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ABSTRACT

This paper presents two production inventory mofteldeteriorating items with price and
stock-dependent demand that take inflation int@ast We formulated the corresponding
problem as a nonlinearly constrained optimizatioobfem and solved it using the
Generalized Reduced Gradient Method. A set of nisalezxamples have been considered
to illustrate the models, and the significant feasuof the results are discussed. On the
basis of these examples, we have compared the belels Sensitivity analyses have been
conducted taking one parameter at a time whileikgepe other parameters the same.
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1. Introduction

Production inventory models have been developeénthg assumption that the life time
of an item is infinite while it is in storage. Bintreal system, demand rate, price, inflation,
deterioration rate is always in dynamic state. Bisisumption is not always true due to the
effect of deterioration in the preservation of coomty used physical goods like wheat,
paddy or any other type of food grains, vegetalftaits, drugs, pharmaceuticals, etc. Due
to highly completion in marketing policies and ciiwths such as the price variations and
the advertisement of an item change its demanénmpasimongst the public. The selling
price of an item is one of the decisive factorsetecting an item for use. It is commonly
observed that lower selling price causes increaskeinand whereas higher selling price
has the reverse effect. Ghare and Schrader [&] dieveloped an inventory model for
exponentially decaying inventory. Mondal et al4][Herived an inventory model for
deteriorating items and stock-dependent consumptie. Padmanabhan, et al. [17]
worked on an EOQ models for perishable items ustterk-dependent selling rate. Datta,
et al. [4] assumed an inventory system with stogpeshdent, price-sensitive demand rate.
Sana et al. [20] proposed a production inventorgi@hfor a deteriorating item with trended
demand and shortages and in the same year Sarlagkya model on a volume flexible
production policy for deteriorating item with stedependent demand rate. Teng, et al.
[22] studied an Economic production quantity modelsdeteriorating items with price-
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and stock-dependent demand. Taleizadeh et alc{2@jidered an economic order quantity
model with partial backordering and a special gailee. Kawale, et al. [11] developed an
EPQ model using Weibull deterioration for deterimna item with time varying holding
cost. Hsieh et al[7] worked on a production-inventmodel incorporating the effect of
preservation technology investment when demankdigsufating with time. Pal et al. [18]
proposed an inventory model of price and stock déest demand rate with deterioration
under inflation and delay in payment. Bhunia e{2016) investigation of two-warehouse
inventory problems in interval environment undefflation via particle swarm
optimization. Hossen et al. [15] developed an Inegn Model with Price and Time
Dependent Demand with Fuzzy Valued Inventory COstder Inflation. Mishra et al. [24]
investigated an inventory model under price andkstiependent demand for controllable
deterioration rate with shortages and preservaéohnology investment. Other important
factors which have been widely accepted by thearekers to have crucial impact on the
inventory policy decisions are inflation and timelue of money. So inflation plays
important role in the inventory system and decisimaking. At present, it is impossible to
ignore the effects of inflation on the inventorystem. Buzacott [1] developed the first
EOQ model taking inflationary effects into accoultisra [13] investigated inventory
systems under the effects of inflation. Bierman @&hdmas [3] suggested the inventory
decision policy under inflationary conditions. HEU [6] proposed an Inventory model
for deteriorating items with stock- dependent comgtion rate and shortage under inflation
and time discounting. Kl et al. [8] developed an@&®odel for deteriorating items with
price-and stock-dependent selling rates undertiafiaand time value of money. Lo St et
al. [12] derived an integrated production- invegtonodel with imperfect production
processes and Weibull distribution deterioratiodaminflation. Hossen [9] proposed an
inventory model for deteriorating item price depemiddemand under inflation. Wang et
al. [25] offered inventory models with a joint damic pricing, advertising and production
model with inventory level dependent goodwill. Mairaad Anwar Hossen [16] discussed
the impact of inflation and advertisement dependiemhand in an inventory system. In
this work, presented two production inventory medelr deteriorating items with price
and stock dependent demand that take inflation &xdoount. We formulated the
corresponding problem as a nonlinear constraingchization problem and solved it using
the Generalized Reduced Gradient Method. A setushamical examples have been
considered to illustrate the models and the sigguifi features of the results are discussed.
On the basis of these examples, we have compaeevthmodels. Sensitivity analyses
have been conducted taking one parameter at a whiks keeping the other parameters
the same.

2. Assumptions
The following assumptions and notations are useatkbt@lop the proposed model:
(i) Continuous and overtime production systemmonsidered.
(ii) Inflation effect of the system.
(iii) The demand rat®(p,q) is dependent on selling prige) ©f an item and stock of

goods. It is denoted By p,q) =a—-bp+cq(t), a,b,c>0

(iv) The deteriorated units ware neither regainor refunded.
(v) The inventory system involves only one itantl one stocking point and the
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inventory planning horizon is infinite.
(vi) Replenishments are instantaneous andtlealis constant.
(vii) Shortages are not allowed.

3. Notations
q(t) Inventory level at time D(p,q)| Price and stock depende
demand
P Continuous production rate peru| @ Deterioration rate@ < 8 << 1)
time
R Highest shortage lev t, Time at which the stock lev
reaches to maximum
C, Replenishment cost per or p Selling price per unit of ite
C Purchasing cost per ur C, Holding cost per unit per ur
P time
D(t) | Time dependent demar T Time at which the stock lev
reaches to zero
r Inflation rate Z The average cost of the syst
without inflation effect
Z 1 The average cost of the system v
inflation effect

4. Production inventory model without inflation effect

In this case, we have developed an EPQ model ichathie production rate is partially
constant and partially depends on inventory legelvall as demand of an item. In this
situation, we cannot consider any inflation effefcthe production system.

The demand rate is dependent on the price and sfapods, i.e.

D(p,q) =a-bp+cq(t) wherea,b,c> 0. The production rate is
P(t) = P, +{-)q(t) + 9D(q)} where B,,d > Oand0< y< 1.

Here P, is the continuous production rate a{niyq(t) +5D(q)} is the overtime
production rate at time
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In this manufacturing system, the production c\stkrts at=0 and production
continue up td =t; when the stock level reaches to the maximum. Taftee production

stops att =t; and inventory level gradually depletes to zerchaténd of the production

cycle t =T due to deterioration and customers demand.

Then the inventory system can be described bydit@afing differential equations:

AU +690)=P()-D(p.a), Ostsy

%+Hq(t)=—D(p,q), y<t<T

with the boundary conditions

q(t)=0att =0 andt=T.

Also  q(t) is continuous att =t;. From equation (1) We get

% +8q(t) = P(t) - D(p,q)

3%+{9+y—/}(5—1)}q(t) =P +(a-bp)(d-1)

dq(t) _ A=6+y-pL£(0-1) and
g AADEHwhere b a-bp)(G-1)

d _
- a{em q(t)} = et

Then, the solutions of the differential equatiobsdre given by
qt) = ul-e™)/ A, osts<t,

And from equation (2) we get

=q(t) =§ +Ce™, Using the conditions (3), we ge€ = —g

)

(2)

(3)

(4)
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dq(t) -
240 =-D(p.q)

dqd(t)+3q(t)_ —(a—bp) - Bq(t)

N dg(t) + (6 + B) q(t) = —a Wherea = (a—bp)

- E{eww) q(t)} = _q @A

dt
=q(t)=- @ f,ﬁ’) +C, e = C = @+ 1) S
q(t) =a{e®PT -1 /(6 + B) t<t<T (5)
Using continuity condition we have
ud-e M)/ A= a{ e6+A)T-t) —]} 16+ B) (6)
Now the total inventory holding cost for the entisele is given by
t T
Chal =Ch {j q(t)de+ | q(t)dt} (7)
0 t

ty
jﬂ 1-e)dt + j T__(emro )
o/ (6+15)
@+/)T
=C, ﬁz( At, —e™ +1) _Lz (e—(e+/3>T e @ )_ a1y
A (6+P) 6+p
Production cost of the system is given by

i1
PC = CpPyty +Co [{ ~ya(t) + oD (p, )} cit (8)
0
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=C,Pt, +C | {-yg;ia-em)+5(a-bp+ﬁq(t))}dt
=C, Pt + Co_f{J(a— bp) +§(ﬁ5— y)}dt +C. %(y— Jﬁ)j e™dt

=C,Pt, + cotl{a(a— bp) + (86 - y)} +C. 5y - BONE" - )
Total amount of item deteriorated during time perif0,T]is given by

tq T
CD=C, j gq(t)dt + j gq(t)dt 9)
0

t

= Cpﬁ% @a- et )dt + :[% (e(6’+,3)(T—t) _ 1)}

(6+8)T
=c, % -+ -T2 ® [eenm — e )- LA ~-t,)
LA @+ B)° 6+

Hence, in this case, the average @fdt, T ) is given by

X

Z(t,T)= T (10)

where X= <setup cost> + <production cost> + <inventory holding cost>
+ <deterioration cost>=Cy +C;,oy + PC+CD

5. Production inventory model with inflation effect

In this section, we have discussed an EPQ modehioh the production rate is partially
constant and partially depends on inventory legelvall as demand of an item. In this
situation, we have been considered an inflatioactfdf the production system.

The demand rate dependent of price and stock of dgoad.e.,
D(p,q) =a-bp+ Sq(t) wherea,b,3>0.

The production rate isP(t) =P, +{— () + o D(p, q)} where R),0>0and
O<sy<l

10
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Here P, is the continuous production rate a{ndyq(t) +5D(q)} is the overtime
production rate at time

In this manufacturing system, the production cystbrts at=0 and production
continue up ta =t; when the stock level reaches to the maximum. Tattee production
stops att =t; and inventory level gradually depletes to zerchatend of the production
cycle t =T due to deterioration and customers demand. Pittm@esentation of the
inventory system is shown Fig-1:

A

\ 4

Fig-1: Pictorial representation of a production inventory model

Then the inventory system can be described by diewing differential
equations:

dzit-)+6’q(t)=P(t)—D(p1Q), O<ts<t ()
%H?q(t):—D(p,q), t<t<T (12)

11
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with the boundary conditiong(t) =0 att =0 andt =T. (13)

Also q(t)is continuous dt=t; .

From equation (11) we get—— q( ) et——=+4q(t) = P(t) - D(p,q)

=

dcgjit) +{6+y-BO-Dlgt) =P +(a-bp)(d-1)

dq(t) A=6+y-pL£(6-1) and
A gt Wh
=g TAADEH Where o a—bp)(o-1)

d _
- a{em q(t)} = e

—At

, Using the conditions (13), we g€t = —

_H U
=qt)=5=+C Lt
q(t) 3 g

Then, the solutions of the differential equatiobs)(is given by
qt) = x@-e")/A, Ost<t (14)
And from equation (12) we get

dq(t) -
4 T2t =-D(p.q)

_, da)
t

+0q(t) =—(a-bp) - Bq(t)
dqd(t) +(@+ B)q(t) =—-a Wherea = (a—bp)

- %{eww) q(t)} = _q @At

- a
+C. e @At C, = gl0+AT

q”“(@ g @+ 5)
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a(t) =a{e? T -1 /(6 + B) t<t<T (15)
Using continuity condition we have
p-e MY/ = a{e(‘g*ﬂ)”‘tl) —]} 16+ B) (16)

Now the total inventory holding cost for the entisele is given by
Chol =Ch {je q(t dt+je Irtq(t)dt} (17)

4
{I ﬂe—rt - em)dt +J‘ et (e(e+,/3)(T—t) _1)}

! @6+p)

ﬂ (e—rt1 _1) _ H (e(A—r)tl _ ]) _ a e“”*"”T (e—(r+e+ﬂ)T _ e—(r+9+,3)11) +
A AN =) @+ B)(r +6+p)

a
r(@+p)

Production cost of the system is given by

=C,

(e—rT _ e—rtl)

il
PC =CpRtie " +Co [ e {~yu(t) + 3D(p, @)} ot (18)
0
b
=C,Pte™ +C | e_"{- y B}l (1-e")+5(a-bp+ ﬁq(t))}dt
0

Co

=C,PLe™ +=° {6(a bp) + 2185~ y)}(e-”l 9+ (- pay e -

(A-1)A

Total amount of item deteriorated during time perif0,T]is given by

CD=C [ j e "oq(t)dt + j e rt@q(t)dt] (19)

t

_90 o (e(9+,3)(T—t) _ 1)}
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(T
Mgy (oo gy, O (eerem — gtemnm)

o -1 O+ B +6+B)
~™p
ab (e—rT _ e—rtl)
@+ Py
Hence, in this case, the average @oft,, T )is given by
X
Z,(t,T) =T (20)

whereX= <setup cost> + <production cost> + <nventory holding cost> + <deterioration
cost> =Cye "1 +Cpy +PC+CD

6. Numerical example

To illustrate the above models, a set of numegsamples with the following data has
been considered. The values of parameters of diffeaxamples have been showi able

1

Table 1: Values of parameters of different examples

Paramete Example1 Example-2 Example3 Example4
C, $100 $200.00 $250.00 $350.00
C, $.25 $1.50 $1.50 $1.25
G, $2.00 $3.00 $5.00 $4.5

C, $2.50 $3.5 $7.00 $7.00

p $4.0( $6.0( $10.0( $10.5

g $0.1( $0.1¢ $0.1( $0.12

a 45.0( 50.0( 55.0( 60.0(

b 0.50 0.40 0.60 0.7

y 0.0 0.0 0.0 0.0z

B 0.25 0.25 0.25 0.25

r 0.0t 0.0t 0.0t 0.0t

o 0.3C 0.3( 0.3C 0.3C

14
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o $75 $80 $85 $90

According to the solution procedure, the optimadlson has been obtained with the help
of LINGO software. The optimum values of andT, along with maximum average cost
are displayed ifable 2.

Table 2: Optimal solution of the inventory model

Addition
) . . al cost
EPQ model without inflation effect | ="' model with inflation | 4. "y,
inflation
effect
Examp' t T 7 t T 7, 7,7
1 | 11661 | 2.0147| 99135 1.1021 1.94p7 191.888  92/753
2 11921 | 1.9999| 204.169 1.145° 19311 355.241 731.0
3 | 1.0262 | 1.7876| 283.448 0.9532 16751 557.064 2845
4 | 1.3000 | 2.2016| 324.000 1.2344 21045 590.773 B@6.7

7. Sendtivity analysis

For the given example-1 mentioned earlier, serisitanalysis has been performed to study
the effect of changes (under or over estimationflifferent parameters like demand,
deterioration and inventory cost parameters. Tinigyeis has been carried out by changing
(increasing and decreasing) the parameters frori% @ + 20%, taken one or more
parameters at a time making the other parametatgimtmore parameters at a time and
making the other parameters at their original v&lUée results of this analysis are shown
in Table 3.

Table 3. Sensitivity analysis with respect to different paeders of EPQ model with
inflation effect

% changes |
0 %
Paramete % changes ¢ % changes iZ
parameters *
t, T
-2C -0.52 1.1¢ .0z
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-1C
10
20
-2C
-1C
10
20
-2C
-1C
10
20
-2C
-1C
10
20
-2C
-1C
10
20
-2C
-1C
10
20
-2C
-1C

-0.2¢
0.2¢
0.52
-8.0¢
-3.5¢
2.84
5.1¢
-12.8¢
-6.3¢
6.2¢
12.4]
-5.2C
-2.51
2.3¢€
4.6(
-10.2¢
-4.8¢
4.3¢
8.32
0.41
0.21
-0.21
-0.41
1.2Z
0.61

0.5¢
-0.5¢
-1.1¢
48.61
18.9¢
-13.3¢
-23.4¢
12.5¢
5.77
-4.97
-9.31
-12.9¢
-6.41
6.2¢€
12.4:
-17.8:
-9.2¢
10.4(¢
22.21
0.87
0.4
-0.4¢
-0.87
-2.37
-1.21
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10 -0.61 1.2¢ 1.1C
20 -1.2¢ 2.5t 2.2¢8
-2C 0.3¢ 0.87 1.1€
-1C 0.21 0.4< 0.0¢
i 10 -0.21 -0.4¢ -0.0¢
20 -0.41 -0.87 -0.1¢

8. Concludingremarks

Two deterministic inventory models are presentede Her deteriorating items with
variable demand inflation effects. We formulateel ¢rresponding problem as a nonlinear
constrained optimization problem and solved it gdime Generalized Reduced Gradient
Method. A set of numerical examples have been densil to illustrate the models and the
significant features of the results are discus€adthe basis of these examples, we have
compared the two models. Sensitivity analyses baem conducted taking one parameter
at a time, while keeping the other parameters #mees In this study, we compared the
results of an inventory system with and withoutirdftation effect. The cost of inventory
management is rising rapidly due to inflation. Fineposed models are also applicable to
problems where the selling prices of items as waslthe advertisement of items affect
demand. This policy is applicable to fashionableds two-level and single-level credit
policy approaches.

For further research, one can extend the proposmikels in several ways. In
addition, these models can be extended for othmestyof variable demand based on
displayed stock levels, time and other factors. ta other hand, these can also be
generalized by considering two-level credit polici&hese models can be used in fuzzy
and interval environments as well.

Acknowledgements. The author acknowledges the reviewers for thdinalde comments
for improvement the paper.
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