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dist(1,A) = 1.8km
dist(1,C ) = 1.2km
dist(2,B) = 300m
dist(2,C ) = 900m

apartments amenities
1 balcony,	pool,	gym
2 balcony,	gym
3 balcony,	pool

kindergartens description
A German,	indoor-playground
B German,	outdoor-playground
C German,	outdoor-playground
D outdoor-playground

q = {Ψapartments, Ψkindergardens, ϵ}

Ψapartments = {balcony, gym}

ϵ = 1km
Ψkindergartens = {german, outdoor−playground}



Outline

• Problem	definition	
• Evaluation	strategies	

– Possible	Indices	
– Text/Spatial	First	
– Spatial/Spatio-textual	Probing	
– Join	Based	

• Experimental	results
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Problem Definition
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Spatially Joined Keyword Searches (SpaJKS)

Spatially Ranked Keyword Searches (SpaRKS)

R

Distance	Join k-Closest	Pairs

q = {ΨR, ΨS, ϵ}

ri = (x, y, text)
S

Text	Search Text	SearchσΨR⊂ri.text σΨS⊂sj.text

⋈dist(ri,sj)<ϵ



Evaluation Strategies

Inverted	File	|	R-Tree	|	IR-Tree[1]	|	Spatio-textual	Grid	[2]
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1:	Text	first	
2:	Spatial	first	

3:	Spatial	probing	
4:	Spatio-textual	probing	

5:	IR-tree	join	
6:	Grid	based	join

I
<latexit sha1_base64="QWSap+ZTffMfFlgHRVDOxa4WOSg=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2ba0nZXdKO7CvYB06Fk0kwbmpkMSUYoQz/DjQtF3Po17vwbM20FFT0QOJxzLzn3BAlnSiP0Ya2tb2xubRd2irt7+weHpaPjrhKpJLRDBBeyH2BFOYtpRzPNaT+RFEcBp71gepX7vXsqFRPxnZ4l1I/wOGYhI1gbyRtEWE8I5tnNfFgqI7uJqs0KgsiuolrDdQ1xagg5dejYaIEyWKE9LL0PRoKkEY014Vgpz0GJ9jMsNSOczouDVNEEkykeU8/QGEdU+dki8hyeG2UEQyHNizVcqN83MhwpNYsCM5lHVL+9XPzL81IdNvyMxUmqaUyWH4Uph1rA/H44YpISzWeGYCKZyQrJBEtMtGmpaEr4uhT+T7qu7VRs97Zabl2u6iiAU3AGLoAD6qAFrkEbdAABAjyAJ/BsaevRerFel6Nr1mrnBPyA9fYJ1QSRnw==</latexit>

T
<latexit sha1_base64="TOZyB8OX5GwDvH8fNMZ/2Gtukb4=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2ba0nZXdOOyQl8wHUomzbShmcyQZIQy9DPcuFDErV/jzr8x01ZQ0QOBwzn3knNPkHCmNEIf1sbm1vbObmGvuH9weHRcOjntqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3eR+/55KxWLR0fOE+hGeCBYygrWRvGGE9ZRgnnUWo1IZ2U1UbVYQRHYV1Rqua4hTQ8ipQ8dGS5TBGu1R6X04jkkaUaEJx0p5Dkq0n2GpGeF0URymiiaYzPCEeoYKHFHlZ8vIC3hplDEMY2me0HCpft/IcKTUPArMZB5R/fZy8S/PS3XY8DMmklRTQVYfhSmHOob5/XDMJCWazw3BRDKTFZIplpho01LRlPB1Kfyf9FzbqdjuXbXcul7XUQDn4AJcAQfUQQvcgjboAgJi8ACewLOlrUfrxXpdjW5Y650z8APW2yflu5Gq</latexit>

IR
<latexit sha1_base64="2UCCGHpM6p2Dco+FLGuQbEBfGjs=">AAAB9HicdVDNTsJAGNziH+If6tHLRmLiqWkLWLgRvegNjSAJNGS7bGHDdlt3tySk4Tm8eNAYrz6MN9/GLWCiRifZZDLzfflmx48ZlcqyPozcyura+kZ+s7C1vbO7V9w/aMsoEZi0cMQi0fGRJIxy0lJUMdKJBUGhz8idP77I/LsJEZJG/FZNY+KFaMhpQDFSWvJ6IVIjjFh6Nevf9Isly3Ssmlu3oWWWq2eVcl0T13Ydpwpt05qjBJZo9ovvvUGEk5BwhRmSsmtbsfJSJBTFjMwKvUSSGOExGpKuphyFRHrpPPQMnmhlAINI6McVnKvfN1IUSjkNfT2ZhZS/vUz8y+smKqh5KeVxogjHi0NBwqCKYNYAHFBBsGJTTRAWVGeFeIQEwkr3VNAlfP0U/k/ajmmXTee6UmqcL+vIgyNwDE6BDVzQAJegCVoAg3vwAJ7AszExHo0X43UxmjOWO4fgB4y3T1Krknk=</latexit>

IR
<latexit sha1_base64="2UCCGHpM6p2Dco+FLGuQbEBfGjs=">AAAB9HicdVDNTsJAGNziH+If6tHLRmLiqWkLWLgRvegNjSAJNGS7bGHDdlt3tySk4Tm8eNAYrz6MN9/GLWCiRifZZDLzfflmx48ZlcqyPozcyura+kZ+s7C1vbO7V9w/aMsoEZi0cMQi0fGRJIxy0lJUMdKJBUGhz8idP77I/LsJEZJG/FZNY+KFaMhpQDFSWvJ6IVIjjFh6Nevf9Isly3Ssmlu3oWWWq2eVcl0T13Ydpwpt05qjBJZo9ovvvUGEk5BwhRmSsmtbsfJSJBTFjMwKvUSSGOExGpKuphyFRHrpPPQMnmhlAINI6McVnKvfN1IUSjkNfT2ZhZS/vUz8y+smKqh5KeVxogjHi0NBwqCKYNYAHFBBsGJTTRAWVGeFeIQEwkr3VNAlfP0U/k/ajmmXTee6UmqcL+vIgyNwDE6BDVzQAJegCVoAg3vwAJ7AszExHo0X43UxmjOWO4fgB4y3T1Krknk=</latexit>

IR
<latexit sha1_base64="2UCCGHpM6p2Dco+FLGuQbEBfGjs=">AAAB9HicdVDNTsJAGNziH+If6tHLRmLiqWkLWLgRvegNjSAJNGS7bGHDdlt3tySk4Tm8eNAYrz6MN9/GLWCiRifZZDLzfflmx48ZlcqyPozcyura+kZ+s7C1vbO7V9w/aMsoEZi0cMQi0fGRJIxy0lJUMdKJBUGhz8idP77I/LsJEZJG/FZNY+KFaMhpQDFSWvJ6IVIjjFh6Nevf9Isly3Ssmlu3oWWWq2eVcl0T13Ydpwpt05qjBJZo9ovvvUGEk5BwhRmSsmtbsfJSJBTFjMwKvUSSGOExGpKuphyFRHrpPPQMnmhlAINI6McVnKvfN1IUSjkNfT2ZhZS/vUz8y+smKqh5KeVxogjHi0NBwqCKYNYAHFBBsGJTTRAWVGeFeIQEwkr3VNAlfP0U/k/ajmmXTee6UmqcL+vIgyNwDE6BDVzQAJegCVoAg3vwAJ7AszExHo0X43UxmjOWO4fgB4y3T1Krknk=</latexit>

TR
<latexit sha1_base64="kdDpAezMzrPSRBQM8R1d1RLkvs8=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuQpK2pt0V3bis0he0oUymk3boZBJnJoUS+h1uXCji1o9x5984aSuo6IGBwzn3cs8cP2ZUKsv6MNbWNza3tnM7+d29/YPDwtFxW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+5DrzO1MiJI14U81i4oVoxGlAMVJa8vohUmOMWNqcD+4GhaJlOlbVrdnQMkuVy3Kppolru45TgbZpLVAEKzQGhff+MMJJSLjCDEnZs61YeSkSimJG5vl+IkmM8ASNSE9TjkIivXQReg7PtTKEQST04wou1O8bKQqlnIW+nsxCyt9eJv7l9RIVVL2U8jhRhOPloSBhUEUwawAOqSBYsZkmCAuqs0I8RgJhpXvK6xK+fgr/J23HtEumc1su1q9WdeTAKTgDF8AGLqiDG9AALYDBPXgAT+DZmBqPxovxuhxdM1Y7J+AHjLdPY3iShA==</latexit>

HR
<latexit sha1_base64="vW3I1Q4YIxsttn2ZzZDAtPmLcMo=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuQpK2pt0V3XRZxT6gDWUynbRDJ5M4MymU0O9w40IRt36MO//GSVtBRQ8MHM65l3vm+DGjUlnWh7G2vrG5tZ3bye/u7R8cFo6O2zJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxJ9eZ35kSIWnE79QsJl6IRpwGFCOlJa8fIjXGiKWN+eB2UChapmNV3ZoNLbNUuSyXapq4tus4FWib1gJFsEJzUHjvDyOchIQrzJCUPduKlZcioShmZJ7vJ5LECE/QiPQ05Sgk0ksXoefwXCtDGERCP67gQv2+kaJQylno68kspPztZeJfXi9RQdVLKY8TRTheHgoSBlUEswbgkAqCFZtpgrCgOivEYyQQVrqnvC7h66fwf9J2TLtkOjflYv1qVUcOnIIzcAFs4II6aIAmaAEM7sEDeALPxtR4NF6M1+XomrHaOQE/YLx9AlEkkng=</latexit>

GR
<latexit sha1_base64="sEJc0D9plDWuUgxnC2kHWu+g+Ng=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYmiZPcgh70GJcskAyhp9OTNOlZ6O4RQsgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FZWV1b38hu5ra2d3b38vsHTRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryRxczv3VPhWRxdKfGCfVCPIhYwAhWWrq97N308gXLdKyKW7WRZRbLZ6ViVRPXdh2njGzTmqMAS9R7+fduPyZpSCNFOJayY1uJ8iZYKEY4nea6qaQJJiM8oB1NIxxS6U3mp07RiVb6KIiFrkihufp9YoJDKcehrztDrIbytzcT//I6qQoq3oRFSapoRBaLgpQjFaPZ36jPBCWKjzXBRDB9KyJDLDBROp2cDuHrU/Q/aTqmXTSd61Khdr6MIwtHcAynYIMLNbiCOjSAwAAe4AmeDW48Gi/G66I1YyxnDuEHjLdPaaKN5Q==</latexit>

G
<latexit sha1_base64="vkWrNLliqq65ocQasNptzBBOg+Y=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GqYTNckt6EGPCZgFkiH0dGqSNj0L3T1CGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6Xiy40o7zYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGtf9fMGxK2WnVLnAjl0i5RKpGkLIeZUQTGxnjgJaot7Pv/cGEUsCCDUTVKkucWLtplRqzgRMc71EQUzZmA6ha2hIA1BuOj90ik+MMsB+JE2FGs/V7xMpDZSaBJ7pDKgeqd/eTPzL6ybar7gpD+NEQ8gWi/xEYB3h2dd4wCUwLSaGUCa5uRWzEZWUaZNNzoTw9Sn+n7SKNinZxcZZoXa5jCOLjtAxOkUElVEN3aA6aiKGAD2gJ/Rs3VmP1ov1umjNWMuZQ/QD1tsnCNyNGQ==</latexit>

H
<latexit sha1_base64="dFlLA1ri+K2IT+4FXgbpRtwEpSw=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GiYdte2u6KbLCvYB06Fk0kwbmpkMSUYoQz/DjQtF3Po17vwbM20FFT0QOJxzLzn3BAlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXSVSSWiHCC5kP8CKchbTjmaa034iKY4CTnvB9Cb3e/dUKibiOz1LqB/hccxCRrA2kjeIsJ4QzLPWfFiuOHa95rj1K+jYLqq5qGEIQpcNhCCynQUqYIX2sPw+GAmSRjTWhGOlPOQk2s+w1IxwOi8NUkUTTKZ4TD1DYxxR5WeLyHN4ZpQRDIU0L9ZwoX7fyHCk1CwKzGQeUf32cvEvz0t1WPczFieppjFZfhSmHGoB8/vhiElKNJ8ZgolkJiskEywx0aalkinh61L4P+lWbeTa1duLSvN6VUcRnIBTcA4QqIEmaIE26AACBHgAT+DZ0taj9WK9LkcL1mrnGPyA9fYJ58mRrA==</latexit>

IS
<latexit sha1_base64="sZjASUARqKVnMoDilLMJPWZg55E=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapjpaKfuim50V9HWQjuUTJq2oZmHSaZQhn6HGxeKuPVj3Pk3ZtoKKnogcDjnXu7J8WPOpLKsDyO3tLyyupZfL2xsbm3vFHf3mjJKBKENEvFItHwsKWchbSimOG3FguLA5/TOH11k/t2YCsmi8FZNYuoFeBCyPiNYacnrBFgNCebp1bR70y2WLNNxnVP3DFlmxbErjqtJ2XbtShXZpjVDCRaod4vvnV5EkoCGinAsZdu2YuWlWChGOJ0WOomkMSYjPKBtTUMcUOmls9BTdKSVHupHQr9QoZn6fSPFgZSTwNeTWUj528vEv7x2ovpVL2VhnCgakvmhfsKRilDWAOoxQYniE00wEUxnRWSIBSZK91TQJXz9FP1PmmXTdszy9Umpdr6oIw8HcAjHYIMLNbiEOjSAwD08wBM8G2Pj0XgxXuejOWOxsw8/YLx9AloWkn4=</latexit>

TS
<latexit sha1_base64="/9R45gjrN7rBoQCW93YcQ0j/pQs=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0Y3Lin1BO5RMmrahmYdJplCGfocbF4q49WPc+Tdm2goqeiBwOOde7snxY86ksqwPY2V1bX1jM7eV397Z3dsvHBw2ZZQIQhsk4pFo+1hSzkLaUExx2o4FxYHPacsfX2d+a0KFZFFYV9OYegEehmzACFZa8roBViOCeVqf9e56haJlOq5z4V4iyyw7dtlxNSnZrl2uINu05ijCErVe4b3bj0gS0FARjqXs2FasvBQLxQins3w3kTTGZIyHtKNpiAMqvXQeeoZOtdJHg0joFyo0V79vpDiQchr4ejILKX97mfiX10nUoOKlLIwTRUOyODRIOFIRyhpAfSYoUXyqCSaC6ayIjLDAROme8rqEr5+i/0mzZNqOWbo9L1avlnXk4BhO4AxscKEKN1CDBhC4hwd4gmdjYjwaL8brYnTFWO4cwQ8Yb59q45KJ</latexit>

TS
<latexit sha1_base64="/9R45gjrN7rBoQCW93YcQ0j/pQs=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0Y3Lin1BO5RMmrahmYdJplCGfocbF4q49WPc+Tdm2goqeiBwOOde7snxY86ksqwPY2V1bX1jM7eV397Z3dsvHBw2ZZQIQhsk4pFo+1hSzkLaUExx2o4FxYHPacsfX2d+a0KFZFFYV9OYegEehmzACFZa8roBViOCeVqf9e56haJlOq5z4V4iyyw7dtlxNSnZrl2uINu05ijCErVe4b3bj0gS0FARjqXs2FasvBQLxQins3w3kTTGZIyHtKNpiAMqvXQeeoZOtdJHg0joFyo0V79vpDiQchr4ejILKX97mfiX10nUoOKlLIwTRUOyODRIOFIRyhpAfSYoUXyqCSaC6ayIjLDAROme8rqEr5+i/0mzZNqOWbo9L1avlnXk4BhO4AxscKEKN1CDBhC4hwd4gmdjYjwaL8brYnTFWO4cwQ8Yb59q45KJ</latexit>

HS
<latexit sha1_base64="GgtRhxvYY7bL0CJY3h8au75ZWhg=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0U2XFe0D2qFk0rQNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwzn3ck+OH3MmlWV9GCura+sbm7mt/PbO7t5+4eCwKaNEENogEY9E28eSchbShmKK03YsKA58Tlv++DrzWxMqJIvCOzWNqRfgYcgGjGClJa8bYDUimKe1We+2VyhapuM6F+4lssyyY5cdV5OS7drlCrJNa44iLFHvFd67/YgkAQ0V4VjKjm3FykuxUIxwOst3E0ljTMZ4SDuahjig0kvnoWfoVCt9NIiEfqFCc/X7RooDKaeBryezkPK3l4l/eZ1EDSpeysI4UTQki0ODhCMVoawB1GeCEsWnmmAimM6KyAgLTJTuKa9L+Pop+p80S6btmKWb82L1allHDo7hBM7ABheqUIM6NIDAPTzAEzwbE+PReDFeF6MrxnLnCH7AePsEWI+SfQ==</latexit>

HS
<latexit sha1_base64="GgtRhxvYY7bL0CJY3h8au75ZWhg=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0U2XFe0D2qFk0rQNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwzn3ck+OH3MmlWV9GCura+sbm7mt/PbO7t5+4eCwKaNEENogEY9E28eSchbShmKK03YsKA58Tlv++DrzWxMqJIvCOzWNqRfgYcgGjGClJa8bYDUimKe1We+2VyhapuM6F+4lssyyY5cdV5OS7drlCrJNa44iLFHvFd67/YgkAQ0V4VjKjm3FykuxUIxwOst3E0ljTMZ4SDuahjig0kvnoWfoVCt9NIiEfqFCc/X7RooDKaeBryezkPK3l4l/eZ1EDSpeysI4UTQki0ODhCMVoawB1GeCEsWnmmAimM6KyAgLTJTuKa9L+Pop+p80S6btmKWb82L1allHDo7hBM7ABheqUIM6NIDAPTzAEzwbE+PReDFeF6MrxnLnCH7AePsEWI+SfQ==</latexit>

GS
<latexit sha1_base64="m/LQnyCPj7f4LOSMmbVmt155SDw=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYymom3oAc9RmIWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1czv31PhWRxdKcmCfVCPIxYwAhWWmpc9xv9YskyHdc5dy+QZVYcu+K4mpRt165UkW1ac5RgiXq/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh6GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Y5Zvz0q1y2UceTiCYzgFG1yowQ3UoQkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CcQ2N6g==</latexit>

[1]	G.	Cong,	C.	S.	Jensen,	and	D.	Wu.	Efficient	Retrieval	of	the	Top-k	Most	Relevant	Spatial	Web	Objects.	Proc.	VLDB	Endow.	2,	1	(2009),	337–348.	
[2]	P.	Bouros,	S.	Ge,	and	N.	Mamoulis.	Spatio-textual	similarity	joins.	Proc.	VLDB	Endow.	6,	1	(2012),	1–12.	



1/2: Text/Spatial First
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1:	Text	First

Plane	Sweep

Result

2:	Spatial	First

Result

Keyword	Search R-tree	joinσΨR⊂ri.text σΨS⊂sj.text ⋈dist(ri,sj)<ϵ

⋈dist(ri,sj)<ϵ

sortBy(ri . x) sortBy(sj . x)

Text	Refinement	
Filter	false	positives

σΨR⊂ri.text

σΨS⊂sj.text

IR
<latexit sha1_base64="2UCCGHpM6p2Dco+FLGuQbEBfGjs=">AAAB9HicdVDNTsJAGNziH+If6tHLRmLiqWkLWLgRvegNjSAJNGS7bGHDdlt3tySk4Tm8eNAYrz6MN9/GLWCiRifZZDLzfflmx48ZlcqyPozcyura+kZ+s7C1vbO7V9w/aMsoEZi0cMQi0fGRJIxy0lJUMdKJBUGhz8idP77I/LsJEZJG/FZNY+KFaMhpQDFSWvJ6IVIjjFh6Nevf9Isly3Ssmlu3oWWWq2eVcl0T13Ydpwpt05qjBJZo9ovvvUGEk5BwhRmSsmtbsfJSJBTFjMwKvUSSGOExGpKuphyFRHrpPPQMnmhlAINI6McVnKvfN1IUSjkNfT2ZhZS/vUz8y+smKqh5KeVxogjHi0NBwqCKYNYAHFBBsGJTTRAWVGeFeIQEwkr3VNAlfP0U/k/ajmmXTee6UmqcL+vIgyNwDE6BDVzQAJegCVoAg3vwAJ7AszExHo0X43UxmjOWO4fgB4y3T1Krknk=</latexit> TR

<latexit sha1_base64="kdDpAezMzrPSRBQM8R1d1RLkvs8=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuQpK2pt0V3bis0he0oUymk3boZBJnJoUS+h1uXCji1o9x5984aSuo6IGBwzn3cs8cP2ZUKsv6MNbWNza3tnM7+d29/YPDwtFxW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+5DrzO1MiJI14U81i4oVoxGlAMVJa8vohUmOMWNqcD+4GhaJlOlbVrdnQMkuVy3Kppolru45TgbZpLVAEKzQGhff+MMJJSLjCDEnZs61YeSkSimJG5vl+IkmM8ASNSE9TjkIivXQReg7PtTKEQST04wou1O8bKQqlnIW+nsxCyt9eJv7l9RIVVL2U8jhRhOPloSBhUEUwawAOqSBYsZkmCAuqs0I8RgJhpXvK6xK+fgr/J23HtEumc1su1q9WdeTAKTgDF8AGLqiDG9AALYDBPXgAT+DZmBqPxovxuhxdM1Y7J+AHjLdPY3iShA==</latexit>

IS
<latexit sha1_base64="sZjASUARqKVnMoDilLMJPWZg55E=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapjpaKfuim50V9HWQjuUTJq2oZmHSaZQhn6HGxeKuPVj3Pk3ZtoKKnogcDjnXu7J8WPOpLKsDyO3tLyyupZfL2xsbm3vFHf3mjJKBKENEvFItHwsKWchbSimOG3FguLA5/TOH11k/t2YCsmi8FZNYuoFeBCyPiNYacnrBFgNCebp1bR70y2WLNNxnVP3DFlmxbErjqtJ2XbtShXZpjVDCRaod4vvnV5EkoCGinAsZdu2YuWlWChGOJ0WOomkMSYjPKBtTUMcUOmls9BTdKSVHupHQr9QoZn6fSPFgZSTwNeTWUj528vEv7x2ovpVL2VhnCgakvmhfsKRilDWAOoxQYniE00wEUxnRWSIBSZK91TQJXz9FP1PmmXTdszy9Umpdr6oIw8HcAjHYIMLNbiEOjSAwD08wBM8G2Pj0XgxXuejOWOxsw8/YLx9AloWkn4=</latexit> TS

<latexit sha1_base64="/9R45gjrN7rBoQCW93YcQ0j/pQs=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0Y3Lin1BO5RMmrahmYdJplCGfocbF4q49WPc+Tdm2goqeiBwOOde7snxY86ksqwPY2V1bX1jM7eV397Z3dsvHBw2ZZQIQhsk4pFo+1hSzkLaUExx2o4FxYHPacsfX2d+a0KFZFFYV9OYegEehmzACFZa8roBViOCeVqf9e56haJlOq5z4V4iyyw7dtlxNSnZrl2uINu05ijCErVe4b3bj0gS0FARjqXs2FasvBQLxQins3w3kTTGZIyHtKNpiAMqvXQeeoZOtdJHg0joFyo0V79vpDiQchr4ejILKX97mfiX10nUoOKlLIwTRUOyODRIOFIRyhpAfSYoUXyqCSaC6ayIjLDAROme8rqEr5+i/0mzZNqOWbo9L1avlnXk4BhO4AxscKEKN1CDBhC4hwd4gmdjYjwaL8brYnTFWO4cwQ8Yb59q45KJ</latexit>



Range	Query	2

3/4: Spatial/Spatio-textual Probing
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Keyword	Search

. . .
r0

r1

r0

Range	Query	1

}r0

r1

s3 s4

s3

s4

Text	Refinement	
Filter	false	positives

σΨS⊂sj.text

s3 s4r1

}IR
<latexit sha1_base64="2UCCGHpM6p2Dco+FLGuQbEBfGjs=">AAAB9HicdVDNTsJAGNziH+If6tHLRmLiqWkLWLgRvegNjSAJNGS7bGHDdlt3tySk4Tm8eNAYrz6MN9/GLWCiRifZZDLzfflmx48ZlcqyPozcyura+kZ+s7C1vbO7V9w/aMsoEZi0cMQi0fGRJIxy0lJUMdKJBUGhz8idP77I/LsJEZJG/FZNY+KFaMhpQDFSWvJ6IVIjjFh6Nevf9Isly3Ssmlu3oWWWq2eVcl0T13Ydpwpt05qjBJZo9ovvvUGEk5BwhRmSsmtbsfJSJBTFjMwKvUSSGOExGpKuphyFRHrpPPQMnmhlAINI6McVnKvfN1IUSjkNfT2ZhZS/vUz8y+smKqh5KeVxogjHi0NBwqCKYNYAHFBBsGJTTRAWVGeFeIQEwkr3VNAlfP0U/k/ajmmXTee6UmqcL+vIgyNwDE6BDVzQAJegCVoAg3vwAJ7AszExHo0X43UxmjOWO4fgB4y3T1Krknk=</latexit>

TS/HS
<latexit sha1_base64="EdUNTgU3dkzlJRUsAQcPwdn40xA=">AAACBHicdVDLSgMxFM34rPU16rKbYBFcjfPQtu6Kbrqs2Be0w5BJ0zY08yDJCGXowo2/4saFIm79CHf+jZm2iooeCJx7zr3k3uPHjAppmu/a0vLK6tp6biO/ubW9s6vv7bdElHBMmjhiEe/4SBBGQ9KUVDLSiTlBgc9I2x9fZn77hnBBo7AhJzFxAzQM6YBiJJXk6YVegOQII5Y2vOvpyVdVU5WnF03DKZ2XbAeaRskuWxVTEdtyzmwbWoY5QxEsUPf0t14/wklAQokZEqJrmbF0U8QlxYxM871EkBjhMRqSrqIhCohw09kRU3iklD4cRFy9UMKZ+n0iRYEQk8BXndmS4reXiX953UQOKm5KwziRJMTzjwYJgzKCWSKwTznBkk0UQZhTtSvEI8QRliq3vArh81L4P2nZhuUY9tVpsXqxiCMHCuAQHAMLlEEV1EAdNAEGt+AePIIn7U570J61l3nrkraYOQA/oL1+AFTQmIw=</latexit>



5: IR-Tree Join
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5.	IR-Tree	Join

Result

⋈dist(ri,sj)<ϵ ∧ΨR⊂ri.text ∧ ΨS⊂sj.text

IR-Tree	Join

HR
<latexit sha1_base64="vW3I1Q4YIxsttn2ZzZDAtPmLcMo=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuQpK2pt0V3XRZxT6gDWUynbRDJ5M4MymU0O9w40IRt36MO//GSVtBRQ8MHM65l3vm+DGjUlnWh7G2vrG5tZ3bye/u7R8cFo6O2zJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxJ9eZ35kSIWnE79QsJl6IRpwGFCOlJa8fIjXGiKWN+eB2UChapmNV3ZoNLbNUuSyXapq4tus4FWib1gJFsEJzUHjvDyOchIQrzJCUPduKlZcioShmZJ7vJ5LECE/QiPQ05Sgk0ksXoefwXCtDGERCP67gQv2+kaJQylno68kspPztZeJfXi9RQdVLKY8TRTheHgoSBlUEswbgkAqCFZtpgrCgOivEYyQQVrqnvC7h66fwf9J2TLtkOjflYv1qVUcOnIIzcAFs4II6aIAmaAEM7sEDeALPxtR4NF6M1+XomrHaOQE/YLx9AlEkkng=</latexit>

HS
<latexit sha1_base64="GgtRhxvYY7bL0CJY3h8au75ZWhg=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFcDTMd7dRd0U2XFe0D2qFk0rQNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwzn3ck+OH3MmlWV9GCura+sbm7mt/PbO7t5+4eCwKaNEENogEY9E28eSchbShmKK03YsKA58Tlv++DrzWxMqJIvCOzWNqRfgYcgGjGClJa8bYDUimKe1We+2VyhapuM6F+4lssyyY5cdV5OS7drlCrJNa44iLFHvFd67/YgkAQ0V4VjKjm3FykuxUIxwOst3E0ljTMZ4SDuahjig0kvnoWfoVCt9NIiEfqFCc/X7RooDKaeBryezkPK3l4l/eZ1EDSpeysI4UTQki0ODhCMVoawB1GeCEsWnmmAimM6KyAgLTJTuKa9L+Pop+p80S6btmKWb82L1allHDo7hBM7ABheqUIM6NIDAPTzAEzwbE+PReDFeF6MrxnLnCH7AePsEWI+SfQ==</latexit>



6: Spatio-Textual Grid
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C(0,0) C(5,0)

C(0,5) r1 r3 . . .{IC(0,5)

R
<latexit sha1_base64="gbiThXg7y33Izgsr92zibEV+1gQ="></latexit>

[2]	P.	Bouros,	S.	Ge,	and	N.	Mamoulis.	Spatio-textual	similarity	joins.	Proc.	VLDB	Endow.	6,	1	(2012),	1–12.



6: Grid-based Join
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C(2,2)

ϵG

ϵ

ϵ < ϵG

C(1,1)

C(3,3)

⋈dist(ri,sj)<ϵ

⋈dist(ri,sj)<ϵ

. . .

• iterate	over	cells	R	
• identify	join	partner	of	S	
• per	pair	->	text	first

GR
<latexit sha1_base64="sEJc0D9plDWuUgxnC2kHWu+g+Ng=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYmiZPcgh70GJcskAyhp9OTNOlZ6O4RQsgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FZWV1b38hu5ra2d3b38vsHTRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryRxczv3VPhWRxdKfGCfVCPIhYwAhWWrq97N308gXLdKyKW7WRZRbLZ6ViVRPXdh2njGzTmqMAS9R7+fduPyZpSCNFOJayY1uJ8iZYKEY4nea6qaQJJiM8oB1NIxxS6U3mp07RiVb6KIiFrkihufp9YoJDKcehrztDrIbytzcT//I6qQoq3oRFSapoRBaLgpQjFaPZ36jPBCWKjzXBRDB9KyJDLDBROp2cDuHrU/Q/aTqmXTSd61Khdr6MIwtHcAynYIMLNbiCOjSAwAAe4AmeDW48Gi/G66I1YyxnDuEHjLdPaaKN5Q==</latexit>

GS
<latexit sha1_base64="m/LQnyCPj7f4LOSMmbVmt155SDw=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYymom3oAc9RmIWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1czv31PhWRxdKcmCfVCPIxYwAhWWmpc9xv9YskyHdc5dy+QZVYcu+K4mpRt165UkW1ac5RgiXq/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh6GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Y5Zvz0q1y2UceTiCYzgFG1yowQ3UoQkEhvAAT/BscOPReDFeF605YzlzCD9gvH0CcQ2N6g==</latexit>

G
C(3,3)

R
<latexit sha1_base64="GsyA59vh09QRTlO/lephsh/juEM=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQxCBBlmSUxyC+agxyhmgSQOPZ1O0qRnobtHiEO+xIsHRbz6Kd78GzuLoKIPCh7vVVFVz4sYFdI0P7TUyura+kZ6M7O1vbOb1ff2myKMOSYNHLKQtz0kCKMBaUgqGWlHnCDfY6TljWszv3VHuKBhcCMnEen5aBjQAcVIKsnVsxfu9W1Sc5O8c+qcTKeunjMN2yyXKhY0Dad4VnAqipSskm0XoWWYc+TAEnVXf+/2Qxz7JJCYISE6lhnJXoK4pJiRaaYbCxIhPEZD0lE0QD4RvWR++BQeK6UPByFXFUg4V79PJMgXYuJ7qtNHciR+ezPxL68Ty0G5l9AgiiUJ8GLRIGZQhnCWAuxTTrBkE0UQ5lTdCvEIcYSlyiqjQvj6FP5PmrZhOYZ9VchVz5dxpMEhOAJ5YIESqIJLUAcNgEEMHsATeNbutUftRXtdtKa05cwB+AHt7ROKLpJh</latexit>

G
C(3,3)

R
<latexit sha1_base64="GsyA59vh09QRTlO/lephsh/juEM=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQxCBBlmSUxyC+agxyhmgSQOPZ1O0qRnobtHiEO+xIsHRbz6Kd78GzuLoKIPCh7vVVFVz4sYFdI0P7TUyura+kZ6M7O1vbOb1ff2myKMOSYNHLKQtz0kCKMBaUgqGWlHnCDfY6TljWszv3VHuKBhcCMnEen5aBjQAcVIKsnVsxfu9W1Sc5O8c+qcTKeunjMN2yyXKhY0Dad4VnAqipSskm0XoWWYc+TAEnVXf+/2Qxz7JJCYISE6lhnJXoK4pJiRaaYbCxIhPEZD0lE0QD4RvWR++BQeK6UPByFXFUg4V79PJMgXYuJ7qtNHciR+ezPxL68Ty0G5l9AgiiUJ8GLRIGZQhnCWAuxTTrBkE0UQ5lTdCvEIcYSlyiqjQvj6FP5PmrZhOYZ9VchVz5dxpMEhOAJ5YIESqIJLUAcNgEEMHsATeNbutUftRXtdtKa05cwB+AHt7ROKLpJh</latexit>

G
C(1,1)

R
<latexit sha1_base64="bK+Eii1FoIy3dGDTjiIZKh3xvvg=">AAAB+HicdVDLSgMxFM3UV62PVl26CRahggyTjnbqrtiFLqvYB7R1yKRpG5p5kGSEOvRL3LhQxK2f4s6/MX0IKnrgwuGce7n3Hi/iTCrL+jBSS8srq2vp9czG5tZ2Nrez25BhLAitk5CHouVhSTkLaF0xxWkrEhT7HqdNb1Sd+s07KiQLgxs1jmjXx4OA9RnBSktuLnvhXt8mVTcpoGN0NJm4ubxl2o596pxByyzZqGQ7mhSRg0pliExrhjxYoObm3ju9kMQ+DRThWMo2siLVTbBQjHA6yXRiSSNMRnhA25oG2Keym8wOn8BDrfRgPxS6AgVn6veJBPtSjn1Pd/pYDeVvbyr+5bVj1S93ExZEsaIBmS/qxxyqEE5TgD0mKFF8rAkmgulbIRligYnSWWV0CF+fwv9Jo2gi2yxeneQr54s40mAfHIACQMABFXAJaqAOCIjBA3gCz8a98Wi8GK/z1pSxmNkDP2C8fQKJ9ZJh</latexit>

G
C(3,3)

R
<latexit sha1_base64="+YV3flv3jRhzee3bK56h3GNnNqk=">AAAB+HicdVDLSsNAFJ3UV62PVl26GSxCBQlJo03dFbvQZRX7gDaGyXTSDp08mJkINfRL3LhQxK2f4s6/cfoQVPTAhcM593LvPV7MqJCG8aFllpZXVtey67mNza3tfGFntyWihGPSxBGLeMdDgjAakqakkpFOzAkKPEba3qg+9dt3hAsahTdyHBMnQIOQ+hQjqSS3kL9wr2/TupuWrGPraDJxC0VDt2zr1D6Dhl6xzIplK1I2bbNShaZuzFAECzTcwnuvH+EkIKHEDAnRNY1YOinikmJGJrleIkiM8AgNSFfREAVEOOns8Ak8VEof+hFXFUo4U79PpCgQYhx4qjNAcih+e1PxL6+bSL/qpDSME0lCPF/kJwzKCE5TgH3KCZZsrAjCnKpbIR4ijrBUWeVUCF+fwv9Jq6ybll6+OinWzhdxZME+OAAlYAIb1MAlaIAmwCABD+AJPGv32qP2or3OWzPaYmYP/ID29gmQFZJl</latexit>



Experiments

• Datasets	
• one	real	(polybot)[3]	
• multiple	synthetic
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• AVG	response	time	when	varying	
• spatial	selectivity		
• text	selectivity	
• number	keywords	
• cardinality		
• …

[3]	M.	Christoforaki,	.	He,	C.	Dimopoulos,	A.	Markowetz,	and	T.	Suel.	Text	vs.	space:	efficient	geo-search	
query	processing.	ACM	CIKM	2009.	423–432.



Experiments Polybot
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3	tiers	on	response	time:	
		1.	text	first	/	grid	join	

		2.	spatio-textual	probing/	IR-tree	join	

		3.	spatial-probing	/	spatial	first	



To sum up

• Contributions	
• new	retrieval	tasks	
• Spatially	Joined	Keyword	Searches	(SpaJKS)	
• Spatially	Ranked	Keyword	Searches	(SpaRKS)	

• Future	work	
• multiple	keyword	searches	
• text	search	as	similarity	search

13


