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Abstract

Some modifications of the algorithm for context calculation, published in [1], are considered. A new
solution for word and document context calculation is proposed. To improve a context determination it
is proposed to take into consideration distances between words W1 and W2. This approach is especial-
ly important, when W2 number is >1. The results of investigations of these two formulas are presented.
For efficiency comparison of these formulas calculation has been made for 100 texts. There were built
distributions for C average and dispersion, which were compared with model data from [1]. The weight
function f{:Ll—} has been optimized. The versions comparison was made according to the value of o/
C,.. The C dispersion was calculated for all version of the weight function. Dispersion of C appeared to
be rather big because of great variation of text size, number W2 and W3, as well as wide distribution of
words in the text. There is an example of L distribution for W2="komnbloTep”.
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AHHOTanusa

PaccMoTpeHbl HeKOTOpble MOAMPUKALUY arOPUTMa ONpeje/ieHUsl KOHTEKCTa, ONy6JIUMKOBAaHHOTO
panee [1]. [IpeasioxkeHa ycoBeplieHCTBOBaHHasA popMyJia AJis BbIUMCIEHUSA KOHTEKCTa CJIOBA U I0KY-
MeHTa. /l1s1 6oJiee TOUHOrO pacyéTa KOHTEKCTHOI'O 3HaYeHUs MpejIokKeHO YUUTbIBAaTh PACCTOSHUSA
Mexy caioBamMu W1 u W2, Takoit nojixo/ BaxkeH Npu Haamduu yucaa W2 >1. [IpuBoaartcs pesysibTra-
Thl UCCJIeJJOBAHUs paboThl 3TUX 2-X dopmyit. [lisi cpaBHeHUs 3 HEeKTUBHOCTH GOPMYJI BGBLIU pOBe-
JeHbl pacyeTsl Ay 100 TekcToB. [1o JaHHBIM PacY€TOB NOCTPOEHBI paclpesesieHus, KOTopble GblIN
CpaBHEHBI C MOJIeJIbl0, ONUCAaHHOU B cTaThbe [1]. [IpoBesieH onTUMaIbHBIA BbIGOP BECOBOH QYHKIUHU
f{Li}, CpaBHeHMe BapUaHTOB NPOBOAMJIOCH 110 3HAYeHUAM oTHolleHuit s/Ccpen, J1s Bcex Bapu-
aHTOB GOpMyJIbl, BecOBON QYHKIUM U LIMPUHBI IJIOMAAKH fl[:l'.l-} 6bls1a paccuuTaHa gucnepcus C.
OHa oKasaJiach ZI0BOJIbHO GOJIBIIOHN 3a CYET pa3HOro pa3Mepa TEKCTOB, KosimdecTBa coB W2 u W3,
a TaK)Ke UX paclpejesieHUs 0 TeKCcTy. [IpefocTaB/ieH npuMep pacipejie/ieHUs] pacCTOSHUN Mexay
cnoBamu W2-W3 B daiise g cioBa W2 “komnbiotep”.

Ki1roueBsble €/10Ba: pacnosHaBaHue KOHTEKCTa, BecoBasi GYHKIIMS, LIMPUHA IUIOIA/IKH, KOHTEKCT-
HOe 3Ha4yeHHe, pacupesiesieHHe MJIOTHOCTH BePOSTHOCTH, MAIIMHHbIM aHa/N3, UCKYCCTBEHHBIN HH-
TeJUIEKT, Ol caHKe MPpo6/ieMbl, MUHUMU3al1sl TPOrpaMMHBIX OLIHGOK.

JJ11 UMTUPOBAHUS: Jopenckas E. A, Cemenos 0. A. Yy4lIeHHBIA aJTOPUTM BbIYMCIEHHUs KOH-
TEeKCTHOTO 3HaueHHUs c/10B B TekcTe // CoBpeMeHHble MHPOPMALMOHHBIe TexHONI0TUU U UT-06paso-
BaHue. 2019. T. 15, N2 4. C. 954-960. DOI: 10.25559/SITIT0.15.201904.954-960
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Introduction

Since text analyses is becoming more and more actual in particular
because of computer analytics, it is so important correctly interpret
context meaning of all words in the text.
There was proposed an algorithm [1,2] to calculate context of sepa-
rate words and documents. This algorithm takes into account rela-
tive distance between the word and other words connected with it.
It is supposed, that for any word W1, correspond some words W2,
determining a context meaning of W1. To any word W2 may corre-
spond several words W3, connected by implication with W2. For
example, W2(routine(computer))=W3(algorithm,debugging,test-
ing iteration,CPU,recursion, variable,byte,...). The tree of connection
may be spanned by adding words connected with words W3.
Research aim and used methods
The disadvantage of the method, described in article [1], is that, it
does not take into account distances between words W1 and W2.
The aim of our investigation is an improvement of the formula,
described in [1] and selection of weight function, permitting to
analyze context most precisely.
If there is one word W1 and several W2, defining different context
meaning of W1, than to calculate real context meaning of W1 one
may yse the following formula:
Cn= i=1(M; X f(L;)); (1],
where C - number, defining context of W1, L - distance between
word, e.g., “computer” (W2) and “debugging” (W3), M, - metrics
for word-characteristic W3 (M=1+100), m - number of words W3,
semantically corresponding to definite word W2, f'[-[ri} - weight
function of L, i - number of particular word W3 [1]. The meaning of
M is taken from the table, see [1], their values were optimized for
test texts.
At simplest case f(:Ll-} =1/L, and for small documents
il = 1. L is defined by word number N situated between
word W2 and one of the words W3 (L=N+1). weight function
f{Li} is used to decrease influence of distant words to the context
estimate of W1.
If there are several W1, and text volume is big enough, we may esti-
mate the context meaning of every word W1 separately, fixing defi-
nitional domain size.
It is supposed, that W2 follows after W1, and W3 - after W2 and
only contributions from these words influence on the C value, i.e. a
contribution all previous word is ignored.
Let there are n identical words W1 (W1,W1,,..W1,..,W1 ). Letalso
there are k identical words W2 (see figure 1), determining context
of W1 (W2,W2,,..,W2,..,W2,). Generally speaking, every of words
W2 (and also W3) may met in the text more than once. Let there
are m words W3, corresponding these W2. L[W1,W2] - distance
between words W1,and W2, In W2[1,1] the first index corresponds
to the number of word W1, and the second - to the number of W2.
For W3[1,1,3] first index corresponds to the word number of word
W1, the second - to the number of word W2, and the third- to the
number of W3. P, , |, - probability, that distance between W1 and
W2[1,1]is L[1,1].
On figure 1 N corresponds to a number of words W1 in the text.

W2
W2[1,1]
L1.1] o

-0 L[1,1,3]
P
W2[1,3]

W3
L1 @ w111

L1121 9 W3[1,1,2]

© w313

W1

L[1,3] -

Fig. 1. Parameter determination scheme
To any word W1 must correspond two or more words W2, present-
ed in the text. If there is only one word W1 and one word W2, we
need to calculate nothing as in the case context of W1 is defined by
Ww2.
If there is more than one sample of word-meaning W2, defining
context of W1, then the formula for W1 context calculation should
be changed®.
S P IMUATIC)
k,n = D.

J

[2]/

where D. defines a distance from given W1 to one of the words W2
with number j; K - z number of specific word-meaning W2 in the
document. If there are 4 words W2="code", then K=4.D,= |L, - L | +1.
L,- minimal distance from W1 to the particular word W2.

Let word W1 may have m context meanings, determined by W2.
Cardinality of set W2 w is equal m (it contains m elements). Actual-
ly there are k words W2 (k< m). 0 <k <m, i.e. W2 are present not to
all possible contexts of W1.

If there is only one word W2 and number of W1>1, then at big text
volume one may attempt to determine the best regional context
meaning for any W1.

For every W2 from the list (W2 number > 1) C_ is calculated. Ev-
idently, that these values will be different, as they correspond to
different values of distances W1-W2.

To compare results for formulas [1] and [2] 100 files were taken
with more than 500 words each. In every of these files there was
one word “programm” (W,), one or more word “computer” (W,)
and arbitrary number of words W, coresponding it. For formula 2
also were taken 100 files with more than 500 words each. In every
of these files there was one word “programm” (W), one or more
word “computer” (W,) and arbitrary naumber of words W..
Dispersion, root mean-square deviation o, average value of C and ra-
tioo/C,, were calculated for weight functions 1/L, 1, 1/(1+Log(L))
and for formulas [1] and [2] at a=100 and 300. Figure 1 explanes
form weight function and its parameters. f(L=1) for all variants =1.

rS

f“-i') =1/

L 4

Fig. 2. The possible forms of the weight function Results

1 Dorenskaya E.A. Raschyot kontekstnogo znacheniya zadannogo slova v tekstovom fajle [Calculation of the Context Value of a Given Word in a Text File]. Patent RF,
no. 2018615758, 2018. (In Russ.); Dorenskaya E.A. “Wordcontext” v1.0 dlya raschyota kontekstnogo znacheniya slova s uchyotom rasstoyanij [“Wordcontext” v1.0
for Calculating the Contextual Meaning of a Word with Distance]. Patent RF, no. 2019660440, 2019. (In Russ.); Dorenskaya E.A., Semenov Yu.A. Sposob opredeleniya
konteksta slova i tekstovogo fajla [The Way to Determine the Context of a Word and a Text File]. Patent RF, no. 2685044. 2018. (in Russ.)
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The calculation results are presented in tables 1 and 2 below. In the
table 1 results for formula [1] are presented. In the table 2 results
for formula [2] afe fresented. In every table different variants of
weight function { i) are considered.
In the first function variant 1/L, was used. In the second also used
function 1/L, but at low values of L there is flat area of width a,
where f{:Li} =1 (see. fig. 2). The calculations were made for a=100
and a=300 (see tables 1 and 2).
The same calculations were made for f{:Li} = 1/(1+log(L)). This
variant of weight function was used to mitigate influence of big L,
on C value.
The best result was achieved for f{:Li} =1/(1+log(L)) with a=300
for formula 2 and 1 both. This is related to increasing influence of
far words close to this context. This gives preference in comparison
with variants, where f{L;) = 1/L.
However a distance between words is taken into account and if
word is far away its influence will be negligible, but it happens for
big files only.
The least ratio 6/C_ was resulted for formula 2 (see tables 1 and
2). The less this ratio, the more probability of correct word context
identification. That is why we may say, that formula 2 provides bet-
ter result, than 1. An advantage of formula [2] is connected with
that it takes into consideration distances between W1 and W2.
Table 1 for the formula 1

Weight function version o C.. a/C,,
1/L, 13,34 7,22 1,85
1/L,a=100 89,11 58,17 1,53
1/L,a=300 198,80 149,87 1,33
1/(1+log(L,)) 278,02 221,41 1,26
1/(1+log(L)) a=100 300,93 253,45 1,19
1/(1+log(L)) a=300 369,72 317,29 1,17
1 1061,53 | 774,58 1,37

Table 2 for the formula 2
Weight function version o) C.. o/C,,
1/L, 9,66 7,64 1,26
1/L,a=100 108,35 83,19 1,30
1/L,a=300 245,36 183,66 1,34
1/(1+log(L)) 328,40 276,49 1,19
1/(1+log(L)) a=100 351,13 324,26 1,08
1/(1+log(L,)) a=300 411,93 394,16 1,05
1 143412 | 100043 | 143

For different types of formula the distributions of probability den-
sity distributions were built. That was done for the version with
minimal ratio o/Cavr .

On figures 3 and 4 the abscissa scale shows values of C, and scale
of ordinate indicates a probability C to have value in corresponding

Vol. 15, No. 4. 2019 ISSN 2411-1473 sitito.cs.msu.ru

interval. It is seen that probability is growing at the beginning and
then is falling down. Therefore one may say, that it has Gaussian
like form. Similar distribution we got at simulation for C in [1]. That
means, that the results of calculations of C for real texts confirm the
data, got from simulations.
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Fig. 3. Probability density distribution for C (formula 2) at weight function 1/
(1+log(L)) and flat area width a=300
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Fig. 4..Probability density distribution for C (formula 1) at weight function 1/
(1+log(L)) and flat area width a=300
From figures 3 and 4 it is seen, that C dispersion is big enough. It
is contributed from variations of file sizes, word numbers W2 and
W3, and also their allocation in the text. In [1] it was shown, that
even at such dispersion a probability of correct context determina-
tion is higher than 90%. Nevertheless, any methods of a dispersion
lowering should be welcome.
In [1] at simulation it was supposed a homogeneous word distri-
bution in file and even under this assumption we got rather high
dispersion. In reality L variations might be very big, on fig. 5 L-dis-
tribution is shown for words W2-W3 for one of the files. The ordi-
nate scale shows event number with given L for AL=300. The file
contained 75041 bytes.
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Fig. 5. An example of distance distribution between W2 and W3
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The L scatter lead to an additional dispersion rise, that is partially
compensated by averaging.

The dependence of 6/C_,_from text size was investigated. The de-
pendence appeared to be week.

Conclusion

As investigations show a proposed formula improve results, gotten
in [1,30]. An optimizing weight function was found. This technics
may be used at text analyses, and to minimize software errors, by
using at software development a problem but not an algorithm de-
scription [2].
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