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RDF and Semantic Web

@ RDF is a language for the conceptual modeling of information
about resources (web resources in our context)

@ A building block of semantic web

e Facilitates exchange of information
e Search engine results can be more focused and structured

o Facilitates data integration (mashes)

@ Machine understandable
e Understand the information on the web and the
interrelationships among them

Waterloo
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RDF Uses

@ Yago and DBpedia extract facts from Wikipedia & represent
as RDF — structural queries
@ Communities build RDF data
e E.g., biologists: Bio2RDF and Uniprot RDF

@ Web data integration
e Linked Open Data Cloud

Waterloo
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RDF Data Volumes ...

@ ...are growing — and fast
e Linked data cloud currently consists of 3000 datasets with
>84B triples
e Size almost doubling every year

Waterloo
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RDF Data Volumes ...

@ ...are growing — and fast

e Linked data cloud currently consists of 3000 datasets with
>84B triples
e Size almost doubling every year

( s )

March '09:
89 datasets

Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch.

http://lod-cloud.net/ V\ullawtlle“i:féo
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RDF Data Volumes ...

@ ...are growing — and fast

e Linked data cloud currently consists of 3000 datasets with
>84B triples
e Size almost doubling every year

September '10:
203 datasets

Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch.
http://lod-cloud.net/
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RDF Data Volumes ...

@ ...are growing — and fast

e Linked data cloud currently consists of 3000 datasets with
>84B triples
e Size almost doubling every year

September '11:
295 datasets, 25B
triples
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Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch.
http://lod-cloud.net/
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RDF Data Volumes ...

@ ...are growing — and fast

e Linked data cloud currently consists of 3000 datasets with
>84B triples
e Size almost doubling every year

April '14:
570 datasets, 777
triples
Max Schmachtenberg, Christian Bizer, and Heiko Paulheim: Adoption of Linked
Data Best Practices in Different Topical Domains. In Proc. ISWC, 2014. Waterloo
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Linked Object Data — Closer Look

Waterloo
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Globally Distributed Network of Data

Waterloo
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Three Approaches

@ Data warehousing
e Consolidate data in a centralized repository and query it

@ Distributed SPARQL execution
e Typical distribution
e Take a warehouse and distribute
o For scalability and performance

o SPARQL federation

@ Leverage query services provided by data publishers

@ Live Linked Data querying

e Navigate through LOD by looking up URIs at query execution
time

Waterloo
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Outline

RDF Introduction

Data Warehousing Approach
Relational Approaches
Graph-Based Approaches

Distributed RDF Processing
Cloud-based Solutions
Partition-based Approaches
Partial Execution Approach
SPARQL Endpoint Federation

Live Querying Approach
Traversal-based approach

Conclusions
Waterloo
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Outline
RDF Introduction
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RDF Introduction

http://data.linkedmdb.org/resource /actor/JN29704

il f
L
@ Everything is an uniquely named M
resource l |
Il
Waterioo
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RDF Introduction

xmlns:y=http://data.linkedmdb.org/resource/actor/

y:JN29704
. . . ‘

@ Everything is an uniquely named

resource
@ Prefixes can be used to shorten the

names

Waterloo
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RDF Introduction

xmlns:y=http://data.linkedmdb.org/resource/actor/
y:JN29704

@ Everything is an uniquely named
resource

@ Prefixes can be used to shorten the

il
names y:JN29704:hasName “Jack Nicholson”
y:JN29704:BornOnDate “1937-04-22"

@ Properties of resources can be
defined

Waterloo
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RDF Introduction

xmlns:y=http://data.linkedmdb.org/resource/actor/

y:JN20704
. . it |
@ Everything is an uniquely named M
resource | ]
@ Prefixes can be used to shorten the lii k
names y:JN29704:hasName “Jack Nicholson”

. y:JN29704:BornOnDate “1937-04-22"
@ Properties of resources can be

d eﬁ n ed JN29704:movieActor
@ Relationships with other resources
can be defined yTS2014
oA BERoRon
A STANEY HBRCL AN
X NELSON SELLEY L SHNG™
AN R YLD ST O
i T e
y:TS2014:title “The Shining”
y:TS2014:releaseDate “1980-0%{'6";1"60
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RDF Introduction

xmlins:y=http://data.linkedmdb.org/resource/actor/
y:JN29704

@ Everything is an uniquely named T\l

@ Prefixes can be used to shorten the

names y:JN29704:hasName “Jack Nicholson”
y:JN29704:BornOnDate “1937-04-22"

resource {

@ Properties of resources can be

d eﬁ ned JN29704:movieActor
@ Relationships with other resources
can be defined yTS2014
@ Resource descriptions can be MME
contributed by different “"ﬁi{’ﬁﬁ
people/groups and can be located ﬁﬁi

sﬂil‘i“G

ASHAEY B

anywhere in the web
o Integrated web “database”

y:TS2014:title “The Shining”
y:TS2014:releaseDate “1980-0%{%}11"60
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RDF Data Model

@ Triple: Subject, Predicate (Property),

Object (s, p,0)

Subject: the entity that is described
(URI or blank node)
Predicate: a feature of the entity (URI)
Object: value of the feature (URI,
blank node or literal)
e (s,p,0)e (UUuB)x Ux(UuBUL)
@ Set of RDF triples is called an RDF graph

U
I
I

|
(S 5 Oy

/A
v

U: set of URIs
B: set of blank

!
V- vV
U B UB L

ANIRY

A

nodes

L: set of literals

http://...imdb... /29704

movie:actor_name

Subject Predicate Object
http://...imdb.../film /2014 | rdfs:label “The Shining”
http://...imdb.../film/2014 | movie:releaseDate | “1980-05-23"

“Jack Nicholson”

Inria/2017-03-09
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RDF Example Instance

Prefixes: mdb=http://data.linkedmdb.org/resource/; geo=http://sws.geonames.org/
bm=http://wifo5-03.informatik.uni-mannheim.de/bookmashup/
lexvo=http://lexvo.org/id /;wp=http://en.wikipedia.org/wiki/

URI

Inria/2017-03-09

mdb:film /2014
mdb:film /2014
mdb:film /2014
mdb:film /2014
mdb:director /8476
mdb:film /2685
mdb:film /2685
mdb:film /424
mdb:film/424
mdb:actor/29704
mdb:film /1267
mdb:film /1267
mdb:film /3418
mdb:film /3418
ge0:2635167
ge0:2635167
£e0:2635167
bm:books/0743424425
bm:books /0743424425
bm:books/0743424425
lexvo:is0639-3/eng
lexvo:is0639-3/eng
lexvo:is0639-3 /eng

movie:music_contributor
foaf:based_near
movie:relatedBook

movie:director
rdfs:label
movie:director
rdfs:label
movie:actor_name
movie:actor
rdfs:label
movie:actor
rdfs:label
gn:name
gn:population
gn:wikipediaArticle
dc:creator
rev:rating
scom:hasOffer
rdfs:label
Ivont:usedIn
Ivont:usesScript

Subject Predicate Object
—mdb: film/20132— rdfs:label The Shining™ .
mdb:film /2014 movie:i “1980-05-23"" \
mdb:film /2014 mov mdb:director /8476
mdb:film /2014 movi mdb:actor/29704
mdb:film /2014 movi

{"mdb:_actor/30013—
mdb: music_contri butm‘ﬂﬂ\
ge0:2635167

bm:0743424425
lexvo:is0639-3/eng
“Stanley Kubrick”

mdb:director/8476
“A Clockwork Orange”

~J-mdb:director/8476—

“Spartacus”

“Jack Nicholson”
mdb:actor/29704

“The Last Tycoon”
mdb:actor/29704

“The Passenger”

“United Kingdom”
62348447
wp:United_Kingdom
bm:persons/Stephen+King
4.7
bm:offers/0743424425amazonOffer
“English”
lexvo:is03166/CA
lexvo:script/Latn

13

—Literal

URI

Waterloo
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RDF Graph

‘ “The Passenger” ‘ “The Last Tycoon”

wp: Umtedegdom refsTabe\ refsTabe\

‘ mdb:film/3418 ‘ ‘ mdb:film/1267 ‘

gn:wikipediarticle

‘ bm:offers/07434244: Offer‘
‘ “United Kingdom" ‘ ‘62348447‘
scombagOffr Thovi

xactor movigfactor

gl me  gh:popdlation

bm:persons/StephenKing Fm{ bm:books /0743424425 ‘ ge0:2635167
mdb:actor/29704

movie:réfatedBook  foaf:baded_near .
moyiedactor

E—— ‘,‘The Shiming: b [ r I musiccontributeg -

“Jack Nicholson”

:music_contributor

movieXirector

moviedirector

gtlabel Ivont:use3S

Ivont:pisedIn

L
lexvo:is03166/CA

“A Clockwork Orange” “Shelley Duvall”

Waterloo
33

Inria/2017-03-09 14 &



UniProt in RDF

@ UniProt collects data from >150 biological resources

@ Claim: “lack of a common standard to represent and link

information makes data integration an expensive business’ =
RDF can help

sosprenabel —— G

=]

Waterloo
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http://www.uniprot.org

UniProt in RDF — What does the data look like?

@ UniProt accession for the human CYP51 protein — Q16850
@ Encode it as RDF: http://purl.uniprot.org/uniprot/Q16850.rdf

Waterloo

Inria/2017-03-09 16 E/g



 
 
 

 
 
 true
 1997-11-01
 2017-02-15
 162
 CP51A_HUMAN
 CP51_HUMAN
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 The ubiquitously expressed human CYP51 encodes lanosterol 14 alpha-demethylase, a cytochrome P450 whose expression is regulated by oxysterols.
 Stroemstedt M.
 Rozman D.
 Waterman M.R.
 
 
 doi:10.1006/abbi.1996.0193
 1996
 Arch. Biochem. Biophys.
 329
 73-81

 
 
 NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 1)
 TISSUE SPECIFICITY
 

 
 
 Liver

 
 
 Sterol 14-demethylase P450 (P45014DM*) is one of the most ancient and conserved P450 species.
 Aoyama Y.
 Noshiro M.
 Gotoh O.
 Imaoka S.
 Funae Y.
 Kurosawa N.
 Horiuchi T.
 Yoshida Y.
 
 
 doi:10.1093/oxfordjournals.jbchem.a021331
 1996
 J. Biochem.
 119
 926-933

 
 
 NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 1)
 

 
 
 The three human cytochrome P450 lanosterol 14 alpha-demethylase (CYP51) genes reside on chromosomes 3, 7, and 13: structure of the two retrotransposed pseudogenes, association with a line-1 element, and evolution of the human CYP51 family.
 Rozman D.
 Stroemstedt M.
 Waterman M.R.
 
 
 doi:10.1006/abbi.1996.0416
 1996
 Arch. Biochem. Biophys.
 333
 466-474

 
 
 NUCLEOTIDE SEQUENCE [GENOMIC DNA]
 

 
 
 Structure and mapping of the human lanosterol 14alpha-demethylase gene (CYP51) encoding the cytochrome P450 involved in cholesterol biosynthesis; comparison of exon/intron organization with other mammalian and fungal CYP genes.
 Rozman D.
 Stroemstedt M.
 Tsui L.-C.
 Scherer S.W.
 Waterman M.R.
 
 
 doi:10.1006/geno.1996.0640
 1996
 Genomics
 38
 371-381

 
 
 NUCLEOTIDE SEQUENCE [GENOMIC DNA]

 
 
 Complete sequencing and characterization of 21,243 full-length human cDNAs.
 Ota T.
 Suzuki Y.
 Nishikawa T.
 Otsuki T.
 Sugiyama T.
 Irie R.
 Wakamatsu A.
 Hayashi K.
 Sato H.
 Nagai K.
 Kimura K.
 Makita H.
 Sekine M.
 Obayashi M.
 Nishi T.
 Shibahara T.
 Tanaka T.
 Ishii S.
 Yamamoto J.
 Saito K.
 Kawai Y.
 Isono Y.
 Nakamura Y.
 Nagahari K.
 Murakami K.
 Yasuda T.
 Iwayanagi T.
 Wagatsuma M.
 Shiratori A.
 Sudo H.
 Hosoiri T.
 Kaku Y.
 Kodaira H.
 Kondo H.
 Sugawara M.
 Takahashi M.
 Kanda K.
 Yokoi T.
 Furuya T.
 Kikkawa E.
 Omura Y.
 Abe K.
 Kamihara K.
 Katsuta N.
 Sato K.
 Tanikawa M.
 Yamazaki M.
 Ninomiya K.
 Ishibashi T.
 Yamashita H.
 Murakawa K.
 Fujimori K.
 Tanai H.
 Kimata M.
 Watanabe M.
 Hiraoka S.
 Chiba Y.
 Ishida S.
 Ono Y.
 Takiguchi S.
 Watanabe S.
 Yosida M.
 Hotuta T.
 Kusano J.
 Kanehori K.
 Takahashi-Fujii A.
 Hara H.
 Tanase T.-O.
 Nomura Y.
 Togiya S.
 Komai F.
 Hara R.
 Takeuchi K.
 Arita M.
 Imose N.
 Musashino K.
 Yuuki H.
 Oshima A.
 Sasaki N.
 Aotsuka S.
 Yoshikawa Y.
 Matsunawa H.
 Ichihara T.
 Shiohata N.
 Sano S.
 Moriya S.
 Momiyama H.
 Satoh N.
 Takami S.
 Terashima Y.
 Suzuki O.
 Nakagawa S.
 Senoh A.
 Mizoguchi H.
 Goto Y.
 Shimizu F.
 Wakebe H.
 Hishigaki H.
 Watanabe T.
 Sugiyama A.
 Takemoto M.
 Kawakami B.
 Yamazaki M.'
 Watanabe K.
 Kumagai A.
 Itakura S.
 Fukuzumi Y.
 Fujimori Y.
 Komiyama M.
 Tashiro H.
 Tanigami A.
 Fujiwara T.
 Ono T.
 Yamada K.
 Fujii Y.
 Ozaki K.
 Hirao M.
 Ohmori Y.
 Kawabata A.
 Hikiji T.
 Kobatake N.
 Inagaki H.
 Ikema Y.
 Okamoto S.
 Okitani R.
 Kawakami T.
 Noguchi S.
 Itoh T.
 Shigeta K.
 Senba T.
 Matsumura K.
 Nakajima Y.
 Mizuno T.
 Morinaga M.
 Sasaki M.
 Togashi T.
 Oyama M.
 Hata H.
 Watanabe M.'
 Komatsu T.
 Mizushima-Sugano J.
 Satoh T.
 Shirai Y.
 Takahashi Y.
 Nakagawa K.
 Okumura K.
 Nagase T.
 Nomura N.
 Kikuchi H.
 Masuho Y.
 Yamashita R.
 Nakai K.
 Yada T.
 Nakamura Y.'
 Ohara O.
 Isogai T.
 Sugano S.
 
 
 doi:10.1038/ng1285
 2004
 Nat. Genet.
 36
 40-45

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE MRNA] (ISOFORMS 1 AND 2)

 
 
 The DNA sequence of human chromosome 7.
 Hillier L.W.
 Fulton R.S.
 Fulton L.A.
 Graves T.A.
 Pepin K.H.
 Wagner-McPherson C.
 Layman D.
 Maas J.
 Jaeger S.
 Walker R.
 Wylie K.
 Sekhon M.
 Becker M.C.
 O'Laughlin M.D.
 Schaller M.E.
 Fewell G.A.
 Delehaunty K.D.
 Miner T.L.
 Nash W.E.
 Cordes M.
 Du H.
 Sun H.
 Edwards J.
 Bradshaw-Cordum H.
 Ali J.
 Andrews S.
 Isak A.
 Vanbrunt A.
 Nguyen C.
 Du F.
 Lamar B.
 Courtney L.
 Kalicki J.
 Ozersky P.
 Bielicki L.
 Scott K.
 Holmes A.
 Harkins R.
 Harris A.
 Strong C.M.
 Hou S.
 Tomlinson C.
 Dauphin-Kohlberg S.
 Kozlowicz-Reilly A.
 Leonard S.
 Rohlfing T.
 Rock S.M.
 Tin-Wollam A.-M.
 Abbott A.
 Minx P.
 Maupin R.
 Strowmatt C.
 Latreille P.
 Miller N.
 Johnson D.
 Murray J.
 Woessner J.P.
 Wendl M.C.
 Yang S.-P.
 Schultz B.R.
 Wallis J.W.
 Spieth J.
 Bieri T.A.
 Nelson J.O.
 Berkowicz N.
 Wohldmann P.E.
 Cook L.L.
 Hickenbotham M.T.
 Eldred J.
 Williams D.
 Bedell J.A.
 Mardis E.R.
 Clifton S.W.
 Chissoe S.L.
 Marra M.A.
 Raymond C.
 Haugen E.
 Gillett W.
 Zhou Y.
 James R.
 Phelps K.
 Iadanoto S.
 Bubb K.
 Simms E.
 Levy R.
 Clendenning J.
 Kaul R.
 Kent W.J.
 Furey T.S.
 Baertsch R.A.
 Brent M.R.
 Keibler E.
 Flicek P.
 Bork P.
 Suyama M.
 Bailey J.A.
 Portnoy M.E.
 Torrents D.
 Chinwalla A.T.
 Gish W.R.
 Eddy S.R.
 McPherson J.D.
 Olson M.V.
 Eichler E.E.
 Green E.D.
 Waterston R.H.
 Wilson R.K.
 
 
 doi:10.1038/nature01782
 2003
 Nature
 424
 157-164

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 Human chromosome 7: DNA sequence and biology.
 Scherer S.W.
 Cheung J.
 MacDonald J.R.
 Osborne L.R.
 Nakabayashi K.
 Herbrick J.-A.
 Carson A.R.
 Parker-Katiraee L.
 Skaug J.
 Khaja R.
 Zhang J.
 Hudek A.K.
 Li M.
 Haddad M.
 Duggan G.E.
 Fernandez B.A.
 Kanematsu E.
 Gentles S.
 Christopoulos C.C.
 Choufani S.
 Kwasnicka D.
 Zheng X.H.
 Lai Z.
 Nusskern D.R.
 Zhang Q.
 Gu Z.
 Lu F.
 Zeesman S.
 Nowaczyk M.J.
 Teshima I.
 Chitayat D.
 Shuman C.
 Weksberg R.
 Zackai E.H.
 Grebe T.A.
 Cox S.R.
 Kirkpatrick S.J.
 Rahman N.
 Friedman J.M.
 Heng H.H.Q.
 Pelicci P.G.
 Lo-Coco F.
 Belloni E.
 Shaffer L.G.
 Pober B.
 Morton C.C.
 Gusella J.F.
 Bruns G.A.P.
 Korf B.R.
 Quade B.J.
 Ligon A.H.
 Ferguson H.
 Higgins A.W.
 Leach N.T.
 Herrick S.R.
 Lemyre E.
 Farra C.G.
 Kim H.-G.
 Summers A.M.
 Gripp K.W.
 Roberts W.
 Szatmari P.
 Winsor E.J.T.
 Grzeschik K.-H.
 Teebi A.
 Minassian B.A.
 Kere J.
 Armengol L.
 Pujana M.A.
 Estivill X.
 Wilson M.D.
 Koop B.F.
 Tosi S.
 Moore G.E.
 Boright A.P.
 Zlotorynski E.
 Kerem B.
 Kroisel P.M.
 Petek E.
 Oscier D.G.
 Mould S.J.
 Doehner H.
 Doehner K.
 Rommens J.M.
 Vincent J.B.
 Venter J.C.
 Li P.W.
 Mural R.J.
 Adams M.D.
 Tsui L.-C.
 
 
 doi:10.1126/science.1083423
 2003
 Science
 300
 767-772

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 Mural R.J.
 Istrail S.
 Sutton G.G.
 Florea L.
 Halpern A.L.
 Mobarry C.M.
 Lippert R.
 Walenz B.
 Shatkay H.
 Dew I.
 Miller J.R.
 Flanigan M.J.
 Edwards N.J.
 Bolanos R.
 Fasulo D.
 Halldorsson B.V.
 Hannenhalli S.
 Turner R.
 Yooseph S.
 Lu F.
 Nusskern D.R.
 Shue B.C.
 Zheng X.H.
 Zhong F.
 Delcher A.L.
 Huson D.H.
 Kravitz S.A.
 Mouchard L.
 Reinert K.
 Remington K.A.
 Clark A.G.
 Waterman M.S.
 Eichler E.E.
 Adams M.D.
 Hunkapiller M.W.
 Myers E.W.
 Venter J.C.
 2005-09
 EMBL/GenBank/DDBJ

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 The status, quality, and expansion of the NIH full-length cDNA project: the Mammalian Gene Collection (MGC).
 The MGC Project Team
 
 
 doi:10.1101/gr.2596504
 2004
 Genome Res.
 14
 2121-2127

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE MRNA] (ISOFORM 1)
 

 
 
 Brain

 
 
 Initial characterization of the human central proteome.
 Burkard T.R.
 Planyavsky M.
 Kaupe I.
 Breitwieser F.P.
 Buerckstuemmer T.
 Bennett K.L.
 Superti-Furga G.
 Colinge J.
 
 
 doi:10.1186/1752-0509-5-17
 2011
 BMC Syst. Biol.
 5
 17

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]

 
 
 An enzyme assisted RP-RPLC approach for in-depth analysis of human liver phosphoproteome.
 Bian Y.
 Song C.
 Cheng K.
 Dong M.
 Wang F.
 Huang J.
 Sun D.
 Wang L.
 Ye M.
 Zou H.
 
 
 doi:10.1016/j.jprot.2013.11.014
 2014
 J. Proteomics
 96
 253-262

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]
 

 
 
 N-terminome analysis of the human mitochondrial proteome.
 Vaca Jacome A.S.
 Rabilloud T.
 Schaeffer-Reiss C.
 Rompais M.
 Ayoub D.
 Lane L.
 Bairoch A.
 Van Dorsselaer A.
 Carapito C.
 
 
 doi:10.1002/pmic.201400617
 2015
 Proteomics
 15
 2519-2524

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]

 
 
 Structural basis of human CYP51 inhibition by antifungal azoles.
 Strushkevich N.
 Usanov S.A.
 Park H.W.
 
 
 doi:10.1016/j.jmb.2010.01.075
 2010
 J. Mol. Biol.
 397
 1067-1078

 
 
 X-RAY CRYSTALLOGRAPHY (2.8 ANGSTROMS) OF 54-502 IN COMPLEXES WITH HEME; KETOCONAZOLE AND ECONAZOLE
 CATALYTIC ACTIVITY
 FUNCTION
 COFACTOR
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 Activation of gene expression by SREBF (SREBP)
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 Lanosterol 14-alpha demethylase
 LDM
 1.14.13.70

 
 
 CYPLI

 
 
 Cytochrome P450 51A1

 
 
 Cytochrome P450-14DM
 Cytochrome P45014DM

 
 
 Cytochrome P450LI

 
 
 Sterol 14-alpha demethylase

 
 
 
 
 

 
 

 
 
 CYP51A1
 CYP51

 
 
 Catalyzes C14-demethylation of lanosterol; it transforms lanosterol into 4,4'-dimethyl cholesta-8,14,24-triene-3-beta-ol.

 
 

 
 
 A 14-alpha-methylsteroid + 3 O(2) + 3 NADPH = a Delta(14)-steroid + formate + 3 NADP(+) + 4 H(2)O.

 
 

 
 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 
 Ubiquitously expressed with highest levels in testis, ovary, adrenal, prostate, liver, kidney and lung.

 
 

 
 
 Belongs to the cytochrome P450 family.
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Predicate <author>Stroemstedt M.< /author> .
<author>Rozman D.< /author> ObJeCt
<author>Waterman M.R.< /author>
<skos:exactMatch rdf:resource="http://purl.uniprot.org/pubmed /8619637" / >
< foaf:primary TopicOf rdf:resource="https://www.ncbi.nlm.nih.gov/pubmed/8619637" />
<dcterms:identifier>doi:10.1006/abbi.1996.0193 < /dcterms:identifier >
<date rdf:datatype="http://www.w3.org/2001/XMLSchema#gYear’ >1996< /date>
<name>Arch. Biochem. Biophys.</name>
<volume>329< /volume>
< pages>73-81< /pages>
< /rdf:Description>

@ This can be shown as a table <Subject, Predicate, Object >
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 The ubiquitously expressed human CYP51 encodes lanosterol 14 alpha-demethylase, a cytochrome P450 whose expression is regulated by oxysterols.
 Stroemstedt M.
 Rozman D.
 Waterman M.R.
 
 
 doi:10.1006/abbi.1996.0193
 1996
 Arch. Biochem. Biophys.
 329
 73-81

 
 
 NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 1)
 TISSUE SPECIFICITY
 

 
 
 Liver

 
 
 Sterol 14-demethylase P450 (P45014DM*) is one of the most ancient and conserved P450 species.
 Aoyama Y.
 Noshiro M.
 Gotoh O.
 Imaoka S.
 Funae Y.
 Kurosawa N.
 Horiuchi T.
 Yoshida Y.
 
 
 doi:10.1093/oxfordjournals.jbchem.a021331
 1996
 J. Biochem.
 119
 926-933

 
 
 NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 1)
 

 
 
 The three human cytochrome P450 lanosterol 14 alpha-demethylase (CYP51) genes reside on chromosomes 3, 7, and 13: structure of the two retrotransposed pseudogenes, association with a line-1 element, and evolution of the human CYP51 family.
 Rozman D.
 Stroemstedt M.
 Waterman M.R.
 
 
 doi:10.1006/abbi.1996.0416
 1996
 Arch. Biochem. Biophys.
 333
 466-474

 
 
 NUCLEOTIDE SEQUENCE [GENOMIC DNA]
 

 
 
 Structure and mapping of the human lanosterol 14alpha-demethylase gene (CYP51) encoding the cytochrome P450 involved in cholesterol biosynthesis; comparison of exon/intron organization with other mammalian and fungal CYP genes.
 Rozman D.
 Stroemstedt M.
 Tsui L.-C.
 Scherer S.W.
 Waterman M.R.
 
 
 doi:10.1006/geno.1996.0640
 1996
 Genomics
 38
 371-381

 
 
 NUCLEOTIDE SEQUENCE [GENOMIC DNA]

 
 
 Complete sequencing and characterization of 21,243 full-length human cDNAs.
 Ota T.
 Suzuki Y.
 Nishikawa T.
 Otsuki T.
 Sugiyama T.
 Irie R.
 Wakamatsu A.
 Hayashi K.
 Sato H.
 Nagai K.
 Kimura K.
 Makita H.
 Sekine M.
 Obayashi M.
 Nishi T.
 Shibahara T.
 Tanaka T.
 Ishii S.
 Yamamoto J.
 Saito K.
 Kawai Y.
 Isono Y.
 Nakamura Y.
 Nagahari K.
 Murakami K.
 Yasuda T.
 Iwayanagi T.
 Wagatsuma M.
 Shiratori A.
 Sudo H.
 Hosoiri T.
 Kaku Y.
 Kodaira H.
 Kondo H.
 Sugawara M.
 Takahashi M.
 Kanda K.
 Yokoi T.
 Furuya T.
 Kikkawa E.
 Omura Y.
 Abe K.
 Kamihara K.
 Katsuta N.
 Sato K.
 Tanikawa M.
 Yamazaki M.
 Ninomiya K.
 Ishibashi T.
 Yamashita H.
 Murakawa K.
 Fujimori K.
 Tanai H.
 Kimata M.
 Watanabe M.
 Hiraoka S.
 Chiba Y.
 Ishida S.
 Ono Y.
 Takiguchi S.
 Watanabe S.
 Yosida M.
 Hotuta T.
 Kusano J.
 Kanehori K.
 Takahashi-Fujii A.
 Hara H.
 Tanase T.-O.
 Nomura Y.
 Togiya S.
 Komai F.
 Hara R.
 Takeuchi K.
 Arita M.
 Imose N.
 Musashino K.
 Yuuki H.
 Oshima A.
 Sasaki N.
 Aotsuka S.
 Yoshikawa Y.
 Matsunawa H.
 Ichihara T.
 Shiohata N.
 Sano S.
 Moriya S.
 Momiyama H.
 Satoh N.
 Takami S.
 Terashima Y.
 Suzuki O.
 Nakagawa S.
 Senoh A.
 Mizoguchi H.
 Goto Y.
 Shimizu F.
 Wakebe H.
 Hishigaki H.
 Watanabe T.
 Sugiyama A.
 Takemoto M.
 Kawakami B.
 Yamazaki M.'
 Watanabe K.
 Kumagai A.
 Itakura S.
 Fukuzumi Y.
 Fujimori Y.
 Komiyama M.
 Tashiro H.
 Tanigami A.
 Fujiwara T.
 Ono T.
 Yamada K.
 Fujii Y.
 Ozaki K.
 Hirao M.
 Ohmori Y.
 Kawabata A.
 Hikiji T.
 Kobatake N.
 Inagaki H.
 Ikema Y.
 Okamoto S.
 Okitani R.
 Kawakami T.
 Noguchi S.
 Itoh T.
 Shigeta K.
 Senba T.
 Matsumura K.
 Nakajima Y.
 Mizuno T.
 Morinaga M.
 Sasaki M.
 Togashi T.
 Oyama M.
 Hata H.
 Watanabe M.'
 Komatsu T.
 Mizushima-Sugano J.
 Satoh T.
 Shirai Y.
 Takahashi Y.
 Nakagawa K.
 Okumura K.
 Nagase T.
 Nomura N.
 Kikuchi H.
 Masuho Y.
 Yamashita R.
 Nakai K.
 Yada T.
 Nakamura Y.'
 Ohara O.
 Isogai T.
 Sugano S.
 
 
 doi:10.1038/ng1285
 2004
 Nat. Genet.
 36
 40-45

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE MRNA] (ISOFORMS 1 AND 2)

 
 
 The DNA sequence of human chromosome 7.
 Hillier L.W.
 Fulton R.S.
 Fulton L.A.
 Graves T.A.
 Pepin K.H.
 Wagner-McPherson C.
 Layman D.
 Maas J.
 Jaeger S.
 Walker R.
 Wylie K.
 Sekhon M.
 Becker M.C.
 O'Laughlin M.D.
 Schaller M.E.
 Fewell G.A.
 Delehaunty K.D.
 Miner T.L.
 Nash W.E.
 Cordes M.
 Du H.
 Sun H.
 Edwards J.
 Bradshaw-Cordum H.
 Ali J.
 Andrews S.
 Isak A.
 Vanbrunt A.
 Nguyen C.
 Du F.
 Lamar B.
 Courtney L.
 Kalicki J.
 Ozersky P.
 Bielicki L.
 Scott K.
 Holmes A.
 Harkins R.
 Harris A.
 Strong C.M.
 Hou S.
 Tomlinson C.
 Dauphin-Kohlberg S.
 Kozlowicz-Reilly A.
 Leonard S.
 Rohlfing T.
 Rock S.M.
 Tin-Wollam A.-M.
 Abbott A.
 Minx P.
 Maupin R.
 Strowmatt C.
 Latreille P.
 Miller N.
 Johnson D.
 Murray J.
 Woessner J.P.
 Wendl M.C.
 Yang S.-P.
 Schultz B.R.
 Wallis J.W.
 Spieth J.
 Bieri T.A.
 Nelson J.O.
 Berkowicz N.
 Wohldmann P.E.
 Cook L.L.
 Hickenbotham M.T.
 Eldred J.
 Williams D.
 Bedell J.A.
 Mardis E.R.
 Clifton S.W.
 Chissoe S.L.
 Marra M.A.
 Raymond C.
 Haugen E.
 Gillett W.
 Zhou Y.
 James R.
 Phelps K.
 Iadanoto S.
 Bubb K.
 Simms E.
 Levy R.
 Clendenning J.
 Kaul R.
 Kent W.J.
 Furey T.S.
 Baertsch R.A.
 Brent M.R.
 Keibler E.
 Flicek P.
 Bork P.
 Suyama M.
 Bailey J.A.
 Portnoy M.E.
 Torrents D.
 Chinwalla A.T.
 Gish W.R.
 Eddy S.R.
 McPherson J.D.
 Olson M.V.
 Eichler E.E.
 Green E.D.
 Waterston R.H.
 Wilson R.K.
 
 
 doi:10.1038/nature01782
 2003
 Nature
 424
 157-164

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 Human chromosome 7: DNA sequence and biology.
 Scherer S.W.
 Cheung J.
 MacDonald J.R.
 Osborne L.R.
 Nakabayashi K.
 Herbrick J.-A.
 Carson A.R.
 Parker-Katiraee L.
 Skaug J.
 Khaja R.
 Zhang J.
 Hudek A.K.
 Li M.
 Haddad M.
 Duggan G.E.
 Fernandez B.A.
 Kanematsu E.
 Gentles S.
 Christopoulos C.C.
 Choufani S.
 Kwasnicka D.
 Zheng X.H.
 Lai Z.
 Nusskern D.R.
 Zhang Q.
 Gu Z.
 Lu F.
 Zeesman S.
 Nowaczyk M.J.
 Teshima I.
 Chitayat D.
 Shuman C.
 Weksberg R.
 Zackai E.H.
 Grebe T.A.
 Cox S.R.
 Kirkpatrick S.J.
 Rahman N.
 Friedman J.M.
 Heng H.H.Q.
 Pelicci P.G.
 Lo-Coco F.
 Belloni E.
 Shaffer L.G.
 Pober B.
 Morton C.C.
 Gusella J.F.
 Bruns G.A.P.
 Korf B.R.
 Quade B.J.
 Ligon A.H.
 Ferguson H.
 Higgins A.W.
 Leach N.T.
 Herrick S.R.
 Lemyre E.
 Farra C.G.
 Kim H.-G.
 Summers A.M.
 Gripp K.W.
 Roberts W.
 Szatmari P.
 Winsor E.J.T.
 Grzeschik K.-H.
 Teebi A.
 Minassian B.A.
 Kere J.
 Armengol L.
 Pujana M.A.
 Estivill X.
 Wilson M.D.
 Koop B.F.
 Tosi S.
 Moore G.E.
 Boright A.P.
 Zlotorynski E.
 Kerem B.
 Kroisel P.M.
 Petek E.
 Oscier D.G.
 Mould S.J.
 Doehner H.
 Doehner K.
 Rommens J.M.
 Vincent J.B.
 Venter J.C.
 Li P.W.
 Mural R.J.
 Adams M.D.
 Tsui L.-C.
 
 
 doi:10.1126/science.1083423
 2003
 Science
 300
 767-772

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 Mural R.J.
 Istrail S.
 Sutton G.G.
 Florea L.
 Halpern A.L.
 Mobarry C.M.
 Lippert R.
 Walenz B.
 Shatkay H.
 Dew I.
 Miller J.R.
 Flanigan M.J.
 Edwards N.J.
 Bolanos R.
 Fasulo D.
 Halldorsson B.V.
 Hannenhalli S.
 Turner R.
 Yooseph S.
 Lu F.
 Nusskern D.R.
 Shue B.C.
 Zheng X.H.
 Zhong F.
 Delcher A.L.
 Huson D.H.
 Kravitz S.A.
 Mouchard L.
 Reinert K.
 Remington K.A.
 Clark A.G.
 Waterman M.S.
 Eichler E.E.
 Adams M.D.
 Hunkapiller M.W.
 Myers E.W.
 Venter J.C.
 2005-09
 EMBL/GenBank/DDBJ

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA]

 
 
 The status, quality, and expansion of the NIH full-length cDNA project: the Mammalian Gene Collection (MGC).
 The MGC Project Team
 
 
 doi:10.1101/gr.2596504
 2004
 Genome Res.
 14
 2121-2127

 
 
 NUCLEOTIDE SEQUENCE [LARGE SCALE MRNA] (ISOFORM 1)
 

 
 
 Brain

 
 
 Initial characterization of the human central proteome.
 Burkard T.R.
 Planyavsky M.
 Kaupe I.
 Breitwieser F.P.
 Buerckstuemmer T.
 Bennett K.L.
 Superti-Furga G.
 Colinge J.
 
 
 doi:10.1186/1752-0509-5-17
 2011
 BMC Syst. Biol.
 5
 17

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]

 
 
 An enzyme assisted RP-RPLC approach for in-depth analysis of human liver phosphoproteome.
 Bian Y.
 Song C.
 Cheng K.
 Dong M.
 Wang F.
 Huang J.
 Sun D.
 Wang L.
 Ye M.
 Zou H.
 
 
 doi:10.1016/j.jprot.2013.11.014
 2014
 J. Proteomics
 96
 253-262

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]
 

 
 
 N-terminome analysis of the human mitochondrial proteome.
 Vaca Jacome A.S.
 Rabilloud T.
 Schaeffer-Reiss C.
 Rompais M.
 Ayoub D.
 Lane L.
 Bairoch A.
 Van Dorsselaer A.
 Carapito C.
 
 
 doi:10.1002/pmic.201400617
 2015
 Proteomics
 15
 2519-2524

 
 
 IDENTIFICATION BY MASS SPECTROMETRY [LARGE SCALE ANALYSIS]

 
 
 Structural basis of human CYP51 inhibition by antifungal azoles.
 Strushkevich N.
 Usanov S.A.
 Park H.W.
 
 
 doi:10.1016/j.jmb.2010.01.075
 2010
 J. Mol. Biol.
 397
 1067-1078

 
 
 X-RAY CRYSTALLOGRAPHY (2.8 ANGSTROMS) OF 54-502 IN COMPLEXES WITH HEME; KETOCONAZOLE AND ECONAZOLE
 CATALYTIC ACTIVITY
 FUNCTION
 COFACTOR
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 Lanosterol 14-alpha demethylase
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 Cytochrome P450 51A1
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 Cytochrome P45014DM
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 Sterol 14-alpha demethylase
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 Catalyzes C14-demethylation of lanosterol; it transforms lanosterol into 4,4'-dimethyl cholesta-8,14,24-triene-3-beta-ol.

 
 

 
 
 A 14-alpha-methylsteroid + 3 O(2) + 3 NADPH = a Delta(14)-steroid + formate + 3 NADP(+) + 4 H(2)O.

 
 

 
 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 
 Ubiquitously expressed with highest levels in testis, ovary, adrenal, prostate, liver, kidney and lung.
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RDF Query Model — SPARQL

@ Query Model - SPARQL Protocol and RDF Query Language
@ Given U (set of URIs), L (set of literals), and V' (set of
variables), a SPARQL expression is defined recursively:
e an atomic triple pattern, which is an element of

(UuV)x(UuV)x(UuVul)

e 7?x rdfs:label “The Shining”
e P FILTER R, where P is a graph pattern expression and R is a
built-in SPARQL condition (i.e., analogous to a SQL predicate)
@ ?x rev:rating ?p FILTER(?p > 3.0)
e P1 AND/OPT/UNION P2, where P1 and P2 are graph
pattern expressions
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RDF Query Model — SPARQL

@ Query Model - SPARQL Protocol and RDF Query Language
@ Given U (set of URIs), L (set of literals), and V' (set of
variables), a SPARQL expression is defined recursively:
e an atomic triple pattern, which is an element of

(UuV)x(UuV)x(UuVul)

e 7?x rdfs:label “The Shining”
e P FILTER R, where P is a graph pattern expression and R is a
built-in SPARQL condition (i.e., analogous to a SQL predicate)
@ ?x rev:rating ?p FILTER(?p > 3.0)
e P1 AND/OPT/UNION P2, where P1 and P2 are graph
pattern expressions
SELECT ?name

WHERE {
?m rdfs:label ?name. ?m movie:director ?7d.
] Example: ?d movie:director_.name " Stanley Kubrick".

?m movie:relatedBook ?b. ?b rev:rating ?r.
FILTER(?r > 4.0)

}
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SPARQL Queries

SELECT 7?name

WHERE {
m rdfs:label ?name. ?m movie:director 7d.
?7d movie:director_name " Stanley Kubrick”.
?m movie:relatedBook ?b. ?b rev:rating 7r.
FILTER(?r > 4.0)

FILTER(?r > 4.0)

“Stanley Kubrick”

movie:director_name

Waterloo
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UniProt in RDF — The Data Can Be Queried

@ RDF encoded UniProt data can be queried using SPARQL:
http://sparql.uniprot.org/sparql

Waterloo

Inria/2017-03-09 19 %ﬂ


http://sparql.uniprot.org/sparql

UniProt in RDF — The Data Can Be Queried

@ RDF encoded UniProt data can be queried using SPARQL:
http://sparql.uniprot.org/sparql

@ Get the GO function for Q16850 (from UniProt SPARQL endpoint)
PREFIX upc:<http://purl.uniprot.org/core/>
PREFIX rdf: <http://www.w3.0rg/1999/02/22—rdf—syntax—ns#>
SELECT ?goid ?golabel
WHERE {
<http://purl.uniprot.org/uniprot/Q16850> a upc:Protein ;
upc:classifiedWith ?keyword .
7keyword rdfs:seeAlso ?goid .
?7goid rdfs:label 7?golabel .

}
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UniProt in RDF — The Data Can Be Queried

@ RDF encoded UniProt data can be queried using SPARQL:
http://sparql.uniprot.org/sparql

@ Get the GO function for Q16850 (from UniProt SPARQL endpoint)
PREFIX upc:<http://purl.uniprot.org/core/>
PREFIX rdf: <http://www.w3.0rg/1999/02/22—rdf—syntax—ns#>
SELECT ?goid ?golabel
WHERE {
<http://purl.uniprot.org/uniprot/Q16850> a upc:Protein
upc:classifiedWith ?keyword
?keyword rdfs:seeAlso ?goid
?7goid rdfs:label 7golabel

}
@ Find the differential expression of probes and the p

value that map to Q16850 (from Expression Atlas SPARQL endpoint)
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf—schema#>
PREFIX atlasterms: <http://rdf.ebi.ac.uk/terms/atlas/>
SELECT distinct ?valuelabel ?pvalue
WHERE {
?value rdfs:label ?valuelabel
?value atlasterms:pValue ?pvalue
?value atlasterms:isMeasurementOf ?probe
?probe atlasterms:dbXref <http://purl.uniprot.org/uniprot/Q16850> .

}
ORDER BY ASC(?pvalue) Waterloo
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Naive Triple Store Design

SELECT ?name

WHERE
m rdfs:

label ?name.

FILTER(?r > 4.0)

}

?m movie:director
?d movie:director_name "Stanley Kubrick”.

?m movie:relatedBook ?b. ?b rev:rating 7?r.

mdb:film/2014
mdb:film /2014
mdb:film /2014
mdb:film/2014
mdb:director/8476
mdb:film /2685
mdb:film /2685
mdb:film /424
mdb:film /424
mdb:actor /29704
mdb:film /1267
mdb:film /1267
mdb:film/3418
mdb:film/3418
£e0:2635167
£e0:2635167
£e0:2635167
bm:books /0743424425
bm:books/0743424425
bm:books /0743424425
lexvoris0639-3/eng

movie:actor
i i ibutor

Subject Property Object

mdb:film /2014 rdfs:Tabel "The Shining”
mdb:film /2014 movie:initial_release_date | “1980-05-23"
mdb:film/2014 je:director irector /8476
mdb:film /2014 movie:actor mdb:actor/29704
mdb:film /2014 mdb: actor/30013

foaf:based_near
movie:relatedBook

mdb: musi ibutor/4110
6012635167
bm:0743424425

movie:director_name
movie:director
rdfs:label
movie:director
rdfs:label
movie:actor_name
movie:actor
rdfs:label
movie:actor
rdfs:label

gn:name
gn:population
gn:wikipediaArticle
dc:creator
revrating
scom:hasOffer
rdfs:label

3/eng
“Stanley Kubrick”
mdb:director/8476

“A Clockwork Orange”
mdb:director /8476
“Spartacus”

“Jack Nicholson”
mdb:actor/29704

“The Last Tycoon”
mdb:actor/29704

“The Passenger”
“United Kingdom"”
62348447
wp:United_Kingdom
bm:persons/Stephen-+King
47

bm:offers/0743424425amazonOffer
b

“Englis
| 3166/CA

3/eng
lexvo:is0639-3/eng

Ivont:usesScript

lexvo:script/Latn

Inria/2017-03-09
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Naive Triple Store Design

SELECT ?name

WHERE
m rdfs:

label ?name.

?m movie:director 7d.

?7d movie:director_name "Stanley Kubrick”.

?m movie:relatedBook 7b.

FILTER(?r > 4.0)

}

mdb:film /2014
mdb:film/2014
mdb:film /2014
mdb:film/2014
mdb:film/2014
mdb:film /2014
mdb:film/2014
mdb:director/8476
mdb:film /2685
mdb:film /2685
mdb:film /424
mdb:film /424
mdb:actor /29704
mdb:film /1267
mdb:film /1267
mdb:film/3418
mdb:film/3418
£e0:2635167
£e0:2635167
g£e0:2635167
bm:books /0743424425
bm:books/0743424425
bm:books /0743424425
lexvo:is0639-3 /eng
3/eng

Subject Property Object
mdb:film /2014 rdfs:label “The Shining”
mdb:film /2014 movie:initial_release_date | “1980-05-23"

tor

movie:actor
movie:music_contributor
foaf:based_near
movie:relatedBook
movie:language
movie:director_name
movie:director

mdb:director/8476
mdb:actor/29704

mdb: actor/30013

mdb: music_contributor/4110
ge0:2635167

bm:0743424425
lexvo:is0639-3/eng

“Stanley Kubrick”
mdb:director /8476

“A Clockwork Orange”

rdfs:label

rdfs:label “Spartacus”
movie:actor-name “Jack Nicholson”
movie:actor mdb:actor/29704
rdfs:label “The Last Tycoon™
movie:actor mdb:actor/29704
rdfs:label “The Passenger”
gniname “United Kingdom"

gn:population
gn:wikipediaArticle
dc:creator
revirating
scom:hasOffer
rdfs:label

Ivont:

/8476

62348447
wp:United_Kingdom
bm:persons/Stephen-+King
47

bm:offers/0743424425amazonOffer
“English”
Jexvo:iso3166/CA

3/eng

ipt/Latn

Inria/2017-03-09
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?b rev:rating 7r.

SELECT QWhject

FROM

T as T1, T as T2, T as T3,
T as T4, T as T5

WHERE T1.p="rdfs:label”

AND T2.p="movie:relatedBook"

AND T3.p="movie:director”

AND T4.p="rev:rating”

AND T5.p="movie:director_name’

AND T1.s=T2.s

AND T1.s=T3.s

AND T2.0=T4.s

AND T3.0=T5.s

AND T4.0 > 4.0

AND T5.0="Stanley Kubrick”

Waterloo
F/g



Naive Triple Store Design

SELECT ?name
WHERE
?m rdfs:label ?name. ?m movie:director
?7d movie:director_name "Stanley

?m movie:relatedBook 7b. ?b revg |m I ment
FILTER(?r > 4.0) e

} but

Subject Property Object
mdb:film/2014 rdfs:Tabel "The Shining” o
mdb:film /2014 itial_release_date | “1980-05-23" too m a n self_ O| n Sl
mdb:film/2014 movie:director mdb:director/8476 d
mdbsfilm,/2014 moviesactor mdb:actor/29704
mdbfilm,/2014 moviesactor mdb: actor/30013
mdb:film/2014 movie:music-contributor | mdb: music_contributor/4110
mdbsfilm,/2014 foaf:based near 02635167 :
mdbfilm,/2014 movieirelatedBook bm:0743424425
mdb:film /2014 language lexvoriso639-3/eng N rdfs:
mdbsdirector/8476 rector.name | “Stanley Kubrick” .
mdb:film /2685 movie:director mdb:director/8476 AND T2. p=y movie: re Book”
mdb:film/2685 rdfs:label “A Clockwork Orange” " . . "
mdb:filmy/424 irector/8476 AND T3.p="movie:director
mdbsfilm,/424 rdfs:label “Spartacus” " . . "
mdbiactor/20704 | movie:actor-name “Jack Nicholson’” AND T4.p="rev:rating
mdb:film /1267 movieactor mdb:actor/20704 o T "
mdb:film /1267 rdfs:label “The Last Tycoon” AND T5. p= movie: director_name
mdb:film/3418 movie:actor mdb:actor/29704 -
mdb:film /3418 rdfs:label “The Passenger” AND T1.s=T2.s
002635167 gniname “United Kingdom” -
£60:2635167 gn:population 62348447 AND T1.s=T3.s
002635167 gniwikipediaArticle wp:United_Kingdom _
bm:books /0743424425 | dc:creator bm:persons/Stephen-+King AND T2.0=T4.s
bm:books /0743424425 | revirating 4.7 _
bm:books /0743424425 | scom:hasOffer bm:offers/0743424425amazonOffer AND T3.0=T5.s
lexvo:iso630-3/eng | rdfs:label “English”
e | ot o 1166/CA AND T4.0 > 4.0
i50630-3/eng | Ivont: ip ipt/Latn AND T5.0="Stanley Kubrick”
Waterloo
Inria/2017-03-09 21
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Exhaustive Indexing

e RDF-3X

, Hexastore

@ Strings are mapped to ids using a mapping table

Original triple table

Mapping table

Subject Property Object ID|Value
mdb: film/2014  |rdfs:label "“The Shining” 0 |mdb: film/2014
mdb:film /2014 movie:initial_release_date | “1980-05-23" 1 |rdfs:label
mdb:director /8476 | movie:director_name “Stanley Kubrick” 2 | “The Shining"
mdb:film /2685 movie:director mdb:director/8476| [3 |moviesinitial_release_date
4 |"1980-05-23"
. 5 |mdb:director/8476
Encoded trlple table 6 movie:directo/r,name
Subject | Property| Object 7 | "Stanley Kubrick”
0 1 2 8 |mdb:film/2685
0 3 4 9 |movie:director
5 6 7
8 9 5 | e

Inria/2017-03-09 22
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Exhaustive Indexing

e RDF-3X

, Hexastore

@ Strings are mapped to ids using a mapping table
@ Triples are indexed in a clustered B+ tree in lexicographic

order
Subject | Property | Object
0 1 2
0 3 4
5 6 7
8 9 5

Inria/2017-03-09

22

B+ tree

Easy querying
through mapping
table

Waterloo
¥
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Exhaustive Indexing

@ RDF-3X , Hexastore

@ Strings are mapped to ids using a mapping table

@ Triples are indexed in a clustered B+ tree in lexicographic
order

@ Create indexes for permutations of the three columns: SPO,

SOP, PSO, POS, OPS, OSP

Subject | Property | Object

0 1 2

0 3 4 Easy querying

5 6 7 B+ tree through mapping
8 9 5 table

Waterloo
¥

Inria/2017-03-09 22
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Exhaustive Indexing—Query Execution

@ Each triple pattern can be answered by a range query
@ Joins between triple patterns computed using merge join

@ Join order is easy due to extensive indexing

o

Value

mdb: film/2014
rdfs:label

“The Shining”
movie:initial_release_date
“1980-05-23"
mdb:director/8476
movie:director_name
“Stanley Kubrick”
mdb:film /2685
movie:director

Subject | Property | Object
0 1 2

0 3 4
5 6 7
8 9 5

OO NO OB WNHO

Waterloo
53
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Exhaustive Indexing—Query Execution

@ Each triple pattern can be answered by a range query

@ Joins between triple patterns computed using merge join

Advantages
» Eliminates some of the joins — they become range queries |
» Merge join is easy and fast -
8 9 5 3 movie:initial_release_date
4 “1980-05-23"
5 | mdb:director/8476
6 movie:director_name
7 “Stanley Kubrick”
8 | mdb:film/2685
9 movie:director
Waterloo
Inria/2017-03-09 23 >



Exhaustive Indexing—Query Execution

@ Each triple pattern can be answered by a range query

@ Joins between triple patterns computed using merge join

Adva

» Eliminates some of the joins — they become range queries

» Merge join is easy and fast -

Disadvantages

» Space usage

» Expensive updates
e e meen

9 movie:director

Waterloo

Inria/2017-03-09 23 N
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Property Tables

@ Grouping by entities; Jena

, DB2-RDF

o Clustered property table: group together the properties that
tend to occur in the same (or similar) subjects

@ Property-class table: cluster the subjects with the same type
of property into one property table

Subject

Property Object

mdb:film/2014
mdb:film/2014
mdb:film /2685
mdb:film /2685

rdfs:label “The Shining”
movie:director mdb:director /8476
movie:director mdb:director /8476
rdfs:label “A Clockwork Orange”
mdb:actor/29704

movie:actor_name| “Jack Nicholson”

Subject refs:label

movie:director

[Subject [movie:actor_name]

mob:film/2014| “The Shining”

mob:director/8476

‘ mdb:actor‘ “Jack Nicholson”

mob:film/2685| “The Clockwork Orange” [mob:director/8476

Inria/2017-03-09
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Property Tables

@ Grouping by entities; Jena

, DB2-RDF

o Clustered property table: group together the properties that

» Fewer joins

> If the data is structured, we have a relational system — similar
to normalized relations

mdb:film/2685 | movie:director
mdb:film/2685 |rdfs:label

mdb:director /8476
“A Clockwork Orange”

mdb:actor/29704 | movie:actor_name| “Jack Nicholson”

Subject

refs:label

movie:director

[Subject [movie:actor_name]

mob:film /2014

“The Shining”

mob:director/8476

[mdb:actor| “Jack Nicholson” |

mob:film /2685

“The Clockwork Orange”

mob:director/8476

Inria/2017-03-09
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Property Tables

@ Grouping by entities; Jena , DB2-RDF

o Clustered property table: group together the properties that

» Fewer joins

» If the data is structured, we have a relational system — similar
to normalized relations

mdb:film/2685 | movie:director mdb:director/8476

Disadvantages

» Potentially a lot of NULLs

» Clustering is not trivial

» Multi-valued properties are complicated
Waterloo

Inria/2017-03-09 24 N
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Binary Tables

@ Grouping by properties: For each property, build a two-column
table, containing both subject and object, ordered by subjects

@ Also called vertical partitioned tables

@ n two column tables (n is the number of unique properties in

the data)
Subject Property Object
mdb:film/2014  |rdfs:label "“The Shining”
mdb:film/2014 | movie:director mdb:director/8476
mdb:film/2685 | movie:director mdb:director/8476
mdb:film/2685  |rdfs:label "“A Clockwork Orange”
mdb:actor/29704 | movie:actor_name | “Jack Nicholson”
refs:label movie:director movie:actor_name
Subject Object Subject Object [Subject [Object
mob:film /2014 | “The Shining” mdb:film /2014 | mdb:director/8476| | mdb:actor/29704] “Jack Nicholso
mob:film/2685 | “The Clockwork Orange” | |mdb:film/2685|mdb:director/8476 Whaterloo
Inria/2017-03-09 25 B3
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Binary Tables

@ Grouping by properties: For each property, build a two-column
table, containing both subject and object, ordered by subjects

» Supports multi-valued properties
» No NULLs

v

v

v

No clustering
Read only needed attributes (i.e. less 1/0O)

Good performance for subject-subject joins

Inria/2017-03-09

25

refs:label movie:director movie:actor_name
Subject Object Subject Object [Subject [Object
mob:film /2014 | “The Shining” mdb:film /2014 | mdb:director/8476| | mdb:actor/29704] “Jack Nicholso
mob:film/2685 | “The Clockwork Orange” | |mdb:film/2685|mdb:director/8476 Whaterloo

&



Binary Tables

@ Grouping by properties: For each property, build a two-column

table, containing both subject and object, ordered by subjects
Advantages

Supports multi-valued properties

No NULLs

No clustering

Read only needed attributes (i.e. less 1/0O)

Good performance for subject-subject joins

\{

v

v

v

v

Disadvantages

» Not useful for subject-object joins

» Expensive inserts Vicholso

Waterloo
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Graph-based Approach

@ Answering SPARQL query
homomorphism

subgraph matching using

@ gStore , chameleon-db

FILTER(?r > 4.0)

. revirating @

rdfelabd movie:relatedBook

'04 ‘ “The Passenger"

@ wp:UnitedKingdom |refs:[abel
S

mdb:film /3418

bm:offers /0743424425amazonOffer /,) e
[ @ o 62348447
mame g
82026,

‘ “The Last Tycoon”

Movie:director_name

mdb:film /1267

movie:director

scam:hagOffer ovixactor movigtactor

mdb:actor/29704

movie:attqy name

h:popdlation

‘ bm:persons/StephenKing Pﬂ{ bm book5/07ﬂ342ﬂ425‘

reyrating \
- dBook
moviera ook foafbased near

refs:label |
1

Actor
“Jack Nicholson”

ntributor
| mob:music_contributor

‘ “The Shining” } mdbfilm,/2014 }’“”s'c

movie:direstor_name mo) ector

movie:initial_release_date
movi

Ivont:isedin
lexvo:script/latin

lexvo:is03166/CA

refs;|abel

Waterloo
33
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Graph-based Approach

@ Answering SPARQL query = subgraph matching using
homomorphism

@ gStore s , chameleon-db
ubé’re

FILTER(71 > 4.0)

~ Advantages

» Maintains the graph structure

» Full set of queries can be handled

| ‘
- — refs:label music_contributor - -
[ "The shining’ | Jmdfim/2014 | {mob:music_contrbutor

mdb:director/8476

“Stanley Kubrick”

jiesdHrector

movieiinitial_releasp_date .
e lexvoriso639_3/eng

ieigector mdb:actor/30013
fabel usSScr
‘mdb:ﬁlm/ZGES‘ ‘mdbﬁ\m/AMH 1080-05-23" ‘ Y
[Eneisi| lexvo:script/latin
refsiabel refsfabel movie:actaf namel
“A Clockwork Orange” Spartacus w lexvoriso3166/CA
Waterloo
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Graph-based Approach

@ Answering SPARQL query = subgraph matching using
homomorphism

@ gStore , chameleon-db

Sllb
&,

FILTER(?r > 4.0)

Advantages

» Maintains the graph structure

» Full set of queries can be handled

" ‘ ‘
- ] refs:label music_contributor N ~
“Stanley Kubrick” “The Shining” | [ mabfilm /2014 | ™" [ mob:music contributor

Disadvantages

» Graph pattern matching is expensive

A Clockwork Orange” “Shelley Duvall’ lexvoiso3166/CA

Waterloo

Inria/2017-03-09 26 BN
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Two

Systems

gStore

Offline

RDF data

SPARQL Query

SPARQL
Parser

Query Graph

Encoding
Module

Signature Graph

Encoding
Module
Signature Graph
VS*-tree
builder
VS*-tree

Filter

Module
F Node Candidate
Module

Storage

VS*-tree f—
Store

Key-Value
Store

Inria/201
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chameleon-db
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E
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Two Systems

gStore

RDF Graph

Offline Online
RDF data SPARQL Query
SPARQL
Parser
RDF Triples Query Graph
RDF Graph Encoding
Builder Module

Signature Graph

Encoding
Module
Signature Graph
VS*-tree
builder
VS*-tree

Filter

Module
F Node Candidate
Module

VS*-tree
Store

Storage ‘

e

Key-Value
Store

Inria/2017-03-09

27

@ 12,000 lines of C++ code under
Linux (plus code for SPARQL parser)

@ Encode each vertex of RDF graph as
a bit array capturing the
neighbourhood relationship (G*)

@ Build a multilevel summary tree index
(VS*-tree) to capture “connections”

&
&
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Two Systems

gStore
Offline Online
RDF data SPARQL Query
SPARQL
RDF Triples Query Graph
Builder Module
RDF Graph Signature Graph
Encoding Filter
Module Module
Signature Graph F Node Candidate
VS*-tree Join
builder
VS*-tree
Storage
»‘ VS*-tree 4"‘ Key-Value }»
Store Store

@ Encode the query graph similarly (Q™)
@ Find candidate matching nodes of Q*

in G* using VS*-tree

@ Multiway join of the candidates

Inria/2017-03-09

27

12,000 lines of C++ code under
Linux (plus code for SPARQL parser)

Encode each vertex of RDF graph as
a bit array capturing the
neighbourhood relationship (G*)

Build a multilevel summary tree index
(VS*-tree) to capture “connections”

101004

o O RO o0 01i0g
d} ‘ooon 1110 0110 mulwg dﬂuno 1001 — 1001 1101‘ d3

T T T T 00010 7 01000

005

I
o] w ] w ]

‘ 0000 1000 ‘
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--/00010

‘0000 0100‘ ‘Dnuo 0010‘
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‘ 0010
o

7777777777 L3
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Two Systems

@ 35,000 lines of C++ code under Linux

chameleon-db

Query
Engine

(plus code for SPARQL 1.0 parser)

@ Adaptivity to workload due to

Spill Index

variability of Web workloads and the
variability of composition of SPARQL
triple patterns

@ An experiment

‘ Cluster Index ‘

Structural Index

Vertex Index

@ No single system is a sole winner

across all queries

@ No single system is the sole loser
across all queries, either

@ 2-5 orders of magnitude difference
in the performance between the
best and the worst system for a

Storage System

Storage Advisor

given query

@ The winner in one query may
timeout in another

@ Performance difference widens as
dataset size increases

@ Group-by-query approach

Inria/2017-03-09 27
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Outline

Distributed RDF Processing
Cloud-based Solutions
Partition-based Approaches
Partial Execution Approach
SPARQL Endpoint Federation

Inria/2017-03-09 28

Waterloo
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Remember the Environment

@ Distributed environment

@ Some of the data sites can
process SPARQL queries —
SPARQL endpoints

@ Not all data sites can
process queries

Waterloo
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Remember the Environment

@ Distributed environment

@ Some of the data sites can
process SPARQL queries —
SPARQL endpoints

@ Not all data sites can
process queries

o Alternatives

Waterloo
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Remember the Environment

@ Distributed environment

@ Some of the data sites can
process SPARQL queries —
SPARQL endpoints

@ Not all data sites can
process queries

o Alternatives

o Cloud-based approaches

Waterloo
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Remember the Environment

Distributed environment

Some of the data sites can
process SPARQL queries —
SPARQL endpoints

Not all data sites can
process queries

o Alternatives
o Cloud-based approaches
e Data re-distribution +
query decomposition

Waterloo
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Remember the Environment

Distributed environment

Some of the data sites can
process SPARQL queries —
SPARQL endpoints

Not all data sites can
process queries

o Alternatives
o Cloud-based approaches
e Data re-distribution +
query decomposition
e Data re-distribution +
partial evaluation

Waterloo
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Remember the Environment

@ Distributed environment

@ Some of the data sites can
process SPARQL queries —
SPARQL endpoints

@ Not all data sites can
process queries

@ Alternatives

o Cloud-based approaches

e Data re-distribution +
query decomposition

e Data re-distribution +
partial evaluation

o SPARQL federation: just
process at SPARQL
endpoints

Waterloo

Inria/2017-03-09 29 %ﬁ



Cloud-based Solutions

e RDF data warehouse D is partitioned ({D1,...,D,}) and
placed on cloud platforms (such as HDFS, HBase)

Waterloo
33
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Cloud-based Solutions

e RDF data warehouse D is partitioned ({D1,...,D,}) and
placed on cloud platforms (such as HDFS, HBase)
@ SPARQL query is run through MapReduce jobs

@ Data parallel execution

Waterloo
¥
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Cloud-based Solutions

e RDF data warehouse D is partitioned ({D1,...,D,}) and
placed on cloud platforms (such as HDFS, HBase)

@ SPARQL query is run through MapReduce jobs
@ Data parallel execution
@ Examples: HARD , HadoopRDF
, EAGRE and
JenaHBase

Wiaterloo
53
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Cloud-based Solutions

e RDF data warehouse D is partitioned ({D1,...,D,}) and
placed on cloud platforms (such as HDFS, HBase)

@ SPARQL query is run through MapReduce jobs
@ Data parallel execution

@ Examples: HARD , HadoopRDF
, EAGRE and
JenaHBase

» High scalability and fault-tolerance

> Possibly low performance since MapReduce is not suitable for
graph processing

Waterloo
33
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Partition-based Approaches

e (Offline) Partition an RDF data warehouse (graph) into
several fragments that are distributed to sites

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

Inria/2017-03-09 31
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Partition-based Approaches

e (Offline) Partition an RDF data warehouse (graph) into
several fragments that are distributed to sites

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

@ Partitioning alternatives

o Table-based (e.g., )
o Graph-based (e.g., )
o Unit-based (e.g., )
Waterloo
Inria/2017-03-09 31 o
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Partition-based Approaches

e (Offline) Partition an RDF data warehouse (graph) into
several fragments that are distributed to sites

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

@ Partitioning alternatives

o Table-based (e.g., )
o Graph-based (e.g., )
o Unit-based (e.g., )

@ (Online) SPARQL query decomposed Q = {Q1,..., Qx} =
query graph is decomposed

e Distributed execution of {Qi,..., Qx} over {Ds,...,Dp}

Waterloo
Inria/2017-03-09 31 B3
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Partition-based Approaches

e (Offline) Partition an RDF data warehouse (graph) into
several fragments that are distributed to sites

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

@ Partitioning alternatives

o Table-based (e.g., )
o Graph-based (e.g., )
o Unit-based (e.g., )

@ (Online) SPARQL query decomposed Q = {Q1,..., Qx} =
query graph is decomposed

e Distributed execution of {Qi,..., Qx} over {Ds,...,Dp}

@ Examples: GraphPartition , WARP
, Partout

Vertex-block

Waterloo
Inria/2017-03-09 31 B3
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Partition-based Approaches

e (Offline) Partition an RDF data warehouse (graph) into
several fragments that are distributed to sites

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site
@ Partitioning alternatives
o Tahle-hased (e o )

v

High performance

v

Great for parallelizing centralized RDF data

v

May not be possible to re-partition and re-allocate Web data
(i.e., LOD)

Each approach requires a specific partitioning strategy — no
generic partitioning

v

v

Query decomposition may not be easy

Waterloo
Inria/2017-03-09 31 g
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Partial Query Evaluation (PQE)

@ RDF data warehouse is partitioned and distributed as before
o RDF data D = {Dy,...,D,}
o Allocate each D; to a site

@ SPARQL query is not decomposed

@ Partial query evaluation — Distributed gStore

Waterloo
33
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Partial Query Evaluation (PQE)

@ RDF data warehouse is partitioned and distributed as before

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

@ SPARQL query is not decomposed

@ Partial query evaluation — Distributed gStore

£(x) = f(s,d) = "(f'(s),d)) = Final Answer
AN

unknown inputs

Waterloo
33
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Partial Query Evaluation (PQE)

@ RDF data warehouse is partitioned and distributed as before

o RDF data D ={Ds,...,D,}
o Allocate each D; to a site

@ SPARQL query is not decomposed

@ Partial query evaluation — Distributed gStore

f(x) = f(s,d) = '(f'(s),d)) = Final Answer
AN

unknown inputs

Waterloo
33
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Partial Query Evaluation (PQE)

@ RDF data warehouse is partitioned and distributed as before
o RDF data D = {Dy,...,D,}
o Allocate each D; to a site

@ SPARQL query is not decomposed

@ Partial query evaluation — Distributed gStore

f(x) = f(s,d) = '(f'(s),d)) = Final Answer
AN

unknown inputs

@ Query is the function and each D; is the known input

Waterloo
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Distributed SPARQL Using PQE

Two steps:
1. Evaluate a query at each site to find local matches
e These are local partial matches

= 0
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Distributed SPARQL Using PQE

Two steps:
1. Evaluate a query at each site to find local matches
e These are local partial matches

2. Assemble the partial matches to get final result
e Crossing match
o Centralized assembly
e Distributed assembly
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Distributed SPARQL Using PQE

Two steps:
1. Evaluate a query at each site to find local matches
o These are local partial matches

2. Assemble the partial matches to get final result
e Crossing match
o Centralized assembly
e Distributed assembly

o~

» High performance due to parallelization

» Do not have to deal with query decomposition

» May not be possible to re-partition and re-allocate Web data
(i.e., LOD)

» RDF storage sites need to be modified to handle partial query
processing

L3 ST
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SPARQL Endpoint Federation

o Consider only the SPARQL endpoints for query execution
e No data re-partitioning/re-distribution
@ Consider D=D;UD,U...UD,; D;: SPARQL endpoint
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SPARQL Endpoint Federation

o Consider only the SPARQL endpoints for query execution
e No data re-partitioning/re-distribution

@ Consider D=D;UD,U...UD,; D;: SPARQL endpoint
e SPARQL query decomposed Q@ = {Q1,..., Qx}

e Distributed execution of {Q1,..., Qx} over {Ds,...,Dp}

Waterloo
53

Inria/2017-03-09 34 &



SPARQL Endpoint Federation

o Consider only the SPARQL endpoints for query execution
e No data re-partitioning/re-distribution

@ Consider D=D;UD,U...UD,; D;: SPARQL endpoint
e SPARQL query decomposed Q@ = {Q1,..., Qx}

e Distributed execution of {Q1,..., Qx} over {Ds,...,Dp}

@ Systems

e DARQ , FedX
SPLENDID , ANAPSID
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SPARQL Endpoint Federation

o Consider only the SPARQL endpoints for query execution
e No data re-partitioning/re-distribution

@ Consider D=D;UD,U...UD,; D;: SPARQL endpoint
e SPARQL query decomposed Q@ = {Q1,..., Qx}

@ Distributed execution of {Q1,..., Qx} over {Di,...,D,}

@ Systems

e DARQ , FedX
SPLENDID , ANAPSID

v

Data integration approach

v

May be the only way to proceed if data is distributed
Not all RDF data storage points are SPARQL endpoints

v
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UniProt Federation — EBI RDF Platform

Curated computational models of biological pro-
cesses

Sample information for reference samples and sam-
ﬁ BioSamples ples for which data exist in one of the EBI's assay
databases

Curated chemical database of bioactive molecules

- &
& i ChEMBL ) . ;
~ with drug-like properties

Genome databases for vertebrates and other eukary-

e!Ensemb" otic species

" i RS ion data from the Gene Expression Atl
Atlas ene expression data from the Gene Expression Atlas
Reactome Curated and peer-reviewed pathways

Waterloo
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Federated Access to UniProt Collection

Get the Reactome pathways where Q16850 is associated, then get all the
other proteins in that pathway and pull out their expression from the atlas,
along with the GO annotations from UniProt

Inria/2017-03-09

PREFIX rdf: <http://www.w3.org/1999/02/22—rdf—syntax—ns#>

PREFIX rdfs: <http://www.w3.org/2000/01/rdf—schemaz>

PREFIX biopax3: <http://www.biopax.org/release/biopax—level3 . owl#
PREFIX atlasterms: <http://rdf.ebi.ac.uk/terms/atlas/>

PREFIX upc:<http://purl.uniprot.org/core/>

SELECT DISTINCT ?pathwayname ?expressionValue ?golabel
WHERE {

# Get the pathways that reference Q16850

?pathway rdf:type biopax3:Pathway

?pathway biopax3:displayName ?pathwayname

?pathway biopax3:pathwayComponent

[?rel [biopax3:entityReference ?dbXref]]

?pathway biopax3:pathwayComponent

[?rel [biopax3:entityReference <http://purl.uniprot.org/uniprot/Q16850>]]

# Get the expression for those proteins

SERVICE <http://www.ebi.ac.uk/rdf/services/atlas/sparql> {
?value rdfs:label ?expressionValue

?value atlasterms:pValue ?pvalue

?value atlasterms:isMeasurementOf ?probe

?probe atlasterms:dbXref ?dbXref .

}

# get the GO functions from Uniprot
SERVICE <http://uniprot.org/sparql> {
?dbXref a upc:Protein
upc:classifiedWith ?keyword
?keyword rdfs:seeAlso ?goid

?goid rdfs:label ?golabel

}
36
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Outline

Live Querying Approach
Traversal-based approach
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Traditional Hypertext-based Web Access

e WORLD FACTBOOK

Data exposed

to the Web
via HTML
Waterloo
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Linked Data Publishing Principles

(http://...linkedmdb.../Shining,releaseDate, 23 May 1980)
(http://...linkedmdb.../Shining, filmLocation, http://cia.../UK)
(http://...linkedmdb.../29704,actedIn, http://...linkedmdb.../Shining)

\

(http://cia... /UK, hasPopulation, 63230000)

Data model: RDF

Global identifier: URI
Access mechanism: HTTP
Connection: data links

Waterloo
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Live Query Processing

@ Not all data resides at
SPARQL endpoints

Freshness of access to data
important

Potentially countably infinite
data sources

Live querying
e On-line execution
e Only rely on linked data
principles

@ Alternatives

e Traversal-based
approaches

e Index-based approaches

e Hybrid approaches

Waterloo
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Linked Data Model

Web of Linked Data

Given a finite or countably infinite set D of Linked Documents, a
Web of Linked Data is a tuple W = (D, adoc, data) where:

» DCD,

» adoc is a partial mapping from URIs to D, and

> data is a total mapping from D to finite sets of RDF triples.

I
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Linked Data Model

Web of Linked Data

Given a finite or countably infinite set D of Linked Documents, a
Web of Linked Data is a tuple W = (D, adoc, data) where:

» DCD,
» adoc is a partial mapping from URIs to D, and

> data is a total mapping from D to finite sets of RDF triples.

B

A Web of Linked Data W = (D, adoc, data) _/
contains a data link from document d € D to i
document d’ € D if there exists a URI u such @—/l,\' @
that: EE

> u is mentioned in an RDF triple

t € data(d), and K
> dl = adoc(u). Waterloo
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SPARQL Query Semantics in Live Querying

@ Full-web semantics

e Scope of evaluating a SPARQL expression is all Linked Data
e Query result completeness cannot be guaranteed by any
(terminating) execution

Waterloo
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SPARQL Query Semantics in Live Querying

@ Full-web semantics

e Scope of evaluating a SPARQL expression is all Linked Data
e Query result completeness cannot be guaranteed by any
(terminating) execution

@ Reachability-based query semantics

e Query consists of a SPARQL expression, a set of seed URIs S,
and a reachability condition ¢

e Scope: all data along paths of data links that satisfy the
condition

e Computationally feasible

@ Waterloo

%i
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Traversal Approaches

@ Discover relevant URIs recursively
by traversing (specific) data links
at query execution runtime

@ Implements reachability-based
query semantics

e Start from a set of seed URIs
e Recursively follow and discover
new URIs

@ Important issue is selection of seed
URlIs

@ Retrieved data serves to discover
new URIs and to construct result

Inria/2017-03-09 43
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Traversal Approaches

@ Discover relevant URIs recursively
by traversing (specific) data links
at query execution runtime ' A

@ Implements reachability-based

query semantics by '
Advantages

Easy to implement.

No data structure to maintain.
@ Important Issue Is selection of seed \\/ Ly

URIs

@ Retrieved data serves to discover
new URIs and to construct result
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Traversal Approaches

@ Discover relevant URIs recursively
by traversing (specific) data links
at query execution runtime

@ Implements reachability-based

query semantics :
Advantages

Easy to implement.

No data structure to maintain.
@ Important issue Is selection ot seed — =9

Disadvantages

Possibilities for parallelized data retrieval are limited
Repeated data retrieval introduces significant query latency.

Waterloo
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Outline

Conclusions
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Conclusions

@ RDF and Linked Object Data seem to have considerable
promise and have found use

@ There are prototype systems that provide alternative solutions

@ There are commercial systems too: e.g., MarkLogic, Virtuoso

@ Listings: http://db-engines.com/en/ranking/rdf+store
& https://wuw.w3.org/wiki/SparqlImplementations
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Conclusions

@ RDF and Linked Object Data seem to have considerable
promise and have found use
There are prototype systems that provide alternative solutions
There are commercial systems too: e.g., MarkLogic, Virtuoso
Listings: http://db-engines.com/en/ranking/rdf+store
& https://wuw.w3.org/wiki/SparqlImplementations
@ More work needs to be done (and | did not talk about these)

e Query semantics

e Adaptive system design

e Optimizations — both in data warehousing and distributed

environments
e Live querying requires significant thought to reduce latency
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Conclusions

@ RDF and Linked Object Data seem to have considerable
promise and have found use
There are prototype systems that provide alternative solutions
There are commercial systems too: e.g., MarkLogic, Virtuoso
Listings: http://db-engines.com/en/ranking/rdf+store
& https://wuw.w3.org/wiki/SparqlImplementations
@ More work needs to be done (and | did not talk about these)
e Query semantics
e Adaptive system design
e Optimizations — both in data warehousing and distributed
environments
e Live querying requires significant thought to reduce latency
What | did not talk about:
Not much on general distributed/parallel processing
Not much on SPARQL semantics
Nothing about RDFS — no schema stuff
Nothing about entailment regimes > 0 = no reasoning
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