
The Demand- Selective Location 
Routing Problem: the School 

Districting Application 

Nazlı Esen1,Başak Yazar1,Bahar Yetiş Kara1,İmdat Kara2 

1Department of Industrial Engineering, Bilkent University 

2Department of Industrial Engineering, Başkent University



EWGLA 2015, Budapest, HUNGARY

School Districting

2

Eight years primary education is obligatory

In some districts, there aren’t any primary school

School Districting Program

Students in these districts are transported to 
districts with primary schools

Central Schools
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1989-90 → 5 Central Schools and 305 students. 

2009-10 → 80 cities with 667,475 students

Now → 5,754 central schools serving students from 
39,559 districts in Turkey

Mathematical models are developed

Heuristic approaches for minimizing the cost of school 
districting application

Real Life Scenarios
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School Districting

Finding the bus 
routes to carry the 
children to central 

schools

Selecting the 
central school(s) 

Building a central 
school is also a 

possibility but it is 
too costly

Therefore, the 
central school is 

selected from one 
of the currently 

operating schools

Number of Central 
Schools

Geographical 
distribution of 
demand nodes

The capacity of the 
central schools

Number of 
students in the 
demand nodes
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Location 
Routing 
Problem

: Demand Node

: Potential Central School

: Selected Central School
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Location 
Routing 
Problem

the selection of central 
school location

assignment of demand 
sites to central school

transportation routes 
between demand nodes

Demand Selective 
Location Routing 

Problem

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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Walk to 
School

Walk to 
Route or 
School

School 
Districting
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: Demand Node

: Potential Central School

: Non-Demand Node

: Selected Central School

Distance < α km
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Distance < γ km

: Demand Node

: Potential Central School

: Non-Demand Node

: Selected Central School
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𝑆𝐷𝑗: Set of all demand nodes that the distance to 𝑖 ∈ 𝐷 is less than or equal to 𝛼 km 

𝑆𝐷𝑗 = {𝑖: 𝑙𝑖𝑗 ≤ 𝛼, 𝑖 ∈ 𝐷}. 

𝑆𝐶𝑖: Set of all candidate central school nodes that the distance between 𝑖 ∈ 𝑁 and 𝑗 ∈ 𝐶 is less than or 

equal to α km, 𝑆𝐶𝑖 = {𝑗: 𝑙𝑖𝑗 ≤ 𝛼, 𝑗 ∈ 𝐶}. 

Let 𝑐𝑖𝑗 denote the cost of traveling from node 𝑖 ∈ 𝑁 and 𝑗 ∈ 𝑁 and 𝑞𝑖  denotes the number of students at 

demand node 𝑖 ∈ 𝐷. 𝑄𝑉 is the capacity of vehicles, 𝑄𝑆 is the capacity of schools. The number of central 

schools to be located is denoted by 𝑝. We define the decision variables of the model as follows: 

𝑠𝑖 = {1,          𝑖𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 𝑛𝑜𝑑𝑒 𝑖 ∈ 𝐷 𝑛𝑒𝑒𝑑𝑠 𝑡𝑜 𝑏𝑒 𝑣𝑖𝑠𝑖𝑡𝑒𝑑 𝑏𝑦 𝑎 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
0,          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                     

𝑥𝑗 = {1,          𝑖𝑓 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑗 ∈ 𝐶 𝑖𝑠 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑎𝑠 𝑎 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛
0,          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒             

𝑧𝑖𝑗𝑘 = {1,         𝑖𝑓 𝑛𝑜𝑑𝑒 𝑖 𝑖𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑒𝑙𝑦 𝑝𝑟𝑒𝑐𝑒𝑑𝑒𝑠 𝑛𝑜𝑑𝑒 𝑗 𝑢𝑠𝑖𝑛𝑔 𝑏𝑢𝑠 𝑜𝑓𝑘𝑡ℎ𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙; 𝑖, 𝑗 ∈ 𝑁, 𝑘 ∈ 𝐶
0,         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒      

         

yijk: Number of students on a bus of 𝑘𝑡ℎ𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑠𝑐ℎ𝑜𝑜𝑙, 𝑒𝑥𝑖𝑡𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑛𝑜𝑑𝑒 𝑖 𝑟𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑛𝑜𝑑𝑒 𝑗; 

𝑖 ∈ 𝐷; 𝑗, 𝑘 ∈ 𝐶 

W do not carry the vehicle index in the variables; instead we follow the routes of each central 

school. We now develop mathematical models for the two basic variations of school districting problem: 

Walk-to-School and Walk-to-Route and School. 

4.1. Walk-to-School (WTS) Model Development 

In this model students from any district can walk to central school(s) if and only if the distance 

to school is less than or equal to α.  

The WTS model is as follows: 

Min ∑ ∑ ∑  
𝑘∈𝐶  

 𝑐𝑖𝑗
𝑗∈𝑁

𝑧𝑖𝑗𝑘 
𝑖∈𝑁

  (1) 

s.t.    

 ∑ ∑   
𝑗∈𝑁

𝑧𝑖𝑗𝑘 = 𝑠𝑖 
𝑘∈C

 ∀ 𝑖 ∈ 𝐷 (2) 

 1 − 𝑥𝑗 ≥ 𝑠𝑖 ∀ i ∈ 𝑆𝐷𝑗 , ∀ j ∈ C (3) 

 1 − ∑ (𝑥𝑗)  ≤  𝑠𝑖
𝑗 ∈ 𝑆𝐶𝑖

 ∀ i ∈ D (4) 

 ∑ 𝑥𝑗
𝑗∈𝐶

= 𝑝  (5) 

 ∑ ∑   
𝑘∈C

𝑧𝑗𝑖𝑘 = ∑ ∑ zijk
𝑘∈C𝑗∈N𝑗∈𝑁

 ∀ 𝑖 ∈ 𝐷 (6) 

 ∑ zijj
𝑖∈𝐷

=  ∑ zjij
𝑖∈𝐷

 ∀ j ∈ C (7) 

 𝑧𝑖𝑗𝑘 ≤ 𝑥𝑘 ∀ i, j ∈ N, ∀k ∈ C (8) 

prove the accessibility (Cocking et al., 2012). In addition, scheduling problems are into the

humanitarian applications as in the schedules for lunch break of traveling therapists (Bard et al.,

2013).

To the best of our knowledge, the school districting problem that we propose in this paper

has similarities to the LRP in general and to the school bus routing, arc covering and repair-

man problems from the OR literature. However, as explained, the school districting problem

has a specialized demand selection rule depending on the location of central school and route

between points; thus we define it as a ”demand-selective LRP”(D�SLRP). We also develop

certain variations of D�SLRP which we detail throughout the paper.

4. Model Development

Let G=(N,A) be be a network where N=D[C such that D denotes the set of demand districts,

C denotes the set of candidate central schools; and A is the set of arcs. Also, define Iij the

distance between node i 2 N and j 2 N. We use the following notation in developing the model:

SDj : Set of all demand nodes that the distance to j 2 D is less than or equal to ↵ km

SDj = { i: Iij  ↵ , i 2 D }

SCi : Set of all candidate central school nodes that the distance to node i 2 N less than or

equal to ↵ km, SCi = { j: Iij  ↵ , j 2 C }.

Let cij denote the cost of traveling from node i 2 N and j 2 N and qi denotes the number

of students at demand node i 2 D. QV is the capacity of vehicles, QS is the capacity of schools.

The number of central schools to be located is denoted by p. We define the decision variables

of the model as follows:

si =

⇢
1 if demand node i 2 D needs to be visited by a vehicle
0 otherwise

xj =

⇢
1 if candidate location j 2 C is selected as a central school location
0 otherwise

7

straint (9) ensures that if the arc is issued, there must be some flow. Constraint (10) initializes

the starting value of bus. The flow is calculated via Constraint (11). The vehicle and central

school capacity constraints are in (12) and (13). The last constraint is for domain restrictions.

4.2. Walk�to�Route and School (WTRS) Model Development

In this model, the previously defined parameters are used with an additional set definition. We

define the set SRi to identify all demand nodes such that the distance the demand node i and

any other demand node less or than equal to � km, SRi ={ h:h 2 D, lih  � }. We use this

set to capture the structure of walking to a route. Thus, if any h 2 SRi is visited, then students

residing at Node i need not to be picked up since students at Node i will walk to Node h. The

corresponding mathematical model is as follows:

Min (1)

s.t.

(2), (3), (5)� (14)

1�
X

j2SCh

xj �
X

m2N

X

k2J

X

i2SRh

zmik  sh 8h 2 D (4’)

The new constraint (4’) ensures that a district must be visited if and only if there is no central

school within ↵ km, and no demand nodes which is visited by a node within � km.

4.3. Extensions of the Models

Here we define different variations for the school routing problem. We propose extensions to

the WTRS as it is more general. We first impose a ”distance constraint” for each route so that,

each bus finishes its journey within a predetermined bound.

10
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63 
64 
65 

Min
X

i2N

X

j2N

X

k2C

cijzijk (1)

s.t.
X

k2C

X

j2N

zijk = si 8i 2 D (2)

1� xj � si 8i 2 SDj, 8j 2 C (3)

1�
X

j2SCi

(xj)  si 8i 2 D (4)

X

j2C

xj = p (5)

X

j2N

X

k2C

zjik =
X

j2N

X

k2C

zijk 8j 2 D (6)

X

i2D

zijj =
X

i2D

zjij 8j 2 C (7)

zijk  xk 8i, j 2 N, 8k 2 C (8)

yijk � zijk 8i, j 2 N, 8k 2 C (9)

yijj = zjij 8i 2 D, 8j 2 C (10)
X

j2N

yijk =
X

r2N

yrik +
X

j2N

qizijk 8i 2 D, 8k 2 C (11)

yijk  QV zijk 8i, j 2 N, 8k 2 C (12)
X

i2D

yikk  QS 8k 2 C (13)

xj, si, zijk 2 0, 1; yijk � 0, integer 8i 2 D, 8j, k 2 C (14)

The objective of our mathematical model is to minimize the total transportation cost. Con-

straints (2) - (4) assures that each district with no nearby school is visited by a school bus.

Constraint (5) decides the number of central schools to be opened. The constraint (6) and (7)

are for flow balance. Constraint (8) assures that any school which is not selected as a central

school can not use any other school’s bus and cannot pick/send flow/students with its bus. Con-

9
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28 
29 
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31 
32 
33 
34 
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36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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63 
64 
65 

Min
X

i2N

X

j2N

X

k2C

cijzijk (1)

s.t.
X

k2C

X

j2N

zijk = si 8i 2 D (2)

1� xj � si 8i 2 SDj, 8j 2 C (3)

1�
X

j2SCi

(xj)  si 8i 2 D (4)

X

j2C

xj = p (5)

X

j2N

X

k2C

zjik =
X

j2N

X

k2C

zijk 8j 2 D (6)

X

i2D

zijj =
X

i2D

zjij 8j 2 C (7)

zijk  xk 8i, j 2 N, 8k 2 C (8)

yijk � zijk 8i, j 2 N, 8k 2 C (9)

yijj = zjij 8i 2 D, 8j 2 C (10)
X

j2N

yijk =
X

r2N

yrik +
X

j2N

qizijk 8i 2 D, 8k 2 C (11)

yijk  QV zijk 8i, j 2 N, 8k 2 C (12)
X

i2D

yikk  QS 8k 2 C (13)

xj, si, zijk 2 0, 1; yijk � 0, integer 8i 2 D, 8j, k 2 C (14)

The objective of our mathematical model is to minimize the total transportation cost. Con-

straints (2) - (4) assures that each district with no nearby school is visited by a school bus.

Constraint (5) decides the number of central schools to be opened. The constraint (6) and (7)

are for flow balance. Constraint (8) assures that any school which is not selected as a central

school can not use any other school’s bus and cannot pick/send flow/students with its bus. Con-

9
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Min (1)   

s.t.    

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

 1 −  � 𝑥!𝑗!

𝑗!∈ 𝑆!𝐶!�

−  � � � 𝑧!𝑚!𝑖!𝑘!
𝑖!∈𝑆!𝑅!�𝑘!  ∈𝐽!𝑚!  ∈𝑁!

 ≤  𝑠!�  ∀ � ∈𝐷! (4 ′) 

!

District must be visited if and only if there is no central 
school within α km, and no demand nodes which is 
visited by a node within γ km. 

7 
 

 𝑦𝑖𝑗𝑘 ≥  𝑧𝑖𝑗𝑘 ∀ i, j ∈ N, ∀ k ∈ C (9) 

 𝑦𝑖𝑗𝑗 =  𝑧𝑗𝑖𝑗 ∀ i ∈ D, ∀ j ∈ C (10) 

 ∑ yijk
𝑗∈𝑁

=  ∑ yrik
𝑟∈𝑁

+ ∑ qi
𝑗∈𝑁

zijk ∀ i ∈ D, ∀ k ∈ C (11) 

 𝑦𝑖𝑗𝑘 ≤ 𝑄𝑉 𝑧𝑖𝑗𝑘 ∀ i, j ∈ N, ∀k ∈ C (12) 

 ∑ yikk
𝑖∈𝐷

≤ 𝑄𝑆 ∀ k ∈ C (13) 

 𝑥𝑗, 𝑠𝑖, zijk ∈ {0,1}; 𝑦𝑖𝑗𝑘 ≥ 0 , integer ∀i ∈ D, ∀j, k ∈ C (14) 

 

The objective of our mathematical model is to minimize the total transportation cost. Constraints 

(2) – (4) assures that each district with no nearby school is visited by a school bus. Constraint (5) decides 

the number of central schools to be opened. The constraint (6) and (7) are for flow balance. Moreover, 

constraint (8) assures that any school which is not selected as a central school can not use any other 

school’s bus and cannot pick/send flow/students with its bus. Constraint (9) ensures that if there is an 

arc, there must be a flow. Constraint initializes the starting value of bus. The flow is calculated via 

Constraint (11). The vehicle and central school capacity constraints are in (12) and (13). The last 

constraint is for domain restrictions. 

4.2. Walk-to-Route and School (WTRS) Model Development 

In this model, the previously defined parameters are used with an additional set definition. We define 

the set 𝑆𝑅𝑖 to identify all demand nodes such that the distance between i ∈ D and h ∈ D is less or than 

equal to γ km, 𝑆𝑅𝑖 = {ℎ: ℎ ∈ 𝐷, 𝑙𝑖ℎ ≤ 𝛾}. We use this set to capture the structure of walking to a route. 

Thus, if any ℎ ∈ 𝑆𝑅𝑖 is visited, then students residing at Node i need not to be picked up since students 

at Node i walk to Node h.  

The corresponding mathematical model is as follows:  

Min (1)   

s.t.    

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

 1 −  ∑ 𝑥𝑗
𝑗∈ 𝑆𝐶ℎ

−  ∑ ∑ ∑ 𝑧𝑚𝑖𝑘
𝑖∈𝑆𝑅ℎ𝑘 ∈𝐽𝑚 ∈𝑁

 ≤  𝑠ℎ ∀ ℎ ∈ 𝐷 (4′) 

 

The new constraint (4’) ensures that a district must be visited if and only if there is no central 

school within α km, and no demand nodes which is visited by a node within γ km. 

4.3. Extensions of the Models  

 Similar to the school bus routing problem, different variations of the WTS and WTRS can be 

defined and modeled. We propose extensions to the WTRS as it is more general. We first impose a 

“distance constraint” for each route so that, each bus finishes its journey within a predetermined bound.  
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•Students 
•  Central School 
•  + Another District 
•  + Travel Distance Constraint 
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Distance Constrained WTRS (D-WTRS) 

 In school districting, students’ transportation time is a significant concern. As transportation 

time decreases, trip period also decreases, which allows students to come to school less tired. Since the 

time in the vehicle depends on the distance traveled, here, we parametrically impose a bound, defined 

as “𝐵”. We define a new decision variable 𝑡𝑖𝑗𝑘 as the distance traveled to site 𝑗 ∈ 𝑁 from site 𝑖 ∈ 𝑁 via 

the kth school’s bus, 𝑗 ∈ 𝐶. The corresponding model is as follows: 

Min (1)   

s.t.    

 (2) , (3), (4’), (5) - (14)     

 𝑡𝑖𝑗𝑘 ≤ 𝐵 𝑧𝑖𝑗𝑘 ∀i, j ∈ N, ∀k ∈ C (15) 

 ∑ tijk
𝑗∈𝑁

=  ∑ trik
𝑟∈𝑁

+ ∑ lij
𝑗∈𝑁

zijk ∀i ∈ D, ∀k ∈ C (16) 

 𝑡𝑖𝑗𝑘 ≥ 0 ∀i, j ∈ N, ∀k ∈ C (17) 

 
In constraint (15), we limit the traveled distance of each vehicle of each central school by the 

parameter “𝐵 “. The calculation of the traveled distance is in Constraint (16). Constraint (17) is the 

nonnegativity of the new variable. 

Another variation of the models proposed can be a cumulative version. As discussed in the 

literature (Kara et al., 2007a, 2007b) for certain VRP applications the travel cost cumulatively increases 

with the amount carried.  For a detailed analysis the reader can refer to Chen et al., 2006; Smilowitz et 

al., 2003; Zhong and Cole, 2005. Since we transport students, and thus have limitations, decreasing total 

dissatisfaction through cumulative functions could make sense. Thus, we propose Cumulative WTRS 

(Cum WTRS) and distance constrained cumulative WTRS (D-Cum WTRS) versions.  

Cumulative WTRS (Cum WTRS) 

 In this version, the objective is not related to buses, but to the number of students. Let 𝑐′𝑖𝑗 denote 

the dissatisfaction of a kid due to traveling the arc (i,j). Thus, (1’) replaces the objective function. 

 Because the objective is cumulatively increasing in this variation, the model attempts to generate 

many routes. In order to prevent that, we parametrically constrained the total number of routes of each 

school by a new parameter, “R”. The related model is as follows: 

Min ∑ ∑ ∑  
𝑘∈𝐶  

 𝑐′𝑖𝑗
𝑗∈𝑁

𝑦𝑖𝑗𝑘 
𝑖∈𝑁

  (1′) 

s.t.    

 (2) , (3),  (4’), (5) – (14)   

 ∑ 𝑧𝑗𝑖𝑗
𝑖∈𝐷

≤ 𝑅 𝑥𝑗 ∀j ∈ C (18) 

 ∑ 𝑧𝑖𝑗𝑗
𝑖∈𝐷

≤ 𝑅 𝑥𝑗 ∀j ∈ C (19) 



EWGLA 2015, Budapest, HUNGARY

Model Extension| Cumulative Walk to Route or School

18

•Students 
•  Central School 
•  + Another District 
•  + Travel Distance Constraint 
•  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

19



EWGLA 2015, Budapest, HUNGARY

Model Extension| Cumulative Walk to Route or School

20

8 
 

Distance Constrained WTRS (D-WTRS) 

 In school districting, students’ transportation time is a significant concern. As transportation 

time decreases, trip period also decreases, which allows students to come to school less tired. Since the 

time in the vehicle depends on the distance traveled, here, we parametrically impose a bound, defined 

as “𝐵”. We define a new decision variable 𝑡𝑖𝑗𝑘 as the distance traveled to site 𝑗 ∈ 𝑁 from site 𝑖 ∈ 𝑁 via 

the kth school’s bus, 𝑗 ∈ 𝐶. The corresponding model is as follows: 

Min (1)   

s.t.    

 (2) , (3), (4’), (5) - (14)     

 𝑡𝑖𝑗𝑘 ≤ 𝐵 𝑧𝑖𝑗𝑘 ∀i, j ∈ N, ∀k ∈ C (15) 

 ∑ tijk
𝑗∈𝑁

=  ∑ trik
𝑟∈𝑁

+ ∑ lij
𝑗∈𝑁

zijk ∀i ∈ D, ∀k ∈ C (16) 

 𝑡𝑖𝑗𝑘 ≥ 0 ∀i, j ∈ N, ∀k ∈ C (17) 

 
In constraint (15), we limit the traveled distance of each vehicle of each central school by the 

parameter “𝐵 “. The calculation of the traveled distance is in Constraint (16). Constraint (17) is the 

nonnegativity of the new variable. 

Another variation of the models proposed can be a cumulative version. As discussed in the 

literature (Kara et al., 2007a, 2007b) for certain VRP applications the travel cost cumulatively increases 

with the amount carried.  For a detailed analysis the reader can refer to Chen et al., 2006; Smilowitz et 

al., 2003; Zhong and Cole, 2005. Since we transport students, and thus have limitations, decreasing total 

dissatisfaction through cumulative functions could make sense. Thus, we propose Cumulative WTRS 

(Cum WTRS) and distance constrained cumulative WTRS (D-Cum WTRS) versions.  

Cumulative WTRS (Cum WTRS) 

 In this version, the objective is not related to buses, but to the number of students. Let 𝑐′𝑖𝑗 denote 

the dissatisfaction of a kid due to traveling the arc (i,j). Thus, (1’) replaces the objective function. 

 Because the objective is cumulatively increasing in this variation, the model attempts to generate 

many routes. In order to prevent that, we parametrically constrained the total number of routes of each 

school by a new parameter, “R”. The related model is as follows: 

Min ∑ ∑ ∑  
𝑘∈𝐶  

 𝑐′𝑖𝑗
𝑗∈𝑁

𝑦𝑖𝑗𝑘 
𝑖∈𝑁

  (1′) 

s.t.    

 (2) , (3),  (4’), (5) – (14)   

 ∑ 𝑧𝑗𝑖𝑗
𝑖∈𝐷

≤ 𝑅 𝑥𝑗 ∀j ∈ C (18) 

 ∑ 𝑧𝑖𝑗𝑗
𝑖∈𝐷

≤ 𝑅 𝑥𝑗 ∀j ∈ C (19) 
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Constraint (1’) calculates the total dissatisfaction. In Constraints (18) and (19), we ensure that 

if a school is selected as a central school, then the number of inbound and outbound arcs cannot exceed 

the maximum route number, which is “𝑅”. 

Distance-Constrained Cumulative WTRS (D-Cum WTRS) 

We define the D-Cum WTRS as where the total traveled distance in the Cum WTRS is also 

controlled. The model is as follows: 

Min (1′)   

s.t.    

 (2), (3), (4′), (5) − (19)    

  

We remark here that the cumulative versions of the models are fairly straightforward mainly 

due to defining the 𝑦𝑖𝑗𝑘 variables of the WTRS model. 

HEURISTICS APPROACHES 

For school districting problem, mathematical models are developed and solved with CPLEX 

However, for large data sets it takes long time to solve the problem and find the optimal solution. To 

solve this problem, it is determined to develop some heuristic approaches which’s solutions approximate 

the optimal solutions. Thereafter, the heuristics results are compared with optimal results and the 

acceptability of heuristics arecriticized.  

The problem was divided into two sub problems: determining the central school(s) and finding 

routes for districts to central schools. Three different heuristics were developed for each case of problem. 

The reason for developing different heuristics is to try to minimize the difference between optimal 

solution and heuristics solution. Construction, improvement and meta-heuristics were combined. 

In this problem, there are two decisions which are selecting the central school and route for 

school bus. These problems are solved separately with heuristic methods. In LRP concepts applying the 

exact algorithms such as branch-and-bound algorithm (Laporte & Nobert, 1981) requires time and 

money. In addition, for large data sets, these algorithms cannot find the optimal solution. Hybrid 

metaheuristic for the LRP based on particle swarm optimization and path relinking is introduced by 

Marinakis and Marinaki (2008). Consequently, it is decided to apply heuristics such as Teitz& Bart 

(1968) algorithm, Nearest Neigbour algorithm, 2-OPT and meta-heurisitcs such as tabu search (TS) to 

solve DSLRP.  

 Tabu search (TS) is used to obtain feasible solutions which are closer to the optimal solutions. 

The basic principle of tabu search is to pursue the search whenever a local optimum is encountered by 

allowing non-improving moves; cycling back to previously visited solutions is prevented by the use of 

memories, called tabu lists that record the recent history of the search (Gendrau & Potvin, 2014). Two 
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D:#Set#of#distircts# # # # # # # CSPr##represents#the#rth#P3tuple#of#CSP#

PS:#Set#of#possible#central#schools# # # # # QP
r##reprensents#the#rth#element#of#QP#

PSC:#Copy#set#of#possible#central#schools# # # # |CSP|=#R#

Sn:#Set#of#Selected#Central#Schools# # # # # A:#Set#of#central#schools#in#CSPr#

CSP#=#{all#P3tuple#of#i#ϵ#PSC}# # # # # # B:#Set#of#central#schools#not#in#CSPr#

QP#:#Set#of#cost#for#CSP#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

Let#P#=#1#
Calculate#direct#cost#

from#assigned#
districts#and#central#
school.#Update#QP

r#

Set##

SP=#{#CSPr*#}#

#

r = 1 
 

CSP1 = PS 
#

Set#SP=#{#K#}#

Set CSP
r as a 

selected 
school. K = 

CSP
r 

#

Assign#all#nodes#
in#D#to#closest#

element#in#the#K#

P#=#n#

Set#CSP#={#j#:#j#ϵ#SP#U#
all#P3tuples#of#i#ϵ#PSC#
where#P31#fixed#(SP)##

U#PSC}#

Remove#SP#
from#PSC#

Stop#with#
Sn#

#

PSC#=#PS#

P#=#P#+#1#

Replace#A#
and#B.#

Update#K#

Calculate#direct#cost#
from#assigned#

districts#and#central#
school.#

Assign#all#nodes#
in#D#to#closest#

element#in#the#K#

If#new#
cost##

>#QP
r#

<#QP
r#

NO#

YES#
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Wi:$Set$of$WTS$ $ $ $ $ $ $ $ $ W1={}$

WRi:$Set$of$WTRS$ $ $ $ $ $ $ $ WR1={}$

Ri:$Set$of$districts$which$are$assigned$to$be$picked$up$by$school$bus$ $ R1={}$

Fi:$Set$of$final$routes$ $ $ $ $ $ $ $ F1={}$

Iij:$Set$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$

$

$

$

$

$

$
For$all$i$ϵ$Sn$

Assign$all$districts$
to$each$i$ϵ$Sn$with$
shortest$distance$

For$all$j$ϵ$D$

Add$j$to$Ri$

Add$j$to$Wi$

Apply$Nearest$
Neighbour$

Algorithm$for$
all$nodes$in$R$

Set$Ri$=$Fi$
STOP$with$

Fi$

For$all$i$ϵ$Sn$
Find$closest$

district$to$i$ϵ$Sn.$
Set$it$as$m.$

For$all$j$ϵ$Ri,$find$the$
smallest$Kmj$which$will$
not$create$a$cycle$

Add$j$to$WRi.$
Remove$j$
from$Ri$

Apply$Modified$
Nearest$

Neighbour$
Algorithm$for$
all$nodes$in$R$

Set$Ri$=$Fi$
STOP$with$

Fi$

WTS$
or$
WTRS$

WTS$

WTRS$
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D:#Set#of#distircts# # # # # # # CSPr##represents#the#rth#P3tuple#of#CSP#

PS:#Set#of#possible#central#schools# # # # # QP
r##reprensents#the#rth#element#of#QP#

PSC:#Copy#set#of#possible#central#schools# # # # |CSP|=#R#

Sn:#Set#of#Selected#Central#Schools#

CSP#=#{all#P3tuple#of#i#ϵ#PSC}#
QP#:#Set#of#cost#for#CSP#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

Let#P#=#1#
Calculated#
Cost#of#Fi.#
Update#QP

r#

Let#r*#=#
argmin#r#

QP
r#

r#=#r#+#1#

r = 1 
 

CSP1 = PS 
#

Apply#WTS#
Modified#NN#
Algorithm#

Apply#WTRS#
Modified#NN#
Algorithm#

Set#SP#=#{#
CSPr*#}#

Set CSPr as 
a selected 

school#

Assign#all#nodes#
in#D#to#closest#
element#in#the#

CSP
r #

WTS#
or#
WTRS#

r#=#R#

P#=#n#

Set#CSP#={#j#:#j#ϵ#SP#U#
all#P3tuples#of#i#ϵ#PSC#
where#P31#fixed#(SP)##

U#PSC}#

Remove#SP#
from#PSC#

Stop#with#
Sn#

#

PSC#=#PS#

P#=#P#+#1#

WTS#

WTRS#

NO#
YES#

NO#

YES#
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Instance # 

Parameters Result! !

α γ p z V 
Central 

School Node 
Number 

S 

Instance 16 2 2 1 3312468 1 route 14 - 
Instance 17 4 2 1 3260079 1 route 15 11 
Instance 18 4 4 1 2836818 1 route 14 1,2,5,10 
Instance 19 6 2 1 3260079 1 route 15 11 
Instance 20 6 4 1 2836818 1 route 14 1,2,5,10 
Instance 21 6 6 1 2607417 1 route 15 1,2,5,6,8,11 

Instance 22 2 2 2 3001599 3 routes 14,15 - 
Instance 23 4 2 2 2775429 2 routes 14,15 11 
Instance 24 4 4 2 2458791 2 routes 14,15 2,5,10,11 
Instance 25 6 2 2 2775429 2 routes 14,15 11 
Instance 26 6 4 2 2458791 2 routes 14,15 2,5,10,11 
Instance 27 6 6 2 2378016 2 routes 15,16 1,2,5,6,8,11 

Instance 28 2 2 3 3001599 3 routes 14,15,16 - 
Instance 29 4 2 3 2775429 2 routes 14,15,16 11 
Instance 30 4 4 3 2458791 2 routes 14,15,17 2,5,10,11 
Instance 31 6 2 3 2775429 2 routes 13,14,15 11 
Instance 32 6 4 3 2420019 2 routes 14,15,16 1,2,5,8,10,11 
Instance 33 6 6 3 2210004 3 routes 14,15,16 1,2,5,6,8,11 

!
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P α

Assignment+
based+
Costing+
Heuristics+%

Route+based+
Costing+
Heuristics+%

1 1 10,86965161 2,431906615
1 2 10,86965161 2,431906615
1 4 12,95738539 4,360753221
2 1 22,2681644 10,61104431
2 2 22,2681644 10,61104431
2 4 32,23180993 10,66036998

AVERAGE 18,57747122 6,851170843

P α γ

Assignment,
based,
Costing,
Heuristics,%

Route,
based,
Costing,
Heuristics,
%

1 2 2 16,52942761 2,7102149
2 2 2 22,2681644 10,611044
3 2 2 17,9371395 8,9547938
1 4 2 18,40203872 4,3607532
2 4 2 32,23180993 10,66037
3 4 2 27,54784936 8,1490105
1 4 4 31,13283968 9,7949886
2 4 4 48,44693998 12,746468
3 4 4 28,51844667 8,0157687
1 6 2 18,40203872 7,333902
2 6 2 32,23180993 6,6357669
3 6 2 27,54784936 10,82647
1 6 4 31,13283968 8,5420355
2 6 4 48,44693998 13,271929
3 6 4 30,5774872 9,7462458
1 6 6 42,66992967 4,9567445

2 6 6 35,82751336 2,9892145
3 6 6 23,98167605 11,988485

AVERAGE 29,65737443 8,4607892
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•  Total 45 nodes 

•  25 Demand Nodes 
•  20 Potential Central School Nodes 

  

*
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Computational Results | İstanbul – Kartal

P α γ Objective

Central1
School1
Node1
Number S

Central1
School1
Node1
Number S

2 2 2 14,1 40,26
1,4,5,7,9,10,12,13,14,15

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

3 2 2 13,81 40,26,44
1,2,4,5,7,8,9,10,12,14,1

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

2 2 D 18,73 40,26
1,4,5,6,8,9,10,14,15,16,

18,20,21,122,24,23 30,26
1,4,5,6,8,9,10,12,13,14,15

,16,18,20,21,122,24,23

3 2 D 15,17 40,26,44

1,2,4,5,6,12,1
13,14,15,16,18,20,21,22,

23,25 32,26,42

1,2,4,5,6,7,9,10,12,1
13,14,15,16,18,20,21,22,2

3,2511,21

13,97

Objective

10,1

8,88

Assignment)Based)Costing Route)Based)Costing
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