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Wikidata, the knowledge graph of Wikipedia,
uses SPARQL as its main query API

 Who is using this?

 What are those SPARQL queries like?

 What can we learn from them?

              +                                      =  ?
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Wait! – Wikidata uses RDF?!
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Wait! – Wikidata uses RDF?!

 award received (P166)
Louis Néel

(Q155781)

Nobel Prize
in Physics
(Q38104)

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

How does Wikidata’s rich graph model relate to RDF?
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Wait! – Wikidata uses RDF?!

Louis Néel
(Q155781)

Nobel Prize
in Physics
(Q38104)

wdt:P166

Official RDF version follows Erxleben et al. [ISWC 2014]:
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Wait! – Wikidata uses RDF?!

Louis Néel
(Q155781)

Nobel Prize
in Physics
(Q38104)

wdt:P166

wds:Q155781-...

p:P166 ps:P166

“1970”^^xsd:gYear

pq:P585

Q54945

pq:P1706 pq:P2121

“200000”^^xsd:decimal

Official RDF version follows Erxleben et al. [ISWC 2014]:
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RDF for Wikidata
 Wikidata offers all of its content in RDF

 Linked data live exports
(Example: https://www.wikidata.org/wiki/Special:EntityData/Q42.nt)

 Weekly dumps
(See https://dumps.wikimedia.org/wikidatawiki/entities/)

 Currently 4.9B triples (as of April 2018)

 >415M Wikidata Statements

 4.5K Wikidata properties  >48K RDF properties→
 >1.5B labels/descriptions/aliases

 >63M links to Wikipedia and friends
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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
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A simple SPARQL query
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A simple SPARQL query
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A not-so-simple SPARQL query
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A not-so-simple SPARQL query
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Some metrics
 Running on BlazeGraph database engine

 3 servers (+3 as backup) Intel Xeon E5-2620 8 core/128G mem/800G SSD

 Standard caching (Varnish) and load balancing (LVS)

 Some custom tools, extension and tunings

All available online: https://github.com/wikimedia/wikidata-query-rdf 
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Some metrics
 Running on BlazeGraph database engine

 3 servers (+3 as backup) Intel Xeon E5-2620 8 core/128G mem/800G SSD

 Standard caching (Varnish) and load balancing (LVS)

 Some custom tools, extension and tunings

All available online: https://github.com/wikimedia/wikidata-query-rdf 

 Serving >100M requests/month (3.8M/day)
 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
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Analysing SPARQL logs: The Bot Problem
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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
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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)
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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 SPARQL Usage
 General: more features than reported elsewhere

 Typically organic: LIMIT, DISTINCT, OPTIONAL, ORDER BY, 
subqueries, aggregates, services

 Typically robotic: BIND, UNION, VALUES

 Conjunctive regular path queries with converse (C2RPQs)

 Main query fragment for robotic queries (75% when allowing VALUES)

 OPTIONAL:

 Important mostly for organic queries

 Recent data (2018) also shows shift to C2RPQ+OPTIONAL (up to 82%)
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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
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Conclusion and Outlook
Wikidata relies on RDF and SPARQL for some of its core 

features – a fascinating use case!

 Conclusions
 SPARQL log analysis is methodologically difficult

 Organic traffic can be extracted based on User Agent and timestamps

 SPARQL queries are more varied and more complex than reported elsewhere

 After Joins, path queries are the second most important feature

 Outlook
 Publishing anonymised datasets: under review; stay tuned

 Documenting Wikidata’s SPARQL deployment insights

 Wikidata will expand further … (Dictionary content! Media meta-data!)
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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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