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Abstract. A new mathematical model for the optimal production is
formulated for the inventory management system under time-varying
and stochastic inﬂation environment for deteriorating items. The time
horizon is ﬁnite and demand rate is dependent to the inﬂation. In the
real situation, some but not all customers will wait for backlogged items
during a shortage period, such as for fashionable commodities or hightech products with the short product life cycle. The longer the waiting time is, the smaller the backlogging rate would be. According to
such phenomenon, taking the backlogging rate into account is necessary. Thus, the model incorporates partial backlogging. The total system cost including deterioration cost, production cost, inventory holding
cost, backordering cost, lost sale cost and ordering cost is formulated as
an optimal control problem. The numerical example has been provided
for evaluation and validation of the theoretical results.
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Introduction

During the past decades, the replenishment scheduling problems were
typically considered by researchers which had attended parameters in
real world situations, such as uncertain conditions, physical characteristics of inventoried goods, eﬀects of inﬂation and time value of money, partial backlogging of unsatisﬁed demand, etc. Inventoried goods can be
broadly classiﬁed into four meta-categories based on: Obsolescence, Deterioration, Amelioration and the goods which are categorized in any of
groups above.
Since 1975 the eﬀects of inﬂation on inventory systems were considerably marked in several papers. There are a few papers for obsolescing
and ameliorating items. For example, Moon et al. [30] considered ameliorating/deteriorating items with a time-varying demand pattern. Another
research for ameliorating items has been done by Sana [31].
There are also some researches on inventory system for no obsolescing, deteriorating and ameliorating products. Buzacott [3] made the
ﬁrst attempt in this ﬁeld that dealt with an economic order quantity
(EOQ) model with inﬂation subject to diﬀerent types of pricing policies. Sarker and Pan [34] surveyed the eﬀects of inﬂation and the time
value of money on order quantity with ﬁnite replenishment rate. Vrat
and Padmanabhan [36] determined optimal ordering quantity for stockdependent consumption-rate items, and showed that as the inﬂation rate
increases, ordering quantity and the total system cost increase.
Misra [29] developed a discounted cost model and included internal (company) and external (general economy) inﬂation rates for various costs associated with an inventory system. Other eﬀorts were extended the previous works to consider more complex and realistic assumption, such as Hariga and Ben-Daya [15], Hariga [14], Uthayakumar
and Geetha [43], Datta and Pal [10], Maity [24] and Chung [8].
Against obsolescing and ameliorating items, the deteriorating inventory models under inﬂationary conditions are studied greatly. For example, Chen and Lin [6] discussed an inventory model for deteriorating
items with a normally distributed shelf life, continuous time-varying
demand, and shortages under an inﬂationary and time discounting en-
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vironment. Chung and Tsai [9] studied an inventory model with the
demand of linear trend considering the time-value of money and deterioration. Wee and Law [38] proposed an inventory model with deterioration and inﬂation considering the demand rate as a linear decreasing
function of the selling price. Liao and Chen [21] surveyed a retailer’s
inventory control system for the optimal delay in payment time for initial stock dependent consumption rate when a wholesaler permits delay in payment. The eﬀect of inﬂation rate, deterioration rate, initial
stock-dependent consumption rate and a wholesaler’s permissible delay
in payment is discussed.
Hou [18] prepared an inventory model for deteriorating items with
stock-dependent consumption rate. Yang [39] studied the two-warehouse
inventory problem with a constant demand rate, deterioration and shortages. Lo et al. [22] developed an integrated production-inventory model
with assumptions of varying rate of deterioration, partial backordering,
inﬂation, imperfect production processes and multiple deliveries. A Two
storage inventory problem with dynamic demand and interval valued
lead-time over a ﬁnite time horizon under inﬂation and time-value of
money considered by Dey et al. [11]. Balkhi [2] presented a production lot-size inventory model where the production, demand and deterioration rates are known, continuous and diﬀerentiable functions of
time. Shortages are allowed, but only a fraction of the stock out is backordered, and the rest is lost. Other eﬀorts inventory systems with inﬂation
and deterioration have been done by Balkhi [1], Hou and Lin [19], Maiti
et al. [23], Chang[14], Su et al. [35], Hsieh and Dye [16], Wee and Law
[37], Yang et al. [41] and [42], Sarker et al. [33], Chen [5], Jaggi et
al. [201], Chern et al. [7] and Sarkar and Moon [32].
In all papers mentioned above, it has been assumed that the rate of
inﬂation is known and certain. But inﬂation is related to many aspects
which make it uncertain and unstable in the real world. Horowitz [18]
clariﬁed an EOQ model with a normal distribution for the inﬂation rate
and Mirzazadeh and Sarfaraz [27] developed a stochastic mathematical inventory model for multiple items with the internal and external
inﬂation rates. Maity and Maiti [25] developed a numerical approach
to a multi-objective optimal inventory control problem for deteriorating
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multi-items under fuzzy inﬂation and discounting. Mirzazadeh [28] compared the average annual cost and the discounted cost methods in the
inventory system’s modeling with considering stochastic inﬂation. The
results show that there is a negligible diﬀerence between two procedures for wide range values of the parameters. Furthermore, Mirzazadeh
[27], in another work, proposed an inventory model under time-varying
inﬂationary conditions for deteriorating items.
From the existing literature, it is obvious that inﬂationary inventory
models are usually developed under the assumption of constant and well
known time horizon. However, there are many real life situations where
these assumptions are not valid, e.g., for a seasonal product, though
time horizon is normally assumed as ﬁnite and crisp in nature, but, in
every year it ﬂuctuates depending upon the environmental eﬀects and it
is better to estimate this horizon as a stochastic parameter, which has
been considered in this paper.
In this paper the partial backlogging has been considered and replenishment rate is ﬁnite. The rest of the paper is organized as follows. Section 2 includes the assumptions and notations. In Section 3, the model
formulation is derived. Section 4 explains the solution procedure. Section
5 provides the numerical example to clarify how the proposed model is
applied. The ﬁnal section is devoted to the concluding remarks.

2.

Assumptions and Notations

The following assumptions and notations have been considered in this
model.
(1) The inventory system costs will be increase over time horizon via
stochastic inﬂation rate which is denoted by i with the pdf of f (i).
(2) H is taken to be the stochastic time horizon and f (h) is the pdf of
H.
(3) r is the discount rate and R is the discount rate net of inﬂation:
(4) There is no repair or replenishment of the deteriorated items during
the inventory cycle. The constant deterioration rate per unit time is denoted by τ (0  τ ). The deterioration cost per unit of the deteriorated
item is c6 at time zero.
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(5) The constant annual production (Replenishment) rate, P, is ﬁnite
and the constant annual demand rate is D. The Replenishment rate is
higher than the sum of consumption and deterioration rates.
(6) At time t = 0, c1 is the ordering cost per order, c2 is per unit cost of
the item and c3 is the inventory holding cost per unit per unit time.
(7) Lead time is negligible. Also, the initial and ﬁnal inventory level is
zero. Additional notations will be introduced later.
(8) Shortages are allowed. Unsatisﬁed demand is backlogged, and the
fraction of shortages backordered is a diﬀerentiable and decreasing function of time t, denoted by δ(t) = exp(−αt), where t is the waiting time
up to the next replenishment, 0  δ(t)  1.

3.

The Model Formulation

The initial and ﬁnal inventory levels are both zero. The real time horizon (H) has been divided into n equal and full cycles of length T . Each
inventory cycle except the last cycle can be divided into four parts (see
Figure 1). The production starts at time zero and thereafter, as time
passes, the inventory level gradually increasing due to production, demand and deterioration rates. This fact continues till the production
stops at time λ1 . Then the inventory level gradually decreasing mainly
due to consumption and partly due to deterioration and reaches zero at
time kT . Then, shortages occur and are accumulated until time λ2 . During the time interval [kT, T], we do not have any deterioration and therefore, shortages level linearly change. At time λ2 the production starts
again and shortages level linearly decreases until the moment of T . The
partially backordered quantity is supplied to customers during the time
interval [λ2 , T ]. At time T , the second cycle starts and this behavior
continue till the end of the (n − 1) − th cycle.
The shortages are not allowed in the last cycle and the inventory cycle
can be divided into two parts. The production stops at time (n−1)T +λ3
and then the inventory level decreases to lead zero at the end of the time
horizon. ‘[Insert Figure 1 about here]’
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Conclusion

In this paper, an inﬂationary inventory model has been presented with
shortages over a stochastic time horizon and shortages are partially backlogged. Moreover, the demand is a function of the inﬂation rate.
It most of the last papers inﬂation rate, usually, has been assumed
constant over the time horizon. However, many factors may also aﬀect
the rate of inﬂation. Therefore, the stochastic inﬂation has been assumed
in this paper. The numerical example has been given to illustrate the
theoretical results the study has been conducted under the Discounted
Cash Flow approach.
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