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f(x) = 4*cos(x) + x + 2.5

No. Chromosome x f(x ) P(x)
accumulated 

f(x )
accumulated 

P(x)
1 10011 19 25.459 0.185 25.459 0.185
2 01010 10 9.144 0.066 34.603 0.252
3 11001 25 31.465 0.229 66.068 0.480
4 00110 6 12.341 0.090 78.409 0.570
5 01011 11 13.518 0.098 91.927 0.668
6 10111 23 23.369 0.170 115.296 0.838
7 00100 4 3.885 0.028 119.181 0.866
8 10001 17 18.399 0.134 137.580 1.000

137.580
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SSwx wx < < 104104

� 	 � � � � � � � �� � � �� �
 � C
� 	 � $
 �� � �� 
� � �5�� F �� AA
� � � � �� � � � �� � � � �� F� A8?3
� . 
 � � � �� 
� � � � �� F �A8A�
� . � #8�� � 
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� F� � AA

Number Value W ei ght W = 104

1 2 12 0

2 3 5 1

3 9 20 1

4 2 1 1

5 4 5 1

6 4 3 1

7 2 10 0

8 7 6 1

9 8 8 1

10 10 7 1

11 3 4 1

12 6 12 1

13 5 3 1

14 5 3 1

15 7 20 1

16 8 1 1

17 6 2 1

Total: 91 122 15

SSSSvx  = 87 

SSSSwx  = 100
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short short schemeta schemeta are less likely to be disturbed by crossover than long are less likely to be disturbed by crossover than long schemetaschemeta
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%� �� ��� � � �&� '�
( ) � � � � �� ! � � � � � �� (continued)(continued)

wherewhere
M(H, t) number of strings in population tt with the schema 'H'. 
f(H) average fitness of the strings with the schema 'H'. 
F average fitness of the entire population. 
p1 probability of the schema being destroyed by crossover. 
p2 probability of the schema being destroyed by mutation. 
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Honours & MIT/MAIT:
Neural Networks

Let’ s take a break !Let’ s take a break !
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The material of this seminar is based on the paper Evolving Artificial Neural Evolving Artificial Neural 
NetworksNetworksby Xin Yao, Proceedings of the IEEE, 87 (9), September 1999.

Honours & MIT/MAIT:
Neural Networks
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� A set of population with mindividuals where each individual is 
a pair of (wi, h i)

� h iD(j) = h i(j) exp(t ’N(0,1) + t N(0,1))
� wiD(j) = wi(j)  + h iD(j) Nj(0,1)

� wi are connection weights vector
� h i are the variance vectors for Gaussian mutations
� wi(j), wiD(j), h i(j) and h iD(j) are the jth component of the vectors wi, wiD, h i and h iD
� N(0,1) indicates that the random number is generated anew for each value of j.
� The parameters t and t ’ are commonly set to           and

� Conduct pairwise comparison over the union of parents �wi, h i�
and offspring (wDi, hDi). Select m individuals out of �wi, h i� and 
(wDi, hDi) that have most wins to form next generation (aka
tournament selection scheme).

1

2
-

÷
ø
öç

è
æ n ( )

1

2
-

n



� �� �� � � �� � � 	 
� �� 
 � � �� � � �� ���� �

Josiah Poon � 2003 -,

� � � �
 � �� 
� � �� � � � � �� � � � 
 � � �
� ! � �� � � � � �� � � � 
 � �� �
 � �
  � �

� ! � $� �� � �� � ��� � � 
 � � 
 � � 7��8� 8�� � 

 � � � �� �� �
� ! � � 
 � �� �� �

 � � �� 
 �� �� � � � �� 
 �  �

� � � � � �� � � � 
 � �� � � �� � �� 
 ���� � 
 �� �� $� � �� � 
� �� 
 � � � � �&D��
�
 �� � � � � �� 
� $� � � � �� �
 �� � � $� 2���� � 8

� �� �� �� � � 

 � � � �� 
 � �� 
  � ��
 � � �� 
 �  � �
� � � � �
 � �� 2�� � 2��� ��� $� � �� � �� �� �� � � � &�� �� � ��

� �� �� � � �� 
 
 � 2� �� � �� � � 

 � � � �� 
 � �� 
  � 
 � 
 ��
 � � �� 
 �  � � C
� . � �� � � � � � ��� 
 � �� � ��
� �� �� � � � �
 �
 ��  �� �� � 
  � �� ���� �� � � � �� � ��  �

� � 
 � � � ��5� ��� 
� � 2�����

�� ButBut 
 $���� 
 � � 7�� � � � �� � � � 
 � ��  � � �� 
� ��� � 
� � #$� � �D�� � 
 ��
�
 � �� � �� � 
  � ��� � � ����� ��� � =$� � 
 �

�� CurrentlyCurrently7�
 �� � � � � � � � � ��� � � �� � ��  � � �� 
� �� 
 � � �� � $��� � ��
� � � � �� � � � 
 � � 8

Josiah Poon � 2003 --

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

� � 
 � � � 
 � � �� �� *� +� � � � 
 � � �� �� � �� � � �� � �

� � $$� � � � � � �
� � � 
 � � � 
 � � �� �

� ) � � � �� � �� �� � �� �
 �� � ��
 � � � � �&�(network with minimal number of hidden 
layers, nodes and connections) � 
  � �   � 
 � � ��� � � � � 7�
 �  � �� � 
  �
� � 

 � � � �� 
 � �� � � 
� 
 � � � � � � � �

� +� � �� 
 � � �� �
� ) � � � �� � �� �� � �� � #�� � ��
 � � � � �&�� 
  �  � �� ��� 

 
 � � � � � � � �� �� � � � � 7�


 �  � �� � 
  �� � 

 � � � �� 
 ��  
 � �
 �� � � � �
 �
 �

� � � �� �� �� � � C
� � 
 � � ��
 � M�-: NC�) 
 � �� � � � 
 � � 
 � � ��� ����� ��� 2�
 � �� � � � �  ��

� � �� � 
 � � � $��2��� � �� 2� � � � �
 �� trapped at structural local trapped at structural local 
optimaoptima

� ! � � �� � 
 ��� investigate restricted topological subsetsinvestigate restricted topological subsets � � �� � � �
� � � 
� � � �� � � � $�� ��� � �� ��� � �� 
 � � � � �&�� � � � �� � � � 
 � � �

Josiah Poon � 2003 -3

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

%� �� � �� ��� � $$� � $� �� � � '

� 0�
  �
 �� � 
� � $��� � ��� � � � �� � � � 
 � �� ��� �� � � � � � �� $� � 2�� � 8

� ! � �� $� � �� � � � 
 � �� � �� � ���� � � � �� � � � 
 � �� �� � � �� ��  �� � � � � ��
� 
 � �� � �� �
� � � �� � $� � � 8

� ! � �� � $��� � �� � � �� 
� ��� � � �� � �� � � � �� $� �
 �� � 
� � � ��� � 
 � �� � � 8

� � � � � � � � � � �� � ��� � �� � � �� � 
 � �� � �� �� C
� / 
 ��
 �� � ��� �� � � �
� 4� 
 = ��� � � � 
 � �� 2��
� � � � $�� #�� 
  � 
 � �� �
� +� � � $��� �
� . 
 �� �� �  � �

Josiah Poon � 2003 -6

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

� � � '

� ! � �� $� � � � �� �
� � � �� � � � �
 � �� 
 � � �� � $$� � � � �
� ! ��  � � � �� � � �� � � $� � � � 
 � � � �� 
 �� ��� � 
 
 � � � �� 
 �

� � �� � � �
� ! ��  � � � �� � � �� � � � � � �� � $� � � �� � � 7�� 8� 8�� � � � � � � � � �

� 
  � � 
 � � � �� 


� 9� �� ��� 
 � C
� � � � �� 
 � �� �
 �� � � � � �� 
� � 2� 
 �� � 
� � � � � �� � � � 
 � ��

� � � 
 � � 2�� � 
 � �  �  � �
� � ��� � � � � � � � � � � '
� +�� � � �� � 
 � �  �
 � C�� ���� � ��  � � � ���
� / 
  �� � � �� � 
 � �  �
 � C�� 
 ��� � � �� �� $� � �� 
 �� $� � � � � � � � �� � ��

� 
� � � � � �� � � � 
 � �

Josiah Poon � 2003 -?

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

+�� � � �� � 
 � �  �
 �� ) � � � � �

� ! � �� � $$� � � � � � �
� 8 ) � $� � � � � �� � � �� � � � � �� � � �
 � �� �� � � �� � ��

� � 
 
 � � � �� 
 �� � �� � � �
� 8 � � � �� � �� � � � � �� � � �
 � �� � 
  � � � 
 
 � � � �� 
 �� � �� � � � �

� �� 
 �� � 
 � � 
 � ��

Josiah Poon � 2003 -;

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

) � $� � � � �� � � �� � � � � �� � � � 
 � �� �� � � ��� �� � � 

 � � � �� 
 �� � �� � � �
�� �� 0��  �� � � � �  4 � � � � �&

� � � � �� � � 

 � � � �� 
� � � �� � �� ���
� � $� � � � 
 � �  � 2�� �� �� 2�
 � � �

� � 
� NxN � � �� �#�C = (cij)NxN
� Has a one-to-one mapping
� A feedforward NN will have 

non-zero entries only in the 
upper-right triangle of the 
matrix

� � � 
 � � � �� � � �� � � � �� �� � � ��
� �� �� 44 7��
 �� �� ��5�� ��� � �� � �
� � 
  � �� � � �� � � �� � 
  � � � � �
 8

� �

� �

�

÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç

è

æ

00000

10000

10000

10100

01100

0110   101   01   1



� �� �� � � �� � � 	 
� �� 
 � � �� � � �� ���� �

Josiah Poon � 2003 -:

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

) � $� � � � �� � � �� � � � � �� � � � 
 � �� �� � � ��� �� � � 

 � � � �� 
 �� � �� � � �
�� �� <� � 
 � � � 
 �� 4 � � � � �&

00110   00101   10001   00001   01000

� �

� �

�

÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç

è

æ

00010

10000

10001

10100

01100

Josiah Poon � 2003 3A

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

	 � � � 
 � �� ��	 � � 2�� �

� ) � � �� 2���� �
� B� ��  � � � �
� &
 � � ��  � �� � �� � �  
 � �� � � �� � � � � � � �

� $� � �

Josiah Poon � 2003 3�

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

/ 
  �� � � �� � 
 � �  �
 �

� ! � ��  � � � ��� �� 2� 
 �� � � � �� � � 

 � � � �� 
� � � ��
� � �� � � �� $� �  � ��
 �  � � � � � �  �
 �� ��� $� �� �� &
 � � ��  � �
� � �� � $� � ����  � 2�� �� � � �� � ��  �� � � � �
 �� � �� �

 � � � �� $� � 
 � � ��� 
 �� �

� H� � �� 
 �� <� $� � � � 
 � � ��� 

� 	 � � � � � � � ��� <� $� � � � 
 � � � �� 

� +� � � �� $� � 
 � � ��<
 ��� <� $� � � � 
 � � ��� 

� 0� � � � � ��<� $� � � � 
 � � � �� 

� � � � � �� <� $� � � � 
 � � � �� 
 �

Josiah Poon � 2003 3�

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

/ 
  �� � � �� � 
 � �  �
 �� =	 � � � � � � � ��

� 44� � � � � �� � � � 
 � �� ��� � $� � ����  � � �� �� �� � � �� � ��
$� � � � � � � � � 7�� 8� 8�

� 
 � 8�� �� � �  � 
� �� � � � �
� 
 � 8�� �� � �  � 
� 
 �  � �
� 

 � 2� �� � �� � � 
 
 � � � �� 
� 2� �� �� 
 ��� � � � �

� � 
 � �  �� � � � � �� $� � � � � � � � �� �
 � � �� � �� � � � � � � � � � �

� ! � ��� � $$� � � � �� � �  
 � � �� �� �� �� 
 � ��� � �� 2�
 � � ��
� � � � � � � � � � 7�2
 �� �� �� � �� � � �� � � �� � 
� � 
 ��� � � � � � �� ��
��� �� �  � � 
 2� � �� � �� �� � � �2��� � � �
 � �� 
 �

� � #� � $�� C���� � �� � 
 � �  �� � 
 ��� � � �� 
 �8� � �� � �  � 
� 
 �  � �� �
 �
� � �� � �  � 
� �� � � �7�� �� � � � �� � �� 
 � �  � � ��� � � � �  � �� � � � �  �
44� � �� �� �� � �
 � ��� � �  � 
� �� � � �

Josiah Poon � 2003 3,

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

/ 
  �� � � �� � 
 � �  �
 �� ( +� � � �� $� � 
 � � ��<
 ��

� � $��� �5� � �� 
� � ��  � � � �� $� � 
 � � ��� 
 �� �� 2� �
 � � �
� � � �� � � � $� � �� � � 
 � � � $�� � ��� � $� � � � 
 � � ��� 
 8

� +� � � � 
 � � �� �� ��� � � �� � �� � � ��� � � � �� ��� ���� �
 �  8

Josiah Poon � 2003 3-

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

/ 
  �� � � �� � 
 � �  �
 �� ( +� � � �� $� � 
 � � ��<
 ��

� +� � � � �2�  � 2�� �� � � � 
 � � �� �� � E
 � � �� 
� � �� �� � � 
 � � � � �� 
 �
� 
 ��� �
� � � �� $� �  
 � � �� 
� � 
 �� � 8

÷÷
ø

ö
çç
è

æ
®

DC

BA
S

÷÷
ø

ö
çç
è

æ
®

aa

aa
A ÷÷

ø

ö
çç
è

æ
®

ai

ii
B ÷÷

ø

ö
çç
è

æ
®

ca

ai
C ÷÷

ø

ö
çç
è

æ
®

ea

ea
D

÷÷
ø

ö
çç
è

æ
DC

BA

÷÷
÷
÷
÷

ø

ö

çç
ç
ç
ç

è

æ

eaca

eaai

aiaa

iiaa

÷
÷
÷
÷
÷
÷
÷
÷
÷
÷
÷

ø

ö

ç
ç
ç
ç
ç
ç
ç
ç
ç
ç
ç

è

æ

00000100

10000000

00000000

10000001

00000000

00010000

00000000

01010000

÷÷
ø

ö
çç
è

æ
®

00

00
a ÷÷

ø

ö
çç
è

æ
®

01

00
c ÷÷

ø

ö
çç
è

æ
®

00

10
e ÷÷

ø

ö
çç
è

æ
®

00

01
i



� �� �� � � �� � � 	 
� �� 
 � � �� � � �� ���� ��

Josiah Poon � 2003 33

� � � �
 ��� 
� � � �� � � � �� � � �
 � � C

/ 
  �� � � �� � 
 � �  �
 �� ( +� � � �� $� � 
 � � ��<
 ��

� � � �� � � 
� � �� � � �� � � ��� � �� � �� � 
 �� �� � ��  � ��
 � �
� � �� 44 '

� " �� � � � �
 � �� 
 7�� �� � � 
 � � � O

� <
 �� �� � � � �
 � �� 

�� Pitt approachPitt approachC�� 
 � �  �� � � �� � � � ��� � 
 ��� � � �� � �� � 
 �

�
  �� � 
 � �
�� Michigan approachMichigan approachC�� 
 � �  �� � � � ��� 
 ��� ��� � 
�

�
  �� � 
 � �

Josiah Poon � 2003 36

� � � �
 � �� 
� � �� >� � � 
 �
 � �<
 �� �� (1 of 2)(1 of 2)

� �� � � � �
 �
 �� � �� � � �� � �� � � �� � � � ��  ��� � � � 
 �� $� � �� � � � 
 � �� � �� 
 �
� $$���  � � ��  ��� � � � 
 �� � � � � �� � � � 
 � � � 8

� ! � ��  � � �� 
� � �� � � � �
 �
 �� � �� � � �� � � �� � �� � � 
 �
 �� � 
 �� � �� 
 � �  � � ��
�  P
 � �� � � �� � � 

 � � � �� 
� � � �� � � ��  � $� 
  �� � 
�� � �� � � $�� � ��
� � � � �� � � � 
 � � � 8

� ! ��  � � �� 
� � 
 �� $��� � ���� � � 
 �
 �� � 
 ��� ���  ��� �� 
 ��� � �� 
� � ��
&
 � �� ���� ��� � 2� 
 �� � � �� 44D�� � � � � �� � � � 
 � � 8

� / �� ���  � � �� � 2��� � ��  � � � �� $�� 
� � 
 � � � � � ��� � 
  � � � � � � � � � ��� � � ��
� �� �  � $�� � � ��� � � � 
 �
 �� � 
 ��� � �� � 
 �� � � � �� � � � 
 � �� � 
  � � � �� � � � &�
� 
� �� 
  8

� �� 44� � � � 
 � � �� � � 
� ���� �� � � 
 �
 �� � 
 ���  � 
 � � �� � ���� � � � � � �� � � � 
� �� ��#�  �
� 
  � � � 
  � � � �� �  �� 
 �� 8

Josiah Poon � 2003 3?

� � � �
 � �� 
� � �� >� � � 
 �
 �� <
 �� �� (2 of 2)(2 of 2)

� . � � �� � �� � � �� � � � � � � � �� �� � 
 �� � 
� how learning how learning 
guides evolutionguides evolution8

� ! � �� � 
 � � � � �� � �� � � ��� � � � � � � � ��
� 
 � � �� 
 ��� � $� �� �5� �� �� � � 
 �
 �� � 
 �� �
� 2
 �� � �� �� � �  � ��� � � �� � � � � � �� �� $� � � � ��� ���  � � ��

� �� � �� � � $�� #�� 
  �  � 
 � � ��� � 
 � �� � 
 � � 
 �

Josiah Poon � 2003 3;

� � � �
 ��� 
� � �� >� � � 
 �
 �� <
 �� � C

! � �� � � � �
 � �� 
 �� �� � �� � � �� � � ��� 	 � � � � � � � � �

� " 	� $� � � � � � � � � 7�� 8� 8��� � � 
 �
 �� � � � �� � 
  �
� � � � 
 � 
 �

�� Harp Harp et al et al M�3� N� 
 � �  �  � � � �� " 	� $� � � � � � � � � �
� �� �� � � �� � � � � �� � � � 
 � �� �
� � � �� � � � � �
� � � � � � � � � � 8

Josiah Poon � 2003 3:

� � � �
 ��� 
� � �� >� � � 
 �
 �� <
 �� � C

! � �� � � � �
 � �� 
 �� �� >� � � 
 �
 �� <
 �� �

� ! �� � 
 � �  �� � � ��  � 
 � � ��� 2� � � � �� 
 �� � �� �� �� � � 
 �
 �� � 
 ���
�
 � �� � � � � ��� � � � � � � � � � � � 8

� � � 
 � � � � �
 � � �� � � �� � �� 2�� � � �� � 
� �� �� � � $�� � ��  � 
 � � ���
2� � � � �� 
 �8

� ! � �� 2� � ��� � � � 
 � $� �� 
 � C
� %� �� � �� 
 $ � ��
 ��  � $� 
  �� � 
 ��� � 
� �� � � ���
 �� � � � � �� 

� ! � �� �� � � 
 �
 � �� 
 ��� ��� � � �� � � � �� �� �� � ���� � 

 � � � �� 
 �� �
� � �44

� ! � � ��� � � P� �� �� � 
 � � C
� +� �� � � �
 � � �� 
� � �� �� � 
 2� � �� � �� � � � � �
� <� $� � � � 
 � � � �� 
 �� �� � � � ��� � � � �=� � �
 �  � � � � ��� � �� � � � � � � � � � � �
� ! � �� � �� 
 � �  � �� �� � � � �
 � � �� 


Josiah Poon � 2003 6A

� � � �
 ��� 
� � �� >� � � 
 �
 �� <
 �� � C

� 
� � #� � $��� 2�� � � � �� � � �� M�6- N

� +� ��
 �  � �� �� � � 
 �
 �� � 
 ���
� � � ��� ��
 � � �� � � � 2�
 � � �� 
� � �� -� �� � � ��� � � �� 2�� �� � 
  � � � � ��� 6�$� �� � �� � �

$� �  
 � ��
� 4�� , �  � �� - � � � � � � �
� � A�� � � �� �� �� 
 ��� � 
  �� �� � � ��� $� � � � � � � �� � � � � �� 
 � �  �  � �
� �� 2�
 � � ��

� � � �
 �� � �� �� #$� 
 � 
 � �� ��� 
 � �  �
 �

� ) � � � � � �
 �� ��#�  � �
� � � �� � � � �
 � �� 

� ! � � �� � � � �� � � � 
 � �
� ) �
 � �� ��� � � �� 44�
� 4
 � 2� �� � �� �
 $
 ��� *� � 
 �$
 ��

� <� � 
 �� �
� � �� � �� � AAA�� � 
 � � � � �� 
 � 7�� � �� � � � �
 ��� 
�  �� � � � � � �  � �� ��� � ��=&
 � � 
�

 � �� �� � 
 �� �� 
  � � � � � �� �� ���� � � � �� 
 �� 8
� � 2��� � � � � � � 
 � � � � � �� � � �� � � � �
 ��� 
 � � �� $� � � �� � ��  �� � � � � �� 
 � � � ��

�� � � 
 �
 �� � 
 �� �



� �� �� � � �� � � 	 
� �� 
 � � �� � � �� ���� ��

Josiah Poon � 2003 6�

�� � � 
 � � � ��0� � � � � � �&�� �� � � 44

Josiah Poon � 2003 6�

� �� � $$��� � � �� 
 �

� " �
� 	 � � &�
 �
� ) � � �  
 ��
 �
� ! � � � � ���
 � ) � �� � � � 
� 	 � � 2�� ��
� . � � � �
 �� >� � � 
 �
 �
� ! � � P� � � � � �� 	 �� 

 �
 �
� 	 � �� � � 
� <� � � � 
 �� �� 

�� andand � �� � � 
 � � � 7�evolving the Neural Networkevolving the Neural Network

Josiah Poon � 2003 6,

� $��� � 
 � C�� �� *� � � � � � �� �� �
� � � � �
 � �� 
 � � �� � �� � � �� � � � �� � �� 
 � �� P
 � �� �� � � � � �� � �� � � �� � � � 7�� � � �� � � � �

�� � E
 � 
 � ��� � $$���  � � �� � � � � � �� � � � � �� 
 8

� . � � �� � � � � � �� � �� � � �� � � �� � � �� � ��  � � ��� �� �� � � � �� �� �� � ���  �K� � 
 � �
 ��  � � �� 
 L�
� � � � �� � � �� � � � � � �� � $� � �� ��� � � ��=&
 � � 
� � 
  � � � 
 � � � � �
 �  8

� " 
 �� �� �� � $� � �� �� ��  � � �� 
� �� ����= � ��
 �  �� 
  � � � � �
 � �� 
 � � �� � �� � � �� � � �� � � � �
� ��  �� � � ��� � � �� #$�� � �� � � �� � $� � � 8�! � � �� � � �� � $$���  �� ��

� Cartoon faces
� http://www.accad.ohio-state.edu/~mlewis/AED/Faces/

� Patentablecircuits
� http://math.nist.gov/~JDevaney/CommKnow/mar2001/SCDCK-2001-Langley-2001-3-

25.doc
� music

� http://www.design.chalmers.se/projects/art_and_interactivity/li ving-melodies/

Josiah Poon � 2003 6-

� � � � �� 
� 0� � � �
� http://www.accad.ohio-state.edu/~mlewis/AED/Faces/

Josiah Poon � 2003 63

. 
 � ��
� http://www.design.chalmers.se/projects/art_and_interactivity/living-melodies/

Josiah Poon � 2003 66

" �� &�
� ! 8�" Q� &8�� � � �
 � �� 
 � � �� � �� � � �� � � �� �
 �! � � � � �� � 
  �	 � � � � �� � 8�

� #�� �  � B
 �� � � � �� �� 	 � � �� 7��::6 8

� +8" 8�0� � � �7�� � � �
 � �� 
 � � �� � � � $
 �� � �� 
 7�/ ��� 7��::3 8

� +8� 8�� � � 2 � � � 7�� � 
 � � ��� � �� � � �� � � �� �
 �) � � � � � 7�� $��� �5� ��� 
 �
� 
  � . � � � �
 �� >� � � 
 �
 � 7��   �� � 
 =%� � �� � 7��:; : 8

� � 8�9� 5� 7�� � 
 � � ��� 	 � � � � � � � �
 � 7�. /! �	 � � �� 7��:: � 8

� R8�. �� � � �� � �� � 7�� � 
 � � ��� � �� � � �� � � �� G�+� ��� ) �� 
 � � 
 � � �� F�
� � � �
 � �� 
� 	 � � � � � � � 7�) $� �
 � � �7�, �  �  7��::6 8


