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Synchronization by Partial Region Stability Theory
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Abstract

“Tai Ji”, the great one; is the combination of Yin and.Yang, and Tai Ji chaotic
system is the combination of “Yang” chaotic system and “Yin” chaotic system. Yang
system represents contemporary.system, and.Yin system means historical system. The
eight trigrams, a part of Chinese philosophy, is advance of “Tai Ji”, and they have
their own directions, figures; and representations.-Trigram synchronization uses three
different chaos systems by the ‘figures, and multiple symplectic derivative
synchronization is used. Hexagram, advance of the eight trigrams, has two parts,
upper and low, which both represent a trigram, and the hexagram synchronization is
advance of trigram synchronization. The generalized synchronization is that there
exists a functional relationship between the states of the master and those of the slave.
A new type of chaotic synchronization, multiple chaotic symplectic synchronization,
is obtained with the state variables of the original system and of another different
order system as constituents of the functional relation of “partners”. Numerical

simulations are provided to verify the effectiveness of the scheme.
iv
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Chapter 1

Introduction

Chaos theory, a part of nonlinear dynamics, changes the scientific way of
looking at the dynamics of natural and social systems. Since E.N. Lorenz [1]
discovered chaos in a simple system of three autonomous ordinary differential
equations in 1963, there are lots of articles in studying chaos [2-4]. The phenomenon
of chaos has attracted widespread attention.amongst physicists, mathematicians, and
engineers. Chaos has also been extensively studied.in many fields, such as chemical
reactions, power converters, biological- systems, information  processing, secure
communications, etc. [5-13].

Chaos synchronization, first proposed by Fujisaka andYamada in 1983 [14], is a
very interesting problem and has been-widely studied in recent years [15-23]. Many
kinds of chaos synchronization appears, such as symplectic. synchronization [24],
generalized synchronization = +[25];.._complete” synchronization [26], phase
synchronization [27-28], anticipating synchronization [29-30], lag synchronization
[31-32], etc.

This thesis is organized as follows. In Chapter 2, Tai Ji Rdssler system is
presented, which is combination of Yang Rdssler system and Yin Rossler system [33].
Yang Rdssler system means contemporary Raéssler system [34-36], and Yin Rossler
system is historical Rdssler system. Tai Ji Rossler system is introduced by time
histories and phase portraits and the chaotic behaviors are investigated by bifurcation

diagrams, Lyapunov exponents, and tables.



In Chapter 3, a new symplectic synchronization by GYC partial region stability
theory is studied. Symplectic synchronization is defined as y = H(x,y, t), where X, y
are the state vectors of the “Partner A” and of the “Partner B”, respectively. The final
desired state y not only depends upon the “master” system state x but also depends
upon the “slave” system state y itself. The symplectic derivative functions is further
evolutionary to a more general form,
Gxv,z,%Y,2,%V,%,,t) =FXy,2,%V,2,%¥,7%-,t), by adding the
derivative of the state vectors, and the new synchronization is called “multiple
symplectic derivative synchronization”..In-simulation examples, Ge-Ku-Van der Pol
system [37], Rossler System, Sprott 22, Sprott A, Sprott B and Sprott C [38] are used.

In Chapter 4, multiple symplectic derivative synchronization by GYC partial
region stability theory is extended to a more general form. The new stragety of
symplectic synchronization not only use the different time scales of chaos system but
a new variable, t.. The new multiple symplectic derivative. synchronization is
proposed as G(X,y, %V, % ¥,t,1) = FX y,% v, X ¥,t,1), where © is a variable time
scale, T = t(t). And the comparison of the new strategy with traditional method,
Lyapunov function, is given [39].

In Chapter 5, the eight trigrams are first studied with chaos synchronization. The
eight trigrams have their own direction, figure, and representation, and the figures of
them are used to complete a new multiple symplectic derivative synchronization, the
eight trigrams synchronization, and Kan trigram and Li trigram are selected in this
chapter. Trigram has three parts, upper, central, and low, and they represent three
different chaos systems separately to complete a two-stages synchronization, linear
feedback synchronization, and multiple symplectic derivative synchronization by

GYC partial region stability theory.



In Chapter 6, hexagram, advance of the eight trigram, is used to complete a new
multiple symplectic derivative synchronization. Hexagram has two parts, upper and
low, and they both represent a trigram. For example, the upper part of Kan-Li
hexagram, used in this thesis, is Kan trigram and the low part of it is Li trigram. The
Kan-Li hexagram multiple symplectic derivative synchronization is based on Kan
trigram synchronization and Li trigram synchronization by combining them. Three
different synchronization way, Lyapunov function by GYC partial region stability
theory, traditional Lyapunov function, and linear feedback method, are used to
complete a new synchronization,. shexagram multiple synplectic derivative
synchronization. At last, .the efficiency of convergence for the three ways are
compared.

In Chapter 7, conclusions are drawn. In Appendix, GYC (Ge-Yao-Chen) partial

region stability theory is given.



Chapter 2

Chaos of Yang, Yin, and Tai Ji Rossler Systems

2-1. Preliminary

The Yang Rossler system has been analyzed in detail, there are no article in
looking into the history Rossler system which is called Yin Rossler system. By the
combination of Yang Rdssler system and Yin Rdssler system, which is called “Tai Ji”
Radssler system, i.e. the “Great .One” Radssler system, the exhaustive behaviors of
Raossler system for -co<t<oo are presented.

This chapter is presented as follows. In Section 2, Yang Réssler system is shown.
In Section 3, Yin ROssler system-is presented. In-Section 4, behaviors of chaos of
Radssler system is proposed. In Section 5, Tai Ji-Rossler system is'shown. In Section 6,

summary is drawn.

2-2. Yang Rossler system

Before introducing the Yin Rossler equation, the Yang Rdéssler system can be
recalled as follows:

2 = —(x2(9) +x3(0)
% = x4 (t) + ax,(t) (2-1)

220 = b+ %, (x5 (1) — cx ()

When initial condition (x;¢,X20,X30) = (0.3,0.1,0.5) and parameters a = 0.15 and b
= 0.2 and ¢ = 10, chaos of the Yang Rdssler system appears. The chaotic time

histories and 2D and 3D phase portraits are behavior shown in Figs. 2-1 and 2-2.



2-3. Yin Raéssler system

Yin Rossler equations are:

(20 = — (x5 (=) + x3(-1)

4 % = x,(—t) + ax,(—t) (2-2)
FD = b+ xy (~Ox3 (D) — cxs ()

When initial condition (x4¢,X20,X30) = (0.3,0.1,0.5) and parameters a =-0.15 and b
=-0.2 and ¢ = -10, chaos of the Yin Rossler system appears. The chaotic behavior of
Eq. (2-2) is shown in Figs. 2-3 and 2-4. It is clear that in the left-hand sides of Eq.
(2-2), the derivatives are taken with the back-time.

Table 2-1 shows the behaviors of Yin-Rossler system. in different part with initial
condition (X419, X20,X3¢).= (0.3,0.1,0.5).

Table 2-1 Dynamic behaviors of Yin Rossler system for different signs of

parameters

a b c states

+ + + Approach to infinity
+ + - Approach to a point
+ - + Chaos and periodic
+ - - Approach to a point
- + + Approach to infinity
- + - Approach to infinity
- - + Approach to infinity
- - - Chaos and periodic




2-4. Simulation results

In order to study the difference and similarity between Yang and Yin Rossler
system, the bifurcation diagram and Lyapunov exponents are used. The simulation
results are divided into the following three parts :

Part1 :

Parameter a is varied and b, c are fixed, the simulation results are shown in
Figs. 2-5 and 2-6, and Tables 2-2 and 2-3.

Tables 2-2 and 2-3 show the difference between Yang and Yin Rossler systems
with different ranges of parameter a and, 'the behaviors of them are varied with
parameter a, become either chaosor Periodic trajectory. Table 2-2 shows that when
parameter a are 0.0030 ~ 0.1014,.0.1240 ~ 0.1311, 0.1519 ~ 0.1532, 0.2238 ~ 0.2249,
0.2616 ~ 0.2663, and 0.3251 ~ 0.3256, Yang Raéssler system are periodic trajectories.
When parameter a are 0.1014 ~ 0.1240, 0.1311 ~ 0.1519, 0.1532 ~ 0.2238, 0.2249 ~
0.2616, 0.2663 ~ 0,3251, and 0.3256 ~ 0.3750, the chaotic behavior is shown in Yang
Radssler system. And Table 2-3 shows that when parameter a are (-0.0030) ~ (-0.1131),
(-0.1244) ~ (-0.1311), (<0.1518) ~ (-0.1532), (-0.2239) ~ (-0.2255), (-0.2613) ~
(-0.2670), and (-0.3255) ~ (-0.3257), "Yin Réssler system are periodic trajectories.
When parameter a are are (-0.1131) ~ (-0.1244), (-0.1311) ~ (-0.1518), (-0.1532) ~
(-0.2239), (-0.2255) ~ (-0.2613), (-0.2670) ~ (-0.3255), and (-0.3257) ~ (-0.3750),
chaos appears. Comparing Tables 2-2 and 2-3, it can be found out that there are only
two cases, chaos and periodic trajectory, in the Yang Rossler system for parameter a
in range 0.003 to 0.375, and there exists chaotic behavior and periodic trajectory in

Yin Rossler system with parameter a in range -0.375 to -0.003.



Part 2 :

Parameter b is varied and a, c are fixed, the simulation results are shown in
Figs. 2-7 and 2-8, and Tables 2-4 and 2-5.
Tables 2-4 and 2-5 show the difference between Yang and Yin Rdéssler systems with
different ranges of parameter b and, the behaviors of them are varied with parameter b,
become either chaos or Periodic trajectory. Table 2-4 shows that when parameter b
are 0.050 ~ 0.443, 0.553 ~ 0.761, 0.771 ~ 0.949, and 0.956 ~ 1.100, chaos appears.
When parameter b are 0.443 ~ 0.553, 0.761 ~ 0.771, 0.949 ~ 0.956, and 1.100 ~ 3.050,
Yang Rossler system are periodic trajectories: Table 2-5 shows that when parameter b
are (-0.050) ~ (-0.167), (-0.171)'~ (-0.457), (-0:554) ~(-0.762), (-0.767) ~ (-0.948),
and (-0.958) ~ (-1.076), the chaotic behavior is shown in.Yin Rossler system. When
parameter b are (-0:167) ~ (-0.171), (-0.457) ~ (-0.554), (-0.762) ~ (-0.767), (-0.948)
~ (-0.958), and (-1.076) ~ (-3.050), the behaviors-of Yin Rossler system are periodic
trajectories. Comparing Tables 2-4 and 2-5; it can be found out that there are only two
cases, chaos and periodic trajectory, in the Yang Rossler system for parameter b in
range 0.05 to 3.05, and_there.exists chaotic behavior and periodic trajectory in Yin

Raossler system with parameter b in range -3.05 to -0.05.

Part 3 :

Parameter b is varied and a, c are fixed, the simulation results are shown in
Figs. 2-9 and 2-10, and Tables 2-6 and 2-7.

Tables 6 and 7 show the different dynamics between Yang and Yin Rdssler systems
with different ranges of parameter c. Table 2-6 shows that when parameter ¢ are 3.000
~ 5.930, 6.215 ~ 6.225, 6.740 ~ 6.775, 7.595 ~ 7.975, 8.930 ~ 8.940, and 10.315 ~

10.380, Yang Rossler system are periodic trajectories. When 5.930 ~ 6.215, 6.225 ~

7



6.740, 6.775 ~ 7.595, 7.975 ~ 8.930, 8.940 ~ 10.315, and 10.380 ~ 11.000, chaos
appears. Table 2-7 shows that when parameter ¢ are (-5.930) ~ (-6.225), ( -6.240) ~
(-6.750), (-6.755) ~ (-7.560), (-8.090) ~ (-8.920), (8.940) ~ (-10.265), and (-10.295) ~
(-11.000), the chaotic behavior is shown in Yin Réssler system. When parameter c are
(-3.000) ~ (-5.930), (-6.225) ~ (-6.240), (-6.750) ~ (-6.755), (-7.560) ~ (-8.090),
(-8.920) ~ (-8.940), and (-10.265) ~ (-10.295), the behaviors of Yin Réssler system
are periodic trajectories. Comparing Tables 2-6 and 2-7, it can be found out that there
are only two cases, chaos and periodic trajectory, in the Yang Rdéssler system for
parameter ¢ in range 3 to 11, and there exists.chaotic behavior and periodic trajectory

in Yin Rossler system with.parameter ¢ in range -11 to -3.

Table 2-2 Range of parametera of Yang chaos of Rossler system

Values of a Behaviors of Yang Chaos
0.0030 ~0.1014 Periodic trajectory
0.1014 ~ 0.1240 Chaos
0.1240 ~ 0.1311 Periodic trajectory
0.1311 ~0.1519 Chaos
0.1519 ~ 0.1532 Periodic trajectory
0.1532 ~ 0.2238 Chaos
0.2238 ~ 0.2249 Periodic trajectory
0.2249 ~ 0.2616 Chaos
0.2616 ~ 0.2663 Periodic trajectory
0.2663 ~ 0.3251 Chaos
0.3251 ~ 0.3256 Periodic trajectory
0.3256 ~ 0.3750 Chaos




Table 2-3 Range of parameter a of Yin chaos of Rdssler system

Values of a

Behaviors of Yin Chaos

-0.0030 ~-0.1131

Periodic trajectory

-0.1131 ~ -0.1244

Chaos

-0.1244 ~ -0.1311

Periodic trajectory

-0.1311 ~ -0.1518

Chaos

-0.1518 ~ -0.1532

Periodic trajectory

-0.1532 ~ -0.2239

Chaos

-0.2239~-0.2255

Periodic trajectory

-0.2255~ -0.2613

Chaos

-0.2613 ~ -0.2670

Periodic trajectory

-0.2670 ~-0.3255

Chaos

=0.3255 ~ -0.3257

Periodic trajectory

-0.3257 ~ -0.3750

Chaos




Table 2-4 Range of parameter b of Yang chaos of Réssler system

Values of b Behaviors of Yang Chaos
0.050 ~ 0.443 Chaos
0.443 ~ 0.553 Periodic trajectory
0.553 ~0.761 Chaos
0.761~0.771 Periodic trajectory
0.771 ~ 0.949 Chaos
0.949 ~ 0.956 Periodic trajectory
0.956 ~ 1.100 Chaos
1.100'~ 3:050 Periodic trajectory

Table 2-5 Range of parameter b of Yin chaos of Rossler system

Values of b Behaviors of Yin Chaos
-0.050 ~ -0.167 Chaos
-0.167 ~ -0.171 Periodic trajectory
-0.171 ~ -0.457 Chaos
-0.457 ~ -0.554 Periodic trajectory
-0.554 ~ -0.762 Chaos
-0.762 ~ -0.767 Periodic trajectory
-0.767 ~ -0.948 Chaos
-0.948 ~ -0.958 Periodic trajectory
-0.958 ~ -1.076 Chaos
-1.076 ~ -3.050 Periodic trajectory

10



Table 2-6 Range of parameter ¢ of Yang chaos of Rossler system

Values of ¢ Behaviors of Yang Chaos
3.000 ~ 5.930 Periodic trajectory
5.930 ~ 6.215 Chaos
6.215 ~ 6.225 Periodic trajectory
6.225 ~ 6.740 Chaos
6.740 ~ 6.775 Periodic trajectory
6.775 ~ 7.595 Chaos
7.595 ~7.975 Periodic trajectory
7.975~ 8:930 Chaos
8930 ~ 8.940 Periodic trajectory

8.940 ~ 10.315 Chaos
10.315 ~10.380 Periodic trajectory
10.380 ~ 11.000 Chaos

11



Table 2-7 Range of parameter ¢ of Yin chaos of Rossler system

Values of ¢ Behaviors of Yin Chaos
-3.000 ~ -5.930 Periodic trajectory
-5.930 ~ -6.225 Chaos
-6.225 ~ -6.240 Periodic trajectory
-6.240 ~ -6.750 Chaos
-6.750 ~ -6.755 Periodic trajectory
-6.755 ~ -7.560 Chaos
-7.560 ~ -8.090 Periodic trajectory
-8.090 ~ -8.920 Chaos
-8.920 ~ -8.940 Periodic trajectory
-8.940 ~ -10.265 Chaos

-10.265 ~-10.295 Periodic trajectory
-10.295 ~ -11.000 Chaos

2-5. Tai Ji Rossler system

For comparing the difference and similarity between Yang and Yin Rossler system,
the Tai Ji Rossler system and the error equation are created.

The Tai Ji Rossler systems are created from the combination of Yang and Yin
Raossler systems .And the Tai Ji ROssler system is shown in Figs. 2-11 and 2-12 and
the comparison of bifurcation diagram of Yang and Yin Rdssler system is shown from
Figs. 2-13 to Figs. 2-15.

The error equations are:

€1 = Xyin1 — Xyang1
€2 = Xyinz ~ Xyang2 (2-3)
€3 = Xyin3 — Xvang3

12



WhEere Xyangi, Xyangzs anNd Xyangz aré  Xxq, Xz, and xz of Yang Réssler system
with initial condition (x;¢,X50,X30) = (0.3,0.1,0.5) and parameters a = 0.15 and b
=0.2and ¢ =10, and Xyin1, Xyinz, aNd Xyinz are Xy, X,, and x5 of Yin Rossler
system with initial condition (x4¢,X50,X30) = (0.3,0.1,0.5) and parameters a =

-0.15 and b = -0.2 and ¢ = -10. The time histories of Eq. (2-3) is shown in Figs. 2-16.

2-6. Summary

The Tai Ji Rossler system are firstly introduced in this chatper. When the time is
taken back into the negative, simulation results show that chaos of the Yin Rossler
system can be generated. by using Yin parameters (—a,—b,—c). By numerical
simulation, the Tai Ji Rassler system and the error equations are used to compare the
Yang Rossler system with the-Yin- Rossler system. We found that Yang and Yin

would most be same but just about opposite, and they have still some differences.

13
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Fig. 2-1 Time histories of three states-for Yang Rossler system with a = 0.15,

b=0.2and c = 10.
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Yang phase portraits Yang phase portraits
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Fig. 2-2 Projections of phase portrait of chaotic Yang Rossler system with

a=0.15, b =0.2 and c = 10.
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Fig. 2-3 Time histories of three statesfor Yin Rossler system with a = -0.15,

b=-0.2 and c =-10.
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Yin phase portraits Yin phase portraits
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Fig. 2-4 Projections of phase portrait of chaotic YIn Rdssler system with

a=-0.15, b =-0.2 and ¢ = -10.
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Fig. 2-5 Bifurcation diagram and Lyapunov exponents of chaotic Yang Rossler

system with b = 0.2 and ¢ = 10.
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Bifurcation(Yin)
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Fig. 2-6 Bifurcation diagram and Lyapunov exponents of chaotic Yin Rdssler

system with b =-0.2 and ¢ = -10.
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Bifurcation(Yang)
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Fig. 2-7 Bifurcation diagram and Lyapunov exponents of chaotic Yang Rossler

system with a = 0.15 and ¢ = 10.

20



Bifurcation(Yin)
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Fig. 2-8 Bifurcation diagram and Lyapunov exponents of chaotic Yin Rdssler

system with a = -0.15 and ¢ = -10.
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Bifurcation(Yang)
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Fig. 2-9 Bifurcation diagram and Lyapunov exponents of chaotic Yang Rossler

system witha =0.15and b =0.2.
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Bifurcation(Yin)
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Fig. 2-10 Bifurcation diagram and Lyapunov exponents of chaotic Yin Rossler

system witha=-0.15and b =-0.2.
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Bifurcation
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Fig. 2-13 Bifurcation diagram-for-the Yang;the red one, and-Yin, the green one,
Rossler systems.
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Chapter 3

Multiple Symplectic Derivative Synchronization of
Ge-Ku-Van der Pol-Rdssler System with Other

Different Systems by Partial Region Stability Theory

3-1. Preliminary

When the symplectic derivative_functions.is extended to a more general form,
GX, ¥,z ,%Y,2 -, %V,2,+,) =F(X,y,2, - %Y, 2 X, ¥, ,t) : the
synchronization is called “multiple symplectic derivative Synchronization”, where
X,y,Z,--- are state  vectors: of Partner. A" .and Partner B.
Gxv,z,%Y,2,%¥,%-,t) and Fx,y,z,,XV,2, ,X,¥,%,t) are given
vector functions of x,v,z, -+, X, V, %, -, X, ¥, Z, --+,and. time.

This chapter is presented as follows. In Section:2, method of synchronization by
GYC partial region stability theory is shown. In Section 3, systems are synchronized
by GYC partial region stability theory. In Section 4, synchronization by traditional
Lyapunov function is shown. In Section 5, the comparison of synchronization ways is

presented. In Section 6, summary is drawn.

3-2. Strategy of multiple symplectic derivative synchronization

There are two chaotic systems, partner system A and partner system B. The
partner A is given by

x = f(t,x) (3-1)
The partner B is given by
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y =28ty (3-2)

In order that the error dynamics becomes always positive, the origin of
y-coordinate system is translated to a constant vector.

Define e=G—F+K as the error state vector, where
G=G6Gxy %y, %y ,t) and F=F(xy,,%y,,%¥, -, t) are two given
functions, and K is a constant vector to keep the error dynamics always in first octant.
And then obtain the error vector derivative
& =G —F -y (3-3)
where u; is a component of the control input vector u, i =1,2,---,n keep the
derivative of error dynamics™ & always in seventh-octant.

In this way, the error dynamics would satisfy the following Lyapunov function
Vie)=e; +e,+-=+e, >0

and the derivative of the Lyapunov function

Vie)=é, +é,+--+&, <0

So the synchronization can be accomplished“when t — oo, the limit of the error
vector e = [eq, ey, -+, e,]T approaches to zero:

lim,e=0 (3-4)

3-3. Synchronization by GYC partial region stability theory

Define

Gx%%y,y.Y.22%t) = (3-5)

where
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(G, = sinx; + X,sinx; + cost + cos (X;) — X5 + a,Xg + +2z, + cos(Zs + z5) + sin(zg + 1)
— cos(x;)

Gy =X4+Zy+ayXs —Xg + X4 — X1 +Xg — 21 + 25

3 G =X + Vs — Z3 + X5 — ayXs + z45in(z, + 2,)

Gy =% +y;3
Gs = x, + sint
\Ge =y3+ s
_Fl_
F,
F
F(X,%%Y,Y,V,2,2 %,t) = F3 , (3-6)
4
Fsg
Fy
where

(F; = cosz, + sin(zg +1) # sin ( 100(x3 + gx3 — h(1 —x3)x,)) + X;sin (x3) + cost
F, = z;sinx; — (Z, + %3)8in (100(%3 + gx3 —h(1 — x%)x;,)
{ F3 = X4 + z,sinz, 4 100 (%3 4+ gx3 — h(1 =x2)x;)
Fy =% +¥
Fs =%, +2z¢ + sint
\F¢ =y, +¥6 — 25

Our purpose is to achieve ‘the -multiple symplectic derivative synchronization
G X %XYy,V,V,2 2 %2,t) = F&X X%V, V.V, 2 2% t) — K.
Consider the system 1, combination of Ge-Ku-Van der Pol system and R{ssler

System, described by

fX1=X2

X, = —a1X; — X3(by(c; —x7) + dx3)

X2 = —gx. + h(1 — x3)x, + Ix
(%3 - 8X3 ( 3)Xp 1 (3-7)
X4 = —Xg —Xg + X4

X5 = X4 + aX5

0.(6 = bz + X6(X4 - Cz)

where a;=0.08, b;=-0.35, ¢,=100.56, d=-1000.02, g=0.61, h=0.08, 1=0.01, a,=0.15,
b, =0.2, ¢, =10 and the initial conditions are x,(0) =0.01, x,(0)=0.01,
x3(0) = 0.01, x,(0) = 0.3, x5(0) = 0.1, x,(0) = 0.5. The chaotic attractor of the

combination of Ge-Ku-Van der Pol system and Réssler system is shown in Fig. 3-1.
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The system 2, combination of Sprott 22 and Sprott A [26], described by

(Y1 =Y2
Y2=Y3
Y3 = —agys — y, — siny;
j 3-8
| Y4 =Y5 (3-8)
Y5 = —Ya T Ys5Y6 + Y2
\y6 =1— Y%

where a;=0.25 and the initial conditions are y,(0) = 0.01, y,(0) =1, y5(0) =
0.01, y,(0)=0.1, ys(0)=0.1, ys(0) =0.1. The chaotic attractor of the
combination of Sprott 22 and Sprott A is shown in Fig. 3-2.

The system 3, combination of Sprott B and Sprott C [26], described by

(71 = ZyZ3

Z; =21 — 2,
73 =1—242,
Zy = ZgZg + 71
Zs = Z4 — Zsg

(3-9)

\zg = 1 — 22

where the initial_conditions are z,(0) = 0.01, z,(0)=0.01, z3;(0) =0.01,
z,(0) = 0.02, z:(0) = 0.1, z,(0) = 0.05. The chaotic attractor of the combination
of Sprott B and Sprott C is shown in Fig:3=3:

The state error is<e =G —F + K where K = [3.5,35,5.5,1.5,5,2]T such that
error dynamics always exists in first.guardant as-shown in Fig. 3-4 and Fig. 3-5.
lim e =G —F; +K; =0, (3-10)
wherei=1,2,--- 6.

Our purpose is lim_,,, € = 0. We obtain the error dynamics:
(¢, =G, —F, —u,

e, =G, —F,—u,

é3 =Gy —F3—ug (3-11)
e, = Gy — F4 — Uy

és = Gs — Fs —us

ké6:G6_F6_u6

By partial region stability theory, we can choose a Lyapunov function in the form
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of a positive definite function in first quadrant:
V(e) =e; +e, +es+e,+es+eg
(3-12)
Its time derivative is
V(e) = (Gy —F; —uy) + (G, —F, —uy) + (Gs —F3 —u3) +
(G4 —F, - u4) + (GS —Fg — u5) + (Gg — Fg — ug) (3-13)

Choose the controller u as

U4 [€1 — X,5in (x,)]
Uz €z — X4
Us €3 + 3}4

u= = 3-14
Uy e, +Yy1 (3-14)
Ug €5 — ).(2
HUs- €6 <y

We obtain
V(e) = —61 - e2 I 63 — e4, — e5 - e6 < 0 (3'15)

which is negative definite function in first quadrant. Error states versus time and their

time histories are shown in Fig: 3-6-and-Fig. 3-7.

3-4. Synchronization by traditional method

If the traditional Lyapunov function is used, it means that
V()= e? +ei+e5+ei+ei+el (3-16)
It’s time derivative is
V(e) = 2(e1&; + e,€, + €365 + 48,4 + eséc + egé;) (3-17)
We want to find u of (3-11) such that V satisfies
Vie)= —(e?+e2+e2+e?+e+e?)<0 (3-18)

Choose

32



U;q [0.5e; — Xx,sin (X3)]
u, 0.5e; — X¢
U= Uz _ 0.5e3 + ¥,
Uy 0.5e4 +V;
Us 0.5e; — X,
Ued | 0.5e5 —y3

Introduce u into Eq.(3-11) wherei =1, 2, -+, 6, (3-17) becomes
V(e) = —(e? +e% +e2 +e? + e +e?)
which is negative definite function in all quadrants. And error states versus time and

time histories are shown in Fig. 3-8 and Fig. 3-9.

3-5. Comparison between new strategy and traditional method

From the previous sections, we know that the controllers u of the new strategy
and of the traditional method are different. Tables and Figures (Fig. 3-10 and Fig.
3-11) for comparing the efficiency of convergence are given as follows. The superioty
of new strategy is obvious. The error states of new strategy are much smaller and

decay more quickly than that of traditional method.
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Table 3-1 the value of error dynamics at second 614 ~ 624 for traditionl

method.

t eq e, es ey es €g
614 0.0035 0.0673 0.0050 0.0093 0.0082 0.0019
615 0.0022 0.0408 0.0030 0. 0120 0. 2267 0. 0168
616 0.0013 0.0247 0.0018 0.0044 00834 0. 0062
617 0.0008 0.0150 0.0011 0.0016 0.0307 0. 0023
618 0.0005 0.0091 0.0007 0.0006 0. 0113 0. 0008
619 0.0003 0.0055 0.0004 0.0002 0.0042 0. 0003
620 0.0002 0.0033 0.0002 0.0001 0.0015 0.0001
621 0.0001 0.0020 0.0002 0.0000 0.0006 0.0000
622 0.0001 0.0012 0.0001 0.0000 0.0002 0.0000
623 0.0000 0.0007 0.0001 0.0000 0.0001 0.0000
624 0.0000 0.0005 0.0000 0.0000 0.0000 0.0000
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Table 3-2 the value (x 107*) of error dynamics at second 614 ~ 624 for new

strategy.

t e, e, e3 ey es €e

614 0.0325 0.6164 0.0456 0.0855 0.0748 0.0177

615 0. 0120 0. 2267 0. 0168 0.0315 0.0275 0.0065

616 0.0044 00834 0. 0062 0.0116 0.0101 0.0024

617 0.0016 0.0307 0. 0023 0.0043 0.0037 0.0009

618 0.0006 0. 0113 0. 0008 0.0016 0.0014 0.0003

619 0.0002 0.0042 0.0003 0.0006 0.0005 0.0001

620 0.0001 0.0015 0.0001 0.0002 0.0002 0.0000

621 0.0000 0.0006 0.0000 0.0001 0.0001 0.0000

622 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000

623 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000

624 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3-6. Summary

In this chapter, a new synchronization is presented. We not only use the variables
but also their derivatives in two given synchronization functions. New strategy to
achieve chaos control by GYC partial region stability is used. Finally, Tables and

Figures are given to prove that the new strategy do synchronize system more quickly.
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Chapter 4

Multiple Symplectic Derivative Synchronization of
Rossler System and Sprott A System with Variable

Time Scales by Partial Region Stability Theory

4-1. Preliminary

In this chapter, a new kind of synchronization by two different chaos systems
with different time scales is presented.-It-means that the.double symplectic derivative
synchronization with variable time scale-is- G(x,y,%,7, %, ¥,t,©) = F(X,y,%X,V,%,§,t, 1),
where T is a variable time scale, Tt = t(t).

This chapter is presented as follows. In Section 2, systems.are synchronized in
the different time wvariable by GYC partial region stability theory. In Section 3, the
traditional method is used. In Section 4, the comparison of synchronization ways is

presented. In Section 5; summary is drawn.

4-2. Synchronization of different time on other octant

Define
'Sinxy +y3 —X; — X3 — V>
G(x,%yyt1) = X3 —¥1—Xq ] (4-1)
y1 + X5 + COSX;,
X5 + Y, + sin (X, — ax;)
F(x, %y, y,t1) = Xy — Y2+ X3 ] (4-2)
CoSX; + Y,

Our purpose is to achieve the multiple symplectic derivative synchronization

Gx %y v,t1) =Fxx%yyt1 —K
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Consider the Rossler System is described by
X1 = =Xz — X3
XZ - Xl + aXZ (4-3)
Xg = b +X3(X1 - C)
where a = 0.15, b = 0.2, ¢ = 10 and the initial condition are x,(0) = 0.3, x,(0) =
0.1, x3(0) = 0.5. The chaotic attractor of Rdssler system is shown in Fig. 4-1 and

Fig. 4-2.

The Sprott A [18] is described by

S =YY, (4-4)

where the initial condition are y;(0) =0.1,"y,(0) = 0.1, y3(0) = 0.1 and 7 is a
function of t shown as:
T(t) = t + cost
The chaotic attractor.of Sprott A is shown in Fig. 4-3-and Fig. 4-4.

The state error is € =G—F + K where K = [~4,22,—20]" such that error
dynamics always exists in sixth octant.as shown in Fig. 4-5 and Fig. 4-6, where the

octants are defined as Table 4-1 and Fig. 4-7:

Table 4-1 The sign symbols of eight octants.

octant sign symbols octant sign symbols
first (+++) fifth (+,+,-)

second (- ++) sixth (- +,-)
third (= —=+) seventh (-, —,-)
forth (+ -+ eighth (+—--)
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Our purpose is lim;_,,, e = 0. We obtain (3-3) fori =1, 2, 3:
e = Gl - Fl — U
éz = Gz - Fz - uZ (4-5)
€3 = G3 - l':3 — Uz
By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in sixth octant by Table 4-1.

V()= —e; +e,—e3 (4-6)

Its time derivative is

V(e) = _(Gl - Fl - ul) + (Gz o FZ B uZ) - (G3 - F3 - U3) (4'7)
Choose
2
ul el + 1 rg yZ
u= u2] = |ex—yut Y2y3 (4-8)
us ez + X + ax,
such that
V(ie)= e, —e,+e; <0 (4-9)

which is negative definite function in sixth octant. Error states versus time and time

histories are shown in Fig. 4-8.and Fig. 4-9.

4-3. Synchronization by traditional method

If the traditional Lyapunov function is used, it means that
V(e) = ef + e + e3 (4-10)
Its time derivative is
V(e) = 2(e &, + e,€, + e3é3) (4-11)
We want to find u of Eq. (4-11) such that V satisfies
V(e) = —e? —e% —e?
Choose
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= 10.5e,—y; +¥2¥3
0.5e3 + x4 + ax,

ul 0.561 + 1 - y%
u= [UZI =
Uz
Introduce u into Eq. (4-5) where i =1, 2, 3, EQ. (4-11) becomes
V(e) = —(ef +e3 +ed)
which is negative definite function in all octants. And error states versus time and

time histories are shown in Fig. 4-10 and Fig. 4-11.

4-4. Comparison between new strategy and traditional method

From the previous sections, we know: that.the controllers u of the new strategy
and of the traditional method are different. Tables, Table 4-2 and Table 4-3, and
figures, Fig. 4-12 and Fig. 4-13, for comparing the efficiency of convergence are
given as follows. The superioty of new strategy is obvious. The error states of new

strategy are much smaller and decay far more quickly than that of traditional method.
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Table 4-2 The value of errors at second 610 ~ 620 for traditionl method.

t e e, es
610 -0.0415 0.1442 -0.1402
611 -0.0252 0.0875 -0.0850
612 -0.0153 0.0531 -0.0516
613 -0.0093 0.0322 -0.0313
614 -0.0056 0.0195 -0.0190
615 -0.0034 0.0118 -0.0115
616 -0.0021 0.0072 -0.0070
617 -0.0013 0.0044 -0.0042
618 -0.0008 0.0026 -0.0026
619 -0.0005 0.0016 -0.0016
620 -0.0003 0.0010 -0.0009
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Table 4-3 The value (x 1072) of errors at second 610 ~ 620 for new strategy.

t e e, es
610 -0.02811 0.09766 -0.09494
611 -0.01034 0.03593 -0.03493
612 -0.00380 0.01322 -0. 01285
613 -0.00140 0. 00486 -0. 00473
614 -0.00051 0. 00179 -0. 00174
615 -0.00019 0. 00066 -0.00064
616 -0.00007 0.00024 -0.00024
617 -0:00003 0.00009 -0.00009
618 -0.00001 0.00003 -0.00003
619 -0.00000 0.00001 -0.00001
620 -0.00000 0.00000 -0.00000

4-5. Summary

In this chapter, a new multiple symplectic derivative synchronization with
variable time scales is presented. Time scales of two partners are different, which for
partner A is t and for partner B is 1. Also new strategy to achieve chaos control by
GYC partial region stability is used and Tables and Figures are given to prove that the

new strategy do synchronize system far more quickly.
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Fig. 4-6 Phase portraits of error function before synchronization for new
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Fig. 4-8 Time histories of error function after synchronization for new strategy.
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Error phase portraits

Error phase portraits

Fig. 4-9 Phase portrait of error function after synchronization for new strategy.
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method:
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Error phase portraits
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Fig. 4-11 Phase portrait of error function after synchronization for traditional

method.
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Chapter 5

Kan trigram and Li trigram Multiple Symplectic
Derivative Synchronization by Partial Region

Stability Theory

5-1. Preliminary

The eight trigrams, shown in Fig. 5-1, is a part of Chinese philosophy, and they
have their own direction, figure, and representation. trigram has three parts, upper,
central, and low. The three parts of Kan trigram and Li trigram both represent three
different chaos systems separately, and they are used to complete a two times multiple
synplectic derivative synchronization by GYC partial region stability theory.

This chapter is presented as follows. In Section 2, systems used-in this chapter are
shown and the Yang (normal) and Yin (historical) systems for Réssler System, Sprott
22 system, and Sprott C system are synchronized. In Section 3, the Kan trigram
multiple symplectic derivative synchronization is presented by GYC partial region
stability theory. In Section /4, the~Li trigram multiple symplectic derivative

synchronization is proposed. In Section 5, summary is drawn.

5-2. Synchronization of Yang and Yin systems

The Yang Rossler system is
Xl = _XZ - X3
).(2 = Xl + a:llXZ (5'1)

X3 = by +x3(X3 — ¢411)

and the Yin Rossler system is
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5(4_ = Xg + Xe
X5 = —X4 — A12X5 (5-2)
Xe = —b1z — Xe(X4 — C12)

where a;;=0.15, b;;=0.2, ¢;;=10, a;,=-0.15, b;,=-0.2, c;,=—10 and the initial
condition are x;0= 0.3, X,0= 0.1, X30=0.5, x40= 0.3, x50= 0.1, x40,=0.5. The
chaotic attractor of Tai Ji Rdssler system, the combination of Yang and Yin systems,
is shown in Fig. 5-2 and Fig. 5-3.

Set the Yin Rossler system be

X4_ = XS + X6 + k(Xl - X4_)
Xs = —X4 — A12X5 + k(%2 — X5) (5-3)
Xe = —b1; — X6(X4 — C12) + K(X3.7Xg)

where x,, X,,and x5 arestates of Eq. (5-1), K'is:a positive constant, 100.
The states of linear feedback synchronization for Yang ROssler system and Yin

Radssler system are shown in Fig. 5-4.

The Yang Sprott 22 system is

Y2 =3 (5-4)

{Y1 =Yy
Y3 = —az1y3 — Y2 — siny;

and the Yin Sprott 22 system is

Y4 =—Ys
Vs = —Ve (5-5)
Ve = a22Y6 +ys + siny,

where a,;=0.25, a,,=—0.25 and the initial condition are y;,= 0.3, y,,= 0.1,
V30=0.5, y40= 0.3, y50= 0.1, yc,=0.5. The chaotic attractor of Tai Ji Sprott 22
system, the combination of Yang and Yin systems, is shown in Fig. 5-5 and Fig. 5-6.
There are four types of linear feedback synchronizations of Sprott 22 system for Li
trigram synchronization.

(5-1) Set the Yang Sprott 22 system be
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Y11 = Y12 + k(X1 — y11)
Y12 = Y13 + k(X2 — ¥12) (5-6)
Y13 = —az1Y13 — Y12 — sinyy; + k(X3 — y13)

where x;, X,,and x5 are states of Eq. (5-1) , k is a positive constant, 100.

(5-2) Set the Yang Sprott 22 system be

Y21 = Y22 + k(X4 — y21)
V22 = V23 + k(X5 — ¥22) (5-7)
Y23 = —a31Y23 — Y22 — Sinyp; + K(Xg — ¥23)

where x,, Xg, and x, are states of Eq. (5-2) , k is a positive constant, 100.

(5-3) Set the Yin Sprott 22 system be

Y1z = —Yi1s + k(21 = Ya4)
Yis = Y16 +k(zz = y15) (5-8)
Y16 = a22Y16 t Y15 + Siny1a + K(Z3 — y16)

where z;, z,,and z; are states of Eq (5-10) , k is a positive constant, 100.

(5-4) Set the Yin Sprott 22 system be

Y24 = —Y2s + k(z4 — y24)
Y25 = V26 + K(zs — y32s5) (5-9)
Y26 = 2226 t Y25 + siny,s + K(zg — y26)

where z,, zg, and zg are states of Eq. (5-11), ks a positive constant, 100.
The four types of states.of linear feedback synchronization for Sprott 22 system are

shown in Figs. 7~10.

The Yang Sprott C system is

71 = 773

Zy; =171 —a31Zp (5-10)
. 2
z3 = bgq — C3127

and the Yin Sprott C system is

Zy = —ZsZg

75 = —Z4 + a33Z5 (5-11)
- 2

Zg = —bgy + €375

where aj;=1, bs;=1, c3;=1, az,=—1, by,=—1, c3,=—1 and the initial condition
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are z,0= 0.3, z,0= 0.1, z37=0.5, z,9= 0.3, z5¢= 0.1, 74, =0.5. The chaotic attractor
of Tai Ji Sprott C system, the combination of Yang and Yin systems, is shown in Fig.
5-11 and Fig. 5-12.

Set the Yang Sprott C system be

21 = 7373 + k(z4 — 21)
Zy =21 —azZ; +k(zs —7;) (5-12)
Z3 = b3y — €312 + k(zg — 23)

where z,, zg, and z, are states of Eq. (5-11) , k is a positive constant, 100.
The states of linear feedback synchronization for Yang Sprott C system and Yin Sprott

C system are shown in Fig. 5-13.

5-3. Kan trigram synchronization
At first, Eq. (5-3) which Eqg.-(5-2) is synchronized with Eq. (5-1) is complete.
Define

y1 + COSy; — X,
Gi(x,XVy,Y217t) = y, +sinys + Xsg . (5-13)
_Y3 + SinyZ o X4 - X5_

X5+ V4 &+ COSYq + Xg]
F1(X,%V,V,2,21t) = Xy + V3 +siny, , (5-14)
Xe + Y2

Our purpose is to achieve the multiple symplectic derivative synchronization
Gi(x%%Vy,Vv2121t) =F(x%YVyYV17212t) — K

The state error is e =G—F+ K where K =[68,29,38]T such that error
dynamics always exists in first guardant.
e = Gy — Fii + K i=1,23

Our purpose is lim_,,, e = 0. We obtain the error dynamics:
&1 = Gy — Fyy — uyg; i=1,2,3.

By partial region stability theory, we can choose a Lyapunov function in the form
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of a positive definite function in first quadrant:
Vi(er) = ey +ep e (5-15)
Its time derivative is
Vl(el) = (G11 - l':11 - u11) + (G12 - FlZ - ulZ) + (G13 - l':13 - u13)

Choose the controller u; as

Uq e11 ty2
u; = |U2| = |eqp — 0.15%5 (5-16)
U3 €13 + y,C0sy;
We obtain
Vi(e;) = —ey — e, — €13 <0 (5-17)

which is negative definite functionin first quadrant. Error states versus time and their
time histories are shown in Fig. 5-14 and Fig. 5-15.

And then, Eq:(5-12) which Eqg. (5-10) is synchronized-with Eq. (5-11) is

complete.
Define
7y +2; — s
Gz (X, )'(, y, y, Z, Z, t) = ZZ + 22 + COSS’4 . (5'18)
Z3+ Y4+ COSYs
[ Ve + COSYy —Zy
—ys5 + COSys — Z ]
Fo(x %Y, 9,228 =| 4 > (5-19)

l —Zl/zz + cosys J ’

Our purpose is to achieve the multiple symplectic derivative synchronization
G,(x,%xYy,v,22t) =F,(x,XVy,y,2%t) — K.

The state error is e =G—F+ K where K =[68,29,38]T such that error
dynamics always exists in first guardant.
e, = Gy — Fp + K i=1,23.

Our purpose is lim_,,, e = 0. We obtain the error dynamics:
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&, = Gy — Foy — Uy, i=1,2, 3.
By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in first quadrant:
Vy(ez) = ep1 + €25 + €53 (5-20)
Its time derivative is
Vy(ep) = (G21 —Fp — u21) + (Gzz —Fp — uzz) + (G23 — Fa3 — u23)

Choose the controller u as

Uz €21 — YsSiny,
Uy = |U22( = [€22 = V6 (5-21)
Uz3 €23 — Y5
We obtain
Vo(e,) = —ey; — €35 = €53 <0 (5-22)

which is negative definite function in first quadrant. Error statesversus time and their
time histories are shown in Fig. 5-16 and Fig. 5-17:
At last, e; and e, are the components of error states e. Error states versus time and

their time histories are shown in Fig. 5-18 and Fig. 5-19.

5-4. Li trigram synchronization

At first, Eq. (5-6) which Eq. (5-4) is synchronized with Eq. (5-1) and Eq. (5-8)
which Eqg. (5-5) is synchronized with Eq. (5-10) are complete.

Define

[V1a + Y15Y16 — Y11Y11 — Y11Y13]
Gi(x%xy,y,27t) = V15 + Y16Y14 — Y12Y11 , (5-23)
L V16 T Y14Y15 + Y15Y15 T Y13 |

Y11¥12 + Y14 + V15
Fi(x%y,¥,2,21t) = |Y12Y13 — Y15 T Y15Y16 + Y15Y16| , (5-24)
V11¥13 + ¥is + Y1s¥1s

Our purpose is to achieve the multiple symplectic derivative synchronization
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Gi1xxy,Vv2121t) =F(xx%xYyYV17212t) —K
The state error is e = G—F+ K where K=12,11,108]T such that error
dynamics always exists in first guardant.
e = Gyj — Fqi + K i=1,23.
Our purpose is lim_,,, e = 0. We obtain the error dynamics:
é1; = Gy — Fyi — uy; i=1,23.
By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in first quadrant:
Vi(e1) = e +eqp +eqgs (5-25)
Its time derivative is
Vi(er) = (Gi1 = Fg =wy0) + (Gia — Fip < ugp) +(Giz — Fiz —uy3)

Choose the controller u; as

Ugq ei1+ Yis
u; = |Ui2| = | ez + 2y12Y12 (5-26)
Uiz e13.— 10y13
We obtain
Vi(eg) = —ej; —egp— €3 <0 (5-27)

which is negative definite function in first quadrant. Error states versus time and their

time histories are shown in Fig. 5-20 and Fig. 5-21.

And then, Eq. (5-7) which Eqg. (5-4) is synchronized with Eq. (5-2) and Eq. (5-9)
which Eqg. (5-5) is synchronized with Eq. (5-11) are complete.
Define

Y24 — Y23 t ¥21¥21 — Y2123
G(X %Y, ¥,22t) = | Yas — Va5 + V21¥23 — V32 | (5-28)
Y26 — Y21 — 10y23 — V23
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Y21Y22 — Y25 — Y21 + Y22
F2(6%Y,9,2,2,8) = | y22¥23 = V25~ Y21 + Va3 | (5-29)
Y21Y23 — Y24/Y25 t Y22

Our purpose is to achieve the multiple symplectic derivative synchronization
G,(x,%xYy,v,22t) =F,(x,XVy,y,2%t) — K.

The state error is e=G—F+ K where K=1[2,11,108]T such that error
dynamics always exists in first guardant.
ey = Gy — Fp + K i=1,23.

Our purpose is lim_,,, e = 0. We obtain the error dynamics:
&, = Gy — Foy — Uy, i=1,2,3

By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in first quadrant:

Vy(ez) = eyq +i€35 + €3 (5-30)
Its time derivative is

Vz(ez) = (G21 = 1.:21 - u21) + (Gzz - 1:‘22 - uzz) + (G23 = I.:23 - u23)

Choose the controller'u as

Uz1 €21 — V25
Uy = [Uz2z2| = [€22 — Va4 (5-31)
Uy3 €y3 — 015y22
We obtain
Vo(ez) = —€ey1 — €55 — €33 <0 (5-32)

which is negative definite function in first quadrant. Error states versus time and their
time histories are shown in Fig. 5-22 and Fig. 5-23.
At last, e; and e, are the components of error states e. Error states versus time and

their time histories are shown in Fig. 5-24 and Fig. 5-25.
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5-5. Summary

The figures of Kan and Li trigrams are used to complete a different kind of
synchronization. The error dynamics have three stages. Firstly, in 0 ~ 100 sec. no
control is applied. And then, the synchronization of Yang and Yin system appears in
second 101 ~ 200. Finally, after second 201, error dynamics achieve synchronization.

It seems very complex, but it is full compliance with the eight trigram.
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Fig. 5-1 Relation of the eight trigrams.
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Fig. 5-2 Time histories of Tai Ji Rossler system.
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Tai Ji phase portraits
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Fig. 5-3 Phase portraits of Rossler system.
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Fig. 5-4 Synchronization for Yin Réssler system and Yang Rossler system.

time histories

Fig. 5-5 Time histories of Tai Ji Sprott 22 system.
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phase portraits

Fig. 5-6 Phase portraits of Tai Ji Sprott 22 system.
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Fig. 5-7 Synchronization for Yang Sprott 22 system and Yang Rossler system.
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Fig. 5-8 Synchronization for Yang Sprott 22 system and Yin Rossler system.
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Fig. 5-9 Synchronization for Yin-Sprott 22 system and Yang Sprott C system.
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Fig. 5-10 Synchronization for Yin Sprott 22 system and Yin Sprott C system.
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Fig. 5-12 Phase portraits of Tai Ji Sprott C system.
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time histories
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Fig. 5-13 Synchronizationfor Yang Sprott C system and Yin Sprott C system.
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Fig. 5-14 Time histories of Yang error function for Kan trigram.
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phase portraits (yang)
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Fig. 5-15 Phase portraits of Yang error function for Kan trigram.
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Fig. 5-16 Time histories of Yin error function for Kan trigram.
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phase portraits (yin)
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Fig. 5-17 Phase portraits of Yin error function for Kan trigram.

time histories (Kan)
200 T T T T T T T

I 1 | |

1 I 1 1 1 1
—850 -200 150 -100 -50 0 50 100 150 200 250
t

100 T T T T T T

o 50+ - N AW\/W“NW\/\IWM i
| |

il | | | | |
—850 -200 150 -100  -50 0 50 100 150 200 250
i

100 T T T T T T

o 50 WNWW[\WW\/\ 7
| | | |

1 | | | |
—850 -200 150 -100  -50 0 50 10 150 200 250
t

Fig. 5-18 Time histories of error function e for Kan trigram.
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error phase portraits
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Fig. 5-19 Phase portraits of error function e for Kan trigram.
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phase portraits (Yin)

Fig. 5-24 Time histories of error function e for Li trigram.

86

120
100
80—
ﬂ:ﬂ 60 -]
40| |'
|
20 _|I .
. |
il ||
120 T e
107 T~ | it 14
8 P
6 T~ IJ S e g =
AT ] I 6
| o 4
2 Tl 2
1] o
e
2 e,
Fig. 5-23 Phase portraits-of Yin.error function for Li trigram.
time histories (Li)
15 T T T T T T T T T
10+ S -
o
5+ | | -
n i i L ! v | o a
350 200 150 100 50 0 50 100 150 200 250
t
300 . - T T T T T T
20 \ &
o |
100} I Y | -
l | . l ‘ | I."'"I ll._,_-,l'\"’u" i I'-.._-'I-f"] ".‘_.__-’\r I I-._\p,',-'-"' HI
S50 200 150 100 50 o 50 100 150 200 250
t
150 T T T T T T T T
100 T —) N
a” ].'I y l | [l ‘
50/ ’ I | I !, i
0 | 1 | 1 | | | | L
250 200 150 100 50 0 50 100 150 200 250
t



error phase portraits

87



Chapter 6

Kan-Li Hexagram Multiple Symplectic Derivative

Synchronization by Partial Region Stability Theory

6-1. Preliminary

Hexagram, a part of Chinese philosophy, is advance of the eight trigram. It has
two parts, upper and low. The two parts of Kan-Li hexagram both represent a trigram,
Kan trigram and Li trigram, and they are used to complete a multiple synplectic
derivative synchronization «by three-way, ~GYC partial region stability theory,
Lyapunov function, and  linear feedback method. At last, the efficiency of
convergence for the three ways are-compared.

This chapter is.presented as-follows. In Section 2, systems-used in this chapter
are shown and the“Yang (normal) and Yin (historical) systems for Rossler System,
Spott 22 system, and Spott C system-are synchronized. In Section 3, the Kan-Li
hexagram multiple symplectic derivative synchronization is presented by GYC partial
region stability theory. In Section 4, the Kan-Li hexagram synchronization is
proposed by traditional Lyapunov function. In"Section 5, the Kan-Li hexagram
synchronization is proposed by linear feedback method. In Section 6, the comparison

of three synchronization ways is presented. In Section 7, summary is drawn.

6-2. Systems of Kan-Li hexagram synchronization

The Yang Rossler system is

Xl S _XZ - X3
).(2 = Xl + a:llXZ (6'1)
X3 = byy +X3(X1 — €11)

and the Yin Rossler system is
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5(4_ = Xg + Xe
X5 = —X4 — A12X5 (6-2)
Xe = —b1z — Xe(X4 — C12)

Where 31120.15, b11:O.2, C11:10, 312:_0.15, b12:_0.2, C12:_1O and the initial
condition are x,7=0.3, X,0=0.1, x30,=0.5, x,0=0.3, X50=0.1, x40=0.5.

Set the Yin Rossler system be

X4_ = XS + X6 + k(Xl - X4_)
Xs = —X4 — A12X5 + k(x; — X5) (6-3)
Xe = —b1; — X6(X4 — C12) + K(X3 — X¢)

where x,, X,,and x5 are states of Eq. (6-1), k is a positive constant, 100.

The Yang Spott 22 system is

Y2 =3 (6-4)

{Y1 =Yy
Y3 = —az1y3 — Y2/=Siny;

and the Yin Spott 22 system is

Ya = —Ys
Vs = —Ve (6-5)
Ve = a22Y6 +¥s5 +8inyy

where a,;=0.25, a,,==0.25 and the initial condition are y,,= 0.3, y,,= 0.1,
V30=0.5, ¥40= 0.3, y50= 0.1, ¥,0=0:5.
There are four types of linear feedback synchronizations of Spott 22 system for Li
trigram synchronization.
(1) Set the Yang Spott 22 system be
V11 = Y12 + k(%1 —y11)
Y1z = Y13 + k(%2 —y12) (6-6)
Y1z = —821Y13 — Y12 — Siny; + K(X3 — y13)

where x;, X,, and x5 are states of Eq. (6-1), k is a positive constant, 100.

89



(2) Set the Yang Spott 22 system be

V21 = Y22 + k(X4 — ¥21)
Y22 = Y23 + k(X5 — y22) (6-7)
Y23 = —a21Y23 — Y22 — Sinyz; + K(Xg — ¥23)

where x,, Xg, and x, are states of Eq. (6-2) , k is a positive constant, 100.

(3) Set the Yin Spott 22 system be

Yia = —Yi1s + K(z1 — ¥14)
Yis = — V16 + K(z; — y15) (6-8)
Y16 = a22Y16 T Y15 + sinyq14 + K(z3 — ¥16)

where z;, z,,and z; are states of Eq (6-10) , k is a positive constant, 100.

(4) Set the Yin Spott 22 system be

Y24 = — Y25 +K(zs = y24)
Y25 = V26 + k(25 — y25) (6-9)
Y26 = A22Y26 T Y25 1 SiNy,, + K(Zg — ¥26)

where z,, zc, and zg are states of EQ. (6-11), k is a positive constant, 100.

The Yang Spott C system is

71 = Zy73

Zy =21 — aA317Z; (6-10)
. 2

Z3 = b3y — 3127

and the Yin Spott C system is

Z4 = —ZsZg

Zs = —Z4 + a3yZs (6-11)
— 2

Zg = —bgy + €375

where a;;=1, bs;=1, c3;=1, a3,=—1, by,=—1, c3,=—1 and the initial condition
are zo= 0.3, z30=0.1, z3¢=0.5, 74,= 0.3, z5¢0= 0.1, z4,=0.5.

Set the Yang Spott C system be

71 = Zy73 + k(z4 — 21)
Z; =79 —azZ; +Kk(zs —z3) (6-12)
Z3 = b3y — C312% + k(zg — 23)

where z,, zg, and zg are states of Eq. (6-11) , k is a positive constant, 100.
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6-3. Kan-Li hexagram synchronization by GYC partial region

stability theory

Define
Gl (Xr )'(, Y, Yr zZ, Z’ t) = Gl (Kan) - Fl (Kan) =
(y1 + cosy, —X4) — (X5 + yq + cosy; + Xg)
(y2 + sinys + X5) — (X4 + y; + siny;) , (6-13)
(y3 + siny, — X4 — X5) — (X6 +Y2)
where G;(Kan) is Eq. (5-13), and F,(Kan) is Eq. (5-14).
Fi1(x,%V,Y,22,t) = G;(Li) — F;(Li) =

(Y14 + V1s5Y16 — Y11Y11 — Y11Y13) — (Vi1Yaz2 + Y14 + V15)
(Y15 + Y16Y14 — Y12¥11) — (Vi2¥i3 = Vis + V1s¥i6 tV1s5Y16) | (6-14)
(Y15 + Y16Y14 — Y12V11) = (V11Y13 + Y%s + YisY1s)

where G;(Li) is Eq. (5-23), and-F,(Li) Is Eq. (5- 24).

Our purpose isto’ achieve-the multiple symplectic. derivative synchronization
Gi(x%x%Yy,v2121t) =Fi(x%yV2%1%t) — K

The state error is e = G —F + K where K= [83,196,43]" such that error
dynamics always exists in first guardant.
e = Gy — Fii + K i=1,23

Our purpose is lim_,,, e = 0. We obtain the error dynamics:
lim,, €15 = Gy — Fyj — uy; i=1,23.

By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in first quadrant:

Vi(er) = ey +ep e (6-15)

Its time derivative is

Vi(e,) = (G11 —-Fi - u11) + (G12 —Fip — ulZ) + (G13 —Fy3 - u13)

We want to find u; such that V, satisfies

Vi(e;) = —eq; — e, — €13 < 0 (6-16)
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Choose the controller u; as

e12 + (—0.15%s) — (2y12Y12) (6-17)
e13 + (yzcosy;) — (—10y,3)

Ugg e1; + (¥2) — (1s)
u; = |2 =
which is negative definite function in first quadrant. Error states versus time and their
time histories are shown in Fig. 6-1.
Define

GZ (Xr )'(’ Y, }"1 zZ, zr t) = GZ (Kan) - FZ (Kan) =

[ (Z1+2Z2—¥5) — (Y + COSYs —Z3) ]
|(Zz + Z, + cosy,) — (— Vs + COSsys — Zl)l

(6-18)
[ (z3 +y4 + cosys) — (— 1/22 + cosys) J

where G,(Kan) is Eq.(5-18), and F,(Kan) is Eq.(5-19):

F (%% 7,72 2 t) =Gy(Li) — F5(Li) =

(Y24 = Y23 + Y21¥21 — Y21¥23) — (¥21¥22 — V25— Y21 +¥22)
(Va5 — Va5 + V21¥3 — V32) — (V22Y23 — V25= Va1 + ¥23) ; (6-19)
(Y26 — Y21 — 10V23 — V23) — (V21¥23 = V24/Y25 + V22)

where G, (Li) is Eq. (5-28), and F, (Li) isEq.(5=29):

Our purpose is to achieve the multiple symplectic’ derivative synchronization
G,(x,%Yy,,2%t) = F,(X,%y,¥,2 %t)— K

The state error is e =G—F + K where K = [83,196,43]T such that error
dynamics always exists in first guardant.
e, = Gy — Fp + K i=1,23.

Our purpose is lim_,,, e = 0. We obtain the error dynamics:
lime_. €55 = Gpi — Fpi — uy; i=1,23.

By partial region stability theory, we can choose a Lyapunov function in the form
of a positive definite function in first quadrant:

Va(ey) = ep1 + e + €3 (6-20)
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Its time derivative is
Vz(ez) = (G21 - l':21 - u21) + (Gzz - l':22 - uzz) + (G23 - l':23 - u23)
We want to find u, such that V, satisfies
Vy(e2) = —ep1 — €32 — €33 < 0 (6-21)
Choose the controller u as
= |e22 + (=¥6) — (—¥24) (6-22)

ez3 + (—ys) — (—0.15y55)

which is negative definite function in first quadrant. Error states versus time and their

Upq ez1 + (—yssiny,) — (—y2s)
u, = [Uz2
Uz3

time histories are shown in Fig. 6-2.
At last, e; and e, are the components of error states e. Error states versus time

and their time histories are shown in Fig. 6-3.

6-4. Kan-Li hexagram synchronization by traditional Lyapunov

function

Define
G, (%,%V,Y 2z%t) = G;(Kan) = F,(Kan) =

(y1 + cosy, — X4) — (X5 + y1 + COSY1 + Xg)
(y2 + siny; + X5) — (X4 + y; + Siny,) , (6-23)
(y3 + siny; — X4 —Xs5) — (X6 +¥2)

where G;(Kan) is Eq. (5-13), and F,(Kan) is Eq. (5-14).
Fi1(x,%V,Y,22,t) = G;(Li) — F;(Li) =

(Y14 + V15Y16 — Y11Y11 — Y11Y13) — (Y11Y12 + Y14 + V15)
(Y15 + Y16Y14 — Y12Y11) — (V12¥13 — V15 + V1sYV1e + VisYie) | (6-24)
(Y15 + Vi6Y14 — Y125’11) — (Y11Y13 + Y%s + Y15Y15)

where G;(Li) is Eq. (5-23), and F,(Li) is Eq. (5- 24).
Our purpose is to achieve the multiple symplectic derivative synchronization
Gi(x%%Vy,Vv2121t) =F(xX%XYVyYV7272t) — K
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The state error is e = G — F + K where K = [83,196,43]".
e1j = Gy; — Fq; + K; i=1,23.
Our purpose is lim_,,, e = 0. We obtain the error dynamics:
limy, &5 = Gqj — Fpj — uy; i=1,23.
We can choose a Lyapunov function in the form of a positive definite function:
Vi(er) = e11® + 5% +eq3° (6-25)
Its time derivative is
Vi(e,) = (G11 —-Fi - u11) + (G12 —Fip — ulZ) + (G13 —Fy3 - u13)
We want to find u; such that V. satisfies
Vi(e)) = —epq? —egp” = 135<0 (6-26)
Choose the controller u; as
ey + (v2) = (15)
u; = [U12] = [‘312 + (=0.15%5) — (Zy12¥12) (6-27)
€13 + (yzcosy;) — (=10y;3)
which is negative definite function. Error states versus time and.their time histories
are shown in Fig. 6-4.
Define
G,(x,%,Y,Y,2,2,t) = Gy(Kan)'— F,(Kan) =

[ (Z1+2Z2—¥5) — (Y + COSYs —Z3) ]
|(Zz + Z, + cosy,) — (— Vs + COSsys — Zl)l

(6-28)
[ (23 + ya + cosys) — (= 21/, + cosys) J

where G,(Kan) is Eq. (5-18), and F,(Kan) is Eq. (5-19).
F,(x,XV,Y,2,2,t) = Gy(Li) — F,(Li) =

(Y24 — Y23 + V2121 — ¥21Y23) — (V21Y22 — V25 — Y21 + V22)
(Y25 — Y25 t+ V21Y23 — Y%z) — (V22Y23 — Y25~ Y21 T ¥23) ' (6-29)
(Y26 — Y21 — 10y23 — V23) — (V21Y23 — V24/Y25 + V22)

where G, (Li) is Eq. (5-28), and F,(Li) is Eq. (5- 29).
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Our purpose is to achieve the multiple symplectic derivative synchronization
G,(x,%xYy,v,22t) =F,(x,XVy,y,2%t) — K.
The state error is e = G — F + K where K = [83,196,43]".
ez = Gy — Fy + K; i=1,23.
Our purpose is lim_,,, e = 0. We obtain the error dynamics:
lime_y, €5; = Gpi — Fyp — Uy; i=1,23.
We can choose a Lyapunov function in the form of a positive definite function:
Va(e2) = ep1” + e2,% + €537 (6-30)
Its time derivative is
Vy(ep) = (G21 —Fp = u21) + (Gzz —Fpp = uzz) + (G23 — Fa3 — u23)
We want to find u, such that V, satisfies
Vy(ep) = —epi%— €52 — €32 < 0 (6-31)
Choose the controller u as
= (e + (—Ye). = (=V24) (6-32)

€3 + (—ys) — (—0.15y5,,)

which is negative definite function in first quadrant. Error states versus time and their

Upq 31 + (—yssiny,) = (=¥zs)
u, = [Uz2
Uz3

time histories are shown in Fig. 6-5.
At last, e; and e, are the components of error states e. Error states versus time

and their time histories are shown in Fig. 6-6.

6-5. Kan-Li hexagram synchronization by linear feedback method

Define
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G,(x,%V,Y, 2 %t) = G;(Kan) — F;(Kan) =
(y1 + cosy, —X4) — (X5 + yq + cosy; + Xg)
(y2 + siny; + X5) — (X4 + y; + siny,) , (6-33)
(y3 + siny; — X4 —Xs5) — (X6 +¥2)
where G;(Kan) is Eq. (5-13), and F,(Kan) is Eq. (5-14).
Fi1(x,%V,Y,22,t) = G;(Li) — F;(Li) =

(Y14 + V15Y16 — Y11Y11 — Y11Y13) — (Y11Y12 + Y14 + V15)
(Y15 + Y16Y14 — Y12Y11) — (V12¥13 — V15 + V1sYV1e t YisYie) | (6-34)
(Y15 + Vi6Y14 — Y125’11) — (Y11Y13 + Y%s + Y15¥15)

where G;(Li) is Eq. (5-23), and F,(Li) is Eq. (5- 24).

Our purpose is to achieve the multiple symplectic derivative synchronization
Gi1(x%x%xYy,V.221t) =F XXy %71

The state error is. e = G — F.
e1i = G — Fyy i=1,2,3

Our purpose is lim;_,, €;; = 0.

By linear feedback method, set that

Gy = Fyy + K(Gy; — F1p) i=1,2,3. (6-35)
where K is a positive constant,.100.

Error states versus time and their time histories are shown in Fig. 6-7.

Define
G,(x,%,Y,Y,2,2,t) = Gy(Kan) — F,(Kan) =

[ (Z1+2Z2—¥5) — (Y + COSYs —Z3) ]
|(Zz + Z, + cosy,) — (— Vs + COSsys — Zl)l

(6-36)
[ (23 + ya + cosys) — (= 21/, + cosys) J

where G,(Kan) is Eq. 5-18, and F,(Kan) is Eq. 5-19.

F,(x,%y,Y,22t) = Gy(Li) — F,(Li) =
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(YZ4 — V23 +¥21¥21 — YZ1YZ3) — (Y21Y22 — Y25 — Y21 + Y22)
(Va5 — Y25 + ¥21Y23 — ¥52) — (V22Y23 — V25— Y21 + ¥23) , (6-37)
(YZe — V21 — 10y,3 — S’23) — (V21Y23 — Y24/Y25 + ¥22)

where G, (Li) is Eq. 5-28, and F,(Li) is Eq. 5- 29.

Our purpose is to achieve the multiple symplectic derivative synchronization
G,(x,%xy,y,2,2t) =F,(x,%XYy,y,27t).

The state erroris e = G — F.
e, = Gy — Fy =12 3.

Our purpose is lim_,, e,; = 0.

By linear feedback method, set that
Gpi = Fpi + K(Gy — Fyp) i=1,23. (6-38)
where K is a positive constant, 100.

Error states versus time and their time histories are shown in-Fig. 6-8.

At last, e; and e, are the components of error states e. Error states versus time

and their time histories are shown in Fig. 6<9.

6-6. Comparison of synchronization ways

From the previous sections, we know: that the synchronization way of the above
three method are different. Tables and Figures (Fig. 6-10 ~ Fig. 6-12) for comparing
the efficiency of convergence are given as follows. The superioty of new strategy is
obvious. The error states of linear feedback method are most poor and of new strategy

are much smaller and decay more quickly than that of traditional method.
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Table 6-1 the value (x 10~%) of error dynamics at second 315 ~ 325 for new

strategy.
Yang Yin
t e e, es e e, es
315 0.01196 0.5917 0.07280 0.01196 0.5917 0.03737
316 0.00440 0.2177 0.02678 0.00440 0.2177 0.01375
317 0.00162 0.0801 0.00985 0.00162 0.0801 0.00506
318 0.00060 0.0295 0.00362 0.00060 0.0295 0.00186
319 0.00022 0.0108 0.00133 0.00022 0.0108 0.00068
320 0.00008 0.0040 0.00049 0.00008 0.0040 0.00025
321 0.00003 0.0015 0.00018 0.00003 0.0015 0.00009
322 0.00001 0.0005 0.00007 0.00001 0.0005 0.00003
323 0.00000 0.0002 0.00002 0.00000 0.0002 0.00001
324 0.0000 0.0001 0.00001 0.0000 0.0001 0.00000
325 0.0000 0.0000 0.00000 0.0000 0.0000 0.00000
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Table 6-2 the value of error dynamics at second 315 ~ 325 for traditional

Lyapunov function.

Yang Yin
t e e, es e e, es
315 0.0022 0.1064 0.0131 0.0025 0.1506 0.0067
316 0.0013 0.0646 0.0079 0.0015 0.0913 0.0041
317 0.0008 0.0392 0.0048 0.0009 0.0554 0.0025
318 0.0005 0.0238 0.0029 0.0006 0.0336 0.0015
319 0.0003 0.0144 0.0018 0.0003 0.0204 0.0009
320 0.0002 0.0087 0.0011 0.0002 0.0124 0.0006
321 0.0001 0.0053 0.0007 0.0001 0.0075 0.0003
322 0.0001 0.0032 0.0004 0.0001 0.0045 0.0002
323 0.0000 0.0019 0.0002 0.0000 0.0028 0.0001
324 0.0000 0.0012 0.0001 0.0000 0.0017 0.0001
325 0.0000 0.0007 0.0001 0.0000 0.0010 0.0000
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Table 6-3 the value of error dynamics at second 315 ~ 325 for linear feedback

method.
Yang Yin
t e e e, es e, es
315 -0.0025 -0.2797 0.0033 0.0025 0.0009 0.0052
316 -0.0015 0.0631 0.0023 0.0008 0.0014 0.0010
317 0.0049 0.2410 -0.0000 -0.0002 0.0005 -0.0047
318 0.0021 -0.4044 -0.0074 -0.0010 0.0013 -0.0067
319 0.0004 -0.0410 0:0009 -0.0039 0.0086 -0.0025
320 0.0016 0.4661 0.0013 -0.0039 -0.0121 0.0047
321 0.0041 -0.5133 0.0083 0.0089 -0.0086 0.0083
322 0.0010 -0.2801 -0.0013 0.0032 0.0072 0.0043
323 -0.0034 0.7818 0.0107 -0.0026 0.0038 -0.0044
324 -0.0023 -0.5340 0.3319 -0.0016 -0.0013 -0.0101
325 -0.0008 -0.3440 -0.0655 -0.0002 -0.0012 -0.0069

6-7. Summary

In this chapter, hexagram, advance of the eight trigrams, is first studied with

chaotic system. Kan-Li hexagram synchronization is combination of Kan trigram

synchronization and Li trigram synchronization. The error dynamics have three stages.

Firstly, in 0 ~ 150 sec. no control is applied. And then, the synchronization of Yang

and Yin system appears in second 151 ~ 300. Finally, after second 301, error

dynamics achieve synchronization. At last, the comparison of section 6 proves again

that synchronization by GYC theory is much better than other synchronization way.
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time histories (Kan-Li Yang)

Fig. 6-2 Time histories of Yin error function for Kan-Li hexagram

synchronization by GYC theory.
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Fig. 6-1 Time histories of Yang error function for Kan-Li hexagram
synchronization by GYC theory.
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time histories (Kan-Li)
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Fig. 6-3 Time histories of error function for Kan-Li hexagram synchronization

by GYC theory.

time histories (Kan-Li Yang)
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Fig. 6-4 Time histories of Yang error function for Kan-Li hexagram

synchronization by Lyapunov function.

102



time histories (Kan-Li Yin)
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Fig. 6-5 Time histories of Yin error function for Kan-Li hexagram synchronization by

Lyapunov function.
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Fig. 6-6 Time histories of error function for Kan-Li hexagram synchronization

by Lyapunov function.
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time histories (linear Yang)
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Fig. 6-7 Time histories of Yang error function for Kan-Li hexagram

synchronization by linear feedback method.
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Fig. 6-8 Time histories of Yin error function for Kan-Li hexagram

synchronization by linear feedback method.
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time histories (linear)
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Fig. 6-9 Time histories of error function for Kan-Li hexagram synchronization

by linear feedback method.
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v 10° time histories (Kan-Li Yang)
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Fig. 6-10 Time histories of error function for Kan-Li hexagram synchronization

by GYC theorem in 315 ~ 325 seconds.
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time histories (Kan-Li Yang)
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Fig. 6-11 Time histories of error function for Kan-Li hexagram synchronization

by Lyapunov function in 315 ~ 325 seconds.
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x10° time histories (linear Yang)
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Fig. 6-12 Time histories of error function for Kan-Li hexagram synchronization

by linear feedback method in 315 ~ 325 seconds.
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Chapter 7

Conclusions

In this thesis, a new chaotic study is studied, the combination of chaos and
Chinese philosophy is presented by chaos systems, chaos synchronization, and
multiple symplectic derivative synchronization.

In Chapter 2, the chaotic behavior of Tai Ji Rossler system, combination of Yang
Raossler system and Yin Rossler system, is studied. by phase portraits, time history,
Lyapunov exponent, bifurcation diagrams.

In Chapter 3, a new multiple-symplectic derivative synchronization is presented.
The variables and their derivatives in two given synchronization functions are used to
achieve chaos control by GYC partial region stability theory..By this way, the
Lyapunov function“is a simple linear homogeneous. function of error states and the
controllers are more simple and have less simulation error because they are in lower
order than that of traditional controllers. Finally, Tables-and Figures in Chapter 3 are
given to prove that the new strategy do synchronize system more quickly.

In Chapter 4, time scales of two partner functions are different, which for partner
A'is t and for partner B is t where t is a variable time scale, T = t(t). Moreover,
multiple symplectic derivative synchronization by GYC partial region stability theory
is further used to change the space of error dynamics. The new synchronization in this
chapter is rather complex, but the confidential property is better than common
methods.

In Chapter 5, the eight trigrams, one of Chinese philosophy, are first studied with

chaotic system. The figure of trigrams is used to complete a different kind of multiple
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symplectic derivative synchronization. By this way, chaos synchronization could be
more complex. The error dynamics have three stages. Firstly, no control is applied.
And then, the synchronization of Yang and Yin system appears. Finally, error
dynamics achieve synchronization. It seems very complex, but it is full compliance
with figures of the eight trigram. Also GYC partial region stability theory is used for
searching controller easily and synchronizing system quickly.

In Chapter 6, the eight trigrams synchronization is advanced to complete
hexagram synchronization in three different ways. By the relation of trigram and
hexagram, two trigram synchronization.are used to a hexagram synchronization. For
example, Kan-Li hexagram synchronization “is combination of Kan trigram
synchronization and Li trigram_synchronization.  The new synchronization could be

rather complex, and:the confidential property would be difficult to:decipher.
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