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1. Introduction

The Classical inventory models assume constant demand in an endless planning
horizon [1]. This assumption is valid during the maturation process of the product life
cycle and the finite span. The inventory can be improved in other stages of the product
life cycle. It is a positive business launch or a decline due to the introduction of new rival
goods. However, demand is not always constant in reality and the market is called by
time-dependent. The main issue of the current paper and inventory model is the time-
dependent quadratic demand, time-proportional deterioration, and backlog. Most
inventory modelers consider time-varying demand. It is known to be linear and
exponential in two types of time-dependent demands. Linear time-dependent demand D
= a + bt implies a steady increase or decrease in demand according as b > 0 (or) b < 0. It
is unrealistic in the real market. On the other hand, an exponentially time-varying
demand D = Dez?t is unrealistic because, in real market situations, demand is unlikely to
vary a high rate as exponential. Therefore, the time-dependent quadratic demand of the

formD =a+bt+ct”, a>0, seems to be a better representation of time-varying market
demand.
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Several studies have been carried out by researchers in inventory problems.
Economic order quantity (EOQ) models have been studied by Harris [1] that presented
the famous EOQ formulae. Dave and Patel [2] Considered an EOQ model in which the
demand rate is changing linearly with time and Bose, et al. [3] proposed model two
separate inflation rates. The inventory model for deteriorating the items that occur a
fixed rate independent of time was developed by Skouri and Papachristos [4]. Ghosh, et
al. [5] developed an inventory model for deteriorating items, a quadratic time-vary
demand, and shortages in inventory. Furthermore, Ghosh and Chaudhuri [6] developed
an EOQ model over a finite time-horizon for a deteriorating item with a quadratic, time-
dependent demand, allowing shortages in inventory and the rate of deterioration are
taken to be time-proportional. It is assumed that the shortage occurs in every cycle. a
deterministic inventory model when the deterioration rate is time proportional and the
demand rate is a function of selling price and holding cost is time dependent was
proposed by Roy [7]. Cheng and Wang [8] implemented an inventory model for
deteriorating items with a trapezoidal type demand rate.

Beside, Jaggl and Verma [9] developed a two warehouses inventory model with a
linear trend in demand under inflationary conditions. Mandal [10] considered the
depletion not only by demand but also by deterioration. An EOQ inventory problem that
over a finite time for deteriorating items with shortages, where the demand rate is of the
ramp-type, was discussed by Roy and Chaudhuri [11]. Cheng, et al. [12] studied an
inventory model for time-dependent deteriorating items with trapezoidal type demand
rate and partial backlogging. The two-warehouses inventory model with a partial
backorder and Weibull distribution deteriorating was implemented by Kumar, et al. [13].
It is considered inflation and applies the discounted cash flow in problem analysis.
Sarkar, et al. [14] proposed an optimal inventory replenishment policy for deteriorating
items time-quadratic demand and time-dependent partial backlogging. A deterministic
inventory model with time-dependent demand and time-varying holding cost was
developed by Mishra, et al. [15]. Furthermore, De and Sana [16] studied an economic
order quantity model for fuzzy variables with promotional effort and selling price-
dependent demand. An order-level inventory system for deteriorating items with the
demand rate as a ramp type function of time was implemented by Manna, et al. [17].
Islam, et al. [18] proposed a time-dependent inventory model based on a constant
production rate. Kaliraman, et al. [19] proposed a two warehouses inventory model for
deteriorating items with exponential demand rate and permissible delay in payment.

In this model, one warehouse is rented, and the other is owned. The rented
warehouse is provided with a better facility for the stock than the owned warehouse, but
it 1s charged more. To the best of our knowledge, there is no research that addresses this
problem. The objective of this model is to find the best replenishment policies for
minimizing the total appropriate inventory cost. Tripathi, et al. [20] Established an
inventory model with exponential time-dependent demand and time-dependent
deterioration that allowed by shortages. An inventory model for deteriorating products
having demand, which is the function of the selling price, was proposed by Singh, et al.
[21]. In this model, the deteriorating rate is time-varying with the quadratic function of
time. They are considered a quadratic function of time. In this paper, two inventory
models are developed in which (1) inventory model for deteriorating items, (2) inventory
model for shortages. The remaining of the paper is organized as follows: Section 2
presents the assumptions and notations. Section 3 is problem formulation and
numerical examples. Finally, the paper summarizes and concludes in section 5.

Please cite this article as: Sivashankari, C. (2019). Purchasing Inventory Models for Deteriorating Items with
Quadratic Demand. Jurnal Teknik Industri, 20(2), 204-217. doi:https://doi.org/10.22219/JTTUMM.V0120.No2.204-217



ISSN : 1978-1431 print | 2527-4112 online Jurnal Teknik Industri
206 Vol. 20, No. 2, August 2019, pp. 204-217

2. Methods
2.1 Assumptions

In this paper, we use assumption is used to formulate the problem such as: (1)
Initially, the inventory level is zero; (2) The demand rate is a quadratic function
D =a+bt+ct> where a>0, b=0,c=0,at time t and it is a continuous function of time.

Here, a, b, and ¢ are constants and “a” stands for the initial demand “b” and “c” are a
positive trend in demand; (3) The holdlng cost, ordering cost and shortage cost remain
constant over time; (4) The planning horizon is finite; (5) The lead time is zero; and (6)

There is no repair or replacement of the deteriorated items.

2.2 Notations

Notatlons are used in this paper such as;

D Demand rate in units per unit time
Q* Optimal lot size (Unit)

0 Rate of deteriorative

C, Deterioration cost per unit ($)
B Number of shortages in unit
C Shortage cost per unit ($)

C, Ordering cost/order ($)

C, Holding cost per unit/time ($)
T . Cycle time

SC . Setup Cost ($)

HC : Holding cost ($)

DC . Deterioration cost ($)

ShC : Shortage Cost ($)

TC : Total cost ($)

a : Initial demand

b,c . Positive trend

1 . Inventory level

2.3 Purchasing Inventory Model for Deteriorating Items with Quadratic
Demand

The typical behavior of the inventory model has depicted in Fig. 1. The inventory
starts with zero stock at zero time. In most of the inventory models, demand has
considered a constant function. Nevertheless, in a realistic situation, demand is always
not a constant function. It is varying according to time. Therefore, this model developed
a deterministic deteriorating inventory model. In which the demand is a quadratic

function of time, that is a+bt+ct?, where a>0,b = 0,c # 0 at time t and “a” stands for
the initial demand, and “b" is a positive trend in demand, and the deterioration rate is

constant.
The following differential equation gives the instantaneous inventory level I(t).

iI(t)+0[(t)=—(a+bt+ct2);0<t<T

dt (1)
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with the boundary conditions are

1(0) =Q; I(T) =0 (2)

The solution of equation (1) is shown in equation (3).

2 2
I(t):(a+bT+cT _b+20t+§jemt)_a+bt+ct  br2ct 2 ®

0 0>  o° 0 FEEE

The total cost includes the sum of the cost of installation, the cost of holding, and
the cost of deterioration. Setup cost, holding cost, deteriorating cost, and The total cost
respectively are shown in equation (4), (5), (6), and (7).

O

0

T @
C

?“Ej | (t)dt}
C

SC =

T 2 2
_ _hJ- a+bT +cT _b+§cT +2_§ 200D _athbt+ct +b+;2ct _2_(;‘ dt

T o o o o 0

The @ is discarded since it is minimal, so.
2 3 4 C

pe="Sn |8 BT T _Cnfar 1 bT2 4cT¢]

T| 2 2 2 2 (5)

T
ac

pc =% Ul(t)dt}: 29 (a+bT +cT2)r

T |3 2 (6)
Therefore,
ree Co, G +6C,)(@+bT +cT*)T

2 (7)

To solve TC optimal, it can be easily shown that TC (T) is a convex function in T.
Hence, an optimal cycle time T can be calculated from:

2
9 1Ty =0 and d .
dT dT

TC(T)>0

the total cost equation (7) is derivatized with respect to T, then
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i(I'C): —(20 , (€ +6Cy)(@+ 20T +3cT ?) 0
dT T 2
(C, +&Cy)(a+2bT +3cT?) C,
2 T?
2 2C C,+6C)(a+2b+6cT
and dz(TC): 30+( h+ d)( + + )>O
dT T 2
2C
3T*+20T* +aT? -——2 =0
C, +6C, )

Equation (8) is the equation for the optimum solution for the total cost. It should

be noted that, When b =0 , ¢=0 and a = D, then 1 _ 2C, which is the standard

D(C, +€Cy)
model.

2.4 Purchasing Inventory Model for Deteriorating Items with Quadratic
Demand and Shortage

The typical behavior of the inventory model is depicted in Fig. 2. The inventory
starts with zero stock at zero time. Shortage at T, is to accumulate at the early stage of

the inventory cycle. Therefore, this model developed the deteriorating inventory model.
The demand is a linear function of time. That isD=a+bt +ct?, where a >0,b=0,c =0 at

time t and “a” stands for the initial demand and “b" and “c” are a positive trend in
demand. Therefore, the deterioration rate is constant.

A I(t)- Inventory Level
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Fig. 1. EOQ model with ;
deteriorating items N ¥

Fig. 2. EOQ Model With Shortages

The instantaneous inventory level I(t) is given by the following derivative
equations
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EI(t)+9|(t)=—(a+bt+ct2); 0<t<T,
dt 9)

The instantaneous shortage I(t) during the period of shortage is given by the
derivative of equation (10).

%I(t)=—(a+bt+ct2); T, <t<T (10)

with the boundary conditions are
I(T,)=0 and 1(T)=B, 1(0)=Q, (11)

The solution of equation (9) is

()= a+hT, +cT} b+2cT, ZCJ sy _@tbtact’ b+2et 2

+— e -=
2 3 2 3

6 0° ¢ 6 : 6 12)

The solution of the equation (10) is

1©) =at-T)+ 27 -77)+ S -T7)
2 3 (13)

From equation (9) and boundary conditions

2
a+bT, +cT, _b+2ch+2(:Jeng a b 2

|(0)=Q1:>Q1:( 0 02 PE a

WA
Total cost comprised the sum of the setup cost, holding cost, deteriorating cost,
shortage cost. Setup cost, holding cost, deteriorating cost, Shortage cost and The total

cost respectively are shown in equation (14), (15), (16), (17) and (18).

Cy
T (14)

HC= %ﬂ I (t)dt}

SC=

(o}

_C,¢(a+bT,+cT? b+2cT, 2c) ,s, a+bt+ct® b+2ct 2c
B 7_" - ram ol + 2 3
T ) 0 o 0 0* 0

Please cite this article as: Sivashankari, C. (2019). Purchasing Inventory Models for Deteriorating Items with
Quadratic Demand. Jurnal Teknik Industri, 20(2), 204-217. doi:https://doi.org/10.22219/JTTUMM.V0120.No2.204-217



ISSN : 1978-1431 print | 2527-4112 online Jurnal Teknik Industri
210 Vol. 20, No. 2, August 2019, pp. 204-217

1 1

—_1(a+le +cT?  b+2cT, &j_aTl BT} T

+
He = c, e o 6* o° o 20 30
T\ T, cT? 2¢T, 1({a+bT,+cT? b+2cT, 2c) or
Tt Tt T T, o 2 o5 |e
o o o o 7 o o

The @ is discarded since it is minimal, so.

2 3 4
HC = &{‘ﬂl ALLiaa } = S [aT? 40T 40T
T 2 2 2 2T (15)
T m
pC= ‘fd { | I(t)dt}: = [aT? +bT?] (16)

C, |
She = —= [ I(t)dt
TTjl()

_&T _ 9 2 _T2 E 3 _T3
= {[[a(t T+ Dl T S T

C.[a b c
= ?S[E(T ~T,) +E(T3 -317 +2T13)+E(T4 —4T°T +3T14)} a7
% + Cot &y ;TQCd (an +bT2 + ch“)
TC = (18

C.la b c
+?5[§(T ~T,) +E(T3 _3T72 + 2T13)+E(T4 —4TRT +3T1“)}

TC (T) is a convex function in T. Hence; an optimal cycle time T can be calculated
from

iTC(T)—O and o TC(T,)>0
T, ! T’ '

O TC(T)=0 and 2 TC(T) >0
— =0 an

oT oT?

Partially derivative the total cost equation (18) to Tl, then
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It should be noted that when b =0 and a = D, then T = \/

Which is the standard model.

2.5 Numerical Experiment

2C,(C,+6C, +C,)
DC,(C, +6C,)

In the model for deteriorating items with quadratic demand, we used D = 4500
unit, C;=100 $, C,=10 $, #=0.01; C,=100 $, a = 4250, b = 3880, and ¢=2700. On the

other hand, researchers employed D = 4500 unit, C;=100 $, ¢, =10 $, #=0.01 $,
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C, =100 3, c, =10$%, a= 4200, b = 3000, and ¢ = 2700 on model for quadratic demand

with shortage. In the sensitivity test of the Rate of deteriorating items toward the total
cost, this study used ten variations of the deteriorating rate from 0.01 to 0.10, and both
models performed this test. Sensitivity analysis was also carried out on parameters such
as ordering cost, holding cost, deterioration cost, shortage cost, initial demand (a), and
positive trend (b,c). During the experiment, 5 parameter variations were used to
determine its effect on inventory. To simplify the experiment, numerical experiments in
this model was coded in Microsoft Visual Basic 6.0.

3. Results and Discussion
3.1 Model for Deteriorating Items with Quadratic Demand

Result from numerical experiment show that the optimal solution is T = 0.0618,
Q* = 278.10, Setup cost = 1618.69 $, Holding cost = 1390.54 $, Deteriorating cost =
139.05 $, and Total cost = 3147.70 $. Furthermore, Table 1 shows the Influence
variation of rate of deteriorating items toward the total cost. It is concluded that The
greater the rate of deteriorating, it increases the Setup cost, Deteriorating cost, and
Total cost. Conversely, the greater the rate of deteriorating, the lowering T, Q, and
holding cost.

Table 1. Influence variation of rate of deteriorating items toward total cost

0 T Q Setup Holding Deteriorating Total cost
cost cost cost
0.01 0.0618 278.10 1618.10 1390.54 139.05 3147.70
0.02 0.0592 266.78 1686.76 1331.26 266.25 3284.28
0.03 0.0571 256.84 1752.04 1278.99 383.70 3414.74
0.04 0.0551 247.95 1814.85 1232.43 492.97 3540.27
0.05 0.0533 240.01 1874.89 1190.64 595.32 3660.84
0.06 0.0517 232.74 1933.50 1152.81 691.68 3777.99
0.07 0.0502 226.10 1990.30 1118.36 782.86 3891.52
0.08 0.0489 220.00 2045.45 1086.84 869.47 4001.76
0.09 0.0476 214.38 2099.08 1057.83 952.05 4108.97
0.10 0.0465 209.17 2151.32 1031.03 1031.03 4213.40

Table 2 shows the effect of demand and cost parameters on optimal values toward
T, Q, setup cost, holding cost, deteriorating cost, shortage cost, and total cost. The
following influences can be obtained from sensitivity analysis based on Table 2. The
finding of sensitivity analysis is as follows 1) Increasing the setup and deteriorating cost
raise optimum quantity, cycle time, setup cost, holding cost, deteriorating cost, and total
cost increases. These results show that there is a positive relationship between them. 2)
Increasing the holding cost also raise the setup cost, holding cost, Deteriorating cost, and
total cost. There is a positive relationship between them, but the optimal cycle time and
the optimal lot size decreases. Therefore, there is a negative relationship between cycle
time and an optimal lot size toward holding costs. Demand parameters a, b, and c also
affect the optimal quantity, cycle time, setup cost, holding cost, deteriorating cost, and
total cost. When a, b, and ¢ increase, it will increase the setup cost, holding cost,
deteriorating cost, and total cost. However, the optimal quantity, cycle time decreases.
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Table 2. Effect of Demand and cost parameters on optimal values

Parameters Optimum values
T Q SC HC DC TC
80 0.0556 250.17 1439.04 1243.62 124.36 2807.02
90 0.0588 264.56 1530.83 1319.12 131.91 2981.86
C, 100 0.0618 278.10 1618.10 1390.54 139.05 3147.70
110 0.0646 290.91 1701.54 1458.48 145.85 3305.87
120 0.0673 303.09 1781.63 1523.41 152.34 3457.38
8 0.0679 305.72 1471.92 1229.97 153.75 2855.64
9 0.0646 290.91 1546.85 1312.63 145.85 3005.33
Ch 10 0.0618 278.10 1618.10 1390.54 139.05 3147.70
11 0.0593 266.87 1686.18 1464.42 133.13 3283.73
12 0.0571 256.93 1751.47 1534.82 127.90 3414.19
80 0.0623 280.53 1604.13 1403.37 112.27 3119.77
90 0.0621 279.31 1611.13 1396.91 125.72 3133.77
C, 100 0.0618 278.10 1618.10 1390.54 139.05 3147.70
110 0.0615 276.91 1625.05 1384.26 152.27 3161.58
120 0.0612 275.74 1631.96 1378.06 165.36 3175.39
4050 0.0631 283.79 1585.68 1357.60 135.76 3079.03
4150 0.0624 280.90 1601.96 1374.16 137.42 3113.54
a 4250 0.0618 278.10 1618.10 1390.54 139.05 3147.70
4350 0.0612 275.38 1634.12 1406.73 140.67 3181.53
4450 0.0606 272.72 1650.01 1422.74 142.27 3215.02
3680 0.0619 278.79 1614.12 1390.34 139.03 3143.49
3780 0.0618 278.44 1616.12 1390.44 139.04 3145.60
b 3880 0.0618 278.10 1618.10 1390.54 139.05 3147.70
3980 0.0617 277.76 1620.09 1390.64 139.06 3149.80
4080 0.0616 277.42 1622.07 1390.75 139.07 3151.89
2500 0.0618 278.16 1617.74 1390.64 139.06 3147.44
2600 0.0618 278.13 1617.92 1390.59 139.06 3147.57
c 2700 0.0618 278.10 1618.10 1390.54 139.05 3147.70
2800 0.0617 278.07 1618.29 1390.49 139.04 3147.83
2900 0.0617 278.03 1618.47 1390.44 139.04 3147.96

3.2 Model for Deteriorating Items with Quadratic Demand and Shortage

In the trial model for deteriorating items with quadratic demand and shortage,

the results show T°+1.2658T° +1.9506T* —-1.7732 =0 Therefore, the optimal value is T=
0.0924, T,=0.0454, Q = 415.88, Setup cost = 1082.03, Holding cost = 484.97,

Deteriorating cost = 48.50, Shortage cost = 524.68, Total cost = 2140.17. sensitivity
analysis variation of the Rate of deteriorating items is shown in Table 3. The study
considers the effect of the rate of deteriorating items toward cycle time, optimum
quantity, set-up costs, holding costs, deteriorating costs, shortage cost, and total costs. It
is concluded that increasing the rate of deterioration of the item enhances the set-up
cost, the deterioration costs, shortage cost, and the total cost. These show that there is a
positive relationship between them. However, when the rate of deterioration increases,
then the cycle time, the optimum quantity, and the holding cost decreases. It shows that
there is a negative relationship between them.
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Table 3. Variation of Rate of deteriorating items with inventory and total cost
2] T Q T1 Q1 SC HC DC ShC TC

0.01 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68  2140.17
0.02 0.0906 407.91 0.0424 181.08 1103.18 430.66 86.13 561.82  2181.79
0.03 0.0891 401.03 0.0398 169.85 1122.11 385.23 11557 596.19 2219.11
0.04 0.0878 395.02 0.0376 159.98 1139.17 346.80 138.72 628.08 2252.77
0.05 0.0866 389.74 0.0355 151.22 1154.62 313.97 156.98 657.73 2283.31
0.06 0.0856 385.06 0.0337 143.40 1168.68 285.68 171.41 685.37 2311.14
0.07 0.0846 380.86 0.0321 136.37 1181.54 261.11 182.78 711.18 2336.01
0.08 0.0838 377.09 0.0306 130.01 1193.34 239.63 191.71 735.34 2360.02
0.09 0.0830 373.69 0.0292 124.25 1204.21  220.74 198.66 757.99 2381.61
0.10 0.0823 370.59 0.0280 118.95 1214.27 204.02 204.02 779.27 2401.58

Table 4. Effect of Demand and cost parameters on optimal values

Parameters T Q Tl Ql SC HC DC ShC TC

80 0.0829 373.21 0.0406 173.19 964.61 430.77 43.08 471.59 1910.05
90 0.0878 395.17 0.0431 183.87 1024.86 458.53 45.85 498.94 2028.19
C 100 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
110 0.0968 435.52 0.0476 203.61 1136.58 510.27 51.03 549.04 2246.92
120 0.1009 454.22 0.0498 212.82 1188.85 534.59 53.46 572.22 2349.11
8 0.0970 436.36 0.0530 226.73 1031.24 505.33 63.17  440.82 2040.57
9 0.0945 425.23 0.0489 209.01 1058.24 495.67 55.07 484.47 2093.45
Ch 10 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
11 0.0906 407.91 0.0424 181.04 1103.18 473.72 43.07 561.81 2181.79
12 0.0891 401.03 0.0398 169.78 1122.11 462.28 38.52 596.19 2219.11
80 0.0928 417.63 0.0461 196.80 1077.50 497.11 39.77 516.89 2131.27
90 0.0926 416.75 0.0457 195.38 1079.78 490.98 44.19 520.80 2135.75
Cd 100 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
110 0.0922 415.03 0.0451 192.60 1084.26 479.07 52.70 528.53 2144.55
120 0.0920 414.19 0.0448 191.24 1086.46 473.28 56.79 532.34 2148.88
8 0.0982 441.73 0.0426 181.63 1018.72 400.29 40.03 5562.96 2012.00
9 0.0982 441.73 0.0426 181.63 1018.72 400.29 40.03 5562.96 2012.00
CS 10 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
11 0.0902 406.06 0.0466 199.11 1108.22 523.35 52.33 509.45 2193.37
12 0.0884 397.67 0.0476 203.70 1131.59 559.35 55.93 494.06 2240.93
4000 0.0945 425.19 0.0466 189.56 1058.35 475.66 47.57 510.22 2091.80
4100 0.0934 420.46 0.0460 191.78 1070.25 480.33 48.03 517.561 2116.12
a 4200 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
4300 0.0914 411.45 0.0449 196.15 1093.69 489.58 48.95 531.75 2163.99
4400 0.0905 407.14 0.0444 198.31 1105.25 494.17 49.42 538.72 2187.56
2800 0.0926 416.64 0.0454 193.72 1080.06 482.79 48.28 526.33 2137.46
2900 0.0925 416.26 0.0454 193.85 1081.04 483.88 48.39 525.561 2138.82
b 3000 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
3100 0.0923 415.51 0.0454 194.11 1083.01 486.06 48.61 523.86 2141.53
3200 0.0922 415.13 0.0454 194.24 1083.99 487.15 48.71 523.03 2142.89
2500 0.0924 41595 0.0454 194.01 1081.87 485.00 48.50 524.66 2140.03
2600 0.0924 41591 0.0454 193.99 1081.95 484.98 48.49 524.67 2140.10
¢ 2700 0.0924 415,88 0.0454 193.98 1082.03 484.97 48.50 524.68 2140.17
2800 0.0924 415.85 0.0454 193.96 1082.11 484.95 48.49 524.69 2140.24
2900 0.0924 415.82 0.0454 193.95 1082.19 484.93 48.49 524.70 2140.31
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The effect of Demand and cost parameters on optimal values can be shown in
Table 4. The experimental findings are as follows 1) increasing in setup cost per unit
can raise optimum quantity, cycle time, setup cost, holding cost, deteriorating cost,
shortage cost, and total cost increases. Therefore, there is a positive relationship
between them. 2) increasing in holding cost per unit time enhance the setup cost, holding
cost, shortage cost, and total cost. There is a positive relationship between them, but
optimal cycle time, optimal lot size, and deteriorating cost decrease. Therefore, there is a
negative relationship between holding cost per unit time toward cycle time, lot size, and
deteriorating cost. 3) increasing deteriorating cost per unit time enhance the setup cost,
deteriorating cost, shortage cost, and total cost. However, it decreases cycle time, lot size,
and holding cost. 4) Raising in the shortage cost decreases the optimal cycle time,
optimal lot size, and shortage cost. However, the replacement time, maximum inventory,
setup cost, holding cost, and total cost show increase. Other parameters “a”, “b”, and “c”
can be observed from Table 4.

4. Conclusion

This paper deals with purchasing inventory replenishment policy for
deteriorating items. This model, considering the time-dependent quadratic demand.
Two models were formulated and solved for deteriorating items with (1) quadratically
time-dependent demand for deteriorating items, and (2) quadratically time-dependent
demand for deteriorating items and shortages. The sensitivity analysis also was
presented in both models. The proposed model can assist the manufacturer and retailer
in the accurate determination of the optimum quantity, cycle time, and overall inventory
cost. This research can be extended as follows: (1) Most of the production systems today
are multi-stage systems, and in a multi-stage system, the defective items and scrap can
be produced in each stage. The defectives and scrap for a multi-stage system can be
different stages. (2) Inspection costs can be included in developing future models. (3)
The demand for a product may decrease with time owing to the introduction of a new
product, which is either technically superior or more attractive and cheaper than the old
one. On the other hand, the demand for new products will increase. Thus, the demand
rate can be varied with time, so the variable demand rate can be used to develop the
model.
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