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ABSTRACT

A town or village attracts people from its hinterland to purchase
goods by virtue of the amount and variety of goods on offer.
Similarly, a department stdre attracts customers away from com-
petitors by means of displays, staff expertise, stock holdings
and numerous other parameters. The store is generally free to
manipulate these parameters subject to certain restrictions; the
manipulations will have a direct effect on the ultimate profit-
ability of the store. This thesis presents a systematic approach
to the issue of resource allocation in a decentralized department
store chain operating under uncertainty. We link the corporate
planhing of the department store group with the performance of
each of its branches, itself a function of the socio-economic data
describing the population attracted by the branch. Using the
Capital Asset Pricing Model to explain how capital costs and risk
are related, and portfolio theory to describe the inter-relation-
ships between product lines within eéch store and between stores
within the group, we suggest various models of the corporate
planning process. Specifically, we demonstrate how typical
operating decisions in a department store affect the market value
of the individual store and the group as a whole, and how
different market conditions call for varying degrees of inter-
vention by the corporate centre in the planning within its
branches., Special emphasis is put on the analysis of changes

in the corporate cost structure and their impact on the capital

budgeting and resource allocation decisions.,
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INTRODUCTION




1, INTRODUCTION

‘Because they handle a large number of products and because
of the multi-~plant nature of their operations, decentral-
ized organizations in general (and chain retail corpor-
ations in particular) face special problems in pricing
and profit maximization. Ten or twenty years ago, it

was not too difficult for a retailer to assess the poten-
tial of a new site and develop it. The pattern of local
trading was well established and the opening of a new
store required a relatively small capital investment. At
present, with the existence of larger stores offering a
wider range of merchandise to customers from a very much
wider area, the complexity of the problem has substantially in-
creased. Not only does the opening of a new store nowa-
days require a considerably increased capital outlay, the
retailer's knowledge of its potential has simultaneously
diminished, If the store is a failure, there are slim
chances that the retailer will not suffer an appreciable
loss; thus, if an existing store does not live up
‘to the retailer's expectations, it is crucial for him to
understand why., This holds even if the reasons indicated
are beyond the retailer's own control, understanding them

should at least prevent him from repeating the same mistake.

Clearly, these trends have increased the retailler's search
for some guidance in his management decisions. Not surpri-
singly, more attention is now being devoted to the contrib-
ution which market research can make to the location, dev-
elopment and appraisal of stores, and on a higher organiz-
ational level, to the profit maximization in the chain as

a whole, The primary purpose of this thesis is to offer a
model which can assist management with the.selection of
investment projects and the allocation of resources between
stores and products under uncertainty. The modél also
makes it possible to deal with locating product lines with-
in a store, considering alternative marketing policies and
assessing the impact of centralized procurement of goods

and capital,
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The structure of this work is best understood if one accepts
Simmons' (138) approach to the role of market research in
planning and optimizing investment in stores. Specifically,
he identifies two broad types: studies prior to the opening
of a new store and studies post-opening,

Studies prior to the opening of a new store can be classified
into those aimed at estimating the likely turnover, and those
designed to formulate the promotional strategy for the new
store. On the other hand, post-opening studies, appraising
the performance of existing stores, can be classified into
those designed to estimate share of trade, and those designed
to establish the "image" of the store.

This work attempts to produce a model which is not limited in
its scope to either one of the planning stages, and consequently
it develops gradually from a model designed to estimate an
individual store's likély turnover and promotion strategy
(defined in terms of layout and resource allocation) into a
more ambitious effort directed towards appraising the perform-
ance of a store as a component of the corporate stucture,

As a starting point for our work, we examined a case study.
"Specifically, we studied the operations of a branch of
Debenham Ltd., located in Romford, Essex. Through a series

of discussions with both local managers and the corporate
headguarters in London we gathered information on the centre-
branch relationships, the characteristics of a modern shopping
centre and the local management's decision making process.

The results of this investigation into a decentralized retail
chain were subseguently incorporated throughout our discussion,
thus, hopefully, adding to it realism.

Broadly, we can divide this work into two main parts, First,
we develop a heuristic planning'model of a store; in chapter
3, we examine the external environment in which the store
operates, the factors which influence consumers' attraction

1o a particular shopping centre, and to a particular store

)

.._11..



within it. On the basis of this information, we B
produce a model used to derive the potential sales the store
can hope to attract. In chapter 4, we suggesi a heuristic
fTor allocating resources between product lines in view of

the demand patterns derived in the preceding chapter.

In chapter 5, we turn to analyse the capital market mechanism,

)
and the share price equilibrium in particular, We then examine,
in chapter 6, the planning implications of our findings on the
share price maximizing firm, In chapter 7, we suggest various
approaches to the problem of resource allocation under un-
certainty in a decentralized firm, and we summarize our main

conclusions in chapter 8.

To conclude, the main contribution of this thesis lies in the
development of a heuristic for resource allocation in an
individual department store, the analysis of a department
store's portfolio and investment proportions and a study of
resource_allocation in a decentralized retail chain. These
contributions are summarized in chapter 8.

We start, however, with a survey of the main modelling efforts
in the field in chapter 2, 1In view of the fact that most
sections of this work have implications which are not confined
to the retail trade, i.e, they can be applied to any firm
with a decentralized structure, we open our survey with the
most important models of resource allocation in such organ-
_izations., Following this, we present a survey of work done

on allocating resources in the retail trade, and the allocation
of financial resources in particular.

..12.._



CHAPTER 2

MODELS OF RESOURCE ALLOCATION IN

A DECENTRALIZED FIRM
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2.1 MODELS OF RESOURCE ALLOCATION

Numerous models of resource allocation in decentralized
organizations appear in the literature. These models
range from verbalizations of flow diagrams of decision-
making processes, such as Mesarovic et al (107) and
Young (156), to massive simulations, such as Forrester
(52), or analytic programming models,

We direct our attention upon the latter group, namely
analytic programming models of the planning process. Foll-
owing Ruefli (130), we will distinguish two sets of ana-
lytic programming models, which we shall call "classical"
and "behavioural" models respectively. -

The "classical' modéls are mainly based on what can be
called a classical economic interpretation of systems
management, The concept underlying this approach is the
assumption that the ideal solution for a system is pre-
cisely that solution which would be obtained if the system
functions as a centralized monolithic decision entity.

The fundamental difference between classical and behaviour-
al models is that, in the latter, the solution reached by
the system is a function of its organizational structure,
In other words, given a resource allocation problem in an
organization with structure A,we assume that a2 behavioural model
achieves a solution denoted ZA. If we now alter, by de-
fining a new set of sub-units, the structure to one denoted
B, and apply the behavioural type of model to the resource
allocation problem, we will produce a solution denoted ZB.
While in similar circumstances, if the classical model

were applied, ZA will always equal ZB’ the very nature

of the behavioural approach means we_cannot assume ZA = ZB'
Consequently, behavioural models often yield solutions

that would be considered suboptimal in a classical frame-

vorl,

-14-



2,2 CLASSICAL ECONOMIC MODELS

1;Despite the many differences between them, all the models-
disoussed ih this section share a common approach to the -
’structure of the organization for plannlng purposes. Spec-— f'
ifically, the organizational framework is assumed to be &
strlctly pyram1da1 hierarchy, composed of subordlnate’ :
unlts.' In addition to the ‘similar structure, those models .
assume "that the’ organlzatlon has a global objectlve (usu--"'.j’.-_'-f'l.f'g
_ 'ally profit max1m1zatlon) that is percelved by the super—'f:hf.f
rff- t"ordlnate unit, and the problem consists of co- ordlnatlnc
;? - the- ‘subordinate units in a way so as to maximize- the
"organlzatlon s attainment of the global obgectlve ih
L""Jthelr ana1y51s of hlerarchlcal mu1t1 level systems ‘ U‘
4Mesarov1c et al (107) prov1de a general conceptual frame—
 “work- for the organlaatlon resource allocation proccss as
‘f,gdwell as.a cr1t1Que of some of the models to be discussed.’

- .-_. .

“(Qgseveral artlcles had appeared on the subgect of. decentral_Té“"

flzed de0151on—mak1ng prior: to the development of the,
7s1mp1ex method for decompos1ng a 11near programme. Among
‘[the most notable and early statements in the economlcs o
fﬁmanagement sc1ence llterature are . those by Lange and |
%:"-Taylor (91) and Lerner (92) |

'.h'Their:approach has a superordinate7ﬁnit'allocating a multi-i_d”;
'Jperlod budget to sub-unit proJects by setting shadow
‘prlces on each perlod‘s budget These shadow prices are
then used by the sub—unlts to establish resource requlre—"
'ments for their investment proposals. leenthesedata .
'the superordlnate unit then compares these expendltures
against the appropriate budgets, and if they are not
optimal, new shadow prices are generated, This process
is repeated until an optimum is reached,

. The methodology described above appears in various'forms ‘
. as the framework for other efforts that.we will consider. A
 static model was suggested by Koopmans (893, who looked



at an activity analysis formulation of the problem.
Koopmans' model concéntrates on establishing the con-
ditions required for maintaining an "efficient' point
once it has been achieved, On the basis of this form-
ulation, Charnes and Cooper (31) offered a linear pro-
gramming statement of Koopmans' problem and discussed
the critical concepts of "Koopmans' efficiency" to

the case of functional efficiency. They then
developed a computational method for generating the
problems and prices required in the planning process.

In 1060, Arrow and Hurwicz (10) discussed the non-linear
formulation of the decentralization problem, In a sub-~
sequent work, Arrow (11) studied the general linear

. model, which does not present a computation scheme for
generating the priées used to achieve decentralization,
but has the strength of providing a conceptual approach
which proved to be an anticipation of later developments.
On a more general basis, works by Malinvaud (97),
Hurwicz (80), Marschak (102, Katsenelinboigen et al

(84, 85 and 86), Albegov (2), Moeseke and de Ghellinck
(108), and Weil_(lsd), provide theoretical structuring
of the environment for decentralized resource allocation,

A rather different approach proceeds via decomposition
methods and algorithms. The original decomposition
method for linear programming was developed by Dantzig
and Wolfe (38) and Dantzig (39). The decomposable linear
programming problem is a model type with a characteristic
structural formulation, This model type and solution
process can be interpreted as a description of the econ-

omic activity of a decentralized organization,

The solution mechanism proposed by Dantzig and Wolfe
consists of an iterative process in'which the central
unit generates shadow prices which are used by the sub-
units to generate proposed levels of activity for their

operaticns., These proposals are then sent

-16-



to the central unit which performs an evaluation and
generates another set of shadow prices., This process
is repeated until an equilibrium is reached, and a
global optimum is achieved. At this stage, the centre
informs each sub-unit of the optimal activity levels
for that unit, i,e. following the conclusion of the
iterative procedure, a set of instructions is sent,
and therefore this is not a pure price—blanning system

per se.

The importance of the Dantzig-Wolfe model can be sum-—

marized as follows:

(i) ‘its use as a computation aid in solving
large linear programmes,

(ii) its position as the first model to incor-
porate a finite adjustment process for
establishing efficient prices.

Since later researchers modified and extended the basic
assumptions underlying the above model, it is useful to
list them briefly:

(ij all relations in the mathematical model
are linear;

(ii) co~ordination of the organization's
activities by the central unit is achieved
through the mechanism of prices it gener-

ates;

(iii) the whole organization's goal is the
optimization of a single goal level;

(iv) information concerning the character-
istics of the projects and the goal
levels are known a priori; and

(v) the information and activities of the
organization are partitioned a priori
into global (inter-divisional) and
local (intra-divisional) categories,

...17_.



Whinston (153) and Baumol and Fabian (14) relaxed the
assumptions that all of the relationships are linear and
that divisional constraints are entirely local in nature,
Hass (67) contributed a major extension by relaxing the
assumption of a linear objective function. He developed
an algorithm thatuses the demand and supply curves gener-
ated by the central unit as the basis for an iterative
process that results in a global optimum for a quadratic
objective function.

A different approach to the nature of the information used

in the iterative process was siggested by Balas (12),
namely, be developed a modified algérithm where the divi-
sions optimize their segment of the global objective
function and send their planned activities to the central
unit, The divisions continue to generate revised plans
in response to the prices generated by the central unit
until a set of these divisional plans is feasible with
respect to the global constraints, At this point, a
feasible global optimum has been reached but, as required‘
in the‘Dantzig~Wolfe model, the centre may need to direct
the divisions to combine one or more of their proposed
plans in order to yield the final plan of activities.

The underlying concept, common to the models mentioned so

’far, is that they all use prices originated by the central
unit as the co-ordinating mechanism. As an alternative,

a number of important models use a different méchanism,
which we shall name the "budgeting! approach.

-]18—~



2.3 THE BUDGETING APPROACH

The budgeting approach is the dual of the pricing approach,
Generally, the central unit allocates resources

(or goals) to each of the divisions, These, in turn, send
shadow prices, or marginal values, back to the central unit,
who then adjusts the resource allocations until an accept-
able allocation is determined. The underlying economic
principle is the concept that in equilibrium all resources
vield equal marginal return, and consequently adjustments
should continue to be made until such an equilibrium is

reached,

Two Hungarian economists, Kornai and Liptak (QO), are the
.pioneers of the budgeting approach. Using the Kornai-
Liptak method, the -central unit may, by using the approp-
riate resource allocation, force the division to choose
any point in its original feasible region as optional,
since that allocation will reduce the -feasible region,

and any interior point of the original feasible region
could be made a corner point of a revised feasible region
by imposing the appropriate constraints. This is the
source of what possibly is the main advantage of the
resource allocation decomposition procedures, Each divi--
sion is free to determine its own optimal decision inde-
pendently, once the optimal allocation of corporate '
resources has been established, This clearly is an improve-
ment over the Dantzig-Wolfe algorithm, which requires a
corporate optimal solution prior to the divisional optimal

decision.

The implications of this difference canbeofconsiderable
importance when one takes into account organization control,
In the Kornai-Lipiak approach, each division may be allowed
1o maximize its own objective funtion, knowing that the
result would simultaneously maximize the cocporale object-
ive function, On the other hand, the fact that the Dantzig-

Volfe algorithm requires some type of quota system with

-~1.9--



changes for either positive or negative deviations, may
cancel some of the advantages offered by "pure" decentral-

ized management.

Several authors have extended the basic model of Kornai
and Liptak, Heal (69), modified the model to include
non-convex technologies, intermediate products and Jjoint
products. Aoki (5) developed an iterative method that
combines both resource directive and price directive
measures, In another paper, Heal (70) presents a mixed
price and resource directive system that operates even
under increasing returns to-scdle} Combining é price and
quota system, Heal's procedure consists of a two stage
iterative process, with the subordinate first informing
the superordinate unit of their current programmes
(outputs). This information generates a response by

the superordinate unit which attaches a price on each
subordinate unit's output. Following this, the subordinate
units respond to the prices with a shadow price on each
global resource, and the superordinate unit uses these
shadow prices to reallocate the global resources between
the subordinates. This process is repeated until a global
optimum is reached,

Other algorithms have been developed for the budgeting
approach., Sharing the concept of divisional programmes,
they differ in the way adjustment of common resources is
made, Examples of such cases are Geoffrion (57),
~Sanders (132),Schleichers(133), Silverman (137) Abadie

and Sakarowitch (1) and Zchau (157). 1In section 2.5,
we discuss the issue of implementation of these results,

-20-



2.4 BEHAVIOURAL MODELS

In the previous section we discussed models which, based
on the assumption that the organization modelled is
searching for an optimum, seeked to construct means
whereby a decomposed model could generate the éame
solutions as an undecomposed model, In that approach, sub-
optimization is ruled out as a possibility, the optimal
solution is unaffected by whether the problem is solved
as a centralized problem or as a decomposed one, Given
such assumptions, it follows that the organizational
dimension is only relevant to the mechanics of deriving
a solution and the potential effects of organizational
structure on the solution are ignored,

In this section, however, we will discuss some of the

more important models of resource allocation which attempt
to achieve some agreement with behavioural theories that
recognise that the struéture of an organization can affect
its performance. Various methods have been suggested to
make organization structure an implicit parameter; mainly,
they involve replacing the classical optimization along

a single dimension with a satisficing or a multiple goal
approach.

Cassidy et al (29} presented a satisficing objective -
function which is a significant variation on the Kornai
and Liptak formulation, Using as an example a federal
government allocating resources to states,who in turn
allocate them to cities, the objective of the federal
unit is formulated so as to minimize differences in
regret among the states. Given this objective, the sol-
ution to the problem can be shown to be sensitive to the
organization structure., This is primarily due to the
nature of the objective function which is sensitive to
the number of states and the way in which projects are

distributed among states.

-21-~



Cassidy et al (29) developed a centralized solution
algorithm to the above problem. However, while their
algorithm could be implemented on a decentralized basis,
the information requirements would be substantial. In

a two-level hierarchical model, Collomb (33) developed

a formulation in which the central unit and the subord-
inate units all have satisficingobjectives on the attain-
ment of multiple goals,

Kornai and Liptak's model was generalized to an n-level
hierarchy with multiple goals by Ruefli (126,128,129

and 130). Assuming linear relations, the process consists
of the centre selting initial goal levels for the sub-
ordinate management units which, at any state, use the
current set of goals to generate shadow prices to the
central unit and to its subordinate operating units. The
operating units use these shadow prices to generate new
proposals which are then sent to their respective super-—
ordinate management units, The central unit uses the
shadow prices to generate new sets of goals which are
transmitted to the management units wheré they and the
alternative proposals are used to generate new sets of
shadow prices, This process 1s repeated until the
deviations from the management unit goals are at a mini-
mum and no readjustment of goal levels on the part of
the management units or modifications of proposals on the
part of the operating units will yield a net decrease in
the deviations from the goal levels for the organization
as a whole, If the goal levels, alternatives and shadow
prices arc generated using the rules of the simplex pro-
cedure, the process will terminate in a Ifinite number of

steps.

Ruefli has shown that this model can incorporate extern-
alities, either technolcgical or behavioural, . Specific-
ally, three types of technological externalities were

considered: those involving inter-dependencies among
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projects subordinate to the same management unit, cases
when the goal levels of a management unit are dependent
on those of some other management unit, and when project
characteristics of projects generated by different man-

agement units are related.

Freeland & Baker (56) have shown that, for Ruefli's
algorithm to work, all units subordinated to a given unit
must solve their resource allocation problem simultaneously.
This shortcoming can be overcome by using a partitioning
algorithm, as suggested by Benders (17). Using Freeland
and Baker's algorithm, Hurwitz (80) - developed. two
stochastic models; one examined the case of uncertainty
in the subordinate units about the reliability of the
sub-goals set by the central unit and the other, the case
of uncertainty in the subordinate units about the reliab-
ility of their constraints,



2.9 RESOURCE ALLOCATION IN THE RETAIL TRADE

Applications of analytic programming models to decision
making in the management of retail stores seem to be few
and far between, Although economic studies of the retail
trade have been available for quite some time,E.L. Salkin's
(131} paper, published in 1964, is probably one of the
earliest examples of mathematical programming being used

as a managerial tool in retailing. In his discussion,
Salkin demonstrates how linear programming can assist
management of a retail store in its merchandizing deci-

sions and provides an example of a two-product problem,

A notable analysis of the economics of retailing was

- published in the early sixties by Preston (118), who
‘examined pricing policies and decisions within the
individual store and reconciled economic theory with
data on prices to explain individual store decisions,

On a similar basis, Pfouts (118) attempted to incorpor-
ate the unusual nature of the profit maximizing problems
of the chain store manager and the role of incomplete
information and search and information costs in the

pricing decision in a chain's central office.

The behavioural assumptions made by Pfouts are primarily
concerned with the pricing policies and practices., Spec-
ifically, the retail chain is assumed to follow the
policy of establishing prices at their headquarters,
Usually, the pricing process is viewed as that of choos-
ing a markup to be added to the unit cost which will
cover overhead and provide a profit, while keeping the
final price sufficiently low for the product to sell,

A second major assumption concerns the degree of f{reedom
the store manager is given by the central unit. Basically,
the store manager is assumed to be motivated by the need
to operate his store as profitably as possible, and in

the process he is limited by the storage and display space
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available in the store. An additional constraint arises
because it is not unusual for a store manager to be re-

quired by the central office to stock certain items even
though it might be more profitable to use the space for

other products,

On the basis oif these behavioural assumptions, Pfouts
suggests two alternative methods of solving the profit
maximization problem facing the store manager, The first
approach uses inventory control methods to establish

optimum order sizes for each type of good. The sum of

procurement costs and carrying .costs 1s viewed as a
constant for each good since it is assumed the same
quantity 'is ordered each time. The results of this model
réquire that the gross profit per unit of a good equal
the shadow value of space occupied by a unit of the good,
plus the value to %he firm of the good over alternative

goods,

A second and more intuitivemodel is used in order to

make “the method .more attractive to . the store managers,
The underiying concept is * that different types of
space are independent of each other so far as sales and
profit are concerned, and consequently the model can be
applied to each type of space., Basically, the goods
showing the largest gross profit per unit of space are
stocked by the model, and this process is repeated until all
space is in use, The most profitable goods are to be
offered in quantities which meet demand, and thus profit

" 1s maximized,



2.5 ALLOCATION OF FINANCIAL RESOURCES

Another extension of the general resource allocation
problem in a decentralized firm model has focused on
the firm's financial resources, Special attention

has been devoted in an effort to produce an optimizing
model for the allocation of corporate funds in a de-
centralized firm. The reason for such treatment prob-
ably lies in the strategic importance corporate managers
tend to associate with capital funds., In view of this
approach, they are usually reluctant to decentralize
totally in this area, and consequently adopt direct
capital rationing procedures as administrative safe-
guards.

The main difficulties in providing a complete framework

of capital rationing in a decentralized firm are related

to the cbmplexity of the problem, Linear programming
models of specialized decision problems such as working
capital management (115) and short term financing (-122), are
deficient in that they may lead to decisions which are
suboptimal with respect to the firm as a whole, This is
directly related to the fact that each of the above models
focuses on a single problem)thereby neglecting its inter-
action with the other activities of the firm. On the other
hand, if one were to incorporate all these interdependencies
into a single model, it would tend to become excessively

large and inefficient to use,

Weingartner (151) first provided a complete framework
within which project selection under capital rationing
could be made for a deterministic case. On the basis of
this work, extensions have been made which eventually have
lead to the application of the decomposition principle to

financial decision models.

Carleton, Kendall and Tandon (27) produced the first
comprehensive attempt to join the techniques of mathemat-
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ical models for capital budgeting and decomposition for
decentralized decision-making. Prior to their effort,
very little work had been done to synthesize the two, which
theyexplained by the Tact that a satisfactory construction
for administrative capital rationing at the corporation
level was not available. Their approach was to define
overall investiment opportunities at the firm - not div-
isional - level. By doing so, interdivisional extern-
alities can be captured without the divisions themselves
needing to know of opportunities other than specific

projects or of fund sources outside the corporate pool.

The basic concept underlying their élgorithm is to allow

.each division to calculate an optimal division capital

budget for itself, without reference to the corporate
capital constraints. The divisions then inform the
central unit only of their net cash returns or require-
ments., On the basis of this information, the centre then
determines the aggregate effect of the divisional flows
on the corporate constraints, and subsequently defines a
net set of capital prices for each division to use.
These are calculated by adding or subtracting from the
previous prices each division's marginal net contribu-
tion or burden upon the other divisions, and following
this, new divisional plans based on the new prices,are
generated. This iterative process is repeated until a
corporate optimum is reached within a finite number of

steps.

‘While Carleton et alvconcentrated more upon the decentral-

ization of capital budgeting decisions between corporate

divisions, Morris (169) applied the decomposition principle

to decentralization according to functional areas: Invest-
ment, Financing and Production, The interaction among
decicsions made in different decision centres is reflected
in a set of prices for resources which they share, The
primary contribution of Morris' paper was the analysis

of the mechanism of internal pricing of financial re-
sources, providing considerable insight into the inter-
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action among dividends, equity financing and capital
budgeting. It is shown that, under conditions of
capital rationing, capital budgeting decisions should
be made independently of financing and production
decisions only if the '"conventional' cost of capital
discount factor is modified by an internally generated
price for funds which reflects the internal supply and

demand for funds.

Despite their major differences, both these models

share a common feature, namely: certainty. Relaxing

the assumption of certainty is the primary objective

of this work; we suggest a method of allocating

resources in a decentralized firm operating under
“uncertainty, based upon portfolio theory, rather than on

the decomposition principlé. We start, however, with

a heuristic approach to the resource allocation problem in a

decentralized department store.

D



CHAPTER 3

THE POTENTIAL SALES OF

A DEPARTMENT STORE
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3.1 INTRODUCTION

In theory, because a multi-branch department store is a
highly complex system of interactions, both within itself
and with the environment, any attempt to model the depart-
ment store would result in a very large and complicated
problem, Since such a model is usually of little pract-
ical application, what tends to happen in practice is

that the modelling process is broken down into a set of
interlocked subproblems,

The model developed in this chapter and the subsequent one:

follows the practical approach,.i.e the large problem

*
is split'into manageable subunits, and each is analysed
in its turn. The characteristics of the department store
probliem lend themselves to a broad division into three

ma jor subproblems, each of which in its turn is composed
of several minor subproblems. Specifically, the modell~
ing process of a department store consists of:

- a) The External Environment

i) Defining the trading area boundaries.

ii) Estimating the potential demand in
the trading area.

iii) Estimating the potential store sales.

iv) Analysing the regional demand functions,

b) The Internal Environment

i) Defining the scarce resources.

ii) Determining the relationship between bothenviron-
ments,

c) Formulating and Solving the Store Manager's Problem

In this chaptier we concentrate on all the aspects related

to the store's external environment, while in Chapter 4

30



we direct our attention to the internal mechanism of
the store, formulating and solving the store manager's
problem,

Our approach to the task of modelling the external
environment is based on the concept of the store's
market being a function of a combination of parameters
within the firm's control, and others beyond it. The
first type of parameters consists of the allocation of
resources between the store's various lines and its
pricing policy, while the exogenous type is reflected
by the surrounding population's demand functions, their
elasticities, and by the consumers' budgets. It is
therefore a combination of economy wide, socio-economic,
and internal parameters which determine the external
environment within-which the store operates. This
concept is graphically illustrated in Fig. (3.1).

The structure of this chapter reflects the above approach.
Section (3.2) examines the importance of socio-economic
factors, Section (3.3) concentrates on the relative
importance of internal variables, while Section (3.4)
provides an analysis of the effects of changes in con-
sumers' budget and the firm's pricing policy on the
regional demand function. Finally, Section (3.5) summar-
izes the main points and conclusion of our discussion.

Several parts of this and the following chapter have
been presented at the III Symposium Uber Operations
Research, Universitdt Mannheim, West Germany, September
1978, and subsequently published by Flavell, Penn and
Salkin (1). The published version of this discussion is
included in the form of an appendix at the end of this

volume.
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3.2 DETFINING THE TRADING AREA

Defining the trading (or catchment) area of a shopping
area 1is one of the classical problems in marketing re-
search, The problems involved in this task are both
theoretical and practical and the approaches vary from
the intuitive, such as Applebaum's (6) to the highly
sophisticated and computerised by Huff and Batsell (79),
Mercer (10@ identifies two major approaches to manage-

ment in the operation definition of a trading area,

They are:-

a) the gravitational approach;

b) the empirical approach,

3.2.1 The Gravitational Approach

The major advantage of the gravitational method is that,
assuming a satisfactory formula can be found, it is
relatively cheap and quick when compared with expensive
empiriéal studies. Reilly (119) can be credited with
being the pioneer of defining the catchment area in
mathematical form, 1In his book, "The Laws of Retail
Gravitation'", Reilly puts forward the idea that two
cities,can attract trade from an intermediate town approx-.
imately in direct proportion to the population of the
itwo cities, and in inverse proportion to the squares of
the distances from the two cities to the intermediate
town., This is analogous to the Newtonian law of gravi-

tation has become widely known in Classical Physics, and hence,

Reilly's law of retail gravitation.
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Mathematically, this can be put as:

B, »_[p\? |
_—_ = —|— (3.1)
Bb Pb Da

where:

Ba - the proportion of trade which town a would attract

from an intermediate town,
Bb - the proportion of trade which town b would attract

from an intermediate town.

Pa - the population of town’a.

Pb - the population of town b. _

D, - the distance from town a to the intermediate town,
Db - the distance from town b to the intermediate town.

This theory was widely accepted as an improved

approach to the understanding of retail penetration,

and - attempts to refine it, thus making it more suit-
able for practical purposes, have been numerous and varied,
Converse (34) extended this formulation to indicate the
breaking point for trade gravitation, suggesting that:

Dpr = = ' (3.2)

where:
Dab - the distance between towns a and b.

D, . - the breaking point for trade between a and b

br
measured in miles from b.

Empirical evidence derived from the Census of Distribution
by McClelland(lO4), and illustrated in Fig. (3.2) - suggests
thatl such generalizations as implied by the gravity model
are not always valid. Namely, that they vary throughout

the whole range of town sites, and according to the pfoduct

or service under consideration.
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One trend of research, of which Carroll (23) was a pioneer,
followed by Stanton'(142) and Dixon (41), developed a
"circle of influence' model. This approach defined the
catchment area more realistically as a three dimensional
shape of attractive force fields exerted by competing
centres, Consequently, the equilibrium line between the
centres of attraction is a circle surrounding the smaller
circle, The smaller circle's radius Bb can be found using

m D“b :
Rb = = (3.3.2)
m? - 1
where
a - represents the largest retail centre;
b ~ represents any other retail centre;

Dab - the distance from the centre of the circle to the
large retail centre,,

where, if S, and Sb represent the sizes of centres a

and b respectively, we get:

m= (S, / 8.) 1/ | (3.3.b)

where A, the exponent, is a constant.

Reilly (120), suggested that A was equal to Z.G for any

) pfoduct or service; Huff (78) however produced evidence
that seems to contradict such a claim. Using a probabil-
istic model rather than a deterministic one, Huff incorp-
orated approximatibns of consumer preferences into his
model, This last model suggests that a contour map
should be drawn for customers' prebability of sbopping

in any particular group of centres, and that the inter-



._llocklng nature of the hlerarchy of centres will be demon—

. strated. The probability that any partlcular centre will -
obtain trade in any particular product or service group '
is forma11§'expressed by Huff in the following model :

_ ‘ | Sj/TijA | -
L e SRR p»i‘j : msogT (3.4.2
- N R e 0 YT LA S
: : ~ . v §=1 - .
- . R ‘ . ..
T _Wheref4 - .
;”iiPij?Lf;represents the probablllty :of customer at p01nt
oo L of-origini i travelllng to a centre s
;f;S;uéi;frepresents the s1ze of shopplng centre’ J (1n

'f';square feet of sales area devoted to the product
éfor service, group ‘in questlon),

Le'represents a parameter estlmated emplrlcally for’
;7;each product or serv1ce. group to reflect the'_
relatlve perceptlon of travel tlme arlslng from
the product _orvserv1ce, group to be purchased

As a result fthe number of consumers from p01nt i 'shoppiﬁg ]::

1f“at-centre j E i3 w111 be

B =P, 1“-;_'(3.4.1:').

Q wherejcl-represents the total number of consumers at
point i.. As prev1ously mentloned “Huff- does not fix X .

, at 2. 0 as Reilly d1d for example, he estimated A to be _i?

2. 723 for furniture and 3.191 for clothlng. The largerr

frepresents the travelllng time involved in, gettlnai;ﬂrﬁ_
Héfa customer from hlS orlgln at ‘i -to - the centre at: J. e

" the magnltude of A, the smaller the t1me the customer w111_5é*,

w1111ng to spend travelllngfor a given probablllty Pi&.'

‘.




3.2.2. Empirical Methods

The set of empirical approaches to the definition of a
trading area can be broadly classified into two groups:

i) external to the centre,

and ii) internal to the centre,

Basically, external methods rely on gathering data through
normal consumer surveys to determine where potential cust-
omers come from. Because it is labour-intensive, this

type of survey is prohibitivelyexpensive,

Internal Account Analysis, as suggested by Plotkin (117),
attempts to examine the store's customers in a less costly
method by using ekisting data processing systems within
the store. Despite its obvious appeal to management, this
method has a major disadvantage in that it monitors only
existing.tfade, rather than the full potential which could
be available.

The second empirical internal method for defining the
trading area of a store also relies on consumer survey.
In this case, however, customers are interviewed not just
in a particular store, but in the whole shopping centre.

In our case studies, we were able:to use Internal Account
Analysis due to the existence of extensive delivery and
credit files and the discussions we had with management
at the store. This however probably did not provide us
with the boundaries of the potential trading area, but
rather with those of the existing one. We felt, however,
that our talks with local management, and their knowledge

of the region, compensated for any shortcomings of the

method.



3.3 ASSESSING POTENTIAL DEMAND WITHIN A TRADING AREA

Having defined the trading area boundaries, we can pro-
ceed to cstimate the potential demand for a product or
service provided by the store. This process was executed

in two stages:

i) estimating the total poteﬂtial demand
in the trading area;

ii) estimating the potential sales of a store.

3.3.1 EIstimating a Shopping Centre's Potential Sales

The first step in estimating the total potential of the
trading area was to assess the attractiveness of each of

the competing shopping centres operating within it, The
attractiveness was measured in terms-of the probability

of a person living in any one of the wards within the
catchment area being attracted to any one of thé centres.

In order to estimate the probability, we first had to
establish which are the variables that influence a shopper's

decision to prefer one centre to another,

Several studies have looked into the question of establish-
ing the parameters which affect a potential customer;s
decision in selecting a shopping centre. In 1966, Black
(20) attempted to define the attractiveness function as

the amalgamation of two variables - the intrinsic attract-
ive power of a centre, and the accessibility of the centre
to a given zone, A function of the following form was

suggested:

= g€ +J (3.5)
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where:

Aij - attractive power of centre i;
Si ~ the sales volume;

dij -~ the d;stance between i and j;
a,b - constants.

This work was supported by Wilson (154) and Eilon, Tilley
and Fowkes (43) who analysed this model,

A different approach, using the relationship between retail
turnover and the total number of shops in a centre, was
developed by Muller (1i2). His study of a sample of shopp~
ing centres in the North-Midlands area established a
correlation coefficient of 0.995 between retail turnover
and the number of shops in a centre. ' This result was
supported both by the findings of Haydock's (68) study,

and by Dalrymple (37), who tested this factor hypothet-
ically and obtained a 98% fitness of its variations with
the profitability levels, The pulling power of large
stores derived from these findings can be formally ex-
pressed:

A, = Total number of shops + 2V 4+ 3D + C + M

i
(3.6)

where:

Ai - attractiveness of centre i;

V - the number of variety stores;

D - the number of deparment stores;

C - the number of chain stores;

M - the number of markets.

This attraction function has both advantages and dis-

advantages when compared with the simple measure of sales,
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While sales figures are difficult to obtain, they offer
possibly a more plausible measure of attractiveness.

The main criticism that can be directed at the index in
Eq. (3.6) is that it does not take into consideration the
floorspace of each of the stores and that the categoriz-

ation of stores may-sometimes be questionable,

The importance of this last point is supported by the
findings of Kilsby, Tulip and Bristow (88) who examined
the importance of forty-three different variables

related to the attractiveness of a shop. These variables

can be classified into the following groups:

i) those associated with shopping provisions
and opportunities in the centre as a whole;

ii) those which described the provision of non-

shopping amenities;

iii) those concerned with shopkeepers' policies
and the qualities of the individual shops
themselves;

iv) those concerned with local customers in a
centre, and

v) those related to the design of the shopping
centres.

Using principal components analysis, they concluded that
2 simple measure such as the total gross floorspace of
shops is an adequate index of attractiveness in a gravity
model.

Information about the identity, precise location and total
trading floorspace of shopping centres was collected from
a research carried out by the Greater London Council (61)
on the Census of Distribution., Distances between the

population and the shopping cenires was measured between
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each of the wards, after their 1971 boundaries were supp-
lied by local planning officers, and the centres in terms
of main road distance. It was felt that, as the entire
area consisted of relatively wealthy people, most of them
travelled by private car rather than by public transport.
Hence, using Huff's probabilistic model, i.e; Eq. (3.4.a)
with X set at 2, we generated a matrix containing the
probability of consumers living in ward s being attracted
to a shopping centre t within the trading area:

shopping centres

Pllplz' - [ ] L ] L ] L] - * L ] L ] . * . L ] " . Plt
Po1 .
W : ¢
a . ¢
g . *
d . :
S . ¢
Psl . . L] . L ] .‘ - . ' . L] . * L ] L] . . —PSt

Table 3.1: Centre probability matrix

The above analysis does ignore the possibility of consum-
ers buying goods near their place of work; it was felt
that such purchases tended to be mainly for foodstuffs,
which a department store does not generally sell, and that
hopefully the total discrepancy was small because we had
no way of checking on these sales,

With this probability matrix in hand, we proceded to

estimate the potential demand for each item offered by the
store for the whole trading area, As it would have been
impossible to consider every single item sold by the store,

we used 18 categories of similarly grouped items, corresponding

el e



to the internal product groups as defined by the store;

indeed, throughout this work, the words "item" and

»
"groups of similar items' are synonymous, There were,

as one might imagine, considerable difficulties in com-
bining together statistics from different sources and of
different ages. We attempted to reconcile figures wherever
we could; where we could not, a qualified pragmatism was

used,

The 1971 Census of Population (36) identified pari passus,
the number of households in each ward, whilst two reports
by the Greater London Council defined the socio-economic
grouping (SEG) of the population within each ward (GO, 61).
Finally, a recent Family Expenditure Survey (49) provided
the income and expenditure distribution, coded by occu-
pation of the head of the household, who may be identified
with a particular SEG. Thus, from combining these three

sets of statistics, we arrived at Di the demand for

gs’
item i by SEG g in ward s. Hence:

D¥ = I P Z D,
1 s st q i

05 (3.7)

the potential demand for item i in centre t. This data

can be presented in form of a matrix:

item

dll d12 - L] . . [ ] . . . L] . » dln

d21 -
w : .
a . .
r . .
d L] L]

dSl * L] L ] L] LJ L] L ] . L] L] . - L] dsl’l
Table (3.2): Trading area potential demand

matlyris,

With this information in hand, we moved from the shopping

centre to the individual store.
.._4_3...



3.3.2 Estimating Potential Demand for a Store

Having calculated the probability of a customer being
attracted to a centre, for all centres within the trad-
ing area, we directed our attention to that centre in
which the store we were interested in is located, ©Several
methods have been suggested for assessing potential demand
of a store in a trading area, of which, perhaps, the best
known is the grid method developed by Ritland (121) and
Applebaum (7).

This approach superimposes a grid on a set of contour lines
representing either shopping probabilities at the various
centres shown, after Huff's method, or drawing power as
measured through an empirical approach, Within each grid-
square the investigation will:

ij estimate the population;

ii) determine how great its current relevent
expenditure is with the particular store

or centre under investigation;

iii) estimate the total spending of the pop-
ulation on the relevent product-service
group.

From these data, one can calculate the extent to which
potential trade is being obtained on a comparative basis,
The major disadvantage of this approach is the fact that
it does not incorporate any of the store manager's
decision variables, In other words, by determining the
total potential demand in each grid for a product and
comparing the store's performance with it, one is ignor-
ing the level of competition, and therefore at best merely
stating the store's share. ‘

Beckman (i16) suggested that, for each range of homogeneous
goods, the potential buyer is influenced by the store's
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attractiveness in respect of the competition and by the
distance he has to travel to each one, Hence, for two
equal ranges of products, the sales ratio of any two comp-
etitors can be formally expressed as: '

i5) (3.8)

where:

Si ~ the sales volume of store i,

d; - the distance between the.store and the potential
buyer; )

aij ~ the difference in the attractiveness of stores i
and Jj,

the main problem in applying this model being the ambi-

guity of the difference between the attractiveness of

two stores,

If a model is to be of practical use, a manager must be
able to determine how changes in his decision

variables affect the store's performance. It is

with fhis thought 'in mind that we approached the prob-

lem., First it was necessary to compile a- list of
the factors influencing a consumer's decision to buy in

one shop rather than another, However, a general consensus
among store managers in the group was that there were three
principal factors, namely floorspace, stock and labour,
that would influence demand. Strangely, price was not
regarded as such an important factor; on the whole,there
was little price distinction between shops in the centre,
unless there was a deliberate attempt to sell off a line,

Having established the factors which determine market share,
we turned to examine their inter-relationship, for it is
their combination which attracts customers. It is firstly
suggested that the demand function for a~particular item

is expressed in terms of relative allocations, i.e., the
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market share %i is given by:

Ay = —— = I, (B /Cpy) ¥k (3.9)

where Di is the demand for item i at store D, and Bki and
Cki the scarce resources of type k allocated to item i in
D and in the entire centre respectively. A more precise
statement of the form of this function requires a further
assumpiion and we consider two alternative ones,

Let us consider the case of a multiplicative demand function,
This is based upon the assumption that, if the allocation

of any scarce resource is zero, then the demand is also

zero, and furthermore that there are decreasing returns

to scale, 1i.,e,

> . ) .
r, . K 0 <a_. <1 ¥k,i

Ay = ki -"ki

I
k
where Tii = (Bki/Cki). It is felt that the manager would

be able to give an indication of the '"relative importance" of
each scarce resource in influencing demand; for a multiplic-
ative function, we interpret this statement as an estimate

of the relative elasticities of demand. Assuming that
resource 1 is the base resource, the relative importance

is defined by:

VAL AP - SRS ol SR S = KA i~
ki 9Ty 5 Xi arli Xi' rys ak/arli
= . B! i

or Yii aki/ali 7Kk, 1

The interpfetation is not entirely fortuitous as it does
result in an expression that is independent of Tig e The

demand function may now be written as:
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= ‘Y 3 a R
g (g ry s kiyo %4 ¥i (3.10)

Given the status quo (Xg , rgi), we can compute

- Cc ,» Y 0 .
aqy in) /k ki 1n Ty Vl’ - (3.11)

Let us now consider the case of a separable demand function.
‘The underlying assumption here is that demand is generated by
each scarce resource in isolation, and that the total demand
is computed from the addition of the individual demands,
i.e., .

f

Ay T

1 Vl

2t (Fey)
Notice that this aSSUmptién makes'the clear distinction
between demand and sales, for obviously there can be no
sales unless a positive quantity of all the scarce re-
sources is allocated. To produce a logical interpretation
of "relative importance" in this situation is, however,
difficult, and perhaps the easiest direction is to assume
that, in practice, there would be little movement away
from the status quo, so that a linear demand function

would not be unrealistic, i.e.,

0
trod ki

k

ki gy — T ¥1

Now, using the same definition of relative importance

yvields:
0
0 Tri .
= /] - —— X 2]
AT Aty Ty Dy (o) W (8.12)
k ki

But there is no simple means of calculating dli from

the status quo; the only way is, when the allocation
has altered from the original status quo,. to make a

direct substitution.
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3.4 REGIONAL DEMAND FUNCTIONS

- So far we have outlined various methods of deriving the
demand function facing a store and discussed each method's
relative merits, Before we can proceed any further, we
need to direct our attention to one of the major aspects
of demand functions, namely, their response to changes

in one or more variables which determine their value. 1In
other words, perhaps the most important feature of demand
functions for planning purposes is their elasticities to
changes in parameters within the store's control, and to
a lesser extent, to changes in economy wide variables,
Consequently, there follows a brief discussion of some

of the topics in consumer theory which are relevant in
determining the elasticities of regional demand functions.

A}

3.4,1 ‘Consumer Preferencés

A basic prerequisite to any analysis of demand functions is
‘a definition of the assumptions that govern consumers'
behaviour, The subject of consumers' choice is a bundle of
goods by which we mean a collection of different goods,

the quantity of each being given. Let us follow Hadar's
(65) notation whereby there are n'goods denoted by

xl, xz,...,xn, then a bundle is represented by the vector
X = (xl,xz,...,xn). Bundles are identified by subscripts
such as Xy = (xo,xg;...,xg), and by the nature of the

problem contain only non-negative quantities. For the
purpose of comparing bundles, the following symbols will

be used:
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Vectors Numbers

— i - L1 .
XO = x1 means XO x1 Vll
o i i .
XO > x1 means XO > hl Vi
i i .
XO > x1 means XO > x1 and
g i i .
XO > x1 for at least one i
_ i i .
ns X X 1
XO > x1 mea 0 > 1 ¥

and similarly the phrase "is at least as good" will be
denoted by the symbol (.

We now can proceed to state formally the assumptions about

consumers' preference:

A,3.1, Completeness, Given any set of bundles, then
for every two bundles X0 and xl'in that set,
either Xy TXy, OT Xy X,

The purpdse of this assumption is to rule out any poss-—
bility of indecision on the part of the consumer, By
this, we mean that if shown any two bundles, the consumer
will either prefer one to the other or be indifferent,

but never will there be a case of indecision.

A.3.2. Transitivity. For any ihree bundles X9, %q and

X, 1if Xy TXqs and x LXg, then Xy LXg:

2 1

This assumption expresses an intuitively reasonable con-
~sistency restriction on the consumer's preferences. In
fact, assumptions A,3.1 and A.3.2 impose a ranking on the
bundles which make it possible t0 order them in accord-

ance with the consumer's preferences, and any set whose

elements satisfy such assumptions is said to be completely
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preordered, Sometimes a preordering suclhh as the above
is also referred to as '"weak' because of the inclusion

"of indifference,.

A.3.3. Greediness. Tor any two bundles X0 and x if

1,
XKA>X

02%15 then XoLX

1-
This assumption represents the property that of any pair
of bundles the consumer always prefers the '"larger of the
two"., By larger, we mean that the bundle has more of at

least one good , and no less of any good than the other

bundie.

These are the major assumptions we make about the rational
consumer's behaviour. Essentially, we have assumed that
the consumer knows his preferences, that in some sense
these are consistent, and finally, that the consumer always
prefers to have "more'" than '"'less'.

The analysis>of consumer behaviour is greatly simplified
'if a numbering scheme is introduced. By that, we mean a
system where, for each possible bundle, a matching number
is attached in such a way that for any two bundles, it would
be true that the consumer always chooses that bundle which
has the largest number. In other words, a numbering
scheme is tantamount to a functional relationship, whose
domain is the set of all possible bundles and whose

range is the set of real numbers, If such a function
exists, then we can say that the system of preferences

is representable, and the function itself referred to

as a utility function, The last basic assumption is,

therefore;

A,3.4. Representability., The consumer's system of

preferences is representable,

Having highlighted the rationale underlying a consumer's

behaviour, we need not specify the properties of a utility
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function. Suffice to say that the utility function, by
its very nature, must be capable of reflecting all the

properties of the consumer's preference structure.!

Let us adopt Hadar's definition of a demand function of
a single consumer as a relationship between, on the one
hand, the amount of commodity he is able and willing to
buy, and on the other hand, his budget and the prices of
all commodities. Such a function may be written as:

. . 1 9 n . .

x9 = hJ(p , P, . ,p,m) j=1,2,,..,n (3.13)
This expression says thét the depehdent variable x9Y is a
function of all the independent variables pl,pz,...,pn,m

that appear in the brackets, where pn denotes the price
of item n, m the consunier's budget, and xY the demand

for item j.

3.4.2., .Income Effects

Although, when operating in a perfect competition, the

firm is assumed to have no influence on economy wide
variables such as consumers' income, this does not imply
that, when planning ahead, they should be ignored. Clearly,

a firm's performance is related to the level of the consumers'

budget and therefore the impact of changes in it need to
be analysed,

1. Two further assumptions, of a technical nature,
concerning utility functions:
i) Continuity - in order to guarantee the

existence of a utility function, a certain

continuity condition has to be imposed.

ii) Convexity - we assume indifference curves
exist and slope towards the right, i.e,
the indifference curves ave convex to the

origin,
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In order to predict 'whether an increase in a consumer's
income will cause an increase in his consumption of a
particular product or service, we need to investigate
the derivatives of the demand function. Using Cramer's
rule, Hadar defines:
j j _ Dn'*'l,‘j . '
hy = oh /am_ T e (3.14)
D

where the derivative hg indicates the rate of change
in the proportion of the budget spent on j, with all
the prices given, as there is an infinitesimal increase
in the budget, D is the determinant of the coefficient
matrix of the objective function and the budget constraint,
and D is a typical cofactor, While the sign of D

: n+ 1
given n is known, the sign of D, .-1s indeterminate.

+ 1,J
There are three‘possible signs the income effect can
have, and each implies a customary class of goods, namely
that:

If hé>0 then j is said to be a superior good ;

If h£=0 thén j is said to be a neutral good ;

If hg<0 then j is said to be an inferior good 2

There are two points worth mentioning; <first, the budget
elasticity of demand{ hg, is a function of pi and m, so
that the values of h% can change as price-income combin-
ations change., The second point is that, due to the greed-
iness assumption A,3.3, which implies that a consumer

will always spend all his budget, it is impossible for all

products to be neutral or inferior, consequently at least

J

one must be superior, i.e, have a positive hm°

2) This is the Hicksian definition of an inferior
goods as opposed to one which depends on the

Giffen paradox.
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It is against this background that we can turn to analyse

the special characteristics of the demand functions facing

- the store managers. For a meaningful assessment of the impact

of changes in consumers' income on the firm, the demand functions
developed in sections 3;2 and 3.3 have to be analysed

in greater detail, To the existing data, budget

elasticities for each product and service have to

be added, and this has to be repeated for each SEG

since we assume (and empirical data supports it)

that SEGs respond differently to changes in their

income,

This data can be clearly presented using matrix not-

ation, hence:

hrjr‘] hr?l ...".'....'.}]II:I
0,1 Mo,1 0,1

hé. i
0,2

h; hg
0’1{ . . < [ ] e 2 . -3 L 2 0’1{

Table (3.3): RBD Matrix

Where the Regional Budget Elasticity of Demand (RBD)
n

m..
0,k
budget elasticity of demand of SEG k's deménd function,
at the point defined by budget My s for good n..

table elements are defined as follows, h is the

The above table, however, does not provide the full

data requirements of the store planners. In addition,
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the firm would need to know the distribution of budget
elasticities of demand in order to be in a position to
evaluate the net aggregate effect of the exogenous

change in income level, a consequence of the catchment
area not being equally divided between SEGs, For this
purpose, the data related to the socio~-economic distri-
bution of the population living in the trading area can
be used to weigh the relative importance of the different
budget elasticities. Let us formally represent the socio-
economic distribution of households in the catchment area
by a diagonal matrix, where each of the non-null elements
s,» represents the number of households belonging to

SEG k, and the trace of which is the total number of
households living within the boundaries of the catchment
area, The product of using this latter matrix as a
premulfiplier on the RBD matrix is the Regional Weighted
Budget Elasticity of Demand (RWBD), This can be formally

expressed by:

s;00.. .00 |nt n2 . o R
0,1 0,1 0,1 0,1 0,1

0 Sz L4 . L 0 h[]ﬁ L] L] L] . L] L] h[r;i b; L] . L] blrrl]
0,2 0,2 0,2 0,2

1 i n

O S h n D . o L] b

‘ * * ‘ ¢ 1{ m L] o . . . L3 h . m m
0,k My Kk 0,k 0,k

where bY represents the budget elasticity of demand of

0,k '

SEG k, for product n, at the point defined by m, and

weighted by the number of households belonging to SEG k.
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A more meaningful measure of the effect of a change infhe
:.consumers' income is the value of the change in monetary .
’ units "specifically the’value'of the incremental sales. .
| As the data in previous sectlons points out, SEGs do not _
_ ,dlffer solely in their expendlture pattern, there is alsq:?} ; 
_a dlfference between the SEGs' _average -annual 1ncome.m3Asfﬂ~?v‘
“a result the 1ncoporat10n ‘of income 1nto the RWBD matrle_-[;ff*
‘1ntroduces a second welghtlng, thls tlme accordlng to thef o
'f-average SEG 1ncome.' Let us formally represent the dls—>¥7f:'A-

. :Qtrlbutlon of SEG income by a ‘diagonal matrix, where the
Do l;iénon-null elements k,'_represent the annual 1ncome of o
-” ";#PSEG k Ve use thlS 1ncome matrlx as a premultlpller on

r”‘the RWBD matrlx hence

j 1s the budget elast1c1ty of demand of SEG k for N
= -0 k ‘n’ deflned at point my and. welghted both by the %i,

;“%31ze of SEG kK and its average annual income, - ‘The product if;;

_;Vﬁfof the multlpllcatlon is the Net Budget Elast1C1ty of L
Y Demand (NBED)._ e S

..The net reglonal effect of a change in 1ncome ‘on the demand :
Afor product i can. now be ‘expressed as a summatlon of column f*”
. For each summation, the three poss1b1e outcomes are :
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k
if P c >0 consumption of good i will

m
z=1 0,2 increase with income.
koo
if L < = 0 consumption of good 1 will
z=1 0,2z remain unchanged with changes
in income.
k i '
if z c < 0 consumption of good i will decline
_ m
z=1 0,z

as income increased,

Clearly the overall regional éffect for all products and

services must equal the changes in regional income, hence:

s Al
1 2 2,

=
[ e o

0,z z

where AIZ is the income increment in SEG z's income. There
1is no possibility of determining the net regional effect

a priori to the incorporation of the budget elasticities of
demaﬂd of all SEGs, the sizes of the SEGs and their annual

average income,

3.4.3 Price Effects

We ncw turn to examine the effects of a price change. This,
being a managerial decision parameter, is probably a more
practical topic from the firm's point of view. 1In 2 manner
similar to the treatment of income effects, i.e., using
Cramer's rule, Hadar defines:

. o D. . . D, .
ny = endjept = - - X7 -2l (3.15)

and similarly the sign of hg is indeterminate, since the
right hand side of Eq. (3.15) involves cofactors of D,

whose signs are not restricted by the conditions of utility
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maximization., Two points need to be borne in mind;
first, that a change in the price of one commodity can
have an effect on both the quantity consumed of the
product itself and on the quantity consumed of other
items. Secondly, these changes can be split into a
substitution effect and an income effect. This chara-
cteristic of the price change is due to the fact that
price variations have a direct effect on the consumer's
purchasing power as well as presenting him with a new
relative prices structure, Since these two effects can
operate on the demand function in opposite directions
and the store manager is interested in the net effect,

we will examine the sum of the two cffects,.

A formal illustration of the separation of the total
price effect into its two components is the Slutsky

equation, which, using Hadar's notation, can be written:

) = 83 - X'nJ (3.16)
where the two terms on the right hand side stand for the
substitution and income effect respectively, Using
Eq. (3.16), we can examine both the own-price elasticity
of product i, and the cross-elasticity of the demand for
project j following a change in pi. The case where '

1= j, i.e. the own-price elasticity of item i, is
represented by Table (3.5), Hence:
i3 s i ood oz ond j
(3) Si hm X hm Si Xihm hi Type
N
>0 <0 2 o)
Z . . < -
<0 < m
s a
<Q >0 1
<0 >0 Giffen

AY

Table (3.4): Own price elasticity



and for i#Jj ;

(4)

J o _z 3 J gyl 4
hm xihm Sm kihm hi Type

< <0 |J is GC for i

> >0 {J is WGS for i

<0 >0

<0

ALV

=() =0

<0 |j is GC for i

<0 >0

tA
v

~0 |Jj is WGS for i

Table (3.5): Cross price elasticities

3)

4)

That S£<0 for any i=j is the Fundamental Theorem

of Consumption Theory, known also as the Law of
Demand, which states that a compensated change in
the price of the good (the compensation being
equal to the loss in real income) always causes

a decrease in the quantity demanded of that good .
This result is valid only for compensations through
nominal income changes, If real income is kept
constant by suitable changes in prices, the theorem

does not necessarily hold.

The Sg values in Table (3.6) are known as Hicksian
substitutes which represent a symmetrical relation-
ship, contrary to that reflected by gross substi-
tues., Clearly, since Sg>0 Tor all i=j at least

one Si must be positive where i¥j.



where GC and WGS stand for gross complement and weak

gross substitute respectively.

Returning to the problem facing the decision makers
in a department store, clearly the store planners
would require both own price and cross price elasti-
cities before formulating a pricing policy. The data
required by management for such purposes can be

illustrated in a matrix form, hence:

1 1
hl . . L] . L] . e . v hn

2 2
hl L] . L] L] - L4 L] . . hn

n n n
hl . + Ld . . e . hn—'lhn o

Table (3.6): Price Elasticity Matrix
for SEG k

where the element hg—l in the Price Elasticity Matrix
(PEM) is the price elasticity of the demand for product
n as a result of a change in p" %, Obviously, the
elements on the main diagonal represent the own price
elasticities, i.e. hg for i=j, and all other elements

the cross price elasticities, i.e. where i # J.

Two goods can be substitutes for one type of consumer
and complements for another. Since the firm is inter-
ested in the cverall price effect within its catchment
area, an aggregation of cross price clasticifies over

all SEGs is necessary. As in the previous case of



income elasticities, a weighting by expenditure and
number of households of SEG k is to be incorporated
in the model., Hence, by definition:

k .k .. .
i i .
i (szEz/zilszEz) =1 1i=1,2,.,,n (3.17)

where S, is the number of households in the trading area
belonging to SEG z and E; their expenditure on product i,
By doing a scalar multiplication, i.e, GZ on_PEMZ

] and

a matrix addition for SEGs, we produce the Regional Price

Elasticity of Demand (RPED)'matrix, which can be illustrated
as follows:

51 sl
1 L] . * . L ] - L ]
. 2 2
6]- . ¢ L ] L] L] L ] L] - Gn
n n n
6 L o L L] L] Gnnlan

Table (3.7) : RPED Matrix
Where 62_1 is the price elasticity of the demand function
for item n in respect to changes in the price of product
n-1, weighted by the number of households and average
expenditure of the z SEGs, i.e,



3.5 SUMMARY

Studies designed to assess the trade available in the area
surrounding a store, and to establish the share likely to
be secured by it, can provide guidance to retailers on
their management decisions, This chapter discusses various
methods of estimating these values, and the factors which

determine them,

We divided the process by which a potential customer is
attracted to a store into two stages. First, we examined
the stage in which a shopper selects the shopping centre
he will frequent among those operating within the catch-
ment area of the store. The measure of attractiveness
was reduced to two parameters, the competing centres'
floorspace, and an inverse relationship with the square
of the travelling distance between the customer and the

centres,

Having established the probability of customers from diff-
erent points in the trading area being attracted to the
centre in which the store under examination was located,

we analysed the second stage in the process, i.e. that

of the customer selecting a store within the centre. We
established, through talks with store managers, that three
factors affect the potential buyers' second decision, spec-
ifically floorspace, stock levels and manning. From this,
and a combination of socio-economic data, we produced the

store's market share, defined in terms of sales.

If this information is to enable the retailer to develop
an effective strategy for his store, namely what to pro-
mote by allocating more resources, some idea of the
response of demand to such changes is vital. Consequently,
we discussed some of the topics related to regional demand
functions, such as the definition of a rational consumer
behaviour, the effects of changes in demand as a result

of budget increments, and the various impacts of price
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movements both on the product whose price changes, and
on its complements and substitutes, This was done tak-~
“ing into account the relative buying power of the var-
ious SEGs in the particular trading area.

A successful application of this model depends on the
store manager possessing an equally good understanding
of the way the internal environment, i.e. the store
itself, functions, and of the interaction between the
two environments., These, and their managerial impli-
cations, are the subject of the chapter which follows.

It is worth noting that any managery who requires the
data required for computing a store's potential
need not go through the long and tedious process of
collecfing all the data sin. order to use our model.
These data are available from commercial firms, whose
business it is to calculate the potential demand in
any area defined by its reference in the U.K. grid.
Such an example is SITE (140), which uses a combina-
tion of public and private data to provide this kind

of service,
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CHAPTER 4

MODELLING A DEPARTMENT STORE
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1SN

.1 THE STRUCTURE OF A DEPARTMENT STORE

4.1.1 The Store Manager's Problem

Certainly in the group which we were studying, and gen-
erally in many such groups, the store manager has consid-
erable autonomy provided that he (or she) is reasonably
successful, The manipulation of certain'décision para-
meters 1s under his own control; hence the title of this

section,.

Superficially, his problem is easily stated: for each
item in the store, and this may run into thousands, he
has to match supply with demand in such a way as to opt-
imize some objective(s). Supply is very much under his
control, and as such is a primary decision parameter;
unfortunately, demand is not fixed and independent of a
number of other parameters under the manager's control,

As we have discussed in great depth in the previous
chapter, it is possible (in theory, at any rate) to
compute the potential demand that the consumer will

place on any particular shopping centre., A department
store manager in such a centre can do little to influ-
ence this potential demand, assuming, of course, that

the size of the store is small in relation to the over-
all size of the centre, The assumption is likely; dep--
artment stores are usually (invariably) placed in large
shopping centres.

Once the consumer has arrived in the shopping centre, the
influence that the manager has is considerably in-
creased, He is competing using the resources at his dis-
posal with the other shops and stores in the centre for
the consumers' attention. 1If he increases the resources
2llocated to one particular item, ceteris paribus, he

must increase the demand in his store for the item.
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But, the manager's problem has not finished, The re-
sources he is allocating are strictly finite, and hence
the various items are in competition with one another,
For example, short of rapidly expanding the store, the
total selling floor space is fixed; if more space is
allocated to one item, less space has to be allocated
to another, The demand for the former .may increase,
but for the latter will decrease, which could result
in a net detrimental effect on the manager's objective.
Thus, the manager has to decide upon the optimal allo-
cation of these resources, a typical mathematical pro-
gramming problem, although of course highly complex.
The next sections will discuss the construction of the
various relationships necessary to solve the manager's
problem optimally,.

4,1.2, The Scarce Resources

In the previous chapter, we briefly mentioned the fact
that when asked, store managers in the group reached a
consensus about the existence of three major factors,
namely: floorspace, stock, and labour, that would
influence demand. In this section, we discuss some of
the characteristics of these inputs.

a) Floorspace is perhaps the most obvious scarce

resource. It is obviously limited by the
physical size of the store and also, ceteris
paribus, an increase in the space allocated

to a goods should increase its relative demand.
However, in practice it is not as simple as
that: floorspace is not homogeneous in its
appeal. If we adopt as an index profit/sq.ft.,
then the index decreases as the distance from
the ground floor increases. Also, the space
on each floor may be subdivided; prime space

is opposite the main entrance, good space
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b)

is opposite the side entrances and the mouths

of escalators and lifts, whilst the rest is simply
standard space., To increase the space allocated
to a good and simultaneously move it to a worse
kind of space, neced not necessarily increase the
demand for that good at all.

This lack of homogeneity presents a major problem,
What we would like to do is construct a model that
would ultimately compute the amount of floorspace
that should be allocated to a particular item and
also where the floorspace should be located., This -
would require éuch data as the change in sales as

a goods is moved around the store: +these data are

just not available, nor are any records kept.

Stock - :Generally, department stores have little
storage space, their total stock being usually

on display to encourage the customer, The manager
faceé the classical stock control problem (except
that here it is exacerbated by the fact that demand
is a .function of the. stock level) examplified by

two situations that may occur:

i) the level of stock needed to generate
a certain level of demand is greater
than that level of demand, which implies
that there will always be unsold items
on display. This may create problems of
stock turnover and cause low profitability

returns per stock item,

iij the level of stock necded to generate a
certain level of demand is less than that.
level of demand, which implies that custo-
mers will have an unsatisfied demand, and
sales will be lost., This situation
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¢)

is generally an anathema to managers who
primarily see themselves as traders rather

than businessmen,

There are further complications, namely that the
stock level must be restricted by the floor space
available .and also by the working capital funds.
The store can only afford to hold limited stocks.

~

Labour: In the front line of any store are the

sales staff. Such staff are extremely important,

as they directly influence the customer. As the
level of staffing drops, the waiting time of cust-
omers increases and ultimately demand will decrease,
But staff are a direct cost to the manager, and as
such he has to decide upon a suitable level for
each item., His task is complicated because many of
the staff are specialists, and thus are not inter-
changeable.
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4.2 A HEURISTIC

So far, we have outlined the various scarce resources

that a manager must allocate and discussed the restric-
tions and interdependencies that impinge on each.
Before we can proceed further, we need to define the
relationship between the store's internal and external
environments, and identify the objective that the man~

ager is trying to optimize.

Basically, we can assume that, irrespective of the resource
allocation policy adopted by the store manager, the store
cannot attract a demand which exceeds the total potential
of the shopping bentre in which the particular store oper-
ates. Even the case of the individual store attracting the
full potential demand of the centre seems highly improbable
in view of the assumptions made earlier concerning the
relative size and influence of a department store. 1In
other words, the potential demand generated in a centre

can be treated as an upper limit on the sales a store can
hope to achieve, In terms of the constraints limiting the
options open to the store manager, we can view the infor-
mation sent by the external environment surrounding the
store as a fourth constraint to be added to the constraints
generated by the finite amounts of floorspace, labour and
stock. This concept is graphically illustrated in Fig.(4.1)
where the inter-relationship between the store and its
environment and the intra-relationships within the store

are reflected,

As for the objective the manager is trying to optimize,
the evidence for the identification tends to be contra-
dictory, While most managers in isolation are primarily
concerned with turnover, they are principally traders, and
their status increases with turnover; furthermore,in the
group the pecking order of stores was based upon turnover,
On the other hand, taking the group view, store contri-

bution (an approximation to profit) is a much more useful
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Fig., (4.31): A Department Store Model
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objective and the one that the head office is principally
concerned with. VWe adopted a pragmatic approach: as we
had been briefed by the head office, we used a profit-
ability objective.

As we have seen, it is possible to formulate this problem
as a mathematical programme., The profitability is easily
calculated as the prices of goods are fixed; buying costs,
costs of floorspace (rent, rates and depreciation) and
labour (various hierarchies of sales staff) are all easily
obtainable, The different types of scarce resources,
their limitations and inter—relatiqnships with each other
and with the demand function, have been described. So one
could solve the allocation problem as described relatively
easlly, although the model might be extremely large. Sec-
tion 4.4 describes simple models and discusses appropriate
solution methods.

However, our first appfoach for the management of the group
was not to use an MP, but to develop a heuristic. The
heuristic made certain gross assumptions, but it had the
virtue of being easily and quickly understood., It started
by assuming that, just as the division of demand between
centres was on the basis of relative floorspace, the poten-
tial demand in 1 could be divided up in proportion to the
relative floorspace in C - i.e,,

Bos
Cos

D, = (

Y
3 ) D%

L

where the subscript 2 refers to floorspace.

For each item, or rather group of items (i»various (p) discrete
ip’p = 1, 2, ... With

each level were associated four figures: the profit gen-

sales levels were identified, S

crated by that level of sales (Pip)’ the space required

for those sales (SPip), the stock required for the sales

_70...



(STip) and finally the level of staffing required to
achieve the sales (Lip). Rather than considering every
possible combination of scarce resources as the MP would
do

One detailed concession was made, namely to divide the

, the heuristic looks only at certain a priori values.
floorspace up into different types. 1In a three-floor
store, we examined, we identified seven grades of space
depending on the floor one was on, and whereabouts on that
floor., This involved (in theory, at any rate) producing
the above figures for each type of space as well (let the
subscript t denote the type of space). Calculate as a

profitability index, the profit/sq.ft.

-

Pipt = Pipt/spipt ¥ i,p,t.

For each scarce resource, we assume certain known limita-

tions, which are easily ascertainable from the manager.
The detailed heuristic is as follows:

STEP 1: Scan the matrix P for the highest figure;
let this be ﬁxyz‘ As decreasing returns
to scale were assumed, the greatest profit-
ability was generally at the lowest level

of sales,
STEP 2: Calculate the running totals:

i) add SPny to total floor space of

type t so far consumed,

iij add STxyz to total value of stock
held so far.

iii)add LXVZ to total staff employed

so far,.

STEP 3: Compare the current usage of the scarce
resources with the limitations, If any
constraint is violated, go to 4, Other-

wise go to 5.



STEP 4: Identify the accepted item with the
lowest profitability. Delete its current
level from further consideration and
adjust the running totals accordingly.

Go to 3.

STEP 5: Delete from further consideration,
This ensures that the same item
will not be spread out on
different types of floor.

STEP 6: If there exists spare capacity and some
items still have to be allocated, go to
1. Otherwise calculaté store-wide fig-

ures and stop.

In STEP 4, we used three different decision rules to
identify the item to be deleted:

i) by cancelling the smallest value in
- the initial solution;

ii) by cancelling the item with the smallest
marginal fall in profit;

iii) by cancelling the item with the smallest
percentage fall in profit.

Such an heuristic is not optimal, but it does enable the
treatment of, e,g., the discreteness of labour, non-convex
profit functions, discontinuities in floorspace, as well

as being extremely rapid to compute, Data collection is

a major disadvantage and, whilst we have demonstrated its
ﬁsefulness to the management, the application to an entire .
store is still in the future. We now present some of the
results of a numerical example run on partly arbitrary data,
consisting of 18 product groups, 7 types of space on 3 floors

and 5 1levels of performance for each product.
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. 4.3 THE STORE LAYOUT

4.3.1 The Store Layout Problem

The'problem of deciding upon the physical layout of goods S
in a department store is a complex and important issue
for its management. The importance of product dlsplay s
.area indbretail 'stores has causedcnmaauthor Cairns (23)
"to deflne the retaller as a merchant of produc¢ display 'jff
- area,’ Consequently, as Anderson (4) p01nts out the o
-f~determ1natlon of the shares of display area has become v
igﬁ;’.f&xone of the ‘most s1gn1f1cant short—run dec1S1ons of retall_v'

*'v;f,_management O

T The tradltlonal theoret1ca1 approach as representcd by o
1f;jCa1rns (26), Buzzel 'f; Salmon and Vancil (24), Hubbard L
f(76) and Curhan (36),_assumes a dlrect relatlonshlp exlsts_

@ﬁbetween the amount of shelf space used by a: product or a
_ﬁfbrand and 1ts sales Brown and Tucker (23) suggest that
'lfthis relatlonshlp varles for dlfferent 1tems that for”

gitles dlsplay exposure may be regarded as a dlscontlnuousf
alncrea51ng concave functlon that eventually reaches a. :.“‘
fmax1mum for some finite quantlty of shelf space whlleﬁl;
fothers are completely 1nsen51t1ve to quantlty of dlsplay

lfHoweVer ;whlle ‘the 1mportance of the layout of goods is fff
| ;reCOgnlsed by most the varlatlon between layout formulae
-L:used ‘in practice is ‘quite impressive, In Fig. (4. 5) we
'l_prov1de a graphlcal representatlon of a debate concernlng
-:-the phy51ca1 layout of goods in a department store that A
ex1sts w1th1n a UK retail group.’ Thls example 111ustrates .
'lfthe ex1st1ng ‘differences of opinion which are the result ‘
of the use of a.-blend of experience and 1ntu1t10n by man—::
agement when deciding upon the exact locatlon of a pqrt—"
_ dicular item within a store. -

-77-
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g';'s'r OF NOTATIONS FREQUENTLY USED IN CHAPTERS‘5, & _AND 7

bs; - ‘the systematic risk in the return of store i,
b, - the systematic risk in the return of product‘llne m.
| Csi . - ‘budget constraint of store i.
,csi - expected cash flow of store i.
S C -~ unit cost of resource k.
"‘Cj-f -~ budget constraint on firm j. .
.ng"v» M:—‘»product line m s budget.
—. expected cash flow of the capltal market
A.A‘E(RS ) | a;  expected rate of return of store i.
_ ‘ E(R ). ‘:3f—i“eXpeéted'rate of return of firm j. o
;:f“,.E(RM) i n F]"expected rate of return on the market poxtfollo of B
oo risky securities. _ _
'f.E(RLm) ”v ?U_expected rate of return of_pfoduct line m,
oH oo e - thes price of r1sk S B ' : o
‘; L#“7y;f§f7; target debt. ratlo s ﬁ;@f1-   : ;if£:;fT;?%£[fi$¢f¥;A
{7ug@sis,':fﬁ : javerage unit price of store . i. ‘ '
S Pj ‘ ‘ v;f. the prlge_oﬁ the j'th securlty.
';tﬁmif"f$ ‘ fv5unit price'of product line m.
|  ‘QS;&”15v,_j;“sa1es of store i.
2 "Qﬁ; i‘fj-ﬂf;_sales of product 11ne m.
_'RF5_, V_f'j 'r;sk -free rate of return, ,
.ngfya l%:;fﬂifhe total market value of all stocks. .
'ffVSif", L  f£gaverage unit variable cost of store 1..‘,
Vg - a dual varlable.
v - unit varlable cost of product line m.
WO - ,wealth of portfolio holder at the’ beginnlng oi
the _period. : T
Wl - wealth of portfolio holder at the end of the perlod
W; ' - a dual variable,. o B
oy - the proportion of the total resources allocatgd:to,‘
.store 1i.
ai - the amount of resources allocated to store i.
mk - the prqportion of resource k allocated to product

line m.

- 97a -
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the proportion of_resouree k allocated to store i,

the amount of resource k available to firm j.

a lagrangian multiplier,.

an integer decision variable.

the market price of risk.

the mean of the return of a portfolio,
the’COmplementarity effect of having product lines
i and m in the portfolio, ' |
a dual variable.

the correlation between assets i and j.

the partial correlation between assets i and j.

. the variance on the returns of store i.

" the standard variation of the return of store i.
.'asset i's partlal standard varlatlon '
.zthe tax rate. o , v o -
q;after tax return before investment is undertakén.r

after tax return after 1nvestment 1s undeltaken

L a dual varlable v : Y :
a constant in corporate ‘céntre's objective function.

‘a ‘constant in store manager's objective function.
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:While it cannot be totally dismissed, this method suffers
: from the disadvantage of relying on subjeétive assessments
Wthh tend.to differ considerably, even within the same

.firm, and it is virtually impossible to determlne a
pr10r1» one layout's supremacy over another. - The 1nevif€“'
able conclu51on of all this is that there is some place:‘.
for a more systematic approach to the 1ssue of sStore
1ayout , an approach which would take into account the'f

‘relatlonshlp between various products and serv1ces “1th1n __""

heystore.as percelvethhrough customers' behaviour,

“*4;4;5.2;:Fo}mu1at155”5f”the Problem

%The store layout problem has certaln characterlstlcs .
fwhlch are not unlque to the reta11 trade In fact, it,f
fcan be deflned as a- spec1a1 case of the fa0111ty 1ayout
;problem or more generally as a quadratlc a351gnment "
;problem The quadratlc a551gnment 1s ‘a ‘more advanced nEER

ﬂ‘formulatlon of thls problem 77"“1s 51m11ar to that
of the llnear a551gnment problem ,which is a spe01al
case of the we11 known transportatlon problem '

ijThe quadratlc a581gnment problem can be formulated as
follows' e D e .

e oL ; Cot
Lo [ "
P R [ 4
o t
LR - .

glven'n cost coeff1c1ents ClJpq (1 J, p q ~'1 2,.....,.;n)3j”
determlne n X n ‘solution matrix RS = | klall ‘50 as’ to
mlnlmlze z z z by Cl. Xi‘
rnimiae &£ 5T Cugpas e
SubJect to the follow1ng constralnts

):"le..—-: 1 : (l = 1’2,..."11),‘

- :
?{ij = 1 (J = 1,2, .’oo,n)

4, if i s assigned to j

_i O otherw1se

- -79-
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Koopmans and Beckman (89 formulated a less general form
of the quadratic assignment problem. Their own formul-

ation is as follows:

Let it be required to assign n facilities to
n locations in such a way that the total cost
of interfacility transportation is minimized.

)

Two n x n matrices, D = (dij) and W = (wpq
are given where:

djq - cost of transporting one unit of
commodity from location j to

location q.

Wip ~ number of units of commodity to be
transported from facility 1 to

facility p.

Each mapping of facilities to locations is rep-

resented by the n x n matrix X = (Xik)’ where

N
X.- ; £1, if facility i is assigned to location k
Sik

0, otherwise

In other words, the Koopmans-Beckmann problem is to mini-
mize the dot product of D and T with respect to a symmet-
ric permutation of the rows and columns of one of the

- matrices. That is to minimize T(XDXT) where XT is the
transposed matrix of X. It can easily be seen that the
Koopman-Beckmann formulation is a special case of the

general formulation with C, = The coefficient

ijpqg ~ %3q Vip
Ciqu represents the cost of transportation from plant i
at location j to plant p at location q.

In the objective function of the Koopmans-Beckmann form-
uvlation, an additional linear cost function may be added.
This may be of form AX. 1In practice, the cost matrix A

may represent the cost of assigning a particular facility
to a particular location. In the Koopman-Beckmann form-

ulation and using a permutation notation, the problem



is now to

minimize . .
ip(1)

R
TSR

w.. d . . +
1 X3 e(1) p(J) i
subject to p(i)eSi for i = 1,2,...,n

where the notation p(i) is the position in which facility
i is located, and S; is the set of locations whose charac-
teristics (size, proximity to service areas, etc...) are

compatible with the requirements for facility 1.

4.3.3 Methods of Solution and Results

The literature ccntains several algorithms for solving the
quadratic assignment problem, a comprehénsive survey of
their relative merits and the programmes used later can
be found in Alli's (3) study of plant layout., In the
context of our problem, it is sufficient to state that
two suboptimal algorithms were tried when solving the
store layout problem. These were based on the works of
Hillier (72) and Armour and Buffa (9), and were a combin-
ation of '"constructive'" and "improvement' techniques.
While the first method starts with a null solution, the
latter improves nen-null ones. As for the "improvement"
methodology, we tried two heuristic techniques:

Steepest Decent Pairwise InterchangeA(SDPI),
and Steepest Descent Three-~Way Interchange (SDTI),.

Using the notation similar to Graves and Whinston (59)

-

and Loss (¢6), the following matrices are defined:

o
~aL



A= (a.,.,) n x nmatrix,
1)

aij —- site cost of assigning facility i to

location J,.

Q = (qij) n x n matrix,

qij - interaction between the facilities i
and j

C = (Cij) n X n matrix,

Cij ~ cost per interaction unit between

the locations i and j.
p(i) - location assigned to facility 1i.
(k) - facility assigned to location k,

ice. 8(k) = p (k).

For any particular layout, the total cost of assigning
facility i to location p(i) and facility j to location
p(j) all over the possible values of i and j is given
by: -

n n

Z Z q

n
e I FRCICOIED

i=1

where TC(P) is the total cost of the layout denoted by P,

In the context of the problem of the layout of goods in a

department store, the following interpretations can be

given to the above matrices:

A the elements of this two-dimensional array represent

the cost of ascsigning a particular product to a
particular location in the store, eg. the cost of
developing the site accommodating the new depart-
ment,

Q the elements of this two-dimensional array represent

the flow betvween any pair of produets, i.e, the

degrea of substitutability or complementarity

-8~



between the two goods, defined in Hicksian
(symmelrical) terms.

C the elements of this two-dimensional array
represent the distance between any two lo-
cations in the store.

Ye now present some of the results of a numerical example

run on arbitrary data. The size of the problem is 12 x 12,
we start with a null solution, construct an initial
solution, and then improve on it using SDPI and SDTI res-
pectively. We assumed there was no different in the cost

of developing sites between the products, hence the null

site cost matrix. Both methéds improved the initial solution
and ended with the same final sub-optimal layocut. 1In view

of the short time it took to run the two methods, no meaning-

ful comparison as to their relative efficiency can be made
on the basis of our example.
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4.4 OPTIMIZING MODELS

We now return to the optimizing model as this is probably
of longer~term interest. One fundamental assumption
throughout the work above is that of determinism. Yet,
when all analyses are performed, and the manager has
allocated his resources, the final demand is still very
much unknown. The sources of this uncertainty are mani-
fold; errors in the potential demand computation, the

form of the demand function, a shift in buying patterns,
and so on, But any worthwhile model must attempt to take
it into account. However, before we Suggest such a modei,
we present a deterministic model which, despite its simpli-

city, highlights all the points made up till now.

4,4,1 A Deterministic Model

This model is a very simple one. It does not distinguish
‘between different types of floor space, nor different
grades of sales staff. It also assumes that all the items

within a group are homogeneous,

1. Demand

D. = D¥ { % (Bki)yk' } ¥ i
, = i} oa, A
0t k=1 ki 1
2. Supply
S; < By
5; 2 0Py
UFLEY

[
§A
o]
N
el

€]
in
)

.-90-._



where n is the floorspace consumed per item and© i the
selling capacity per member of staff, It is implied
that fractional staff may be theoretically considered
equivalent either to staff working in more than one
department of the store, or the empioyment of part-
time staff,

3. Overall
?ci Bli < M current asset constraint
i
? 821 < N total floor space
2 ési < 0 total level of staff

4, Contribution to Profit

Income Ip. S,
i 11

Outgoings icisi + r ?Lci(B1i - Si) + dEBZi + eiSBi

th item

where"pi and c; are the prices and cost of the i
respectively, d the charge per unit of floorspace, e the

labour rate and r the interest charge on stock holding.,

Other than the demand function, this model is a LP. It
is possible to approximate the demand function by only
allowing small variations around the current status quo,
i.e. : '

i(%é% - 1},ykiai} | ¥ i

0 s
Di £ Di 11 +

=

using o first order approximation of a Taylor series
together with the fact that: '2D
* e
a2 -0
3B, .
ki

=93~



If this approximation is incufficient,. then because Di
is monotonic increasing in all Bii? it is highly possible
that a simple application of an iterative linear approx-
imation technique (see (74) for further details) might
suffice (14).

4,4,2 A Stochastic Model

How a stochastic demand is to be included is still very
largely a matter of discussion, However, for the want

of any better information,'we made- the gross assumption
that the demand is distributed with an expected value
given by thevdemand function (Di) and a fixed exogenous
variance (0?). This implies no increase in the uncertain-
ty as the market share increases, It 1s supposed that an
estimate of this variance may be provided from the histor-
ical records of the store, together with the experience

of the manager.

In the vernacular, the desired stochastic model is an "here
and now" one (149) because the resource allocations have

to be performed before the actual demand can be observed.
The class of models may be subdivided further into indirect
corresponding to the active approach of stochastic linear
programming (135, 145), and direct. We will concentrate
~on this latter set, which contains both chance-~constrained

models and recourse models,

If the deterministic model is defined as

Amax. p(x) s.t. £ () <D xev}

—

where p(.) is the profit function, X the set of decision
variables, y the feasible space defined by the inter-
section of all the other constraints, f£(.) a vector (of
dimension equal to the number of items)represanting

~

[sales + expected demand] and finally D a vector of

~02~



random variables with zero mean and standard variation
g. Before we can proceced much further, we have to dis-
cuss the effect of this uncertainty on the manager. It
implies that there are times when he will have allocated
resources to account for a particular level of demand,
and that the demand has fallen below this level, thus
reducing his profits. The chance-constrained formulation
comes to hand immediately; the wuncertainty
in the model being catered for by Pr{f(x)< ﬁ }>o0. This
model restricts the violation of the demand constraint
to, at the most, (1 - ai) proportion of the time, for each
item, The certainty equivalence of these constraints is
simply: ‘

£.(x) < Pt (1 -q.) ¥ i

== Ti i

whefe Fi—l(.) is the inverse cumulative density function
of D;. The uncertainty here is measured by o and it is
quite feasible to generate a surface {p*(x),a} as natur-
ally o and p* are inversely related,

However, such a model does not really get to the heart of
the manager's problem, His objective is profit and, at
the end of the day, trading risk must be measured in terms
of lost profits,

Writing the model as

{max. p(x) - g(f) - h(y) s.t. L(x) + ¥ -y =

Y 20 ; x €V}

10

PR A
where g(y+) is a measure of the profits foregone as demand
was greater than allowed for, and h(y_) a measure of
profits lost due to the overallocation of resources, Such
a model can be simplified by assuming, a priori, that the
manager would find acceptable a certain minimum profix

level (p*) or a range of market shares, cay {&L’&u}'
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This would remove the profit function from the objective,
which now becomes {min. g(y') + h(y )}. This model is
an example of a programme with simple recourse and as
such has been studied in some detail (152, 158).

Unfortunately, it is not easy to solve, unless some further
simplifying assumptions can be made. Let us assume that
the penalty functions are both linear, e.g. h(y ) = ;hiyi—
and that we are concerned about the expectedviolatioﬁof

the demand constraint, so that g(z+) = 0, then the objective

’

may be written as:

max.  p(x) - ghy f{f;(x) - Dy} dF(D;)
1

integrating over the range
| > N
fi(§) - Di

For an appropriate distribution, e.g. uniform, the object-

.ive becomes:

) h. ~n o
max.  p(x) - 1/4 p (=2 [f,x) + B,] 2
1

D,
i

7

where Bi v R{ —Bi’ + Bi} . This may be easily solved using
either a Quadratic algorithm (if the LP approximation for

f(x) is suitably valid) or some non-linear algorithm,

Another approach, because the integral is in the objective
Tunction, and because the integral is monotonic in Ii(x),
we could use again a version of linear approximation prog-

ramming,



4,5 SUMMARY

In this chapter we have attempted to describe and
model how an individual department store operates,
what are the constraints under which it must act,
and . the various decision parameters under

its control, 1In the process of our analysis we have
had several discussions with managers in the retail

trade which have lead us to the conclusion that, in
practice, the manager of a department store operates

within a set of constraints which are generated by

three different sources.

The first source which iimits the store manager's
freedom is the environment in which his store is lo-
cated, This external constraint requires the manager
to tailor the types of gooeds he stocks to the tastes
of the population attracted to the shopping centre

in which he operates., In spite of this need being
obvious, the store manager may find it difficult to
accommodate his potential customers' needs, since it
often conflicts with the other two sources of restric-
tions, namely the limitation on working capital and

the finite amounts of local resources.

The second source of constraints is the corporate
centre, which not only sets targets,but also allocates
the total corporate resources between the various act-

ivities of the firm, i.e. determines the budget avail-

?
able to each store. A third and less obvious restric-
tion imposed by the firm's headquarters is on the supply
of goods, In practice, the manager often finds that
the purchasing requirements of his store conflict with
the overall procurement interests of the firm. Such a
case may arise where the centre is offered a quantity
rebate on o certain product and consequently applies
pressure on local managers to request the discounted

item for the centre’s order to recach the minimum size



needed, Pressures of this kind tend to create a certain
discrepancy between the type and quantities of products
" actually on display in a store and the range of goods
the local manager would have liked to see,.

The third and last type of restriction originates from
the store level, Obviously, local factors such as the
quality and quantity of manpower available, and the total
amount of floor space cannot be changed in the short
term, not even by some corporate decision.

In Chapter 7, we concentrate mainly on the second and
most interesting source of constraint on store managers,
i,e. the conflicts between local and corpbrate object-
ives, and how these can be resolved, 1In the following
two-chapters, we develop the theoretical framework nec-
essary for the relationship between a hdlding company
and its subsidiaries under uncertainty.

-9~



CHAPTER 5

CORPORATE CAPITAL BUDGETING WITH THE CAPM




5.1 INTRODUCTION

The importance of determining the appropriate cost of
capital for an investment project considered by the
firm can hardly be over-stressed. The cost of capital
is used extensively as a cut-off rate for new projects
and as a result, its estimation has become a fundament-

al part of many financial decisions,

Traditionally, methods were used in which the firm's
cost of capital was perceived to be the criterion by
which its capital investments were evaluated, Conse-
quently, -hurdle rates for new projects were assumed

to depend on financial parameters of the individual

firm,

These methods suffered from both theoretical and pract-
ical flaws, and as a result were generally invalid,

Fdr example, the "Weighted Average Cost of Capital"
(WACC)~criterion, one of the better known techniques

of that kind, not only fails to consider marginal
values, it also totally ignores the risk of firms and
projects, The practical drawback of using such methods
is the obvious need to calculate an appropriate WACC
for each and every firm because of firms differing in
their sources ofbcapital, investment strategy, and cap-
ital structure,

- The next step in asset expansion theory was to foresake
the methods using the firm's cost of capital for those
which are based on market data. Keane (87) presents a
clear analysis of the major points in favour of the use
of market data., The two main arguments sgainst using the
firm's cost of capital are, first, that in spite of the
firm's ability, thrcugh its financial policies to affect
the probability distribution of investment's cash flows,

it is beyond its power to influence the discount rate

e LR o TTTI N Tm T TrT LL T



required by the capital market to any particular probab-
ility distribution. 1In other words, the cost of capital
appropriate to the project is independent of the firm
which undertakes it.

The second problem when using the firm's cost of capital,
is due to the fact that it is an average rate, and there-
fore useless when evaluating investments of varying
maturities and risks, Clearly, it is necessary to com-
pare the performance of a project with that of a publicly
traded asset of similar maturity and risk,

However, despite the clear 'case for the use of market
data, this approach is nothomogeneouSand controversy
exists as to the correct method for measuring the firm's
cost of capital, Furthermore, market data required in
these methods do not exist for non-traded firms, nor
is it clearly defined for a division of a firm. The lack
of the latter becoming particularly problematic in cases
of highly decentralized firms. Using the firm's cost of
capital under such circumstances involves error, since
it is analogous to using an economy-wide cost of capital
for a single firm, a point discussed thoroughly by
Turnball (147). These difficulties not withstanding,
the use of techniques which rely on market data for
evaluating a new project's discount rate has become
dominant in financial theory.

Among the market data approaches, clearly the most in-
flvential (if one is to judge by the amount of literat-
ure it generated, and still continues to do) =~ is the
well known Markowitz Sharpe Capital Asset Pricing Model
(CAPM). Basically developed in the sixties by Sharpe
(136), Lintner (95), Mossin (110) and Fama (47) to
explain the behaviour of a security market, the CAPM

has been extended to investment evaluation models. Mean-—
variance capital budgeting models have been proposed by
Hamada (G66), Bierman and Hass (18), Rubinstein (125),

._99._.



Mossin (411) and Bogue and Roll (21).

Hamada (66) related an investment project's cost of
capital with its systematic risk rather than that of
the firm, which may or may not be the same. However,
measuring the systematic risk of a project, i.e. the
covariance between some measure of return on the in-
vestment and the return on all assets, using the CAPM
is very difficult and not practical in many situations,
Gordon and Halpern (58) suggested a model for calcul-
ating the cost of capital for both a non-traded firm
and a division of a traded or non-traded firm. Their
model computes the over-all cost of capifal for a
company then, on the basis of the allocation of the
firm's joint costs to the various divisions, generates
estimates of divisional costs of capital. However,
they assumed that the break-down of costs would be an
unsurmountable task, Jarrett (81) takes this idea one
step further by using estimation theory to solve the
allocation of joint costs problem. Although estimated
costs of capital are produced for the divisions, they
are highly dependent on accurate forecasts of account-
ing income numbers and underestimation of the cash flows
results in an error in estimating the cost of capital,
Although these models have all contributed to highlight
different aspects of the capital budgeting problems of
the firm, they can, as claimed by Senbet and Thompson

(134) be reduced to common egquivalence.

The most promising model, in the context of a decentralized
firm, menticned amongst the'above, is the one suggested by
Rubinstein, The main advantage of Rubinstein's approach

is his expansion of the firm's risk element to imclude
variables related to the production level, a point that
will be clarified in the following chapter, thus enabling
uvs 1o analyse the connection between various levels within

the firm, As a result, it is Rubinstein's model which we
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use as a basis for our study of the capital budgeting
problems in a decentralized firm, In section 2, we
‘start with a brief presentation of the CAPM and
Rubinstein's model. In section 3, we highlight the
main points of criticism the CAPM has drawn, following
which, in section 4, we discuss the capital market
equilibrium in view of the firm's ability to alter its
riskiness, and suggest an appropriate asset expansion
decision rule., In section 5, we prove, and demonstrate
the shortcomings of, Rubinstein's expansion of the mean-
variance theorem. In section 6, we present the case of
economies of scale in general, and in department stores
in particular, and suggest how these can be treated
within the CAPM framework. In section 7 we provide a
simple numerical example to illustrate our findings, and

section 8§ is a summary of the main points made in this
chapter.
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5.2 CAPITAL BUDGETING WITH THE CAPM

The CAPM provides, under certain assumptions, a theor-
etical relationship between the expected rate of return
and the risk of an asset under conditions of market equi-
librium., The underlying concept is the assumption that
there is a market rate of interest which reflects the
market's time value of money, and a market price of risk
which determines the premium or discount on the market
rate of interest necessary to produce the return from

any individual risk asset.

Furthermore, the model states that the expected return on
an asset is linearly related to its systematic risk, which
is a measure of the responsiveness of the asset's return
with the return on the market portfolio, which is com-
posed of all risky assets. This .can be formally expressed:

E(R.) = R

j F (5.1)

+ ACov (R, Ry)

R. =~ rate of return on security j (random variable),

RF - rate of return on riskless security,

RM - rate of return on market portfolio of vrisky
securities (random variable),

A ~ .a positive éonstant equal to {E(Rﬁ) - RF}/Var RM:

which is the familiar mean-variance security valuation

theorem,
This theorem holds, in equilibrium, for any security J

under a set of fairly stringent assumptions; thesc ass-

umptions can be summarized as:
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i) All investors are single-period expected
utility of terminal wealth maximizers who
choose among alternative portfolios on the
basis of mean and variance (or standard
deviation) of returns.

ii) All investors can borrow or lend an unlim-
ited amount at an exogenously determined

risk-free rate of interest, R and there

FJ
are no restrictions on short sales of any

asset,

1ii) All investors have identical subjective
estimates of the means, variances and
covariances of retuvurn among all assets,

iv) All asseis are perfectly divisible -and
liquid and there are no transaction costs.
V) There are no taxes, all investors are price

takers and the quantities of 2ll assets are
given, (1)

(1)

Recent work has focused on relaxing some of the
assumptions underlying the model by introducing
various market imperfections, Fama (48) has demon-
strated that, given an investor has a concave multi-
period utility function, he will behave in the first

‘period as if he possesses some concave single-period

utility function. Rubinstein(124) demonstrates that
provided at least two risky securities exist, the
existence of a risk-free security is not vital,.
Brennan (22) has concentrated on the effects of
personal taxation; Black (12) on the effects of
investing in only risky securities; Levy (93) on
the existence of a constraint on the number of
securities in a portfolio; Chen and Boness (32)

on the elffects ol uncertain inflation; and Mayers

{L03) on the effecis of non-marketable assets.

Footnote (1) continued..



The mean-~variance éecurity valuation theorem can be used
as a cut-off rate for new projects. If j refers to firm
J and Rj represents the rate of return on its equity, an
investment project should be accepted only if:

=0 =0 ’
E(Rj) s R + ACOV(RJ,RM) (5.2)

F

where E(ﬁ?) is the expected return on the project.

Since A may be interpreted as the risk standardized cost
of capital, then if Cov(ﬁg,RM)>O a firm should accept a
project only if:

=0
E(RS) - Ry

> A (5.3)
— O A
COV(RJ,RM)

where Eq.(5.3j is the "Market Price of Risk'" (MPR) asset
exXpansion criterion suggested by Rubinstein. The MPE
decision rule advocates acceptance of a project only .if
its expected rate of return, E(ﬁg), exceeds the approp-
riate risk-adjusted discount rate for the project,

RF + Cov(ﬁg,RM), i.e. the expected rate of return on

a security with the same risk as the project, The MPR

is gréphically illustrated in Fig. (5.1) ‘where only
projects A and B whose risk-return ordered pairs fall
above the Securities Market Line (SMLj_are to be accepted

by the firm,

(1) Centinued...

Turnball (148 ) has attempted to synthesize some of
these imperfections and analyse their combined effect
on the structure of asset returns, introducing in the

process a second risk variable.
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The MPR decision rule has several properties which on

- one hand make it a useful tool, and on the other hand
are the reasons why the MPR requires modifications if
it is to be used in the context of a decentralized firm.
The main advantage of the MPR is the fact that it is
an economy wide decision rule appropriate to all firms
and all projects. Furthermore, the MPR is independent
from the firm's variance of equity rate of return, ie,

notwithstanding cases of synergy, if ﬁg = R., the rate of

s
return 1f the project were itself a firm, dgversification,
i.e. reduction of Var Rj’ can be ignored in budgeting
decisions and each project is judged on the basis of its
own performance, regardless of the firm's other invest-
ments. This is explained by Mossin's (110) suggestion
that individuals can, by their own diversification,
costlessly eliminate any diversifiable risk present in

a firm's investment portfolio, so that the firm need

not diversify for individuals, a concept known as
Mossin's ""homemade diversification" theoremz.

Even in the case of a perfect market, as defined by the
CAPM, using the capitalization rate as a criterion for
accepting or rejecting investment projects can be mis-
leading hence resulting in non-optimal decisions. Myers
and Turnball (114 ) point out that the growth rate of
expected cash flows, the project life and other variables,

which are notvgenerally used when assessing risk, do

(2) This observation holds in a capital market, as
defined by the CAPM, and in a similar form, as
demonstrated by Myers (11i3), for a state pref-
erence model under complete, i.e. Arrow-Debreu,
markets for securities, and under complete, i.e.
generalized, markets with the existence of

security classes.,
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influence the observed systematic risk, However, it is
mainly because of the issues of synergy and the "home-
made diversification" that the MPR requires certain mod-
ifications ii it is to be used as an asset expansion

decision rule in a decentralized firm.

The non-synergy assumption, about the independence of a
firm's new investments {rom its existing ones, is a fairly
restrictive one. Even if we do accept the possibility of
such cases existing, it is not difficult to imagine a
realistic business environment in which the firm under-
takes projects which in fact do affect, positively or not
as the case might be, other parts of the firm's operations.
A simple éxample of the firm wide impact generated by a
new investment is the possible effect the opening of a

new distribution outlet could have on the production div-
isions in a vertically integrated firm with excess produc-
tion capacity, If, in fact, this cross-firm effect does
materialize we would be Jjustified in'expecting a subse-
quent :change in the firm's variance. This point is part-
icularly relevent where the firm has potential economies
of scale, a topic which will be covered in the following
chapters,

The reservation concerning the "homemade diversification"
theorem follows directly from the comment made about the
issue of synergy. The firm's variance can be broken down

to:

YVar ﬁj = p(ﬁj,RM)/ Var ﬁj + {1 -p (EJ,RM)/ Var ﬁj}

(5.4)
i.e. the firm's total risk, when its security is held alone
and not in a portfolio, is the sum of its systematic risk,
p(ﬁj,gm>¢ Var ﬁj, and its diversifiable risk, {1—p(§j,RM)
yvar Ri}' Clearly, if the firm, through its expansion
policy; can change its variance this will have an effect

on both components of its total risk, which is tantamount
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to stating that the firm can diversify part of what is

from the investors' viewpoint, undiversifiable. This leads
to the conclusion that there exists a certain part of the
firm's total risk which can be reduced solely by the firm's
diversification, i.e, new investments, and which the
investors in the corporate bonds market view as undiv-
ersifiable,

It is crucial to recognize that the comments mentioned
above do not invalidate the MPR decision rule, or the
"homemade diversification'" theorem for as long as the

CAPM assumptions hold, Both remain valid for any port-
folio in a perfect market. However, our underlying
assumption is that the firm, which is viewed as a holder of
a portfolio of investments in various business activities,
can, by restructuring its investments,redefine its port-
Iolio,'thus creating a new one, In other words, the
"homemade diversification" and MPR asset expansion
decision are indeed valid for a firm which does not re-
.arrange its investments in a way which creates a new
portfolio - by which we mean investments which are not
proportional increases of all assets., We do not, there-
fore, contradict the generally accepted concept that,
without synergism, firm diversification generates no
benefit to shareholders that they themselves cannot
achieve through their own portfolios, However, we do
consider it necessary to incorporate in ouxr model the
overall effecis an investment can have on the firm's
performance, i,e, allow for synergy when restructuring
portfolios, if the special characteristics of decentral-
ized firms are to be reflected in our model,
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5.3 A CRITICAL ANALYSIS OF THE CAPM

The CAPM 1is based on two sets of assumptions, the first
is derived from portfolio analysis and can be summarized
as follows:

ij The rate of return from an investment
adequately reflects the investment's

outcome, and investors assess the various

rates of return in form of probability

distributions of rates e¢f return.

i1) ' The risk estimates of the investors are
proportional to the variability of

return as they evaluate it.

iii) Investors make their decisions on the
basis of two parameters: +the probability
. distributions of returns, i.e. the

expected rate of return, and the variance.

iv) For any level of risk, the investors
prefer a higher to a lower rate of return.
Alternatively, they prefer a less risky
investment, rather than a riskier one,
from the set of investments with an
identical rate of return.

Given that investors conform to the preceding assumptions,
the following set of assumptions forms the basis of the

capital market theory:

ij All investors are Markowitz efficient
(conform to the above assumptions) and

attempt to attain the efficient frontier.

ii) Any amount of money can be borrowed or lent
at the risk-frec rate of interest.
iii) All investors hold the same beliefs as to

. the probability distributions of the future
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rates of returns.

iv) A single-period herizon.

vj All investments are indefinitely divisible,
vi) There exist no taxes and transactlons costs.
vii) Inflation and changes in the rate of interest

do not exist -~ or are fully anticipated.

viiij The capital markets are in equilibrium.

Although our main concern is with the second group of ass-
umptions, it is vital to consider the important question

of the exact relationship between the mean-variance approach
and the eXpected -~ utility approach to portfolio selection,

The question which arises is: in what conditions will an
expected utility maximizer be able to neglet all features
of the expected returns on his portfolio other than the mean

and variance of their probability distributions?

One or both of the following conditions must be satisfied if
the mean-variance and expected utility approaches are to be
reconciled, First, the probability distributions of expected
returns must be 'normal', regardless of the form of the
utility—of—wealth'function. Secondly, the expected utility
maximizer will bé indifferent between any two investment
projects with equal means and equal variances (regardless of
the type of probability distribution) if, and only if, his

utility of wealth function is quadratic.

Both these assumptions have generated heated debates., Most
writers on the subject question the use of the normal dis-
tribution, even as an approximate pattern, for the returns -

on a typical portfolio., As to the second assumption, Green
(63) points at two implications of the combination of risk-
aversion together with a quadratic utility function which to
his opinion make the latier quite unacceptable., The first
point is that the range of quantities of wealth over which the

cuadratic utility function may be used is restricted if the
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marginal utility of wealth is to be positive and diminishing
- (the latter is due to the risk-aversion). The second point
is that even within the range of wealth where the function
may be used it is poésible that with a riskless asset and a

risky asset the latter is an inferior good.

Francis and Archer (54) argue that although all the above
assumptions underlying portfolio analysis have been shown in
the 1iterature_to be inaccurate to varying degrees, this does
not invalidate the theory as a whole., They claim that, as

long as the analysis rationalizes complex behaviour which is
observed and consequently yields valid predictions, it can be
valuable in spite of fallacious assumptions, and state that
even if the above assumptions are slight oversimplifications,
they are no cause for alarm.

Accepting these portfolio assumptions leads us to the second
assumption of the CAPM, namely, the existence of one risk-

free interest rate for both borrowers and lenders, A realistic
-approach to capital markets reveals that investors with poor
credit ratings are required to pay a higher borrowing rate

than those with good credit ratings. Furthermore, the borrow-
ing rate inmost capital markets is higher than the lending
rate, The implications of the relaxation of the above assump-
tion would be a curved CML, becoming more curved as the
difference between the lending and the various borrowing rates

increases.

The third assumption, concerning the homogeneity of beliefs of
investors, basically means that given any preselected infor-
mation set, e.g. the past price observations, investors share
a common ex ante distribution that they pefceive generates
returns. Clearly, casual observation suggests that investors
do not show the homogeneity of beliefs whibh characterize the
theory., Quite the opposite, it is the differences in beliefs
and changes in belicefs which have been suggested as the causes
for trade. Models of such differences suffer from the fact
that they imply a persistent irrationality on the part of the
investors. Ross (123) suggests that it would not be difficult
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to incorporate some random cross sectional heterogenity in
investor beliefs into the CAPM, however, since a single ex
post distribution of returns is observed by all investors,
systematic and persistent differences would probably not be
observed. If, however, an attempt to relax this assumption
was made, it would imply drawing an opportunity locus and

CML composed of "fuzzy" curves and lines, The more investors'
expectations differed, the "fuzzier" all lines and curves
would become, As a result the analysis would be determinate

only within limits and only major disequilibriums corrected,

Since the CAPM is a static one period model, considerable
effort has been directed at intertemporal extensions. Among
the numerous attempts to relax this assumption the most
successful are based on Merton's (106) lognormal diffusion
model for capital gains and assume that returns follow log-
normal diffusions and instantaneous portfolio choice is
identical to that of the CAPM. There are a number of discrete
time models but most simply exogenously assume that the market
price of risk remains unchanging over time. The imporiant
difficulties associated with intertemporal models are identi-
fication of the factors which cause return anticipations to
change, the understanding of how changes in information sets
over time affect equilibrium prices and how will these prices
and their movements feed back into individual information sets.
Finally, the question of how these observations are to be
modelled in a manner which allows tests to be made has to be

answered,

The fifth assumption, when relaxed, would cause the SML to
transform to a dotted line where each dot represents an

opportunity attainable with an integral number of shares.

The existence of taxes and transaction costs is a well known
characteristic of modern capital markets. However, the
recognition of the existence of different tax rates on
ordinary income and capital gains would ccnfuse the picture
defined by the CAPM, This is a direct consequence of the

fact that each investor would see a slightly different CML



and SML depending on his tax bracket. As a result, a static
equilibrium could never emerge under existing tax laws even

if the remaining assumptions were not violated. The analysis
of the impact of differential taxation of capital gains and
dividends on the efficient set mean-variance analysis has been
developed by Brennan (22).

The relaxation of the seventh assumption concerning the exis-
tence of inflation, a fact only too obviously clear, derives
from the fact that while returns are measured in a nominal
accounting unit preference is over real goods. It therefore
becomes necessary to deflate returns by a price index to
transform them into real returns, This causes the CAPM to
hold identically as before with the need to measure all returns
in real terms and the CAPM is thus equivalent to the real
efficiency of the market portfolio. As to a change in the
riskless rate of interest, this implies that a true riskless
asset does not really exist and even default-free securities
Qill experience systematic variability of return with the
effect 6f obscuring the CML and SML,

The eighth and final item on our list of assumptions is the
existence of an equilibrium in the capital market. Since in
reality information reaches various investors at different
times it 1s unrealistic to expect investors' expectations to
change simultaneously. Equally unrealistic is therefore the
belief that prices adjust so that all investors are satisfied
with their holdings at any point in time., In fact, in view
of the excess demands for certain or all assets, assets'
prices are in a dynamic continuous disequilibrium - hopefully,

a minor one,

Before we summarize this part of our analysis,it is necessary
to specify the main obstacles which lie in the way of any

attempt to make an empirical test ol the CAPM. Namely:

1) Variability of return measures are only risk

surrogates which, although widely used, could
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probably be replaced with better risk

surrogates.

ii) The bulk of empirical tests rely on explicit
proxies for the market portfolio in view of
the difficulty in observing the market port-
folio in practice., Thus, using the equal
weighted portfolio may or may not be efficient,
but in any case, would have no implications

on the acceptance or rejection of the CAPM.

iii) In the event that the market portfolio, or
whatever proxy being used, is not ex ante
efficient, there exists-a set of inefficient
portfolios for which statistical tests of the
linear regression usually used will falsely
accept the efficiency of the proxy.

In view of the defective empirical tests made up till now,

the considerable difficulties in testing the theory and the
ﬁndeterminate effects on the theory of relaxing simultaneously
the underlying assumptions, the CAPM has proved to be somewhat
less robust than might have been hoped for. This, however,

does not make the CAPM redundant; the theory still rationalizes
much observed behaviour, explains previously unexplained
practices such as diversification, and offers realistic

suggestions about the restoration of equilibrium.
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. 0.4 CAPITAL MARKET MECHANISM

In order %o understand the rationale underlying the capital.
budgeting decisions of a value maximizing firm, it is useful
to first proceed by analysing the mechanism which gdverhs"
share price behaviour. A modified version of the standardl
formulation of the relatlonshlp between a firm!' s financial

. performance,41.e._ its risk and ‘expected reﬁurn and its .-

- share~uprice in a single period horizon is: ..

_Pjé [E(c ) - H Cov(c M)] | (5 5, a).
S Eey) LT
o 'v‘Pj _ RF,+ i CoV(ijCM)b Lo 'lL ‘(5f$f??

‘where

:>ﬁ;?Pj.- flrmpﬁ“é“share price,

"djy- flrm J s_expected cash flow,

.‘cov(cj, M) '~ the covariance between firm j's expected
‘ l cash flow and the expected cash flow of the
market portfolio of risky securities,

12. 35= éj/Pj.?‘firm Jj's expected rate of return,

’.“;H'f_thefpiice‘of risk

E‘E#"(wi) ]

el e

. where u(wi) is the utility of wealth function for investor’if_”

These expressions are suggested by Fowler and Rorke (53)lin,-~
their analysis of capital budgeting with the CAPM. In their

analysis Fowler and Rorke consider the case of a scale ,
changing investment, i.e. an expansion of existing facilities

to supply more of current product lines for the same markéts;
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footnote 3 * 'Throughout our analysis of boilh the incepencent

department store and the decentralized retail chain

“we assume & single period horizon.
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and prove that under a non-stochastic expansion there is a
change in the firm's risk. 1In other words they show that

Cov(Rj + ARj,cM
most imaginable circumstances., Furthermore, they suggest

+ ch) is not equal to Cov(Rj,cM) under

that despite conflicting forces, on balance an increase in
scale will generate a higher rate, i.e,

Cov(R, + AR._,c
ov(R 3’

M + ch) > Cov(R.,cM).

J

In view of these conclusions it seems that an incremental

cash flow will generate two conflicting forces on the share
price: the increase in the expected return will operate on
the firm's share price while, if one adopts Fowler and Rorke's
approach, the higher discount rate will reduce the latter.
These findings are consistent with our suggestion that an
investment project can affect not only the firm's expected
return but its risk as well, and in this sense we depart

from conventional CAPM theory.

In the following chapter we set to examine the accuracy of
the statément that a non stochastic scale increase generates
an increase in the firm's covariance for the case of a
department store., At this stage we merely state that under
reasonably realistic assumptions an increase in the scale of
the firm's activities can leave its covariance unchanged or

even reduced.

The effect of an investment project on the firm's value when
accepted on the basis of the MPR asset expansion rule will be
to cause a temporary disequilibrium due to the firm's rate of
return being greater than that required by the market. An .
upward revision of the firm's share price will restore the ‘
equilibrium, i.e. +the firm's risk-return ordered pair will
return to the original point on the SML, since by bidding up
the share price the firm's investors will lower its expected
return. This case is illustrated graphically in Tig,. (5‘2)
where the firm is seen to move from its origin A to B and

back,
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In fact, when we examine a portfolio whose assets are econ~
omically dependent it is not surprising that a decision
regarding the level of investment in one would have some
effect on at least part of the remaining assets. Fowler and
Rorke offer a general formulation of the two effects of an
investment project, i.e. the direct contribution to the
firm's return and the effect on the existing cash flows,
They express the change in the firm's share price, i.e. the
value of the project, as

E(cj + chj E(c.)

AP, = P%¥ - P, = - —
J J J ‘ Kok . k
E(Ac.} : E(c-}(k* - k> -
= =t J (5.7)
k% - kk*
wvhere:
k =.RF + Acov(Rj,cM)
k% = RF + }\cov(RJ. + ARj’CM + ACJ.)

The terms of the right hand side of Eq. (5.8) represent the
direct and indirect effects of the new project respectively.

The fact that a project can alter the existing cash flows of
a firm requires a revision of the analysis of both the invest-
ment acceptance rule and the capital market equilibrium.
Clearly, in a situation where both the firm's expected return
and risk are liable to be affected by the acceptance of a new
project it would be misleading to use decision rules, such

as the MPR, which advise acceptance or rejection solely oan
the basis of the project's return contribution. A modified
criterion, one which considers both the direct and indirect
ceffects, is required., In terms of Eq. (5.8) we can advise
investing in a project which generates an upwards revision

of the firm's share price, i.e, APJ>0. In other words, only
& project which has a combined positive effect on the firm's
value is to be accepted; this decision rules explains cases

where Iirms reject intuitively attractive investments, i.e.
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.projects which are profitable yet have a negative dominant
effect on the existing cash flows, and cases where a project
which does not generate a particularly high level of return
becomes attractive due to its positive impact on other in--

vestments,

In view of the potentially conflicting forces generated by
an investment we need to reassess our analysis of the possible
disequilibriums the firm can undergo. In our previous dis-

cussion we adopted the conventional approach, consistent with
CAPM theory, that a firm's ordered pair can be shifted either
upwards or downwards, We now extend our analysis to include
cases where the firm's risk is altered, resulting in side-
ways movements., We can summarize all possible outcomes
following an investment in the form of a table. Specifically,
Table (5.1) lists all possible combinations of the direct and
indirect effects of a project and the matching graphical
implications, defined in terms of Fig. (5.3). For the sake

of a simple presentation, let us define:

E(Ac.) E(c.) (k*=k)
da = L and ar = —d (5.8)
k* kk=*

hence:



CONDITIONS LOCATION
A if APJ>O and
d>O;d‘>O I
d >0; d* =0 AY
d >0; d <0 VI
d =0; d*' <0 AZ
d <0; d' <0 v
B if AP, <0 and
— J
d >0; d' <0 i1
d =0; d' <0 AZ'
d <0; d' <0 I1I
d <0;d' =0 AY?
d <0; d' >0 IV
C it fp = 0 and
d <0; a' <0 SML Left
>0; d' >0 SML Right
= 0; 4t = A

PABLE (5.1):

Capital Market Changes
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The fact that a firm can embark on a policy which alters both
its return and its risk means that two forces operate on its
éhare price., As a result of the combined changes in risk and
return it is clear that the MPR 1s an inadequate decision rule;
we therefore turn to examine the aggregate effect of a project
on the firm's share price. We can best make our point with
the following example: 1let us consider the case of a firm
which faces the need to select the best from two mutually ex-—
clusive projects. These hypothetical investments can be
graphically illustrated so as to reflect not simply the total
effect but also the breakdown to direct and indirect effects,
Suppose projects B and C contribute to the firm's perfor-
mance, both by their return and by their impact on the exist-
ingcash flows discount rate, yet to different extents, 1In

Fig, (5.4j_two such projects are reflected, starting from an
initial point of equilibrium A, the firm is required to choose
between projects B and C, Project B is seen to yield a greater
excess rate of return than C, hence dp>d, (where dgp is equal to
project B's contribution d as defined earlier), yet project C
reduces the firm's existing cash flows' discount rate by more
than B, hence A'p<d'~ (in a similar way to d, d'p is related
to our earlier definition of d'). From Fig. (5.4) we can
determine that project B offers a superior risk-return package
than C, as reflected by the greater increase in share price it
generates, and it is therefore project B that the firm should
accept.

So far we have pointed out the general mechanism which governs
the process which takes place when the firm alters its risk as
well as its return, If, however, this is to become of any
practical use in the planning and resource allocation within

the firm, a more detailed model is required. Specifically, one
would need to establish a connection between the operating units
which form the firm, and the risk-return it generates, . Such a
link would enable the corporate planners to assess the impact

of their operating decisions on the firm's value in the

securities market, thus providing them with an cobjective criterion
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for allocating the limited resources at their disposal
between the economic opportunities available. We there-
fore turn our attention to an analysis of the firm within
the CAPM framework, starting with a CAPM perfect world,
and following with the case of economies of scale.
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5.5 CAPITAL BUDGETING IN PERFECT COMPETITION

5.5.1 Expanding the Mean-Variance Theorem

We start with the mean-variance theorem, Eq. (5.1),
which Rubinstein (125) expands to produce:

E(R.) = Rp + A ¥ p(ﬁj,RM)t/Varﬁj (5.9)

where p(ﬁj,RM)'is the correlation coefficient between
the return on firm j and that on the market portfolio

of risky securities, and A* = A/Var Ry

For a firm with debt Eq. (5.2) becomes
= =% =% - ;
E(R,) = R, + Ax p(Rj,RM) /Vaer (1 + Bj/Sj) (5.10)

where:

Bj - present value of debt,
j - present value of equity
Vj = Bj + Sj’ present total value of the firm's securities,

X
§

superscript for a firm with zero debt, i.e., B§ =0

We can rewrite Eq. (56.10)to separate the total risk of

firm j:

a1 = - X ﬁﬂ: Y ~ _>?: . B3 _L:§< / ar .—4( ./S.
B(R)) = B+ (B, vVar By o+ 0% o (Ry,RyvVar B (By/S))

(5.11)
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‘re:

p(ﬁg,RM)/Var ﬁﬁ - operating risk, and

(R%,R,,)/Var R* (B./S.) financial risk
PRI ™M S L e

hence, the sum of the operating and financial risk being
the firm's total systematic risk.

i ) : . . N .
We now proceed to prove Rubinstein's expansion of the

L. Qperating_risk. Let us take firm j with m products for

which:

. ssTEP 1:

STEP 2:

‘ ,¢ "~ the proportion of éssets, i.e.

 Qm-‘4 the output in units, rdndom variable;
v_ - variable cost per unit,
. P, .- _sales price per umit, . 0

. F - the fixed costs,

of

*r

vy, allocated to product m,

Sﬁppbse all fixed costs of the'firm'can'bé

—allocated, X. = E(Qmpm— vam - Fm), where

J

X., a random variable, is the value of the

J’ )
total net operating income. Since p(X,Y). =

Cov(X,Y)/ogoy We can write:

i Rx = R ' 2y.
p(RE,RM)/Var RE Cov(RE,RM)//Var RH (3.12) -

h
&

Since Rj = Xj/V53we can rewrite the covariance
operator in the right hand side of Eq.(5.12)to
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:3.'MNotice the change in the defiﬁition of the éifm's return when
compared with that orn page 115%. In our discussion of the capital
market‘mechanism we referred to the econom%c definition of rate

of return,'namgly Rj = éj/Pj, as suggested by Fowler and Rorkéu
(53);HoweVer, for the purpose of our analysis of the capit:l
budgeting process in a decentralized firm it.is preferaﬁle to
adopf the accounting definition of the‘corpofate vute. of return,

Ry= Xj/Vj = ,}:H_l @p -Qv - Fm),' which p?ovides the basis for

an expansion of the mean-variance theorem and the linkage of

product line»variables_with thé corporate performance.

- 1262 -~

— e - = s o ——— e - — — e e e eeme o e e o -




produce:

Cov(Rﬁ,RM) = Cov(Xj/Vj,RM)
= 1/V; Cov(X,,Ry)
STEP 3: Ve can substitute Xj t0 produce
00v§§§,RM) = 1/V, Cov(a @ (P, = v = F).Ry)
STEP 4. Which; since F is'constant; can be rewritten

COV(XJ':RM) = Cov Izﬁ (Qm(pm = Vm)’RM)

STEP b5: Since COV(; Xi,Y) = ;Cov(Xi,Y) we can write
i i
Cov(Xj,RM) = sz:]Cov(Qm(pm - vm),RM) (5.13)
STEP 6: and since (pm-vm) is assumed fixed, we can

rewrite Eq.(5.13)
COV(XJ,RM) = g((pm = v )Cov(Q,,By))
STEP 7: hence the operating risk becomes
p(RY Ry )vVar Ry = 1 ((p, - V) COV(Q, Bi)) /¥ wVar By,

i
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STEP 8: which can be rewritten as:
R % / - R =
p(Rj,RM)xVal R§
- / . /
z {((pm v )P (Q, By )Y Var Qm/Va? RM)}/Vj/Var Ry

STEP 9O: which, if we cancel Var RM and multiply by

o /o , becomes
m’ ~'m

- =
o (%, Ry Var RE =

%{(am(pm~vm)p(Qm,RM)/Var Qm/am Vj }

In this form the elements of the operating risk can be

interpreted as follows:

o . T measures the relative importance of each of the
firm's activities (assuming all assets of the firm
can be allocated between them).

(pm~vm - reflects operating leverage,

p(Qm,RM) - the pure influence of economy wide events

on output, and

vvVar Qm/am Vj = the uncertainty of output per unit of
asset, which indicates the uncertainty
of operating efficiency.

We can now reformulate the mean-variance theorem, i.e.,
q.(5.1) ‘
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E(RJ) = RF + A %{um(pm—vm)p(Qm,RM)/Var Qm/amvj}

+ *r%{(am'(pm_vm)p(Qm’RM)}/VaI‘ Qm/amVJ)} (BJ/SJ) .

'(5.15)’c

: . : - L4 3
oL In this latest form, the mean-variance theorem is a power-

.. . ful tool, It links a firm's expected rate of return with
' varlables related to its product lines and, by d01ng SO,
Bty establishes a vital connection between the firm's major
R “parameters - finanCial leverage, allocation of resouxces"
between act1v1t1es and output level, and its financial
roe_performance " This concept is both fundamental and far-

~reach1ng 1n 1ts consequences however, before we proceed
V,assumptlons underlylng it is requlred

'Let us begln by 1ook1ng at STEP 3 where we freely extract—i B
,_ped VJ from the ‘covariance operator. The statistical B
'g}%lmp;lcatlon of this move is the independence of VJ from
»;;Xj; and the economlc one, the independence of the firm's’
“thotal net operatlng income from either its present value

'f,‘of equlty,‘assumlng the flrm is debtless, or its present
fvalue of securltles if a p051tlve debt does exist. In '_
' other words for STEP 3 to be legitimate, the follow1ng 3
assumptlon has to be made concerning the relationship '
between the above parameters, specifically, that changes
in the value of the firm's Securities are not affected
by fluctuations in its total net operating income, and
vice versa, Clearly, this is a fairly restrictive assump- -
tion, since it is hard to imagine a realistic situation
where investors in the stock market fail to adjust share
prices to changes in a firm's performance, or alternat-
ively; where a reduction in the firm's equity would not
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affect indirectly,-i.e., through the working capital,

the firm's operating income.

Similarly restrictive is the assumption necessary to
support STEP 6, where we extracted the unit profit,
(pm—vm), from the covariance operator. As in the prev-
ious case, we have made an implicit assumption about
the relationship between parameters within the operator,
namely that the sales of product m, Q,, are statistic-

ally independent of its unit profit, and vice versa,

The economic implications of such a relationship are

far reaching, and can best be examined by looking sep-
arately at the connection between a producti's sales, with
its unit price, p_, and with its unit variable cost, v

The economic meaning of sales being independent of price
can only be one, namely, that the firm has no influence
on the market price of the products it supplies. In
economic theory terminology, such a case is termed as
the firm operating in a perfectly competitive market

for its output, where it faces a unique market price
determined by an infinitely elastic demand curve,. such as the
one graphically illustrated in Fig.((® .5.a.). Under such
conditions, a firm can increase its sales rate without
shading its price to get the extra business; a small
decrease in price would result in an indefinitely large
increase in the quantity it could sell, and a very small
increase in price would result in its selling nothing.
Moreover, since price remains constant, each additional
unit sold increases total revenue by the amount of the
price, the consequence being that price and marginal
revenue are equal, as illustrated in Fig.(5.5.b).

Let us now return to the analysis of the economic impli-
cations of the independcnce between the sales of product m
and the unit variable cost. .When making such an assump-

tioil, we are in fact implying two complementary things;
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Fig.(5.5.2): A demand curve in perfect competition
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Fig.(5.5.b): Revenue curves in perfect competion
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first, that an increase in sales does not élter'the
variable unit cost, and secondly, that variable unit
costs are identical for all input quantities purchased
by the firm. This distinction is hardly semantic;

while the former suggests that the firm's production
function has constant returns to scale, the latter
implies the firm purchases its inputs in a perfectly
competitive market., Both these conditions are required
if the firm's unit variable cost is to remain fixed for
all levels of séles. If the firm was to have 1increasing
or decreasing returns to scale, combined with fixed unit
input costs, its unit variablé costs would be decreas-
ing or increasing respectively. If, on the other hand,
the firm was to produce with constant returns to scale,
yet face increasing or decreasing input unit costs, the
variable unit cost would fluctuate accordingly. Con-
sequently, the firm which has a unit variable cost
independent of the output level, faces costs curves

as represented in Fig.(5.6).

The conclusion of this economic analysis of the stat-
istical independence is that, for STEP 6 to be legitimate,
the market in which the firm operates has to be a perfect-
ly competitive one, where limitless quantities of inputs
can be purchased at fixed prices, and infinite amounts
of products and services can be sold at market prices.
In other words, the firm is certain that, no matter what
its production level is, it is guaranteed access to
production resources at guaranteed prices, and similarly
a market and fixed prices are certain to exist for its

output.

This set of assumptions leads to one obvious question: if
both demand and supply are riskless, why is the firm

considered to be operating under uncertainty? - i.e. the
return on the firm's securities is defined in terms of an

>xpected value and a variance., Indeed, the two concepts,



Cost/

//////' Total cost

//// ' Total fixed cost
///////// Total variable cost
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Fig.(5.6): Cost curves in perfectly competitive market
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-uncertainty and perfect competition conflict unless

- some other source of uncertainty exists in the firm's .
operations, Consequently, STEP 6 requires an assump-
tion about a source of uncertainty in the firm which
exists exogenously to the firm's production and market- ﬁf
ing activities. |

'VAﬁother step which requires a rather restrictive assump—
tion, if it is to be legitimate, is STEP 9, -specifically‘
ethe incorporation of am, the proportion of assets allo-

cated to product m, into the equation. For this move to -
~ be acceptable,‘either e is statistically independent of _
all ‘"her parameters in the expanded mean-variance theorem,
;or~it'is a fixed value. If we accept the latter proposi-.

'-tlon the mean’varianceztheorem in its expanded form

'-Tbecomes of little analyt1cal use in a dynamic context

SR e.: 1t can only be of use 1n an equlllbrlum analysls

:.On the other hand if we assume stat1st1cal 1ndependenceofff”d ‘

‘kiwe are 1mply1ng that a productsperformance as meaSured

Pby its sales Q'

o 1S unsensitive to chdnges in the

;rg‘proportlon of total resources available to the store
TV;ﬂﬂmanager allocated to it, Clearly, a h1ghly unrea11st1c

suggestlon.
R L

To recap1tulate the rather stringent set of asSumptions_.

’ necessary to transform Rubinstein's expanS1on of the
,mean—var1ance theorem into a useful todl: in a dynam1c

context con51sts of

i) the independence of present value of equity and‘
total net operat1ng income;

ii) the existence of uncerta1nty in a perfectly
competitive market, and

iii) the independence of the sales of product m and
proportion of resources allocated to it.
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Obviously, any analysis of the firm's risk, which is

to be of managerial use, will require a relaxation of
these assumptions. In the subsequent section, i.e.
5.6, we provide an expansion of the mean-variance
theorem which does not require any of the above condi-
tions. However, prior to that, we produce one example
of how the mean-variance theorem can be further expanded
under the above set of assumptions.

5.5.2 Expanding the Uncertainty of Operating Efficiency

One of the potentially more useful components of the
expanded mean-variance theorem is the uncertainty of

operating efficiency,

Yvar Qm/igmkpk
in this element, sales and resources are linked, thus
providing a measure of the risk involved in allocating
additional amounils of resources to the various products.
In other words, as a product's uncertainty of operating
efficiency increases, it becomes riskier to increase the
amount of resources to that particular product. Clearly,
this kind of information is potentially of use in the
resource allocation process, since a product's contrib-
ution to the corporate performance is measured in terms
of risk as well as return.

Greater insight can be generated by the uncertainty of
éperating efficiency ii the aggregate amount of resources
are separated into the individual types of resources
used by the products. Such a breazkdown would provide
management with a specific measure of the riskiness of
each type of resource when allocated tc a particular
product or service, ‘e thereiore procced teo expand the

azgregate ¢gxpression of the uncertainty of operating
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efficiency, starting with a simplified example illu-
strating the method used.

For any a,b independent of a random variable X, we

can write:

var( )¢ Var X (5.16)

) 7 (

a + b a+b

which, if multiplied by az/az, becomes:

= (=22 yar X (5.17)

a+b a + b a

Var(

and similarly, if Eq. (517 is multiplied by b2/b2, it

becomes:

Var(—a—) = (——2 2 Var(%) (5.18)

a + b a + b

Clearly, Eq.(5.17j and Eq. (5.18) are equal, hence we
can sum them and divide them to produce:

Xy - L aZvar®y + b2

a + b 2(a + b)? a

Var(z)}
: b

Raeturally, this procedure can be repeated for any number

of clements, thereby enabling us to write:

Z

- /Vl Y 2 ~
'i‘(omhbk) Val(Qm/amkck)}/K(iamkck)

Viar Q /Yo

\ c
m k ml "k
'

(5.19)
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whexre Var (Qm/amk ck) is the uncertainty of a monetary
unit of resource of type k allocated to product m, and

X = Z1,.
k-

7'4;-

This expression of the uncertainty of operating efficiency
has the advantage of establishing a linkage between a
product's performance and the relative riskiness of the
various types of resources it uses. A similar relation-
ship, between the riskiness of resource when allocated to

a particular product and the corporate equilibrium rate

of return required by the capital market, can be establi-
shed by substituting Eq.(5.19) into Eq.(5.15) Hence:

B(Rg) = Rp *+ A% Do (y=vp)e (Qp, Ry WEL (o e ) Var (@ /oy o)

/K(lz @ ¢ 1L+ B/S ) | (5.20)

We have therefore formulated the mean-variance theorem in
a way which enables us to measure the impact of changes
in the firm's resource allocation between activities on
the riskiness of the firm, and thereby on its expected
equity rate of return. We now proceed to examine the
implications of the existence of economies of scale on
the mean-variance theorem, relaxing in the process the

assumptions made in this section,



5.6 CAPITAL BUDGETING WITH ECONOMIES OF SCALE

5.6.1 Economies of scale in decentralized firms

Recent empiricai research by Corey (35) into the organis-
ation of the procurement function in méjor Amercian corp-
porations identifies the existence of significant re-
structuring since the early 1970's,

Specifically, the trend is towards greater centralization
of procurement in decentralized companies-at the expense
of the pure concepts of decentralization and profit centre
"management, The main factors prompting the development
of centralized pufchasing are the wish to secure future
growth through assuring long-term availability of supply
and the tremendous potential for improving profit margins.
To illustrate this last point, Corey cites a study made
at General Motors of the purchase of one supply item,
which revealed that ten GM divisions were paying seven
different prices for the same item, and that one supplier
alone, supplying five divisions, quoted different prices
for the same item to each of the divisions. A subsequent
contract negotiated by GM's centre meant estimated sav-~
ings of more than 12% over prices paid the previous year.
With the costs of parts, materials and other purchased
products and services accounting, in GM's case, for 28
billion dollars in 1977, the motivation to maximize
purchasing powér by procurement centralization to obtain
favourable terms is obvious. Corey's work, however, was
restricted to the examination of the potential economies
of scale a powerful firm could achieve by central-
izing the supply oi goods and services to its divisions,
ignoring the potential of a similar centralization of
activities in the capital market, an area which could

prove equally beneficial for large decentralized firms.



Some idea of the impact of a firm's size on the capital
market is provided by a study by Sullivan (143). In
his research, Sullivan examines the relationship between
capital costs and the market power of firms, using the
CAPM to explain how capital costs and risk are related.
The results of this analysis point out that the system-—
atic risk, hence the capital costs, in general appears
to be lower for firms that are large and for firms that

sell highly in concentrated markets.

Archer & Faerber (8) provide one ekplanation for this
observation, namely that the powerful firm would seek to
raise, ceteris paribus, 1afger amounts of capital than a
small firm, and therefore the floatation costs per unit
raised by the large firm would be smaller, To that,
Sullivan adds another probable explanation: that the
securities of a powerful firm, after being issued, would
be subject to less non-diversifiable price volatility as
fhe secondary market fluctuates in résponse to changes
in broad systematic factors. This results in suppliers
of cavital requiring a lower expected dividend and price
appreciation return, i.e. lower cost of capital, to
invest in the powerful firm in comparison with the non-
rowerful one, In other words, the powerful firms are
less risky because they are less susceptible to non-
diversifiable periodic revaluation in the secondary market
in light of new systematic information.

Further support for these findings can be found in Davis
and Yeomans' (46) study of the influence of firm size,
method of issue, and market volatility on the market dis-
count on new issues of eguity. Their conclusion about
the importance of the firm's size was that: 1t appears
that, at least in periods of market stability correspond-
ing loosely to market equilibriuwm, small firms utilising
offers for sale (the most popular method of issue) incur

navket discounts.
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In addition to these general findings concerning large
Tirms, there exist several suggestions that certain

types of economies of scale are characteristic to the
retail business in particular, Jeffereys (82), in his
massive study of the evolution of retail trade in Britain,
concludes that department stores have various forms of
economies of scale, The first source he identifies is
the advantages large firms have in buying, namely the
fact that they buy in bulk, bypass the wholesaler, and
have a specialization of the function within the organiz-~
ation. This specialization is not donfined purely to
buying, a second source of_economies of scale is derived
from the store's skilled selling of a wide range of goods
under one roof,

More generally, de Somogyi (141) identifies three types of
economies of scale in retail:

i) Vertical
ii) Horizontal

iii) Central

Specifically, the vertical advantages are due to the oper-
ation of large.stores, the horizontal ones to the operation
of numerous stores, and finally the central economies of
scale due to the existence of one head office for all
stores within the chain which provides centralized (i.e.

at reduced cost per store) services,

Having examined the costs and competion in retailing,
MeClelland (IO@ finds that the department store can be
sald to represent expansion by diversification. Con-
sequently, he identifies the econcmies of the multiple
mainly on the supply side, 1,e. those of the department
store in relation to the customer, e.g. single building,

single credit facility,

—140-



Size can also create opportunities for economies of
scale in a firm's marketing activities. An established
brand name, common to all parts of the firm, and the
impact of publicity are both more cost effective, within
a certain range, given a greater number of outlets,
Having analysed data for retail firms, Douglas (42 ) con-
cludes that the large firm is capable to use resources
in distinctive ways to build a corporate image, and that
they may be economies of scale in this phase of retail-
ing. These economies manifest themselves, not in the
relative level of costs, but in the relative level of

the cost-revenue relationship.

Kaldor (83) offers two possible explanations for the fact
that, over at least some range of output levels, there

are increasing returns to advertising expenditures, First,
as the number of messages produced by the firm increases
(as a result of an expansion) the cost per message de-
creases in a way similar to that described earlier regard-
ing discounts on other goods and services. The second
reason suggests that it is plausible that, over at least

a limited range, there are increasing sales returns to
advertising messages, though there is likely to be a sat-
uration point,.

Another possible explanation is based on the public
awareness of the firm and its products generated by the
promotion efforts. These will be more beneficial as the
number pf outlets selling the goods increases, It seems
that part of the increased awareness generated by an ad-
vertising campaign is wasted if potential customers cannot
complete the buying process initiated by it. The probab-
ility of the purchasing process being successfully com-
pleted depends on the availability. of the goods which,

in turn

, 1s determined, inter alia, by the number of out-

lets in the chain.

Regardless of the precise explsanation for these observa-
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tions, all these studies point towards the same direction,
namely, that powerful decentralized firms can, within a
certain range, increase theilr purchasing power in the
products, services and capital marketis by operating in
them through stirong procurement bodies, with the effect
of reducing costs and securing supply.

The observations mentioned up till now, regarding the
behaviour of large firms, are consistent with basic
economic theory. The theory of the firm has long ago
concluded that, faced with a totally elastic demand
curve, i.e. the firm can at a givenlprice sell any
level of output, and economies of scale, the firm can
reduce its long range average costs by increasing its
output. This increase in scale will generate greater
profits since as long as the market is perfectly compet-
itive and long range costs decline, average revenue,
i.e. unit price, does not change, while at the same
time average costs fall, It follows that, in a long-run
~equilibrium, a firm must have no unexploited economies

of scale within its reach,

Empirical data gathered by Douglas (42) provides some
evidence that the short-run cost curves and long-run
envelope curves described by economic theory are approp-
riate for the retail trade. Analysing data from the Inland
Revenue Service and U.S, Treasury sources on corporate
income tax returns of nine types of retail, Douglas con-
cludes that retailing appears to be an industry of de-
creasing costs up to a point; however, due to lack of
sufficient data, a mathematical description of the above

curves was impossible to .compute.

The classic cost curves suggested by economists are graph-
ically illustrated in Fig.(5.7.a) which shows the demand
curve D, faced by a firm in perfect competion, the Long

Range larginal Costs (LRiMC) curve, and the Long Range
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Average Costs (LRAC) curve for a firm with varying
returns to scale. In Fig. (5.7.b), the impact of a
change in output, under the above conditions, can be
analysed as follows: the revenue can be represented
by a straight line, starting from the origin, Total
Revenue (TR), with a slope equal to the product's
price, PY (hence the higher the price the steeper the
slope), the Long Run Total Costs (LRTC) curve reflects
first economies of scale then increasing average costs,
and the profit is the difference between the TR and
LRTC, '

A level of output lower than Yz means the firm will suffer

losses; 1levels between Y2 and Y, will generate profits,

which will be maximized at that gutput level where the
difference between TR and LRTC is greatest and their
slopes identical, i.e., at YO. This can be explained
by examining the options open to the firm at point YO;
a reduction of output by one unit will reduce revenue by
~a greater amount than costs, since LRTC's slope 1is

greater than TR‘S, while an increase of output by one

unit will increase revenue by less than the increase in
costs, hence both options have a net detrimental effect

on the profit orientated firm., It follows that, if a

0 it

will aim to do precisely that. If, as in the hypothetical

firm is 1n a position to shift itself towards Y

case we are discussing,' the firm can take advantage of
O‘s left, and

therefore expansion will move it to the right and closer

economies, this implies that it is at Y

to YO, its long-range equilibrium,
We can sum up the main points up to here as follows:
decentralized firms, above a certain range, can reduce
part of their unit costs by expanding the scale of their
activities, thereby exploiting falling costs and increas-
ing sales, which smaller firms, or those beyond the rele-
vant range, do not have, We now proceed to incorporate
this concept into the CAPM and analyse its implications

on capital budgeting decision rules.



5.6.2, The CAPM and Economies of Scale

In order to incorporate economies of scale into the

CAPM, let us return to the expanded mean-variance theorem,
Eq.(5.17), and expand it under assumptions different to
those made in section (5.5), i.e. we acknowledge the
relationship between sales, variable cost per unit and
sales price per unit,

Let us return to Eq.(5.13) and proceed from there, hence

= '/ — = - -
p(R%,Ry)vVar RY  ={ £COV{(Qm(pm V) /V3), Byl Var Ryl

which, if we cancel vVar R\, becomes:

=_E{o{(Qm(pm—vm)/Vj,RM}/Var{Qm(pm—vm)/Vj}
m . .
(5.21)

and can be rewritten:
= D{odQy (pyvy)/ £ Xamkck)’RM}/Var{Qm(pm_vm)/

m m Kk

é iamkck}} (5..22)
and substituted into Eq.(5,9) to produce:
E(RJ) - RF * >‘*I}I:l{Q{{Qm(pnfvm)/r‘?l é“mkck}’RM}Vvar{Qm(pm_vm)

/ I fa G 31l BL/S.) (5.23)
m k nmk k4 J J
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This formulatiion of the mean-variance theorem does not
require any of the assumptions made in the previous
section, and therefore is perfectly capable of handling
the case of a firm with economies of scale. However,
before we proceed to discuss the various aspects of this
concept, let us pause to point out that the MPR asset
expansion rule can be redefined on the Easis of Eqg.(5.22),

so as to provide greater insight, and thus becomes:

E(ﬁj) ~ Ry

>
VVar RM %{Q{Qm(pm_vm)/ % ﬁamkck’RM}/var{Qm(pm—vm)/% ﬁqM<Ck}}

for a debtless firm, and assuming

VVar By %{Q{Qm(pm_vm)/% % mC o RM}"/Var{Qm(pm-vm)/r% ﬁ%mgck}}>o

Clearly, the expanded MPR criterion (MPRX) uses the same
reasoning as the MPR iteself since both advise acceptance
of a project only if its expected internal rate of return,
E(ﬁj), exceeds the appropriate risk-~adjusted discount rate
for the project, The advantage of this formulation is in
the linkage it offers between the decision rule and individ-
uzal product line variables. The MPRX decision rule is
graphically illustrated in Fig.(5.8), where the firm
should accept a project only if the project's risk-return
ordered pair falls above the market line, e.g. projects A
and B. '

The expanded version of the mean-variance theorem, Eq.(5.23)
has the struciure necessary for the analysis of a firm with

potential economies ol scale, Suppose firm j has non-—
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YVvar By %{p{Qm(pm“Vm)

/% ﬁ%ﬁkck’RM}/var{Qm(pmnvm)
/% _%M<Ck}}

Fig. (5.8):  The MPRX criterion
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exploited decreasing unit costs, i.e. it is on the left

of Y0 in Fig.(5.7.a) and Fig.(5.7.b), and that at that
volume of production the firm faces the following set of
unit prices of resources it purchases (cl,cz,...,ck). If

the firm takes advantage of the declining LRAC curve and
increases its output by establishing a new division, it

can expect part or all of the unit prices of resources to
fall accordingly., As a result of this move to the right and
along the LRAC the firm faces a new set of unit prices

for its resources, specifically (& €y,ev+,8), where 8

1!
is the new unit resource price, hence (¢, > & | keK).

We can now proceed to incorporate into the mean-variance
theorem the effects of expansion with economies of scale.
First let us examine the impact of the reduction of pro-
curement costs; the results of expansion will be reflected
in cuts in the variable unit cost, v, and the unit cost
of resource, Cp. Both these values will decrease as the

firm moves towards Y i.e. as long as the LRMC is

b
smaller than the marginal revenue, The second type of
advantages, 1.e. those available in the firm's market-
ing activities, will generate a fall in the firm's unit
cost of advertising, hence in its variable unit cost, Vi
and possibly an increase in sales of certain products, i.e.

Qm’

Naturally, the firm's main concern, when considering the
expansion projects, is the net effect increased output will
have on its risk-return performance, Under our set of
assumptions, the acceptance of an investment project can
lead not only to changes in the firm's return, but in its
"isk as well., In other words, in face of considerable
empirical evidence, it is only reasonable to assume that
the increased power the firm has in. the various markets as
a result of its increased output level will generate bene-
fits which, to some extent, will be shared by numerous

branches of the organization. In terms of a depariment
>
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ore chain, such a case can be illustrated by the effect

> opening of a new branch has on the reduction of unit

1 of a product stocked by existing stores as a result
the increase in the quantities purchased by the firm
Llowing the expansion, Basically, we are implying that
several branches hold homogeneous products and the open-
; of a new one cuts some of their unit costs, as well as
tucing the unit fixed costs through the central purchas-

<, this benefit will be reaped by all branches concerned

3

1 not limited to the latest one which generated the savings.

. can now turn to analyse the proceéé of expansion with
~onomies of scale within the CAPM framework. In section 5.3
: referred to Fowler and Rorke's (53) assessment of the
sanges in the firm's risk-return performance following an
ierease in scale, we are now in a position to provide greater
zonomic insight into this discussibn. Let us consider the
w.zg of a firm which operates m product lines and which is
usidering adding one, denoted m+l. Assuming the firm is,
1 reméins, debtless throughout the analysis, we can denote
.5 value by using the expanded mean-variance theorem,

“, (5.23), hence:

E(éamBM)
. { - /Yy ~v, ) ‘ |
Bp + W 1 eliQuley Vm)/£§amkpk}’RM} Vo Q (o) / Omkck}}
(5.24)

S lowing the firm's expansion, the value of the firm becomes:
g ’

E(r§1+10tm+1Rm-'r.‘L)

Ry + Afker Lo U@ oV )/ B i@ s B o Byt

: A ~ A A
VVar {Qm(am* {}m“) /1%511):{&!1]1{ SEk}}

can now express the change in the value of the firm as the

. of the new line's contribution to the corporate return
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and its effect on the established lines. Using the previous

definitions of 4 and d', we can write:

’

4= E(Rm-i-l)
§f+k£%*{p{{ﬁm*(pm*~0m*)/%*£&n&ﬁek}’ RM}/Var{am*(pm*~Gﬁ*)/%*Eémkﬁek}}
and
4 (t%umRm)

RF+)\*I§:1* {p{ 'ﬁm* ( Pm* "Gm* ) /I%*l%*&mk*ek} ] RM}/Var {Qm* ( Pm* _Gm* ) /I%*E& mk* ek} }

We can define the condition for a decrease in the old invest-
ments' discount rate as follows:

%{Q{Qm(pm"vm)(%ﬁahka’RM Var Qm(pm—vm)/%ﬁamkck}} >

m+l ~ ‘ ~ ‘
m¥ =§ {p {Qm* ( Pt ~{‘rm'-’= ) /r%*gamk?’-‘ek ? RM}/Var {?m* (pm*-'vm* ) /r%* Fiumk _*ck} }

(5.26)

In cther words, if and only if the condition expressed in

Eg. (5.26) holds will the project's indirect effect be positive,
i.e, contribute to the increase of the firm's share price.

If, however, the above inequality does not hold, as Fowler and
Rorke suggest, the investment's indirect effect would be to
lower the market value of the firm's old investments, and the
aggregate impact would depend on the relative magnitudes of the

two contradicting effects.

In the following chaptér we turn our attention to discuss the
structure of a department store's portfolio in general and its
risk in particular. We will concentrate on demonstrating the
conditions which generate a risk reduction and consequently a
Jowering of the firm's discount rate; Before we proceed to this
topic, we first illustrate the points raised in our discussion

so Tar with a numerical example.
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5.7 A NUMERICAL EXAMPLE

Let us take the case of a firm which operates 5 divisions and
is considering opening a sixth. The problem the firm's
planners face is to select the best proposal out of three
available to it, or alternatively to reject the idea of
increasing its operations. In order to keep the presentation
of this example within a reasonable size, we assume through-
out it that the firm is originally, and remains, debtless.

If the firm's existing investments are left intact we assume
the firm will generate a rate of return of 12.0%, while the
market portfolio's performance, on the basis of a 5 period
forecast, is estimated as: '

YEAR 1 2 3 4 ]
RETURN 0.05 0.05 0.06 0.055 0.06

Assuming the riskless rate of return is Rp = 0.045, we can

calculate the market price of risk:

\ 0,055—0.045
0.25
A = 0.04
and
AR = 0.04 0.5 = 0.02

Given that the firm was charged, prior to the expansion, the

following unit prices for the three types of inputs it uses:

= > m.u, = m,u,. ; and ¢, = 7 m,u,
cq 5 m.u, ; Cq 6 ; 3

e can calculate the original corporate risk on the basis of

the following data:



pi Vi %alm %a2m %QSm Q1 Q2 Q? Q4 Qs Py /Vari

15 13 60 100 100 100 225 240 270 320 | 0.7188  0.2980
17 14 35 60 95 110 230 230 240 250 0.6074 0.1440
16 12 35 60 95 115 235 250 270 290 0.6923 0.2248
17 15 180 190 160 130 250 260 280 295 0.6676 0.0523
17 13 60 50 30 160 265 270 275 280 0.6173 0.2573

wvhere pi and »/Vari are store i's correlation coefficient and

standard variation respectively.

From which we can calculate the firm's required rate of return:

E(Rj) 0.045 + 0,02 (0.7188 0.2980 + 0.6074 0,1440
+ 0.6923 0.2248 + 0.6676 0.0523 + 0,6173 0.2573)
= 0.045 + 0.02 0.6180

= 0.0574

In other words, the rate of return required by the investors

in the capital market in view of the firm's risk premium is
5.74%. We now turn to investigate the three projects available
to the firm.

PROJECT 1

‘e assume this project generates economies of scale which

reduce the unit cost of inputs 1 and 3; hence

& =5 mu. ; €&, =6 m.u ; and &, = 5 m.u,
1 2 3

and that all five, possibly six, divisions of the firm offer
the same five lines, although in varying quantities. Let us
agsume that the first project's estimated performance is

summarized in the following table:



pm m cle aZm aBm Ql QZ QB Q4 Q5 pm /Varm
18 13 30 15 12 35 40 45 45 45 0.8385 0.0595
17 15 4 5 50 15 20 20 35 25 0.3297 0.0508
15 14 60 30 24 18 25 30 40 50 0.7340 0.0302
14 13 32 15 30 25 30 40 40 50 0.9129 0.0195
14 12 32 15 30 25 35 35 35 35 0.5590 0.0178

from which we can calculate the project's required rate of

return given its risk level. Hence,

E(le

0.045 + 0.02(0.8385 0.0595 + 0.3297 0.0508
+ 0.7340 0.0302 0.9129 0.0195 + 0.5590 0.0179)
= 0.045 + 0.02 0.1166

= 0.0473

This however is the excess rate of return if the project were
to be evaluated solely on the basis of its own merits. Given
that it generates indirect effects on the rest of the firm,
the discount rate used to assess the project's excess rate

of return depends on the total effect, we therefore turn to
examine the effect on the rest of the firm as summarized in
the following table:

b3 Yy f%m A%m KOsm % % Q93 9 2 VVar,

15 13 60 100 100 115 235 250 270 290 | 0.6923 0.0980
17 14 35 60 95 150 235 235 260 255 | 0.5587 0.1336
16 12 35 60 95 130 250 260 280 295 | 0.6676 0.2595
17 15 35 190 160 160 265 270 275 280 | 0.6173 0.0479
17 13 180 50 30 170 290 280 280 280 | 0.4951 0.1060

from which we can calculate the existing investments' new
risk level and the resulting equilibrium rate of return for

those divisions:
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E(lej 0.045 + 0.02 (0.6923 0.00980 + 0.5587 0.1336
+ 0.6676 0.2595 + 0.6173 0.0479 + 0.4951 0.1060)
0.045 + 0.02 0.3977

0.0530

However, the firm's risk given that project 1 is accepted is
calculated as follows: under the assumption that the new
project requires 24% of the firm's resources;

O 24 0.1166 + 0.76 O 3977
0 3303

Covjl

We can now éalculate the contribution 6f project 1 on the
corporate risk:

ACOle

0.6180 - 0.3303
0.2877

In other words, the acceptance of project 1 reduces the firm's
risk by 6.2877, which in view of the market price of risk
implies that the project's indirect contribution to the cor-
porate excess rate of return is |

0.02 0.2877
0.0058

d'; = AR

1 31

)]

while the project's direct contribution, calculated on the
basis of the assumption that project 1 generates a rate of
return of 8.75%, is:

d1 = ARl

0.0875 - (0.045 + 0.02 0.3303)
0.0875 - 0.0516
0.0359

We can now calculate the net total contribution of Project 1

hence:

il

0.0359 0.24 + 0.0058 0.78




PROJECT 2

In a similar manner we can examine the second alternative

facing the firm, which, as its predecessor, requires 24,0%

H

of the firm's resources, and generates the following econ-

omies of scale:

-8y = 4.5 m,u, ; Cy = 5 m,u., ; and c3,= 6 m.u.

with the following results for the new division:

pm vm 0tlm CL2m 0;Bm Q1 QZ QS Q4 QS pm /Varm
18 12 30 35 15 55 40 40 40 60 0.1382 0.1462
17 13 55 15 20 60 40 55 60 65 0.5199 0.0962
17 13 35 20 18 25 40 45 55 50 0.6516 0,1358
16 13 40 20 25 30 40 40 40 40 0.5590 0.0419
15 11 40 25 30 10 40 45 40 45 0.6781 0.1281

from which we can calculate the required rate of return were
the project economically independent irom the rest of the
firm's investments, hence:

E(R2j = O 045 + O 02(0 1282 00,1462 + O 5199 0 096? +
0 60]6 O 1358 + 0.5590 0. 0419 + O 6781 O 1281)
O 045 + 0, 02 0 2675

0.0504

The indirect effect of the acceptance of Project 2 is summar-
ized in the following table:

P; 95 i%im ifom fi%3m *1 Q2 ’QB Q-4 » 95 Py .
15 13 60 100 100 120 240 255 280 300 0.6926 0.1028
17 13 35 60 95 155 245 245 270 280 0.6323 0.1877
17 15 190 190 160 170- 275 275 295 310 0.6351 0.0772
16 10 35 60 95 160 265 270 275 280 0.6173 0.3022
17 12 60 50 230 250 255 260 0.7265 0.2808

MVari

.
o
Yy
o
<




from which we can calculate the existing investments' new
risk level and the resulting equilibrium rate of return for

those divisions:

0.045 + 0.02(0.6962 0.1028 + 0.6323 0.1977

+ 0.6351 0.0772 + 0.6173 0.3022 + 0.7265 0.2808)
0.045 + 0.02 0.6361

0.0577

E(R5)

However, the firm's risk given that Project 2 is accepted can
be calculated as follows:

0.24 0.2675 + 0.76 0.6361
0.5476

CovJ.2

We can now calculate the contribution of Project 2 to the

corporate risk:

0.6180 - 0.5476
0.0704

ACovjz

i

Therefore, the indirect contribution of Project 2 can be measured
as follows:

dl

g = bRy, = 0.02 0.0704

0.0014

vhile the project's direct contribution, calculated on the
assumption that Project 2 generates a rate of return of 6.25%

is:

dy = AR, = 0.0625 - (0.045 + 0,02 0.5476)

= 0,0085

¥e can now calculate the net total contribution of Project 2

2

nence:

D, = d, +d', = 0.0065 0.24 + 0.0014 0.76

= 0,0027 = 0.27%




PROJECT 3

Let us assume the third alternative facing the firm generates
the following set of unit costs:
61 = m,u ; 62 = 4 m, ; and 63 = 5 m,u.

and the new division's estimated performance:

Pn Vm %m %m %m % % Q3 % 9 o  VVar,
18 14 30 90 70 25 70 77 89 97 0.7037 0.1319

16 15 70 50 656 38 35 49 77 85 0.6666 ©.0253

15 14 90 70 35 41 80 93 93 93 0.7217 0.0237

17 16 90 20 30 50 95 96 100 111 0.6607 0.0345

17 11 90 85 656 60 85 87 79 80 0.5135 0.0588

from which we can calculate the required rate
the project economically independent from the

The indirect

E

(R

3)

of return were

rest o

f the firm:

= 0.045 + 0.02(0.7037 0.1319 + 0.6666 0.0253
+ 0.7217 0.0237 + 0.6607 0.0345 + 0.5135 0.0568)

1l

]

effect of Project 3 is summarized in

0.045 + 0.02 0.1788
0.0486

the following

table;

Py Yy F8inm H8om B%m % Q9 Q3 Qp Qg py  vvar,
i5 14 60 100 100 160 265 289 315 365| 0.7526 0.0634
17 16 35 60 o5 180 245 260 275 310| 0.7571 0.0527
16 14 35 60 95 185 270 295 315 365{ 0.7722 0.1430
17 16 190 190 160 190 250 260 295 315| 0.7026 0.0183
17 14 60 50 30 215 27¢ 315 335 360] 0.8278 0.2655
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from which we can calculate the existing investments' new
risk level and the resulting equilibrium rate of return for
those divisions:

E(Rj3j = 0.045 + 0.02(0.7526 0.0634 + 0.7571 0.0527 +
0.7722 0.1430 + 00,7026 0.0183 + 0.8278 0,2655)
0.045 + 0.02 0.4307

0.0836

n

However, the firm's risk given that Project 3 is accepted can

be calculated as follows:

it

0.24 0.1788 + 0.76 0.4307
0.3702

Covj3

We can now calculate the contribution of Project 3 to the cor-
porate risk:

0.6180 - 0.3702
0.2478

ACovj3

il
i

Therefore, the indirect contribution of Project 3 can be measured
as follows:

q°

Il

Ryq = 0.02 0.2478
0.0050

3

and its direct contribution, given the assumption that it gen-

erates a rate of return of 7.30%, is:

dg =Ry = 0.0730 - (0.045 + 0.02 0,3702)

0.0656

Hence, Project 3's net total contiribution is equal to:

D

. — : A : ' N rren
3 d3 4 d‘3 ©.0656 0.24 + 0.,0050 0.76

0.0185 = 1.95%
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In view of the above calculations we are now set to assess
the excess rate of return of each project, and of the non-

e&pansion alternative, Starting with the latter:

XR, = 0.1200 - (0.045 + 0.02 0.6180)
= 0.0626 = 6.26%

Consequently, we can calculate the following:

Xle = XR‘j + D1 0.0626 + 0.0130

= 0,0756 = 7.56%

I

and
XR, = XR, + D, = 0.0626 + 0.0027
= 0.0653 = 6.53%
and
XR 4 = XBy + Dy = 0.0626 + 0.0195

[}

0.0821 = 8.21%

The conclusion from our calculations is that the ranking of the
four alternatives facing the firm is as follows:

1. PROJECT 3 excess rate of return 8,21%
2.  PROJECT 1 " v " 7.56%
3. PROJECT 2 " " " " 6.53%
4, No expansion " " " " 6.26%

i.e. clearly tithe best choice is Project 3. These results

are graphically illustrated in Fig. (5.9)



Return

4
0
-
jas
\

Project Ranking

-160-



5.8  SUMMARY AND CONCLUSIONS

In this chapter we have presented the theoretical framework
necessary for a model of a decentralized firm operating under
uncertainty. Based on the CAPM, our discussion started with
a brief review of existing asset expansion decision rules,
and the criticism the CAPM has drawn over the years. We then
examined the capital market mechanism and stressed the case
for a departure from conventional CAPM theory by acknowledging
the fact that in a realistic business environment there exist
circumstances where a new investment undertaken by the firm
does affect its existing projects. Having made this point,
and sustained it with recent evidence, we set out to understand
the mechanism by which an expansion of the firm's operations
alters both its risk and return. For this purpose we turned
to Rubinstein's expansion of the mean-variance theorem, and
in the process of proving it we pointed out the stringent set
of .assumptions which govern the economic environment within
which the .firm operates, and its shortcomings., Consequently,
we modified the mean-variance theorem in a way which allowed
for economies of scale to be incorporated, and which enabled
us to shed some light on the economic processes which take
place when a decentralized firm expands its activities in a
way which alters its risk.

The main contribution of this chapter is in the way it treats
a decentralized firm and in the linkage it offers between the
individual product lines and the firm's market value, both in
‘a CAPM perfect world and in one where economies of scale exist.
Furthermore, on the basis of the above, we reformulated the
capital budgeting decision rules used in earlier sections of -
this chapter, and despite the fact that they are based on
identical reasoning as their predecessors they provide the
considerable advantage ol enabling the corporate planners to
evaluale the impact of changes at product line level on their

investiment criterions.



With the vital link between the firm's operating decisions
at the production level and its market value in hand, we are
now able 1o take our analysis one step further by focusing
on the implications of the firm's managerial decisions on
its market value. In the following chapter we concentrate
on the problem of resource allocation within a department
store using as a theoretical basis some of the concepts
introduced in this chapter. Specifically, we discuss in
greater detail the structure of the corporate risk and the
forces which operate on it to either increase or reduce its
value following an expansion of the firm's activities, or a

change in the internal resource allocation,-



CHAPTER 6

RESOURCE ALLOCATION IN A DEPARTMENT STORE

OPERATING UNDER UNCERTAINTY
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LIST OF NOTATIONS TREQUENTLY USED IN CHAPTERS 6 AND 7

bi -~ +the systematic risk in the return of store i.

bm -~ the systematic risk in the return of product 1inenm.

Ci -~ budget constraint of store i,

¢y - expected cash flow of store i

Cik - store i's unit cost of resource k allocated

Cj - bu@get constraint on firm j.

Cm - product line m's budget.

c, - expected cash flow of thgvcapital market.

E(Ri) — expected rate of return of store i.

E(Rj) -~ expected rate of return of Iirm J. _

E(RM) -~ expected rate of return on the market portfolio of
risky securities.

E(Rm) : - expected rate of return of product line m,

H - the price of risk. )

Lx - - target debt ratio

D; = average unit price of store i.

Pj - the price of the j'th security.

P - unit price of product line m.

Qi - sales of store i,

Qm -~ sSales of product line m,

RF -~ risk-Ifree rate of return,

SM = the total market value of all stocks.

vy - average unit variable cost of store 1i.

Vi -~ a dual variable,

Yo - unit variable cost of product line m.

WO - wecalith of portfolio holder at the beginning of
the periocd.

Wl - wealth of portfolio holder at the end of the period.

wk - a dual variable.

oy ~ the prcportion of the total rescurces allocated to
store 1.

&i - the amount of resources allocated to store i,

e — the proportion of resource k allocated to product
line m.
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o.
Cik

the proportion of resource k allocafed to store 1i.
the amount of resource k available to firm j.

a lagrangian multiplier,

an integer decision variable.

the market price of risk.

the mean of the return of a portfolio.

the complementarity effect of having product lines
i and m in the portfolio.

a dual . variable,

the correlation between assets i and J.

the partial correlation between assets i and J.

the variance on the returns of store 1i.

"the standard variation of the return of store i.

asset i's partial standard variation,

the tax rate. ’

alfter tax return before investment is undertaken.
after tax return after investment is undertaken.
a dual variable |

a constant in corporate centre's objective function.

a constant in store manager's objective function.
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6.1 INTRODUCTION

In chapter 5 we suggested that a multi-product firm can be
viewed as a holder of a portfolio consisting of both finan-
cial and physical assets. - In this chapter, we turn our
attention to the implementation of this concept to the
problem of resource allocation under uncertainty in a dep-

artment store.

The basic claim of modern portfolio theory as developed by
Markowitz (100, 101) and Tobin (146) is that, the risk of a
portfolio of capital assets is not solely a function of the
variance of the returns of individual assets in the port-
folio but also of their correlation (or covariancej. An
examination of the structure of a department store, whose
typical structure is graphically illustrated in Fig. (6.1),
reveals that a portfolio whose asset base consists of the
product lines carried by the store can be associated with i
such a firm,

Several properties of the department store make it a part-
icularly suitable candidate for the application of portfolio
theory. As pointed out in the previous chapter, for a firm
to have a portfolio problem the economic opportunities
(projectsj considered by the firm must be correlated. Such
a statement is valid for numerous types of industry and the
nature of the retail trade would certainly include it in such
a list., The fact that a department store is a combination of
correlated product lines is what attracts its customers and
therefore its raison d'€tre., Specifically, one can view the
existence of operationally autonomous product lines within a
department store, each with its own physical location and
menagement, as the store portfolio's asset base while the
relationships between the various lines of products and services,
o i.e. substitutability and complementarity, are the measures of
|| correlation between them,
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Fig, (6.1): Organizational Structure of a

Department Store
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In terms of the managerial decision making, such an approach
implies that planners in a department store face a problem
analoguous to one facing an investor in the capital market.
Specifically, both are required to determine the optimal
resource allocation between the available investments, each

of which is defined in terms of a mean-variance outcome,

While the investor in the capital market has to divide his
budget between the various types of financial products offered
by the market, i,e. risk-free and risky securities, the store
manager is required to allocate the limited amounts at his
disposal between the various business activities available to

him,

Keeping these concepts in mind we focus our attention on the
development of a model for the allocation of scarce resources
in a department store. We start with a formal presentation
of the theoretical framework necessary for such an analysis,
in section 6.2, following which we discuss in section 6.3

the structure of corporate risk and its economic implications.
Finally, in section 6.4, we suggest several formulations of

the store manager's problem.
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6.2 A DEPARTMENT STORE'S PORTFOLIO

The expected value of a portfolio at the end of a single

period horizon is given by:

m m . .
E(W,) = T G (1+E(R)* (W, - I @8.)(1 + Ry)
1 $=1 i i’ 0 i=1 i F
m _ m .
=W, +.Z &ER.)» (W, — L & .)R (6.1)
O g=p 3737 20 4oy ATF
and the variance of the portfolios' return:
m m
2 2 2
c“(W.) = £ 8 .0.“+2 @& .8 o
1 j=1 1 1 j=1 * J 1J
J>1i (6.2)
where:
WO - the store manager's wealth at the beginning of the
period which is assumed to be constant,
Wl - the terminal value of the store manager's wealth
which is a stochastic variable.
&i - the amount invested in the i-th product line.
E(Rij - the expected rate of return on the i-th product line,
012 - the variance on the rate of return of the i-th
product line,
Gij - the covariance of the rate of return on
product lines i and j.
RF - the risk-free rate of interest.

We can rewrite Eg., (6.2) in terms of the correlation rather
than in terms of variances and covariances, 1i.e.
2 2

2 . m m .
Wy = Loy Py 2 iila 105 P55 (6.3.a)

3>i
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where p.j is the correlation.of the‘returns on product lines
.1 and j and hence Py =1. Since the amounts invested in the
i-th line can be substituted for the proportion of the store
manager's wealth at the beginning of the period allocated to ~

line i, where al_%J Z &l, Eq. (6.3.a) can be rewritten:

o (Wl) = Zo,0."+2 Xoa.,0.p,;.0.0. (6.3.b)
5 O : :
-From our expan51on of the mean varlance theorem in chapter 5,
~i.e, Eq. (5 23), we know that:
Ul- =0 (Qsi(psi—vsi)/ T; ‘_ngkck) vi
which if substituted in Eq. (6.1) and (6.3.b) respectively

gives us:

e T . N m. o i ’ ) ’ ) .‘ '_ ’ ’ . ,.‘-»‘w m et - FER
. = _ % —
CE(W) = Ia (1 +Q5 (ps Vs, )/Za e k) + (w , E )(1+RF) |
ST b_1f1. » v  1—1. RS
o m ’ o omo
=Wy *+ I a(as, (ps —vs, )/Z k) + (W = T oy )Rﬂ
Lo =1 , Codi=1t B
RS (6.;4.’,%1)} B
ama o
- ,m71,2'g_' SRR . "2 . m -
L. a.7qgs, (ps,-vs. YL € )" + 2 L a0
1=1-*'O,(, AT g IR ey BT
j=i

B ) ' ) ' ' N ) * )
Y (QS:i (Psi‘VSl/ﬁafk Cyx )U(Qsi (psi_vsi)-'f(&i.j Cx ). |
(6.4.b)

In Eq. (6.4.b) we have the vital link between the departmentf
store's risk, as measured by the variance of its return; and -
the individual product lines it operates. Such a model is .a
prerequisite for any attempt to assess the effect of mﬁnagerial
decisions made in a department store operating under undertainty;
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Specifically, our model of a store is defined in terms of
fw0parameters— risk and return, and consequently is suitable
for handling the analysis of a change in any one of the two,
or both, as a result of a fluctuation in the firm's operating

environment.

Studies of parameters which determine a firm's rate of return
and the effects of changes in their values are available in
the literature.  Recent examples of such studies are provided
by Eilon and Cosmetatos (45) who have examined the effects
on the unit cost, the revenue and profit, of combined changes
imposed on the firm by managerial decisions or external forces,
Specifically, their analysis focuses on how actions within a
firm designed to enhance a certain performance criteria may be
found to have an adverse effect on other criteria. In view of
the existence of such studies and the fact that they are re-
stricted to the deterministic case, we now proceed to discuss
the impact of changes in the system on the firﬁ's level of risk;
We concentrate on the structure ofi a department store's risk
and assess the effect of changes in the s&stem on each of its
components and as a whole, |
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6,3 A DEPARTMENT STORE'S RISK

From the equations developed in the previous section it is

clear that virtually any decision made at various organizational
levels within the firm will have a potential influence on its
risk-return parameters. Consequently, the basic concept under-
lying our approach to the analysis of the firm's risk is to
direct our dicussion to the economic interpretation of the
parameters which form it. The structure of our analysis will
obviously reflect this attitude and as a result each subsection
examines the economic insight providéd'by the individual com-
ponents of the corporate portfolio's risk.

6.3.1 Investment Proportions

-

The first term in the expression of a portfolio's variance is
the proportion, or alternatively amount, of the investor's
budget invested in a given asset. 1In the case of a portfolio
of securities these proportions merely reflect the investor's
demand for each of the risky assets offered to him by the
capital market, In the context of a corporate portfolio the
interpretation and analysis of the investment proportions
provides considerable economic insight into the complex corp-

orate mechanism,

Let us start by examining one of the fundamental determinants

of a firm's behaviour - the range of production possibilities
available to it, Specifically, the problem facing any multi-
product firm is choosing the output combination which maximizes
some objective(s) function., This problem can be presented in

a portfolio context by introducing into our model the concept

of an "Efficient Set Curve" (ESC). Known also as an "Lfficiency
Boundary" and "Envelope Curve'", the ESC as illustrated in Fig. (6.2)
reflects 2ll the risk-return performances which the firm is

capable of generating by combining product lines and services
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and altering the proportion of resources invested in each,

In the case of a corporate portfolio the set of feasible
risk~-return combinations which lies under the ESC represents
all those output combinations that are dominated from the
firm's point of view since for any such point, say B, it can
produce with the existing technology a higher expected return

for any given risk,

This concepl can be better understood when one views the

firm as an offeror of financial products to investors through
the mechanism of the capital market. In the CAPM firms offer
two such financial products, expected return and fisk, where
risk is reflected by the covériance between the firm's rate
of return and the return on the market portfolio of risky
securities, The firm can, by allocating its resources in
different ways, vary the risk-return combinations it sends

to the market.

Greenberg, Marshall and Yawitz (64) name the set of attainable
risk-return combinations-the firm's "technology'" for the
production of risk and return. They denote the efficient

set of combinations by:

f(u, Cov) =0

depicted by a convex curve to reflect the idea that increases
in Cov yield successively smaller increases in the rate of
return.! Following this they proceed to find the conditions

which maximize the unconstrained firm's market value and

1. In the case of the firm the curve may not be continuous
due to the indivisibility of investment'projecﬁs. Fama
(49) provides a discussion of the geometry of the efficient
set under various assumptions concerning the availability

of borrowing and lending.
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prove that in order to achieve maximum value the following

condition must hold:

Bp'/BCOV = 3
ap/au

i,e. maximum will be achieved at that risk-return combination
where the firm's price of risk and that of the capital market
are identical, Graphically, this is equivalent to the point
where the firm's ESC is tangent to the CML, i.e. point A, In
other words, the multi-product firm must attempt to select the
investmeni proportions which yield a risk-return result which
is not only_interﬂally efficient but externally as well, i.e,
Wwhere the slopes of the CML and ESC are equal.

Greenberg et al's formulation of the condition for the maxim-

ization of the unconstrained firm's value can be substituted

with an alternative expression which can provide greater opportunity
for econcmic analysis of the above condition,

This substitution is based on Fowler & Rorke's (53)
work which provides us with the following definitions:

ACovi = Cov(c,

11Cy) — Cov(c; + Acﬁc

T Aci)

and
AE(ci) = E(ci) ~ E‘(ci + Aci)

hence the value maximizing condition can be rewritten as follows:

Cov(ci,cM) - Cov(ci + Aci,cM

E(ci) - E(ci + Aci)

e now turn to discuss. how changes in the performance of a
particular product line's performance will affect the store

manager's selection of the optimal portfolio.
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Basically, the problem seems simple enough and the answer
straightforward: how does a store manager who has already
selected his optimal portfolio, i.e, determined among other
his optimal investment proportions, and who then faces a
change in the information regarding one of the assets in-
cluded in his portfolio, react? It is only natural that

in view of additional information there might be a change

in the relative attractiveness of the product lines carried
by the store., Intuitively, a product line whose results
prove to be better than predicted, i.e. a higher profit
without a change in risk, will cause management to shift
additional resources to that line at the expense of others,
Similarly,‘if a product line generates a lower level of risk
than expected, combined with an unchanged level of return,
this too intuitively suggests that the product line in question
would enjoy an increased level of investment which would be
matched with a simultaneous reduction in the level of invest-
ment in the remaining lines. However, a careful analysis

reveals that these are not necessarily the case,

The complexity of the mattier is mathematically presented by
Levy (94) in his study of the demand for assets under ri k.X(’ :
Using a notation similar to ours, Levy writes the demand U)

for asset i as: s

E(R§~R nE(R)- R _
W =L —r F - % —»i—-—£ 0. . (6.5)
l 1 U . 2 j=10'- U . l\]’

i. 34 i. J.

where:

EF%)— the expected rate of return on the i-th asset (in our

case a product 1ine)

a Lagrange multiplier derived from the return corstraint

[V
t

when solving for the vector X which minimizes the port-

folio's variance.
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o; -~ asset i's partial standard deviation, i.,e. that part
of the variance which remains after removing that

variance due to other possible assets in the portfolio,.

pij - the partial correlation between assets i and j, 1.e.
after the removal of any part of the wvariation due to

the influence of the other n-2 variables.

From Eq. (6.5) Levy proceceds to differentiate the demand for
asset 1 in respect to changes in its return and risk respect-

ively. Hence:

3 q, SE(W,) 3z, . ,
b RS S R B v, g - (6.6.2)
dG(R) aE(%) JE(W,) Uj..z
and
ba;  Be(y) ary o F1 [(B®- Ry
" i 2
95, 99y 20 (Wy) °i. [ Oi.
n ER) - Ry ty E(R) - Ry
z oii - = |
=1 o J. o o, 2 (6.6.b)
Jfl . . L]
where
L(Ry R n E(R)- R ,
Y. = A A R i s o1
l 2 N N J’J.

Following this formulation of the changes in the demand for
assets under risk it is clear why our previous statements were
made with certain reservations. Both the reaction of demand to
changes in asset i's rate of return, Eqg. (6.6.a), and to
changes in its risk, Egq. (6.6.b), are seen to be functions of

elements whose signs arce undetermined.



The response of demand to changes in return is dependent on
i.e. the change

the two parts: ~the 'substitution effect",
in a; as a result of the change in when the expected

wealth is held constant, and the "wealth effect', or "income

’
effect" i.e. the change in oy due to change in the expected
wealth, While the substitution effect is positive the income
effect might be either positive or negative, This latter

point is due to the fact that the income effect can be positive,

in which case aE(Wl)ﬁE@)>O, or not, i.e, aE(Wl)ﬁE%)go.

Similarly, the response change in the investment proportion of
an asset whose risk has deviated from the planners' estimates
is dependent on whether the income effect is positive, 1i.e,
EE(le/aci'>O, in which case the investor will allocate more
of his resources to risky assets, or alternatively he might
opt to consume more security, i.e, 80(W1)/301.<0,2

These non-intuitive conclusions are of substantial interest to
our analysis of the financial impacts of operating decisions in
a -department store. Past studies of the theory of the firm,
such as classic micro-economics and recent profitability evalu-
ations (45); have highlighted the fact that given the firm's
dependency on exogenous market parameters, policies which
attempt to achieve a greater rate of return by promoting one

of the firm'svproducts can not only fail to achieve their narrow
objective but can also backfire in the wider sense, i.,e., while
enhancing one objective they can act adversely on others, ending
with a net detriment effect on the firm as a whole.

2. Two assumptions made throughout Levy's analysis and worth noting are:

i) the variance-covariance matrix is regular, i.e. two assets with

perfect correlation do not exist;

and 11) the investor does not sell short, i.e. aizp and hence Yizp.
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In an uncertain world, where the firm is represented by a
portfolio of physical and financial assets, a new element
is added to the already complex situation, Not only can

a policy designed to generate an overall positive contri-
bution to the firm's risk-return performance fail, more-
over, even if it succeeds to do so it is not at all clear
whether as a result the investors' i,e. managers and/or
shareholders, wealth will be altered and if the answer is
positive in which direction. 1In other words it is theor-
etically conceivable that a policy designed to reduce a
product line's riskiness achieves its target without any
negative cross-effects yet fails to féduce the overall
corporate‘risk because of the investors response of shifting
resources to riskier lines., Such a situation would arise
in the case where security is not a normal goocd. Similarly,
a promotion effort which manages to increase a line's rate
of return without altering any other parameter can cause
the investors to form a new portfolio with a lower expected
wealth, | '

We can clarify the issue of the choices facing the management
of a department store following a change in one of the product
line's risk-return performance with a simple example. Let

us consider the case of an increment in a line's expected rate
of return, the effect of which on the store's technology is
graphically illustrated in Fig, (6.3) by the outwards shift

of ESCli to ESCZi. In view of this new set of production
possibilities the store manager can react in three different

ways:

1
i H
point A, to point A', thus generating nore wealth

- by moving from his original location on ESC

without altering his risk level,

- by generating more wealth and at the same time in-

creasing the store's risk, i.e. moving to point B.

- by reducing the store's wealth and simultancously

increasing its security, i.e. moving to point C.
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The fact that in a mean-variance framework security and
expected wealth might be either normal or inferior goods

has behavioural implications both on the department store's
management and on those responsible for the individual

product iines. Particularly interesting is the effect of the
normality or inferiority of expected wealth and security on
the allocation of additional resources in the event that
these become available. For example, if new sources of funds
become available to the store planners after they have selected
their optimal resource allocation the additional income will
be divided between both expected wealth and security if both
are normal goods, ceteris paribus, In bther words} given that
the two are normal goods, the new portfolio will reflect a
higher expected wealth and lower level of risk than the old one.
Such a case 1is graphically illustrated in Fig. (6.4) by the
movement from point A to point B, the old and new portfolios
respectively.

The implications of ithe analysis of the demand for assets under
risk on the behavidur of the product line, manager can be quite
unconventional, Specifically, the knowledge of the share-
holders' attitude towards wealth and security can lead under
certain circumstances to the product line mahager adopting
what initially seems to be a negative approach, TFor example,
if the line manager perceives that the store management's
response to a possible increase in the return of his line is
such that they will not increase the amount of resources
allocated to it, i.e., the store management has a negative
income effect greater than the positive substitution effect,
this might reduce the line manager's desire to excell by
generating results which surpass the estimates set by the
store management., Such an attitude by the store management
may lead a line manager to keep his line's performance below
expected targets which should, ceteris paribus, génerate a
shifting of resources from other lines to his.  Although this
latter case seems unlikely the first and less extreme poss-—-
ibility is sufficient to create problems in motivating lower

management in a depariment store who expect the size of their
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lines to be a reflection of their performance. Unless a
growth in return is matched with an increase in floorspace,
siock, manpower etc. . . a certain element of the positive
internal competition will probably be lost.

The problem facing a department store's management when con-
fronted with a change in the estimated expected return and/or
risk can be described in more familiar terms borrowed from

both consumer theory and the theory of the firm. We can
illustrate this point with a simple example. Consider the

case of a single product firm, whose resources can be invested
either in its product or in a riskless asset. If we adopt’
Greenberg et al's (64) approach, i.e., that increases in risk
yield successively smaller increases in return, we can rep-
resent the firm's "production possibilities" with a conventional
concave product traqufrmation curve., We graphically illustrate
this concept in Fig. (6.5.a - d), where the intersection of the
financial product transformation curve (FPTC) with the wealth
axis represents the maximum attainable levél of wealth, which

if we assume positive diminishing marginal returns will be
achieved when all corporate resources are allocated to the
product line. There is however no intersection with the security
(measured by some negative value of the line's variance or
standard deviation) axis since even a risk free policy, i.e,

all resources are allocated to the riskless asset, generates

a certain amount of wealth, Wl and W2 are the wealth generated
when all resources are invested in the risky asset before and

after a change respectively.

Using this framework we can describe, in relatively simple terms,
the possible responses a depariment store's management can adopt
in face of a change in expected return., An increase in the
expected return will be graphically reflected by an outwards
shift of the firm's FPTC, fLrom FPTC1 to FPTC,,
the maximum security point's location.d Management can respond

without affecting

3. The only possible parallel movement of the FPTC would have to be inwards,
and would reflect a disturbance in the system which introduces risk into

what previously was a risk-free asset.
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either by increasing its holding of the product line, which is
the intuitive reaction, or alternatively shift resources from

the product line to the riskless asset, Fig. (6.5.2) and Fig.

(6.5.b) respectively.

Similarly, one can explain in these terms the potential effects
on the resource allocation in a department store of a change in
a line's risk, In Fig. (6.5.c) the firm's FPTC becomes dis-
continuous since the movement from FPTC1 to FPTC2 leaves the
risk free option, denoted C, unaltered. Despite the fact that
FPT02 does not intersect the risk free option 1t remains a
feasible alternative for the firm, It does imply however that,
the operation of the 1ihe at even a minimal level entails an
immediate loss of security. While Fig., (6.5.c) reflects a
policy which increases the holding of the line, Fig. (6.5.d)
implies a decrease in the amount of resources allocated to the
line,

The fact that one can, within the portfolio ffamework, deal
with situations where an asset's rate of return or risk is
subject to reassessment is an important coﬁtribution to the
modelling of a firm operating under uncertainty. An example
of a managerial problem which faces practically all firms,
regardless of size and product range, and which one can

handle on the basis of our previous discussion, is the impact
on the firm of a change in consumers' tastes. A shift in the
pattern of the consumers' expenditure, regardless of its
source, i.e. a change in fashion or in real income, is bound
to alter the distribution of the store's trade, One of the
direct results of such circumstances would be to change the
profitability, i.e. the rate of return, contribution of the
various product lines, making some more attractive than when
management constructed the original store portfolio and vice
versa., In terms of a corporate portfolio one would normally
expect such changes in the system to trigger a reassessment

of the irvestment proportions in an effort to shape the asset
base in a way which generates the best expecied wealth and risk

combination., In practical terms this would mean shifting
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resources between lines in an effort to shape the product

range oifered by the store in order to meet changing'demand.

Such a process could, however, lead to a conflict between

top and lower levels of management in view of the possible
discrepancy in their attitudes towards the-new levels of

return.  Let us summarlze this point by statlng that the

number of operatlng decisions which can be handled by uslng.

the above concepts. is as large as the number of changes in ad;} :
“department store! s env1ronment which generate changes in ther §
performance of one or. more assets New levels of’technolowy, ST
1ntroductlon of new product lines and greater eff1c1ency are B
but three of ‘such 1ssues ' '

Up tlll now we have concentrated malnly on the. 1nfluence chanoes ;"'
'l; “ln rlsk and return can. have on the resource allocatlon within N_'
a corporate portfollo brlefly dlscu551ng ways changes in arif.
product 11ne S. expected rate of return can arise, We now turn

our attentlon to the issue . of a product 11ne s rlsh as measured

by 1ts varlance of return.'

3}613:2:;AAproductiline's risk

The ana1y51s of a product line's variance of return and the

dflmpact of operating dec1s10ns on it involves an examlnatlon
inof-the structure of the second element in the express1on of
'gpthe corporate portfollo s risk, .Eq (6.4.b).

-

A partlcularly reveallng method of studying the. ‘above term
'1nvolves replac1ng the measure of the rate of return with

" ‘the famlllar ratlo 4
'f' .;v.' : ' rofit p
Q(pmvm) _ Profi | _
ﬁamkck v Capital Employed CE

4. Since our analysis is confined to the single-period context, which we
equate with the short term, fixed costs do not appear in onr'measure :

of an asset's wvariance of return since we assume that there are no-.
marglnal fixed costs.
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which éan be expanded to

P + [(Sales Volume. Selling Price - Discounts)'—

CE . Current Assets +

(Production Costs + Selllng,Costs + Admlnlstratlon Costs)k 3
' ‘Fixed Assets |

o _ (SV.SP - D) - (PC_+ SC + AC)
ce T o . CA + FA

In this_formAwe can write the wvariance of return as.folloWS'

%0 (o v\ . 2

s}b Q, (B, V) g (SV.SP.- D) - (PC + SC + AC) |-
o *i“mk °k oo\ ;‘VCA_+'FA,

e expanded :

2] (sV.sP - D 2 [pc+ SC + AC
gt . ‘ +. 0

ca+FA) |\ cA+TFA Y
/SV.SP - D PC.+ SC -+ AC‘\
20

]

CA+FA  CA+FA /[

SV.SP - D) [PC + SC + AC.
CA + FA cA+FA [/ (6.7)

A study of Eq. (6.7) provides some insight into the complexify '
of the problem fa01ng the store planners when they come to ' ’
assess the effects of a certain operating decision on the rlskl— o
ness of a particular product line. The right hand side of Eq.'(6;7)
consists of three elements: the variance of gross. rétur the
variance of costs and the weighted correlation between the t“o

- respectively., This formulation of a product line's varlance , _
provides detailed information about the complexity of the problem
raised earlier concerning the existence of contradicting forces N
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,@hichloperate on a line's variance when the former is expanded.

-~ 1If we concentrate on the case which is of particular'interest‘
to our disclssion, i.e. expansion with economies of scale, it
is clear that while” the first two terms are positive the weighted
correlation between gross return and costs can be negatlve.f Such -
a situation would occur when unit costsfallas outputlncreasesand
therefore an expans1on which generates economies of scale would

. create conflicting pressures: on the one hand an 1ncrease 1n,f
the pos1t1ve values of the first two terms and on the other hand

" and increase (or p0551b1y decrease) in the last term S value thus'

'-'-umaklng 1t 1mp0551ble to make any general a prlorl statement as ‘I

- to the expan51on s net effect on the line's rlsk

l'The fact that an expans1on can yleld 1nconclus1ve effects on a:.
Ttproduct llne S variance obv1ously has 1mpllcatlons on its
”‘baggregate effect on the lines! 1sk A study of the forcesw
:f“operatlng on the corporate rlsk 1n such an event reveals that
*f}they too not surpr1s1n51y, are capable of mov1ng 1n opp051te

if{dlrectlons. Spe01f1cally, one would ‘expect the reductlon 1n1f}ff3
,“htthe unit cost 'V, assuming unit price remains unchanged ‘to- ”f
xflncrease the value of the reflectlon of the operatlng level—*"”

#aage (P 'Vm), Whlch 1n 1ts turn 1ncreases the value of the?~“ﬂw
.f;operatlng efflclency _ _7' _f o L
Qm(p V)

3
»;k,an,k-‘

Rl ‘_,Var

-the latter belng further 1ncreased through the drop 1n the un1t

cost ot resource, and the increase in sales Qm On thc“;&fff

- 4 i
Aother hand however kthere exists the pos51b111ty that’ an 1n—'g;7”"
-crease in sales and operatlng leverage can generate a fall 1n
"the value of the correlation coefficient between the firm's
return and the return on the market portfolio of risky secur1ties,5
Vas 1llustrated in the numerlcal example in the prev1ous chapter |

The expansion of operations will yield a reduction of the firm' s»f
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systematic risk if the. following condition holds:

i{p{Qm(pm—vm)/Eamkck,RM Var  Q (p~vp)/ ﬁamkck} g

m£=m+l{p{§m*(pm*—%m*)/ ﬁ&mk*ek’Rﬁ} #Va? Qm*(pm*_vm*)/ E&mk*ék}
Whether in fact such a condition does hold depends on the mag-
nitude of the cost reductions and the sales increases as well

as on the response of other product lines to changes both in

the unit costs of inputs and the sales of other lines. It is

the analysis of these kind of relationships between lines which

is the subject in the following sub-section,

6.3.3 The Correlation Coefficient

The third and last term in the formal expression of the store's
variance of return is pij’ the correlation coefficient of the
returns on asset i and j. Essential to establishing optimal
investment proportions in any type of portfolio, this term is
the basis for a concept of considerable importance in the case
where the portfolio in question is a firm and the assets -
product,lihes, namely the concept of complementarity and sub-

stitution.

In chapter 3, within the context of consumer theory, we discussed
complementarity - substitution relationships between goods in a
riskless world. Very similar relationships have been shown to
exist between risky assets in a portfolio and have been the
subject of various studies. Most interesting from our point of
view is the fact that some of the complementarity - substitution
characteristics established in the poftfolio_cbntext are very
close to those in. the standard consumer theory, and consequently

are of practical meaning to planners in a department store.
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The conventional definitions of relationships between two
assets in a portfolio are based on the response of the demand
for one asset as a result of a change in the return of the
other, given that the wealth effect is neglected. Specifically,
two assets are defined as complements if a rise in the return
on one asset increases the demand for the other, and the two
are substitutes if a rise in the return of one asset decreases

the demand for the other,

Levy (94) provides a mathematical formulation of these concepts
in his analysis of the demand for assets under risk., Specifically,

he examines the second term of the following expression:

e 0 e Y
i 1

R.) E(R. FE(R.

_EE(RJ)BL’(RJ) . (J)

and” concludes that the substitution - complementarity relation-

ship is determined by the term:

2% N .
(R} E(W;) const. T EER) 1 o509,

which since Cl/oi Uj is positive, implies that the crucial
element is the partial correlation pijs Specifically, his

analysis concludes the following results:

A
o

i and j are complements if pij

i and J are substitutes if Qij > 0

.

li
o,

i and j are independent if Qij

and that these relationships are symmetrical and that all

assetlts cannot complement each other,

5. Levy offers a comprehensive discussion of the relationship between the
total and partial correlaticns between two assets, and why the use of the
former for determining the substitution-complementarity relationship

night mislead.
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If we now assume that the partial correlation can be approximated

by the determinant of complementarity in consumer theory, i.e. the
cross-elasticity between products, then in the context of a -depart-
ment store these relationships are particularly useful in the
planning process since the assets in question are goods and services
whose relationships have, to a large extent been the subject of
numerous econometric studies. Tables (6.1.a) and (6.1.b) illustrate
the results of such studies with various cross-elasticities of
demand for selected commodities;

CROSS-ELASTICITY WITH

COMMODITY RESPECTVTO PRICE OF: CROSS—ELASTICITY
Beef , Pork + 0.28
Butter Margarine + 0.67
Margarine Butter ' + 0.81
Pork Beef + 0.14

Source: H, Wold, Demand Analysis, New York,
John Wiley & Sons, 1953
Table (6.l1l.a)

CROSS~-ELASTICITY WITH

COMMODITY ) RESPECT TO PRICE OF: CROSS-ELASTICITY
Beef (Home) Mutton/Lamb (imported) + 0,50
Pork Mutton/Lamb (imported) + 0.85
Butter Flour , - 0.21
Oranges : Dried Fruit + 0.63
Margarine Butter + 1,01
Apples Other fresh fruit + 2,77
Tea Coffee + 0.14

Source: Stone, R., The Measurement of Consumers' .
Expenditure and Behaviour in the U.K., 1920-38

Vol. 1, Cambridge University Press, London, 1953,

Table (6.1.b)




The combination of such studies with the experience gained by
management can provide the department store's decision makers
with information aboutl the relationships between product lines
within the store, This kind of data, which we assume avail-
able, are clearly of vital importance for determining the exact
composition of the range of products and services offered by
the store and therefore, have an economic and not merely stat-—

istic role in computing the optimal store portfolio,

If we are to allow for changes in consumers' tastes to be in-
corporated in our model of the firm we must acknowledge the
possibility of such a change being reflected by a change in
the correlation coefficient Between two product lines. Such
an alteration of the value of the cross-~elasticity betiween
fwo goods can be a consequence of a change in the consumers'
expenditure or income pattern or possibly a result of the

introduction of a new product into the market.

Levy (94} provides the mathematical framework for the analysis
of the case of a change in the correlation between assets i and
K without any change in the other parameters, Basically, the
effect on the demand for asset i as a result of a change

in the cross-elasticity is measured by the quantity Bai/api

K.°
By differentiating the demand for i with respect to piK he

gets:
804 o A Yy
30 = i 7Ry
ik, 9P K. °Pixg,
Hence,
3. 30 (W.) sz E(Ry) - R
ki S e A T (6.8)
iy, 84, o (Wy) kP,

Since the second term in Eq. (6.8)'s right hand is negative,
i.e. a negative substitution effeet, a reduction of Pik
without a change in the store manager's income would increase
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the amount of resources allocated to product line i. However,
since BG(Wl)/BpiK can be either positive or negative, the

income effect is undetermined.

Finally, let us point out that there is evidence that the
returns from capital projects are not perfectly correlated
in most types of industries. This is due to the fact that
projects are differently affected by factors such as differ-

ences in the products and industries and their vulnerability,
geographical location, sensitivity to various social and

governmental factors, and their competitive environment. As

?
a result, the exploration of the economic forces underlying
the correlation coefficient of a corporate asset under risk

can be of interest in industries other than the retail trade.



6.4 RESOURCE ALLOCATION IN A DEPARTMENT STORE

i

The concept we have adopted, i.e. treating a department
store as a portfolio, raises three questions, typical to
any type of portfolio, which face the store manager.
Specifically, the following problems have to be solved
when one constructs the store manager's poritfolio:

ij which assets to include in the asset base;
ii) what are the dptimal investment proportions;
iii)  what is the total level of investment in

the portfolio?
In this section we attempt to answer, within the realities

of a department store, the first two questions, leaving the
treatment of the last one for the following chapter.

Determining the asset base:

In the case of an investor in the capital market the answer

to this question is straightforward: in a perfect market,
where borrowers and lenders face the same riskless rate, the
risk portfolio of all investors will include all securities
independent of their taste. This statement, known as the
separation theorem, follows from the fact that if a particular
Security is not included in the market portfolio of risky
securities, and no investor holds it, its price must fall,
thereby raising its return until it becomes sufficiently
attractive to be included in the market portfolio of risky

securities,

In the context of a department store however, one cannot apply
the same approach without further study. Product lines are
not necessarily always profitable, i.e, a line might generate

a level of return lower than that required by the firm's

riskiness, and the concept of a pricing mechanism which adjusts
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the actual return to an equilibrium level is not at all clear.

Furthermore, the department store manager, unlike the investors

’

in the capital market, does not have access to endless amounts

of resources, ~

As a result, the store manager's first task is to identify
and select those product lines whose rate of return justifies
inclusion in the asset base., Specifically, this implies that
the store manager should consider allocating a proportion of
the scarce resources at his disposal only to lines whose

expected rate of return exceeds the appropriate risk adjusted
discount rate. In the previous section we formulated the asset
.expansion rule necessary for the selection of attractive lines,

Determining the investment proportions:

In this section we suggest methods for dividing the total assets
at the store manager's disposal between the elements of the set
of investments which have successfully passed the hurdle defined
above, We tackle the store manager's problem from two behav-
iourally different angles; first, we formulate the case where
the manager is in search for an overall optimum, and second, we
abandon the attempt to maximize the store's value and instead
assume the manager tries to attain target standards of perform-

ance,
A). OPTIMAL INVESTMENT PROPORTIONS:

There are numerous ways of‘determining the optimal
resource allocation for a firm which seeks to maximize
its value, In the following discussion we suggest

two alternative formulations of the department store
manager's problem given the above assumption about his

target.

The first of such formulations is a direct extention
of our earlicer annlysis of the concept of the excess
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rate of return. Using the asset expansion criterion
develgped earlier one can view the combinations of

projects which have passed the profitability hurdle:"“"ﬁ

and satisfy the rationing constraints (yet to be .=

"'deflned) as mutually exclu31ve bundles. Consequently;f;.ﬁgm;

3ithe firm should accept the bundle with the hlghest
'feXCess expected rate of return welghted by 1ts cost L
"«Hence for a store operatlng m product llneq theAlf”°"7

TQJ--]“~""*;"'prrob1em is to accept . the bundle Wthh g "a'

< csi tjf  (6 9. bjﬁ“””

hls formulatlon s maln attractlon 1s 1ts relatlve
;lmpllClty and the fact that 1t highlights the type:

*however 1s also its very weakness there 1s no‘

'1“1t quite 1mpractlca1 Clearly there is a. need for'
ila formulation of the problem in a manner Wthh llnhs‘.
" the corporate performance with that of the indivi~
" . ual product lines. | | S

A suitable approach to the problem of the mathemat-.
ical programming of interrelated projects has been _
Fdeveloped by Thompson (144) on the basis of Hamada s_
(66) capital budgeting model, Basically, Hamada s
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hurdle rate for a new investment is defined as:

dE(TXj) 5 RF (1 - ey b 2 dCov(TXj,XM)
di ‘SM al

where:

TXj ' - is firm j's after tax returns,

dIl = AT - the investment project,

—TL*RF - the tax subsidy for debt,
CL* : - tﬁe targét debt ratio,

SM L - the total market value of all stocks

~including firm j.

In the case of interrelated product lines within a department
store, the effect of a reallocation of resources on the
store's risk as measured by the covariance of its returns
with those of the market can be estimated as:

n n
X. X S
-K__ a Cov (T%5,T°M) _ j., COV(TXjO + ingxji,TxM + ingij
Sy a1 Sy AT
- COV(Tth’TXM)
AY
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where:

TXjO - is the after tax return before the projects
are undertaken,
Tin, i-1i,..,n - +the after-tax returns for the individual
projects,
n
ALl = I AIi - 1is the sum of the reallocations in the
i=1

individual product lines.

which can be manipulated as follows:

A d COV(TXf’TXKP : P n ' n
d 4 = _— L Cov TX s TXM + I Cov (’[‘X :0°*
S, dI SAI | i=1 J i=1 J
M , T
) ( n n )}

X..] + Cov L X.. I X..

T Ji i=1T J’? i=1T Ji j

A n ( > A

= —-— % Cov X..,R +
T7ji° ™M
AT 121 4 STAI

SM aI A I i

(6.10)
If we now assume <that the systematic risk in the rate of return

of an individual product line can be explained by a linear re-

lationship with RM we can write:
¥

n n n
z Covf X. , X.. ] + Cov I X.., v X,
=1 TJjo*t Jji 1=1T Ji i=1T J



X.. ) |
—~—d = a. + bRyt ey (6.11)

AT i 1N i
o 1 v .

we can incorporate Eq. (6.10) and Eq. (6.11) to write: ,*‘Al

A d Cov(Xy, Ky [ER,) - RF] e
i 8Ly

s

'3(6.12) :

3 _ ’“"_; , _ ';,*2. : .
,-51nce Cooy( XJl’ M) —.Ali COY(TAji/AIi’RM)*VA Iioioj (RM),

On the ba51s of thls framework Thompson develops a formulatlon RN
' of the 1nvestment selectlon ‘problem which, after mOdlflcdtlﬁn '

can be used to formulate the store manager s problem ,_;:;;g;:jﬁ”};}}

,j f)_,A’Lineaf Programming apﬁanch: 'Wé'can'write'fhé“étore.wu'
manager s problem as follows S e Fap e

"R

MaXZ=z {E(Xm’ » {R * by, [E(RM’ F]} B ey
T F .

(6f13-a);:

8.T. : Zaﬁk R T ﬁpzk ¥k o ‘1 _<3;13_b)?_
“mk

v

0 ¥m,k S (e.18.e)
where:

- X - the returns generated by product line m; . and

* 8

% T the amount of resource k available to the manager
of store i. '
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Siﬁde our objective in the following chaptéflis to develop a
resource allocation procedure in a decentralized departmenf |
store chain,ﬁwe now proceed to formulate the dual of the |
problem of store i's manager. Let us start, however, by
s1mp11fy1ng the notation so that we can rewrlte the prlmal
problem as follows.

Max., 'Z‘=, I % @ ¢ o i , a . (6.14.a) RS
;{:;- PR S ; - L :, ‘€% ':

' ”vaﬁk -‘. - .}‘;'-3;1102 ¥ mk 4 1¥_v‘(6f;4;¢)f  Lo

where iﬁéi%&f‘{ﬁ f bm [E(RM) IJ}apd the tru§ so1ut;on.isf
E(XM) i

g rﬁ—““ nmme than thls.,$§f'w

' where the dual varlables W can be 1nterpreted as the marglnal
'5'5prlce of resource k when used by department store i. The ' &=

- importance of this marginal price in the process of resourcejii’ﬁﬁ}‘
'allocatlon in a department store is in its use as a bldalng"‘-‘<.
price by the management of the store when requesting ltS'ﬁf
share of the total amount of resource k available to the
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-oiiOne of the questlons Whlch preoccupy department store
‘-"managers to a large extent is the issue of expandlng a

'*ﬂ}tstore manager has a good idea as to the effect such’a

" 'Sftﬁdone voluntallly by the store manager only 1f hlS perfbrmj;i;

k“ffance consequently 1mproves The kind of 1nf01mat10n whlcht_

““ffffollow1ng formulatlon of the store manager's problem

central unit. This point will be further elaborated in. ther

: following chapter where we develop an .iterative procedure for
- resource allocatlon for a decentralized department store . chaln
using the concept of marginal prlces as blddlng prlces for
resources. ‘

Using as a framework the LP defined above, we can now turnffy”‘-i
to_éxamine several topics which face a department store
'manager ‘in the runnlng of his branch '

v

- 1D Increas1ng the 1nvestment in a partlcular product Llncﬁ

":fpartlcular llne at the expense of some other(s). Clearly,Li’j”Flv
”ano sens1ble de0151on of this type can be made unless the f""v'°

’change will have on the value of his objective functlon.;ﬁ"”
T'Any 1ncrease 1n the inves tment in a product llne Wlll be

‘the manager requlres can be generated by looklng at the

A

i “Mh-ll - m~;(6;16§a5'
“mk S 20 o (6 1. c)

Wherexdl 1s the llmlt ‘on the amount of resources allocated
by the’ manager of store i to produce line m,

- Let us turn to the above problem s dual which can be w11tten.
as follows '

- Min. Z = Zdlim¢m (6.17.a)
. o a -
S.T. b | >0 ¥m (6.17.b)
¢ > 2 . “ -
m mCk ¥E (6'17'?);v'
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where ¢m, the dual variables, can be economically interpreted
as the marginal contribution to the store manager's objective
function of an increase of the investment in product line m,

In other words, the store manager can, by examining the above
dual variables, assess how the store portfolio's performance
will be affected by increasing the amount of resource allocated
to a particular product line, Specifically, the higher a
product line's dual variable, the greater its marginal contrib-
ution to the store's performance in the event of an increase

in the amount of resources allocated to it.

(1i) Normality and Inferiority under Uncertainty:

Additional insight into the properties of a product 1?ne can

be achieved by examining the change in the store manager's
"consumption" of the line in question as a result of a change
in the amount of resources at his disposal. Specifically,

the answer to the above question, i.e. how does the demand

for a product line change as a reéult of a change in the

store manager's budget, is analogous to the concepts of
inferiority and normality in the deterministic world of
consumer theory. Generally, one can state that, given that

the investment in a particular product line increases (decreases)
as a result of an increase in the amount of resources at the
store manager's disposal - the line is normal (inferior).

Since the lines in a department store are groups of goods and
as suchvare the subjects of consumer theory, it is particularly
interesting to investigate the case of a department store,
where the results can be subsequently compared with those
derived under deterministic conditions., 1In other words, we
could then examine the question: does an item maintain its
normality (inferiority) from a deterministic world as one

moves to a mean-variance one?

Although no a priori answer can be given for any specific
item, we can proceed to examine the set of information
required for such an answer, Let us define B = (aij)’ whose
dimensions are (k x k) and which is the bdsis matrix formed

from linearly independent columns of the ccoefficient matrix
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of the constraints of the store manager's problem in
its LP formulation. By definition:

7l =1 a458

|B]
where |B| is the determinant of B, and adj B the adjoint

matrix,

The question we are examining can be defined as follows:
how does the store manager's investment in product line m,
i.e. %k ? change as a result of a change in aik? Let us
assume that in view of the marginality of the change in the
store manager's budgét there will be no change in the basic
solution, and that the constraints are strict, otherwise

any marginal change in % ) will leave all o unchanged.,

mk
Using standard notation, we can write:

x* = B™L p

where x* is the optimal solution of the original problem,
i.e. prior to the change in the constraint ey, and

%51y

%i9

.

Y %ik
If.the dual simplex method has been used to solve the original
problem, B will be known., We now distinguish between the

case where the perturbation in the constraint generates a

basic solution which is feasible and that ﬁhere it is infeasible,
The simpler case is the former, if b is perturbeq to b + Ab,

and the new basic solution

R = B (b + Ab)

is feasible, then the change 1in Sk will be known immediately,.
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If on the other hand the new basic solution is infeasible,

then we can calculate the marginal change in x* as follows:

1

by definition BB - =1

where I is the identity matrix, and by the product differen-

tiation rule

A -1
3B g1 4 p 8B =9
ab o
which, rearranged, givés us:
_ _ -1
B 1 QE B 1 _ aB
ab ab

since, by well known theory,

x¥ = B—lb, we can write:

aB~1

xr o 3BTy gt
3b 3b
= -1 8B g7l gl
3b
= -7t 8B 4, pl

However, if we are interested in determining the normality or
inferiority of a particular product line say m, in the case

of the store manager whose problem we are examining, a look at
the m-th entry of the vector 3x*/3b will tell us the marginal
change in Ok : '
in view of the fact that any solution is determined by the

and answer our question., Let us point out that,

broduct line's risk, among other parameters, it follows that
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any change in the risk characteristics of a product line's
risk can result in a change in the line's classification,

i.e., making a normal good inferior or vice versa,.

iii) Department Store Efficiency

A different insight into the store manager's behaviour under
uncertainty can be derived from an examination of the store
manager's portfolio performance as a result of a change in
the efficiency with which his store is run. Let us assume
that the store manager's problem is formulated as follows:

Max. Z2 = X IQ c, «
. m k m-k "mk
S.T. : Zamkck < Cix
m
L < 0 ¥m,k

where Cik'is the budget available for the purchase of
‘resource k. If we now assume that the unit cost of resource
k, i.e, Crs is a function of a parameter t, where t could-
reflect some efficiency in staff training when k is manpower,
then the change in the store's excess rate of return as a
result of an improvement in training can be defined as

follows:
az . 3% 3% 8omy
a? mk 8Cyy 90m k ot

which as Saaty6 proves is equal to:

. Q
Lo 02 o, ; 0% 10 IV A 1
dt m k aamk dt m ?chk . dt k acik dt
which we can rewrite:
de dQ_c dac.

dz , k , m k ik

— z ZH* 3N —— + Z X% Ju— - -+ ZH*. ..__.._._t'_..

at o k m dt n m dt Kk * at

G. Saaty, T.L., (1959) Coefficient Perturbation of a Constrainted

Extromum. Operations Research, Vol. 7, pp. 294 - 302.
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where the dual variables and solution at optimum, H*m and X*,
respéctively, can be derived as we have demonstrated earlier, and
therefore are assumed to be known, which enables us to substitute
them into the 4bove equation and measure the change in the store;
manager's performance as a result of a change in parameter t. lIf.j
in fact t does denote some reflection of managerlal eff1c1ency,‘rf
the above information could be used by the store manager to estab?
llsh the size of the reward if any, measured in terms of. the.A* :

'change in the value of the ObJECtIVe function, Wthh results fromjff;
'the above effort If a cost could be associated w1th the achleve—g:d

" . ment of the new 1eve1 of efficiency, the store manager would be 1nj"

.a p031t10n to determine whether the effort is worthwhile ,1 e. if_;

”rﬁthe incremental excess rate of return 1s greater than the cost 5';_
f}of attalnlng 1t R D e R i

iis A Non—Llnear Programmlng Approach In ou1 LP formulatlon of;;;; -
f;the store manager s problem we made an 1mp11c1t assumptlon as toél' i
‘_the effect of - the ex1stence of complementarlty—substltutlon ' L
frelatlonshlps 1n the store : Spe01f10a11y, we 1no0rporatedrthesef

.relatlonshlps through .the store s covarlance i, e-,the 1n°1uslon3jh"{
fof a partlcular product 11ne 1n the store portfollo affected the;;ihw_
-:store S r1sk in a manner whlch obv1ously depended on the 1ncluslon

fOr non 1nc1u51on of other product 11nes in the. store portfollo.éj*;;'
as a result the’ store portfolio's risk was directly. affected byirf”r;
fthe relatlonshlps Wthh ex1st between the product 11nes Operatedf" T
Kby the;store.-* S . | _ BeE

> lThere exists however an alternatlve method of 1ncorporat1ng the

11400ncept of substltutlon complementarlty in the formulatlon of
' .cthe store manager s problem: through a spec1f1c complementarlty Lo
'"5feffect on the. store s return. This concept is based on Hillier! s-f“lf

fi](73) method of lettlng the competltlve and complementary eercts .
'be determlnlstlc and additive and 1s written by Thompson (144) as.f-if

ST E(TXJI) E( X'Jl) * mil Him®m Nf‘6f%8)p;Afolfﬁ;giV
m#i

where E( X‘J ) 1s ‘the dlrect effect of product line m, and'h* th
one half of the substitution or complementarlty effect of hav1ng _
3 }jboth i and m in. the solutlon i, e. the 1ncrementa1 return ot the K

astore manager s portfollo of both product llnes i and m are carzled ff
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by the store, and -~ is a decision variable where Qﬁ = O(l)
following m's rejection. (acceptance),

Let us replace the integer dec1s1on varlable c* , with a .
continuous ratlo so that the return effect of complementarlty

and substltutlon is a function of the proportion of the

resources allocated by the store manager to the product llne
1n.quest10n. We. therefore rewrite Eq (6 16) 1n the follow1ng

manner :
E(Xy L)+ k ® mkC K
E(TX) = E(T‘{l + Z _mk
EhRanE T Jl B T L

Whenaéa*kcplﬁ;thetotalamount of resources at store its manager Sj'“

“c¢; dlsposal (a constant at any partlcular 1teratlon)

We can formulate the store manager s problem in a ‘manner whlchﬁf‘

'”f 51ncorporates the return effect of complementarlty SUbStlt“t*on;‘
"f":as follows. EEEN - | - |

E(X'

{R +.b [E(RM) , F]}P“mk k""

15 2 " C knkSk kK
e T A T
¥ o .
<o g ¥K
o > 0 "#ﬁ;k

Thompsou points outAthe factrthat the solution to theJaboveftyﬁe”_-
of problem-is not straightforward. ~He suggests spliting the
problem into independent subproblems, which would be poSsible

in the event of not all the uij'stmingnon—zero and the inter-
relationships between projects allow such a split, which could

be solved using Hillier's branch-and-bound method for quadratic
objective functions with linear constraints.
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Ore .can however simplify the problem which faces the store-

manager as defined above by examining its dual. Let us denote.

the first paxt of the objective function L(a), i.e. L(a) is a
- vector function with elements @, ¥k,m, and denote: o

Lo Cx | - 2“31 Cx
SR S k
Ilz e ; and fz e .
Lo¥ : Za¥
K ik%k : g ik Cx

and-Hk be the dual variables. Hence we'can_writé?thevdﬁal df
, .- the problem defined by_ Eq. (6.17a) - (6.17.c) as follows: 7

U Min. L(a) 4 I
SR e S hj

Ry ‘jf o 3f. (a) o ag (a) e
8L 4 -—l——— 2(&) r 2L Il(a;}
90, L Bq

hJ 1(“) :2(Q) f ink(iumkﬂf aﬁk) (G.QOfa)i

Coeeme 20 G

i"&_  We can wrlte the above dual in a laglanglan form u51ng a thé ff_fl
.;prlmal varlable as below

Pt A..?“,"-‘?:T*. EJ“.*?-J ARk (_“) "y [k i‘?‘mﬂ [fé“kc R
31, (a) B afz(a) e
—— I,(a) "+ - f,(@)r| - (6.2172)

aa v ‘8o S e
- 3f, () At (@) | IR
oL 1 o : :

5.T. ILC > —=+ z —— f (@) ¥+ ——— f.(a)f (6.21.D)

kK 5 7 8 th 3 ¢ 30 1 T

Iu
hj b3

K >0 ¥k,m - ‘(6.2}:?)5..

where e = C, where C is a constant,

7. See Mangasarian (98) and Balinsky and Baumol (13).

BN
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which can be rearranged as follows:

Bfl(u)
th £i(@)% (@) H—" g5(®)

dn

Min [L(a) +-————a] Z
hj A
afy(@) 9 R
+ f (a)] afk - éamkj -« lzinkc] ' (6.22a)

aa

o . aL : 1(3) afz(a) V : ‘-?1Yfixf2;
>0  ¥,m (6.22.¢)
- 5té'Giveﬁ the>fac£fthat¢'
o " SR :. B(flfz)
f (Ot)f (OL) f (O) 12(0) + O ——
oa

and also that  i] ;:,5;';ﬁgwg;,ﬂ

' Given the'produgt differentiation rule we‘can'writei

o af (a) 5 ”’*k; 'af (@) g a(f, 1)
e R e L2
.vad L | | Yo e p‘aa 

and given Taylor's series we can write:
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L (o) = L(0) + @ 3L
- - oa

Hence o & = La) - L(0)

Tl

and'since L(0) = 0 we can approx1mate ‘the dual problem and flg;i”

51mp11fy it as. follows

SRR U] € 5% 0 R R
o Mine 2L(a) ® ok g2 e Bl Ok T Mg
Lol T S SR om0
2 (6.23.b) ‘
_.ftojB) The rlsk-mlnlmlalng qpproach It hss been'Suggested""”'"

"“by Slmon (139) and others that the firm "satlsflces”krather

-_n.than max1mlzes some objective(s). That is, buslness flrmbif“f“ o

~7la1m at "satlsfactory" rates of profit rather than at a l‘**

'“7h3max1mum figure. In fact, Eilon (44) clalms that Whlle':f'.,,vpﬁ :
'the 0pt1m1z1ng phllOSOphy is the dominant one in the lit- f' e
erature satisficing prevails in practlce. The 1mpllcat10ns"

"of such an attitude on the planning of the flrm s resource'
'allocatlon is that the objectives are defined in terms of .
‘the need to meet levels of performance, such as capital = . =
- expenditure limits, and attaining target of sales market -

penetratlon and so on, | -

In view of the considerable data requireménts necessary

for a successful application of the optimizing approach in
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the context of a department store, it seems reasonable that

a store manager would be satisfied with achieving some degree
of improvement in the present period over the previous
period's performance, Hence, a formulation of the store
manager's problem under such circumstances could be written
as follows:g

m m

. _ ' , 12
Min., Z2 = E X 6V Cvov §vw S W CW6W / (2 Cmﬁm)
v=1 w=1 m

(6.24.a)

m - '
S.T. LEX' ) + & u_ 68 /L C& >e
m m’ m g= Fg cmm (6.24.b)
% .

LC8 < 0 (6.24.c)
m
8§, =0,1 (6.24.4)

where each product line has a cost Cm and an associated expected
internal return, which when divided by the total invesment, as
in Eq. (6.24.b), yields a pure rate of return measure. The
objective function, Eq. (6.24.a), is simply an expression for

" the store portfolio's variance; where va are the cross-
elasticities between product lines v and w, The target rate

of return required by the store manager is denoted by e, and

it can bear some kind of relationship with the previous

period's performance, e.g. e + g, where e

t - Ct-1 t-1
reprecsents the previous period's performance and g the growth

rate the store manager hopes to achieve,

8. The basic structure of this kind of formulation and a discussion of
its methods of solution can be found in Findlay et al's (50a) znalysis

of the applications of the mean-variance theory to indivisible assets.
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6.5 SUMMARY

In chapter 6 we have analysed the structure of a department
store portfolio consisting of the products and services offered
by the store, We have demonstrated how the main features of

a department store can be incorporated into a portfolio model
and then used as a framework in which the outcomes of oper-

ating decisions can be assessed.

In view of the fact that we assume the store is operating under -
uncertainty, and the existence of various studies 6f the corp-
orate return's structure, our main emphasis was put on the
identification and subsequent analysis of the economic forces
which form the risk of an individual product line and that of
the department store as a whole. Ve used the expanded mean-

variance theorem to break down the individual line's risk to:

ij the investment proportion associated with
that particular product line;

iij the product line's variance of the rate of
return; and
iii) the cross-elasticity of demand for the line

in question and the remaining lines carried
by the store.

An analysis of each of the above components of the store's
risk revealed the factors which determine the possible
reactions of a store manager to changes in the estimated.
performance, i.e. rate of return, risk and cross-elasticity,
of a particular product line, where the response is measured
by the amount of resources allocated to a line, We discussed
the repercussions of various types of responses of the store
manager on the attitude of the product line managers. ‘

Vie then showed the potential impacts of an expansion policy

with a changing cost structure can have on the variance of
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the rate of return on an individual line, Depending on the
magnitude of the increase in sales and cost reductions, we
demonstrated that an increase in scale which generates a
reduction in some or all unit costs can reduce as well as
increase the variance, and possibly risk, associated with

a particular product line,

The analysis of the last term in the risk expression of a
product line's risk, the correlation coefficient,enabled us

to incorporate into our model of the department store the
concept of substitution and complementarity. Using Levy's
study of the demand for assets under risk, we discussed the
effects of a change in a line's correlation with another

line carried by the store on the amount of resources allocated
by the store manager to the line in guestion.

In the final section of this chapter we examined how portfolio
theory could be applied to the store manager's problem, 1i.e.
to the allocation of resources between product lines. We
distinguished between two approaches: first, we formulated
the problem for the case where the store manager seeks to find
the optimal investment proportions, secondly, the problem was
defined for the 1less ambitious case, namely, where the store
managey sets himself a target and any solution which attains
it is satisfactory, despite the fact that it may not be the
optimum,

In this chapter we have avoided the third question which
determines the store manager's portifolio, specifically, the
size of the investment in the store. Since the ultimate
objective of our analysis is to model the resource allocation
process in a decentralized department store chain, we turn

in chapter 7 to the analysis of the corporate portfolio, in
the process of which we will show how the amount of resources

invested by the corporate centre in each store is determined.
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CHAPTER 7

RESOURCE ALLOCATION IN A DECENTRALIZED

DEPARTMENT STORE UNDER UNCERTAINTY
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7,1 INTRODUCTION

In this chapter we take the concept of a corporate portfolio
one step further by applying it to a two level organization,
i.e. a decentralized firm. An examination of an example of -
such firms, in our case a decentralized department store chain
whose organizational structure is graphically illustrated in
Fig, (7.1), suggests that one can associate three different -
portfolios with it, namely:

i) the firm's securities are one of the assets
which form the market portfolio of risky

securities;

ii) the stores which form the company chain
are the assets which constitute the risky
e¢lement of the corporate portfolioc; and

iii) the producf lines operated by each store
form the divisional portfolio.

The basic concept underlying the above classification 1s that
the analogy drawn in chapter 6 between the investor in the
~capital market and the department store manager can be equally
applied at the corporate level, In other words, in a départ"
ment store chain the corporate planners and the store managers
face a problem similar to that of the investor in the corporate
securities market, specifically, that of dividing the limited
resources at their disposal between the economic opportunities
available to them. In the previous chapter we discussed in
detail the issue of a store portfolio and we now turn our

acttention to the upper level of the organization.

Various properties of the department store chain, and the
decentralized firm in general, make it a suitable candidate for
the application of portfolio theory. The corporate centre can
be seen as an investor faced with a set of mean-variance com=-

binations enerated by the stores which form the organization
’ 3 s

-214-



DEPARTMENT STORE
CHAIN HEADQUARTERS

STORE 1

p P
T T
o o
d d
u u
c c
t L I I 1 t
1 1
i i
n n
e e
1,1 1,m

. - STORE p -

. . . |STORE i

p p p

r T r

o o o

d d d

u u u

c c c

t > 6 & ¢ 9 t t...l'

1 1 1

i i i

n n n

e e e

p,1 p,m i1
Fig., (7.1): Organizational

OB HEF 020 RT

m

structure of department store chain

-215-




and the need to decide upon the optimal portfolio's structure.
The concept underlying our_analysis is that the corporate
centre's role-is similar to that of a holding company, owner

of several subsidiaries, whose planning requirements inClude_“ﬂ”
determining the level of investment in each of the latter._:The
clear diviSibility_of'a chain retail organization combinedbwithf
the economic relationships between branches make the idea of a
corporate portfolio a meaningful one. - B

Keening this conoept in:mind we focus our attention 1n thls
chapter on the planning of the resource allocatlon in a dep-' -
- artment store chain operating under uncertainty. We start bnyi‘w
S examlnlng the process which takes place when the store managersf_’-”

a;are granted a : 1arge degree of . autonomy in detelmlnlng their

portfollo in sectlon 7.2, Follow1ng thls we. dlSCUSS the case o

f;where the corporate centre reduces the frecdom of the store .
managers and gets 1nvolved 1n _the selectlon of the stoxes"‘

pOllCleS 1n sectlon 7.1. In sectlon 7 4 we dlscuss the case ;7u

S b R . '.:-\',...

of behav1oura1 externalltles I
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7.2 DECENTRALIZED RESOURCE ALLOCATION PROCEDURES

7.2.1 The Perfect Market Case

In a CAPM efficient market we can definefthe following relationf
ships for firm j with i divisions each operating m product lines:

; E(Ry) = RF+ ix*g Eti,_(Pi—vi)e(_Qi-’pr)/-V#-'Qiliﬁaikmck' ‘( H};j /53 | ‘.‘(7'. la)
" and_ -

8.

‘;ﬂ;~‘7pr0portlon of f1rm J 's total assets allocated to d1v1510n 1'k¥ﬂ---7
d;f'ff“prOportlon of d1v151on i's total assets allocated to product57

,;11ne m, , o :
‘iip.fia3 average welghted un1t prlce of the m l1nes carrled by d1v1510n 1,"

-*1f.;p. ui';unlt pr1ce of - product line m in d1v151on 1'

"ffiv:;j;f average welghted varlable unit cost in division i;
‘4_ un1t varlable cost of product line m 1n division i; N
{}p(Q RM) correlatlon between the return on the market portfollo of L

.-rlsky secur1t1es and d1V151on i's sales,

ar

;'p(le RM) correlat1on between the return on the market portfollo of

S Arlsky secur1t1es and the sales of product line m in’
_ division i; R Lo
O - numBerﬁofiunits of resource tjpe k allocated to product line m“
| operating in division ij; '

¢, = unit price of resource k;

k
Bj - debt of firm 3,
Sj -~ equity of firm js

The assumptions underlylng Eq. (7.1.a) and Eq. (7 1.b) are those dlscussed

in deta11 in chapter 5, namely that the firm is 1ncapab1e of any risk
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reducing diversification which the investors in the capital
market are not in a position to costlessly eliminate. Further-
more, the economic implications of the existence of a perfect
market on a decentralized firm is that there are no divisional
externalities that can be internalized in a central structure,
hence there 1is no gain in the linkage of independent activities,
In the following secticn we will show how the respective roles
of the corporate centre and store manager are greatly modified

as one moves from a perfect world to an imperfect one.

In section 6.4 we defined the three problems that face the
department store manager and SugéeSted that he was free to
establish the asset base and optimai investment proportions,
while leaving the question of the level of investment in the
store unanswered.' In : this section we tackle the third stage of
the store manager's problem and suggest that in a perfect market
one can view the corporate centre's role as one which is con-
fined to the final stage. In other words, we adopt the approach
that, as long as the assumptions of a perfectly efficient market
hold, the intervention of the centre in the divisional planning
and resource allocation is limited to defining the amounts of
the various resources which will be available to each division
in the relevant period,

This last point has an obvious effect on the definition of the
mathematical problem facing the corporate centre: If we assume
all inputs used at the divisional level are either physically
supplied or financed by the central unit, it clearly follows that
the problems of determining the size of a store manager's port-
folio and that of establishing the corporate holding of that part-
icular store in its portfolio are none but one and the same. Con-
sequently, we can treat the problem of resource allocation in a
decentralized firm as that of determining the optimal investment
proportions within the corporate portfolio.

However, before we turn our attention to the second and third

elements of the corporate planner's problem a few words of clar-

ification concerning the first one, i,e. the establishment
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of the corporate asset base. In 2 manner similar to an
investor in the securities market and the department

store manager, the first problem facing the corporate
planners is that of determining the assets which, when
combined, will form the corporate portfolio. The economic
interpretation of this problem, in the context of a dep-
artment store, is basically, which stores to include in
the firm during the planned period. Since the alternative
to inclusion in the corporate chain is either closure or
change of ownership, both of which can be interpreted as
an exit of the firm from the industry, it is doubtful
whether the option of not ihcluding one of the firm's
stores does not contradict the concept of the short term,
As a result, we can reasonably assume that the assumption
of the short run implies that while the store manager can
delete product lines if unprofitable, corporate planners
cannot alter the number of stores operated by the firm,
Consequently, the first problem when defining a portfolio
of any kind, i.e, determining the asset base, does not
exist at the corporate level in a single period planning

horizon.

The resource allocation processes which we are about to
discuss share the common feature, which Carieton, Kendall
and Tandon (27) claim is typical to planning in decentral-
ized firms, namely that the divisions, in our case - stores,
are the originators of projects and their associated per-
Tormance, The first resource allocation process is dis-
tinctive in that it allows the store managers a large

degree of autonomy at the central unit's expense and as

a result we name it the '"decentralized" appréach. We now
proceed to analyse the decentralized approach whose structure
is graphically illustrated in TFig. (7.2), '
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The process is initiated by the central unit which allocates

in an arbltrary manner the total amount of resources at its o
dlsposal between the stores in the corporate chain, The store |
managers, upon receival of the amount of resources which atﬁ
that stage are at their disposal, set out to construct their
optimal portfolios., The first step in the store managers'
. problem is,bas discussed in chapter 6, the determination of

the appropriate asset bases. Once the store manager has .
‘selected those" product lines which he judges uorthy of con—'::{f'°
,51derat10n he can proceed, on the basis of past and present |
"performance to evaluate the expected performance of the

iﬁguproduCt llnes included in the ‘store portfollo s asset base

»f?'Hav1ng determlned the expected results of each product 11ne |

7@§;the store manager can generate his ESC; and calculate the

:fe;optlmal resource allocatlon for his store by solv1ng the

.Y;famlllar problem

Ry 4 T2y
2 af ¥k ‘?5“f--jjef(?’2;?)ﬁ-‘
> 0 ¥e,m e (T.2ie)
and its dual:
-Min.' Z -a zd‘k wk - : (:7.3,'3‘,)-.‘ s

- Tk : (738,
ST W | = 0 ¥ (7.3.b)
e 2 Tk (7.3.¢)



At this stage of the process the store managers inform the
‘ central planning unit of their portfolio's risk-return per-
formance and the value of the dual variables. These dual
variables cankbe economically interpreted as the stores’
shadow prices and therefore can be used as bid prices for .
the global resources. The purpose of thls information belng
‘fto inform the central planning unit how store 1i' S obJectlve"'_
‘f_j-functlon value would change if the amount of resources allo—_;]
‘ﬂjﬁf_cated to it changed L | |
o : : . , e AR e
-The central un1t can then ‘use the blddlng prlces sent by the stores
': to do the follow1ng marglnal adJustmentS" the allocatlon of
*resources is. 1ncreased for stores with hlgh”“ b1d prlces and
'.w;51multaneous1y reduced for those stores w1th lower bld prlces.

'24°The ratlonale underlylng this system of reallocatlon of resources,
Lodn e..‘us1ng shadow prices as blddlng prlces 1s the economlsts' ‘
f"adesire to d1v1de up a resource among competlng usages - in
rTVthls case department ‘stores - so that a resource ylelds equal

;fmarglnal return 1n all uses }cav v%ﬁ@}m;w3w{wf,-*~¥ﬂ*3f "“”“**f~

'aﬂfIn other words given the stores' bidding'prices the central
o plannlng un1t needs to solve the following problem ' .

I
e

o BTl By Loty Yk Ty
1k . >0 ¥i,k (7.4.c)
where Qi , {RF»+ bsi[E(RM) + RF”3 Qfﬁc is amount of resource

k available to the planners of firm j, and the unit of resource
prices cik‘s are none“other than the dual variables wik derived
- from the solution of the store managers' dual problem. Let us
point out that the true solution to the problem defined by =~ -
Eq. (7.4.a) - (7.4.c) is T E(Xi)/RF more than this due to our
notation. ' *
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The dual of the centre's problem can be written as follows:

-

S.T. W > 0 ¥k - - 7.5y
. ".
) , . - I
* 3 -
) | iaik Wk > i Qicik Vl‘ o _”(7,0.0):'

7:_wherelafjkis>the_conetraintlon‘the amount of resource k available '

xp“to the'central unit, and the o k's generated by solving the

f;central ‘unit's problem are none other than the a*k's used as a
45_bonstra;ntsv1n_the»store,managers{ problem.

o

f ean be used as guldellnes in the event of the firm con81der1ng B
'“Kthe 1ncrease of the amounts of resources at its dlsposal i, e‘,
'{1i faced w1th the problem of selectlng Whlch type of resource -
fto acqulre 1n ‘the case of additional income becoming avallable
ffhe central unlt's planners could use the marginal return of

: 7each resource (as reflected by the correspondlng dual varlable)
f’“to-lndlcate the best form of expan81on.

This iteretiVe procesevcan be'coutinued until alllbid_prioestf'
are equalized and therefore there is no gain to be'aChieved by’
'shifting resources from one store to another. We can summarlze.
the iterative procedure doscrlbed above as follows:

STEP l: The central unit allocates the global resources bet“een
‘the stores in an arbitrary manner i.e., it sends to
each store manager his assoc1ated ¥ Lk and an opening

‘set - of unit costs. of resources, cik‘s, whose purpose’

is purely to initiate the resource allocation process., .
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STEP 2: Each of the i department store managers responds to

) the c? and ck's sent to him by the chain's centre
by solv1ng his internal resource allocatlon problem--~
subJect to the above data. "

‘ STEP 3: The store managers then inform the corporate centrei'f '

#-" I of their store! s performance as defined by its risk- :*d -
o ”-;return pair and more important for the purpose of “fw?”:;
~the resource allocatlon procedure the blddlng prlces‘ff;:ﬂ

”:!as dcflned by the Wk's generated by each d1V151on

T The corporate centre proceeds then to substltute the .
”f;flnltlal unit costs of each of the k resources w1th

“the stores' b1d prlces and - then solves its resource e
allocatlon problem.: The amount of resource k allocatedf'”

3to each store is sent to the correspondlng store ‘

:manager

»’f7fln V1ew of the amount of resources allocated to hlm
'?ﬂfgin the” prev1ous step, and us1ng the dual varlables‘
:7£,hvalues as - unlt ‘costs for each type of resource, the~‘

‘”fstore managers resolve their - respectlve 1nternal'

’fﬁ;resource allocatlon problems, At the end of thls step;l
» chey each 1nform the corporate centre of the1r latest B
‘””tfl{set of dual varlables and rlsk-return performance.p*"

STEP &: -The corporate centre examines the sets of dual A
variables ~generated by the store: if there ex1sts RIS
any potential gain to be achieved by shlftlng resourcesﬁffﬁ
from one store to another. i,e. a difference betneen.dh_
mareinal returns STEP 4 is reinitiated; if, onﬂthe_'zv

- other hand, no potentlal gains are available, i 2.

.”marglnal returns are equalized, optimum has been'

reached and the process is brought to a halt.
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This iterative procedure for resource allocation under uncert-
ainty in a department store chain has characteristics which,
according to Freeland and Moore (55), classify it as a resource-
directive procedure. The major advantages of resource-directive
methods are two: first, their economically appealing adjustment
process, i.e., at each iteration the corporate headquarters
resources are reallocated to the advantage of the high bidders
until equality of bids across all stores exists, and, secondly,
the fact that at each iteration's end the existing solution

does not violate any constraint and consequently can be imple-
mented. 1In other words, if for any reason, for example -
prohibitive costs, the corporate planiners do not pursue the
iterative procedure until an optimal solution is found, there

is no theoretical obstacle to the current solution being carried
out,

Despite these attractive properties,~resourée—directive pro-
cedures may prove to be problematic and consequently fail to
equalize bid‘prices. Specifically, Freeland and Moore point

out that, the main danger when using a resource-directive
algorithm lies in the danger of a degenerate solution. Such a
situation can arise when the optimal bid price vector is not
unique, i.e., multiple bid prices exist, and can create problems
in the convergence of the iterative process. In view of the
fact that multiple bid priées, and consequently degeneracy,

are not scarce, Freeland and Moore's study focused on the circum-
stances under which unique bid prices, i.e. non-degeneracy,
exist in resource~directiive procedures. The results of the

- above study reveél that, given the properties of resource
directive methods, it is necessary to adopt the assumption

that only those cases where the soluticons to the store manager's
problem are non-degenerate are considered, TFailing to do that
would require devising more sophisticated rules for the corporate
centre, such as those developed by Geoffrion (57), with the

penalty of the increasec in the process' complexity and data
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requirements, resulting in a greater problem'ih implementation.

let ﬁs'point dut that, in terms of the portfolio vernacular

the process which takes place at each iteration of the 1esource—fu7

directive procedure described above can be*defined as the store ;V

managers' performance being the basis for.construction of.the o

corporate production possibilities curve, denoted ESCJ . In '

other words, each store's risk-return combination is an asset _

in the corporate asset base and consequently, the.set of dom—'ﬁ'”h

inating options available to the centre can be defined by_ité]ifﬂhft
.-efficient‘set curve, In the following sections of'this-chaptér_ -

we shall consider cases where each store informs the central

unit about more than one risk-return combination, i.e.. more '
than one policy is considered by the corporate planners, = i

17;2;2ttfhercase of a changing cost structure'

”In our ana1y51s 1n’subsectlon 7 2 1 we made the ﬂssumptlonhof
‘a perfectly competltlve market One of the 1mp11catlons of
the above assumptlon was that the flrm had no influence on the
”7 prlce of the 1nputs 1t purchases In this subsectlon we turn

i our attentlon to the case ‘where this assumption 1s relaxed to‘ L
;allow the 1mpact of bulk buylng by the corporate centre to be“tﬁp
ilncorporated 1nto our model ' SN

The assumption of the ex1stence of a dependency between the S
quantltles purchased by the corporate centre and the un1t costs :'Je_
it pays, a realistic one - as dlscussed in chapter 5, can beit'”““*‘

_'Writteneas follows: ' ’ R

¥ C..
o Cix

Ik Tix(ek)

-

‘and when incorporated into the formulation of the corporate o

<
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centre's problem gives the following:

L _ ' ¢ | * - 6 ey
Nax. 2= L2 DRI IO | (7.6.2)

S.T. - ;alk iafjk ¥k R j'(?'6'b)f
o 20 WLk o (TG0
wheﬁe,ﬂ§’is defined as in-the previous subsection and 51m11ar1y,‘?f;

-the true solution to the problem is 2 E(X )[R greater

?_;“ Let - us now 51mp11fy the notatlon by denoting the obJectlve
functlon 1 e.# (7 6. a),: g(a) and 'u81ng Ballnsky and

Baumol's (13) method derlve the dual of the above problem
hence ' C ’ R

‘_If we now 1ncorporate the concepts of substltutlon complementar1ty5>;
relatlonshlps and changlng cost structure we can wrlte the“'“”“-

corporate centre s problem as follows

baal _;»,, Z ZQ i ik (a

BT E“lk Cmew o aem
e 20 WLE (7.0
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where

ey =k hk “k o ey k ek Kk
: Taf

taf ., c
x 95k Kk

jkck

. . which, 1f we denote the first part of the obJectlve functlon R
'fi,e.j.Eq. (7 8. a), Gy, has the follow1ng dual problem _'f;f 3f”:

.:Mag?:hG(a2“+; ;&Phl 31(9)-82(a):f.§‘vk[}fﬂc ;&lg] e

Bei(e)
|- e (a) +
~hl 77 | da T

ol ey

‘:3f§~ o f@‘:lgi.vi;kf'f:.‘:‘;x L (T9e)

‘As 1n the prev1ous case in chapter 6 we can apply the ploduct‘
'dlfferentlatlon rule hence

ae (a) - . ﬂ 8e:(q) o ; '. S(e
o 1 z(a) + },.‘2 g :
' da da

~and Taylor's series:

G(a) = G(O) + aéﬁ
Qa
hence: |
a 88 = g(a) - G(0)
Qa
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HdWever; in this case, as opposed to that ahaiYSed in chapter
6, one cannot safely assume that G(0) = O due to the non-

linearity of “the function in G. As a result, the best we can

do to simplify the dual problem facing the corporate centre‘is{;
Mi 2 G(-v) G(0) a2 ey [ f

- Gle) - Ly 20 —="— & | Syp e

L py Rt sa |k ﬁ: e

e ';ai*k:! . v{{c:\, o ey
e : ' ‘ K : S T S
} 3G S 1 B(elez).'

1‘ ”'.(7;iQ§$) tﬁﬂ
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7.3 INTERVENTIONIST METHODS OF RESOURCE ALLOCATION

One of the main limitations of the resource-directive method
discussed in the previous section lies in its fundamental
property, namely, that it leaves all decisions as to the
optimal resource allocation within a department store within
the local manager's hands. ‘Despite the appeal of such a system
to decentralization pufists, it is doubtful how realistic such
an attitude is given the modern business environment., In this
section, we present the case for a model of the resource
allocation in a decentralized department store chain which
allows for-a greater involvement by the centre in the con-
struction of the store managers' portfolios.

7.3.1 Behavioural_pattérns in decentralized firms

Studies wh%ch have examined the hehavioural practices typical
to decentralized firms in general, and chain retail stores

in particular, tend to support the suggestion of a far more
extensive involvement of the corporate centire in divisional
planning than incorporated in our previous models,

For example, Holdern (75j claims that pricing is generally

done at the corporate centre. Specifically, he suggests that
retail chains usually follow the pattern of establishing prices
at their headquarters and permitting the managers of individual
stores to decide the particular amounts of each good they will
stock given the .above set of prices.

Pfouts (116) takes this last point further and argues that it
is simplistic 1o assume that the store manager is totally free
to use the limited space at his dispossl as he wishes, 1In fact
it is typical for a store manager to be required by the corpor-
alec centre to stock certain items though it might be more
profitable from his point of view, to use the space for other

products, As a result a certain amount of space will be pre-
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empted by these required goods, Pfouts provides examples of
such intervention in chain retail stores: chain drugstores
are usually required to stock items such as hydrogen peroxide

and epsom salts while a supermarket must carry salt and baking
powder, |

Carleton, Kendall and Tandon (27) note the conflict which

emerges when capital funds are the scarce resource to be
allocated, specifically, between the behavioural and inform-
ational benefits of decentralization, on the one hand, and the
advantages of maintaining some corporate control over such a
strategic activity, on the other. In other words, given the
strategic importance of capital investments, corporate managers
are reluctant to decentralize totally in this area. Consequently,
they typically adopt direct capital rationing procedures as
administrative safeguards.

7.3.2 The economics of intervention

In view of the fact that the mere existence of typical behavioural
patterns in a firm are hardly a justification for their perpetu-
ation, despite both their importance and tendency to become
permanent, we now turn to examine the conditions which make an
intervention by the corporate centre in the divisional planning
economically sound,

Fowler and Rorke (53) provide, in their analysis of projects
- which involve external effects, and philanthropic investments
in particular, a framework which we can use to stress our point.
Using their model of the effects of a firm devoting money to
charity, we can denote the value of store i, which is instructed
by the corporate planners to carry a line which generates no
direct contributions to its cash flows, yet increases the income
of the remaining branches of the corporate chain, as follows:

1

ES :-‘ _? - B ) 7.11
P, ir, E(c;) - H Cov(ey,cy + ACMEJ ( )

o



where:

C. -~ the cash flow generated by store i both prior to
and after the acceptance of the new product line

in the store manager's portfolio,

c - the cash flow generated by the market portfolio
of risky securities prior to the inclusion of the

new line in store i; and

Ac - the incremental cash flows generated as a result
of store i including the new product line in its

range of products,

The resulting change in the store's price is:

H Cov(ci,AcM)

AP, = (7.12)
* R
F
Even if we assume that Cov (cy, ch = C, and therefore
AP, = 0, this does not necessarily imply that the centre's

i
intervention was pointless since the price of the other stores

becomes:
__.]_-_ ) 3 . . — ¥ 3 —- -
B = : [E (be) + B Cov(ey,dey) - H Cov(bey,cy) = H Cov(be,, cMﬂ
F

‘ (7.13)
within this framework based on Fowler and Rorke's analysis it is
clearly seen why the individual store manager, having nothing to
gain by including a particular line in his store, will not do so
unless the centre intervened and forced him, one way or the other,
to comply. The corporate cenlre is motivated by the desire to
maximize the net aggregate change in the value of all the cor-
porate stores, hence it will have an economical justification

for forcing 2 store manager to commit a proportion of his store's
resources to a new 1line, if the resultiing increase in the value
of the chain's assets is greater than the required investment,

lience the decision for the corporate centre whether to intervene
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or not can be defined as:

AQ = AP, - 150 (7.14)

1 J
i

Nl

J
J
where:

AQ - 1s the change in the value of all the stores which form
the corporate portfolio; and

I - the cost of the lost opportunity in store i due to the

resources committed to the new line.

We can therefore advise central intervention in a store's
resource allocation if as a result AQ>0.

‘We can further analyse the case for the centre's intervention
in the stores' planning within the framework of the expanded
mean-variance theorem., Let us consider, for example, the case
where the centre is considering intervention in an environment
of economies of scale. This intervention '‘can be done either
directly by instructing the relevant store manager to include
product line m' among the m lines it carries, or alternatively,
indirectly by sending him, in a price-directive resource allo-
cation method, the discounted unit cost of a unit of input
rather than the full price. By having the store manager use
the discounted unit price the corporate centre reduces the
probability of a conflict with the store manager since, when
the latter uses the discounted unit costs when calculating

a product line's performance it probably will use a lower
discount rate and therefore increase the chance of the store
manageyr including the product line in question on his portfolio
ana the ccrporate centre thus achieving the minimum order
necessary for a quantity discount, without any need to resort

to direct intervention which can result in conflict.

e can express formally the change in the value of the store's
excess rate of return, denoted AXRi, as a result of replacing
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- the full unit costs, which would be used either if the store T
was not. part of a change or if it operated in a perfectly com-
petltlve market by the reduced cunit costs _as follows :

-

| AXR [R - RF:- A*z[p(Q' (P, )/ZIEQ L.c' RM)

Vvar QV(P ' RS kll [ _

X*E[p(a (pm-vm)p(Qm RM)/ Var Qm/z CLJJ

It 1s concelvable that the centre Wlll 1mpose 1ts w111 on a _.Aff
partlcular store manager who Judges it not worthwhlle stocklngi,n‘”
. the goods suggested by the centre.~ Such a situation can occur g;ef«
o when ‘despite the use of discounted unit costs, a certaln fji@:}”ff;
. product line's: performance falls below requlred by ‘the’ stor | gb ‘
. manager for 1t to be 1ncluded in his portfolio, ~If the centre*i;*

w1shes to assess the optlon of 1gnor1ng the above de0151on and;gg;f
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instructing the store manager to carry the line in questioq);

it must be certain that the contribution of..the economies of"“
'SCale throughout the rest of the firm is 1arge enough to. cove1
Sany 1nstances,of local losses.  We can define the condltlon ‘

 where such an 1ntervent10n by the centre 1s economLCally soand
:as follows : S o o e

o AR»=[R.:-R - A% 3
i T o T

Iﬁ [p(Q'm(pm v m)/zi%k.c k.,RM.) B

N ey >/ I Zq, C'k]] [ ;»;; 3

e ,.e[(%r(pt v )p(Q RM) /Var Qm/ E ria " ck]] e
e s s o

AL

S e )/ Z Ta o ] il [‘“ (2 )p(Q )

 ”}}The}ef¢fe Alf AXRJ>0 i, e.g the net aggregate effect on fllm J"”‘:;
i 'of the’ economles of” scale is p051t1ve this 1mp11es that the. , _
‘p01st1ve contrlbutlons of the economies of scale is suff1c1ent1ymi;f

large to offset any negatlve ones, that may exist in certaln

'stores where otherw1se consumers’ demand does not Justlfy"
) 1nc1u51on of the partlcular product line in quantltles whlch
generate sav1ngs ‘ ’ '

Flnally, let us p01nt out that the concept of required goods R
is not 11m1ted to an env1ronment of changing cost structuxes..‘
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Prerequisite goods may be necessary conditions to profit max-
imization in any type of cost environment because a store
which does not carry certain traditional goods may fail to

attract customers in the same manner as one which does,.

7.3.3 Interventionist models

Before we attempt to formulate the problem facing the corporate
centre which is involved in the stores' planning it is useful

to highlight one of the implications of the models discussed in
section 7.2, Specifically, in view of the fact that the deter-
mination of the store manager's portfolio was mainly in the local
managers' hands, and the faet that the corporate centre's sole
role was that of determining the amount of resources allocated

to each store, the corporate centre was in no position TO select
the range of goods and services offered by the stores - the only
direct influence the centre had was on the size of the investment,
As a result, any movement of the firm along its ESC reflects a
change in the level of the corporate investment in the stores -
and their respective policies. If the increased level of in-
vestment in a store does not alter the préportion of its resources
allocated to each of the product lines, i.,e, the store manager
opts for a proportionate change in the investment in all

product lines, this implies that the store's policy, as defined

by the range of goods it carries, has not altered as a vesult of
the change in the level of the aggregate investment by the
corporate headquarters in the store. Seen from the corporate
centre's point of view, it has merely changed its holding

of the old policy adopted by the store manager. We can graph-
ically illustrate this point in Fig. '(7.3) where an increased
investment by the centre enables the store manager to move from

" his original production possibilities, as reflected by ESCil,

to a higher mean-variance combination, represented by ESCiz,

thus leaving the store's policy unchanged, a fact reflected by

the store's movement along the "policy line', denoted AA,
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Having presented the empirical evidence as to the typical
behaviour in decentralized firms and the economic justifi-
cation for corporate involvement under certain circumstances,
we now turn our attention to two models of the resource allo-
cation process in a decentralized department store chain, each
of which allows for a different degree of central involvement

in local planning.

i) The '"mixed" approach: We start with a model in which the

store manager is left with a considerable degree of autonomy.
Specifically, he is free to determine the optimal investment
proportions at each stage ip the iterative procedure but not

to the same extent as in our previous model: we now increase
the sctof data “that each store manager is required to
provide the centre with at the end of each iteration from one
mean-variance combination to several ones. The rationale
underlying such an approach is that the corporate centre may
well find it worthwhile to instruct the store managers to.
consider not merely the question of which policy is the optimal
one for each store but other types of policies as well. Such
an action could be justified on the basis that the corporate
centre may desire to present a consistent, and therefore
coherent, image throughout all its chain of stores. 1In other
words, the centre, wanting to aim at the same market segment(sj
throughout the chain, may wish to instruct the store managers
to assess which is the optimal policy for capturing the
alternate segments. This approach would imply that in practice
the manager of store i would have to generate S5 where s is
the number of alternative marketing targets, mutually exclusive
policies and associated outcomes., These would be sent to the
corporate centre which, on the basis of the resulting ESCj,
would select the best overall policy, i.e. would select the
one marketing target which if common to all the chain's stores

promises the best results. .

For the purpose of formulating the corporate problem we can
use the framework developed by Findlay et al (50a) for the
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selection of indivisible projects.

Let us define the corporate

obiective function as one which minimizes the corporate risk

for a target rate of return.

the corporate planners as follows:

Min,

ScT-
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we can formulate the problem facing

(7.17 .2)
(7.17.b)
(7.17.c)
(7.17.d)
(7.17.e)

(7.17.1)

each store generates s alternative policies (which
s
i

decision variable denoting rejection (acceptance) of policy s

at store i, Eq.

(7.17.b) represents the target rate of return,

Xi is the return generated by policy s when implemented at

store i, Eq. (7.17.0) the centre's resource constraints,
Bq. (7.17.d4) and Eq.

will be chosen at any given store, and finally,

Eq,

(7.17.e) guarantee that only one policy
(7.17.%)

implies that the same policy must be implemented at each and

every store.

The main advantage of the above formulation of the corporate

planners'

problem is that it enables the store managers to

continue selecting optimal resource allocations on the basis

of purely local information flows, by that we imply that,

given a marketing target the store managers are free to select

the mcthod of achieving it, and hence, while increasing the
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corporate planners' influence on the choice of the stores'
policies, does leave a considerable degree of autonomy in
the store managers' hands,

ii, Direct intervention: If we attempt to assess the impact

‘of the centre's intervention in terms of the stages of con-
struction of the store manager's portfolio, the following
picture emerges: In the totally decentralized resource-
directive procedure analysed in section 7.2 the store manager
was totally free in the first two stages of the selection of his

portfolio., Specifically, there was no intervention by the centre

in the:
ij determination of the store's asset base; and
ii) selection of the optimal investment policy.

and the sole influence the centre was guaranteed to have was over
the level of investment in the store as a whole,

When we moved to discuss the mixed approach to resource allocation
in a decentralized department store chain we were implicitly
reducing the store manager's autonomy down to the first stage

of the portfolio selection. In other words, in fact the centre's
intervention expanded to include both the second and third stages
of the local planning,

If we now proceed to discuss the case where the centre adopts
a direct and full intervention, the implications in terms of
the construction of the store.manager's portfolio should be
clear: we now consider those cases where the centre is
involved in all three stages of the store manager's portfclio
selection, from the selection of the asset base up to the
determination of the total investment in the store.



Let-us consider the case where the centre instructs the store'

manager to carry certain lines by requiring that certain amounts

of resources-be allocated in advance to the lines in question

Such an instruction can be incorporated into our model by replac- .

ing the non-negativity constraints in the ‘'store manager' s;““

problem with specific requirements which ‘represent the amounte‘““

dictated by the corporate centre
therefore becomes L

The store manager's problem

Max, Z2 =

... Max, Z = I {- 2

LR  12.(smk +'u'mk)
Bmk‘
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“Since there is no fundamental change in the nature of the _
Store manager s problem following the 1ncorporatlon of lower -
bounds on the resource allocation, .and no change in the cor- fJ
porate cenire's problem, one can use a resource dlrectlve o o
‘resource allocation procedure similar to the one suggested R

- 1n the preV1ous sectlon

3t Put in terms of the constructlon of the store s productlon;ffi. .

'p0851b111t1es curve, ESCS, ;2 the shape of the store's technolo vfjg“v
'BLW111 dlffer from that avallable prior to the. change in the" ‘
.i tore manager s liberty to allocate freely the resources at _
Elhls dlsposal Strlctly speaklng, the above comment e\cludes‘

thhe remote p0851b111ty that given. the freedom of ch01ce the stOreFl
manager would allocate the store s resources 1n the manner o . *t
*ldentlcal to that Wthh is 1mposed upon hlm 1n whlch case ffydwf
the centre s 1nterventlon becomes superfluous.i In Flg (7 4)"

wetgraphlcally illustrate the klnd of 1mpact an interventzon
yof the klnd descrlbed above can have on*the productlon poSSIb-‘dﬁ’*
wﬁflllties of a store ; the 1nterventlon free set of efflclent -
: jrisk return comblnatlons denoted ‘ESCs, irepresents hl sher

o il
Lrates of returns for the same levels of rlsh when compared

b

“w1th the post—lnterventlon efflclent set denoted ESCS

'In appendlx II of thls work we present a numerlcal ezample of tne‘

"‘tj.effects of an 1ntervent10n hv the centre id the store's resource
allocatlon.at the lowest level. Speclflcally,_we caloulate tne - N
cost, ‘measured in terms of the drop in. the stora'~ perfornance; as

' the central planning unit imposes a set of constralnts Wthh ,pecity

" the nrecfse amounts of‘resources_the store manager_is.redulred to
allocatebtova particular product 1ine;(under the assumptions that
these differ from the amounts of resources allocated to theline.in

‘ question when the store‘manager vas granted totalAfreedom to allocate-

- resources withia his store).
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. We turned to examlne the same - problem under two dlfferent sets of

Before we turn to the last section of this chapter, which deuls with
the treatment of behavioural externalities in a mean-variance world,
.let us summarize the main points of this and the previous sections.

Generally speaking, the objective of the two sections was to examine,

under different types of environment, some of the managerial problems
in a retall cndin. The dominant problem throughout our analysis was
that of resource allocation in a decentralized department store chaln.'

We first suggested an algorithm for a resource-directive iterative

procedure for resource allocation in the case of a perfect market.

aubsequently, we examlned the case of a chanblng cost btructure and

| 1ncorporated 1nto 1t the concept of subst1tut10n~complementar1ty

relatlonshlps. However, since ve recognlned the unreallstlcally

: decentrallzed nature of the assumptlons underlylng our f:rst model,

: assumptlons, both of whlch share the common tralt of a greater aegzee =

of 1nvolvement by the centre 1n the 1nd1v1uual stores' plannlng.

Hav1ng establlshed through our dlscu551ons w1th the managers of”the

' 'retall chaln w1th whlch we cooperated and ev1dence pub11shed in tne' > ;¥f;

llterature, ihe. typ10a1 centre—store relatlonshlpg'ln the retall
induetry, we analysed the economic ;ationale for such an interventioﬁe 
vao4slight1y different theoretical frameﬁofks were used to dexéfﬁiﬁé,-"
the.conditions necessary for an econominlly-justifiable interveefioﬁ;‘

The‘first model, drawn from a paper by Fowler and Rorke (33), examined
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the acceplance-rejection decision rules concerning a jroject which
involves external effects. By exdmlnlng the change in the indivicual
cctorcs' prlces as a result of the aCCeptancc of the new project and
the aggregate chenge in the chain the decision rule reached was that
an intervention vhich yield a positive aggregate changc in thc stores}
prices is cc0nomically sound in spite‘of thefcxistence of certai£  |
Local, 1.e. al thc store ievel, instancec of a drop invthcistore :
E price 2s a result‘of the occefiance;cf the new project; -
_;‘

. .. The elternative method Qe cuggested ;5;1ysés the came probiemvnof
tcrough'tie.crice mechanism but throﬁéh‘thcvexccSS raﬁe_of £é£u£n
gcﬁeréted bythe“§to:es and'thexchéin as a whole. As one wooidcexoccf;i.ii

. thctdecision ruleﬁfor thc acoeoténoe—rejection.of project w1th

‘iiextcrnal effects depends on the aggregate change ln the chaln s

a . .. B Lt e

';fexceﬂs rate of return follow:ng the acceptance of the new prOJect'-"'

*?f{a posltlve net change in the chaln 'S excess. rate of return 1mp11es

V””that,the.proaect'should'be accepted on economlc grounds and v1ce verso;ff'”

':Y-'

':fffThe fzrst interventzonzst model llmlts the centre s lnterventﬁon uo‘iif””

che second and thzrd stages of the local plannlng, i.e. the selec 1on fl}r

.

of the optimal 1nvestment polzcy and the determlnatlon of the total

mves’cment in the stOre. 'Phe th1rd and to our oplmon the mOSu reahstlc |
. model, alloﬂed for an 1ntervent10n by the corporate centre 1n tL -

stores'-selcctioﬁ of their asset bases, i.e. in all three stuges of_.

the construction of a store's portfolio. On the bacis of this *;_iﬂf;f

interventionist modei we p;esented, in form of an appendix, 5 numorioci

example which served toyhighlight the cost at the store level of this
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new type of involvement by the centre in the store planning process.

-Let us recapitulate at this point : the discussion presenfed in
chapter 7 up %o this stage graduzlly develops a serie of thréé types
of modelQ of the resource allocation process in a decentralized

retail chain. moving from a purely decentralized system to ohe,which'vj'

leaves relatively little autonomy in the store manzgers' hands.

The cecmbination of the models developed iﬁ chapters 5, 6 and 7Vpro§idé§’ i
a framework in thch large number of managerial problems typ10a1 to

* the retail chain environment can ‘be examined. Specificaliy, we
dlscussed the problem‘of resource allocation in an individu=l deparument
store, resource allocatlon 1n a decentralized retail chaln, the eercu
" of sh1ft1ng resources irom one product line in 2 store to another 1ﬁ the ”? ?

‘ same store, the questlon of normal1ty~1nferlor1ty of a part*cular

e produci 11ne under uncertdinty as. opposed to 1ts probertxes 1# a S
o determinlstlc enV1ronment the topic of a change in the efflclency of

the use of a partlcular type of resource in a store, and the concept

' of compLementarlty-subst1tut10n.
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"_Fig. (7.4): The effects;c')'f ‘resource commitment
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7.4 BEHAVIOURAL EXTERNALITIES

The effects of economic externalities in decentralized organ-
izations have been discussed throughout the varicus chapters
of this work., 1In this section we turn our attention to the
concept of behavioural externality and its impact on the
decision making process in a decentralized organization in

general, and in department store chains in particular,

Ruefli (127) defines a behavioural externality in a decentral-
ized organization as the case when the goal seeking behaviour of
one management unit, say unit k, is affected by the goal seek-
ing behaviour of another management unit, say unit 1. .This
concept is expressed formally by incorporating parameters
related to unit 1's performance in the objective function

for management unit k, hence:

Min, Z (4T, YT, vyT, v)
Where:
Yk+ - is an (my X 1)»vector of positive deviations from
unit k's goal levels,
Yk~ -.is an (m X 1) vector of negative deviations from

‘unit k's goal levels,

and the same applies for unit 1's deviations from its goals,
YI+ and Yl— respectively,

Similar types of behavioural imperfections can be dealt within
the framework of a corporate portfolic. Let us take the case
of a department sltore manager aiming to surpass the perform-
ance of some other store within the corporate chain, perhaps
in search for promotion or in hope 6f diverting certain

regources to his store. Since our analysis is two-dimensional,
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;the target in question can either be the rival unif's risk
level, or its rate of return, and equally possible - both,
We now proceed to define formally the above ideas.

-
e a

i) Aiming at a return goal: Consider the case of the manager

of store i attempting to excell over ‘and above store p s

rate of return whatever the price in terms of risk. In such fl,flr

a case we can write the problem facing the store manager,of,_fﬁ"”:

' unit i as follows:

Min. X(ep) = 1231-- [bm»o__ R Banoy |/ pay 0 (Te20)

.1‘;sii£;?i {F(X ) {RP +. [F(RM) - RF]}'§¢mgc€]/< ‘

brfL za-k k 1H;;

|Qvf

A

CSee% ¥k o (7.200¢)

s 0 ¥E,m - (7.20.d) -

where ep is store p's mdney unit return. 1In the case described

above, at every iteration of the. resource allocation prbcess of

~ the kind described earlier, the dependent unit receives the - .
1ndependent unit's return and then proceeds to solve the problem"-
deflned above which assures that its own return does not lag h
behind that of store p (although there is no certainty that
such a feasible solution exists in every case).
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(ii) Aiming at a target risk level: 1In a similar manner

_the dependent store's manager may attempt to attract

" resources to his store by offering a '"safer", i.e. 1less

L
risky, performance than the competing store, Under such
circumstances the dependent unit's store manager's problemf
can be formulated as follows:

Max. Z(e') = I [%(Xm) ‘-{RF * by [#(RM) - RfW} i%nk é]

m

. B g‘ .
/Z ia k Sk - : (7.21.&)

S.T. L |b o™ (R,) ZIZu« —]/ (L Zo ) el L
o m [;m“>’ M7 Tmk ok %k K - p : o

(7.21.b)
Iy sgem @ele
‘m S , o : o
e .;_0, Co¥em o (2Td)

»vwh'eree‘p is store p's money unit ‘measure of rlsk Our -

. ffearller comments regardlng the avallablllty of the 1nde- ;f”*

‘tpendent un1t's performance to the dependent store'! s manager-
: mdurlng the resource allocatlon process ‘are equally valld,ﬁ”'
~in thls context S S

(iii) Combined risk-return targets: A more general situation
arises when the dependent unit is not satisfied with equal-'t
izing the independent unit's performance merely in one respect
either risk or return, and sets itself a target which if =~

attained means that it surpasses, or at least equalizes, theb,
independent unit in both its risk and return. Clearly, tﬁere is =
greater sense, in a mean-variance world, for the dependent unitvp
rto‘aim at both parameters of the independent store's perform- '
ance, since, by concentrating on only one of the two; the p
dependent store is not certain that by achieving the target
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1n'questlon it is necessarlly in a positlon to offer the‘
corporate centre a more attractive financial package than -
that of the rlval store. On the other hand, by settlng
itself'aicombined'goal the dependent store S manager is.'
assured that, given that the goal is attalned his store
generates an ‘excess rate of return which is as good as,

- or pOSS1bly superlor than the 1ndependent one '

“We can formulate the dependent store manager s problem -
'as follows L

T Teeg - {Rp v vy [ERy - Rp]Y B o
Max, 7= T ' m ‘ { F -m b M V , F]}k mk k

-“(7 22 a)

11Let us point out that these behav1oural externalltles are not
'e‘necessarlly 1lmlted to the uni-directional casés deflned above

ci,e, Tcases where there exists a clear dist. 1nctlon between

bpand 1ndependent and dependent un1t As suggested- by Ruef11 o

l (127)-,1t is concelvable that a feedback process takes place 'jfilﬂf

’
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in both directions, .and that the goal dependencies are
mutual. Such a case would naturally complicate the solution
procedure considerably since it i1s not clear whether a

feasible solution exists for all stores involved.
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7.5 SUMMARY

In chapter 7 we have shown how the problem of resource allo;
cation in a decentralized firm can be dealt within. 2 mean-—
variance framework, Our analysis covered a wide range of
assumptions: on one hand a model which minimizes the corporate
centre's involvement in the department stores' internal
planning, and on the other, ~ a model which incorporates:

central intervention in every step of the local planning.

Basically, our approach to the modelling of the resource
~allocation process refiects the fact that the construction
of any portfolio can be divided into the following familiar
- stages:

i) determining the asset base,

1i) finding the optimal investment

proportions; and

iiij establishing the level of invest-
ment in the portfelio

and we therefore focused our attention on an examination of the
conditions which justify the corporate centre's intervention

in stages 1) and 1ii) of the store manager's portfolio problem,
as well as stage iii) in which it is involved even in the:

most decentralized of our models.

e started with a model which assumed the store managers
enjoyved total freedom both in selecting the product lines

they want their stores to carry and in deciding how to
allocate the resources at their disposal between them. This
was cquivalent to confining the corporate centre's involvement
to the third stage in the construction of the store managers'
pertfolio. In order to establish the optimal allocation of

the corporatc resources between the various stores which form

—249-



the“corporate chain‘a‘resourceedirective'procedure was
developed us1ng the values of the store manager problem s
dual varlables as his bid prices for the corporate resources L
We polnted ‘out the potential problems that have been shown to..”

’ex1st with resource~directive methods, and ‘consequently madeffffffﬁﬂ

the assumptlon that only non-degenerate solutions submltted
by . the store managers would b#bons1dered by the corporate

;'fcentre Ve, then ‘suggested two additional forms of ‘the cor-V[”:-V‘~w'

.b;porate centre s problem given a restrlcted 1nvolvement in
_L;' department store affairs, -namely, the case where the comp— _
s '1ementar1ty Substltutlon ‘had a determlnlstlc and add1t1ve effect
© on the centre s return and that of a chanclng cost structure '
Q;??;and demonstrated ‘how the above problems can’ be s1mpllf1ed by
“3;exam1n1ng thelr duals. ‘ ' ' '

A 3

5iHav1ng dlscussed these decentrallzed models we turned our S
attentlon to the cases Where the central headquarters are
1nvolved to a greater degree 1n the stores plannlng ~¢ g

ﬂ51tuat10n Whlch 1n face of the emplrlcal ev1dence ‘seems to" o
-ityplfy real practlces in such firms, Wlthln thls category,dfuh
we flrst looked at the case where store managers dld retaln'
ffsome of therr autonomy,valthough admlttedly to a lesser»:v
E?degree namely _1n the selectlon 0f the products and serV1ces

;dld not ‘allow . the store managers to remain -the sole selectors' :
- of the pollcy adopted by thelr respectlve store.p Follow1ng
ﬂ”lﬁthls we focused on the most extreme case of corporate centre
1nvolvement .i.e. the case where it was involved in all three’t
1istages of the store managers' portfolio constructlon whele the

"‘thelr stores ‘were' to carry. WThe'centre_ under such 01rcumstances_f

' centre instructed the store managers to allocate certain amounts .

‘»of resources ~to given llnes in order to. guarantee that these

w1ll_be»carr1ed throughout the chain - a practice common in the L

retail industry.

Finally, we examined behavioural externalities in a mean-variance
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framework and pointed out the fact that any store manager
who wanted his store to surpass a rival store's perform-
ance would have to attempt to attain both the latter's
risk and return performance, This is a direct consequence
of the fact that, in the two-dimensional framework of
uncertainty, achieving merely one of the targets would

not be sufficient.



CHAPTER 8

SUMMARY AND CONCLUSIONS




8. SUMMARY AND CONCLUSIONS

This work has studied the problems of planning and resource
allocation in a decentralized department store operating
under uncertainty. Broadly speaking, our discussion is
divided into three main parts according to the following
lines:

i) A Heuristic for resource allocatlon in an
1nd1v1dua1 department stor

ii) An analysis of a department store's port-
folio and optimal investment proportions; and

iii) An analysis of a decentralized department
store chain's portfolio and optimal invest-
ment proportions.

The Heuristic: In chapter 3, following a review of the

literature on resource allocation in decentralized firms in
general, with particular reference to the retail trade and
financial resources, we proceeded to examine the complex issue
of assessing the potential sales of a department store located
in a shopping centre., In view of the empirical evidence
suggesting that different parameters influence a potential
customer's choice of a shopping centre and that of a particular
store within it, we decided to break the problem into two
sub-problems: |

i) Assessing the attractiveness of a shopping
centre in terms of the potential sales it
attracts; and

ii) Assessing the potential sales of a part-
icular store located within the centre.
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Using the familiar gravitational model to assess the former

we turned to the second sub-problem. In an effort to keep

our model as close to reality as possible, we adopted the
approach recommended to us by store managers with which we

were in contact, namely that within a modern cdmpetitivé
shopping centre price differentiation between stores does

not play a dominant role in determining the level of sales
attracted by a particular store, The three main parameters
which affect the attractiveness of a sfore, and which are
manipulated by the store manager, were found to be:

floorspace, manning and stock, By combining the probability

of a customer then being attracted to"the store in queétion,'
and the socio-economic data related to the income and expen-—
diture patterns of the population living in the store's trading
area, we produced a model for evaluating the potential sales of
a particular item by the department store. We then turned,

in chapter 4, to examine how changes made by the store manager
in the three variables mentioned earlier affect the store's
sales, resource requirements and profitability. Having established
a link between the parameters under the store manager's control,
the socio-economic data and the store's performance we developed
" a profit maximizing heuristic for resource allocation in a
department stofe. We then computerized the heuristic and ran

a numerical example using three variations of the reallocation
decision rule.

A topic whose'importance in the fetail trade 1s such that it
merited a separate discussion is the store layout problem. VWe
examined this highly controversial issue and suggested a method
for incorporating it in the planning process which takes place
in a department store. Specifically, we suggested assigning
different levels of profit/square foot according to the quality
of the floorspace in which the line is situated., We then used
a modified version of the plant layout problem to'computerize
the store layout problem in an effort to assess the optimal
layout for a particular store given the external and internal

environments in which it operated.
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‘A department store's portfolio: In chapter 5 we developed

the theoretical framework necessary for the analysis of the
operating decisions of a department store within the context
of portfolio theory. We started by discussing the capital
budgeting procedures in a department store, first under
assumptions of a perfect market and subsequently in an
environment of changing cost structures;. Using the Capital
Asset Pricing Model to explain the relationship between
capital costs and corporate risk, we first proved the
standard expansion of the mean-variance theorem and discussed
the stringent set of assumptionérwhich underlie it, Following
this, we suggested a different expansion, one which enabled
us to incorporate the firmwide effects of an increase in the
firm's operations in an environment of economies of scale,
Having linked the corporate performance with that of the
individual lines which form its portfolio we proceeded to
investigate the potential effects the acceptance of a new
investment project can have on the value of the firm's
existing investments. We demonstrated that the aggregate
contribution of a new project could be separated into its
direct contribution, i,e. 1its risk-return performance, and
the indirect e€ffect it has by altering the risk level of the
old investments, We suggested an appropriate decision rule
for the acceptance of a project which generates economies of
scale and we demonstrated the application of the above rule
for the case of ranking mutually exclusive inveStments.

Having established the above framework in chapter 5, we then
prodeeded to analyse the structure and potential applications
of a department store's portfolio. Our main analysis con-
centrated on the components of the department store's risk
and their interactions. Specifically, we considered the
economic pressures which operate on the individual terms of
the store's risk expression, and their combined effect on

the firm's discount rate following an expansion which generates
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economies of scale. The final section of chapter 6 dealt
with the issue of reéource alllocation between product
lines in an independent department store. Using portfolio
theory terminology, we equated the store manager's problem
with that facing any investor contemplating a portfolio of

assets, i.e, determining the optimal investment proportions,

A decentralized chain's portfolio: In chapter 7 we extended

our analogy, borrowed from the capital market, to cover the
problem facing the corporate planners in a decentralized
department store chain, We examined the two-~level portfelio
problem under three main sets of assumptions related to the
economic and behaﬁioural environment in which the stores and
.the central unit operate. The first model, called the decen-
tralized approach, allowed for perfectly competitive markets

and practically no intervention in the store planning process

by the central unit. The store manager was free to formulate
the stiore's policy on the basis of purely local information flows
and the sole direct involvement by the centre was in determining
the total level of investment in the store,

An alternative model, the mixed approach, relaxes some of the
behavioural assumptions made in the earlier model and allows
for a greater degree of intervention by the centre in the
individual store's resource allocation process. Specifically,
we enabled’the centre to be selector of the store's policy
rather than be faced with the store manager's choice as in

the previous case, In other words, we acknowledged that it is
bhighly improbable that the centre would allow the store manager
to be the sole influence detefmining the range of goods carried

by the store.

The third, and probably most realistic model of the three,is
the interventionist one, In this model we allow not only for
imperfections in the capital and goods market, but for an

extensive involvement of the central unit in the individual



stores' planning process. In the interventionist model the
-centre is in fact part of every single stage of the decision
making process which takes place in the store from the deter-
mination of the level of investment down to the range of
product lines offered by the store and possibly even their

precise location within the store,

FUTURE RESEARCH: It isevident thatmany research avenues remain to

be explored., In the process of this work we were.faced with two partic-

ular topics which could potentially make a contribution to the planning

process in a decentralized department store chain operating under
uncertainty. Specifically, they are:
i) the refinement of the heuristic; and

ii) the development of a multi-period model.

i) Refining the heuristic: While formulating the heuristic for

resource allocation under uncertainty in a department store
we.encoun§ered certain difficulties in obtaining the full set
of data-necessary for conducting a satisfactory test of its
accuracy, ©Specifically, serious gaps in past and present
information records of the firm with which we were in contact,
and the lack of full co-operation of both public and private
sources as a result of the confidential nature of various
"commercial secrets' made it quite impossible to collect all

data requirements.

In view of the practical, rather +than theoretical, nature

of these obstacles, it seems that they may not prove to be
unsurmountable. Future efforts, which would concentrate on
limited aspects of the heuristic,may perhaps be more successful
in their attempt to gather all the data necessary for compre-
hensive evaluation of the heuristic, A first and recent

step in this direction was taken by Yeo (155) who used the
heuristic developed in this work to assess the resource
allocation in a newly established store in the Blackburn



area, Facing similar difficulties in obtaining data on the
relationships beiween inputs, sales and profits, Yeo resorted
to a linear programming technique which enables a sensitivity
analysis to be made, and the effects of alternative resource

allocations to be assessed.

ii) A Multi-Period Model: The attempt to provide a multi-

period resource allocation model for a decentralized department
store chain operating‘under uncertainty faces the considerable
tasks that need to be overcome for an intertemporal capital
model to be produced. Described in chapter 5, these consist

of: establishing the factors which determine the change in
return anticipations, the changeé in equilibrium prices and
thelir feedback effects into individual information sets. Only
after these problems have been satisfactorily solved can one
seriously attempt to provide, within the Capital Asset Pricing .
Model framework, a multi-period model of the resource allocation
in a decentralized firm in general, and of a department store

chain in particular,

An alternative approach altogether to the problem of ranking

the options facing the store manager and the corporate centre-

is one which uses stochastic dominance. One could use tests

for stochastic dominance in an effort to rank investment projects
in order of preference, thus reducing the size of the efficient
set of ventures, |

To conclude, let us stress the fact that the latter parts of

this thesis, i.e. those which follow the heuristic developed

~in chapter 3 and 4, are potentially applicable to multi-product

)
and multi-branch profit orientated organizations in general.

In spite of the fact that the behavioural assumptions underlying
our models, e.g. the commitment of a proportion of a department
store's resources to certain products following corporate instruc-
tions, are typical to the retail trade, the framework developed

in our discussion can be modified to accommodate the behavioural
characteristics of other industries. In view of the potential
flexibility of our models, it is conceivable ‘that they could

be implemented in various industries where limited amcunts of
resources need to be allocated in a rational manner between a
number of divisious, subsidiaries or branches under conditions of

uncertainty.
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A tovrn or viliage Rttracts veople from its hinterland to purchase goods by sirtae of the amsunt
gnd variety of foeds.on oo Siluii..rh. a departinent store aiiracts customers away from compeli-
tors by mesns of dispiays, e ¢ expertise, stack heldings aad nwncrous other purameters. The
store is generally free to manipulate these parameters subject to certain restrictions; the manipula.
tion will have & dircet affect on the uliimate prefitability. of the store. This paper describies seme
currend research that is being carricd out in corjunciion with a department store group. The
wltimate abm §5 1o Link the corpornie planning of the group and each store tu Getailed socio-
cconomic data deseribing the population. Serae aspects of e pioblem hase been investigared
in depth, sorae sre currently being discussed and some Love nat been considered 2t all as yet.
The latest pesition will ke reported and hopefully some feedback viil be engendered,

INTRODUCTION

RORITNS 7

R N T

€366- 0483777 (201-0022122.000

ls prxpm' i“ the initial report of some work
v oin the UK on behalf of a large
Jeputment store group. The scope of the
rosereh overal! is 1o develop a methodology
we the future capital expenditure of the group,
vobin particular to identify where new stores
veuld be opencd, te suggest the size of such
stores, to decide whether or not existing stores

“ndertake

-antld be expanded, and so on. At the prozent’

sne, such expenditure lacks a globa) view aud
+ thus underiaken piecemeal; the aim of the
Cepect s ultiinaicly 10 present a group-wide
with &l the various interzctions this
—enid fnolve,
Hovever this faper has a far less ambitious

SRR

v

out to develop a planning model of a store;
some of the work has been completed, but
much is still in the forimative stage and it is
hoped that this presentation will generaie com-
ments and feedback teo us,

The paper is divided into a number of parts.
Firstly (he general problems of controiling 2
store will be discussed in some detail. This dis-
cussion will identify a number of separate
aspeels whose darivation and measurement wiil
be analysed. Finaily the threads will be diawn
together .with the presentation of various
models.

THE STCGRE MANAGERTS
PROBLERM

“‘,'s i iz olviously necassary in this work Certainly in this group, and generally in
Swiestand now an individual department

creuperates, what are the coustraints under

UG TR R T .

St b muest act, and what are the various
SOl ets under its control. This

ribes the worlo that has been carried
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many such groups, the store manager has con-
siderable awtonomy provided that he (or she)
is reasonably successful. The manipulation of
certain decision paramcters is under his ewa
control: fencs the title of Hns seeijon,
] .1,)erc. aHly his problesn is easily stated: For
cach Hom in the stors '.,:d this piay run into
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thousands, he has to match supply with
demand i such a4 way as to optimise some
objective(s). Supply is very much under his
control and a5 such is a primary decision par-
ameter; unfortunately demand is not fixed and
independent of supply aor is it independent of
a oumber of other paramecters under the
manager's control,

The derivation of a demand function is
highly complex. Moving away from the store
for the moment. picturc a country homo-
gencously  scattered  with  consumers. Now
piace in this country a limited number of inde-
pendent and separate shopping centres; it is
not impaossible to imaging the consumers gravi-
tating towards the centres as a direct function
of their *attractiveness’ and an inverse function
of their “distance’. Briefly completing the ana-
logy., which will be discussed in far greater
depth in the next section. it would therefore
be possible, in theoty at any rute, to compute
the potential dernand that the consumers will
place upon any particular shopping centre. A
department store manager in such a centre can
do little to influecnce this potential demand,
assuming of course that the size of the store
is small in relation to the overall size of the
cenlre, The assumption is likely; department
stores are usually {invariably) placed in large
shopping centres,

Once the consumer has arrived in the shop-
ping centre, the inflience that the manager
now has is considerably increased. He is com-
peting using.the resources at his disposal with
the other shops and steres in the centre for
the comsumer’s attention. If he increases the
resources allocated to one particular item,
ceteris paribus. he must increase the demand
in his store for the item. A more detailed dis-
cussion of the various resources he can allo-
caie, and the nature of tite demand function,
is left to o Iater scction.

But the manager’s problem has not yel
finished. The resources he is allocating are
strictly finite and heacc the various items are
in competition with one another. For exampla,
short of rapidly cx’p'n‘.d‘n'1 the store, the total
seiling fioor spaee i fined: if more space is allo-
cated o one l(LX‘ﬂ."'_l‘.:ﬁ‘; space has to be eiloctied
to another. The demond for the former may
incrcase, bt for the falter will decrease, which
could resuli in o et detrimental effect on the
the manager has to

awmnaser’s objective, Thus

Julo

.

decide uvpon the optimal allocation of these
resouices, a typical mathematical program.
ming  problem, alithough of course highly
comiplex. The next scctions will discuss (he
construction  of the various relationships
necessary to solve the manager's problem opti-
malily.

THE DERIVATION
POTENTIAL DEMAND

In this section we will examine the measure-
ment of the potential demand for an item {or
collection of items) i terms of the success of
a shopping centre in attracting consumers from
within the surrouading area. For confidentia-
lity, we will identify the partictlar department
store under consideration as D, siinated in
shopping centre C.

The underlying basis for work in this aren
is duc to Reilly [9], who postulzated ihat com-
peting shopping centres would extract custom
from the interveainy hinterland in direct pre-
portion to the ‘attractiveness’ of the centres
and in inverse proportion to the square of the
physical distance from cach centre to the hin-
terfand. Mathematically. one may define

o = (2 Y (a5 (1

e A

where pytis the properiion of customers from
area s going to shepping centra ¢, g, the "attrac-
tiveness” of cenire 7 and 4, the distance
between s and r. The statement i3 termed the
law of retail gravitation after the obvious ana-
logy with the Newtonizn law of gravitation.
Since Reilly in 1929, there tave been a number
of sugacstions und improvement to this basic
model. Perhaps the most recent version is that,
afier slamlzm.xy examining scme 43 measurcs,
fattractiveness s been shown to e highly
correinted w xlh t1 total availabie {loorspace
in a shopping centre [31. Ancther importaunt
modification is to replace the physical disiance
with a measare of cconomic distance, iz, how
much would it cost a consumer to tyavel from
stor, or lr'welling time,

The netual use made of cquation (1) in prace
tice was as !01]0»'.'3. First we examined D's deli-
very and credit bles o identify the baundaries
of the catciunent ared. Using the 1971 Census
of Population [2]. this aren was subdividad
into 74 \ull‘(zn rossigy because @
lot of (e data 1o coilect was

This was nc

we owere ab !c
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oaly by ward. The next slep was to identifly
the major shopping centres competing over
this catchment arca. As cenlic € was siluated
to the north-cast ¢f London, it was felt necess-
ary to subdivide London into identifiable shop-
ping centres, c.g. Oxferd Street, Breat Cross.
The location and total trading floor-space of
each centre was available from a 1971 Census
of Distribution, carricd out by the Greater
London Ceuncil[4]. Fmally, after identifica-
tion by planning offices of the precise bound-
aries cof cach ward as in 1971, the distance
between cach ward and cach centre awas
measired in terms of "mam road distance’. Tt
was fzIt thal, as the entire arca is relatively
weaithy, mest peeple traveiled by private car
rather than public transport. Hence, a vector
conlzining the propoition of consumers living
in ward i shopping in centre C was calculated.
The above analysis does ignore the possibility
of consutmers buying goods near their place of
worlk; it was feit that such purchases tended
to be mainly for foodstulfs {which a depart-
ment store does not gentrally sell) and that
hopefully the total discrepancy was small
vecavse we had no way of checking on these
sales.

We now have to move from the proportion
to the potential demand for each ilem (or
group of items). The 1971 Census of Popula-
tion [2] idcatifed pari passu, the number of
households in each ward, whilst two reports
by the GI.C defined the socio-economic group-
ing (SEQG) of the population within cach
ward [5, 6]. Finally a recent Family Expeadi-
ture Survey [3] describes the income and
expenditure Gistribution, coded by occupation
of the head of the household, who may be iden-
tified with a particular SEG. Thus, from com-
bining these three sets of stetistics, we arrived
at D the demand for item i by SEG ¢ in
ward s

Hence,

D} = :):p,_.f_: Dy, wheret = C (2)
4 <
the petential demand for item i in centre C.

As we hed no intention of consiacring each
em soid vy D oindividually. we wsed inztead
15 grouns of stmilar items, corresponding to
the interaal producet proups os defined by ihe
store; ndeed, throughoul this paper, the words
stom’ and Cgroups of sinslar teins' are synony-
nroils. There were, as one night imagine, con-

“principal factors, namcly floorspace,

sidcrable difficultics in combining togcether
statistics from different sources and of dificrent
apes. We atlempted to reconcile figurcs where
cver we could; where we could not, a qualified
pragmatism was uscd.

THE SCARCE RESOURCES

We have so far described how the potential
demand for a particular itemm in a particular
shiopping centre may be calculated. We will
now turn to the next problem, namely 2 discus-
sion of the scarce resources under the control
of the manager and the relationship between
these resources and the actual demand in the
store,

One could have drawn up a very long list
of factors that would obviously influence a
consumer into buying in one shop as opposed
to another. Such a list would not be very prac-
tical; we had discussions with a number of
store managers of this particular group and the
general consensus was that there were three
stock
and labour, that would influence dcmand.
Strangely, price was not regarded as such an
important factor; on the wholc there was litile
price distinction between shops in the centre
unless there was 2 deliberate attempt to sell
off a line.

(a) Floorspace

Floorspace is perhaps the most obvious
scarce resource. It is obvicusly limited by the

physical size of the store and also, ceteris pari-

e

bus, an increase in the space allocated to a
good should increase its relative demand.
However in practice jt is not quitc as simple
as that: floorspace is not homogencous {n its
appeal. 1f we adopt as an index profit/sq. ft.,
then the index decrcases as the distance from
the ground floor increases. Also the space on
cxch fioor may be subdivided; prime space i3
opposiic the main entrance, good space is
opposiic the side entrances and the mouths of
the escalators and lifts, whilst the rest is simply
standard space. To increase the space allocated
to & good and simuliancously move it to a
vorse kind of space, nced not necessaiily in-
crease the demand at all. .

This fzck of homogeneity presents a major
problem. What we would like to do is con-
struct a model that would ultimately compute
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the amount of fluorspace that shouid be allo-
cated to a particular itewm and also wheave the
floorspace should be focated. This would
require such data as the change in sales as a
good is moved around the storc: these data
arc just not available ncr arc any rccords kept.

(b) Stock

Generally department storee have littls ster-
age space, their total stock is usually on dis-
play. This of course doss encourage the cus-
tomer If a farge, and varied stock is available,
But for the manager it does create a problem.
As demard is 2 function of the stock level then
on2 of two situations may occus:

(i) the level of stock needed to gencrate a
certain level of demand is greater than that
level of demand, which implics that there will
always be unsold items on display. This may
create proeblems of stock turnover and cause
low profitability returns per stock item.

(i1) the level of stock needed to gencrate a
certain leve! of demand is less than that level
of demand, which implizs that customers will

_huve av unsatisficd demand and sales will be
lost, This situation is gencrally an anathema
to managers who primarily scc themselves as
traders rather than busincssmen,

There are further complicaions, namely that
the stock level niust be restricted by the floor
space available and also by the working capital
funds. The storz can only afford to hold limnited
stocks. '

(¢} Labour

- In.the frontline of any store are the sales
stafl. Such stafl are extremely important as they
dircctly influepce the cusioner. As the level of
stafling drops, the wailing time of customers
increases aand ullimalely demand will decrease.
Put stall is a direct cost to the manager and
as such hiz higs To decide upon a suitable level
for cech item. His task is complicnted because
many of the stafi are specialists and thus not
intercliangeavle.

THE CONMSTRUCTION OF

A DEMAND FUNCTION
Tn discossing the key parameters under the
contrel of the mnnager, vee must note that not

oniy do they al] divectly influence demand, but

also that they are all inter-related. One must
bz careful here to distinguish batween demand

-and sales, for demand may exist independent

of sules. 1t is firstly suggested that the demand
function for a particvlar jtem 1s expressed in
terms of relative allocations, le. the market
sharec /4, is given by

e ()
D; Cut,

wiere Dy is the demaud for item i at D, and
P and ¢,; the scarce resources of type & allo-
cated in D and in the catire centre C respect-
ively to item i. '

A morc preeis2 statement of the form of this
function reguires a further assumption and we
consider two alternative ones,

(a) Multiplicative demand function

This is basad upon the assumption. that if
the allocation of any scarce rcsource is zero,
then the resuliing demand is also zero, and fur-
thermore that thiere arc decreasing returins to
sale, ie. .

A= [;I/;:“‘ Say <l

wherce ry; = (5;;/cy;). It s felt that the manager
would be able to give an indication of the ‘refa-
tive importance’ of each scarcs resource in in-
fluencing demand; for a multiplicative func-
tion, we interpret this statemient as an estimate
of the relative clasticities of dewnund. Assuming
that resource 1 is the hase resource, the relative
importance is delined by

[ (‘”l rh!)/ ch 7y r&l) aifar,,
I Il W kil Bl Banl 1 rewrya
ory AJ] \éry & ryi/ \8A/Cryy

- = (@dag)

or

.
The interpretation is not entircly fortuitous as
it doss result in an expression that is indepen-
dent of ry. The demand function may now be

written as )
: N O
A= (l]r’;‘”)
3

Given the status quo {(12,r]) we can compute
Gy = MAYY yalurfy 4
13

(3)

(b) Separable demand function

[N
a3

umption here is tha

The underlying ass
by cach scarce resource

L4
demand is geanorated
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in isolation, and thuat the total deraand is com-
puted from addition of the individua
demands, e, .

A = );ﬂ:("u)

the

Notice thai this assumption makes the clear
distinction between demand and sales, for
obviously there can be no sales unless a posi-
tive quantity of all the scarce resources is allo-
cated. To produce a logical interpretation of
‘refelive importanse’ in this situation is how-
ever difficult, and perhaps the casicest direction
is to assume that in practice there would be
little movement away from the stattis qz!o, SO
that a linear demand function would not be
unrealistic, i.c.

/ + th( [}

rh

Now, using -the same definition of rchtlvc
importance yields

. . o rfl
Ay = A +dnruzm f——

Ty

)

But there is no simple means of caleulating dy;
from the sictus guo; the only way is, when the
allocation has altered from the original status
quo. to mzke a dircet substitution.

ALLOCATION OF SCARCE
RESOURCES

So far we have outlined the various scarce
rescurces that a manager must allocate and
discussed the restrictions and intcrdependen-
cies that impinge on each onc of them. We
have also described the construction cf a
demand function related to the scarce
resonrces and also the potential demand of the
entire shopping centre. Before we can proceed
further, we need to ideniify the objective that
the manager is attempting fo optimise. The evi-
dence for the identification iends to be conira-
aictory: most managers in isolation are pri-
marily concerned with lurnover. As stated
a‘.w\'-:, they are principally traders and their

encral sratus increascs with turnover: furiler-
mo‘ ¢, in'the group the pecking order of stores
was tased upon ternever, On ihe other hand,
taking thwe vroun view, stere contribution (an
anpreximation to profit) iz & much more uscful
cljcetive and one tha! the head office is [‘l'i‘.lCi-

nally conceened with, We adented the pre

malic approach: as we had been bricfed by the
liead office we used a profitability objective.

As we have scen, it is feasible to formulate
this problent as a mathematical program. The
profitability is casily calculated as the prices
of the goods are fixed, buying costs, costs of
floorspace (rent, rates and depreciation) and
labour (various hicrarchics of sales siafi) arc
all easily obtainable. The dilferent tyges of
scarce resources, their limitations and inter-
relationships with cach other and with the
demangd function, have been described. So ene
could solve the allocation prodlem as described
refatively casily although the model might be
cxtremely large. Appendix | describes a simple
model and discusses appropriate  solution

methods.

Howdéver our first approach for the manage-
ment of the group was not to use a MP but
to develop an heuristic. The heuristic mads cer-
tain gross assumptions but it had the virtue
of being casily and quickly understood. 1t
started by assuming that, just as the division
of dermand between centres was on the basis
of relative floorspace, the potential demand in
C could be divided up in proporiuon to the
relative floorspace in C, ie.

D.-:(—'ﬁ)n*

<1

where the subscript 2 refers o floorspace.
T'or each item, cr rather group of items,
various discrete sales levels were identified. S,
p=1,2,.... With cach sales level was a“om-
ated four figures: the profit generated by that
level of sales (P;,), the space required for those
sales (SP;.), the stock required for the sales
(ST;,) and finally the level of staffing required
to achicve the sales (L;;). Rather than consider-
ing cvery possible combination of scarce
resources as the MP would do, the heuristic
only looks at certain a priori values. One
detailed concessicn was made, namely to

“divide the floorspace up inio different types;

in D we identificd seven grades of space
aepending upon the floor one was on and one's -
whercabouts on that floor. This involved, in
theory at any rate, producing the above faurcs
for cach type of space as well (let the subscript
t dencte the type of space). Caleulate as a profi-
tability index, the profit/sq.{t. Fp, = Py SPip
Vi, p, 6. T'or cach 5CATSe ICsouTee, We assume
certain known fimblations, whiclr are casily
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ascertainavle from the manager. The detailzd
" heuristic is as foliows: ’

I. Scan the matrix 2 for the highest figures;

let this be P,,. As deercasing returns to scale
were assumcd, the greatest profitability wa
generally at the lowesi level of sales.

2. Calculate running totols. (i) add SP,, to
total floor space of type t so far consumed;
(i) add ST, to total value of stock held so
far; (iii) add L,,, to total staff employed so far.

3. Comparie the current usage of the scarce
resources with the limitations. If any constraint
is violated, go to 4. Otherwise go to 5.

4. Tdentify the accepted item with the lowest
profitability. Delete its current level from
further consideration and adjust the running
totals accordingly. Go to 3.

S. Delete from any further censideration,
items (rsu) Yu + 1. This ‘ensures that the same
item will not be spread out on different types
of ficor.

6. If there exists sparc capacity and some
items still have to be allocuied, go to 1. -Other-
wise calculate store-wide figures and stop.

Such an heuristic is not optimal, but it does
enabie the treatinent of, e.g. the discretensss
of labour, non-convex profit functions, discon-
tinuities in floor space, as well as being ex-
tremcly rapid to compute. Daia collection is
a major disadvantage and whilst we have
demonstrated its usefulness to the manage-
roent, the application to an cntire siore is still
in the future.

STOCHASTIC DEMAND MODELS

Ve now returts to the optimising model as
this is probably of lenger-term interest. One
fundamenis! assumption throughout the work
above is that of determinism. Yet, when all ihe
analyses are purformed, and the manager has
altoeated his resourcss, the final dowmand is sti
very much unknown, The seurces of this uncer-
tainty are manitokl, errors in the potuntial
demand compuiation, the farm of the demand
function, a <hift 1 buving potierns, and so on.

But any worthwhile modcl must aticmpt to

Jtake it into- account.

How a stochastic demand is to be included
is still very largely a matter of discussion. How-
ever, for the waat of any beiter information,
we made the gross assumption that -the
demand is distributed with an expected value
given by the demand function (D;) and a fixed
exogenous variance (o). This implies no in-
crease in the unecertainty as the market share
increases. It is supposed that an estimate of
this variancc may be provided from the histori-
cal records of tiie store, together with the ex-
perience ol the manager.

In the vernacular, the desired stochastic
model is a “here-and-now™ one [12] because
the resource allocations have to be performed
beofore the actual demand can be observed.

“The class of models may be subdivided further

into indirect, corresponding to the active
approacin of stochastic lincar prograraming
[11,10], and direct. We will concentrate on
this latter set, which contains both chance-

constra:ned models and recourse models.
Let us write the deterministic model as

jmax P(x) s, f{x) € Dixed) (6)

‘where p{) is the profit function, x ithe set of

decision variabies, i the feasible space defined
by the interscction of ali the other constraints,
f(.) a veetor (of dimension cqual to the number
of items) rcpresenting  [sales + expected
demand] and finally $¥ a vector of randor
variables with zero mean and standard devi-

“ation ¢. Before 'we can proceed much further,

we nave to discuss the eifect of this nucertainty
on the manager. It imiplies that there are times
when he will have allocated resources to
account for a particular level of demand, and
that the demand has fzilen below this level,
thus reducing his profits. The chance-con-
strained formalation comes to hand immedi-
ately; the uncertainty in the model being
catered for by Pr{f{z) < D} > ¢. This inodel
resiricts the violailon of the demand constraint
lo, at the most, (1 — &;) proportion of the time,
{or ecach itewn. The certaiuly equivalence of
these constramts is simply

SRS - )
where 771 is the inverse cumulative density

funciion of ;. The uncertainiy  here s
measured by @ and it is quite feastble to gence-
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ate a swfacz 1p¥(x), =) as naturally ¢ and p*
arg inversely related. '

Haowever, sueh a model does not really pet
to the heant of the manager’s problem. His
objeciive is profit and. m the end of the day,
trading rish must b2 racesured in terms of lost
profits. Wruing the macdel as

i pin — vt~ l:(\" )-41 1(x)

+ ¥y - = Doy” =0:xcay (7)

where g(v*) is a measure of the profits lore-
gone a5 demand was erzater than allowed for,
anrd Liy™) a measure of profits Jost duc to the
overallocation of resources. Such a model can
be simplificd by assuming a priori, that the
manager would find acceptabie a certain mini-
mum profit level (p*) of a range of market
shares. say [4;.4.]. This would remove the
profit functicn from the ebjective, which novr
becomes (min g(y ™) 4 h(y~7)). The mode] is an
example of a programme with simple recourse
and as such has been studied in some

-detail [13. 14]. Unfortunately it is not casy to

solve unless some further simplifying assump-
tions can be made. Appendix 2 contains the
details of a simple model and also discusscs
the amplications of other assumptions.

SUMMARY

1t is very common, in the UK at any rate,
to find that managers of department stores do
not regard themselves 28 businessmen at all but
more as traders. This has obviously got an his-
torical busis, Ia this paper, we have discussed
soine of the problems of running a store and
have attemnpted to display a scientific approach
to these probiemns. Like any business, at the
heart of a store is the economic relationship
tetween supply and demand. We have con-
structed a demand function for the various
iems 19 f_'r»f‘ store and cxamined how this
ceinand will vary as the manager aliocates the
scaree resouross unaer his control. We ha\'~
outlinad various models that may be used a

the bLasis of any structural planning prOCCQS'

and suggesicd algornthms that may be imiple-
mieited. Uneertainty nlays a large part in the
manggirs problems and we have proposed
metheds of manipuliting it so as to reflect its
truz rele.

We have uet attempied to answer the funda-
menial gqueston: what makes a department
M & colleciion of individual

stare difleromt

SN BN

shepsy We could put forward suggestions
related to synergy, smbience and so on, but
ultimately it is a question we are vnable to
answer. There are other lacets that have not
been discussed. In retailing there is the theory
of complementarity—narcly, that goods that
tend to be sold together or to the same group
of customers arc put in close physical proxim-
ity. This can have a major impact on the Jayout
of a store. Onc lcehufqu° we think might be
applicable here is graph theory, with weights
on the arcs denoting the degree of complemen-
tarity and trying to identily spanning trees or
restricted degree. This would certainly be a
very diflicult problem to handle using pro-
gramming icchniques.

The demand pattern for goods may be
highly scasonal, e.g. toys, garden tools, and vet
all of the models so far presented do not pos-
sess a time dimension. One answer juigii be
to produce a multi-period modzl, but perhaps
a more realistic one is to run the static model
al, say, monthly intervals with appropriate
(and largely subjective) modifications to the
demand function. Data are just not available
to build up monthly demand funciions in the
maunner suggestad in the main text. nally, to
reiterate the Timitations we laid down at the
beginning of the paper. there is deliberately ro
discussion concerning capital expenditure and
the more major group tesk of assessing and
controliing a large number of stores. These
topics will be the subjeet of a future paper.
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Appendix 1o A deteeministic mede!

The mr of tis appaadix is to demonstrate how a deter-
ministic e thematical prozramming medel of a store may
be ceastructed. to build a simple .nodd and to supgest
various 1!"‘“1’(\‘:1&[(. solution SR "l“'

Coneenirating firstly on an mdmdm.l item, say the ith
ore, the suppiy and demnand constraints must be con-
structed, The sajes of this item. S,, are fimitcd Ly:

the stock of goods. 3y;

the ﬁoonpz:«: allocatzd, f1y,

the labour force available, By and,
demand, D;.

of course. the

The precise nature of the limitations depends upon the
required detail. as discussed in the main text. but the

simplest assumptions of homogencous floor space and

sales stafl might produce constraints of the form
S < By
wbu < B
S =0y
Si< by

where v 18 the floorspase consumed per itemn and 4, the
selling capacity per mémber of staff. Fractional staff are

A

A

dek: t‘."s..cl‘ implied. coutvalent perhaps to staff \m'mng
in more thin ene section of the store or the cmploymenl

fp..rl time staff,

The damand. being a function of the various £, could
be as described cither ia cquations (3) and {4) or as in
(3% iz multiplizative or lisear. If the muiliplicative func-

tion 5 sdopied. then tn obvious strategy is to cmp]oy
geemelris

pro"rammim- thi s in addmon vonld ue ﬁblc

Snoienic in |ll “1\, /, it is pU\S
on of aniterative linear approxi-
J for further dotaiis) might sutlice

Jue (see [
Finally if oaly smail variations in the dermand around
e statas gno are consudered to be likely or permissible,

[H

use of a tirst order approximation of 2 Taylor series,
together witan thz fect that the second diiferentials are al!

viii

aung vnder uneertainty: the.

[(x) is suituably validy or some "0'\~!in-
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noa-negative would cesnlt in '.\ cor.\’-.':lint of (e form

- D“‘ i+ } ( s I" u.-l!

The proft contribution of thi
operating profit fess various chirge =ss stock nold-
ing. labour and, possibly, the use of daorzpace aad other
facilitics. In the a!mpk model. this may Be wiitten as:

{pi — ¢)S - "C.mn»-" S = dfy =y

where pp and ¢, are the price and cost of the itera. r the
interest charge on siock holding. 4 the labowr rate and
¢ the charge per unit of fHoorspace,
Looking at the ovesall picture. ther
the various decision parametars re
the physica! size of the store, the size of th
and the available woiking
these constraints would be:

}‘L,/Jh <)

ZﬂziS N
zﬁn £z

Ztem consists of the cross

rictions on
for cxample,

bour farce
capital, Simple deseriptions of

> ars rest

ng to,

—~—culrent assel consicaint

—total floorspace
—total level of stall

but of course they could e far mere complex, Examin-
ation of the shadow prices ztached o theso constedings
would be of corsiderablz interest, both o the monagee
and the heud ofites =s thoy auzht form the busts for inter-
store efficiency measures.

Appendix 2: A stochustic demand model

We demonsteated in the main text that ene approach
to handiing a stochastic demand might result ia the fotlow-
ing modcl:

tmax. p(x) — g ") = By istfixr =y -3 = D

Y.¥T 20xek!, ()

If we make the assumption that the penally functions are
both lincar, e.g. Ay ™) = T Ay, and that w2 are conezrnd
about the expecied violalion of the demarvd constraint, 50
that gly "} = O, then the objective may be writizn as:

; max. p(x) — ¥ ki J.(jj(.‘;) - DdsD)
integrating over the rm;gc

S ER
For an appropriate distribution. ¢.g.

g re cbjective
becomaes

uniforra

ily saiwel using
suttion for

where D; ~ R[—D,. +8,]. This may be :
either a guadratic aleorit if i

Another anproach, peed in the objse-
tive function. and becaus 2 in £,
we could use agin 2 \cmon o’ linene agproxumalion pro-

bmn‘.xn.n_.
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4 NUMERICAL ILLUSTRATION OF CENTRAI, INTERVENTION

Ve can illustrate the effect of the centre's intervention into the
store planniﬁg with the help of & simple numerical example. Specifically,
WeAéxamine the case of two-level organisation where. the 6entre impbses‘
a detriment on the the divisional manager in form ofAé pre-emptisn’-

of space.

Let us define the divsional manager's problem for a dbpartment store i
* where two lines (activities) are operated using two resources (inputs).
o The for¢u1ation of the primal problem, along the lines discussed in

“Chapter 6, is :

e ue .b” = -§1 :’ 5{{ K e 'fl. Noe . x yoo
S WX Zomthy (250 + Kygeg) .+ 1,0 52191-?.._?\,'22_‘—’2} RGN
SeBe dyy b My < Rl
L Xqp t Rpy LR S5 RL,

L %y Koy Xpp0 %pp

vhere

e

ﬁll - the amount of resource type 1 allocéted to préduct line 1;  ]
X,y — the amotdnt of resource type 1 allocated to product line é.;“
x12 — the amount of resource type 2 allocéted to product linevi‘L
h22 — the amount of éésource type 2 allocated to product line 2.

¢y - the unit cost of .resource type 1.



c, - the unit cost of resource type 2.
Rhii— the constrzint on the amount of resourcc type 1 allocated to

store i.
-

RLiz- the constraint on the amount of resource type 2 allccated to

store i.

Let us now assame the following values :

4
111=2 c; =3 RL11=20
- D — _ - ' - rv
-, = 8 c, = 64 RLiE =276

o whinh"we:één:insert ihto the above fdfmulation to produce i

UM me g sl s8G et
‘ S 320
< 276
'é»vo'
Z, = 6" + 128 .+ ?4‘ 21 + 512 N

1 11 12

22 : f;?jff"?;fLTU

and solve thé problem, which_gives us the following values :

X : ~ o
2= 20 Ngp = 0
N 59 =‘ 276 N 12 = 0
xi

4 e 0t 1 - 2 A IO T e Aot At 1 g g ¢



and

4, = 24+20 + 512°276

= 480 + 141312

L3

= 141792
The above problem's dual can be writien as follows :

Hine 2= gy e kK R

1‘1 whidh, given the values of our numerical example, becomes .

1

o Mine Ze 20w 42760,

Wlf‘ z 24
W, > 51‘2
" and the optimal solution 1is : '
L 24  anu ?2 = 512
and the slack variables (s.v.) are :
xii




11
' Xiz = 0
g # O

"o % 0

since

5
NV
o

v, > 128

]
\g

24

v, 2 512

'”?fi.{Lef'ﬁs ﬁpﬁ1£u:ﬁ>tp thé'

SeVe

SeVe

SaVa

SeVe

= 128

it

24

512 -

L k o 'I - :
store manager s problem given that the centre

vfj§é§f6f756é5ﬁréé§'tdibroduct line no.”1, say ¢ -~

:«ﬁfyj;;;éé{jﬁéfsrfhé_Stbré p1anners‘to allocate specific,éuantitiesvof both

"

,?ii&ﬂ??;ﬁ . - ﬁ .
i ST =m0 emd Ty, =10
~The new primal is 3 .

Maxf f 22'=‘ 65\11 + 128 312 f 24(X21 +.512 Yoo

8.

e

Ayt

S0y,

o

X

~
22

21 -

}K ‘

N

20

276

10

11 -
o = .15

12

~
21,

N oo

xiii



. and the optimal solution is :

11 =10 12 = 15
Fo =10 o, = 261

hence the value of the objective function can be combuted to be :

o _ 22 =u6'10 + 128-15 + 24+10 + 512-261
__ - = 135852 - | , e
A _ The'hew dual is @
;  HM1q.‘?Q}yl f_276 W, f 10 w3 + 15 w4
SR R ) 6 PO
. BT R
w2 +’ w4’_ ’ 'z 128
'  le z 24
v, =52
" and tie optimal solution is
J O } L
wl = 24 . W3 - L. .A .
' = =384
”2 = 512 W4 3 A

and the objective function of the dual is @

xiv




= 20.24 + 276°512 - 1018 — 15 384
= 135852

s

hence all the dual slack varizbles are zero.

Thése calculationsrﬁrovide us with the data necessary for measufing
the cost of the &etfimeﬁflﬁut'b§ufhe'gentre on the store managér.-
‘Thig is ane by ca1éu1a£ing fﬁe'difference in the'origipal gté;e V; ‘
' managerfﬁrsblem'é soiufion aﬁd that derived followihgiihe'ipcofpdratibn f:

‘of the additiénal; i.e. pre-emption, constraints. The net change is

SR
oo

. 141792 - 135852

:‘f'As could be expected, the 1nterference of" the Qentre in the store' ‘“'
'”';fmanager's problem has a cost attached to it since it prevents the

-ji;g',;store manager from optlmlzlng hlS resource allocatlon in face of -

v.f‘purely 1oca1 indormatlon flows. The fact that such a potentlal
Apenalty exlsts means that ‘prior to any 1nterference oy the centre‘
 a study should be made in order to establlsh whether the proflt to
: the organlzatlon as a whole as a gesult of the 1mp051t10n.of centra1j '&‘
interests outwheighs the local instances of losses (assuming‘such '
exist). Hence our analysis of the economics of interventioh, see _T

section 7.3.2.




