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Abstract

Language representations and typological universals have received

increasing attention in computational linguistics over the past few

years. Most approaches make use of binary language vectors from typo-

logical databases and/or focus on the correlation of only two typologi-

cal variables at the same time. This thesis shows that real-valued logics

can be used to evaluate even more complex formulae, as they are for-

mulated by typologists, on continuous vectors from existing corpora.

Syntactic language vectors are extracted from the Universal Depen-

dencies treebanks (Nivre et al., 2016) and serve as the basis for the

evaluation of word-order universals.
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1 Introduction

In linguistic typology, language universals are statements that appear to hold

for all natural languages. A simple example consisting of only one variable is

given in (1).

(1) a. All languages have verbs.

b. ∀` ∶ V(`)

Universals are typically proposed by typologists and evaluated on as many

languages as possible. Using logical connectives like conjunction (∧) or im-

plication (⇒) allows to create an in�nite number of potential universals,

although they are usually kept simple (Occam's law of parsimony). The fol-

lowing examples are sorted by increasing complexity.

(2) a. All languages have verbs and nouns.

b. ∀` ∶ V(`) ∧N(`)

(3) a. �Languages with dominant VSO order are always prepositional.�

(Greenberg, 1963, #3)

b. ∀` ∶ V-S-O(`) ⇒ Adp-NP(`)

(4) a. �In languages with prepositions, the genitive almost always fol-

lows the governing noun, while in languages with postpositions it

almost always precedes.� (Greenberg, 1963, #2)

b. ∀` ∶ Adp-NP(`) ⇔ N-Gen(`)

(5) a. �When the descriptive adjective precedes the noun, the demon-

strative and the numeral, with overwhelmingly more than chance

frequency, do likewise.� (Greenberg, 1963, #18)

b. ∀` ∶ Adj-N(`) ⇒ (Dem-N(`) ∧Num-N(`))

Although the formulation of such universals is quite simple, the evaluation

is rather di�cult. If one were to use Boolean values for the variables and a

1



strict interpretation of the universal quanti�er then most proposed universals

would evaluate to false; for most candidates there will be at least one language

which is an �exception to the rule�. Typologists certainly do not have this

interpretation in mind, as formulations like �dominant VSO order� in (3) or

�more than chance frequency� in (5) suggest. Today's corpora make it possible

to extract real statistics for the variables and calculate pairwise correlations

and implications. However, a comprehensive framework for the evaluation

of logically complex statements does not exist, so �nding such a framework

shall be the object of investigation in this work.

The thesis is composed of three parts. After introducing the reader to var-

ious types of language representations and typological variables in section 2,

language vectors are put at the heart of section 3. That section describes

how the language vectors used in this work are extracted from dependency

treebanks and thereafter attends to the question of how well phylogenetic

relatedness between languages can be modelled by di�erent sorts of language

vectors. The investigations mainly follow the recent works of Rabinovich et al.

(2017), �Ostling and Tiedemann (2017), and Bjerva et al. (2019c). The �nal

paragraphs of section 3 show how language vectors can be used to detect

inconsistent annotations in treebanks and includes a manual analysis of the

detected inconsistencies.

Section 4 reiterates real-valued logics and motivates their use for the

evaluation of typological statements. The question of how one can deal with

universal quanti�cation over languages shall be answered under several as-

pects. These theoretical considerations on logical calculi mainly take up ideas

from the early works of  Lukasiewicz and Tarski (1930), Zadeh (1965), and

Hempel (1945a). Concluding section 4, universals from a typological database

are evaluated with the new framework and the results are compared to those

2



from typological literature.2

In section 5, implication relations between two variables are evaluated

in comparison to the �ndings of the similar works by Daum�e and Campbell

(2007), and Bjerva et al. (2019b). After that, logical formulae are mapped to

a search space to seek new potential universals. The �nal paragraphs of sec-

tion 5 provide a linguistic analysis of the high scored formulae found, inspired

by the head-dependent analysis of Lochbihler (2017) but more sympathetic

to the branching-direction theory of Dryer (2009a).

2The term �universal� is very vague. While �statement� and �formula� only refer to a

syntactic expression of a proposition, �universal� further entails that the proposition can

be evaluated as �(very) true�. Neither is there a common de�nition of what �very true�

means nor is there a unique way to assign truth values to logical formulae. Numerous ways

to do so are presented in this thesis. Nevertheless, the term �universal� is used in this work

for formulae that are claimed to be true in the typological literature.
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2 Previous Work

2.1 Typological universals

The study of typological universals is usually traced back to the work of

Greenberg (1963) and Comrie (1981). Greenberg (1963) manually compares

over 30 languages and lists 45 universals�6 for general typology, 19 for word

order, and 20 for morphology�which is still the most prominent set of uni-

versals, despite there being other collections of universals, such as the Uni-

versals Archive with over 2,000 entries (Plank and Filimonova, 2000; Plank

and Mayer, 2006). The discovery and testing of potential universals has typ-

ically been performed �by painstaking hand analysis over a small sample of

languages� (Daum�e and Campbell, 2007), before large databases, such as

the Word Atlas of Language Structures (WALS; Haspelmath et al., 2005;

Dryer and Haspelmath, 2013), and annotated corpora, such as the Univer-

sal Dependencies treebanks (UD treebanks; Nivre et al., 2016), gave rise to

computer-assisted methods. Daum�e and Campbell (2007), and Bjerva et al.

(2019a;b) use the WALS to test Greenberg's universals and discover new uni-

versals, and Lochbihler (2017), Gerdes et al. (2019), and Sharma et al. (2019)

use the UD treebanks to inspect selected universals by Greenberg through

the medium of corpus statistics. Recent work has also focused on universal

tendencies concerning the optimality of natural languages, such as informa-

tion locality (Futrell, 2019) and dependency length minimisation (Yu et al.,

2019b; Kahane and Yan, 2019; Chen and Gerdes, 2019). This is, however,

not relevant for typological universals in the strict sense.

2.2 Language vectors

Vector-like representations of languages are well-established in comparative

linguistics and typology where they are used for language comparison and

clustering. Namely, given a set of language vectors and a distance measure,
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languages can be clustered hierarchically. Many di�erent forms of informa-

tion have been used as features of the language vectors. Serva and Petroni

(2008) use basic concepts as features with concrete words as values, and a

modi�cation of the Levenshtein distance as distance measure. Bjerva et al.

(2019c) use dependency links (from dependency treebanks) as features with

normalised counts as values, and the cosine distance as distance measure. The

two methods aim at di�erent aspects of distance between languages. Serva

and Petroni (2008) intend to measure genetic distance between languages,

whereas Bjerva et al. (2019c) intend to measure structural distance. The cor-

responding dendrograms in Figure 1 look accordingly di�erent. For example,

the Germanic languages form a cluster in Serva and Petroni's (2008) den-

dogram; but they are split in North Germanic languages (Danish, Swedish)

and West Germanic languages (German, Dutch) in Bjerva et al.'s (2019c)

dendrogram, with English being grouped to the North Germanic languages

despite being West Germanic.

Figure 1: Dendrograms based on dependency link statistics on the left, and

words on the right (taken from Bjerva et al., 2019c).

Bjerva et al.'s (2019c) kind of language vectors are so-called typological

vectors since they encode typological features, e.g. concerning word order

such as �subject-verb-object� or �noun-adjective�. It is possible to calculate

the corresponding statistics directly from corpora like the UD treebanks, as

in Liu (2010), Chen and Gerdes (2017) or Bjerva et al. (2019c), or to use

(mostly) binary/binarised information from large databases like the WALS,

as in Itoh and Ueda (2004) or Littell et al. (2017). Littell et al. (2017) also
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append non-typological information to their language vectors, namely geo-

graphical and phylogenetic vectors. An example for the resulting language

vectors is given in Table 1.

Typological features Phylogenetic features

SOV SVO Pref. Su�. ine gem gmw gmq roa

English 0 1 0 0 1 1 1 0 0

German 1 1 0 1 1 1 1 0 0

Vietnamese 0 1 0 0 0 0 0 0 0

Table 1: Binary language vectors for English, German and Vietnamese with

typological and phylogenetic features: SOV, SVO, case pre�xes, case su�xes;

Indo-European, Germanic, West Germanic, North Germanic, Romance.

The theoretical background for typological features resonates with the

�principles and parameters� framework (Chomsky, 1993; Chomsky and Las-

nik, 1995). The idea is that there are universal properties shared by all lan-

guages (principles), e.g. a universal grammar, and that there are properties

that are �on� or �o�� for a speci�c language, e.g. whether the head should be

placed left or right of the dependent. Modern typology, however, has shifted

away from this theoretical side, and aims to describe and explain the dis-

tribution of typological parameters rather than seeking universal principles

such as a universal theory of grammar (Bickel, 2007).

A completely di�erent approach to language vectors was developed by

Rabinovich et al. (2017). They look at English texts which have been trans-

lated from another source language and extract features like part-of-speech

(POS) trigrams and function words with counts as values. The hierarchical

clustering of their language vectors shows surprising similarity to the den-

drogram of Serva and Petroni (2008) which they, as others, use as gold tree

(see section 3.4).

In the recent past, distributed language representations, commonly known

as language embeddings, gained some attention. �Ostling and Tiedemann
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(2017) learn language embeddings from a multilingual language model and

show that they can be used for hierarchical clustering. Malaviya et al.

(2017) learn language embeddings from a many-to-one translation model

and use them to predict syntactic, phonological and phonetic typological

features. Bjerva and Augenstein (2018) �ne-tune the language embeddings

from �Ostling and Tiedemann (2017) on four di�erent tasks for three lin-

guistic levels: grapheme-to-phoneme prediction and phoneme reconstruction

(phonology), morphological in�ection (morphology), and part-of-speech tag-

ging (syntax). The resulting embeddings mostly outperform the original em-

beddings in predicting typological features of the respective linguistic level.

The hierarchical language clustering on the syntactically �ne-tuned embed-

dings is also slightly better than with the original embeddings. Bjerva et al.

(2019c) follow Rabinovich et al. (2017) and obtain language embeddings from

training an English language model on texts in various languages and their

translation into English. They compare the clustering results for di�erent lan-

guage embeddings trained on characters, POS sequences, dependency links

etc. and �nd out that dependency-based language embeddings yield the best

clustering results.

Table 2 summarises the language vectors discussed above.

Type of language vector Value range Reference

word list {A, . . . ,Z}+ Serva and Petroni (2008)

typological vector, binary {0,1} Littell et al. (2017)

typological vector, continuous [0,1] Liu (2010)

typological vector, unnormalised Q Chen and Gerdes (2017)

phylogenetic vector {0,1} Littell et al. (2017)

geographical vector [0,1] Littell et al. (2017)

translational vector N0 Rabinovich et al. (2017)

language embedding Q �Ostling and Tiedemann (2017)

Table 2: Di�erent types of language vectors, their value range and a reference

for further reading.
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2.3 Correlation, implication and causation

The search for typological universals, be it computationally driven or not,

usually selects two or more typological variables and investigates their rela-

tionship. In the most basic case, these variables are vectors, containing values

for the same languages in the same order, as the vectors for S-O-V ordering3

and NP-Adp ordering (postpositions) in Table 3.

S-O-V NP-Adp

English 0 0

German 1 0

Hindi 1 1

Japanese 1 1

Vietnamese 0 0

Table 3: Typological variables: S-O-V order and postpositions.

The simplest case of a relationship might be an (undirected) correlation.

Lochbihler (2017) applies Spearman's rank correlation coe�cient to detect

the strength of the correlation; an alternative are vector distance measures

such as cosine or Euclidean distance. These measures, however, do not tell

anything about the direction of the relationship. The values in Table 3 sig-

nify that NP-Adp⇒ S-O-V, in the sense of Boolean algebra, since S-O-V is

true whenever Adp-NP is true. But the implication does not hold vice versa.

Lochbihler (2017) uses an additional measure, the di�erence in conditional

probability P (S-O-V∣NP-Adp) −P (NP-Adp∣S-O-V), to determine the direc-

tion of the correlation. A value close to 0 indicates that the relationship holds

in both directions (equivalence), whereas a value close to 1 or -1 indicates

that the relationship is only a one-way implication. Daum�e and Campbell

3In this thesis, the hyphenation in, e.g., �S-O-V� and �SOV� indicates a small di�erence:

�S-O-V� is used when referring to a syntactic construction, whereas �SOV� is used when

referring to some classes of languages. In an SOV language, the dominant order of object,

subject and verb is S-O-V.
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(2007) and Bjerva et al. (2019b), on the other hand, directly start o� with

the conditional probability P (S-O-V∣NP-Adp), which measures the strength

of an implication. To check whether the relationship is an equivalence, the

measure must also be applied to swapped arguments.

Neither correlation nor implication entails causation. For the example

above, it might be true that S-O-V order and postpositions frequently cooccur

but this does not mean that the presence of postpositions causes S-O-V order.

In Dryer (2009b), the author shows that a high correlation between tone

system and the order of object and verb can be found in the WALS, namely

Complex tone ⇒ V-O, and traces this implication back to a geographical

coincidence.
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3 Construction and Clustering of Language

Vectors

This section introduces continuous typological language vectors as they are

used in this work. After describing their background, two sets of experiments

follow:

1) Language vectors are used for hierarchical clustering and the results

are compared to those from previous work.

2) Treebank vectors are used to compare and cluster treebanks and to

detect annotation inconsistencies.

3.1 De�nitions and requirements

Given a set of languages L and a set of properties P , a language�property

matrix V has the size ∣L∣ × ∣P ∣.4 Rows are ∣P ∣-dimensional language vec-

tors whereas columns are ∣L∣-dimensional property vectors. The vector of the

property p ∈ P is denoted as v⃗p and its value for the language ` ∈ L as v`p.

For example, vEnglish
head-amod = 0.03 states that the property �head-amod� (see

3.2 below) has the value 0.03 for English.

This work especially requires vectors with 1) interpretable dimensions

and 2) real values in the interval [0,1], since the framework developed in

section 4 shall interpret these as real truth values. Typological vectors ful�l

both requirements whereas e.g. language embeddings ful�l none of them.

4The terms �property� and �feature� both denote a measurable characteristic of an

entity (here: a language) but have di�erent connotations: �feature� is more associated

with experimental characteristics in machine learning and �property� is used rather for

theoretically grounded characteristics. A distinction is not necessary in this work and the

term �property� is used for all kinds of characteristics.
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3.2 Vectors from the Universal Dependencies treebanks

The Universal Dependencies (UD)5 treebanks version 2.5 (Zeman et al., 2019)

consist of 157 treebanks for 90 languages. A list of the languages is provided

in appendix A.1. The sentence-level annotations in the treebanks include

dependency relations and parts-of-speech (POS).

Three groups of properties are extracted from the UD treebanks: single-

link properties, double-link properties, and chain-link properties. For single-

link properties, each dependency relation is used as property where the value

expresses the order of head and dependent. For example, (1) expresses the

degree to which a language ` places an adjectival modi�er after its governor.

v`
head-amod =

#[
amod

](`)

#[
amod

](`) +#[
amod

](`)
(1)

Here, an expression of the form #[∗](`) returns how often the construc-

tion ∗ appears for `. The value ranges between 0 and 1; 0 indicates that

adjectives never succeed (i.e. always precede) their governor, 1 indicates that

adjectives always succeed their governor, and 0.5 indicates that both order-

ings are equally common.

Table 4 shows a language�property matrix of 17 Indo-European languages

and the 10 most frequent dependency relations (the matrix with all languages

is provided in appendix A.2). The matrix already shows some well-known

typological features. For example, the Romance languages have a strong ten-

dency to place an adjective after its governing noun (cf. Gulordava and Merlo,

2015) and thus have higher values for the property �head-amod�, whereas

the other languages have low values.

5https://universaldependencies.org/
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IE, Baltic, Latvian 0.51 0.24 0.02 0.16 0.45 0.68 0.13 0.00 0.01 0.00

IE, Baltic, Lithuanian 0.51 0.28 0.01 0.17 0.60 0.65 0.11 0.03 0.02 0.02

IE, Germanic, Danish 0.79 0.16 0.03 0.77 0.82 0.95 0.36 0.13 0.00 0.07

IE, Germanic, Dutch 0.62 0.21 0.02 0.81 0.46 0.41 0.24 0.04 0.00 0.01

IE, Germanic, English 0.71 0.04 0.04 0.63 0.85 0.96 0.24 0.03 0.00 0.00

IE, Germanic, German 0.60 0.22 0.01 0.92 0.31 0.38 0.21 0.00 0.00 0.00

IE, Germanic, Swedish 0.78 0.17 0.01 0.56 0.82 0.94 0.34 0.03 0.00 0.02

IE, Romance, French 0.67 0.06 0.00 0.98 0.83 0.85 0.34 0.70 0.00 0.00

IE, Romance, Italian 0.77 0.21 0.00 0.97 0.76 0.87 0.23 0.68 0.00 0.01

IE, Romance, Portuguese 0.62 0.10 0.01 0.93 0.79 0.91 0.24 0.69 0.01 0.01

IE, Romance, Romanian 0.54 0.27 0.01 0.93 0.76 0.66 0.20 0.88 0.19 0.01

IE, Romance, Spanish 0.59 0.17 0.01 0.97 0.77 0.79 0.28 0.73 0.01 0.01

IE, Slavic, Bulgarian 0.62 0.24 0.00 0.98 0.66 0.81 0.19 0.03 0.42 0.00

IE, Slavic, Czech 0.56 0.33 0.00 0.96 0.58 0.69 0.18 0.08 0.02 0.03

IE, Slavic, Polish 0.60 0.27 0.00 0.93 0.73 0.82 0.19 0.35 0.06 0.01

IE, Slavic, Slovak 0.69 0.32 0.00 0.85 0.61 0.67 0.17 0.04 0.02 0.01

IE, Slavic, Slovenian 0.55 0.27 0.00 0.95 0.55 0.59 0.23 0.03 0.00 0.00

Table 4: Relative frequencies for the 10 most frequent single-link properties,

excluding the �root� relation, for 17 languages in the Universal Dependencies

treebanks.

For double-link properties, every combination of two relations with the

same head is used as property. For example, (2) indicates to which degree

the language uses the word order head�subject�object.

v`
head-nsubj-obj =

#

⎡⎢⎢⎢⎢⎣

nsubj
obj ⎤⎥⎥⎥⎥⎦

(`)

#

⎡⎢⎢⎢⎢⎣

nsubj
obj ⎤⎥⎥⎥⎥⎦

(`) + . . . +#

⎡⎢⎢⎢⎢⎣

obj
nsubj

⎤⎥⎥⎥⎥⎦
(`)

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
six possibilities

(2)
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Chain-link properties are similar to double-link properties. Here, every

combination of two chained relations is used as property. All single-, double-

and chain-link properties are extracted in two versions, once without POS

information (as in the examples above) and once with POS information. For

example, (3) is a chain-link property with POS information and indicates to

which degree prepositional phrases follow a governing noun in the language.

v`
head1:NOUN-case:ADP-nmod:head2:NOUN

=

#

⎡⎢⎢⎢⎢⎣ NOUN ADP NOUN

nmod
case

⎤⎥⎥⎥⎥⎦
(`)

#

⎡⎢⎢⎢⎢⎣ NOUN ADP NOUN

nmod
case

⎤⎥⎥⎥⎥⎦
(`) + . . . +#

⎡⎢⎢⎢⎢⎣ NOUN ADP NOUN

nmod
case

⎤⎥⎥⎥⎥⎦
(`)

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
six possibilities

(3)

Treebanks for the same language are merged, except for the analysis in

section 3.5. Subtypes of relations are mapped to their base type (e.g. �com-

pound:prt� ↦ �compound�).

3.3 Vectors from the URIEL database

The URIEL typological database6 (Littell et al., 2017) provides binary typo-

logical, geographical and phylogenetic information about languages. Corre-

sponding language vectors can be created with the Python library lang2vec.7

Note that binary vectors ful�l the requirements in section 3.1.

6http://www.cs.cmu.edu/~dmortens/uriel.html
7https://github.com/antonisa/lang2vec
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Indo-

European

[...] Romance

Italo-Western

Western [...]

Ibero-Romance [...]

[...] Portuguese

[...] Spanish

[...] French

[...] Italian

[...] Romanian

Germanic

West

[...] Dutch

[...] German

[...] English

North [...]

[...] Swedish

[...] Danish

Balto-Slavic

Slavic

West

[...] Polish

Czech-Slovak

Slovak

Czech

South

[...] Slovene

[...] Bulgarian

Baltic [...]

Lithuanian

Latvian

Figure 2: Example tree of language families from Ethnologue (pruned).8

8www.ethnologue.com/subgroups/indo-european
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3.4 Hierarchical clustering

Given a set of language vectors, a distance measure and a linkage method9,

languages can be clustered hierarchically. The output is a weighted binary

tree with languages as leaf nodes. This method is scienti�cally valuable for it

gives an impression of how well the vectors represent the languages. However,

sensible evaluation is di�cult, because a �perfect� gold tree is lacking.

3.4.1 Gold trees

A textbook tree of languages and language families might look like the tree

in Figure 2. The missing edge weights can be assumed to be 1. Such trees,

however, are non-binary which makes it impossible to use them as gold tree.

Rabinovich et al. (2017) and Bjerva et al. (2019c) use the tree of Serva

and Petroni (2008) as gold tree after pruning it to contain 17 languages. Serva

and Petroni (2008) use word lists as word vectors and a temporal distance

as distance measure which they de�ne as

TD(x⃗, y⃗) = −1750 ⋅ ln(1 − 1.09 ⋅GD(x⃗, y⃗)) (4)

where

GD(x⃗, y⃗) = 1

∣x⃗∣ ⋅
∣x⃗∣

∑
i=1

LD(xi, yi)
max{∣xi∣, ∣yi∣}

(5)

is the genetic distance and LD is the Levenshtein distance. The genetic dis-

tance is the average normalised Levenshtein distance. As linkage method,

Serva and Petroni (2008) use the unweighted pair group method with arith-

metic mean (UPGMA) algorithm by Sokal and Michener (1958) to calculate

the distance between two clusters X and Y .

daverage(X,Y ) = 1

∣X ∣ ⋅ ∣Y ∣ ⋅ ∑x⃗∈X
∑
y⃗∈Y

D(x⃗, y⃗) (6)

9A distance measure calculates the distance of two vectors; a linkage method calculates

the distance of two clusters.
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D is a vector distance measure�the temporal distance in Serva and

Petroni (2008). Figure 3 shows the recreated tree using their method and

the original data for the 17 languages used in Rabinovich et al. (2017). The

latter list three major advantages for using this tree as gold tree:

1) It is more or less similar to well accepted trees (cf. Gray and Atkinson,

2003).

2) It is a binary tree.

3) Its branches are weighted with the approximate number of years after

the splitting occurred which allows a more precise evaluation.

However, there are also some disadvantages:

1) The genetic distance is based on orthographic similarity rather than

phonemic, morphological or syntactic similarity.

2) Serva and Petroni's (2008) data is only accessible through an internet

archive service10.

3) It does not contain the same languages as in the UD treebanks which

makes it impossible to compare clusterings for all of those languages.

Figure 3: Gold tree following Serva and Petroni (2008).

10https://web.archive.org/web/20091203105416/http://univaq.it/~serva/languages/

languages.html
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3.4.2 Euclidean distance and tree distance

All numeric vectors can be clustered using the Ward variance minimisation

algorithm (Ward, 1963) as linkage method and the Euclidean distance ED

as distance measure.

ED(x⃗, y⃗) =

¿
ÁÁÀ ∣x⃗∣

∑
i=1

(xi − yi)2 (7)

However, the vectors obtained from UD and URIEL are not necessarily

complete, i.e. they might contain missing values. Therefore, the Euclidean

distance has to be adapted for vectors with possibly missing values.

ED(x⃗, y⃗) =
¿
ÁÁÀ ∣x⃗∣

∣{1 ≤ i ≤ ∣x⃗∣ ∶ xi ≠ null ∧ yi ≠ null}∣
⋅

¿
ÁÁÁÁÁÀ

∣x⃗∣

∑
i=1

xi≠null
yi≠null

(xi − yi)2 (8)

Only properties with values in both vectors are taken into account and

the result is normalised. This solution is suitable if the vast majority of prop-

erties have values in both vectors�(almost) disjoint vectors produce pointless

results.11

Following Rabinovich et al. (2017), the Euclidean distance is also used to

calculate the distance between two trees. To do so, the trees are vectorised

as follows. Given a tree τ , its leaf-distance vector l⃗τ is de�ned as

l⃗τ = ( 0, lτ(2,1), . . . , lτ(∣L∣,1),
lτ(1,2), 0, . . . , lτ(∣L∣,2),

⋮ ⋮ ⋱ ⋮
lτ(1, ∣L∣), lτ(2, ∣L∣), . . . , 0 )

(9)

where lτ(i, j) denotes the sum of the weights of all edges on the shortest

path between the leaves (i.e. languages) `i and `j in τ (when calculating

unweighted distances, all edges have the weight 1). The tree distance or

11Replacing missing values by 0.5 led to generally equal or worse results compared to

the solution in (8).
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squared path-di�erence distance PD (Mir and Rossell�o, 2010; Bogdanowicz

et al., 2012) between two trees is the squared Euclidean distance of the leaf-

distance vectors.

PD(τ, g) = ED(l⃗τ , l⃗g)2 (10)

This measure has two issues. First, when l⃗τ contains greater numbers

compared to l⃗g or vice versa, then the tree distance becomes accordingly

large, independently of whether the languages are similarly clustered. To

counteract this, the leaf-distance vectors are standardised as in (12, 13) and

the tree distance becomes

PD(τ, g) =
⎧⎪⎪⎪⎨⎪⎪⎪⎩

ED(l⃗τ , l⃗g)2 unweighted

ED(z(l⃗τ), z(l⃗g))2 weighted
(11)

with

z(xi) =
xi − µ(x⃗)
σ(x⃗) (12)

z(x⃗) = (z(x1), . . . , z(x∣x⃗∣)) (13)

where µ is the mean and σ is the standard deviation.

The second issue is that the tree distance is not normalised according

to the number of leaves. As a consequence of that, tree distances are not

comparable if the number of languages is not �xed. Following Bogdanowicz

et al. (2012), the normalised tree distance is obtained by dividing through

the average distance between two random trees with ∣L∣ leaves:

PD∗(τ, g) = PD(τ, g)
PD∣L∣,weighting

(14)

For 10,000 runs with randomly generated trees, PD17,unweighted ≈ 1473.2

and PD17,weighted ≈ 490.4.
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3.4.3 Evaluation

Table 5 shows the clustering performance of di�erent vector types from the

UD treebanks, URIEL and previous work. The corresponding dendrograms

can be found in appendix A.3.1.

Weighted

Language vectors Source ∣P ∣ Null No Yes

phylogenetic features URIEL 3,718 0.00 0.23 0.15

chain links + POS UD 682,830 0.91 0.25 0.12

double links UD 3,810 0.34 0.26 0.15

chain links UD 7,284 0.53 0.29 0.14

WALS features URIEL 103 0.30 0.29 0.23

double links + POS UD 599,196 0.90 0.37 0.20

single links + POS UD 5,890 0.79 0.41 0.23

single links UD 37 0.09 0.51 0.35

geographic features URIEL 299 0.00 0.64 0.59

single links + POS Bjerva et al. (2019c) 0.32 �

POS Rabinovich et al. (2017) 0.35 0.30

POS + function words Rabinovich et al. (2017) 0.36 0.28

phrase structure Bjerva et al. (2019c) 0.36 �

POS Bjerva et al. (2019c) 0.52 �

raw text Bjerva et al. (2019c) 0.53 �

POS + function words Bjerva et al. (2019c) 0.56 �

random � � 0.86 0.85

Table 5: Normalised tree distances between di�erent language vectors and

the 17-languages gold tree following Serva and Petroni (2008), separated

into current and previous work and sorted by unweighted tree distance; ∣P ∣
... number of properties (i.e. dimensionality of the vectors), Null ... percentage

of missing values in the 17 language vectors.

The numbers of Bjerva et al. (2019c) have to be treated with caution

19



since they do not specify how they normalised their data or whether they

calculated weighted or unweighted tree distances. Since they compare their

scores to the unweighted tree distances of Rabinovich et al. (2017), it is

carefully assumed that the numbers of Bjerva et al. (2019c) and Rabinovich

et al. (2017) really are comparable.

Rabinovich et al.'s (2017) number for the �POS� condition (0.35) was

recalculated as 0.37. Since the di�erence is rather small, the results by Rabi-

novich et al. (2017) can be considered comparable to the results of this work,

although they do not specify how they normalised their tree distances.12

Rabinovich et al. (2017) also report di�erent average distances between a

random tree and the gold tree (last line of Table 5). For unweighted and

weighted tree distances, they report 0.72 and 0.68, respectively. The di�er-

ences might be caused by di�erences in the algorithm for generating random

trees (although both works sample random leaf-distance vectors from the

uniform distribution).

Because of the many obscurities in Rabinovich et al.'s (2017) and Bjerva

et al.'s (2019c) notions of the tree distance, a comparison between this work

and previous work is omitted and the upper and the lower part of Table 5

are discussed separately in the following. It is further noteworthy that the

UD treebanks comprise several �ctional and non-�ctional text genres whereas

Rabinovich et al. (2017) and Bjerva et al. (2019c) use the Europarl parallel

corpus, which only contains political debates.

It is no surprise that the phylogenetic vectors produce the best phyloge-

netic tree. The crucial di�erence is the clustering of the main sub-branches

Indo-European

Romance

Baltic+Slavic

Germanic

, which is
Indo-European

Baltic+Slavic

Romance

Germanic

in the gold tree

(in the Ethnologue tree on page 13, these branches are same-level siblings).

12Rabinovich et al. (2017), Bjerva et al. (2019c), and Oncevay et al. (2019) all use

normalised tree distances as evaluation measure but neither of them speci�es the normal-

isation constants they used.
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The WALS vectors put Slovenian, Bulgarian and Polish to the Romance

languages and the chain-link and double-link vectors separate German and

Dutch from the other Germanic languages. Comparing the di�erent UD vec-

tors, chain links and double links perform better than single links; presum-

ably because they describe the syntactic nature of a language more precisely.

Those vectors also perform better than WALS features (double links with

POS only in the weighted evaluation), which illustrates the accuracy of �ner-

grained, continuous values over coarser-grained, binary values.

The performance is generally higher for the UD vectors with POS in-

formation, except for double links with POS, presumably because the large

number of constructions which are very rare or even missing in a lot of the

languages make a comparison of two language vectors unstable. If this as-

sumption is true, then (the 17 Indo-European) languages have more chain

constructions in common than constructions involving one head with two

dependents. Geographical features, as one might expect, lead to the most

distant clustering compared to the gold standard.

Rabinovich et al. (2017) and Bjerva et al. (2019c) both work with English

texts that have been translated from other source languages. Rabinovich et al.

(2017) use counts of POS trigrams and function words as language vectors.

Bjerva et al. (2019c) train a multilingual neural language model by using the

text representation and a language representation as input. The language

representations are updated during training and result in the �nal language

vectors. The text is represented on di�erent levels of (syntactic) abstraction:

the raw text, POS tags and function words, only POS tags, a phrase structure

representation as well as dependency links and POS tags. The latter is similar

to �single links + POS� of this work. The general tendency is that more

abstract vectors yield more accurate clustering results.

For more than 17 languages, only a qualitative analysis is possible since

a gold tree is lacking. Constructed trees for 66 languages can be found in

appendix A.3.2. These are exactly those languages in both URIEL and the

UD treebanks for which at least two other languages of the same family are
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included in the UD treebanks. Phylogenetic features, single links and double

links recognise most of the families and main sub-branches correctly.13 The

WALS vectors perform worse, probably due to a lot of missing values.

3.5 Inconsistencies among treebanks

The hierarchical clustering of the UD vectors showed that the extracted prop-

erties and the underlying data are expressive enough to build approximate

phylogenetic trees. However, the construction of a language vector from dif-

ferent treebanks for the same language in a sort makes the assumption that all

involved treebanks are annotated consistently. For that reason, the extracted

properties are now used to detect inconsistencies in the UD treebanks. This

is primarily important because annotation inconsistencies might in�uence

subsequent processing and analysis steps.

3.5.1 Dependency directions

Chen and Gerdes (2017) introduce language vectors whose entries are direc-

tional dependency distances. The directional dependency distance DDD for

a dependency relation R and a language ` is the average dependency distance

of R's instances in the treebanks of `, where left-directed dependencies have

a negative distance and right-directed dependencies have a positive distance.

Figure 4 shows an example for dependency distances; (15) shows the formula

to compute the directional dependency distance.

13Only Afro-Asiatic languages are scattered through the tree for the UD vectors. A look

at the dependency links, e.g. in appendix A.2, con�rms that these languages have some

statistical di�erences. One possible explanation (apart from an inconsistent annotation) is

that Afro-Asiatic is a comparatively old language family. Almost all Afro-Asiatic languages

in the UD treebanks belong to di�erent subgroups of Semitic (ca. 3,750�2,500 BCE; cf.

Kitchen et al., 2009; Huehnergard and Pat-El, 2019) which itself is as old as, e.g., Indo-

European (ca. 4,500�2,500 BCE; cf. Bomhard, 2019).
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This is an example of DDD .

nsubj

−3 cop

−2 det
−1

nmod
+2

punct

+3

case
−1

Figure 4: Positive and negative dependency distances.

DDD(R, `) =
∑

r∈instances(R,`)
distance(r)

∣instances(R, `)∣ (15)

The authors use the language vectors for clustering but brie�y mention

that treebank vectors could be used to discover inconsistencies among tree-

banks for the same language. In the following, this idea shall be pursued.

The DDD is similar to the single-link properties from section 3.2. To be

more precise, DDD(R,`)+12 = v`
head-R if every dependency distance was set to -1

or +1, respectively. This means that the single-link properties only quantify

the average direction of a relation whereas the DDD quanti�es the average

direction and distance.

Table 6 shows languages and relations which have high di�erences in

the corresponding single-link property, i.e. dependency direction, between

treebanks. The dependency relations �dep�, �discourse�, �dislocated�, ��xed�,

�goeswith�, �list�, �orphan�, �parataxis�, �reparandum� and �vocative� are ig-

nored because their occurrences are usually very infrequent and dissimilar.

Which of these di�erences result from inconsistent annotation is evaluated

individually and discussed below. The cases follow in the same order as in

Table 6.
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` R max−min All treebank values Incon.

Chinese clf 1.00
GSD
0.00,

GSDSimp

0.00 ,
PUD
0.02,

CFL
0.99,

HK
1.00 T

Korean aux 1.00
PUD
0.00,

GSD
0.83,

Kaist
1.00 T

Korean mark 1.00
Kaist
0.00,

GSD
1.00 ?

Arabic compound 0.98
PUD
0.02,

NYUAD
1.00 T

Galician cc 0.94
TreeGal
0.00 ,

CTG
0.94 T

Turkish compound 0.94
PUD
0.01,

GB
0.05,

IMST
0.95 ?

English csubj 0.90
GUM
0.10,

LinES
0.56 ,

EWT
0.62,

ESL
0.73,

ParTUT
0.73 ,

PUD
0.73,

Pronouns
1.00 F

Old Russian expl 0.88
RNC
0.06,

TOROT
0.93 F

Spanish compound 0.88
PUD
0.12,

GSD
0.36,

AnCora
1.00 T

Chinese compound 0.80
GSD
0.00,

GSDSimp

0.00 ,
PUD
0.01,

HK
0.43,

CFL
0.80 T

French csubj 0.80
FTB
0.20,

Spoken

0.20 ,
PUD
0.75,

GSD
0.81,

ParTUT
0.97 ,

Sequoia

1.0 F

Galician nummod 0.80
TreeGal
0.18 ,

CTG
0.98 T

Arabic nummod 0.75
PUD
0.24,

NYUAD
0.47 ,

PADT
0.99 ?

French cop 0.73
GSD
0.02,

FTB
0.03,

PUD
0.04,

Sequoia

0.05 ,
Spoken

0.05 ,
ParTUT

0.08 ,
FQB

0.75 F

Latin cc 0.72
ITTB
0.04 ,

PROIEL
0.71 ,

Perseus
0.76 T

Komi Zyrian cop 0.69
Lattice
0.12 ,

IKDP
0.81 ?

French compound 0.67
PUD
0.33,

Spoken

0.78 ,
ParTUT

1.00 (F)

Portuguese compound 0.63
PUD
0.37,

Bosque

1.00 T

German compound 0.62
PUD
0.34,

GSD
0.53,

HDT
0.94,

LIT
0.96 F

English compound 0.59
EWT
0.09,

PUD
0.09,

ESL
0.13,

GUM
0.13,

LinES
0.18 ,

ParTUT
0.67 F

Table 6: Top 20 relations with largest di�erences in dependency direction

within a language. The abbreviations written above numbers are the treebank

shortcuts. The last column shows whether the di�erence is a true (T) or false

(F) inconsistency or whether the case in unclear (?).
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Inconsistent Chinese classi�ers (clf) Figure 5 shows that the annota-

tion for classi�ers is categorically di�erent among the Chinese treebanks.

NUM NOUN NOUN
y	� g�e d	ongxi
one classifier thing

nummod

clf

NUM NOUN NOUN
y	� g�e d	ongxi
one classifier thing

nummod clf

Figure 5: Chinese annotation scheme for noun phrases with a classi�er in

CFL/HK (left) and GSD/GSDSimp/PUD (right).

Inconsistent Korean auxiliaries (aux) The great inconsistency of the

AUX tag and the �aux� relation among the Korean treebanks is already

documented by Noh et al. (2018):

�Of the 37 universal syntactic relations labels [...], [GSD], PUD,

and [Kaist] show the biggest di�erence in the aux (Auxiliary) and

labels related to MEW [sic] (multi-word-expression), compound

(Compound), fixed (Fixed Multiword Expression), and flat

(Flat Multiword Expression). [GSD] demonstrates quite a low

frequency of aux, which is because auxiliary predicates are not

classi�ed separately in the POS annotation process but are pro-

cessed with VERB. Since an auxiliary predicate is not used alone

but appears next to the main predicate, AUX [...] and aux, [...],

should be proportional to each other. As such, it is natural for

aux to show high frequency, as is the case with [Kaist]. Instead,

a flat label appears in [GSD] with high frequency whereas it

appears with low frequency in other corpus [sic] as the relation-

ship between the auxiliary predicate and the main predicate is

processed as flat.�
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Inconsistent Arabic compounds (compound) In the NYUAD tree-

bank, the �compound� relation is only used to connect numerals (NUM tags)

from left to right (in the PUD treebank and the PADT, words tagged as NUM

are commonly connected by �nummod�). Whilst the �compound� relation is

not used in the PADT at all, there are two usages in the PUD treebank:

1) �compound� to connect nouns, also from left to right, but rarely used.

2) �compound:prt� to connect words, mainly verbs (VERB), with their

particles (PART). Here, the particle almost always precedes its gover-

nor.

The labelling of particles is, obviously, handled di�erently in the PADT

and the NYUAD treebank.

Inconsistent Galician coordinating conjunctions (cc) Whilst the

TreeGal treebank combines the �cc� and the �conj� relation, the CTG tree-

bank does not use �conj� and uses �cc� as shown in Figure 6. Conjuncts which

are not nouns are connected similarly.

NOUN CCONJ NOUN
[...] e [...]
[...] and [...]

conj

cc

NOUN CCONJ NOUN
[...] e [...]
[...] and [...]

nmod

cc

Figure 6: Galician annotation scheme for coordinating conjunctions in Tree-

Gal (left) and CTG (right).

Consistent English clausal subjects (csubj) The presence of an exple-

tive pronoun changes the direction of the �csubj� relation, see Figure 7. The

GUM treebank simply contains more sentences with expletives.
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PRON VERB NOUN PRON PRON VERB
It makes sense what she said

expl obj

csubj

obj

nsubj

PRON PRON VERB VERB NOUN
What she said makes sense

obj

nsubj csubj obj

Figure 7: English annotation scheme for clausal subjects with expletive

(above) and without expletive (below).

Consistent Old Russian expletives (expl) The only expletives in the

Old Russian treebanks are forms of sebe/sja `oneself'. The TOROT contains

over 1,000 examples and in 93% of the cases the expletive follows the verb;

the RNC treebank addresses those forms with the subtype relation �expl:rv�

and contains only nine examples, in all but one of them the expletive precedes

the verb. Furthermore, in the RNC treebank the base �expl� relation is used

to connect particles (PART) with their governors and the particle usually

precedes its governor.

Inconsistent Spanish compounds (compound) First of all, the PUD

treebank only contains �compound:prt� whereas the GSD treebank and the

AnCora treebank only contain �compound�. The usage varies in several

points, for example with temporal words and re�exive words:

NOUN NOUN
a�no pasado
year last

compound

NOUN ADJ
a�no pasado
year last

amod

Figure 8: Spanish annotation scheme for temporal words and pasado `last' in

AnCora (left) and GSD/PUD (right).
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PRON VERB
se registr�o

oneself registered

obj

PRON VERB
se registr�o

oneself registered

iobj

PRON VERB
se registr�o

oneself registered

compound:prt

Figure 9: Spanish annotation scheme for re�exive verbs in AnCora (left),

GSD (middle) and PUD (right).

Inconsistent Chinese compounds (compound) All Chinese treebanks

use the base �compound� relation and the direction is generally from right

to left. However, the HK treebank and the CFL treebank also use �com-

pound:dir�, �compound:ext�, �compound:vo� and �compound:vv� where the

direction is generally from left to right. The extended use of �compound� (by

subtypes) in some but not all Chinese treebanks is an inconsistency.

Consistent French clausal subjects (csubj) In French, the clausal sub-

jects show the same expletive alternation as in English (see above).

Inconsistent Galician numeral modi�ers (nummod) The CTG tree-

bank attaches numerals to the determiner instead of the noun:

DET NUM NOUN
os 76 anos
the 76 years

det

nummod

DET NUM NOUN
os 76 anos
the 76 years

det

nummod

Figure 10: Galician annotation scheme for coordinating conjunctions in Tree-

Gal (left) and CTG (right).

Consistent French copulae (cop) The FQB contains a lot of questions

where fronted forms of quel `which' are the governor of the copula, i.e. the

fronted forms change the average direction of the �cop� relation.
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Inconsistent Latin coordinating conjunctions (cc) The conjunction is

categorically attached to di�erent conjuncts in the Latin treebanks, analogous

to Galician (see above).

(In)Consistent French compounds (compound) The �compound� re-

lation is consistently used for common-noun compounds in the PUD tree-

bank, the Spoken treebank and the ParTUT. An inconsistency, however,

which cannot be detected by dependency direction di�erence, is that the

other French treebanks mark compounds by other relations, e.g. �nmod�.

Inconsistent Portuguese compounds (compound) The Portuguese

treebanks show a di�erent use of �compound� and �compound:prt�, similar

to the Spanish compounds.

Consistent German compounds (compound) The German treebanks

di�erentiate between �compound� and �compound:prt�. The former is used

for (hyphenated) nominal compounds and usually spans from right to left;

the latter is used for verbal particles and mainly goes the opposite direction,

from left to right.

PROPN PUNCT NOUN
Smartphone - Produktion
smartphone production

punct

compound

PRON VERB VERB
er kehrte zur�uck
he came back

nsubj compound:prt

Figure 11: German annotation scheme for nominal compounds (left) and

particle verbs (right).

Consistent English compounds (compound) Proper-name com-

pounds are annotated di�erently from common-noun compounds in English,
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see Figure 12, and the ParTUT treebank almost exclusively contains proper-

name compounds which is in contrast to the other English treebanks.

NOUN NOUN
search engine

compound

NOUN NOUN
Madame President

compound

Figure 12: English annotation scheme for compounds of common nouns (left)

and proper names (right).

3.5.2 Treebank clustering

Looking at treebank vectors raises the question of whether treebanks for the

same language form a pure �language� cluster, i.e. whether treebanks for the

same language are more similiar to each other than to any treebank from

another language. Given a gold and a predicted clustering characterised by

the functions gold ∶ L ↦ P(L) and pred ∶ L ↦ P(L), where each function

maps a treebank ` ∈ L to the cluster containing `, the purity is calculated as

purity(L, gold, pred) = 1

∣L∣ ⋅ ∑
Y ∈{pred(`)∶`∈L}

max
X∈{gold(`)∶`∈L}

∣X ∩ Y ∣ (16)

and ranges between 0 (bad clustering) and 1 (perfect clustering) (cf. Manning

et al., 2008, p. 357).

Table 7 shows the purities for di�erent language vectors using all prop-

erties or without properties involving the relations �dep�, �discourse�, �dis-

located�, ��xed�, �goeswith�, �list�, �orphan�, �parataxis�, �reparandum� and

�vocative� (the same which are excluded in the previous subsection, p. 22).

The purity ranges between 70% and 78% and the overall tendency is that

language vectors with fewer dimensions perform better. Figure 13 shows a

hierarchical treebank clustering.
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Purity

Language vectors 37 relations 27 relations

single links 0.72 0.78

single links + POS 0.74 0.76

double links 0.70 0.74

double links + POS 0.74 0.72

chain links 0.70 0.72

chain links + POS 0.72 0.70

Table 7: Purity of the treebank clusterings for the 17 languages in Figure 13

after cutting the constructed tree at 17 clusters.

An automated analysis to �nd inconsistencies among treebanks of closely

related languages is di�cult. Too uncertain are the in�uences of language-

internal inconsistencies (due to underspeci�cation in the UD annotation

guidelines, conversion errors etc.) and genre di�erences (�ctional vs. non-

�ctional, spoken vs. written etc.). Again, individual inspections of impure

clusters might give an idea of the annotation di�erences. In Figure 13, for

example, Slovak-SNK is in the same cluster as all Czech treebanks except

Czech-PUD. Looking into the documentation reveals that Czech-PUD is the

only Czech treebank which was natively annotated in the UD format (Ze-

man et al., 2017); the other Czech treebanks (cf. Zeman, 2015; Jel��nek, 2017;

Kr���z et al., 2016) were built at the Charles University in Prague and later

converted into the UD format. Slovak-SNK, on the other side, was annotated

following the annotation style of the Prague Dependency Treebank before

being converted to UD format. This annotation style seems to make Slovak-

SNK and the Czech treebanks more similar than Czech-PUD and the other

Czech treebanks.
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Figure 13: Clustering of 54 treebanks for 17 languages using single-link vec-

tors. The colours mark the clusters after cutting the dendrogram at 17 clus-

ters.
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4 A Framework for Property Vectors

This section provides the theoretical basis for the evaluation of formulae

based on continuous typological language vectors. After introducing real-

valued logics, two concrete use cases follow, in which the framework is used

to assess the agreement between (manually collected) typological databases

and the statistical data extracted from the Universal Dependencies treebanks.

4.1 Valuation functions

The goal of this work is to evaluate formulae, which are possibly logically

complex, on a data basis. Hereby, �logically complex� refers to any formula

which connects more than two variables. An example is given in (17), which

is the 70th universal in the Universals Archive14.

φ70 ∶= (¬v⃗head-case ∧ ¬v⃗nsubj-head-obj) ⇒ (v⃗head-amod⇒ v⃗head-nmod) (17)

It is important to di�erentiate between the syntactic form of a formula,

as in (17), and the value of a formula evaluated under certain conditions. The

value of a formula φ ∈ Φ, where Φ denotes the set of well-formed formulae,

can be calculated only with respect to a language `, a universe U and a

valuation function V . The universe is the set of possible values which the

variables and their connections can represent, i.e. V ∈ U ∣L∣×∣P ∣; the de�nition
of the connectives, in turn, depends on the valuation V which assigns a truth

value to a formula for a language, i.e. V ∶ ΦL → U :

V(φ`70) ∶= V((¬v`head-case ∧ ¬v`nsubj-head-obj) ⇒ (v`
head-amod⇒ v`

head-nmod)) (18)

In Boolean logic, U = {0,1} and the logical connectives ¬ (negation),

∧ (conjunction), ∨ (disjunction), ⇒ (implication) and ⇔ (equivalence) are

de�ned by VB as

14http://typo.uni-konstanz.de/archive/
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VB(v`p) ∶= v`p (19)

VB(¬φ`) ∶=
⎧⎪⎪⎪⎨⎪⎪⎪⎩

1 VB(φ`) = 0

0 VB(φ`) = 1
(20)

VB(φ`1 ∧ . . . ∧ φ`n) ∶=
⎧⎪⎪⎪⎨⎪⎪⎪⎩

1 VB(φ`1) = . . . = VB(φ`n) = 1

0 otherwise
(21)

VB(φ`1 ∨ . . . ∨ φ`n) ∶=
⎧⎪⎪⎪⎨⎪⎪⎪⎩

0 VB(φ`1) = . . . = VB(φ`n) = 0

1 otherwise
(22)

VB(φ`1⇒ φ`2) ∶= VB(¬φ`1 ∨ φ`2) (23)

VB(φ`1⇔ φ`2) ∶= VB((φ`1⇒ φ`2) ∧ (φ`2⇒ φ`1)) (24)

for any variable v⃗p ∈ U ∣L∣ and formulae φ,φ1, . . . , φn.

Setting v`
head-case = 1, v`

head-amod = 0, v`
head-nmod = 1 and v`nsubj-head-obj = 1

yields VB(φ`70) = 1. However, these de�nitions are not su�cient since they are

only applicable for Boolean values, whereas the property values as described

in section 3.1 are real values.

4.2 Real-valued logics

In real-valued logics, the logical connectives have to be rede�ned, so that not

only 0 (false) and 1 (true) but also every other value in [0,1] = U can be a

truth value. Product logic and fuzzy logic are two real-valued logics whose

commonalities and di�erences shall be discussed below.

4.2.1 Addition

Addition is not a logical connective but listed here because it is used later

on in this work to calculate the value of properties which have not been di-
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rectly extracted from the UD treebanks. For example, the extent to which

a language is �V-�nal� is the percentage occupied by S-O-V and O-S-V con-

structions. Thus, the value v`V-�nal can be calculated by addition:

v`V-�nal = v`nsubj-obj-head + v`obj-nsubj-head (25)

Note that v`nsubj-obj-head and v`obj-nsubj-head are calculated with the same

denominator (see section 3.2, p. 11) which is required for their addition.

4.2.2 Negation

Negation is a unary operation which is always de�ned as below.

V(¬φ`) ∶= 1 − V(φ`) (26)

This general de�nition has its origin in probability theory: Given a prob-

ability function P ∶ P(Ω) → [0,1], the probability of any event A ∈ P(Ω) is

P (A) and the probability of its complement ¬A is 1 − P (A). It is further a
generalisation from Boolean logic.

4.2.3 Conjunction and disjunction

Conjunction and disjunction are n-ary connectives whose de�nitions vary

between di�erent logics.15 In product logic (e.g. Smith, 2012) (also referred to

as probabilistic logic (Mizraji, 1992); the same valuation is used in subjective

logic (Jøsang and McAnally, 2005) and others) those connectives are de�ned

as

15It is possible to formulate two intuitive constraints which seem to hold across real-

valued logics:

V(φ`1 ∧ . . . ∧ φ`n)
!
≤ max{V(φ`1), . . . ,V(φ`n)} (27)

V(φ`1 ∨ . . . ∨ φ`n)
!
≥ min{V(φ`1), . . . ,V(φ`n)} (28)
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VP (φ`1 ∧ . . . ∧ φ`n) ∶= VP (φ`1) ⋅ . . . ⋅ VP (φ`n) (29)

VP (φ`1 ∨ . . . ∨ φ`n) ∶= ϑ(φ`n) (30)

with ϑ(φ`i) =
⎧⎪⎪⎪⎨⎪⎪⎪⎩

ϑ(φ`i−1) + VP (φ`i) − ϑ(φ`i−1) ⋅ VP (φ`i) i > 0

0 otherwise16
.

These de�nitions also have parallels in probability theory. The probability

that two events A,B ∈ P(Ω), occur together is P (A) ⋅ P (B) as long as the

events are independent from each other (i.e. A∩B = ∅). Similarly, the prob-

ability that at least one of the events occurs is P (A) +P (B) −P (A) ⋅P (B).
For example, consider any language ` ∈ L and let P (A) = v`

head-case the prob-

ability that ` is postpositional and P (B) = v`V-�nal be the probability that `

is verb-�nal. The probability that ` is both postpositional and verb-�nal is

P (A) ⋅ P (B), only(!) if the postpositionality of ` and the verb-�nality of `

are independent. Under a linguistic point of view, this is certainly not the

case (both properties are a subtype of head-�nality); however, independence

assumptions are known to perform well in computational-linguistic applica-

tions.

Another valuation is used in fuzzy logic (Zadeh, 1965), where the connec-

tives are de�ned by the minimum and maximum of the inputs, respectively:17

VF (φ`1 ∧ . . . ∧ φ`n) ∶= min{VF (φ`1), . . . ,VF (φ`n)} (31)

VF (φ`1 ∨ . . . ∨ φ`n) ∶= max{VF (φ`1), . . . ,VF (φ`n)} (32)

The underlying theory builds on fuzzy sets. A fuzzy set A is characterised

by a membership function mA ∶ Υ → [0,1] (Υ is the element space). For

16Since it is not obvious: This de�nition of ∨ is commutative.
17These de�nitions are already used in the earlier  Lukasiewicz logic ( Lukasiewicz and

Tarski, 1930;  Lukasiewicz, 1930; see Bergmann, 2008, p. 179) for weak conjunction and

weak disjunction.
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any element υ ∈ Υ, mA(υ) is the truth value of υ being in A. Similarly,

we de�ne the fuzzy set B and its membership function mB ∶ Υ → [0,1].
Then the membership function for the intersection is de�ned as mA∩B(υ) ∶=
min{mA(υ),mB(υ)}. Now, let Υ = L, head-case be the set of languages that
are postpositional and V-�nal be the set of languages that are verb-�nal. For

any language ` ∈ L, the truth value for ` being both postpositional and verb-

�nal is mhead-case∩V-�nal(`) = min{mhead-case(`),mV-�nal(`)}. In the slightly

di�erent notation of this work, the set V-�nal corresponds to the vector v⃗V-�nal

and the membership mV-�nal(`) corresponds to the value v`V-�nal. Hence the

understanding of conjunction and disjunction in fuzzy logic is detached from

independence of the languages' properties. Note that the product valuations

set lower and upper bounds for the fuzzy valuations, i.e.

VP (φ`1∧ . . .∧φ`n) ≤ VF (φ`1∧ . . .∧φ`n) ≤ VF (φ`1∨ . . .∨φ`n) ≤ VP (φ`1∨ . . .∨φ`n) (33)

holds for all formulae φ1, . . . , φn ∈ Φ.

4.2.4 Implication and equivalence

Implication and equivalence are binary connectives which can be de�ned on

basis of the de�nitions for ¬, ∧ and ∨ (as in Boolean logic).

V(φ`1⇒ φ`2) ∶= V(¬φ`1 ∨ φ`2) (34)

V(φ`1⇔ φ`2) ∶= V((φ`1⇒ φ`2) ∧ (φ`2⇒ φ`1)) (35)

4.3 Averaging

∣L∣ truth values can be calculated for V(φ`), one for every language in L. As

mentioned in section 1, a universal is a statement that is supposed to hold

for �all� languages, but a universal quanti�cation (i.e. a conjunction of the

values) would be misleading since it is not robust to outliers. The score for

a formula is hence calculated as the (weighted) average
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s(φ) =
∑̀
∈L
w(φ, `) ⋅ V(φ`)

∑̀
∈L
w(φ, `) (36)

with w being the weight function. An unweighted average corresponds to a

weighted average with all weights being 1. In addition to that, two further

weighting methods are tested, which are motivated below.

4.3.1 Antecedent weighting

Hempel (1945a;b) discusses a paradox of con�rmation, concerning implica-

tional universals. Consider the hypothesised universal in (39) which states

that �if a language is verb-�nal then it is postpositional�. Let `1, `2, `3, `4 be

four languages so that `1 is verb-�nal and postpositional, `2 is verb-�nal

and prepositional, `3 is non-verb-�nal and postpositional, and `4 is non-verb-

�nal and prepositional. `1 clearly con�rms the hypothesis and `2 clearly dis-

con�rms it. `3 and `4 should have no relevance for a hypothesis concerning

verb-�nal languages since they are not verb-�nal in the �rst place.18 (40) is

logically equivalent to (39), hence every language which con�rms (40) au-

tomatically con�rms (39). (40), however, is a hypothesis concerning prepo-

sitional languages, making `4 relevant, which con�rms (40) and thus (39).

It is counter-intuitive that a non-verb-�nal language con�rms a universal

concerning verb-�nal languages.19

φ`489 ∶= v`V-�nal⇒ v`
head-case (39)

φ`489
′ ∶= ¬v`

head-case⇒ ¬v`V-�nal (40)

18This selective constraint is called Nicod's criterion.
19Hempel's paradox is also known as Raven paradox because of the original example:

S1(x) ∶= raven(x) ⇒ black(x) (37)

S2(x) ∶= ¬black(x) ⇒ ¬raven(x) (38)

Any red pencil, green leaf, yellow cow etc. con�rms S2 but could be considered irrelevant

for S1 (cf. Hempel, 1945a, p. 14).
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The paradox raises the question of which languages should be considered

for evaluating a formula: All or only those which are relevant? Hempel (1945a,

p. 11) rightly notices that using a selective constraint �makes con�rmation

depend not only on the content of the hypothesis, but also on its formulation�.

And in the case of non-binary logics, it is not even clear what �relevant�

means.

Therefore, antecedent weighting makes a generalisation from the binary

case. The weight w(φ, `) should be dependent on how relevant ` is for φ.

This can be achieved by setting w(φ, `) = V(φ`1) with φ` = (φ`1 ⇒ φ`2). In the

current example:

s(φ489) =
∑̀
∈L
V (v`V-�nal) ⋅ V (φ`489)

∑̀
∈L
V (v`V-�nal)

≠
∑̀
∈L
V (¬v`

head-case) ⋅ V (φ`489
′)

∑̀
∈L
V (¬v`

head-case)
(41)

Since it is possible that several implications occur in φ, the de�nition is

extended to w(φ, `) = wa(φ`) with

wa(φ`1⇒ φ`2) = wa(φ`1) ⋅wa(φ`2) ⋅ V(φ`1) (42)

wa(φ`1⇔ φ`2) = wa((φ`1⇒ φ`2) ∧ (φ`2⇒ φ`1)) (43)

wa(φ`1 ∧ . . . ∧ φ`n) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

V(wa(φ`1) ∧ . . . ∧wa(φ`n)) V = VP

wa
⎛
⎝

argmin
φ`∈{φ`1,...,φ

`
n}

V(φ`)
⎞
⎠

V = VF
(44)

wa(φ`1 ∨ . . . ∨ φ`n) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

V(wa(φ`1) ∨ . . . ∨wa(φ`n)) V = VP

wa
⎛
⎝

argmax
φ`∈{φ`1,...,φ

`
n}

V(φ`)
⎞
⎠

V = VF
(45)

wa(¬φ`) = wa(φ`) (46)

wa(v`p) = 1 (47)

(48) shows the calculation of the antecedent weight for an example for-

mula. The result is a product of three factors. The �rst factor is the valuation
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of the antecedent of the second (i.e. the inner) implication in φ`70, the last

two factors are the valuation of the antecedent of the �rst (i.e. the outer)

implication.

(48)wa(φ`70) = wa((¬v`head-case ∧ ¬v`nsubj-head-obj) ⇒ (v`
head-amod⇒ v`

head-nmod))

= wa(¬v`head-case ∧ ¬v`nsubj-head-obj) ⋅wa(v`head-amod⇒ v`
head-nmod)

⋅ VP (¬v`head-case ∧ ¬v`nsubj-head-obj)

= V(wa(¬v`head-case) ∧wa(¬v`nsubj-head-obj)) ⋅wa(v`head-amod) ⋅wa(v`head-nmod)

⋅ VP (v`head-amod) ⋅ VP (¬v`head-case) ⋅ VP (¬v`nsubj-head-obj)

= wa(¬v`head-case) ⋅wa(¬v`nsubj-head-obj) ⋅ 1 ⋅ 1

⋅ v`
head-amod ⋅ (1 − VP (v`head-case)) ⋅ (1 − VP (v`nsubj-head-obj))

= wa(v`head-case) ⋅wa(v`nsubj-head-obj) ⋅ v`head-amod ⋅ (1 − v`head-case) ⋅ (1 − v`nsubj-head-obj)

= 1 ⋅ 1 ⋅ v`
head-amod ⋅ (1 − v`head-case) ⋅ (1 − v`nsubj-head-obj)

= v`
head-amod ⋅ (1 − v`head-case) ⋅ (1 − v`nsubj-head-obj)

4.3.2 Phylogenetic weighting

To con�rm a typological universal, it is not su�cient to validate it on as

many languages as possible, it is also necessary to validate it on languages

from many di�erent language families. If a candidate for a universal is tested

on English, German, French, Italian, Spanish and Japanese and the universal

holds for all of them but Japanese, then Japanese is not simply an outlier,

it is also possible that the �universal� only holds within the Indo-European

languages. Typically, �typologists seek to ensure representativity [...] by ex-

haustive sampling of known families, strati�ed by area� Bickel (2011). How-

ever, giving each language family equal importance can also be achieved by

setting w(φ, `) = wp(`) with

wp(`) =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

wp(parent(`))
∣siblings(`)∣ + 1

if ` has a parent

1 otherwise

. (49)
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The weights for the current example are shown in Figure 14. The weights

at each level sum up to 1. This approach does not undersample languages,

instead all available data is used. As Bickel (2011) and Dryer (2018) correctly

point out, geography is also an important factor, i.e. neighbouring language

families are more likely to have common properties than distant language

families. However, as Dryer (2018) also admits, measuring geographic dis-

tance of languages brings its own complications and therefore it is not taken

up in this thesis.

1.0 All

0.5 Japanese 0.5 Japanese

0.5 IE

0.25 Romance

0.083 Spanish

0.083 Italian

0.083 French

0.25 Germanic

0.125 German

0.125 English

Figure 14: Example language family tree with weights.

4.3.3 Hybrid weighting

Hybrid weighting combines antecedent weighting and phylogenetic weighting

by setting w(φ, `) = wa(φ`) ⋅wp(`).

4.4 Full example

Now, that the theoretical basis for valuations and averaging are set, the

functioning of the complete framework shall be demonstrated by means of
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an example. Greenberg's fourth universal is widely beyond debate, has been

attested in detailed typological studies (eg. Dryer, 1992) and also appears in

the top-lists of several computer-driven approaches (Daum�e and Campbell,

2007; Bjerva et al., 2019b; Lochbihler, 2017). (6) a. shows the original for-

mulation, (6) b. a formula with typological variables, (6) c. the same formula

after replacing the variables with UD variables, and (6) d. the same formula

without POS information.

(6) a. �With overwhelmingly greater than chance frequency, languages

with normal SOV order are postpositional.� (Greenberg, 1963, #4)

b. S-O-V⇒ NP-Adp

c. φ489 ∶= v⃗nsubj:NOUN-obj:NOUNhead:VERB⇒ v⃗head:NOUN-case:ADP

d. φ489
′ ∶= v⃗nsubj-obj-head⇒ v⃗head-case

The formula in d. is used. When evaluating with fuzzy logic, the score for

a language ` computes as follows.

VF (φ`489
′) = VF (v`nsubj-obj-head⇒ v`

head-case) (50)

= VF (¬v`nsubj-obj-head ∨ v`head-case)

= max{VF (¬v`nsubj-obj-head),VF (v`head-case)}

= max{1 − VF (v`nsubj-obj-head),VF (v`head-case)}

= max{1 − v`nsubj-obj-head, v`head-case}

The formula should be evaluated on the language�property matrix shown

in Table 8 (which is a very reduced version of the actual matrix). The fourth

column shows the computed values according to equation (50), their sum

and their (unweighted) average. The �fth column contains the weights for

hybrid weighting; i.e. the product of the second column (antecedent weight)

and the value from Figure 14 (phylogenetic weight) for every language. The

sixth column combines the fourth and the �fth by multiplication. Finally,

the average with hybrid weighting is the sum of the products divided by the

sum of the weights.
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Language�property matrix V
³¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹·¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹µ

Hybrid weighting
³¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹·¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹µ

` v`nsubj-obj-head v`
head-case VF (φ`489

′) w(φ489
′, `) ⋅

IE, Germanic, English 0.00 0.04 1.00 0.000 0.000

IE, Germanic, German 0.46 0.01 0.54 0.058 0.031

IE, Romance, French 0.09 0.00 0.91 0.008 0.007

IE, Romance, Italian 0.07 0.00 0.93 0.006 0.005

IE, Romance, Spanish 0.16 0.01 0.84 0.013 0.011

Japanese, Japanese 0.96 1.00 1.00 0.480 0.480

∑ 5.22 0.564 0.534

s(φ489
′) 0.87 0.95

Table 8: Full example calculation table.

In the case of unweighted averaging, German causes the �nal score to be

low; in the case of hybrid averaging, Japanese dominates the average since it

is supported by both its antecedent weight and its phylogenetic weight.

Having two results for the same formula, it is natural to ask which weight-

ing function is most appropriate when evaluating potential universals. No

clear answer can be given at this point; a quantitative analysis of the frame-

work paramters, including the weighting functions, follows in section 4.6.2.

4.5 Missing values

The actual language�property matrices can contain missing values, i.e. V ∈
(U ∪ {null})∣L∣×∣P ∣, and the de�nitions above do not consider this. In the

implementation of the framework, missing values are handled by de�ning:

If φ` contains any v`p = null then V(φ`) = null and w(φ, `) = 0. (51)

This means that languages for which a formula is not evaluable are ex-

cluded from the �nal score.
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4.6 Comparison between treebank statistics and typo-

logical databases

The framework for property vectors can be used to assign a real truth value

to every formula. But before applying the framework to test new potential

universals, it is crucial to see how it evaluates existing ones, i.e. high truth

values should be assigned to established universals. A low score on established

universals, on the other side, could be caused by errors in 1) the framework, 2)

the UD treebanks, or 3) the typological comparison data. Section 3.5 revealed

several inconsistencies in the UD treebanks. However, the following analyses

assume that the overwhelming majority of UD annotations is correct, and

that only the framework or the typological data can cause discrepancies.

The �rst of the two following subsections focusses on atomic formulae (i.e.

variables), the second on longer formulae.

4.6.1 World Atlas of Language Structures

The values in the World Atlas of Language Structures (WALS;

Dryer and Haspelmath, 2013) which are extracted through the URIEL

database are binary, but can be mapped to similar UD properties.

For example, the WALS property vector v⃗SVO and the UD prop-

erty vector v⃗nsubj:NOUN-head:VERB-obj:NOUN should ideally be equivalent, i.e.

V(v`SVO ⇔ v`nsubj:NOUN-head:VERB-obj:NOUN)
!≈ 1 or, equally, V(¬(v`SVO ⇔

v`nsubj:NOUN-head:VERB-obj:NOUN))
!≈ 0 for every language `. Generally speak-

ing, for a WALS property u and a UD property p, the negated equivalence

is equal to the absolute error and calculated as

e`u,p = V(¬(v`u⇔ v`p)) (52)

= 1 − V(v`u⇔ v`p)

= ∣v`u − v`p∣ .20

201 − V(v`u ⇔ v`p) = ∣v`u − v`p∣ is true for VP and VF , but only if at least one of the two

values v`u and v`p is exactly 0 or 1, which is the case for the binary WALS properties.

44



This makes it possible to calculate the mean absolute error (MAE) be-

tween the two property vectors by

MAE(v⃗u, v⃗p) =
1

∣L∣ ⋅ ∑`∈L
e`u,p . (53)

Since the vectors obtained from UD and URIEL can contain missing val-

ues, the MAE de�nition has to be adapted for vectors with possibly missing

values (in parallel to the Euclidean distance on page 16).

MAE(v⃗u, v⃗p) =
1

∣{` ∈ L ∶ v`u ≠ null ∧ v`p ≠ null}∣
⋅ ∑

`∈L
v`u≠null

v`p≠null

e`u,p (54)

Table 23 shows the MAE for all WALS properties from URIEL that can be

properly mapped to UD properties. The MAE ranges between 0 (no di�erence

in any language) and 1 (maximum di�erence in every language).

MAE σ v⃗u v⃗p

0.41 0.23 v⃗OBLIQUE_AFTER_OBJECT v⃗head:VERB-obj:NOUN-obl:NOUN
+v⃗obj:NOUN-head:VERB-obl:NOUN
+v⃗obj:NOUN-obl:NOUN-head:VERB

0.37 0.21 v⃗OBLIQUE_BEFORE_OBJECT v⃗head:VERB-obl:NOUN-obj:NOUN
+v⃗obl:NOUN-head:VERB-obj:NOUN
+v⃗obl:NOUN-obj:NOUN-head:VERB

0.33 0.22 v⃗VOX v⃗head:VERB-obj:NOUN-obl:NOUN

0.24 0.19 v⃗XVO v⃗obl:NOUN-head:VERB-obj:NOUN

0.23 0.25 v⃗SUBJECT_AFTER_VERB v⃗head:VERB-nsubj:NOUN

0.19 0.11 v⃗OBLIQUE_AFTER_VERB v⃗head:VERB-obl:NOUN

0.19 0.11 v⃗OBLIQUE_BEFORE_VERB ¬v⃗head:VERB-obl:NOUN
0.17 0.16 v⃗SUBJECT_BEFORE_VERB ¬v⃗head:VERB-nsubj:NOUN
0.14 0.17 v⃗SVO v⃗nsubj:NOUN-head:VERB-obj:NOUN

0.13 0.31 v⃗OXV v⃗obj:NOUN-obl:NOUN-head:VERB

0.12 0.19 v⃗OBJECT_BEFORE_VERB ¬v⃗head:VERB-obj:NOUN
0.12 0.15 v⃗NUMERAL_BEFORE_NOUN ¬v⃗head:NOUN-nummod:NUM
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MAE σ v⃗u v⃗p

0.12 0.15 v⃗NUMERAL_AFTER_NOUN v⃗head:NOUN-nummod:NUM

0.11 0.18 v⃗OBJECT_AFTER_VERB v⃗head:VERB-obj:NOUN

0.09 0.21 v⃗RELATIVE_BEFORE_NOUN ¬v⃗head:NOUN-acl:VERB
0.09 0.14 v⃗SUBJECT_AFTER_OBJECT v⃗head:VERB-obj:NOUN-nsubj:NOUN

+v⃗obj:NOUN-head:VERB-nsubj:NOUN
+v⃗obj:NOUN-nsubj:NOUN-head:VERB

0.09 0.14 v⃗SUBJECT_BEFORE_OBJECT v⃗head:VERB-nsubj:NOUN-obj:NOUN
+v⃗nsubj:NOUN-head:VERB-obj:NOUN
+v⃗nsubj:NOUN-obj:NOUN-head:VERB

0.09 0.17 v⃗SOV v⃗nsubj:NOUN-obj:NOUN-head:VERB

0.08 0.18 v⃗RELATIVE_AFTER_NOUN v⃗head:NOUN-acl:VERB

0.07 0.19 v⃗VSO v⃗head:VERB-nsubj:NOUN-obj:NOUN

0.07 0.20 v⃗ADPOSITION_AFTER_NOUN v⃗head:NOUN-case:ADP

0.07 0.11 v⃗ADJECTIVE_BEFORE_NOUN ¬v⃗head:NOUN-amod:ADJ
0.07 0.11 v⃗ADJECTIVE_AFTER_NOUN v⃗head:NOUN-amod:ADJ

0.05 0.19 v⃗SUBORDINATOR_WORD_

BEFORE_CLAUSE

¬v⃗head:VERB-mark:SCONJ

0.05 0.15 v⃗XOV v⃗obl:NOUN-obj:NOUN-head:VERB

0.04 0.05 v⃗OVS v⃗obj:NOUN-head:VERB-nsubj:NOUN

0.04 0.06 v⃗OVX v⃗obj:NOUN-head:VERB-obl:NOUN

0.03 0.15 v⃗SUBORDINATOR_WORD_

AFTER_CLAUSE

v⃗head:VERB-mark:SCONJ

0.03 0.06 v⃗ADPOSITION_BEFORE_NOUN ¬v⃗head:NOUN-case:ADP
0.03 0.12 v⃗VOS v⃗head:VERB-obj:NOUN-nsubj:NOUN

0.02 0.04 v⃗OSV v⃗obj:NOUN-nsubj:NOUN-head:VERB

Table 9: Mean absolute error (MAE) between WALS and UD properties and

standard deviation over languages, sorted by MAE.

Appendix B.1 provides an extended version of the table which also shows

major discrepancies for individual languages. We will only look at two exam-
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ples more precisely. The overall MAE21 is 0.10 (σ = 0.17) which indicates�

bearing in mind that the WALS values are restricted to the extremes 0 and

1�a high conformity between the manually collected WALS information and

the computationally extracted UD information.

Oblique after/before object The properties with the highest MAE con-

cern the order of oblique and object. Table 10 shows all languages with an

absolute error greater than or equal to 0.5: According to the WALS, Can-

tonese, Amharic, Estonian, Vietnamese and Komi Zyrian are OX-only lan-

guages (for all of them, there is a 1 in the second column and a 0 in the �fth

O-X X-O

e`u,p v`u v`p e`u,p v`u v`p `

0.99 1.00 0.01 (0.01 1.00 0.99) Sino-Tibetan, Chinese

0.90 1.00 0.10 0.90 0.00 0.90 Sino-Tibetan, Cantonese

0.70 1.00 0.30 0.70 0.00 0.70 Afro-Asiatic, Semitic, Amharic

0.57 1.00 0.43 0.57 0.00 0.57 Uralic, Finnic, Estonian

0.52 1.00 0.48 0.52 0.00 0.52 Austro-Asiatic, Viet-Muong, Vietnamese

0.51 1.00 0.49 0.51 0.00 0.51 Uralic, Permic, Komi Zyrian

Table 10: Absolute error, WALS value and UD value of the properties �object

before oblique� (O-X) and �object after oblique� (X-O) for all languages with

an absolute error greater than or equal to 0.5.

21The overall MAE is calculated as

MAEoverall =
1

∑
(u,p)

∣{` ∈ L ∶ v`u ≠ null ∧ v`p ≠ null}∣
⋅ ∑
(u,p)

∑
`∈L

v`
u≠null

v`
p≠null

e`u,p . (55)

If there were no missing values, the overall MAE would be identical to the average MAE

over property mappings and languages,

MAEaverage =
1

∣{(u, p)}∣ ⋅ ∣L∣ ⋅ ∑
(u,p)

∑
`∈L

e`u,p . (56)
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column), but the most frequent order in the UD treebanks is the opposite

(for all of them, the value in the third column is smaller than the value in

the sixth column).

For the classi�cation of Cantonese as OX language, the WALS refers to

Matthews and Yip (1994, p. 115�127)22, although one can �nd clear examples

with X-O order in their work. For example the sentence in Figure 15 which

is syntactically similar to the sentence in Figure 16.

k�euih l�ouhg	ung h�ai ngoihmihn y�auh go l�euihy�an
her husband at outside have classifier woman

`Her husband has a mistress'

Figure 15: Cantonese example sentence from Matthews and Yip (1994, p.

117) with object and oblique.

NOUN ADV AUX VERB NOUN PART
j�ungg�aan �m yiu y�auh h�ungbaahk a
centre not want have blank particle

obl

advmod

aux obj

discourse:sp

`There should be no blank in the middle'

Figure 16: Cantonese example sentence from the HK treebank with one object

and one oblique.

Chinese is an XO and an OX language according to the WALS, but al-

most exclusively shows X-O ordering in the UD treebanks. Figure 17 shows

an example sentence with X-O ordering. The WALS refers to Li and Thomp-

son (1981, p. 24)23 who also give examples for both X-V(-O) and V(-O)-X

22Dryer and Gensler (2013), Datapoint Cantonese. Available online at https://wals.

info/valuesets/84A-cnt, accessed on 2020-04-16.
23Idem, Datapoint Mandarin. Available online at https://wals.info/valuesets/84A-mnd,

accessed on 2020-04-16.
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constructions.24 Both constructions are possible and also appear in the Chi-

nese treebanks, as Figure 18 shows. However, the ordering X-O is much more

frequent.25

NOUN ADP NOUN VERB PART NOUN
h�oul�ai du�� f�eix	u j��nx��ng le ch�ongji�an
later to ruins carry.out perfect reconstruction

case

obl:tmod

obl aux

obj

`The ruins were later rebuilt'

Figure 17: Chinese example sentence from the PUD treebank with one object

and two preceding obliques.

PRON ADV VERB NOUN ADP NUM NOUN
t	a y	�zh�� d	anr�en sh�ouxi�ang d�ao 1902 ni�an
he continuously serve.as prime.minister until 1902 year

nsubj

advmod obj case

nummod

obl

`He remained prime minister until 1902'

Figure 18: Chinese example sentence from the GSD treebank with one object

and one succeeding oblique.

24There is a semantic di�erence between X-V and V-X constructions. A temporal phrase

X expresses the time point of the action in X-V and the duration of the action in V-X

constructions; a locative phrase X expresses the location of the action in X-V and the

location of the result in V-X constructions (Li and Thompson, 1981, p. 21�23).
25This draws attention to another issue: The WALS values actually just indicate

whether a construction is possible or not, whereas the UD values indicate how frequent a

construction is. Imagine X-O and O-X constructions were equally frequent in the Chinese

treebanks. Then the MAE would be 0.5 for X-O and 0.5 for O-X which is, on average,

the same as the calculated 0.01 for X-O and 0.99 for O-X. This issue could be tackled by

normalising the WALS properties which have a �common denominator� before compar-

ing them to UD properties. Then the normalised WALS value for �oblique after object�

would be
v`oblique_after_object

v`oblique_after_object + v`oblique_before_object

. The normalisation would a�ect

only about 2% of the WALS values and is not performed because the simple equation (52)

requires binary values (see footnote 20).
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VOS in Tagalog With an MAE of 0.03, WALS and UD generally agree

on the property �VOS�, i.e. the dominant order being verb�subject�object.

The only signi�cant exception is Tagalog. The WALS classi�es it as a VSO

language and refers to Kroeger (1993, p. 111).26 In the UD treebank for

Tagalog, however, the order V-O-S appears in 94% of the cases. So, Tagalog

seems to be either a VSO or a VOS language. It is not possible to fully

choose one of these options here; e.g. because the Tagalog treebank contains

less than 1,000 tokens. It is, however, possible to say that the information

in the WALS regarding the dominant word order(s) of Tagalog is not fully

represented in the literature. Even Kroeger (1993, p. 112) assumes that both

are �unmarked� word orders after summarising previous works. Figure 19

shows an example sentence from the Tagalog treebank.

VERB ADP NOUN DET NOUN
Nagluto ng pagkain ang nanay
cook obj food the mother

obj

case

nsubj

det

`The mother cooked food'

Figure 19: Tagalog example V-O-S sentence from the TRG treebank.

4.6.2 Universals Archive

The Universals Archive (UA; Plank and Filimonova, 2000) contains over

2,000 universals from di�erent sources, including Greenberg's universals.

1,129 universals are categorised as syntactic universals. From those, 482 uni-

versals have a non-empty �Formula� �eld, e.g. the universal in Figure 20. After

crawling the archive, the variables of the formulae were mapped to (terms

26Dryer (2013), Datapoint Tagalog. Available online at https://wals.info/valuesets/

81A-tag, accessed on 2020-04-16.
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Figure 20: First universal in the UA.

of) UD properties. For example, �Adp NP� is mapped to ¬v`
head:NOUN-case:ADP.

Only in 66 cases, all variables of the formula could be mapped (variables like

�agreement in gender�, �head-�nal order�, �rising contour� and many others

cannot be expressed with UD properties).27 All 66 universals are listed in

appendix B.3.

Each universal has a �Basis� �eld which contains either a list of languages

27Sometimes the mapping is not bijective. For example, �N-Rel� is mapped to

v`
head:NOUN-acl:VERB

which includes not only relative clauses but also other clausal modi-

�ers, and �N-Gen� is mapped to v`
head:NOUN-nmod:NOUN

which includes not only genitives

but also other attributes.
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on which the formula was tested or a reference to a typological study in

which one can �nd a list of languages. There is also a �Counterexamples�

�eld with a list of languages for which the universal does not hold. To get

an impression of how well a universal is supported in the literature, we can

divide the number of tested languages for which the universal holds by the

number of all tested languages:

ŝ(φi) =
∣Lbasis(i) ∖Lcounter(i)∣
∣Lbasis(i) ∪Lcounter(i)∣

(57)

Hereby, i denotes the index of the universal. Universal 1 (in Figure 20) was

tested on the 30 languages in Greenberg (1963): Basque, Berber, Burmese,

Burushaski, Chibcha, Finnish, Fulani, Greek, Guarani, Hebrew, Hindi, In-

donesian, Italian, Japanese, Kannada, Loritja, Maori, Masai, Maya, Nor-

wegian, Nubian, Quechua, Serbian, Songhai, Swahili, Thai, Turkish, Welsh,

Yoruba, and Zapotec. Hurrian is listed as a counterexample. Thus, ŝ(φ1) =
30/31 ≈ 97% of the examined languages support the universal. However, the

examined languages often di�er greatly from the laguages which are included

in the UD treebanks and the score might change if one looks only at the UD

languages LUD:

ŝ(φi) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

∣(Lbasis(i) ∖Lcounter(i)) ∩LUD∣
∣(Lbasis(i) ∪Lcounter(i)) ∩LUD∣ UD languages

∣Lbasis(i) ∖Lcounter(i)∣
∣Lbasis(i) ∪Lcounter(i)∣

all languages

(58)

From the languages above, only 14 are contained in the UD treebanks:

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Nor-

wegian, Serbian, Thai, Turkish, Welsh, and Yoruba. Thus, ŝ(φ1) = 14/14 =
100% of the examined languages which also appear in the UD treebanks

support the universal.

The mean absolute error can be used to compare the UA scores and the

UD scores of a set of universals (I denotes the set of the universals' indices):

MAE(I) = 1

∣I ∣ ⋅ ∑i∈I
ei (59)
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with

ei = ∣ŝ(φi) − s(φi)∣ . (60)

For the calculation of s (see section 4.3), L is set as

L =
⎧⎪⎪⎪⎨⎪⎪⎪⎩

(Lbasis(i) ∪Lcounter(i)) ∩LUD UD languages

LUD all languages
. (61)

In the �UD languages� condition, ŝ and s are calculated on the exact same

set of languages which makes the comparison more meaningful. In the �all

languages� condition, ŝ is calculated on all languages in the UA entry whereas

s is calculated on all languages in the UD treebanks. Usually, there are much

more UA languages which also represent a large number of language families

whereas the UD treebanks contain a lot of Indo-European and other widely

spoken languages. It is therefore especially interesting to compare the scores

from these di�erent sets of languages.

MAE (σ) MAE (σ) MAE (σ) MAE (σ)

Product Fuzzy

UD
0.08 (0.11) 0.17 (0.21) 0.09 (0.10) 0.15 (0.16) N

phylogenetic
0.07 (0.10) 0.16 (0.21) 0.07 (0.10) 0.13 (0.17) Y

all
0.11 (0.15) 0.19 (0.19) 0.11 (0.14) 0.17 (0.17) N

phylogenetic
0.10 (0.14) 0.18 (0.21) 0.10 (0.14) 0.15 (0.17) Y

N Y N Y

antecedent antecedent

Table 11: Mean absolute errors and standard deviations over formulae when

comparing UA and UD.

Table 11 shows the MAEs and standard deviations for all 16 combina-

tions of valuation (product logic / fuzzy logic), antecedent weighting (yes/

no), phylogenetic weighting (yes/no) and languages (UD/all). Several obser-

vations can be made:
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1) Product logic and fuzzy logic yield very similar results which indicates

that the choice of the valuation function is not crucial.

2) Only phylogenetic weighting could slightly improve the congruence be-

tween UA and UD (phylogenetic > unweighted > hybrid > antecedent).

3) Unsurprisingly, the congruence is larger when using only UD languages

instead of all languages.28

The relatively high standard deviations further indicate that the agree-

ment of UA and UD is very di�erent for the individual universals.

Table 12 ranks all universals which have been examined by absolute error

in descending order (�UD languages� condition; no weighting). Errors yielded

by fuzzy logic and product logic show only minor relative di�erences. Note

that the �rst two columns of Table 12 do not show the average truth value of

the formula but the di�erence between the average truth value computed by

the framework (s) and the average truth value calculated from the Universals

Archive (ŝ) (hence the values do not indicate how true a formula is but only

how much UD and UA agree on the truth value). Appendix B.2 provides

an extended version of the table which also shows major discrepancies for

individual languages. Most universals from the UA are pretty well re�ected

in the UD treebanks. Only 13/51 universals29 have an absolute di�erence

greater than or equal to 0.1. Apparently, the majority of those universals are

an equivalence, or could be reformulated as an equivalence, which are harder

to ful�l than one-way implications.

ei

VF VP i Formula

0.39 0.55 1346 (PP-V ⇔ Adv-V) ∧ (V-PP ⇔ V-Adv)

0.34 0.34 110 (Rel-N ⇒ Adj-N) ∧ (N-Rel ⇒ N-Adj)

0.34 0.34 964 (V-O ⇒ Art-N) ∧ (O-V ⇒ N-Art)

28Furthermore, all numbers are lower when not using POS information.
2915 of the original 66 universals have been excluded from this analysis because the

original study is undiscoverable and hence no ŝ values can be calculated.
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ei

VF VP i Formula

0.33 0.33 10 Common-Proper ⇒ Gen-N

0.27 0.28 107 (V-O ⇒ (N-Rel ∧ N-Adj ∧ N-Gen)) ∧ (O-V ⇒ (Rel-N ∧
Adj-N ∧ Gen-N))

0.25 0.26 1343 (O-V ⇒ PP-V) ∧ (V-O ⇒ V-PP)

0.25 0.25 9 (Proper-Common ⇒ N-Gen) ∧ (Common-Proper ⇒
Gen-N)

0.19 0.16 112 ((V-O ∧ Adv-V) ⇒ Adj-N) ∧ ((O-V ∧ V-Adv) ⇒ N-Adj)

0.19 0.15 1153 Rel-N ⇒ N-Rel

0.14 0.12 111 V-Adv ⇒ N-Adj

0.14 0.15 1419 (O-V ⇒ Pred-Cop) ∧ (V-O ⇒ Cop-Pred)

0.14 0.12 501 (V-S-O ⇒ Aux-V) ∧ (S-O-V ⇒ V-Aux)

0.10 0.08 92 Adp-NP ⇒ (((N-Dem ∨ N-Num) ⇒ N-Adj) ∧ (N-Adj ⇒
N-Gen) ∧ (N-Gen ⇒ N-Rel))

0.08 0.10 75 (N-Num ⇒ N-Adj) ∧ (Adj-N ⇒ Num-N)

0.07 0.05 66 O-V ⇒ (Adj-N ⇒ Gen-N)

0.07 0.04 74 Adp-NP ⇒ (N-Num ⇒ N-Adj)

0.06 0.07 489 S-O-V ⇒ NP-Adp

0.06 0.05 423 Adp-NP ⇒ (¬ S-O-V ⇒ N-Rel)

0.06 0.06 498 O-V ⇒ VPsubordinate-Vmain

0.06 0.08 57 Adj-N ⇒ (Dem-N ∧ Num-N)

0.06 0.05 1334 Adp-NP ⇒ ((Rel-N ⇒ Gen-N) ∧ (Gen-N ⇒ Adj-N) ∧
(Adj-N ⇒ Dem-N))

0.06 0.05 114 N-Dem ⇒ N-Adj

0.05 0.04 60 Adj-Adv ⇒ (N-Adj ∧ V-O)

0.05 0.03 502 V-Opronominal ⇒ V-Onominal

0.05 0.06 88 (N-Dem ⇒ N-Rel) ∧ (Rel-N ⇒ Dem-N)

0.04 0.03 65 S-O-V ⇒ (Adj-N ⇒ Gen-N)

0.04 0.05 126 (N-Num ⇒ N-Rel) ∧ (Rel-N ⇒ Num-N)

0.04 0.04 1 Adp-NP ⇒ N-Gen

0.04 0.04 73 (N-Dem ⇒ N-Adj) ∧ (Adj-N ⇒ Dem-N)

0.03 0.01 174 Adp-NP ⇒ (N-Num ⇒ N-Gen)
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ei

VF VP i Formula

0.03 0.02 72 Adp-NP ⇒ (N-Dem ⇒ N-Adj)

0.03 0.02 173 Adp-NP ⇒ (N-Dem ⇒ N-Gen)

0.03 0.04 176 (N-Gen ⇒ N-Rel) ∧ (Rel-N ⇒ Gen-N)

0.02 0.02 2 NP-Adp ⇒ Gen-N

0.02 0.02 87 Adp-NP ⇒ (N-Dem ⇒ N-Rel)

0.02 0.02 56 V-S-O ⇒ N-Adj

0.02 0.01 175 Adp-NP ⇒ (N-Gen ⇒ N-Rel)

0.02 0.01 69 Adp-NP ⇒ (N-Adj ⇒ N-Gen)

0.02 0.00 121 Adp-NP ⇒ (N-Num ⇒ N-Rel)

0.02 0.01 95 NP-Adp ⇒ ((((Adj-N ∨ Rel-N) ⇒ (Dem-N ∧ Num-N)) ∧
(Dem-N ∨ Num-N)) ⇒ Gen-N)

0.02 0.01 177 NP-Adp ⇒ (Dem-N ⇒ Gen-N)

0.02 0.01 71 NP-Adp ⇒ (Adj-N ⇒ Gen-N)

0.02 0.01 178 NP-Adp ⇒ (Num-N ⇒ Gen-N)

0.02 0.01 70 (Adp-NP ∧ ¬ S-V-O) ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 91 Adp-NP ⇒ (N-Adj ⇒ N-Rel)

0.01 0.01 1114 V-O ⇒ Comp-Sent

0.01 0.00 68 V-initial ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 67 V-S-O ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 5 (S-O-V ∧ N-Gen) ⇒ N-Adj

0.00 0.00 62 Rel-N ⇒ (NP-Adp ∨ Adj-N)

0.00 0.00 55 V-S-O ⇒ Adp-NP

Table 12: Absolute di�erences between UA score and UD score for individual

universals, sorted by the di�erence when using fuzzy logic; the variable names

from the UA are uni�ed (see appendix B.3 for the original formulae and other

details).

A closer look is taken at universal 110. There are no known counterex-

amples listed in the UA, i.e. all languages in Lbasis(110) ∩ LUD should sup-

port it and ŝ(φ110) = 1. The languages with the greatest di�erences to 1
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are Hungarian, Swedish, Danish, English, Basque, Russian and Polish. Fig-

ure 21 shows that the universal has indeed low scores for the language families

Uralic, Indo-European and Basque. The universal consists of two implications

which are the two directions of an equivalence relation (Rel-N⇔ Adj-N). Ta-

ble 13 breaks down the implications and shows that all of those languages

but Basque fail at the second implication since they have relative clauses

after nouns and adjectives before nouns. Basque, on the other hand, puts

relative clauses before nouns and adjectives after nouns. Universal 110 is also

addressed in the linguistic discussion in section 5.3.

` (Rel-N ⇒ Adj-N) ∧ (N-Rel ⇒ N-Adj)

Uralic, Ugric, Hungarian 0.00 1.00 1.00 0.00 1.00 0.00 0.00

IE, Germanic, Swedish 0.00 1.00 0.99 0.01 1.00 0.01 0.01

IE, Germanic, Danish 0.01 0.99 0.97 0.03 0.99 0.03 0.03

IE, Germanic, English 0.03 0.98 0.98 0.03 0.97 0.03 0.02

Basque, Basque 0.99 0.16 0.16 0.16 0.01 0.99 0.84

IE, Slavic, Russian 0.19 0.98 0.98 0.19 0.81 0.19 0.02

IE, Slavic, Polish 0.00 1.00 0.66 0.34 1.00 0.34 0.34

Table 13: Evaluating universal 110 with fuzzy logic. The conjunction in the

middle is the minimum of both implications.
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0.53 All

0.25 Uralic

0.00 Ugric

0.26 Sami

0.42 Permic

0.71 Mordvin

0.15 Finnic

1.00 Turkic

0.99 Southwestern

1.00 Southeastern

1.00 Northwestern0.98 Tupian

0.91 Tai-Kadai

0.85 Sino-Tibetan

0.17 Sign Language

0.96 Niger-Congo
1.00 Northern Atlantic

0.92 Defoid
0.97 Mongolic

0.75 Mande

1.00 Korean

1.00 Japanese

0.42 IE

0.16 Slavic

0.69 Romance

0.47 Latin

0.95 Iranian

0.66 Indic

0.28 Greek

0.09 Germanic

0.90 Celtic

0.30 Baltic

0.69 Armenian

0.65 Dravidian
0.30 Southern

1.00 South Central
0.00 Creole

0.36 Code switching

0.16 Basque

0.92 Austronesian 0.92 Malayo-Sumbawan

0.94 Afro-Asiatic
0.94 Semitic

0.94 Egyptian

Figure 21: Average truth value for universal 110, using fuzzy logic, for all

language families in the UD treebanks. Language families with a score lower

than 0.5 are displayed in boldface.
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5 Search for New Universals

The framework introduced in the last section can be used to evaluate formulae

of potential universals. Searching new universals means enumerating possible

and/or promising formulae and checking whether some of them achieve a high

score. In this section, two di�erent searches are performed on the property

vectors. Known universals are con�rmed and new universals are proposed. At

the end there is linguistic analysis, comparing two theories that predict word

order. Fuzzy logic and phylogenetic weighting are used for all computations

in this section.

5.1 Simple formulae

Simple formulae, more precisely implications between two variables, have

been investigated in many previous studies. If one considers ∣P ∣ variables of
which each can occur as positive or negative atom, then there are (2 ⋅ ∣P ∣)2

possible implications. Since φ ⇒ φ is not interesting and φ1 ⇒ φ2 ≡ ¬φ2 ⇒
¬φ1, the number of implications of interest is (2⋅∣P ∣

2
).

Table 14 shows the values for implications of ten variables when evalu-

ating on all UD languages.30 Note that φ⇔ φ does not always evaluate to

1; in fuzzy logic, VF (φ⇔ φ) = max{1 − VF (φ),VF (φ)}. It becomes apparent

that the subject precedes its head in the majority of UD languages, result-

ing in high scores for implications where �head-nsubj� is the antecedent or

�nsubj-head� is the consequent (principle of explosion). Those implications

are responsible for about half of the cells in Table 15, which shows the im-

plications with the highest scores when using the same ten variables as in

Table 14.31

30Throughout this section, ¬v⃗head-R is written as v⃗R-head.
31 Standard deviations interpret as follows. s(φ) is the (weighted) average of V(φ`)

over all ` ∈ L. Since s(φ) ∈ [0,1], the corresponding (weighted) standard deviation σ is

not larger than 0.5 (Popoviciu's inequality). The standard deviation gives insights about

the truth values on the language level: σ = 0 i� V(φ`) = s(φ) for all languages, and σ = 0.5

i� V(φ`) = 0 for half the languages and V(φ`) = 1 for the other half.
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head-acl 0.92 0.41 0.58 0.78 0.72 0.68 0.49 0.87 0.60 0.77 0.56 0.85 0.75 0.64 0.46 0.93 0.57 0.85 0.81 0.58

acl-head 0.59 0.92 0.64 0.90 0.68 0.89 0.87 0.70 0.95 0.60 0.65 0.89 0.60 0.97 0.60 0.96 0.65 0.89 0.64 0.92

head-advmod 0.90 0.78 0.77 0.71 0.86 0.81 0.75 0.90 0.81 0.87 0.74 0.83 0.82 0.82 0.74 0.92 0.76 0.85 0.85 0.78

advmod-head 0.64 0.58 0.29 0.77 0.52 0.71 0.55 0.65 0.71 0.55 0.37 0.81 0.51 0.70 0.31 0.92 0.37 0.83 0.58 0.62

head-amod 0.89 0.68 0.71 0.81 0.91 0.57 0.65 0.88 0.74 0.81 0.72 0.78 0.82 0.71 0.58 0.95 0.72 0.79 0.80 0.72

amod-head 0.68 0.72 0.52 0.86 0.43 0.91 0.70 0.71 0.80 0.61 0.46 0.92 0.55 0.86 0.46 0.94 0.45 0.92 0.65 0.73

head-aux 0.70 0.87 0.65 0.90 0.71 0.88 0.89 0.62 0.93 0.67 0.64 0.92 0.67 0.93 0.64 0.95 0.63 0.92 0.66 0.89

aux-head 0.87 0.49 0.55 0.75 0.70 0.65 0.38 0.89 0.60 0.75 0.56 0.79 0.71 0.64 0.41 0.93 0.55 0.80 0.78 0.52

head-case 0.60 0.77 0.55 0.87 0.61 0.81 0.75 0.67 0.95 0.45 0.56 0.89 0.52 0.91 0.48 0.95 0.56 0.88 0.56 0.87

case-head 0.95 0.60 0.71 0.81 0.80 0.74 0.60 0.93 0.55 0.95 0.65 0.85 0.86 0.67 0.60 0.93 0.65 0.87 0.93 0.60

head-det 0.89 0.85 0.81 0.83 0.92 0.78 0.79 0.92 0.85 0.89 0.84 0.76 0.87 0.84 0.77 0.96 0.83 0.83 0.87 0.85

det-head 0.65 0.56 0.37 0.74 0.46 0.72 0.56 0.64 0.65 0.56 0.24 0.84 0.45 0.74 0.30 0.90 0.30 0.84 0.62 0.57

head-nmod 0.97 0.64 0.70 0.82 0.86 0.71 0.64 0.93 0.67 0.91 0.74 0.84 0.92 0.59 0.63 0.92 0.74 0.86 0.88 0.67

nmod-head 0.60 0.75 0.51 0.82 0.55 0.82 0.71 0.67 0.86 0.52 0.45 0.87 0.41 0.92 0.43 0.94 0.45 0.87 0.59 0.77

head-nsubj 0.96 0.93 0.92 0.92 0.94 0.95 0.93 0.95 0.93 0.95 0.90 0.96 0.94 0.92 0.93 0.90 0.92 0.95 0.94 0.90

nsubj-head 0.60 0.46 0.31 0.74 0.46 0.58 0.41 0.64 0.60 0.48 0.30 0.77 0.43 0.63 0.10 0.93 0.26 0.78 0.52 0.52

head-nummod 0.89 0.85 0.83 0.85 0.92 0.79 0.80 0.92 0.87 0.88 0.84 0.83 0.87 0.86 0.78 0.95 0.87 0.77 0.85 0.86

nummod-head 0.65 0.57 0.37 0.76 0.45 0.72 0.55 0.63 0.65 0.56 0.30 0.83 0.45 0.74 0.26 0.92 0.23 0.87 0.61 0.56

head-obj 0.92 0.58 0.62 0.78 0.73 0.72 0.52 0.89 0.60 0.87 0.57 0.85 0.77 0.67 0.52 0.90 0.56 0.86 0.88 0.48

obj-head 0.64 0.81 0.58 0.85 0.65 0.80 0.78 0.66 0.93 0.56 0.62 0.87 0.59 0.88 0.52 0.94 0.61 0.85 0.52 0.88

Table 14: Implication matrix; row implies column.

Among those, there are some completely uninformative implications, e.g.

(#19) v⃗head-advmod⇒ v⃗nsubj-head and

(#20) v⃗advmod-head⇒ v⃗nsubj-head

both achieve a score of 0.92. However, there are also some formulae that were

already discovered in di�erent works and are also included in the Universals

Archive, such as

(#22) a. v⃗amod-head⇒ v⃗nummod-head

b. Adj-N⇒ Num-N

which is the 18th universal of Greenberg, the 57th in the UA and the 7th in

Daum�e and Campbell (2007).
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1 0.97 0.07 v⃗acl-head ⇒ v⃗nmod-head Rel-N⇒ Gen-N 176

2 0.96 0.07 v⃗acl-head ⇒ v⃗nsubj-head Rel-N⇒ S-V

3 0.96 0.07 v⃗head-det ⇒ v⃗nsubj-head N-Art⇒ S-V

4 0.95 0.11 v⃗acl-head ⇒ v⃗head-case Rel-N⇒ NP-Adp 62 24 30

5 0.95 0.10 v⃗head-amod ⇒ v⃗nsubj-head N-Adj⇒ S-V

6 0.95 0.07 v⃗head-aux ⇒ v⃗nsubj-head V-Aux⇒ S-V

7 0.95 0.07 v⃗head-case ⇒ v⃗nsubj-head NP-Adp⇒ S-V

8 0.95 0.08 v⃗head-nsubj ⇒ v⃗nummod-head V-S⇒ Num-N

9 0.94 0.09 v⃗amod-head ⇒ v⃗nsubj-head Adj-N⇒ S-V 41

10 0.94 0.09 v⃗nmod-head ⇒ v⃗nsubj-head Gen-N⇒ S-V

11 0.94 0.09 v⃗head-nsubj ⇒ v⃗head-obj V-S⇒ V-O 3

12 0.93 0.11 v⃗head-acl ⇒ v⃗nsubj-head N-Rel⇒ S-V

13 0.93 0.12 v⃗head-aux ⇒ v⃗head-case V-Aux⇒ NP-Adp

14 0.93 0.11 v⃗head-aux ⇒ v⃗nmod-head V-Aux⇒ Gen-N

15 0.93 0.10 v⃗aux-head ⇒ v⃗nsubj-head Aux-V⇒ S-V

16 0.93 0.18 v⃗case-head ⇒ v⃗nsubj-head Adp-NP⇒ S-V

17 0.93 0.12 v⃗case-head ⇒ v⃗head-obj Adp-NP⇒ V-O 12 2

18 0.92 0.17 v⃗acl-head ⇒ v⃗obj-head Rel-N⇒ O-V 9

19 0.92 0.15 v⃗head-advmod ⇒ v⃗nsubj-head V-Adv⇒ S-V

20 0.92 0.10 v⃗advmod-head ⇒ v⃗nsubj-head Adv-V⇒ S-V 51

21 0.92 0.12 v⃗amod-head ⇒ v⃗det-head Adj-N⇒ Art-N2 57 18 13 7

22 0.92 0.09 v⃗amod-head ⇒ v⃗nummod-head Adj-N⇒ Num-N 57 18 7

23 0.92 0.17 v⃗head-aux ⇒ v⃗det-head V-Aux⇒ Art-N

24 0.92 0.12 v⃗head-aux ⇒ v⃗nummod-head V-Aux⇒ Num-N

25 0.92 0.14 v⃗head-nmod ⇒ v⃗nsubj-head N-Gen⇒ S-V

26 0.92 0.11 v⃗head-nsubj ⇒ v⃗head-nummod V-S⇒ N-Num

27 0.91 0.23 v⃗head-case ⇒ v⃗nmod-head NP-Adp⇒ Gen-N 1 2 1 1

28 0.90 0.19 v⃗acl-head ⇒ v⃗advmod-head Rel-N⇒ Adv-V

29 0.90 0.12 v⃗head-advmod ⇒ v⃗aux-head V-Adv⇒ Aux-V

30 0.90 0.19 v⃗det-head ⇒ v⃗nsubj-head Art-N⇒ S-V

1 Table 3.5 on page 26 in Lochbihler (2017).
2 Everywhere else �Dem-N� instead of �Art-N�; the UD relation �det� covers all kinds of

determiners, including demonstratives and articles.

Table 15: Top 30 implications of Table 14 with indices in previous works.
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The alternative notation, e.g. in (#22) b. and (#1) b., is oriented towards

the notation in the UA.32

The implication with the highest score,

(#1) a. v⃗acl-head⇒ v⃗nmod-head

b. Rel-N⇒ Gen-N

c. �IF the relative clause precedes the noun, THEN the genitive

precedes the noun.� (Universals Archive, #176),

concerning the order of adjectival clauses (such as relative clauses) and

noun modi�ers (such as genitives) and �rst described by Hawkins (1983),

is listed in the UA but was not detected by the computer-assisted models

of Daum�e and Campbell (2007) and Bjerva et al. (2019b). This shows that

corpus statistics can gain advantage over knowledge bases in some cases.

32 The mapping from dependency relations to sentence elements relies on the most

frequent usage of the relation. For example, �case-head� is mapped to �Adp-NP� because

the usual head of �case� is an adposition and the usual dependent a noun phrase:

(1) a.
DET NOUN ADP DET NOUN
the keys on the table

case

b. the keys

PP

NP

the table

Adp

on

The reader might argue that these mappings are too imprecise since the dependency rela-

tion alone does not say anything about the syntactic categories of its head and dependent.

In general, this is true. However, the single-link properties without POS are very similar to

those with the most frequent POS. For example, MAE(v⃗case-head, v⃗case:ADP-head:NOUN) =
0.03 (σ = 0.10) and MAEoverall = 0.05 (σ = 0.12); appendix B.4 lists the MAEs for all

relations. For the sake of simplicity, properties without POS information instead of POS-

speci�c properties are used throughout this section.
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Last but not least, completely new universals are suggested, e.g. the fol-

lowing four and their composition in (7).

(#13) V-Aux⇒ NP-Adp

(#14) V-Aux⇒ Gen-N

(#23) V-Aux⇒ Art-N

(#24) V-Aux⇒ Num-N

(7) a. V-Aux⇒ (NP-Adp ∧Gen-N ∧Art-N ∧Num-N)
b. IF the auxiliary follows the verb, THEN the adposition follows

the noun phrase AND genitive, article and numeral all precede

the noun.

5.2 Complex formulae

While given a �nite set of variables the number of simple formulae is also

�nite, the actual number of formulae is in�nite. This makes it impossible to

enumerate all possibilities and even if only formulae up to a maximum length

are considered, the search space becomes too large to test all of them.

5.2.1 Search space

The goal is to �nd formulae with a high truth value. For that, it is possible

to de�ne a search problem where

� formulae Φ are states,

� atomic formulae Φ1 ∶= {v⃗p ∶ p ∈ P} ∪ {¬v⃗p ∶ p ∈ P} are start states,

� very true formulae Φfin ∶= {φ ∈ Φ ∶ s(φ) !≈ 1} are �nal states and

� the successors of φ1 ∈ Φ are {φ1 ∧ φ2 ∶ φ2 ∈ Φ} ∪ {φ1 ∨ φ2 ∶ φ2 ∈ Φ}.
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Since ¬, ∧ and ∨ are functionally complete, it is not necessary to include

⇒ or⇔ in the successor function to cover all possible truth values. However,

the search space still contains many formulae which are syntactically di�erent

but semantically equivalent, e.g. φ1 ∧ φ2 ≡ φ2 ∧ φ1 or (φ1 ∧ φ2) ∧ φ3 ≡ (φ1 ∨
φ3) ∧ (φ2 ∨φ3) for all φ1, φ2, φ3 ∈ Φ. Therefore, some limitations of the search

space are discussed in the following.

5.2.2 Disjunctive normal forms

First, the search space is restricted to formulae in disjunctive normal form

(DNF), i.e. a disjunction of conjunctions of atomic formulae. This does not

limit the number of expressable truth values since every formula can be con-

verted to DNF. DNFs have two main advantages over other normal forms:

1) Disjuncts with low truth values can be discarded before enumerating

all DNFs (which immensely reduces the search space) since they would

have little to no impact on the truth value of a disjunction.

2) DNFs can easily be read as implications since φ1 ∨ φ2 ≡ ¬φ1 ⇒ φ2 ≡
¬φ2⇒ φ1 for all φ1, φ2 ∈ Φ.

5.2.3 Search complexity and k-best search

The algorithm on page 64 shows the construction of the DNFs. Lines with

an asterisk (*) are added in the extended version described in section 5.2.4.

Given the maximum formula length (i.e. the maximum number of atoms in

a formula) m ≥ 1, the number of syntactically di�erent DNFs is the number

of atoms plus the number of di�erent disjuncts plus the number of di�erent

disjunctions not exceeding the length m:

∣Φ∣ = 2 ⋅ ∣P ∣ +
m

∑
n=2

(2 ⋅ ∣P ∣)n +
m

∑
n=2

2n−1 ⋅ (2 ⋅ ∣P ∣)n (62)

∈ O (2m ⋅ (2 ⋅ ∣P ∣)m)
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procedure find_best_formulae(P,m,k)

Φfin ← {}
Φ1 ← {}
for p ∈ P do

Φ1 ← Φ1 ∪ {v⃗p}
Φ1 ← Φ1 ∪ {¬v⃗p}

end for

* Φ1 ← {φ ∶ φ ∈ Φ1 and add(φ)}
* Φfin,Φ1 ← sort_out_ones(Φ1)
for 2 ≤ n ≤m do

Φn ← {}
for φ1 ∈ Φn−1 do

for φ2 ∈ Φ1 do

if* add(φ1, φ2,∧) then
Φn ← Φn ∪ {φ1 ∧ φ2}

end if*

end for

end for

end for

Φ← Φ1 ∪ . . . ∪Φm

for 2 ≤ n ≤m do

* Φ← best(Φ, k)
Φn ← {}
for φ1 ∈ Φ do

for φ2 ∈ Φ do

if ∣atoms(φ1 ∨ φ2)∣ ≤m * and add(φ1, φ2,∨) then
Φn ← Φn ∪ {φ1 ∨ φ2}

end if

end for

end for

* Φf ,Φn ← sort_out_ones(Φn)
* Φfin ← Φfin ∪Φf

Φ← Φ ∪Φn

end for

Φfin ← Φfin ∪Φ

* Φfin ← best(Φfin, k)
return Φfin

end procedure

Construct

atoms

Construct

disjuncts

(conjunctions)

Construct

DNFs

(disjunctions)
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Hereby, 2n−1 is the number of partitions of n without ordering. Since con-

junction and disjunction are commutative operations, formulas which solely

di�er in the ordering of their parts are considered the same state. The number

of di�erent DNFs decreases to

∣Φ∣ ≈ 2 ⋅ ∣P ∣ +
m

∑
n=2

(2 ⋅ ∣P ∣
n

) +
m

∑
n=2

⎡⎢⎢⎢⎢⎢⎢⎣

exp(π ⋅
√

2⋅n
3 )

4 ⋅ n ⋅
√

3

⎤⎥⎥⎥⎥⎥⎥⎦
⋅ (2 ⋅ ∣P ∣

n
) (63)

∈ O (2m

m
⋅ (2 ⋅ ∣P ∣)m

m!
)

where
exp(π⋅

√
2⋅n
3
)

4⋅n⋅
√

3
is the approximate number of partitions of n with ordering

(Hardy and Ramanujan, 1918, p. 79).

The search space is additionally reduced by a k-best search. In each iter-

ation of the DNF construction, Φ is sorted by λφ ∶ s(φ) and reduced to the

k elements with the highest scores:

∣Φ∣ ≤ 2 ⋅ ∣P ∣ +
m

∑
n=2

(2 ⋅ ∣P ∣
n

) +
m

∑
n=2

k2 (64)

∈ O ((2 ⋅ ∣P ∣)m
m!

)

5.2.4 Restrictions

A �nal state is a formula that is almost true, i.e. the di�erence between 1

and the average score s(φ) is less than a certain threshold emax. The function

sort_out_ones separates �nal states from non-�nal states:

procedure sort_out_ones(Φ)

Φfin ← {φ ∈ Φ ∶ 1 − s(φ) < emax}
return Φfin,Φ ∖Φfin

end procedure

The �nal states are then removed from the search space, i.e. they have no

successors, because they do not produce new states of interest by conjunction

or disjunction: φ ∧ φf ∼∼∼ φ and φ ∨ φf ∼∼∼ φf for all φ ∈ Φ, φf ∈ Φfin.
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The function add (on page 67) checks whether a state should be added to

the search space. These restrictions hinder those formulae from being added

that are either unnecessarily long, or have a low truth value or a lot of missing

values when being evaluated.

5.2.5 Parameter settings

The search parameters are set as follows:

Parameter name Symbol Value

languages L all 90 UD languages

properties P all 37 single-link properties

selected DNFs per iteration k 500

maximum number of atoms m 5

maximum error for �nal states emax 0.05

maximum percentage of missing values pnull 0.25

minimum score for disjuncts t 0.5

minimum improvement per disjunct ∆t 0.1

Table 16: Search parameters

POS information is not used since the 37 base relations are optimally

distinct, whereas POS properties would lead to a much larger search space

with very similar variables.

5.2.6 Final formatting, selection and ranking

Consider example (8). Final DNFs are transformed into implications if they

consist of at least two disjuncts (a. to b.). If s(φ) is at least 0.95, φ is consid-

ered a potential universal. However, the truest formulae are not necessarily

the most interesting universals. For this reason, the formulae are ranked by

their corresponding equivalences' (c.) value. (This makes formulae with both-

way implications appear at the top of the table.)

(8) a. v⃗head-ccomp ∨ (v⃗nmod-head ∧ v⃗nsubj-head)
b. v⃗ccomp-head⇒ (v⃗nmod-head ∧ v⃗nsubj-head)
c. v⃗ccomp-head⇔ (v⃗nmod-head ∧ v⃗nsubj-head)
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procedure add(φ1, φ2 = null, ○ = null)33

if ○ = null then
return ∣{` ∈ L ∶ V(φ`1) = null}∣ / ∣L∣ ≤ pnull and

s(φ) ≥ t
else if ○ = ∧ then

return φ2 /∈ atoms(φ1) and
¬φ2 /∈ atoms(φ1) and
∣{` ∈ L ∶ V(φ`1 ∧ φ`2) = null}∣ / ∣L∣ ≤ pnull and
s(φ1 ∧ φ2) ≥ t

else if ○ = ∨ then
return disjuncts(φ1) ∩ disjuncts(φ2) = ∅ and

/∃ φa ∶ ∀φ ∈ disjuncts(φ1) ∪ disjuncts(φ2) ∶ φa ∈ atoms(φ) and
/∃ φa, φb ∈ disjuncts(φ1) ∪ disjuncts(φ2) ∶ ∃φ ∶

(atoms(φa) ∖ atoms(φb)) ∪ (atoms(φb) ∖ atoms(φa)) = {φ,¬φ} and
∣{` ∈ L ∶ V(φ`1 ∨ φ`2) = null}∣ / ∣L∣ ≤ pnull and
s(φ1 ∨ φ1) ≥ max{s(φ1), s(φ2)} +

(∣disjuncts(φ1) ∪ disjuncts(φ2)∣ − 1) ⋅∆s

end if

end procedure

33
� Atoms must

1) have a percentage of missing values not greater than pnull.

2) have an average truth value not lower than t.

� Disjuncts (conjunctions) must

1) not contain the same atom twice.

2) not contain the same variable as both positive and negative atom.

3) have a percentage of missing values not greater than pnull.

4) have an average truth value not lower than t.

� DNFs (disjunctions) must

1) not contain a disjunct more than once.

2) not contain an atom which is common to all disjuncts.

3) not contain two disjuncts which are identical except for one variable which

is contained as positive atom in one disjunct and as negative atom in the other

disjunct.

4) have a percentage of missing values not greater than pnull.

5) improve the average truth value by at least (n−1)⋅∆t with the n-th disjunct.
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5.2.7 Results

23 formulae returned by the k-best search score 0.95 or higher. Table 17

shows them ranked by equivalence score.

# ⇒ σ ⇔ σ Formula (UD) Formula (UA-like)

1 1.00 0.00 1.00 0.00 v⃗head-conj Conjunct1-Conjunct2

2 1.00 0.00 1.00 0.00 v⃗head-�xed �

3 1.00 0.00 1.00 0.00 v⃗head-�at �

4 1.00 0.00 1.00 0.00 v⃗head-root root-Sent

5 0.97 0.12 0.97 0.12 v⃗head-appos N-N

6 0.95 0.11 0.83 0.26 v⃗case-head ⇒ v⃗head-acl Adp-NP⇒ N-Rel

7 0.96 0.08 0.78 0.25 v⃗acl-head ⇒ (v⃗nmod-head ∧
v⃗nsubj-head)

Rel-N ⇒ (Gen-N ∧
S-V)

8 0.97 0.07 0.77 0.26 v⃗acl-head ⇒ v⃗nmod-head Rel-N⇒ Gen-N

9 0.95 0.11 0.75 0.27 v⃗head-nmod ⇒ (v⃗head-acl ∧
v⃗head-xcomp)

N-Gen ⇒ (N-Rel ∧
Vmain-VPsubordinate)

10 0.95 0.09 0.75 0.26 v⃗head-nmod ⇒ (v⃗head-acl ∧
v⃗head-ccomp)

N-Gen ⇒ (N-Rel ∧
V-Sent')

11 0.95 0.08 0.75 0.32 v⃗ccomp-head ⇒ (v⃗nsubj-head ∧
v⃗head-case)

Sent'-V ⇒ (S-V ∧
NP-Adp)

12 0.96 0.09 0.75 0.26 v⃗head-nmod ⇒
(v⃗cc-head ∧ v⃗head-acl)

N-Gen ⇒
(Conj-Conjunct2 ∧N-Rel)

13 0.96 0.10 0.74 0.32 v⃗case-head ⇒ v⃗head-xcomp Adp-NP⇒ Vmain-VPsubordinate

14 0.97 0.07 0.74 0.34 v⃗case-head ⇒ v⃗head-ccomp Adp-NP⇒ V-Sent'

15 0.96 0.13 0.70 0.27 v⃗case-head ⇒ v⃗head-iobj Adp-NP⇒ V-iO

16 0.96 0.10 0.69 0.32 v⃗head-nmod ⇒ v⃗head-xcomp N-Gen⇒ Vmain-VPsubordinate

17 0.95 0.09 0.68 0.33 v⃗ccomp-head ⇒ (v⃗nmod-head ∧
v⃗nsubj-head)

Sent'-V ⇒ (Gen-N ∧
S-V)

18 0.96 0.08 0.66 0.36 v⃗head-nmod ⇒ v⃗head-ccomp N-Gen⇒ V-Sent'

19 0.95 0.07 0.64 0.26 v⃗head-obl ⇒ v⃗head-ccomp V-PP⇒ V-Sent'

20 0.96 0.06 0.31 0.25 v⃗head-nummod ⇒ v⃗head-parataxis N-Num⇒ Sent1-Sent2

21 0.96 0.08 0.25 0.25 v⃗head-det ⇒ v⃗head-parataxis N-Art⇒ Sent1-Sent2
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# ⇒ σ ⇔ σ Formula (UD) Formula (UA-like)

22 0.97 0.06 0.25 0.26 v⃗head-nummod ⇒ v⃗cc-head N-Num⇒ Conj-Conjunct2

23 0.97 0.08 0.19 0.27 v⃗head-det ⇒ v⃗cc-head N-Art⇒ Conj-Conjunct2

Table 17: Formulae returned by the search program with a score of 0.95 or

higher, ranked by equivalence score.

The �rst �ve formulae are (almost) absolute universals and more a result

of the UD annotation guidelines than an interesting linguistic universal. For

example, conjuncts (#1) are always connected from left to right. #6�#8 also

appear at the top of Table 15 (namely as #1, #2 and #4). Right after those

follow some groups of formulae that can be combined:

(9) a. #9, #10, #12, #18:

N-Gen⇒ (N-Rel∧Vmain-VPsubordinate∧V-Sent'∧Conj-Conjunct2)
b. #11, #14, #17�#19:

Sent'-V⇒ (S-V ∧NP-Adp ∧Gen-N ∧PP-V)
c. #13�#15:

Adp-NP⇒ (Vmain-VPsubordinate ∧V-Sent' ∧V-iO)
d. #13, #16:

VPsubordinate-Vmain⇒ (NP-Adp ∧Gen-N)

The equivalence scores for #9�#19 range between 0.75 and 0.64 and some

of them shall receive a closer consideration in the linguistic analysis of sec-

tion 5.3. The last four formulae of Table 17 are strong one-way implications

with equivalence scores between 0.31 and 0.19. The consequent of #20 and

#21 concerns the ordering of sentences in a parataxis which is generally an-

notated from left to right in the UD treebanks. In those few languages where

parataxes are mainly annotated from right to left, numerals and determin-

ers happen to precede their governor (except for Amharic, see Table 18),

which supports the universal without any linguistic explanation. A similar

phenomenon occurs at #22 and #23.
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Turkic, Southeastern, Uyghur 0.02 0.00 0.00

IE, Slavic, Bulgarian 0.03 0.08 0.42

Afro-Asiatic, Semitic, Amharic 0.17 0.03 0.85

IE, Romance, Old French 0.25 0.04 0.00

Turkic, Southwestern, Turkish 0.26 0.01 0.00

IE, Slavic, Polish 0.29 0.01 0.06

IE, Baltic, Lithuanian 0.39 0.11 0.02

Turkic, Northwestern, Kazakh 0.47 0.00 0.00

Table 18: Excerpt from the language-property matrix for languages with

v`head-parataxis< 0.5, sorted by v`head-parataxis.

5.3 Linguistic analysis

Sections 4.6.2, 5.1 and 5.2 provide formulae for old and new universals of

varying support in the UD treebanks. The following part introduces two

linguistic theories which both make predictions about word order universals

and examines whether the predictions can be con�rmed in the UD treebanks.

5.3.1 Head-dependent theory

Almost all high-scored formulae from Table 15 and Table 17 exhibit

the form head1-dependent1 ⇒ head2-dependent2 (or dependent2-head1 ⇒
dependent2-head2), where �head� and �dependent� are used in terms of

phrase-structure grammar and not in terms of dependency relations. Lochbih-

ler (2017), who also evaluated Greenberg's universals on the UD treebanks
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and searched for new ones, made the same observation and argued that for-

mulae with high scores support the head-dependent theory (HDT) whereas

formulae with low scores don't satisfy it. The HDT suggests that each lan-

guage consistently orders heads and dependents. For example, both phrases

concerned by (the �st part of) Greenberg's universal 2 are left-headed:

(10) a. �IF adpositions follow their NPs (i.e. they are postpositions),

THEN head nouns almost always follow their attributive nouns

(genitives).� (Universals Archive, #2)

b. NP-Adp⇒ Gen-N or, equivalently, N-Gen⇒ Adp-NP

c. NP

Gen

of John

N

father

⇒

PP

NP

the table

Adp

on

Indeed, Table 17's #9 and #10 contain further consequents of N-Gen

order and the involved phrases are left-headed in all of them:

NP

Gen

of John

N

father

⇒

NP

Rel

that we saw

N

movies

∧

VP

VPsubordinate

to work

Vmain

started

∧

VP

Sent'

that you like to swim

V

says

Figure 22: Consequents of N-Gen order.

Lochbihler (2017) distinguished between two types of dependents: com-

plements and modi�ers. According to her observations, she postulated that

those formulae score low which either involve phrases with di�erent headed-

ness or phrases with di�erent types of dependents. For example, Figure 23 (i)

shows an equivalence which involves both a right head (O-V) and a left head

(N-Gen) and is not supported by the UD data. Figure 23 (ii) on the other

hand shows a merely weakly supported implication between a phrase with a

complement (O) and a phrase with a modi�er (Adv).
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(i) Sent

VP

VO

S ∧
NP

GenN

⇔�
NP

AdjN

(ii) VP

VO

(⇒)
VP

VAdv

Figure 23: Unsupported universals (Lochbihler, 2017, p. 32)

This theory, however, cannot explain why adjectival clauses such as rel-

ative clauses, which are modi�ers, occur frequently in the formulae of the

search output, e.g. in Figure 22. Or why they behave di�erently than non-

clausal adjectives, as the evaluation of universal 110 at the end of section

4.6.2 showed:

NP

RelN

⇔�
NP

AdjN

Figure 24: Clausal and single-word modi�ers of the noun.

5.3.2 Branching-direction theory

Dryer (1992; 2009a) o�ers an alternative account, the branching-direction

theory (BDT), according to which languages have the tendency to or-

der nonphrasal and phrasal (sibling) constituents�rather than heads and

complements�consistently. His investigations usually compare the order of

verb and object with another pair of constituents and if there is a signi�-

cant correlation he calls the latter �verb patterner� and �object patterner�.

According to the BDT, verb patterners are nonphrasal and object patterners

are phrasal. The �rst part of Table 19 contains all V-O patterners from Dryer

(2009a) which have UD equivalents; plus V-Sent' and Vmain-VPsubordinate

which I added to the list myself. The equivalence scores measure the cor-

relation between V-O and another constituent pair. The scores range from

0.52 to 0.90, where 0.9 is the strongest correlation (equivalence between V-O
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and V-O), 0.5 means no correlation and 0.1 would be the strongest negative

correlation (equivalence between V-O and O-V). All V-O patterners but the

last two, V-Adv and Art-N', show at least a moderate correlation.

Constituents Example UD equivalent (p) s σ

nonphrasal + phrasalnon

V O ate + the sandwich head:VERB-obj:NOUN 0.90 0.15

Cop Pred is + a teacher cop:AUX-head:NOUN 0.88 0.17

Adp NP on + the table case:ADP-head:NOUN 0.86 0.20

V Sent' says + that you like

to swim

head:VERB-ccomp:VERB 0.78 0.28

N Rel movies + that we saw head:NOUN-acl:VERB 0.76 0.31

Aux VP has + eaten dinner aux:AUX-head:VERB 0.75 0.32

Vmain VPsubor-
dinate

started + to work head:VERB-xcomp:VERB 0.75 0.30

N Gen father + of John head:NOUN-nmod:NOUN 0.75 0.32

V PP slept + on the �oor head:VERB-obl:NOUN 0.73 0.26

Comp Sent that + John is sick mark:SCONJ-head:VERB 0.70 0.35

V Adv ran + slowly head:VERB-advmod:ADV 0.60 0.30

Art N' the + tall man det:DET-head:NOUN 0.52 0.36

nonphrasal + nonphrasal

N Adj head:NOUN-amod:ADJ 0.62 0.38

N Dem head:NOUN-det:PRON 0.53 0.38

N Num head:NOUN-nummod:NUM 0.49 0.36

phrasal + phrasal

VP
S

head:VERB-csubj:VERB 0.55 0.40

VP head:VERB-nsubj:NOUN 0.54 0.40

Table 19: Word order correlations, sorted by s(v⃗head:VERB-obj:NOUN⇔ v⃗p).

The tendency to order nonphrasal and phrasal constituents consistently

may con�ict with other cross-linguistic tendencies. For example, the BDT

would predict the correlation in Figure 25. In the case of an OV language,

however, the consistent branching con�icts with the general tendency that
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clauses follow their nonphrasal siblings (Dryer, 2003). While there are no

known VO languages with Sent'-V order, Sent'-V order and V-Sent' order are

about equally common among OV languages, i.e. V-O⇒ V-Sent' but O-V⇒�
Sent'-V. The V-O⇒ V-Sent' inequivalence does also appear in Table 17: Adp-

NP, N-Gen, V-PP all imply V-Sent' (#14, #18, #19) but the equivalence

scores are signi�cantly lower. The position of complementisers is a�ected by

this and other principles as well (Dryer, 2009a; 2012).

VP

OV

⇔

VP

Sent'

SentComp

V

Figure 25: Complement clause (Sent') and complementiser (Comp) as verb

patterners.

(i)

VERB DET NOUN ADV ADV
ate the sandwich very quickly

obj

advmod

det advmod

(ii)

DET NOUN VERB DET NOUN ADV ADV
the man ate the sandwich long ago

det nsubj
obj

advmod

det advmod

(iii) VP

Adv

very quickly

O

the sandwich

V

ate

(iv) Sent

Adv

long ago

VP

ate the sandwich

S

the man

Figure 26: Adverbial modi�ers: manner adverb in (i) dependency structure

and (iii) phrase structure, and sentence adverb in (ii) dependency structure

and (iv) phrase structure.

The case of adverbs is a bit unclear. First of all, an adverb is commonly a

single word and thus not phrasal but Dryer (1992) found a high correlation

between V-O and V-Adv and thus calls it an object patterner. Figure 26
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illustrates di�erent adverbial structures. That the correlation between V-O

and V-Adv is not re�ected in the UD data might be due to the circumstance

that the UD relations make no distinction between adverbs that modify verbs

(manner adverbs) as in (i) and adverbs that modify sentences (sentence ad-

verbs) as in (ii), and Dryer (1992) only considers manner adverbs since sen-

tence adverbs have a more �exible word order. If we assume that Adv is

phrasal, then it should behave like the object within the VP, shown in (iii),

but it has only phrasal siblings on the sentence level and thus no preference

for its position, shown in (iv).

As only combinations of a nonphrasal and a phrasal sibling have been

discussed so far, this is equal evidence for the BDT as well as the HDT

since in the latter the nonphrasal sibling corresponds to the head and the

phrasal sibling corresponds to the dependent and both theories make equal

predictions about word order. Therefore, let us look at a region where the

predictions di�er: the complex noun phrase. First, have a look at the struc-

tures in Figure 27. All of them produce the same POS sequence but they have

(i) DP

DemP

NumP

AdjP

NAdj

Num

Dem

Art

(ii) NP

N'

NAdjNumDem

Art

(iii) NP

NAdjNumDemArt

(iv)

DET PRON NUM ADJ NOUN

det
det
nummod

amod

Figure 27: Noun projections in di�erent grammars: (i) generative structure,

(ii) �atter structure, (iii) �at structure, (iv) dependency structure.
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di�erent levels of complexity. (i) shows a binary structure which is commonly

assumed in generative grammar. Although HDT and BDT are not bound to

syntactic theories, the HDT is formulated in the terms of the �principles and

parameters� framework�with head-directionality being a language-speci�c

parameter�and has been used in X-bar theory and minimalism (Chomsky

and Lasnik, 1995). Dryer (2009a), on the other hand, assumes a �atter struc-

ture, as in (ii) or (iii), following Culicover and Jackendo� (2005; 2006) who

propose a simpler syntax than that in (i). Given the di�erent grammars,

HDT and BDT predict the following word orders for a VO language (and

the reversed order for an OV language):

HDT BDT

(i) Art-Dem-Num-Adj-N Art-Dem-Num-{Adj,N}

(ii) Art-N-{Adj,Dem,Num} Art-{Adj,Dem,N,Num}

(iii) N-{Adj,Art,Dem,Num} {Adj,Art,Dem,N,Num}

Table 20: Predictions of HDT and BDT for a VO language, assuming the

di�erent grammars from Figure 27. Braces contain constituents with no pre-

dictable ordering.

(i) contains four heads and four dependents which, in a VO language,

should be consistently right-branching according to the HDT. Similarly, the

phrasal constituents should follow their nonphrasal siblings according to the

BDT. This prediction does not hold up under a typological analysis. Leaving

out the article, a word-order correlation for N and its dependents, Adj, Dem

and Num, is already refuted by Dryer (1992; 2005; 2009a). While Cinque

(2005) derives other word orders of Dem, Num, Adj and N from the under-

lying syntax in (i) by transformation, Dryer (2009a) moves to a same-level

ordering of these four elements and attributes di�erent orders to semantically-

driven principles (see Dryer, 2018). In his typological investigation in Dryer

(1992), he observes Art and N to be patterners of V and O, respectively, and

suggests the structure in (ii). In 2009a, however, he moves to the structure
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in (iii) and explains the NP-peripheral position of the article by principles

of constituent recognition and NP-internal semantic hierarchy. This leads us

to what can be extracted from the UD treebanks: There is no correlation

between V-O order and any of N-Art, N-Dem or N-Num order and at most

a moderate correlation between V-O order and N-Adj order. In other words,

the relative position of the noun to its dependents cannot be predicted from

the order of verb and object. Even a correlation between verb/object and

article/noun could not be reproduced, which does only support the structure

in (iii) if a simple, non-transformational syntax as in the BDT is assumed.

The BDT can further explain why bare adjectives and adjectival/relative

clauses (�amod� and �acl� in the UD treebanks) behave di�erently since the

BDT does not predict a preferred ordering for two nonphrasal constituents,

such as N and Adj:

NP

Rel

that we saw

N

movies

⇔�

NP

Adj

tall

N

man

Figure 28: Phrasal and nonphrasal siblings of the noun.

Subjects are neither complements nor modi�ers, but speci�ers (if at all),

and are not considered in the HDT. Since S and VP are both phrasal children

of Sent, the BDT would not predict a correlation with the order of V and

O. Indeed, the UD data shows no equivalence between these orderings (the

last two rows of Table 19). To conclude the linguistic analysis, the UD data

supports consistent ordering of words and phrases, i.e. the BDT, rather than

consistent ordering of heads and dependents, i.e. the HDT.
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6 Conclusion

This thesis pursued three goals:

1) Construct a matrix of continuous typological language vec-

tors. The task speci�cally focused on continuous vectors with values in the

range [0,1] since the underlying theory builds on a real-valued logic. There-

fore, a new set of language vectors was extracted from the Universal Depen-

dencies treebanks (Nivre et al., 2016). The representativity of the extracted

vectors was measured using the normalised tree distance. The results showed

that the language vectors represent the languages in su�cient detail to build

approximate phylogenetic trees, although this property of the vectors is not

required for the subsequent tasks. Additional analyses moved from language

vectors to treebank vectors and searched for di�erences between treebanks

for the same language. Therefore, the thesis also provides a list of veri�ed

annotation inconsistencies in the Universal Dependencies treebanks.

2) Develop a framework to process (logically complex) typo-

logical formulae. Transposing the matrix of language vectors yields a ma-

trix of property vectors, e.g. vectors for S-O-V order or NP-Adp order (in

which each dimension corresponds to a language). Logical connectives, such

as negation, conjunction and implication were implemented in a framework

to evaluate arbitrarily complex formulae. The valuation of the connectives

is taken from both product logic and fuzzy logic with very similar results.

Universal quanti�cations over languages are found to be best calculated as

average with �phylogenetic weighting� which balances the in�uence of lan-

guages from di�erent language families. The framework is useful for exploring

universal statements about languages, in which researchers can design and

evaluate their own property vectors and formulae. The accuracy of the frame-

work was estimated by applying it to universals from the Universals Archive

(Plank and Filimonova, 2000) which are attested to be true/false for many

languages in typological studies and the results indicate that the framework

works as expected.
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3) Use the framework to discover new typological universals.

Another interesting task beside the evaluation of existing universals is the

search for new universals. Therefore, logical formulae were mapped into a

search space and a search was performed to �nd promising candidates. Al-

though some potential universals were detected with the treebanks, the search

algorithm is just a very basic construction and leaves room for improvement;

for example, the size of the search space still grows polynomially in the num-

ber of typological variables and the restriction parameters are not yet op-

timised. A linguistic analysis of the supported and unsupported universals

completes this work and demonstrates that the treebank statistics support

Dryer's (1992) branching-direction theory, which predicts the consistent or-

der of nonphrasal and phrasal sibling constituents.

To summarise, this work presented language vectors and a complete

framework for the evaluation of typological formulae of arbitrary complex-

ity. The investigated language vectors are extracted from annotated cor-

pora and can represent the syntactic nature of languages in more detail

than typological databases. The framework was validated against traditional

and computer-assisted typological studies and its di�erent applications are

demonstrated by using it for revisiting proposed universals, searching po-

tential candidates, and �nding new evidence in the discussion of word-order

theories.
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Appendix A: Language Vectors

A.1 Universal Dependencies treebanks

Language Treebanks Tokens

Afro-Asiatic, Egyptian, Coptic 1 40K

Afro-Asiatic, Semitic, Akkadian 1 1K

Afro-Asiatic, Semitic, Amharic 1 10K

Afro-Asiatic, Semitic, Arabic 3 1,042K

Afro-Asiatic, Semitic, Assyrian 1 <1K
Afro-Asiatic, Semitic, Hebrew 1 161K

Afro-Asiatic, Semitic, Maltese 1 44K

Austro-Asiatic, Viet-Muong, Vietnamese 1 43K

Austronesian, Central Philippine, Tagalog 1 <1K
Austronesian, Malayo-Sumbawan, Indonesian 2 141K

Basque, Basque 1 121K

Code switching, Hindi English 1 26K

Creole, Naija 1 12K

Dravidian, South Central, Telugu 1 6K

Dravidian, Southern, Tamil 1 9K

IE, Armenian, Armenian 1 52K

IE, Baltic, Latvian 1 220K

IE, Baltic, Lithuanian 2 75K

IE, Celtic, Breton 1 10K

IE, Celtic, Irish 1 40K

IE, Celtic, Scottish Gaelic 1 42K

IE, Celtic, Welsh 1 16K

IE, Germanic, Afrikaans 1 49K

IE, Germanic, Danish 2 100K

IE, Germanic, Dutch 2 306K

IE, Germanic, English 7 620K
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Language Treebanks Tokens

IE, Germanic, Faroese 1 10K

IE, Germanic, German 4 3,753K

IE, Germanic, Gothic 1 55K

IE, Germanic, Norwegian 3 666K

IE, Germanic, Swedish 3 206K

IE, Germanic, Swiss German 1 1K

IE, Greek, Ancient Greek 2 416K

IE, Greek, Greek 1 63K

IE, Indic, Bhojpuri 1 4K

IE, Indic, Hindi 2 375K

IE, Indic, Marathi 1 3K

IE, Indic, Sanskrit 1 1K

IE, Indic, Urdu 1 138K

IE, Iranian, Kurmanji 1 10K

IE, Iranian, Persian 1 152K

IE, Latin, Latin 3 582K

IE, Romance, Catalan 1 531K

IE, Romance, French 8 1,157K

IE, Romance, Galician 2 164K

IE, Romance, Italian 6 811K

IE, Romance, Old French 1 170K

IE, Romance, Portuguese 3 570K

IE, Romance, Romanian 3 551K

IE, Romance, Spanish 3 1,004K

IE, Slavic, Belarusian 1 13K

IE, Slavic, Bulgarian 1 156K

IE, Slavic, Croatian 1 199K

IE, Slavic, Czech 5 2,222K

IE, Slavic, Old Church Slavonic 1 57K

IE, Slavic, Old Russian 2 168K
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Language Treebanks Tokens

IE, Slavic, Polish 3 499K

IE, Slavic, Russian 4 1,263K

IE, Slavic, Serbian 1 97K

IE, Slavic, Slovak 1 106K

IE, Slavic, Slovenian 2 170K

IE, Slavic, Ukrainian 1 122K

IE, Slavic, Upper Sorbian 1 11K

Japanese, Japanese 5 1,688K

Korean, Korean 5 446K

Mande, Bambara 1 13K

Mongolic, Buryat 1 10K

Niger-Congo, Defoid, Yoruba 1 2K

Niger-Congo, Northern Atlantic, Wolof 1 44K

Pama-Nyungan, Warlpiri 1 <1K
Sign Language, Swedish Sign Language 1 1K

Sino-Tibetan, Cantonese 1 13K

Sino-Tibetan, Chinese 5 285K

Sino-Tibetan, Classical Chinese 1 74K

Tai-Kadai, Thai 1 22K

Tupian, Mbya Guarani 2 13K

Turkic, Northwestern, Kazakh 1 10K

Turkic, Southeastern, Uyghur 1 40K

Turkic, Southwestern, Turkish 4 91K

Uralic, Finnic, Estonian 2 465K

Uralic, Finnic, Finnish 3 377K

Uralic, Finnic, Karelian 1 3K

Uralic, Finnic, Livvi 1 1K

Uralic, Mordvin, Erzya 1 15K

Uralic, Mordvin, Moksha 1 <1K
Uralic, Permic, Komi Permyak 1 <1K
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Language Treebanks Tokens

Uralic, Permic, Komi Zyrian 2 3K

Uralic, Sami, North Sami 1 26K

Uralic, Sami, Skolt Sami 1 <1K
Uralic, Ugric, Hungarian 1 42K

Table 21: Languages in the Universal Dependencies treebanks version 2.5,

sorted by phylogenetic classi�cation, with corresponding number of treebanks

and number of tokens.

A.2 Single-link statistics
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Afro-Asiatic, Egyptian, Coptic 0.69 0.10 0.00 1.00 0.95 1.00 0.63 0.90 0.09 0.00

Afro-Asiatic, Semitic, Akkadian � 0.18 0.01 0.98 0.30 0.47 0.14 0.89 0.95 0.00

Afro-Asiatic, Semitic, Amharic 1.00 0.44 0.53 0.72 0.03 0.12 0.05 0.06 0.85 0.85

Afro-Asiatic, Semitic, Arabic 0.78 0.67 0.00 0.97 0.93 0.98 0.64 1.00 0.08 0.05

Afro-Asiatic, Semitic, Assyrian 0.89 0.03 0.00 0.95 1.00 0.84 0.14 1.00 0.00 0.32

Afro-Asiatic, Semitic, Hebrew 0.76 0.29 0.00 0.96 0.82 0.97 0.41 1.00 0.03 0.00

Afro-Asiatic, Semitic, Maltese 0.88 0.25 0.00 0.99 0.72 0.95 0.22 0.78 0.02 0.00

Austro-Asiatic, Viet-Muong, Vietnamese 0.72 0.02 0.02 0.94 0.62 0.96 0.25 0.88 0.48 0.24

Austronesian, Central Philippine, Tagalog 0.96 0.98 0.08 0.67 � 1.00 0.78 � 0.02 �

Austronesian, Malayo-Sumbawan, Indonesian 0.73 0.03 0.03 0.96 0.81 0.95 0.12 0.88 0.56 0.05

Basque, Basque 0.65 0.19 1.00 0.10 0.26 0.15 0.19 0.72 0.62 0.07

Code switching, Hindi English 0.76 0.04 0.71 0.21 0.37 0.42 0.39 0.03 0.00 0.01

Creole, Naija 0.53 0.01 0.01 0.29 0.90 0.99 0.44 0.02 0.09 0.00

Dravidian, South Central, Telugu 0.92 0.01 1.00 0.04 0.01 0.01 0.04 0.01 0.04 0.43

Dravidian, Southern, Tamil 0.64 0.02 1.00 0.01 0.00 0.00 0.36 0.00 0.00 0.56

IE, Armenian, Armenian 0.37 0.15 0.84 0.03 0.34 0.41 0.14 0.01 0.00 0.01

IE, Baltic, Latvian 0.51 0.24 0.02 0.16 0.45 0.68 0.13 0.00 0.01 0.00

IE, Baltic, Lithuanian 0.51 0.28 0.01 0.17 0.60 0.65 0.11 0.03 0.02 0.02

IE, Celtic, Breton 0.81 0.51 0.00 0.99 0.83 0.90 0.60 0.89 0.00 0.03

IE, Celtic, Irish 0.47 0.88 0.00 0.88 0.88 0.61 0.71 0.98 0.19 0.00

IE, Celtic, Scottish Gaelic 0.62 0.98 0.00 0.80 0.94 0.62 0.70 0.85 0.07 0.04

IE, Celtic, Welsh 0.64 0.70 0.00 0.86 0.91 0.78 0.39 0.81 0.04 0.00

IE, Germanic, Afrikaans 0.93 0.02 0.03 0.91 0.53 0.23 0.34 0.29 0.00 0.99

IE, Germanic, Danish 0.79 0.16 0.03 0.77 0.82 0.95 0.36 0.13 0.00 0.07
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IE, Germanic, Dutch 0.62 0.21 0.02 0.81 0.46 0.41 0.24 0.04 0.00 0.01

IE, Germanic, English 0.71 0.04 0.04 0.63 0.85 0.96 0.24 0.03 0.00 0.00

IE, Germanic, Faroese 0.88 0.13 0.01 0.92 0.80 0.97 0.36 0.01 0.00 0.00

IE, Germanic, German 0.60 0.22 0.01 0.92 0.31 0.38 0.21 0.00 0.00 0.00

IE, Germanic, Gothic � 0.33 0.00 0.91 0.73 0.62 0.18 0.53 0.21 0.61

IE, Germanic, Norwegian 0.66 0.17 0.01 0.72 0.80 0.93 0.32 0.05 0.02 0.01

IE, Germanic, Swedish 0.78 0.17 0.01 0.56 0.82 0.94 0.34 0.03 0.00 0.02

IE, Germanic, Swiss German 0.87 0.06 0.01 0.77 0.19 0.15 0.16 0.04 0.00 0.00

IE, Greek, Ancient Greek 0.84 0.32 0.03 0.55 0.57 0.47 0.22 0.54 0.12 0.77

IE, Greek, Greek 0.59 0.27 0.00 0.95 0.78 0.84 0.35 0.03 0.02 0.01

IE, Indic, Bhojpuri 0.73 0.03 1.00 0.02 0.04 0.11 0.00 0.04 0.02 0.53

IE, Indic, Hindi 0.80 0.01 0.98 0.02 0.00 0.23 0.12 0.03 0.00 0.00

IE, Indic, Marathi 0.84 0.03 1.00 0.01 0.03 0.03 0.08 0.00 0.00 0.02

IE, Indic, Sanskrit 0.97 0.25 0.57 0.11 0.14 0.10 0.15 0.11 0.05 0.53

IE, Indic, Urdu 0.87 0.01 0.97 0.06 0.01 0.25 0.10 0.01 0.00 0.00

IE, Iranian, Kurmanji 0.71 0.00 0.30 0.55 0.00 0.05 0.02 0.96 0.00 0.11

IE, Iranian, Persian 0.65 0.01 0.13 0.88 0.02 0.02 0.04 0.93 0.00 0.01

IE, Latin, Latin 0.61 0.22 0.01 0.75 0.48 0.44 0.14 0.48 0.21 0.36

IE, Romance, Catalan 0.59 0.17 0.02 0.93 0.71 0.71 0.33 0.78 0.02 0.00

IE, Romance, French 0.67 0.06 0.00 0.98 0.83 0.85 0.34 0.70 0.00 0.00

IE, Romance, Galician 0.68 0.17 0.06 0.99 0.77 0.81 0.23 0.80 0.01 0.80

IE, Romance, Italian 0.77 0.21 0.00 0.97 0.76 0.87 0.23 0.68 0.00 0.01

IE, Romance, Old French � 0.19 0.00 0.92 � 0.40 0.22 0.31 0.00 0.00

IE, Romance, Portuguese 0.62 0.10 0.01 0.93 0.79 0.91 0.24 0.69 0.01 0.01

IE, Romance, Romanian 0.54 0.27 0.01 0.93 0.76 0.66 0.20 0.88 0.19 0.01

IE, Romance, Spanish 0.59 0.17 0.01 0.97 0.77 0.79 0.28 0.73 0.01 0.01

IE, Slavic, Belarusian 0.45 0.23 0.00 0.99 0.65 0.88 0.12 0.01 0.01 0.00

IE, Slavic, Bulgarian 0.62 0.24 0.00 0.98 0.66 0.81 0.19 0.03 0.42 0.00

IE, Slavic, Croatian 0.57 0.23 0.00 0.97 0.65 0.75 0.10 0.02 0.01 0.01

IE, Slavic, Czech 0.56 0.33 0.00 0.96 0.58 0.69 0.18 0.08 0.02 0.03

IE, Slavic, Old Church Slavonic � 0.36 0.02 0.93 0.74 0.68 0.20 0.79 0.59 0.67

IE, Slavic, Old Russian 0.39 0.43 0.02 0.75 0.70 0.64 0.20 0.39 0.39 0.43

IE, Slavic, Polish 0.60 0.27 0.00 0.93 0.73 0.82 0.19 0.35 0.06 0.01

IE, Slavic, Russian 0.53 0.25 0.00 0.97 0.60 0.80 0.16 0.03 0.05 0.00

IE, Slavic, Serbian 0.58 0.22 0.00 0.99 0.76 0.86 0.08 0.00 0.00 0.01

IE, Slavic, Slovak 0.69 0.32 0.00 0.85 0.61 0.67 0.17 0.04 0.02 0.01

IE, Slavic, Slovenian 0.55 0.27 0.00 0.95 0.55 0.59 0.23 0.03 0.00 0.00

IE, Slavic, Ukrainian 0.48 0.22 0.00 0.99 0.66 0.74 0.14 0.05 0.03 0.00

IE, Slavic, Upper Sorbian 0.61 0.21 0.00 0.81 0.43 0.62 0.12 0.01 0.01 0.01

Japanese, Japanese 0.96 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73

Korean, Korean 0.92 0.00 0.99 0.00 0.00 0.01 0.01 0.00 0.01 0.01

Mande, Bambara 0.99 0.00 0.93 0.00 0.94 0.00 0.74 1.00 0.84 0.02
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Mongolic, Buryat 0.85 0.00 0.96 0.02 � 0.01 0.06 0.02 0.06 0.80

Niger-Congo, Defoid, Yoruba 0.45 0.02 0.22 0.96 0.89 0.91 0.31 0.73 0.32 0.00

Niger-Congo, Northern Atlantic, Wolof 0.46 0.00 0.00 0.99 0.77 0.70 0.51 1.00 0.58 0.00

Pama-Nyungan, Warlpiri 1.00 0.09 1.00 1.00 0.33 0.18 0.00 0.40 � �

Sign Language, Swedish Sign Language � 0.19 0.10 0.37 0.77 0.79 0.39 0.12 0.38 0.00

Sino-Tibetan, Cantonese 0.85 0.02 0.65 0.00 0.16 0.97 0.08 0.00 0.00 0.04

Sino-Tibetan, Chinese 0.56 0.00 � 0.01 0.10 1.00 0.03 0.00 0.00 0.01

Sino-Tibetan, Classical Chinese � 0.00 0.58 0.00 0.48 0.96 0.00 0.01 0.00 0.00

Tai-Kadai, Thai 0.47 0.00 0.01 0.98 0.84 0.92 0.56 0.91 0.59 0.01

Tupian, Mbya Guarani 0.76 0.13 1.00 0.06 0.26 0.47 0.40 1.00 0.00 0.08

Turkic, Northwestern, Kazakh 0.71 0.01 0.98 0.00 0.00 0.00 0.23 0.01 0.00 0.04

Turkic, Southeastern, Uyghur 0.93 0.04 0.96 0.00 0.01 0.00 0.02 0.00 0.00 0.01

Turkic, Southwestern, Turkish 0.75 0.05 0.98 0.02 0.04 0.03 0.30 0.02 0.00 0.06

Uralic, Finnic, Estonian 0.56 0.33 0.79 0.15 0.48 0.60 0.24 0.01 0.02 0.00

Uralic, Finnic, Finnish 0.75 0.16 0.87 0.37 0.60 0.70 0.34 0.01 0.01 0.00

Uralic, Finnic, Karelian 0.59 0.15 0.95 0.03 0.57 0.77 0.40 0.01 0.11 0.00

Uralic, Finnic, Livvi 0.48 0.23 1.00 0.04 0.57 0.59 0.30 0.02 0.00 0.00

Uralic, Mordvin, Erzya 0.55 0.36 0.99 0.07 0.54 0.59 0.16 0.01 0.03 0.01

Uralic, Mordvin, Moksha 0.58 0.05 1.00 0.00 0.53 0.79 0.13 0.00 0.00 0.00

Uralic, Permic, Komi Permyak 0.68 0.14 1.00 0.00 0.40 0.58 0.26 0.00 0.00 0.00

Uralic, Permic, Komi Zyrian 0.57 0.20 0.85 0.18 0.58 0.55 0.24 0.02 0.00 0.02

Uralic, Sami, North Sami 0.92 0.20 0.91 0.14 0.69 0.81 0.41 0.01 0.07 0.88

Uralic, Sami, Skolt Sami 0.64 0.17 0.00 0.00 0.60 0.75 0.23 0.00 0.00 0.00

Uralic, Ugric, Hungarian 0.68 0.24 1.00 0.16 0.16 0.43 0.10 0.01 0.00 0.21

Table 22: Relative frequencies for the 10 most frequent single-link properties,

excluding the root relation, for all languages in the Universal Dependencies

treebanks.
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A.3 Dendrograms

A.3.1 17 languages

Figure 29: Constructed tree for 17 languages using single links.

Figure 30: Constructed tree for 17 languages using double links.
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Figure 31: Constructed tree for 17 languages using chain links.

Figure 32: Constructed tree for 17 languages using single links + POS.
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Figure 33: Constructed tree for 17 languages using double links + POS.

Figure 34: Constructed tree for 17 languages using chain links + POS.
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Figure 35: Constructed tree for 17 languages using WALS features.

Figure 36: Constructed tree for 17 languages using phylogenetic features.
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Figure 37: Constructed tree for 17 languages using geographical features.

Figure 38: Constructed tree for 17 languages using POS (Rabinovich et al.,

2017).
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A.3.2 66 languages

Figure 39: Constructed tree for 66 languages using single links.
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Figure 40: Constructed tree for 66 languages using double links.
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Figure 41: Constructed tree for 66 languages using chain links.
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Figure 42: Constructed tree for 66 languages using single links + POS.
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Figure 43: Constructed tree for 66 languages using WALS features.
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Figure 44: Constructed tree for 66 languages using phylogenetic features.

110



Figure 45: Constructed tree for 66 languages using geographical features.
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Appendix B: Property Vectors

B.1 UD vs. WALS

MAE σ v⃗u v⃗p

0.41 0.23 v⃗OBLIQUE_AFTER_OBJECT v⃗head:VERB-obj:NOUN-obl:NOUN
+v⃗obj:NOUN-head:VERB-obl:NOUN
+v⃗obj:NOUN-obl:NOUN-head:VERB

e`u,p v`u v`p `

0.99 1.00 0.01 Sino-Tibetan, Chinese

0.90 1.00 0.10 Sino-Tibetan, Cantonese

0.70 1.00 0.30 Afro-Asiatic, Semitic, Amharic

0.57 1.00 0.43 Uralic, Finnic, Estonian

0.52 1.00 0.48 Austro-Asiatic, Viet-Muong, Vietnamese

0.51 1.00 0.49 Uralic, Permic, Komi Zyrian

0.37 0.21 v⃗OBLIQUE_BEFORE_OBJECT v⃗head:VERB-obl:NOUN-obj:NOUN
+v⃗obl:NOUN-head:VERB-obj:NOUN
+v⃗obl:NOUN-obj:NOUN-head:VERB

e`u,p v`u v`p `

0.90 0.00 0.90 Sino-Tibetan, Cantonese

0.70 0.00 0.70 Afro-Asiatic, Semitic, Amharic

0.57 0.00 0.57 Uralic, Finnic, Estonian

0.52 0.00 0.52 Austro-Asiatic, Viet-Muong, Vietnamese

0.51 0.00 0.51 Uralic, Permic, Komi Zyrian

0.33 0.22 v⃗VOX v⃗head:VERB-obj:NOUN-obl:NOUN

e`u,p v`u v`p `

0.77 1.00 0.23 Uralic, Finnic, Estonian

0.77 1.00 0.23 Uralic, Permic, Komi Zyrian

0.66 1.00 0.34 Uralic, Finnic, Finnish

0.56 1.00 0.44 Austro-Asiatic, Viet-Muong, Vietnamese

0.53 1.00 0.47 IE, Slavic, Bulgarian
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MAE σ v⃗u v⃗p

0.24 0.19 v⃗XVO v⃗obl:NOUN-head:VERB-obj:NOUN

e`u,p v`u v`p `

0.88 0.00 0.88 Sino-Tibetan, Cantonese

0.23 0.25 v⃗SUBJECT_AFTER_VERB v⃗head:VERB-nsubj:NOUN

e`u,p v`u v`p `

0.93 1.00 0.07 Pama-Nyungan, Warlpiri

0.76 1.00 0.24 IE, Romance, Spanish

0.74 1.00 0.26 IE, Romance, Catalan

0.72 1.00 0.28 IE, Romance, Italian

0.71 1.00 0.29 IE, Slavic, Belarusian

0.69 1.00 0.31 IE, Slavic, Bulgarian

0.69 1.00 0.31 IE, Slavic, Polish

0.64 1.00 0.36 IE, Greek, Greek

0.61 1.00 0.39 IE, Baltic, Latvian

0.19 0.11 v⃗OBLIQUE_AFTER_VERB v⃗head:VERB-obl:NOUN

0.19 0.11 v⃗OBLIQUE_BEFORE_VERB ¬v⃗head:VERB-obl:NOUN
0.17 0.16 v⃗SUBJECT_BEFORE_VERB ¬v⃗head:VERB-nsubj:NOUN

e`u,p v`u v`p `

0.56 1.00 0.44 IE, Celtic, Breton

0.14 0.17 v⃗SVO v⃗nsubj:NOUN-head:VERB-obj:NOUN

e`u,p v`u v`p `

0.69 1.00 0.31 IE, Germanic, German

0.55 1.00 0.45 IE, Germanic, Dutch

0.55 1.00 0.45 Uralic, Ugric, Hungarian

0.13 0.31 v⃗OXV v⃗obj:NOUN-obl:NOUN-head:VERB
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MAE σ v⃗u v⃗p

e`u,p v`u v`p `

1.00 1.00 0.00 Sino-Tibetan, Chinese

0.96 1.00 0.04 Sino-Tibetan, Cantonese

0.73 1.00 0.27 Afro-Asiatic, Semitic, Amharic

0.12 0.19 v⃗OBJECT_BEFORE_VERB ¬v⃗head:VERB-obj:NOUN

e`u,p v`u v`p `

0.96 1.00 0.04 IE, Slavic, Belarusian

0.71 1.00 0.29 Uralic, Permic, Komi Permyak

0.51 1.00 0.49 Uralic, Ugric, Hungarian

0.12 0.15 v⃗NUMERAL_BEFORE_NOUN ¬v⃗head:NOUN-nummod:NUM

e`u,p v`u v`p `

0.62 0.00 0.62 Tai-Kadai, Thai

0.12 0.15 v⃗NUMERAL_AFTER_NOUN v⃗head:NOUN-nummod:NUM

e`u,p v`u v`p `

0.62 1.00 0.38 Tai-Kadai, Thai

0.11 0.18 v⃗OBJECT_AFTER_VERB v⃗head:VERB-obj:NOUN

e`u,p v`u v`p `

0.84 1.00 0.16 Pama-Nyungan, Warlpiri

0.62 1.00 0.38 IE, Germanic, German

0.57 1.00 0.43 IE, Armenian, Armenian

0.56 1.00 0.44 IE, Germanic, Dutch

0.09 0.21 v⃗RELATIVE_BEFORE_NOUN ¬v⃗head:NOUN-acl:VERB
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MAE σ v⃗u v⃗p

e`u,p v`u v`p `

1.00 1.00 0.00 Uralic, Ugric, Hungarian

0.70 1.00 0.30 Dravidian, Southern, Tamil

0.60 0.00 0.60 Uralic, Finnic, Finnish

0.60 0.00 0.60 IE, Baltic, Lithuanian

0.09 0.14 v⃗SUBJECT_AFTER_OBJECT v⃗head:VERB-obj:NOUN-nsubj:NOUN
+v⃗obj:NOUN-head:VERB-nsubj:NOUN
+v⃗obj:NOUN-nsubj:NOUN-head:VERB

e`u,p v`u v`p `

0.94 0.00 0.94 Austronesian, Central Philippine, Tagalog

0.09 0.14 v⃗SUBJECT_BEFORE_OBJECT v⃗head:VERB-nsubj:NOUN-obj:NOUN
+v⃗nsubj:NOUN-head:VERB-obj:NOUN
+v⃗nsubj:NOUN-obj:NOUN-head:VERB

e`u,p v`u v`p `

0.94 1.00 0.06 Austronesian, Central Philippine, Tagalog

0.09 0.17 v⃗SOV v⃗nsubj:NOUN-obj:NOUN-head:VERB

e`u,p v`u v`p `

0.73 1.00 0.27 Uralic, Ugric, Hungarian

0.62 1.00 0.38 IE, Germanic, Dutch

0.61 1.00 0.39 IE, Armenian, Armenian

0.55 1.00 0.45 IE, Germanic, German

0.08 0.18 v⃗RELATIVE_AFTER_NOUN v⃗head:NOUN-acl:VERB

e`u,p v`u v`p `

0.70 0.00 0.70 Dravidian, Southern, Tamil

0.69 1.00 0.31 IE, Armenian, Armenian

0.60 1.00 0.40 Uralic, Finnic, Finnish

0.60 1.00 0.40 IE, Baltic, Lithuanian
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MAE σ v⃗u v⃗p

0.07 0.19 v⃗VSO v⃗head:VERB-nsubj:NOUN-obj:NOUN

e`u,p v`u v`p `

1.00 1.00 0.00 Austronesian, Central Philippine, Tagalog

0.97 1.00 0.03 IE, Greek, Greek

0.07 0.20 v⃗ADPOSITION_AFTER_NOUN v⃗head:NOUN-case:ADP

e`u,p v`u v`p `

0.93 1.00 0.07 Sino-Tibetan, Chinese

0.87 1.00 0.13 Sino-Tibetan, Cantonese

0.83 1.00 0.17 Afro-Asiatic, Semitic, Amharic

0.07 0.11 v⃗ADJECTIVE_BEFORE_NOUN ¬v⃗head:NOUN-amod:ADJ

e`u,p v`u v`p `

0.60 0.00 0.60 Pama-Nyungan, Warlpiri

0.07 0.11 v⃗ADJECTIVE_AFTER_NOUN v⃗head:NOUN-amod:ADJ

e`u,p v`u v`p `

0.60 1.00 0.40 Pama-Nyungan, Warlpiri

0.05 0.19 v⃗SUBORDINATOR_WORD_

BEFORE_CLAUSE

¬v⃗head:VERB-mark:SCONJ

e`u,p v`u v`p `

0.94 0.00 0.94 Afro-Asiatic, Semitic, Amharic

0.81 0.00 0.81 IE, Indic, Marathi

0.05 0.15 v⃗XOV v⃗obl:NOUN-obj:NOUN-head:VERB

e`u,p v`u v`p `

0.70 0.00 0.70 Afro-Asiatic, Semitic, Amharic
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MAE σ v⃗u v⃗p

0.04 0.05 v⃗OVS v⃗obj:NOUN-head:VERB-nsubj:NOUN

0.04 0.06 v⃗OVX v⃗obj:NOUN-head:VERB-obl:NOUN

0.03 0.15 v⃗SUBORDINATOR_WORD_

AFTER_CLAUSE

v⃗head:VERB-mark:SCONJ

e`u,p v`u v`p `

0.94 1.00 0.06 Afro-Asiatic, Semitic, Amharic

0.03 0.06 v⃗ADPOSITION_BEFORE_NOUN ¬v⃗head:NOUN-case:ADP
0.03 0.12 v⃗VOS v⃗head:VERB-obj:NOUN-nsubj:NOUN

e`u,p v`u v`p `

0.94 0.00 0.94 Austronesian, Central Philippine, Tagalog

0.02 0.04 v⃗OSV v⃗obj:NOUN-nsubj:NOUN-head:VERB

Table 23: Mean absolute error (MAE) between WALS and UD properties

and standard deviation, sorted by MAE; languages with an absolute error

greater than or equal to 0.5 are shown within minitables directly beneath the

corresponding main row.

B.2 UD vs. UA

ei

VF VP i Formula

0.39 0.55 1346 (PP-V ⇔ Adv-V) ∧ (V-PP ⇔ V-Adv)

UA VF (φ`i) VP (φ`i) `

1.00 0.19 0.06 Austronesian, Malayo-Sumbawan, Indonesian

1.00 0.25 0.11 IE, Slavic, Serbian

1.00 0.25 0.15 IE, Romance, Romanian

1.00 0.28 0.08 Uralic, Permic, Komi Permyak

1.00 0.30 0.20 IE, Slavic, Polish
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ei

VF VP i Formula

1.00 0.31 0.19 IE, Slavic, Ukrainian

1.00 0.32 0.15 IE, Slavic, Croatian

1.00 0.35 0.18 IE, Baltic, Lithuanian

1.00 0.35 0.19 IE, Romance, Spanish

1.00 0.35 0.20 IE, Slavic, Russian

1.00 0.36 0.24 IE, Slavic, Bulgarian

1.00 0.38 0.25 IE, Slavic, Czech

1.00 0.38 0.19 IE, Germanic, English

1.00 0.40 0.18 Niger-Congo, Defoid, Yoruba

1.00 0.43 0.22 IE, Romance, French

1.00 0.43 0.24 IE, Germanic, Danish

1.00 0.45 0.24 IE, Latin, Latin

0.34 0.34 110 (Rel-N ⇒ Adj-N) ∧ (N-Rel ⇒ N-Adj)

UA VF (φ`i) VP (φ`i) `

1.00 0.00 0.00 Uralic, Ugric, Hungarian

1.00 0.01 0.01 IE, Germanic, Swedish

1.00 0.03 0.04 IE, Germanic, Danish

1.00 0.03 0.05 IE, Germanic, English

1.00 0.16 0.17 Basque, Basque

1.00 0.19 0.20 IE, Slavic, Russian

1.00 0.34 0.34 IE, Slavic, Polish

0.34 0.34 964 (V-O ⇒ Art-N) ∧ (O-V ⇒ N-Art)

UA VF (φ`i) VP (φ`i) `

1.00 0.00 0.00 Dravidian, Southern, Tamil

1.00 0.00 0.00 Japanese, Japanese

1.00 0.00 0.00 Korean, Korean

1.00 0.01 0.01 IE, Indic, Marathi

1.00 0.01 0.01 IE, Iranian, Persian

1.00 0.03 0.03 Turkic, Southwestern, Turkish

1.00 0.03 0.03 IE, Indic, Urdu

1.00 0.04 0.04 Dravidian, South Central, Telugu

1.00 0.04 0.04 IE, Indic, Hindi

1.00 0.05 0.06 Mongolic, Buryat
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ei

VF VP i Formula

0.00 0.77 0.73 IE, Romance, Romanian

1.00 0.38 0.38 IE, Germanic, German

1.00 0.43 0.44 Tai-Kadai, Thai

1.00 0.43 0.43 IE, Armenian, Armenian

1.00 0.44 0.44 IE, Germanic, Dutch

1.00 0.49 0.49 Austronesian, Malayo-Sumbawan, Indonesian

0.33 0.33 10 Common-Proper ⇒ Gen-N

UA VF (φ`i) VP (φ`i) `

1.00 0.00 0.00 IE, Celtic, Welsh

1.00 0.02 0.02 IE, Romance, Italian

1.00 0.03 0.03 Tai-Kadai, Thai

1.00 0.04 0.04 IE, Greek, Greek

1.00 0.04 0.04 Niger-Congo, Defoid, Yoruba

1.00 0.04 0.04 Austronesian, Malayo-Sumbawan, Indonesian

1.00 0.05 0.05 Afro-Asiatic, Semitic, Hebrew

1.00 0.17 0.17 IE, Germanic, Norwegian

0.27 0.28 107 (V-O ⇒ (N-Rel ∧ N-Adj ∧ N-Gen)) ∧ (O-V ⇒ (Rel-N ∧
Adj-N ∧ Gen-N))

UA VF (φ`i) VP (φ`i) `

0.00 0.97 0.95 Turkic, Southwestern, Turkish

1.00 0.03 0.05 IE, Greek, Greek

1.00 0.04 0.05 IE, Germanic, Norwegian

1.00 0.05 0.05 IE, Slavic, Serbian

1.00 0.16 0.24 Basque, Basque

1.00 0.25 0.21 Uralic, Finnic, Finnish

1.00 0.30 0.29 Dravidian, Southern, Tamil

0.25 0.26 1343 (O-V ⇒ PP-V) ∧ (V-O ⇒ V-PP)

UA VF (φ`i) VP (φ`i) `

1.00 0.05 0.05 Mande, Bambara

1.00 0.08 0.09 Sino-Tibetan, Chinese

1.00 0.16 0.16 Pama-Nyungan, Warlpiri

1.00 0.20 0.23 Sino-Tibetan, Cantonese

119



ei

VF VP i Formula

1.00 0.49 0.54 Uralic, Ugric, Hungarian

0.25 0.25 9 (Proper-Common ⇒ N-Gen) ∧ (Common-Proper ⇒
Gen-N)

UA VF (φ`i) VP (φ`i) `

1.00 0.00 0.00 IE, Celtic, Welsh

1.00 0.02 0.02 IE, Romance, Italian

1.00 0.03 0.03 Tai-Kadai, Thai

1.00 0.04 0.04 IE, Greek, Greek

1.00 0.04 0.04 Austronesian, Malayo-Sumbawan, Indonesian

1.00 0.17 0.17 IE, Germanic, Norwegian

0.19 0.16 112 ((V-O ∧ Adv-V) ⇒ Adj-N) ∧ ((O-V ∧ V-Adv) ⇒ N-Adj)

UA VF (φ`i) VP (φ`i) `

1.00 0.08 0.14 Austronesian, Malayo-Sumbawan, Indonesian

1.00 0.39 0.40 Afro-Asiatic, Semitic, Hebrew

1.00 0.40 0.48 Niger-Congo, Defoid, Yoruba

0.19 0.15 1153 Rel-N ⇒ N-Rel

UA VF (φ`i) VP (φ`i) `

1.00 0.01 0.01 Basque, Basque

1.00 0.02 0.04 Sino-Tibetan, Chinese

1.00 0.04 0.09 Afro-Asiatic, Semitic, Amharic

1.00 0.31 0.52 IE, Armenian, Armenian

0.14 0.12 111 V-Adv ⇒ N-Adj

UA VF (φ`i) VP (φ`i) `

1.00 0.47 0.47 Uralic, Finnic, Finnish

1.00 0.48 0.48 IE, Germanic, Swedish

0.14 0.15 1419 (O-V ⇒ Pred-Cop) ∧ (V-O ⇒ Cop-Pred)

UA VF (φ`i) VP (φ`i) `

1.00 0.38 0.52 IE, Germanic, German

1.00 0.44 0.51 IE, Germanic, Dutch

1.00 0.49 0.54 Uralic, Ugric, Hungarian
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ei

VF VP i Formula

0.14 0.12 501 (V-S-O ⇒ Aux-V) ∧ (S-O-V ⇒ V-Aux)

UA VF (φ`i) VP (φ`i) `

1.00 0.01 0.01 Mande, Bambara

1.00 0.05 0.05 IE, Iranian, Persian

1.00 0.07 0.07 IE, Celtic, Welsh

1.00 0.21 0.26 Pama-Nyungan, Warlpiri

0.10 0.08 92 Adp-NP ⇒ (((N-Dem ∨ N-Num) ⇒ N-Adj) ∧ (N-Adj ⇒
N-Gen) ∧ (N-Gen ⇒ N-Rel))

UA VF (φ`i) VP (φ`i) `

1.00 0.17 0.32 Afro-Asiatic, Semitic, Amharic

0.08 0.10 75 (N-Num ⇒ N-Adj) ∧ (Adj-N ⇒ Num-N)

0.07 0.05 66 O-V ⇒ (Adj-N ⇒ Gen-N)

UA VF (φ`i) VP (φ`i) `

1.00 0.38 0.39 IE, Germanic, German

1.00 0.44 0.46 IE, Germanic, Dutch

0.07 0.04 74 Adp-NP ⇒ (N-Num ⇒ N-Adj)

0.06 0.07 489 S-O-V ⇒ NP-Adp

UA VF (φ`i) VP (φ`i) `

0.00 1.00 1.00 Dravidian, South Central, Telugu

0.06 0.05 423 Adp-NP ⇒ (¬ S-O-V ⇒ N-Rel)

UA VF (φ`i) VP (φ`i) `

1.00 0.07 0.09 Sino-Tibetan, Chinese

1.00 0.40 0.45 IE, Baltic, Lithuanian

0.06 0.06 498 O-V ⇒ VPsubordinate-Vmain

0.06 0.08 57 Adj-N ⇒ (Dem-N ∧ Num-N)

UA VF (φ`i) VP (φ`i) `

0.00 1.00 1.00 Niger-Congo, Northern Atlantic, Wolof

0.00 0.92 0.92 Niger-Congo, Defoid, Yoruba
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ei

VF VP i Formula

0.06 0.05 1334 Adp-NP ⇒ ((Rel-N ⇒ Gen-N) ∧ (Gen-N ⇒ Adj-N) ∧
(Adj-N ⇒ Dem-N))

UA VF (φ`i) VP (φ`i) `

1.00 0.17 0.32 Afro-Asiatic, Semitic, Amharic

0.06 0.05 114 N-Dem ⇒ N-Adj

UA VF (φ`i) VP (φ`i) `

1.00 0.14 0.21 Afro-Asiatic, Semitic, Amharic

0.05 0.04 60 Adj-Adv ⇒ (N-Adj ∧ V-O)

0.05 0.03 502 V-Opronominal ⇒ V-Onominal

0.05 0.06 88 (N-Dem ⇒ N-Rel) ∧ (Rel-N ⇒ Dem-N)

UA VF (φ`i) VP (φ`i) `

1.00 0.14 0.03 Afro-Asiatic, Semitic, Amharic

1.00 0.21 0.04 Basque, Basque

0.04 0.03 65 S-O-V ⇒ (Adj-N ⇒ Gen-N)

0.04 0.05 126 (N-Num ⇒ N-Rel) ∧ (Rel-N ⇒ Num-N)

0.04 0.04 1 Adp-NP ⇒ N-Gen

0.04 0.04 73 (N-Dem ⇒ N-Adj) ∧ (Adj-N ⇒ Dem-N)

UA VF (φ`i) VP (φ`i) `

1.00 0.14 0.04 Afro-Asiatic, Semitic, Amharic

0.03 0.01 174 Adp-NP ⇒ (N-Num ⇒ N-Gen)

0.03 0.02 72 Adp-NP ⇒ (N-Dem ⇒ N-Adj)

UA VF (φ`i) VP (φ`i) `

1.00 0.17 0.34 Afro-Asiatic, Semitic, Amharic

0.03 0.02 173 Adp-NP ⇒ (N-Dem ⇒ N-Gen)

UA VF (φ`i) VP (φ`i) `

1.00 0.17 0.32 Afro-Asiatic, Semitic, Amharic

0.03 0.04 176 (N-Gen ⇒ N-Rel) ∧ (Rel-N ⇒ Gen-N)

0.02 0.02 2 NP-Adp ⇒ Gen-N
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ei

VF VP i Formula

0.02 0.02 87 Adp-NP ⇒ (N-Dem ⇒ N-Rel)

UA VF (φ`i) VP (φ`i) `

1.00 0.17 0.32 Afro-Asiatic, Semitic, Amharic

0.02 0.02 56 V-S-O ⇒ N-Adj

0.02 0.01 175 Adp-NP ⇒ (N-Gen ⇒ N-Rel)

0.02 0.01 69 Adp-NP ⇒ (N-Adj ⇒ N-Gen)

0.02 0.00 121 Adp-NP ⇒ (N-Num ⇒ N-Rel)

0.02 0.01 95 NP-Adp ⇒ ((((Adj-N ∨ Rel-N) ⇒ (Dem-N ∧ Num-N)) ∧
(Dem-N ∨ Num-N)) ⇒ Gen-N)

0.02 0.01 177 NP-Adp ⇒ (Dem-N ⇒ Gen-N)

0.02 0.01 71 NP-Adp ⇒ (Adj-N ⇒ Gen-N)

0.02 0.01 178 NP-Adp ⇒ (Num-N ⇒ Gen-N)

0.02 0.01 70 (Adp-NP ∧ ¬ S-V-O) ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 91 Adp-NP ⇒ (N-Adj ⇒ N-Rel)

0.01 0.01 1114 V-O ⇒ Comp-Sent

0.01 0.00 68 V-initial ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 67 V-S-O ⇒ (N-Adj ⇒ N-Gen)

0.01 0.00 5 (S-O-V ∧ N-Gen) ⇒ N-Adj

0.00 0.00 62 Rel-N ⇒ (NP-Adp ∨ Adj-N)

0.00 0.00 55 V-S-O ⇒ Adp-NP

Table 24: Absolute di�erences between UA score and UD score for individual

universals, sorted by the di�erence when using fuzzy logic; languages with

an absolute di�erence between the expected score (according to the UA) and

the calculated score (fuzzy) greater than or equal to 0.5 are shown within

minitables directly beneath the corresponding main row.
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B.3 Crawled universals

No. Formula Pro Con Score Reference

1 Adp NP ⇒ N G 30 1 0.97 Greenberg

(1963) #2¬v`
head:NOUN-case:ADP ⇒ v`

head:NOUN-nmod:NOUN 14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

2 Postposition ⇒ G N 30 0 1.00 Greenberg

(1963) #2v`
head:NOUN-case:ADP ⇒ ¬v`

head:NOUN-nmod:NOUN 14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

5 SOV & N Gen ⇒ N Adj 30 1 0.97 Greenberg

(1963) #5(v`nsubj:NOUN-obj:NOUN-head:VERB∧v`head:NOUN-nmod:NOUN) ⇒
v`
head:NOUN-amod:ADJ

14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

9 Proper Common ⇒ N G, Common Proper ⇒ G N 16 14 0.53 Greenberg

(1963) #23(¬v`
head:NOUN-�at:PROPN ⇒ v`

head:NOUN-nmod:NOUN) ∧
(v`

head:NOUN-�at:PROPN ⇒ ¬v`
head:NOUN-nmod:NOUN)

10 13 0.43

Basque, Finnish, Greek, Indonesian, Italian, Japanese, Norwegian, Thai, Turkish,

Welsh; Belarusian, Bulgarian, Croatian, Czech, Old Church Slavonic, Old Russian,

Polish, Russian, Serbian, Slovak, Slovenian, Ukrainian, Upper Sorbian

10 Common Proper ⇒ G N 29 13 0.69 Greenberg

(1963) #23v`
head:NOUN-�at:PROPN ⇒ ¬v`

head:NOUN-nmod:NOUN 13 13 0.50

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Thai, Turkish, Welsh, Yoruba; Belarusian, Bulgarian, Croatian, Czech, Old Church

Slavonic, Old Russian, Polish, Russian, Serbian, Slovak, Slovenian, Ukrainian, Upper

Sorbian

55 VSO ⇒ prepositions 623 10 0.98 Greenberg

(1963) #3,

Dryer

(1992)

v`
head:VERB-nsubj:NOUN-obj:NOUN ⇒ ¬v`

head:NOUN-case:ADP 51 0 1.00

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French,

124



German, Greek, Hebrew, Hindi, Hungarian, Indonesian, Irish, Italian, Japanese,

Komi Permyak, Korean, Latin, Lithuanian, Marathi, Norwegian, Persian, Polish, Ro-

manian, Russian, Scottish Gaelic, Serbian, Spanish, Swedish, Tagalog, Tamil, Telugu,

Thai, Turkish, Ukrainian, Urdu, Vietnamese, Warlpiri, Welsh, Yoruba; �

56 VSO ⇒ N Adj 30 20 0.60 Greenberg

(1963) #17v`
head:VERB-nsubj:NOUN-obj:NOUN ⇒ v`

head:NOUN-amod:ADJ 14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

57 Adj N ⇒ Dem N & Num N 29 39 0.43 Greenberg

(1963) #18¬v`
head:NOUN-amod:ADJ ⇒ (¬v`

head:NOUN-det:DET ∧
¬v`

head:NOUN-nummod:NUM)
13 2 0.87

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh; Wolof, Yoruba

60 Adj Adv ⇒ N Adj & VO 30 53 0.36 Greenberg

(1963) #21v`
head:ADJ-advmod:ADV ⇒ (v`

head:NOUN-amod:ADJ ∧
v`
head:VERB-obj:NOUN)

14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

62 Rel N ⇒ Postposition &/v Adj N 30 0 1.00 Greenberg

(1963) #24¬v`
head:NOUN-acl:VERB ⇒ (v`

head:NOUN-case:ADP ∨
¬v`

head:NOUN-amod:ADJ)
14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

65 SOV ⇒ (A N ⇒ G N) 328 1 1.00 Hawkins

(1983)v`nsubj:NOUN-obj:NOUN-head:VERB ⇒ (¬v`
head:NOUN-amod:ADJ ⇒

¬v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

66 OV ⇒ (A N ⇒ GN) 328 1 1.00 Hawkins

(1983)
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¬v`
head:VERB-obj:NOUN ⇒ (¬v`

head:NOUN-amod:ADJ ⇒
¬v`

head:NOUN-nmod:NOUN)
47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

67 VSO ⇒ (N A ⇒ N G) 328 2 0.99 Hawkins

(1983)v`
head:VERB-nsubj:NOUN-obj:NOUN ⇒ (v`

head:NOUN-amod:ADJ ⇒
v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

68 #V ⇒ (N A ⇒ N G) 327 5 0.98 Hawkins

(1983)(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ (v`

head:NOUN-amod:ADJ ⇒
v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

69 Prep ⇒ (N A ⇒ N G) 325 23 0.93 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-amod:ADJ ⇒
v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,
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Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

70 Prep & ¬SVO ⇒ (N A ⇒ N G) 328 3 0.99 Hawkins

(1983)(¬v`
head:NOUN-case:ADP∧¬v`nsubj:NOUN-head:VERB-obj:NOUN) ⇒

(v`
head:NOUN-amod:ADJ ⇒ v`

head:NOUN-nmod:NOUN)
47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

71 Postp ⇒ (A N ⇒ G N) 328 1 1.00 Hawkins

(1983)v`
head:NOUN-case:ADP ⇒ (¬v`

head:NOUN-amod:ADJ ⇒
¬v`

head:NOUN-nmod:NOUN)
47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

72 Prep ⇒ (N Dem ⇒ N A) 326 13 0.96 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-det:DET ⇒
v`
head:NOUN-amod:ADJ)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

73 N Dem ⇒ N A; equivalently: A N ⇒ Dem N 326 20 0.94 Hawkins

(1983)
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(v`
head:NOUN-det:DET ⇒ v`

head:NOUN-amod:ADJ) ∧
(¬v`

head:NOUN-amod:ADJ ⇒ ¬v`
head:NOUN-det:DET)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

74 Prep ⇒ (N Num ⇒ N A) 326 9 0.97 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-nummod:NUM ⇒
v`
head:NOUN-amod:ADJ)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

75 N Num ⇒ N A; equivalently: A N ⇒ Num N 328 0 1.00 Hawkins

(1983)(v`
head:NOUN-nummod:NUM ⇒ v`

head:NOUN-amod:ADJ) ∧
(¬v`

head:NOUN-amod:ADJ ⇒ ¬v`
head:NOUN-nummod:NUM)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

87 Prep ⇒ (N Dem ⇒ N Rel) 328 0 1.00 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-det:DET ⇒
v`
head:NOUN-acl:VERB)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,
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Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

88 N Dem ⇒ N Rel; equivalently: Rel N ⇒ Dem N 328 14 0.96 Hawkins

(1983)(v`
head:NOUN-det:DET ⇒ v`

head:NOUN-acl:VERB) ∧
(¬v`

head:NOUN-acl:VERB ⇒ ¬v`
head:NOUN-det:DET)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

91 Prep ⇒ (N A ⇒ N Rel) 328 0 1.00 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-amod:ADJ ⇒
v`
head:NOUN-acl:VERB)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

92 Prep ⇒ ((N Dem v N Num ⇒ N A) & (N A ⇒ N G) & (N

G ⇒ N Rel))

328 0 1.00 Hawkins

(1983)

¬v`
head:NOUN-case:ADP ⇒ (((v`

head:NOUN-det:DET ∨
v`
head:NOUN-nummod:NUM) ⇒ v`

head:NOUN-amod:ADJ) ∧
(v`

head:NOUN-amod:ADJ ⇒ v`
head:NOUN-nmod:NOUN) ∧

(v`
head:NOUN-nmod:NOUN ⇒ v`

head:NOUN-acl:VERB))

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �
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95 Postp ⇒ ((A N v Rel N ⇒ Dem N & Num N) & (Dem N v

Num N) ⇒ G N))

328 0 1.00 Hawkins

(1983)

v`
head:NOUN-case:ADP ⇒ ((((¬v`

head:NOUN-amod:ADJ ∨
¬v`

head:NOUN-acl:VERB) ⇒ (¬v`
head:NOUN-det:DET ∧

¬v`
head:NOUN-nummod:NUM)) ∧ (¬v`

head:NOUN-det:DET ∨
¬v`

head:NOUN-nummod:NUM)) ⇒ ¬v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

107 VO ⇒ N Rel & N Adj & N Gen; OV ⇒ Rel N & Adj N &

Gen N

32 15 0.68 Greenberg

(1963),

Lehmann

(1973)

(v`
head:VERB-obj:NOUN ⇒ (v`

head:NOUN-acl:VERB ∧
v`
head:NOUN-amod:ADJ ∧ v`

head:NOUN-nmod:NOUN)) ∧
(¬v`

head:VERB-obj:NOUN ⇒ (¬v`
head:NOUN-acl:VERB ∧

¬v`
head:NOUN-amod:ADJ ∧ ¬v`head:NOUN-nmod:NOUN))

15 4 0.79

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Portuguese, Serbian, Tamil, Thai, Welsh, Yoruba; Chinese, Persian, Tagalog, Turkish

110 Rel N ⇒ Adj N; N Rel ⇒ N Adj 282 0 1.00 Dryer

(1988)(¬v`
head:NOUN-acl:VERB ⇒ ¬v`

head:NOUN-amod:ADJ) ∧
(v`

head:NOUN-acl:VERB ⇒ v`
head:NOUN-amod:ADJ)

26 0 1.00

Amharic, Arabic, Bambara, Basque, Buryat, Cantonese, Chinese, Danish, English,

Finnish, Hebrew, Hindi, Hungarian, Indonesian, Korean, Lithuanian, Persian, Polish,

Russian, Swedish, Telugu, Thai, Turkish, Vietnamese, Welsh, Yoruba; �

111 V Adv ⇒ N Adj 282 0 1.00 Dryer

(1988)v`
head:VERB-advmod:ADV ⇒ v`

head:NOUN-amod:ADJ 26 0 1.00

Amharic, Arabic, Bambara, Basque, Buryat, Cantonese, Chinese, Danish, English,

Finnish, Hebrew, Hindi, Hungarian, Indonesian, Korean, Lithuanian, Persian, Polish,

Russian, Swedish, Telugu, Thai, Turkish, Vietnamese, Welsh, Yoruba; �

112 (V O & Adv V) ⇒ Adj N; (O V & V Adv) ⇒ N Adj 282 1 1.00 Dryer

(1988)
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((v`
head:VERB-obj:NOUN ∧ ¬v`

head:VERB-advmod:ADV) ⇒
¬v`

head:NOUN-amod:ADJ) ∧ ((¬v`
head:VERB-obj:NOUN ∧

v`
head:VERB-advmod:ADV) ⇒ v`

head:NOUN-amod:ADJ)

26 0 1.00

Amharic, Arabic, Bambara, Basque, Buryat, Cantonese, Chinese, Danish, English,

Finnish, Hebrew, Hindi, Hungarian, Indonesian, Korean, Lithuanian, Persian, Polish,

Russian, Swedish, Telugu, Thai, Turkish, Vietnamese, Welsh, Yoruba; �

114 N Dem ⇒ N Adj 274 21 0.93 Dryer

(1988)v`
head:NOUN-det:DET ⇒ v`

head:NOUN-amod:ADJ 26 0 1.00

Amharic, Arabic, Bambara, Basque, Buryat, Cantonese, Chinese, Danish, English,

Finnish, Hebrew, Hindi, Hungarian, Indonesian, Korean, Lithuanian, Persian, Polish,

Russian, Swedish, Telugu, Thai, Turkish, Vietnamese, Welsh, Yoruba; �

121 Prep ⇒ (N Num ⇒ N Rel) 328 0 1.00 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-nummod:NUM ⇒
v`
head:NOUN-acl:VERB)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

126 N Num ⇒ N Rel; equivalently: Rel N ⇒ Num N 326 2 0.99 Hawkins

(1983)(v`
head:NOUN-nummod:NUM ⇒ v`

head:NOUN-acl:VERB) ∧
(¬v`

head:NOUN-acl:VERB ⇒ ¬v`
head:NOUN-nummod:NUM)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

173 Prep ⇒ (N Dem ⇒ N G) 327 2 0.99 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-det:DET ⇒
v`
head:NOUN-nmod:NOUN)

47 0 1.00
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Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

174 Prep ⇒ (N Num ⇒ N G) 327 2 0.99 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-nummod:NUM ⇒
v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

175 Prep ⇒ (N G ⇒ N Rel) 328 0 1.00 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒ (v`

head:NOUN-nmod:NOUN ⇒
v`
head:NOUN-acl:VERB)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

176 N G ⇒ N Rel; equivalently: Rel N ⇒ G N 328 0 1.00 Hawkins

(1983)(v`
head:NOUN-nmod:NOUN ⇒ v`

head:NOUN-acl:VERB) ∧
(¬v`

head:NOUN-acl:VERB ⇒ ¬v`
head:NOUN-nmod:NOUN)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �
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177 Postp ⇒ (Dem N ⇒ G N) 328 0 1.00 Hawkins

(1983)v`
head:NOUN-case:ADP ⇒ (¬v`

head:NOUN-det:DET ⇒
¬v`

head:NOUN-nmod:NOUN)
47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

178 Postp ⇒ (Num N ⇒ G N) 328 0 1.00 Hawkins

(1983)v`
head:NOUN-case:ADP ⇒ (¬v`

head:NOUN-nummod:NUM ⇒
¬v`

head:NOUN-nmod:NOUN)
47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

345 Nominal_predicate Subject ⇒ Verbal_predicate Subject � � � Kozinsky

(1981)v`
head:NOUN-nsubj:NOUN ⇒ v`

head:VERB-nsubj:NOUN � � �

423 Prep ⇒ (¬ SOV ⇒ N Rel) 328 0 1.00 Hawkins

(1983)¬v`
head:NOUN-case:ADP ⇒

(¬v`nsubj:NOUN-obj:NOUN-head:VERB ⇒ v`
head:NOUN-acl:VERB)

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

449 Gen N (nominally possessed construction) ⇒ Gen Pro

(pronominal construction)

� � � Ultan

(1978)

¬v`
head:NOUN-nmod:NOUN ⇒ ¬v`

head:PRON-nmod:NOUN � � �
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489 SOV ⇒ postposition 30 2 0.94 Greenberg

(1963) #4v`nsubj:NOUN-obj:NOUN-head:VERB ⇒ v`
head:NOUN-case:ADP 14 1 0.93

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; Telugu

498 OV ⇒ Subordinate-Main verb 30 0 1.00 Greenberg

(1963) #13¬v`
head:VERB-obj:NOUN ⇒ ¬v`

head:VERB-xcomp:VERB 14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

501 VSO ⇒ Aux V; SOV ⇒ V Aux 628 0 1.00 Greenberg

(1963) #16,

Dryer

(1992)

(v`
head:VERB-nsubj:NOUN-obj:NOUN ⇒ ¬v`

head:VERB-aux:AUX) ∧
(v`nsubj:NOUN-obj:NOUN-head:VERB ⇒ v`

head:VERB-aux:AUX)
51 0 1.00

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French, Ger-

man, Greek, Hebrew, Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Komi

Permyak, Korean, Latin, Lithuanian, Marathi, Norwegian, Persian, Polish, Roma-

nian, Russian, Scottish Gaelic, Serbian, Spanish, Swedish, Tagalog, Tamil, Telugu,

Thai, Turkish, Ukrainian, Urdu, Vietnamese, Warlpiri, Welsh, Yoruba; �

502 pronominal object follows the verb ⇒ nominal object fol-

lows the verb

30 0 1.00 Greenberg

(1963) #25

v`
head:VERB-obj:PRON ⇒ v`

head:VERB-obj:NOUN 14 0 1.00

Basque, Finnish, Greek, Hebrew, Hindi, Indonesian, Italian, Japanese, Norwegian,

Serbian, Thai, Turkish, Welsh, Yoruba; �

964 VO ⇒ Art N; OV ⇒ N Art 613 6 0.99 Dryer

(1989),

Dryer

(1992)

(v`
head:VERB-obj:NOUN ⇒ ¬v`

head:NOUN-det:DET) ∧
(¬v`

head:VERB-obj:NOUN ⇒ v`
head:NOUN-det:DET)

47 1 0.98

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French, Ger-

man, Greek, Hindi, Hungarian, Indonesian, Irish, Japanese, Komi Permyak, Korean,

Latin, Lithuanian, Marathi, Persian, Polish, Russian, Scottish Gaelic, Serbian, Span-

ish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Ukrainian, Urdu, Vietnamese,

Warlpiri, Welsh, Yoruba; Romanian

1017 verb-initial ⇒ N Gen � � � Dryer

(1986)

134



(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ v`

head:NOUN-nmod:NOUN

� � �

1114 VO ⇒ CompS; 23 0 1.00 Hawkins

(1990)v`
head:VERB-obj:NOUN ⇒ ¬v`

head:VERB-mark:SCONJ 12 0 1.00

Bambara, Basque, Chinese, English, German, Japanese, Korean, Persian, Tamil, Tel-

ugu, Thai, Turkish; �

1153 Rel N ⇒ N Rel 107 0 1.00 Moravcsik

(1969)¬v`
head:NOUN-acl:VERB ⇒ v`

head:NOUN-acl:VERB 24 0 1.00

Amharic, Ancient Greek, Armenian, Bambara, Basque, Bulgarian, Chinese, Coptic,

Danish, English, French, German, Hebrew, Hungarian, Indonesian, Irish, Italian,

Portuguese, Romanian, Russian, Spanish, Tagalog, Welsh, Wolof; �

1183 OS ⇒ #V � � � Pullum

(1977)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒
(v`

head:VERB-nsubj:NOUN-obj:NOUN +
v`
head:VERB-obj:NOUN-nsubj:NOUN)

� � �

1334 Prep ⇒ ((RelN ⇒ GenN) & (GenN ⇒ AdjN) & (AdjN ⇒
DemN))

328 0 1.00 Hawkins

(1983)

¬v`
head:NOUN-case:ADP ⇒ ((¬v`

head:NOUN-acl:VERB ⇒
¬v`

head:NOUN-nmod:NOUN) ∧ (¬v`
head:NOUN-nmod:NOUN ⇒

¬v`
head:NOUN-amod:ADJ) ∧ (¬v`

head:NOUN-amod:ADJ ⇒
¬v`

head:NOUN-det:DET))

47 0 1.00

Akkadian, Amharic, Arabic, Armenian, Bambara, Basque, Buryat, Chinese, Czech,

Danish, Dutch, English, Estonian, Finnish, French, German, Gothic, Greek, Hebrew,

Hindi, Hungarian, Indonesian, Irish, Italian, Japanese, Kazakh, Korean, Lithuanian,

Norwegian, Persian, Portuguese, Romanian, Russian, Sanskrit, Scottish Gaelic, Ser-

bian, Slovenian, Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Viet-

namese, Welsh, Yoruba; �

1343 O V ⇒ PP V; V O ⇒ V PP 616 0 1.00 Dryer

(1992)

135



(¬v`
head:VERB-obj:NOUN ⇒

(v`case:ADP-obl:head2:NOUN-head1:VERB
+

v`obl:head2:NOUN-case:ADP-head1:VERB
)) ∧

(v`
head:VERB-obj:NOUN ⇒

(v`
head1:VERB-case:ADP-obl:head2:NOUN

+
v`
head1:VERB-obl:head2:NOUN-case:ADP

))

48 0 1.00

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French, German,

Greek, Hindi, Hungarian, Indonesian, Irish, Japanese, Komi Permyak, Korean, Latin,

Lithuanian, Marathi, Persian, Polish, Romanian, Russian, Scottish Gaelic, Serbian,

Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Ukrainian, Urdu, Viet-

namese, Warlpiri, Welsh, Yoruba; �

1346 PP-V ⇔ Adv V; V-PP ⇔ V Adv 616 0 1.00 Dryer

(1992)((v`case:ADP-obl:head2:NOUN-head1:VERB
+

v`obl:head2:NOUN-case:ADP-head1:VERB
) ⇔

¬v`
head:VERB-advmod:ADV) ∧

((v`
head1:VERB-case:ADP-obl:head2:NOUN

+
v`
head1:VERB-obl:head2:NOUN-case:ADP

) ⇔
v`
head:VERB-advmod:ADV)

48 0 1.00

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French, German,

Greek, Hindi, Hungarian, Indonesian, Irish, Japanese, Komi Permyak, Korean, Latin,

Lithuanian, Marathi, Persian, Polish, Romanian, Russian, Scottish Gaelic, Serbian,

Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Ukrainian, Urdu, Viet-

namese, Warlpiri, Welsh, Yoruba; �

1419 OV ⇒ Predicate Copula; VO ⇒ Copula Predicate 616 0 1.00 Dryer

(1992)(¬v`
head:VERB-obj:NOUN ⇒ v`

head:NOUN-cop:AUX) ∧
(v`

head:VERB-obj:NOUN ⇒ ¬v`
head:NOUN-cop:AUX)

48 0 1.00

Amharic, Arabic, Armenian, Bambara, Basque, Breton, Bulgarian, Buryat, Can-

tonese, Chinese, Croatian, Czech, Danish, Dutch, English, Finnish, French, German,

Greek, Hindi, Hungarian, Indonesian, Irish, Japanese, Komi Permyak, Korean, Latin,

Lithuanian, Marathi, Persian, Polish, Romanian, Russian, Scottish Gaelic, Serbian,
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Spanish, Swedish, Tagalog, Tamil, Telugu, Thai, Turkish, Ukrainian, Urdu, Viet-

namese, Warlpiri, Welsh, Yoruba; �

1512 OS ⇒ #V 11 0 1.00 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒
(v`

head:VERB-nsubj:NOUN-obj:NOUN +
v`
head:VERB-obj:NOUN-nsubj:NOUN)

0 0 �

1517 OS ⇒ prepositions 11 0 1.00 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒ ¬v`

head:NOUN-case:ADP

0 0 �

1520 OS ⇒ N Gen 11 0 1.00 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒ v`

head:NOUN-nmod:NOUN

0 0 �

1521 OS ⇒ N Rel 10 1 0.91 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒ v`

head:NOUN-acl:VERB

0 0 �

1524 OS ⇒ Num N 11 0 1.00 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒
¬v`

head:NOUN-nummod:NUM

0 0 �

1525 OS ⇒ Art N 11 0 1.00 Keenan

(1978)(v`
head:VERB-obj:NOUN-nsubj:NOUN +

v`obj:NOUN-head:VERB-nsubj:NOUN +
v`obj:NOUN-nsubj:NOUN-head:VERB) ⇒ ¬v`

head:NOUN-det:DET

0 0 �

1539 verb-initial ⇒ [S and S]; verb-initial ⇒ ¬ [S, S and] � � � Payne

(1990)
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((v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒
v`
head1:VERB-cc:CCONJ-conj:head2:VERB

) ∧
((v`

head:VERB-nsubj:NOUN-obj:NOUN +
v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒
¬v`

head1:VERB-conj:head2:VERB-cc:CCONJ
)

� � �

1543 verb-initial ⇒ preposition � � � Payne

(1990)(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ ¬v`

head:NOUN-case:ADP

� � �

1549 verb-initial ⇒ N Gen � � � Payne

(1990)(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ v`

head:NOUN-nmod:NOUN

� � �

1550 verb-initial ⇒ N Rel � � � Payne

(1990)(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ v`

head:NOUN-acl:VERB

� � �

1557 verb-initial ⇒ Main verb-Subordinate � � � Payne

(1990)(v`
head:VERB-nsubj:NOUN-obj:NOUN +

v`
head:VERB-obj:NOUN-nsubj:NOUN) ⇒ v`

head:VERB-xcomp:VERB

� � �

Table 25: Extracted universals from the Universals Archive: number in the

Universals Archive; formula, number of supportive languages, number of

counterexamples, percentage of supportive languages (above: original pa-

per(s); below: UD treebanks); original paper(s) (italics indicate that a list

of languages surveyed in the paper or the paper itself was not available;

if the original paper is Greenberg (1963), the corresponding number is also

given); list of supportive languages and counterexamples in the UD treebanks

(if any).
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B.4 POS in�uence

MAE σ v⃗1 v⃗2

0.00 0.00 v⃗head-conj v⃗head:NOUN-conj:NOUN

0.00 0.00 v⃗head-�xed v⃗head:ADP-�xed:NOUN

0.00 0.00 v⃗head-�at v⃗head:PROPN-�at:PROPN

0.00 0.00 v⃗head-root v⃗head:ROOT-root:VERB

0.01 0.02 v⃗head-appos v⃗head:NOUN-appos:NOUN

0.01 0.02 v⃗head-clf v⃗head:NOUN-clf:NOUN

0.02 0.04 v⃗head-ccomp v⃗head:VERB-ccomp:VERB

0.02 0.04 v⃗head-amod v⃗head:NOUN-amod:ADJ

0.02 0.05 v⃗head-expl v⃗head:VERB-expl:PRON

0.03 0.06 v⃗head-list v⃗head:PROPN-list:PROPN

0.03 0.09 v⃗head-cc v⃗head:VERB-cc:CCONJ

0.03 0.10 v⃗head-case v⃗head:NOUN-case:ADP

0.03 0.06 v⃗head-nummod v⃗head:NOUN-nummod:NUM

0.04 0.12 v⃗head-det v⃗head:NOUN-det:DET

0.04 0.06 v⃗head-advcl v⃗head:VERB-advcl:VERB

0.04 0.06 v⃗head-obl v⃗head:VERB-obl:NOUN

0.04 0.05 v⃗head-cop v⃗head:NOUN-cop:AUX

0.04 0.10 v⃗head-acl v⃗head:NOUN-acl:VERB

0.05 0.06 v⃗head-parataxis v⃗head:VERB-parataxis:VERB

0.05 0.18 v⃗head-aux v⃗head:VERB-aux:AUX

0.06 0.10 v⃗head-nmod v⃗head:NOUN-nmod:NOUN

0.06 0.13 v⃗head-xcomp v⃗head:VERB-xcomp:VERB

0.06 0.07 v⃗head-nsubj v⃗head:VERB-nsubj:NOUN

0.06 0.14 v⃗head-mark v⃗head:VERB-mark:SCONJ

0.06 0.05 v⃗head-punct v⃗head:VERB-punct:PUNCT

0.06 0.09 v⃗head-csubj v⃗head:VERB-csubj:VERB

0.06 0.18 v⃗head-goeswith v⃗head:NUM-goeswith:NUM

0.07 0.08 v⃗head-vocative v⃗head:VERB-vocative:NOUN
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MAE σ v⃗1 v⃗2

0.08 0.06 v⃗head-advmod v⃗head:VERB-advmod:ADV

0.08 0.08 v⃗head-obj v⃗head:VERB-obj:NOUN

0.11 0.19 v⃗head-reparandum v⃗head:VERB-reparandum:VERB

0.11 0.15 v⃗head-orphan v⃗head:NOUN-orphan:NOUN

0.12 0.19 v⃗head-iobj v⃗head:VERB-iobj:NOUN

0.16 0.24 v⃗head-dislocated v⃗head:VERB-dislocated:NOUN

0.19 0.24 v⃗head-discourse v⃗head:VERB-discourse:ADV

0.20 0.25 v⃗head-compound v⃗head:NOUN-compound:NOUN

0.24 0.23 v⃗head-dep v⃗head:NOUN-dep:SYM

0.05 0.12 overall

Table 26: Mean absolute errors between property vectors without and with

POS information.
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