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Abstract This paper deals with the economic order
quantity model for deteriorating items with price and stock
dependent demand rate, where deterioration is constant.
We have noticed the effect of shortage under inflation and
taken into consideration the condition of permissible delay
in payment. In first case, the credit period is less than or
equal to the cycle time for settling the account and sec-
ondly the credit period is greater than the cycle time for
settling the account. Then we have obtained the condition
for minimizing the total cost. Finally, the results are
illustrated by a numerical example for different cases and
sensitivity analysis is carried out to analyze the effect of
the parameters on the optimal solution.

Keywords Deterioration - Credit period - Inflation -
Shortage - Delay payment

1 Introduction

In general classical economic order quantity (EOQ) model
is developed on the assumption that the demand rate of an
item is constant. But in real life demand rate of any item is
always in dynamic state. As reported by Levin et al. (1972)
and Silver and Peterson (1985), selling of items are pro-
portional to the inventory displayed such that large piles of
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goods displayed in a supermarket will tempt the customer
to buy more. Sana and Chaudhuri (2008) proposed a paper
considering various types of demand rates with delay in
payment and price discounting. Manna and Chaudhuri
(2006) took ramp type demand rate for deteriorating item.
Goyal (1985), first investigated an EOQ model considering
permissible delay in payment but he ignored the loss due to
deterioration. However the real life scenario is different.
Chang and Dye (2001) assumed an inventory model for
deteriorating item with partial backlogging and permissible
delay in payment. Khanra et al. (2011) developed a EOQ
model for deteriorating item with time dependent quadratic
demand rate under permissible delay in payment. Pal and
Chandra (2012) and Jaggi et al. (2012) presented a deter-
ministic inventory model with permissible delay in pay-
ment and price discount on backorders. Jamal et al. (2000)
developed an inventory model to obtain an optimal pay-
ment time by a retailer under delay in payment by the
wholesaler. Shah et al. (2011) presented deterioration as
Weibull distribution with two credit period. Roy and
chaudhuri (2011) considered price and stock dependent
demand rate of deteriorating items.

In real life decaying of item is obvious such as elec-
tronic item, fruits, etc gradually losses its potential. Again
when the increase in price is anticipated, the companies,
firms or retailer buy goods in large amount without con-
sidering it to be economical or not because the inventory
system will deteriorate and sometime large stock creates
false impression on the buyers. Misra (1975) developed an
EOQ model under incorporating inflationary effects. Hou
(2006) derived an inventory model for deteriorating items
with stock dependent demand rate and shortage under
inflation. Chang et al. (2002) derived an inventory model
for deteriorating items with time value of money under
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finite time horizon and permissible delay in payment. Dey
et al. (2008) worked on an inventory model with dynamic
demand over finite time horizon under inflation and delay
in payment. The paper also have considered the interval
valued lead time along with two different storage of the
items. Liang and Zhou (2011) considered a two warehouse
inventory model for deteriorating model with delay in
payment. Shah (2006) investigated an inventory model for
deteriorating item under finite time horizon, permissible
delay in payment and time value of money. Ouyang et al.
(2006) studied an inventory model for non-instantaneous
deteriorating items with delay in payment. Singh et al.
(2010) studied inventory model of deteriorating item under
inflation for two shop under one management system. Liao
et al. (2000) developed a inventory model of deteriorating
items under inflation and delay in payment. Mandal and
Phaujdar (1989) considered deterioration as time depen-
dent variable (i.e., as time passes the material get deterio-
rated) and stock dependent consumption rate. Hou and Lin
(2006) developed an EOQ model of price and stock
dependent selling rate for deteriorating items under infla-
tion and time value of money. Ray and Chaudhuri (1997),
Chen (1998), Chung and Lin (2001) and Wee and Law
(2001) etc. all investigated effects of inflation, time value
of money and deteriorating items of inventory model. Roy
and Samanta (2010) investigated an inventory model of
deteriorating items under two rates of production and delay
in payment. Jaggi and Khanna (2010) investigated on the
supply chain inventory model for deteriorating items with
stock dependent consumption rate and taking into consid-
eration the effect of inflation, delay in payment and
shortages. Lo et al. (2007) worked on an intergraded pro-
duction-inventory model with imperfect production pro-
cesses and deterioration as Weibull distribution under
inflation. Sana (2008) developed an EOQ model with
varying demand rate with selling price under permissible
delay in payment. The paper also considered the expendi-
ture due to advertisement.

In the supermarket we have seen that not only the
amount of the stock but also the price of the item affect the
inventory model. So we have considered a deterministic
inventory model of deteriorating item where we consider
the demand rate as price and stock dependent demand
under inflation. We also consider delay in payment i.e.,
credit period for settling the amount. In Sect. 2 we present
some assumptions and denoted some notations that we
have used in this paper. We define the inventory model in
this section. In Sect. 3 we give detail analysis of the model
and obtained the minimization condition of the model in
two different cases. Finally we illustrate numerical exam-
ple and sensitivity analysis in support of the proposed
model in Sects. 4 and 5 respectively. Some conclusions are
made in Sect. 6.
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2 Mathematical formulation of inventory model

The notation and assumptions which are used for devel-
oping the model as follows:

Notation:

D(I(t), p) Demand rate where I(¢) is inventory level at
time ¢ and p is price of the stock,

k Inflation rate,

0 Constant rate of deterioration,

T The time when the stock level finishes,

T Replenishment cycle,

M Credit period settled by the supplier to the

retailer,

h Holding cost per unit item,

g Shortage cost per unit item,

c Purchase cost per unit item,

p Selling price per unit item,

1, Rate of interest earned,

I, Rate of interest payable or charged to delay in
payment.

Assumption:

1. Demand rate is D((¢), p) = r(p)[o + B I(r)] where
rp) =y e P is the price factor where, vy >0, 3 >0
are the parameter. 3 is stock dependent consumption
rate parameter 0 < f§ < 1.

2. The demand rate of an item is price and stock dependent.

Shortages are allowed and these are fully backlogged.

4. The deterioration rate is constant on the on-hand inven-
tory per unit time and there is no repair or replenishment
for the deteriorating items within the cycle.

5. [If the retailer pays by the offered credit period M, then
the supplier does not charges any interest to the
retailer. If the retailer pays after M then he has to pay
interest at the rate /, to the supplier (Fig. 1).

(O8]

Therefore the mathematical model of the presented
inventory system is as follows:

dl(t
MO 01 = )i+ pr(o], 0<i<7, m

N A

Q Q

M
0 ; > 0 ! >
T
Qs _M_ — INT Qs — — — N
Casel Caselll

Fig. 1 Proposed inventory model with inventory versus time
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dl(t Ordering cost (OC) is
O | 1) = —rp), Ti<t<T 2) £
dt oCc=A (11)

where the conditions are I(0) = Q and I(T;) = 0

3 Mathematical analysis of the proposed inventory
model

The solutions of the differential equations are as follows:

e (Tt —e)r(p)a .

)= {5 S e Fosish G)
r(p) (T]—t) lfT[SlST

where a = 0+ fr(p) (4)

Therefore the maximum amount of inventory when the
cycle began is 1(0) = Q i.e.,

0=1(0) =" (e 1) )

The shortage during t = T i.e., highest inventory amount
during shortage is O, = — r(p)a (Ty — T) = r(p)o. (T — T))
Now the present value of inventory holding cost

(HC) = h [ A2 () (k) gy
hr(p)a —kT, aT,
:m(ae ! +ke I — (Cl+k)) (6)

Now the present value of shortage cost = SC =
—g fTTl I(t)e Mdt

T
=gr(p)a / (t—Ty)e Mdr
T
e—k(T+T1)gr(p)Oc

= —k2 (ekT _ ele (1 + k(T _ Tl))) (7)

The present value of purchase cost = PC = c¢;0+
cre M OT*T' r(p)adt
=10 +cie r(p)a(T = T) (8)

No. of deteriorating item = DI = Q — fOT‘ D(1(1),p)dt

_o- /r(p[ “ﬁr(p)( —1)}1;

= 0" T (T )rp)B - arp)Ti) ()

The deterioration cost (DC) is

rp)x
a2

pC—e, (Q ST A —ar<p>nﬁ>)

(10)

Case 1: M<T,

Interest earned (/E;) due to sale up to 7T is given by

Ty

IE\ = ¢ 11, /
0

=al, /Tl r(p)t<a + ﬁ“rT(p) (e?Ni=1) — 1))dt
0

= AT oo 1)) 4T (T,

—r(p)(2 + aT)p)) (12)

Interest payable (/P;) due to arrival of supplier before the
stock ends is as follows

tD(I(¢), p)dt

P =il / 1)t =il / 1(6)di + / 1(t)dt)
=il / ’"(Z)“(eam*ﬂ_ndm / r(p)a(Ty — t)dt
r(p)o(edTi—M) _ | —l—a]M—Tl
e (=) 21 et =)
7 0)a(r 11 (13)

It is evident that the total cost per cycle is the sum of the
set-up, production, inventory carrying, interest and
depreciation costs.

Therefore the total cost per unit item per unit time = 7C,

1
TCy = (0C+HC+SC+DC+PC+IP ~IE)  (14)

- % [A +erir(p)ae (T —T1) + grl(g)a
x (e — (1 4+ k(T —T)))) + C1V(P)(e:T1 —e
cir(p)ad

‘a—)< (P)Tif+ (1+Ty0) — &™)
_ Cll’é 2 (T203 + r207)T1

1
+2r(p)B(—1 4 &' — T,0 + T?0%)) + Eclr(p)l,,oc

FA(T,0 — 2)

s 2(=1+e“T=M) L (M —T))a)
X <(T1 — T) —+ a2
(15)
Lemma 1 When dTC‘ L, —n =0 exists for 1] € M, 0)

then TC, is mimmum at Ty =1t if e kT‘g+c1e“T' (a+
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0)+-L (ke 1 +ae*T) +cye” a(Ti M>I,,—C‘Tl”(r(p)e“T‘[3+0)>O

a+k
otherwise, tl =M lf ;(e—kT_e—kM)_'a_thk(eaM_e—kM)_Cl (e—kT
oM (1 21,r(p) B ar(p)ﬂ(e"Mf171[,M)+u2(1+MIE+MIF71,,T)7r(p)ﬁI£)
a? a?

>0 and e 7 g+ci e (a+0)4- " (ke T 4ae"™ )¢ e a(Ti—M)
1,—% (r(p)eT p+0) >0 are satisfied.

Proof 1If ddT—TCl‘ exists for Ty €

condition for minimization of TC, for a given value of M is

[M,c0) then the necessary

ddT—TCl‘ =0 and we get the extremum of 7C,. Also the suffi-
cient condition for the minimization of TC; is & d;fl >0

From the necessary condition dc, =0 we get,

iy _rPlga(e "~ )
k

1 T
— — aly
T clr(p)oc(e

rp)hofe T — )

+alpr(p)a[(T—T)

a+k
r e(Ti—M) _ r aT
+ (p)x( P 1)] -1-617(19)9‘(661Tl - (p)az +9>
TP (o )™ 4 T (a2~ ()
+(a*T1 —r(p)B(2+aTy)))] =0 (16)

The optimum value of T} =1t} is obtained from above if
it satisfies the sufficient condition.

Now, using < dTC‘ =0 we get
e
5 L= r(p)s e *ga+ crea(a + 0)
dT”
h
+ a——fk (ke *T1 4 ae’™) + ¢ e 7M)Ipoc.
cil.o a
- ) 0)

Note that Lt7, ddTTC L = 00 and now,

Now if e "¢+ e (a+ 0) + 21 (ke " 4 ae™™) +
creN=Mp, — C'ai(r(p)e‘”‘ﬁ +60) >0 holds then we get
d;;?‘ >0 which means TC; has minimum at 7| =1,

1

otherwise 7C; may be maximum in the interval [M, co) or
drc; _

TC, is a monotonic function in [M, 00). Now Lt7, _o

arn
ddTTC]l l7,=¢ >0 imply TCj(0o—)<TCi(oc) and
TC{(M) < TC{(M +) respectively. In the neighbourhood of
the end point, 7C; is a monotonic increasing function of
T, € [M,00) and TC; does not have a minimum in [M, o).
So TC; does not have stationary point in [M, 0o). Therefore

f; = M if Lir, oo 2t = 00 and 424, > 0 e, if the

oo and

condition e *1g + c1e?Tt (a + 0) + aﬁk (ke Tt 4 gedTr) +
creN=Mp, —al (4(p)elip4+60) >0 and  §(e”* —
MY+ ol (e — M) — gy (7T — e (1 - 2Pl

ar(p)(e™ —1-1.M)+a*(1+MI,+MI,—1,T)—r(p) ﬁlg)

e > () are satisfied.

Case2: T, <M

Interest earned (/E,) due to arrival of supplier after the
stock ends.

=cil, | [ tD((r),p)dt + (M —Ty) | D(I(z),p)dt
/ /
=cil, [V;pz (2(e"" = D)r(p)oc + aTy (@’ Ty — r(p)
X (2+aTy)p)) +(M272T1)06(112T1 + (e = Dr(p)p
— ar(p)Tlﬁ)] (17)

Here the retailer has sold Q unit during [0, 73] and is paying
¢1Q to the supplier in full at time M > T so the retailer does
not have to pay any interest so interest charge is zero i.e.,

drc, _
dT,
r(p)ga(e ™ — e ¥ p(p)ho(e 11 — 4T
:>% {clr(p)oc(e“T‘ _ e*kT) o (P)g ( p ) (p)h (a s )+ Cllpl’(p)a
r ea(Tl -M) _ r eaTl
e L (e
- (1) ™+ 116 rip)af) + Ty — )2+ aTi))| > 0
= %(e*kT _ e*kM) + QL—"—k (eaM _ eko) — ¢ <ekT _ M (1 . Zle:l(zp)ﬁ>
_ar(p)pe™ =1 = I.M) + a*(1 + M, + MI, — )—r(p)ﬁ[)
a2
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P, =0

Therefore the total cost in this case is

1
TC; =—(0C+HC +DC+SC+ PC—IE; +1Py) (18)

= % {A +crr(p)oe (T — Ty) + g_r(p)oc (e — T

1+ k(T —T))) + M
- : (ra(ﬁ) g lae T ke — (a4 B)
- C‘r(;;)“a (r(P)TiB+ (1 +T10) — &™)
—%(Tﬁﬁ + 2 (p)T1 f*(T160 — 2)
+2r(p)B(—1 + T — Ty0 + T26%))
_eleM T2 ey )B4 e 1 Ti0))
(19)
Lemma 2 When G2 | . = 0 exists for t; € (0, M] then

TC2 is minimum at Ty =t; if ge "' + c1e®(a+ 0)+
(k' + ae™) 4 L (o(Ty — M) +2 — r(p)+

a+k
% >0 otherwise, t; =M if ci(e™ —e M)+
HH ) gl (e — o) — Lt (a0M - r(p)

Ble™ — 1)) + 4 (e —

Proof 1If dTCZ exists for T

condition for minimization of TC, for a given value of M is

dTC, __
dTy

1)>0

€ (0, M], then the necessary

= 0 and we get the extremum of 7C, at T1 = t;. Also the

d*1C,
dT?}

sufficient condition for the minimization of TC, is >0

dTCz _

From the necessary condition =0 we get,

drc,
dr,

1

:>? —Cﬂ'(p)O((eikT—ﬁ—eaTl) k(T+T)

1
- %OC}’(]J)g€7

x (e — e (1 + k(T - Ty)))
— r(p)gaeTy(r — 1)+ )h“(Zf]; — )
- WUWW ~1)+a)
Cl[f;a r(p)B(e’™ = 1) = r(p)paTy +a’Ty) + c1 (r(p)e o
- ’(52“ (r(p)ap + r(p)ape’™ +a?)) - “’2@”3 % (2r(p)e” fa

+aTy(a® — r(p)ap) + a(a®T; — r(p) (2 + aT, )))} =0

(20)

The optimum value of T} = #; provided it satisfies the
sufficient condition.

Now,
d*’TC
dT122 - @ age™ " + creMa(a + 0)
c1Lofe™
++(a(T1 — M) +2—r(p))
c11,00(2 — r(p)) ho T T
k 1 aily
+ ar(p) +a+k(e +ae™)
dTC, —0
usin =0.
&,
Note Lir—o<; dTC’ — oo and therefore,
dTC,
dr, 7= > 0

1
= 7| - cir(p)a(e ™ + M)

B ar(p)ge KT+M) (T — M (1 4 k(T — M)))

k

— r(p)goe g(T — M) +

r(p)ho(e™™ — eaM)

a+k
+ L ) B — 1)~ rlp)padd + M)
+erlrp)e™o "D p)ap + rp)ape +a)
clr(p) 0

(2r(p)e™ pa + aM(a® — r(p)ap)
+ a(azM —r(p)p(2+aM)))| >0

= C](gaM _eko) +§(ekM+ekT) + (eaM —€7kM)

k a+k
clIe(r(P) - 1) M
) ) oM aM _
=2t e 1)
+ @(e“’” —1)>0
a
Now if ge ™ + cie" (a+ 0) + i b (ke!!' + ae™™) +

al
C—'Iﬂﬁe‘ “(a(T

then we get

— M) +2 = r(p)) + 2L > ¢

&’TC,
a1}

T) = t;, otherwise TC, may be maximum in the interval (0,
M] or TC, is a monotonic function in (0, M]. Now L7, .«
2 = coand 2|, > 0imply TCo(0) < TCx(0 +) and
TC,(M —) < TCz(A/D respectively. In the neighbourhood of
the end point, 7C, is a monotonic increasing function of

€ (0, M] and TC, does not have a minimum in (0, M]. So
TC, does not have stationary point in (0, M]. Therefore 5 =

M if Liy o2 =00 and G|\, >0 ie., if the

holds

> (0 which means TC, has minimum at
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condition cj(e®™ — M) %(ekM + €T —ﬁ—a%k(e“M
e_kM) _Clltf(rp({a)z_l) (a9M+ r(p)ﬁ(e"M _ ])) _’_%(eaM _

1) > 0 is satisfied.

4 Numerical example

In this section, we have presented an example for numer-
ical exposure of the presented inventory model. In a
supermarket the demand rate not only depend upon the
amount of the stock but also depends upon the price of the
item so that demand rate is D(I(¢), p), here
v = 200, & = 1.3, o = 500 units, B = 0.15. Also let us
consider that the item deteriorates 0.1 part of the total
inventory which cost $2 per unit item. It takes $250 to
order the total inventory. Let the cost price of each item is
$3, selling price is $6 and to hold the item it requires $0.6
per unit. The system consider under inflation rate of 12 %
and let the retailer earns 15 % of interest and pays 20 %
interest where the total inventory system is considered for a
full year. Let the supplier comes (1) Monthly (2) 3 months
after (3) After 5 months (4) Half yearly. Now we minimize
the total cost per unit item per unit time for the above
situations.

In put data for the above production inventory model
compare to the model presented in Sect. 2 are

D(I(1),p) = r(p)[ee +PI(1)] = 200e(~%*13)[500 4 0.151
(1)]l,p =6, 6 = 0.1, A = 250 per order, h = 0.6 per year,
k =0.12, ¢c; = 3 per year, g = 2 per year, I, = 0.15 per
year, I, = 0.2 per year, T = 1 year.

Now according to delay in payment as per the inventory
model we get solution for four cases. The solutions of the
inventory model for different cases are presented in
Table 1.

In case (1) i.e., delay of payment for 1 month (i.e.,
M = 0.083) we observe from Table 1 that ff > M and
t; > M so here case 2 is contradicts and only case 1 hold
and minimum average cost 7C,. Again for case (2), i.e.
payment to supplier after 3 months (i.e., M = 0.25)
inventory model follows the fact #f > M and £; <M so both
case 1 and case 2 hold together, and here TC; < TC,. For

Table 1 Optimal average cost for different delay in payment

Delay of payment 1 TCi (1)) t TC; ()
(month) (year)  ($) (year) ($)

1 0.36 377.325 0.145 390.899
3 0.398 376.442 0.212 384.175
5 0.435  376.1 0279  374.933
6 0.45 376.13 0.31 369.401

@ Springer

case (3), payment to the supplier after 5 months (i.e.,
M = 0.417) we have the situation here #; > M and ©; <M
so both case 1 and case 2 hold together. And in this case
TC, < TC,. Finally for the payment to supplier after 6
months case (4) we obtain optimum time for two cases as
1] <M and t; <M so here case 1 contradicts and only case
2 holds and minimum average cost is at case 2.

5 Sensitivity analysis

We study the effect of changes of various parameter
0, p, k, ¢y, I, 1, by changing it by —25, —10, 10, 25 %.
Taking one parameter at a time and keeping other
unchanged.
The analysis is based on case (1) of the above example.
From the sensitivity analysis in Table 2 we summarise
the following points:

1. £} and £} increases while TC (¢]) and TC,(#}) decreases
with the decrease in the value of the parameter 0. Both
TC,(r}) and TCy(t;) have low sensitivity to change in
0, and £} and 75 are moderately sensitive to change in 0.

2. tjdecreases and f; increases while TC, (¢]) and TC,(z5)
increases with the decrease in the value of the
parameter p. Both TC,(¢{) and TC,(z;) are highly
sensitive to change in p and ¢} is moderately sensitive
and #; is highly sensitive to change in p.

3. ¢} and 7} increases also TC;(f}) and TC,(#}) increases
with the decrease in the value of the parameter k. Both
TC\(t;) and TC,(t5) are less sensitive to change in &,
and 7} and 5 are moderately sensitive to change in k.

4. £ and £} increases while TC, (¢]) and TC;(t;) decreases
with the decrease in the value of the parameter c,. Both
TC\(t;) and TC,(f;) are moderately sensitivity to
change in ¢; and ¢} and #; are also moderately sensitive
to change in c;.

5. 1t} and £} increases while TC, (f]) and TC,(¢;) increases
with the decrease in the value of the parameter /,. Both
TC,(t}) and TC,(13) have low sensitivity to change in
I., and ] and #; are also less sensitive to change in /..

6. ¢} increases and #; remains unchanged while TC;(f})
increases and TC;(#;) remains same with the decrease
in the value of the parameter I,. TC,(f]) is less
sensitive to change in I, and #] is moderately sensitive
to change in I,.

7.t} and 7 decreases while TC () and TC,(#}) increases
with the decrease in the value of the parameter 7. Both
TC,(t;) and TC,(t;) are moderately sensitivity to
change in 7, and ¢} and #; are also moderately sensitive
to change in 7.
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Table 2 Sensitivity analysis based on changes of parameters

Parameter Change (%) 1 TC,(t]) (8) t TCy(85) (8) Remarks Change in cost (%)
0 -25 0.383 373.325 0.147 390.832 i >M —0.95
—10 0.369 376.759 0.146 390.872 H>M —0.15
10 0.352 379.212 0.145 390.925 t>M 0.5
25 0.34 381.325 0.144 390.964 t>M 1.06
p -25 0.331 931.993 0.351 1200.74 H>M 147
—10 0.354 518.819 0.223 552.875 H>M 375
10 0.363 307.973 0.095 315.054 H>M —18.38
25 0.365 268.089 0.059 270.072 H>M>1 —28.95
k -25 0.398 382.513 0.153 394.312 i >M 1.375
—10 0.375 379.438 0.148 392.256 H>M 0.56
10 0.345 375.174 0.142 389.552 t>M —0.57
25 0.323 372.231 0.138 387.55 t>M —1.35
c -25 0.45 373.665 0.18 362.342 H>M —-0.97
—10 0.396 375.589 0.157 379.545 H>M —0.46
10 0.325 379.212 0.135 402.184 H>M 0.5
25 0.274 381.211 0.123 419.014 tf>M 1.03
I, -25 0.346 383.362 0.169 390.304 i >M 1.6
—-10 0.354 379.815 0.154 390.695 tf>M 0.66
10 0.366 374.797 0.138 391.068 H>M —0.67
25 0.376 371.363 0.129 391.27 t>M —1.58
I, -25 0411 402.832 0.145 390.899 H>M 6.76
—10 0.38 386.758 0.145 390.899 H>M 25
10 0.34 367.74 0.145 390.899 H>M —2.54
25 0.31 351.705 0.145 390.899 t>M —6.79
T -25 0.28 451.847 0.119 469.336 tf>M 19.75
—-10 0.329 400.719 0.135 419.751 i >M 6.2
10 0.391 354.987 0.156 370.058 H>M —-5.92
25 0.436 332.084 0.171 345.543 H>M —11.99
Now we present few pictorial form for analysis of effect 40 T T T T T T T T
of change of inventory parametric on optimum total cost. 30| ]
We consider for cases of delay payment as describe in g sl
numerical example in previous section. =
From Fig. 2, we see that when the rate of deterioration 8 r ety
(0) decreases the percentage of total cost decreases in 'g 0 maad
four cases of M and the vice versa. Reason for this is 12 TEEoEMR008 )|
when the deterioration rate has decreased by some per- % N i e N M=025 |
centage then the total cost of the inventory system has x s ME0.417
decreased (i.e., reduced). We observe from the pattern of i - M=05 1
49 . . . ! I I :

the Fig. 2 that for more delay to payment total cost is
increased rapidly.

In the Fig. 3 we can see that if the selling price
(p) decreases the total cost increases for all in four cases of
delay payment. Reason for this is retailer is earning less if
he decreases the selling price and hence the total cost of the
inventory has increased. From the pattern of the graph we
observe that it is logarithmic in nature and more effect on
less M.

» 1
25 20 15 10 -5 o 5 10 15 20 25
% change in theta

Fig. 2 Effect of optimal total cost for rate of deterioration

From Fig. 4, we can say that when the inflation
(k) increases the total cost decreases in four cases of M. Its
reason for common fact that with the increase in selling
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% change in total cost

%%

20 -15 -10 -5 0 5 10 15 20 25

% change in p
Fig. 3 Effect on optimal total cost for change of selling price

price the value of money has decreased and hence the total
cost has increased. The pattern of the graph is linearly
decreasing.

In the Fig. 5 we can see in four cases of M when the pur-
chase cost of item (c;) has decreased the total cost has
increased. Reason for this is when the price has decreased by
some percentage then calculating the percentage of total cost
we have to use the decreased purchase cost value which leads
to increase in percentage of total cost. We observe that the
pattern of the graph is almost linearly decreasing and the
change of purchase cost of item is more effective for more
delay of payment to the supplier.

From Fig. 6, we observe that when the rate of interest
earned (I,) has decreased the total cost has increased for all
four cases of M. Reason for this is when the interest earned rate
has decreased by some percentage so the retailer is earning
less which leads to increase in costing of the total inventory
system. We observe that the pattern of the graph is almost
linearly dependent and more effect for delay of payment to the
supplier.

Fig. 4 Effect on optimal total
cost for change of inflation

I
-+ -+ M=0.033

------- M=0.25

— YA

.- M=05

% change in total cost

Fig. 5 Effect on optimal total 10 T T
cost for change of purchase cost ‘
of item

T
BTSN N
R S
| | | | | | | I o=
25 -20 15 -10 5 1} 5 10 15 20 25
% change inp
I T I T
-4 -+ +MED0E3
-------- V=025
e NEDANT 7
- =05 —

o
o IR

2+

% change in total cost

| P e

Tt T
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Fig. 6 Effect on optimal total 25 I I
cost for change of rate of
interest earned

-+ -+ 10083

-------- Me025

% change in total cost

28 1 | [ | | | | |
- 20 15 -0 5 0 5 10 15 bl %

% change in le

Fig. 7 Effect on optimal total % T T T T
cost for change of interest oo+ M=0083
payable e

o e M=0.25

e e MEQHT

.- M=05 7

% change in total cost

20k ~

= | | \ | | | | \
* 2 15 0 I 0 5 10 1 F %

% change in Ip

Fig. 8 Effect on optimal total D T T I
cost for change of
replenishment time

- - +-+M=0.083

% change in total cost

2 45 -0 5 0 5 10 15 Pl %
% changein T
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In the Fig. 7 we can see that when the rate of interest
payable (I,) has decreased the the total cost has increased
in four cases of M. Reason for this is when the interest
payable rate has decreased by some percentage so the
retailer is paying less to the supplier which leads to
increase in total cost. We observe that the pattern of the
graph is almost linearly decreasing.

From Fig. 8, we conclude that the total cost has increased
when the replenishment time (7)) has decreased in four cases of
M and the vice versa. The reason for this that for quick
replenishment of inventory means there is a increase in the
total cost. The pattern of the graph is logarithmic in nature. We
observe that the pattern of the graph is almost logarithmic in
nature and more effect for less delay of payment to the
supplier.

6 Conclusion

The paper studies the dynamic deterministic inventory
model allowing shortage. This model incorporates some
realistic feature such as deterioration (a natural phenome-
non of goods), shortage, price and amount of the stock
displayed in the supermarket. The amount of stock and the
price of the item in the market have two aspects, positive as
well as negative. Few customer can think that a large
amount of stock means the items are in demand where as
few customer can think that a large amount of stock means
the item is of less demand because other customers are not
buying. Same is the case for price of an item. So our task
was to optimize the stock amount and minimize the cost.
Last but not the least the effect of delay in payment is
considered from the retailer point of view and then we
optimize the total cost. Example is provided in support of
the proposed model and sensitivity analysis is also per-
formed. In sensitivity analysis we have seen the model is
highly sensitive with the change in price. Also the model is
sensitive with the change in total time of this inventory
model. It has been noted that inflation is less sensitive i.e.,
the inflationary change in the market does not affect the
total costing of the system and thus sometime helpful for
the retailer. Also we evaluate that at what time should the
stock ends so that the total costing is minimum.
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