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Context
La Poste’s network is in deep transformation. 



Historical delivery network



Current delivery network



Emerging quick markets



Emerging quick markets



La Poste’s Group organization

Parcel delivery historical French main actor

International parcel express delivery

International oversize parcel delivery

Historical role

They all have an already established network, why not sharing it ?



La Poste has several twin companies, with their own already established networks

La Poste’s Group organization



Natural overlapping 



The introduction of new delivery methods allows a 
higher agility



Introduction of interconnected networks



Introduction of interconnected networks



Idea of coalition formation 



Coalitional Decision-Making Framework

Coalition Formation

Coalitional
Network Design Model 

Several dedicated 
optimized parcel 

delivery networks

Stable coalitional 
parcel delivery 

networks
Coalitional 
structure Payoff

(1) Which profitable coalitions?
(2) How to design the coalitional network of each coalition 
(3) How to allocate the joint costs of the coalitional network between actors



Coalitional Network Design 

 Aim:
• Design a coalitional urban parcel delivery network for a given coalition to enable tight delivery service 

requirements in a cost minimization manner   

 Model and Decisions:
• Path-based IP and frequency-based model on a flat network
• Decisions

• Which hubs to activate → micro-hub network decisions 
• How many vehicle dispatches along each arc per unit time → vehicle frequency decisions 



Modelling Delivery Service Requirements

O D1 2
𝑡𝑡𝑂𝑂𝑂 𝑡𝑡𝑂2 𝑡𝑡2𝐷𝐷𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑂𝑂𝑂𝑂𝐷𝐷𝑡𝑡𝑂𝑂𝐷𝐷𝑂𝑂

 𝑡𝑡𝑎𝑎: Travel time on arc 𝐷𝐷

 ℎ𝑖𝑖: Hub processing time at micro hub 𝑂𝑂

 𝑦𝑦𝑎𝑎: # of cargo bikes over arc 𝐷𝐷 per time unit  ℎ𝑂 ℎ2

𝑤𝑤𝑂2 𝑤𝑤2𝐷𝐷𝑤𝑤𝑂𝑂𝑂

Assumptions (Dayarian et al., (2022) , Greening et al., (2022))
 Each O-D commodity arrives at its origin according to a uniform distribution
 Cargo bikes are dispatched between locations according to a uniform distribution

 𝑤𝑤𝑎𝑎: Dwell time before traversing arc 𝐷𝐷

𝑦𝑦𝑂𝑂𝑂 𝑦𝑦𝑂2 𝑦𝑦2𝐷𝐷

⇒ Dwell time before traversing arc 𝐷𝐷 is 𝑤𝑤𝑎𝑎~ Uniform (0, 𝑂
𝑦𝑦𝑎𝑎

) with avg. of 𝑂
2
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 𝜏𝜏𝑘𝑘: Service requirements of O-D commodity 𝑘𝑘
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Total allowable dwell time 

along path 𝑝𝑝 for commodity 𝑘𝑘



Coalitional Network Design Model with TDSR

Data:
• 𝒮𝒮: Set of coalitions  
• 𝒩𝒩𝑠𝑠: Set of hubs for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒜𝒜𝑠𝑠: Set of arcs for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒦𝒦𝑠𝑠: Set of commodities (O-D pairs) 

for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒫𝒫𝑘𝑘𝑠𝑠: Set of pregenerated paths for 

commodity 𝑘𝑘 ∈ 𝒦𝒦 for coalition 𝐷𝐷 ∈ 𝒮𝒮

Decisions for coalition 𝐷𝐷 ∈ 𝒮𝒮 :
• 𝑥𝑥ℎ𝑠𝑠 ∈ 0,1 : Hub selection

• 𝑦𝑦𝑎𝑎𝑠𝑠 ∈ ℤ≥0: # of CBs over arc 𝐷𝐷

• 𝑧𝑧𝑘𝑘𝑝𝑝𝑠𝑠 ∈ 0,1 : Path selection of commodity 𝑘𝑘
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Case Study
Table 1: Summary of parcel delivery actors

 French urban megacity (Paris)
• 412 demand zones
• Order of 1.6 million parcels weekly across 52k origin-

destination (O-D) pairs

 French parcel/postal company 
• 3 subsidiaries of parcel delivery actors
• Each actor offers tight delivery service requirements

• 6,12,24,48-hour delivery 

 3 Cost-sharing methods to compute marginal cost
• Shapley cost allocation

• Weighted average of all marginal cost to all possible coalitions
• Proportional fairness allocation

• Allocation proportional to total commodity volume 
• Egalitarian allocation

• Equal Allocation

Delivery actor # of
Micro-hubs Market Share # of

OD Commodities

1 19 60% 35591

2 3 10% 6162

3 8 30% 18105



Case Study: Cost-Sharing Methods

𝑆𝑆: Set of coalitions

𝐼𝐼: Set of actors

𝐼𝐼𝑠𝑠: Set of actors in coalition 𝐷𝐷 ∈ 𝑆𝑆

𝑀𝑀: Set of cost-sharing methods 

= {Shapley, PF, Eg}

𝐾𝐾𝑖𝑖: Set of commodities for actor 𝑂𝑂

𝑞𝑞𝑖𝑖𝑘𝑘: Volume of commodity k of actor 𝑂𝑂

𝐶𝐶𝑖𝑖,𝑠𝑠𝑚𝑚: Marginal cost of actor 𝑂𝑂 in coalition 𝐷𝐷

for allocation method 𝑚𝑚 ∈ 𝑀𝑀

Input: 

𝐶𝐶𝑖𝑖,𝑠𝑠
𝑆𝑆ℎ𝑎𝑎𝑝𝑝𝑆𝑆𝑆𝑆𝑦𝑦 = �

̅𝐼𝐼⊆𝐼𝐼𝑠𝑠:𝑖𝑖∈ ̅𝐼𝐼

𝐼𝐼𝑠𝑠 − ̅𝐼𝐼 ! ⋅ ̅𝐼𝐼 − 1 !
𝐼𝐼𝑠𝑠 !

⋅ (𝐶𝐶 ̅𝐼𝐼 − 𝐶𝐶 ̅𝐼𝐼\i)• Shapley Cost Allocation: 

𝐶𝐶𝑖𝑖,𝑠𝑠𝑃𝑃𝑃𝑃 =
𝐶𝐶𝑠𝑠 ⋅ ∑𝑘𝑘∈𝐾𝐾𝑖𝑖 𝑞𝑞𝑖𝑖𝑘𝑘
∑𝑖𝑖′∈𝐼𝐼𝑠𝑠 ∑𝑘𝑘∈𝐾𝐾𝑖𝑖′ 𝑞𝑞𝑖𝑖𝑘𝑘

• Proportional Fairness Allocation: 

𝐶𝐶𝑖𝑖,𝑠𝑠
𝐸𝐸𝐸𝐸 =

𝐶𝐶𝑠𝑠
|𝐼𝐼𝑠𝑠|

• Egalitarian Allocation: 

Cost-Sharing Methods: 



Case Study: Global Network Design Performance 

Actor
#. of 
open 
MHs

No. O-D 
Commodi

ties
Cost (€)

1 19 35591 830692.29

2 3 6162 124791.77

3 8 18105 414332.01

Table 1: Summary of Network Design of individual actors Figure 3: Global Network Design Performance

Coalition
# of 

potential 
MHs

# of 
open 
MHs

# of O-D 
Commodities Description

(1,2) 19 19 41301 Coalition of 
Actors 1 and 2

(1,3) 27 26 52472 Coalition of 
Actors 1 and 3

(2,3) 11 11 24044 Coalition of 
Actors 2 and 3

(1,2,3) 30 28 57968 Grand Coalition

Table 2: Summary of possible coalitions



Case Study: Impact of Cost-Sharing Methods 

Total
No.

Coalitions

Shapley Proportional (PA) Egalitarian (EA)
No.
Cop.

Actors

No.
Prof.

Coalitions
|Coal|

No.
Cop.

Actors

No.
Prof.

Coalitions
|Coal|

No.
Cop.

Actors

No.
Prof.

Coalitions
|Coal|

7 3 5 1 3 5 1 0 0 3

Table 3: Summary of coalitional decisions per cost-sharing method

Figure 4: Allocated cost to actors per cost-sharing method



Type of connected networks



Simulation for Robust O-D Service Guarantees

Congestion created by a fixed number of vehicles and a rigid dispatch policy

: Starts every X minutes, 
either full or not.

Future work : introduction of robust policy
for vehicle dispatch



Summary

Thank you!

Questions: johan.leveque@laposte.fr

mailto:johan.leveque@laposte.fr


Robust O-D Service Guarantees
Assumptions (Dayarian et al., (2022) , Greening et al., (2022))
 Each O-D commodity arrives at its origin according to a uniform distribution
 Cargo bikes are dispatched between locations according to a uniform distribution

⇒ Dwell time before traversing arc 𝐷𝐷 is 𝑤𝑤𝑎𝑎~ Uniform (0, 𝑂
𝑦𝑦𝑎𝑎

) with avg. of 𝑂
2
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ℎ𝑖𝑖

• Vehicle dispatches ⇒ Uniform distribution
• Restrictive
• Over-optimistic (50%) ⇒ not robust

• Q. Is there any other way to ensure robustness in O-D service guarantees with 
frequency variables?



Robust O-D Service Guarantees

𝑂𝑂 𝑗𝑗

𝑂𝑂 demand flows 
• each with volume 𝑞𝑞𝑑𝑑 ∀𝑑𝑑 ∈

{1,2, . .𝑂𝑂}
• Arriving on an interval 

[0,𝑇𝑇]

𝑘𝑘 vehicles with capacity 𝑣𝑣
such that 𝑘𝑘 ∗ 𝑣𝑣 ≥ ∑𝑑𝑑 𝑞𝑞𝑑𝑑

0 𝑇𝑇

Policy:
• 1st vehicle must depart either at the latest at  𝟏𝟏

𝒌𝒌
time or when full

• 𝜏𝜏𝑖𝑖: departure time of vehicle 𝑂𝑂
• 𝑂𝑂𝑡𝑡ℎ vehicle (∀𝑂𝑂 > 1) must depart either at the latest at 𝝉𝝉𝒊𝒊−𝟏𝟏 + 𝟏𝟏

𝒌𝒌
or 

when full 



Robust O-D Service Guarantees

𝑂𝑂 𝑗𝑗

𝑂𝑂 demand flows 
• each with volume 𝑞𝑞𝑑𝑑 ∀𝑑𝑑 ∈

{1,2, . .𝑂𝑂}
• Arriving on an interval 

[0,𝑇𝑇]

𝑘𝑘 vehicles with capacity 𝑣𝑣
such that 𝑘𝑘 ∗ 𝑣𝑣 ≥ ∑𝑑𝑑 𝑞𝑞𝑑𝑑

0 𝑇𝑇
1
𝑘𝑘

𝑡𝑡
𝑡𝑡 +

1
𝑘𝑘

If 1st vehicle leaves at 𝑡𝑡
(leaving b/c it’s full) 

2nd vehicle must leave by 
𝑡𝑡 + 𝑂

𝑘𝑘

→ No flows wait more than 𝑂
𝑘𝑘

→ We need at most 2k vehicles to ensure waiting time ≤ 𝑂
𝑘𝑘

• At most k vehicles for those leaving every 𝑂
𝑘𝑘

time, not full 
• At most k vehicles for those leaving when full   



Robust O-D Service Guarantees

Data:
• 𝒮𝒮: Set of coalitions  
• 𝒩𝒩𝑠𝑠: Set of hubs for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒜𝒜𝑠𝑠: Set of arcs for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒦𝒦𝑠𝑠: Set of commodities (O-D pairs) 

for coalition 𝐷𝐷 ∈ 𝒮𝒮
• 𝒫𝒫𝑘𝑘𝑠𝑠: Set of pregenerated paths for 

commodity 𝑘𝑘 ∈ 𝒦𝒦 for coalition 𝐷𝐷 ∈ 𝒮𝒮

Decisions for coalition 𝐷𝐷 ∈ 𝒮𝒮 :
• 𝑥𝑥ℎ𝑠𝑠 ∈ 0,1 : Hub selection

• 𝑦𝑦𝑎𝑎𝑠𝑠 ∈ ℤ≥0: # of CBs over arc 𝐷𝐷

• 𝑧𝑧𝑘𝑘𝑝𝑝𝑠𝑠 ∈ 0,1 : Path selection of commodity 𝑘𝑘
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Robust O-D Service Guarantees

min �
ℎ∈𝒩𝒩𝑠𝑠

𝑓𝑓ℎ ⋅ 𝑥𝑥ℎ𝑠𝑠 + �
𝑎𝑎∈𝒜𝒜𝑠𝑠

2 ⋅ 𝑂𝑂𝑎𝑎 ⋅ 𝑦𝑦𝑎𝑎𝑠𝑠

s. t �
𝑝𝑝∈𝒫𝒫𝑘𝑘

𝑠𝑠
𝑧𝑧𝑘𝑘𝑝𝑝𝑠𝑠 = 1, ∀𝑘𝑘 ∈ 𝒦𝒦𝑠𝑠

�
𝑘𝑘∈𝒦𝒦𝑠𝑠

�
𝑝𝑝∈{𝑝𝑝∈𝒫𝒫𝑘𝑘

𝑠𝑠:𝑎𝑎∈𝑝𝑝}

𝑞𝑞𝑘𝑘 ⋅ 𝑧𝑧𝑘𝑘𝑝𝑝𝑠𝑠 ≤ 𝑣𝑣 ⋅ 𝑦𝑦𝑎𝑎𝑠𝑠 , ∀𝐷𝐷 ∈ 𝒜𝒜𝑠𝑠

�
𝑎𝑎∈𝑝𝑝

1
𝑦𝑦𝑎𝑎𝑠𝑠

≤ �𝜔𝜔𝑘𝑘𝑝𝑝 + 𝑀𝑀 ⋅ 1 − 𝑧𝑧𝑘𝑘𝑝𝑝𝑠𝑠 , ∀𝑘𝑘 ∈ 𝒦𝒦𝑠𝑠,𝑝𝑝 ∈ 𝒫𝒫𝑘𝑘𝑠𝑠

𝑄𝑄𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚 ⋅ 𝑥𝑥𝑖𝑖𝑠𝑠 ≤ �
𝑎𝑎∈𝛿𝛿+ 𝑖𝑖

𝑦𝑦𝑎𝑎𝑠𝑠 ≤ 𝑄𝑄𝑖𝑖𝑚𝑚𝑎𝑎𝑚𝑚 ⋅ 𝑥𝑥𝑖𝑖𝑠𝑠, ∀𝑂𝑂 ∈ 𝒩𝒩𝑠𝑠

𝑄𝑄𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚 ⋅ 𝑥𝑥𝑖𝑖𝑠𝑠 ≤ �
𝑎𝑎∈𝛿𝛿+ 𝑖𝑖

𝑦𝑦𝑎𝑎𝑠𝑠 ≤ 𝑄𝑄𝑖𝑖𝑚𝑚𝑎𝑎𝑚𝑚 ⋅ 𝑥𝑥𝑖𝑖𝑠𝑠, ∀𝑂𝑂 ∈ 𝒩𝒩𝑠𝑠

 Theoretically, having twice more vehicles 
leads to 100% O-D service guarantees
• Too conservative?
• What would happen if we only increased # of 

vehicles by k times?
• 𝑘𝑘 < 2

𝒘𝒘𝒘𝒘𝒂𝒂𝒘𝒘 𝒊𝒊𝒊𝒊 𝒌𝒌 < 𝟐𝟐?

 Experiments for robustness in O-D service 
guarantees through simulation
• Impact of different 𝑘𝑘 (= 2, 1.9, 1.7, 1.5, ..) on 

robust O-D service guarantees  



Simulation for Robust O-D Service Guarantees

Congestion created by a fixed number of vehicles and a rigid dispatch policy

: Starts every X minutes, 
either full or not.



Simulation for Robust O-D Service Guarantees

Adapted policy, delivery times are highly reduced due to an increased and flexible frequency

: Starts either when full or 
when it’s time  Suppose 
to have twice the number
of trucks.
Is this really twice in 
practice ?
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