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Abstract. This work analyzes and examines problems of number sequence generation processes for
pseudorandomness. Properties and internal structure of obtained sequences are investigated according to its

influence of randomness measure of there sequences.
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Introduction

Different branched of science include so-called
randomized algorithms, i.e. that require some source
of true randomness for number sequence generation.
Those algorithms increase the range of approaches
that can be used to efficiently solve various prob-
lems. Nevertheless, a question of randomness is still
open. In the axiomatization of Kolmogorov the ran-
dom sequences were left outside the theory and it
was proposed only general approaches to definition
of randomness, such as von Mises approach. Even if
some method for sequence generation is used a
problem of uncertainty of approximation to true
randomness appears since true random sequence is
infinite and cannot be generated for real-world tasks.
To solve this problem it was proposed to construct
pseudorandom processes which would generate se-
guences that satisfy some certain requirements, such
as degree of approximation to a given distribution
law, successful results for some set of statistical tests
and others. It turned out to be relatively easy to pre-
sent explicit functions of such pseudorandom gener-
ations, which gives necessary sequences in cases
where random-like objects should be used. One of
such tools is so-called deterministic dynamic sys-
tems that are based on the study of the dynamics of
iterative fixed points via recursive functions. Itera-
tive cycles or orbits are considered as deterministic
chaos [1], since they depend on initial conditions
and demonstrate no regularity [2] and respectively
could be used for pseudorandom sequence genera-
tion. One more advantage of dynamic systems is that
to obtain required level of approximation to ran-
domness dynamic systems allow to combine alge-
braic equations.

1. Computer analysis of inner structure in
nonlinear maps

In this paper we continue to investigate pro-
cesses occurring in maps that represent simple non-
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linear dynamic systems [3] for analyzing internal
structure of sequence, obtained by these maps. As
process we consider a function F, that maps finite
sequence (word) into sequences so that if for word x
value of F(X) is determined and y < x, then F(y)

is also determined and F(y) c F(X). Let’s o - some

sequence. Process F will be applied as long as it is
possible. As a result we obtain parts of some new
sequence S — result of application Ftow, that is
S = F(w). It is important to remind that maps (1, 2,
3) are continuous functions and map (4) is deter-
mined only on set of integers. Analyzed in this paper
maps allow to make some conclusions of general
consistent patterns in chaotic processes that emerge
in complex dynamic systems. The maps are repre-
sented as follows:

. - 2X,, 4X,<p 1)
" p-2x,, 4x,=p

« - 2X,, 2X, <P @
e P =Xy, 2Xn zp

« - 2X,, 2X,<p 3)
"L 2x, - p, 2X,=p

Xni1 =4X, (mod p), 4)

Presented nonlinear maps allowed to divide set
of prime numbers p into the class system, which is
based on the length of the iteration cycles as a func-
tion of given prime numbers. It should be noted
there is an infinite set of prime numbers for which
the length of the period is significantly smaller than
the dimension of the number and therefore form
simple sequence structure. Table 1 shows the behav-
ior of presented maps for different prime numbers. It
is worth to mention, that map (1) algebraically con-
gruent to map (4) on set of integers.
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Table 1
Length of the period for generated sequences

prime number m(1) m(2) m(3) m(4)
148587941 74293970 111440955 148587940 74293970
148587949 142 193 284 142
148587953 37146988 55717993 74293976 37146988
164511349 82255674 123383511 164511348 82255674
164511371 82255685 123383528 164511370 82255685
168410987 84205493 126308240 168410986 84205493

For given prime numbers Fig. 1 and 2 repre-
sents the internal structure of the iterative processes
in the maps, where dotted line shows obtained se-
guences and solid line shows internal parts inside
sequences that gives maximum correlation value.

Map 1 for prime number 649657 and correlation
between 2 inner segments p = 1.
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This value is used to identify similar subsequences.
As it is seen on these figures sequences that were
obtain with map (1) and (2) for some subsequences
give correlation value close to 1 that indicate influ-

ence of fixed points on sequence inner structure.
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Map 2 for prime number 649657 and correlation
between 2 inner segments p = 1.
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Fig. 1 — Sequence structure for the maps and prime number 649657
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Fig. 2 — Sequence structure for the maps and prime number 26295457

MO)_IGJ'HOBaHHH ,Z[I/IHaMi‘IHI/IX CHCTEM

165



ISSN 2221-3805. EnexkrpoTexHiuni Ta koMt rotepHi cuctemu. 2018. Ne 29 (105)

2. Approaches to definition of randomness
and its measures

There are several approaches to determining
randomness and, accordingly, methods for evaluat-
ing the measure of randomness of a particular se-
guence. In work [4], four algorithmic properties are
distinguished for describing randomness: frequency
stability, chaotic character, typicality, unpredictabil-
ity. Each of them represents its own algorithmic face
of randomness, and each of them, with more or less
grounds, can claim to be a strict mathematical defi-
nition of the concept of randomness.

This paper analyzes chaotic character and un-
predictability of the internal structure of the generat-
ed sequences to form the concept of a truly random
sequence. When considering the concept of random-
ness, the Kolmogorov complexity theory is used,
where core idea is based on the fact that the com-
plexity of an object is determined by the length of its
description. If an object is indescribable, then there
is no description for it and, accordingly its complexi-
ty tends to infinity. When the internal structure of
numerical sequences is considered, the presence of
internal similar subsequences means that these inter-
nal structures could be grouped into separate classes
and for each class can be assigned a description,
which will reduce the size of the description of the
entire sequence. Thus, when considering the internal
structure of the generated sequences, it is necessary
to build such generators that will produce sequences
where the subsequences will have the least degree of
similarity.

Proceeding to the consideration of unpredicta-
bility, we understand the sequence as unpredictable
if in whatever order we choose its elements,
knowledge of the values of already selected mem-
bers does not allow to predict the value of the next
element that we intend to choose. Since this work
investigates processes in nonlinear dynamic systems,
unpredictability is the result of the sensitive depend-
ence on initial conditions of the systems. A sequence
is called predictable if there is a computable map for
it, which allows to obtain an element of the sequence
based on previous values. Thereby, periodic similar
subsequences allow to calculate sequence elements
for these subsequences with known level of similari-
ty. It is known that any chaotic sequence is unpre-
dictable. However, the question of the coincidence
of classes of chaotic and unpredictable sequences
remains open.

Considering the internal structure of the se-
guences obtained on the basis of the above-described
maps, the problem of finding and evaluating such
structures arises. Presence or absence of which re-
flects a particular measure of approaching a given

sequence to a random one. Accordingly, the map
that generates sequences with fewer similar internal
subsequences and a smaller length of these subse-
quences can be considered for further analysis on the
possibility of using it as a pseudorandom sequence
generator. The problem of choosing a similarity
measure for the evaluation of subsequences appears.
In this paper, the correlation is chosen as the meas-
ure of similarity, as a measure of the strength of
association between two subsequences. Subsequenc-
es will be called similar if the measure takes values
greater than 0.5. Among the various correlation co-
efficients, we will use the Spearman correlation,
since Spearman rank correlation test does not carry
any assumptions about the distribution of the data
and is the appropriate correlation analysis when the
variables are measured on a scale that is at least or-
dinal. Spearman correlation does not assume linear
type of relationship between compared variables.
And also it helps to reduce effect of extreme varia-
tions in subsequence values. The Spearman ranks
correlation coefficient can be calculated using the

following equations:
6> d?
L (5)

CN(NZ-D)’
where d; is the difference between ranks for each

data pair, and value N is the number of
data pairs. Spearman correlation performs analysis
based on the ranks of data, thus it can represent the
similarity of the shape of two distributions. Spear-
man correlation calculates the p-value the same way
as linear regression and correlation, except that it
does it on ranks, not measurements. To evaluate the
internal structure of the sequences obtained on the
basis of the maps, the following method is used and
involves following steps:

1. The position of the first peak is calculated in
order to remove initial exponential
component from consideration;

2. Determine the size of the initial subsequence
for evaluation with the following elements
of the sequence;

3. Using the single shift, the value of the
Spearman correlation of the subsequence
from step 2 with proportional subsequences
is calculated;

4. The obtained correlation values are filtered
according to a given level;

5. The size of the initial subsequence is
reduced by 1 as long as it exceeds 10
elements and steps 1-4 are repeated.

Thus, this method allows us to obtain a
hierarchy of internal cycles according to the cycle
length, as well as the degree of similarity of the
found structures. This hierarchy can be used for
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further sequence evaluation. According to step-by-
step approach to similar subsequence search we
obtain set of values that could identify subsequences
that are longer than initial evaluation subsequence.
Table 2 shows the number of similar overlapping

subsequences for the presented maps based on this
approach. In this table columns m(n) show the peri-
od length for a map n and columns pn(n) show num-
ber of overlapping inner patterns for map n, where n
— number of the corresponding map.

Table 2
Number of overlapped similar inner subsequences

prime number | Class m(1) pn(1) m(2) pn(2) m(2) pn(3) m(2) pn(4)

293 Low 146 1522 219 4140 292 8347 146 491

521 Low 130 1378 187 3356 260 6665 130 488

26295457 High 111 504 159 1858 111 753 111 793
31675363 High 181 3038 262 7035 362 28942 181 2776
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®OPMYBAHHS BHYTPINIHLOI CTPYKTYPH IIPU FIEHEPAI_[Ii HNCEBJAOBHUIIAIKOBHUX
HOCJIIAOBHOCTEHN

I'. M. Boctpos, A. O. XpiHneHko
Odecvruii HayioHaneHul NONIMEXHIYHUL YHIGepcumem

Anomauin. /lana poboma npoooesicye 00CHiONCeH s | aHali3 npodieM, Wo SUHUKAIOMb 6 HEAIHIUHUX
OUHAMIYHUX cUCeMax y npoyeci (popmysanHs YUCLO8UX NCeBO0BUNAOKO8UX NOciioogHocmel. Modentosan-
HS HeNHIUHUX npoyecié 6i00y8acmvCs 3a 00NOMO2010 2PYRU 8I000PANCEHb, WO 00380180 Mb OMPUMYBATNU
yinouucenvbri NOCIi00BHOCHI | NPOBOOUMU AHANE3 BHYMPIUHBLOI CIMPYKMYPU Yux nociioosnocmeti. Poszens-
HYMO G1ACMUBOCI | 6HYMPIWHIO CIPYKMYPY OMPUMAHUX NOCTIO08HOCMEN 8I0N0GIOHO 00 IX 6NAUBY HA MIDY
sunaoxkogocmi. B pobomi npogooumuscs nowyx HympiwHix nionociioosHocmel i, 6i0N0GIOHO, AHANIZYIOMb-
cs suKopucmaui 8i000padicents 3 no2aady Ha KilbKicmb NOOIOHUX GHYMPIUHIX YUKLIE 8 NOCTIO08HOCHISX.
AHaniz eHympiuHix yukie 8i006y8acmuvcs 3 nO2iA0Y AlOPUMMINHUX 6AACTMUBOCHEN BUNAOKOBOCHI, MAKUX
AK XAOMUYHICNb MA HEeNnpPOSHO308AHHICMb. XAOMUYHULL XAPAKMep OMPUMAHUX NOCAI008HOCMEN AHANIZ)-
€mMbCs 3 NO3uYii KoHYenyii iICMUHHO BUNAOKOBUX NOCHIO08HOCmel 8 meopii ckradnocmi Koamozoposa, Oe
OCHOBHA i0es1 NONA2AE Y MOMY, WO CKAAOHICMb I XA0OMUYHICHb NOCAI008HOCIE BUBHAYAEMBCSL Q0BICUHOIO il
onucanus. Bionoeiono, npu ananizi enympiwinboi cmpykmypu Has8Hichb nodiOHUX nionocaioognocmeti 00-
360J18€ CKOPOMUMU ONUCAHHS 6Ci€l nociooenocmi. Takum YUHOM,BUCYBAEMBCA BUMO2A W00 CIYNEHS NO-
dibnocmi 6y0b-aKuUX 00panux NiONOCai008HOCMeEl NpuU ceHepayii Nced008UNAOKo8UX noctioosHocmel. Ana-
JU3YI0YU NOCTIO0BHOCMI 3 MOYKU 30pY HeNpOcHO308AHOCHI, PO321A0AEMbCA MONCIUBICMb OMPUMAHHS elle-
MeHmi@ NOCAI008HOCMI HA OCHOBI iHGhopmayii npo nonepedui eremenmu yiei nocaioognocmi. Bionogiono,
HasA6HICMb NePioOuyHUX NOOJIOHUX NIONOCTIO08HOCE NOPYUWYE YMOBY HENPOSHO308AHOCHI I He 00360J15€
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PO320amu maxKy Nociioo8HICMb K nces0osunaokosy. OCKiibKu po3enidacmvcs mMipa noodionocmi 6Hym-
PlWHIX nionocaioosHocmell 8 AKOCMi Mipu nodibnocmi 01 ananizy nociiooenocmeti 6y10 0bpano Koeiyi-
enm xkopenayii Cnipmena, oCKiibKu 0ana KOpersyiiHa Mipa He MiCIMums npunyujeHb wooo 3aKOHy PO3n0OLLy
yycen y nociio08HOCMI, a MAKONC 00360JIA€ 3MEHUUMU eQeKm HAOMIPHUX BIOXULEHb ceped HUCTOBUX 3HA-
yeHs y nocrioosHocmi. PozensiHymuii Memoo OyiHKU nocii008HOCMell 00360118€ OMPUMAMU IEPAPXI0 6HY M-
DIWHIX YUKi8 6I0N0BIOHO 00 iX 00BHCUHU, A MAKONMC MIpU NOOIOHOCMI Midc HUMU. Pe3ynomamu ompumani 6
X00i pobomu 00360510Mb OYIHUMU KOJICHE 3 UKOPUCMAHUX 8I000pAdICeHb ma 3p00UmU 8UCHOBOK, WO OJisl
OMPUMAHHA HAOIUHUX NCeBO08UNAOKOBUX NOCAIO08HOCHEU HeOOXiOHO 6y0ysamu mMemoou, wo 0038017Mb
ompuMy8amu HauMeHuty KilbKicmb HYMPIWHIX NOOIOHUX nionocaioosHocmell i, i0N0BIOHO, HAUMEHUION
Mipow iXHbOI NOJIOHOCHI.
Knrouoei cnosa: xaoc, nceedosunadkogicmo, HeAiHIUHI 8i000PAICEHHS, 6HYMPIWHSA CIMPYKMYPA.

®OPMHUPOBAHUE BHYTPEHHEM CTPYKTYPhI IPU T'EHEPAILIUU IICEBJIOCJTYYAMHBIX
HOCIEJOBATEJBHOCTEHN

I'. H. Boctpos, A. O. XpuHeHKO
Ooecckuil HaYUOHATBHBIT NOAUMEXHUYECKUL YHUBEPCUNEm

Annomauus. /lannas paboma ananuzupyem u paccmampueaem npoodiemsl, KOmMopvle O3HUKAIOM 8
npoyeccax 4ucio8oll ceHepayuu nceg0oCIyHainbix nociedosamenviocmeil. Ceolicmea u 6HympenHss
CMPYKMYpA NOLYYEHHBIX NOCIe008AMENbHOCIEN PACCMAMPUBAETCS OMHOCUMENbHO GIUSHUS 6HYMPEHHell
CMPYKMYpbl HA MePY CAYYAUHOCU OAHHBIX NOCIe008ameNbHOCHEl.

Knrwouesnie cnosa: xaoc, nced8ociyyatinocms, HeaunelHvle 0moopadcenus, GHYmMpeHHsIs CMpyKmypd.
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