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ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ˁʰʽ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄  ʰ˄ˍʾˋˍˇʽ˔ʹ ˁˊʰˍʽˁʺ 
ˎˉʹˊʶˋʾʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉˈ˂ʹˌΦ ʅˍˇ ˉʰˊˈ˄  ˉʰˊʰʵˇˍʷˇ ʻʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˂ˇʽˉˈ˄ ʵˏˇ 
ˁˎˊʾ˖ˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΥ  

ʰύ ʆʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ όˁʰʽ ˋ̱ ʹ˄ ˇˉˇʾʰ ʻʰ ʰ˄ʰ˒ʶˊˈ˃ʰˋˍʶ ʶ˒ʶ˅ʺˌ ˖ˌ άArea-
Profilerέύ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ˍ˂ʺˋˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˃ʽʰ ʴʶ˖ʴˊʰ˒ʽˁʺ ˉʶˊʽˇ˔ʺ ˉˇˎ 
ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʵʽʰʵʽˁˍˎʰˁʱ APIs (ˉΦ˔Φ DƻƻƎƭŜtƭŀŎŜǎ!tL, FoursquareAPI, Twitter API) ˁ ʰʽ  

ʲύ ˍʰ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˁʰʽ ˍʰ ˇˉˇʾʰ 
˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʰˍʶʲʱˋˇˎ˃ʶ ˋˍʹ˄ ˇ˂ˈˍʹˍʱ ˍˇˎˌ ʴʽʰ ˍˇˉʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰΣ ʶʾˍʶ ʰˎˍʱ 
ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʶˉʾˋʹ˃ʶˌ ˉʹʴʷˌ όˍʹ˄ ˁˊʰˍʽˁʺ ˎˉʹˊʶˋʾʰ ˍʹˌ ˉˈ˂ʹˌ ˍˇˎ ChicagoύΣ ʶʾˍʶ ʰˉˈ 
ʵʽʰʵʽˁˍˎʰˁˇˏˌ ˍˈˉˇˎˌ όʵʶʵˇ˃ʷ˄ʰ ˁʰʽˊˇˏ ʰˉˈ ˍˇ WeatherUnderground1ύΣ ˈˉ˖ˌ ˁʰʽ 
ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ ʴ˄˖ˋˍʺ ˎˉʹˊʶˋʾʰ ˉ˂ʹʻˇˉˇˊʽˋ˃ˇˏ ˔ʰˊˍ˗˄ 
OpenStreetMaps2. 

  

                                                           
1https://www.wunderground.com/ 
2 http://www.openstreetmap.org 
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1 Area Profiler 

1.1 ɳʽˋʰʴ˖ʴʺ 
ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ CitySense ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʷ˄ʰ ʶˊʴʰ˂ʶʾˇ ˉˇˎ ˄ʰ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
˂ʺ˕̩́  ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʾʰˌ ˃ʶʴʱ˂ʹˌ ʰˋˍʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ˄ʰ ˁʰ˂ˏˉˍʶʽ 
˃ʾʰ ˇ˂ˈˁ˂ʹˊʹ ˉˈ˂ʹΦ ʆˇˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˊʴʰ˂ʶʾˇ ˉˇˎ ʰ˄ʰˉˍˏ˅ʰ˃ʶΣ ˍˇ 
ʰˉˇˁʰ˂ˇˏ˃ʶAreaProfilerΦ ɶ ʲʰˋʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ AreaProfiler ʶʾ˄ʰʽ ʹ ˂ʺ˕ʹ ˈ˂˖˄ ˍ˖˄ 
ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ (POIs) ˃ʾh̩  ˃ʶʴʱ˂ʹˌ ˉʶˊʽˇ˔ʺˌΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ˃ʷˋ˖ ˍ˖˄ 
ˉʰˊʶ˔ˈ˃ʶ˄˖˄ APIs ˍˇˎ GooglePlaces ˁʰʽ ˍˇˎ Foursquare, ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˉˇˎ 
ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˔ˊʺˋˍʶˌ ˍˇˎ Twitter ˁʰʽ ʷ˔ʶʽ ʴʶ˖˔˖ˊʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ 
ʵʽʰʻʷˋʽ˃ˇ ˃ʷˋ˖ ˍˇˎ TwitterAPI. ɳˉʽˉ˂ʷˇ˄ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ AreaProfiler ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ 
˃ˈ˄ʽ˃ʹ ʰˉˇʻʺˁʶˎˋʹ ʰˎˍ˗˄ ˋʶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ ˉˊˇʲˇ˂ʺ ˁʰʽ 
ʶˉʶ˅ʶˊʴʰˋʾʰΦ ʁ AreaProfilerʁ ʾ˄ʰʽ ʷ˄ʰ webservice ˁ ʰʽ ʶˉˇ˃ʷ˄˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ webserver 
ˈˉ˖ˌ ʶʾ˄ʰʽ ˇ ApacheTomcat̄ ˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʴʾ˄ʶʽ deployΦ ɳˉʾˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ˋˏˋˍʹ˃ʰ 
ʵʽʰ˔ʶʾˊʽˋʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄PostgreSQLΣ ˈˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʱ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 
ˋˎ˂˂ˇʴʺˌ ˁʰʻ˗ˌ ˁʰʽ ˇ ̔̄ ʰˊɦʁ˃ ˍˊˇʽ ̱ ˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

1.2 ɽʶ˅ʽ˂ˈʴʽˇ 
ɱʽʰ ˍʹ ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ ʰ˄ʱʴ˄˖ˋʹˌ ˍʹˌ ʶ˄ˈˍʹˍʰˌΣ ˉʰˊʰʻʷˍˇˎ˃ʶ ˇˊʽˋ˃ˇˏˌ ʴʽʰ ˍʽˌ 
ʲʰˋʽˁˈˍʶˊʶˌ ̫ ˄˄ˇʽʶˌ ˍˇˎ AreaProfiler. 

ʅʹ˃ʶʾˇ ɳ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όPOI): ʃʶˊʽʴˊʱ˒ʶʽ ˃ʽʰ ˍˇˉˇʻʶˋʾʰ ˋˍʹ˄ ˇˉˇʾʰ ˁʱˉˇʽˇˌ ˃ˉˇˊʶʾ ˄ʰ 
ʲˊʶʽ ʷ˄ʰ ˍˈˉˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʷ˄ʰ ˉˊˇʿˈ˄ ʺ ˃ʽʰ ˎˉʹˊʶˋʾʰΦ ʆˎˉʽˁʱ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʷ˔ʶʽ ʰˉˇʵˇʻʶʾ ʷ˄ʰ ˈ˄ˇ˃ʰ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ʰ˄ʺˁʶʽ ˋʶ ˁʱˉˇʽʰ ˁʰˍʹʴˇˊʾʰ3. 
ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˃ˉˇˊʶʾ ˉˊ˖ˍʾˋˍ˖ˌ ˄ʰ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˍˇˎˌ 
ˋˁˇˉˇˏˌ ˍˇˎ ʷˊʴˇˎ ʶʾ˄ʰʽ ʹ ˍˇˉˇʻʶˋʾʰ ˉʱˊˁ˖˄Σ ˋ˔ˇ˂ʶʾ˖˄Σ ʻʷˋʶ˖˄ ˋˍʱʻ˃ʶˎˋʹˌΣ ˎˉʹˊʶˋʽ˗˄ 
ˎʴʶʾʰˌ ˁΦʱΦ 

Crawler: ʅˍˇ ˉʰˊˈ˄ ʷʴʴˊʰ˒ˇ ˇ ˈˊˇˌ crawler ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˃ˇ˄ʱʵ˖˄ 
(modulesύ ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʵʽʱ˒ˇˊʶˌ ˉʹʴʷˌ 
όˎˉʹˊʶˋʾʶˌύ ˋˍˇ ʵʽʰʵʾˁˍˎˇΦ ɱʽʰ ˍˇˎˌ ˋˁˇˉˇˏˌ ˍˇˎ ʷˊʴˇˎΣ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˇʽ crawlers ˃ʶ 
ˍˇˎˌ ˇˉˇʾˇˎˌ ʴʾ˄ʶˍʰʽ ʹ ˋˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

Campaign: ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˈˊˇˌ ˉʶˊʽʴˊʱ˒ʶʽ ˃ʾʰ ʰˎˍˇˍʶ˂ʺ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ˄ 
ˇˉˇʾʰ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʰˊʱ˃ʶˍˊˇʽΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˋˎ˂˂ˇʴʺˌ 
ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰ˄ʰ˂˂ˇʾ˖ˍʶˌ ʴʽʰ ˈ˂ʹ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ campaignΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ʰˎˍʷˌ 
ʰ˒ˇˊˇˏ˄ ˁˎˊʾ˖ˌ ˍˇˎˌ crawlers ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Σ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˋˎ˂˂ˇʴʺˌ ˁʰʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍʹˌ ˋˎ˂˂ˇʴʺˌˍ˖˄ 
ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ. 

Crawl: ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˈˊˇˌ ˉʶˊʽʴˊʱ˒ʶʽ ˃ʽʰ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 
˃ʷˋh ʰˉˈ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ campaign ˁʰʽ ʹ ˇˉˇʾʰ ˅ʶˁʽ˄ʱʶʽ ˋʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ 
ˋˍʽʴ˃ʺ ˁʰʽ ʰ˒ˇˊʱ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʹʴʺ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˈ˂ʰ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋʶ ʷ˄ʰcampaign ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ʺ 
ˉʶˊʽˋˋˈˍʶˊʰ crawlsΦ ɳˉˇ˃ʷ˄˖ˌ ˈ˂ʰ ˍʰcampaigns ̫ ˔ˇˎ˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ crawlΦ ɶ ˔ˊʺˋʹ ˍ˖˄ 
crawls ʶˉʽʲʱ˂˂ʶˍʰʽ ˂ˈʴ˖ ˍʹˌ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˋˎ˔˄ˈˍʹˍʰˌ ˋˎ˂˂ˇʴʺˌ ˉˇˎ ʷ˔ˇˎ˄ ˍʰ ʵʽʱ˒ˇˊʰ 
ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˋˎ˂˂ʷ˅ˇˎ˃ʶΦ 

 

                                                           
3 ɨ ʋʍʅʎʈʝʏ ʌʋʑ ɿʚʉʀʅ ʐʋ W3C ʑʌʗʍʔʀʅ ʎʐʋ http :// www .w3.org/2010/ POI/ documents/ Core/ core-
20111216.html  
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1.3 APIs ̄ ʹʴ˗˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʻʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˍʰ APIs ˍ̟ ˄ ˉʹʴ˗˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍˇ˄ AreaProfiler, ʵʹ˂ʰʵʺ ˍʰ APIs ˍˇˎ GooglePlaces, ˍˇˎ 
Foursquareˁ ʰʽ ˍˇˎ TwitterΦ ɼʰʻ˗ˌ ˇʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ˁʱʻʶ API ʶʾ˄ʰʽ ˉˇ˂ˎˉ˂ʹʻʶʾˌΣ 
ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˃ˈ˄ˇ ʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˉˇˎ ʷ˔ʶʽ ʱ˃ʶˋʹ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ AreaProfilerΦ ɱʽʰ 
ˁʱʻʶ ˉʹʴʺ ˃ʰˌ ʁ˄ʵʽʰ˒ʷˊˇˎ˄ ʵˏˇ ˃ʷʻˇʵˇʽΦʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʹ όʴʶ˄ʽˁʺύ ˃ʷʻˇʵˇˌ ʰˉʰʽˍʶʾ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˃ʾʰˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ 
ˁʰʽ ˃ʽʰˌ ˁʰˍʹʴˇˊʾʰˌ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ ˋʹ˃ʶʾʰ 
ʶ˄ ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˁʰʽ ʰ˄ʺˁˇˎ˄ ˋˍʹˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰΦ ɶ 
ʵʶˏˍʶˊʹ όʶʽʵʽˁʺύ ˃ʷʻˇʵˇˌ ʰˉʰʽˍʶʾ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈΣ ˃ʷˋ˖ ʶ˄ˈˌ ˃ˇ˄ʰʵʽˁˇˏ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˇˏΣ ʶ˄ˈˌ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ 
ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ʰˎˍʷˌ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ʴʶ˄ʽˁʺ ˃ʷʻˇʵˇˌ. ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ 
ʹɹ ʶ˄ʽˁʺ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˁʱʻʶ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʹ ˂ʾˋˍʰ ˍʹˌ ʰˉʱ˄ˍʹˋʹˌΦ ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ʰˎˍˈ ʻʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 
ʰˉˈ ˍʹ ʵʶˏˍʶˊʹ (ʶʽʵ̔ˁ ʺ)˃ʷʻˇʵˇ ʴʽʰ ˍʹ ˂ʺ˕ʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍˇ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇΦ ʆˇ ˍ˃ʺ˃ʰ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ ʵʶˏˍʶˊʹ 
˃ʷʻˇʵˇ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ AreaProfiler.  ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 
ˍʹˌ ˋˎ˂˂ˇʴʺˌ ʴʶ˖˔˖ˊʽˁ˗˄ tweetsΣ ʹ ˃ʷʻˇʵˇˌ ʰˉʰʽˍʶʾ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˃ʾʰˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ 
ˉʶˊʽˇ˔ʺˌ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ ʴʶ˖˔˖ˊʽˁʱ ˉˊˇˋʵʽˇˊʽˋ˃ʷ˄ʰ tweetsΣ ˍ˖˄ ˇˉˇʾ˖˄ ʹ 
ʵʹ˃ˇˋʾʶˎˋʹ ʶ˃ˉʾˉˍʶʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΦ ʆˇ ˍ˃ʺ˃ʰ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ  ˍˇ 
TwitterAPI h ˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ json ̀ ʶ Řƛrectory structure. 

 

 

1.3.1 Google Places 
ʆˇ API ˍˇˎ GooglePlaces ˉˇˎ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ AreaProfiler ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʽˌ 
˃ʶʻˈʵˇˎˌ άPlaceSearch - RadarSearchέ όʴʶ˄ʽˁʺύ ˁʰʽ άPlaceDetailsέόʶʽʵʽˁ ʺύ. ʁ̔  ̀ˎ ʴˁʶˁˊʽ˃ʷ˄ʶˌ 
˃ʷʻˇʵˇʽ ˁʰ˂ˏˉˍˇˎ˄ ˍʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖ ˁʰʽ ʰ˄ʰ˂ˏˇ˄ˍʰʽ 
ˉʰˊʰˁʱˍ˖Φ 

 

1.3.1.1 Place Search - Radar Search 
ɾʶ ˍʹ ˃ʷʻˇʵˇ RadarSearch ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶˏˊʶˋʹ ʷ˖ˌ ˁʰʽ нлл ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ 
GooglePlaces ˃ʶ ʷ˄ʰ ʰʾˍʹ˃ʰΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʰ˄ʺˁˇˎ˄ ˋʶ ˁʱˉˇʽʰ ˁʰˍʹʴˇˊʾʰ ˁʰʽ ʲˊʾˋˁˇ˄ˍʰʽ ˃ʷˋʰ ˋʶ ˃ʾʰ ʴʶ˖ʴˊʰ˒ʽˁʺ 
ˉʶˊʽˇ˔ʺΦ 

ɴ˄ʰ ʰʾˍʹ˃ʰ RadarSearch ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ key ς ʆˇ ˁ˂ʶʽʵʾ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ DƻƻƎƭŜ ˁʰʽ ˍʰˎˍˇˉˇʽʶʾ 
ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ location ς ʆˇ ˋʹ˃ʶʾˇ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ʴˏˊ˖ ʰˉˈ ˍˇ ˇˉˇʾˇ 
ʻʰ ʴʾ˄ʶʽ ʹ ʰ˄ʰʸʺˍʹˋʹΦ 

¶ radius ς ɶ ʰˁˍʾ˄ʰ ˋʶ ˃ʷˍˊʰ ˃ʷˋʰ ˋˍʹ˄ ˇˉˇʾʰ ʻʰ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ʶˉʽˋˍˊʰ˒ˇˏ˄Φ ɶ ˃ʷʴʽˋˍʹ ʰˁˍʾ˄ʰ ʶʾ˄ʰʽ рл.ллл ˃ʷˍˊʰΦ 

¶ type ς ʁ ˍˏˉˇˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ʰ˄ʰʸʹˍʹʻˇˏ˄ ˁʰʽ ʻʰ 
ʶˉʽˋˍˊʰ˒ˇˏ˄Φ ʁʽ ˍˏˉˇʽ ʰ˄ʰˉʰˊʽˋˍ˗˄ˍʰʽ ʰˉˈ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˂ʷ˅ʶʽˌ ˁ˂ʶʽʵʽʱ ˍˇˎ 
DƻƻƎƭŜ tƭŀŎŜǎΣ ˇʽ ˇˉˇʾʶˌ ˇˊʾʸˇˎ˄ ˍʰ ǇƭŀŎŜ ǘȅǇŜǎ4. 

                                                           
4 https:// developers.google.com/places/supported_types 
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ɴ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʰʾˍʹ˃ʰ ʴʽʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˁʰ˒ʶˍʶˊʽ˗˄Σ ʺΣ ʵʽʰ˒ˇˊʶˍʽˁʱΣ ˋˍʹ˄ ˇˊˇ˂ˇʴʾʰ ˍ˖˄ 
placetypesΣ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˏˉˇˎ άcafeέΣ ˋʶ ˃ʾʰ ʰˁˍʾ˄ʰ р.ллл ˃ʷˍˊ˖˄ ʴˏˊ˖ ʰˉˈ 
ʷ˄ʰ ˋʹ˃ʶʾˇ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

https://maps.googleapis.com/maps/api/place/radarsearch/json?location=48.859294,2.347589&radiu
s=5000&type=cafe&key=YOUR_API_KEY 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

ɳʽˁˈ˄ʰ1. Google Places API radar response 

ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽʷ˔ʶʽ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɼʱʻʶ ʶʴʴˊʰ˒ʺ ˋʹ˃ʶʾˇˎ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ geometry ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˋʹ˃ʶʾˇ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ˋˍˇ 
ˇˉˇʾˇ ˍˇˉˇʻʶˍʶʾˍʰʽ ˔˖ˊʽˁʱ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ place_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ 
ˍʰˎˍˇˉˇʾʹˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ  
όʶʽʵʽˁʺύ ˃ʷʻˇʵˇ ʴʽʰ ˍʹ ˂ʺ˕ʹ ʶˉʽˉ˂ʷˇ˄ ̀ ˍˇʽ˔ʶʾ˖˄ ʴʽʰ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇΦ 

 

1.3.1.2 Place Details 
ɴ˔ˇ˄ˍʰˌ ʷ˄ʰ place_id ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˃ʷʻˇʵˇΣ ʶʾ˄ʰʽ ʹ ʵˎ˄ʰˍʺ ʹ ˂ʺ˕ʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ 
ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ 
PlaceDetails όʶʽʵʽˁʺύ. 

ɴ˄ʰ ʰʾˍʹ˃ʰ PlaceDetails ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ key ς ʆˇ ˁ˂ʶʽʵʾ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ DƻƻƎƭŜ ˁʰʽ ˍʰˎˍˇˉˇʽʶʾ 
ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ place_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʴʽʰ ˍˇ ˇˉˇʾˇ ʻʰ ʸʹˍʹʻˇˏ˄ 
ˉʶˊʽˋˋˈˍʶˊʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌΦ 

ɴ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʰʾˍʹ˃ʰ ʴʽʰ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇ 
άChIJN1t_tDeuEmsRUsoyG83frYпέ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

https://maps.googleapis.com/maps/api/place/details/json?placeid=ChIJN1t_tDeuEmsRUsoyG83frY4&
key=YOUR_API_KEY 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 
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9 h ˉˈ 69 
 

 

ɳʽˁˈ˄ʰ2. Google Places API place details response 

ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽʷ˔ʶʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ 
ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ formatted_address ς ɶ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ formatted_phone_number ς ʆˇ ˍʹ˂ʷ˒˖˄ˇ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ geometry ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˋʹ˃ʶʾˇ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ˋˍˇ 
ˇˉˇʾˇ ˍˇˉˇʻʶˍʶʾˍʰʽ ˔˖ˊʽˁʱ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ name ς ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ opening_hours ς ʁʽ ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ place_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ rating ς ɶ ʲʰʻ˃ˇ˂ˇʴʾʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʲʱˋʶʽ ˍ˖˄ ˁˊʽˍʽˁ˗˄ ʴʽʰ ʰˎˍˈΦ 

¶ types ς ʁʽ ˍˏˉˇʽΣ ǇƭŀŎŜ ǘȅǇŜǎΣ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ url ς ɶ ʹ˂ʶˁˍˊˇ˄ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
 

  



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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1.3.2 Foursquare 
ʆˇ API ˍˇˎ Foursquare ˉˇˎ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ AreaProfiler ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʽˌ ˃ʶʻˈʵˇˎˌ 
άSearchVenuesέ (ʴʶ˄ʽˁʺ) ˁ ʰʽ άVenueDetailsέ όʶʽʵʽˁʺύ. ʁ̔  ̀ˎ ʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ʰ˄ʰ˂ˏˇ˄ˍʰʽ 
ˉʰˊʰˁʱˍ˖Φ 

 

1.3.2.1 Search Venues 
ɾʶ ˍʹ ˃ʷʻˇʵˇ SearchVenues ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶˏˊʶˋʹ ʷ˖ˌ ˁʰʽ рл ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ 
Foursquare ˃ʶ ʷ˄ʰ ʰʾˍʹ˃ʰΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˉˇˎ ʰ˄ʺˁˇˎ˄ ˋʶ ˁʱˉˇʽʰ ˁʰˍʹʴˇˊʾʰ ˁʰʽ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˃ ʷˋʰ ˋʶ ˃ʾʰ ʴʶ˖ʴˊʰ˒ʽˁʺ ˉʶˊʽˇ˔ʺΦ 

ɴ˄ʰ ʰʾˍʹ˃ʰ SearchVenues ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ oauth_token ς ʆˇ ˁ˂ ʶʽʵʾ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ CƻǳǊǎǉǳŀǊŜ ˁʰʽ 
ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ ll ς ʆˇ ˋʹ˃ʶʾˇ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ʴˏˊ˖ ʰˉˈ ˍˇ ˇˉˇʾˇ ʻʰ ʴʾ˄ʶʽ 
ʹ ʰ˄ʰʸʺˍʹˋʹΦ 

¶ intent ς ʁ ˋˁˇˉˈˌ ˍʹˌ ʰ˄ʰʸʺˍʹˋʹˌΦ ɱʽʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʷˋʰ 
ˋʶ ˃ʾʰ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ˍʽ˃ʺ άōǊƻǿǎŜέΦ 

¶ radius ς ɶ ʰˁˍʾ˄ʰ ˋʶ ˃ʷˍˊʰ ˃ʷˋʰ ˋˍʹ˄ ˇˉˇʾʰ ʻʰ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ʶˉʽˋˍˊʰ˒ˇˏ˄Φ ɶ ˃ʷʴʽˋˍʹ ʰˁˍʾ˄ʰ ʶʾ˄ʰʽ млл.ллл ˃ʷˍˊʰΦ 

¶ categoryId ς ɶ ˁʰˍʹʴˇˊʾʰ όʺ ˇʽ ˁʰˍʹʴˇˊʾʶˌΣ ˔˖ˊʽˋ˃ʷ˄ʶˌ ˃ʶ ˁˈ˃˃ʰύ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ʰ˄ʰʸʹˍʹʻˇˏ˄ ˁʰʽ ʻʰ ʶˉʽˋˍˊʰ˒ˇˏ˄Φ ʁʽ ˁʰˍʹʴˇˊʾʶˌ 
ʰ˄ʰˉʰˊʽˋˍ˗˄ˍʰʽ ʰˉˈ ˍʰ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍˇˎˌ ˋˍʹ˄ ʽʶˊʰˊ˔ʾʰ ˁʰˍʹʴˇˊʽ˗˄ ˍˇˎ 
Foursquare5. 

ɴ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʰʾˍʹ˃ʰ ʴʽʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˃ˇˎˋʶʾ˖˄ ˋʶ ˃ʾʰ ʰˁˍʾ˄ʰ млллл ˃ʷˍˊ˖˄ ʴˏˊ˖ ʰˉˈ 
ʷ˄ʰ ˋʹ˃ʶʾˇ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

https://api.foursquare.com/v2/venues/search?ll=40.7,74&intent=browse&radius=10000&categoryId=
4bf58dd8d48988d181941735&oauth_token=YOUR_OAUTH_TOKEN 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

ɳʽˁˈ˄ʰ3. FoursquareAPIsearch-venuesresponse 

                                                           
5 https://developer.foursquare.com/categorytree 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽʷ˔ʶʽ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɼʱʻʶ ʶʴʴˊʰ˒ʺ ˋʹ˃ʶʾˇˎ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ location ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˋʹ˃ʶʾˇ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ˋˍˇ 
ˇˉˇʾˇ ˍˇˉˇʻʶˍʶʾˍʰʽ ˔˖ˊʽˁʱ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ 
ˍʰˎˍˇˉˇʾʹˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ 
(ʶʽʵʽˁʺ)˃ʷʻˇʵˇ ʴʽʰ ˍʹ ˂ʺ˕ʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

 

1.3.2.2 Venue Details 
ɴ˔ˇ˄ˍʰˌ ʷ˄ʰ id ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʴʶ˄ʽˁʺ ˃ʷʻˇʵˇ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˂ʺ˕ʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ 
ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ Foursquare ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ 
˃ʶʻˈʵˇˎ VenueDetails (ʶʽʵʽˁʺ). 

ɴ˄ʰ ʰʾˍʹ˃ʰ VenueDetails ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ oauth_token ς ʆˇ ˁ˂ʶʽʵʾ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ CƻǳǊǎǉǳŀǊŜ ˁʰʽ 
ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ CƻǳǊǎǉǳŀǊŜ ʴʽʰ ˍˇ ˇˉˇʾˇ ʻʰ 
ʸʹˍʹʻˇˏ˄ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌΦ 

ɴ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʰʾˍʹ˃ʰ ʴʽʰ ˂ʺ˕ʹ ˂ʶˉˍˇ˃ʶˊʶʽ˗˄ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ id ˍˇ 
άпнтc0500f964a52097211feоέ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

https://api.foursquare.com/v2/venues/427c0500f964a52097211fe3?oauth_token=YOUR_OAUTH_TO
KEN 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

ɳʽˁˈ˄ʰ4. Foursquare API venue-details response 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ location ς ɶ ʴʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ όʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ˋˍˇ ˇˉˇʾˇ 
ˍˇˉˇʻʶˍʶʾˍʰʽ ˔˖ˊʽˁʱ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ 
ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ contact ς ʃ˂ʹˊˇ˒ˇˊʾʶˌ ʶˉʽˁˇʽ˄˖˄ʾʰˌΣ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇ ˍʹ˂ʷ˒˖˄ˇ ˍˇˎ 
ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ name ς ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ hours ς ʁʽ ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ rating ς ɶ ʲʰʻ˃ˇ˂ˇʴʾʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʲʱˋʶʽ ˍ˖˄ ˁˊʽˍʽˁ˗˄ ˔ˊʹˋˍ˗˄. 

¶ categories ς ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌ ˁʰˍʹʴˇˊʽ˗˄ ˍˇˎ CƻǳǊǎǉǳŀǊŜ ˋˍʽˌ ˇˉˇʾʶˌ 
ʰ˄ʺˁʶʽ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ tags ς ʁʽ ʶˍʽˁʷˍʶˌ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ url ς ɶ ʹ˂ʶˁˍˊˇ˄ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
 

1.3.3 Twitter 
ʆˇ API ˍˇˎ Twitter ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶʾ˄ʰʽ ˍˇStreaming API(PublicStreamsAPI)Σ ˍˇ ˇˉˇʾˇ 
ʶ˒ˈˋˇ˄ ˋˎ˄ʵʶʻʶʾ ˋˍˇ endpoint (POST statuses/filter) ̄ ˊˇˋ˒ʷˊʶʽ ʵʶʾʴ˃ʰ ˍ˖˄ ʵʹ˃ˈˋʽ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄Σ ˔˖ˊʾˌ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˔ˊˈ˄ˇˎ ˁʰʽ ˈʴˁˇˎ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ  RESTAPI. ʆˇ API 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶˉʽˋˍˊʷ˒ʶʽ ˍʰ ʵʹ˃ˈˋʽʰ tweets ˉˇˎ ˍʰʽˊʽʱʸˇˎ˄ ˋʶ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ 
ˁˊʽˍʺˊʽʰ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌΣ ʰˉˈ ˍʰ ˇˉˇʾʰ ʶ˃ʶʾˌ ˔ˊʹˋʽ˃ˇˉˇʽˏ˃ʶ ˃ˈ˄ˇ ʰˎˍˈ ˍʹˌ ˍˇˉˇʻʶˋʾʰˌ.ʆˇ 
Streaming!tL ˍˇˎ ¢ǿƛǘǘŜǊ ˉˇˎ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ !ǊŜŀ tǊƻŦƛƭŜǊ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʹ ˃ʷʻˇʵˇ 
ά¢ǿƛǘǘŜǊ {ǘǊŜŀƳ /ǊŀǿƭŜǊέ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ мΦу. ToStreaming API 
ˍˇˎ ¢ǿƛǘǘŜǊ ˂ʶʽˍˇˎˊʴʶʾ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΣ ʵʹ˂ʰʵʺ ˋˎ˂˂ʷʴʶʽ ˍʰ tweets ˉˇˎ 
ʵʹ˃ˇˋʽʶˏˇ˄ˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˁʰʽ ˈ˔ʽ ˋˍʰˍʽˁʱΦ ʅˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ AreaProfiler ʰˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 
˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ Streaming API ˋʶ ˁˎ˂ʽˈ˃ʶ˄ˇ ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎΦ H ˃ʷʻˇʵˇˌ ˉˇˎ 
ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˋˎ˂˂ʷʴʶʽ ʴʶ˖˔˖ˊʽˁʱ tweetsΣ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˃ʾʰˌ 
ʴʶ˖ʴˊʰ˒ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ ʴʶ˖˔˖ˊʽˁʱ ˉˊˇˋʵʽˇˊʽˋ˃ʷ˄ʰ tweets 
ˁʰʽ check-ins ̱ ˖˄ ˇˉˇʾ˖˄ ʹ ʵʹ˃ˇˋʾʶˎˋʹ ʶ˃ˉʾˉˍʶʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΦ ʆˇ ˍ˃ʺ˃ʰ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 
ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ  ˍˇ Streaming API h ˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ directorystructurè ʶ ˃ˇˊ˒ʺ json. 

 

1.4 ɮˉʰʽˍʺˋʶʽˌ ˁʰʽ ʸʹˍˇˏ˃ʶ˄ʰ 
ʁ AreaProfiler ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ˇˊ˒˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʽˌ 
ˉʹʴʷˌ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʽˁʰ˄ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ʰˉʰʽˍʺˋʶ˖˄Σ ˉˇˎ 
ˋˎ˄ˇˉˍʽˁʱ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖. 

 

1.4.1 ʃʰˊʱ˂˂ʹ˂ʰ /ŀƳǇŀƛƎƴǎ 
ɾʽʰ ʲʰˋʽˁʺ ʰˉʰʾˍʹˋʹ ʶʾ˄ʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ˍʹ˄ ʵʽʶ˄ʷˊʴʶʽʰ 
ˉˇ˂˂ʰˉ˂˗˄ campaigns ˍʰˎˍˈ˔ˊˇ˄ʰΣ ˁʰʻ˗ˌ ˁʱʻʶ campaign ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʷ˔ʶʽ ʵʽʱˊˁʶʽʰ 
ʶʲʵˇ˃ʱʵ˖˄ ʺ ˃ʹ˄˗˄Φ 

 

1.4.2 ɲʽʰ˔ʶʾˊʽˋʹ ɲʽʰʻʷˋʽ˃˖˄ ʃˈˊ˖˄ 
ʆˇ ˋˏˋˍʹ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˉˇ˂˂ʰˉ˂ˇˏˌΣ ʰ˄ʶ˅ʱˊˍʹˍˇˎˌ crawlers ʶʽʵʽˁˇˏ ˋˁˇˉˇˏ ˃ʶ ˍˇˎˌ 
ˇˉˇʾˇˎˌ ʴʾ˄ʶˍʰʽ ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɼʰʻ˗ˌ ˈ˃˖ˌ ˁʱʻʶ ˉʹʴʺ ʻʷˍʶʽ ˍʰ ʵʽˁʱ ˍʹˌ ˈˊʽʰ 
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ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʰʽˍʺˋʶ˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˋʶ ˁʰʻˇˊʽˋ˃ʷ˄ˇ 
˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΣ ʷˉˊʶˉʶ ˄ʰ ʰ˄ʰˉˍˏ˅ˇˎ˃ʶ ʷ˄ʰ˄ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˉˇˎ ˄ʰ ʶʴʴˎʱˍʰʽ ˍʹ˄ ˍʺˊʹˋʹ 
ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ˉʶˊʽˇˊʽˋ˃˗˄Φ ɼʰʻ˗ˌ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ʰˎˍˇʾ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʰ˂˂ʱʸˇˎ˄Σ 
ʵʽʰʲʱʸˇ˄ˍʰʽ ʰˉˈ ʶ˅˖ˍʶˊʽˁʱ ʰˊ˔ʶʾʰ ˖ ̩ˉʰˊʱ˃ʶˍˊˇʽ ʴʽʰ ˁʱʻʶ crawlerΦ ɳˉʾˋʹˌ, ˁʰʻ˗ˌ ˍˇ 
ˋˏˋˍʹ˃ʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʰˊʱ˂˂ʹ˂ʹ ˋˎ˂˂ˇʴʺ, ˁʱˉˇʽˇˌ crawler ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 
ˍʰˎˍˈ˔ˊˇ˄ʰ ʰˉˈ ˉʶˊʽˋˋˈˍʶˊ hʰˉˈ ʷ˄ʰcampaignΦ ɮˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˉʰˊʱ˂˂ʹ˂ʹˌ ˋˎ˂˂ˇʴʺˌ 
ʺˍʰ˄ ʹ ʰ˄ʱʴˁʹ ʴʽʰ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʵʾˁʰʽʹ 
ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˉˈˊ˖˄ ˁʱʻʶ crawlerh ˉˈ ˈ˂ʰ ˍʰ campaigns ˉˇˎ ˍˇ˄ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄Φ 

 

1.4.3 ɼʰʻˇ˂ʽˁʺ ɾˇˊ˒ʺɲʶʵˇ˃ʷ˄˖˄ 
ɼʱʻʶ ˉʹʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʵʽʰ˒ˇˊʶˍʽˁʺ ˃ˇˊ˒ʺ ʴʽʰ ˍʹ˄ 
ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɾʾʰ ʰˉˈ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ʻʷˋʶʽ 
ʶʾ˄ʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉˊˇˋʻʺˁʹˌ crawlers ʴʽʰ ˄ʷʶˌ ˉʹʴʷˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ʰˉˇʻʺˁʶˎˋʹ ˈ˃˖ˌ 
ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʻʰ ʰˉʰʽˍˇˏˋʶ ˁʰʽ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˄ʷˇˎ 
˃ˇ˄ˍʷ˂ˇˎ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍˇˎˌ. ɳˉʾˋʹˌΣ ˇʽ ʰ˂˂ʰʴʷˌ ˋˍʹ˄ ˃ˇˊ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˇʽ ˉʹʴʷˌ ʻʰ ʰˉʰʽˍˇˏˋʶ ʶ˄ʹ˃ʷˊ˖ˋʹ ʶˁˍˈˌ ʰˉˈ ˍˇ˄ crawler ˁʰʽ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 
ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍˇˎˌΦ ɱʽʰ ˄ʰ ʰˉˇ˒ˏʴˇˎ˃ʶˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʶˊʽˇˊʽˋ˃ˈΣ ʰˉˇ˒ʰˋʾˋʰ˃ʶ 
˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʶ˄ʽʰʾʰ ˃ˇˊ˒ʺ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʆˇ ˈ˒ʶ˂ˇˌ ʰˉˈ 
ˍʹ˄ ˉʰˊˇˏˋʰ ʰˉʰʾˍʹˋʹ ʶʾ˄ʰʽ ˈˍʽ ˉ˂ʷˇ˄ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ˄ʰ ˎ˂ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ 
ʰ̄ ˇʻʺˁʶˎˋʹˌ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰˉˈ ˍʽˌ ˉʹʴʷˌ ˁʰʽ ˇˉˇʽʰʵʺˉˇˍʶ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ˄ 
˃ˇˊ˒ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎˌΦ ʂ˃˖ˌ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˁʱʻʶ crawler ʁ ˁˍˈˌ ʰˉˈ ˍʹ˄ ˋˎ˂˂ˇʴʺ 
ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʵʽʰʻʷˍʶʽ ʷ˄ʰ ˃ʹ˔ʰ˄ʽˋ˃ˈ ʴʽʰ ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
ˉˇˎ ˋˎ˂˂ʷʴʶʽ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ ˃ˇˊ˒ʺΦ ɳˁˍˈˌΣ ˈ˃˖ˌΣ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ 
˗ˋˍʶ ˄ʰ ˎˉʰˁˇˏ˄ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ ˃ˇˊ˒ʺΣ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ 
ʽʵʽʰʾˍʶˊʰ ʴʽʰ ˁʱʻʶ ˍˏˉˇ crawlerΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 
ʰˉˇʻʹˁʶˎ˃ʷ˄˖˄ ˋʹ˃ʶʾ˖˄ ʁ ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

 

1.4.4 ʃʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ŎŀƳǇŀƛƎƴǎ 
ɳ˅ʾˋˇˎ ʶˉʽˍʰˁˍʽˁʺ ʰˉʰʾˍʹˋʹ ʶʾ˄ʰʽ ˇ ˔ˊʺˋˍʹˌ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ̄h ˊʰ˃ʶˍˊˇˉˇʽʺˋʶʽ ˉ˂ʺˊ˖ˌ ˍʰ 
campaigns ̄ ˇˎ ˇˊʾʸʶʽΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʻʰ ˃ˉˇˊʶʾ ˄ʰ ˇˊʾˋʶʽ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ 

¶ ʂ˄ˇ˃ʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʺ 

¶ ɲʽʱˊˁʶʽʰ ʁ ˁˍʷ˂ʶˋʹˌ 

¶ ɳˉʽ˂ˇʴʺ crawlers 

¶ ʆˇˉˇʻʶˋʾʰ ˋˎ˂˂ˇʴʺˌ  

¶ ɳˉʽ˂ˇʴʺ ˁʰˍʹʴˇˊʽ˗˄  

¶ ɳˉʽ˂ˇʴʺ ˋˎ˔˄ˈˍʹˍʰˌ ˋˎ˂˂ˇʴʺˌ 
 

1.4.4.1 ʂ˄ˇ˃ʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʺ 
ʁ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ˇˊʾˋʶʽ ˍˇ ˈ˄ˇ˃ʰ ˁʰʽ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ʴʽʰ ˍchampaign ˉˇˎ 
ˇˊʾʸʶʽΦ ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ˇ˄ˈ˃ʰˍˇˌ ˁʰʽ ʹ ˉʶˊʽʴˊʰ˒ʺ ʵʶ˄ ˎˉˈˁʶʽˍʰʽ ˋʶ ˁʰ˄ʷ˄ʰ ˉʶˊʽˇˊʽˋ˃ˈ ˁʰʽ 
ʶˉʾˋʹˌ ˉʶˊʽˋˋˈˍʶˊ hh ˉˈ ʷ˄ʰcampaigns ɻ ˏ˄ʰˍʰʽ ˄ʰ ʷ˔ˇˎ˄ ʾʵʽˇ ˈ˄ˇ˃ʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʺΦ 
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1.4.4.2 ɲʽʱˊˁʶʽʰ ʶˁˍʷ˂ʶˋʹˌ 
ʁ ˔ˊʺˋˍʹˌ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˇˊʾˋʶʽ ʴʽʰ ˉˈˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ ʷ˄ʰ campaign. 
ʁ ˔ˊʺˋˍʹˌ ˇˊʾʸʶʽ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ campaign ˃ʶ ˍˇ ˄ʰ ʻʷˋʶʽ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˍʶˊ˃ʰˍʽˋ˃ˇˏ 
ʶ˄ˈˌ campaign, ˁʰʻ˗ˌ ʹ ʷ˄ʰˊ˅ʹ ˍˇˎ campaign ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʹ ˋˍʽʴ˃ʺ ˉˇˎ ˇˊʾʸʶˍʰʽΦ ʁ 
˃ˇ˄ʰʵʽˁˈˌ ˉʶˊʽˇˊʽˋ˃ˈˌ ˉˇˎ ˎ˒ʾˋˍʰˍʰʽ ʶʾ˄ʰʽ ˈˍʽ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˉˊʷˉʶʽ ˄ʰ 
ʰ˒ˇˊʱ ˃ʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʹ˃ʶˊˇ˃ʹ˄ʾʰΦ 

 

1.4.4.3 ʆˇˉˇʻʶˋʾʰ ˋˎ˂˂ˇʴʺˌ 
ɱʽʰ ˍchampaigns ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ˋˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˇ ˇˊʽˋ˃ˈˌ ˍʹˌ 
ˍˇˉˇʻʶˋʾʰˌ ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁˈˌΦ ɾʾʰ ʰˁˈ˃ʰ ʰˉʰʾˍʹˋʹ ˉˇˎ ʻʷˋʰ˃ʶ ʶʾ˄ʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˄ʰ 
ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ˋˎ˂˂ˇʴʺ ˈ˂˖˄ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 
ˋˎ˂˂ˇʴʺˌΦ ɼʰʻ˗ˌ ˇʽ ˉʹʴʷˌ ʻʷˍˇˎ˄ ˈˊʽʰ ˋˍˇ˄ ˃ʷʴʽˋˍˇ ʰˊʽʻ˃ˈ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˉˇˎ ʶˉʽˋˍˊʷ˒ˇˎ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻʶʾ ʽʵʽʰʾˍʶˊʹ ˃˄ʶʾʰ ʴʽʰ ˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰˉʰʾˍʹˋʹΦ 

 

1.4.4.4 ɳˉʽ˂ˇʴʺ crawlers 
ʁ ˔ˊʺˋˍʹˌ ˉˊʷˉʶʽ ˄ʰ ʷ˔ʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍˇˎˌ crawlers ʴʽʰ ˍʹ˄ ˋˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ 
ʶ˄ ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˋˍʰ campaigns ̄ ˇˎ ˇˊʾʸʶʽΦ 

 

1.4.4.5 ɳˉʽ˂ˇʴʺ ˁʰˍʹʴˇˊʽ˗˄ 
ʁ ˔ˊʺˋˍʹˌ ˉˊʷˉʶʽ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
ˍˇ˄ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˁʰʽ ʶˉʾˋʹˌ ˄ʰ ˇˊʾˋʶʽ ˍʽˌ ˂ʷ˅ʶʽˌ ˁ˂ʶʽʵʽʱ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ʻʷ˂ʶʽ ˄ʰ ˋˎ˂˂ʶ˔ʻˇˏ˄ 
ˇ̔  ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˇˊʾʸʶʽ ˋˍˇ campaignΦ ɶ ˉˊ˗ˍʹ ʰˉʰʾˍʹˋʹ ʵʾ˄ʶʽ ˋˍˇ˄ ˔ˊʺˋˍʹ ˃ʽʰ ʶ˂ʶˎʻʶˊʾʰ 
˗ˋˍʶ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˍˇ˄ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˗ˋˍʶ ˄ʰ ʰ˅ʽˇˉˇʽʺˋʶʽ ˃ʶ ˍˇ˄ ˁʰ˂ˏˍʶˊˇ 
ʵˎ˄ʰˍˈ ˍˊˈˉˇ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ʷ˔ʶʽ ˋˍʹ˄ ʵʽʱʻʶˋʹ ˍˇˎΦ ɶ ʵʶˏˍʶˊʹ ʰˉʰʾˍʹˋʹ ʷ˔ʶʽ ˖ˌ ˋˁˇˉˈ 
˄ʰ ˃ˉˇˊʶʾ ˇ ˔ˊʺˋˍʹˌ ˄ʰ ˋˎ˂˂ʷ˅ʶʽ ʰˉˇʵˇˍʽˁʱ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˍˇ˄ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˋʶ 
ˇˉˇʽʰʵʺˉˇˍʶ ˉʶˊʽˇ˔ʺ ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ˍ˖˄ ʴ˂˖ˋˋʽˁ˗˄ ʺ  ˉˇ˂ʽˍʽˋ˃ʽˁ˗˄ ˎˉˈʲʰʻˊ˖˄Φ ɱʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰ ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ζɰʶ˄ʸʽ˄ʱʵʽˁˇη ˋˍʹ˄ ɳ˂˂ʱʵʰ ʻʰ ˉˊʷˉʶʽ 
˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍʹ˄ ˂ʷ˅ʹ ζʲʶ˄ʸʽ˄ʱʵʽˁˇη ʶ˄˗ ˋˍʽˌ ɶʃɮ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 
ʵʽʰ˒ˇˊʶˍʽˁʺ ʴ˂˗ˋˋʰ ˇ˃ʽ˂ʾʰˌ ʻʰ ʺˍʰ˄ ˉˊˇˍʽ˃ˈˍʶˊˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇˎˌ ˈˊˇˎˌ 
άfillingstationέ ˁʰʽ άgasstationέΦ ɮ˄ˍʾʻʶˍʰ ˋˍˇ ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇΣ ˉʰˊʱ ˍʹ˄ ˔ˊʺˋʹ ˍʹˌ 
ʰʴʴ˂ʽˁʺˌ ʴ˂˗ˋˋʰˌ ˈˉ˖ˌ ˁʰʽ ˋˍʽˌ ɶʃɮΣ ˂ˈʴ˖ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˉˇ˂ʽˍʽˋ˃ʽˁˇˏ ˎˉˈʲʰʻˊˇˎ ʻʰ 
ʺˍʰ˄ ˉˊˇˍʽ˃ˈˍʶˊˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ˄ ˈˊˇ άpatrolstationέ6Φ ʃʰˊʷ˔ʶˍʰʽΣ ʶˉʾˋʹˌΣ ʹ 
ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ ˔ˊʺˋˍʹ ˄ʰ ˋʰˊ˗ˋʶʽ ˃ʾʰ ˉʶˊʽˇ˔ʺ ʴʽʰ ˈ˂ʰ ʰ˄ʶ˅ʰʽˊʷˍ˖ˌ ˍʰ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ˎˉˇˋˍʹˊʽʸˈ˃ʶ˄ˇˎˌ crawlers. 

 

1.4.4.6 ʅˎ˔˄ˈˍʹˍʰ ˋˎ˂˂ˇʴʺˌ 
ɾʾʰ ʰˉˈ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ʺˍʰ˄ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ ʅˎ˄ʶˉ˗ˌ, ˍˇ ˋˏˋˍʹ˃ʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ 
˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ campaigns ˃ʶ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ˇˊʾʸˇ˄ˍʰΣ ʰˁˈ˃ʰ ˁʰʽ ˃ʹ˄˗˄Φ 
ɳˉʽˉ˂ʷˇ˄ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌcampaignΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ 
ˉˇ˂˂ʰˉ˂ʷˌ ˋˎ˂˂ˇʴʷˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ ʾʵʽʰ ˁˊʽˍʺˊʽʰΦ ɮˎˍˈ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˋˏʴˁˊʽˋʹ 
ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷ˔ˍʹˁʰ˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌΦ ɳˉʽˉ˂ʷˇ˄, ʻʰ ˉˊʷˉʶʽ 
˄ʰ ˇˊʾʸʶˍʰʽ ʹ ˋˎ˔˄ˈˍʹˍʰ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˁʱʻʶ ˃ʾʰ ˁʰˍʹʴˇˊʾʰ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΦ ʁ ˂ˈʴˇˌ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰˉʰʾˍʹˋʹ ʶʾ˄ʰʽ ˈˍʽ ʹ ˋˎ˔˄ˈˍʹˍʰ 

                                                           
6 http:// en.wikipedia.org/wiki/Filling_station 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

15 h ˉˈ 69 
 

ʰ˂˂ʰʴʺˌ ˔ˊʺˋʹˌ ʶ˄ˈˌ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʷ˔ʶʽ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍˇˎΦ ɱʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶ ʹ ʰ˂˂ʰʴʺ ˔ˊʺˋʹˌ ʶ˄ˈˌ ˄ˇˋˇˁˇ˃ʶʾˇˎ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ˋˉʱ˄ʽʰ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ˃ˉʰˊΦ ɶ ˋˎ˔˄ˈˍʹˍʰ ˋˎ˂˂ˇʴʺˌ ˃ʶ ʲʱˋʹ 
ˍˇ˄ crawler ʰˉˇˊˊʾ˒ʻʹˁʶΣ ˁʰʻ˗ˌ ˋˍʹ ʴʶ˄ʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ˈ˂ʶˌ ˇʽ ˉʹʴʷˌ ˉʶˊʽʷ˔ˇˎ˄ ˈ˂ʶˌ ˍʽˌ 
ˁʰˍʹʴˇˊʾʶˌ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

 

1.5 ʅ˔ʶʵʽʰˋ˃ˈˌ ˍˇˎ !ǊŜŀ tǊƻŦƛƭŜǊ 
ɶ ʲʰˋʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˍʶ˂ʶʾ ˍˇ ɳˉʾˉʶʵˇ ʅˎ˂˂ˇʴʺˌ όCrawlingLevel) ʶʾ˄ʰʽ ˄ʰ 
ˉˊˇˋ˒ʷˊʶʽ ˃ʽʰ ʵʽʶˉʰ˒ʺ όAPIύ ˃ʶ ˍʹ˄ ˇˉˇʾʰ όʰύ ˃ˉˇˊˇˏ˄ ˄ʰ ˇˊʽˋˍˇˏ˄ ˄ʷʰ campaigns ˃ʶ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˁʰʽ όʲύ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˁˍʹʻˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ ʺʵʹ 
ˋˎ˂˂ʶ˔ʻʶʾΦ ɶ ʵʶˎˍʶˊʶˏˇˎˋʰ ˂ʶʽˍˇˎˊʴʾʰ ʰ˒ˇˊʱ ˍʹ˄ ˉʰˊˇ˔ʺ ʶ˄ˈˌ ʴˊʰ˒ʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ 
˔ˊʺˋˍʹ όGUIύ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ʷ˄ʰ ˄ʷˇ campaign ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 
ˉʰˊʰ˃ʷˍˊˇˎˌΦ ɶ ʲʰˋʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍˇ ɳˉʾˉʶʵˇ ʁ˂ˇˁ˂ʺˊ˖ˋʹˌ 
(IntegrationLevel) ʁ ˄˗ ʹ ʲˇʹʻʹˍʽˁʺ ʰˉˈ ˁʱˉˇʽˇ˄ ˔ˊʺˋˍʹΦ 

 

1.5.1 ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍˇˎ ɳˉʽˉʷʵˇˎ ʅˎ˂˂ˇʴʺˌ 
H ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˂˂ˇʴʺˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˊʾʰ ʲʰˋʽˁʱ ˍ˃ʺ˃ʰˍʰΦ ʆˇ 
ˉˊ˗ˍˇ ˍ˃ʺ˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇˎˌ crawlers ˁʰʽ ˃ʽʰ ˃ˇ˄ʱʵʰ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˍˇ˄ ˋˎ˄ˍˇ˄ʽˋ˃ˈ 
ˍˇˎˌ όcoordinatorύΣ ˍˇ ʵʶˏˍʶˊˇ ˍ˃ʺ˃ʰ ˍʹ˄ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˈ˂ʰ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˃ʷˋ˖ ˍ˖˄ crawlers ˁʰʽ ˍˇ ˍˊʾˍˇ ˍ˃ʺ˃ʰ ʰ˒ˇˊʱ ˍʹ˄ ʵʽʶˉʰ˒ʺ όAPI) 
ˉˇˎ ˉʰˊʷ˔ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍ˖˄ crawlers ˁʰʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˄ʱˁˍʹˋʹˌ ˍ˖˄ 
ˋˎ˂˂ʶʴ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ  

ɶ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˂˂ˇʴʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ 

 

ɳʽˁˈ˄ʰ 5. ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʇˉˇˋˎˋˍʺ˃ʰˍˇˌ ʅˎ˂˂ˇʴʺˌ 

 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

16 h ˉˈ 69 
 

Crawlers: ʆˇ ˋˏˋˍʹ˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉ˂ʺʻˇˌ ˃ˇ˄ʱʵ˖˄ ˃ʶ crawlers ʴʽʰ ˍʹ 
ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɼʰʻ˗ˌ ˇʽ ˃ˇ˄ʱʵʶˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌΣ ʹ 
ʵʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ʶʾ˄ʰʽ ʶˏˁˇ˂ʹ ʵʽʰʵʽˁʰˋʾʰΣ ˁʰʻ˗ˌ ʵʶ˄ ʶˉʹˊʶʱʸʶʽ 
ˁʰ˄ʷ˄ʰ ʱ˂˂ˇ ˍ˃ʺ˃ʰ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍˇˌΦ  

Coordinator: ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇ˄ʱʵʰ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˍˇ˄ ˋˎ˄ˍˇ˄ʽˋ˃ˈ ˍ˖˄ crawlers ˁʰʽ 
ˍʹ˄ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ campaignsΦ ɾʾʰ ʰˁˈ˃ʰ ˂ʶʽˍˇˎˊʴʾʰ ˉˇˎ ʶˉʽˍʶ˂ʶʾ ʶʾ˄ʰʽ ʹ ʵʽʱˋˉʰˋʹ ˍ˖˄ 
ˉʶˊʽˇ˔˗˄ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˃ʽˁˊˈˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ, ˗ˋˍʶ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ˁʰʻˇ˂ʽˁʺ 
ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɳˉʾˋʹˌ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇ˄ʱʵʰ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍˇˎˌ 
ˉˈˊˇˎˌ ʴʽʰ ˍʽˌ ˉʹʴʷˌ, ˗ˋˍʶ ˄ʰ ʻʷˍʶʽ ˈˊʽʰ ˋˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʰʽˍʹ˃ʱˍ˖˄ ˁʰʽ˄h  ɻ̔ ʰ˔ʶʽˊʾʸʶˍʰʽ 
ˍˇ˄ ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʴʾ˄ʶˍʰʽ ʹ ʰ˄ʰʸʺˍʹˋʹ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ʴʽʰ ˁʱʻʶ crawler. 
ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰ, ʹ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇ˄ʱʵʰ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˍʹ˄ ʶʴˁˎˊˈˍʹˍʰ ˍ˖˄ 
ˉʰˊʰ˃ʷˍˊ˖˄ ˍ˖˄ campaigns ˁʰʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ campaignsΦ ɮ˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ˃ʹ 
ʷʴˁˎˊʶˌ, ˍˈˍʶ ʰˉˇˍˊʷˉʶʽ ˍʹ˄ ʶˁˁʾ˄ʹˋʹ ˍ˖˄ campaigns ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʺ˄ˎ˃ʰ 
˂ʱʻˇˎˌΦ ɮ˄ˍʾʻʶˍʰ ʰ˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ʷʴˁˎˊʶˌ ˍˈˍʶ ʹ ˃ˇ˄ʱʵʰ ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ 
ˉʰˊʱ˂˂ʹ˂ʹ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ campaignsΣ ʷˍˋʽ ˗ˋˍʶ ˁʱʻʶ campaign ˄ʰ ʶˁˍʶ˂ʶʾˍʰʽ ˋʶ  ʵʽˁˈ ˍˇˎ 
ʰ˄ʶ˅ʱˊˍʹˍˇ ˄ʺ˃ʰ όthread). 

ɳˉʾˋʹˌ ˇ coordinator ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ʴʽʰ ˁʱʻʶ campaignΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎΣ 
˄ʰ ˋˎ˄ˍˇ˄ʾˋʶʽ ˍˇˎˌ ˁʰˍʱ˂˂ʹ˂ˇˎˌ crawlers ˁʰʽ ˄ʰ ʻʷˋʶʽ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋˎ˂˂ˇʴʺˌ ˈˉ˖ˌ ˍʹ˄ 
ˉʶˊʽˇ˔ʺΣ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʵʶʵˇ˃ʷ˄˖˄ ˁΦʰΦ 

ɾʾʰ ʰˁˈ˃ʰ ˂ʶʽˍˇˎˊʴʾʰ ˉˇˎ ʶˉʽˍʶ˂ʶʾ ˇ coordinatorʁ ʾ˄ʰʽ ʹ ʵʽʱˋˉʰˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˋˎ˂˂ˇʴʺˌ 
ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ʶˉʽʲʶʲ˂ʹ˃ʷ˄ʹ ˁʰʻ˗ˌ ˇʽ ˉʹʴʷˌ ʵʶʵˇ˃ʷ˄˖˄ ʻʷˍˇˎ˄ ˈˊʽʰ 
ˋˍˇ˄ ˃ʷʴʽˋˍˇ ʰˊʽʻ˃ˈ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʶˉʽˋˍˊʷ˒ˇˎ˄Φ ɽˈʴ˖ ˍʹˌ ʰˉʰʾˍʹˋʹˌ 
ʴʽʰ ˁʰʻˇ˂ʽˁʺ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ 
˔ˊʺˋˍʹ, ˎ˂ˇˉˇʽʺʻʹˁʶ ʷ˄ʰˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˗ˋˍʶ ˄ʰ ˋˎ˂˂ʷʴʶʽ ˈ˂ʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʁ 
˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʰˎˍˈˌ ˂ʶʽˍˇˎˊʴʶʾ ˃ʶ ˍʹ˄ ʵʽʱˋˉʰˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˋˎ˂˂ˇʴʺˌ ˋʶ ˉʶˊʽˋˋˈˍʶˊʰ 
˃ʽˁˊʱ ˍ˃ʺ˃ʰˍʰ, ˗ˋˍʶ ˄ʰ ˋˎ˂˂ʷʴʶˍʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽΦ ɮˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ʵʽʱˋˉʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 
ˋˎ˂˂ˇʴʺˌ,˗ˋˍʶ ˋʶ ˁɦ ʻʶ ˉʶˊʽˇ˔ʺ ʶˉʽˋˍˊʷ˒ʶˍʰʽ ˇ ˃ʷʴʽˋˍˇˌ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ʹ ʶˁʱˋˍˇˍʶ ˉʹʴʺΦ  

Repository: ɶ ˃ˇ˄ʱʵʰ ʰˎˍʺ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ʰ˄ʱˁˍʹˋʹ ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽΦ  

API: ɾʶ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ˃ˇ˄ʱʵʰ ˉʰˊʷ˔ʶˍʰʽ ˃ʽʰ ʵʽʶˉʰ˒ʺ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ 
ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ campaigns ˁʰʽ ʹ ʰ˄ʱˁˍʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ˃ˇ˄ʱʵʰ ʰˎˍʺ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍʽˌ 
ʰʽˍʺˋʶʽˌ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ʰˉˇˁˊʾˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˉˊˇˋˎ˃˒˖˄ʹ˃ʷ˄ˇ 
ˉˊ˖ˍˈˁˇ˂˂ˇ ˋ ʁ˃ ˇˊ˒ʺ JSON.  

Cockpit: ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ˃ˇ˄ʱʵʰ ˉʰˊʷ˔ʶʽ ʷ˄ʰ ʰˁˈ˃ʰ ˍˊˈˉˇ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ 
ˋˎ˄ˍˇ˄ʽˋ˃ˇˏ ˃ʷˋ˖ ʶ˄ˈˌ ʴˊʰ˒ʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶˊʴʰˋʾʰˌ όGUIύΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ 
ʵʽʶˉʰ˒ʺ ˉˇˎ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʺ ˔ˊʺˋʹΣ ˃ʶ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇ˄ʱʵʰ ʷ˄ʰˌ 
˔ˊʺˋˍʹˌΣ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ˒ʽ˂ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˍʽˌ ˉʰˊʶ˔ˈ˃ʶ˄ʶˌ 
ʶ˄ˍˇ˂ʷˌ ʵʽʰ˔ʶʾˊʽˋʹˌΦ 

 

1.5.2 ɮˊ˔ʶʽˇʻʷˍʹˋʹ ʰ˄ʰˁˍʹʻʷ˄ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
ɱʽʰ ˍʹ˄ ʰˊ˔ʶʽˇʻʷˍʹˋʹ ˍ˖˄ ʰ˄ʰˁˍʹʻʷ˄ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʾʰ ˋ˔ʶˋʽʰˁʺ ʲʱˋʹ 
ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˇˊʻʺ ˇˊʴʱ˄˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷʴˇˎ˃ʶ ˃ʶ ˍˇˎˌ crawlers. 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ɾʶ ˍʹ˄ ˔ˊʺˋʹ ˍʹˌ ʲʱˋʹˌ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ʱ˃ʶˋʹ ʰ˄ʱˁˍʹˋʹ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʵʽʱ˒ˇˊʰ 
ˁˊʽˍʺˊʽʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ 

 

1.5.3 ɮ˄ʱ˂ˎˋʹ ʰˉʰʽˍʺˋʶ˖˄ ʰˊ˔ʶʽˇʻʷˍʹˋʹˌ 
ʁʽ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˁʰʽ 
ˍʹ˄ ˇˊʴʱ˄˖ˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˍʽˌ ˃ʶˍʰˉ˂ʹˊˇ˒ˇˊʾʶˌ ˍ˖˄ 
campaigns. 

ɱʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉʰʽˍʶʾˍʰʽ ʹ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉˇˎ ˍʰ 
ˋˎ˄ˇʵʶˏˇˎ˄, ̍ ˉ˖ˌ ˍˇ ˈ˄ˇ˃ʰΣ ʹ ʵʽʶˏʻˎ˄ˋʹΣ ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁΦʰΦ 

ʃʷˊʰ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˉʹʴʷˌ ʰˉʰʽˍʶʾˍʰʽ ˁʰʽ ʹ ʰˉˇʻʺˁʶˎˋʹ 
˃ʶˍʰˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˁʱʻʶ campaign, ˈˉ˖ˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˈ˄ˇ˃ʰΣ ˍʹ˄ 
ˉʶˊʽʴˊʰ˒ʺΣ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʷ˄ʰˊ˅ʹˌ ˁʰʽ ˂ʺ˅ʹˌ, ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋˎ˂˂ˇʴʺˌΦ ʁʽ 
ˉʰˊʱ˃ʶˍˊˇʽ ʰ˒ˇˊˇˏ˄ ˍˇˎˌ crawlers ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Σ ˍʹ˄ ʴʶ˖ʴˊʰ˒ʽˁʺ ˉʶˊʽˇ˔ʺ 
ʰ˄ʰʸʺˍʹˋʹˌΣ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ crawlsΣ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ,˃ʰʸʾ ˃ʶ ˍˇˎˌ ˈˊˇˎˌ ʰ˄ʰʸʺˍʹˋʹˌ ˁʰʽ ˍˇ˄ ˔ˊˈ˄ˇ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˁʱʻʶ 
ˁʰˍʹʴˇˊʾʰˌΦ ʁʽ ˉʰˊʰˉʱ˄˖ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʻʷˋʰ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʰˊ˔ʶʽˇʻʷˍʹˋʹ ˍ˖˄ 
ˉʰˊʰ˃ʷˍˊ˖˄Σ ˎˉʶˊˁʰ˂ˏˉˍˇˎ˄ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˗ˋˍʶ ˄ʰ ʰˉˇˍˊʷ˕ˇˎ˃ʶ ˍʹ˄ 
ʰ˄ʱʴˁʹ ʴʽʰ ʶˉʰ˄ʰˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ʲʱˋʹˌΣ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʷ˔ˇˎ˃ʶ ˃ʽˁˊʷˌ ʰ˂˂ʰʴʷˌ ˋˍʽˌ 
ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ 

 

1.5.4 ʅˎ˄ˇˉˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ʶ˄ˍˇ˂˗˄ 
ɳˁˍˈˌ ˈ˃˖ˌ ʰˉˈ ˍʹ˄ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʹ ʲʱˋʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˎˉˇˋˍʹˊʾʸʶʽ ˁʰʽ 
˂ʶʽˍˇˎˊʴʾʶˌ, ˈˉ˖ˌ ʹ ˔ˊʺˋʹ ʶ˄ˍˇ˂˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ ˋˏ˄ʻʶˍ˖˄ ʶ˄ˍˇ˂˗˄ ʰ˄ʱˁˍʹˋʹˌ 
ʵʶʵˇ˃ʷ˄˖˄Φ ɮˁˇ˂ˇˎʻʶʾ ʹ ˉʰˊʱʻʶˋʹ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ˉˇˎ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽΣ 
˔˖ˊʽˋ˃ʷ˄ʶˌ ˋˍʽˌ ʵˏˇ ˉʰˊʰˉʱ˄˖ ˁʰˍʹʴˇˊʾʶˌΦ 

ɳ˄ˍˇ˂ʷˌ ʵʽʰ˔ʶʾˊʽˋʹˌ 

¶ ɳʽˋʰʴ˖ʴʺΣ ʵʽʰʴˊʰ˒ʺ ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹ ˍ˖˄ crawlers ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ˋˏˋˍʹ˃ʰΦ 

¶ ɳʽˋʰʴ˖ʴʺΣ ʵʽʰʴˊʰ˒ʺ ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰΦ 

¶ ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ campaigns ˁʰʽ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋˎ˄ˇʵʶˏˇˎ˄ ˁʱʻʶ 
˃ʾʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ 

o ʁʽ crawlers ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ campaign 

o ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ campaign 

o ɶ ˍˇˉˇʻʶˋʾʰ ʰ˄ʰʸʺˍʹˋʹˌ 

o ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˎ˂˂ˇʴʺˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇˎˌ  

crawlers ɹ ʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

o ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˎ˂˂ˇʴʺˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ 

ˍˇˉˇʻʶˋʾʰ ˍʹˌ ˋˎ˂˂ˇʴʺˌΦ  

o ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˎ˂˂ˇʴʺˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʽˌ 

ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ crawls ɹ ʽʰ ˁʱʻʶ ˋˎ˂˂ˇʴʺΦ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

18 h ˉˈ 69 
 

¶ ɳʽˋʰʴ˖ʴʺ ˁʰʽ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
 

ɳ˄ˍˇ˂ʷˌ ʰ˄ʱˁˍʹˋʹˌ 

¶ ɮ˄ʱˁˍʹˋʹ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ ˔ˊʺˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʺ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ 
ˍ˖˄ ʰˁˈ˂ˇˎʻ˖˄ ˁˊʽˍʹˊʾ˖˄Υ 

o ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

o ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ˋˍʹ˄ ˇˉˇʾʰ ˋˎ˂˂ʷ˔ˍʹˁʶ ˍˇ ˋʹ˃ʶʾˇ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

o ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ʲʱˋʶʽ ˍ˖˄ ˇˉˇʾ˖˄ ʷ˔ʶʽ ˋˎ˂˂ʶ˔ʻʶʾ 

ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

o ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ crawler ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʷʴʽ˄ʶ ʹ ˋˎ˂˂ˇʴʺ ˍˇˎ 

ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

 

1.5.5 ʅ˔ʶʵʽʰˋ˃ˈˌ ̱ ʹˌ ʲʱˋʹˌ ɻ ʶʵˇ˃ʷ˄˖˄ 
ɶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶʵ˗ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˍʶ˂ʽˁʺ ʲʱˋʹ ˍˇˎ CitySense, 
ʰ˂˂ʰ ʷ˄ʰ ʰˉˇʻʶˍʺˊʽˇΣ ˋˍˇ ˇˉˇʾˇ ˇ AreaProfiler ʰˉˇʻʹˁʶˏʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋˎ˂˂ʷʴʶʽ ˋʶ 
ˉˊ˗ˍʹ ˒ʱˋʹΦ ɶ ʲʱˋʹʰˎˍʺ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ˗ˋˍʶ ˄ʰ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ 
ʰˉhʽˍʺˋʶ˖˄ ˉˇˎ ˍʷʻʹˁʰ˄ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ˄ʰ ʶʾ˄ʰʽ ʶˏˁˇ˂ʰ ˉˊˇˋʰˊ˃ˈˋʽ˃ʹ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ 
ʰˉʰʽˍʺˋʶʽˌ ˁʰʽ ʶʽˋʰʴ˖ʴʺ ˄ʷ˖˄  ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄Φ ʆˇh˄ˍʾˋˍˇʽ˔ˇ 
ER ɻ ʽʱʴˊʰ˃˃ʰ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ̀ ˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ. 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

19 h ˉˈ 69 
 

 

ɳʽˁˈ˄ʰ 6. ɲʽʱʴˊʰ˃˃ʰ ɰʱˋʹˌ ɲʶʵˇ˃ʷ˄˖˄ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˁˇ˂ˇˎʻʶʾ ˃ʽʰ ʰ˄ʰ˂ˎˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍʹ ̩˔ˊʺˋʹ ̩ˁʰʽ ˍ˖ ˄ʵʶʵˇ˃ʷ˄˖ ˄ʴʽʰ 
ˈ˂ˇˎˌ ˍˇˎˌ ˉʾ˄ʰˁʶˌ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

poi_crawlers: ʁ ˉʾ˄ʰˁʰˌ ʰˎˍˈˌ ˉʶˊʽʷ˔ʶʽ ˈ˂ˇˎˌ ˍˇˎˌ crawlers ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ˋˏˋˍʹ˃ʰΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰ, ˉʶˊʽʷ˔ʶʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈΣ ˍˇ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

20 h ˉˈ 69 
 

ˈ˄ˇ˃ʰΣ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺΣ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˁʱ˂ˎ˕ʹˌ ˁʰʽ ˍʹ ˃ˇˊ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 
ˎˉˇˋˍʹˊʾʸʶʽΦ 

categoriesΥ ʁ ˉʾ˄ʰˁʰˌ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ 
ˍˇ ˋˏˋˍʹ˃ʰΦ ʅˍˇ˄ ˉʾ˄ʰˁʰ ʰˉˇʻʹˁʶˏʶˍʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ˁʱʻʶ 
ˁʰˍʹʴˇˊʾʰˌΦ 

campaigns: ʁ ̀ˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʽˌ ˋˎ˂˂ˇʴʷˌ ˉˇˎ ʷ˔ˇˎ˄ 
ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰΦ ɱʽʰ ˁʱʻʶ ˋˎ˂˂ˇʴʺ ʰˉˇʻʹˁʶˏʶˍʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈΣ ˍˇ ˈ˄ˇ˃ʰΣ ʹ ˉʶˊʽʴˊʰ˒ʺ ˁʰʽ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʷ˄ʰˊ˅ʹˌ ˁʰʽ ˂ʺ˅ʹˌ ˍʹˌ ˋˎ˂˂ˇʴʺˌΦ 

campaign_poi_crawlersΥ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉˊˇˋʵʽˇˊʾʸʶʽ 
ˍˇˎˌ crawlers ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˁʱʻʶ ˋˎ˂˂ˇʴʺΦ ʁʽ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ˁʰʽ ˍˇ 
˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍ˖˄ crawlers. 

campaign_has_categoriesΥ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉˊˇˋʵʽˇˊʾʸʶʽ 
ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˁʱʻʶ ˋˎ˂˂ˇʴʺ ˁʰʽ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋˎ˂˂ˇʴʺˌ ʴʽʰ 
ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ, ˈˉ˖ˌ ʰˎˍʷˌ ʰˉˇˍˎˉ˗˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˉʶˊʾˇʵˇ ˁʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ 
ˋˎ˂˂ˇʴʺˌΦ ʁʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʶʾ˄ʰʽ ˍʰ ˃ˇ˄ʰʵʽˁʱ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍʹˌ 
ˋˎ˂˂ˇʴʺˌ ˁʰʽ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ˉʶˊʾˇʵˇˌ ˋˎ˂˂ˇʴʺˌ ʴʽʰ ˁʱʻʶ ˃ʾʰ ˁʰˍʹʴˇˊʾʰΦ 

radius_locations&rectangle_locationsΥ ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇʽ ˉʾ˄ʰˁʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ 
ˉˊˇˋʵʽˇˊʾʸˇˎ˄ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌ ʴʽʰ ˍchampaignsΦ ʇˉʶ˄ʻˎ˃ʾʸˇˎ˃ʶ ˈˍʽ ˁʱʻʶ 
campaign ˎˉˇ˔ˊʶˇˏˍʰʽ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʰˁˊʽʲ˗ˌ ˃ʾʰ ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌ ˁʰʽ ˋˎ˄ʶˉ˗ˌ 
ˁʱʻʶ ˋˎ˂˂ˇʴʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌ ˋʶ ʷ˄ʰ ˄ʰˉˈ ʰˎˍˇˏˌ ˍˇˎˌ ʵˏˇ 
ˉʾ˄ʰˁʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˇˊʽˋ˃ˈ ˍʹˌ ˉʶˊʽˇ˔ʺˌΦ 

poi_crawlsΥ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʰ crawls ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ʴʽʰ ˍʰcampaignsΦ ʁʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʰ˒ˇˊˇˏ˄ ˍʰ ˃ˇ˄ʰʵʽˁʱ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍ˖˄ crawls ˁ ʰʽ ˍ˖˄ campaigns ˁ ʰʽ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʷ˄ʰˊ˅ʹˌ ˍ˖˄ crawls. 

crawl_poi_crawlsΥ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˇʽ 
crawlers ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˁʱʻʶ crawlΦ ʁʽ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ ʰ˒ˇˊˇˏ˄ ˍʰ ˃ˇ˄ʰʵʽˁʱ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍ˖˄ 
crawls ˁ ʰʽ ˍ˖˄ crawlers. 

pois: Oˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɱʽʰ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ʽˁʰ˄ˈ ˄ʰ ʰˉʰ˄ˍʱʶʽ ˋʶ ˉˇ˂ˏˉ˂ˇˁʰ ʶˊ˖ˍʺ˃ʰˍʰΣ 
ʶˁ̱ˈˌ ʰˉˈ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰ˒ˇˊʱ ˍʰ ʾʵʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʰˉˇʻʹˁʶˏʶˍʰʽ ˁʰʽ 
ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰ˒ˇˊʱ ˍˇ˄ crawler ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʷʴʽ˄ʶ ʹ ˋˎ˂˂ˇʴʺΣ ʹ ˁʰˍʹʴˇˊʾʰ ˋˍʹ˄ ˇˉˇʾʰ 
ʰ˄ʺˁʶʽ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˍˇ crawlΦ ɮˁˈ˃ʰ ʰˉˇʻʹˁʶˏʶˍʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʹ ˉʹʴʺΣ ʷ˄ʰ ˋʹ˃ʶʾˇ ˉˇˎ ˉˊˇˋʵʽˇˊʾʸʶʽ ˔˖ˊʽˁʱ ˍˇ ˋʹ˃ʶʾˇ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʹʴʺΣ ˍˇ ˈ˄ˇ˃ʰΣ ʹ 
ˉʶˊʽʴˊʰ˒ʺΣ ʹ ʵʽʶˏʻˎ˄ˋʹΣ ˍˇ ˍʹ˂ʷ˒˖˄ˇΣ ˇʽ ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˍˇ URLΣ ˍˇ ʶʾʵˇˌ ˍʹˌ ʱʵʶʽʰˌ 
˔ˊʺˋʹˌΣ ʹ ˃ʷˋʹ ʲʰʻ˃ˇ˂ˇʴʾʰ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ ʰ˅ʽˇ˂ˇʴʺˋʶ˖˄ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˉˊˇʺ˂ʻʶ ʹ ˃ʷˋʹ 
ʲʰʻ˃ˇ˂ˇʴʾʰΦ ʆʷ˂ˇˌΣ ʴʽʰ ˍˇ GooglePlaces ʰˉˇʻʹˁʶˏʶˍʰʽ ʹ ˂ʾˋˍʰ ˍ˖˄ placetypes ˉˇˎ 
˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʴʽʰ ˍˇ Foursquare ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˇʽ 
ˁʰˍʹʴˇˊʾʶˌ ˍʹˌ Foursquare ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌ όʽʶˊʰˊ˔ʾʰˌ ˁʰˍʹʴˇˊʽ˗˄ύ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁʶʽ ˍˇ 
ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʶˍʽˁʷˍʶˌ όtagsύ ˉˇˎ ˍˇ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄Φ 

coordinatesΥ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˈ˂˖˄ ˍ˖˄ 
ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˎˍʺ ʵʶ˄ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ 
ʰˉˇʻʹˁʶˎˍʶʾ ˋˍˇ˄ ˉʾ˄ʰˁʰ pois̄ ˇˎ ʰˉˇʻʹˁʶˏʶʽ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˁʰʻ˗ˌ ʷ˄ʰ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

21 h ˉˈ 69 
 

ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˉˈ ˉʶˊʽˋˋˈˍʶˊʶ ̩ʰˉˈ ˃ʽʰ ˍˇˉˇʻʶˋʾʶˌΦ ɶ 
ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰˉˇʻʹˁʶˏʶˍʰʽ ʰ˒ˇˊʱ ˍˇ ˃ˇ˄ʰʵʽˁˈ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˍʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ̀ ʹ˃ʶʾˇΦ 

 

1.5.6 ɮˉˇ˒ʱˋʶʽˌ ˁʰˍʱ ˍʹ ˒ʱˋʹ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ 
ɰʰˋʽˁˈ ˁˊʽˍʺˊʽˇ ˁʰˍʱ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ʲʱˋʹˌ ʺˍʰ˄ ʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ 
ʶˉʽˍʶ˂ʶʾ ʹ ʶ˒ʰˊ˃ˇʴʺΦ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋʶ ʰˎˍʺΣˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ʵʽˁʰʽˇ˂ˇʴʺˋˇˎ˃ʶ ˍʽˌ ˋ˔ʶʵʽʰˋˍʽˁʷˌ ʶˉʽ˂ˇʴʷˌ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇˎˌ ʵʽʰʻʷˋʽ˃ˇˎˌ crawlers ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʰˉˈ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɼʰʻ˗ˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 
ʰˎˍʱ ˉʰʾʸˇˎ˄ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˃ʶ ʶ˅ʰˋ˒ʰ˂ʾˋʶʽ 
ˈˍʽ ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʶ˄ʹ˃ʶˊ˖˃ʷ˄ʹ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʶ 
ˍʹ˄ ʰˊ˔ʽˁˇˉˇʾʹˋʹ ˍʹˌ ʲʱˋʹˌ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˉʾ˄ʰˁʶˌ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˍʰ 
ˉʰˊʰˉʱ˄˖ ʵʶʵˇ˃ʷ˄ʰ ˋˎ˃ˉ˂ʹˊ˗˄ˇ˄ˍʰʽ ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰ˃ʶˍʱʲ˂ʹˍˇʽ ˁʰʻΩ 
ˈ˂ʹ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʶˁˍʷ˂ʶˋʹˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʁʽ ˉʾ˄ʰˁʶˌ ʰˎˍˇʾ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˂˂ʱ˅ˇˎ˄ ˃ˈ˄ˇ 
ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʰ˂˂ʱ˅ʶʽ ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰˉˈ 
ˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʁ ˋˎ˄ʺʻʹˌ ˂ˈʴˇˌ ʴʽʰ ˍʹ˄ ʰ˂˂ʰʴʺ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ 
ʶʾ˄ʰʽ ʹ ˉˊˇˋʻʺˁʹ ˄ʷ˖˄ crawlers ˁ ʰʽ ˁʰˍʹʴˇˊʽ˗˄ ˋˍˇ ˋˏˋˍʹ˃ʰΦ 

ʃˊ˖ˍʰˊ˔ʽˁˈ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ʶʾ˄ʰʽ ˍʰ campaigns ˃ʷˋ˖ ˍ˖˄ ˇˉˇʾ˖˄ 
ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʆʰ campaigns ʶʾ˄ʰʽ ˍʰ 
ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˃ʷˋʰ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʵʶʵˇ˃ʷ˄˖˄, ʶ˄˗ ˉˊʷˉʶʽ ˄ʰ ʵʽʶˎˁˊʽ˄ʽˋˍʶʾ 
ˈˍʽ ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʵʶ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʱ˃ʶˋʰ ʰˉˈ ˍˇ campaign, ʰ˂˂ʱ ˃ʶ ˍʹ˄ 
ʲˇʺʻʶʽʰ ˍ˖˄ crawlsΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˁʱʻʶ campaign ʷ˔ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ crawl ˁʰʽ 
ʰ˄ˍʾˋˍˊˇ˒ʰ ˁʱʻʶ crawl ʰ˄ʺˁʶʽ ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˋʶ ˃ˈ˄ˇ ʷ˄ʰ campaignΦ ɶ ʽʵʽʰʽˍʶˊˈˍʹˍʰ ʰˎˍʺ 
ʰˉˇˍˎˉ˗˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄, ˈˉˇˎ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ˈ˄ˇ 
˃ʶ ˍʰ crawls, ʁ ˄˗ ˍʰ crawls ̀ ˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʰ campaigns. 

ʆʰ campaigns ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ ʰˊʽʻ˃ˈ ʰˉˈ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇˎˌ crawlers 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄Σ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʻʰ ˋˎ˂˂ʷ˅ˇˎ˄ ˃ʶ ˍʹ˄ 
˔ˊʺˋʹ ˂ʷ˅ʶ˖˄ ˁ˂ʶʽʵʽ˗˄ ˁʰʽ ˍʷ˂ˇˌ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˍʹˌ ˋˎ˂˂ˇʴʺˌΦ ʁʽ ˉʰˊʰˉʱ˄˖ ˉʰˊʱ˃ʶˍˊˇʽ 
ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰ˄ʰ˂˂ˇʾ˖ˍʶˌ ˋˍʹ ʵʽʱˊˁʶʽʰ ˃ʽʰˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˋˎ˂˂ˇʴʺˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 
˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇˍˎˉ˖ʻˇˏ˄ ˋˍʹ˄ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˉʾ˄ʰˁʶˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇˎ˄ ˈ˂ʶˌ ʰˎˍʷˌ 
ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˁʱʻʶ campaignΦ ɹʵʽʰʾˍʶˊʹ ˃˄ʶʾʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ʲʱˋʹ 
ʵʶʵˇ˃ʷ˄˖˄ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʵˏˇ ˃ˇˊ˒˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌΦ 
ɼʰʻ˗ˌ ˈ˃˖ˌ ˋʶ ˁʱʻʶ campaign ʶˉʽˍˊʷˉʶˍʰʽ ˃ˈ˄ˇ ˃ʾʰ ˍˇˉˇʻʶˋʾʰ, ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʵʶ˄ 
ʶˉʽˍˊʷˉʶʽ ʴʽʰ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ campaign ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ˇʽ ʵˏˇ ˃ˇˊ˒ʷˌ ˍʹˌ ˍˇˉˇʻʶˋʾʰˌΦ 
ʆʷ˂ˇˌΣ ˁʰʻ˗ˌ ʹ ˔ˊʺˋʹ ˉˇ˂˂ʰˉ˂˗˄ campaigns ˃ʶ ˈ˃ˇʽʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋˎ˂˂ˇʴʺˌ ʶʾ˄ʰʽ 
ʶˉʽˍˊʶˉˍʺ, ʰˎˍˈ ʰˉˇˍˎˉ˗˄ʶˍʰʽ ˋˍʹ ʲʱˋʹ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˃ˇ˄ʰʵʽˁˇˏ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˇˏ 
ʰ˄ʶ˅ʱˊˍʹˍˇ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

ɱʽʰ ˄ʰ ʵʽʰˍʹˊʹʻʶʾ ʹ ʰˁʶˊʰʽˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶʾ˄ʰʽ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ ˋˍʹ˄ ʲʱˋʹ 
ʵʶʵˇ˃ʷ˄˖˄ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ, ʹ ʲʱˋʹ ʵʽʷˉʶˍʰʽ ʰˉˈ ʷ˄ʰ ˉ˂ʺʻˇˌ ˁʰ˄ˈ˄˖˄ ˁʰˍʱ ˍʹ˄ 
ʵʽʰʴˊʰ˒ʺ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌΦ ɾʷˋ˖ ʰˎˍ˗˄ ˍ˖˄ ˁʰ˄ˈ˄˖˄ ʵʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ʹ ʵʽʰʴˊʰ˒ʺ ˍ˖˄ 
crawlers ˁʰʽ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ campaignsΣ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ 
ʶ˒ʽˁˍˈ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʵʶ˄ 
ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇˎˌ crawlers ˁʰʽ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʹ 
ˋˎ˂˂ˇʴʺΦ ɱʽʰ ˄ʰ ʵʽʰʴˊʰ˒ˇˏ˄ ˍʰ ˉʰˊʰˉʱ˄˖ ˋˍˇʽ˔ʶʾʰ ʰˉʰʽˍʶʾˍʰʽ ˉˊ˗ˍʰ ʹ ʵʽʰʴˊʰ˒ʺ ˈ˂˖˄ 
ˍ˖˄ campaigns ˉˇˎ ˁʱ˄ˇˎ˄ ˔ˊʺˋʹ ʰˎˍ˗˄ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄Φ ɴ˄ʰˌ ʰˁˈ˃ʰ ˁʰ˄ˈ˄ʰˌ ˉˇˎ ʵʽʷˉʶʽ 
ˍʹ˄ ʲʱˋʹ ʶʾ˄ʰʽ ˈˍʽ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʻʰ ˉˊʷˉʶʽ ˉʱ˄ˍʰ ˄ʰ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇ 
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campaign ʴʽʰ ˍˇ ˇˉˇʾˇ ˋˎ˂˂ʷ˔ʻʹˁʰ˄Φ ɳˉˇ˃ʷ˄˖ˌ, ʹ ʵʽʰʴˊʰ˒ʺ campaign ʶˉʽ˒ʷˊʶʽ ˍʹ˄ 
ʵʽʰʴˊʰ˒ʺ ˈ˂˖˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋˎ˂˂ʶ˔ʻʶʾ ʰˉˈ ʰˎˍʺ˄, ˁʰʻ˗ˌ ˁʰʽ ˈ˂˖˄ ˍ˖˄ 
ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶΦ 

 

1.6 ʆʶ˔˄ˇ˂ˇʴʾʶˌ ʰ˄ʱˉˍˎ˅ʹˌ 
ɱʽʰ ˍˇ˄ AreaProfiler ʲʰˋʽˋˍʺˁʰ˃ʶ ˁˎˊʾ˖ˌ ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˍˊʶʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΦ ɶ ˉˊ˗ˍʹ 
ˍʶ˔˄ˇ˂ˇʴʾʰ ʶʾ˄ʰʽ ʹ JavaΣ ˃ʽʰ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʴʶ˄ʽˁˇˏ ˋˁˇˉˇˏΣ ʹ ʵʶˏˍʶˊʹ 
ˍʶ˔˄ˇ˂ˇʴʾʰ ʶʾ˄ʰʽ ˇ ApacheTomcat7  (WebServer)ˁʰʽ ˍʷ˂ˇˌ ˍˇ ˋˏˋˍʹ˃ʰ ʵʽʰ˔ʶʾˊʽˋʹˌ 
ˋ˔ʶˋʽʰˁ˗˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ PostgreSQL8˃ʶ ˍʹ˄ ʶˉʷˁˍʰˋʹ PostGIS9 ɹ ʽʰ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ 
˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

 

1.6.1 Java 
ɱʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʶ ˍʹ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Java ˋˍʹ˄ ʷˁʵˇˋʹ тΣ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ 
ˍˇ ʰ˄ˇʽˁˍˇˏ ˁ˗ʵʽˁʰ ʴˊʰ˒ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ʱˉˍˎ˅ʹˌ Eclipse10 ˃ ʶ ˍˇ ˇˉˇʾˇ ʵʽʶˎˁˇ˂ˏ˄ʶˍʰʽ ʹ 
ʰ˄ʱˉˍˎ˅ʹ ˁ˗ʵʽˁʰ, ʶ˄˗ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˋʰ˄ ʲʱˋʹ ʴʽʰ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ˉˊˈˋʻʶˍʰ ʶˊʴʰ˂ʶʾʰ 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶΦ 

ɱʽʰ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˁ˗ʵʽˁʰ ʶ˂ʷʴ˔ˇˎ όtestcasesύ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ JUnit11 ˃ ʶ ˍʹ˄ 
˔ˊʺˋʹ ˍˇˎ ˇˉˇʾˇ ʰˉ˂ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˃ʶʽ˗˄ʶˍʰʽ ˇ ˔ˊˈ˄ˇˌ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˁ˗ʵʽˁʰΦ 
ʃʰˊʱ˂˂ʹ˂ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˁʰʽ ˍˇ ʶˊʴʰ˂ʶʾˇ Clover12 ˃ ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ˍˇˎ ˇˉˇʾˇˎ ʶ˂ʷʴ˅ʰ˃ʶ 
ˉˇʽʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˁ˗ʵʽˁʰ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ʷ˔ˇˎ˄ ˁʰ˂ˎ˒ʻʶʾ ʰˉˈ ˁ˗ʵʽˁʰ ʶ˂ʷʴ˔ˇˎΦ 

ɼʰʻ˗ˌ ʹ ʶ˒ʰˊ˃ˇʴʺ ʰˉʰʽˍˇˏˋʶ ˍʹ˄ ˔ˊʺˋʹ ˉˇ˂˂˗˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ 
ʶˊʴʰ˂ʶʾˇ Maven13  ̱ ˇ ˇˉˇʾˇ ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʵʽʰ˔ʶʾˊʽˋʹ ˈ˂˖˄ ˍ˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺΦ ɾʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʰˉ˂ˇˉˇʽʺʻʹˁʶ ˋʹ˃ʰ˄ˍʽˁʱ ʹ 
˃ʶˍʰ˒ˇˊʱ ˍˇˎ ʷˊʴˇˎ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʹ˔ʰ˄ʺ˃ʰˍʰΦ 

ɳˁˍˈˌ ʰˉˈ ˍʽˌ ǎǘŀƴŘŀǊŘ ʲʽʲ˂ʽˇʻʺˁʶ ̩ ˍʹˌ Java ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍˇˌ 
˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ʶ˅˖ˍʶˊʽˁʷˌʲʽʲ˂ʽˇʻʺˁʶˌΦ ɱʽʰ ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ ˍʹˌ ˃ˇˊ˒ʺˌ 
JSOɿ ˋʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ Java ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ʲʽʲ˂ʽˇʻʺˁʹ Ϧgoogle-json"14. 
ɱʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ˉˇˎ ʵʾ˄ˇ˄ˍʰʽ ˋʰ˄ ˇˊʾˋ˃ʰˍʰ ˋˍʹ˄ ˁˏˊʽʰ ˃ʷʻˇʵˇ ˃ʷˋʰ ʰˉˈ 
ˍʹ˄ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ʲʽʲ˂ʽˇʻʺˁʹ ϦcommonsCLI" 15  ʁ ˄˗ ʴʽʰ ˍʹ˄ 
ʵʽʰ˔ʶʾˊʽˋʹ ʰˊ˔ʶʾ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ʲʽʲ˂ʽˇʻʺˁʹ άcommonsIOέ16Φ ɱʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˍʹˌ 
ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ˄ Java ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ʲʽʲ˂ʽˇʻʺˁʹ άPostgreSQLJDBCDriverέ17 
ˍʹˌ PostgreSQL. 

 

                                                           
7 http:// tomcat.apache.org/  
8 http:// www.postgresql.org/  
9 http:// www.postgis.net/  
10 https:// www.eclipse.org/  
11 http:// junit.org/  
12 https:// www.atlassian.com/software/clover/overview 
13 http:// maven.apache.org/  
14 https:// code.google.com/p/google-gson/  
15 http:// commons.apache.org/proper/commons-cli/  
16 http:// commons.apache.org/proper/commons-io/  
17 https:// jdbc.postgresql.org/  
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1.6.2 ApacheTomcat 
ʁ ApacheTomcat ʶʾ˄ʰʽ ʷ˄ʰˌ webserver̄ ˇˎ ˉʰˊʷ˔ʶʽ ˍʽˌ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ ʲʽʲ˂ʽˇʻʺˁʶˌ, ˗ˋˍʶ ˄ʰ 
ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ˉˊ˖ˍˈˁˇ˂˂ˇ ʶˉʽˁˇʽ˄˖˄ʾʰˌ HTTPΦ ɾʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ 
ˉˊ˖ˍˇˁˈ˂˂ˇˎ ˇʽ clients ˉˇˎ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍˇ ˉˊ˖ˍˈˁˇ˂˂ˇ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍˇ 
server, ˃ ʶ ˋˁˇˉˈ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ʰʽˍʺˋʶʽˌ ˁʰʽ ˄ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˉʾˋ˖ ʰˉˇˁˊʾˋʶʽˌΦ 

 

1.6.3 PostgreSQL/ PostGIS 
ɶ ˍˊʾˍʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˋˍʹ˄ ˇˉˇʾʰ ʲʰˋʽˋˍʺˁʰ˃ʶ ʶʾ˄ʰʽ ˍˇˋˏˋˍʹ˃ʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˋ˔ʶˋʽʰˁ˗ ˄
ʲʱˋʁ̟ ˄ ʵʶʵˇ˃ʷ˄˖˄ PostgreSQL̄ ˇˎ ʁ ˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˋ˔ʶˋʽʰˁʺ 
˃ˇˊ˒̋.ʋˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ʶˉʾˋʹˌΣ ˍʹ˄ ʶˉʷˁˍʰˋʹ PostGIS ˍʹˌ PostgreSQL ˉˇˎ ʵʾ˄ʶʽ ˍʹ 
ʵˎ˄ʰˍˈˍʹˍʰ ˔ˊʺˋʹˌ ˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˋʹ˃ʶʾʰΣ ˉˇ˂ˏʴ˖˄ʰύ ˖ˌ ˋˍʺ˂ʶˌ ˋʶ ˉʾ˄ʰˁʶˌ ˍʹˌ 
ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ  

 

1.7 ʇ˂ˇˉˇʾʹˋʹ ˍˇˎ !ǊŜŀ tǊƻŦƛƭŜǊ 
ToAreaProfiler ʶˊʴʰ˂ʶʾˇ ˉˇˎ ʰ˄ʰˉˍˏ˅ʰ˃ʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ʷˊʴˇˎ Citysense ˋˍʹˊʾ˔ʻʹˁʶ ˋʶ 
ʷ˄ʰ ˉʰ˂ʰʽˈˍʶˊˇ, ˉˊ˗ʽ˃ˇ ˉˊ˖ˍˈˍˎˉˇ ʶ˄ˈˌ ˉʰ˂ʰʽˈˍʶˊˇ ˎ ʷ́ ʴˇˎ ˍˇˎ ɹ˄ˋˍʽˍˇˏˍˇˎ 
ʃ˂ʹˊˇ˒ˇˊʽʰˁ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄Φ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˈ˃˖ˌ ʶˊʴʰ˂ʶʾˇΣ ʷˉˊʶˉʶ ˄ʰ ʰ˄ʰ˄ʶ˖ʻʶʾ 
ˊʽʸʽˁʱΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ˍʰˉʶ˅ʷ˂ʻʶʽ ˋˍʽˌ ʰˎ˅ʹ˃ʷ˄ʶˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ CitysenseΦ ɼʱˉˇʽʶˌ 
ʰˉˈ ˍʽˌ ˁˎˊʽˈˍʶˊʶˌ ʰ˂˂ʰʴʷˌ ʻʰ ˉʶˊʽʴˊʰ˒ˇˏ ˄˃ ʶ ˋˎ˄ˍˇ˃ʾʰ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰΦ 

 

1.7.1 ʋˊʺˋʹ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ PostgreSQL/ PostGIS 
ɶ ʰˊ˔ʽˁʺ ʷˁʵˇˋʹ ˍˇˎ AreaProfiler ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʶ ˖ˌ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍʹ MySQLΦ ʆʰ 
˔˖ˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˈˉ˖ˌ ʹ ˍˇˉˇʻʶˋʾʰ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌΣ 
ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌύΣ ʰˉˇʻʹˁʶˏˇ˄ˍʰ˄ ˖ˌ ʲʰˋʽˁˇʾ ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ MySQLΣ ˃ʶ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ ˔˖ˊʽˁʱ ʶˊ˖ˍʺ˃ʰˍʰ ˋʶ ˃ˇˊ˒ʺ ˁʰʽ ʰˉˈʵˇˋʹ 
ʰˉʰˊʰʾˍʹˍʶˌ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ CitySense. ʅˎ˄ʶˉ˗ˌ ˁˊʾʻʹˁʶ ʰ˄ʰʴˁʰʾˇΣ ˄ʰ ˍˊˇˉˇˉˇʽʹʻʶʾ ˇ 
AreaProfilerΣ ˗ˋˍʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˉ˂ʷˇ˄ ˍʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ PostgreSQL ˃ʶ ˍʹ˄ ʶˉʷˁˍʰˋʹ 
PostGIS ˁʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˔˖ˊʽˁˇˏˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ ʶʴʴʶ˄ʶʾˌ ˋˍʹ˄ 
PostgreSQL/PostGIS ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ 
˔˖ˊʽˁʷˌ ˋ˔ʷˋʶʽˌ ˁʰʽ SQL ʁ ˊ˖ˍʺ˃ʰˍʰΦ 

 

1.7.2 ʆʶ˃ʰ˔ʽˋ˃ˈˌ ˉˇ˂ˏ ˃ʶʴʱ˂˖˄ ˉʶˊʽˇ˔˗˄ 
ɶ ʰˊ˔ʽˁʺ ʷˁʵˇˋʹ ˍˇˎ AreaProfiler ˂ʶʽˍˇˎˊʴˇˏˋʶ ˃ʶ ˍʶ˃ʰ˔ʽˋ˃ˈ ˃ʾʰˌ ˉʶˊʽˇ˔ʺˌ ˁʰʽ 
ʰ˄ʰʵˊˇ˃ʽˁʺ ʰ˄ʰʸʺˍʹˋʹ ˋʶ ˁʱʻʶ ˁˇ˃˃ʱˍʽ ˅ʶ˔˖ˊʽˋˍʱΣ ʰ˒ˇˏ ʷ˔ʶʽ ˉˊˇʹʴʹʻʶʾ ˃ʾʰ ʰˉˇˍˎ˔ʹ˃ʷ˄ʹ 
ʰ˄ʰʸʺˍʹˋʹ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˉˊˇʷˁˎˉˍʶ ˈˍʽ ʹ ˉʶˊʽˇ˔ʺ ˉʶˊʽʷ˔ʶʽ ˉʶˊʽˋˋˈˍʶˊʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ʰˎˍʱ ˉˇˎ ʶˉʽˋˍˊʱ˒ʹˁʰ˄ ˋˍʹ˄ ʰ˄ʰʸʺˍʹˋʹΦ ʅʶ ˃ʶʴʱ˂ʶˌ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ 
ˈˉ˖ˌ ˃ʽʰ ˇ˂ˈˁ˂ʹˊʹ ˉˈ˂ʹόˉˇˎ ʶʾ˄ʰʽ ʹ ˍˎˉʽˁʺˉʶˊʾˉˍ˖ˋʹ ˋˍˇ CitySense)Σ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
˃ʷʻˇʵˇˌ ˁʰˍʰ˄ʱ˂˖˄ʶ ˉʶˊʽˍˍˇˏˌ ˉˈˊˇˎˌ όʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʶˌ ˁ˂ʺˋʶʽˌ ˋˍʰ API ˍ˖˄ 
GooglePlaces ˁʰʽ FoursquareύΣ ˁʰʻ˗ˌ ʹ ʰ˄ʰʵˊˇ˃ʺ ʻʰ ʷˉˊʶˉʶ ˄ʰ ˒ˍʱˋʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʱʻˇˌ 
˃ʷ˔ˊʽ ˄ʰ ʰˊ˔ʾˋˇˎ˄ ˄ʰ ʷˊ˔ˇ˄ˍʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʻʰ ʶʾ˔ʶ ˉˊˇʹʴʹʻʶʾ 
˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ ˉʶˊʽˍˍ˗˄Σ ʰˉˇˍˎ˔ʹ˃ʷ˄˖˄ ʰ˄ʰʸʹˍʺˋʶ˖˄Φ ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʰ˄ʰʵˊˇ˃ʽˁʺˌ 
ʰ˄ʰʸʺˍʹˋʹˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ ˈˍʽ ˇ AreaProfiler ʶˁˍʶ˂ˇˏˋʶ ʰ˄ʰʸʺˍʹˋʹ ʴʽʰ ˁʱʻʶ 
ˁʰˍʹʴˇˊʾʰ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˅ʶ˔˖ˊʽˋˍʱ όˇˉˈˍʶ ˁʰʽ ʹ ʰˉˈʵˇˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 
ʶˉʹˊʶʰʸˈˍʰ˄ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʽˁʱ ʰˉˈ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ˁʱʻʶ ʰ˄ʰʸʺˍʹˋʹˌύΣ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

24 h ˉˈ 69 
 

ˁʰʻʽˋˍˇˏˋʶ ˃ʹ ˉˊʰˁˍʽˁʺ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʰ˄ʰʵˊˇ˃ʽˁʺˌ ʰ˄ʰʸʺˍʹˋʹˌ ʴʽʰ ˍʹ˄ 
ʰ˄ʰʸʺˍʹˋʹ ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʾʰˌ ˃ʶʴʱ˂ʹˌ ˉʶˊʽˇ˔ʺˌΦ 

ɶ h˄ʰʴˁʰʾʰ ˍˊˇˉˇˉˇʾʹˋʹ ˋˍˇ Citysenseɹ ʽʰ ˍˇ˄ AreaProfiler ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʹˌ ˍˇ ʰˊ˔ʽˁˈ 
˃ʷʴʶʻˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ, ˉˊʽ˄ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʰ˄ʰʸʺˍʹˋʹˌΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ˉʶˊʽˇ˔ʺ 
ʰˎˍʺ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ лΦлс ˃ˇʾˊʶˌ, ʶʾˍʶ ˁʰˍʱ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ, ʶʾˍʶ ˁʰˍʱ ˍˇ 
ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ˍˈˍʶ ʴʾ˄ʶˍʰʽ ˍʶ˃ʰ˔ʽˋ˃ˈˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˋʶ ˍʶˍˊʰʴ˖˄ʽˁʱ ˁˇ˃˃ʱˍʽʰ 
ˉ˂ʶˎˊʱˌ лΦло ˃ˇʽˊ˗˄ ˁʰʽ ʹ ʰ˄ʰʸʺˍʹˋʹ ʶˁˍʶ˂ʶʾˍʰʽ ˋʶ ˁʱʻʶ ˁˇ˃˃ʱˍʽ ˅ʶ˔˖ˊʽˋˍʱΦ ʅʶ 
ʵʽʰ˒ˇˊʶˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹΣ ʰ˄Σ ʵʹ˂ʰʵʺΣ ʹ ˉʶˊʽˇ˔ʺ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʶˍˊʱʴ˖˄ˇ ˉ˂ʶˎˊʱˌ 
лΦлс ˃ˇʽˊ˗˄Σ ˍˈˍʶ ʵʶ˄ ʶˁˍʶ˂ʶʾˍʰʽ ˍʶ˃ʰ˔ʽˋ˃ˈˌΣ ˁʰʻ˗ˌ ˃ʾʰ ˍʷˍˇʽʰ ˉʶˊʽˇ˔ʺ ʻʶ˖ˊʶʾˍʰʽ 
ʰˊˁˇˏ˄ˍ˖ˌ ˃ʽˁˊʺΦ ʅˍʰ ˃ʽˁˊʱ ˁˇ˃˃ʱˍʽʰΣ ˉ˂ʷˇ˄Σ ʰ˄ ʹ ˉˊ˗ˍʹ ʰ˄ʰʸʺˍʹˋʹ ʵʶ˄ ʶˉʽˋˍˊʷ˕ʶʽ ˈ˂ʰ 
ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍˈˍʶ ˍˇ ˁˇ˃˃ʱˍʽ ˍʶ˃ʰ˔ʾʸʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˁʰʽ ʹ ʰ˄ʰʸʺˍʹˋʹ 
ʶˁˍʶ˂ʶʾˍʰʽ ʰ˄ʰʵˊˇ˃ʽˁʱ ˋˍʰ ʰˁˈ˃ʰ ˃ʽˁˊˈˍʶˊʰ ˁˇ˃˃ʱˍʽʰΦ ʁʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍ˖˄ ʴ˖˄ʽ˗˄ ˍ˖˄ 
ˍʶˍˊʰʴ˖˄ʽˁ˗˄ ˁˇ˃˃ʰˍʽ˗˄ ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˉˊˇˁˏˉˍˇˎ˄ ʶˁ ˁʰˍʰˋˁʶˎʺˌ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱˋʽʰ 
ˍ˖˄ лΦло ˃ˇʽˊ˗˄Σ ˃ʶ ˋˁˇˉˈ ˍˇ ˉ˂ʷʴ˃ʰ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˄ʰ ˃ʹ˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʽˌ ʰˁˊʽʲʶʾˌ 
ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ʰ˄ʰʸʺˍʹˋʹˌΦ ɮˎˍˈ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ˁˇ˃˃ʰˍʽ˗˄ ˄ʰ ʶʾ˄ʰʽ ʶ˂ʰ˒ˊ˗ˌ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉˈ ˍˇ˄ ʶ˂ʱ˔ʽˋˍˇ ʰˉʰʽˍˇˏ˃ʶ˄ˇΣ ʰ˂˂ʱ ˋʶ ˉˇ˂ˏ 
˃ʶʴʱ˂ʶˌ ˉʶˊʽˇ˔ʷˌ ʹ ʶˉʾʵˊʰˋʹ ʰˎˍʺˌ ˍʹˌ ˋ˔ʶʵʽʰˋˍʽˁʺˌ ʶˉʽ˂ˇʴʺˌ ˋˍʹ˄ ʰˉˈʵˇˋʹ ʶʾ˄ʰʽ 
ʰ˃ʶ˂ʹˍʷʰΦ ɴˋˍ˖ ʹ ˉʶˊʽˇ˔ʺ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΦ ɶ ˉʶˊʽˇ˔ʺ ʰˎˍʺ 
ʰˉˇˍʶ˂ʶʾ ˇˊʻˇʴ˗˄ʽˇ ˃ʶ ˉ˂ʶˎˊʷˌ ˉʶˊʾˉˇˎ лΦму ˃ˇʾˊʶˌ ˁʰˍʱ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ˁʰʽ лΦмн 
˃ˇʾˊʶˌ ˁʰˍʱ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΦ 

 

ɳʽˁˈ˄ʰ 7. ɶ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

ɼʰʻ˗ˌ ʹ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˍʶ˃ʰ˔ʽˋ˃ˈΣ ˇ ˍʶ˃ʰ˔ʽˋ˃ˈˌ ˍʹˌ ʴʾ˄ʶˍʰʽ 
ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ̀ ˔ʺ˃ʰΦ 

ʆʰ ор ˍʶˍˊʰʴ˖˄ʽˁʱ ˁˇ˃˃ʱˍʽʰ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ όˇ˂ʽˁ˗ˌ ʺ ˃ʶˊʽˁ˗ˌύ ʷ˔ˇˎ˄ ˉ˂ʱˍˇˌ лΦло 
˃ˇʾˊʶˌ ˍˇ ˁʰʻʷ˄ʰΦ ʅʶ ʰˎˍʱ ˅ʶ˔˖ˊʽˋˍʱ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ ʹ ʰ˄ʰʸʺˍʹˋʹΦ ʅʶ ˇˉˇʽʰʵʺˉˇˍʶ ʰˉˈ 
ʰˎˍʱ ˔ˊʶʽʰˋˍʶʾ ʹ ʰ˄ʰʸʺˍʹˋʹ ˄ʰ ˉʱʶʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ ʲʱʻˇˌΣ ˂ˈʴ˖ ʰˉˇˍˎ˔ʹ˃ʷ˄ʹˌ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ʰ˄ʰʸʺˍʹˋʹˌ ˋˍʰ ʾʵʽʰ όˉˇˎ ˋˎ˄ʶˉʱʴʶˍʰʽ ʰ˄ʱʴˁʹ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ˍʶ˃ʰ˔ʽˋ˃ˈύΣ ʰˎˍˈ ʻʰ ʴʾ˄ʶʽ 
ʰ˄ʰʵˊˇ˃ʽˁʱ ʰ˄ʱ ˁ ˇ˃˃ʱˍʽΦ 

 

 

ɳʽˁˈ˄ʰ 8. ɶ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ̱ ʶ˃ʰ˔ʽˋ˃ʷ˄ʹ 

 

1.7.3 ʁ˂ʽˁʺ ˋʱˊ˖ˋʹ ˁʰʽ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 
ɶ ʰˊ˔ʽˁʺ ʷˁʵˇˋʹ ˍˇˎ AreaProfiler ʲʰˋʽʸˈˍʰ˄ ˋʶ ˋˍˇ˔ʶˎ˃ʷ˄ʹ ʰ˄ʰʸʺˍʹˋʹ ˋˍʽˌ ˉʹʴʷˌ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ GooglePlaces ˁʰʽ FoursquareΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʴʽ˄ˈˍʰ˄ ˃ʾʰ ʰ˄ʰʸʺˍʹˋʹ ʴʽʰ 
άɳˋˍʽʰˍˈˊʽʰέ ˁʰʽ ʴʽʰ ˁʱʻʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ʶˉʽˋˍˊʶ˒ˈˍʰ˄ ʰˉˇʻʹˁʶˎˈˍʰ˄ ˇ ˋˍˈ˔ˇˌ 
ʰ˄ʰʸʺˍʹˋʹˌ ˖ˌ ʹ ˁʰˍʹʴˇˊʾʰ ˍˇˎΣ ʵʹ˂ʰʵʺ ʹ ˁʰˍʹʴˇˊʾʰ ˋˍʹ˄ ˇˉˇʾʰ ʻʶ˖ˊˇˏ˄ˍʰ˄ ˈˍʽ ʶ˄ 
ˉˊˇˁʶʽ˃ʷ˄˖ ʰ˄ʺˁʶʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰ˄ʰʸʺˍʹˋʹˌ ʺˍʰ˄ ˍʰ άɳˋˍʽʰˍˈˊʽʰέΦ ɮˎˍˈ ʶʾ˔ʶ ˖ˌ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ʱ˂˂ʶˌ ˁʰˍʹʴˇˊʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʰ˄ʺˁʶʽ ˍˇ ˋʹ˃ʶʾˇ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˄ʰ ˔ʱ˄ˇ˄ˍʰʽ ʶ˄ˍʶ˂˗ˌΣ ˂ˈʴˇˎ ˔ʱˊʹ ˈˍʽ ˁʱˉˇʽˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ 
ˋˎ ʴˁʶˁˊʽ˃ʷ˄ʹˌ ʰ˄ʰʸʺˍʹˋʹˌ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶʾ˄ʰʽ ʶˉʾˋʹˌ άɼʰ˒ʷέ ʺ άɾˉʰˊέΦ ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ 
ˍˇˎ CitySenseΣ ʰˉˈ ˃ʾʰ ˉʶˊʽˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˈ˂ʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʶ ˈ˂ʰ 
ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁˇˎ˄Φ ʁˉˈˍʶ ˇ AreaProfiler 
ˍˊˇˉˇˉˇʽʺʻʹˁʶΣ ˗ˋˍʶ ˄ʰ ˋʰˊ˗˄ʶʽ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʴʽʰ 
GooglePlaces ˁʰʽ FoursquareΦ ɱʽʰ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ʵʽʰ˔ʶʾˊʽˋʹ ˉˈˊ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ 
ˇ˃ʰʵˇˉˇʾʹˋʹΣ ʰˁˈ˃ʰ ˁʰʽ ʶˍʶˊˇʴʶ˄ʺˌΣ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ˁʰˍʱ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹΦ ɾʰʸʾ ˃ʶ ˍˇ 
ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˉ˂ʷˇ˄ ˁʰʽ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˈˉˇˎ 
ʰ˄ʺˁʶʽ ˋˍʹ˄ ˎˉʹˊʶˋʾʰ ˉˇˎ ˍˇ ˉʰˊʷ˔ʶʽΦ ɱʽʰ GooglePlaces ʰˉˇʻʹˁʶˏʶˍʰʽ ʹ ˂ʾˋˍʰ ˍ˖˄ 
placetypes ̄ ˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ʴʽʰ Foursquare ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ 
ˇʽ ˁʰˍʹʴˇˊʾʶˌ ˍʹˌ Foursquare ˁʰˍ́ɹ ˇˊʽˇˉˇʾʹˋʹˌ όʽʶˊʰˊ˔ʾʰˌ ˁʰˍʹʴˇˊʽ˗˄ύ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʺˁʶʽ 
ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʶˍʽˁʷˍʶˌ όtagsύ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍˇ ˋʹ˃ʶʾˇ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
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1.8 ʅˎ˂˂ˇʴʺStreamingSocial Media Data 
ɶ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˂˂ˇʴʺˌ ʴʶ˖˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʰ ˃ʷˋʰ 
ˁˇʽ˄˖˄ʽˁʺˌ ʵʽˁˍˏ˖ˋʹˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇˎ Twitterˁ ʰʽ ˍˇˎ Foursquare. ɶ ʽʵʽʰʽˍʶˊˈˍʹˍʰ 
ʰˎˍʺˌ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˈˍʽ ʴʾ˄ʶˍʰʽ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˍˊˈˉˇ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ 
ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋʶ ˍʰˁˍʽˁʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΣ 
ˈˉ˖ˌ ʰˎˍʱ ˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ campaignΣ ˍʰ tweetsˁ ʰʽ ˍʰcheck-ins ˋˎ˂˂ʷʴˇ˄ˍʰʽ ʰˉʶˎʻʶʾʰˌ 
ʰˉˈ ˍˇ TwitterStream̀ ʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ʴʶ˖˔˖ˊʽˁʱ 
ˉˊˇˋʵʽˇˊʽˋ˃ʷ˄ʰ tweets̄ ˇˎ ʵʽʰʻʷˍʶʽ ˍˇ TwitterStreamingAPI ˋʶ ˃ʽʰ ˇˊʽˋ˃ʷ˄ʹ ʴʶ˖˔˖ˊʽˁʱ 
ˉʶˊʽˇ˔ʺΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ʰˎˍʱ ˒ʽ˂ˍˊʱˊˇ˄ˍʰʽ ˈˋʰ ʰˉˇˍʶ˂ˇˏ˄ check-ins̱ ʹˌ ʶ˒ʰˊ˃ˇʴʺˌ 
SwarmApp (Foursquare) ˁʰʽ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˔˖ˊʽˋˍʱ ˃ʰʸʾ ˃ʶ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʰ 
ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʰˎˍʱ ʰ˒ˇˊˇˏ˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ʵˏˇ ˃ʷʻˇʵˇʽΥ ʹ 
άTwitter Stream Crawlerέ ˁʰʽ ʹ  ˃ʷʻˇʵˇˌ άCheck-In DetailsέΦʁ̔ ̀ˎ ʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ 
ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 

1.8.1 Twitter Stream Crawler 
ɾʶ ˍʹ ˃ʷʻˇʵˇ Twitter Stream Crawler ʁ ʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʰ˄ʱˁˍʹˋʹ ˈ˂˖˄ ˍ˖˄ tweets̄ ˇˎ 
ʵʹ˃ˇˋʽʶˏˇ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ crawlerΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ 
ˈ˂˖˄ ˍ˖˄ tweets̄ ˇˎ ʵʹ˃ˇˋʽʶˏˇ˄ˍʰʽ ˃ʷˋʰ ˋʶ ˃ʽʰ ʴʶ˖ʴˊʰ˒ʽˁʺ ˉʶˊʽˇ˔ʺΦ 

ɴ˄ʰ ʰʾˍʹ˃ʰ TwitterStreamCrawler ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ consumer_key ς ʆˇ ˁ˂ʶʽʵʾ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ Twitter ˁʰʽ 
ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ consumer_secretς ʆˇ password ˍʹˌʁ˒ ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ Twitter 
ˁʰʽ ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ access_tokenςʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˉˇˎ ʰˉˇʵʾʵʶˍʰʽ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʰ˃ʷˋ˖ˌ ˃ʶˍʱ ˍʹ˄ 
ʶˉʽˍˎ˔ʺ ˍʰˎˍˇˉˇʾʹˋʺ ˍʹˌΣ ˉˇˎ ˇˊʾʸʶʽ ˍʰ ˉˊˇ˄ˈ˃ʽʰ όʵʶʵˇ˃ʷ˄ʰ ˋˍʰ ˇˉˇʾʰ ʷ˔ʶʽ 
ˉˊˈˋʲʰˋʹύ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ  

¶ access_token_secretς ʆˇ passwordɹ ʽʰ ˍˇ˄ ˇˊʽˋ˃ˈ ˍ˖˄ ˉˊˇ˄ˇ˃ʾ˖˄ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ 
ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ locationς ʆˇ ʸʶˏʴˇˌ ˋʹ˃ʶʾ˖˄ όʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ) ˉˇˎ 
ˁʰʻˇˊʾʸˇˎ˄ ʷ˄ʰ boundingbox, ˃ʶ ʲʱˋʹ ˍˇ ˇˉˇʾˇ ˒ʽ˂ˍˊʱˊʶˍʰʽ ʹ ˊˇʺ ʵʹ˃ˇˋʽʶˏˋʶ˖˄ 
ˍˇˎ  TwitterΦ ɸʰ ˉʶˊʽ˂ʹ˒ʻˇˏ˄ ˃ˈ˄ˇ tweets˃ ʶ ʴʶ˖˔˖ˊʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʶ˄ˍˈˌ ˍˇˎ 
boundingboxΦ ʅˍˇ ʸʶˏʴˇˌ ˋʹ˃ʶʾ˖˄ ˉˊ˗ˍˇ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ʰˎˍˈ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ 
˄ˇˍʽˈˍʶˊʹ ʴ˖˄ʾʰ ˍˇˎ ōƻǳƴŘƛƴƎ ōƻȄΦ 

 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 
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ɳʽˁˈ˄ʰ9. Twitter Streaming APIlocationresponse 

ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽʷ˔ʶʽ ˃ʾʰ ˂ʾˋˍʰ όˉˇˎ ˋˎ˄ʶ˔˗ˌ ʰ˄ʰ˄ʶ˗˄ʶˍʰʽύ ʰˉˈ tweets̄ ˇˎ ʵʹ˃ˇˋʽʶˏˇ˄ˍʰʽ 
ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˉˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ boundingbox. ɼʱ̒ʶ ʶʴʴˊʰ˒ʺ 
tweet ̄ ʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ tweet_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎtweet, h ˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ ˍʰˎˍˇˉˇʾʹˋʹ ̱ ˇˎ tweet. 

¶ user_id ςʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ̝ ˊʺˋˍʹ ˉˇˎ ʵʹ˃ˇˋʾʶˎˋʶ ˍˇ tweet. 

¶ contentς ¢ƻ ˁʶʽ˃ʶ˄ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ tweet. 

¶ latitudeς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ ǘǿŜŜǘΦ 

¶ longtitude ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ ǘǿŜŜǘΦ 

¶ timestampς  ʁ ˔ˊˇ˄ʽˁˈˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˋˍʽʴ˃ʺˌ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʵʹ˃ˇˋʽʶˏˍʹˁʶ 
ˍˇ ǘǿŜŜǘΦ 

¶ hashtagsς  ɶ ˂ʾˋˍʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ʰ ˍʰ hashtagsΣ ˍʰ ˇˉˇʾʰ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ 
ˁʶʾ˃ʶ˄ˇ ˍˇˎtweet. 

 

1.8.2 Check-In DetailsCrawler 
ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˈˋʰ tweetsh ˉˇˍʶ˂ˇˏ˄ ʵʹ˃ˇˋʽʶˎ˃ʷ˄ˇ foursquarecheck-inˋˍˇ Twitter 
(ˉʶˊʽʷ˔ˇˎ˄ ʵʹ˂ʰʵʺ ˋˏ˄ʵʶˋ˃ˇ ˉˇˎ ˅ʶˁʽ˄ʱ ˃ʶ ˍˇΥ ζhttps://www.swarmapp.com/c/η), 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˉ˂ʹˊˇ˒ˈˊʽ˗˄ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ʰ˒ˇˊˇˏ˄Φ ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍoʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ 
ˁʰʽ ˉ˂ʱˍˇˌ ˍˇˎ tweet, ̄ ˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇ check-inʰˎˍˈΦ 

ɴ˄ʰ ʰʾˍʹ˃ʰ Twitter Check-In Details ̄ ʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ client_idς ʆˇ h˄ ʰʴ˄˖ˊʽˋˍʽˁˈ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ CƻǳǊǎǉǳŀǊŜ 
ˁʰʽ ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ ʰʾˍʹ˃ʰΦ 

¶ client_secret ς ʆˇ password ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˍˇ ˇˉˇʾˇ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ 
CƻǳǊǎǉǳŀǊŜˁʰʽ ˍʰˎˍˇˉˇʽʶʾ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ ˍʹˌ ˇˉˇʾʰˌ ʴʾ˄ʶˍʰʽ ˍˇ 
ʰʾˍʹ˃ʰΦ 

¶ latitudeς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ ǘǿŜŜǘ ˉˇˎ 
ˉʶˊʽʷ˔ʶʽ ˍˇ check-in. 

¶ longtitude ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ 
tweetˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇ check-in. 
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ɴ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ʰʾˍʹ˃ʰ ʴʽʰ ˂ʺ˕ʹ ˂ʶˉˍˇ˃ʶˊʶʽ˗˄ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˈˉˇˎ 
ʷʴʽ˄ʶ ˍˇ check-in ̱ ˇˎ tweet ʁ ʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

https://api.foursquare.com/v2/venues/search?client_id=client_id&v=20130815%20&client_s
ecret=client_secret &ll=latitude,longtitude 
 

ɶ ˃ˇˊ˒ʺ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

ɳʽˁˈ˄ʰ10. Foursquare API check-in details response 

ɶ ʰˉˈˁˊʽˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ ʰˉʰˊʰʾˍʹˍʰ ˉʶʵʾʰ ʴʽʰ ˍˇ˄ AreaProfiler: 

¶ venue_name ς ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ venue_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

¶ venue_categories ς ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌ ˁʰˍʹʴˇˊʽ˗˄ ˍˇˎ CƻǳǊǎǉǳŀǊŜ ˋˍʽˌ 
ˇˉˇʾʶˌ ʰ˄ʺˁʶʽ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 
 

1.8.3 ɮˉˇʻʺˁʶˎˋʹ ˁʰʽ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʰˉˈ StreamingSocialMediaData 
ɮˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˃ʶʻˈʵˇˎˌ ˉˊˇˁˏˉˍʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰ˒ˇˊʱ ˍˇ˄ ʴʶ˖˔˖ˊʽˁˈΣ ˍˇ˄ 
˔ˊˇ˄ʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ tweetsΣ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍʹ˄ ˉ˂ʶˎˊʱ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˉʶˊʽʷ˔ʶʽ ˍʰ 
hashtags, ʰ˂˂ɦ ˁʰʽ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˍʰ ˇˉˇʾʰ ˇʽ ˔ˊʺˋˍʶˌ ˍˇˎ Twitterˁʰʽ 
ˍˇˎ SwarmApp̫ ˁʰ˄ʰ˄ check-in.ʃʰˊʰˁʱˍ˖ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˍʰ attributes ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄, ˍʰ ˇˉˇʾʰ ˃ʰʸʶˏˇ˄ˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˁʰʽ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ jsoǹ ʶ 
directory structure. 

ɮˉˈˍˇresponse̱ ʹˌ˃ʶʻˈʵˇˎTwitterStreamCrawlerˁ ʰʽ ˍʹˌ ˃ʶʻˈʵˇˎ Check-In 
DetailsCrawlerɻ ʹ˃ʽˇˎˊʴʶʾˍʰʽ ˍˇ ʰˊ˔ʶʾˇ json˃ ʶ ˍʹ˄ ʶ˅ʺˌ ˃ˇˊ˒ʺΥ  



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

29 h ˉˈ 69 
 

ɳʽˁˈ˄ʰ 11. ɮˊ˔ʶʾˇ ʰˉˇʻʺˁʶˎˋʹˌ TwitterStreamingData 

 
ɼʱʻʶ Json ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʷ˄ʰ tweetˁʰʽ ˁʱʻʶ name-valuey ʶˎʴʱˊʽ 
˔ˊʹˋʽ˃ʶˏʶʽ ˋˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˉˇˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍˇ tweetˁh ʽ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʹ ʶ˒ʰˊ˃ˇʴʺΦʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʶˊʽʷ˔ʶʽ ˍʰ ʶ˅ʺˌ attributes: 

¶ tweet_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎtweet, h ˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ ˍʰˎˍˇˉˇʾʹˋʹ ̱ ˇˎ tweet, 
ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁˈ ʴʽʰ ˁʱʻʶ tweet. 

¶ user_id ςʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ̝ ˊʺˋˍʹ ˉˇˎ ʵʹ˃ˇˋʾʶˎˋʶ ˍˇ tweet. 

¶ hashtagsς  ɶ ˂ʾˋˍʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ʰ ˍʰ hashtagsΣ ˍʰ ˇˉˇʾʰ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ 
ˁʶʾ˃ʶ˄ˇ ˍˇˎtweet.ɳʱ˄ ˋʶ ʰˎˍˈ ˍˇ tweet ʵʶ˄ʷ˔ˇˎ˄ ʵʹ˃ˇˋʽʶˎˍʶʾ hashtagsΣ ˍˇ ˉʶʵʾˇ 
ʰˎˍˈ ˉʰˊʰ˃ʷ˄ʶʽ ˁʶ˄ˈΦ 

¶ tweetς ¢ƻ ˁʶʽ˃ʶ˄ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ tweet. 

¶ latitudeς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ ǘǿŜŜǘΦɳʱ˄ 
ˇ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ʰˉʶ˄ʶˊʴˇˉˇʽʺˋʶʽ ˍʹ ʵʹ˃ˇˋʽʶˎˋʹ ˍʹˌ ˍˇˉˇʻʶˋʾʰˌ ˍˇˎΣ  ˍˇ ˉʶʵʾˇ ʰˎˍˈ 
ˉʰˊʰ˃ʷ˄ʶʽ ˁʶ˄ˈΦ 

¶ longtitude ς ʆˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ʰˉˈ ˈˉˇˎ ʵʹ˃ˇˋʽʶˏˍʹˁʶ ˍˇ ǘǿŜŜǘΦ 
ɳʱ˄ ˇ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ʰˉʶ˄ʶˊʴˇˉˇʽʺˋʶʽ ˍʹ ʵʹ˃ˇˋʽʶˎˋʹ ˍʹˌ ˍˇˉˇʻʶˋʾʰˌ ˍˇˎΣ  ˍˇ ˉʶʵʾˇ 
ʰˎˍˈ ˉʰˊʰ˃ʷ˄ʶʽ ˁʶ˄ˈΦ 

¶ timestampς  ʁ ˔ˊˇ˄ʽˁˈˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˋˍʽʴ˃ʺˌ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʵʹ˃ˇˋʽʶˏˍʹˁʶ 
ˍˇ ǘǿŜŜǘΣ ʶˁ˒ˊʰˋ˃ʷ˄ˇˌ ˋʶ ʻʶˊʽ˄ʺ ˗ˊʰ ɳ˂˂ʱʵʰˌΦ 

¶ venue_name ς ʆˇ ˈ˄ˇ˃ʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɳʱ˄ ˋʶ ʰˎˍˈ ˍˇ tweet ʵʶ˄ʷ˔ʶʽ 
ʵʹ˃ˇˋʽʶˎˍʶʾ ˁʱˉˇʽˇ checkiǹ ʶ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍˇ ˉʶʵʾˇ ʰˎˍˈ ˉʰˊʰ˃ʷ˄ʶʽ 
ˁʶ˄ˈΦ 

¶ venue_id ς ʆˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁˈ 
ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ. ɳʱ˄ ˋʶ ʰˎˍˈ ˍˇ tweet ʵʶ˄ʷ˔ʶʽ ʵʹ˃ˇˋʽʶˎˍʶʾ ˁʱˉˇʽˇ 
checkiǹ ʶ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍˇ ˉʶʵʾˇ ʰˎˍˈ ˉʰˊʰ˃ʷ˄ʶʽ ˁʶ˄ˈΦ 

¶ venue_categories ς ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌ ˁʰˍʹʴˇˊʽ˗˄ ˍˇˎ CƻǳǊǎǉǳŀǊŜ ˋˍʽˌ 
ˇˉˇʾʶˌ ʰ˄ʺˁʶʽ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɳʱ˄ ˋʶ ʰˎˍˈ ˍˇ tweet ʵʶ˄ʷ˔ʶʽ ʵʹ˃ˇˋʽʶˎˍʶʾ 
ˁʱˉˇʽˇ checkiǹ ʶ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˍˇ ˉʶʵʾˇ ʰˎˍˈ ˉʰˊʰ˃ʷ˄ʶʽ ˁʶ˄ˈΦ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

30 h ˉˈ 69 
 

 

1.9 ʅʶ˄ʱˊʽˇ ˔ˊʺˋʹˌ ˍˇˎ !ǊŜŀ tǊƻŦƛƭŜǊ ʴʽʰ ˍˇ /ƘƛŎŀƎƻ 
ɶ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʶʽ ˍˊʾʰ ˋʶ˄ʱˊʽʰ ˔ˊʺˋʹˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ AreaProfilerɹ ʽʰ ˍʽˌ 
ʰ˄ʱʴˁʶˌ ˍˇˎ CitySenseΦ ʆˇ ˉˊ˗ˍˇ ˋʶ˄ʱˊʽˇ ʰ˒ˇˊʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˃ʾʰˌ ˁʰʽ˄ˇˏˊʴʽʰˌ campaign 
ʴʽʰ ˋˎ˂˂ˇʴʺ ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˍˇ GooglePlaces ʴʽʰ ˍˇ ChicagoΦ ʆˇ 
ʵʶˏˍʶˊˇ ˋʶ˄ʱˊʽˇ ʰ˒ˇˊʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˃ʾʰˌ ˁʰʽ˄ˇˏˊʴʽʰˌ campaign ʴʽʰ ˋˎ˂˂ˇʴʺ ˈ˂˖˄ ˍ˖˄ 
ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˍˇ Foursquare ʴʽʰ ˍˇ Chicago. To ˍˊʾˍƻ ˋʶ˄ʱˊʽˇ ʰ˒ˇˊʱˍʹ˄ 
ʷ˄ʰˊ˅ʹ ˃ʾʰˌ ˁʰʽ˄ˇˏˊʴʽʰˌ campaign ʴʽʰ ˋˎ˂˂ˇʴʺ ˈ˂˖˄ ˍ˖˄tweetsˁ ʰʽ Check-insh ˉˈ ˍˇ 
Twitterʴʽʰ ˍˇ Chicago.ɶ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʴʽʰ ˍˇ ChicagoΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ 
ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

ɳʽˁˈ˄ʰ 12. ɶ ʁˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ /ƘƛŎŀƎƻ 

ɼʰʻ˗ˌ ˇ AreaProfiler ʰˉʰʽˍʶʾ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˃ʾʰˌ ˇˊʻˇʴ˗˄ʽʰˌʺ ˃ʾʰˌ ˁˎˁ˂ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ˋˍˇ 
ʰʾˍʹ˃ʰ ʴʽʰ ʷ˄ʰˊ˅ʹ ʶ˄ˈˌ campaignΣ ʶˉʽ˂ʷʴˇˎ˃ʶ ˄ʰ ˉˊˇˋʶʴʴʾˋˇˎ˃ʶ ʶ˅˖ˍʶˊʽˁʱ ˃ʶ ʷ˄ʰ 
ˇˊʻˇʴ˗˄ʽˇ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʍˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍʹˌ ˄ˇˍʽˇʵˎˍʽˁʺˌ 
ʴ˖˄ʾʰˌ ˍˇˎ ˇˊʻˇʴ˖˄ʾˇˎ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ όʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌΣ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌύ 
ˍˇ ό-утΦфпфртоΣ пмΦснттппύ ˁʰʽ ˖ˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍʹˌ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺˌ ʴ˖˄ʾʰˌ ˃ˉˇˊˇˏ˃ʶ 
˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˍˇ ό-87.498048, 42.033020). ɶ ʶˉʽ˂ˇʴʺ ˃ʰˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

31 h ˉˈ 69 
 

 

ɳʽˁˈ˄ʰ 13. ɶ ˉʶˊʽˇ˔ʺ ˍˇˎ /ƘƛŎŀƎƻ 

ʃʷˊʰ ʰˉˈ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˉˊˇˌ ˋˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˉˊʷˉʶʽ ˄ʰ 
ʴʾ˄ʶʽ ʶˉʾˋʹˌ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍʹˌ ˋˎ˔˄ˈˍʹˍʰˌ ˋˎ˂˂ˇʴʺˌΦ ɸʷˋʰ˃ʶ ˁʰʽ ʴʽʰ ˍʰ ʵˏˇ ˋʶ˄ʱˊʽʰ ˍʹ 
ˋˎ˔˄ˈˍʹˍʰ ˋˎ˂˂ˇʴʺˌ ˋˍʽˌ сл ˃ʷˊʶˌΦ ʁʽ ˎˉˈ˂ˇʽˉʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍˇ ˁʱʻʶ 
ˋʶ˄ʱˊʽˇ ˁʰʽ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 

1.9.1 ʅˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ DƻƻƎƭŜ tƭŀŎŜǎ 
ʅˍʹ˄ ˍˎˉʽˁʺ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ AreaProfilerΣ ˇ crawler ʴʽʰ ˍˇ GooglePlaces ʷ˔ʶʽ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ άнέΦ ʅˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ campaign ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵ˗ˋˇˎ˃ʶ ʰˎˍʺ˄ ˍʹ˄ ˍʽ˃ʺ ˋˍˇ 
άpoiCrawlersέΣ ˍˇ ˉʶʵʾˇ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˉˇʽˇʽ crawlers ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍˇ ˄ʷˇ 
campaignΦ ɳˉʾˋʹˌΣ ʴʽʰ ˄ʰ ʸʹˍʺˋˇˎ˃ʶ ˈ˂ʰ ʰ˄ʶ˅ʰʽˊʷˍ˖ˌ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
ˉʰˊʷ˔ʶʽ ˍˇ GooglePlacesΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵ˗ˋˇˎ˃ʶ ˖ˌ ˁʰˍʹʴˇˊʾʰ όάcategoryNameέύ ˍˇ 
άgoogle_places__all_place_typesέΦ ʆˇ ʰʾˍʹ˃ʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇˋˍʰ˂ʶʾ ʶʾ˄ʰʽ ˍˇ 
ˉʰˊʰˁʱˍ˖Φ 

{  
"request":{  
"type":"startCampaign",  
"name":"Chicago POIs from Google Places",  
"description":"Chicago POIs from Google Places.",  
"endTime":1435669471000,  
"poiCrawlers":[  
2 
],  
"categories":[  
{  
"categoryN ame":"google_places__all_place_types",  
"crawlingPeriodInDays":60  
}  
],  
"location":{  
"type":"rectangleLocation",  
"southWest":{  
"latitude":41.627744,  
" longitude ": - 87.949573  
},  
" northEast ":{  
" latitude ":42.033020,  
" longitude ": - 87.498048  
}}}}  
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ɾʶˍʱ ʰˉˈ пу ˗ˊʶˌ ʹ ˋˎ˂˂ˇʴʺ ʷ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˁʰʽ ˋˍʹ ʲʱˋʹ ʷ˔ˇˎ˄ ʰˉˇʻʹˁʶˎˍʶʾ муп.392 
ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍʰ ˇˉˇʾʰ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˋˍ̌ ˉʰˊʰˉʱ˄˖ campaign.ʅˍʹ˄ ˉʰˊʰˁʱˍ˖ 
ʶʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˍʰ GooglePlaces̄ˇˎ ʷ˔ˇˎ˄ ˋˎ˂˂ʶ˔ʻʶʾ ʴʽʰ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ 
Chicago. 

 

ɳʽˁˈ˄ʰ 14Φ DƻƻƎƭŜ tƭŀŎŜǎ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago 

 

1.9.2 ʅˎ˂˂ˇʴʺ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ CƻǳǊǎǉǳŀǊŜ 
ʅˍʹ˄ ˍˎˉʽˁʺ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ AreaProfilerΣ ˇ crawler ʴʽʰ ˍˇ Foursquare ʷ˔ʶʽ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ άмέΦ ʅˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ campaign ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵ˗ˋˇˎ˃ʶ ʰˎˍʺ˄ ˍʹ˄ ˍʽ˃ʺ ˋˍˇ 
άpoiCrawlersέΣ ˍˇ ˉʶʵʾˇ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˉˇʽˇʽ crawlers ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍˇ ˄ʷˇ 
campaignΦ ɳˉʾˋʹˌΣ ʴʽʰ ˄ʰ ʰ˄ʰý ˍʺˋˇˎ˃ʶ ˈ˂ʰ ʰ˄ʶ˅ʰʽˊʷˍ˖ˌ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ 
ˉʰˊʷ˔ʶʽ ˍˇ FoursquareΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵ˗ˋˇˎ˃ʶ ˖ˌ ˁʰˍʹʴˇˊʾʰ όάcategoryNameέύ ˍˇ 
άfoursquare__all_venue_categoriesέΦ ʆˇ ʰʾˍʹ˃ʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇˋˍʰ˂ʶʾ ʶʾ˄ʰʽ ˍˇ 
ˉʰˊʰˁʱˍ˖Φ 

{  

"request":{  

"type":"startCampaign",  

"name":"Chicago POIs from Foursquare",  

"description":"Chicago POIs from Foursquare.",  

"endTime":1435669471000,  

"poiCrawlers":[  

1 

],  

"categories":[  

{  

"categoryName":"foursquare__all_venue_categories",  

"crawlingPeriodInDays":60  

}  

],  

"location":{  

"type":"rectangleLocation",  

"southWest":{  

"latitude":41.627744,  
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" longitude ": - 87.949573  

},  

" northEast ":{  

" latitude ":42.033020,  

" longitude ": - 87.498048  

}}}}  

 

ɾʶˍʱ ʰˉˈ пу ˗ˊʶˌ, ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʷ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˁʰʽ ˋˍʹ ʲʱˋʹ 
ʷ˔ˇˎ˄ ʰˉˇʻʹˁʶˎˍʶʾ фо.уфо ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍʰ ˇˉˇʾʰ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˈ 
ˍʹˌ ˉʰˊʰˉʱ˄˖ campaign.ʅˍ̩̔ ̄ ʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶ ̩h ˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ʰύ ˍʰ Foursquarevenues̄ˇˎ 
ʷ˔ˇˎ˄ ˋˎ˂˂ʶ˔ʻʶʾ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎChicago ʲύ ʆʰ Foursquarevenues ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ 
ʰ˄ˍʾˋˍˇʽ˔ʰ GooglePlaces ɹ ʽʰ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago. 

 

ɳʽˁˈ˄ʰ 15. Foursquarevenues ̀ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago 
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ɳʽˁˈ˄ʰ 169Φ ʅʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ GooglePlaces ˁ ʰʽ Foursquare ̀ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago 

 

1.9.3 ʅˎ˂˂ˇʴʺstreaming social media data 
ʅˍˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ˄ʰ ˋˎ˂˂ʶ˔ʻˇˏ˄ ʴʶ˖˔˖ˊʽˁʱ ˉˊˇˋʵʽˇˊʽˋ˃ʷ˄ʰ tweetsˁ ʰʽ 
checkinsɹ ʽʰ ʷ˄ʰ˔ˊˇ˄ʽˁˈ ʵʽʱ̱̀ ʹ˃ʰ ʵˏˇ ʹ˃ʶˊ˗˄. OAreaProfiler̝ ʶʽˊʾʸʶˍʰʽ ˍʹ ˋˎ˂˂ˇʴʺ 
streamingɻ ʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʰ ˁˇʽ˄˖˄ʽˁʱ ʵʾˁˍˎʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˍˊˈˉˇ ʰˉˈ ˈˍʽ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ TwitterStreamCrawler ˁʰʽ ˍˇˎ /ƘŜŎƪ-In 
Details Crawler ˋʶ ˁˎ˂ʽˈ˃ʶ˄ˇ ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎΦ ʅˍˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ 
ˉʰˊʱʻˎˊˇ ˔ˊˈ˄ˇˎ ʵ˗ʵʶˁʰ ˖ˊ˗˄ ˁʰʽ ˖ˌ boudingbox̱ ˇ ˇˊʻˇʴ˗˄ʽˇ ˉˇˎ ˇˊʾˋˍʹˁʶ ˋˍʹ˄ ʰˊ˔ʺ 
ˍʹˌ ʶ˄ˈˍʹˍʰˌ ˁʰʽ ˇˊʾʸʶʽ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʅʽˁʱʴˇΦ ɾʶˍʱ ʰˉˈ пу ˗ˊʶˌΣ ʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍˇ Twitter̫ ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˁʰʽ ʷ˔ˇˎ˄ ʰˉˇʻʹˁʶˎˍʶʾ7750ɹ ʶ˖˔˖ˊʽˁʱ tweets, 
ˍʰ ˇˉˇʾʰ ˉʶˊʽʶʾ˔ʰ˄ мнрс ˃ˇ˄ʰʵʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌ ˋʶ hashtagsˁ ʰʽ 747checkins̀ ʶ ˋʹ˃ʶʾʰ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦʅˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʴʶ˖˔˖ˊʽˁʱ tweets ˉˇˎ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ 
ˋˍˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈΦ 
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ɳʽˁˈ˄ʰ 1710Φ ʅʹ˃ʶʾʰ ʵʹ˃ˇˋʾʶˎˋʹˌ ʴʶ˖˔˖ˊʽˁ˗˄ tweets 

 

1.10 ʅˏ˄ˇ˕ʹ 
ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰΣ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ AreaProfilerΦ ɼˏˊʽˇˌ ˋˍˈ˔ˇˌ ˍˇˎ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʶˊʴʰ˂ʶʾˇˎ ʶʾ˄ʰʽ ʹ ʰ˄ʱˁˍʹˋʹΣ ˋˎ˂˂ˇʴʺ ˁʰʽ ʰˉˇʻʺˁʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ 
ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ (POIs) ˃ʽʰs ˉʶˊʽˇ˔ʺˌ, ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʵʽʰʵʽˁˍˎʰˁʱ APIs ˁʰʽ 
ʴʶ˖˔˖ˊʽˁ˗˄ tweetsh ˉˈ ˍˇ TwitterΦ ɶ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ !ǊŜŀ tǊƻŦƛƭŜǊ ˂ʰ˃ʲʱ˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ 
ˍʰ DƻƻƎƭŜ tƭŀŎŜǎ, Foursquare ˁʰʽ TwitterStreamingAPIs.ʃʰˊʱ ˍʽˌ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʷˌ 
˂ʶʽˍˇˎˊʴʾʶˌ ˍˇˎ AreaProfiler ˉˇˎ ʺʵʹ ʷ˔ˇˎ˄ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾΣ ˋˍˈ˔ˇˌ ˃ʰˌ ʶʾ˄ʰʽ ˄ʰ 
ʶ˃ˉ˂ˇˎˍʾˋˇˎ˃ʶ ʰˁˈ˃ʰ ˉʶˊʽˋˋˈˍʶˊˇ ˍˇ ˋˎʴˁʁˁ́ ʽ˃ʷ˄ˇ ʶˊʴʰ˂ʶʾˇΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˂˂ʷʴʶʽ 
ʵʶʵˇ˃ʷ˄ʰΣ ˁˎˊʾ˖ˌ ˉˇ˂ˎ˃ʶˋʽˁˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ό˒˖ˍˇʴˊʰ˒ʾʶˌύ ʰˉˈ ʶˉʽˉ˂ʷˇ˄ ˉʹʴʷˌΣ ˈˉ˖ˌ ˍˇ 
Flickr ̋  ˍˇ GoogleStreetViewAPIs.  
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2 ɮ˄ˇʽˁˍʱ ɻ ʶʵˇ˃ʷ˄ʰ 
ʅˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˋˎ˄ˇˉˍʽˁʱ ˍˇ˄ Areaprofiler ˁʰʽ ˉ˖ˌ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˊʴʰ˂ʶʾˇΣ ˃ˉˇˊʷˋʰ˃ʶ ˄ʰ ˋˎ˂˂ʷ˅ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ 
ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˍʰ GooglePlaces ˁʰʽ FoursquareAPIsΦʅˍʹ˄ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʻʰ 
ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˍʰ h˄ ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ-ˉʽ˂ˈˍˇ 
(Chicago, USA)Φ ʃˇ˂˂ʱ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˋˍˇ Citysense 
ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ ʶˉʾˋʹ˃ˇ portal ˍʹˌ ˉˈ˂ʹˌ ˍˇˎ Chicago18Φ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ portal άʻʷ˂ʶʽ 
˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ ˉˊˇ˗ʻʹˋʹ ˍʹˌ ˉˊˈˋʲʰˋʹˌ ˋʶ ˁˎʲʶˊ˄ʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˄ʰ ʶ˄ʻʰˊˊˏ˄ʶʽ 
ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʵʹ˃ʽˇˎˊʴʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ ʴʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍʹˌ ˁˇʽ˄ˈˍʹˍʰˌ ˍˇˎ 
ʅʽˁʱʴˇέ19 ˁ ʰʽ ˒ʽ˂ˇ˅ʶ˄ʶʾ ˉʱ˄˖ ʰˉˈ нлл ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˃ˇˊ˒ʷˌ ˒ʽ˂ʽˁʷˌ 
ˉˊˇˌ ˍˇ ˔ˊʺˋˍʹΣ ˈˉ˖ˌ CSV ˁʰʽ shapefiles όʴʽʰ ˔˖ˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰύΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ʻʰ 
ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˎ˄ˇˉˍʽˁʱ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌΦ 
 

2.1 ʋ˖ˊˇʻʷˍʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
ʃˇ˂˂ʱ ʰˉˈ ˍʰ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˔ˇˎ˄ ˔˖ˊʽˁʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΦ 
ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʰ ˇˉˍʽˁˇˉˇʽʹʻˇˏ˄ ˋʶ ʷ˄ʰ ˔ʱˊˍʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ 
ˋˎ˄ʰʻˊˇʽˋˍˇˏ˄ ˋʶ ˔˖ˊʽˁˈ ʶˉʾˉʶʵˇΣ ʵʹ˂ʰʵʺ ˄ʰ ˇ˃ʰʵˇˉˇʽʹʻˇˏ˄ ˋʶ ʶˎˊˏˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌΦ ɮ˄ˍʾ 
˄ʰ ˇˊʾˋˇˎ˃ʶ ˁʱˉˇʽʶˌ ʰˎʻʰʾˊʶˍʶˌ ˉʶˊʽˇ˔ʷˌΣ ʶʾ˄ʰʽ ˉˊˇˍʽ˃ˈˍʶˊˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ 
ˎˉʱˊ˔ˇˎˋʶˌ ʵʽˇʽˁʹˍʽˁʷˌ ˎˉˇʵʽʰʽˊʷˋʶʽˌ ˉˇˎ ʺʵʹ ̝́ʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍʽˌ ˁˊʰˍʽˁʷˌ 
ˎˉʹˊʶˋʾʶˌ ˍʹˌ ˉˈ˂ʹˌ ˍˇˎ Chicago. ʁ̔ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˎˉˇʵʽʰʽˊʷˋʶʽˌʶʾ˄ʰʽ:  
(i) CensusBlocks, (ii) CensusTractsˁʰʽ (iii) CommunityAreas. ʁ ˂ˈʴˇˌ ˉˇˎ ʶˉʽ˂ʷ˅ʰ˃ʶ ʰˎˍʷˌ ˍʽˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʵʽˇʽˁʹˍʽˁʷˌ ˎˉˇʵʽʰʽˊʷˋʶʽˌ ʶʾ˄ʰʽ ˈˍʽ ʴʽʰ ˍʽˌ ʵˏˇ ˉˊ˗ˍʶˌ ˎˉʱˊ˔ˇˎ˄ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌ ʰˉˇʴˊʰ˒ʺˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍˇ Chicago ˍˇ нлмлΣ ʶ˄˗ ʴʽʰ 
ˍʰ CommunityAreas ˎˉʱˊ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʺʻˇˌ ˁˇʽ˄˖˄ʽˁˇ-ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ 
ˁʰʻ˗ˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ʵʶʾˁˍʶˌ ˎʴʶʾʰˌΦ ʅˍˇʽ˔ʶʾʰ ʴʽʰ ˍʽˌ ˍˊʶʽˌ ʰˎˍʷˌ ʵʽˇʽˁʹˍʽˁʷˌ 
ˎˉˇʵʽʰʽˊʷˋʶʽˌ ˉʰˊʷ˔ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ɰʽʲ˂ʽˇʻʺˁʹ ˍˇˎ Chicago20. 
 

2.1.1 Census blocks 
ɶ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago ˉʶˊʽ˂ʰ˃ʲɦ ˄ʶʽ ˋˎ˄ˇ˂ʽˁʱ пс.311 CensusBlocksΦ ɼʱʻʶ CensusBlock 
ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˉˊʰˁˍʽˁʱ ˋʶ ʷ˄ʰ ˇʽˁˇʵˇ˃ʽˁˈ ˍʶˍˊʱʴ˖˄ˇΦ ʃˇ˂˂ʱ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇʴˊʰ˒ʺˌ 
ˉʰˊʷ˔ˇ˄ˍʰʽ ˋʶ ʶˉʾˉʶʵˇ censusblock ɹ ʽʰ ˂ˈʴˇˎˌ ʰ˄˖˄ˎ˃ˇˉˇʾʹˋʹˌΦ 

                                                           
18https:// data.cityofchicago.org/  
19http:// www.cityofchicago.org/city/en/narr/ foia/CityData.html 
20http:// www.lib.uchicago.edu/e/collections/maps.moved/censusinfo.html 
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ɳʽˁˈ˄ʰ118. Census Blocks ˁʰʽ census tracts 

 

2.1.2 Census Tracts 
ɶ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago ˉʶˊʽ˂ʰ˃ʲɦ ˄ʶʽˋˎ˄ˇ˂ʽˁʱ улм CensusTractsΦ ɼʱʻʶ CensusTract 
ˉʶˊʽʴˊʱ˒ʶʽ ˃ʽʰ ˃ʽˁˊʺ ˉʶˊʽˇ˔ʺ ˉˇˎ ʻʶ˖ˊʶʾˍʰʽ ˉ˖ˌ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˇ˃ˇʽˇʴʶ˄ʺˌˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ʶʾ 
ʽʵʰ˄ʽˁʱ ˋʶ ˉʶˊʾˉˇˎ мнлл ˄ˇʽˁˇˁˎˊʽʱ όнллл-пллл ʱˍˇ˃ʰύΦ ʅˍˇ ʅʽˁʱʴˇΣ ˇ ˉ˂ʹʻˎˋ˃ˈˌ ʴʽʰ ˁʱʻʶ 
CensusTract ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ л ʷ˖ˌ млΦллл ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˈˊʽʰ ʷ˔ˇˎ˄ ˉʰˊʰ˃ʷ˄ʶʽ ˋ˔ʶʵˈ˄ 
ˋˍʰʻʶˊʱ ʰˉˈ ˍˇ мфнл ό˃ʶ ʶ˅ʰʾˊʶˋʹ ˁˎˊʾ˖ˌ ˋˍʰ ˉˊˇʱˋˍʽʰύΣ ˃ʶ ʰ˂˂ʰʴʷˌ ˈ˃˖ˌ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ 
ˋˏˋˍʹ˃ʰ ʰˊʾʻ˃ʹˋʹˌΦ ɼʱʻʶCensus Tract˃ ˉˇˊʶʾ˄ʰˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽʰˉˈ 1-250 CensusBlocks. 

 

ɳʽˁˈ˄ʰ129. Census tracts of Chicago 
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2.1.3 Community areas 
ʇˉʱˊ˔ˇˎ˄ тт ˋˎ˄ˇ˂ʽˁʱ CommunityAreas ˋˍˇ ChicagoΦ ɼʱʻʶ CommunityArea 
ʽʵʰ˄ʽˁʱʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʽʰ ʴʶʽˍˇ˄ʽʱ όˉΦ˔Φ IȅŘŜ tŀǊƪ ˁʰʽ ¦Ǉǘƻǿƴ) ˉˇˎ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ʰˉˈ 
ˍˇˎˌ ˁʰˍˇʾˁˇˎˌ ˍʹˌΦʃʰˊˈ˂ˇ ˉˇˎ ˍʰ ˈˊʽʰ ˍ˖˄  CommunityAreas ʵʶ˄ ˋˎ˃ˉʾˉˍˇˎ˄ ˃ʶ ˍʰ ˈˊʽʰ 
ˍ˖˄ censustractsΣ ˁʱʻʶ censustract ̒ ʶ˖ˊʶʾˍʰʽ ˉ˖ˌ ʰ˄ʺˁʶʽ ˋʶ ʷ˄ʰ ˃ˈ˄ˇ CommunityArea. 

 

ɳʽˁˈ˄ʰ 20. Chicago community areas. By Alissapump - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=22655083 

 

2.2 ɲʁ ʵˇ˃ʷ˄ʰ h ˉˇʴˊʰ˒ʺˌ 
ʅˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ ʵʶʵˇ˃ʷ˄˖˄ ʰ˄ʺˁˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ 
ʰˉˈ ˍʹ˄ ʰˉˇʴˊʰ˒ʺ ˍˇˎ нлмлΦ ʃˊˇ˒ʰ˄˗ˌ ʴʽʰ ˁʱʻʶ CensusBlock ʁ ʾ˄ʰʽ ʴ˄˖ˋˍˈˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ʰ˄ˍʾˋˍˇʽ˔˖˄ ˁʰˍˇʾˁ˖˄Φ ʇˉʱˊ˔ˇˎ˄ ˈ˃˖ˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʰ CommunityAreas ˁʰʽ 
ʰ˒ˇˊˇˏ˄ ˁˇʽ˄˖˄ʽˁˈ-ˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ʵʶʾˁˍʶˌ ˁʰʽ ʵʶʾˁˍʶˌ ˎʴʶʾʰˌΦ 

 

2.2.1 ɼˇʽ˄˖˄ʽˁˇ-ˇʽˁˇ˄ˇ˃ʽˁˇʾ ʵʶʾˁˍʶˌ 
ʅʶ ʶˉʾˉʶʵˇ CommunityAreas ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ˇʽ ˋˎ˄ˇ˂ʽˁʱ ʶˉˍʱ ˁˇʽ˄˖˄ʽˁˈ-ˇʽˁˇ˄ˇ˃ʽˁˇʾ  
ʵʶʾˁˍʶˌ21 ɹ ʽʰ ˍʰ ʷˍʹ нллу ς нлмнΦ  ɮˎˍˇʾ ˇʽ ʵʶʾˁˍʶˌ ʶʾ˄ʰʽΥ 

¶ ʃˇˋ̌̀ ˍˈ ˁʰˍˇʽˁʽ˗˄ ˉˇˎ ʶʾ˄ʰʽ ʴʶ˃ʱˍˇ 

¶ ʃˇˋˇˋˍˈ ˄ˇʽˁˇˁˎˊʽ˗ ˄̀ ʶ ˋˎ˄ʻʺˁʶˌ ˒ ˍ˗˔ʶʽʰ ̩

¶ ʃˇˋˇˋˍˈ ʰ˄ʷˊʴ˖˄ ̀ ʶ ʹ˂ʽˁʾʶˌ мс ˁʰʽ ˉʱ˄˖ 

¶ ʃˇˋˇˋˍˈ ʰ˄ʻˊ˗ˉ˖˄ ʹ˂ʽˁʾʰˌ ʱ˄˖ ˍ˖ ˄нр ˔˖ˊʾˌ ʰˉˇ˂ˎˍʺˊʽˇ ˂ˎˁʶʾˇˎ 

¶ ʃˇˋˇˋˍˈ ʰ˄ʻˊ˗ˉ˖˄ ʹ˂ʽˁʾʰˌ ˁʱˍ˖ ˍ˖˄ му ʺ ʱ˄˖ ˍ˖˄ сп 

¶ ɼʰˍʱ ˁʶ˒ʰ˂ʺ ˄ʁ ʽˋˈʵʹ˃ʰ 

¶ ɲʶʾˁˍʹˌ ˁʰˁˇˎ˔ʾʰˌ όIŀǊŘǎƘƛǇ LƴŘŜȄύ 

                                                           
21 https:// data.cityofchicago.org/Health-Human-Services/Census-Data-Selected-socioeconomic-
indicators-in-C/kn9c-c2s2 
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ʁʽ ˉʷ˄ˍʶ ˉˊ˗ˍˇʽ ʵʶʾˁˍʶˌ ʶʾ˄ʰʽ ˋʶ ʶˉʾˉʶʵˇ ˉˇˋˇˋˍˇˏΦ  

 

ɳʽˁˈ˄ʰ213. Sample socioeconomic indicators for Chicago (CSV) 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊʰʻʷˍˇˎ˃ʶ ʷ˄ʰ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 
˃ʶʴʷʻʹ όMIN, AVG, MAX). 

ɾʷʴʶʻˇˌ MIN AVG MAX 

ʃˇˋˇˋˍˈ ˁʰˍˇʽˁʽ˗˄ ˉˇˎ ʶʾ˄ʰʽ ʴʶ˃ʱˍˇ 0.3 4.9 15.8 

ʃˇˋˇˋˍˈ ˄ˇʽˁˇˁˎˊʽ˗ ˄̀ ʶ ˋˎ˄ʻʺˁʶˌ ˒ˍ˗˔ʶʽʰˌ 3.3 21.8 56.5 

ʃˇˋˇˋˍˈ ʰ˄ʷˊʴ˖˄ ˋʶ ʹ˂ʽˁʾʶˌ мс ˁʰʽ ˉʱ˄˖ 4.7 15.4 35.9 

ʃˇˋˇˋˍˈ h ˄ʻˊ˗ˉ˖˄ ʹ˂ʽˁʾʰˌ ʱ˄˖ ˍ˖˄ нр ˔˖ˊʾˌ ʰˉˇ˂ˎˍʺˊʽˇ ˂ˎˁʶʾˇˎ 2.5 20.3 54.8 

ʃˇˋˇˋˍˈ ʰ˄ʻˊ˗ˉ˖˄ ʹ˂ʽˁʾʰˌ ˁʱˍ˖ ˍ˖˄ му ʺ ʱ˄˖ ˍ˖˄ сп 13.5 35.7 51.5 

ɼʰˍʱ ˁʶ˒ʰ˂ʺ ʶʽˋˈʵʹ˃ʰ 8201.0 25563.2 88669.0 

ɲʶʾˁˍʹˌ ˁʰˁˇˎ˔ʾʰˌ όIŀǊŘǎƘƛǇ LƴŘŜȄύ 1.0 49.5 98.0 
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2.2.2 ɲʶʾˁˍʶˌ ʇʴʶʾʰˌ 
ʅʶ ʶˉʾˉʶʵˇ CommunityAreas ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ˇʽ ˋˎ˄ˇ˂ʽˁʱ ʶʾˁˇˋʽ ʶˉˍʱ ʵʶʾˁˍʶˌ ˎʴʶʾʰˌ22˃ʶ 
ˍʶ˂ʶˎˍʰʾʰ ʶ˄ʹ˃ʷˊ˖ˋʹ ˋˍʽˌ п ɹˇˎ˄ʾˇˎ нлмо.ɽʶˉˍˇ˃ʷˊʶʽʶˌ ʴʽʰ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ datasetʁ ʾ˄ʰʽ 
ʵʽʰʻʷˋʽ˃ʶˌˁʰʽ ˋˍʹ ʵʽʰʵʽˁˍˎʰˁʺ ʵʽʶˏʻˎ˄ˋʹ 
https://data.cityofchicago.org/api/assets/2107948F-357D-4ED7-ACC2-2E9266BBFFA2. ɮˎˍˇʾ 
ˇʽ ʵʶʾˁˍʶˌ ʶʾ˄ʰʽΥ 

ɱʶ˄˄ʺˋʶʽˌ 

¶ ʃ̌ ˋˇˋˍˈ ʴʶ˄˄ʺˋʶ˖˄ 

¶ ɱʁ ˄ʽˁˈ ˉˇˋˇˋˍˈ ʴˇ˄ʽ˃ˈˍʹˍʰˌ 

¶ ʋh ˃ʹ˂ˈ ʲʱˊˇˌ ˄ʶˇʴ˄˗˄ 

¶ ʃ́ ˇʴʶ˄˄ʹˍʽˁʺ ˒ˊˇ˄ˍʾʵʰ ʰˊ˔ʺˌ ʴʶ˄ˇ˃ʷ˄ʹˌ ʰˉˈ ˍˇ ˉˊ˗ˍˇ ˍˊʾ˃ʹ˄ˇ 

¶ ʃ́ ˈ˖ˊʁ̩ ɹ ʶ˄˄ʺˋʶʽˌ 

¶ ʃ̌ ˋˇˋˍˈ ʴʶ˄˄ʺˋʶ˖˄ h ˉˈ ʷ˒ʹʲʶˌ 

ɸʱ˄ʰˍˇʽ: 

¶ ɳ̄ ʾʻʶˋʹ κ ɮ˄ʻˊ˖ˉˇˁˍˇ˄ʾʰ 

¶ ɼh ˊˁʾ˄ˇ ̩̱ ˇˎ ˃ʰˋˍˇˏ (ʴˎ˄ʰʾˁʶˌ) 

¶ ɼh ˊˁʾ˄ˇˌ 

¶ ɼh ˊˁʾ˄ˇˌ ˍˇˎ ˉʰ˔ʷˇˌ ʶ˄ˍʷˊˇˎ 

¶ ʃ̌ ˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ɲ̔ ʰʲʺˍʹΣ 

¶ ɮ̄  ̍̄ ˎˊˇʲˈ˂ˇ ˈˉ˂ˇΣ 

¶ ɰ́ ʶ˒ʽˁʺɸ˄ ʹˋʽ˃ˈˍʹˍʰ 

¶ ɼh ˊˁʾ˄ˇˌ ˍˇˎ ˉ˄ʶˏ˃ˇ˄ʰ 

¶ ɼh ˊˁʾ˄ˇ ̩̱ ˇˎ ˉˊˇˋˍʱˍʹ (ʱ˄ʵˊʶˌ), 

¶ ɳɹ ˁʶ˒ʰ˂ʽˁˈ ʶˉʶʽˋˈʵʽˇ - ɳɹ ˁʶ˒ʰ˂ʽˁʺ ʰʴʴʶʽʰˁʺ ˄ˈˋˇˌΣ 

¶ ɾʶˍˊʺˋʶʽˌ ˋˍˇ ʶˉʾˉʶʵˇ ˃ˇ˂ˏʲʵˇˎ ˋˍˇ ʰʾ˃ʰΣ ̀ ʶ ˉʰʽʵʽˁʺ ʹ˂ʽˁʾʰ 

¶ ɲ́ ˂ʹˍʹˊʾʰˋʹ ʰˉˈ ˃ˈ˂ˎʲʵˇ ˋʶ ˉʰʽʵʽˁʺ ʹ˂ʽˁʾʰ 

¶ ɱ̌ ˄ˈˊˊˇʽʰ (ʴˎ˄ʰʾˁʶˌ) 

¶ ɱ̌ ˄ˈˊˊˇʽʰ (ʱ˄ʵˊʶˌ) 

¶ ʊˎ ˃ʰˍʾ˖ˋʹ 

ʁʽˁˇ˄ˇ˃ʽˁˇʾ ʵʶʾˁˍʶˌ 

¶ ʃˇˋˇˋˍ ̍̄ ˇˎ ʸʶʽ ˁʱˍ˖ ʰˉˈ ˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˒ˍ˗˔ʶʽʰˌ 

¶ ʅˎ ˄˖ˋˍʽˋ˃ˈ ̩ˁ ʰˍˇʽˁʾʰˌ 

¶ ʃˇˋˇˋˍˈ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄˖˄ ʰˍˈ˃˖˄ 

¶ ʃˇˋˇˋˍˈ ʰ˄ʻˊ˗ˉ˖˄ ˔˖ˊʾˌ h ˉˇ˂ˎˍʺˊʽˇ ˂ˎˁʶʾˇˎ 

¶ ɼh ˍʱ ˁʶ˒ʰ˂ʺ˄ ʶʽˋˈʵʹ˃ʰ 

¶ ʃˇˋˇˋˍˈ ʰ˄ʶˊʴʾʰ ̩

                                                           
22 https:// data.cityofchicago.org/Health-Human-Services/Public-Health-Statistics-Selected-public-
health-in/ iqnk-2tcu 

https://data.cityofchicago.org/api/assets/2107948F-357D-4ED7-ACC2-2E9266BBFFA2
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ɳʽˁˈ˄ʰ 22. Sample health indicators for Chicago (CSV) 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊʰʻʷˍˇˎ˃ʶ ʷ˄ʰ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 
˃ʶʴʷʻʹ όMIN, AVG, MAX), ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ʰˉʰˊʰʾˍʹˍʶˌ ʶˉʶ˅ʹʴʺˋʶʽˌ ʴʽʰ ˁʱʻʶ ˃ʷʴʶʻˇˌΣ ˈˉ˖ˌ 
ʰˁˊʽʲ˗ˌ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ portal ˁ ʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʵʽʶˎˁˊʽ˄ʽˋˍʽˁˈ ʷʴʴˊʰ˒ˇΦ 

ɾʷʴʶʻˇˌ MIN AVG MAX ʅ˔ˈ˂ʽˇ 

ʃˇˋˇˋˍˈ ʴʶ˄˄ʺˋʶ˖˄ 9.4 15.7 22.4 

Percent of persons in labor 
force aged 16 years and older 

ɱʶ˄ʽˁˈ ˉˇˋˇˋˍˈ ʴˇ˄ʽ˃ˈˍʹˍʰˌ 27.7 68.4 94.9 Per 1,000 females aged 15-44 

ʋʰ˃ʹ˂ˈ ʲʱˊˇˌ ˄ʶˇʴ˄˗˄ 3.5 10.1 19.7 Percent of live births 

ʃˊˇʴʶ˄˄ʹˍʽˁʺ ˒ˊˇ˄ˍʾʵʰ ʰˊ˔ʺˌ 
ʴʶ˄ˇ˃ʷ˄ʹˌ ʰˉˈ ˍˇ ˉˊ˗ˍˇ ˍˊʾ˃ʹ˄ˇ 63.6 77.0 94.5 

Percent of females delivering a 
live birth 

ʃˊˈ˖ˊʶˌ ʴʶ˄˄ʺˋʶʽˌ 5.0 11.3 17.5 Percent of live births 

ʃˇˋˇˋˍˈ ʴʶ˄˄ʺˋʶ˖˄ ʰˉˈ ʷ˒ʹʲʶˌ 1.3 50.1 116.9 Per 1,000 females aged 15-19 

ɳˉʾʻʶˋʹ κ ɮ˄ʻˊ˖ˉˇˁˍˇ˄ʾʰ 0.0 18.1 70.3 

Per 100,000 persons (age 
adjusted) 

ɼʰˊˁʾ˄ˇˌ ˍˇˎ ˃ʰˋˍˇˏ όʴˎ˄ʰʾˁʶˌύ 7.6 26.0 54.7 

Per 100,000 persons (age 
adjusted) 

ɼʰˊˁʾ˄ˇˌ 120.1 194.3 291.5 

Per 100,000 persons (age 
adjusted) 

ɼʰˊˁʾ˄ˇˌ ̱ ˇˎ ˉʰ˔ʷˇˌ ʶ˄ˍʷˊˇˎ 8.6 21.6 39.4 

Per 100,000 persons (age 
adjusted) 

ʃˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ɲʽʰʲʺˍʹΣ 26.8 71.9 119.1 

Per 100,000 persons (age 
adjusted) 

ɮˉˈ ˉˎˊˇʲˈ˂ˇ ˈˉ˂ˇΣ 1.0 16.7 70.3 

Per 100,000 persons (age 
adjusted) 

ɰˊʶ˒ʽˁʺ ɸ˄ʹˋʽ˃ˈˍʹˍʰ 1.5 8.6 22.6 Per 1,000 live births 
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ɾʷʴʶʻˇˌ MIN AVG MAX ʅ˔ˈ˂ʽˇ 

ɼʰˊˁʾ˄ˇˌ ˍˇˎ ˉ˄ʶˏ˃ˇ˄ʰ 15.9 51.5 89.6 

Per 100,000 persons (age 
adjusted) 

ɼʰˊˁʾ˄ˇˌ ˍˇˎ ˉˊˇˋˍʱˍʹ όʱ˄ʵˊʶˌύΣ 0.0 36.8 92.9 

Per 100,000 males (age 
adjusted) 

ɳʴˁʶ˒ʰ˂ʽˁˈ ʶˉʶʽˋˈʵʽˇ - ɳʴˁʶ˒ʰ˂ʽˁʺ 
ʰʴʴʶʽʰˁʺ ˄ˈˋˇˌΣ 22.0 46.5 99.1 

Per 100,000 persons (age 
adjusted) 

ɾʶˍˊʺˋʶʽˌ ˋˍˇ ʶˉʾˉʶʵˇ ˃ˇ˂ˏʲʵˇˎ 
ˋˍˇ ʰʾ˃ʰΣ ˋʶ ˉʰʽʵʽˁʺ ʹ˂ʽˁʾʰ 133.6 385.3 605.9 

Per 1,000 children aged 0-6 
years 

ɲʹ˂ʹˍʹˊʾʰˋʹ ʰˉˈ ˃ˈ˂ˎʲʵˇ ˋʶ 
ˉʰʽʵʽˁʺ ʹ˂ʽˁʾʰ 0.0 0.9 3.7 Per 100 

ɱˇ˄ˈˊˊˇʽʰ όʴˎ˄ʰʾˁʶˌύ 50.3 894.3 3193.3 

Per 100,000 females aged 15 
to 44 years 

ɱˇ˄ˈˊˊˇʽʰ όʱ˄ʵˊʶˌύ 52.7 840.7 2545.7 

Per 100,000 males aged 15 to 
44 years 

ʊˎ˃ʰˍʾ˖ˋʹ 0.0 6.8 22.7 

Per 100,000 persons (age 
adjusted) 

ʃˇˋˇˋˍˈ ˄ˇʽˁˇˁˎˊʽ˗˄ ˉˇˎ ʸʶʽ ˁʱˍ˖ 
ʰˉˈ ˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˒ˍ˗˔ʶʽʰˌ 3.1 20.3 61.4   

ʅˎ˄˖ˋˍʽˋ˃ˈˌ ˁʰˍˇʽˁʾʰˌ 0.2 4.9 17.6 

Percent of occupied housing 
units 

ʃˇˋˇˋˍˈ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄˖˄ ʰˍˈ˃˖˄ 15.5 35.8 50.2 

Percent of persons aged less 
than 16 or more than 64 years 

ʃˇˋˇˋˍˈ ʰ˄ʻˊ˗ˉ˖˄ ˔˖ˊʾˌ 
ʰˉˇ˂ˎˍʺˊʽˇ ˂ˎˁʶʾˇˎ 2.9 21.6 58.7 

Percent of persons aged 25 
years and older 

ɼʰˍʱ ˁʶ˒ʰ˂ʺ˄ ʶʽˋˈʵʹ˃ʰ 8535.0 25106.7 87163.0 2011 inflation-adjusted dollars 

ʃˇˋˇˋˍˈ ʰ˄ʶˊʴʾʰˌ 4.2 13.3 40.0 

Percent of persons in labor 
force aged 16 years and older 

 

 

2.2.3 ɲʶʵˇ˃ʷ˄ʰ ˁʾ˄ʹˋʹˌ 
ɱʽʰ ˍˇ Chicagoˁ ʰʽ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˍˇˉˇʻʶˋʾʶˌΣ ˎˉʱˊ˔ˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ˃ʷˋʹ ʹ˃ʶˊʺˋʽʰ 
ˁˎˁ˂ˇ˒ˇˊʾʰΣ ʵʹ˂ʰʵʺ ˍˇ˄ ˉˊʰʴ˃ʰˍʽˁˈ ʰˊʽʻ˃ˈ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʵʽʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʽʰ 
ʵʶʵˇ˃ʷ˄ʹ ˇʵˈ ˁʰˍʱ ˃ʷˋˇ ˈˊˇ ˃ʽʰ ʹ˃ʷˊʰ ˍʹˌ ʶʲʵˇ˃ʱʵʰˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ʵʶ˄ 
ʰ˄ʰ˄ʶ˗˄ˇ˄ˍʰʽ ˉˇ˂ˏ ˍʰˁˍʽˁʱ όˁʱʻʶ ʵʶˁʰʶˍʾʰύΣ ʰ˂˂ʱ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˄ʰ 
ʷ˔ˇˎ˃ʶ ˃ʽʰ ˉˊˈ˔ʶʽˊʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽˁʺˌ ˁʾ˄ʹˋʹˌ ˋˍˇˎˌ ˁˎˊʽˈˍʶˊˇˎˌ ʵˊˈ˃ˇˎˌ ˍʹˌ 
ˉˈ˂ʹˌΦ ʅˎ˄ˇ˂ʽˁʱΣ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʶˌ ˃ʶˍˊʺˋʶʽˌ ʴʽʰ мнтф ˍˇˉˇʻʶˋʾʶˌΦ ʆʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 
ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ˋˍˇʽ˔ʶʾʰΣ ˈˉ˖ˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶʽˁˈ˄ʰΦ 
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ɳʽˁˈ˄ʰ23. Chicago Traffic Data (CSV) 

 

ɴ˄ʰ ˃ʽˁˊˈ ʵʶʾʴ˃ʰ ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˇˉˍʽˁˇˉˇʽʹ˃ʷ˄ʰ ˋʶ ʷ˄ʰ ˔ʱˊˍʹΣ  ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ 
ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 

 

 

ɳʽˁˈ˄ʰ144. Chicago traffic data (ʋʱˊˍʹˌ) 
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2.3 ɲʶʵˇ˃ʷ˄ʰ ʶʴˁ˂ʹ˃ʱˍ˖˄ 
ɱʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago, ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ23ˋʶ ˃ˇˊ˒ʺ CSVɹ ʽʰ ˍʰ 
ʶʴˁ˂ʺ˃ʰˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ нллм ˁʰʽ ˃ʶˍʱΦ ʆʰ ˁˎˊʽˈˍʶˊʰ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʰ 
ˉʰˊʰˉʱ˄˖ ʶʴˁ˂ʺ˃ʰˍʰ ʶʾ˄ʰʽΥ 

¶ ID 

¶ Aˊʽʻ˃ˈˌ ˎˉˈʻʶˋʹˌ 

¶ H˃ʶˊˇ˃ʹ˄ʾʰ κ ʎˊʰ 

¶ ʁʽˁˇʵˇ˃ʽˁˈ ˍʶˊʱʴ˖˄ˇ 

¶ ɴʴˁ˂́ ˃ʰ 

¶ ʃʁ ˊʽʴˊʰ˒ʺ ʁ ʴˁ˂ʺ˃ʰˍˇˌ 

¶ ʃʶˊʽʴˊʰ˒ʺˍˇˉˇʻʶˋʾʰˌ ( .̄ .̝, APARTMENT, STREET, ABANDONED BUILDING, 
RESIDENCE) 

¶ ʇˉʺˊ˔ʶ ˋˏ˂˂ʹ˕ʹ (Boolean) 

¶ ʁ̔ ˁʽʰˁˈʷʴˁ˂ʹ˃ʰ (Boolean) 

¶ District 

¶ Ward 

¶ CommunityArea 

¶ K̟ ʵʽˁˈF̩BI 

¶ ʆʶ˂ʶˎˍʰʾʰ ʶ˄ʹ˃ʷ́˖ˋʹ 

¶ ɱʁ ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ 

¶ ɱʁ ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ 

 

ɳʽˁˈ˄ʰ155. Sample crime data for Chicago (CSV) 

 

ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ dataset ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ʽʵʽʰʾˍʶˊʰ ˉ˂ˇˏˋʽˇΣ ʰ˒ˇˏ ˉʶˊʽʷ˔ʶʽ 
ˉʶˊʽˋˋˈˍʶˊʶˌ h ˉˈ 5.900.000 ʁ ʴʴˊʰ˒ʷˌΦ 

 

  

                                                           
23https:// data.cityofchicago.org/Public-Safety/Crimes-2001-to-present/ ijzp-q8t2 
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2.3.1 ʁˉˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʴˁ˂ʹ˃ʱˍ˖˄ 
ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʻʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˁʱˉˇʽˇˎˌ ʰˉˈ ˍˇˎˌ ˉʽʻʰ˄ˇˏˌ ˍˊˈˉˇˎˌ 
ˇˉˍʽˁˇˉˇʾʹˋʹˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʴˁ˂ʹ˃ʱˍ˖˄Σ ˗ˋˍʶ ˄ʰ ʶˉʽʵʶʾ˅ˇˎ˃ʶˍʽˌ 
ʵʽʰ˒ˇˊʶˍʽˁʷ ̩ʶ˄ʰ˂˂ʰˁˍʽˁʷ ̩˃ʶʻˈʵˇˎˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋˍʹ ʵʽʱʻʶˋʺ ˃ʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˉ˖ˌ ʹ 
ˋˎ˄ʱʻˊˇʽˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʶˎˊˏˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ʶˉʹˊʶʱʸʶʽ ˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ʅˍʹ˄ ˉˊ˗ˍʹ ʁ ʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶʴˁ˂ʹ˃ʰˍ˗ ˄̀ ˍ́˄ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago. 

 

ɳʽˁˈ˄ʰ 166Φ ɳʴˁ˂ʺ˃ʰˍʰ ˋˍˇ Chicago 

ɼʰʻ˗ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʴˁ˂ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʱ˂ˇˌΣ ʹ ˋʹ˃ʶʽʰˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍˇˎˌ ˋʶ 
ʶˎˊʶʾʰ ˁ˂ʾ˃ʰˁʰ ʵʶ˄ ʲˇʹʻʱʶʽ ˇˉˍʽˁʱ ˋˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˔ˊʺˋʽ˃ʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ˎˉʶˊˁʶˊʱˋˇˎ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈΣ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶʽˁˈ˄ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ Heatmap 
ˍ˖˄ ʶʴˁ˂ʹ˃ʱˍ˖˄Σ ˈˉˇˎ ˈˋˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʶʾ˄ʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ʶʴˁ˂ʹ˃ʱˍ˖˄˃ʽʰˌ ˉʶˊʽˇ˔ʺˌ̱ ˈˋˇ 
ˉʽˇ ʷ˄ˍˇ˄ˇ ʶʾ˄ʰʽ ˍˇ ˁˈˁˁʽ˄ˇ ˄ʷ˒ˇˌ ˉʱ˄˖ ʰˉˈ ʰˎˍʺ ˍʹ˄ ˉʶˊʽˇ˔ʺΦɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰˉʶʽˁˈ˄ʽˋʹ 
ʲʶ˂ˍʽ˗˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶ ʰˋˎ˄ʺʻʽˋˍʰ ˃ʶʴʱ˂ʹ ʶʴˁ˂ʹ˃ʰˍʽˁˈˍʹˍʰΦ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

46 h ˉˈ 69 
 

 

ɳʽˁˈ˄ʰ 177. Heatmap ʶʴˁ˂ʹ˃ʱˍ˖˄ ˋˍˇ Chicago 

ʅˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʹ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰ ˁʱʻʶcensusblock ˍˇˎ Chicago, ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍˇ ˃ʷˋˇ ˈˊˇ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˈ˂ʰ ˍʰ censusblocks. ʆ h ˁˈˁˁʽ˄ʰ 
censusblocksʁ ˃˒ʰ˄ʾʸˇˎ˄ ʶʴˁ˂ʹ˃ʰˍʽˁˈˍʹˍʰ ˉˇˎ ʶʾ˄ʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʷˋˇ ˈˊˇΦ ʆˇ 
ʰ˄ˍʾʻʶˍˇ ʽˋ˔ˏʶʽ ʴʽʰ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˃̄ ˂ʶ censusblocks. ɰ˂ʷˉˇˎ˃ʶ ˉ˖ˌ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
ʰˉʶʽˁˈ˄ʽˋʹ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˋˍˇ ˄ʰ ʶ˄ˍˇˉʾʸʶʽ ˃ʽˁˊʷˌ ˋ˔ʶˍʽˁʱ ˉʶˊʽˇ˔ʷˌ ˃ʶ 
ʽʵʽʰʾˍʶˊʰ ˉ˂ˇˏˋʽʰ ʶʴˁ˂ʹ˃ʰˍʽˁˈˍʹˍʰΦ  

 

ɳʽˁˈ˄ʰ 188. ɳʴˁ˂ʹ˃ʰˍʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ʰ˄ʱ ŎŜƴǎǳǎ ōƭƻŎƪ ˍˇˎ /ƘƛŎŀƎƻ 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ʅˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶʽˁˈ˄ʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʹ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰ ˁʱʻʶcensustract ˍˇˎ Chicago, ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍˇ ˃ʷˋˇ ˈˊˇ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˈ˂ʰ ˍʰ censustracts. ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶʽˁˈ˄ʰ ʵʶ˄ 
ˉʰˊˇˎˋʽʱʸʶʽ ˋʰ˒ʺ ʶˉˇˉˍʶʾʰ ˍʹˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ,ʶˉʶʽʵʺ ˁʱʻʶ censustract ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 
ˋ˔ʶˍʽˁʱ ˃ʶʴʱ˂ʹ ʴʶ˖ʴˊʰ˒ʽˁʺ ˉʶˊʽˇ˔ʺ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˔ʱʻʹˁʶ ˋʹ˃ʰ˄ˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ ˋʶ 
ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶʽˁˈ˄ʰ. ʅˎ˄ʶˉ˗ˌ ʴʽʰ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ 
ʶʴˁ˂ʹ˃ʱˍ˖˄Σ ʹ ˋˎ˄ʱʻˊˇʽˋʹ ˋʶ ʶˉʾˉʶʵˇ censusblock h ˉˇˍʶ˂ʶʾ ˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹΦ  

 

ɳʽˁˈ˄ʰ 199Φ ɳʴˁ˂ʹ˃ʰˍʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˁʰˍʱ censustract ̱ ˇˎ Chicago 

 

2.4 ɲʁ ʵˇ˃ʷ˄ʰ ˁ ʰʽˊˇˏ 
ʆʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ɻ ʶʵˇ˃ʷ˄ʰ ˁʰʽˊˇˏ24ʰ˒ˇˊˇˏ˄ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ʰˋˍʽˁʺ ˉʶˊʽˇ˔ʺ ˍˇˎ Chicago ˁ ʰʽ 
ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ ˉˇ˂˂ʱ ʷˍʹ όʰˁˈ˃ʰ ˁʰʽ ˉˊʽ˄ ˍˇ нлллύΦ ɮ˄ʰ˂ˎˍʽˁʱΣ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʶʲʱˋʶʽ 
ˁʰ˄ʶʾˌ ʴʽʰ ˁʱʻʶ ʷˍˇˌ ˁʰʽ ˁʱʻʶ ʹ˃ʷˊʰʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʰ ˉʰˊʰˁʱˍ˖ ˃ʶʴʷʻʹ όˋʶ CSV˃ ˇˊ˒ʺύ: 

¶ ɶ˃ʶˊˇ˃ʹ˄ʾʰ 

¶ ɸʶˊ˃ˇˁˊʰˋʾʰ όɾʷʴʽˋˍʹΣ ɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹύ 

¶ ʅʹ˃ʶʾˇ ɲˊˈˋˇˎ όɾʷʴʽˋˍʹΣ ɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹύ 

¶ ʇʴˊʰˋʾʰ όɾʷʴʽˋˍʹΣ ɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹύ 

¶ ʃʾʶˋʹ ˋʶ ʶˉʾˉʶʵˇ ʻʱ˂ʰˋˋʰˌ όɾʷʴʽˋˍʹΣ ɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹύ 

¶ ʁˊʰˍˈˍʹˍʰ (ɾʷʴʽˋˍʹΣ ɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹ) 

¶ ɿʶ˒ˇˁʱ˂ˎ˕ʹ 

¶ ɲʽʶˏʻˎ˄ˋʹ ɮ˄ʷ˃ˇˎ 

¶ ɯ˄ʶ˃ˇˌ όkm/hrύ όɾʷʴʽˋˍʹΣ ɾʷˋʹύ 

¶ ʈ˕ˇˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όmmύ όʅˎ˄ˇ˂ʽˁʺύ 

¶ ɱʶʴˇ˄ˈˍʰ όˉΦ˔Φ ˁʰˍʰʽʴʾʵʶˌύ 

 

                                                           
24https:// www.wunderground.com 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 
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ɳʽˁˈ˄ʰ 30. Sample weather data for Chicago (CSV) 

 

2.5 ɮˉˇʻʺˁʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ 
ʆʰ ˉʰˊʰˉʱ˄˖ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˈ˂˖˄ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ ˋʶ ˃ˇˊ˒ʺ CSV. 
ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˍʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˃ʶΣ ʰˉˇʻʹˁʶˏˍʹˁʰ˄ ˈ˂ʰ ˋˍʹ˄ ʾʵʽʰ ʲʱˋʹ PostgreSQL ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ʰˉˈ ˍˇ˄ areaprofilerΦ ɱʽʰ ˁʱʻʶ CSV ʰˊ˔ʶʾˇ ʵʹ˃ʽˇˎˊʴʺˋʰ˃ʶ ˁʰʽ ʷ˄ʰ 
ʵʽʰ˒ˇˊʶˍʽˁˈ ˉʾ˄ʰˁʰ ˋˍʹ ʲʱˋʹ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉʶʵʾˇ ʵʽʰʻʷˋʽ˃ˇ ˋˍˇ ʰˊ˔ʶʾˇΣ ʷ˔ˇˎ˃ʶ 
ʰ˄ˍʽˋˍˇʽ˔ʾˋʶʽ ˁʰʽ ˃ʽʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋˍʺ˂ʹ ˋʶ ˁʱʻʶ ˉʾ˄ʰˁʰ ˋˍʹ ʲʱˋʹΣ ˗ˋˍʶ ʰˊ˔ʽˁʱ ˄ʰ ʷ˔ˇˎ˃ʶ 
1-м ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ original ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˋˍʹ ʲʱˋʹΦ ɶ ˍʶ˂ʽˁʺ ˃ˇˊ˒ʺ 
ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ ʰˎˍʱ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˉˈ ˍʹ˄ ˍʶ˂ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ʻʰ 
ˇˊʽˋˍʽˁˇˉˇʽʹʻʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ʷˊʴˇˎΦ 

 

2.6 ʅˏ˄ˇ˕ʹ 
ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˉʶˊʽʴˊʱ˕ʰ˃ʶˁʱˉˇʽʰ ʰˉˈ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʻʰ 
˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍˇ ʷˊʴˇ Citysense. ɼʰʻ˗ˌ ˁˏˊʽˇˌ ˋˁˇˉˈˌ ˍˇˎ ʷˊʴˇˎ ʶʾ˄ʰʽ ʹ ʰˉˇˍˏˉ˖ˋʹ 
ˍˇˎ ζʾ˔˄ˇˎˌη ˃ʽʰˌ ʰˋˍʽˁʺˌ ˉʶˊʽˇ˔ʺˌΣ ʵˈʻʹˁʶ ʷ˃˒ʰˋʹ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 
ʶˎʹ˃ʶˊʾʰ ˁʰʽ ˁʰ˂ˇʸ˖ʾʰ ˍ˖˄ ˁʰˍˇʾˁ˖˄Φ ʆʷˍˇʽʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ʹ ʶʴˁ˂ʹ˃ʰˍʽˁˈˍʹˍʰΣ ˋˍˇʽ˔ʶʾʰ 
ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˁʰˍˇʾˁ˖˄ ˃ʽʰˌ ˉʶˊʽˇ˔ʺˌΣ ˋˍˇʽ˔ʶʾʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ 
ˎʴʶʾʰ ˍ˖˄ ˁʰˍˇʾˁ˖˄ όˉˇˎ ʷ˃˃ʶˋʰ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˃ˈ˂ˎ˄ˋʹˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ 
ˋˍʹ˄ ˉʶˊʽˇ˔ʺύΣ ˋˍˇʽ˔ʶʾʰ ˁˎˁ˂ˇ˒ˇˊʽˁʺˌ ˁʾ˄ʹˋʹˌ ˉˇˎ ʶˉʹˊʶʱʸʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˉˇʽˈˍʹˍʰ 
ʸ˖̋ˌΣ ˁʰʻ˗ˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽˊˇˏ ʴʽʰ ˈ˂ʹ ˍʹ˄ ˉˈ˂ʹ ˍˇˎ Chicago, ʰ˒ˇˏ ˇ ˁʰʽˊˈˌ ʰˉˇˍʶ˂ʶʾ 
ˍʹ˄ ˉˊ˗ˍʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ˁʱˉˇʽˇˌ ʶˉʽˋˁʷˉˍʹˌ ˄ʰ ˅ʷˊʶʽ ˉˊʽ˄ ʶˉʽˋˁʶ˒ˍʶʾ ˃ʽʰ 
ˁʰʽ˄ˇˏˊʽʰ ˉʶˊʽˇ˔ʺΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋˎ˂˂ʷ˅ʰ˃ʶ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ˇ˕ʽˋˍˇˏ˄ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ 
ˉʾ˄ʰˁʰΦ 
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ɳʾʵˇˌ ɲʶʵˇ˃ʷ˄˖˄ ʃʹʴʺ ɮˊʽʻ˃ˈˌ 
ˉʶʵʾ˖˄ 

ɮˊʽʻ˃ˈˌ 
ɳʴʴˊʰ˒˗˄ 

Format 

POIs Google Places 11 184.392 API (JSON) 

POIs Foursquare 12 93.893 API (JSON) 

ɼˇʽ˄˖˄ʽˁˇ-
ˇʽˁˇ˄ˇ˃ʽˁˇʾ 
ʵʶʾˁˍʶˌ 

Chicago Portal 8 77 CSV 

ɲʶʾˁˍʶˌ ʇʴʶʾʰˌ Chicago Portal 28 77 CSV 

ɲʶʵˇ˃ʷ˄ʰ 
ɼˎˁ˂ˇ˒ˇˊʽˁʺˌ 
ɼʾ˄ʹˋʹˌ 

Chicago Portal 8 1279 CSV 

ɳʴˁ˂ʺ˃ʰˍʰ Chicago Portal 22 5.915.820 CSV 

ɼʰʽˊˈˌ Weather 
Underground 

23 оср Ȅ ɴˍʹ CSV 

 

ʅˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΣ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˍˇˎ Chicagoˁ ʰʽ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ 
ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˎˉˇˋˍʶʾΣ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˔ˊʺˋʹ ˍˇˎ ˋˍʰ ˉ˂ʰʾˋʽʰ 
ʷˊʴˇˎ Citysense. 
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3 ɳˉʶ˅ʶˊʴʰˋʾʰ ʁʵʽˁˇˏ ʵʽˁˍˏˇˎ 
ɾʽʰ ʰˉˈ ˍʽˌ ˁˏˊʽʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ˁʱˉˇʽˇˌ ˔ˊʺˋˍʹˌ ʴʽʰ ˁʱˉˇʽʰ ˉʶˊʽˇ˔ʺ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ˍˇ ˇʵʽˁˈ ˍʹˌ ʵʾˁˍˎˇΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ˉˇˊʶʾ ʶˏˁˇ˂ʰ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ˍʽˌ 
ˉˊʰʴ˃ʰˍʽˁʷˌ ʰˉˇˋˍʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˋʹ˃ʶʾ˖˄ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΣ 
ʰ˄ˍʾ ʴʽʰ ˍʹ˄ ʶˎˁ˂ʶʾʵʽʰ ʰˉˈˋˍʰˋʹ ˉˇˎ ʻʰ ʶʽˋʺʴʰʴʶ ˋʹ˃ʰ˄ˍʽˁˈ ˂ʱʻˇˌ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 
ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍˇ OpenStreetMaps25(OSM) ˉˇˎ 
ʶʾ˄ʰʽ ʹ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ʵʽʰʵʽˁˍˎʰˁʺ ˎˉʹˊʶˋʾʰ ˉ˂ʹʻˇˉˇˊʽˋ˃ˇˏ ʴʽʰ ˔ʱˊˍʶˌ ˁʰʽ ʹ ˇˉˇʾʰ 
ˁʰ˂ˏˉˍʶʽ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ʵˎˍʽˁˇˏ ˁˈˋ˃ˇˎΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
˃ʶˍʰˍˊʷ˕ˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ OSM̀ ʶ ʷ˄ʰ routablegraphnetwork, ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ 
ʵʽʱ˒ˇˊʰ ʶˊʴʰ˂ʶʾʰ Σ ˈˉ˖ˌ ˍˇ Osmosisˁ ʰʽ ˍˇ Open Source Routing Machine (OSRM)Σ ˍʰ ˇˉˇʾʰ 
ʻʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

 

3.1 OpenStreetMap ɲʶʵˇ˃ʷ˄ʰ 
ɱʽʰ ˄ʰ ˁʰˍʶʲʱˋʶʽ ˁʰ˄ʶʾˌ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍˇ OpenStreetMap ˃ ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˍˇ 
ʵʽˁˍˎʰˁˈ ˍˈˉˇ GEOFABRIK26 Σ ˍˇ ˇˉˇʾˇ ʵʽʰʻʷˍʶʽ ˔ʱˊˍʶˌ ʴʽʰ ̍˂ʹˌ ˍʹ˄ˎ˒ʺ˂ʽˇΣ 
ˇ˃ʰʵˇˉˇʽʹ˃ʷ˄ˇˎˌ ʰ˄ʱ ˃ʶʴʱ˂ʶˌ ˉʶˊʽˇ˔ʷˌΦ ʅˍʹ˄ ˁʰˍʹʴˇˊʾʰ ŘƻǿƴƭƻŀŘǎ ˍˇˎ D9hC!.wLY ʶʾ˄ʰʽ 
ʵʽʰʻʷˋʽ˃ʰ ˍˈˋˇ ˇ˂ˈˁ˂ʹˊʹ ʹ ɰˈˊʶʽʰ ɮ˃ʶˊʽˁʺ, ˈˋˇ ˁʰʽ ʹ ˉˇ˂ʽˍʶʾʰˍˇˎ LƭƭƛƴƻƛǎΣ ˋˍʹ˄ ˇˉˇʾʰ 
ʰ˄ʺˁʶʽ ˍˇ /ƘƛŎŀƎƻ. ɱʽʰ ˍˇˎˌ ˋˁˇˉˇˏˌ ˂ˇʽˉˈ˄ ˍˇˎ /ƛǘȅǎŜƴǎŜΣ ˁʰˍʶʲʱˋʰ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ 
LƭƭƛƴƻƛǎΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ hǇŜƴ{ǘǊŜŜǘaŀǇ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ˋʶ ˃ˇˊ˒ʺ ·a[ όʰˊ˔ʶʾʰ h{aύ ˁʰʽ 
binary/compressed όʰˊ˔ʶʾʰ t.CύΦ ʆʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʵˇˎ˂ʶˏˇˎ˄ ˁʰʽ ˃ʶ ˍʰ 
ʵˏˇ formats, h ˂˂ʱ ʶ˃ʶʾˌ ˁʰˍʶʲʱˋʰ˃ʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ XMLh ˊ˔ʶʾˇ ʴʽʰ ˍʹ˄ ˉˇ˂ʽˍʶʾʰ ˍˇˎ Lƭƭƛƴƻƛǎ, 
ˁˎˊʾ˖ˌ ʴʽʰ ˄ʰ ʶʾ˄ʰʽ humanreadableɹ ʽʰ ˁʰ˂ˏˍʶˊʹ ʶˉʽˋˁˈˉʹˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

 

3.2 ɳ˅ʰʴ˖ʴʺ ˉʶˊʽˇ˔ʺˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ʶˎˊˏˍʶˊˇ ˔ʱˊˍʹ 
ɴ˔ˇ˄ˍʰˌ ʵʽʰʻʷˋʽ˃ˇ ˍˇ OSM / XMLh ˊ˔ʶʾˇ ʴʽʰ ˍʹ˄ ˉˇ˂ʽˍʶʾʰ ˍˇˎ LƭƭƛƴƻƛǎΣΣ ˍˇ ʶˊʴʰ˂ʶʾˇ ˉˇˎ 
ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇ˃ˈ˄˖ˋʹ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍˇˎ Chicagoʁ ʾ˄ʰʽ ˍˇ hǎƳƻǎƛǎ27. 
ʆǑsmosis ʶʾ˄ʰʽ˃ʽʰ command line Java ʁ ˒ʰˊ˃ˇʴʺʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ OSM 
ʵʶʵˇ˃ʷ˄˖˄Φʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˅ʱʴˇˎ˃ʶ ˃ˈ˄ˇ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˉˈ˂ʹ ˍˇˎ 
Chicago, ʺˍʰ˄ ʰ˄ʰʴˁʰʾˇ ˄ʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ˍˇ MinimumBoundingRectangle(MBR) ˉˇˎ 
ˉʶˊʽˁ˂ʶʾʶʽ ˍʹ˄ ˉˈ˂ʹΦ ɱʽʰ ˍˇ /ƘƛŎŀƎƻ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˋʹ˃ʶʾʰ ʶʾ˄ʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ όʶˁ˒ˊʰˋ˃ʷ˄ʰ ˋʶ 
ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˁʰʽ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌύ ˍʰ όпнΦлссрмсΣ -утΦфттфумύ ˁʰʽ όпмΦслсслпΣ -
утΦпснффтύΦ ɴ˔ˇ˄ˍʰˌ ˖ˌ ʶʾˋˇʵˇ ˍˇ ʰˊ˔ʶʾˇ ˍˇˎ ɹ˂ʽ˄ˈʽˌ ˁʰʽ ˍʰ ʵˏˇ ʵʽʰʴ˗˄ʽʰ ˋʹ˃ʶʾʰ ˍˇˎ 
MinimumBoundingRectangleΣ ˍˇ hǎƳƻǎƛǎ ʶ˅ʱʴʶʽ ʷ˄ʰ ˃ʽˁˊˈˍʶˊˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˉˇˎ ˁʰ˂ˏˉˍʶʽ 
ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˍˇˎ /ƘƛŎŀƎƻ ˁʰʽ ˃ˉˇˊʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʰˉˈ ˍˇ Open 
Source Routing Machine (OSRM). 

 

  

                                                           
25https://www.openstreetmap.org  
26http:// www.geofabrik.de/  
27http://wiki.openstreetmap.org/wiki/Osmosis 
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3.3 Open Source Routing Machine 
ʆˇ hǇŜƴ {ƻǳǊŎŜ wƻǳǘƛƴƎ aŀŎƘƛƴŜ όh{waύ28 ʁ ʾ˄ʰʽ ʷ˄ʰ ʶˊʴʰ˂ʶʾˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˋʶ ˇʵʽˁʱ 
ʵʾˁˍˎʰΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾ ʵʶʵˇ˃ʷ˄ʰ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ʰˉˈ ˍˇ hǇŜƴ{ǘǊŜŜǘaŀǇ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ 
ʵˊˇ˃ˇ˂ˈʴʹˋʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˃ʾʰ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎ ʰ˂ʴˈˊʽʻ˃ˇˎ Contraction Hierarchies [1]Φ ɱʽʰ 
ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ /ƛǘȅ{ŜƴǎŜΣ ˍˇ h{wa ˍˊˇˉˇˉˇʽʺʻʹˁʶΣ ˗ˋˍʶ ˄ʰ ʶ˅ʱʴʶʽ ʵʶʵˇ˃ʷ˄ʰ ˍʰ ˇˉˇʾʰ 
˃ˉˇˊˇˏ˄ ˄ʰ ʶʽˋʰ˔ʻˇˏ˄ ˋʶ tƻǎǘƎǊŜ{v[ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 
ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ Hub Labels [2] ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ. ʆʰ HubLabelsʁ ˁˍˈˌ ʰˉˈ ˍˇ ˈˍʽ 
ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˉʽˇ ʴˊʺʴˇˊʹ ˃ʷʻˇʵˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˋʶ ˇʵʽˁʱ ʵʾˁˍˎʰΣ ʷ˔ˇˎ˄ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ 
ˈˍʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋʶ ˃ʽʰ ˋ˔ʶˋʽʰˁʺ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ 
[3],[4],[5]Σ ˉˊʱʴ˃ʰ ˉˇˎ ˍʰʽˊʽʱʸʶʽ ʰˉˈ˂ˎˍʰ ˃ʶ ˍˇˎˌ ˋˁˇˉˇˏˌ ˍˇˎ Citysense.  

 

3.4 ʆʶ˔˄ʽˁʷˌ ˂ʶˉˍˇ˃ʷˊʶʽʶˌ 
ʆˇ OSRM ʵʷ˔ʶˍʰʽ ˖ˌ ʶʾˋˇʵˇ ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ (ʶʾˍʶ OSM/XML, ʶʾˍʶ PBF) ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ 
ʶˋ˖ˍʶˊʽˁʷˌ ʵˇ˃ʷˌ ˁʰʽ ˉʰˊʰʴˈ˃ʶ˄ʰ ʵˎʰʵʽˁʱ ʰˊ˔ʶʾʰ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ̟ ˄ h˂ ʴˇˊʾʻ˃˖ ˄
ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˁʰʽ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΦ 

ʆˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˉˇˎ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ OpenStreetMap ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ node-based ʴˊʱ˒ˇˎ 
˃ʁ  ˁˈ˃ʲˇˎˌ ˁʰʽ ʰˁ˃ʷˌΦɼɦ̒ ʶ ˁˈ˃ʲˇˌ ʰ˄ʰˉʰˊʽˋˍʱ ˃ʽʰ ˍˇˉˇʻʶˋʾʰ όlon, lat) ˁʰʽ ˁʱʻʶ ʰˁ˃ʺ 
ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ ˋˏ˄ʵʶˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ ˋʹ˃ʶʾ˖˄Σ ʵʹ˂ʰʵʺ ʷ˄ʰ ˁˇ˃˃ʱˍʽ ʵˊˈ˃ˇˎΦ ʆˇ ˇʵʽˁˈ 
ʵʾˁˍˎˇ ˉʶˊʽʷ˔ʶʽΣ ʶˉʾˋʹˌΣ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˋˍˊˇ˒˗˄Φ ʆˇ OSRMΣ ˃ʶˍʱ ˍʹ˄ ʰˊ˔ʽˁʺ ʶʽˋʰʴ˖ʴʺ ˍˇˎ 
ʵʽˁˍˏˇˎΣ ˃ʶˍʰˍˊʷˉʶʽ ˍˇ node-basedOSMɹ ˊʱ˒ˇ ˋʶ edge-based ʴˊʱ˒ˇΦ ʅˍʹ ˄ʷʰ 
ʰ˄ʰˉʰˊʱˋˍʰˋʹΣ ˇʽ ˁˈ˃ʲˇʽ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˁˇ˃˃ʱˍʽʰ ʵˊˈ˃˖˄ ˁʰʽ ˇʽ ʰˁ˃ʷˌ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˍʹ 
ˋˏ˄ʵʶˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˇ˃˃ʰˍʽ˗˄Φ ɮ˄ ˎˉʱˊ˔ʶʽ ˋˏ˄ʵʶˋʹ ʰ˄ʱ˃ʶˋʰ ˋʶ ˁˇ˃˃ʱˍʽʰ ʵˊˈ˃˖˄Σ ˍˈˍʶ 
ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˃ʶˍʱʲʰˋʹ ʰˉˈ ˍˇ ʷ˄ʰ ˁˇ˃˃ʱˍʽ ʵˊˈ˃ˇˎ ˋˍˇ ʱ˂˂ˇΦ ɲʽʰ˒ˇˊʶˍʽˁʱ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ 
ʵʶ˄ ˎˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ˃ʶˍʱʲʰˋʹˌ ʰˉˈ ˍˇ ʷ˄ʰ ˁˇ˃˃ʱˍʽ ʵˊˈ˃ˇˎ ˋˍˇ ʱ˂˂ˇΦ ɶ edge-based 
ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˁʰʻʽˋˍʱ ʵˎ˄ʰˍʺˍʹ ʵˊˇ˃ˇ˂ˈʴʹˋʹ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ 
ˍʹˌ ˍʹ˄ ˏˉʰˊ˅ʹ ʰˉʰʴˇˊʶˎ˃ʷ˄˖˄ ˋˍˊˇ˒˗˄, ˁʰˍʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍˇ˃ˈˍʶˊ˖˄ 
ʵʽʰʵˊˇ˃˗˄Φ 

 

3.5 ʆˊˇˉˇˉˇʾʹˋʹ ˍˇˎ h{wa 
ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ CitySense ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ʰˉˈ ˍˇ 
OpenStreetMapΦ ɼʰʻ˗ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ʲʱˋʶ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄PostgreSQL ʴʽʰ ˍˇ CitySenseΣ ˉˊʷˉʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ OpenStreetMap ˁʰʽ ˍʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ OSRM ˄ʰ ˂ʹ˒ʻˇˏ˄ ˋʶ ˃ʾʰ ˃ˇˊ˒ʺ ˉˇˎ ˄ʰ ʶʾ˄ʰʽ 
ˋˎ˃ʲʰˍʺ˃ʶ ˍʹ˄ PostgreSQLΦ ɱʽʰ ʰˎˍˈ ˍˇ ˂ˈʴˇ ˍˊˇˉˇˉˇʽʺʻʹˁʶ ˍˇ OSRMΣ ˗ˋˍʶ ˄ʰ ˉʰˊʱʴʶʽ 
tab-delimitedCSV ʰˊ˔ʶʾʰΣ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˒ˇˊˍ˖ʻˇˏ˄ ˋʶ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ˋ˔ʶˋʽʰˁˇˏˌ 
ˉʾ˄ʰˁʶˌ ˍʹˌ PostgreSQL ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ COPYΦ ɳˉʾˋʹˌ ˍˊˇˉˇˉˇʽʺʻʹˁʶ ˍˇ OSRMΣ ˗ˋˍʶ ˄ʰ 
ˉʰˊʱʴʶʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ contraction ˋʶ ˃ˇˊ˒ʺ GR29 ˁ ʰʽ ˄ʰ ʶ˅ʱʴʶʽ ˍʹ ˋʶʽˊʱ ˍ˖˄ 
ˁˈ˃ʲ˖˄ ˋʶ ʷ˄ʰ ʰˊ˔ʶʾˇ ORDERΦ ʆʰ ʰˊ˔ʶʾʰ GR/ORDER̒ ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʾ˄ˇ˄ˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 
˖ˌ ʶʾˋˇʵˇˌ ˋʶ ʶ˒ʰˊ˃ˇʴʺ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ HubLabels ̱ ˇˎ ʵʽˁˍˏˇˎΦ 

 

  

                                                           
28http://project -osrm.org/ 
29http://www.dis.uniroma1.it/challenge9/format.shtml#graph 
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3.6 ʃʰˊʱʵʶʽʴ˃ʰ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ 
ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽʵʶʾ˅ˇˎ˃ʶ ˍʰ ʶ˄ʵʽʱ˃ʶˋʰ ˋˍʱʵʽʰ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ 
OSMh ˉˈ ˍˇ ʶˊʴʰ˂ʶʾˇ OSRMΣ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ ʶ˄ʵʶʽˁˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰΦ ɴˋˍ˖ ˍˇ 
ˇʵʽˁˈ ʵʾˁˍˎˇ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΦ ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰΣ 
ˁɦ ʻʶ ʵˊˈ˃ˇ ̩ʶʾ˄ʰʽ мллm ˁʰʽ ʵʽˉ˂ʺˌ ˁʰˍʶˏʻˎ˄ˋʹˌΦ ʂ˂ˇʽ ˇʽ ʵˊˈ˃ˇʽ ʶʾ˄ʰʽ ˁˏˊʽˇʽ (Primary) 
ʶˁˍˈˌ ʰˉˈ ˍˇ˄ άcdέ ˉˇˎ ʶʾ˄ʰʽ ˍˇˉʽˁˈˌ (residential)Φ ʇˉʱˊ˔ʶʽ ˃ʾʰ ʰˉʰʴˈˊʶˎˋʹ ʰˊʽˋˍʶˊʺˌ 
ˋˍˊˇ˒ʺˌ ʰˉˈ ˍˇ˄ άabέ ˋˍˇ˄ άebέΦ ʁʽ ˎˉˈ˂ˇʽˉʶˌ ̀ ˍˊˇ˒ʷˌ ʶˉʽˍˊʷˉˇ˄ˍʰʽ ˁ ʰ˄ˇ˄ʽˁʱ. 

 

ɳʽˁˈ˄ʰ 31Φ ʃʰˊʱʵʶʽʴ˃ʰ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ 

 

3.7 ɮˊ˔ʶʾˇ h{a 
ʆˇ h˄ ˍʾˋˍˇʽ˔ˇ ʰˊ˔ʶʾˇ OSM ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍˇ ˉʰˊʰˉʱ˄˖ ˇʵʽˁˈ ʵʾˁˍˎˇ ʻʰ ʷ˔ʶʽˍʹ˄ ʶ˅ʺˌ 
˃ˇˊ˒ʺ: 

<?xmlversion ="1.0" encoding ="UTF- 8" ?> 
<osmgenerator ="xnakos" version ="0.6" > 
<node id ="10000" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.619726" lat ="41.838527" > 
<tagk ="name" v="a" />  
</ node > 
<node id ="10001" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.619724" lat ="41.839427" > 
<tagk ="name" v="b" />  
</ node > 
<node id ="10002" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.619721" lat ="41.840326" > 
<tagk ="name" v="c" />  
</ node > 
<node id ="10003" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.620928" lat ="41.840325" > 
<tagk ="name" v="d" />  
</ node > 
<node id ="10004" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.620933" lat ="41.839426" > 
<tagk ="name" v="e" />  
</ node > 
<node id ="10005" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" lon =" -

87.618518" lat ="41.839427" > 
<tagk ="name" v="f" />  
</ node > 
<wayid ="20000" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10000" />  
<ndref ="10001" />  
<tagk ="highway" v="primary" />  
<tagk ="oneway" v="" />  
<tagk ="name" v="ab" />  
</ way> 
<wayid ="20001" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10001" />  
<ndref ="10002" />  
<tagk ="highway" v="primary" />  
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<tagk ="oneway" v="" />  
<tagk ="name" v="bc" />  
</ way> 
<wayid ="20002" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10002" />  
<ndref ="10003" />  
<tagk ="highway" v="residential" />  
<tagk ="oneway" v="" />  
<tagk ="name" v="cd" />  
</ way> 
<wayid ="20003" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10003" />  
<ndref ="10004" />  
<tagk ="highway" v="primary" />  
<tagk ="oneway" v="" />  
<tagk ="name" v="de" />  
</ way> 
<wayid ="20004" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10004" />  
<ndref ="10001" />  
<tagk ="highway" v="primary" />  
<tagk ="oneway" v="" />  
<tagk ="name" v="eb" />  
</ way> 
<wayid ="20005" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<ndref ="10001" />  
<ndref ="10005" />  
<tagk ="highway" v="primary" />  
<tagk ="oneway" v="" />  
<tagk ="name" v="bf" />  
</ way> 
<relation id ="30000" version ="1" uid ="1" user ="xnakos" timestamp ="2008 - 09- 21T21:37:45Z" > 
<membertype ="way" ref ="20000" role ="from" />  
<membertype ="way" ref ="20004" role ="to" />  
<membertype ="node" ref ="10001" role ="via" />  
<tagk ="restriction" v="no_left_turn" />  
<tagk ="type" v="restriction" />  
</ relation > 
</ osm> 

 
ɶ ˉˊ˗ˍʹ ʲʰˋʽˁʺ ˇ˄ˍˈˍʹˍʰ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʰ OSMh ˊ˔ʶʾʰ ʶʾ˄ʰʽ ˍˇ nodeΦ ʆˇ node 
ʰ˄ʰˉʰˊʽˋˍʱ ˃ʽʰ ʴʶ˖ʴˊʰ˒ʽˁʺ ˍˇˉˇʻʶˋʾʰ όlon, lat)Φ ɰʰˋʽˁʱ ˍˇˎ ʴ˄˖ˊʾˋ˃ʰˍʰ ʶʾ˄ʰʽ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎΣ ˃ʶ ˍˇ ˇˉˇʾˇ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ʰˎˍˈ ʱ˂˂ʶˌ ˇ˄ˍˈˍʹˍʶˌ ˍˇˎ ʰˊ˔ʶʾˇˎΣ ˍˇ 
ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌ ˁʰʽ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΦ 

ɶ ʵʶˏˍʶˊʹ ʲʰˋʽˁʺ ˇ˄ˍˈˍʹˍʰ ˋˍʰ OSM h ˊ˔ʶʾʰ ʶʾ˄ʰʽ ˍˇ wayΦ ʆˇ way ʰ˄ʰˉʰˊʽˋˍʱ ˃ʾʰ 
ʵʽʰʵˊˇ˃ʺΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʾʰ ordered˂ ʾˋˍʰ ʰˉˈ ʰ˄ʰ˒ˇˊʷˌ ˋʶ nodes όʲʱˋʶʽ ˍ˖˄ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁ˗˄ ˍˇˎˌύΣ ˍʰ ˇˉˇʾʰ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˍʰ ˋʹ˃ʶʾʰ ʰˉˈ ˍʰ ˇˉˇʾʰ ˉʶˊ˄ʱʶʽ ʹ 
ʵʽʰʵˊˇ˃ʺΣ ˁʰʻ˗ˌ ˁʰʽ ʴ˄˖ˊʾˋ˃ʰˍʰ ˉˇˎ ʵʶʾ˔˄ˇˎ˄ ˍˇ ʶʾʵˇˌ ˍˇˎ ʵˊˈ˃ˇˎ όʰ˄ ˇ ʵˊˈ˃ˇˌ ʰˉˇˍʶ˂ʶʾ 
ˁˏˊʽʰ ˇʵʽˁʺ ʰˊˍʹˊʾʰΣ ʵʶˎˍʶˊʶˏˇˎˋʰ ˇʵʽˁʺ ʰˊˍʹˊʾʰΣ ˁΦ˂ˉΦύΣ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ʵˊˈ˃ˇˎ ˁʰʽ ˍˇ ʰ˄ 
ʶʾ˄ʰʽ ˃ˇ˄ʺˌ ʺ ʵʽˉ˂ʺˌ ˁʰˍʶˏʻˎ˄ˋʹˌΦ ɮ˄ ̀ʁ  ˃ʽʰ ˍˇˉˇʻʶˋʾʰ ˍʷ˃˄ˇ˄ˍʰʽ ʵˏˇ ʵˊˈ˃ˇʽΣ ˍˈˍʶ ˍʰ 
ways ˍʰ ˇˉˇʾʰ ˍˇˎˌ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˋˍˇ ˋʹ˃ʶʾˇ ˍˇ˃ʺˌ ʻʰ ʷ˔ˇˎ˄ ʷ˄ʰ ˁˇʽ˄ˈ node. ɴ˄whay 
˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˁ˂ʶʽˋˍˈΣ ʰ˄ ˍˇ ˉˊ˗ˍˇ ˁʰʽ ˍˇ ˍʶ˂ʶˎˍʰʾˇ node ̱ ʹˌ ˂ʾˋˍʰˌ ˋˎ˃ˉʾˉˍˇˎ˄. 

ɶ ˍˊʾˍʹ ʲʰˋʽˁʺ ˇ˄ˍˈˍʹˍʰ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʰ OSMh ˊ˔ʶʾʰ ʶʾ˄ʰʽ ˍˇ relationΦ ɮˉˇˍʶ˂ʶʾˍʰʽ 
ʰˉˈ ˃ʾʰ ˂ʾˋˍʰ ʰˉˈ nodes, waysΣ ʱ˂˂ʰ relationsΣ ˁʰʻ˗ˌ ˁʰʽ ˂ˇʽˉʷˌ ˇ˄ˍˈˍʹˍʶˌ όtagsύΣ ˗ˋˍʶ ˍˇ 
relation ˄ʰ ʰ˄ʰˉʰˊʽˋˍʱ ˃ʾʰ ˋ˔ʷˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ ˇ˄ˍˈˍʹˍʶˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ʰˉˇˍʶ˂ʶʾˍʰʽΦ ʅˍˇ 
ˉʰˊʰˉʱ˄˖ ˉʰˊʱʵʶʽʴ˃ʰ ˎˉʱˊ˔ʶʽ ʷ˄ʰ relation ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ways ˁʰʽ ʷ˄ʰ nodeΣ ˍˇ ˇˉˇʾˇ 
ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ʰˉʰʴˈˊʶˎˋʹ ˍʹˌ ʰˊʽˋˍʶˊʺˌ ˋˍˊˇ˒ʺˌ όʰˉˈ ˍʰ tags ˉˊˇˁˏˉˍʶʽ ˍˇ 
άnoleftturnrestrictionέύ ʰˉˈ ˍˇ way ˃ ʶ ˊˈ˂ˇ άfromέ ˋˍˇ way ˃ ʶ ˊˈ˂ˇ άtoέ ˃ʷˋ˖ ˍˇˎ node ˃ ʶ 
ˊˈ˂ˇ άviaέ όˋʹ˃ʶʾˇ ˍˇ˃ʺˌ ˍ˖˄ ways). 

ʆˇ ̄h ˊʰˉʱ˄˖ ˇʵʽˁˈ ʵʾˁˍˎˇΣ ˈˍʰ˄ ʵˇʻʶʾ ˖ˌ ʶʾˋˇʵˇˌ ˋˍˇ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ˇ h{waΣ ˃ʶ ˍʽˌ 
ʶ˄ˍˇ˂ʷˌ άƻǎǊƳ-ŜȄǘǊŀŎǘέ ˁʰʽ άƻǎǊƳ-ǇǊŜǇŀǊŜέΣ ˉʰˊʱʴʶʽ ˍʰ ʰˊ˔ʶʾʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ 
ˉʰˊʰˁʱˍ˖Φ 
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3.8 Node-based graph 
ɮˊ˔ʽˁʱ ˍˇ OSRM˃ ʶˍʰˍˊʷˉʶʽ ˍˇ OSMh ˊ˔ʶʾˇ ˉˇˎ ʵʷ˔ʶˍʰʽ ˖ˌ ʶʾˋˇʵˇ ˋʶ node-basedɹ ˊʱ˒ˇΦ ɱʽʰ 
˂ˈʴˇˎˌ ˉ˂ʹˊˈˍʹˍʰˌΣ onode-basedɹ ˊʱ˒ˇˌ ʶ˅ʱʴʶˍʰʽ ˋʶ 4CSVh ˊ˔ʶʾʰˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰΦ 

 

3.8.1 Node-based nodes CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇˎˌ ˁˈ˃ʲˇˎˌ όˋʹ˃ʶʾʰύ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˁˈ˃ʲˇ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ό˃ʶ ʲʱˋʹ ˍˇ ˇˉˇʾˇ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ʰˎˍˈ˄ 
ˉʰˊʰʴˈ˃ʶ˄ʶˌ ʵˇ˃ʷˌ ʰˉˈ ˍˇ OSRMύΣ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˃ʺˁˇˌΣ ˁʰʽ ˍˇ 
OSM ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ όˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ʶˏʶʽ ʴʽʰ ˍʹ˄ ˍʰˎˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈ˃ʲˇˎ ˃ʶ ̱̌  
ʰˊ˔ʽˁˈ OSM̌ ʵʽˁˈ ʵʾˁˍˎˇύΦ 

id lat lon osm_id 

0 41838527 -87619726 10000 

1 41839427 -87619724 10001 

2 41840326 -87619721 10002 

3 41840325 -87620928 10003 

4 41839426 -87620933 10004 

5 41839427 -87618518 10005 

 

3.8.2 Node-based edges CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʰˁ˃ʷˌ όʵˊˈ˃ˇˎˌύ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ʰˁ˃ʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 
ˍˇ h˄ ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ ʰˊ˔ʺˌΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ ˍʷ˂ˇˎˌΣ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˇ˄ˈ˃ʰˍˇˌ ˍˇˎ ʵˊˈ˃ˇˎΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˍˏˉˇˎ ˍˇˎ ʵˊˈ˃ˇˎΣ ˍˇ 
ʲʱˊˇˌ ˍʹˌ ʰˁ˃ʺˌΣ ʰ˄ ˇ ʵˊˈ˃ˇˌ ʷ˔ʶʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˉˊˇˌ ˍˇ ˍʷ˂ˇˌΣ ˁʰʽ ʰ˄ ˇ 
ʵˊˈ˃ˇˌ ʷ˔ʶʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˈ ˍˇ ˍʷ˂ˇˌ ˉˊˇˌ ˍʹ˄ ʰˊ˔ʺΦ 

source target name_id highway_id weight forward backward 

0 1 1 1 57 1 1 

1 2 2 1 57 1 1 

1 4 6 1 57 1 1 

1 5 4 1 57 1 1 

2 3 5 2 116 1 1 

3 4 3 1 57 1 1 
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3.8.3 Names CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ʵˊˈ˃˖˄ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˈ˄ˇ˃ʰ ʵˊˈ˃ˇˎ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ʵˊˈ˃ˇˎΦ 

name_id name 

0  

1 ab 

2 bc 

3 de 

4 bf 

5 cd 

6 eb 

 

3.8.4 Highways CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇˎˌ ˍˏˉˇˎˌ ˍ˖˄ ʵˊˈ˃˖˄ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˍˏˉˇ ʵˊˈ˃ˇˎ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁʰʽ ˍˇ˄ ˍˏˉˇ ˍˇˎ ʵˊˈ˃ˇˎ. 

highway_id highway 

0  

1 primary 

2 residential 

 

3.9 Edge-based graph 
ɾʽʰ ʰˉˈ ˍʽˌ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʶˌ ˍʶ˔˄ʽˁʷˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶʽˋʱʴˇˎ˃ʶ ʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ ˋˍˊˇ˒ʷˌ 
ˋˍˇˎˌ ʰ˂ʴˈˊʽʻ˃ˇˎˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌΣ ʶʾ˄ʰʽ ʹ ˃ʶˍʰˍˊˇˉʺ ˍˇˎ ˁ˂ʰˋˋʽˁʺˌ node-
basedh ˄ʰˉʰˊʱˋˍʰˋʹˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ όˈˉˇˎ ˇʽ ˁˈ˃ʲˇʽ ˉʰˊʽˋˍʱ˄ˇˎ˄ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ 
ˁʰʽ ˇʽ ʰˁ˃ʷˌ ˉʰˊʽˋˍʱ˄ˇˎ˄ ˍˇˎˌ ʵˊˈ˃ˇˎˌ ˃ʶˍʰ˅ˏ ʵˏˇ ʵʽʰˋˍʰˎˊ˗ˋʶ˖˄ύ ˋˍʹ˄ edge-
basedh ˄ʰˉʰˊʱˋˍʰˋʹΣ ˈˉˇˎ ˇʽ ˁˈ˃ʲˇʽ ˉʰˊʽˋˍʱ˄ˇˎ˄ ʵˊˈ˃ˇˎˌ ˁʰʽ ˇʽ ʰˁ˃ʷˌ ˉʰˊʽˋˍʱ˄ˇˎ˄ ˍʽˌ 
ʵʽʰˋˍʰˎˊ˗ˋʶʽˌΦ ɮˎˍʺ˄ ˍʹ˄ ˍʶ˔˄ʽˁʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˁʰʽ ˍˇ OSRM. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʻʰ 
ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˍʰ CSVh ˊ˔ʶʾʰ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˁ ʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺΦ 

 

3.9.1 Edge-based nodes CSV 
ʆˇ ʰˊ˔ʶʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇˎˌ ˁˈ˃ʲˇˎˌ ˍˇˎ ŜŘƎŜ-ōŀǎŜŘ ƎǊŀǇƘΦ ɼʱʻʶ ˁˈ˃ʲˇˌ ʰ˄ʰˉʰˊʽˋˍʱ ʷ˄ʰ 
ʵˊˈ˃ˇ ˍˇˎ ʵʽˁˍˏˇˎΦ ɼʱʻʶ ʴˊʰ˃˃ʺ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ 
ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ˉˊˇˌ-ˍ-hʶ˃ˉˊˈˌ ˁʾ˄ʹˋʹΣ ʵʹ˂ʰʵʺ ˍʹ˄ ˁʾ˄ʹˋʹ ʰˉˈ ˍˇ ǳ ˋˍˇ ǾΣ ʴʽʰ ʵˏˇ 
ˋʹ˃ʶʾʰ ǳ ˁʰʽ Ǿ ˍˇˎ ʵʽˁˍˏˇˎ όˁˈ˃ʲˇʽ ˍˇˎ ƴƻŘŜ-ōŀǎŜŘ ƎǊŀǇƘύΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ 
ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ˉˊˇˌ-ˍ-hˉʾˋ˖ ˁʾ˄ʹˋʹΣ ʵʹ˂ʰʵʺ ʰˉˈ ˍˇ Ǿ ˋˍˇ ǳΣ ʴʽʰ ˍʰ ʾʵʽʰ ˋʹ˃ʶʾʰΣ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ ǳ ˋˍˇ ƴƻŘŜ-baǎŜŘ ƎǊŀǇƘΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˋʹ˃ʶʾˇˎ Ǿ ˋˍˇ 
node-ōŀǎŜŘ ƎǊŀǇƘΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˇ˄ˈ˃ʰˍˇˌ ʵˊˈ˃ˇˎΣ ˍˇ ʲʱˊˇˌ ˍˇˎ ʵˊˈ˃ˇˎ ʴʽʰ ˍʹ˄ 
ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˈ ˍˇ ǳ ˋˍˇ ǾΣ ˁʰʽ ˍˇ ʲʱˊˇˌ ˍˇˎ ʵˊˈ˃ˇˎ ʴʽʰ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇ Ǿ ˋˍˇ ǳΦ 
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forward_edge 
based_node_id 

reverse_edge 
based_node_id u v name_id 

Forward 
weight 

Reverse 
weight 

0 1 0 1 1 57 57 

2 5 1 2 2 57 57 

3 9 1 4 6 57 57 

4 11 1 5 4 57 57 

6 7 2 3 5 116 116 

8 10 3 4 3 57 57 

 

3.9.2 Edge-based edges CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʰˁ˃ʷˌ ˍˇˎ ŜŘƎŜ-ōŀǎŜŘ ƎǊŀǇƘΦ ɼʱʻʶ ʰˁ˃ʺ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
˃ʶˍʱʲʰˋʹˌ ʰˉˈ ʷ˄ʰ ˁˈ˃ʲˇ-ʵˊˈ˃ˇ ˋʶ ʱ˂˂ˇ˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ʰˁ˃ʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ 
ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˁˈ˃ʲˇˎ ʰˊ˔ʺˌΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˁˈ˃ʲˇˎ ˍʷ˂ˇˎˌΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍʹˌ 
ʰˁ˃ʺˌΣ ˍˇ ʲʱˊˇˌ ˍʹˌ ʰˁ˃ʺˌΣ ˍˇ ʰ˄ ʹ ʰˁ˃ʺ ˋˎ˄ʵʷʶʽ ˍˇ˄ ˁˈ˃ʲˇ ʰˊ˔ʺˌ ˃ʶ ˍˇ˄ ˁˈ˃ʲˇ ˍʷ˂ˇˎˌ ˃ʶ 
ʰˎˍʺ˄ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹΣ ˁʰʽ ˍˇ ʰ˄ ʹ ʰˁ˃ʺ ˋˎ˄ʵʷʶʽ ˍˇ˄ ˁˈ˃ʲˇ ˍʷ˂ˇˎˌ ˃ʶ ˍˇ˄ ˁˈ˃ʲˇ ʰˊ˔ʺˌ ˃ʶ 
ʰˎˍʺ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹΦ ɮ˄ ˎˉʱˊ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋˍˊˇ˒˗˄ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΣ ˍˈˍʶ 
ʰ˒ʰʽˊˇˏ˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰˁ˃ʷˌ ʰˉˈ ˍˇ˄ ŜŘƎŜ-ōŀǎŜŘ ƎǊŀǇƘΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇʽ 
ʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ ˃ʶˍʰʲʱˋʶʽˌ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

 

source target edge_id weight forward backward 

0 2 0 57 1 0 

0 4 1 65 1 0 

1 0 2 90 1 0 

2 6 3 69 1 0 

3 10 4 65 1 0 

4 11 5 90 1 0 

5 1 6 57 1 0 

5 3 7 65 1 0 

5 4 8 69 1 0 

6 8 9 127 1 0 

7 5 10 124 1 0 

8 9 11 69 1 0 

9 1 12 65 1 0 

9 2 13 68 1 0 

9 4 14 57 1 0 

10 7 15 65 1 0 

11 1 16 68 1 0 

11 2 17 65 1 0 

11 3 18 57 1 0 
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3.10 Contracted edge-based graph 
ɮ˒ˇˏˍˇOSRM˃ ʶˍʷˍˊʶ˕ʶˍˇ˄ ʰˊ˔ʽˁˈnode-basedɹ ˊʱ˒ˇ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ 
ˍˇˎ ʰˊ˔ʽˁˇˏ OSMh ˊ˔ʶʾˇˎ ˋˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ edge-based ʰ˄ʰˉʰˊʱˋˍʰˋʹ, ˃ʶˍʱ ʶˁˍʶ˂ʶʾ ˍʹ˄ 
ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ContractionHierarchies [1] ʰ˂ʴˈˊʽʻ˃ˇˎ ˋˍʹ˄ edge-based ʰ˄ʰˉʰˊʱˋˍʰˋʹ. 
ɴ˅ˇʵˇˌ ˍʹˌ ˉʰˊʰˉʱ˄˖ ʵʽʰʵʽˁʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʽʶˊʱˊ˔ʹˋʹ ˍ˖˄ ˁˈ˃ʲ˖˄ ˋʶ ʶˉʾˉʶʵʰ όˎ˕ʹ˂ˈˍʶˊˇ 
ʶˉʾˉʶʵˇ ʷ˔ˇˎ˄ ˇʽ ˁˈ˃ʲˇʽ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ˉˇ˂˂ʱ ˃ˇ˄ˇˉʱˍʽʰ ˋˎ˄ˍˇ˃ˈˍʶˊʹˌ ʵʽʰʵˊˇ˃ʺˌύ 
ˁʰʽ ʷ˄ʰˌ contractedɹ ˊʱ˒ˇˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ shortcuts ˉˇˎ ʶˉʽˍʰ˔ˏ˄ˇˎ˄ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ 
ˋˎ˄ˍˇ˃ˈˍʶˊʹˌ ʵʽʰʵˊˇ˃ʺˌ ˃ʶˍʰ˅ˏ ʵˏˇ ˁˈ˃ʲ˖˄Φ ɼʰˍˈˉʽ˄, ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶˊ˖ˍʹ˃ʱˍ˖˄ 
ˋˎ˄ˍˇ˃ˈˍʶˊʹˌ ʵʽʰʵˊˇ˃ʺˌΣ ʰˊˁʶʾ ˄ʰ ˍˊʷ˅ˇˎ˃ʶ ˃ʽʰ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʷˁʵˇˋʹ ˍˇˎ 
bidirectionalDijkstrà ˍˇ˄ contractedɹ ˊʱ˒ˇΣ ˁʰˍʱ ˍʷˍˇʽˇ˄ ˍˊˈˉˇ ˗ˋˍʶ ˁʱʻʶ˃ʽʰ ʰˉˈ ˍʽˌ ʵˏˇ 
ʶˉʽ˃ʷˊˇˎˌ ʰ˄ʰʸʹˍʺˋʶʽˌ ˄ʰ ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˋʶ ˁˈ˃ʲˇˎˌ ʾʵʽˇˎ ʺ ˃ʶʴʰ˂ˎˍʷˊˇˎ ʶˉʽˉʷʵˇˎΦ ɱʽʰ 
ˉʶˊʽˋˋˈˍʶˊʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ  ContractionHierarchies ˁʰ˄ʶʾˌ 
˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲˇˎ˂ʶˎˍʶʾ ˍˇ ώмϐΦ 

 

3.10.1 Edge-based contracted edges CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʰˁ˃ʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˎ ŎƻƴǘǊŀŎǘƛƻƴΦ ɼʱʻʶ ʴˊʰ˃˃ʺ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ ʰˊ˔ʺˌΣ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ ˍʷ˂ˇˎˌΣ 
ˍʹ˄ ʰˉˈˋˍʰˋʹΣ ˍˇ ʰ˄ ʹ ʰˁ˃ʺ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ˍˈ˃ʶˎˋʹ ʺ ˈ˔ʽ όʰ˄ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ˍˈ˃ʶˎˋʹΣ ˍˈˍʶ ʵʶ˄ 
ˎˉʱˊ˔ʶʽ ˋˍˇ˄ originaldge-ōŀǎŜŘ ƎǊŀǇƘ ʰ˂˂ʱ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˁʰˍʱ ˍˇ ŎƻƴǘǊŀŎǘƛƻƴύΣ ʰ˄ ʹ ʰˁ˃ʺ 
ʷ˔ʶʽ ˁʰˍʶˏʻˎ˄ˋʹ ˉˊˇˌ-ˍ-hʶ˃ˉˊˈˌ ˁʰʽ ʰ˄ ʹ ʰˁ˃ʺ ʷ˔ʶʽ ˁʰˍʶˏʻˎ˄ˋʹ ˉˊˇˌ-ˍ-hˉʾˋ˖. 

source target distance is_shortcut forward backward 

0 1 90 f f t 

0 2 57 f t f 

0 4 65 f t f 

1 2 147 t t f 

1 4 155 t t f 

1 9 65 f f t 

1 11 68 f f t 

3 5 254 t t f 

3 5 65 f f t 

3 11 57 f f t 

4 9 57 f f t 

4 11 90 f t f 

4 11 223 t f t 

5 1 57 f t f 

5 4 69 f t f 

5 11 311 t f t 

6 2 69 f f t 

6 9 196 t t f 

7 5 124 f t f 

7 10 65 f f t 

8 6 127 f f t 

8 9 69 f t f 
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source target distance is_shortcut forward backward 

9 2 68 f t f 

9 2 265 t f t 

10 3 65 f f t 

10 5 189 t t f 

11 2 65 f t f 

11 9 147 t f t 

 

 

3.10.2 Edge-based node levels CSV 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʶˉʾˉʶʵʰ ˍ˖˄ ˁˈ˃ʲ˖˄ ˋˍˇ /ƻƴǘǊŀŎǘƛƻƴ IƛŜǊŀǊŎƘȅΦ ɼʱʻʶ ʴˊʰ˃˃ʺ ˍˇˎ ʰˊ˔ʶʾˇˎ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ ˍˇˎ ˁˈ˃ʲˇˎ ˁʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʶˉʾˉʶʵˈ ˍˇˎ. 

node_id level 

0 2 

1 4 

2 8 

3 2 

4 5 

5 3 

6 1 

7 0 

8 0 

9 7 

10 1 

11 6 

 

3.10.3 Edge-based contracted edges, hˊ˔ʶʾˇ GR 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽˍˇ˄ contracted edge-based graph. ɶ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ʵʹ˂˗˄ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 
ˁˈ˃ʲ˖˄ ˍˇˎ ʴˊʱ˒ˇˎ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʰˁ˃˗˄ ˍˇˎ ʴˊʱ˒ˇˎ όˉˇˎ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ 
ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ʴˊʰ˃˃˗˄ύΦ ɼʱʻʶ ʴˊʰ˃˃ʺ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʰˁ˃ʺ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 
ˍˇ˄ ˁˈ˃ʲˇ ʰˊ˔ʺˌΣ ˍˇ˄ ˁˈ˃ʲˇ ˍʷ˂ˇˎˌΣ ˁʰʽ ˍˇ ʲʱˊˇˌ ˍʹˌ ʰˁ˃ʺˌΦ ɶ ʵʽʰ˒ˇˊʱ ʰˉˈ ˍʽˌ 
ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʰ˄ʰˉʰˊʰˋˍʱˋʶʽˌ ʶʾ˄ʰʽ ˈˍʽ ʹ ʰˊʾʻ˃ʹˋʹκʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˁˈ˃ʲ˖˄ ˋˍʹ˄ Dw 
ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˅ʶˁʽ˄ʱʶʽ ʰˉˈ ˍˇ άмέ όˁʰʽ ˈ˔ʽ ʰˉˈ ˍˇ лύ. 
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p sp 12 28 
a 1 3 57 
a 1 5 65 
a 2 1 90 
a 2 3 147 
a 2 5 155 
a 3 7 69 
a 3 10 265 
a 4 6 254 
a 4 11 65 
a 5 12 90 
a 6 2 57 
a 6 4 65 
a 6 5 69 
a 7 9 127 
a 7 10 196 
a 8 6 124 
a 9 10 69 
a 10 2 65 
a 10 3 68 
a 10 5 57 
a 10 12 147 
a 11 6 189 
a 11 8 65 
a 12 2 68 
a 12 3 65 
a 12 4 57 
a 12 5 223 
a 12 6 311 

 

3.10.4 Edge-based node order, h ˊ˔ʶʾˇ ORDER 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˋʶ ˒ʻʾ˄ˇˎˋʰ ˋʶʽˊʱ ʶˉʽˉʷʵ˖˄ /ƻƴǘǊŀŎǘƛƻƴ IƛŜǊŀǊŎƘȅ ˍʰ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍ˖˄ 
ˁˈ˃ʲ˖˄ ˍˇˎ ŜŘƎŜ-ōŀǎŜŘ ƎǊŀǇƘΦ ɶ ˉˊ˗ˍʹ ˋʶʽˊʱ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˈ˃ʲ˖˄ ˍˇˎ 
ʴˊʱ˒ˇˎ ˁʰʽ ˇʽ ʶˉˈ˃ʶ˄ʶˌ ˋʶʽˊʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʰ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ ˍ˖˄ ˁˈ˃ʲ˖˄ ʰˉˈ ˍˇ 
ˎ˕ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇ ˉˊˇˌ ˍˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇΦ ɶ ʰˊʾʻ˃ʹˋʹκʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˁˈ˃ʲ˖˄ 
˅ʶˁʽ˄ʱʶʽ ʰˉˈ ˍˇ άлέΦ 

12 
2 
9 
11 
4 
1 
5 
0 
3 
6 
10 
7 
8 
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3.11 ɲʹ˃ʽˇˎˊʴʾʰ Hub Labels 
ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ Ƙǳō ƭŀōŜƭǎ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʽˇ ʴˊʺʴˇˊʹ ˃ʷʻˇʵˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˋʶ ˇʵʽˁʱ ʵʾˁˍˎʰ 
ώнϐΦ ɳˉʽˉ˂ʷˇ˄Σ ʷ˔ʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˈˍʽ ʶʾ˄ʰʽ ʹ ˃ˈ˄ʹ ˃ʷʻˇʵˇˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ˋʶ ˃ʽʰ ˋ˔ʶˋʽʰˁʺ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ όʲ˂ʷˉʶ [3],[4],[5])Φ ʃʶˊʽˋˋˈˍʶˊʰ ʴʽʰ 
ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʰ˂ʴˈˊʽʻ˃ˇ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˃ˉˇˊʶʾ ˁʰ˄ʶʾˌ ˄ʰ ʲˊʶʽ ˋˍˇ ώ2]. 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˒ˍʽʱ˅ˇˎ˃ʶ ˍʰ Ƙǳō ƭŀōŜƭǎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍʰ ʰˊ˔ʶʾʰ hw59w ˁʰʽ Dw 
όˍʹˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ʶ˄ˈˍʹˍʰˌύ ˖ˌ ʶʾˋˇʵˇΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ 
άŀƪƛōŀέ ʰˉˈ ˍˇ άIǳō [ŀōŜƭƛƴƎ !ƭƎƻǊƛǘƘƳǎέ ǊŜǇƻǎƛǘƻǊȅ30. ʃʶˊʽˋˋˈˍʶˊʰ ʴʽʰ ˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ʰ˂ʴˈˊʽʻ˃ˇ ʵʹ˃ʽˇˎˊʴʾʰˌ Iǳō ƭŀōŜƭǎ ˃ˉˇˊʶʾ ˁʰ˄ʶʾˌ ˄ʰ ʲˊʶʽ ˋˍˇ ώсϐΦ ʆʰ ˉʰˊʰʴˈ˃ʶ˄ʰ Ƙǳō 
ƭŀōŜƭǎ ʶ˅ʱʴˇ˄ˍʰʽ ˋʶ ʵˏˇ h́ ˔ʶʾʰ ŦƻǊǿŀǊŘ ˁʰʽ ǊŜǾŜǊǎŜ ̄ ˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ʶ˄ˈˍʹˍʶˌ. 

 

3.11.1 Forward Hub Labels 

source target weight 

0 0 57 

0 2 155 

0 3 65 

0 6 0 

1 0 147 

1 2 245 

1 3 155 

1 4 0 

2 0 0 

3 0 458 

3 2 413 

3 7 0 

4 0 155 

4 2 90 

4 3 0 

5 0 204 

5 2 159 

5 3 69 

5 4 57 

5 5 0 

6 0 264 

6 8 0 

7 0 328 

7 2 283 

7 3 193 

7 4 181 

7 5 124 

                                                           
30 https://github.com/savrus/hl 
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source target weight 

7 10 0 

8 0 137 

8 1 69 

8 11 0 

9 0 68 

9 1 0 

10 0 393 

10 2 348 

10 4 246 

10 5 189 

10 9 0 

11 0 65 

11 2 0 

 

3.11.2 Reverse Hub Labels 

source target weight 

0 0 420 

0 1 155 

0 2 158 

0 4 90 

0 6 0 

1 0 330 

1 1 65 

1 2 68 

1 4 0 

2 0 0 

3 0 469 

3 1 204 

3 2 57 

3 5 65 

3 7 0 

4 0 322 

4 1 57 

4 2 223 

4 3 0 

5 0 723 

5 1 458 

5 2 311 

5 5 0 

6 0 69 
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source target weight 

6 8 0 

7 0 599 

7 1 334 

7 2 187 

7 5 195 

7 7 130 

7 9 65 

7 10 0 

8 0 196 

8 8 127 

8 11 0 

9 0 265 

9 1 0 

10 0 534 

10 1 269 

10 2 122 

10 5 130 

10 7 65 

10 9 0 

11 0 412 

11 1 147 

11 2 0 

 

ɮ˒ˇˏ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾ ˍʰ forwardˁ ʰʽ reverseƘǳōƭŀōŜƭǎ ʴʽʰ ˁʱʻʶ ˁˈ˃ʲˇΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍʹˌ ˋˎ˄ˍˇ˃ˈˍʶˊʹˌ ʵʽʰʵˊˇ˃ʺˌ ˃ʶˍʰ˅ˏ ʵˏˇ ˁˈ˃ʲ˖˄ uˁʰʽ vΣ ʰˊˁʶʾ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍʰ forwardlabels̱ ˇˎ uόʰˊ˔ʺύ ˁʰʽ ˍʰ reverselabels̱ ˇˎ vόˉˊˇˇˊʽˋ˃ˈˌύ ˁʰʽ 
˄ʰ ̡́ ˇˏ˃ʶ ˍˇ hubwˉˇˎ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾ ˍˇ ʱʻˊˇʽˋ˃ʰ d(u,w)+d(w,v) (ɲʶˌ ˍʹ˄ ˉʰˊʰˁʱˍ˖ 
ʶʽˁˈ˄ʰ).  

 

ɳʽˁˈ˄ʰ 3220Φ ! I[ ǉǳŜǊȅ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˈ˃ʲ˖˄ р ˁʰʽ мм 
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3.12 ʅˍʰˍʽˋˍʽˁʱ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˉʶˊʽˇ˔ʺˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ (Chicago) 
ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋ̱ ʰ ˉˇˋˇˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ 
ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ Chicago. 

 

3.12.1 Chicago OSM 
ʆˇ ʰˊ˔ʶʾˇ h{a ʴʽʰ ˍˇ /ƘƛŎŀƎƻΣ ˍˇ ˇˉˇʾˇ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ hǎƳƻǎƛǎ ˉʱ˄˖ 
ˋˍˇ ʰˊ˔ʶʾˇ h{a ʴʽʰ ˍˇ Lƭƭƛƴƻƛǎ ʲʱˋʶʽ ˍˇˎ MinimumBoundingRectangle ˉˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʽˌ 
ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ όпмΦслсслпΣ -утΦпснффтύ ˁʰʽ όпнΦлссрмсΣ -утΦфттфумύ ˉʶˊʽʷ˔ʶʽ 304.778 
nodes, 69.740 ǿŀȅǎΣ ˁʰʽ нΦнст ǊŜƭŀǘƛƻƴǎΦ ɮˉˈ ˍʰ ˋˎ˄ˇ˂ʽˁʱ ǊŜƭŀǘƛƻƴǎ, ˍʰ рму ʰ˄ʰˉʰˊʽˋˍˇˏ˄ 
ʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ ˋˍˊˇ˒ʷˌ όǘǳǊƴƛƴƎ ǊŜǎǘǊƛŎǘƛƻƴǎύ ˁʰʽ ˍʰ ˇˉˇʾʰ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ˍˇ OSRM. 

 

3.12.2 Node-based graph ɹ ʽʰˍˇ Chicago 
ʁ ƴƻŘŜ-ōŀǎŜŘ ƎǊŀǇƘ ʴʽʰ ˍˇ /ƘƛŎŀƎƻΣ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ h{waΣ ˉʶˊʽʷ˔ʶʽ 297.113 
ƴƻŘŜǎˁʰʽ 378.830 ŜŘƎŜǎΣ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˋˎ˄ʵʷˋʶʽˌ ˃ʶˍʰ˅ˏ ʵˏˇ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ˋʹ˃ʶʾ˖˄Σ 
ʶʾˍʶ ˉˊˇˌ ˍʹ ˃ʾʰ ˁʰˍʶˏʻˎ˄ˋʹ (unidirectional)Σ ʶʾˍʶ ˁʰʽ ˉˊˇˌ ˍʽˌ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌ 
(bidirectional). 
 

3.12.3 Edge-based graph ɹ ʽʰˍˇ Chicago 
ʁ ŜŘƎŜ-ōŀǎŜŘ ƎǊŀǇƘ ʴʽʰ ˍˇ /ƘƛŎŀƎƻΣ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ h{waΣ ˉʶˊʽʷ˔ʶʽ 419.398 nodes, 
ˉˇˎ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ʵˊˈ˃ˇˎˌ ˃ʶˍʰ˅ˏ ʵˏˇ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ˁʰˍʱ ˃ʾʰ ˁʰˍʶˏʻˎ˄ˋʹΣ 
ʵʹ˂ʰʵʺ ʷʴˁˎˊʶˌ ʵʽʰʵˊˇ˃ʷˌ ˃ʾʰˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ˁʰʽ 929.477 ŜŘƎŜǎΣ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ 
ʷʴˁˎˊʶˌ ˋˎ˄ʵʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ʰˎˍ˗˄Φ ɮˎˍˈˌ ʶʾ˄ʰʽ ˇ ˍʶ˂ʽˁˈˌ ŜŘƎŜ-based graph, 
(ˋˍˇ˄ ˇˉˇʾˇ˄ ʵʶ˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˍʰ ŜŘƎŜǎ ˍʰ ˇˉˇʾʰ ʰˁˎˊ˗˄ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ рму 
ʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ ˋˍˊˇ˒ʷˌ) ˁ ʰʽ ˋˎ˄ʶˉ˗ˌ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇˌ ʴʽʰ ʵˊˇ˃ˇ˂ˈʴʹˋʹΦ 

 

3.12.4 Edge-based contracted graph ɹ ʽʰˍˇ Chicago 
ʁ edge-based contracted graph ʴʽʰˍˇ Chicago, ˈˉ˖ˌˉˊˇˁˏˉˍʶʽʰˉˈˍˇ OSRM, 
ˉʶˊʽʷ˔ʶʽ419.398nodes ˁʰʽ3.273.044edges. ʂˉ˖ˌʰ˄ʰ˃ʶ˄ˈˍʰ˄, ědge-
basedcontractedgraphɹ ʽʰˍˇChicago̫ ˔ʶʽˍˇ˄ʾʵʽˇʰˊʽʻ˃ˈnodes˃ ʶˍˇ˄edge-
basedgraphɹ ʽʰˍˇChicago, ʰ˂˂ʱˉˇ˂˂ʱˉʶˊʽˋˋˈˍʶˊʰedges 
(3.5x̄ ʶˊʽˋˋˈˍʶˊʰ)˂ˈʴ˖ˍʹˌˉˊˇˋʻʺˁʹˌˍ˖˄ʰˉʰˊʰʾˍʹˍ˖˄shortcuts̄ ˇˎʰˉʰʽˍˇˏ˄ˍʰʽʴʽʰˍˇ˄ʰ˂ʴ
ˈˊʽʻ˃ˇContractionHierarchies. 

 

3.12.5 Hub Labels ɹ ʽʰˍˇ Chicago 
ʂˉ˖ˌˉˊˇˁˏˉˍʶʽʰˉˈˍʹ˄ʶ˒ʰˊ˃ˇʴʺˍʹˌʁ˒ ʰˊ˃ˇʴʺ άŀƪƛōŀέ ʰˉˈˍˇ άIǳō [ŀōŜƭƛƴƎ !ƭƎƻǊƛǘƘƳǎέ 
repositorȳ ʱ˄˖ˋˍˇ˄ edge-based contracted graph ɹ ʽʰˍˇ Chicago, ̱  h forward hub labels 
ʴʽʰˍˇ Chicago ʶʾ˄ʰʽˋˎ˄ˇ˂ʽˁʱ91.052.682ˁ ʰʽˍʰ reverse hub labels ʴʽʰˍˇ Chicago 
ʶʾ˄ʰʽˋˎ˄ˇ˂ʽˁʱ93.410.912. ʅˎ˄ʶˉ˗ˌ, ˍ̌ ˃ʷˋˇ label size ʁ ʾ˄ʰʽ219,915 labels ʰ˄ʱ node 
ˁʰʽˍˇ˃ʷʴʽˋˍˇ label size ʁ ʾ˄ʰʽ735 labels.  
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3.13 ʅˏ˄ˇ˕ʹ 
ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˍʹ˄ ˉˇ˂ˏˉ˂ˇˁʹ ʵʽʰʵʽˁʰˋʾʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉʱˊˇˎ˃ʶ 
ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˃ʽʰˌ ˉʶˊʽˇ˔ʺˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉˈ ˍˇ OpenStreetMapsˁ ʰʽ ˄ʰ ˍʹ˄ 
˃ʶˍʰˍˊʷ˕ˇˎ˃ʶ ˋʶ ˍʷˍˇʽʰ ˃ˇˊ˒ʺ όHubLabelsύ˗ˋˍʶ ˄ʰ ˃ˉˇˊˇˏ˃ʶ ʶˏˁˇ˂ʰ ˄ʰ ʰˉʰ˄ˍʱ˃ʶ 
ʶˊ˖ˍʺ˃ʰˍʰ ˋˎ˄ˍˇ˃ˈˍʶˊʹˌ ʵʽʰʵˊˇ˃ʺˌΦ ɳˉʾˋʹˌΣ ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ ˍʹ˄ ˉˈ˂ʹ ˍˇˎ Chicago. ɰʷʲʰʽʰΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˍʶ˂ʽˁʷˌ 
ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˉˇˎ ʻʰ ˇˊʽˋˍʽˁˇˉˇʽʹʻˇˏ˄ ˋˍˇˎˌ ʶˉˈ˃ʶ˄ˇˎˌ ˃ʺ˄ʶˌΣ ʻʰ ʵˇˏ˃ʶ ˃ʶ 
ˉˇʽˇ ʰˁˊʽʲ˗ˌ ˍˊˈˉˇ ʹ ˉʰˊˇˏˋʰ ʵʽʰʵʽˁʰˋʾʰ ʻʰ ʶ˄ˍʰ˔ʻʶʾ ˋˍʹ˄ ˍʶ˂ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ς demo̱ ˇˎ 
Citysense. 

  



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

65 h ˉˈ 69 
 

4 ɮˉˇʻʺˁʶˎˋʹ ɲʶʵˇ˃ʷ˄˖˄ ˍˇˎ CitySense 
ɱʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ 
CitySense, ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʾʰ ˋ˔ʶˋʽʰˁʺ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄˃ʶ ˋˁˇˉˈ ˍʹ˄ ˇˊʻʺ ˇˊʴʱ˄˖ˋʹ 
ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ʰˉˈ ˍˇ˄ AreaProfiler ˁʰʽ ʰ˒ˇˊˇˏ˄ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ˁʰʽ ˍʰ ʴʶ˖˔˖ˊʽˁʱ tweetsΦ ɾʶ ˍʹ˄ ˔ˊʺˋʹ ˍʹˌ ʲʱˋʹˌ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ʱ˃ʶˋʹ ʰ˄ʱˁˍʹˋʹ ˍʹˌ 
ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʵʽʱ˒ˇˊʰ ˁˊʽˍʺˊʽʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ 

4.1 ɮ˄ʱ˂ˎˋʹ ɮˉʰʽˍʺˋʶ˖˄ ɰʱˋʹˌ ɲʶʵˇ˃ʷ˄˖˄ 
ʁʽ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˇˊʴʱ˄˖ˋʹ 
ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇΣ̩ ˍʰ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰΣ ʰ˂˂ʱˁʰʽ ˍʰ ʴʶ˖˔˖ˊʽˁʱ 
tweets, ˉˇˎ ʷ˔ˇˎ˄ ˋˎ˂˂ʶ˔ʻʶʾΦ ʁʽ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʻʷˍˇˎ˃ʶ ˋʶ ʰˎˍʺ˄ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʶʾ˄ʰʽ 
ʰˊˁʶˍʷˌ ˍˈˋˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˈˋˇ ˁʰʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰ˂˂ʰʴʷˌ ˉˇˎ 
˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˋˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʁʽ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ 
ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ʰ˄ʱ ˁʰˍʹʴˇˊʾʰ ʵʶʵˇ˃ʷ˄˖˄Φ 

4.1.1 ʅʹ˃ʶʾʰ ɳ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 
ɱʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʰˉʰʽˍʶʾˍʰʽ ʹ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉˇˎ ˍʰ 
ˋˎ˄ˇʵʶˏˇˎ˄, ˈˉ˖ˌ ˍˇ ˈ˄ˇ˃ʰΣ ʹ ʵʽʶˏʻˎ˄ˋʹΣ ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶˉʽˁˇʽ˄˖˄ʾʰˌΣ ˍˇ 
tract ˋo̱ ˇˉˇʾo ʲˊʾˋˁˇ˄ˍʰʽ. ʃʰˊʱ˂˂ʹ˂ʰ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ 
ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ˉˇˎ ʰ˄ʺˁˇˎ˄ όʶˋˍʾʰˋʹΣ ˄ˇˋˇˁˇ˃ʶʾʰΣ ˁ˂ˉύΣ ʰ˂˂ʱ ˁʰʽ ˇʽ 
ʲʰʻ˃ˇ˂ˇʴʾʶˌ ˍ˖˄ ˔ˊʹˋˍ˗˄Φɳˉʽˉ˂ʷˇ˄Σ ʹ ʲʱˋʹ ˉˊʷˉʶʽ ˄ʰ ˉʶˊʽʷ˔ʶʽ ˋˍˇʽ˔ʶʾʰ ˁʰʽ ˉʰˊʰ˃ʷˍˊˇˎˌ 
ˉˇˎ h˒ ˇˊˇˏ˄ ˍˇˎˌ crawlers ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˋˎ˂˂ˇʴʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʆʷ˂ˇˌΣ ʴʽʰ ˍʰ ˋʹ˃ʶʾʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʵʶ˄ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˎˉʱˊ˔ʶʽ ˅ʶ˔˖ˊʽˋˍʺ 
˔ˊˇ˄ʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˁʰʻ˗ˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ˋˍʰˍʽˁʱ ˖ˌ ˉˊˇˌ ˍˇ ˔ˊˈ˄ˇΦ 

4.1.2 ɮ˄ˇʽˁˍʱ ɲʶʵˇ˃ʷ˄ʰ 
ʆʰ ʰ˄ˇʽˁˍʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉʰˊˍʾʸˇ˄ˍʰʽ ˍˈˋˇ ʰˉˈ ˋˍʰˍʽˁʱ ˈˋˇ ˁʰʽ ʰˉˈ ˔ˊˇ˄ʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ ɱʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰ ˍʰ ʵʁ ʵˇ˃ʷ˄ʰ ʰ̄ ˇʴˊʰ˒ʺˌΣ ˇʽ ˁ̌ ʽ˄˖˄ʽˁˇ-ˇʽˁˇ˄ˇ˃ʽˁˇʾ ʵʶʾˁˍʶˌΣ ˇʽ ʵʶʾˁˍʶˌ ˎʴʶʾʰˌ 
ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋʰ˄ ˋˍʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽʶˉˇ˃ʷ˄˖ˌ ʴʽʰ ʰˎˍʱ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʶʾ˄ʰʽ 
ʰˉʰˊʰʾˍʹˍʹ ʹ ʰˉˇʻʺˁʶˎˋʹ ˔ˊˇ˄ʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΦ ɮ˄ˍʾʻʶˍʰ ʴʽʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ 
ʶʴˁ˂ʹ˃ʱˍ˖˄ ˔ˊʶʽʱʸʶˍʰʽ ʹ ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎˌ ˋˍˇ ˔ˊˈ˄ˇΣ 
ʰ˄ʱ ˃ʺ˄ʰΣ ʹ˃ʷˊʰΣ ˁ˂ˉΦ 

4.1.3 Streamingɲʶʵˇ˃ʷ˄ʰʰˉˈSocialMedia 
ʆShtreamingɲʶɻˇ˃ʷ˄ʰʰˉˈSocialMedia ʰˉˇˍʶ˂ˇˏ˄ ˔ˊˇ˄ʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ʶˉˇ˃ʷ˄˖ˌ ʰˉʰʽˍʶʾˍʰʽ 
ʹ  ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎˌ ˋˍˇ ˔ˊˈ˄ˇΣ ʰ˄ʱ ʹ˃ʷˊʰ ˁʰʽ ˗ˊʰΦ 
ɳˉʽˉ˂ʷˇ˄ ʰˉʰʽˍʶʾˍʰʽ ˉʷˊʰ ʰˉˈ ˍʹ ˔˖ˊʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˄ʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʶˉʾˋʹˌ ˅ʶ˔˖ˊʽˋˍʱ 
ˍʰ tweets̄ ˇˎ ʰ˒ˇˊˇˏ˄ check-ins̀ ʶ ˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˃ʰʸʾ ˃ʶ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ 
ˍˇˎ. 

4.2 ʅ˔ʶʵʽʰˋ˃ˈˌ ɰʱˋʹˌ ɲʶʵˇ˃ʷ˄˖˄ 
ɶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶʵ˗ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʲʱˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ 
CitySenseΦ ɶ ʲʱˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ˗ˋˍʶ ˄ʰ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʰˉʰʽˍʺˋʶ˖˄ 
ˉˇˎ ˍʷʻʹˁʰ˄ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ˄ʰ ʶʾ˄ʰʽ ʶˏˁˇ˂ʰ ˉˊˇˋʰˊ˃ˈˋʽ˃ʹ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˁʰʽ 
ʶʽˋʰʴ˖ʴʺ ˄ʷ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄Φ ʆˇ ʰ˄ˍʾˋˍˇʽ˔ˇ 9w ʵʽʱʴˊʰ˃˃ʰ 
ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ. 

 

 

 



ʇˉˇʷˊʴά̌/ƛǘȅ{ŜƴǎŜΥ ɲˎ˄ʰ˃ʽˁʺΣ ɲʽʰʵˊʰˋˍʽˁʺ ˁʰʽ ʃ˂ʹʻˇˉˇˊʽˋˍʽˁʺ ɮˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ ˁʰʽ ɰʽ˗ˋʽ˃ʹ ɼʽ˄ʹˍʽˁˈˍʹˍʰέ 
ʃʰˊʰʵˇˍʷˇ ʃ1.1 

66 h ˉˈ 69 
 

 








