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Abstract

For optimal utilization of resources, the inventory models are required in several places such as
market yards, production processes, warehouses, oil exploration industries and food vegetable
markets. Huge work has been produced by several researchers in inventory models for obtaining
optimal ordering quantity and pricing policies. This paper addresses an EOQ model for deteriorating
items having Weibull decay under inflation and permissible delay in payments. It is considered that
the demand of items is a function of selling price. It is further assumed that the decay of items starts
after certain period of time which can be well characterized by truncated Weibull probability model
for the life time of the commodity. The optimal ordering and pricing policies of this system are derived
and analyzed in the light of the input parameters and costs. Through sensitivity analysis it is
demonstrated that the delay in the payments and rate of inflation have significant effect on the optimal
policies. This model is very useful in the analyzing market yards where sea foods, vegetables, fruits,
edible oils are stored and distributed.

Keywords: EOQ model, selling price depended demand, truncated decay.

1. Introduction

Decay is the major consideration for planning inventory and scheduling orders. The decay is in
general random due to various factors such as environmental conditions, type of commodity,
storage facility and natural life time. Considering the life time of commodity as random several
authors developed various inventory model for deteriorating items with various plausible
assumptions. The review on inventory models with deteriorating items is given by [1], [2], [3], [4].
Recently [5], [6], [7], [8], [9], and [10] have developed several inventory models with the assumption
that the life time of a commodity is random and follows a specified distribution depending on the
nature of commodity. In all these papers they assumed that the decay starts immediately after the
procurement. But in many practical situations the deterioration of items in the stock starts only after
certain period of time. This type of delay in decay can be characterized by truncated Weibull life
time distribution which is often known as three parameter Weibull distribution.

Another basic assumption made by all these authors is that the payments must be made to the
supplier immediately after receiving the items. However, it is a common phenomenon that the
supplier allows a certain fixed period for finalizing the accounts and does not charge any interest
during that period from the retailer. In [11] studied an EOQ model with assumption of permissible
delay in payments. His work was extended to deteriorating items by [12]. Later [13], [14], [15] and
others have developed EOQ models with permissible delay in payments.
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In today’s business transaction, the supplier will offer a cash discount to encourage the retailer
in addition to allowing a fixed period for settlement of account. In addition to this there is a change
in money value over time. Ignoring inflation may leads falsification in the model. Recently [16] has
studied Inventory Model with Generalized Pareto life time under permissible delay in payments
while deriving the optimal pricing and ordering policies. Considering the inflation several authors
have studied various inventory model with permissible delay in payments. However, they assumed
the decay is constant or independent of time, but in many practical situations the deteriorating rate
is time dependent. An EOQ model with time quadratic demand by [17]. They considered the
inflation while determining the optimal policies.

Little work has been reported regarding EOQ models under permissible delay in payments
having inflation and selling price dependent demand, which are very useful for analyzing many
practical situations arising at market yards, warehouse etc. Hence in this paper we develop and
analyze the Economic Order Quantity model with truncated Weibull decay under permissible delay
in payments and inflation having selling price dependent demand.

Section (2) of this paper deals with the assumptions of the model and notation. Section (3) is to
develop the instantaneous inventory level at any given time t. The optimal ordering and pricing
policies of the model are derived in Section (4). Section (5) considers Numerical illustration of the
model. The sensitivity analysis is presented in Section (6). Section (7) deals with conclusions.

2. Assumptions
For developing the Economic Order Quantity model, the following assumptions are made

e Deterioration start time is y.
e  Weibull distribution is the life time distribution of the commodity. Its p.d.f is
f©) = ap(t = p)ftemecn’
Where a is the scale parameter, § is the shape parameter and y is the location parameter
The instantaneous deterioration rate is
ht)=alt—y)f, t=>y
e Demand function is
R(p(t)) = a—bp(t) = a — bpe™
Which is selling price dependent demand. Where, a is the fixed demand, a > 0, b is the
demand parameter, b > 0, and a > b, p(t) is the selling price of an item at time t andp is
the selling price of the item at time ¢t = 0.

e Rate of inflationisr, 0 <r <1

e Shortages are not allowed.

e Zero lead time.

e During the permissible delay period (M), the account is not settled, the generated sales
revenue is deposited in an interest-bearing account. At the end of the trade credit period,
the customer pays off for all the units ordered.

o  There is no repair or replacement of the deteriorated units during the cycle time.

Notation

H : Finite horizon length.

R(p(t)) : Demand per unit time as a function of selling price.

h : Holding cost of inventory per unit time after excluding interest.
T : Rate of inflation.

p(t) = pe™ : Per unit selling price.

g) = ge™ : Purchase cost of a unit at time ¢t.
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A(t) = Ae™ : Per order cost at time t.
Ic : Interest charged per Rs. INR in stock per a year by the supplier.
I, : Interest earned in Rs. INR per a year.
M : Permissible delay period which is allowed in settling the account.
Q : Order quantity per a cycle.
T : Cycle length
1(t) : On-hand inventory at time t,0 <t <T.
TC(p,T) : Total cost over (0, H).
NP(p,T) : Net profit rate function over planning period.

3. Inventory Model

Let Q be the inventory level of the system at time t = 0. During (0,y) inventory will decrease due
to demand and during (y,T) inventory will decrease due to demand and deterioration. Since no
shortages are allowed, at time T the inventory level reaches zero, the stock is replenished
instantaneously. The schematic diagram representing the inventory level is shown in Figure-3.1.

Q
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| I
M M

0] M

Figure -1: Schematic diagram representing the inventory level of selling price dependent demand model

Let I(t) be the on-hand inventory at time t. The differential equations governing the on-hand

inventory at time t are

=1(t) = =R(p(t)) 0<t<y €Y
S1(®) + h(®I(®) = =R (p(D)) y<t<T )
where  h(t) = af(t —y)F! y<t<T

and R(p(t)) = a—bp(t) = a— bpe™

with initial conditions 1(0) = Q and I(T) = 0.

Solving equation (1) and using the initial condition /(0) = Q, we get

I(t)=Q—at+pr(e”—1) 0<t<y 3)

Solving equation (2) and using the initial condition I(T) = 0, we get
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T T
I(t) = e~@t-1* af e@@w=F gy bpf erutra-nF gy y<t<T (4)

t t

Equating equations (3) and (4) when t = y, we get
T T
b
Q=ay— Tp (e -1)+ af e@w=1F gy — bpf erurau=n’ gy )
14 1
Substituting Q in equation (3), we get
T T
b
I =aly—1t) + TP (e —e™) + af e?@Pay — pp f eruta@wfay  o<t<y (6)
14 14
Since the length of time intervals are all the same, we have
IGT +t)
T T

b
aly —t) + 7p (et —e™) + af e@@w=F gy bpf eruta@=nF gy 0<t<y

14 Y

= 7

T T
e—a(t-nF af e@@F gy — bpf erurau-n’ gy y<t<T
t t

4. The Optimal Ordering and Pricing Policies

Total cost function is the sum of Ordering Cost (0C), Cost Deterioration (CD), Inventory Carrying
Cost (ICC), Interest Charged (IC;) and Interest Earned (I/E).

Each cost component is computed as follows:

Ordering Cost, OC is

0C = A(0) + A(T) + AQT)+...+A(n - 1T = A [Z:T : ﬂ ©

Cost Deterioration, CD is
n-1 T

CD = Z ge™TQ — f(a — bpe™)dt
j=0 0

where, Q is as given in equation (5). On simplification, we get

T T
_ bp ry rT a(u—y)P ruta(u—y)P e —1 9
CD=g ay—aT—T(e —e™M+al|e du—bp | e du e 9
1 1
Inventory Carrying Cost, ICC is
n-1 T
Icc = hz 9GT) fl(jT +t)dt
j=0 0
2 b T T
a
= hg % + r—lz) [e"@A—-ry)—=1]+vy af e@@wP gy — bpf erurau=nF gy
Y 1
T T T
5 8 8 e -1
+fe‘“(t‘7’) afe“(“‘y) du—bpfe””“(u"’) du | dt P (10)
Y t ¢

For computing interest charged and earned, there are two possibilities based on the customer’s
choice. Interest Charges (I/C) for unsold items at the initial time or after the permissible delay period
M and interest Earned (/E) from the sales revenue during the permissible delay period.

Case (i): Optimum cycle length T is larger than or equalto M ie., T = M

Interest Charged in (0, H), IC; is
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T

Ic, = Icnig(m fl(jT +t)dt
j=0

M

b
= Lg [ 0+ M2 = 2My) + 2 [ (1 = vy = M) = ™ + (y = M)

T T
af e*@ 1’ gy —bpfer”"“(”'y)gdu]
¥ ¥

T T T
e™ —1
+f eat=nF af ex@wF gy — bpf erum(u‘y)ﬁdu‘dt‘ [erT — 1] (11)
Y t t
Interest Earned in (0, H), IE, is
n-1 M
IE, =1, Z p(T) f(a — bpe™)tdt
j=0 0
aM? bp e™ —1
= Iep [ 2 - T_2 [erM(rM - 1) + 1] [eTT — 1] (12)
The total cost over (0, H) is TC(p,T) and is given by
TC(p,T) = OC + CD + ICC + IC, — IE, (13)
Substituting equations (8), (9), (10), (11) and (12) in (13), we get
TC(p,T) =
b T T
A+glay —aT — TP (e —eT) + af e®w-1F gy — bpf erurau=Fyy
1 Y
2 b T T
a
+hg % + r—f [e"A—-ry)—1]+vy af e?@F gy — bpf eruta=nF gy
14 Y
T T T
+f e-at=nF af e?@=F gy — bpf e”‘*“(“"’)ﬁdu‘dt‘
Y t t

+1.g [% (y? + M? — 2My) +i—f[e”’(1 —ry-M)—e™|+y-M)

T T
af ea@=1F gy —bpfe””“(”'y)ﬁdu]
¥ ¥
T T T
+f e—at=nF af e@@w=F gy bpf erum(“"’)Bdu‘dt‘
t

Y t

aM?  bp e —1
—IL.p [T - [e™@M —1) +1] [erT — 1] (14)

The net profit is the difference of gross revenue and total cost.
The gross revenue is (pe™™ — ge™)(a — bpe™™)
Hence, the net profitis NP(p,T) = (pe"" — ge™™)(a — bpe'™) —TC(p,T) (15)

where, TC(p, T) is as given in (14)
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For obtaining the optimal policies of the model, maximize NP(p,T) with respectto T and p. The
conditions for obtaining optimality are

32NP(p,T) 02NP(p,T)
ONP(p,T ONP(p,T 2
(» )20‘ (» )=0 and D = 20p 26T6p
aT ap 92NP(p,T) 02:NP(p,T)
dTap aT?

where D is the determinant of Hessian matrix

ANP(DT) _ - .
= 0 implies,

(p — @lare™ — 2pbre? 7]

e™ —1
{[eﬂ _ 1] [g [—a + bpe™™ + ae?TF _ bPeTTJ““(T‘V)B]

T
+hgly [aea(T—y)ﬁ _ bperT+a(T—y)B] + f e—at-nF [aea(T—y)B _ bperT+a(T—y)B] dt
1
T
+Lg|lr—Mm) [aea(T—y)B _ bperT+a(T—y)5] + f e—at-n)F [aea(r—y)B _ bperT+a(T—y)B ] dt
14
T T
bp B Y
+[A+g ay—aT—T(e”’ —eM) + af ey du—bpfe””“(“ P du
1 14
T T
[e"A—-ry)—1]+y af e?@=’ gy — bpf eruta=pF gy
1 14

ay®  bp
thel 5t

T T T
+f e-at=nF af e?@=F gy — bpf e”““(“"’)ﬁdu‘ dt‘
t

Y t

a bp
+1.g E(yz + M? — 2My) +r—2[e”’(1 —ry—-M)—e™+{y-M)
%

T T
a f e*@ 1’ gy — pp f er”"“(“'y)ﬁdu]
¥

T T T
+f e-at=pF af e®@=F gy — bpf erum(“"’)ﬁdu‘ dt‘
t

14 t

2

aM?  bp
—Ip [ = [e™M(@rM —1) + 1] —1y2

e —1
[(erT—] reTT =0 (16)

ANP(DT) _ - .
e 0 implies,

e""(a+ bge'™ — 2pbe™™)

T T
b b
- {g [—; (e —eT)—b f erwta=-vFay| 4 hg —Sle -y —1] - by [ f erura-y’ du]
Y Y
T T
—b e—a(t—y)B eru+a(u—}’)Bdu del +1 E[ ry(l _ ( —M)) _ rM]
g —le r(y e
Y t
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T T T
—b(y — M) f erurau=yFoy | _ bf e-at=nF f erwra@=nfay gt
Y Y t
aM?  2bp e —1

For given values of the parameters and costs, equations (16) and (17) are solved using MATHCAD
to get the optimal cycle length T = T; and selling price p = p,. Substituting the optimal values T;
and p, in equation (14) we get the minimum total cost. Substituting this minimum total cost, T; and
p; in equation (15), we get the maximum profit as

NP*(py, Ty) = (p1e™™ — ge™™)(a — bp,e™™)

Ty Ty
—[A+g|ay —aT; - @ (e —e™) + af e@w=1F gy — bplf erurau=Fyy
14 14
ayz bp Ty Ty
+hg -t r—zl [e"A—-ry)—1]+v af e@@F gy — bplf erura=n’ gy
14 14
Ty T T
+f e-at=nF af e?@=F gy — bplf em*“(u"’)ﬁdu‘dt‘
14 t t

Tl Tl
a b
+1.9 [E (Y2 +M? —2My) + % [e"(1—r(y —M)—e™]+ (@ —M) af e*@ 1’ gy — pp, f e””“(“'y)ﬁdu]

14 Y
e™ —1
[erT1 — 1]

(18)

Tl Tl Tl
aM? b
+ f e~alt=1)F [a f e®@ N gy — pp, f erura-p’ du]dt] —Ieps [T_ %[eTM (rM —1) +1]

y t t

Case (ii): Cycle Length T is smaller than M ie, T < M

Interest Earned, IE, is

IE; =1, nilp(j' T) {f
=0 0

T

T

R(p(O))tdt + R(p(THIT (M — T)]}

=pl, f (a — bpe™)tdt + (a — bpe™™) [T(M —T)] [Z - ﬂ

0

aT? bp e —1
=pl, [— 2 [eT(rT — 1) — 1] + (a — bpe™)[T(M —T)] [e” — 1] (19)

Thus, the total cost over (0,H) is TC(p,T)
TC(p,T) =0C+CD +ICC — IE, (20)
Substituting equations (8), (9), (10) and (19) in (20), we get

T T

b
TC(p,T)=|A+g|ay —aT — Tp (e —e) + af e@@F gy bpf erurau-nFy

14 14
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T T
ay?> b
+hg % + r—f [e"A—=ry)—1]+y af e®w-1F gy — bpf eruta=nF gy
¥ 1
T T T
+ f e-at=nF af e®@=F gy — bpf e”‘“"(““’)ﬁdu‘ dt‘
v t t
aT? b e’ -1
—ple | = P17 = 1) = 1] + (a — bpe)[TM - D] || |57 1)
2 r? e -1
The net profit is the difference of gross revenue and total cost.
The gross revenueis (pe™™ — ge'™)(a — bpe™™)
Hence, the net profitis NP(p,T) = (pe'" — ge™™)(a — bpe™) —TC(p,T) (22)

where, TC(p,T) is as given in equation (21)
For obtaining the optimal policies of the model we maximize NP(p,T) with respect to T and p. The
conditions for obtaining optimality are

0°NP(p,T) 0*NP(p,T)

ONP(p,T ONP(p,T 2
w1 _ o ONP@T) _ o nd D= 2ap 26T6p <0
aT ap 9*NP(p,T) 92NP(p,T)
dTadp aT?

where D is the determinant of Hessian matrix

ANP(p,T)

pra = 0 implies,

-1
-1

@ - oare™ = 2brper) = (272 [o o+ e+ aen - st

T
+hg Y [aea(T L bperT+a(T y)B] f —a(t—y)B [aea(T—y)B _ bperT+a(T—y)B] dt
Y

—I,plaT — bpTe™™ + (a — bpe™)(M — 2T) + (MT — T?)(—bpre™™)]

T T

+|A+g|ay —al — bTP (e —e™) + af e@w-F g, bpf erura-vF g,
4 4
ay? bp ‘ r

+hg |-+ e -~ 114y af pauP gy _ bpf pruratu-pF g,
4 4

T T

T
+f e-at=nF af e?@=F gy — bpf e””“(“"’)ﬁdu‘ dt‘
t

Y t

aTZ pr rT rT eTH — 1 T
lep | ==~z [e7 (T — D]+ (a — bpe™)[T(M —T)] [m] re” =0 (23)
ANP(D,T)
0y = = 0 implies,

b
erT(a + bgerT _ ZpberT) —lg _;(ery _ erT) —b f eru+a(u—y)Bdu
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T T T
Hw'%k”ﬂ—rﬂ—1}%erm”w”wmh%feﬂwwﬁfem”Wﬂwmwd%
T
14 14 t
aT? 2pb e -1
~le |5 - rlz [T (T — 1)] + (a — 2pbe’")[T(M — T)]” [eﬂ - 1] =0 (24)

For given values of the parameters and costs, equations (23) and (24) are solved using MATHCAD
to get the optimal cycle length T = T, and selling price p = p,. Substituting the optimal values of T,
and p, in equation (21), we get the minimum total cost. Substituting this minimum total cost, T, and
p, in equation (22), we get the maximum profit as

NP*(p,, T,) = (p,e™™2 — ge™™)(a — bp,e™™2)

T, T,
b
—|A+g|ay —aT, — %(e”’ —e') + af e@w=1F gy — bpzf erurau=Fyy
¥ 14
5 T2 T2
a b
+hg % +% [e"A—-ry)—1]+vy af e@@wF gy — bpzf erurau=n’ gy
14 14
T, T, T,
+f e-at=nF af e@@F gy bpzf er”“(u_”)ﬁdu‘dt‘
14 t t
aT,®> bp e™ —1
~pale | = =5 [ (T, = D — 1] + (a = bpe™)[T,(M — )] [e—_1 (25)

5. Numerical Illustration

The optimal values of selling price (p) and cycle length (T) are obtained by using the equation
(16) and (17) or (23) and (24). The optimal values of T are takenasT =T, if ;, 2Mand T =
T, if T, < M.

To illustrate the developed model of Case (i) i.e, if T; = M, a numerical example with the
following parameter values is considered. The deteriorating parameters a, f and y vary from 0.020
to 0.024, 0.06 to 0.72 and 0.06 to 0.72 respectively. The values of the other parameters and costs are
considered as follows: a = 1000t01200,b = 0.010to 0.012 units, A = Rs.250.0 to 300.0,g =
Rs.0.20to 0.24 = Rs.0.100t0 0.120 /. = Rs.0.150 t0 0.180,1, = Rs.0.120 to 0.144, M = 15 days =

520.500t0 0.600,7 = 0.010 t0 0.012, H = 12.0 to 14.4 months.

30
By substituting the above values in equations (16) and (17) and solving, the optimal values of

cycle length T and selling price p are obtained. Substituting the optimal values of cycle length
T and selling price p in equations (5) and (15), the optimal values of Order quantity Q and net
profit NP are obtained and presented in Table-1.

From Table-1, it is observed that when the parameter 'a’ is increasing from 1000 to 1200 units,
the optimal ordering quantity 'Q’, the cycle length “T" and the net profit 'NP' are increasing from
1250.845 to 1585.738 units, 1.245 to 1.314 and Rs.1977.152 to Rs.2050.474 respectively and the unit
selling price 'p' is decreasing from Rs. 4.275 to Rs. 3.625, when other parameters and costs are fixed.

When the parameter 'b' is increasing from 0.010 to 0.012 units, the optimal ordering quantity
'Q" increasing from 1250.845 to 1250.849, cycle length 'T", selling price ‘p” are remains constant at
1.245, Rs.4.275 and the net profit 'NP' is decreasing from Rs.1977.151 to Rs.1977.150 respectively,
when other parameters and costs are fixed.

As the deterioration parameter a is increasing from 0.020 to 0.024, the optimal ordering
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quantity 'Q"' and the cycle length “T” are increasing from 1250.845 to 1375.107 units, 1.245 to 1.365
respectively and the unit selling price 'p' and the net profit 'NP' are decreasing from Rs. Rs.4.275 to
Rs. 4.140 and Rs.1977.152 to Rs.1953.603 respectively, when other parameters and costs are fixed.

Table-1: Optimal values of Q, NP, T and p for different values of parameters and costs

For h=0.1, 1=0.15, 1.=0.12, M=0.5, r=0.01, H=12

a b a B Y A g Q T P NP
1000 0.01 0.02 0.6 0.6 250 0.2 1250.845 | 1.245 | 4.275 | 1977.152
1050 1328.542 | 1.259 | 4.090 | 1994.236
1100 1410.353 | 1.275 | 3.921 | 2012.050
1150 1496.130 | 1.294 | 3.766 | 2030.755
1200 1585.738 | 1.314 | 3.625 | 2050.474

0.0105 1250.847 | 1.245 | 4.275 | 1977.151
0.0110 1250.847 | 1.245 | 4.275 | 1977.151
0.0115 1250.849 | 1.245 | 4.275 | 1977.150
0.0120 1250.849 | 1.245 | 4.275 | 1977.150
0.021 1281.746 | 1.275 | 4.239 | 1971.233

0.022 1312.768 | 1.305 | 4.204 | 1965.332

0.023 1343.894 | 1.335 | 4.171 | 1959.454

0.024 1375.107 | 1.365 | 4.140 | 1953.603

0.63 1290.509 | 1.284 | 4.227 | 1970.017

0.66 1332.079 | 1.325 | 4.181 | 1962.661

0.69 1375.594 | 1.368 | 4.135 | 1955.097

0.72 1421.082 | 1.413 | 4.090 | 1947.340

0.63 1252.355 | 1.247 | 4.272 | 1976.975

0.66 1253.806 | 1.248 | 4.269 | 1976.811

0.69 1255.199 | 1.250 | 4.266 | 1976.658

0.72 1256.534 | 1.252 | 4.263 | 1976.517

262.5 1170.346 | 1.165 | 4.489 | 1984.103

275.0 1167.304 | 1.162 | 4.498 | 1984.386

287.5 1161.260 | 1.156 | 4.516 | 1984.953

300.0 1160.959 | 1.156 | 4.517 | 1984.982

0.21 | 1255.235 | 1.249 | 4.277 | 1961.926

0.22 | 1259.979 | 1.254 | 4.279 | 1946.543

0.23 | 1265.073 | 1.259 | 4.280 | 1930.992

0.24 | 1270516 | 1.264 | 4.281 | 1915.263

For a=1000, b=0.01, a=0.02, 3=0.6, y=0.6, A=250, g=0.2

h 1, I, M r H Q T p NP
0.105 1252.897 | 1.247 | 4.275 | 1971.381
0.110 1255.002 | 1.249 | 4274 | 1965.584
0.115 1257.161 | 1.251 | 4274 | 1959.762
0.120 1259.374 | 1.253 | 4273 | 1953.913

0.1575 1251.530 | 1.245 | 4272 | 1970.434
0.1650 1252233 | 1.246 | 4270 | 1964.532
0.1725 1253.034 | 1.247 | 4267 | 1958.606
0.1800 1254.068 | 1.248 | 4.264 | 1951.804
0.126 1268.103 | 1.262 | 4.228 | 1975.626
0.132 1285617 | 1279 | 4.183 | 1974.133
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h 1, I, M r H Q T p NP

0.138 1303.390 | 1.296 | 4.139 | 1972.676

0.144 1321.422 | 1314 | 4.097 | 1971.258

0.525 1282482 | 1.276 | 4.182 | 1976.588

0.550 1316396 | 1.309 | 4.091 | 1976.187

0.575 1352.685 | 1.345 | 4.002 | 1976.004

0.600 1391.447 | 1.383 | 3.916 | 1976.099

0.0105 1242297 | 1.236 | 4.292 | 1979.547

0.0110 1242297 | 1.236 | 4.292 | 1979.547

0.0115 1233.796 | 1.228 | 4.309 | 1981.935

0.0120 1233.796 | 1.228 | 4309 | 1981.935

126 | 1228266 | 1222 | 4330 | 1974585

132 | 1206405 | 1.201 | 4.386 | 1972.158

138 | 1185239 | 1.180 | 4.443 | 1969.864

144 | 1164742 | 1.160 | 4501 | 1967.694

When the parameter Bis increasing from 0.60 to 0.72 the optimal ordering quantity 'Q' and

the cycle length “T” are increasing from 1250.845 to 1421.082 units, 1.245 to 1.413 respectively and the
unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.090 and Rs.1977.152
to Rs.1947.340 respectively, when other parameters and costs are fixed.

As the deterioration parameter y is increasing from 0.60 to 0.72, the optimal ordering quantity
'Q" and the cycle length “T” are increasing from 1250.845 to 1256.534 units, 1.245 to 1.252 respectively
and the unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.263 and
Rs.1977.152 to Rs.1976.517 respectively, when other parameters and costs are fixed.

If the ordering cost 'A' increases from Rs.250 to 300, the optimal ordering quantity 'Q' and the
cycle length “T” are decreasing from 1250.845 to 1160.959 units, 1.245 to 1.156 respectively and the
unit selling price 'p' and the net profit 'NP' are increasing from Rs. 4.275 to Rs. 4.517 and Rs.1977.152
to Rs.1984.982 respectively, when other parameters and costs are fixed.

When the unit cost 'g' is increasing from Rs.0.20 to 0.24, the optimal ordering quantity 'Q’, the
cycle length “T” and the unit selling price 'p' are increasing from 1250.845 to 1270.516 units, 1.245 to
1.264 and Rs. 4.275 to Rs. 4.281 respectively and the net profit 'NP' is decreasing from Rs.1977.152 to
Rs.1915.263 respectively, when other parameters and costs are fixed.

When holding cost 'h' is increasing from Rs.0.100 to 0.120, the optimal ordering quantity 'Q'
and the cycle length “T” are increasing from 1250.845 to 1259.374 units, 1.245 to 1.253 respectively
and the unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.273 and
Rs.1977.152 to Rs.1953.913 respectively, when other parameters and costs are fixed.

When interest charged 'I;' increases from Rs.0.150 to 0.180, the optimal ordering quantity 'Q'
and the cycle length “T” are increasing from 1250.845 to 1254.068 units, 1.245 to 1.248 respectively
and the unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.264 and
Rs.1977.152 to Rs.1951.804 respectively, when other parameters and costs are fixed.

If interest charged 'I," increases from Rs.0.120 to 0.144, the optimal ordering quantity 'Q" the
the cycle length “T” are increasing from 1250.845 to 1321.422 units, 1.245 to 1.314 respectively and the
unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.097 and Rs.1977.152
to Rs.1971.258 respectively, when other parameters and costs are fixed.

If the permissible delay period 'M' increases from 0.5 months to 0.6 months, the optimal
ordering quantity 'Q" and the cycle length “T” are increasing from 1250.845 to 1391.447 units, 1.245
to 1.383 respectively and the unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275
to Rs. 3.916 and Rs.1977.152 to Rs.1976.099 respectively, when other parameters and costs are fixed.

The inflation rate 'r' increases from 0.010 to 0.0120 the optimal ordering quantity 'Q' and the
cycle length “T” are decreasing from 1250.845 to 1233.796 units, 1.245 to 1.228 respectively and the
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unit selling price 'p' and the net profit 'NP' are decreasing from Rs. 4.275 to Rs. 4.309 and Rs.1977.152
to Rs.1981.935 respectively, when other parameters and costs are fixed.

When the time horizon 'H' increases from 12 months to 13.8 then the optimal ordering quantity
'Q’, the cycle length “T” and the net profit 'NP' are decreasing from 1250.845 to 1164.742 units, 1.245
to 1.16 and Rs.1977.152 to Rs.1967.694 respectively and the unit selling price 'p' is increasing from Rs.
4.275 to Rs. 4.501, when other parameters and costs are fixed.

6. Sensitivity Analysis

To study the effect of changes in the model parameters and costs on the optimal values of the order
quantity, cycle length, selling price and net profit, the sensitivity analysis is carried by considering
a =1000, b = 0.01 units, o« = 0.02, B = 0.60, y = 0.60, A =Rs.250, g = Rs.0.20, h = Rs.0.100,

I, = Rs.0.150,1, = Rs.0.120, M = 0.500,r = 0.01, H =12 months. Table-2 summarizes these
results for variations of -15%, -10%, -5%, 0, 5%, 10%, 15% of the parameters and costs.

As the parameter a increases from -15% to +15%, the optimal order quantity Q is increases from
1044.252 to 1496.13, cycle length ‘T’ increases from 1.223 to 1.294, selling price ‘p” decreases from
Rs.4.940 to Rs.3.766 and the net profit increases from Rs.1927.777 to Rs.2030.755.

When the total demand during the cycle period b increases from -15% to +15%, the optimal
order quantity 'Q' increases from 1250.843 to 1250.849, cycle length 'T" and selling price 'p' remains
constant 1.245 and Rs.4.275 and the net profit 'NP' decreases from Rs.1977.153 to Rs.1977.150.

As the deterioration parameter a increases from -15% to +15%, the optimal order quantity 'Q'
increases from 1159.039 to 1343.894, cycle length 'T" increases from 1.155 to 1.335, selling price p'
decreases from Rs.4.394 to Rs.4.171 and the net profit 'NP' decreases from Rs.1994.984 to Rs.1959.454.

If the parameter f§ increases from -15% to +15%, the optimal order quantity 'Q' increases from
1165.449 to 1375.594, cycle length 'T" increases from 1.160 to 1.368, selling price 'p' decreases from
Rs.4.388 to Rs.4.135 and the net profit 'NP' decreases from Rs.1992.891 to Rs.1955.097

When the deterioration parameter y increases from -15% to +15%, the optimal order quantity
'Q" increases from 1245.965 to 1255.199, cycle length 'T" increases from 1.238 to 1.250, selling price 'p'
decreases from Rs.4.285 to Rs.4.266 and the net profit 'NP' decreases from Rs.1977.753 to Rs.1976.658.

When the ordering cost A increases from -15% to +15%, the optimal order quantity 'Q' decreases
from 1636.158 to 1161.260, cycle length 'T' decreases from 1.623 to 1.156, selling price 'p' increases
from Rs.3.693 to Rs.4.516 and the net profit 'NP' increases from Rs.1950.119 to Rs.1984.953.

As the unit cost g increases from -15% to +15%, the optimal order quantity 'Q' increases from
1239.817 to 1265.073, cycle length 'T' increases from 1.234 to 1.259, selling price 'p' increases from
Rs.4.267 to Rs.4.280 and the net profit 'NP' decreases from Rs.2021.981 to Rs.1930.992.

As the holding cost h increases from -15% to +15%, the optimal order quantity 'Q" increases from
1245.014 to 1257.161, cycle length 'T" increases from 1.239 to 1.251, selling price ‘p’ decreases from
Rs.4.276 to Rs.4.274 and the net profit decreases from Rs.1994.320 to Rs.1959.762.

When the interest charged I. increases from -15% to +15%, the optimal order quantity 'Q'
increases from 1249.630 to 1253.034, cycle length 'T" increases from 1.243 to 1.247, selling price ‘p’
decreases from Rs.4.281 to Rs.4.267 and the net profit decreases from Rs.1995.489 to Rs.1958.606.

If the interest earned I, increases from -15% to +15%, the optimal order quantity 'Q' increases
from 1200.594 to 1303.390, cycle length 'T" increases from 1.195 to 1.296, selling price 'p' decreases
from Rs.4.425 to Rs.4.139 and the net profit 'NP' decreases from Rs.1981.910 to Rs.1972.676.

When the permissible delay period M increases from -15% to +15%, the optimal order quantity
'Q' increases from 1168.658 to 1352.685, cycle length 'T" increases from 1.164 to 1.345, selling price 'p'
decreases from Rs.4.562 to Rs.4.002 and the net profit 'NP' decreases from Rs.1979.374 to Rs.1976.004.

If the inflation rate r increases from -15% to +15%, the optimal order quantity 'Q' decreases from
1259.440 to 1233.796, cycle length 'T' decreases from 1.253 to 1.228, selling price 'p' increases from
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Rs.4.258 to Rs.4.309 and the net profit 'NP' increases from Rs.1974.749 to Rs.1981.935.
When the time horizon H increases from -15% to +15%, the optimal order quantity 'Q' decreases
from 1490.623 to 1185.239, cycle length 'T' decreases from 1.480 to 1.180, selling price 'p' increases

from Rs.3.820 to Rs.4.443 and the net profit 'NP' decreases from Rs.2008.083 to Rs.1969.864.

Table-2: Efect on Optimal Values with Respect to Parameters Variation

Variation Percentage change in parameter
Parameters -15 -10 -5 0 5 10 15

Q 1044.252) 1108.494) 1177.432] 1250.845 1328.542) 1410.353 1496.130

a T 1.223 1.226 1.233 1.245 1.259 1.275 1.294
p 4.940 4.699 4.477 4.275 4.090 3.921 3.766,

NP 1927.777)  1944.253] 1960.585 1977.152) 1994.236| 2012.050, 2030.755

Q 1250.843] 1250.843| 1250.845 1250.845 1250.847| 1250.847) 1250.849

b T 1.245 1.245 1.245 1.245 1.245 1.245 1.245
p 4.275 4.275 4.275 4.275 4.275 4.275 4.275

NP 1977.153| 1977.153| 1977152 1977.152] 1977.151) 1977.151] 1977.150

Q 1159.039| 1189.474) 1220.082] 1250.845 1281.746) 1312.768 1343.894

o T 1.155 1.185 1.215 4.275 1.275 1.305 1.335
p 4.394 4.353 4.313  1977.152 4.239 4.204 4171

NP 1994.984|  1989.032| 1983.086, 1245 1971.233)  1965.332] 1959.454

Q | 1165449 | 1177.053] 1213.044] 1250.845 1290.509 1332.079 1375.594

8 T 1.160 1.172 1.207] 1.245 1.284 1.325 1.368
p 4.388 4.372 4.323 4.275 4.227) 4.181 4.135

NP 1992.891]  1990.722| 1984.056] 1977.152) 1970.017] 1962.661] 1955.097

Q 1245965 1247.650) 1249.277] 1250.845 1252.355 1253.806] 1255.199

y T 1.238 1.241 1.243 1.245 1.247 1.248 1.250
p 4.285 4.281 4.278 4.275 4.272 4.269 4.266

NP 1977.753| 1977.540| 1977.340] 1977.152] 1976.975 1976.811] 1976.658

Q 1636.158  1440.839] 1340.631] 1250.845 1170.346| 1167.304] 1161.260

A T 1.623 1.432 1.333 1.245 1.165 1.162 1.156
p 3.693 3.899 4.078 4.275 4.489 4.498 4.516

NP 1950.119 1964.813] 1970.615 1977.152) 1984.103] 1984.386) 1984.953

Q 1239.817| 1243.134] 1246.810] 1250.845 1255.235 1259.979 1265.073

g T 1.234 1.237 1.241 1.245 1.249 1.254 1.259
p 4.267 4.270 4.273 4.275 4.277) 4.279 4.280

NP 2021.981] 2007.169] 1992.229 1977.152] 1961.926] 1946.543] 1930.992

Q 1245.014f 1246.903| 1248.847| 1250.845 1252.897| 1255.002] 1257.161

h T 1.239 1.241 1.243 1.245 1.247 1.249 1.251
p 4.276 4.275 4.275 4.275 4.275 4.274 4.274

NP 1994.320 1988.621 | 1982.898  1977.152| 1971.381 1965.584)  1959.762

Q 1249.630 1249.910] 1250.290] 1250.845] 1251.530] 1252.233) 1253.034

I, T 1.243 1.244 1.244 1.245 1.245 1.246 1.247,
p 4.281 4.279 4.277 4.275 4.272 4.270 4.267

NP 1995.489 1989.675 1983.842 1977.152] 1970.434] 1964.532] 1958.606,

Q 1200.594) 1217.093] 1233.842] 1250.845 1268.103] 1285.617] 1303.390

I, T 1.195 1.211 1.228 1.245 1.262 1.279 1.296
p 4.425 4.373 4.323 4.275 4.228 4.183 4.139

NP 1981.9100 1980.296) 1978.709] 1977.152] 1975.626) 1974.133 1972.676
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Variation Percentage change in parameter
Parameters -15 -10 -5 0 5 10 15
Q 1168.658 1194.025 1221.391] 1250.845 1282.482| 1316.396] 1352.685
M T 1.164 1.189 1.216) 1.245 1.276] 1.309 1.345
p 4.562 4.466 4.370 4.275 4.182 4.091 4.002
NP 1979.374) 1978.584| 1977.831] 1977.152) 1976.588 1976.187] 1976.004
Q 1259.440 1259.440] 1250.845  1250.845 1242.297| 1242.297] 1233.796
- T 1.253 1.253 1.245 1.245 1.236] 1.236] 1.228
p 4.258 4.258 4.275 4.275 4292 4292 4.309
NP 1974.749 1974.749| 1977.152]  1977.152] 1979.547| 1979.547| 1981.935
Q 1490.623 1402.823| 1323.141] 1250.845 1228.266/ 1206.405 1185.239
T 1.480 1.394 1.316] 1.245 1.222 1.201 1.180
H p 3.820 3.963 4.114 4.275 4.330 4.386, 4.443
NP 2008.083 1995.997| 1985.781| 1977.152| 1974.585| 1972.158 1969.864
. - a=1500
24SOOrder Quantity (Q) - b=001
N 2250 ) g . 8_'(6)2
2050 - v=06
\ A=250
p 1850 - 020
s 1650 - h=0.1
- Ic=0.15
0 o 0 0 1450 ) 0 ) 0 0 - le=0.12
-20%  -15% -10% 5% 0% 5%  10%  15%  20% M=0.5
- a=1500
Cycle Length (T) - be=00l
2,3 a=0.02
N - B=0.6
21 - y=06
\ 1,9 A=250
2 17 - g=0.20
7 - h=0.1
1,5 - lc=0.15
1,3 - le=0.12
20%  -15%  -10% 5% 0% 5% 10%  15%  20% <~  M=05
. . - a=1500
Selling Price (p) - b=0.01
a=0.02
> - B=06
5 y=0.6
3 A=250
b 4,5 - g=0.20
’ 4 - h=0.1
v - lc=0.15
3,5 - le=0.12
- M=0.5
3 - r=0.01
-20% -15% -10% -5% 0% 5% 10% 15% 20% - H=12
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Net Profit (NP) - a=1500
1850 - b=0.01
a=0.02
1800 - PB=06
N
y=0.6
5 1750 A=250
- g=0.20
1700 - h=01
- 1c=0.15
1650 - le=012
’ - M=05
1600 - r=001
20%  -15%  -10%  -5% 0% 5% 10% 15% 20% H=12

7. Conclusion

In this paper an EOQ model for deteriorating items with permissible delay in payments having
truncated Weibull distribution with inflation is proposed and analyzed. In inventory control,
permissible delay in payments has significance influence in obtaining the optimal pricing and
ordering policies. The truncated Weibull distribution is one of the most significant life time
distributions for items such as food and vegetables markets, market yards and chemical industries,
etc., where the deterioration is skewed and having long upper tail. The truncated Weibull
distribution includes exponential distribution as a particular case. The sensitivity analysis of the
model revealed that the pricing and ordering are highly influenced by the parameters and costs. The
model with constraints on warehouse capacity and budget can also be developed with permissible
delay in payment and truncated Weibull decay which will be published elsewhere.

References

[1] Namhias, S. (1982). “Perishable inventory theory: A review”, Operations Research, Vol.30:4,
pp- 80- 708.

[2] Raafat, F. (1991). “Survey of literature on continuously deteriorating inventory Models”,
Journal of Operational Research Society, Vol.42, pp. 27-37.

[3] Goyal, S.K. and Giri, B.C. (2001). “Invited review recent trends in modelling of deteriorating
inventory”, European Journal of Operational research society, Vol.134, pp.1-16.

[4] Ruxian Li, Hongjie Lan and John R Mawhinney (2010). “A review on deteriorating inventory
study”, Journal of Science and Management, Vol .3, Issue-1, pp. 117-129.

[5] Srinivasa Rao, K. and Punyavathi, B. (2020). “Inventory Model with Generalized Pareto Rate
of Replenishment Having Time Dependent Demand”, International Journal of Scientific Research in
Mathematical and Statistical Sciences, Vol.7(1), pp. 92-106.

[6] Nagendra, k., Srinivasa Rao. K. And Muniswamy. B. (2019). “EOQ model with selling price
and on- hand inventory dependent demand having permissible delay in payments and inflation
under weibull decay”, far east journal of mathematical sciences (fjms), vol. 113(1), pp.1-26.

[7] Madhulatha, D., Srinivasa Rao. K. and Muniswamy. B. (2017). “Stochastic production
scheduling model with generalized Pareto rate of production and Weibull decay”, International
Journal of Knowledge Management in Tourism and Hospitality, Vol.1(3).

[8] Sanjay Kumar and Neeraj Kumar (2016). “An inventory model for deteriorating items under
inflation and permissible delay in payments by genetic algorithm”, Cogent Business and Management,
Vol.3, pp. 2-15.

[9] Madhavi, N., Srinivasa Rao, K. and Lakshminarayana, J. (2011). “Optimal pricing policies an

427



K Srinivasa Rao, M Amulya, K Nirupama Devi RT&A, No 4 (71)
INVENTORY MODEL WITH SELLING PRICE DEPENDENT DEMAND Volume 17, December 2022

inventory model for deteriorating items with discounts”, International Journal of Operational Research,
Vol. 12(4), pp.464- 480.

[10] Sridevi, G., Srinivasa Rao, K. and Nirupama Devi, K. (2010). “Inventory model for
deteriorating items with Weibull rate of replenishment and selling price dependent demand”,
International journal of Operations Research, 9(3), pp.329-349.

[11] Goyal, S.K. (1985). “Economic ordering quantity under conditions of permissible delay in
payments”, Journal of Operation Research Society, Vol.36, pp. 335-338.

[12] Aggarwal, S.P. and Jaggi, C.K. (1995). “Ordering policies of deteriorating items under
permissible delay in payments”, Journal of the Operational Research Society, Vol. 46, pp. 658-662.

[13] Sarker, B.R., Jamal, A.M.M. and Shaojun Wang (2000). “Supply chain models for perishable
products under inflation and permissible delay in payments”, Computers and Operations Research, 27,
pp 59-75.

[14] Chang, K.J., Lio, J.J. (2004). “Lot sizing decisions under trade credit depending on the order
quantity”, Journal of Computers and Operation Research, Vol. 31, pp. 909-928.

items with partial backlogging under permissible delay in payments”. Journal of Global
Optimization, Vol.34, No.2, pp. 245-271.

[15] Ouyang, L. Y., Teng, J. T. and Chen, L. H. (2006). “Optimal ordering policy for deteriorating
items with partial backlogging under permissible delay in payments”. Journal of Global Optimization,
Vol.34, No.2, pp. 245-271.

[16] Srinivasa Rao, K. and Eswara Rao, S. (2015). “Inventory model under permissible delay in
payments and inflation with generalized Pareto life time”, International Journal of Procurement
Management, Vol.8(1), pp 202-226.

[17] Khanra. S. and Chaudhuri. K. (2011). “On an EOQ model with SFI policy for a time
quadratic demand”, International Journal of Operational Research, Vol. 10(3), pp. 251-276.

428





