EFERRDFERESE

BEAN: SBF=

zoulel@-ku edu. cn




.......... M \lﬁrlf 1§$%ﬂﬁ44 2 .

© NEEREEEREGS

.....................

O I




.......... AIREIREE

6.. ........ MAEBEMERTR
__________ AEERERENTS




*iRELE (Knowledge Graph)

20128E5816H, Googlek#m “&MiR

#—C "E8e" BRIEE,

JEmAREE

{=

Google

23 e BH ¥hia R B

(FAAT 0.53 #1)

e R=E

www.pku.edu.cn/ v

2016F4 8150 » FRBBPEFEFELAFNLTAT, FLFAFEASENERECFEYS - 535
ERMIBE TR« ROSENEXSIIOEASNER-

Q

ERAKRFEFE
BT - HBESH - FEieY - & -

ERAE=ZAEETS
AR5 £: 010-62751023 Email =
sermis@pku.edu.cn © dLREAFE

LA ARZBBS
W BEAME | BARIE

LEREE

® 2000- ERAFITFIR - MEFIR - H 5T

2016 bbs.pku.edu.cn All Rights EFR - ...
R ARZE-EEFR, BEEHAERES
http h.wikipedia.org/zh-cnidb T XS ~
kE A% (HEiF: Peking University . $850PKU)Y » @4k, BT 18985, MEFIMAEE-
BERBASEHS BrdlmAF BuFEAFSAITERAAFIERD, AmREGZEDEIAE,

MBA1B£LE®, RI17T41F: ﬁu?g;ium- ENh

EmAZFE_BEAR
baike baidu.com/view/1471_htm ~
1949 > ALABBERHNRITEAS « 19524, BRIHATRSFRERTIRRERE, FHas.,

s AL IREE 88

e AK=E
Pdsh 25
shig A RENEALEHAAF

EmATF . EEdLA. I T 18985,
BRIMAFE - RISAFERZ ZHBNAH
EHsT . At EERESHETEH
x. TEHEHRE. HEEHT-
19125, FIfAFEEREBAEIZIRA
Fo HEEHH

ot : dEEHEERRNERSS
elEA: HERE

ez F: 18986 5118

BESH: 010 6275 1201

BAEAF: 32777 (2012 &)
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RiFHEIRMESS (RDF) £4iE

y REDFE%EIL,\%WL%%SZJ.:.EI’\E%iﬁ
- RDFZHWICERIBHI— ]
EHLQ\/E*EEM\*E_:EI’JM | Ontalogies: = |
+ RDFEENMB—NER seaRal [
( Building Block ) R ——
. EMIﬂEI’J HirEmM % LAYRIR e

ZE ll*nﬁ%j-fg:ﬁu " (M a C h N e Identifiers: URI Character Set: UNICODE
understandable)

Kq'm boydAin I




Googleﬁ?ﬁ ¥R Am Facebook SEET Im

> \n 7= Mol Y7, e 174 ?.iﬁ*ui'ﬂ\iﬂaﬁﬂg . N
HIAENS HME" mezmers  EHRRERE

2012-05-16 2012-11-12  2013-01-16 2013-02-08



RDFEUEEE
Bt

~

HH Rl 40 3k,

10%

- PAWIETIEE
14%
IEJUH%J‘?JI

Rz
45%

-

— " RleE
Ak
P = 10%

EEE
0%

technoloqy ,..‘ T

L qovernment
ransparencywm =
Jpendata

BioModels, Biosamples, ChEMBL,
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B ? ------ — P RiEfl+(RDFa)

EHENHTMLRAZES SN ED , HIaIFIR, ESESTSEF |
MAZMRFRIRNTANEN,

<html>

<font size="3" color="red"> Lei Zou </font>

</br>

Email:<a href= "mailto: zoulei@pku.edu.cn">
zoulei@pku.edu.cn </a>

<i:p:>

<font size="3" color="black">Publications: </font>
<Z:/'p>

<div>
Lei Zou. Jinhui Mo. Lei Chen, M. Tamer Ozsu.
Dongyan Zhao. gStore: Answering SPARQL Queries Via
Subgraph Matching. VLDB, 2011
</div>
</html>




g Kg ? ------—ME Bl F(RDFa)
B W R IR R EANE .

<html>

<div resource="#me" typeof="Person" >

<font size="3" color="red"> <span property= http://xmins com/foaf/0.1/name>= Lei

Zou </span> </font>

<br/=

<a property=" http://xmins com/foaf/0.1/mbox" href= "mailto: zoulei@pku.edu.cn "

= zoulei@pku.edu.cn </a>

<Z:p:1>

<font size="3" color="black"=Publications: </font>

</p=

<div resource="www_vldb.org/pvldb/vol4/p482-zou pdf'=
<span property=" http://purl.org/dc/terms/contributor"= Lei Zou </span>,
<span property="http://purl org/dc/terms/contributor"= Jinghui Mo </span>,
<span property=" http://purl. org/dc/terms/contributor"> Lei Chen </span>,
<span property="http=//purl org/dc/terms/contributor"=> M. Tamer Ozsu</span>,
<span property=" http-//purl org/dc/terms/contributor"> Dongyan Zhao</span=,
<span property=" http-//purl org/dc/terms/title"> gStore: Answering SPARQL

Queries Via Subgraph Matching </span=,
<span property="" http-//purl org/dc/terms/Publisher">= VLDB </span>
<span property="" http-//purl org/dc/terms/Date">2011</span>

</div=

</html>




ig X ? ------—MeiEFIF(RDFa)
GoogleZEHat L

Google 5L EHENIR T A

alhd TH

—

®

TIAR/ RITTHID. U TUal V. 1/ 1TTUUR

RIGEXE

ARIFEXRT
http:/www.vldb.org/pvidb/vol4/p482-
zou.pdf

<html>

<div resource="#me" typeof="Person" > @type

<font size="3" color="red"> <span property=

http://xmlns.com/foaf/0.1/name> Lei .

Zou </span> </font> *%E%—'ﬁj

<br/> ) ., ) , .
<a property=" http://xmlns.com/foaf/0.1/mbox" href= "mailto: D: http://www.vldb.org/pvidb/vol4/p482-zou.pdf
zoulei@pku.edu.cn " @type

> zouleifpku.edu.cn </a>

<p> @id

<font size="3" color="black">Publications: </font>

</p> http://purl.org/dc/terms/contributor

11 <div resource="www.vldb.org/pvldb/vold/p482-zou.pdf"> http:/purl.org/dc/terms/contributor

<span property=" http://purl.org/dc/terms/contributor"> Lei Zou .
http:/purl.org/dc/terms/contributor

http://purl.org/dc/terms/contributor

</span>,
<span property="http://purl.org/dc/terms/contributor"> Jinghui Mo
< > .
/span>, ) . . http:/purl.org/dc/terms/contributor
<span property=" http://purl.org/dc/terms/contributor"> Lei Chen
</span>, .
http:/purl.org/dc/terms/title
<span property=" http://purl.org/dc/terms/contributor"> M. Tamer p/p g/cc/ d
Ozsu</span>, .
<span property=" http://purl.org/dc/terms/contributor"> Dongyan http://purl.org/dc/terms/Publisher
Zhao</span>, http:/purl.org/dc/terms/Date

<span property=" http://purl.org/dc/terms/title"> gStore: Answering
CDADNAT

Lei Zou

Jinghui Mo

Lei Chen

M. Tamer Ozsu

Dongyan Zhao

gStore: Answering SPARQL Queries Via
Subgraph Matching

VLDB

2011

11




igX¢K ? ------—M e EflF(RDFa)

® O O ’ 75 structured data testing to: > D Bob Smith x l EIEEEAP |

A
2

€& > C M [7 linter.structured-data.org/examples/google-rs/people.md.html ity ﬁj

My name is Bob Smith, but people call me Smithy. Here is my homepage: www.example.com. I live in Albuquerque, NM and
work as an engineer at ACME Corp. My friends: Darryl, Edna

RDFa (source lint)

<div xmlns:v="http://rdf.data-vocabulary.org/#" typeof="v:Person">
My name 1is <span property="v:i:name">Bob Smith</span>,
but people call me <span property="v:inickname">Smithy</span>.
Here is my homepage:
<a href="http://www.example.com" rel="v:url">www.example.com</a>.
I live in
<span rel="v:address'">
<span typeof="v:Address'>
<span property="v:locality">Albuquerque</span>,
<span property="v:region">NM</span>
</span>
</span>
and work as an <span property="v:title">engineer</span>
at <span property="v:affiliation">ACME Corp</span>.
My friends:
<a href="http://darryl-blog.example.com" rel="v:friend">Darryl</a>,
<a href="http://edna-blog.example.com" rel="v:friend">Edna</a>
</div>

12



BN ? ------—4MEEaHIF (RDFa)

Bob Smith
linter.structured-data.org/examples/google-rs/people.rdfa.html

Albuquerque, NM - engineer, ACME Corp

an actual search result may display other content relating to your search terms here.




What is Semantic Web ? ---A Simple Example

All ~

L]
Lenovo Ultrabook Black 14" ThinkPad T450 Laptop PC
with Intel Core i5-4300U Dual-Core Processor, 4GB
Memory, 500GB Hard Drive and Windows 7
Professional

Treviews Q8A By:Lenovo

List price $1,016.67 Save $400.00

Sold & Shipped by WeeklyCloseouts
W5 Shipping not available

™ Pickup not available Pickup options

~}-  Add 2-Year Protection $59.00

-}-  Add 3-Year Protection $89.00

Hello. Sign In
Q My Account ~

Reduced Price

Protect your purchase with a Care Plan @

BN TR

i-ProductOfferWrapper” itemprop=offers
»="" jtemtype="//schema.org/Offer">

Get In-Stock Alert ss=Crid-col><div><span class="display-inline-
prod-PaddingRight--s valign-top">

ss=prod-PriceHero><span class="hide-content

inline-block-m"><span class="display-inline-

range-fit Price Price--stylized u-textGray"
data-tl-id=Price-ProductOffer><span>

<span class=Price-currency itemprop=priceCurrency
content=USD>$</span>

<span class=Price-characteristic itemprop=price
content=616.67>616</span>

<span class=Price-mark>.</span><span class=Price-

1. 8.8. Rating: 3 - 1 vote - US$616.67

500GB 7200rpm, Windows 7 Pro 64)

HP Flyer Red 15.6" 15-f272wm Laptop PC with... ... Tax Time Laptop Value Bundle w/Choice
of... ... Lenovo Thinkpad T450 Ultrabook 20BV000BUS(14 , i5-4300U 1.9GHz, 4GB RAM,

pan></span></span>

Lenovo Ultrabook Black 14" ThinkPad T450 Laptop PC with ... - Walmart [} display-block-xs font-bold u-
https://www.walmart.com/.../Lenovo...ThinkPad...PC.. Windows.../4575... ¥

ck<link itemprop=availability
org/OutOfStock"” /></span>

ent-m><span class="display-inline-
ce u-textCGray" data-tl-id=Price-
pan class=Price-currency>$</span>
racteristic>616</span><span

—=rspan><span class=Price-
mantissa>67</span></span></span></span></div></span>

model
color
brand
@type
name
offers
@type
priceCurrency
price
availability
review
@type
name
datePublished
author
@type
name

Professional
208V
Black

Thing

Lenovo

Offer
usD
616.67

http://schema.org/OutOfStock

Review
Not bad
2016-04-23

Thing

Reviewer

14



Facebook Social Graph

facebook for developers Products Docs  Tools & Support  News  Videos Search

All Docs

L1

Docs Graph API Overview On this page: ¥

The Basics

Graph API

Overview The Graph API is named after the idea of a 'social graph' - a representation of the information on Facebook
Using the Graph API composed of:

Reference

oMo Seonanios « nodes - basically "things"” such as a User, a Photo, a Page, a Comment

Other APIs - edges - the connections between those “things”, such as a Page’'s Photos, or a Photo’'s Comments

- fields - info about those “"things”, such as a person’s birthday, or the name of a Page
Advanced

Changelo
Dl The Graph APl is HTTP based, so it works with any language that has an HTTP library, such as cURL, urllib.

We'll explain a bit more about what you can do with this in the section below, but it means you can also use
the Graph API directly in your browser, for example a Graph APl request is equivalent to:

15



FacebOOk G ra ph Sea rCh 20138FE1H16H Facebook Graph Search

P At E---Mark Zuckerberg
“My friends who live in Canada”

n my friends who live in Canada

Top Latest People

POSTED BY
e Anyone
You
Your Friends
Your Friends and Groups

-+ Choose a source...

TAGGED LOCATION
e Anywhere
= Beljing, China

+++ Choose a location...

DATE POSTED
e Any time
2016
2015
2014
-+ Choose a date...

Videos Pages Places

@ My friends who live in Canada

M. Tamer Ozsu
3 new posts

Your friend since April 2009
Lives in Kitchener, Ontario
Works at University of Waterloo

- Bin Zhou

Your friend since June 2008
Lives in Vancouver, British Columbia
Worked at Microsoft

Ihab llyas

Your friend since March 2010
Lives in Waterloo, Ontario
Professor at University of Waterloo

See more

? Lei Home

Groups App
[start] Parse tree node
my friends who live in [id:12345]} Display text
intersect(friends(me), residents(12345)) Semantic
+ Friends -+
[user-head] [user-filter]
my friends who live in [id:12345)
friends(me) residents(12345)
v Friends | - v [who] [residence-vp]
who live in [id:12345]
_ residents(12345)
[friends-head] [live-in-verb] {city}
o || oo myfnends live in [id:12345]
friends(me) Residents() 12345
| | |
friends in Canada

The parse tree, semantic and entity ID used in the above example are for illustration only;
they do not represent real information used in Graph Search Beta

16



Facebook Graph Search

“Photos of my friends who live in Canada”

= C M & htps://www.facebook.com/searc h/107480665948163/residents/present/me/friends/int

n Photos of my friends who live in Canada

17



EVI---[&23 True Knowledge

[ where is the capital of united states

You asked: where is the capital of united states

Washington, D.C..

website wikipedia

Washington, D.C

2007-09 12075 USD
2008-07 40075 USD
2012-01 A\ ST

William Tunstall-Pedoe: True Knowledge: Open-Domain Question
Answering using Structured Knowledge and Inference. Al

Magazine 31(3): 80-92 (2010)

18



RDF Z#E15E

RDFRR{EAa[SCARERRFR < 1R
JR(Resource) , FHURIRZE =,

LR IR ERENX
AR ERARFTERENX
[EEESR i B AR REHEMIBK

EEI’BEE%*Q
- — P ERHIWeb” EUEE"

\l1

;

xmlns:y=http://en.wikipedia.org/wiki
y:Abraham Lincoln

Abraham Lincoln:hasNameI"Abraham Lincoln"
Abraham Lincoln:BornOnDdte: "1809-02-12"
Abraham Lincoln:DiedOnD¢te: "1865-04-15"

DiedIn

g .
y:Washington_DC
19



RDF %ﬁ& & SPARQLEIES
RDF 2{iF
——— LT LA 1976EE4E Y

L]
Abraham_Lincoln hasName “Abraham Lincoln" \

-H AR 171855
Abraham_Lincoln BornOnDate “1809-02-12" L "
Abraham_Lincoln DiedOnDait:e “1865-04-15"" E’\Jiﬁk_ 3 EIJ A1§ I]ﬂ BJE .

Abraham_Lincoln DiedIn Washington_DC
Abraham_Lincoln bornin Hodgenville KY SELECT ? name S PA RQ L
Reese_Witherspoon bornOnDate "1976-03-22"
WHERE {
Reese_Witherspoon bornin New_Orleans_LA ? m < bo rnln> ? cit Y.
New_Orleans_LA foundingYear “1718” ?m <has Name> ?na me .
New Orleans LA locatedin United_States ?m <bornOn Date> ?bd ‘
United_States hasName “United States ? C | t y <f0undingYea r> \ \1718 ! .
’ FILTER( regex (str (?bd ), “1976"'"))
United_States hasCapital Washington_DC
United_States foundingYear “1776” }

20
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BHIXMES IR
R EAFE
T T
(Semantic
Parsing)

SRR
RDFEHEE RS
%ﬁ%ﬁﬁﬁ HREE

MR LTE
IR EEA
T AU

*"‘ﬂﬂm
SR B R e
HIFIIRR S
(Graph
Embedding)

22



HERTIE
ARIES A E

Bollac

cer ]

2 [Mendes et al. 12; Suchanek et al. 07;

*  _

oNEP
Dvaeclia 3= /™~ Frecbase

select knowledge

Leipzig University Max-Planck-Institute Metaweb Company

Univer:c,ity of Mannheim 2010£|E%]§Googlellﬂzw_il
OpenlLink Software

11{2=7cH 1.8{2,=7t28 25.3{2=7T5H

23



* ﬂﬂ-‘-‘-‘-

%I:IL,\,%U‘VC%TEEU . TransE [Bordes et al.

NIPS 13]

o XJEESL(Subject, Predicate, Object) , 1EEHFAY

—

predicate{EJ9MsubjectElobject BUEIFIR(E
« FEF Subject/Predicate/Object , ZFIRETRL—

REFE

. ik BiR: S+P=0 s P 0

China
]._‘=Z(S’pﬁo)65 Z(S',p',o')&s[r =+ d(S -+ p’O) — d(S '_|_ p"ov)]+

117 (P)
EEC) W Beijing — China

N =T
=15 (0) —
~~/

Capital Beijing

Capital Ottawa

=Capital

Ottawa — Canada

24



BAES IS

1E X f##fTSemantic Parsing [Zettlemoyer et al., UAI 05]

NG Dt

- ,mlnmﬂyéﬁjﬁﬂfl’ﬁ%_ﬂ«)\% EIIJH:/_E

\ > v
LambdaZR1AT{;[Alonzo Church, 1940 ]
Ax.state(x) N borders(x,new mexico)

“Simply typed-calculus can express varies database query
languages such as relational algebra, fixpoint logic and the
complex object algebra." [Hillebrand et al., 1996]
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RDFZUREE ()R

BE R AU
)f\_z RDFALOERIE RS B EXM A9 BRI R E E RS BN FE STk AY
. N FE
X Bz RDFEGENS BAESIDRIEE. EEUEAETIL.
FHNEFES CHISREAYIRLT
mEiLREE ETAHNBIHETR ;| KAUEFHTIEIRR S |
=R FOHEEHISIE SRS EREASIE
*
RDFEURERITF E T X FREYEEAIRDFS |2 ;
=i EZGEERA | S5 IURDFEGEEIR

| |

DL EEAYZRENH] SL{R. RZRAYHEY ; Deep WebZUE ;
UE AN MR TR - AR AR i ]
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RDFZUREE ()R

gE i B AYIEAR
)f\_z RDFALOERIE RS B BRI U R R E SR BN AR 4Tk AT
. N
T H RDFEES BAES CIRIEAE. EEgELIRIMIL.
FHNSEES CHIREAYRIT
mEiLREE ETFNAIHEER ;| KHMEFHMTIEIRERSS ;
=R FOHEEHISIE SRS EREASIE
- =
RDFEIEAYTF ETXREUEZFAIRDFS |2 ;
=g EZFGEREERAN ; 5 URDFEUEEIR

B £EAY3REYFN SLUR, KXEHRAIMHEY ; Deep Web#UE ;
S0E AN SR AT TRER S - AR R B

28



PNEARYEIR - WYIFHERDFEL
-

Abraham_Lincoln hasName “Abraham Lincoln"
Abraham_Lincoln BornOnDate “1809-02-12"
Abraham_Lincoln DiedOnDate “1865-04-15""
Abraham_Lincoln DiedIn Washington_DC
Abraham_Lincoln bornin Hodgenville KY
Reese_Witherspoon bornOnDate "1976-03-22"
Reese_Witherspoon bornin New_Orleans_LA
New_Orleans_LA foundingYear “1718”

New Orleans LA locatedIn United_States
United_States hasName “United States”
United_States hasCapital Washington_DC
United_States foundingYear “1776”

—

ZF0[E[ZSPARQLEH

SPARQL

SELECT ?name

WHERE {

?m<bornin>?city.

?m <hasName> ?name ..

?m <bornOnDate> ?bd .

? city<foundingYear>" "1718"''
FILTER( regex (str (?bd ), “197 6"

")

h

29




1

Abraham_Lincoln
Abraham_Lincoln
Abraham_Lincoln
Abraham_Lincoln
Abraham_Lincoln

Reese_Witherspoon
Reese_Witherspoon

New_Orleans_LA
New Orleans LA
United_States
United_States
United_States

575i% 1 KEBh-

hasName
BornOnDate
DiedOnDate
DiedIn
bornin

bornOnDate
bornin

foundingYear
locatedin
hasName
hasCapital

foundingYear

FREEIRERON
- EHE @3 0 RE

“Abraham Lincoln"
“1809-02-12"
“1865-04-15""
Washington_DC
Hodgenville KY
"1976-03-22"

New_Orleans_LA

“1718"
United_States
“United States”
Washington_DC
“1776”

SELECT ?name
WHERE {

SPARQL

?m<bornin>?city.

?m <hasName> ?name..

?m <bornOnDate> ?bd .

? city<foundingYear>""1718"".

FILTER‘egex (str (?bd ), “1976"'"))

SQL

}

SELECTT2.0bj

AND T3.pro y="bornOnDate "
AND T1.subject=T2.subject

AND T2.subject=T3.subject

AND T1.object=T4.subject

AND T4.propety=“foundingYear “
AND T4.object="1718 "

AND T3.object LIKE '%1976%' 30



=RV E X A ZERERIURES
. FI’;‘E%H,% Jena [Wilkinson et al., 2003] ,FlexTable [Wang et al., 2010],
DB2-RDF [Bornea et al., 2013]

- EHYISHIE SW-store [Abadi et al., 2009]

. éﬁ%lﬁiﬁ RDF-3X [Neumann and Weikum, 2008], Hexastore [Weiss et
., 2008]

5 ZIKIL,\f't52 X =JTHER. ERENNERNEIS.

e M. T. Ozsu. "A Survey of RDF Data Management Systems", Front. Comp. Sci., 2016.
* LeiZou, M. T. Ozsu. “Graph-based RDF Data Management”, Data Science and Engineering,
2(1): 56-70 (2017)
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FA1189757%---gStore [Zou et al.,
VLDB 11; VLDB J 14 |

FILTER(regex(str(?bd), “1076"))

hasName bornOnDate
bornin

oundingYear

“1926-07-01" “Female"

diedOnDate

“1062-08-05" “Marilyn Monroe"

“Abraham Lincoln" "President”  "Male"

::EN}.\ tr\ke ge}tger
*'1800-02-12" M y:Abraham_Lincoln }Mbl y:Hodgenville KY 'MV "Hodgenville"

dMe

“Franklin D. Roosavelt" "Male"
"1865-04-15" "1776"
"'1976-03-22"
born ate "1790" . i "
/\_ . N, ‘\Oﬂk Washington D.C. “President”
n S PA R Q L 1E y Reese_Witherspoon |

— — — “Actress" "Reese Witherspoon"

—_—— AZ E@E "Femnale” :f{ ha%me

y:New_Orleans_LA

foundiphgYear

foundipgYear

"1718" _ "1810" _ —

32
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BEAIETFERRDFEIEESIEARIZEE

..................................................................................................................................................................................

gAnswer: .IE@EEIXE)JEI’JRDFﬂlR. ZEA
1|:| m*‘é'g\ 25

gStore-D: 3T TLRDFEISIE IR R 5t
gStore : ETFE|ILAHISPARQLEIIR 5t

TS RANIRVE]
SUREES [T E]
PLECEIARLIEIE
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gStore---—fFETFERIRDFIFEHIFEIDRS

EE

RAFER

- G—hYz *’J%D ABIRIET A

*EI]H:'JJ

%?%IEI’F’*&

STiREAT

ZIET VS-treeZ25 |

&l

0000 0001

0010 1000 1000 0001 [ *—
1000 1000
1000 0100

HEIQES EIOITE | | MRS IR |

E1H7RAEE Q*
0010 1000 M 1000 0000
HIERRIEE c*
10000
0001 1000 0010 0000
0010 1000
0011 1000
0000 llOOOO

01000

0100 0000




BENRRE i %e

X13 : BR 7 SPARQLIE ZfRtTee /MY AT AR , BEIG145
17C++ , TR BERR~N ; Hit6 AS, Hai@hkav 0.3.0 .
FriEbLE : https://github.com/Caesarl1/gStore/

BREINRFNEE ; FHAEPFEM ; SHEA
EFHFEF T R 52 N Benchmark#iEESE
FRINSEENIEIR S ; REERET N,
FriEtY . EFBSD ¥
aBBHE - ENAIC/SHTUERE

¥ : C++, Java, python, PHPZFEAPIE ; EIX
FRVERIRDFSEFRTC ( N3 | TurtleZF1&=0)

;Stﬁre




XJEEGhE
SCIOINGS

* LinuxfR5%28(Cent0S 7.2)

CPU: E5-2640 v3@2.60GHz
RAM: 128GB RDIMM,2133Mt/s
gStorefRZN : 0.4.0

XFELZR %t : Apache-Jena 3.0.1, Virtuoso-openlinksw 7.2
- HUEEE : WatDiv, LUBM, BSBM, DBpedia

LRGSR RGIERR Pl ERAA

Virtuoso BaiiFl. FH& ZE OpenlinkZ2 5]
AVRDFEIEEZR Gt (EEMARTA. 19925%37)

Apache Jena Beisaama SEIRTFHPEFZER (HP Lab) 2000
FFiERDFEIEZEINE FHIBAIRE ;

2010FELAfE Ak /I ApacheFHRIR
=]

36



P8 |4 AL

& Jl‘-"l7|<%)b1:;
Dataset Size Triple Predic Entity Literal
ate
DBpedia 1B 172GB 1,111,481,066 124,03 139,493,254 94,130,070
4
WatDiv 100M 15GB 109,795,918 86 5,212,745 5,077,247
LUBM 500M 85GB 500,000,000 18 81,342,489 41,804,418
BSBM 300M 82GB 311,957,992 40 46,514,164 25,176,573
Freebase 2.5B  342GB 2,530,199,503 770,34 178,312,621 278,393,451
9
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H-2b 7S —/= — sk
MEBEEER ( ESMNETAISE =75, )

[ Vijay Ingalalli, Dino lenco, Pascal Poncelet, Serena Villata: Querying RDF
Data Using A Multigraph-based Approach. EDBT 2016: 245-256 ]

» AELRMMELGE ( REBETHEEAIEK ~ DBpedia2014

0

?*Diﬁ §$4$Eﬁ%¢’L\CNRS ) 1-7'fZ: EJTB 7@75 ;“g{z’g 23.8 GB 3‘(
* I3SECIRE CNRS(EEEZRREIFHAFTHIL) | fEER /N
MRS RRER [R{TSERR 45
Apache Jena EEN=Z=EA YAl " MEEEA/NBIT20LAE | ESaiAEE
FFIRROFEGEER T HEHEEER T
x-RDF-3x FNINBANZERRRS
Virtuoso BRIERFH. EFHE‘E%EEI@%}H{RDF%’SGEE "WFERELX) \i%tﬁ,,, RAirtEen=E

gStore Virtuoso m Ceou s ime Ty Gl on D iiCiimiaace taiiesias sewois Ceon

with increasing query size (Fig. 8b). z-RDF-3X, Jena are
11.96 20.45 >60
?I\ i;l\ 7 lnot able to output] results for size 20 onwards. As observed
(#2) (%) (%) for DBPEDIA, Virtuoso seems to become|less robust |with
V.S . & the increasing query size. For size 20-40, time performance
X\jlzé‘lﬂeﬂzi:?: I;gg%aﬂ?ﬁjg*ng of gStore seems|better than| Virtuoso; the reason seems to
Hj H1JEnainY|8e) ---

38
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Testing
Query Performance over LUBM 500M

g9 =rAE | ROFIE

I]ngStont ]
l0Jena . o 1
_ Lﬂvmu SO i 1 _-— QlIQZIQ3 61216 1

S,

Q4

2

Q5

Q6

2

Q7

Q8

2

Q9

Query Response Time (in ms)

Q10

2

Q11

] ] Q12,013

S| Qs
11| Q15,016

nislrlunimmandalbdIN|lw
RNl RPlW R WPl W[IN]R] S

Ql QIZ QIJ QI4 QIS Qlé Q’7 QIS QI9 QIIO Qlll QIIZ QIIS QII4 QIS Qll6 Q” QIIS QI? Qm QIZ
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Testing

Query Performance over WatDiv 100M

Query Response Time (in ms)
QL

<

- [ligStore

2

2

l1Jena

l1Virtuosd |||

i

G G

G

Fi

Fy F3 Fy

1}5 Ll le Lla Ls Ls 5'1 sz SI3 Sl4 Sls Se S;

(b) watdivl00M

g |=rxd BB
| &

c1,c2 810 |4

C3 6 1

F1-F3 | 6-8 5-7

F4 9 8

F5 6 6

L1-L5 | <3 <3

51 9 9
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OpenKGETHIZRIRF T

OpenKG Query Endpoint

Database Name ( HiRFES )

. http://openkg.gstore-pku.com
http://spargl.openkg.cn

tourist

Query Examples ( B )

—> ETEDEIRFY NSRS ERER SR

ql
Query Text (ﬁlﬁj =24, ‘J{I*ESI)

i3
v —> EEHEGIREEHERMAYEL, Gi0q1, RIS EIHER
MESRIRE{TER

/

w.brain-inspired-cognitive-engine.org/knowledge-engine/cas-kb/zhongwenming> ?z.

select ?x 2y
where
?x <http://www.w3.0rg/2000/01/rdf-schema#label> 2o.
?x <http://
?z <http://www.w3.0rg/2000/01/rdf-schema#label> ?y.
} - @

Results Format ( Z2RiEN )

ARETIREE CNESES | ERBAMERBA
> HoMESEGRGES

VA

HTML
| Run Query | ( FFIAEID )

——> » HFUREEEEESENEAETEOEE , oE
BEIEEAIBHTML, TEXT, €SV, JSON , ERHTMUIER &8

BISERSFAENR L , IESERUELUTESR

HAFTH

- BHeiEmR EHEEIEIMRDFEL
IBEEARE , o3IRE
=R, R, 825K &+
ORI (E R AN BN FUIRE
BXAYEEES

* BT /90penkGIKHALEIRFH

A EREEIX EESPARQL
Endpoint , B{E{aljalRE K
RSB JiR

bookug@qqg.com




Java APIFHAIFER? :

String url = "http://" + "127.0.0.1" + ":" + "9000"; Ip and port
StringBuffer result = new StringBuffer();
BufferedReader in = null;

String param = "?operation=load&db name=lubm"; http request: build, load, unload, query...
String urlNameString = url + "/" +
URLEncoder.encode (param, "UTF-8"); URL encode

URL realUrl = new URL(urlNameString);
URLConnection connection = realUrl.openConnection();
connection.setRequestProperty ("accept", "*/*"); Set connection
connection.setRequestProperty("connection”, "Keep-Alive");
connection.setRequestProperty("user-agent",

"Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.1;SV1)");
connection.connect();

Map<String, List<String>> map = connection.getHeaderFields();

in = new BufferedReader (new Receive the header and data from db server
‘InputStreamReader(connection.getInputStream()));

String line;

while ((line = in.readLine()) != null) {
result.append(line);



Java APIFHAIFER? :

jgsc.GstoreConnector;
JavaAPIExample

void main(String[] args)

GstoreConnector gc GstoreConnector(“127.0.0.1", 9000);
gc.build("LUBM1@", "data/LUBM 10.n3");
gc.load("LUBM10");

String sparql = "select ?x where "

if
L
"X <rdf:type> <ub:UndergraduateStudent>. "
"y <ub:name> <Coursel>. "
"X <ub:takesCourse> ?y. "
"z <ub:teacher0Of> y. "
"z <ub:name> <FullProfessorl>. "
"z <ub:worksFor> w. "
" Pw <ub:name> <Department0>. "

wyn,
J >

String answer - gc.query(sparql);
System.out.println(answer);

gc.unload("LUBM10");
gc.load("LUBM1O");

answer - gc.query(sparql);
System.out.println(answer);
gc.unload("LUBM1@");

initialize the GStore server's IP address
and port.

for spargl endpoint, URL can also be used
here, like tourist.gstore-pku.com:80

GstoreConnector gc = new GstoreConnector("tourist.gstore-
pku.com", 80);

build a new database by a RDF file.
note that the relative path is related to gse

execute SPARQL query on this database.

unload this database.

also, you can load some exist database
directly and then query.



gStore---API [0 ( C++; Java; python,

PF // initialize the Gstore server's IP address and port.
GstoreConnector gc("127.0.0.1", 3305);

// build a new database by a RDF file.
// note that the relative path is related to gserver.

gc.build("LUBM1©.db", "example/LUBM_1©.n3");

// then you can execute SPARQL query on this database.

std::string sparql = "select ?x where \

{\
?2x <rdf:type> <ub:UndergraduateStudent>. \
2y <ub:name> <Coursel>. \
2X <ub:takesCourse> ?y. \
2z <ub:teacherof> ?y. \
2z <ub:name> <FullProfessorl>. \
2z <ub:worksFor> 2w. \
2w <ub:name> <Departmente>. \
1

std::string answer = gc.query(sparqgl);

// unload this database.
gc.unload("LUBM1@.db");

// also, you can load some exist database directly and then query.
gc.load("LUBM1©.db");

// query a SPARQL in current database
answer = gc.query(sparqgl);



gStore-D: 3HIVRSE [Peng; Zou, et al., VLDB J
16]

E_% YAFER

- FlAPartial Evaluation and Assembly 5 Z3¥F R
m‘tSPARQL JLRC ;
o DIV %‘FE’JM‘:{JCUEI H RS

) E AR EITAE | —
i - EEIANES] o " .
I < g -I R I - .1;j-L.‘r.\.;.;:2 \. >I SR Pl VLAC

LN,

Hrtultnl—»

L. -

%*ﬁl‘l‘ﬁ 33
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Store-D: 9B ES
FERAEE R EERIE
G

isMarriedTo
vl

directed va refs:la belv6

V. vh
actedIn refs:label

029

027 .

i

014 refs:lGbe 028 Mystery Men i

i

|
007 refs:label !

]

i

dis-abel
zetedin
s1:fll 005
s1:Al7 actedin

015 016 didesigd 001 ismarciedTh
Small Time Crooks Woody Allen

rdfsiahel 003 dir

006
s3:act3 s3:awal
004 ! direfted
rdfs:[abel rdfs:[abel | s3act2 : 616 e
L 025 | 024 i
Hugh Grant | | Cesar Award rdfs:*ab;zl,a E 030

.
Nancy Kelly I




gStore-D: 3HIAESR

Ba: 2o T(Partial Evaluation) [Jones, 1996; Fan et al.,
06; Shuai et al., 2012]

AN I

ERNEA AN =iy

Ok
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gStore-D: SHAER

LR TR T oM ?

| A Vefy Yong Lady |
rdfs:Jabel
s1:fil5

5
refs:label”




gStore-D: SHAERES

Sleeper

Sharing Common Crossing Edges

rdfs:

abel

s1:fil1

directed - directed -
I

Mary Hartman

rdfs:label

direrted __ _

Sleeper

rdfs:

abel

s1:fil1

directed

d

Mary Hartman

directed

rdfs:label

s2:fil3

s2:fil3
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directed by Garry Marshall was Julia Roberts starring? m

DBpedia
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de th @EI’J F—" alI=lEE=:
« FUBREFIBAESUIERIRRYIAR
o FRFRFI TN FREIERISOAYEIRR

@ A NSWEeTr Inwhich fiims directed by Garry Marshall was Julia Roberts starring?

DBpedia



HMAERDFHIAEIEHNIRIE RS

COMME

TS Growth In genome
screening © q.h: wise

vvvvvv

Search needs a shake-up

On the twentieth anniversary of the World Wide Web's public release, Oren Etzioni
calls on researchers to think outside the keyword box and improve Internet trawling.

Oren Etzioni, AAAI Fellow

B T ERASE R R RN
e ANl

- {Search needs a shake up

(3RTETEYE ) ) , NATURE, Vol 476,
p25-26, 2011.
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HEMRERDFALAEERIEE RS

- ETBERESHNEZNNESHISIZ, e.9., CDG
[Zettlemoyer and Collins, 2005]

- ETFFTHEANRIGE

- B ma%q—__lﬁﬁﬁli eg
Jlléﬁ AT
Y =i N

B M ERTHNES

e.g., [Unger, 2006]

XS] [Wong, 2006]

L
BH—

IIZRSE!
NEMUHERIX
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AR & - 2R R T RS
gAnswer [Zou et al, SIGMOD 14]

Who was married to an actor

° ){%‘ \' 2 = =] | —_]'é:ig @ | that play in Philadelphia ?
j:ﬁjg__ﬁ g EEG'D]IEEE ﬁ)e 1 type (director, 1.0)

[Antonio_BanderasJ type Philadelphia (starring, 0.9)
st g ’ (spouse, 1.0)(playForTeam, 1.0)
spoussg Philadelphia_(film)J bornin - A~

) vFv B J/ g Eﬁdé:nt;a (Melanie_Griffith] director | Aaron_McKie

:\ 4 (Jonathan_Demme)
Ji
(James_AndersonJ Basketball_team
PTayEorTeam [A/_E’ pe Who (actor, 1.0) (Philadelphia, 1.0)

“actor” /" that”

——————

(= -

€= == ————

[Phlladelphla_76ers] U '
— An_Actor P , 0.9)
o =N *lj Eﬁﬁlfj g [Constantin_Stanislavski] (An-Actor_Prepares )¢'
qyeate _—1YPe (Philadelphia_(film), 0.9)

Il‘r‘

}ﬁﬂ =] H& [A n_Actor_P reparesj !

(Philadelphia_76ers, 0.8)
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BE2014F7800 "EMKE" 1735

1. Wenfei Fan, Yinghui Wu, Jingbo Xu, Functional
Dependencies for Graphs, SIGMOD, 2016.

2. Binbin He, Lei Zou, Dongyan Zhao: Using Conditional
Functional Dependency to Discover Abnormal Data in
RDF Graphs. SWIM 2014: 43:1-43:7

BEAER

EHXE

Jilin University
EHX (JLU)
19464F (H/ARF)

INCZS

A

21T THRFR. FRS
98552

Hel "SMAE" 1\
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“Photos of my friends who I|ve in Canada”

FHEZ/ ORI FFIRE
PRI RDUHENFIIRS ?
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RXHINEZENENDES

EEPREERRIIME

[EREEHE : AhR

[alRRZEfl : EDbpediaXRERES |

"EEEFRES

Give me all cars produced in Germany ?

@ DBpedia 2014

SELECT ?x WHERE
{ ?x <type> Automobile.
P 5 ad
?x <production> Germany.}| _ —
UNION
{ ?x <type> Automobile.
?2x <assembly> Germany. }
UNION
{ ?2x <type> Automobile.
2x <manufacturer> 2y.

Automobile

Automobile

2y <location> Germany.} =~ -
(Exact) SPARQL
uery
VM {Automobile
Porsche_Cayenne
Answers?| Bez
BMW _X6

?

X

uction

(q1)

Germany

Germany

(g3

" B5MLl ERIART !

BHARENE ?
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2B EEtSE=HothEe reim_waﬁ

[AIRREAE . FhREREPREIESME
[alEEZ4fl : 7EDbpediaXlTHEEH |

EERSRE" ES%EFLJ\J:%% AR |

Give me all cars produced in Germany

DBpedia 2014
2 X t

SELECT ?>x WHERE
{ ?2x <type> Automobile.
?2x <production> Germany.}
UNION
{ ?2x <type> Automobile.
?2x <assembly> Germany. }
UNION
{ ?x <type> Automobile.
?2x <manufacturer> ?2y.
2y <location> Germany.}

i [(Exac:) SPARQL

N Louery

VM
Porsche_Cayenne
Answers: Bez

BMW _X6

type/ mawyufacturer (43

Weiguo Zheng (5§

EEE ;

“Give me all cars that are
produced in Germany.”

hitl
CEHTE"

|__| ll\
XELL]

SELECT ?x WHERE fpe
{ ?x <type> Automobile.
?x <production> Germany.}

?x

PRduction
— — —

Automobile Germany

ﬂ(h’aph Semantic Similarity Search

Answers:

VM
Porsche_Cayenne
Bez

BMW_X6

FeAJHYTT A

S=4), Lei Zou, et al., Semantic

SPARQL Similarity Search Over RDF Knowledge Graphs

in VLDB 2016.



RXENEHEE RS ES

Mengxia Jiang, Yueguo Chen, Jinchuan Chen,

"*[L%%E’\Jl}ﬂﬂﬂ,%% , AE’\JUE]A | 7 Xiaoyong Du: Interactive Predicate Suggestion for

Keyword Search on RDF Graphs. ADMA (2) 2011:
96-109

Kevword/SLQ Query ‘ Result navigation bar

Datasct sclection

(b)) ACHELiE - ,,',—-lacmwu il

[

Graph Query Drawing / Result rendering panel Information panel ‘
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HRENSRRIRERF

BT (ERIESINE ) + RS (IR )
arg min(Ax. POST (x) ANdis(HERFE , x))

l SPARQL

SELECT ?x WHERE {

?x rdf:type Post.

?x :longitude ?o.

?x :latitude ?a. }

ORDERY BY Dist(HERE, [?0, ?a])
LIMIT 1
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HRENSRRIRERF

BT (ERIESINE ) + RS (IR )
arg min(Ax. POST (x) ANdis(HERFE , x))

l SPARQL

SELECT ?x WHERE {

?x rdf:type Post.

?x :longitude ?o.

?x :latitude ?a. }

ORDERY BY Dist(HERE, [?0, ?a])
LIMIT 1
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gStorezFd
. SIEBTABRHIRRS:

3 IE 8 iC
MR REERG

> EHONIE - B > SilEAk > ARRTER

L=

4 ll F8(1766)
- B A%(827)
- B ##4&(519)
- B HER(0)
- B BAE¥IR420)
- B fFR0)
- B #BR(0)

m

W -

&5 01770
ZEEF 0 1831
e -
BRBRAESS

© 2015-2016 Founder Corporation. All Rights Reserved.
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gStorezFd

+ PIERRFANREMRES

/SELECT *
WHERE
{

?s <http://www.founder.106.attr:name> ?name.
{ ?s <http://www.founder.106.link:12855> ?0. //BIERRZ 2 INTF

}

UNION

{ ?s <http://www.founder.106.link:12855> ?0. //EEZERZ=INF
}

?0 <http://www.founder.106.attr:name> "BHER".

\ /

/A SR R XM = A )
DELETE {?s ?p ?0}
WHERE
{
?s ?p ?o.
{ ?s <http://www.founder.106.attr:name> "B4&/R".}
UNION
{ ?0 <http://www.founder.106.attr:name> "BFZ/R".}

2 /




gStorezFd

o FPRIBGEEYIFT-EBKGREYT O gStiir re  3,594,457,749 414,953,654

Species Information

Taxonomy
NCBI taxonomy ID

Scientific Name

Children

Reference Title In IJSEM
Type Strains

Strains

Bacteria > Terrabacteria group > Actinobacteria > Actinobacteria > Micrococcales > Micrococcaceae > Micrococcus > Micrococcus

luteus

1270
Micrococcus luteus

Micrococcus luteus CD1_FAA_NB_1
Micrococcus luteus J28
Micrococcus luteus Mu201
Micrococcus luteus NCTC 2665
Micrococcus luteus SK58
Micrococcus luteus str. modasa

More

ﬂ!EFIX annotation:

<http://gcm.wdcm.org/ontology/gcmAnnotation/v1l/>
PREFIX taxonomy:
<http://gcm.wdcm.org/data/gcmAnnotation1/taxonomy/>

SELECT ?taxonld ?name
WHERE

{
?taxonld annotation:parentTaxid taxonomy:1270.
?nameld annotation:taxid ?taxonid.
?nameld annotation:nameclass ‘scientificName’.

AR T E AR

~

0o



gStorezFd

o PRIEHEART-SERGED O St

PREFIX annotation: \
<http://gcm.wdcm.org/ontology/gcmAnnotation/v1l/>

PREFIX taxonomy:
<http://gcm.wdcm.org/data/gcmAnnotationl/taxonomy/>

SELECT (COUNT(?geneid) AS ?num)
WHERE
{
{ ?taxonid annotation:ancestorTaxid taxonomy:1270.
?geneid a annotation:GeneNode.
?geneid annotation:x-taxon ?taxonid.

JUNION
{ ?geneid a annotation:GeneNode.
?geneid annotation:x-taxon taxonomy:1270.
}
Number of Gene 54824
Number of Protein 16229

R EREKEYIMEE TEN
EIRERBIERAITE

Ire 3,594,457,749

Annotation summary

Proteins with PDB structures

Proteins with Pfam assignments
Proteins with GO assignments
Proteins with EC number assignments

Proteins with Pathway assignments

Publications and Patents

Publications

Patents

414,953,654

15
2008
32453
680

2398
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gStorezFd

o PRIEHEART-SERGED O St

Genome

Export Excel

Organism Name

[ Micrococcus luteus str. modasa

[} Micrococcus luteus NCTC 2665

[} Micrococcus luteus SK58

[} Micrococcus luteus str. modasa

[} Micrococcus luteus str. modasa

[} Micrococcus luteus str. modasa

[ Micrococcus luteus str. modasa

Genome
Accession

AMYK02000110

CP001628

ADCD01000097

AMYK02000273

AMYK02000081

AMYK02000252

AMYK02000060

Description

Micrococcus luteus str.
modasa contig_110, whole

genome shotgunsequence.

Micrococcus luteus NCTC
2665, complete genome.

Micrococcus luteus SK58
ctg1119142780327, whole

genome shotgunsequence.

Micrococcus luteus str.
modasa contig_273, whol

genome shotgunsequence.

Micrococcus luteus str.
modasa contig_81, whole

genome shotgunsequence.

Micrococcus luteus str.
modasa contig_252, whole

genome shotgunsequence.

Micrococcus luteus str.
modasa contig_60, whole

genome shotgunsequence.

Micracaccus luteus str.

re 3,594,457,749 414,953,654

BRI KA NEAYEIRER
HIEEH, Rz RANHER"

PREFIX annotation:
<http://gcm.wdcm.org/ontology/gcmAnnotation/v1/>
PREFIX taxonomy:
<http://gcm.wdcm.org/data/gcmAnnotationl/taxonomy/>

SELECT ?taxonid ?name ?genomeid ?description ?strain
WHERE

{

?taxonid annotation:ancestorTaxid taxonomy:1270.
?nameld a annotation:TaxonName.

?nameld annotation:taxid ?taxonid.

?nameld annotation:nameclass ‘scientificName’.
?nameld annotation:taxname ?name.
?genomeid a annotation:GenomeNode.
?genomeid annotation:x-taxon ?taxonid.
?genomeid annotation:definition ?description.
optional{?genomeid annotation:strain ?strain.}
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Take-home Message
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