Orienteering Problem with Time Windows
and Profits — A case study for Vienna
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Problem

Vienna offers a wealth of attractions and activities, more than you can see in one day.
The aim of this project is to create the optimal day plan based on the user's
preferences. To do this, our algorithm creates a route so that users can do as much

as possible in one day.

The Orienteering Problem

The underlying problem is the orienteering
problem. This is a routing problem in which
the goal is to collect as many points as
possible while limiting the duration or
distance of the journey.
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Algorithm

Constraints

In our problem we have the following
constraints:

 Time limit: We want to finish our tour
withing a timeframe specified by the
user

 Opening hours: locations are not
available constantly

» Visit duration: we need to spend
time at the locations to gather the
points

« Scheduled stops: we might have
mandatory stops that we have to visit

Users can specify which category of locations they want to visit and decide the relevance of each
category, by assigning points to it. Furthermore users can specify start and stop location, timeframes
when they want to visit categories and how much time they want to spend at a category. The
algorithm will construct a route with the goal to gather as many points as possible given the

constraints.

Greedy Approach

The next location to visit is chosen based
on a score calculated by points/distance.
The best location which is currently
available will be visited.
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Results

Users are given a selection of routes that are optimized to collect as many points as possible by

Metro Traveling

The algorithm speeds up travel time by
using the metro system of Vienna. If a
threshold is passed the walking distance
will be compared to an alternative route
that includes travelling by metro. The
faster option will be chosen.

IF direct walking route > threshold => Inspect possible metro route

IF metro route < direct walking route => take metro route
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Here: metro route (12 min) < direct walking route (20 min)
=> take metro route

Data

OpenStreetMaps

« Information about locations of interest
like position, category, opening hours
and name

« Based on open data and community
contribution

« Data often not
complete
-> Imputation
necessary

Wiener Linien GTFS

GTFS is a common data format for

public transportation schedules and

associated geographic information
* We use parts of the GTFS set to

calculate travel times between metro
stations
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Processing

Travel Time Matrix
* Distance matrix that contains the
walking time distance between all

nodes and travel distance between
metro stations
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visiting the desired location categories during the specified period.

Example Output

Type Name Arrival Time Departure Time ¥ ol 8 scnottentor % b\

0 park University of vienna 09:00 09:00
1 pharmacy Apotheke "Zur Universitat" 09:05 09:26
2 station  Schottentor 09:35 09:35
3 station  Volkstheater 09:43 09:43
4 park Urbanize 09:52 11:32
S library Dietmar Steiner Bibliothek 11:39 12:39
6 station = Volkstheater 12:42 12:42
7 station  Schottentor 12:50 12:50
8 park University of vienna 12:56 13:56

Alternative Routes

Arrival Time Departure Time
09:00 09:00
8

09:31 09:31
09:52 09:52
09:58 11:39
11:46 11:46

12:56
13:00
1341
13:59

14:34
16:40

(station)

Arrival Time Departure Time
09:00 09:00
zu unserer lieben Frau bei den Schotten 09:09 09:28
09:34 09:34
09:45 09:45
09:48 11:28
11:42 12:42
12:54 12:54
33

1414
15:03
15:31
15:37

irtschaftswissenschaften und Mathematik 09:56

11:13
11:26
13:19
13:48
13:58
1419

14:46
14:52

Mandatory Visits

Users have the option of specifying
whether they want to visit certain locations
at certain times. The route is created
according to these mandatory stops.

Route Generation

The algorithm is strongly path-dependent.
To explore the solution space further, the
algorithm is executed several times. At
each iteration, locations that were visited
In previous iterations are excluded. The
result is a selection of several routes from
which the user can choose.

Category Dataframe

« Dataframe that contains the filtered
information of the OpenStreetMaps
data

Amenity Opening Hours Name Latitude Longitude
station None Schlachthausgasse 48.1944138 16.4067471
pharmacy Mo-Fr 08:00-18:00; Sa 08:00-12:00  Apotheke "Zum goldenen Reichsapfel" 48.2069576 16.3746041
pharmacy Mo-Fr 08:00-18:00; Sa 08:00-12:00 Allerheiligen Apotheke 48.2380608 16.3840794
pharmacy Mo-Fr 08:00-18:00; Sa 08:00-13:00 Walfisch-Apotheke  48.2062678 16.3496867

None Millennium Kinowelt 48.2405002 16.3853011

None Vitalfabrik 48.1467720 16.3571157
None Barre Club 48.1900841 16.3534048
Mo-Su 09:00-01:00 Well/One 48.2706913 16.4050048
None Hochbeete der Parkbetreuung Favoriten 48.1758135 16.3731526

d  48.2132994 16.4035079

Pseudo Code

categories isNotEmpty
location categories
calculate score

location with highest score open
location to route

walking dist threshold
walking dist metro dist
take metro

categories location.category
time timettravel timetvisit
duration

Check 1f end point 1s reachable 1in
time

Mixed Integer Programming

Objective Function

Maximize § : R, - 2, e V={0,1,...,n}: Set of points (0 = start, n = endpoint).

ceC

Constraints

1. Start and End Points

e [’ = 0: Reward points for a point depending on category.
E LIoj = 1, § : Tin = 1

FEV\{0} ieV\{n} e [e;,1;]: Time window for point i (earliest and latest arrival time).

. Flow Conservation

. e [E, L|]: Global time frame:
E Tij = Yi, E Tji=y VieV £, 1]

JeV\{i} jeV\{i}

. Time Windows at Points

ei-yi <Ti<li-y

. Travel Time with Stay Time

f[} >T;: + tij +7n—-—M- (]_ — mij) V’l.,] cV e 2. € {0,1}: Indicates whether category ¢ € C has been visited.

. Category Visits

Zc < Z Yi

i€V:cat(i)=c

Z yi <1

i€ V:cat(i)=c

. Global Time Frame for the Process

Notation

e (: Set of categories.
e S C V: Set of stations (can be visited multiple times, no reward).
e R.: Reward for visiting category ¢ € C.

e cat(i): Category assigned to point i, if 7 belongs to a category.

e t;;: Travel time from point i to point j.

e 7;: Stay time at point i.

— E: Earliest possible start time.

— L: Latest possible end time.

e M: A large constant (Big-M) used to deactivate constraints.

VieV Decision Variables
e z;; € {0,1}: Indicates whether the route from point i to point j is used.

e y; € {0,1}: Indicates whether point i is visited.

e T; € R*: Arrival time at point 1.

Vee C

Yee C

Ty>E, T,<L

. Binary and Non-Negativity Constraints

:Bij € {Oa 1}3 Yi € {Oa 1}3 Ze € {07 1}’

7, >0 Vi,jeV, ceC



