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Strategic International Collaborative Research Program (SICORP)
Japan—U.S.A Joint Research Program
Executive Summary of Final Report

1. Project Title : [BDD: Efficient and Scalable Collection, Analytics and Processing of Big
Data for Disaster Applications |

2. Project Period : April, 2015 ~ March, 2018

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Takahiro Professor | Osaka Problem definition,
Hara University Methodology design,
System
design/implementation
Collaborator | Shojiro President | Osaka System
Nishio University implementation,
Evaluation

Total number of participating researchers in the project: 2

U.S.A-side
Name Title Affiliation Role
Pl Sanjay Madria Professor | Missouri University | Everything
of Science and
Technology

Total number of participating researchers in the project: 1

4. Summary of the joint project

In this joint research program, we have tried to achieve fundamental technologies for
collecting, analyzing, and processing big data in disaster situations, which includes 4 topics;
(1) compression of highly multi-dimensional data from multi-streams, (2) indexing and query
processing for highly multi-dimensional data, (3) monitoring highly multi-dimensional data
from multiple data sources, and (4) social sensing using microblog data.

We have tackled topic (1) as two work-packages (W1 and W4), where we have first
developed a collaborative data compression mechanism by multiple nodes (e.g., sensors or
clouds) for one-dimensional data stream (W1), and extended this mechanism for
multi-dimensional data (W4). Each of the other three topics has been addressed as single
work-package (W2, W3, W5). We have also worked on development of platforms to
integrate our proposed mechanisms. W1, W2, and W4 have been taken the lead by the US
team, and W3 and W5 by the Japan team. For W6, both teams have closely collaborated.

W1: Compression of Multiple Sensor Streams of One-dimensional Data

W2: Indexing of Highly Multi-dimensional Data

Wa3: Monitoring of Highly Multi-dimensional Data Generated from Multiple Data sources
W4: Compression of Multiple Sensor Streams of Highly Multi-dimensional Data

WS5: Microblog Data Analysis for Social Sensing Applications

W6: Devlopement of Platforms to Integrate All mechanisms

5. Outcomes of the joint project
5-1 Intellectual Merit

In WP1 and WP4, we have developed mechanisms in which multiple nodes (data
sources) collaboratively compress stream data. In WP2, we have developed an indexing
mechanism in which multiple nodes cooperate to construct an index and process some
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typical queries on it. In WP3, we have developed various query processing techniques for
monitoring big data streams from multiple data sources. These techniques achieved several
tens to hundreds times faster processing time than existing approaches. In WP5, to utilize
microblog data as social sensors, we have developed some social sensing techniques to
extract various useful knowledge from microblog data, and some fundamental technologies
which can be commonly used for various different social sensing applications. In WP6, we
have developed two platforms to integrate all techniques and mechanisms proposed in our
project.

In WP1 to WP5, we could successfully complete all tasks as planned in the proposal by
properly keeping the independence of each work-package in each team, and frequently
exchanging opinions. In WP6, while we have not completed the implementation yet, we plan
to continue to work on this task after this program.

In total, we have published 17 journal papers, 26 international conference papers, and 32
domestic conference papers, and given 11 invited talks. These publications include many
top-ranked journals (ACM TOIS, IEEE TKDE (2 papers), ACM TSAS, WWW) and
conferences (ICDCS, EMNLP, EDBT, Big Data, SSDM). We have also received 6 research
awards including Osaka Science Award.

5-2 Synergy through the Collaboration
Both PIs have high-level and complementary research expertise to conduct this joint
program, and have collaboratively worked together in longer than 10 years before this
program. Due to these merits, we could smoothly conduct this research program from the
beginning to the end. As the result, we have developed high-level techniques and
mechanisms which are required to cover a wide range of techniques in different fields.
Some of our co-authored papers have been published in high-level conferences, and many
papers by each team have been published in top-ranked journals and conferences. These
achievements clearly show the synergic effect of this joint program.
Since both Pls have many experiences of system development, we could successfully
develop platforms which can be used for big data analytics on sensor/loT and SNS data.
We have also actively worked on event organization. In the begging of this project, we
organized an NIl Shonan meeting on "Big Data and Disasters", in which 21 participants from
different backgrounds (computer science, engineering, geography, and people movement
analysis) attended from 4 countries. In the closing phase of this project, the US PI (Dr.
Sanjay Madria) organized the international workshop (CANSec 2017), in which the Japan PI
(Dr. Takahiro Hara) gave a keynote speech, and 2 PhD students from both teams presented
their posters as outreach activities of this program. These activities which significantly
contributed to our joint work also show the synergic effect of this joint program.

5-3 Potential Impacts on Society

Two young assistant professors and 5 to 6 PhD students have participated in this joint
program to support our research. They have built good research experiences through this
program, and have rapidly grown up as top-level international researchers, e.g., their papers
have been accepted for the top-ranked journals and conferences. They are expected to
further grow up to be leading researchers in the future.

Moreover, through this program, we organized two events where we have built excellent
human networks. These networks will be valuable assets when advancing this program to
more interdisciplinary project in the future.

Last but not least, while the two platforms which we have developed in this program are
still notl perfect and we cannot make them open to public now, we plan to further develop
them by enhancing mechanisms to bridge the two platform. By doing so, we will be able to
provide a powerful fundamental system which can transparently handle both sensor/loT and
SNS data.
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* EHAY
1. X. Cao, S. Madria, and T. Hara. Efficient Z-order Encoding Based Multi-modal Data
Compression in WSNs, Proc. Int. Conf. on Distributed Computing Systems, 2017 June;
2185-2191.

2. X. Cao, S. Madria, and T. Hara. AWSN Testbed for Z-order Encoding Based Multi-modal
Data Compression. Proc. Int. Conf. on Sensing, Communication and Networking. 2017
June.

3. M. Yokoyama, T. Hara, and S. Madria. Efficient Diversified Set Monitoring for Mobile
Sensor Stream Environments, Proc. IEEE Int. Conf. on Big Data. 2017 December; 500-507.
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1. D. Amagata and T. Hara. Monitoring MaxRS in Spatial Data Streams, Proc. Int. Conf. on
Extending Database Technology. 2016 March; 317-328.

2. D. Amagata, Y. Sasaki, T. Hara, and S. Nishio. Probabilistic Nearest Neighbor Query
Processing on Distributed Uncertain Data. Distributed and Parallel Databases. 2016 June;
34(2), 259-287.

3. M. Yokoyama and T. Hara. Efficient Top-k Result Diversification for Mobile Sensor Data,
IEEE Int. Conf. on Distributed Computing Systems, 2016 June; 477-486.

4. D. Amagata, T. Hara, and S. Nishio. Sliding Window Top-k Dominating Query Processing
over Distributed Data Streams. Distributed and Parallel Databases. 2016 December; 34(4),
535-566.

5. T. Yoshihisa and T. Hara. A Low-load Streams Processing Scheme for loT Environments.
Proc. Int. Conf. on Big Data, 2016 December; 263-272.

6. K. Udomlamlert, T. Hara, and S. Nishio. Subscription-based Data Aggregation
Techniques for Top-k Monitoring Queries. World Wide Web. 2017 March; 20(2), 237-265.

7. D. Amagata and T. Hara. A General Framework for MaxRS and MaxCRS Monitoring in
Spatial Data Streams, ACM Transactions on Spatial Algorithms and Systems. 2017 May;
3(1), 1-13.

8. M. Shirakawa, T. Hara, and S. Nishio. IDF for N-Grams, ACM Transactions on
Information Systems. 2017 June; 36(1) Article 5.

9. M. Shirakawa, T. Hara, and T. Maekawa. Never Abandon Minorities: Exhaustive
Extraction of Bursty Phrases on Microblogs Using Set Cover Problem, Proc. Int. Conf. on
Empirical Methods in Natural Language Processing. 2017 September; 2348-2357.
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10. D. Amagata and T. Hara. Mining Top-k Co-Occurrence Patterns across Multiple
Streams, IEEE Transactions on Data Engineering. 2017 October; 29(10), 2249-2262.

11. D. Amagata, T. Hara, and M. Onizuka. Space Filling Approach for Distributed
Processing of Top-k Dominating Queries, IEEE Transactions on Data Engineering. 2018 (to
appear).
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1. S. Madria and T. Hara. Big Data Analytics and Knowledge Discovery - 17th International
Conference, DaWaK 2015, Proceedings. Lecture Notes in Computer Science 9263,
Springer 2015. September 1-4 2015.

2. S. Madria and T. Hara. Big Data Analytics and Knowledge Discovery - 18th International
Conference, DaWaK 2016, Proceedings. Lecture Notes in Computer Science 9829,
Springer 2016. September 6-8 2016.

3. T. Hara, S. Sigg, L. Shu, F. De Pellegrini, C. Petrioli, S. Madria. IEEE Access Special
Section Editorial: Emergent Topics for Mobile and Ubiquitous Systems in Smartphone, 10T,
and Cloud Computing ERA, IEEE Access. 2017; 5: 27827-27830.
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56(11):1096-1101.

3. T. Hara. Fusion of Heterogeneous Mobile Data, Challenges and Solutions, Adaptive
Mobile Computing: Advances in Processing Mobile Data Sets (Chapter 3), 2017 August;
47-63.
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1. NIl ##iF§ <37 : Big Data: Challenges and Opportunities for Disaster Recovery, =g :
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