AIST

ICTA/R—>3074+—5.1.2012
20125 10A2H, FiEAVE-ERESES

RERXBRS - WHIRFICEH TS
BEART—SEE-BA AT LEETD
DA

K[+ EEH, Steven Lynden, BYEF R E
MITITBUEAN EERINEEMMERR




E}l:lj'l.'.' db%

« BRARIFAV TV TEXRERBATSHIZIE
[ART—3] BARAIR
- BELHEA—ROHE
— AEXFARFRAVEA—T1VT DR
« HOPBYMOIBFROLETIZ “ucode” EFEIEN S ID Z{F1+5

e / RDF757 S—
[ HEMNELBD?  creator foafname | ‘Suzuki
dc:creator /
i - i Caistisuzuk
. foaf:age 30"
\,_ article <profile> | _ _ _
""""""""""""""""""""" ’ ! <subject> <predicate> <object>
. > - 1) aist:article  dc:creator aist:suzuki .
* 2) aist:suzuki  foaf:name  “Suzuki” .
N 3) aist:suzuki  foaf:age “30” .

_________________________________________________________________

muteor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2



AIST

oo e B
H R

MEESE (HE)

 RDF (Resource Description Framework)
— W3C IZE W TE#1E
— AEIT—EDORBATEELTHE

* RDF @

—

- T

Aok e
— 35
M) T ILEL
« 44X
ARty

rge
aaaaa
RRRRR

MMMMM

sssss

eeeeeee

e LmkmgOpenData #E?EOD
- -310 UI"J?)I/ 51”,\')./7

RDIEK

—A=(2011)

_mome

. 5T TR

. FRERR
E

~

Ay

9/]:[: [ R =S N \
CV\RS
3 2 7"—"'\I)7)b-t 67GB Z\ ~ 1BM
A I\ { oo Y ‘;;
§ ‘/ / ‘ PROSITE
2y =4
P
Pl \‘\i Pfam t,;{" D
i ovislsy J 7\\‘ b =g
- mey{g’“ v
Pro

nationaL nstitute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



AIST

MEE= (HE)

+ “Big Data” BT SV IT+—LDEHEZT R
— MapReduce + BRI 7AMILY R T L
« 20004 LRI D Google MEHXHFEEK
— A —TV—RADY I+ T “Hadoop”
 Yahoo [Z&k5EHK, ;EBEH
— RANAMREDT—4

» Web 1> Tv9R

YaHoO!
» [, —a1—X, aveErY —_—
» BAA—IL, BE, E)H ;m
R [ Finance ©ow ioes s
t; t ; = How Steve Jol

—~ BEAMADNT I3y
» BEEEE, BALS
» RINLTAILA)YT fmm
» O @y

DE=E

muteor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4



AIST

« FTLLVH

RN )

B2 EHEY

1 51| AL 2

=

i (Big Data Platform) %

inm

HEICKIRE RDF T—2 0 ERHIT 5

HIEXRBED-OLDER:
- At

% ity A

* Pig/Hadoop ZE R IZFHL\S.
* RDF T—2DFHZHRAN, TneHmKRISERT 5.

- ORE (FEREI)

A)T—HREMA R LT — S NBOEEILF ik

B) BIMA A& & - ST I E O BB L Fik

C) MR ROBETF A
BEUOINLDREFADFIE

mstirure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5



AIST

AH =

’ I_a\

x%ﬂ |:|EL

TEAT LT — jFT??’-’V
R—R: 1EH#H D RDF YRR DE

Data integration and query processing

Find new knowledge
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EREIMA BERIXIB
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___________________________________________________________________

( Database operations provided by Pig }

____________________________

RDF special operationsw; [Custom data processing

User-defined (UDF

~

' | (RDFLoad eoeo
1 / 1

J
4 Pig Query and Processiing Engine )
[ ) Logical Optimizer . ]
[ ) Physical Optimizer . ]
= : >
MapReduce Execution; Framework
s i A D
Distributed File System || Storage Schema ]
(Hadoop DFS) | !
. I J
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A-1) T—31&EM AL

» VP-MapFile D EiI%
— Vertical Partitioning (VP)

 Predicate &IZ HDFS L7/ J/LZHRE
— MapReduce THULIOTF LWL F R (MapFile)

. Index %5, Key-value pair D EERER, EHEHAIEE

HA4X |4 Xtk | 0.17MB 56MB
[MB] [%0] MR | R EE
[sec] [sec]
N-Triples74—<vbDITT—4 318.2 100 — —
. <)y _ 57.1 67.2
- - L
N-Triples IZED<CATRUYDTF R 317.9 | 99.89 (5p: 25.6) | (5p: 27.2)
VPIA+—<vhk: TX X, JEEHE 219.5 | 68.97 13.0 22.7
VPZ7#+—< vk :MapFile 236.8 | 74.41 12.7 32.0
VP74+—< vk :MapFile, LZOIE & 36.9 11.59 12.5 24.8
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A-1) T—3MAX (HE)

« VP-MapFile IZxfitL7= Pig [R(7@® RDFLoader
£ 21— )L (built-in function) M BAH

a = LOAD ‘DBpedia’ USING RDFLoader(‘?predicate = http://www.w3.org/ ....");
— SPARQL Filter ilZ&kY, RET—HFHmARIEED.

» VP-MapFile ~D74+—<yrE#Y—)L
— OpenRDF Sesame Z#|AL, MapReduce (2K LI

— 25008 K7 JL (N-Triplesi2 =X T4GB) % 524 [sec] T
VP-MapFile (JE#&) [CZ 2 A gE
e 96 CPU a7 ® Hadoop 0.20 95 X4 HAL-EE

“IREVRTLRND HDFS ~DA > R—bk — VP-MapFile ~Z#: — Pig [Tk A0 ”
D—EDIFIEDEZRILEITOI-.
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A-2) T—RIE

¢ SP2Bench NFI—5%,

T BENFREE (96 CPUT T M Hadoop ¥5 R %)

— SPQRQL ® SP2Bench # Pig Latin [ZF%4#
« RDF Loader E2a—JLIZ&BFa—=2FHLEHE

D ERIE

1LV RDF —4 40

LL

25008 R FIVIZH T B0 T DEITHRM [sec]

Query 5a Query 5b Query 6
TOrIA TR T L (EHEREL) 447 368 842
TOrIATLRT L (EfEHY) 301 240 350
ARQv2.2/Jena 2.5.5 Timeout (3073") Timeout (3053") Timeout (3053")
. Memory : i Memory
Sesame v2.2beta2 (in-memory) Exhaustion Timeout (3077) Exhaustion

Sesame v2.2beta2 (Mulgara SAIL v1.3betal)

Timeout (3073

3077 AN

Timeout (3043

Virtuoso v5.0.6

Loading Failure

Loading Failure

Loading Failure

inn

 Reasoning (Transitive Closure) LI MD 5 &1t
— Join ZILTUX L MR /8\S5A—42DZ B EL
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B) BRI S - T L E D &EEF]

« Adaptive RDF Distributed Query Processing
— B3 D RDF T—2I)ROKIZX T HHEE
— FEZEELEYIR7 (ADERIS) A
* http://code.google.com/p/sparql-aderis

* Dynamic data re-partitioning for RDF joins
- RET7T—FTI/FVICEBITAMEEICALT, XM
EIEDERICE ST LT RET
- BXREATA) LOBEEICET LR
« 12%: MapReduce IZE175 % E& Join DEiR1E

mstirure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 11



AIST

Distributed query processing over RDF data

Aim

Provide a way of integrating RDF data, relying on the SPARQL
guery language, protocol and Linked Data.

Approach

|nput = SPARQL query Query (SPARQL) RDF repositories on the Web

The system retrieves the -

data required from multiple | swaee ved
. omplie\QDplimise
SPARQL endpoints and S
uery
integrates the data Processor sPARQL [EITRS
Integrate service

the entire process is
automatically executed Integrated ROF data web

« Declaratively N N /

« Adaptively
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Adaptive RDF Distributed Query Processing

Dynamically retrieve RDF data from distributed databases

« Continually issue sub-gqueries to individual databases; configure
the query plan at run-time depending on the results.

First adaptive query processing technique for RDF data

« Recent work on switching join order in pipelined relational query
plans provides a way to switch join order without throwing away

results.
Example: dynamically joining / \

RDF data from multiple sources S / \
- Adaptive query processing /N\ possble /M\ foaf depiction

IS used to switch join order
foaf.depiction N dbpedia:occupation(*)

and reduce query processing time. e foafdepucnon / \

foaf:homepage foaf:name(*
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dbo:

(Result size = 15

where |

Cuery 1
sglact *
TH
TH
?H

dbp:reference ?ref
rdf :comment ?comment
skos:subject ?subj
TH
TE

foaf:page 7pags .
rdf:type Ztype

<http://dbpedia.org/ontology/>
dbp: <http://dbpedia.org/property/>
owl: <http://www.w3.o0rg/2002/07/owl#>

rdf: <http://www.w3.0rg/2000/01/rdf-schema#>
skos: <http://www.w3.0rg/2004/02/skos/core#>
foaf: <http://xmlns.com/foaf/0.1/>

Query 4 (Result size 13) :
select * |

3105

FILTER ( regex(str(?subj),"building™) )

£ %
dbp:reference 7Zref
rdf :comment ?comment
skos:subject ?subj
foaf:page ?page .
rdf :type dbo:book

where |

where |
dbp:reference ?7ref
rdf :comment ?comment
skos:subject ?subj
foaf:page ?pags .
rdf:type dbo:book
dbo:releassDate 7date

3 (Result size = 8):

777,679 ?book rdf:type dbo:Book
10,000 ?book foaf:page ?p 10,000
9971 ?boock owl:sameZs ?link (DBF) 10,121,699
10,000 }
800, 000 M no-adapt adapt
100
——
5 90
777,679 E 80
10,000 E 70
9971 N
10,000 ~— 60
Q
3105 g 50
pra 40
Q 3
777,679 -
10,000 o 20 -
9971 2 10 - L
10,000 Q
3105 o 0 . . . .

(DBF) 126,737 1 9

Query ’

4
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Dynamic data re-partitioning for RDF joins

« MapReduce is increasingly being used to analyse large datasets
— Easy to program, Parallelism, Fault tolerance, etc.

« Joins
— Fundamental operation in many applications, therefore optimisation
IS Important
Reduce 1 Reduce 2 Reduce 3

Dynamic re-distribution Ay N
Use Adaptive Query >4 8 _--»Dd
Proc_ess_lng—base.d. “ < B
monitoring (e.g. join <X N\
selectivity) to trigger re- 00 ﬂ 8]
distribution of data in RDF PN =
joins. Data from slow A

. “k‘ . “ '~ { M
reduce tasks is sent to - - -

Map Map Map

faster ones to speed up the

Overa” roceSSIr] tlme Of Relatively small, replicated Relatively large, hash-partitioned
p . g . tables ! ’ . tables. e ’

a seguence of joins.
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AIST Example Results

Separate vs Multiple-joins

Using the proposed technique
to join multiple RDF tables
was faster on average than
the “cascade” (sequences of
separate joins) approach in
most cases.

Response time (minutes)

18
16
14
12
10

[ T ST = T

20
18
16
14
12

Response time (minutes)
[
o

[ R L RN - o ]

M redistribute M normal

B multijoin (with redistribution) M cascade joins

90 150 210 270 330 390 450 510

Number of reduce tasks

Static vs Dynamic

Re-distributing data

between reduce tasks

showed improvements

over normal Hadoop
' I IE scheduling in our
a0 150 210 270 330 390 450 510

Number of reduce tasks

experiments.

NATIO!
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C) $EMNGPRBRDIBEE

» “BERGHEE ODEHDEETILIVX L

— 78 : RDF TIIAADT—AELBEATHY, FHEEERENLD
m\% & (EERGHEE) NEHET S

— BRRE: HFRICEFNLWLWT—2EFFAIL, FARIET
ZETIO ZFLT

 RDF XEDHE&EIZHE B L-18#RiE

— [ERE: EFKETIE, RDF T—2% UL TH#L,
@%ﬁﬂ#l TNOEHEETH-60, FHEENEEHT S
— RRE: HOMNLOHEESLTHRINT HLT, HBERIEE
b5
« ECHERTANDREIZ RDFE XEDEEXFH

]
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BERGESODEOOBEET7ILIVA L

« BIR: 2D B+ KEEEFEHH, %L%’%’Eﬁ?&)éffﬁ%’%

- Y—hY—THE (MBMGHEFE)  SiARIELEGL
« ETDE/—FFZE1ERFTYUTD

— Zig-zag #58: TERE/—FDFEARIELAATEE
« B/—FRILZHELT, EETENEINTTHIE

— BF ¥—UHE (REFER)  FEGHR/—RUTOE/—FD&5HA

[XLAATEE

« B/—FRITZ#LERLT, EENESHEHIE
o & /—FIZ Bloom J4)IL3ZHFD&LIICHRERLE- B+ K&E{EMH

Y—hv—=T8EE Zig-zag f5 8 BFY—I8#6 IBREFR)

/ FREASNBEWVZETHEIN
'\\ ESDDHIFELERR/—RHF
9 ABloom74 LA THIE,
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REFREMKEDLER

« RERT—H

vV EEDEWNO0AEZRD T —RERLEHERANT, 22K
V fATHAEBEET—AREREMERL, L5E2DICEE A (EBRTIEIIALEZHES
~ RABIREMN 1% DHE, REOHXBEAIXIAERELS

18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

// ~—RET® B
- —rT—T%E

0.0001% 0.001% 001% 0.1% 1%
FEEERE

EEEREMEVGEICIREFEIIRNTHS.
mR42EDERIET i)ﬂibf:.
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— RDF documents

RDFXE D&

<rdf:RDF ...>

(" <FullProfessor rdf:about="id:codd”>

<name>Ted</name>

<teach rdf:resource="id:coursel”>
<name>AAA</name>
<room>0123</room>

</teach>

<teach rdf:resource="id:cource2”>
<name>BBB</name>
<room>0124</room>

</teach>

<email>ted@...</email>

~

\_</FullProfessor> )

{ <AssistantProfessor rdf:about="id:jim"”>

\_</AssistantProfessor>

[ <Paper rdf:about="id:xxx">

<name>XXX</name>
<author rdf:about=“id:codd” />
. </Paper> )
( <Book rdf:about="id:yyy”> )
<name>YYY</name>

<author rdf:about=“id:codd” />
<author rdf:about="id:jim” />

</Book>

AIST

e B LERNE

e RDF X &
- BELEETRBIATLS

— ZDOH DR (RDF paragraph EFESN) TF
- ANDAIFGEEDERBLTROONTZ
e RDF &t
- MEEEEBIEENLRERTHS
— ROFEE&BIEANEITTHIEASLY

{R:i% : RDF paragraph & RDF query D& & (XFE{L

MEN TS

~Paragraph ~Query "
typ c2
‘c1 c3 c5 cl c3 c5>
T te e T: te e —
c4 75 c6 simiiar c4 cb6
G J A J
cl c2 c3 c4 c5 c6 c7
id:codd FullProfessor Ted |id:coursel AAA |0123 ted@...
id:codd FullProfessor Ted [id:course2 BBB 0124 ted@...
id:jim Assistant Professor |
ERECEEET s ooh € TS TRMT S
\
id:xxx Paper XXX |id:codd 9 *ﬁiéhé*ﬁ 75 -a—J—C‘ *ﬁfﬂﬂ'ﬁﬁ
71>
id:yyy  |Book  |YYY |id:codd ~ *ﬁ?ﬁiﬁ#ﬂi?’f‘n SHVBD
dyyy  |Book  |vvv [dgm | = *ﬁg—g'liﬁbb\ﬁi
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Processing time [ms]

1E+4

1E+3

1E+2

1E+1

1E+0

1E+6
1E+5
1E+4
1E+3
1E+2
1E+1
1E+0

1E+5
1E+4
1E+3
1E+2
1E+1

1E+0

—Query 1

IREFIEELNRKE (4F25F) DLEER

TripleSt . "
ot T L EER L LUBM AU FR—HIC LY
== VerticalPartitioning v 7_;_9 F'Jjo)l/é&@;f;éfﬁiiﬁ
] SameSubject v B&t: LUBM D Q1,2,4,7,8,9,14
——FlexTable (DB EE FHERUEN S ENS=ORRMN)
—==ParagraphTable
500k 1M 2M 4M  8M 16M (REF7)
—Query 2 143 —Query 4 145 —Query 7

- —t——g——h
| M N 1E+3 | o~ M
@ =X 1E+2

1E+1 ﬁ i ili i ili i
1E+1 -
T T T T 1 1E+0 T T T T T 1 1E+0 T T T T T 1
500k 1M 2M AM 8M 16M 500k 1M 2M AM aM 16M 500k 1M 2M  4M aM 16M
—Query 8 1e+6 —Query 9 1e+4 —Query 14
A 1E+5
1E+3 7
| 1644 |
k‘?‘-—‘ﬁ_ﬂi 1643 - 1642
1 ' 1642 -
1E+1
1E+1
T T T T T 1 1E+0 T T T T T 1 1E+0 T T T T T 1
500k 1M 2M AM 8M 16M 500k 1M 2M AM aM 16M 500k 1M 2M  4M aM 16M

BIE&H Q14,78 [CHWT, BEFEIMN)TILEIZHTHRT—ZE) T4D3H 5.
FEAEDBEERIZENT, IREFEFIZFN2BBHIZESETHAS.
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FED

- KIR1E RDF T—2EQEBFIZRL, TDEH
[T BRERBINORFEZITOI-.
A) T—A2NA X EAH|TF—2 0B D SR FE
B) EIRI7/E & £ - TR D s L F &
— Pig/Hadoop TM XL, EFEH7Z T
— EREETHO=REDT—XNEEAREICLT=
— HEIARL—2 & MapReduce &ALV =5 ERRIZ R

C)ERMTHRFERDIBERF A
— EREREHZR R
— RDF T—32EBFZEL TOFAMMGERIENZL
— SHBRREVATLAOERZERE

|-
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S1ZICMITT

« RDF T—42DIHAPEDRFE - X
— Hi1F: IRABHT—ARRBEDILKRICESHHE
c KUBEKRDHSBEE, BETIAIEEIZLS
« INFTHEEBTELMI=LOLHMENELNSD
— B (AT —AEHNEDESIZERTEIMN? ] ELNVS
FIZED =R

« VATLDRERDFRE
— TARTHDREFEDHAAH
— Pig/Hadoop D 7Y 7 T—r~DEHE
— J5ORS—EXELTODEHR
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