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�\jBjEa&dTxmeN�4�

`<cBa[kmy�t%a�b;nWe8|}aGeUp<n.kqvma&n<n�cBa
a&dTx���a���a�b;n�kml\g(n9n�cBa
a&dTx3k � hNe8dB� ��n.kqn.cBa�x�a�pAnWe8d�g}nWe8kmd � l.kmsãg(d
g(l.yfe8n.l�g(l�u]pAn�g(l.nWe8dBv�jEkfp e8nWe8kmd�e{dYn.cBa\�9kml���p%jTgzb;a}��� b;k�hNhNe5p e8kmd�kBb&b;rBl�p���cBa&d�g(dfu~j�g}l.n�k � n.cBa:hNe{dB�Bp
cfe{n;p:g(dYkmyTp%n�gmb.h8a
kml<��cBa&dYn.cBa
l.kmyEkmn:g(n.n.a&s�jBn�pMn.kws~k�|maGkmrBn�p eUx�a[n.cBa[g�h�h8k��9a�xYl�g(dBvza�p�k � g(dTx

�

`<cBa�t%k�e8dfn[g(dBvmrfhUg(l\jEk�p e{n%e{kzdTp
g(dTx�|ma�h8kBb.e8nWe8a�p�g(l.a
±El�p%n � a�x3e8dzn�k��:���
�<p �{�&� ��cfeUb.c®g}l.a�rTp%a�x�n.k
l.a&jBl.a�p%a&dfn
p%a&|}a&l;g�h � rBdTb;nWe8kmdTp�k � n.cBaGe{dBjBrBn�pGx�a�p�b;lWe8yEa�xYe8dYhUg(n�a&l\pAa�b�n%e{kzdTp&�

`<cBa:�<���
�YeUpRg�b;k�g(l�p%a&� b;kBxme8dBv
p%n�l.rTb;n.rBl.aQ��cBa&l�aMa�gmb.cZl.a&v�e8kmdGe8d�n.cBa�e8dBjBr�nMp%jTgmb;a�cTgmp�g�pAa&n�k �
k�|}a&l%h5g}jBjfe{dBvqyBrBnMk���p%a&n@n%e�h8a�p9gmp.pAkBb.e5g}n.a�xw�9e8n.cwe8n����Q|maLl�u�nWeNh8a:eUp�x�a�±EdBa�x�yfu]�mrTg(dfn%e ��e8dBv � rBdTb;nWe8kmdTp

�

�������������

� � �
� � � � �

�
�

�

(*0�� 015
��� )�, 5

� 5��15 )

� � �"!$# �&% �:�('��*) �,+ 9 �������

- ./! �0!1%2!3+*+ 9 �54 �
	6!7+
8 ���7�9�,):! ����
;.A�<):=)�9�>! �@?A. 4 8B.DC

E E



θ
1

θ
2 θ

2

θ
1

.

.

σ
1

∆ σ
2

∆
µ

2
∆V∆ µ

1
∆µ

1
µ

2
σ

1
σ

2

V

τ1

r

Robot

Simulation

2

AGENT

Automata

CMAC

Parameters Parameter updates

state x

reinforcement

τtorques

� �
� �

� �

� �
� � � � � � � � � �

� � � � � � � �
� � �

� � � � � � � � �
� � � � � � � �

�
� � �

� � �

�
� �

� �

�

�
� �

�

� �

�

�

��e8vmrBl.a �B¬ 	 dfn.a&l;gmb;nWe8kmd�yEa&nW�9a&a&d�n.cBa�g(vma&dfn\g(dTxYl.kmyEkmn��
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°Rk(e{dfn~� eUp~g�jEk�e{dfnwe8dOe8d�jBrBnYp%jTgmb;a�b;kml�l.a�p%jEkmdTxme8dBv²n.k®g�jBl.a&|me{kzrTp h{u´|me5p¡e{n�a�x¯p%n;g(n.a �
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pAa�h{a�b;n�a�x3l.a�p%k�h8rBnWe8kmdYa�h8a&s~a&dfn�p�g(dTx~n.cBa�e8l
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θ 1
π
4

1234

Quantizing 
Functions

Quantizing 
Functions

3
4

(3.44,0.20)

(3.14,0.00)

A B

1.0

2.0

3.0

4.0

5.0

1.0 2.0 3.0 4.0 5.0
- (     )

(rads)1

3

4

2

Input variable 1

(0,0)

+(     )
(rads)

πθ2

Input variable 2

Resolution Element

A

B

B

B

A

A
p  = w1[{2,2}]+w2[{3,3}]+w3[{2,2}]+w4[{2,2}]

A * = {{2,2},{3,3},{3,2},{2,2}}

p  = w1[{2,2}]+w2[{3,3}]+w3[{3,2}]+w4[{2,2}]

m  * = {2,3,2,2}

m  * = {2,3,2,2}

A * = {{2,2},{3,3},{2,2},{2,2}}

m  * = {2,3,3,2} 

m  * = {2,3,2,2}

A2

A1

B1

B2

Numbers in sets are the identifiers of the resolution
elements selected by the quantizing functions. (see text)
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a�h8aLs�a&dfn�p � kml<a�gmb.c��zrTg(dfnWe���e8dBv � rBdTb;nWe8kmd3eUp<kmyBn�g�e8dBa�xYyfuYxme8|}eUxme8dBvYn�cBa
l�g(dBvmaGk � n.cBa0e8dBjBrBn\yzu
n.cBa��mrTg(dfnWe���e8dBv�e8dfn.a&l.|}g�h¡�

`<cBa
gmb&b;rBl�gmb;u]k � n�cBa � rBdTb;nWe8kmdTpHn.kZyEa[g(jBjBl.k���e8s=g(n.a�x=g(dTx~l.a&jBl.a�p%a&dfn.a�x=yzuY�<���G�<p�g}l.a9hNe8swe8n.a�x
yfu�n.cBa]�zr�g}dfnWe���e{dBv�l.a�p%k�h8rBnWe8kmd��[� cfe8vmcBa&l��mrTg}dfnWe���e{dBv�l.a�p%k�h8rBnWe8kmd®l.a��zrfe8l.a�p�gqhUg(l.vma&l
dfrBswyEa&l�k �
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�9a�e8vmcfn�p�e8d�a�gzbAc �<���G�¦g}dTx3s~kml.a
a��Bjfh8kml�g(n%e{kzd�c�gzp9n.kqyEa�jEa&l � kzl.s~a�x=yEa � kml.a[n.cBa[a&dfnWe8l.aGe8dBjBrBn
p%jTgmb;a�b&g(dqyEa�b;kmdTp eUx�a&l.a�x  !|me5p e8n.a�x#"zx�rBa:n.kGn.cBa�p%s=g�hNh8a&lMdBa�e8vmcfyEkmrBl.cBk�kBxqk � vma&dBa&l;g�hNe ��g(n%e{kzd����0k����
a&|}a&l���n.cfeUp:x�k�a�pHdBkzn9s~a�g(dYn.cTg(n:g(d�g}vma&dfn9�9e8n.cX�<���
�<p�cTg�|me8dBv]cfe8vmcBa&lG�zr�g}dfnWe���e{dBv=l.a�p%k(h{rBn%e{kzdTp
dBa&a�x]s~kzl.a<n.l�g�e{dfe8dBvqb;uBb.h8a�p�n.k[l�a�gzb.c�g
jTg(l�nWeUb;rzhUg(lMh8a&|}a�h�k � jEa&l � kml.s3g(dTb;a0gmp@n.cBa�cfe{vzcBa&l<gmb&b;rBl;gmb;u
k � n.cBa � rBdTb;n%e{kzd�pGb;kmdfn.l%e{yBrBn�aZn.k�e8s~jBl.k�|ma�x�jEa&l � kml.s=g}dTb;a}�9�Ap%a&a �za�b;nWe8kmd � �

`<cBa��<���G�<p�n.cTg(n��9a&l.a]e8s~jfh8a&s~a&dfn.a�x¢e8d¨n.cBa��<gzp%a � a���jEa&lWe8s~a&dfnY�%p%a&a��za�b;nWe8kmd � � � �
g(l.a
eUxfa&dfn%e5b&g�h�n.k[n.cBa�a��Tg(s�jfh{a
p%cBk���dwe{d ��e{vzrBl.a �B�}a��Tb;a&jBnHn.cTg}n@n�c�a&l�a0g(l�a<dBk�� � kmrBl�e{dBjBrBn9|}g(lWeUg(yfh8a�p&�
e¡��am�Qn.cBa�e8dBjBrBn\pAjTgmb;a�eUp � kmrBl�� xme{s~a&dTp¡e{kzdTg�h¡�<`:cBaZ�<���
�<pMcTgmxYp eN��l.a�p%k�h8rBnWe8kmd�a�h8a&s~a&dfn�pG� � �f�
k�|}a&lHn.cBa:e8dBjBrBn:l�g(dBvma � kml�a�gzbAc��mrTg(dfnWe���e8dBv � rBdTb;nWe8kmd���n.cBa&l.a\�9a&l.a � kmrBl<�mrTg}dfnWe���e8dBv � rBdTb;nWe{kzdTp � kml
a�gmb.c�e8dBjBrBnw� � � �:g(dTx � kmrBl:e8dBjBrBn�pZ� � � �Me¡��am�\g(dBvmrfhUg(lGjEkfp¡e{n%e{kzdTp
g(dTx�|ma�h{k�b.e{n%e{a�p[k � a�gmb.c
tWk�e8dfn��Tv�e8|me8dBv�g]n.kmn;g�h)k � � 
 � � � �<a�e{vzczn;p � kml0a�gmb.c®�:���
�G�T`<cfeUpGg�hNh8k��9a�xXg=�mrTg(dfn%e ��e8dBv
l.a�p%k�h8rBnWe8kmdOk � � � 
3l�gmxBp � kml�g}dBvmrfhUg(l�jEk�p e8nWe{kzdTpqg(dTx ��� l�gmx��(p � kmlwg(dBvmrfhUg(lw|}a�h8kBb.e8nWe8a�p � kmlZn.cBa
e8d�jBrBn
l�g(dBvma�p<n.cTg(n:�9a�b;kmdTp eUx�a&l.a�x4�
	 � n.cBa��zrTg(dfnWe���e8dBv¢l.a�p%k�h8rBnWe8kmd¢eUp~x�kmrByfh{a�x � kmlwa�gmb.c¨k � n.cBa � kzrBl�e8dBjBrBn�p&�@e¡��am��e8dTb;l.a�gzp%a�n.cBa

dfrBswyEa&lZk � l.a�pAk�h8rBnWe8kmdIa�h8a&s~a&dfn�p � l.kms �=n�k � � � kml
a�gmb.c�e{dBjBrBn��)��cfe�h8a=�}a&a&jfe8dBv�n�cBaqdfrBswyEa&l
k � �zrTg(dfnWe���e8dBv � rBdTb;nWe8kmdTp g}n � g(dTx�n�cBa�dfrBsqyEaLl�k � e8dBjBrBn�p g(n � �*n.cBawdfrBswyEa&l[k � �9a�e{vzcfn�p
e8dOa�gmb.c¯�<���G� �9kmrfhUxXe8dTb;l.a�gzp%a � l.kms 
B� � � � n.k � � � �(�z� ��g�p eN�Bn�aLa&dB� � k�hUxIe8dTb;l.a�gmp%a�e8d
s~a&s~kml.uwl.a��zrfe8l.a&s~a&dfn�p&�M�ªb;kms~s~kzd]n�a�b.cBdfeU�zrBa
rTp%a�x~�0cBaLd=n.cBa&l�a9eUp9g\hUg(l.vma0dfrBswyEa&l9k � �9a�e{vzcfn�p
eUp ��cBa&l.a�s~kml�a
n.cTg(d�kmdBa��9a�e8vmcfn<eUp�s=g(jBjEa�x�n.k�gqjTg(l�nWeUb;rzhUg(l�h8kBb&g(nWe8kmdYe8d�s~a&s�kml.um�
	 d�n.cBa��<gmp%a ��a���jEa&lWe8s~a&dfn���n.cBa��zrTg(dfnWe���e{dBv=l�a�p%k�h8rBnWe8kmd � kml�g(dBvmrfhUg(l:jEkfp e8nWe8kmdTp:�:gmp<x�kmrByfh8a�x

n.k � � � �1
 l�gzxBp���cfeNh{a²n.cBa®�mrTg(dfnWe���e8dBv«l.a�p%k(h{rBn%e{kzd � kmlYg(dBvzrfh5g}lY|}a�h8kBb.e8nWe8a�p��:gmp�s=g�e8dfn�g�e8dBa�xªg(n
� � � l�gmx��}p&� `<cBaIdfrBswyEa&l�k � l�a�p%k�h8rBnWe8kmd a�h8a&s~a&dfn�p � kml�g(dBvmrfhUg(l�jEkfp e8nWe8kmdTp��:gzp~e{dTb;l.a�gzp%a�xªn.k
� � �O��cfeNh8a � kml�g}dBvmrfhUg(l�|}a�h8kBb.e8nWe8a�p&� � �¯gmpYyEa � kzl.am�³`:cBaIdfrBswyEa&l�k � �mrTg(dfn%e ��e8dBv

� rBdTb;nWe8kmdTp g(dTx®e8dBjBrBn�p �:gzpZn.cBa�p�g(s~aYgzp
e8d �<gmpAa � �®`:cBa3dfrBswyEa&l~k � �9a�e8vmcfn�pwdBa&a�x�a�x
n.k p%n.kzl.a�a�gmb.c«�<���
� e8dTb;l.a�gmp%a�x¨n.k � � � � � � � �¢� � � � � �1��e ��am�®g � kmrBl.� � k�hUx
e8d�b;l�a�gmp%a��9e8n.cBkmrBn0cTgmpAcfe{dBvE���0cBa&l.a g(dTx l.a � a&l0n.k~n.cBa�dfrBswyEa&l\k � e{dBjBrBn;p0cTg�|}e8dBv g(dTx

l�a�p%k�h8rBnWe8kmd�a�h8a&s~a&dfn�p0l�a�p%jEa�b;nWe8|}a�h8um�

i<a�e8d � kml;b;a&s~a&dfn]h8a�g(l.dfe8dBv¢s~a&n.cBk�xBpqg}l.a3yTgmp%a�xOkmd¯g p e8dBv�h8aXp.b&g�h5g(l p e8vmdTg�h � l.kms
n.cBa=a&df|me{l.kzdBs~a&dfn]n.cTg(n�a&|(g�h8rTg(n�a�p�n�cBa=jEa&l � kzl.s=g(dTb;a=k � n.cBa]h8a�g(l.dfe8dBv¢p%u�pAn.a&s��2	 n~xme��)a&l�p � l.kms
p%rBjEa&l.|me5pAa�x��5h{a�g(l�dfe{dBv�s~a&n.cBkBxBp0p e8dTb;a�n.cBa[l�a�e{d � kml�b;a&s~a&dfn[p e8vmdTg�hQx�k�a�p:dBkmn\xme8l.a�b;nWh8u�b;kmdfn�g�e8d�vml�g(�
xme{a&dfn
kml\xme8l.a�b;nWe8kmdTg�h�e8d � kzl.s=g(nWe8kmdYe � am�@e8nGx�k�a�p�dBkmn9e8dTxmeUb&g(n.aq��cBa&n.cBa&l<e8s~jBl�k�|}a&s~a&dfn�e5p0jEkfp.p e8yfh8a
g(dTx�cBk��©�Wyfu3cBk(� swrTb.c g(dTx=e8dX��cfeUb.c®xme8l.a�b;nWe8kmd*��n.cBaZyEa&cTg�|me8kmrBl�p%cBkmrfhUx�yEaqb.cTg(dBvma�x � kml9e8s~�
jBl.k�|ma&s~a&dfn��Q`:c�a:h8a�g(l.dfe8dBv�pAu�p%n�aLs-cTgmpMn.k
e8d � a&l:n.cfe5p<xme8l.a�b;nWe8kmdTg�h4e8d � kml.s=g(nWe8kmd � l.kms gZb;k�hNh8a�b;nWe8kmd
k � a&|(g�h{rTg}nWe8kmdXp e8vmdTg�h5p����0a&dTb;am�Tl.a�e8d � kzl�b;a&s~a&dfn:h8a�g(l�dfe{dBvYs~a&n.cBkBxBp0g(l.aZg(yfh8aZn�k]k�|}a&l;b;kms~a[kmdBa�k �
n.cBaGh�e8swe8n�g(n%e{kzdTp\k � p%rBjEa&l.|meUp%a�xYh8a�g(l.dfe8dBvT�En.cBa[l�a��mrfe8l.a&s~a&dfnGk � g  !n�a�gmb.cBa&l�"{�

`<cBawh8a�g(l.dfe8dBv®p%uBp%n.a&s cTgmp
n.k�a���jfh8kml.a3g(dTxXn�l.uXxmeN�)a&l.a&dfnwgmb;n%e{kzdTp0e8d²kml�x�a&l�n.k�xme5p�b;k�|}a&lqgmb;�
nWe8kmdTpMn.cTg(nHb&g(dqh8a�gmx�n.kGe8s~jBl.k�|ma�x~jEa&l � kml.s=g(dTb;am� 	¡dYx�k�e8dBv]p%kT��e8nHa&dTb;kmrBdfn.a&l�p9gZb;kmd �BeUb;n<yEa&nW�9a&a&d
jEa&l � kzl.swe8dBvXgmb;nWe8kmdTp[n.cTg(n[a&dTg(yfh8a]e8nZn.k=h{a�g}l.dIs~kzl.a~g(yEkmrBn�n.cBa]a&df|me8l.kmdBs~a&dfn��%g(dTxXcBa&dTb;a=n�g(�ma
yEa&n.n.a&l�gmb;nWe8kmdTp:e8d � rBn.rBl.a��\g(dTxXgmb;nWe8kmdTpGn.cTg(n:h8a�gmxXn.k=jTg�u}k���p�yTgmp%a�x�kmdXn.cBaw�fdBk��<h{a�x�vma�e8nZb�rBl��
l.a&dfnWh8u²cTgmp&� `<cBl.rBd �{� � � b&g�hNhUpqn.cfeUpwn.cBa n�l�gmx�a&��k�� g(dTxOp%rBvmvza�pAn�p
p%a&|}a&l;g�h@xme8l.a�b;n.a�x�a��Bjfh8kml�g}nWe8kmd�s~a&n.cBkBxBp:n.k]swe8dfe8swe��&a]n.cBa�b;kfp%n�p9k � h8a�g(l.dfe8dBvT�

&0dBaGk � n.cBa0a�g(l%h�e8a&l�x�a&s~kzdTp%n.l�g(n%e{kmdTpMk � n.cBa0jEkmn�a&dfnWeUg�h4k � l.a�e{d � kml�b;a&s�a&dzn�h8a�g(l.dfe8dBv � kzlHb;kmdfn.l�k�h
n�gmp%�BpZ�:gzp�n.cBaYjEk�h8a&��yTg�hUg(dTb.e8dBv´a���jEa&lWe8s~a&dfn=k � �9g}l.n.kT���zrBn.n.kzd´g}dTx¢�GdTx�a&l�p%kmd � � � s~a&dfnWe8kmdBa�x
g(yEk�|mam���9g}l.n.kT� �zrBn.n�kmd�g(dTx=oOg(n.�me8dTp � � � p%cBk��9a�x=cBk�� gqb.h5gzp.p<k � gmxBg(jBnWe8|ma
jBl�a�xme5b;n%e{kzd�s~a&n.cBk�xBp
n.cTg(n �zrBn�n.kmd�b&g�h�h8a�xXn.a&s~jEkml;g�h@xmeN�)a&l.a&dTb;a�pZ�%`��Z�Hs~a&n.cBkBxBp ���(� b&g(d�yEa�rTp%a�x�n.k=p%k(h{|ma
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n�gmp%�Bp[e8d¯�0czeUb.c g(d«gmb;nWe8kmd«p%a�h8a�b;n.a�x¦g(n�gXv�e8|}a&d«nWe8s~a��9eNhNh0e8d �ErBa&dTb;a � r�n�rBl.a�gmb;nWe8kmdTp
g(dTx~n.cBa<±EdTg�h�kmrBn�b;kms~aGg(dTx~yEkmn.c3pAcBkml.n.�Rg}dTx�h8kmdBvz��n.a&l.s b;kmdTp%a��mrBa&dTb;a�p<k � x�a�b.eUp e8kmdTp:cTg�|ma0n�kZyEa
b;kmdTp eUx�a&l.a�x4�

`<cBa�p%a0n�gmpA��pMb&g(d~yEa � kml.sqrfh5g}n.a�xZe8d=n.a&l.s=pQk � gZp%n.k�bAcTgzp%nWeUb�x�ufdTg}sweUb&g�h)p%uBp%n.a&s ��cBk�p%a�yEa&cTg�|}e8kmrBl
�¡��cfeUb.c¨b&g(dIyEa�jBl.kmyTg(yfeNhNe5pAnWeUb���rBd � k�hUxBpZk�|ma&l�nWe8s~a�rBdTx�a&lwn.cBawe8d �ErBa&dTb�a�k � g�x�a�b.eUp e8kmdB��s=g}�}a&l�"�p
gmb;nWe8kmdTp&�@`<cBaHkmy�t%a�b;nWe8|}a�e5pRn.k<±EdTxwpAn.l�g(n.a&v(e{a�p � kml@p%a�h{a�b;n%e{dBv�gzb;nWe8kmdTp�p%kGgzp�n.k0s3g��fe8swe��&a�g�s~a�gmp%rBl�a
k � h8kmdBv�n�a&l.s jTg�umk��®v�g�e8d��

� g(n.cBa&s=g}nWe5b&g�h�h8uz�Rn.cBa�pAa��mrBa&dfnWeUg�h0x�a�b.eUp e8kmd¨n�gmp%� b&g(dIyEa~n.l.a�g(n�a�x gmp�g��Xg}l.�}k�|meUg(dIx�a�b.eUp e8kmd
jBl.kmyfh8a&s a���cfe{yfe8nWe8dBv]n.cBa �0cBa&l.a&yfuwn.cBa0p%u�pAn.a&s g}nMg(dfuZs�kms~a&dfn@n�kmvma&n.cBa&l
�9e8n.c � rBn�rBl.awe8dBjBrBn]x�a&n�a&l.swe8dBa��Wn.cBa]jBl.kzyTg(yfeNh�e8nWe8a�p]k � �
g�hNh�gmp%jEa�b;n�p[k � n.cBa � rBn.rBl�a~yEa&cTg�|me{kzr�lqk �
n.cBa�p%u�pAn.a&s���l.a&vfg(l�xmh8a�p.p�k � cBk��ªn.cBa�n.cBa�jBl.a�p%a&dfn
p%n�g(n.a
�:gmp<l.a�gmb.cBa�x4�
	 d®g]nWufjfeUb&g�h�p%a��zrBa&dfnWeUg�hHx�a�b.eUp e8kmd®n�gmp%�4��n�c�aZs~k�x�a�k � kmjEa&l�g(nWe8kmdYeUpGgmp � k�hNh8k��\p&�T�0cBa&l.a

l.a � a&l;p<n.k]n.cBa�x�a�b.eUp e8kmdB��s=g(�ma&l�¬
� ��`:cBa�g(vma&dfn�kmyTp%a&l.|ma�p<n�cBa[a&df|me8l.kmdBs~a&dfn[g(dTx�x�a&n.a&l.sqe{dBa�p0n�cBaZb;rBl.l�a&dfnGp%n�g(n.am�
�B��`:cBa�g(vma&dfn�jEa&l � kzl.s=p:g}d�gmb;nWe8kmd��
�B��`:cBa0a&dz|me8l.kmdBs~a&dfn�x�a�hNe8|}a&l�p�g
jTg�u}k��H�}��cfeUb.c~eUpHg � rBdTb;nWe8kmd=k � e8n�pHpAn�g(n.am�}n.cBaGg(vma&dfn�"�pMgmb;nWe8kmd

g}dTxYjEkfp.p e8yfh8u�l�g(dTx�kms xmeUp%n.rBl�yTg(dTb;a�p&�
� ��`:cBa~a&df|}e8l.kzdBs~a&dfnws=g(�ma�p�gYn.l�g(dTp¡e{nWe8kmd²n.k�gYdBa&� p%n�g(n�am��x�a&jEa&dTx�a&dfn]kmd®n�cBa�p�g(s~a]n.cBl.a&a

� gmb;n.kzl�p<g(yEk�|mam�

B��`:cBawg}vma&dfn0kmyTp%a&l�|}a�p0n.cBaZdBa&�©p%n;g(n.am�BjEa&l � kml.s=p0g}dBkmn.cBa&lGgzb;nWe8kmd��Tl.a�b;a�e8|ma�p[g(dBkmn.cBa&l\jTg�umk��

g}dTx�n.cBaZa&df|me{l�kmdBs~a&dfn�b.cTg(dBvma�pGp%n�g(n�a�g}vfg�e8d��:`<cfeUp0jBl.kBb;a�p�p9e5p\l.a&jEa�g(n.a�x � kzl\g]dfrBswyEa&l
k �
n%e{s�a�jEa&lWe8kBxBp0kml:rBdfnWeNh�p%kms~a[n.a&l�swe8d�g}nWe8dBv3b;kzdTxme{n%e{kzd��*am��vT�@vmkfg�h4eUp�l.a�gmb.cBa�x4��eUp�s~a&n��
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b;rBswrfhUg(n%e{|ma�jTg�umk���k�|ma&l9nWe8s~am� 	 �
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`<cBa � rBdTb;nWe8kmd �¢�Qe5p�n.cBa k � pAn�g(n.a � kml:jEk�hNeUb;u ¥ze8n0v(e{|ma�p0g}d=e8s~s~a�xme8�
g(n.a�h8uXgmb&b;a�p.p¡e{yfh8a=jBl.a�xmeUb;nWe8kmd²k � l.a&n.rBl.d®g}n
g}dfu�p%n�g}n.am�\� jEk�hNe5b;u n�cTg(n\s3g��fe8swe��&a�p[n.cBaqa���jEa�b;n.a�x
l.a&n.rBl.d � kml\g�hNh�jEkfp�p e{yfh8a�e8dfe8nWeUg�h9p%n�g(n.a�pMeUp\b&g�hNh{a�x g(d �
	 d¨b&gmpAa�p[��cBa&l.a�jTg�u}k��OeUp��&a&l.k�a&|ma&l.u���cBa&l.a=rBdfh{a�p�pqp%kms~a~vmkfg�h9p%n;g(n.aZeUpZl.a�gmb.cBa�x4�Qp%a�h8a�b;nWe8dBv

gmb;nWe8kmdTpMn.k�s3g��fe8swe��&aGl�a&n.rBl.dweUp�n.cBaGp.g(s�a0gzpMpAa�h{a�b;nWe8dBv�gzb;nWe8kmdTpMn.cTg(nMyBlWe8dBv]g}yEkmrBn�n.cBa�vzkfg�h4p%n�g(n�a
g(dTx��<e{n�c�n�cBawxmeUp.b;kmrBdfn � gmb;n.kzl���n.cBaqg(vma&dfnGp%a�h8a�b;n�p
gzb�n%e{kzdTp�n.cTg}n�yBlWe8dBv�g(yEkmrBn\n.cBaZvmkfg�h@p%n�g(n�a\e8d
n.cBa � a&�9a�p%n�n%e{s�a�jEa&lWe8kBxBp&�

	 dIkml�x�a&l[n.kYa�p%nWe8s=g(n�aqkmjBnWe8s=g�h�jEk�hNeUb.e8a�p[e8dIn.cBa�g(yTp%a&dTb;a~k � g�b;kms~jfh8a&n.a~s~kBx�a�hHk � n.cBa~x�a�b.eUp e8kmd
n�gmp%�4�(gmxBg}jBnWe8|}a<kzl�h{a�g}l.dfe8dBvZs~a&n.cBkBxBpR�0cfe5b.cwh8a�g(l.d�g(yEkmrBn@n.cBa:p%uBp%n.a&s rBdTx�a&lWh8u}e8dBvwn.cBa<n�gmp%�[��cfeNh8a
e8dzn�a&l�gmb;nWe8dBv3�9e{n�c3e8nGg(l.a[rTp%a�x4�

`<cBa&l.a[g(l.a0nW�9kZvza&dBa&l�g�h)g(jBjBl.kfgmb.cBa�p@e8dYn.cBa�p%aGs~a&n.cBkBxBp&� ��e{l;p%nWh8um��n.cBa g(jBjBl.k�gmb.c
e8dz|mk�h8|ma�pwb;kmdTpAn.l.rTb;nWe8dBvXgYs~kBx�a�h9k � n.cBa�x�a�b.eUp e8kmd¨n�gmp%��e{d¢n.cBa � kml.s k � a�p%nWe8s=g(n�a�p
k � n.cBa�pAn�g(n.a&�
n.l�g(dTp e8nWe8kmdXg(dTxYjTg�umk��IjBl.kmyTg(yfeNhNe{n%e{a�p[yfuY�}a&a&jfe8dBvYn.l�gmb.�=k � n.cBa � l.a��zrBa&dTb.e8a�p\�<e{n�c���cfeUb.c�|}g(lWe8kmrTp
p%n�g(n.awn.l�g(dTp¡e{n%e{kzd�pZg(dTxXjTg�u}k(�Rp\kBb&b;rBl���cfeNh8a]e{dfn�a&l�gmb;nWe8dBv��9e8n.cIn.cBa~pAu�p%n�a&s��4&0dTb;a3g(dIgzb&b;rBl�g(n.a
s~kBx�a�h4eUp � kzl.s~a�x4��b;kzs~jBrBn�g(nWe8kmdTg�h)n.a�b.cBdfeU�mrBa�pGp%rTb.c�gmp<x�ufdTg}swe5b
jBl.kzvml�g(s~swe8dBv~b&g(dYyEa�g(jBjfhNe8a�x
n.k�±EdTx�g(d�kmjBnWe8s=g�h�jEk�hNeUb;um�

�za�b;kmdTxmh8um��n�cBaLl�a9eUpMn.cBa g}jBjBl.kfgmb.c~��cBa&l.a<e{dTpAn.a�gmx]k � h8a�g(l.dfe8dBv~g
s~kBx�a�h4k � n.cBa\x�a�b.eUp e8kmd
n�gmp%��g(dTxZa�p%nWe8s=g(n%e{dBv�pAn�g(n.a&��n.l;g(dTp e8nWe8kmdwg(dTxZjTg�umk��=jBl.kmyTg(yfeNhNe8nWe8a�p&��n.cBaHjEk�hNeUb;u�eUp@gmx�t%rTp%n.a�xwxme8l.a�b;nWh8u
gmp�gql.a�p%rfh8n\k � n.cBa�kmyTp%a&l.|ma�x�b;kmdTp%a��zrBa&dTb;a�p\k � jEa&l � kml.swe8dBv�|}g(lWe8kmrTp0gmb;nWe8kmdTp&�

i<a�e8d � kml�b;a&s~a&dfn�h8a�g(l.dfe8dBv¨rTp e8dBvOn.cBa�`�� jBl�kBb;a�x�rBl.a � � � eUp=gIxme8l.a�b;nYg}dTx²e8dTb;l.a&s~a&dfn�g�hZg(jB�
jBl.kfgmb.c � kml�h8a�g(l�dfe{dBv3n.cBa[a&|(g�h8rTg(n%e{kzd � rBdTb;nWe{kzd �O��e{d'���zrTg(nWe8kmd �]g(dTx�g(dX�¡kmjBnWe8s=g�h��9x�a�b.eUp e8kmd
jEk�hNe5b;uz� `:c�a�`�� jBl.k�b;a�x�rBl�a3�<kml.��p�yfuIrTp e8dBv²g�jTg}l�g(s~a&n.a&l�a�p%nWe8s=g(nWe8kmdOs~a&n�cBkBxIn.k�kmyBn�g�e8d
g(jBjBl.k���e8s=g(nWe8kmdTp:n.k�e8d � kml.s3g(nWe8kmd�n.cTg(n�b&g}d�yEa�p%rBjBjfhNe8a�x�yfu�gws~kBx�a�h�k � n.cBaZp%uBp%n.a&s rBdTx�a&lWh8ume8dBv
n.cBa�x�a�b.eUp e8kmd n�gmp%� e � p%rTb.c gXs~k�x�a�hG�:gmp]g�|(g�eNhUg(yfh8am�0g(dTx¨n.cBa&d¦g(jBjfh8u}e8dBv¯p%n.kBb.cTgmpAnWeUb�x�ufdTg(sqe5b
jBl.kmvml�g}s~swe8dBv]s~a&n.cBk�xBp<kmd�n.cBa�p%a�g(jBjBl.k���e8s=g(nWe8kmdTp&�

`<cBa:`��´a&l.l.kml ����cfeUb.cZeUpRn�cBa<xme��)a&l.a&dTb;a:yEa&nW�9a&a&dqn.cBaHa&|}g�h{rTg}nWe8kmd � rBdTb;nWe8kmdq|}g�h8rBa9a�pAnWe8s=g(n.a�x
yfu3n.cBa�s~kBx�a�hQg}dTx3n�cBa[n�l.rBa[|(g�h{rBam��eUp�kmyBn�g�e8dBa�x�yfu4¬
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�9e8n.c�n.cBa��zrTg(dfnWe8nWe8a�p0a&|(g�h8rTg(n�a�x�g(n:nWe8s~a g(dTx � � �

`<cBa�a&|}g�h8rTg(nWe8kmd � rBdTb;nWe8kmd�eUp�rBj4xBg(n.a�x�gmb&b;kml�xme8dBv=n.kT¬
� �9� � � � � � �

��cBa&l.a eUp:n�cBa\h8a�g(l.dfe8dBvYl�g(n.a
jTg(l;g(s~a&n.a&l��
`<cBa�jEk�hNeUb;u�eUp\n.cBa&d�rBj4xBg(n�a�x�n�k�s=g(�ma�g}dXgmb;nWe8kmd�n.cTg(n0cTgmp<h8a�x�n�k3g]yEa&n�n.a&l.��n.cTg(dB��a���jEa�b;n.a�x

jEa&l � kzl.s=g(dTb;aws~kml.a[hNe8�}a�h8u¢g(dTxXg(d®gmb;nWe8kmdXn�cTg(n\cTgmp:h8a�xXn.k3�9kml�pAa&��n.cTg(dB��a��BjEa�b;n�a�xXjEa&l � kml.s=g}dTb;a
h8a�p.p0hNe8�}a�h8u²n.k3yEa�p%a�h8a�b;n.a�x®n.cBaqdBa���n[nWe8s~a�p%n�g}n.a eUp
|meUp e8n.a�x4�]`<cBa~`0� a&l.l�kml jBl.k�|}eUx�a�pZg
b;kmdf|}a&dfe8a&dfnMrBnWeNhNe{n%u�s~a�gmp%rBl�a�k � n.cBa@hUgmp%nQgmb;nWe8kmd�n�g(�ma&d��<e{n�c�l.a�p%jEa�b;n�n.k0n.cBaHa��BjEa�b;n.a�x�l.a&n.rBl.d�k � g�hNh
gmb;nWe8kmdTpHe8dXp%n�g}n.a ¥�gqjEkfp e8nWe8|}a s~a�g(dTp:n.cTg(n:n.cBaGhUgmp%n\gzb;nWe8kmd3h{a�x�n.k]yEa&n�n.a&l.��n.cTg(dB��a���jEa�b;n.a�x
jEa&l � kzl.s=g(dTb;a�g(dTxY|}eUb;a�|}a&l;p.gB�
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`<cBa@h8a�g(l.dfe8dBv[jBl.kBb;a�x�rBl.aHrTpAa�xGe5pRn.cBa�kmdB�5h�e8dBa:s~a&n�cBkBx�x�a�p.b;l%e{yEa�x]g(yEk(|}a�e8dw��cfeUb.cwn.cBa9g(vma&dfn�p%a&a&�Bp
n.kZh8a�g(l.d�n.cBa[a&|(g�h8rTg(nWe8kmd � rBdTb;nWe8kmd �ª�Mk � g�jEk(h�eUb;u�g(dTx�gmx�tWrTp%n;pHn�c�a[jEk�hNeUb;u=e8dTb;l.a&s~a&dfn�g�hNh8u � kml
e8s~jBl.k�|ma�x�jEa&l � kml.s=g(dTb;aGe{d�a&|}a&l�u3nWe8s~awp%n.a&j��

`<cBaq`0�-�¡n.a&s�jEkml�g�hQxme��)a&l.a&dTb;a��0a&l.l�kml<eUp\kmyBn�g�e8dBa�x�yfu ���zrTg(nWe8kmd	����l.a&jEa�g}n.a�x�cBa&l.a � kzl0a&s~�
jBcTgmp eUp&¬
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`<cfeUp�e5p[p e8sweNhUg(lZn.k ���zrTg(nWe8kmd � g(yEk�|ma��9e8n.cXn.cBa]gmxBxme8nWe8kmd®k � �ª�;�Eg g��)a�b;nWe8dBv
n.cBaqp%n�g}n.a�p:n.cBl.kmrBvmc���cfeUbAc®n.cBaqpAu�p%n�a&s jTgmp.p%a�xYe8dXn�cBa�nWe8s~a]p%n.a&jTp0jBl.a�b;a�xme8dBv �G`<cfeUp[p%nWe8swrfh8rTp
n.l�gmb;am�E�0czeUb.c¢x�a�b&g�uBp
g}n
g�l;g(n.awx�a&jEa&dTx�a&dfn�kmdXn.cBawjTg(l;g(s~a&n.a&l �4b&g(dIgmb&b;a�h{a&l;g(n.aqn.cBaZh{a�g}l.dfe{dBv
jBl.kBb;a�p.p0gmp�p%cBk���d�yfu �zrBn�n.kmd ���(� �

`<cBaqjEk�hNeUb;u rBj4xBg(n%e{dBv�jBl.kBb;a�p.p�eUpGyTgzp%a�x�kmdXn.cBaqjBlWe8dTb.e8jfh{a�xfa�p�b;lWe8yEa�x²g(yEk�|mam�*yBrBnZp e8dTb;a~n.cBa
g(jBjBl.kmjBlWeUg(n�a n�kml��zr�a�p[cTg�|ma�n.k�yEa3x�a&n.a&l�swe8d�a�x¨g}n�a�gmb.c¨p%n�g(n.am��n.cBa

n.cBa&kml.u�x�a�p.b;lWe8yEa�xYe8d�dBa��BnGp%a�b;nWe8kmd�dBa&a�xBp0n.k]yEa
e8dTb;kml.jEkml�g(n�a�x4�

o¯eNhNhNeUg(s=p �{�&�m� jBl.kmjEkfp%a�x�g]s~a&n.cBkBxYk � b�kzswyfe8dfe{dBv�n.cBa&kml.u � l.kms p%n.kBb.cTgmpAnWeUb0h8a�g(l.dfe8dBv�g(rBn.kzs=g(n�g
� � � �9e8n.c²l.a�e8d � kzl�b;a&s~a&dfn�h8a�g(l.dfe8dBv�e8d¨g�b;kmdBdBa�b;n%e{kzdfe5p%n]dBa&nW�9kzl.� � l�g(s~a&�9kzl.�*� �zn.k�b.cTgmp%nWeUb�h{a�g}l.dB�
e8d�vYg(rBn.kms3g(n�g�jBl.k�|meUx�aZn.cBaZp%n.kBb.cTgmpAnWe5bGyEa&cTg�|me8kmrBl\dBa�b;a�p.p.g(l.u � kml:a��Bjfh8kml�g}nWe8kmd3e8d�l.a�e8d � kml�b;a&s�a&dfn
h8a�g(l.dfe8dBvT���0cfe�h8aZgwb;kmdBdBa�b;nWe8kmdfeUp%n�dBa&nW�9kml�� � l�g}s~a&�9kml.�wjEa&l.swe8n�pHa�p%nWe8s=g(nWe8kmdTpHk � a���jEa�b;n.a�x=l.a&n.rBl�d
n.k]yEa
h{a�g(l�dfn0rTp e8dBvYg}d�rBj4xBg(n.aZl.rfh8awp e8sweNhUg(l
n.k]yTgmb.����jBl.kmjTg(vfg(n%e{kzd � 
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n.cBa®dBkml.s=g�h�xmeUp%n.lWe8yBrBnWe8kmd �9e8n.c§nW�9k¨jTg(l;g(s~a&n.a&l�p&�<e{n�p�s~a�g(d g(dTx§p%n�g(dTxBg(l�x
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p%n�g(dTxBg(l;x®x�a&|}eUg(nWe8kmd l.a&jBl.a�pAa&dfn.a�xXe{d®e8dBjBrBn~p%n�g(n�a~p%jTgmb;a�yfu¢�<���G�<p �=`<cBa~jBl�kmyTg(yfeNh�e8nWu¢k �
g(jBjfh8u}e8dBvYn.kzl��mrBa e8d g\t%k�e8dfn<eUp�v�e8|}a&d�yfu

� � � �
�

� � �

�m�

�



� * 
 ) * )

) *

� � 
 * , "
$ � 
 * *" $ � * � 


�
�

�
� � 
 �������������

�
�

�
�

�

%�� � � � � ��� *

�

� � � / � � �
/ � � �

� � � / � � �

� � �

�

)�� 5 )�, � ) � 2 47698;:=<>2 ?A4

·���È&Í��)Ñ�ÍBÑ À3·\¼&½�º=D�À�µq· ÅGFIHTÐ4ÉCB{ÈKJ L

¿NJ�ÍfÐ4É�ÍOL! PSR�BVFUFVB8ÊWL´ÇCX

����
 
���� ��
 '��!� " $�� � ��� '������ � $�&,'����

 

\ \ \ \
\ \

\ \ \ \

E
E



�
� �
�

� �

��� ��� ��� � �

��� ��� ��� � �

��� ���

� �

��� ���

���
���

���
���

� � � �
�

�

� �� �

��� � ���

� � � �
�� � �
�

	
	 	 	 �
�� 	 �

� 	
	

� 	 �
	

� 	�

�� 	�
�
	

�
	

� � �
� � � �
� � � �� � �

��


 


�

� �

�
�

� ��� � �

`<cBa�i � 	*�&� &Gi:�
�§g�h8vmkmlWe8n.cBs � kml:rBj4xBg(nWe8dBv3n.cBa�jTg(l�g(s~a&n.a&l;p g}dTx eUp\gmp � k(h�h8k��Gp&¬
� � � � ��cBa&l.a � �

g(dTx � � � � ��cBa&l.a � �
`<cBa�b.cTg(l�gmb;n.a&lWeUp%n%e5bGa�hNe8v�e8yfe�hNe8nWe8a�pZk � jTg(l�g(s~a&n.a&l9rBj4xBg(n.a�p:g}l.a
x�a&dBkmn.a�x3yfu g}dTx ��� �
g(dTxO� �
g(l.a~n.cBa�l.a�e8d � kml�b;a&s�a&dznqk���p%a&n�p�e8dTxme5b&g}nWe8dBvIcBk�� vmk�kBxXn.cBaqhUgmp%nwgmb;n%e{kmd²�:gmp[�9e8n.c
l.a�p%jEa�b;n0n�k]l.a�e8d � kml;b;a&s~a&dfn\yTgmp%a�hNe8dBa�p g(dTx �

`<cBa=`0�-a&l.l.kml � � � �%p%a&a �za�b;nWe8kmd 
B� �f�;�4��cfe5b.cOjBl.k�|me5x�a�pwgYrBnWeNhNe{nWu²s~a�gmpArBl.a]k � n.cBa�hUgmpAn
gmb;nWe8kmd�n�g(�ma&d��9e8n.c�l.a�p%jEa�b;n0n�k]n.cBa[a���jEa�b;n.a�x�l.a&n.rBl.d�k � g�hNhQgmb;nWe8kmdTp:jEa&l � kml.s~a�xY��cBa&d�n�cBaZg(vma&dfn
eUp�e8d�g�jTg(l.n%e5b;rfhUg(lGp%n;g(n.am��b&g(dYyEa[rTp%a�x�gmpHn.cBa
l�a�e{d � kml�b;a&s~a&dfn0k(�Rp%a&n��R�
p9n�cBa�`�� a&l.l.kml<jBl.k�|meUxfa�p
g�l�a�e{d � kml�b;a&s~a&dfn~k���p%a&nZ|(g�h8rBa�g}nZa&|ma&l.uInWe8s~a�p%n.a&j��@�9a=cTg�|ma=dBkmn]gmx�cBa&l.a�x¨p%n.l%e5b;n%h{u²n�k�n.cBa=l.a&�
�mrfe8l.a&s~a&dfn<yfu]n.cBa0a���n.a&dTx�a�x3i � 	$� � &Gi:���´g�h{vzkmlWe8n.cBs-k � gZp¡e{dBv(h{a
l.a�e8d � kml�b;a&s~a&dfn�p e8vmdTg�h)g(nMn.cBa
a&dTx�k � g(d�a&jfe5p%k�x�am�:�Ap%a&a �za�b;nWe8kmd��m�

`<cBa=b.cTg(l;gmb;n.a&lWeUp%nWeUb]a�hNe8v�e8yfe�hNe8nWe8a�p3k � n�cBa]jBl.a�b;a�xme8dBvIpAn�g(n.a�p[g(l.a]�9a�e8vmcfn.a�x²g(dTxIpArBs~s~a�x¢�%pAa&a
���zrTg(nWe8kmd � �<n.k � kzl.s p%nWe8swrfh8rTp
n.l�gmb;a�p �ª�:g}dTx �ª�:gzp9e8d��H�mrTg(nWe8kmd � � kzl\rBj4xBg(nWe8dBv
g(dTx l�a�p%jEa�b;nWe8|}a�h8uz� �(e{dTb;awn�cBa[kzjEa&l�g(nWe8kmdTpHe{df|mk�h8|}a�x�e8d�rBj4xBg(nWe8dBv g(dTx g(l.a[n.cBa�p.g(s~am�zh8a&n

� ¥ � ¥ �

o²lWe8nWe8dBv � g(dTx � kzl0n.cBa�n�a&l.s=p\g(yEk�|maZa&|}g�h8rTg(n.a�xXg(n\nWe8s~a �*n.cBa�jEk�hNeUb;uXrBj4xBg(n.awl.rfh8a
eUp&¬

�ª� � �ª� � �ª� � ��� �
��cBa&l.a �ª� � �ª� � � � e � �

�ª� � � � e � �
`<cBa3h8a�g(l�dfe{dBv¨l;g(n.aYjTg}l�g(s~a&n.a&lweUp=x�a&dBkmn.a�x¯yzu e8dTp%n.a�gmx¯k � gzpZe8d ���zrTg(nWe8kmdTp �®g(dTx � n.k
xme5pAnWe8dBvmrfeUp%c�e8n � l.kms e8d'�H�mrTg(n%e{kzd ���

`<cfeUp
rBj4xBg(n.a]l.rfh8a�g�hNh8k��\p n.k~e8dTb;l.a�gmpAa]n.k(�:g(l�xBp e � g(dTx�n.cBaql.a&n.rBl.d � l�kms­n�g(�me{dBv
gmb;nWe8kmd eUpMyEa&n.n�a&lMn�cTg(d~n.cBa\g�|ma&l�g(vma0gmb;nWe8kmd ��gmpRe8dTxme5b&g}n.a�x=yfuqjEk�p e8nWe8|}a �%g(dTxq|}eUb;aG|}a&l�p�gf�;�
`<cBa�p%n;g(dTxBg(l�x´x�a&|}eUg(nWe8kmd e5p=x�a�b;l�a�gmp%a�x¢e � g(dTx e5p�jEkfp e8nWe8|}am�Hh8a�gmxme{dBv´n.k
b;kmdf|}a&l�vma&dTb;awn.k��:g}l�xBp�gwh8kBb&g�hNh8u�kmjBn%e{swrBs gmb;nWe8kmd��0`:cBaqb;kmdf|}a&l�pAa�k � n.cfeUp
b&g(rTp%a�p n.kqe8dTb;l.a�gmp%a
g(dTx�g�hNh8k��\p�s~kml.a[a��Bjfh8kml�g}n.kml.u=yEa&cTg�|me8kmrBl��

`<cBawh8a�g(l.dfe8dBvIg(yfeNhNe{nWu²k � n.cBa=g(vma&dfn�x�a&jEa&dTxBp�n.k�g�h5g}l.vma~a��Bn�aLdfnZkmdIn.cBa~s=g(vzdfe{n�r�x�a=k � n.cBa~l.a&�
e8d � kml�b;a&s�a&dzn3p¡e{vzdTg�h
g(dTx¢n.cBa�nWe8s~a�g(nw�0cfe5b.c¨e8nwe5p]l.a�b;a�e8|}a�x4�¯`<cBa�l.a�e8d � kzl�b;a&s~a&dfn3p.b.cBa�x�rfh8a�eUp
a�p.p%a&dfnWeUg�hNh8u�gwl.a&�:g}l�x � rBdTb;nWe8kmd����(e8dTb;aqb;k�hNh�eUp e8kmdTp
kBb&b;rBl�s~kml.a � l.a��mrBa&dfnWh8u�n.cTg(d�p%rTb&b;a�p.pAa�p&��a�p%jEa&�
b.eUg�h�h8u�e{dYn.cBa\a�g}lWh8u�pAn�g(vma�pQk � h8a�g(l.dfe8dBvT��n�cBa0dBa&vfg}nWe8|}a\l�a�e{d � kml�b;a&s~a&dfn:n.cTg(n9b;kms~a�p��9e8n.cYb;k�hNhNeUp e8kmdTp
b&g(dBdBkmn<yEa
n.k�k[hUg(l.vma�gmp�n.kwk�|ma&l.��cBa�h8s g(dfu~jEk�p e8nWe8|}a�l.a�e8d � kml;b;a&s~a&dfn�jBl.a&|me{kzrTp h8u�gmb&�zrfe{l.a�xY��cBa&d
n.cBa�l.kmyEkzn:l.a�gmb.cBa�x�n.cBa�x�a�p%nWe8dTg(nWe8kmd�� �0k��9a&|}a&l��fe{dTpAr���b.e{a&dfn�dBa&vfg(n%e{|maZl.a�e8d � kzl�b;a&s~a&dfn[x�a�b;l.a�gmp%a�p
n.cBa�g(vma&dfn�"�p:g(yfeNhNe{n%u�n.k=g�|}k�eUxYkzyTp%n�gmb.h8a�p&�

o²a\e8s~jfh8a&s~a&dfn.a�x�n�cBa � k�hNh8k��9e8dBv�p.b.cBa�x�rfh8am�*��cBa&l.a eUp�n.cBa�l.a�e8d � kml;b;a&s~a&dfn�¬
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�B�1	 � yEkmn�c � g(dTx � g}l.a�vml�a�g(n.a&l~n.cTg}d � � l�gmx��(p&� � ��� �ª`<cfeUp]e5p=n.k e8dTxme5b&g}n.a®n.cTg(n
a��Eb;a�p.p e8|ma�h{u�cfe8vmc�|}a�h8kBb.e8nWe8a�p[g(l.a[rBdTx�a�p e8l�g(yfh8am�

`<cBa@hUgmp%n)l.a�e8d � kml�b;a&s~a&dfn�l.rfh8aH|me{k(h5g}n.a�p�n.k\p%kms�aQa��Bn�a&dfn)n.cBaMl.a��zrfe8l.a&s~a&dfn�k � g�p¡e{dBv(h{a<l.a�e8d � kml;b�a&�
s~a&dfn[p e8vmdTg�hHg(n\n.cBa�a&dTx�k � g(dXa&jfe5p%k�x�a]yfu�n.cBawa��Bn.a&dTx�a�x®i � 	*�&� &\i��
� g�h8vmkzlWe8n.cBs x�a�p.b;l%e{yEa�x
e8d��za�b;nWe8kmd!��� �B�&	¡n�p�e8dTb.h{rTp¡e{kmd¨�:gzp0n.kYjBl.a&|maLdfn�n.cBa~pAa�h{a�b;n%e{kzd²k � a��Eb;a�p.p e8|}a�h8uIcfe8vmcIn.kml��zrBa�p
g(dTx
|}a�h8kBb.e8nWe8a�p
gmp9n.cBaZxmeUp.b;kmrBdfn � gmb;n.kml e{d'���zrTg(nWe8kmd 
wa&dTb;kmrBl�g}vma�p<n.cBaZg(vma&dfn:n.kqvma&dBa&l�g(n�a�gmb;nWe8kmdTp
a&dTg(yfhNe{dBv�n.cBa[vmkfg�h�n.k]yEa�l.a�gmb.cBa�x=e{dXgzp � a&�§n%e{s�aZpAn.a&jTp�gmp9jEk�p.p e8yfh8am�<� g(cTgmx�a&|}g(d�g}dTx��HkmdBdBa�hNh
���m� g�hUp%k
rTp%a�xqxmeN�)a&lWe8d�vZl.a�e8d � kzl�b;a&s~a&dfnM|(g�h8rBa�p)e8dqdBkzdB�çn�a&l.swe8dTg�h*pAn�g(n.a�p�n.kGa&dTb;kmrBl�g(vma9n�cBaMh{a�g}l.dfe{dBv
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