventory model to a certain case witibut study-
ing the validity of the model to the case. It is concluded
also that the nearest distribution of demand has to be found
by statistical methods in order to calculate to a consider-
able degree of approximation the economic order quantity and
the recorder point. The oxdering cost per ordexr, the holding
cost per unit per period and the shortage cost per unit perx
period should be evaluated as accurately as possible since
the final result of optimization depends mainly on these ev-
aluations.

It was found that the single period inventory model mat=
c¢hs the case of stocking insecticides and the continuous
‘review inventory models match the case of stocking wneat
and flour. Howavér. it is recommended to study the case of
stocking vegetables, fruits, seeds and fertilizers in oxder
- to find the suitable inventory model.
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