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Abstract

A method of cluster statistical coding of information resource data using internal data
restructuring is being developed. The analysis of transformations of the nature of the law of
distribution of probabilities of the appearance of elements in a message as a result of
clustering by the number of series of units is carried out. The factors that have a significant
impact on the effectiveness of the developed method of coding an information resource are
analyzed from the standpoint of additional reduction of the structural redundancy of the
output code sequence.
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1. Introduction

Existing data coding algorithms for information resources actively use methods of external data
restructuring for a more advantageous presentation of the encoded data [1-10]. Analysis of methods of
external restructuring indicates the presence of significant shortcomings [11-32]. Therefore, a
fundamentally new approach was proposed - the internal restructuring of data, the essence of which is
to identify patterns in the internal binary structure of message elements by quantitative criteria [33]. A
conceptual model was developed to form a quantitative feature [34-37]. The analysis of this model
indicates the advantages of using the combined approach in the process of forming a quantitative
feature [38]. In works [39, 39] as a tool for data restructuring, the choice of the characteristic of the
number of series of units was justified. Further, to assess the efficiency of data coding from the
standpoint of additional reduction of the structural redundancy of the code sequence. it is proposed to
develop a method for coding information resource data in the statistical space of sets that are formed
in the process of clustering.

2. Method of cluster statistical coding of information resource data

As a result of clustering, the elements u. original message U(0) with the same quantity
characteristic values %, series of units (SU) are combined into sets:
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U(0)—=>URy); . UR); UML)} (1)
where f;(u.,%;) - function of grouping elements u, by sets U(x;) by the value of the quantity
attribute ; SU.

Set of different values for a quantity characteristic A, SU, is described by the following
expression:

A={poihp ek )y 2
where A - a set of values for the quantity characteristic A, SU;
Li, A, - values i-th and n-th sign of the set A .

As a result of clustering, the elements u. messages U(0) with the same quantity characteristic
values A, SU unite into setsU (%), i.e.:

u.; el ().

Further, it is proposed to carry out coding of elements u;; in the statistical space of sets U(%;).

So statistical coding of elements u,; messages U (,) which consists of « - elements (&zl,_K) is
given by the following expression:

U,) —B L), &=1x, 3)
where f,.(u.,P(u.;)) - function of generating statistical code /%; variable length for elements u,;
multitudes U(%;).

Here, we use overhead information about the distribution of probability values P(u,;) appearance
of elements u; in message U (4;). Given this information based on the function f,,.(u.,P(u.;)) code is
generated /’.; . This function is described by the following formula:

glg,i = fue (Ui, P(U))), (4)
where /7, - variable length code for elements u,; sets U(2;);
P(u.;) - the probability of the appearance of elements u,; in sets U(%,).

As a result of statistical coding of elements u.; multitudes U(%;) a sequence (set) is formed L'(x)
codes /; which looks like this:

L) =€ 0 o 0 Ggh (5)
where x - the number of elements in the sequence of codes L'(x).
Code /; is a variable length code |/ |,,

|05 L=VAR,
and consists of the sequence [(%;], binary digits d.,, y=1|¢. |,. Itis set like this:
[ ={8 - Qeus o qg,|/'§‘,|2}: (6)

where d., - o-th digit of code 7;; .

3. Analysis of transformations of the nature of the probability distribution
law for the appearance of elements in a message as a result of clustering
by the number of series of units

Analysis of transformations of the nature of the probability distribution law for the appearance of
message elements as a result of clustering based on the number of series of units.
As a result of clustering elements u. messages U(6) by sign &; SU, the following variants of

change (transformation) of the nature of the law of distribution of the probabilities of the appearance
of elements may occur (Fig. 1):



1. Sets can be formed that will have the nature of the distribution laws of elements similar to the
original message, the difference will be observed in an increase in the dynamic range of values of the
probability of occurrence of elements due to a decrease in the power of the encoded data. So, in the

process of clustering elementsu. messages U(6) by quantity %; SU, so many can sets U(%;)
elements u.; for which the following expression will be valid:
P(ug;) - P(ue), ()
where P(u.;) - the probability of the item appearing U ; inset U(%,);
P(u;) - the probability of the item appearing u. in the message U (o).
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Figure 1: Structural and functional diagram of the transformation of the nature of the distribution law
of message elements as a result of clustering by the number of series of units

This variant of transformation of the nature of the law of distribution of elements is possible under
the following conditions:
- when in the process of clustering low-frequency elements u. messages U(0) (elements u. with

the lowest probabilities P(u.) appearing in the message U (e)) form separate sets U (;) ;

- the main part of the elements u. messages uU(0)which includes high frequency elements u,
messages U (0), forms one set U(%;).

This means that if, during the clustering process, the elements U, and U, messages U (o), the
values of the probabilities of which in the message U (0) tend to zero, form one set, then for the rest of
the message elements U (0), which form one set, the statement that is given by expression (7) will be
true, i.e.:

if P(uy,)—>0, P(u,)—>0where ug,u, eU(%;)then P(u.;)—>P(U.), u., eU(;),
where Ug, U, - 3th andv th message elementsU (0);
P(ug), P(u,) - probability of occurrence 3 -th and v -th items in the message U (0) ;
U(;) - the set into which they unite 8 -th and v -th message elements U(6) in the process of
clustering.
For the analyzed case, the transformation of the distribution law of elements u. messages U () in

the process of clustering by the number of series of units is described by the following system of
expressions:



U @), PUug ;) >>P(ug), P(u, ;) >>P(u,);
U®,), Pu,;)— P(uy).
where P(ug;),P(u, ;), is the probability of occurrence $ -th and v -th elements in the set U(%;).

It should be noted that the system of expressions (8) will also be valid for the case when the low-
frequency elements of the message U(0) after clustering, they will belong to different sets, i.e.:

ug eU(;), ug eU(R)).
So if the low-frequency element U, messages U(0) after applying clustering by quantitative

U (6) %{ (8)

attribute belongs to the set U(A;), and the low-frequency element U, - corresponding to the set
U(r,), then the value of the probability of the appearance of the remaining (including high-
frequency) elements, which are combined into a set U(,), will tend to the values of the probabilities
of occurrence in the message U (9), i.e .:

if uyeU(X;), u, eU(r,), Puy)—>0, P(u,)—>0,then P(u.;)—>PWU,), u,; eUQR;),
where U(L,) - a set that, in the process of clustering, forms a low-frequency v -th message U (6)

element;
U(;) - the set that form the elements of the message U (0) that are not included in the sets

Uo\‘n)! U()\‘J) J
Transformation of the law of distribution of elements u, messages U(6) in the process of

clustering based on the number of series of units for this case is given by the following system of
expressions:

U(%;),P(ug) = 0,P(ug ;) >>P(uy);
U (0)—=—>{U(x,),P(u,) >0,P(u, ) >>P(u,); 9)
U®,),P(ug;) — P(u,).
Schematic illustration of such a transformation of the nature of the probability distribution law
P(u.) appearance of elements U, in the block U, as a result of applying clustering based on the
quantity A, SU is shown in Fig. 2.
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Figure 2: Schematic illustration of the results of applying clustering by quantity 2, SU for elements
u, block U,

Figure 2 shows an example of a block diagramU_ elements u. size 8x8, for which, as a result of
clustering by the quantity A, SU three sets are formed U (%,).

In fig. 2 the following designations are adopted:
[[11]] - elements u,,that belong to the set U(,), 4, =2;

[[7] -elements u;,that belong to the set U(2,), %,=3;



|:| - elements U, ; that belong to the set U(r;), 1, =4.
For the analyzed example, the elements u. block U _ the following values of the quantity
characteristic correspond %, SU:
A=1{234}
Accordingly, as a result of clustering by the quantity A; SU, elements u, block U_ combine into 3
sets U(r,), i.e.
NU(®))=3.
Thus, the result of clustering elements u, analyzed block U_ by quantity A; SU is the formation of
three sets U (%;), which are described by the following expression system:
U A =2,|U) =4
U, —U (&) 4, =3,|U (A,) [=59; (10)
U(Xs) A = 4,|U3) |=1.
Block diagram of the transformation (transformation) of the nature of the probability distribution
law P(u.) appearance of elements u. in the block U_, as a result of clustering on a quantitative basis

A;, is shown in Fig. 3.
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Figure 3: Block diagram of the transformation of the nature of the probability distribution law P(u;)
appearance of elements u. in the block U,

In Fig. 3, the following designations are adopted:
low-frequency elements u. block U ;

[HHE high frequency elements u. block U ;

elements u. block U, which, after applying clustering, become high-frequency elements of
theset U(A,), A, =2.

elements u. block U, which, after applying clustering, become high-frequency elements of
theset U(A,), A, =3.

elements u. block U, which, after applying clustering, become high-frequency elements of
theset U(A,), A, =4.

Table 1. the results of transformation of the probability distribution law are presented P(u.)
appearance of elements u. in the block U after clustering by quantity %; SU.



Table 1
Results of transformation of the nature of the probability distribution law P(u.) appearance of

elements u, block U, after clustering

: u, [u.1, | fw) P(u) e 0,1, bit A|/’,-§ I,
u,) U, u,) (U u,) U, bit
1 |117 |01110101] 3| 1 0.016949 | 0.015625 | 011100 | 1011110 6 7 1
2 125 |01111101] 2| 1 0.25 0.015625 11 101001 2 6 4
3 |136 [10001000] 2 | 1 0.25 0.015625 10 100110 2 6 4
4 1138 |10001010, 3 | 1 0.016949 | 0.015625 | 011101 | 100101 6 6 0
5 |140 |10001100 2 | 1 0.25 0.015625 01 100100 2 6 4
6 |144 10010000 2 | 1 0.25 0.015625 00 1011111 2 7 5
7 |146 |10010010] 3 | 1 0.016949 | 0.015625 | 01000 | 101011 5 6 1
8 |148 |10010100] 3 | 4 0.067797 0.0625 0110 1000 4 4 0
9 |150 |10010110] 3 | 1 0.016949 | 0.015625 | 011111 | 101010 6 6 0
10 |157 |10011101] 3 | 1 0.016949 | 0.015625 | 011110 | 100111 6 6 0
11 |162 10100010, 3 | 1 0.016949 | 0.015625 | 01001 | 101100 5 6 1
12 |164 (10100100 3 | 1 0.016949 | 0.015625 | 01010 | 101101 5 6 1
13 169 |10101001] 4 | 1 one 0.015625 0 101000 1 6 5
14 |172 |10101100 3 | 1 0.016949 | 0.015625 | 01011 | 101110 5 6 1
15 |175 |10101111] 3 | 20 | 0.338983 0.3125 11 11 2 2 0
16 |177 |10110001] 3 | 17 | 0.288136 | 0.265625 10 01 2 2 0
17 1180 10110100 3 | 10 | 0.169492 | 0.15625 00 00 2 2 0

Analyzing the results shown in Table 1 the following conclusions can be drawn:
1. As a result of applying element clustering u. block U_ by quantity %; SU bulk of elements u.

block U, which includes high frequency elements u., forms a separate set U(},), which is given by
the following expression:
U(%,) E{ug |, =3}
In this case, the result of using clustering is an insignificant decrease in power |U_| block U_. So
the cardinality of the setU(x,) elements u.; with feature value %, equal to 3 has the following

meaning:
U(,) =59 .

Considering the factor that the power |U_| block U. as a result of clustering elements u,
quantitatively 2, decreased slightly (by 7.8% for many U (1,) ) a situation arises when the probability
distribution law P(u.;) appearance of elements u,; in set U(%;) has a similar (identical) character with
the probability distribution law P(u.) appearance of elements u; in the block U_, i.e.:

P(u;)— P(u).

It should be noted that the dependence of the probability P(u.;) element appearance u.; in many
u(,) from power changes |U_| block U, as a result of clustering is given by the following
relationship:

Ul P )
[U@A)l Plug)

where |U_| - block power U _;
|[U(%,)] is the cardinality of the set U(%,).




That is, the less power [U(%;)| sets U(%;), which is formed during the clustering of elements u. by
quantity A; SU, the greater the probability value P(u.;) occurrence of elements in a set U(%;). As a
consequence, with increasing probability P(u.;) shortening |/;;[, code /' ; which is assigned to the
element u,;.

Thus, the result of the application of the developed coding method is the reduction in the length of
code structures that are assigned to message elements as a result of coding in the statistical space of
sets:

1. For items with a quantity characteristic value %, SU equal to 4 at 83.3%.

2. For items with a quantity characteristic value i, SU equal to 3 - from 14.3 to 16.7%.

3. For items with a quantity characteristic value i, SU equal to 2 - from 66.7 to 71.4%.

4. Accordingly, on average for the analyzed message by 25.6%.

Expression (11) will be valid not only for the case when the probability distribution law P(u,;)
appearance of elements u.; in many U(};) has a similar (identical) character with the probability
distribution law P(u.) appearance of elements u. in the block U_, and in all other cases of
transformation (transformation).

So, for the analyzed example, high-frequency elements u. block U_ have the following probability
values P(u;):

P(uy) =0,0625, P(u,;)=0,3125, P(u,)=0,2656, P(u,,)=0,1562.
The same elements U, in many U (;) correspond to such values of probabilities P(u;;):
P(ug,) =0,067797, P(uy,) =0,338983, P(u,,) =0,288136, P(U;,,) =0,169492 ,

Thus, we can conclude that the value of the probability P(u.;) occurrence of an element in a set

U(;) tends to the value of probability P(u.) element appearance U, in the block U_, i.e. expression

(11) becomes valid for this case.
2. As aresult of applying element clustering u. block U_ by quantity 1, SU part of low-frequency

elements u. (elements u, with the lowest probabilities P(u.)) block U, formed separate sets
U (;) which are given by the following expressions:
U(Ay) e{u,, U, U5, Uq |2 =23, U(R;) e{uy [y =4
3. Power [U(%;)| sets U(L;) low-frequency elements u. much lower power |U_| block U_, i.e.:
[U ) <<|U,[,JURs) I<<]U_[.
Thus, power reduction |U_| block U, led to the transformation of the probability distribution law
P(u;) appearance of elements U, .
So, for the analyzed example, low-frequency elements u. block U, - elements u. with the
following probabilities P(u,) :
P(u,)=P(u;) =P(ug) = P(ug) = P(u,;) =0,015625,
became high-frequency elements of sets U (};):
P(u,,) = P(u3;) = P(Us,) = P(Ug;) = 0,25, P(uj35)=1.
Thus, the next variant of changing the nature of the probability distribution law P(u.) appearance
of elements U, in the message U(0), as a result of the application of clustering, is its essential

transformation for individual sets U (1,).
2. Sets U(%,) can form, for which the nature of the probability distribution law changes

significantly P(u.;) appearance of elements u,;.



ONO)

This type of transformation becomes possible when the low-frequency element u. messages U (6)
becomes a high frequency element u.; sets U(x;). Thus, if the probability valueP(u.) element
appearance U, in the message U (o) tends to zero i.e.:

P(u,) -0,
then as a result of clustering by the quantity %, SU element u. can form such a set U(%;), in which
the probability value P(u;) the appearance of the element will tend to one, i.e.:

P(u.;)—>1.

A visual representation of a significant transformation of the nature of the probability distribution
law P(u.) appearance of elements u, (element transition u, from the low-frequency component of
the block U, to the high-frequency component of the set U(%,)) is shown in the third version of
Fig. 4.
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Figure 4: Schematic illustration of possible transformations of the nature of the probability
distribution law P(u.) appearance of elements U,

In Fig. 4, the following designations are adopted:
|:| - low-frequency elements u. block u_, for which the nature of the probability distribution law

P(u.) inthe process of clustering, it undergoes significant transformation;
[ ] - elements u. block U_, for which the nature of the probability distribution law P(u.) does not

change during clustering;
- option of equiprobable redistribution of elements u. block U, in the process of clustering;

- option to redistribute elements u. block U into a set with identical nature of the probability
distribution law P(u;) ;
- a variant of a significant transformation of the nature of the probability distribution law P(u;) ;
|:| - elements u, that belong to the set U(L,) , A, =2;
|:| - elements u, that belong to the set U(%,), A, =3;

[F—] - elements u, that belong to the set U (%;), A, =4.

Figure 4 shows possible variants of change (transformation) in the nature of the probability
distribution law P(u.) appearance of elements U. messages U () as a result of using clustering by

quantity A, SU, namely:



- option of equiprobable redistribution of elements u. block U_ in set U(x;), which is formed in
the course of clustering (the first option in Fig. 4).
Thus, the elements Uy, and U, messages U (©) (which appear in the message U () with different

or the same frequency), provided that in the process of clustering they are combined into one set
U(,) (i.e. have the same values of the quantity %, SU), an equiprobable distribution law in the set

u@,),ie:
if P(uy)=P(u,) and ug,u, eU(,;), then P(ug;)=P(u,;),
where P(u,), P(u,) - probability of occurrence 3 -th and v -th items in the message U (0) ;
P(ug;),P(u,;) - probability of occurrence 3 -th and v -th elements in the set U(%,).

So in the analyzed example, the elements u,, U,, Us, U; corresponds to the following probability

value P(u.) appearances in the block U _:
P(u,)=P(uy)=P(u;) = P(ug) =0,015625.

As a result of clustering elements u. block U. on the basis of %, equal to 2 (i.e. A, =2) elements

U,, Uy, Us, Ug combine into oneset U(},), i.e .
{u,,uz,ug,Uug |2 =2ZteU(Ry) .

The law of distribution of the probabilities of the appearance of elements U,, U;, Uy, Ug in many
U (%,)is equally likely. This means that the elementsu,; in set U(i;) appear with the same probability
values P(u;;), i.e.

P(Up;) = P(Uy;) = P(Us;) = P(U;) = 0,25, i=1.

- a variant of a significant (significant) transformation of the nature of the probability distribution
law P(u.) appearance of elements u, (element transition u, from the low-frequency component of
the block U to the high-frequency component of the set U(,)) is shown in Fig. 4 (third option). This

option becomes relevant in the following cases:
e if in the case of clustering by quantity %; SU low frequency element u, block U, forms a

separate set U(1,).

This means that if the probability value P(u.) element appearance U, in the message U () tends to
zero, then as a result of clustering by a quantitative criterion A, it can form a separate set U(%,),
probability P(u,;)the appearance of an element in which it will tend to unity, i.e. the following
condition will be met:

if P(u.)—>0 and {u.}eU(®;) then P(u.;)—1. (12)

This variant of transformation of the nature of the law of probability distribution P(u.) appearance
of elements u, shown in Fig. 4 (option 3). So in Fig. 4 the elementu, block U_ with a value equal to
u. =169, the following probability value corresponds P(u.) appearances in the block U. :

P(u.)=0,015625.
Since the probability value P(u,) element appearance u, in the block U_ tends to zero, i.e.
P(u,)—>0,
we can conclude that this element u, is the low-frequency component of the block.

As a result of applying clustering based on the quantity 1, CE equal to 4, element u. forms a

separate set U(%;) (the third option in Fig. 4), which looks like this:
{u; A =4eU ) ...

This allows you to significantly increase the value of the probability P(u.) element u, appearance
block U.. So for the analyzed example, the elementu. multitudes U(%;) corresponds to the
probability value P'(u.) , which is equal to one, i.e.:



P(u.;)=1.
For this scenario, the transformation of the nature of the probability distribution law P(u,)
appearance of elements u,, as a result of applying clustering by the sign A;, is given by the following
expression:

P(u.;)>> P(u;) , (13)
where P(u.) - value of the probability of occurrence of a low-frequency element u. block U_, i.e.
P(u) >0
P(u.;) - value of the probability of occurrence of a high-frequency element u. sets U(k;),
l.e Pug)—>1.

Thus, the result of clustering the elements u, block U_ by quantity %, SU is the following
transformation of the probability distribution law P(u.) - element transition u, from the low-
frequency component of the block U. to the high-frequency component of the set U(,).

e if, as a result of clustering by a quantitative criterion ; low frequency elements u, block U,
form sets U (%,), power U (%;)| which is much lower power |U_| block U_, i.e.:

if P(u)—0 and {u.}eU(,), |U, [>S|U()], then P(u.;)>> P(u,).

This variant of transformation of the nature of the law of probabilities P(u.) appearance of
elements u, block U_, as a result of applying clustering by the attribute %, is given by expression
(13), i.e.:

P(u;)>> P(u) .

Such a change in the nature of the probability distribution law is evident P(u,) appearance of
elements u. shown in Figure 4 (first option), where the use of clustering by quantitative A; allows to
reduce power |U_| block U_ 16 times, i.e.:

UL g6
[UQ) |

As a result, the probability value P(u.;) appearance of elements u; in set U(%;) 16 times the

probability P(u.) appearance of elements u. inthe block U _, i.e.:

P(Ug,i)

P(uy)

Thus, the results of evaluating the effectiveness of the application of the developed coding method
from the standpoint of further reducing the structural redundancy of the code sequence indicate that
for the analyzed example, the length of the code structures that are assigned to the message elements
as a result of coding in the statistical space of sets is reduced by an average of 25.6%. This is due to
the fact that the use of clustering of message elements based on the number of series of units, for a
more advantageous presentation of the encoded data, leads to significant transformations of the nature
of the distribution law of elements in sets.

4. Conclusion

In turn, the analysis of possible transformations of the nature of the law of distribution of the
probabilities of the appearance of elements in the message as a result of the use of clustering by
guantitative criteria indicates the following:

e transformation of the nature of the probability distribution law P(u,) appearance of elements

u. messages U (o) as a result of clustering, it leads to a decrease in the power of the encoded data,

which makes it possible to increase the efficiency of entropy coding from the standpoint of further
reducing the structural redundancy of the code representation of information resource data. It should



be noted that the more significant the transformation, the shorter the length of individual code
structures that are assigned to elements and, accordingly, the output code sequence as a whole.
o transformation of the nature of the probability distribution law P(u,) appearance of elements

u. in the message U () as a result of clustering by quantity i; CE has a significant impact on the
positioning strategy of individual code constructs that are assigned to elements u, messages U () in

the process of coding in the statistical space of sets. This means that in the process of coding message
elements in the statistical space of sets, a situation arises when identical codes can be assigned to
elements of different values, or a code structure that is assigned to one message element can be the
beginning of a variable length code that is assigned to another element.

Therefore, the goal of further research is a detailed analysis of the effect of transformation of the
nature of the probability distribution law P(u,) appearance of elements u, in the message U (0) as a

result of the application of clustering by quantitative criteria A, on the strategy of positioning
individual code structures in a common code sequence.
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