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Public transport services
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PT NETWORK GRAPH REPRESENTATIONS

• Infrastructure (L) space

• Service (P) space

• Transfer possibility (C) space

• Transfer journey (B) space
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INFRASTRUCTURE (L) SPACE

• Nodes – stations

• Links – line/corridor segments

Connecting any pair of consecutive stations along a line
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SERVICE (P) SPACE

• Nodes – stations

• Links – direct service connections

Connecting any pair of stations that are served by a common line
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TRANSFER POSSIBILITY (C) SPACE

• Nodes – lines

• Links – common transfer station

A dual graph of the Infrastructure-space
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TRANSFER JOURNEY (B) SPACE

• Nodes – stations and lines

• Links – service segments

Connecting to ‘line nodes’ all ‘station nodes’ that are served by this 
line
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Šfiligoj et al. (2025). Access Graph: a Novel Graph Representation of Public Transport 
Networks for Accessibility Analysis. Working paper.
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ACCESSIBILITY

16
Luo et al. (2019). Integrating Network Science and Public Transport Network Accessibility 
Analysis for Comparative Assessment. Journal of Transport Geography. 



Graphs & Data seminar

DEMAND DISTRIBUTION

17
Luo et al. (2020). Can Passenger Flow Distribution be Estimated Solely based on Network 
Properties in Public Transport Systems? Transportation. 
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PASSENGER DELAY

18
Krishnakumari et al. (2020). Estimation of Metro Network Passenger Delay from Individual 
Trajectories. Transportation Research Part C.
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DELAY PROPAGATION

19
Cats and Hijner (2021). Quantifying the Cascading Effects of Passenger Delays. Reliability 
Engineering & System Safety. 
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LONDON VS. PARIS

Which metro system is more 
vulnerable?
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NETWORK VULNERABILITY 
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von Ferber et al. (2012). A Tale of Two Cities: Vulnerabilities of the London and Paris Transit 
Networks. Journal of Transportation Security. 
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VULNERABILITY AND RECOVERABILITY

22
Massobrio and Cats (2024). Topological Assessment of Recoverability in Metro Networks. 
Communication Physics.



Graphs & Data seminar 23



Mobility-on-Demand
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EXACT MATCHING OF ATTRACTIVE SHARED RIDES

26
Kucharski and Cats (2020). Exact Matching of Attractive Shared Rides (ExMAS) for System-
wide Strategic Evaluations. Transportation Research Part B.

Maximum detour that yields 
an attractive shared ride
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VIRUS SPREADING IN RIDE-POOLING NETWORKS

• Combine epidemiological and behavioural shareability models

• Constructing and controlling contact graphs

27Kucharski et al. (2021). Virus Spreading in Ride-Pooling Networks. Scientific Reports.
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TRANSITIZING EXMAS

28
Kucharski and Cats (2024). Hyper Pooling Private Trips into High Occupancy Transit Like 
Attractive Shared Rides. npj Sustainable Mobility and Transport.
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HYPER-POOLING

• Up to 14 passengers pooled together

• 13% decrease in total passengers 
disutility (D2D pooling by 4.3%)

• 37.5% decrease in vehicle-hours

29
Kucharski and Cats (2024). Hyper Pooling Private Trips into High Occupancy Transit Like 
Attractive Shared Rides. npj Sustainable Mobility and Transport.



Long-distance services
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3MARS
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A EUROPEAN NETWORK? CURRENT STATE OF AFFAIRS
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“A patchwork of 
poorly connected 
national high-speed 
rail networks”

European Court of Auditors (2018)
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EUROPEAN RAIL 
SERVICE DESIGN
• A ‘unified’ High Speed Rail 

(HSR) network with 
endogenous demand

• Accounting for externalities

• Formulating and solving (using 

a heuristic) the Line Design and 

Frequency Setting Problem for 

HRS

• No market competition 

dynamics (co-evolution)

32
Grolle et al. (2024). Service Design and Frequency Setting for the European High-Speed Rail 
Network. Transportation Research Part A.
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NETWORK EVOLUTION

33
Borgogno et al. (2025). The European High-Speed Rail Network: A 
Growth-Based Modeling Approach. Working paper.
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MULTI-LAYER MULTI-MODAL ROBUSTNESS

34
Ippolito and Cats (2025). Multi-Modal and Multi-Layer Robustness Analysis of the European 
Rail and Air Networks. Scientific Reports.
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MULTI-LAYER MULTI-MODAL ROBUSTNESS

35
Ippolito and Cats (2025). Multi-Modal and Multi-Layer Robustness Analysis of the European 
Rail and Air Networks. Scientific Reports.
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Ippolito and Cats (2025). Multi-Modal and Multi-Layer Robustness Analysis of the European 
Rail and Air Networks. Scientific Reports.



Oded Cats, with contributions by lab members

Welcome to reach out with any ideas or questions or if you are 
interested in any of the (working) papers: o.cats@tudelft.nl
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