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Exploratory search on big data
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Abstract: Exploratory search is a new approach for discovering the value of big data, compared with data serving and
data analysis. Data serving emphasizes to meet users' information need at the micro-level, and data analysis emphasizes
to discover insights among data at the macro-level. However, exploratory search is a way to support user to freely swap
between micro-level to macro-level and interactively explore the value of data as well. Firstly, approaches for discovering
the value of big data were discussed. Secondly, the definition, model and characteristics of exploratory search were
illustrated. Thirdly, the architecture of exploratory search systems was designed, and a review of the challenges and
techniques of each component of the architecture were given. Finally, preliminary results of exploratory search in RDF
knowledge bases were introduced.

Key words: big data; knowledge base; exploratory search; data exploration

1 11
(volume) (variety) (velocity)3V [
(value) NoSQL
2
(data serving) NoSQL
2015-10-09 2015-12-12
©<973”” 2012CB316205 61472426

14XNLQO6
Foundation Items: The National Basic Research Program of China (973 Program) 2012CB316205); The National Natural Science

Foundation of China (61472426); Fundamental Research Funds for the Central Universities; The Research Funds of Renmir
University of China (14XNLQO6)

2015316-1



-78 -

36

[2]

1.2

(31

(OLAP )
OLAP SQL
1 2
1 2
2
3
4
5

2015316-2

(41

(exploratory search)



12 -79 -
[5] 1
(6] [71 (8]
[ 1o RDF [11]
1
2 (data domain)
2
SIGMOD 2014 (17
[12]
SIGMOD
[13]
2006
Marchionini ~ ACM Marchionini@  Whitel”
[4] 2
2005
- 2.2
2006 SIGIRUS! Marchionini
2007 3 2 1
SIGCH|[16] (lookup)
2 (learn)
2.1
Marchionini 3 (investigate)
3 M1
2
3
2
2
Rt
5 B2 — 15 BFHE > JUN.TA ] il | (EYSE: ¥

1

2015316-3



2015316-4

- 80 - 36
2.3
Marchionini®  Whitel!7]
: : 1
# i %3 A i
' ' 2
3
1 2
Whitel7] 2
1 (exploratory browsing) 2
(focused searching)
3
, 3 Whitel?
1
2
3
4
5
L] o e 6
x LT
% g
i3
LV VA
| 4
RN
fhj % HhREE
wEE
3



12 -81-

4

3.1
Agapie
[18]
SearchPanel**!
Chrome
Querium(2!
MM HEZ
__________ Querium
5
HERMEAN SR EMAL
B R 2
ERPITAN
SRR el B 312
HmE Bz [}
(collaborative search)
B FHE RS
311 Golovchinsky — [24
1
2
3 SearchTogether??
1 (No title available) lﬂ)'@%

David J Harper

xtasy.slis.indiana.edu/jcdlui/papers/harperfinal.pdf

Learning about design, through doing, and indeed most project-based and/or group learning follows broadly the same pattern. An in- 1
Design is very broadly interpreted as any creative process, often collaborative, examples...

Show related terms

HP R

SIMULATION IMPLEMENTS DEMAND-DRIVEN WORKFORCE SCHEDULER FOR SERVICE INDUSTRY ABSTI
S. G. Henderson, B. Biller, M. -h. Hsieh, J. Shortle, J. D. Tew, R. R. Barton, Marcelo Zottolo, Onur M. Ulgen, Edward J. Williams

www .informs-sim.org/wsc07papers/023.pdf

Under- and over-staffing is evident when comparing actual past schedules with DJWS generated optimal schedules for the same
periods. Resources are now staffed following daily and hourly fluctuations in business demand, resulting...

Show related terms

5 Querium

2015316-5



-82- 36
VizDeck[?8]
Twitter 3.2
3.2.1
3.1.3
80%
[23,24] Web
6 Google SQL
DataPlay!?!
sQL
Qarabagqil®”!
[25]
Tran B
3.2.2

6 Google

[26]

5 Querium

Polaris(?”]

2015316-6

Shokouhil32

[33~35]

YmalDB38]



12 -83-
Google Bing
(data
prefetching)
3.23 I/0
[39]
(query
approximation)
[40~44]
MobEX[7] 4
Web
RDF(resource description
framework) ! DBPedia 2> Freebase 3
OpenCyc *4 Wikidata > YAGOM]
RDF 2 RDF
SPARQL © RDF
SPARQL RDF
RDF
Hippalust®l
RDF
RDF
RDF
3.3
41 RDF
RDF WWW (world wide
web) Web
331 481  RDF
Web
URI(uniform resource
identifiers) Web
http:/mww.w3.0rg/RDF/
http://dbpedia.org/
3.3.2 http://www.freebase.com/

http://opencyc. org/
http://wikidata.org/
http://www.w3.org/TR/rdf-sparql-query/

o O W N

2015316-7



-84 - 36

RDF Web RDF
[47] /
(linking open
data) ’ RDF
RDF SPARQL
SPARQL
2011 295 2014 1014
8 RDF RDF
RDF
RDF
RDF RDF
Knowledge SPARQL
Graph
4.2 RDF
RDF
RDF
RDF
RDF
421
RDF
RDF
3
RDF
RDF 4.2.3
RDF
422
RDF
[47]
RDF
RDF
7 http://linkeddata.org/
8 http://lod-cloud.net/ RDF

2015316-8



12 -85-
[48-511 NMPP [58]
[52~54] [55~58] 4.3 SEED
RDF SEED
Pregel“® GraphLab* GraphX[P0  Trinityl>4 RDF
Pregel GraphLab GraphX BSP
(59 Jim Gray Edgar F Codd Charles
Bachman  Michael Stonebraker
(
subject-category: database researches)
Trinity SEED 7 3
2
RDF
?3?2 E—
Y — 43
‘ AR S "* "‘ KR B T ’
S R \ S |
ARSI =TLAHI
[ e SR ] [ A ] :
RS ] [ B ] :
! | | { |
HEFP O ] [ Bt ] j

1R B

7 <QFFD

2015316-9



- 86 - 36

8
Michael Stonebraker

Michael Stonebraker
SEED
Michael Stonebrake

RDF

Home Explore Debug Manage

‘ Jim_gray_(computer_scientisty x | edgar_f._coda x | chares bachman x | michael_stonebraker x “

O Time Elapse: 6470 ms 2 Explore with New Triples: 0 Y @ N
Entities Semantic Patterns

i & @ ety Up lj li @ @ Anchor Entity Predicate Filter

1 ® michael_stonebraker + 1 @ category database_researchers subject 2

2 o jim_gray_(computer_scientist) t 2 @ category:fellows_of_the_association_for_computing_machinery subject 2

3 e edgar_f_codd 1 3 @ computer_science field 5]

4 o charles_bachman t 4 @ category:american_computer_scientists subject @

5 (o] david_dewitt + 5 4+ category:turing_award_laureates subject 2

6 @ peter_chen 1 6 @ category:sigmod_edgar_f._codd_innovations_award_winners subject =]

T @ h_v._jagadish t T + turing_award award (=]

8 © stanley_zdonik + 8 @ university_of_michigan almamater 5]

9 o joseph_m._hellerstein t 9 @ category:living_people subject 5]

10 o renée_miller 1 . .

8 SEED

<http://dbpedia.org/ontology/person>

<http://dbpedia.org/oniology/agent>

computer_science
turing_award
category: 1944 Wrtrs

category:american_computer_scientists

jim_gray_(computer_scientist)

N

category:members_of the united_states_
national_academy_of_engineering

<http://dbpedia.org/ontology/scientist>

university_of california_berdeley
\

category:memebers_of the united_states national_academy_of sciences

® subject . type Oaimamater @ award . field

9

2015316-10



12

-87-

[

(2]

B3]

(4]

(5]

(6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

MENG X F, Cl X. Big data management: concepts, techniques and
challenges[J]. Journal of Computer Research and Development, 2013,
50(1): 146-169.

MANNING C, RAGHAVAN P, SCHUTZE H. Introduction to
Information Retrieval[M]. Cambridge University Press, 2008.

JUDD C, MCCLELLAND G, RYAN C. Data Analysis: a Model
comparison approach[M]. Routledge Press, 2009.

MARCHIONINI  G. Exploratory
understanding[J]. Communication of the ACM, 2006, 49(4):41-46.
HECHT B, CARTON S, QUADERI M, et al. Explanatory semantic
relatedness and explicit spatialization for exploratory search[A].
SIGIR[C]. 2012.415-424.

ROITMAN H, YOGEV S, TSIMERMAN Y, et al. Exploratory search
over social-medical data[A]. CIKM[C]. 2011, 2513-2516.

BOZZON A, BRAMBILLA M, CERI S, et al. Exploratory search in
multi-domain information spaces with liquid query[A]. WWW[C].
2011.189-192.

HAM F, PERER A. Search, show context, expand on demand:
supporting large graph exploration with degree-of-interest[J]. IEEE

search: from finding to

Transaction on Visualization and Computer Graphics, 2009, 15(6):
953-960.

DUNNE C, RICHE N, LEE B, et al. GraphTrail: analyzing large
multivariate, heterogeneous networks while supporting exploration
history[A]. CHI[C]. 2012.1663-1672.

YOGEV S, ROITMAN H, CARMEL D, et al. Towards expressive
exploratory search over entity-relationship data[A]. WWW][C]. 2012.
83-92.

MIRIZZI R, RAGONE A, SCIASCIO E. Like breadcrumbs in the
forest: a tool for semantic exploratory search[A]. EDBT/ICDT
Workshop on Linked Web Data Management[C]. 2011. 32-33.
KOUTRIKA G, LAKSHMANAN L, RIEDEWALD M, et al. Report
on the first international workshop on exploratory search in databases
and the Web[J]. SIGMOD Record, 2014, 43(2): 49-52.

IDREOS S, PAPAEMMANOUIL O, CHAUDHURI S. Overview of
data exploration techniques[A]. SIGMODIC]. 2015.277-281.

WHITE R, KULES B, BEDERSON B. Exploratory search interfaces:
categorization, clustering and beyond[J]. SIGIR Forum, 2005, 39(2):
52-56.

WHITE R, MURESAN G, MARCHIONINI G. Report on ACM
SIGIR 2006 workshop on evaluating exploratory search systems[J].
SIGIR Forum, 2006, 40(2): 52-60.

WHITE R, DRUKER S, MARCHIONINI G, et al. Exploratory search
and HCI: designing and evaluating interfaces to support exploratory
search interaction[A]. SIGCHI[C]. 2007.2877-2880.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371

2015316-11

WHITE R, ROTH R. Exploratory search: beyond the query-response
paradigm[M]. Morgan & Claypool Publishers, 2009.

AGAPIE E, GOLOVCHINSKY G, QVARFORDT P. Leading people
to longer queries[A]. CHI[C]. 2013. 3019-3022.

TRETTER S, GOLOVCHINSKY G, QVARFORDT P. SearchPanel: a
browser extension for managing search activity[A]. EuroHCIR[C].
2013. 51-54.

GOLOVCHINSKY G, DIRIYE A, DUNNIGAN T. The future is in the
past: designing for exploratory search[A]. 11iX[C]. 2012.52-61.
GOLOVCHINSKY G, QVARFORDT P, PICKENS J. Collaborative
information seeking[J]. IEEE Computer Society, 2009, 42(3):47-51.
MORRIS M, HORVITZ E. SearchTogether: an
collaborative web search[A]. UIST[C]. 2007. 3-12.
REN L. Research on

interface for
Interaction Techniques in Information
Visualization[D]. Beijing: Chinese Academy of Sciences. 2009.

CARD K, MACKINLAY D, SHNEIDERMAN B. Readings in
Information Visualization: Using Vision to Think[M]. San Francisco:
Morgan-Kaufmann Publishers, 1999.

KEIM D. Information visualization and visual data mining[J]. IEEE
Transaction on Visualization and Computer Graphics, 2002, 8(1):1-8.
REN L, DU Y, MA S, ZHANG XL, et al. Visual analytics towards big
data[J]. Journal of Software, 2014,25(9):1909-1936.

STOLTE C, TANG D, HANRAHAN P. Polaris: a system for query,
analysis and visualization of multi-dimensional relational databases[J].
IEEE Transactions on Visualization and Computer Graphics, 2002.
8(1)

KEY A, HOWE B, PERRY D, et al. VizDeck: self-organizing
dashboards for visual analytics[A]. SIGMODIC]. 2012.681-684.
ABOUZIED A, HELLERSTEIN J, SILBERSCHATZ A. Playful query
specification with dataplay[J]. Proceedings of the Very Large Data
Bases Endowment, 2012, 5(12): 1938-1941.
QARABAQI B, RIEDEWALD M. User-driven
imprecise queries[A]. ICDE[C]. 2014. 916-927.
TRAN Q, CHAN CY, PARTHASARATHY S. Query by output[A].
SIGMODIC]. 2009.535-548.

SHOKOUHI M, SLOAN M, BENNETT PN, et al. Query suggestion
and data fusion in contextual disambiguation[A]. WWWI[C]. 2015.
971-980.

GAO J, YUAN W, LI X, et al. Smoothing click through data for Web
search ranking[A]. SIGIR[C]. 2009.355-362.

GUO F, LIU C, KANNAN A, et al. Click chain model in Web
search[A]. WWWIC]. 2009.11-20.

AGICHTEIN E, BRILL E, DUMAIS S. Improving Web search

refinement  of

ranking by incorporating user behavior information[A]. SIGIR[C].
2006. 19-26.

DROSOU M, PITOURA E. YmalDB: exploring relational databases
via result-driven recommendations[J]. Proceedings of the Very Large
Data Bases Endowment, 2013, 22(6):849-874.

SCHMEIER S. Exploratory search on mobile devices[D]. German
Research Center for Artificial Intelligence and Saarland University.
2013.



- 88 -

36

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

PAPADAKOS P, TZITZIKAS Y. Hippalus: preference-enriched
faceted exploration[A]. EDBT/ICDT Workshops[C]. 2014.167-172.
TAUHEED F, HEINIS T, SCHURMANN F, et al. SCOUT:
prefetching for latent structure following queries[J]. Proceedings of the
Very Large Data Bases Endowment, 2012, 5(11): 1531-1542.
SIDIROURGOS L, KERSTEN M L, BONCZ PA. Scientific discovery
through weighted sampling[A]. Big Data Conference[C]. 2013. 300-306.
SIDIROURGOS L, KERSTEN M L, BONCZ P A. SciBORQ:

scientific data management with bounds on runtime and quality[A].

Biennial Conference on Innovative Data Systems Research (CIDR)[C].

2011.296-301.

ACHARYA S, GIBBONS P, POOSALA V, et al. The aqua
approximate query answering system[A]. SIGMODIC]. 1999.574-576.
AGARWAL S, MILNER H, KLEINER A, et al. Knowing when you're
wrong: building fast and reliable approximate query processing
systems[A]. SIGMODIC]. 2014.481-492.

AGARWAL S, MOZAFARI B, PANDA A, et al. BlinkDB: queries

with bounded errors and bounded response times on very large data[A].

EuroSys[C]. 2013.29-42.

HOFFART J, SUCHANEK F, BERBERICH K, et al. YAGO2:
exploring and querying world knowledge in time, space, context, and
many languages[A]. WWW [C]. 2011. 229-232.

RDF model and syntax specification[S]. 1999.

DU F, CHEN Y G, DU X Y. Survey of RDF query processing
techniques. Journal of Software, 2013, 24(6):1222-1242.

MALEWICZ G, AUSTERN M, BIK A, et al. Pregel: a system for
large-scale graph processing[A]. SIGMOD[C]. 2010.135-146.

LOW Y C, GONZALEZ J, KYROLA A, et al. Distributed GraphLab:
a framework for machine learning in the cloud[J]. Proceedings of the
Very Large Data Bases Endowment, 2012, 5(8):716-727.

GONZALEZ J E, XIN RS, DAVE A, et al. GraphX: graph processing
in a distributed dataflow framework[A]. OSDI[C]. 2014.599-613.
SHAO B, WANG H, LI Y. Trinity: a distributed graph engine on a
memory cloud[A]. SIGMOD[C]. 2013.505-516.

CHANG L, WANG ZW, M AT, et al. HAWQ: a massively parallel
processing SQL engine in hadoop[A]. SIGMODI[C]. 2015. 1223-1234.
LI J Z, GAO H, LUO J Z, et al. InfiniteDB: a pc-cluster based parallel

[54]
[55]

[56]
[57]
[58]

[59]

2015316-12

massive database management system[A]. SIGMOD[C]. 2007. 899-909.
Cloudera Impala[EB/OL]. http://www.cloudera.com/.

DIACONU C, FREEDMAN C, ISMERT E, et al. Hekaton: SQL
server‘s memory-optimized OLTP engine[A]. SIGMODIC]. 2013.
1243-1254.

SAP HANA[EB/OL]. http://www.saphana.com/.

MonetDB[EB/OLY]. http://www.monetdb.org/.

ANTOVA L, EL-HELW A, SOLIMAN M, et al. Optimizing queries over
partitioned tables in MPP systems[A]. SIGMODIC]. 2014. 373-384.
VALIANT L. A bridging model for parallel
Communication on ACM, 1990, 33(8):103-111.

computation[J].

1963-

1991-

1976-



