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A multi-loading School Bus Routing Problem

Douglas Moura Miranda

Antonio Carlos Avenue, Belo Horizonte, Brazil

Abstract

In this work we introduce the multi-loading school bus routing problem which extends the rural school
bus routing problem with mixed loads by incorporating an innovative feature here referred to as multi-load.
Whereas the mixed load variant allows students from different schools to ride the same bus at the same
time, the multi-load model expands this definition by admitting students to be picked up and delivered
simultaneously, regardless of their shift, commuting direction (going to or returning from school) or school,
giving thus more flexibility to managers on lowering transportation costs. The multi-load feature has a
great social and economic appeal, specially to developing countries that usually have double or triple shifts
for schooling, and budget restrictions. The advantages and disadvantages of the new model are discussed
and highlighted in our experiments which report the attained savings when compared with the mixed load
approach for routing the students situated in rural areas of all 76 cities of the state of Esṕırito Santo, Brazil.
To solve these large scale, real instances, different meta-heuristics were devised which combine an iterated
local search with specialized neighborhood structures arranged in a variable neighborhood descent strategy
enriched with a diversification scheme which relies on an elite set. The attained results demonstrate that
the multi-loading approach can substantially reduce the solutions’ cost.
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1. Introduction1

First introduced by Newton and Thomas (1969), the School Bus Routing Problem (SBRP) is a rich,2

and important combinatorial optimization problem which consists of generating routes for school buses to3

commute students to their respective schools and houses, while taking into account the roads’ information,4

vehicles’ types and sizes, and garages’ location. When associated to rural students, it is named as the Rural5

School Bus Routing Problem (RSBRP) and, based on Park and Kim (2010), it can be categorized according6

to its practical aspects as follows:7

1. Number of schools (S#): Single school (S); Multiple schools (M).8

2. Surroundings of service (SR): Urban (U); Suburban (SU); Rural (R).9

3. Mixed Loads (ML): Allowed (yes); Not allowed (no).10
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