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This study's object is adaptive compression of general-form 
binary sequences based on binary binomial numbers.

The task addressed is to enable high compression speed of 
binary information based on binomial numbers under the condi-
tion of uncertainty in the characteristics of the binary sequences 
being compressed.

One of the factors that reduce the efficiency of binomial com-
pression is uncontrolled transitions of the number of unit com-
binations to the region of inefficient use, the worst compression 
ratios.

In this regard, the work applies an adaptive approach to bino-
mial compression, based on the choice of an encoding technique 
depending on the number of units of the processed sequence.

This approach yields the following result: a several-fold reduc-
tion in the amount of time spent processing binary combinations 
that are not compressible. Consequently, this leads to an increase 
in the average speed of binomial compression with a small, up to 
three to five percent, decrease in the compression ratio.

The adaptive compression process model includes the stag-
es of comparing the calculated numbers of binary units with the 
compression conditions and selecting the coding technique based 
on binary binomial numbers. If the current value of the number 
of units goes beyond the compression conditions, the calculation 
of the number of units is stopped, and the processed sequence 
remains unchanged. This eliminates unnecessary time costs when 
the compression ratio becomes less than unity.

In practice, the adaptive approach to compression based on 
binary binomial numbers is effective in the case when the binary 
sequences being compressed have uncertain characteristics, and 
their preliminary evaluation is impossible or difficult
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1. Introduction

Data compression is an effective measure to increase the 
productivity of information systems [1, 2]. The use of com-
pression methods and algorithms leads to the following:

1) an increase in the speed of information transmission 
over communication channels;

2) a decrease in the amount of data that needs to be stored, 
and, ultimately, a decrease in the number of memory accesses.

But the effectiveness of compression methods can signifi-
cantly decrease if the statistical or structural characteristics 
of the processed information change. This also applies to 
binary compression methods. Being developed for one type of 
binary information, if the characteristics of binary sequences 
change, the methods can show mediocre or even negative 
results, not providing the stated degree or time of compres-
sion. Such situations in distributed information systems are 
common since the data flows circulating in them are char-
acterized by the presence of various types of information – 
text, graphics, images, etc. This problem could be solved by 
devising and implementing adaptive compression methods 
that would adapt to the characteristics of changing binary 
sequences and the conditions of their transmission/storage. 
It should be added that such compression methods should 
have a small amount of hardware and software costs, be un-
demanding to computing resources, and have the possibility 
of application in machine arithmetic.

Thus, research on obtaining adaptive compression meth-
ods capable of minimizing losses in the degree or time of 
compression under the condition of uncertainty of the data 
being processed is relevant and practically significant.

2. Literature review and problem statement

Adaptive compression methods are widely used in various 
information systems. In [3, 4], adaptive Huffman codes are 
considered, which can adapt to changing symbol statistics, 
thereby maintaining a good degree of compression. As noted 
in [3], the disadvantage is that the adaptation technique used 
for Huffman codes is complex, requiring significant time and 
hardware and software resources. This is explained by the 
fact that each time a symbol appears, the code tree needs to 
be rebuilt, and variable-length codes are recalculated. More-
over, in [4, 5] it is added that Huffman coding is focused on 
compressing symbols with a limited binary length (because 
of this, text information is mainly compressed). In [3, 6] it 
is indicated that when implementing adaptive arithmetic 
coding, one also encounters the complexity of the adaptation 
mechanism for changing the statistical data model, which 
is a disadvantage of this compression method. To adapt to a 
change in the data model, it is necessary to recalculate the 
accumulated symbol frequencies each time, to sort the values 
of the frequency counters, and to perform operations with 
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of uncontrolled transitions of the number of units to the area 
of inefficient use, i.e., the worst obtained compression ratios, 
which is a topical issue.

3. The aim and objectives of the study

The aim of our study is to increase the speed of binomial 
compression based on binary binomial numbers by means of 
an adaptive approach to the choice of the encoding type. In 
general, this would make it possible to increase or maintain 
at a given level the productivity of information systems in the 
event of the appearance and processing of binary sequences 
that are not compressible.

To achieve this aim, the following objectives were accom-
plished:

– to build a model of binomial adaptive compression 
based on binary binomial numbers;

– to evaluate the compression and performance of the 
model of binomial adaptive compression based on binary 
binomial numbers.

4. The study materials and methods

The object of our study is the adaptive compression of 
general-form binary sequences based on binary binomial 
numbers.

The main hypothesis of the study assumes that the tran-
sition to vector coding in the area of inefficient compression 
based on binary binomial numbers could lead to a reduction 
in time costs for information transformations.

Assumptions adopted in our study: the number of units in 
binary sequences can take any values.

Simplifications accepted in the study: equal probability of 
the original binary sequences being compressed.

The problem statement is as follows. To achieve the goal 
of our study, it is necessary to minimize the average time Tb 
of compression of an array of binary n-bit sequences based on 
binomial numbers

( )
≤ ≤

′ ′′ ′ ′′= + = +
0
min min ,

b
b k n M

T t t t t

where k is the number of binary n-bit sequences being com-
pressed; t′ is the average compression time in the region of 
efficient use of binomial numbers; t″ is the average com-
pression time in region Mb of the inefficient use of binomial 
numbers. Region Mb is determined by the values of k that 
determine the worst compression ratio. According to the 
above objective function, the problem of minimizing binomi-
al compression is reduced to reducing the amount t″ of time 
costs of information transformations in region Mb.

Binomial compression is based on the use of binary bino-
mial numbers Xj = x1x2...xi...xr, which are generated by binary 
(n, k)-binomial number systems, where n and k are the pa-
rameters of the number system. In this study, we consider the 
sets X[n, k] of binary (n, k)-binomial numbers Xj, Xj ∈ X[n, k]; 
Y[n, k] of binary equilibrium combinations Yj, which have 
length n and number k of units, Yj ∈ Y[n,k]; A = {0,1}n binary 
n-bit sequences Aj of general form, Aj ∈ A. In this case, the 
cardinalities of sets X[n, k] and Y[n, k] are the number of com-
binations ,k

nC  and the cardinality of set A is 2n.
The basis of binomial compression is that length r of 

numbers Xj can be much less than length n of the equilibrium 

large-bit integers. Thus, the bulkiness of data models and 
the large number of probabilistic characteristics when using 
Huffman coding [4, 5] and arithmetic coding [3, 6] signifi-
cantly complicate the development of adaptive compression 
methods.

Specialized number systems, for example, Fibonacci [7], 
factorial, considered in [8], or binomial, which are discussed 
in [9], have great prospects for constructing methods of repre-
senting and processing information, in particular data com-
pression. Belonging to structural positional number systems, 
they have properties that are inaccessible to the conventional 
binary number system. As indicated in [8, 9], such properties 
include the generation of various combinatorial objects, the 
ability to detect errors, and the economical representation of 
code sequences with given constraints.

In [10], an adaptive method for compressing binary in-
formation based on linear Fibonacci forms is proposed. As a 
drawback, it can be pointed out that the specified Fibonacci 
forms do not always provide a compact representation of bi-
nary blocks represented by integers. And the designed adap-
tation mechanism by selecting the length of byte chains and 
the bases of number systems for each block is cumbersome 
and requires certain computational resources. In addition, 
the considered adaptation is accompanied by a significant 
amount of service information. 

In [11], it is stated that in the structure of any code se-
quence that satisfies a given constraint, a structural number 
corresponding to any structural positional number system 
can be found. In [12], equilibrium combinations are con-
sidered as code sequences, and the number of binary units 
is considered as a code constraint. There, binomial binary 
numbers are defined as structural numbers in the basis 
of equilibrium combinations. The disadvantage of studies 
in [12] is that binomial compression is considered only in a 
generalized form and only for equilibrium codes. The disad-
vantage of [13, 14] is that they do not investigate the issues 
and conditions of using binomial numbers for compression 
not only of equilibrium codes but also of code sequences of a 
general type. In [15, 16], numerical compression based on the 
binomial number system is studied, which, unlike compres-
sion based on binomial numbers, is much more expensive. In 
addition, an additional disadvantage of [16] is the vague defi-
nition of the adaptation mechanism when enumerating equi-
librium combinations. Thus, coding based on binary bino-
mial numbers in [13, 14] is oriented only to the fixed nature 
of the number of units in binary sequences, which does not 
provide for an adaptive approach to compression. The same 
applies to binomial number compression in works [15, 16].

In work [17], a method of binomial compression based on 
binary binomial numbers for codes with constant weight and 
general-form binary sequences is presented. The disadvantage 
of the devised method is that when the parameters of binary 
sequences go beyond the limits of its rational use, the compres-
sion ratio decreases noticeably, and time resources are wasted.

So, the task under consideration is to enable high com-
pression speed of binary information based on binomial 
numbers under the condition of uncertainty in the character-
istics of the binary sequences being compressed.

The solution to this problem is to build an adaptive 
compression model using binomial numbers, which would 
take into account the variability of the number of units in 
binary sequences and be characterized by high speed and 
undemanding to computing resources. This could prevent a 
decrease in the efficiency of binomial compression in the case 
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combinations Yj being compressed, the structure of which 
they constitute. The next important idea of compression is to 
extend the application of binomial numbers Xj to binary se-
quences Aj of general form. In this case, the fact is taken into 
consideration that there is a partition of the set

≤ ≤

=


0

,k
k n

A A  Ak = Y[n, k], Ac ∩ Ad = ∅, 0 ≤ c, d ≤ n,

into equivalence classes Ak by the number k of binary 
units, which represent the classes of equilibrium combina-
tions Y[n, k]. Then, for the purpose of binomial compression, 
the number of k units is calculated for each Aj, and the or-
dered samples Aj are compared Mj = (k,Yj), where Yj = Aj. 
Thus, function Mj = fw(Aj) is used, which defines a mapping 
of the form

fw: A → M, M = {(k, Yj)/ 0 ≤ k ≤ n, Yj ∈ Y[n, k]}, Mj ∈ M.	 (1)

In [17, 18], the mappings fb:Y[n, k] → X[n, k] and 
fb

–1:X[n, k] → Y[n, k] denote, respectively, the compression 
and restoration of equilibrium combinations Yj based on 
binary binomial numbers. The mappings fbg:A → Z and 
fbg

–1:Z → A, where Z is the set of compressed combinations, 
represent generalized binomial compressions and resto-
rations of binary sequences Aj ∈ A of the general form using 
binary binomial numbers. The set Z consists of combinations 
Zj = (Bink, Xj,) and Zj = Bink.

As analysis of the degree of compression reveals, the 
generalized method fbg has an area of inefficient use, which 
is a consequence of the need to 
use Bink in the record of the com-
pressed combination for its unique 
restoration. Fig. 1 shows a plot of 
change in length L( fbg) of the com-
pressed combination depending on 
k units, as well as regions Lb and 
Hb of the fbg effective use, when the 
initial Aj has n = 64 bits. The region 
of inefficient use fbg, denoted as Mb, 
for a given n is located between the 
limits αb = 7 and βb = 57.

Boundaries αb and βb of regions 
Lb and Hb, when the compression ra-
tio exceeds unity, are defined in [18].

Let us consider the vector cod-
ing function fv, which converts the 
equilibrium combination Yj into 
itself: Yj = fv(Yj) or idY(Yj) = Yj. 
In order to increase the speed of 
methods fbg and –1

bgf , it is proposed 
to introduce a procedure for se-
lecting the encoding fb or fv for the 
initial n-bit sequence Aj ∈ A = {0,1}n.

When compressing Aj, it is necessary to use function 
fw (1), which matches the original sequence Aj with sam-
ple (k,Yj), where Yj = Aj. Further, if the obtained value k 
satisfies the system of inequalities of the form

 < <
 < <

α
β
0 ,

,
b

b

k
k n 		  (2)

then to compress sequence Aj, fb coding based on binary bino-
mial numbers is used. If the inequality of the form αb ≤ k ≤ βb 
is satisfied for value k, then the vector coding method fv is 

implemented. In both cases, a binary number of k units Bink 
is added to the combinations being coded for unambiguous 
recovery, i.e., additional coding fk is performed. If value k 
satisfies the system of equalities (k = 0) ˅ (k = n), then the 
resulting combination will consist only of Bink, i.e., a single 
coding method fk is used.

The following theorem gives the properties of the com-
pressive mapping fbv and the technique of its practical imple-
mentation (“++” is the concatenation symbol).

Theorem. Any binary sequence Aj = a1a2...ai...an ∈ A can 
be put into a one-to-one correspondence using the mappings 
fbv and –1

bvf  binary combination Zj ∈ Z of the following form:
1) if (0 < k < αb)˅(βb < k < n), then

Zj = Bink++Xj,		  (3)

where 
=

= ∑
1

n

i
i

k a  и Xj∈X[n, k];

2) if αb ≤ k ≤ βb, then

Zj = Bink++Yj,		 (4)

then Yj ∈ Y[n, k], Yj = Aj;

3) otherwise, if (k = 0) ˅ (k = n), then

Zj = Bink.		  (5)

Corollary. The mapping fbv:A → Z is bijective.

The theorem for the direct fbv and the inverse mapping –1
bvf  

is proved from the opposite of each in three cases. For case (3), 
we take into account the existence of a one-to-one correspon-
dence between Xj and Yj [17] and the fact that a unique Aj can-
not have two different Bink’s. In the proof of case (4), we take 
into account the uniqueness of Aj under the condition Yj = Aj, 
and also, as for case (3), the impossibility for Aj to have two 
Bink’s. The validity of case (5) is determined by the uniqueness 
of combination Aj, which has only one binary zero or one.

Combining into one system of equalities (3) to (5) taking 
into account the conditions of their application, for the result-
ing combination Zj we obtain

 

 
  

Fig. 1. Plots L(fbg) = φ(k) and φ(k) = 64 at specified n = 64



29

Information and controlling system

( ) ( )
( ) ( )

 = ∨ =


= + + < < ∨ < <
 + + ≤ ≤

α β
α β

Bin ,  0 ,
Bin ,  0 ,
Bin ,  .

j j b b

j b b

k k k n
Z k X k k n

k Y k
	 (6)

Definition. The mapping fbv:A → Z, which is given by the 
following complex function of the form

( ) ( )
( ) ( )

 = ∨ =

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 ≤ ≤
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,  ,
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bv k b w b b
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f f k k n
f f f f k k n

f f f k
	 (7)

is defined as the binomial-vector compression method fbv of 
binary data.

The set Z is the union of subsets Z = Zo ∪ Zb ∪ Zv, each of 
which, taking into account Q = {Bink/0 ≤ k ≤ n}, is expressed as:

Zo = Q×∅ = {Zj / Zj = Bink, (k = 0)˅(k = n)},

Zb = Q×X[n,k] = {Zj / Zj = (Bink, Xj), 

(0 < k < αb)˅(βb < k < n)},

Zv = Q×Y[n,k] = {Zj / Zj = (Bink, Yj), αb ≤ k ≤ βb}.

In turn, the inverse mapping –1:bvf  Z → A, which is given by 
the inverse complex function (taking into account =–1

v vf f )

( ) ( )
( ) ( )

− −

− − − −

− −

 = ∨ =
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f f f f k k n

f f f k
	 (8)

is a restoration taking into account the available value k of 
original binary sequences Aj. In the case (k = 0) ˅ (k = n), 
the restoration of Aj is carried out based on Bink only. If 
(0 < k < αb) ˅ (βb < k < n), then the reverse transition to se-
quence Aj is carried out based on Bink and binary binomial 
numbers Xj ∈ X[n, k]. In the case αb ≤ k ≤ βb, the restoration 
Aj is an identical mapping of Aj into itself. We term this type 
of restoration a binomial-vector restoration.

5. Results of investigating the binomial adaptive 
compression model

5. 1. Implementation of the binomial adaptive com-
pression model based on binary binomial numbers

The modeling of compression process fbv of sequences 
Aj = a1a2...ai...an, Aj ∈ A = {0,1}n is carried out on the basis of the 
above theorem and the transformation of equilibrium combina-
tions Yj into binary binomial numbers Xj, considered in [17]. The 
fbv compression model consists of the following stages:

Stage 1. The number s of bits is determined to represent 
Bink of the number k units, 0 ≤ k ≤ n, of the original sequence 
Aj = a1a2...ai...an: s = log2(n + 1).

Stage 2. The number k binary units in the original 
Aj = a1a2...ai...an is calculated, thereby implementing func-
tion fw(Aj) = (k,Yj). When inequality αb ≤ k ≤ βb is satisfied, 
the variable k = αb.

Stage 3. The number k of units is converted to its binary 
form Bink, which consists of s bits.

Stage 4. If number k satisfies the system of equalities 
(k = 0) ˅ (k = n), then the resulting combination will take the 

form Zj = Bink, Zj ∈ Zo. Otherwise, the transition to the next 
stage is performed.

Stage 5. If number k satisfies the system of 
(0 < k < αb)˅(βb < k < n), then the available value n and the 
calculated value k are parameters of the binary (n,k)-binomi-
al number system. The transition to the following stages is 
performed to implement the encoding fk( fb(Yj)) = Zj, Zj ∈ Zo. 
Otherwise, the transition to stage 9 is performed to imple-
ment the encoding of the form fk( fv(Yj)) = Zj, Zj ∈ Zv.

Stage 6. Determine Yj = y1y2...yi...yn in the equilibrium 
combination, which has the number k of units, the value of 
the last digit yn.

Stage 7. If yn = 0, then

Xj = Yj/00…0 = y1y2...yi...yn–10/00…0 = x1x2...xi...xr–11,

that is, from combination Yj = y1y2...yi...yn–10 all zero digits 
are discarded, starting from yn = 0, until the first binary unit 
yr = 1 appears, which will represent the value of the last digit 
xr = yr = 1 of the desired (n,k)-binomial number Xj = x1x2...
xi...xr–11. Otherwise

Xj = Yj/11…1 = y1y2...yi...yn–11/11…1 = x1x2...xi...xr–10,

i.e., from combination Yj = y1y2...yi...yn–11 all single digits are 
discarded, starting from yn = 1, until the appearance of the 
first binary zero yr = 0, which will represent the value of the 
last digit xr = yr = 0 of the desired (n,k)-binomial number 
Xj = x1x2...xi...xr–10. In both cases, the values of the other dig-
its remain unchanged: x1 = y1, x2 = y2,…, xr–1 = yr–1.

Stage 8. The concatenation Zj = Bink++Xj is per-
formed, i.e., the encoding of the form fk(Xj) = Zj, for the 
case (0 < k < αb)˅(βb < k < n), thereby obtaining the resulting 
combination Zj ∈ Zb.

Stage 9. The concatenation Zj = Bink++Yj is performed, 
i. e., the encoding of the form fk( fv(Yj)) = Zj, for the case 
αb ≤ k ≤ βb, thereby obtaining the resulting combina-
tion Zj ∈ Zv.

The considered binomial-vector compression fbv, which 
is adaptive to the binary sequence Aj = a1a2...ai...an, being 
compressed, is a mapping of the form fbv:A → Z, which is 
given by complex function Zj = fbv(Aj) in the form of (7), 
where Aj ∈ A = {0,1}n, and Zj ∈ Z take the form Zj = (Bink,Xj), 
Zj = (Bink,Yj) or Zj = Bink, j = 1,2,…,2n. The binomial vector 
reconstruction fbv

–1 of compressed images Zj is an inverse 
mapping of the form –1:bvf Z → A, which is given by the in-
verse complex function (8).

The practical implementation techniques of mappings 
fbv and fbv

–1, which use switching between encoding fb based 
on binary binomial numbers and vector encoding fv, can be 
different. The selected approaches to constructing fbv and 
fbv

–1, the coding procedures formed for them, affect the speed 
and amount of hardware and software costs of the proposed 
adaptive approach to binomial compression.

The techniques for implementing functions (7) and (8) 
on the subdomain of definition, when (k = 0)˅(k = n) and 
(0 < k < αb)˅(βb < k < n), for the binomial-vector compres-
sion method fbv are similar to the techniques of constructing 
functions for the generalized compression method fbg [17]. 
The techniques for implementing functions (7) and (8) on the 
subdomain of definition, when αb ≤ k ≤ βb, are based on fairly 
simple operations of calculating k units, concatenation and 
decatenation of Bink, and mapping the original Aj into itself.
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The constructed compression model fbv consists of fairly 
simple operations, the main ones of which are determining 
the number of bits s for forming the service word Bink, 
counting the number of k units in the original sequence 
Aj, checking the compression condition according to (2), 
forming a binary binomial number Xj and the operation 
of concatenating the obtained binomial number Xj or the 
equilibrium combination Yj = Aj with the Bink record. It 
should be emphasized that the proposed adaptive method 
fbv differs from the generalized compression method fbg [17] 
only in the presence of the operation of checking the com-
pression condition (2), a simplified and faster procedure for 
counting the number of k units, and concatenation Yj = Aj 
with the service word Bink.

Thus, the practical implementation of adaptive com-
pression fbv based on binary binomial numbers is char-
acterized by being undemanding to computational and 
hardware resources.

5. 2. Compression and performance evaluation of 
the binomial adaptive compression model based on 
binary binomial numbers

Some results of the mappings fbv:A → Z, –1:bvf Z→A for 
n = 54, where A = {0,1}54, j = 1,2,…254, are given in Table 1. 
The systems of conditions (2) for the implementation of coding 
functions fk ◦ fw, fk ◦ fb ◦ fw і fk ◦ fv ◦ fw for this case are given 
in Table 2. In Table 1 in the lines numbered 1.1, 2.1, 3.1, 4.1 
and 5.1, the original binary sequences Aj∈{0,1}54 are indicat-
ed, and in lines 1.2, 2.2, 3.2, 4.2 and 5.2 the corresponding 
compressed combinations Zj are shown. Line 1.2 contains the 
result of encoding fk ◦ fw; lines 2.2, 3.2 and 4.2 – the result of 
applying function fk ◦ fb ◦ fw, and line 5.2 – the result of apply-
ing function fk ◦ fv ◦ fw. The binary representation of the num-
ber k units in combinations Zj is conditionally separated by a 
dot from the rest of Xj or Yj. The ratio of the lengths of binary 
representation Aj and Zj for this table varies from 0.9 to 9, and 
their average value for the entire Table 1 is approximately 3.49.

When analyzing time Tb of compression fbv, the number 
of machine cycles required to count the number of units and 
subsequently convert the equilibrium combinations into 
binary binomial numbers is considered. In the case of choos-
ing fb coding for compression, the machine cycles for calcu-
lating the number of units and converting the equilibrium 

combinations into binomial numbers are summed. In anoth-
er case, when the choice is made in favor of vector coding fv, 
only the number of cycles for determining the number k units 
is taken into account.

Table 2

Conditions for applying coding functions fk ◦ fw, fk ◦ fb ◦ fw 	
and  fk ◦ fv ◦ fw at n = 54

fk ◦ fw fk ◦ fb ◦ fw fk ◦ fv ◦ fw
(k = 0) ˅ (k = 54) (0 < k < 6)˅(48 < k < 54) 6 ≤ k ≤ 48

The calculation of the number of units in binary sequenc-
es is carried out based on the technique using operation 
S ← S ∧ (S – 1) [19]. The time for calculating the number k 
units will be exactly k machine cycles. However, for use in the 
fbv  compression method, this calculation technique is modi-
fied. First, operation Aj ← Aj ∧ (Aj – 1) is simultaneously used 
for the inverse image ,jA  and, second, when the number of 
units of values αb or βb is exceeded, the calculation is inter-
rupted, and the template value αb is assigned to the value k. 
This is explained by the fact that the exact value of the num-
ber of units is needed only for region (0 < k < αb)˅(βb < k < n). 
As for the compression time of equilibrium combinations Yj, 
its calculation is determined by the average value of length 
Lср of binary binomial numbers [20]. The difference (n – Lср) 
will represent the average number of machine cycles required 
to discard the bits of combinations Yj in order to obtain the 
corresponding binomial numbers Xj.

Table 1

Correspondence between certain binaries Aj and Zj at n = 54

1.1 000000000000000000000000000000000000000000000000000000
1.2 000000
2.1 001100100000000000000000000000000000000000000000000000
2.2 000011.0011001
3.1 100000000000000000100000000000100000000000000000000000
3.2 000011.1000000000000000001000000000001
4.1 001111111110011111111011111111111111111111111111111111
4.2 110001.0011111111100111111110
5.1 101111000111001110010101111010111011101111100111011100
5.2 100011.101111000111001110010101111010111011101111100111011100

 

 
  

Fig. 2. Plot of average time T[Y,fbg] of the generalized binomial compression fbg at n = 128 for different values 0 ≤ k ≤ 128
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Fig. 2, 3 show the results of analyzing the time of gen-
eralized fbg and adaptive binomial-vector fbv compression, 
respectively.

Comparing the plots (Figs. 2, 3), it can be observed that 
in region 14 ≤ k ≤ 114, when fv coding is used, the number 
of clock cycles used for adaptive fbv compression is generally 
much smaller than for generalized fbg compression. The value 
T[Y,fbv] = 14 is the machine clock cycle required only to count 
14 or more ones (zeros) with a compressed sequence length of 
n = 128. The switching condition to fb coding based on bi-
nomial numbers takes the form (0 < k < 14)˅(114 < k < 128) 
at n = 128.

6. Discussion of results of investigating the binomial 
adaptive compression based on binary binomial numbers

Considering the constructed model, adaptive compres-
sion based on binary binomial numbers is distinguished by 
its simplicity of practical implementation in contrast to the 
models considered in [15, 16]. This becomes possible due to 
the set of simple operations used in the implementation of 
the adaptive model of binomial-vector compression. Unlike 
the model used in the generalized method of compression 
based on binary binomial numbers in work [17], our model 
additionally contains only the procedure for selecting the 
encoding and the operation of concatenating the original 
combination with the service word Binαb. But this is precise-
ly what, firstly, allows us to avoid unnecessary time spent 
when moving to the area of inefficient application of com-
pression (Fig. 1), and, secondly, to simplify the procedure for 
calculating the number of units in sequences.

Indeed, in stage 5 of our adaptive model, according to the 
system of inequalities (2), the membership of the processed 
sequence Yj within region Mb of the inefficient use of binary 
binomial numbers is checked. If such membership is estab-
lished, then immediately, bypassing the time-consuming 
stage 7, as well as stages 6 and 8, stage 9 is performed. At 
stage 9, sequence Yj remains unchanged and the template 
value Binαb is added to it. Therefore, on average, instead 

of (n – Lср) machine cycles, where Lср is the average length of 
binomial numbers [20], in the case of binomial coding for se-
quences unfavorable for compression, no machine cycle will 

be spent. In this case, the time spent 
will consist only of αb cycles required 
to count the number of units until 
the moment when the number k of 
units in the combination exceeds the 
compression conditions (2).

On the average time plot T[Y,fbv] 
of the adaptive binomial-vector com-
pression model at n = 128 (Fig. 3) it 
can be observed for region Mb, when 
14 ≤ k ≤ 114, that the time spent on 
processing sequences does not ex-
ceed 14 clock cycles. In comparison 
with the time plot T[Y,fbg] of the 
generalized binomial compression 
model (Fig. 2), the running time of 
the adaptive compression algorithm 
is reduced by more than 4.7 times for 
k = 64 and by 2.5 times for k = 32.

The advantage of our adaptive 
compression model of binary n-bit 
sequences is a significant reduction 
in time spent on the region when the 
number of units is within the average 

value k = n/2 (Fig. 2, 3). This is explained by the fact that 
if the compression condition (2) is not met, the counting of 
units is simplified, the costly operations of forming a binary 
binomial number are eliminated, and the original combi-
nation remains in the same form. This effect very favorably 
distinguishes the proposed adaptive compression from the 
generalized method considered in [17].

Thus, if there is an increase in the running time of coding 
algorithms based on binary binomial numbers in the absence 
of compression, one should switch to the adaptive binomi-
al-vector method. Such a situation can occur quite often with 
a variety of data types circulating through communication 
channels in information systems and networks. In addition, 
the presence of a built-in mechanism for controlling the cor-
rectness of transformations by analyzing the allowed range 
of values of units in binomial numbers provides an additional 
impetus for the wider application of binomial compression in 
practice. The number of units in binary binomial numbers 
should always be less than or equal to k.

A certain limitation in the application of adaptive bi-
nomial-vector compression may be that our estimates of 
the transformation time relate to equally probable output 
sequences. In practice, in most cases, information arrays are 
encountered that consist of combinations with different prob-
abilities of occurrence. But with increasing sequence length, 
this limitation is eliminated, as their probabilities become 
closer and closer to each other.

As a disadvantage, it can be noted that for unit values 
close to limiting αb and βb, slightly worse compression ratio 
results are observed compared to the generalized method. 
But ultimately, with a larger amount of processed binary 
data, the average compression ratio for the same time can 
be higher.

A promising avenue for developing the adaptive compres-
sion method based on binary binomial numbers is to study 
the degree of compression and time characteristics, relying 
on probabilistic models of binary information sources. In 

 

 
  

Fig. 3. Plot of average time T[Y,fbv] of adaptive binomial vector compression fbv 	
at n = 128 for different values 0 ≤ k ≤ 128
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this case, binary sequences have different probabilities of 
occurrence, which is significantly closer to the practice of 
processing information arrays. This would allow for a more 
accurate prediction of the effectiveness of using adaptive bi-
nomial-vector compression in information systems.

7. Conclusion

1. As a result of our study, a model of binomial adap-
tive compression based on binary binomial numbers has 
been built. The main difference of the binomial adaptive 
compression based on binary binomial numbers is the 
procedure for selecting the encoding technique used de-
pending on the number of units in the binary sequence 
being compressed. The algorithm of model’s operation is 
characterized by fairly simple operations that are easy to 
implement in practice.

2. Despite the insignificant average decrease in the 
compression ratio in the transition area from binomial 
to vector coding, our model makes it possible to signifi-
cantly, by several times, reduce the time spent on process-
ing non-compressible sequences. In turn, this generally 
leads to an increase in the speed of binomial adaptive 
compression based on binary binomial numbers, which 
corresponds to the purpose of our study. Compared to the 
generalized binomial compression model, the constructed 

adaptive model shows a 2.5 and 4.7 times increase in the 
processing speed of 128-bit sequences, which have 32 and 
64 units, respectively.
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