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< O[T AlZ

== H(Binary Shift Chaotic Map, BSCM)2 &40
ALbO| 2 OH

E ==} |
il — H H
R gt SO LHEER7F ZESHX| e 2= BeE FI

!

Odl) = Bernoullimap S:[0,1) > [0, 1)

2x, 0<x<1/2

S(x) = 2x (mOd”:{le. 12 <x <1

Notice that S is just a left shift operation with discarding the most significant bit b;.
|e, S(b1b2b3 )2 - (b2b3b4 )

= TentmapT:[0,1) > [0, 1) T(x) = {2(-1225)0 51);21[;2{ 1




e LSB 28 71 [3)

L-Bit Mcimor}f Unit

Tl - - BT

ﬂ *:{::k
|bk+||bk+2|bk+1|hk_4| L ‘ 0 ‘ 0 |'[] | 0 |
| J
|

k- Least Significant Bits
ﬂ Illlllllilllll & RNG

k;}iL-;
L
a2 1. LSB = 71"
» RNGZE PRNGO| At : O 71 7|8 71E &= /2.

AL [3] I. Oztiirk and R. Kilic, “Digitally generating true orbits of binary shift chaotic maps and their conjugates,” *
Communications in Nonlinear Science and Numerical Simulation, vol. 62, pp. 395-408, Sep. 2018.




LSB =% 7|5e| 21ne|F olAl[3]

Bernoullimap $:[0,1) = [0, 1)

2x, O0=x<1/2

S(x) =2x (mod1l) = 2x—1. 1/2<x<1

Notice that S is just a left shift operation with discarding the most significant bit b;.

[2] Algorithm 1 The pseudocode of the LSB extended Bernoulli map implemen-
tation.

function Bernoulli(initval,N)
input: initval [/ floating point number between [0,1)
N // a positive integer.
output: orbit // a 1xN array of floating point numbers,
variable: memunit // L-bit unsigned integer
begin function
orbit[1] = initval
memunit ;= floor(2~L*initval) [/ typecast to L-bit unsigned integer

v

A L bit7} =

v

uint 8, 16, 32, 64

for i=1 to N-1
memunit :=memunit < <1
if rand()=="
memunit ;= memunit bitwise or 1
end if
orbit[i+ 1 |: =27-L*double(memunit) > Al =E
end for

end function

- F7]= PRNGE| 7|0 S&s &5

2024-01-31

[3] I. Oztirk and R. Kilic, “Digitally generating true orbits of binary shift chaotic maps and their conjugates,”
Communications in Nonlinear Science and Numerical Simulation, vol. 62, pp. 395-408, Sep. 2018.
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> FI7|4

Z 1] (Shannon Entropy, SE)
21| (Approximate Entropy, ApEn)
21| (Permutation Entropy, PE)




. el
: z=

« Ab= AE R (Shannon Entropy, SE)

v' Discrete random variable X2| =& & a7t p(x) L M,

HX) = =) p(x)log; p(x)

v" Shannon Entropy= =80 Ciet S& = XO|

Ul

__I_I.

Bl
ot
4>
£
0jo

» ex)p(x=1)=0.5, p(x=0)=05

X,=[1010101010]

X,=[1101000110]
2

H(X,) = H(X,) = —Z p(x = Dlogp(x = i) = —2(0.5 * log0.5)
i=1

2024-01-31



of Ly

ApEn(m,r) = ®™(r) — d&™+1 (1)

ANS B A

A

v OlH IjE0| Bt=E|l= Bk = 7

[4] S. M. Pincus, "Approximate entropy as a measure of system complexity,” Proc. Nat. Acad. Sci. USA, vol. 88

2024-01-31 pp. 2297_230'], Mar. 1991.
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0x

¥ A E 21| (Permutation Entropy, PE)[5]

M

v 8 UF d2=2 =AM0| Chsh 125t

ex) x=(479106 11 3) and n=3

(4,7,9) represent the permutation 7, =(1,2,3).
(7,9,10) represent the permutation m; =(1,2,3).
(9,10,6) represent the permutation w, =(2,3,1)

2 1 2
p(nl) = g ’ p(T[Z) =0, p(7T3) = g ’ p(7T4) = g ’ p(n5) =0, p(ﬂ:6) =0

n!

PE(n) = —Zp(nj) log p(m;)

j=1

[5] A. Delgado-Bonal and A. Marshak, “Approximate entropy and sample entropy: A comprehensive tutorial
Entropy, vol. 21, no. 6, p. 541, Jun. 2019.
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1. LSB =% 7|

EH

Bernoulli
Tent

m-—S8seq



o H = A A A Ol S =y
e BS5A+HN M= Ol |1SB =% 7|t
. 2x. 0<x<1/2
= Bernoullimaps$:[0,1)->[0,1) Sx)=2x (modl)=,, " 12 < X’;{. 1
Z10] : 50000
xR714F:07
window 37| : 2 window 37| : 3
PE
type Quantization | ApEn (max : log, 6 ~ SE 7|
2.585)
=55 12.863 ( )
¢T¢°,g Single 32 bit 223 0.567 2.531 - 23) 57 : 6532
M2z 8% +:16 15.609 =5 .
LFSR % -);_: 16 216 0.693 2461 (max : 16) F71: 65535
LSB
LFSR §% %= : 32 . : (max : 16) e
\. J
m-seq 7|
O %o YUS Qo= 2PStD WE SML HXSHH RXIEH, F7| St
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o H L A A A 0O = ]
el 2328 4= Sl 1sB 23 7|t
= Tentmap T:[0,1) - [0, 1) T(x) = 2%, 0<x<1)2
S 2(1—-x), 1/2=x<1
Z 0| : 50000
27012k 07
window 37| : 2 window 37| : 3
PE
type Quantization | ApEn | (max:log,6 ~ SE F=7|
2.585 )
H e 4 \
T o : : 23 12.437 =7 .
ALK Single 32 bit 2 0.642 2.158 (max - 23) 77| : 4949
D'"EE| _|C_>I_I/_\| ‘Jlk‘ :16 16 14957 =7 -
8% 7)Y
HZe2l FX +=:16 14.951 =7 . o
LFSR & —Jr;r: 32 21 0.653 2.151 (max : 16) F71: = 108
\. J

m-seq 7| x 22| 74 =

Oz 2+otd S S92 HIoH /AR, 7| S7h

0o

HR28Ex
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riot

= OH3} LSB SH&F 7| H

ks

« Bernoulli + Tent Bernoulli
210] ; 50000 T
357@;'[ . 07 m—seq m—seq

window 37| : 2 window 37| : 3

PE
type Quantization | ApEn (max : log, 6 ~ SE =7
2.585 )
4 N\
M2z A +:16 16 14.958 —_—
LSB
k7| o o - 16 4,946
T A T . 16 . = o~
LFSR # X == : 32 2 1.266 2.573 (max : 16) Tl > 108
\_ J/

M= 74X
2

m-seq 7] x

cHol 9 ISR Y| ML AE SN, 7|4 24
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Gee) HE == Hul sB =& 7|H
. . Bernoulli -Tent Bernoulli
« Bernoulli + Tent + Bernoulli : :
20| : 50000 m-seq m-seq m-seq
X714 :07
window 37| : 2 window 37| : 3
o PE
type Quantization | ApEn (max : log, 6 ~ SE F7|
2.585 )
LFSR &% =+ : 16 : . (max : 16) (m-seqZ 0] x 2)
LSB
2HE 7|H
AR T 216 1.959 2582 14.954 | 25, < 1on
TR T (max : 16)
/ \__ _J

2024-01-31
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value of Auto-correlation function
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AHE

riot

£ o

nl

Bernoulli + Tent + Bernoulli

Z10] : 50000
xRI14F .07

=
T

-3 -2 -1 0 1
Correlation interval

2

value of Auto-correlation function

s a8 =HE =50

O

<=
fa

<
-J

=
(=]
T

<
3]

<
=
T

<
[
T

=
M
T

} LSB 2% 7|4

Bernoulli Tent

Bernoulli
m-seq m-—seq m-seq
4 3 2 0 1 2 3 a4
Correlation interval % 10%

side lobe max : 0.0194
side lobe mean : 0.0035

Auto correlation &
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