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Abstract—The aim of the paper is to present an application « implementation of algorithms of the data processing,
supporting language analysis within the framework of the plo- o preparation of algorithms of comparative analysis of
netic grammar. The notion of the phonetic grammar has been languages using the mathematical model

concisely introduced and the basic potential of the applidéon . Ivsis of the bh . f Polish
and the algorithms employed in it are briefly discussed. The « comparative analysis of the phonetic grammars ot Polish,

application is to enable a uniform description and a comparéive Chinese and Hindi.
analysis of many languages. At the first stage the languageaken  To enable the comparative analyses of languages we intro-
into consideration are Polish, Chinese and Hindi. duce a uniform description of the phones of a given language

as a set of articulatory features belonging to one of the
following articulatory dimensions:
« the mechanism of the air flow origin,

HONETICS is a field of linguistics which is concerned « the direction of the air flow,

with the articulatory, acoustic, auditory and distribetiv « the state of glottis,
properties of phones. Phonetics of a given language is alse the way of air flow
sometimes understood as a set of phones relevant to a givean the place of articulation,
language (e.g. the phonetics of Polish language). The phone the articulator,
is a set of all hic et nunc pronounced homophonous speech the degree of supraglottal aperture,
sounds. The speech sounds are of temporal character and the vertical position of the tongue—the horizontal posi-
their number is actually infinite. To reduce the number of tion of the tongue,
elements belonging to hic and nunc pronounced speech sounds the degree of labialization,
we classify them into sets of phones e.g. the set of alle the degree of delabialization,
homophonous temporal realizations of the speech sounds pJk, the duration of articulation
p2, p3, p4, .... is considered to be the phone [p]. All phones. the degree of supra- and subglottal tension,
are described in terms of the articulatory features. E.g. th « the frequency of articulatory approximation.
relevant features of [p] are: voiceless, oral, hard, pdabial

etc. Assigning an exhaustive feature set to a given phone’is o ) ) )
equal with the definition of the phone. The original method introduced the notion of the artic-

Phonetic grammar is understood as a set of relations Bgatory distance between phones (see [2]). The distance is
tween articulatory features and articulatory dimensicety INterpreted as a number of differential features (featings
of homogenous articulatory features). The concept is bas¥fich given phones differ from others). Itis thus reducitde

on the theory introduced in the works of JerzyfBaerowski the well known Hamming distance. o _
(1], 12D)- Our team has proposed to introduce numerical interpretatio

of the articulatory dimensions. L&¥ be a set of all phones
v¥ithin which the subset€s; of the phones belonging to a
(0] A . . .
given language can be specified (whérés an index of a
rTcgiven language) and 18t = {W;, Ws, ..., W, } be a set of
articulatory dimensions, whene is a number of articulatory
dimensions. Thus each phopdrom the set’ is specified by
e vector im-dimensional metric spad®”. Each articulatory
ature is uniquely specified by one numerical value from the
interval [0, k], wherek is a maximal number of features in a
The research project is supported by Ministry of Science Higher dlmensmn. Ascribing a proper numerlca.l Valu? to the fﬁt.ur
Education grant N N104 327434. mirrors the natural order of the features in a given dimamsio

|. THE PHONETIC GRAMMAR
A. Introduction

Phones as objects in-dimensional space

The aims of the present project are as follows:

« elaboratation of a uniform (for each language) set
articulatory features,

« elaboratation of a mathematical model of the relatio
between languages,

« preparation of computer tools for the processing of t
collected data, i.e. to elaborate a model of the Iinguist%%
data collecting,
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Thus each phong = (¢1, ca, . .

., ¢cn) Wherec; belongs to the
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set of features of a given dimensidt;.

The notion of the phone as a points#ndimensional space
enables application of well known measures of distances. Fg

example for the pair of phones b € G we can specify the
following measures of distances:

« The Minkowski distance forn > 1:
1/m

D’L'St]u(a, b) = Z |ai - bi|m
i=1

« The Manhattan distance:

n

wit [wzlwalwea]ws[welwr] welwalwio]wii[wi2lv »

Phone: [T Language:

1D_[Jgz Phon|
TPL T

2PL 2
3PL a.
4PL 2
5PL b
5PL b
TPL ez
8FPL cz.
3FPL ¢
WEL d
TRL d,
12FL dl
13[PL dz
4PL dz,
15 PL d1
T PL da
17PL da
WBPL e
18PL e
20PL ee
21PL e
2PLf
BPL £
4PL g
:FL g,

S S N Y I I 3

PUEG Wi US 00 00 00 |OT NS SO
PUEG Wi US 00 00 00 OT NP SU
PU EG Wl UN 00 00 D0 OT NP SU
PU EG Wl UN 00 00 D0 OT NS 5D
PU EG Wi US Gw DWPL 2w/ 00 00
PU EG Wi US Gw DW'wS 2w/ 00 00
PU EG OT US GA KR PE 25 00 00
PU EG OT US PA KR W5 Z5 00 00
PU EG OT US PP MD WL Z5 00 00
FU EG Wi U$ GA AF PE Zw/00 00
FU EG Wi US FD AP WS Zw/ 00 00
FU EG Wi U$ GD AF Pt Zw/00 00
PU EG Wl US GD KR P& 25 00 00
PU EG Wl US PD KR W5 Z5 00 00
PUEG Wi US PP MD WL 25 00 00
PUEG Wi US GA KR PL 25 00 00
PUEG Wi US PA KR W5 25 00 00
PU EG Wl US 00 00 00 OT $P PO
PU EG Wl UN 00 00 D0 OT $P PO
PU EG Wl US 00 00 00 OT R FD
PU EG Wl UN 00 00 00 OT R FD
PU EG OT US GD DWPE SC 00 00
PU EG OT US GD DW'wS SC 00 00
PU EG Wi US WL PD Pt Zw 00 00
FU EG Wi U$ PT MD WL Zw/ 00 00
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DistH(a, b) = Z |ai - bl|
i=1 |
being a particular instance of the Minkowski distance for
m =1,
« The Euclidean distance:

[ > m e =] =] Vector=  (3,1,330,00,1,14,1,1,0000,000,0)

Fig. 2. Inventory of phones

The application enables:

« defining dimensions and features occurring in them,

« ascribing proper numerical values to the dimensions,

« defining the number of languages,

introducing a repertoire of phones of a given language
and the description of the phones in terms of the relevant
set of articulatory features.

Distg(a,b) =

being a particular instance of the Minkowski distance
m = 2.

The distances defined in this manner will enable us to build ®
similarity measures between phones and between phonetic
systems of given languages. We assume that sound more
distant from each other in the sense of the appropriate cset
are less similar to each other. And this seems to be
accordance with the intuition.

ri .
élsri Basic analyses

The application is to generate the data concerning detailed

Il COMPUTER APPLICATION levels of analysis in the phonetic grammar of each of the
' analyzed languages:

A. The .tool for co_IIectlng phqne inventories _+ the phone articulemizatién
The first essential element in the system has been to build § the combining of the articulatory features,

database and a relevant interface enabling data insesiog u , the articulatory opposition and similarity of phones,
« the articulatory distance and proximity.

M Prot 30 1

The computer application will automatically generate:

« the articulatory distance of any two phones in a given
language,

« the articulatory similarity of any two phones in a given

language,

the articulatory features of a given phone,

« the articulatory category of a given articulatory feature,

« the dimensions in which given phones differ,

« the dimensions in which given phones are identical,
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Fig. 1. Phones in

selected 3 dimensions

« the set of phones which have a specified articulatory

distance,

« the set of phones which have specified articulatory fea-

tures,

« the combination of a given set of articulatory features,
« the average articulatory distance between phones,
« the most numerous articulatory category specified by a

given number of features,

1The operation of articulemization consists in ascribing Hrticulatory
characteristics to a given phone.
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« the least numerous articulatory category specified by —F F F F F F F B T FF
giVen number of features, E Talz  Lpazl L0 75 70 7071 950 9G4 G164
H H H a 1.4142 0.0000 1.0000 1.7321 70711 TE158 E.7823 B.3066 56437 AE310
° the Set Of relevant features dlscernlng at |eaSt One palr c a” 17321 1.0000 0,0000 14142 71414 76811 68557 8,3666 96954 59161
SO U n d S y a” 1.0000 17321 14142 0,0000 74162 74373 71414 B.B023 85,8995 E.2450
° the number Of palrS Of phones belng dlscerned by partIC b 7.3485 7o 71414 74162 0,0000 22,0000 31623 33166 4,358 28284
b, 7.8740 76158 76811 78373 20000 10,0000 3z 26458 43589 34641
Ular features, cz 7om B.7823 £.8557 71414 31623 347 0.0000 36056 51962 37417
° the number Of palrS Of phones belng d|Scerned by partlc lfz, 85440 83066 83666 8A023 33166 25458 3B056 00000 24455 51962
< 98489 96437 96954 98305 4,3589 4.3589 51962 2,4435 0,0000 68557
Ular Sets Of features, d 61644 58310 59161 62450 28284 34641 3z 51362 £.8557 0,0000
° the most frequently Comblned artlculatory features In a o B.3EEE 81240 B.1854 B4261 34641 28284 58310 3.8730 47958 44721
. R . o £,4031 £.0828 £.1644 £.4807 22361 30000 38730 46304 B.1644 1.0000
glven arthUlatory dlstance. dz 70000 B.7082 B.7823 70711 1.7321 2E458 22361 3.4641 46904 33166
C. Applied data-mining algorithms S
. .  Jaccard
The analyses presented in the last section are the bag| ¢ v
of language analysis. They apply rudimentary statistical a ||| ¢ fusnsees
combinatorics methods. In the present section we are going {| L~ ez
explore methods from the data-mining domain which will al-
low to discover automatically new interdependencies beiwe Fig. 3. The distances matrix for the Euclidean metric

phones. It will in turn enable to show certain relations besw

languages which have been so far unnoticed. All algorithms

applied here use measures of distances as measure of gimilar3. Such a matrix is treated as a directed weighted graph in

between phones. These algorithms can be used for phones which non-zero values will mark weighted edges between

from one ore more languages. the phones—the vertices. (also called threshold graph)
1) K-means algorithm ([9],[12]): The first of the algo- 4. The algorithm Depth-first search (DFS) is applied. The

rithms requires an input of expected number of phone clsister  algorithm results in finding connected subgraphs.

It allows to divide the phone inventory into particular nuenb The subgraphs are wanted clusters.

of disjunctive classes. For example put= 2 results in the

division of the se.t of phones into vowels and consonants. grams (see [10],[11]): An agglomerative hierarchical clus-
The algorithm is composed of the following steps: tering procedure produces a series of partitions of the, data
1. Place K points into the space represented by the phonesp, ", . p,. The first P, consists ofk single phone
that are being clustered. These points represent init@sters, the lasP;, consists of a single group containing all
group centroids. k phones.

2. Assign each phone to the group that has the closesiy gach particular stage the method joins together the two
centroid. , ) clusters which are closest together (most similar). At the fi

3. When all objects have been assigned, recalculate §gge this amounts to joining together the two objectsahat
positions of thek™ centroids. _ closest together, since at the initial stage each clusteoha

4. Repeat Steps 2 and 3 until the centroids no longer MO¥frone.
Thi.s produces a separatiqn_of_the objects into groups fromThere are some different methods that use different ways of
which the metric to be minimized .can be calculatefj. defining distance (or similarity) between clusters.

2) The connected subgraphs algorithm([5],[7]): This

algorithm does not require an input of the number of clusters

3) Agglomerative hierarchical clustering and dendro-

It finds them itself on the basis of regularities in the data. [@dses , ; A ]
The algorithm operates on the basis of the matrix of distanc g‘ — SETPAE e |
. . . . . . . ID_|JEZ¥K  |Phone |KLASTER i 112 |3 |4 |5 |6 |7 [8 (9 [10 |11 |12 |13 [14 |15 [16 [17 |18 19 [20 |21 [} ~
D. It is a symmetric matrixz x n in which on the intersection | P71+ ¢ ! R R A AR AR AN
of the columns and verses one receives the distance betwe [{ 2+ S| iR Lo RGO 8 LR ol
the proper pair of phones and on the diagonal zero. Jan - N 0 (R RO RN CNE
. . . || 0P ee 1 S |0 0 0 0 0 2 3163370 280 22:17i3160 242260 0 0 0
The aIgorlthm operates In the followmg steps: Haom 2 ! 600 o 0 2 0 0 260 0 283 26240 3T 0 0 0 |
. . . . . T =r 1 7 o 0 o o 310 0 0 0 0 0 0 220 0 2 0 0 0 0 0
1. The distance matrixD is calculated using the fixed Qar T o o 0 o s3aea o 240 o o o 2zt 2 0 0 0 o
dlStanCe m| zg;t ; : 3 o000 o000 240 0 0 0 0 262 0 31€0 0 0 0 |
. : 21/PL e 1 EU 0 0 0 280 0 00 0 0 1 330 0 310 0 0 0 0
2. Below the fixed threshold all values in the matrixD Hon | OO . N O O O O 2 O
are zeroed. Finding the threshold is the basic element ¢ { == - : [B]p 0 0 0 aresean b a3 30 0 0 1 280 00 b
. . . . Y f 2 1410 0 0 0 3162440 2232640 371€0 0 0 1720 1 0 0 0 0 .
the algorithm. In the simplest case it can be fixed as ar - - I ,
average distance in the phone inventory reduced by th| [T *=wpre o o B
standard deviation of the average distance. The choice q|| ¢ B e Elf c O O N R ) Y ) A A A
. . . " Dice
the proper threshold mirrors our understanding how big)| " Hemmmins : ;

the distance between phones must be to consider them
too distant to be the members of the same group. Fig. 4. The effect of the operation of the connected subgraborithm



362 PROCEEDINGS OF THE IMCSIT. VOLUME 3, 2008

& Dendogram

S S S T— I1l. SUMMARY

b The paper has presented the first stage of the realization of
* the more complex project which is meant to apply computer

. methods for the purpose of linguistic analyses.
At the next stages, besides the interpretation of the esult
. | we are going to apply the methods of fuzzy sets (mainly

the notion of the linguistic variable) for the descriptiofi o

the repertoires of phones. The methodology of the linguisti
summarization as a tool of the data analysis also seems to be

very promising.

Color of dendagram Orientation Distance measure Clustering Method——  Setscale (0. Max)

iy <o | S i |, 2 The results can be further used in different linguistic disc
ST C Lef & Eukliclesian  Mard's Algorithrn : v . . R . B R . R
EowEeEs] || Caun || C Euioesnsquns N plines (also applied linguistics), especially in teachiageign
e S e J W=mem | languages, speech analysis and in basic research on natural
| L) i languages (in theory of linguistics and literary phondstigs,

comparative linguistics, typology).

Fig. 5. The example of the dendrogram
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