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MOTIVATION AND BACKGROUND

ÅHyper-connected network of logistics clusters

ÅEfficient and sustainable  rail freight services 
between logistics clusters

ÅCoordination of services of regional and macro 
regional terminals in proximity of logistics clusters

ÅConsolidation of freight flows <=> profitable 
intermodal transport system <=> enabling rail 
services from a PTN terminal to external 
destinations. 
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www.clusters20.eu

Direct fragmented flows between 
origin and destination

Collaborative network with 
consolidated flows via cluster network



PROPOSEDSOLUTION
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Å Cooperativedistributed containerflow
control
Å Eachterminal as a separatedecision

makingunit solvesits own local 
problem; 

Å Controllersare mutuallyconnectedby
interconnectinglinks.
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MODELDESCRIPTION
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( , )G N M Proximity terminal network

Set of terminals

Set of available transport modes 
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NUMERICALEXPERIMENTɀCENTRALIZEDCASE
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%State in beginning period: Sp= [150 200 120 
80 110 90];

%Inputs: 
%Terminals: N=3;
%Horizon: P=5;
%Container types: T=2;

%Daily estimated container flow intensity per 
terminal/order/type %D111ςTerminal 1/Container 
type 1/period 1:
D111=[50; 35]; D112=[40; 30]; D113=[35; 
50];D114=[40;35];Χ
%Unmet orders: Up=[13 10; 14 16; 18 19];
%Orders in transit: T1=[35 50 45 26 33 40 
28 40];
%Cost of unsatisfied orders by 
route/mode/container type: r1=[150 150 
200 200 ...];
%Ownership cost Q=[100 250]; %dry/reefer
%Transport cost by route/mode/container 
type r1=[200 200 300 300...]
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%Outputs: 

Period 4

Terminal 3

Initial period Period 1

Terminal 1

Terminal 2

12 12 12 12

13 13 13 13

1 2 1 2

1 2 1 2

1 2 1 2

12 12 13 13

(1) 33; (1) 18; (2) 21; (2) 14

(1) 24; (1) 11; (2) 16; (2) 5

(1) 105; (1) 143; (1) 108; (1) 150

F F F F

F F F F

E E E E

= = = =

= = = =

= = = =

21 21 21 21

23 23 23 23

1 2 1 2

1 2 1 2

1 2 1 2

21 21 23 23

(1) 29; (1) 29; (2) 19; (2) 15

(1) 21; (1) 19; (2) 16; (2) 15

(1) 84; (1) 50; (1) 93; (1) 54

F F F F

F F F F

E E E E

= = = =

= = = =

= = = =

12 12 12 12

13 13 13 13

1 2 1 2

1 2 1 2

1 2 1 2

12 12 13 13

(1) 13; (1) 28; (2) 31; (2) 9

(1) 14; (1) 26; (2) 16; (2) 15

(1) 45; (1) 34; (1) 20 (1) 65

F F F F

F F F F

E E E E

= = = =

= = = =

= = = =

21 21 21 21

23 23 23 23

1 2 1 2

1 2 1 2

1 2 1 2

21 21 23 23

(1) 13; (1) 25; (2) 17; (2) 28

(1) 18; (1) 28; (2) 23; (2) 25

(1) 21; (1) 45; (1) 65; (1) 24

F F F F

F F F F

E E E E

= = = =
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= = = =

31 31 31 31

32 32 32 32

1 2 1 2

1 2 1 2

1 1 1 1

31 31 32 32

(1) 19; (1) 30; (2) 21; (2) 16

(1) 21; (1) 13; (2) 24; (2) 22

(1) 26; (1) 21; (1) 17; (1) 25

F F F F

F F F F

E E E E
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= = = =

CONTROL 
ACTIONS

31 31 31 31

32 32 32 32

1 2 1 2

1 2 1 2

1 1 1 1

31 31 32 32

(1) 24; (1) 30; (2) 21; (2) 15

(1) 21; (1) 15; (2) 14; (2) 12

(1) 94; (1) 89; (1) 71; (1) 77

F F F F

F F F F

E E E E

= = = =

= = = =

= = = =

UNMET 
DEMANDS

Terminal 1

Terminal 2

Terminal 3

12 12

13 13

1 2

1 2

0; U 0; 

0; U 0;

U

U

= =

= =

21 21

23 23

1 2

1 2

0; U 0; 

0; U 0;

U

U

= =

= =

31 31

32 32

1 2

1 2

0; U 0; 

0; U 0;

U

U

= =

= =

12 12

13 13

1 2

1 2

18; U 24; 

9; U 13;

U

U

= =

= =

21 21

23 23

1 2

1 2

10; U 16; 

18; U 14;

U

U

= =

= =

31 31

32 32

1 2

1 2

30; U 19; 

25; U 16;

U

U

= =

= =

STATE
1
(1) 0S =Terminal 1

Terminal 2

1
(2) 32S = 1

(4) 47S =1
(3) 64S =

Terminal 2

2
(1) 37S =

2
(2) 25S =

2
(4) 19S =2

(3) 48S =

1
(1) 17S =

1
(2) 8S = 1

(4) 23S =1
(3) 43S =

2
(1) 13S =

2
(2) 12S = 2

(4) 28S =
2
(3) 20S =

1
(1) 29S = 1

(2) 32S = 1
(4) 47S =1

(3) 64S =
2
(1) 28S =

2
(2) 10S = 2

(4) 29S =
2
(3) 26S =



DMPC FORCARGOCONSOLIDATIONPROCESSIN PTN: A BARGAININGAPPROACH

Railways 2018, 3-7 September 2018, Sitges, Barcelona, Spain

¸

+ = + + + +ä( 1) ( ) ( ) ( ) ( ) ( ( ) ( ))i ii i ii i ii i ij j ij j
j i

X k A k X k B U k C d k B U k C d k

=( ) ( ) ( )i ii iy k E k X k

-

=
=

å õ
+ + + + +æ ö=

æ ö
+ + +ç ÷

ää

1

0
1

[ ( | ) ( | ) ( | ) ( | )]
( ( ), ( ))

( | ) ( | )
                      

P
N T T

i i i i i i
n

Ti
i i i

x k n k Q x k n k u k n k Ru k n k
J x k u k

x k P k Px k P k

f
=

=ä
1

( ( ), ( )) ( ( ); ( ))
N

i
i

J x k u k u k x k

f = + + + +( ( ); ( )) ( ) ( ) 2( ( ) ( ) ) ( ) ( ) ( ) ( ) ( )
T T T T T

i uui xui dui xxi dxiu k x k u k Q u k x k Q d k Q u k x k Q x k d k Q x k

= -k 0,1,..., 1; i=1,...,NP

Partitioned model

Cost function



Railways 2018, 3-7 September 2018, Sitges, Barcelona, Spain

f = + + + +( ( ); ( )) ( ) ( ) 2( ( ) ( ) ) ( ) ( ) ( ) ( ) ( )
T T T T T

i uui xui dui xxi dxiu k x k u k Q u k x k Q d k Q u k x k Q x k d k Q x k

DMPC FORCARGOCONSOLIDATIONPROCESSIN PTN: A BARGAININGAPPROACH

= +T
iuui i i iQ E Q E R

è ø
é ù
é ù=
é ù
é ù
ê ú

...

...
ii ii ii

ij ij ij

i

iN iN iN iN

E E E

E E E
E

E E E E

è ø
é ù
é ù=
é ù
é ù
ê ú

i

i
i

i

Q

Q
Q

Q

= '
ixui i iQ FQ E

è ø
é ù
é ù=
é ù
é ù

- -ê ú

(1)

(1) (0)

...

( 1) ( 2)... (0)

ii

ii ii

ii

ii ii ii

A

A A
F

A P A P A

=[ ]T T T
i ii ii iiF F F F =' ( )i ii ij iNE diag E E E

= - - -[ (0)... ( 1) (0)... ( 1) ... (0)... ( 1)]T
i i j j N Nd d d P d d P d d P

= 'T
idui i iQ G Q E

=' ( )i ii ij iNG diag G G G



DMPC FORCARGOCONSOLIDATIONPROCESSIN PTN: A BARGAININGAPPROACH

Railways 2018, 3-7 September 2018, Sitges, Barcelona, Spain

fÍ Í= W( ,{ } ,{ } )DMPC i i N i i NG N

Discrete time dynamic bargaining game
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Solution of the cooperative DMPC game:
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