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ABSTRACT

The Semantic Web has made it possible to automati-
cally find meaningful connections between musical pieces
which can be used to infer their degree of similarity. Simi-
larity in turn, can be used by recommender systems driving
music discovery or playlist generation. One useful facet
of knowledge for this purpose are fine-grained genres and
their inter-relationships.

In this paper we present a method for learning genre
ontologies from crowd-sourced genre labels, exploiting
genre co-occurrence rates. Using both lexical and con-
ceptual similarity measures, we show that the quality of
such learned ontologies is comparable with manually cre-
ated ones. In the process, we document properties of cur-
rent reference genre ontologies, in particular a high degree
of disconnectivity. Further, motivated by shortcomings of
the established taxonomic precision measure, we define a
novel measure for highly disconnected ontologies.

1. INTRODUCTION

In the 15 years since Tim Berners-Lee’s article about the
Semantic Web [2], the Linking Open Data Community
Project 1 has successfully connected hundreds of datasets,
creating a universe of structured data with DBpedia 2 at
its center [1, 3]. In this universe, the de facto standard for
describing music, artists, the production workflow etc. is
The Music Ontology [15]. Examples for datasets using it
are MusicBrainz/LinkedBrainz 3 , 4 and DBTune 5 . While
in practice taking advantage of Linked Open Data (LOD)
is not always easy [9], semantic data has been used suc-
cessfully, e.g. to build recommender systems. Passant et
al. outlined how to use LOD to recommend musical con-
tent [14]. An implementation of this concept can be found

1 http://www.w3.org/wiki/SweoIG/TaskForces/
CommunityProjects/LinkingOpenData

2 http://wiki.dbpedia.org/
3 http://musicbrainz.org/
4 http://linkedbrainz.org/
5 http://dbtune.org/
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in [13]. Tatlı et al. created a context-based music rec-
ommendation system, using genre and instrumentation in-
formation from DBpedia [18]. Di Noia et al. proposed a
movie recommender based on LOD from DBpedia, Free-
base 6 , and LinkedMDB 7 [8]. And recently, Oramas et
al. created a system for judging artist similarity based on
biographies linked to entities in LOD-space [11]. Many of
these approaches are trying to solve problems found in rec-
ommender systems relying on collaborative filtering, like
cold start or popularity bias [4].

Among other data, genre ontologies are a basis for these
systems. They allow the determination of degree of simi-
larity for musical pieces (e.g. via the length of the shortest
connecting path in the ontology graph), even if we have
no other information available. Surprisingly, we know lit-
tle about the genre ontologies contained in repositories like
DBpedia. How large and deep are they? How well do they
represent genre knowledge? Are they culturally biased?
How interconnected are genres in these ontologies?

While editors of LOD ontologies often follow estab-
lished rules, it is an inherent property of any ontology that
its quality is subjective. An alternative are learned ontolo-
gies. Naturally, they do not represent objective truth either,
but instead of relying on design principles, they use empir-
ical data. An interesting question is: How do curated genre
ontologies compare with learned ontologies?

In the following we are attempting to answer some of
these questions. Section 2 starts with proposing a method
for building a genre ontology from user-submitted genre
tags. In Section 3, we describe the existing genre ontolo-
gies DBpedia and WikiData as well as two new ontologies
created with the method from Section 2. In Section 4, we
describe evaluation measures loaned from the field of on-
tology learning. Our results are discussed in Section 5, and
our conclusions are presented in Section 6.

2. BUILDING THE GENRE GRAPH

As shown in [16], it is possible to create genre taxonomy
trees from user-submitted genre labels. These trees have
been proven useful for inferring a single top-level genre
for a given sub-genre. Unfortunately, taxonomy trees are
insufficient when attempting to model the complex inter-
genre relations found in the real world. The concept of a
fusion-genre for example, i.e. a connection between two

6 http://www.freebase.com/ — to be shut-down soon.
7 http://www.linkedmdb.org/
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otherwise separate taxonomy trees, is impossible to repre-
sent. Therefore, an ontology is commonly regarded as the
preferred structure to model genres and their relations.

Similar to [5], we define a genre ontology as a struc-
ture O = (C, root,≤C) consisting of a set of concepts
C, a designated root concept and the partial order ≤C on
C ∪ {root}. This partial order is called concept hierarchy.
The equation ∀c ∈ C : c ≤C root holds for this concept
hierarchy. For the sake of simplicity, we treat the relation
between genre names and genre concepts as a bijection,
i.e. we assume that each genre name corresponds to ex-
actly one genre concept and vice versa.

To construct a genre ontology based on suitably normal-
ized labels, we first create a genre co-occurrence matrixM
as described in [16]. The set C = {c1, c2, ..., cn} contains
n genres. Each user submission is represented by a sparse
vector u ∈ Nn with

ui =

{
1, if ci = user-submitted genre
0, otherwise.

(1)

Each song is represented by a vector s ∈ Rn. Each s
is defined as the arithmetic mean of all user submissions u
associated with a given song. Thus si describes the relative
strength of genre ci. Co-occurrence rates for a given genre
ci with all other genres can be computed by element-wise
averaging all s for which si 6= 0 is true:

Mi = s, ∀s with si 6= 0;M ∈ Rn×n (2)

Unlike [16], we normalize the co-occurrence rates from
M so that the maximum co-occurrence rate of one genre
with another is 1. This normalized co-occurrence matrix
is called N . Just like M , N is asymmetric. For example,
alternative strongly co-occurs with rock, but rock
co-occurs not as strongly with alternative. We take
advantage of this by defining a rule that helps us find sub-
genres: If a genre ci co-occurs with another genre cj more
than a minimum threshold τ , cj co-occurs with ci more
than a minimum threshold υ, and ci co-occurs with cj more
than the other way around, then we assume that ci is a sub-
genre of cj . More formally:

∀ci, cj ∈ C : ci <C cj iff
ci 6= cj ∧Ni,j > τ ∧Nj,i > υ ∧Ni,j > Nj,i

(3)

Note, that this rule allows one genre to be the sub-genre
of multiple other genres. τ controls the co-occurrence rate
it takes to be recognized as sub-genre. A low τ leads to
more sub-genres and fewer top-level genres. υ ensures that
the relationship is not entirely one-sided. As an extreme
example, a negative υ would require no co-occurrence of
genre cj with ci, but ci could still be a sub-genre of cj .

Applying (3) makes it easy to find top-level genres, but
the resulting hierarchy is rather flat. If a genre is more than
one node away from root, the rule does not perform well,
when it comes to deciding whether a genre is either a sub-
genre or a sibling. The reason lies in the fixed parameters
τ and υ, which are suitably chosen to find top-level genres,
but not sub-genres two or more levels deep. To better de-
termine deep sub-genre relationships starting from a given

top-level genre, we apply (3) recursively on each hierarchi-
cal sub-structure. So if C′ ⊂ C is the set of sub-genres for
a ck ∈ C, then the co-occurrence matrix N ′ for C′ can be
computed just likeN . BecauseN ′ is normalized, the same
τ and υ are suitable to find C′’s top-level genres, i.e. ck’s
direct children. Recursion stops, when the sub-structure
consists of at most one genre.

3. ONTOLOGIES

In order to evaluate learned ontologies, we need at least one
ontology that serves as reference. This is different from a
ground truth, as it is well known that a single truth does
not exist for ontologies: Different people create different
ontologies, when asked to model the same domain [6, 10,
12, 17]. We chose DBpedia and WikiData as references,
which are described in Sections 3.1 and 3.2. Using the
definitions and rules from Section 2, we constructed two
ontologies. One based on submissions by English speaking
users and another based on submissions by international
users. They are described in Sections 3.3 and 3.4.

3.1 DBpedia Genre Ontology

DBpedia is the suggested genre extension for The Music
Ontology and therefore a natural choice for a reference on-
tology. 8 The part of DBpedia related to musical genres is
created by extracting Wikipedia’s genre infoboxes. For this
to succeed, the DBpedia creation process requires that such
infoboxes exist, and that there is a defined mapping from
localized infobox to ontology properties. Informally we
found that for the English edition of Wikipedia both con-
ditions are usually met. This is not always true for other
language editions, e.g. German.

Wikipedia’s guidelines 9 define three possible hierar-
chical relations between genres:

• Sub-genre: heavy metal < thrash metal,
black metal, death metal, etc.

• Fusion: industrial < industrial metal
∧ heavy metal < industrial metal.

• Derivative: post punk < house,
alternative rock, dark wave, etc.

The derivative relation differs from sub-genre and fu-
sion in that derivative genres are considered “separate or
developed enough musicologically to be considered par-
ent/root genres in their own right”. As the relation does
not fit the general concept of sub-genre or sub-class, we
excluded it when building the ontology. Further, we were
unable to find a formal definition for the DBpedia rela-
tion stylistic origin. Based on sample data we interpreted
it as the inverse of derivative. As such it was also ex-
cluded. While this made sense for most genres, it did not
for some. The hip hop infobox for example, lists East

8 As source for this work, we used DBpedia Live, http://live.
dbpedia.org.

9 https://en.wikipedia.org/wiki/Wikipedia:
WikiProject_Music/Music_genres_task_force/
Guidelines#Genrebox
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Figure 1. Connected vs. disconnected genres in the four
used ontologies. Parameters for generated ontologies: τ =
0.17, υ = 0.0001, |CEng|= 1000, |CIntl|= 1041.

Coast hip hop and West Coast hip hop as re-
gional scenes, but not as sub-genres or derivatives. Un-
fortunately, in DBpedia, regional scene is not defined as a
special genre relation, like sub-genre, but just as a plain
property. In contrast, both Wikipedia articles on East
Coast hip hop and West Coast hip hop start
with assuring a sub-genre relationship to hip hop. Also,
both DBpedia entries list hip hop as the stylistic ori-
gin. We found similar issues with techno and Detroit
techno, and other genres.

At the time of writing, the DBpedia-based ontology,
created as described above, consisted of 1151 genres with
a maximum hierarchy depth of 6. 629 genres (54.6%) did
not have any super- or sub-genres (Figure 1). We will refer
to it as ODBpedia. In order to increase the chances of find-
ing corresponding genres in other ontologies, we normal-
ized the raw genre names as well as their aliases found via
DBpedia wikiPageRedirects (Wikipedia entries for concep-
tually identical terms).

Loaning from graph theory, we call genres without
super- or sub-genres disconnected. Ontologies consisting
exclusively of disconnected genres we call trivial.

3.2 WikiData Genre Ontology

Unlike DBpedia, WikiData is not a parsed version of
Wikipedia, but an independent database of structured data
for anyone to edit. Currently, WikiData defines just one
relation between musical genres: sub-class.

In an informal evaluation, we found that, with regard to
genres, WikiData is still evolving. While East Coast
hip hop for example is listed as a sub-genre of hip
hop, West Coast hip hop had no parent at the time
of writing. Another example is techno and Detroit
techno. Detroit techno existed as an entity, but
was not of type music genre, and techno was not con-
nected to it in any way. On the plus side, translations of
genre names are easily accessible via localized labels for
each genre. For matching we used normalized versions of
these labels.

At the time of writing, the WikiData-based genre on-
tology consisted of 547 genres, 276 (50.5%) genres were
disconnected, and the hierarchy-depth was 5. We will refer
to this ontology as OWikiData.

3.3 English Language Ontology

Using the rules defined in Section 2, we constructed an on-
tology based on the top n genre labels submitted by users
to the central database of beaTunes 10 , a consumer music
application [16]. Given the relevance of English in Western
pop-culture and the fact that our referenceODBpedia offers
data based on the English edition of Wikipedia, we only
considered submissions by users with English as their sys-
tem language. We will refer to this ontology asOEng. Nat-
urally,OEng is strongly biased towards English culture and
contains English genre names almost exclusively. Also, as
it is generated from user submitted labels, it contains noise.

Using τ = 0.17 and υ = 0.0001 for the top 1000 En-
glish genres, we found 209 (20.9%) disconnected genres
and the maximum hierarchy-depth was 4.

Because we mentioned hip hop and techno as
problematic examples before, here is what we found for
OEng: While neither East Coast hip hop nor West
Coast hip hop occur in the top 1000 English genres,
East Coast rap and West Coast rap do. They
both have rap as a parent, which in turn is a child of
hip hop. Techno does occur as genre, but Detroit
techno is not in the top 1000 (rank 1557). When using
the top 1600 genres as source, Detroit techno has
techno and electronica as parents.

3.4 International Ontology

In addition to OEng, we generated an international ontol-
ogy named OIntl based on submissions by users with the
system languages French, German, Spanish, Dutch, or En-
glish. These are the five languages with the most submis-
sions in the beaTunes database. The ontology was created
with the goal of being less anglocentric.

Because, the database contains different numbers of
submissions per language, we normalized each submis-
sion’s weight on a per language basis to ensure equal in-
fluence. To represent the chosen languages in the selec-
tion of the most used genres, we used the intersection of
the top n language-specific genres. For n = 400 this re-
sulted in a set of 1041 genres, 534 of which also occur in
the English top 1000 genres. The sub-set of non-English
genre names mostly consists of genuinely new additions
like Kölsch and Deutsch Pop, and translations like
Kindermuziek and psychedelische Rock. The
situation regarding hip hop and techno is similar to
OEng. Using τ = 0.17 and υ = 0.0001 we found that
234 (22.5%) genres were disconnected and the maximum
hierarchy-depth was 5.

4. EVALUATION MEASURES

Ontologies can be compared on different levels. In
the following, we are going to concentrate on lexical
(Section 4.1) and conceptual (Section 4.2) aspects. For
both viewpoints measures have been established in the on-
tology learning community (see e.g. [7, 19]).

10 http://www.beatunes.com/
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4.1 Lexical Measures

Let OR denote a reference ontology, and OC an ontology
we wish to evaluate. Correspondingly, CR is the set of con-
cepts contained in OR, and CC the concepts in OC. As
we assume a bijective relation between lexical terms and
concepts, lexical precision (LP ) is defined as the ratio be-
tween the number of concepts in both ontologies and the
number of concepts in OC:

LP (OC,OR) =
|CC ∩ CR|
|CC|

(4)

Lexical recall (LR) is defined as the ratio between the
number of concepts in both ontologies and the number of
concepts in OR [5]:

LR(OC,OR) =
|CC ∩ CR|
|CR|

(5)

Finally, the lexical F-measure (LF ) is defined by:

LF (OC,OR) =
2 · LP · LR
LP + LR

(6)

4.2 Conceptual Measures

The similarity of two concepts ci ∈ CC and cj ∈ CR can
be measured by comparing their semantic cotopies [10].
A basic semantic cotopy is defined as the set containing
all super- and sub-concepts for a given concept including
itself. The common semantic cotopy (csc) is similar, but
only takes concepts into account that are members of both
ontologies we wish to compare. Additionally, the concept
for which we are building the cotopy is excluded (<C in-
stead of ≤C). Both modifications are intended to minimize
the influence of lexical similarity [5]:

csc(ci,OC,OR)

= {cj ∈ CC ∩ CR|cj <CC ci ∨ ci <CC cj} (7)

The local taxonomic precision (tpcsc) is defined as the
ratio between the size of the intersection of the cotopies for
two concepts, and the size of the cotopy of just the concept
to evaluate:

tpcsc(ci, cj ,OC,OR)

=
|csc(ci,OC,OR) ∩ csc(cj ,OC,OR)|

|csc(ci,OC,OR)|
(8)

tpcsc is undefined for |csc(ci,OC,OR)|= 0 (division
by zero). In the spirit of [5], i.e. to avoid unjustifiably high
values for trivial ontologies, we define tpcsc = 0 for this
case. Based on the local tpcsc, we define a global taxo-
nomic precision (TPcsc) as the mean tpcsc for all concepts
in CC ∩ CR [7]:

TPcsc(OC,OR)

=
1

|CC ∩ CR|
∑

c∈CC∩CR
tpcsc(c, c,OC,OR) (9)

Table 1

n Eng/DBpedia LP Eng/WikiData LP Intl/DBpedia LP Intl/WikiData LP Eng/DBpedia Eng/DBpedia Eng/WikiData Eng/WikiData Intl/DBpedia Intl/DBpedia Intl/WikiData Intl/WikiData WikiData/DBpedia DBpedia/WikiData WikiData/DBpedia

1 1 8.68809730668983
4E-4

1.0 0.00183486238532
1101

1.0 2 1 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 1 0.0 1 0.0 2 0.0 2 0.0 0.306 0.646 0.642 0.304 5 0.415285714285714

2 2 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 2 2 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 2 0.0 2 0.0 2 0.0 2 0.0 20000 0.415285714285714

3 3 0.00260642919200
69507

1.0 0.00550458715596
3303

1.0 6 3 0.00347523892267
59338

0.66666666666666
66

0.01100917431192
6606

1.0 3 0.0 3 0.0 6 0.00691443388072601 6 0.0

4 4 0.00260642919200
69507

0.75 0.00550458715596
3303

0.75 9 4 0.00521285838401
3901

0.66666666666666
66

0.01284403669724
7707

0.77777777777777
78

4 0.0051948051948052 4 0.0109289617486339 9 0.0103448275862069 9 0.0252707581227437

5 5 0.00347523892267
59338

0.8 0.00733944954128
4404

0.8 11 5 0.00608166811468
2885

0.63636363636363
64

0.01467889908256
8808

0.72727272727272
73

5 0.00692041522491349 5 0.0145454545454545 11 0.0120481927710843 11 0.0287769784172662

6 6 0.00434404865334
4918

0.83333333333333
34

0.00917431192660
5505

0.83333333333333
34

12 6 0.00695047784535
18675

0.66666666666666
66

0.01651376146788
991

0.75 6 0.00864304235090752 6 0.0181488203266788 12 0.0137575236457438 12 0.0323159784560144

7 7 0.00521285838401
3901

0.85714285714285
71

0.01100917431192
6606

0.85714285714285
71

15 7 0.00955690703735
8819

0.73333333333333
33

0.02201834862385
3212

0.8 7 0.0103626943005181 7 0.0217391304347826 15 0.0188679245283019 15 0.0428571428571429

8 8 0.00521285838401
3901

0.75 0.01284403669724
7707

0.875 15 8 0.00955690703735
8819

0.73333333333333
33

0.02201834862385
3212

0.8 8 0.0103537532355479 8 0.0253164556962025 15 0.0188679245283019 15 0.0428571428571429

9 9 0.00608166811468
2885

0.77777777777777
78

0.01467889908256
8808

0.88888888888888
88

16 9 0.00955690703735
8819

0.6875 0.02385321100917
4313

0.8125 9 0.0120689655172414 9 0.0288808664259928 16 0.0188517566409597 16 0.0463458110516934

10 10 0.00608166811468
2885

0.7 0.01651376146788
991

0.9 17 10 0.00955690703735
8819

0.64705882352941
18

0.02568807339449
5414

0.82352941176470
58

10 0.0120585701981051 10 0.0324324324324324 17 0.0188356164383562 17 0.0498220640569395

12 12 0.00608166811468
2885

0.58333333333333
34

0.02018348623853
211

0.91666666666666
66

19 12 0.00955690703735
8819

0.57894736842105
27

0.02568807339449
5414

0.73684210526315
79

12 0.0120378331900258 12 0.0394973070017953 19 0.0188034188034188 19 0.049645390070922

14 14 0.00781928757602
0852

0.64285714285714
29

0.02385321100917
4313

0.92857142857142
86

21 14 0.01129452649869
6786

0.61904761904761
91

0.02935779816513
7616

0.76190476190476
19

14 0.015450643776824 14 0.0465116279069768 21 0.0221843003412969 21 0.0565371024734982

16 16 0.00868809730668
9836

0.625 0.02752293577981
6515

0.9375 25 16 0.01303214596003
4752

0.6 0.03486238532110
092

0.76 16 0.0171379605826907 16 0.053475935828877 25 0.0255102040816327 25 0.0666666666666667

18 18 0.01042571676802
7803

0.66666666666666
66

0.03119266055045
8717

0.94444444444444
44

32 18 0.01476976542137
2719

0.53125 0.04036697247706
422

0.6875 18 0.0205303678357571 18 0.0603907637655417 32 0.0287404902789518 32 0.0762564991334489

20 20 0.01129452649869
6786

0.65 0.03302752293577
982

0.9 36 20 0.01563857515204
1704

0.5 0.04220183486238
532

0.63888888888888
88

20 0.022203245089667 20 0.063716814159292 36 0.0303285593934288 36 0.0791738382099828

22 22 0.01216333622936
577

0.63636363636363
64

0.03302752293577
982

0.81818181818181
82

40 22 0.01563857515204
1704

0.45 0.04220183486238
532

0.575 22 0.0238704177323103 22 0.0634920634920635 40 0.0302267002518892 40 0.0786324786324786

24 24 0.01390095569070
3735

0.66666666666666
66

0.03669724770642
202

0.83333333333333
34

44 24 0.01737619461337
967

0.45454545454545
453

0.04770642201834
8627

0.59090909090909
09

24 0.0272340425531915 24 0.070298769771529 44 0.0334728033472803 44 0.0882852292020374

26 26 0.01390095569070
3735

0.61538461538461
54

0.04036697247706
422

0.84615384615384
61

47 26 0.01911381407471
7638

0.46808510638297
873

0.05321100917431
193

0.61702127659574
47

26 0.0271877655055225 26 0.0770577933450088 47 0.0367278797996661 47 0.097972972972973

28 28 0.01563857515204
1704

0.64285714285714
29

0.04220183486238
532

0.82142857142857
14

50 28 0.01998262380538
662

0.46 0.05321100917431
193

0.58 28 0.0305343511450382 28 0.0802792321116929 50 0.0383014154870941 50 0.0974789915966386

30 30 0.01737619461337
967

0.66666666666666
66

0.04403669724770
6424

0.8 53 30 0.02172024326672
4587

0.47169811320754
72

0.05504587155963
303

0.56603773584905
66

30 0.0338696020321761 30 0.0834782608695652 53 0.0415282392026578 53 0.100334448160535

35 35 0.01911381407471
7638

0.62857142857142
86

0.04954128440366
973

0.77142857142857
15

65 35 0.02519548218940
052

0.44615384615384
62

0.06605504587155
964

0.55384615384615
39

35 0.0370994940978078 35 0.0931034482758621 65 0.0476973684210526 65 0.118032786885246

40 40 0.02172024326672
4587

0.625 0.05504587155963
303

0.75 71 40 0.02867072111207
6455

0.46478873239436
62

0.07339449541284
404

0.56338028169014
09

40 0.0419815281276238 40 0.102564102564103 71 0.0540098199672668 71 0.12987012987013

45 45 0.02519548218940
052

0.64444444444444
45

0.06238532110091
7435

0.75555555555555
55

82 45 0.03301476976542
137

0.46341463414634
15

0.08440366972477
065

0.56097560975609
76

45 0.048494983277592 45 0.115254237288136 82 0.0616382806163828 82 0.146730462519936

50 50 0.02693310165073
849

0.62 0.06605504587155
964

0.72 92 50 0.03475238922675
934

0.43478260869565
216

0.08807339449541
285

0.52173913043478
26

50 0.051623646960866 50 0.121008403361345 92 0.0643604183427192 92 0.150706436420722

55 55 0.02953953084274
5437

0.61818181818181
82

0.07155963302752
294

0.70909090909090
91
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Figure 2. Lexical precision LP and recall LR for learned
ontologies OEng and OIntl based on different genre num-
bers. ODBpedia and OWikiData serve as reference ontolo-
gies (with a fixed number of genres).

OC OWikiData OEng OIntl

LP 0.644 0.260 0.183
LR 0.306 0.226 0.166
LF 0.415 0.242 0.174

TPcsc 0.098 0.187 0.193
TRcsc 0.114 0.220 0.212
TFcsc 0.105 0.202 0.202

TPcon 0.266 0.237 0.240
TRcon 0.319 0.278 0.268
TFcon 0.290 0.256 0.253

Table 1. Results for OR= ODBpedia, τ = 0.17, υ =
0.0001, |CEng|= 1000, |CIntl|= 1041.

The taxonomic recall (TRcsc) is:

TRcsc(OC,OR) = TPcsc(OR,OC) (10)

Finally, the taxonomic F-measure (TFcsc) is defined by:

TFcsc(OC,OR) =
2 · TPcsc · TRcsc

TPcsc + TRcsc
(11)

5. RESULTS AND DISCUSSION

We measured the similarity of all four ontologies using
varying parameters for the learned ones. Section 5.1 re-
ports lexical results, Section 5.2 conceptual results. In
Section 5.3 we discuss our findings.

5.1 Lexical Results

How similar are the ontologies on the lexical level? For
the reference ontologies ODBpedia and OWikiData this is
easy to answer: LP/LR/LF (OWikiData,ODBpedia) =
0.64/0.31/0.42 (Table 1). Given their respective sizes, the
highest possible values for this pairing are 1.00/0.48/0.64
(if CWikiData ⊂ CDBpedia).
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OC ODBpedia OEng OIntl

LP 0.303 0.259 0.202
LR 0.638 0.473 0.384
LF 0.411 0.335 0.264

TPcsc 0.114 0.174 0.181
TRcsc 0.098 0.151 0.149
TFcsc 0.105 0.162 0.163

TPcon 0.319 0.305 0.357
TRcon 0.266 0.274 0.303
TFcon 0.290 0.288 0.328

Table 2. Results for OR= OWikiData, τ = 0.17, υ =
0.0001, |CEng|= 1000, |CIntl|= 1041.

Table 1

n Eng/DBpedia LP Eng/WikiData LP Intl/DBpedia LP Intl/WikiData LP Eng/DBpedia Eng/DBpedia Eng/WikiData Eng/WikiData Intl/DBpedia Intl/DBpedia Intl/WikiData Intl/WikiData WikiData/DBpedia DBpedia/WikiData WikiData/DBpedia

1 1 8.68809730668983
4E-4

1.0 0.00183486238532
1101

1.0 2 1 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 1 0.0 1 0.0 2 0.0 2 0.0 0.306 0.646 0.642 0.304 5 0.415285714285714

2 2 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 2 2 0.00173761946133
79669

1.0 0.00366972477064
2202

1.0 2 0.0 2 0.0 2 0.0 2 0.0 20000 0.415285714285714

3 3 0.00260642919200
69507

1.0 0.00550458715596
3303

1.0 6 3 0.00347523892267
59338

0.66666666666666
66

0.01100917431192
6606

1.0 3 0.0 3 0.0 6 0.00691443388072601 6 0.0

4 4 0.00260642919200
69507

0.75 0.00550458715596
3303

0.75 9 4 0.00521285838401
3901

0.66666666666666
66

0.01284403669724
7707

0.77777777777777
78

4 0.0051948051948052 4 0.0109289617486339 9 0.0103448275862069 9 0.0252707581227437

5 5 0.00347523892267
59338

0.8 0.00733944954128
4404

0.8 11 5 0.00608166811468
2885

0.63636363636363
64

0.01467889908256
8808

0.72727272727272
73

5 0.00692041522491349 5 0.0145454545454545 11 0.0120481927710843 11 0.0287769784172662

6 6 0.00434404865334
4918

0.83333333333333
34

0.00917431192660
5505

0.83333333333333
34

12 6 0.00695047784535
18675

0.66666666666666
66

0.01651376146788
991

0.75 6 0.00864304235090752 6 0.0181488203266788 12 0.0137575236457438 12 0.0323159784560144

7 7 0.00521285838401
3901

0.85714285714285
71

0.01100917431192
6606

0.85714285714285
71

15 7 0.00955690703735
8819

0.73333333333333
33

0.02201834862385
3212

0.8 7 0.0103626943005181 7 0.0217391304347826 15 0.0188679245283019 15 0.0428571428571429

8 8 0.00521285838401
3901

0.75 0.01284403669724
7707

0.875 15 8 0.00955690703735
8819

0.73333333333333
33

0.02201834862385
3212

0.8 8 0.0103537532355479 8 0.0253164556962025 15 0.0188679245283019 15 0.0428571428571429

9 9 0.00608166811468
2885

0.77777777777777
78

0.01467889908256
8808

0.88888888888888
88

16 9 0.00955690703735
8819

0.6875 0.02385321100917
4313

0.8125 9 0.0120689655172414 9 0.0288808664259928 16 0.0188517566409597 16 0.0463458110516934

10 10 0.00608166811468
2885

0.7 0.01651376146788
991

0.9 17 10 0.00955690703735
8819

0.64705882352941
18

0.02568807339449
5414

0.82352941176470
58

10 0.0120585701981051 10 0.0324324324324324 17 0.0188356164383562 17 0.0498220640569395

12 12 0.00608166811468
2885

0.58333333333333
34

0.02018348623853
211

0.91666666666666
66

19 12 0.00955690703735
8819

0.57894736842105
27

0.02568807339449
5414

0.73684210526315
79

12 0.0120378331900258 12 0.0394973070017953 19 0.0188034188034188 19 0.049645390070922

14 14 0.00781928757602
0852

0.64285714285714
29

0.02385321100917
4313

0.92857142857142
86

21 14 0.01129452649869
6786

0.61904761904761
91

0.02935779816513
7616

0.76190476190476
19

14 0.015450643776824 14 0.0465116279069768 21 0.0221843003412969 21 0.0565371024734982

16 16 0.00868809730668
9836

0.625 0.02752293577981
6515

0.9375 25 16 0.01303214596003
4752

0.6 0.03486238532110
092

0.76 16 0.0171379605826907 16 0.053475935828877 25 0.0255102040816327 25 0.0666666666666667

18 18 0.01042571676802
7803

0.66666666666666
66

0.03119266055045
8717

0.94444444444444
44

32 18 0.01476976542137
2719

0.53125 0.04036697247706
422

0.6875 18 0.0205303678357571 18 0.0603907637655417 32 0.0287404902789518 32 0.0762564991334489

20 20 0.01129452649869
6786

0.65 0.03302752293577
982

0.9 36 20 0.01563857515204
1704

0.5 0.04220183486238
532

0.63888888888888
88

20 0.022203245089667 20 0.063716814159292 36 0.0303285593934288 36 0.0791738382099828

22 22 0.01216333622936
577

0.63636363636363
64

0.03302752293577
982

0.81818181818181
82

40 22 0.01563857515204
1704

0.45 0.04220183486238
532

0.575 22 0.0238704177323103 22 0.0634920634920635 40 0.0302267002518892 40 0.0786324786324786

24 24 0.01390095569070
3735

0.66666666666666
66

0.03669724770642
202

0.83333333333333
34

44 24 0.01737619461337
967

0.45454545454545
453

0.04770642201834
8627

0.59090909090909
09

24 0.0272340425531915 24 0.070298769771529 44 0.0334728033472803 44 0.0882852292020374

26 26 0.01390095569070
3735

0.61538461538461
54

0.04036697247706
422

0.84615384615384
61

47 26 0.01911381407471
7638

0.46808510638297
873

0.05321100917431
193

0.61702127659574
47

26 0.0271877655055225 26 0.0770577933450088 47 0.0367278797996661 47 0.097972972972973

28 28 0.01563857515204
1704

0.64285714285714
29

0.04220183486238
532

0.82142857142857
14

50 28 0.01998262380538
662

0.46 0.05321100917431
193

0.58 28 0.0305343511450382 28 0.0802792321116929 50 0.0383014154870941 50 0.0974789915966386

30 30 0.01737619461337
967

0.66666666666666
66

0.04403669724770
6424

0.8 53 30 0.02172024326672
4587

0.47169811320754
72

0.05504587155963
303

0.56603773584905
66

30 0.0338696020321761 30 0.0834782608695652 53 0.0415282392026578 53 0.100334448160535

35 35 0.01911381407471
7638

0.62857142857142
86

0.04954128440366
973

0.77142857142857
15

65 35 0.02519548218940
052

0.44615384615384
62

0.06605504587155
964

0.55384615384615
39

35 0.0370994940978078 35 0.0931034482758621 65 0.0476973684210526 65 0.118032786885246

40 40 0.02172024326672
4587

0.625 0.05504587155963
303

0.75 71 40 0.02867072111207
6455

0.46478873239436
62

0.07339449541284
404

0.56338028169014
09

40 0.0419815281276238 40 0.102564102564103 71 0.0540098199672668 71 0.12987012987013

45 45 0.02519548218940
052

0.64444444444444
45

0.06238532110091
7435

0.75555555555555
55

82 45 0.03301476976542
137

0.46341463414634
15

0.08440366972477
065

0.56097560975609
76

45 0.048494983277592 45 0.115254237288136 82 0.0616382806163828 82 0.146730462519936

50 50 0.02693310165073
849

0.62 0.06605504587155
964

0.72 92 50 0.03475238922675
934

0.43478260869565
216

0.08807339449541
285

0.52173913043478
26

50 0.051623646960866 50 0.121008403361345 92 0.0643604183427192 92 0.150706436420722

55 55 0.02953953084274
5437

0.61818181818181
82

0.07155963302752
294

0.70909090909090
91

102 55 0.03735881841876
629

0.42156862745098
04

0.09541284403669
725

0.50980392156862
74

55 0.0563847429519071 55 0.13 102 0.068635275339186 102 0.160741885625966

60 60 0.03127715030408
341

0.6 0.07889908256880
734

0.71666666666666
67

113 60 0.04083405734144
222

0.41592920353982
3

0.10642201834862
386

0.51327433628318
59

60 0.0594549958711808 60 0.142148760330579 113 0.0743670886075949 113 0.17629179331307

65 65 0.03475238922675
934

0.61538461538461
54

0.08623853211009
175

0.72307692307692
31

123 65 0.04430929626411
8156

0.41463414634146
34

0.11376146788990
826

0.50406504065040
65

65 0.0657894736842105 65 0.154098360655738 123 0.0800627943485086 123 0.18562874251497

70 70 0.03822762814943
5276

0.62857142857142
86

0.09357798165137
615

0.72857142857142
85

133 70 0.04778453518679
409

0.41353383458646
614

0.12293577981651
377

0.50375939849624
06

70 0.0720720720720721 70 0.165853658536585 133 0.0856697819314642 133 0.1976401179941

75 75 0.04083405734144
222

0.62666666666666
67

0.09908256880733
946

0.72 149 75 0.05125977410947
0024

0.39597315436241
61

0.13394495412844
037

0.48993288590604
03

75 0.0766721044045677 75 0.174193548387097 149 0.0907692307692308 149 0.210374639769452

80 80 0.04257167680278
019

0.6125 0.10275229357798
166

0.7 165 80 0.05473501303214
596

0.38181818181818
183

0.14495412844036
698

0.47878787878787
876

80 0.0796100731112916 80 0.1792 165 0.0957446808510638 165 0.222535211267606

85 85 0.04517810599478
7145

0.61176470588235
3

0.10825688073394
496

0.69411764705882
35

175 85 0.05734144222415
291

0.37714285714285
717

0.14862385321100
918

0.46285714285714
286

85 0.0841423948220065 85 0.187301587301587 175 0.0995475113122172 175 0.225

90 90 0.04778453518679
409

0.6111111111111112 0.11376146788990
826

0.68888888888888
89

189 90 0.05907906168549
0875

0.35978835978835
977

0.15045871559633
028

0.43386243386243
384

90 0.088638195004029 90 0.195275590551181 189 0.101492537313433 189 0.223433242506812

95 95 0.04865334491746
308

0.58947368421052
63

0.11926605504587
157

0.68421052631578
95

204 95 0.06168549087749
783

0.34803921568627
45

0.15779816513761
47

0.42156862745098
04

95 0.0898876404494382 95 0.203125 204 0.10479704797048 204 0.229639519359146

100 100 0.05125977410947
0024

0.59 0.12477064220183
487

0.68 220 100 0.06516072980017
376

0.34090909090909
09

0.16697247706422
02

0.41363636363636
364

100 0.0943245403677058 100 0.210852713178295 220 0.109409190371991 220 0.237908496732026

110 110 0.05473501303214
596

0.57272727272727
28

0.13577981651376
148

0.67272727272727
27

284 125 0.07819287576020
852

0.31690140845070
425

0.20183486238532
11

0.38732394366197
18

110 0.0999206978588422 110 0.225954198473282 284 0.125435540069686 284 0.265379975874548

120 120 0.06255430060816
682

0.6 0.15045871559633
028

0.68333333333333
33

345 150 0.09035621198957
429

0.30144927536231
886

0.22752293577981
653

0.35942028985507
246

120 0.113296616837136 120 0.246616541353383 345 0.13903743315508 345 0.278651685393258

130 130 0.06516072980017
376

0.57692307692307
69

0.15963302752293
58

0.66923076923076
92

411 175 0.10338835794960
903

0.28953771289537
71

0.24587155963302
754

0.32603406326034
06

130 0.117096018735363 130 0.257777777777778 411 0.152368758002561 411 0.280334728033473

140 140 0.07037358818418
767

0.57857142857142
86

0.17064220183486
24

0.66428571428571
43

484 200 0.11381407471763
684

0.27066115702479
34

0.26238532110091
745

0.29545454545454
547

140 0.125484120836561 140 0.271532846715328 484 0.160244648318043 484 0.277939747327502

150 150 0.07298001737619
461

0.56 0.17981651376146
79

0.65333333333333
33

551 225 0.12250217202432
667

0.25589836660617
06

0.28440366972477
066

0.28130671506352
09

150 0.12913143735588 150 0.282014388489209 551 0.165687426556992 551 0.282846715328467

160 160 0.07645525629887
055

0.55 0.18715596330275
23

0.6375 621 250 0.12684622067767
16

0.23510466988727
857

0.29541284403669
726

0.25925925925925
924

160 0.134248665141114 160 0.28936170212766 621 0.164785553047404 621 0.276157804459691

170 170 0.08079930495221
546

0.54705882352941
18

0.19449541284403
67

0.62352941176470
59

698 275 0.13727193744569
94

0.22636103151862
463

0.31192660550458
72

0.24355300859598
855

170 0.140802422407267 170 0.296503496503496 698 0.170903190914008 698 0.273531777956557

180 180 0.08166811468288
444

0.52222222222222
23

0.19633027522935
78

0.59444444444444
44

770 300 0.14335360556038
226

0.21428571428571
427

0.33211009174311
93

0.23506493506493
506

180 0.141247182569497 180 0.295172413793103 770 0.17178552837064 770 0.275285171102662

190 190 0.08427454387489
14

0.51052631578947
37

0.20183486238532
11

0.57894736842105
27

840 325 0.14943527367506
515

0.20476190476190
476

0.35045871559633
03

0.22738095238095
238

190 0.144668158090977 190 0.299319727891156 840 0.17277749874435 840 0.275812274368231

200 200 0.08861859252823
631

0.51 0.20917431192660
552

0.57 908 350 0.15725456125108
6

0.19933920704845
814

0.37064220183486
24

0.22246696035242
292

200 0.15099925980755 200 0.306040268456376 908 0.175813501699854 908 0.278045423262216

210 210 0.09383145091225
022

0.51428571428571
42

0.21651376146788
992

0.56190476190476
19

973 375 0.16159860990443
092

0.19116135662898
254

0.37798165137614
68

0.21171634121274
41

210 0.158706833210874 210 0.312582781456954 973 0.175141242937853 973 0.271409749670619

220 220 0.09817549956559
514

0.51363636363636
37

0.22385321100917
432

0.55454545454545
46

1041 400 0.16507384882710
685

0.18251681075888
568

0.38532110091743
12

0.20172910662824
21

220 0.164843180160467 220 0.318954248366013 1041 0.173357664233577 1041 0.264817150063052

230 230 0.09991311902693
31

0.5 0.22568807339449
543

0.53478260869565
22

1184 450 0.17376194613379
67

0.16891891891891
891

0.40917431192660
55

0.18834459459459
46

230 0.166545981173063 230 0.31741935483871 1184 0.171306209850107 1184 0.257952573742047

240 240 0.10165073848827
107

0.4875 0.22935779816513
763

0.52083333333333
34

1332 500 0.18331885317115
55

0.15840840840840
842

0.42935779816513
764

0.17567567567567
569

240 0.168224299065421 240 0.318471337579618 1332 0.16995569875151 1332 0.249334043686734

250 250 0.10512597741094
701

0.484 0.23486238532110
093

0.512 1484 550 0.19287576020851
432

0.14959568733153
64

0.44954128440366
975

0.16509433962264
15

250 0.172733761598858 250 0.322012578616352 1484 0.168500948766603 1484 0.241498275012321

300 300 0.12076455256298
871

0.46333333333333
33

0.27155963302752
295

0.49333333333333
335

1637 600 0.20156385751520
417

0.14172266340867
44

0.46238532110091
746

0.15394013439218
082

300 0.191592005513439 300 0.350295857988166 1637 0.166427546628407 1637 0.230980751604033

350 350 0.13032145960034
752

0.42857142857142
855

0.29724770642201
837

0.46285714285714
286

1794 650 0.21285838401390
095

0.13656633221850
614

0.48073394495412
847

0.14604236343366
778

350 0.199866755496336 350 0.362011173184358 1794 0.166383701188455 1794 0.224027362120564

400 400 0.13640312771503
04

0.3925 0.31376146788990
83

0.4275 1947 700 0.22067767158992
18

0.13045711350796
096

0.48807339449541
287

0.13662044170518
747

400 0.202450032237266 400 0.361904761904762 1947 0.163976759199484 1947 0.213483146067416

450 450 0.14422241529105
126

0.36888888888888
89

0.33394495412844
04

0.40444444444444
444

2112 750 0.22849695916594
265

0.12452651515151
515

0.49908256880733
95

0.12878787878787
878

450 0.20737039350406 450 0.365829145728643 2112 0.161201348452344 2112 0.204742190440346

500 500 0.15638575152041
703

0.36 0.35412844036697
25

0.386 2263 800 0.23892267593397
046

0.12152010605391
074

0.51192660550458
71

0.12328767123287
67

500 0.218049666868565 500 0.369377990430622 2263 0.161101347393087 2263 0.198717948717949

550 550 0.16420503909643
788

0.34363636363636
363

0.36880733944954
13

0.36545454545454
55

2562 900 0.25282363162467
42

0.11358313817330
211

0.54128440366972
47

0.11514441842310
695

550 0.222222222222222 550 0.367123287671233 2562 0.156746566119041 2562 0.189893788220148

600 600 0.16941789748045
177

0.325 0.38532110091743
12

0.35 2887 1000 0.25977410947002
605

0.10356771735365
432

0.55779816513761
47

0.10529961898164
185

600 0.222729868646488 600 0.366812227074236 2887 0.148093115403665 2887 0.177156177156177

650 650 0.18071242397914
858

0.32 0.4 0.33538461538461
54

3550 1200 0.28410078192875
76

0.09211267605633
802

0.58899082568807
34

0.09042253521126
76

650 0.230982787340366 650 0.364853556485356 3550 0.139119336311423 3550 0.156776556776557

700 700 0.18766290182450
043

0.30857142857142
855

0.41467889908256
883

0.32285714285714
284

4220 1400 0.30234578627280
63

0.08246445497630
332

0.61834862385321
1

0.07985781990521
328

700 0.233387358184765 700 0.363052208835341 4220 0.129584807298455 4220 0.141448058761805

750 750 0.19287576020851
432

0.296 0.42201834862385
323

0.30666666666666
664

4886 1600 0.32145960034752
39

0.07572656569791
24

0.64220183486238
54

0.07163323782234
957

750 0.233561283534982 750 0.355212355212355 4886 0.122577439125393 4886 0.128889707236236

800 800 0.20330147697654
213

0.2925 0.43302752293577
984

0.295 5550 1800 0.33275412684622
07

0.06900900900900
901

0.66238532110091
74

0.06504504504504
505

800 0.239876986160943 800 0.35092936802974 5550 0.11431129682137 5550 0.118457752255947

850 850 0.20764552562988
706

0.28117647058823
53

0.44036697247706
424

0.28235294117647
06

6240 2000 0.34491746307558
646

0.06362179487179
487

0.67706422018348
62

0.05913461538461
538

850 0.23888055972014 850 0.344086021505376 6240 0.107427952915708 6240 0.108769344141489

900 900 0.21546481320590
79

0.27555555555555
555

0.45871559633027
525

0.27777777777777
78

9726 3000 0.38748913987836
664

0.04585646720131
606

0.72110091743119
26

0.04040715607649
599

900 0.24183325207216 900 0.346020761245675 9726 0.0820079065918911 9726 0.0765261415636257

950 950 0.22154648132059
08

0.26842105263157
895

0.47155963302752
296

0.27052631578947
367

13360 4000 0.41442224152910
51

0.03570359281437
126

0.74311926605504
59

0.03031437125748
503

950 0.242741551642075 950 0.3438127090301 13360 0.0657432292743436 13360 0.058252427184466

1000 1000 0.22502172024326
672

0.259 0.47522935779816
516

0.259 17028 5000 0.44048653344917
466

0.02977448907681
4657

0.76513761467889
91

0.02448907681465
821

1000 0.240818224081822 1000 0.335275080906149 17028 0.055778645690082 17028 0.0474591703181016

1100 1100 0.23718505647263
25

0.24818181818181
817

0.49724770642201
84

0.24636363636363
637

20746 6000 0.46307558644656
82

0.02569169960474
3084

0.79082568807339
45

0.02077508917381
6638

1100 0.242558862727677 1100 0.329483282674772 20746 0.0486824679179796 20746 0.0404865905781786

1200 1200 0.24152910512597
742

0.23166666666666
666

0.50275229357798
17

0.22833333333333
333

1200 0.236495108464483 1200 0.31404011461318 0 0

1300 1300 0.24847958297132
927

0.22 0.51743119266055
05

0.21692307692307
69

1300 0.233374133006936 1300 0.305691056910569 0 0

1400 1400 0.25543006081668
11

0.21 0.53211009174311
93

0.20714285714285
716

1400 0.230497843982752 1400 0.298200514138817 0 0

1500 1500 0.26064291920069
504

0.2 0.53944954128440
37

0.196 1500 0.2263296869106 1500 0.287530562347188 0 0

1600 1600 0.26672458731537
796

0.191875 0.55596330275229
36

0.189375 1600 0.223191566703017 1600 0.282517482517482 0 0

1700 1700 0.27454387489139
88

0.18588235294117
647

0.56330275229357
8

0.18058823529411
766

1700 0.221676604700105 1700 0.273496659242762 0 0

1800 1800 0.27888792354474
37

0.17833333333333
334

0.57614678899082
57

0.17444444444444
446

1800 0.217553371738394 1800 0.267803837953092 0 0

1900 1900 0.28670721112076
45

0.17368421052631
58

0.58899082568807
34

0.16894736842105
262

1900 0.216322517207473 1900 0.262576687116564 0 0

2000 2000 0.29192006950477
845

0.168 0.6 0.1635 2000 0.213265629958743 2000 0.256974459724951 0 0

2500 2500 0.31277150304083
406

0.144 0.61834862385321
1

0.1348 2500 0.197206244864421 2500 0.221346469622332 0 0

3000 3000 0.33709817549956
56

0.12933333333333
333

0.64954128440366
98

0.118 3000 0.186942905324018 3000 0.199717912552891 0 0

3500 3500 0.34839270199826
24

0.11457142857142
857

0.65871559633027
52

0.10257142857142
858

3500 0.172436035261234 3500 0.177503090234858 0 0

4000 4000 0.35794960903562
12

0.103 0.67522935779816
52

0.092 4000 0.159968938070278 4000 0.161936193619362 0 0

4500 4500 0.36924413553431
8

0.09444444444444
444

0.69174311926605
5

0.08377777777777
778

4500 0.150415855600779 4500 0.149454905847374 0 0

5000 5000 0.37532580364900
087

0.0864 0.69357798165137
62

0.0756 5000 0.140464965046334 5000 0.13633904418395 0 0

6000 6000 0.39357080799304
95

0.0755 0.71376146788990
82

0.06483333333333
334

6000 0.126695567053559 6000 0.118869365928189 0 0

7000 7000 0.40660295395308
427

0.06685714285714
285

0.72293577981651
38

0.05628571428571
4286

7000 0.114832535885167 7000 0.104440026507621 0 0

8000 8000 0.41876629018245
004

0.06025 0.73577981651376
15

0.050125 8000 0.105343678286526 8000 0.0938560561732007 0 0

10000 10000 0.43961772371850
566

0.0506 0.75412844036697
25

0.0411 10000 0.0907541924491077 10000 0.0779516358463727 0 0

15000 15000 0.47002606429192
006

0.03606666666666
6664

0.79082568807339
45

0.02873333333333
3333

15000 0.0669927558665098 15000 0.0554519137986491 0 0

20000 20000 0.49695916594265
854

0.0286 0.81100917431192
67

0.0221 20000 0.0540872771972956 20000 0.0430275006084205 0 0

Le
xi

ca
l P

re
ci

si
on

 L
P

0.00

0.25

0.50

0.75

1.00

Lexical Recall LR

0.00 0.25 0.50 0.75 1.00

Eng/DBpedia
Eng/WikiData
Intl/DBpedia
Intl/WikiData
WikiData/DBpedia
DBpedia/WikiData

Le
xi

ca
l F

-M
ea

su
re

 L
F

0.000

0.125

0.250

0.375

0.500

Number of Genres
10 100 1,000 10,000

Eng/DBpedia Eng/WikiData
Intl/DBpedia Intl/WikiData
WikiData/DBpedia

�3

LFmax

Figure 3. Lexical F-measure LF for learned ontolo-
gies OEng and OIntl based on different genre numbers.
ODBpedia and OWikiData serve as reference ontologies
(with a fixed number of genres).

For the learned ontologies, the answer depends on the
number of genres used during generation. Not surpris-
ingly, we observed that recall increases with the num-
ber of genres, while precision decreases. When com-
paring precision/recall values for the learned ontologies
with ODBpedia and OWikiData, values for OWikiData

are predominantly higher, indicating a greater similarity
with the learned ontologies (dashed lines in Figure 2).
This is also reflected in the lexical F-measure shown
in Figure 3. While LFmax(OEng,ODBpedia) is only
0.24, LFmax(OEng,OWikiData) is 0.37—just 0.05 be-
low LF (OWikiData,ODBpedia), shown as dotted line.
For OIntl, the LFmax values are lower than their
OEng counterparts: LFmax(OIntl,ODBpedia) is 0.18 and
LFmax(OIntl,OWikiData) is 0.28. In all cases, the number
of genres needed to achieve LFmax approximately equals
the number of genres in the reference ontology.

When generated for very few genres, both learned on-
tologies reach LP = 1.0 for either reference ontology,
as they all contain the top genres rock, pop, etc. The
achievable LR values however, differ significantly. At a
very low precision level, both learned ontologies reach no
more than LR = 0.5 with ODBpedia as reference. In con-
trast, at the same precision level, with OWikiData as refer-
ence, LR is greater than 0.74 (Figure 2). We investigated
what might be the reason for the low recall for ODBpedia

and came to the conclusion that it contains many genres

that are unlikely to be found in standard genre tags, e.g.
Music of Innsbruck or Music of Guangxi.

5.2 Conceptual Results

Just like the lexical results, conceptual results depend on
the number of genres considered and of course the refer-
ence used. Additionally, τ and υ influence the outcome.

We found that values for υ ≤ 0.0001 hardly affect
TP/TR/TF results, when the learned ontology is com-
pared with ODBpedia or OWikiData. However, inspection
of the learned ontologies shows, that a very low υ causes
some genres to have significantly more parents than the
average genre. Consequently, they connect unrelated parts
of the ontology. Examples for this are canadian and
seventies. We argue that neither is really a musical
genre, but rather an orthogonal concept—a region and an
era, respectively. This also explains why TP/TR/TF are
unaffected, as by definition they are only influenced by
genres that appear in both the learned and the reference on-
tology. Being orthogonal to the genre concept, they never
occur in a reference ontology. We further observed, that υ
values greater than 0.0001 affect TP/TR/TF negatively.
The following data are therefore based on υ = 0.0001.

We investigated how τ influences TP/TR/TF by
calculating TFcsc for OEng (|CEng|=1000) and OIntl

(|CIntl|=1041) with ODBpedia and OWikiData as reference
ontologies. Based on Figure 4, we chose τ = 0.17 as a
value reasonably suited for all ontologies.

Keeping τ and υ constant, how are taxo-
nomic results influenced by the number of genres?
TFcsc(OEng,ODBpedia) peaks around 160 gen-
res with TFmax = 0.31. The same is true for
TFcsc(OEng,OWikiData) with TFmax = 0.32. For
TFcsc(OIntl,ODBpedia) we found TFmax around 285 gen-
res with a value of 0.26 and for TFcsc(OIntl,OWikiData)
around 411 genres with 0.28 (Figure 5a). In all cases,
TFcsc peaks for genre numbers that are well below the
number of genres in the reference ontology. This makes
sense as all ontologies, to a large degree, consist of
disconnected genres that cannot contribute to a higher
TFcsc. But even for most non-TFmax genre numbers,
TFcsc values involving the learned ontologies are higher
than TFcsc(OWikiData,ODBpedia) = 0.12, depicted as
the dotted line in Figure 5a. It appears, as if both OEng

and OIntl are taxonomically more similar to ODBpedia

and OWikiData than ODBpedia to OWikiData or the other
way around. Upon closer inspection, we attributed this
to the greater intersection of disconnected genres from
ODBpedia and OWikiData. 47.6% of the genres in the
lexical intersection CDBpedia ∩ CWikiData are disconnected
in at least one of the two ontologies. But only 36.9% of
the OWikiData intersection with OEng and 38.6% of the
intersection with OIntl are disconnected. Even lower are
the values for ODBpedia: Just 17.7% of the intersection
with OEng and 16.7% of the intersection with OIntl are
disconnected. As defined in Section 4.2, disconnected
genres lead to zero tpcsc values. This significantly
contributes to ODBpedia and OWikiData achieving lower
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Figure 4. Taxonomic F-measure TFcsc for OEng

(|CEng|=1000) and OIntl (|CIntl|=1040) compared with
ODBpedia and OWikiData for varying τ values.
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Figure 5. Taxonomic F-measures TFcsc and TFcon for
learned ontologies and different genre numbers compared
with ODBpedia and OWikiData. τ = 0.17, υ = 0.0001.

TP/TR/TF values, when compared with each other,
than a pairing that does not have as many disconnected
genres in common. By removing all disconnected genres
from CC ∩ CR before calculating TPcsc, we calculated
the connected taxonomic precision (TPcon), which results
in higher values for all pairings, and especially for
(ODBpedia,OWikiData) (Figure 5b). The problem with
genre ontologies is, that from a taxonomic point of view,
the reference ontologies are, to a large degree, trivial.
TPcon attempts to work around the problem by accepting
that there are disconnected genres and ignores them when
calculating TP .

5.3 Discussion

The results show that, using the proposed method, it
is possible to create an ontology that is almost as sim-
ilar to OWikiData as the alternative reference ontology
ODBpedia—on both the lexical and conceptual level. When
comparing learned ontologies with the more comprehen-
sive ODBpedia, the results are not quite as good: while
it is possible to generate an ontology that is as similar to
ODBpedia as OWikiData on the conceptual level, it was not

Children’s Music

Children Children’s Kindermusik

Figure 6. Declinations and translations in OIntl.

possible on the lexical level due to the many uncommon
genres contained in DBpedia.

Sourcing genre tags from international instead of just
English users has proven detrimental to lexical similar-
ity, when comparing with either ODBpedia or OWikiData.
When inspecting OIntl, we noted translations and decli-
nations of genre names. They are often close relatives in
the generated hierarchy (e.g. Figure 6). On one hand, this
clearly contributed to worse lexical results. On the other
hand, we see this as a potentially useful property. Differ-
ent crowd-sourced notations in a reference ontology sim-
plify lookups, because there is no mismatch between the
names that are really being used and the names that occur
in the ontology. Furthermore, it allows easy measurement
of semantic similarity for unknown notations or transla-
tions, e.g. via the length of the shortest connecting path. It
also adds a cultural dimension, as children’s music
and Kindermusik are clearly the same genre, but a par-
ent looking for music may prefer music from its own cul-
ture and chooses one genre over the other.

All differences put aside, one must not forget that the
mentioned ontologies can be linked and thus complement
each other. A missing connection in one ontology, may
be made through another one. The generated ontolo-
gies can be found at http://www.tagtraum.com/
learned_ontologies.html and contain sameAs-
relations with WikiData and DBpedia.

6. CONCLUSION AND FUTURE WORK

DBpedia and WikiData both consist of two parts: The first
part contains disconnected genres that have neither parents
nor sub-genres. It has little value in a taxonomic sense, but
can still serve as linkable data in LOD-space. The second
part is an imperfect, but rich, interconnected hierarchy of
relatively popular genres that can be used for similarity es-
timation and therefore recommender systems. Because of
the way DBpedia is created, not all language editions are
represented equally well.

By exploiting co-occurrence rates of user submitted
genre labels, we were able to learn new genre ontologies.
Using established lexical and conceptual similarity mea-
sures, we successfully demonstrated the validity of the pro-
posed learning method. Further, to improve conceptual
similarity measures with largely trivial reference ontolo-
gies, we proposed an additional measure, the connected
taxonomic precision.

Future work may add translation recognition and im-
prove genre name normalization. Taking advantage of
learned genre ontologies may lead to interesting new music
information retrieval applications.
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