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Motivations for promoting Public Transit

Public Transit Systems provide access to opportunities [CS19]

Decarbonising Europe’s transport sector: Passenger and
freight transport generate around a quarter of Europe’s total
carbon emissions.
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Transport Research ¢

Let's start a thread of world leaders taking selfies with mass transit.
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5 hours train ride: One-to-All constrained paths

https://www.chronotrains.com/
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REMARK: The policy maker analyzes how far we go by train
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5 hours train ride: One-to-All constrained paths

https://www.chronotrains.com/

How far can you go
by train in 5h?

This map shows you how far you can travel from each

station in Europe in less than 5 hours.

Itis inspired by the great Direkt Bahn Guru. The data
is based off of this site, which sources it from the

Belgiunm

9! Deutsche Bahn

° Hover your mouse over a station to see the

isochrones from that city.

b This assumes interchanges are 20 minutes, and transit
between stations is a little over walking speed.

ooy e Therefore, these should be interpreted as optimal

travel times. The journeys might not exist when taking

Jersey
U into account real interchange times

Reachable in.

Th 2h 3 4h

nv auestions? Reach out to me on Twitter

REMARK: The webapp is not considering buses and metro between train stations
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

Policy makers

Directorates want to better understand the
current situation and the impact of possible
future policies

Joint Research Center (JRC)

Science and knowledge service

JRC Directorate C - Energy, Transport and Climate m European
Commission
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

Example of analyses in the JRC
transport group

4 Fairness

+ Accessibility to

« monitoring delays opportunities

due to road
congestion O
Money Sustainability

+ Public transport

« Transport poverty performances

m European
Commission
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

Public transport: Accessibility to

opportunities in the different countries

Policy makers

want to have a measure of accessibility across
Europe and compare public transport
performances

Joint Research Center (JRC)
We developed (OR-based) tools to support

European
Commission
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

Public transport: Accessibility to
opportunities in the different countries

{:ﬁjx\‘\
(in simple words): how y ! »
many opportunities one can reach in a § o
certain time (e.g. 2h) with a maximum iz R
number of transfers (e.g. 2) using public a" {s EX
transport. o e &
& S

(\w UNIVERSITA DI PAVIA .
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

Accessibility as access to
opportunities

In this analysis we estimate opportunities by
population

-> Accessibility now measures the number of
people that can be reached (through public
transport)

m European
Commission
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Credits: Martina Fischetti and Nicolas Ibanez @ JRC

So far solved for trains

European Commission, Directorate-General for Regional and I
Urban Policy, 1 -

Brons, Martijn ; Poelman, Hugo ; Ackermans, Linde ; e i
Ibéafiez, Juan Nicolds ; Dijkstra, Lewis iy

Passenger rail performance in Europe : regional and [

territorial accessibility indicators for passenger rail, L

2022

R 5

(@) universiTa o1 Pavia

m European
Commission
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VIDEO CLIP OF ESTONIA
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The challenge: Moving to Trains to Multimodal Transport

QUESTION: Why is the challenge so difficult?

Estonia Netherlands Switzerland
Stops Train 238 1214 6 018
Buses+Metro 15 491 43 896 32 080

SHORT ANSWER: Because of runtime and memory issues

O.R. is the enabling technology for accessibility analysis
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Multimodal schedule-based routing

Definition 1 (Timetable)
A timetable is defined by a tuple (IN,S,7, R, F), where

@ I C Ny is the period of operation (in minutes)
@ S is the set of stops
@ T is the set of trips, that is, a sequence of pairs (Stop, TimeStamp)

@ R is the set of routes. A route consists of trips that share the exact
same sequence of stops

F is the set of transfers, which are not schedule-based



https://gtfs.org/schedule/reference
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Multimodal schedule-based routing

Definition 1 (Timetable)
A timetable is defined by a tuple (IN,S,7, R, F), where

@ I C Ny is the period of operation (in minutes)
@ S is the set of stops
@ T is the set of trips, that is, a sequence of pairs (Stop, TimeStamp)

@ R is the set of routes. A route consists of trips that share the exact
same sequence of stops

F is the set of transfers, which are not schedule-based

In practice, given in the GTFS format.
Reference: https://gtfs.org/schedule/reference
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Example: 3 routes and 26 trips

Lrutoguidovie
CURA C. > Q.re Vallone - Pastrengo > Ist. Maugeri - Mondino

CURA C. Poma, 5
CURA C. Dosso/De Gasperi
CURA C. DossolDell Spiga
CURA C. Prado - Della Paiola/Art.

PAVIA

Tavazzanillardirago
Tavazzani/Bruson

Cea, 16

CevalMarchesi
Treves/Ortaglia Ospedale
Treves/Vigentina

Vigentina, 17 (Parco)
Tasso/Della Torretca
TassolBona di Savoia
TassolAlzaia/Colesino
Cairoli/Emanuele Filiberto
Castello (Musei Civic)
Matteotw/Griziowi/Petrarca.
MatteottiDante

FS - Dela Stzione 7/ B
FilziDante

TeseLongobard
Golgi (Polcinico S Matieo)
GolgTarameli
TaramelfForain
TaramelliDon. Sanue (AVS)
Ferraa (Tangeaile Oves)
Ferraa (Mondine)
FerraaCascnarza

Giulowo (Green Campus) *
Cascinazza (Campus Aquae)
CascinazzalMauger

Maugeri (1. Maugeri-Mondino)

Orario valido dal 09/06/2022

0602
0603
0603
0605
0605
0606
0606
0607
0608
0609
0610
0611
0612
0613
06.15
0616
06,16
0620
0621
0622
0623
0623
0624
0625
0626

0627
0628

0619
0620
0620
0622
0622
0623
0623
0624
0625
0626
0627
0628
0629
0630
0632
0633
0633

0638
0639
0639
0641
0641
0642
0642
0643
0644
0645
0646
0647
0648
0649
0651
0652
0652
0656
0657
0658
0659
0659
07.00
701
0702
o702
o07.02

07.05

07.06

0659

0701
o702
07.04
07.04
07.06
07.08
07.10
o711
o7.12
o7.16
07.17
o7.18
07.19
07.19
07.20
0721
o722

0723
0724

[227]
0723
0724
0724
0725
0725
0726
0727
0728
0730
0731
0733
0735
0737
0738
0739
0743
0744
0745
0747
0747
0748
0749
0750

o751
0752

0759

0805
0806
0808
0808
0809
0810
0811

0812
0813

08.15
08.15
0815
0821
0826

0827
0828
0829
0829
0830
0830
0831
0832
0833
0835
0836
0838
0840
0842
0843
0844
0849
0850
085!
0853
0853
0855
0855
0857

0858
0859

0845
0846
0846
0848
0848
0849
0849
0850
0851
0852
0854
0854
0856
0858
0900
0901
0902
0907
09.08
0909
.11
0.1
09.13
09.13
09,15

09,16
09.17

0905
0906
0906
0908
0908
0909
0909
09,10
0.1
012
0914
0914
09,16
0918
0920
0921
092
927
0928
0929
0931
0931
0933
0933
0935

0936
0937

953
0955

09356
0957

0943
09.44
0944
09.46
09.46
0947
09.47
0948
09.49
0950
0952
0952
0954
0956
09.58
0959
1000
1005
1006
1007
1009
1009
1011
1011
1043

1014
1015

1001
1002
1002
1004

1005
1005
1006
1007
1008
10.10
1010
10.12
104
1016
1047
1018
1023
1024
1025
1027
1027
1029
1029
1031

1032
1033

1022
1023
1023
1025
1025
1026
1026
1027
1028
1029
1031
1031
1033
1035
1037
1038
1039
1044
1045
1046
1048
1048
1050
1050
1052

1053
1054

1043
1044
1044
1046
1046
1047
1047
1048
1049
1050
1052
1052
1054
1056
1058
1059
11.00
1105
11.06
107
1109
1109
1
1
113

114
115

1104
11.05
1105
107
11,07
11.08
11.08
1109
110
i
3
13
1115
17
119
1120
121
1126
127
1128
1130
1130
132
132
1134

1135
1136

1116
116
116
nal
125

1126
[IE4
128
128
129
129
1130
131
1
134
134
1136
138
1140
141
14
1147
1148
1149
s
s
183
183
1155

156
187

144
14s
1as
147
147
14
148
149
1150
s
1s3
1s3
nss
ns7
sy
1200
1201
1206
1207
1208
1210
1210
n
X5}
1214

1215
1216

1201
1202
1202
1204
1204
1205
1205
1206
1207
1208
1210
1210
1212
1214
1216
1217
1218
223
1224
1225
1227
1227
1229
1229
1231

23
1233

1221
2
2
1224
1224
1225
1225
1226
1227
1228
1230
1230
3
1234
1236
1237
1238
1243
1244
1245
1247
1247
1249
1249
1251
1231
1252
1254
1255

1256

1241
4
na
1244
1244
1245
1245
1246
1247
1248
1250
1250
252
1254
1256
1257
1258
1303
1304
1305
1307
1307
1308
1309
1310

(e}
1312

1301
1302
1302
1304
1304
1305
1305
1306
1307
1308
1309
1310
1301
1313
1315
1316
1317
1321
132
1323
1325
1325
1326
1327
1328

1329
1330

1315
135
1315
1320
1324

1325
1326
1327
1327
1328
1328
1329
1330
1331
1332
1333
1334
1336
1338
1339
1340
1344
1345
1346
1348
1348
1349
1350
1351

1352
1353

1343
1344
1344
1346
1346
1347
1347
1348
1349
1350
1351
1352
1353
1355
1357
1358
1359
1403
1404
1405
1407
1407
1408
1409
1410

14
1412

1403
1404
1404
1406
1406
1407
1407
1408
1409
1410
i
1412
1413
1415
1417
1418
1419
1423
1424
1425
1427
1427
1428
1429
1430

1431
1432
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Example: 3 routes and 26 trips

2 utOgLIIdOVIe Orario valido dal 09/06/2022
mcuRA C. > Q.re Vallone - Pastrengo > Ist. Maugeri - Mondino

LUNEDI'-VENERDI - ESTIVO
0.

CURAC. Poma, 5 5[ o0 0731 0815 0916 IL16 1315 1415
CURA C. DossolDe Gasperi 0645( 07.11 0731 o815 0916 116 1315 1415
CURA C. DossolDela Spiga 0645[ 07.11 0731 o815 0916 Il6 1315 1415
CURA C. Prado - Dell Paiola/Are. 0651[07.17 07.37 0821 0921 121 1320 1420
PAVIA. Dell PaioaFerrari 0655[ 0721 07.42 0826 0925 1025 1324 1424
PAVIA Vallone - Pastrengo 0602/(06.19 [ 0638 0800 0845 0905 0943 1001 1022 1043 1104 114 1201 1221 1241 1301 1343 1403

PAVIA  PensalMaciachini 060310620 { 06.39 [ 0656 0722 0743 0801 0827 0846 09.06 0926 0944 1002 1023 1044 1105 1126 1145 1202 1222 1242 1302 1325 1344 1404 1425
PAVIA Pensa/Bologna 06030620 [ 0639 | 0657| 07.23 0744 0802 0828 0846 0906 0927 0944 1002 1023 1044 1105 1127 1145 1202 1222 1242 1302 1326 1344 1404 1426
PAVIA TavazzanilLardirago 0605|0622 | 06.41 (0655 07.24 0745 0804 0829 0848 09.08 0928 0946 1004 1025 1046 1107 1128 1147 1204 1224 1244 1304 1327 1346 1406 1427
PAVIA Tavazzani/Brusoni 06050622 [ 06.41 |0658| 07.24 0745 0804 0829 0848 0908 0928 0946 1004 1025 1046 1107 1128 1147 1204 1224 1244 1304 1327 1346 1406 1427
PAVIA Cen. 16 0606|0623 | 0642 [ 0659 07.25 0746 0805 0830 0849 0909 0929 0947 1005 1026 1047 1108 1129 1148 1205 1225 1245 1305 1328 1347 1407 1428
PAVIA CevaMarchesi 0606/(0623 [ 0642 | 0659| 07.25 0746 0805 0830 0849 0909 0929 0947 1005 1026 1047 1108 1129 1148 1205 1225 1245 1305 1328 1347 1407 1428
PAVIA. Treves/Ortagla Ospedale 0607(|0624{ 0643 [07.00| 07.26 07.47 0806 0831 0850 0%.10 0930 0948 1006 1027 1048 1109 1130 1149 1206 1226 1246 1306 1329 1348 1408 1429
PAVIA TrevesiVigentina 0608/(0625 [ 0644 | 0701 07.27 0748 0807 0832 0BSI 05.11 0931 0949 1007 1028 1049 1110 1131 1150 1207 1227 1247 1307 1330 1349 1409 1430
PAVIA Vigentina, 17 (Parco) 0609|0626 | 06.45 [07.02( 07.28 0749 0808 0833 0852 0%.12 0932 0950 1008 1029 1050 ILI1 1132 I151 1208 1228 1248 1308 1331 1350 1410 1431
PAVIA TassolDell Torreta 06.10(|0627 | 0646 0704 0730 0751 0810 0835 0BS54 09.14 0934 0952 100 1031 1052 1113 1134 1153 1210 1230 1250 1309 1332 1351 1411 1433
PAVIA TassolBona di Savoia 0611|0628 | 0647 [07.04| 0731 07.52 0811 0836 0854 09.14 0934 0952 1010 1031 1052 1113 1134 1153 1210 1230 1250 1310 1333 1352 1412 1433
PAVIA TassolAlzaia/Colesino 06.12/(0629 [ 0648 0706 07.33 07.54 08.13 0838 0856 09.16 0936 0954 10.12 1033 1054 1LIS 1136 1155 1212 1232 1252 1311 1334 1353 1413 1435
PAVIA. Cairoli/Emanuele Fiiberto 06.13(|06.30| 0649 [07.08| 07.35 07.56 0815 0840 0858 0%.18 0938 0956 1004 1035 1056 1117 1138 1157 1214 1234 1254 1313 1336 1355 1415 1437
PAVIA Castello (Musei Civic) 0615|0632 [ 0651 [07.10| 0737 0758 0817 0842 0900 0920 0940 0938 1006 1037 10SB 1119 1140 1159 1206 1236 1256 1315 1338 1357 147 1439
PAVIA. MatteottiGriziottiPetrarca 0616|0633 { 06.52 [07.11| 07.38 0759 0818 0843 0901 0921 0941 0959 1017 1038 1059 1120 1141 1200 1217 1237 1257 1316 1339 1358 1418 1440
PAVIA MatceoriiDante 06.16/(0633 [ 0652 07.12| 07.39 0800 0819 0844 09.02 0922 0942 1000 10.18 1039 1100 1121 1142 1201 1218 1238 1258 1317 1340 1359 1419 1441
PAVIA FS - Della Seazione 7 BIE] 0620(106.37 | 06.56 [07.16| 0743 0804 0823 0849 0907 0927 0947 1005 1023 1044 1105 1126 1147 1206 1223 1243 1303 1321 1344 1403 1423 1445
PAVIA FiziDante 0621|0638 [ 0657 [07.17| 07.44 0805 0824 0850 0908 0928 0948 1006 1024 1045 1106 1127 1148 1207 1224 1244 1304 1322 1345 1404 1424 1446
PAVIA  TriestelLongobardi 0622|0639 | 06.58 [07.18| 0745 0806 0825 0851 0909 0929 0949 1007 1025 1046 1107 1128 1149 1208 1225 1245 1305 1323 1346 1405 1425 1447
PAVIA Golg (Polcinico S Matteo) B 0623/(0640 [ 0659 07.19| 07.47 0808 0827 0853 09.11 0931 0951 1009 1027 1048 1109 1130 1151 1210 1227 1247 1307 1325 1348 1407 1427 1449
PAVIA. GolgiTaramell 0623|0640 | 06.59 [07.19| 0747 0808 0827 0853 09.11 0931 0951 1009 1027 1048 1109 1130 ILSI 1210 1227 1247 1307 1325 1348 1407 1427 1449
PAVIA TaramelliFortanini 0624/(0641 [07.0007.20| 07.48 0809 0828 0855 0%.13 0933 09.53 1011 1029 1050 ILI1 1132 1153 1212 1229 1249 1308 1326 1349 1408 1428 1450
PAVIA TaramelliDon. Sangue (AVIS) 0625(06.42{ 07.01 [07:21| 07.49 08.10 0829 0855 09.13 0933 0953 0.1 1029 1050 ILI 1132 1153 1212 1229 1249 1309 1327 1350 1409 1429 1451
PAVIA Ferrata (Tangenzile Ovest) 0626/(0643 [07.02 0722|0750 08.11 0830 0857 09.15 0935 09.55 1013 1031 1052 1113 1134 1155 1214 1231 1251 1310 1328 1351 1410 1430 1452
PAVIA  Ferrata (Mondinc) 06.43 | 07.02 0830 1251 1452
PAVIA  Ferrata/Cascinarza 0643 | 07.02 0831 152 1452
PAVIA_ Gilotto (Green Campus) 06.45 | 07.04 0833 12354 1454
PAVIA Cascinazza (Campus Aquae) 06.46 | 07.05 0834 1255 1455
PAVIA. CascinazzalMaugeri 0627 o0723[ 0751 0812 0858 09.16 0936 0956 1014 1032 1053 1114 1135 1156 1215 1232 13011329 1352 1411 1431

PAVIA Mauger (sc Maugeri 0628/(06.47 [ 07.06 | 0724| 07.52 0813 0835 0859 09.17 0937 0957 1015 1033 1054 ILIS 1136 1157 1206 1233 1256 1312 1330 1353 1412 1432 1456
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Multimodal schedule-based routing

Definition 2 (Journey)

A journey J € J is defined as a sequence of trips and transfers.

Definition 3 (Domination criteria)

J1 <X J: journey J; dominates journey Jo, if J; is no worse in any criteria
(time and/or number of transfer) than journey Js.
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Routing queries

Definition 4 (Earliest Arrival Problem)

Given a source ps and a target p: stop, a departure time 7 we have to find a journey J
that departs from ps no earlier than 7 and arrive in p; as soon as possible.
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Routing queries

Definition 4 (Earliest Arrival Problem)

Given a source ps and a target p: stop, a departure time 7 we have to find a journey J
that departs from ps no earlier than 7 and arrive in p; as soon as possible.

Definition 5 (Multi-criteria Problem)

Given additional criteria, such as the number of transfers, we have to find the Pareto
set of undominated journeys.

Definition 6 (Range Problem)

We have to find all journeys within varying departure times.

In this project, we focus on:

Definition 7 (Allpairs Earliest Arrival Problem)

Given a subset of stops @ C S and departure time 7. we have to find for
every pair ps, pr € Q the earliest arrival time from ps to p; leaving from
ps no earlier than 7. We want to compute both the arrival time and the
whole journey.
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State of the art on Multimodal Transit Routing

Modeling schedule-based networks: [PSWZ08]

Introduction of RAPTOR [DDP*13, DPW15], which
outperformed previous Timed Dijkstra algorithms

@ Three criteria routing optimization: [PS22]

OpenTripPlanner (analytics version v1.5, Java-based)
https://www.opentripplanner.org/

@ Online sketch route planning for fare optimization:
[CBvdL17, CS19].
On GitHub, spin-off of OpenTripPlanner:
https://github.com/conveyal/r5


https://www.opentripplanner.org/
https://github.com/conveyal/r5
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RAPTOR in a nutshell

@ The RAPTOR algorithm is designed for one-to-many queries, and it
is optimized for one-to-one query.

@ The RAPTOR algorithm runs in rounds: At each round k, it finds
the earliest arrival time to every stop by taking at most k trips, i.e.,
(k — 1) transfers.

@ The RAPTOR algorithm associates with each stop p a multilabel
(mo(p), 71(p), ..., 7k(p)) where 7;(p) represents the earliest known
arrival time at p with up to i trips.

@ Example:
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VelociRAPTOR

@ We focus on the All-to-All Earliest Arrival Problem for all the
journeys in the time period [startTime, endTime], with at most
k transfers.

@ We solve in parallel (multi-core CPU threads) a sequence of
One-to-All query, following the RAPTOR round-based approach

© We perform aggressive pre-processing while parsing the data from
GTFS file (1 GB, and growing...)

O We keep track of all journeys: e.g., up to 14 GB for Netherlands

© ONGOING: We are anticipating some post-processing analysis to
reduce the output size

@ ANSI C++17 implementation (crucial for managing memory)
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Dataset: GTFS for Estonia, Netherlands, Switzerland

Estonia Netherlands Switzerland

Routes All 2170 2 391 732 107
Buses+Metro 2148 2 236 634 953
Train 22 145 93 799
Trips All 30 311 596 011 808 584
Buses+Metro 29 877 543 792 635 746
Train 434 29 904 169 483
Stops All 15 729 45 345 37 183
Buses+Metro 15 491 43 896 32 080
Train 238 1214 6 018
StopsTime All 695 049 11285190 12 315 599
Buses+Metro 688 501 10 522 046 10 336 282
Train 6 548 308 447 1933 2901

Data sources
Netherlands: https://gtfs.ovapi.nl/
Switzerland: https://gtfs.geops.ch/


https://gtfs.ovapi.nl/
https://gtfs.geops.ch/
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OR in practice: Aggressive Preprocessing while Parsing

@ Parse routes only of a given set of vehicleTypes.

@ Parse trips only of the parsed routes (i.e., filtered by vehicle type) and with
service compatibility.

@ Parse stoptime events only for existing trips, and with a filter on the time
window of interest: we are not interested in stoptime events earlier than
startTime and later then maxTime.

@ Parse and keep in memory only stops which are used by at least a trip (i.e.,
appearing in at least a stoptime event).

Compose the parsed stoptimes into trips (with more than a single stoptime).
Discard the remaining trips.

Aggregate nearby stops into a single one, to reduce the number of One-To-All
queries.

VERY IMPORTANT: during the parsing process, we create new internal
sequential integer IDs, which are mapped to external IDs to avoid
hashtable-based data structures.
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Results for Aggressive Parsing

startTime=7h00 vs maxTime=startTime + X hours

maxTime Estonia  Netherlands  Switzerland

Routes 24 hours 2 170 2 391 732 107
3 hours 1138 2277 138 131
2 hours 1 042 2 235 99 158
Trips 24 hours 30 311 596 011 808 584
3 hours 6 810 115 042 150 110
2 hours 5107 79 155 108 267
Stops 24 hours 15 729 45 345 37 183
3 hours 13 087 43 888 35 039
2 hours 12 522 43 306 34 435

StopsTime 24 hours 695 049 11 285190 12 315 599
3 hours 137 159 1936 728 2 038 256
2 hours 96 516 1 250 476 1 389 795

Effect of train stations aggregation (merged train stops within 250 meters):

Estonia  Netherlands  Switzerland
Stops  Train 238 1214 6 018
Merged 118 503 3161




VelociRAPTOR
°

Parsing and Preprocessing: Runtime in seconds

Parameters: maxTransfers=2, startTime=7h00, maxTime=9.h00

Parsing: runtime in secs to parse the whole GTFS feed

Transfers: runtime in secs to compute all possible transfers between
pairs of stops

All-to-All (2h): runtime in secs, all-to-all queries with max 2 hours

Vehicles Parsing Transfers  All-to-All (2h)

Estonia All 0.25 10.18 25.73
Trains 0.09 0.01 0.04
Netherlands All 6.29 114.83 210.412
Trains 1.74 0.19 0.85
Switzerland  All 5.02 84.62 158.032

Trains 2.28 1.73 8.20
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Multithread Performances, VelociRAPTOR v0.5.0

Laptop DELL XPS 13, i7 11th gen 2.8GHz, 32 GB RAM. Windows 10, compiler
MS-VS2019, standard optimization flags. ANSI C++-17 using std::thread.

Parsing  Transfers  all-to-all (5h) Journeys
Estonia 1 threads 0.10 8.1 157.8 30482773
2 threads 105.3
4 threads 55.0
8 threads 37.2
Netherlands 1 threads 2.33 108.2 1797.4 311951661812
2 threads 1159.8
4 threads 684.0
8 threads 546.8
Switzerland 1 threads 2.5 73.5 1789.9 159246 667
2 threads 569.0
4 threads 446.5
8 threads 421.3
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Back to policy makers: Accessibility Maps

EE NL CH

Max_time = 2h, max walking distance between stations = 1km, max transfers = 2, all means of transport

Disclaimer: these are not official EU results, but rather a test of what the algorithm can do
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Future Works

@ Further scale to larger input size. Target: the Germany GTFS
@ Integration with OSM for walk and bike paths for transfers

@ Improving the performance for One-to-All queries by exploiting
OR techniques with better upper bounding strategies

@ Improving the performance for the sequence of One-to-All
queries (re-use partial information from queries along the

same route)

@ Anticipating accessibility analysis into VelociRAPTOR



QUESTIONS?



(]

@ Matthew Wigginton Conway, Andrew Byrd, and Marco van der Linden.

Evidence-based transit and land use sketch planning using interactive
accessibility methods on combined schedule and headway-based networks.

Transportation Research Record, 2653(1):45-53, 2017.

@ Matthew Wigginton Conway and Anson F Stewart.

Getting charlie off the mta: a multiobjective optimization method to
account for cost constraints in public transit accessibility metrics.

International Journal of Geographical Information Science,
33(9):1759-1787, 20109.

@ Daniel Delling, Julian Dibbelt, Thomas Pajor, Dorothea Wagner, and
Renato F Werneck.

Computing multimodal journeys in practice.
In International Symposium on Experimental Algorithms, pages 260-271.
Springer, 2013.
@ Daniel Delling, Thomas Pajor, and Renato F Werneck.
Round-based public transit routing.
Transportation Science, 49(3):591-604, 2015.

@ Moritz Potthoff and Jonas Sauer.



Ongoing work
.

Fast multimodal journey planning for three criteria.

In 2022 Proceedings of the Symposium on Algorithm Engineering and
Experiments (ALENEX), pages 145-157. SIAM, 2022.

@ Evangelia Pyrga, Frank Schulz, Dorothea Wagner, and Christos Zaroliagis.
Efficient models for timetable information in public transportation

systems.
Journal of Experimental Algorithmics (JEA), 12:1-39, 2008.



	
	Introduction
	
	
	
	
	
	
	

	The JRC case
	
	
	

	Multimodal routing
	
	
	
	
	
	

	VelociRAPTOR
	
	
	
	
	
	
	
	

	Ongoing work
	
	


