e

O A@#ads. mFXE, 760, K5, ME, Afif
2%, I 23 mfoit A ARMAA R D50 ARG
PRTFELEES I EAAREGEA, FBARELANE
{E4T 5% =tk (/TR OARMNMHRIEEB. A4 .
FEEFPHi4lE, RMNMBES—EIEEFRERE
B g B A o

L <42 4 o 619
B #iazaRkT: I %
B i7oe#44 . ChinaHadoop
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O A=/l F F4

m AL
B REL
W BET
B A#ZEN
B REEH

O ®#i2 444043
B AFB#kiEENG.
B FAHiEENG.

B A4 AHLEENGB:

RDF4j . gStore%
Virtuoso. AllegroGraph. Stardog#%
Neodj. OrientDB. Titan%

BEMFRAELBEINE
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% & 40+° B +# Schema =z 3L

PREFIX m: <http://kg.course/music/>

Datatype Property

_

m:track_tag Node

m:track_name~(  m:trackiD wf_artist %

m:track album m:artistID Object Property
\ ¢
m:album_name | _
—  m:albumiID I m:artist_name

sdsting.

BB AT SR ETE &t F b5
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A it # 38 4 A

T ] # 32 A Python4X, 5 A 4 &,

VAT A 4 X 6 %33 2% A

http://kg.course/music/track_00681-
=http://kg.course/music/track_06eel>
<http://kg.course/music/album_0881=
<http://kg.course/music/track_8eeel-
<http://kg.course/music/track_aeeal-
<http://kg.course/music/track_foeaz->
=http://kg.course/music/track_80e02=
<http://kg.course/music/album_08681>
=http://kg.course/music/track_06ee2>
<http://kg.course/music/track_80e02=
<http://kg.course/music/track_ @0ea3=
<http://kg.course/music/track_f8ea3=
<http://kg.course/music/album_0881>
=http://kg.course/music/track_80e03=
<http://kg.course/music/track_80803:
<http://kg.course/music/track_80a04:=
<http://kg.course/music/track_80804=
<http://kg.course/music/album_@801=
<http://kg.course/music/track_foead-
<http://kg.course/music/track_aoaod=

<http://kg.course/music/track_name=
<http://kg.course/music,/album_name=

=http://kg.course/music/track_tag=
<http://kg.course/music/track_name>

<http://kg.course/music/album_name>

=http://kg.course/music/track_tag=
<http://kg.course/music/track_name=

<http://kg.course/music/album_name=

<http://kg.course/music/track_tag=
<http://kg.course/music/track_name=

<http://kg.course/music/album_name>

<http://kg.course/music/track_tag=

"track_name_88881" .
<http://kg.course/music/track_album= <http://kg.course/music/album_0801> .
"album_name_g@a1" .
<http://kg.course/music/track_artist> <http://kg.course/music/artist_@@1-

"tag_name_@2" .

"track_name_s@aa2" .
<http://kg.course/music/track_album> <http://kg.course/music/album_08@81> .
"album_name_@8@a1" .
<http://kg.course/music/track_artist> <http://kg.course/music/artist_ 082>

"tag_name_@3" .

"track_name_8@8a83" .
<http://kg.course/music/track_album= <http://kg.course/music/album_08@d4= .
"album_name_@8@al" .
=http://kg.course/music/track_artist> <http://kg.course/music/artist_ 983>

"tag_name_@84" .

"track_name_aéaad4" .
<http://kg.course/music/track_album=> <http://kg.course/music/album_08@3> .
"album_name_@@81" .
<http://kg.course/music/track_artist> <http://kg.course/music/artist_0@4-

"tag_name_@1" .

ATERTTA, £ XGHEPEAartist_namex NE 1, 5 &ET
SPARQL Update & 47 if 4o

W5 PR
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FFAHEELAR

Pythonse A x 4+ %4 : kg_music_triples.py

#| . python kg_music_triples.py
FHA £ AL0004N =2 £ A6 XM A S A%k, XA Amusic_1000_triples.nt
#| F : python kg_music_triples.py 500

T 4ENA o, rh4e 42 X500,
A %4 8 % 4 A music_500 triples.nt

4 X TNt 44T A,

- BF master) X python kg_music_triples.py 500
- BF master) X ls music_S5@@_triples.nt

music_5@@_triples.nt

BB AT SR ETE m &t F b5
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Gk T L - B#kiEA

R g Y

B £k 3% & B A2 ok 45 Fo B 3244 (graph theory), . T# A @e /L F @ th & % A&

, 3t & 4 % x A Graph Database. ®# 4% & ) £ A4 LA “B A #

G BrkfobAKB, COKBERAY T EZRAT %4 (L)REAAN, T
s 324 fhzt. CHRERIRB AT LG E L P A

B A 4o T 45 4E

14 % 44

2.% 5 LA B4 (4244 2F)

BANB FheT ), ARRA—NFHTF S A—NERXT 4
4.4 &, Ty, 4 B

https://en.wikipedia.org/wiki/Graph database
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7 % # 3% & — Apache Jena

—~NERFRGE r
ﬁ *‘/9 ﬁ‘i%‘ P g ﬂ %ﬁo application code ﬁ

[y [
HEEE R G =
RDF/XML Ontology APl | SPARQL API
FIDF API _

Java 4z 22 Tute

Sl N S B —

1 X H A B A KAR
f%

http://jena.apache.org

BRI AR A BB TS gt = Pr



7 & # 32 & — Apache Jena

tree

GOSP.dat
GOSP.idn
GPOS.dat
GPOS.1idn
G5P0.dat
G5P0.idn
journal.jrnl
node2id.dat
node2id. idn
nodes.dat
nodes.dat-jrnl
05P.dat
05PG.dat
05PG.idn
05P.didn
POS.dat

HBEFNNT &
1.Fuseki # s -§ ~ (4 /5 /% T)

2.4& ATDB% ~

% ATDB & A ¢ 4 Ado T

POSG.dat

POSG.idn

POS.idn
prefix2id.dat
prefix2id.idn
prefixes.dat
prefixes.dat-jrnl
prefixIdx.dat
prefixIdx.idn

/jena-fuseki/tdbloader --loc=/jena-fuseki/data filename

S5PO.dat
Fuseki & 3 ¢ 444 T, & & 45 2tdb4 X & X # %42 3poc. ian
N . SPO.didn
# 3‘5 iﬁj& Ef‘/g stats.opt
tdb.lock
/jena-fuseki/fuseki-server --loc=/jena-fuseki/data 7 %4 ™ Z /3 [jena-fuseki/data
--update /music 4 XA 44
ERMH A HE TS & =ps



7 & # 32 & — Apache Jena

1.Fuseki % & &4 (#4 5% )

2.4¢ Alendpoint# o &4

Endpoint #, 4k .

SPARQL Query: http://localhost:3030/music/query

SPARQL Update: http://localhost:3030/music/update

& % A Ak B qFuseki x 4%

mmﬁf:}"-ﬂﬁ'

ChinaHadoop.cn
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http://localhost:3030/music/query
http://localhost:3030/music/query
http://localhost:3030/music/update
http://localhost:3030/music/update
http://localhost:3030/music/update
http://jena.apache.org/documentation/fuseki2/soh.html
http://jena.apache.org/documentation/fuseki2/soh.html

7 & # 32 & — Apache Jena

[1 Python4& £ Apache Jena

B 4% A Jena SPARQL endpoint # o # 17 &4 4o & 31
B (% ASPARQLWrapper &, 414 4o & 3

def query({query_string=None):

sparql_query = SPARQLWrapper{query_url)
sparqgl_query.setQuery{query_string)
spargl_query.setReturnFormat(JSON)

results = Mone
try:
results = sparql_query.query().convert()

except:
return False

return results

def update{update_string):

spargl_update = SPAROLWrapper({ updateEndpoint=update_url)

spargl_update. setQuery{update_string)
spargl_update.method = "POST"
spargl_update.setReturnFormat {(JSON)

results = None
try:

results = sparqgl_update.query()
except:

return False

if "Success" in results.response.read():
return True

return False

https://rdflib.github.io/sparqglwrapper/

BEMFRAELBEINE

mmﬁf:}"-ﬂﬁ

ChinaHadoop.cn



% ¥ Apache Jena

4¢ B Docker & = 47Jena

Docker & # + A # docker.com

1.4k 4 & pull jena-fuseki4 &

% ~ git:(master) X docker pull
Using default tag: latest
latest: Pulling from stain/jena-fuseki

709515475419:
38alc@aaabfd:
cd134db5e982:
23b3641459b2:
05dacbea9031:
0b04716f8e40:
5df178e45afd:
1026bcbdbedb :
2000d807ddcc:
d385f82d5497:
0a95dc5fc82c:
63ae8bd2ac3e:

Pull complete
Pull complete
Downloading [
Download complete
Download complete
Downloading [
Download complete
Download complete
Download complete
Download complete
Download complete
Waiting

stain/jena-fuseki

>

1 34.27 MB/39.68 MB

1 2.711 MB/24.54 MB

BEMF A LB NS

L

L&t 5

CmnaHadoopcn



% ¥ Apache Jena

4 1% pull = A&,

-+ ~ master) X docker pull stain/jena-fuseki

Using default tag: latest

latest: Pulling from stain/jena-fuseki

709515475419: Pull complete

38alcPaaa6fd: Pull complete

cdl34db5e982: Pull complete

23b3641459b2: Pull complete

@5dacbea9@31: Pull complete

0b@4716f8e4@: Pull complete

5df178e45afd: Pull complete

1@026bcbdbe@b: Pull complete

2000d8@7ddcc: Pull complete

d385f82d5407: Pull complete

©a95dc5fc82c: Pull complete

63ae8bd2ac3e: Pull complete

Digest: sha256:e85dla5afc71309f855fd7a6c7973831f95e4d1f15e6475bcab@576060bal361
Status: Downloaded newer image for stain/jena-fuseki:latest

BB MR AR E T E m &t F b5

ChinaHadoop.cn



& #h fi %~

2. 2 #hJena-fuseki

-~ X docker run -d -p 3030:3030 -e "ADMIN_PASSWORD=test@jena” stain/jena-fuseki

1c8aa@95ec432f1341e0358e9512db3aaad@d4649b9%a74760763299dda8613

docker run -d -p 3030:3030 -e "ADMIN_PASSWORD-=test@jena" stain/jena-
fuseki

s a A 3030
admingg & 5 4 . test@jena

BB AT SR ETE m &t F b5
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FuseKliz i 5@

<« C | @ localhost:2030

Apache gt i .
Jena & £ dataset £ manage datasets BRATSHWIE
J  Fusek http://localhost:3030
RAFE
Datasets on this server B

BV B
@ Use the following pages to perform actions or tasks on this §

Dataset Run queries and moa__ ~
Manage datasets Administer the datasets on this server, including adding datasets, uploading data and performing bac
Help  Summary of commands and links to online documentation.

3.4& A | %, B 41 Flocalhost:3030

A 7% . admin
# 55 test@jena

BB AT SR ETE &t F b5
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¥% 4o # 37 A

C | ® localhost:3030/manage.html

Apache
gpN Jena #  Sdataset &f manage datasets @ help
Fuseki

Manage datasets

Perform management actions on existing datasets, including backup, or add a new

£ existing datasets © add new dataset

No datasets have been created yet.

4. & manage datasets
£ & add one #% he — N 12 A&

BEMFRAELBEINE

W5 PR
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4| & # 18 A&

datasets © add new dataset
ataset name music
Dataset type In-memory — dataset will be recreated when Fuseki restarts, but contents will be lost

© Persistent — dataset will persist across Fuseki restarts

#dataset name # : music
i # Persistent

£, & create dataset & & 2 18 & ¢ 4| &£

BB AT SR ETE &t F b5
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4 M $ 3E

= existing datasets © add new dataset

Name

/music & backup | X upload data

s+ &L upload datas M FANKEZEG R G

BB AT SR ETE &t F b5
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4 M $ 3E

Dataset: /music -

© query X upload files [ edit & info

Upload files
Load data into the default graph of the currently selected dataset, or the given named graph. You may upload any RDF format, such as Turtle, RDF/XML or TRIG.
Destination graph name Leave blank for default graph
Files to upload
music_1000.nt 99.4kb & upload now | @ remove

& FNGnt 4

£ & upload all % & # % & Jena #_# 4% & €yRDF# A, & ~

BB AT SR ETE &t F b5
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4 M $ 3E

music_1000.mt 59.4Kb

Result success. 1000 triples

ETFHENKAS, FTREAFNT S0 =24

bash-4.3# 1s

GOSP.dat GSPO.dat 0OSPG.dat P0OSG.dat SP0OG.dat node2id.idn prefix2id.idn prefixes.dat-jrnl
GOSP.1idn GSPO.1idn 0OSPG.1idn P0OSG.1idn SP0OG.1idn nodes.dat prefixIdx.dat tdb.lock

GPOS.dat OSP.dat POS.dat SP0.dat journal.jrnl nodes.dat-jrnl prefixIdx.idn

GPOS.1idn 0OSP.1idn POS.idn SPO.1idn node2id.dat prefix2id.dat prefixes.dat
bash-4.3# pwd
/fuseki/databases/music

BB AT SR ETE &t F b5
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a0

Dataset: /music -
@ query - upload files [ edit @ info
SPARQL query

To try out some SPARQL queries against the selected dataset, enter your query here.

EXAMPLE QUERIES

Selection of triples Selection of classes

PREFIXES
rdf rdfs owl ¥sd [+]

SPARQL ENDPOINT CONTENT TYPE (SELECT)
http://localhost:3030/music/query JSON

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

SELECT ?subject ?predicate ?object
WHERE {

?subject ?predicate ?object
}

& & query, % #|ISPARQL 54 R &,

135 TIL Fr46 B B % T

CONTENT TYPE (GRAPH)

% | N-Triples v

AFAGHE BT
& e KA1 A T
SPARQL% &), #
EEERBBLL
6 o 1T 48 4 3 T 24
# 77SPARQL %4
T

BEMFRAELBEINE
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&4 #] T

L E—~KFEGAA K

SELECT DISTINCT ?trackiD @
WHERE { music:track_artist

?trackID track_artist artistID

} music:artist_01

1~ PREFIX music: <http://kg.course/music/>
2
3 SELECT DISTINCT ?trackID
4 ~ WHERE {
5 ?trackID music:track artist music:artist 01
6}
7

BRI R AR E TS gt = Pr



trackiD

1 music:track_00001
2  music:itrack_00015
3 music:track_00089
TUFIEINELARARANT R & 4  music:track_00071
2  music:track_00073
6 music:track_00149
7 music:track_00171

8  music:track_00181

Showing 1 to 8 of 8 entries

BB AT SR ETE &t F b5
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&4 #] T

e F RGP E -~ F AR TSI GHT GBS,
1% & 2 7

?tracklD _ _
SELECT ?name music:track_artist
WHERE { _
2tracklD track artist artistiD. ~ Music:track_name music:artist_01

?tracklD track_name ?name

}

1~ PREFIX music: <http://kg.course/music/>

2
3 SELECT ?name
4+ WHERE {
5 ?trackID music:track artist music:artist 01
& ?trackID music:track name Fname
7 }
BRI R AR E TS gt = Pr



name

1 "track_narme_00001"
2 "track_name_00015"
3 "track_name_00062"
4 "track_name_00071"
] "track_name_00073"
6 “track_name_00149"
7 "track_name_00171"

8 "track_name_00181"

Showing 1 to 8 of 8 entries

PETHAEL

trackiD

<k

. name

1 music:track_00001
2 music:track_00015
3  music:track_00069
4  music:track_00071
5  music:track_00073
6 music:track_00149
7 music:track_00171

8 music:track_00181

“track_name_00001"°
“track_name_00015"
“track_name_00069"
“track_name_00071"
“track_name_00073"
“track_name_00149"
“track_name_00171"

“track_name_00181"

Showing 1 to 8 of B entries

fegkdidd 2 7&K, T
A LA —— 3t R

BEMFRAELBEINE
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&4 #] T

N E—THhGB gL HE A

SELECT ?name
WHERE {
?trackID track_name  track name.
?trackID track_album “?albumiID .
?aloumID album_name ?name

}

music:track_album

?albumID>

music:album_name

music:trs

= PREFIX music: <http://kg.course/music/=>

2
3 SELECT ?trackID ?albumID ?name
%k&]gﬁ%k&]«]/%‘fi, ‘;,'; 4 + WHERE {
= P . . 5 TtrackID music:track name "track_name 00001"
—% /;‘\ %: a‘k &] Id ’ ‘é- /;‘\1@ /% 6 ?trackID music:track album falbumID .
‘fi ’%‘ 44 'fg ,?T 7 7albumID music:album name name
8 }
9
adl —
Y N N " = =
AR RS HE TS L &t 5 P
inaHadoop.cn



£ 4 &

&

name trackiD § albumiD 8 name
1 "album_name_0001" 1 music:track_00001 music:album_0001 "album_name_0001"
Showing 1 to 1 of 1 entries Showing 1 to 1 of 1 entries
- H - -4
L 2 5% @id $4idFo 5428
fiTEHE
1~ PREFIX music: <http://kg.course/music/> 3: D
2
3 sELECT *HifRid *EiEid HBESR
4~ WHERE {
5 ?@Mid music:track name "track name 00001"
6 ?MMid music:track album ?%&§Bid
7 ?%%8id music:album name ?HiERH
8 '}
9
- )
Fuseki £ # 4% Al ¥ X
D 4 (>4
2 X SELECT % &
QUERY RESULTS
g Raw Response | #
Showing 1 to 1 of 1 entries Search: Show| 50 +|entries
Hedid ¢ *ﬁsud ¢ §*€5§a ¢
1 music:track_00001 music:album_0001 “alburm_name_0001"

BRI AR A BB TS gt = Pr



&4 #] T

FRAAEBL T Or— L, BiZE2H?

SELECT 2?4 d&id ?+ #id (CONCAT(" % 4

2""" 2L 8)AS?7 L4545 4.)

WHERE {

?%kd]ld traCk—name traCk—name 1~ PREFIX music: <http://kg.course/music/> < K2
24 ¢id track album 24 2%id . R >
?+4%1d album_name ?$ 4% % | i mosiersrack nmme  *teack asan o0m1*

?MHHid musicitrack album ?E§Bid .

} 7 ?%48id music:album name ?EER
B |}
9
CO N C T . N QUERY RESULTS
& ﬁ] M ‘&g 2 Raw Response = #
Showing 1 to 1 of 1 entries Search: Show| 50 5| entries
Hithid § % ¢ Tupms 8
1 music:track_00001 music:album_0001 & 558 album_name_0001"

BRI AR A BB TS gt = Pr



&4 #] T

EENSH LGOI R

SELECT ?trackID

WHERE {
?albumlID aloum_name album_name .
?tracklD track_album ?albumID

}

 PREFIX music: <http://kg.course/music/>

SELECT ?trackID
i ~ WHERE
5 7albumID music:album name "album name Q002"
b ftrackID musici:track_album 7albumID
BRI R AR E TS & =ps



£ 4 &

trackiD

music:track_00003
music:track_00005
music:track_00006
music:track_00007
music:track_00008
music:track_00010
music:track_00011
music:track_00012

music:track_00013

Showing 1 to 9 of 9 entries

albumID

Search:

§ trackiD

Show | 50 5 |entries

&
v

music:album_0002
music:album_0002
music:album_0002
music:album_0002
music:album_0002
music:album_0002
music:album_0002
music:album_0002

music:album_0002

music:track_00003
music:track_00005
music:track_00006
music:track_00007
music:track_00008
music:track_00010
music:track_00011
music:track_00012

music:track_00013

Showing 1 to 8 of 8 entries Showing 1 to 9 of 9 entries

EF+HIdIh didy 4 &

o FFEENENTHLGOA2T R A KE?

BEMFRAELBEINE
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&4 #] T

1~ PREFIX music: <http://kg.course/music/> ::
2
3

SELECT ?ZalbumID ?trackID {iﬁl lelt F&%{l é‘i@

4~ WHERE {

= ?albumID music:album name "album name 0002" . é%‘ % {r§ ‘A‘ﬁ
6 ZtrackID music:track album ?albumID

7T |}

8

9 LIMIT 2

QUERY RESULTS

e Raw Response

Showing 1 to 2 of 2 entries Search: Show | 50 4 |entries

|4

fa

albumiD §  trackiD 8

1 music:album_0002 music:track_00003

2 music:album_0002 music:track_00005

Showing 1 to 2 of 2 entries

BB AT SR ETE &t F b5
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£ 4R

AL - ANETH Gk G H R

SELECT (COUNT (?trackID) AS ?num)
WHERE { 4& AICOUNT i# 47 i+ £

?albumID album _name album_name .

1~ PREFIX music: <http://kg.course/music/> :: u
?trackID  track_album  ?albumID i
-_ 3 SBELECT COUNT( ?trackID) as ?num
} 4~ WHERE {
?albumID music:album_name "album_name_0002" .
6 ?trackID music:track album ?albumID
7 '}
8
QUERY RESULTS
2 Raw Response %
Showing 1 to 1 of 1 entries Search: Show| 50 5| entries
num 8

1 “g"anxsd:integer

"9"Mxsd:integer integer #4 # & £ 4!

BB AT SR ETE m &t F b5
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&4 #] T

SELECT ?trackID ?artistiD
WHERE {

?trackID track_name track_name.
?tracklD track_artist ?artistID

}

L —FRAT KT G H S

1~ PREFIX music: <http://kg.course/music/> < KA
(3"
2
3 BELECT ?trackID ?artistID
4 v WHERE {
5 ?trackID music:track_name "track_name_00001" .

6 ?trackID music:track_artist ?artistID

7}
8
QUERY RESULTS
b Raw Response L2
Showing 1 to 1 of 1 entries Search: Show| 50 4| entries
trackiD ] éar‘tistID ]

1

music:track_00001 music:artist_001

BEMFRAELBEINE

mmﬁf:}"-ﬂﬁ
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&4 #] T

LA E—ThE TiHHedhdiz i

SELECT ?tag_name
WHERE {

1~ PREFIX music: <http://kg.course/music/> KA
?tracklD track _name track name . , R
?tracklD track_tag  ?tag_name 3 |Smuscm Ferackip Teag nase
— — 4~ WHERE {
} 5 ?PtrackID music:track name "track_name 00001" .
6 ?trackID music:track tag ?tag_name
7 |}
8 |
QUERY RESULTS
b Raw Response = #
Showing 1 to 1 of 1 entries Search: Show| 50 4| entries
trackiD % étag_name %

2 T3 & id Fa #5; }g\ 0] éﬂg F 1 music:itrack_00001 “tag_name_02"

BB AT SR ETE m &t F b5
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&4 #] T

SELECT DISTINCT ?tag_name

2 E—%FG LR G AE

tag_name

1

“tag_name_02"

2 "tag_name_02"
WHERE {
H : 3 1 0"
?tracklD track_artist artistiD . ag-name-
?tracklD track tag ?tag_name 4 "tag_name_05"
} 5 “tag_name_02"
6 “tag_name_02"
- PREFIX music: <http://kg.course/music/> 7 “tag_name_02"
8  "tag_name_08"
SELECT ?tag_name
i v WHERE { 9  “"tag_name_03"
?trackID music:track artist music:artist 001 . i )
10 tag_name_02
2trackID music:track_tag ?tag_name
} 11 “tag_name_02"
12 "tag_name_04"
ABEB AT A4S, £NREAETE Showing 1 to 12 of 12 entries
. NN L =a [E
TR AT LA TS [ &5pg
inaHadoop.cn



&4 #] T

4 ADISTINCT £ %

1~ PREFIX music: <http://kg.course/music/>

2

3 SELECT DISTINCT ?tag name
4 = WHERE {
5

&

?trackID music:track artist music:artist 001
?trackiD music:track tag ?tag_name tag_name
}
8 1 “tag_name_02"
H R4 THAT 2 “tag_name_06"

3 "tag_name_05"

4 "tag_name_08"

7 — /|\ ‘% ,:kg( T, éﬁl % _g_ 5  "tag_name_03"
#5‘ /,E'f\j# /5‘“ B “tag_name_04"

Showing 1 to 6 of & entries
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&4 #] T

SELECT DISTINCT ?tag_name

WHERE {

?tracklD track_artist artistiD . 4# AIORDER BY #f &
?tracklD track tag ?tag _name

}

ORDER BY DESC(?tag_name)

1~ PREFIX music: <http://kg.course/music/> tag_name
. 1 *tag_name_02"
3 SELECT DISTINCT 7tag name
4 ~ WHERE { P ‘tag_name_03"
5 ftrackID music:track artist music:artist 001
6 ?trackID music:track tag ?tag name 3 tag_name_04
7 ]' 4 ‘tag_name_05"
8
9 ORDER BY 7tag_name 5 “tag_name_08"
10
B “tag_name_08"
7t 2.ORDER BY DESC (?tag_name) #, & F Bk /52 Showing 1 to 6 of 6 entries
e e N =a [E
AR E AN TIE L &t 5 P
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&-14 ] F

SELECT (COUNT(?trackID ) AS ?num)
WHERE {

{
?tracklD track_tag

¥
UNION

{

?tracklID track_tag tag_name2 .

¥
ks

tag_name .

1% FIUNION # 4~ 414

LA G AEE PG zon

1~ PREFIX music: <http://kg.course/music/>
2

3  BELECT (COUNT(?trackID ) AS 7?num)

4~ WHERE {

5¥ {

6 ?trackID music:track_tag "tag_name 01" .
}

B | UNION

9= {

10 ?trackID music:track_tag "tag_name 02"

11 |}

12 |}

13

14

QUERY RESULTS

oo Raw Response = #

Showing 1 to 1 of 1 entries Search:

num

1

"85" A xsd:integer

BEMFRAELBEINE
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&4 #] T

S LWL EA P

SELECT (count(?tracklD ) as ?num)
WHERE {
?tracklID track _tag ?trag_name

1~ PREFIX music: <http://kg.course/music/>

2

FILTER (?tag_name = tag_namel || e ¢ TeRackiD ) e T
’)tag_name - tag_nameZ) 5 ?trackID music:track tag ?tag_name

6 FILTER (?tag_name = "tag name 01"|| ?tag name = "tag _name 02")

} '

8

QUERY RESULTS

oo Raw Response @ %

Showing 1to 1 of 1 entries Search: Show | 50

& AFILTER:: 2| Rl ..

KA
K

+ |entries

&
v

#%‘ éﬁ Ki % 1 "85"~xsdiinteger

BB AT SR ETE I PR
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&4 #] T

WE RS BAARA XX FHEGHGSE

ASK
{

?trackID track _name ?track_name .
FILTER regex(?track name,”xx”)

} 1~ PREFIX music: <http://kg.course/music/>
2 ||
3 ASK
a4~ { ﬁﬁ]ASK*%J <] 7%
?trackID music:track_name ?track_name . T
FILTER regex(?track _name,"008") < ’ﬁ ff;.
7 |}
ASK# & % 2 #
N @ a7y
True sy False
QUERY RESULTS

Raw Response .2

J True
BRI AR A BB TS gt = Pr
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HELRARAHZEHRYL KRE 7

it & aFuseki# /7 @ 4 4F, £ % & ekendpoiny 4k
AN

http://localhost:3030/music/query

A

http://localhost:3030/music/update

£,41 B & # iTinsert /&

BEMFRAELBEINE

L

W5 PR
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http://localhost:3030/music/query
http://localhost:3030/music/query
http://localhost:3030/music/query
http://localhost:3030/music/update
http://localhost:3030/music/update

£ ol T

Bt KRIAFF G EH Y KRS 2
INSERT DATA
{

artistID artist_name artist_name .

} SPARQL ENDPOINT 'CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH)
http://localhost:3030/music/update JSON % | N-Triples
v P! 1 : <l : . ic/> kA
1 REFIX music http://kg.course/music/ < $'] u

#,414¢ A INSERT DATA# = &, #¢
o artist_O1,artist_02,artist_ 034 4% T

6 music:artist 02 music:artist name "artist name 02" .

7 music:artist_03 music:artist_name “artist_name 03" . t' t ‘
8 ) artist_name

WITEEELTEHAY

QUERY RESULTS
Raw Response | %

1~ <html>

2~ <head>

3 </head>

4 = <body>

5~ <hl>Success</hl>
6~ <p>

Update succeeded
</p>

</body>

</html>

[
HOwo -

BB AT SR ETE &t F b5
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SPARCGL ENDPOINT CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH)
http://localhost:3030/music/query JSON ¥ || N-Triples =
2 KA
. . K
3 SELECT ?artistID ?Zartist_name
4 v WHERE
5 ?artistID music:artist name ?artist name

6

QUERY RESULTS

el Raw Response = #

Showing 1 to 3 of 3 entries Search: Show | 50 < entries
artistiD 8 artist_name 8
1 music:artist_01 | "artist_name_01"
2 music:artist_02 "artist_name_02"
3 music:artist_03 "artist_name_03"

Showing 1to 3 of 3 entries

BEMFRAELBEINE

fe. & 41 8 A 3~ L
KRG FBMHEA &
£, Z£AR KA A
o a1

(& A 6 At AR
endpoint & & ek #
query

W5 PR
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DELETE
{

artistiD artist_name ?x .

}

WHERE
{

artistiD artist_name ?x .

}

1% A
WHERE =z 4z
DELETE#| p&

B sttt B HY KRG F

SPARQGL ENDPOINT CONTENT TYPE (SELECT)

http:/flocalhost:3030/music/update JSON

1~ PREFIX music: <http://kg.course/music/>

2

3 | DELETE

4w {

5 music:artist 02 music:artist_name ?x .
6 '}

7 < WHERE

8+ {

9 music:artist 02 music:artist_name 2?x .
10 |}

QUERY RESULTS

2 Raw Response = %

1~ <html>

2 = <head>

3 </head>

4 = <body>

5 = <hl>Success</hl>
6 v <p>

7 Update succeeded
8 </p=

9 </body>

10 </html>
11

CONTENT TYPE (GRAPH)

Y
v

N-Triples

-

KA
K

BEMFRAELBEINE

L
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SPARQL ENDPOINT CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH) . . .
http:/localhost:3030/music/query JSON % | N-Triples 7 /;-\16] K ;}QJ ) artISt—Oz €é
artist_ name_02 &. & 3% #| i~
2 PREFIX music: <http://kg.course/music/> KN
3 =0

4 SBELECT ?artistID ?artist name
5+ WHERE {
b ?artistID musiciartist name ?artist name

7}
B

QUERY RESULTS

2 Raw Response >
Showing 1 to 2 of 2 entries Search: Show | 50 4 |entries
artistiD 3 éar‘tist_name %
1 music:artist_01 "artist_name_01"
2 music:artist_03 "artist_name_03"

Showing 1 to 2 of 2 entries i } ﬁf]SPARQLﬁ] t%‘ ‘Y:'F*l'é"’f] i’f’:‘ll

BB AT SR ETE &t F b5
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https://www.w3.org/TR/2013/REC-sparql11-query-20130321/
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A # 38 & o %

T

Native Mon-native
Main memory-based Disk-based RDBMS NoSQL
Schema-based Schema-free  Key-value Graph
database
Column
family Document
Vertical Property Triple table store
partitioning table
Hierarchical
property
table
Jp— N L = s
ORI AT ARETINE UL £t 5 PR
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DB2 RDF

DREAM

................ gStore  DIPIOOCUS. ... o DiploCloud
ROrT e o »-DOGMA SPARQUYersg. - o

Brahms RDF-3X ———# X-RDF-3X
RDFOX: oot » dist-RDFox
Sempala S2RDF
l

' 3 n n 3 3 n " n n " n I N i i 1

t t t t 1 1 1 t t t t T f 1 1 1 t T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017

BEHIRATESBRE NS 1 3=t
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MapReduce-based
Sempala S2RDF
H2DRF+ SemStore
SHARD
nHopDB SHAPE
MPI-based
TripleBit : AdPart
TriAD
Trinity.RDF .
YARS?2 4Store Y distRDFox
Chameleon
EAGRE
DREAM

1 1 1 1 1 1 1 1 | | s >
| | | I I I I | I T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
by @oliviercure (feb. 2017)
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g v7
Production ready MarkLogic »
Oracle vil v12 .
7
Virtuoso X Y >
4Store
v3 v4
Stardog V3.0 =
»
JEntne BlazeGraph V15.2 v2
bigdata VSJ’
2 V6.1
OWLIM Y va v5 GraphDB iy
. v2 v2.2 v2.3 v2.6 v2.7
Sesame o >
v2 v3 v4 v5.1 v6.2
Allegrograph >
gt 2R
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Triple store Full-text Cloud- Extra features
search ready

Allegrograph

Blazegraph

GraphDB

MarkLogic

Oracle

Stardog

Virtuoso

Integrated +
solr

Integrated +
solr

Integrated +
solr +
elacticsearch
(ent.)

Integrated
Integrated
Integrated +

Lucene

Integrated

AMI

AMI

AMI

AMI

AMI

Reification done right

RDF ranking

With Xquery, Javascript

Inline in SQL

Integrity constraints, Explanations

Inline in SQL

BEMF A LB NS

E:JJLQE%'-FF'
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7 & # 4 & — RDF4J

2 32 RDF # #2 ¢9 Javatz &

1 A LT Bl g AP R 52 30,

RDF % 4

% #SPARQL endpoints

I 15 @ A RDF A& #% 41 4]

I ¥ A = % ARDF 44 44 X

http://rdf4j.org

I rdfhj

BEMFRAELBEINE
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RDF4J

{3 Package Explore 32 < B | sesame-getting-started/pom.xml X| logback.xml| 1) HelloSesame.java £2 = [m
] & o " R X " . . . .
" = % - public static void main(String[] args) throws RepositoryException, RDFHandlerException {
- v = sesame-getting-started
¥ (B src/main/java Repository rep = new SailRepository(new MemoryStore());
¥ [§ org.example rep.initialize();
/ » [J] HelloSesame.java
v (@8 src/main/resources ValueFactory f = rep.getValueFactory();
H' String namespace = "http://example.org/";
{X] logback.xml
(5 sre/test/java URI john = f.createURI(namespace, "john");
(B src/test/resources
esal I le » =)\ JRE System Library [J2SE-] RepositoryConnection conn = rep.getConnection();
» =i Maven Dependencies try {
> e conn.add(john, ROF.TYPE, FOAF.PERSON);
éfunge! conn.add(john, RDFS.LABEL, f.createLiteral("Jochn”, XMLSchema.STRING));
) .xml .
el pom.xm RepositoryResult<Statement> statements =
conn,getStatements(null, null, null, true);
Model model ~ Iterations.addAll(statements, new LinkedHashModel());
model . setNamespace("rdf", RDF.NAMESPACE);
model .setNamespace("rdfs", RDFS.NAMESPACE);
model.setNamespace("xsd", XMLSchema.NAMESPACE);
model.setNamespace("foaf", FOAF.NAMESPACE);
model.setNamespace("ex", namespace);
Rio.write(model, System.out, RDFFormat.TURTLE);
H
O " = B8 & e | ik
a= Outline &8 Problems Javadoc Declaration & Console £ X% GEE #O-riv=0
. S A8 <
BV Y e x <terminated> HelloSesame (1) Java Application] /Library/Java/javaVirtualMachines/jdk1.7.0_21.jdk/Contents/Home/bin/java (13
## org.example @prefix rdf: <http://waw.w3.org/1999/02/22-rdf-syntax-ns#> .
VebHQIIQScsamg @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
© ° main(String(]) : void @prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix ex: <http://example.org/> .

ex:john a foaf:Person ;
rdfs:label "John"AAxsd:string .

http://docs.rdf4j.org/migration/
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7 % B # 4& & — gStore

00 gStoresA & £ 42 & # B 4 4k Ao 4 R RDF 4o <2 B % #4 32 ;

[0 gStore ¥ #W3Cz sL 9SPARQL 1.14z &, . 454 # Union,
OPTIONAL, FILTERAe & % & # ) 5-141; gStore & #F # # t9
3% M| ok % 1k

0 gStore & 4u<T 4 F #1Billion (+42) =AM 4 ¢9RDF4e<2 B
k) B 15 B 12 4% Beo

http://www.gstore-pku.com
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7 4k gk 3& & — Virtuoso

O % 4e#dg, THiE %A
O <THEfgZhiesis s
OO0 3 4#Web 3+ & fo iz 4

Network
(Internetintranet/Extranat)

\" lr_.ﬁ :‘: pe ’,All Q:: :‘5}
s | Virtuoso

Ve it Universal Server
N
V |

SPARQL W
GData ¢
Atomn Publighing A

3 HTTP / WebDAV
8 SOAP Services
A HFAEST Services

Moveable Type
Blogger

http://virtuoso.openlinksw.com

Weblogs, Wikis, D
Bookmarks, Feed S

Flickr, delicio.

BB AT SR ETE &t F b5
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7 4k # 32 £ — Allgrograph

O —AmK e, SHeeq, IHARALHGAHEA
(0 X FRestful#z £ # % & 5 %H 42

Clojure

Java: Sesame / Jena Python C# Ruby Incas Lisp Perl
Backup / Restore REST
Replication .
p SPARQL Rules: SPIN,

Geo SNA Time RDFS++ Stored Procs
! F ' (Javascript, Lisp)

Prolog, CLIF++
Warm Failover z

Session Management, Query Engine, Federation
Security

Management Storage Layer (Compression, Indexing, Freetext, Transactions)

http://www.franz.com/agraph/allegrograph

BB AT SR ETE m &t F b5
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Allgrograph

[0 AllegroGraph— 7 45 st #5481+ &, A T 34 42 44 78 X 64 4o &,
RAE, Bk A A G MRG0k AKEE

) ) Load Rate
Load Test # Triples Time (T/Sec)
LUBM(BOOO)® 1.10& Billion 36min, 49 sec 500,679
LUBM(160,000)* 22.12 Billion 12 hrs, 18m, 16s 499 188
AllegroGraph Pre- 310.269 78 hrs, 9m, 23s 1,102,737
release®® Eillion
AllegroGraph Pre- 1.009 338 hrs, 3m E29 556
release®®® Trillion
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7 Ak # 42 & — Stardog

The Knowledge Graph Platform for
the Enterprise

With Stardog you can unify, query, search, and analyze all your
data. Say goodbye to data silos forever.

Benefits

¥ -

Unifies all the data Reusable Data Model Enterprise Scalability Eliminates Complexity

Full data variety and every data velocity. The right abstraction for all the data Query, search, and analyze. Stardog No Knowledge Graph knows as much.
Unify disparate and external data enables the Knowledge Graph instead of provides enterprise performance and Stardog is the only platform to fuse
sources and turn data into actionable creating new silos, eliminating support over massive data sets no machine learning, reasoning, and rules
insight. significant and costly efforts. matter how complex the data. for contextualized insight of all the data.

http://www.stardog.com

BB AT SR ETE &t F b5
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OoOoooaod

[

A # 32 Z&+Lucene % 7|

I EMHA

E #ACID

5 T A

I #H320/u s 4 5., 3204149
4445, 6404/Lt4 B 14

REST API é—i— = 4 NAVIGATES AR
touNTIrIES PROPERTIES
. @
http://neo4j.com B
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Neod) — # 3& & #

a—NAFLEARN ARG

# 4 £4: Nodes (¥ &) #o
Relationships (£ %)-

Nodes #= Relationships 4,4

key/value#; & ¢ & H o
Nodesi# it Relationships #r &
X £ 4 taERE, A R#
4 A W % k4o

BB AT SR ETE &t F b5
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name:
Zushi Zam

location:
name: New York
iSushi
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Neod] — # % (docker)

Docker pull neodj & = 45.1%
-+ ~ master) X docker pull neodj
Using default tag: latest
latest: Pulling from library/neo4j
b56ae66c2937: Downloading [=——==——====— 7 493.1 kB/1,991 MB
81lcebcSbcaf8: Download complete
3b27fd892ecb: Downloading [> 7 525.9 kB/54.29 MB
f120ec548211: Downloading [==> 7 81.11 kB/1.539 MB
@c@39dfbébl7: Waiting
c7bf5@3f1llca: Waiting
94ca2e957a63: Waiting

s master) X docker run -d -p 7473-7474:7473-7474 -p 7687:7687 neodj
65477caf20albc50eedf4c7a54fcd83eS5ad@cbdel2Sh556c@1bbdclb83f6995F

& fTNeod|

docker run -d -p 7473-7474:7473-7474 -p 7687:7687 neodj
i (4713s% a https4] s5 Ak %~; [4743% 9« hitp4] 55 Ak %~
7687s% @ boltss o, 54 % # 4 L 5B %

BB MR AR E T E m &t F b5
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Neodj — & = WEB %

B sl % B4 A
http://localhost:7474/browser/

'| O localhost: 7474/ browser/

Database access not available. Please use to establish connection. There's a graph waiting f

$ :server connect

Connect to Host
Neo4j bolt://localhost: 7687 =
D:’jtlabsz.“:c :’jC'T-T.‘:‘ES I’L“.QL,lI"(.'S =N Username
authenticated connection,
neod| =
Password

Host #, #ik .
Brboltsb ub, 45 2 # 48
E % B 4% o

2 A Bl & % neodj
% %5 Neodj

£ & Connect4s & #1.44
REBHREG, HRB
25t EEERA

TR 3f S AR
HiTA A, 5954
Tx#E&ET48&F

BEMFRAELBEINE
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Neod) — # & 4 )~

1. Cypher CREATE<% 8, # & — %4 # 5 — NCREATE
2. Cypher LOAD CSV & &), ## 4% ACSVA X, @&
i LOAD CSV+#: Ix # 12

3. & 7 #& 4 69 Java APl — Batch Inserter

4.5 7 # 4% 65 neodj-import x. A

5. %= A L% %35 « Batch Import = &

BRI AR A BB TS gt = Pr


http://neo4j.com/developer/guide-import-csv/
http://neo4j.com/docs/java-reference/current/javadocs/org/neo4j/unsafe/batchinsert/BatchInserter.html
http://neo4j.com/developer/guide-import-csv/
http://neo4j.com/developer/guide-import-csv/
http://neo4j.com/developer/guide-import-csv/
https://github.com/jexp/batch-import/blob/2.3/readme.md

Neodj — # 4& & #

1s
index neostore.nodestore.db.labels.id
neostore neostore.propertystore.db
neostore.counts.db.a neostore.propertystore.db.arrays
neostore.counts.db.b neostore.propertystore.db.arrays.id
neostore.id neostore.propertystore.db.id
neostore.labelscanstore.db neostore.propertystore.db. index
neostore.labeltokenstore.db neostore.propertystore.db.index.id
neostore.labeltokenstore.db.id neostore.propertystore.db.index.keys
neostore.labeltokenstore.db.names neostore.propertystore.db.index.keys.id
neostore.labeltokenstore.db.names.id neostore.propertystore.db.strings
neostore.nodestore.db neostore.propertystore.db.strings.id
neostore.nodestore.db.id neostore.relationshipgroupstore.db
neostore.nodestore.db.labels neostore.relationshipgroupstore.db.id

neostore.relationshipstore.db
neostore.relationshipstore.db.id
neostore.relationshiptypestore.db
neostore.relationshiptypestore.db.id
neostore.relationshiptypestore.db.names
neostore.relationshiptypestore.db.names.id
neostore.schemastore.db
neostore.schemastore.db.id
neostore.transaction.db.51
neostore.transaction.db.52

schema

store lock

BB AT SR ETE &t F b5
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Neodj — &4 # &
Cypher 4-144% 5

Cypher
Traverser API
Core API
Kernel
Query: Papers cited by a paper written by Peter
Smith.
START author=node:authors(
'firstname:”Peter"” AND lastname:”Smith""')
MATCH (author)-[:WROTE]->()-[:CITES](papers)
RETURN papers
BRI R AR E TS gt = Pr



Neodj — Movie Graph

L9 vovie0 Y Person
Robert
Zemeckis

L

é’&

&
Ron

OiRg E;:res

‘ . = Crep Cast
The Da

A 3t 4% A D3.Js % €8 -
2 Code

Apolio 13 o = ‘ DIRECTE? .

Green

Mile

B T AALLE T
ACrEDI @ o

Thlng You aue AcTE" i
Wilson's

Q310340

Nora
Ephron
&)

ON

AUTO-COMPLETE

-Ljhl}%a;;;f:::

Displaying 18 nodes, 20 relationships (completed with 20 additional relationships)

BEMFRAELBEINE



Neod) — Movie Graph & 41

OO0 &4 “Tom Hanks” # % ¢ & &

$ MATCH p=(person:Person{name: "Tom Hanks"})-[]-(movie:Movie) RETURN p SR A SR O

-
|

Graph ACTED. IN{‘IQ DIRECTED (1)

A
<>
Displaying 13 nodes, 13 relationships.
SN NS = =
BRI AR SRE IS L &t 5 PR
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Neodj — Movie Graph & #]

B Ng b a6 RBNKE

$ MATCH p=shortestPath( (bacon:Person {name:"Kevin Bacon"})-[*]-(meg:Person {name: "Meg

G

Graph
Table
Text O ACTEDJN
57
&
<> & %
A,
Code %
4
s
Q
&
T

Displaying 5 nodes, 4 relationships.
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&4 @iz A& - OrientDB

OrientDBA — AN AJavas2 7L ¢ A B NOSQL £ 2 £ % 32 4 %o ©RA—NE B X G E
B, $HAN. XA5. iz, A EBAFLE L, CTUABHBELEGEIL Y0
* 2 9 AR %

{

{ "@rid": "§14:22",
"@rid": "§12:382", "@class": "Makes",
"@class": "Customer", "out": "§12:3827,
"name" : "Frank", ninvs "#16:541",
"surname" : "Raggio", | "date": "2016-11-27",
nphone" : ["+44 123123", \\ "payment": "cash"

"+44 321321"], ¥ 1}
ndetails": { ,—-—n’\
"city":"London", V4 \ o
"tags":"millennial™ ( Makes | ///// >
} J \

http://orientdb.com
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B4 B i & - Titan

o HitFokMIZKGKBEF AL QT &M

o BB oA A LA Rl A R4 H

c XA kE, IH—-HHK

© X K BN G %Gk

s IHLHBHRELN, BRE, AEIETLE
BXEBFE

c I HELXhE

http://titan.thinkaurelius.com
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B4 B #3E A& - Titan

[ Applications ]

OLAP

Gremlin

GraphComputer

(jeuondo)
wJoye|d eyeq big
aoeualu|
O/l dV10

Storage Backends External Index Backends
(at least one is required) (optional)
V. NN Ju—— = =
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Benchmark

= A Benchmark:

RDF Store Benchmarking

This page collects references to RDF benchmarks, benchmarking results and papers about RDF benchmarking.

At the end of the page, we collect use cases for RDF benchmarking and offer ideas for future discussion on benchmarking triple stores.

RDF Benchmarks

Berlin SPARGL Benchmark (BSBM) &, provides for comparing the performance of RDF and Named Graph stores as well as RDF-mapped relational databases and other systems that expose SPARGL
endpoints. Designed along an e-commerce use case. SPARGL and SGL version available.

Lehigh University Benchmark (LUBM) & is developed to facilitate the evaluation of Semantic Web repositories in a standard and systematic way. The benchmark is intended to evaluate the performance of
those repositories with respect to extensional queries over a large data set that commits to a single realistic ontology.

Ontology Benchmark (UOBM) & extends the LUBM benchmark in terms of inference and scalability testing. UOBM ontology and data set .

The SP2Bench SPARGL Performance Benchmark &, provides a scalable RDF data generator and a set of benchmark gueries, designed to test typical SPARGL operator constellations and ADF data access
patterns.

Social Network Intelligence Benchmark (SIB) & A benchmark suite developed by people at CWI| and Openlink taking the schema from Social Networks for generating test areas where RDF/SPARGL can
truly excel, and challenging query processing over highly connected graph.

DEpedia SPARGL Benchmark & - Performance Assessment with Real Queries on Real Data.

FedBench & - Benchmark for measuring the performance of federated SPARGL query processing (ISWC2011 paper about FedBench).

Linked Data Integration Benchmark (LODIB)& is a benchmark for comparing the expressivity as well as the runtime performance of Linked Data translation/integration systems.

JustBench & analyses the performance of OWL reasoners based on justifications for entailments (project website ).

The ISLab Instance Matching Benchmark &, provides for benchmarking instance matching and itentity resolution tools.
THALIA Testbed & for testing the expressiveness of relational-to-RDF mapping languages.
A Benchmark for Spatial Semantic Web Systems &, by Dave Kolas, extends the LUBM with sample spatial data.

Linked Open Data Quality Assessment (LODQA) & is a benchmark for comparing data quality assessment and data fusion systems.

LinkBench & - A Database Benchmark Based on the Facebook Social Graph (SIGMOD, 2013 Paper &)

Waterloo SPARQL Diversity Test Suite (WatDiv) & is a highly customizable stress testing tool for RDF data management systems (ISWC, 2014 Paper &).
Semantic Publishing Benchmark (SPB) & developed by the LDBEC & according to use case requirements from the BBC.

FEASIBLE® is a Feature—Based SPARGL Benchmark Generation Framework (ISWC, 2015 Paper &).
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Benchmark
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Example: Single Triple Table

ex:Katja  ex:teaches ex:Databases;
ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:TU_llmenau.

ex:Martin ex:teaches ex:Databases;
ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:Saarland_University.

ex:Ralf ex:teaches ex:Information_Retrieval;
ex:PhD_from ex:Saarland_University;
ex:works_for ex:Saarland_University,

ex:MPI_Informatics.
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Example: Single Triple Table

ex:teaches
ex:works_for
ex:PhD_from
ex:teaches
ex:works_for
ex:PhD_from
ex:teaches
ex:PhD_from
ex:works_for

ex:Katja

ex:Martin

ex:Ralf

ex:Databases;
ex:MPI_Informatics;
ex:TU_llmenau.
ex:Databases;
ex:MPI_Informatics;
ex:Saarland_University.

ex:Information_Retrieval,;

ex:Saarland_University;
ex:Saarland_University,
ex:MPI_Informatics.

subject predicate object

ex:Katja ex:teaches ex:Databases

ex:Katja ex:works_for | ex:MPI_Informatics
ex:Katja ex:PhD_from | ex:TU_llmenau
ex:Martin | ex:teaches ex:Databases
ex:Martin | ex:works_for | ex:MPI_Informatics
ex:Martin | ex:PhD_from | ex:Saarland_University
ex:Ralf ex:teaches ex:Information_Retrieval
ex:Ralf ex:PhD_from | ex:Saarland_University
ex:Ralf ex:works_for | ex:Saarland_University
ex:Ralf ex:works for | ex:MPI_Informatics
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Conversion of SPARQL to SQL

General approach to translate SPARQL into SQL.:

(1) Each triple pattern is translated into a (self-) JOIN
over the triple table

(2) Shared variables create JOIN conditions

(3) Constants create WHERE conditions

(4) FILTER conditions create WHERE conditions

(5) OPTIONAL clauses create OUTER JOINS

(6) UNION clauses create UNION expressions
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Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar”))
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Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar”))

SELECT
FROM Triples P1, Triples P2, Triples P3
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Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar”))

SELECT

FROM Triples P1, Triples P2, Triples P3

WHERE P1.predicate=“works_for” AND P2.predicate="works_for”
AND P3.predicate=“phd_from”

BB AT SR ETE m &t F b5

ChinaHadoop.cn



Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar’))

SELECT
FROM Triples P1, Triples P2, Triples P3
WHERE P1l.predicate=“works_for” AND P2.predicate=“works_for”
AND P3.predicate=“phd_from”
AND P1.object=P2.object AND P1.subject=P3.subject AND P1.object=P3.object
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Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar’))

SELECT

FROM Triples P1, Triples P2, Triples P3

WHERE P1l.predicate=“works_for” AND P2.predicate=“works_for”
AND P3.predicate=“phd_from”

AND P1.object=P2.object AND P1.subject=P3.subject AND P1.object=P3.object
AND REGEXP_LIKE(P1.object, “Saar”)

BB AT SR ETE m &t F b5

ChinaHadoop.cn



Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar’))

SELECT P1l.subject as A, P2.subject as B

FROM Triples P1, Triples P2, Triples P3

WHERE P1l.predicate=“works_for” AND P2.predicate=“works_for”
AND P3.predicate=“phd_from”
AND P1.object=P2.object AND P1.subject=P3.subject AND P1.object=P3.object
AND REGEXP_LIKE(P1.object, “Saar”)
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Example: Conversion to SQL Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}

FILTER (regex(?u, “Saar’))

SELECT R1.A, R1.B, R2.T FROM
( SELECT P1l.subject as A, P2.subject as B
FROM Triples P1, Triples P2, Triples P3
WHERE P1.predicate=“works_for” AND P2.predicate=“works_for”
AND P3.predicate="“phd_from”
AND P1l.object=P2.object AND P1.subject=P3.subject AND P1.object=P3.object
AND REGEXP_LIKE(P1.object, “Saar”)
) R1 LEFT OUTER JOIN
( SELECT P4.subject as A, P4.object as T FROM Triples P4
WHERE P4.predicate=“teaches”) AS R2
) ON (R1.A=R2.A)
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Example: Conversion to SQL Query

SELECT ?a ?b 2t WHERE Projection
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. } l
OPTIONAL {?a teaches ?t}

X[
FILTER (regex(?u, “Saar’)) ?a

SELECT R1.A, R1.B, R2.T FROM |><| P4
( SELECT P1.subject as A, P2.subject as B /?a,?u
FROM Triples P1, Triples P2, Triples P3 |X|
WHERE P1.predicate=“works_for” AND P2.predicate="w| / U \ P3
AND P3.predicate=“phd_from” Filter
AND P1l.object=P2.object AND P1.subject=P3.subject regex(?u, “Saar”) P2
AND REGEXP_LIKE(P1.object, “Saar”) /
) R1 LEFT OUTER JOIN

P1
( SELECT P4.subject as A, P4.object as T FROM Triples P4
WHERE P4.predicate=“teaches”) AS R2
) ON (R1.A=R2.A)
ot eyt e i RS
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Is that all?

Well, no.
Which indexes should be built?

(to support efficient evaluation of triple patterns)

How can we reduce storage space?
How can we find the best execution plan?
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Is that all?

Well, no.
L1 Which indexes should be built?

(to support efficient evaluation of triple patterns)

How can we reduce storage space?
1 How can we find the best execution plan?

Existing databases need modifications:
e flexible, extensible, generic storage not needed here

e cannot deal with multiple self-joins of a single table
e often generate bad execution plans
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Dictionary for Strings

Map all strings to unique integers (e.g., via hashing)

[1 Regular size (4-8 bytes), much easier to handle

[1 Dictionary usually small, can be kept in main memory
<http://example.de/Katja> — 194760

<http://example.de/Martin> — 679375
<http://example.de/Ralf> —> 4634
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Dictionary for Strings

Map all strings to unique integers (e.g., via hashing)
[1 Regular size (4-8 bytes), much easier to handle
[1 Dictionary usually small, can be kept in main memory

<http://example.de/Katja> — 194760
<http://example.de/Martin> — 679375
<http://example.de/Ralf> —> 4634

This may break original lexicographic sorting order

—> RANGE conditions (not in SPARQL) are difficult!
— FILTER conditions may be more expensive!
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent

EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

1.

Lookup ids for constants:
Albert Einstein — 16, invented — 24
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

Lookup ids for constants:

Albert Einstein — 16, invented — 24
Lookup known prefix in index:

(16,24,0)
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

Lookup ids for constants:

Albert Einstein — 16, invented — 24
Lookup known prefix in index:

(16,24,0)

Read results while prefix matches:
(16,24,567), (16,24,876)

come already sorted!
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

Lookup ids for constants:

Albert Einstein — 16, invented — 24
Lookup known prefix in index:

(16,24,0)

Read results while prefix matches:
(16,24,567), (16,24,876)

come already sorted!

Can also be used for pattern like aA1bert Einstein ?p 2x
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
Example: Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

Lookup ids for constants:

Albert Einstein — 16, invented — 24
Lookup known prefix in index:

(16,24,0)

Read results while prefix matches:
(16,24,567), (16,24,876)

come already sorted!

Can also be used for pattern like aA1bert Einstein ?p 2x
Build similar clustered indexes for all six permutations (3 x 2 x 1 = 6)
[0 SPO, POS, OSP to cover all possible triplet patterns
[0 SOP, OPS, PSO to have all sort orders for patterns with two var’s
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Indexes for Commonly Used Triple Patterns

Patterns with a single variable are frequent
EX&IT]plEZ Albert Einstein invented ?x
— Build clustered index over (s,p,0)

All triples in
(s,p,0) order

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

B+ tree for

€asy access

Lookup ids for constants:

Albert Einstein — 16, invented — 24
Lookup known prefix in index:

(16,24,0)

Read results while prefix matches:
(16,24,567), (16,24,876)

come already sorted!

Can also be used for pattern like aA1bert Einstein ?p 2x
Build similar clustered indexes for all six permutations (3 x 2 x 1 = 6)
[0 SPO, POS, OSP to cover all possible triplet patterns
[0 SOP, OPS, PSO to have all sort orders for patterns with two var’s

Triple table no longer needed, all triples in each index

BEMFRAELBEINE
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Why Sort Order Matters for Joins

When inputs sorted by join
attribute, use Merge Join:

® sequentially scan both inputs

e immediately join matching triples
e skip over parts without matches
e allows pipelining

IxI

M)

When inputs are unsorted/sorted
by wrong attribute, use Hash Join:

e build hash table from one input

e scan other input, probe hash table
® needs to touch every input triple

e breaks pipelining

14

HJ

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

(16,33,46578)
(16,56,1345)
(24,16,1353)
(27,18,133)
(47,37,20495)
(50,134,1056)

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

(27,18,133)
(50,134,1056)
(16,56,1345)
(24,16,1353)
(47,37,20495)
(16,33,46578)
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Why Sort Order Matters for Joins

When inputs sorted by join
attribute, use Merge Join:

® sequentially scan both inputs

e immediately join matching triples
e skip over parts without matches * needs to touch every input triple
¢ allows pipelining e breaks pipelining

IxI 14

MJ HJ

When inputs are unsorted/sorted

by wrong attribute, use Hash Join:
e build hash table from one input
e scan other input, probe hash table

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

(16,33,46578)
(16,56,1345)
(24,16,1353)
(27,18,133)
(47,37,20495)
(50,134,1056)

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

(27,18,133)
(50,134,1056)
(16,56,1345)
(24,16,1353)
(47,37,20495)
(16,33,46578)

In general, Merge Joins are more preferable:

small memory footprint, pipelining
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order
(v1;v2;v3); for SPO: v1=§, v2=P, v3=0
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order
(v1;v2;v3); for SPO: v1=§, v2=P, v3=0

1 Step 1. compute per-attribute deltas

(16,19,5356)
(16,24,567)
(16,24,676)

(27,48,10486)
(50,10,10456)

(27,19,643) —

(16,19,5356)
(0,5,-4798)
(0,0,109)
(11,-5,-34)
(0,29,9843)
(23,-38,-30)
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order

(v1;v2;v3); for SPO: v1=§, v2=P, v3=0
1 Step 1. compute per-attribute deltas

(16,19,5356)
(16,24,567)
(16,24,676)
(27,19,643)
(27,48,10486)
(50,10,10456)

(16,19,5356)
(0,5,-4798)
(0,0,109)
— | (11,-5,-34)
(0,29,9843)
(23,-38,-30)

[1 Step 2: variable-byte encoding for each delta triple

gap | header Delta of value 1 Delta of value 2 Delta of value 3
bit (7 bits) (0-4 bytes) (0-4 bytes) (0-4 bytes)
1-13 bytes
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order
(v1;v2;v3); for SPO: v1=§, v2=P, v3=0

1 Step 1. compute per-attribute deltas

(16,19,5356) (16,19,5356)
(16,24,567) (0,5,-4798)
(16,24,676) (0,0,109)
(27,19,643) — | (11,-5,-34)
(27,48,10486) (0,29,9843)
(50,10,10456) (23,-38,-30)

[1 Step 2: variable-byte encoding for each delta triple

gap | header Delta of value 1 Delta of value 2 Delta of value 3
bit (7 bits) (0-4 bytes) (0-4 bytes) (0-4 bytes)
T 1-13 bytes

When gap=1, the
delta of value3 is
included in header,
all others are 0
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order
(v1;v2;v3); for SPO: v1=§, v2=P, v3=0

1 Step 1. compute per-attribute deltas

(16,19,5356) (16,19,5356)
(16,24,567) (0,5,-4798)
(16,24,676) (0,0,109)
(27,19,643) — | (11,-5,-34)
(27,48,10486) (0,29,9843)
(50,10,10456) (23,-38,-30)

[1 Step 2: variable-byte encoding for each delta triple

gap | header Delta of value 1 Delta of value 2 Delta of value 3
bit (7 bits) (0-4 bytes) (0-4 bytes) (0-4 bytes)
'—| 1-13 bytes
When gap=1, the Otherwise, header contains length of encoding for each of
delta of value3 is the three deltas (5*5*5=125 combinations stored in 7 bits)

included in header,
all othersare 0
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RDF-3x: Compression Scheme for Triplets

[0 Compress sequences of triples in lexicographic order
(v1;v2;v3); for SPO: v1=§, v2=P, v3=0

1 Step 1. compute per-attribute deltas

(16,19,5356) (16,19,5356)
(16,24,567) (0,5,-4798)
(16,24,676) (0,0,109)
(27,19,643) — | (11,-5,-34)
(27,48,10486) (0,29,9843)
(50,10,10456) (23,-38,-30)

[1 Step 2: variable-byte encoding for each delta triple

gap | header Delta of value 1 Delta of value 2 Delta of value 3
bit (7 bits) (0-4 bytes) (0-4 bytes) (0-4 bytes)
'—| 1-13 bytes
When gap=1, the Otherwise, header contains length of encoding for each of
delta of value3 is the three deltas (5*5*5=125 combinations stored in 7 bits)
included in header,
all others are 0 Many variants exist; this one is designed for triplets...
o . = s
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ComEressmn Effectiveness vs. Efficiency

Byte-level encoding almost as effective as bit-level encoding
techniques (Gamma, Golomb, Rice, etc.)

1 Much faster (10x) for decompressing

[0 Example for Barton dataset [Neumann & Weikum: VLDB’10]:
B Raw data 51 million triples, 7GB uncompressed (as N-Triples)
B All 6 main indexes:
[ 1.1GB size, 3.2s decompression with byte-level
encoding

1 Optionally: additional compression with LZ77 2x more
compact, but much slower to decompress

B Compression always on page level
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Back to the Example Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }

OPTIONAL {?a teaches ?t}
FILTER (regex(?u, “Saar™))

250|Projection
|
25}/|%§f\

2509/Ja>,§| N._ POS(teaches,?a,?t)
I 100
5 wuM PSO(phd_from,?a,?u)

Filter 1000
regex(?u,"“Saar")

100& POS(works_for,?u,?b)

POS(works_for,?u,?a)
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Back to the Example Query

SELECT ?a ?b ?t WHERE
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }

OPTIONAL {?a teaches ?t}

; Projection
FILTER (regex(?u, “Saar™)) 220 J

l
250 | Projection 25}/|?§[

zy/lzg[\ 2509/Ja>,§| N._ POS(teaches,?a,?t)
| 100
5/|2ﬁil\/| POS(teaches,?a,?t) 59/ 2uM PSO(phd_from,?a,?u)
100

F(L't?sr .| 1000
regex(?u,“Saar
59/?u,?§" PSO(works_for,?u,?b) 1000\ POS(works_for, ?u,?b)
Filter 10 POS(works_for,?u,?a)
regex(?u,"Saar")
POS(pdh_from,?u,?a
1000\ (pdh_from, ?u,?a)
POS(works_for,?u,?a)
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Back to the Example Query

SELECT ?a ?b ?t WHERE

{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }

OPTIONAL {?a teaches ?t}
FILTER (regex(?u, “Saar™))

250 Projection

5/ |2ﬁi POS(teaches,?a,?t)
100

59/ 2u,? PSO(works_for,?u,?b)

Filter

regex(?u,"Saar")

1000\

POS(works_for,?u,?a)

10
POS(pdh_from,?u,?a)

250|Projection
zs/o/hgf\

2509/134 N POS(teaches,?a,?t)
100

59/ wuM PSO(phd_from,?a,?u)

Filter 1000
regex(?u,"Saar")
100& POS(works_for,?u,?b)

POS(works_for,?u,?a)

Which of the two plans is better?

How many intermediate results?
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Back to the Example Query

SELECT ?a ?b ?t WHERE
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
OPTIONAL {?a teaches ?t}
FILTER (regex(?u, “Saar™))

250|Projection

|
250 |Projection 25/0/|?§[

zy/lgg[\ 2509/_]34 N._ POS(teaches,?a,?t)
| 100
5/|2§M POS(teaches,?a,?t) 59/ 2uM PSO(phd_from,?a,?u)
100

I:(th?Sr .| 1000

regex(?u,"“Saar

Sg/?u,?ﬁ" PSO(works_for,?u,?b) 1000\ POS(works_for,?u,?b)
Filter 10 POS(works_for,?u,?a)

Core ingredients of a good query optimizer are

selectivity estimators for triple patterns (index scans) and joins
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RDF-3x: Selectivitx Estimation

How many results will a triple pattern have?

Standard databases:

[1 Per-attribute histograms } too simplistic
[J Assume independence of attributes ) and inexact
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RDF-3x: Selectivitx Estimation

How many results will a triple pattern have?
Standard databases: }

too simplistic
and inexact

[1 Per-attribute histograms
[J Assume independence of attributes

— Use aggregated indexes for exact count
Additional join statistics for triple blocks (pages):
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RDF-3x: Selectivitx Estimation

How many results will a triple pattern have?

Standard databases:

[1 Per-attribute histograms } too simplistic
[J Assume independence of attributes J and inexact

— Use aggregated indexes for exact count
Additional join statistics for triple blocks (pages):

start end
I / (s,p.0) (s,p,0)
(16,19.,.1.')356) number of triples
(16,24,567) number of distinct 2-prefixes
(16,24,876) number of distinct 1-prefixes
(27,19,643) join partners on subject
(27,48,10486) [s=s [s=p [s=o
(50,10,10456) join partners on predicate
\ p=s I p=p ‘ p=o0
T —— \ join partners on object
\ 0=s | 0=p ‘ 0=0
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RDF-3x: Selectivitx Estimation

How many results will a triple pattern have?

Standard databases:
[1 Per-attribute histograms
[J Assume independence of attributes

— Use aggregated indexes for exact count

too simplistic
and inexact

Additional join statistics for triple blocks (pages):

(16,19,5356)
(16,24,567)
(16,24,876)
(27,19,643)
(27,48,10486)
(50,10,10456)

/

\

start end
(s,p,0) (s,p,0)

number of triples

number of distinct 2-prefixes

number of distinct 1-prefixes

join partners on subject

‘ S=S8 | S=p ‘ S=0

join partners on predicate

\ p=s | pP=p ‘ p=0

join partners on object

l 0=8 | O=p ‘ 0=0

Assume independence
between triple patterns;

additionally precompute
exact statistics for frequent
paths in the data
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Handling UEdates

What should we do when our data changes?
(SPARQL 1.1 has updates!)
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Handling Ugdates

What should we do when our data changes?
(SPARQL 1.1 has updates!)

Assumptions:

Queries far more frequent than updates
Updates mostly insertions, hardly any deletions
Different applications may update concurrently
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Handling UEdates

What should we do when our data changes?
(SPARQL 1.1 has updates!)

Assumptions:

Queries far more frequent than updates
Updates mostly insertions, hardly any deletions
Different applications may update concurrently

Solution: Differential Indexing
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RDF-3x: Differential Updates

Staging architecture for updates in RDF-3X

Queries[::l\ Updates
@ \\\‘\“\_\

Main Indexes Cigy ict2
sp SPO . < il o
A SO SOP Bl gon g
A =
PO POS . < 0 %
& /WR<i:|EJD Gon @

A op oPs <i’:'1f

Batched Merges

BB AT SR ETE m &t F b5

ChinaHadoop.cn



RDF-3x: Differential Updates

Staging architecture for updates in RDF-3X

Queries Updates
T~
I =
N

Main Indexes i p
Dict o2 e
sp SPO < 00 <55
/\
so sop B¢
AN ANE=—"

/o
/o\

PO POS ™ <~ l_Pos-
& /OSR S — | P
oP oPs <.5’:|T

saxapu| [enualayig

Batched Merges

Workspace A:
Triples inserted
completion by application A

of A

Workspace B:
Triples inserted
completion by application B

of B

on-demand indexes
at query time

BEMFRAELBEINE
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RDF-3x: Differential Updates

Staging architecture for updates in RDF-3X

Queries Updates
S
0 ===
\.\\:’\

Main Indexes i <
Dictt "2 e
Workspace A:
sp sPo <l g g <Z—= | Triples inserted
/_ISE = completion | by application A
so sopP B0 ¢op- % of A
S
—_
. A A‘;&<ﬁﬁ[]ﬂ P el
& a Triples inserted
S— 1 1Y g completion by application B
o
»

PO POS . <

of B
os osP <l gg \ )
oP OPS <;’:|Tg o3 on-demand indexes

at query time

/o\

Batched Merges
— _/
Y

kept in main memory
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RDF-3x: Differential Updates

Staging architecture for updates in RDF-3X

Deletions:

Queries Updates
Main Indexes i ’
m
Workspace A:
Triples inserted
SP SPO . <l $r0
A :.U...; completion | by application A
© of A
o) soP <@ L gon §
%S\ PSO <5 [pson n:: Workspace B:
A 2 Triples inserted
PO POS . <~ il fos- ) completion | by application B
® of B
os osP <l g @ \
A oP oPS <;’:| 0 6p3 on-demand indexes
[‘] at query time
Batched Merges
—

_J

V

kept in main memory

e Insert the same tuple again with “deleted” flag
e Modify scan/join operators: merge differential indexes with main index

BEMFRAELBEINE
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Principles

Observations and assumptions:

Not too many different predicates

Triple patterns usually have fixed predicate
Need to access all triples with one predicate
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Principles

Observations and assumptions:

Not too many different predicates

Triple patterns usually have fixed predicate
Need to access all triples with one predicate

Design consequence:
e Use one two-attribute table for each predicate
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Example: Columnstores

ex:Katja ex:teaches ex:Databases;
ex:works_for ex:MPI_Informatics; " -
ex:PhD_from ex:TU_IlImenau. subjec.t object :
ex:Martin  ex:teaches  ex:Databases; ex:Katja | ex:MPI_Informatics
ex:works_for ex:MPI_Informatics; ex:Martin ex:MPI_Informttatlcs.
ex:PhD_from ex:Saarland_University. ex:Ralf ex:SaarIand_Unl\{ersny
ex:Ralf ex:teaches ex:Information_Retrieval; ex:Ralf ex:MPI_Informatics
ex:PhD_from ex:Saarland_University;
ex:works_for ex:Saarland_University,
ex:MPI_Informatics.
subject object
ex:Katja ex:Databases
ex:Martin | ex:Databases
ex:Ralf ex:Information_Retrieval
subject object
ex:Katja ex:TU_llmenau
ex:Martin | ex:Saarland_University
ex:Ralf ex:Saarland_University
BRI R AR E TS & =ps



Simplified Example: Query Conversion

SELECT ?a ?b ?t WHERE
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }
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Simplified Example: Query Conversion

SELECT ?a ?b ?t WHERE
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }

SELECT W1.subject as A, W2.subject as B
FROM works_for W1, works_for W2, phd_from P3
WHERE W1.object=W2.0bject

AND W1.subject=P3.subject

AND W1.object=P3.object
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Simplified Example: Query Conversion

SELECT ?a?b ?t WHERE
{?a works_for ?u. ?b works_for ?u. ?a phd_from ?u. }

SELECT W1.subject as A, W2.subject as B
FROM works_for W1, works_for W2, phd_from P3
WHERE W1.object=W2.0bject

AND W1.subject=P3.subject

AND W1.object=P3.object

So far, this is yet another relational representation of RDF.

So, what is a columnstore?

BRI RSB TINE e
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Columnstores and RDF

Columnstores store all columns of a table separately.
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Columnstores and RDF

Columnstores store all columns of a table separately.

subject object

ex:Katja ex:TU_llmenau
ex:Martin | ex:Saarland_University
ex:Ralf ex:Saarland_University

BEMFRAELBEINE
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Columnstores and RDF

Columnstores store all columns of a table separately.

PhD_from:subject

. . ex.Kat)a
subject object ) .
- ex:Martin
ex:Katja ex:TU_llmenau

: : . ex:Ralf
ex:Martin | ex:Saarland_University
ex:Ralf ex:Saarland_University PhD_from:object
ex:TU_llmenau

ex:Saarland_University
ex:Saarland_University

BB AT SR ETE &t F b5
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Columnstores and RDF

Columnstores store all columns of a table separately.

subject

object

ex:Katja
ex:Martin

ex:Ralf

ex:TU_llmenau
ex:Saarland_University
ex:Saarland_University

Advantages:

-

PhD_from:subject

ex:Katja
ex:Martin
ex:Ralf

PhD_from:object

ex:TU_llmenau
ex:Saarland_University
ex:Saarland_University

e Fast if only subject or object are accessed, not both

e Allows for a very compact representation

BEMFRAELBEINE
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Columnstores and RDF

Columnstores store all columns of a table separately.

subject

object

ex:Katja
ex:Martin
ex:Ralf

ex:TU_llmenau
ex:Saarland_University
ex:Saarland_University

Advantages:
e Fast if only subject or object are accessed, not both
e Allows for a very compact representation

Problems:

-

PhD_from:subject

ex:Katja
ex:Martin
ex:Ralf

PhD_from:object

ex:TU_llmenau
ex:Saarland_University
ex:Saarland_University

e Need to recombine columns if subject and object are accessed
e Inefficient for triple patterns with predicate variable

BEMFRAELBEINE
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ComEression INn Columnstores

General ideas:
[0 Store subject only once

[0 Use same order of subjects for all columns, including NULL
values when necessary
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ComEression INn Columnstores

General ideas:
[0 Store subject only once

[0 Use same order of subjects for all columns, including NULL
values when necessary

subject PhD_from teaches works_for

ex:Katja ex:TU_llmenau ex:Databases ex:MPI_Informatics
ex:Martin ex:Saarland_University || ex:Databases ex:MPI_Informatics
ex:Ralf ex:Saarland_University || ex:Information_Retrieval ex:Saarland_University
ex:Ralf NULL NULL ex:MPI_Informatics
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ComEression INn Columnstores

General ideas:
[0 Store subject only once

[0 Use same order of subjects for all columns, including NULL
values when necessary

subject PhD_from teaches works_for

ex:Katja ex:TU_llmenau ex:Databases ex:MPI_Informatics
ex:Martin ex:Saarland_University || ex:Databases ex:MPI_Informatics
ex:Ralf ex:Saarland_University || ex:Information_Retrieval ex:Saarland_University
ex:Ralf NULL NULL ex:MPI_Informatics

[0 Additional compression to get rid of NULL values

PhD_from: bit[1110] Teaches: range[1-3]
ex:TU_llmenau ex:Databases
ex:Saarland_University || ex:Databases
ex:Saarland_University || ex:Information_Retrieval

BB AT SR ETE m &t F b5
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Progertx Tables

Group entities with similar predicates into a relational table
(for example using RDF types or a clustering algorithm).

ex:Katja ex:teaches ex:Databases;
ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:TU_lImenau.

ex:Martin ex:teaches ex:Databases;
ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:Saarland_University.

ex:Ralf ex:teaches ex:Information_Retrieval;
ex:PhD_from ex:Saarland_University;
ex:works_for ex:Saarland_University,

ex:MPI|_Informatics.
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Progertx Tables

Group entities with similar predicates into a relational table
(for example using RDF types or a clustering algorithm).

ex:Katja ex:teaches

ex:Databases;

ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:TU_lImenau.

ex:Martin ex:teaches

ex:Databases;

ex:works_for ex:MPI_Informatics;
ex:PhD_from ex:Saarland_University.

ex:Ralf ex:teaches

ex:Information_Retrieval;

ex:PhD_from ex:Saarland_University;
ex:works_for ex:Saarland_University,

ex:MPI|_Informatics.

teaches

PhD_from

ex:Databases
ex:Databases

ex:IR

ex:TU_llmenau
ex:Saarland_University
ex:Saarland_University

ex:MPI_Informatics <:| “Leftover triples”

subject
ex:Katja
ex:Martin
ex:Ralf
subject predicate object
ex:Katja ex:works_for | ex:MPI_Informatics
ex:Martin | ex:works_for
ex:Ralf ex:works_for | ex:Saarland_University
ex:Ralf ex:works for | ex:MPI_Informatics

BEMFRAELBEINE

mmge#pﬁ

ChinaHadoop.cn



Property Tables: Pros and Cons

Advantages:
More In the spirit of existing relational systems
Saves many self-joins over triple tables etc.
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Property Tables: Pros and Cons

Advantages:

More In the spirit of existing relational systems
Saves many self-joins over triple tables etc.
Disadvantages:

Potentially many NULL values

Multi-value attributes problematic

Query mapping depends on schema

Schema changes very expensive
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Even More Systems...

[1 Store RDF data as sparse matrix with bit-vector
Compression [BitMat, Hendler at al.: ISWC’09]

[1 Convert RDF into XML and use XML methods
(XPath, XQuery, ...)
[1 Store RDF data in graph databases and perform

bi-simulation [Fietcher at al.: EsSWc’12] 0O employ

specialized graph index structures [gstore, Zou et al.:
PVLDB’11]

[1 And many more ...
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Challenges and OEEortunities

[1 SPARQL with different entailment regimes
[J New SPARQL 1.1 features
(grouping, aggregation, updates)
[1 User-oriented ranking of query results
B Efficient top-k operators
B Effective scoring methods for structured queries
[1 What are the limits of a centralized RDF engine?

[1 Dealing with uncertain RDF data —
what is the most likely query answer?

H Triples with probabilities = probabilistic databases

BEMFRAELBEINE m J(:Jhl}ﬁa?oof?:
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