Contents

1 Spatial Network Big Databases: An Introduction. . .. ............ 1
1.1 Spatial Network Big Data .. ........... ... ... ... ......... 1

1.2 Application Domain. . ............ .. ... .. ... ... ... 2

1.3 Spatial Network Big Database Management Systems. . ......... 2

1.4 Computational Challenges . .. .......... ... ... .. .. ...... 6
References . . ... .. . 7

2 Basic Graph Algorithms. . .. .......... .. ... ... ... ... ...... 9
2.1 A Brief Introduction to Graph Theory...................... 9
2.2 Network Representations . .. ........... ... ... ... ... ...... 9
2.2.1 Node-Node Adjacency Matrix ...................... 10

2.2.2 Node-Edge Incidence Matrix . ...................... 10

223 Adjacency List.............. ... 11

224 Forward Star......... ... ... ... 12

23 Shortest Paths . ... ... .. .. .. 12
2.3.1 Single-Source Shortest Path (SSSP) . ................. 13

2.3.2  All-Pairs Shortest Paths (APSP) . .. .................. 14

2.4 Block Decomposition. . . ............o i 15
2.5 Maximum Network Flow. .. ... ... ... ... .. .. .. ... .... 16
2.5.1 Augmenting-Path Algorithm........................ 16

2.5.2 Push-Relabel Algorithm ... ... ... .. .. .. ........ 18

2.6 Bipartite Weighted Matching . ... ....... ... ... ... ... ... ... 19
2.7 Graph Partitioning . . ... ......... ... 22
References .. ... ... 24

3 Capacity Constrained Network Voronoi Diagrams .............. 27
3.1 Introduction . .......... ... ...t 27
3.1.1 Application Domains .. ............. ... ... ........ 27

3.1.2 Problem Definition. ... .......... ... ... ... ........ 28

3.1.3 Problem Hardness. . ............. ... .. .. . ... .... 29

ix



Contents

3.1.4 Literature Review. .. ... ... ... ... ... ... .. ... ..... 30
3.1.5 Outline of the Chapter . .......... ... ... ... ........ 31
3.2 Algorithms for Capacity Constrained Network Voronoi
Diagram. ... ... ... 32
3.2.1 Pressure Equalizer (PE) Algorithm................... 32
3.2.2 PE-BTCC Algorithm . ............. .. ... .. ........ 35
3.2.3 PE-Minor Algorithm. .. .......... .. .. .. ... . ... 42
3.3 Case Study with Brooklyn, NY Road Network . .............. 43
34 Summary . . ... 44
References . ... ... ... 44
Distance-Constrained k Spatial Sub-networks . ................. 47
4.1 Introduction .. ... ... ...t 47
4.1.1 Application Domain . .. ........... ... ... ... ....... 47
4.1.2 Problem Definition. . ............. ... ... ... ... .... 48
4.1.3 Problem Hardness. .. ............ ... ... .. ... ..... 49
4.14 Literature Review. .. ... ... ... .. ... ... ... .. .. ... 49
4.1.5 Outline of the Chapter .. .......................... 50
4.2 Algorithm for Distance-Constrained k Spatial Sub-networks . . . . . 50
4.3 Case Study with Chicago Road Network. ................ ... 54
4.4 SUMMATY . . . oottt e e e 54
References ....... .. ... . 55
Evacuation Route Planning . . .. ................. ... ... .. ... 57
5.1 Introduction . .......... ... .. it 57
5.1.1 Application Domain............. ... ... ... ........ 57
5.1.2 Problem Definition. ... ........ ... ... ... ... ..... 58
5.1.3 Literature Review. ... ... ... ... ... ... .. ... ... 58
5.1.4 Outline of the Chapter . .......... ... ... ... ........ 59
5.2 Algorithms for Evacuation Route Planning .. ................ 60
5.2.1 Capacity Constrained Route Planner Algorithm ......... 60
5.2.2 Dartboard Network Cuts for Evacuation Route
Planning Algorithm .. ........ ... ... .. .. ........ 62
5.3 Experimental Analysis.............. ... 67
5.3.1 Experiment Design........... ... ... ... ... ... .... 68
5.3.2 Experimental Results and Analysis. . ................. 69
54 Summary .. ... 71
References .. ... ... ... . 71
Storage Schemes for Spatio-Temporal Network Datasets . ........ 73
6.1 Introduction........... ... .. ... . 73
6.1.1 Application Domains .. ............. ... ... ........ 73
6.1.2 Basic Concepts. . .. ....ovi e 74

6.1.3 Problem Statement . ... ............. .. .. ... . ...... 77



Contents Xi
6.1.4 Literature Review. . ...... ... ... ... ... ... . ... .... 77

6.1.5 Outline of the Chapter . .......... ... .. ... ........ 78

6.2 Lagrangian-Connectivity Partitioning Approaches for SSTN . . . .. 79
6.2.1 LCP-GI1S for LGetOneSuccessor(). ... ............... 79

6.2.2 LCP-GVS for LGetAllSuccessors(). .. ................ 81

6.2.3 Algorithm for LCP-GVS...... .. ... ... .. ... ..... 87

6.3 CostModels. . ....... ... 90
6.4 Experimental Analysis............ ... ... ... .. .. . ... ... 91
6.4.1 Experimental Design ............ .. ... ... ... ..... 91

6.4.2 Experimental Results and Analysis. .................. 93

6.5 Summary .. ... ... .. 96
References .. ... . . 97

T SUMMALY. . .. ... 99
7.1 Capacity Constrained Network Voronoi Diagram ............. 100
7.2 Distance-Constrained k Spatial Sub-networks. . ............... 100
7.3 Evacuation Route Planning .. ............................ 100
7.4 Storage Schemes for Spatio-Temporal Network Datasets. . ...... 101



2 Springer
http://www.springer.com/978-3-319-56656-6

Spatial Metwork Big Databases
Queries and Storage Methods
Yang, K.; Shekhar, 5.

2017, X, 101 p. 62 illus., Hardcover
ISBEMN: 978-3-319-56656-6



	Contents



