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Introduction

The Physical Internet Paradigm

Worldwide open logistics network.

Transportation and handling of the freight is automated
and synchronized.

Physical Internet (PI
or m)

Products are handled in the same way as data packets
over digital networks.

Smart modular containers with

PI-Containers standardized dimensions.

Physical F Je: PI-C 1S

or example. -Lonveyors,
Internet PI-Movers PI-Handlers, PI-Carriers...
elements

Locations such as: PI-Hubs,

PI-Nodes PI-Transits, PI-Sorters...
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Introduction

Road-Rail Pl-hub

Road-Rail PI-hubs are designed to transfer PI-containers from trains to other trains, from

trucks to trains and from trains to trucks.

Road-Rail PI-hubs layout
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State of the Art

Review of the literature

PI-Hubs:

Problem Author Year
A rail-road PI-hub allocation problems: model and heuristic Walha et al. 2014
Routmg management in physical internet crossdocking hubs: Study of grouping Pach ot al. 2014
strategies for truck loading

Functional Design of Physical Internet Facilities: A Road-Based Transit Center Meller et al. 2012

Walha et al. (2014) formulated the Rail-
Road allocation problem, where PI-
containers are unloaded from wagons to
outgoing trucks.

Our research focuses on the Road-Rail
section which deals with the transfer of the
PI-containers from trucks to wagons
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Mathematical formulation

Input parameters (1/2)

Dimensions Indices
N : total number of containers; i : indices of the containers:
K : number of docks; k - indices of the docks;

D : number of destinations: d : indices of the destinations:

W : number of wagons to load with PI-containers; -
w : indices of the wagons;

T : number of time periods; o
) h : indices of the trucks;
H : number of trucks:

Q : wagon’s capacity (useful length);

Docks and Wagons Positions

P; - position of the center of the dock £ starting from the right axis of the Road-Rail Pl-sorter zone;

R, : position of the center of the wagon w starting from the right axis of the Road-Rail PI-sorter zone;
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Mathematical formulation

Input parameters (2/2)

Containers’ data

L; : length of container i;

y { 1, if the container [ is in the truck h
ki =

0, Otherwise

1, if dis the destination of the container i
Sai = :

0, Otherwise

Other parameters

o : weighting factor for the number of used wagons;
f : weighting factor for the total distance traveled by containers:

M : A big positive number, M = max (W, 5 * 20m).
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Mathematical formulation

Decision variables

Binary decision variables

_ { 1, if the container i is assigned to the wagon w
0, Otherwise

_ { 1, if the truck h is assigned to the dock k
Yk = 0, Otherwise

e w { 15 if the wagon w is used
g 0, Otherwise
i if the container i is in a truck that is assigned to the dock k,
Lk { and the container i is assigned to the wagon w
0, Otherwise
P { i, if disthe destination of the wagon w
o 0, Otherwise

Continuous decision variables

dy, : distance traveled by the container 7 to the wagon w;
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Mathematical formulation

Obijective function

The objective of the MILP model is to minimize the weighted sum of both the number
of used wagons and the total internal traveled distance of PI-containers:

%4 N w
Minimize: a Z u, + p z z d;i

Where a and B are the weighting factors for the number of used wagons and the total
distance traveled by containers respectively.
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Mathematical formulation

Constraints (1/4)

Assignment constraints (1/2)

w
inw=1 (Vi=1..N)

w=1

N

fo_wl,i <@ NMw=1..W)

=1

Xiw + ijSZSdiSd}—l— 1 (Vij=1.NYw=1.W,i%j)

D

d=1

H
zyhkgl (Vk=1K)
h=1

K
k=1

B 7S M
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(3)

(4)

(5)
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Mathematical formulation

Constraints (2/4)

Assignment constraints (2/2)

ey <Sgi +1—x;, (Vi=1.NVYw=1..W,vd=1..D)

D
e 1= Zewd Vw=1..W)
a=1
W
lwy — wy| +1 < Z ewa + M (2—(€w1d+ ewzd))
w=1

(Vd — 1...D,VW1,W2 — 1...W,W1 = Wz)

w
w;— wy| + 1< Zuw + M (2—(uwl+ uwz))
w=1

(V Wi, Wy = 1 ...W,Wl = Wz)

u1=1
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Mathematical formulation

Constraints (3/4)

Distance constraints

B 2= [Py = Kl ~ M (1 = Zigse )

(Vi=1.NVw=1.W,¥k=1..K,Vh=1..H) (13)
Ziok Ani < Vik (Vi=1.NVk=1..K,Yh=1..HVw=1..W) (14)
K
sz_wk = Xijw (VI =1 ;¥ W= 1 W) (15)

k=1

Biwrr Wi ooy s Zigien B € 10, 13

(Vi=1..NVw=1.W,Vk=1..K,Yh=1..HVd=1..D) (16)

dyy =0 (Vi=1..NYw=1.W) (17)
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Mathematical formulation

Constraints (4/4)

All the used wagons must be consecutive

Wagons with Emp ty Wagons with
destination (d=2) wagon destination (d=1)
A A

¢ N - D
2 |

Section 2

Road-Rail Pl-sorter

w
Wy — w| + 1< ZuW+M(2—(uW1+ uwz))

w=1

(VW]_,W2=1...W,W1¢W2) (11) v

Consecutive wagons
,

by

. =

Section 2

Road-Ralil Pl-sorter
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Proposed Tabu Search for the Road-Rail Problem

The proposed tabu search is composed of three steps:

- Improving the initial grouping of the first fit algorithm;
- Generating all the possible combinations of wagons of the initial grouping;
- Improving the trucks’ assignment.

Wagons with
destination (d=1)
A

Wagons with Wagon with
destination (d=23) destination (d=2)
A A
r N N

~

Example of grouping
solutions generated in the

second step of the tabu
search

VLV V]IV
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Proposed Tabu Search for the Road-Rail Problem

Solving Process

Each container is loaded in the first available wagon

Improve the initial grouping of the containers:
- two local search moves (Insert, swap) are
performed with different probability
(P1+P2=1)

Generate all the possible combinations of the best grouping found in the first
step

Improve the assignment of the trucks to the docks:
- two local search moves (Insert, swap)
are performed with different
probability (P1 + P2 =1)

Return the best solution found
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Start

| Load the imtial grouping generated by the first fit algorithm

¥

4p| Select a random container § |

¥

P, : Insert container 7 in a different wagon

P. : Swap container { with container j from a different wagon

~Wagons capacities are
not exceeded?
Yes ¥
Number of wagons
_ minimized?

Yes §

~ Maximum number of
—_iterations I, exceeded?
Yes 4

__ No

No

\—0{ Cancel the move I

| CGenerate all the possible combimations of the wagons

¥

| Assign all the trucks starting from the first dock

|

[]

4.' Select a new combination of wagons

¥

40-] Select a random truck /i ‘

¥

Py Insert truck /i, m a different dock
Py : Swap truck iy with a different truck ir,

==

—The solution satisfies the ——

| CurrentSolution = NewSolution

= !‘f(_*.s:}&'ofunma = _\"em=.§'<>r'u(fu_u_'-‘ '
Yoy

| BestSolution = NewSolurion |

Ni

No

aspiration criterion? - =
Ves ¥ | Cancel the move

A 4

Update the
tabu list

— Maxinmm munber of
— tterations I, exceeded?
Yesd
No — All combinations of
—_wagons are processed? —

Yesg

Return the best solution found




Experimental Results

Results of CPLEX and Tabu search on instances

Comparing CPLEX and tabu search on small instances
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CPLEX (Optimal) Tabu Search
N D H Used Distance CPU Time Used Distance CPU Time | Distance
Wagons (s) Wagons (s) Gap (%)
5 2 2 23.571 160.416 2 23.571 1.387 0.000%
6 3 2 22.857 177.054 2 22.857 1.476 0.000%
3 2 3 43.572 1220.394 3 43.572 2.707 0.000%
3 3 42.143 819.489 3 42.143 3.650 0.000%
8 5 2 2 45.714 1094.823 2 46.427 2177 1.560%
3 2 64.285 3347.694 2 64.285 3.515 0.000%
Results obtained with the tabu search on large instances
N D H Used Wagons Distance .CPU
Time (s)

5 5 4 28.572 4.566

10 8 4 51.429 6.899

3 5 4 62.858 4.822

8 4 47.142 7.107

5 7 5 36.782 7.733

15 10 5 23.214 5.356

3 7 5 51.784 8.514

10 5 70.356 9.451













