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ABSTRACT

In the present paper, an inventory model is generated for deteriorating items where Demand rate and
Deterioration rate are taken as general and in the second part holding cost is also taken as general
function of time.
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1 Introduction

Inventory management has become the most valuable, important, and undetachable part of business
organizations, and deterioration of the stock goods has affected inventory management crucially. How
much of the amount is to be ordered? and when to order the stock of goods? is the most important
question to prevent the loss to the business organization. Thus, we need inventory models by also
looking at the effect of deterioration. Many researchers have worked in this field, by creating models
with different values of demand, deterioration, and holding cost. Power demand pattern for items that
deteriorates with time is considered by Datta & Pal (1988) [3], Lee & Wu (2002) [7], Sharma, Sharma
& Ramani (2012) [16] and Sharma & Preeti (2013) [15] using time varying deterioration in their
respective models. Weibull distributed deterioration is considered by Wu (1999) [20], Wu (2002) [19],
Lee & Wu (2002) [7], Skouri et. al. (2009) [18], Sharma et. al. (2012) [16] considered in their
respective models. Time varying holding cost is used by Sharma et. al. (2012) [16], Karmakar et.al.
(2014) [6], Ibe et. al. (2016) [5], Shah (2018) [14] in their respective models. Exponential distributed
deterioration is used by Lee (2004) [8] in creating model and Wu (2002) [19] & Ghosh (2004) [4]
created model with time varying quadratic demand. Wu (1999) [20] and Skouri (2009) [18] developed
models with ramp type demand rate. Ouyang (2005) [12], Shah (2010) [13] and Aliyu (2020) [1]
developed models with exponentially declining demand. Mukherjee (2010) [11] developed a model in
which the time of duration of shortages varies directly with deterioration. Bhowmick (2011) [2] et. al.,
developed a model with continuous production model for deteriorating items with shortages.
Maragatham (2017) [10] et. al., presented Model for Items in a single warehouse and assumed constant
lead time. Sharma (2018) [17] developed a model for items that deteriorates with time, such as fruits,
vegetables, and foodstuffs by considering demand as time-dependent. Long (2019) [9] demonstrated
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that structural deterioration affects the value of damage detection information. In the present paper,
working is done based on the above papers specially on Wu K.S. (2002) [19] by considering general
demand, general deterioration and general holding cost.

2 Assumptions and Notations

Notations

The Notations used here are given below :-

1. Ch = Cost per unit of inventory holding per unit time i.e., Holding cost
2. Cs = Shortage cost per unit per unit time.

3. Cq4 = Deterioration cost.

4. T = Each cycle length.

5. Q(t) = Inventory at any time t.

6. C(t) = Average total cost.

7. Dr(t) = Demand Rate.

8. 0(t) = Deterioration Rate Function.

Assumptions

The Assumptions used here are given below :-

1. Demand Rate Dr(t) is taken as general.

2. The deterioration rate function, 6(t) is taken as general.

3. There is constant Replenishment size and infinite replenishment rate.
4. There is zero Lead time.

5. Inventory system ends without Shortages.

6. Both the inventories, initial and final are taken as zero.
3 Analysis of Model

Let the level of Inventory at any time t be Q(t). Inventory level in the beginning is zero and shortages
are permitted to fulfilled till to. Then refilling of stock is done at to. Stock of goods obtained at to is first
used to fulfil previous shortages and then for the demand and deteriorated stocks in [to, T]. Then at last
inventory falls to zero at T. Differential equations which governs this inventory system during [0, T]
are

LD = —Dr(t);  [0,t] (1)
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LO +o0)Q() = —Dp(t);  [to, T] )
Solutions of equations (1) and (2) are

Q) = — [ Dr(v)dv; [0, £] (3)

Q(t) = e™*® [T Dy (v)e*Pdv; [ty T] (4)
Where  k(t) = [ 8(t)dt
and the boundary conditions are Q(0) = 0 and Q(T) = 0.

The entire amount of deteriorated units in [to, T] is

= Q(to) — J, Da(t)dt

= ¢~k(to) ft: Dp(£)e*®dt — ft: Dp(t)dt (5)
Inventory held over the period [to, T] is
= ftz e~k® [ftT Dr()ekWdy ] dt (6)
Shortage units Quantity,
= foto fot Dr(u)du dt
= [1°(to — WDr(Wdu %

Inventory Holding Cost = Cy * total inventory held
= Cy ft: e~k® [ftT DR(v)ek(”)dv] dt (8)
Deteriorating units cost = Cq * The entire amount of deteriorated units
= C,y[ ekt ff; Dp(t)ek®dr — ffo Dr(t)dt] 9)
Shortage Cost = Cs * shortage units quantity
= C, [,°(ty — WDr(W)du (10)
Average Total cost per unit time,

C@) = % [Inventory holding Cost + Deteriorating units cost + Shortage cost]

Ch (T _ T Ca |[,- T ’
- ?h ftoe k(t) [ft DR(v)ek(”)dv] dt + ?d [e k(to) fto Dp(£)e*®dt — fto Dy (t)dt]
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Cs rt
+ 2 J,* (to = w)Dg(w)du (12)
2
For minimum cost the necessary and sufficient conditions are % = 0 and ddc—t(f”) > 0.
0 0
Now
dc(ty) 1 t _ T
= [cs Iy Dr(t)dt — (Ch + Cq 0(to))e ™ [ DR(t)ek@dt] (12)
and

d2c(to) _ Dr(to)

(Cp + Cs + C46(to))

dte2 T
+ 2[(Crt0) + Ca(6%(t0) = 0'(60))) e [ () O] (43
Now %t?) = 0 gives
Cs J,° Dr(©)dt = (Ch + Ca8(to) )e ™) [ Dp()e¥ e = 0 (14)
Now Let

— T
f(to) = C; fOto Dr(t)dt — (Cp + C40(t,))e ) fco Dp()ek®Odt

3 a unique solution to” € (0, T) satisfying equation (14), by the use of Intermediate Value Theorem, as
here f (0) < 0 & f(T) > 0 and as L5

dtea
Substituting to = to™ minimum value of C(to) is

> 0 for 0 <0 < 1, therefore, the optimized value of to is to".

* — — * T
Cty) = 2 [ e O[] Dp()e ®dv | dt + 54 [ [ Dy()e*Dde — [ Dy (t)dt]

Cs (thros
+ 2 [,°(t5 —wWDr(Wdu

(15)

Now equation (15) gives the optimal value of cost. This equation can be further used for other values
of Demand and Deterioration Rate.

Inventory Model with Holding Cost as time
Dependent

Holding Cost is taken constant in above part. Now, taking time dependent holding cost i.e., h(t). Thus,
equation for average total cost becomes
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T _ T _ T T
Cto) = 7 J h(t)e™® |/ De(w)e*®adv | dt + 2 [~ ;. De(®)e*Ddt — [ Dy (t)dt|

Cs rt
+ 2 J,’ (to = w)Dg(w)du (16)
Now, for minimum cost C(to) the necessary condition and sufficient conditions are dctto)
0
d?C(tg)
0 and d—tg >0.
Now 540 — gives
t _ T
Cs [,° Dr(t)dt — (h(to) + Cab(t))e ") L, Dr(t)ek®dt =0 (17)
and dzc—(zt") > 0 gives
dt?
2
o0 = 2580 (n(tg) + G + Cab(t0))
dt? T

+ 2| (W) + h(t0)0(to) + Ca(62(t0) = 0'(20))) e [ Dp(t)e Odt| > 0

For 0<6<1

Similarly, like done previously 3 a unique solution to” € [0, T] satisfying equation (17), therefore the
optimized value of to is to". Minimum value of cost C (to”) can be find out by putting to” in place of to
in (16).

4 Conclusion

In this paper, an inventory model is generated for items that deteriorates with time by considering
demand and deterioration as general function of time whereas in second part holding cost is also taken
as general function of time. This paper is useful for different values of Demand, Deterioration and
Holding Cost.

References

[1] Aliyu, 1. and Sani, B., An Inventory Model for Deteriorating Items with a Generalised Exponential Increasing Demand,
Constant Holding Cost and Constant Deterioration Rate, Vol. 14, no.15, pp.725-736,2020.

[2] Bhowmick, J. and Samanta, G.P., A Deterministic Inventory Model of Deteriorating Items with Two Rates of
Production, Shortages and Variable Production Cycle, ISRN Applied Mathematics, Volume 2011, Article 1D
657464,16 pages.

[3] Datta, T.K. and Pal, A.K., Order level inventory system with power demand pattern for items with variable rate of
deterioration, Indian J. Pure Appl. Math., Vol.19, No.11, pp.1043-1053, November 1988.

[4] Ghosh, S.K. and Chaudhuri, K.S., An Order-Level Inventory Model for a Deteriorating item with Weibull
Distribution Deterioration, Time-Quadric Demand and Shortages, Advanced Modelling and Optimization, VVolumeé,
Number 1,2004.

[5] Ibe, C.B. and Ogbeide, D.O., An Inventory Model for Deteriorating Items with Exponential Increasing Demand and
Time Varying Holding Cost under Partial Backlogging, Centrepoint Journal (Science Edition), Volume 22, No.2,
pages 69-75,2016.

[6] Karmakar, B. and Choudhury, K.D., Inventory Models with ramp -type demand for deteriorating items with partial
backlogging and time-varying holding cost, Yugoslav Journal of Operations Research, Vol 2, pp. 249-266, 2014.

5974



Shelly, Dr. Rajender Kumar

[7] Lee, W.C. and Wu, J.W., An EOQ model for items with Weibull distributed deterioration, Shortages and power
demand pattern, Information and Management Science, VVol.13, No.2, 19-34, 2002.

[8] Lee, W.C. and Wu, J.W., A Note on EOQ Model for items with mixtures of exponential distribution, shortages and
time-varying demand, Kluwer Academic Publishers, VVol.38, pp. 457-473,2004.

[9] Long., L. et. al., The effects of deterioration models on the value of damage detection information, Taylor and Francis
Group, London,2019.

[10] Maragatham, M. and Palani, R., An Inventory Model for Deteriorating Items with Lead Time price Dependent
Demand and Shortages, ISSN 0973-6107 VVolume 10, Number 6(2017) pp. 1839-1847.

[11] Mukherjee, B. and Prasad, K., A Deterministic Inventory Model of Deteriorating items with stock and time
dependent demand rate, 2010.

[12] Ouyang, L.Y., Wu, K.S. and Cheng, M.C., An Inventory Model for Deteriorating items with Exponential Declining
Demand and Partial Backlogging, Yugoslav Journal of operations research,15(2005), Number 2, pp.277-288.

[13] Shah, N.H. and Mohmmadraiyan, M., An Order-Level Lot-Size Model for Deteriorating items for two storage
facilities when demand is Exponentially Declining, Revista Investigation Operacional, Vol.31, No.3, pp.193-
199,2010.

[14] Shah, N.H. and Naik, M.K., Inventory Policies for Price-Sensitive Stock-Dependent and Quantity Discounts,
International Journal of Mathematical, Engineering and Management Sciences, Vol. 3, No.3, pp.245- 257, 2018.

[15] Sharma, A.K. and Preeti, An Inventory model for deteriorating items with power pattern demand and partial
backlogging with time dependent holding cost, IILTEMAS, Vol.2(3), pp.92-104,2013.

[16] Sharma, A.K., Sharma, M.K. and Ramani, N., An Inventory model with Weibull distribution deteriorating item
with power pattern demand with shortages and time dependent holding cost, American Journal of Applied
Mathematical Sciences, Vol.1, No. 1-2, pp.17-22, 2012.

[17] Sharma, V. and Chaudhary, R.R., An Inventory Model for Deteriorating items with Weibull deterioration with time
dependent demand and shortages, Research Journal of Management Sciences, VVol.2(3), pp.1- 4, March 2018.

[18] Skouri, K., Konstantaras, 1., Papachristos, S. and Ganas, I., Inventory Models with ramp type demand rate, partial
backlogging and Weibull deterioration rate, European Journal of Operational Research, VVol.192, pp.79-92,2009.

[19] Wu, K.S., Deterministic Inventory Model for items with time varying demand, Weibull Distribution deterioration and
Shortages, Yugoslav Journal of Operations Research, Vol.12, pp. 61-71, 2002.

[20] Wu, J.W., Lin, C., Tan, B. and Lee, W.C., An EOQ Inventory Model with ramp type demand rate for items with
Weibull deterioration, International Journal of Information and Management Sciences, VVol.10, No.3, pp. 41-51, 1999.

5975



