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1N

As a consequence of- decllnmng enrollments, and the changlng nature
,School systems, decisions regarding the location of schoels, the

a551gnment of students, and thefhtlllzatlon and organization of facllxtles
have become very. 1mportant. = . .

of

N »

~

Among the ‘many factors contributing to. tﬁls dynamlc state ,are: new
site selection, shifts in population, changes*in educational prog;ams,
obtaining a desired balance of minority groups in the schools, and the merge///
and consolldatlon of two or more schools or school syStems.“ gr\
Local school administrators are constantly faced with the task of -
~ making degisions which maintain-a‘delicate balance between quality . educatlon
and econoliic efflclency. These are difficult tasks and ones_yhich require
' that the esx 1nformation obtalnable be available when makj these declslons.

2
o

xMaA& of the quantitative tools of management ava11abf§ today are
applicable go“the problems faced by school officials. This publication
describes the application of one such tool, a line p:ograﬁmfng model
developed jointly by Mr. Dave Norris, ®r. Robe owell, and Dr. James
Young, at the Center for Urban Affagrs, North™Carolina State Univer51ty, '
and Mr. Eugene Cheatham, Division of School Planning. The purpose of “this
model is'to aid in the solutiom to prob ems of site selection'and the develop-

ment of‘pupll assignment plans for mi 1mum t;ansportatlon of pupils 1n a school
systan. .

>

As with most management to S, 11near programs utlllze tomputers for ,
solutions to problems posed by deczslon makers and this combination provides
‘the adm1nlstrator the capabjiity “to consider numerous ‘alternatiyes and make
decisions based on the des ab111ty of plans resu{tlng from the alternatives
.considered. T

<

-

v
",“-

. ~ .
-Gonsultantséfrom the Division of Schoobfﬁlannlng are available to

\

-

<

assist local unlts in preparing the data necessary to use\the model, and in

1nterpref1ng the ?1ternat;ves geperated by the model '
’ 3
Fierce, Director -

Division of School- Planning ',

-
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I. Setting.Goais (Objectives and Constraints) -

To fllustraﬁe the use of comoutEr techniques for the development of
. . - L] »

S ‘ P, : ; <. P L ~ : ‘e
‘ pupil asslgnment plans and site selection for new schools, let's use a .

P

. N .
. - .

.~ [ 4 . -
hypothetlcal example.. As school administrators, let's assume that we have

the ABC School System shown 1n Flgure’l The ABC School System has four .
’ . « o B
\ elementary sohools‘located as;shown on the map. Our first job is to )

develop & upll a531gnment plan for the eiementary school chlldren w1th1n

. /

. the school systemc * What do Wwe .do? Nhere do we start? The number of ways
. .. . . . r : <

i . ] . .

-1n which a551gnments could be mgde are practicalry unlimited. Thus, we AN

?. must-set some goals for the plan we are to'devélop o, . . Jii B
+ ° . .°  What k1nd of pupil 3551gnment plan do we want? Let!s loo;?;t three e ?
; possible goals for the plan: R ‘ 'lfj d B ?t ;/;\\ . .
1. Ever;]ﬁﬁpll éan walk té a schoolalqcated withln a few blocks , ° . ‘
- ;~ .. of home. o oy - p _ ’
NN 2.. Each school will have an optlmum number of puplls enrolled \ o i

b . 3. The rac1al, soclal "and econom1c makeup of each schoo\Jylll . "

' be the same as thegaverage b1 the’ entlre system. . .

~

°Other goals could- be’ “Jisted but let's comsider the aboye three in more

v L

detail;in‘order to'illgstrate‘the procedure. Conslder goal #1: 1Is it pos- —
. . Al ¢ - .

sible for all pupils to attend‘a school.whfch is only a short walk from his'
. > 4 .
*ort her home’ Only if the area of the school system is very small-*and the )
" v - v vy

populatlon den51typls very high, would it be p0551b1e to have a schoal locatéd

"’ hear each student. ‘Thus, the goal is’ 1mpr§@t1cal for the vast mafyrlty of L

g - - . C.
t‘.situatlons. Con51der goal #2' Gan all the schools have an optlmum enroll- '

ment? What rs an 0pt1mum enrollment anyway’ It would Certarnly be an“ex-

tremely gare.sltua;lon in wh1ch the locatlon of schodls arid puplls was such,‘
that each school would h&ve a de51red enrollment with all puplls be1ng able

!
Y s - . . o1

; . to walk ohly ‘a short disténce from their homes to ‘school .’ Thus, the com- .
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ination: of goals 1 and 2 is impractical. Consider goal #3- Is there a

n\: "‘.: . . - b {

homogeneous mix by race, sOcial status, and economic level throughomt the

o’

gf‘ ) ' system? If not, it will:be’ impossible to achieve the samg mix’ in weach >
: - +school while still‘meeting,goals 1 and 2, Now, although we.listed enly
. N Q
q, -
three goals for oun pup11 assignment’ plan, it is readily apparent that we

T AN e,

‘cannot meet all three and perhaps we cahnot meet any of the three. They .

are too general and they conflict with each other. We must be more specific

L. . ”

- and more realistic. Perhaps we could state.them as follows: °,  °° ’

PEe, L
"e¥ Y ., .1. ‘Each pupil can attend the closest school € ,
. ‘ 2. Each schbol will haVe %n enrollment less’ than its design capacity” .

7 3./ The rac al makeup of each school will be within predetermined limits.

e ] e e o e \ DR

If we now consider the set of goals,'we see that goal #1 could easily .

B
LS . =

be met if we neglect goals 2'and 3.. However, it is extremely unlikely*that

schooIS°and pupils¢will be so strategically located that goals 2 and 3 can
. LA}
? — be met at the same time as goal 1. If we con51der only goals 2 and. 3, there

. [y
-~

is no conflict as long as the total capacity of the schools‘iiceeds the namber :
. of pupils. They could both be met by proper assignment of pupils to schools. -

Further examination of gaals 2 and 3 reveals that they are not really SO much
e : .
. goals for a pupil assignment plan as they are limitations to be placed on

the plan. These limitations are the result.of the physical design of school

«* & K}

buildings and of government and/or school system regulations concerning

»

racial makeup of schools. 4he 11m1tations must. be met. In contrast, goal #1°
l, " '
» is a desired characteristic of the pupil assignment plan but is not required.

‘J

- Thus we would like for all pupils to be able to attend the closest school
’ - \ ~

R
. e but oniy if the school enrollments\and the racial ratios are within certain
N R , ' \x‘
. limits. Sincé it is unlikely_tﬁat_goal_ﬁl_can_b_ fully met, 'we would like
" {
\
9 . to meet “it as nearly as possible w1‘hout V1olat1ng the limitations 1mposed by

S ~ Zand 3. Thus, our original three goals might be stated as an "ObJectlé%"




. . < o~
|‘ . * Al ’
:\ . . , . l R o ' ’ . "
- \ . N i ~ ’ . M . .
and two "constraints" as.follows: . . _ .
- ’ ,' < A : . N N
Objective : ‘Minimize the distance that pupils must travel from their
:f“ s/ h . v ' % * F ) ‘; * T » .

- . "homes to jchools. : ) . . .
° , > ’ . P
: . Constraints: 1. No schoo)}/may have an enrollment grezter than its design

. of e . . PO C NG
. & .capacity. =\ . - e
- ©on 2. The racial percentages in each school must be within o
- ' - , - R ' ! S— .
- ‘ v ' predetermined limits. . L ~

' P . . L .
The terms ''objective" and '"constraints' are used by m@ematicians and
. other scientists,to describe the goals and.the /li‘mitations of problems 'and
- \' N " ! * . -
their solutions. The "constraints" are the limitations whick just be\m/et v

N /e

e - or o DY WHakever solution is obtained.  The. ',obJectw _is.the'goal which iS to_.. . .

be met without violating the constraints There ‘can be only oné obJective'
. ‘ . a

but. there may be many constraints. However, the constraints cannot conflict
with each other. ‘ L, ) .o '

» -

-

Let's take 2 simple example which does not involve a school system.

. Suppose we are planning an automobile trip from North Caroliﬁa. to California

~

and we wish td complete the trip as quickly-as possible. If we could- take >
- a straight-line path for the trip and drive twenty-four hours a day at the
i ' /- i : Le - _
maximum speed ‘which theé automobile can reach, we would complete the frip in
1 . ~

a minimum of time.” However, there are some limitations which must be met.

- 1
. .r

A : .
: Our obJective and some possible constraints may be stated as follows. .. .
. . I

I Objective. :. - Minimize the time ré’q\nred for Ja trip /from North -

..
-

. Carolina to California. . ‘- . ‘ ~’\‘
. Constraints: .1. Travel must be along paved highways. b E
L] R ' - o . R ¢

CE 2, Speed .limits and traffic signals must l%e obse(cved S -

3. Stops 1m.1st be made for refueling ., . iy
; ' L - .
b . ;4. Twelve hours per day- nn@lst be reserved for meals and sleep. _.
. ] \ ) h . -
¢ ' . . TN . P )
Once, the objective and the constraints are identified, a route and schedule




o~ may be de;termned‘whlch minlmlze the travel t1me w1thout v1olat.1ng the

(S '.. " ’ ’ s. oA < . v . . t L ’

Pg e constraints. . ' ) L s )
s ’ . e ¢ -

o

L Now, back to Ehe development of p\p}l ass1gnment plans. .The compu;er ‘ .

. p:‘ot:edures discussed in this documerit allow the devel\nent of pla.ns vibich . ]/\ ‘

. ’ o

;l"b‘v - meet certain objectives whlle complying with c’ertain llmﬂ:atlons or com-’ S

. e

straints. .-'Kb.ea_‘o‘bjectaves wh1ch may be chosen by users- of these computer

L - o . . . . . . . , . ( -'
procedures are 1isted below. N L L ’ s
- . - N - '3’ . P 3 v - '
- . - . ‘ s 2 4
-« - Alternative Objectjves: . . N c

N
AN . S “ . r

1. Minimize the _distance that pupils must travel from their homes to schools.

- - [N

N (Includes walks.ng distances as well as busslng\ d1stances ) ) b .
27 Minimize the d1sta.'g_ce wh1ch pupils must be bussed from\ the_ir._homei to .
‘ ° ~ 0 e ) & .
< schools. (Exclu,des d1stance pupils walk. ) L« o .o L :

e R i ‘ ) \.' - ‘/ b P . -] - ' \

3, Mlnlmlze the number of pup:Lls busséed . L U -
4. Minimize the number\pf pup11s bussed away from closest school. .

Note that only one of the above Jdisted obJectlves ca.n be chosen for the '

[

.

. development‘ Cif a. partacular plan. ‘A dlf‘ferent pla.n would be ’developed for,
each of'the objectives. ' - S ,' ) * © o ‘ .\r“ &
P . . There are also a number’ of ‘constra1nts whlch may be chosen by usérs of '
' the computer procedures. The)\r ate listed below. ST . o, ‘(
. Possible,Constraihts' -7 " ' ’_hl : - - ' : .
' l: "No. school may»’ have an enroliment greater than its "design ,capac‘:',ty.. . ’ \f ’

. £ 41 > et .
. 2. The racial percentages in each’school must be within predetermined
T wens - . : : ~
Jdimits. . : . . o

. .
< ° M c - : 7 s .

o 3N No pupl‘l may be as51gned to a school wh1ch is more than a 'predetermlned
. vy - ) ¢+ .

d1stance from hls or her home. X . '}: L
* S 4. No pupll may be ‘bussed to a school wh1ch is farther from h1s or her ° .
'.\»\ (‘« -( ) 1 . .-
\ » home than the second closesﬁ: school s A

o
L

Note that any‘ oomblnatlon ‘of the posslble' constra1nts may*be chosen,

. ¥ ‘ ’
Q 'I'hey may" all be s1multa.neous,ly speclix@d for the development of a° plan. -

CERICT TR T T | R
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3 ! * & A ’ . 0 . -

¥, oy, "J ¢ L s A N e N ,
o} ) ) eﬁ ‘ ¢ _ P . ) . o oo : )
i II Data Requitem ts | - d S , . < .
‘ et % - - v e .)
Ll . Now, let's assume that ‘as school administrators in the ABC School .

; . . s ] - R Y

: . System we have, defin&r obJective and constrain.ts fo‘r ‘the pupil‘

e, ass1gnment plag we are to develop What do we do next? How do we get .
. . -

. *

i o the plan which best meets the obJective9 This is the function “of the

‘

- computer procedures described “in this manual. Once an'obJective and °

v ( ﬁ

e appropriate constraints have been agreed upon by administrators, the

T s

. . ( - o7
{" ' problem becomes a mathematical problem which® may be solved usi g a-computer.

ARY

\ . *
However, the systep must be described in numerical terms so that the com-,
B 4 - - B
. N - N * 3 .
puter can make the nECessary computations. This numerical description

)

s involves data on the location and capacity of schools and the loéation and
_ . - race of’ pupils. The school locations may be described in terns of X~ and .

TLY- coordanates on a map while their capac1ty is'a specification of the Y C

o~ -

. - B -

max1mum number of pupils to be enrolled. Each 1ndiv1dual pupil could also '

be located‘in terms of X~ and Y- ooordinates on the map-and his or her .
‘ race specified. However, thlS°W0uld reqnire a nremendous amount of un-

N - .

| justifiable work. <§he procedure used-here to describe pupil locations will
- be to divide the ‘total system into a number of - small areas and to consider

- -~ [ N >

all pupils within the areas to be located at the center of population of

. the area. This system subdiv1sion is 1llustrated ‘for the ABC School System '
in Figure 2. The System has’ been d1v1ded into fifty-two smaller areas and ¢
M . ‘ . ‘ . - R - Ka . v

. . population centers for the areas approxlmated manually. These populagion

\ o
~
1

centers are represented in terms of X~ and Y- coordinates as shown in Figure
<

-

- 2. The areas may beyof any shape 5o0-that street or natural barriers may be

. . ’ - : A : - , !

- N ) N T ‘ ) . . 4

: . followed in arxea de¢finition. The areas should be more or less uniform with [ -

L4 . - . . s . . AR Y ” . . \ ) P
T respect to”racial housing patterns'within the area. The important point to '
- .o R _

remember 1n aré’ definition is that all pupils w1thin the area will be ‘ e

3 AN - . !

" { o
assigned to a school as 1f they ‘all lived at. the population center of the area. :
P s - . . R i ’ , d ) — . B

. : ,
o ’ o g . . . : ‘ .

“ g - . , ¢ . Ay . - .'\
EMC' . i '-_' . R 11 ) . . . . ':' 6. b
. = s . . s . g - L et
N ., ! ) A ) T : v
.




- v ' ’ : L4 N '...
~ < S - . . 4 - ? ;ﬁ
L3 - . . * Q(' . s : Q' ° :
- . o . ’ et L « T . . . . -
T \\ ~Once areas within the System are defined the number of pupils of .
:-‘1‘) * ' - 5 - : - S '
! bot’h majority and mlnquty races afe determlned _These data are shown LR
; on Flgure 3 for the ABC S‘chool System. The computer procedures 'then us,e LT
i ot T o v
; the school and area data’ te‘/ develop the ass:.gnment plan IR
- *\‘/Tl}e data cpllectlon steps ne.y,be outlanedvas follows: * S " . o
N B & . . - _ . . . i . -, , . - i . B . .
~' 1.. ‘l')i_vide system into small areas, . o R
) e ’ N ™ . > e ' ' Co T ve s -
° .-+ 2. Describe loca;:i n,'pf each area, ) U/ Lo v
. ’ s v { ‘. - ". . B ) . _— ¥ T8
-3, Descr1be ‘location of each school, e SN Con
. T 40, Determlne CapaCJ.t}’ o£ each, sch;bl, TN ‘ -
\* . . e - v ) - o v vty
v S. Determlne number of* puplls (by grade le-vel) of .majority .race in each Lo .
. ] AR . Cos
. area, and . - : L s ' - sy ]
—_— : - —'. ,... - .- N . - ~ . ‘\ - i € - " . LY .. - - . - ‘e ‘ - ——— . - . R -— -
. . L. ‘ . S0 \ . . .Y d
L 6. Deteg:mine number of pupils (by grade “level) of minority race in each . # /
. ” ) ., . . 5 ; ) ) _.(.‘ - » . " ~ .
. area. -t - Lt e . - to.
. l o ~ M . ‘ ) * » /. - > . -7
- 3 “,. . . < " o - w ) y ) - '_\ .
o II1e Solutlom Methods . ” . . , ’ R -
- L ' “ A ' . 3 K
’ »
Assummg that we hax?é defined our ObJ ectlvé and. constralnts and ﬁave L
- N L . <
- \ . . . L
collected the necessarx data, a solutlon can be developed mathemat::cally . v
. (2 ¥4
) “utili gl a cbmputer The procedgae for obtaining a solutibn ‘consists of -
. » . R /-4 o L “ » . ! N a
-7 two _pri¥ary steps.. They are s Y T 2 :
. ' N . . Y RN . .
‘ . D 3 “ & * - . 4
. i « 1. The estimat‘lon of d_15ta_nces between egch school and area com‘bmatlog,
st . s : g * . * . ’ [ ,9 . Q. ‘ 4 - »
. . . « - 1_ [ A
~, ‘. o ) and ‘ Q C . \/’ , . » ,
2. The determlnatlon of‘a pupll ass:.gnment plan wh1ch satlsfles the .
oo constra:.nts and best meets the obJectlve. .. C ' .7 E
o _ The d15tance§ betwea} schools and areas are est‘lmated mathematlcally NC
P -
‘ ¢, by calcéx'latlng stralght lme d‘lstances between their respecuve coordlnates. .
K ) 2 . F
R These distances may be 1ncreased by an appropnate factor to” adjust, for the T
a - ~ © Y A
- .fact@\at actua,l street or h1ghway d;stances will be greater th l"t:he :.' ,{‘
. . ~ N * ’ e - %
vt straight llne dlstances. An optxcm to lze dlscqssed late,r wil#allow the”
x‘ v . ,. :‘
- T mputtln'g of actual distances if® desired. R . R
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. +Sub=areas and populahon cénter of sub=areas
/ X&Y coordmufe/ in ABC School System
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Tbe pupil. assignment plan-which most nearly meets thelzbjectivg ie
,“\déte;mined by a ﬁathemétlcal technique known as linear'pfo;remmingf This /[
l‘technique allows a systematic determination ofothe.posgible aesiénmeﬂt .

plan whlch best meets the obJectlve. The mathemat1ca1 equations useébvgi: "
#’descrlblng ‘the ébjéﬁtlve and the constralnts are g1Ven ‘in Part IV of this

« o
. H
/ It . -

{
manual. SN .. S

. N " - N
.
R / ’

Now’let's look at four a551gnment 5}ans\deve10ped for the ABC School
. System. ' l ‘ ’ , e
Plan I - . SRR - I

- < . . . ——~d¢
Minimize the distance that pupils must travel from

A}

4o ¢
. ,
. -

their homes to schools. .

_Objective :

Constraints: <None L , , . /

’ L . N ,

The pupil-aéilgnment plan forithe above objective with no constraints
. b2
gur

is shown in Fi 4

, : &, ' i N , .
in all areas are assigned to the closest school. This results, however, in
>

{
\
ote that the assignment areas are such that pupfls X

w1de variations in pupil enrollments and rac1al makeup in the fbur ‘schools. |

The enrollments vary from a low of 215 1n School 3 to a h1gh of 760 in SchooL . ’

.1. The percentage of minority ‘pupils varies from 8.5% dn School 'T to 90.9% o

Al -

in School 4. These results illustrate the necessity for using some consttaints

. s : 5 : S . ¥ :
in the development of most .assignment plans. .Numerlgil values for each of the

.fbur possible objectives are given on Figure 4.' Note that the tofiiﬁgypil- ) @

\nlles traveled is 3626. D o ' ..‘ ' | -

P Ir . A o ,T. BRI
OEjective - Miniﬁize the distance Pﬁat pqplls must ﬁfaye from th;;r'

. ~© hdmes to schools. .
Constraints:

v design capacity.
4

Ve

“

N

~ . . ¢ . .
No school may havé an enrollment greater .than its '
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a551gnment zones for each school are ﬁade up of contlguous areas 1n most

, e ) . \ - . . ¢ o
_to the jearby School 1. The attendance zone for Schoolfl 1ncludes a satellite

’consis g of areas 17‘and 18 anq a second satelllte con51st1ng of areas 26,

¢
-o ¢
\

Flgure S. Capaclty constraints of 600 600, 300 "and 550 have been placed . ;

on Schoqgs 1, 2, 3, and 4 respectlvely Thhs fewer puplls:can be a551gned

[

to Schools 1 aﬁd 2 and more puplls must be&asslgnéd to Schgol 3. Notgkthat ,

AN LIS

» .~

enroliédz The range of percentages of m1nor1ty‘

l

is eVen larger than in Plan I, varylng from 2; 9% 1n School 1 to 91 8% in . |

.v.

/ ..
School 4 The pupll miles traveled have 1ncreased from 3626 to 3959;‘the

pupll-mlles of bu;slng have 1ncreased from 2701 to 3096 ‘the number of
- (
pupils bussedshas 1ncreased from 1255. to 1305, and the number of pupils

v
.

bussed,hway from the/cl6sest school has rncreased from;o to 500.‘ '

/ e [ Ce 3 - ,". ,\‘ .. . T
Plan III L B e I ) “ ‘ . .
. / 3 : o . : Ll .
Objective /Mlnlmlze the distance that puplls must travel from
 their homes to schools ) - R oo

.

o
ConstraintSj)/l. NO-SChOOl.ﬁwy ‘have an enrollment greater than its

L ~
L

r . - (.,,4
, design capaclt%’ ., s\\_\ . . \

2. The percentage of minority puplls in each school

»
1]

. ) must be between 25 and’ 5 %.. T v ' ‘ .-
N - . . .
‘Figure 6 1ilustrates a plan for the ABC School, System when a racial = - .

¢ - Ve h I}

constra1nt of from % to 509 1s placed on each of the four schools in

. -
- K -

o

addltlon to the capacity constra1nts. Note that now a number of satellite

et

areas are necessary in order’ to g1ve ‘the desired rac1a1 baiance. For example, .

v A
-~

pgplls in area 7 are sp11t between Schools 2 and 3 rather~than being assigned

- . 4
. . .

'~

- o ) {‘51

. J H
N\ 4 ‘ e
H x

of 43. The attendance zpne fo;»School 4 1nc1udes a satelllte

_n

S 18-
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‘§igpment=‘ plan and other results——
IIT, ABC School System :
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5 pacity Constraints ' Lo
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‘} cong}stlng,of area, ZO a second satellite COR\:Stlng of area 25, and a,
i ¥ \ . . )
- th;rd satélllte coﬁ%xstlng of areas 11, 12, 16, and part of 10.

\ EXRY b Y ‘/

¢

l : / )
1 at the 1ower-11m1t of 25 and a percentage in School 4 at the upper limit

of 50 The pup;l-mlles traveled have .increased from 3959 to 5561, the
pupll-mlles of bu551ng have 1ncreased from 3096 to 4936, the nﬁﬁlgr of puplls
buSSed has 1ncreased from 1305 to 1475 and the humber of puplls bussed away -

Pt t

frofm the closest school has 1ncreased £rom 300 to *700. -

v . .
’ vl . . v . .,W‘(;’;.?A P
Plan IV : g . ¥ T v
g et v, . - " -
' Objective : Minimize\the distance that pupils must travel TR
e —— bl ey

~ -
¢ (s

from their homes toh?choolsﬁ

Constraints:1. No school may have an enrollment greater than

- .

its'design“capaéityf L v
N - , ”'\ <
’ «, 2. -The percentage of mlnorlty pupl}s in each -school ) o
>\' . ‘ ‘ ‘}f ) -.
‘. must_be between Sﬁf and 40%. . .

Flgure 7 illustrates a plan in which the allowable range 1n rac1a1
]

.

percentages has.been reduced to 34% to 40% m1nor1ty puplls. A comparlson
of- Flgures 6 and 7 reveals that the plans are very 51m11ar but’ that the
satelllte areas have pr1mar11y 1ncreased ;n size. School 1 eontlnues to

¥ * -

have the }owest allowable m1nor1t percentage of 34% whlle both Schools 3

inority percentage of 40%. The pupll-

school has 1ncreased from 700 to 855

Suﬁmhny of Plans I - IV ) ﬂ T ‘&; .

—

The a551gnment plans illustrated in Flgures 4-7 are the plaﬁs which

~

T

mlnlmlze mathematlcally the~pupil-miles of transportatlon 1n the totkl T

N ' . S . .
- ! 2\0 - - , 1 X‘
R . . . L
. ey s < \
! .u /'At - " . N £ X o
S ' . R - . S <M

fr The plan shown in Flgure 6 results 1n a m1nor1ty percentage in School .
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rplans, however§

}“ . 'assz.g'nme;u: of pup\ls.:n‘area 7 in Plan IV (FlFure 7). Area 7 is d1v1ded ,

;'( ; ‘ be§ween Schools 2 and 3 fathu than belnx ass:.g:ned éo nearby School 1. ‘ d B
b" . Table f"reveals that areé 7 has..-?O maJorlty race puplls and no mmor:.ty :

:A -7 ’%race puplls.; These are nm: a551gned to Sc:'rool 1 due to the d1ff1cu1ty ) L -

,:.‘f ‘ °, in aJ.nln'g the m1n1mum allowab‘lgperceptage of mJ,norlty puplls there. ' :: »

~;; ' However, sp11tt1ng ar.ea 7 between Schools 62 and 3 does not s:em desirable o

‘s1nce two satellite areas are formed, neither of wh1ch has enough pupils ' .

'Some of these feat;;(es w1ll be used to 1mprove‘,the p‘lans devgloped in the .

- 1. Input Actual Dlé&ances - e e .J’“"é’ Y © e -

Mav,

[

N .
compute;c’ solutlon. An. example 1n p01nt mlght be the” - T

cons:.dered L{/h 5

r A 14 Q *

. e
to fill a bus. In the next sectlon we Wwill @look af some ways “to make
o .

alteratlons 1n the lan to meet criteria which cannot be T d:.ly/e ressed
P : ?F Xp

" . - o . ’

[ . N - N %4’*

mathematlcally ) RN \ o A ’
- / ' ’ ! \ i
Other areds in Plan 1v (Flgu,re "9) wh1ch may need. furthen mspectlon «
* . ) v ’0 -~ m -

1nclude ar l7 18 20, 25 34,;and 44" Lf the. number of sanelllte Lo o

'~.~

o '.,

features of the a.ss:.gnment plan Y

areas can be reduced or other aesthe‘t‘

A[ N

]

should be accommodated CaL - S .

'ProgramOth.ons : \ s, .\“ . REREE Co
In this sectlon we w1ll consnbder some op‘tlonal features of the computer

.

ba) N w

program which.may be used ;n t;he development of pupil asslgpment plans. e .

© q\f

¢ . . . e
previous section ngaw ABC* S\:hooL System. , &o o A *
- . L LY ;\ T e e . © . ;:" /./:*ﬁ‘__\

- P

9 co Sog 2 s - L~ R
, <> ,.ﬁ ,%" a? N T o

In Sectlon D we stated that the dlstances ~be;:ween schg_ols and areas 1

’ - ~ >3 3’ . ! £

were estimated mathematlcaily by _’calcul*ai:lng the stralght 11ne d1stanc§s Gt

A - - (-.. "
between the1r respect:we coord1na‘tes. 'ﬁ’us Stralght lme dlstance was then .

v s o i

!
1ncreased by an appropriate factor in order to approxlm&te actual street # ,

-
v

- L

“ ’ ) A . <

. . - Loy u - 4 ’ ‘e v N e

L . N 4 22' . - ~ . ) PR . EPR

et . - PO . ” . . . 4
. L 4 < : L. , Lo - 17 .



C - “a ~—, y \ . B . . .. o .t
o or hlghway distances. This procedure for estimating distances will be

N satlsfactory in most cases but there are s;.tuatlons in wh1ch the calculated

N . _——— e

e 5 ; .

. ' dlstances will-be unreal:Lstlc. ) - : ,' -
h . : ’ -

- Let‘s again ‘use the ABC School System to 1‘J.lustrate a s1tuat10n in

- N ! - ~ .

which it nught be des1rable to input actual dist ce‘s rather than depend
. on the ‘calculated values. Conslder the Jlstance between School 3 and
o areas 45 46,.49 50 and 51 The’ stralght line d1stanc§s would ‘be along

‘ lines whlch pass through an area outside the School System. Let's assume

- '
. '

s .

1. ! L]

that ‘area contains some natura'l (river,’ lake,/mountam, etc.) or art1f1c1al

<

. SRR r.(rallr‘6ad, park e

&) barr1er which makes a route along approx1mately a

>

straight l,ine imdesirab e or impossi‘ble. 'I'hen we might provide the computer

PR \Lg
fo . . 7,

w:.th actual measured dlstances by a feasible rout®. The actual distances

. N
“ ° R S °

. ‘may b<e prévided for as many or as few area to school combinations as is

'-desired'by planners'. In the plan to follow ﬁor the ABC School System Nt

w1ll be assumed that in order to travel from School 3. to areas 45 46, 49 .

§ -

»

i 50, or-51 it is necessary to go by way of area, 41. Measured_ distax.lces,for 7
- Lot o i - ¢ v, * , . -
PR 'these routes were provided to the computer. ' . o '
T ~—— . - v
. . 2% » N A . .
Plan V-« - FA . .- . ' - ° o . ' ,: -~y
3. -————“ ‘ ] . . .q “' . . 1 - o ) ,’ﬂ* / 3 :
. Objective .. Mln;mlze the dlstance that puplLs must travel. . L
. , ’ - - T ¢
- e from the1r homes t3 schools. . MRN ;
: o . . . '/3' A ' . , . - , . . . /V
- Constraints: 1. .No school may have ‘an 'enrollment greater than its ~ .
- N C ' deslgn capac1ty I - P
kY g;ﬁ"ﬁﬁi ’ ) ) N 'l ' )
Bl ‘ . 2 ”I'he percentage of minority pupils in each school * © War. .
T . must be between 34% and 40%. 4 . . ' SN
- . . -"::,_'”.‘ R A‘, ,‘: “ .' - - . » . )
;L ‘ ‘o 9 *° = 3. Acutal distances are used from Sﬁmol 3 to areas . - .
S g Lo . .. » ..
.) : [ ;;_ ) ' . ; . A
O R Y - 45, 46, 49, 50, and" 51 o . .

» ':h F‘
Fzgui;% 8 1llustrates a plan for the ABC School System 1n whlch the 7

v .

S aetual d1stances for the listed areas were‘used. 'I'heoob;ec,t:we and con-.




.

stralnts were otherwa.se the same as ‘In Plan IV (Figure 7). Note that area:

4‘ 45 is no longer asslgned to School‘S Jbut becomes a satefhte area of School T
AT Comp’arlson of 'Flgures 7 and 8 shows that Plan V is s1m11ar to Plan 1v ) %
? EPTREE\ b‘&‘;’there are_ mz‘no(rﬂ shlfts in the asslgnment areas for\all fovur schools. . .
% i ’ Schpol 1 contlnues\tBhave the .lowest allowable minority percentage ‘of 34% , e
.,c_____buz_now__,School 3 also has the mlnlmum percentage.' School 4 contlnues to o
'Qlave the maxmum Yrunorlty percentage of 40«5. "The pupll-ml‘les traveled ha;e 4 ‘

-
I
&y
5

LN

. 1ncreased from 6236 to 6300, the pupll-nules of bussmg have; 1ncreased from |
5662 to 5727 the number -of pupils bussed was, unchanged, and the- number of

.

p’uplls buss,e away from the nearest school has actually decreased from 855 v

20 E(limination Selected Assignment Pos51b111;ies ’ o

3 T Plan V, (Flgure 8) has a number of rather small satellite areaé"whlch A R
o " are undesnable., We w1ll now use ‘an opt:on for. e\llminatlng selected a551gn- -
< o ments in an attempt to- 1mpro’ve the aesthetlc qualltle‘s of Plan V We w:,ll‘ ' ) ,d: )

T . y

3 / o ) tlook at a ser‘ies‘of six restrictions “to make Plan V‘.moré acceptable. Firs't, © ]

‘ 'l_et's see what 'will happen if we prohibit ‘the assigfm%nt of pupils in area J

. D 7 to either School 2 or 3 and prohibq‘.t .the assignment- of pupils in areas -

_\‘ " 17 dnd 18 to School'}. . - . ' ’ ‘. e

2;«.;\_, . . - -~ ~

P "~ Plan Va . Lt . ~

. T ObJectlve - Minimize the distan\e that plupils must travel ¢ L%

:\“.' ﬁ | . i R from thelr homes to schools. ; ’ K e : . E

4 ‘ Ca . Constra1nts 1. Nb School may have an énrollment greater than o . * “’

N ' T its design capaclﬂty.- - T o
. . — 3 . I

S o _ -2, The percentage -of minority pupils, in each k B '

. - . '. ’ * school must be between 34% and 40%. . ’ S :

t - T3, Actual distances are used from School 3 to N '

; ‘ "o aveag 45, 46, 49, 50, and 51. o

R

‘4 : . . pPas . &
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g;x;.\'s’_chéol Capacities ~ .~ ' :
. ,Minority Constraints - 34-40% 2 R e
. Minimize Pupil-M{les travelled . Py
, Actual Distancés 45, 46, 49, 50, 51 ° Co o
‘ {‘Areas.w» To Schoal 3 , A uz o
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!. Assigned 600 600 4207 550
.. " %Min..  34.0 39.7 34.0 %0.0

.

:
o A
@ . -3
- A
M . .3
.. N
. ";
% . ' - H
z . o
i .
* E‘ -
. i
. B # +
- ; v e
- > »
v ot '
K . .
* .. i
T " b‘u »
. . o
. e .“ ’
z - Y
S :
£ . . r. B
. . R H
,{;¢ ‘Jl
> T “y
LL® ;
. N
Lo ‘ :
¢ s
5 ¢ A
. , v
Pupil-Miles _travelled . 6300 ~. - EPIIY .
Lo
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: . \‘ . » . . A ./‘
- » 2 !
: 4: As‘signinenu’of area 7 to Schosl 2 or-3 is. .- ‘ ., o ‘s
)'. ‘ ? ) e ) ' ’ - . d . .c‘, A.-
. - proh1b1ted : < . : L S
DO R, - S " o ke
' 5. A551gnment of areas 17 and 18 to Sehool 1, ~ . _ Y
o *1s prohlblted ‘ \{ | ~ - ', v
" Figure 9 111u§t:;ates the results’ for 'Plan Va. Note' that mo,st of « - . :
‘ ., v ]
a ea. 7 is’ now a551gned to nearby School 1 whrle a small portlon of the o h
- v * f . . . »
area Joms the 'aJ.readY exlstlng sate111te area of School 4 Areas A7 S
t . . S e A N
and ’1‘8’ are now a551gn7A to School 2. Comparlson of the st?%i‘stlcs fdr \ .
o . B - R
Plans V and ANa shows that the pupll-n‘llles "t‘raveled have. 1ncreased from
6300 to 6356, the pupll-mllesv of b ave 1ncreased f,rom 5727 to 5782, . ' ]
the number 0%, pupils bussed is unchanged ki and the number of pupils bussed
Y EY S
: . ] -
awa}/" from the neares&_school has decreased from 836 “to- 822& TR S
> f ' i -. - ¢ ' <
'I'he next step in our attempt to 1mprpve -the a551gnment plan w111 be Yy - - \; J

%

4wl S
to proh1b1t the assignment of area 45 to Sch001 4. ThlS 1s prohlblted ¥ : % 1

A
. ;\ ®

e ﬁ}nce there are. only Zd'Pup}ls in aii: 45 G‘md the area *does not Jom any

- ;
other area a551gned to Schoql 4. - &

, Plan Vb < N s~ S .
’ : < - . ) g * . g o ’ - .{ N v v
Oblectﬁ : Minimize the distdnce that pupils must &rdvel ‘\f;'.om >, )
l’\‘ ) R ] .

their homes to schipols. A Je s o

»
- % °

_»
. ‘.
-
»

2

i ConstralntS' ’ (1) - (S) S as Plan Va. .

.

/

* (6) Asslgnment of area 45 &School 4 is proh1b1ted)

. 3\ AT
%’é IOT‘llustrates ghe re’sul& “for Plame. Area 45 is now a551gnéd RS

to School' 3 and_the number of sa 111te areas has been reduced by one. The - L

.J ~ T ~ “galt

statxstlcs indicate an 1pcre(\s§ of on¥y 3, pupil-miles of transportatlon and © T
- # .!4 .
upll-miles o.f bussing whlle '5 add:l.tlonal pup:.ls are bussed away from the KD

. ! < N . . 7;‘ ' ‘ ;' LAY . ‘:: . 'l .

/\nearest >schodl - S PR " Q-_ ) Lz
) {

) . Our nextn step will be to prg'ohlblt the a551gnment of are/a\44_Jto Schoo‘l 4 .,

- ~« .. . . 4
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School Capacities, .
Minimize Pupil-Miles travelled

v

" ‘Actual Distancdes: 45, 46, 47, 50,
%251 to.School 3 ) )

. Area 7 Restricted from School 2, 3
. Area 17, 18 Restricted from School 1
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P EIE TR Wty

o
e

Assignment plan gnd other results—- ..

Nxr ety ¢ o

2 v maeted wisvs ottt

P R S . A

N
ey

o d s

2,

T R s DOy

o,




Objective Minimize the dlstance that puplls must travel from

Yy - Objectire :

o . 3

V- their homes to schools. R ‘
?ehstraiﬁts: A(l) - (6) Same as Plan Vb. : - i
| S ’ i " (D A551gnment of area 44 to School 4 is prohlblted. '
Figure 11 111ustrates the,results for Plan ¥c. Area 44 is now assign- j;

ed to School 2 and the number of sate111tes again reduced 'In this case

the pupll-mlles traveled have increased from 6359 to 6406 the pupil-miles
of bus51ng have increased from 5785 to 5819, the number of pupils bussed

‘ . ‘ — . -

has decreased from 1540 to 1525, and the number of pupils bussed away fr&ﬁ

-

I

the nearest school has decreased from 825 to 790: " ) ;
’ . ‘ _/"—"Mﬁ .
Our next step will be to prohibit the assignment of' pupils in area

®

. . .'
) - -~ - V)
.
. i
.

P1an vd ‘ : ' o . )

-

20 to School 4,

Minimize the distance that .pupils must travel from

® N “l.

their homes to schools. ' .

Constraints: () - (7). Same  as Plan_Vc:

« . . - (8) Assignment of area 20 to School A is prohibited..

Figure 12 iilustrates the results for Plan Vd. Area 20 is now split

-* v

between Séhoolg\? and 3. The pupil-miles.traveled have increased from

6406 to 6412, the. pupii-miles of bussing have decreased from 5819,to 5809,

hthe number of pupils bussed has decreased from’ 1525 to 1512, and the number -

of puplls bussed away from ‘the nearest school has decreased from 782 to 762

The fifth step 1s to proh1b1t the a551gnment of pupils 1n area 25 to
Schoéi 4 ; '

Plan.Ve . oo ‘ ooy

' N . . ~
N

Objective- ;  Minjmize.the distance that pupils must travel from .

4a

'the§r homes to schéd@s.

73 . -
.

& ‘

e

- . —
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an*Vb, ABC School System -~ . ~ .
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¥ zapaeity Constraints ‘

: zgiﬁrity Constraints - 34-40% , .
UMinimize Pupil-Miles trayelled

. Area 7 Restricted from Schools 2 and 3
= Areas 17 and 18 Restricthd from
ySchook I© » )

“ Actual Distance, areas 45, 46, 49,
£ 50, 5% to Schqgol 3 . .

-, Area 45 Restricted from School 4
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- f
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600 . 600 500 550
600 ‘600 420 550

34.0 39.0 35.1
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e
. P

‘Pupil-Miles travelled 6359 . i,
£ - Pupil-Miles of Busing 5785 TSSO

. Number of Pupils Bused .1540 x
=" Number of Pupils Bused ' .
:*. '~ Away from Nearest School 825
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‘Capacity Constraints : , . IR
{Minority Constraints - 34-40% .~ - , Vi
‘Mininize Pupil-Miles travelled | N . -
‘Actual Distance Ateas 45, 46, 49, . . A :
{750, 51.to School 3 o S .
.Area 7 Restricted ftom Schools 2 and 3 i
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A}

.., .Constraints: 1y - (8) Same as _Plan Vd'. .

T . . 9). Ass:.gnment of area 25 to School 4 is proh1b1ted‘

—_— - H!

-

‘ Figure 13 gives the restits for Plan \[e. Area 25 is assrgned to area
- , , L L SN S
o 2 along with its adjoining areas 18 and 24.%, The numb'er_ef‘ satellite areas

"have now beefi reduced to three (one each for S'choo'l‘snl’, 2, and 4). Cbmpar— ' s

ison of the statistics.for Plans Vd and Ve indicate that the pupil-miles¥

<.

traveled have 1ncreased from 6412 to 6421, the pupil-miles of buss:.ng have ,':’e .

, ’ increased from 5809 to 5811, the number Of\pllpl/l; bugsed has decreased from . o

- 1512 to 1508, and the number of puplle bussed away from the closest school - \ .’

. + Has decreased from 782 to 762. : e . _\"’ = ) "

. Our last step for 1mprovement of Plan V will be to proh1b1t the -: - £ -

ass:.gnment of areas 34 and 44 to School 2. ¥ ) )
. >.: Plan Vf - « B LT /,: d :
| - Obg'eeti:ve 3 Minimize the distance thtn: pupils must travel from o
R _ -\ their homes to schools. '

,, . Cénstrain{:s: (1) - (9) Sames as PTun Ve. ‘ . -

P
(10) oAsggnment of afeas %4 and 44 to School 2'is JETEEN

S
%

; .. ‘< Y . t . ;

oo . prohibited. N \ wo

h . Figure 14 illustrates the results for ‘l;lan VE. The nmnber of satellite

z areas has now been, reduced to two (one each for Schools 1 and’ 4) The re-' M'

. p -

' maining. satelllte areas copsist of several contiguous 5°ur°e areas ha\ung a \\ ;

* ' . sufficleat number of puplls for development of. efficient bus schedulee. The'
4

, pupil- es traveled have increased from 6421 to 6465, the pupll-mlles of . e

buss:.ng have increased from 5811 to 5840, the number of puplls @ussed has.

decreased from 1508 to 1493, apd th number of pupils bussed _away from the s )

P nearest sr;hool has increéased from 762 to’ 766 . g .
et . B 4

Plan Vf appears to -be a qulte acceptable ass:.gnment plan for ,the ABC
v ooty . ’ - ,:(“.&

It has been developed by flrst determmlngt the plan (Plan V)

/School Systém.
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o ¥ 1.1—‘ ] * ( . P ' te
' ;whlch mmimizes pupll-mlles of transportation subJect to the de51red capac1t)r

‘and raclalaconstralnf\ . The base plan was then improved jest /jtlca{ly by .

e
sequentlgly proh1b1t1ng undesirable features. Let! show are the statist:.cs

,for Plans V and Vf is( shown 1n Table l ‘The addluonal onstralnfs which have

been placed on Plan.Vf result in a 2.6% increase in the pupll-mlles of trans-

"+ portation (the characterlstz,c be1ng op imized), a 2.0 increase id the pupili- o
' ' 4 / . “/‘.‘J-:‘.
mles of busilng, a 3.1% decrease in the number of puplls bussed, and an 8 4% '

>
¢ ~_ e

decrease in the number of pupils bussed; away from the nearest, school. Thus,
» L 4 "?\}

for a very nominal increase 1n pupil-miles t aveled the aesthet1c features oy

w ~ Wy

- of the plan have been con51derably improved<: An added advantage of Plan Ve

TAreg - P
[y
+

is_ the reductlon in the number of puplls bussed wh1ch m1ght eliminate’ the Lot

- - .

need for one-bus. . e 3 B
‘ * . N ¥ - 7*‘/\%* . . ¢ .
, . , L . Table 1 . ~ . ‘-%'"‘E,' o ‘ - o 3 ;4‘
1S @ . ‘ ' “ N A ' o
JOR U . . -4 . . )
! o , . PlanV Plan V& ' R
oo . (Figure 8) - (Figure 14) % Change L
- € . ° ¢ ) - (' .
v Pupil-miles traveled © 6300 .° ., 6465 42,6
T Pupil-niles of bussing sz Y ssa0 T 4200 " X
; \ . - . o s c
- Number of puplls bussed - 1540 1493 =31 : @
R . Number of pup:.ls bussed . 836 " 766 .- é,4 . ‘ B
D : away from neafrest school ) . R R - :
‘ 3. Bussing Farther than the Second Closest School Prohibited - "
.Another optional feature of theﬂ computg program is the abi],ity to ‘ 3, ¢

proh1b1t the bussing of a pupll to a school farther from his o,r her home
X S
than the second closest school. For our hypothetlcal ABC School Systen,

1t is not poss:.ble to proh1b1t bussmg farther than the ‘second nearest

s
get an 1dea of what the optlon does, however, by looklng at Plan II

¢
Flgure 5. In th:Ls plan, area '6 is a551gned to School 3 though 1t 1s c loser
4 “a . @ }'

. to both School 1 and School 2. Also, area 45 is ass:.gned to, Scthl 3 though

,_: \_), . L‘ A ' ‘

»

/7 N school and still malntalrf 4 narrow range of rac1al percentages. We can
- $.Y'_/ -
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proreeragy;

‘VI.

., the procedures may provrde valuable 1nformatlon., _..:'

: L, . o . ' ' . . .
RS - . R .o, cw
. N ‘o . v RS "{ . . Lol -
'/ . - - i ”
it is close to Schools' 2 and 4 . These’ ass1gnments would be’ proh1b1ted

[

"if the option rvnot.allow1ng bussing past the second-4 osest school °

. . .o “ i : ’ w
were utilized. ;> , ‘ _‘//\‘ . . -

Otheri\ppl‘iéations' o I Do . A
Thus far, we have dlscussed the, use of the computer procedures for
»

‘ the development of pupil a551gnment plansgbased on current pup1l pqpulations

" ’I.

/)
‘ and ex1st1ng school fac1l1t1es. There are many.other s1tuatlons 1n which

PR -

- , \‘
- s

Many of the appl1catlons proposed in th1s sect1on will emphaslze costsuf
N ° 4 b

_ Transportation costs-dre d1rectly related to<pup1l-m1les of buss1ng requared

by the pupil ass1gnment plan. The North Carol1na Board of E luc thn determ1nes

L4

each_year the cost of buss1ng in.terms o dollars per pup1l m1le. Pupll-mlles

of bussing associated with each ass1gnment plan, ‘aré the number of élles pupils

- 4 a

travel by bus one-way per day Toggl cost of transportatlon for the fear is

v s

determlned by mult1ply1ng the pup11‘m1les of buss1ng by*tWo, then by the

I
number of school days per year, and f1nally by the cost per. pupﬁl-m1les of

. ‘ . .- '
bu551ng i ! o | U :, N -
1. School Location Analys1s . - ) C - ‘.ft s

L - LR

e Factors which should be cons1dered in the select1on of schodl sites

include the transportat1on nequ1rements and thé’pup1l ass;gnment plans

4
_which ‘would be required by alternat1ve-s1tes. These need to be conggdered
along with such tHings as the ava1lab111ty of land ut111t1es, etc.. The

u ~ LN

computer procedures descr1bed here can be used to qu1ck1y evaluate the

- i

y—

effect’s of ‘alternative school sites on pupil ass1gnment plans and transport-

¢ 5l LY

ation costs to be gxpected by the School Sy§temr o s eoat

( As an example, let's assume that School 7 of the ABC School System has
’ v“‘

N
deter1orated.phy51cally to the po1nt that it must be replaced e1ther at its

%
present site or at an alternate sdte. Elgure 15 111ustrates an‘ﬁss1gnment

1 r
plan (Plan VI) for. the ABC School System if School 2. r§ replaced by School
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2A at a different location. " The objective and constrainte are<the same ~ -

[y

R “ as were used in the development of Plan 1v (Flgure)7) Comparfson of the | .
e . ,"‘ _: S e 7:,5
“ statlstlcs for Plan VI ‘ahd Plan IV show that the alternate schoOl satg ..

PR
PN

could resqlt in reductlon in the pupll-mlles traveled from 6236 to 6149,

* ’ ¢

_a redu 1on in pupll-mlles of busslng from 5662 to 5600, ah increase in .

A

* the numbg¥ of pupils bussed from 1540 to 1574, and a reduction in the
= NI PR . .

\npmber of plipils bussed away from‘the nearest school from 855 to 837.

Although the pubil-miles of‘transportation and numbers of pupils'

z bussed would not be greatly, affdcted by the location of School 2, obser- .
. . . . A O . ) . :
" vation of the assignment plans indicates a much more acceptable plan

~

aesthetically if school site 2A is used. As shown in Figure 15, Plan VI AN \

»

N4
has three small 1solated satellite areas wh1ch are undesirable as compared

, with seven in Plan IV. .Placing restrictions on the assignment of th_> e ]
\ - ' € . iz
three areas using procedures discussed in the previous section T4 easily

4
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S 2. Facllr_y Utlllzatlon " A : coo

! In the ABC Schqol System we have consldered thus~far, the total T

. capaclty of;the four schools is greater than the number of pupils in the .

.~ . . oLt

) system. In nost of. the pdans we have developed three of the schools .

have been filled to capacity and the rema1n1n/~(yplls have been asslgned )7

to the fourth school. The school with the extra capaclty_has been School
) .
S

3 in each case. Thus, the computer results glve us an estimate of the

5" .

utlllzatlon factor’for each school 1n the system. ThlS can be used by !
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. planners to analyze a number-of capacity problems wh1ch school admlnlstrators ;;
S . .
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‘Let's assume that the enrollment/in the ABC School System lﬁcreases ;to

-

) a,totaligf 260 puplls. Then we must increase the total capaclty of the

B : N p « r - . - ,,,' -
PO , .

N | “ . . 3'? 4 . -

B LI . ‘ . ’ )
+ “ ‘ » . N A . - -

RSy - P "~ - - IO . -
el N . , .. L A




.
.
d
1
1
o]
3
- 2
Q
2 r.m
-
5s
! 4
. 8&
R - N
. T gvo
i @9
< 8.
-

pd

n,
s
PRy

)

A
550
538

0 40.0

Y

40%
3

500

432

39.8 34

[

S

SCHOOL
2
600
600
)

1
11-Miles travelled

600.
600
34.0

traints ~ 34
il-Miles travelled

¢
up

y

Constraints

y Cons

‘Minimize P

W

YT

s
b

Capacity
% Minorit

Assigned

¥
. T

T

-3

. B R I R B R A e Tiadd

637 et T T 4 AT AR s duale A,

6149
5600

.

up:
6p;

NN

b

1574

rest School 837

ear

upils ‘Buged.

ky

£P

=4

o
. fr

5

-
B

2 R

B

S Numbe

~ o a2 eteitls

FENRR TGS
R AT N
;
Wi
s .
-
~ * e
, o

N

om

-

y.
[C

Full Tt Provided by ERIC.

wa;
o

E

'

: R
BT S VR
A g v e kT e,




%

schools in the ’ system. This can be done, by bulldlng an addltlonal school < N/
v » N S
-or by addlng capaclty to existing schools. If’a new school 'is to be bu11t - _t

the computer procedures can be\ﬁs/d to estimate the effects of various ]

alternatlve locatlons on pupll asslgnment plans and’ transportatlon costs,
K a .t > .
- By remov1ng the capac ty constralnt on a new school and determ1n1ng how

o .

many puplls &ould be ass gned there, planners can evaluate the school size ' 't’

~ -

=
)
3
4
)
'

wh1ch 3ould result in the least transportatlon costs ﬁbr the system. This'

© ~ ° o
1nformat10n can be used along with constructlon costs, land costs, etc. in?g‘h o
N
maklng the,ﬁlnal deC1s10ns bn the location and%slze of the school to be built.
\ l
If the capaclty of ex1st1ng scho‘Iz is td be 1ncreased e1ther by perman-
!l’ ~-/‘ !
ent constructlon‘hr by atding moblle cl ssrooms, etermlnatlon 6f the best
) o) A'/
locatlon for the additional $pace can be made by mEV1ng capaclty con-

LI

.

:“. 3 strarnts from the ex1st1ng schools and seelng'where pupils are';ssigned;to“ ¢
! >minimize pupil-miles of travel., , o ' f e “
L e : In school systems w1th dec11n1ng enrollments there may be 51tuations -
; -_ in wh1ch the ut111zat10n of certa1n schools is very low 1n,the ptlmum ‘ . : r'%
. - .

OO

assignment plan. Th%p information may be used to select schools which
shoﬂid be closed to reduce operating costs and thus maintain complete
. \

f~ 5 » , L. . e 5
./ .° programs.at remaining schools. . ‘ .o .

34 Poooos, Organizatjonal Problems . : . - -

° . . N
? . ~ . "

W . - y . . . R
; N o School systems are organized in many different grade level arrangements. x

S . .,

'These “may vary within a éiven system cFor example, one school may contain
, ) R

grades 8-12 mhile another school may contain grades 9-12. The pros and cons
; ,‘ ol L - 1] w;‘
of program aspects of different grade level organlzatlons w1ll not be address- .

_ed in thls report. However, the computer procedure presented can be quite Y

" useful when evaluat1ng the economlcs of different grade leVel structufsf

; , The procedure could be partlcularly useful . when the grade level organization
Vo throughout the system is the same. It could be @séd to develop asslgnment . " f?%
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plans and e§t1mate costs of transportatlon for any numbgr of alternatlve

El

organlzatlons that the planners would like to consider. - )

-
\». -« — — [y -

-

o

Dy

°  One’ popular organlzataonal structure 1nvolves the concept of feeder

LI . ’

-

sohools.f Under this concept puplls who start to. school in the same

.
¢

elementary school would eventually go to the _same h1gh SChOOIu ‘The com=

.

9

puter procedure can be u;ed to develop plans for the' feeder cdncept by~

first develdplng pupll asslgnment plans for the h1gh school The attendance

i

‘area identified for each. h1gh ,school would represent the arg!*ahich would be’

l

S -

~
consldered in develop1ng asslgnment pians for the Junlor hlgh schogls whrch

feed that high schoo&v Thus the problem developlng assrgnment plans for
'éL entire~s¢hool system would*conslst of one plan.for the hlgh schools, one

- 3

per high school fbr the junior h1gh schools, and one per Junior high school

o

for the.elementary schools. The prSZéZglofLarr1v1ng at the'most des1rable

plans m1ght require several/\teratlons through the computer prOgram It
{
m1ght be necessary, for example, to choose a ‘high sqhool plan which is not

ass;gnment plan;.

4. Facility Forecasting

-

The matter of optimum utilization of school facilities has been

discussed. WHen the location and population?bf:pupils and location and

’

capac1ty of schoqls are known, ghls problem is not simple. When one co_

slders the changes 1n\pupll populatlon, both rate changes and locatio
s de S
chauges, “and addltloh ‘and deletlon Of'faCIIItleS, this probleg becomés.

‘even more complex. In much the saqF way that the program can . .utlllzed

W
tQ study fac111ty s1te selectlon and.faclllty utili atren, it can- be used

to study.the effects,of future changes i pupll p0pulat10n and fac111t1e$

{bf puplls.'




hlch local govemment must make rega.rdmg such 1ssues as zoning for

~ [R2AY

new resldentlal developm t or low-lncome'housmg pro;yects. In the Iatter

f .

case the program can be used to dete?fiTe effects of pupil assignment on

ex:.stmg schools from the point of view of capac:.ty and racial makeup

of the schools. o e
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The, linear programmmg systen for school locatlon and fac111ty utiIJ.zatJ.on
, uses the MPS/SGO version 2 compller which is currently in use at the » 3
. /:/‘
Tr:.angle Un:wers:.ty Cémputing Center. The MPS system uses_ a revised -
' smplex method to‘ calculate.probable solutions'.' The two fortran programs
A .
'that are a part of the systém are writtep fer the Fortran IV G, Level Compller
and are used to format the inputr data for MPS and ‘then to transform the MPS
- - 1+ o
‘output into 3 Teadable report format. o ' :
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The f1rst program (2) reads the parameter cards (1) and the input .

A . ,

data. “The parameters set the constraints for the sqlutlon and.speclfles
¢ . K

. -\ uc

the anount of 1nput data that is to'be read 1n. ‘The f1rst program also s

°

¢ "Zf;“'“éf 3

generates a parameter f11e~(4), the MPS input data” frﬁe‘TS), an echo of ‘

t ~*
the followlng parameters. number "of schools, number” of'puplls, number . .

of assrgnment areas, maxlmum buslng d1stance, minimum buslng qsbtance,

“\
maximum mlnorrty ratio, mlnlmum m1nor1ty ratio, number of days in the

school year; cost per pup11 mile, school system name, city, North Carolina

Board number of . cost. per pupil mlle, number of soclo-economlc factors,

ratio for each factor, and an echo of fhe aréa 1nput data. (3)‘the.secbnd

“ .
step exécutes MPS. {(6). wh1ch reads in the input data (5) and generates the MPS
output,data C8). The pr1nt produced by MPS is saved 1n a temporary f11e (7)

rl

so it may be prrnted if. de51red but pr1nt1ng is not necessary in most ,cases.

The third step exequtes the.second‘program (9) which accesses the MPS output
/
data w1th spec1a1 subroutrnes available at TUCC. [Postrn, Array, Colnam,

Vector] the report generated (IO)I}ndrcates the asslgnments made 1n a .

readable format.

"

The last step is opt10nal and may be executed if the MPS '%?
> j

v

prigted output is desired.

s
.
.

A utlllty program (11) that simply. cop1es s
datasetsijslemployed to read the"temporary dataset (7) an& produce a printed

copy-. ‘ : ’:;
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The program-reads the, first. two.parameter cards and. from one of "t
hd . 4 - ": ?

the parameters determines if there is an additiona® parameter card: If _

. . N Q ‘y . -

. ( so, the third parameter card is read. The parameters ar‘e written to a v

..

.file to be used as 1nput to the second program.. A report page of the ‘

- parameters is printed. out and the school input data is read 1n. There *

v« A4 ‘-

~

must be orie card for each school pec1f1ed i the parameter card. This .

«
‘e
.
B >

informdtion is also wrltten to; the parameter flle.

s, A

/ - - The area data 'is read in and progcessed. This 1nfo;cmatlon is 'sontalned .

on two cards for each area and there must be two cards for each 4rea from

. ) ' [ 4 - .
»

the parameter card. The input for each area contains its‘location with

< X, Y coordinates and the majority, and .minority-pupils for ﬁCh grade,. ., S
‘ .oy, 4 . . * - . . Vi
) . e ! : - - - ‘e * " ,,_- . R . 1 : . &
' k1ndergarten through 12th grade. The program calculates the minority s
ratlo and the distance to each school from each area. This information N
) % ., A A . . Cosel .o . T l. :
T is wr:l;tten to the MPS input ‘dataset.. If called for thé minority ratio . | : :
’ ;'. . . ~ R * N -‘ﬂ ) 1' ’ - R
for each grade in an area is printed out. * L R
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T) utlllzatlon requ1res some 1nput parameters that descrlbe to some extent

|

‘r .
LOWER LIMIT ON MINORITY COMPOSITION (Flge’p'lA item 4) N

,}nput data should be_checked thoroughly. Follow1ng is a brief descript-

NUMBER OF SCHOOLS (Figure 1A, jtem 1) ‘ g
’ <

/

the 1nput data that follows.~yIt should be noted that very little ‘error . "‘

checklng 1s\doﬁe, SO ,to ensure maximum rel1ab111ty of the output, the - . . s

. .o - o R

ion of toe input parameters and input data. ///T) . y . N

s . . N © . . : 5

N : . - ® 3

INPUT PARAMETERS - - - v . y A
# s b 4E Ny

, / .
This parameter indicateéfthe number of schools that are being )

4 .
/

»

considered. Max1mum‘numberdof schools is twenty- élx. S
> . . . \

NUMBER OF ASSIGNMENT AREAS'(Flgure 1A, 1tem 2) . . "

- This parameter indicates the num@er of areas that contain pupils
’ A VI o) : . .
that need to attend the schools from the first parameter. - Maximum

v

number of areas is one hundred 51xty.1 -

PLAN NUMBER (Flg‘ure 14, item 3) U

Thls is merely an 1nput that will appear on the' report generated
M L

to indicate thé plan nunber . L - L

Thi¥ parameter sets the minimum minority ratlo allowed for a
~ . - T

school make-up. 4 ‘; . : — %

UPPER LIMIT ON MINORITY COMPOSITION (Fi‘ét’ire 1A, item 5) N

This parameter Sets the maxlmum m1nor1ty ratio allowed for a ) e h?
¥ 3 ) — , IRRE

school :zﬁglup - o " ' .
MINIMUM DIST CE FOR BUSING (Flgure lA item 6)° ’ - -

-

This parameter sets the mlnlmum distance for wgisb a pupll may be .t |

bused to a school. . . boo.
] ‘ ' - . - T
: . . o s N
. . o= “ Mo, Lt
e , . . x"}",,;“::‘
"{S:.:/-c ’ v - T " ’ - l"&,v.'
. 4 R 3 . :




“MAXIMUM DISTANCE' FOR BUSING (Figure 1&’/;;;M 7)' _ ' S :,‘. 1 hé
Thls parameter sets the maxlmum d1stance a pup11 will be bused ’
to a school (one way) - ' a ’ ' :
" FRsT GRADE To CONSIDER (Flgure 1A} Tten 8) . ' -*1"‘ o 7'“§
'Sincefthisimodel will treat kindergaiten thr’c';'ugh"the l—gth grade, ' *’51
~ ?and most schools do not hold all twelye grades, .it wa's'nec'essar'y' " ! ‘ ::i
to determine wh1ch grades were to be'consldered. This paramete% < o
' sets the f:.rst grade to be 1ncluded in the assignment plan. o . ’
LAST GRADE TO CONSIDER (Fliuﬁe 1A, iteh 9 - . ’ AU "g
“ ' This parameter sets the last grade to be included in the ass1gnmentf/ :
pl an. ~( . .. ' , ) .-z '
e DISTANCE ADJUSTMENT FACTOR (Figure 1A, -item 10) ‘\\\\\\ . LT
; .~ . This parameter is & nu%ber which is-added to the dif,tance‘ \ ..
e Q ‘ calcu-lation' since the calculations are base:i on'stf'ra::L'-gh‘\t; 'line .
T - distances and the x;lajority of ’distances. will not -be straiéht ’ ‘
: * 4 line. : . T a
vl ‘ DISTANCE FLAG (Figure 19£\?Zeh uf . . )

. This flag allows input of particular distances such as when the

g _.. N dlstance calculatlon will nqt be correct.
b ) MINIMUM DISTANCE FLAG (Flgure 1A, item 12) .o ( ; .
: .Thls flag allkws the bypass of the second closest schodl option.
s PMMFMGGmwem item 13) I | o '*“~j
. " This flag allows prlnflng of the input data to be bypassed. ’ t

- -

e ‘NAME OF SCHOOL SYSTEM (Figure 1B, item 1)- - R LT

Thls is the name’ that ‘will appear in. the report t1t1e.

v - 1 - ’ L
e ,CIII'Y LOCATION ‘ R - ' -
5 ; : o .
L . 7 Thls is the name of the city for the school syStem that will appear. . n
s g - - > . P S
) in the report title. o - o, S
L A% : . -t P s ' : .

s . ? . .
.02 g
: . . »
% .




- NUMBER OF PUPILS IN THE SCHOOL SYSTEM (Figure 1B, item 3) . .

5 cf‘:\‘ \1\ Pz;}:;.;g\t:t;ut only < 4 T | ‘
' ifi&MﬁBR"dF DAYS IN SCHOOL YEAR (Figure 1B, iten 4’;) Wl AT
* . Used for final cost calculations. - /
cc';sx:'aeja PUPI‘E MILE (Figure 1B, item 5) A o

Estimated cost of busing one pupil one mile

NORTH CAROLINA BOARD OF EDUCATION (Figure 1B, itéem 6) . - -

» .

_ Source of ‘cost per pupil mile

;v ¥ NUMBER OF SOCIO-ECONOMIC FACTORS (Figure 1B, item 7) = B

- 0 ’
Dej;_erﬂlines if an additipha; input Ca-rfi shoUld Mead. Also -

o r
3 determines the number of factors. Yo
e B . ‘a4 . '
-" .NOTE: . Figure 1C - Has not been implemented yet. .The card musts be -
: ot i

present if theﬂabove item so iﬁdicat;es, however, nothing is

~
[N

. , ‘ ]
. _J -~ . .
P ‘ e
.

i P done withvthe datd.
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;o0 2% ~ = T FILE ;35 S g. v E i § 7 e

. , ® ' . '~ > oot PN ’ . » -
Application __ INPUT PARAMETER . Date . Job No. * - . Page No. _» _ _—

4 » < - L. . . . w e
7. N . kY [ - - g - Arn’.«l
- ¢ - / o . ./ T LI . * <
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0
I
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Ny - o . ) : 3 . R -t PR y
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/’ TN
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FIGURE 1B LINEAR PHOGRAMMING SYSTEM FOR SCHONL L:OCATION AND. FACILITY UTILIZATION .

. FILE LAYOUT T ,
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INPUT PARAMETER Date ° . Job No.. Page Ho.
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Two kinds of iJ;ut data are necessary after defiriing thg\igyut

t

\areas that are 1nvolved in the a551gnment plan. The, school input data’

‘ 9§
cons;sts of a school 1dent1f1cat10n SO the school may be 1dent1f1ed in
) ’

he X and Y location from a grld map and the’

,the printouts genera
p ,

1 e

"school's capacity. | (see figure 2A) The area data consists of an area
~ Y .

identification which is.used the same way the, school ID is used;.the

‘X and Y co‘orciinatﬁ from a grid map,gand the- numbef of méﬁc;rity and : ‘
-minority pupils, fof kindergarten through fhe'twelfth‘grage. i;;%@é is
also.a place to 1nd1eate the socio-economic category that descrlbes the
area, however, at thlS time thlS 1nformat10n is not in use. Figure 2B
and 2C, show the fg;hats for-enterlng tbe_grea data. For each}area, -
" there must.bgatwp cards, one fr;m figure 2B and one from figure 2C.

A

The two cards mist also appear consecufively, figure .2B first.

iparameters. Thé first describes the schools, the second describes the -

»
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*g: Iﬁ\order for the prOgram to run_correctly, the put parameters

s

: " and data must be m a préﬁetermned sequence. Follow1ng is the 1nput

s 4 &

i FORMAT e

1 S _ Figure 1A
= o1 ¥ | Cooe . Figure 1B
:;‘ . - ) : : E ’J,-l-.-w .. ’ .
:%,‘ | 1* . ¢ . ‘4 '~Figure 1C

. I For each Schodl in item 1 a " Figure 2A .
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The output from a computer run conét/s\ of six £ormat§‘ Th?/
4 o ‘

" first format is an echo.of the initial conditdions (format Tl) The £

number of schools that are be1ng cons:l.dered in the problem (lA), the

& ‘ '

combined capac:.ty of the schools (1B) and the number of areas from

which a pupil may be assigned @C) are d few of the 'cons}{aints which‘ -

are echoed. . The second format is a printout of the arfea data (?‘rmat 2)

The ar\E identification (ZA) the number of pupils which will attiend each \ o

grade (ZB) and the ratio of minority pupils 1n each grad)e "(20) are~reported.

-~

k)

3). Eye\area ID (3A), X and SN

coordinates (SB) distance td eacl??éhool (SC), school ID (SD) and school
‘.7 / e
X and Y coordinates (SE) are on the reporf B 'I'he three formats described

thus far are p'roduced by the first progi‘am'.’ The remaining thitee format

. R : v .
are produceds"by the second program using the MPS output data. The flourth
w ! .

format lists the ass:l.gnment information by area (format 4) The avea 'If) 2

The third format is a printout ok‘S}:e distances ghat were calcula,ted

between each area and school (fo

(4A), number of pupils in the areaf {4B), peicentage of pupils that are
g ¥ R
part of i minority (4C), sch_ool ID to which the pupils have been: assigped

(4D) and ‘the number of 'pubils from the area that were assigned to the

. »
. —— -~

school (4C) 5, The Fifth fonnat lists the assignment in'formation by schsol
" (format 5). .The school iD (SA), areas from which pupils are a:ss:.gned to

the school (5B) , number of gupils 1n the "area (SC) and the number .o£

P 115 from the area “that were ass:.gned to tile schoo; (SD)ﬁfare g en

[N

Also, included 15 a breakdown by grade of the {}als ass:l.gned (SE) and the

percentage of eagl grade's en‘fél-lment 1n relation to the whole school (SF)
‘ &
< The final format is a statistical summary of .the solution arrived at by "
[

.MPS (format 6} The school system name (6A) is presented in the %;itle.

The total distance 1n m% pupils will have to travel one way to attend
" Y
PR the \chool to which they were a551gned for one day (6B), which Jgtcludes
\) " . - . . .
ERIE

P} \




L]

N (6C) ,(}y;ﬂhe cost, of ,bus\ing for one day (6F) and the school year cost of - | o

. ¢ 1 . :
busing are summarized in this final report. ' . * . A » NN
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: tNltluL.conolrtous I AN %1 . . A
» - - s ‘ .
¥ %uaea OF. scnudt_s 3 NUMBER OF pupn_s xsam‘o. NUMBER oF AsslGNnENr AREAS, 69  ’ * .
* oo - AU N .
*°NO nupn. \glu. BE BUSED MORE THAN 20,00 Mtuss; ONE WAY ro. I
’ 3 LR
* NO PuPn. WHO LIVES WITHIN 1.50 MILES OF A s’cncoL vllLL 8E auseo m THATY -SCHODL - .
* o~ . 4 =Y _® ., L T
#- THE RACTAL m\xeup -0F EACH SCHOOL MUST uE BET EEN 29.20 AND 6920 PERC!:NT mnonl‘n '™ )
Tk ce . T
& THE SCHOOL YEAR CONSISTS OF 166 DAYS Y T e N T ;
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B &+  (OHTAINED FROM THE NORTH CAROLINA BOARD OF EDUCATION, #0376) e . 2
i ##t###t##t##tt’t‘\tt#yt#‘t#t#tt-t,ty##t##t###t#t##ttt#ttt###t#tttttttt##tt#####*#t##t‘# ot .
6 B - v s S’ — .
: . N - > - . .t ~ ‘ —-—

~
.
/
<
-2

L

~ R N . ~

4
<
o=

'

. .[:. - - . -
‘ | THIS PROGRAM, WAS DEVELOPED FOR THE scHnm_ PLANNING DIVISIO ]
| OF THE NORTH CAROL IMA DEPARTMENT ‘OF, PUBLIC INSTRUCTION
. , "} (EUGENE CHEATHAM, cooyomunm. 8Y WHE. CENTER FOR URBAN:
[‘ . . . | AFFATIRSy NORTH CAROLINA STATE UNIVERSITY" UNDER CONTRACT
' g
|
|

EEYRESIRN
t% “

3

)

par e
<4

DIRECTED BY DAVID' A. NORRIS.. ANALYSTS RESPONSIBLE FOR* ;.
PROGRAM" DEVELOPMENT, WERE * JAMES He YOUNG AND ROBERT Se 750NELL
. t

L34 ' . -
- .
--—.—----~———-_---—-_——a—-~--u-:qf—_-a,—---- L -
e Y N P

T e )

= . -




/

— 4

i
'
i
4

CLAS$|FICATION OF PUPlLS F

. ’

‘ l

g

-
CARAN
b &
s
.

.
“GRADE  NQ.

AREA?
OF PUPILS

A001
PERC

SENONSWN R

¢’
NO+

AREAS A@OZ

 GRADE OF PUPILS

e

K
t
2
3
'y
S
6
7
8
9

AREAS @)03

.

NO. oF PUPlLS PERC
6.,
6.

A

3.

Se

3.

3.

8,

‘,2.

» .

GRADE
J‘K \
N

‘

Ve ~NGrRUN

l)-‘©

oR EACH ARE A

.

N

¥
0

ENT MINORITY
45,4595
45,455
0.0
51.141,
. tov.000
1000000
100,000
77.778
‘50,000
84,615

PERCENT . MINORITY

()72.727

72.727
75.000
040
45,000
750000 _
604,000
0.0 _
6€ 4,667

, 51.85%2

ENT nluowtr¢

©a3.333 °

8343373
37,500
33.333

‘40,000,
664667

100,000
754,000

~88+7133




iy X

1

- o e

R

£ S A

Y 7"‘3“‘:’;;"7'1‘;53,’"' D
A YA 21

e

-

\\

{ SHIA| SH2A} SH3A|
l63.00}406500})82.00| - -, -
* 57.00} 16.00}36.00]

e .
. FORMAT 3
. ©xcoonu
N ¥COQRD
AREA XCAQORD YCOORD ©
® rcor @s6s10 @oreto |, 33|
A002 53.00 65.00 } - 3.7}
A003 45.90 °*S53.50 | S.1}
A0O4 43,50 62.00 | S.8]
AQ0S, 40,70 58.20 | 6.5)
LA006 4fl.20 . 48,40 | o.8i
ADO7 26,50 56,00 | 10.6}
A008 '33.20 47.20 | 9.1}
A009 t7.90 48,70 | 13,4}
Ao00 1870  31.50° | ta.&}
AQ11L 27.96 35.80 | 1.7}
A013" 23,50 17.107] 1643}
AO13 3¢.90 32,50 | 10.4}
-A0)4 45400 33,50 | 8.0}
ACIS 50,00 , 35,00 7.4
A016 "M4.00  17.0¢7) 14,3])
AO17 4 "43,00 . 17.00 | 13.0}"
AO18, 43.80.- 25.80 | 10.9}
A01y S5, 29,30 | 8.4)
A020 59.88 - 31.00 | 7.6
A021 58.50 22.90 | 18.0)_
A022 55,80 13,90} 12.7]
A023  79.S0 18v10 | 12,3}
A024 85.20, 11.70 | 14.6)
A025 89.90 15.30 \] 14.a}
A026 87.00 ' 25.40 | 11.5§
A027  Bp.00 . 33.30 | 9.4}
A028 8500 | 33.00 | 8.4}
- % A029 109,50 P 31.50 | 1S.4¢
‘A030 94,20 | 27.60 | 12.4}
AQ 31 91.90 ' 36.50°| 10.3)
AG32 © 78.90 . 48.10 | 5.3}
A033 92.90 :57.30 | 8.7}
A034 89,50 . 49.50 | B.d)
A035% 99.60 | 4a.50 | 10.9])
A036 x\sr.op ; S7.70 [ S ST Y]
A037 64,40 i S6.30 | 0.5}
*A038  58.50, 53.60 | 2.7[
A039  SK,50. S1.40 | 2!5]
A040 60,50, "53.50 | 1.2}
AO4L 62,00 51.50.)] 1.6}
A042 64,80 S5f.90 | 1%6]
A043  69.80 51,20 | 2.6}
A044  S5S.90 4,20 | 3.3)
AOAS “59:20 -at.80 | 2.9}
‘A046  G1.40  b8.50 | 2.5]
AOA7 62,60 4880 | 2.4}
AOA8 64,00  49.060 | 2.2}
A0d9 © 56.90 44,00 | a.2}
A0S0" 59,50 45,20 | 3.0}
A0S51"  60.90 46,20 | 3.2|
‘A0S2 63,00, 45.50 | 3.4}
A0S53 64.60 ap.00 ) 3.2|
A0S 64,90 47.50 | 2.4}
A0S5 65,90 46,90 | J.0}
A0S56 67.00 d6.00 | 3.4
AOS7 61.80 44,10 |} 3.8}
{

SCHOULS{NETH X AND ¥ .COORDINATE)

N .

. L

7.81 10.5}) . -t
Be7) 1149}

Sel| then|

7.6 13.5])

6.6} 13,6} .-
4.0) 12.4) . .
8ct] 1714} - )

4.9 .

8.91

8.0] 18.4}) : N -
5.3} 15.7} ¢

8.5) 17.8} ' ;

28§ 13.1} N .
ovel 10.8] . -
12| 9431 .

6.5} 15.0f « A )

5.6} 12.6} .

a.2] 1230} N

3.3|.78.0}, .

4.3) 6.6} . . -
5.3} 7.8} . .

7.0} 9.9}" ° °

t1.0}] s.2{ ,

13.4) 7.1} -

14.1) "6.4) . - -
12.3F 304} o . .
11.6] 1.3} g *

113} 1.0} &

18.5) a.1} )

14.2) 4.1} .

13.3) 2.9}

10.2] 3.6} .

18.9] 6.9} .

13.21°, 4.5 z

16.0] 6.3}

7.2} 9.a) . -

7.9| 7.7}

S.74 9.5} .

S.4) 8.6} s -
6.6| @a.o0} ‘. :
68t 7.3} M .
7.1] 6.8} : °

“Be2) .547) .

4.5] 8.4

S.1f 7.4] o .

5.9| 7.0} <. t
6} 6.7} - P

6.5) 6.5} :

3.9} 2.6} : .
a.7)._7%l B

=N

£, 2} 6.8}

5.6} 6e2)

6.1 S8} ’ .
6.4f ¢€.0} . T
6.0 So6} - N
6.7] 5.2} : -

Sel) €o3) °©

2.




e 7, VAN MR
e

REA -NO. pUPILS nERCENt .
FN,AREA HiNoRgTY- i
25.00 -}
45,00 |
30.77 |
36,67

¥

~ 39

i
l"é
35. 9w*tv
<],
|
i

' 88
- l
59 -7 7,02.37 ]
>5l-‘.5ﬂ62 s I
a7 36489 | -
34 41.18
69.39

45,495 |
100.00 |}
100.00
100.00/}"

e

"@sus

SH1A
sn24&
SH2A.
S112A
SH2A
SH2A

* SH2A

SH2A
SHZA
SH2A
SH2A
SH2A

“'SH2A

SH2A

st2k
SH2A..

SH2A

© - SHi2A

[

SH2A
sH2A
SH2A
SH3A
,SH3A
SH3A
SHIA
SH3IA
SH3A
SHIA
SH3A
SHIA
SH3A
SH3A
SHIA
SH3A-
SHIA
SH1A
SHIA

_ T USHEA

SHIA
SIHEA
SHIA
SH3A
SH2A
SHIA
SItL,A
SHIA
SHIA
SH2A
SH2A
SH2A
SHIA
SHIA
- SIHIA
SHIA
L SHJIA

— ._SH2A

nevu, |
100, 5| .

SHIA
SH3A
Sit3A
SHIA

73

~N .

-

.

SCNOOLS Ta HHICH PUPlLS IN EACH

S8
S9,
S5t
at.

~ 3a.
49,

106,
34.°

|-

' A

SH3A

} SH2A

SH2A . . Sta. }/

SHIA



ASSEGNMENT INFORMATION® ' . ,
FaR ' T
;-..( v N . . N . ‘;.,
®dha N it
. .
2N
% . . PLAN-pPH28 - P .
¥ . .
?’;):; " : . - ; . . .
JCAPACITY OF SCHOOL = 1510, NUMHER OF PUPILS ASSIGNED = 1510, . PERCENT UTILIZATION = 140,000
LN ) ) PERCENT MINORITY = 4R.441 ’
%’: v * . . ¢
Ty ¢ ! : . : 2 .
Heo - C. *AREAS ASSIGNEQ TO THIS SCHOOL e .
i - . . L ’ . . T
‘ NO NO THIS | AREA- HO  _NO THIS | AREA " no ND THIS | AREA NO N0 THIS | AREA Ng  NO JHIS |
RUPILS" scHaou |, PUPILS ScHOOL J} puptLS SCHooL | PUPILS ScHoou | upPILS SCHooL -|
- ] s . e C 2
© 36. -@3. (002 @©60. 0 60. @Ao36 @e6s. Obse Bro37 sz, ® 62 ®rozs ©9s. @95 |
< 55, §5. | A040 105, 10S,. -} ‘Ausl | S6e 1 A0as2 - 74, 67 [ AOAS 108, 513
‘A0S 73, ©73¢ | AOWT, 50, .50. | AOS2 95, | a0s3 75, . T5. | ADSS ., LY PR |
A d 1. 119 | ACS8 - 108 98+ | AOGS - 79. 79 A06S [-1. 2% 55, I'AOSO © 83, 83, .!
‘AD 3 - ¥ = t - TN
FARSY 1000 toos | ~ oo .
A . ’ ’ L o= ) LR AE N :
LIRS : ’ .
\ \ . ' -
. . . 5 ) fo. .
’ . .
3 ‘ N\' - ’
B T . ~
« . - s " '
. hd \- /'; - d e Y
* -~ » . ¢ .
: . vooal”
oo 7 - v ° ‘ T
: .- . 7o LN
-}’ ‘ - . L4 . v
. 7 - *- ' ) ) B T B - N
: ESTIMATED MMBER OF STUDENTS FOR EACH GRADE
coe N GRADE  NO, OF PWPILS ’ < , ..
R ) 6 - (©® 3. ® 25.364 g
< s . - .7 . 345, 22.849 '
i - ¢
- ol 8 393, . 25.996 ,
N 9 389, 251791 q , .
,; R < ty — . . . .
b 4 5 » ’ ’
. . » ToTALs  F510 . . .
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©
o
“
»
L
.

R
v

.

Y

~3
Lo
.

*

1

!

RS Y T nd
\-]
< JE )
-
.
-
»
.
S
»
«
.
.
.
.




W, e ) - SUMMARY STAT {STLICS
-3 - . * N - = .

N . b ufr

. ® necm.n;uugnc OUNI"Y SCHOM. SYSTE™

‘. . , - % . P N , /

: : : @ﬁ%ﬁ “PLAN P#25

BRI v o7 # .

W

) >

: “e & .
: °
»......".’.......ﬁ’..‘%......'.....".‘........i‘.‘....'..'.

1 - ¢’ PUPTL-MILES OF TRANSPORTATION PER DAY 3
;’;’Z N o s . .. . *
5 S g LI 'umon(?v Pupu.s 10046.70 . ..
N . . . MAJORITY PUPILS 863,35 .
Do T T T « *
: R " ‘e TOTAL 19910,04 A *
. ’ i” ....’....0..’...’..."Q...............'.............'...0‘..
- - 4 - . .
. . % ; .
- .....’.“........‘.............Q..‘....O‘O.......0...%"....
- Lo PUPIL-MILES OF BUSING PER OAY N .
. S . .
. “ © . MINORITY PUPILS 9881405 . . .
* HAJORITY PUPILS 9539.68 .
* P ) . . . “
: - . , TOTAL 19420.73 . * -
# ? .’..‘r{’.... ..#..t...............'.'.............'........ N
s , R
% ) PR s /
5 . V........‘.....‘.....’.....’...’....!...t.....‘...!.......’.r
NUMHBRS. OF PUPILS ouseo .,
N . [ I
L . 4 HINORITY PUPILS 2023, . -
i /3 MAJORITY pupu.s . ;on. . s y
3 . . ~ . ToTAL 4040, . e
=3 k3 .............4.........@........................ﬁ.'.........
o . ) RS e .
LI . ..(.........Q.........'..’4.....‘............ﬂ.........??.#' . M
‘ *’  NUMDER OF *PUPILS BUSED AWAY FROM NEAREST SCHOOL o

£ . ® WINORITY PUPILS -~ —- . N . .
- e - MAJORLTY PUPILS . . .
74 & . e . ’
4 B ] . . .
’ 2 — . TOTAL Hé‘)- . -,
Li - b .....'.’...."...'..‘.....'..ﬂ}......'.."..'.....0....O.... .
g . : : . .
.-, . .- .
. .t.'...%.....'....‘..t....."..0..‘........‘.t.t.‘.............’......l...‘. *
* HUSING COSTS uuseo ON AN AVERAGE cus! OF $00.35™ °  PER PUPIL-MILE) ¢+ -7
. ' * g
N ‘é . ® cOsT PER DAY s 13,59, o0 ™ : . :
. . H - N ¥
PR ©® cosY mm YEAR $ 2,256,669.00 . .-
‘i : . . . R IR
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JOB CONTROL LANGUAGE FOR ‘THE.:s

*

LINEAR PROGRAMMING SYSTEM FOR SCHOOL LOCATION
[} —

-

e

- AND FACILITY UTILIZATIO n

RUM:.SEQUENCE -~ =~




//LPSSLFU JOB ACC OUN TCODE , PROGRAMMER, T=S5, PRTY-O

e
N

o

. //*PW=" . -
G A1 :
<. [/* STEP” 1 RSS) .
T E FIRST PROGRAM .
: //* AD PARAMETER CARDS P INPUT DATA
: A - PRODUCE PARAMETER.OUTPUT FILE (G.FT09001) .
B A A 7,,- . MPS INPUT FILE (G.FT04F001) : N
' //* . . % d
//RSS EXEC FTGCE e \ -
//C.SYSIN DD -* . . N b st
I( . i ~
{ngGRAM DECK HBRE} $ S
/* ~ . . v - c
//G.FTO4F001 DD DSN=§MPSINPT, . ) o -
A “UNIT=DISK p : -
// DISP=(, : .
J/ SPACE= (TRK, (50,10)\RLSE),
// % DCB=(REGFM=FB,LREC}=80,BLKSIZE=1680) \ -
//G. FT09F001 DD DSN= , .
// \ UNIT=DISK, .
/7 1SP=(,PASS), I
// SPACE= (TRK, (24,8) RLSE), '
S/ DCB»(RECFM—FB LRECL=80, BLKSIZE~1680)
//G.SYSIN DD *. ¢ . .
{ INPUT DATA HERE} .
/* iy : ‘,},
A STEPZ (MAG) ‘
//* . CATALOGUE SECOND PROGRAM FOR EXECUTION LATER :
//* -
//MAG EXEC READCOMM, COND.L=((S,LT,RSS. C) (5,LT,RSS.L), (s LT,RSS.G))
//* v ﬁ v
//*' READCOMM, IS A PROCEDURE WHICH CONCATENATES THE MPS LIBRARY ,
Cage [1*..7SO THE SUBROUTINES USED CAN E FOUND . - l
: *fl/* ". Lt rd ) t &L P °
f/@'s\’ﬁIN DD * _ L ee
/| \.‘? N ’ e ¥
\ { INPUT DECK HERE} = e
R [ . ] e
%* ’ ] \k\ - \
/L.SYSIN DD * S ) ol
INCLUDE SYSLIB(READCOW) ak
_ENTRY MAIN i - -
NAME SOLREP (R) - RN
’ /* » * i e 4 I pe
/71* - -
3 / ¢
) - . . .
‘ ‘v - B
. 1= g
[, . Q , .
1 ": -
£ ¥ " 77 . ‘ * . , -




r . ,,._3*1__ i :
‘ ‘\ ,
., sms - (PUPASGN) . '
/ * 7+ "EXECUTE MPS AND THEN THE CATALOGUED FORTRAN PROGRAM -
.//* FILES USED- . 5
NZA CPC.SYSPRINT MPS PRINTED . -,
//* 'EXEC. SYSPRIN’I‘ OUTPUT - :
Y e , ' - .
WA EXBC.II;!PUT MPS INPUT DATA ¢ N7
. /‘(* Y o ‘ ot
R Vi ,EXEC.FT03F001  PRINTER . . B
//* . . . . \ “ . 7 # <
'//* _ EXEC.FT09001  PARAMETERS ’ A L -
Al . N '
LI* EXEC. Frljgo MPS OUTPUT - SR ‘
¢ //* - ¢ : ’ "
//PUPASGN EXEC MPS,COND.EXEC=((5,LT, RSS. cy, (5 LT,RSS. L) (SLT RSS.G), ;
- /1 (5,LT, MAG. C),(5,LT,MAG.L)), REGION-ZOO’K - o )
: 7/CPC.SYSPRINT- DD DSN—&MPSPRNT 7~ -
< RIA - UNIT=DISK,’
: // DISP=(,PA$S), : . ‘ . . e i
' /. SPACE=(TRK, (50,5) ,RLSEJ," . . - :
: ‘ // DCB= (RECFM=FB, LRECL=133,BLKSIZE=1596) . . - R
//CPC.SYSIN DD * . _ v
" ' { MPS CONTROL CARDS} SEE MPS/360 CONTROL LANGWAGE (H20-0290-2) ~
: -z /* . 3 ~ . : . l‘*)
| //EXEC.SYSPRINT DD SDN=MPSPRNT, /
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[} < ¥
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folléw the MPS program.
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. '+ - MATHEMATICAL MODEL \

The/ijective is to make pupil assignments from 4 given number of

source areas toa glven number of schools such that some function of

dlstance or number of pupils is minimized wh11e maintaining a de51red

B %
< -

) récial mix\in each schoo%? o , o
. The following notation is used-in the model: S
. y . N . . . . .
M = Number of assignment areas .

- - * . e, )
. .
. .

= Number of schools ” g o

N; = Number of pupils in source areas, i =1, 2., ,M L

r; = Fraction of pubilé;in‘sourcesér;a.wyé belpng‘to a minority group

Xij Fractlon of puplls in' source area i a551gned to school i»i=1
\ _2, esM; 3 =1,.2, ..oy L ’ : Lo

) Cj = Capaclty;of school i, ji=1,2, ...,n .

U= Upper Timit on fractlon of pupiis assigned to a school who belong

B .
' to the minority group™

— »

L - Lower limit on fraction of pupils assigned to a school who belong

N~

« to the minorfty gfoup ,

:

dij = Diéténce from source area i to school 3 - |

' D = Minimum distance pupils are eligible for busing

' The mathematical statement of the linear pzog%am wh%ch maximizes

fOQg;_pupil-miles traveled is as.follows: )

3
. [

Minimize . ' )
s, . ,4' ’ -
., Z =Xdij Ni xij - R .
g g~ v ~ [1] .
'S ‘ '.
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There are basically four types of constraints in the-linear program

. , .
as represented by equations.[2], ...,\TS].

2, insures thdt all pupils are assigned to
equation 3, restricts the number of pupils

less than or equal to the capacity of ‘that
. N /

const¥aint, equations 4 and 5, mgthain an
<

1

on, the .percentages of pupils in each school which represent a minority group.

Other objective functions which can be evaluated include: -

Minimization of pupil miles bused.
' L.

~

Minimize

2= Ldis Ny X5
: i,

»

. i
Where di' =
0, otherwise
Yo

/yinimization of number of pupils bused -

N A .

.

ds 5 for 411 .ij pairs such that djj> D .
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The firéf constraint, equation
some scﬂooi. Thé second constraint,
assiéned to each schooliko bé
school. The.third and: fourth

ﬁpper and.’lower limit, respéctively, .
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- Z= N:. X;3 ! - ) Gt Y
.1 ‘J 1] . . B E,,_'*
ij- ' N , . N P
Ny for all ij pairs such that dij > D ) ¢
- ‘ ? ' ° . o
where Nij = - ) X -0 . Rk
: 0, otherwise a ~ . ..
.« = . . N ’. - e * °
Minization of number of pupils bused past nearest:school
. < - -
Minimize . : A ) . .
~ - o . ‘ . K4 L
= .‘ .o L §
Z .Nlj le ) . . a \~
. N a
. ij r . : .
., t Ni’ for all ij pairs such that dij > ‘di.z'j' (where - !
. " where Nij . \ e ¢ .
d.* is the distance from area i to the nearest .
. (ij e . <,
. . a . . > D - " e .
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