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Abstract. Knowledge Graphs, such as DBpedia, YAGO, or Wikidata,
are valuable resources for building intelligent applications like data analytics tools or recommender systems. Understanding what is in those
knowledge graphs is a crucial prerequisite for selecing a Knowledge Graph
for a task at hand. Hence, Knowledge Graph profiling - i.e., quantifying
the structure and contents of knowledge graphs, as well as their differences - is essential for fully utilizing the power of Knowledge Graphs.
In this paper, I will discuss methods for Knowledge Graph profiling, depict crucial differences of the big, well-known Knowledge Graphs, like
DBpedia, YAGO, and Wikidata, and throw a glance at current developments of new, complementary Knowledge Graphs such as DBkWik and
WebIsALOD.

1

Knowledge Graphs on the Web

The term “Knowledge Graph” was coined by Google when they introduced their
knowledge graph as a backbone of a new Web search strategy in 2012, i.e., moving
from pure text processing to a more symbolic representation of knowledge, using
the slogan “things, not strings”1 .
Various public knowledge graphs are available on the Web, including DBpedia [14] and YAGO [26], both of which are created by extracting information
from Wikipedia (the latter exploiting WordNet on top), the community edited
Wikidata [27], which imports other datasets, e.g., from national libraries2 , as
well as from the discontinued Freebase [19], the expert curated OpenCyc [15],
and NELL [4], which exploits pattern-based knowledge extraction from a large
Web corpus.
Furthermore, company-owned knowledge graphs exist, like the already mentioned Google Knowledge Graph, Google’s Knowledge Vault [5], Yahoo’s Knowledge Graph [2], Microsoft’s Satori, and Facebook’s Knowledge Graph. However,
those are not publicly available, and hence neither suited to build applications
by parties other than the owners, nor can they be analyzed in depth. The degree
to which their size, structure, contents, and quality are known varies.
Although all these knowledge graphs contain a lot of valuable information,
choosing one KG for building a specific application is not a straight forward
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task. Depending on the domain and task at hand, some KGs might be better
suited than others. However, there are no guidelines or best practices on how
to choose a knowledge graph which fits a given problem. Previous works mostly
report global numbers, such as the overall size of knowledge graphs, such as [16],
and focus on other aspects, such as data quality [9]. In [20], we have taken a
more in-depth look, showing detailed results for different classes.
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Measures and Methods for Knowledge Graph Profiling

In general, the aim of knowledge graph profiling is to understand whether a
given knowledge graph suits a certain purpose. For example, for building an
application for a specific domain, backed by a knowledge graph, requires that
this knowledge graph contains a reasonable amount of information about the
entities in that domain, and describes them at a suitable level of detail.
There is a large body of work on measures and methods for dataset profiling
for knowledge graphs and Linked datasets [6]. For analyzing knowledge graphs,
we use the following three classes of metrics:
Global Measures describe the knowledge graph as a whole,
Class-based Measures describe the characteristics of entities in a given class,
and
Overlap Measures describe the difference between two or more knowledge
graphs.
2.1

Global Measures

The most basic question to ask about a knowledge graph is: How large is it?
Hence, we can count the number of instances and assertions, i.e., relations between two entities, or relations of an entity to a literal value.
Second, we are often interested in the level of detail at which entities are are
described in a knowledge graph. This is usually computed as the average degree,
i.e., the average number of ingoing and/or outgoing edges of a node. Aside from
looking at averages, it is often interesting to also consider the median, which
may give a more realistic picture of the level of detail for an average entity.
For entities, relations, and degrees, one can often find different numbers in
different reports. This is due to the fact that there are some methodological
differences. For entities, some reports only count explicitly typed resources, while
others count all nodes in the graph. For relations, some reports count literal
assertions as well, while others do not. Furthermore, reports may differ in taking
into account special relations (e.g., owl:sameAs), while others do not, which may
have an influence on the degrees reported. Finally, some reports treat schema
and instances separately, while others count, e.g., classes and instances alike
when reporting the number of entities in a graph.
Finally, the timeliness of a knowledge graph can also be relevant. While
some knowledge graphs are no longer developed any further, meaning that their
contents become more and more outdated, others have regular – shorter or longer
– release cycles, or even provide live data.

2.2

Class-based Measures

For class-based measures, the same metrics as for global measures can be used,
i.e., how many entities exist in a certain class, and at which level of detail are
they described?
There are two problems that may arise when counting the number of instances in a class, and reporting that number as There are are N entities of
type X in this knowledge graph. First, the type assertions in a knowledge graph
are not guaranteed to be complete. In fact, in [17], we presented an estimate of
the number of missing type assertions in DBpedia. By comparing two knowledge graphs – i.e., DBpedia and YAGO – and counting the untyped instances in
DBpedia that have a type in YAGO which has a corresponding type in the DBpedia ontology, we found that DBpedia has at least 2.6M missing type assertions.
Hence, counting type instances based on type assertions often underestimates
the actual counts.
The second problem occurs with modeling issues. For example, instances are
usually counted based on asserted types, but different knowledge graphs have
different modeling paradigms. For example, DBpedia and YAGO define classes
for occupations of people (e.g., Actor or Politician), while Wikidata models those
as a relation linking a person to a profession, while the person is only assigned
the less specific type Person. Those complex mappings are not always easy to
obtain and utilize when comparing the number of entities in a given class across
knowledge graphs.
2.3

Overlap Measures

To quantify the similarity and difference of knowledge graphs, one has to analyze their overlap, i.e., the amount of instances they have in common. Although
many knowledge graphs are served as Linked Open Data [1], using interlinks on
instance level with owl:sameAs, those interlinks are not necessarily complete,
i.e., the Open World Assumption, which holds to Web knowledge graphs in general, also holds for their interlinks. Hence, they cannot be utilized directly as a
measure for quantifying the overlap between two knowledge graphs. For example, from the fact that 2,000 cities in knowledge graph A are linked to cities in
knowledge graph B, we cannot simply conclude that this is the number of cities
contained in the intersection of A and B.
In order to estimate the actual overlap based on explicit interlinks, we use an
approach first described in [20]. We first find interlinks between two knowledge
graphs using an arbitrary linkage rule, e.g., interlinking all entities with the same
name.
Then, using the existing interlinks, we compute the quality of a linking approach in terms of recall and precision. Given that the actual number of links
is C, the number of links found by a linkage rule is F , and that the number of
correct links in F is F + , recall and precision are defined as
R :=

|F + |
|C|

(1)

P :=

|F + |

(2)

|F |

By resolving both to |F + | and combining the equations, we can estimate |C| as
|C| = |F | · P ·

1
R

(3)

Note that in the latter formula, all variables on the right hand side – the total
number of interlinks found by a linkage rule, as well as its recall and precision
– are known (which is not true for F + in the two formulas above). For a stable
estimate, we use a variety of different linkage rules, and average their estimates.
As for class-based measures, we can quantify the overlap per class, e.g., finding all persons that are contained in two knowledge graphs. Again, this may be
biased by missing type statements in the knowledge graphs, but usually provides
a decent approximation.

3

Global Measures: Overall Size and Shape of Knowledge
Graphs

For the analysis in this paper, we focus on the public knowledge graphs DBpedia,
YAGO, Wikidata, OpenCyc, and NELL.3,4 For those five KGs, we used the most
recent available versions at the time of this analysis, as shown in Table 1.
We can observe that DBpedia and YAGO have roughly the same number
of instances, which is not surprising, due to their construction process, which
creates an instance per Wikipedia page. Wikidata, which uses additional sources
plus a community editing process, has about tree times more instances. It is
remarkable that YAGO and Wikidata have roughly the same number of axioms,
although Wikidata has three times more instances. This hints at a higher level
of detail in YAGO, which is also reflected in the degree distributions.
OpenCyc and NELL are much smaller. NELL is particularly smaller w.r.t.
axioms, not instances, i.e., the graph is less dense. This is also reflected in the
degree of instances, which depicts that on average, each instance has less than
seven connections. The other graphs are much denser, e.g., each instance in
Wikidata has about 50 connections on average, each instance in DBpedia has
about 60, and each instance in YAGO has even about 120 connections on average.
The number of entities and the degrees are not independent. There are certain
effects caused by the distribution of entities contained in the different graphs:
While OpenCyc contains mostly head entities, DBpedia, YAGO, and Wikidata
have a larger coverage of tail entities as well. The head entities are actually
described in the larger knowledge graphs at much more detail than in the smaller
ones, but the overall degree distribution is rather skewed, which leads to lower
averages.
3
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Freebase was discarded as it is discontinued, and non-public KGs were not considered, as it is impossible to run the analysis on non-public data.
Scripts are available at https://github.com/dringler/KnowledgeGraphAnalysis.

Table 1: Global Properties of the Knowledge Graphs compared in this paper [20]
DBpedia
YAGO
Wikidata OpenCyc
NELL
Version
2016-04
YAGO3
2016-08-01 2016-09-05 08m.995
# instances
5,109,890
5,130,031
17,581,152
118,125 1,974,297
# axioms
397,831,457 1,435,808,056 1,633,309,138 2,413,894 3,402,971
avg. indegree
13.52
17.44
9.83
10.03
5.33
avg. outdegree
47.55
101.86
41.25
9.23
1.25
# classes
754
576,331
30,765
116,822
290
# relations
3,555
93,659
11,053
165
1,334
Releases
biyearly
> 1 year
live > 1 year 1-2 days

The schema sizes also differ widely. In particular the number of classes are
very different. This can be explained by different modeling styles: YAGO automatically generates very fine-grained classes, based on Wikipedia categories.
Those are often complex types encoding various facts, such as “American Rock
Keyboardists”. KGs like DBpedia or NELL, on the other hand, use well-defined,
manually curated ontologies with much fewer classes.
Since Wikidata provides live updates, it is the most timely source (together
with DBpedia Live, which is a variant of DBpedia fed from an update stream of
Wikipedia [11]). From the non-live sources, NELL has the fastest release cycle,
providing a new release every few days. However, NELL uses a fixed corpus of
Web pages, which is not updated as regularly. Thus, the short release cycles do
not necessarily lead to more timely information. DBpedia has biyearly releases,
and YAGO and OpenCyc have update cycles longer than a year.

4

Class-based Measures: Looking into Details

When building an intelligent, knowledge graph backed application for a specific
use case, it is important to know how fit a given knowledge graph is for the
domain and task at hand. To answer this question, we have picked 25 popular
classes in the five knowledge graphs and performed an in-depth comparison. For
those, we computed the total number of instances in the different graphs, as well
as the average in and out degree. The results are depicted in figure 2.
While DBpedia and YAGO, both derived from Wikipedia, are rather comparable, there are notable differences in coverage, in particular for events, where
the number of events in YAGO is more than five times larger than the number
in DBpedia. On the other hand, DBpedia has information about four times as
many settlements (i.e., cities, towns, and villages) as YAGO. Furthermore, the
level of detail provided in YAGO is usually a bit larger than DBpedia.
The other three graphs differ a lot more. Wikidata contains twice as many
persons as DBpedia and YAGO, and also outnumbers them in music albums and
books. Furthermore, it provides a higher level of detail for chemical substances
and particularly countries. On the other hand, there are also classes which are

YAGO

Wikidata
DBpedia

NELL

Open
Cyc

Fig. 1: Knowledge Graphs inspected in this paper, and their interlinks. Like for
the Linked Open Data Cloud diagrams [24], the size of the circles reflects the
number of instances in the graph (except for OpenCyc, which would have to be
depicted an order of magnitude smaller). [20]

hardly represented in Wikidata, such as songs.5 As far as Wikidata is concerned,
the differences can be partially explained by the external datasets imported into
the knowledge graph.
OpenCyc and NELL are generally smaller and less detailed. However, NELL
has some particularly large classes, e.g., actor, song, and chemical substance,
and for government organizations, it even outnumbers the other graphs. On the
other hand, there are classes which are not covered by NELL at all.

5

Overlap of Knowledge Graphs

We follow the approach discussed above in section 2.3. For our analysis, we
use 16 combinations of string metrics and thresholds on the instances’ labels:
string equality, scaled Levenshtein (thresholds 0.8, 0.9, and 1.0), Jaccard (0.6,
0.8, and 1.0), Jaro (0.9, 0.95, and 1.0), JaroWinkler (0.9, 0.95, and 1.0), and
MongeElkan (0.9, 0.95, and 1.0). Furthermore, to speed up the computation, we
exploit token-based blocking in a preprocessing step (where each instance is only
assigned to the block of the least frequent token), and discarding blocks larger
than 1M pairs.
As incomplete link sets for estimating recall and precision, we use the links
between the knowledge graphs, if present. If there are no links, we exploit transitivity and symmetry of owl:sameAs, and follow the link path through DBpedia
(see Fig. 1). NELL has no direct links to the other graphs, but links to Wikipedia
pages corresponding to DBpedia instances, which we use to create links to DBpedia (indicated by the dashed line in the figure).
Fig. 3 depicts the pairwise overlap of the knowledge graphs, using the 25
classes also inspected above, according to two measures: potential gain by joining
the two knowledge graphs (i.e., the relation of the union to the larger of the two
graphs), and the overlap relative to the existing KG interlinks.
Overall, we can observe that merging two graphs would usually lead to a 5%
increase of coverage of instances, compared to using one KG alone. The largest
5
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Fig. 2: Number of instances (a), avg. indegree (b) and avg. outdegree (c) of selected classes. D=DBpedia, Y=YAGO, W=Wikidata, O=OpenCyc, N=NELL.
[20]

potential gain most often comes from merging the larger knowledge graphs with
NELL. We can therefore conclude that NELL is rather complementary to most
of the other KGs under consideration. The most complementary classes, with an
average gain of more than 10% across all pairs of knowledge graphs, are political
parties and chemical substances. When looking at the overlap relative to the
number of existing links, NELL has the weakest degree of interlinking: e.g., for
YAGO and NELL, the estimated overlap is more than eight times larger than
the number of interlinks. The classes with the weakest degree of interlinking
are countries (32 times larger overlap than explicit interlinks), movies (13 times
larger), and companies (10 times larger).6
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Note that it is not necessary that the linking approach is particularly good, as long as
we can estimate its quality reasonably well. In our experiments, the agreement about
the estimated overlap is rather high, showing an intra-class correlation coefficient
(ICC) of 0.969. In contrast, the size of the actual alignments found by the different
approaches differs a lot more, showing an ICC of only 0.646.
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Fig. 3: Number as potential gain (a) and relative to existing interlinks (b) of selected classes. D=DBpedia, Y=YAGO, W=Wikidata, O=OpenCyc, N=NELL.
[20]
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Summary of the Comparison of DBpedia, YAGO,
Wikidata & co.

We have compared the coverage, level of detail, and overlap for 25 popular
classes. Some key findings from this comparison include:
– For person data, Wikidata is the most suitable source, containing twice as
many instances as DBpedia or YAGO, at a similar level of detail.
– Organizations, such as companies, are best described in YAGO.
– DBpedia contains more places than the other KGs, including almost four
times more cities, villages etc. than YAGO.
– While DBpedia and YAGO contain much more countries than Wikidata (due
to the inclusion of historic countries, such as the Roman Empire), Wikidata
holds the most detailed information about countries.
– Overall, DBpedia contains the largest number of artistic works, although details differ for subclasses: Wikidata contains more music albums and movies,
while YAGO contains more songs. The most detailed information about
artistic works is provided by YAGO.
– Cars and spacecraft are best covered in YAGO, while DBpedia is the better
resource for ships.
– For events, YAGO is the most suitable source, both in terms of coverage and
level of detail.
– NELL contains the largest number of chemical substances. The highest level
of degree for chemicals, however, is provided in Wikidata.
– YAGO contains the largest number of astronomical objects.

Note that those numbers are not exhaustive, they merely demonstrate the need
for a careful analysis of KGs before exploiting them for a project at hand.
In addition to the question which knowledge graph serves a certain task best,
another question is whether it makes sense to use more than one combined. Here,
we have observed that there is often a considerable complementarity. Especially
NELL is very complementary to the other KGs, although a lot less rich in details.
Thus, the coverage can often be extended significantly by combining different
KGs. This, however, requires refinement of the interlinking, since the interlinks
are usually incomplete.
When combining multiple knowledge graphs, we observe that, although a
lot of interlinks have been established between the public KGs, the estimated
overlap is often much higher. In some cases, the estimated overlap exceeds the
number of explicitly set links by a factor of more than 20. Hence, for combining
KGs, improving the interlinking has to be a key step.
Depending on the task at hand, other aspects may be important as well.
Reliability and correctness of the data in different KGs may be crucial for some
tasks, for which other studies should be consulted as well, e.g., [9]. Furthermore,
timeliness of the data, as discussed above, may be more important for some tasks
than for others.

7

New Developments of Knowledge Graphs

From the observations above, we can see that DBpedia, YAGO, and Wikidata
have a similar coverage, while OpenCyc and NELL are much smaller in their
coverage, and less detailed. Hence, alternatives to the “big three” knowledge
graphs are rare. However, for many applications, having detailed information
also about long tail instances would be desirable. Examples include, but are not
limited to
Recommender systems that also work well on less well-known artists and/or
works, [22]
Named entity recognition and linking systems that also recognize long-tail
entities, [8]
Data mining applications backed by knowledge graphs [21, 23] that work on
domains and/or entities not well covered in DBpedia and others.
Hence, new developments of knowledge graphs should focus on different sets of
entities than those which are already well described in the existing ones. In the
following, we will briefly discuss two new developments, i.e., DBkWik [13] and
WebIsALOD [12].
7.1

DBkWik

The reason for the strong similarity of the big public knowledge graphs, i.e., DBpedia, YAGO, and Wikidata, is that they are either extracted from or strongly
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Fig. 4: The DBkWik framework for extracting a knowledge graph from a Wikifarm [13]

oriented at Wikipedia. Hence, their coverage is very close to that of Wikipedia
– and to that of each other.
At the same time, there are thousands of Wikis on the Web. Fandom powered
by Wikia 7 is one of the most popular Wiki Farms 8 , containing more than 385,000
individual Wikis comprising more than 350 million articles. WikiApiary reports
more than 20,000 public installations of the MediaWiki framework, which also
underlies Wikipedia9 .
Since those Wikis are technically very similar to Wikipedia, the same tool
stack which is used to create a knowledge graph like DBpedia can also be applied
to extract a knowledge graph from any other Wiki as well. With DBkWik, we
have shown that the extraction of a joint knowledge graph from many Wikis is
technically feasible. Fig. 4 shows the process.
While for DBpedia, mappings from infobox definitions in Wikipedia to a
common ontology are collected in a crowd-sourced process, for DBkWik, neither
a common ontology nor such mappings exist. In contrast, the ontologies (for
each Wiki) need to be created on the fly in DBkWik.
To create a unified knowledge graphs from those individual graphs, we have
to reconcile both the instances (i.e., perform instance matching) as well as the
schemas (i.e., perform schema matching). Since pairwise matching of the individual graphs would not be feasible due to its quadratic complexity, we follow
a two-step approach: the extracted Wikis are first linked to DBpedia (which is
linear in the number of Wikis). The links to DBpedia are then used as blocking
keys [7] for matching the graphs among each other to reduce the complexity.
As a proof of concept, we have, so far, extracted data from 248 Wikis from
Wiki dumps from the Fandom Wiki farm, using the DBpedia Extraction Frame7
8
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Wiki/Wiki_Farms
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work.10 The resulting dataset comprises 4,375,142 instances, 7,022 classes, and
43,428 (likely including duplicates). Out of those, 748,294 instances, 973 classes,
and 19,635 properties are mapped to DBpedia. To match the knowledge graph
to DBpedia, we use string matching on labels using surface forms [3] for entities, manually filtering out non-entity pages like list pages, and simple string
matching for classes and properties. The resulting knowledge graph encompasses
a total of 26,694,082 RDF triples.11
7.2

WebIsALOD

While Wikis are fairly easy to process, mainly since the tool stacks for creating
Wikipedia-based knowledge graphs already exist, the ultimate goal of knowledge
graph creation would be to create a knowledge graph from the entire Web. In [25],
we have focused on a particular generic relation for information extraction, i.e.,
the hypernymy relation. That relation holds both between classes (e.g., industrial
metal band is a hypernym of band ), as well as for instance-class relations (e.g.,
industrial metal band is a hypernym of Nine Inch Nails).
The approach sketched in [25] uses Hearst like patterns to identify hypernymy relations. For example, the pattern X, such as Y can be used to infer a
hypernymy relation between X and Y (e.g., in the sentence fragment Industrial
metal bands, such as Nine Inch Nails. The original approach uses more than
50 such patterns to extract hypernymy relations from the Common Crawl 12 , a
large-scale open crawl from the Web. The result of this extraction is the IsADB,
a database of 400 million hypernymy relations.
In [12], we have provided the resulting dataset as a Linked Data knowledge
graph, enriched with rich provenance metadata, confidence scores computed using a machine learning approach, and interlinks to DBpedia and YAGO. The
final resulting dataset consists of the original 400M hypernymy relations, together with a confidence score and metadata, as well as 2,593,181 instance links
to DBpedia and 23,771 class links to YAGO. All in all, the dataset consists of
5.4B triples.
In order to obtain a first content profile, we analyzed the fraction of instances
which are linked to and typed in DBpedia, and analyzed the type hierarchy in
DBpedia to estimate the distribution of those entities. That resulting distribution
is depicted in Fig. 5. We can observe that about half of the information is about
persons and organizations. Places, works, and species make up for 18%, 12%,
and 5%, respectively, while the rest is a mix of other types.
There are various challenges for the WebIsALOD dataset. Examples of ongoing and future work include the learning of better scoring models and the
induction of a type hierarchy, where the latter also includes the subtask of automatically distinguishing subclass of and instance of relations. Further, we aim
at extracting relations from pre- and post modifiers of the terms. For example,
10
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Fig. 5: Type breakdown of the instances in the WebIsALOD dataset [12]

in the hypernymy relation between Industrial metal band and Nine Inch Nails,
Industrial metal is a pre-modifier for the head noun Band. Hence, we could infer two additional axioms here: in general, the head noun is a hypernym of the
compound, i.e., Band is a hypernym for Industrial metal band. Second, using
the information that Industrial metal is also a genre, we can heuristically create
the axiom that Industrial metal is the genre of Nine Inch Nails, similar to the
approach sketched in [10].
Another crucial issue is the identification of homonyms in the dataset. Given
the two assertions Bauhaus is a goth band and Bauhaus is a German school,
it is clear that the subjects are two disjoint instances, while Bauhaus is a goth
band and Bauhaus is a post-punk band are not. Identifying such homonyms is
an ongoing effort. Here, we will rely both on clustering related hypernyms, as
well as linking the type hierarchy to upper ontologies, like it is done for DBpedia
[18].
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Conclusion

In this paper, we have given an in-depth look at knowledge graphs on the Semantic Web. We have seen that, although they are often conceived as comparable,

there are measurable differences between DBpedia, YAGO, and Wikidata. Furthermore, we have shown how to estimate the actual overlap between knowledge
graphs.
Despite their commonalities, one characteristic shared by the big knowledge
graphs is their focus on head entities. We have introduced two prototypes of
works in progress – i.e., DBkWik and WebIsALOD – which also encompass long
tail entities. Although still in their infancy, those new knowledge graphs can
grow to become a strong complement for the established ones.
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