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'School Districting

School Districting

Finding the bus
routes to carry the Selecting the
children to central central school(s)

Building a central
school is also a

possibility but it is
too costly

schools

Therefore, the
central school is
selected from one
of the currently
operating schools

Geographical
distribution of
demand nodes

Number of Central
Schools

The capacity of the
central schools

Number of
students in the
demand nodes
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School Districting
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School Districting

the selection of central
school location

assignment of demand +

sites to central school

transportation routes
between demand nodes

EWGLA 2015, Budapest, HUNGARY

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

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

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

I {1, if node i immediately precedes node j using bus of k**central school;i,j € N,k € C
Uk~ 1o, otherwise

Vijk: Number of students on a bus of kt"central school, exiting from node i right before node j;

i€ED;jkecC
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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
Min (1) visited by a node within Y km.

S.t.

2),(3), (5)-(14)

1-— Z (Xj) < S; viel
J € Candidate;

1— ZXj—ZzzZmikSSh vheD (&)

jE SC, mEeN k €] i€ESR,
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Model Extensionl Distance Constrained Walk to Route or School

*Students
e Central School
e + Another District
 + Travel Distance Constraint
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Model Extensionl bistance Constrained Walk to Route or School
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Model Extensionl Distance Constrained Walk to Route or School

Min (1)

S.t.

(2),(3), (4, (5)-(14)
Lijk = <B Zijk Vi,j e Nvke C (15)

Z ijk = z rik + Z Lij Zijic VieD,VKEC (16)

JEN reN JEN
vi,jeN,vk €C (17)
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Model Extensionl| 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

EWGLA 2015, Budapest, HUNGARY



Model Extension| Cumulative Walk to Route or School

EWGLA 2015, Budapest, HUNGARY 18



Model Extensionl| Cumulative Walk to Route or School

Mi /
n zzz CijYijk

iEN jEN keC

S.t.
(2),(3), 4°),(5)—-(14)

ZZJU < RX]

IED
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Model Extensionl D-Cum WTRS

eStudents
e Central School
e + Another District
e + Travel Distance Constraint
* The objective 1s not related to buses, but to the number
of students

EWGLA 2015, Budapest, HUNGARY



Model Extensionl| b-cum WTRsS

Min (1)

S.1.

(2)1 (3), (4,)1 (5) _ (19)

T EWGLA 2015, Budapest, HUNGARY 21



Solution Methodologies

School
Districting
Application

Mathematical
Model

Optimal
Solutions
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Heuristics
Approaches

Assignment
Based Costing

Route Based
Costing




Heuristics

/-1 Assignment
[|Based

-| Costing

~ Heuristics

| l ‘




Heuristics

Incremental
Greedy
Sequential
School Selection
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Heuristics |

D: Set of distircts

PS: Set of possible central schools

PSC: Copy set of possible central schools
S": Set of Selected Central Schools

CSP = {all P-tuple of i € PSC}

QP : Set of cost for CS?

CSP: represents the rt" P-tuple of CSP
QP reprensents the r" element of Q°
|csP|=R

A: Set of central schools in CSP,

B: Set of central schools not in CS”,

Set CSP as a
selected
school. K =
CsP.

Assign all nodes
in D to closest
element in the K

Calculate direct cost
from assigned
districts and central
school. Update Q°

Replace A
and B.
Update K

Incremental Greedy Sequential School Selection

Assign all nodes
in D to closest
element in the K

Calculate direct cost
from assigned
districts and central
school.

SetCSP={j:jeS*U
all P-tuples of i € PSC
where P-1 fixed (SP)

Remove S
from PSC

U PSC}

EWGLA 2015, Budapest, HUNGARY

Stop with

gn

<’

Set SP={K}




Heuristics
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Heuristics | Nearest Neighbour Algorithm

Wi: Set of WTS Wi={}
WR: Set of WTRS WR={}
Ri: Set of districts which are assigned to be picked up by school bus Ri={}
Fi: Set of final routes Fi={}
lij: Set of distances between ith school and jth district w =0
Kmj: Set of distances between ith district and jth district

w: tabu search decision variable

Apply Nearest
Add jto R; Neighbour

Algorithm for
Assign all districts all nodes in R

Forallies" to each i €S" with ForalljeD STOP with

shortest distance =
1

Apply Modified

Add jto W; Nearest
Neighbour

Algorithm for

Find closest For all j €R,, find the

ForalliesS district to i €Sn. smallest Kmj which will
Setitasm. »

STOP with
Fi

not create a cycle

Add j to WRi.
Remove j
from Ri
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Heuristics
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Heuristics

II Rou’re Based
rllCos’rmg

/|Heuritics




Heuristics

Route
Based Costing
School Selection
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HeuristicS | Rroute Based Costing School Selection

D: Set of distircts

PS: Set of possible central schools

PSC: Copy set of possible central schools
S": Set of Selected Central Schools

CS? = {all P-tuple of i € PSC}

QP : Set of cost for CS?

CSP, represents the rt" P-tuple of CS?
QP reprensents the r'" element of Q°

|CSP|=R

Apply WTS
Modified NN

Set CSPr as
a selected
school

Assign all nodes Algorithm
in D to closest
element in the

csP,

Apply WTRS
Modified NN
Algorithm

Calculated
Cost of Fi.
Update Q"¢

NO

SetCSP ={j:jes’ U
all P-tuples of i € PSC
where P-1 fixed (SP) from PSC

U PSC}

Remove S°

EWGLA 2015, Budapest, HUNGARY

YES

Y

YES

Let r* =
argminr

Q

[
'

A

A

Set SP={

cs?

r*}

Stop with
SI’\




Heuristics
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Data Sets & Computational Analysis

Small Data Set Ankara-Akyurt

Medium Data

Set Istanbul-Kartal
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Data | Ankara - Akyurt

12 Demand Nodes
5 Possible Central

School Location! .

64

[y
N (1 E22ro203 6 i nenar,
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Results

e
NI oaco0s b inna

: s 2 B ISIRD
- Maximum 4 demand points
Maximum route distance 23.9 km
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Cum WTRS

' 2ol /
N g a0 6 ik

Maxium 6 deman poits

Maximum route distance 34.1 km
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D-Cum WTRS

Results a=4  y=2, B=2, R =50

™ .’ Y @,. Y ‘

MaX|mum 4 demand pomts‘

Maximum route distance 23.9 km
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Computational Results | Ankara -Akyurt

Parameters Result

Central
\Y School Node
Number

3312468 | 1 route 14 -
3260079 | 1 route 15 11
2836818 | 1 route 14 1,2,5,10
3260079 | 1 route 15 11
2836818 | 1 route 14 1,2,5,10
2607417 | 1 route 15 1,2,5,6,8,11

3001599 | 3 routes 14,15 -
2775429 | 2 routes 14,15 11
2458791 | 2 routes 14,15 2,5,10,11
2775429 | 2 routes 14,15 11
2458791 | 2 routes 14,15 2,5,10,11
2378016 |2 routes 15,16 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 1,2,5,6,8,11

Instance #

=

Instance 16

Instance 17

Instance 18

Instance 19

Instance 20

Instance 21

Instance 22

Instance 23

Instance 24

Instance 25

Instance 26

Instance 27

Instance 28

Instance 29

Instance 30

Instance 31

Instance 32

o NN N No N IF SN NN Re Nl e N e i BF SN 0P I NSl e N o)W Be N B B SN I N
NN SR SRE SR No NN SR ECER SN o N i S i NS SN SR )

W [W W [W|W[WERN [N

Instance 33
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Computational Results | Ankara — Akyurt

WTS

Assignment
based
Costing
Heuristics %

10,86965161

10,86965161

12,95738539

22,2681644

22,2681644

32,23180993

AVERAGE

18,57747122

6,851170843

WTRS

Route
Assignment flbased
based Costing
Costing Heuristics
Heuristics %

[ S T [ R S = L R D T [ N L = [N SN =N [N SN = S
olo |ojlojolojlojololsls]lslslnln NN N

AVERAGE 29,65737443  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 Central

School School
Node Node

Objective [Number|S Objective [Number S

1,4,5,7,9,10,12,13,14,1 1,4,5,6,7,8,9,10,12,13,14,
14, 40,26 ,16,18,20,21,22,2 10, 42,26] 15,16,18,20,21,22,23,24

1,2,4,5,7,8,9,10,12,14,
40,26,44 5,16,21,22,23,2

1,2,4,5,6,7,8,8,10,12,13,1
8,89 26,42,30] 4,15,16,18,20,21,22,23,25
3,9

1,4,5,6,8,9,10,12,13,14,15
30,26 ,16,18,20,21, 22,24,23

1,4,5,6,8,9,10,14,15,16,
40,26 18,20,21, 22,24,2 1
1,2,4,5,6,12, 1,2,4,5,6,7,9,10,12,

11,2

13,14,15,16,18,20,21,22
40,26,44 23,2

13,14,15,16,18,20,21,22,2
32,26,42 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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