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'School Districting

School Districting

Finding the bus
routes to carry the
children to central

schools

Building a central
school is also a
possibility but it is
too costly

Selecting the
central school(s)

Therefore, the
central school is
selected from one

of the currently
operating schools

Geographical
distribution of
demand nodes

Number of Central
Schools

Number of
students in the
demand nodes

The capacity of the
central schools
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School Districting

the selection of central
school location

assignment of demand
sites to central school

transportation routes
between demand nodes

o
. 3
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the students at a demand
site may walk directly to
central school or to other
demand sites to be picked

up.
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School Districting | Walk to School

Sinl0 Mh

e
&
;
¥
&

Siimlt

Guldartn

Distance < o km

4+
Esenbodga Bl #h
Havaalani a

b

Esenboda

&

Balikhisar

Cinarkdy
ol

ligdiiz

Imammniseyin ik

Imamhiseyin

Clocik Mh MR

Tasmnar

N

ar Ltzunlar

Karacaki
Mh

Yegiiepe

=
4
g L ‘Yesiltepe Ka
o

D140

Cankin B

A
Aky amikd #*¥ u
.mc:-k Mh Gamkdy g

Kz
Bred m Karayatak

Karayatak
fildinm Mh
@: Demand Node
[ : Potential Central School

: Non-Demand Nod’(g'I

Bozea Mh B : Selected Central School

Karacalar
Ieh
22011 Google - Harita verileri ©2

EWGLA 2015, Budapest, HUNGARY




School Districting | Walk to Route or School
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Mathematical Model | walk To School

if demand node § € D needs to be visited by a vehicle
otherwise

if candidate location j € C s selected as a central school location
otherwise

I {1. if node { immediately precedes node | using bus o fk"central school;i, JEN K E T
YE T o, otherwise

¥ijk: Mumber of students on a bus of kK™ central school, exiting from node { vight be fore node §;
el kel

S0+ Set of all demand nodes that the distance to j € D is less than or egual to o km
S'Ua. -—{ =y =, i F]_':-}
57 1 Set of all candidate central school nodes that the distance to node i © N less than or

- equal o km, 5C, ={j: i, Za.jeChL

s V SH={hheD, lh <}
\/' \
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Model | Walk to Route or School

District must be visited if and only if there is no central
school within  km, and no demand nodes which is visited
Min (1) by a node within y km.

S.t.
(2),(3), (5)-(14)

1- Z (x) < s Viel
J € Candidate;

1- z X - z E E Zmix S Sh vheD (&)

LT (P O S N e
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Model Extension\ Distance Constrained Walk to Route or School

Students
 Central School
* + Another District
* + Travel Distance Constraint
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\Vilele[=] Extension\ Distance Constrained Walk to Route or School

(1)

(23, (30 (47, (3)-(14)

b = i CHIT

F Li:ll'l: = T‘ Lk + T il.i Liik
L L L

_IE]'- rTESN ||=."|
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Model Extension| Cumulative Walk to Route or School

*Students
e Central School
* + Another District

« The objective is not related to buses, but to the
number of students
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Model Extension| Cumulative Walk to Route or School
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Model Extension| Cumulative Walk to Route or School
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Model Extension| D-Cum WTRS

Students
 Central School
* + Another District
* + Travel Distance Constraint
« The objective Is not related to buses, but to the number
of students
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Model Extension| b-Cum WTRS

Min (19

=. 1.
(23,030, (47,030 - (1)
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Solution Methodologies

Mathematical Heuristics
Model Approaches

Assignment
Based Costing

Route Based
Costing
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Heuristics

ssignment

Type o
Heuristic

School
Selectiof

ased
osting
euristics

routes

WTRS

Apply WTS
Modified
Nearest
Neighbor
Algorithm

‘e there al
changes in

STOP w
Snand

currentr

Algorithm

‘are there any
thanges?

Apply WT!
fodified

Nearest

Apply 2

Algorith
rove i
routes




Heuristics

Incremental
Greedy
Sequential
School Selection

Apply WTS
Maodified
Mearest
Neighbor
Algorithm

Apply 2-0pt
Algorithm to
improve initial
routes

Apply Tabu
Search to
improve
routes

Apply WTRS
Maodified
MNearest
MNeighbor
Algorithm

STOP with
Sn and Fi

Apply Tabu
Search to
improve

central school
selection

& there ahy
changes in
central schoo
election
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H eu r|St| CS ‘ Incremental Greedy Sequential School Selection

D: Set of distircts Cs’: represents the r" P-tuple of C5°
PS: Set of possible central schools QF, reprensents the r' element of Q°
PSC: Copy set of possible central schools |CSP|=R

5™ Set of Selected Central Schools A: Set of central schools in CS°;

CS” = {all P-tuple of i e PSC} B: Set of central schools not in CS%;

QF : Set of cost for C5°

Calculate direct cast
From assigned
from 2=ssigred §
selected in D toclosest districts and contral [——r i and B. in O to closest districts and centra
schoal. K = element in the K schacl. Undate 0. Update K element in the K scheol.
cs"

SetCSF.asa Assign all nodes Calcalats direct cost Replace A Assign all nodes

= SetCSP={j:je5"U »
PSC=FS all P-tuples of | e PSC > Remove 5 Set §F= { K }
where P-1 fixed [5") from PSC ’

U PSCH

‘ P=P+1

Stop with
5'1

EWGLA 2015, Budapest, HUNGARY




Heuristics

Incremental
Graedy
Sequential
School
Selection

Apply WTS
Maodified
Mearest
Neighbor
Algorithm

Apply WTRS
Maodified
MNearest
MNeighbor
Algorithm

Apply 2-0pt
Algorithm to
improve initial
routes

Apply Tabu
Search to
improve
routes

STOP with
Sn and Fi

Apply Tabu
Search to
improve

central school
selection

& there ahy
changes in
central schoo
election
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HeuristiCS | Nearest Neighbour Algorithm

Wi: Set of WTS Wi={}
WR;: Set of WTRS WR:={}
Ri: 5et of districts which are assighed to be picked up by school bus Ri={}
Fi: Set of final routes F:={}
l: Set of distances between ith school and jth district w=0
Kr: 5et of distances between ith district and jth district

w: tabu search decision variable

Apply Nearest
Addj to R; - Neighbour

Algorithm for
Assign all districts all nodes in R

For alli es" to each | €5" with ol ForalljeD y STOP with

shortest distance | F

Apply Modified
Mearest
Neighbour
Algorithm for

Find closest For all j €R;, find the STOP with

For alli €S™ district to | €5n. smallest Kmj which will

Setitasm. Fi
not create a cycle

Add j to WRi.
Remove j
from Ri
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Heuristics

Incremental
Graedy
Sequential
School
Selection

Apply WTS
Modified
MNearest
Neighbor
Algaorithm

Apply 2-0Opt
Algorithm to
improve initial
routes

Apply Tabu
Search to
improve
routes

Apply WTRS
Modified
MNearest
MNeighbor
Algorithm

STOP with
Snand Fi

Apply Tabu
Search to
improve

central school
selection

& there ahy
changes in
central schoo
election
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Heuristics

Assignment
bas

routes

Type of
Heuristics

Based |— = -

Snand

Route
Cos
Schy

—|Costing

Heuritics

Apply WTS
Modified
Nearest
Neighbor
Algorithm

currentr

e there 3
changes in

‘are there any
thanges?

Algorit
Improve ini

Algorithm

Apply WT:
Modified
Nearest

Apply 2

Algorith
rove initia
routes




Heuristics

Route

Based Costing

School Selection

WTS or WTRS

A 4

Apply WTS
Modified
Mearest
Meighbor

Algorithm

Apply WTRS
Modified
Mearest
Meighbor

Algaorithm

Apply 2-Opt
Algorithm to
improve initial
routes

v

Apply 2-Opt
Algorithm to
improve
school
selection

Apply WTS
Maodified
MNearest

Meighbor
Algorithm

Apply Tabu
Search to
improve
current routes

Apply WTRS
Madified
MNearest
MNeighbor

Algorithm

Apply Tabu

central schoaol

Search to
improve

selection

Apply 2-Opt
Algorithm to
improve initial
routes

Apply Tabu
Search to
improve

current routes

Apply Tabu
Search to
improve
central school
selection

Are there any
changes?

STOP with
Snand Fi
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Apply WTRS
Madified
Nearest
Meighbor

Algaorithm

Apply 2-Opt
Algorithm to

improve initial

Apply WTS
Modified
Nearest
Neighbor

Algorithm

routes




Heuristics ‘ Route Based Costing School Selection

D: Set of distircts CS7r represents the r'" P-tuple of C§”

PS: Set of possible central schools Q°. reprensents the r'" element of QF
PSC: Copy set of possible central schools |CSF|=R

5" Set of Selected Central Schools

C5" = {all P-tuple of i € PSC}

Q" ; Set of cost for C5°

Apply WTS

Modified NN
Assign all nodes Algorithm Calculated

Set C5Fr as

letP=1

.
L

aselected |
school

in O to closest
element in the
cs%,

SetCsP={j:jes’u

all P-tuples of i € PSC

where P-1 fixed (57]
U PSC)

Apply WTRS
Modified NN
Algorithm

Remove 57
from PSC

EWGLA 2015, Budapest, HUNGARY

Cost of Fi.
Update QF

NO

Letr* =
argminr
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Stop with
Sn




Heuristics

Route based
Costing
School
Selection

Apply WTS
Modified

Modified
Mearest
Meighbor
Algorithm

Apply WTRS
Modified
Mearest
Meighbor

Algaorithm

Apply 2-Opt
Algorithm to
improve initial
routes

v

Apply 2-Opt
Algorithm to
improve
school
selection

Apply WTS MNearest

Meighbor
Algorithm

Apply Tabu
Search to
improve
current routes

Apply WTRS
Madified
MNearest
MNeighbor

Algorithm

Apply Tabu

central schoaol

Search to
improve

selection

Apply 2-Opt
Algorithm to
improve initial
routes

Apply Tabu
Search to
improve

current routes

Apply Tabu
Search to
improve
central school
selection

Are there any
changes?

STOP with
Snand Fi
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Data Sets & Computational Analysis

Small Data Set | Ankara-Akyurt

Medium Data

Istanbul-Kartal
Set
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Data | Ankara - Akyurt

‘ 12 Demand Nodes
5 Possible Central &
School Location e
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Results 0=d y=2. o2 Bed

MaX|mum 4 demand points
' Maximum route distance 23.9 km
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Results I

MaX|um 6 demand pomts

Maximum route distance 34.1 km
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Results d=d y=. Bod R =80

Maxium roujce distance 23.9 km
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Computational Results | Ankara -Akyurt

Parameters Result

Central
School Node
Number

3312468 | 1 route -
3260079 | 1 route 11
2836818 | 1 route 1,2,5,10
3260079 | 1 route 11
2836818 | 1 route 1,2,5,10
2607417 | 1 route 1,2,5,6,8,11

3001599 | 3 routes -
2775429 | 2 routes 11
2458791 | 2 routes 2,5,10,11
2775429 | 2 routes 11
2458791 |2 routes 2,5,10,11
2378016 |2 routes 1,2,5,6,8,11

3001599 |3 routes 14,15,16 -
2775429 | 2 routes 14,15,16 11
2458791 | 2 routes 14,15,17 2,5,10,11
2775429 |2 routes 13,14,15 11
2420019 | 2 routes 14,15,16 1,2,5,8,10,11
2210004 | 3 routes 14,15,16 1,2,56,8,11

Instance #

Instance 16

Instance 17

Instance 18

Instance 19

Instance 20

(U T S S S e—

Instance 21

Instance 22

Instance 23

Instance 24

Instance 25

Instance 26

Instance 27

Instance 28

Instance 29

Instance 30

Instance 31

Instance 32

(=)W N N W S N e e N e N S B A e T e B e T B S B S ]
=20 B S SSS T S L S I  S R B T B S o O S B S B S A I W S O T S S T S ]

W W | W W W | WER (D(R(R(

Instance 33
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Computational Results | Ankara — Akyurt

WTS WTRS

Assignment Route
b d ; Assignment Jbased
oo based Costing
Costing i Costing Heuristics

Heuristics % Heuristics %

AVERAGE 18,57747122| 6,851170843

2
2
2
2
2
2
4
4
4
2
p
2
4
4
4
3]

6| 35,8075133¢
6| 23,98167605

(V0 0 I [ N T P 0 T [V L T LV N T [ L T

|A"u" ERAGE 25,65737443  8,4607892




Data | Istanbul- Kartal

e Total 45 nodes
® 25 Demand Nodes
® 20 Potential Central School Nodes
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Computational Results | Istanbul — Kartal

Assignment Based Costing

Route Based Costing

Central
School
Node
Number

Objective

5

Objective

Central
School
Node
Number

5

1,4,5,7,9,10,12,13,14, 1:
,16,18,20,21,22,2

10,

42,26

1,4,5,6,7,8,5,10,12,13,14,
15,16,18,20,21,22 23,24

1,2,4,5,7,8,9,10,12, 14,j
516,21, 22 23 2

8,

26,42,30

1,2,4,5,6,7,8,8,10,12,13,1
4,15,16,18,20,21,22,23,25

1,4,5,6,8,9,10, 14,15,1EJ
18,20,21, 22,242

13,9

30,26

1,4,5,6,8,9,10,12,13,14,15
,16,18,20,21, 22,24 23

1,2,4,56,12
13,14,15,16,18,20,21,22
23,2

32,26,42

1,2,4,56,7,9,10,12,
13,14,15,16,18,20,21,22,2
3,25
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‘Conclusion

School Districting Application

Demand-selective LRP

Cumulative and Distance-constrained versions

Two real life scenarios, Akyurt-Ankara and Kartal-istanbul

Mathematical Models and Two different heuristics approaches

))/
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