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High Speed Trains  
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Rail transport increased its market 
through the introduction of high-
speed trains and it overcame, on 
small and medium distances, the 
road and air transport. The growing 
demand for high-speed trains and 
the competition with other 
operators lead companies to 
increase rail transport services 
to better meet the demand with 
obvious implications on the 
company's profit. 
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Maintenance  
 

From an economic point of view the 
importance of the optimization of 
maintenance processes can be easily 
understood if we consider that for 
high-speed trains, most of 30% of the 
cost of the life cycle is due to 
maintenance operations. The high-
speed trains have to undergo special 
maintenance services, with 
predetermined constraints ill-
structured and difficult to represent 
mathematically. In addition, the 
maintenance service is highly 
specialized and can only run on 
specific platforms in the stations of 
destination and is subject to a more 
highly articulated process. 
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Preliminary Definitions 
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The Integrated Approach 

Objec&ve	  Func&on:	  
minimiza&on	  of	  the	  total	  cost	  

Rou&ng	  constraints	   Scheduling	  constraints	  
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Mathematical Model 
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Notation (1/3) 

•  V	  =	  set of macro-services	  

•  U	  =	  set of units in asset 

•  L	  =	  set of maintenance levels	  

GRAPH:	  G=(N, A)!
!
•  N	  =	  U	  U	  V,	  	  set of nodes (macro services and units)	  

•  A	  =	  set of arcs linking time feasible macro-services and asset 

units to macro services	  
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Notation  (2/3) 
 Decision Variables	  
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Notation (3/2) 
 



Objective Function 
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Cost of the units in asset	   Cost of the maintenance  
operations 

Cost of the train movements  
in the workshop 



Path constraints 
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Maintenance constraints 
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Example 
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q  	  Time	  window:	  3	  Days	  

q  	  Units	  in	  asset:	  3	  

q  	  Maintenance	  Levels:	  2	  	  (LM1,	  LM2)	  

q  	  Deadline	  LM1:	  3700	  km	  

q  	  Deadline	  LM2:	  4500	  km	  

q  	  DuraDon	  LM1:	  1	  h	  

q  	  DuraDon	  LM2:	  2	  h	  

q  	  1	  Maintenance	  workshop	  placed	  in	  Naples	  

Illustrative example 
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A feasible roster without maintenance 

00	   01	   02	   03	   04	   05	   06	   07	   08	   09	   10	   11	   12	   13	   14	   15	   16	   17	   18	   19	   20	   21	   22	   23	  

NA	   RM	   RM	   MI	  

NA	   MI	   MI	   NA	  

00	   01	   02	   03	   04	   05	   06	   07	   08	   09	   10	   11	   12	   13	   14	   15	   16	   17	   18	   19	   20	   21	   22	   23	  

MI	   NA	   NA	   TO	  

NA	   RM	   RM	   MI	  

00	   01	   02	   03	   04	   05	   06	   07	   08	   09	   10	   11	   12	   13	   14	  	   15	   16	   17	   18	   19	   20	   21	   22	   23	  

TO	   RM	   RM	   NA	  

MI	   TO	   TO	   NA	  

Day	  1	  

Day	  2	  

Day	  3	  

17	  



Macro-services 

08/09/15 Pagina 18 

Available Units  
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t	  

u1	  

u2	  

u3	  

A	   B	  

C	   D	  

g1	  08.00	  –	  g2	  11.05	  
km	  1580	  

g2	  12.00	  –	  g3	  	  17.20	  
km	  1830	  

g1	  07.00	  	  –	  g1	  16.50	  	  
km	  1580	  

g2	  14.00	  –	  g3	  16.20	  
km	  1830	  

The graph 
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u1	  

u2	  

u3	  

A	   B	  

C	   D	  

g1	  08.00	  –	  g2	  11.05	  
km	  1580	  

g2	  12.00	  –	  g3	  	  17.20	  
km	  1830	  

g1	  07.00	  	  –	  g1	  16.50	  	  
km	  1580	  

g2	  14.00	  –	  g3	  16.20	  
km	  1830	  

LM1	  

LM2	  

t	  

A feasible solution 
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Scheduling Constraints 



Number of train movements 

08/09/15 Pagina 22 

R	   V	   V	  R	   R	  
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Number of train movements 
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Number of train movements 
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Number of train movements 
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Train	  movements	  associated	  with	  	  
the	  virtual	  tasks	  at	  the	  start	  	  
and/or	  at	  the	  end	  of	  the	  	  
maintenance	  sequence	   Train	  movements	  associated	  with	  	  

the	  possible	  virtual	  task	  between	  two	  	  
consecuDve	  real	  tasks	  

Train	  movements	  associated	  
	  with	  two	  consecuDve	  real	  
tasks	  

Number of train movements 



Computational Results 
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At the present stage of the work the model was solved 
in sequential way: first the part related to the problem of 
routing and then the one related to the scheduling 
problem in the maintenance workshop. All tests were 
performed on 50 random instances (15 Macro-
services – one week) on a Windows machine with 4 
Intel i7 2.3 GHz and 8 GB of RAM. The problem solver 
used is CPLEX 12.4.  
In the table below we show the minimum, maximum 
and the average computational time (in seconds) for 
the two parts. 



Thanks ! 
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