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Abstract- The objective of this manuscript is to develop an mathematical model for two warehouses. Here 
we assume two warehouses system, one is Own Warehouse (OW) and other is Rent Warehouse (RW); 
due to seasonal product for storing the raw material/products. The proposed study is meant for a 
quadratic demand and variable holding costs in which shortages are not allowed. The solution obtained 
by the proposed approach, illustrative an example for the optimum total inventory cost and optimum 
inventory level. 
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I. INTRODUCTION 

Motivated by the recent contributions Ghare and Schrader (1963), Covert and Philip (1973) made in the field 
of the application of inventory models in industries the object of this work will be to investigate the optimum 
inventory policy and optimum level for the inventory management systems. First Hartely (1976) proposed a 
techniques for two warehouses inventory management system in which the holding cost of the rent warehouse is 
larger than the holding cost of the OW. Pakkala and Acharya (1992) presented a method for solving a two 
warehouse inventory management system for deteriorating items. Apart from that a lot of work has been done to 
develop Two-warehouses inventory management system with deteriorating items by the researchers like Lee 
and Ma (2000), Kharna and Chaudhary (2003), Yang (2004), Malik et al. (2008), Niu and Xie (2008), Malik et 
al. (2008), Lee and Hsu (2009), Singh and Malik (2009a & b), Sarkar et al. (2010) and others. Singh and Malik 
(2010) formulated a two storage inventory model with linear deterioration and exponential demand.  

Gupta et al. (2010) presents an inventory model with two warehouses and production rate is a function of 
demand. Singh and Malik (2010) developed a two shops inventory system with variable holding cost. Sana 
(2010) presented an inventory model with variable deteriorating rate with optimal selling price. Singh et al 
(2011a & b) developed a mathematical two warehouse inventory management system. Also, Sett et al (2012) 
presented a quadratically type demand inventory model with variable deterioration and the two warehouses 
management system. Kumar et al. (2016) proposed a two warehouse management system with variable demand.  
Vashisth et al (2016) discussed a two warehouse inventory model with quadratic demand and variable holding 
cost. Sharma and Bansal (2017) developed an inventory model for non-instantaneous deteriorating items. 

Motivated by this idea, in this paper we have presented a quadratic demand with two warehouses inventory 
model for the deteriorating items. Here we assume two warehouses system with variable deteriorations in the 
both the warehouses. Holding cost is a function of time and considered; the holding cost of RW is higher than 
OW. Therefore the total inventory cost of this management system is optimized with a numerical example. 
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II. NOTATION AND ASSUMPTIONS 

Following notations and assumptions are used to developing this model: 

1. The Demand D(t)= a-bt-ct2 where (a, b, c > 0). 
2. The deterioration rates in rent warehouse and own warehouse is (t) and (t); and defined by (t)=1+2t 

and  (t)=1+2t respectively. 
3. The holding costs in rent warehouse and own warehouse is h(t) and g(t); and defined by h(t)=h1+h2t and  

g(t)=g1+g2t  respectively. 
4. Shortages are not permitted in this model. 

CO Ordering cost per order cycle 

S Maximum inventory level in rent warehouse 

N Maximum inventory level in own warehouse 

Cd Deteriorating cost in both the warehouses per unit  

t1
 Time in which no deterioration occurs 

TIC Total inventory cost per unit time 

III. MATHEMATICAL MODEL 

According to above mentioned the notation and assumptions mentioned, IR(t) and IO(t) are the inventory 
levels for the rent and own warehouses respectively. The capacities of rent warehouse and own warehouses are 
S and N units respectively. In [0, t1], the inventory level IR(t) decrease due to demand only and at t= t1+t2, the 
inventory level IR(t) becomes zero after satisfying the demand and deterioration. In time period [t1, t1+t2], the 
Inventory level IR(t) decreases due to both the demand and deterioration but the Inventory level IO(t) decreases 
due to deterioration. In [t1+t2, t1+t2+t3=T], the Inventory level IO(t) decreases due to both the demand and 
deterioration and at t=T, the inventory level IR(t) becomes zero after satisfying the demand and deterioration. 
The following differential equations showing the behavior of inventory levels in rent warehouse and own 
warehouses: 
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Due to continuity of the inventory levels IR(t) and IO(t), we have  
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and 
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The maximum inventory level is L=S+N         …..(6) 

Next, the total inventory cost for the developed inventory model per cycle consists of the following elements: 

Now the ordering cost for the developed model is denoted as OC and defined is 

 IOC = CO.                                      ..… (7) 

The Inventory holding cost in Rent Warehouse for the developed model is denoted as IHCRW and defined is  
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The Inventory holding cost in Own Warehouse for the developed model is denoted as IHCOW and defined is  

    





  dttItgIHC

T

OOW
0

          )()(
2 6251421

21
32112211 tvgtvgtvg

g
tvggtvgtvg 






  




   

..… (9)

 
The deteriorating cost in Rent Warehouse for the developed model is denoted as DCRW and defined is  
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The deteriorating cost in Own Warehouse for the developed model is denoted as DCOW and defined is  
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The total inventory cost (TIC) per unit time is  
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The total relevant inventory cost is minimum if 0,0
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IV. NUMERICAL EXAMPLE 

To demonstrate the above results for the developed model, we considered the example: a=1100, b=0.5, 
c=0.05, h(t)=0.07+0.007t, g(t)=0.06+0.006t, (t)=0.06+0.006t,β(t)0.05+0.005t, CO=1200, Cd=0.05 and 
t1

*=0.18(year). The total inventory cost (TIC) is minimum when t2
*=0.24, t3

*=4.4, optimal order quantity is 
L*=5946 and the total minimum inventory cost TIC*=455. 

V. CONCLUSION 

In this paper, an attempt has been through to solving this mathematical model with two warehouses. Due to 
seasonal product, the storing of product/items is very essential for minimizing the total inventory cost. For 
developing this paper we consider some important parameters like quadratic demand, variable holding cost and 
variable deteriorating cost under the two warehouse management system, which has not yet been discussed. The 
model explained in this study tends to improve the optimal order quantity and total minimizing cost for 
manufacturing and retailing industries. For future research, it would be interesting to study the inventory models 
with probabilistic and stochastic, production, inflation and partial backlogging etc can be taken forward. 
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