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Abstract. Semantic wikis have become an increasingly popular means
of collaboratively managing Knowledge Graphs. They are powered by
platforms such as Semantic MediaWiki and Wikibase, both of which en-
able MediaWiki to store and publish structured data. While there are
many semantic wikis currently in use, there has been little effort to col-
lect and analyse their structured data, nor to make it available for the
research community. This paper seeks to address this gap by systemat-
ically collecting structured data from an extensive corpus of Semantic-
MediaWiki-powered portals and providing an in-depth analysis of the
ontological diversity (and re-use) amongst these wikis using a variety of
ontological metrics. Our paper aims to demonstrate that semantic wikis
are a valuable and extensive part of Linked Open Data (LOD), and
in fact may be considered an own active “sub-cloud” within the LOD
ecosystem, which can provide useful insights into the evolution of small
and medium-sized domain-specific Knowledge Graphs.
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1 Introduction

With the advent of Large Language Models (LLMs), unconventional approaches
for extracting rich Linked Data from collaborative platforms and knowledge
hubs are gaining attention among researchers, including in the Semantic Web
community[5]. First introduced in 2005, Semantic MediaWiki4 (SMW) is an ex-
tension for the MediaWiki platform that enables semantic annotations of wiki
pages [19], making it a collaborative Knowledge Graph management platform.
It is also a precursor that majorly inspired Wikidata, and therefore Wikibase
(WB), which uses select code from SMW for common tasks [28]. Yet, SMW
has been available for a longer time and is indeed more broadly used than WB
by various projects to manage their structured data. Indeed, following the ap-
proach described in Section 2, we could discover 1458 active Semantic MediaWiki
instances, compared to a lower number of 327 Wikibase instances. The two plat-
forms differ insofar that SMW stores its data as part of its textual page content
and has a less complicated data model [28]: SMW’s simple subject-predicate-
object statement structure known as a semantic facts corresponds straightfor-
wardly to RDF triples, where subjects are commonly single wiki pages, properties
(predicates) are defined by special syntax in pages or via templates and forms en-
abled through additional extensions, and objects can be of different datatypes5

(e.g. numbers, dates, pages etc.). Therefore, SMW serves as a flexible tool to
collaboratively create and maintain domain-specific KGs, along with their own
vocabularies.

RDF/SPARQL access. The SMW platform allows to generate full RDF dumps6

of its structured data. Additionally, although semantic facts are stored in a rela-
tional database by default, RDF triples can also be optionally exported/synced
with a triplestore or a SPARQL endpoint via a special extension.7 However, in
practice, SMW instances rarely publish periodical dumps of their data, nor do
they typically make their data available via SPARQL endpoints.8 This signifi-
cantly decreases the effective semantic interoperability and accessibility of KGs
provided and maintained through SMW. So far, to the best of our knowledge –
an in-depth analysis of the RDF data made available through SMW instances on
the Web is missing.

Linkage and ontology re-use. The re-use of external URLs is in principle possible
in semantic facts in SMW, as well as the import of external RDF vocabularies9

4
https://www.semantic-mediawiki.org/

5
https://www.semantic-mediawiki.org/wiki/Help:Datamodel

6
https://www.semantic-mediawiki.org/wiki/Help:Maintenance_script_dumpRDF.php

7 In principle, this integration also supports adding additional RDF with SPARQL
Updates, cf. https://www.semantic-mediawiki.org/wiki/Help:Using_SPARQL_and_RDF_stores, but
herein we focus solely on the RDF data exportable from SMW pages directly.

8 We note that also there is no “best practice” to detect whether an SMW instance
hosts a SPARQL endpoint, as it is not exposed by the SMW API.

9
https://www.semantic-mediawiki.org/wiki/Help:Import_vocabulary

https://www.semantic-mediawiki.org/
https://www.semantic-mediawiki.org/wiki/Help:Datamodel
https://www.semantic-mediawiki.org/wiki/Help:Maintenance_script_dumpRDF.php
https://www.semantic-mediawiki.org/wiki/Help:Using_SPARQL_and_RDF_stores
https://www.semantic-mediawiki.org/wiki/Help:Import_vocabulary
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and ontologies10; yet, semantic linkage to other KGs is not directly incentivised
within SMW, or respectively, it is an open question in how far these features
are being used, i.e., in how far the KGs provided by SMW instances (a) re-use
existing ontologies and (b) create links to related RDF from other authorities.

A commonly cited shortcoming of the Linked Open Data (LOD) infrastruc-
ture is the lack of a single aggregation point [8,13]. To this end, our approach,
SMW Cloud, aims at solving this data accessibility issue by aggregating all pub-
licly available SMWs into a single corpus, addressing the above-mentioned gaps
by making the following concrete contributions:

– we systematically track (for now) 1458 Semantic MediaWiki instances, ex-
tract their page RDF data when technically feasible, and aggregate it to a
Linked Data corpus, following a similar approach as the CommonCrawl11

and WebDataCommons [21] projects,
– we make this corpus available as an HDT [12] dump, in an accessible, scalable

and available, easy to (re-)use and cost-effective manner, following the LOD-
a-LOT approach [13] and make calculated metrics for the corpus available
in a SPARQL endpoint.

– we provide an extensive analysis of our corpus in terms of (a) ontology
metrics, following the Neontometrics approach [24] and (b) LOD metrics,
following the LODStats approach [7,8].

As such, we strive to obtain a comprehensive picture of the current state
of Linked Data stored in SMWs, evaluating the quality and internal structure,
thereby tracking the evolution of a significant, previously unexplored part of
the LOD ecosystem. Note that we may hypothesise that the domain-specific,
small and medium-sized KGs, represented by SMW instances, closely reflect
Enterprise Knowledge Graphs (EKGs), for which there is no publicly available
corpus. Analysing our corpus, in comparison with the “classic” KGs making up
the LOD Cloud12, but also in comparison with Wikidata, will therefore gain
insights into the possible different parameters to be found in EKGs.

The remainder of this paper is structured as follows: In Section 2, we describe
the architecture and our approach to collecting the SMW corpus. Section 3
introduces the methods used for further corpus analysis. Corpus statistics and
results of our analyses, including a comparison with similar metrics applied to
the “traditional” LOD Cloud and Wikidata, are summarized in Section 4, before
we close with a discussion and outlook to future work in Section 5.

2 Methods for collecting the corpus

Our overall corpus collection approach is illustrated in Figure 2. In first step, we
discover Semantic MediaWiki instances in a three-fold manner:

10 https://github.com/TIBHannover/ontology2smw
11 https://commoncrawl.org
12 http://lod-cloud.net

https://github.com/TIBHannover/ontology2smw
https://commoncrawl.org
http://lod-cloud.net
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– We filter the BuiltWith MediaWiki collection13 for SMW instances.

– We query WikiApiary14 – a“meta-wiki” collecting information about public
MediaWiki instances – for instances that have the SMW extension installed.

– Lastly, we follow the approach utilized by the web platform discovery tool
Crawley15 and use Search Engine APIs (such as the BingAPI, but also by
manual usage of other Search Engines) to discover SMW instances by spe-
cific text excerpts or HTML elements commonly found on SMW-powered
websites: e.g., “powered by SMW” text snippets).

Following this approach, we collect an extensive list of 1458 SMW instances, for
details on the numbers of instances per source, we refer to Figure 1. For each
found SMW instance, we further retrieve basic statistics directly available via
SMW, such as numbers of pages, numbers of users, creation and last modified
dates, in order to assess how long the wikis have been operational and how
active they are, and the pagelist. Next, we attempt to crawl RDF by querying
the pagelist, using the MediaWiki API.16 Frequent problems encountered in the
process of collecting the corpus, such as non-standard behaviours of MediaWiki
and SMW platforms, access restrictions, as well as a number of parsing errors,
limit technical feasibility of collecting RDF from each instance. Table 1 gives
an overview of such issues. Apart from the RDF representation we also crawl
the versioning history to identify all changes per page for future analysis.17 In
the last step, we aggregate18 the RDF by wiki instance to create our corpus.
Apart from creating a single HDT file per crawled instance containing all RDF
triples, we add metadata per wiki KGs using the VoID [2] and DataCube [10]
vocabularies to include more complex statistics and metrics discussed in detail
in Section 3 below, in the HDT headers.

As an additional item in this metadata aggregation, we collect and classify
wikis per “topics”, similar to the LOD Cloud topics19. Our approach to classify
wikis into “LOD Cloud topics” works by, whenever available, fetching metain-
formation collected by WikiApiary (manually assigned topics) and BuiltWith
(SEO-related keywords), plus the textual information from the respective wiki’s
main page, a random sample of up to 100 page titles and the name of the wiki.
We then feed GPT-4 with this textual information20 to assign it one of the LOD
Cloud topics – this current naive approach serves mainly for illustration, cf.
Figure 4 below.

13 https://trends.builtwith.com/websitelist/MediaWiki
14 https://wikiapiary.com
15 http://purl.org/crawley
16 https://www.mediawiki.org/wiki/API:Query
17 Cf. Section 5, we plan to also extract and analyse the evolution of the RDF KGs per

SMW instances as future work.
18 Given the absence of Blank Nodes within instances, skolemization is unnecessary.
19 https://lod-cloud.net/
20 Roughly, our GPT prompt is: “Given the text ”[WIKI-

NAME+MAINPAGETEXT+PAGETITLES+METAINFO]”, tell me the best
fitting topic among [LODCLOUDTopiclist]”.

https://trends.builtwith.com/websitelist/MediaWiki
https://wikiapiary.com
http://purl.org/crawley
https://www.mediawiki.org/wiki/API:Query
https://lod-cloud.net/
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Fig. 1: Venn Diagram of Collected SMWs
(1458 in Total) and Their Sources

SMWs Description
1458 all active SMW instances
-108 malformed API response
-107 API endpoint unavailable
-55 server-terminated connection
-31 non-standard encoding scheme
1157 instances for which the full pagelist

and page RDF could be collected
-51 XML wrongly declared
-36 malformed XML / mismatched tags
-5 non-compliant IRIs
-36 other processing errors
1029 SMW instances for which HDTs

could be aggregated

Table 1: Breakdown of Collection and
Processing Losses

WikiApiary

BuiltWith

Search Engines

Semantic MediaWikis

Basic
Statistics &

page list
crawler

RDF page
crawler and
aggregator

Metrics
calculator &

topics
mapping

SMW KG
(+ metadata)

VoID DataCube

SMW Corpus
(+ instance metadata)

Fig. 2: Architecture of the SMW Crawler and Metrics Processor

2.1 Corpus provision

Our SMW corpus is registered on Zenodo21 and is available under a perma-
nent URL22 and directly on the open data repository of the institute23 we
provide both separate RDF HDT [12] dumps per SMW instance, as well as
in a single HDT file for the whole corpus. A SPARQL endpoint, serving the
VoID & DataCube metadata in a queryable form, is available at: https://
smwcloud-sparql.cluster.ai.wu.ac.at/. The resource including all calcu-
lated metrics are provided under the Creative Commons Attribution 4.0 In-
ternational License.24. The canonical citation for the SMW Cloud is:

Dobriy, D., Beno, M., Polleres, A. (2023). SMW Cloud: A Corpus of
Domain-Specific Knowledge Graphs from Semantic MediaWikis. Retrieved from
http: // purl. org/ SMWCloud .

21 10.5281/zenodo.7920175
22 http://purl.org/SMWCloud
23 https://semantic-data.cluster.ai.wu.ac.at/smwcloud/.
24 https://creativecommons.org/licenses/by/4.0/

https://smwcloud-sparql.cluster.ai.wu.ac.at/
https://smwcloud-sparql.cluster.ai.wu.ac.at/
http://purl.org/SMWCloud
http://purl.org/SMWCloud
https://semantic-data.cluster.ai.wu.ac.at/smwcloud/
https://creativecommons.org/licenses/by/4.0/
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Comprehensive documentation for the resource is available at: https://github.
com/semantisch/smwcloud. For illustration, we provide the VoID metadata and
selected DataCube entries available through our endpoint (and as part of the re-
spective HDT header) for “Wien Geschichte Wiki”, an SMW instance providing
historical information about Vienna [18] in Turtle syntax in Figure 3.

@prefix smwcloud: <http://purl.org/smwcloud/> .

smwcloud:7f5cb281-76f8-4d16-aee1-a4ad7c660eec void:inDataset <http://purl.org/smwcloud/> .

smwcloud:7f5cb281-76f8-4d16-aee1-a4ad7c660eec a void:Dataset ;
foaf:homepage <https://www.geschichtewiki.wien.gv.at/Wien_Geschichte_Wiki>;
foaf:page <https://www.geschichtewiki.wien.gv.at/api.php>;

dcterms:title "Wien Geschichte Wiki";
dcterms:source <https://www.geschichtewiki.wien.gv.at>;
dcterms:modified "2023-05-05"^^xsd:date;
dcterms:license <https://www.geschichtewiki.wien.gv.at/Impressum>;

# The dcterms:description was generated by summarising the wikis main page text using GPT:
dcterms:description

"\"Wien Geschichte Wiki\" is the historical knowledge platform of the city of Vienna, based
on the "Historical Lexicon of Vienna" by Felix Czeike, which brings together expertise from
city administration and the public and currently has over 48,000 contributions,

279,000 addresses, and 15,000 images.";

# The dcterms:subject topic was assigned one of the LODCloud categories using using GPT:
dcterms:subject "Government";
void:feature <http://purl.org/HDT/hdt#HDTv1>;
void:dataDump <ACTUAL_URL_FOR_SINGLE_WIKI_HDT_DUMP> ;
void:uriSpace "https://www.geschichtewiki.wien.gv.at/";

# Void observations:
void:triples 5236436;
void:entities 1038817;
void:classes 245;
void:properties 256;
void:distinctSubjects 436147;
void:distinctObjects 401053;
void:documents 328141;

# A DataCube observation:
smwcloud:7f5cb281-76f8-4d16-aee1-a4ad7c660eec/sameIndividualsAxioms/2023-05-05 a qb:Observation ;

qb:dataSet smwcloud:7f5cb281-76f8-4d16-aee1-a4ad7c660eec ;
smwcloud:referenceDate "2023-05-05"^^xsd:date ;
smwcloud:sameIndividualsAxioms 7491 .

Fig. 3: Metadata for “Wien Geschichte Wiki”

3 Methods for analysing the corpus

Due to their topical diversity, data and schemas differ considerably among SMW
instances, but also we hypothesize that the RDF data from SMW instances has
fundamentally different characteristics than other Linked Data corpora, such as

https://github.com/semantisch/smwcloud
https://github.com/semantisch/smwcloud
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Basic graph metrics X X X X X X X

Basic ont. metrics X X X X

Quality analysis X X X X

Vocabulary re-use X X X

Dataset interlinkage X X

Languages analysis X X

Paper Eval. dimensions

Ermilov et al. [7] Basic graph metrics

Reiz et al. [24] Basic ontology
metrics25

Haller et al. [17] Instance, ontology
links

Yao et al. [31] Cohesion

Yang et al. [30] Complexity

Fernandez et al.
[14]

Coverage, structure

Duque-Ramos et
al. [6][25]

SQuaRE26-based
quality

Gangemi et al. [15] Structure, func-
tionality, usability

Tartir et al. [27] Populated ontology
(instances, schema)

Orme et al. [23] Quality, complete-
ness, and stability

Table 2: Related Work and Implemented Metrics

the LOD Cloud datasets, or Wikidata. In order to verify these assumptions, a
comprehensive characterization of our corpus requires two things: (1) a funda-
mental understanding of each dataset, and (2) an overview of all available data
[3]. Therefore, we perform our analyses both on the single wiki datasets as well
as on the corpus as a whole in terms of commonly used metrics.

In order to establish a foundation for comparative analysis, we review related
LOD analysis studies in Table 2. This allows us to discern and categorize the
prevailing analytical themes. The most common analyses within these studies
are performed on Basic graph metrics, Basic ontology metrics, and Quality. In
addition to the aforementioned themes, other forthcoming analyses encompass
Vocabulary re-use, Dataset interlinkage and Language usage.

General graph metrics give a comprehensive and comparable characteriza-
tion of the corpus [7]. Additionally, we calculate basic ontology metrics to assess
the used schemata/ontologies of the individual SMW instances in a compara-
ble manner, and evaluate the corpus on the basis of established quality analysis
frameworks to gain a better understanding of quality characteristics. Explic-
itly including ontology metrics and common ontology quality frameworks in our
analyses through the implementation of the Neontometrics calculation engine
[24], we address the lack of metric validation for real-world data [24], especially
in small KGs: we perceive SMW instances as a publicly available pendant/proxy
for enterprise KGs with their own characteristics.

25 Basic ontology metrics can be used a building block for calculation of quality frame-
works.

26 https://www.iso.org/standard/64764.html

https://www.iso.org/standard/64764.html
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Table 2 briefly summarizes the various metrics and quality frameworks we
have calculated for the SMW corpus: as for calculating the basic graph and ontol-
ogy metrics, we use the Neontometrics OPI (Ontology Programming Interface).
Afterwards, we apply these metrics to calculate common quality frameworks:
Cohesion Metrics [31], Complexity Metrics [30], Fernandez et al. [14], OQuaRE
[6][25], Gangemi et al. [15], OntoQA [27] and Orme et al. [23]. Please refer Table
2 for a summary of their respective dimensions.

4 Results and corpus statistics

In this section, we provide a brief overview of the insights into the corpus based
on the collected statistics. We excluded the datasets causing processing errors
as described in Table 1, resulting in 1029 datasets which collectively form the
corpus and the basis for analyses.

4.1 Basic RDF metrics

Table 3 gives a distilled overview of of the corpus dimensions. Notably, the abso-
lute numbers we report for SMW Cloud fall short of the statistics for the num-
ber of statement reported by the instances themselves: totalling 1,012,521,773
statements and 206,997 unique properties, calculated by aggregating statistics
reported by individual SMWs. At the same time, the SMW Cloud dimensions
are comparable to that of LODStats [8], which totals 192,230,648 triples. Though
Wikidata has grown considerable in the last 5 years, from 3b triples in 2018 to
more than 17b in 2022, exceeding SMW Cloud in size considerably [11]. Nev-
ertheless, despite its comparatively smaller size in terms of total number of
statements, the SMW Cloud exhibits a significantly broader range of unique
properties, exceeding both Wikidata and LODStats, as well as suggesting lim-
ited vocabulary re-use in SMW Cloud.

For a better overview of the characteristics of individual datasets comprising
the corpus, we refer to Table 4. There, we compare their parameters to the
individual LOD Cloud datasets [8]. Though LOD Cloud datasets are significantly
larger on average (2,180,651 triples to 186,813 for SMWs), the majority of LOD
datasets are smaller (median 2,486 vs 12,596 for SMWs) implying more uniform
sizes of the SMWs. Another key characteristic of SMWs is the higher number of
properties and classes per datasets as well as the higher number of properties per
entity, suggesting a more granular and detailed data modeling approach in SMWs
and a user-centric, bottom-up nature of ontology creation. The lack of class and
property depth suggests a flat ontology structure in the SMW instances. We
attribute this to the a) user communities with rich domain knowledge and limited
expertise in ontology management, b) ad-hoc nature of ontology creation and c)
decentralized ontology development in SMWs. Other characteristics regarding
high numbers of labeled subjects and large median typed and untyped string
lengths for Literals further differentiate user-centric SMWs from LOD datasets.
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Dataset #Triples #Subjects #Predicates #Objects #Literals
LODStats [8] 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 202127 17,662,800,665 1,625,057,179 38,867 Not reported Not reported

LOD-a-lot [13] 28,362,198,927 3,214,347,198 1,168,932 3,178,409,386 1,302,285,394

Table 3: SMW Cloud summary statistics

SMW Cloud LOD Cloud [8]
Metric Mean Min Max Median Mean Min Max Median

Triples p. dataset 186,813 0 31,582,870 12,595.6 2,180,651 2 247,620,294 2,486

Entities 14,828 0 5,036,913 1,281.0 390,325.95 0 63,494,920 106.5

Literals 54,076 0 18,514,040 3,304.0 790,000.57 0 88,315,872 127.0

Blanks 484,540.68 0 202,745,495 0.0

Blanks (subjects) 0.04 0 14 0 399,680.75 0 166,901,812 0.0

Blanks (objects) 0.02 0 6 0 143,005.6 0 50,803,539 0.0

Subclasses 0.14 0 46 0 14.07 0 2,000 0.0

Typed subjects 13,068.83 0 44,374.58 1,047.0 109,790.35 0 25,848,850 22.0

Labeled subjects 2,241.23 0 760,619 267.0 28,652.13 0 11,588,129 0.0

Properties p. en-
tity

6.22 0.88 12.32 4.10 2.86 0 27.27 2.54

String length
(typed)

9.32 0 476.05 9.51 9.5 0 1,854.0 0.0

String length
(untyped)

72.43 0 369.77 73.12 38.24 0 2,688.0 20.0

Class hierarchy
depth

0.009 0 2 0.0 1.63 0 6 0.0

Property hierar-
chy depth

0 0 0 0.0 1.04 0 5 0.0

Classes 356.52 0 113,270 27.0 20.09 1 1,328 5.0

Properties 155.01 0 45,209 38.0 30.36 1 885 20.0

Table 4: SMW Cloud and LOD Cloud comparison

4.2 Topical analysis

Semantic MediaWikis capture a variety of highly-specialized domain knowledge,
as visualized in Figure 4 reusing the LOD Cloud categories:28 16% wikis special-
ize on publishing/annotating media, 10% are life science wikis, 6% geography-
oriented, 5% government-related, 4.3% language-related. Still, about half of all
wikis (48%) could not be classified under one of the categories (i.e. summarized
under user generated other), hinting at the topic diversity and high degree of
specialization of SMWs.

Manual coding of a randomly selected sample of 100 wikis (as partially rep-
resented in Table 5) has shown that the chosen topics represent the wiki well,
overlap and are similar in meaning (87% similarity) with WikiApiary tags and
BuildWith verticals. Therefore, as a result, we characterize each wiki by 3 in-
dependently created tag/domain collections which promotes discoverability and
an automatically generated description.

We further analyse the distribution of specialized domains in the corpus
with freely annotated tags, see Figure 5. The big components of the hitherto
unclassified wikis are therefore: gaming with 134 instances in total, technology
(115), education and community. The 101 unclassified wikis indeed can hardly

27 http://gaia.infor.uva.es/hdt/wikidata/wikidata20210305.hdt.gz
28 https://lod-cloud.net

http://gaia.infor.uva.es/hdt/wikidata/wikidata20210305.hdt.gz
https://lod-cloud.net


10 Dobriy et al.

Legend

Cross Domain

Geography

Government

Life Sciences

Linguistics

Media

Publications

Social Networking

User Generated

wiki.n...

semant...

testke...

aquo.nl

wiki.b...approp...observ...
www.cu...

cultur...

wikid....gfwiki...wiki-e...wiki.g...
wiki.s...

orga.s...

ackspa...

wiki.k...wilmao...boxmat...
wiki.h...

wiki.c...

wiki.f... wiki.s...caf-ne...viperp...aleger...
overwi...www.ca...

corepu...octavi...wiki.b...openri...
soleco...intraw...

wikiho...

wiki.k...

demo.s...cm2.li...

wiki.m...

wikime...appren...wiki.f...
adelai...
eyewik...growin...

geomet...demo.g...

gc.wiki

profiw...zombie...en.hel...yugioh...verwal...hdsr.t...imbok.pro
psycho...

psycho...

proteg...
filefo...mudsan...wikiin...rosett...
techin...

wikide...

walker...lego.f...khojaw...wiki.c...
format...pandua...

sub-ba...infope...green....d20npc...
wikime...wiki.d...

wikifa...www.wi...thefis...
wiki.a...wiki.k...insmv....

rain-t...wiki.w...www.pk...scienc...einban...docs.s...mgmind...
barika...wikimi...sarna.netwiki.d...

das-la...

ahlwik...

hwb-eu...wiki.a...www.ap...wiki.m...theint...
bs3-en...

en.wik...

wikipa...vaniso...tweeki...sysadm...wiki.f...
acpt.d...

gender...bitlai...

revspa...

kailas...de.hel...bacid.eu
fo.sig...test.k...

kennis...

wiki.b...

biowik...

gremio...

wpu.nu

olsber...exmedi...xat.wikismwtes...

vsk.wi...

ontolo...

ontolo...

partne...wiki.i...

wiki.m...

fighta...oho.wiki

wikifa...

specie...kolzch...wetzip...

legend...

encycl...

manhua...

younew...sousla...star-c...mobil-...

bedarf...

spacee...wiki.s...wikide...liv.bluewww.na...hidden...
salemt...

stadtb...
heroes...encphi...test.p...www.co...civilc...

wikich...

en.wik...

royalq...pool.p...wiki.c...

wiki.k...

robuus...

projec...

wiki.t...audrig...gender...divers...
finssl...necess...aerofo...sonica...

is.sig...
www.ir...
retrog...

docs.o...

ocsyst...

wiki.b...coderm...
wiki.n...wiki.o...

blickw...bacid....denhou...transh...wiki.e...sciop.net
www.ha...wikipc...tunear...mediaw...dokuwi...

wiki.p...

para.wiki

wiki-t...
gswiki...otcwik...wikide...vv.team

docume...

bs3-de...

de.wik...

secwik...cameo....folger...nydus.onecnbgua...
smith....dotawi...docume...arguab...
open4e...

rywiki...

de.dem...

demo.b...

pool.m...www.ol...
wiki.n...www.ke...

mi-ter...

vue.go...spore....

spore....

surgon...gitmas...pso2.a...
learn....dragon...source...pricon...
stage....m59wik...
nv-int...

verwal...wiki.a...wiki.h...
kennis...stagin...

ukelel...

spirit...dnz.ts...khdata...wiki.o...
wiki.s...signs2...

docume...wiki.e...vtes.wiki
yume.wikifoxhol...

mim-co...
lug-ot...

www.SN...

snpedi...

gender...docume...
wikiyo...

catalo...

wiki-v...

www.mi...
lostme...

invent...lexlep...

maps.e...wikila...wiki.s...chamap...wikitr...mitos....www.po...
habele...

ourbra...wiki.f...dianyi...united...
embass...

cowl.d...
karste...wiki.e...

eth0.nl

quelle...verwal...
negima...mallal...

nowand...

meta.t...wegwij...
coptr....wiki.o...

wiki.e...
dreamc...nurdsp...shinyc...wiki.d...

dfo.world

dictio...

wiki.e...metaba...iyptbr...igeek.com
weaver...

rimwor...

archiv...

parago...

softwa...aoc.fa...wiki.r...

daelba.euls.pus...
univer...archae...teixid...

plante...wiki.n...

de.dem...

wikire...stage....

ubs.kn...

eg.mea...dags-e...

docupe...
wiki-d...hastwi...wiki.l...tietee...

atlasn...

gcw.wiki
wiki.m...betawi...petra....wiki.f...

lov.fa...
wiki.w...

es.wik...

movila...

movila...

mm6.wiki
sebokw...
wiki-d...

ipdock...

www.is...bbsweb...mwcach...wikipr...
semorg...

48pedi...wikide...hemonc...semant...

aifb.k...

interl...

portad...
othern...
archie...dictio...kompet...bunny....finsl....

gkrid....

bonn.k...glossa...goldt-...ifwiki.ruwww.wi...
scient...wiki.g...pldn.nlknowle...fablog...

wiki.l...

confid...
perryp...
fgo.wikiwiki.d...dune.b...wiki.t...hihat....

openco...

www.aa...patrim...oeclub...citsci...wiki.e...
fandat...

wowwik...

wowwik...

wiki.m...test.k...utcwik...
cuttin...aquari...

wiki.d...wiki.f...
refere...
dedala...wiki.f...

wiki.t...

wiki.i...gezond...sorape...dhpedi...

wikis.cc

wiki.c...
wiki.o...wiki.n...dermos...thermo...
ebozp....wiki.a...

glycom...
ebike....stepmo...

archiv...toposp...
wiki.g...

akvope...

monosk...direct...stagin...
www.de...rtz.ts...xn--c1...wiki-e...refuge...www.ti...

max-eu...sanat....
ornasa...tijdba...

fr.sta...wiki.c...wiki.w...
wiki.a...astrao...

noraon...

wiki.f...wijche...
wiki.p...wiki.s...wiki.h...

bocpag...o2jam....wikien...thwiki.cc
milito...actcoa...floran...litera...

wiki.m...

mabino...

wikihu...www.wi...wiki.c...

eroge....

wiki.d...lexiko...
wiki.l...

fablab...

komape...www.pe...
wiki.b...your.k...bookow...
cockta...sandbo...

sandbo...
beta.f...

sketch...en.mit...eikolo...moonta...
crow-v...family...

www.wi...test.e...gremio...
i3detr...crysta...

wijche...

test.p...museum...niva.ws
www.gw...
oer.op...medwik...wiki.m...www.sa...wasser...wikipa...

codecs...de.pub...cultur...
observ...alices...akusan...
pt.run...

runesc...

superv...

wiki.h...wikik2...meta.w...
kde.ge...wiki.s...doc-el...

world....wiki-c...wiki.e...atlwik...ourbra...theore...fallen...wiki.h...www.se...
wikiaj...t61557...fuerth...buddha...

course...musiki...www.de...
mwstak...
histor...wiki.a...bayern...

offene...

hub.sc...
www.fu...rywiki...so-wik...

koha-m...histor...brajdi...
sandbo...
hockey...asnzs3...

its-wi...
quanma...wiki-f...

sacra....
ifsg-b...baroni...tardis...

vik.wikiffxiv....

consol...

hswiki...www.ba...pratiq...
alster...wikipe...wiki.r...

acawik...kubbwi...ykiki.krwiki.v...
wikinc...sorape...
glycan...
t62196...lostpl...artexh...

brainm...csdms....
ludlow...www.kh...gowlin...keroro...

nablaw...a-well...semorg...tz.sig...wiki.u...wiki.a...
wiki.t... stable...

wiki.f...

maker-...test.u...academ...cruzei...
alitd....www.wi...
dev.fr...family...wiki.f...

wiki.m...
wiki.o...
www.wi...smarth...

data.s...

domoti...brandw...

jcastl...
dermos...schula...

bharat...demo.w...wiki.p...gwiki.fr
info.g...wiki.r...thespi...

www.mo...
thefis...www.wi...

signwi...enkol.plmarvel...
garden...wikite...wiki.t...

fmm.ru...

fmm.ru

wiki-p...en.sta...wikimu...runesc...
runesc...wikisp...deurne...reevo....pib.so...stampy.airu.teo...

altes-...www.ge...asnzs4...www.wi...fish.f...synthe...

infras...

naruto...mwiki....wiki01...wiki.g...stm32w...
blazbl...infote...wiki.p...pkc.pubadsol....ftbwik...wikime...

ourobo...wiki.g...vloca-...
biobla...

mitoea...

heald....

k-on.f...

wikele...ilstra...wiki.c...master...librar...
www.ch...wiki.c...wiki-f...

labora...

laferm...

lobbyp...founta...
en.dem...projex...wiki.q...it.pub...carijo...waaagh.nl

wiki.f...
psalms...noorta...wiki.p...moha.wiki

www.br...

nowmus...fulbou...shanpa...wiki.s...chessk...kennis...
www.ko...

iccl.i...

dsms.r...www.pl...veikko...teache...
wiki.e...

www.wi...ge.sig...histor...wiki.a...besch.wstestin...

wikifa...combat...de.mus...organi...encycl...
zaonia...www.da...
wiki.f...lab139...

tbpedi...

kerkli...
nonsa.plmath.jp

www.kr...levend...no.sig...opensa...inatur...mother...

wiki.i...
kiprob...smwtes...terraw...wiki.b...

wiki.d...www.ja...wikiva...www.th...en.mus...golfli...wikici...
www.no...

earonl...

wiki.k...www.my...www.we...viquil...confoc...

wiki.k...

www.bi...wikiro...biosor...wikten...
norrat...

agrrow...madmen...www.re...gundam...wiki.d...fahrra...

fr.mcu...
bandwi...theate...stefko...www.fa...classi...

wiki.d...

studen...

wiki.h...privat...memori...glee.w...
camelo...

wiki.a...mitoph...help.b...docume...theaqu...
www.gr...
transl...

wiki.o...
starga...en.pub...starte...

keogt.com
www.lr...

wiki.a...

ringof...en.dem...www.mu...
standa...databr...
splitt...cppoue...evalua...jarviw...soulea...
mondot...anothe...
wiki14...thefis...fr.wik...www.pr...

tangow...
wikims...

www.ge...

tradit...www.ge...mediae...
wiki.a...captra...

en.hel...
cargoh...www.lu...t10142...projec...ceanbe...

en.teo...
worldf...biblio...wiki.s...
wiki.l...

woolje...openre...
open-c...destin...wiki.r...dein-l...wiki.i...

foamed...
test.w...living...irhb.orgdoodle...www.ba...ccmdb....
wikitr...
chatwa...
www.wi...wiki.r...legisn...wiki.e...wiki.a...

kennis...

wiki.l...nuestr...sod-ng...rueda-...
mora.m...

hora.s...

cora.w...wiki.b...wikima...wiki.t...
wikide...
en.bri...avifau...dev-wi...maddra...pl.eld...shrelo...
xn--po...

pokepe...

wiki.m...infekt...vastdb...
wiki.t...

orwiki...wikire...

wikico...

protoc...games....
xn--80...
musict...
ru.scp...geschi...

bootst...demo.d...wikizi...wikiyo...
dina-p...

detect...

www.ve...wiki.h...wiki2....
histor...vogons...

can4ev...

wiki.a...nl.dem...miahcl...gawler...
divers...

xinrea...idwiki...transi...vistke...gynope...
sv.xzo...erftst...hochnw...sgv.to...wiki.c...srw.wi...

www.co...
openfo...forgot...auditp...www.wi...www.tr...www.ru...homeco...oldwik...cafefi...gptwik...resour...

schatt...mywiki...
librep...

korrek...

mw.blx...wiki.d...www.ve...
weapon...vowi.f...

www.ro...

istari...thurum...knowle...
gem.wikiestere...

www.sn...
elanth...rights...wiki.i...jesusw...

recapi...es.pub...
wiki.o...

citize...gemmao...
semant...
archi-...smart-...

wiki-e...

wiki.v...silver...www.ai...eagle-...
w.zom.bi

fina.k...
prepar...
willun...ethw.orgpartic...scouti...
wiki.s...enterp...

archiv...jsa.ss...
wiki.b...
rottwe...diadik...

www.ei...

mabi.w...myprox...iotwik...wiki.m...www.ru...
prts.wiki
tauchs...metabo...fr.bat...wikima...librar...www.de...wiki.m...

armeni...animan...
fahrra...
toeran...www.hu...

megama...

gundam...wikimu...
atitd....acpt.p...na.sig...

planth...
kingki...dccwik...ak.kaz...zeewer...

heroes...www.ka...dreamg...
grazwi...cccp.i...wiki.b...
statio...test.d...

figure...

mythic...wiki.a...www.se...
wiki.l...da.wik...

pedago...
wiki.s...violen...gitaar...callto.uk

www.va...
halach...leviol...sophiv...www.op...

nieder...spaceo...
kruede...

logi.wikiwiki.p...alketa...
resear...sigidw...links....storyb...

wiki.b...wiki.a...de.hel...subsur...wiki.s...cnac.h...
vaniqu...pso2na...lagbd.orgbugsig...

atlasm...alexwi... www.ko...
ravint...www.su...

wiki.a...
wiki.c...nl.dem...mauriz...

wiki.e...beacha...lrde.e...dragon...ogdcoc...hostom...
www.fo...huijiw...saveml...

wiki.l...en.mcu...wiki.c...

The Semantic MediaWiki Cloud from purl.org/SMWCloud

Legend

Cross Domain

Geography

Government

Life Sciences

Linguistics

Media

Publications

Social Networking

User Generated

Chamap...

HüPedia

RuneSc...

RuneSc...

Meta Wiki

RuneSc...

IEC62196

T10142

ASNZS3000

IEC61557

ASNZS4836

Wikelec

Public...

Wiki p...

Cellyo...

Cellyo...

Hacker...

BlueSp...

BlueSp...

imedwiki

imedwiki

imedwiki

teixidora

Remix ...

UBS Te...

Partne...

UBS - ...

korrek...

Intern...

HWB-Eu...

Max-Eu...

dermos...

confoc...

Pareltaal

Aardnoot

BlueSp...

BlueSp...

BlueSpice

PROYEC...

Proget...

PUBLIC...

Hacker...

BlueSpice

Anarch...

La Ferme

VoWi

Wiki

BlueSpice

Marvel...

Marvel...

Wiki s...

The Semantic MediaWiki Cloud from purl.org/SMWCloud

Fig. 4: Connected SMW Cloud instances with and without semantic-mediawiki.org

be classified because of the lack of investigated content (see Section 2). While
we see that common LOD Cloud topics are well suited for classifying about half
of SMW Cloud, other significant topics emerge: SMW Cloud has a rich number
of technology, education and community wikis not prominently featured in LOD
Cloud.

SMW LOD Cloud
classification29

Free classifi-
cation

Description Topic
(WikiApiary)

Topic
(BuiltWith)

geschichtewiki
.wien.gv.at

history
(government,
geography)

Vienna,
Austria

The Wien Geschichte Wiki is an encyclopedia
of historical, geographic, and cultural information
related to the city of Vienna and its surrounding
regions.

city wiki,
history,
vienna

Art And
Entertain-
ment

bacid.eu government public ad-
ministration

BACID Wiki contains information about decen-
tralized governance, capacity building, and public
administration initiatives in the Danube region.

- Business
And Indus-
trial

korrekt.org publications
(media,
user generated)

knowledge-
based sys-
tems

Korrekt.org is a wiki focused on the research and
publications of Professor Markus Krötzsch, cov-
ering topics such as description logic, semantic
wikis, and knowledge-based systems.

homepage,
semantic
mediawiki

Science

www.
gardenology
.org

life sciences plants,
gardening,
encyclopedia

A comprehensive wiki encyclopedia covering
plants and gardening, featuring detailed entries
and photographs.

- -

Table 5: Examples of SMW domain annotations

4.3 Ontological analysis

A number of metrics has been been proposed for the analysis of KGs and ontolo-
gies. Since a KG comprises both A-Box as well as T-Box statements, we consider

29 Classifications enclosed within parentheses are also produced by the model, serving
as alternatives.

semantic-mediawiki.org
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Fig. 5: Prevalent Topics Across SMW Cloud Instances

both metrics for characterizing KGs and ontologies as suitable for analysing KG
with notable limitations applying to ontology metrics discussed separately.

Reiz et al. [24] proposes an ontology describing common metrics used to char-
acterize Knowledge Graphs and also introduces an open source tool automating
the calculation of a broad variety of metric and quality analyses calculations30.
The website of the tool also includes a Metric Explorer with metric overviews
and descriptions. For SMW Cloud, Table 6 summarizes the basic ontology met-
rics for SMWs. We have also calculated all quality analyses based on these basic
ontology metrics suggested by the Neontometrics engine (see Table 8).

Ontologically, SMW do contain a large number of class and property asser-
tion axioms, same individual assertions as well as individual, class and prop-
erty annotations. Notably, although SMW technically allows the use of RDFS
and OWL concepts, only a total of 5 SMWs31 implement class hierarchies (via
rdfs:subClassOf ) and no SMW instance implements property hierarchies (via
rdfs:subPropertyOf ) in practice, while 5 SMW instances use owl:equivalentProperty
definitions, some of which seem redundant.32 A closer analysis of the RDF(S)

30 http://neontometrics.com/
31 Specifically: wiki.spell-plattform.de, wiki.fablab.is, wiki.attraktor.org, spiele.j-crew.de

and dotawiki.de
32 E.g., a triple dcterms:isPartOf owl:equivalentProperty dcterms:isPartOf in

pool.publicdomainproject.org

http://neontometrics.com/
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and OWL vocabulary used in 1029 crawled SMW instances in terms of De-
scription Logics expressivity (testable again through the Neontometrics tool) is
illustrated in Table 7: here, the concrete RDF(S)+OWL constructs being used in
each DL expressivity class are analysed, which reveals that only a small fraction
of RDFS’ and OWL’s statements are being used in SMW instances. Indeed, for
instance, neither rdfs:domain and rdfs:range definitions, nor owl:equivalentClass,
with one exception, hardly any multi-triple OWL axioms are being used in SMW
instances: under-use of complex OWL constructs, not even mentioning OWL2,
can therefore be also observed on the SMW ecosystem, in a similar and even
more pronounced form than already observed more than 10 years ago for the
LOD Cloud [16]. Also, due to the sparse use of subclassing and sub- or equivalent
properties, further analysis does not further focus on ontology metrics and qual-
ity framework metrics, which emphasize schema depth/inheritance richness [27],
see also Footnote 33 in Table 6.

SMW Cloud

Metric Mean Min Max Median

Class assertion axioms 12,782.75 0 540,701 530.0

Object property assertion axioms 21,735.10 0 1,169,337 635.5

Data property assertion axioms 55,397.72 0 3,144,162 1,793.0

Same individuals axioms 346.05 0 18,512 10.0

General annotation axioms 1,759.55 0 49,391 172.0

Annotation assertion axioms 5,065.86 0 374,185 508.0

Data property annotations 6.92 0 178 6.0

Class annotations 3.25 0 374 2.0

Object property annotations 15.58 0 374 5.0

Individual annotations 5,004.62 0 374,116 439.0

Axioms 95,654.59 0 5,236,436 3,951.5

Logical axioms 90,308.68 0 4,861,744 3,297.5

Classes33 195.57 0 9,082 22.5

Classes with individuals 188.06 0 9,074 14.5

Object properties 30.83 0 1,500 21.0

Data properties 48.80 0 1,249 32.0

Individuals 12153.97 0 728,482 650.5

Table 6: Basic ontology metrics

In our metric processing, we calculate all Quality Frameworks indicated in
Table 2. Although it is not feasible to discuss the evaluation of frameworks in
full, we demonstrate the OQueRe framework in Table 8, examplified by metrics
receiving the best score and the worst score suggesting a more in-depth analysis
as subject of future work capitalizing on the resource established in this work.

33 Due to the observed lack of hierarchical structure, the number of classes is equivalent
with the number of root classes, paths to leaf classes, absolute leaf cardinality and
absolute depth, so we do not provide these metrics separately.
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AL AL(D) ALO(D) ALEO(D) - ALHO(D) -
Number of SMW instances: (99) (165) (708) (50) (3) (1029)
rdf:type 10206194 217002 18593506 1807 69973 29088482
rdfs:isDefinedBy 1829566 35365 2987260 665 3336 4856192
rdfs:label 1829657 35365 2988428 666 3336 4857452
rdfs:seeAlso - - 2 - - 2
rdfs:subClassOf - 51 16 - - 67
rdfs:comment - - 255 - - 255
owl:imports 1430995 26574 2065990 443 3065 3527067
owl:Ontology 1430995 26574 2065990 443 3065 3527067
owl:Class 136758 3934 193832 39 7175 341738
owl:DatatypeProperty 8043 3027 35345 17 216 46648
owl:ObjectProperty 8377 1232 19169 24 82 28884
owl:sameAs 450445 - 358972 76 164 809657
owl:differentFrom - - 16 - - 16
owl:equivalentProperty - - - - 5 5
owl:intersectionOf - - - 3 - 3
owl:Restriction - - - 3 - 3
owl:onProperty - - - 3 - 3
owl:hasValue - - - 3 - 3
rdf:first - - - 6 - 6
rdf:rest - - - 6 - 6
rdf:nil - - - 3 - 3

Table 7: Use of the RDF(S)+OWL and DL expressivity of SMW instances

Metric Mean Min Max Median Score

Mean number of
annotations per
class

37.96 0.65 710.16 14.29 1 (excellent)

Mean number of
attributes per
class

1.05 0.01 2.67 0.77 1 (excellent)

Weighted Method
Count: Mean
number of proper-
ties per class [6]

345.37 0.70 55439.4 35.19 5 (unsatisfactory)

Table 8: OQueRE Metrics and Scores



14 Dobriy et al.

5 Conclusion and future work

This paper presented and characterized the SMW Cloud corpus, an extensive
collection of RDF data collected from Semantic MediaWiki instances. We demon-
strate, with a focused crawling pipeline, that we can identify and collect data
from over 1000 SMW instances, some of which have been in existence and active
use for over 15 years, which demonstrates the considerable interest of relevant
communities and SW technology users of this largely unobserved part of the
Semantic Web.

To promote interoperability and ease of use, the SMW corpus is made avail-
able as HDT and the corpus’ metadata is queryable via a SPARQL endpoint, in
line with the FAIR data principles[29]. We plan to update the SMW Cloud reg-
ularly and extend it by discovering and crawling RDF from new SMW instances
as they appear.

Following the same approach, we recommend that Semantic MediaWiki de-
velopers 1) enable RDF dump generation by default rather than requiring ad-
ministrators to manually make use of a maintenance script to create a dump (or
us to crawl the RDF data per page) 2) when a SPARQL-enpoint is available,
make it discoverable through SMW API and 3) consider adopting HDT as a
compact format for publishing regular dumps as we have demonstrated that it
is highly compact format for SMW data (achieving a Data Compression Ratio
of 17,5 for SMW Cloud compared to NTriples, more efficiently that for other
benchmarks evaluated [20]).

In terms of evaluation and benchmarking as a field of interest of the Seman-
tic Web Community [4], SMW Cloud provides a novel and distinct dataset with
unique characteristics that introduces variety into the field of LOD sources in-
vestigated so far; we have demonstrated these unique characteristics in terms of
a variety of common basic graph and ontology metrics, that illustrate significant
differences of RDF usage within SMW instances and the rest of the LOD Cloud.
We expect the SMW Corpus to enable previously unexplored approaches in LOD
and EKG research.

5.1 Limitations

Statistics calculated by us can not be directly integrated back into individual
SMWs, creating a discoverability problem. To this end, it is planned to introduce
an SMW extension that will 1) schedule regular RDF dump generation, 2) notify
the proposed architecture of the Wiki, and 3) fetch calculated statistics from the
SMW Corpus and integrate them into the Wiki.

5.2 Future work

As future work we think that the SMW corpus can also provide a basis for longi-
tudinal analysis, link analysis [17], etc. This will enable a better understanding of
dynamics and evolution of vocabularies. It is our goal to create profiling tools and
resources enabling users to create an assessment of the data at hand [3]. Finally,
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as noted in Section 1, Wikibases are the second most widely used semantic wiki
platform to date. Therefore, crawling efforts and analyses of Wikibase instances
following a similar methodology are a prioritised part of future work.

5.3 Sustainability plan

To account for the updates in the SMW Cloud, which particularly concerns the
introduction of new SMW instances, but also general changes to already ac-
counted SMWs, we plan to release new versions of SMW Cloud at least annualy.
The sustainability plan includes further extension of the automatic metric cal-
culation in the frame of future work and other continuing research as well as
tight collaboration with other researchers and users with regards to its further
development and maintenance, as well as use case documentation.

We are commited to sustainably host and maintain the corpus thought our
institute that already hosts various widely adopted Semantic Web resources for
several years now and promote the sustainability strategy within ongoing com-
munity activities such as the “Distributed Knowledge Graphs” COST Action34,
which as one of its activities aims at aligning and sustaining community services
and tools.

The resource is made accessible in following ways:

1. The aggregated SMW Cloud dataset is made available via the institutional
repository.35

2. The SMW Cloud corpus containing individual SMW datasets is also made
available via the institutional repository.36

3. The calculated metrics for the corpus are available via a public SPARQL
endpoint.37
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J., Lange, C., Heflin, J. (eds.) The Semantic Web – ISWC 2017. pp. 75–83. Lec-
ture Notes in Computer Science, Springer International Publishing, Cham (2017).
https://doi.org/10.1007/978-3-319-68204-47

14. Fernández, M., Overbeeke, C., Sabou, M., Motta, E.: What Makes a Good Ontol-
ogy? A Case-Study in Fine-Grained Knowledge Reuse. In: Hutchison, D., Kanade,
T., Kittler, J., Kleinberg, J.M., Mattern, F., Mitchell, J.C., Naor, M., Nier-
strasz, O., Pandu Rangan, C., Steffen, B., Sudan, M., Terzopoulos, D., Tygar,
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