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Research purpose and considered problem

Knowledge unit estimated by means of open form test assignment

Is defined by a set of natural-language (NL) phrases equivalent-by-sense
(i- e. semantically equivalent, SE) relatively to the subject area considered.

Actual problem

How to find the most rational variant to express the meaning ?

Optimal sense transfer

Is provided by those phrases from initial set of equivalent-by-sense which are
of minimal character length under a maximum of words most frequently used
in all initial phrases.

Main purpose of research

Development and theoretical reasoning of methods and algorithms for seeking
an optimal variant for sense transfer among experts and testees in a knowledge-
control system that implements the open tests.
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Forming units of expert knowledge

The most actual tasks

Q@ Thematic categorization of text documents.

Q Representation of topical areas by means of thesauruses and ontologies.

Expert tasks to be automated

Q@ Search for semantically equivalent forms for description of reality fragment
in the given natural language. Here the fragment of actual expert
knowledge corresponds to some fact of topical area.

Q Comparison of knowledge of given expert with the closest knowledge
fragments of another experts.

Requirements for the solution

Q Revelation of concepts and relations between them in a given text.

Q Extraction from texts of corpus the usage contexts of general vocabulary
by means of which synonymic paraphrases can be formed.
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TF-IDF metrics

According to classic definition, TF-IDF is the product of two statistics:
term frequence (TF) and inverse document frequency (IDF).

Term frequency estimates the significance of word ¢; within the document d
and can be defined as "
tf (ti,d) = —=——— 1
(1) = 5o, (1)
where n; is the number of times that #; occurs in document d,
and denominator contains the total number of words for d.

The value of IDF is unique for each unique word in corpus D and can be
determined as follows:

idf (t:, D) = log (||11))i||) : (2)

where numerator represents the total number of documents in corpus,
and |D; C D| is a number of documents where the word ¢; appears.
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Basic assumptions

Q The words, which are the most unique in document and have the largest
values of TF*IDF, must be related to terms of document’s topical area.

Q The fact that the term has synonyms at the same document means
the decrease of TF metrics for this word relatively to given document.

©Q For words of general vocabulary and for those terms which are prevail
in corpus the value of IDF tends to zero.

@ Synonyms, unique for some documents of corpus, will have a higher
values of IDF.

For example: general-vocabulary words which are define the conversive
replacements, like «npusodums < asaamoca caedcmeuems (in Russian).
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Clustreing the vocabulary of initial phrase by TF-IDF metrics

Let

X be an ordered descending sequence of tf (¢,d) - idf (¢, D) values
for all words ¢ of initial phrase relatively to document d € D.

F be the sequence of clusters Hi,... H, as a result of splitting the initial X
by means of algorithm close to FOREL class taxonomy algorithms.

As the mass center of cluster H; the arithmetic mean of all x; € H; is taken.

The estimation of clustering quality here can be defined as

E::l dlam (Hl)
len (F)

min (F)

QF) = (1en (F) — max (F)) e (F) (3)

where diam (H;) is the width of cluster H;;

min (F') and max (F') are minimal and maximal values of width
for clusters represented in F;

len (F) is the length of F'.
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Phrases selection from corpus documents

Let

D be clustered by analogy with X, but according to the values of function (3);
D' C D be the cluster of greatest values of (3).

It is required to select phrases from documents d € D’ according to the criteria

of maximum number of words presented in clusters {Hl,H,\/Z,HT} = Cl:

Hy; —the terms from initial phrase which are the most unique for d;

H, ;5 — general vocabulary as a basis of synonymic paraphrases,
and those terms which have synonyms;

H, —those terms which are prevail in corpus.

Representation estimation of words of phrase s € d, d € D', in clusters from CI

N (s,Cl) = \/Zje{h/?wr}
, U(Hti € s: thdf (ti,d, D) € Hj}D O

{ti € s: thidf (ti,d, D) € HJ'HQ

; (4)

where the first summand in denominator is the root-mean square deviation
of number of words presented in cluster from C1 and related to a phrase from d.
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Initial data for experiment: the structure of test corpus
The test corpus for proposed method includes Russian papers published in:

@ Taurida journal of computer science theory and mathematics
(TJCSTM, 3 papers);

9 Proceedings of International conferences «Intelligent Information
Processing» 11P-8 and 1IP-9 (2 papers);

@ Proceedings of All-Russian Conference with International Participation
on Mathematical Methods for Pattern Recognition (MMPR-15, 1 paper);

@ Proceedings of the Conference MMPR-13 (2 papers);
@ Proceedings of the Conference MMPR-16 (14 papers);
@ Proceedings of the Conference [1P-10 (2 papers).

\

Remark 1

In addition, the corpus included the text of a scientific report prepared in 2003
by Dmitry Mikhaylov.

\

The number of words in corpus documents varied from 218 to 6298.
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Initial data for experiment: the scope of selected papers

@ mathematical methods for learning by precedents (K. Vorontsov,
M. Khachay, E. Djukova, N. Zagoruiko, Yu. Dyulicheva, I. Genrikhov,
A. lvakhnenko);

@ methods and models of pattern recognition and forecasting (V. Mottl,
O.Seredin, A. Tatarchuk, P. Turkov, M. Suvorov, A. Maysuradze);

@ intelligent processing of experimental information (S. Dvoenko,
N. Borovykh);

@ image processing, analysis, classification and recognition (A. Zhiznyakov,
K. Zhukova, I. Reyer, D. Murashov, N. Fedotov, V. Martyanov,
M. Kharinov).
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Initial Russian phrases for expe

N

=~ W N

ot

knowledge units

Initial phrase

Hepeobyuenue npueodum ¥ 3GaHUNCEHRHOCTNY IMNUPULECKOZ0 PUCKA.
IHepenodzonka npusodum K 3aHUNCEHHOCTNU IMNUPULECKOZ0 PUCKA.
IHepenodzonka cayscum npuvuHOl 3GHUNCEHHOCTIU IMNUPUYECKO20 DUCKG.

Banuatcenrnocmo IMNUPUYECKO20 PUCKA ABAAEMCA PE3YADLMAINOM
HEAHCENAMENDHOT nepenodeomcu.

IHepeycaooichernue modesu npusodum K 3GHUNCEHHOCTNU
cpedneti owubku 1o mperuposounol evbopke.

Iepenodzonka npueodum % YBeAUMEHUIO YACTNOMB, OWUOOK
depesa NPUHAMUA peueHuli Ha KOHMPOALHOU 6bbopKe.

Ilepenodzonka npusodum K 3aGHUHCEHHOCTNU OUEHKU
wacmomo, OWUOOK GA20PUMMAE HG KOHMPOALHOU 6bi60pKe.

Banusicennocmy oueHKY, oOWUbKY Pacno3Ha8aHUA
€8A3GHA C 8bLOOPOM NPABUAL NPUHANMUA PEWEHUT.

Pocm wucaa 6a308u0x Kaaccuduramopos 6edém K npakmuvecky
HEO0ZPAHUMEHHOMY YBeAUMEHUIO 0bobwatoweti cnocobrocmu
KOMNO3UYUY AA20DUMMOS.
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Example: the search of phrases closest to initial phrase Ne9

Clusters for phrases selection:

K. Vorontsov, TJCSTM 2004 Nel,
words presented in clusters

H, anzopumm, o6obw,amsv, cnocobHocms

H,./o KaaccuGuramop, YyeeauueHue, HuUcLo

H, secmu

K. Vorontsov, MMPR-15,
words presented in clusters

H, anzopumm

H, /o pocm, KOMNO3UUUA

H, HEo2PAHUMEHNLT, 6a3068bT, YBEAULEHUE

Results (contain the words o6o6wamv, cnocobrocmo, arzopumam):

Selected phrase Expressed relations

O6o6warowasn cnocobnocmv onpedeasemes xax ee- | The definition of generalizing
POAMHOCTD OWUOKU HATOEHHO20 AA20PUMMA, AU~ capability of  algorithm
60 xax wacmoma ezo owubox na neussecmnoli xon- | relates with the concepts
mpoavhotll evbopke, maKoce cay1alinoll, HE3ABUCU- of error probability and
MOl u 00uHaKo80 pacnpedeaénnoli rate (frequency) of errors

in control sample

Pesyavmamom obYuenus A6AAMCA HE MOADKO cam | 6e0€m K <= asasaemcs pe-
an2opUMM, HO U OOCTATNOYHO MOYHAA OUEHKG €20 | 3YALINAIMOM
obobwarousett cnocobrnocmu
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SEE m for term in initial phrase Ne4

Clusters for phrases selection:

K. Vorontsov, TJCSTM 2004 Nel,
words presented in clusters

Hy puck, amnupusecrul
H, /o 3AHUANCEHHOCTV, ABAAMBCA, NEPENOOZOHKA
H, neotceaamenvrvli

K. Vorontsov, MMPR-15,
words presented in clusters

H, PUCK

H, /o pesyavmam

H, Heocenamenvrsli, 3GHUNCEHHOCTND, NEPENOO2OHKA

Yu. Dyulicheva, TJCSTM 2002 Nel,
words presented in clusters

H, nepenodzonKa

H, /o ABAAMBCA

H, Heolcenamenvroli, 3aHUINCEHHOCMD, PUCK

Selected phrase (contains the words smnupuveckutd, puck, A64AMBCA, 3GHUNCEHHOCTD):
Ipununoti asasemesa 6cé mo owce nepeobyuenue, KOmMopoe npusodum K
3AHUACEHHOCTU IMNUPUHECKOZ0 PUCKQ.

Synonymic terms: nepenodzonka <= nepeobyuenue

Variant of conversive replacement: pesyasmam <= npuuuna
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TF, IDF and TF-IDF values (for compare)

Clusters for phrases selection:

K. Vorontsov, TJCSTM 2004 Nel,
ranges of values for TF-IDF

H; 0,0020 . . . 0,0026
H,5 | 1,4386-107%...2,1839 107

Hy. 0,0000. . .0,0000

K. Vorontsov, MMPR-15,
ranges of values for TF-IDF

H 0,0021 . ..0,0021
H,,5 | 4,3890-107%...4,3890 - 10~ %

Hy 0,0000. . .0,0000

Yu. Dyulicheva, TJCSTM 2002 Nel,
ranges of values for TF-IDF

H, 0,0040 . . . 0,0040

H,,5 | 1,7015-107%...1,7015 - 104

Hy. 0,0000. . .0,0000

TF (concerning [K. Vorontsov, TJCSTM 2004 Nel]) and IDF values for words of initial phrase Ne4:

word HeXxena- 3aHUXXEHHOCTb [NEPEenoOAroHKa |ABAATbCA pe3ynbrar aMmnupu- puck
TEeNbHbIN 4yeckum

TF 0,0000  [1,5623 - 10~ *|1,5623 - 10~ *{0,0031 0,0022 0,0033  |0,0028

IDF |1,3979  [1,3979 0,9208 0,0555 0,1938 0,6198  |0,9208

TF-IDF|0,0000 2,1839 - 107 4(1,4386 - 10~ 4|1,7347 - 10~ %|4,2392 - 10~ %{0,0020 0,0026
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Counterexample: the least occurrence of term (phrase N

Clusters for phrases selection:

K. Vorontsov, TJCSTM 2004 Nel,
ranges of values for TF-IDF

H+ ouenra, owubra 0,0019...0,0029
H, /2 3aHUdNCEHHOCMD 2,1839 - 1074, .. 2,1839 - 1074
H, c, npunamue 0,0000 .. .0,0000

Yu. Dyulicheva, TJCSTM 2002 Nel,
ranges of values for TF-IDF

Hy owubra 0,0068 . . . 0,0068

H,,/z peweHue, PaACNO3HAEAHUE, NPUHATIUE 3,0603 - 1074, .. 3,7303 - 1074

H, BAHUICEHHOCTMD, C, CEAZAHHLLT 0,0000 . ..0,0000

Yu. Dyulicheva, TJCSTM 2003 Ne2,
ranges of values for TF-IDF

Hq peweHue, PaACNO3HAEAHUE, NPUHATNIUE 0,0017...0,0018
H,,> | npasuao 4,2541-107% ... 4,2541 - 1074
H, 3AHUIICEHHOCTMD, C 0,0000 . ..0,0000

Selected phrase:

Cpasnusasn npoenodupyemuti kospPuyuenm owubru t ¢ owubramu semeu T (t) u
nauboavweli us semeeti ¢ Koprwem 6 donwephneli sepuuHe 8ePUWUHBL T, NPUHUMAEMCA
pewenue 0 mom ocmasaamy 6es uamenenud T (t), pedyyuposamd uAu HAPAUWUEAMD
6 sepwune t  [Yu.Dyulicheva, TJCSTM 2002 Nel].
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Possible alternative decisions and their disadvantages

Q Usage the additional knowledge about semantic relations and their textual
expressional forms to search the words related with the given ones.
Experiment with the Serelex system:

o for initial phrase Ne8 a single link «pewenue — c» was found;
o for initial phrase Ne9 it was not found any link.

The collection of documents involved by system included:
o headers of Wikipedia articles (2,026 - 10 word forms and 3 368 147 lemmas);
o ukWaC text corpus (0,889 - 10° word forms and 5469 313 lemmas).
Disadvantage:

o the subject-oriented classification of vocabulary is not provided, what
complicates to apply the lexico-syntactic patterns implemented by system,
for selection of required fragments in corpus texts.

Q WordNet-like thesaurus:

o the synonymy degree within each set of cognitive synonyms (synset)
is actually depends on subject orientation of words which constitute it.

©Q Usage of summary TF-IDF for initial phrase’s words occurring at
the document phrase, as an alternative of estimation (4).

Disadvantage: too low percent (less than 2%) of general vocabulary in
selected phrases to release the synonymic paraphrases of initial phrase.
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Main conclusions

@ The main result of current work is the search method for descriptions
of close knowledge fragments and their linguistic expressional means
represented in text corpus.

Q Besides the design of open tests, another important application scope of
the offered method is the problem-oriented thesauruses conceptually close
to «Black Square» developed by Dorodnicyn Computing Centre of RAS.

Q@ In comparison with known approaches the offered method allows to reveal
concepts and relations between them concerning the given topical area
on the base of lesser training samples and without predefined orientation
on the certain types of relations of words in initial phrases.
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Open problems

Q@ Elaboration of the numerical estimation which respects simultaneously:
o the quality of extraction of themes (topics) as a sets of topical area’s terms
which are co-occur in documents;
o the singularity of term distribution for a topic;
o the singularity of topic distribution for a document..

Q How does predictability of occurrence for words in document phrases can
be related with the structure of clusters that are formed according to
TF-IDF values for words of initial phrase ?

@ Taking into account the potential syntactic contexts for multiple-valued
words.
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