
				

	 VLDB2018	

44th International Conference on Very Large Data Bases, Rio de Janeiro, Brazil 
	
	

	 	
	
	

	

	
	

Proceedings	of	the	
VLDB	Endowment	

	

	

Volume	11,	No.	10	–	June	2018	
Proceedings	of	the	44th	International	Conference	on		
Very	Large	Data	Bases,	Rio	de	Janeiro,	Brazil	
	

	

Program	Chairs:		

Sihem	Amer-Yahia	and	Jian	Pei	

		

Associate	Editors	–	Research	Track:		

Luc	Bouganim,	Juliana	Freire,	Johannes	Gehrke,	Wook-Shin	Han,	Chris	Jermaine,	Jimmy	Lin,	Ioana	Manolescu,	Renee	
Miller,	Mohamed	Mokbel,	Felix	Naumann,	Srinivasan	Parthasarathy,	Andrew	Pavlo,	S.	Sudarshan,	Jens	Teubner,	

Yuanyuan	Tian,	Jianliang	Xu,	Meihui	Zhang,	Xiaodong	Zhang		

Proceedings	Chairs:		

Sourav	Bhowmick,	Ricardo	Torres	

	



 
PVLDB Vol. 11 No. 10   i 

VLDB2018 – Rio 
VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

PVLDB – Proceedings of the VLDB Endowment 

Volume 11, No. 10, June 2018. 

The 44th International Conference on Very Large Data Bases, Rio de Janeiro, Brazil. 

 

 

 

Copyright 2018 VLDB Endowment 
  

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-
nd/4.0/. For any use beyond those covered by this license, obtain permission by emailing info@vldb.org.  

 

 

 

 

Volume 11, Number 10, June 2018: VLDB 2018  

Pages i – vii and 1069 - 1316 

ISSN 2150-8097 
 

 

 

 

Additional copies only online at: portal.acm.org, arxiv.org/corr, and www.vldb.org 

 

 
  



 
PVLDB Vol. 11 No. 10   ii 

VLDB2018 – Rio 
VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

TABLE OF CONTENTS 

Front Matter 

Copyright Notice  ..................................................................................................................  i 
Table of Contents  .................................................................................................................  ii 
VLDB 2018 Organization and Review Board  ............................................................................  iv 

Research Papers 

Errata for "Analysis of two existing and one new dynamic programming algorithm for the generation  
of optimal bushy join trees without cross products"……………………………………….………………………. 
………………………………………………………………………… Andreas Meister, Guido Moerkotte, Gunter Saake  1069 

Data Synthesis based on Generative Adversarial Networks .......................................................  
………………………………………………………………………………………………………………………….. Noseong   
Park,  Mahmoud  Mohammadi,  Kshitij  Gorde,  Sushil  Jajodia,  Hongkyu  Park,  Youngmin  Kim   1071 

CERES: Distantly Supervised Relation Extraction from the Semi-Structured Web ……………………… 
…………………………………… Colin Lockard, Xin Luna Dong, Prashant Shiralkar, Arash Einolghozati .  1084 

Efficient Estimation of Inclusion Coefficient using HyperLogLog Sketches ……….……………………… 
…………………………………………………. Azade Nazi, Bolin Ding, Vivek Narasayya, Surajit Chaudhuri  1097 

Set Similarity Joins on MapReduce: An Experimental Survey ……….………………………………………… 
…………… Fabian Fier, Nikolaus Augsten, Panagiotis Bouros, Ulf Leser, Johann-Christoph Freytag  1110 

Plan Stitch: Harnessing the Best of Many Plans ………………..……….………………………………………… 
…………………………….. Bailu Ding, Sudipto Das, Wentao Wu, Surajit Chaudhuri, Vivek Narasayya  1123 

ForkBase: An Efficient Storage Engine for Blockchain and Forkable Applications………………..……. 
…………………………………………………………………………………….. Sheng Wang, Tien Tuan Anh Dinh,     
Qian Lin, Zhongle Xie, Meihui Zhang, Qingchao Cai, Gang Chen, Beng Chin Ooi, Pingcheng Ruan  1137 

Experimental Analysis of Distributed Graph Systems ………………..………………………………………….. 
………………………………………………………………………………………………. Khaled Ammar, Tamer Özsu  1151 

Transform-Data-by-Example (TDE): An Extensible Search Engine for Data Transformations ……. 
…………………. Yeye He, Xu Chu, Kris Ganjam, Yudian Zheng, Vivek Narasayya, Surajit Chaudhuri  1165 

Frontier: Resilient Edge Processing for the Internet of Things ……………………………………………….. 
……………………………………………………………….. Dan O'keeffe, Theodoros Salonidis, Peter Pietzuch  1178 

LightDB: A DBMS for Virtual Reality Video …………………………………………………………………………… 
…………………………………………………………………………………………………………………………………………. Brandon 
Haynes,  Amrita  Mazumdar,  Armin  Alaghi,  Magdalena  Balanziska,  Luis  Ceze,  Alvin  Cheung  1192 

Optimizing error of high-dimensional statistical queries under differential privacy ……………………. 
………………………………………. Ryan Mckenna, Gerome Miklau, Michael Hay, Ashwin Machanavajjhala  1206 

MLBench: Benchmarking Machine Learning Services Against Human Experts …….……………………. 
……………………………………………………… Yu Liu, Hantian Zhang, Luyuan Zeng, Wentao Wu, Ce Zhang  1220 

 



 
PVLDB Vol. 11 No. 10   iii VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

Maximum Co-located Community Search in Large Scale Social Networks …..…….……………………. 
……………………………………… Lu Chen, Chengfei Liu, Rui Zhou, Jianxin Li, Xiaochun Yang, Bin Wang  1233 

ChronosDB: Distributed, File Based, Geospatial Array DBMS ………………..…..…….……………………. 
………………………………………………………………………………………………. Ramon Antonio Rodriges Zalipynis .  1247 

Adaptive Sampling for Rapidly Matching Histograms …………………………..…..…….……………………. 
…………………………………………….. Stephen Macke, Yiming Zhang, Silu Huang, Aditya Parameswaran  1262 

Leveraging Similarity Joins for Signal Reconstruction …………………………..…..…….……………………. 
………………………………………………………………………………………………………… Abolfazl Asudeh, Azade Nazi,      
Jees  Augustine,  Saravanan Thirumuruganathan,  Nan Zhang,  Gautam Das,  Divesh Srivastava  1276 

Sundial: Harmonizing Concurrency Control and Caching in a Distributed OLTP Database Management 
System …………………………..…..…….……………………………………………………………………………………. 
……………… Xiangyao Yu, Yu Xia, Andrew Pavlo, Daniel Sanchez, Larry Rudolph, Srinivas Devadas  1289 

Chi: A Scalable and Programmable Control Plane for Distributed Stream Processing Systems ….. 
……………… Luo Mai, Kai Zeng, Rahul Potharaju, Le Xu, Steve Suh, Shivaram Venkataraman, Paolo 
Costa,  Terry  Kim,  Saravanam Muthukrishnan,  Vamsi Kuppa,  Sudheer Dhulipalla,  Sriram Rao  1303 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  



 
PVLDB Vol. 11 No. 10   iv 

VLDB2018 – Rio 
VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

VLDB 2018 ORGANIZATION AND REVIEW BOARD
 
General Chairs 
Alberto Laender, Universidade Federal de Minas Gerais 
Fabio Porto, LNCC 
Marco Antonio Casanova, PUC Rio 
 
Honorary Chair 
Antonio Furtado, PUC Rio 
Nivio Ziviani, UFMG 
 
Organization Committee Chair 
Stephan Günnemann, TUM 
Alfons Kemper, TUM 
Thomas Neumann, TUM 
 
Program Chairs and Editors in Chief of PVLDB 11 
Jian Pei, Simon Fraser University 
Sihem Amer-Yahia, University of Grenoble Alpes, CNRS 
 
Associate Editors of PVLDB 11 
Andrew Pavlo, Carnegie Mellon University 
Chris Jermaine, Rice University 
Felix Naumann, Hasso Plattner Institute 
Ioana Manolescu, INRIA Saclay 
Jens Teubner, TU Dortmund 
Jianliang Xu, Hong Kong Baptist U. 
Jimmy Lin, University of Waterloo 
Johannes Gehrke, Microsoft 
Juliana Freire, New York University 
Luc Bouganim, INRIA 
Meihui Zhang, SUTD 
Mohamed Mokbel, University of Minnesota 
Renee Miller, University of Toronto 
Srinivasan Parthasarathy, Ohio State University 
S. Sudarshan, IIT Bombay 
Wook-Shin Han, Postech 
Xiaodong Zhang, Ohio State University 
Yuanyuan Tian, IBM Almaden 
 
VLDB Endowment Representative 
Divesh Srivastava, AT&T Labs-research 
 
Sponsorship Committee Chairs 
Artur Ziviani, LNCC 
Anand Deshpande, Persistent 
Mike Carey, University of California, UCI 
Patrick Valduriez, INRIA 

 
 
 
 
Publicity Committee Chair 
Carmem Hara, Universidade Federal do Paraná 
Mahashweta Das, Visa Research 
 
Tutorial Chairs 
Nick Koudas, University of Toronto 
Sergio Lifschitz, PUC Rio 
 
Industrial Chairs 
Karin Breitman 
Rakesh Agrawal, Data Insight Laboratories 
 
Demonstration Chairs 
Ming Hua, Facebook 
Vanessa Braganholo, Univiversidade Federal Fluminense 
 
Panel Chairs 
Letizia Tanca, Politecnico di Milano 
Mario Nascimento, Univ. Alberta 
 
Workshop Chairs 
Mirella Moro, Universidade Federal Minas Gerais 
Xuemin Lin, University of New South Wales 
 
PhD Workshop Chairs 
Altigran Silva, Universidade Federal do Amazonas 
Senjuti Basu Roy, New Jersey Institute of Technology 
 
Proceedings Chairs 
Ricardo Torres, University of Campinas 
Sourav Bhowmick, Nanyang Technological University 
 
Website Chair 
Daniel De Oliveira, Universidade Federal Fluminense 
Enver Anibal Choque Cayo, LNCC 
 
PVLDB Managing Editor 
Divesh Srivastava, AT&T Labs-research 
 
PVLDB Advisory Committee 
Juliana Freire, Jayant Haritsa, Wolfgang Lehner, Chen Li, 
Renée J. Miller, Tova Milo, M. Tamer Özsu, Divesh 
Srivastava, Kian-Lee Tan 



 
PVLDB Vol. 11 No. 10   v 

VLDB2018 – Rio 
VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

Research Track Review Board 

Abdul Quamar, IBM Almaden 
Aijun An, York University, Canada 
Alan Fekete, University of Sydney 
Alex Thomo, University of Victoria 
Alexandra Meliou, University of Massachusetts 
Amherst 
Allison Holloway, Oracle 
Anastasia Ailamaki, EPFL 
Andrea Cali, Birkbeck Univ. of London, UK 
Andrew Pavlo, Carnegie Mellon University 
Anja Gruenheid, Google Research 
Anshumali Shrivastava, Rice University 
Antonios Deligiannakis, Technical University of Crete 
Arbee Chen, Asia University, Taiwan 
Aristides Gionis, Aalto University 
Arnab Bhattacharya, IIT Kanpur 
Arun Kumar, University of California, San Diego 
Ashraf Aboulnaga, Qatar Computing Research 
Institute 
Ashwin Machanavajjhala, Duke 
Asterios Katsifodimos, TU Berlin, Germany 
Atsuyuki Morishima, University of Tsukuba 
Avrilia Floratou, Microsoft 
Azza Abouzied, New York University Abu Dhabi 
Baihua Zheng, Singapore Management University 
Barzan Mozafari, University of Michigan 
Beng Chin Ooi, NUS 
Bernd Amann, Université Pierre et Marie Curie, France 
Bolin Ding, Microsoft Research 
Byron Choi, HKBU 
Carlo Curino, Microsoft 
Ce Zhang, ETH 
Chee-Yong Chan, National University of Singapore 
Chi Wang, Microsoft Research 
Chris Jermaine, Rice University 
Christopher Re, Stanford University 
Chuan Xiao, Nagoya Univ., Japan 
Cristian Bizer, University of Mannheim 
Da Yan, University of Alabama 
Daisy Zhe Wang, University of Florida 
Dan Ports, Univ. of Washington USA 
Dario Colazzo, U. Paris Dauphine 
David Koop, U Mass Dartmouth 
De-Nian Yang, Academia Sinica 
Denilson Barbosa, University of Alberta - Canada 
Divesh Srivastava, AT&T Labs Research 
Elke Rundensteiner, WPI 
Emmanuel Muller, Hasso Plattner Institute 
Essam Mansour, QCRI 
Fatma Ozcan, IBM Almaden 
Feida Zhu, Singapore Management University 
Feifei Li, University of Utah 
Felix Naumann, Hasso Plattner Institute 
Fernando Chirigati, NYU 
Florian Rusu, University of California, Merced 
Floris Geerts, University of Antwerp, USA 

Francesco Bonchi, Yahoo Labs Barcelona, Spain 
François Goasdoué, U. Rennes 1 
Gao Cong, Nanyang Technological Univesity 
George Fletcher, Eindhoven University of Technology 
the Netherlands 
George Kollios, Boston University 
Georgia Koutrika, ATHENA Research Center, Greece 
Gillian Dobbie, Univ. of Auckland, New Zealand 
Guoliang Li, Tsinghua University 
H. Jagadish, University of Michigan 
Haibo Hu, Hong Kong Polytechnic 
Haixun Wang, Facebook 
Hakan Ferhatosmanoglu, Bilkent University 
Harish Doraiswamy, NYU 
Haryadi Gunawi, Univ. of Chicago, USA 
Heiko Mueller, NYU 
Herodotos Herodotou, Cyprus University of 
Technology 
Holger Pirk, MIT 
Hong Cheng, Chinese University of Hong Kong 
Huy Vo, CUNY 
Ihab Ilyas, University of Waterloo 
Immanuel Trummer, EPFL, Switzerland 
Ioana Manolescu, INRIA Saclay, France 
Ira Assent, University of Aarhus 
Isabel Cruz, University of Illinois at Chicago, USA 
Jaideep Vaidya, Rutgers University 
James Cheng, Chinese University of Hong Kong, Hong 
Kong 
Jeffrey Xu Yu, Chinese University of Hong Kong, Hong 
Kong 
Jens Dittrich, Saarland University 
Jens Teubner, TU Dortmund 
Jianliang Xu, Hong Kong Baptist U. 
Jiannan Wang, SFU 
Jignesh Patel, UW - Madison 
Jimmy Lin, University of Waterloo 
Jing Gao, State University of New York at Buffalo 
Johannes Gehrke, Microsoft 
Jonathan Goldstein, Microsoft 
Josep Domingo-Ferrer, Universitat Rovira i Virgili, 
Catalonia 
Ju Fan, Remin University 
Juliana Freire, New York University 
Justin Levandoski, Microsoft Research 
Karthik Ramachandra, Microsoft Gray Systems Lab 
Ke Wang, SFU 
Ken Barker, University of Calgary, Canada 
Khuzaima Daudjee, University of Waterloo 
Kyuseok Shim, Seoul National University 
Laks V.S. Lakshmanan, The University of British 
Columbia 
Lei Chen, Hong Kong University of Science and 
Technology 
Letizia Tanca, Politecnico di Milano, Italy 
Li Xiong, Emory University 
Luc Bouganim, INRIA 
Lukasz Golab, University of Waterloo 



 
PVLDB Vol. 11 No. 10   vi 

VLDB2018 – Rio 
VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

Luna Dong, Amazon.com 
Magdalena Balanziska, University of Washington 
Marco Serafini, Qatar Computing Research Institute, 
Qatar 
Maria Damiani, University of Milano, Italy 
Martin Theobald, University of Luxembourg 
Masaru Kitsuregawa, University of Tokyo, Japan 
Matteo Golfarelli, University of Bologna, Italy 
Matthias Boehm, IBM Almaden 
Matthias Renz, George Mason Univ., USA 
Matthieu Latapy, LIP6, France 
Meihui Zhang, SUTD 
Melanie Herschel, Universität Stuttgart 
Michael Cafarella, University of Michigan 
Mohamed Mokbel, University of Minnesota 
Mohamed Sharaf, University of Queensland, Australia 
Mohamed Sarwat, ASU 
Mohammad Sadoghi, Purdue University 
Nesime Tatbul, Intel Labs and MIT 
Nicolas Anciaux, INRIA 
Niketan Pansare, IBM Almaden 
Nikos Mamoulis, The University of Hong Kong 
Ninghui Li, Purdue University 
Norman May, SAP Research 
Oktie Hassanzadeh, IBM Research 
Olga Papaemmanouil, Brandeis University 
Oliver Kennedy, University of Buffalo 
Panagiotis Bouros, Aarhus University 
Panagiotis Karras, Aalborg University 
Panagiotis Papapetrou, Stockholm University 
Pankaj Agarwal, Duke University 
Paolo Papotti, Arizona State University 
Peter Bailis, MIT and Stanford 
Philippe Lamarre, INSA-Lyon France 
Pinar Tozun, IBM Research 
Quanquan Gu, University of Virginia 
Rainer Gemulla, Universität Mannheim 
Rajeev Rastogi, Amamzon 
Ralf Schenkel, University of Trier 
Rebecca Taft, MIT 
Rene Mueller, IBM Research - Almaden 
Renee Miller, University of Toronto 
Reynold Cheng, The University of Hong Kong, China 
Reza Akbarinia, INRIA 
Ryan Johnson, Logic Blox USA 
S. Sudarshan, IIT Bombay 
Sandeep Tata, Google, USA 
Sang Won Lee, Sungkyunkwan University, Korea 
Sara Cohen, The Hebrew University of Jerusalem 
Selçuk Candan, Arizona State University 
Sergey Melnik, Google, USA 
Sergio Greco, Univ. of Calabria, Italy 
Shady Elbassuoni, AUB 

Shahram Ghandeharizadeh, UCS 
Shel Finkelstein, University of California at Santa Cruz, 
USA 
Sourav S Bhowmick, Nanyang Technological 
University 
Spyros Blanas, Ohio State University 
Srikanta Bedathur, IBM India 
Srikanta Tirthapura, Iowa State Univ., USA 
Stéphane Bressan, National University of Singapore, 
Singapore 
Steven Whang, Google, USA 
Sudipto Das, Microsoft Research 
Sungpack Hong, Oracle 
Theodore Johnson, AT&T Labs, USA 
Thomas Neumann, TU Munich 
Tiark Rompf, Purdue University 
Tim Kraska, Brown University 
Tingjian Ge, University of Massachusetts at Lowell, 
USA 
Ulf Leser, Humboldt-Universität zu Berlin 
Umar Farooq Minhas, Microsoft Research 
Venkatesan Chakaravarthy, IBM Research, India 
Vijayshankar Raman, IBM Research - Almaden 
Viktor Leis, Technische Universität München 
Vincent Leroy, University Grenoble-Alps, CNRS, LIG, 
France 
Vineet Chaoji, Amazon 
Walid Aref, Purdue Univ., USA 
Wang-Chien Lee, Pennsylvania State University, USA 
Wei Lu, Renmin University of China 
Wei Wang, National University of Singapore 
Willis Lang, Microsoft Gray Systems 
Wook-Shin Han, Postech 
Wynne Hsu, National University of Singapore 
Xiaochun Yang, Northeast University 
Xiaodong Zhang, Ohio State University 
Xiaofang Zhou, University of Queensland 
Xuan Liu, Baidu 
Xuemin Lin, University of New 
Yael Amsterdamer, Tel-aviv Univ., Israel 
Yizhou Sun, UCLA 
Yongxin Tong, Beihang University, China 
Yoshiharu Ishikawa, Nagoya University 
Yuanyuan Tian, IBM Almaden 
Yufei Tao, Univ. of Queensland 
Zhenhui Li, Penn State University 
Zhifeng Bao, RMIT University 
Ziawasch Abedjan, TU Berlin 
Zoi Kaoudi, Qatar Computing Research Institute, 
Qatar 
 

  



 
PVLDB Vol. 11 No. 10   vii VLDB2018 – Rio de Janeiro, 

Brazil 
 
 

LETTER FROM THE PROGRAM CHAIRS
 

The Proceedings of the VLDB Endowment (PVLDB) provides a high-quality publication service to the data 
management research community. Each volume offers twelve monthly submission deadlines on the first of each 
month and a quick, six week, reviewing cycle. This publication model was pioneered by PVLDB and combines a 
journal-style reviewing process, which includes a three month revision cycle, with the agility and visibility provided by 
rapid on-line publication and presentation at the annual VLDB conference.  
 

This is the tenth issue of the eleventh volume of the PVLDB. 

 

PVLDB attracts many submissions, and the PVLDB reviewing process is implemented by a large team. The Review 
Board of PVLDB Volume 11 consists of 201 expert researchers, and reviewing is coordinated by 18 Associate Editors. 
Board members provide timely (within a 4-week deadline) high-quality reviews, and participate in online discussions 
with the Associate Editors and the other reviewers assigned to each paper. In order to honor these efforts, this year 
PVLDB will be recognizing outstanding reviewers.  For this purpose, we are gathering feedback from the Associate 
Editors as well as from the authors, who in a feedback phase are asked to judge the quality of the reviews. These 
outstanding reviewers will be honored at the 44th VLDB conference, to be held in Rio de Janeiro, Brazil, on August 
27-31, 2018. Here also the large majority of the PVLDB Volume 11 papers will be presented. 
 

Issue 10 covers a wide range of traditional database topics such as join processing and query optimization, sketches, 
histograms and indices, information extraction, OLTP, steams and spatial databases, newer topics such as differential 
privacy,  community detection, data synthesis and distributed graph systems, as well as database support for new 
trends such as Benchmarks for ML, Blockchains, Virtual Reality and IoT. We hope that the selected papers will 
provide insight to the readers and create impact by inspiring additional novel contributions.  
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PVLDB Volume 11 Editors in Chief 

VLDB 2018 Program Committee Chairs 


