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Scrapble
S AN OPTIMISATION PROBLE

CONSTRANTS + OBJeC TVE (FUNCTION




TImetabling
TRAN NE 'WORK MODE

—ACH ARROW NEEDS: A NUVBER OF PASSENGERS & A DURATION




TImetabling
TRAN NE 'WORK MODE

ARROW WIDTH: NUMBER OF PASSENGERS: BY BOUTING




Timetanlng
TRAN NE TWORK MODE

ARROW LENGTH: DURATION: BY TIMETABLING




Timetanlng
TRAN NET'WORK MODEL: OLD TIMETABL

r
CA 07 000

—ACH ARROW HAD: A NUMBER OF PASSENGERS & AN OLD DURATION



Tmetabling: Reflowing FPhase: Belgium

Légende

Région de Bruxelles-Capitale
Brussels Hoofdstedelijk Gewest

- Vlaams Gewest

Région wallonne
Limite de commune
Limite d’arrondissement administratif

Limite de province

Limite de Région

Limite d’Etat
Waremme Chef-lieu d’arrondissement administratif

BRUGGE Chef-lieu de province - Capitale

NAMUR Nom de province

BY MIMICKING HOW PASS

—N

)
AT

(PO

IGN, Bruxelles - 2001

NGI, Brussel - 2001

—Ro CHOOS

Mention obligatoire a chaque réutilisation

Verplicht te melden bij ieder hergebruik

—OUT




Timetaoling: Reflowing Pnase: Denmark

BY MIMICKING HOW FPASS

R CHOOS

- ROUT
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T1imetablin

g: Retming Phase: Constraints

VISUALLY IDENTIFYING CONS TRAINTS

-OR BACH AR
Al END OF AR
N CYCLES: (S

lin. comb. of cycles

RSNy,

SOV

ROW TO BEGIN OF NEXT ARROW
VALL) BLACK AND (DERPENDENT) WHITE

11



Timetabling: Retiming Phase: Constraints
NMATHEMATICALLY FORMULATING CONS TRANTS

primary edges secondary edges cycles
ride
—~ Q
knock on
—_—
turn around
7~ O\
e=T-bor sum_e in_cycle :
b+m+s=e b+m+s+ (d*T)=e e=T/2-bor sign_e in_cycle *
(me+s e+ (de*T))=0

b(egin), m(inimum), s(upplement), e(nd), d(integer), T(period)
constants:m, T
variables: b, s, e, d

BEGIN + DURATION = END
—ACH END = NeEW BEGIN
BY KIRCHHOR- VOLIAGE LAWS IN BASIC (BLACK) AND EXTRA (WHITE) CYCLES



TImetanling:

\
5| |

00 600

DERPARTING

Retiming Phase: Opjective

l /
o | /

300
0 400 500 600

THROUGH TRANSFER

koi,j,2

o sij
0 T/15 =sijn T
=SiJ.0 =Si,,2

<NOCK-ON DELAY

DURATON = MIN + SUPPLEMENT, SUPPLEMENTS: HOW DE TERMINED?

T T
00 300 400 500 600

ARRIVING

BY LOCAL COST FUNCTIONS: REPRESENTING LOCAL PLANNED TIME
TOTAL OBJECTIVE = SUM OF LOCAL OBJECTNVE => SUPPLEMENTS COMPETE



Timetanlng
TRAN NET'WORK MODEL: OLD TIMETABL

r
CA 07 000

—ACH ARROW HAD: A NUMBER OF PASSENGERS & AN OLD DURATION



Tmetaoling: Retiming Fnase
TRAIN NE TWORK MODEL: NEW TIME TABL

.......

—ACH ARROW HAS: A NUMIBER OF PASSENGERS & A NEVW DURATION
NOTE COMPRESSION, BUT NOT TOTALLY => =-HFCIENT YT ROBUST



Timetanlng

REoULT S FOR PASS

B Ride(s) O Dwell(s)

NG

120000

86.799

\\\\\\\\ N

0 20000 40000 60000 80000

13.21%

improvement:0.93%

87.607

\\\\\\\\\\\

—Ro: BeLGIUM

orig.m original orig.s Exp_Train_Lin_Time opt.m optimal

M Ride(m) O Dwell(m)

120000

86.769

\\\\\\\\ N

0 20000 40000 60000 80000

13.24%

improvement:0.84%

87.507

\\\\\\\\\\\

orig.m original  orig.s

opt.m optimal

E Source(s) O Transfer(s) B Sink(s) B KnockC
12.40% 3 oo %
-40% 3 - 0.00% .94% 0 B33
g 0.00% 0.94% 89%37 0:88%
10.43%
o 16.80%
8:88% 0.07%
© o RAY o
2 /| o8 6:86% 8.33%
~ / /
o
3 4 63.01°/ 67.06°/
=1 /
) /
% / improvement:6.03% //
S
o
opt.s orig.m original orig.s opt.m optimal opt.s
B Source(m) @ Transfer(m) M Sink(m) B Knoc
©
3 5.06% .
12.50% I .00%) % % 8%
$1 8% 0% S 63
] 10.18% / 17.10%
8:68% 0.24% .
« 00 N b O,
g /| 1000 6:08% 9.46%
5 / /
3 63.70% 66.23°o/
S
i 7, 7,
% / improvement:3.81% //
S
o
opt.s orig.m original orig.s opt.m optimal opt.s

SMALL PLANNED TRAN SURPPLEVIENT REDUC TION
3.8% LESS PASSENGER TIME IN PRACTICE



Timetanlng
RESULTS FOR PASSENGERS: DENMIARK

5 B8%
31 0% 4852

S > o
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SMALL PLANNED TRAN SUPPLEMENT INCHEASE
2.9% eSS PASSENGER TIME IN PRACTICE



Timetanlng
SESULTS FOR TRAINS: PUNCTUALTTY

(a) Orig. tt, 0’:00” late probability, red/green 50% (b) Opt. tt, 0’:00” late probability, red/green 50%

ALSO Bel 2R TRAIN PUNCTUALITY




Timetanlng
SESULTS FOR TRAINS: PUNCTUALTTY

e - «b,

(¢) Orig. tt, 0’:00” late probability, red/green 80% (d) Opt. tt, 0’:00” late probability, red/green 80%

ALSO Bel 2R TRAIN PUNCTUALITY




Timetanlng
SESULTS FOR TRAINS: PUNCTUALTTY

o -9

.

 C—

(e) Orig. tt, 0’:00” late probability, red/green 90% (f) Opt. tt, 0’:00” late probability, red/green 90%

ALSO Bel 2R TRAIN PUNCTUALITY




Timetabling
oCALABILITY?

I NL

5h |- 4 )

# hours of

timetable

calculation

time

BE
2h < A
DK
1h
#hourly trains

{} in cyclic

CJ timetable
88

196 506
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Platforming
o TATON PLATFORM & ROUTES MODE

station boundary

open lines switch grid platform tracks switch grid open lines

fictive platform




Slatforming.
TOOL LEOPARD

ﬂ Leopard: LEan Optimiser of Platforms And Routings including Dependencies

Station | BRUGGE(210) -

Date 05/03/2013 v

From Hour 07:00 =

To Hour 09:00 =

‘ running: python runPtcar.py A176D00A.AB2A170N00A 1 1 fix 2013030579 210



Platfiorming: Antwerp Central: Manual Assignment
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ETECTED SOME PLATFORM CONFLICTS AND SO
ROUTING CONFLICTS
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Platforming: Batch FProcessing

. @
-
—

Both

#platfornt #UnplatformedOrig Orig
33

1O OO R A

0 Orig Plan & 4] Both Plan 6
36 0 Orig Plan 8 4] 0 -10 | Both Plan 8
39 0 OrigPlan 9 0 -38 | Both Plan 8
9 0 Orig Plan 10 0 0 0 0 Both Plan 10
12 0 Orig Plan 12 0 0 0 0 Both Plan 12
7 0 Orig Plan 13 ol o -4 | Both Plan 13
27 0 Orig Plan 16 0 0 0 0 Both Plan 16
9 0 Orig Plan 18 0 0 0 0 Both Plan 19
24 0 Orig Plan 22 0 0 4] 0 -8 | Both Plan 22
24 0 Orig Plan 24 0 0 0 0 -2 || Both Plan 24
25 0 Orig Plan 25 0 0 0 0 -4 || Both Plan 25
36 0 Orig Plan 27 0 0 0 0 0 Both Plan 27
34 0 Orig Plan 31 0 0 .~ -12/ Both Plan 31
9 0 Orig Plan 34 0 0 0 0 0 Both Plan 34
15 0 Orig Plan 35 0 0 0 0 0 Both Plan 35
84 N2 Orig Plan 37 0 -49 | Both Plan 37
22 0 Orig Plan 38 0 -14 | Both Plan 38
41 0 Orig Plan 58 0 0 0 0 -6 || Both Plan 58
12 0 Orig Plan 61 0 0 0 0 Both Plan 61
37 0 Orig Plan 64 0 m Both Plan 64
19 0 Orig Plan 66 0 0 0 Both Plan 66
20 0 Orig Plan 67 0 0 0 Both Plan 67
14 0 Orig Plan 68 0 0 0 0 Both Plan 68
30 0 Orig Plan 70 0 .~ -46/ Both Plan 70
20 0 Orig Plan 74 0 0 0 0 Both Plan 74
15 0 Orig Plan 75 0 0 -1 Both Plan 75
32 0 Orig Plan 77 2 0 -8 | Both Plan 77
14 0 Orig Plan 78 2 0 0 -4 | Both Plan 78
25 0 Orig Plan 82 0 0 0 0 Both Plan 82
] 0 Orig Plan 84 0 0 0 0 Both Plan 84
15 0 Orig Plan 100 0 0 0 0 Both Plan 100
21 0 Orig Plan 102 0 -6/ Both Plan 102
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0
0
0
0
0
0
0

coocoo oo

6 0 Orig Plan 104 0 0 Both Plan 104
0 iq Plan 105 4] 0 Both Plan 105
0 Orig Plan 106 0 0 Both Plan 106
6 0 Orig Plan 107 4] 0 Both Plan 107

CONFLICT & ROBUS ITNESS OVERVIEW FOR ALL STATIONS



~esearch Results: limetabling

formulated expected passenger time In practice
as (objective) function of decision supplements

removes need for artiiicial upper bounds on
supplements

avoIds Infeasibiity due to these upper bounads

formulated cycle set that reduces computation
fime




~esearch Results: Platiorming

- formulated fixed armval & departure time
PP as Infrabel sees it

- added fliter to avold unnecessary
constraint generation

- VIsSual Tecdback of checks and
optimisations




Practical Results: [ime labling & FPlatforming

- expected passenger time In practice as oojective
flunction works up to large-scale

- automatically generated Belgian & Danish
timetable, reducing passenger time by 3.8%,
2.9%,1In 2N, 1nh

- reduced missed chance of transier from >10% to
<3%

- automatically checked & corrected plattorm plans

- fakes 10 min calculation time for all Belgian station

- Integrated tools 1or botn at Infrae
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