IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 12 Issue: Vi Month of publication: July 2024

DOI: https://doi.org/10.22214/ijraset.2024.63800

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VII July 2024- Available at www.ijraset.com

A Deterministic Inventory Model with Two
Warehouses and a Finite Rate of Replacement for
Deteriorating Products

Dr.Kishor Y. Ingale', Mr.Avinash D. Rajegore®
Statistics Department, NSB College, SRTM University

Abstract: When demand is uniform, shortages are permitted, and the replenishment rate is finite, a deterministic inventory
model for degrading items with two warehouses is created. It is anticipated that there may be differences in the rates of item
deterioration between the two warehouses. An analysis of the model is conducted for the continuous release pattern situation.
The variance in the ideal inventory level and optimum cost for changing shortage costs is illustrated with a numerical example
and discussion of several unique instances.
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L. INTRODUCTION
The deterministic demand scenario involving a single storage facility is the primary scenario for which the classical inventory
models are constructed. However, when considering the matter more practically, if a considerable supply needs to be held and the
available facility, like the own warehouse (OW), has a limited capacity, then extra storage space may be needed. One possible
option for this extra storage space may be a leased warehouse (RW), like a central warehouse equipped with advanced preservation
technology. Hartley [3] provides an early explanation of an inventory model with two storage facilities. The holding cost in the RW
is typically thought to be higher than the same in the OW. As a result, only extra stock is kept in the RW; all other products are kept
in the OW. Additionally, the RW goods are released first, followed by the OW things.
A number of writers have recently thought about expanding on the fundamental two-storage inventory model covered. Constructed
a deterministic inventory model with an infinite production rate and two layers of storage, with and without shortages. A case study
of an extension to the finite production rate without shortages has been studied. The study is done for the scenario of bulk release
pattern in the two models mentioned above. In the event of an unlimited pace of replenishment with shortages, explored expanding
his previous model, assuming that the goods degrade in both warehouses. We create an order-level inventory model with two
storage facilities for decaying items in this research. We presume that the deterioration rate of the products held might be different
in the two warehouses due to the difference in the environmental conditions or preserving settings. Even in the event that the rate of
deterioration in both warehouses is constant, the model is still relevant. For the situation of continuous release pattern, we formulate
and assess the model assuming uniform demand and shortages are tolerated and the production rate is finite. We also infer an
accurate form of the cost equation for the model without making any approximations, and we also make some observations on the
'single storage' version of this model.

1. NOTATIONS

R is the demand rate per time unit, which remains constant during the duration of the analysis.
P is the limited output rate.
There is no supply lead time and the scheduling period T is a set constant.
There is a backlog of shortages, and the cost per unit of time is pi for each shortage.
The unit holding cost is expressed as C; per unit cost, where C,; denotes items in the OW as H and items in the RW as F.
The rates of OW and RW deterioration are a and b, respectively.
The inventory level in the OW at time point t is shown by Q,(t), and the inventory level in the RW at time point r is indicated by
Qi(t).
The RW has an infinite capacity, but the OW has a limited capacity of W units.
C is the estimated cost of a degraded unit, which takes salvage value and disposal costs into account.
S is a decision variable that represents the amount of inventory in the RW at which production is halted.
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1. ANALYSIS AND DESCRIPTION OF THE MODEL
This model is based on the assumption that, in the production stage, requests are satisfied immediately and that inventory is taken
into account in the OW until it is full to capacity W. After that, the inventory is kept in the RW until a level S is achieved, at which
point manufacturing is halted. The cost of moving generated goods to the warehouses is thought to be minimal. Following
production halt, needs are satisfied from the RW until it is empty, at which point the OW's inventory is used to satisfy the demand.
Furthermore, it is presumable that subpar inventory goods are not swapped out for superior ones. In order to find the level S O in
RW that minimises the overall average cost, we evaluate the model. We refer to the system with one warehouse as a L,-System and
the system above as an L,-system.
As seen in Figure 1, the inventory position can be illustrated. There is no stock in either of them. The warehouses when all backlogs
are cleared, at time t = 0. When t = t;, the OW is filled to capacity W; surplus products are then sent to the RW once production
demands are satisfied. The RW's inventory level hits S at t = t,, at which point manufacturing is ceased. Due to degradation and
demand, the RW's inventory continuously drops during (t, t3), reaching zero at t = t;. In the OW, only degradation was the cause of
the inventory decline during (t;, t;) while both deterioration and demand were the cause of the inventory decrease during (s, t4).
Inventory in the OW reaches zero at t = t,, after which shortages start to happen and build up until t = ts. At this time, production
begins, and at t = T, the backlog is cleared. After a time T, this cycle repeats again.
The differential equation that characterises the OW's inventory level at (0, t;) is

de%+aQo(t) =p-R for 0<t<tl

INVENTORY ~—
Od—— 5 ———p 4= ) —>

TIME ——

Figure 1 shows the two storage facilities' inventory levels.

and using the initial condition Q_(0) = O the solution is

Q) =(p—R)1—e “]J/a forO=i<i,. (1)
For the situation in the RW during (z,, 73) the differential equations are
d r
Qd'( ) L BO.(t)—p—R fori, <t=t,.
I3
10, (1«
‘L‘;( )+BQ,(1)=4R for 1, <1 < t,.
i
Using Q.(7,) = 0 and Q_(r,) = S, the solutions are
(p—R)Y)[1 —e #0188 for t, <1 <15, (&)
Q.(e) = (S+R/B) e BU— _R/B for 1, <1 <1I,. 3)

Further. the differential equations describing the state of inventory in the OW during (7,. 7,) are

dQ (1)

ar +aQ (1) =0 for 1, <1 <15,
dQ (¢
—%Q+aQt‘(1)=-—R for t,<rtr<r,.
7

and with Q (7,) = W we get,
Q. (1) =W e v for ¢, <r <1, 4)
Q. (1) = R[e =77 1} /a + W e =102 for 71, <t <1,. (35)

The following time points are obtained in terms of S using Q (r,)= W in (1), Q. (r;) =5 in (2),
Q. () =0 in (3) and Q. (7)) =0 in (5):

i, =[log{(p —RY/ (P — R — Wa)}] /a. (6)
i, =1, + [log{(p—RY/(P—R—SB)}/B. 7
ty=1,+ [log{( R+ SBY(p —RY/[R(p—R—-5SB)1}/B. (3)
t,= [log{e™ + Wa(p —R)/[R(p— R — Wa)l}] /ex. (9)

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1470



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VII July 2024- Available at www.ijraset.com

In the quantity deteriorated in RW is (t; - tj) p - (t; — ty) R. In the quantity deteriorated in RW is Pt; — R (t; - t; + t) and the total
quantity deteriorated is pt; — Rt,. Since the quantity deteriorated in the OW is o times the entire inventory kept in the OW. The

entire inventory kept in the OW is [pt; — R (ty—tz + t)] / & a similar vein, [(t -t ) P - (t -ty )R]/ [ represents the total

inventory kept in the RW.
The overall shortage amount is

SR(ts—13)°+ 3(p = R)(T —15)* = L1R(1 = R/p)(T - 1,)°, (10)

since ts=(1—R/p)T+(R/P)t,.
The total average cost function for the system is thus given by

Cy(S) = [C( pty=Rt)) +F([t,—1,]p—[t:-1,]R)/B+H[pt, —R(1,— t;+1,)] /a
+3mR(1 = R/p)(T— 1)) /T
= [(R=p)(F/B~H/a)t, +p(C +F/B)ty~ R(F/B — H/a)t;~ R(C + H/a)t,
+47R(1 = R/p)(T - 1,)’] /T

(11)

Let u=R+5B,v=p—R—SB and

- — a/B —

y= p_pR _Rwa (pRR) (u/v)** + R(u;a_(;_l:y)a) . (12)

The equation dC,(S)/dS = 0 reduces to

1 Wa(p—R) |

—E(y— R(p—R—Wa) J{R(C+H/a) +m7R(1—R/p)(T - [log y]/a))}

~R(F/B—H/a)/u+(C+F/B)=0. (13)

The condition dC,(8)/dS at § = 0 is negative is equivalent to
(C+H/a)Wa/R
T T [p—R\ R+Wa ) ™ (sa) (14)
(1 —R/p)(T— ;log( R )(p—R— Wer )J

When other parameters are fixed, Where HC is the critical value of IT that directs the selection between the L;-system and L,-

system. Hence, the L,-system is optimal if II >I1_, and solving yields the ideal inventory level. We consider the L;-system for 11

<II_.

C
The single-warehouse variant (L;-system with limitless capacity), although their cost function and solution are heavily
approximated. The accurate cost function for this model is shown here.
By taking S = 0 and W = S, then the total average cost function for the LI-system may be inferred from the L2-system. Next,

1 p—R
r,=t2=t_,=;log

—_———— — '. l
p—R—as$, fis (13)

I (p—R)(R+S,a) |

-1 =13, 16
af R(p—R-S,a) 2 (16)

Iy

and

Il

t;=(1-R/p)T+(R/p)t,=1;.
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The total average cost function C(S,) of the L -system is

C\(S) = [(C+H/a)(pt; = Rey) + (wR/2)(1 = R/p)(T - 13)°] /T (17)
and the equation dC(S,)/dS, = 0 reduces to
(Ca+H)S,/R=m(1=R/p)(T—1t;)=0. (18)

Thus, the solution of equation yields the L;-system's optimal inventory level. The cost function for the single-storage model is
precisely expressed, which is acquired without the need for any assumptions.

The ideal level is W with optimum cost C,(W) if IT >I1I_ ; otherwise, it is defined optimum cost is provided if we take the single-

storage model with restricted capacity into consideration.

Assume that the decision-maker must select from a number of warehouses that have varying deterioration rates and holding costs
(that is, warehouses with infinite capacity whose holding costs exceed OW). The warehouse with the lowest holding costs would be
the apparent choice to rent when the rates of deterioration are the same in all of the warehouses. It is distinct, though, with differing
rates of degradation. Therefore, selecting a rented warehouse with the best cost considerations is possible using the current model.

V. NUMERICAL EXAMPLE
As we mentioned other factors staying fixed, the shortfall cost determines which system to use. We provide a numerical example to
show how the optimum cost and order-level might vary in capacity-limited systems and L,-systems with fluctuating shortage costs.

It should be noted that if I1 < II_, there is no need for a rented warehouse because the own warehouse can accommodate the

optimum order level. Table 1 also shows that it is more advantageous to think about the L2-system rather than the limited-capacity
L;-system when the shortfall cost is larger.

With R = 600 units, p = 1000 units, C = 25 rupees, H = 0.5 rupees, F = 1 rupee, & =0.01, £ =0.005, W = 11000 units, and T = 60

days, we have a look at a numerical example. Depending on the value of ITwe calculate: S; is the L;-System's optimal inventory
level when capacity is restricted. S; is the ideal level of inventory in the RW of the L,-system. For a limited capacity L,-system,
C1(S;) = optimal cost. C,(S;) = L,-system optimal cost.

REFERENCES

[1] T.P.M. Pakkala. and K.K. Achary , " A deterministic inventory model for deteriorating items with two warehouses and finite replenishment rate”, European
Journal of Operational Research 57 (1992) 71-76.

[2] Chowdhury M.R., and Chaudhuri, K.S., "An order-level inventory model for deteriorating items with finite rate of replenishment”,Opsearch 20 (1983) 99-106.

[3] Dave, U., "On the EOQ models with two levels of storage", Opsearch 25 (1988) 190-196.

[4] Hartley, V.R., Operations Research - A managerial Emphasis, Goodyear, Santa Monica, CA, 1976, Chapter 12, 315-317.

[5] Murdeshwar, T.M., and Sathe, Y.S., "Some aspects of lot size models with two levels of storage", Opsearch 22 (1985) 255-262.

[6] Sarma, K.V.S., "A deterministic inventory model with two levels of storage and an optimum release rule", Opsearch 20 (1983) 175-180.

[7] Sarma, K.V.S., "A deterministic order-level inventory model for deteriorating items with two storage facilities”, European Journal of Operational Research 29
(1987) 70-72.

[8] Sarma, K.V.S., and Sastry, M.P., "Optimum inventory for systems with two levels of storage", Industrial Engineering Journal 8 (1988) 12-19.

[9] Shah, Y.K., and Jaiswal, M.C., "An order-level inventory model for a system with constant rate of deterioration" Opsearch 14 (1977) 174-184.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1472



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




