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hOU I'S were lost in traffic congestion on average

8 ; b|”|0n total cost for traffic in 2018

United States traffic statistics 2018:


https://www.statista.com/chart/12855/americas-most-congested-cities/

Causes of Road Congestion
;1. Road bottleneck
2. Traffic incidents
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https://www.nationwide.com/road-congestion-infographic.jsp

PSU ™
Traffic data can help

* Urban planning
* Traffic prediction
* Spatial-temporal databases

Traffic data Road network

Where is the bottleneck?

What if we add a new road?

What if a road is blocked?

Left figure: https://vision-traffic.ptvgroup.com/nl/products/ptv-visum-data-analytics/use-cases/fusion-and-visualization-of-map-data-and-historical-traffic-data/
Right figure: Google maps



https://vision-traffic.ptvgroup.com/nl/products/ptv-visum-data-analytics/use-cases/fusion-and-visualization-of-map-data-and-historical-traffic-data/

PSU e
Collecting real traffic data is NOT EASY

* Problems
* Small-scale: requires extra monitoring devices / privacy
* Inaccurate: many trajectory data points deviate from roads
* Road planning: the road is not built yet

* What we want
* Large-scale traffic data: various driving behaviors and road situations
* High-precision: follow on the road network
* Test planned roads

* Synthetic but simulates realistic driving behaviors and road situations
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GeoSparkSim: Large-Scale Microscopic Road
Network Traffic Simulator

* Scalable
* big traffic trajectories
* big road network

* Microscopic traffic simulation:
* driving behaviors: speed, lane changing, car following
* traffic signals
* traffic rules

* Extensible: customizable driving behaviors

e Traffic visualization



GeoSparkSim

e Related Works
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* Macroscopic Traffic Simulator

 Driving Behaviors

ready...
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SUMO[1] and V.SSIm[Z] Karlsruhe 3D

B Karlsruhe 3D.i .inpx - PTV Vissim (64 bit) 11.00-02 Student Version - X
File Edit View Lists BaseData Traffic Signal Control Simulation Evaluation Presentation Scripts Help

ODPEAB. &~ !ﬁ Q. » pl B _ Paseat . Startpage v,

etwork Obje Network Editor ax

. . . . = e 10 ~ | seiectayout.. CPEOE OBRD QR BAQE» $Ob K @ HE
- Microscopic Traffic Simulator - | e g

- Reduced Speed Are
n Priority Rules | son » * Siimnadbewri:
@ Stop Signs | i i ot Mo fior conmm

||%] Ele Edit Settings Locate Simulation Windows Help Signal Heads A
| @ oo m || mme: N | coe ms: [ 1023 |=| mVd  Detectors O
@ AR/ Pfeavors @ Vehicle Inputs | . ‘ g
o Vehicle Routes | | S eyt
C J o TV = Vehicle Attribute De | Mot fior comn
> ¢ P ¢, Al
0= - Parking Lots l:l
5 f B Public Transport Sto l:] : N
. 5 M PublicTransporttin ] :
3 e ' e # Nodes l:l S
‘ Data Collection Poi |
X FSALEN d () Vehicle Travel Times |
P(;"l \ I 5 L Queue Counters
= ) “.H" Rz it Elaw Rindles mY 7 s gl
m 3= a Network O... Levels Backgrounds )
o (=% L
3 Ji 4 b
; . \
b
L = \

r E Quick View Smart Map \ wimedkeymiti; » Simnaberii; 3

15:50:46.20 76.2 76 +0 0.3 (25)

Manor

‘osm.sumoctg’ loaded. w5 » 7




ARIZONA STATE
UNIVERSITY

MATSim[1]

 Parallel traffic microscopic simulator

MATSim GUI from example project

Tools

You are using MATSim version: MATSim-Build: r2e52cf1f54a31596d20f378d536f9dd7a0a860bb (2018-08-25 23:06:50)

You are using Java version: 1.8.0_111; Oracle Corporation; mixed mode; 64-bit

Java Location: lusr/lib/jvm/java-8-oracleljre/bin/java

Configuration file: 'lfu."Download5."re|ated‘.“."orksfvia—sampledatar‘zurlch-pseudc»"conflg.xrnl‘ v Choose Edit...
Filepaths must either be absolute or relative to the location of the config file.
Output Directory: tishanfu/Downloads/relatedWorksivia-sampledata/zurich-pseudo/output v Open Delete
Memory: [1024 | mB

Stop MATSIim
I W‘ Warnings & Errors '
2019-04-03 12:49:17 311 INFO Counter:61 [PopulationWriter] dumped person # 2048

2019-04-03 12:49:17,718 INFO Counter:61 [PopulationWriter] dumped person # 4096

2019-04-03 12:49:18 471

2019-04-0

2019-04-03 12:49:18

825

312:49:18,843

INFO Counter:61 [PopulationWriter] dumped person # 8192
INFO PopulationWriter:139 Population written to: /output/ITERS/it.0/0.plans.xml.gz

2019-04-03 12:49:18,825 INFO Counter:67 [PopulationWriter] dumped person # 10000
2019-04-03 12:49:18,825 INFO PlansDumpinglmpl:92 finished plans dump
2019-04-03 12:49:18,825

INFO ControlerListenerManagerimpl:229 calling notifyBeforeMobsim on org.matsim.core.population.Vs| |

INFO ControlerListenerManagerimpl:232 [it.0] all ControlerBeforeMobsimListeners called.
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Transims [1], ParamGrid [2] and SMARTS [3]

- Computing Resource

Number of workers required |1 Apply

Number of connected workers |1

* Distributed Microscopic Simulator

& Show road network graph

Show map image in background

Time: 0 day 0 hours 10 minutes 10 seconds. Speed-up: 10.66. @ @
Road map areas
( ) Afghanistan = Locate
Albania
RESET Algeria
= % & American Samoa
.- '
Ly — Andorra
L] R
l b Angola
.
Anguilla
. | T s 3
) ' r Antigua and Barbuda
. L]
. ; “ j e 5 Javadarsmartsjar Argentina
1 File Edit View Search Terminal Help
L. . ] . step 3020 Avemmmin <
L ‘ B step 3021
ing step 3022
—— E h 2
- r ZSE 3833 Import roads from OpenStreetMap file
1 » step 3025
step 3026
| - ing step 3027
ing step 3028
. ~ - step 3029
[ | step 3030
a step 3031
R M step 3032
step 3033 -
Eretos Miscellaneous Settings
- step 3035
step 3036 o . X X X
step 3037 time Control @ Drive on left Drive on right
step 3038
step 3039 PAUSE STOP s
step 3040 Foreground route fi Change
step 3041 - 1000
step 3042 m =
step 3043 0 Background route fi Change
step 3044
step 3045 Additional ? R
step 3046 No. of random background private vehicles |100
tzg ST Show vehicle detail [Type v
step 3649 o No. of random background trams (if applicable) |5
step 3050 raffic display |Vehic... | v
step 3051 R
step 3052 No. of random background buses (if applicable) |5

step 3053

Max number of steps | 18000
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Comparison GedSinarkSim

* Brinkhoff, BerlinMOD Driving behaviors

« SUMO, Vissim Scalable
« MATSIm Workload balancing

* Transims, ParamGrid, SMARTS Spatial distribution over time

Large-scale data analytics in Apache Spark and GeoSpark
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Architegtu re

Microscopic traffic generating Visualized

Traffic [ Lane } { Car } _ raffic
Context : . :
lights changing following

Simulation-aware vehicle partitioning
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VehicleRDD

[ VehicleRDD status initialization ][ Route generation ]

=

Vehicle Road network | | ==——---
Simulation
[ Driving model ][ Attributes ] LinkRDD { SignalRDD J request
N Y
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Distributed Architecture

o __________MhpacheSpark______________
I
: —| 1. Process OSM
| 00 -...J Simulation
I 1 ==
: Worker
| R I
; o j o J 1. Process OSM
' 00 L. 00 L. 2. Simulation
: e I (NN N ==
GeoSparkSim | Master Worker
| 1. Handle Request —[=
! 2. Fetch and process OSM J 1. Process OSM
. 3. Vehicle Generation oo ... JJ2. Simulation
| 4. Simulation Norkor
1 5. Visualization
I



FSi
Architegtu re

ARIZONA STATE
UNIVERSITY

Microscopic traffic generating

Traffic [ Lane } {
Context ) )
lights changing

Car
following

- =

Simulation-aware vehicle partitioning

. =

VehicleRDD

[ VehicleRDD status initialization ][ Route generation ]

Visualized
traffic

Road network

LinkRDD [ SignalRDD ]

Vehicle
[ Driving model ][ Attributes ]

S Ahfj

o
S~

Simulation
request

GeoSpark & Spark
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Road Network

GeoSparkSim v0.0.1 (33.42 /-111.93) - Zoom: 5

GeoSparkSim
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| g g Generating vehicles... 4
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y § ‘.;-1 Finished preprocessing! Total time: 48 seconds
H 3 %, Begin Simulation... |
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Road Network

<?xml version="1.0" encoding="UTF-8"7?>
<osm version="0.6" generator="Overpass API">

<node id="1" [at="33.4231268" lon="-111.9304264">
<tag k="highway" v="traffic_signals"/>

</node>

<node id="2" lat="33.4245016" lon="-111.9275146" />

<way id="1">
<nd ref="1"/>
<nd ref="2"/>
<tag k="highway" v="primary"/>
<tag k="lanes" v="8"/>
<tag k=“oneway” v="no”/>
</way>

</osm>

Node: {

ID: 1,
Latitude: 33.4231268,
Longitude: -111.9304264,
Tags: {
tag1: {
key: highway,

value: traffic_signals

2
tag2: ...

}

Node

ID: long

Tags: array

element: struct

key: string
value: string

Latitude: double

Longitude: double

Way: {

ID: 1,
Nodes: {
node1: {
index: 1,
nodelD: 1

},

node2: {
index: 2,
nodelD: 2

}
b
Tags: {
tag1: {
key: highway,
value: traffic_signals
b
tag2: ...

}

Way
ID: long
Tags: array
element: struct
key: string
value: string
Nodes: array
element: struct
index: integer
nodelD: long
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Road Network

Fetch OSM Node

RDD1
: HDFS
T f
4> Transformation . / Node. parquet
RDD2 alarrame Way.parquet
¥ Operations
Road Network Graph
linkRDD RDD3

signalRDD — = = — = =
= = = = = =

| | | | | |
GeoSpark & Spark
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Architegtu re

Microscopic traffic generating Visualized

Traffic { Lane } [ Car } _ raffic_
Context : ] :
lights changing following

Simulation-aware vehicle partitioning
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VehicleRDD

[ VehicleRDD status initialization M Route generation ]

Vehicle

[ Driving model ][ Attributes ] LinkRDD SignalRDD
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Vehicle

Black box: field

Red box: method _ Source
getLinkByHead Uniform

Vehicle headWayCheck - A

ID: String basicMovement Distribution

Source: Coordinate | PON * Vehicle ID

Target: Coordinate . S -

EdgePath: Long Array ource coorainate

Costs: Double Array
FullPath: Coordinate Array
Front: Coordinate

Rear: Coordinate

 Destination coordinate

« Compute path trajectory

edgelndex: int * Array of link ID
carLength: 3
currentLane: int  Array of link distance cost

isArrive: boolean
currentLink: Link » Other attributes (car length, etc)
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Architegtu re

Microscopic traffic generating Visualized
Traffic Lane { Car } _ raffic_
Context ) . :
lights changin following

Simulation-aware vehicle partitioning
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VehicleRDD

[ VehicleRDD status initialization ][ Route generation ]

LinkRDD SignalRDD

o

Simulation
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Vehicle to VehicleRDD

Thread-level Parallelism

fr) Write vehicle

(g) @ \5 ...  JSONfiles
- » » VehicleRDD

Read and model

Request Thread 1 Thread 2 Thread 3
100k Vehicle

List of Vehicles -> vehicle JSON -> VehicleRDD
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Simulation

g Timing (say, every 1 second)

Simulation Period gir;;;ation ﬂ ﬁ a a

LinkRDD _ : ,
SignalRDD 1. Check nearby ob!ects Signal
| 2. Update acceleration Vehicle
VehicleRDD 3. Check lane change
4. Update new coordinate
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Workload Distribution

Partition Assign
simulation temporal s-ll-renr[}f;?r g:]
task partitions
oo L]
1000 _H
Master

Temporal simulation task
(Give me 1-hour traffic data in this region)

1st quarter 2d quarter 3rd quarter

o0

-

Worker

Temporal simulation

Temporal simulation

Temporal simulation
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Spatial Resilient Distributed Dataset

VehicleRDD LinkRDD SignalRDD
Vehicle-1 V1

\.

Vehicle-2 ¢l e

Link-1 Signal-1

Link-2 Signal-2

o
Vehicle-n ® e e ¢

Link-n

Signal-n

Data Space -> Space-partitioning Tree

Apply same partition to linkRDD and signalRDD
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Spatial Workload Distribution

QLoad balanceﬁt =
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Partition by road network Partition by vehicle density
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Spatial Workload Balancing
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How to do spatial partition in
the simulation?

Vehicles are moving!

Source coordinate?

Planned route?
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Partition by Source coordinate

v | ey

P1

P2

P3

Update
P1: V1 » P2: V1

Message exchange, inefficient!
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Partition by planned routes

V1

P1

P2

P3

Minimum Bounding Rectangle
(MBR)

P1: V1
P2: V1
P3: V1

Routes are too long
Overlaps, intersections!
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Spatial Workload Balancing

e S
P1 P2

S
P3

Update partition by spatial distribution over time!

Repartition

P1
P2
P2

2 min

] Simulation

] Simulation

] Simulation

P1
i P P3




BSU e
Spatial Resilient Distributed Dataset

Data Space -> Space-partitioning Tree

VehicleRDD LinkRDD SignalRDD
—_
oo

Spatial Proximity — / Zip Partitions

Run local Simulation
in parallel
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Architegtu re

Microscopic traffic generating

[ ] [ Traffic ] Lane ] [ Car
Context ) . :
|IthtS changin followin

- =

VehicleRDD status initialization || Route generation

Visualized
traffic

=+ 9dejdlul J3sn diydeso L

Simulation
request
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Simulation

Zipped vehicleRDD, linkRDD and signalRDD

‘ Parallel
Temporal , ,
Simulation
Iterations Lane Change

‘ StepReports

Simulation-aware repartition

Zip
Simulation Period

LinkRDD » ‘

SignalRDD G

Temporal

VehicleRDD Simulation  WeETgiiilely Update RDDs last status

lterations

GeoSparkSim Vehicle

Write Step Reports to file in each iterations
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Visualized Traffic Data

GeoSparkSim &

W Lt S
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CeoSparkSim v0.0.1

~ Run in Apadhie Spark
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lime per Step: 1
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Oulpul Palh: Fdls:Mersl (9307 adse. 2

i Aun Simulation Show Visualization |
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e Related Works

e Architecture

« Simulation

GeoSparkSim

e Performance

e Use
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Cluster: One master and four worker

e = =3 =)
e £ = =)

= = == =

Machine: 48 cores, 100 GB memory, 4TB HDD
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Parameters

Number of vehicles (thousand) 100, 200, 300
Time step (second) 1,0.8,0.6,04,0.2
Simulation period (minute) 10, 30, 60, 120
Number of Partitions 1000, 1500, 3000

Repartition period (minute) 1,2,4,8
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The Number of Vehicles

Number of Vehicles: 100k, 200k, 300k
Time Step: 1 sec

Simulation Period: 10 min

Repartition Period: 2 min

Number of Partition: 1500

25

20
20 16.8

15
)
2 10 8.5
5 I
0

Number 100k  Number 200k  Number 300k

m Output Size (GB)

©

Seconds

Simulation, temporal
partition, output size
linear increase

1800

1586
1600
1400
1200
984
1000
797
800
600 487
419
400
200 136 I
o N
Number 100k Number 200k Number 300k

m Simulation Time (sec) m Temporal Partition Time (sec)
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Simulation Period

Number of Vehicles: 100k Linear increase

Time Step: 1 sec
Simulation Period: 10, 30, 60, 120 min 7w

6184
Repartition Period: 2 min 6000
Number of Partition: 1500 5000
2 4000
L2b 102.2 § 3105
100 & 3000
2191
80 2000
fa'a) 1483
o 60 >l 1075
40 25.5 1000 487 519
20 85 136
0
0 10 min 30 min 60 min 120 min
10 min 30 min 60 min 120 min
Simulation Time (sec) Temporal Partition Time (sec)

Output Size (GB)
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Time per Steps

Linear increase
Number of Vehicles: 100k
Time Step: 1, 0.8, 0.6, 0.4, 0.2 sec
Simulation Period: 10 min
Repartition Period: 2 min

726
672
622
600 S
Number of Partition: 1500 s0 47
- 400
14
12
10 300 256 275
8 200 185 210
136
- I I
T|meStep TlmeStep TlmeStep T|meStep TlmeStep 0

TimeStep1 TimeStep 0.8 TimeStep 0.6 TimeStep 0.4 TimeStep 0.2

800

700

Seconds

(o]

oN B O

m Output Size (GB) m Simulation Time (sec) m Temporal Partition Time (sec)
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The Number of Partitions

Number of Vehicles: 100k

Time Step: 1 sec

Simulation Period: 10 min 700
Repartition Period: 2 min 600

Number of Partition: 1000, 1500, 3000 o
More parallelism and 100 I I - =
more data shuffle costs 0

Partitions 1000 Partitions 1500 Partitions 3000

Seconds
o o

m Simulation Time (sec) m Temporal Partition Time (sec)
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Repartition Period — Temporal

Number of Vehicles: 100k
Time Step: 1 sec

Simulation Period: 10 min
Repartition Period: 1, 2, 4, 8 300
Number of Partition : 1500

708
00 602
487
Increases repartition times . .
leads to longer partition time. 237 »
Decreases repartition times " I 136 I
causes unbalanced workload 0 I

1 min 2 min 4 min 8 min

1200

1007
1000

Seconds

o

m Simulation Time (sec) m Temporal Partition Time (sec)
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Sumo and GeoSparkSim

Number of Vehicles: 1000

Time Step: 1 sec o o
Simulation Period: 1 min 400

1200
1000

800

Seconds

600

Scalability 200

200

296

28 12

Preprocessing Simulation

Sumo GeoSparkSim
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Smarts and GeoSparkSim

100K vehicles, 1 sec time step,

Simulation Period: 10, 30, 60, 120 min

Setting: 4 machines

Simulation period

Sveedup = - ; 5
p p Simulation time
Speed Up
1.4
1.2 1.23 1.21 s
1 0:95 0-94
0.8
0.6
0.4
0.2
0
10 min 30 min 60 min
Smarts GeoSparkSim

8000

7000

6000

5000

4000

Seconds

+16
095 3000

2000

1000

120 min

Workload balancing over time

Simulation Time

7589
6184
3822
3105
1888
1483
493 487
10 min 30 min 60 min 120 min
Smarts GeoSparkSim
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Conclusion

- Scalable — 100X faster > single-machine solution, 20% faster >

multiple-machine solution
« Comprehensive — Easy to use
« Extensible — Driving model abstraction

 Large-scale data analysis — with other GeoSpark components



DEMO
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Simulation-aware Partition

Zipped vehicleRDD, linkRDD and signalRDD

‘ Run simulation in parallel

StepReportRDD (vehicle, signal)

‘ Get last position and status

Partition _ Zip partition
iteration RecoverTuple (vehicleRDD, signalRDD)
‘v Repartition
VehicleRDD EdgeRDD SignalRDD

Edge-1 Signal-1

Edge-2 Signal-2

Vehicle-1
- Vehicle-2
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Parallel Microscopic Simulation

Input: TrafficLights, Link, Vehicle

1.

Initialize light and vehicle

2. Run simulation steps

Eltﬁsg Time Complexity Spatial Partition: P
Vehicle: V NS +VC0)
Signal: s N(S+CV) —— p
Driving: C

: . -
« Loop simulation Steps% Parallel computing parti from 0 ->p

N(S+VC)

« Update traffic lights NS

 Loop vehicles N(S+V
* If vehicle not arrive ( )

* |f arrive, reborn vehicle
End, collect step reports

Get closest vehicle and traffic light
Update velocity (IDM)
Remove vehicle from lane
Compute position by velocity and update vehicle info
Born vehicle
« Check lane change (MOBIL)
« Compute coordinate by position and lane
« Update venhicle to map



