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ABSIBACT
. An Investibation of the Flexibility Properties
of the Location Set Covering Problenm ) \
s ; .
Michael Kenneth Cooke ' -

4

In recent yearss there has begn a marked rise 1in the

interest of how faciilties which serve the public might be
best arranged 1n & communitye. The Location Set Covering
Problem (LeS«C.Pe} is one meéhod that has been bfouqht torth
to assi§t decision-makers. It seeks to identify the minimum
number and.I;cation of facilities that are required to serve
citizens éithin a specitied distances fhe LeSeCePe uses
linear programming technhiques qnd. therefores offers
seemingly inflexible optimal sclutions. The purpose of this
study was to determine how the Le5.CaPFe. m;qht be used to

provide flexible strateqies to the decision-making process

in public facility planninge.

-

The nature oOf flexibrlity and\ the offerings of <the
LeSaeCeaPe were discussed and- the f;ndinqs suggested that it
"would do\well to look at the approach in a-broader aspecte.

Strategies that deviated from the standarg answers of the



%

LeSeCePe were developed with the hope that flexibility might
be induced. Sample cases for the location of fire stationse
schoolsy ;;;ﬁiance depotss and d;y care centres considered
these strategies and weré found to offer alternatives to
decision—~makerse. In this regarcds this hs:udy has

demonstrated that the Le«S«Ce.P. can assist 1n the planning of

public facilities by providing tlexible alternatives.
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- Chapter I
RODUCTION .
N

1.1 'Background

1.1.1 change_and_Flexibility

éit;gs and the systems that operate within them Qie
frequently subdected tc <change. It 1$- the concern Q< e
\héclsion-mdkers tc identify any influence that change might
bring to the pertcrmance ot.a system and also suqgest how it
might be acccmmoddted.‘ In some .instances change may take
place without torewarning and the _1mmed}dte effect ot 1ts
presencé will be unknowne Ccnsideﬁlnq'?he complexity of
Clty Systemse thedidsk.ot.manaqan them is'npt an edév ONECe

The need for the cision-making prQcess to ‘render 1tsele

. capable of effectively respcnding to instability is

therefore an important  Once

A declsion=making process thdt oversees the siting of
pubilc facilitv.gystems 1s ngt exempt from the.p:esénce of
changee« The desire to examine public facility arrangements
is inspired by the belief that they share a common interest
- to provide ail members of a cemmunity with adequate lévels
of servicee. An alteratioﬁ in demand for a service, in theﬂ

funding available for a services or 1in the caliber of
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setﬁiceo could represent forces acting on a system which
might require modification to méintain its qoals!
Considering the potential influence that change can have
on thé performance of a sys:;m ;ﬁd the satekeeping of the
goals 0of a systems decision—makers might be assisted 5y
flexibiiity. The value of this property ié that i1f flexible
stiateqies can be implementeds then the modification of the

system miqght occur w«with ease and with a greater likelihood

of acceptable cutcome. AS an examples 1f a city's budget

for the operation Of libraries _1s 1ncreased to permit the

construction of a new onee decision-makers would prefer to

.

have more than one site from which to chooses

Jala2 t‘lfaxhea;i:al-ﬂnnmashes

The literature indicates that mathematical methods have
been uldely.applied to obtain sclutions to facility.location
problems kYeates 1953+ Gould 1966+ Holmes 157Zs Dear 1574,
Massam 19615- While many mathem?tical approaches can be of

assistance by providing solutions that select one facility

arrangement from manys they are deterministic and therefore
. . ) - \ ' ) .. ' i

offer seemingly 1nflexible answers. Most of these studies

utilize some form of linear programming to identity facility

patterns. o

) " . - . . L
Using information that describes the locat;on and

magnitude of demand areas and the location of possible
. : T -~ . :
facility sitess _ the decision-maker might want to cons%?er

v

certain constraintse AmOng the constraints most common are:

A
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Fe

the number of facilities to be  provided: a specified
distance or time that no user 1s to be férther from a
facilatys minimizing the average distance between all users
and facilitiess or' servaing the greatest perceﬂtdqe of the
population with the fewest facilitiese.

1in linear programmings the solyticns are optimal in that
ail factors or constraints are efficiently directed towards
the achievement of a désired objective (Lapin 1555).
Focusing Oon a sangle objective is likelys haowevers to posé a
restriction on the alternative choices availlable qiven the
.mathemaLlcal rigidaty of optimal solutionse In some
dpplications the optimal answer may be all that the
‘decision-maker seeké' but the planners cf facility systems
would qenerélly value the flexibility associated with- having
a number Ot choices.

The location set coveriny problem (LeSe<CePe) 15 oOne
approach ﬁhét is frequently used tc solve public facility
location problgms. Since 1§s introductions the LeS.CePs has
ﬁéen applied té determine the locations of 4 broad range of
publiic facilities such as EOSpitals {All 1334)s ambuiance
depots (Toregas ete ale 1571, Eaton et. ale 1383), fire -
stations {ReVelle and Swain 1970i. and day care facilities
(Holmes ets ale 1972). Given the number of applications of
the covering problem it may -be considered to be the

.fundamentel apprcach taken in facility location problems.

G .

+

.5
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- ]
No previous discussions o©Of the L.S.C.P. haves howevery -

examined the types or levels of flexibility offerede The

purpose of this study ﬂé}l‘be to determine how this approach

can provide flexible strategies to the decision—-making

process of public facility plénﬁipq.

. 1a2 Rélexan;-Li:eraxnre

The LeS«CePa is of particular vaiue to the plénninq of
public facilities since it dces not distinquish between
areas that demand servicee. All areas are served by the type
of fac};ity planned+ wWwithin 4 distance specified by the

planner. . This qgoal differs from the interests of facility

planning i1n the private sect#f which generally seeks

-—— -

arrangements that maximize profite

The LeS«CeFe 15 able tc 1dentify the minimum number and

arrangement of facilities in a system whereby all points of

— — —_—

demand are within some specified distance or timee. in the

context of the Le.5.CeFs this specified distance 1s refered

to as the maximal service distances The method identifiess
for each taéility requireds the set of demand points that it
can "cover™ and. in effects the service area of each
facility. . : S
If the number of facilities. is to remain minimized., then
only thoge 1dentified as possible Sites can be chosens.. In
this regard the standard solution might be viewed as

inflexible. Decision—makeis cahgbi depart from the standard

-

answer by substituting/potential sites for those identifiedas

T R
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Toreqgass Swainy ReVelle and Bergman-(1971) applied the
L-E.C-PL to the- State o©f New York ton i1dentify possible
arranqeﬁents of emerqgency medical facilitiese. Given
.distances between thirty possible facility sitess they
applied linear prodrammid& techniques to determine the
location of .facilities based on & range ot . response times
for ambulancese.

The relationship between the number of service facilities
required as a functicn of the service distance was displavyed
in graphical torme The value ¢f 4 maximal service distance

or time was summarlized as being:

»
&

A . _

a prime factor in the locaticn ¢f public sercvice
facilitiess since 1t tends to reflect Wwell the
decision process O0f those who would be using these
facilitieses and offers the decision-maker 4
quantifiable indicatcr on which he may base a
decision (Toregases ReVelle 157Z).

This view SUpPFOIrLts the beliet that the LeS«Cebe appeals to

the planners of facilities tg be used by all members of the

publice.

A model based on .the ~koqic ©f the LeSeCePe Was
constructed by Holmess Wllliams and Hrown (19722Q to locate
day care centres in Columbuss Chice FOCL a range Of service
distcnces their concern was to 1dentity " acrrangements that
considered the construction of new centres-combined with the
keeping of some Oof the existing facilities. The results

provided, decision-makers with <choices in the 1level of

service tnat might be-useful under a constrained budgete.



Chapter II
RESEABCH _DESIGN
The nature oOf the L+5.C.P. makes 1t a useful tool for
public facility planners-. This chapter will outline how the

" approach will be assessed to 'idéntify the measure and types

of flexibility that the LeS.CePs might-offer. The procedure

- . N - . . - —
shown in Fiqure 1 illustrates the steps that will be takene.

(1) Chapter 3 will be a discussion -of types of
flexibility and how they might be induced in decision-
makinge The intent 1is to provide a framework that will be
centfal to an assessment of the manner in which flexible
sclutions might be obtained for proﬁlems normally hand;ed by
the LeSeCePe

(2) The L.S.C.P. 1is characteristically -able to provide

. . ’ L]
certain answers to facility location problems. If a planner

A

is::to consider a set of potential facility sites, the
L.Sif-P. can identify the‘ﬁinimal numbers and also which of
the 'sites are required to. serve a pOpﬁiatlon wulthin a
specified service distancee. The approach utilizes zero-one

~linear praqgramming techniques to solve the probleme.
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Definition of Flexibility as
kecognized in the Literature
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Identify the Types and Measures
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Standard and Alternate Solutions
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Illustrate Parallel and Ser:ial rlelel‘LtY
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» Identify the Value of the
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Figure_1: Research Methodology
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The prcgram is ¢f the fcrm:

Define Xj = 1 if a facility is located at pode i, ¢t O

if no facility is located at node j- Given the distapces

tetween pctential sites, ane pust pinimize
n . .
yA :z . X. ) N
=1 3
as the nunsber of facilities. However, each area must have a

facility withip a maximum distance S, hence, the constraints

=

€N, X.2
- 3€ i ij’ 1

. for all npodes i, +where |y, is equal to the set <¢f nodes’
i .

wvithin the maximcm distance S, of node i. Pormally defined

\
as

- Ny ={j 'djigs}

‘ _

In Chapter 4 the methodolcgy of the L.S.C.P. 1is €xamined
to identify the tyres and measures of flexibility.cifered.
Alterrative strategies with some clkjective in @mipd are
develcped.

[3) Chapter £ ¥ill illustrate cases in which the fplanner

might use the tyres of flexibility discussed in Chapter 4 to

provide decision-sakers with alternative Strategiesz.  The

chapter will seek to determine: how the L.S.C.P. 1ight be

-used to provide some types cf flexibility not offered in the

standard answver.
[4) The final <chkapter will assess the flexikility
properties of tte L.S.C.E. The Tesults will be used to

—

L]
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determine thq\ utility of thé- procedure 1in developing
flexible decision—-making strategies for the location of

public facirlitiese. —



-

-

Chapter III
AN_ARRBOACH I0 FLEXIBILIIX . | :
3 Elexihili:x_aé_a_nesi:ahle_Brone:xx
Flexibility may be seen as the capability of decision-
makers to evaluate a range ot possiﬁle solutions to a
problem and to make qﬂjustments -to the strucgﬁre ot the
system 50 d4s to ensure the attainment of the qoals 'of the

system (MacKinnon 139685, Eilon 1372). Central to thas

defintition of flexibility 1is the opportunity provided for a

decision=-maker to cﬁgose trom more than one option. The
reasons that may guqqeét oﬁe of these options 1s "better”
than another age not of i1ntereste. Insiead the focus 1s to
accept“.flexibility as a desirable property and that a
decision-maker might strive t6 maximize 1t by selecting
methods for- which the typesj and meas;res of flexibility are
KnOwnae

No system with any level of complexity 1s able to oOperate

“without being influenced by the elements of change. Of

particular interest to decision-makers afe changes that
require ‘a respoﬂse to be takene. Seen 1in this 1light.
flexibility might be 1interpreted as a response capabilitys
that is, M"it .occurs in Situ;tions where a criticar‘ghanqe
¢an be perceived and an apprcpriate response can be selected
. ,

and implemented®” (MacKinnon 1968).

- 10 -
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The exlsﬁence and measure of flexibility _offered under
present circumstance is often a function cof decisions made
at an earlier stagees Thereforesy it may not always be
presente TO ensure flexibiliqf' it can be incorporated into
planning strategies as 'an operational <criterion for the
selection of alternatives (Morldk 1963). The intent is to
ready or prepare the svstém-. and to make decisions in the
present SO that pLanﬁers wi1ll not be faced with restricted

choiée in the futuree. ‘Thls suggests that flexibility is a
potential source ot assisgénpe for. decirion—makers that
might be best utilized.in tzmés of critical change.

The question to consider is - 1f flexibility 1is a
desirable ﬁroperty- to «hat lengths should decision-makers

--—

gc to obtain oOrC 1ncrease 1t? Ifs. tor .examplee a greater
range of options can be considered by accepting a .lesser
goals shouid such an acticn be taken? Since no set penalty
may be borne immediately by a strategy that offers little or
no fiexibilitvv a decision-maker may be _uncertain 1if

lowering the goals of a system to provide more alternatives

15 a worthy exercisee. i

322 Degision-Making lndec_Uncertaionty
Decision-makers may seek to identify flexible strategies
when faced with uncertainty. The clear advantage 1s- to avoid

a full concentration of efforts on a plan which might
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eventually prove to be misleading or incorrect. By selecting
strategies with full recognition that situationé’g?EHE&bject
to uncertaintye 4a more neutral and yet assuring commitment
is likelye.

Three types of variables taken together reflect the

presence of uncertainty in decision—-making:
(1) Action or decision variables refer to those
decisions that a planning and control system can
directly determine. .

(2) State—of—-nature variables are *"the set of
exogenous factors over which a- planning. and
control system has littlee if anys controls but
which must be considered 1in order to take
appropriate actions®. e

(3) Outcome variables are the product of decision
and state-of-nature variables. (Magkinnon 1568)

>
—

Flexibility could be interpreted in tegms of the size of the
action vdriable space. If a decision—-maker 1s able to
increase the set of action variabless then the level of

uncertainty ;%qardinq the nature of the system will

’

decrease. This would allcw the decision—-maker to be more

r

informed ands therefores better able to select a flexible
strategye. -

The ability 0f a system to respopd effectively to state-
of-nature variables -is also a measure of 1its flexipility.
These variables ar% not simply those which the decision-
maker is unable to’gbnttoiv but alsc those of which ﬁe/she
may be totally unaware. _. |

Uncertaintys thens may arise in decision—-making out Of:,
s

(1) an inability to predict ¢or even observe which séate—of—

=
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nature will best describe reality at ahv‘qiven time; {(2) a
failure to know the complete set of feasible actions or the
full set of possible states<of-nature at any time: or (3) a
faiiure to knew the functional relationships uhichddescribe
and prgdict' the interacticn~§$f state—-of—-nature and action
variablese.

Contath (1567) adds that-even 1n cases where the state-
of-nature set 1is revealed through perfect forecastings the
decisxoﬁ-maker musE still decide the course of actigon that
ought to be taken. It 1s i1n fh€he situations of critical
changes where future action 1S unknowns that a decision-
maker may be hard:pressed Lo select Q strategy tO'SdtiSfY
predetermined goalse. Whether the strategy sSuggests an
iﬁmedxate or a deferred actions it 1s most desirable to

provide the system with a range of potentiad actionss and

this implies the existence Qf some measure of flexibilitye

3«3 The_Role of Planners_apd_tcoptrollers

The terms planner and controller are generally applied to
those ﬁersons who overséé the decision—-making of changing
sﬁstems. while the terms are not alwWways mutually exclusaive
and may often refer to the same persdnv ;t is important to
differentiate between ;he‘ tw0O when considering decis:ion-
\makinq in relat{pn to different periods of time.

Controlle;s are recognized as being those persons who

-

make decisions that 1i1nfluence the status of a system for a

-

o
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short period of ;ime- Starr (1966) considered the role of
the controller to be closely tied to the repetitive features
of a particular fvstem and the execution of policye . He
defined policies as "pre—piannedv deferred decisions ;aitinq
to be activated by the occurrngﬁibf specific situations for
which they were designed®e. It is " the funéﬁ%oqﬁ of the
controller to operationaizze policy and then moﬁiJLr its
behaviour in a static time frame. .

teng to be concerned with

EEA

Plannerss on the other hande
dynamié strategies and types of deCisiJng That alter ihe
structure of a system in a more permanent mannefs. These
decisions m;y invoive' implementing plans that follow
extensive reseafch and are characterized by hiéh c§5£:al and

infrastructure expenditure. Flexibility ought to be

examined with the giftinction between tfese terms in minde

3«4 Operational_and_Developmepntal Flexibility
MacKinnon (1368) defined operational flexibility as
the capability of controllers to make adjustments
to the status of the system in response to
relatively short—term fluctuatlions in system
and/or environmental variablese.
Cefitral to this definition are the notions of adjustments

and short-term fluctuationse. An adjustment to a system is

the way in which controllers modify the system in the face

of transltofy change. An attractive feature of the

adjustment process 1is that it may be able to provaide

flexibility by yielding decisions that are easily changed in

light -of their short—term commitmente.
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In contrastys deﬁelopmental flexibility is égncerned with
decisions of a planner that imply a2 long—term commitmeénte
The critical nature of the éemporal stream in developmental
planning contrasts with its unimportance in static decision
éituations (Starr T966). Wwhile the distinction between
oherationai and developmental flexibility may be somewhat
arbitrarcye develdgmental decisicns imply a capability of the

., b

.system to adapt 1n a more permaneat fashione

-

-
.

dad _Indncina,Elexihili:x
- Dec#ion-makers may be able- to induce flexibility by’
modifying speciflic components or elements of a systems. This
action can be obtained through either a parallel or a serial
relationshipe.
Parallel flexibility occurs when a decision—-maker 1s able
to directly change the sfatus of component A_in a system
(Figure 2). Change might iﬁcréase' decrease Or terminate
the contribution 0of an active system component OCs éssiqn
responsibility to a previously dormant componentes o ;—
Even though this type ¢f tlexibility appeérs to segment
the function of componentss it does not overlook the value
of . comprehensive system planning. The complex
interrelationships o©f components within a system seldom
ailoa for only a sinqle one tc be modified. Thuse .parallel
flexibility pegmits substitution o reass}qnmént and a
general interchangeability of the roles and activities-of a} ~/
number of elements in the same stage of decision—-makinge. *

>
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The nature of parallel flexibility suggests that it
satisfies the goals of a system over short periods of time."

This 1s because a dJecision-maker implements change by
adjusting the system and anticipates that a@ditional change
may soon be requirede This is the realm of controllers.
““Serial flexibility is encountered when a component Or
subsystem allows a decision=-maker to . change the status of
another componente. Fiqu;e two 1illustrates this in the
situation that a decision-maker 1s assistéd by component A
tc change component B. This type of flexibilaty i1s related
to the long-term planning of & system. Decis;ons are made

in the 1interest ¢f maintaining the goals of the system 1in

the futwre and 1s theretore in the realm of the planners

328 Strategies_in_the Decisiop-Makipg_ _Rrocess

There are strategies planneérs and contgollers of public

facility systems can employ that are directly related to the
+ decision-making process. The crux of thesé strategies "1s the

value of what can be learned cover a period of time about the

behavaiour of a system’underqoznq changee -

Sagquential planning processes aveold full commitment to
one fixed plan by deferring critical decisionse In the

) H . . o
context of uncertianty the longer a decision can- be

deferredes the qreater- the chance that morte c¢an be learned
about the state-of=-nature variables acting on the system.

The sequential . process determines from a set of feasible-
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alternatives those characteristics which are commone The
N N-s :

effect of this is thatthe final decision between the total
range of plans can be postponed until decision=-makers are

more certa:n (MackKinnon 19v3). .
L } -
Research and Development (R+D) strateqies for example,

consider the value of delaying critical decisipns until more

information can be obtainede ., The essence 1s to

operationalize twO OrC mcre desirable plans and to

discontinue those that seem less favourable 2s more

s

information Tbecomes available. The favourability of a
particular plan can bé dezg}mi&gat 5; evaluating new
infqrmation that may be bought or.lekfned by the unfolding
0f a plan. The underlvying principle of k+D is that the value
of learning will ofiset the additional costs of initiating

and developing more than one plan - until a time when a

.

single plan must be chosene.
~
322 Plexibility ip_the LaSaCasPa
The LeSeCePs 1is a deterministic optimi;ation procedures
By identifying facility sites based upon tﬁe single
objective criterion that gheir numbers be minimizeds the

method would _appear to be restricted to providing uniquiy
A . X

— )

inflexible answerss ~ L — -
For the facility planners the Le5.C.P. 1identifies from a
number of- §otential sites those which ought to be chosen

R = . - . . . . R R .
given some limiting cOnstrainte This direct application
i
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always indicates the location-—and number ¢f facilaities for
any specified problem, and such answers are ainflexible in
that the standard arrangement 1s always the sole specified.

_-The notion of flexibilitys howevers eétails a consaderation
of solutions that hold when viewed frcm more than .one
standpointe. Therefores if tthe standard arrangement 1S knOwne
are thg;e any alternative arrangements? And 1f sos how might
they be’Eomﬁéred Wwith the sténddrd? To ask such a question
1S to seek parallel flexibllitQ, under #~hich some degree of
freedom to 1interchange components Between the standard and

any alterr@e arranqemeut\.u;\qranted. Clearly suéa \

feature 1s related only to short—-term sé{&tiOns-

s

s
The complexity of 1nterrelationships between human

beingsy the‘facilltlés-that serve themy and Lhe environments
all act as a precursor tc changee. Since static solutions are
often unable to respond effectivelys 1t may be desirable for
the fécilxty flanner to be aware of dynamic strfategies. The
LeSeCaPe approach will be examinéd to determine :if 1t 1s

able to provide serial flexibility, and through 1t long-tecm

!g strategleses )

rs - -

3.8 Summarcy

. Parallel and serial are two types of flexibility that
haée been discussed from a theoretical standpoint in this
'chaﬁzer- Planners and contrcllers are more likely to
maintain the goals of a system that Has been faced with

change 1if they are able to induce either ¢of these typese.
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Public facility problems can be viewed from the demand
Sides where the distance 6: time between citizens and
facilities 1s stresseds oOC f;om the supply sides where the
number of facilities provided is most impcrtante Combining
%these standpoints and the offe:ihqs of short-term and 1&ng-
term flexibilitys the fc¢llowing figure represents a

fraﬁéuork for facility planning which seeks fle}ible

stEateqies.

-
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Chapter IV

¥ 4

EABALLEL_AND_SERIAL_PLEXIBILITY
This chapter seeks to identify the different types and
méasures of flexibility that can be developed out Of the

LeSeCePe apﬁroach-

4.1 Initial LaSaCaPa Qfferings

The degree of'paralgel flexibility may vary over a range
of service distances. If the servipe _distancg is é%t at
zeros no twe points ¢of demand can share the same sérvice
facility and therefores it would be essential that each
demand site be| designated a facility site. The decisidn-
maker is given no alternative arrangements and in this
regards no flexibility.

Parallel flexibility will continue to remain absent for
all service distances greater than zero until At-least two
demand polnts can be reﬁthed from each othere At this
distance the decision-maker is able to choose one or the
other as a site that can serve bothe

All service distances that follow may nots however.,
provide a chbicé for tbg decision-maker. The number of
combinations of potential servers will tend to be a functicon

of the spatial arrangemenﬁ of the demand pointse« NO general

-
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pattern describing the relationship - between the number of

<3

possible facility arrangements and £he value 0f the service
distance can be identified. |
It 1is pdssibles h0uéver» to note a measure of parallel
flexaibility that i1s clearly -in all applications of the
LeSeC-Pe 1f larger service distances are considered. When
the service distance reaches a value that enables a single
faciléty to provide coverage to all cothers 1t may initially
permit no choicee. Bevyond this critical service distances
more points will Dbecome eligible to provide conmplete
ccverages. When the service distancé equals the diameter of
the .demand "suriace all pcints will Dbhecome eligilble to
provide complete coveraqe and the decisicn-maker has the
flexibility to° choOse any OQOnee This form of parallel
flexibility <c¢an -always be cperationalized at a service
distance whose absclute magnitude will be a function of the

spatial arrangement of the pcintse.

422 Seeking _Alternatives_to_Ipduce Flexibility

Generallys the greater the number of facility patterns

that offef a choice between poéential serverss the greater
the chance new and flexible sttateqieq might be identified.
One way a dacision—maker éan increase the number.-of
arrangements from which to .  choose i1s tC consider answers

-

’ & . N 4
other than the standard soluticne
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The nature Of the Le.35.C.Pe makes it possible to consider

at least two-initial strategies. The first accepts the
service distance as the criterion $or facility s{Einq. This
strateéy may pe best ‘suiteds but'not limited tos those types
of services which operate under cruc1ai time or distance®
restrictionse. Fire stations. ambulance depotse and
hospitals are the most common examples of such servicess.
The decision-makeél” can select a maximal service distance and
the LeS.CeP. will identify the minimum number and ldécation
of potentaal si;es rgﬁuired to provide service to all within
that given distance. This is equivalent to approaching

decisions from the demand side.

A second stratéqy considers the number of facilities £o

" "be a pri0ritys. A dec;sion—;;Lér ééekinq a prescribed number
of facilities might use the LeS.Ce.P. to identify a set of
potential servers. This emphasis on the number of facilities
might be utilized by the decision—-maker who is fin%pCialiv
restricted and can only consider a set.number of facilitiese.
The diffecgnce heré'is that the decision-maker places no
interest o ;he.size of the'service distance directlys bug
rathers an airanqemené for the desired number of facilitiese.
This strategy focuses on the supply side of decision—makinq.
under Mther strategy a decision-maker might want to
identify arrangements that are ppsSible if a constraint is

‘“relaxed. If a service distance or a number of facilities is

specifiedvﬂ,can flexibility be gained or even created by

'
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consideridq an arrangement other than the standard one? .If

flexibility can be induceds decision-makers might want to

examine the merits 0f changes in comparison to the costs

which must -be bornee.

4,3 Seeking_Flexible_Strategies

P;rallel flexibility might be present 1n situaticns where
a run Of the le5.C.P. 1dentifies two ¢r more combinations of
facilitiese. Under suchlcdnditions the decision-maker is‘
given the freedom to select one gf the arrangements. whep

the number of facilities or the maximal distance is at

acceptable measuress and there are at least tw@ possible

facility arrangementsy the planner can benefit from parallel .

flexibillity by emplovying ¢ne of two strateqgiese.

42321 Mipimizipg_Ristance_ip_a_Facility_ Arrangement .
The first strategy would be to seek thg pattefn of
facilities that minimizes the tctal service distance between
all users and their nearest Servers By measuring the
)
distance between each user- and the nearest fdcilitf‘for'each
combination of facilitiess the total service distance for
each Dpattern could be identified. The arrangement that
offers the lowest averaqe distance mi§ht be .coqsidered the
most desirable. This gtrateqy could be considereﬁ an
approach from the demand élde.

The greater the number of facility patterns that offer a

choice between potential serverss the greater the ‘chance the

2

[y
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average service distance for the entire set will be reduced.
One means of increasing the number of arrangements posSiblé
1s to increase the service distance. A decision—maker aﬁo is
\able \ho consider larqer service values might reveal new

a—

combinations with the same number of facilitese. While the
’ -
\number of facilities required’ in the LeSeCePe

characteristically decreases uigh siqn1ficané increases in
tﬁe service distances it miqhtﬁglso‘be possible to decrease
the average service distance withgut changing the number'gz
facilities.

Conszder the set bf ;;des in Fiqure 4. .- The first node
which isa able to singly provide coverage to 'the complete
demand surface i1s & at a service distance of 12 unitse This
arrangement offers an average service distance of 7«4 unitse
Increasing the service distance to 13 units allows the
decision-maker té cﬁoose either nodé A o:‘s as the single
site. If B-1is chosen then the average distance can be’

‘decreased considerably to 5.3 unitse dad the ﬁianner been
itnstructed to seek the location of a srnqie fécility with no
specified service distances he would have the flexibility to
choose any one of the five. Howevers node B offefs coverage

. ~ - .
to all with the smgllesé average distances and “~could be
viewed as the best choice under this criferion.

Ué;nq the same data another si;uation iould be oOpe in
which a service distance had been specifiede. If no demand .

el

was to be farther than 12 units from a facilitys the
< .



27

b

Figure 4: Minimizing Distance.
. X .
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standard solution would igentify node R as the onlys and
therefores essential choice. ‘In .an effort to gain
flexibil}ty the planner might advise deciglon-makers on the
alternatives available. For ex;mpleo inqreasinq the service
distance to 13 units would allow node B 'to‘-become ;
candidate sitee. Deczsion-makérs may want to determine if the
penalty i1ncurred by increasing the service dist;nce by one
uqit would be outweighed by" the lower averaqge secvice
distance that a facility at B would petmit-

The examples above all’ seek a single facility under
different service distances. An ﬂalternatlﬂe Approach would
be to .lncrease or deécrease the numbeg of ;acilities
required. Here too the possibility may exist for new
arrangements to be created and examined. .

If two facilities could be cgonsidereds one located at B8
and another at either 2 or C would be possible at a service
Aistance ot 3 units. The - average distance to a facility
would be‘v1.5 units which 1s the lowest pcssible with only
two féé%?;ties. The‘questions to be answered would include -
Are two 'fécilities necessary? Is a maximal distance of 3
unitse Or an average distance of 1.4 units more desirable?

The fldeal“ of most flexible situation might be
considerea to occur when each demand point is a potential
server teqardless of the number of facilities required or

the service distance specifiede. The decision—maker might

then select any combination of facilitiese
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423.2 Popularity.of Roteptial Servers
A second strategy cente}s on the fregquency particularc
nodes are identified as potential servers. It may be
assumed the more frequently a node appea;; in a sglution as
a candidate facilzity siiev the more likely 1t will
contribdte a vital rcle in any arrangemente By the Same

tokens a node which seldom emerges as a candidate site could

be considered uwgopular ands therefores 1less significant to

the system as a server. ’ ' y

T

The popularity of a node as a possible site cap be
measured and compared with other nodes by the use oOf ratiocs.

The Tatio of the number of times a node 1s selected - to the

.

total number of runs conducted (for the full range of.

service distances possible) could in turn be expressed as a

percentage. This value would indicaete the potential ability

of a node to act as a server among the full range of service

distancese. The decision—-maker may be interested in G?he

popularity of.a node in planning from the supply side.

A decision-maker searching fcr an arrangement containing
a precise number ©of facilities or speC1fied service distance
may decide 1nstead to accept an arrangement oOther thip the
standard which cffers _a ﬁode(s) ident;fied as being a
popular servers. The trade-off hefe. 1s to accept an
alternate arrangement to gain fiéxibilitv,in the lonq-rune.

The advantage of 1including or substituting any one or mote

- servers within a standarcd rrangement 1is that the system can

-
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be assured of coveraqe among a greater range of service
distances should change occure
4.4 Ibe Distributiop_gf Demand

Identifying standard arrangements over a range of service
distances can describe for the decision-maker  the
relationship between the spatial arrangement of potential
facilicty sxzes and the LeS<CePe const;aints? A Jranqe ot
distances from zero up to the diameter of the set could be

- considered. A decislion—maker might then use this infdtmation
ﬁo seieot serially flexible sttateﬁies for the siting of

facilities.

,r

N r
Galte] Maximizing_ the Number of Remands_ _Covered
- }
The premise 0f this strateqy 1s the potential overlapping

¢’

of covering sets that might occur if certaih SerCvers are
gel cteds ‘when more Ehan One arrangement of facilities 1is
_POssible the decision-maker might wish to choose the one
uhicﬁ covers the greatest number of demand pornts. Making
P such a cho&ce. would enable ’some demdndmfpoints to be
serviceablé by more than one facility in a demand side
- approach- By’ providing scome demand points with at least
double coverage then those demand points would remain
serviced if conditions should céanqe' or if facilities are
out of opqratiou temporarilye.

There, may be circumstances, however, wherein the

arrangement that.:serves the qreatest number of demands is
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not the desite& choice. Insteads a decision-maker miqht want
to select the combination of servers that provides the
greatest number of diffefent demaﬁd pbints with coverage by
more than one server.

To identify the arrangement providang the most points oOrC
the greatest number cf differént polnts w€ith double coverage
_would require that all combinatigns ©Of servers and the
points they cover be noted. Under eithef.dbiectlve .the
collection of servers that résulted in the greatest deqreé
of double coverage might then be chosens. '
Under the goal of double coverage the most desirable
arrangements might be found 1in sélut;ons other than the
sfandard Onece Figures 5 and © show the covering sets ot
three tacilities at service distances of 4«7 units dand 5.3
units respectz;ely-rhe standard solution tor three
facilaties 1s coftered when the service distance equals ba7
unitse If u.? was thQJSpecifzcd service dirstance then b
demands uould have at least double coverage (1-2'u.7-9.125.
By consideriny an alternate sclution at 5.3 Lnits' .- tour
additronal nodes (5+10s10+10) could bentit trom double
coverage. It 1s 1mpo£tant to note that all demapds would
sti1ll be within &e7 units ot a tacility 1t the Qetyxcu-
distance was 1ncreased to S.2 unitse The decision-maker must
evaluate the willingness toc have some or all of these doubly

covered points farther $han 4.7 units trom a facility should

change occure If change did occur i1n the fautures namely a

-
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reduction in facilitiess 1t might be possible that some

demands would remain serviced by serial flexibilitye.

4822 Ranqe_of_CQ!e:ane_for_a_ﬂnmhe:;bf_Eacili:ies
Applying the L«.S.C.P. for-a spectrum of service distances
can provide zinsight into the set of potential servers and
offer a supply side strateqgy. ‘Of particuylar interest 1is the
proportion of the entire range of distances over which a'
given number of facilities 1s able to provide c¢overage to
all demand points. If 1ncreasing or decreasing the service
distance by & small quantity results in 4 need to change the
number of facilities for coveragqes then that number of
facilities could be considered to be serfallv inflexible. By
comparaisony 1f a specific number of facilftieg is able to
maintain covérdqe for a greater measure ot service
distancess then serial flexibility might De deemed to existe
The ability of a particular minimal number of facilities
to prgvide demand coverage can be expréSSéd as the portion
of the tétal :anqe>of service distances that 1t occupies.
This portion might be identified by measuring the difference
between the highest and the.lowest limits 0f the service
distance that each number of facilities is able to ensure
coverage. The Qifference could.then be compared to the total
range of service distances considered fﬁr the entire set of
runs. . The resuft would reveal the percentage of the total
éanqe of .service distances that could be satisfied by any

-
given number of facilitiese. The decision—-maker could then

rank "the number of facilities based upoh these percentages.
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In this contexts serial flexibility c¢an be 1induced by
chcosing the number of facilities that ensures coverage for
1he greatest range of service distances. The result would be

an arrangement that could accommodate variations with time

1n the specified service distance. . .

4,2 Combining_Strategies

A final perspective on the flexibility otffered 1n  the
LeSeCePe stresses the value of ‘collectively con51der1nq at
least two of the‘sﬁrdteqies cutlined in this chaptere While
each one suggests different types and measures of flexable
decision-making possibilitiess the combining Of two Or more

“ .

of these stratégies maey often prove even mcre usefiul.

Comparrng the optigons that result from dittferent
strategles that are app}ied t0 the éame. Froblem may roveal
trade-otts thdt would have otherwise qong_unnotlced. These
trade—-ofts can i1ntroduce tc the decision-maker new guestions
_req&rdinq tﬁe pertormance of the system eeif sStrategy X
s;qqegts nodes A+8+C eee how might this compare with the
selection of nodes DeE+FeG 10 strategy X and % combined? by
merging different strategies and thear soiutzons 1t may be
pbsszble to Create entirely new and more dppedlxnﬁ

alternativess.



4a6 Sumparxy ' 4
This chapter explored some of the practical options open
to the planner who looks beyond the standard solutions

provided by the LeS«C.P. and instead considers alternative

aANSWErSe

The theoretical discussions on ‘parallel and serial

4

flexibilxiy cffered in <Chapter 3 might now be viewed 1n
light 0f these alt?rnatives. The following fiqure sets the
strategies according to ..the standpoint of the decision-

makers and the type Oof flexibility that might be offered.

LY
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Chapter V /

ILLUSTRATING FLEXIBILIIX IN THE LeS5eCsPs

Sal Demapd_Side_and Rarallel_ flexibility

If the pudq;t of a city was reducede forcing
administrators to close Ero of the existing fire stationss
;1anners might use the L.5.C.P. 'to assist them. In this
examples 1f the number of Stations was to be reduced from
six to four the method would identify a standard
arrangement o0of four facilities which would be able to

provide coverage at the “smallest sService distance. The

request of administrators to identity a pattern of four fire

statiogs would be satisfiede. Howevery 1f the twO stations

that did not appear in the standard arcangement identified

el

by the LeSeCePe weere newly built  tacilitiess then

.

administrators and politicians might be interested in other -

L

options that would include these stations (Appendix A).

-

In.an effort to offer vparallel flexibility the plannér
might seek all the LeS.CePe. arraﬁqements for four facilities

that included the two new ones. To dc so+ the planner would
. 1

need to consider larger service distancese The planper might

then choose from those combinptions- the one which offered

the smallest averaqge service distance. Decision-makers would

then need to decide if the benefits gained by keeping the

o
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new stations outweighed the increase in the service distance
over that found 1i1n the standard soluticn tor tour

facilities.

222 Supply. Side_and_Parallel Flexibility
The administrators of a loca)l school bodrd are seekinyg an

arrangement of three new schoclse. since only the supply ot

facilities 1s specifieds the planner might induce Ddfdllwlﬁ\\\

tlexibility by considering all possible arrtanguments ot

threce.
~

In this situation the planner mignt 1nittally consider
- the standard solutione UHowevere 1t the minimization at the
service distance 1S unimpCrtant to administratorss o the

planner could use solutigons ftrom a  ftull range o%:uuLche

distances to 1i1dentify alterndtives.

‘If a potential school site was  i1dentitied in many ¢t the

. I

.
soluti10ns but not 1in the standard one tor thive tacilitione

flexibility might be galned Dby interchanging  an unpopllar

site 1identifired 1 the standard solution tor thioe
ﬂ ' '

facilities with one adentiiied in’ many "ol the other

solutions (Appendix B)e ' bi including 1n the  met Ot thieg

one or more ©f those Sites that ate popular 1n many ot the

»

other solutignse the system maght. be hetter able to bandle

changes i1n the schocl populgtﬂgn wlthout having to open or
Y

-

close g schoole . - ' .
P )

-
/
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Alternati change in this case")miiﬁt be if " the
studgnt populgticn in the southern section of the city
increased to the poiht that an additional school ' was
requiréde Under such circumstances the standard solution for
four schools Eould ea%xly be useqv since three of the four
are already-in operation.

S5a3 ’Demand_Side)gpd_Sexial_Elexihilitx

In the planning oOf e@efqency' medical services it 1is
important_tq lécate facilities so that the population can be
served 1n the shortest distance or time. There may also be
siguations in -uhich tpe numbér of demand areas that a
facility can cover 1is of intérest-

A sample case wWould be 1f the Ministry oOf Health wanted
to .improve the level of ambulance care by buiidinq two
ambulance depots 1n a city that previously had none. The

LeS«C.P« would provide two sites from a set of potential

.ones in a standard solution. The population could be

serviced by the depots and no area of demand would be
farther than a specified service distance from a statione.

. The standard solution may provide some areas with a

choice 0of beinq served by more than cne depote This would

-

only occur by chance since dcuble coverage is not an

oObjective of the Ll.S5.C.P. To satisfy the request of

Ministry officials for double coverage the planner . might

examine arrangements of .two that are possible .when the
hY .

-



™~

service distance 1is increased beyond that of the stanhdrd
ansuef. Increasing the service distance might reveal
combinations of stations that prcvide many of the demands
with a choice of being served by more- ihan~one tacility

(Appemﬁlx Cle

Emergency medical services may be required to  provide

service to ditfferdnt areas 4t the same times Double coverage

would allow for improved service by sharing the demand arcas
of facilities and providing back-up SeILViCe tO ©dCh Otheres
flexlbility might b¢  gained by providing Jdouble

-

“COvVeradgee It the Ministry decided i1nm the tuture to reduce

& number - of depots lrem two te . a single ones adeguate
levels of service might be maintainede The planner could

determine which depot should bBe closed and which rcomain
. . -
operatang by i1dentitying the arrangement that served  the

most demands. It 1s likelys hcwevers that scme demands would
-~
not be served within the specrficed service  distance
. . .

fcllowing the reduction to 4 single dehote, This 15 because \

. a ' . R :
the LeSeCaP. minimizes th® number o Idczlxtxggquxan thae

>~ N - x/‘\__/ :
double <overage ot some demand goints not possible.’
L LY .

Decision-makers would need 1o decide 1t 1ACCedLlng Service -

A

distance beyond that Ot the standard dartangement {or  teo
& .

facilities would be beneticiale.

."“""‘-N-c,- A
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Sa8  Supply Side_and_Serial _Plexihility

In the situation that administrators are not set onh a

particular number of facilitiess the planner has the freedom

to select different alternatives. For examples 1f city

administrators wanted a number of municipally operated day

care centres to be located throughout the citye the planner

could first cons;de; all staﬁdard soiutiOns. The natuce of
the  LeS«(ePa generally reveals _that “as the number of
facilities decr?ases the range of maximal distamce that can
provide coverage increasess 1t mayy theréfo:e, interest the
planner to know that 1néreasinq the number of day care
centres from three to four might only reduce the service
distanée marginally (Appendix D)e/ Rt the other extremes 1t
may not be until the service stance is siqnificantly large
that two tacfzigles are able to provide 'cofemaqe to  the
éity. in thig e;amp;é the planner might recomgnd that two
centres be built. These faciliéies would be able to ensure

- ’

coverage over the greatest range of service distance and

o

demand that may occur in the futuree. \\§\~
saa " Cthininn_Barallel_and-Serial_sxnazeaies | .

It may be possible for the planner to induce parallel and
serial flexibility.by mérqing two of the étrat@qies aiready
discussed. i co