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Researh purpose and onsidered problem

Knowledge unit estimated by means of open form test assignment

Is de�ned by a set of natural-language (NL) phrases equivalent-by-sense

(i. e. semantially equivalent, SE) relatively to the subjet area onsidered.

Atual problem

How to �nd the most rational variant to express the meaning ?

Main purpose of researh

Development and theoretial reasoning of methods and algorithms for seeking

an optimal variant for sense transfer among experts and testees in a knowledge-

ontrol system that implements the open tests.
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Forming units of expert knowledge

The most atual tasks

1

Themati ategorization of text douments.

2

Representation of topial areas by means of thesauruses and ontologies.

Expert tasks to be automated

1

Searh for semantially equivalent forms for desription of reality fragment

in the given natural language. Here the fragment of atual expert

knowledge orresponds to some fat of topial area.

2

Comparison of knowledge of given expert with the losest knowledge

fragments of another experts.

Requirements for the solution

1

Revelation of onepts and relations between them in a given text.

2

Extration from texts of orpus the usage ontexts of general voabulary

by means of whih synonymi paraphrases an be formed.
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TF-IDF metris

Aording to lassi de�nition, TF-IDF is the produt of two statistis:

term frequene (TF) and inverse doument frequeny (IDF).

Term frequeny estimates the signi�ane of word ti within the doument d

and an be de�ned as

tf (ti, d) =
ni

∑

k nk
, (1)

where ni is the number of times that ti ours in doument d,

and denominator ontains the total number of words for d.

The value of IDF is unique for eah unique word in orpus D and an be

determined as follows:

idf (ti, D) = log

(

|D|

|Di|

)

, (2)

where numerator represents the total number of douments in orpus,

and |Di ⊂ D| is a number of douments where the word ti appears.

Dmitry Mikhaylov (Dmitry.Mikhaylov�novsu.ru) 4/17

mailto:Dmitry.Mikhaylov@novsu.ru


Basi assumptions

1

The words, whih are the most unique in doument and have the largest

values of TF*IDF, must be related to terms of doument's topial area.

2

The fat that the term has synonyms at the same doument means

the derease of TF metris for this word relatively to given doument.

3

For words of general voabulary and for those terms whih are prevail

in orpus the value of IDF tends to zero.

4

Synonyms, unique for some douments of orpus, will have a higher

values of IDF.

For example: general-voabulary words whih are de�ne the onversive

replaements, like ¾ïðèâîäèòü ⇔ ÿâëÿòüñÿ ñëåäñòâèåì¿ (in Russian).
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Clustreing the voabulary of initial phrase by TF-IDF metris

Let

X be an ordered desending sequene of tf (t, d) · idf (t,D) values

for all words t of initial phrase relatively to doument d ∈ D.

F be the sequene of lusters H1, . . .Hr as a result of splitting the initial X

by means of algorithm lose to FOREL lass taxonomy algorithms.

As the mass enter of luster Hi the arithmeti mean of all xj ∈ Hi is taken.

The estimation of lustering quality here an be de�ned as

Q (F ) =

∑r
i=1

diam (Hi)

len (F )

(

len (F )−max (F )
)min (F )

max (F )
, (3)

where diam (Hi) is the width of luster Hi;

min (F ) and max (F ) are minimal and maximal values of width

for lusters represented in F ;

len (F ) is the length of F .
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Phrases seletion from orpus douments

Let

D be lustered by analogy with X, but aording to the values of funtion (3);

D′ ⊂ D be the luster of greatest values of (3).

It is required to selet phrases from douments d ∈ D′
aording to the riteria

of maximum number of words presented in lusters

{

H1, Hr/2,Hr

}

:= Cl:

H1 � the terms from initial phrase whih are the most unique for d;

Hr/2 � general voabulary as a basis of synonymi paraphrases,

and those terms whih have synonyms;

Hr � those terms whih are prevail in orpus.

Representation estimation of words of phrase s ∈ d, d ∈ D′
, in lusters from Cl

N (s, Cl) =

√

∑

j∈{1,r/2,r}

∣

∣

∣

{

ti ∈ s : tfidf (ti, d,D) ∈ Hj

}∣

∣

∣

2

σ
(
∣

∣

∣

{

ti ∈ s : tfidf (ti, d,D) ∈ Hj

}
∣

∣

∣

)

+ 1
, (4)

where the �rst summand in denominator is the root-mean square deviation

of number of words presented in luster from Cl and related to a phrase from d.

Dmitry Mikhaylov (Dmitry.Mikhaylov�novsu.ru) 7/17

mailto:Dmitry.Mikhaylov@novsu.ru


Initial data for experiment: the struture of test orpus

The test orpus for proposed method inludes Russian papers published in:

Taurida journal of omputer siene theory and mathematis

(TJCSTM, 3 papers);

Proeedings of International onferenes ¾Intelligent Information

Proessing¿ IIP-8 and IIP-9 (2 papers);

Proeedings of All-Russian Conferene with International Partiipation

on Mathematial Methods for Pattern Reognition (MMPR-15, 1 paper);

Proeedings of the Conferene MMPR-13 (2 papers);

Proeedings of the Conferene MMPR-16 (14 papers);

Proeedings of the Conferene IIP-10 (2 papers).

Remark 1

In addition, the orpus inluded the text of a sienti� report prepared in 2003

by Dmitry Mikhaylov.

Remark 2

The number of words in orpus douments varied from 218 to 6298.
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Initial data for experiment: the sope of seleted papers

mathematial methods for learning by preedents (K. Vorontsov,

M.Khahay, E. Djukova, N. Zagoruiko, Yu. Dyuliheva, I. Genrikhov,

A. Ivakhnenko);

methods and models of pattern reognition and foreasting (V.Mottl,

O. Seredin, A. Tatarhuk, P. Turkov, M. Suvorov, A.Maysuradze);

intelligent proessing of experimental information (S.Dvoenko,

N. Borovykh);

image proessing, analysis, lassi�ation and reognition (A. Zhiznyakov,

K. Zhukova, I. Reyer, D.Murashov, N. Fedotov, V.Martyanov,

M.Kharinov).
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Initial Russian phrases for expert knowledge units formation

�
Initial phrase

1 Ïåðåîáó÷åíèå ïðèâîäèò ê çàíèæåííîñòè ýìïèðè÷åñêîãî ðèñêà.

2 Ïåðåïîäãîíêà ïðèâîäèò ê çàíèæåííîñòè ýìïèðè÷åñêîãî ðèñêà.

3 Ïåðåïîäãîíêà ñëóæèò ïðè÷èíîé çàíèæåííîñòè ýìïèðè÷åñêîãî ðèñêà.

4 Çàíèæåííîñòü ýìïèðè÷åñêîãî ðèñêà ÿâëÿåòñÿ ðåçóëüòàòîì

íåæåëàòåëüíîé ïåðåïîäãîíêè.

5 Ïåðåóñëîæíåíèå ìîäåëè ïðèâîäèò ê çàíèæåííîñòè

ñðåäíåé îøèáêè íà òðåíèðîâî÷íîé âûáîðêå.

6 Ïåðåïîäãîíêà ïðèâîäèò ê óâåëè÷åíèþ ÷àñòîòû îøèáîê

äåðåâà ïðèíÿòèÿ ðåøåíèé íà êîíòðîëüíîé âûáîðêå.

7 Ïåðåïîäãîíêà ïðèâîäèò ê çàíèæåííîñòè îöåíêè

÷àñòîòû îøèáîê àëãîðèòìà íà êîíòðîëüíîé âûáîðêå.

8 Çàíèæåííîñòü îöåíêè îøèáêè ðàñïîçíàâàíèÿ

ñâÿçàíà ñ âûáîðîì ïðàâèëà ïðèíÿòèÿ ðåøåíèé.

9 �îñò ÷èñëà áàçîâûõ êëàññè�èêàòîðîâ âåä¼ò ê ïðàêòè÷åñêè

íåîãðàíè÷åííîìó óâåëè÷åíèþ îáîáùàþùåé ñïîñîáíîñòè

êîìïîçèöèè àëãîðèòìîâ.

software implementation and experimental results
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Example: the searh of phrases losest to initial phrase �9

Clusters for phrases seletion:

K.Vorontsov, TJCSTM 2004 �1,

words presented in lusters

H1 àëãîðèòì, îáîáùàòü, ñïîñîáíîñòü

Hr/2 êëàññè�èêàòîð, óâåëè÷åíèå, ÷èñëî

Hr âåñòè

K.Vorontsov, MMPR-15,

words presented in lusters

H1 àëãîðèòì

Hr/2 ðîñò, êîìïîçèöèÿ

Hr íåîãðàíè÷åííûé, áàçîâûé, óâåëè÷åíèå

Results (ontain the words îáîáùàòü, ñïîñîáíîñòü, àëãîðèòì):

Seleted phrase Expressed relations

Îáîáùàþùàÿ ñïîñîáíîñòü îïðåäåëÿåòñÿ êàê âå-

ðîÿòíîñòü îøèáêè íàéäåííîãî àëãîðèòìà, ëè-

áî êàê ÷àñòîòà åãî îøèáîê íà íåèçâåñòíîé êîí-

òðîëüíîé âûáîðêå, òàêæå ñëó÷àéíîé, íåçàâèñè-

ìîé è îäèíàêîâî ðàñïðåäåë¼ííîé

The de�nition of generalizing

apability of algorithm

relates with the onepts

of error probability and

rate (frequeny) of errors

in ontrol sample

�åçóëüòàòîì îáó÷åíèÿ ÿâëÿåòñÿ íå òîëüêî ñàì

àëãîðèòì, íî è äîñòàòî÷íî òî÷íàÿ îöåíêà åãî

îáîáùàþùåé ñïîñîáíîñòè

âåä¼ò ê ⇐⇒ ÿâëÿåòñÿ ðå-

çóëüòàòîì
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Example searh of synonym for term in initial phrase �4

Clusters for phrases seletion:

K.Vorontsov, TJCSTM 2004 �1,

words presented in lusters

H1 ðèñê, ýìïèðè÷åñêèé

Hr/2 çàíèæåííîñòü, ÿâëÿòüñÿ, ïåðåïîäãîíêà

Hr íåæåëàòåëüíûé

K.Vorontsov, MMPR-15,

words presented in lusters

H1 ðèñê

Hr/2 ðåçóëüòàò

Hr íåæåëàòåëüíûé, çàíèæåííîñòü, ïåðåïîäãîíêà

Yu.Dyuliheva, TJCSTM 2002 �1,

words presented in lusters

H1 ïåðåïîäãîíêà

Hr/2 ÿâëÿòüñÿ

Hr íåæåëàòåëüíûé, çàíèæåííîñòü, ðèñê

Seleted phrase (ontains the words ýìïèðè÷åñêèé, ðèñê, ÿâëÿòüñÿ, çàíèæåííîñòü):

Ïðè÷èíîé ÿâëÿåòñÿ âñ¼ òî æå ïåðåîáó÷åíèå, êîòîðîå ïðèâîäèò ê

çàíèæåííîñòè ýìïèðè÷åñêîãî ðèñêà.

Synonymi terms: ïåðåïîäãîíêà ⇐⇒ ïåðåîáó÷åíèå

Variant of onversive replaement: ðåçóëüòàò ⇐⇒ ïðè÷èíà
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TF, IDF and TF-IDF values (for ompare)

Clusters for phrases seletion:

K.Vorontsov, TJCSTM 2004 �1,

ranges of values for TF-IDF

H1 0,0020 . . . 0,0026

Hr/2 1,4386 · 10−4 . . . 2,1839 · 10−4

Hr 0,0000 . . . 0,0000

K.Vorontsov, MMPR-15,

ranges of values for TF-IDF

H1 0,0021 . . . 0,0021

Hr/2 4,3890 · 10−4 . . . 4,3890 · 10−4

Hr 0,0000 . . . 0,0000

Yu. Dyuliheva, TJCSTM 2002 �1,

ranges of values for TF-IDF

H1 0,0040 . . . 0,0040

Hr/2 1,7015 · 10−4 . . . 1,7015 · 10−4

Hr 0,0000 . . . 0,0000

TF (onerning [K.Vorontsov, TJCSTM 2004 �1℄) and IDF values for words of initial phrase �4:

word íåæåëà-

òåëüíûé

çàíèæåííîñòü ïåðåïîäãîíêà ÿâëÿòüñÿ ðåçóëüòàò ýìïèðè-

÷åñêèé

ðèñê

TF 0,0000 1,5623 · 10−4
1,5623 · 10−4

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 · 10−4
1,4386 · 10−4

1,7347 · 10−4
4,2392 · 10−4

0,0020 0,0026
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Counterexample: the least ourrene of term (phrase �8)

Clusters for phrases seletion:

K.Vorontsov, TJCSTM 2004 �1,

ranges of values for TF-IDF

H1 îöåíêà, îøèáêà 0,0019 . . . 0,0029

Hr/2 çàíèæåííîñòü 2,1839 · 10−4 . . . 2,1839 · 10−4

Hr ñ, ïðèíÿòèå 0,0000 . . . 0,0000

Yu. Dyuliheva, TJCSTM 2002 �1,

ranges of values for TF-IDF

H1 îøèáêà 0,0068 . . . 0,0068

Hr/2 ðåøåíèå, ðàñïîçíàâàíèå, ïðèíÿòèå 3,0603 · 10−4 . . . 3,7303 · 10−4

Hr çàíèæåííîñòü, ñ, ñâÿçàííûé 0,0000 . . . 0,0000

Yu. Dyuliheva, TJCSTM 2003 �2,

ranges of values for TF-IDF

H1 ðåøåíèå, ðàñïîçíàâàíèå, ïðèíÿòèå 0,0017 . . . 0,0018

Hr/2 ïðàâèëî 4,2541 · 10−4 . . . 4,2541 · 10−4

Hr çàíèæåííîñòü, ñ 0,0000 . . . 0,0000

Seleted phrase:

Ñðàâíèâàÿ ïðîãíîçèðóåìûé êîý��èöèåíò îøèáêè t ñ îøèáêàìè âåòâè T (t) è

íàèáîëüøåé èç âåòâåé ñ êîðíåì â äî÷åðíåé âåðøèíå âåðøèíû t, ïðèíèìàåòñÿ

ðåøåíèå î òîì îñòàâëÿòü áåç èçìåíåíèé T (t), ðåäóöèðîâàòü èëè íàðàùèâàòü

â âåðøèíå t [Yu.Dyuliheva, TJCSTM 2002 �1℄.
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Possible alternative deisions and their disadvantages

1

Usage the additional knowledge about semanti relations and their textual

expressional forms to searh the words related with the given ones.

Experiment with the Serelex system:

for initial phrase �8 a single link ¾ðåøåíèå� ñ¿ was found;

for initial phrase �9 it was not found any link.

The olletion of douments involved by system inluded:

headers of Wikipedia artiles (2,026 · 10
9
word forms and 3 368 147 lemmas);

ukWaC text orpus (0,889 · 109 word forms and 5 469 313 lemmas).

Disadvantage:

the subjet-oriented lassi�ation of voabulary is not provided, what

ompliates to apply the lexio-syntati patterns implemented by system,

for seletion of required fragments in orpus texts.

2

WordNet-like thesaurus:

the synonymy degree within eah set of ognitive synonyms (synset)

is atually depends on subjet orientation of words whih onstitute it.

3

Usage of summary TF-IDF for initial phrase's words ourring at

the doument phrase, as an alternative of estimation (4).

Disadvantage: too low perent (less than 2%) of general voabulary in

seleted phrases to release the synonymi paraphrases of initial phrase.
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Main onlusions

1

The main result of urrent work is the searh method for desriptions

of lose knowledge fragments and their linguisti expressional means

represented in text orpus.

2

Besides the design of open tests, another important appliation sope of

the o�ered method is the problem-oriented thesauruses oneptually lose

to ¾Blak Square¿ developed by Dorodniyn Computing Centre of RAS.

3

In omparison with known approahes the o�ered method allows to reveal

onepts and relations between them onerning the given topial area

on the base of lesser training samples and without prede�ned orientation

on the ertain types of relations of words in initial phrases.
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Open problems

1

Elaboration of the numerial estimation whih respets simultaneously:

the quality of extration of themes (topis) as a sets of topial area's terms

whih are o-our in douments;

the singularity of term distribution for a topi;

the singularity of topi distribution for a doument..

2

How does preditability of ourrene for words in doument phrases an

be related with the struture of lusters that are formed aording to

TF-IDF values for words of initial phrase ?

3

Taking into aount the potential syntati ontexts for multiple-valued

words.
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