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' " Table 1.1t Hy‘poth%‘tiqal Cost Data for Various Numbers and '_Sizes of Facilities - : e
- . Pacility Cost Transport Cost Total Cost’ Total B *
Facilities . Size ~ Per Capita " -Per Capita . Per Capita Served _ - 3
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FIGURE 1 FACILITY. COST-SIZE RELATIONSHIP
;'When'the syetem iefeerqu-bj.i;igef.facilitiee,
the fagility enet per capita eeelieae! ‘At the Bame
. time, t;anepertation oont peé capiia inereneee; Faoility
" :coets are minimized when there are eix facilitiee;at a
'_‘eize of 166 eerving the. eyetem. However; between facili-
- ty eize B (125) and C (166) the’ marginel decrease- in | ' _
eoets due=to ecale economies is exoeeded by the . marginal B - ’

inerease in ooete ca.ue.ed by. further travel. Thue. total. :
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costs are minimiaed whan the Bystem has eight facilitiee”

c;:)

" at @ size of. 125 each‘
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T
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A Becond diagram, (Fig. 2) depicte the rela.tionehip -
" g between coa‘te and Bocial distence. Given the total’ eoet_
Lcurve from Figure 1, the impact of the different ;eyateme.'
‘.‘on consumer partioipation 1s demonetratbd
H . : .w +
¥ s
Ly, Mg —_— .

B, Aty - B L Latorie






B,

L]

(4) Principle of Change._;ahanges in the. spatial

' structure of the basic elementqﬂof supply (Iacilitieé :

and transportation modes) and demand (participants)

must be taken into account when. locating fixed facili— )

uties with long life spans or- investment horizons.

Minimizing transportation costs, for example,-may

produce ‘a least coat, system in. the short run

- However, further economies. may be. achieved in the long.

run by creating new facilities and/or altering the |

‘scale.of existing faoilities (Parr and Denike, 1970,

5@5)._ A change ‘in the distribution or density of

:'the individuals being served or a non-uniform ohange

in transport conts - as B result of new or improved

_ transportation links’will generally obviate an optimum
"configuration of” facilitiggiwhioh was previously de-‘ ‘

rived on static assumptions (Kadas, -1963," p. 199)

. Temporal instability in facility systems can also

be caused by progressive obsclescence and depreciation‘ |

in existing facilities, from the redundant looation

i of guccessive generations of these faciiities or

Irom an’ admixture of these possibilities (Scott, JQTO,

Pe 101) In practioe ‘when the principle of- change is
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B oaoh daﬁnod over a ahort run period”,

R

or 1f only ono of thoae principloa is considored

e e e e agens e e e S A PR P
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.
oonsidered, "the best thet can -be obtained is a . C . B

-sorios of aoquontial loecal optimization -problems

(Scott, 1970
p. 104)_. Indeed ons of tho most difﬁ.cult pro‘blomo
in public facility planning ie to achieve an opt:lmu:p |

trado-off‘among scale ocon‘omios,' tranoportation‘ coats }

.and aooial distanoo over timo._."- '

Fu::thornono, 1f one prino:lple :I.a allowod to -
dominate the othoro in tho dooision making procoaa, -

different locational aolutions will rooult. Conaidoz_' ,'

the problem of. looating B.ohools on. a network of. aix -

¢

oommunit:l.oa of varying a:lzon oonnootod by trann- -

‘,po:-tat:lon 11nkn of varying distancao.
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It transportation ooato ars m:ln:lmined the’ oolntion ,

1o 8 oohool In every oonmnnity' _
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Hypothetical costa Ior the praoeding aystema are . :V~,¥
: wl . . ,j

: aummarized below. _
bolution ' Tranuport Cost School Uost Total Coat .

: o 51 S, .0 - 8105/Paraon " $34,12% . - L

. ' Dpansport Cost - (834, 125) L T
N 3 . 82/Peraon/ﬂiia - STS/Paraon-' $34,125 . -

4 ‘.- " School vost . ($9,75%0) - - ' ($24,375) . - SRR

F . #3 . - 32/Peraon/Mile : 235/Parson $32,125 L

' : Jeast Coat ($4,500) 7.,625)| , . .- = .

5 _SQ/Person/Hila $9%/Paxson ° $32,875 - Lo

.Socio-Eecon ~ ($2,000) (830 875) : '

- Solution #4 maximizau the affeotivunaas of the

rachool systam 1n relation to the principlaa conuidered.‘
“Thia, or oourao, only holédns true in tho ahort ™n..

beoauao .of the: torcas of dhange uhioh are oonatantly
- influenoing the population ot nonmunitiau; tha etractivo S

diatance between then and tha oparating aoonomiaa of

f aohoola. It one of. these Ioroos oauue a faoility to _
"? S 'bacome obuolete or.a. looation to becomo ;pdundant, :’_ : -
fnrther analyuis uoulu have to axanine tha oosta of .
e .‘rolocatiun or replaoemant‘betore rooommending an
.

:_”altarnativa aolution to maximiaa the ertbotivensss or

the aystam.

-‘"I-B. Looation-&llooation.Hodela ; o ,:'“I _h’; - ;.1 A
| In thn aixtiea rapia advancaa unra mado 1n ‘the '

- -tapplication or oomputerizud nathematical teohniquen ' . ,
**K”__‘jfo cantral Inoility 1ocatidn. Location—alloeation o T | .

R 2 SRR

-modela minimise sone runotion or diatanoe 1n order to_

"’iauhievo a oost or quality or aervice objeotive ‘snd o
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;t'thelminimum point of ite-eet of‘demand point; The thlrd 13 a
bound tests each eolution against the preV1oue‘heet.ﬁ -::.' r.
.ie .' y\eolution whioh doeen't minimize diatance '
better than the previoue beat ie ruled out ) ;
. Since tree eeerohing methode heve only emall B
: date handling capabilities. the’ heuristic methode are
still widely acknowledged in eolvipg the multiple '

- R P-

1ocation Weberien'problem. ‘
_The ba¥ic 1ooation{ellooation problem can bei |
greatly simplified by defining it in - dieorete epeoe.l

“ The modified problem is. to. minimize the Bum of the weighted

dietenoes given that the 1ooetione of aupply end demand o

'23;..<&5 points are reetrioted to network nodes and trensportetion. .
B ' ;to network links.. ek r" :"f, o Z_
) \: C s Hekimi (1964 1965) prov;ded the two underlying ml
| L theoreme iof; what is known as the P-Medien problemy
(1) there is' a point on the graph whioh minimizee .
,H? A\:yl'” _-the’aum of the weighted ehorteet distances frof ell
ié_f'.;;nodee to that point ﬁhioh is iteelf e'node of the
‘ f'igreph. end (2) there ie e eet of p pointe. ooneieting
entirely of nodes of the grepH whioh minimizee. the
j3 .'eum of the ueighted dietanoee to the oloeeet of, any
“-:p pointe 6n the graph, L ' _
Maranzana Gl?éu) developed 8. heurietietprooeee ;g
“to solye the multiple location problem on a network

f.".Muoh 1ike Gooper 8 elgorithm ror oontinuoue epeoe,_
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. of. fe.oilitiee requlred to bring ell demend pointe

“of the solution deeign in Chapter II. . _

L

1 eee.rching methoc],e (Efroymson and -Ray, i966 end Spielburg. ,
'1969) he.ve been developed to solve ‘this problem. -

An exact solution to the fixed ohargee problem

for publie faoilitiee hee ‘bean provided by Rojeeki and

. RéVelle (l970) in their entention of the linear .:

programming e.pproe.ch to the multiple location pro-

lblem. Their obdective function to ninimize the sum of
the weighted distances is oonstrained by & budget which " "o

ultimately det’e/ mlnes the number of feoilitiee to be

L} L]

lp _,

, lodeted

The mini-mex problem Qefinee a completely different

- _ approach to location analysis for public facilitiee.

| 'I‘he mini-max problem is based on the premise. that: the

' quelity‘of eervice diminishee ‘with diete.noe from the

. I'_eour.ce. _ ']fhis ie particula.rly apparent in the location -
-of fi’reetatione. ~ The problem is to minimize the number

o by

~ within a maximm allowablendistance of a faoillty., .

A noteable method for.solving thie problem ueing linear

2

progremming has been developed ‘oy Toregas (1971)
The linear progremming npproech‘ and ita- impli-

oetiqne for the eehool looation-ellocetion problem

will be dieoueeed in gree.ter deto.il in the development

[N

Tho uneolved problem of optim'um feoility locetion
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over time is gi\ren eoent ooverage in the liternture. --“. B
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/"~ Scott (1970) and Teitz (1968) conclude that littls
can be done but obtein-e series of sequential local

. optimizetlon problems cQ;\:ited by & minimum cost
, path, L '

1

I -~ C. Format

. *S'! A fT_, The remeinlng chapters of this theeie develop

and epply-en operet;onal methodology for optimlzing
the eize and location of achools in North-Central
Newfoundland . Chapter II introducee the, optlmization
objectivee and discueees the development and appli-
cation of the 11neer progremmgng methodology Chapter
L ITI describes the etudy area and data gources used ‘. g
in the enelyeie. ‘In Cnepter'IV etnd} area data is '
interfaced wlth the methedoldgical requiremente. h
Finally. in Chapter v several eelutione to the " study

' .; area problem are generated and examined .

.
i
-
1
- - o
' ™ 4
'
q -
. L
.
+ 3 . ]
' .
/4
- . '
L] L
® r
! .
. v
. . .
. - »
L ol , -
: *
o
G
3 :
Fa .o
o Lo
N |- Y R "
] " - ' . -
. ra
hal L '
. A |
’ P
- o “: ~:“.
. e L

AR ke IS

S A T -

3, s



SIS AR g L B SR, ey e SRS st b g AL ge T L T s L R e SRR W AL PEARIETE TIPS
N H - ey Hha Tt d . 3 IR [T S

20
References _ ‘ :
Abler, R., J,'S. Adame and P. Gould (1971), Spatial
' . - Organization: The -Geographer's View
o of %H World,. Fﬁanﬂoo—ﬁagi Ine, S
.« FEaglewood CIiffs, W.J., Chapter 14, .- o :
‘Cooper, L. (1964). "Heuristic Methoda for Loca.tion- '
' Alloca.ti.on Problems" SIAM Review,
{;_' . 6y P 37;\ . . . ) G
- Efroymson, M, and T, Ray (1966), "A Branch and Bound . e

Algorithm for Plant Location®’ Opera-
'tions_Reséearch, VoI. 14, p. 361. :

\Feldman, E.. F. Lehrer and T, Rlal.)r (1966), "h'arehouae
o Loortion Under Continuous Economiea -
" of Scale. : Managemant Science, —y .

Goodchild, M.F, and B, Masaam (19691. mSome Leaste. -
Cost Models of Spatial Admi.niatrative
Systems In Southern Ontario”,

|-, Geogrefiske Anmaler,’Lll, P12, p. 86. S

Gloula,' P., a.nd T. R Lelnbach (1966), *An Approaoh §
' " %o the Geographic Assignment- of Hoapital

Sarvices, "Ti;]dachri.f-'l: Voor Economisohe -
" en Sooiala Geogzr ' P A
: --Hakimi. S. . (1964)," “Opti.mum Loutions of Switohing -
Centers and +the A‘baoluta Centers and "~ .
- Median of a Graph=, erationa Reaearch. _ - S
Vol. 12, p.- 11-50. -‘i _ N Lo Ty

_Hakimi S (1965), 'Op‘tinrum Diatri'but:lon of Swi%hing

_Centers in a Communiocations Network.- . =~ - | =
and Soms Related Graph-Theoretioc Pro. . . ..~ ~
blams". Opernt ons Raaearoh, Yol, 13 ' SR

© pob62 . - S

Isard, W, (1960); Methods of Régiomsl Analyelw, ®,I.T. * - -
o Praas. ambridge,  Mass., Chapt ar oo v T

K&daa. G.,(1963) “The Impaot of the Developmdnt of Trnnaplor- R

. 7 _ tation on the Optimal Size of Plants and on- T T

_ - * Optimal Regidnal Looation”, Pa era XII. S e
w "0 » Regional Soience Aasooiation. ngreas v
’ ’ - . Pa 193| !

K\_iahn'."._A. and N, Hamburger -(1963) , - "A Heuriati.c Approaoh for
oL . Locating Wax housea' ' M&gament Scienae, o
: Yol 1o, p.. 3. S -










T

DR T o ek

Chapter II: A Lineé;'Programming Model 23
for the School Location-Allocation Problem

The methodology developed in this chapter focuses
on four basic objectives:

1) to minimize fixed and variable facility
costs within the school system over a given investment
period.

2) to minimize student transportation costs
throughout the school system over the same investment
period.

3) to locate schools within an acceptable
(the range which may be defined by both student and
educator) maximum travel time of all students.

L) +to ensure that recommended changes in the
size and location of schools within the system do not
compromise the system's potential to maximize the
quality of its educational environment,

Since the most common problem in facility planning
is to make adjustments to existing school facility
systems, the methodology put forward considers the

location, size and value of existing facilities and

‘evaluates them against the four objectives,

In order to account for facility depreciation
and continued locational redundarcy, the methodology
examines the present value for the continuing costs

of school replacement, operation and transportation
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- the initial eolution._“ - e
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e

and part B would egual bj'timee the mmbér of students

‘from all aaeigning communities

By - Bumming the ooats Ior each ﬂchool jr the total

for each potential solution generated during the

optimizing prooedune.

4) The fourth constraint- reatricte communitiea to

asaigning to their oloaeet sohool.

' 'XLE.ZXJ.;I'_'",X{,;‘. f?or'a,&'sace}\'f ?..-7-31 pains |
.;3 “'; RS L ' 21',”:,. ' .
« - Por. example, if x 15 =0 and j ie the closest
aohool to oommunity (ie. x §3°= . 1) and. 1 does not :
aelf-aosign (ie. xiif- 0), the oonetraint ie violated :
&hie conetraint is only employed.ir a community g i

is aeaigned to other than ite oloaeet aohool j in.

5) THe fifth oonstraint reetriote asaignmente to - .

SV Sy

zo '\-l:l’...' " . R ". . -’.“I.-'._ . .-q ‘f'?g
;w.z' J € |J; | L?q. éﬁ
6) An - optional constraint can be. edded to etipulate_ :

whioh oomnnnit looatione muet ha!e‘a feoility and
Zeitabla.f T,

3

»”
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L oon

&Jbthe budgat slightly from” “the . given 1evel, fraotional

b B g R SO S R I = e L Rt
. , :
55 xg4= AF coéqt:lfy 1 is to,héye.é faciliﬁy" ' :é
%{_ ~ %y4=0 1f com ity 'y iq not to be conai@efed.ror a .i
b facility. ' o S o . m
%f As mentioned™in the iﬁtrgguction to thié-qiaptef;ég _ ?%
;} common_planniﬁa ﬁpp'icatioi o:ﬁthe 1opation-allocétion“ ‘ “'_f. é
i _pro'blem appears in _Ha need tp‘{edanti;fy opti’mum :
fﬁ cha.ngea to exiating chool facility aystama. 'Fof ' . y
.i .this reason conqtra nt 3 is modified. to aocount ror . :"::.'- 'ﬁ
; i the value of exiat ng Bchools. ;
i 4
N Z‘. £;~P B Baveee
3 -1 ) e EbEAEe o
“? . where P j is tha value of the axiating ach061 at J" |
»f ' Tha value of an exiating achool P i 15 anly crqdited .
:I.f the Bohool is uaed in the final solution (ie. 35 = 1) ;
1 A dibcusaion ‘of the amount oreditod if only part of L
" the capacity of the sohool 13 uaed will be pravided L .fj
1n the actual applicatioqbr this deaign :l"n Chaptar 'v. L R
Given a apociric hudgat 1ov01 c, oomputer gener-~ i%%
l - ated. solutiona will gane;ally not oontain all - aero-ons °«; :' ' ';
13 asstgnment variablea. Rojaaki and RnVelle : R L
.-(1970, Pa 359) have round, however, that by varying _ Y R

_ asaimanta (x 13 oA 1 or 0) and pchoola (‘x ” / 1 or O)
_Ioan be bliminatad.

Thia method will alao be diucuaaad
ahd damonutruted by example in- Ghapter ?. )
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“The eelutinn generated by. this baeidviinear

' programming deeign minimieee the total time travelled
‘by etudente within the budget, maximum travel time :

and 1ocationa1 conetrainte.‘ .

© IX - G Applicatien of the Model - .-

The final objective in - the a{aplicaubn of this

.
- .

- model ie to. determine the modifidatione to the exieting
1‘location-allocation eyetem which will 1imit the )

'maximum etudent travel time to a e%eially aeceptahle

"1evel at a minimum tetal ceet over the inveetment

Jperiod without compremieing the quality ‘of education . _
;L'previded at the eehoele., The etepe required te achieve
_ thie objeetive rollow.: o _‘ ' '
1. Minimize Pacility Costs co

!The firet etep ie to eetablieh the minimum preeent

'walue cost neceeeary to conatruet and operate echoole

within the eystem for the given inveetment period while

etill eatiefying the maximum travel time conetraint.

\ -
'The firat computer run daterminee if the maximum travel

* time eonetraint oan . he met within a predetermined

budget’ level. 1f there ere emple reeoureee in the

_ 'budget to meet thie eonetreint. the minimum eeet level ;

can. be determined by rerunning the problem et deereaelng

hudget 1evele until the linear programming eelutien ,

: beeomee infeaeible.- Uonvereely, 1f it ie not peeeible
.te meet the eonetraint within the given level the B

34
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- value’ cost to “the schnol syﬂtem for the 1nvestment .
: pariod. If the budget alloca,ted to the conatrnc'hion _
_and operati.on oi’ achools ‘ware 1rlcree.sed a.bove the | - - ;-

‘m:ln aum level, there could be. an. 1ncrease :ln ‘the

-1
e

mm;r or of fac:llit.:lea and au‘bsaquently a raduction in L

total trawel t:lme and tranaportation coata., Since

the decrgase im tranﬂportation oosts ‘could: oﬁ.’aet N LT

R tha 1ncraaso :ln the budgat, tha t.otal aohool uystem

coste ahould be examinad ror aevaral altcrnative 2

; :_;_'_-:'bndgot lavela. com'bined racility and tranaportation

5 coata can be 1dent1ﬁad at 1ncreaaing hudget levala B
- atarting at th& min;lmum until an upwa.rd trend appeara ' _' S
in the total; " A hy:pothat:loa.l total. ooat curve is

: conati'uctad 1n fi@re 5 :L'or alte'rnat:lve budgotary
aolutions.- SN

Y

To;al;;, A e S '

J'" I - - + T " T .'-I" * I“‘ = : "’I_‘: ‘m _'.' 3'\

SUNCANES DR U SN S I e

' [ S T IR B B ‘transportation |
. I o . _“- ‘. -' { - J‘, "J— ) . Co 'II. R -

FIGURE 5 TOTAL COST CURVE FOH BUDGET ALTEHHATIVES .

' Budgat B. 1n ﬂgure 5 would contribute the location— .'
allooation ayatem whioh minimizea total ooata ovar the
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40 .
. ! . Chapter III: ,An Existing School
_ Location-hllocation System

jin North Central Newfoundland

(.

. "
1 .

This chapter describes the system of schools %o be
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examined and the sources of. the data. required to opera- - ’
tionalize the 11near programming model

III = A, tudx Area

The ayatem of aohools to be- examined ccvera an area

R .o
' designated o North-Central Newfoundland (Fig. ’7) In -
Newfoundland, aocondary educati‘oml roaponaibility K2
: denominationa.l. Thio study 1nveotiga.toa only those.

' schools and studenta which are under the adminiatration

PRI S, L -

o of the Integrated Educational Gommittee o, Newfuundlnnd.
Although thore are fiva districta encompasaad by the ‘

C . . atudy erea (Fig, ?:). it is asgumed that. for the purposes . o L

A ' of facllity planning thoy can be traa.ted as cne, ° -

. N Studenta \are 1ooated in 86 communitiea within the .

atudy aran. Gf these communitiea. thoaa wlth a atudent

"~

papulation under ZQ\(minimum claaaroam aize) or a totﬂl _‘
'ypopulntlon of under 250 (size neceaanry to prov;.do _
2 ., — - min‘.lmum ammonltios to tha Bchool) ware cons.ldar:ad im-

practical 1oca.tions For potantial schools. 'I'hus. 21

oommunitiaa out of 86 wara diemlaaod as potantigl faoj_]_i-lgy'. R

W e T
~

s T oites. Appandix I lista the mioua oommunitioa in tho - o _' - -
a PR Btudy area, 'heir total pﬁpulation. Btudent population ‘
wo ,and 1ocationa.1 ouitnbllity. Gommunit;lea aro only l;lstad ’
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'pnpulation trenda shown in Figure 9 1nd1cate 8 stabili-

'rate per mile, The traval time matrix was davelbped

_,1nto ‘the travel tima matrix by orenting new 1inka or

L3

-

. ¥ O e -
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¢

‘if their 19?3 high achool atudent populntion 13 greater

than one, Filgure. 8 ghows the diatrihution of student .

population by community over the Btudy area. “The -

T

zatlon in total populatlon and student population over {_
the Btudy area._ Because of this stahility. erratic
changea 1n the’ diatribution and volume of student damand- i

_ara ‘not anticipated in’ the short run.

Each designated community nnde was. assumed to have

"

an 1nternal traval time of 10 minutas.' A network

linking the daaignated nodeé yaa conatructed to represent

the tpavel time between comMunitigs by aahool-bus.~_Tha_j

estimhteq:or'the'trgvél_time‘by'bug 6orfqaponding'w1tﬁ N

" éach.link in the road network wers provided by scﬁboli_

principals in responge to thé‘ﬁdéstionnaire-ih’Aﬁpendix II.
On routes where there were no existing bua trips. the’

travel time was estdmnted on the basis of a regional

t

- =d1reotly from this data. "It was agsumed that there wouid S
" be no' major changep to the road ngtwork 1n the roraeeable -

'-futura. Forecast improvements could htve\been 1nput

reducing the traval tims on existing linka. Tha cam- {
pleted travel time network is 111uatratad 1n figure 10. C
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. B) Student traval time on buses by snhool.

: INewfoundland Tha .'mdex 15 based on & co :
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or starting point for the oost—sucial : 49

diatanna tradaoff
N

7) Bus transportntion coats by school _
B, Source - Queationnaire. shmm in Appendix I, ‘L
gent to the school boards in April.
19?3 | Coo
b. Purpoae - to relate tranaportation costs for each -
o .Bchopl,irx, the -atgdy _arep. tp_atude_mt

tra'.vei 'l;imé on 'buaea.

L
=]

a. Source — Quastionna.iro, shown in Appendix II. aent
‘ " to, school principnla within the atudy ares
.'m hpril. 19?3 | ' ' _
v, P“urpose - to rela.te adtudent 'bua travel for each -

school to the tranaporta.tion coata

racordad for the same aohnola,

_9) Sohool construotion cost .'mdax i‘or NorB-dehtral

per aquara ‘
foot multi.plier. The base cost for Toronto in’ 1961, allowing

- 80 miles for the tranaporta.tion of manpower and ma‘terlnls

is $11 58 per squars root The chronologloal rondjuatment :

multiplier to 19?3 15 2 109 The gaog‘aphinal ndjustmant

) multiplier for, Comar'brook. Neufoundla.nd 1s .802?. For

oontrlota lasa tlum 1o, 000 uquure feet. tha plua fnctor
ls 105 for a complata vost of $21. 57 per aqunre :l'oot nnd

“for oqntraots -over 10,000, the plua_faator i 6! fp_r; a

£
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- OIIT - cC. An Educational Production Funotion for Integratad
. i Schools in Newfoundland -

-

S

As in past studiea of educatiunal production functiona

PR e eSS fed et R
AR S IR

v,
Lol e 7 "
AT G e T K

=

: (Bowles. 1970 and Burkhead Fox and Holland.; 1967) multiple
E . regreasion was. used to astimate ohangea 1n the quality of
-7 output a.ccounted for by various faotor inputs to the
% s I educa.tional éystam. ) _ ‘ S
y _ Since no uniform achievemen‘b or . aptitude teating
/ ;I" y - . . exists in Newfoundland. the a\raraga grade 11 score by )
’ - " achool was accepted RS tha bast availabla maaaure of the
’ lquality of school output Beca.usa these goores. were arrived
' v ~at ufing Awo evaluation procedures; shar@d evaluation, .
E . .r"’ ' 50% by the schoeol and 50% by tha provi.nce and provinci.al
‘ . B _ evaluation, 100% by the province. the type of avalua‘bion
¥ E o - by achgol wea added. to the regression -analyais as B
ﬁ‘.\' i o zero-ona input vai‘idbie; | ' - ' .
- other 1nput variu.blea purported to efi‘ect the g
; o quali.ty or eduoation (ag. Bwlea, 1970 Burkhaad. Fox
.- . and Holiand, 1967. Daweon, 1969 and Kiesling, 1967) - g
:ﬂ R and used in this amlyaia ara 1istad below. _ o
o ey I"nput-a.;:éié' % ui:'banization by censusg sub-- -
@y - =-ecomomic . - - . division, 1966, :
i S A ' - N _S'I:a'l:iatios Ganada.l .
’“‘ oL D -_'Avamge 1 val of " ' by oensus sub-’ . -
e SR - .. aducation/ .. ' division, Gopes, . CY
. R | -_-19?2- P .5? : SR
S Average income per . by. eensus division o
L . fnmi.ly © 1961, S'I:t.tisticﬂ B
= ';'.;5_ e : Gmda..-__'
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. Copas, P.‘

Burkhead, J

.G,

Golumbia. University, Press, p.- 11

Output in lerge City High Schools, "

Syracugs

niversity. Prees,
New, Yor}( (Chapters XX & V).

The Resettlemen-t 6f Fis
ewfoundyrend, \

yracuse,

Communities 1In
'19%; prepared. for %'ﬁ.

. Canadlan Couneil on Rural Develop-

ment, April, p. 316,

(Average number -

of years of sducation per person over

5 not attending aohool in 1.961)

. (1970), “Tow&rds an’ Eduoatiohal ‘Production.
. in Education Income and -

" Human € ital. {ed.) W. Lee Hangen,.
- Netional Bureau-of Eccmomic ‘Research -

Ay
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Fox,' and J. ¥.' Holland {1967), InEut and . | Y

: Katzman. M. (19?1). The Polltical Eoonomy of Urban Sohools, ' Lo
Harvard UnIvara]fty Press, - Ma.as.

Kiesliﬁ_g,' H.

h'arren. P, a.nd B, Fiahar.
) Newfoundland and La
for the Departmen

(1967) .,
- State",

The Review of Economics and

Statiatics Yol. E » No. 3, P. 333

(19?3) Repo

-
.

rt on Schools’ in

rador,
t of Education,

preparad .

'Meaauring a Local Goverment Ser\r:l.um
A Study of School Diastricts in New York

" Govermmernt of Nawfoundland and Labra; '
dor. "
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nThe'procadura used t6 set up‘fhis constraint is tos
g. compute the total preaent value cost of con-
: structing a8 new and oparating the various
: sized achqqla in thﬂ’s?udy.area over the B
‘1nVaathent'horizon. - | .
b. relate the.tbtal cost fo the Bize' of each .
:  achool (meaaured by the enrollment) using
Ilinear regrassion analysis.
¢, fit the regresslon aquation into the ‘constraint
design, the a-intercept or constant as fd and

évl.lol's' ) St .
"~ the b - coefficient*as bj. - e T

3, Preparation of tha Budget Gonstraint from Eample ‘
' Data. on Existing thoola. :
a, G struction Coata
Sinczrtha 1inanr programming design identifies the
( ﬁ ab XI-J) , 11: is neoeaaary to be able to eatimate
conatruotion coats from en:ollment figurea. Replaoement

costs or as new conatruotion costﬂ were regresaed against

.enrollmant for‘tha Bample of sohoola in the atudy area (eee

Chapter ]]I-B-9'ﬂ:10) Figure 13 ahowa the resulting dia-
tribution of'ppinta around the ragreaaion 11ne.- The 1evel

of explanation. (R ) 18 low at ', 536, Signifioant daviationa

from the- regreasion 11na are ganerally the reault of

enrollment being auhatantially halow achool capaoity. The"

most noteable axample of this 18 Buohans' Intagratad High

“n
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69
the regreesion equation (141 9#5 + 8,173 (enrollmeﬂt)}
was substituted 1nto the budget constraint for f; and bj -
The Pj values were input into the constraint for '
communities with ex1et1ng schools. )

The completed constraint will eatimate the total
present value cost es new. df all the various eized
schools generated within the 1 inear programming solutlons.“ s
When the model placee a school in the 1ocation of an
ex%sting school. the estimated cost as new-will,be.re;‘
duéed by the value of this. school, .The model sums the
cogt of all achools within the eyatem and ensures that .

this sum is within the budget level C for the final

) solution.

IV - D Trangportation Costs

After the solution which minimizee the cost of re-

pl&cemant. operation ‘and maintenence hae been generated

. eeveral alternative. Bolutiona with 1nered§ed budget levelef

are tested to ensure that 1noreaeee in traneportation L f

,Vooste causad by having fewer and Iarger achoole under ‘a

lcwar budget, do not actually axceed the eavings achieved

. - by lowering the budget.\ While the poesibility of this

happening 13 limited beeause oflthe distance oconstraint

' already in place. it must be coneidered-in the overall

approaeh to total cost minimization.,"

In the objective funetion of the linear programminggh

‘Tdeaign;
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Chapter Vi- Optimum Size and Location of -
Schools in North-Cantral Newfoundland

'-Thia'chapter déaembles %ha'bhaic {nputs and éoﬁ-:

.gtraints and applles the 1inear programming model to

. tha school 1ocation-allocation problem.

-

v - A Data Assembly

Becauaa of the large amount of data proceaaing in-

yolved_in gsetting up the variablqs ipclugad-in the ob-

-

jective functioﬁ and cohstraihté;-it ié worthwhile to

' atandardize the proocess in a, ahort computer program.

The program preaented in Appendix IV w&é\uﬂed to inter-

face fhe data:with a lihear programming paokage from

“a .

the fCES lihr;ry. The program nonvarta the travel time
" matrix (dij). studertt demand (ai), existing faoility

4] .
'value (Pj) and enhool siza-oost funotlon (f, and b ) :f

into a form which 13 compatible with tha problem design.

It eliminﬁtas aIt'.ij_‘j pairs where ‘the traval time betwsen

‘\

'&ﬁj ‘variablee ‘where b hns;Been‘exnluded_fnom potential_.f

sqhool—locntio?a,f

g/‘ Tn. this, analyais the ICES (In‘tegrqted civ
ing/'Syatems), pkokaga vwad used beoauss of .its avdilability

. " at Memorisl Uplversity. In August 1973, IBM's MPS linear

programming paokage was being mounted for use at the

University, Beoauss of ite advanced capabilities-in 5

large matrix manipulnt;on. iv'ls recommanded f r

.‘-.

Jpotential users,

rd.‘ w*
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budget alternative, The minimum cost location-allocation
solution within the 60 minute constraint has a :replace-
ment, operation and maintenance (less the value of existing
schools) budget of $65,737,914 and transportation costs
of $4,383,788 for a total cost of $69,776,202, There
are no communities which can not be served within 60
minutes travel time of a potential facility.

The costs of providing educational services within
60 minutes of all communities are only $277,328 more than
the costs of the existing system or an additional cost
of $19,676 (cost to amortize $277,328 over 25 years at

5%) per annum,

Y = D. Time-Cost Tradeoff

The tradeoff between the minimized total cost of
operating the school system and the maximum student

travel time can be displayed as in figure 24,

Total Cost
$,000

71000_| ———— - —- Y
70,750_]

]
1
]
70,500_] X
]
70,250 _ 1

70,000 ————————— I—————-—.

e I 1

69750 - — = mmmm e oo g
: existing

69480 :

Max.Travel Time
(minutes)

FIGURE 24 TIME-COST TRADEOFF CURVE
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