Table of Contents

List Of CONLPIDULOLS............onerieeeeeenennnteerieeeeenreeeerensusseeesessesssesesssssassssssssssssessseesses xi
PrEfOCE ..uuennnnenvrnanrteeniiiiicieeeieiteteeetttsssssesassteassassssssssssssnseeeasssssnnnsnnnnnnnnns xiii

Chapter 1: ITSUMO: An Agent-Based Simulator for Intelligent

Transportation SYStemS............eueeeeeeenereeensnnnieniinsnneiicsssecesssnnesesessanenas 1

1.1 Introduction and MOtIVAtION ........ccoooiiiiiiiiiiieieieieeeeee e 1
1.2 Description of the SImulator...........ccocooioiiiiiiirieeceee e 3
1.2.1 Microscopic Simulation Model and Simulation Kernel...................c.ccovne.. 3

1.2.2 Database ModUle...........c.coiveiiiiiiiiiiiee et 5

1.2.3 Output Module: Statistics and Visualization .............ccocevveeereevieiiiecercieceenn, 9

1.3 Control: Traffic Light Agent Module..............ccooovevioiiiiiiieiiiciceeeeecceeeee 10
1.3.1 Greedy Traffic Light AZent ..........cccoovviiieinieceieieeeceeeeeeeee e, 11

1.3.2 Reinforcement Learning-Based Methods..........c.coevvvevveiiiiececieieeeen, 11

1.3.3 Swarm-Intelligence Inspired Signal Plan Choice..........ccocoovverieveriereeeennnn, 13

1.4 Demand ........coccoiiiiiiiiiie ettt s 14
1.4.1 Routing of the Demand ..............c.cccooeoiniinininniirre e 14

1.4.2 Deadlock Handling.............cocoeviiiiniiiiineececcee e 14

1.4.3 Driver Definition .......cococooiiiioiiieieeeeee et 15

1.4.4 Drivers and En-Route Replanning.........c.cccccooeeiiieiiiaiiiicicicieeceeeeeev 16

1.5 Case-Study: Aggregating Intelligence to Traffic Simulation..................c.ccccoo..... 16
1.6 CONCIUSION ...ttt ettt 18
ACKNOWIEAZMENT ...ttt 18
RETEIENCES. ...ttt 19

Chapter 2: A Pattern-Based Framework for Building Self-Organizing

Multi-Agent Systems...............eoueereveercueervuicsrinseeeiueniseccesssesssesssssnenes 21

2.1 INEPOAUCTION ..ottt ettt 21
2.2 JASOF .ottt 22
2.2.1 Main Idea.......ccoooiiiiiiiiinie et 22
2.2.2 JASOF SHUCIUIE......ccuorvirieiieiieiieie ettt ee e ere e eee et 23
2.2.3 TASOF HOUSPOLS ....ooveoeeeceeeeeeeeeeseee s eeeseeene. 27

2.3 Case Study: A Self-Organized Automatic Guided Vehicle..............c..cccvernnnn.e.... 28
231 Main Ida.....c..cviiiiiiiiiecee e 28
2.3.2 Destination AZENt......coocieuiiriieuiereereeti et eteetee ettt re et eeeee e 29

2.3.3 WarehouSe AZENt.......ccoovviiiiiieiirieieeieie ettt ettt 29



Table of Contents

2.3.4 TranSPOTtET AZENL.....coviiuiiuieriiiiiietiie ittt e er et 29
2.3.5 LOCAION AZENT ..ooiiiiiiiiiiiiierie ettt et s 30
2.3.60 EXCCULION ...iiiiiiiie ettt ettt ettt ettt reen 30
2.3.7 System COMPOSIHON ...o.evviiiieiiitiiienee et e 32
2.4 Related WOTK ...c..ooiiiiiiiiiiiie et et 33
2.5 Conclusions and Future Work...........cccocoiiiiiiiiiiiiieec e 33
ACKNOWIEAZMENL .....coiiiiieeii ettt 34
| S (S (5] 116U TSRS 34

Chapter 3: An Agent Methodology for Processes, the Environment,

ANA SEIVICES c.auunnnneeennerinienniriiiierensiinreersicineeatsirtiesassesssssnscassessans 37

3.1 INLFOAUCHION ..oveeiiiiiiieiiieeiett ettt sttt ettt bt e et e snaeenaebeeanes 37
3.2 Background..........cccooiiiiiiiiiii s 38
3.3 Analysis and Design for MAS ......c.cooiiiiiiiiiii s 39
3.3.1 Scenario Description and Early Requirements Analysis........c..cocceeverrnennas 40

3.3.2 Analysis Phase.......cccooouiiiiiiiiiieccn e 43
3.3.3 Architectural DEeSIZN.....c..ccoiiiiiiiriiiiiienieiriene ettt 46

3.3.4 Detailed DeSIZN...c.co.ccveiviiiiiiiiiie et e 49

3.4 Discussion and Future Work..........coccoooiiiiiiiiiniicce, 51
ACKNOWIEAZMENT ... s 52
RE{EIEINCES. ....couviiiiiiiiiiie et 52

Chapter 4: A Role-Based Method for Analyzing Supply Chain

MO ......aennnnnoennriciaiianteioinetricssiiesniiecistensesssssestuessssnsassssssssssanssans 55

4.1 INLrOAUCLION ...cveieiiiiiiiiieiee ettt ettt s et st ae e s e s 55
4.2 Related WOTK .c..coooiviiiiiiiiict e 57
4.3 A Framework of Supply Chain Roles, Responsibilities and Interactions............ 59
43T ROIES . e 60
4.3.2 ReSPONSIDIIITIES .eerveiiiiiiiiiieieetceie et e e 60
4.3.3 INEETACHON. ....eiieitiiieeiit ettt et et sn s ne s 62
4.3.4 An Iustrating EXample ......cccccooviiiiiiiiiiii i 63

4.4 A Method for Analyzing Supply Chain Simulation Models.....................cc........ 65
4.5 Applicability and Validity of the Framework and Analysis Method.................... 65
4.5.1 Analysis of the TAPAS Simulation Model ... 66
4.5.2 Analysis of a Supply Chain Model by Strader et al. (1998)........cccccoveninc 68

4.5.3 Analysis of a Supply Chain Model by Gjerdrum et al. (2001)....................... 70
4.5.4 Discrete Event Simulation of a Food Supply Chain..............c.cococoniininn, 72

4.5.5 Dynamic Simulation of a Short Life Cycle Product Supply Chain................ 74

4.6 Concluding Remarks and Future Work ..........c.cccooiiii 76
RELEIEICES. ...ttt et 77

Chapter 5: Applying Delegate MAS Patterns in Designing Solutions

for Dynamic Pickup and Delivery Problems....................cccueeeieaeunnnenennn. 79
5.1 TNErOAUCHION .ttt et st s 79
5.2 Related WOTK .......ccuoiiiiiiiiiiieiieecccce e 81

vi



Table of Contents

5.2.1 Combinatorial Optimization-Based Approaches for Solving PDP ............... 81
5.2.2 MAS-Based Approaches for Solving PDP.........c.ccoooiiiiiiinie 82
5.2.3 Patterns for MAS ..o e 83
5.3 Delegate MAS Patterns..........cooooiiiiiiiiiiiiicic 83
5.3.1 SMAt MESSAZE .o.uveiuiiiiieii ettt ettt ettt 84
5.3.2 Delegate MAS ..o e 86
5.4 TWO €aS€ STUAIES ....eeeieiiieiiiie ittt ettt e et 88
5.4.1 Personal Rapid Transportation .........cccccoceieeriinieiniie i, 88
5.4.2 Hierarchical Pickup and Delivery ......c..ccoccviiiiiiiniiiceee e, 88
5.5 SOIULOIIS ...oovvieiiieteeie ettt st ettt etae et e st et eteesn e eneeenseennseeasaenseasneas 89
5.5.1 Core Architectural BreakdoWn..........c.coooiviniiniiiiii e 90
5.5.2 Challenges in Designing MAS-Based Solutions for PDP................cccoceueai. 92
5.5.3 Typical Applications of Delegate MAS Patterns............cccoccoevvinincnnnnnn, 93
5.5.4 Personal Rapid Transportation ..........ccccccoivrininiiciieiieeceeee st 94
5.5.5 Hierarchical Pickup and Delivery ........cccccociniiniininiinniiiiie e, 97
5.5.60 DISCUSSION «.eciutiiiiiiiiiitecii et ettt ettt a et eabe e eees 99
5.6 CONCIUSION ...oiiiiiiiiiiiiiiee ettt et e et e et e et e st st e satreesattesnnreeens 100
REFEIENCES. .. oottt 101

Chapter 6: Studying the Impact of the Organizational Structure

on Airline Operations Control................uuuueeeveeevrnneeeeriiisccecreeenennannn. 103

6.1 INtrOdUCHION ...oiuiiiiiiiiiiiiiiii ettt 103
6.2 Background.............ocooiiiiiiiiiiiiiiiiitcee e 104
6.2.1 Work Systems Modeling and Simulation............cc.cecoeevvivriioicniiiiiienn. 104
6.2.2 Airline Operational Control Center Organization ..............c..ccoocvvevveveenn.. 105

6.2.3 Disruption Management............cccovoeviriiiinenieniniee et ere e 107

6.3 Empirical Airline Operations............ccverveireeieieicieinieisieeeeeseeee e 108
6.4 Organizational Structure Performance ASSESSMENt..........c.cccoocveeviiieiicciieenennn. 111
6.4.1 Background and Overall Simulation Architecture ..............c.ccoeevvveeeenennn.. 112

6.4.2 The Simulation Module..........cccccoveiiiiiiniii e, 114

6.4.3 The Visualization Module ..o 120

6.5 Scenario and EXPeriments .........ccocooiioiivioiiiiiiieiiecereeeeeeete e 120
6.5.1 Simulation INPut Data ........cocoovvivirieiiiiiieiccc s 121

6.5.2 Operational Workflow Transformations................occocoeeeeecereoveiceieeerenn 121
6.5.3 MEITICS ...vveeiiiite ettt ettt ettt sttt et ns 122

6.6 Results and CONCIUSION .....oveevvviiieieiiieteee ettt 122
RETEIENCES......oiiiii e 124

Chapter 7: A Multi-Agent System to Study the Internal Displacement

of Passengers and Their Distribution on a Large-Capacity Bus .............. 125

T3 INIOAUCHON ..ottt 125
7.2 ThEe MOEL.......coiiiiiiiiececece et 128
7.2.1 Agents and PasSengers.......ccoeeeeuieeiiiiiiiiiieseseee et 128

7.2.2 Representation of Internal Physical Environment..............ccccocoevvveuennnnen. 131

7.2.3 External ENVIrONMENt.........cocoovoviviiiiiriiieieeecce e 133

vij



Table of Contents

7.3 Simulations and ReSultS.......oooooomiiiriiiiiiiee e 134
7.3.1 Modification of the Entrance/Exit POIICIES .......eeeveieviiiiiiiiiieieeieceeeeeen 136
7.3.2 Modification of Seats Distribution ..........cccccocovviioviniiieeie e 141
T4 CONCIUSIONS ..ccoveieeeiieiiieeee ettt e e e e e e e e e e e e e e s s e e e e snnnnreaenaas 145
ACKNOWIEAZMENL ...ttt st 146
RETEIEICES. ... ettt e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e ae e e ee e 146

Chapter 8: Crowd Simulation Applied to Emergency and Evacuation

SCONANIOS .cuu..cuuunvivanririnniirnnncnrirteserensreaniiseseississsosssssssrsansossasssssassane 149

8.1 INITOUCHION ..eiiiiiiiiiiieiee e e et et e e e e s be e s te s e bt e e savaeesneaeassneanee 149
8.2 Related WOTK .......ccoiiiiiiiiiiiiiii e 150
8.3 ModP Pedestrian STmMulator............ccoeiiiieiiii et 153
8.4 Agent Editor MOAUIE ........cociiiiiiiiiiiiii et 154
8.5 Preliminary ReSUILS........cceoiiiiiiiiiiiiiecieie e 156
8.6 Trends and Future WOrk ..........coooioiiiiiiiiiiiccei e 158
8.7 CONCIUSIONS ...oiiieeniietieeiie ettt ettt sttt e e b e seneesareebeeneae 160
ACKNOWIEAZMENL ....ccuiiiiiiiiiiiieie ettt 160
REf@IENCES. ....eeeiiiiii i 160

Chapter 9: Multi-Agent Active Collaboration Between Drivers

ANA ASSISEANCE SYSLEMS «..eeeevvveeerreeenernnnrnrreererrininsnnnerreeessssessnseseenees 163

0.1 INTOAUCHION ...eoiniiiiiiiii ettt ettt st e st et esres s s srn e eanee s 163
9.2 Multi-Agent Architecture for Intelligent Control ............ccoceviiiiiiiiininnnn. 164
0.3 USE CASL ..uveeueeeirieieeiie et cite st ettt ettt st see et e ee e e e e s s s e sane st e e ens 165
9.4 ATCRIEECTUTE. .. ..ceteriiiiiiiiiitete ettt r e ene e 167
9.4.1 The ADAS FUNCHON c..oociiiiiiiiiieie ettt e 168
0.4.2 OMAS .ottt 170

9.4.3 How Does the System WOrk? ..........coooviiiiniiiiciniiiiiec 172

9.5 More technical data..........coovieiiiiiienieii e 173
0.5.1 HAaTAWAIE ....cooveiiiiiiieiie ettt et e 173

9.5.2 SOFEWAIE ...oiiiiiire ettt 173

9.5.3 Communication with SUZY .......ccccciiiiiiiiini e 175

0.6 DISCUSSION ... .oeieiiieeie ettt ettt ie e st eesbetesaresssate s sbas e snaesssrtessanes o 176
9.6.1 Limitations of the Current Study.......c.ccoooviiiiiiniiiiinie 176

9.6.2 Advantages of the Proposed Approach..........ccccccccovvnnniiiinini 177

9.7 Conclusion and Future Developments..........cccccooiiiiiiiiniiiniiiiiinnens 178
ACKNOWIEAZMENL ....coviiiiiiiiieiiieite et 179
RETETENCES. ... ettt et et e e bbb s sbae e sbe e s sar e ens 180

Chapter 10: Computational Traffic Experiments Based on Artificial
Transportation Systems: An Application of the

ACP APPIOACH.....ceuaeeeeeeennnnnnneerereeeerecensrinnrieeeessssssnnetasessessssssnnnnne 181
LO.T INtrOAUCHION ...vviiiiiiiiiiteeiieiie ettt st 181
10.2 Growing Artificial Transportation Systems from Bottom Up.......................... 183
10.3 Modeling Environmental Impacts ...........ccocoeviiiiiinininiiniiiiicic 187



Table of Contents

10.4 Implementation of Intelligent Traffic Clouds .....coooveeeveeeeeeeeeeeieeciieeee e, 190
10.5 Experiments and Validation ..........ccoieiiiii, 192
10.5.1 Constructing Activity Plan for Each Individual ...................o 193
10.5.2 Generating Travel Demand on the Basis of ACtivity ..........ccooeiiiiiinnnnn, 196
10.5.3 Modeling the Impact of Adverse Weather...............c...cooin 198

10.6 CONCIUSIOMS ..vveeiiieiteeeeeerieeeeitttesesrreee e e ettt e e e et eeesaabeeeeeaineeeeeaneaeesssaraeeenaneees 200
ACKNOWIEAZIMENT ...ttt 201
R ETEIICES. oo eeeeeeeereeeeee et eeeeeeree e eesttteeeetsseaeesnbbe e e e sttt e s ettt e e e bt eeeeatateeesabnreesnnees 201

Chapter 11: Implementation of Transit Signal Priority and Predictive

Priority Strategies in ASC/3 Software-in-the-Loop Simulation............. 203

111 INEFOQUCEION «evveeieeeeie ettt e e ettt e e e st e e e e st e e e e e e s et e e st ssata s e nabaeee s 203
T1.1.1 HIL CONCEPL vttt sttt s 204
T1.1.2 STL CONCEPL.urirranreriarerriteseeeeeeceie sttt sttt s 204
11.1.3 Priority Strat@@ies ......c.ccucoviiiiiiiiieiiinieieiiieteie et 205

11.2 ASC/3 Controller and Software-In-the-Loop Applications............cccceeeuenne.n. 206
11.3 Project DESCIIPHON ....cocccouiiiiiriiiiiiiiiicieiiiie e 208
11.3.1 Project NetWOrk........ccoooiiiiiiiiiiitien ettt 208
11.3.2 NO TSP SCENATIO ..ooiiiiiiiiiciiiee ettt et e e e e eaae e eaeeeeens 209
11.3.3 TSP SCONATIO ..ooiiiiiiieiiiiee ettt ettt sttt e e sre e e e etta e e e e e etreeessveeeeens 209
11.3.4 PPS SCONATIO «.ccuvviiiiieiii ittt et e e sttt e eeb e e ebeeseeveeeeaeeenneas 209

T1.4 RESUIES .ovviiiiiiiiieiciiie ettt ettt e e st e s e e sat e e s e e ee e s enneessaneaeees 213
T1.4.1 Travel TIMES ..ccoeeiiiiiiiiiiiiecieee ettt ettt eeette e e e tre e s sane e 213
11.4.2 Intersection PerfOrmance............cocooooveiiiiieiie e 214
11.4.3 Signal Phase Timings ........cccoeeiiiiniieienieiee et 215
11.4.4 Network Performance...........occveevuiieieiie it 215

11,5 DISCUSSION . c..eeiuiiiiiiiieiiecteitie ettt ettt ete et e e aae e eteesaeeeereeenneeeneenaeans 215
T1.5.1 Travel TIMES ...ccuvviiieeiiii ettt 216
11.5.2 Intersection Performance..............ocovvveiveiiiiie it 216
11.5.3 Signal Phase Timings .........c.cccoeoiminmineiinnineieeeee e 216
11.5.4 Network Performance............cc.oocvevoiiveiiinone e 217

11.6 CONCIUSIONS ...ttt ettt e 217
RETEIENCES. ...t ettt ettt 218

Chapter 12: Mobility Network Evaluation in the User Perspective:

12.1
12.2

12.3
12.4
12.5
12.6
12.7

Real-Time Sensing of Traffic Information in Twitter Messages............. 219
INErOdUCHION ...ttt 219
Social Media as Artificial SENSOTS .........ccovevevieiirieieieieieeceeee e 222
12.2.1 Twitter in Traffic and Transportation domain................cocoeveveveeeevivereneeene. 222
12.2.2 Opinion Mining and Sentiment Analysis in Policy-Making ...................... 223
MethHOAOLOZY .......cociiiiiiiiciiireies ettt 224
Fetching Data........c.cooioiiiiiiiic e 224
Sensing Mobility — Tweet Classification ................coceeeeveveeereeceieeeeeee. 225
Named Entity ReCOZNItiON .....c.ccvoiiieiiiiiiiiiiiiieeciceeeee e 226
Sentiment ANALYSIS ...c.cvevveirieiiiniiiiiciieccccece e 227

x



Table of Contents

12.8  Experiment Setup and Results ..., 229
12.9  Experimental Dataset.........c..oceviiviiiiiniiniiiiniiiiii e 229
12.10 Traffic-Related Tweet Classifier ..........oovvvvvvvveriiiiiiiiiiiiieiieeee s 229
12.11 Evaluation MELIICS .....oovvivieiiiiiieeeeeeeeeeeeeeeeeeeeee et nbesessss s anen 229
12.12 ReSULLS DISCUSSION .....ieviiiiiiiiii ittt e eeee e e e e e e e eene e eeeeeeeeeeaanans 230
12,13 CONCIUSIONS 1rvrireieeeeeeeeeeeeee et et e e e ettt e et e e e eeaeeeseeaeaaeeesseeeaeeseenes 231
RETCTEIICES ..ottt e e e e e ettt e e e e e e e e et e e et e e e e e eseenbanrsrerenaesens 232



