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ABSTRACT

In this paper, it is attempted to review role of flexibility in inventory management,
particularly such methods that may serve as alternative to complicated models and
with much less computational difficulties. One such practical approach is application of
Langrangian multipliers in inventory management which helps determine ordering policies
for repetitive stock items, but with simple optimization restriction that total number of
orders in the year would be the same as during the previous year. Advantage of this
approach is that it is possible to determine optimum redistribution of number of orders
for each item to be placed keeping last years numbers of orders as benchmark to
achieve substantive savings in the ordering costs but without any hassle to determine
ordering costs, carrying costs and shortages costs, which are difficult to estimate but
always needed in using most inventory control models.

Keywords: Inventory management, ordering costs, carrying costs, regression analysis,
moving average, exponential smoothing, Langrangian multipliers, value creation.

Introduction

As material cannot be instantly sourced, all organizations, whether service or manufacturing,
private or public, national or multinational, need to maintain some inventory. While maintaining
inventory of some items between certain maximum and minimum levels is an unavoidable
necessity, at the same time some select items can be purchased ‘just on time’ when the need
arises. Inventory management is thus governed by several factors and variables such as which
items to be stocked under what minimum and maximum levels and how much safety reserves,
from which supplier in available lead time which items to be sourced, what should be the
ordered quantity and number of orders to be placed, etc. Inventory management thus involves
choices, trade-offs, identifying limits, policy experimentation, developing policies, documenting
and fixing system parameters such as average demand rate, procurement lead time, demand
during lead time, projected demand during planning horizon, etc. and from time to time compute
ordering costs, carrying costs, shortage costs, etc.

In an era of increasing global competition when technology is advancing rapidly and product
obsolescence rates is high, flexible inventory management policies become important in order
to adjust to demands for new product development or efficient services to the market place.
Beyond this definition, a truly flexible firm can also proactively change market through its
ability to create new and innovative products and services. Delineation, documentation,
improvement and automation of inventory management processes such as new product
development and more efficient customer care services, interface and extend to several
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departments within the organization in the supply chain such as marketing, engineering,
production, inventory, warehousing, logistics, transportation, etc; and also across value chain in
which company’s trading partners are also members. Inventory management function in an
organization cuts across several internal functional boundaries, and even goes beyond to all
trading partners in a supply chain.

In a supply chain context, not only organization’s internal inventory management processes
are interlinked but several other functions such as IT-enabled processes also interface with
functions within organizations and those of company’s trading partners in the value chain. In
fact, this IT-enabled linkage is central to modern supply chain management, which facilitates all
trading partners to function with sufficient flexibility within competitive and regulatory framework.
Trading partners (vendors) have to be in constant touch for supplies and as soon as order for
some existing products is placed, or when new product design is ready for starting production,
vendors can immediately swing into action for material supplies when order is placed, and not
before when it is actually needed for avoiding any unnecessary money blockage in inventory
stocks. Necessary flexibility in inventory processes is important not only within the organization
but across the entire supply chain.

All inventory management techniques aim that inventory should ideally arrive in the
organization as close to the time when it is actually needed and in limiting case, just-on-time,
but with sufficient safety margin that it would not make production to suffer for want of requisite
material. It is in this context that when numbers of options are available, and varieties of
techniques are available and standard solutions don’t always work, flexible inventory management
policies may work. This apart, flexibility in inventory policies is anyway needed to adjust to
market demands of new product development in wake of rapid technological advancements
and obsolescence rate of existing products.

This is not that the significance of flexibility did not exist in earlier periods but renewed
focus on it is largely due to the fact that despite large number of models and approaches of
inventory management already developed, inventory professionals in corporate world are still
not attracted towards them due to complexities and computational difficulties involved in their
applications. Inventory professionals in the corporate world are generally more accustomed to
using short-cut solutions, rules of thumb, heuristic methods and IT-solutions, and above all,
flexible policies with a combination of all these approaches or a simple common sense solution,
that may effectively work in situations where no standard approach may be specifically suited.

Flexible Methodology Employed

Economic order quantity (EOQ) in inventory management represents a case when ordering and
carrying costs equalize. This can be done if the norms of ordering and carrying costs are
known which however are not easy to estimate. Flexible inventory control carried out with the
help of Lagrange Multipliers partly alleviates the problem of precise knowledge of ordering and
carrying costs norms. If one fixes the condition that this year’s total number of orders for the
same group of items, would be the same as in the previous year, it is possible to determine
revised distribution of number of orders individually for each of the items covered in the group.

Assuming that Q denotes EOQ, C, is ordering cost, C, is inventory carrying cost, Z is the

item demand rate, then Q is equal to \/_ 2ZC,C,

QiCi
Total average inventory is = 2—2
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Zi
Total number of orders = Za =X

L

The individual item’s utility is maximized when the following Langrangean expression is
maximized:

L= i—Qigi JHI(Z%_)CJ

Where is the Langrangean multiplier. The relevant maximizing condition is

oL _C _AZ _
0 2 Q

AL 2 _
a_zzﬁ =10

Solving the first equation for Q gives

and following substitution, it is easy to see

ofpr] f

It is to be seen that reduction of inventory costs occurs due to redistribution of total number
of orders for different items in optimum ways, keeping total number of orders same as in the
previous year.

Analysis and Results

The present study relates to 51 repetitive stock items which are maintained by an industrial
organization in India regardless of their order position. Demand projections of the items were
made on the basis of trend analysis as demand was constantly growing and also showing
some cyclic variations. As the consumption data for most of the materials was observed to
rise gradually with reasonable degree of stability in values, regression analysis was applied for
all the items with multiplicative trend correction. Table 1 summarizes demand projection based
on trend analysis but with cyclic corrections also applied. The table also includes lead time
data in two parts, i.e., between period of indent till the placement of purchase order and between
placement of purchase order and actual receipt, and the total lead time as the sum of these
two components, and standard deviation of the forecasting error.
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In order to redistribute order quantity in optimum way, a number of quantities wera actimatad,
This included: itemwise annual demand projection (zi, ci), order size in rupees | = .f2AZ,C |,
number of orders as per the new flexible policy (ZiCi / Q), average inventory as per the new
flexible policy (Q / 2), number of orders as per the previous years policy, and the average
inventory in the event of status-quo i.e. previous years policy still continuing and in place. In
both the cases, a restriction was applied that total number of orders would continue to be the
same, i.e. 61, which is the figure in the present study. However, due to rounding-off as number
of orders to be placed cannot be fractional, a marginal increase in number of purchase orders
from 61 to 67 was found unavoidable. Despite marginal readjustments in number of orders to
be placed, however, gains in average inventory as per the revised flexible policy were still very
impressive, considering that average inventory tended to decline from 65.65 lakhs in the previous
year to Rs. 48.88 lakhs in next year as per flexible policy, 25.6 per cent improvement over
previous year.

Concluding Remarks

This paper presents a comprehensive case of application of Langrangian multipliers for inventory
control of 51 repetitive stock items in a business firm, with demand of individual items projected
using a combination of forecasting methods with cyclic and seasonal corrections. There are two
common methods of de-seasonalisation, additive and multiplicative, depending on whether the
seasonal effect is best represented by a basic demand per month to which is added a different
amount for each month, or a basic demand per month to which is added a different amount for
each month, or a basic amount per month multiplied by a different factor for each month. In the
present study, de-seasonalisation and subsequent re-seasonalisation was done using multiplicative
process. This first involved quarterwise computation of actual and estimated figures for the
past periods and then average of quarterwise variations obtained in moving verage way. These
ratios are in fact correction factors, which can be used to de-seasonalize the past data or re-
seasonalize the forecasts obtained. The methodology resulted in significant savings in average
inventory ordering costs following demand forecasting and redistribution of number of orders of
previous year in more optimum way, enabling release of money from unnecessary blockage in
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inventory, to other value-adding activities of the organization in the area of its core competence.
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