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Abstract

In this work, we address, from a user perspective, the problem to define optimal itineraries for
visiting scheduled events in an urban environment. The problem is modeled as an orienteering
problem with time windows. Real-case instances are difficult to solve by means of commercial
solvers. We propose a matheuristic approach which is compared against the exact solver by using
a real-case instance derived by a big Italian furniture fair. Test results show clear effectiveness
of the proposed approach.
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1. Introduction

Intelligent mobility entails the integration of key enabling technologies, such as sensor networks
and data mining with innovative organization model and decision support systems. In these
settings, we study an application of intelligent mobility for supporting the visit of organized
events. In the analyzed scenario, a big event, such a fair, is composed of micro-events scheduled
during a day or a couple of days. The users, based on their preferences aim to visit most of
the events “maximising” their utility. In the following we describe, the model, the solution
approach, the results, and draw some conclusions.

2. Problem formulation

The problem is modeled as an orienteering problem with time windows [I] defined on a digraph
G ={0UNUn+1, A} where nodes 1,2, ...,n represent point of interests where the events are
organized. Nodes 0 and n + 1 coincide and represent the departure / arrival point for the user
(e.g. his hotel).

Parameters:

p; profit or utility associated to the node (point of interest) i, pg = ppt1 =0
t;; time to travel arc i, j
s; average time required to visit node ¢

[ei, l;] time window related to the duration of the event in node ¢

Tyvrax maximum arrival time at node n + 1. The time window for the nodes 0 and n + 1 is then
[0, Thrax]

M a big constant

Variables:
x;; binary variable equal to 1 if arc 4, j is travelled, 0 otherwise
y; binary variable equal to 1 if node 7 is visited, 0 otherwise

a; arrival time at node %



The model:
max Z = Y piyi (1)
ieEN
s.t.
Z Tij = Yi 1€ N (2)
JENUn+1
Z Tij — Z Ijizo 1€ N (3)
ieENUO iENUn+1
D @i =D Tt = Yo = Ynr1 = 1 (4)
JEN JEN
ai+tij+5i—aj < (1—$ij)M (Z,j) cA (5)
ey < a; < Ly 1e NUOUn+1 (6)
z;j € {0,1}, y; € {0,1}, a; € RT i€N, (i,j) € A (7)

Formula represents the objective function. Constraint set connects arc with node
variables. ensures flow conservation, while constraint set imposes the departure and the
arrival of the tour. Formulas and @ define the time window constraints, while specifies
the variables domains.

3. Solution approach

The aim of the proposed solution approach is to develop a tool able to be responsive and to
provide near-optimal tours in short time. A similar approach has been applied in a real case
of tourist cruise planning [2]. Following this scope, a matheuristic approach able to exploit the
model in order to explore large neighborhoods has been developed. This approach is particularly
suitable in settings where the set of potential visited points is big and only a limited subset can
be visited during the available time. Following a Large Neighboorhood Search matheuristic
scheme, the proposed approach tries to iteratively partially destroy and reconstruct a feasible
solution, exploring the consequently created large neighborhood. In the case of the orienteering
problem with large set of nodes, destroy operator can be developed around the nodes which can
be forced to be out of the solution, in the solution, or be free to be selected or not.

Our proposed matheuristic models this choice by introducing two additional binary parameters
to the model, u;, and v;, respectively, which, during the algorithm iterations, are set to the
following values:

e u; = 0Av; =0 — node i forced out of the solution
e u;, = 1 Av; =1 — node 7 forced to be in solution
o u; = 0Av; =1 — node 7 left free

In the model the following constraints are added:

The algorithm contains the following steps:



1. Find a feasible solution s” by running with GUROBI™ the orienteering model with a
short timelimit tlem1

2. Create the sets B, A, D such that:

e S is the set of nodes i € N for which y; = 1 in the current solution
e B is the set of nodes belonging to N but not the current solution, B = N \ §

e A a subset of S, B C S. Nodes are selected from S and inserted in A following a
pseudo-random procedure detailed in the following;

e D=S\4

3. Nodes in A are forced to be in solution and all the others are leaved free or forced to be
out of the solution.

4. The modified model is run with a timelimit ¢lim2 in order to find a feasible solution

5. The procedure is iterated for nit iterations.

p;
AVERP IR
where A;_1 ;41 is the traveling time added to the tour required to visit node 7. This means that
the probability to select a node is equal to r; divided by the sum of all r;. The ratio is inspired
by the work of [3]. The use of two parameters u; and v; for each node allowed us to implement
a more general matheuristic in which we have the availability to “cut off” some nodes or force
some other nodes “in solution”.

The pseudo-random procedure is built using a ratio r; for each node i equal to r; =

4. Results

4.1. Test Instance

The mathematical formulation against standard benchmark test instances (https://www.mech.
kuleuven.be/en/cib/op#section-6). Computational tests have been carried out on the afore-
mentioned test instances and on a real case instance difficult to solve exactly. The current
version of the algorithm is not competitive in the tests against the best results found in litera-
ture but demonstrated good performances in solving the real test case. In particular, the real
case instance is made up of 30 points of interest gathered by the Milan Furniture fair with the
time windows of the events taken by the schedule of the April 4, 2017. Traveling times have
been computed through Google Map API; service times have been roughly estimated by using
presence data taken by the MIE research project; Profits of the points of interest have been set
from 1 to 10 and its value is meant to be proportional to the positive feedback of the users.
Figure [1| show the position of the points of interest.

4.2. Settings and results

The algorithm has been coded with Python 3 with the model developed with the GUROBI -
Python Interface. The computation machine is a an Intel Core™ model i3-5005U CPU with 2.00
GHZ, RAM 4 GB. In these settings, the exact model produced a Lower Bound of the problem
of value 55 in the imposed time limit of 8 hours with GAP of 151%. Several experiments for
tuning the parameters of the matheuristics have been performed. The experiments investigated


https://www.mech.kuleuven.be/en/cib/op#section-6
https://www.mech.kuleuven.be/en/cib/op#section-6

SELNANU L e unESuENERGY

5
a
BOVISA 2 GORLA

DERGANO &
=] e &
TURRO
P CIMIANO
g, MAGGIOLINA o
et cHISELER e ParcoLambr
9
¥ CASORETTO
Cimitero Monumentale & 1S0LA i
A AMBRAT
bt %, CHINATOWN v‘
po di San Siro _ % e 8
CITY LIFE
IO 1
SAN SIRO Arco della Pace & ‘D Cwm
I\fus.eu Civico di Storia
La Triennale di Milano @ 6 © Natirale di Milane
DEANGELI PRTICA
Santa Maria delle Grazie @ FAI Villa
En e o @ Ml|al’10 Necchi Campiglio 4

@ Tribunale di Milano
= UARTIERE

= qua
Colonng di Sul\geruoa o FORLANINI

v TICINESE H

MUDEC - Muben@’ @ Porta Ticinese CALVAIRATE
delle Culture™ @ ©
GIAMBELLING Naviglio Grande o Cascina Cuccagna
= Universita EI—
Ezm  Bocconi )
L Fondazione Prada a5
E= ones ‘o

Figure 1: Map of the scheduled events to be visited

the different composition of the sets A, B, and D; different random procedures used to select
nodes; different size of set A. The most promising settings found to guarantee short execution
time and good solutions for the real case instance are:

e A:{uij=1v,=1}, D:{u; =0, v; =0}, B:{u; =0,v; = 1}

e tiliml = 3s, tilim2 = 10s

e nit=10 (number of macro iterations of the matheuristic; at each microiteration thousands
of micromoves are implicitly evaluated)
2
e 7= 71)1 h
Aio1t1

e size of A equal to 80% of the size of S

The algorithm has been run 10 times for each setting and in the described setting it is was able
to find a best solution of 58 with a mean in the 10 runs of 52 and a minimum value of 46 (equal
to the starting feasible solution).

5. Conclusion

In this work we have presented preliminary results of a matheuristic algorithm used to solve a real
case instance of a problem modeled as orienteering with time windows. The problem considers
the visit of point of interests and it is designed to be used in an intelligent mobility scenario
where the user can optimally plan his visit to an organized big event. The preliminary results
showed promising results for the algorithm. Future works aimed at improving the algorithm
performances by using more effective diversification / intensification moves.
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