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High Speed Trains

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

- Train Service i : a route from a departure station d; at departure time
t? to an arrival station a; at arrival time t. that must be covered by a
specific train.

« Roster: a cycle spanning over several working days that covers all
the services and the required maintenance tasks.

* Network plan: a document that describes the main train services to
be provided.

- Timetable: a detailed network plan showing also information on
departure and arrival times and the days in which trains will be
provided.
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The Integrated Approach

Objective Function:
minimization of the total cost

Routing constraints Scheduling constraints

08/09/15 Pagina 7



Mathematical Model




Notation (1/3)

e |/ =set of macro-services
e [] =set of units in asset

e | =set of maintenance levels

GRAPH: G=(N, A)

e N=UUYV, setof nodes (macro services and units)
e A =set of arcs linking time feasible macro-services and asset

units to macro services
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Notation (2/3)
Decision Variables
VieV VjeV:(i,j)eA

1 if the macro-service j follows the macro-service ¢
Bya = .
o 0 otherwise

VieU VjeV:(i,j)eA

N 1 if the asset unit ¢ is assigned to the macro-service j
“7 1 0 otherwise
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Notation (3/2)
VieV Viel
( 1 if the maintenance level [ is provided

pi = before macro-service j
| 0 otherwise

VieV Vlel

g} > 0 means the number of cumulated kilometres by train
after performing the macro-service i from the last service of level [

WieV %Ylelk

ht > 0 means the number of cumulated kilometres by train
before performing the macro-service ¢ from the last service of level [
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Objective Function

Z T ;) * K

iU EV:(i,j)EA

+ Z Zpg * (Z Z Z *n..j,l’k) * [\’2

JeEV leLl keS;

v v

Cost of the units in asset Cost of the maintenance Cost of the train movements
operations in the workshop

08/09/15 Pagina 12




Path constraints

( Z r,; <1 VieV
JEV:(i,j)EA
) Z Tij = 1 V] cV
ieUUV:(i,j)eA

» w4 <1 VieU

L JEV:(i,j)EA
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Maintenance constraints

gt =Km;+hl VieVViel

héZgﬁ—(l—xi,j)*]\/[—pg*]W Vie L V(i,j)eA: deﬁtz‘,j
keO

h3§g§+(1—xi,j)*M+p§-*]\/l VZELV(i,j)EA:deSti,j
< keO,;

Zpg-gl VieV

leL

hl< (1—ph)x (v —Km;) Vie VVIEL
gt =Res;; VieUVlelL
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Example




lllustrative example

Time window: 3 Days

Units in asset: 3

Maintenance Levels: 2 (LM1, LM2)
Deadline LM1: 3700 km

Deadline LM2: 4500 km

Duration LM1: 1 h

Duration LM2: 2 h

o O O 0O 0 O 0O O

1 Maintenance workshop placed in Naples
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A feasible roster without maintenance
Day 1

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 Ml

NA Ml Ml NA

Day 2

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 Ml

Day 3

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

— 17
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Macro-services

NA-RM + RM-MI + MI-NA | = @ g1 08:00 — g2 11:05 / km 1580

NA-RM + RM-MI + MI-TO + TO-NA | = g2 14:00 — g3 16:20 / km 1830

NA-MI+ MI-NA| = @ g1 07:00 — g1 16:50 / km 1580

NA-TO+ TO-RM+RM-NA | = @ g2 12:00-g3 17:20 / km 1830

Available Units

g{;M1= 400 @ g%Ml: 800 @ g§M1= 200 @
gHM2=700 g5"'*=1500 g5M2=3000
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The graph

g1 08.00 - g2 11.05 g2 14.00 — g3 16.20
km 1580 km 1830

g107.00 -g116.50  g212.00-g3 17.20
km 1580 km 1830
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A feasible solution

g1 08.00-g2 11.05 g2 14.00-g3 16.20
— km 1580 km 1830
g =
o] (7 ) /\
gz = LM1
700
o
800
1500
pruse
933000_ L2

g107.00 -g116.50  g212.00-g3 17.20
km 1580 km 1830
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Scheduling Constraints




Number of train movements

th t!

0F 8 =2 us L1 VHE SV ELNIEV NP ER

(1 if the virtual task between i-1-th task and i-th

. B task of the sequence k for the maintenance level
yvﬁfﬁ; = [ before macro-service j is assigned to resource r
| 0 otherwise
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Number of train movements

Vke S VIe LYj e VVreR

(1 if the virtual task before the beginning of the
sequence k for the maintenance level [ before
e macro-service j is assigned to resource r

_ 0 otherwise

VEe S5;Vlie LVjeVVreR

(1 if the virtual task after the end of the sequence k
for the maintenance level [ before macro-service
j is assigned to resource r

| 0 otherwise

r .
Y yesi =
T
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Number of train movements

OF | = Zyundiie YEE SiVICLYYEV

(1 if there is a movement between i-1-th task and
b i-th task of the sequence £ for the maintenance
gl level [ before macro-service j

i 0 otherwise

for i1 =2,.. 11y YVee S Vle LVjeV ¥re B;_1N B

(1 if i-1-th task and i-th task of the

ibg sequence k for the maintenance level [ before
=T = 9 macro-service j are assigned to resource r

| 0 otherwise

S
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Number of train movements

Vke S;Vle LVYj eV peri=2,...,T1

( l,k,j r
w7, <1 - E :yvl.»kii.
reR
lakaj l3k’]
& w; 1,2 <1- Z Sz—l,z,r
reB;,_1NB;
l)kyj r l’k’j
W;_1; > (1 - E :yvll’_kij') + (1 - E : Si—l,z’,r) —1
\ reR ’ reB;_1NBi

VEe SVle LYj eV peri=2,...,71 Vr € Bi_1 N B;

l,k,j l,k,j
l’k}j < (yi—l.zr-l_yi,rj)

Si—1l4r )
Lk,j lk,j lLk,j
Si"Tir 2= Yi—inr ir 1
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Number of train movements

Train movements associated with
the virtual tasks at the start
and/or at the end of the

i Train movements associated with
maintenance sequence

the possible virtual task between two
consecutive real tasks

Train movements associated
with two consecutive real
tasks
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Computational Results

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.

Model | Mwn | Max | Average
First 0.01 | 0.33 0.06
Second | 0.16 | 0.75 0.24
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