
� �

16 � � � � � �

� 	 
 �� � � ����� � �

b � �




� ��� �

��� �"!#�%$&�'$

01S2011E
( ) * +

2005 , 4 - 21 .



���

1 ��� 3

2 ���
	������� 4

3 ����	������� 5

3.1 �����
�����
���! #"�$�% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.2 �
����������&�' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.3 (��*)
+-,.�
�/&�'102$�354.687 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.4 &�'�9�:�;�<8=5�?>A@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.5 B*C�D�EGF5�GH8I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.6 (��*)
+-,.�
���*JGK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.7 L#M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4 N!O�P�*Q5RTSU�#� 15

4.1 V-B?D# #"�$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.2 V-B?DG&�'�98: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.3 W�X�(��*)
+T,.�����2&�'102$Y354.6�7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.4 XOR Z�[���\�] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.5 W�X�(��*)
+T,.������^#_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.6 Z�[�`-acb�d�e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5 b f�g2�f�h2i�j 23

5.1 k8lm"��mn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5.2 L�o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

5.3 ]�p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

6 b f�g2�f�h2i�j�q 31

6.1 L�o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

6.2 ]�p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

7 r
s?t 33

u#v

A w�x�8y
�mzG{�|#}�~Ay�•€S‚•2mf 34

A.1 ƒ1„?…�† . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

A.2 ‡�ˆ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

A.3 ‰2Šm�#‹�����‹5Œ�,Ž•��m•!�2&8'102$�354.6�7 . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

A.4 •�‘���’�V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

A.5 “8”�•#– . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

A.6 —�˜8™ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

1



u#v

B x�•!R����*���� y�•€S‚• mf 40

B.1 ƒ1„?…�† . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

B.2 ŠYŒ2+	�	
!�G$�� ‹5Œ�,Ž•��m•��802$�354.6�7 . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

B.3 �‹G$�������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

B.4 ™ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

u#v

C �2���w2�� 46

C.1 ���A�
�����
� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

C.2 W�X�(��*)
+T,.��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

C.3 Kohonen ����������% �YŒ2+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

C.4 Hop� eld ‹�Œ�,Ž•��m• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

!�"$#&%

69

'�(

70

2



1
���

�������

ƒ
	�����������
�����������
�����! ���"8��#5a%$'&��
���5ƒ)(

�

†
*�+,�
��-mD�-).�*�+,�
�

-�D�/�D0���5ƒ21�3�4 B546/�D)�! ��21�3�4 B546/�D0���7�8 ��69�9��
:<;%=�-�3*W�F5�
����† ��>�?�@�� ,

B5-mDA����B�C1†�WEDŽ�
����4�FHG�I2J1D0���<;LKTB
M)(A��ƒ0N�O�/QPma

�AR

���! !P

�

��>6?�@�� ,

�

���

�
��S�����4�FUTA�
���<;5V�WA(���S#…m†!�
���6> $
‹5ŒY,Ž•��m•�;YX
DA�0�

Z![

ƒ
\6]^;5_��A(Q� �������

�`R

��•6aG�m•

�

]�b�c��

R

� up a bottom ;5V�WA(����

3



2 ���������
	��

�A�#���
�ma ƒ8��\5��������5��Pma

�`R

� ( � 1� ) �<PG���
�#���
����‹5ŒY,Ž•G�m•8���
�#�6>2$
‹�Œ�,

a����2��� ( � 1� ) �

���A�
���m��� �A���6> $
‹5Œ�,Ž•G�m•

�

1 � �"!$# %�&$'

���#���
�*ƒ�(Y†�)+*`�-,/.�0/1Y��� �32�� Œ ,

��R54

.50"61�6? - "�
�7mn2$986��:`�

��R

�8�m�A���m�

��ƒ0.;(5�-<�/+=2S •�– acL�>-B
S

4

.�?A@0.;BDC

��E

a ��L�>��GF�H��m�A���������JI€C*ƒ�K�L

�$M�N�O

/

PRQ

$

�

ƒTS9U�1�b,����-�D�/�D�� ���

O

/�V/W5ƒ�X;Y

O

@Gb

�`R

���"Z����
���������/[$6A+"\�4�F?� k8l

;^]/_�`�a

��b

*�.;c F 4��
:

�2�;d

B .

R

� e5†Jf�(��1a�[$6
+"\��$g�h ( M�l ) (����

�A��������ƒ k8l^;

b

*6��ai���;�Aj��-kDl�m�n��$o�pTBU. B*C�DTe5†Jf!(���arq�—Dm�nTa^�s�2����(8$D\

;^gA��(����3[$6
+"\ aiZ��J���1�-]�_/`�a5ƒut�vDm�w

O

†�L�>-B5-�)�F 3�.�%8&

O

/2L�>-B%-�DA���3[$6
+

\mƒ�q�—Dm�n5†�x;=�-;m�n��9y�z5†-o�p�(���ar���{;f�\`] a��s�2���?%8&�\6]^;�| M)(����A[$6
+"\�4�F}|

M����AS����{;f�\6]1ƒ-]�o�`�a�o5�9~9•Y�J€3•m�2‹G$ ;u‚�4;ƒ�.;„Dms~�• ��;^…8k<�-ƒ����,P��9~�•Y���-…

k1†+x

4

]�_�`�a5†um9n��$g`�€BU.9�����5�um�n�O8%';"†AC�a�P%(���]�_�`/a

�

‚�4����"~�• �J€3•m�2‹G$A�

F5ƒ-| M��
��� ���{�f�\6]��
b5†-‡�ˆ�(����

["6
+"\u‰5†")�D�-�.

R

�^���A4�F}ZY�J���DŠ
��L�>5��‹�Œ��2O8%`(��AP�a�†�x;=�-!&�'`�`/!�
����a ]+•

F5�`-�D!�8�!LD>�;�Ž�…!�!PAa2ƒ8.;���{�f`\A]5��|'M2b�; •�•7�Tƒ^�!P
a2†3x/=2-;‘�W

��R

�8��]A•�FL�

���9���{;f�\6]��
b!�u’A•A��ar]�_�`/a�o

�

‚�4����"~9•Y�J€3•m�2‹G$A� F��u’

�

BU.#L�>,;JŽ
…A�APma�†

/A�0�

PY��4�Fi“#MTB5-�D7D0Pma�ƒ!P��8�����
��������;� #"#$�% B
S����

�`R

���<P�P

�u”

@ B�S2���A�
�����

�ma ƒJ•–=2S-V/W<;^F+H8 #"�$<�

R/—

F ��-�DA�8�).

R

DY9

�

�� #"�$

�`R54

.��A˜8�8��\�o��!�
���������

 ��+x�™?†�—�˜-B5-�D���a�D+=�-�DA�01+*

�

ƒ�/�D)�

4



3 ��� �����
	��

�1�8�A>G$1‹YŒ ,L;0X1D!��a�� ™�P
a

�

.8(5�#)1+ ,/�A�%. Kohonen � � � ��%�‹ Œ ,�•*�A•�. Hop�eld

‹ Œ ,�•!�A•`;�����S��,P`P

�

ƒ*(5�#)1+�,/����;0X�D���PAa�†YB8S�� Kohonen � ��� �
%�‹ Œ ,�•!�
•�.

Hop� eld ‹5Œ�,Ž•���•!†"H�D�-�ƒ
	�� A .	�� B ;����6�

3.1 ������������� �"!$#&%"'

��\ �8�����A�5��� � �

O

/�ITC�ƒ!k
l�;

�sd

B�-�.Q ��$e^�)(;e ;+* •!S-,s>,M�l/.�0�;�M�(7P�a

�

R

�0�

 �"�$�%<�
�AS��
�#������ƒ�.
�
���m��� Š
� k8l���•1‘9H1C21�3<;�4

d

BU.Q ��-e<;5($e aRX;Y-BU.)($e

;�*A•�S76�†*J

498;:

�-_�<5†�/A���7*A•�/�*2���

8>=�=

�69�9

�`R

���<PG��x�™?† k8l�†�x

4

M�l`�!�;?

O

†�d'9���["\@87!; feedforward A � 
!� � �`a8•�� �CB�["\@87 a?D ™U��j�‰�_�< u.�k8l�F n.�k8l xi .*•

�

2 D+E"!"# %�&$'GF
H�I

‘ wi .�MGl y a (���aKJ5��x+™?†
L *6�

u =
n

å
i= 1

wixi ¡ q (1)

y = f (u) (2)

P�P

�

f (x) ƒ

f (x) =

(
1 x > 0
0 x · 0

(3)

�`R54

.s� 3 ��x�™5/�EGF

�AR

���

0

0.2

0.4

0.6

0.8

1

-10 -5 0 5 10

f(
x)

x
�

3 MONQP2R

EGF5ƒ 1 4 0 �-e<;Aa

4

.2���������Y� on 4 off

�-_<<;OS'�AP�a�†
TU B5-8DA�
� x0 = 1;w0 = ¡ q

a (Q��a ¡ q ƒ

¡ q = w0x0 (4)

aKL *�.V (1) ƒ

u =
n

å
i= 0

wixi (5)

aKL *6���

5



3.2 ��������� �����

V (3) ƒ3j;‰A_�< u = 0
���

K ;s†AD!-�D<���

u = 0;n = 2 a (���a .V (1) ƒ

0 = w1x1 + w2x2 ¡ q (6)

O�:�(���a

x2 = ¡
w1

w2
x1 +

q
w2

(7)

P%�
ƒ x1x2 �

�5† 1 �5���<;"†
C 2 H���•#–5†-z *)-�DA����� 4 ��x�™?† 2 H���	�>5� k8l ~x � V (7) †�x;=

- 2 H�†-z *'F ��-�DA�*DA�9,/> 2 H��
	�>��$z��,�
��-mDA��a�D�•A���

�A�!���
��� &�' a�ƒ�� 4 �
AD�����	�><; 2 H�†�z *6��x�™?†+V (7) ��•�‘ wi .;($e q ;��-BL3/H2O8%<�

ƒ�-mD�D0Pma

�`R

���

�

4 ���������������

�

C

O

/5?�I

�

&�'1†"H�D�-*]+•A��a .����5ƒ��

�
 �{�D�;�(�����!�…<F ��.9���<;�"�#�ƒ�3
†�$&%

;('*)�(�����+ F ����a�D+=2SQPma

��,.-

†0/ =�-

ImD Pma�a211DQPma8;?&�'6(��0�#�435†GImD�5'�76

D�ƒuŽ#%<�
��.411D�5<�76�D�ƒ�83•<F �Q���

P!�m0;~8"�0A;�‹ Œ ,?•!�
•#�G&m'5†5UAX�( �8�

	�>:9 a(	�>�;2�

R

=�-�.
�������5��†�&=<,F
4

;�>?)Q�-ƒ��APma8;�]+•A���*9)�*k8l'�
�AS76�†�ƒ

1.�;0��k�l,�0�!S;6A†�ƒ 0 ;�M*l,�TƒQ��x3™�†�B

S#D������

O

/�]+•A@Aƒ!�
���m���Y�0B–=2S
>C)�;

B
S5,�>�\*D�E�„GFH<6;^a�P%(;‘9W�=<;�I F�B�J-B

D�>?)�†+T B5-�ƒ-c���B
/�D)�Q903�.
�
�������Y�

c��LK F5/�DQPma�†+TU-B5-G•1‘�;�>��=M�7m†�N&O

(��0�*96;�k8l B
S+,�><;�]3•A���7V (1),(2),(3) †�x;=�- 1 ��B�DŽƒ 0 ;AP�l6(����!•1‘�;�>��=M�7m†�d�…�S

�

�

J-B?D�Q���R F �Q�7"�S5ƒUTWV

�`R

���=J-B?D�>C)�;AB
S+,�>5ƒ�/�†!�mBY/�D -#ImD��).X96;�k8l B
S8†

�Y4�4�1�F 3 0 ;=P2l B
S5,;>5ƒ�•�‘5	 C21�3 u �u’

�

(��Dx�™?†�•�‘�;�Y�J-BU.+J5†4E�„.k8l`��ZQS76�†�ƒ

J-B?D�>C)�;�(��Dx�™?†1B
S#D)�!•�‘�;�’

�

�-ƒ��APma

�

P��!Pma�ƒT‘9W

�`R

���H;
�*k8l'�
�AS+,�>5ƒ 0 ;

P�l B
S#D)�AB–=�- 1 ;=P�l€B
S+,�>5ƒ�•�‘�;�I F�B5-QJ

[�[

9AB?D&P�l`��R F ���-‘9W�=��u’A•A���<P��!P

a ƒ 1 ;APGl B
S�D5,�>�ƒ k8l;e<;Ž•1‘�†

�

•8. 0 ;APGl B
S�D5,�>�ƒ k8l';Ž•�‘�4�FHcTB-†�D8Pma�†+x;=�-

f����
�����

0m•5@�
4\�/�k�l�†5TU�(��?•�‘m��‘���Y&J,������Pma †�]/?-B%-�^TB?D�� 0 �2k8l1ƒ�•1‘9H5C21/35†
_�`

;�a+•�/�D��

�

 ���•1‘�;5O�’-B5-^�

Z?b

[�†1B5-�DA�?k�l�†+T B5-���L�o�†�ƒ�_�`<;�a�•�3�.���B O�’A(��

aiZY� k8l�†+T B5-01c_�`<;�a�•A�-‘9W8=��

R

�84�F

�`R

���

PG��&8'#9�:�ƒ 1949 d�† DonaldHebb †+x�=0-�e&f�����.�g?\���&8'#: (Hebbianlearningrule) a^�s�)�

-�D���&�'102$�354.687!;�Y�J-B
S����

�`R

���&g?\#ƒ8�9�A�
���6> $3["\�@87m�
*�+�4�F�0m•5@ 
4\�/2L�>

�8‘�;�Ž8%�( ��aŽI ™U&�'�@#e�;�ecf BY-
D!�)��.�YcJ7�0�!S*&�'�9m:

�

ƒ2L�>�;�h5…!�
,�> �

R

�8�<P
�

6



�;‘/W /���ƒ���91B DGL�o�;���K�a8BY-�D!��S8…G•5‘�; ’�� &0<'F �A@��m†0O�’!(6�A�!I
D�46�!dcO

�

C��

S8…

��R

�8�<P*�3x3™�†

[

91B�DGL�o���164 =8-�)

4

.Q ��2L�o,;�X�D`SG&�'�@�e�;	��
7	�&8' (supervised

learning) a������
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1. •�‘YaO($e5��� �"!

6�# t $9)+*�%�&(' i )+*�,.-0/�1 wi(t)(1 ¸ i ¸ n) 243�5 6�798:,<;>=?1 q(t) @BA0%.C D�E�F<G
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wi(t + 1) = wi(t) + xi(t) (11)

a�'(l 0 $<T�%.x0y�w ( z {:G B) $ 1 1Ja�'|Z�d.} ~

wi(t + 1) = wi(t) ¡ xi(t) (12)
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a�'(l 1 $<T�%.x0y�w ( z {:G A) $ 0 1>a�'|Z�d�} ~
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XXX2FFF+ ) I WWW ¢¢¢XXX· 0 ,Jw ADD N
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WWW¤ ¢WWWn ¸ nd (23)

j

$,���0$JI"q<_��9c�%�C ADD $	�²%)(�,^e�¨(1
�9c�%�@ WWWt ¢XXX H+94L"T"¨:v�$<TQ*BT qJC (WWWt ¢XXX > 0 ,
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1
2 å
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(tpj ¡ opj )2 (30)
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(�15m	�'n ¯'�X(I��>/D	�"*^—M�!"1& p ���2,���oFp)�!:>;�…Q™ j ��q"r��( u 4Hs �$t
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�';���*

upj = å
i

wi jopi (31)
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opj = f j (upj ) (32)
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…

,�Š����J4

¶Ep

¶wi j
=

¶Ep

¶upj

¶upj

¶wi j
(33)

.�;2Š�*�l (33) ����� 2 b|ce�����J4�l (32) (�Ž

„

M

¶upj

¶wi j
=

¶
¶wi j

å
k

wk jopk

= å
k

¶wk j

¶wi j
opk

= opi (34)

.�;/Š�*G:P:�> ¶wk j=¶wi j � k 6= i ��� 0� k = i ��� 1 .�;/Š/:3.�(�Ž

„

n�*+���?����� (�:�;�‚5{! 6�#"
$
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…�†

.'E�M

¡
¶Ep

¶upj
= dpj (35)

.)(2,�:3.��P><•�Š�*�l (33)
�

l (34) � (35) (+*�$3,�Š�.

¡
¶Ep

¶wi j
= dpjopj (36)

(�ˆ 4�‰<ŠH*FE�n,�.-HM��!Y1ZK( dpjopj
�

B�/|E�M�0�1QE�M

„

•":/.

�

t.2 Ep %�-43�5'63Š2:3.+��>J•'ŠH*

,3;�v87

Dpwi j = hdpjopi (37)

98:�;

‚5{
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E�M dpj �,='>"‰� Ep 3�NPOA@�?<Š/:A@��P><•�Š�B�l (35) t.2DC

dpj = ¡
¶Ep

¶upj

= ¡
¶Ep

¶opj

¶opj

¶upj
(38)

��ˆFE=‰�Š�B�l (32) 3�G�HJI�Š'@

¶opj

¶upj
= f 0

j (upj ) (39)

s

�

l (38)
��K

‰�Š�L���� ¶Ep=¶opj
�

€

„

M�G�m/Š�B2fNM,O.%

:�;

‚5{QPJR�l (30) 3�Ž

„

M

¶Ep

¶opj = f 0
j (upj )

(40)

@�=.>PŠ�BTS�nU�'-�M

dpj = f 0
j (upj )(tpj ¡ opj ) (41)
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dpkw jk (42)
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dpkw jk (43)
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Ž
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u

�
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��C�������w�E&V F

�

V/ŠG8�‹ H�ŒT•
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u

]

@

�

I�Š�B�I�Š&@

:�;

‚5{ j %G(NM opj R

opj = f (u)

=
1

1+ e¡ K¢u (44)

P#�J�hE=‰�Š�BTS�>U�.-�X6��%����.R

f 0(u) =
Ke¡ K¢u

(1+ e¡ K¢u)2

= K ¢f (u) ¢(1¡ f (u))

= K ¢opj ¢(1¡ opj ) (45)
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å
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wi j (t + 1) = wi j + hdpjopi
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*

Š
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‚5{

��<

S+XJR

dpj = K ¢opj (1¡ opj )(tpj ¡ opj )

W�‰�O

:�;

‚5{

��<

S+XJR

dpj = K ¢opj (1¡ opj )å
k

dpkw jk
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‚�{ j �s~JI<Š�O�%���%�O

�

~�I<Š

:�;

‚�{ k
l

X

�

v�>�-�X4@

ŠJ�N%.@ I�Š�B
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?6> ( P 7#€ :C.2) B

Q�R

(NM&R�S 10%-G-I

�

V8-3>�B

J+L�O.%

:�;"M

.Q���

*

Š#$�M�T�LJR�S 11%-G-I

�
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:

;NM
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�
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C

:
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�

V$Š�B

:�; M

. %�(�M'RZY��

�
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�

V$Š�W

*
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P

�
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�
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�
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:
;�M

.

ƒ

Cba�%�(�M 3'@�-#>�B��
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(NM

:�;"M

.)%�dEef�g.R

u = ¡ 9:4o1 + 8:8o2 ¡ 4:0 (46)
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� �
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3. �������
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wi j (t + 1) = wi j + hdpjopi + a (wi j (t) ¡ wi j (t ¡ 1)) (47)

]�]�P a R#Hu7"Ž6;�. �8P 0 < a < 1 Puw ��B
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\�3� S->�8 uū; bb̄ R�_�` §
)

\�'F1 %�I3�� ‰�X�1��=8

5.1.1 Boostedsphericity
J

?K�! :;N.L3!C:D

M

. `‚'GM S#X�o!N‚' 2 �/ŠPO!Ql'GR

*

� ( S 15SUTE^�`‚'GV ‰NX ) 8 1 �/ŠPO!Q‚'�w

�W.�/%T�XZY\[�]/%)^G.�/

�`_

"`Y�>Za\bJ� �=8Ic�Š 1 �&Š�OdQHd�ŠF.�/9Š

�+(�*

S"�9Š-G-I�^O�c;P��%3	�

!Ke �=8

Sa b =
å
i

pa
i pb

i

å
i

j pppi j
2 (48)

c�cFS a ;b = 1;2;3 Suw`fg; x;y;z 3‡�

A

e��=8 Sa b
�c;P��%3HM!N

Œih

; l 1 ¸ l 2 ¸ l 3 ; l 1 + l 2 + l 3 = 1 Š

j

�/Š!k=l�%I3@Q �=84c�Š!k=l�%

�`_

�lŠ-G-IE' sphericity:S 3	�#!43Ge��=8

S=
3
2

(l 2 + l 3) (49)

0 · S· 1 S�w��G8 sphericity TP"('

�

��>�.+/‚ŠGmNqnf\oZ3Hp

hHq

�nfr;�O:o&%�^3|�} S¼ 1 SPs`tGu�quB

23



 0

 0.005

 0.01

 0.015

 0.02

 0.025

 0.03

 0.035

 0  0.2  0.4  0.6  0.8  1

boosted sphericity

u
b

�

16 boostedsphericity �����

SJ•+-��37��u7 �NŠ-G-IE'�^ ��'

h

>�q…‰

q

�

‰

q

1�\�; 2 C�D

M

. '�^ ��a S¼ 0 aW^ �=8dR	�%T�S 16Š-G

IE'!^ �=8

5.1.2 Transversemomentum

Transversemomentum TH1 %��9Š+C)D

M

. `9'�
�o:^�'�R9Š 2 ��KSuw � ( S 17) 8

T = å P2
t (50)

5.1.3 Multiplicit y

Mutiplicity T+C)D

M

. Š=.�/�CI3�_�r"�

`

7�Š=M�CKS�’‰3>

•

ŠPSuw � ( S 18) 8

multiplicity =
N

lnE
(51)

5.1.4 Elevendirectedsphericities

Directedsphericity:S̄Q T��9Š-G-I�'��	�

�

���=8

S̄Q =
å QP2

T

å Q jPj2
(52)

c cdS+1 %H� P T)*

M

.��/Š��

(�*

S‚Š�� ; PT T������

*

Š��IS�� �!8�*

M

.��KT CZD

M

.:J9Š�.�/

Š�J��

_

_�� �

`��

Š� N1

•

ŠZ3 4 �"!$#+;&%wŠ�J��

_

2 ��'�( 3*),+	-"W/.10

•

Š�S����!8 �

J

f ;

24



 0

 0.01

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0.08

 0  2  4  6  8  10

transverse momentum

u
b

�

17 transversemomentum�����

 0

 0.01

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0.08

 0  2  4  6  8  10  12  14

multiplicity

u
b

�

18 multipricity �����

25



¯S1234; ¯S123; ¯S124; ¯S134; ¯S234; S̄12; S̄13; S̄14; S̄23; S̄24; S̄34 Š 11 2lŠ��/q�Q

_

���=8 ( S 19)

 0

 0.005

 0.01

 0.015

 0.02

 0.025

 0  0.5  1  1.5  2

u
b

¯S1234

 0

 0.002

 0.004

 0.006

 0.008

 0.01

 0.012

 0.014

 0.016

 0.018

 0.02

 0  0.5  1  1.5  2

u
b

¯S123

 0

 0.002

 0.004

 0.006

 0.008

 0.01

 0.012

 0.014

 0.016

 0.018

 0.02

 0  0.5  1  1.5  2

u
b

¯S124

 0

 0.005

 0.01

 0.015

 0.02

 0.025

 0  0.5  1  1.5  2

u
b

¯S134
�

19 directsphericity �����

5.1.5 Eleveninvariant masses

InvariantmassT directedsphericity S��-1"0=.�/9Š�*

M

. ��'=M

h�q����

<��9Š��I3Ua�‰*0

•

ŠPS � �=8

MQ = å Qm (53)

X=E‚' 11 29Š��Nq�Q

_

���=8 ( S 20)

5.2 �
	

����

�������������

��

25;��

�

1�Z3��� 

�

Š�!"$#

�

C`3 10; 13; 20; 30 a

‹�Œ$%

.!; 5.1S�& 

h

0

���

25 2`3 1000 �! 

�'�)(�*

�� 

�

10; 13; 20 3 50 +-,�; 30 3 300 +�,/.0

%

./0�8 up Š�1 0;

bottom Š21 1 33�

�

e�4�5-6879.:0

%

.�0 ( ;

�3<

:C.2) 8

=

21T9./0�7-534 ��+"Š

‹/>

S ��4=82?:@%T9./0�,�A+;�B:@%T���+dS ��4=8 4
*�C:D�E

f��

h�q

+"0�8 ��+

F�G:H

h�qI�q

./0

F�J

RK7

%�L+qI

4Kc�a

F�M

��4=8

.0�NPO�QR7S.0P7�T

I

0

����U

��V

3WRW

%

. 0d8

=

22T�?�@X7"�X#

�ZY

�

�

;�B@R7"%

Y

�`33�

�

h

26



 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0.16

 0.18

 0  0.5  1  1.5  2  2.5  3

u
b

¯M1234

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 0  0.5  1  1.5  2  2.5  3

u
b

¯M123

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 0  0.5  1  1.5  2  2.5  3

u
b

¯M124

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 0  0.5  1  1.5  2  2.5  3

u
b

¯M134
�

20 invariantmass� ���

0

U

��V�Y

�-43Ua��*0�8��ZT up;�� T bottom 3Wp:e!8��3 

�

10 S:T 0 7 u
F	�

7  a 0.8b
F��

10 !R

�

h�qI

4

F

;��� 

�

Y

!/" #

�

A

F�
�

4�a�a��S7 0 ����S:T����

F

^

I

F

0.8 ���US:TFR	�

F

m�� ^��

q

I

4G8Ic

L

T 0.8 ���X7FR	�

h�qI

0 u
F	�

h�I

a����

%�L+q

M

�

L

0��

Y

a �

M

L

4=8

5.2.1 !�"�#�$�%�&

=

22 ' 0.5 S�(

*

7

M�D*)

�

Y*+

%2I

o,' up
F.-

�

% L

0'a ���

h

)�/10

I

o,' bottom
F�-

�

% L

032

����e�4�2Ap 4
Y54

7.6�487

9�:�;

7	<�4�2

=

23
Y54

7.6�4*7

?�@$7�� 

�

Y

!�" #

�

A

)

B-@'7	=�W

%�L

0 �->'

E

��?��P4�7 u,b @	ACBD��=-W

%�L

0 u,b '*E�B

)

xu,xb @2 �FG�8?	=/W

%�L

0 u,b 'HEI<�7-�3 

�

Y

!/"R#

�

AK7-5�J

(.K.LKY�M�N�O

=/W

O�0

4IPQ2

F�M

��487

5.2.2 RTS	U�V.W�$�%�&

�IXQY�Z ��[3\

�

40GeV
O

.0

%

.�0�� #

�5] ��^

7 20,100,200,400GeV
Y

Z ��[3\

��Y*_Q`

'5=�W

%

.

)

0.5
O

2
*

7�=

D

0	7

=

24@ u
)

b
F

AaB��b=/W

%�L

0*c�-

O

��4*72?:@K7�Z���[\

�

'�2��8? ��487�d

Y

F

I

@��3 

�

Y

!/"R#

�

A

Y

F

I

O

��487

27



-5

0

5

10

15

20

25

0 50 100 150 200 250 300 350 400 450 500

w
ei

gh
t

frequency[*1000]

w275
w276
w277
w278

�3 

�

10

-4

-2

0

2

4

6

8

10

12

0 50 100 150 200 250 300 350 400 450 500

w
ei

gh
t

frequency[*1000]

w338
w339
w340
w341

�3 

�

13

-2

0

2

4

6

8

10

12

14

16

0 50 100 150 200 250 300 350 400 450 500

w
ei

gh
t

frequency[*1000]

w520
w521
w522
w523

�3 

�

20

-4

-2

0

2

4

6

8

10

0 500 1000 1500 2000 2500 3000

w
ei

gh
t

frequency[*1000]

w780
w781
w782
w783

�3 

�

30
�

21 ���������
	��*�
��

��� ���

u 0.737 0.263

b 0.013 0.987
�3 

�

10

��� ���

u 0.788 0.212

b 0.030 0.970
�3 

�

13
��� ���

u 0.776 0.224

b 0.039 0.961
�3 

�

20

��� ���

u 0.780 0.220

b 0.028 0.992
�3 

�

30
�

4 2 �������
���

28



 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

b
u

�3 

�

10

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

b
u

�3 

�

13

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

b
u

�3 

�

20

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

b
u

�3 

�

30
�

22 ���������H� ���

5.3
���

=

23 '���428�3 

�

Y

!/"R#

�

AK7-5�J

(
	��*K�LKY

c�-

O

=/W

OD0

?

I

4IPQ2

F�M

��487

!" #

�

A 13 � J

�

7���

O

10
O

@ u
Y

A B�� =W

%9L

0�c"-

F���F

�*?����

)

P

Y��

����2

��F

4

Y

O

@32 �

I

!:" #

�

A 1,5
O��
�

? +�0 ( E 5) 7��T�

F

6

I

P�2

F/M

��4*7 �X#

����Y*-

�

@����! #" [2] '

��� ���

u 0.745 0.255

b 0.033 0.967
�3 

�

1

��� ���

u 0.708 0.292

b 0.027 0.973
�3 

�

5
�

5 2 �������
���

���P7B�0

F�)

P

Y

 �"

O

@ b 2�%

Y%$XY'&

I

^!(*�Q^

(u,d,c,s) 'H=/WI<�4 0�)7'*G�8?

I

0

-

�

O

�+�

)�,

�!-

Y

��4 u 2 b
O

@�.

(

B��/.!0

O

6

I

-

�

O

����0121�

�

J

L

4*71 

F

6

I

Y

!" #

�

A 1
O

B��32

B ?

I

6

I

F�)

b 2

&

I

^�(��I^

' =:W

%

.T? +"032.P54�<

�

?

F

0.5 7'687Q�8? B37T��0�7� #"

O

@�!:"R#

�

A 13
O

=/W

OD0

4�2:9

I

? ��4�0�)�%

Y

��J

I

Y

!:"R#

�

A

F

.�0�6

Y

�,�TB

L

6

I

7

29



0

0.2

0.4

0.6

0.8

1

10 15 20 25 30

co
un

t r
at

e

number of unit

u
xu
xb
b

�

23 �����������

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200 250 300 350 400

co
un

t r
at

e

enery[GeV]

10
13
20
30

u
^�(*�Q^

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200 250 300 350 400

co
un

t r
at

e

energy[GeV]

10
13
20
30

b
^!(*�I^

�

24 �
	���%�������

=

24 '���4�2 b
O

@�Z �	[\

�

7-5�J

(

=/W

%�L

?

I

4

F�)

u
O

@9.:0�79T

I

0 40GeV
Y�_�`

B ��=/W

%

L

?

I

6

I

PQ2

F�M

��487�./0�79T

I

0�Z��	[\

�

B �	=:W

O0

6

I

5-6H6

Y�O����

W �

Y

Z �	[\

��O

./0

%

.P4 .�0

F

��4�2 �

M

L

487��/A

Y

Z �	[\

��O

./0

%

.�0��	-P�3 

�

Y

!/"R#

�

A����

F

��?a� 4 �,�TB

L

6

I

7

30



6 b �����������
	 �

��

Y�����O

P

Y

�X#

�H] �Q^*O

@9.:0�79T

I

0.Z��	[D\

�/Y�_�`

B �	=:W

O0

6

I

PQ2

F/M

��*0	7/%�P

O

P

Y



O

@

���

W �

Y

Z��	[\

��O

.:0

%

.�?�+�487

-

�

@ 5.1 2����.�

Y

' *�6 7 0

C

BHZ��	[\

�

@ 40,100,200GeV
O�)

%

L���L

1000 ���

� � (:*

T

I

0	7

6.1 �
	

=

25.:0�Q 40GeV
Y8_�`

'����

%��� 

�

Y�O"!

487��� 

�

20
O

� .:0

%��� 

F$#���%'&)(�V�Y�*�+�,�O

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

u
b

�3 

�

10

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

u
b

�3 

�

13

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

co
un

t r
at

e

output

u
b

�3 

�

30
�

25 40GeV �.-�/�� �10

2

7��	? B�7

I

)

.�0

%3�54

<

Y

@�1� 

F7676

4

 

)98$:T<X4�P�2S73B

 

7-�/ 

�

30 �<; �

O
2

7��	? B

7T�

 

F�)

=

25 '���4�2�=/W

O0

?

I

4�5-6H6

Y�O

./0

%��)4X%

6

6

�

 

7

Z7=	[\

(3�-Y

����>D@

=

26
Y

5-687.6�4872?:@X7�Z5=	[\

(8)

B@K7�AaB��b=/W

% L" 

c

,

'�2	�

 

7

31



 0

 0.2

 0.4

 0.6

 0.8

 1

 0  50  100  150  200  250  300  350  400

co
un

t r
at

e

energy[GeV]

10
13
30

u
^�( (Q^

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  50  100  150  200  250  300  350  400

co
un

t r
at

e

energy[GeV]

10
13
30

b
^!( (I^

�

26 �
	���%�������

6.2
���

.:0P7ST

I5 

Z7=�[D\

(:Y

A

F	
D�

 � 

)

)

�3 

�

Y

!:" #

�

A

F

10
O

@

�

6>�

)

.:0

%��

?3� =/W

OD0

6

I

PQ2

F

=

25
6

J

M�6

487

=

26 '��-42

=

24 21� ����� '�B ?

I

4�PQ2

F/M56

4*7 40GeV
Y8_�`

B

6

A��X78=:W

% L

?

I

6

I

7 5
O

@S./0P79T

I� 

40GeV
Y

Z5=�[\

(/Y8_�`

B

6

=:W

OD0

6

6

�

 � 

)

)

40,100,200GeV
Y

Z5=�[\

(�O

./0

% �� 

F�)

u
^ (9(�^

@�.:0K7ST

I5 

100,200GeV
O

� 4 c B

6

A	�R78=:W

% L

?

I

6

I

7 40GeV
O

@*=:W

O30

? 100,200GeV
O

@�=W

O,0

6

I

P�2

6

J

)

5.1
Y�-

�

O

@�6!� J

6�Y�
��O

40GeV
Y*_T`

B

6

=W

O

0

6

I

5�6

C

7��

L

'��

6

)-4

 

)�7 40GeV ���

Y

Z7=�[\

(

'��	�

O

.:0

%��

?��-4%.�0

F"!

42 �

M

L

487����K79./0

%��

4�Z5=	[\

(/Y

A1'


��

<����

O

@X6�73�

I

6

6

I

PQ2

F�M�6

�

 

7

32



7
�����

����

(3����� �-�

'�T

I

? b
^�(9(�^�Y

=:W

FTOD0

 

7�.:0K7 40GeV
Y*_�`

' T

I5 

2.P#4 40GeV
Y

_�`

B

6

���

O0�(�)�$XY

Z5=	[\

(/Y8_�`

@����

O0

6

6

�

 

7���P

O

.:0

%��

4	Z5=	[\

(/Y

A1'


��

B

?��

 

F�)

40GeV
Y8_T`

B

6

���

OD0

6

6

�

 

7 �	�X7S.0

% �

4�Z"=�[,\

(:Y

A '


 �

<

CD.O

@R6�71�

I

6

6

I

PQ2

F�M�6

�

 

7�=K#

� �-Y8-

��U

(�V

7��1BH?��:6.BH?��

Y

U

(�V

'8T

I

4

Y96

2

I

6�PQ2

F�M�6

JH6

I

7�7�T

I

?

I� 

PQ2�@�	�


C

�

 

2 � 6 7

�

,I@

�

(2�-� � �-�

'8T

I� 

F�)

��K7

!

4�5-6H6

#��7(

=

�SY��������

� =K#

�H]3(Q^5)��

#

� ;�� (

[��.=K#

�H]3(Q^

6��	'8T

I

4�2����

I

PQ2

F�O0

4

6

�! 

L

6

I

7

33



���

A ��� ���	��
����������� �������

A.1 ����� �

�

,

Y"!$#�O

@'*

M

6

6

�

 

F

P

Y

5�6H6�"

&'( :

[�=X#&%

]3(Q^9F('

42

I

6�PQ2

O()$*

BH?��a� 7,+

(

-/.

%1032�@54/6

'

� .0

O�!

�

 

F

PTP

O

@54/6I61B .�0

Y # ��(

=72

Y ��� ���

�/8$#

.

7

*

I

?2&:9

<�4*7

;

#

^

.

0"+=<

(�>@?

2

Y

5-687

)

436

'

�)./0

O

@

)

�$A

6

J

Y8-�B

U

(�V

2 �

L

7DC,E B

 

�

�

7�B

I

F B

U

(�V3Y��

'8THG�<�4 .�0

F7!

�

 

71P

Y

���,@

)

I

�

*�6�YDI

75�

I

?KJ=L

Y

./0>2����NM

F7!

�

)$O

P

7

'�M�O7!

487GB

6

B

)

=7Q&%

]3(Q^�O

./0

U

(�V

'H=:WI<�4 �

,

7"4R6Q6,B ./0

F

.�0 2KS

L

)

�

L

F('

M�O7!

4,T

.VUXW

(�>V?

2��

�

6 � 6

I

7Y4R6T6,B ./0

O

@

-�B

U

(�V

�K55Z�=7Q&%

]3(Q^

7DC>BH? 2
*�Y"[

L

'3� � .!0

F�!

4�7Y\ 1 75]

^ : <

75^�<K4

U

(�V

@	�

YI^ : <

75_$`,6(a$b 'dc

*

P�2 7Y\ 2 7�=eQe%

]3(I^

@"f

-�B

U

(�V

7

*

I

?K_H`

Y

a$b 'H���I<�4IPQ2

FYgHh�O7!

4IPQ2

)PY

2
*�O7!

487

A.2 ikj

JRL

Y"lKY*/Hl�m�,

7�@"a

L,n�hKY5o,p

>

F7!

487Hq

�sr"t,u�
$v�),wsx�)Hy�z${,|

6��

Y"n�h

@��

L���L

lKY

a

L

A$}7~��

p

<:•87

oHp$€,•

@=S�Jd~"‚,ƒ&~"„,…T�@S"†�?�� �

),‡sxHˆ�6

J

YD‰,ŠKY,‹

A38eQ

.

'HE$Œ

</•d„,… '•c �8?•Ž=•*7

kohonen @�P

Y

�

�

�,'9=7Q&%

]3(Q^�Y"•$‘

2�BH?(’ �”“ �

O

Ž=•*71P

Y

�

�

�/~"•

�•r8)

�

^

% [Y–

`

�

~R—��8?

)�-�B

�

^

% [D'

U

(�V™˜,š

B ?7=7Q&%

]3(Q^

~D›

�

•IPQ2•œ

gHh

~.6=•

6

J

O7!

•*7

U

(�V™˜,š

2

@

)Kž$Ÿs 

U

(�V

'•¡

Ÿs �¢

L=~��,£�</•IPQ2�'•GR¤�</•87

lKY�/Hl�m�,�Y*/

A�=D@"¥$¦

��,

B

 

2
Ÿs Y§

�

~.6��8?•Ž=•87

# �7(

=/2

Y

T*[&¨

UX©�ª

'

!

ŒI</• �

,

�

ž

�

Y

�

,

2
Ÿs TO7!

•*7

�

27 «¬�� 	Y®1¯±°d²Y³�´Xµ

# � (

=¶2s· =�Qk%

]"( ^

·$¸&¹»º16=q 's¼

27~N½<T71PY·7=VQ@%

]�(�^

@ 1 ¾ 2
Ÿ3 

·5=VQ

%

] (Q^*O7!

•87

ž

¾•+

(

-R.

%X0=2N·R—R¿d~��$À

·"¾�Á7~YÂ$ÃeQ&%Äœ(Å

�

J†�?•Ž=•H·

O

@.6>�

)H§

�7~ �

`

Á7~"Å

�

J†�?•Ž=•87T<

�

?=·

-�B

@)=7Q

%

] (Q^

Á7·	<

�

?=·sÆ

(

�Ç~NÈ

�

J†/•87

;��
(

�

;

Q

^

@�É,ÊCB

 

Æ

(

��2(·�L:~�Ë

L

S(†�?3Ž

•87�7

 

�,ÌaB

 

F
B

¾D@��

p

�$Í

),§

��6$Ž•·	<

�

?R·sÆ

(

�Äœ

F
B

Æ

(

��2 6R•87

�

J

6

·

-�B

œ

S"†

 YÎ

)�-�B

~DC

Š

B

 

Æ

(

�Äœ

‰,Š

</•87

34



A.3 �

�������	�
��������������
��������� �"!

1. #%$'&

wi j (t)(0 · i · n¡ 1) (

Î*)

t ~5�,+••.-

B

i
6

J5Æ

(

� j
�

·

��,%/

�32 </•87��BH?,PN· n 07·

-

B,1"(,2 6

JNÆ

(

�

�

·

��,%3'/

(

:

254

ª'6 7

~8#%$�&aB:9eÆ

(

� j ·.;�<7·8#%$%=?> Nj (0) (

@�A�BDC

L,E

•8F

2. -

BG1"(G2

·IH$½

xi(t)(0 · i · n¡ 1) (

Î*)

t ~5�,+••�Æ

(

� j
�

·8-

BKJLE

•8F

3. M%N7·PO5Q

-

BG1"(G2RJ F B

Æ

(

� j
J

·IM%N d j ( �

�

·IS7~R—UTVO5Q

E

•8F

d j =
n¡ 1

å
i= 0

(xi(t) ¡ wi j (t))2 (54)

4. W'XYM%N7·.Z'[

d j œ*W'X

J

6

•

F
B

Æ

(

�\( j¤
JLE

•8F

5.
��,%3%/

·I]%^

Æ

(

� j¤
J

Nj¤(t) _*`'a@S"†/•b;'<,cR·8d

,%3%/

( ��e/·8S7~R—UTf]%^

E

•8F

wi j (t + 1) = wi j (t) + h (t)(xi(t) ¡ wi j (t)) (55)

gUg

_,9 j h Nj¤(t) ~%i�j�†»•

EUk�l

_

!

Tb9 0 · i · n ¡ 1 _

!

•%FUj

 

9 h(t) h%9Um3ŽUn

(0 < h (t) < 1) _

!

To9

Î

L

J'Jqp

~8r

�

S

�

9

/

�s·I]'^%s�t	(br

�

S

�

•8F5;'< Nj¤(t)
p

Î

L

J

J5p

~Puwv

©

(br

�

S

�

9Y]%^@S"†:•

€,•

(yxRz

l

Ž

B

F

6. {Y|VQ

.

2} 5 (•~�TD€

E

F

g

·�TP•&¨

UX©$ª

(y‚%ƒ

E

•

JÇŸ

·R—3¿d~

6

•8F

„.…%†

1,‡G2

~IW

p\ˆw‰*/?Š5‹UŒ

%D•�(•cw•�Â$ÃeQ&%L(•Ž

E

F

„

g

·YÂ$ÃeQ&%Ç·

/?Š5‹UŒ

%••

J

-

BG1,‡G2

·.;'•%t	(•‘'’@SI“59U”$·I;'<7·YÂ$ÃeQ&%Ç~5••Ž

l•p

9

/?Š

J

-

B

·IM%N–(yr%—@SI“/•8F

/UŠ

·I˜%]–(y-

B

~I;:Ž

‹UŒ

%••�(•cR•/Æ

‡
™Vš

+›_

6

B

;'<7·sÆ

‡
™

·

/?ŠUp

˜%]•œ

l

ŽR•8F

g

·

g

J

(

ž

½

E

•8Ÿ5 

…

º(Œ'¡RœG¢s•8F5£%¤,ƒ�¥7·I¦

zG§

}�h89Y¨'©%d%ª–(•«
œ

l ¬

·I£%¤,ƒ�¥:~IY®�¯"†59Y°

{%±

¢

•KŽGhI²%³

±

·I´%µ–("Èw¶=•8F5£%¤,ƒ�¥7·Id%ª7·

¢�·

º

6*¸

œ•T•hI¹%ºw_,h%¢s•NœqŸ5»

…

º=~

p�¼¾½

6Y¿

1

•

hK¼ A.3 ·R—R¿

6,À%ÁYÂGÃyÄGÅ

ÀR_G¢GÆ8F

35



f(x)

x

- -

+ +

�

28 �����5«��	��


g

·K¼���V¦�•œ

l

Ž,Æ���¥:·.;'<7·���¥Uh89����P²%³

±

·Id%ª–(����I9U¢GÆ��%t%N��?Æ

J��� 

°!

±#"

d

ª–(��w•

g

J%$'&

�RÆ8F

g

�

$

9 Kohonen
$)(+*�,'-/.

•103254�657%(�8R¶�95:

 

8';•œ�9=<%¡,_G¢GÆ8F'>/?

@

 

d%ª•œ�9A#2

(�B*‡GŒRJ

9

/?Š1"

]'^–(y9q;'<

"5CD

2

(� FE

Æ

g

J

_

g

"�GHJI

¿

1

•'KKœ�9*F

L

•�M#NPOQ

ISR

�UT

&

�RÆWV�X

 

…'†

•

‡

•RhIºYw_,¢GÆ8F5WZ

 =[�\

����]J^

‡
™

c

"

d%ª_

Š

h8X–¯

`Sa�b# 

V'c

lFdK¼="=eJI

�w•qF5fWgRh

[�\�‹UŒh(

•

"

‚i

b# 

VUTkj�j%ÆSl5f

 

…%†

uwv

Œ

•

 Fm

�

lFn

…

†o3p

‡

6

"�q�$

A#2

(�B ‡GŒ5 �rs

¯=�?Æ=l

…%†o�p

‡

6Wt�u

k'l�"

^

‡�™�"

_

Š5‹UŒh(

•

$Fv'w

¯��

n[

\

o3p

‡

6

 

W

pPx

�U^

‡
™k$zy{

^

‡�™

tYœ

l

Z�Tz�?ÆSl›Z�Tz��9

y{

^

‡
™�"

_

Š5‹UŒh(

•Rh

[�\�‹UŒh(

•

 �|�}~ 

”

"=eU$

]'^�¯=�UÆSlR”

"

d

H1n

…'†

$F••€

œ=9=‚

n�p

X 1 t~ƒ3„

[1\G‹�Œ…(

•

$Fr�s

¯=�UÆ~t

n

A#2

(�B ‡GŒ

hS†3‡

`zˆ'‰JI�s

u�V�X

 '`

Æ=l

y�{

^

‡
™�"�x�Š#"

^

‡
™�"

_

ŠUp

j/98˜%]	¯��?Æ=l

g

"

V�X

 

u?Æy 3‹Yh

n

A#2

(�B ‡GŒ	$

…%†

[�\/e#"

Œ

T

 

T��L•Ž•

[�\• ?p�ˆ'‰

u?ÆWV�X

`	•'•‘I

•Ž•%T�’'”3X't�u?Æ59Yzq_G¢,Æ=l

y{

^

‡
™�"�x�Š#"

^

‡
™� 

“

œ

l•p

ƒ�„5V�X

`

_

Š

˜%]

$z”•`5&

�

n

”z�h�.h

…%†o3p

‡

6

$	••–W 

•�F—

b#"

o�p

‡

6

"�˜™e# �š›

u?ÆSlR”

"

d

H�n

9�t.¶

…%†

 �rs

¯��

`

�~cz9

‹UŒh(

•G_

p•œž# GŒ'Ÿ

{

&� 

¯��?Æ=l

g

�Rh

ÃS¡

‡

A•6

"

A#2

(�B ‡GŒS$z¢

K/£1¤

I

�w•

g

t

I�s

œ

l

�,Æ=l

A.4 ¥§¦)¨J©Žª

Ã'¡

‡

AJ6/Ah2

(SB%‡UŒ1 1m# 

Æz_

Š~"

˜w]

e

h

n�[U\?‹�Œ«(

•¬t%_

ŠG‹	Œ«(

•

"Fh 5vU®

œ

l

��Æ5l

wi j (t + 1) = wi j (t) + h (t)(xi(t) ¡ wi j (t))
v®

`

b

h h _G¢�¯

n

…%†±°

‡²(´³b

t%µ�Tz�?Æ=l

g

"�e

h

…%†

tt

p	 

r%—	¯I“?Æ=l

…'†

uwv

Œ

•

 

2 •

"=¶w‰UISR

Æ

g

t

$

_~‡qÆ=l5·�Z

"�¶,‰

h

Ÿ

65¸	Q

`F¹�º�IFº

��9=]

CD

2

(�"

_

Š5‹

Œh(

•

I�»�¼

KWu?Æ

g

t•_G¢GÆ=l

g

�wh=½•�'03254�657

I

u?Æ�¾��w_G¢GÆ=l/·

•

@

 

A#2

(�B*‡GŒ

h/�h•¾•

"

Œ'Ÿ

{

I%¿�À

œ

nq¬�",Œ'Ÿ

{Jt

"

Å

³

�h�%032SÁ

"#Â�"�Ã�Ä# �ÅÆ

u

k

‡=�

I

†�j	�

 

j?z,Æ�¾��w_G¢GÆ=l

g

"�¶R‰

_,h

n

032SÁ�Ç

"5CD

2

(�"

_

ŠW"	¹�º�"

†3‡

`

˜�È

I�É

X

"

_

n

…'†±°

‡²(

hS†3‡

`

_

Š

˜�K

$5Ê

¤

36



`

VUX

 Sn

œ��

p

_#‡YÆ

š1 ��

:

·������#`

0J2/416/7

 '`

Æ�VUX

 ��

•
	R• (h > 0:5) l5½~����<

$�R

•��

Æ•t

n�

2
¶w‰

t%œ��

n

032	Á

"

>

Ä

@

`S•'•�����CD

2

(�"

_

Š��

�U�1�����

$1`

¯=�?Æ=l��

"

���/X\“W�

"

9��

 

_

ŠY‹�ŒŽ(

•

I

�~�±• ˜WK	¯P“UÆ	l

…'†¬°

‡±(

h
I

…'†

$z•#–� 

•������'—�¯8“�ÆSl �

"

���

¶R‰

�!��"

¯

`

h
I

t Æ

"���

1
¶w‰� =v$#

� 100% 1000 &

"

~§¯f€
œ

$�'

‚

 /`

Æ=l

A.5 (*)*+-,

.�/�0

ª�¯S�U9

C1D

2

(P"�1,·

@

`

¸

$

¯

I

�Uu

À�Á'ÂwÃIÄwÅ

b‘I

¿�2

•K�u�Æ/9��

 	n

Kohonen
��xWŠ

•'•

t��JX

L�3

2

L

I�r�4

œ�9zl

x�Š••

t

�=n

…%†

 Fm

�5�

y{

^

‡
™�"

Œ

¯

�

ƒ/:

 

_

ŠW"

È�6

I87• 

Æ

9;:

I

�
œ

n

”

"

9;:

�

…'†

tt�<

 >=�"

¯��?Æ=l5·Z

 

A#2

(�B ‡GŒ���"

u

#

�

"

^

‡
™•I

1 •

"�x�Š

t�u

Æzlw¢wÆW^

‡ ™�$5y1{

^

‡ ™

t'œ8��?$@�¯	��Æ#t

n

”

"

^

‡ ™P"

_

ŠA�	[W\# 

ª¬X

¹•ºW 

—�œ\˜�K�¯P“Ž�%�

Æ=l

x�Š•'•���"

^

‡�™

<�B59=_

Š�I

˜1K–¯I“h�•�?Æ=l

C

29A
�A�

A�2

(�B*‡wŒ5�

Z�D�E�F

 

¢…¯

n�Ÿ

6'¸zQ

`

_

ŠY‹�Œ…(

•…t

¸

�

xWŠ‘I

�hc��W�RÆSl

…�†

"�G

H ��I~ 8JA#

9UV�X

 Sn

”z�AKz�

"

…%†

[�\• 

“

œ

‹�L¬(

032�M'u?Æ�^

‡
™ "qŠ

•

 =n/x�Š#"

u

#

�

"

^

‡
™

t1t5<

 

_

ŠUI

È�6UuUÆSl

C

29B
�A��N5OJ"

…�†

$�P�b;Q�`

¯S��9	‚

"

A�2

(�B›‡,Œ�I�s

œ8�W�RÆSlW0‘2	Á

"�R#$U 

¯S�U9

•�•��	•�•�S�T�"

^

‡ ™UQ

¯

 �V�W�Œ�Ÿ5L~I8X�Y

œ

�

„������RÆ	l

xWŠ3"

¸

¯

��=$"

œ8�

m

¯

n

_[Z

"�\

K

"

“

¡±t

`

Æ

•�•���"

¯3•

`

c����wÆ	l�]5^

 �_�`ba

9�A32

(�B�cAd	$

C

29C
�Ae

Æ	l;f

"

xWŠ���e

����„��

W

�W9

E�g3"

8 �

"

^

c-h

B

��=$"

¯S�$���RÆ	l;f

"S••��W"

^

cihj�

f

"Ad�Ÿ�L�"�_�`

2

c

p

"

¸

$

¯

I�ˆ�kba

�1�,Æ=l

A.6 l-m*n

®

t

a

� (0,0),(0,1),(1,0),(1,1)
"

4 o

"�p[d…(rq�I8_�`~ S}

�,Æ ( s

c�L

:C.3) l

C

29
�!��e

Æ�^

c*h� �t�u

uUÆ

CD

2

(v�

4 o

�!e

cz9

$Fn

�

"=®!�A��t�u

u?Æ

C�D

2

(w�

6 o

 /`

c��1�,Æ (
œ

6 x

X#"�S�T

tvy�z

"

Å

³

) l

Z�D

"

_{Z

p[dh(rq{�

(0.591,0.807) (0.822,0.569) (0.836,0.548) (0.442,0.897) (0.998,0.056)

(0.538,0.843) (1.000,0.026) (0.725,0.689) (0.004,1.000) (0.943,0.332)

(0.973,0.233) (0.392,0.920) (0.883,0.469) (0.411,0.912) (0.453,0.891)

(0.928,0.373) (0.048,0.999) (0.715,0.699) (0.726,0.688) (0.669,0.743)

(0.616,0.788) (0.386,0.923) (0.762,0.648) (1.000,0.009) (0.644,0.765)

t

`

c��1�,Æ=l



1
¶A|��

100
n�

2
¶A|��

1000 &

"

10 }

Q�"�_�`�I

¯�~�9zl

0
H

_{Z

p[d…(rq;�

(0.000,1.000) (0.000,1.000) (0.000,0.500) (0.000,0.000) (0.000,0.000)

(0.000,1.000) (0.000,1.000) (0.000,0.500) (0.000,0.000) (0.000,0.000)

(0.500,1.000) (0.500,1.000) (0.500,0.500) (0.500,0.000) (0.500,0.000)

(1.000,1.000) (1.000,1.000) (1.000,0.500) (1.000,0.000) (1.000,0.000)

(1.000,1.000) (1.000,1.000) (1.000,0.500) (1.000,0.000) (1.000,0.000)

37



A B

C

�

29 �����������
	���

���

 1Ÿ�p�q#I

o

 

Æ~t

n

1 1 - 0 0

1 1 - 0 0

- - - - -

3 3 - 2 2

3 3 - 2 2

t

`

Æ=l (0,0),(0,1),(1,0),(1,1)
"

H
�
 

0% 3
"1Ÿ�p�q#I

o

 

9zl/_{Z

ISR

Æ•t��

3��

6

"��

^

�

�

3��

6

I��

38



¯

–

2 o

"�p�dh(rqU"�˜™# /`

c��1�,Æ!�Wt

$'&

�RÆ=l

39



���

B �������
	��� ����� �������

B.1 �������

�

30  "!$#&%&')(+*-,/.0!�1324(65

¡

2FÁ

�87

c�q h

A‘2

(�B�c;d

t

�

C

30
 	sia

9UVUX

 =n

�h•wo�

"

^

c*h•I:9

�

n

]J^

c*hk$<;

"

u

#

�

"

^

c h

t

08= a

�U��Æ6>

08=@?

A�2

(

B�c!d��$e

Æ=l5_{Z

"=e��

“0A

�$e

¯

n{eCB

^

c*h

���

;�"

^

c*hED�"

_{Z

�GFW¹Uº��IH a

�Fl5]J^

c

h �

1 J

"

o

c�K

Á

(�,

6

"

V#X

 Fn

f

"

^

c h

D�"S[�\•"

_{Z5o~‡4L"M@NPO

a

‡	�

eJIRQ

��9

eJI

SUT

aPn/¶A|�Vzb� XW

u��Wt

 

V'c���’

\�I

j

W

u

B

lUA‘2

( �

2 E!F

"F[U\�Y� •I�73 IZ‘ [B/$

�

�\O

�

2
e

(0,1)
n;eCB

�

�G]0^�e

(-1,+1) t�u

B

�

t

$��

‡

B

l

a

N

a_]0^�eJI�}

��9

¹1$zb�_

@

 ��

R<W-a�$0`

•

`8B/"��Fn

���

"Ga0b;�A�G]0^�eJI�}

�

B

l

C

30
ISR[B

t

n

t�•

 =[�\'n

’

\

^

c*hk$�`

�

"

$'&

N

B

l5]J^

c*hv�X;�"#Â�"

^

c*h

t�<=ƒ�„

�$e

B

l ���

$

¡

2SÁ

�"7

c�q h

A�2

(�B�c$d5">V0c;�

eCB

l�A#2

(�B�c$d5"5CD

2

(w��eCB

:�z

��Ned# 

Z�D

e

t

a

� -1
eCB

�

�

+1
"�e� 0f�WPg

�

B

l;f

"

‚~A�2

(�B�c$d5�

E�F

">\

K

I)h

¯Ei

a�`'$

O

n

]‘^

c

h�"=e�$

���RjÇ

\

K

a�`

•

`8B

t:kJXml

W�n# �š›

u

B

B

�<o

c��

m

N'�

B

l�A#2

(�B�c$d/"

’

\{�

A#2

(

B�c!dS$

l

W a

�

\

K

a�`

k�E�F

 Xp*a

95:

"

u

#

�

"

^

c*h�"�eA�$eCB

l/]J^

c*hv�

u

#

�

"

^

c*h

t

0�=

I)9

o �WtqNPO

n{eCB

^

c*h�"�e��X;�"

u

#

�

"

^

c*h� &r�sJIXt@u8B

l5Z�D�E�F

�!�Fm
/

k

 Gr�sJI:vxw

f

X�t%u

B8P

•

"

^

c-h $Ry{z*a

�Ck

B

l

e@B

^

cihw�&;3"

^

c-h%I

ON
 &|�}

t�u

B[a•n0}3"

^

c-hj�

OFF
 [a

V�X't

a

�I~�l

W;�$eCB

l�A#2

(v�

k8•Rk8•

`

E�F

I:€�• a

�{kh•

 G‚

k

n

A#2

(�B�c$d/"

u

#

�

"�e��

eCBeY&ƒ�„# <…Rp*a

VUX't�u

B

l;f

a

�

n

·‚

"

l

W

E�F

$

A#2

(�B�c$dS$�R

’Fu��Wt

$��

‡

B

· <

`

k6†�‡

nJI

�

a

�{k

B

l

B.2 ˆ�‰PŠ�‹•Œ\Ž-•�•<‘’‰�“"”�Ž�•…¨—–˜•š™š›Iœž•

1.
0�=

_{Z

eJI:Ÿ

¯q ��

B

wi j =

8
><

>:

M¡ 1

å
s= 0

xs
i x

s
j i 6= j

0 i = j
(56)

(0 · i; j · N ¡ 1)

¡

Y�aPn

wi j
�

^

c*h

i t	^

c*h

j tG¢

0�=

_{Z

�$e

¯

n

xs
i

�$d'Ÿ�L

s ¢G£��

@

`

o3p

c[¤

¢



i ¥

40



i

�/n

¡ 1 N + 1 ¢�k����{N

�!e8B

lU¥i

b �

N
�!e@B

lU>

�;�

0 N O M ¡ 1 B

�

¢ M t

m

¯)¢

o

p

c[¤��$eCB

l5]��	��
�m¢

a

‡<k

e��

0
�!eCB

l

2. ���

o�p

c[¤8�

Z�D�KWu

B

mi(0) = xi (0 · i · N ¡ 1) (57)

mi(t)
�����

t �

m� {B

^

c*h

i ¢'’

\$�$eCB

l

3.
š›

u

B

B

�<h

¯ i�u

mi(t + 1) = fh

"
N¡ 1

å
j= 0

w j imj (t)

#

(58)

(0 · i · N ¡ 1)

Vzb

fh
�

C

3 ¢

|z¶@VzbA�$e8B

l

¡

Y�aPn

���

�!�

’

\/e��I]0^1e

¢ ¡ 1 B

¡

�

+ 1 �Ut

B

l

]J^

c*h

¢'’

\���\��ba�`

•

`8B

B

�<h

¯Ei�u'l

���

c��8¤

¢=_{Z

�

u

#

�@¢

d'Ÿ�L

¢G£��

o3p

c ¤

NPO�Ç���¢� 

q�!#"%$�&��et[u

O%�

B�'

(56 �

}

k��)(

W-g

�

B

l��*�

�

 

q�!#"+$	&

¢

_�`/¶;|��Fn�,

o�p

c[¤

��-#
�/.

c$d

�0�	1

g

~

B

l

¿�À�¶A|��!�

-#
�

¢'’)2�

���

0 �

m

k5����� ¢

o�p

c[¤

�43�5�6��

f�W a+7

f�¢98;:)2

��\��ba�<

k6l

W�<

E�F#�

p�= B

B

�

-#
��

�

E�F

\��

�

h

¯Ei

=�>

�<¢�?�@9�

\�X-g

�

¡4A

2�BC

c[¤

�/D	E

a

¡

��7�F

>

<

BC

c[¤��

:)2HG

a

��I�J

g

�

B0>

�*�;��K0L

O�M

GONP@

>

B.3 Q�‘ •SR ŽUT�V

W


4X

�"7

c�q h

-
�m¢9Y	Z

�\[

-

q;]5c�^0_

�*`

u@B

��Gba�c

n�= B

��G

�

a;d

B0>�[

-

q;]5c�^0_

�

�

-
��*.

c!d

�0e

u

O%�

¡

B�C

c ¤

� ��f

=xB�g�h��!e8B4>

�	��¢

A

2�B�C

c ¤�i	^4_	j

¢ 1 z#�4k�l

a%7

-�
m��.

cAd��Ae@BGn

�0n�o

= B�p�q

a;f4r�s

i	^)_

¢

g

¢ 1 o���teNu)v\Y k	v8kxw

>my

¢

g�h�i

-�
m�

.

c!d

¢Gl	z	{	|m�/}

a

v{k

B0>

-#
�_¢

n#i9g

¢9~€•%•xk�z;�

…Rp*a

¡

�

�9‚�O%�

B0>�ƒ…„

¢#†G¢)‡�t�•%ˆ

„Š‰

a

e‹„Œ7

f

y

�0•�Ž

B�y

G9�

<8B0>

W


4X

�"7

c�q h

-
�/.

c$d

��•

a

¡

[

-

q;]5cRV�•i

E = ¡
1
2 å

i
å
j6= i

wi jxix j + å
i

xiTi (59)

a�‘

B0>my	y

a wi j
i�’\“•”

i; j –8¢9—�˜

7

xi
i�’\“•”

i ¢�:)2

7

Ti
i�’\“•”

i ¢;™�d<k4šm�/}

=�>

:42

�

-#


�/.

“�›

�

�"7

“•”•œ




›"g

�

B

¢�a

7

‘

B)��ž

��Ÿ� 

B

:)2

��¡

¢\¢�£m
)X0¢

A

2HG

<8B0>

-#
�/.

“�›

¢

—�˜��4BC

“[¤%¤	¥���¦

Ž4��v	Ÿ

„Œ7�=�§

v8¢4BC

“[¤���y

¢

[

-�¨

]�“RV�•

¢�©��9}	f

g

��v{k

B0>\,m’\“

”Oi�ª\«

K¬xK+®xG

i0¯
=

™/v{k

<

k{¢\a

7

wi j
i

0 a�‘

B0>\¯
=

i

k	°�a�‘

B

¢�a wi j = w j i a�‘

B0>

41



B.3.1 ���������
	

B�C

“[¤

�/�	1

= B

�

i07�[

-�¨

]�“	^0_

¢

^��

šm����

B

?�@����	z ¢)BC

“[¤

�0k

= B�[

-�¨

]�“RV�•

¢9šm�

^��	��= B��

¥

�

‘

B0>��

Ž

„Œ7

A

2e¥
� (x0;x1;¢¢¢;xn¡ 1) ���

�

‘

B

BC

“[¤

�0kH™bv

'

(59) a�}

g

�

B�[

-\¨

]	“

E �*~

�

�™

¡

k

>�g

O0�

7
�

�����

g

��v8k

B)=�§

v[¢)BmC

“ ¤

•

^��

���€u4v�Ÿd

7
�

™Xk�BC

“[¤

¢��! �a

�

¢

¤	¥

��"

g)<

k�?�@��;™

¡

k

>

E �

^#����=%$

¡

���

,!&

��'�¢4š�#™

¡

k

>

å
i

xiTi �

�

k�v

i)7

‘

$

��z�¢�B�C

“x¤

�)kx™*v Ti ¢�(*)

� xi ¢�(*)•G,+��

=

��-/.�0mG21 u4vm™�Ž#@

>

™�3 ™

7
4;<

u

¡

B�C

“ ¤�i�4;<

u

¡

xi ¢0š ��G

$

¢\a

7�j

¢�?�@9��5%�

¡

™\d60�š�a

i

E ¢4š ��798H™*v‹™�Ž#@

y

G�•�‘

$4> y

�#��:� 

$

�

i<;

š � 0 �#™*v‹™�Ž<=

-6.�0

>my

@

=

�9-#†&¢�?�@

<

BC

“[¤

a•

[

-�¨

]�“/>�•

¢9š

i

7#8 •@?!A€•�™

<

0

>

y�y

a

7

A

2�B�C

“ ¤

s ¢ i BDC6¢6¥*�€� xs
i G2E w

>

xS
i

i

§ 1 ¢�†�FHGI3@¢4š �;G

$)>

B�C

“ ¤

s ����1

=�$

G

i*J

¢4BC

“[¤

�0k�l

=�$�[

-�¨

]�“/>�•

¢9šm�4a#d

$<K

 

�ML

w

=%$�y

Gba�‘

$0>�=�<<N

F

7

Es = ¡
1
2 å

i
å
j6= i

ws
i jx

s
i x

s
j (60)

�\a�d

$!K

 

�OL

w�™

¡

0

>\'

(60) ¢6(#)€�4`�P

=H$

G å
i
å
j6= i

ws
i jx

s
i x

s
j ��amd

$*K

 /8‹d w

=H$�y

G���Q%R

=�$4>

xi S

š

i

§ 1
S

†�FTGU3

<

S

a x2
i

i�V

��W�a�‘

$4>�[

-�¨

]�“�&

� x2
i x2

j ��X*Y

=�$

?�@��

=�$

G

J

S

š

i

V

��W#�

<€„Œ7%J

S�Z

i�[�\�<�]x„

8�dw

<�$0>my�^�i07

~€•@_*`#�

i

å
i
å
j6= i

xs
i jx

s
i x

s
j = å

i
å
i j

(xs
i )

2(xs
j )

2 (61)

G

=%$�y

Gba

[�\

a�‘

$0>

™�a<b;u0v

7

ws
i j = xs

i x
s
j (62)

G

=!^

-/.90

>

—#˜�c

'

(62)
S�d!eHS

šTf

=%$�y

G*a�BmC

“%g

s f4k

=%$\[

-\¨

]	“<>�•

c*~

�

f

=%$�y

G

b	a#d

$0>�=	§

v

S

B�C

“�g

f0k

=�$

—;˜

i9'

(62)
S

BC

“�g

f

>�=�$�h

Z

c�G

„

wi j = å
s

ws
i j = å

s
xs

i x
s
j (63)

G�™9v\‚iG

^T$�>\'

(59) 3OG

N

3

$

?�@�f)—#˜ wi j c�j#k

=T$�y

Glf;?

„b[

-�¨

]	“
>\•

S

š

i

j�m

=T$)>

™�a*bu)v�BmC

“%g

c� n=

$�y

G�f�?

„

AP™

K

 

�

S�o

1%b<"

L�^n$�y

G�f

<�$

b

y�^�i

:m 

$�y

G�b�ad

<

0

>

B.3.2 p*q

-TrTs/.

“�›

f4BC

“�g

c

o

1

L�t

a

S

a

7
u*v#i*J6^

G�c

M*w

a;d

<

 

^

-

<

G

<

0

>my�^�i\[�x

¨

]�“

>\•

Sly*z

cl{
|H™2}

�

f�~

=n$�y

G6c�Q�R

=%$

S

a

7nJ/^

c�•!€

=%$

‡<•%b

��‚

f

<9$)><ƒ

(59)
S

[�x

¨

]�“<>�•

c*`�=

7
„�…!†

rTs

S

G

$

š9b

[�x

¨

]�“

f�‡9=

$�ˆ*‰

c�Š<‹•™

7�[�x

¨

]�“

b6?*A

=�$

?�@�f�j!m

L�t%$0>my�^

c

=	§

v

S

…*†

rTs,f�•�l•™

7�Œ „Ž•�=�y

G/a

[�x

¨

]�“

cI}

�

f�a;d

$0>

[#x

¨

]�“/>�•

c k B•C

S

…*†

rTs,f

>6•�=%$�‘

¬•G

J

@ a

<

0

‘

¬nf9¬# 

$

G“’�|

S

?�@�f�E# 

$0>

E = ¡
1
2 å

i=neqk
å jneqkwi jxix j + å

i6= k
xiTi ¡

1
2

xkå
j

x jwk j ¡
1
2

xkå
i

xiwik + xkTk (64)

42



y�y

a

7

k B•C

S

…*†

rHs

S

:���{�|Mc xk1 3 G xk2 f�j�m

L�t

a�G

=�$4>my

S

{	|!j�m Dxk = xk2 ¡ xk1 f��

@

[#x

¨

]�“

j!m DE = E2 ¡ E1
i�ƒ

(64) 3 G

DE = ¡
1
2

"

Dxkå
j

x jwk j + Dxkå
i

xiwik

#

+ DxkTk (65)

G

<9$4>�ƒ

(64)
S

~��

S

2
&�i

k f

><•

b

<

0�a*�

7��

c;G

$�y

G/a	��


g��

¨

L�^

v#0

$4>

—#˜ wi j
i

k



a�‘

$

3 G

7
ƒ

(65) f�Ÿ�0�v����Mc����•™

7

_��/m

=�$

G

DE = ¡ Dxk

"

å
j

x jw jk ¡ Tk

#

(66)

b\‚ G

^%$)>

d!e

8����

S

©

S�Z å
j

x jw jk
i

k BDC

S

…!†

rMs2f4k

=n$

A

�

S

—#˜��€d

h

Z

c�}

=�>

B�C

“

g

S�o��

am™�dl04š Ti = 0 G�™�a

S

a

¡

S

?�@�f�E 

$0>

DE = ¡ Dxk

"

å
j

x jw jk

#

(67)

Ž*a

„n…#†

r s

S

:���b § 1 a�‘

$�y

Glf���Q

=T$

G

ƒ

(67) ?

„

—˜��

h

ZMS

šHf;?

„ ƒ

(68)
S

?;@�f

…

†

rHs

S

:��Tc�j!m

L�t�$�y

Gba

[�x

¨

]�“

E c�?*A

L�t

G

^�$�y

GIb

N

3

$4>

å
j6= k

wi jxi

8
><

>:

> 0 xi ! + 1
= 0 {�|Mc�j!m

L�t�<

0

< 0 xi ! ¡ 1

(68)

y

S

k

�*ƒ

c � u0v

…!†

rTs

S

{	|Mc�j�m

L�t

v�0� *-

[#x

¨

]�“

}

�

m�b6~�!

L�^�$�y

G�f

<�$0>my

S

•

[

x

¨

]�“

{	|nf�t<3‹@

p�q#i�"

z	{	|nf�~•™/v

o��

L�t

a�BC

“�g

c�#��

=%$

Ž)a�$ w&%

y�^

b

M*w

S

p�q

a

‘

$

%

{�|!k

�

S�'

„

3#a�f

i�(�) „

S

‡/•�b�‘

$

% 1
�

C

i+*

1
�

S

…!†

rHs

S

š

S

j*k�b�,

S�-

§

v

S

…!†

r

s,f

ˆ*‰

c/.10

-

a
�

*

‘

$�2�ž

a�3

2�4

f

-

§

v

S

…*†

rTs

S

šMc�50zx™

*7682

f

-

§

v

S

…*†

rTs

S

#��

c�k

�

-

$

‡<•�a�‘

$

%

y

S

‡<•

i�6+974

k

�

G :9-

^�$

% 2
�

C

i+;	6�974

k

�

G :9-

^%$

•

S

a

*

1
�

S

…!†

rHsUc�<

g8=�>

f�?A@�{�| c�j!k

-

$

‡<•;a�‘

$

%\{�| c�j�m

L�t%$/…!†

rHs b	<

g8=�>

f�5mŽ

$

a*�

*

{	| c�j!m

L�t�$6…*†

rTs

S�B�C

f�D�u4v

x

rTs E

“�›

S

Y	Z9b6Ax™GF‹u0v•w

$�J

S

a
�

;76�9�4

k

�

a

i*J

S�H�I

4KJ+LKM

3 G

M!w

f�N

$/p�q

a�O�€�Pnf

4	J

u6a�QSR

“�gUT�V

b�‚DG

^�$

%

�

Ž

„

~�W

4KJ+"

z	{	|nf

N

$*p�q

f�'

H

z

‚

��b�Xmu0vxw

$

%‹™�3m™

*

†�FnG

S

‡<• c � u0v•ZY�[

4KJ!x

rTs E

“�›

S�\�]

f

L�^

†

F%0

i�_

G

^�J

0�%

B.4 `

acb

™*v�d 31
S

8 e

S

QSR

“�g

c

x

rHs/E

“�›

f

o��

L�t

a ( f

“

¢ :C.4) %Kd 32f�j�g•™�a�QSR

“�g

c� 

=�a�h!)

S

x

rHs

S�\�]

c�i

-

%�©�–

4�J

{�| c/j�v�~�W

4

f�W•™�0�QSR

“�g

f0n�o•™*v#0xwlkKm�b

N

3

$

%

3�n

S

{	|nf�Ÿ�0�v

*�o

S

{	|Ap

�

S

{�|qD

„sr�x

¨1t

“

b�•�0�%

J

™/v

*

{	|Ap

r�x

¨1t

“

bl}

�

f

J�$

Ž

u

j�mH™v$# 

*

}

�

f

J

u6a

b
y�w

b

x

rTs E

“�›

f�D

$�x
b

J�$

%�j�y

4

f

*�x

rTs E

“�›

S

…*†

rTs

•

c

N
b

™�a

2�*�z

0:15N ’

j

S

QSR

“�g

c

oK�

L�t%$
b

Q{R

“%g

S�|

“�œ#“

<%r�}!f7D

$�~�•

f	D

„•€!w�p�q

u�‚

„

b

w€y/$

%

‚

u4v�n	ox™/vm™)Ž1ƒO{	|

b

p

*�x

rTs/E

“�›

f�„�=�v�0

J

0

"

z	{	|

S

y
b

u

‘

$

%

r�x

43



�

31 �������	��
�������������

¨1t

“����

S�I

h93 G

-

$
b��

w

S

Q R

“�g

b

~�•

™/v�„%=�v�0

J

0��

“��

¨��

†� �>

b"!�#*v	Ÿ

„ *%J6^

G

•

x

rTs E

“�›

S

"

z

x

f

J

u0v�0

$

%

44



�

32 ����������
�����������

45



���

C �����	��� 


C.1 ������������

/**********************************************/

/* �����������
� */

/*  "!$#&%('*)�+ */

/**********************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define INPUT_N2

#define PATTERN_N4

#define TIME 5000

#define PRINT_TIME10

#define K 1.

#define ETA .05

void learn(int p);

void output(void);

double sgm(double f);

int x[PATTERN_N][INPUT_N+ 1], d[PATTERN_N];

double w[INPUT_N+ 1];

int main(int argc, char *argv[]) {

int i, j, p, t;

double y,sum;

FILE *fp, *fp2;

if(argc != 2) {

printf(" ,.-0/�1 a.out <2"3�4657%$8 >\n");

printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);

}
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/* ���������
	����� */

srand(time(NULL));

w[0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= INPUT_N; i++) w[i] = (double)rand() / RAND_MAX;

/* 2.3������������3�	���� */

printf("#Filename:%s\n", argv[1]);

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

x[p][0] = 1;

for(i = 1; i <= INPUT_N; i++) fscanf(fp, "%d ", &x[p][i]);

fscanf(fp, "%d\n", &d[p]);

}

fclose(fp);

/* ��3*)�+ */

printf("# t ");

for(p = 0; p < PATTERN_N;p++) printf("%8d ", d[p]);

for(i = 0; i <= INPUT_N; i++) printf(" w[%d] ", i);

printf("\n");

printf(" 0 ");

output();

/* ,�- */

printf("%5d ", 0);

for(i = 0; i <= INPUT_N; i++) printf("%9f ", w[i]);

printf("\n");

for(t = 1; t <= TIME; t++) {

for(p = 0; p < PATTERN_N;p++)

learn(p);
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/* ����	���3 */

if(t % PRINT_TIME== 0) {

printf("%5d ", t);

output();

}

}

return 0;

}

/*****************************************/

/* �����	� p 
������,�- */

/*****************************************/

void learn(int p) {

int i;

double y, sum, delta;

/* ��� 	���3 	���� */

sum = 0.;

for(i = 0; i <= INPUT_N; i++) sum = sum + w[i] * x[p][i];

y = sgm(sum);

/* ���!	���� */

delta = d[p] - y;

for(i = 0; i <= INPUT_N; i++) w[i] = w[i] + ETA * delta * x[p][i];

return;

}

/*****************************************/

/* �����$3 */

/*****************************************/

void output(void) {
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int i, p;

double y, sum;

for(p = 0; p < PATTERN_N;p++) {

sum = 0.;

for(i = 0; i <= INPUT_N; i++) sum = sum + w[i] * x[p][i];

y = sgm(sum);

printf("%8f ", y);

}

for(i = 0; i <= INPUT_N; i++) printf("%9f ", w[i]);

printf("\n");

return;

}

/*****************************************/

/*  "!0#G%('*)�+ */

/*****************************************/

double sgm(double f) {

return 1. / (1. + exp(-K * f));

}
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C.2 ����� �����
	&���

/**************************************************/

/* ������������ ��� */

/* two_layer.c */

/**************************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define INPUT_N2 /* 2.30+ */

#define UNIT_N2 /* �����	������ � + */

#define OUTPUT_N1 /* ��3$+ */

#define PATTERN_N4 /* � ���	� + */

#define THRESHOLD0 /* ��� */

#define TIME 50000 /* ,�-���+ */

#define PRINT_TIME100

#define K 1. /*  "!$#G%('*)$+�	���"�@ */

#define ETA .05 /* ����� ��� */

#define ALPHA .05 /* #���� � �! */

void net_output(int i);

void weight_renew(int i, int t);

void output(void);

void output2(void);

double sgm(double f);

int x[PATTERN_N][INPUT_N+ 1], d[PATTERN_N][OUTPUT_N];

double w_hidden[UNIT_N][INPUT_N+ 1], w_out[OUTPUT_N][UNIT_N+ 1];

double unit_in[INPUT_N + 1], unit[UNIT_N + 1], unit_out[OUTPUT_N];

int main(int argc, char *argv[]) {

int i, p, t, u;

FILE *fp;

if(argc != 2) {

printf(" ,.-0/ :a.out <2.3�4657%$8 >\n");
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printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);

}

/* ���������
	����� */

srand(time(NULL));

for(u = 0; u < UNIT_N; u++) {

w_hidden[u][0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= INPUT_N; i++)

w_hidden[u][i] = (double)rand() / RAND_MAX;

}

for(u =0; u < OUTPUT_N;u++) {

w_out[u][0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= UNIT_N; i++)

w_out[u][i] = (double)rand() / RAND_MAX;

}

/* 2.3 � ��
��3�	���� */

printf("#Filename:%s\n", argv[1]);

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( \n");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

x[p][0] = 1.;

for(i = 1; i <= INPUT_N; i++)

fscanf(fp, "%d ", &x[p][i]);

for(u = 0; u < OUTPUT_N;u++) {

fscanf(fp, "%d ", &d[p][u]);

fscanf(fp, "\n");

}

}

fclose(fp);

/* ��3*)�+ */
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output2();

printf("# t ");

for(p = 0; p < PATTERN_N;p++)

for(u = 0; u < OUTPUT_N;u++) printf("%10d ", d[p][u]);

printf("\n");

printf("%5d ", 0);

output();

/* ,�- */

for(t = 1; t <= TIME; t++) {

for(p = 0; p < PATTERN_N;p++) {

/* � � ��� ��� ��3�	 ��� */

net_output(p);

/* � �!	���� */

weight_renew(p, t);

}

/* ����	���3 */

if(t % PRINT_TIME== 0) {

printf("%5d ", t);

output();

}

}

/* ���	��
�� �!	��� */

output2();

return 0;

}
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/******************************************/

/* � � ��� ��� ��3�	 ��� */

/******************************************/

void net_output(int p) {

int i, u;

double sum;

for(i = 0; i <= INPUT_N; i++) unit_in[i] = x[p][i];

unit[0] = x[p][0];

for(u = 1; u <= UNIT_N; u++) {

sum = 0.;

for(i = 0; i <= INPUT_N; i++)

sum += w_hidden[u - 1][i] * unit_in[i];

unit[u] = sgm(sum);

}

for(u = 0; u < OUTPUT_N;u++) {

sum = 0.;

for(i = 0; i <= UNIT_N; i++)

sum += w_out[u][i] * unit[i];

unit_out[u] = sgm(sum);

}

return;

}

/*******************************************/

/* � �!	���� */

/*******************************************/

void weight_renew(int p, int t) {

int i, u;

double sum;

double delta[UNIT_N], delta_out[OUTPUT_N];

static double w_hidden_previous[UNIT_N][INPUT_N + 1];

static double w_out_previous[OUTPUT_N][UNIT_N+ 1];

if(t == 1) {

for(u = 0; u < UNIT_N; u++)
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for(i = 0; i <= INPUT_N; i++)

w_hidden_previous[u][i] = w_hidden[u][i];

for(u = 0; u < OUTPUT_N;u++)

for(i = 0; i<= UNIT_N+ 1; i++)

w_out_previous[u][i] = w_out[u][i];

}

/* ��3��	�� ����� */

for(u = 0; u < OUTPUT_N;u++) {

delta_out[u] = K * unit_out[u] * (1 - unit_out[u]) * (d[p][u] - unit_out[u]);

for(i = 0; i <= UNIT_N; i++) {

w_out[u][i] += ETA * delta_out[u] * unit[i]

+ ALPHA* (w_out[u][i] - w_out_previous[u][i]);

w_out_previous[u][i] = w_out[u][i];

}

}

/* �����	�� ����� */

for(u = 0; u < UNIT_N; u++) {

sum = 0.;

for(i = 0; i < OUTPUT_N;i++) sum += delta_out[i] * w_out[i][u + 1];

delta[u] = K * unit[u + 1] * (1 - unit[u + 1]) * sum;

for(i = 0; i <= INPUT_N; i++) {

w_hidden[u][i] += ETA * delta[u] * unit_in[i]

+ ALPHA* (w_hidden[u][i] - w_hidden_previous[u][i]);

w_hidden_previous[u][i] = w_hidden[u][i];

}

}

return;

}

/*******************************************/

/* ����	���3 */

/*******************************************/

void output(void) {

int o, p;

for(p = 0; p < PATTERN_N;p++){
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net_output(p);

for(o = 0; o < OUTPUT_N;o++)

printf("%10f ", unit_out[o]);

}

printf("\n");

return;

}

/*******************************************/

/* ���!	 ��� */

/*******************************************/

void output2(void) {

int i, u;

printf("#");

for(u = 0; u < UNIT_N; u++)

for(i = 0; i <= INPUT_N; i++)

printf("%10f ", w_hidden[u][i]);

for(u = 0; u < OUTPUT_N;u++)

for(i = 0; i <= UNIT_N; i++)

printf("%10f ",w_out[u][i]);

printf("\n");

return;

}

/*******************************************/

/*  "!$#G%('*)�+ */

/*******************************************/

double sgm(double sum) {

return 1. / (1. + exp(-K * sum));

}
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C.3 Kohonen
���������
	���

�

/***************************************/

/* ����������	�� 8�������� */

/* kohonen.c */

/***************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define NAME"two_four" /* 2.3�4657%08�� */

#define INPUT_N2 /* 2.3$+ */

#define PATTERN_N4 /* � ���	� + */

#define LENGTH5 /* ����' +�	����! */

#define AREA_MAX(LENGTH- 1) /* �#"���$#% 	��&*� */

#define TIME1 100 /* ' <!(*) */

#define TIME2 (1000 * TIME1) /* ',+-(*) */

#define ETA_MAX1. /* ,�-/. ���10&+�	��&*� */

#define ZERO48 /*char 2�
��43 � 0 	�� */

float f_rand(void); /*1-0 	�5��!6!��
�+ */

void distance(float input[]); /* 748�	���� */

int search_min(void); /* �#"#748�	:9�; */

void weight_renew(int p, int n, int area, float eta, float input[]); /* ��<�=�� 	����

*/

int check(int w_x, int w_y, int p); /* > �A� 8�?�@�� � */

void weight_output(void); /* ���!	��� */

int x_min[LENGTH* LENGTH],y_min[LENGTH* LENGTH]; /* ��"�7�8 �#ACBEDGF

*/

float w[LENGTH][LENGTH][INPUT_N]; /* ��<�=!� */

float d[LENGTH][LENGTH]; /* 748 */

int main(void) {

int i, n, p, t;

int x, y;

int area;
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char output[LENGTH][LENGTH];

float eta, sum;

float in[PATTERN_N][INPUT_N], input[INPUT_N];

FILE *fp;

/* ���� */

srand(time(NULL));

for(x = 0; x < LENGTH;x++)

for(y = 0; y < LENGTH;y++) {

output[x][y] = '-';

sum = 0.;

for(i = 0; i < INPUT_N; i++) {

w[x][y][i] = f_rand();

sum += pow(w[x][y][i], 2);

}

for(i = 0; i < INPUT_N; i++) w[x][y][i] /= sqrt(sum);

}

/* 2.3 � ��
��3�	���� */

if((fp = fopen(NAME, "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++)

fscanf(fp, "%f ", &in[p][i]);

fscanf(fp, "\n");

}

fclose(fp);

/* ��3*)�+ */

printf("#name:%s\n", NAME);

printf(" �����<�=!� \n");

weight_output();

57



/* ,�- */

for(t = 1; t <= TIME1 + TIME2; t++) {

if(t <= TIME1) {

area = AREA_MAX* (1 - (float)t / (2 * TIME1));

eta = ETA_MAX* (1 - (float)t / (2 * TIME1));

} else {

area = AREA_MAX/ 2 * (1 - ((float)t - TIME1) / TIME2);

eta = ETA_MAX/ 2 * (1 - ((float)t - TIME1) / TIME2);

}

if(area < 1) area = 1;

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++) {

input[i] = in[p][i];

}

/* 7�8�	���� */

distance(input);

/* ��"#748�	:9�; */

n = search_min();

/* �4<�=�� 	���� */

weight_renew(p, n, area, eta, input);

}

}

/* ����	���3 */

/* 5:>G8��G3 */

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++)

input[i] = in[p][i];

distance(input);

n = search_min();

for(i = 0; i <= n; i++)
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output[x_min[i]][y_min[i]] = p + ZERO;

}

/* ���!	 ��� */

printf(" ������<�=!� \n");

weight_output();

/* 5:>G8 	��� */

for(y = LENGTH- 1; y >= 0; y--) {

printf("%*s", LENGTH- y, "");

for(x = 0; x < LENGTH;x++)

printf("%c ", output[x][y]);

printf("\n");

}

return 0;

}

/*************************************/

/* 1-0 	�5�� 6!��
 + */

/*************************************/

float f_rand(void) {

return (float)rand() / RAND_MAX;

}

/*************************************/

/* 748�	 ��� */

/*************************************/

void distance(float input[INPUT_N]) {

int i, x, y;

for(x = 0; x < LENGTH;x++) {

for(y = 0; y < LENGTH;y++) {

d[x][y] = 0.;
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for(i = 0; i < INPUT_N; i++)

d[x][y] += pow(input[i] - w[x][y][i], 2);

}

}

return;

}

/*************************************/

/* �#"�748�	:9�; */

/*************************************/

int search_min(void) {

int n, x, y;

n = 0;

x_min[n] = 0;

y_min[n] = 0;

for(y = 0; y < LENGTH;y++)

for(x = 0; x < LENGTH;x++)

if(d[x][y] < d[x_min[n]][y_min[n]]) {

n = 0;

x_min[n] = x;

y_min[n] = y;

}

else if(d[x][y] == d[x_min[n]][y_min[n]]) {

n++;

x_min[n] = x;

y_min[n] = y;

}

return n;

}

/***************************************/

/* ��<�=�� 	���� */

/***************************************/

void weight_renew(int p, int n, int area, float eta, float input[INPUT_N]) {
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int i, j;

int x, y;

int d_x, d_y, d_z;

for(d_x = -area; d_x <= area; d_x++)

for(d_y = -area + abs(d_x); d_y <= area - abs(d_x); d_y++)

for(d_z = -area + (abs(d_x) + abs(d_y)); d_z <= area - (abs(d_x) + abs(d_y)); d_z++) {

for(j = 0; j <= n; j++) {

x = x_min[j] + d_x + d_z;

y = y_min[j] + d_y + d_z;

if(x < 0) x = 0;

if(x >= LENGTH)x = LENGTH- 1;

if(y < 0) y = 0;

if(y >= LENGTH)y = LENGTH- 1;

if(check(x, y, p))

for(i = 0; i < INPUT_N; i++)

w[x][y][i] += eta * (input[i] - w[x][y][i]);

}

}

return;

}

/***************************************/

/* > �� 8�?�@�� � */

/* ��� ������ "*��� DCE;I 
 I��	��
 */

/***************************************/

int check(int w_x, int w_y, int p) {

int x, y;

static int t = PATTERN_N;

static int unit_check[LENGTH][LENGTH];

if(t != p)

for(x = 0; x < LENGTH;x++)

for(y = 0; y < LENGTH;y++)

unit_check[x][y] = 0;

t = p;
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if(unit_check[w_x][w_y] == 0) {

unit_check[w_x][w_y] = 1;

return 1;

}

else return 0;

}

/***************************************/

/* ���!	 ��� */

/***************************************/

void weight_output(void) {

int i, x, y;

for(y = LENGTH- 1; y >= 0; y--) {

printf("%*s", (LENGTH- y - 1) * 7, "");

for(x = 0; x < LENGTH;x++) {

printf("(");

for(i = 0; i < INPUT_N; i++) {

printf("%5.3f", w[x][y][i]);

if(i < INPUT_N-1) printf(",");

}

printf(") ");

}

printf("\n");

}

return;

}
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C.4 Hop¯eld �



	������

/************************************************/

/* � �$�&4�� ��8 ' � � � */

/* hopfield.c */

/************************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define PATTERN_N8

#define LENGTH9

#define WIDTH5

#define UNIT_N(LENGTH* WIDTH)

int step(double sum, int input);

double energy_fanction(int input[], double w[][]);

int check(double energy);

int match(int learn[][], int input[]);

void output(int input[]);

int select_number(void);

int main(int argc, char *argv[]) {

char line[WIDTH + 2];

int i, j, p, t;

int learn[PATTERN_N][UNIT_N];

int input[UNIT_N];

double r, sum;

double energy, energy2;

double w[UNIT_N][UNIT_N];

FILE *fp;

srand(time(NULL));

if(argc != 2) {

printf(" ,.-0/ :a.out <2.3�4657%$8 >\n");

printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);
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}

/* 2.3�	���� */

if((fp = fopen("number", "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < WIDTH* LENGTH;i += WIDTH){

fgets(line, WIDTH+ 2, fp);

if(line[0] == '\n') fgets(line, WIDTH+ 2, fp);

for(j = 0; line[j] != '\n'; j++) {

if(line[j] == '0') learn[p][i + j] = -1;

else learn[p][i + j] = 1;

}

}

}

fclose(fp);

/* ��<������
	��@���E */

for(i = 0; i < UNIT_N; i++) {

w[i][i] = 0;

for(j = 0; j < i; j++) {

w[i][j] = 0.;

for(p = 0; p < PATTERN_N;p++) w[i][j] += learn[p][i] * learn[p][j];

w[j][i] = w[i][j];

}

}

/* ����� ��� �'# 	����� */

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}
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for(i = 0; i < WIDTH* LENGTH;i += WIDTH){

fgets(line, WIDTH+ 2, fp);

for(j = 0; line[j] != '\n'; j++) {

if(line[j] == '0') input[i + j] = -1;

else input[i + j] = 1;

}

}

fclose(fp);

energy = energy_fanction(input, w);

output(input);

/* ��� %�# 	���� D */

if((fp = fopen("energy.dat", "w+")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

t = 0;

fprintf(fp, "%d %f\n", t, energy);

do {

t++;

i = select_number();

sum = 0;

for(j = 0; j < UNIT_N; j++) sum += w[j][i] * input[j];

input[i] = step(sum, input[i]);

energy2 = energy_fanction(input, w);

if(energy != energy2) {

energy = energy2;

output(input);

fprintf(fp, "%d %f\n", t, energy);

}
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} while(check(energy) < pow(UNIT_N, 2));

printf("%d\n", match(learn, input));

output(input);

fclose(fp);

return 0;

}

/************************************************/

/* ) (;)�+ */

/************************************************/

int step(double sum, int input) {

if(sum < 0) return -1;

else if(sum == 0) return input;

else return 1;

}

/************************************************/

/* ��� 8

�

�0)�+ */

/************************************************/

double energy_fanction(int input[UNIT_N], double w[UNIT_N][UNIT_N]) {

int i, j;

double sum;

sum = 0;

for(i = 0; i < UNIT_N; i++)

for(j = 0; j < UNIT_N; j++)

sum += w[i][j] * input[i] * input[j];

return -1. / 2 * sum;

}

/************************************************/
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/* � ��?�@�� � */

/************************************************/

int check(double energy) {

static int count = 0;

static double energy_min = 0;

if(energy_min > energy) {

energy_min = energy;

count = 1;

} else if(energy_min == energy) count++;

return count;

}

/************************************************/

/* � ���	����� ? */

/************************************************/

int match(int learn[PATTERN_N][UNIT_N], int input[UNIT_N]) {

int count, i, p;

for(p = 0; p < PATTERN_N;p++) {

count = 0;

for(i = 0; i < UNIT_N; i++)

if(learn[p][i] == input[i]) count++;

if(count == UNIT_N) return p;

}

return -1;

}

/************************************************/

/* ��3 */

/************************************************/

void output(int input[]) {

int i;
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for(i = 0; i < UNIT_N; i++) {

if(input[i] == -1) printf("0");

else printf("1");

if((i + 1) % WIDTH== 0) printf("\n");

}

printf("\n");

return;

}

/************************************************/

/*
���

9�; */

/************************************************/

int select_number(void) {

int i;

double r;

r = (double)rand() / RAND_MAX;

for(i = 0; i < UNIT_N; i++)

if((double)i / UNIT_N<= r && r < (double)(i + 1) / UNIT_N) break;

return i;

}
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