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! Dynamical System

! Computational Dynamical System

! Chaos

! Examine Chaos

:%&1()3



3

;4'&<*+'+./)'#(0'1+2/*&3#=+

45,6789"4:,6;

<=>?7@ABCDEFGHI
JKLM;

NO>?7CDEFGHPQRS
,67",6JKLM@TUABF
VW;



4

;4'&<*+'+./)'#(0'1+2/*&3#=+

""""X+(YFZ[@45,6\]XR
S^_`a7DEbcdef\FRS
ghijfJKLk;

lmnDEopq4rst\uFv
47wxy\z0{|}~F+�7�
���F+(���@45,6;



5

;4'&<*+'+./)'#(0'1+2/*&3#=+

""""��>?�"45,6�@����
4��F�7GH��P�����
�,6����t�r�5,6r�
�,6� ¡¢W�£¤¥¦§�
�;

""""¨©ª«,6@45,6��¬g
IR;



6

./)'#(0'1+2/*&3#

MY>?745,6®¯°n
�/�±²45,6"³´µ¶·¸¹º¹"»¼½¼¾
"""""¿ÀAÁ
�-�ÂÃ45,6"³·ÄÅºµÅÆÄÆ¶"»¼½¼¾
"""""ÇÈ¯���"ÉÈ¯��
"""""ÊËÈ¯��"³´¹ÌÍÎ"»¼Ï¼¾
�Ð�hÑ45,6"³¶ºÄ·ÒÍ¶ºµ·"»¼½¼¾



7

>?@ABCDEB

FGHIJKLM!NOP



8

>?@ABCDEB

QRHIJKLSTUVW



9

>?@ABCDEB

QRHIJKLXTUVW

ÓÍÆ·ÒÎÔÕµÖ¶·Òµº×"ØÒ¹Ä¸¹Ù"FÚÛMn

ÓÍÆ·ÒÎÔÜÄÝÍÌ¹Þ¶ßµ"ØÒ¹Ä¸¹Ù7àáÉÈ¯
��F�F]XâãäRâ;



10

>?@ABCDEB

QRHIJKLYZTUVW

[\HIJKL[\TUVW
+++++++++++++++++++++[\YZTUVW



11

!"#$%&'&(")'1+./)'#(0'1+2/*&3#

�/�±²45,6å

�-�ÂÃ45,6å
"""""ÇÈ¯��
"""""ÉÈ¯��
"""""ÊËÈ¯��

�Ð�hÑ45,6



12

!"#$%&'&(")'1+./)'#(0'1+2/*&3#

æ�ÇÈ¯��F+çèé�ê\7ë
ìíF@ÏÆÌ¹¸"Ù¹ºÒÄ´;îïðñò\ó
Iô7 õèéÑFö÷øùúöÛ7
ûü�*+ç�ê>æÈ¯��F�ý
¤@Rþÿ¨!þF(";



13

!"#$%&'&(")'1+./)'#(0'1+2/*&3#

#ÍºÕÍ$%&ÇÈ¯��+çèé�êå
ÄÅ¹Ô¶º¹Ö"¶ÄÌÞ¹¸å"'ÆÅ(¹ÔÜÆººÍ"Ù¹ºÒÄ´"³Ä´¹-Ð�
Ä´¹)*¾

ÙÆÌºµ¶º¹Ö"¶ÄÌÞ¹¸å"+´ÍÙ¶Ô,Í¶Ò-Ä¸ºÒÔ#ÄÆÌºÄÅ
Ù¹ºÒÄ´"³Ä´¹//Ð¾



14

FGHIJK]+^)+_`



15

FGHIJK]+&3)&+#'$



16

FGHIJK]+1"5(*&(0+#'$



17

FGHIJK]+a")")+#'$+



18

FGHIJK]+$-38'&"-b$-3/+#'$



19

FGHIJK]+0"#$13c+d%'8-'&(0+#'$



20

QRHIJK]+.%,,()5+3d%'&(")



21

QRHIJK]+e')+83-+f"1+"*0(11'&"-



22

QRHIJK]+g#**13-+*/*&3#



23

QRHIJK]+h"-3)i+*/*&3#



24

HIJKjk]+#"8(,(38+1"5(*&(0+#'$



25

HIJKjk]+^+l.+04'-538+$'-&(013*



26

HIJKjk]+^+m"-&(03*+*/*&3#



27

n`7+

:o*3-m3+&43+o34'm("-+",+&43+#'$+^)+_`7



28

nl7

:o*3-m3+&43+o34'm("-+",+&3)&+#'$+9(&4
! +p+l7



29

n^7+

:o*3-m3+&43+o34'm("-+",+1"5(*&(0+#'$7



30

nq7+

:o*3-m3+&43+o34'm("-+",+a")")+#'$7



31

nr7+

:o*3-m3+&43+o34'm("-+",+$-38'&"-b$-3/+
#'$7



32

ns7

:o*3-m3+&43+o34'm("-+",+0"#$13c
d%'8-'&(0+#'$7



33

nt7+

:o*3-m3+&43+o34'm("-+",+.%,,()5+3d%'&(")7



34

nu7+

:o*3-m3+&43+o34'm("-+",+e')+83-+f"1+
"*0(11'&"-7



35

nv7+

:o*3-m3+&43+o34'm("-+",+g#**13-+*/*&3#7



36

n`w7+

:o*3-m3+&43+o34'm("-+",+h"-3)i+*/*&3#7



37



38


