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Neo4Tourism – a Framework for 
Mobility Analysis & Tourist
Circulation on DB Oriented-Graph

Nicolas Travers
De Vinci Research Center (DVRC), Paris La Défense, France
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Motivation

How to measure and compare tourists mobility and 
its evolution over time and space?
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Context
Research contracts with Cities: Tours (2017-2018), Bordeaux (2019-2020), Lille 
(2020-2021 & 2021-2024)
Partnership: EIREST Lab (Equipe interdisciplinaire de recherches sur le tourisme), 
Paris 1 Panthéon Sorbonne

Goal: Understand tourists behavior through footprints on e-tourism platforms
(Tripadvisor, Booking, Airbnb, Flickr, Instagram, Twitter, etc.)
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https://www.wooclap.com/NEO4TOURISM
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Scraping Architecture

5OBSERVER LA PANDÉMIE DEPUIS LES DONNÉES MASSIVES ET LES RÉSEAUX 
SOCIAUX TOURISTIQUES - G. CHAREYRON, S. JACQUOT, N. TRAVERS
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Scraping : Locations example

6

Observer la pandémie depuis les données massives et les réseaux sociaux touristiques - G. Chareyron, S. 
Jacquot, N. Travers
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Scraping : Review examples
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Observer la pandémie depuis les données massives et les réseaux sociaux touristiques - G. Chareyron, S. 
Jacquot, N. Travers
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The Tripadvisor Database (since 2002)

Nb locations Nb Reviews Nb Users

France 284 988 26 992 448 7 648 165

Nouvelle-Aquitaine 31 895 2 787 809 1 120 863

Gironde 8 475 806 224 375 118

Hauts-de-France 13 650 1 153 852 499 258

Nord 5 641 439 477 202 516
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Plan

• Context & Tripdavisor dataset
• Related Work

• Graphs & Circulation
• Circulation Graph

• Graph Data Model
• Graph Data Manipulations
• Integration with Neo4j

• The Circulation Factor
• TCF & GCF
• Experiments
• PageRank vs Betweenness Centrality

• Tourists Propagation
• Maximum Spanning Trees
• Experiments

• Conclusion & Perspectives

Neo4Tourism Nicolas Travers 10

Related Work: Graphs and circulation?

Graphs community extraction
• HCS [Hartuv00], Louvain [Blondel08], Label Propagation [Raghavan07], Chameleon [Karypis99]
• Groups of nodes, no circulation

Trees
• Spanning Trees [Graham85], Maximum Frequent Sub-Graph [Hua04]
• Main path, main trend

Graphs centrality
• Closeness [Das18], Betweenness [Das18], Degree [Das18], Eigen [Das18], PageRank [LangVille07]
• Hardly comparable

Tourists flow extraction
• Flow visualization [Chua16], pattern mining [Vu15], POI extraction [Spyrou17], Kernel density [Sun13]
• Static and hardly flexible
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Circulation Graph Model

Bi-partite graph C(V, E) Circulation graph C(V’, E’)

(t2 − t1 < 7 days)
[Gössling18]

Geolocalized locations
Linked to administrative areas (GADM)
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High connectivity between local locations

Gare Lille Flandres - Vieille Bourse - Grand’Place -
Office de Tourisme/Palais Rihour - Citadelle de Lille 
- Cathédrale Notre Dame de la Treille – Euralille  

Vieux Lille – Musée Hospice Comtesse – Maison 
natale du Général de Gaulle – Librairie du Furet du 
Nord – Palais des Beaux Arts de Lille – Musée 
d’Histoire Naturelle de Lille - Tradi Balade

La Piscine de Roubaix – McArthurGlen – Parc 
Barbieux – La Manufacture – l’Usine – Villa Cavrois
– Les Jardins Marc Stevens

Neo4Tourism Nicolas Travers 14

Circulation Graph Manipulation

Circulation graph aggregation AC(V’,E’) => Study global circulation with zones

• Aggregate nodes on areas (GADM)
• Countries, regions, districts, cities…

• Aggregate edges on time & user properties
• Year/month, nationality, age…
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Circulation Graph Manipulation

Input graph
(perimeter)

Level of aggregation

Filters on edges

Applying graph-database "geodesic" operations
• Filter nodes on geographic locality: region, department, etc.
• Filter edges on user properties: nationality, time, etc.
• Aggregate edges
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The Tripadvisor Dataset to the Circulation Graph

AC Graphs Agg. level #nodes #edges

Hauts-de-
France

Cities 297 153,345

Districts 27 75,429

AC Graphs Agg. level #nodes #edges

Nouvelle-
Aquitaine

Cities 482 382,266

Districts 41 170,403

AC Graphs Agg. level #nodes #edges

Gironde
Cities 55 94,429

Districts 6 26,704

AC 
Graphs

Agg. 
level

#nodes #edges

France

Towns 16 824 5 596 001

Cities 3 678 4 725 402

Districts 350 1 858 446
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The Neo4Tourism Framework
With Gaël Chareyron & Ugo Quelhas

Lyon Bordeaux Data Server

REST API
NodeJS + Cypher

Dashboard
ReactJS

Neo4J Neo4J
TripAdvisor

Dashboard
ReactJS

…

Scraping
+ Data cleaning
+ GeoAlignment

Trigger
Graph

data model
updates

Construction of the circulation graph with Neo4j  [WISE19, BDA19]

The E-khonsou platform (nodeJS): https://mel.dvrc.fr
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The Neo4Tourism Framework

MATCH (t1:Town) -[t:trip]-> (t2:Town)

MERGE (c1:City{name:t1.city})

MERGE (c2:City{name:t2.city})

MERGE (c1)-[ct:trip{year:t.year, nat:t.nat}]->(c2) 

ON CREATE SET ct.NB=t.NB

ON MATCH SET ct.NB=ct.NB+t.NB

Automatic geodesic aggregation of graphs (AC on cities) with Cypher

CALL gds.graph.create.cypher("Gironde_USA_2018",

"MATCH (c:City{department:'Gironde'}) RETURN id(c) as id",

"MATCH (c1:City)-[t:trip{year:2018,nationality:'USA'}]->(c2:City) 

RETURN id(c1) as from, id(c2) as to, sum(toFloat(t.NB)) as weight")

CALL gds.pageRank.stream("Gironde_USA_2018", 

{dampingFactor:0.85,iterations:50,weightProperty:true}) YIELD node, score 

RETURN node.city, sum(score) as score; 

Automatic subgraphs extraction and computation with Cypher projections using gds

Neo4j - GDS

Neo4Tourism
(WISE20)

!"!"#"$%,'$()&+(#

!"!"#"$% ∈ -").+/$,'$()&+(#012,3456



Neo4Tourism Nicolas Travers 19

Plan

• Tripdavisor dataset
• Related Work

• Graphs & Circulation
• Circulation Graph

• Graph Data Model
• Graph Data Manipulations
• Integration with Neo4j

• The Circulation Factor
• TCF & GCF
• Experiments
• PageRank vs Betweenness Centrality

• Tourists Propagation
• Maximum Spanning Trees
• Experiments

• Conclusion & Perspectives

Neo4Tourism Nicolas Travers 20

Extracting centrality of circulation

Centrality of nodes (areas)
• Witness of mutual activity in the area and interconnections
• Highlight central areas in tourist trips
• PageRank centrality [LangVille07]

• Markov Chain process
• Simulate random walks
• Graph topology & weights dependent

• Two AC graphs cannot be compared…
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TCF – The Transient Circulation Factor
With Sonia Djebali & Nicolas Loas

TCF:
• Measures the impact of a population p on a node v of AC
• Is the ratio of centralities of v (PageRank here)

• For a context f (i.e., year)
• Between p and the whole graph filtered by f
Ø PageRank normalization

Ex: Impact factor of the US population in 2018 at Bordeaux (at city scale)

[WISE20]
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TCF – Example
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Ex: Impact factor of the US population
in 2018 at Bordeaux (at city scale)

Main Goal
• TCF > 1

Population p has a greater impact on v than others
• Compare TCF evolution:

• Compare populations:
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GCF – The Global Circulation Factor

• Measures the impact of a population on the whole graph
• Mean value of TCFs for AC of a given population p with 

context f

Main Goal
• GCF > 1

Population p circulates more than others on the whole graph
• Comparison over years and populations
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Experiments – TCF Evolution

Area: Department (Gironde)
Aggregation level: Cities
⇒ TCF at small scales - events detection

Bordeaux Blaye

Bordeaux

Blaye

FR UK

BEUSA
2015
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Experiments – TCF Evolution

Area: Department (Gironde)
Aggregation level: Districts
⇒ TCF at large scales - tendencies extraction

Bordeaux Libourne

FR UK

BEUSA
2018

Bordeaux

Libourne
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Experiments – TCF comparison

French Belgium English

Hauts-de-France - 2019
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Experiments – GCF Evolution

Area: Region
Aggregation level: Cities
⇒ GCF at small scales - global interest of an area

Nouvelle-Aquitaine Hauts-de-France

Hauts-de-
France

2018

UK

BE

Nouvelle-
Aquitaine
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Experiments – GCF Evolution

Area: Region
Aggregation level: District
⇒ GCF at large scales - global interest of an area

Nouvelle-Aquitaine Hauts-de-France

Hauts-de-
France

2018

UK

BE

Nouvelle-
Aquitaine
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Pandemy Impact
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Experiments – GCF vs Degree Centrality

Nouvelle-Aquitaine Hauts-de-France Nouvelle-Aquitaine Hauts-de-France
Logistic regression f of regions’ GCF at district scale Logistic regression f of regions’ GCF at city scale

Parameters NA cities HF cities NA districts HF district

L 9.791 × 10−1 9.984 × 10−1 1.017 × 100 9.488 × 10-1

k 9.215 × 10−2 5.611 × 10-1 2.250 × 10-2 1.062 × 10-1

x0 2.667 × 100 1.598 × 100 -1.653 × 101 -1.937 × 100

MSE 1.620 × 10−1 7.229 × 10-2 2.871 × 10-1 1.231 × 10-1

MAE 4.540 × 10−2 3.165 × 10-2 5.660 × 10-2 4.366 × 10-2

MAPE 8.204% 5.688% 7.163% 5.753%
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Circulation Factor – PageRank vs Betweenness Centrality
With Flavien Galbez

• PageRank:
• Mutual influence convergence between nodes

• Betweenness Centrality:
• Nodes used by shortest paths have more weight
• More flow oriented

Related Work
LEE S. et al. 2013, Evaluating spatial centrality for integrated tourism management in rural areas using GIS and network analysis, Tourism
Management 34, 14-24, Seoul National University, Seoul, Republic of Korea

BHOGARAM P. et al. 2020, Optimal and Critical Path Analysis of State Transportation Network Using Neo4J, International Journal of Urban and Civil 
Engineering, Vol:14, No:10, 2020, World Academy of Science, Engineering and Technology.

SHIH H., 2005. Network characteristics of drive tourism destinations: An application of network analysis in tourism, Tourism Management 27, 

1029–1039, Taiwan

KISS C., BICHLER M., 2008. Identification of influencers — Measuring influence in customer networks, Decision Support Systems 46, 233-

253, Internet-based Information Systems, Department of Informatics, TU München, Germany
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Betweenness Centrality in Neo4j – GDS

Weighted

Unweighted

Requires a
Pregel implementation
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How to Analyze Tourists' Propagation?

Is it possible to use the Circulation Graph to understand propagation?
• Is there any logic?

Must take into account both topology & weights
• But also, distance!

Ø Multi-weighted aggregated graphs
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MST – How to compare both topologies and Remoteness?

• Tree Edit Distance - # of nodes’ interchange
• No viable comparison

• Tree Hierarchy - # of leafs vs links & Betweenness Centrality

=> Only dedicated to star vs lines topologies & no notions of distances.
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Propagation Measure on Circulation Graphs for Tourism Behavior Analysis
With Sonia Djebali & Hugo Prevoteau (submitted at SAC'22 / SIGPLAN)

Definition : Remoteness Influence Factor (RIF)
Consider a Multi-weighted graph AC(V, E(w, d)) the RIF measures the remoteness of vertices combined with 

their influences in AC. For each node n ∈ V, it computes its normalized distance from a source s, combined with 

the inverse of its centrality BC(n). It is defined as:

Normalized log(distance)
from source s

i.e., Max WBC(AC) Impact of nodes in AC
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RIF Computation on a Graph

Issue: complexity – O(|V|3)
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Propagation Measure on Circulation Graphs for Tourism Behavior Analysis
With Sonia Djebali & Hugo Prevoteau (submitted at SAC'22 / SIGPLAN)

Minimum/Maximum Spanning Tree (MST)

➡ Reflects the traffic flow and hierarchy in the underlying system [Stam et al. 2014] 

Apply RIF on the MST to reduce complexity

Complexity: O(|V|2)

French, American and Spanish Maximum Spanning Trees in 2018
Nouvelle-Aquitaine (district scale)
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Remoteness Influence Factor - Example
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RIF approximation (Graph vs MST)
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French, English, American, Spanish and Italian MST in 2018 over France

RIF Evolution - France (Town-scale)

Average geodesic distance (Town-scale)

excursionist Day trippers

Local trippers
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Experiments - RIF vs Tree Hierarchy

RIF Evolution Tree Hierarchy evolution

Nouvelle-Aquitaine (District-scale)
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Conclusions & perspectives

Neo4Tourism: a methodology to produce and manipulate circulation graphs
• Digital traces from Social Networks
• Aggregation and filters on circulation graphs with Neo4j
• A Circulation Factor to make centralities comparable on space and time
• An automatic Maximum Spanning Tree extraction methodology dedicated to spatiotemporal graphs, 
• The Remoteness Influence Factor (RIF), a new propagation measure

Perspectives
• Thorough comparison of TCFs/GCFs between PageRank vs Betweenness centralities (Pregel Implementation)
• Prediction model for each population (takes local & global tendencies = multiplex graphs)
• Pattern Mining of MSTs & scalability
• Clustering of nodes to analyze “touristic zones”
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RGPD & Scrapping

• Tricky
• DCP (Données à caractères Personnel) vs Research

• Points to keep in mind
1. Legal base: research analysis context (research contract / public interest)
2. Clear finality: data analysis, enhance knowledge (no decision making)
3. Anonymization: at least pseudo-anonymization, but correlation

1. When aggregate in the circulation graph = no DCP = no RGPD issue
4. Data conservation: "unlimited" for research purpose (patrimoine)
5. Criticality/Impact: if data is stolen = no more information than available online ➡ low criticality


