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1.1 Introduction

In this section, following economic usage, the term "biant"'
ﬁill mean distinct:productive facilities and "firm" will mean the
organization which controls these productive activiﬁies. Thé qﬁestiohs
to be addressed are, first, whether it is better, in terms of the firmfs
objective; to concentrate its entire production ip a single plant; or
to spread it over a number of plants at different locations.  This

involves the further question as to whether the dispersal of productive ‘

activities should be complete or partial, and the extent to which

decision-making responsibility should be delégated to the various !

plants. A second set of questions, implicit in the first, concerns
‘how production should be allocated between the various plants if -

multiplant operation is indicated, and how market areas should be

éssigned as betwéen blants. Further, if there are transactioﬁs'
between the plants, how should these be priced?

For each of the above questions fhe economic coﬁditions’té be
met will be'specified, assuming that the firm's objective is profit
maximization. This is the usual assumption made in economics

and in'most 0.R. studies. It would be relatively easy to modify the

analysis for the case of a non-profit organization (an objective of

zero profit, or zero pfofit after making provision for equipment | o
reﬁlacement and interest on debt). Simila:ly, though less Aeas”:l'..ly,~ i
this static analysis could be adapted to the more realistic.dynaﬁic i
objective of maximizing the present value ofifhe firm..;'It éhOuld'be !

emphasized that the analysis seeks to provide optimal solutions to the

. questions addressed when viewed from the point of view of the firm.
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The installation, and particularly the location, of nétional data banks._ 
by the Federal Governmént and its agencies wouid, presumably? befsﬁbjectA
to macro—-economic considerations such as the desire to reduée fegiﬁnal.
disparities in incomes and employment, and possibly to soéial and
political considerations as well. We have assumed.that'none'of thesé
considerations fall witﬁin.the present ambit of our étud&.

At this point it is worth explaining wﬁy we did.not entitle
fhis section "eentralization vs. decentralization", ::The reaéon was
that in the economic and business literature."deéentrélization” means
the delegation'of decision-making responsibility among the segments of-
a single-plant firm, or between the plants of a-multiplant firm. In
both cases it refers to -existing plants. Since this is not the
question we are primarily concerned with in this section (it does
entér into the problem of pricing interplant transactions), it seemed
desirable to avoid using the term. In terms of established economic
categories, what we are concerned with is single~ or multipieQPlant

operation, location and size of plants.

1.2 Complete or partial dispersal of operations

Setting up multiple plants cpuld mean a numﬁér of different
things in the confext of a national data bank'operation.‘ ThuS'tﬂe data
bank itself could be split up into a number of non-overlapping éarts,
or it could be copied, wholly or partly, from one ceﬁtfal planﬁ to.a
number of "branch'" plants. The same might appiy to computing facilities;

if they were owned by the data bank firm. We will assume, however, that '

“computing facilities are rented by all plants on a time-sharing basis.

Conceivably, though improbably, the development of softWare_systems-

could be carried out by a central plant for all.plants.
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There remains the possibility, equally applicable‘to rented as

to owned computing facilities, of providing separate facilities at any .

given plant to service particular classes of users. That is, productive

facilities may be separatedAin an "adjﬁstment space“ (also called
"function spéce" or scope) rather than in geographic spdce [ij. For
example, a central data bank may be.prganized to provide large-~volume,
regularly updated information, with access to léfge—scale.qomputing
facilities, Whilev"Bganch" plants léok éfter one~off retrospééfive
searches. This kind of non-geographic separation of activities has
also been referred to by W.E. Batten, Direétor‘of the U.K; Chemical‘.

Information Service, in [2], p. 284:

".... the so-called information centre (be it "national™
or otherwise) has a further social duty. It is now the
probable custodian of both disciplinary and 'mixed'
data~bases. . It must have organised those bases for
fast and cheap searching at levels which may extend
from the information manager who needs a large
searchable sub-collection regularly updated, down

to the individual who needs a one-off retrospective
search on demand ........ it may be inescapable that
the larger centres will be involved in both 'wholesale'
and 'retail' business for a long time to come——unless
sub-centres emerge, based possibly on research
assoclations or other cooperative bodles.

What should viably subtend from the activities of the
repackaging centres must depend upon a fine interplay
between the forces of classification and the forces of
the market. I have postulated 'large' interdiseciplinary
files, to be tapped by organisations and by individuals.
It will always be for continuous study what degree of
'sub—~packaging is warranted in anticipation of a volume
of smaller and individual enquirers". : .

S

‘The Kochen and Deutséh Study[l], which related to the dispersal
of various kinds of services including libraries and computer systems,
identified four aspects of dispersal: pluralization of facilities

(e.g. service points or channels), dispersal in geographic space,

-
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specialization by function or kind of service, and adaptation to the
. specific requirements of each case through repeated feedback passes or

negotiating queries. In their words:

"Different functions or kinds of service are treated as
being located in a function space; the distances among
them correspond to the number and cost of adjustment
steps which a server or a service facility needs to
shift from one function to another". o

With their dichotomy between geographic and functional dispersal, four

. forms of organization become possible: an organization centralized by

éervice area and scope; éentralized geographically but.spiit-pp ﬁy
-scope; dispersed geographically but centraiized by écope,for eagHA
geographical area, and dispersed both géographically and by séopé.-
Using a mathematical model, they go on to establish the;conditioné
under which division of activities as described.in the last‘threé

possibilities would be justified.®

This is not the place to comment further on the Koéhen‘an&
Deutsch study. As a matter of interest, however, it may be noted
that they identify ten key variables fo% caléulating the é?timai
number of facilities when considefiﬁg specialization in ggbgfapﬂic
épaéé and function space in combinétion. This set‘of variaﬁles,-all‘
expressed as averages, comprise service load; geographic distaﬁce,ltﬁe
. cost of time'spent in transmitting a requestAand the response to it, . : o o

speed of communication; the functional distance or number of functioms,

1 Our decision to avoid use of the word "decentralization" when referring .
to dispersal of activities, whether in geographic of function space, :
receives support from the Kochen and Deutsch study. Though they’

_ clearly distinguish between organizational decentralization
. N (delegation of responsibility) and geographical separation of =~
: activities in the text, their references to the literature are
hopelessly confused as between the two. ' ' '
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the cost of time in adjusting to the. function requested, adjustient speed,
and total fixed cost per facility; number of negotiating queries per
request, and an index of the value of a speedier response. Under
.certain assumptions (notably constant returns to scale in opefations),

. the optimal number of facilities for a single-function system or a
multi~function single-location system is found to vary approximately as
the sQuare root of the service load. For a multi-function, multi-
location system the optimal number of facilities is found to vary din

~ proportion to the two-thirds power of the service load.

Also of passing interest is their general conclusion:

"Long term trends may be toward decentralization when
service loads and the costs of service time grow faster

than capital costs and transport and adjustment speeds,

as seems likely for the next several decades. Where the-
opposite conditions prevail, cost—effectiveness should "

favour centralization, such as perhaps in some earlier
periods, and possibly in the more distant future". [

* A question vwhich immediately comes tb mind concerning the Koéhen'and
Deutséh sﬁudy is whether, and to what extent,.these>conciﬁsions may‘have
been influenced by their assumption of constant returns to scale...Without
further dinvestigation, it is questionable whether this_gssumptioﬁ waé

the most realistic one to make,

1.3 Returns to scale

As Will become apparent later, the’form of anéljsis of tﬁe
problems stated at the beginning of this section hingeé‘critically on
the characterization of returnms to scale, i.e. on what happens tq'ﬁhe
physical qqantity of output when the physical'quaptities of all iﬁputs
are chgnged in the same proportion. In éarticﬁlar,.do.the éosts.of

building and operating data bank facilities increase in strict
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proportion to system size, more than or less than proportiénateiy? And
how do communicationshcésts change with changes in the volume of data
transmitted? If doubling (or halving) all inputs results in éxactly
doubling (or halving) output the production process is said to possess

constant returns to scale; if doubling (or halving) all inputs -more

than doubles (or halves) output, it shows increasing returns to scale;

if it less than doubles (or halves) output it shows decreasing returns

to scale.
If a constant returns to scale technology in the activities

referred to describes, to a reasonable approximation, the_relationéhlp

between changes in cost with changes in output'(all input prices being

assumed constant), modelling of the first set'oﬁ problemé referred to.
earlier takes a relatively simple form: VﬁhatAof a linear'progrémming
problem or a mixed integer programming problem of the transportation
type. In the case of non-constant returns to scale iﬁ respéct to'any

of the systeﬁ costs separately identified, rgsulting in nonlineér terms
inlﬁhe objective function to be minimized, certain difficulpiés‘may arise
inAfalling back: on piecewise linear approximations of the cost functions.
Under certain conditions (viz. tha£ both‘thé objective fuﬁctidn and
constraints are separable nonlinear funqtionsB),the-original ﬁrbblem

can be repléced by‘an approximating problem, aﬁd if further conditions

on the functions are met (viz. that they have the appropriate convexity

2 Hadley refers to this problem brlefly in [4], sectlon 12. 6 et seq.
and in detail in [3], chapter 4. : . .

3 TIf they are not, it is often possible to convert them to this form
‘by transformations of variables. This enlarges the problem, however,

by imposing at least one additional constraint for each new variable.-



. considerable computational difficulty results. Heuristic procedures

or concavity properties) a local minimum can be obtained which will also - -

be a global minimum for the transformed problem, and hence'an.approximaté :
optimal solution to the original problem. Iﬁ the cases iﬁ wﬁich these
conditions are met there is no great difficulty‘in-éxtending the:analyéis.
to deal with the nonlinearities in one of ﬁhe ways o#tlined By Hadley |

in [3]. But in certain classes of Problems encountered in practice

have been developed for dealing with some of these classes oflprpblems.
We take up this question again in sections 1,5.1;«1.5a3;"aﬁd11.5.4,

- At this stage we merely draw attention‘to the question of
returns to scale. Their nature is‘fairly crucial to the.buECome,of
the éet of problems we are addressing, and evidently we should atﬁempt

to investigate their nature as closely as possible. As. far as the

solution method to be employed is concerned, much depends on the .

relative magnitude of cost changes with changes in scale of operation.

If the cost changes were relatively small it would be permissible to use

the device of treating them as fixed start-up costs; thus effectively

" converting the problem into a mixeq'integer programming problém (of the -

fixed—charge discrete transportation type). This device has been followed

in [5], [6] and [7]. - It is, of course, not admissible where_ecbnomies.
of scale are expected to persiét over the entire range of sizes of
facilities considered.

In a recent (1973) study on computing facilities, alluded to
elsewhere in this report, Streeter [8] obéerves that the,ffeqdentlj
acknowledged economies of scale attaching to computing equipment, which
he expresses in the relationship E = KCZ, where‘Evdenotes sjsteﬁ:

effectiveness, C system costs and K is a constant proportibnality=
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factor, are becoming more complex: ﬁthe'opserved effect-of scale may
[nowj be somewhat greater or somewhat less than qoadratio”,. étreeter'
leaves us in no doubt, however, thatnthere are substantial economies
of scale in computing equipment, the principal sources of these now.
being larger and faster storage and.data ohannels rather than the
computer itself, together with iarge economies in personnel,costs
which are also'assuming a growing proportion of operatipg costs. The
subject is also reviewed by Sharpe [9], pp. 314-322, who presents some
evidenoe_in relation to third-generation equipment.

What is true of equipment and labour costs is also, according! N

to Streeter, true of a number of other cost components, such as floor

space and number of software packages to be maintained. Inter-installation

communication charges exhibit diseconomies of scale according to him,
and thus also favour centralized computer operations;

The forces at present favouring geographical dispersion of
oomputing.are, according to Streeter's accoont, less tangibie, the.most
obvious advantage peing in lower .user—computer communication costs.
Streeter' s solutlon to the problem is to propose a strategy for reaplng
the chief advantages of both centralized and dlspersed computlng
services, Essentially, this strategy involves a geographic separatiop
of operatiOns resting upon a partitioning of the function space referredtr

to by Kochen and Deutsch, and Batten: certain standard,ilarge—volume

services are to be provided centrally, while "locally anomalous personalized

or evolving services" may be better provided on site.

1.4 The economics of dispersion

Whether we are concerned with geographical or functional

dispersion of data bank activities or some combination of thé two, we
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can say very broadly that it will pay to partition operations

geographically and/or functionally if (i) this results in lower costs
in the long run than centralized operation, or if (ii) it increases
: f

revenues more than costs (e.g. by expanding the market or by raising

the.quality of service provided), or if (iii) it reduces risks,

ceteris paribus. . This third condition might apply fo certaiﬁ"\
"classified" or sensitive government informatiom, particuléfly'thét" .
relating to defence and internatiomal relafions;

While not losing sight of the last two conditioné, fof most,
practical purposes we may safely concentrate upon the first.

What specific ﬁorm does the centralization vs.-dispgrsiqn .
decision take? From an economié‘point of Viéw it c0nsis£s of a set

of decisions, if we include certain decisions to which-a dispersed

mode of operation (whether geographical or functional) would give rise.-

Lli4i Investment

We first note that any decision to disperse or partition a
data bank, whether already existing or only in contemplation; will
involve some degree of investment. That is, some expenditures will

have to be incurred which will only yield up their benefits over a

" number of years. These capital expenditures (or start-up costs) will,

depending on the form of dispersion and method of operation, include

the costs of removal or duplication of the existing data base (in

whole or in part) or, where the system has yet'to be set up, any costs .

of acquiring the right to reproduce data. With complete.duplication
each facility would have the same capacity to handle the total volume
of service demanded as if there were only one centralized facility.

As Kochen and Deutsch note [1, pp. 841-2], if dispersion to n facilities
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is indicated on cost grounds, it would be even more favoured if a lesser

degree of redundancy were permitted.

Other items of capital expenditure

might include the cost of acquiring a building (or a long-terin lease on

office space), acquiring computing facilities (or long—term 1easing_

of same), and the cost of communication lines if they must be provided

by the facility.

Two conditions must be satisfied for investment to be justified.

In stating these we will assume simply that the firm's objective for -

. e . L b
for production decisions, to maximize profits.

- investment is to maximize the net present value of cash flows and,

4 More consistency between decision rules and objectives would require:

'Corpdrate
objective

Production
objective

decision rule

Investment
objective

decision rule

Static

Profit maxn.

Max. profits s.t.
a single-period
production
function:

MR = MC
TR > TC’

Max. the utility

of the consumption
stream provided by -
future dividends
paid to owners

of firm.

If capital markets
are perfect and
there is no capital
rationing:

Max. the NPV of cash
flows over the set of
independent projects
considered;

NPV > 0 for each
independent project
(no explicit allowance
for uncertainty)

_DXnamic

Max. the preseht
value of the firm

Max. profits period
by period in a way
which is consistent
with maximizing

over the firm's
planning horizon,
s.t. a multiperiod
production function.
For the conditions,
see [13], pp. 263-4 .

The same, but treated
dynamically
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(ii)
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The two conditions are as follows:

(a) If a central .data bank already exists: .

The marginal cost (MC) of centfalized operatiﬁn mﬁst'exceed
the MC of operating central plus brgnch facilities; or the MC-ﬂ_
of a fully dispersed series of branch facilitiés;_

The MC of centralized operation will doﬁsist of ﬁériable.
operafing costsj the MC of branch operationé will.include,
in addition, the discounted and annualized éapitai ébét.of the:.“
branch facilities. |
If Kj is the capital cost asSéciated ﬁith‘estaﬁlisﬁing plant_j,f‘
'n years its estimated economic life and Sj its véiue'at.fhe' |
endiof this period,'the‘annual equivalentvéapitgl cbst.in :

discrete terms is (Kj - Sjvn)a7l1 measured at the cost of
: n| . S :
. 5 , _

capital rate i, where v = (l+i)—l

and a_iT

The corresponding expression with continuous discounting is

= 1/(v + v2 +.v3 N +'vn)- = 11/(1 —'vn).

X, - 5.e 2% s
J 4 - . : -n§

where & = In(l+i) is the continuous rate of interest.

(b) If no data bank yet exists,~the.comparison‘will be.betweeﬁ
variable operating costs and capitalvéosts of béth‘éentralized
operation and dispersed opératioﬁ, meaSured at ﬁhé ﬁargin;

This is the necessary conditibn for investment télbe'justified;’A

The sufficient condition is that the investment,musfﬂjustify itSelf‘

at the firm's cost of capital, the oppcrtuhity éos£ of iﬁvesfing_ 

measured at the margin, and in competition with all other
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ihvestment opportunities under consideration bf the firm

’ . 4 at the time.  With no budget or resom::ce constraints, this
simply means that the invesﬁment must satisfy-the NPV qriterion.
This criterion does not explicitly allow for uncertainty.
This second condition is not mentioned’in any of Ehe

literature we have seen.

1.4.2 Production

If dispersal of data bank facilities is inaicatéd by the above,' 
conditions, a further condition is needed for détermining>hoﬁ to operate . o
them. = The ggggggggzicondition here is that each facility bé operated |
A o ) at that level at which its MC (here no-lonéer including the cost 6f j‘ . ‘ :
| capital iﬂbuts as in the investment decision, but inéteaa economic ' “".Ai

depreciation, representing the fall in value of the facilities due to

use) equals the MR of the firm as a whole. The sufficient condition A o

| would require that MC in each plant should be increasing more rapidly

than MR of the firm as a whole at the optimum point.

|

\

L |

‘ , 1.4,3 Inter-plant transactiong

Dispérsal_of Qperations also raises the possibility that somé~'
transactions may develop between facilities. For examplé, one facility B
may communicate information to one or more other faéilities to update
or modify their data bases, or the development.of a particular kind of
software by‘one facility may be made available to other facilities
within the syétem; In éases such as these we are presented with the
problem of transfer pricing, i.e. of determining the appropriaté brices
to govern these inter-facility transactions.A. Like the sufficienﬁ
. ‘ condition fox ~investment; none of the literature dn plar;t and warehouse

location acknowledges this problem.




In practice a great variety of different ﬁethods is to bé
found among industrial firms.- Transfers are sometimes baséd on-outside -
mafket prices (if an outside market exists), made at standard-cdst, H
actual cost (in each case it may be direct cost or direct cosﬁ plus
some overhead allocation), actual cost plus réturn én inﬁestment; or -
by freé negotiation between the depattments or divisions conée;ned;.
Most of thesé methods are inconsistént with a pfoductibn objeéfive of |
profit maximization, and none of them is economically appropriate in‘
all circumstances. The whole purpose of dispersal of agﬁivitieé is
to increase the efficiency of the firm in terms éf its objéctivel
Besides affecting.the efficiency of intermal resdurcé allécation; the:
pxices which govern these internal transactions Will‘affecﬁlthe'level -:.

of operation of the activities concerned, the performance measure by

which each activity is judged, and the prbfitability’of the firm as»a_Whélgx‘

The "transfer price problem" is a problem in.the adaptation of

price mechanisms to the internal environment of the firm. When

optimally_determined, the transfer price shoqld measure the opqutunity':
cost of the product or service transferred to the firm as a whole, |
measured at the margin. Only then will the transferred good or serviée o
be used at thevoptimal level relative to all alternative uses.and.to‘all

constraints upon optimization of the firm's objective. The neoclassical

~ theory of the firm makes the implicit agsumption that all internal

allocations of resources are made under perfectly competitive conditions.

This ignores a number of external (market) and internal (organizational)

factors, and would not in general lead to an optimal pricing rule.
In the model we shall develop it will be assuméd that prices
are determined optimally for all internal transfers, after.taking into g

accouﬁt all the costs of implementing the system. The thebfy of optimal
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transfer pricing is set out in referemces [10] and [11l] and is summarized

in [12], pp. 132-5 and Appendix V, and in [13], pp. 256-9, 529-530
and 576-7. |

Before leaving this subject it may be observed that operation
of such an internal pricing system runs up against éome suBstantial
pfactical'difficulties. Optimal transfer prices can oﬁly‘be
determined after informatioﬁ relating to the intermediate prodﬁct
market (if one exists) and the final-product-market has been obtained.
Goal congruence between separate activitiés and the firm és.a whole

can be achieved by the prices being determined centrally by central

‘management for all activities (as they are under economic socialism)

or locally, by the activities concerned (as are market prices under a
free enterprise system). The question is whether an optimal pricing -
system to ensure goal congruence is justifieduunder the latter method

if the activities are not separable (in view of the increased transmission

of information which is then required between them), and, mofevimportantly,

consistent (or possible, when there are significant interdependencies
between the activities) with the desired degree of decentralization of -~
authority within the firm, Centralized setting of transfer prices,

by reducing local autonomy, may have serious disincentive effects in

‘the activities, and it may be necessary to introduce incentiﬁes to make

the prices effective. It would also result in an increased transmission
of information within the firm; and any pricing system is worth while |
only if its eétimated benefits through gréater efficiency exceed the
costs of operating it. Moreover, the optimal‘trénsfer’prices cannot -

be estimated with certainty, and hénceifrequent changes may;be necessary-
if resource allocation is not to be.distorted. Finaliy;_the‘prices

so determined are meant to govern marginal adjustments in output.
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Performance measures for the separate facilities struck after pricing
internal transfers optimally are not in gemeral the appropriate_daté
on which a decision to comtinue or abandon the facilities should be

taken, because this involves non-marginal considerations. .

1.5.- The form of the basic model

1.5,1 Maxima and minima of comnvex or concave functions

Before beginﬁing the techni;al discussion conéerning:the férm- :
of the basic models it is necessary to définé,; number of térms,relating:;
to nonlinear functions.

Definitions:
Convex set: A set X is convex if, for any poipts.§1 aﬁd §é‘er;‘

every convex combination of x> §2 is also in the set, i.e. the-

" line segment joining s X is also in the set. A'set.consisting e

of a singie point is convex.,
.Convex combination: The line passing‘through two different points_

=

x, and X, in R” is defined as the set of poiﬁts
X = {xl]x = ax, + Q- x_)zgl,"all A}.  If 0 <A <1, the

2

set represents the line segment joining 31 and §2."_Fof a

specified A in this range, the point §h=-x§2 +'(1 - A)gi is
called the convex combination of.§1_andL§é.
Closed set: dis a set which contains all its boundary‘points.

" A set need not possess boundary points. . It is also pOssibleA'
-for a set to be neither open nor ;losed;
. ‘ . T L N
Convex function: A function f£(x) is convex over the convex set X R

if, for any two points §1 and xz_e X,

EDm, + Q- Nx) S AEG) P QS DG, 0sA<l

This section may be skipped without loss. .
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f(x) is strictly convex if the strict inequality holds for.all A

‘ such that 0 < A <1 and % # —}32'

Concave function: A function £(x) is concave or strictly concave if

[~£(x)] is convex or strictly convex, respectively.

Alternpative definitions: f(x) is convex over the convex set X if and

only if, for all X, x¥ & X

f(x) - £(x*) > - VER(x - x%),

with the inequality reversed for concavity and strict for strict

convexity or concavity.

A functioﬁ is locally convex or concave at x* if the set‘X'is.the
neighbourhood of x*.
(It is essential in the'definition that X be a convex set, since
we require that Ax, + (1 - Mx, be in X if x_, .EQ are. X

'_may be Rp, in which case the function is globally convex or

concave.)

Linear function: A linear function is both convex and concave, but not

strictly convex or concave.

The sum of nonlinear functions: Consider the sum‘fQ§) = Eijg) of
a number of convex functions, defined over the same convex set X.
We have:

f’[@l + (1 - A)_}_{_Q] = zfj[xﬁl + (1 - A)_}EZ]

iA

B Gey) + (L= DE G

Af(gl) + (1 - A)f(gQ).

RN
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Hence the sum of convex functions is convex (and the sum. of

concave functions is concave).

Since cf(x) is obviousiy convex if f(g) is con?ex and ¢ > 0, 

any positive linear combination of convex (concave) functions

.is convex (concave).

Maxima and minima

Consider the problem of determining.the maximum or minimum of:fgg

over the closed convex set XCLRP, subject . to gi(g) = bi . It is

assumed that f and 85 are both separable and are éverywhere E_Cl

(where C” indicates that f and 8y and their first derivatives

. ' ) n
. are continuous over some subset of R7).

(1

(2)

Linear case:
determination
problem:

max

f(x) convex:

max

where f(g} =

fj is convex.

b}

If f(x) = ZXc.x, and .(x) = 1Ia,.,xX,
x) %5 gl(“) 1355

of the optimal‘valués is a linear pfogramming

k|
s.t. Za,, x, = ‘b, , i=1, «v., m
ij 3 i
x, > 0.
:] - .

The problem is now of the form:

or min LE, (%, E
J< J)-
s.t. ‘Zaij (XJ) . {f_’ = Z.} bi
x. > 0
3 z

ij(xj). The objective function is convex if each

If there is a feasible solution to the problem,

the set of feasible solutions will be convex if the aij(xj).are:>
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concave whenever the i'th constraint has a > sign;
convex whenever it has-a  § sign
linear wheneﬁer it has an = sign.
(these are what weré referred to in section 3 as the "appropriate
© convexity or congavity properties.') ' “

. If the set of feasible solutions is convex, and the fj-are all

~

convexr, a local minimum of the objective-functidn,over.the set of
feasible solutions is the global minimum. If the set X is bounded
from below and the global maximum of £(x) is finite, the globél
maximum will occur at one or.more extreme points of X. If thé
fjvare all strictly convex, the global optimuﬁ will be unique,:

but not otherwise.

(3) £(x) concave: The pfoblem has the same form as in (2). If‘thé.
set of feasible solutioﬁs is convex apd the fj are all concave, a
local maximum of £(x) is also a global maximum. If X is Bounded‘_
from below and the global minimum of £(x) finite, it will occur at
one or more extreme points of X. .If all the fj are strictly»i

concave, the global optimum is unique.

Approximating problem

| By making ﬁse.of the>device~of piecéwise linearizations
(polygonal approximations) of the fj and aij'approximating problems
may be formulated and used to solve the above nonlinear_progfamming_probléms.
If theloriginalAprdblem " has a unique optimal solution.and its
objective function is strictly convex or strictly concave, the solution

of the approximating problem will be an approximation to the global

-optimum for the original problem. Néte, however, that it is not

necessarily.true even then that the approximating problem.will have



-
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a unique optimal solution, because its objective function will not be»
. . strictly convex (or strictly concave),

" 1.5.2 The relevant costs

Essentially, we shall be conéerned in ouf médelling 6f.the~
centfalization vs. dispetsal problem with the nécessary conditipns for
setfing,up one or more plants, with the siting and size of ﬁﬂose piants,
and with which market or markets each'plaﬁt shoﬁld servé._' It is |

!

intuitively easier to pose ‘the problem in terms of geographical

dispefsion‘than of funqtional specializétion; though the same brinciplesi_:
apply in both cases. The principal variables with.which.wé.shéll Bel
concerned are variable operating cospsbat~eaéh ﬁlant; the'qbéﬁsAof‘
communication between all.combinations of ?iants\and mérketé,,and tﬁe_
capital costs of establishing each plant,Aexpressed ééié#hqai-equivélents.:

e 2 The cost of inter-plant communications will be assumed to have.beén,dhuzrﬁfg'MQ;“n

included in plant operating costs. Tt is further assumed that dperating
and capital costs for all plants are known, and that prices are the same

(for an equivalent service) in all markets, an assumption never made

to this last point later. Certain other refinements will be held over.

at this stage, e.g. thé importance of speed of response and communication

(a factor included in'the Kochen and Deutsch analysis [l}),or the fact

: -explicit in any of the models we have seen in the literature. We return

that in periods of full employment the siting : of plants may be considerably
influencedfby availability‘of labour of the reqﬁisite‘tyPe,. A finite -

number of facilities is also assumed.

1.5.3 The Basic model

Tt will be assumed for simplicity that there are i = 1, vou, m

. - ’ possible plant locations to serve j=1, ..., n market ‘areas. . Each plant.




|
!
'
|
|

e A" o o

supplies the same single service and holds no'inventories5(so that
output = sales). The basic model is known in the literature as a fixed
charge transportation type model. With slight modification it may

be stated as follows:

min I c,, x,. + ZAS,
., ij Tdij ii
1,7
n
s.t z Xij = a1 ’ a; >0, i=1, ..., nm
J:l .
i xlj = bj s bJ >0 ’ =1, .v.,
xij > 0 , all i, j
where 6, = 0 if ¢ x,. = 0
i R By .

1 otherwise
and the first constraint is a plant capacity constraint. The Ai are

called fixed charges because they are incurred only if Z xij‘> 0 .
‘ ' k|

'The charge is not-a function of the output of plant i ; in terms of -

our problem, the cost of installing and operating a ﬁlant:at lqcation i
is‘trgated as a fixed cost, invariant with the size of plént i.

But for this Ai term, the problem would be a straightfé?ward.
linéar programming pfoblem. (If all the Ai.éﬁe equal and the probiém
is not degenerate, an optimal solution to the -linear programming problem

when the fixed charges are ignored is also an optimal solution to the

fixed charge problem [14].) The fixed charge makes the problem nonlinear;

the objective function becomes concave over the range of values of xij

considered. An optimal solution to this problem occurs at an extreme

point of the convex set of feasible solutions. With a fixed charge -

5 Of course one of the distinguishing.features of a data bank is that
it does hold inventories; in effect it stores the negatives of all
photographic prints it sells over some predetermined pexriod. Our
.present formulation in effect assumes that the variable portion of
this carrying cost is included in variable operating costs. A more
accurate formulation would show it as a separate term. There is
also the prior problem of determining the optimal holding period.
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associated with each ? xij » every extreﬁe point is a local optimum.
J A
Some of these local optima, however, may differ from‘the gibbal_optimum
(may, in fact, be far ffom the global optimum). Appfoximation techniquéé
can be used to establish a local optimum,.ﬁut the procedure is noﬁ
computationally. efficient if the objecti&e function is coﬁgavgt
Finally, if, as is likely, the number of mérkets or demaﬁds (j) is largé
relativé to éhe number of plants (ij, an optimal solﬁtign ﬁill only'
very rarely permit a given demand tolbe supplied by more than one plant:
the amount sold to market j fr§m plant i will usually be
min (b, a;) = mijA, [31, p. 139. |
The-fixéd charge problem can alternatively be fo?mﬁlated és a

mixed integer—continuous variable linear programming problem:

min T c..x.. + ZIA.S,

1,3 ij ij ii e e
s.t. L X,,. = b
i J
rx,,—-d,¢6, < 0 , -8, intéger
i ii — i ,
0 <6, < 1
20 =
Xij > 0, all i, j

where di is the upper bound (assumed to have been determined) on the total -

outputA(sales) of plant i, Z.Xij' This approaéh is still incomplete
k| ' ' ‘

“in that it can'yield only a local optimum. Integer progrémming' '
algorithms exist for this type of problem. They do not;'howeﬁer,'

have a high degree of computational'efficienéy. ”
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1.5.4 Nonconvexities: economies of scale

The above formulation is unlikely to be satisfactory as a

representation of the problem of determining the number, location and

size of data banks for two reasons. First, the first term in the

objective function, I Cij xi. » which in our problem will represent
i,3
communications costs between data bank and user, may be nonlinear - may,

in fact, be a concave function I Cij(xij)' Whether this is so can
i:j ' l

be determined empirically, and we return to this point later. Secondly,

it is most unlikely that the secbnd term can be represented siﬁply as a
fixed cost. This cost comprises the variable operating cbst and the
annual equivalent capital cost of each of thé:planfs:ﬁﬁichfﬁhe model 't’¥Af
éopSidérs for inqlusion-in_the(data-baﬁ?_ﬂgtwak; Feidman et al. tl5j
concluded inltheir study of the warehouse location problem that |
"optimal sizing and locating of facilities are &ery sensitive to the

shapes of the warehousing cost functions" (comprising the cost elements

- just described) .

Their model assumed that the second term in the objective

function was concave (the first linear), due to the existence of

economies of scale ('big warehouses are more 'efficient' than small ones").

Economies of scale in the operation of large plant units is a fairly

‘general phenomenon in many industries (though as the firm grows larger

these operating economies tend to be lost to some extent by a counter-—
tendency for overhead costs to rise more than proportionately: the firm

develops "organizational slack" [16]) In the present problem, however,

we are concerned only with the costs that vary as a result of establishing -

(or dispersing) and operating the data banks.
To be more.precise, a reasonable initial assumption would be

to expect variable operating costs to increase less than proportionally



with changes in scale of output, and the capital cost component to be
’ ) N 6. e .
at worst linear, and probably concave also. - The objective function
would hence be concave in either event. These initial assumptions
are contrasted with those of the fixed charge problem in the diagrams

below for a single plant:

. Costs _'  , C--(Xij) £,

X, .
1]

0 ' S L 0 : %, 0. . : .

. o : _ A ‘ ij o e e
1. Fixed charge problem o 2. Concave cost functions

(i) Communications (ii) Variable plant

costs o .. operating plus

capital costs"™

This would mean that we would have»(in either‘cage) a mixed integer
linear programming problem, after carrying‘out.the‘ﬁecessary_piecewise
linear aﬁpfoximations, leading to multiple optima.

| The form of the model which follows is a modified-version of
the Feldman et al. model [15]. The aséﬁmptién.is continugd 6f a single
service feing supplied by each plant, the same for all planté,'and no

inventory holdings.

6" Even if the‘:capital cost element were a convex function of output, the
© total cost function would still be likely to be concave, as annualized -
capital costs are likely to be small relative to variable operating o
costs. For the present we follow earlier work in not showing capital
costs as functionally related to output, but as a given constant

which may vary between plants.

" The functions fi(Ti)are»defined 6n'the.next page. - R
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in - +
min - X Cij(xij) Zfi(Ti)

1,3
s.t. (1) ? Xij = DJ , j=1, vy 0L
i
2 . >
where: £.(r.) = (‘r,T, +w, if T. # 0
. it i7i i i
2_0 otherwise
Xij = the flow of services from plant i to market j
. = unit communications cost of flow x|,
1ij : . 1]
D, C= demand in market j, expressed in units commensurate -
J with the units of Xij : ' ’ :
‘fi =  cost function for plant i, made up of variable .
operating costs and installation costs
£.(T,) = (T, + w,
1( 1) (riTl Wl)
T,. . = % x., = total sales of plant i
i . 1]
J
r, =' unit variable operating cost of plant i
. § : . , . o
W, = K, = annual equivalent capital
i ~-0L, i
1 ~-e i
cost of establishing plant i
Ki = dinstallation cost of plant 1
J = ' the continuous rate of interest8
Li= = estimated economic life of plant i, here ‘assumed

equal for all plants

The modifications introduced into the Feldman model consist of

(i) making the communications cost function nonlinear and (ii) giving a

8 . : :
-« "Not to be confused with the zero-one variable in earlier models.
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better representation of the capital cost'component, which appears in
the Feldman model‘ without any indication.of‘how its value is'to be
obtained. Feldman et al. developed an heuristic for solving this
problem; it is described in their paper. Tests of the heuristic
against mixed integer analytical solutions are'presented;?

| " As noted by Feldman et al. tlS], given the (assumed) concavity
of the_objective»funetion and the absence of capacity constraints on
plants, in tﬁe optimal solution to this problem no market"will be
supplied from more than one plant.

Essentially, the problem is one of striking the rlght balance

.between communications costs and plant costs (operating plus capital),
thch.is equivalent to minimizing their sum, subject toithe constreint ;

that all demands -are exactly met. The capital costs term would include

the annual equivalent of some or all of the following:

i
ki
!

acquisition cost of office building or of a long lease
acquisition cost or long lease of computing fecilities
cost of acquiring the rights to reproduce data

computing costs of assembling the data at the plant

development costs in establishing initial (minimum)
range of software programs, and :

‘any other costs the benefits of which will be spread
over a number of years.

1.5.5 Pricing of data bank services: a digression '

Once the assumption of common prices in all markets is relaxed
the problem becomes one of maximizing net receipts. There is no_'reeson,.
other than convenience, of course, to suppose that each plent supplies :

the same single service as every other; a number of services may be

An account of an improved heuristic procedure for solving warehouse location
problems with concave costs, seen after this section.was written, is given in
[18] The procedure is shown to converge rapidly to a 'good" solution.

U S
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offered by.eéch plant, their composition differing from plant té plant.
iThiS is easily. dealt with by adding another subscript, k, to the Xij’
It ié qonceivable that different 'ex-works' prices might be set.upon
identical services by different plants, or that services which are
close substitutes (say communication of the same information at

different speeds from different plants) might show price differentialé

after allowance has been made (if it can be made) to bring the services

to‘eqﬁivalence.‘

~Differential pricing as between plants would introducé a bias
into our probiem, influencing in paﬁticular the size df.the mé¥ket
areas to be served by.each plant. It is for this reason conéidered
to be worth investigating.

| Léng‘before the days of IinearAprogramming{ tﬁe German
literature cbntained some notable work on location of produétion'aha_
the delineation of the market areas of-difierent blants.A _It:was
assumed in.this ﬁork that price to the buyer consisted of the ex~works

price plus transport costs; mno attention was paid to speed of delivery.

A simple but useful way of analysing the problem was developed .-

by the German economist Launhardt [17]. If p denotes the ex-works
price and P, the local price to a.buyer at a distance e from‘the works,
and transport costs are proportional to distance,

pe =.p + fe

where f is the freight rate per physical unit per mile. On the assumption

that deliveries go by the shortest geométrical route, all points of sale .

having the same P, will lie on a circle of radius e centred on the
production centre, C. If a perpendicular is erected above every
point of sale, its height represénting the local price, we obtain an

inverted cone (known as Launhardt's funnel) with apex C' at distance p
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vertically above the centre of production. The slant edges of the cone
which ascend in every direction from C' all have a slope of tan o = f.
Consider the section which results when the inverted cone

is cut by a plane thrbugh Ccc':

A

Suppose the maximum price at which all demand ceases is AA'l 1Then the‘;
sales area of plant C is bounded by the .circle with ceﬁtré~C and | T
fadius.CA. |

Consider now two suppliers of goods which are substitd%es :
(e.g. diffefent grades of cre). Reducing them to quantities regardgd-
as equivaleﬁt by buyers means considering different weights, énd ﬁenée

different freight rates. Prices pl and P, will refer to a unit of

gobd No.'l and the éqﬁivalent quantity of good No. 2.
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‘and C.,

It is assumed that C 2

Seller 1 has works at Cl and seller 2 at C2. 1

‘ - are su\fficiently close for the sales areas to overlap; ,Thg yertical
" sections through the t&o inverted cones aré shown above. All points

between Sl and 82 belong té the sales area of C

and to the right of S

,3 those to the left of §

belong to Cl' The frontier of competition (containing

1

2
-all points where the local prices for equivalent quantities from the two
works are the same) between the two works passes through.Sl and SZQ This

frontier will be the projection of the curve formed by the intersection of

the two cones. To determine the entire frontier, draw a family of

" horizontal straight lines 8> g2, e parailel'to C1C2’ cutting the cone

in BY, B! A, A

. T 1 ' .
above Ql in A, A2, eee.s and the cone above C2 1 s sean 1 922

«.... are the projections of A, Aé, ceeens Bi, Bé,

V The circles -around Cl>with radii

- Ceees. and B.s By

ee....5 Tespectively upon ClCZ'
9 5By C2B2,‘.....

of points at which prices of equivalent quantities from the two works are -

C.A , C,A ++... and about C

1592 Yofios are_the loci

with radii C

. s (- 1. v v, . . R e '
equal; i.e. A1A1 BlBl’ A2A2 B2B2? cease The p?lnts of intersection,

T, and T! T, and T), ...... of such pairs of circles are points on the

1 1’

competition frontier. Any point on this frontier satisfies the ‘condition

p1 + flel = p2 + f2e2 .
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We can now list possible cases:
Lf, as in the last diagram, p_ # Py> and flA#.fz, the competition

frontier is a closed cﬁrve (in fact:an ellipse of the fourth Order):
around the plant with the lower ex—works'price. o o

1f p, #p, (and p; > pz)', and £, = £, = £, then e, — e = .

The frontier is that portion of a hyperbola which is concave to

the dearer plant C it is no longer a closed curve:

l;

N, <

: oS . 2
Competirion franvier -




i_

(iid)

(iv)

(V)

- (vi)
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Tf P, =P, =P and fl # fz, e, t e = fl : fz. The frogtler is

f

the circle which divides C;C, in the proportion £, 1 £
(Appolonius' circle)

If pl = p2 = p and fl = f2 = f, we have el =.e2, and the frontier
is the perpendicular bisector of ClCZ

If there are more than two plants, the sales areas of each will
be polygons bounded by curve segments
Any change in relative ex-works prices or freight rates will

cause a shift in the competition frontier.
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A Revie% of'Paét Approaches A

2.1 Sparks et al.: a simulation exercise
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A data-base assignment problem and solution
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3.3 'Results and Limitations
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1

The question.qf cgntralization arises because of the sudden
concern for éonsolidating files which have e?olved autonomously in
many computer ceﬁtresl The question of dispersing arises because a
particulaf‘centre has déveloéed a file which is Becoming of gréater
interest to remote users and computer centres. |

The problem is thus a general policy problem:given a present

situation of redundancy and/or unavailability of files, how to reallocate

- the data-bases in the best cost-effective way, or, if this is not pos-—

sible, how far from the optimum is the present situation.

This chapter addresses to these questions.
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Sparks et al.: A Simulation Exercise

Sparks, ChQdrow and Walsh.(hereafter SCW) have developed

a large scale mathematical model whose purpose is to serve as a

management tool (similar to PERT or CPM) for system designers, to

evaluate design alternatives. The evaluation of the alternatives is

made in terms of their impact on total costs, costs breakdown, and

average user COSt .

(1)
(1)
(11d)

( ivj

~(c) decentralization

The basic concepts developed in SCW's model are;£~.
the disciplines: the informatien is categorized iﬁtoisubject:
diacipliﬁes: mathematics, mechanical engineering,-ete. . .;
the information packages: information is then categofized b&I
its form or mode of.occurrence: serials, monograph,'etc. , .

the users: they belong to users community serviced by a

service centre.

the structure: the network structure is opeiof the key
factors in the model, since this is the controlAvariable.
Three levels of decentralizatiqn typify moet struetﬁres:
(a) eenfralization of acquisifion Egé_inéut .l/} \\;
4 2]

. Processing.

(b) centralization of acquisition processes alone - //?\;"

Ty

e @ D
O —D
SN —Y

! Information Dynamigs Corporation, ' A methodology for the Analysis of
of Information Systems ', Final Report to the National Science
" Foundation, NSF C-370, 1965. »
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(v) the organization: the functional specialization is also

investigated by considering three levels of specialization:

(a) discipline—-oriented service centres

(b) project-oriented service centres.

(e) regional orientation

(vi) the information flows: categorized into discipline areas and

physical forms, the information flow volumes crossing the system

 determine the resource requirements in terms of manpower,

communication links and capital equipment

The methodology is essentially heuristic:

the model

translates the network design alternatives (the structure and the

organization above) into costs in a two-stage simulation:

labor cost

) STRUCTURE )
User data Information
\ | F 1 owSs
e : ' ‘ =\
1425025490 >
~ /
Processes
Resource
requirements
Communication 0 //’: rotal
cost rate /
e

rate

Labor cost
rate

Total communi+.

cation cost
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The user distributions, geographical and by discipline,

' the rates of information flows, by discipline and by form, the

mathematical description of the processes of information transfor-
mation are fed into the descriptive part of the model, which puts
out the network of information flows and the resource requirements )

according to the structure ($ée earlier comment) of the‘system.~ The-

heart of this first part of the model is a function WhicleieldéAthe‘

resoyrce requirements per volume unit of information flow. . The

second part of the model takes up both the information flows and
the 'resource requirements and translates them into communication
and manpower costs through a costing rate multiplication.

This model has been successfully applied to a nationwide.

U.S. scientific information dissemination system with the following

results:

(1) the minimum cost scheme is a reglonally organized (= dnspecialized)

system with centralized acquisition and input processing{
Total costs are distributed 24% labdr, 39% maﬁerial, 32%:
communications and 4% capital equipment costs.
(ii) the maximum cost system is a disciplineforiented system

(= very specialized) with fotal decentralization ofAfunctibné.
Total costs are distributed 57% labor;‘26% ﬁaterial; only
107% communications cost andl4z capitai equipment éost;

(iii) SCW make the general obse%vation that when thé sérvice'centres.
are very specialized, total costs vary little Witﬁ the degree
of decentralization;_centralization of both acéuisition and .

input processes or total decentralization makes only small-

differences in terms of cost.
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(iv) On the éther haﬁd, in a regionally-organized system (= unspeci-

alized), costs are very sensitive to the level of centralization
. and centralization seems a requisite.

" (v) when the service centres are organized along é project—.
orientation (= intermediate specialiZation), the model indicates
it is advantageous to decentralize all functibné (acquisition,
input and service)

(vi) material, communication and capital"equipmént costé are
sensitive to user request volume; labor costs are not. Thus,
the servicing activity accounts for a larger percentage of

.cost than acquisition and input processes.A The implication
is tﬁat.people—oriented functions should be decentralized,
while document-related functiona should be centralized.

Whatever the ambitions of the model, the approach suffers
from a number of shortcomings. Methodologically, the model
regurgitates what was fed in: in other words, it foilows the
principle, 'garbage in, garbage out." ~The validity of ;he model
conclusions rests upon the accuracy of the data. This chalienge is -
perhaps better understood when one is aware that more than 47,000
data items are to be fed into the model!l. A second limitation is
that it performs a comparison between alternative designs: this

. 2 . e
discrete approach™ camnot be subjected to an actual sensitivity

lThis is due to the necessity of filling the coefficient's matrix.

2Although one can multiply the examples of design.to fit a curve.
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analysis of the result to changes in the model coefficients. We

here came back to the previous qriticismf not only the number of
iﬁput data is such that a careful direct check ig élmosﬁ impoésible,
but the nature of the model prevents an indirect check by a study of_
the impact of changes in the coefficients. The implementation

problem is obvious: collécting 47,000 data items is itself as lengthy.
as to perform a combinatorial amalysis of khe possible solutions.

The problem may be slightly relieved by a reduction in tHe nuﬁﬁer:ofy

coefficients for smaller user communities such as the financial com-~

wunity, but is still a considerable task.
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2.2 Kochen and Deutsch: A Generic Model

A series of paéersl was published by Kochen and Deutsch,
(hereafter K & D) in which théy develop matﬁeﬁatical models of
‘"decentralization. Their intent is to expose a formal explication
-of the decentralization concept through an analytical investigétion
:of the parame;ers of minimum cost configuration. In thefopefationé

research terminology, their study focuses - on the warehouse alloca-

tion problem with the main concern directed towards the optimal

number of warehouses.

In order to develop their model, K & D use a certain number

of concepts which we expose here:

(i) distance D:. it represents the east-west distance of an

elongated, one-dimensional region (they assume D to be 3000
miles) _ . .

(ii) load L: the load is the volume of requests per month,
originating from the strip, and uniformlyidistfibuted on the

east-west distance. Each mile of the strip thus emits a request.

l"Toward a rational theory of decenﬂralization@ some inplications
of a mathematical approach," Amerlcan Political Science Review, 63,
(1969) pp. 734-749.

"Decentralization and uneven service loads,".Journal of Regional
Science, Vol., 10, No. 2 (August 1970) pp. 153-173. '

"Decentralization by function and location," Management Sc1ence,
Vol. 19, No. 8 (April 1973) pp. 841-856.
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"(iii) average distance: distance from originating request to nearest -
service station; the n service stations are assumed to be

optimally located, i.e. one at each centre of the D wide

: n
 servicing regions. The average distance a request travels
D D
is thus 5 /2'= 5.
Zn/ 4n

(iv) communication time is the fatio‘of thg average request infor—
mation volume bwin bits to the speed B of the traﬁsmission
medium in bits per second.

(v) the fixed operating cost (including annualized capitél cost)
of each service.station is C.

The tool of analysis immediately follows; the optimum . -~ . °
number of service stations will be reached when the marginél.coét
_ﬂf establishing a service station-is equal td the marginai-saﬁing"-
in communication cost. The total communication cost givén a load L
is: C©x %E-x.g-x L where ¢ is the unit cost of commﬁnicaﬁion_in

dollars per seconds per mile for a capacity B. The total cost of

operating n service stations is nC. The total system cost is then:

cDbL
4nB °

tive equal to zero yields the optimal n:

nC + Differentiatiﬁg with resﬁect to n and setting the deriva- .

1 /cDbL

0= 9V e

lThis formula is valid when the quantity under the square root is
large, in order to reduce the errof made in neglectlng the 1nteger
value of n. The true value is :

- %_( V/l 4 CSDbL cDbL - 1)
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K & D can already make some conclusions:

it is the

relative strengths of the parameters, ¢, b, L, B and C, that determine

the optimal configuration. There will be a higher degree of central- .

ization when the cost of communication c¢ decreasés or when the

technology increases B, the channel speed.

There will he more .

decentralization when the average request information volume b in-

creases, when the fixed cost of a facility decreases, or when the

load L increases, as exemplified in the table below:

small load,
small communication unit cost

high load,
high communication
unit cost

low fixed cost, | high fixed cost,| high fixed very high fixed
small channel medium channel cost, large. | cost, very large
capacity capacity channel - channel capacity
capacity
L 3 x 10° 3 x 10° 3 x 10° 3 x 10°
c 1072 1072
c 10° 10% BET A 10°
5 6 T SR : DU
B 3.6x107 (telex) 3.6x10 3.6x10 3.6x10 (digital)
(telephone) (digital) : '
pLb” 36 x 107 36 x 10° 36 x 10%° 36 x 100
BC 3.6 x 10° 3.6 x 10°° 3.6 x 1011 1 3.6 x 107
order 4, 1 30 3
of n*

1D is taken as Being 3000 miles and b, the average request volume,
is 40,000 bits (10,000 characters) - '
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Further refinements are brought about in the analysis,

notahly concerning:

(1) the response time, which has a negative utility for the user. -

More facilities will be installed, to reduce the degree of
utilization.

(ii) the reliability of the systémf more dependable.service will
result from more facilities.

(iii)'tﬁe number of feedback cycles between the sérvice‘gentfe and
tﬁe request location aggravates the a&erage distance, and-
thus entails more facilities. |

When the.assﬁﬁptions of uniform distribution of:requeéts

in space and time are revised in the second paper, the contlusions

of the first model are qualified. The observatlon is made that the

more uneven the spatial distribution,of requests is, the rélatively
less dispersed the system should he. Two relationships of interest

are derived: if o, is the optimal number of service centres in

the uniform distribution case, n, the optimal nﬁmber in the uneven

distribution case,-is related to n, by the following equations:

0
n g:nd (1-1/8 V), where V is an index of deviation from

the uniform distribution over D.

n = n, YU l, where U is the percentage of the entire

reglon from which requests originate.

\

lThls formula applies given restrlctlve assumptions on the form of
the distribution (spikes of some height and w1dth)
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In contrast, fluctuations over time favor decentralization
in proportion to the square root of the ratio of peak load L to

average load LO:

The relatively simple model of K & D has the merit of

providing rich insights into the'parameters of dispersion. As the
. {

series of papers shows, it easily accommodates more and more complex

situations in a fascinating progression. The domain of applicability

of theif model, however, is 1imited1 by its generality, and'tﬁe in-
tention to derive broad rules. Yet, this impressive work séems.to
have succeéded in exposing the groundrules of decentralization.

Their last paper points to the pfobleﬁ of defiﬁition of
decentralization; according to K & D, theré are four aspecfs in
decentralization: plurality, dispersal; specialization and
adaptation.2

They elaborate on their model by allowing another dimension
than.space: Viz..function, which involves adjustment in the function
space in the same manner as communication is involved by tﬁe geograph-

ical space.

1The authors presumably wanted to limit themselves to concepts and
to simplified cases which they could get their hands on.

2 _ o N
The similarity with Sparks et al.: ‘Structure and Specialization,
should be noted.
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2.3 Streeter: The Optimal Number of Computer Installations,_'

Streeter presents a paperl which comes véry close to the 4:
problem'of optimal allocation of data-banks. Streeter's modél is
directed towards detefmining the optimal degree of dispersion of
computer facilities and providing general ggidelines_for tﬁis deéiéion;'

Some of the basic concepts devéloped in this’paper_have
been outlined in the sectioﬁ‘3-l-3-4,.Part IT, namely the distincéion
betWeen‘the internal system cost (e.g. computing coéts plus computer;'
to—gomputer communicatién cost) and useeré—system cosﬁ_(méinly‘
communication links). Dispersion of facilitieé essentiaily -teﬁdslto:1
increase internal system cost while it lowers user—to—sysﬁem cost}.
The optimum, of course, is to be found through this tréde—offf. Théj_ 
main thrust of Streéter’s énalysis is to propose.particuiar'fdrms of -
cost functions for both the internal system aﬁd the user—to¥syétem_
costs. | |

The interesting feature of his cost functions iies in the
use étreeter makes of the concept of economie_sbof'éca];e.2 ‘Iﬁ ;
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