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Disclaimer: Our paper is/was a call for ACTION!
Main questions raised (not answered!) in the paper:

* 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 KG evolution have at all?

* Temporal KGs: Time as Data (“valid time”, Dates/Timestamps, Intervals, start/end
events)

* Time-varying KGs: Time as meta-data
events(Dates/Timestamps)

“Pablo Picasso”
Pablo Picasso (Q5593) added on

Bottomline: “Guernica” 1 November 2012
Tracing is time in (Q175036) was
published KGs is not created on 28

carried_out_by

start 1937-05-01 00:00
timespan h g
» _TS1
1937-06-04 00:00

end
| L/

Standal’dIZEd.' November 20 12 |n current_locatiqa
Wikidata

produced_by

* Not observable/
recorded for many KGs
* Modeled within or The statement that

outside of the KG Picasso created
* Using different forms of BElE I =RYER 61N “Guernica” (Q175036) was
reification created in Wikidata in

painted between May and June

March 2013 1937




What dimensions does evolution have at all?

(single edge, node changes)
Continuous Change

A
~ 7N )
Dynamic KG
Temporal KG” ) L Time-Varying KG
\- J
)Iersioned KG
"Time as datauk“ \ll /; "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.)

Timeliness (recency of temporal
information, delays)

Monotonicity (“growth” vs. “deletions”)

* Instance evolution

* Schema evolution

e Collaboration 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)



Main guestions:
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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) (Knowledge) Graph metrics “over time”...

Metric

Description

Used/Defined in

Graph

Absolute depth

Average depth

Maximal depth

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]

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

Property Class Ratio
Inheritance Richness

a5

, H = inheritance relations

Tree [174], OWL [73, 207, 229],
DAG [252]

OWL (231, 174, 73], DAG [252]
OWL [71, 73, 207, 229], Schema

=]
[143]
Attribute Richness %, Py = datatype properties  OWL [71, 229], Schema [143]
Class Property Ratio i Onto [11, 91, 143]
Average Population ”—é% OWL [73, 229], Onto [91]

Cohesion

Average Class Connectiv-
ity

number of connected compon-
ents

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

OWL [71, 229]

OWL [207, 229]

... are not ENOUGH to understand evolution!



Challenge: What do these metrics tell us over time?

Development of Wikidata: Development of Wikidata:
20.000.000.000 80.000 (ShamEIGSS SElf-advertisement,")) Our work
18.000.000.000 20,000 . .
18060000008 0000 towards such metrics since the TGDK paper:
lE:DDD:DDD:DDD 50.000
10.000.000.000 40.000
5000000.000 0000 * How “remote” ontology updates affect
7 oon 000000 20,000 reasoning closure for linked data?
- 54GB 88GB 119GB 149GB _ 54GB 88GB 119GB We b CO nfz 02 5 :
08.03.18 19.06.19 09.03.20 05.03.21 08.03.18 19.06.19 09.03.20

SHORT-PAPER | OPEN ACCESS X in & f

e HEFIPIES e HsUbjECES #properties #Hdasses (distinct wdt:P31)

#properties #classes (distinct w
The Massive Problem of Remote Changes in Ontology Reuse

Authors: Daniil Dobriy, Axel Polleres Authors Info & Claims

WWW '25: Companion Proceedings of the ACM on Web Conference 2025 * Pages 1254 - 1258  https://doi.org/10.1145/3701716.3715478

* Bottomlme/ChaIIenges:  How constraint repairs evolve over time?
* We need to track changes on a finer granularity level Check our main conf. paper!

* We need new metrics (from other fields):
» Time series analyses (change frequencies, seasonality) Vli‘l’;gﬁl:‘fT“;if)?;fﬂ?;ﬁ“éﬁﬁiiﬁ‘:;ﬁs |
* Network science (dynamics of networks) NARA

; +1[0000—0002—5574— 1987 ; = <3[0009—0005—8300— 7578 BN
Nicolas Ferranti!l |, Dayane Guimaraes®! 1
etC .

Jairo Francisco de Souza?[0000-0002—0911-7980] 'and Axel
* Metrics to track the evolution of consistency in KGs?

*

Polleres!:2[0000—0001-5670—1146]

! Vienna University of Economics and Business, Austria
2 Complexity Science Hub Vienna, Austria
3 LApIC Research Group, Federal University of Juiz de Fora, Brazil



Main guestions:

* 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 here in our paper? Survey of ...
» Storage techniques for evolving KGs
* Reasoning & Querying techniques for evolving KGs
* Learning & Embeddings for evolving KGs

* Challenges:

 How do we make these methods scale to large-scale, evolving,
collaborative KGs?

* E.qg.
 How to reason and query over evolving KGs?
 How to scale and modularize existing techniques over highly reified KGs?
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