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Theoretical Motivation 

• Integration of space and time generates much closer 
interactions among social sciences (Goodchild et al., 
2000; Goodchild, 2006). 

• Treatment of spatial and temporal factors will 
determine how the reality and the theoretical 
framework are examined (Ye & Carroll, 2011; Ye & 
Rey, 2013). 



Methodological Motivation 

• Imperative need for effective and efficient methods 
to represent and examine the coupled space-time 
attributes of socioeconomic and human dynamics 
phenomena in the comparative context (Janikas, 
2007; Rey & Ye 2010; Ye & Rey, 2013; Ye et al., 2014). 
 



Anselin (2011): three important aspects 
that stimulated spatial analytical software development in the 21st century 

• the role of methodological innovations in both 
exploratory and confirmatory analysis. 

• the role of the open source software movement in 
stimulating new development and broadening the 
community of developers and adopters. 

• the role of the internet, in the form of web-based 
spatial analysis, spatial analytical web services, and 
the advent of a scientific cyberinfrastructure for 
geospatial analysis. 



User-led Innovation 

• Open source represents a paradigm shift in 
geospatial research that has facilitated collaboration 
across disciplines. 

• The development of open source GIS packages has 
been boosted. However, open source projects in the 
areas of advanced spatial analysis are very few (Rey 
& Anselin, 2007; Rey, 2009; Ye & Rey, 2013). 



STARS: Space Time Analysis of Regional Systems 



X: per capita income relative to national mean 
Y: spatial lag 



PySAL: Open Source Python Library 
for Spatial Analytical Functions 







Spatiotemporal Analysis and ABM 

 Agent-based model (ABM) is one of a class of computational models for 
simulating the actions and interactions of autonomous agents (both individual or 
collective entities such as organizations or groups) with a view to assessing their 
effects on the system as a whole. (Wiki) 

 

 Each node and link in the networks are individual agents. 

 

 The overall networks is the system as a whole. 

 

 Diffusion is the interactions in the space-time-network context. 

 

 Rule development and result verification using space-time analysis. 

 



Overall Research Design of Space-Time-Network Tool 
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Network Specifications 

• Size 
– # nodes 

– # links 

• Hierarchy 
– # tiers 

– # level 1 opinion leaders 

– # level 2 opinion leaders 

– ….. 

• Communities 
– # communities 

• Connectivity 
– Connectivity index 



Model Agents 

• Agents 

– Nodes 

• e.g., Twitter accounts 

• e.g., Opinion leaders 

• e.g., Community interfaces 

– Links 

• e.g., Re-tweet 

• e.g., Passage/Blockage 

– Observer 

• e.g. Statistical summaries 
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Agent 
Behavior Rules 



Agent Rules 

• Behavioral rules 

– Tier 1/Tier 2/Tier 3 opinion leaders 

• e.g., Probabilities for retweeting  

• e.g., Received messages 

– Links 

• e.g., Passage 

• e.g., Blockage 

– Communities 

• e.g., Connectivity 
Simulate and monitor the step-by-step process that a meme would 
flow from “opinion leaders” (the hubs of the network) to “followers” 
(those connected to the hubs directly or indirectly) in the network. 

Agents: 
Nodes, Links 

Observers 

Agent 
Behavior Rules 



Tool 0.1 



Network Simulator – V1 
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• Four examples for different types of networks 
• 1 : Random network 
• 2 : Star topology-based network 
• 3 : Endos – Renyi random network 
• 4 : Directed graph network 
• Combinations? 



Network Simulator – V2 

                                                                           • Implemented so far 
• Import and visualize shape files (.shp file) on canvas. 
• Simulate networks on user defined parameters. 
• Import and visualize real world twitter data. 
• Perform text analysis on the twitter data. 



Plot real world twitter data 
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4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>43.03823 -87.9434 Milwaukee, WIUnited States16726631 0 1 2.21E+08 SchroederSpeakJohn Schroeder TRUE 537 642 @fm1021 Soundcheck Session w/@twentyonepilots (at @The_Rave / Eagles Club in Milwaukee, WI) http://t.co/BgHLm6n4RY http://t.co/uc25aGO7oh

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>34.04836 -84.5988 Kennesaw, GAUnited States 0 0 13871082 wfowlkes Will FowlkesKennesaw, GA, USATRUE 1537 1999 Working out with Zac! (at @Youfit Health Clubs in Kennesaw, GA) http://t.co/bAfWPGHlox

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>42.51984 -92.4555 Cedar Falls, IAUnited States 0 0 14852278 Naanad Naanad Cedar Falls, United StatesTRUE 560 730 Time for some R &amp; R! (@ Perdition's Gate in Cedar Falls, IA) http://t.co/16yuC9bG7N

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>28.0043 -82.4482 Tampa, FL United States 0 0 15818129 GaytorKen1Ken Key ÃœT: 27.993974,-82.453021TRUE 476 884 I'm at Ken &amp; Dave's Bucs Oasis in Tampa, FL http://t.co/QyJTaXy0Vt

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>43.08281 -88.3628 Hartland, WIUnited States 0 0 15674417 charlesrathmanncharlesrathmannHartland, WITRUE 552 1006 I'm at Hartland Conservatory of Music in Delafield, WI http://t.co/G6wXIo2KDI

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>40.26327 -80.1315 Thompsonville, PAUnited States 0 0 2.51E+09 kopitarus Shelby The 412 via the 716.TRUE 158 463 I'm at @PaneraBread in Canonsburg, PA http://t.co/yrDQ0Ef8vE

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>41.91037 -87.6881 Chicago, ILUnited States 0 0 26016096 ChandlershereChandler CollinsLogan Square, Chicago TRUE 296 406 I'm at @RangoliFeast in Chicago, IL http://t.co/XnBzYw7oA1

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>33.58447 -111.923 Scottsdale, AZUnited States 0 0 15285490 OliviaWilderOlivia WilderAZ and CA TRUE 7820 2209 I'm at Harkins Theatres Shea 14 for The 100 Year Old Man Who Climbed Out the Window and Disappeared http://t.co/KRtzMdGlzk

4sq <a href="http://foursquare.com" rel="nofollow">Foursquare</a>44.90976 -89.5969 Weston, WIUnited States 0 0 1.32E+09 cl_hutton Carrie HuttonWausau TRUE 342 829 Monthly GNO time. (@ Basil in Weston, WI) http://t.co/rZ2OljHAiQ



Classical networks 

• Implemented classical networks (SNAP 
Networks) 

– GenRndGnm: 
• Generates an Erdos-Renyi random graph of 

directed type. 

– GenForestFire: 
• Generates a random Forest Fire, directed 

graph with given probabilities. 

– GenStar: 
• Generates a graph with star topology. It will 

have a node connected to all other nodes of 
the network. 

• More implementations are planned 



Simulated Network 

Nodes only 

 avoids crowded display 

Colors represent communities 

 connectivity depends on connections between communities 



Text Analysis  



Demo (Sandbox) 


