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“What are the world’s largest cities with a female mayor?”



“What are the world’s largest cities with a female mayor?”



“Where are people born who travel to space?”
(Colour-coded by gender)



“Which days of the week do disasters occur on?”



“Which 19th century paintings show the moon?”



“Which UK bands’ members’ average age is 70 or greater?”



“The free knowledge base that anyone can edit”





A Simple Idea (2005): “Let’s annotate Wikipedia links!”
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Semantic MediaWiki (2005): From Links to Graphs



Links are not Enough: Adding Datatypes
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Links are not Enough: Adding Datatypes
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Wikidata: One Graph for Many Languages
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“ نیل  ur@”لیوس
“Неэль, Луи Эжен Феликс”@ru

“Louis Néel”@fr

“ الفيزياء    في نوبل ar@”جائزة
“诺贝尔物理学奖” @zh

“prix Nobel de physique”@fr
“ לפיזיקה   נובל he@”פרס
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Wikidata: Annotations on Edges
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P585 (point in time): 1970
P1706 (together with): Q54945 (H. Alfvén)
P2121 (prize money): 200000 Q122922 (SEK)

excluding : Q184319 (Adélie Land)
point in time : 2016



A Not-So-Simple Idea (2012): Wikidata



Wikidata in April 2018

 >400M statements on >45M entities

 >60M links to Wikipedia articles

 >200M labels and aliases

 >1,200M disambiguating descriptions

 >200K registered contributors



“How to query Wikidata?”



The Wikidata Query Service
www.wikidata.org

Relational
Database
(MySQL)

Wiki Website



The Wikidata Query Service
www.wikidata.org

Relational
Database
(MySQL)

Graph
Database

(BlazeGraph)

query.wikidata.org

Linked data export       

Load balancing/caching

          Change monitoring

Wiki Website Query Service
Life Synch.



From Wikidata (rich graphs) to RDF (plain graphs)

P166 (award received)

Q155781 Q38104

P585 (point in time): 1970
P1706 (together with): Q54945 (H. Alfvén)
P2121 (prize money): 200000 Q122922 (SEK)



From Wikidata (rich graphs) to RDF (plain graphs)

wdt:P166

Q155781 Q38104



From Wikidata (rich graphs) to RDF (plain graphs)

wdt:P166

Q155781 Q38104

wds:Q155781-...

p:P166 ps:P166

“1970”^^xsd:gYear

pq:P585

Q54945

pq:P1706 pq:P2121

“200000”^^xsd:decimal

[Erxleben et al., Int. Semantic Web Conf. 2014]



From Wikidata (rich graphs) to RDF (plain graphs)

 

 Statements get own objects in graph

 Some simple statements also stored directly

 Each Wikidata property becomes many RDF 
properties

 Complex values get own objects too (not shown)



Wikidata RDF Exports

 Weekly full dumps
 Currently 4.9 billion triples (32 GBit Turtle compressed) 

 At https://dumps.wikimedia.org/wikidatawiki/entities/

 Linked Data Exports
 Live data in many formats

 E.g., http://www.wikidata.org/wiki/Special:EntityData/Q42.nt
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Wikidata SPARQL Query Service
 Official query service since mid 2015

 User interface at https://query.wikidata.org/

 All the data (4.9B triples), live (latency<60s)

 No limits (well, almost):

 60sec timeout

 No limit on result size (!)

 No limit on query numbers per IP

 Clients might be paused after too many parallel requests



A simple SPARQL query



A simple SPARQL query



A not-so-simple SPARQL query



A not-so-simple SPARQL query



An advanced SPARQL query



You expect normal people to use SPARQL?! 
 If they want … it’s really not that difficult

 Extensive online documentation

 Over 300 example queries

 Tutorials and workshops at community events

 But SPARQL is often hidden from users
 Embedded results on Web pages (incl. Wikipedia)

Mobile apps and online apps

 Crowdsourcing platforms





Current Usage
 SPARQL is widely used

 >100M requests per month (3.8M per day) in 2018

 Excellent availability and performance

– 50% of queries answered in <40ms (95% in <440ms; 99% in <40s)

– Less than 0.05% of queries time out

– Service has never been down so far

 All software/customisations free & open source

– See https://github.com/wikimedia/wikidata-query-rdf



“What can we learn from

  all these SPARQL queries?”



SPARQL Queries Are Interesting

 Which data is actually asked for?

 Which SPARQL features are most important?

 Who is using SPARQL through which tools?

We have analysed complete Wikidata SPARQL 
query logs (Wikimedia Research Collaboration)

[Bielefeldt et al., “Linked Data on The Web” @ WWW 2018]
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Analysing SPARQL logs: The Bot Problem



42

Analysing SPARQL logs: The Bot Problem
 Query traffic

is ruled by 
a few bots

Fig.: Wikidata SPARQL
traffic Jun-Sep 2017
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Analysing SPARQL logs: The Bot Problem
 Query traffic

is ruled by 
a few bots

Fig.: Wikidata SPARQL
traffic Jun-Sep 2017

 41% of all Wikidata query traffic from June – September 2017
caused by one super-power user (Magnus Manske)
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Analysing SPARQL logs: The Bot Problem
 Query traffic

is ruled by 
a few bots

Fig.: Wikidata SPARQL
traffic Jun-Sep 2017

 41% of all Wikidata query traffic from June – September 2017
caused by one super-power user (Magnus Manske)

 The effect does not
average out, and it
affects other sites too

Fig.: Usage of DISTINCT on DBpedia
[Bonifati et al. 2017] 2012 2013 2014 2015 2016
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Analysing SPARQL logs: The Bot Problem
 Query traffic

is ruled by 
a few bots

Fig.: Wikidata SPARQL
traffic Jun-Sep 2017

 41% of all Wikidata query traffic from June – September 2017
caused by one super-power user (Magnus Manske)

 The effect does not
average out, and it
affects other sites too

Fig.: Usage of DISTINCT on DBpedia
[Bonifati et al. 2017] 2012 2013 2014 2015 2016
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No tre
nds!

No predictability
!

No insights!
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Are SPARQL queries interesting after all?
 Observation: Robotic traffic dominates

 May not represent any real interest

 Governed by very few sources

 Random changes – not uniform on any observed scale
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Are SPARQL queries interesting after all?
 Observation: Robotic traffic dominates

 May not represent any real interest

 Governed by very few sources

 Random changes – not uniform on any observed scale

 Hypothesis: Organic traffic also exists
 Representing human information need during some interaction

 Composed of many diverse sources

 Continuous change over months

Note: “Organic” ≠ “hand-written SPARQL” (user apps might use SPARQL to get 
user-requested data without users actually writing queries)



48

Extracting organic traffic
 Main signal: User Agents

 Assumption: organic traffic generally from browser-like agents
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Extracting organic traffic
 Main signal: User Agents

 Assumption: organic traffic generally from browser-like agents

 2nd signal: query comments

 Some browser-based tools mark queries using comments

 3rd signal: activity spikes

 Group queries by query pattern (following [Raghuveer, USEWOD’12])

 Find agent-pattern pairs that spike (>2K requests/month)

 Manually inspect these queries to decide if organic or robotic

 → About 300 further browser-based sources classified “robotic”
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Results: Organic component
 Jun–Sep 2017: 658,890 queries (<0.5%)

 More triples
organic 17%: 1, 97%: ≤11 vs. robotic 57%: 1, 96%: ≤7

 More varied (vocabulary, SPARQL features)

Temporal distribution of organic queries (12 weeks / time of day)
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Insights on Wikidata Usage
 Robotic traffic:

 Mainly information integration bots (comparing database contents)

 Potentially also selective data download (spider-like)

 Most queries from a few dominant bots (>60% from top-three bots)

 Organic traffic:
 Data browsers (often general-purpose)

 Mobile apps (often topical)

 Most queries from of unidentified “small” sources 

 Reified statements in 4%–10% of queries



What’s Next?



More data
 Wikidata: >45M items with >400M statements



More data
 Wikidata: >45M items with >400M statements

 OSM: >4B nodes, >230M buildings, >10M trees

 WDC: >9.5B entities, >38B RDF triples

 Why don’t we just import everything?!



More data
 Wikidata: >45M items with >400M statements

 OSM: >4B nodes, >230M buildings, >10M trees

 WDC: >9.5B entities, >38B RDF triples

 Why don’t we just import everything?!

 Notability? Well, sometimes …

 Community support! Who will maintain this?



More data: current efforts
 Data donation guidelines

 Wikidata aligns with >2500 databases and catalogues

 Supervised data alignment with crowdsourcing (Mix’n’Match)



More data: current efforts
 Data donation guidelines

 Supervised data alignment with crowdsourcing (Mix’n’Match)



New kinds of data
 Coming soon: lexical data (dictionary/thesaurus)

 Exciting & dangerous

 Planned: media (meta-)data (Wikimedia Commons)

 Factual knowledge that is not in catalogues?

 Common sense?

In many cases: technical changes/extensions needed



Quality!

 Errors, spam, vandalism

 Global coherency of modelling

 Sources & alignments

 Incompleteness

 Change & data rot





Inferring new knowledge with ontologies

[Marx & MK, International
Semantic Web Conf. 2017]
https://tools.wmflabs.org/sqid/



[Marx et al., International Joint Conf. On Artif. Intellig. 2017]

A rule of inference:



Conclusion and Outlook

 Wikidata is a fascinating, fast-moving project
 Large amounts of quality data & much more to come

 Data export and analysis services for all needs

 Innovation-friendly community

 Many unsolved questions for research

 Quality, provenance, social aspects, performance 
challenges, data integration, internationalisation, …
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Films with future heads of government



SPARQL Feature Distribution (2017/2018)
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Triples per query: organic (blue) /robotic (yellow)
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Languages of labels in organic queries
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SPARQL feature co-occurrence
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