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Agenda
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o Addressing transport organizations efficiency with interconnection

o Centralized, dedicated and interconnection mechanisms

o Theoretical solutions

o Gamification and behavior

o Conclusion and perspectives
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Transport efficiency
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 As a function of network organization (among other factors)

Efficiency = 
Fill rate x Not empty run

50% 
= 0.62 x 0.80 

80% 
= 0.88 x 0.92

Dedicated network and resources

Interconnected network and shared resources
Why it is not happening? 
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Networks interconnection
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 As a function of network organization (among other factors)

• Computers networks
• Independent computer 

networks interconnected by 
routers (orange)

• The key point is the interconnection 
to move from a set of independent 
networks and centrally managed to 
a more global and globally 
decentralized network 
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geographical area. In addition, each autonomous system consists of other 

networks that are “zones” (or “areas”). In both cases, we speak of sub-networks 

with or without their own management (protocols). This decomposition may 

continue at a third level with sub-networks of sub-networks and so on until 

reaching the local network or a host. There is not a specific number of levels in 

the Internet network. However, practice indicates that it is possible to distinguish 

three hierarchical levels andthe lowest level (level 1) in general corresponds to 

Digital Internet access providers (IAP) or intra-university routers (Rénater in 

France) (Hardy et al. 2002). 

These three levels are found in the Internet concept map, see Figure 3. 

 

 

Figure 3: Internet concept map, AS interconnection network. The figures correspond to the 

hierarchical levels 

 

This topology both linked and fractal, allows for the resilience of Internet, limits 

the infrastructures and the size of the data required within routers to transfer 

datagrams since the number of interconnections between the networks is limited. 

In fact, it is easier to transfer datagrams when the passage points are known and 

limited in number than when there is a considerable number of them (Mathon 

2003), as, for example, the  “border routers” of level 3 with respect to the AS in 

Figure 3. 

 

The nest section transposes this architectural topology from the Digitsal 

Internet to the Physical Internet.3.2.2 Architecture of the Physical Internet 

network 

The Physical Internet is to embed a very high number of nodes. It is to include 

producers and consumers throughout the world. Each producer, for example, may 

involve multiple nodes, as an industrial assembly line may alone account for 

hundreds of hosts. It may seem unrealistic and inefficient to have routers maintain 

a global view of the Physical Internet in its entirety due to the huge database size 

Autonomous 
system

Interconnection

Centralized 
management

Decentralized 
management
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Networks interconnection
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 As a function of network organization (among other factors)

• Computers networks
• Independent computer networks 

interconnected by routers (orange) 

• Logistics networks
• Most of the research concentrated on 

dedicated networks (design, planning 
and operations)

• The centralization is not scalable and 
logistic networks will remain very 
fragmented

To enable interconnection we need to define 
how it could work in a hub connecting several 
LSP or carriers service.
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How a transport service will be bought?   
 Fragmented markets under innovation pressure
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Several markets

• Spot markets

• Long term 

contracts

Several 

mechanisms 

• Tariffs

• Tenders and 

negotiation

• Auctions

• New technologies (IOT…)

• New players

• New expectations from shippers

• New business models

Towards more open, dynamic and decentralized models 
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Research questions

o What are the barriers towards more a efficient solution: the Physical

Internet?

o Are the purchasing mechanisms a barrier?

o What rules could be defined to enable interconnection?

o Design and definition?

o Efficiency?

o Impact on decision makers?

o How the stakeholders could put new mechanisms into practice?
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Rules for routing
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Rules Definitions

Rule 1: En-route 
improvement

At some hubs in the network, shipments must be reallocated
to other carriers proposing a lower price.

Rule 2: Lowest price 
and best reputation 
wins

If there is competition, shipments must be
allocated/reallocated to the carrier proposing the lowest
price. If two carriers are tied for the lowest price, then the
carrier with the best reputation will win the shipment
auction.

Rule 3: No price 
increase

Once a price is promised to the shipper, it cannot be
increased when transferring the request(s) from one carrier
to another in the event of reallocation.

Rule 4: Individual 
responsibility

Each carrier is responsible for any delays they cause and pay
the associated penalty.

Rule 5: No halfway 
drop-out

If there is no possibility of reallocation, the carrier in charge
must transport the request acquired from the origin to the
destination. Reallocation occurs if and only if the request is
taken over by another carrier to the destination.
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Routing improvement illustration
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Mechanism implementation at hub level
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First Price Sealed Combinatorial Auction process

S
te

p
 1

S
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p
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S
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Shippers

(Buyers)

Auctioneer

(Auctioning Agent)

Carriers

(Sellers)

Arrival of carriers with
in-transit requests

Creat a pool of all requests

Arrival of shippers with new requests

Input data for carriers

Generate optimal bidding strategies
(BGP) 

Process auction
(WDP)

Compute payment of each 
request

Pay carriers for their own 
requests

Wait for arrival of first request

Submit request information

Pre-defined 
system rules

Confirm payment (information) from 
shippers for new requests

Confirm payment from/to other 
carriers for in-transit requests

Confirm auction output and update 
transport plan

Confirm auction output

Start Start

End

End

Information 
flow

Task flowSupport 
documents

Process

End

Submit information about in-transit 
requests

A marketplace 
on top of each 
hub to enable 

rerouting 
when between 

networks 
when it makes 

sense
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Methodology
 To test transportation purchasing mechanisms
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Simulation of the 
theoretical framework

Multi-agent simulation to 
represent the rational 

behavior of a set of 
players

How the stake holders 
will behave? 

Gamification
to understand how the 

decision are taken by real 
players 

(Hamari et al., 2014)
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Simulation of the theoretical framework

 3 scenarios
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Sc.1 centralized 

planning

A central entity optimizes 

all the transportation 

orders

Sc.2 Interconnected 

with a coordinator and 

no information sharing

No information is shared 

between carriers or LSP

Sc.3 Interconnected 

with a coordinator and 

limited information 

sharing

The average price is 

shared on the market 
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Model and mathematical formulation
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Results
 KPI and Price of Anarchy
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Unallocated Requests Total delays Total cost (€) Total price (€) Total gain (€) Total transport 

(tonne.km)

Mean fill rate(%)

Effectiveness Efficiency

Comparaison de la performance des 3 scénarios

Sc.1 Sc.2 Sc.3

Sc.1 Sc.2 Sc.3

PoA 1 1.14 1.94
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Methodology
 To test transportation purchasing mechanisms
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Simulation of the 
theoretical framework

Multi-agent simulation to 
represent the rational 

behavior of a set of 
players

How the stake holders 
will behave? 

Gamification
to understand how the 

decision are taken by real 
players 

(Hamari et al., 2014)
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The Freight Transportation Game
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2018 version
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The Freight Transportation Game
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2019 version

o Two main objectives

o Education: raise awareness by doing

o Research: understand why interconnection happens or not

o Free to use! (You can apply at: chaire-ip@mines-paristech.fr)
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Game results
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Is interconnection working?
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Simulation Jeu

Comparaison	simulation	vs	jeu

Nombre de réallocations possibles Nombre de réallocations effectuéesInterconnection opportunities     Interconnections made         

Simulation Game

?
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First results

 Players’ behaviors
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o Same stable strategy by player

o If a player doesn’t win quickly he lowers its price until success

o In a market with a high level of competition the interconnection is

more difficult to observe

o Interconnection works even with very low margins

o …
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Conclusion and perspectives
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o A first set of rules to route unit loads between LSP or carrier is

proposed

o The efficiency and effectiveness was assessed in a multi-agents

simulation framework

o More research is underway to identify decision biases against or in

favor of interconnection

o A foundation for a routing protocol between logistics networks


