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iRENE (Knowledge Graph)
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RiFEIRHESS (RDF) 2R

- RDFERIRENS RIS SER
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- RDFERW3CHLEBHE—F
A RIRI SR ANES

« RDFEIENXMBI—E
( Building Block )

=

- 1IBEXMBYEIREM S ERIRIR
= "Hase]EfE" (Machine

understandable)

User interface and applications

I Proof
Unifying Logic I
Ontologies: Rules:
Querying: OWL RIF/SWRL
SPARQL -
I Taxonomies :RDFS

Data interchange:RDF

Syntax: XML

Character Set: UNICODE
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EXW ? ------—AMEEHIF (RDFa)

ESENHTMLR ZZ MR , HIalFR, BB |
MARMIFRIRTHNE N

<html>
<font size="3" color="red"> Le1 Zou </font>
</br>=>
Email:<a href= "mailto: zoulei@pku.edu.cn">
zoulei@pku.edu.cn </a=
<p=
<font size="3" color="black">=Publications: </font>
</p>
<div>
Lei Zou. Jinhwi Mo. Lei Chen. M. Tamer Ozsu.
Dongyan Zhao. gStore: Answering SPARQL Queries Via
Subgraph Matching, VLDB. 2011
"'::J"Idi‘i.-':"
</html>




g XM ? ------—{ @l (RDFa)
iE N R BENSANE X,

<html=
=div resource="#me" fypecf="Person" =
=font size="3" color="red"> <span property= hitp.//xmins com/foaf'0.1/name= Lei
Zou </sphn>= </font>
=br/=
<a property=" http//xmins com/foaff0 1/mbox" href= "mailto: zoulei@plu edu. cn ™
= zoulet@plku. edu.cn </a=
=Z:p:3"
=font size="3" color="black"=Publications: </font=
<p=
=div resource="www_vldb.org/pvidb/vold/p482-zou pdf'=
=span property=" hitp-//purl org/dc/terms/contributor”> Lei Zou </span=,
=span properiy="hittp.//purl.org/dc/terms/contnbutor"> 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 properiy="http//purl org/dc/terms/title" > ghtore: Answenng SPARQL
Cueries Via Subgraph Matching </span:,
<span property=""http/purl org/dc/terms/Publisher"= VLDB </span=
=span property="http-//purl org/dc/terms/Date"=2011</span=
= fdiv=
</html=




BN ? ------— /&4 HIF (RDFa)

GoogleZFtaf RN TR

Google 5 HILEHENIR T A

®

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

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

Zou =/span> </font>

<br /=

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

> zouleilpku.edu.cn </a>
<p>

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

</p>

<div resource="www.vldb.org/pvidb/vold/p482-zou.pdf">

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

<span property="http://purl.org/de/terms/contributor"> Jinghui Mo
</span>,

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

<span property=" http://purl.org/dc/terms/contributor"> M. Tamer
fzsu</apan>,

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

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

HTE A

0 iR 0 & ks

(= u

http:www.vldb.org/pvidb/vold4/paB2-

PR AL IS GO T U T UK
@type
ARIEEHERE
D: http:/'www.vidb.org/pvidb/vold/p482-zou. pdf
@type
@id

zou.pdf

Lei Zou

Jinghui Mo

Lei Chen

M. Tamer Ozsu

Dongyan Zhao

gStore: Answering SPARQL Queries Via
Subgraph Matching

<gpan property=" http://purl.org/de/terms/contributor"> Dongyan http://purl.org/dc/terms/Publisher vLBS
Zhao</span>, http://purl.org/dc/terms/Date 2011
<gspan property=" http://purl.org/de/terms/title"> gStore: Answering

QDA DT

11




52X N ? ------—PMEEFlF(RDFa)

" =5 A
a8 o0e 5 structured data testing toc D Bob Smith > | HIlEs | B

€« =2 C #f |[Y linter.structured-data.org/examples/google-rs/people.md.html iy y ﬁ] =

Lmf

My name is Bob Smith, but people call me Smithy. Here is myv homepage: www.example.com. I live in Albuquergue, INM 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 is <span property="v:iname'>Bob Smith</span=,
but people call me <span property="wvinickname"=Smithy</span=.
Here is my homepage:
<a href="http://www.example.com" rel="viurl'">www.example.com</a=.
I live in
<span rel="v:iaddress">
<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="wv:i:affiliation">ACME Corp</span=>.
My friends:
<a href="http://darryl-blog.example.com" rel="v:Triend"=Darryl</a>,
<a href="http://edna-blog.example.com" rel="v:friend"=Edna</a>
</div=>

12



g W ? ------—ME Bl F(RDFa)

Bob Smith

linter.structured-data.orgfexamples/google-rs/people.rdfa.html

Albuguergue, NM - engineer, ACME Corp

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




What is Semantic Web ? ---A Simple

2 Hello. Sign In
Walmart >, All - Q My Account ~ <

L
Lenovo Ultrabook Black 14" ThinkPad T450 Laptop PC 61667
with Intel Core i5-4300U Dual-Core Processor, 4GB
List price $1,016.67 Save $400.00
Memory, 500GB Hard Drive and Windows 7 Outof stock
Professional Sold & Shipped by WeeklyCloseouts
1reviews Q&A By:lenovo i W @ B Shipping not available

™ Pickup not available Pickup options

Protect your purchase with a Care Plan @
< Add 2-Year Protection $59.00

<} Add 3-Year Protection $89.00

Quantity: Get In-Stock Alert

1 -

BNt T A

1-ProductOfferWrapper” itemprop=offers

:="" jtemtype="//schema.org/Offer">
;s=frid-col><div><span class="display-inline=
prod-PaddingRight--s valign-top">
is=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>

104

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

106 <span class=Price-characteristic itemprop=price
content=616.67>616</span>
107 <span class=Price-mark>.</span><span class=Price-

https://www.walmart.com/.../Lenovo...ThinkPad...PC.. Windows.../4575... =

ki Rating: 3 - 1 vote - US§616.67

HP Flyer Red 15.6" 15-f272wm Laptop PC with... ... Tax Time Laptop Value Bundle w/Choice
of... ... Lenovo Thinkpad T450 Ultrabook 20BVO00BUS(14 , i5-4300U 1.9GHz, 4GB RAM,
500GB 7200rpm, Windows 7 Pro 64)

pan></span></span>

Lenovo Ultrabook Black 14" ThinkPad T450 Laptop PC with ... - Walmart  }: diselay-block-xs font-bold u-

ck<link itemprop=availability
org/Out0fStock" /></span>

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

e pan><span class=Price-

mantissa>67</span></span></span></span></div></span>

xample

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

Fa
Professional

208V
Black

Thing

Lenova

Offer

usp

616.67
http://schema.org/QutOfStock

Review
Not bad

2016-04-23

Thing

Reviewer
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Facebook Social Graph

facebook for developers B

All Docs

Graph API

Overview

Using the Graph API
Reference

Common Scenarios
Other APIs
Advanced

Changelog

Products

L1

Docs  Tools & Support Mews  \ideos Search

Docs Graph API Overview On this page: v

The Basics

The Graph APl is named after the idea of a 'social graph' - a representation of the information on Facebook

composed of:

= nodes - basically "things" such as a User, a Photo, a Page, a Comment

- 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

The Graph AFI is HTTP based, so it works with any language that has an HTTP library. such as cURL, urilib.
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 201341 H16H Facebook Graph Search

| | my friends who live in Canada

Top Latest

POSTED BY
= Anyons
You

Your Friends

Your Friends and Groups

-+ Choose a source...

TAGGED LOCATION
* Anywhere
=% Beijing, China

+=+ Choose a location...

DATE POSTED
. Any time
2016
2015
2014

<+ Choose a date...

Videos Pages Places

@ My friends who live in Canada

M. Tamer Ozsu

3 new posis

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

. Bin Zhou

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

Ihab llyas

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

See more

Groups

+ Friends

+ Friends

+ Friends

Home

-

-

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

- Lei

[start]
my friends who live in [id:12345]}
intersect(friends{me), residents{12345))

[user-head]
my friends
friends(me)

[user-filter]
who live in [id:12345]
residents(12345)

Parse tree node

Display text
Semantic

[who] [residence-vp]
who live in [id:12345]
- residents{12345)

il "

[friends-head] [live-in-verb]
my friends live in
friends(me) Residents()

[ |
friends in

{city}
[id:12345]
12345
|

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 & & htps://www.facebook.com/search/107480665948163 /residents/present/me/friends/int«

| £ | Photos of my friends who live in Canada

17



EVI---[f23True Knowledge

[ where is the capital of united states E}

2007-09 1205 USD
Wash-ington, BE. 2008-07 4005 USD
website wikipedia 2012-01 %&ﬂ%jﬂqﬁm@

William Tunstall-Pedoe: True Knowledge: Open-Domain Question
Answering using Structured Knowledge and Inference. Al
Magazine 31(3): 80-92 (2010)

18



RDF ZfEH=E
EISCAERRFRZ R

RDFH{E

IR (Resource) ,

SLARRYE

MEEMEN

SLUNBIRREEREN

[R5

E

EERkHIWeb”

k

JURIZEERTR,

a5k B iz B RIERMIPY
IEEE’J%E#&

En

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

Abraham Lincoln:hasNameI"Abraham Lincoln"
Abraham Lincoln:BornOnDate: "1809-02-12"
Abraham Lincoln:DiedOnD<dte: "1865-04-15"

k=
y:Washington_DC
19



RDF %&}E & SPARQLEIFES
RDF #4iE
——— “HEIHE 19765

L]
Abraham_Lincoln hasName “Abraham Lincoln" 3

FE H AR 171851452
Abraham_Lincoln BornOnDate “1809-02-12" "
Abraham_Lincoln DiedOnDate “1865-04-15"" E/\Jiﬁ‘zrj E’JA1§I]EBJE ?

Abraham_Lincoln Diedin Washington_DC
Abraham_Lincoln bornin Hodgenville KY SELECT ?na me S PA RQL
Reese_Witherspoon bornOnDate "1976-03-22"
WHERE {
Reese_Witherspoon bornin New_Orleans_LA ’m < bO rnin>?cit Y.
New_Orleans_LA foundingYear “1718” ?m <haSNa me> ?na me .
New Orleans LA locatedin United_States ?m <bornOnDate> ?bd :
United_States hasName “United States ? city<foundingYear>" "1718"'.
’ FILTER( regex (str (?bd ), “1976"'"))
United_States hasCapital Washington_DC
United_States foundingYear “1776” }

20
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BHIXMES IR
R} A FHHEL
B AT
(Semantic
Parsing)

SRR
RDF Y R 4
HUERR SRR

MR
RIEEHE
BT A s

=¥
%R BT HE
KA RN
(Graph
Embedding)
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MR THE

FREEHIE

Bollacker ]

NP

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

DB—V—Iia YSGD* ™~ Freehbase

Leipzig University Max-Planck-Institute Metaweb Company

Umver.5|ty of Mannheim 20108 i GoogleI
OpenlLink Software

11{2=7cH 1.8{2=7528 25.3{12=7tH
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tza=

MMAZFRMCERIEEY : TransE [Bordes et al., NIPS 13]

o YFENEESL(Subject, Predicate, Object) , EHEHFHY
predicate{/E I MsubjectZlobjectBVETIFRE

* B Subject/Predicate/Object , ZIRET R — 1N B S =

. fEpLEIR: S+P=0 S

FZZ(S,p,O)ES Z(s Lp'lohe

[r+d(s+p,0)—d(s'+ p'.00],

Capital Ottawa

| 117 (P)
EES W Beijing — China
~E1& (O) ~

=Capital

Ottawa — Canada

24



BAES IS

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

15 M T2 E

PAIE = BRGT Ak L=s Rl LASRIRRIFZ .

Lambda3=SikTt[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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RDFEIEEIE )R

HE SR AR
F\_Z RDFALOERIE RS B EAAS s R RE S F S e N FRSTiEtAY
. A FH
AZ B, RDFEEER B/AES cIfIEEE. EEIERYRTIIL.
FHNSEES CHIREAY=IT
EREEDREE ETHRNRYHEIR ;| KHWEFHTIEIRRS ;
=% A (e NIRRT
S 5
RDFEURAYT=E HEF < EZEHIEFERIRDFS |22
=g EIEEEREIS N ; S URDFEIEEE

[ |

g EUERYIREYFHN SCiR, XZRAYHHEY ; Deep WebZ#{IE ;
QQ}E FHEEERYTEE FUEERFIRELS ; AhREIEEUEREET
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RDFEIEEIE )R

HE SR AR
F\_Z RDFALOERIE RS B EAAS s R RE S F S e N FRSTiEtAY
. A FH
AZ B, RDFEEER B/AES cIfIEEE. EEIERYRTIIL.
FHNSEES CHIREAY=IT
EREEDREE ETHRNRYHEIR ;| KHWEFHTIEIRRS ;
=% A (e NIRRT
= =
RDFEURAYT=E HEF < EZEHIEFERIRDFS |22
=g EIEEEREIS N ; S URDFEIEEE

g EUERYIREYFHN SCiR, XZRAYHHEY ; Deep WebZ#{IE ;
QQ}E FHEEERYTEE FUEERFIRELS ; AhREIEEUEREET
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MEARREIRRE - ANMEFERDFEL
-

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

hasName
BornOnDate
DiedOnDate
DiedIn
bornin

bornOnDate
bornin

foundingYear
locatedin
hasName
hasCapital

foundingYear

“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"”

N

=F0[E1ZSPARQLE 8

SPARQL

SELECT ?name
WHERE {
?m<bornin>?city.

?m <bornOnDate> ?bd .

FILTER( regex (str (?bd ),

?’m <hasName> ?name..

? city<foundingYear>"

1718 "'
111976II))

b

29




WEGIE - KB

:%géﬁJmﬁ

AN

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

hasName
BornOnDate
DiedOnDate
DiedIn
bornin

bornOnDate
bornln

foundingYear
locatedin
hasName
hasCapital

foundingYear

“1809-02-12"

“Abraham Lincoln"

“1865-04-15""
Washington_DC
Hodgenville KY

"1976-03-22"

ll17 18"

New_Orleans_LA

United_States

“United States”

Washington_DC

“1776”

SELECT ?name
WHERE {

SPARQL

?m<bornin>?city.

?m <hasName> ?name..

?m <bornOnDate> ?bd .

? city<foundingYear>""1718""'.

FILTEFiegex (str (?bd ), “12976""))
SQL

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%' =0



_FF, B T R AR RES

FIE%H,E Jena [Wilkinson et al., 2003] ,FlexTable [Wang et al., 2010],
DB2-RDF [Bornea et al., 2013]

- ER¥ISFHIE SW-store [Abadi et al., 2009]

é?jlf:'iﬁ RDF-3X [Neumann and Weikum, 2008], Hexastore [Weiss et
., 2008]

= ZIKIL,\FPz X =JcHE. EREINERERNES.
=

M. T. Ozsu. "A Survey of RDF Data Management Systems", Front. Comp. Sci., 2016.

Lei Zou, M. T. Ozsu. “Graph-based RDF Data Management”, Data Science and Engineering,
2(1): 56-70 (2017)
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ZSPARQLETH

S|Uny

A IR9753%---gStore [Zou et al,,
VLDB 11; VLDB J 14 ]

FILTER( regex(str{?bd), "1976" )

oundingYear

bornOnDate
barnin

"1926-07-01" "Female"

bornDnDate

diedOnDiate

"1062-08-05" "Marityn Monroeg

"Abraham Lincoln" "President”  “"Male"

:;N’z'mo\ % ge}ger
"1800-02-12" ‘M' y:Abraham Lincoln lMI-| y Hodgenville kY er "Hodgenville"
dWe

diedin "Franklin D. Roosevelt" "Male"
"1865-04-15"
“1976-03-22"
boronDate LT
"President”

|y:Reese_Witherspoon |

T
.Bi"dﬁ/tl 2 hasMame
"Female”

"Actress" "Reese Witherspoon”

vy MNew_Orleans_LA

foundihgYear

foundihgYear

"1718" s 1 b 1 AR =

32



1|:| m*‘bg\ 25

gAnswer: IIEEBQEEJJE’JRDF%DLF\'I%E A

gStore-D: PTHTURDFEIHIEEIER A
gStore : ETFE|ILACHISPARQLEIR R S

BT S RAIRYE]
SUREES [T E]
PLEcEIDNIIEIE

_____________________________________________________________________________________________________________________________________________________

HRE = A

"R ANREFRBE 7
“Who was married to an actor that

33



gStore---—HEFERRDFEZHEHIEN RS

cm

YANTFES

y Q}E—E’ind"ﬁﬂ ABRITTT A

* _ﬂ] I_JJ

ZIE VS-treeZ=5 |

25 IEI’J‘7 e &

0000 0001

0000

10000

E187RAEE Q*
0010 1000 Mﬂ- 1000 0000
FIERLE c*
Q0001 1000 Q010 0000
0O10 1000
0011 1000

01000
0010 1000 1000 0001 4— 0100 0000
1000 1000
1000 0100

BEloEe LM | | RS MR |

0000 llﬂﬂﬂﬂ




{X83 : BRT SPARQLIEZfEITE/MI T AR , BEiIG145
17C++ , TR BERR ; Hit6 AT, Hri&hk4v 0.3.0.
FriEHbht - https://github.com/Caesar11/gStore/

BREEINRFE ; FHARPFEM ; SHEA
EIFAIFF ﬁiFDIiL,z%é}ET‘ Benchmark#iEE
FRIXTEENNER S | RS ERIE RN,
FriEtY - EFBSD ¥
aBBHE - BENANC/SHTUERE

#0 : C++, Java, python, PHPZFEAPIE ; UL
FREBRRDFY 4RI ( N3 | TurtleZ=#2( )

jiStﬁre




YIEL Mzt
SCIGINGS

* LinuxfR5%88(Cent0S 7.2)

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

YSECZ St : Apache-Jena 3.0.1, Virtuoso-openlinksw 7.2
FUEEE : WatDiv, LUBM, BSBM, DBpedia

Virtuoso BaixiFl. & ZE Openlink’ 2 E]
AVRDFEUEER S ZEMARIN. 19925%37)

Apache Jena Beisa=nIa SETFHPEZRR (HP Lab) 2000
FFiERDFEHEZEINE FHIEHIE ;

2010FELAfE Ak /IApacheFHRIT
H



XJECt

& Jli'l7l<% *E

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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MEBELLAR ( EIMNETRIEE =7 )

[ Vijay Ingalalli, Dino lenco, Pascal Poncelet, Serena Villata: Querying RDF

Data Using A Multigraph-based Approach. EDBT 2016: 245-256 )

+ JABEURMMEIEEE ( REBTHEFIEX .~ DBpedia2014

FFLAEEZRRZHAFHCNRS )

1.7 =5t 7BHHA LR 238GBX

+ I3SECIEE CNRS(EZEERREIZFHARTAHLD) | NI
MRS F N E R F1T3EE 2%
Apache Jena HRIsRE008 "LEREA/NMBIT 20U S | ESHAEE
FFERDFEEER 57 BHEEER T
x-RDF-3x DB ARIZERRRR
Virtuoso E B, ﬁﬁ%ﬁ%};}ézﬂ’ﬂmkRoFé&}Eﬁ "Xﬂ?ﬁi’@@k@%‘é , RS

Sisiore | Viwoso | Rorae

11.96 20.45 >60
() (®) (®)
XJ207M5130 Dbpedia?ﬁ(ﬁ;‘%ﬂ‘]
EiFREYEiaRE -

GRS L L A g LAMARR WA frd Aol AAANARAS L A LRNALLERS L UARARA W e

with increasing query size (Fig. 8b). z-RDF-3X, Jena are
Inot able to output] results for size 20 onwards. As observed
for DBPEDIA, Virtuoso seems to becomel less robust |with
the increasing query size. For size 20-40, time performance
of gStore seemslbetter thanl Virtuose; the reason seems to

{#5H Ingalalli et. EDBT 16
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Testing
Query Performance over LUBM 500M

Query Response Time (in ms)

2 2 3
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Testing
Query Performance over WatDiv 100M

105+ EﬂgStore
ﬂﬂ{fil:amsc I

g | =rxd RE5
10* # £
£ c1,c2 (810 4
210} c3 6 1
¥
: F1-F3 | 6-8 5-7
éll)z-
: F4 9 8
=

F5 6 6
= ||l | <3 <3

} : S1 9 9

I G G |G| FA Fi Fs Fo Fs L Ly Ls Ly Ls S S2 S3 S4 S5 Ss 57 S2-S7 3-4 34
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OpenkKGETAZRIFE : http://openkg.gstore-pku.com
http://spargl.openkg.cn

OpenKG Query Endpoint
Database Name ( #EEER )
fourst > BT IR R A - BEiERHEEE RDFE
Query Examples ( EiTHEH ) - EE\E Qgﬁ”—' /\I:I| = N-
al v EEHRIR R ARAGTR a1, A EIER *Eg—}.}\ m g” s
B E =R, Bh. 2285 F

o ot [EIORD . SRR HIRE LR AL
ISR,

?x <http://www.w3.0rg/2000/01/rdf-schema#label> ?o.
?x <http://www brain-inspired-cognitive-engine.org/knowledge-engine/cas-kb/zhongwenming> ?z.

; 7z <http://www.w3.0rg/2000/01/rdf-schema#label> ?y. . ?\z'ﬂ‘]:{%yg O pe n KG ﬁaﬁg&;F#

AP EX LS SPARQL
> BARENRIBECHNEOEE , FUMMNMERIEGA End D oint ) ﬁ,{}{q r@ ﬁi%z

ECHESEaETE N
I ARA IR

bookug@qgqg.com

Results Format ( Z55R4830 )

HTML — S, ERTRESESESEHEADTENER , Ak
I = HEERYBHTML, TEXT, CSV, JSON , ERRHTMUERNSE
| Run Query | ( FF4RETHD ) BISERETEMRLE , TERMERNENFESR

HARTH



Java APIEEAIFZERS -

Stromg el = Yhebpe [/T & Y121,0.0 17 o ¥ o YOH00Y; 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 APIEEAIFZERS -

jgsc.GstoreConnector;

JavaAPIExample

void main{5tring[] args)

GstoreConnector gc GstoreConnector("127.8.0.1", 9

gc build("LUBM18", "data/LUBM 18.n3");
gc load("LUBM1G");

String sparql - "select ?x where

'
Py <ub:name
||;|¥,

<ub:take S )
by <ub:teacherOf> Py. "
Ty <ub:name>» <FullProfessorls>. "
i <ub:worksFor:» Pw. "
g <ub:name> <Department®:>.
'

mym,
B |

ng answer - gc.query(spargl);
System.out.println(answer);

gc.unload("LUBM10");

gc load("LUBM1@");

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

<rdf:type> <ub:UndergraduateStudent>. "

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,

PH

J/ initialize the Gstore server's IP address and port.
GstoreConnector gc("127.8.8.1", 3385);

// 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 spargl = "select ?x where %

L%
X <rdf:type> <ub:UndergraduateStudent>. %
?y <ub:name> <Coursel>. %
X <ub:takesCourse> ?y. %
?z <ub:teacherofs ey
i <ub:name> <FullProfessorl>.
?z <ub:worksFor> Pw. N
w <ub:name> <Department@s>.
1"

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

S/ unload this database.
gc.unload{"LUBM18.db" };

// also, you can load some exist database directly and then query.
gc.load({"LUBM18.db");

/4 guery a SPARQL in current database
answer = gc.query(sparqgl);
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gStore-D: HIVRIE [Peng; Zou, et al., VLDB J
16]

FTERAFE
« FFAPartial Evaluation and Assembly/5Zs£f21
?E_ESPARQL JLREC ;

» DHIVIMNE TR RER

H g .-|?"' =18 '--f-i|a|-F|'-| =
l.ﬂl“l‘ | N @ "l 1‘::?. | — A :r| } o NP VCAS
) . "L ."l
u = f= 5tk ) AT ﬁ;l - '
WIBE 4L marit —rn
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gStore-D: BHIARS
FEFyN[OJER

d
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actedin refs:label
fa il nl
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015 016 L
Small Time Crocks Woody Allen TSR
rd L]
006
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027
Mystery Men

afs:label
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gStore-D: 2HAESR

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

fx)= f(s.d) = f"(f'(s),d) = mEEER
AN I

EREN AT =B

DOk
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gStore-D: 2HAESR

FERE "ERA" "*Bﬁj\% B?

e e e Tl T T S e

Extended vertices

refs:label
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gStore-D: SHAERES

Sleeper

rdfs:

abel

s1:fl1

Sleeper

rdfs:

abel

s1:fil1

Sharing Common Crossing Edges

direrted

rdfs:label

Mary Hartman

s2:fil3

4

directed directed

rdfs:label

Mary Hartman

s2:fil3
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B0 , TLiAZESPARQLFITE

IEE  99MRTy”

SE , AETREEUER

*E CEﬁ & ﬁo S EANSWET Inwhich films directed by Garry Marshall was Julia Roberts starring?

DBpedia
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HMRDFANREISMIRIE RS

- IRMER @EI’J F' alI=EE=:
« FUREFIBAESUIERIRRXNIAR
o FARFFT R H[F YR RE

‘@@' EANSWET Inwhich fims directed by Garry Marshall was Julia Roberts starring?

35 seconds)



HMRERDFHIREIENIRIE RS

Oren Etzioni, AAAI Fellow

LSéa'rch needs a shake—u 1EX " TAERFNZFEARFAYHAFE NIZ

R R S ENNKIE AR A ESEE =) E”
= ' --- {Search needs a shake up

(ZRFEEEFETE ) ) , NATURE, Vol 476,
p25-26, 2011.
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HMAERDFALAEERIEE RS

. SNBSS HNEZMNHESRISGE e.g., CDG
[Zettlemoyer and Collins, 2005]

- EFFTPHREMRNIGE . e.q. [Unger, 2006]

- B ma%q—__lE’JTili eg =3
Jne*at EREAT
Mé%ﬂ"‘l%%ikﬁfﬁ

~EXES] [Wong, 2006]

I_I—

BN ETHNES N BRI ERIA
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AR & - ZUE R T RS
gAnswer [Zou et al, SIGMOD 14]

Who was married to an actor

o ){%. - / \ = | j«&i—% that plsy in Philadelphia P
AN Y N .
(actor])

-
actor film city
EhrEnmaE . 7 -
(Antenio_Banderas tYP€ [ Philadelphia (starring, 0.9)

st g (spouse, 1.0)(playForTeam, 1.0)
spouse |F‘I1i|ade|phia_{fi1m}_] bornin

* = J/ % Egdgé:;% (Melanie_Griffith)  director (Aaron_McKie )

El}];\%,”:ilz (Jonathan_Demme )

[}
]
I
I
I
[Jamesﬁnderson Basketball_team E I

orTeam _—Aype ™Wheo (actor, 1.0} (Philadelphia, 1.0)
fPht]adeiphla_?ﬁerﬁ | I

e i

An_Actor P , 0.9) /
® T~ */]Eﬁﬁllj % [Con5‘tantin_5'tan;stav5kr] J/‘t?' (An Bl }‘;

~eyeate B (Philadelphia_(film), 0.9)
EE S H& [An_Actor_Preparesj |
XN AR NG .

(Philadelphia_7Gers, 0.8)

R T

P

Il‘r‘
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‘nEﬁa; ,ﬁg ) EE 1. Wenfei Fan, Yinghui Wu, Jingbo Xu, Functional
*ul'\ E *Elnj 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

EE2014F7 AR “ERAR R BRI “EMAS R
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R EHER RS ES

[EREEHE . FhRELEFHIZEEI S TEEEE

[alRRZEHl : EDbpediaXRERES |

"EEEFRES

" Bs5fll ERIAED; !

Give me all cars produced in Germany ?

UNION

UNION

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

{ ?x <type> Automobile.
?x <assembly> Germany. }

{ ?x <type> Automobile.
?x <manufacturer= ?y. l Automobile
?y <location> Germany.}

Automobile

(Exact) SPARQL
uery

Answers?

VM

Porsche_Cayenne
Bez

BMW_X6

G

uction  (q;)

ermany

Germany

SHYRJREME ?
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ZEAEHEISEN D FES reiwuum R

[BREHR | MNEERRISURN S wr_%aa: Sy wmu"

Iﬂiﬁﬁéﬁj ?_Dbpedla%[h’/l:l. I:Fl “Give me all cars that are
REEFRNSRE BSMLALRAR ! prodtysermanv- .

Give me all cars produced in Germany D,;: =

?x

SELECT ?x WHERE
{ ?x <type> Automobile. — — —=

pPduction

?x <production> Germany.}

SELECT ?x WHERE Automobile Germany
{ ?x <type> Automobile.

?x <production> Germany.}

-
UNION Autoniobile rerniany
{ ?x <type> Automobile. = T

2 <assembly= Germany. } 2x 25 Graph Semantic Similarity Search
UNION Z avser
{ ?x <type> Automobile.

?x <manufacturer> Py. VM

?y <location> Germany.} r —— Porsche_Cayenne

Beg

\ J (Exact) SPARQL

N Query
b

BMW X6

7
VM g Automobile
Porsche_Cayenne

(¢]
7 25
2 rermaity
Answersip - NES N
i xo HAITTE

Weiguo Zheng (385F4E), Lei Zou, et al., Semantic
SPARQL Similarity Search Over RDF Knowledge Graphs
in VLDB 2016.



RXENEHEE RIS ES

Mengxia Jiang, Yueguo Chen, Jinchuan Chen,

”1‘[[,%%5’\]“31‘}1%% ) AE’\JUHA | 7 Xiaoyong Du: Interactive Predicate Suggestion for

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

(a) #AEFEE
5

Kevword/SLQ Query | | Result navigation bar

Datasct sclection

(b) R AA .
i

bl o
-
inamary™

e

-
T Toa L -

T e -

i i e

= : __'!_é-ummr_n_s‘: g

- B e SUEgrsian
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R e =
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i
t

(c) R4

[

Graph Query Drawing / Result rendering pancl Information panel
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HNER PRI AT

BN ( BAESWIE ) + Ei8aRIT (2L
arg min(Ax. POST (x) Adis(HERFE , x))

1 SPARQL

SELECT ?x WHERE {

?x rdf:type Post.

?x :longitude ?o.

?x :latitude ?a. }

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

R IR )

N

63



HNER PRI AT

BN ( BAESWIE ) + Ei8aRIT (2L
arg min(Ax. POST (x) Adis(HERFE , x))

1 SPARQL

SELECT ?x WHERE {

?x rdf:type Post.

?x :longitude ?o.

?x :latitude ?a. }

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

R IR )

N
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gStorepzFd
. SIEBT ARG

7 IE 8 iC
MREREERG

D 1R 1 S > A > AR

4 @l FHE(L766)
- B AmE27)
...... B #&(519)
- B EERo)
- B BisiRa20)
...... B 0

m

e :
&5 : 1770
ZESE @ 1831

FERRAESR

© 2015-2018 Founder Corporation. All Rights Reserved
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gStorepzFd

HIEBFINRERES
(s

{

?s <http://www.founder.106.attr:name> ?name.
{ ?s <http://www.founder.106.link:12855> ?o. //BiBFIRZ =0T

}

UNION

{ ?s <http://www.founder.106.link:12855> ?o0. //IFZERZNTF
}

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

\ /

/IR S B R = N\
DELETE {?s ?p ?0}
WHERE
{
?s 7p ?0.
{ ?s <http://www.founder.106.attr:name> "BFZHR".}
UNION
{ ?0 <http://www.founder.106.attr:name> "BZ/R".}

\ /




gStorepzFd

. hRIBMEYIRT-2 gAYy gSthidre 3,594,457,749 414,953,654

Species Information

| Taxonomy
. NCBI taxonomy ID

| Scientific Name

. Children

. Reference Title In IJSEM
Type Strains

| Strains

luteus

1270
Micrococcus luteus

Micrococcus luteus CD1_FAA NB_1
Micrococeus luteus J28
Micrococeus luteus Mu201
Micrococcus luteus NCTC 2665
Micrococcus luteus SK58
Micrococcus luteus str. modasa

More

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

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

SELECT ?taxonld ?name

WHERE

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

S AR Rl

'\

oo



gStorepzFd

- FRIBHEFT-2ERFEDFL 8Ste

PREFIX annotation: \
<http://gcm.wdcm.org/ontology/gcmAnnotation/v1/>

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

“FEE R AEKEIEE N ER
EIRERBIER AT E

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

3,594,457,749

414,953,654

15
2008
32453
680

2398
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gStoreRiF L vermee  worme
. RIS 2By gStiidre 3,594,457,749 414,953,654

Genome

"EARE KR FEAVERER
Export Excel E,\JE gﬁ-\ Tﬁﬁzgléﬁl\] 1%_1 [E7)3 !

Genome

] Organism Name Aecsaaton Description PREFIX annotation:
Microstctis et st <http://gcm.wdcm.org/ontology/gcmAnnotation/v1/>
Micrococcus luteus str. modasa AMYK02000110 modasa contig_110, whole PREFIX taxonomy:
enome shotgunsequence. .
g Sgmaag <http://gcm.wdcm.org/data/gcmAnnotationl/taxonomy/>
3 Micrococcus luteus NCTC
|| Micrococcus luteus NCTC 2665 CP001628 2665, complete genome. ) ) o ]
) SELECT ?taxonid ?name ?genomeid ?description ?strain
Micrococcus luteus SK58 WHERE
Micrococcus luteus SK58 ADCDO1000097 ctg1119142780327, whole
genome shotgunsequence. {
Micrococcus luteus sir. ?taxonid annotation:ancestorTaxid taxonomy:1270.
[  Micrococcus luteus str. modasa AMYKO2000273 modasa contig_273, whol ?nameld a annotation:TaxonName.

enome shotgunsequence. i R .
B g q ?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.}

Micrococcus luteus str,
|| Micrococcus luteus str. modasa AMYKO2000081 modasa contig_81, whole
genome shotgunsequence.

Micrococcus luteus str.
[  Micrococcus luteus str. modasa AMYKO02000252 modasa contig_252, whole
genome shotgunsequence.

Micrococeus [uteus str.
Micrococcus luteus str. modasa AMYKO2000060 modasa contig_B60, whole
genome shotgunsequence.

Microcoerus luteus str. 70
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Take-home Message
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Antoine Bordes, Nicolas Usunier, Alberto Garcia-Duran, Jason Weston, Oksana Yakhnenko:
Translating Embeddings for Modeling Multi-relational Data. NIPS 2013: 2787-2795

Luke S. Zettlemoyer, Michael Collins: Learning to Map Sentences to Logical Form: Structured
Classification with Probabilistic Categorial Grammars. UAI 2005: 658-666

Pablo N. Mendes, Max Jakob, Christian Bizer: DBpedia: A Multilingual Cross-domain Knowledge
Base. LREC 2012: 1813-1817

Fabian M. Suchanek, Gjergji Kasneci and Gerhard Weikum, Yago - A Core of Semantic Knowledge,
16th international World Wide Web conference (WWW 2007)

Kurt D. Bollacker, Colin Evans, Praveen Paritosh, Tim Sturge, Jamie Taylor: Freebase: a
(Z:%I(I)asb(irzz:\i;vellg;(;eated graph database for structuring human knowledge. SIGMOD Conference

Peter Buneman, Gao Cong, Wenfei Fan, Anastasios Kementsietsidis: Using Partial Evaluation in
Distributed Query Evaluation. VLDB 2006: 211-222

Yuk Wah Wong, Raymond J. Mooney: Learning for Semantic Parsing with Statistical Machine
Translation. HLT-NAACL 2006
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question answering over RDF data. In WWW, pages 639-648, 2012

Lei Zou, Ruizhe Huang, Haixun Wang, Jeffrey Xu Yu, Wengiang He and Dongyan Zhao, Natural
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Lei Zou, Jinghui Mo, Lei Chen,M. Tamer Ozsu, Dongyan Zhao, gStore: Answering SPARQL Queries Via
(S\lffglgz:)\pgol\l/lftching, in Proceedings of 37th International Conference on Very Large Databases

Peng Peng, Lei Zou, Tamer Ozsu, Lei Chen, Dongyan Zhao, Processing SPARQL queries over
distributed RDF eranhs accented bv VI DR lournal



]
5 157 !

zoulei@pku.edu.cn




