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• Parcel delivery industry: One of the fastest 
growing industries in the world.

• In 2020, 87 billion parcels were shipped and 
delivered.

• Parcel volume is expected to reach 200 billion 
by 2025.

• Parcel delivery planning:

• Strategic: Logistics network design

• Tactical: Vehicle and parcel scheduling
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Hub-and-spoke network

Point to point network

Hyperconnected network

• Widely studied network topologies:
• Hub-and-spoke

• Point to point

• Issues with these network topologies:
• Congestion of parcels during peak demand

• Not suitable for high number of O-D pairs

• Hyperconnected logistics networks proposed in Physical 

Internet 
• Multi-tier meshed networks [Montreuil et al. 2018]

• Can be leveraged as open-source logistics infrastructure 

[Ballot et al., 2012]
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• Design a resilient hyperconnected intercity parcel delivery network 
• Decide on hub locations and transportation links

• Support parcel delivery for given O-D pairs

• Disruptions lead to:
• Excess pressure on functional resources

• Late parcel deliveries

• Increased costs

• Logistics network face disruptions due to:
• Power outages

• Traffic jams

• Natural disasters

• Pandemics

• Contributions:
• Develop integer program based on k-shortest edge-disjoint paths approach to design large-scale resilient 

hyperconnected logistics meshed networks

• Two metrics based on network topology to estimate resilience of logistics networks 



RESILIENT HYPERCONNECTED LOGISTICS HUB NETWORK DESIGN: O. KULKARNI, Y. COHEN, M. DAHAN, B. MONTREUIL 5/18

O1 D1

O2

D2

• Given:
• A set of origin 

and destination pairs -

• set of candidate hub locations 

• set of directed transportation edges

• # hubs that can be opened
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• Integer program: Select hubs to minimize the total length of the -shortest edge-disjoint paths 

• Resilience: each O-D pair is connected by at least edge-disjoint paths 

• Hyper connectivity: travel time on each edge such that drivers can return to their home daily   
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• Here:                    

• Current city hubs (inbound/outbound), and  major highway intersections

• Transportation edges between locations with travel time 5.5 hours or less

• Drivers can drive 11 hours in a day

• Ran IP for 

• China
• Population: 1.4 Billion (Year: 2020)

• Area: 3.705 Million mi²

• 250 cities 
• Housing 93% Chinese population

• 94% of total Chinese GDP 

• 95% of Chinese inhabitable land
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IP-based hyperconnected logistics hub network 

with 90 hubs.
IP-based hyperconnected logistics hub 

network with 70 hubs.



RESILIENT HYPERCONNECTED LOGISTICS HUB NETWORK DESIGN: O. KULKARNI, Y. COHEN, M. DAHAN, B. MONTREUIL 10/18

• Need for resilience measures:

• Easy and efficient way to compute resilience

• Serve as a proxy to estimate resilience

• Help predict the behavior of networks during disruptions

• Edge-disjoint path

• Maximum number of edge-disjoint paths in the network connecting each O-D pair

• Provides insight about number of simultaneous edge disruptions required to disconnect an O-D pair 

• Motivation:

• More edge-disjoint paths for a O-D pair, less likely to get impacted during disruption. 
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Edge-disjoint path distributions for networks with 70 and 90 hubs 

# Edge-disjoint paths:

• Higher in proposed networks

With increase in the network size:

• Distribution remains similar in     

lean networks

• Distribution shifts to the right in 

proposed networks

• Comparison of results with 

lean logistics networks

• Obtained by 

minimizing the 

(single) shortest path 

length between each 

O-D pair 
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• Edge-betweenness centrality 

maximum allowed distance that parcels can travel 

• Identifies the transportation edges likely to induce a high increase in travel time if disrupted 

• Motivation: Resilient networks will most likely have 

• Higher proportion of edges with low edge-betweenness centrality values
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Edge-betweenness centrality distributions for networks with 70 and 90 hubs 

Proportion of low betweenness 

centrality edges:

• Higher in proposed networks

With increase in the network size:

• Distribution stays equivalent for lean 

networks

• Higher proportion of low betweenness 

centrality edges for proposed networks
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• Analyze impact of one or multiple disruptions on the networks. 

• Several disruption experiment:

• Random: arbitrary set of edges is disrupted 

• Localized:  geographical regions of varied sizes are impacted, 

and all the transportation edges of the network within the 

impacted zone are disrupted
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Network 1: 70 hubs

Network 2: 90 hubs ❑ Significant additional 

induced travel time on 

shortest paths in lean 

networks

❑ With increase in impact 

radius:
• Lean networks worsen at a 

higher rate than proposed 

networks.

Relevance of resilient measure: 

Edge-betweenness centrality:

• Additional induced travel 

time:

• Lower in proposed 

networks due to less 

central edges. 

Disruption Comparison Proposed Lean Proposed Lean

Scenario Details Metrics Network 1 Network 1 Network 2 Network 2

1 Edge disruption

Average total

2.37 10.263 6.361 9.687
added length 

for connected 

O-D pairs (hrs)

2 Edge disruptions

Average total

7.66 25.828 14.629 26.071
added length 

for connected 

O-D pairs (hrs)

Impact Comparison Proposed Lean Proposed Lean

Radius (hrs) Metrics Network 1 Network 1 Network 2 Network 2

1 

Average total

6.489 13.381 6.855 12.88
added length 

for connected 

O-D pairs (hrs)

2 

Average total

7.709 25.505 8.933 20.131
added length 

for connected 

O-D pairs (hrs)

Simultaneous edge disruption experiments

Localized edge disruption experiments



RESILIENT HYPERCONNECTED LOGISTICS HUB NETWORK DESIGN: O. KULKARNI, Y. COHEN, M. DAHAN, B. MONTREUIL 17/18

• In this work, we:

• Developed IP based approach to design resilient hyperconnected network 

• Proposed relevant resilience measures

• Validated through disruption experiments

• Future directions to the work involve:

• Worst case analyses 

• Modeling it as a leader-follower game

• Accounting for heterogeneity of demand and transportation costs
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