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The Middle-Mile Logistic Problem: space-time graph

The Middle-Mile Logistic Problem can be modelled on a
acyclic space-time graph where

vertices are pairs (hub,time)
waiting arcs
travelling arcs (lines - rotations)

6 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Context
Problem description
Space-time graph

The Middle-Mile Logistic Problem: space-time graph

t0

t1

t2

t3

t4

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

7 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Context
Problem description
Space-time graph

The Middle-Mile Logistic Problem: space-time graph

t0

t1

t2

t3

t4

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

7 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Context
Problem description
Space-time graph

The Middle-Mile Logistic Problem: space-time graph

t0

t1

t2

t3

t4

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

7 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Context
Problem description
Space-time graph

The Middle-Mile Logistic Problem: space-time graph

t0

t1

t2

t3

t4

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

HGFEDCBA

7 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Project goals
Procedures

Instance generator : Goals & Procedures

8 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Project goals
Procedures

Project goals

Creating diverse and realistic MM networks datasets for :
Benchmarking Optimization Approaches
Training Machine Learning Models

9 / 22 M. Petris, A.Lotfi, T. Cuvelier, B. De Backer, C. Archetti Millemiglia : A Novel Instance Generator for Simulating Middle-Mile Logistics Networks



Introduction
Instance generator

Bibliography

Project goals
Procedures

Motivation

Middle-mile logistic
aims to consolidate loads to generate cost savings
literature is scarce w.r.t. last-mile
Lack of existing libraries for instance generation.
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Library overview

Based on the work : Middle-Mile Logistics Through the
Lens of Goal-Conditioned Reinforcement Learning
[Eberhard et al., 2023]
Coded in C++ with protocol buffers
Open source
https://github.com/or-tools/millemiglia

Can generate realistic instances with diverse size and
structure.
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Graph density
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Generate logistic network: space graph

Input:
Number of hubs
Graph density

Output:
Graph with a few high degree nodes (hubs)

Procedure:
Modified Albert-Barabási random graph model
[Albert and Barabási, 2000]
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Generate logistic network: lines

Input:
Graph
Time horizon
Number of lines and maximal length of a line
Maximal number of rotations per line

Output:
Lines-rotations
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Generate logistic network: lines

Procedure:
1 Lines are paths in the space graph

Arcs are sampled ∝ degree

2 Rotations assign time information to the lines
Times are sampled with uniform distribution
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Generate logistic network: vehicles

Input:
Line-rotations
Maximal vehicle capacity

Output:
One vehicle for each line-rotation

Procedure:
Capacity is sampled uniform distribution
Cost ∝ capacity
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Generate shipments

Input:
Shipment number
Logistic network
Maximal path length
Minimal and maximal size

Output:
Set of shipments

Procedure:
(Source, departure time) and (destination, arrival time)
are found by sampling a path in the space-time network
Sizes are sampled with Lomax distribution
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Shipment sizes distribution
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Future Work

Incorporate more complex features in the instance
generator.
Gather feedback from the research community to refine
and expand Millemiglia’s capabilities.
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Thank you!
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