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1.1 Introduction

This thesis 1is concerned with the analysis and control
of a large ongoing inventory system of an integrated steel
plant. 1t consists of about 87,000 stock keeping units of
spares and consumables. The system has an average inventory
level of about 280 million rupees and an annual turnover of
about 480 million rupees. Specifically, we present a combined
gualitative and analytical method of diagnostic analysis
technique to 1identify the problems of the 1inventory system.
The diagnostic analysis, besides bringing out the short-
comings in the existing system also highlights some important
problems of inventory control in a developing economy where
shortage 1is a regular feature. Based on these, observations,
we suggest an alternative approach to the existing system of
inventory control. The suggested system 1is expected to take
care of the problems posed by both the internal factors

related to material consumption and the external environment

of material supply.

1.2 Inventory Planning and Control

Some of the factors which contribute to the complexity
of inventory management problems are : large number of items;
variations 1in the characteristics of the individual 1items
(eg., price, colour, volume, shape, weight, shelf life, dete-
rioration rate, obsolescence rate etc.); variations in the
methods of storing (like barrels, pallets, boxes, dust-proof,

temperature and humidity controlled rooms); variations in the



nature of demand (eg., bulk, fast, slow etc.); variations in
the supply pattern (eg., sources of supply, variable or fixed
lot size, free or restricted availability, lead time varia-
tion etc.); variations 1in the importance or criticality of
usage (eg., vital, essential, desirable etc.); the inter-
dependence between 1items (eg., joint ordering, price dis-
count, contraints on inventory Jlevel, supply quantities, use

in the same product or equipment etc.).

It is, therefore, often said and rightly so (see
Peterson and Silver [1979]) that the management of 1inventory
is basically a problem of coping with large numbers and with
a diversity of factors external and internal to the organiza-
tion, Whitin [1957], based on a survey of several U.S.
Military establishments concluded that "The Tfailure of the
National Military Establishment to establish effective inven-
tory control has been to a large extent due to the sheer
magnitude of the task™. 1In spite of tremendous progress in
both the theory and practice of inventory control including
extensive use of digital computers since 1957, the comment
that "inventory control is still a problem of managing
diversity and coping with the 1large magnitudes,” of Peterson

and Silver [1979] brings into focus the continued relevance

of the subject.

The inventory planning and control decision 1is a com-
plex system problem. Due to the bounded rationality of man
(Simon [1957]), this decision problem 1is beyond the intui-

tive powers of most decision makers 1in view of the many



interconnected systems, both physical and conceptual, that
have to be coordinated, rationalized, adapted to or control-
led. The inventory planning and decision problem has to be
ideally viewed from several angles simultaneously including
the individual item and its relation to other 1items, the
aggregate 1inventory constraints, the production, distribution
and maintenance plan of the organization, production and
distribution plan of the suppliers and possibly the economic
environment 1in general. Since, the capability of the indivi-
duals to cope with such a diversity 1is limited, and the
individual manager has his own perception, conviction and
compulsions in managing an 1inventory system, 1t is necessary
that a good inventory system should take the existing resour-
ces, managerial capabilities and various other internal and

external factors into consideration.

A spares and general stores inventory control system is
a coordinated set of rules and procedures which allows for
routine decisions of when and how much of each item to order
in order to meet the demands of the user departments, and
which provides the necessary information to make these deci-
sions effectively. The usual objective of a well designed
system is to minimize the total cost and to maximize the
customer service within the budgetary 1limit specified by
management from time to time. According to Hax and Candea
[1984], the 1inventory management system consists of four dis-
tinct modules. They are (i) the transactions and file mainte-

nance module, (ii) the decision rules module, (iii) the



system 1integrative module and (iv) the system-management
interaction and evaluation module. Since, this thesis is
mainly concerned with the second module above, we present a
brief discussion on some characteristics of this module in

the next section.

1.3 Decision Systems for Inventory Control

Inventory control 1is one of the few topics which has
drawn a lot of attention from both the theoreticians and the
practitioners of management science. This is also an area
where computer is used extensively both in developed and
developing countries. A quick survey of inventory control
literature will show that several outstanding books ( eg-,
Whitin [1957], Starr and Miller [1962], Hadley and Whitin
[1963], Brown [1967,1971,1977], Johnson and Montgomery[1974],
Peterson and Silver[1 979] and Hax and Candea[1984]) and over
6000 research papers have been published on the subject in
the last thirtyfive years. We do not wish to present a criti-
cal review of this voluminous literature here for obvious
reasons. However, all these publications on the subject can

be classified into two broad streams (Brown [1978a]).

The first stream of publications 1is concerned with the
mathematical abstractions and modelling of the inventory
systems and a search for optimal operating policies with a
view to minimizing total relevant cost. Some of the important

ones include classic papers like Arrow et al. [1953],



Dvoretzky et al.[1952, 1953], books like Whitin [1953], Arrow
et al -[1958], Scarf et al.[1963a], Hadley and Whitin [1963],
and Naddor [1966] and surveys by Scarf [1963b], Lampkin
[1967], Clark [1972], Aggarwal [1974] and Brown [1978b] on
the general theory of inventory management. Besides there has
been a good deal of theoretical work on special inventory
systems for spare parts (see Petrovic et al. [1986] for
details), and perishable commodities (eg., Cohen [1976],

Nahmias[1975a,1975b,1976], Nahmias and Pierskalla[1973]) etc.

The second stream of publications are concerned with
the 1issues of (i) applying complex inventory theoretic re-
sults to practical situations, (ii) estimating demand and
various cost factors, (iii) system design and (iv) relating
inventory control to other functional areas including manu-
facturing, marketing and finance. An excellent treatise on
the inventory and other related functions |like production
planning and scheduling is given in Buffa and Taubert[1972].
As this thesis is concerned with the second stream of studies
and particularly with the issues in (i) above, we now present
a brief review of some of the 1important literature. Some
details of related literature will also be reviewed 1in appro-

pri ate pi aces later.

A good number of excellent books are available which
primarily deal with the problems of applying complex theory
to practical inventory control settings. Some of the 1impor-
tant ones are those of Starr and Miller [1962], Brown [1967,

1971 and 1977], Peterson and Silver [1979] and Hax and Candea



[1984]. In particular, the last but one mentioned above
deals with the experiences of the authors 1in applying the
inventory theory 1in an organization - The Midas Canada
Corporation. A good number of papers also deal with the prac-
tical aspects of dealing with the inventory control. Some of
the important ones are Burgin and Wild [1967], Brown [1978a],
Orlicky [1975], Bitran et al.[1982], Conners et al. [1972],
Hax et al. [1980], Welch [1969], Girling and Morgan [1973],
Lewis [1981] and Murdoch [1965]. This class of literature can

be classified into the following important categories:

1.3.1 Diagnostic Studies

This class of literature 1is concerned with the 1denti-
fication of problems 1in ongoing 1inventory systems. The main
purpose of a diagnostic study 1is to uncover potential areas
of improvement and to determine if more formal optimization/
simulation models would be useful to identify potential prob-
lems within limited time, effort and other resources. This
area has perhaps drawn the least attention from researchers
and practitioners (Hax and Candea [1984]). Exceptions, howe -
ver exist in the works of Bitran et al. [1981, 1982], Hax et
al. [1980] and Hax and Candea[l 984]. While Bitran et al.[1981]
used a statistical approach to diagnostic analysis of
inventory systems, they have used an optimization approach
for the same 1in their later paper (Bitran et al. [1982]).
Further, Hax et al.[1980, 1984] carried out the diagnostic
analysis of a production and distribution system. In this

thesis (Chapter 11) we present a combination of statistical,



optimization and opinion survey approaches to the diagnostic

study of a large ongoing 1inventory system.

1.3.2 Aggregate Controls of Inventory Systems

In this class of literature, the emphasis 1is either on
the evaluation of an ongoing 1inventory system at aggregate
levels or on exploring alternate policies for control of
individual 1items such that the new system satisfies some
management specified constraints (space, budget, number of
orders etc.). While Girling and Morgan [1973], Peterson and
Silver [1979] and Hax and Candea [1984] advocate the use of
exchange curve methodologies for the lot-size determination
and aggregate inventory performance evaluation, Murdoch
[1965] suggests the use of coverage analysis. Yet another
method is the aggregate optimization approach (see Lewis
[1981] for details). |In this thesi s(Chapter 111), we consider
and compare all the three approaches above for the diagnostic
study of the existing inventory system and for the ordering

policy determination of all independently ordered items.

1.3.3 Inventory Control Policies for Independently Ordered

I terns

Several authors have dealt with the practical problems
of determining ordering policies (when to order and how much
to order) for independently ordered items with probabilistic
demands and stochastic lead times. Some of the important ones

are Burgin [1970], Brown [1967], Herron et al.[1974], Lu et



al. [19621], Schneider [1978], Archibald et al.[1974], Hax and
Candea [1984] and Peterson and Silver [1979]. Some authors
have also concentrated on the development and evaluation of
approximate methods of controlling inventory for large number
of independently ordered items. Some of the important ones
include Wagner et al.[1965], Erhardtfl 979, 1981 1], Archibald
et al. [1974], Kottas and Lau [1979], Peterson and Silver
[1979] and Hax and Candea [1984]. Mainly three different
approximate approaches are used 1in practice. They are (i) the
normal approximation for fast moving items and Laplace appro-
ximation for slow moving items (see Archibald et al.[1974],
Peterson and Silver[1979] and Hax and Candea[19841 for
details), (ii) power approximation method of Erhardt [1979,
1981] and (iii) four moments method of Kottas and Lau [1979].
In Chapter 1V of this thesis we have presented two modifica-
tions, one Tfor the power approximation method of Erhardt
[1979, 1981] to suit to the requirements of the steel plant
inventory®" under consideration and to give a physically
meaningful analogy to the approximating equations and the
other a correction for the four moments method of Kottas and
Lau [1979]. Besides these modifications, this chapter also
presents a comparative study of the three approximation
techniques, namely, the power approximation method, the four-

moments method and the normal approximation method.

1.3.4 Inventory Management by Exception Rules

Application of Pareto principle to the management of



large 1inventory systems 1is a sound concept where emphasis 1is
placed on the desirability of stricter control on only a few
important items and relatively less stringent control on the
vast majority of items. ABC classification of multiple items
based on annual consumption (Dickie [1951]), FSN classifica-
tion based on the number of movements and VED classification
based on the essentiality (or importance from users®™ point of
view) considerations are widely used techniques of separa-
ting 1important items from the less important ones. According
to these classifications, while the items belonging to A, F
and V categories require very close control, the items belon-
ging to C, N and D categories require the least of resources
for control. Further, while ABC classification is very impor-
tant in retail inventory systems, the later classifications

cannot be ignored in spares and consumable inventory systems.

In large multi-item inventory systems, though it is
widely believed (and perhaps practised) that differential
control is desirable for different 1items, the [literature on
inventory is silent about the way practical 1inventory control
rules (i.e., the vreview period, the order gquantity, the
reorder level and safety stock decisions etc.) are to be
formulated considering the various classifications and their
combinations, different wusers®™ vrequirements, protection
against shortages and inventory investment constraints. 1In
Chapter V of this thesis, we present a novel approach to
finding a satisfactory solution to the problem of inventory

policy determination considering the above aspects.



1-3.5 Inventory Policies for Dependent Items

Most literature on inventory control deal with indepen-
dently ordered items. In reality, however, there are several
factors which make the 1independent ordering of items unrea-
listic. Some of these factors are, (i) dependent demand
structure for discrete manufactured items (see Orlicky [1975]
and Plossl and Wight [1971] for details) and spares for
important equipment, (ii) dependence introduced because of
the storage space or inventory 1investment constraints (see
Lewis [1981], and Peterson and Silver [1979] for details of
this aspect), (iii) joint ordering of several items from a
single source (see Peterson and Silver [1979], Silver [1965,
1973, 1974, 1975, 1976], Goyal [1974, 1975] and others for
details), (iv) procurement of an items from more than one
source and (v) procurement of multiple items from multiple
sources. The last two types of dependence have not been given
their due importance 1in the literature with the exception of

Fabrycky and Banks [1966].

Though several authors have considered the joint reple-
nishment of items forming a group, the problems of delivery
schedule and price discount negotiations in joint ordering
has not been considered 1in the [literature. We have presented

an approach to these problems in Chapter VIl of this thesis.

Though split-ordering (i.e., division of total require-
ments and placement of orders to more than one vendors) 1is

widely practiced 1in Indian 1industries to cope up with the
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material shortages and uncertainty 1in delivery, no model
exists in the literature to arrive at an optimal or near
optimal solution to find how the fraction of the total demand
that each of the suppliers should supply, particularly when
there are differences 1in unit prices, and the delivery lead
times of the vendors. 1In Chapter VI of this thesis, we have
presented a model that finds a near optimal split-ordering

solution to one item and two suppliers problem.
1.4 An Outline of the Thesis

In this section we present a brief outline of the
thesis. As pointed out earlier, this thesis 1is concerned with
the analysis of a large ongoing inventory system of spares
and consumables of an integrated steel plant. Further, 1its
emphasis 1is on the development and testing of inventory
decision rules considering the peculiarities of steel plants
and their internal and external environments. Though the
relevance (including their relationship to the existing lite-
rature 1in the field) of this exercise have been discussed
earlier, in this chapter, for completeness we present a brief

chapterwise summary of the thesis.

Chapter Il presents a combined analytical, and subjec-
tive approach to diagnostic study of the steel plant"s spares
and consumable 1inventory system. Apart from bringing out the
shortcomings of the existing system, we present here outline
of an alternative approach for finding appropriate 1inventory

decision rules for the system.
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Chapter 11l deals with the aggregate inventory manage-
ment. Three different approaches (exchange curve, coverage
analysis and aggregate optimization) have been applied to
groups of items randomly selected for the purpose with a view
to assessing the performance of the existing 1inventory sys-
tem. Also presented here 1is a comparative analysis of the

three approaches to aggregate inventory management.

Chapter 1V is concerned with the approximate methods of
finding 1inventory decision rules for large number of indepen-
dently ordered regular consumption items. Three alternatives,
name 1y, power approximation method, four-moments method and
normal approximation method, have been considered for a com-
parative study. The suitability (or otherwise) of these ap-
proaches have been determined by applying each of them to a

sample of randomly selected items.

Chapter V deals with the complex problem of finding
satisfactory inventory policies for a large number of 1inde-
pendently ordered 1items whose characteristics like annual
consumption, number of movements (occurance of demand) and
importance could vary widely. 1In this chapter, we present a
novel approach to find an inventory policy that gives a
compromise solution acceptable to finance, stores and consu-

ming departments whose objectives are often conflicting.

In Chapter VI we deal with the problem of procuring the
total requirements of an item from several sources where the

delivery Ilead time, unit price and other supply conditions
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could significantly differ from one source to another. This
practice of split-ordering 1is often followed to take care of
shortage and uncertainty of delivery which is a common featu-
re in most developing countries including India. For this
problem, we present a method to find the minimum cost inven-
tory policy of an item procured from two different sources
such that the vendor supplies only a fraction of the total

requi rement.

Chapter VIl 1is concerned with the inventory decision
rules when several items are procured from a single source.
Here, we develop a joint ordering policy that minimizes the
total relevant costs including the transportation cost. Fur-
ther, it proposes a methodology for adjusting the delivery
schedule with a view to encouraging the supplier to supply in
full truck loads. It also presents a basis for the price
discount and delivery schedule negotiations between the sup-

plier and the buyer.

In Chapter VIII, we summarise the important conclu-
sions of the study and suggest several areas of interest for

future research.

To maintain the continuity of thought and to improve
the clarity of presentation the additional materials which

are required to understand the details have been presented in

the form of Appendices.

Finally, all the previous works referred in the body
of the thesis have been listed at the end of the thesis.

14



	UMESH BAHADUR

	MULTIPLE ITEM JOINT REPLENISHMENT AND VENDOR'S DELIVERY SCHEDULE NEGOTIATION

	1.1	Introduction

	1.2	Inventory Planning and Control

	1.3	Decision Systems for Inventory Control

	1.3.2	Aggregate Controls of Inventory Systems

	1.3.3	Inventory Control Policies for Independently Ordered

	I	terns

	1.3.4	Inventory Management by Exception Rules

	1.4	An Outline of the Thesis


	ii*

	Insurance Spares

	Bulk and Canalised Items

	Imported Spares

	2.3	Consuming Departments' Views on the Performance of the Existing System

	2.4	Critical Evaluation of the Existing System - Some A spects

	2.4.1	Preferential Controls in the Existing System

	2.4.2	Forecast of Demand

	Table 2.6

	2.4.3	Determination of Replenishment Policy and Safety Stock

	2.4.5	Multiple Items Supplied by a Single Source

	2.4.6	Lead Time

	2.4.7	Aggregate Control

	2.5	An Alternative Approach to Inventory Control

	2.6	Conclusions

	3.1	Introduction

	3.2	Aggregate Inventory Control Literature : A Review

	3.2.1	Exchange Curve Methodology

	3.2.2	Grouping of Items and Coverage Analysis

	3.2.3	Coverage Analysis Methodology



	\4?>1

	Qj = (qj + E (Zj ) )2 = [			-L.. ] - E (Zj )

	Vj --- tlg.j

	3.2.5 Minimum Feasible Investment

	( 	1.A		J__) _ E (Z.)

	3.3	Application of Aggregate Analysis

	3.3.1	Application of Exchange Curve Method

	3.3.2	Application of Aggregate Optimization Analysis


	fin

	3.3.3	Coverage Analysis Application and comparison with Aggregate Optimization Method

	3.4	Conclusions

	4.1	Introduction

	4.2	Power Approximation Methods

	4.2.1	Erhardt's Approximation model


	0.22

	Power Approximation for s


	J V2V

	/y

	4.3	First Four Moments Method for Approximate Value of Reorder Level s

	4.3.1	Computation of First Four Moments of the Demand During Lead Time : A Correction to Kottas and Lau formula

	4.3.2	Numerical Example

	5.1	Introduction

	5.2	The Present Inventory Control System

	5.3	Common Approaches to Inventory Control of Large Number of Items and their Limitations

	5.3.1	Levels of Control

	5.4	The Alternate Approach

	Procedure

	5.5	Application of the New Approach

	Validation

	5.6	Conclusions

	6.1	Introduction




	: ) y

	6.2	Single Item Single Source (SISS) Inventory System with Staggered Delivery	W

	6.2.1	Assumptions

	6.2.2	Derivation

	^y/q = <r):

	-- - - + - 		 = 0 ....(6.2)

	+ 	 ....(6.6)

	6.3	Illustrative Example

	^(y/q) = bq

	6.4	Multiple Item Single Source (MISS) System with Staggered Delivery

	6.4.1	Assumptions

	6.4.2	Derivation


		(6.10)

	E(yj/qj) T



	...(6.11)

	i =1 2D, 1 T = [					— ] 1/2

	nj Dj//Crj :

	e (y t / q i) = 	

	6.7	Single Item Two Suppliers case with Staggered Delivery when Amount Received is not Equal to Amount Requisitioned

	6.7.1	Assumptions

	6.7.2	Derivation

	7 1	?	E (y,- / q)

	?	1	o	E (y i / q )


	Vira-Ld	mDj + biqi

	+ 	 In [ 	 ]		(6.20)

		(6.21)

	6.7.3	Illustrative Example

	6.8	Conclusions

	7.1	Introduction

	7.2	The Problem

	7.4	The Delivery Schedule Algorithm

	7.4.1	Numerical Illustration

	Determination of Price Discount Rate

	7.5	Expected Price Discount for Negotiated Buying

	7.6	Conclusions

	8.1	Introduction

	8.2	Summary and Conclusions

	8.3	Scope for Further Research

	The Beta Distribution

	The JNAP Tables

	The Schmeiser Deutsch Distribution

	The fitting procedure



	2	Dihi nf = -------

	Upper and lower bounds for ratio values of (N ).








