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Abstract: The inflation acts an important role for each area of life in the world.
Inflation varies rapidly for high tech commodities with passing over time. This
study develops an EOQ model with time sensitive demand rate for deteriorating
products and shortages with inflation over a predetermined planning horizon.
Mathematical formulations are prepared under two cases: 1) time for positive
inventory (71) is greater than credit period M; 2) T1 is less than or equal to
credit period M, to gain optimal number of replenishment and cycle time. An
algorithm is presented to find the most favourable cycle time so that total
annual relevant profit is maximised. We then demonstrate the total profit is
concave with respect to number of replenishments. Numerical examples are
offered to display the model. Sensitivity investigation for variation of a number
of key parameters is also discussed. Mathematica 7.0 software is used to
calculate numerical results and optimality conditions.

Keywords: cash flow; inflation; non-increasing demand; credit period;
shortages.
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1 Introduction

In the beginning stage EOQ models start by considering that demand rate was stable.
This consideration was a grim limitation because in the real world demand of a product
can be in fluctuating state. In the past decades, sufficient research papers have been
published by a number of researchers for controlling inventory of deteriorating items. In
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actual practice, deterioration of several commodities such as medicine, volatile liquids,
chemicals and some other items during storage period is non- negligible. Almost all items
decrease their freshness over time, so that items cannot be used for as fresh. Therefore,
loss due to decay cannot be neglected, while developing inventory models. Most of the
researchers assume a consistent deterioration rate over time. Covert and Philip (2003)
designed an EOQ model for Weibull distribution deteriorating items and without
shortages. Mohammadi et al. (2015) developed optimal manufacture phase such that
predictable total cost is reduced. Roy (2008) presented a model with time linked
deterioration, selling price sensitive demand rate and carrying cost is time linked.

At present trade credit plays significant role in all type of high-tech industrial
transactions. Kingsman (1983) and Daellenbach (1986) studied effects of trade credit in
their EOQ models. Guchhait et al. (2014) proposed a model for decaying products in
which demand rate is selling price linked under two echelon allowable delay periods.
Goyal (1985) addressed an EOQ model under trade credits for particular items. Some of
the related research work in this track has been adopted by Hou and Lin (2008),
Teng et al. (2005, 2012), Wu (1998).

In classical inventory model, demand rate is stable, while in real life it is not
evermore true. Demand for any kind of commodity is always in dynamic state.
Donaldson (1977) explored an EOQ model with linear tendency in demand.
Sarkar et al. (2013) described a model for non-spoilage time- sensitive demand with
deterioration for predetermined manufacture rate. Other researchers such as
Sarkar et al. (2014), Yang (2014), Teng et al. (2011), Ouyang et al. (2015),
Goyal et al. (1992), etc.

The more open financial system, there is greater significance of exchange rate in
policy design. It is normally anticipated that every additional features remains identical, if
inflation in a nation rises, its products become luxurious in worldwide market to
condensed demand for local legal tender. Import becomes cheaper and demand for
foreign legal tender amplifies. Inflation rates differ among countries, causing global trade
outlines and swaps over rates to regulate consequently. If country’s inflation rates are
risen demand for its money turned down as exports turn down due to their high prices.
Thus, in the study of EOQ models, effect of inflation cannot be ignored.
Hou and Lin (2009) proposed a model by linearly time associated demand for
deteriorating objects when supplier offers trade credits. Basu and Sinha (2007) described
a model by way of time induced demand, fractional backlogging and time-connected
deterioration. Buzacott (1975) analysed best possible model including inflation under
dissimilar nature of pricing policies. Other associated articles can be found in
Misra (1979), Jaggi et al. (2006), Sarkar and Moon (2011), Abidin and Applanaidu
(2020), Mouatassim et al. (2020). Montgomery et al. (1973) first recognised in EOQ and
EPQ models with incomplete backlogging and misplaced sales. A lot of researchers have
measured shortages and partial backlogging in their EOQ and EPQ models such as
Wee et al. (2014), Bhunia et al. (2014), Ouyang and Chang (2013), Jaggi et al. (2013),
Ghiami et al. (2013), Taleizadeh and Nematollahi (2014), Tripathi (2021),
Hamdi et al. (2018), Salari et al. (2017), Tripathi and Mishra (2021), etc.
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The main aim of this study is for finding highest profit over restricted planning horizon.
The non- increasing demand in EOQ models is realistic to demand because it represents
the availability of remaining inventory after time t. The rest of demand decreases with
time.

The rest part of the study is arranged as follows. In next section, we explain notations
and assumptions used in the whole manuscript. Section 3, gives specification of
mathematical model while, section 4, illustrates detail solution measure which gives with
proof of concavity of total relevant profit. Section 5, provides flowchart that describes
pictorial representation of solution procedure. In section 6, numerical examples have
been demonstrated followed by sensitivity study of the model. Finally, paper ends at
conclusion and future research.

2 Notations and assumption

2.1 Notations

A initial cost of order ($/ order)

hand s carrying and shortage cost, $ per unit time

c unit cost of item, $per unit

o deterioration rate

q1 and ¢ maximum inventory and shortage quantity level

(@) order quantity, (Q = q1 + q2)

H span of planning horizon

T cycle time

n number of replenishment n = H/T

T period for which no shortages occurs.7; is a fraction of cycle time T

where 71 = kT(0 < k< 1), where is fraction of T’

D(t) = a-bt demand rate, a >0, 5> 0

p selling price/unit time

r net reduction rate of inflation

I interest charged/$ in stock/unit time
1 interest earned/$/unit time 1. >,

M permissible delay in payments

q(®) inventory level at moment ¢

SR total sales revenue

OC, HC and MC  total ordering, holding and material cost
IP,i=1,2 total interest payable
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IE; total interest earned
Z(n) total annual profit during time horizon

2w i 1=y
n

Zm= kH
Zz(i’l) 5 lf‘ Ti =—=<M
n

Z{(n)and Z5(n)  optimal Z(n) for case I and II

n and n; optimal 7 in finite planning horizon for case I and II.

2.2 Assumption

1  demand rate is diminishing function of time

shortages are permitted

lead time in insignificant

planning horizon H in infinite

‘@’ is invariable and 0 < 9 < 1

D(¢) for positive and negative inventory both are same and time dependent

instantaneous cash flow is considered during product transaction

o N N L kR~ W

selling price is larger than purchase cost.

3 Mathematical model

Let us consider the planning horizon H is separated into n identical sub-divisions. The
demand rate D(¢) in linearly time- sensitive and non-increasing function of time. The
period for positive inventory 7 is a portion of cycle time 7. The level of inventory
exhausted due to time-linked demand and partially due to deterioration during [0, 7] .
Shortages occur during [7;, T] and are accumulated until Tj, before they are back

ordered. So, variation of ¢(#) at some moment t is represented as

YD s 0g0)=-Dw), 0 < 1<Ti =kt In W
dcc]i(tt) =-D(), histsT @

The solution of (1) and (2) with condition ¢(71) = 0 are

q(1) Z%{(a +§j(eﬂ(ﬂ—t) —1) - b (T —t)} 3)
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q(?) =—{a(t—T1)_%(,z _7 )}

“)

The maximum inventory and shortage level in first replenishment cycle are respectively

¢ =%{(a +%)(69Tl -1) —leeeTl}
i =<1—k)(%){a—§(1+k)(%)}

Total SR, OC, HC, SC and MC during H are:

n-1 T i
SR = 2{ pj D(t)e-"dz] el = E{(a - 2) (1—e7T)+bTeT }(—_
i=0 0 r r e n

—rH
OC=)» Ae' =
Z [1— " j
n-1 Ul
HC = Z{hJ‘q(t)e ”dt]e”r
i=0
( b)(e”‘ —e T —lj
a+— +
0 O+r r
O _ ,—rTi - _ _ —rH
IR T T
O+r r r l_e—rﬁ

—rT _ ,—rh _
+§ (T2 -T2)e™ +%[Te"‘T o P S — jH( I=e
r

n—1

mc = cz[ql retla(r-n)-2(r -2 )H

J=0

. 1_e—rH

Following two cases may arise due to 7 and M

1- e_r%

(&)

(6)

®)

(€)

(10)

an
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3.1 Casel: M<TI<T

In this case, M is shorter than 7, interest is payable by vendor, total interest payable /P,
during H is
n—1
IR=cl)y j g(t)e"dt + j g(t)e"dt T (12)
M

i—-0

Since interest is paid during [73, 7] is zero. Consequently, interest paid during planning
horizon H is:

et (Th
IB =cl, ZI:{J q(t)e™ dt}‘”

-0\ pmf

Ol —(0+r)M _ ,—rT —rTy _ ,—rM
_clg (a+2]{e el +e I —¢ } (13)
6 0 O+r r

S T |
O+r r r 1—e—rH/n

The total interest earned during H is

nl
IE, = pl, { I (a— bt)te‘”dt}"’r Pla
p

i=0

’ (14)
[—Tl (a=bT;)e™T +—l{(a—&j( e ) +2bTe T H(%j
r r l-e 7
The total annual profit during H is
Zi(n)=SR—(0OC + HC + SC + MC + IR, - IE,) (15)

3.2 Casell: M>T;

In this case, length of allowable delay M is longer than 7. Interest earned in between
[0, T1] plus interest earned from invested cash during [T}, M] after inventory is ended at
time 7). The total interest earned /F; is:

nl Ti
1E, = pl, {j (a—bi)te"di+(M —T)e"™ j (a— bt)dt}e‘”

i-0

- p_ld{—Tl(a—bT])e"Tl +l{( ij(l e-rTl)+2bT1e"T'}+ (16)
r

r r

(M =T)Tie™" (“‘b%ﬂ(ll—_e%]
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The total annual profit during H is:
Z,(n)=SR—(0OC+ HC + SC + MC — IE,) 17)
Z\(n)=Z,(n) at M =T, then we have

Lo _[Z) it Tz m
D22y €7 <M

Based on above conversation, we develop solution algorithm for finding »*, 7%, Q" and
Z'(n") values:

4 Solution algorithm

Step 1  Choose integer n such that it is greater than or equal to 1
Step 2 Find Zi(n) from (15) for unlike value of n, if 71 > M
Step 3 Find Zx(n) from (17) for dissimilar value of n, if 71 <M

Step4 Repeat steps 2 and 3 for unlike values of n if 71 > M maximum Z;(n) is obtain
form equation (15) and let #; = n. For different #» with 77 < M until maximum

Z»(n) is obtain from equation (17) and let n; = n.

Step 5 With n/, n5, Z{ (n) and Z5(n) values constitute optimal solution which follows
the condition given below:

Zi(ni +1)= Z,(n) <0 (18)
Zy(n5+1)= Z,(n3) <0 (19)
Step 6 Choose n* such that

* % >
Z(n") = max Z (nl*) Jor kH/nl* >M
Z>(n3) forkH/ns <M
5 Flowchart

The following flow chart shows the validity of the proposed model. Number # s taken
positive integer and greater than one.
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Figure 1 Flow chart of the proposed model
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Based on above algorithm, we present following numerical examples for finding the 7%,

n*, O* and Z(n*).

6 Numerical examples

e Example 1: Let us consider inventory parameters: a = 1000 units/yr, 4 = 80 $/order,
h=2.5 $/unit/yr, b = 15/unit, s = $ 10/unit/yr, p = 50/unit/yr, I. = 0.18/$/year,
1,=0.16/$/yr, = 0.15, r = 0.12/$/yr, and H = 5 years, M = 45 days = 45/360 yrs
(consider year is 360 days) and ¢ = $ 30/unit/yr.

Using solution algorithm, numerical results are provided in the following Table 1.
We find case II is the optimal solution. From Table 2, maximum total annual profit
is obtained when n(=n3)=75, corresponding T* = 0.06667 yrs, T;" =0.03333 yrs,

O* = 66.7166 units and Z,(n;)=$76,178.7. The computational results are given in

Table 2.
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Table 2 The computational results (optimal solution)
Case n T Ti (0] Z(n)
I 10 0.50000 0.25000 502,975 67,212.3
11 0.45454 0.22727 456,857 67,360.0
12 0.41667 0.20833 418,610 67,473.0
13 0.38462 0.19231 386,272 67,561.2
14 0.35714 0.17857 358,571 67,627.9
15 0.33333 0.16667 334,578 67,677.9
16 0.31250 0.15625 313,594 67,714.3
17 0.29412 0.14706 295,087 67,739.5
18 0.27778 0.13889 295,087 67,755.4
19 0.26316 0.13158 263,934 67,763.3
20 0.25000 0.12500 250,701 67,764.4
II 21 0.23810 0.11905 238,731 68,453.7
22 0.22727 0.11364 227,852 69,075.5
23 0.21739 0.10870 217,922 69,638.5
24 0.20833 0.10417 208,820 70,149.9
25 0.20000 0.10000 200,449 70,616.0
30 0.16667 0.08333 166,979 72,425.1
35 0.14286 0.07143 143,086 73,830.8
40 0.12500 0.06250 125,176 74,477.9
45 0.11111 0.05556 111,250 75,069.2
50 0.10000 0.05000 100,112 75,486.2
55 0.09091 0.04545 91.0020 75,776.9
60 0.08333 0.04167 83.4114 75,972.4
65 0.07692 0.03846 76.9896 76,094.8
70 0.07143 0.03571 71.4859 76,159.7
71 0.07042 0.03521 70.4783 76,166.9
72 0.06944 0.03472 69.4987 76,172.3
73 0.06849 0.03425 68.5459 76,176.0
74 0.06757 0.03378 67.6189 76,178.1
75% 0.06667* 0.03333* 66.7166* 76,178.7*
76 0.06579 0.03290 65.8381 76,177.8
77 0.06494 0.03247 64.9825 76,175.4
78 0.06410 0.03205 64.1488 76,171.7
79 0.06329 0.03165 63.3362 76,166.6
80 0.06250 0.03125 62.5439 76,160.3
85 0.05882 0.02941 58.8624 76,111.1
90 0.05556 0.02278 55.5903 76,036.4

Note: *Optimal solution.
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Table 3 The computation result (optimal solution)

Case n T Tl 0 Z(n)

I 10 0.50000 0.25000 502.975 14,378.1
11 0.45454 0.22727 456.857 14,556.7
12 0.41667 0.20833 418.610 14,696.1
13 0.38462 0.19231 386.272 14,805.2
14 0.35714 0.17857 358.571 14,890.0
15 0.33333 0.16667 334.578 14,956.4
16 0.31250 0.15625 313.594 15,006.9
17 0.29412 0.14706 295.087 15,044.4
18 0.27778 0.13889 295.087 15,071.2
19 0.26316 0.13158 263.934 15,088.9
20 0.25000 0.12500 250.701 15,098.9

11 21 0.23810 0.11905 238.731 15,587.9
22 0.22727 0.11364 227.852 16,027.7
23 0.21739 0.10870 217.922 16,424.4
24 0.20833 0.10417 208.820 16,783.5
25 0.20000 0.10000 200.449 17,109.4
30 0.16667 0.08333 166.979 18,357.6
35 0.14286 0.07143 143.086 19,169.7
40 0.12500 0.06250 125.176 19,709.0
45 0.11111 0.05556 111.250 20,066.4
50 0.10000 0.05000 100.112 20,296.5
55 0.09091 0.04545 91.0020 20,433.9
60 0.08333 0.04167 83.4114 20,501.8
61 0.08197 0.04098 82.0427 20,508.5
62 0.08064 0.04032 80.7183 20,513.2
63 0.07936 0.03968 79.4359 20,516.0
64* 0.07813 0.03906* 78.1936* 20,517.8*
65 0.07692 0.03846 76.9896 20,516.7
66 0.07576 0.03788 75.8221 20,513.7
67 0.07463 0.03731 74.6895 20,509.6
68 0.07353 0.03676 73.5902 20,504.0
69 0.07246 0.03623 72.5228 20,497.0
70 0.07143 0.03571 71.4859 20,488.5
75 0.06667 0.03333 66.7166 20,427.3

Note: *Optimal solution.

The figure for previous discussion is given in Figure 2.
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Figure 2 Number of replenishments vs. total annual profit (Z(n)) for example 1

e  Example 2: Let us take the inventory values a = 1,000 unit/yr, A = $ 80/order,

h=2.5 $/unit/yr, b = 15 units/yr, shortage cost s = 10 $/ unit/yr, p = 35 $/unit/yr,

1.=0.18 $/yr, [,=0.16 $/yr 0=0.15, r=0.12 $/year, and H =5 yrs, M = 45 days =

45/360 yrs and ¢ = $ 30/unit/yr. Using the solution algorithm, numerical results

shown in Table 3.

We obtain case II is optimal solution. From Table 3, maximum total annual
profit is obtained when n(=mn;)=64 and corresponding optimal cycle time
T* = 0.078125 yr, time for positive inventory 7;* =0.039062 yrs, Q* = 78.1936 units and
Z,(n3) =$20,517.8. The computational result is as follows.

The figure for above discussion is given in Figure 3.

Figure 3 Number of replenishments vs. total annual profit (Z(n)) for example 2

From Tables 2 and 3, we observe that total annual profit Z(n) is higher if selling price (p)
is higher. Also optimal number of replenishments (n) is higher for higher selling price

®)-
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Change of Z(n) with variation of M (in days), p, 4, h, ¢, , k, 6, and a

Table 4
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Change of Z(n) with variation of M (in days), p, 4, h, ¢, r, k, 6, and a (continued)

Table 4
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7  Sensitivity analysis

The variation may occur due to risks in any judgment. We now discuss effects of
variation in the key parameters M, ), p, 4, h, c, r, k, 6 and a on number of replenishments
and present value of total annual profit. Using numerical data mentioned in Ex. 1,
keeping other parameters same, sensitivity examination of different parameters has been
provided. Results are concluded in Table 4.

Following observation can be made from Table 3.

1 When credit period (M), selling price (p), fraction of cycle time (k) and initial
demand (a) increase, total annual profit Z(n) will also increases, i.e., alter in M, p, k
and a will lead positive alteration in Z(n).

2 When A, h, r and 0 will augment, Z(n) will decrease, i.e., variation in 4, 4, r and 0
will cause negative change in Z(n).

3 We get same result as numerical examples 1 and 2 for increase in the number of
replenishments in both cases.

8 Conclusions and future research directions

At present most of the countries facing problem on high inflation rate. So, it is essential
to consider the presence of inflation in formulating inventory replenishment policy. In
this study, an EOQ model is designed with linear time induced demand under shortages.
The effects of deterioration, net discount rate of inflation and trade credit period have
been also considered. The solution algorithm is presented for finding optimal number of
replenishments, cycle time, time for positive inventory and order quantity to maximise
total annual profit. Numerical examples are offered to exhibit results. This model is
exceptionally constructive in retail industry like domestic goods, cloths, and other similar
products. From administrative point of view following scrutiny can be made:

e Raise of credit period causes raise in Z(n).

e Raise of selling price results raise in Z(n).

e Increase of fraction of cycle time causes increase in Z(n).
e Increase of initial demand causes increase in Z(n).

e  Enhance of cost of order, carrying cost, unit cost of item, net cut rate of inflation and
deterioration rate will lead, shrink in total profit.

The model discussed in this study can be extended for quadratic time- dependent demand
as well as exponential demand. We could also generalise the model for allowing time
dependent deterioration with variable planning horizon.
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