
Inventory control has become a ~ c  extensive fieLd of 

the operations Research investiyations ~pecially after tne 
wide w e  of computers in this field. Althougn mo~t-~bTf.-the 
literature was devoted to inventory control probhD.9 in 

industry and commerce, neglecting its application to agric- 

ultural inventories. 'l'herefore, the undertaken pager deals 
with the application of inventory control models to agric- 

ultural inventories. 

Ifhe paper considers the application of inventory con- 
trol models to the stocking of insecticides, wheat, flour 
(sxfera and normal), and animal foods. In addition, the 
various developed inventory model6 are xcsviewed, laying emp- 
hasis on the mdeLa that suit the situations sf the pmaent- 
ioned agricultural inventories. 

2ne undertaken research, a h a  at Einding out tne inventory 
control models appLieable 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 eacn inventory 
item of the agricuLtura1 inventories under consideration. 
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I1he Study May Include: 

1. Yne method of stocking the item. 
2, The system of providence and consumption. 

3. 'Ioe importance of tne item and effect of 

its shortage. 

4. Yne proaaDilities of spollage and deterioration 

according to tne time of stocking. 
5. 'the statistical Uistrioutron of tne demand. 

It remains then to fit the adequate model for eacn 

~ ~ 

item according to the prementioned atudies. 

One of the most important objectives of the paper 

is to overcome the difficulty of computation associated 

witn the inventory models specially those including tne 
.,,sybstitution of complicated statistical drstr~butions and 
.. tne corresponding raatbexnatical treatment. 'Phis is perf armed 
throu@a developing campucer programs ready to 06 used for 

diffpqent . , situations of applications. 'i'nus enabling attain- 
ing we effect of changing different factors i.e., for sen- 
sitivity crt' the program with respect to different factors 
involved in eacn case of application. 

Needless to say, tne main objective of m e  paper is to 
ampnaaiqe that the tecnniques of uperations Hesearch in 
general and inventory control tecnniques in particular are 
applac&le to the field of agriculture exactly as well as 

in industry and commerce (1). 

Inventory control models can De class~fled generally 
into two categories; the first is the category of determin- 

stic models, An which tne demand or̂  certain item is specrf~c- 
ally known with certainity. It may oe constant allover ule 

periods, therefore, the problem is to determine the optimal 
reorder qudntity ( S O U ) .  Un the other hand it may vary 
from period to anotner (known in each period), in this case, 

oy n e  w e  of dynamic programming reconique, the optimum 
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reorder point and optimum reorder quanti ty can be determ- 
ined, Y h e  second is the category of p robabi l i s t i c  inventory 
models, i n  which the  demand is a random variable w i t h  known 
or  unknown probabil i ty d i s t r ibu t ion  function.-Althougn, the 
input and lead time may be random variable with probabil i ty 
d i s t r ibu t ion  or  it may be determinstic variables. 

The d e t e d n s t i c  models are  mostly famil iar  and widely 
handled In  several  references. Thus the  undertaken paper 

lays emphasis on the probabi l i s t i c  inventory models. 

to: 
1 - 

2 -  

The probabi l is t ic  inventory models are c l a s s i f i ed  mainly 

Single period model, i n  which the problem is t a  deter- 

mine how much of a s ing le  i t e m  t o  have on hand at the 

begining of the period t o  minimize the t o t a l  purchase 
cos t ,  ending inventory nolding cos t ,  and stock out cost. 
This model can be applied t o  tne stocking of seasonal 
products and stocking of short-lived pelishable items. 

Multi-period moclels, dealing w&m invenQoty s i tua t ions  
where the i t e m  xnust be recorded priodically. There are 
b w b a l l y  two types of multi-period modelat 
a) Continuous review models. 
D )  Periodic review models. 

In the continuous review models, time is t rea ted  as 
a continuous variable and it is assumed Llat  a replenish- 
ment order occurs whenever the inventory leve l  reaches 
the  recorder point. While i n  the periodic review modets, 
a reorder decision is permitted t o  occur only a t  a f ixed 
in te rva l s  of time, 

Many authors, handled the d i f fe ren t  inventory models with 
d i f fe ren t  assumptions. rircnibnled and kiilver*' studied the 

(s, S)  pol ic ies  for: continious review and d i sc re te  compound 
Poisson demand. Gross and riarrieWY described the development 



of continious review (s, S )  inventory model with complete 
backordering and state-dependent, stQfAastlC lead tines. 

Hadley and whithin13 analy& the complete backlogging 
and l o s t  sales f o r  Poisson demand and any dis t r ibut ion of 

rrylenishtnent time.' Gall iher,  Plorse. and ~ i m o n d * ~  studied 
the  complete backlogging case under s tu t t e r i ng  Poission 

demand. Gross and kiarris*' analysed the  backlogging case 
f o r  Poisson denrand but allow replenishment tine t o  depend 
on the l eve l  of unf i l led demands. 

The application of continuous review models depends on 
the  inventory system si tuat ion.  continuous review models 
can be applied in inventory systems i n  wnich the stocking 
leve l  is of great  importance, so the inventory leve l  can 
not be checked a t  constant: in tervals  as the demand may exceeds 
the inventory leve l  a t  any period. Continuous review models 
w i l l  be applied to coiatrol the inventory leve l  required f o r  
the stocking of s t r a t eg i c  goods such as wheat and f lour ,  where 
i t  is impoosi&le t o  pnnit snortage i n  inventory. In  addition 
the models a m  applicable f o r  s i tuat ions  of high probabilistic 

dBrnM9. 

Yrobai?ilistic Inventory rdodels: 

In  these ao&ia, .+he demand is a random variable,  d i sc re te  
or continuous, dtia ?cnown ox unkn~wn p r o b w i l i t y  d i s t r ibu t ion  
function. The most f ami1iau':golicy of these models is tne(s  ,S ) 
policy, where s is the optirlruln reorder point and S is the 
optimum inventory leve l ,  hence. the optimum amount t o  order 
is 

!A 3 5 - 9  

This m d e l  considers the inventory problem of stocking 
an i t e m  of one period (Long or  shor t ) .  The model therefore 
s u i t s  the  case of stocking insect ic ides ,  where the insec t i -  
cides are  used f o r  the protection and t o  remedy crops against 



insects,  To avoid the immunity generated against a cer ta in  
insecticide,  the insect ic ide m u s t  be changed every season, 
otherwise it looses its effectiveness. 

The s ingle  period model is  based on the following ass* 

p t i a  : 

1. The demand f o r  the product is a random variable. 
2. hro backordering is permitted ( u d i l l e d  demands are l o s t  

sa les  ) . 
3. The delivery r a t e  is inf in i te .  
4. Lead time is zero. 
5. costs  are associated with placing an order, inventory hold- 

ing cost ,  and shortage cost. 

The expected tot;al inventory cost  can be expressed by : 
OIL 

~ ( T Z C ) =  CO + c3 (mi - mi) + cl/ (UTL - X) e ( ~ )  ax 

Where: 
x e I)ematid i n  the given period. ' 

Probability dis t r ibut ion function of demand. 
~ & u l a t i v e  dis t r ibut ion funcfion of demand. 

Desired inventory leve l  a t  the s t a r t  of the period. . . 
Inventory on hand before placing an order. 
Ordering cost  per order or  setup cost/setup . 
Inventory holding cost/unit per un i t  time. 
Purchasing cost/unit or  production cost/unit. 
Shortage cost/unit out of stack. 

The inventory leve l  t ha t  w i l l  minimize the expected 
0 .  

t o t a l  inventory cost  is the value of t h e  desired inventory 
level  (~IL) such that: 



The value (C4 - C ) / ( C  + C4) i n  equation ( 2 )  represents 
3 1 

the p r o b a b ~ l i t y  o i  ao stockout when the  given i t e m  is stocked 

a t  the  optimal U I L ,  Utherwise; 

C1 - Cj 
I? (x, u ~ L )  = 1 - &' (uIL) = C1 - C4 ..............( 3 )  

represents the probabil i ty of a t  l e a s t  one stockout. 

I f  tne  demand is a d i sc re te  random variable,  tne summat- 
ion s ign is used instead of integration srgn and then the 

optimal desired inventory leve l  is the smallest value of DIL 

suon that: 
Cq - Cj 

P(xID1L) = Y W I L )  P CI - Cq ................( 4) 
The data  representing the demand of a ce r ta in  kind of 

insecticides ( U y m i t w i t )  which was obtained f r a  tne Bank of 
Uevelopent and Agricultural c r ed i t  of Shebin EL-Kom Governorate, 
reveals t h a t  the demand follows tne normal distr ibution.  This 

lneane t h a t  f ( x )  i n  equation (1) ehould be substituted by the  
probabil i ty density function of fne normal distr ibution.  A com- 

puter program i s  developed t o  over corn the corqglexity of t he  
computation giving m e  optimum stock Level at uae begining of 
the  season which minimize the expected t o t a l  inventory cost. Tne 

program f a c i l i t a t e s  Ue camputationa a t  d i f fe ren t  levels  of 
ordering cos t ,  holding cost ,  and snortage cost. 

2 .  Multi-Period Models: 

'l'nese models deal  with inventory s i tua t ions  which involve 
a product t ha t  must be reordered periodically, The reordering 
may occur a t  any in te rva l  of time within the  cycle tune ,  the 

models i n  t h i s  case are  cal led continuous review models. On the 

other hand, the reordering may occur a t  f ixed in te rva l s  of time, 
which is cal led periodic review models. 

1. Continuow Heview Models: 
These models can oe applied t o  the  stocking of all  

the s t ra teg ic  goods (wneat dnd f l ou r  i n  our study) i n  



which the  stocking l e v e l  can not  be checked pe r iod ica l ly  

as the  demand may exceed the  reorder point  r e s u l t i n g  i n  

ahortage which is unpermissable i n  the  s t r a t e g i c  goods. 

I n  addit ion the models are su i rab le  f o r  the s i t u a t i o n s  o f  

hign p r w a b i l i s t i c  demands. The cant imous  review models 

a r e  based on the following assumptions: 

1. Uemand i s  a random var iable  ( d i s c r e t e  o r  continuous) 
w i t h  known o r  unknown probab i l i ty  d i s t r i b u t i o n  fun- 

ct ion.  

2. Lead time may p e a  random Variable (d i sc re te  o r  con- 
tinuous) with known o r  unknown probabi l i ty  d i s t r i b u t -  

ion  o r  it may be deterininstic- 

3. The d i s t r i b u t i o n s  of deamnd and lead  time do not  
change from cycle t o  cycle. 

4, Delivery r a t e  may be i n f i n i t e  ( a complete order  is  
received at one t ime) or i f  may be 24nite  de l ivery  
ra te .  

5. cycle time is t h e  number of u n i t s  cat time between twc 

successive orders. 

6. The planning period is one year. 

7,  Backordering i s  probable, but  i n  the appl ica t ion  of 
this model t he re  w i l l  be a high safty stock t o  over- 

come shortages. 

u. An annual expected demand is given, 

9. Costs a re  associated with placing an order ,  holding 

inventory, and stock out  costs .  

The models a re  formulated and mathematically t r e a t e d  i n  
such away t h a t  one can determine the  optimal reorder point  (s) 
and the  optimal reorder quant i ty  (u) that minimize the t o t a l  

cost.  I n  what follows the  models a r e  explained i n  some 

d e t a i l .  



Model 1 Pixed Heorder Point-r'ixea Keorder uuantity 
Avudel. 

' in i s  model can be one of tne two models i l l u s t r a t eu  ar. 

Pig .  (I) where Pig. (1-a) represents fixed reorder po~nz-lu.,.' 

sc~ordrr q u a t i t y  model with l n f i n i t e  delivery r a t e  (complts~~ 

o r u - r  rs r e  eived a t  one t i m e ) .  'Sheref ore by s u b s t ~ t ~ t i r r g  LCL 
R 

raCm Y = ( i n  the Formula of reorder qAant i ty )  equhl u 
l'd 

yives  the optimum reorder aquantity f o r  model (1-a). v~nl- ie  

fig. (1-b) represents tne f ~ x e d  reorder point-~ixed reordec 

quantity model with f i n i t e  delivery r a t e  (delivery occurs L-i. 

ing a c e r t a m  period of time td). 

The expected t o t a l  inventory cost  can De expressed as r'c. 

O W 9  : 

5Loo (y-s) h(y)] ....... ( 5 )  
+ C 4 Q  Z 

Y==s 

tixpected demand per uni t  of time. 

axpected demand during lead time. 
(,qL =  in case of constant Lead time. 

Lead t ine.  

demand during lead time. 
Uistribution xunction of demand during lead time. 

Keorder point. 

huaber OL cycles. 
Order q u a r r t y .  

- (where nc is m e  conswaption r a t e ,  Ad is toe 

delivery r a t e ) .  

Ordering cast  p r  order. 

xnuaL inverlrory holdlng cost .  



Cg - Purchase cost  per i t em.  

Cq - Shortage cost/unit  out of stock. 
AOC- Average ordering cost. 

UIHC- Expected annual inventory hdlding cost. 

EASC - Expected annual. shortage cost. 

E'I'AIC- Expected t o t a l  annuai i;~ventory cost. 

Where H(Y) - Cumulative demand dis t r ibut ion during lead 
time. 

TAe optimal S and U values must be such that the  prob- 

a b i l i t y  t h a t  the  demand during lead time is  greaeer than s 
is (9) 

C4H 

Where: 

& M ( s )  = Expected number of stockouts per cycle 

=' ( Y - S )  n(y)  dy continious 
s 

The optimal values of s and U must s a t i s f y  equations 

( 6 )  and ( 7 )  simultaneously. 

Model 2 Continuous Keview Model With Fixed and Known 
Lead Time. 

The expected ' to ta l  annual ihventory cost  per un i t  of 

time can be expressed as follows: 



T 
b- Finite delivery rate ( Y # 0) 

f1G. 1 S.+OU TILU ckuw! 
optimum reoreder p i n t  

y n ~pt irtu .~~  order quatitY 

L = Lead time IS P delivefy time 
kdp Average ~~nsumption rate 

T = Cycle time 
S.P 3 Safty stock 

n> AVBTage deliverY rate 

i S .r 

'Sd 

TIME 

4 t 

T C 



2 Co 1% 
Optimal V =r 

2 C ~  + M(L f - 9 (y-s) n ( y )  ..*..(Q) 
y > s  

Define the  cumulative demana u ~ s t r i b u t i o n  as 

Y 
h(y) H(Y) = ... .. (10) 

Then the  optimal s is the smal les t  in t ege r  such 

t h a t  

H ( S )  3 H . . . . . (11) 
2 5  U 

Where kt C1&+ 2C4M 
...** (12) 

The order  quant i ty  U and the  reorder p i n t  s a r e  

optimal i f  they simuLtaneously s a t i s f y  equations ( 9 )  and ( l o ) .  

Tne minimum expected t o t a l  annual, inventory c o s t  is 

given by 

The continuous review models were applied t o  con t ro l  the 
stock level, of wheat and f lour .  The data abtained from the 
provisional  department i n  Shebin EL-nom, representing the  
demand of wheat and normal f l o u r ,  reveals  that the demand f o l l -  

ows the negative e x p n e n t i a l  d i s t r i b u t i o n s a n d  that the demand 
of e x t r a  f l o u r  follows me normal d i s t r ibu t ion .  Tinis means chat 

h ( y )  should be subs t i tu ted  by the probab i l i ty  dens i ty  functkon of 
of negative exponential d i s t r i b u t i o n  i n  case  of wheat and nor- 

mal f l o u r  and subs t i tu ted  by tne  p robab i l i ty  dens i ty  funct ion  
of the  normal d i s t r i b u t i o n  i n  the  case of f i r s t  c l a s s  f l o u r .  

Computer programs were developed f o r  s i n g l e  period model 
and continious review models (model 1 and model 2 ) .  The program 

of model L was provided with a subroutine t o  determine the 

d i s t r i b u t i o n  of demand during lead  time h ( y )  by simulation if 



it is unknown. figures (2) and ( 3 )  illustrates the flow 

charts of the computer programs. 

The following notations to Qe used in tte flow chart: 

CO - Ordering cost. 
C i  - xnventory holding cost/unit p x  unit time. 
C3 - Purchase cost per uni t .  

C4 - Shortage cost/unzt out of stock. 
IOri - Inventory on kind aekcjre placlny an order. 

HIGX - Maximurn dwana. 
LOWX - Miniraurn demand. 

P - Probability cienslty Lunct~on of demand x .  

Cur' - Cumulative distrlbutlan function of demand x. 

uZL r bersired inventory level at the start of the 

period. 

UZCS'L'A~ - opebum desired inventory level. 
A - Critical value for de~eraining if an order 

should be placed. 
STHHIvlU - Pxpected t;otal cost as a function of dwnanu 

and UXL, CU. 

'J!&Y'PAW - &xgectfxi total c o s ~  as a function of d&nand 

and OIL, 
r\A - Annual expeecad ciauand. 

- Where KC is me .dnsumption rate, KD is tne Y =, 
delivery race. 

hN'I'Y - lvumber of ddiff erent values of demand during 

lead time. 
tfSl%LC(Y) - P r w a b i l i t y  distribution function of demand dur- 

i ng  lead t i m e .  

HLWIW(Y)  - Cumulative dis t r i imtion function of demand dur- 
ing lead time, 

Y - Uemand during lead t h e .  

YYGKOY - Probability that  CnE? danand Y is greatner than 
reorder point. 

W A I C  - ~Sxpacteci total ~ i n u a L  inventory cosc. 

KOP - Aeorder point. 
uY'A?KW - O p t i m u m  reorder po~nt, 



&PHK - Maximum order quantity. 

OY'l'u - Optimal order quantity. 

W B C Y  - ~ x p e c t e d  damand during Lead time. 

nhWN - O i f  the demand duriny lead time is unknown, 
- 1 i f  the demand during lead t h e  is known. 

uWLT - A suroutine used for the determination of d i s t -  
ribution of demand during lead t i n e  i n  wnich 

the data are the demand ( x )  and lead time (L). 
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Pig.(3) PLOW C U T  OP A CIONICl2mLpr'lS REVIEW MODEL L 



It develops from the preceding study tha t  the  model 
selected t o  be applied cshould take i n t o  consideration the  

conditibns, the  l imita t ions  and the assumptions of the  
case of application. I n  other wards, it is not allowed to 
apply any inventory model t o  a cer ta in  case withbut study- 
ing the val id i ty  of the model t o  the case. It is concluded 
also t h a t  the nearest d i s t r ibu t ion  of demand has t o  be found 
by s t a t a s t i c a l  methods i n  order t o  calculate  t o  a consider- 
able degree of approxination the economic order quanti ty and 
the  recorder point. The ordering cost  per order, the  holding 
cost  per un i t  per period and the shortage cost  per uni t  per 
period should be evaluated as accurately as possible s ince 
the f i n a l  r e su l t  of optimization depends mainly on them ev- 
aluations. 

I t  w a  found that U;re s ing le  period inventory model mat- 
Chs fne case of stocking insecticides and tne cont inuou 
teview inventory models match the case of stocking wneat 
snd f lour.  However, it is recommexKied t o  study the case of 
stocking vegetables, f r u i t s ,  seeds and f e r r i l i z e r s  i n  order 
to  f i nd  the sui table  inventory model. 
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