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Overview 

• Context description 
• Model 
• Results 
• Ultrametricity 
• Conclusions 
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Main idea 

How does language training and discrimination work? 
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Context 
Language trees and zipping, D.Benedetto, E.Caglioti, and V.Loreto, 
Phys. Rev. Lett. 88, 048702 (2002) 
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Context 
Language trees and zipping, D.Benedetto, E.Caglioti, and V.Loreto, 
Phys. Rev. Lett. 88, 048702 (2002) 
VOLUME 88, NUMBER 4 P H Y S I C A L R E V I E W L E T T E R S 28 JANUARY 2002
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FIG. 1. Language Tree: This figure illustrates the
phylogenetic-like tree constructed on the basis of more than
50 different versions of “The Universal Declaration of Human
Rights.” The tree is obtained using the Fitch-Margoliash
method applied to a distance matrix whose elements are com-
puted in terms of the relative entropy between pairs of texts.
The tree features essentially all the main linguistic groups of
the Euro-Asiatic continent (Romance, Celtic, Germanic, Ugro-
Finnic, Slavic, Baltic, Altaic), as well as a few isolated lan-
guages such as the Maltese, typically considered an Afro-Asiatic
language, and the Basque, classified as a non-Indo-European
language, and whose origins and relationships with other lan-
guages are uncertain. Notice that the tree is unrooted, i.e., it
does not require any hypothesis about common ancestors for the
languages. What is important is the relative positions between
pairs of languages. The branch lengths do not correspond to
the actual distances in the distance matrix.

which it is written, the subject treated as well as its au-
thor; on the other hand, the method allows us to classify
sets of sequences (a corpus) on the basis of the relative dis-
tances among the elements of the corpus itself and orga-
nize them in a hierarchical structure (graph, tree, etc.). The
method is highly versatile and general. It applies to any
kind of corpora of character strings independently of the
type of coding behind them: time sequences, language, ge-
netic sequences (DNA, proteins, etc.). It does not require
any a priori knowledge of the corpus under investiga-
tion (alphabet, grammar, syntax) nor about its statistics.
These features are potentially very important for fields
where the human intuition can fail: DNA and protein se-
quences, geological time series, stock market data, medical
monitoring, etc.
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Our model 
•  Feed-forward neural network 

with backpropagation 
•  Source: 20k sentences (10k 

for language) from 21 indo-
european languages taken 
from Leipizig Linguistic 
Corpora http://corpora.uni-
leipzig.de/ 

•  Short sentences of 40 chars: 
“Alice thought she might as well 
wait, as she had nothing else to 
do, and perhaps after all it might 
tell her something worth hearing.” 
becomes 
“alicethoughtshemightaswellwaita
sshehadno” 

•  N = 26 * 40 input nodes 
represented by ASCII chars 
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Our model 

•  G and s activation functions: 
•  s = tanh 
•  G = softmax 

•  b bias vectors 
•  W transfer matrices 
•  At every epoch params b and W are updated according to 

minimizing a cost function 

f(x) = G(b(2) +W

(2)(s(b(1) +W

(1)
x)))

Artificial Neural Network: 
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Results: training 

They are averaged over a 5-fold cross-validation technique 
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Results: dependency on input nodes 
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Results: dependency on sequence of 
chars 
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Towards a distance 
Let us define the following distance: 
 
 
A distance satisfies: 
 
 
 
 
A metric is called an ultrametric if it satisfies: 
 

d(x, y) = 0 () x = y

d(x, y) = d(y, x)
d(x, y)  d(x, z) + d(z, y). 8z 2 S

d =
1

✏
� 1 2 R+

d(x, z)  max(d(x, y), d(y, z))
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Towards a distance 

tabella_20150424212313

Pagina 1

ε cat ces dan deu ell eng fra hrv isl ita lav lit mlt nld nob por ron slk slv spa swe

cat 94.93 1.07 2.75 2.92 0.69 4.12 19.68 0.97 1.54 12.71 1.18 1.1 1.28 3.49 2.91 9.45 9.33 1.25 1.4 20.46 3.05

ces 2.56 94.39 2.72 3.16 1.11 3.99 2.92 10.36 1.98 3.5 4.85 4.75 1.68 4.3 2.99 2.24 2.41 36.01 14.14 2.8 3.72

dan 2.91 2.03 94.41 6.24 1.15 4.3 4.5 1.72 7.12 2.68 1.75 1.98 2.2 10.15 35.58 1.64 1.44 1.9 2.48 2.56 17.52

deu 2.32 2.16 8.44 96.13 0.83 7.69 4.26 1.34 4 2.59 1.69 1.55 2.25 12.87 7.72 1.8 1.97 2.43 1.64 2.26 7.6

ell 0.83 0.35 0.82 0.82 99.19 0.65 1.19 0.23 0.45 1.12 0.99 1.81 0.32 0.87 0.83 1.31 0.88 0.39 0.24 1.36 0.75

eng 4.99 2.36 5.47 10.15 1.22 95.85 5.91 1.22 4.07 6.48 1.23 1.61 2.59 7.91 5.03 3.8 3.52 2.36 1.44 5.3 6.25

fra 17.87 2.31 2.43 4.25 1.02 5.28 95.11 1.78 1.62 13.25 1.91 1.49 1.33 3.47 3.15 8.08 9.22 2.18 1.67 12.46 3.07

hrv 2.21 9.6 2.18 1.72 1.21 1.68 1.8 94.88 2.24 3.3 10.65 7.23 2.64 4.13 2.38 2.95 2.42 10.75 28.14 2.29 2.88

isl 1.91 1.33 6.52 3.47 0.72 3.02 1.82 1.72 97.12 1.47 2.32 2.09 4.03 2.58 7.44 1.04 1.24 1.6 1.69 1.45 10.11

ita 15.03 1.83 2.06 3.03 1.64 4.3 11.25 1.01 1.45 95.13 1.45 1.74 1.11 3.14 2.74 11.8 12.42 2.19 0.93 15.88 2.43

lav 2.59 3.57 1.91 1.19 1.22 1.03 2.12 8.8 2.05 2.53 96.53 14.72 1.65 1.78 2.23 2.1 3.15 4.22 6.88 2.35 3.29

lit 1.58 5.64 1.63 1.28 1.44 1.38 2.47 9.29 2.17 2.25 18.47 96.25 1.67 2.08 1.94 2.1 3.05 5.96 6.37 1.76 2.52

mlt 1.56 2.24 2.32 3.52 0.57 2.6 1.62 2.61 4.66 1.82 2.94 1.56 97.76 2.71 2.99 0.7 1.59 1.84 2.69 1.06 3.11

nld 4 5.87 9.34 11.14 1.9 7.14 7.58 3.77 3.15 4.98 2.87 2.83 3.55 94.72 9.25 3.29 3.02 4.83 6.02 4.39 6.75

nob 2.76 2.08 29.01 5.63 1.18 5.29 3.5 1.63 7.4 2.12 2.23 2.45 2.52 8.38 94.64 1.51 1.32 2.29 2.43 1.97 21.43

por 11.95 1.21 1.65 1.64 1.21 2.53 6.68 1.12 0.97 9.37 1.24 1.19 0.6 3.02 1.44 96.44 7.52 1.24 1.18 13.39 2.05

ron 8.93 1.25 1.34 1.98 0.62 2.38 10.29 1.71 1.32 13.64 2.01 1.57 0.97 2.58 1.28 7.96 96.37 1.45 1.33 8.79 1.18

slk 2.28 32.78 2.61 1.91 1.23 3.37 2.52 12.07 1.87 3.12 6.02 6.49 1.85 4.13 3.05 2.84 2.63 94.24 17.89 2.72 3.88

slv 1.81 10.88 2.91 2.4 1.17 1.84 2.04 21.83 1.94 3.54 6.87 3.91 3.07 5.18 3.77 2.05 1.65 8.96 95.39 2.34 4.04

spa 20.23 1.72 1.53 2.22 1.19 3.41 19.18 1.64 0.91 15.56 1.34 1.46 0.65 3.14 1.94 20.61 7.82 2.25 1.65 94.47 2.09

swe 4.12 3.44 13.33 4.89 0.9 6.46 3.01 2.43 9.12 2.61 1.88 1.97 3.56 7.34 17.53 1.41 2.04 3.28 3.07 1.97 95.28

This is not 
symmetric! 
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Linkage algorithms 
•  There are many ways of clustering in order to find 

philogenetic structure: 
•  complete 
•  single 
•  centroid 
•  average where distance between two custers U and V is  
 

• A good measure is the cophenetic coefficient1: 

d(U, V ) =
X

i2U
j2V

d(i, j)

|U | ⇤ |V |

c =

P
i<j(d(i, j)� hdi)(dc(i, j)� hdci)qP

i<j(d(i, j)� hdi)2
P

i<j(dc(i, j)� hdci)2

1A Quantitative Clustering Approach to Ultrametricity in Spin Glasses, S.Ciliberti and E.Marinari, J. Stat. Phys. 115, 2004   
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Our analysis: language dendrogram 
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Our analysis: dendrogram cut 
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Conclusions and perspectives 

• Simple model (implemented from little or 
zero background code) 

• Hard task of classification 
• Open to improvements 
• Can be applied to any sequence of 
symbols 
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Thank you for your attention 


