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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 store 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 

planning 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 each 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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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 retailer'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 model 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 likely 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 

headquarters 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 subsequently 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 

to a particular shopping centre, and to a particular store 



within it. On the basis of this information, we 

produce a model used to derive the potential sales the store 

can hope to attract. In chapter 4, we suggest a heuristic 

for 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. In 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. 

( 
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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" models 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 a 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- 

work 
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2,2 CLASSICAL ECONOMIC MODELS  

Despite the many differences between them, all the models 

discussed i'fi this section share a common approach to the 

structure of. the organization for planning purposes.'Spec--  

ifically, the organizational framework is assumed to be a~ 

strictly pyramidal hierarchy, composed Of subordinate 

units. In addition to the similar structure, those models 

assume that the organization has a global objective (usu 

ally.profit maximization) that is perceived by the super-. & 
ordinate unit, and the problem consists of co-ordinating 

the subordinate units in a way so as to maximize the 

organization's attainment of the global objective.. In 

their analysis of hierarchical multi-level systems, 

Mesarovic et al (107) provide a general conceptual frame-

work for the organization resource allocation process as 

well as,a critique of some of the models to be discussed. 

everal articles had appeared on the . 'sub ject., of..dece.ntr.al-= 
ized,'decision-making prior to the development of the 

simplex method for decomposing a linear programme. 

the most notable and early statements in the economics 
• 

managsmeht science literature are those by Lange and 

Taylor (91) and Lerner (92). 

Their approach has a superordinate unit allocating a multi 

'period budget to sub-unit projects, by setting shadow 

prices on each period's budget. These shadow prices are 

then used by the sub-units to establish resource require- 
- 

 ments for their investment proposals. • Given these data, 

the superordinate unit then compares these expenditures 

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 wewill consider. d 

static model was suggested by Koopmans (89), who looked 

Among 
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at an activity analysis formulation of the problem. 

Koopmans' model concentrates 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 1960, 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 prices 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 80), Albegov (2), Moeseke and de Ghellinck 

(103), and Weil (.150),  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 

operations. 	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-planning 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: 

(i) 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. 
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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 that uses 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 suggested by Balas (12), 

namely, he developed a modified algorithm 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 mechanism, 

which we shall name the "budgeting" approach. 
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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 

yield equal marginal return, and consequently adjustments 

should continue to be made until such an equilibrium is 

reached. 

Two Hungarian economists, Kornai and Liptak (gO), 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 Dan_tzig-Wolfe algorithm, which requires a 

corporate optimal solution prior to the divisional optimal 

decision. 

The implications of this difference can.beofconsiderable 

importance when one takes into account organization control. 

In the Kornai-Liptak approach, each division may be allowed 

to maximize its own objective funtion, knowing that the 

result would simultaneously maximize the corporate object-

ive function. On the other hand, the fact that the Dantzig--

Wolfe algorithm requires some type of quota system with 
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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 joint 

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 scale. .Combining a 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). In section 2.5, 
we discuss the issue of implementation of these results. 
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2. 4 BEIiAVIOURAL 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 same 

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 structure 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. 
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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 satisficing objectives 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 setting 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 tō 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 where they and the 

alternative proposals are used to generate new sets of 

shadow prices. This process is 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 are generated using the rules of the simplex pro-

cedure, the process will terminate in a finite number of 

steps. 

Ruefli has shown that this model can incorporate'extern-

alities, either technological 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. 
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2,5 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 (116) 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 freedom 

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 of 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 is viewed as a 

constant for each good since it is'assumed the same 

quantity'is ordered each time. The results of this model 

require 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 the firm of the good over alternative 

goods. 

A second and more intuitive model is used in order to 
make 	the method more attractive to.the store managers. 

The underlying 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 

is maximized. 
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2.13 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 complexity 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 

they explained by the fact that a satisfactory construction 

for administrative capital rationing at the corporation 

level was not available. Their approach was to define 

overall investment 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 algorithm 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 al concentrated more upon the decentral-

ization of capital budgeting decisions between corporate 

divisions, Morris (109)  applied the decomposition principle 

to decentralization according to functional areas: Invest• 

ment, Financing and Production. The interaction among 

decisions 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 principle. We start, however, with 

a heuristic approach to the resource allocation problem in a 

decentralized department store. 
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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 

problem lend themselves to a broad division into three 

major 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. 

The Internal Environment  

i) Defining the scarce resources. 

ii) Determining the relationship between both environ-

ments. 

Formulating and Solving the Store Manager's Problem 

In this chapter we concentrate on all the aspects related 

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

Research, Universit,t Mannheim, Nest Germany, September 

1978, and subsequently published by Flavell, Penn and 

Salkin (51). 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 DEFINING THE TRADING AREA 

Defining the trading (or catchment) area of a shopping 

area is 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 (10y 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 A.proach 

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 

empirical studies. Reilly (119) can be credited with 

being the pioneer of defining the catchment area in 

mathematical form. In 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 

two 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: 

Ba  PaDb 2 

Bb Pb Da 
(3.1) 

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. 

Da  - 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: 

Dbr  (3.2) 

where: 

Dab  - the distance between towns a and b. 

Dbr  - the breaking point for trade between a and b 

measured in miles from b. 

Empirical evidence derived from the Census of Distribution 

by McClelland(104), and illustrated in Fig. (3.2) 	suggests 

that 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 product 

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 Rb  can be found using 

Rb  
m Dab  

m2  - 1 
(3.3.a) 

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 Sa  and Sb  represent the sizes of centres a 

and b respectively, we get: 

m = (Sa  / Sb) 1/A (3.3.b) 

where X, the exponent, is a constant. 

Reilly (120), suggested that X was equal to 2.0 for any 

product 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 approximations of consumer preferences into his 

model. This last model suggests that a contour map 

should be drawn for customers' probability of shopping 

in any particular group of centres, and that the inter- 
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locking nature of the hierarchy of centres will be demon-

strated. The probability that any particular centre will 

obtain trade in any particular product or service group 

is formally expressed by Huff in the following model: 

s./T. .X 

sj/T13A 
j=1 

(3.4.a.) 

represents the probability-:of customer at point 

of origin i travelling to a centre j; 

- represents the size of shopping centre j (in 

square feet of sales area devoted to the product,. 

or service group in question); 

- represents the travelling time involvec in getting 

a 'customer from his origin at i to ,the centre 'at j.,  

-- represents a parameter estimated empirically for 

each product,or service, group to reflect the 

!relative perception of travel time arising from 

the product, or service, group to be purchased. 

the number. of consumers from point 

,.'will be: 

.where c1  represents the total number of consumers at 

point i.. As previously mentioned,'Huff-does not fix X 

at 2.0 as Reilly did; for example, he estimated  to be 

2.723 for furniture and 3.191 for clothing. The larger 

the magnitude of•X, the smaller the time the'customer will be 

willing to spend travelling for a given probability P. 



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 prohibitively expensive. 

Internal Account Analysis, as suggested by Plotkin (117), 

attempts to examine the store's customers in a less costly 

method by using existing data processing systems within 

the store. Despite its obvious appeal to management, this 

method has a major disadvantage in that it monitors only 

existing. trade, 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. 
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3.3 ASSESSING POTENTIAL DEMAND WITHIN A TRADING AREA 

Having defined the trading area boundaries, we can pro-

ceed to estimate the potential demand for a product or 

service provided by the store. This process was executed 

in two stages: 

estimating the total potential demand 

in the trading area; 

ii) estimating the potential sales of a store. 

3.3.1 Estimating 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 the 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: 

-bd 
A. = Sae ij 
i j 	a. 

(3.5) 
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where: 

Aij  - attractive power of centre i; 

Si  - the sales volume; 

dij  -- the distance 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 (112). 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: 

Ai  = Total number of shops + 2V + 3D + C M 

(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: 

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 

those related to the design of the shopping 

centres. 

Using principal components analysis, they concluded that 

a 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 centres 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 

w 
a 
r 
d 
s 

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 13 categories of similarly grouped items, corresponding 
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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 (30) 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 (60, 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 D. 	the demand for 

item i by SEG q in ward s. 	Hence: 

D = E P E Di  1 	st 	gs  
s 	q 

(3.7) 

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

can be presented in form of a matrix: 

item 

NV 

a 
r 
d 

• 
• 

ds1 	  dsi'i J 

Table (3.2): Trading area potential - demand 

matrix:. 

With this information in hand, we moved from the shopping 

centre to the individual store. 
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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: 

i) 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 (16) 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: 

Si = f(d. - d. + a. .) 
S. (3.8) 

where: 

Si  - the sales volume of store i; 

di  - the distance between the store and the potential 
buyer; 

aij - the difference in the attractiveness of stores i 

and j, 

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 this 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 2,i is given by: 

a 
i fi (Ski/Cki) Vk 	(3.9) 

where Di is the demand for item i at store D, and 
Ski 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 

assumption 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, i.e. 

X1 
= 	rkl 	~~~ 	

0 <aki <1 Vk,i 
k 

where rki E (Ski/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: 

= 
a ~` i . rki 	a ~' i . r1i 

ki 	(
arki 	X. ) / 

	(
• i 	X. ) 

rki 
aa/aaki. 

(rfi ) (a),/arli ) 

1 or 	
iki 	aki a1i 

	Vk,i 

The interpretation is not entirely fortuitous as it does 

result in an expression that is independent of rki. The 

demand function may now be written as: 
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fil` 
(11 
	

iki k rki) 11 	Vi 	(3.10) 

Given the status quo (x , rki), we can compute 

ali  = 111X 0 
 / k rki 1n rki 	Vi 	( 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., 

Ai 	k fki (rki) 
	 V ir .  

Notice that this assumption 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., 

A. 	A. + E dki (rki - rki) 	i 

Now, using the same definition of relative importance 

yields: 

ai 	x. + dii rfi 	
yki (1 

r0  ki 
Vi 	(3.12) 

rki  

But there is no simple means of calculating d11  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. In 

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. 

3.4.1 'Consumer Preferences 

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 

x1, x2,...,xn, then a bundle is represented by the vector 

x = (x1,x2,...,xn). Bundles are identified by subscripts 

such as xp  = (x1,:;2,...,x0), 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 

	

x0 = xl 	means 	xo = xi 	Vi 

	

> x1 	means 	x0 > x
1
i 
 Vi 

means 	x0 > x1 	and 

X
0 
> x1 	for at least one i 

> xi 	means 	x0 > Xi 	Vi 

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 x1 in that set, 

either x0 ~x1, or xl 
~x0, 

The purpose 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 three bundles x0, x1 and 

x2 if xo t;x1, and x1 vx2, then x0 px2. 

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 to order them in accord-

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

elemonts satisfy such assumptions is said to be completely 

X 0 > xl 
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preordered. Sometimes a preordering such as the above 

is also referred to as "weak" because of the inclusion 

of indifference. 

A.3.3.  Greediness. For any two bundles x0 and xl, if 
x0>xl; then x0l. 

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 

bundle. 

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: 

xj  = hj(p
1 
,p
2 	n 
,...,p ,m) 	j = 1,2,...,n (3.13) 

This expression says that the dependent variable xj  is a 

function of all the independent variables p',  p2,...,pn,m  

that appear in the brackets, where pn  denotes the price 

of item n, m the consumer's budget, and x3  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 are 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: 

hm  - 8h3/ m 
Dn + 1,j 

(3.14) 
D 

 

where the derivative hj 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 Dn + 1  is a typical cofactor. While the sign of D 

given n is known, the sign of Dn + 1,i  is  indeterminate. 

There are three possible signs the income effect can 

have, and each implies a customary class of goods, namely 

that: 

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

If hm=0 then j is said to be a neutral good ; 

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

There are two points worth mentioning; first, the budget 

elasticity of demand, hm, is a function of pi  and m, so 

that the values of hi 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 

one must be superior, i.e, have a positive hl, 

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 onthe 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: 

h h2 	 hn 
m0,1 m0,1 	m0~1 

h1 • m0,2 

• 

• 

• 

h1 	h21 . 
m0,k 	m0,k 

Table (3.3 : RBD Matrix 

Where the Regional Budget Elasticity of Demand (RBD) 

table elements are defined as follows, hn 	is the 
m0k 

budget elasticity of demand of SEG k's demand function, 

at the point defined by budget m0, for good n.. 

The above table, however, does not provide the full 

data requirements of the store planners. In addition, 
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r7

h1 h2 	b1 	bn  
m0,1 m0,1 	 0,1 m0,1 	 0,1 

h1 	hn 

• 

b 	b 1 	n 

m0,2 	0,2 	m0,2 	m0,2 

h 	hn 	m 	m 
0 k 

1 	 1 	bn 

m0,k 	m 	0,k 	0,k  

s1  0 0 . . . 0 

. • 0 

	sk  

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 

sk'  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 

premultiplier on the RBD matrix is the Regional Weighted 

Budget Elasticity of Demand (RWBD). This can be formally 

expressed by: 

where Un 	represents the budget elasticity of demand of 
0,k  

SEG k, for product n, at the point defined by m0, 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 in the 

:.consumers' income is the value of the change in monetary 

units, specifically the value of the incremental sales. 

As the data'in previous sections points out, SEGs 'do not 

differ solely in their expenditure pattern; there is also 

a difference between the SEGs' average:annual income. As 

a result, the incoporation of income into the RVIBD matrix 

introduces a second weighting, this time according to the 

average SEG income. Let us formally represent, the dis- 

tribution of SEG income by a diagonal matrix, where the. 

non-null elements, Ik, represent the annual income of 

SEG k. We use this income matrix as a premultiplier on 

the j,RWBD matrix, hence: 

where c 	is the budget elasticity of demand of SEG k. for 

productmO,k n:defined at point m0 and weighted both by 

size' of 'SEG k and its average annual income. The product 

of the multiplication is the Net Budget Elasticity of 

Demand (NBED). 

•The net-regional -  effect of a change.in income on the demand 

for product i can. now be'expressed as a summation of column: 

i. -  For each summation, the three possible outcomes are: 
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k 
if Y. 

z-1 

k 

cl  
m0,z 

> 0 consumption of good 

increase with income. 

i will 

if E cl  = 0 consumption of good i will 
z=1 

k 

m0,z remain unchanged with changes 

in income. 

if E 
z=1 

cl  
m0,z 

< 0 consumption of good 

as income increased. 

i will decline 

Clearly the overall regional effect for all products and 

services must equal the changes in regional income, hence: 

n k 	k 
E E cl. 	= 	E s AI 

i=1z=1 m02z 	z=1 z z, 

where Alz  is the income increment in SEG z's income. There 

zs no possibility of determining the net regional effect 

a priori to the incorporation of the budget elasticities of 

demand of all SEGs, the sizes of the SEGs and their annual 

average income. 

3.4.3 Price Effects  

We now 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. In a manner 

similar to the treatment of income effects, i.e., using 

Cramer's rule, Hadar defines: 

D. ,1.  .  D 
hi = 8h3/apl  = - ?. D 	x 

	nll1 (3.15) 

and similarly the sign of hi 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 effects. 

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: 

1 = 	- S
i 

(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 

i = j, i.e. the own-price elasticity of item i, is 

represented by Table (3.5). Hence: 

(3) 	Si hi  
m 

-Rih3 Si 
M 1 'xihm h. 

i 
Type 

>0 <0 > 
N 

< r 
<0  <0  m 

< a 
<0 >0 ._ 1 

<0 >0 Giifen 

Table (3.11: Own price elasticity 
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and for ij ; 

(4) 

Si h3  m 
Si  m -x.h3  h. 

i m i 
Type 

>0 

>0 <0 
< <0 j is GC for i 

> >0 j is WGS for i 

<0 >0 > 

'0 <0  <0 j is GC for i 

<0 >0 

> 

is WGS for i 

Table (3.5): Cross price elasticities 

3) That Si<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. 

4) The Si 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 Si>0 for all i=j at least 

one Si must be positive where iV- j.. 
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h 	 hn  

h2 	n2 
1 	 

• 

• 

• 

• 

• 	 hn  hn  n-1 .n 

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: 

Table (3.6):  Price Elasticity. Matrix 
for. SEG k 

where the element hn_1  in the Price Elasticity Matrix 

(PEM) is the price elasticity of the demand for product 

n as a result of a change in pn-1. Obviously, the 

elements on the main diagonal represent the own price 

elasticities, i.e. hill 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 overall price effect within its catchment 

area, an aggregation of cross price elasticities over 

all SEGs is necessary. As in the previous case of 
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S1 	 S1  

	

1 	n 

	

S2 	 62 

	

1 	 n 

• 

• 

Sn  1 • ' Sn  Sn  n--1 n 

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 	k 
E ōz  = E (szEl/ E szEl) =.1 i = 1,2,..,n (3.17) 

z=1 	z=1 	z=1 

where sz  is the number of households in the trading area 

belonging to SEG z and E2 their expenditure on product i. 

By doing a scalar multiplication, i.e. SZ  on PEML1  and 
a matrix addition for SEGs, we produce the Regional Price 

Elasticity of Demand (RPED) matrix, which can be illustrated 

as follows: 

Table  (3.72  : 	RPED Matrix 

\',here Sn-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. 

6n-1 1=  E(hn-] 
S  z) o 

z=1 
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3.5 	SUM?IARY 

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 manager who.  requires the 

data required for computing a store's potential 
need not go through the long and tedious process of 

collecting all the data 	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 

MODELLING A DEPARTMENT STORE  
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4.1 	THE STRUCTURE OF A DEPARTMENT STORE 

4.1.1 	The Store Manaer'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 decision para-

meters is 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. If he increases the resources 

allocated to one particular item, ceteris paribus, he 

must increase the demand in his store for the item. 

-64- 



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/sg.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 

-65- 



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, need 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 such 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. 

b) 	Stock 	,Generally/ department stores have little 

storage space, their total stock being usually 

on display to encourage the customer. The manager 

faces 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. 

ii) the level of stock needed 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 drop's, 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 centre 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. In 

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. (4.1):  A Department Store Model 
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objective and the one that the head office is principally 

concerned with. We 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-relationships with each other 

and with the demand function, have been described. So one 

could solve the allocation problem as described relatively 

easily, although the model might be extremely large. Sec-

tion 4.4 describes simple models and discusses appropriate 

solution methods. 

However, our first approach 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 i could be divided up in proportion to the 

relative floorspace in C - i.e., 

Dl  = ( 2i ) Di  
2i 

where the subscript 2 refers to floorspace. 

For each item, or rather group of items (i),various (p) discrete 

sales levels were identified, Sip,p = 1, 2, 	With 

each level were associated four figures: the profit gen-

erated by that level of sales (Pip), the.space required 

for those sales (SP. ), the stock required for the sales 
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(ST. ) and finally the level of staffing required to ip 
achieve the sales (Lip). Rather than considering every 

possible combination of scarce resources as the MP would 

do, the heuristic looks only at certain a priori values. 

One detailed concession was made, namely to divide the 

floorspace up into different types. In 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  V 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 P As decreasing returns xyz 
to scale were assumed, the greatest profit-

ability was generally at the lowest level 

of sales. 

STEP 2: 	Calculate the running totals: 

i) add SPxy 
7 
 to total floor space of 

type t so far consumed. 

ii) add ST 	to total value of stock 
xyz 

held so far. 

iii)add LxyL  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. 
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STEP 4: 

STEP 5: 

STEP 6: 

Identify the accepted item with the 

lowest profitability. Delete its current 

level from further consideration and 

adjust the running totals accordingly. 

Go to 3. 

Delete from further consideration, 

This ensures that the same item 

will not be spread out on 

different types of floor. 

If there exists spare capacity and some 

items still have to be allocated, go to 

1. Otherwise calculate 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 

usefulness 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 levels 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 

in a department store is a.  complex and important issue 

for its management. The importance of product display_ 

area in retail stores has caused one author, Cairns (25) 

to define the. retailer. as a merchant of product display 

area. Consequently,* as Anderson (4)•  points out, the 

-determination-.0f the shares of, display area has become 

one,of, the most significant short-run decisions of retail 

management. 

traditional theoretical approach, as represented by 

Cairns (26), Buzzel, 	Salmon and Vancil (24), Hubbard 

(76):• and Curhan (36), assumes a direct relati.onship ex,ists, 
between the amount of shelf-space' sed by a product•or a 

brand and its sales. Brown and Tucker)(23) suggest that 

this relationship varies for different items, that 

some items the quantity sold associated with various quant-

ities display exposure may be regarded as a discontinuous 

.:increasing'concave function that eventually reaches a.. 

maximum for some finite quantity of shelf space, while 

others are completely insensitive to quantity of display 

However,, while the importance of the layout of goods is. 

recognised by most, the variation between layout formulae 

used in:;practice is quite impressive. In Fig. (4.5) we 

provide a graphical representation of a debate concerning :' 

the physical layout of goods in a department store that 

exists within _ a UK retail group. This example illustrates,. 

the existing differences of opinion which are the result 

of the use of a blend of experience and intuition by man-.  

agement v hen deciding upon the exact location of a part-

icular item within a store. 
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- the systematic risk in the return of store i. 

- the systematic risk in the return of product Tine m. 
- budget constraint of store i. 

expected cash flow of store i. 
- unit cost - of resource k. 

- budget constraint on firm j. 

product line m's budget. 

c 	- expected cash flow of the capital market. 
tl 
E(R i) 	expected rate of return of store i. 

expected rate of return of. firm j. 

E(RM) 

āi 

amk 

expected rate of return on the market portfolio of 

risky_' securities. 

expected rate of return of product line m. 

the price of risk. 

target: debt. ratio 

average unit price of store,i. 

the 'price of the j'th security. 

unit price' of product line m. 

- 'sales of store i. 

sales of product line m. 

risk-free rate of return. 

the.total market ,value 'of all stocks. 

;'average unit variable cost of store i. 

a dual variable. 

- unit variable cost of product line m. 

- _wealth of portfolio *holder at the' beginning of 

the period. 

- wealth of portfolio holder at the end of the period. 

- a dual variable. 

- the. proportion of the.total resources allocated' to 

.store i. 

- the amount of resources allocated to store i. 

- the proportion of resource k allocated to product 

line m. 

LĪST OF NOTATIONS FREQUENTLY USED IN CHAPTERS ~, 6 AND 7 

ti 
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alk 	- the proportion of resource k allocated to store i. 
a#3k 	- the amount of resource k available to firm 

Cl 	- a lagrangian multiplier. 
rm 	- an integer decision variable. 

X 	- 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. 

J• 

P. 

PiUr 
a.2 1 
Ql 
c.w  
T 
TX 

TX 
ii. 

ci)k 
Si 

2m  

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 

asset i's partial standard variation. 

the tax rate. 

after tax return before investment is undertaken. 

after tax return after investment is undertaken. 

dual Ivatiable 

a constant in corporate centre's objective function. 

a constant in store manager's objective function. 
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(i = 1,2,...,n) 

(j = 1,2,....,n) 

if i is assigned to j 
otherwise 
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:While it cannot be totally dismissed, this method suffers 

• from the disadvantage of relying on subjective assessments 

which tend..to differ considerably, even within the same 

.firm, and it is virtually impossible to determine, a 

priori, one layout's supremacy over another. The inevit- 

able conclusion of all this is that there is some place 

fora more systematic approach to the issue of store 

layout, an approach which would take into account the 

relationship between various products and services within 

the store as perceived through customers' behaviour. 

.Formulatiōn of the Problem 

The•store'layōut;problem has certain characteristics 

which-are not unique to the retail trade. In fact, it 

cān:'.;be  defined as a special case . of the facility layout 
problem, Or more generally as a quadratic assignment 

problem.. -  The quadratic assignment is a more advanced 
method of looking at the facility layout problem 

'formulation of this problem 	is similar to that 

of the linear assignment problem,which is a special 

case of' the well known transportation problem. 

The quadratic assignment problem can be 'formulated as, 

,follows: 

.given n4  cost coefficients C.jpq (i,j,p,q = 

determine n x n solution matrix.  X- _ 1 Ī  Xi  j Ī  1 .- so as to 

minimize E E E E C.X. X 
j i.p  q  ljpq lj Pq 

Subject to the following constraints: 



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 i to 

facility p. 

Each mapping of facilities to locations is rep- 

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

• 
Xik = .l, if facility i is assigned to location k 

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 Cijpq  = dig  wip. The coefficient 

Cijpq  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-

ulation, an additional linear cost function may be added. 

This may be of form AX. In 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 
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is now to 

n n 	 n 
minimize . dp(i) A(j) 

+ 	
A1A(i) i =1 j=1 	i=j 

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 Si  is the set of locations whose charac-

teristics (size, proximity -to service areas, etc...) are 

compatible with the requirements for facility i. 

4.3.3 Methods of  Solution and Results 

The literature contains several algorithms for solving the 

quadratic assignment problem, a comprehensive 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 non-null ones. As for the "improvement" 

methodology, we tried two heuristic techniques: 

Steepest Decent Pairwise Interchange (SDPI), 

and 	Steepest Descent Three--'day Interchange (SDTI) . 

Using the notation similar to Graves and \Vhinston (59) 

and Loss (93), the following matrices are defined: 
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A = (ai  .) n x n matrix. 

aij  - site cost of assigning facility i to 

location j. 

Q = (q.) n x n matrix. 
lj 

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 i. 

S(k) - facility assigned to location k, 

i.e. 	S(k) = p-1(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 n 
TC(P) = 

i=1 aip(i) 	i 1 j 1 gijcp(i )P(j ) 

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 assigning 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 between any pair of products, i.e..  the 

degree of substitutability or complementarity 
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between the two goods, defined in Hicksian 

(symmetrical) terms. 

C 	the elements of this two-dimensional array 

represent the distance between any two lo-

cations in the store. 

We 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 methods improved the initial solution 

and ended with the same final sub-optimal layout. In 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 model, 

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. 

. Demand 

3 	S,  i y D. = Dfi { H ( 	) ki }. a. 1 1 k=1 cki  
V i 

2. Supply 

S. 1 	< 	31i 

S. < D. 1 _ 1 

	

nil 
i  < 	Rei 

Si  < 07. 3i 



where r is the floorspace consumed per item and 0 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 employment of part-

time staff. 

3. 	Overall 

~1.1 

SZi 

S3i 

< 

< 

< .- 

M 

N 

2 

current asset constraint 

total floor space 

total level of staff 

Eci 
i 

E 

E 
i 

4. Contribution to Profit 

Income 	EpiS .1 1 

Outgoings 	EciSi t r Eci(~li 	Si) 	ais2i 	eis3i 

where pi and ci are the prices and cost of the ith item 

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. . 

D. 	D. {1 	Ze- 	
- 1) -Ykiai} 

k ' ki 

V i 

using a first order approximation of a Taylor series 

together with the fact that: 	O2D 
1 

0. 
@r3 2 hi 



If this approximation is insufficient,:  then because Di  

is monotonic increasing in allSki,  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 thē demand is distributed with an expected value 

given by the demand function (Di) and a fixed exogenous 

variance (ai). This implies no increase in the uncertain-
ty as the market share increases. It is 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 

{maxo p(x) sa t. f (x) < Ū ; x e V } 

where p(.) is the profit function, x the set of decision 

variables, kp the feasible space defined by the inter-

section of all the other constraints, f(.) a. vector (of 

dimension equal to the number of items)representing 

(sales - expected demand) and finally D a vector of 
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random variables with zero mean and standard variation 

a. Before we can proceed 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 uncertainty 

in the model being catered for by Pr{f(x)< D }>a. This 

model restricts the violation of the demand constraint 

to, at the most, Cl - ai) proportion of the time, for each 

item. The certainty equivalence of these constraints is 
simply: 

fi(x) 	F 1  (1  - a 1) 
	

V 

where Fi-1(.) is the inverse cumulative density function 
of Di. The uncertainty here is measured by a and it is 

quite feasible to generate a surface. { p* (x) , a} as natur-

ally a, 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(y+) - h(y-) s.t. f(x) + y+- y-  = 

D; v ; y ?0; xcil,} 
• 

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 he simplified by assuming, a priori, that the 

manager would find acceptable a certain minimum profit 

level (p*) or a range of market shares, say {XL,Xu}. 
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This would remove the profit function from the objective, 

which now becomes {min. g(y1 ) + h(y-)1. 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 ) = Ehiyi 

and that we are concerned about the expected violation of 

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

may be written as: 

max. 	p(x) - Egli f{fi(x) - Di} dF(Di) 
1 

integrating over the range 

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

ive becomes: 

max. 
h. 

P(10 - 1/4 E (,.1) [f1()  + Di] 2  
1  D. 1 

where Di r, R{ -Di, + Di} . 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 

function, and because the integral is monotonic in fl(x), 

we could use again a version of linear approximation prog-

ramming. 
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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. In 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 limits 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 goods 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 a certain product and consequently applies 

pressure on local managers to request the discounted 

item for the centre's order to reach the minimum size 
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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 corporate object-

ives, and how these can be resolved. In the following 

two-chapters, we develop the theoretical framework nec-

essary for the relationship between a holding company 

and its subsidiaries under uncertainty. 
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CHAPTER  5 

CORPORATE CAPITAL BUDGETING WITH THE CAPM 
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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. 

For 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 of capital, 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 against using the 

firm's cost of capital are,first, that in spite of the 

firm's ability, through its financial policies to affect 

the probability distribution of investment's cash flows, 

it is  beyond its power to influence the discount rate 
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required by the capital market to any particular probab-

ility distribution. In 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 not homogeneous and 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-

fluential (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 

bas been extended to investment evaluation models. Mean-

variance capital budgeting models have been proposed by 

Hamacda (66) , Bierman and Hass (1S), Rubinstein (125) , 
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Mossin (111)  and Bogue and Roll (21). 

Ramada (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 capital 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 equivalence. 

The most promising model, in the context of a decentralized 

firm,mentioned 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 include 

variables related to the production level, a point that 

will be clarified in the following chapter, thus enabling 

us to 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 hōw 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(Rj) = RF  + XCov(Rj,RM) 	(5.1) 

where: 

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

RF  - rate of return on riskless security, 

RM  - rate of return on market portfolio of risky 

securities (random variable), 

X 	- .a positive constant equal to {E(RN) - 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; these 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,  RF,  and there 

are no restrictions on short sales of any 

asset. 

iii) All investors have identical subjective 

estimates of the means, variances and 

covariances of return among all assets. 

iv) All assets 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 all 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 (2.) has concentrated on the effects of 

personal taxation; Black (19) 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 effects of uncertain inflation; and Mayers 

003) on the effects of non-marketable assets. 

Footnote (1) continued.. 



The mean-variance security valuation theorem can be used 

as a cut-off rate for new projects. If j refers to firm 

j and R represents the rate of return on its equity, an 

investment project should be accepted only if: 

0 
E(R.) > RF + XCov(R~,RM) 	(5.2) 

where E(R~) is the expected return on the project. 

SinceA may be interpreted as the risk standardized cost 

of capital, then if Cov(R0,RM)>0 a firm should accept a 

project only if: 

E( R.) 
	R F > X 

Cov(R~,RM) 

(5.3) 

where Eq.(5.3) is the "Market Price of Risk" (MPR) asset 

expansion criterion suggested by Rubinstein. The MPR 

decision rule advocates acceptance of a project only,if 

its expected rate of return, E(R°), exceeds the approp-

riate risk-adjusted discount rate for the project, 

RF + A Cov(R~,Rjl1), i.e. the expected rate of return on 

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

is graphically illustrated in Fig. (5.1) -where only 

projects A and B whose risk-return ordered pairs fall 

above the Securities Market Line (STM) _ axe to be accepted 

by the firm. 

(1) Continued... 

Turnball (14S) 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 R0  = Rj,  the rate of 

return if the project were itself a firm, diversification, 

i.e. reduction of Var R, 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 firms investment portfolio, so that the firm need 

not diversify for individuals, a concept known as 

Mossin's "homemade diversification" theorem2. 

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 not generally 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 (1i3), for a- state pref-

erence model under complete, 1,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 if 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 from 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 example 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 justified 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: 

,Var Rj  = p(R.,RM);! Var Ki  + {1 -p (11j,110/ Var R j} 

(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(Rj,Rll)/ Var 1;j, and its diversifiable risk, {1-p(Rj,Rm) 
VVar  H }. 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- 

folio, 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 our model the 

overall effects 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 is based on two sets of assumptions, the first 

is derived from portfolio analysis and can be summarized 

as follows: 

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 of return. 

ii) • 	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: 

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-free rate of interest. 

iii) All investors hold the same beliefs as to 

the probability distributions of the future 

-109- 



rates of returns. 

iv) A single-period horizon. 

v) All investments are indefinitely divisible. 

vi) There exist no taxes and transactions costs. 

vii) Inflation and changes in the rate of interest 

do not exist - or are fully anticipated. 

viii) 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 be 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 latter quite unacceptable. The first 

point is that the range of quantities of wealth over which the 

quadratic 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 possible 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 literature 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 perceive generates 

returns. Clearly, casual observation suggests that investors 

do not show the homogeneity of beliefs which characterize :the 

theory. Quite the opposite, it is the differences in beliefs 

and changes in beliefs 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 



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 important 

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. Ilowever, the 

recognition of the existence of different tax rates on 

ordinary income and capital gains would confuse the picture 

defined by the CAPM. This is a direct consequence of the 

fact that each investor would see a slightly different CML 
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and SAIL 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 

riskiess rate of interest, this implies that a true riskless 

asset does not really exist and even default-free securities 

will experience systematic variability of return with the 

effect of 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 is 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 of the CAPM. Namely: 

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 

undeterminate 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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5.4 CAPITAL MARKET MECHANISM  

In order to understand the rationale underlying the capital: 

budgeting decisions of a value maximizing firm, it is useful 

to first proceed by analysing the mechanism which governs 

share price behaviour. A modified version of the standard 

formulation of the relationship between a firm's financial 

performance, i.e. its risk and expected return, and its 

share- price in a single period horizon is:3 t. 

E(c .) 
+ H Cov(Rj,cM) 

whe re 

P; firms share price, 

s expected cash flow, 

the covariance between firm j's expected 

cash flow and the expected cash flow of the 

market portfolio of risky securities, 

/P~ - firm j's expected rate of return, 

the price of risk 

E [u''1) 

E 
[u'() 

where u(wi) is the utility of wealth function for investor 

These expressions are suggested by Fowler and Rorke (53) in, 

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 markets; 
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footnote 3  : Throughout our analysis of both the independent 

department store and the decentralized retail chain 

'we assume a single period horizon. 
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and prove that under a non-stochastic expansion there is a 

change in the firm's risk. In other words they show that 

Cov(Rj  + ARj,cM  + Lcj) is not equal to Cov(RcM) under 

most imaginable circumstances. Furthermore, they suggest 

that despite conflicting forces, on balance an increase in 

scale will generate a higher rate, i.e. 

Cov(Rj 	IRj,cM  + Acj) > Cov(Rj,cM). 

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 statement 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 Fig. (5.2) 

where the firm is seen to move from its origin A to B and 

back. 
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Fig. (5.2): Standard Price Increase Mechanism 

-117-  



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 : 

AP. =P - P. = 
J 	J 	J 

E(c3 + pcj) 	E(cj) 

k*  

 

 

E(tc1) 	E(c .) (k* - k) 
5.7) 

   

kx 
	

kk* 

where: 

k = RF + Xcov(Rj,cm) 

k- = RF + Xcov(Rj + AR j ,cr~ + 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 on 

the basis of the project's return contribution. A modified 

criterion, one which considers both the direct and indirect 

effects, 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. AP.>0. In other words, only 

a project which has a combined positive effect on the firm's 

value is to be accepted; this decision rules explains cases 

where firms 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) 
d = 	and d = 	 

k* 	kk* 
(5.8) 

hence: 



CONDITIONS 
	

LOCATION 

A. if APF  >0 and . 

d > 0; d' > 0 I 

d > 0; d' = 0 AY 

d > 0; d' < 0 VI 

d = 0; d' < 0 AZ 

d < 0; d' < 0 -V 

B. if APF  <0 and 

d > 0; d' < 0 II 

d = 0; d' < 0 AZ' 

d < 0; d' <0 III 

d < 0; d' = 0 AY' 

d < 0; d' > 0 IV 

C. if APF  = 0 and 

d < 0; d' < 0 SML Left 

d > 0; d' > 0 SML Right 

d = 0; d' = 0 A 

TABLE (5.1): Capital Market Changes 



SML • 

Risk 

Fig. (5.3): Capital Market Equilibrium 
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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 

share price. As a result of the combined changes in risk and 

return it is clear that the MPR is 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: let 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. In 

Fig. (5.4).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 dB>dC  (where dB  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 d'B<d'C  (in a similar way to d, d'B  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 objective criterion 
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Fig. (5.4):  Investment Project Ranking 



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 j) = RF + X* p (R j,Rnl ) v'VarR j (5.9) 

where p(Rj,Rn1). is the correlation coefficient between 

the return on firm j and that on the market portfolio 

of risky securities, and X* = XVVar RM. 

For a firm with debt Eq. (5.9) becomes 

E(Ri) = RF + X* p (R~ ,RM) ✓VarR~ (1 + Bi/Si) (5.10) 

where: 

Bj - present value of debt. 

Si - present value of equity 

V. = Bj + Si, present total value of the firm's securities, 

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

We can rewrite Eq. (5 ,10) to separate the total risk of 

firm j: 

E(5j) = RF + X* p (17 ,Rm) ✓Var R + X* p (R5* RM)/Var P~ (Bi/Si) 

(5.11) 
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:re: 

p (R~,Rh1),/Var Kt - operating risk, and 

p (R~,R~1 ) ti/Var R~ (Bj/S.) financial risk 

hence, the sum of the operating and financial risk being 

the firm's total systematic risk. 

• 
We now proceed to prove Rubinstein's expansion of the 

operating risk. Let us take firm j with m products for 

which: 

- the output in units, random variable; 

- variable cost per unit, 

sales price per unit, 

the fixed costs, 

the proportion of assets, i.e., 

Vj, allocated to product m. 

Suppose all fixed costs of the firm can be 

allocated, 	X, = E(Qmpm- Qmvm -Fm)' where m 	 . 
Xj, a random variable, is the value of the 

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

Cov(X
,Y)/axay we can write: 

p(R
J
,Rn1)/Var R = Cov(RJ,R\I)/,/Var 

R;. 
(5.12) 

STEP 2: 
	

Since Rj - Xj/V 3 we can rewrite the covariance 

operator in the right hand side of Eq.(5.12)to 
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Notice the change in the definition of the firm's return when 

compared with that on page 115. In our discussion of the capital 

market mechanism we referred to the economic definition of rate 

of return, namely R. = c.J/P~, as suggested by Fowler and Rorke 

(53).However, for the purpose of our analysis of the capit-:l 

budgeting process in a decentralized firm it is preferable to 

adopt the accounting definition of the corporate rute.of return, 

R, = X./V~ _ ` (Qmpm Qmvm - Fm), which provides the basis for 

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

product line variables with the corporate performance. 
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produce: 

Cov(R*j,Rni) = Cov(Xj/V,Rn1 ) 

= 1/Vj Cov(Xj ,RM) 

STEP 3: 
	

We can substitute X. to produce 

Cov(R
J

,RM) = 1/V~ Cov(n (Qni(pm 	vm) 	Fm) ,R1,1) • 

STEP 4: 
	

Which, since Fm is constant, can be rewritten 

Cov(X.
J
,RM = Cov E (Qm(pm - vm),Rb1 ) 

cri 

STEP 5: Since Cov(E X1,Y) = ECov(X.,Y) we can write 
i 	i 

 

Cov(Xj,RM) = ECov(Qm(Pm - vm),RM) 	(5.13) 

STEP 6: 	and since (pm-vm) is assumed fixed, we can 

rewrite Eq.(5.13) 

Cov(X~,R11) = E((pm - vm)Cov(Qm,RM)) 
m 

STEP 7: 	hence the operating risk becomes 

p(Rj RI~1)F/Var R _ I ((Pm - vm)Coy(y.m'Rhi))/V,/Var Rfi 

(5.11) 
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STEP 8: 	which can be rewritten as: 

STEP 9:  

p (R,R
M
),/Var R 	= 

m { ((Pm-vm )p (Qm' RO,/Var Qm/Var Rm )}/Vi//Var RM 

which, if we cancel Var R
M and multiply by 

am/am' becomes 

p (R),R,I)✓Var R~ = 

N{ (am(pm-vm) p(Qm,R),/Var Qm/am 

In this form the elements of the operating risk can be 

interpreted as follows: 

am -- 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 

I ar Qm' m 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., 

Eq.(5.1) 



E(R.) = RF  + X*m
{am(pm

-vm)P(Qm,R1T )✓Var Qm  /am  v.) 

+ >, *m{ (am(pm-vm)P(Qm,Rb1)✓Var Qm/amV.)} ( B j/Si) 

5.15) 

In this latest form, the mean-variance theorem is a power-

. . ful tool, It links a firm's expected rate of return with 

variables related to its product lines and, by doing so, 

establishes a vital connection between the firm's major 

'parameters - financial leverage, allocation of resources 

between activities and output level, and its financial 

performance.-  This concept is both fundamental and far- 

reaching in its 'consequences; however, before we proceed 

to examine its implications, a clarification of the 

assumptions underlying it is required. 

Let us.begin by loōking at STEP 3 where we freely extract-

ed - V., from the covariance operator. The statistical 
. 	this 	 from 

X and the economic one, the independence of the firm's' 

total net operating income from either its present value 

of equity, assuming the firm is debtless, or its present 

value of securities, if a positive debt does exist. In 

other words, for STEP 3,to be legitimate, the following. 

assumption 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 assume 

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 G, 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, Qm, 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 product's sales, with 

its unit price, pm, and with its unit variable cost, vm. 

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.(5.5.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 

cations of the independence between the sales of product m 

and the unit variable cost. When making such an assump-

tion, we are in fact implying two complementary things; 
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Fig•(5.5,a?; A demand curve 'in perfect competition 
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Fi 	5. 5. b) : Revenue curves in perfect competion 
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first, that an increase in sales does not alter-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 sales. If the firm was to have increasing 

or decreasing returns to scale, combined with fixed unit 

input costs, its unit variable 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 

is 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 he operating under uncertainty? - i.e. the 

return on the firm's securities is defined in terms of an 

expected value and a variance. Indeed, the two concepts, 
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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-

ing activities. 

Another step which requires a rather restrictive assump-

tion, if it is to be legitimate, is STEP 9,-specifically 

the incorporation of am, the proportion of assets allo-

cated to product m, into the equation. For this move to 

be acceptable, either am  is statistically independent of 

all her parameters in the expanded mean-variance theorem, 

or itis a fixed value. If we accept the latter proposi- 

tion, the mean-variance theorem in its expanded form 

becomes of little analytical use in a dynamic context, 

i.e, it can only be of use in an equilibrium analysis. 

On the other hand, if we assume statistical independence 

we are implying that a products performance, as in 

by its sales, Qm, is unsensitive to changes in the 

proportion of total resources available to the store 

manager allocated to it, Clearly, a highly unrealistic 

suggestion. 

recapitulate, the rather stringent set of assumptions 

necessary to transform Rubinstein's expansion of the 

mean-variance theorem into a useful tool: in a dynamic 

context, consists of: 

i) the independence of present value of equity and 

total net operating income; 

ii) the existence of uncertainty in a perfectly 

competitive market, and 

iii) the independence of the sales of product m and 

proportion of resources allocated to it. 

-134- 



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, 

✓Va r Qm/aml,ck 

In this element, sales and resources are linked, thus 

providing a measure of the*risk involved in allocating 

additional amounts 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 

operating efficiency if the aggregate amount of resources 

are separated into the individual types of resources 

used by the products. Such a breakdown would provide 

management with a specific measure of the riskiness of 

each type of resource when allocated to a particular  

product or. service, We therefore proceed to expand the 

a,~','gre ga Le expression 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( X  ) _ (  X  )2 Var X 
a + b 	a + b 

(5.16) 

which, if multiplied by a2/a2, becomes: 

Var(  X  ) _ 
a + b 

a Var(X) 
a 

(5.17) 
a + b 

and similarly, if Eq. (5.t7) is multiplied by b2/b2, it 
becomes: 

Var( —x ) = (- b )2 Var(X) 
a + b 	a + b 	b 

(5.18) 

Clearly, Eq.(5.17) and Eq. (5.18) are equal, hence we 

can sum them and divide them to produce: 

Var( 	) = 	1 	{a2Var(X) + b2Var(X)} 
a + b 	2(a -t - b) z 	a 	b 

Naturally, this procedure can be repeated for any number 

of elem;nts, thereby enabling us to write: 

/V0 n. /!'o. c, = i/s'a (ct `c; ) Var(C~ /a c ) /IS(Ea c ) 2- rn I~ MK ~. 	k 	Mk k 	m mk. k 	
k ~r;l; k 

(5.19) 
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where Var (Qm/a mk ck) is the uncertainty of a monetary 

unit of resource of type k allocated to product m, and 

K = E1. 

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: 

E(Rj) = RF + a* m{am(pm-vm)P(Qm,RM) WE{ (a mk ck)2 Var(Qm/a.m 

/K(E a mk ck)1}(1 + B~/S
~) 

k 
(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. 
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5.6  CAPITAL BUDGETING WITH ECONOMIES  OF SCALE 

5.6.1 Economies of scale in decentralized firms  

Recent empirical research by Corey (35) into the organis-

ation of the procurement function in major 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 purchasing 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 power 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 of 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. 
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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 explanation for this 

observation, namely that the powerful firm would seek to 

raise, ceteris paribus, larger 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 

the secondary market fluctuates in response to changes. 

in broad systematic factors. This results in suppliers 

of capital 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-

powerful 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' (40) study of the influence of firm size, 

method of issue, and market volatility on the market dis-

count on new issues of equity. Their conclusion about 

the importance of the firm's size was that: it appears 

that, at least in periods of market stability correspond-

in= loosely to market equilibrium, small firms utilising 

offers for sale (the most popular method of issue) incur 

market discounts. 
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In addition to these general findings concerning large 

firms, 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 Confined 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, 

McClelland (1O' finds that the department store can be 

said to represent expansion by diversification. 	Con- 

sequently, he identifies the economies of the multiple 

mainly on the supply side, i.e. those of the department 

store in relation to the customer, e.g.  single building, 

single credit facility. 
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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 of 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, is determined, inter alia, by the number of out-

lets in the chain. 

Regardless of the precise explanation 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 their purchasing power in the 

products, services and capital markets by operating in 

them through strong 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 given price 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 Marginal Costs (LRMC) 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, PI, (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 Ir2 means the firm will suffer 

losses; levels between Y2  and Y3  will generate profits, 

which will be maximized at that output level where the 

difference between TR and LRTC is greatest and their 

slopes identical, i.e. at Y0. This can be explained 

by examining the options open to the firm at point Y0; 

a reduction of output by one unit will reduce revenue by 

a greater amount than costs, since LRTC's slope is 

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 

firm is in a position to shift itself towards Y0, it 

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

case we are discussing, the firm can take advantage of 

economies, this implies that it is at Y0's left, and 

therefore expansion will move it to the right and closer 

to Y0,  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 CAPRI and analyse its implications 

on capital budgeting decision rules. 
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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. (5.11), 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* ,RSI),/Var R~ ={ ECov{( rr(pm-vm)/V~) ,R111}✓Var RP1} 

which, if we cancel ✓Var RM, becomes: 

E{p{ (Qm(pm-vm)/Vi,Rm}/Var{ Qm(pm-vm)/Vi} 
-m 

(5.21) 

and can be rewritten: 

m
tp{Qm(pm-vm)/ 

m 
kamkck),RN1}I/Var{Qm(pm-vm)/ 

E Ea c }} 
m k mk k 

( 5..22 ) 

and substituted into Eq. (5. 9) to produce: 

E(RJ) = R
F 

+ A*E{p{{Qm(pn
1-vm)/E Exa. ck} ,Rn1},/Var{Qm ( pm-vm ) m k 

/ E Eai,z1c1;1)(1 •1. P-/S.) 
m k 

(5,23) 
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This formulation 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 basis of Eq.(5..22), 

so as to provide greater insight, and thus becomes: 

E(i ) -RF 

>X 

1/Var RM m{P{Qm (pm-vm )~ 
m
°mkck'R14}✓Var{Qm(pm-vm)%m x%hkckl} 

for a debtless firm, and assuming 

iVar Rn,1 m{P{Qm(ptn-vm) /E Eamkck, Rid✓Va.r{Qm(pm-vm) /m E mk Ck} }>0 

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(Rj), 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-

ual product line variables. The MPRX decision rule is 

graphically illustrated in Fig.(5.3), 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 structure necessary for the analysis of a firm with 

potential economies of scale, Suppose firm j has non- 
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E(R.) A 

A 

Kulmk ck, RM}✓Var  {Qm (pm-°m) 

/lll i mk ck} } 

FiVLS5 .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 (c1,c2,...,ch). 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 (ci,e2,...,ck), where ck  
is the new unit resource price, hence (ck  > ek  I 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, vm, and the unit cost 

of resource,  ck.  Both these values will decrease as the 

firm moves towards Y0, i.e. as long as the LRMC is 

smaller than the marginal revenue. The second type of 

advantages, i.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, v 
m'  

and possibly an increase in sales of certain products, i.e. 

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 

risk 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 department 
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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 

=.t of a product stocked by existing stores as a result 

the increase in the quantities purchased by the firm 

.lowing 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 

using the unit fixed costs through the central purchas-

this benefit will be reaped by all branches concerned 

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

can now turn to analyse the process of expansion with 

7:onomies of scale within the CAPM framework. In section 5.3 

referred to Fowler and. Rorke's (53) assessment of the 

:rLnges in the firm's risk-return performance following an 

;crease in scale, we are now in a position to provide greater 

:onomic insight into this discussion. Let us consider the 

:-e of a firm which operates m product lines and which is 

,cisidering adding one, denoted m-Fl. Assuming the firm is., 

remains, debtless throughout the analysis, we can denote 

value by using the expanded mean-variance theorem, 

(5.23), hence: 

F (1E amRM ) 

RF -~ A✓in 	P{ {Qm(Pm-vm) /mk mk.ck} ,Rh1}✓Var{Qm(am-vm) /Uelmkck} } 

(5.24)  

lowing the firm's expansion, the value of the firm becomes: 

E (m+lam-FiRmi-1) 

RF + m= m+1 { G { {C m* (am* °t'm*) /m*k mk.h~ck , RM } 

/Var{Qm(am~,-Q /in kau~l~ k
}} 

(5.25)  

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

o:f 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 d and d', we can write: 

E(Rn-t-1) 
F 	

pp 7+X*EA{p{{Qm,:(pmx-vin*)/m,: āmk*ck}, Rt }~Var{Qm*(pm~ -~7m*)/n,"kāmk* k
}} 

and 

d' 
Ea R ) (m m m 

   

    

-F+X*m*{p{ (pm* vm*)/m*m*amk*ck}, RM}✓Var{g(pmx vm*)/ii.iamk*ck}} 

• 

We can define the condition for a decrease in the old invest-

ments' discount rate as follows: 

m{p{Qm(pm-vm)/ ia mkek,RM Var Qm(pm-vm)/mkamkck
}} > 

m+1 
m*= {p{Qm*(pin*—vm*)/m* amkck,RM}fvar{Qm*(pm*-vm*) /m*0Ak*'k}} 

(5.26) 

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

Eq. (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 chapter 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 

lowering of the firm's discount rate. Before we proceed to this 

tonic, we first illustrate the points raised in our discussion 

so far 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 	5 

RETURN 0.05 0.05 0.06 0.055 0.06 

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

calculate the market price of risk: 

= 0.055-0.045 
0.25 

A = 0.04 

and 

<= 	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: 

Cl 	5 m.u. ; c2  = 	6 m.u. ; and c3  = 7 m.u. 

We can calculate the original corporate risk on the basis of 

the following data: 
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p. vi na1m na2m Ea  Q1 Q2 Q3 Q4 Q5 	p1 ✓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 15 190 190' 160 130 250 260 280 295 0.6676 0.0523 
17 13 60 50 30 160 265 270 275 280 0.6173 0.2573 

wherepi  and VVari  are store is correlation coefficient and 

standard variation. respectively. 

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

E(R3) = 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 

We assume this project generates economies of scale which 

reduce the unit cost of inputs 1 and 3; hence 

e = 5 m.u. ; 2  = 6 m.0 ; and 63  = 5 m.u. 

and that all five, possibly six, divisions of the firm offer 

the same five lines, although in varying quantities. Let us 

assume that the first project's estimated performance is 

summarized in the following table: 
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pm vm aim a2m a3m Qi Q2 Q3 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 0.0179 

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

return given its risk level. Hence, 

E(R1) = 0.045 + 0.02(0,8385 0.0595 + 0.3297 0.0508 
+ 0.7340 0.0302 0.9129 0.0195 -I 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: 

p1 
)
i 1 ma2m ma3m 

A 

Q]. 

A 

Q2 
A 

Q3 
A 

Q4 
A 

Q5 	Pi ✓Vari  

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 13 190 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 cif return for 

those divisions: 
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E(Rj1) = 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; 

Covj1  = 0.24 0.1166 + 0.76 0.3977 

= 0.3303 

We can now calculate the contribution of project 1 on the 

corporate risk: 

ACovj1  = 0.6180 - 0.3303 
= 0.2877 

In other words, the acceptance of project 1 reduces the firm's 

risk by 0.2877, 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 

d'1  = AR. = 0.02 0.2877 31 
0.0058 

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  = AR1  = 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: 

D1  = d1  + d' = 0.0359 0.24 + 0.0058 0.76 

0.0130 = 1.30% 
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PROJECT 2  

In a similar manner we can examine the second alternative 

facing the firm, which, as its predecessor, requires 24.0% 

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

cl = 4.5 m.u. ; c2  = 5 m.u. ; and c3  = 6 m.u. 

with the following results for the new division: 

Pm vm aim a2rn a3m Qi Q2 Q3 Q4 Q5 	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 from the rest of the 
firm's investments, hence: 

E(R2) = 0.045 + 0.02(0.1282 0.1462 + 0.5199 0.0962 + 
0.6516 0.1358 + 0.5590 0.0419 + 0.6781 0.1281) 

= 0.045 + 0.02 0.2675 

= 0.0504 

The indirect effect of the acceptance of Project 2 is summar-

ized in the following table: 

Pi Qi n im 02m 	t i 3m Qi 92 93 94 95 	pi ✓Vari 

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 0.1977 
17 13 190 190 160 170 275 275 295 310 0.6351 0.0772 
16 10 35 60 95 160 265 270 275 280 0.6173 0.3022 
17 12 60 50 30 160 230 250 255 260 0.7265 0.2808 
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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(Rj2) = 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 

However, the firm's risk given that Project 2 is accepted can 

be calculated as follows: 

Covj2  = 0.24 0.2675 + 0.76 0.6361 

= 0.5476 

We can now calculate the contribution of Project 2 to the 

corporate risk: 

LCovj2  = 0.6180 - 0.5476 
0.0704 

Therefore, the indirect contribution of Project 2 can be measured 

as follows: 

d' = AR. 	0.02 0.0704 2 	j2 	' 
= 0.0014 

while the project's direct contribution, calculated on the 

assumption that Project 2 generates a rate of return of 6.25% 

is: 

d2  = AR2 	0.0625 - (0.045 + 0.02 0.5476) 

0.0065 

Ve can now calculate the net total contribution of Project 2, 

hence: 

Jo  = 02 	d'2  = 0.0065 0.24 + 0.0014 0.76 

= 0.0027 == 0.2r- 
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PROJECT 3  

Let us assume the third alternative facing the firm generates 

the following set of unit costs: 

81  = 5 m.0 ; 82 = 4 m.u. ; and 83 = 5 m.u. 

and the new division's estimated performance: 

Pm vm aim atm aim Q1 Q2 Q3 Q4 Q5 	pn ,/Var m  

18 14 30 90 70 25 70 77 89 97 0.7037 0.1319 
16 15 70 50 65 38 35 49 77 85 0.6666 0.0253 
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 65 60 85 87 79 80 0.5135 0.0568 

from which we can calculate the required rate of return were 

the project economically independent from the rest of the firm: 

E(R3) = 0.045 + 0.02(0.7037 0.1319 + 0.6666 0.0253 
+ 0.7217 0.0237 -+- 0.6607 0.0345 + 0.5135 0.0568) 

0.045 + 0.02 0.1788 

= 0.0486 

The indirect effect of Project 3 is summarized in the following 

table: 

D. 	i malm ma2m ma  3m Q1 62 63 4 Q5 

15 14 60 100 100 160 265 289 

17 16 35 60 95 180 245 260 
16 14 35 60 95 185 270 295 
17 16 190 190 160 190 250 260 

17 14 60 50 30 215 270 315 

/Var. 

0.7526 0.0634 

0.7571 0.0527 

0.7722 0.1430 

0.7026 0.0183 

0.8278 0.2655 

315 365 

275 310 

315 365 

295 315 

335 360 
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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(R
.13

) = 0.045 + 0.02(0.7526 0.0634 + 0.7571 0.0527 + 

0.7722 0.1430 + 0.7026 0.0183 + 0.8278 0.2655) 

= 0.045 + 0.02 0.4307 

= 0.0536 

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

be calculated as follows: 

Cov13  = 0.24 0.1788 + 0.76 0.4307 

= 0.3702 

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

porate risk: 

1Covj3  = 0.6180 - 0.3702 

= 0.2478 

Therefore, the indirect contribution of Project 3 can be measured 

as follows: 

d 3 	= Rj3  = 0.02 0.2478 

= 0.0050 

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

erates a rate of return of 7.30%, is: 

d3 	= 13  = 0.0730 - (0.045 + 0.02 0.3702) 

= 0.0656 

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

D3 	= d3  -+- d'3  = 0.0656 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-

expansion alternative. Starting with the latter: 

XR 	= 0.1200 - (0.045 + 0.02 0.6180) 

= 0.0626 = 6.26% 

Consequently, we can calculate the following: 

XR j1 = XR. + D~ = 0.0626 + 0.0130 
= 0,0750 = 7.5670 

and 

   

XRj2 = XR. + D2 = 0.0626 + 0.0027 

0.0653 = 6.53% 

and 

   

XRj3 = XR. + D3 = 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 " n 1, " 7.56% 

3. PROJECT 2 u " " 6.53% 

4. No expansion 	" 	 " 	" 	6.26% 

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

are graphically illustrated in Fig. (5.9) 
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Fig. (5.9):  Project Ranking 
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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. Raving 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 of enabling the corporate planners to 

evaluate the impact of changes at product line level on their 

investment criterions. 

-7.61- 



With the vital link between the firm's operating decisions 

at the production level and its market value in hand, we are 

now able to 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.-  
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CHAPTER 6 

RESOURCE ALLOCATION IN A DEPARTMENT STORE 

OPERATING UNDER UNCERTAINTY 
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LIST OF NOTATIONS FREQUENTLY USED IN CHAPTERS 6 AND 7 

- the systematic risk in the return of store i. 

- the systematic risk in the return of product line m. 

- budget constraint of store i. 
- expected cash flow of store i 

- store i's unit cost of resource k allocated 

- budget constraint on firm j. 

- product line m's budget. 

- expected cash flow of the capital market. 

- expected rate of return of store i. 

- expected rate of return of firm j. 

expected rate of return on the market portfolio of 

risky securities. 

- expected rate of return of product line m. 

- the price of risk. 

-- target debt ratio 

average unit price of store i. 

- the price of the j'th security. 

- unit price of product line m. 

- sales of store i. 
- sales of product line m. 

- risk-free rate of return. 

- the total market value of all stocks. 

- average unit variable cost of store i. 

- a dual variable. 

- unit variable cost of product line in. 

wealth of portfolio holder at the beginning of 

the period. 

- wealth of portfolio holder at the end of the period. 

- a dual variable. 

- the proportion of the total resources allocated to 

store i. 

- the amount of resources allocated to store i. 

- the proportion of resource k allocated to product 

line rn. 
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- the proportion of resource 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 partial standard variation. 

- the tax rate. 

- after 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 covariance). 	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 

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 

(projects) 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'ētre. Specifically, one can view the 

existence of operationally autonomous product lines within a 

department store, each with its own physical location and 

management, as the store portfolio's asset base while the 

relationships between the various lines of products and services, 

, i.e. substitutability and complementarity,•are the measures of 

correlation between them. 
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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 
)T E(W

1
) = .E ā.(1+E(R

i 	
(W0 - E &i)(1  + RF) 

	

i=1 1 	 6 i=1  

	

m 	m 

	

= W~ +. E ā E(R. r (W0 - Z - 	i)RF T=1 
	i=1 

and the variance of the portfolios' return: 

m 	 m 
cr 2 (W1) = E a i2c i2 + 2 E ā j.& J

r ij 1=1 	 i=1 
j>i 

(6.1) 

(6.2) 

where: 

0 	- the store manager's wealth at the beginning of the 

period which is assumed to be constant. 

1 	- the terminal value of the store manager's wealth 

which is a stochastic variable. 

āi 	- the amount invested in the i-th product line. 

E(R1 ) - the expected rate of return on the i-th product line. 

Pit 	- the variance on the rate of return of the i-th 

product line. 

c i. 	- the covariance of the rate of return, on 

product lines i and j. 

RF 	- the risk-free rate of interest. 

We can rewrite Eq. (6.2) in terms of the correlation rather 

than in terms of variances and covariances, i.e. 

m 	 m 
2(~' 	= 	cx. 2 p.. c.2 	. 	p. r~ .c 

1 	
i=1 1 
	xi 	

i=1 
i J 	~j 	j 	(G.3.a.) 

j>i 
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which if substituted in Eq. (6.1) and (6.3.b) respectively 

gives us:  

jEi 

where pij  is the correlation•of the returns on product lines 

:i and j and hence pi  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 aiEa./ E i, Eq. (6.3.a) can be rewritten: 
x 1=1 

m 	 m 
a
2
(W1)   = E a.2a .2  + 2 E a.a . 

pijaiaj  i=1 1 2 	i=1 1  
j> i 

(6.3.b) 

:From our expansion of the mean-variance theorem in chapter 5, 

i.e. Eq. (5.23), we know that: 

 (QS. (psi-vsi  )/ 	
1kck 

a (QSI (psi-vsyk« k ck )a(QSi (psi-vs . )1k0,4  j ck ) 

(6.4.b) 

In Eq. (6.4.b) we have the vital link between the department 

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 managerial 

decisions made in a department store operating under uncert.inty.. 
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Specifically, our model of a store is defined in terms of 

two parameters - 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 pilon 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 firm's level of risk. 

We concentrate on the structure of a department store's risk 

and assess the effect of changes in the system 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 provided 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. In 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 "Efficiency 

Boundary" and "Envelope Curve", the ESC as illustrated in Fig. (6.2) 

reflects all 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 concept 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 CAPh1 firms offer 
two such financial products, expected return and risk, where 

risk is reflected by the covariance 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(i, 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 projects. 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: 

Lal@Cov 
= A 

DpO u 

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 

investment proportions which yield a risk-return result which 

is not only internally efficient but externally as well, i.e. 

.where 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 economic analysis of the above condition. 

This substitution is based on Fowler & Rorke's (53) 

work which provides us with the following definitions: 

ACovi = Cov(ci ,cM) - Cov(c. + Ac.cM + Ac.) 

and 

AE(ci) = E(ci) - E(ci + Aci) 

hence the value maximizing condition can be rewritten as follows: 

Cov (ci , c~;I )  - Cov (ci + Aci , cbi + 	A ci 
A 

E(ci) - E(ci + tci) 

We 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 matter is mathematically presented by 

Levy (94) in his study of the demand for assets under ri k. 

Using a notation similar to ours, Levy writes the demand 

for asset i as: 

E(Ri)-RF 	nE(Rj)- RF 
6.5 

ai 	~1 	a 2 	 j?'la a 	Pi j 	( 	) 
1. 	 1. 	. j~i 	~ 

where: 

I~Ri)- the expected rate of return on the i-th asset (in our 

case a product line) 

- a Lagrange multiplier derived from the return constraint 

when solving for the vector X which minimizes the port-

folio's variance. 
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ci. - asset is partial standard deviation, i.e. that part 
of the variance which remains after removing that 

variance due to other possible assets in the portfolio. 

p.- the partial correlation between assets i and j, i.e. 
ij. 

after the removal of any part of the variation due to 

the influence of the other n-2 variables. 

From Eq. (6.5) Levy proceeds to differentiate the demand for 

asset i in respect to changes in its return and risk respect-

ively. Hence: 

and 

a crl 	aE(W1) a; l . 	 1 
Yi + 	~1 aE.(P) 	aE (Ik) a E (~v1) 	 6i. 2 

(6.6.a) 

a~ ac-(W ) a~ 1  Y. 
ani . ac ( W1 ) 	1 

- 2 
ai.  

n E( - RF 

j=1 	a . 

1 E(Ri) - HF  
6. 	a. 2 1. 	1. (6.6.b) 

where 

E(R)- RF 	n E(Ri)- RF 
pi a i.2 	j=1 

a. 
6j. 	3. 

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 is rate of return, Eq. (6.6.a), and to 

changes in its risk, Eq. (6.6.b), are seen to be functions of 

elements whose signs are undetermined. 
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The response of demand to changes in return is dependent on 

the two parts: the "substitution effect", i.e. the change 

inai  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 ai  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 2E(W1)/)>0, or not, i.e. 	8E(W1)Ri)<0. 

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, i.e. 

UE(W1)/3oi,>0, 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. 0c(W1)0ai.<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's products 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 ii) the investor does not sell short, i.e. a.>0 and hence Y.>0. 
1•.• 	1 - 
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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. In 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 reduce 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 good. 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 ESC'i  to ESC2i.  In view of this new set of production 

possibilities the store manager can react in three different 

ways: 

by moving from his original location on ESCli , 

point A, to point A', thus generating more wealth 

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 simultaneously 

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 lines. 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 other 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 is graphically illustrated in Fig. (6.4) by the 

movement from point A to point B, the old and new portfolios 

respectively. 

The implications of the analysis of the demand for assets under 

risk on the behaviour 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 manager adopting 

what initially seems to be a negative approach. For 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, generate 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 department store who expect the size of their 

-179- 



Fig: (6.4): Wealth increase and normality of 

wealth and security 
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lines to be a reflection of their performance. Unless a 

growth in return is matched with an increase in floorspace, 

stock, 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 riskiess asset. If we adopt 

Greenberg et al's (64) apprōach, 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 transofrmation 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 level 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 riskiess asset, generates 

a certain amount of wealth, W1  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 department 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, from FPTC1  to FPTC2,  without affecting 

the maximum security point's location.3  Management can respond 

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.a) 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 

FPTC2  does not intersect the risk free option it remains a 

feasible alternative for the firm. It does imply however that, 

the operation of the line 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 framework, deal 

with situations where an asset's rate of return or risk is 

subject to reassessment is an important contribution 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 investment proportions in an effort to shape the asset 

base in a way which generates the best expected wealth and risk 

combination. In practical terms this would mean shifting 



resources between lines in an effort to shape the product 

range offered 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 summarize this point by stating that the 

number of operating decisions which can be handled by using 

the above concepts is as large as the number of changes in a 

department store's environment which generate changes in the 

performance of one or.more assets. New levels oft-technology, 

introduction of new product lines and greater efficiency are 

but three of such issues. 

Up till now we have concentrated mainly on the influence changes 

in risk and return can have on the resource allocation within 

-a corporate portfolio, briefly discussing ways changes in a 

'product'line's.:expected rate of return can arise 	We now turn 

opr attention to the issue of a product line's risk as measured 

by its variance of return.' 

6.3.2 A product line's risk 

The analysis of a:product line's variance of return and the. 

impact of operating decisions on it involves an examination. 

ofythe structure of the second element in the expression of 

.the corporate portfolio's risk, .Eq.(6.4.b) . 

A particularly revealing method of.studying the. -above tern 

involves replacing the measure of the rate of return with 

the familiar ratio:4  

Q 
m 
 (p

m 
 =v 

m
) 	Profit 	P. 

at kck 	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 our measure 

of an asset's variance of return since we assume that there are no 
marginal fixed costs. 
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2 Qm ( Pm 	-Vm) 	- 
2/  

 a 	 
(SV.SP.- D) - (PC + SC 

CA + FA 

SV.SP - 

CA + FA 

( SV.SP - D 
+2 o 

( SV.SP - D 	PC + SC + AC 

- CA + FA 	CA + FA 6.7) 

PC + SC + AC 

CA + FA 

PC SC -+ AC 

CA + FA 

m_k k Ea c 

which can be expanded: 

2 / Q Pm  
U 	 

2 clmk ck 

CA + FA 

which can be expanded to 

(Sales Volume. Selling Price - Discounts)  

CE 	Current Assets 

(Production Costs + Selling Costs + Administration Costs) 

Fixed Assets 

(SV.SP - D) - (PC + SC + AC)  

CA + FA 

In this form we can write the variance of return as follows: 

A study of Eq. (6.7) provides some insight into the complexity 

of the problem facing the store planners when they come to 

assess the effects-  of a certain operating decision on the riski-

ness of a particular product line.. The right hand side of Eq. '(6.7) 

consists of three elements: the variance of gross return, the 

variance of costs and the weighted correlation between the two, 

respectively. This formulation of a product line's variance 	•• 

provides detailed information about the complexity of the problem 

raised earlier concerning the existence of contradicting forces 	. 

P 
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which operate on a line's variance when the former is expanded. 

-=If we concentrate on the case which' is of particular interest 

to our discission, 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 negative.. Such 

a situation would occur when unit costs fall as output increases and 

therefore an expansion which generates economies of scale would 

create conflicting pressures: on the one hand an increase in 

the positive values of the first two terms and on the other hand  

and increase (or possibly decrease) in the last term's value, thus 

-making it impossible to make any general a priori statement as 
to the expansion's net effect on the line's risk. 

The fact that an expansion can yield inconclusive effects on a 

product line's variance obviously has implications on its 

aggregate effect on the lines' risk. A study of the forces 

operating on the corporate risk in such an event reveals that 

`:they too,  pot ,... surprisingly, are .capable of moving ;in,oppas:ite: 

directions. 'Specifically, one would expect the reduction in 

the unit cost, vm, assuming unit price remains unchanged, to 
increase the value of the reflection of the operating lever- 
age (pm-vm), which in its turn increases the value of the 
operating efficiency 

Qm ( - v 

°mk ck 

the latter being further increased through the drop in the unit 
cost'rof resource)  ck, and the increase in sales, Qm. On the 

other hand however, there exists the possibility that an in-

crease in sales and operating leverage can generate a fall in 

the value of the correlation coefficient between the firm's 

return and the return on the market portfolio of risky securities 

as illustrated in the numerical example in the previous chapter. 

The expansion of operations will yield a reduction of the firm's 
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systematic risk if the. following condition holds: 

mffQm(pm-vm) /kamkck 'RAIJ V/Var Qm(pm-vm) / kamkck} > 

m*=m+1 p  Qm* (pm*-vm*) / k2mk*ck'R4 ti/Var Qm* (p
m*-(im*) / kāmk*i:'k1 

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. 

63.3 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 lines, 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 portfolio context are very 

close to those in. the standard consumer theory, and consequently 

are of practical meaning to planners in a department store. 

-188- 



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: 

a ai 	
1y. 

aYi 

1 	(R .) 

and'concludes that the substitution - complementarity relation-

ship is determined by the term: 

aa. 

aE(R.., E(W111) const. 

aY. __ 	_ 

aE(R.) 

pij.  
~1 o j •6 . G. 

which since C1/ai.o 	is positive, implies that the crucial  j. 
element is the partial correlation pij5 Specifically, his 

analysis concludes the following results: 

i and j are complements if 

i and j are substitutes if 

i and j are independent if 

pij. 

p•ij. 

p•ij , 

< 

> 

= 

0 

0 

0  

and that these relationships are symmetrical and that all 

assets cannot complement each other. 

5. Levy offers a comprehensive discussion of the relationship between the 

total and partial correlations between two assets, and why the use of the 

former for determining the ul'sti.tution--complementarity relationship 

might 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 	RESPECT TO PRICE OF: CROSS-ELASTICITY 

Beef 

Butter 

Margarine 

Pork 

Pork 

Margarine 

Butter 

Beef 

+• 0.28 

+ 0.67 

+ 0.81 

+ 0.14 

Source: H. Wold, Demand Analysis, New York, 

John Wiley & Sons, 1953 
Table (6.1.a) 

CROSS-ELASTICITY WITH 
COMMODITY 	RESPECT TO PRICE OF: CROSS-ELASTICITY 

Beef (Home) 

Pork 

Butter 

Oranges 

Margarine 

Apples 

Tea 

Mutton/Lamb (imported) 

Mutton/Lamb (imported) 

Flour 

Dried Fruit 

Butter 

Other fresh fruit 

Coffee 

+ 0.50 

+ 0.85 

- 0.21 

+ 0.63 

+ 1.01 

+ 2.77 

+ 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)  
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The combination of such studies with the experience gained by 

management can provide the department store's decision makers 

with information about 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 between 

two goods can be a cōnsequence 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 9a1 /ap. 1K, . 
By differentiating the demand for i with respect to piK, he 

gets: 

ai 	a~ 	 1 	 Y. 1 
Y  

"iK. AiK. 	aAiK. 
Hence, 

ai 	@a (~'ti'i) 	: al l =  	Y. 
2p 1 1h. 	ap iK_ . 	acs ( 	) 

.E(RK)- RF 
rl 	 (6.8) 

Since the second term in Eq. (6.8)'s right hand is negative, 

i.e. 	a negative substitution effect, a reduction of p1I~. ., . 
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 3a(W )/apiK. u 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. 
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6.4 RESOURCE ALLOCATION IN A DEPARTMENT STORE  

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 portfolio: 

i) which assets to include in the asset base; 

ii) what are the optimal 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 earlier analysis of the concept. of the excess 
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rate of return. Using the asset expansion criterion 

developed earlier one can view the combinations of. 

projects which have passed the profitability hurdle 

and satisfy the rationing constraints (yet to be 

defined) as mutually exclusive bundles. Consequently, 

the firm should accept the bundle with the highest 

excess expected rate of. return weighted by its cost. 
,Hence, _for a store operating m product lines ,"the 

problem is to accept the bundle which: 

•.Max:• 	ECL. [E(Rm) 	RF 	XCov(Rm ,R)l , 	(6.9.a 

ECLai  
m. 

CS. 1 6.9._b) 

where: 

is the investment in product line. m, 

is the :total capital available to store ' i 

and Eq. (6.9.b).is`the capital rationing constraint. 

:'This formulation's main attraction is its relative 

simplicity and the fact that it highlights the type 

of problem in a very general manner. This advantage 

however, is also its very weakness, there is no 

mention of the internal mechanism of the store, making 
it quite impractical. Clearly there is a need for :. 

a formulation of the problem in a manner' which links 

the corporate performance with that of the indivi-

ual product lines. 

A suitable approach to the problem of the mathemat-

ical programming of interrelated projects has been 

developed by Thompson (144) on the basis of Hamada's 

(66) capital budgeting model. Basically, Hamada's 
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dE(TX~) 	 dCov(TX.,XM) 
RF (1 - TL*) + 

dI — 	 SM. 	dl 

hurdle rate for a new investment is defined as: 

where: 

TXj 	- 	is firm j's after tax returns, 

dI = AI 	- 	the investment project, 

-TL*RF 	the tax subsidy for debt, 

L* 	- 	the target debt ratio, 

SM 	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 
d Cov ( TX j , TXM ) = A 	Cov (TX . • + E 

TX 
.. , TX 

j() 	i=1 li 	M 	1=1T Jl 

S, 1y~ dI A  

Cov(TXj
0 , TXIt1) 

AI 
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where: 

- is the after tax return before the projects 

are undertaken, 

TXji, i-1,..,n - the after-tax returns for the individual 

projects, 
n 

AI = E AI. 
i=1 

- is the sum of the reallocations in the 

individual product lines. 

which can be manipulated as follows: 

A d Cov(,rX i) 	
- 

A 
E 

i=i 

+ Cov 

n 
Cov (¶x3l,T )  XtI 	+ 	E 

1-1 

n 	n 
E 	X.., 	E 	X.. 

1.=1T J1 	1=1T 31 

Cov ~TX .0, 

~ 

SM dI STAI 

X.. 
T 

j1 

A n 
E Cov TX.. RM + 

i=1 

A 

i AI SmAI 

n 	 n 	n 
E 	Cov(TXjo,TX.. 

+ Cov (EX 	E TXj~ 
i.=1 	 i.=1 	1=1 

which after further manipulation becomes: 

A 	d Coy ( 
TX . , TXr~ ) 	A 	n 

Cov(TXji,Rm) dI 	A I 	i=1 

(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 R,,.I we can write: 
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F.amk 
m 

S.T. 

> 0 Vm , k amk 

	

d Cov (TX j 	, TX _) _ LE (R111) 	- RF]  n 

	

E 	b. 
SM 	 • dI 	AI 	i=1 

,_since Cov ) = AI. Cov ) =A Iib.o2. 

On the basis' of this framework Thompson develops a . formulation 

of the investment-selection problem which, after modification, 
can be used to formulate the store manager's problem. 

A Linear Programming approach: We can write the store 

manager's problem as follows: 

X._  
T" j i 

M. 1 
ai +b.R 1 +c. (6.11) 

we can incorporate Eq. (6.10) and Eq. (6.11) to write; 

where: 

X 

aik 

the returns generated by product line m; and 

the amount of resource k available to the manager 

of store i. 
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(6.14.a) Max. Z = ck amk 

write the above problem's dual in the following manner: 

Since our objective in the following chapter. is to develop 

resource allocation procedure in a decentralized department 

store chain, we now proceed to formulate the dual of the 

problem of store i's manager. Let us start, however, by 

simplifying the notation so that we can rewrite the primal 

problem as follows: 

where the dual variables Wk  can be interpreted as the marginal 

price of.resource k when used by department store i. The 

importance of this marginal price in the process of resource 

allocation in a department store is in its use as a bidding 

price by the management of the store when requesting its 

share of the total amount of resource k available to the 
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mck  $k 	(G.17.c) 
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central unit. This point will be further elaborated in the 

:following chapter where we develop an iterative procedure for 

resource allocation for a decentralized department store chain 

using the concept of marginal prices as bidding prices for 

resources. 

Using as ,a 

to. examine 
manager in 

framework the LP defined above, we can now turn` 
several topics which face a department store 

the running of his branch. 

i2 -Increasing_ the investment in a particular product Line:  

One of the questions which preoccupy department store 

managers to a large extent is the issue of expanding a 

particular line; at the expense of some other(s). Clearly, 

no sensible 'decision of this type can be made unless the 

store manager has a good idea as to the effect such a 

change will have on the value of his objective function. 

Any increase in the investment in a product line will-be 

voluntarily by the store manager only if his perfbrm 

consequently improves. Thee,-  kind of information 
.. - 

which 

the manager requires can be generated by looking at the 

following formulation of the store manager's problem: f  
 

(6.16.a 

where alien  is the limit '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 written 

as follows: 

S.T. 

	

Min. Z = E()Jim 4m 	(6.17.a) 

	

> 0 	Vm 	(6.17.b) 



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. 

(ii) Normality and Inferiority under Uncertainty: 

Additional insight into the properties of a product line 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 result of a change in the 

store manager's budget, is analogous tō 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 such are 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. In 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 basis matrix formed 

from linearly independent columns of the coefficient matrix 



of the constraints of the store manager's problem in 

its LP formulation. By definition: 

B-1  = 	adj B 
IBI 

where IBI 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. amk,  change as a result of a change inaik? Let us 

assume that in view of the marginality of the change in the 

store manager's budget there will be no change in the basic 

solution, and that the constraints are strict, otherwise 

any marginal change in aik  will leave all amk  unchanged. 

Using standard notation, we can write: 

x* = B-1 b 

where x* is the optimal solution of the original problem, 

i.e. prior to the change in the constraint aik, and 

b 

If•the dual simplex method has been used to solve the original 

problem, B-1 will be known. We now distinguish between the 

case where the perturbation in the constraint generates a 

basic solution which is feasible and that where it is infeasible. 

The simpler case is the former, if b is perturbed to b + ab, 

and the new basic solution 

= B-1(b + Lb) 

is feasible, then the change in atnk  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: 

by definition BB-1  = I  

where I is the identity matrix, and by the product differen-

tiation rule 

aB B 
-1 	

B  3B
-1  

ab 	ab 

which, rearranged, gives us: 

aB B-1 = _ 3B-1  
ab 	ab 

since, by well known theory, x* = B-1b, we can write: 

ax* 	aB11 b + B-1 
ab 	ab 

However, 

= 

if we are 

- B-1 

—B-1 

B-1 

interested 

aB 	B-1b + B-1  

B-1 

the normality or in determining 

ab 

aB + x* 
ab 

[ I - 	aB  x'L 
 ab 

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 ax*/ab will tell us the marginal 

change in amk and answer our question. Let us point out that, 

in view of the fact that any solution is determined by the 

product 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. Z = m kQmgk amk 

S.T. 	Eamkck 	Cik 

amk 
	< 0Vm,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. ek, 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: 

dZ 	aZ 	aZ 	?amk rt-- 
m k Cik 	

a SZmck 	a t 

which as Saaty6 proves is equal to: 

dZ 
dt = E E a? 

m k a amk 

da 
km 	az 	~

2
mck 	 az dCik 

dt 	m ap ck 	dt- } ~~" dCik 	dt 

which ∎;~e can rewrite: 

dZ 	dck 	dQmck 	dC; ~~ 
dt 	m En 

* k x` m 	dt + E x*m 	`_' 	+ EIIG 
tn 	dt 

	
i 	dt 

G. 	Saaty, T.L., (1959) Coefficient Perturbation of a Constrainted 

Extremum. Operations Research, Vol. 7, pp. 294 — 302. 
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where the dual variables and solution at optimum, 
n+m  and x*

k  

respectively, can be derived as 'we have demonstrated earlier, and 

therefore are assumed to be known, which enables us to substitute 

them into the above equation and measure the change in the store 

manager's performance as a result of a change in parameter t. If 

in fact t does denote some reflection of managerial efficiency, 

the above information could be used by the store manager to estab-

lish the size of the reward, if any, measured in terms of-.the 
change'in the value of the objective function, which results from 

the above effort.:-If a cost could be associated with the achieve 

_ment.ōf the new level of efficiency, the store manager would be in 

,a'position to: determine whether the effort is worthwhile,. i.e, if 

the incremental excess rate of return is greater than the 
-: -of attaining it 

A Non-Linear Programming Approach: In our LP formulation of 

store - manager's problem we made an implicit assumption as to 

the: effect of-the existence of complementarity-substitution 

' relationships .in the • store 	Specifically ,  w _incorporated:these 
relationships through.thestore's covariance, i.e, the inclusion 

of a particular product line in the store portfolio affected the 

store's. risk in a manner which obviously depended on the inclusion, 
or non-inclusion of other product lines in the store portfolio. 

As a result, the store portfolio's risk was directly affected by 

the relationships which exist between the product lines operated 

by the 'store,. 

There.`exists.however an alternative method 'of incorporating the 
._concept of.  substitution-complementarily in the formulation of.  

*the store manager's problem: through a specific'complementarity...,. 

effectōn the.stōre's return. This concept is based on Hillier's 

x.(73) method of letting the competitive and complementary effects. 

be deterministic and additive and is written by Thompson (144) -as: 

E(TXji) - E(TX fil) + 
m=l uim m 

mfi 

where E(TX'jm) is the direct effect of product line m, and u m  is 

one half of the substitution or complementarity effect of having 

both i...,and m in, the solution, i.e the incremental return of the 

store manager's' portfolio of both product lines i  and m are carried 



n 	k Œ mkc k  

•m h 	 i 

m#h..  

E( X..) = E( TX' 
j1. 	ji 

by the store, and rm is a decision variable where (fi t= 0(1) 
following m's rejection. (acceptance). 

Let us replace the integer decision variable, C m, with a 

continuous ratio so that the return effect of complementarity 

and substitution is a function of the proportion of the 

resources allocated by the store manager to the product line 

in question. We therefore rewrite Eq. (6.16) in the following , 

manner: 	. 

where ei ct;j s the.totālamount of resources at store i s manager's 

.disposal (a constant at any particular iteration). 

We can formulate the store manager's problem in a manner which 

incorporates the return effect of complementarity-substitution 

follows 

Thompson points out the fact that the solution to the above type 

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's beingnon-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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One canhowever 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 akm  Vk,m, and denote: 

Eahkck  

k
aikck 

Ea jk  ck 
and f 2  = 

k
aikck 

and 	be the dual variables. Hence we can write the dual of 

the problem defined by Eq. (6.17a) - (6,17.c) as follows:7  

) f(a) + Efk(Eamk 	 it 
k m 

-6:.20.b) 

We can write the above dual in a lagrangian form, using a, the 

primal variable, as below: 

E  Phj Al(a)  hj 

hjuh- 	aa 

(a) +. knk aik 

af2(a) 

aa 

3f1(a) 
	 fa(a) 
aa 

ai1(a ) 

S.T. ER C > 3L  + E 
k k 	aa 	hj 

f (a) 

 

> 0 Vk,m (6.21.c) 

where C, where C is a constant. 

 

7. 	See Mangasarian (98) and Balinsky and Baumol (13). 
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8L 	af
1(a) 

> f2
(a) + 

aa + hjuhj 	a a 

Given the fact that 

And also that 

we.can rearrange the objective function 

by approximating it as follows: 

a(f1f2) 	all(a) 

aa 
 

Ba 

— aEIIkC 
k 

Given the product differentiation rule we can write: 

.f2(a) 	
a(f1.f2) 

	 f (a) -- 	 
3a 	

1. 	
. Da 

and given Taylor's series we can write: 

a(flf2) 
(0) + a 	 

aa 

> 0 ¥k,m 

. S.T. 

CI 
mk 

which can be rearranged as follows: 

at pflO 
Min L(a) + 	~t] + 

hj 
l(a) (a) + 	 f 2 (a) 

Da 	hj 	Da 

	

3f2 	(a) + 	f l (a) a + E R a 

	

Da 	L k kL u1  E
aml 

- a kIIkC (622 .a) 



L (a) = L(0) + a - 
aa 

Hence a aL = L(a) - L(0) 
aa 

and since L(0) = 0, we can approximate the dual problem and 

simplify it as follows: 

B. 	The risk-minimizing approach: 	It has been suggested 

by Simon (139) and others that the firm "satisfices" rather 

than maximizes some objective(s). That is, business firms 

aim at "satisfactory" rates of profit rather than at a 

maximum figure. In fact, Eilon (44) claims that while 

the optimizing philosophy is the dominant one in the lit-

erature, satisficing prevails in practice. The implications 

of such an attitude on the planning of the firm's resource 

allocation 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 

penetration and so on. 

In view of the considerable data requirements 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 
8 as follows:: 

m m 	 2 Min. Z = E 	E 6 C a 	6 	a 	C 6 / (E C 6) 
v=1 w=1 v v v .vw w w w 	m  m m 

(6.24.a) 

M • 
S.T. 	E E(X' )6 + E u 6 6 n / E C 6m - > e 

m 	m m 	s=1 sn s 	m m 	(6.24.b) 

ns 

E Cmdm 	< Ci  
m 

(6.24.c) 

dm  = 0,1  (6.24.d) 

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 6vw  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. et  = et_1  + g, where et_1  

represents 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 at al's (50a) analysis 

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 Of 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. We used the expanded mean-

variance theorem to break down the individual line's risk to: 

the investment proportion associated with 

that particular product line; 

ii) 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. 

We then showed the potential impacts of an expansion policy 

with a changing cost structure can have on the variance of 

-211- 



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 question. 

In the final section of this chapter we examined how portfolio 

theory could be applied to the store manager's problem, i.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 less ambitious case, namely, where the store 

manager 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 portfolio, 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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C  H A  P  T E R 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 

element of the corporate portfolio; and 

iii) the product lines operated by each store 

form the divisional portfolio. 

The basic concept underlying the above classification is 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 depart-

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 

attention 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, generated by the stores which form the organization, 
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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 

determining the level of investment in each of the latter. -The 

clear divisibility of a chain retail organization combined with 

the economic relationships between branches make the idea of a 

corporate portfolio a meaningful one. 

Keeping this concept in mind, we focus our attention in this 

.,chapter on the planning of the resource allocation in a dep-

artment store chain operating under uncertainty. We start by 
L- examining the process which takes place when the store managers 

_are granted a large degree of autonomy in determining their 

portfolio, in section .7.2. Following this we discuss the case 
Where ._ the corporate centre reduces the freedom of the store 

>managers and gets :involved  in the selection of the  stores' 

policies, in section 7.3. In section 7.4 we discuss the .case:" 

of behavioural externalities 
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7.2 DECENTRALIZED RESOURCE ALLOCATION PROCEDURES 

7.2.1 The Perfect Market Case  

In a CAPM efficient market we can define.the following relation-

ships for firm j with i divisions each operating m product lines:. 

E(R.) x*i[a.(p.-vi)P(Q.,i)✓Var 4i/kmaikmckJ (1+/s) 

R.)/ Var Q./ka . ck 

proportion of firm j's`total assets allocated to division i; 
proportion of division l's total assets allocated to product 

average weighted unit price of the m lines carried by division 

unit price of product line m in division i; 

average weighted variable unit cost in division i; 

unit variable cost of product line m in division i; 

correlation between the return on the market portfolio 

risky securities and division is sales; 
correlation between the return on the market portfolio 

risky securities and the sales of product line m in 

division i; 

a. 	- number of units of resource type k allocated to product line m 

operating in division i; 

ck 	unit price of resource k; 

B. 	debt of firm j; 

S. 	equity of firm j. 

The assumptions underlying Eq. (7.1.a) and Eq. (7.1.b) are those discussed 
in detail in chapter 5, namely that the firm is incapable 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 is no gain in the linkage of independent activities. 

In the following section 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 suggested that he was free to 

establish the asset base and optimal 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 	few words of clar- 

ification concerning the first one, i.e. the establishment 
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of the corporate asset base. In a 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 including 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 Carleton, 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-

formance. 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" approach. We now 

proceed to analyse the decentralized approach whose structure 

is graphically illustrated in Fig. (7.2) . 
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and its dual: 

Min. Z = 

S.T. 	W 

Wk > 2mck 

(7.3.a) 

(7.3.b) 

(7.3.c) 

k 
	 0 Vk 

The process is initiated by the central unit which allocates 

in an arbitrary manner the total amount of resources at its 

disposal between the stores in the corporate chain. The store 

managers, upon receival of the amount of resources which at 

that stage are at their disposal, set out to construct their 

optimal portfolios. The first step in the store managers' 

problem is, as discussed in chapter 6, the determination of 

the appropriate asset bases. Once the store manager has 

selected those-product lines which he judges worthy of con- 

.sideration he can proceed, on the basis of past and present 

performance, to evaluate the expected performance of the 

7-product lines included in the store portfolio's asset base. 

Having determined the'expected results of each product line, 

the store manager can generate his ESC1  and calculate the 

optimal` resource allocation for his store by solving the 

familiar problem: 
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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 can be economically interpreted as the stores' 

shadow prices and therefore can be used as bid prices for 

the global resources. The purpose of this information being 

to inform the central planning unit how store is objective 

function value would change if the amount of resources allo-

cated to it changed. 

The central unit can then use the bidding prices sent by the stores 

''to do the following marginal adjustments: the allocation of 

resources is increased for stores with high,  bid prices, and 

simultaneously reduced for those stores with lower bid prices. 

The- rationale underlying this system of reallocation of resources, 

i.e, using shadow prices,  as bidding prices, is the economists' 
,desire to divide up a resource among competing usages - in 

his case department stores - so that a resource yields equal 

marginal return in all uses: 

In other words, given the stores' bidding prices, the 

planning unit needs to solve the following problem: 

where S2i = - F 	bsi{E(Rni) + R1J}, of .
Jk 
 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 iYik  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 E E(Xj)/RF  more than this due to our 

notation. 	1  
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Min. Z = kaf Jk Wk (7.5.a) 

S.T. 	Wk  

k
aik W ? E 2 ciki (7.5.c 

The dual of the centre's problem can be written as follows: 

where afkis the constraint on the amount of resource k available 

to the central unit, and the ak's generated by solving the 

central unit's problem are none other than the ak's used as 

constraints in the store managers' problem. 

The values of the dual variables of the- central. unit's problem 
a 

can be used as guidelines in the event of the firm considering 

the increase of the amounts of resources at its disposal, i.e.,' 

if faced with the problem of selecting which type of resource`. 

to acquire in the case of additional income becoming available 

the central unit's planners could use the marginal return of. 

each resource (as reflected by the corresponding dual variable) 

to -indicate the best form of expansion. 

This iterative process can be continued until all bid prices 

are equalized and therefore there is no gain to Joe achieved by 

shifting resources from one store to another. We can summarize 

the iterative procedure described above as follows: 

STEP 1: The central unit allocates the global resources between 

the stores in an arbitrary manner, i.e., it sends to 

each store manager his associated a k, and an opening 

set of unit costs. of resources, cik's, whose purpose 

is purely to initiate the resource allocation process.. 



STEP 2: Each of the i department store managers responds to 

the ,a k  and ck's sent to him by the chain's centre 

by solving his internal resource allocation problem - 

subject to the above data. 

STEP 3: The store managers then inform the corporate centre 

of their store's performance as defined by its' risk-

return pair and, more important for the purpose of 

,.the resource allocation procedure, the bidding prices 

as defined by the wk's generated by each division. 

The corporate centre proceeds then to substitute the 

initial unit costs of each of the k resources with.. 

the stores' bid prices and then solves its resource 

allocation problem. The amount of resource k, allocated. 

is sent to the corresponding store 

In view of the amount of resources allocated to him. 
in the previous step, and using the dual variable 

values as unit costs for each type of resonrce`.the 

store managers resolve their respective internal 

resource allocation problems. At the end of this step 

they each inform the corporate centre of their latest 

set of dual variables and risk-return performance. 

.STEP 6: - The corporate centre examines the sets of dual 

variables generated by the store: if there exists 

any potential gain to be achieved by shifting resources. 

from one store to another, i.e. a difference between. 

marginal returns. STEP 4 is reinitiated, if, on the 

other hand, no potential gains are available, i.e. 

marginal 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. In other words, if for any reason, for example - 

prohibitive costs, the corporate planners 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,• resource-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 prices, and consequently degeneracy, 

are not scarce, Freeland andMoore'.s study focused on the circum-

stances under which unique bid prices, i.e. non-degeneracy, 

exist in resource-directive procedures. The results of the 

above study reveal that, given the properties of resource 

directive methods, it is necessary to adopt the assumption 

that only those cases where the solutions to the store manager's 

problem are non-degenerate are considered, Failing 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 increase in the process' complexity and data 
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requirements, resulting in a greater problem in implementation. 

Let us point but that, in terms of the portfolio vernacular, 
the process which takes place at each iteration of the resource-
directive procedure described above can be'''defined as the store 
managers' performance being the basis for construction of the 
corporate production possibilities curve, denoted ESC. In 
other words, each store's risk-return combination is an asset 
In the corporate asset base and consequently, the set of dom 

inating options available to the centre can be defined by its 

.'efficient set curve. In the following sections of this chapter 

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. 

The case of a changing cost structure - 

In our analysis .in subsection 7.2.1 we made the assumption of 
a perfectly competitive market. One of the implications of 

the above assumption was that the firm had no influence on the 
price of the inputs it purchases. In this subsection we turn 
our attention to the case where this assumption is relaxed to 
allow the ;impact of bulk buying by the corporate centre to be 
incorporated into our model. 

,The assumption of the existence of a dependency between the 

quantities purchased by the corporate centre and the unit costs 

it pays, a realistic one - as discussed in chapter 5, can be 
written as follows: 

aik 
	= f ik(aik ) 

and when incorporated into the formulation of the corporate 
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centre'-s problem gives the following: 

Max. Z = E E 
i k 

S.T. 	Ea* i k 

f(aik) ik  

<af ~k Vk 

alk Vi,k 

where 2 is defined as in-the previous subsection and, similarly, 

the true solution to the problem is E E(Xi)/RF greater. i 

Let us now. simplify the notation by denoting the objective 

Eq. (7.6.a), g(a).and, using Balinsky and 

(13) method, derive the dual of the above problem, 

If we now incorporate the concepts of substitution-complementarity . 

`relationships and changing cost structure, we can write the 

corporate centre's problem as follows: 

(alk) + Muhl (a)e2(a) 

<af Vk 

0 Vi,k 



kahk ck 

k
af jk ck 

and e2 
Ea 
k ek ck 

Eafjk ck 

• which, if we denote the first part of the objective function:, 

i.e. '.Eq. (7.8.a),.G(a),..has the following dual problem: 

Min. G(a) 

Vi,k  

.As4n-,tho'.previous case, in chapter 6, we can apply the. product 
differentiation rule, hence: 

(a) 8e (a) 
(a) ~. 	

a 	 
ey (a) 

aa 	G 	8a 

and Taylor's series: 

G(a) = G(0) + aaG 

aa 

where 

hence: 

a aG = G(a) - G(0) 

aa 
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Min. 	2 G(a) - G(0) 	+ E Pin 2ct 	
1 	2 + 

hl 	aa 
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i 	k 

However, in this case, as opposed to that analysed in chapter 

6, one cannot safely assume that G(0) = 0 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 i 
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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 purists, 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 fora greater involvement by the centre in the con-

struction of the store managers' portfolios. 

7.3.1 Behavioural patterns in decentralized firms  

Studies which have examined the behavioural 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 centre in divisional 

planning than incorporated in our previous models. 

For example, Holdern (75) 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 to assume that the store manager is totally free 

to use the limited space at his disposal as he wishes. In fact 

it is typical for a store manager to be required by the corpor-

ate 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- 

-230- 



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: 

P• i = ltil [Jc~ ) - H Cov(ci,c~I + Lc, I ] 
7 

(7.11) 
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where: 

ci 	- 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, 

c11 	- the cash flow generated by the market portfolio 

of risky securities prior to the inclusion of the 

new line in store i; and 

Lc11 - 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: 

Ap. = 
1 

H Cov(ci , AcM) (7.12) 
RF 

Even if we assume that Cov (ci, cr,I) = 0, and therefore 

AP. = 0,, this does not necessarily imply that the centre's 

intervention was pointless since the price of the other stores 

becomes: 

+ H Cov (c j , Acm) - H Cov (Ac j , cM) - H Cov (acj , c~ 

(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 centre 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 a store manager to commit a proportion of his store's 

resources to a new line, if the resulting increase in the value 

of the chain's assets is greater than the required investment. 

Hence the decision for the corporate centre whether to intervene 
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or not can be defined as: 

n 
L Q = 	AP. - I>0 

j=1 
(7.14) 

where: 

AQ - is 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 

manager including the product line in question on his portfolio 

and the corporate centre thus achieving the minimum order 

necessary for a quantity discount, without any need to resort 

to direct intervention which can result in conflict. 

We 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 
was•not part of a change or if it operated in a perfectly com- 
petitive market, by the reduced unit costs, as follows:: 

 

- RF 	l*ELp(Qtm(pm-vm)/EEa' 
mk 

LXR1 

 

✓Var Q'm( pm-v')/mkamkc ~k~J [RI 

   

 

am(pm-vm) 

   

:X*E Lp(am(pm-vm)p(Qm,RM)✓  Var Qm/EEantk 
m 	 mk k 

E 0{Q, (p -v")/ mka' c 	R )✓Var Q' (P v' 
m 	m 	mk k' M • 	m m m~ 

mk irk: 

    

✓Var` Eamk,
. 

mk  

  

   

   

Thus if we assume that the aggregate effect on. the store's risk 
of'_the change. in cost structure is such-that the.former is reduced, 

the'divisional discountrate will be consequently reduced and ;the 
store manager •will s̀have a commercially. justifiable reason .for 
*eluding .the line required by the corporate centre in his .pozt-
folio. 

..It is conceivable that the centre will impose its will on a 
particular store manager who judges it not worthwhile stocking 
the 'goods suggested by the centre. Such a situation can occur 
when,`despite the use of discounted unit costs, a certain 
product line's performance falls below required by the store 

manager for it to be included in his portfolio. If the centre 

wishes to assess the option of ignoring the above decision and 
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instructing the store manager to carry the line in question, 

it must be certain that the contribution of-the economies of 

'seale throughout the rest of the firm is large enough to cover. 

any instances_of local losses. We can define the condition 

where such an intervention by the centre is`economically sound' 

as follows:- 

AXR = [Rj  - RF  - a* E E [p'mm_v'm ic' 
i m 	mk 

Therefore, if "AXR >0,.i.e.:the net aggregate effect on firm 

of the economies of scale is positive, this implies that 

poistive contributions of the economies of scale is sufficiently 

large to offset any negative ones..that may exist in certain 

'stores, where otherwise consumers' demand does not justify 

inclusion of the particular product line in quantities which 

generate savings. 

Finally, let us point out that the concept of required goōds 

is not limited to an environment of changing cost structures.. 



Prerequisite goods may be necessary conditions tb 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 fact 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 proportion 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 result 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 ESCi2, 

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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Fig. (7.3):  Resource Expansion Effect 
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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 in the iterative procedure but not 

to the same extent as in our previous model: we now increase 

the set of 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. In other 

words, the centre, wanting to aim at the same market segment(s) 

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 si, 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 ESC. 

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 

-238- 



~i 

Ecs 
s 

Si =. 

> e 

C. 

Vi,s 

=1Vi 

Vi,j 

selection of indivisible projects. Let us define the corporate 

objective function as one which minimizes the corporate risk 

for a target rate of return. we can formulate the problem facing 

the corporate planners as follows: 

n 
Min. Z =

i J 
Sei 1P1j 

C~~ 
J / ).„.1

C~ rJ)? 

S.T. E C. E 	Xi /E E 	C. . 
i s 	1 	1 s 

Ec is ii C. 

(7.17 .a) 

(7.17.b) 

(7.17.c) 

(7.17 .d) 

(7.17 .e ) 

(7..17.f) 

where: each store generates s alternative policies (which 

obviously ar.e mutually exclusive), e = 0(1) represents a 

decision variable denoting rejection (acceptance) of policy s 

at store i, Eq. (7.17.b) represents the target rate of return, 

X is the return generated by policy s when implemented at Xi 

store i, Eq. (7.17.c) the centre's resource constraints, 

Eq. (7.17.d) and Eq. (7.17.e) guarantee that only one policy 

will be chosen at any given store, and finally, Eq. (7.17.f) 

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 method 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: 

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 how 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 portfolio 

selection, from the selection of the asset base up to the 

determination of the total investment in the store. 
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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 amounts 

dictated by the corporate centre. The store manager's problem 

therefore becomes: 

E 	̀ RF, + bm { E (RM) - RI,,31 Max. Z = E 
RF 

cl~ 

 

 

S. 	 E: amk 	 , $k. 	 i7 18 .b) 

mk 
A > a 

where a mk is the amount of resource type` k that the central 

unit wants the manager of store i to allocate to product line m.. 

If we now 

manager's problem presented in the previous chapter and in 

addition define 

w = a - a :: mk 	mk 

we can rewrite the store manager's problem as follows 

Max.. Z = E E SZ m ck . (smk + a 
mk) 	(7T : 19.a ) 

m k 

T. 
	E (amk + a mk) 	k $k 	 (7.=19•b) 

m 

R 	 > p 	Vm, k mk 	 (7.19.;C ): 

return to the simplified form'of notation of the store';. 
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Since there is no fundamental change in the nature of the 

store manager's problem following the incorporation of lower, 

bounds on the resource allocation, and no change in the cor-

porate centre's problem, one can use a resource-directive' 

resource allocation procedure similar to the one suggested 

in the previous section. 

Put in terms of the construction of the store's production 

possibilities curve, ESCSi,the shape of the store's technology 

will differ from that available prior to the change in the 

store manager's liberty to allocate freely the resources at 
his disposal. Strictly speaking, the above comment excludes, 

.the-remote possibility that given the freedom of choice the store , 

manager would allocate the store's resources in the manner 

identical. 	to that which is imposed upon him, in which case. 

the centre's intervention becomes superfluous.-; In Fig. (7,4):,. 

we graphically illustrate the kind of-  impact an intervention` 

f the . kind described above can have . on 'the_` production ` possib-

ilities of a store:-  the intervention-free set of efficient 

risk-return combinations, denoted ESCS: represents higher i. Y 
rates of returns for the same levels of risk when compared 

with the post-intervention efficient set, denoted ESCSi2. 

appendix II of this work We present a numerical example of the 

effects Of an intervention by.the centre in the store's resource 

allocation: at the lowest level. Specifically, we calculate the 

cost, measured in terms of the drop in the store's performance, as 

the central planning unit imposes a set of constraints which specify-

the precise amounts of resources the store manager is required to 

allocate to a particular product line s(under the assumptions that 

these differ from the amounts of resources allocated to the line in 

question when the store manager was granted total freedom to allocate 

• resources within his store). 
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Before we turn to the last section of this chapter, which deals 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 retail chain. The dominant problem throughout our analysis was 

that of resource allocation in a decentralized department store chain. 

We first suggested an algorithm for a resource-directive iterative 

procedure for resource allocation in the case of a perfect market. 

Subsequently, we examined the case of a changing cost structure and 

incorporated into it the concept of substitution-complementarity 

relationships. However, since we recognized the unrealistically 

decentralized nature of the assumptions underlying our first model • 

we turned to examine the same problem under two different sets'of 

assumptions, both of which share the common trait of a greater degree 

of involvement by the centre in the individual stores' planning.. 

Having established,through our discussions with the managers of the 

•retail chain with which we cooperated and evidence published in the 

literatures the.typical centre-store relationships in the retail 

industry, we analysed the economic rationale for such an intervention. 

Two slightly different theoretical frameworks were used to determine, 

the, conditions necessary for an economigilly-justifiable intervention. 

The first model, drawn from a paper by Fowler and Rorke (53), examined 
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the acceptance—rejection decision rules concerning a project v:hich 

involves external effects. By examining.the change in the individual 

-stores' prices as a result of the acceptance of the new project and 

the aggregate change in the chain the decision rule reached was that 

an intervention which yield a positive aggregate change in the stores' 

prices is economically sound in spite of the existence of certain 

Local, i.e. at the store level, instances of a drop in the•store 

price as a result of the acceptance_.of the new project. 

The alternative method we suggested analyses the same problem not 

through the price mechanism but through the excess rate of return 

generated by the stores and the chain as a whole. As one would expect, 

the decision rule for the acceptance—rejection.of a project pith 

external effects depends on.the aggregate change in the chain's 

of return following the accept ance of the new project i-

a positive net'change in the chain's excess. rate of return implies 

that the project should be accepted on economic grounds and vice versa.. 

The first interventionist model limits the centre's intervention t 

_the second and third stages of the local planning; i.e. the selection_ 

!of.the`optimal investment policy and the determination of the total. 

investment in the store. The third, and to our opinion the most realistic. 

model, allowed for an intervention by the corporate centre in tie 

stores' selection of their asset bases, i.e. in all three stages of 

the construction of a store's portfolio. On the basis of this 

interventionist model we presented, in form of an appendix, 
r. 
 numerical 

example which served to highlight 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 presented in 

chapter 7 up to this stage gradually develops a serie of three types 

of models of the resource allocation process in a decentralized 

retail chain. moving from a purely decentralized system to one which 

leaves relatively little autonomy in the store managers' hands. 

The ccmbination of the models developed in chapters 5, 6 and 7 provides 

a framework in which a large number of managerial prob'ems typical to 

the retail chain environment can be examined. Specifically, we 

discussed the problem - of resource allocation in an individual department 

store, resource allocation in a decentralized retail chain, the effect 

of shifting resources from one product line in a store to another in. the 

same store, the question of normality—inferiority of a 'particular 

'product line under uncertainty as opposed to its propertie.s.in a. 

deterministic environment, the topic of a change in the efficiency of: 

the use of a particular type of resource in a store, and the concept 

of, complementarity—substitution. 
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.Fig. (7.4): The effects of-resource commitment  
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7.4 BEHAVIOURAL EXTERNALITIES  

The effects of economic externalities in decentralized organ-

izations have been discussed throughout the various chapters 

of this work. In 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 l's performance in the objective function 

for management unit k, hence: 

Min. Zk ( Yk± ' Yk 	Y1+, Y1 ) 

Where: 

Y + - is an (mk  x 1) vector of positive deviations from 
k 	

unit k's goal levels, 

Y 	-.is an (mk  x 1) vector of negative deviations from 

unit k's goal levels, 

and the same applies for unit l's deviations from its goals, 

Y.  and Yi  respectively. 

Similar types of behavioural imperfections can be dealt within 

the framework of a corporate portfolio. Let us take the case 

of a department store manager aiming to surpass the perform-

ance of some other store within the corporate chain, perhaps 

in search for promotion or in hope of diverting certain 

resources to his store. Since our analysis is two-dimensional, 
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•the target in question can either be the rival unit's risk 

level, or its rate of return, and equally possible - both. 

We now proceed to define formally the above ideas. 

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 

a.case we can write the problem facing the store manager-of 

unit i as follows: 

where e is store p's money unit return. In the case described 

above, at every iteration of the: resource allocation process of 

the kind described earlier, the dependent unit receives the 

independent unit's return and then proceeds to solve the problem 

defined above which assures that its own return does not lag 

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: In a similar manner 

-the dependent store's manager may attempt to attract 

resources to his store by offering a "safer",i.e. less 

risky, performance than the competing store. Under such 

circumstances the dependent unit's store manager's problem. 

can be.formulated as follows: 

Max. Z(e' ) = E p(Xm) - tRF  + b m D(R ) - R 1} Ea c p 	m 	 114 	F_ k  mk 

im .k mk ck 7.21.a.) 

S.T. E [bc2  RM) 
kink ck 	(m k°  c ) 2  

tak.k )  

<c Yk 

Vk,m 

where e' is store p's money unit measure of risk. Our 

earlier comments, regarding the availability of the inde-

pendent unit's performance to the dependent store's manager 

during the resource allocation process, are equally valid 

in this context. 

(iii) Combined risk-return targets:  A more general situation 

arises when the dependent unit is not satisfied with equal- 

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, the 

independent unit in both its risk and return. Clearly, there is 

greater sense, in a mean-variance.. world, for the dependent unit 

to'aim at both parameters of the independent store's perform-

ance, since, by concentrating on only one of the two, the 

dependent store is not certain that by achieving the target 

—246— 



-247- 

in question it is necessarily in a position to offer the 

Corporate centre a more attractive financial package than 

that of the rival store. On the other hand, by setting 

itself a combined goal, the dependent store's manager is 

assured that, given that the goal is attained, his store. 

generates an excess rate of return which is as good as, 

or possibly superior, than the independent one. 

We can formulate the dependent store manager's problem 

as follows: 

Let us point out that these behavioural externalities are not• 

necessarily limited to the uni-directional cases defined above 

,i.e. cases where there exists a clear dist inction between 

and independent and dependent unit. As suggested by Ruefli 

(127), it is conceivable that a feedback process takes place 



in both directions,.and that the goal dependencies are 

mutual. Such a case would naturally complicate the solution 

procedure considerably since it is 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. a 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 reflects the fact that the construction 

of any portfolio can be divided into the following familiar 

• stages: 

i) determining the asset base, 

ii) finding the optimal investment 

proportions; and 

iii) establishing the level of invest-

ment in the portfolio 

and we therefore focused our attention on an examination of the 

conditions which justify the corporate centre's intervention 

in stages i) and ii) 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. 

We started with a model which assumed the store managers 

enjoyed 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 equivalent to confining the corporate centre's involvement 

to the third stage in the construction of the store managers' 

portfolio. In order to establish the optimal allocation of 

the corporate resources between the various stores which form 
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the corporate chain a resource= directive procedure was 
developed using the values of the store manager problem's 
dual variables as his bid prices for the corporate resources. 
We pointed out the potential problems that have been shown to 
exist with resource-directive methods, and consequently made 
the assumption that only non-degenerate solutions submitted 
by.the store managers would bqconsidered by the corporate 
.centre. We then suggested two additional forms of the cor- 

-porate centre,'s problem, given a restricted involvement in 
department store affairs,-namely, the case where the comp- 

. .lementarity-substitution had a deterministic and additive effect 

on the-centre's return and that of a changing cost structure, 
•._. and demonstrated how the above problems can be simplified by 

examining their duals. 

Having discussed these decentralized models, we turned our 
attention to the cases where . the -central headquarters are 

involved to a greater degree in the stores' planning 
`situation which, in face of the empirical evidence, seems 
typify real practices in such firms. Within this category, 
we first looked at the case,  where store managers did retain 

ome` of theixr autonomy,- although admittedly to a lesser 
degree, namely in the selection of the products and services 
their stores were .to carry. The centres under such circumstances 

.did not. allow. the. store. managers to remain the sole selectors 
of the policy adopted by their respective store. Following 

this, we focused On the most extreme case of corporate centre 
involvement, i.e. the case where it was involved in all three 
stages of the store managers' portfolio construction, where the 
centre instructed the store managers to allocate certain amounts 

of resources to given lines in order to guarantee that these 
will be carried throughout the chain - a practice common in the 
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. 
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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 allocation in an 

individual department store, 

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 competitive 

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 store, 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 question,• 

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 store. We then computerized the heuristic and ran 

a numerical example using three variations of the reallocation 

decision rule. 

A topic whose importance in the retail trade is such that it 

merited a separate discussion is the store layout problem. We 

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 assumptions which 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. its risk-return performance, and 

the indirect effect 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 
proceeded 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 resource 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 portfolio 

problem under three main sets of assumptions related to the 

economic and behavioural 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 store'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 
highly improbable that the centre would allow the store manager 

to be the sole influence determining 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 goads market, but for an 

extensive involvement of the central unit in the individual 
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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 is evident that many 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) Refi.ning the heuristic: While formulating the heuristic for 

resource allocation under uncertainty in a department store 

we encountered 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 
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area. Facing similar difficulties in obtaining data on the 

relationships between 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 changes in equilibrium prices and 

their 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 amounts of 

resources need to be allocated in a rational manner between a 

number of divisions, subsidiaries or branches under conditions of 

uncertainty. 
--2;8- 



' REFERENCES  

-259- 



REFERENCES 

1. ABADIE, J., & SAKAROVITCH, M., (1970) Two Methods 

of Decomposition for Linear Programming, in 

H.W. Kuhn (ed.) Proceedings of the Princeton 

Symposium on Mathematical Programming. Princeton 

University Press. 

2. ALBEGOV, M.M., (1968) A Method of Co-ordinating 

Branch and Regional Plans. Math. Studies in Econ. 

and Stat, in USSR and Eastern Europe, Vol. 5, No. 1, 

pp. 19-38. 

3. ALLI, O.R.,,(1978) Plant Layout with .  Particular 

Reference to an Oil Refinery. Unpublished M.Sc. 

report Imperial College of Science and Technology, 

University of London. 

4. ANDERSON, E.E., (1979) An Analysis of Retail Display 

Space: Theory and Methods. Journal of Business, 

Vol. 52, No. 1, pp. 103-118. 

5. AOKI, M., (1971) An Investment Planning Process 

for an Economy with Increasing Returns. Review of 

Economic Studies, Vol. 36, pp. 273-280. 

6. APPLEBAUM, W., (1966) Methods for Determining 

Store Trade Areas, Market Penetration and Potential 

Sales. Journal of Marketing Research, Vol. 3, 

pp. 127-141. 

7. APPLEBAUM, W., (1970) Shopping Centre Strategy, 

International Council of Shopping Centres, New 

York. 

8. ARCHER, S.H., & FAERBER, L.G., (1966) Firm Size 

and the Cost of Externally Secured Equity Capital. 

Journal of Finance, Vol. 21, No. 11, pp. 69-83. 

-260- 



9. ARMOUR, G.C., & BUFFA, E., (1963) A Heuristic 

Algorithm and Simulation Approach to Relative 

Location of Facilities. Management Science, 

Vol. 9, No. 1, pp. 294-309. 

10. ARROW, K.J., & HURWICZ, L., (1960) Decentraliz- 

ation and Computation in Resource Allocation, in 

R. Pfouts (ed.) Essays in Economics and Econom-

etrics, University of North Carolina Press. 

11. ARROW, K.J. , & HURWICZ, L.-, (1964) Control in 

Large Organizations. Management Science, Vol. 10, 

No. 3. pp. 397 - 408'. 

12. BALAS, E., (1966) An Infeasibility - Pricing 

Decomposition Method for Linear Programs. Oper-

ations Research, Vol. 14, No.'5. pp. 847 - 873. 

13. BALINSKY, M.L. , & BAUMOL, W.J., (1968) The dual in 
Nōnlinear Programming and its Economic Interpret-

ation. The Review of Economic Studies, Vol. 35, No. 

3, pp. 237 - 256. 

14. BAUMOL, W.J.,& FABIAN, T., (1964) Decomposition, 

Pricing for Decentralization and External Economics. 

Management Science, Vol. 11 No. 1, pp. 1 - 32. 

15. BAUMOL, W.J., & BUSHNELL, R.C., (1967) Error 

Produced by Linearistation in Mathematical Pro-

gramming. Econometrica, Vol. 35, pp. 447 - 471. 

16. BECKMAN, M.J., (1971) Market Share, Distance and 

Potential. Regional and Urban Economics, Vol. 1, 

No. 1. 

17. BENDERS, J.F., -(1962) Partitioning Procedures for 

Solving Mixed Variable Programming Problems. 

Numerische Mathematik, Vol. 4. p:; 245. 

-261- 



18. BIERMAN, H., & HASS, J.R., (1973) Capital Budgeting 

Under Uncertainty: A Reformulation. Journal of 

Finance, Vol. 28, No. 1, pp. 119 - 129. 

19. BLACK, F., (1972) Capital Market Equilibrium and 

Restricted Borrowing. Journal of Business, Vol. 45, 

No. 3. 

20. BLACK, J., (1966) Some Retail Sales Models. Paper 

for the Urban Studies Conference, Oxford. 

21. BOGUE, M.C., & ROLL, R., (1974) Capital Budgeting 

of Risky Projects with Imperfect Markets for 

Physical Capital. Journal of Finance, Vol. 29, 

pp. 601 - 613. 

22. BRENNAN, M.J., (1971) Investor Taxes, Market Equi-

librium and Corporate Financial Policy. National 

Tax Journal, Vol. 43, December. 

23. BROWN, W.M. & TUCKER, W.T., (1961) Vanishing Shelf 

Space. Atlanta Economic Review, Vol. 9, pp. 9 - 23. 

24. BUZZELL, R.D., SALMON, W.J., & VANCIL, R.F., (1965) 

Product Profitability, Measurement and Merchandising 

Decisions. Harvard University, Division of Research, 

Graduate School of Business Administration. 

25. CAIRNS, J.P., (1962) Suppliers, Retailers and Shelf-

space. Journal of Marketing, Vol. 26, pp. 24 - 36. 

26. CAIRNS, J.P., (1965) Allocate Space for Maximum 

Profits. Journal of Retailing, Vol. 39, 41 - 45. 

27. CARLETON, W.T., KENDALL, G., & TANDON, S., (1974) 

Application of the Decomposition Principle to the 

Capital Budgeting Problem in a Decentralized Firm. 
Journal of Finance, Vol. 29, No. 3, pp. 815 - 827. 

-262- 



28. CARROLL, J.D., (1955) Spatial Interaction and 

the Urban-Metropolitan Description. Papers and 

Proceedings, Regional Science Association. 

29. CASSIDY, R.G., et al (1971) Efficient Distrib-

ution of Resources Through Three Levels of Gov-

ernment. Management Science, Vol.. 17, No. 8,pp.462-473. 

30. CENSUS OF POPULATION (1971) H.M.S.O., London. 

31. CHARNES, A., & COOPER, W.W., (1961) Management 

Models and Industrial Applications of Linear 

Programming. John Wiley, New York. 

32. CHEN, A.H., & BONESS, J.A., (1975) Effects of 

Uncertain Inflation=on the Investment and Financ-

ing Decision of a Firm. Journal of Finance, 

Vol. 30, No. 2, pp. 469-484. 

33. COLLOMB, B.P., (1971) Goal Interval Approaches 

to Intertemporal Analysis and Decentralization 

in a'Management. Unpublished Ph.D. dissertation, 

University of Texas, Austin. 

34. CONVERSE, D.P., (1949) New Laws of Retail 

Gravitation. Journal of Marketing, Vol. 14, 

pp. 379-384. 

35. COREY, E.R., (1978) Should Companies Centralize 

Procurement? Harvard Business Review, pp. 102-110. 

36. CURHAN, R.C., (1972) The Relationship between 

Shelf Space Unit Sales in Supermarkets. Journal 

of Marketing Research, Vol. 9, pp. 406-412. 

-263- 



37. DALRYMPLE, D.J., (1964) Measuring Merchandising 

Performance in Department Stores. Michigan State 

University, East Lansing, Michigan. 

38. DANTZIG, G., & WOLFE, P., (1960) Decomposition 

Principles for Linear Programs. Operations 

Research, Vol. 8, pp. 101 - 111 	• 

39. DANTZIG, G., (1963) Linear Programming and Exten-

sions. Princeton University Press. 

40. DAVIS, E.W., & YEOMANS, K.A., (1976) Market Dis-

count on New Issues.of Equity: The Influence of 

Firm Size, Method of Issue and Market Volatility. 

Journal of Business Finance & Accounting, Vol. 3, 

No. 4, pp. 27 - 42. 

41. DIXON, O.M., (1972) Models of Nodal Regions. 

Institute of British Geographers. 

42. DOUGLAS, E., (1962) Size of a'Firm and the Struc-

ture of Costs in Retailing. Journal of Business, 

Vol. 35; pp. 158 - 190. 

43. EILON, S., TILLEY, R.P.R., & FOWKES, T.R., (1969) 

Analysis of a Gravity Model. Regional Studies, 

Vol. 13, pp. 115 -• 122. 

44. EILON, S., (1972) Goals and Constraints in Decision-

making. Operational Research Quaterly, Vol. 23, 

pp. 3 - 15. 

45, 	EILON, S., & PHOCAS-COSMETATOS, G., (1977) 

A Profitability Model of Tactical Planning, OMEGA 

Vol. 5, No. 5, pp. 673 - 688. 

-264- 



47. FAMA, E.F., (1968) Risk, Return and Equilibrium: 

Some Clarifying Comments. Journal of Finance, 

Vol. 23, No. 1, pp. 29 - 40. 

48. FAMA, E.F., (1970) Multiperiod Consumption - 

Investment Decisions. American Economic Review, 

Vol. 60, No. 1, pp. 163 - 174. 

49. FAMA, E.F., (1977) Foundations of Finance - 

Basil Blackwell, Oxford. 

50. FAMILY EXPENDITURE SURVEY (1975) Department of 

Employment, H.M.S.0.., London. 

50a 	FINDLAY, M.C.; McBRIDE, R.D., YORMAK, J.S., & 

MESSNER, S.D., (1978) Mean Variance Analysis for 

Indivisible Assets with Applications to Real Estate. 

University of Southern California, Working Paper No. 8. 

51. FLAVELL, R.B., PENN, E.J., & SALKIN, G.R., (1979) 

Planning in a Department Store. OMEGA, Vol. 7, No. 1, 

pp. 25 - 32. 

52, 	FORRESTER, J.W., (1961) Industrial Dynamics. The 

M.I.T. Press, Cambridge. 

53 	FOWLER, D.J., & RORKE, C.I3., (1979) Capital Budgeting, 

Capital Asset Pricing and Externalities. Journal of 

Business, Finance & Accounting, Vol. 6, No. 2, pp. 145-155. 

54. FRANCIS, J.C., & ARCHER, S.H. (1971) Portfolio Analysis. 

Prentice•-Hall Inc., Englewood Cliffs, New Jersey. 

55. FREELAND, J.R., & MOORE, J.H. (1977) Implications of 

Resource Directive Allocation Models for Organizational 

Design. Management Science, Vol. 23, No. 10, pp. 1050-1059. 

-265- 



56. FREELAND, J.R., & BAKER, N.R., (1975) Goal 

Partitioning in a Heirarchical Organization. OMEGA, 

Vol. 3, No. 6, pp. 673-688. 

57. GEOFFRION, A.M., (1970) Primal Resource - Directive 

Approaches for Optimizing Non-Linear Decomposable 

Systems. Operations Research, Vol. 18, No. 3, 

pp. 375 - 403. 

58. GORDON, M.J., & HALPERN, P.J., (1974) Cost of 

Capital for a Division of a Firm. Journal of Finance, 

Vol. 29, No. 4, pp. 1153 - 1164. 

59. GRAVES, G.W., & WHINSTON, A.B., (19'70) An Algorithm for the 

Quadratic Assignment Problem. Management Science, 

Vol. 17, No. 7, pp. 453 - 477. 

60. GREATER LONDON COUNCIL (1972) Demographic, Social 

and Economic Indices for Wards in Greater London. 

Research Report, No. 15. 

61. GREATER LONDON COUNCIL (1975) Note on 1971 Census 

of Distribution for London and South-East. 

62. GREATER LONDON COUNCIL (1976 ) Social and Economic 

Indices for Wards in Greater London. Research 

Report 20(2). 

63. GREEN, H.A.J., (1976) Consumer Theory. The Macmillan 

Press Ltd., London. 

64. GREENBERG, E., MARSHALL, W.J., & YAWITZ, J.B., 

(1978) The Technology of Risk and Return. 

American Economic Review, Vol. 68, No. 3, pp. 241 - 251. 

65. HADAR, J., (1971) Mathematical Theory of Economic 

Behaviour, Addison-Wesley. 

-266- 



66. RAMADA, R., (1968) Portfolio Analysis, Market 

Equilibrium and Corporation Finance. Journal of 

Finance, Vol. 23, No. 1, pp. 13 - 31. 

67. HASS, J.E., (1968) Transfer Pricing in a Decentral- 

ized Firm. Management Science, Vol. 14, No. 6, 

pp. 310 - 331. 

68. HAYDOCK, (1970) Urban Models in Shopping Centres 

N.E.D.O. on behalf of Economic Development Committee. 

69. HEAL, G.M., (1969) Planning without Prices, Review 

of Economic Studies, Vol. 36. No. 3, pp. 347 - 362. 

70. HEAL, G.M., (1971) Planning Prices and Increasing 

Returns. Review of Economic Studies, Vol. 38. 

71. HERVITZ, H.M. (1976) Resource Allocation in 

Decentralized Organisations. Unpublished M.Sc. 

Report, Department of Management Science, 

Imperial College of Science and Technology, 

University of London. 

72. HILLIER, F.S., (1963) Quadratic Tools for Plant 

Layout. Journal of Industrial Engineering, Vol. 14, 

No. 1, pp. 33 - 40. 

73. HILLIER, F.S., (1969) The Evaluation of Risky Interrelated 

Investments. North Holland. 

74. HIMMELBLAU, D.M., (1972) Applied Non-Linear Pro- 

gramming. McGraw-Hill, New York. 

75. HOLDREN, B.R., (1960) The Structure of a Retail 

Market and the Market Behaviour of Retail Units. 

Prentice Hall, Englewood Cliffs, New Jersey. 

-267- 



76. HUBBARD, C.N., (1969) The Shelving of Increased 

Sales. Journal of Retailing, Vol. 45, No. 4, 

pp. 75 - 84. 

77. HUFF, D.L., (1962) Determination of Intra-Urban 

Retail Trade Areas. Real Estate Research Programme, 

University of California. 

78. HUFF, D.L., (1963) A Probabilistic Analysis of 

Consumer Behaviour, in Emerging Concepts in 

Marketing, American Marketing Association. pp. 440 - 450. 

79. HUFF, D.L., & BATSELL, R.R., (1977) Delimiting the 

Areal Extent of a Market Area. Journal of Market 

Research, Vol. 14. No. 4, pp. 581 - 585. 

80. HURWICZ, L., (1969) On the Concept and Possibility 

of Informational Decentralization. American Economic 

Review, Vol. 59, No. 2, pp. 513 - 524. 

81. JARRETT, J.E., (1978) Estimating the Cost of 

Capital *for a Division of a Firm, and the 

Allocation Problem in Accounting. Journal of 

Business, Finance & Accounting, Vol. 5, No. 1, pp. 39-47. 

82, 	JEFFEREYS, J.B., (1954) Retail Trading in Britain 

1850 - 1940. Cambridge University Press. 

83. KALDOR, N., (1950) The Economic Aspects of Adver-

tising: Review of Economic Studies, Vol. 18. No. 1, pp. 1-27. 

84. KATSENELINBOIGEN, A.I., et al (1968) Centralism 

and Economic Autonomy in a Socialist Economy. 

Math. Studies in Econ. and Stat. in USSR and 

Eastern Europe, Vol. 4. No. 4, pp . 3 - 18. 



85. KATSENELINBOIGEN, A.I., et al (1969) Certain 

Theoretical Aspects of an Optimal Planning of 

the National Economy. Math. Studies in Econ. and 

Stat. in USSR and Eastern Europe, Vol. 2, No. 4, 

PP. 1 - 13. 

86. KATSENELINBOIGEN, A.I., (1970) Optimal Control 

and the Price Mechanism. Math. Studies in Econ. 

and Stat, in USSR and Eastern Europe, Vol. 6, 

No. 3, pp. 260 - 285. 

87. KEANE, S.M., (1977) The Irrelevance of the Firm's 

Cost of Capital as an Investment Decision Tool. 

Journal of Business, Finance & Accounting, Vol. 4, 

No. 2, pp. 201 - 216. 

88. KILSBY, D.J.E., TULIP, J.S., & BRISTOW, M.R., 

(1972) The Attractiveness of Shopping Centres. 

Occasional Paper No. 12, Centre for Urban and 

Regional Research, University of Manchester. 

89. KOOPMANS, T., & BECKMANN, M., (1957) Assign-

ment Problems and the Location of Economic 

Activities. Econometrica, Vol. 33, No. 1, pp. 141-169. 

89a. 	KOOPMANS, T., (1972) Activity Analysis of Pro- 

duction and Allocation. Yale University Press. 

90. KORNAI, J., & LIPTAK, T., (1965) Two-level 

Planning. Econometrica, Vol. 33, No. 1, pp. 141 - 169. 

91. LANGE, 0., & TAYLOR, F., (1938) On the Economic 

Theory of Socialism. University of Minnesota Press. 

92. LERNER, A.P., (1944) The Economics of Control. 

MacMillan, New York. 

-269- 



93. LEVY, H., (1978) Equilibrium in an Imperfect Market: 

a Constraint on the Number of Securities in the 

Portfolio. The American Economic Review, Vol. 68, 

No. 4, pp. 643 - 658. 

94. LEVY, H., (1973) The Demand for Assets under 

Conditions of Risk. Journal of Finance, Vol. 28, 

No. 1, pp. 79 - 96. 

95. LINTNER, J., (1965) Security Prices Risk and 

Maximum Gains from Diversification. Journal of 

Finance, Vol. 20, pp. 587 - 616. 

96. LOSS, M., (1978) Comparison of Several Heuristic 

Algorithms to Solve Quadratic Assignment Problems 

of the Koppmans-Beckman Type. Presented at the 

International Symposium on Locational Decisions, 

Alberta. 

97, 	MALINVAUD, E,, (1976) Decentralized Producedures for 

Planning, in E. Malinvaud et al (ed.) Activity 

Analysis in the Theory of Growth and Planning. 

MacMillan, New York. 

98. MANGASARIAN, O.L., (1969) Nonlinear Programming. 

McGraw - Hill. 

99. MANSFIELD, E., (1970) Microeconomics Theory and 

Applications. W.W. Norton & Company Inc., New York. 

100. MARKOWITZ, H.M. (1952) - Portfolio Selection. 

Journal of Finance, Vol. 7, No. 1, pp. 77 - 91. 

101. MARKOWITZ, H.M., (1959) Portfolio Selection: 

Efficient Diversification of Investment. New York. 

-270- 



102. MARSCHAK, T., (1969) On the Comparison of Central-

ized and Decentralized Economies.. American Economic 

Review, Vol. 59, No. 2, pp. 525 - 532. 

103. MAYERS, D., (1972) Non-Marketable Assets and the 

Determination of Capital Market Equilibrium under 

Uncertainty, in M. Jensen (ed.). Studies.in the 

Theory of Capital Markets. Praeger, New York. 

104. McCLELLAND, W.G., (1966) Costs and Competition in 

Retailing, MacMillan. 

105. MERCER, A., (1970) Mathematical Models in Retail-

ing`in G. Wills (ed.) New Ideas in Retail Manage-

ment. Staples. 

106. MERTON, R.C., (1971) Optimum Consumption and Portfolio 

Rules in a Continuous - Time Model. Journal of 

Economic Theory, Vol. 3, pp. 373 - 413. 

107. MESAROVIC, M.D., et al (1962) An Axiomatic Approach 

to Organizations from a General Systems Viewpoint 

in W.V.-Cooper et al (ed.) New Perspectives in 

Organization Research. John Wiley, New York. 

108. MOESEKE, P.V., & GHELLINCK, de, G., (1969) Decen-

tralization in Separable Programming. Econometrica, 

Vol. 37, No. 1, pp. 73 - 78. 

109. MORRIS, J.R., (1975) An application of the 

Decomposition Principle to Financial Models. 

Journal of Financial and Quantitative Analysis. 

Vol. 10, No. 2, pp. 37 - 75. 

110. MOSSIN, J., (1966) Equilibrium in a Capital 

Asset Market. Econometrica, Vo]. 34, pp. 768 - 783. 

-271- 



111. MOSSIN, J., (1969) Security Pricing and Invest- 

ment Criteria in Competitive Markets. The 

American Economic Review, December, pp. 749 - 756. 

112. MULLER, J.P., (1973) A Study on the Location of 

Retail Outlets. Unpublished M.Sc. report, 

Department of Management Science, Imperial College 

of Science and Technology, University of London. 

113. MYERS, S.C., (1968) Procedures for Capital 

Budgeting under Uncertainty. Industrial Manage-

ment Review, Vol. 9, pp. 1 - 15. 

114. MYERS, S.C., & TURNBULL, S.M. (1977) Capital 

Budgeting and-the Capital Asset Pricing Model: 

Good News and Bad News. Journal of Finance, Vol. 32, 

No. 2, pp. 321 - 336. 

115. ORGLER, Y.E., (1970) Cash Management. Wadsworth 

Publishing Co. Inc., California. 

116. PFOUTS, R.W., (1978) Profit Maximization in Chain 

Retail Stores. The Journal of Industrial Economics. 

Vol. 27, No. 1, pp. 69 - 83. 

117. PLOTKIN, M.D., (1965) The Use of Credit Accounts 

and Computers in Determining Store Trading Area, 

in New Directions in Marketing. American Market-

ing Association, pp. 271 - 282. 

118. PRESTON, L.E., (1963) Profits, Competition and 

Rules of Thumb in Retail Food Pricing. Institute 

of Business and Economic Research, University of 

California, Berkeley. 

119. REILLY, W.J., (1929) Methods for Study of Retail 

Relationships. Bureau of Business, Monograph 

No. 4, University of Texas. 

-272- 



120. REILLY_. N.J., (1932) The Law of Retail Gravita- 

tion, New York. 

121. RITLAND, R.W., (1963) New Methods of Estimating and 

Forecasting Retail Sales. Journal of Retailing 

Vol. 39, pp. 1 - 9. 

122. ROBICHEK, A.A., TEICHRONE, D., & JONES, J.M., 

(1965) Optimal Short Term Financing Decisions, 

Management Science, Vol. 12, No. 1, pp. 1 - 36. 

123. ROSS, S.A., (1978) The Current Status of the 

Capital Asset Pricing Model (CAPM). Journal of 

Finance, Vol. 33, No. 3, pp. 885 - 901. 

124. RUBINSTEIN, M.E., (1973) The Fundamental Theorem 

of Parameter-Preference Security Valuation. 

Journal of Financial and Quantitative Analysis, 

Vol._ 8, pp. 61 - 69. 

125. RUBINSTEIN, M.E., (1973) A Mean-Variance Synthesis 

of Corporate Financial Theory. Journal of Finance, 

Vol. 1, pp. 167 - 181. 

126. RUEFLI, T.N., (1971) A Generalized Goal Decomp- 

osition Model. Management Science, Vol. 17, No. 8. 

127. RUEFLI, T.W., (1971) Behavioural Externalities in 

Decentralized Organisations. Management Science, 

Vol. 17, No. 10, pp. 649 - 657. 

128. RUEFLI, T.W., (1973) Linked Multi-Criterion • 

Decision Models, in J.L. Cochrane et al (ed.) 

Multiple Criteria Decision Making. University 

of South Carolina Press. 

-273- 



129. RUEFLI, T.W., (1973) Models of Resource Allocation 

in Non-Pyramidal Hierarchies. Working Paper 73 - 80, 

Graduate School of Business, The University of 

Texas, Austin. 

130. RUEFLI, T.W., (1974) Analytical Models of Resource 

Allocation in Heirarchical Multi-Level Systems. 

Socio-Economic Planning Sciences, Vol. 8, pp. 353 - 363. 

131. SALKIN, E.L., (1964) Linear Programming for 

Merchandise Decisions. Journal of Retailing, Vol. 40, 

No. 4, pp. 37 - 40. 

132. SANDERS, J.L., (1965) A Non Linear Decomposition 

Principle. Operations Research, Vol. 13. No. 2, pp. 261-271 

133. SCHLEICHERS, S., (1971) Decentralized Optimization 

of Linear Economic Systems with Minimum Information 

Exchange of the Sub-Systems. Zeitschrift fUr 

Nationaleckonomie. 

134. SENBET, L.W., & THOMPSON, H.E., (1978) The Equiva- 

lence of Alternative Mean-Variance Capital Budgeting 

Models. Journal of Finance, Vol. 33, No. 2, pp. 395 - 401. 

135. SENGUPTA, J.K., TINTNER, G., & MILLHAM, C., 

(1963) On the Theorems in Stochastic Linear 

Programming with Application. Management Science, 

Vol. 10, pp. 143 - 159. 

136. SHARPE, W.F., (1964) Capital Asset Prices: A 

Theory of Market Equilibrium under Conditions of 

Risk. Journal of Finance, Vol. 19, No. 4, pp. 425 - 442. 

137. SILVERMAN, G.J. (1972) Primal Decomposition of • 

Mathematical Programs by Resource Allocation. 

Operative Research, Vol. 20, No. 1, pp. 58 - 93. 

-274- 



138. SIMMONS, M., (1978) Planning and Optimizing Invest-

ment in Stores. Retail and Distribution Management, 

Nov. - Dec., pp. 45 - 48. 

139. SIMON, H., (1957) Models of Man. John Wiley & Sons, 

New York. 

140. SITE. C.A.C.I. Ltd., 289 High Holborn, London WC1V. 

141. SOMOGYI, de, J., (1970) Supplier Developments 

Affecting Retailing in G. Wills (ed.) New Ideas 

in Retail Management, Staples. 

142. STANTON, H.G., (1969) A Mathematical Model .for 

Retail Locatiōn Studies. A Research Report for 

M.R.A., University of Melbourne. 

143. SULLIVAN, T.G., (1973) The Cost of Capital and 

Market Power for Firms. A Review of Economics 

and Statistics, 	May, pp. 209 - 217. 

144. THOMPSON, H.E., (1976) Mathematical Programming, 

the Capital Asset Pricing Model and Capital Budgeting 

of Interrelated Projects. Journal of Finance, Vol. 31, 

No. 1, pp. 125 - 131. 

145,• TINTNER, G., (1960) A Note on Stochastic Linear 

Programming. Econometrica, Vol. 28, pp. 490 - 495. 

146. TOBIN, J., (1958) Licrdidity Preference as Behaviour 

Towards Risk. Review of Economic Studies. Vol. 25, 

February, pp. 65 - 86. 

147. TURNBALL, S.M., (1977) Market Value and Systematic 

Risk. Journal of Finance, Vol. 32, No. 4, pp. 1125 - 1141. 

--275-- 



	

- 148. 	TURNBALL, S.M., (1977) Market Imperfections 

and the Capital Asset Pricing Model. Journal 

of Business Finance & Accounting, Vol. 4, No. 3, 

pp. 327 - 337. 

149. VAJDA, S., (1972) Probabilistic Programming. 

Academic Press, New York. 

150. WEIL, R.L., (1968) The Decomposition of Economic 

Production Systems. Econometrica, Vol. 36, No. 2, 

pp. 260 - 278. 

151. WEINGARTNER, H.M., (1963) Mathematical Programming 

and the Analysis of Capital Budgeting Problems. 

Prentice Hall, New Jersey. 

152. WETS, R.J.B., (1966) Programming under Uncertainty: 

• the Complete Problem. Z. Wahrs. Revw., Geb. 4, 

pp. 316 - 339. 

153. WHINSTON, A., (1964) Price Guides in Decentralized 

Organizations, in W.W. Cooper et al (ed.) New 

Perspectives in Organization Research. John Wiley, 

New York. 

154. WILSON, A.G., (1967) A Statistical Theory of 

Spatial Distribution Models. Transportation 

Research, Vol. 1, pp. 253 - 269. 

155. YEO, L.K., (1979) Planning in a Department Store. 

Unpublished M.Sc. report, Imperial College of 

Science and Technology, University of London. 

156. YOUNG, S., (1968) Organization as a Total System. 

California Management Review, Vol. 10, No. 3, 

pp. 21 - 32. 

-276-  



157. ZCIIAU, E.V.W., (1967) A Primal Decomposition 

Algorithm for Linear Programming. Graduate School 

of Business, Standford University, Working Paper 

No. 91. 

158. ZIEMBA, W.T., (1970) Computational Algorithms 

for Convex Stochastic Programs with Simple 

Recourse. Operations Research, Vol. 18, No. 3, 

pp. 414 - 431. 

J 

-277- 



-278- 



, 	 ,:I,: JI,'!.t,a,as i.Vol7.No I.ri,:51, 	 C700ro111tr170201-007 107.00 i1 
. I 

 
1.1,1. 1C. N. 34i:.1:.: i:: G::.J I'. ii.tia 

~ ~~~- ; ;t~„ 	Department Core 

R FLAVELL 

E PENN 

Gt~ / T{Il GR SALKIN 

Imperial College, London 

ir:.echrd ScftrLtalr 157t1 

A town or village attracts ;Topic from its hinterland to purclia3e good; by sirtur of the amcent 
end variety of roods.on otter. Similarly, a department store attracts customers away from coi7tyeti-
tors by means of displays, staT' exj:ertiee, stock heldin;;s and munerocw other peremeters. The 
store is generally free to manipulate these parameters subject to certain restrictions; the manipulh-
tion trill have a direct effect on tare ultimate profitability. of the store. This paper describes some 
current research that is being carried out in conjunction 15itlr a (Iepnmamnt store group. The 
ultimate aim is to link the corporate planning of the group and each store to detailed socio-
economic data describing the population. Some aspects of the problem hate been investigated 
in depth, some are currently being discussed null some hare not been considered at all as set. 
The t;:te::t position will be reported and hopefully some feedback till be engendered. 

INTRODUCTION 

1:;Js paper is the initial report of some work 
!t erial:en in the UK on behalf of a large 

•' m Jttment store group. The scope of the 
r. search overall is to develop a methodology 
l ,e the future capital expenditure of the group, 

i in particular to identify where new stores 
+oriid be opened, to supest the size of such 

ccs, to decide whether or not existing stores 
:‘,10d be expanded, and so on. At the pp .sent . 

such expenditure lacks a global view and 
thus undertaken piecemeal; the aim of the 
•lest is ultimately to present a group-wide 

with all the various interactions this 
::J ins.oh'c. 

1 l•r1';ct••er this paper has a far less ambitious 
''..,ti _. It is oI;.'iot;sly necessary in this work 

'ni•i_istand now an individual department 
ulcerates, what are the constraints under 

It it must act, and what arc the various 
• ,,on lhnran101eis Gthcl::r its control. This 

the work that has been carried 

":c r ' l;l Janhi,.sm: i1hcr Operations k . cel•, 
Nl.ulr:h-.:r:, West (lc: many, Septcmh:r 1'17:. 

out to develop a planning model of a store; 
some of the work has been completed, but 
much is still in the formative stage and it is 
hoped that this presentation will generate com-
ments and feedback to us. 

The paper is divided into a number of parts: 
Firstly the general problems of controliins a 
store Will be discussed in some detail. This dis-
cussion will identify a number of separate 
aspects whose derivation and measurement will 
be analysed. Finally the threads will be drawn 
together . with the presentation of various 
models. 

THE STORE MANAGER'S 
PROBLEM 

Certainly in this group, and generally in 
many such groups, the More manager has con-
siderable autonomy provided that he (or she) 
is reasonably successful. The manipulation of 
certaine decision parameters is under his sawn 
control; heel 	the title of this section. 

Superficially his problem is easily stated : For 
eaclhh ',tent ich the stere. and this may run into 

25 
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thousands, he has to match supply with 
demand in such a way as to optimise sonic 
objective(s). Supply is very much under his 
control and as such is a primary decision par-
ameter; unfortunately demand is not fixed and 
independent of supply nor is it independent of 
a number of other parameters under the 
manager's control. 

The derivation of a demand function is 
highly complex. Moving away from the store 
for the moment, picture a country homo-
geneously scattered with consumers. Now 
place in this country a limited number of inde-
pendent and separate shopping centres; it is 
not impossible 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 theory at any rate, to compute 
the potential demand that the consumers will 
place upon any particular shopping centre. A 
department store manager in such a centre can 
(10 little to influence this potential demand, 
assuming of course that the size of the store 
is small Vin relation to the overall size of the 
centre. 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 influence that the malinger 
now has is considerably increased. He is com-
peting using. the resources at his disposal with 
the other shops and stores in the centre for 
the consumer'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-
cate, and the nature of the demand :unction, 
is left to a later section. 

i;ut the manager's problem has not yet 
finished. The resources 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 f1:.ed: if more space is allo-
cated~to one item,-!css space has to be allocated 
to another. The demand for the former may 
increase, but for the latter will decrease, r'iuich 
could resildt in a net detrimental effect on the 
mapyngci's ubectice. "furs the manager has to  

decide upon the optimal allocation of these 
resources, a typical mathematical program-
ming problem, although of course highly 
complex. The next sections will discuss the 
construction of the various relationships 
necessary to solve the manager's problem opti-
mally. 

THE DERIVATION 
POTENTIAL DEMAND 

In this section we will examine the measure-
ment of the potential demand for an item (or 
collection of items) in terms of the success of 
a shopping centre in attracting consumers from 
within the surrounding area. For confidentia-
lity, we will identify' the particular department 
store under consideration as D, situated in 
shopping centre C. 

The underlying basis for work in this area 
is due to Reilly [9], who postulated that com-
peting shopping centres would extract custom 
from the intervening hinterland in direct pro-
portion to the 'attractiveness' of the centres 
and in inverse proportion to the square of the 
physical distance from each centre to the hin-
terland. Mathematically, one racy define 

F,e = (c,/d ,) ' (ao jd.► 	 (1) 

where p,Jis the proportion of customers from 
area s going to shopping centre r, a, the 'attrac-
tiveness' of centre r and d., the distance 
between s and r. The statement is termed the 
law of retail gravitation after the obvious ana-
logy with the Newtonian law of gravitation. 
Since Reilly in 1929, there have been a number 
of suggestions and improvement to this basic 
model. Perhaps the most recent version is that, 
after statistically examining some 43 measures, 
'attractiveness' has been shown to be highly 
correlated with the total available iloorsp ce 
in a shopping centre [8]. Another important 
modification is to replace the physical distance 
Suit' a measure of economic distance, i.e. how: 
much would it cost a consumer to travel from 
s to r, or travelling time. 

The actual use made of equation (1) in pea c• 
lice was as follows. First we examined D's deli-
very and credit hies to identify the barn tinri~e, 
of the catchment area. lysin? the 1971 (.einen; 
of PQpini.ali',' [21, this area was 50hdivided 
into 74 wards. This was necessary because ;1 
lot of the data we wwere a He to collect u::` 
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only by ‘'.ard. The next step was to identify 
the major shopping centres competing over 
this catchment area. As centre C was situated 
to the ncnth-cast of London, it was felt necess-
ary' to subdivide London into identifiable shop-
ping centres, e.g. Oxford Street, Brent Cross. 
The location and total trading floor-space of 
•each centre was available from a 1971 Census 
of Distribution, carried out by the Greater 
London Council f4]. Finally, after identifica-
tion by planning offices of the precise bound-
aries of each ward as in 1971, the distance 
between each ward and each centre .was 
measured in terms of 'main road distance'. It 
was faIt that, as the entire area is relatively 
Wealthy, most people travelled by private car 
rather than public transport. Hence, a vector 
containing the proportion of consumers living 
in ward r shopping in centre C was calculated. 
The above analysis does ignore the possibility 
of consumers buying goods near their place of 
Nvorl:: it was felt that such purchases tended 
to be mainly for foodstuffs (which a depart-
ment store does not generally sell) and that 
hopefully the total discrepancy was small 
because we had no way of checking on these 
sales. 

We now have to move from the proportion 
to the potential demand for each item (or 
group of items). The 1971 Census of Popula-
tion [2] identified part passu, the number of 
households in each ward, whilst two reports 
by the GLC defined the socio-economic group-
ing (SEG) of the population within each 
ward [5, 6]. Finally a recent Family Expendi-
ture Survey [3] describes the income and 
expenditure distribution, 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 statistics, we arrived 
at D:..,. the demand for item i by SEG q in 
ward    's. 

Hence. 
I); ,, tivhcrc r -. C 	(2) 

7  

the potential demand for item i in centre C. 
As we had no intention of considering each 

item sold by I) individually. we used instead 
18 Eroaps cf similar items, corresponding to 
the internal po'duct groups as defined by the 
store; indeed. throughout this paper, the words 
lroa' and 'crea.;p; ofsiuhilat items' are synony-
mous. There wet e, as one might imagine, cotl- 

siderable difficulties in combining together 
statistics from different sources and of different 
ages. We attempted to reconcile figures where 
ever we could; where we could not, a qualified 
pragmatism v,'as used. 

THE SCARCE RESOURCES 

We have so far described how the potential 
demand for a particular item in a particular 
shopping centre may be calculated. We will 
now turn to the next problem, namely a 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 
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 
oil a line. 

(a) Floorspace 
Floorspace is perhaps the most obvious 

scarce resource. It is obviously limited by the 
physical size of the store and also, ceteris part 
bus, an increase in the space allocated to a 

-good should increase its relative demand. 
However in practice it is not quite as simple 
as that: iloorspacc 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 is 
opposite the side entrances and the mouths of 
the 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, need not necessarily in- 
crease the demand at cell. 	 • 

This lack 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 floor:,pace that should be allo-
cated to a particular item and also where the 
floorspacc should be located. This would 
require such data as the change in sales as a 
good is moved around the store: these data 
are just not available ncr are any records kept. 

(b) Stock 
Generally department storec have little stor-

age space, their total stock is usually on dis-
play. This of course does encourage the cus-
tomer if a large, and varied stock is available. 
But for the manager it does create a problem. 
As demand is a function of the stock level then 
one of two situations 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. 

(ii) the level of stock needed to generate a 
certain level of demand is less than that level 
of demand, which implies that customers will 
have an. unsatisfied demand and sales will be 
lost. This situation 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. 

(e) 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 customers 
increases and ultimately demand will decrease. 
But staff is a direct cost to the manager and 
as such he iius to decide upon a suitable level 
for each item. His tesk is complicated because 
many of the staff are specialists and thus not 
intcrefiaai;cable.  

only do they all directly influence demand, but 
also that they are all inter-related. One must 
be careful here to distinguish between demand 
and sales, for demand may exist independent 
of sales. It is firstly suggested that the demand 
function for a particular item is expressed in 
terms of relative allocations, i.e. the market 
share %; is given by 

D1  ~(ßf _ 	

t/ 

where Dt is the demand for item i at D, and 
PH and c.,.; the scarce resources of type k allo-
cated in D and in the entire centre C respect-
ively to item i. 

A more precise statement of the form of this 
function requires z further assumption and we 
consider two alternative ones. 

(a) Msltiplicative drained function 

This is based upon the assumption_ that if 
the allocation of any scarce resource is zero, 
then the resulting demand is also zero, and fur-
thermore that there are decreasing returns to 
sale, i.e. 

• 

where rki _ (13,u/cm). It is felt that the Manager 
would be able to give an indication of the 'rela-
tive importance' of each scarce resource in in-
fluencing demand; for a multiplicative time-  
tion, 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 

	

{1( .t, rl i`

/
j 	rki\

/!J̀
/ c~~.Alsr.;) 

	

rki — 
\aru • Ad I \drki ~i / 	VI if \(1%/cr tt! 

or 
• ~Ai ' (e7k~itli) 

The interpretation is not entirely fortuitous as 
it does result in en expression that is indepen-
dent of rk,. The demand function may now be 
written as 

a„ 
of = (n rc') 	

(3) 

Given the status quo (1),r°,) we can compute 
Cif 	In.t°/L. Yki Iii di (4) 

(b) Separable de pond function 
In di.Ct'.sslrir the key parameters under the 	The underlying assumption here is that 

control of the manager, we must note that not demand is gene-niter! by each scarce resource 

THE CONSTRUCTION or: 
A DEMAND FUNCTION 

iv 
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in isolation, and that the total demand is com-
puted from the addition of the individual 
demands, i.e. 	

(  

Notice that 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 
`relative importance' in this situation is how-
ever 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. 

d.r(rr.r — rr°,l 

Now, using -the same definition of relative 
importance yields 

air\ 

	

21'.= ?. + dirrrtE 7ea(
//  l — k I 	(5) 
\\ 	r tl 

But there is no simple means of calculating d11  
from the status quo; the only way is, when the 
allocation has altered from the original status 
quo, to make a direct substitution. 

matic approach: as we had been briefed by the 
head office we used a profitability objective. 

As we have seen, it is feasible to formulate 
this problem as a mathematical program. The 
profitability is easily calculated as the prices 
of the goods are fixed, buying costs, costs of 
floorspace (rent, rates and depreciation) and 
labour (various hierarchies of sales staff) arc 
all easily obtainable. The different types of 
scarce resources, their limitations and inter-
relationships with each other and with the 
demand function, have been described. So one 
could solve the allocation problem as described 
relatively easily although the model night be 
extremely large. Appendix 1 describes a simple 
model and discusses appropriate solution 
methods. 

Howdvcr our first approach for the manage-
ment of the group was not to use a MP but 
to develop an heuristic. The heuristic made cer-
tain 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 potential demand in 
C could be divided up in proportion to the 
relative floorspace in C, i.e. 

r2r 
=sr 

ALLOCATION OF SCARCE 
RESOURCES 

So far we have outlined the various scarce 
resources that a manager must allocate and 
discussed the restrictions and interdependen-
cies that impinge on each one of them. We 
have also described the construction of a 
demand function related to the scarce 
resources and also the potential demand of the 
entire shopping centre. Before we can proceed 
further, we need to idernify the objective that 
the manager is attempting to optimise. The evi-
dence for the identification - tends to be contra-
dictory: most managers in isolation are pri-
marily concerned with turnover. A.s stated 
above, they are principally traders and their 
general status iucrcn scs with turnover: further-
more, iW`tfie group the pecking order of stores 
was based aeon turnover. On the other hand, 
tat ing the r'.roup view, store contribution (an 
approximation to r olit) is a much more useful 
c Ljcctivc ;:n. one that the head ofece is princi-
pally cticerucd frith. \','c adopted the prag- 

where the subscript 2 refers to floorspace. 
For each item, or rather group of iterns, 
various discrete sales levels were identified. S. 
p = 1, 2, .... With each sales level was associ-
ated four figures: the profit generated by that 
level of sales (PO, the space required for those 
sales (SPii.,), the stock required for the sales 
(ST F ) and finally the level of staffing required 
to achieve the sales (Lit ). Rather than consider-
ing every possible combination of scarce 
resources as the MP would do. the heuristic 
only looks at certain a priori values. One 
detailed concession was made, namely to 
divide the floorspace up into different types; 
in D we identified seven grades of space 
depending upon the floor one was on and one's 
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 profi-
tability index, the profit;'sq.ft.  
(Vi, p, t). For each scarce iesouree, we assume 
certain known limitations, which are easily 
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ascertainable from the manager. The detailed 
heuristic is as follows: 

1. Scan the matrix Y for the highest figures; 
let this be 15r3;. As decreasing returns to scale 
were assumed, the greatest profitability was 
generally at the lowest level of sales. 

2. Calculate running totals. (i) add SP„, to 
total floor space of type t so far consumed; 
(ii) add S7,;, to total value of stock held so 
far; (iii) add L,,, to total staff employed so far. 

3. Compare the current usage of the scarce 
resources with the limitations. If any constraint 
is violated, go to 4. Otherwise go to 5. 

• 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. 

5. Delete from any further consideration, 
items (rsu) Vu ,—'- t. This ensures that the same 
item will not be spread out on different types 
of floor. 

6. If there exists spare capacity and some 
items still have to be allocated, go to 1. Other-
wise calculate store-wide figures and stop. 

Such an heuristic is not optimal, but it does 
enable the treatment of, e.g. the discreteness 
of labour, non-convex profit functions, discon-
tinuities in floor space, as well as being ex-
tremely rapid to compute. Data collection is 
a major disadvantage and whilst we . have 
demonstrated its usefulness to the manage-
ment, the application to an entire store is still 
in the future. 

STOCHASTIC  DEMAND MODELS 

We now return to the optimising model as 
this is probably of renaler-term interest. One 
fundamental assumption throughout the work 
above is that of determinism. Yet, when all the 
analyses are performed, and the manager has 
allocated his resource e, the final demand is still 
very much unk:aov/n. The sources of this uncer-
tainty are manifold, errors in the potential 
demand com Caution, the tor; a of the demand 
function, a shift iii buying pettcrus, and so on. 

But any worthwhile model must attempt to 
take it into. account. 

How a stochastic demand is to be included 
is still very largely a matter of discussion. How-
ever, for the want of any better information, 
we made the gross assumption that the 
demand is distributed with an expected value 
given by the demand function (Di) and a fixed 
exogenous variance (cr . ). This implies no in-
crease in the uncertainty as the market share 
increases. It is supposed that an estimate of 
this variance may be provided from the histori-
cal records of the store, together with the ex-
perience of the manager. 

In the vernacular, the desired stochastic 
model is a "here-and-now" one [12] 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 
[11,10], and direct. We will concentrate on 
this latter set, which contains both chance-
constrained models and recourse models. 

Let us write the deterministic model as 

;max )'(x) s.t. t(x) ! U: x e ¢l 	(6) 

where p(.) is the profit function, x the set of 
decision variables, +L the feasible space defined 
by the intersection of all the other constraints, 
f(.) a vector (of dimension equal to the number 
of 	items) 	representing 	[sales -t- expected 
demand] and - finally I a vector of random 
variables with zero mean and standard devi-
ation e'. Before we can proceed much further, 
we have to discuss 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-con-
strained formulation conies to hand inunedi-
ately; the uncertainty in the model being 
catered for by !'r{f(x) < D} > c.. This model 
restricts the violation Of the demand constraint 
to, at the most, (1 -- (2) proportion of the time, 
for each item. The certainty equivalence of 
these constraints is simply 

.I(:.)<=1•'r'(1— x;) 

where F 1(.) is the inverse cumulative density 
function of ?Ji. The t:ncertaiilty here is 
measured by a and it is quite feasible to goner- 
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ate a surface lI' (~;), 	as naturally a and 1)1' 
arc inversel•, related. 

l-lbwever, such a model does not really fact 
to the heart of the manager's problem. His 
objcc:ive is profit and. at the end of the day, 
tradir,, risl: must be measured in terms of lost 
profits. \Vri,ing the model as 

:max.r(xi - yty 1 — k(y ) t.f(x) 
r' - y - 	ll: r', t• > O: x ckl' 	(7) 

where g(y 4 ) is a measure of the profits fore-
gone as demand was greater than allowed for, 
and !:fy -1 a measure of profits lost due to the 
over1lo: ation of resources. Such a model can 
be simplified by assuming a priori, that the 
manager would find acceptable a certain mini-
mum profit le\ el (p*) or a range of market 
shares. say [~.L ' i.~.~. This would remove the 
profit function from the objective, which now, 
becomes (ruin. g(y ) -t- /i(y );. The model is an 
example of a programme with simple recourse 
and as such has been studied in some 
detail [- l3. 14]. Unfortunately it is not easy to 
solve unless some further simplifying assump-
tions can be made. Appernlix 2 contains the 
details of a simple model and also discusses 
the implications of other assumptions. 

SUMMARY 

It is very common, in the UK at any rate, 
to find that managers of department stores do 
not regard themselves as businessmen at all but 
more as traders. This has obviously got an his-
torical basis. In this paper, we have discussed 
some of the problems of running a store and 
have attempted to display a scientific approach 
to these probierasl. Like any business, at the 
heart of a store is the economic relationship 
between supply and demand. We have con-
structed a demand function for the various 
items in the store and examined how this 
demand will vary as the manager allocates the 
scarce resource_ under his control. We have 
out 	d various models that may be used as 
the basis of any structural planning process 
and suee,estcd algorithms that may be implc-
mentcc:. Uncertainty- plays a large part in the 
its:; rt tie::r's. pieblems and we have proposed 
methods of manipulating it so as to reflect its 
true rdlc. 

.:'c have not attem pted to answer the ftuhda- 
?a.cr~i::i .iu.e'.stion: what Inal:es a department 
store dthe: eat from a collection of individual 

I • , 

shops; We could put forward suggestions 
related to synergy, ambience and so on, but 
ultimately it is a question we are unable to 
answer. There arc other facets that have not 
been discussed. In retailing there is the theory 
of complementarity—namely, 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 layout 
of a store. One .technique we think might be 
applicable here is graph theory, with weights 
on the arcs denoting the degree of complemen-
tarity and trying to identify spanning trees or 
restricted degree. This would certainly be a 
very difficult problem to handle. using pro-
gramming techniques. 

The demand pattern for goods may be 
highly seasonal, e.g. toys, garden tools. and vet • 
all of the models so far presented do not pos-
sess a time dimension. One an.'er nzieiu be 
to produce a multi-period model, but perhaps 
a more realistic one is to run the static model 
at, say, monthly intervals with appropriate 
(and largely subjective) modifications to the 
demand function. Data are just not available 
to build up monthly demand functions in the 
manner suggested in the main text. Finally, to 
reiterate the 'limitations we laid down at the 
beginning of the paper, there is deliberately no 
discussion concerning capital expenditure and 
the more major group task of assessing and 
controlling a large number of stores. These 
topics will be the subject of a future paper. 
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.4pp47:.4x l: .1 de c•r•ministic model 
The aim of :his appendix is to demonstrate how a deter-

minis:he mathematical nrogr ammino model of a store may 
be ce,.:rt:ctcd. to build a simple model and to suggest 
various appropriate solution strategies. 

Comer:rating firstly on an individual item, say the ith 
ore. the supply- and demand constraints must be con-
structed. The sales of this item. S; , are limited by: 

the stock of goods. }l t ; 
the loorspa e allocated. 1l21 
the labour force available, fiat and, of course. the 

demand, D;. 

The precise nature of the limitations depends upon the 
required detail. as discussed in the main text. but the 
simplest assumptions of homogeneous floor space and 
sales staff mie!tt produce constraints of the form 

Si QI( 

J'istr < flu 
S; < 0,R,r 
Si < Di 

where i ; is the floorspace consumed per item and 0; the 
sc!line capacity per member of staff. Fractional staff are 
deliberately implied. equivalent perhaps to staff working 
in more than one section of the store or the employment 
of part-time. staff. 

The demand. being a function of the various f's, could 
be as described either is eq uations (3) and (d) or as in 
(5). i.e. multiplicative or linear. If the multiplicative func-
tion is r:dop.ed, then on obvious strategy is to employ 
geometric progatnming: this in addition would be able 
te. handle easily. coitd;tieaat stemscods he ..sea items. Alter-
n 1ti•.ci'.. ber'•sc 0, is inonu:onie in all the ft's. it is poss-
ible that a simp e application of en iterative linear approxi-
n:aticr. tee' • a (see [7] for further dstaiis) mi it suffice 
[II Finally. if only small variations in the demand around 
the stuit; steed are con lend to be likely or pern:i-cdt lc, 
use of a first order aproximation of a Taylor series. 
together chit the fact that the second differentials are all  

nos-negative would result in 
a' 

const raint of die fortn 

k Iii, 	J 
The profit contribution of this item consists of the gross 

operating profit less various charges for excess stock hold-
ing. labour and, p css bly. the use of ;loor;p,~cc and other 
facilities. In the simple model. this may be written as: 

{n; — c; /Sr — rc,(i;tr ' Si) —  

where p; and c; are the price and cost of the item, r the 
interest charge on stock holding. d the Iabear rate and 
c the charge per unit of tloorsrace. 

Looking at the overall picture. there are restrictions on 
the various decision parameters relating to. for example. 
the physical size of the store, the si;c of the labour force 
and the available v.orking capital. Simple descriptions of 
these constraints would be: 

----current asset cons:taint 

total 

 

floorspace 

--to:al level of staff 

but of course they could be far mere complex. Examin-
ation of the shadow prices attached to these constraints 
would be of considerable interest. both to the menaecr 
and the head office. ss they might form the ta. sis for inter-
store efficiency measures. 

Appendix 2: A stoch istic denaind model 
We demonstrated in the main text that one approach 

to handling a stochastic demand might result i; the follow-
ing model: 

g:?' `) — fity ) s.t. f(xt 	y 	i 	— 8: 
> 0; xE'» :. (7) 

If we make the assumption that the penalty functions are 
both linear, e.g. it(y-) _ 	)t;c, url that wt are concerned 
about the r'.specied violation of the demand constraint, so 
that g(y') = 0, then the objective may be written as: 

max. p(x) — i In J ~f (':1 - b,] d `(DJ 

integrating over the range 

.fils) > Di 

For an appropriate distribution. e.g. uniform, tie objective 
becomes 

i 	/ 11l r 
max, p(x) — a L ~ 	i~r(xi ~- Ūt] 

z 
L

_

:, 
whereD; 	thiscnay' be easily solved using 
either a q uadratic ah:eritht'l di the LP a.r:oxi::union for 
f(x) is suitably valid) or souse non-linear :deori: m. 

approach. pp roach. beret.::e the .acte aI is in the objec-
tive function. and because the into trat is men ota 714c in 1,(`:). 
v.e could use again a version of linear approximation pro-
gramming. 

 
ei1' < 1! L

pp 1; - 
i 

ĪIzI < S' 

S G3: 

:max. p(x) — 
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A NUMERICAL ILLUSTRATION OF CENTRAL INTERVENTION  

..Vie can illustrate the effect of the centre's intervention into the 

store planning with the help of a simple numerical example. Specifically, 

we examine the case of two-level organisation where the centre imposes 

a detriment on the the divisional manager in form of a pre-emption 

of space. 

Let us define the divsional manager's problem for a apartment store 

where two lines (activities) are operated using two resources (inputs). 

The formulation of the primal problem, along the lines discussed in 

where : 

11 
- the amount of resource type 1 allocated to product line 1. 

X21 - the amount of resource type 1 allocated to product line 2. 

12 - the amount of resource type 2 allocated to product line 1.  

22  - the amount of resource type 2 allocated to product line 2.  

c1  - the unit cost of.resource type 1. 

i • 

x 



c1 =3  1"l 1 = 2 RLil  = 20 

c2  = 64 RL., =276 

which- we can insert into the above formulation to produce 

+ 64r< 

*20 

276 

We can rewrite the objective function 

L1  = 6 
rll 

 + 12812  + 24 2 
 + 512 "`22 

c2  — the unit cost of resource type 2. 

RLi1— the constraint on the amount of resource type 1 allocated to 

store i. 

RLi2— the constraint on the amount of resource type 2 allocated to 

store i_ 

Let us now assume the following values : 

and solve the problem, which.  gives us the following values : 

oC 

21 =  20 
	

11 = 0  

22 
= 276 	 -N i2  = 0 

xi 



il 
wl  + 

i2 w2  

y0 

-n 

S.T. 

which, given the values of our numerical example, becomes 

and 

Ll  = 24 • 20 + 512 *276 

= 480  +,141312 

= 141792  

The above problem's dual can be written as fol.'_ows : 

and the optimal solution is : 

w1 = 24 	'and 	w2  = 512 

and the slack variables (s.v.) are : 
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wl  6 

w2  128 

wl  24 

s.v. / 0 

s.v. / 0 

s.v. =0 

-'.22 /0 	w2i512 s.v. =0 

since 

wl  + t1  6 

w2 +t2  = 128 

w1  + t3  = 24 

+ t4  = 512 

Let us now turn t the store manager s problem given that the centre 

instructs the store planners to allocate specific quantities of both 

tyges- of resources to-- product line no. 

Z = 6P'11 + 128''12 + 24 A21 + 512 22 

21 

The new primal is : 

say s 

7. 
22 

< 276 

10 

15 

0 

D`  12 + 

' 11 

12 

' 21, 	22 



wl  = 24 

w2  = 512 w4  = -384 

Min. 20 wl  + 276 w2  + 10 w3  + 15 w4  

128 

24 

512 

and the optimal solution is 

and the optimal solution is : 

a
11 

I- 

21 

= 

= 

10 

10 

-t 12  

2 

- 	15 

= 261 

hence the value of the objective function can be computed to be : 

Z2  = 6.10 + 128.15 + 24.10 + 512.261 

135852  

The new dual is : 

and the objective function of the dual is : 
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20.24 + 276 •512 — 10 .18 — 15 .384 

135852  

hence all the dual slack variables are zero. 

These calculations provide us with the data necessary for measuring 

the cost of the detriment put by the centre on the store manager. 

This is done by calculating the difference in the original store 

manager problem's solution and that derived following the incorporation. 

of the additional, i.e. pre—emption, constraints. The net change is 

expected, the interference of the centre in the store 

managers problem has a cost attached to it since it prevents the 

manager from optimizing his resource allocation in face of.  

purely local indormation flows. The fact that such a potential 

penalty exists means that prior to any interference by the centre. 

a study should be made in order to establish whether the profit to 

the organization as a whole as a result of the imposition of central 

interests outwheighs the local instances of losses (assuming such 

exist). Hence our analysis of the economics of intervention, see 

section 7.3.2. 


