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Instance data changing in a highly dynamic fashion:

Not only the route, but also temporal information:
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Not only the route, but also temporal information:
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Instance data changing in a highly dynamic fashion: Passengers affected should contact the train team

or the OBB customer service at +43 (0)5-1717-9. We
apologize for any inconvenience.

/\ Storm warning
Due to the current storm damage in Austria, deviations
and delays in train services are to be expected in the
coming hours.. We ask you to delay non-urgent travels.
As soon as we have any further information, we will
pass it on to you.

Departure: Today, Saturday, 02.12.2023

1443 QI 18:32

16:53 3:49h, 0x Chg. 21:38
Dynamic constraints violated o SR e Soraen:
(inconcistency via dynamics!): A Cancellation of intermediate stops

3 messages available.

1443 QEH 18:32

16:53  5.49h, 0x Chg. 18:40

Journey suggestion according to current
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... working on the train as planned not possible :-S




wish | had more time to prepare for the talk...
.. but | was hit by dynamic events...

...after a Shrs delay arrival ... ... just to realize the next morning, this:
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. Bahnsteig 3 +8:32
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..which perfectly motivates a talk
about dynamics and evolution in KGs!
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What did | want to talk about?

* Open Knowledge Graphs?

* Perspectives on evolution: dimensions of time and temporality

* Observability of evolution

* Metrics for evolution

* How does evolution affect downstream tasks and resp. techniques?

* Recent own work...
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Open, collaborively edited KGs

Guernica

* E.g.
e DBPedia
e Wikidata

Pablo Picasso ]

* Maintain collaboratively edited,
curated, reusable knowledge

* Serve as a backbone for various
applications!




Main questions:

* Which publicly accessible, open KGs are observable in a manner that
would allow a longitudinal analysis of their evolution and how?

- What dimensions does evolution have at all?

* Do we have the right metrics to analyse KGs’ evolution?

* Do we have the right techniques to process evolving KGs?



What dimensions does evolution have at all?

* Temporal KGs: Time as Data (“valid time”)

Guernica

e Dates/Timestamps

Pablo Picasso




What dimensions does evolution have at all?

* Temporal KGs: Time as Data (“valid time”)

Guernica

e Dates/Timestamps
* |Intervals
* (start/end events)

Pablo Picasso ]

carried_out_by

— > Challenge: Needs reification!

(G A
start 1937-05-01 00:00
. (. J
j timespan
P1 » _TS1
J , \
end 1937-06-04 00:00
A J

Y




What dimensions does evolution have at all?

* Time-varying KGs: Time as meta-data/log data (“transaction time”)

Guernica

“Pablo Picasso”
Pablo Picasso (Q5593) added on

1 November 2012

“Guernica”
carried_out_by p .
(Q17503 6) Wwas current_locatiog produced_by Shard 1937-05-01 00:00
created on 28 _ ( )
November 2012 in " > TSt ) .
Wikidata ) a3 1937-06-04 00:00
b v . J

The statement that Picasso |l ]-}fA Production ]
created Guernica was only ;
created in Wikidata in March

2013



What dimensions does evolution have at all?

Time-varying KGs: Time as meta-data/log data (“transaction time”)

Revision history of "Guernica" (Q175036) @ rer

View logs for this item (view abuse log)

Edit events(Dates/Timestamps) - riterrevisions

Metadata also contains
additional provenance
information

... yet, often not part of
the RDF/Graph model
itself!

Diff selection: Mark the radio buttons of the revisions to compare and hit enter or the button at the bottom.
Legend: (cur) = difference with latest revision, (prev) = difference with preceding revision, m = minor edit.

(latest | earliest) View (newer 50 | older 50) (20 1 50 | 100 | 250 | 500)

Compare selected revisions

curlprev) (@® 16:54, 15 October
curlprev) @  11:00, 6 October 2044
curlprev) O  01:52, 30 September 2014 Dexbo

014 Dexbot (talk | contribs) .. (19,851 byte

<~

(+66) . . (Updated ltem: Bot: setting proper label for sh)
9,785 bytes) (+13) . . (Page moved from [fawiki: S ] to [fawiki:(~3&) i <))
. (19,772 bytes) (-66) . . (Removed Persian alias: i S)

Yoosef Pooranvary (talk | contribs) . .

cur | prev) O

23:34, 17 September 2014 OC Ripper (talk | contribs) . . (19,838 bytes) (+8,775) . . (Added link to [shwiki]: Guernica (Picasso))

o (curlprev) O 16:35, 7 August 2014 Coyau (talk | contribs) .. (11,063 bytes) (+253) . . (Created claim: genre (P136): history painting (Q742333))

o (curlprev) O  09:11, 20 May 2014 Dexbot (talk | contribs) . . (10,810 bytes) (+25) . . (Updated Item: Bot: setting proper label for war)

o (curlprev) O  03:00, 19 May 2014 AkkakkBot (talk | contribs) . . (10,785 bytes) (+38) . . (Updated ltem: - set pa label to gaatar (task 5))

o (curlprev) O  23:56, 11 May 2014 AkkakkBot (talk | contribs) . . (10,747 bytes) (-28) . . (Updated Item: - remove redundant simple label (task 7))



What dimensions does evolution have at all?

* Time-varying KGs: Granularity of dynamicity (observability):

* “Versioned KG” VS. “Dynamic KG”
("snapshot”) of particular materialisations down to single Edit events




What dimensions does evolution have at all?

* Lines are blurry...
* |ocation could also be modelled as data:

exhibited_at

took_place_at

EXPOSITION INTERNATIONALE

N

1’ e |
International
Exposition, Paris

MoMa, New York

! produced by
1

type

carried_out_by

start

1937-05-01 00:00

1937-06-04 00:00

timespan

end

A

Reina Sofia
Museum, Madrid

A

Production

1981-10-24 00:00



What dimensions does evolution have at all?

(single edge, node changes)
Continuous Change

s S N
Dynamic KG
Temporal KG[ A - Time-Varying KG
\ J
)Iersioned KG
"Time as data"k( k} /; "Time as metadata/log data"

(valid time) (transaction time)

Discrete Changes
(full graph snapshots/dumps)



additional

What\@imensions does evolution have at all?

 Structural evolution
* Dynamics (change frequencies, etc.)
* Schema evolution * Timeliness (recency of temporal

* Collaboration evolution information, delays)
* Monotonicity (“growth” vs. “deletions”)

* Instance evolution

(single edge, node changes)
Continuous Change
A

Dynamic KG
Temporal KG

Versioned KG

"Time as data" < . "Time as metadata/log data"

(valid time) Discrete Changes (transaction time)

(full graph snapshots/dumps)



Availability of Dbpedia and Wikidata:

2 ® @ = 7%
s 5 2 3 5 5 £
< | & 3 z S o 8, T
(4] —_ +~
: | 2 3 2 S © 5 £
= | O = A = = =
y \'% Yes Yes NT, TTL, HTTP, schema.org No 2-3 Days
- HDT, JSON SPARQL
E S Yes Yes NT, TTL, HTTP, schema.org No 2-3 Days
§ JSON SPARQL
CL | Yes Yes JSON SSE No Event TS  Seconds
< A% Yes Partial NT HTTP, No No Quarterly
e SPARQL
2 S | Yes Yes RDF HTTP, No No Daily
g SPARQL
CL | Yes Yes RDF HTTP No Graph TS Daily

Availability of Open KG Versions (V), Schema (S), and Change logs (CL), find more in the paper!



Note: additional Caveat:

e Historic versions are hard to maintain and host:
https://www.rdfhdt.org/datasets/

Important Note (12 April 2022): We are experiencing some technical problems on our “gaia” server, so unfortunately some datasets could be unavailable

(e.g. Wikidata). We hope to resolve this issue soon, thanks for your understanding!

Dataset

Latest Wikidata
(3rd march 2021)
CED

Latest Wikidata
(9th march 2020)

DBPedia 2016-10
English

Size ‘ Triples Details Provenance

S e
53GB
uncome What is the “DBpedia Snapshot” Release?
Historically, this release has been associated with many names: “DBpedia Core”, “EN DBpedia”, and — most confusingly — just “DBpedia”. In fact,
it is a combination of —

50GB

uncomp * EN Wikipedia data — A small, but very useful, subset (~ 1 Billion triples or 14%) of the whole DBpedia extraction using the DBpedia Information

Extraction Framework (DIEF), comprising structured information extracted from the English Wikipedia plus some enrichments from other
Wikipedia language editions, notably multilingual abstracts in ar, ca, cs, de, el, eo, es, eu, fr, ga, id, it, ja, ko, nl, pl, pt, sv, uk, ru, zh .

o Links — 62 million community-contributed cross-references and owl:sameAs links to other linked data sets on the Linked Open Data (LOD)
Cloud that allow to effectively find and retrieve further information from the largest, decentral, change-sensitive knowledge graph on earth that
has formed around DBpedia since 2007.

https://www.dbpedia.org/resources/snapshot-release/



https://www.rdfhdt.org/datasets/
https://www.dbpedia.org/resources/snapshot-release/

Another approach (for dbpedia):

* Dbpedia “Wayback machine”

https://wayback.cluster.ai.wu.ac.at/

Subject Predicate ‘ 5 Object Revision

: . 5 A <http://data.wu.ac.at/wayback
<hitp://en dbpedia.org  <hitp://en.dbpedia.Org/property u ¢ 3uangpyip:www.w3.0rg/2001/XMLSchemattdouble> /dbpedia/Lyon/revision
[resource/Lyon> /aprHighC> 1id/584036615>

i : ) : <http://data.wu.ac.at/wayback
:—:})’#‘ﬁ(ﬁm’; szfifgbp"d““”g/ PIOPEILY v 5uan<htp://www.w3.0rg/2001/XMLSchema#double> /dbpedia/Lyon/revision

yon> /id/584036615>

. . . . <http://data.wu.ac.at/wayback
<http://en.dbpedia.org  <hitp://en.dbpedia.org/property v 7unn yitp://www.w3.0rg/2001/XMLSchematinteger> Jdbpedia/Lyon/revision
[resource/Lyon> /aprPercentsun> 1id/584036615>

, s | f <http://data.wu.ac.at/wayback
satipenaihpalior: <hnp.//e_n dbped i, org/property "9"AAhttp://www.w3.0rg/2001/XMLSchema#integer> /dbpedia/Lyon/revision
[resource/Lyon> /aprPrecipitationDays> /id/584036615>

y " i z <http://data.wu.ac.at/wayback
<hutp://en.dbpedia.org  <http://en.dbpedia.Org/property v, guancyyy:jwww.w3.0rg/2001/XMLSchema#double> Jdbpedia/Lyon/revision
[resource/Lyon> /aprPrecipitationMm> /id/584036615>

2 R <http://data.wu.ac.at/wayback
<http://en.dbpedia.org <http://en.dbpedia.org/property .. 1 .an TSy g TR
- £ W3 1
[resource/T yon> /aprRecordHighC> 30.1"AM<http://www.w3.0rg/2001/XMLSchema#double> dbpedia/Lyon/revision

/id/584036615>

<http://data.wu.ac.at/wayback
/dbpedia/Lyon/revision
/id/584036615>

<http://en.dbpedia.org <http://en.dbpedia.org/property

"4 4"A g
Jresource/T yon> /aprRecordLowC> -4 4"AM<http://www.w3.0org/2001/XMLSchema#double>

The DBpedia Wayback Machine * SEMANTICS2015

Patrik Schneider
Vienna University of

Javier D. Fernandez
Vienna University of
Economics and Business, Economics and Business, Economics and Business,
.. Vienna, Austria _ Vienna, Austria _ Vienna, Austria
javier.fernandez@wu.ac.at patrik.schneider@wu.ac.at juergen.umbrich@wu.ac.at

Jirgen Umbrich
Vienna University of

Challenge: keep these services running...


https://wayback.cluster.ai.wu.ac.at/

Another Open Question:

* How representative are big Open Collaborative KGs like Dbpedia &

. 5
Wikidata at all: Tencent f&ifl cypco ;;;;l?mt -ﬁUSGS Google
.. What about Enterprise KGs?  £7 Ba.dggr ~ publed 12 b Bing
Alibaba.com ) Cochranem
Challenge: not accessible ® ey B O facebook
F ﬁ;‘EH @Plnterest ,,,, ﬁ \] ﬁ\a Hey Siri X Clhe .
Equis IBLI european:lrbnb |_|:|k$d MAASTR EE %’l':,g:;
Bachelor Thesis % Yo, E e NETFL'X .% REUTERS
[ i f;cij;‘; nexperia Bloomberg EPA'
SMW Cloud: A Corpus of Domain- (BNF wpiper  widis Rg Biegsiaiongousk Lo
Specific Knowledge Graphs from & Wolters Kluwer e - /\ Pl m
Semantic MediaWikis

. : IOS Wa|mart @ =
Daniil Dobriy M\ ) ’

St . ﬁ & Deloitte s
25

& Morgan Stanley
i SPRINGERNATURE amazoncom accenlure

https://www. slldeshlasrle\rlwlelt/Frank van. Harmelen/adoptlon of-knowledge-graphs-mid-2022-incomplete



https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-mid-2022-incomplete

Wikis

Powered by MediaWiki software.

=  We know of 60527 currently active wikis.
(It's a lot ©) MediaWiki

75 A

50 1

25 A

—25 4

—50 - 0 D

—75 4

-150 -100 =50 0 50 100 150




How many Semantic MediaWikis?
SMW Cloud (1458 wikis)

Semantic MediaWiki (SMW) is a free, open-source extension to
MediaWiki - the wiki software that powers Wikipedia - that lets you
store and query data within the wiki's pages.

Semantiq Semantic MediaWiki is also a full-fledged framework, in conjunction with many spinoff ex-
MediaWiki

All data created within Semantic MediaWiki can easily be exported or published via the
Semantic Web, allowing other systems to use this data seamlessly.

SE crawler WikiApiary
(204) (627) WikiApiary L VolD DataCube

| =

> Basic Metrics
o RDF page
v Semantic MediaWikis BuiltWith > S:z;;l(l:izt& > crawler and > calf;;?égr&

I I I I —>»  crawler aggregator mapping

Search Engines — v

SMW KG SMW Corpus

(+ metadata) (+ instance metadata)

BuiltWith (834)

tensions, that can turn a wiki into a powerful and flexible knowledge management system.

Dataset #Triples #Subjects #Predicates |#Objects #Literals
LODStats [10] 192,230,648 Not reported 49,916 Not reported 90,261,655
SMW Cloud 236,505,705 24,010,566 52,670 66,052,823 160,108,216
Wikidata 202]13 17,662,800,665 1,625,057,179 38,867 Not reported Not reported
LOD-a-lot [15] 28,362,198,927 3,214,347,198 1,168,932 3,178,409,386 1,302,285,394

Crawled RDF data available at semantic-data.cluster.ai.wu.ac.at/smwcloud/

Currently ongoing work/next steps:

also crawl historic data (Semantic MediaWiki edit history)
also crawl Wikiba.se instances!

29


https://semantic-data.cluster.ai.wu.ac.at/smwcloud/

SMW Cloud:

* Very different KGs than
Dbpedia and Wikidata

* Small, narrow scheme

e ...very likely, very
different evolution!

user_generated (541)

gaming (139)

no classification (105)

education (51)

technology (117)

community (44)

media (200)

software (19) [ news (14) T
B —
entertainment

cross_domain (89)

publications (73)

(O8]

0



additional

What\@imensions does evolution have at all?

 Structural evolution
* Dynamics (change frequencies, etc.)
* Schema evolution * Timeliness (recency of temporal

* Collaboration evolution information, delays)
* Monotonicity (“growth” vs. “deletions”)

* Instance evolution

(single edge, node changes)
Continuous Change
A

Dynamic KG
Temporal KG

Versioned KG

"Time as data" < . "Time as metadata/log data"

(valid time) Discrete Changes (transaction time)

(full graph snapshots/dumps)



Underlying Collaborative KG-Creation Processes

KG Expert-driven = Crowd- Resource- Community- Bot-assisted
sourced dependent driven

Wikidata [244] v v v

DBpedia [148] | v v (V')

* Question: How can we observe and analyse KG collaboration models?

Following:
Piscopo and Simperl. Who Models the World? Collaborative Ontology Creation and User Roles in Wikidata.



Possible further directions to analyse
collaboration in more detail:

* Question: How does the schema evolve in relation to the data?

* Question: How is the use of the schema related to specific user
communities?



Possible further directions to analyse
collaboration in more detail: (P

Extract aggregated log for analysis

Users, vocabulary (classes/properties), entities:
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* Which publicly accessible, open KGs are observable in a
manner that would allow a longitudinal analysis of their
evolution and how?

and
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* Do we have the right metrics to analyse KGs’ evolution?

* Do we have the right techniques to process evolving KGs?



From static metrics to dynamic metrics

 Basic (static) Graph metrics, e.g.

Metric

Description

Used/Defined in

Absolute depth

Average depth

Maximal depth

Graph

Number of paths
Tengledness

Degree Distribution

d, = sum over the cardinality
of each path in a set of paths in
graph

da / |paths|

longest path

|paths|

“G ng = cardinality of G, t =
cardinality of the set of nodes
with more than one ingoing IsA
arc in G

mean-square deviation of the de-
gree of graph nodes

IsA graph [11, 91, 143, 252]

IsA graph [11, 91, 143, 252],
graph [37, 71], OWL schema
(73, 71]

IsA graph [11, 91, 143], graph
[37]

DAG [143, 252, 254]

IsA graph [11, 91, 143]

graph [37, 67, 143]



From static metrics to dynamic metrics

* Basic (static) Knowledge Graph metrics, e.g.

Knowledge Graph

T-Box/Schema

Primitives

A-Box/Data

Entities
Properties
Classes

Instances
Object properties

number of entities, classes and
instances

number of unique properties or
relations

|C| = number of classes (con-
cepts)

|I| = number of individuals

P, = number of object proper-
ties (non-inheritancE)

graph [37, 143], IsA graph [91],
OWL [215], DAG [252]

OWL schema [174], OWL [229,
231, 233], DAG [254]

OWL [229, 233], DAG [252, 254]

OWL [229, 231, 233]
Schema [143], OWL [215, 231]

Depth of Inheritance Tree

Tree [174], OWL [73, 207, 229],

DAG [252]
Property Class Ratio %ll OWL [231, 174, 73], DAG [252]
Inheritance Richness I%Il’ H = inheritance relations =~ OWL [71, 73, 207, 229], Schema
[143]
Attribute Richness 'l%”]—l, P, = datatype properties ~OWL [71, 229|, Schema [143]
Class Property Ratio l%} Onto [11, 91, 143]
Average Population I%‘% OWL [73, 229], Onto [91]

Cohesion

Average Class Connectiv-
ity

number of connected compon-
ents

mean(|(cl,p, ¢2|) where c1 and
c2 are instances of classes

OWL [71, 229]

OWL [207, 229]




Challenge: What do these metrics tell us over time?

Development of Wikidata: Development of Wikidata:
20.000.000.000 80.000
18.000.000.000 70.000
16.000.000.000 60.000
14.000.000.000
12.000.000.000 50.000
10.000.000.000 40.000
8.000.000.000 30.000
6.000.000.000 20.000
4.000.000.000 ’
2.000.000.000 10.000
54GB 88GB 115GB 149GB 54GB 88GB 119GB 149GB
08.03.18 19.06.19 09.03.20 05.03.21 08.03.18 19.06.19 09.03.20 05.03.21
— fitriples fisubjects fiproperties #idasses (distinct wdt:P31) #properties #classes (distinct wdt:P31)

* Bottomline/Challenges:

* These metrics are not sufficient to track patterns of evolution...
* We need to track changes on a finer granularity level

* We need new metrics (from other fields):
* Time series analyses (change frequencies, seasonality)
* Network science (dynamics of networks)
etc.



More Open question(s)

* How does consistency evolve over time (and why is this important)?

* Challenge:
* Our “classical” tools (OWL, SHACL?) are not really useful here directly



Reasoning+Constraints in Wikidata: OWL?

* Challenges:
* Wikidata does not use OWL!
* Big Open KGs are all quite inconsistent!

An Analysis of Links in Wikidata

Armin Hallcrl[OOOO 00033425 0780]’ Axel POHCI'CS2 [0000-0001 5670 11-‘16]’ Daniil
DObriy2[0000 00015242 302)&}, Nicolas Fcrranti2[0000 00025574 1987], and SCl’giO 1.
Rodrfgucz Mél’ldCZl [0000-0001-7203-8399]

RDFS/OWL property Equivalence established through Wikidata property

rdf:type equivalent property (P1628) instance of (P31)

rdfs:subClassOf equivalent property (P1628) subclass of (P279)

rdfs:subPropertyOf equivalent property (P1628) subproperty of (P1647)

rdfs:subPropertyOf equivalent property (P1628) external subproperty (P2236)

Inverse equivalent property (P1628) external superproperty

rdfs:subPropertyOf (P2235)

rdfs:range equivalent property (P1628) expressed via property con-
straint (P2302)

rdfs:domain equivalent property (P1628) expressed via property con-
straint (P2302)

rdfs:label documented as matching - rdfs:label

rdfs:comment documented as matching-= schema:description

rdf:first documented as matching™® expressed via series ordinal
(P1545)

rdf:rest documented as matching™® expressed via series ordinal

(P1545)

rdfs:member

documented as matching’¥

part of (P361)

Inverse rdfs:member

inverse property (P1696) of part

of (P361)

has part (P527)

owl:equivalentProperty

equivalent property (P1628)

equivalent property (P1628)

owl:equivalentClass

equivalent property (P1628)

equivalent class (P1709)

owl:inverseOf

equivalent property (P1628)

inverse property (P1696)

owl:differentFrom

equivalent property (P1628)

different from (P1889)

owl:unionOf

. . 13
equivalence intended

union of (P2737)

owl:disjointUnionOf

equivalence intended

disjoint union of (P2738)

owl:onProperty

no documented equivalence

possible candidates: property
constraint (P2302)

owl:sameAs

no documented equivalence

possible candidates: exact
match (P2888), said to be the
same as (P460)

owl:disjointWith no documented equivalence N/A
owl:propertyDisjointWith |no documented equivalence N/A
owl:propertyChainAxiom [no documented equivalence N/A
owl:assertionProperty  |no documented equivalence N/A




Reasoning+Constraints in Wikidata: SHACL?

* Challenges:

country of citizenship 27

the object is a country that recognizes the subject as its citizen

Constraints

 Wikidata does not use SHACL either! #™e=="

* Formalization
* Analysis of violations over time!

Formalizing and Validating Wikidata’s
Property Constraints using SHACL an
SPARQL

country in a fiction work

nation
contemporary constraint (Qzs796498)
type of constraint for Wikidata properties: used to specify that the subject and the object have to coincide or coexist at some point of h

~ In more languages

Configure
Language Label Description Also known as
English contemporary constraint type of constraint for Wikidata properties: used to

specify that the subject and the object have to
coincide or coexist at some point of history

fictional country
city-state

political territorial entity
sovereign state

empire

citizenship

colony

federated state

relation instance of

https://www.semantic-web-journal.net/content/formalizing-and-validating-wikidatas-

property-constraints-using-shacl-and-sparaql



https://www.semantic-web-journal.net/content/formalizing-and-validating-wikidatas-property-constraints-using-shacl-and-sparql
https://www.semantic-web-journal.net/content/formalizing-and-validating-wikidatas-property-constraints-using-shacl-and-sparql

Reasoning+Constraints in Wikidata:

* Challenges:

 Wikidata does not use SHACL either!

* Formalization - what makes it challenging?

capital (wdt:P36)

\
—3

USA

> wds:Q30-6f15b1c2-48be-91e1-

5b2c-5d0acf61bb46 capltal (ps P36)
tart ti P580
capital (p:P36) start time (p9:P580),, Higo0-11-17
New York City
wikibase:rank-)lwikibase:PreferredRanki (wd:Q60)

(wd:Q30)

wds:q30-E0257E2F-A11D-40D9-

8C58-6B5A8D3AF952
capltal (ps P36)
start time (pq:P580)
785-01 -11

Washington, D.C.
(wd:Q61)

—>

wi kibase:rank—)}wikibase:NormalRankj

SHACL?

---> Reification galore! ;-)

Constraint definition

proplD

wd:QconstraintType_ID wdt:P2302

) ikibase:qualifie=§>  pq:PID

r
ps:P2302 p:P2302
( wds:PID-constraint_

definition_statement/D

pq:P...
\-)[wd:Qobject_ qualiﬁerID]

pq:P...

i ikibase:claim=—¥  p:PID }(-.\

ikibase:statementProperty-)L ps:PID JE
A
ikibase:directClai wdt:PID } :

Wikidata Statement

(assigns a unique statementID)

v
wd:QIDg,; —wdt:PID—»> wd:QIDy;
p: P$ O ) . Ho

—ps:PID h
‘ ________________ X

wds:QID-statement/D=—pq:P.. > wd:Qobject_qualifierlD

lw wikibase:NormalRank or
ikibase:rankJ> wikibase:PreferredRank or
wikibase:DeprecatedRank




Main questions:

* Which publicly accessible, open KGs are observable in a manner that
would allow a longitudinal analysis of their evolution and how?

* Do we have the right metrics to analyse KGs’ evolution?

* Do we have the right techniques to process evolving KGs?



Do we have the right techniques to process
evolving KGs?

* What else will you find in our paper? Survey of ...

» Storage techniques for evolving KGs
* Reasoning & Querying techniques for evolving KGs

* Learning & Embeddings for evolving KGs

* Challenges:
* Again: How do we make these methods scale to large-scale,
evolving, collaborative KGs?
* E.g. How to reason and query over evolving KGs?
* Need to extend our techniques to deal with reification?
* What's the “right” reification?
* Labelled property Graphs?
« RDF-*?
* Wikidata’s proprietary reification mechanism?
* How to scale and modularize existing techniques over highly reified KGs?




Some take home messages:

* There’s a lot to learn about the dynamics of (Open) KGs!
* Understanding the evolution of knowledge (graphs) is a hot topic!

Yet, there are some major challenges:

Data Availability:
* (fine-grained) data about their evolution it not available (Streams!)
* We need more long-tail data!
* It’s hard to to sustain efforts to sustain data about evolution!

Metrics:

* We need metrics and technniques to analyse KG dynamics and evolution:

*  New metrics, look into other fields!
* Adaptions and extensions of existing metrics

Techniques: Storage/Querying/Learning
* How to scale and modularize existing techniques over highly reified KGs?
* Dynamic Embeddings/Model Dynamics?

P.S.: Submit to TGDK ©
would have loved to discuss these challenges with you in person ®



