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= since 2015 @WU, Inst. for Information Business

Research interest: Semantic Web, Open Data, Big (Semantic) Data Management, Databases, Data Compression,
Privacy and Security

. https://www.wu.ac.at/en/infobiz/team/fernandez/
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= Monitoring Evolution and Archiving

= Archiving the Web of Data m‘w

= Representing and querying evolving semantic data

g

= Open Data evolution
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http://zurb.com/word/brainstorming

Why evolution matters
(Creationists: please ignore this slide...)
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Global temperature change (1850-2016)
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o R = Monitoring evolution is relevant

Compare searchterms = Got,gle Trends
RDF SPARQL open data Linked Data
Search term Search term Search term Search term
& Interest over time
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= Changes tell us “something”

= Uncertain information
= Validity of the information

Donald Trump: Difference between revisions

Donald Trump: Revision history @ v

Wiew logs for his page

From year (and earlior): (2016 From montn (and earor): al *| Tag o Show

For any version listed below, dlick on its date o view it. For more heln, see Help:-Page history and Help:Edit summary.

External tools: Revision history stafistica  Revision history searchd « Edits by useng - Number of waichersif - Page view stafistics

(cur) = differanc from current version. (prev) = diffarance rom preceding version. m = minor edil, — = Saction sgil, +— = automalic sdit summary

(newest | oldest) View (newer 50 | older 50 (20 | 50 | 100 | 250 | 500)
Compars selacted revisions.
o lcur | prov) ® 01:45, 25 May 2016_Anythingyouwant (lalk | contribs) . . (262,961 bytes) (+27) .. (—+Early ife: clarffy who was Frederick and who was Fred)
«fcur|prev) ®  00:32, 25 May 2016 Anylhingyouwant (lalk | contribs) . - (282,934 byles) (-27) . . {per talk pags, unclustering huge clusters of hidden loolioles)

o feur | prev) 00:27, 26 May 2016 BarreiProaf {talk | cantribs) .. (282.061 bytes) (+57) . . (—Religiaus views: Younger than what?)

o teur | prov) 0006, 25 May 2016 AnomieBOT alk | contribs) . (282,904 bytos) (+548) . . (Resculng arphancd r6fs ("msnbe1” from rev 721935275; "CHC_August2s_2015" from rev
721935275))

+ feur | prev) 23:36, 24 May 2016 Anythingyouwant (talk | contribs) . . (282,365 bytes) (+1) .. (—+C s speling, merge tw pargraphs)

From Wikipedia, the free encyclopedia

Line 246:

[[File:Donald Trump by Gage Skidmere 3.jpg|left{thumb| Trump speaking at the 2015 [[Conservative Political Action Conference]] (CPAC) in [[Mational Harbor,
Maryland]]]]

In April 2011, Trump guestioned President [[Barack Obama]['s [[Barack Obama citizenship conspiracy theories|proof of citizenship]] <ref name=WashPostd711=
{{cite news [title=Trump goes after Obama on US citizenship, says citizenship remain ed | pril 7, 2011 |agency=[[Associated Press]]
[work={[The Washington Post][j}</ref> alleging that, "His grandmother in Kenya said he was born in Kenya and she was there and witnessed the birth, okay ?"<ref
name=Farley>Farley, Robert. [hitp:/Awww.politifact.c omitruth-o-meter/statements/2011/apr/07 /donald-trump/denald-trump-s ay s-president-obamas-grandmother-
caw "Donald Trump Says President Obama's grandmother caught on tape saying she witnessed his birth in Kenya™], "[Politifac{]]” (April 7, 2011): "What we heard
‘was a very rough translation in which an elderly woman agreed to the leading question that Obama was born in Kenya and that she was present. But it was
immediately and clearly corrected -- repeatedly "=iref=<ref name=Mc GrawTApr={{cite news |url=http:/fwww today.c om/id/42455702ins foday-today_people/
|title=Trump: | have ‘real doubts' Obama was born in U.S. |work=Today [first=Seamus |last=Mc Graw |date=April 7, 2011 |ac cessdate=September 13, 2015}}<iref=
Trump’s ¢laim derived from an incomplete transeript of a telephone interview with Obama's grandmother, provided by Obama's opponents.<ref name=Farley /=<ref
name=Factcheck2011Apr /> Trump also questioned whether Obama had good enough grades to warrant entry to Harvard Law School. <ref>Madison, Lisa (April 26,

2011).[http:/fwww.c bsnews ¢ om/news /trump-how-did-ob: get-into-th league/ Trump: How did Obama get into the vy League?). CBS News.</ref= Trump is
said to have sent a team of private investigators to [[Hawaii]], Obama's documented birthplace,<ref name=Factcheck2011Apr={{cite news
|url=F eck.org/2011/04/dor y fired/ [title=Donald, You're Fired! Trump repeats false claims about Obama's birthplace.

|publisher=Factcheck.org |date=April 9, 2011 |accessdate=September 13, 2015}}</ref> and told "[[Today (U.S. TV program)|The Today Show]]" "they
cannot believe what they're finding."<ref name=Elli pr>{{cite news |ur salon.com/2011/04/08/trump_hawaii_investigators/ [title=Did
Trump really send investigators to Hawaii? [date=April B, 2011 |accessdate=September 13, 2015 [first=Justin |last=Elliott [work=Salon}}<iref> On April 25
2011, Trump called for Obama te end the citizenship issue by releasing the long form of his birth c ertific ate. <ref>{{cite news

|url=http:ifac 260. blogs .c nn.c omy2011/04/25rump-c laims-obama-birth-c ertific ate-missing/ [title=Trump claims Obama birth ¢ ertific ate ‘missing” |date=April 25, 2011

5 ARCHIVING LINKED AND OPEN DATA

Line 246:

« fur | prev) 23,35, 24 May 2016 Anythingyouwant {lalk | contribs) . . (282,354 byles) (-661) . . alicies: swap hidden ciuster of featnoles for two Gotnoles from
main article on polilical posilions, pacaptrase accordinglyl
o feur|prev) 0 23:19, 24 May 2016 Anyhingycuwant talk | cantribs) . (283,015 bytas) (-2) .- (mace of of faotnotes spot in 2015 campaign
secfion)
« fur | prev) 2313, 24 May 2016 Anythingyouwant (falk | contribs) . (283,017 bytes) (+1,026) . . (> sial Immigration policies: trim some footnotes from big hidden cluster of footnate)
+ feur | prev) 23:07, 24 May 2016 Anyihingyouwant (talk | contribs) . _ (284,043 bytes) (-T) . (—C volicies: move reference out of ciuster)
* (cur | prov) 21:58, 24 May 2016 Anythingyouwant {talk | contribs) m . . (284,050 bytes) o putting period after quate mark per Wikipedia habils)
o fcur|prev) (2040, 24 May 2016 Anylhingycuwant {talk | coniribs) . - (284,050 bytss) (+665) . - v aded info fromm i aricis) {Tag: nowi sdded)
o feur | prev) 20:29, 24 May 2016 Anyihingyouwant talk | contribs) . (283 385 bytes) (+928) __ (—Trump Tower- add re. appeal)
| efewlpmq O 19:52,20 May 2018 Anylhingyouwant {lak | contribs) .- (282,460 bylas) (-30) . . {—
OFi | prev) 1650, 24 May 2016 Anythingyouwant (talk | contribs) . (282,90 bytes) (+107) {+L.eg:
Ma * (gur | prev) 19:39, 24 May 2016 Anythingyouwant {lalk | contribs) m . . (282,383 byles) (+4) . . (—Tax:
o fcurlprev) 0 19:38, 24 May 2016 Anythingycuwant (iak | contribs) . - (282,379 bytas) (+85) .. (—Taxes- add re. disciosurss)
In# « fcur | prev) 18:35, 24 May 2016 _Anythingyouwant (talk | contribs) . . (282,254 byles) (+62) . . (—Taxes: pipe link re. tax relams)
{{cite news j1}

|work=][The Washington Post]J}}</ref alleging that, "His grandmother in Kenya said he was born in Kenya and she was there and witnessed the birth, okay > <ref
name=Farley>Farley, Robert. [http:/fwww politifact.c omvtruth-o-meter/statements/2011/apr/07/donald-trump/denald-trump-says-president-cbamas-grandmether-
caw "Denald Trump Says President Obama's grandmother caught on tape saying she witnessed his birth in Kenya®], "[[Politifact]]” (April 7, 2011 ): "What we heard
was a very rough translation in which an elderly woman agreed to the leading guestion that Obama was born in Kenya and that she was present. But it was
immediately and clearly corrected -- repeatedly "<ref>=ref name=Mc GrawTApr={(cite news |url=http:fwww today.com/id/42455703/ns foday-today_people/
|tittle=Trump: | have ‘real doubts' Obama was born in U.S. |work=Today [first=Seamus |last=McGraw |date=4pril 7, 2011 |acc essdate=September 13, 2015}}<iref>
Trump's claim derived from an incomplete transcript of a telepheone interview with Obama's grandmother, provided by Obama's opponents. <ref name=Farley /==ref
name=Factcheck20114pr /> Trump also questioned whether Obama had good encugh grades to warrant entry to Harvard Law School.<ref=Madison, Lisa (April 26,
2011).[hitp:/fwww.c bsnews.c om/news/trump-how-did-obs get-into-th leagues Trump: How did Obama get into the vy League?]. CBS Mews.<iref= On April
25, 2011, Trump called for Obama to end the citizenship issue by releasing the long form of his birth certific ate <ref>{{cite news

|url=http:/fac 360.blogs.c nn.c omy2011/04/25rump-¢ laims -obama- birth-¢ ertific ate-missing/ |tite=Trump ¢laims Obama birth ¢ ertific ate ‘'missing’ [date=April 25, 2011
|publisher=CNM |accessdate=May 14, 2011} <ref=<ref={{cite news [title=Birtherism: Where It All Began

|url=http:/fwww. politic .c ominews /stories/04 11/53563_Page3. html [work =[[Politic o]] | pril 22, 2011 |acc pril 25, 2011}}</ref> Two days later, Obama
made a formal statement in efforts by the [[White House]] to put the matter to rest with the release of the long form.<ref-

[hitp:/iwww. huffingtonpost.c om/2011/04/27/cbama-birth-c ertific ate-r_n_854248.html Obama Birth Certific ate Released By White House (PHOTO)]."[[The Huffington
Post]]" April 27, 2011 Retrieved May 8, 2011 </ref= Trump expressed pride at his role in the certificate’s release in a press conference follow-up, saying he hoped it
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Web archives: Common Crawl, Internet Memory, Internet Archive, ...

INTERNET ARCHIVE

IIIIIIIEI "Im"“m | www.nytimes.com

Explora mare than 30 bilion web pages saved over fims

S3v2d 126726 times batwaen Novamber 12,

236 and Septamber 11, 3017
Summary of nytime:

- ;
om €he New Jork Times
PLEA SE FONATE TODAY. Your genarcelly prasenves knowiecge fr future ganerations. Thank yau.
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Time-based access matters
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= The Memento protocol

RFC 7089

Follow your nose
(HTTP content negotiation with datetime)

HTTP Link

original | ¥
% URI-
HTTP GET My i
HTTP Link Accept-Datetime: t; g . Batch dlscovery o
timegate ¢ HTTP Link (list of URIs of Mementos of the Original Resource)
memento
HTTP Link HTTPGET | &
original Accept-Datetime: M, HTTP Link HTTP Link HTTP Link
timegate timemap timemap
HTTP Link )
o original
n%ggme TimeGate Mementos @ QUMY
|
Original
Resource TimeGate TimeMap Memento

But...



Challenges (Web archives)
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= Poor granularity (“some” snapshots)

= Aggregated data, only, rather than raw data access
= (e.qg. in Google trends)

= What is the right query language?
= basic retrieval features (get version at timestamp t)
= when did a certain information disappear?
= when was it changed?
= structured queries?

= Scalability problems

Is it easier/better for RDF/Linked Data?
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Linked Data is evolving
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RDF Book
Mashup

Update rate

second
minute
hour e
DBpedia
live
12y L
WIKIDATA
week
month
oy
DBpedia
year

Virtual/Augmented

Reality Internet

of Things

Dynamic LD
Observatory

LOD Laundromat

109

102 10% 104 10° 106

ANDREAS HARTH -
STREAM
REASONING IN
MIXED REALITY
APPLICATIONS,
STREAM
REASONING
WORKSHOP 2015

Number of
sources



One of the first (and last?) LOD archives:
The Dynamic Linked Data Observatory

(evolving Linked Data since 2012)

€ > C [} swsederi.org/dyldo/

Datasets

Publications

About

Results

11

The Dynamic Linked Data Observatory

he Dynamic Linked Data Observatory is a framework to monitor Linked
T Data over an extended period of time. The core goal of our workis to
collect frequent, continuous snapshots of a subset of the Web of Data that is
interesting for further study and experimentation, with an aim to capture raw
data about the dynamics of Linked Data. The resulting corpora will be made

openly and continuously available to the Linked Data research community.
Datasets
¢« Good news! We started with the weekly crawls. 22

Update The newest crawl dumps should be available for download roughly

one day after they got crawled.
Publications

Tobias Kéfer, Ahmed Abdelrahman, Jiirgen Umbrich, Patrick 0'Byrne, Aidan
Hogan

"Observing Linked Data Dynamics”. In the Proceedings of the 10th
Extended Semantic Web Conference (ESWC 2013), Montpellier, France, 26—
30 May, 2013.

) g ®

Team & Contact
Tobias Kafer (XIT, Karlsruhe]

Jirgen Umbrich (DER], Galway)

Aidan Hogan (DERL Galway)

Patrick 0'Byrne (NUIG, DERL, Galway,

Ireland)
Ahmed Abdelrahman (NUIG, DERI,
Galway, Ireland)

Google group
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€ > C D

3 Parent Directory
(£} 2012-05-06
[032012-05-13
(03 2012-05-21
(032012-05-27
(03 2012-06-03
(032012-06-10
(03 2012-06-17
(03 2012-06-24
(032012-07-01
(032012-07-08
[032012-07-16
(032012-07-22
(032012-07-29
(032012-08-05

swse.deri.org/dyldo/data/

08-Dec-2012 12:33
08-Dec-2012 12:40
08-Dec-2012 11:57
08-Dec-2012 11:57
05-Dec-201217:25
08-Dec-2012 11:38
08-Dec-2012 11:39
08-Dec-2012 11:39
05-Dec-201217:25
08-Dec-2012 12:00
08-Dec-2012 12:00
08-Dec-2012 12:01
08-Dec-2012 12:01
04-Dec-2012 10:34

Weekly dumps of
crawl snapshots...

Granularity?
Queries?
Crawl failures?



Linked Data Archives:
The missing link in the RDF evolution
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Files

DBMS
Extract Transform Load

My
Spatial Information 8 fFeby
Web APIs
i ;;rf Most semantic Web/Linked Data tools are focused on
£ this “static view” but do not consider
Linked Data discovery versioning/evolution

Sindice, SWSE, Swoogle, LOD Cache, LOD-Laundromat... so far, no versions!



RDF Archiving. Example
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RDF Graph V,

RDF Graph V,

ex:C1 ex:hasProfessor ex:P1 |

ex:S1 ex:study ex:C1 .
ex:S2 ex:study ex:Cl1 .

ex:C1 ex:hasProfessor ex:P1 |

ex:S1 ex:study ex:C1 .

ex:S3 ex:study ex:C1 .

iy RDF Graph V;

ex:C1 ex:hasProfessor ex:P2 .
. ex:C1 ex:hasProfessor ex:S2 .
ex:S1 ex:study ex:C1 .

ex:S3 ex:study ex:C1 .

ex:hasProfessor

A
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Research challenges on evolving structured
interlinked data e

= How can we represent archives of continuously evolving linked
datasets?

= How can we minimize the redundant information of archives? (e.g.
duplicates in snapshots)

= How can we improve completeness of archiving?

= How can emerging retrieval demands in archiving be satisfied?
= e.g. time-traversing and traceability? Avoiding bottlenecks?

= How can certain time-specific queries over archives be answered?

= Can we re-use existing technologies (e.g. SPARQL or temporal
extensions)?

= What is the right query language for such queries?
= e.g. knowing if a dataset has changed, and how, in a certain time period?

14



...in the last few years:

bo 2 y _ N
V) & W
DZACHR&N .7 |
_ _ Research projects
Managing the Evolution and A

Preservation of the Data Web (FP7) :
Preserving Linked Data (FP7)

The Dynamic Linked Data Observatory DBped'ia Archives
Wayeaekmaching
A
2 Apache ﬂl ® ﬂ Tools
¢ DYDRA Ma,motta‘, «« LEDS

Stardog #LD

Linked Data Fragments

Benchmarking

&, HOBBIT

15
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How we can get archives of RDF data

© 2014 BOANET.AT



Pull changes (crawl) vs.
Push changes (notify)
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= Some services that publish or are mapped to RDF change regularly, but
we don’t know the frequency upfront!

Towards capturing and preserving

Data Monitor Framework changes on the Web of Data 50-65
Jurgen Umbrich, Nina Mrzelj, Axel
¥ cron Polleres. DIACHRON WS 2015
- Y
URI type | scheduler
A /-Eon
crom
y
downloader crawl
politeness queue schedule
I meta crawl -
content metadata I

1
1
\
\
| ®
data A
.«— links H
| YYYY/MM/DD/HH/domain E
H 1

= Some services mapped to RDF announce/archive their changes already,
so they already keep an archive...



DBpedia Wayback Machine ‘

COMPLEXITY
SCIENCE

= Retrieve historical versions of a DBpedia resource
= What was the version of “"Donald Trump” on dd/mm/yyyy?

= Re-apply DBpedia mappings on the Wikipedia revision history

Restful API / Linked Data / Ul

Request RDF Triples /
Quads
A4 DateTime
Infobox
Mappings _ - ... » . ) Revisions Wikipedia
DBpedia Wayback Machine MediaWiki API
v Revision Id
DBpedia "
l
CrEey Iy MediaWiki
MediaWiki RDF Triples / XML
XML Quads
A4

DBpedia Dump Extraction Framework

WikiMedia T Infobox Triples/Quads
[ Source CALIEER Extractor [ J

Extractor

3
<himg:/en dbpedia org resonise Dosald_Truag:= <hinp://en dbpedia org property birtkName:
ttp_‘en dbpedia org resource Dogald Trump - <http /en dbpedia org property buthPlace:
‘imn- en dboedia ore resousce Donald Trumo - <hmp:/en dbpedua org propenty buthPlace:

On-demand “archive”
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DBpedia Wayback Machine

= How can one represent revisions while respecting DBpedia?

= a) quads = <dbpediaSubject> <pred> <obj> <Revision> .
= b) proprietary triples > <ownSubject/Revision> <pred> <obj> .
= QOperations?
= Get revisions meta-data for one resource (by revisionID or timestamp)

= Get “materialised” versions of a resource (by revisionID or timestamp)
= Get difference between two revisions

/Vienna/revision/timestamp/ (C
2014-05-10T15:13:03Z ¢

/Nienna/timestamp/ /Vienna/id/
DBpedia revision metadata 2014-05-10T15:13:03Z2 594245418
:Vienna/revision/1d/687920704 a :Revision ; B l '
D » timestamp "2014-5-10T15:13:03Z"AAxsd:dateTime ; 4_} DBpedia extraction (N-Quads) .
- _ ) dbpedia:Vienna dbprop:populationTotal "1765649"AAxsd:integer :Vienna/revision/id/667920704 . |
NIE:S:;TZE‘\JII?S(I);)H/IU/ d ) . , I N >dhped\‘u:vienna dbprop:aprRecardiighC "27.8"AAxsd:double :Vienna/revision/id/6@87926704 .
:data :Vienna/id/6079207@4 """ TTTTTTTTTTT 1
(...) D ——— :
______________________________________________________________________________________ . /Vienna/diff/
:Vienna/revision/id/594245418 a :Revision ; B " ‘: 607920704/594245418
D ‘timestamp "2014-02-86T18:32:58Z"Axsd:dateTime ; [/ DBpedia extraction (N-Quads) : : E
» dbpedia:Vienna dbprop:populationTotal "1757353"AAxsd:integer :Vienna/revision/id/594245418 . |/
i ision/i C...0 -1 ;
Nleg;:g’qe;;z\(;ﬁ/ld )dbpadm:\‘mnr\a dbprop:aprRecordHighC "29.8"AAxsd:double :Vienna/revision/id/594245418 . - cc 0t l
:data :Vienna/id/594245418 """ ""TTTTTTTTTTTTTATT
(.0
Nienna/timestamp/ Niennalid/ :Vienna/revision/id/687928704 a :Revision ;
2014-02-06T718:32:58Z 594245418 CEEY)

:diffrdf 2 .



DBpedia Wayback Machine

AND BUSINESS
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= More complex operations/queries? Open challenge
= a) On-demand? Query rewriting, similar to RDB2RDF
= b) Batch: Fetch the desired information, then store and query it
/Vienna/revision/timestamp/ (C
2014-05-10T15:13:03Z ¢ ) .
- — /Nienna/timestamp/ /Vienna/id/
DBpedia revision metadata 2014-05-10T15:13:03Z2 594245418
:Vienna/revision/1d/687920704 a :Revision ; B -----------------------------------------------------------------------------------
" I 13037 AAged- ine DBpedia extraction (N-Quads)
i D —f' rinestamp "2014-05-10T15:13:032"xsd dateTine ; dbpedia:Vienna dbprop:populationTotal "1765649"AAxsd:integer :Viennu/revi510n/1d/6???2_0_7_6_¢._,_'.:
NIE:B\?H;I:‘\’IITS(I’;)H/IU/ (;;) vi A /607020708 === ===mmmsnn=as=d3 ‘”>dhned\‘u:vienna dbprop:aprRecardiighC "27.8"AAxsd:double :Vienna/revision/id/6@87926704 .
tdata :Vienna/1 H
(...) D ——— :
_______________________________________________________________________________________ /Vienna/diff/
:Vienna/revision/id/594245418 a :Revision ; B DBvedi i (N Q g ) ‘: 607920704/594245418
) N 12587 Ared: o pedia extraction (N-Quads ! .
' D —' FElNestomp "2014-02-06Ts: 22 Sz sd:dateTine ; dbpedia:Vienna dbprop:populationTotal "1757353"AAxsd:integer ‘Vienna[revisiun/idﬁmz'linﬁ__,__,: ‘ E
Nle;;:g:;lﬁ:nhd :H) i, st e omeee _”)dbnedm:wennn dbprop:aprRecordHighC "29.8"AAxsd:double :Vienna/revision/id/594245418 . r---- - oo
:data :Vienna/id/594245418 )
Nienna/timestamp/ T T Niennalid/ :Vienna/revision/id/687928784 a :Revision ,L
2014-02-06T18:32:58Z 594245418 C...0

:diffrdf 2 .



We are (obviously) not the only ones
looking into this...
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in SlideShare Suche Q
Startseite Technologie Bildung Mehr Themen My Clipboards
However:
1 person clipped this slide .
Only one version per
Access to DBpedia Versions using “irregular” dbpedia
Memento and Triple Pattern Fragments dump

Herbert Van de Sompel
@hvdsomp
Los Alamos National Laboratory

Miel Vander Sande
@Miel vds

Linked Data Fragments Ghent University

Acknowledgments: Lyudmila Balakireva, Harihar Shankar, Ruben Verborgh
22



LOD Laundromat
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= Lodlaundromat.org: a central repository of LD

. Linked
* Open Data
e | A
SPARQL —clean— LOD —=
endpoint ] Laundromat .
(metadata) —index&store—

( Dataset 1 \'/ l \‘( Dataset 650K A
L#I,D 0 o3 - mo i o)
) J

(zip (zip)

= Problems?

= Still you need to access/query 650K datasets
= Of course the solution is not complete, but “a good approximation”

23
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LOD-a-lot: LOD-a-lot: Low cost archiving of LOD

Linked
Open Data

e |
SPARQL —clean— LOD
endpoint . I\ Laundromat
(metadata) —indexd&store—
r Dataset 1 \/ l \( Dataset 650K
h
#LD 320 = | #1D 30 d
Linked Data Fragments t O N-Triples ¢ t N-Triples
N (zip) (zip)
h O . il 000 J
# LD d O —integrate — LOD-a-lot
Linked Data Fragments
¢ t O 28B triples

Kudos Javier D. Fernandez, Wouter Beek, Miguel A. Martinez-Prieto, Mario Arias, Ruben Verbogh




LOD-a-lot (some numbers)
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#Triples #Subjects |#Predicates| #Objects |#Common SO| #Literals
28,362,198,927((3,214,347,198| 1,168,932 |3,178,409,386| 1,298.808,567 |1,302,285,394

= Disk size:
= HDT: 304 GB K\

207

= HDT-FoQ (additional indexes): 133 GB

= Memory footprint (to query):
= 15.7 GB of RAM (3% of the size)

= 144 seconds loading time
= 8 cores (2.6 GHz), RAM 32 GB, SATA HDD on Ubuntu 14.04.5 LTS

= LDF page resolution in milliseconds.

(LOD-a-lot creation took 64 h & 170GB RAM. HDT-FoQ took 8 h & 250GB RAM)

25



LOD-a-lot http://purl.org/HDT/lod-a-lot

LOD-a-lot

An indexed and ready-to'-consume crawl of a large portion of the L

_

# / Organizations / Dataweb / LOD-a-lot

LOD-a-lot

0 LOD-a-lot
DatalfebResearch https://datahub.io/dataset/lod-a-lot

p

Dataweb

® Download Data Package

Data and Resources

- Bl © More information (% Go to resource

o
HOT iy © More information % Go to resource

2% HOT index dump

© More information (7 Go to resource

® Googies
a YER SessupOon © More information [ Go to resource
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LOD-a-lot (some use cases) S8
‘ g /’\/}’ - A
. o, Qo) Room 6+7

- ArChIVIng RS 6’ Session 2.6 Data Science

AN ,
‘ N ,/
= We plan to have quarterly releases "'\&&A Querying and Visualization

//, ()Q @b,b/,/ L aura Hollink
= Query resolution at Web scale ‘\Q&Q@/
* FEvaluation and Benchmarking ) St e e
= No excuse © Fernandez and Ruben Verborgh) *
= RDF metrics and analytics
e e A T

# e in X Iripi

P et i Hriplem
. 508 BB LA

st i X g
. s n BAEEEEE
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Linked Data Fragments
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The archiving problem

Now, how can we efficiently archive and

perform time-based retrieval queries of a
dataset?
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RDF Archiving. Archiving policies

a) Independent Copies/Snapshots (IC)

RETRIEVAL MEDIATOR

ﬁ ﬁ ﬁ c) Timestamp-based approach (TB)
RETRIEVAL
[ MEDIATOR ]

ex:C1 ex:hasProfessor ex:P1 . ex:C1 ex:hasProfessor ex:P1 . |[ex:Cl ex:hasProfessor ex:P2 .
ex:S1 ex:study ex:C1 . ex:S1 ex:study ex:C1 . ex:C1 ex:hasProfessor ex:S2 .
ex:S2 ex:study ex:C1 . ex:S3 ex:study ex:C1 . ex:S1 ex:study ex:C1 .
ex:S3 ex:study ex:Cl1 . V
1,2,

b) Change-based approach (CB) 3

ex:C1 ex:hasProfessor ex:P1 [V,,V,].
ex:C1 ex:hasProfessor ex:P2 [V;].
ex:C1 ex:hasProfessor ex:S2 [V;].
ex:S1 ex:study ex:C1 [Vy,V,,V;].
ex:S2 ex:study ex:C1 [V,].

| ex:S2 ex:study ex:C1 . | ex:Cl ex:hasProfessor ex:P2 . ex:S3 ex:study ex:C1 [V,,V;].

ex:C1 ex:hasProfessor ex:S2 .

V4 A )
| RETRIEVAL MEDIATOR |

ex:C1 ex:hasProfessor ex:P1 .

ﬁ ﬁ d) Hybrid approaches

| ex:S3 ex:study ex:C1 . | tfx:Cl ex:hasProfessor ex:P1 .

30
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https://aic.ai.wu.ac.at/qgadlod/bear.html

Hasso
S— Plattner
Econous Institut

IT Systems Engineering | Uniuersiat Potsdam

OVERVIEW BEAR-A

BEAR

BEnchmark of RDF ARchives

F : W=

The DATA:

BEARE BEAR-C BENCHMARK RESULTS

1. Overview

PUBLICATIONS CONTACT

There is an emerging demand on efficiently archiving and (temporal) querying
different versions of evolving semantic Web data. As novel archiving systems
are starting to address this challenge, foundations/standards for
benchmarking RDF archives are needed to evaluate its storage space
efficiency and the performance of different retrieval operations.

To this end. we have developed a BEnchmark of RDF ARchives (BEAR), a
test suite composed of three real-werld datasets together with queries with
varying complexity, covering a broad range of archiving use cases.

BEAR comprises three main datasets, namely BEAR-A, BEAR-B, and BEAR-C, each having different characteristics

Dynamic Linked Data

BEAR-A is composed of 58 weekly snapshots
from the Dynamic Linked Data Observatory
BEAR-A provides triple patiem queries to test
atomic queries such as Materialization, Diff,
Version, etc.

DBpedia Live

The BEAR-B dataset has been compiled from
DBpedia Live changesets over the course of
three months and contains the 100 most
volatile resources along with their updates
and real-world friple pattern queries from user
logs.

Open Data portals

BEAR-C used the Open Data Portal Watch
project to take the datasets descriptions of the
European Qpen Data portal for 32 weeks.
With the help of Open Data experts, we
created 10 complex queries that retrieve
different information from datasets and files


https://aic.ai.wu.ac.at/qadlod/bear.html

BEAR:

Benchmarking the Efficiency of RDF Archives
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Blueprint on benchmarking archives of semantic data

How can one define the corpus?

How can one design benchmark queries? Which queries?

BEAR: concrete basic benchmark

Data: Crawl from Linked Data Observatory

Basic queries: Materialize, get Version...
Initial evaluation on archiving policies

llllllll

https://aic.ai.wu.ac.at/gadlod/bear.html
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Blueprint on benchmarking archives of semantic data

How can one define the corpus?

How can one design benchmark queries? Which queries?

BEAR: concrete basic benchmark

Data: Crawl from Linked Data Observatory

Basic queries: Materialize, get Version...
Initial evaluation on archiving policies

llllllll

https://aic.ai.wu.ac.at/gadlod/bear.html
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Benchmarking: Define the corpus
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e

e

c

(.
(.

Number of versions / size

Definition 1 (RDF Archive). A version-annotated triple is an RDF triple
(s,p,0) with a label i € N representing the version in which this triple holds,
denoted by the notation (s, p,0) : [i]. An RDF archive graph A is a set of version-
annotated triples.

Data dynamicity |Aj-j UA7 |

© Version change ratio 51J = |‘7/‘UV‘.|’

© Version data growth t=
growth(V;,V;) = %

Data static core s : o
C-A — {(SPO)IVL € N (Sap7 O) : 7 S A}
Total triples (version-oblivious)

Others Gla= {(S’p, O)Bi c N, (5.p,0); I S .»4}

¢ RDF vocabulary
© Per version / evolution




Benchmarking: Define the queries
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Structured query languages managing time.

= Temporal databases (T-Quel, TSQL2)

= Qverlapping, meeting, before, equal, during, finish
= RDF/Linked Data

= SPARQL extensions

T-SPARQL, SPARQL-ST
AnQL
DIACHRON Query Language

= SPARQL with specific constructors such as DATASET (similar to a named graph),
VERSION, or CHANGES



Benchmarking: Define the queries W
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Design of benchmark queries
© Archive-driven Cardinality + Selectivity (disregard versions)
C Version-driven Cardinality + Selectivity + dynamicity

dyn(Q, Vi, V;) = {827 R)
C Basic temporal retrieval features of queries
© Mat (Q, V,): version materialization
©  Diff (Q, V;,V;): delta materialization
© Version(Q): results of Q annotated with the version

L JOin(QllViI QZIV_])
C  Change(Q): Returns versions in which Diff(Q, V,, V,.;) !=¢




Benchmarking: Define the queries

= Instantiation of archive queries in AnQL [1]

= Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A
general framework for representing, reasoning and querying with
annotated Semantic Web data. Journal of Web Semantics (JWS), 12:72--
95, March 2012.

= Mat(QV)
= Diff(Q,V1,Vv2)
= Ver(Q) SELECT * WHERE { Q :[v] }

= join(Q1,vi,Q2,vj)
= Change(Q)

37



% COMPLEXITY

Benchmarking: Define the queries

= Instantiation of archive queries in AnQL [1]

= Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A
general framework for representing, reasoning and querying with
annotated Semantic Web data. Journal of Web Semantics (JWS), 12:72--
95, March 2012.

= Mat(Q,V) SELECT * WHERE {

* Diff(Q,V1,vV2) { { {Q :[vl]} MINUS {Q :[v2]} } BIND (vl AS 2V )
= Ver(Q) }

= join(Q1,vi,Q2,vj) UNION

- Change(Q) { { {Q :[v2] } MINUS {Q :[v1]}} BIND (v2 AS 2V )
}
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Benchmarking: Define the queries

= Instantiation of archive queries in AnQL [1]

= Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A
general framework for representing, reasoning and querying with
annotated Semantic Web data. Journal of Web Semantics (JWS), 12:72--
95, March 2012.

= Mat(Q,V)

= DIiff(Q,V1,V2)

= Ver(Q) SELECT * WHERE { Q :?V }
= join(Q1,vi,Q2,vj)

= Change(Q)

39



Benchmarking: Define the queries

= Instantiation of archive queries in AnQL [1]

= Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A
general framework for representing, reasoning and querying with
annotated Semantic Web data. Journal of Web Semantics (JWS), 12:72--
95, March 2012.

= Mat(Q,V)

= DIiff(Q,V1,V2)

= Ver(Q)

= join(Q1,v1,Q2,v2)
= Change(Q)

SELECT * WHERE { {Q :[v1l]} {Q :[v2]} }

40
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Benchmarking: Define the queries

= Instantiation of archive queries in AnQL [1]

= Antoine Zimmermann, Nuno Lopes, Axel Polleres, and U Open qU_eSt'On
general framework for representing, reasoning and query remains.
annotated Semantic Web data. Journal of Web SemanticssS W a1 Isiaal=Ngle]g]s

95, March 2012. query Syntax for
archive queries?
= Mat(Q,V)
= Diff(Q,V1,V2) SELECT ?V1 ?V2 WHERE
= Ver(Q) { {{Q :2V1 } MINUS {Q :?2V2}} UNION
- join(Q1,vi,Q2,vj) {{Q :?V2 } MINUS {Q :?V1}}

= Change(Q) FILTER ( abs (?V1-2V2) = 1 ) }

41



BEAR: Benchmarking the Efficiency of RDF
Archiving

= blueprint on benchmarking archives of semantic data

= How can one define the corpus?
= How can one design benchmark queries? Which queries?

= BEAR: concrete basic benchmark
= Data: Crawl from Linked Data Observatory
= Basic queries: Materialize, get Version...
= Initial evaluation of archiving policies W= gt

https://aic.ai.wu.ac.at/gadlod/bear.html

42
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BEAR: Benchmarking the Efficiency of RDF
Archiving COMPLEXITY
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= Queries and systems

= We implemented and evaluate archiving systems on Jena-TDB and HDT,
based on IC, CB and TB policies.
= Serve as an initial baseline to compare archiving systems
= More info: https://aic.ai.wu.ac.at/qadlod/bear.html
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Dynamic Linked Data

BEAR-A is composed of 58 weekly snapshots
from the Dynamic Linked Data Observatory.
BEAR-A provides triple pattern queries to test
atomic queries such as Materialization, Diff,
Version, etc.

The Dynamic Linked Data Observatory

T he Dynamic Linked Data Observatory is a framework to monitor Linked

Data over an extended period of time. The core goal of our work is to

Datasets collect frequent, continuous snapshots of a subset of the Web of Data that is
interesting for further study and experimentation, with an aim to capture raw
Publications data about the dynamics of Linked Data. The resulting corpora will be made
openly and continuously available to the Linked Data research community.
About
Datasets
Results

44

¢ Good news! We started with the weekly crawls. ~ 2?

DBpedia Live

The BEAR-B dataset has been compiled from
DBpedia Live changesets over the course of
three months and contains the 100 most
volatile resources along with their updates
and real-world triple pattern queries from user
logs.

T
Ia

Open Data portals

BEAR-C used the Open Data Portal Watch
project to take the datasets descriptions of the
European Open Data portal for 32 weeks.
With the help of Open Data experts, we
created 10 complex queries that retrieve
different information from datasets and files.

Open Data Portal Watch

Quality Assessment and Monitoring of 260 Open Data Portal

i ODPW BESystem Hiportals AP <>Quality Measures QULicense Search QSPARQL

Open Data Portal Wa

nonitoring framework

The Open Data Portal Watch framework
Web catalogues and perform a quality as the met

Available Content
Quality Metrics Portals List

Basic information such as the country, softwa

netri the number of datasets

PREFIX dcat: <http://uvas.w3.org/ns/dcat#>
PREFIX dc: <http://purl.org/dc/elements/1.1/> YPWAPI
PREFIX wcard: <http://www.w3.org/2006/vcard/ns#>

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

{
?dataset rdf:type dcat:Dataset .
Q3 ?dataset dcat:contactPoint ?contact .
2contact vcard:fn 2?name.
OPTIONAL{
2contact vcard:hasEmail ?email .
¥
¥
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RDF Archiving. Archiving policies

a) Independent Copies/Snapshots (IC)

RETRIEVAL MEDIATOR

ﬁ ﬁ fj c) Timestamp-based approach (TB)
RETRIEVAL
[ MEDIATOR ]

ex:C1 ex:hasProfessor ex:P1 . ex:C1 ex:hasProfessor ex:P1 . |[ex:Cl ex:hasProfessor ex:P2 .
ex:S1 ex:study ex:C1 . ex:S1 ex:study ex:C1 . ex:C1 ex:hasProfessor ex:S2 .
ex:S2 ex:study ex:C1 . ex:S3 ex:study ex:C1 . ex:S1 ex:study ex:C1 .
ex:S3 ex:study ex:Cl1 . V
1,2,

b) Change-based approach (CB) 3

ex:C1 ex:hasProfessor ex:P1 [V,,V,].
ex:C1 ex:hasProfessor ex:P2 [V;].
ex:C1 ex:hasProfessor ex:S2 [V;].
ex:S1 ex:study ex:C1 [Vy,V,,V;].
ex:S2 ex:study ex:C1 [V,].

| ex:S2 ex:study ex:C1 . | ex:Cl ex:hasProfessor ex:P2 . ex:S3 ex:study ex:C1 [V,,V;].

ex:C1 ex:hasProfessor ex:S2 .

V4 A )
| RETRIEVAL MEDIATOR |

ex:C1 ex:hasProfessor ex:P1

ex:S1 ex:study ex:C1 .
ex:S2 ex:study ex:C1 .

| ex:S3 ex:study ex:C1 . | tfx:Cl ex:hasProfessor ex:P1 .
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RDF Archiving. Archiving policies
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a) Independent Copies/Snapshots (IC)
I RETRIEVAL MEDIATOR l

h (TB)

JENA TDB HDT

RAW DATA(GZIP) DIFF (GZIP) IC CB TB 1C CB

23 GB 14GB |225GB 196 GB 83 GB|46 GB 26 GB

ex:C1 ex:hasProfessor ex:P1 .

ex:S1 ex:study ex:C1 . —— =
ex:S2 ex:study ex:C1 . A_ A_
2 3

| ex:S3 ex:study ex:C1 . | fo:Cl ex:hasProfessor ex:P1 .

\/
w « RETRIEVAL MEDIATOR |
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Time-based access. Queries

= Triple Pattern queries

—Q1
= Queries with “similar” number of ” e=0.5
results in all versions. , \ &OO/
P (0}
= g-stable query £ °8 ™~ g
.vCARD(Q,V,) £°° N
maxyicy CARD(Q, V) < (1+ &) 21 o @Y 5. ~__/ 5%%
“ 6.2
v CARD(Q,V;
miny;cy CARD(Q,V;) = (1 +¢) Zvich IN| @7 5.:
5.6
1 2 3 4 5 6 7 8 9 10
VERSION

47



Time-based access. Queries
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SCIENCE

query time 1n ms (logscale)

Materialize (s,?,? ; version)

Jena-IC ——— JGHAETR: -t — HDTIC
Jena-CB HDT-CB &
10000 p , | | | |
1000 ;*‘*"‘***********x**"********x**xi"*****"****x"*x*mx,‘*x*,‘*—
100 |
SEHIERFENFENRHTNK Hepe XXX
0 OO EBBBBBgaaazuaBBGBEBBBBBBBBBBDE}BEBBE}BU'
1 2 j,;.:jyz.f;.'» \QDEEBBBDEEDB
EBB
)2l
o
0.1 F :
0 01 L 1 1 i . 1

version

48

IC CB

HB, HB8 HB,

48 GB| 28 GB|34 GB |31 GB| 29 GE

query time in ms (logscale)

HDT-HB;, ——— HDT-HBg %o HDT-IC
HDT-HBg HDT-CB -8
10 ¢
BEDDGBBDEBDE'E’D
BBBBGBBD‘BGBDBGEBD
1 ¥
0.1
0.01 : L L 1 1 !
0 10 20 30 40 50
version

Hybrid approach



Time-based access. Queries
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query time in ms (logscale)

diff(?,?,0 ; versionO ; version t)

Jena-IC ——+—— Jena-TB ------ ¥ HDT-IC
Jena-CB - HDT-CB g
10000 T T T T T T
Bk~ PR > ETEEEEES S JET R oot Wos == b SEEEEE P RETEEEE f e Woemmann x
1000 F * -
100 F -

0.1 '

0.01 1 1 1 1 1 1
0 10 20 30 40 50

diff(q,0,t)
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IC |CB |HB, [HB8 HB,,
48 GB 28 GB| 34 GB|31 GB| 29 GE

query time in ms (logscale)

HDT-HB;, —+— HDT-HByg - - HDT-IC

0.1
0.01 : : - . :
0 10 20 30 40 50
diff(q,0,t)
Hybrid approach



Self-Indexing RDF Archives: v-RDFCSA
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= RDFCSA: RDF index based on a Compressed Suffix Array
= v-RDFCSA[2] is designed as a lightweight TB approach
= Version information encoding
= Any triple can be identified by the position of its subject within SA
= Let be N the number of different versions and n the set of version-oblivious triples

= Two alternative encoding strategies
= tpv: N bitsequences, each position i encodes if the triple i appears in the version
= vpt: n bitsequences, each position i encodes if the version i includes the triple

1000 T T
tov ____T£iE|§5___, i ____Tzielgs___> VER queries
Ipv 1 2 3 4 5 vpt 1 2 3 4 5 o+

By [ol1[1]of1]1)< ofrffrfoffrfir g
B, |01 /0/1/0]2!4 oflrjoffrfioj2re 10 ©
B, [10]0/0[1]33 1 [ofofol[1]3y3
B, B!, B'; B, B' 1
Performs more than faster than Jena-TDB |
[2] Ana Cerdeira-Pena, Antonio Farifia, Javier D. Fernandez, and Miguel A.

Martinez-Prieto. Self-Indexing RDF Archives. Data Compression Conference ool JenadC JenaTB Jena-CB  vpt  vpiRRR

51 (DCC), 2016.




WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

COMPLEXITY
SCIENCE
HUB

VIENNA




OPEN DATA PORTAL WATCH
... a first step.
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= Periodically monitoring a list of Open Data Portals
= 90 CKAN powered Open Data Portals

= Quality assessment
http://data.wu.ac.at/portalwatch/

= Evolution tracking

= Meta data
= Data

Open Data Portal Watch

essment and Monitoring of

i ODPW B System #Portals <>API <»Quality Measures Q License Search QSPARQL About

Open Data Portal Watch

The Open Data Portal Watch framework is a scalable quality assessment and evolution monitoring framework for Open Data (Web) portals, We harvest the metadata of around 260
Web catalogues and perform a quality assessment of the metadata along 6 dimensions and 19 metrics

Available Content
Quality Metrics Portals List System Information

More infroamtion about our quality dimensions and Basic information such as the country, software and Some insights into the underlying system

Jurgen Umbl“iCh Portal Dashboard API Data dumps
Sebastian Neumaier Different properties and the quality assessment Documentation of the RESTful ODPW API We provide all collected metadata for each portal and

metric snapshot


http://data.wu.ac.at/portalwatch/
https://www.wu.ac.at/en/infobiz/team/umbrich/
https://www.wu.ac.at/en/infobiz/team/neumaier/

ECDA: Evolving CSV Data Analyzer
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Seed
URLs

L DataMonitor }
G !
© G
¥ L 4 / :\I
Daff
DATA {csv} (
o » DATA CLEANSER (diff for C5V)
EXTRACTOR
{csv) ( Babelfy
3 L (Entity Linking)
{Csv} DATA GET data
Analyzer M GENERATOR AND . r
{Daff} {Daff} Jaccard
VALIDATOR (Apache C.)
ECDA: Evolving CSV Data Analyzer \_ J



ECDA: Evolving CSV Data Analyzer
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- Analysis of 726 datasets
- Mean of 18 versions per file

« Mean of 430 rows and 5.4 columns

- Increasing nature (x1.85 number of rows)

- Small value modifications (0.85 jaccard)
« Mostly string types (80% of 8-25 characters)

Type of changes

Number of sets

STATIC: No changes in number ol rows or
columns

10 (1.4%)

INCREASING: No deletions of rows or columns,
just additions.

71 (9.8%)

DECREASING: No deletions of rows or columns,
just deletions.

2 (0.3%)

SAME SCHEMA: Only changes (additions or

deletions) of rows

117 (16.12%)

SAME ROWS: Only changes (additions or dele-

tions) of columns

9 (1.24%)

IRREGULAR: Changes (additions or deletions)
of rows and columns

600 (32.61%)

Data domain Number of versions

www landesdatenbank nrw.de 193

ourairports.com 83

data.gov.au 23

Other domains 127
Variable Information

Number of versions

mean — 17.83, std 6.18

Original rows

mean— 431.23. std —-1596.23

Original columns

mean — H.40, std 8.48

Added rows

mean— 1.85. std -21.37

Deleted rows

mean — (.79, std —-2.02

Modified rows

Added columns

mean — .09, std —0.80
mean — .23, std —0.28

Deleted columns

mean— .22, std—0.29

Modilied columns

mean — (). std 0

Changed cells

mean— 1663.96, std-—29564.60
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ECDA: Evolving CSV Data Analyzer

- Analysis of 726 datasets

- Entities (Babelfy)
- On average there are around 0.07 entities per cell
- Entities are static in the header (a mean of 3)
- 1/3 of the entities change across time
Number of entities slightly decrease in time

Variable Information
Number of cells mean— 2597.09. std-—9890.53
Original entities mean— 180.86, std—184.41
Actual entities mean— 149.40, std—202.90
New entities mean — 86.65, std —170.97
Entities maintained mean — 62.75, std - 131.23
Original header entities mean— 2.68, std—11.09
Actual header entities mean— 2.74, std—11.14
Header entities maintained mean — 2.64, std -11.07
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Finally, many open questions remain still!

% COMPLEXITY
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= Archiving and querying evolving semantic Web data

Objective Research Question

Representation of
archives

Query language

Indexing

Analysis/Optimization

Application

< minimize the redundant information
% respect the original modeling and provenance information (e.g. LOD-a-lot)

% desigh a query language satisfying these requirements for evolving interlinked
data
% our BEAR operations are meant to be an extensible starting point

% index archives at large scale
% keep up with evolution rate (streaming vs. archiving) to process the queries
efficiently

% use evolution patterns to optimize representations and queries
% Querying archives of structures and non-structured sources? E.g. Open Data!

“ LOD-a-lot is a good examples but modularity can be improved
% Any low-cost but functional archiving at LOD scale can be a major milestone for
the community
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