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Abstract

Now-a-days, learning’s awareness is increasing in various disciplines because effect
of learning has a direct impact on profit or loss, and it is a promotional deemed
effective tool for inventory management. The basic concept of the inventory model
is that 100% of the articles in an ordered lot are of good quality but this concept is
not practically justifiable for the production process owing to product deterioration
and related factors and so deterioration of items cannot be ignored. Again due to
lack of considering the influence of demand, the ameliorating items for the amount
of inventory is increasing gradually and it is a natural phenomenon observing in
much life stock models. In addition, as the deep financial crisis continues to haunt
the global economy, the effects of inflation and time value of money cannot be
oblivious to an inventory system. Again another important factor is shortages which
no retailer would prefer, and in practice are partially backlogged and partially lost.
In order to convert the lost sales into sales, the retailer offers such customers an
incentive, by charging them the price prevailing at the time of placing an order,
instead of the current inflated price. Therefore, bearing in mind these facts, the
present paper develops an inventory model for a retailer dealing with deteriorating
and ameliorating items with stock dependent demand under the influence of
inflation and time-value of money over a fixed planning horizon where holding cost
follows the learning curve. Finally, a numerical example is provided to illustrate the
proposed model. Comparative study of the optimal solutions with respect to major
parameters under different special cases is carried out graphically and some
managerial inferences have been presented.
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1. Introduction

In many inventory models, the demand rate of items was often assumed to be either
constant or time dependent. However, many researchers have recognized that the
demand rate of many retail items is usually influenced by the amount of inventory
displayed. For example, Whitin [1] stated, “For retail stores the inventory control
problem for style goods is further complicated by the fact that inventory and sales
are not independent of one another. An increase in inventories may bring about
increased sales of some items.” Levin et al. [2] and Sliver and Peterson [3] also
observed that sales at the retail level tend to be proportional to the inventory
displayed and that large piles of goods displayed in a supermarket will lead
customers to buy more. The reason behind this phenomenon is a typical psychology
of customers. This may occur due to the fact of feeling of obtaining a wide range
for selection when a large amount is stored or displayed or having doubt about the
freshness or quality of the product when a small amount is stored. Based on the
observed phenomenon, it is cleared that in real life the demand rate of items may be
influenced by the stock levels. Many researchers like J. T. Teng et al [4], T. K. Datta
et al[5], B. R. Singh [6], R. P. Tripathi et al [7], N. Sharma et al [8] etc have
considered stock dependent demand rate in their models.

Again several researchers have addressed the importance of the deterioration
phenomenon in their field of applications, as a result, many inventory models with
deteriorating items have been developed. But due to lack of considering the
influence of demand, the ameliorating items for the amount of inventory is
increasing gradually. The fast growing animals like broiler, ducks, pigs etc. in the
poultry farm, highbred fishes in berry (pond) which are known as ameliorating items.
Amelioration is a natural phenomenon observing in much life stock models. Hwang
[9] developed an inventory model for ameliorating items only. Again Hwang [10]
added to a stock model for both ameliorating and deteriorating things independently.
Mallick et al. [11] has considered a creation inventory model for both ameliorating
and deteriorating items. Many researchers like Moon et al[12], Law et al [13],
Nodoust [14] are few noteworthy.

In the present field of economy, inflation is a crucial attribute of today’s esoteric
economy which cannot be shrugged off. The term ‘inflation’ particularly used in an
economic context literally means to blow up or get bigger. However the most
common economic meaning of inflation is: reduction in the value of money i.e.,
monetary depreciation. As a result prices of commodities rise which subsequently
curbs the purchasing power. Further from the financial perspective, inventories
correspond to substantial investment in capital for any organization; hence it would
not be ethical if the effects of inflation and time value of money are not considered
while determining the optimal inventory policy. Buzacott [15], Bierman & Thomas
[16], Moon et al [17], Bansal [18], Dr Biswaranjan Mandal [19] are mentioned to
few.

Moreover the learning’s awareness is increasing in various disciplines because
effect of learning has a direct impact on profit or loss, and it is a promotional deemed
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effective tool for inventory management. Few research areas of N. Kumar [20], M.
K. Sharma et al [21] etc are important in the field of inventory management.

For these sort of situations, efforts have been made to develop an inventory model
in presence of both ameliorating and deteriorating items with stock dependent
demand under the influence of inflation and time-value of money over a fixed
planning horizon where holding cost follows the learning curve. Shortages are
allowed which is partially backlogged. Finally the model is illustrated with the help
of a numerical example and the comparative study of the optimal solutions with
respect to major parameters under different special cases is carried out graphically
and some managerial inferences have been presented.

2. Assumptions and Nomenclatures
2.1  Assumptions

The present inventory model is developed under the following assumptions:
I.  Lead time is zero.
ii.  Replenishment rate is infinite but size is finite.
iii.  The time horizon is finite.
iv.  There is no repair of deteriorated items occurring during the cycle.
v.  Amelioration and deterioration occur when the item is effectively in stock.
vi.  The demand rate for the product is assumed as stock dependent.
vii.  Holding cost follows the learning curve.
viii.  Inflation is also considered in this model.
ix.  Shortages are allowed and partial backlogged.

2.2 Nomenclatures

The following nomenclatures are used in the proposed model:
i.  I(t): On hand inventory at time t.

a+bl(t),1(t)>0
a,l{)<0
demand and b(0<b<1) be a constant parameter.
iii.  B(t): Backlogging rate B(t)=e°"™", where §(>0)is a constant.
iv.  Q:On-hand inventory.
V.  @:The constant deterioration rate where 0<6<1
vi. A The constant ameliorating rate.
vii.  t,: The time length in which the product has no deterioration (fresh

ii. D(t): Demand rate D(t) =

> , Where a(>0) be the initial

product time).
viii.  t;: The time length in which the stock is completely diminished.

ix. T :The fixed length of each production cycle.
X.  1:The inflation rate per unit time.
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xi.  r: The discount rate representing the time value of money.
Xii. A, : The ordering cost per order during the cycle period.

Xiii. p. : The purchasing cost per unit item.
Xiv.  h, +ia : The holding cost with learning effect.
n 2

xv.  d_: The deterioration cost per unit item.
xvi.  a.: The cost of amelioration per unit item.

xvii. ¢, : The shortage cost per unit item.

xviii. 0, : The opportunity cost per unit item.
Xix.  r.:Sales revenue cost per unit time.

,(t),0<t<t,
I(t)=]1,(t),t, <t <t
™ ()t <t<T

xxi. TP : Average total profit per unit time.

3. Mathematical Formulation and Solution

In this model, we consider an inventory model starting with no shortage.
Replenishment occurs at time t = 0 and the inventory level attains its maximum.
During[0,t,], the inventory level is depleted only due to stock -dependent demand

rate. Fromt = t, to t = t, the stock will be diminished due to the effect of
amelioration, deterioration and demand, and ultimately falls to zero at t =t,. The
shortages occur during time period [t,, T] which are partially backlogged. The

behaviour of the model at any time t can be described by the following differential
equations:

di, () _

1 =—a+bl,®]0<t<t, 1)
%+(9—A)I2(t)=—[a+b|2(t)],td <t<t, 2)
and M=—ae*5(”),tl <t<T (3)

dt
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The initial conditions are 1,(0) =Q,, 1,(t) =0, 1,(t)=0, 1,(T)=-Q,
and Q=Q +Q, 4)

The solutions of the equations (1), (2) and (3) using (4) are given by the following

IKD:QEM—EO—EN)OStSQ 5)
a —A+b)(t -t
|z(t)=m{e(9 AP g1, <t <t (6)
2 2
am|40=%m—&ﬁ—%»+ay¢my—%»quST )

Since I,(t,) = 1,(t,) , we get the following expression of on-hand inventory from the
equations (5) and (6).

a , nt a bty a(6—A+b)(t—ty)

=—("-)+——e"{e ) 1}
Q= €™ -+ — —ef } Q
Again Q, =—1,(T) gives the following expression using (7)

T 2 t 2

Q,=a(T —57)—a{t1 —6(Tt, —15)} 9)
Therefore the total on-hand inventory is given by
Q= Ql + Qz
or,

a , a bty [ (O—A+b)(t—t; )

=—(E™ -1)+———e™{e -1
e DAt 3+
T2 t12

a(T - 57) - a{tl - 5(Tt1 - ?)} (10)

4. Cost Component

Based on the above assumptions of the model, the total profit over the period [0, T]
consists of the following cost components:

(1) Ordering cost (OC) over the period [0,T] = A, (fixed) (11)
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(2) Purchasing cost (PC) over the period [0,T] = p,Q or,

or,
2

_ a, a bty o (0—A+b)(t—ty) T t12
PC=p.[— -1)+———ge" 1) 7 T-0—)—aft, —6(Tt, —
P -+ e e Fra(T -5~ aft, - 5(T, - 2N
(12)

(3) Holding cost for carrying inventory (HC) over the period [0,T]
HC = (h, +—) [jl (t)e’R‘dt+jI e dt], R=r—i

ty

Putting the values of 1,(t) and I,(t) from (5) and (6), and integrating and then
substituting the value of Q, from (8), we get the following:

b aR (ebtd _ —th )[ {e(e A+b)(t—-ty) 1}+ ]__(1 e—th)
+
a [ 1 Ie(a A+D)(t 1) g R _ethl}_l(e—th _ethl)]] (13)
O—A+b 09— A+b+R" R

(4) Cost due to deterioration (CD) over the period [0, T]
b
CD= do[1,(e ™dt, R=r-i

ty

Putting the value 1,(t) from (6), and then integrating we get the following

d.fa 1 { (0-A+b)(Y,
6? A+b O—A+b+R"

td)ethd —eRtl}—%(eth _eth1)] (14)
(5) The amelioration cost (AMC) over the period [0,T]

[
AMC = aA[l, (e dt, R=r—i
&y
Putting the value 1,(t) from (6), and then integrating we get the following

a_Aa 1 1
AMC - C e(97A+b)(t17td)e7th _ethl - ethd _ ethl 15
H—A+b[¢9—A+b+R{ } R( )l (19)

(6) Cost due to shortage (CS) over the period [0,T]
T
CS= —c[ly(t)e ™dt,R=r-i

4
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Putting the value 1,(t) from (7), and then integrating we get the following
T2 6T 2 1 ot

CS:—csie‘RT(T—§T2+———+—+—2—t1+5Tt1——1)
R 2 R R R 2
2 2
+ C Ee*Rtl(tl__é‘L_Fz_'_i_ﬂ (16)

"R 2 2 R R R
(7) Opportunity Cost due to lost sales (OPC) over the period [0,T]
T
OPC = o, j a(l—e Ve Rt

b
. oa 0.a ;
R=r-i=—=—(ef —g™)-——g ("R gl 17
= ( ) ) w7
(8) Sales Revenue Cost (SRC) over the period [0,T]

ty Y T
SRC = r[[{a+bl,(t)}e ™dt+ [{a-+bl,(t)}e ™dt+ [aeT Ve dt]
0 ty

4
Putting the values of 1,(t) and I,(t) from (5) and (6), and integrating and then
substituting the value of Q, from (8), we get the following

SRC:%(l—eRﬁH

rab Rt 1 (0—A+b)(t—ty) 1. ra Rt
——(e™ —e ) [——Ae ) P+ =] - (L-e )+
b+R( )[0—/-\+b{ } b:I R ( )
r.ab 1 (0-A+b)(t—ty ) A—Rt Rt 1, & Rt
C e 17 e d —e 0 e d —e 1 +
0—A+b[9—A+b+R{ } R( )l
r.a efﬁr{e(é‘—R)T _e(rS—R)tl} (18)

0—-R



8 Manda

Thus the average total profit per unit time of the system during the cycle [0,T] will
be

TP(t,) = % [ SRC-OC —PC-HC-CD-AMC-CS-OPC]

1 o R r.ab Qb Rt a(0-AD)(t) 1. ra Rt
1-efu)+ = (P —g R ) 4 S-S (1
=T ( )bR( )[eAb{ }b]R( )
rab 1 _ ey _ _ _ ra :
c L(0-A+b)(Y td)e Rty —e Rty — e Rty —e RUNT + c? 9T (g-RIT _e(J—R)tl
49—A+b[¢9—A+b+Rl } ( J -R ( )
2
- A pc[ 2 (e 1)+ e {el I 1 a(T — 5L ) aft, - 5(Tt,— L)} -
0—-A+ b 2
bt —Rt, (0-A+b)(t—ty) —Rt,
- —Z (e —e ™ e )y D] - (—e
5 R( )[9 v b{ } b] bR( )
a 1 fa(0-A+b)(t—ty) ARt Rt 1 _w Rt
e 17 d e d _e 1l e d _e 1
6‘ A+b O—A+b+R" } R( )]]
d fa 1 1
_ c fe(O-ADIL-t)g Ry _g-RuY_ = (g-Rl _g-RY
O—A+b 0—A+b+R" } R( J
a Aa 1 LAt g R —e’Rtl}—l(e‘R‘d _e )]
0—-A+b 0-A+b+R R
2 2 2
+C, —e’RT(T sTe - or 2 1 — -t +5Tt, —i) *R’l(t oy +3+i—£)
R 2 R R R? R 2 2 R R R
+ %(efm —e’Rt1)+ 0.a o (e(é‘—R)T _e(ﬁ—R)tl) ]
R o0—R
(19)
.. . .. . dTP
To maximize the profit, the necessary condition is % =0
This gives
rcae—Rtl (1_e—§(T—t1))+ r.ab (ebtd _e R )e(a—A+b)(t1—td)+
b+R
r.ab {e(Q—Aer)(tl—td) _ e’R‘l}
0-A+b+R

- apgEne M 15T ) (y+ )

[ (€™ —gRu)ell APt a e O-ANt) _ e—Rtl}] -
b+R 6-A+b+R
d.0a (UM gy L AAA peann gy
0-A+b+R 60— A+b+R

c %{G’RT (1-6T +6t) +e ™ (—+ Ritl —i

1
,— ot — oT
2-=+0T)}

- oae (e’ =0 (20)
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d’TP(t,)
dt,

For maximum, the sufficient condition <0 would be satisfied.

Let L=U pethe optimum value ofl.

The optimal values Q" of Q and TP" of TP are obtained from the expressions
(10) and (19) by putting the valuet, =t,".

5. Some Special Cases

a) Absence of deterioration
If the deterioration of items is switched off i.e. =0, then the expressions (10) and

(19) of on-hand inventory(Q) and average total profit per unit time (TP(t,)) during
the period [0,T] become

o= % € D+ 8 R G
T? t?
a(T - 57) - a{tl - 5(“1 - ?)} (21)

And

1 [ r.a Rt rab Rt 1 (b-A)t~ty) 1. ra Rt
TP(t)==] =(@Q-e ™)+ =—(e™ —e )[—{e""" Y -+=]-(@Q-e"
W=7 Lyt > iR At FplmR )

r.ab 1 (b-A)(t—ty) o—RY, RY R Ry ra _s, - -
< J— fe 17l _ @MY T (@7 T )]+ c” @ e(b R)T _e(é R)Y
b—Alb—ATR FR( I 5oge )

) a b 8 bty pab-Atty) _ K _ _ _t1_2 )
A Ioc[b(e 1)+b_Ae {e B+afT 52)} aft, - o(T, 2)}]

a 1 1. a
h + hl ebtd _e—th e(b—A)(trtd) DN ]__e‘R‘d
(hy+ ) [ I, pool-n e ™)
+ bf_iA[b_'i+ R{e(b—A)(tl—td)e—th —e’Rtl}—%(e’Rt" —ethl)]]
a. Aa 1 (b-A)(t~tg) o —RE Rt R Rt
e 17 e d _e 10 e d _e 1
b—A[b—A+R{ ¥ R( J
a __gr , T2 6T 2 1 ot a_m t?2 St2 2 1 ST
+C —e 0T +———+—+ -4 +0T,——) -c,—e (L -y =y ———
°R T 2 R R R* ! ' 2) *R (2 2 R'R R)

+ %(efRT _e )4 o.a 6T (R _glo-Rity ]
R 5-R
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The equation (20) becomes

r.ab 8D (g _gRu)glb-At) 4 r.ab LA Ry
b+R b—-A+R

_ apc{ebtd e(P-ANL-1y) +l—5(T _ti)}' (hO + }}2) [L(ebtd _g Rl )e(b—A)(tl—td)

rae i (1-e W)+
C

L@ O _gRiy] - _&A pemnt) gy
b-A+R b—A+R

c, %{e‘RT (L= 6T +ot) +e ™ (R0 Ritl o

ot - 2—%+a‘r)} :
0.ae (e’ W -1)=0 (23)
This gives the optimum value of t,.

b) Absence of amelioration

If the amelioration of items is switched off i.e. A=0, then the expressions (10)
and (19) of on-hand inventory(Q) and average total profit per unit time (TP(t,))
during the period [0,T] become

"E@m_4i+9ab&%&me%)_g+
+

T 2 t12
a(T-o 7) —aft, - o(Tt, - ?)} (24)
and
a a bt T? t?
= (™ —1)+ o5 e e 3y a(T - 57) —aft, —5(Tt, - 1?)} (24)

And TR(t,) = & [ ra (1—e 7R11)+ (ebtd _ 7th)[ {e(9+b)(t1 ~ty) 1}+%]_%(1_87th)

r.ab 1 {e DRy —ethl}—— (e —eRu)]+ 67T (R _gloRny
+b 0+b+R R

- A IOC[ (" - D% bt“{(3(‘9”’)“1 W —Tp+afl - 5—)} aft, 5(%—%)}]-

= (ebtd _ —th )[ {e(€+b)(t1—td) 1} ]__ (1_ e—th )

9+b [0+b+ R{ ((7'+b)(t1—tn)e—th _ 7Rt1} (e Rty _ 7Rt1 )]] - gcfz 9+b+ R{ €+b)(ll—td)e—Rld _e—Rtl}_%(ethd _elel)]
a T? 6T 2 1 ot} t?

ro Semroaria S 2y - Ty g B L2 LT,
°R 2 R R R’ 2 R R° R

0.a 0.a 5
+ << (e—RT _e—Rtl) + c e—d‘l’ (e(b—R)T _ e(&—R)tl) ]
R o-R

(25)
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The equation (20) becomes

rae i (l-e ST4)Y 4 r.ab (e —g R )e0b) 4 r.ab [N gy
b+R 0+b+R

apc{ebtde(€+b (t-ty) +1- 50‘ t)} h-l- hl) [biR(ebtd_e—th)e(9+b)(t1—td) +
+

ne

I N (R R [
e i’ e
G+h+ R{ }] 6+b+R

cS%{e-RT(l-fmameR‘l(Ritl 52 ot -ot-2- E+5T)} 0,28 (e -)=0

{e(9+b)(t1‘td) _e_Rtl} -

(26)
This gives the optimum value of t,.

c) Constant demand rate
If the demand rate is constant in nature i.e. b=0, then the expressions (10) and (19)
of on-hand inventory (Q) and average total profit per unit time (TP(t,)) during the

period [0,T] become
A (O-Att) T’ t’
Q = atd + ﬂ{e _1} + a(T - 57) - a{tl - §(Tt1 - ?)} (27)

1 ra _ ra
and TP (t,) = —[ S (l-e )+ T g T (gURIT gl Ry -
=1 ( ) 5 Rre( ) -A

- peally + e 1y (T =5 1) g1, — (T~
c d 60— A 2 1 1 2

1 1
- ZA—e M) [—{e "N _T}pt, —1-=
(hy S (e ™= A{ }rty-1-2]
N 7 aA[g i_'_ Rre(a At _g Ry I:_-I;(e ethl)]]
d.fa 1 AY(tty) e - 1 -
_ 0(;_A[0_A+R{e(6 Aty td)e Rty —e Rtl}_E(e Rty —e Rtl)]
a Aa 1 M)ty o -
_ GC_A[H_A+ R{e(ﬁ Aty td)e Rty Rtl} (e —e Rtl)]
2
+ csie‘RT(I'—é'T2+T——£+£+i—t+5Tt §t1
R 2 R R R?
_Rll(t1 3, ___)
R 2 R R?
+ 0, (e—RT _e—Rt1)+ 5OiaR e o7 (e(57R)T _e(o‘—R)tl)] (28)
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The equation (20) becomes
rae " (l-e’T W) ap {e“ N L1 ST -t)}- (h, + i )

n*
8 R O-AXt) a (O-AXt-t) _ ARy
@—e")e + {e e}
R 0-A+R
dcea O-A)(t,—t “Rt a_Aa
- {e( Mt—tg) —e 1} _ e e(0-Att) _ gRY
60— A+R 0— A+ R{ }
2 2
-c, %{e-” @-oT +5tl)+e’Rt1(Rth1—%+tl—§tl—2—%+ﬂ)}
-0,ae M (e’ -1)=0 (29)

This gives the optimum value of t,.

6. Numerical Analysis

To exemplify the above model numerically, let the values of parameters be as
follows:

a=200; b=0.5 6=0.02; A=0.01; 6=10; A,=$ 100 per order; p.=$5 per
unit, h,=$ 2.5 perunit; h =$2.5perunit;n=3; «,=0.1;d,=$9 per unit;

a,= $ 6 per unit; c,=$10 per unit; o, = $12 per unit; i =0.08;r=2; r.=$ 12 per
unit; t;=0.2yearand T =1 year

Solving the equation (20) with the help of computer using the above values of
parameters, we find the following optimum outputs

t; =0.74 year; Q" =160.51 unitsand TP"=Rs. 265.85
It is checked that this solution satisfies the sufficient condition for optimality.

On the basis of the above parameters, the following solutions are also made.

Special cases t Q" (units) TP ($)
Absence of deterioration 0.80 165.79 225.73
Absence of amelioration 0.73 160.15 268.66
The constant demand rate 0.77 147.41 99.30
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7. Comparative study of the optimal solutions towards

different special cases in the inventory model

The comparative study is also furnished graphically to illustrate the special cases of
the inventory model by varying nature of inventory models.

170
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150

145
140

135
deterioarting and  no deteriorating no amelioarting  constant demand
ameliorating items items items rate

Figure 1: Inventory items vs Optimal On-hand Inventory

300
265+ 66
250
200
150

100 93.3

50

deteriorating and no deteriorating no ameliorating constant demand
ameliorating items items items rate

Figure 2: Inventory items vs Optimal Inventory Total Profit
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8. Observations

The present model deals with the learning effect in presence of both ameliorating
and deteriorating items under stock dependent demand assuming the influence of
inflation and time-value of money over a fixed planning horizon. Shortages are
allowed which are partially backlogged. The model is also developed analytically
and graphically considering some special cases like model with deteriorating and
ameliorating, no deteriorating, no ameliorating and constant rate of demand.
Analyzing Fig. 1 and Fig. 2, it is observed that optimality of inventory total profit
and on-hand inventory level are changing very less sensitively for all kinds of
inventory goods except model where the demand rate is constant in nature.
Moreover it is also observed that the optimal inventory total profit is significantly
very high for the inventory model where the demand rate is trended as constant in
nature. So demand parameter plays an important role for estimation of the
optimality of inventory profit.
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