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Rolli ng sock @ anning

e Inrush hours

e Qugderush hous

Al | ocali on of scarce capaaty
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Doubl e Decker wth 3 o 4 carri ages
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Line 3000

From: Den Helder (Hdr)

To: Nijmegen (Nm)

Freq: 2 trains per hour
(both directions)

0 . P
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Line 3000: 12 compositions (5 Koploper, 7 Double Decker)

Hdr ——t——— oy

Amr

/ 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0‘0‘0’0’0‘0‘0‘0‘0‘0‘0‘0‘0’0‘0‘0‘0‘0‘0‘0‘0‘0‘0 \
Ah /’A A‘A‘A‘A‘A‘A‘A‘A A‘A‘A’A’A‘A‘A‘A‘A’A‘A‘A A A‘A’A A‘A‘A‘A‘A‘A A‘A‘\
Nm - ZZZ 77X XA XX XXX I XXX X XXX XXX I XXX XL XX LIS NS

Details per station
Hdr: Incoming compositions of the trains are unchanged
Amr: Going north: units may be uncoupled from the rear
Going south: units may be coupled to the front
Ah: Front and rear of the train are interchanged
Nm: Units may be coupled or uncoupled (not both) at the (incoming) front

Details per track
Hdr-Amr: Max. length of the trains is 9 carriages
Amr-Nm: Max. length of the trains is 12 carriages

0 . P
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Questions:

What is the minimum capacity of the rolling stock that is necessary for
providing a certain service level?

What is the minimum number of carriage kilometers that is necessary
for providing a certain service level?

What is the maximum service level that can be provided with a given
capacity of rolling stock?

What is the maximum service level that can be provided with a given
capacity of rolling stock and within a given number of carriage kilometers?
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1 type of train units: min cost flow problem
with additional constraints
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Additional constraints

 Service constraints

» Going north in Amr: units must not be be coupled

» Going south in Amr: units must not be be uncoupled
» Max. parking space at/near stations

o Circulation constraints
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2 types of train units: multi-commodity flow problem
However: not only the # of train units per train, but also their order in the train
IS relevant, because of the shunting possibilities at the stations

Example
AN VAN
- L Amr
X Za X
A A

\ only the red unit can be uncoupled
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The approach of Schrijver & Groot:

» Composition graph per composition: look for paths in these graphs

e Link this graph to the multi-commodity flow problem
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The approach of Schrijver & Groot:

Algorithm:
 Solve the integer multi-commodity flow problem
without taking into account the composition graphs

 Fix the total number of units of the two types
» For each of the trips do

For each of the possible capacities do

- solve the continuous multi-commaodity flow problem

- if the capacity does not fit for the trip, then delete

the corresponding nodes from the composition graph
* If one of the composition graphs becomes disconnected,
then increase the total number of train units, and restart

» Otherwise solve the integer multi-commodity flow problem,
thereby taking into account the reduced composition graphs
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An alternative approach (Set Covering ++):

Example for 1 composition:

Hdr

* Generate all potential duties
» Select an appropriate subset of the potential duties
that fit together and are optimal in some sense
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Relevant constraints:

 LIFO coupling and uncoupling for each side of the train
Q\y
AN
» Coupling and uncoupling cannot take place at the same time and station
A Y/
AN

e If a unit is coupled underway in X and
uncoupled underway in Y, then X=Y
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Objective:

A combination of shortages of seats (in rush hours)
and efficiency (outside rush hours)

Decision Variables:

X4 = potential duty d is/is not used
T4 = # train units of length 3 in duty d
Fq = # train units of length 4 in duty d

Decision variables for shortages on trips (1st and 2nd class)

Decision variables for stock keeping of train units in stations (Hdr, Amr, Nm)
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Constraints:

X,<T,+F, <M X, for all duties d
2 2 :
S 2R — Y (c,T, +c,,Fy) for all trips t
d:tld
Stl > Ptl -3 (C13Td +C,, |:d) for all trips t
d:td
1
X+t SX,=1 for all duties d
M {d"d'<>d}

Maximum/minimum train lengths on tracks

Stock keeping of both types of train units in stations
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Valid inequalities for trips outside rush hours:

Example: suppose  2C,, < P* <C,, +C,,

Original constraint:

Z (C23Td T C24 |:d ) - I:)tz

d:tCd

Valid inequalities:
> (Ty +Fy)=22

d:tCd

> (T, +2F,) >3

d:tCd
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Single Deck and Double Deck combined:

XqsT,+F <=M X, for all duties d
XXy <TT, +FF, <M XX, for all duties d

X4+ XX, <1 for all duties d

X4 <1-Double,

for all compositions ¢ and
duties d involving composition ¢

XX, < Double,

Extension of the valid inequalities for trips outside rush hours
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Conput aiond resuts
| nplenentedin CPL Sud o (I LOG, basedon 2001ti netad e
Sd ved by CPLEX 7.0 on PCwith 900 MHz, 256 M nenory

Only Doubl e Deck (3 & 4
# vaiad es/ #oondra s - abou 1100/ 2000
conpu i ontime: - NMNUes - hours
- vdidinequdities songti nes usef U

Doubl e Deck and S nd e Deck conbi ned (3 & 4)
#vaiades/ #condrars - abou 2000/ 3200
conpu aiontime: - hgh'y dependert on
avalad e capaaty. mnues- days
-vdidinequditiesauad

Generd renmarks - dadngthe gaptakesti ne
- mna | nprovenerts by dlon ng
shatages ou g de rush hours
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Co nput a1 ond resuts (Doubl e Decker)
WL =2 W2 =1 WS =4 WCK =1
No shortages ous derush hours (2 30-15 30) +(18 30,->)

ta short ckm t(M) t(noM)

| rf 8361 1533 2229 15 15

18 14 12546 2600 2146 218 924
18/ 12 18193 4028 2081 2651 1310
1810 24878 5726 1974 551 1449
16/ 10 30322 7104 1906 250 132
1510 33621 7943 1849 194 138
16/ 9 34811 8246 1827 N N
159 38897 9280 1777 89 63
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Co nput aiond resuts(Doubl e Decker)

WL =2

W2 =1

WS =4

Ful opti nnsation wthou Vaidlnequdities

| rf
18 14
1812
18 10
16/ 10
1510
16/ 9
199

ta

8361 1533
12546

18193

24806 5702
30118
33126
34083 8059
37423 8912

short
2229
2600
4028
1998
7055
7819
1847
1775

ckm

20
2146
2081
1190
1898
1850

183
115

t
5

2048

639
197
597

52

WCK =1
A -Aa
0
230 0
/38 0
12
65 204
359 495
728
1474
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Co nbi n ng and syditti ng

Noor d- Qost
Nort h- East

500 = Rd G- GY Lw
700 Asd H - GY Lw
1600 Asd H - B
1700 =Rd Grc- B

Al sgies 1 X per howr
Al tracks 2 x per hour

v

NSRZKL A4- P22



NSRZKL A4- P23



Objective:
* Minimize shortages of seats during the rush hours
Decision Variables:

° Tfrom 0 t = # units of length 3 on train t on the route from from to to

e | = # units of length 4 on train t the route from from to to

from to t

 Decision variables for shortages on trips (1st and 2nd class)

» Decision variables for stock keeping of train units in stations
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Constraints:

* Link between the allocated capacities per train and the shortages per trip
» Stock keeping of both types of train units in stations

« Maximum/minimum train lengths on tracks

« Combining and splitting in Utrecht, Amersfoort, Zwolle

* Return trips on end points

» Shunting in Deventer
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Complicaingfactor: combin ngin 4 and sdittingin Ant
Conposition bet ween 4 and Ant:

from from@ fromLw

fromLw

. 4 y 4 y 4

y 4

Gn- Asd dred o Lw SH dred, but na bah

TGn_Asd_t T FGn_Asd_t = 5(1 - Yt)
TLW_ShI t T FLW_ShI t E 5(1 - Yt)
Y, 0{0,1}

0 . P
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Conplicaingfactor: reeurnin Asd
Conposition yoon arivd i nAsd

from from@ fromLw fromLw

. 4 y 4 y 4 y 4

>

Capadty can bered| ocaedino nax nallyone dredion
Thaar = Tamar 32, Z,0{0,1}

FAsd_Gn_r - FGn_Asd_t + 57 t
TAsd_Lw_r - TLW_Asd_t t 5(1 A t)
F

Asd_Lw r E |:Lw_Asd_t + 3 (1 -7 t ) r=r(t)
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Mode for the Noord Qost

| nplenentedin CPL Sud o (I LOG

Sd ved by CPLEX 7.0 on PCwith 900 MHz, 256 M
Tesed on prdim nary NSR 2001 ti n&t ad e (Monday)
4lines 5tripsineach dredion

Conpu aiontine: <3 mnues
# vaiades abou 1000
# condrans abou 1000
Manud sd uion: 4528 sedsshat (2™ d ass)

188 seasshat (18 d ass)

Opti nd sd uion: 3385 sedasshat (2 dass)
105 sedasshat (18 d ass)

Unli nmited capadty. 1874 seasshat (2 d ass)
A sedsshat (1% dass)
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shortage

1800 —

1600 —

1400 —

1200

1000 —

800 —

600 —

400—

200—
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Shortagesinthe Nort h East

500

700
train serie

1600

S

1700

2

~f s

E INF
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