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2 - . Smin. 19?0) unde'r inveatment (Rojaski and’ ReVelle. &
& i B - 19?0) and tima (‘I‘oregas. 19?1) oonstrainta. B y '
3 ol ‘._' ‘: The optimum aiae a.nd locntion of aohdol faoilities i & 7 .
o - : Ay _| ":-\. - "‘ ]
e TN on a- regionnl tmnaportatiqn network 1s defined by . et WE
A ,i: _ that conﬁguration ~of . studsn‘t to faoility tasignmants . Xy
\ A - " whioh allowa the deolaion maker i'.o maet hia quulity .". ey 5
N . i of/aerrvioe objaotives' at a mlnimum cost ovar time. . 1 “ . ‘ o
B & The problem 1n this theais 15 to iaola‘te the lni‘oma'tion ‘ v
' ¥ and maohanisms nacassary tn syatamatioally dafina thia . . o S ¥
| o ' oonfiguration. £ T '_ ' -"‘-__‘. ,.; " ".:;_‘.'. Lo -45 o o B - 8
o . / Ca V4 o ..?v.., ‘ _:". . :'._ o a v
) 2 B -,I'- A.. heory of Public Sarvica Location .', E :,v-,:-:

In the contdxt n‘I‘ publlc aawice faoilitios,
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among different locations.‘ In the public sectqr,

they muat ve conaidered as part of the overall ‘produc-

%

tion costs to be minimized :
' ~ £3) Principle of Social Dlstance. :Tpe'paftiei;
facirity will dimlnish as travel 'ti d/or travel cost
ingrease ‘and as indiv1duals 1ose 1dentity with the '
service prSvided By definltion public. goods aré re—
quireﬁ to serve the entire (relevant) population rather

than the particular percent&ge whlch-allows profits,lgz

to be. maximized \\E:iﬁxﬂr. 1n a space econme- not Ell
L4
consumers can have he same access to servics. Conse- ;

3

quently. 1t may be daqirqﬁle to 1nfluence the location-

'pétidh-of«an 1naividua1 in services;zapvided‘at a public.
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L 10 %' .100- 480 30 .- 210. ' 1000
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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. :

,
DT P PRI -t
B e U

‘.
%

costs are minimiaed whan the Bystem has eight facilitiee”

c;:)

" at @ size of. 125 each‘

D,
T

. B
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
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g Juat as coats dacraase due "to acale economiea.
- whed a ayatem of tewer and larger facilitiea As
3 .
~ § i 4~ created, participation rates diminish due to 1ncrea.aad '

travel timg: higher participant travel .coat a.nd ol 1033 .
| of 1denti¢y with the a&rvices af morqﬂistant fac:lli-_ ' B 7

ties, The major - aaaumption in this relationahip is '

. :that the qual:l.ty of gervice provided 1n qach a.ltarnative .

‘important in_an a.nalysis of the abili'ty to partici- "o
:,'z-;:_ y - pa.te, toylde n'l:iry 't’ha 1ndapendent eﬂ'act 11’ au:,r,
' of facj.l:%\size on aerv;.oa quality.

8ize 01' racili‘by is ’ﬁla aame. I 13, 'tharefore, N . ‘,,;"' fl“}
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(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
+ r.
.
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.

"iﬁ’
.50 ’ . . - ’
* -~ population.centre -
i .’Dop-SO-, )
. ........;_ tronoportatlon imk
- : Smlloo PRI
" / . . ) ' ) \ J V.

rﬂ
-
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TR,
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It transportation ooato ars m:ln:lmined the’ oolntion ,

1o 8 oohool In every oonmnnity' _

/B
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. PE L5 e opsrating and construction aoata per aapi’ca _ .
S e « . are min:l.mizod. to maximize- economies of acala, the - ‘ A
N solutien is one. 5011001, aaaigned 'I:o, fnr exampla, : 5 . ' t
’ " i \ ‘l
- the’ largest oomun#.f:y: | BT bk T T B . ke o
" (3. = - o 5 S g ‘ LR oy ¥
/L : ‘y ww Houver.. 11' 'the nazimum traﬂl diatanoe to
+ 8 > uchool which 15 socially acoeptabla to thn oommunlties_;-
P F o - is ten milca ‘then at. loaat three achooln have to be’ ";,:
' f,ﬂ~:¢ s .aaalgned. The noat aoonnmic aolution atill astiarying

: thia aocial conatraint 15 givcn by the following solution- :



5 A\ - ' N e - a2t e [
' R WL A dpragad R flenelt e bt B L R AT I " A
Wl - ‘-s.nwvuhha'ﬂi‘:‘f et g pm e o e &--\' e Tﬁ“".ﬂ ..--..-Er-q-e‘ I e s i i W ‘_‘-‘*R:‘,.‘h‘.“.’!ﬂf —t‘f%‘:’:’«g-‘;‘"{_‘-":" j-‘r’,‘ T ‘I-‘.J [T -_,,:.‘_ .. \ CPThe .
i () e . ) ) \ . n‘ . .--I; PRI LA IR T . o S N -
I . ' ) . u Lt . Lot v
g .. - ' . . . N .
3 S Lo _ A I _ R A N
i, ", [ ' . . v e . . . . ' i
. b . . , . o . . 3
e v o - . . a - ' . . 1 -
- . .
¥
.
i

R
T -'-l
in L ' ' I

. . . ;

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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N e B s o ey, et L R bt \.-,,.,... b T -—%{;}ua o i, n-lr.-
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i , 11 ‘
o ' - 4 deﬂne optimum Byatama of central facilities. R b B ""r
‘{ 1 L s Location—allocation analysiq had ear’fy baginnings ’ ;
' with Alfred weber (1909) who considered the optimum
% . T ) looation of a factory on a transportation plane ’ § $ ‘!
t between two. resourcaa and a singla market. The ob- . ,
, . ' jective. in. hia theory was. to minimiza transport ooata g
: ' by 1ooat1ng 'I;he factory 1n a. atrategio ppsition which
B would trade-—off the costs or ’hranaporting 'L'wo different E .' . :‘1,'
{ '_raw matarials from thair uources to tha raotory and ﬁ.‘
‘. t .- o . one rinishad product. from the raotory to the marl&at. ' '; : _‘ s 5
> I Q : A ma‘bhematical expréasion of Webar'n problem \ras§ E
e Lo _Iamiliarlzed in ‘the literatura by Euehn and Kuente L
. ' _ - "'(1962). ’rheae authora o'scaminod the problem in oon-
. SR 'binuous space with -the dbjective to find the location '
';;.__: &8 which minimized the sum of tho weightad Euclidoan R
1 - distances. to that 1ocation Trom various ‘demand centres. ' a
_ Their mathematical solutiona o this prob’len were I “ gy 4
, _TO T exact, .. . . LF 2 y . - - 5
t ‘ : - Gooper (196% oonsidared the morc compla: prohlem o ;
WA ot auarohlng continuous. apace .for nore thnn ono locat:loh \e T"
to' service tho requirenonta or varioua denand centrss -- - ,_';;
'L while st1d mininising thi sum of the waighted dis- - o R
‘ g = 'tancas. G:l.von a qqt of danand oantraa partitioned g . - .‘ :
aacord:lng to the mmbcr or looationa to 'bo found, i ' ‘
o oA 2" Uoopar han gannrated a haur:lntio procasa \miah alttrna.tca‘_-'_ L
, . e , 2 e :‘ : ‘ .‘-_. . " .
f 5 : . i.,f-" = £ ";,_ N ,
. N S, & LML i) ol
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allooation problom have reoently been devolopod by

'_ eentre, any group aaeigned

-" location, The final eolution is ohteined when the o ’ -

certainty that they~are exact, ;8

- ----.-n.—--- . . kT

" ' i ~ ey T J.a
between two ruleo, (1) find the iooation within- each )
partition which minimizes the sum of the welighted " -
diatances to that location from the eot of demand

centrea, then (2) rapartition the domand centres .

by assigning each centre to its cloeest faoility

a

partitioning process stabilizes. Although solutions

genereﬁed in thie manner are good, thereﬂio no -

Several exaot algorithmg)to thie baeio 1ocation-"

- Kuenne and boland (1971) and Ostresh C1973) Their ' ; 4
solution proceeees call on the tree searching method
known as_branch and ‘bound. The branching procesa .-i F _
partitiona the aet of\kig solutiona into smaller o N f-
eubaeto unul all demand pointe are aeeigned to oentree, _.:'-;_
thus creating e feasible solution, While; the brans’ '
ohing proceae eneuree the complete enumeration of all

feaaibl aolutiona, bounding stréamlines the aolution
prooeee)so that oomplete enumeration ia not neceehary.
Oetresh'e aolution prooeee uses’ three bounde. The first -

teats each solution for geometrio poasibilitf‘ie,

" because any group ‘must be aeaigned to a neereat

;“-e same oentre muet % -
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Yo

;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,_

T

e 0
L
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Maranzana J algorlthm alternatea betwean two rulaa;

(1) demand nodea are partltioned into groupe by asaigning
‘them- to tha closest uf the presoleoted fnoility nodes, '}'

o

", then (2) for each group the median node ia found and -
deg;gnnted tha new faoility loaaticn. The final aolu-

b g ke

ol {-I'i?"

tinn'ia aohieved wheri the gruupa atabilize. >t - T i' "h"

-l‘-"“

Teltz and Bart (1968) lmproved on thia method '

L

using successive node substitution. In their praaeas

y mﬁﬂa‘vwa‘_ﬁw‘ j_f 5*.'."- +
4

node which is nnt & centre is aubatituted for eanh thnt w
is a oentre the one. whara the greuteat 1mprovament y
. _ 1s ‘made’ ia deslgnated the centre. An itorntion is 93“;»
0 e® :a . complete whan each nonaoantra is allowed tha opportunity ‘

g to be aubstituted for any one of tha oantrea. The . e 1",:
N . final solution is aohieved when no 1mprovam&nt oan be

=

made 1n an itaration.‘ :- L 25§ '“ ) _,}" ’f":-'
© " ReVelle and‘Swaln (1970). have shown' that an -
exaat aolution to the multiple 1ooatiqn brublem 1n ..:'

e w -

u.;‘dsurpte spuaa aan be found by Battingvthe problem up - ﬁfl

u 2B, u 1inaar pragrnm._ The linaar program daaign to Sgtel

be- aolvad by tha aimplox method ia definad by an _

i 2d obJective funotion to minimige tha sum of’ the woighted .

- s A y § dibttnoas and oanstrainad ao,jé@i?’;;;h nodo must . .Q'

) rully assign. aach node only aasigns to £ self-asaigning = T
) . --noda. und the number of aolt-naaigning nodan 15 1imited ’h':;“‘ ]
f] C-"'- N v L . X AL o o', '

e

. & number of nodea ara predeaignlted as oentraa.”'h-" .;‘ - rfii'gn':
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T :td the ﬁumb;r‘of faéiliiiés-&eairadf' ..‘ i
'The commonly known 11near programming trana— 5f.
f-portation algorithm is another variation of a discrete
" space problem. Given a number of. central Iaoilitias -i .:';E
'f- "“‘, ... . Wwhose 1ocations and capacities are known and a numhér :. oo '§ '

of damand points, th@ problem 13 to minimize trans— s ¥ f_f, j

- '.}y ;“f,portation conts. In dascribing the spatial non- - ”: . 2,-'

o PR Ll

:ﬁ} —— - ;efficiency of high achool hinterlands, Yeatas (1963) was among~,

the flrst usera of the transportatlon algorithm to geography. : ,-

B

::iq' - Gould and Leinbach (1966) firat uaed 1% 4n a hauristic :‘:.'
.'-_5. o prooess to define Optimum patiant hospital systema in "k i :
\.. o Guatamala. ?arhapa the most 1ntereating .and éanerally | :
' . b  'app11cab1e use of the tranaportation algoriﬁhm wasg by .3:9 )
. ”;f E -:“Goodchild ‘and Maasam (1969) They solve the multiple 'u{f.
4 N fi“location‘problqﬁ with capacitatad racilitiea in much .--: ':' S
O gy -the same.uay ai Eooper treated tha problem with non-f" f;"
'.illcapacitateﬁ centrea. Thair heuristic proceaa altar—‘ B
" nates on two rulaa' (1) the looation of the madépn ﬁ‘
'point is Iound for the demand 1n each prepartitionedtf
x;_ space, then (2) tho transportation algorithm 13 used
:to aaaigﬁ surpluaes from'}/capacitatad centre in one Iw'";.

v location to' the deficit of another while minimizing e T

L +
FF 2o TR AL L ]

; tfanaportation costa. Tha upace is thua repartitioned
: and ona i%@ration 15 completa. Thia procaas continuaa

until 10 improvements can be made. i -% =

- X X 1
Fozling  SAREY
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of - a predeteminad numbe:- af ,.f
Y fac:llitiea ia giVen a 1ocation and a search atep 15 . "'I.

f—r::-l = S a “ il’ . O g s ‘ : f . w - : 5
R ML U0 S S A PSS L L L SRS PRI
- : D e s 4 T oz ’ . ot - =Y 3 e , - i :
"Il it [ 2 ‘-.‘ ,.-‘
| N oY “ e r T o s B
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! i LY i - 1 »
Sl i As expla.ined .in sgc'.tion I-A of this chapter, the ¥
A S, optimum Zl:ocatip -allocat.ton aystem doea not d-epend s el L
fay _‘solely on the miﬁimizaﬂon of transpnrtation coats. B TUERE ) o
, - In many caaes econom;c optimization is dependent an '
P\ the num‘ner and size of racilitiea as wan as thesvr b ¥
: ¥ 4 diapoeition in ralation to dema.nd. Tornqvist (1971J e . . -' ;
*  has. daveloped an'& tgmative saa'ch procadure i‘or theo .
o qu multiple location problem 4n o tinu@s apace \-fhich .
Lo - reaamblea Tedts hd ( approach .-_l.‘,o' disc:;gte f,' ? s

daﬁned. A i‘acility ia moved one aﬁep’.in :tour differﬁnt
: diraotione i‘rom 11:3 aourcei The Iacility either remam

)= 1n 1ts currant locatién if tranapor:l;ei.tion coats cannot ‘:‘

!. i _‘ ’ '_ ba, reduced by moving to one of the four new 1ocations & a i
' o;r moves tc} the loca*’h:lon which minimizes tranupo;:tation : _" :
costa. : In one 1terat:l.on thia propadure 1a rapeated ; ; i

Cyp tor each faonity. '.I‘ha final; solution’ {s obtained R g

-P J J \

ol | when no movea are’ made in ona c.ompletq 'lte 2 ‘;:m. ',Ir; ol s L

hia location-allocation problam fo ement bloc}: o . gl

, * e Iactoriea in Swaden, ‘I‘orn ‘ generataa Baﬂral _
- o _ . aolut“ions for d:l.f. nt numbers» of fac‘tor 4 and ﬂevélopa 3_

‘a trade- : curve 'betwaan the ri per unit cost : "‘_ y i3 -',::

. ol :'; ¥
D E . ] . N , |
- 't R p proﬂuotion and the de : ing per unit cast o:f e - T, 2
. transportation i th eaoh additional faotow serving . ¥ i
- ' :- .{’. '- can t demand (Pig. 3) 'I‘:-‘. ’.; ; g - '." 'l: a ;:j- .":‘ e ." H __‘"_..
& _'.- . \"J " ‘ e 'l. o - e -. L3 ;’
,f_ J. = - : ) BTN i /)' o |: F - 5 v i :,
o " : -/ . ..: 3 : - - - "' -“/' . :‘;' "' L) k H‘b‘ll
f o . B e oo, i ' A
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f“ﬁmehe number of factoriea is nptimum when" the combined

production and tranaportation costs are minimumu Thie is'

»

denoted by the intersection of-¢he two curves in Fig. 3.

T
'

The optinT 1ocation of, thesa factories is determined in X

‘

Tbrnqvimt'a search prbcess. Tha sams - tradeoff curve, <

. -

howeverq could be- davaluped Ih cqnjunction with any of

the previous multiple location Bo;ntion proceaaee.;'

: - The. fixed. ohargad problem defines a set of models

which hnve 1ncorporated facility oosta into thair design
to minimize total oostﬂn warehouae and plan‘é locntion.
The num‘bar of facilitiaa in the Bolution 'l:o 8’ fixed
oharges prablem will reflaot tha aconamiea of soale
which are o‘b‘l:aina'ble over a given de:imnd aurfnce. . :
Severq_:[. hauriatio procaaseq (Kuehn and Hamburgar, 1963.".

‘and’ Feldmm, pehrer and Ra.y, 1966) and exn.ct trea )

-,,_ . '
. - _a_iu . 't . :_ v p
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T 8 . No. of Facjlities - 3 §
v . L | source' Abler Adams & Gouid 1971,p 549
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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

=

T e

-

over time is gi\ren eoent ooverage in the liternture. --“. B

—— L
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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 -




a“ ? .:.‘.._-.r;a-r,-t‘;‘-‘:..;- . W taeneen e = :“"r""""“_"_"i' aepm ?“,:_.,r,\v,‘w,.:,,-. ;,.':......'.‘..;:..W‘.r_.',ﬂ.:f‘. -,;T‘“_.-:“i -l-;.._ \:_-?-.-.-E:‘t".'a‘.-.'-Dt\ﬂ.t,{v.“."-‘r'-t;f ' ,--—:1
i . l,.- ) * A ¥ g,
E ‘:;”‘ :’i
ﬁ . .Kuehn, H., and vH.‘Kuomie (1962), "An Efficient :
£ .+ Algorithm for the Numerical Solutions i
£ . | * of the Generalized weber Problem "in E |
'[ ' .o Spatial Economics", Journal of Regional .
- - ., Science, Vol. 4, Ho. » Ps 21, i
E i ' l{uenn'a., R. and R. M. Soland, (1971), The Muitiaource . .
1 . : /' Heber Problem: ‘Exact Solutlons By Branch : A
: . an ound, I.D.A. Economic Papers, FPro- G- . 0
P gram InaIyaia Division. A.rlington, ?11*31:11&. o b
Maranzana, F.," (1964), "0On the Location ot Supply - AR |
. . ©, -~ Points to Minimige Transport Costs", . ) ’ -
f Operations Research Quarterly, Yol. 15, L= - .
{ : P 261. - e i e p.© B
& ° i . . oastresh, L.M., (19?3)', m':ﬁvaatigata.on of the Multiple "]
B - L&Y Location-Allocation Problem, unpublished .- .. SR
% .. . = Ph. D. diaaertatinn. '.I.‘he Uni*reraity of Iowa. Lo g
: " ReVelie, C., D. Marks asd J. Liebmsn, (1970), -
i . ) " "An Analysis of Private and- ?ublic Sector .. R
3 ’ . - Location Mgdels", Hanagamant Scienca, Val 16
L i ST Ho. 11, p- 692, ° T . = 1 ™
“§ 0 . " ReVelle C., and R, Swain (1970),. "Oentral Feclities 3
B . Location" Geo hicel Analysis, Tol. 2, C
| B, B s e | .
g N - R, SN, g A |
_'. " . Ro.jeski, P., and C. ReVelle (1979), “Centml Faeili‘l;iea
it ] ' Location Under an Investment Comstraint", - ,
L Geograghioal Analzais, Vol 2, pa 343.- ik .o
N TR ﬁ '.-nushton. G., M. F. Goodchild and L. M. Ostresh (1973), CEaE T
o PRI e & Computer - Programs for logation-All - C
g™ =8 LT - -Problems, Menograph Number 6, Lept oi' oA
& Giogr""ap"ﬂ s, Un:[varaity of Iowa, Iewa City, - i
:t:: . - .. Iowa, : - ) :
T T L ooty A, (1970). "Louation-ulocatmn Systems, . - L
p o e Rewiaw“ Geo hinal Anal sin, Vol 2, P. 95. J
b . - 'Splelburg, K., (1969), "Algorithms for the s:.mp:la 4 ¢ . S ,
sgil . - . & ‘Plant Location Problem with Some Side - - - .. - 7 .
.1 [ ¥ . Gunr.‘litions" ggeratians @goaruh, ?ol.. 17, e, T ™ L. |
', P 1 .. Pe- 85. . . - -0 2
reits, M., (1968), "Towards & '!haory of Urban Bublic g e
- L I'Pac:llity Location", Pa [E-B XXI, Rogional R :
::\J: : ‘J'.- ‘ ;
K o
{ - .'-" ,.“ gl
N0 ' '_l‘ . ‘1_ h 1-‘.'. -t ..
Ay -t SEONL “
L W



i

T VT

N A

&

3

11
@
-
R

et et

T

. TR

P e 2h '_-'Q"'"%i:‘r y

R e e et

S

Y e B r . . .Weber's Theo_:_'z of Locntion of Industries, - 7
C .. ~ " by ‘ r edr c cago, 929... o v
' Yeates, M. (1963). "Hin‘herland Delimitatiam A Distance
o L o “ s Minimizing Approach®, The Professional
S " e, ‘Geogra her, _chl. 15,.9. .6, S——- Ao e
A - Q‘En‘ - o LR H 1 ,“. F
o ' ) Fomeia . o + .‘\ '\
- o ’ . n i L : . & h ¥ . '" N .
. . ) G0 - ;) , *I‘- ) : .
& ’ K 55 .‘ : o ' - o
1 R o 1 am, 3 . ol PP .
. " s ) Ty wa ) - K
B ' . A ¥ - ' . . ) . : et
! ) "-\_: :-" 4 ,-3.‘ f \ ' :. N § ¢ T 'I'.;.
- . ‘ - PN : R . N : p— . " - i " - i “ . ¢ i, ¥ :.' 5 :.‘ ' : 4
i LS -:‘l,.. y .,"\ L W et ¥ i - . - .l ) 4 l' I ' i "" \
S 3 - -
Sl L R e A A
A T RN T 2 T Rl

- ’ +

I LR R 1*..2,_,1 PR :|=‘.--N

g\ " Weber, A (1909). Ubsr. den Standort der - Induatrien,

b ' g’ ] -

-

Teitz, ‘M., and P, Bart (1968), ®
e . for Eat:.mating

.

R P M - %, 2 B TR b= %y AT
e B Ll b L R R g AT SRR n':.‘r{;P‘_‘!“-‘“"P.ll:-._?ﬂ.:df\._ﬂ."E 0

Heuristic' Methods ’
the Generalized Vertex o .

" .~ Medlien of a Gra.ph,“ Dperations Raaearch, o -
. : : Vol. 16, p. 955.

. Toragfa.sg Cs,. (19?1) Location -under Maximal Tm\ral gD
. . W ., - Time Constraints, unpublished Ph; D B

.,a v

¢ . disgertation, Environmental Studies.- 4

T Cornell Univers

E}

Tomqvist Bi- et al. (1971) Multi

ity : N o

le anation Amlysis. ' o

5 Lund Studies In Geography, Series C., = T _

. .. . . General, Mathematioal,and Regional AP e

Geagra.phy, No -

-/ : - Tu’cingen, 1909,

12. Lund, : iy

translated as Alfred: ‘ 5




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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over .a givan invastment pBI‘lOd _ Other alsmenta of

' cha.nge guch as ahifta in population and 1mprovements -

”

to transportation are the subject of planning pro-

¥ jections and ca.n ba accounted foz: by restruoturing

data inputa. v -' S , A .

_ Tha Bolutiun ganara.ted 'through 't:he applicati/on
of the linear programming dasign definea the. modi—
ficationa to the axiating 1ocation of schools a.nd

aIloca.tion of atudants which 1imit 'I:he ms.:timum 't:ime

] 't:ra.vallad by students at mini.mum fa.cility and trans- _

..."'-

por‘cation coqta to tha aehool systam ovar the 1nvastmen-t:

ey " L

peric'd.--‘f'.' Diles i Al L

th 3 The impnot of tha changas 1n aehool e!.ze and
loontion on 't;he qunlity of educntion ia i.sola.ted in

“an- aduea't;io‘nul produr:tion funation. ,

> . LA
. .

II-A. Linaar Prbgraming Loea‘tlon-ﬂlocation Modelﬂ‘ g
e, 1), P-l‘iedian P\roblem e AR k4

ReValle (1968) 1ntroduced 8 linaar prngramming
design to solve the mul‘tsiple faoilit,v location- "

alloca‘tion problem m didcrete sparze. 'I'he prohlqm,

known ns the P-!Iediart problem. ia to locnte u apeouio

num'ber of fa.oilities on A networh: so aa to mirnimize

averaga participant trnvel tlmo. 3

*

provdd thﬂ: .’d 311 parbioipant deund ori.sinn‘taa a't: e '

H&kini. (1964 1965)
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Thus, RaVelle i’ocusas on the set of problems whera g i
¥ populaticm centera are iden‘biﬂad aa nodes on & e e
transporta.tion network. His objec”tive i‘unction 13 to LAY ’
- ninimize Ao averaga distance travellad by pnrticipants 5
g while allowing complate varia‘bilit:,r 1n 't:he gize and o
: location of each- ftcility. ReValle and Swain (1970, ‘ ?
31) sat ﬁp the problem as follows: I _ ‘ - ‘- . 3
. e W &
‘"Let m, = the populiation of the 1™ community, . Y %
4 1= 1 '2.:. .n? The people +in the ith comunity are - . " }
) = to be aaaigned to one and only one cen‘ter; that 15. ) T :
- ' the aaaig;nmant canrot..be ‘partiel.- The.center may: . . .. g
. .ba in the. comunity itself or in one of “the othet = - . U
{n-1) oommunities. The number of centers sy - T L s N
“and each centar hua a clustar of communi-l:ias asaiymd I .
. .. to It, 'The shortest distance from community i to L S
sk s oom:munity Jie dy,. Varipbles are’ defined a5 M l G ! ,
k ' el conau.‘h; does nst' Inign te cunmum'!'g do - ‘
! R ¥ L 'l i Community & does assiqn h{S co;unualfl&u S
. The, peopla-milea from nnds i "o node -} is ‘1'dij ) i '
'I‘ha objective fune'l:ion to be minimized 13 L R T
..' I . :‘ \‘.' " n iz a..d ll’ xLJ ) l ": ) ." '.”' ..-.\.. .".‘: :;...: :‘_ I.--' N I . .-:;.
= Three typea of comtrninta nra raquirad - Tha ﬂrat s " af
r ) t:fpo dam.nda tha.-t eaah oomnrunity be fully nasignod. -' A PR ~
* . s b g 1 -l-'-. . ) .5.:'
IE = .‘ .. i " . o 4 = i . L L 1 3'.
. o, E xu' -.] . |. -],1,...,4 e E 'a“_'.'.._. .-’. . ’ ! 2
2 Tha aeoond type res'l:ricta uaimant to only thou com- ol 3 :
’ mun.ttias whioh usign to thenselvaaa -__-j":. ;'.;'_'.;f':. R '
S WY .?'
b ’
ol N

b e
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F whero m ? num‘ber of oon‘trnl faoilities.

Ravelle and Swain (19?0 P. 33) Prove that 11mi,ting

. The proof 15 by oonmdiotion.
solut on .has been . reachad and that Boma xi)s is frac-
Sinoe )‘_‘;j i XEJ“" ) -bhera must be at least

tional,

posoibility of - achieving an optinmm solu'tiom

-aaoignmenta xi ] to’ 0 or 1 doaa not destroy the

' F.'nally. t}{o third 'ty'po o;t‘ constraint fixos ‘I:he number i
of - osntrnl facilitiaa and thus .the nu‘mbor of oommunitiea .

whioh may aaaign to themselves. : .

Aoaume tho optimal 3

one other oommunity r within the set of .n communities,

for whioh xi

is fractional.

Unless both r and k are’

,equally diatant fromd, it will be less ooatly for

A 01‘ One .

not yet achieved,

community’ i to. assign ;lts populo.tion to tho oloaest
) comﬂnity. 1ndioa.‘t1ng tht.t the optiml aolution is -
Thus , at the opt.'mum. xi 3 is smero -

It eo"srern.l communities which are designated as -

'« centers m aqually dio;tant fz-om oommunity ;1 ‘Then
Ll % fraotioml xi 's_are possible ut the optimum, but such
N A solutions are alternate optima and can obviously be

) w5 'replaoed 1n whioh 1 15 nooignod to only ono comuni.ty. J
P T T 2) P-Median Problem nod.tﬁed with an Investment S
L IR " Conotraint. ' : &% B

. vl

- '- - Ina more raoant art.tole 503951!1 md Re‘(aile ‘ : :‘

(19?0. P. 34) rsmove tho noad to opooify -t:ho numbor

T £ 'of faoilitios (m) hy ln'broduoing two oons‘tnintaz

-....-.
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) which limits ‘the ‘total fixeﬂ costs A. plus the total . - b |

) -, Co 27 .
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v . . .

a) An investmen‘t constraint.

F'PJ ?_-‘b Elatxu EG | -. | _— .

variable cost B, to. a resource ‘level, C, - r—\ o o ’sf
" where fJ = fixed cos‘b of . opening facility 3 . e ' "k
: ‘b, = variable coat expansion caefficient R TI _ ’:
of i‘acilityj o u . ® = SO W " X
It should also be - ‘nc;ted that the i‘ixed and variable - ) : - ’?
cost caf facilities ‘may vary among 1ooations. i (s N
b) A closest center constraint, e L ‘ . S .° _ :
X3 = X..;; =Xii for m{_.acen't =3 paies .. . 8
'which limits asaignments to cloaes‘t facilities. B _In i '
practise the crlosest center conatraint 1s emploayed only -
- wh.en an.initial Bolution has’ been" obtained and a .cpmmuni_ty':' ' :
is not assigned to. its closeat facility. .__?,. _' : :~ e O \
. The objective :E‘unction of tha Ro;]eaki/ReVella de- S R |
aign is to minimize the average diatanca travalled to ' . | i-
‘ facilitiea given tha cons‘braining budget The authore ‘ ) i‘"*'s
L i‘eel that the raaource or budget level is a mora meaningful . ﬁ’i
,constraint than the num‘ber of facilitiaa becauae it relataa.‘ g B :.:
bettar to -l-.he autuaﬁ. daciaicm making proceaa.. Thay alsa : ’ a
,. point to the usefulneas of knowing the tradeoff ralation-.._- . ??"
.'.. ahip between the minimization of avarage diatance tra’fallad‘.- : [

T 7 Mini-h‘lax PI‘Oble-',‘ g v .‘,"E .3 "_:'.':-':'-"“ Sk ‘

'.and the budge't level N, N5 i ..-- ",.

. jI'qrega_.s" __(,_1_9_?1 ): ;f_ocuge
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thc :j)ectlve is tc m.nirnize the maximum‘diatanca that '
any one user has tc travel to reach a facili'ty.- In
respect tc public fac:.lity location; Tcregas considerad T

L -

i - thls tc ‘be an advance on the P-Median problem becauae the

B b ..-‘.’3 ., -

concept cf averﬂge d:.stance travelled by thc gencral public

. has nc rea.l meaning 'to the indi\'idual " He also felt tha‘t s "~; A

planners and deciaion makers would ralate better tc a .-
fac 111ty plan ob jective which was tc ccntain maximum *trawal
.‘ distances rather ‘t;han minimize a.n obscure mthematical avgrage.
' ‘I‘cregac' 'design a.pprca.ches the mini-max problem in R '
’feverse._ leen -8 dpecified maximal service adistance, R & gt
the- objective i‘unction minimices the number of facilitiea. )

The design is. given as fcllcws [Torega.a. .19?1, P/ 21):
"

¥

. " I= -El,_z,.. .-.,.mg = -.get of nodes demanding service 5
J = (1,2,...yn).= get of nodes which dre pctential el
' S o facility-sites e :
di.‘l = the ahcrtect distance (tima) frcm node 1 to’
‘¢  node ], ! " L e S
v ' 8= the maximal service dictance L & : . .5
: .-xj..". 1, if" a facility is lod&'ted a.'t j. 0 otharwise. /

A service subset Ni is defined for ncde ias. tha sct of .

nodes | which are candidates for. the: siting of'a facility R
.to serve node 1, each menmber of this set j must be no more’ .- .
'l:hem S unite awa.y fl:om noda 1, that ia: o = )

Nbﬁ(Jﬁu.Hu 5) {.‘“ a\\ LE.I. )y .."=.:_"Z7;,..:'“

Noten “S may ‘be differen‘c for each: lccaticn 1 ’i!e; .my_'- o IR
L NOW ctructure the basic mcdel; , Faey - " .

Mll‘lum'l.e Z‘. "‘nj SHL el'.t tn ¢ F‘&X’-‘ | b‘rl' S
: XK 2 (e,i) €. :r
Toragcc (19?1. p. 22) prcduccs wha.t he tcrms a J

' "coat effectiveneas curve" 'to idantiry the:.’optima,l : b, 1 i G




Find 3 -
b g T T
w

-
*
_‘..’; | \raxg.aa“n,,m_..rﬁ,?‘,ﬁ -F \!L v;. -,«f--“m.nu—.«m rm {bea’ .-m-u;qu 4’,. e, ﬁI‘,WﬂP‘ a‘;"-‘? W;ﬁ sﬂul ‘-.l_-f : :

4

.

R

v
N

s Maxlmal Serv!ce Time
sourco- Toregas 1971, p 22

FIGURE 4 COST EFFECTIVENESS OURVE

Given ?2 facilit:lea, 'l;he minimum maximum dista.nce

"

that any one uadr would have to trav'al 1n ordar to

-~ T
: reach a fanility ia 53._. To improve on thia the num’bar ‘
of Ianiliti&a would have to he increaaed to Pl ‘

-]3 The Linear Pro

ammin Deai E .' 3

SRR O *l'ha ronowing deaign Gombines the mathoda P

Rﬂ'ella, Rojeaki Strain and Toregaa :ln orde:: to :Lde.n-

tiry ths mininum mvaatmant level C required to. -

.' provlde :I:'or a given max:lmnm student travsl tlme 3. "

In addition, the deaign 13 furthar extanded to conaidér g

the 'mlue or qxiatmg rao:llltiaa ‘l:o the school syatem

¥ ovor tima .

Tha ob:eotin runotion or the mednl j:a to

e

m:l.nimiae the total t:lmo travelled by al,l students withj.n
the ayatem, gi?en that no 1nd11r:ldua1 studunt uill have

L ..."
. 5

-

a travel timo whloh a:;ooads the maximum ﬁime oonstraint

L3
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o ) and that total racillty costs with.tn “the syatem G g "
; L over a apoczﬁ.ed 1nveatmen'b period do got, excaad P .- B * ia ’
e . 3., th& inVestment nr budge'l: constrain't. W e —_— . L
e, ) Tha ob,‘)activa ﬁmctiou, which may 'be aolvad wid:h a Lo :5'
-k T the aimplex mothod of lrinaar programnimg. 15 '," 9 - R ‘
. . ;. E -. .'.:‘ 4 . ---_ ( "T_ 5 d...' _g. :"'.-- :...-',' -:" . ~ :::, ; .'-'f.'
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‘o wE el subjeot to ’che following oonatraints TN LA A DA
ok : L on oty
- 1) '.l'he tirgt oons'traint ensums tha't a11 studen:t.a/}rom o . VRE
s - aach cbmmunity are Iully assignad to ona achool and . . "., t
o X ¥ " that at least one, achool 13 wi‘thin the maximnm traval e i
. e time o.f each oommunity. el bt Sl Wby, o
{-l,' ' . . b [ ] ¥ I:' .1‘ g _' :“. . A L -“" : ." ;.- .' ,. ': ‘;:. ... , - ‘:‘ . :: .-.‘b :.':' ¥ --_ "-'-‘. e - .;‘ .‘ '.
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A Bin Yo b ¥ TR L wawas o :-l-_': - o L
5 T . A For axamplﬁ. whan 1 @ 1 H1 1a the aotaor ! _' T bl -
v 3 DR S oomunitieq whore 11; 15 posai‘hla to looata % aohool j Ty
f o . to- aerva commmity 1 w‘lthin the maximum travol ﬂme T gt R
.i L . v u. - . oF .8 5% : ,. .-.‘ :-. - a2 . ._?
i S 1§ and comunity 1 can asuign”to one and only one 01’. P R § e
i C - r o _-,_. fa et &
}g R tha :] schbol 1ocations in Hi.'ﬁ-a.-..',.'.‘;.‘ e g ) S Y Ll
_;:<.|. $ ,’.“3"_ "q"".“-." ., . __:‘,‘ L] ."": ) ,‘
8 o i 2) '].‘he second donatmlnt atatu..‘that a comunlty may e VR o ,_i-
i 5 SovgalLe wy = 3 ._..°a_l'
g only aasign to a aelr-auignod _aomunity (1e. om with CoL
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community 1, given that 3 belongs to the subset Ni.‘
If xjj =, 0 then nb assignment is posaible.

s ??FuEkexémple.%ff kdi;i .thén'J i a potentiai
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y location for an aasignment .of atudenta 113 = ] from

3l

3) The third conatraint limits the sum of all costs ' . -

aseoéiated with the oonstruotion and b;\?ﬁtion or

school facilitiea 1n the aystam over a, given’inveatment

period to 8 value within a budget 1eval G..

L]

A

+

B

Zl 'FJ x;;

: +: >3

1.'

l_“ 5

Jﬂ
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bj & 3, %3 £C -
e . .

(ﬂhere fj 13 the conatant or fixad uoat of a

achool Inéility j'
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.
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e
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et

would squal zZero and

wauld squal zaro 80 -that no coat would.ba attributad

to that oommunity under thid oonstraint.

o t v

o

Q_»

snhool h related to the numbar‘

tha achool.

di XLJ

EL.

LY

[:8
Il

o

<

] l -
J 15 tha vartable coat coerriaiant related

o to tha aizo of school J‘

E: BLXLJ '7-18 an 1ndex of the aise of

oI students (ai) aaaigned to

o

-

It b school wern notalocated 1n community g0 xjj -

If a bchool facility whre located in . oommunity 49

a
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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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;_ AP y .imodel is rerun aev;;;i‘timea at inoreasigg bu&get lavels *, i
? ' ‘ ‘until the solution becomes feasible, At the mnrgin gF o "0 v :?
ﬂ :.feasibility a- location-allocntion solutian which minimizpa b E .‘ng
%i | the total time travelled while reapecting both the maximum ' 'ﬁ
i - time and. minimum budgat conatraints will: have been found, * X Cha _{

Beoausa of the 1noorporation of the P‘_"l value in the = . g "W

'?5‘ nLT ..:-' 'budg;t oonatraint this aolution definaartha modifica- 5:_ L0 z§
3 = tions to- the exiat?ng looation of Bchools and allocntion L - 1}
gl-' " : if.‘pf studanta whieh minimi:a eoaté. 'No_ new achool facility ' _l' '.E"{;
mm“ 2= o :wiil be craated unless: the maximum traval tima oOn-- ; . 1.11 .’2? {-f

-':atraint 13 axoeaded and/br no exiating fncility a-

C e 'bandoned unleaa Yhere nre sroator BlViﬂQB in- nmnlga- )

»mution. . _ _ ‘ : ]
e E i , * Lot e ) . .'r"
g, _'Determine Tranaportatibn Coatl e gt T e -

* The seucnd step in. dafining the 1aaat cest solu- L

'tion ia to detarmine tha preasnt value oost of trana-"
“~—‘." _-portation for the given 1nveatment period Trnnaportation"'

“ :coats are assumed to be a. funotion of the totql travel 1 :;

. Bime: for aaoh aohool and tharafore can_ be oaloulnted o
from atudent-achnol aas%gnmanta as; rollowsa ' .i—.' . _:" P ﬁ
¥ ) o ‘F (Li:-‘ I3IL.¢L13 Xi.i)' é
.% N ' ’ 4 . 3 t . e ., ;_—.. . 4 ,.' " ) J ..‘ l .-. ' ey e, . ::,;-
£- 5 s = ms.nimiu Tota.‘l. Goats.. . i g B | g &%
w ., The third atep oombinaa the ftoility budgat lavel
? . and tranapor%ation ooats to determina tho tottl prasent
I
ar ) o '\ Ll i .."-'- 2 3 - =
i ) . .- *
¢ ] . e d = 0_. O §
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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 '
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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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& - changea‘in\the aize and 1ocation of Bchools within

’the syatem do not compromise the system ] potential

.to maximiza the aducation quality. ' . '

=In thiq stu&y the evaluation‘s{,dﬁ; impact-o: ‘

éhénées 1ﬁ sige and lécétidn'on qualiiy-ié'accom& "_ _

‘ plishad through ‘the derivation ‘of an educational - _[i
production function. To produoe this function a :

P o ”surwagata maaaure of quality is reg;eased againat an

‘ array of aehool input variables 1nc]ud1ng size and '
"Eocation ractora. - "ZI_H'} & "

“factors in the daterninatlon of aehool quality, the’
 impact ot ahanges in theae rnotora can be autimated

Rl . 1solat1ng the nnit rata ‘of changa in the dapendent :

‘fﬁ"_““"'variable (quality) oauaed by the unit ohanges 1n the:“‘-.

I 1ndapandent size and looation variableu. Thia can

bs aohievad by limiting the range of variablea L

aaaociated with aize and location or by holding thoae .

el T . variables not assooiated with aize‘and.location ' 5:¢ - &
' :statiatieally oonstant and eoncentrating on' the rate e 3;.&;
L or change eanaaa by tha partial regraasion (b) co-57 ¥,
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. ! . 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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r T s e et e Loeslc o s numare gone Qe mpegietn NG TG e T .
- Flgure 11 shows tha existing configuration of school 4 85 ;‘,‘;‘
%ﬁ "'. - faci.llties and atudent trips in the study a.rea. i ' ‘ ‘ g
‘-";; , | 111 = B Data Sources o~ .'\ = s P N ;:ml' R 1 \'j{
L . The var-lat‘y of sources of study area data raquirad L e :‘;
‘ o ) to operationalize the linenr programming model follow. g ﬂ;}
- . Population by Community. L Y9z C. A=, .)“ 5
;; ’ ' Source - Statistics Canada. Potulatior’{, Pro{rince' ' I ’g
: t . ] . ; . of Newi‘oundland and Labrador = Incorporated s '-‘:
t: ’ ' . cities tovma villages. and‘uni.nc‘orpor- ' y :‘
E" ‘8 : % ated communitipa.' 1971, ' !i‘
=.|i‘ C e 'b Purposa - to 1dentify those cormmé/ies within the ¢ 3
= : - study area which are of sufficient size o
P ’ . to be potential aohool 1ocationa. “ . J
N 2) Student population by echool,’ * ' ' L ' (1
‘ 1;. o h '. 0 A, Source - Govermnent o:t‘ Nawfoundlnmd and Labrador, , §
X i ' ‘ 'l‘ha Newfoundland and La‘brador Schools g : .3
. R - - ‘l Directog 1972 ?3 f - A ; 3
I BT T b Pu.rpoae - to ldentify the aize and location o:[‘ ] -
o J |, - a existing Integrated high schnula in fﬁ
_E.'-':-'. X s ._ - . } North-central Nawfoundland. ™ & \ .::
?; . - ) student population by community o ‘i o x . :
' . e a. Source - Queatlonnaire. mam i.n A‘ppandix II. aa'nt : “ F
Vo ¥ 5 . - to achool principala withln the study area g ;
' ' ' in April, 1973 P e oy x g " i '33
T o . ...' : o b Purpose - to 1dent1'ry the apatitl distributlon of ‘.- ' !., -
v AT B A -  student, demand within the study nrea. | g
= ) . N Y . g o ;
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5, NI k) Student a‘nd :'total population trends by census aubdivisi'on.-'

" . a, Source - Cenaus Canada, 1951, 1956.. 1961 1966 19?1

b Purpase - to identify trends in the volume &Qd

=

'_ dis’cribution of student demand which TR

o h . might impact on facilit)f Pl"«“"‘i"lg 1“
SR ot - 3 =
5 N _ the study area. . p - -

5) Travel time on transpo;r-thtion network links vie seh'olo]i -

bus.. i

E

St Y
R sl L S

&. Source = Questionnaire. shown in Appendix II. aent
) to school prlncipals within tha atudy area
- . “dn'April, 1973,
b Purposa - 'bo o'bta.iﬁ an approximation of ourrent
’ ' bua travel times on the axiating network
. - wh:lch oan be" relatad o ths maximum
':' - L . L ' travel time ab;jectivs and trmaportation
' " _ uosta., 2B 1 F 0 p
: 6) lﬁa.ximum traval time objectiva. Given the atudy ares = \

in question,' a mimum travel tima of 30 minutas .‘..a

' conaidarsd an optimum objactive in ths prov:iaiun of
-'-‘s’.: - 5

! aduoatioml Be rvicas e

¥

el
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a. Souroe - Interview with' the Exeoutlve Searatary
3 b L S of the Integrated Eduontion Gommi'btae
2 . " = o k ' ' on March 28 19?3- This. 1ni’ormed judga- '

g - -‘? B . ment was takon ‘in 1ieu of l. oomplate

: e N '_ 2 '. '.' aurvey af’ both educatormnd studanta. il ;
T . b Purpoae - to menaurs the parrormanoe of tha | i -
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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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] j: complete coet ef $20 79 per equare foot - : ﬁ
Ei' . a. Seurce - Director General. Technical Services ‘ 'E
.%? . ‘and Special Projects Division, I R.E.E., 5
’% .Schoel Conetruction Ganada-coet Evalnatien T ¢ 3

K ' Index, prepared by. 'CERTEC Inc.. Montreal.
T o 1973. % ;
‘ ’ b. Purpese e to determine the oost of replacement . ;
. ) . =_and the- valua of Integrated high echoole ‘ f
’ in North—Central Newfoundland, as well . . ,é
; .88 the cost of cenett;cting new ' facilitiea -?
i ' e i :'-: ‘in the araa._." . e '.' gL rlt '}
' 10) Squara footage of existing Integrated high echeols in : : a .i
North—Central Newfoundland. _ : ' i i o
¥ . ' B. Source - Space ihwentery and fleor plens. ; ) .‘ ) S i?
t-i"‘ AN " ""“; s '."‘ Dapartment of Eduoetion, Gev't of Nehfound- ) l- ' '_f%
- k L. ota " 1emd and La.brador. \ ‘ E
5 . .:j.' ‘b, Purpnee - to be used in oonjunation with the con- - - & f%
g' L £ .‘.. a f, &3 ‘ - etruntion nost index to datermine the _ ' -; @
! e ..t . costoef echool replacemant. ' ' At
ﬁ; = i 11) Original conetruction datee for the Integrated high ”%
g eoheele in North-Cehtrnl Newfoundland. . - ’ '?
g - a. Seurce'— Faoility profilee from the data base. t
| . fop the Rapof't on. Sohoale in Newfoundland, ‘__ ..

‘_ }A;' | prapered for the Dept. of Eduoation by '
g P, ‘Warrin and B.. Fiﬂher. n ;
" b, Purpoae « used in the eetimation of ‘the: depreciated i
&, " ; ; ‘ e B
3 . : ‘ ) N . : '



. L 1 va.lue di‘ existing schools in, the study -

" . W " erea, A L ‘. o '
{ . i 13) Operation and maintenance costs for In:t'egi'atec_l high‘ ‘
i o schoo’ls ra_ng.’!.ng'in. size frpm'll-O"'tc; 1000 students. 2
% ) a. Source - Quebt;dﬁnqiré .'.ahm-m in Ap'pen}:ix L, .
» - asent to all Iﬁ{egpﬁtedsohqol p_'dp:rda '

% '_ &n ..kpril,‘ 19?3 "I‘-his- Qﬁea:ti&nnaire was .
E o ' > designed to be compatible with the cost - "
L | "data collection i‘ormad: used by the :

{ . W , R Deparfment - of Eduoation. A Rapor‘bing

: ¥ Manua :E'or School Boarda. Governmant’,of

: f , > 'Newfﬁjmdland and Labrador, January.1973
: b. Purpose - to da'bermine 'tha armual axpenses which

ars a‘btributed “to opsr&ting varioua

. > sizad sohools in Nawfoundland. D =, | o
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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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K : .- Type S Variahle ' - Source: .. ' r
A, b. Input-school 3 Enrollment “ .7 .Schools Directory, 7 L a
£ Environment - . ~°  Dept, of Educntion. E:
, ' ' . © 0 19%72-73. .
B- ;o . o . CostAStudent . . Questionaire, . &
%. ¢ o . i Appendix IV, =
H Enroll/capacity . . Warren/Fisher ) -
e . il * _ Report, 1973% s
¥ o . % change in Schools Directory, .. ' -
v S 3 P - enrollment in * - . Dept. of Education,

- o -i1g70=72- . 1970-71, 1972-73,

' -
iy 4 &
LY

L

_ . . Livrary capaclity 1 Warren/l“isher : A
A & - . g o 3 } : Report 1973% - e )
S d o T UInstructiona¥ . - Warren/Fisher

o F v ¥ . . . spaces - ‘ Report, 1973*%

= '\..au.‘z:,.-"a}‘;' faja

g AT

" Age rof Structure Warren/Fisher '
-~ ‘Report, 1973*% - . ..
Pupila/téachqr - Warren/Flsher . , i
" Report, 1973% ' - . £
i & Ovemll Facility Warren/Fisher .
ool ; ; rating ) . _Report, 19'?3* y -

»

.~ ‘¢, ./Output-quallity Average score on . by school, 19?2 - : 5
= - . - Grade 11 Provlncial scores, Dept, of+ - ‘
. exams., .. . Education o
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The r'egrassion analysis<waa baaed On data oompiled

-from a sample of 50 Integr(%ed High Schoola in. New-

foundland.. O0f the variables regressed against the ;

grade ll acore. "the following were entared .‘mto the

vuf .
Lo - i . B . b A B i } . L
© " Table 3.1: Educational Production Funection

Coefficient (b) RSQ

-‘ ‘ ‘3?03012?| H O 031
~ Age of Structure : -3.21296 : .35
Average level of Education 15 7861 - .40
Cost/Pupil . 3 707004 44h A 5

Variable

Eval‘qation Sys tam

~ Enrol/Capacity 18,2347k - .6
" Average Fanily Income - -0,01568 _— T
- Enrollment _ 0.12548 " .50
Instructional Spaces -2.57128 .52

b Constant (a).

L]

. ._361.‘!;'201'? .

. The ragrasaion aqu&tion has a oorra‘luﬂonf ao- .

‘afficient of ?199 and explains .5182 of the va.rinnce
in grnde ll scores, Possible tranaforma-biona werL
consildered for all da.‘ba.. 5 However. acattergrlma uf ‘each
T:!.nclta;penclen'lz variable plotted against the- depandent
"variable revealad 'I:h&t no trqﬂomtiona wogﬁ.d lead 'I;o -

t

a better fitting rela'l:ionuhip - L
Althcugh 'the level of explanation is low at. 5f8

) the ragression equation oan be uaad to estimnte cha.ngea

i.n quality sinca no other dats .1.5 nvaila.ble whiah would

lead to a bettsr -eatimte. ‘rhe level o:E' oxp].ana.ti.on _'

-
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o r'egreaaion equa‘tian at an' F value greater' than 1(Table 3 1),
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é.ve‘rage level of educ‘ation by school location and weré.ga

o I Verbal Achievement s

3, -Change in Reading

~achieved compares to the folloﬁing,studiea:'

i

O ) . g A .
/ Explanation’ ' o 98

Outpn/t Variable ~ Achieved Refereance

Black Students - *© .30

2, Achlevement Test B oaee . .' Iy .y '
‘ (Klesling, 1967,p,356-367)

Score + 95 . i C M3

Score  ~ : 711

%

(Katzman, 1971).

ﬁnro]_.ln;ent.' average family income by school .location,

coa't'. are iden‘tii‘ieci as *bhe Variablsa wi‘thin ‘bhe ragress 1on

model which will change v;i.‘l:h and could ba measured ror g

. each alternativa aolution gdnor-ated by tha linaar pro=

L4

gramming model. The impa.ct of changea in any of the
size and 1ccatlon varlables on the quality of aduoation
at tha mrious gchools can be meaaured by multiplying the
varia.ble 8 unit‘change by ite b ooaffioien‘b.
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(Bowles; 1970,p.22)
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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

56 . ..%

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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Chaptér IVt Cests and Performance .

. ¥ for the Existing School System in

-~ N C. Nawfoundla.nd

—

. This chapter provides the interface between

., area data and’ meth‘odolqg} ,1&15-desc‘ribin5 the cost

" performance of the axisting school location-allocation

_:,systam. .' 2 -

i A.In\restmel_'st .Period ST Y

’ 'fn.eility \ms assumed ‘t:o be twanty-i‘ive "years: sinoe the -~ .

' -considared an appropriate 'I;.’Lma for replacaman‘t: or axtansive

. redasign and, renovation. ,

- The averaga 1ife or invea‘cment period for a

.ages of ﬂl operating achoola in the system were

_this time frame..' Twenty-five years uan raaaunahly be .

.- #

- In order to ac.count for faeility dapreciation and

_continued locational” redundancy. 'bhe continuing eosta -

£}

preaan‘b value .

IV . B, Valus of Exist r_zg Sc:hool Facilities ngl

The vnlue of aach achool in the exiating ayatam is N

-caloulated on tha basia of ita preaent ooat o replaoe

. v

g

p-l\;‘?n-u “\:“r’-h Cf‘l‘““t" ?*ﬂ‘:.;“,‘#;ﬁh_!?_-u.fﬁb -
e

_and- :

[ 3
Er O - VoA 00

- BlN 1Y

»
S 0
:‘lo“l-"-\'-' .

be‘tid_y-- A -

- glla
ey

school

wi‘l:hin

vongd T

S e

] of. achool replacamant, oparation and transportation over

' the twanty-five year pariod ara disoounted 'l:o a oommon o . :
- . .,‘.'.‘ ) : " “q » “‘NS

minus the. diacaunted coat o:r aotunl raplanamen‘t .,required T e :

R &

-during the 25 yeur 1nvee'kmen1: pariod. Exis'l:i.ng achonl

raplacamant nosta are’ calculnted uaing the Dapnrtment of

Regional Eoonomio Expanaion's aohool oonatruation cuat T
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4 index of $21 57 opar aquare :E‘oot for contr:a.ofts 13&3 than . :
, 10;000 sq £t and $20 ?9 per Bq. T, \for con‘tra.cts over 1
‘ 10, 000 aq ft. (sea Chap‘ber III- '] -9).‘. The- following . Q
exampla ﬁlustrates 'the compmgat;ons u*seci Jg‘éo calcula'be ;:
.+ +the value Qi‘ﬁgsohool facili’cy at Point Laamingfon. ‘ ,,
Value of Point Leam.‘mgton High School % £ . ""a

' 1) Tatal Square Feat e ‘ L™ 13{1&61 ‘:;3. L
o Gonstruction Gost Index ) 1620, s R ,,?

' 1 f . Gost to- Raplaoa _ o' , $ 23’9,864 f

| ; 2) Faoiliti,es Construbcted . -‘ | = Datq vy e ';

! =', I rooms, - . )?Sb _‘ ' -1;' 1966}"‘"‘ ' {‘
' . 3 rooms f"- T = 1970 p z,_..
3) Expected functional life of improvemen'ta - 25 yeara. ’

ll.) Replacements during Inveatment «Period. ' 'L' vel Fo s

'. Facility Time R Coat Attributed 'I:o I P.‘.;..‘_»-"'-:-

" 4 pooms 18 yeara 1I'/’I’(E'.""j' 864)=159 522 ?/25(159 522)=f+l|» 666 .‘f,.c’- o
! 3 rooms 22 yeazs. 3/?(2?9 8614)=120, 341 3/25(120 341>=14 Wy i

‘,..
&

o i . SPRL

v
et gl

e 1)

H
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z
]
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e

el TS

N - Presept anue Cost of Réplacament 2w e T e

s

. Diacoun‘t Rnte - 595 . 3 2 I " A
o 2 s rpo_:_ns M&» 666/(1 05)18 = $18 560 Lo . 3
. 3 rooms " I MHLAL os)z2 = ufg-y} o el -
6) Valua of Existing School B, g ,
+ _.Cost, %o Raplace‘ % p $2?9.'é6___4 -_ 5
" _-n\ lesa Prasent Value Gost o:r . ) w - A
3 N 5 & Repla.ceman‘l: i o g WO ‘
' LT Ivdlwe Lo o- L - $286,367 7, .
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' 'Assumptionas . i, &= - . : "7

v',}\‘:-'t‘;;:"t-ﬁm‘..

g tem } I*t is. assumed that‘ schools will ha.va a funutional :
i o 2 ’ ""lif@ of .no- 1ongar than, 25 years (the investmen‘t period) & o ':;?-
% oy -.before they are replaced or extenaively ramodelled. '_ n : _' P
JC B _Item LY Costs at the year of replacement are aasumad to - . ' ‘
:L '*:_ - : 'be equivnlent to the preserit’ dar cos‘t to raplace.l ‘In _ ot ,
c ~ . future a.pplicatlons, it 15 recqmmendad that conatruction B . :‘
o - cost be sub;jeoted to an escalation :E‘ac:tor. ' =
';h ' N % 'Cos‘bs a.r'e assumed to be in direct proportion to thé Wa
. i e O . physical portitm oi‘ tha 'building in naad of réplacemen‘t.' ’ '. : ~;
:5 J ) ‘ The costa attributed ta the 1nvestmen‘t period are R y

assumed to be in diract propor'tion to the portion - T B

¥ a3 ,-‘}..i' % the rsplacementa' functional aoonomin li.fa whio’h ptsses R "‘
' L R dtn:ing tha .’mvastment period. ) i - R
o - - i i A . ."1"
: ' '[:am 5:,.-- The d')iscomting formula. used 'to calculate 4 &

. -\! A . -t
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%
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:; " A prqsent value cost (PVC) is_ ; e _ 8 el “.._ : BTN

0 of E e -~'-_.-. -
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H = N . .‘{ . ‘L?-
: . o X
i o T
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E T :' ik : !‘?‘-
M W ek | . low depending on 'l;he om:ortunity cost a.ppropriata to _ ;
T “:1. g 1mrea'tmehts ih educa.tion in Newfpun&laﬁ& A higher :ate
- vE : ' o
{ L} .‘- b "::.. . «' . - 4 L b
o k - ;I : N ) i
o ‘.‘.'. 'J o - . ‘.\‘\ *




we'

Ay b e e e e e g e xSy : 1‘. B - ot I '

; :' B ﬂl. RN '..-' 9
| :' ORI
d g ' & e ) . !

&g' woulﬁ'furtherhfeduce the-iﬁpac%lof.future costs on v .i
%’ - pr.eeent values, ' p ' s s
b Item 61 In future applicatione 1t is recommended that - _'- = : i
E the Present Velue Cost of Repleoement be calculated by = ' §_£‘:§
= discounting the conetruction coste inourred in the year l . ‘f i
2 . of replacament and subtracting the diacounted reeidual i ‘ g ¥ E
'or aeprecieted velue of. the new structure at the end . e 'k' p

© of the. inveetment period. Thie method ie euperior becauae . ) ‘é

it values the cost of replacement as of the date - o= B -

replacement (ie, todey 8 costs escalated to that date = .. b

0 pr et . T a
= o o0 % - e o B e Vg -
T ey T e RO e N ST T IR =
s 4 A % o .
N . . .. PR & s o . = "
- - " . L b
- » -
(= LI 5 -
ST ..
. ¥ N
- “ -
. a .

and discounts this coet and the residual value as

. -

., they oaour, ) . . ¢ @ ' SR =y . 3 o - W

—— et 0 K . ( .
. Iv - ¢, Development of the Budget Conatreint

l“_Baokground to Facllity Size—Coet Relntionahipe - . :-' .

1 Aleech and Dougharty (1971) aonducted a etudy s . _Q
" inta the feeeibility of determining the. extent to whioh ' : -
. ’ '.differencea in the size or feoilitiee effeot the unit L _: " ’ %?
{; - coet of producing pnblio earvicee. They cancluded that ....: . . ‘ﬁt
.; j_f If the reeenrch effort ia vigoroua. 1t ie very likely . ,ié
E, ) -chet it 13 poeeible to 1earn whcther the unit ceeta of.' %
tf \ 3 production and eize are- related It ig hiéily unlikely hﬂé
gi however, that the analyst oould define. a *most efficient"' ) ;%
:% size :er.p50viding'very.copmle;,eervipeE*l .(1§?}. P. iéf . . . {g
- . .. g W, , - g TR
- 2 g . ‘
3 5 " : : T e o O Py - R P o § ' )
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g --Moat authors investigating'the relationship between _ g{
T : d - i .o 3
4 - ) o -
ﬁ size and cost for public facilities have -attempted to . g .o -
EZ define the "most efficlent® size of a faeility. Genarally {é
N 3
%’ 'they have hypothesized that the long rup average cost : 13
€ &
F ' curva would be parnbolic-in shap& commeneing with aconomiea -{
i : oF
?: R of acale. Tollowing with an area of oonstant returna to |
f} ' . scale (the area of the "most efficient“ sizsd facility) ‘( }%
.;%““-;M . and ending up with_diseconomies of acale. ‘Most studies ' 4 3%

\és.@on , 1969 and 1972, Hirsch, 1959, Katzman, 1971, 3

..1.

rou

R L e
"

and Riew, -1968) use muitiple regression ﬁnalysis to test

t.'T ' - . this h&potheéiﬂ.Khtzmﬁn'(1971)'has produced the olosest. . f
£ r s _ ‘fi% in hia study of educational aervioaa. Hia regression : L ;;
.-E . " g estimate of the average aaat curve is givan by: . g BE :
I3 . o . AC =.constant + a, (enrollment) .+ ‘2 - - = . =y

W T & (enrollment)z * ag (capacity) + ’4 - :
g . : *(oap&oity) + a5 (O‘P‘City woxolleand} . - - T L
He found thet’ only codffioienta’ a1 and Ry WADE aigni— ! T ;

. ficantly different from zéro and that they expllinad 53% K ,' R

én oy ' "of the varianoe (Katzmnn. 1971, P. 37) A point of 8"

.
A4 gt D

éf _ ‘-'-=5 'agnement among the variqus gtudies is that nvarage cost :

;{ LI .' i - is not aimply a- funotion of faeility aize but llso the ..: ‘ @%
%ﬁ.' i v quality of service conditiona. phyaical 1nputs and the. _%
.§$ TR 'stnta of teohnology. . . Lok ?E
i : ' In hia study of the Ontnrio sohool ayatem, Dawson 1
i ;(1969) gave a qunlity weighting o aaoh of the. varicus

ff "'Z-‘:glzed schools 1n.h15 a;mple. Eoonomies of soula are - )

E . f". o d kil &, 3 1 e & “ Tt 4 = N
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4 . : likely to exist 1n ‘gchool facllities due to theﬂ;;diviai- '
‘ bility of the baaic factors in the prod%ﬁﬁion of education('

that is the classroom. gymnasium. teacher. principal

*

and,various,teohnical teaghing.alda. Howevar,.aa i IR . k. *
w . v : : i i

1“ _ suggested by‘gléach and Dougharty, Dawson was gnable'to
3% . "producé an estimate of the long run. averagé oobt curve é
-E‘ - or define %ha “moat efficient“ size of a sohool beoause i
- - of the complexitiea demonat“ated in his data on existing ) )
s B . i .aducationgl servioeaﬁ He did however, have suncaas in ‘o
i ]
:E ' defining a leaat aquaras aatim&ta of the total ‘oost ourve. ;%
} . Givan the oompurative shape or the hypothasi:ed totnl EE
“E = : oost and average 008t curves (Fig. 12), deviations in s -3
d . h ' ®
g _the aampla data ara likely to make it more diffioult to ¥
50 A produce an estimate.of the uvaraga cost: QUrve than an. §§
P i N X "
} v . - estimate of tha total cost ourve. .. . - ST A
i f $' . ‘3
3, i ) 3
i
ENg $/Unit " .
) source: Samuelson & :
E s¢°“ ]'1m' p- 527 0
: st s .
-_'f;; h ?
' . : .' Ounntltg_- Tai e oG :
: FIGURE 12 TOTAL AND A\'ERAGE coS'r cuavss N L -
: 3 X T : !
5, t : :-__‘ .. “ q y L3 . %
-.:.':. 0043 2t ?1‘.:,7‘-1"' ’ ":: 3 Y : [ - » .‘:.' 3 ‘ : )
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Dawson (1972, p. 30?) found inoreasing retnrna . ;
| to scale or GOnEtant raturnarto scale for almost all ' ‘.' '_' ?
types of achool facilities examined. Hirsch (1959. pp; ;
232-3)-and Dawson (1969, pp. 11 and 487 sugg;at'that'iﬂ' ’ “3
the case of most public aarvioea diseoonomies of . jé
scale should not be expected ‘from'data .on exiating 'i
systems because disaoonomiea would Tead to the opening Tﬁ
of naw facilitlaa and the conaideration of the aocial ié
digtanca batwean participant and facility would . limit : . fg
the maximum size of any one, facllity, . ‘?
Although anson a formulntion (19?2, P. 30?), has - l!i\,. f
some nonlinear oomponanta. the total coat curve as ¥ § i
shown on figure 12 lends itself to a falrly accurate s _ & %
- 1inear sstimation.. The. nvailahility of B linear aatimate ' - j
.' is oritioal in the linsar programming deaign where all -, . .“ ?
.’oonstraints must be linsnr. il L E Al .
2 Budget Constraint ‘- _ . R ?%
The budget'constraint ia givenu e j" § o f5 S '%

E (‘FJ"PJ)X.'IJ '*'ﬁ' LJZ‘J'XH.—-C - 5

Hhene fj - ia th:?:gggﬁ,ﬁ% or’ fixad caat of aohcol faaility J

3 - 18 "the variabla aoat uoaftiéient relnted to tha 13 ' f

Bise of aohool T 7
*
. . .-'. P ; - f .
= . d '.-
o . J: ; . .‘. L "
5 . P ‘:-. ' 3 . . .- 3
. L ._' ¥ ."' "
] .t
ik ’ b .y /
y .
‘e ’ [ , l“'_, F) 3
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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
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' School (point B 1n figure 13). . The regrasaion estimate
(?? 93& + ?61(bnrollment)) of construction costs. therefore.
allows’ for an anrollment/capacity ratio of less than 1 o
rI‘t is, hnwever, accaptad as the best average estlmate L

$of conatruction costs from,enrollment for thia analysis,

In future applications it is racommanded that the con- I

atruction costs be regraasad against enrollment aapacity ' e,
QE;r each school 3 fvf " acie W 4 a
. Operation and Maintenanoe Costs’ b = 5;_
vy . 8 L On the basis of the data collected from the. school

‘boards (sae Ghapter 111 - B - 12). the - total present value

cost of operation and maintenance over the twenty-fiva-

year invaatment pariod wag caloulatad for each_sohool in
" a aample of " 50, Since ooats were assumed %o ramain level . ™

© . over the period tha formula for the preaent v&lue of. an

Ll

annuity (PV&) was uaed: o e ‘ :" '}‘
. . & R
PVa W gt .(1_— TI—;-IT n ) )
% ] ‘ . - i
= . ; whare a - was éha annual operation’ and mnintsnance ooets. : :
LT B is the discount rate of interest - 5% A ‘
(1#1)" - ia tha diaoount faotor .1‘ S ) \ .
N AN - is the numpar of conaecutive time perioda the
' annuity laats - 25 ye&ra .‘~' A
“'{ 2 A mora accurate aaaumption raoommandad for. future annlyais
| vwould allow eanalation in coata over time. -In thia . Ei
‘ el s o il Sl e L
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e - g - . problam. however, since the low discount rat’e of 5% givaa ¥ ‘: E
: . substantial weight to future coste, the level’ cost ' g,"
?:: . aasumption may not ‘oe'serioualy out of pln‘ce. % ot ) '1‘,?'
% ) c) Total Costs IR g i s L : o %J
‘I.‘ha replacemen‘t cost of each of the 50 schoola .’m : 3
i’ . the samp].e wa.s aatimated using the regreaalon equat:l.on‘ | }r
% r " previousl'y ahown in figure 13 It waa assumed that ths ‘ ]
% . ‘ . total present value cost of each Bchool was equal to 4 ' ¥ - E
f ' a its replacement cost plus its present \ralue cost of - - e, R 'm"
E ‘operation and maintenarnce, Inherlent‘in:_'éh.{,a "a.s,aumpti;m ‘
i is tha.t tha costs of ope‘ration and m&ir'lte'i'xar;.ca 'do‘ riot :_
E - ' vary with the age of a- school since’ all costa were / _:i'
. = E arrived a.t from data on exiatins buildings. . ) " ’
‘ . e L . "_ To facilitate eompa.t:lbility with tha budget ‘ . _' . . ‘
L il nonstraint dasig:m : ' .
‘ - Z' (‘F PJ) XJJ + 2 b E auxu S-C i A Ij‘:';:’.‘?.»
& s d L=t - i ) , o
N .J . [ -total present value coata must be axpreaaed as a linear ° ;
E o - ' function of student anrollmant (ﬁ 3‘_‘51'1 i ) - i . - 5?3
,‘, - N . .- The total present valua cost oi‘ sach’ of the 50 Bohnols _ ," ' l*gf
I ! _ wau..tharefore. reg‘rasaed u.gainat its corrasponding ; . ] ,)%
; student enrollment. Figura\ 14 ahowa the roaulting di.a- .' . . ‘1
¥ = tribution of pointa around the regression line. _ The i . R
f " 1ava; of exp;mation (-Rz-) 1a excellent at .96.ahd mo o -
i . e o L i " . : .
. b . 1 .
e i e, R . R
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i / fReplacament | _ 3 »
g o Operation & - : »
Maintenance : I~ B W . e
‘. E T e a 4 ’ i
P Cost (3,000 L. L. g ~
: r . 4 ™ - .‘ o k :
. 8480 1 + )
% s A T w b
e . 704 ] . .
- i i ., ‘u.'- . . . I' E
= 5 R I oo
g g . ; - ) - e T i
i . 4190 - 5.
. D G B 3 = 3
" i m 8 - . - * A
ik . & LS ' o L N . o '
a - a8 ’ 2434 ] @ ; . &
> b ; . . aeh . -
S el ¥ ol i Correlation Cosfticlent 984 IS
3 5 - ¥ D g ’ Coel. of Determination .96 3 ) - i
i - ' T \ © Significance: 00001 . . i
i o ‘ "t . Constam w 141,945 ] 3 A
= X 8T —— B ) Slops, i 8,173 p : ’
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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
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the notation ai d.i xij deaignatea the amount of

© student time from communi'ty ito. ] (1e. the num‘bar of .

- e TR L e A

L munity ‘and facili'ty) To facili‘ba‘l‘:e con;patibility with'

.
e

i sulting distribution of. data ‘_pointa nround the regression g
" 1ine is ahovm in Figura 1s. ‘h'ith a lavel of axplana.tion

-t .--l

o :-'vﬂ*n'v'“v:-"t“*fql?*‘n

»

Miv 8 E a; &-LJ X“ Y o

‘- L} ‘EN(‘

‘students multiplied by the time-distanca between com-

. this’ deaign the relationship betuean tha coat of trann- T
’ ~por1:ation and studant trmrel time is identified from

cost data collacted"'i'rom‘ the aohool boards (aee Chnpter
4

ITI - B -’?) nnd the bus travel datn collactecl from

] Bchool principnla (see . Chnpte‘r III - B - 8).. Complel;e

data wag collected for a smpla of 20- facilities.‘ ' 8

Currem: annual transportatiqn cobta were traated

as an annuity over tha twanty—fiva year 1nveatment &

period to arrive at the preaent va.lua cast of tranSpor— ' 3

tation at each school, ‘I‘he diaoount m't:e ofSpar cent R [

was- usod 1n. the computa'tiona.

ot . L - .
1 - - - ]

. : The presant value cost of prmriding 'l:ranaportation ’

over the 1n1restment pariod wna regresaad asainat the Rl E

total student tra.xral time for each fncility 'I'ha reo-

(R?) of .?55. the ragreaalon equttion. (-17?36 + 63 (Total
Travel Time “to Schaol in Minutea)) was a.ccaptod aa the '
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" best eétimate of transﬁbrfﬁticn costs, The threshoid: ;";ﬁf.
b ] h “T 'o..'
: before any transportation costs: are incurred was found
- '\to be 28 atudents travelling 10 minutes (thus accounting
for the negative constant) J & o 2 _'j, f: =
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b 1 "In the following chapter the linear programming . '
model will be used to define the modifications to the .
existing locations of schools and alldcations of students. .
whioh will imptove the performance of the school system
" at a minimum cost over the investment horizen without
B, compromising education quality, ' g M '
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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,
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"'* i AlthBugh ReVelle and Swain .(19?0.,1)‘. '35) ‘suggest
i, g . ‘that constr&int 2 (Xj5Xid? afto{xld be only i;xeludeq
when needed the program produces a full sat of X;; ...X.',_;' L'
?_‘: -_. constralnte for 'l:he firat oomputer run, beaaus{e the : ‘
E‘ minimun cost solution occurs at the threahold of & .
:;i non-fea.aible aolu‘tion. - ] ‘
g - © ¥ -B, 30'Minute Solution - L . ‘
£ ' - 1. Initial Solutten . - : |
i, ’ e, e firat pro'blem :La “to deﬂna the \ﬁédit'ioationa
| F el to the exia’cing location of schools and allotation of
E studen’ta which minimize .tha costs of 1ooating aohoa-ls
. wi‘bhin 30 minu'tea of all Btudents. I. Five of the commur;i‘.; :
% ' tiaa in tha study area -could not be aervad under the ff\. j"\
’: ‘ " design conatrnints. le. the communitiea were too amall o ’
= § .k to justify a facility and were not within 30 minutes of 1
. . R | comunit; which did have such & potential. The" unaerved
- commtﬁxi‘bies aral' ' ' .
?f p 3s Wild Cove O - o (
x “. . ?. Snook’s Arm - Round Hr, ' ’ -
’e* N F. 33. Lawrericeton P e we ' .
uf E . '55'.Port Alpert. T . - o . 1 2 7 a
".': ‘82, Terra Nova' .. - ’ f- i o
\ Thesa oomunitiaa are includad at -I:ha end of ‘the qn;mlysia
g ,f when 'ohoy are nssi
ML ¥ costa are suhaequantly ad uatad '
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" just above the 1evel of infe&sibility at $66 M. Figura

-x4039 and cnmmunity 40 partinlly (.235349) - aelf-naslgnad.

RITNE .
b varied. the foll wlng two alternaxiweq w@re aqnaideredt' L1

_nnd 24039 n 0) or it aaaigna completely,to Bohool 39

-

P

In order to judge the initial 1evel C for the

-budget constraint the value of exiating schools (%5, 62? 314)

was aubtracted from the eatimated costa of raplacament.
operation and maintenance ($70, 062 uzof in 'the existing
system. (see Table 4 i, o, ?b Ffor coat braakdown) ‘The -1 '
result is $64 %M, 'The’ hudget was i&en lncreased in
j.ncrements of $1M from this leval"'until a feasible
solution was i'ound at $66.4 M, Tha ‘budget lavel wag :

then decreaeed Qy $100 000 at a’ time until an’ 1nfaasibla e
solution waa found at $65 9 M, The minimum budget occured

16 illustrataa the locatlon-allocation aolution ganerated

by the linear programming model for the- minimum budgat

 level of $66 M.
e Budgat Varlation

Baoause the xij‘allocationa and xjj Bchoola were

not all ,zero (0) or one (1) at- $66 M., it ﬁga nacaaaary

' - to vary the budget alightly to achievu tha lacation- :
allacation system Ehown 1n figura 16 A partlal aaaign-
o ment of ?64651 ocnurred from community 40 to anhool 39. &

=

To oomputa the amount by which tha budg t hnd to

,:either obmmunity #Oioomplataly aalf aqaiqns (1“040 = 1
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In'alternative'one the capaeity of the school . ) o o

L

at b,o would be axpanded and the school at 39 would be

At L

reducad 'I‘hi.s would require an lncrease in coats of:

E
* PLUS 14.1.946 (,764651) + 8,173.5 e ?64651 5 (the .. ‘ ;

: . ", numbér, of students at 4o = 9?)) &

- ¥ L “MINUS 8,173, 5 ( ?64651 x (the number of atudents' : \,

- S g " assigned to 39 from 40 = 9?)) ok

’ EQUALS 11, 946 764651) = $1‘b3 uaa i L - SR
‘; In altemative 'two. there would be no schqal at ) N . e ‘1
S . 40 and the school at 39 would be axpanded ‘This ‘would g H
= ‘ reault 1n a decrease. in 'I:he budgat requiréd of , b

mmus 141,946 (. 235349) +.8173.5 (. 235349 x (the - _
. number. of students at 40 .= 9?)) ol o = i
L pLUS 8,173.5 ( 235349 x (the number of s\tudenta - ; : -k
g aasigned to 39 = 97)) '

i, o™ " EQUALS- 1lﬁ.9h6 (.235349) = -$33 40? . B ]

© The locntion-allocation aolutlon shown in ﬂgure, *

Tl -7 16 was baaed on altamtive two of the budget variations p 3 3

# ' becausa 11: yieldad tha minimum budge’t requiramant o' . A PR

T ($66,000,000 - 33, !m?) $65,970, 9#3 e o 8 \

\-{{ a‘ ! -, ) v, ': gy " ' '.‘ .“ - ..’ : v & ' j ‘- s ‘. R : ) l‘. g “:. ..‘:

P -1 : c e L . e - L) ! N e 01 a——§ . A e

\'EE;:I““ 1] . 0 'l o] " : % “ j ’ ‘ . l’". . L S . -_§

e B SR, Notm » Equation used is from the ‘budget.constraint - e '

w%‘ & K e . (Chapter ¥ - C) "where. f.‘! = k1,546 and By = TR
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¢ an approximate solution to the problem,

-lowar than the genemtad solution at $65 97, H

R | -_the budget crma'lzra.in'b. lndapendent of the size ( ﬁ

82

Rojeski and ReVelle (1970, p.. 359=360) discuss the -
method of adjusting the budget level to obtain integer

solutions: ’ ‘ ; . L

' "Phis ig an unusual solution to the location of

central facilltles in the gsense that it is .ng'l:
It 1is
an exact solutlon, it is the structure that is
approximate, This is in constrast to heurilstic
procedures which are commonly approxlmata solu-

The drawback is a lack of sensitiviw or
fine tunning; between two levels of funding
‘both of which produce integer solutions. There-
my be other integer solutions which m:'e not -
Jocated”, .

_tions to exact structures. 4

‘QI'his lac}: of sens:.tivity ia not actually a problem

in_the acceptability of . the minimum cost solution ;

'generatad by the model. . For exampla, in thia problem

it was determined that no feasible aolution axista

at $65, 9 M., therefore any altemtive integer Bolu- ‘

tiona AT exiaten‘t could be no more “than - 001 or 0 1%

3. Proportional Reﬂuctiona - .

k.

When' this solution was genara’teq the valua of, exlst.’mg

smmls (P ) had . been 1ntegrated 1nto 'the desig‘n in ord[er

" that the solution would raflect possible cost aavinga '
renlizad through the use of these facilitlas. o
i X The aolid link 1n figure 17 repraaenta 8 h:rpothetical :,-
. . total eost-aiza function a.t loca’tion J. - The value of i
. the éxisting achool at. J (P ), is; u oonatant vn'.lue .’m ‘
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oapacity (sea nrossed line 1:1 figure 1?)

:
N, - E— L . .
] .

. ¥ M ":"_"'-— LT . iy L -4 - B
H

N

X

" : value of the existihg school is introduced,” the size-

ks

cost function shif'ts downward by the amount Pj (see

dotted line in’ fig\xre 17) T &

Slza

RIGUBE 17 TOTAL COST FUHCT ION WITH. PRGPOHT IONAL
BEDUCTIONS\

In actuallty. unlesa a sahool is being used to ita full
capacity (p represanta the. size .of fa.cility Pj I
figure 1?)ll 'the cost savings 't‘.o tha syatem ahould not
be equivalent to the school's full value.. Bacause .
of 'the unimovm eﬂ’eot of unuaed oapacity on the cost

, salvage valua of unuaed cspadlty '!:hroughout tha syatem,
1t was assumed that when the sim-coat relntionship is
below ‘full capacity (p) of, tha exiating achonl (P ):-
there is a. reduction in aavings proportioml to unuaed

'QI

-

MR op e T
N 1. g -~

. of operating and maintaﬁning a achool and 'tha unknown -

ritr et
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At the minimum ‘nudge‘l: lavel of $65.97 M\ aaveral
schools had unused capaci'tyk. Table 5.2 ind.i.cates the
'_proportional reductiom which wers 1mplimanted for
each of +these ‘schools. Tha tatal savings due to _
existlng schoola wns reduced fram $5 498, 385 to $il- 804 019.
The minimum budget level raquired for replacement opera-— |
“tion and maintenance had” to be increased from $65,976, 91&3
to $66,665,329. ' il 1 o
‘ To find out’ whe'bher the proportion&l as opposed T '_ ._ . X
to full rgducti_ons.wquld result in the genaratio'n g e
; ‘an. alterflatiw;e 1ocation;nl:location-'aoluti'im. the 'p‘rd-'- ‘
- blem was rerun through the 1inaa.r progx‘amming modal . ' 3 Tl
with the following changasl . . ) . - . . o
' 1) tha -Pj value for each facility listed in "~
Table 5.1 was ohanged to the 'proportioml | ) .
| reduction value, . > P « ol . - ) ;
" 2) the bndget 1eval cons:ti‘aint is i'ndreaa't;d to
$66 690 000 to allow for the potent:lnl loaa ‘ ) . _ ¢
in Bavings. . - ~,." o X . S ‘ ' %
o The new solution, again lchieved thrnugh budgot e - Wy "{
' .", variation. is’ ahom :Ln figure 18 Note thrl; bacluse .' i ‘.' Ll g
' o o 5'l.'.he full reduction wag not nllocnted for the sohool at : s LW
' community kB. atudanta at 1&8 vmre asaignsd to tha aohool- i
-'_a.t 4 ‘and the atudents at b9 to 50 Tha looation- R

..‘. -

alloon.tion aolu‘tion ahovm 111 figura 18 na conu.tderhd
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M to'be. tha final solutiOn sinée no further proportional T A
E " £ \:eductions were possible. Tha mlnimized cost of rewt .. '
ﬂ..;' .t ‘- . ." e = a .v.- - n . 'p -'. g -
g R : plaﬁ.‘ement. operatlon and maintenance under the 30 8 B = C g
e’ 5 minuta maximum time oonstraint as calculatad for thia 5 . 1
W s - - s iy, v - S - " . 3

g final solution. is $66 592 ?42. E ooy ™ T A 9

% E | % ;l!- Minimum 'I'otal Costs | o S Jupe—y
‘I‘he tr:anspor:tation costs for each achonl generated >

in the i‘inal aolution{was astim&ted uslng the regrassion.
equation (-7?36 +. 63 (Total S‘tuden‘t !I'raval Time)). Bea " %y g

P Chapter IV-' D, 'I‘he aum of theae cos‘l:s, the tot‘a} trana-“._.-b"-"' oo

é ¥ _‘ ‘_ poLta‘l:ion cost of tha Bchool Byetem. 18 $3 672 465( e — , ~ “.'
. To identii‘y tﬁe minimum total .cost aolution. the _'..:' s ‘

: ) o school faci}l.ity cgats and tranaportati’on coata wera ~ : . e .,

v ' ‘_ T £ combined for several budget alternativea. A cost

i Soull _' braakdown for eaoh of the alternativea ie givan in &1
j o e Ta’ble 5 2, Figuz\e 19 displaya the alterna‘hivee graphi- oy )
\ -c;l;y. All budgat altemtivaa reflect proportlonal "
: —_ t::-éd;;é'bi_on‘s.‘ At no tima when the budgat 1eve1 is in— : .‘:_ : . i
L : 1 c;f‘el-i:sed db aavi.nga in transportation coats excaed the i . 7
"«'—‘ | dditioml facility coata. Tharafare, the minitnum 3 L_" r
e B oost aolu-hion for the 30 minute time oonstraint ia con- 'e- AP
"" -l-.rihuted through -bhe md,nimum budget altemativa (saa ] \
. ' f.{gure 18) with to'l:al tranaportation and i'ao;llity costs_f
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The extra cost of providing for unser:ved demand .

i is1alcu1ated on the basis of- tra.nsportatinn to and adu-
' cational services from the closeat facility. Table 5 3 T

,shows the assﬁgnments and cost for the 30 minute ¥

a
ol

- Wl . R S .' -: CT “"

f

The complete cdst of the final solu‘bion is there-' .o
: fore calcula,ted ‘at $?1 059, 690 Reualling that’ the' :
_cos'b of ‘the exia“ting syatem was $69 JLl~8t'.l Ml»i 'bha addi"'

. 30 minutas of all but 6% of the communitias and l%

N ’ : of the atudents s astim&tdd at $1 579 249 The cost

%o amortize thia amount over' the 25 year 1nvaatment -\ ‘
l.period -at 5% 1s (1 5'?9 249 x 0 0?0952) $112 050 per \ " §
3 annum. _ F o e
,‘v - c 1&5 and 60 Minuta Snlut_i_ona. I 4
' The decision to aooept the 30, minute solu'bion may Vo
’,"well be based; on whethar funda are in »faot available. :
| Coneequently, it is advisa'ble to iden’bify tha coat A ’
: : aavinga whieh could he raa.lized by incraaaing tha maximum ; &";

3 tiona wara ganera'ted for ks, nnd 60 minu't:a fbravel tima

‘e 1Y . 1 £ e . Y . A . - T

A "‘5)‘*“‘"’* 5"1“"1"“ W R S Pt B
e 'I‘ajbla 5 i+ :l.ia't:a 'l:hﬁ 'budgatary altamtivas eonaidered -‘; Faliie,

'tional coa'!; of pt‘oviding educational eervices within 3

: 'tjravel time adnstraint - In thla ana‘lysia fur‘thor aolu- " a i 'k

(N
:‘. .
mLEd

* - o b . e 1} . * . * [ . l' ‘:
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30 Minute Solution - Additional Cost .for:Unserved Demsnd' . °

iy 2 t 3 H - = > L= e
.
.

Facility: - ©.. Travel - Transport . Education ' . Total = .

""‘?"‘5""?,‘.‘.“'."%?’?1 S . :Cost $ " Cost:$ . Cost § - ‘

(363" b0 mixi. . 30,240 - - 98,0767 128,316 -
Yl:'dtfb-zfiaf-‘bf?.' sm) 55 mins 62370 - 1h7A1L 098N ¢
Gloveritows (76) 1 Ane. T 373800 T 81,730 ¢ 115,530 "

orand Totar i $i79k,483. | *
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AL R B -.tha lowast bu/éat alterna‘tive. In the minimum coat '

L] g a . A & . 3

> @ . "aolutibn for 1&5 minutes, the 0051: of replacament,*opem-

'ti;m and min‘tenanca less the value of axiating facilitias : .

i B '. is. $65 ?37 91‘+ Transportation casts -are $'+ 200 450 ;

4 _ T _‘.;t‘or a total coat” o.f.‘ $69 938.364 ' ‘ ‘-L' | o
S ‘I'he extra coat o;f' providing :f.‘or unsar?dd demand at

. .‘ 3 community” 82 is $119 530 (community 82 13 asaigned 'to . «

,,‘_"::.f '-; the closest facility ?6) “The comp}.ete ooa'l: of the ]

. : Sal aolu't:ion ia 'therei‘ora qaloulated a'b $?0 05? B9l+ | iy

, ‘ i ',;-".;.,oost ~of prnviding educational ,Bervioaa within l&s minutas " W

L o m1l but 1.1% ot the communities 6 0.1% of g P FE

k " y - students ia $1 001 796 1aaa -t:ha.n the ooat to provide :5’ .
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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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0 . 39 5 pointe. 'k eignificent ehenge in the qualit}ql\J :
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" b N
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Figure 24 1ndicates thet more stringent restriction
'Zon travel timee common to t?e exieting eystem will
“bring eccelarating;increeeee 1n total costs. Table 5 6

.facilitates a8 further understanding of the performance : ;.ﬂ_
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; A eolutione for each trevel time constreint were compared
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to the. exleting eyete%n
FT - _No. significant changes in quality were feund except
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in the case of Badger (community 21) .in tha 30 minute | gt ',: P

eolution which dropped k5.9 pointe. In the existing E?Stem,'? ; ‘J_

Badger aSSigned to & 1arge echoel in Grand Falls (commun_

ity 2#) In the 30 minute eelutlon Badger self-aesigna,‘. e 'i =~ %
Table 5 ? shows the changee in the average quality o {;): '

of echools over the whole eyetem created by the changee

in the eize and location -of echoole in ‘edch eolution. —— - '3
Table 5.7t Changes ih the'Quality ' - - - . ‘ F
g ' ef the School Syetem R et i SR "

. g4 e L Points attributable , Averege ‘Change in'- . »
" u ',:Se?etien + to eiee and location: Seore’ . ! Avér&ge;;eere- » ;
Escist‘mg Systen 161,89, - hotBe ¢ o
60 Minute Sol. 159,00 . 399,01 . 2.8 " | %
u5 Minute 501. o ‘156,?3-_’ o 396,076 . .‘_.:-'2._’2.5' T 3
30 Minute Sol, .41_5'3.‘91%" | 5393'.-91" % I ¥
o el Lt .o e g : N = ]
o Alth;uéh 2 overell downward trend is identified :..:.:.:' :.‘ f"fﬁ

(Teble 5. 7). it faile fo.have 8, eignificant impact ‘on ;E

individual echoole with the noted exception. If the 30.

b .

minute eolution were to be accepted furthar coneideration

-could be. given to whether or not to maintain‘the preeent

1iﬁk between etudente at Badger end the echool at Grendfalle.. ¢ ;_1

Otherwiee. 1t 1e ooncluded that any of the eolutiene’*’
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. ? - : i Ay The solutions generated by the 1inear programming a8 ..: "_'é
%: ' model in this‘shapter have determined the location of ' S é
I; ; . - schools'and the allocation ‘of students which minlmize - T f— ‘-?
-F - e costs fof.vaéioua tlme ¢0Aatraint3. _';: ;,' .'.? R ' - f_ ?
)E'. i A 8 Such analysis arid. the - dacision making aids whieh = | - '“
) ) . . result are of conaiderabla vnlue to.educational planneré ”‘:-I :' ‘f
E - and poliey makers.. The analysisa;?-ﬂi _.; fw s .-'f - {12” _.;

: ’ (1) gives several yardsticks (mnximal travel tima,‘.,':_-" - 3

:'. . quality of education and, minimizad cout dbjectivas) by - '- Lo

:Z .,,. ‘whioh tha exiating system can be assessed .: ;':_: _' ﬁ 2'. o ;::

1 - (2} 1nd1cntes the nature and cost df chnhéog Y. ? wf:: _-;'{ ?

. B necaasary to increaae ‘the’ etfectiveneaa'of the . existing " ! < &

e Bystem. ; .213;3 : ". ';g_ ' L E :'_-'; .:; 5 ;' . é

| ;.SC'-. f-- (3) halps in ‘the dstsrminatlon of fiaeal and ];j ﬁ‘” _ '-'i
E:_; . . ’ aervice prioritias for the 3chool syhtam by diaplayins . § i
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Thio thaoia has dovelopod an operational methology e ae %
ror optimizing the size and location of school facilitiea L k ?
' .on a network. Tha methodology for loonting Bohoolo and ‘ : '%

allocating otudents evolved from Iorogas' Mini-max -;J W
problem. The objoctives of" Toregaa' dosign wore ex-;
tended to also oonaidor modifications to existing ; f e :?1" -2
faoility ayatama. -the minimization of fnoility and trano--'ﬂ; B 'f

';l portation coats ovor time and tne impaot of ohangaa 1“-.§:u LA B E
the oonfiguration of various Bizod faoilitiea on the ? i ‘:“5' f'—ff

. ' : | :

Quality ‘of ‘the’ ayﬂtem.- This 1ed to the incorporation of i =8 '

an invostmont oonstraint tho oonsidoration of the loca-

tion and value=of oxioting fuoilities. a prooodure to ':5":'-“:'.f~ A

find ‘the minimum posoiblo oyatom oosta undor*linear ;i..'aii -

programming deaign oonstrainta and thoudarivaﬂon ofa g ;
facility produotion functidn.":ggzj . ,.E,'.f‘afﬁh 3: ;:?ﬁ'i;j%;.g,a
?I = A, Extonaion of Mothodologx f:ﬂﬂij*%: Uc.:_ay'f;:.‘.~$_lﬂ SE

anh featuro of tha mathodology haa morit whioh iB 'f?f:'{.'f .-%
not limited to the analyais of tho Bohool loonxion 'lﬁfjﬂff{fbi_; 1§
problem.l The oost mlnimization and evaluation of exiating x:., ) ‘.?

faoilitioa olomento aro gonorally applicabla to all “”f,}} i},- - .




§ approaah is bnsed on’ me :fixed and eonetralning linear o

] L

ey

. valopad in the preceding‘ chapters genera'bes asvaral

P “:

decialon making nids which in'bagrate coat mihimiza.%ion:"- s

librariea, post officas and health and welfare offlcee.

'I'he mea.surament of quality in a production fumtion .
should be uaed when i't: 15 known that the qu&lity of tha

ayatem 13 1nfluanced by the slze and location of fa.cili-

L3N

'tias within the syatam. ,=' .. *'. : '

L

within the thesia aeveral points ha?e beeh made L8 -

as ‘bo furthar raﬁnement of the analy%ﬁq_ Sinoe 'I:he e,

programming methodolpgy. 11: is not axpeotad. to, bo a i

part of fu‘bure braakthroughs 1n 1ooation-allooation
amlysia. Becauea tl‘.e approaah aan be appliad w.tth some
eleméﬁtary knowledge of 1inear progrnmming. ita valua

is in usa and ita future is in rafinaments to the

' operatioml methodology. Y """»-_' '. RS S ‘&f _ S .
VI - By Planning I_m_glication St B et ;'

The linea.r programming dasign a.nd methodology de-:

-

L] ;r.

"':-;f and miml trtwel tima objaotivea without compromiaing

educatioml qnnnty._ The process allaws 'bhe deeiaion

maker to w&luu‘te hie own priorties und aohieve an e .i"' A

[ R T ¥ T ] .

TR ] e R
P T T B e
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) ‘, and the alimination of achaol 1ocations i;l smaller el R - '_
; .. g = centres which are subjact “to declj.ne. The meth'cltdology , : 5 .‘

: - . is s;ansitive to changes 1n the age' s.nd value of e S S .“ *
e - exiating schoola. in 'l:ha diatribution of students, in . ._: : :
i ;e e ,: the tachnology of school conetructlon and operation. _' R e %
| ;' ,:- and in the travel times :m 'l:hs tranaportation ne'!:work B ‘ -. AR : «

: ] ' Revised solutions should thsrefore be' geqerated a-l-.' - A i .f
. L '. regular 1ntervals wi‘l:h,’m the planning pariod I.n' w5 B . ;

4 .:'.". B § aucceasiva npplicationa. Ithe methodology is able to’ (ERERATE N p
e d | i react to obaolaecenca arld ohangea in the spatinl " 3 S
” = % stz-ucttire of demand to further mlnimize costa or meet n.evg - .. .‘ o "
: .. socinl objectives. * In th? absence’; o:E‘ ec'ratlc ohange. .;‘ e r
by '_' : ‘ a# program utilizing thiﬂ methodolngy ahould agpruximate 5", 4 P
"’ N the 1eaat oost path towards Bl.tiafying aooial ob.’]ectives a0 N -_'
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2 \'a-J"fu;t h
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FORTRAN IV G'LEVEL 21 -

46 FORMAT(4X,12,1201K,13,F18,8)  ° «. .
NRITE(6y47) J,1,KON,OR ° ¢,

#1485
Bias
-wiar .
B148

- lag

. pise
eisl " .

A MAIN

Q7 FORMATCY 'pax 12,12, 1Xs13,F18,0)
39 CONTINVE - - .~
. 29 CONTINUVE . .
STOP ;
END 3
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