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Abstract: Inventory decisions in supply chain are crucial for its success. Making these decisions in inventory
systems with multiple items is a challenging task for managers. These decisions become more important for the
items with expiration date. Quadratic rate of deterioration is taken in this article. Most approaches in the
literature for optimizing decisions in such an environment consider only a single item inventory. This paper
presents a multi item inventory model to optimize the unit time profit of inventory management for the products
having an expiration date after which the product can not be sold. As on one side the shortage costs are
significant, on the other side, to maintain appropriate inventory levels for such type of products and avoid
shortages is a very problematic job. This article offers an approach for optimization and thus has business
significance.

I.  Introduction

It is important to control and maintain the inventories of deteriorating items for the modern business
environment. In general, deterioration is defined as the damage, spoilage, dryness, vaporization, etc., that result
in decrease of usefulness of the original one. In recent years, inventory problems for deteriorating items have
been widely studied after Ghare and Schrader(1963).The effect of deterioration plays an important role in the
storage of some commonly used decaying items like, breakable items, (glass, china clay, ceramic goods etc.),
radioactive substances, perishable goods etc. In these cases, a certain fraction of these goods are either damaged
or decayed and are not in a perfect condition to satisfy the future demand of customers for good items.
Deterioration in such items is continuous and time independent or time dependent and/or dependent on on-hand
inventory. A number of research papers have already been published on above type of items. Goswami and
Chaudhuri(1992) put forward a model with and without shortages by assuming a linear time dependent demand.
Bhunia and Maiti(1 998)corrected this model for its shortcomings and considered deterioration in the stock.
Singh and Singh(2009) developed a continuous production control inventory model for deteriorating items with
linear demand rate in the environment of permissible delay of payments. Tayal et al.( 2014) developed a two
echelon supply chain model for deteriorating items with effective investment in preservation technology. Singh
and Singh(2014) assumed optimal ordering policy for decaying items with stock-dependent demand under
inflation in a supply chain. Singh and Jain(2014) explored a deterministic inventory model for a deteriorating
item in an inflation-induced environment. Yadav etl.(2013) presented Integrated 3-echolen Supply Chain
Inventory Models for perishable items for quadratic demand and production rate dependant on demand and two
parametric deterioration. Hsu et al.(2007) presented an optimal ordering decision for deteriorating items with
expiration date and uncertain lead time in which the demand for the product decreases as the product is nearer to
the expiration date.

Supply chain for the products with high fluctuation in demand patterns and a fix time of useable period
necessitates better and at times different planning approach for market, based on forecast data. The shortage
costs in such cases are significant and any loss in sales badly impacts on the balance sheet. The problem gets
compounded when the executives are required to deal with variety. The model presents a new scheme to arrive
at the inventory replenishment levels and tries to improve the pull in the system. This is usually taken care of by
maintaining high inventory levels at the cost. It may become even more complicated if the deterioration rates
and lead time for the items are also taken into account. For such requirements, the conventional optimization
models based on inventory costs are extremely difficult to practice. The modification in the periodic review with
the cyclic replenishments based on forecasts and the rhythm followed may offer a better way of modeling the
inventory patterns in system to take care of real-life issues like shortage. The behaviour of the demand and the
forecasting method employed provides an approach to obtain the optimal ordering quantity. The ultimate aim of
inventory management is to serve the customers with highest possible service levels and flexibility keeping the
nature of the system in consideration. Many of the classical inventory models concern with single-item model.
Ben-Daya and Raouf(2014) have developed approach for a more realistic and general SPIP (Single Period
Inventory Problem), they consider a multi-item with budgetary and floor- or shelf- space constraints, they
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assume that, the demand of the items follows uniform probability distribution. Also, they have discussed a
multi-item inventory model with stochastic demand subject to the restrictions on available space and budget.
Bhattacharya(2005) has studied a two item inventory for deteriorating items with a linear stock-dependent
demand rates. Lenard and Roy(1995) are define another approach for the determination of inventory policies
based on the notion of efficient policy surface and extend this notion to multi-item inventory control by defining
the concepts of family and aggregate item. Mathematicians like Worell and Hall(1982) have applied different
programming methods to solve multi-items inventory problems. Sulem(1986) has been determined the optimal
ordering policy for impulse control of a deterministic two product inventory system subject to constant demand
rates, linear storage and shortage costs and economies of joint ordering. An important assumption in inventory
models found in the existing literature is that the lifetime of an item is infinite while it is in storage.

In realistic business environment let us discuss another feature which comes frequently and which is
shortage. It plays an important role and creates backlogging. There are two type of backlogging; complete
backlogging and partial backlogging. In the most of the referred papers, complete backlogging of unsatisfied
demand is assumed. In practice, there are customers who are willing to waitand receive their orders at the end of
shortage period, while other is not. Mandal and Pal(1998) considered inventory model for exponentially
decaying items by allowed shortages. Wu et al.(1999) related the backlogging rate to the waiting time up to the
next replenishment. In the last few years, considerable attention has been paid to inventory models with partial
as well as complete backlogging. The backlogging rate can be modeled taking into account the customer’s
behavior. The first paper in which customer’s importance functions are proposed seems to be that by
Abad(1996). Change and Dye(1999) developed a finite horizon inventory model using Abad’s reciprocal
backlogging rate. Singh et al.(2009) presented an EOQ model for perishable items with power demand and
partial backlogging. Arya et al.(2009) developed an order level inventory model for perishable items with stock
dependent demand and partial backlogging. Here in this work we have used partial backlogging which depends
on waiting time. The demand is taken as a function of price and expiration date. Singh and Vishnoi(2013)
introduced a supply chain inventory model for deteriorating and ameliorating items with price—dependent
consumption rate. Singh et al.(2011) a soft computing based inventory model with deterioration and price
dependent demand.

In this paper consideration was given to quadratic rate of deterioration, the control of multi product
inventory under deterministic demands. The multi-item inventory models are more realistic than the single item
model. So this study concern with multi-item inventory models. The purpose remains the same for single-item
as well as for multi-item inventory. The analysis for a single-item inventory is almost parallel to that of multi-
item inventory. This article considers the real-life requirements like product variety with expiration date and
provides a simple as well as logical method which may be used for the inventory optimization to arrive at the
overall results without tedious calculations. Much attention has been devoted to variant inventory models. Since
in real life there are so many products which have a fix life cycle, and after they cannot be used. Demand for
these product decreases as the product is nearer to expiration date. To maintain appropriate inventory levels for
such type of products and avoid shortages is a very problematic job. This model is treated with multiple items
having a fix expiration date for each product. The proposed model takes care of real-life business requirements.
The empirical relation in the proposed model is used to calculate the items variability with a set of assumptions
that are practically acceptable. There is no simple model that offers the optimal result for the variable quantity
with expiration date. In the next section we present the multi item inventory model and derive the optimal
control of the system. The present paper is organized as follow. Section 2 includes the assumptions and
notations of this model. Section 3 is devoted to obtain the mathematical formulation of the optimal control
problem of this model. In section 4 optimality of the model is proved. Section 5 provides a humerical example
to clarify the proposed model. Finally observations and conclusion of the results are presented.

Il. Assumptions And Notations
We consider a multi item inventory model with the following notation and assumptions for the
products having a fix expiration date after that which can not be used.
1. Deterioration rate for the item is assumed as a;+b; t+c;t> which is a linear function of time.
2. Demand rate for the product follows a function of price p; and expiration date T; and is given by D;t) =

T -t
pim -1

The model is considered for multi items.
4. Shortages are allowed and partially backlogged at the rate of B(h ) where

B(h) = KioefKilh where Kj<land Ki;>1.

5. The warehouse has unlimited capacity.
6. There is no replacement or repair of deteriorated items during a given cycle.

, Where 0 <m <1,

w
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The shortage period can not exceed the cycle time.
expiration date for the i" product

lead time for the i" product

time at which inventory level becomes zero
the selling price per unit for the retailer

the selling price per unit for the vendor

i the manufacturing cost per unit for the vendor
deterioration cost per unit for the retailer

the lost sale cost per unit for the retailer
holding cost per unit per unit time

a constant

Kio,Kizpositive constants

H waiting time upto the next replenishment

C.i ordering cost for the retailer for i item

a;, b; ,c; positive constants

X; the vendor’s managing cost for i item

Fir unit time profit for i item for the retailer

Fis unit time profit for i"" item for the vendor

=3

-

~O00000T =T AN

I11. Modelling And Analysis
3.1 When The Supplier’s Lead Time L; < 0:
Retailer’s Model
In this case the supplier completes the order before [; unit of times. Shortages are occurring in the time
interval [t;, T;]. As shown in Figure 1, we consider the following time intervals separately, [0, t] and [t;, Ti].
During the interval [0, t;] the inventory level decreases due to combined effect of demand and deterioration.
Hence the inventory level for i item (0 < i < n) is governed by the following differential equations:

%Hai +ht+ct?)l () =— :)-Im_jl (D)
dli,(t) _ T -t @
dt p" -1
Using boundary conditions I;;(t;) = 0 and I;,(t;) = 0, one can get
1 a b, C.
L, (t) = t—t)+—(t7—t?) + L (- °) + (")}~
Il() pim _1[{(| ) 2(| ) 6(| ) 12(| )}
0 <t< t ...(3)
{1 (tz tz) ai (t3 t3) bi (t4 t4) Ci (t5 t5)} ]eait+kf+q;3 I
—(t —-t)+L(t"—t)+ (" —t7)+ = (t.°— ,
2 3" 8! 15"
1 1., .
I, ()= pm—l{(ti —t)—E(ti —t)}t, <t<T, (4
| Inventory
A
Q

= Ppiime
t Qil \l T

Figure 1. Retailer’ inventory level.
From equation (3) using the condition 1;;(0) = Q; we get:
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2 3 4 3
Qi: pml {(t|+a~'tI +blt| +Citi )—(lti2+aiti _|_b|t

G t°
[ | )}
m_1 2 6 12 2' 3 8 -

Vendor’s Inventory Model:
Now let Ii(t) be the supplier’s inventory level at t before the beginning of a cycle order before [; units
of time ie (I; < 0) (Figure 2).The differential equation for the supplier is given by:

dlg()+(a +bt+ct)1(t) =0l <t< 0.

..(6)
Using boundary condition 1;5(0) = 1;;(0) = Q;, one can get:
bt*, ot®
I, () = |i1(0)e R
at2 b t’ ct4 Lat’ bt ct5 (a2
+ 1 [ | t 171 + 17l [ 2 3 ,
| 5 ) ( 3 "8 )}e
(7
[
Q[ 1L,
o B -1
Qu t(2T t)
2(p" -1 ..(8)

After the stock out, the arrival of inventory will be of fresh stock, so considering this assumption all the demand
during stock out will be of fresh product.

Inventory
7 3

]

plime

Lo T

Figure 2. Vendor’s inventory level when I; <= 0.

Ti

T
Qi i K e*Kil(Ti*t)dt
2£ o7 1K
Qiz= ——T' (1_ e*Kil(Ti -t;)
K, (p" -1 ...(9)
Sales Revenue = p;Qir+ ApiQiz
R. = piti (2T| _ti) + ipI KiO II (1_e*Ki1(Ti*ti)
2(p" 1) Ky (p"-1) ..(10)

The ordering quantity at each replenishment is:
Qi=lio(0)+Qiz

Purchasing cost

P.Ci=(1i(0)+Qi2) Cyi
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C_ __2 \ 3 4 __3 ' 4 5
PC, =" {(ti+a,t, +b,t c,t,) (1 . at, +b,t c,tI )}
p," -1 2 6 3 8
CpiKiO Ti (1_e_Ki1(Ti_ti)
Kil (pim_l)
.. (11)
The lost sale amount is
T, T
= [ = Kee " Vdt
t; P; -1
Cost of lost sale amount is
L'Ci = -rl;i {Ti -t _&(1_97K”(Tiit))}cri
p—1 Kit
...(12)
Deterioration cost
D.C, ={1,,(0)- j dt}cd.
. (13)
_ Gy (G + at’ bt c,t,) Gt ¢ Lat’ bt c,tf’) (2Titi—ti2)}
p," 6 3 8 2
Holding cost
HC = j I, (Odt}Cy;
0
t & o oy Bis ey G 1 ., oy & .3 .3
=] —— SE )+ LG+ D E AN ) T -0)
0 i
bt? ct®
5(tr‘—t“)+i(tf’—t5)}e s e,
t? at3 bt* ct’ 1., ait“ b t® c,t,6
L R TRET
ait3 bt* ct5 at* bt® c,t,6
+o —
6 24 36 2 30
: t* 3t t“ 2t|5 17t° 5t°
IO_1{(2 3 i(— ) ( ) (180 72)}
asa, J Lb, 00 landc, [0 1
...(14)
Ordering cost
O.Ci: Cio (15)

When the supplier’s delivery is completed early, the retailer’s unit time profit for i item without late delivery is:

Fir =— [sales revenue — purchasing cost —deterioration cost — inventory holding
[
cost — lost sale cost — ordering cost]

I:iRzi [M+ ApiKiO Ti (1_e_Ki1(Ti_ti)_

T, 2( pim -1) Ki (pim -1)
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at? b t° S t' 1 ait.e’ bt’ e t°.. C, T K(Tot)
171 1 [ | 1 1 171 1 l_e i\ TN
R G S R o S
C, {(t_+aiti2 +bit c, t ) (1 at’ +bit C, t, ) (2Tt - )}_
pim -1 2 6 2' 3 8 2
t® 3t t* 2t 17t° 5t°
L 1 _—1 b (= — i i
o _1{(2 3 &( 2 )+ .(6 ) (180 > )}
_ -t _i 1_e*Ki1(Ti*t) C —C, ...(16
pi"‘—l b Ku( ¥, G 1o

Since the supplier suffers inventory holding cost until the target date due to early delivery by I; unit of time, the
supplier’s unit time profit:

1
Fis(li <0)= T— [sales revenue — purchasing cost —deterioration cost — inventory holding cost — managing cost]

F. (< 0) :%[(Ii1(0)+Qi2)(Cpi—Cmi)—(lis(li)—Iil(O))Cpi—_T I, (t)dt— X, ]

1 1 at’ bt’ ct4 at’ bt' ct5
= < 0) == f(t + 343 i i - ‘2 i 4 i i
(s 0) =pHm{t+ =5+ 7 -G+ LB y(c, -cy)
2 3
+ﬁ TI (1_e—Ku(Ti—ti))}(Cpi_Cmi)_{ 1 {(ti+aiti _’_bit C| tu )
Kil (pim _1) pim -1 2 6
1,, at® bt ct WALl "> 1 at’ bt} ct
_t_+||+| i ft_+||+| i v
(2 i 3 8 )}e pim _11(| 2 6 )
1,, at® bt? ct5 at2 b t° ct4 (24 at’
_ _t + 171 + 1 [ | + 1 (| O
(2. 3 "8 )}} Y 5 ) ( 3
b t* ct5 al’ bI3 cl4
+ 1 [ | 1°1 171
5 )}( 3 ) G |
1.1 at’ bt’ ct at.3 bt* G t5
<0) == f(t + 304 i i t i i i
|s(| ) T[ im _11(| 2 6 ) ( 3 8 )}
(A °"' al? bI3 cI4 T
{{C,-C,)+@1-e 2 39C,.— ( ii i )} m—(l_efKu(Ti—ti))
(© ) 3 Ky (p" -1)
(Coi—Cri)=Xi1
...(17)
3.2 When Supplier’s Lead Time L; > 0
Retailer’s Model
Inventory
: plime
ol ¢

When supplier’s lead time |; > 0 (Figure 3):
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sales revenue = p;Qirg TAPiQi2 ....(18)
where

T;
Qild:I Tim_t dt-J. Tim_t dt
o b -1 % p -1

2
2(pi _1)
Ti
Qi- | I Kioe Ot
t; P -1
Qo T g gt (19)
Kil (pi _1)
Sales revenue = piQiiq +ApiQiz
SRi= pi (T, _Ii)2 +ipiKio T, (1_e—Ki1(Ti—ti) ..(20)
Z(pim _1) Kil (pim _1)
The order quantity at each replenishment is:
Qig = [la(t) + Qiz]-
Purchasing cost at each replenishment
Cri= [li(li) + Qi2].Cyi
i a b C
D)+ (=12 + (-1 + (-1 -
R R G DEI Ua DR O o)
1.0 ov, @3 1oy, B yay, G s g5 bl +£ CiKic T, ~Kiy (T =)
—(t°—1I. =7 -1+ - L) (- e ! 1—e Mt
GO DO D@ ) Je 7 R
..21)
The lost sale amount is
0 —Kip (Tj t))dt
0 i t; i
The lost sale cost
L@r -, T Kio 11 k(i)
=4 ! _t__l 1_e iU C
[ p. -1 pim _l{TI I Kil( )}] !
..(22)

Deterioration cost

DC {l.l(l)j ‘t’dt}cd.

1
-1

-[ K¢ —li)%(tf R ) -G ) 2 1)+

3

a s 2T (1) -t 417 ]C,
p" -1

b, 4 _pay, G
g |i)+15(t -17)} Je

...(23)
Holding cost
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HC, = ] 1, (dt}h,

1 & 2 v, B3 3y Ca 4 1 o oy, &3 .3
t —t)+— (t2—t +—'t‘—t At - (2 -t + 2 (5 -t
| p.m 1[{(. ) 2(. )+—(t7-t%) 12(. )} {2(. ) 3(. )
= btz Cte dt}Chi
g (t“ t*) + '(t5 )} Je”
t’ at3 bt4 ct5 at* bt° ct6
{(I i |) ( t3 i 4 i |)
p —1 2 3 8 4 10
3 5 4 5 6
ﬂ_’_biti +i_ﬂ_biti _Cltl} hi r(tili yl )+
6 24 36 2 30 72° p"
a o Y\ Db s L'\ G 4 2 )’
S D)+ (] — )+ (4] — —tI— 't !
2(.. 3)+6(.. 4)+12(. )}{( ) (@ )+
Ct2
5 6 Chiti— 2 3 4 3 4 15
'(t YWy St -ty 2 (al bI c,lI ) (a,I, bII +i
5 15 6 p" -1 6 —1 3 8 15
al’ bli5 cl®
— (== +——=
p —1 4 10 18
C, t° t’ t* 2t5 17t° 5t°
= ! I——— — i — b — . —— — —
o _1{ 5 3 ( ) ( ) (180 = —)}
. ) a. ) ) ) C.
_Cu t.I.—'— —'t.zl.—'— —'t.3|.—'— (R | t° ——
o 1{(.. 2)+2(.. 3)+6(. i 4)+12(. i )} { (@ )+
B o Wy B 0y, G oy
37"t 47 g 57150 T 6
C.t Gt
o (a,l,2 bl? cili4 al’ m cl® al’ beJrﬁ
p" 6 12 p—13 8 15 p—14 10 18

Asa ] 1,b, [ 1andciD 1
...(29)

Ordering cost
O.Ci:Cio (25)
The retailer’s unit time profit with late delivery by [; unit time Firq is:

Firg = — [sales revenue — purchasing cost — lost sale cost — det cost — holding cost—
i
ordering cost]
(2T, —1. T K. Ko (T
_[ ( . |) + ml {T| _ti ——'°(1—e Kip (Ti t))}Cri _
T, pi -1 pi -1 Ki1

p_l[{(ti _Ii) +%(ti2 - Iiz) +%(ti3_ Ii3) +f_i(ti4_ Ii4)}_{% (ti2 - Ii2) +

iRd =

b,l,2 c,lI Cpi KiO T

A& s g3y, PB4 yay, Cigs i Ky (T,—t)
-1+ 2 -1+ = (-, 1—e "tiTh
L e oy JeT T e
L(2T. 1) T Kio “Kyy (=)
_ i i i i -t ——10 (1 e FulliTh C.
o 3e,
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Ca & 2 gy, Bis yay, Cia qa
——{t - +=C" 1)+ == 17)+ =" =17)}—
pim_l[{(l |) 2(| I) 6(| |) 12(| |)}
1o oy @, 43y B0 1oy, G s s ajl; LU 2T-(t-—|-)—t-2+|-2}cd'
—(t -1)+=" =)+ = = L7)+ = (-, e 2 34— 1 '
I R R R DR O ) R
C, t> 1., t® 3’ t* 2t° 17t° 5t°
o hi e T3 g (T (- Sy 4 i
G gt A )b - ) e )
_ Gy {(tl _E)+i(t2| _E)+E(t3| —£)+&(t4l _E)}_{l(ﬂ _E)Jr
R L R D T A - e I
C,t’
C,t ——ni 2 3 4
a .. 1 b, 1° ¢, s I° Ty al? blP ol
(7 -+ S (t*] — L < (t°] -1\ - i it ili
3L =) L (T )

C, ,al® bl* cl® C, ,al* bl®> cl®
+ 1 ( 171 + 11 + 11 )_ 1 ( 171 + 171 + 11 )
p"-1°3 8 15’ p"-1'4 10 18

- Coi]

...(26)

Vendor’s Inventory Model:
The retailer maintains his Izroﬁt regardless of the supplier’s delivery behaviour.
The supplier’s unit time profit for i"" item with late delivery by I; unit time:

Fisd:|:Iil(|i)+Qi2(Cpi_Cim)_(Fi _FiRd)_Xi:|
1 &2 g2y, B s 3y, Cima qav glpz oy, i g3 E4_4
Fa :f[{(ti_li)"'z(ti —1; )+€(ti l, )+12(ti ")} {z(ti %) + 3 " -17)+ 3 ="+

&(t-s— 15Y} ]eai|i+%+ci:|; +& T (1— e ulit) (C _C )_(F_R ~Fpg )_ X.]
15 1 I Kll (plm _1) p1 m 1 I I

...27)
The integrated unit time profit is the sum of unit time profit of vendor and retailer:
Fo=Fs+ K

Fidl = FiRd + Fisd
and

F=) (R +F)
i=1
Fdl = Z FiRd + Fisd)

i=1

... (28)

Theorem
Fi is concave in t;

1 [ pti (2T —-t) AP Kio Ii (1—e Kulit) _
T 2(p"-1) Ki (B"-D)

Fit
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{( a|t|2 bit C| tl ) (1 2 ati3_|_bit C| t| )} leiO Ti (l_e_Kil(Ti_ti)_
p| 6 3 8 Kil (pim _1)
a,t,2 bit c, t* . ati3 bt’ G t, (2Tt —t?)
+ —
p. (A A By ey B A B0 L)
t> 3t* t 2t.5 17t.5 5t.°
i i __| +b_ e B i 1C i i
o _1{(2 3 &( ) .( ) .(180 = )}
pT : Kno (1 efK.l(T t))}crI —Cyi
1 il
1 at’ bt’ ct 1 at’ bt’ e t5
_?[pm_l{(ti+ |2| + |6 i i ) ( 2 3| + |8 i )}
bil.2 2 3 4
(i + ") al bI cI T.
{ C i —C +(l— ) ( i i it )} (1_e*Ki1(Ti*ti))
( P ) 3 K|1 (pi _1)
(Co—Cu)- X1
ﬁ:i [ P; (2T| _Zti) } ﬂ“piKiO TI e—Ku(Ti‘ti),
o T 2(p" -1 Ki* (p"-D)
2 3 3
1 t bi2tl +Ci3ti )_(ti+aiti2+bi2ti G t. )}- E 2IO( r-nri D e Ku(hi-t) _
2 3 3
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2 3
B SRV FE LML PG N1
-1 2 3 3 36 12
2 3 3
T GGl 1[{%{<1+aiti+b%+%>—“i+aitf+q%
ct? AL al® b’ cI4 K (Tt
HH(Cy—Cr )+ e T 2 2 )y (S ) ( 1) et (C, ~Cy ]
aZFil _i A’piKiOKilTi Ky (Ti—t) Cpi 3b tz 4Ci ti3
o _T[(p, ") (o™ -1) e —pim—l{(ai+biti+c A)-(@+2at + - 3 —)3
2 3
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3 4
—2t +a, (3t —6t>)+b (6t°— 8t' —)+ c(17t Zi;i )— p_Ti_l —K,,e"1C ~-C, ]——[{
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1 A bt tiz)—(1+2aiti+3b‘2t‘ 4°' 2l 3(c, —C)+a-e 2 T e -
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2 3
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This is the required condition.

IVV. Numerical Example
Now we solve the model with the help of partially differentiating the equation with respect to
continuous variable t; and then obtain the values with the help of numerical using the software mathematica.

Item Item1 Item?2 Item3
T 20 25 30

Kio 0.5 0.6 0.7

Kiy 1.2 14 1.6

ai .0001 .0002 .0003

b .001 .0014 .0018
Ci .0001 .0002 .0003

m 3 3 3

l; 2 3 4

Cyi 15 16 17

Cmi 8 9 10

Chi 0.5 0.55 0.6

Cai 16 17 18

Cii 8 9 10

X 100 150 200

K 3 3 3

A 0.8 0.8 0.8

ti 17.6340 15.4369 14.2345
1(0) 91.6466 116.4430 137.4030
Qi2 9.6710 15.6463 91.0959
Qi 101.367 164.6358 226.5679
Qi 85.3041 110.715 128.946
Fir 27.9078 27.9934 32.8493

It can be observed that

1. With the increments in deterioration factor a; b;or ¢; the unit time profit for all the items decreases.
2. As the value of m increases the unit time profit for all the items decreases.
3. With the increments in holding cost for all the items unit time profit shows the reverse effect.

V. Conclusion

The main contribution of this paper has been the development of a dynamic heuristic to determine
replenishment cycle and economic order quantity of all the products. The heuristic provides an excellent
performance, especially for larger problems which makes it very promising in applications of practical size. A
multi-item inventory model of deteriorating items with expiration date is developed and analyzed . As lead time
plays very important role in business decision therefore in the present study it is also taken into account.
Numerical illustration with respect to different parameters is also presented in the model. In totality, the setup
that has been chosen boasts of uniqueness in terms of the conditions under which the model has been developed.
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The assumptions of the study impart exclusivity due to the combination of deterioration and expiration date for
the products. The proposed model can be extended in numerous ways. For example, we may extend the demand
to a more generalized demand pattern. We could generalize the model to allow for quantity discount. Also, we
could consider the unit purchase cost, the inventory holding cost, and others as time dependent.
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