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Abstract. In this paper, we have developed an inventory nsoft®l deteriorating items
with non-linear price dependent demand and frequef@dvertisement of items. It is
allowed and partially backlogged with a exponentdé on the duration of waiting time
up to the arrival of next lot. In this model, thetefrioration rate follows three-parameter
weibull distribution and the transportation cost@sidered explicitly for replenishing
the order quantity. The transportation cost is ddpat on the lot-size as well as the
distance from the source to the destination ofitlcated shop. The corresponding non-
linear model are formulated and solved by considerihe transportation cost for
replenishing the items. A numerical example is givte illustrate the results and the
significant features of the result are discussauhlly, we have performed the sensitivity
analysis taking one or more parameters at a time.
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1. Introduction

In the existing literature of inventory, generathpst of the researchers have developed
the inventory model under the assumption thatiteeime of an item is infinite while it

is in storage i.e., an item once in stock remamzhanged and fully usable for satisfying
future demand of the customers. But in realitys tissumption is not always true due to
the effect of deterioration in the preservatiocammonly used physical goods and these
goods are not in a perfect condition to satisfyahstomer demand. As a result, the loss
due to this natural phenomenon (i.e., the detdi@mraeffect) can’t be ignored in the
analysis of the inventory system. Ghare and Schrdddirst introduce these concepts
and developed an inventory model for exponentidéigaying inventory. Then Emmons
[2] proposed this type of model with variable dietextion which follows two-parameter
weibull distribution. These models were extended anproved by several researchers,
viz. Covert and Philip [3], Giri et al. [4], Ghostnd Chaudhari [5]. On the other hand,
Chakrabarty et al. [6], Giri et al.[7], Sana et[8], Sana and Chaudhari [9] and others
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developed inventory models for deteriorating itemith there-parameter weibull
distributed deterioration. Misra [10] developed &OQ model with a weibull
deterioration rate for perishable product withaaigidering backlogging situation. These
investigations were followed by several researcliees Deb and Chaudhari [11], Giri et
al. [12], Goswami and Chaudhari [13], Mandal anchijtlar [14], Padmanabhan and
Vrat [15], Pal et al. [16], Mandal and Maiti [17oyal and Gunasekaran [18], Sarkar et
al.[19], Bhunia and Maiti [20,21], Bhunia and SHa[22,23,24], Pal et al. [25], Bhunia
et al. [26], Bhunia and Shaikh [27], Bhunia et 28]] etc., where a time-proportional
deterioration rate was considered. We also considework of Chakraborty, Pal and
Nayek [48-52].

In the present competitive market, the effect ofkming policies and conditions
such as the price variations and the advertisewfean item change its demand pattern
amongst the public. The propaganda and canvassiag item by advertisement in the
well-known media such as Newspaper, Magazine, RadM., Cinema, etc. and also
through the sales representatives have a motiatiffect on the people to buy more.
Also, the selling price of an item is one of theidiwe factors in selecting an item for
use. It is commonly seen that lesser selling pcaeses increase in demand whereas
higher selling price has the reverse effect. Heit@@n be concluded that the demand of
an item is a function of displayed inventory infew-room, selling price of an item and
the advertisement expenditures frequency of acesrient. Very few OR researchers and
practitioners studied the effects of price variatand the advertisement on the demand
rate of items. Kotler [29] incorporated marketinglipies into inventory decisions and
discussed the relationship between economic omlagumntity and pricing decision.
Ladany and Sternleib [30] studied the effect ofcerivariation on selling and
consequently on EOQ. However, they did not consitler effect of advertisement.
Subramanyam and Kumaraswamy [31], Urban [32], Al3&d and Luo [34] developed
inventory models incorporating the effects of pricariations and advertisement on
demand rate of an item. In this connection we nefgrrsome recent works such as
Shaikh [35], Bhunia et al. [36, 37, 38, 39], Bhuaiad Shaikh [40], Shaikh et al. [41, 42,
43, 44], Bhunia et al. [45], Tiwari et al. [46], 8hira et al. [47], etc.

In this paper, we have developed an inventory mdaledeteriorating items with
non-linear variable demand dependent on the sefiimge of items and frequency of
advertisement. Shortages are allowed partially withariable rate dependent on the
duration of waiting time up to the arrival of ndat. In this model, the deterioration rate
follows a three-parameter weibull distribution aheé transportation cost is considered
explicitly for replenishing the order quantity. teal-life situation, it is observed that a
fixed cost is incurred for a transport mode suchtmgk, wagon. Therefore, the
transportation cost is dependent on the lot-sizeedsas the distance from the source to
the destination. The corresponding models are ftat®d and solved by considering the
transportation cost for replenishing the items. démerical example is considered to
illustrate the model and the significant featuréthe result are discussed. Finally, based
on these examples, we have performed a sensitaiiglysis and make a fruitful
conclusion.

2. Assumptions and notations
We have developed the paper by considering thewiolly assumption as notations:
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Assumption:

() Replenishments are instantaneous.

(i) Lead time is negligible.

(i)  The inventory planning horizon is infinite and fhgentory system involves only
one item.

(iv) The deterioration occurs when the item is effetyivia-stock and the rate of
deterioration follows a three-parameter weibultritisition.

(v) The deteriorated units are not replaced or notirega

(vi) The replenishment cost (ordering cost) is constart does not include the
transportation cost for replenishing the item.

(vii) The demand ratd® (A, p)is dependent on selling pricg) (of an item and the

frequency of advertisemerA), We assume it as follows:
D(A p)=Aap™, ab,y= 0.

(vii) C; be the transportation cost for full load of thensport vehicle an@;e be the
transportation cost per unit item.

(ix) U be the upper break point, some quantity loss tkaout more tharlJ , the
transportation cost for whole quantity@; .

HenceU :&(< k) where

less then or equal t@; / Cig .

F

:

C

—} represents the greatest integer value which is
F

Notations:

Notations  Units Descriptiot

C, $/order Ordering cost

a Constant Demand parametefa > 0)

b Constant Demand parametdib > 0)

p $/unit Selling price per unit and it is denot@FmCp
C, Units Purchase cost per unit

G $/unit Opportunity cost per unit

C, $/unit Shortage cost per unit

G, $/unit /unit time Holding cost per unit

R Units Maximum backlogged units

S Units Maximum inventory level

Cu $/unit /unit time Advertisement cost per advertisain

A unit Frequency of advertisement

L Km Be the distance between the shop and the sou

the items/commaodities from where
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items/commodities to be transpor

n unit Number of fully loaded vehicle.
k unit Capacity of the transport vehic
z $lyea Total profit per unit tire.
Decision variables
t Years Time at which the stock in RW reaches to zero
Years The length of the replenishment cycle

3. Mathematical model
In this model, shortages are allowed and partibigklogged and backlogging rate is
dependent on the length of the waiting time uphtoarrival of fresh lot. By considering

this situation, the rate is definedead™ ,0>0.
Initially, it is assumed that after fulfilling thibackorder quantity, the on-hand

inventory level isS att=0 and it declines continuously up to the tirhet, when it
reaches the zero level. The decline in inventomynduthe closed time intervdd <t <t,
occurs due to the customer’'s demand and deteoarafithe item. After the timé=t,,

shortage occurs and it accumulates at the eafe ™ ,(0>0) up to the timet=T
when the next lot arrives. At time=T, the maximum shortage level i This entire
cycle then repeats itself after the cycle lerith

Let q(t) be the inventory level at any timie>0. Then the inventory level

q(t) at any timet satisfies the differential equations

q)+6t)at) =-D(A p), 0stsy (D)
q(t)=-D(A p)e 0™V t <t<T 2)

with the boundary conditions

q(t)=S att=0, q(t)=0 at t=t,. (3)

andq(t)=-Ratt=T. (4)

Also,q(t) is continuous att =t,.
Using the conditions (3) and (4), the solutionsttad differential equations (1)-(2) are
given by

by
q(t) = D(A p)e ' [e dt, O<tsty
t

_D(ADP)[,_ ~oT-t) _
=5 {1 e } R, t;<t<T

From (2), we haveq(t) =S att=0.
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il
Then, S=D(A p) e_a(_y)ﬁfea(t_y)ﬁdt (5)
0

From the continuity condition, we have
_DAP)[,_ aru)
5 R ()

The total number of deteriorated units is given by
T
D' = j A(t)q(t)dt

The total inventory cost per cycle of the systemsists of the following components and
which given below:
(i) ordering cost, (ii) purchasing cost, (iii) inM@ry holding cost, (iv) advertisement
cost, (v) transportation cost, (vi) shortage cst) opportunity cost.
Ordering cost: Since there is only one item and one stockingipoihe ordering cost is

G-
Purchasing cost: Since the ordering quantity per cycleSsR, the total purchase cost is
Cp(S+ R).

Inventory holding cost: The inventory holding cost per unit time is theduct of the
inventory level and holding cost per unit time. $hhe total inventory holding cost for
the entire cycle is given by

Chol :ChflOI(t)dt
where
1 _ 62, a0 a(-p) (- )2‘?+2
a8 = ey (ﬂ+1)(ﬁ+3 17+ N 7
-a? (tl_V)Z'BJrZ ta
(B+1)° = {
+0’2(t1—y)2'8+2 0’2'[( )2,8+1 }
(B+1)(28+2 2B+ 1)
. a(_y),g+2 . a (_y)2ﬂ+2 . ( ,8+1
(B+0)(B+2) 2A28+3(2B+3 (B+ 1
L) ()P et ()P
(8+1)? (B+1)(28+2)  2(B+1)

26+1

{2)4)
e

()
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Advertisement cost: The total advertisement coSg, is given by
Cagv = CagA
Again, the total shortage co€ly,, over the entire cycle is given by

_ D(A ) D(AP)f,_ a4
Csho—chR—Tj(T—tl) - =Py )}}

Total opportunity cosOCL during the entire cycle is given by
oL =4D(A p) (T -t) - 5{1-¢"} |

The total inventory co$TC) of the system is given by

TC = <ordering cost> + <purchasing cost> + <inventory holding cost> + <advertisement
cost> + transportation cost>+< inventory shortage cost>+< Opportunity cost>

Lik
=Co +Cp(S*R) +Ch.|.q(t)dt +Cad A+ Cyran + Cano +OCL
0
The profit function
The net profit (X ) for the entire system is the difference betwdendale revenue per
cycle and the total cost of the system i.e.,
X = pA’(a-bp)T -TC (8)
Therefore the profit functionZ(n, At;, T )(average profit per unit time for the entire
cycle) of the inventory system is given by

Z(n,At,T)=—

i.e.,

Yy
Z(nA,T)=| pA” (a—bp)—{c4+03(s+R)+CJ q(t) dt+CeA+Cyra +Csho} T

0

©)

Here the profit function is a function of three tinnous variablesn, t;, T and two
integer variables, A. Clearly , the above function is an increasingcfion with respect
to m. Hence our problem is to determine the optimal@alof n, A, t;, TandS by solving
the following mixed integer nonlinear optimizatiproblem.

Maximize Z o Aty T ) (10)
subjectto{<T n A f; >0and A areintege
where

Ciran =NC; +(S+R-nk)C;; when nk<S+R<nk+U
=(n+1)C when nk +U <S+R< (n+1)k
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The optimal solution of the above problem can biiobd with the help by using GRG
method.

4. Numerical example
To illustrate the model with partially backloggdtbsgages, a numerical example with the
following data has been considered.

Ci, =$0.5 per unit per unit timeC,=$3 per unit per unit timé3p =$10 per unit,
Co, =$250 per order,C,yq =$50 per advertisementC; =$100 per transport vehicle,
Cig =$1.25 per unit,a =0.05, f=2, y=2,a= 200,b = 0.4,k = 100 unitsL=50
km,5=0.5,v = 0.2¢ = 1C

Like first model (no-shortage case), the valueditférent parameters considered
here are realistic, through these are not taken fioy case study.
The optimal solution has been obtained with thép hif GRG method for

different values ofm. The optimum values of, A, t;, T, SandR along with maximum
average profit are displayed in Table 1.

Table 1. Optimal solution for different values of mark-up ratem

m n|A S R t1 T Z
1.2C | 2| 3| 249.178 9.45909! 3.13437! 3.23968! 102.671.
1.28 | 2| 4| 264.083: 10.7734. 3.18698:. 3.30236 144.851i
1.3C | 2| 4| 260.900: 10.5578. 3.19813: 3.31297i 187.730!
1.3t | 3| 5| 273.351! 11.8091! 3.25200: 3.37703! 231.106!
1.4C | 3| 6| 284.146! 13.0135 3.30554 3.44068 274.54¢2

5. Sensitivity analysis

For the above given example which mentioned earlgersensitivity analysis has
performed to study the effect of changes of diffiérearameters such as demand,
deterioration, inventory cost parameters and markate an maximum initial stock level,
maximum shortage level, cycle length, frequencyadfertisement along with the
maximum profit of the system. This analysis haslegried out by changing (increasing
and decreasing) the parameters from — 20% to + 28Rén one or more parameters at a
time making the other parameters at their morematers at a time and making the other
parameters at their original values. The resulthigfanalysis are shown rables 2.

Table 2: Sensitivity analysis with respect to differentgraeters respectively for m=1.30

Paran % changes ¢ changesin| A change in

eter | parameters z R g t T
-20 293.0494 7.147983296.32623.44148. |3.514578

Ch -1C 283.232! 6 7.82786.| 290.2661|3.37416! | 3.45435!
10 264.458. 6 9.13467'!| 278.978:|3.24711. | 3.34100:
20 255.616. 5 8.76374.| 260.252:|3.14364 | 3.23706.
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- 20 175.1816 4| 8.135646207.02983.26603: |3.379959

a -1C 214.825. 5 | 8.95419i| 240.193.|3.22227! | 3.32866!

10 297.960! 6 | 9.55589.| 294.370(|3.11709 | 3.20628!

20 341.107. 7 | 10.3414.| 328.805.|3.09489: | 3.18061!

- 20 356.6081 7| 10.25904336.15353.07438. |3.156937

b -1C 302.800- 6 | 9.53106:| 296.689:|3.10968. | 3.19770!

1C 214,751 5 | 8.95452;| 240.1561|3.22243( | 3.32884:

20 178.912. 4 | 8.12033:| 208.920'|3.25674! | 3.36905:

- 20 163.6026 3| 7.198948188.01413.24420: |3.354347

v -1C 170.381. 4 | 8.15497.| 204.586.|3.278221 | 3.39429.
1C --- --- --- --- --- ---

20 200.854 6 | 9.99617:| 246.267:|3.29398' | 3.41284.

-2C 193.210. 5 | 8.05936!| 216.107!3.22258: |3.32902:

C -1C 186.389: 4 | 7.59432.| 206.052!|3.21308: | 3.31792.
0 10 - — — - - -
20 --- --- --- --- --- ---

6. Concluding remarks

In this paper, we have described an inventory mémtadieteriorating items with variable
non-linear demand dependent on the selling pricetla frequency of advertisement of
the item. In practical situations transportatiostswf goods/raw material are fixed for a
finite capacity of a transport mode such as a troclother vehicles. A fixed cost is
incurred when a truck is deployed whether it idiagd fully or partially for a ceiling
guantity or more. For quantities less than theiragituantity, a uniform rate per unit is
charged.

In this model, the demand rate is takeD4sA, p) = Aap™. 1t is well known

that D (A, p) O ap™® for fixed A. But, why should we takd (A, p) O A” for fixed

values ofp? Generally, the demand of items varies due tathertisement in the well
known media such as Radio, T.V., Newspaper, Magafiinema, etc. The demand of
items increases with the increase of frequency d¥edisement and is directly

proportional to the number of advertisement. HemeetakeD (A, p) O A” for fixed p.

The problem of inventory and transportation intdoes is a potential field of
research. We cannot ignore this cost in inventaghgis. The following can be potential
problems that can be stated below:

(i) The possibility of single truck supplying the pratiito more than one stocking

point.

(i) The possibility of inter-depot transportation cae Incorporated from the

following points of view.
(@) The inventory — distribution costs can be minimized
(b) This provides another alternative to deal with $pace constraint that is
operative at some of the stoking point.
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