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{
       int MyInt;
       float MyFloat;
       long MyLong;
} MStruct, *MStr;

MyStruct

/* 1 Word */
/* 2 Words */
/* 2 Words */

typedef struct

} MStruct, *MStr;

typedef struct MyStruct1
{
     int MyInt1;       /* 1 Word */
     float MyFloat1; /* 2 Words */
} MStruct1, *MStr1;

typedef struct MyStruct2
{
   float  MyFloat2;  /* 2 Words */
   long  MyLong2;  /* 2 Words */
   long MyLong3;  /* 2 Words */
} MStruct2, *MStr2;
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Local Memory #2 Local Memory #P
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MaxAddr MinAddr

AMU Descriptor :

OS/Hardware per
processor variables

INTO CMS
MAPPING
AMUD

3-D   CMS
(GCS Input Vectors)

OWN
-----

MaxProc

Addr - AddrMin-------------
AddrMax - AddrMin

(AR) (OR) (UR)

AMU Utility

Desc.

Other AMU

PART 1 PART 2

AMU

(4 Bytes)
Work
AMU

(4 Bytes)
Utility
AMUAMU

Owner
(2 Bytes)

MaxProc

(2 Bytes)

AMU-DI
TypeTag                Maintained

Memory System
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Normalized AMU
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Addr.
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Locality Subspaces in CMS
(Combined PP)

 #1  #2

 Processor Plane
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 Processor Plane  Processor Plane

Normalized AMU Address

Utility

AMU Utility

Û%{�iy��s�h Ú ×p´¸h�rjkys$t�´~k���h*o!×\ï�´�Åv²#h�z*m:{�o�|

f�g�h}o�k¡��m/o�{�z�t�|����x|��xmy�*h(|-��m
��z$��s�h4z$g�hj�*��s$s$h�w�z � kls$�y{�w�iU|�h�z#k
qpz$g�h-o�k���m:op��s$k��*h(|$|�kys:�2f�g�h��l{�rah�wx|�{�kywxm:ops9m
w�ilh(|\k
q

m:o�oÀm:��h(|¶{�w�Û%{�iy��s�h Ú m
s$h-w�kys�rvm:o�{���h(�~z�k4o�{�h}{�w~z$g�h-s9m�w�iyhj� w>�:N�� �

6 R 6 XY<Vc�cF>HA��.KLX�9_` >NA&?�M"?�;
^ :�X~}

�#�xm
s$z¶q�s�kyr z$g�h-��´uì°��h(|$�*s�{���z$kys*|�¥�z$g�s$h�h-klz$g�h�s�¿/m
s�{=m
��o�h(|#m
s$h-rvm/{�w�z9m:{�w�h(�Þq�kys�rvm�����{�w�iaz$g�h-��´uì#|¶{�wnz�kjz$g�h

ï�´�Åx¥nml|�{�o�o��x|�z$s9m�z$h(�a{�wÞÛ%{�iy��s$h V ��f�g�h(|�h4m�s$h\z$g�h���©?¬ve#ÏyÏy·*¥>�u�C��e#ÏyÏl·pm
wx�az$g�hh�u�C� � ·�§(¨¶¿/m
s�{=m
��o�h(|�¥¹rvm:{�wnz*m:{�w�h(�

q�kys#q�kls-h(my�$gu��s$k��*h(|$|�kls(��£�q\z$g�hvml����s$h(|$|�h(|#iyh�w�h�s*m
z$h(�u��t�mÃ��s$k¡�*h(|�|�kys4m
s$h�z9m��yh�wuz$kU�xh�o�kyw�iÃ{�wnz$h�ilh�s9|�¥�z�g�h�w�z$g�h

o�k � h(|�z4my����s$h(|$|eiyh�w�h�s9m
z$h(��z$k���m
z�h�{=|4|�z$kls$h(�¸{�w�z�g�hj¿/m
s�{�m���o�h���©?¬ve#ÏyÏl·9��f�g�hK������e#ÏyÏy·�o�kyw�iU{�w�z$h�iyh�s�¿/m�s�{=m
��o�h

|�{�r�{�o=m
s�o�tã|�z$kys$h(|#z�g�hjg�{�iyg�h(|�z¢ml����s$h(|$|-ilh�w�h�s9m
z$h(�u��tuz$g�hj��s$k��*h(|$|�kls(�vÛ%{�wxm:o�o�ty¥�z$g�hK�u�C� � ·�§(¨-¿
m
s�{=m
��o�hj{=|�|�{�rj��o�t

z$g�h}z$kyz9m:o�wn��r��xh�s#k
qp��s$k��*h(|$|�kls9|�{�wuz$g�hj|�t�|�z$h�r~�\fºg�h(|�h�z$g�s$h�h4¿
m
s�{=m
��o�h(|4m�s$h4�x|�h(�Ãz$k�h*ÉÊh(�*z#z$g�h}w�kys$rvm:o�{��(m
z�{�kywx|

rjh�w�z�{�kyw�h(��{�w�Åyh(�*z�{�kyw~èx� Ú ml|��xm
s$z\k�qÀz$g�h-r�m
����{�w�ix�

f�g�hvml�*z$�xm:o�rvm
����{�w�i~k
q�z$g�hj�-´uì2|#z$kUz�g�h*{�s��*kys$s$h(|��xkywx�l{�w�i��*knkls9�l{�wxm
z$h(|#{�w�z�g�hvï�´�ÅÃ{�|�{�o�o��x|�z�s9m
z$h(��{�w�z$g�h

o=my|�z#s$k � k
q r m
s$z V k
q�Û%{�iy��s�h V ��f�g�h¢�*k�kys9�l{�wxm
z�h(|2�*kywx|�z�{�z$��z$h Ú �!�l{�rah�wx|�{�kywxm:o�{�w�����z-¿lh(�*z$kys9|�z�kj�xheq�h(�Þ{�w�z$k�z$g�h

Ånf	�}ï\ÅUw�h���s9m:o�w�h�z � kys$�u±��l{�|��*�x|$|�h(��{�w Åyh(�*z�{�kyw ð¡µ9¥8q�kls\o�k���m:o�{�z�t�|����x|��xmy�*hU±!s�h
µ�q�kls$r���o�m�z�{�kywx|-m
wx�_eF�if�f	¤�©?¦�©=¤�ª

�*kyrj����z*m
z�{�kywx|��#��h2ml|$|���rjh\h*��{=|�z$h�wx�*h#k
q	|��xh(��{=m:o�gxm
s*� � m�s$h�z$k-iyh�w�h�s9m
z�h\z$g�h Ú �!�¢{�w�����z�¿yh(�*z�kys9|pml���*kys9�l{�w�i4z$k}z$g�{=|

rvm
����{�w�iu|$�$g�h�rahy�jÛ%{�wxm/o�o�ty¥ � h��xkn|�z���o�m�z$hvmU|��8h(��{�m/oº|�z$kls$h�±³®�$��P� î��E�B�*�eµ\{�wx|�z�s$�x�*z�{�kywÜz$kv���Z��m
z$hjz�g�h*eI�gf

f�¤�©=¦�©?¤�ª���h(|��*s�{���z$kys�{�wUo�k���m:o�rjh�rjkys$t � {�z$g~¿
m:o���h(|�q�s$kyrÍz�g�h�Ånf	�4ï\Åv��o��x|�z�h�s�{�w�ivrjh(��gxm
w�{=|�r~�

ò



� öâ]Z^2÷�ø$ùºú (-^#ø*`-[dc$^eY*)�(����:��(��Íù�[v/ ^#]N�

�-´�ì#|�r�m
�v��w�{=Çl��h*o�t�{�w�z$k�z$g�h}ï�´�Å¢��s�k¡���x��{�w�ivmaï�´�ÅjîZ�xm
z�{=m:o�±$ï�´�Å�Å�µ��l{�|�z$s�{�����z�{�kyw~�*kywx|�{=|�z�{�w�iak
q�o�k¡��m/o�{�z�t

|����x|��xml�*h(|��\�ß��o�k � ���¸k
qpz$g�heo�k���m:o�{�z�t�|����x|��xmy�*h(|�¥¹{�w�Û%{�iy��s�h�ð¹¥�s$h�¿yh(m:o=|-��o��x|�z$h�s*|#k
qÀ�-´uì2|ºo=m
�xh*o�h(� ý S-z$g�s�ky��iyg

ý�� �Üï¶gxm
w�iyh(|}{�w�eF�if~f	¤�©?¦�©=¤�ª
¥0eI�gf�lU§l·$ÑUm
wx��eI�gf � Z�¬x :·-¿/m/o���h(|M¥�g�k � h�¿yh�s:¥Àm/o�z�h�s¢z�g�hU��´uì rvm�����{�w�i

{�wnz�k4z$g�h}ï�´�Å-o�h(my�l{�w�ijz$k4��t�wxm
r�{=��m:o�o�tUh�rjh�s$iyh�w�z���o��x|�z�h�sº|³{���hy¥��*kyra�xkn|�{�z�{�kyw�¥�w���r��xh�s\m
wx�}o�k���m
z�{�kyw��pf�g�h}ï�´�Å�Å

�l{=|�z$s�{�����z�{�kywx|¶m
zp�l{�É�h�s$h�wnz�z�{�rahp{�wx|�z*m
wnz*|	m
s�h�z�gn�x|¶  «  (·�Öl (¬x¤%¨��n�y·��y¨:¤� (·*©����y¤�©?§y¬���k�qdz$g�h¶kyw�iyk
{�w�i4�*kyrj����z*m
z�{�kyw��#��h

�x|�hjm
w�ì�wx|����8h�s$¿y{=|�h(�Üêas$z�{�Èd��{=m:o��Ãh���s9m:o
�Uh�z � kys$��|-±!�I 	 -µ2��m:o�o�h(�¢¡�s$k � {�w�iuí4h*o�o2îZz$s$�x�*z$��s$h(|e±£�}ï\Å�µÍ� N(Ú:� ¥Zz$k

q�kys$rà|��xm
z�{=m:o�rvm
�x|%k
qdz�g�hph�rjh�s$ilh�wnz�ï�´�Å�Å-�l{�|�z$s�{�����z�{�kywx|�¥�z$g��x|�z�s9my���y{�w�i#h�rjh�s$iyh�w�zp�*kyrj����z9m�z�{�kywxm:o�o�k���m:o�{�z�ty�pf�g�h

m
s9��g�{�z$h(�*z$��s9m/odmy��m
��z�{�¿l{�z�ta±�{!�Áhy��|�g�s�{�w��/m
ilh2m
wx�}iys$k � z$ge{�wv|�{���h
µ	k
qZz$g�h�w�h�z � kls$� � my|	m�w�ml��¿/m
w�z9m
iyh¶{�wv��h(m:o�{�w�i � {�z$g

z$g�h-z�{�rjh���¿
m
s$tl{�w�i~ï�´�Å�Åv�l{=|�z$s�{�����z�{�klwx|��\Å
{�wx�*h��4ï�Å���k�h(|\w�klz�h*����o�{=��{�z�o�t���h(m:o � {�z$g¸z�{�rjh���¿/m�s$ty{�w�iU�l{=|�z$s�{�����z�{�kywx|�¥

� h-h�w�gxm
wx�*h(�Uz�g�hB�4ï�Åj�� 	  z�kv�*s$h(m
z$h-z�g�h�îd�xm
z�{�kl�@�-h�rj�8kys9m:o
�}ï\ÅU±$Ånf	�}ï\Å�µ�w�h�z � kls$��q�kys\z$g�{=|�����s$�xkn|�hy�

¤ R87 }4CK¥ :K} K6I¦a�;F>ÿ?¦^.a8?�DFI¦^ <+AFSm]6BFA=<+EQ>@a>`

��h-m:o � m(t�|��x|�h4m V �!�l{�rah�wx|�{�kywxm:o	w�h�z � kys$��±�q�kys$r�{�w�i}��o�m�wxm
s\rvm
�x|¶k
q�z$g�h4ï�´�Å�Åj�l{=|�z$s�{�����z�{�kywZµ�m
wx��z$g�h�{�w�{�z�{=m:o

w�h�z � kys$�-z$ky�8k
o�kyiyte{�|¶m V �!�l{�rah�wx|�{�kywxm:o�z$s�{=m
w�i
o�hy��f�g�h��xmy|�{=��w�h�z � kys$�-z�ky�xk
o�kyilt-o=m
�xh*o�h(�¨§�êª©�¥nz�g�h�z�ky�xk
o�kyilt-o=m
�xh*o�h(�

§¬«h©�m:q�z$h�s�my���l{�z�{�kywjk
qZw�h���s$kyw�­h®�m
wx�}z$g�h�z$ky�xk�o�kliyt-o=m
�8h*o�h(�¨§�íh©³¥ym/q�z$h�s�z�g�hº��h*o�h�z�{�kywak
qdw�h���s$klw*­IX\m
s$h¶{�o�o��x|�z$s9m
z�h(�

{�wäÛ%{�iy��s$hUè8��f�g�s$h�h��!�l{�rjh�wx|³{�klwxm:o2{�w�����z�¿yh(�*z$kys*|¢m�s$h�q�h(�Üz�k�m/o�o#w�h���s$kywx|j|�{�r���o�z9m
w�h�ky�x|³o�tã¿l{=m � h*{�iygnz�h(��{�w�����z

o�{�w�h(|-o=m
�8h*o�h(�°¯�±e{�wÜ|������?Èxiy��s$h}o=m
�xh*o�h(�-§Ó®�©³��Û¹kys#q���s$z$g�h�s-��h�z9m:{�o=|�¥�s$h*q�h�s#z$k � N(Ú:� �e�2rjklw�ivkyz�g�h�s-h*�¡z$h�wx|³{�klwx|-z$k

�*s$h(m
z�h2z$g�h}Ånf	�}ï\Å¢w�h�z � kys$�Z¥
h�¿yh�s$taw�h���s$kyw�{=|��*kyw�w�h(�*z$h(��z$k}h�¿yh�s$tjkyz�g�h�s�w�h���s�kywv¿l{=m � h*{�iyg�z$h(�Z¥��l{�s$h(�*z$h(�Þo�m�z$h�s9m:o

�*kyw�w�h(�*z�{�kywx|�±²¯ {�w�|������?Èxiy��s$h³§¬�&©�µ9¥Zg�h�wx�*h*q�kys$z$gÜ��h�w�kyz$h(�¸�nt¨¯¨´¬µ�¥8{�wx�l{=��m
z�{�w�i�m��*kyw�w�h(�*z�{�kywuq�s$kyr w�h���s$klw·¶¸z$k

w�h���s$kywK¸$�0%¶my�$g�w�h���s$kyw�gxmy|¶m
wÞml|$|�k���{�m�z$h(�Uî8{�iywxm:o¹�ah(�*h���z�{�¿y{�z�tÞ¯°h�z�h�s\±$Åvu\´�µ�s$h(�*kys9�l{�w�ijz$g�h�s$h*o=m
z�{�¿yh�±!z$k-klz$g�h�s

w�h���s$kywx|@µ�q�s�h(Çy��h�wx�*tUk
q�g�{�z9|�z$k�z$g�{=|\w�h���s$klwu±³|������?Èxiy��s$hK§º�»©�µ9�x��o=|�kx¥�h�¿lh�s$tvw�h���s�kywU{=|�h�wx��k � h(� � {�z$gUrah�rjkys$ta{�w

z$g�h�q�kys$r k�qºm~Û�£�Û�Äß����ÉÊh�s4|�z$kys�{�w�i~z�g�h�o=my|�zBHus$h�rjklz$hj²#£\{�w�����z�¿yh(�*z$kys*| � g�{=�$gÜrvm
���8h(�uz$k�{�z(�Uf�g�{=|#{=|-�x|�h(�

{�wÆ�8h�s�{�k¡�l{=��m:o�o�t my|$|�h(|$|³{�w�i � g�{=�$gâs$h�rjkyz$h~²#£�|j|�g�ky��o=� �xhUz$s9m�wx|�q�h�s�s$h(�Üz$kuz$g�h�o�k¡��m/o���s$k��*h(|$|�kls�¼�|}k � w�h�s9|�g�{��ãq�kys

rvm:{�w�z9m:{�w�{�w�ijo�k���m:o�{�z³t��!�*kywx|$��{�ky�x|}�*kyrj����z9m�z�{�kywxm:oZo�knmy�U�xm/o�m�wx�*hy�

£!w�����zU¿lh(�*z$kys9|�z�k�z$g�h¸w�h�z � kls$� m�s$h~z$g�h Ú �!�l{�rjh�wx|³{�klwxm:o¢�*knkls9�l{�wxm
z$h(|ak
q4z$g�h~�-´uì o�k¡��m
z�{�klwx|a{�wáz$g�hÜï�´�Åx�

%pml�$gÜ{�w�����zj¿yh(�*z�kys}{�|�q�h(�ã|�{�r¢��o�z9m�w�h�ky�x|�o�tãz$k�m:o�o2z$g�hUw�h���s$klwx|�¿y{=m � h*{�iyg�z$h(��{�w�����zjo�{�w�h(|Ã±²¯ ± µ�m
wx��½:½n�l¬x¤�©!�@ *Ï

±�{!�Áhy��rvm
���xh(�8µ¶{�wnz�kvz$gxm�z2w�h���s$klw � g�kn|�h-{�w�����z � h*{�ilgnz9|��xh(|�z2rvm�z9�$gÃ{�z(�\f�g�h�Ånf	�4ï�Åvw�h�z � kys$��ky�xh�s9m�z$h(|¶{�wuz � k

ó



STGCS Network Topology
N1 N2

N3

N4

N5

N1 N2

N3

N4

N5 N6

N5 N6 N3

N4

Basic STGCS Network Network After Adding N6

STGCS Network

Network After Deleting N2
(and consequently N1)

[B][A] [C]

[D]
[E]

W I

W W

WSRM

Neuron Memory

3-dim Input Vector

Wij

W

W

W

ij ij

ij

ij

ij

ij

W I

Û%{�iy��s$h}èx×¶Ånf	�4ï�Åvf�ky�8k
o�kyiytUm
wx�¾ �h���s$kywU£�wnz�h�s$wxm:oÀ²#h�z9m/{�o=|

rjk���h(|\¿l{��y��¥Zmjz$s*m:{�w�{�w�i�rjk���h¢m
wx�¸mj��s�k¡���x�*z�{�kywurjk���hy��£!w¸z$g�h4z�s9m:{�w�{�w�iU��gxmy|�hy¥8z$g�h4w�h�z � kys$�jr�m
�x|\z�g�hjï�´�Å�Å

�l{=|�z$s�{�����z�{�kyw q�s�kyrÿm�|�h�z¢k�q2z$s9m:{�w�{�w�i�|$m�rj��o�h(|��ÜÄ\w�h�Çl�xm
s$z$h�s}k
q2z$g�h�r m
s$h�h*�¡z$s*my�*z$h(��q�s$klr»z$g�hU�-´uì2|e{�wãz$g�h

s$h*q�h�s$h�wx�*h4|�z$s�h(m
r~¥ � g�{�o�h}z$g�h2s�h�rvm:{�w�{�w�ivm
s$h-�*kywx|�z$s��x�*z$h(���ntas9m
wx��kyr�o�tv|�m
rj��o�{�w�ij��´uì#|�{�w�o�k���m:o	rjh�rakys$ty��f�g�h

z$s9m/{�w�{�w�iU��gxmy|�h4�xk�|�{�z�{�kywx|#w�h���s$kywx|-my|��xh(|�z�my|��xk�|$|�{���o�hvm
z2��o��x|�z$h�s4�*h�w�z$h�s9|e±�{!�Áhy��rvm
z9��g¾¯k± � {�z$gu��o��x|�z$h�s4�*h�w�z$h�s

�*k�kys9�l{�wxm
z$h(|º{�w�Û%{�iy��s$h�ð�µ�|�kjz�g�h4w�h�z � kys$�jz$kl�xk
o�kyiytaq�kys$rv|\ma�l{�rah�wx|�{�kywxm:o�o�t�s$h(���x�*h(�u± { � hy� V �!�8µ�rvm
�Uk�qÀz$g�h Ú �!�

ï�´�Å�Åv�l{=|�z$s�{�����z�{�kyw��

£!w�z$g�h#��s$k����x�*z�{�kywUrjk���hy¥nz�g�h�¯ ± ml�P¿³�x|�z�rjh�wnz*|�z$s9ml�$��z$g�h-��tnwxm�r�{=��m:o�o�t�h�rjh�s$ilh�wnz#ï�´�Å�Åj�l{�|�z$s�{�����z�{�kywx|���f�g�h

¯¨´¬µ/¥Ê{�ra��o�h�rah�wnz$h(�Ümy|-�*ky��w�z$h�s9|M¥Zs$h���s$h(|�h�w�z-z$g�hjw���r��xh�s-k
q�z�{�rjh(|-z$gxm�z4m�g�{�z-k����*��s$s$h(��z$kUw�h���s$kywã± { � hy�¢��o��x|�z$h�s

kyseo�k���m:o�{�z�t |����x|��xmy�*h
µ�¶¸q�k
o�o�k � h(���nt�mÃg�{�zjz$k~w�h���s�kywÀ¸�¥�����s�{�w�i�z$g�h���s$k¡���x�*z�{�klwã��gxmy|�hy��Åy�x�$gÆmÃ��s$h(��h(�*h(|$|�kys

w�h���s$kywB¶�m
wx�U|��x���*h(|$|�kys\w�h���s$kyw¾¸¶m
s$h-|$m:{=�Uz�k¢�8h « ½n¤�½��y¦?¦�ª�¨*§y·9·� :¦��l¤� 9Ï-m
wx�Z¥�z�g�hh¯¨´¬µ¢¨9§l¬x¤�©?¬x½�§y½y��¦�ª2Çl�xm
w�z�{�q�t�z$g�h

q�s$h(Çy��h�wx�*t}k
qdk����*��s$s$h�wx�*h�k
qxz�g�hº|��x���*h(|$|�kys$����s�h(��h(�*h(|$|�kys¶s$h*o=m
z�{�kywx|�g�{�����£�w¢��s�k¡���x�*z�{�kywa�x|�hy¥
z$g�h�w�h�z � kls$�2z�s9my���¡|%z$g�h

h�rjh�s$ilh�wnz-��o��x|�z$h�s4�*kys$s�h*o�m�z�{�kywx|#¿y{=m�z$g�hB¯¨´¬µ4m
wx�¸z$g�h(|�h�¿/m/o���h(|}m
s$h}�x|�h(�Ã{�w��*kyra����z�{�w�iUz$g�hE��L.��Á.�I"#M�LNÂÃÁ.Â#���������

L.ÄF�_�N�C�VÁ.�Å�CLNMPM�$>��Á>���!L�ÆgL.Ä»Á�ÆN$���M�L�Æ¢J*�!�CÇÈM1$��P"#$����B��L°Á.����L.�CÇV$�MÉÆV$.��M�LÃÆ �B�\Æ��CÇN$�ÆN${��JÊLVM�Ë���f�g�h}z$kyz9m/o

��s$ky�xm���{�o�{�z�tUk
qpm�w�h���s$kywÃ{�|ºz$g�hÊeF�if�f	¤�©?¦�©=¤�ª#¿
m:o���h-q�kys2m:o�o	�-´uì2|�r�m
���xh(�Ãz$k�{�z(�

ô



AMU
Local

Addr.

0.0

1.0

0.6

0.3

1.0

=> DIs owned by Proc. 2

=> DIs owned by Proc. 1

=> DIs owned by Proc. 0

C1
C2 C3

C4 C5

C6

C7

C8

C9

Locality Subspaces
in

Local PP 

AMU Utility

Û%{�iy��s�h4ð�×p´¸h�rjkys$t�´~k���h*o!×\ï�´�Å*xÊk¡��m:o�{�z�tuÅy���x|��xmy�*h(|#m
wx�~²#£�ï�o��x|�z$h�s9|

Ì Íß]Zb#Î4c�[dù¶b�[�`4]Zü\ø�(}`hÏÊÏ�^#]x[0)Ð3 ^}_�ùpøUü#Y4_<(-c*úË`eø�ü�[dc$^eY

f�g�{=|#|�h(�*z�{�kyw¸{=|-�l{�¿l{=��h(�¸{�wnz�kvz � kj�xm
s$z*|��#Åyh(�*z�{�kyw�ñ�� N ��s�k/¿l{=��h(|2��h�z*m:{�o�|#k�qpz$g�h¢m
s*�$g�{�z$h(�*z$��s*m:o	{�rj��o�h�rjh�w�z9m
z�{�klw

rjk���h*odz$gxm�z � my|�my|$|���rjh(��{�w�z$g�{=|�|�z$�x��ty��£!z\my|$|���rjh(|pmeiyh�w�h�s�{=��o�k���m:o���s$k��*h(|$|�kys�m
wx�}{�z9|�o�k¡��m:oZrjh�rjkys�t4{�wUm4²}Ån´

r���o�z�{���s$k¡�*h(|�|�kys¢m�s9�$g�{�z$h(�*z���s$hvm
wx����h(|��*s�{��xh(|�mU�8kn|$|�{���o�hj{�rj��o�h�rjh�w�z9m
z�{�klw�k
q�ky��s¢|�t¡|�z�h�r~��Åyh(�*z�{�kyw�ñ�� V ��s$h(|�h�w�z9|

��h�z9m:{�o=|�k
q�m�wUh*�¡h(�*��z�{�kywu��s�{�¿yh�w�|³{�r���o=m
z�{�kyw¸{�rj��o�h�rjh�w�z$h(�¸z$k�¿/m:o�{=��m
z$h�z$g�h-rak¡��h*o!�

Ñ R87 K6I¦a�;=>@?¦^.a8?�D=I�<+G&Ò�^ÔÓ¹^,G�XYM4S�^,G

��hu�xk�|�z$��o=m
z$huz$g�hu�x|�huk
q¢m
wákyw��!��g�{��àÅnf	�}ï\Å �*ky��s�k¡�*h(|$|�kysU��w�{�zU�xh�sU��s$k��*h(|$|�{�w�iÆw�k���hu{�wáz$g�h�|�t�|�z$h�r my|

{�o�o��x|�z$s9m
z$h(�¢{�wjÛ%{�iy��s$h�ñ���f�g�h��*kl��s$k¡�*h(|�|�kys%{�|�mºq���wx�*z�{�kywxm:o���w�{�z�h*��h(�*��z�{�w�i¢�*klwx�*��s$s$h�w�z�o�t � {�z$g}z$g�h�rvm:{�w���s$k¡�*h(|�|�kys(¥

� g�{=��g �*ky��o=�u�8hj{�rj��o�h�rjh�w�z$h(�Ü�x|�{�w�iu|�tnwxm���z�{=�j�xm
s*m:o�o�h*o�{=|�r � {�z$g�ÕÅÖIÕ°��{��8h*o�{�w�h(� q���wx�*z�{�klwxm:o���w�{�z9|�my|�{�w � N è � �

f�g�h4�*ky��s�k¡�*h(|$|�kys�q���wx�*z�{�kywxm:o�{�z³tÃ{=|���s�{�h � t���h(|$�*s�{��8h(� � {�z$gUs$h(|��8h(�*z2z$k�Û%{�il��s$h4ñjmy|¶q�k
o�o�k � |��

N �&��M1Á.�YÆ��\ÆN×�DsÇNÁ.�1$�®��0ÆVÁV�Ø���¦� ×	fºg�h�q�k�o�o�k � {�w�i¢|�z$h��x|pm
s�h�s�h��xh(m
z$h(����wnz�{�oZz$g�h\w�h�z � kys$�-q�kys$r�|	mes$h(my|�kywxm���o�t

|�z9m
��o�h-rvm
�¸k
q�z$g�h�ï�´�Å�Åv�l{=|�z$s�{�����z�{�kyw¸q�s$kyrÍz$g�h}z$s9m:{�w�{�w�i�¿yh(�*z$kys\|�h�z(���\z\z$gxm
z�z�{�rjhy¥�z$g�h}w�h�z � kys��jh�wnz�h�s9|

z$g�h-��s$k����x�*z�{�kyw~��gxmy|�hy�

� f�s9m�wx|�q�h�s�o=my|�z4Çl�xm
s$z$h�s-k�q�¿yh(�*z$kls9|�{�w�z�g�hvÅnf��4ï\ÅU£!w�����za±³Û�£³Û�Ä-µ�W¶��É�h�s#{�w�z$kUz$g�h�Ånf	�}ï\Å~f�s*m:{�w�{�w�i

Wp��É�h�s

N�w



Tables/Directories

Address
Decoder

AMUD->CMS
Mapper

Synaptic //ism

PipelineLOCAL MEMORY #P

Main Processor #P

ANN CO-PROCESSOR

SIGMA-PI-SIGMA

STGCS Input Buffer

STGCS Training Set

STGCS Output Buffer

Desc_STORE

(C)(B)

(A)

Û%{�iy��s$h~ñ�×��#s9��g�{�z�h(�*z$��s9m:o4Åy�����8kys$z(×�ïpky��s$k��*h(|$|�kys�Ä\¿yh�s�¿y{�h � ¥»Ù9êKÚ¢Û ��´uì#²#��ï�´�Å�´um
����{�w�i°xZkli
{=�
¥	ÙÜ«BÚ�Û
ïpk r s$k��*h(|$|�kys&W¶��É�h�s9|�¥VÙ�íBÚªÛÿÅnf	�4ï�Å r s$k��*h(|$|�kys\ì�w�{�z

� u\m
wx��kyr�o�tÆ|$m�rj��o�h~o�k���m:o-rjh�rjkys$t r m
iyh~f�m
��o�h
Ø/²�{�s$h(�*z$kls$tãq�kysj�-´uì ��h(|$�*s�{���z$kys9|a��w�z�{�o�s$h�r�m:{�w�{�w�i

z$g�s$h�h��!Çl�xm
s$z$h�s9|�k�qÊz�g�h-Ånf	�4ï�Åef%s9m:{�w�{�w�iBW¶��ÉÊh�s�{=|�È�o�o�h(�Z��²#h(|$�*s�{���z�kys�m
s�h\rvm
���8h(���nt}q���wx�*z�{�kywxm:oZ��w�{�z

o�m��xh*o�h(��±!�4µ�{�wuÛ%{�iy��s$h4ñ��pfºg�{�|ºs$h(Çy��{�s$h(|»ÝVÞNß�à8á�âp�*t¡��o�h(|��

� r {��xh*o�{�w�h-{�w�����z9|¶q�s$kyrßz$g�h}Ånf	�4ï\Åjf%s9m:{�w�{�w�i*W¶��ÉÊh�s�{�wnz$k�z$g�h}Ånf	�}ï\Å¢w�h�z � kys$�eq�klsºÇl�xm
w�z�{��(m
z�{�kywUm
wx�

£!w�����z	��h*{�iygnz#my��m
��z9m
z�{�klwx| � g�{=�$g¸s$h(Çl��{�s�h(|&ÝVã�ä�åçæ�âp�*t���o�h(|��

� �����Um�w�h���s�kywU{�qps$h(Çl��{�s$h(�Z��fºg�{�|ºw�h�h(��|&ÝVèNéçé4�*t���o�h(|M�

� ²#h*o�h�z�h4m�w�h���s$kywÃ{�qps�h(Çy��{�s$h(�Z��f�g�{=|�s$h(Çl��{�s$h(|&ÝVê
à8ë��*t¡��o�h(|��

V �&DhM�L�Oì� ������LÃÆiDEÇVÁ.��$u®��0ÆNÁV�_���¦� ×
uºh��xh(m
z\z�g�h#q�k
o�o�k � {�w�iv|�z$h��x|º��wnz�{�o�z$g�h-w�h�z � kys$��rvm
�Uk�q	z$g�h#h�rjh�s$iyh�w�z

ï�´�Å�Å��l{=|�z$s�{�����z�{�kyw {�|���h�z$h(�*z�h(��z$ku�8hv�8knkys:�~�\z}z$gxm
z}z�{�rjhvz�g�hvw�h�z � kys$�us$h�¿yh�s�z9|-�xmy���uz$k~z�g�hvz$s*m:{�w�{�w�i

��gxmy|�hy�

� ´�m��vz$g�h�o=m
z$h(|�z�rvm:{�wv��s�k¡�*h(|$|�kys\�-´�ìés$h*q�h�s�h�wx�*h#{�w�z$kjz�g�h4ï�´�Åx�8Åyz$kys�h2¿yh(�*z�kys¶{�wUz�g�h4Û�£³Û�ÄæÅnf	�}ï\Å

£!w�����zIWp��É�h�s(��f�g�{=|�s$h(Çl��{�s�h(|&Ý�í¦ß�à8á�â��*t���o�h(|��

� Û�h�h(��z$g�hUk
o=��h(|�z�¿yh(�*z$kys}q�s$kyr z$g�h~Ånf��4ï\Åu£!w�����z*W¶��É�h�s}{�wnz$k�z$g�hvw�h�z � kys$�Z¥%q�kls¢Çl�xm
wnz�{��(m�z�{�kywÆm
wx�

£!w�����z	��h*{�iygnz#my��m
��z9m
z�{�klw��Àfºg�{�|�s$h(Çl��{�s$h(|&ÝVã�ä�åçæ�âp�*t���o�h(|��

NyN



î �s¡~íjîÆê��C���!î¹�����!$>� í�L.ï£DhM1L ��$��P��LNMK�»ð�$>�{�V����LÃÆ î "#${$>O
f�s*m:{�w�{�w�i�?�h(�*z$kysF�2h�w�h�s9m
z�{�klwu±@ÝVÞNßVà@á�â�µ òEt}Åvu N �*t���o�h(|
Åyw�knkl�K?�h(�*z$kys��2h�w�h�s9m
z�{�klwu±@Ý�í¦ß�à@á�â�µ ñ V t}Åvu N �*t¡��o�h(|
£!w�����z	?�h(�*z$kysIñ\�xm�wnz�{��(m
z�{�klw�±@Ý ã�ä�åçæ�â µ NPw t}Åvu N �*t¡��o�h(|
x�m
z$h�s*m:o���h*{�iygnz*|\ì\�Z��m
z$ha±@Ý ±pò µ Ú è*t}Åvu N �*t¡��o�h(|
 \h���s�kywU�����l{�z�{�kywÜ±@ÝVèVé£é:µ NPw¦w t}Åvu N �*t¡��o�h(|
 \h���s�kyw~²#h*o�h�z�{�kyw�±@ÝVê
à8ë?µ Vdw¦w t}Åvu N �*t¡��o�h(|

f�m
��o�h N ×�Ånf��4ï\ÅUÅ
{�r���o=m
z�{�kyw�f�{�r�{�w�i r m
s9m�rjh�z$h�s9|

� ����m
��z}o=m
z$h�s*m:o � h*{�iyg�z��xh�z � h�h�wãw�h���s$kywx|�z�k � g�{=��gÆz$g�hU�*��s$s$h�w�zvm
wx����s$h�¿l{�kl�x|���´uì ¿yh(�*z$kys*| � h�s$h

rvm
���xh(��m
wx�}iyh�w�h�s*m
z$hpw�h � eF�if�f	¤�©?¦�©=¤�ª�¿/m:o���h�q�kys	�*��s$s�h�wnz��-´uì4�:£³|$|���hºmFj- ���¨ RpÎ �Åó 
j{�wx|�z$s$�x�*z�{�klw

kywUz$g�{=|�¿/m/o���hy�\fºg�{�|ºs$h(Çy��{�s$h(|»Ý ±pò �*t¡��o�h(|��

� ²#h*o�h�z�h4m�w�h���s$kywÃ{�qps�h(Çy��{�s$h(� � g�{=�$g¸s$h(Çy��{�s$h(|»ÝVê
à@ë��*t���o�h(|��

f�g�hIj- ���¨ RpÎ �Åó 
U{�wx|�z$s$�x�*z�{�kywU�*ky��o=�a�xh�{�wx�*kls$�xkys*m
z$h(�jmy|��xm
s$z�k
q�z$g�h�h*�¡z$h�s�wxm:ox£$ØyÄâ{�wx|�z$s$�x�*z�{�klwÞ|�h�zpm�wx�v|��x��g

{�wx|�z$s$�x�*z�{�klwx|-�*ky��o=�~�8h}{�wx|�h�s$z$h(�Ã{�wnz$k�z$g�he{�wx|�z$s$�x�*z�{�kyw�|�z$s�h(m
rÍk
q�z$g�h�rvm:{�w~��s�k¡�*h(|$|�kys(�\Û���s�z$g�h�s(¥8z$g�h4z�{�r�{�w�in|�q�kys

h(my��g�|�z$h���m
�xk
¿yhe{=|#i
{�¿yh�w¸{�wÜf	m
��o�h N ¥�m
wx�¸gxm:¿yh}�xh�h�w���h�s�{�¿yh(��q�s$klr |�{�r���o=m
z�{�kywx|#kywuz$g�hBt}Åvu N m�wx�~s�h(|���o�z9|�{�w

� N ð�¥ NPw ¥ N è � �

Ñ R\[ }4>HE�D=GH<1?�>HM&AÐ]_^�?�<+>HG8`

�#w�h*�¡h(�*��z�{�klw ��s�{�¿yh�wÜ|�{�r¢��o=m
z�{�klw � my|�{�rj��o�h�rjh�w�z$h(��{�w�kys9��h�s}z$kU¿/m/o�{=��m
z�hvz$g�h�{���h(ml|-��s$h(|�h�w�z$h(�Z��f�g�hj�-´�ì

��h(|$�*s�{���z$kls9|jklwãh(my�$gâ��s$k��*h(|$|�kys � h�s$hUw�h(�*h(|�|$m
s�{�o�tã{�rj��o�h�rjh�w�z$h(�ámy|��xm
s�zjk
q-z$g�h~|�{�r���o�m�z�{�kywä|�k�q�z � m
s$h��xh(��m
�x|�h

z$g�hv|�t¡|�z�h�r z9m
��o�h(|4�*ky��o=��w�¼Áz}�xhvml���*h(|$|�h(�Z�jf�g�hv��h(|��*s�{���z$kys9| � h�s�h�|�z$kys$h(�Ã{�w�mUgxml|�g�h(�u���x���yh�z-z9m
��o�h � {�z$g N�wyV è

���x���yh�z9|�z$gxm�z�h*���xm
wx��h(�U��t�wxm
r�{=��m:o�o�t�m
wx� � my|�{�wx��h*��h(�U��tvz$g�h�o=my|�z NPw ��{�z9|ºk
q	z$g�h-�-´uì my����s$h(|$|ºk
qÀ²#£³|M�
%pmy��g

m
����o�{=��m
z�{�kyw¸z$g�s$h(my�agxmy��m-o�k���m:o�gxmy|�g�z9m
��o�h-rvm:{�w�z9m:{�w�h(����tjz$g�h-�*kys$s$h(|��8kywx�l{�w�ij�xm
s$z�k
q�z$g�h}Ånf	�}ï\Å�|³{�r���o=m
z�{�kyw��

ôVõ�ö.õY÷ ��Æ ���YÆV$_ø0L��CÁ.�������-�»ð���M�Á.������LÃÆ

f�g�h\��s�ky��o�h�r­k�qÊklw�o�{�w�h#o�k���m:o�{�z�t�h*�¡z�s9my�*z�{�kyw � m
s�s9m
w�z$h(��m
w�{�rj��o�h�rjh�w�z9m
z�{�kyw~|�{�r���o=m
z�{�w�ij�*kywx�*��s$s$h�w�z�h*�¡h(�*��z�{�klw

k
q�z$g�h}Ånf	�4ï�Å¢�*ky��s$k��*h(|$|�kys\m
wx�az$g�h\r�m:{�wÞm
����o�{=��m
z�{�kyw¸��s$k��*h(|$|�kys(��£�z � my|p��h(��{=��h(�Ãz$k¢|��xm � w�m
w~Ånf��4ï\Å4z�g�s$h(my�

q�kys�h(my�$gÆm�����o�{=��m
z�{�klwäz�g�s$h(my�Z¥�m
wx�ã��h(�l{=��m
z$h�m���s$k¡�*h(|�|�kys}q�kls�{�z9|j�*kywx�*��s$s�h�wnzjh*��h(�*��z�{�kyw � {�z$gãz$g�h~m
����o�{=��m
z�{�kyw

z$g�s$h(ml�Z�pf�g��x|\z$g�h4|³{�r���o=m
z�{�kywx|�s$h(Çl��{�s$h(�¸z � {��*h4ml|�rvm
w�tv��s�k¡�*h(|$|�kys9|\my|ºz$g�h4kys�{�i�{�wxm/oÀm
����o�{=��m
z�{�kywus$��w��Å%pmy��g~m
���

��o�{=��m
z�{�kywjz$g�s�h(my�V¼�|%s$h*q�h�s�h�wx�*h(|�z$k2�-´uì2| � h�s$h¶����É�h�s$h(��m:o�kyw�i � {�z$g4z�g�hp{�w�z$h�s$��s$h*q�h�s$h�wx�*h\z�{�rah(|�m
wx�4�*kyrar¢��w�{=��m
z�h(�

z$k¸z$g�hÞ�*kls$s$h(|��8kywx�l{�w�iãÅnf	�4ï�Å~z$g�s$h(my�Z¥ � g�{=�$gÜs$h�iy��o=m
z$h(��{�z9|�my�*z�{�kywx|�my|}�xh�sjf�m
��o�h N m
wx��z$g�ha{�wnz$h�s���s$h*q�h�s�h�wx�*h

N(V



z�{�rjh(|��

ôVõ�ö.õ�ö ��Á.��Ëã¯m�!×NM1Á>����LÃÆi�K���!$

Ånf	�}ï\Å4z$g�s$h(ml��|��xh�s�{�k��l{���m/o�o?t~�$g�h(���}o�k�my���?o�h�¿yh*o=|�k
qdz�g�h*{�s\m
����o�{=��m
z�{�kyw�z$g�s$h(ml��|pm
wx��z�g�h2s$h�rakyz$h\²#£³|�s$h*q�h�s�h�wx�*h(�

{�wjz$g�h\s�h(�*h�wnz¶�xmy|�zp��m
��z$��s�h(�}{�wjz$g�h-Ånf	�}ï\Å4w�h���s$klwjrjh�rjkys�ty�	f�g�h�o�knml���?o�h�¿lh*o�|�m
s$h\�*kyrj�xm
s�h(�}o�k¡��m:o�o�tvm
wx�am
z�z$g�h

�*��s$s$h�w�z�k � w�h�s�k
q�h(my�$gU²#£9��£ q	z$g�h�o�k���m:o�o�knml��{=|¶o�h(|$|�m
wx��z$g�h�o�k¡��m/oÃeF�ifÐf	¤�©?¦�©=¤�ªº{�|ºiys$h(m
z$h�s:¥yz$g�h-²#£�k � w�h�s9|�g�{��a{�|

my��Çl��{�s$h(�U��tUz$g�h#o�k¡��m/oÀz$g�s�h(my�Um
wx�a{�z9|	eI�gf � Z�¬x (·���h(|$�*s�{���z$kls\���d��m
z�h(�Z��f�g��x|�¥�z*my|���z$s9m
wx|�q�h�s9|�z�s$tjz$kj�xm/o�m�wx�*h

  «  :·�Öl (¬8¤�o�knmy�¸m
wx�ao�k¡��m/o�{�z�t~ils9my�l{�h�wnz*|¶{�w~z$g�h4|�t�|�z$h�r ¿y{=mjm�z*my|�� � fÃ�¹�Urjh(��gxm
w�{=|�r~�

£!wukys*��h�s-z$kv�8h�s�q�kys$rËo�knmy�um
wx�¨eF�ifùf�¤�©?¦�©?¤�ª��*kyrj�xm
s�{=|�klwx|�¥Zh(my��g�Ånf��4ï\Å�z$g�s$h(my�¸w�h�h(��|4ml���*h(|$|#z$k�z$g�h�gxmy|�g

z9m
��o�h(|ek
qpkyz$g�h�s�Ånf	�}ï\ÅUz$g�s$h(my��|M�¢f�g�h�w�h�h(�¸q�kys4|��x��g�i
o�ky�xm/o�my���*h(|�|-z$k�h�¿yh�s$tÃo�k���m:o�gxmy|�guz9m
��o�hj��s$klrj��z$h(�¸z$g�h

��g�k
{=�*h4k
qÀma|�gxm
s$h(��rjh�rakys$tU|�t¡|�z$h�rßq�kys¶{�rj��o�h�rjh�w�z�{�w�iUz$g�h4|�{�r���o=m
z�{�kyw��¶£!z2�*ky��o=�Ãgxm(¿lh-�xh�h�wU{�rj��o�h�rjh�w�z$h(�Ãkyw~m

rjh(|$|�m
iyh4�xml|$|�{�w�i~m
s9��g�{�z$h(�*z$��s$hy¥Z����z-s$h�rakyz$h¢ml���*h(|$|�h(|#z$k�gxmy|�guz9m
��o�h(|�{=|�q!m
s2rakys$h¢�l{�ÝÞ�*��o�z}z$kj{�rj��o�h�rjh�w�z4�x|³{�w�i

z$g�h}��w�{�Çl��h}o�k¡��m:opmy����s$h(|�|2|��xml�*h(|�{�wurjh(|$|$m�iyh4�xmy|�|�{�w�iÞ|�t�|�z$h�r�|���fºg�h4i
o�ky�xm:opmy����s$h(|�|2|��xml�*h¢|�h�rvm�wnz�{=��|º{�w�g�h�s$h�wnz

{�w�|�gxm�s$h(��rjh�rjkys�tv|�t�|�z$h�rv|�q!my��{�o�{�z9m�z$h(�Uz$g�h#{�rj��o�h�rjh�w�z9m
z�{�klw��8h�z$z$h�s\m
wx�Ãg�h�wx�*h4z$g�hIt}Åvu N � N�w:� ¥ � my|��$g�kn|�h�w~my|

ky��s2|³{�r���o=m
z�{�kyw¸��o=m
z�q�kys$r~�

ú Í�ÏEÏ¢ø�c$b�ü�[dc�^-Yû�~ù�ü8[d÷�ùp_Eü

f�g�{=|p|�h(�*z�{�kywv�l{=|$�*�x|$|�h(|¶z$g�h\m
����o�{=��m
z�{�kyw�z$h(|�z��xh(�j��g�kn|�h�w�q�kys�h�¿
m:o��xm
z�{�w�i4ky��s���s�ky�xkn|�h(�j|�t�|�z$h�r~��f�g�s$h�h\m
����o�{=��m
�

z�{�kywx| � h�s$hp�x|�h(�Z×�Ù ÷ Ú	z$g�h&W�m
s$w�h(|��@y���z�m:o�iykys�{�z$g�r q�kls	m2´¸kyw�z$h���ï�m�s�o�k� \���8k¡��t�|�{�r���o�m�z�{�kywjk
q�{�wnz$h�s*my�*z�{�w�i-inm:o=m:��{�h(|�¥

Ù ö Ú�z$g�hvì�wx|�z$s��x�*z$��s$h(��´¸h(|�gÜ�yh�s$w�h*o�q�kys¢m�w°%���o�h�s�{=m
wã|�k
o�¿yh�s(¥�m
wx�ÀÙÜýVÚ¾þ���myf%kysÜÿ�¥�m�w�h(�*k
o�kyi
{=��m:o\|�{�r¢��o=m
z�{�klw�k
q

|�gxm
s��¡|�m
wx�Ür�{�w�w�k � |e{�wÆm
wãk��*h(m
w���f�g�h�z$g�s$h�h~m�����o�{=��m
z�{�klwx|js$h���s�h(|�h�wnz�z$g�hUs*m
w�iyh�k
q2h*��h(�*��z�{�kywÜo�k¡��m:o�{�z�tÆm
wx�

o�knmy���$gxm�s9my�*z$h�s�{=|�z�{���|�w�kys$rvm/o�o�tjh�wx�*kl��wnz$h�s�h(��{�w��xm
s9m:o�o�h*o���s$kyiys9m�rv|�¥
s9m
w�i�{�w�i}q�s$kyr°{�s$s$h�il��o�m�sºm�wx�v|�z*m
z�{=�#±²%���o�h�s�{�m�w

Åyk
o�¿yh�s�µ¶z$kv��t�wxm
r�{=�4m
wx�Uml��m
��z�{�¿yhj±pW�m�s$w�h(|��@y���z2m
wx����myf%kys�µ*�

��R87 �ÝIhM��&I�<+EQEQ>NA
� XYM4S
^1G�K¨`C`uD=E-c4?�>NM&A
`

��h-my|$|���rah�m
w�R � �¾jÆ��s�kyiys9m
rar�{�w�i4rjk���h*o!�p£�wÞm:o�o	m
����o�{=��m
z�{�kywx| � h2�x|�hy¥�z$g�h�s�h#{�|�m
w�h*����o�{=��{�z-z�{�rjh��!|�z�h�����{�w�i

o�knkl� � {�z$g�{�w � g�{=��g h(my��gé²#£�{�|Ã���d��m
z�h(�Z�­f�g�hÜ|$m
rjhu�*k¡��h��?{�rvm
ilhã±³�*k���h�z$h*��z � {�z$g�{�w°z$g�h¸o�knky�Zµ�{=|Ã�x|�h(�áz$k

���d��m�z$h4h(my��g�²#£�|�kjz$gxm�z4¤��
�*Ñ(� � {�z$g�{�w�kl��s2|�t�|�z$h�r �*kys�s$h(|��xklwx��h(�Uz$k�{�wx�l{�¿l{����xm/oº²#£³|M��f�g�h�s�h*q�kys�hy¥��xm:o=m
wx��{�w�iUz$g�h

�*kyrj����z*m
z�{�kywxm:oZo�knmy��{=|�h(Çy��{�¿
m:o�h�wnz#z$k�h(Çy�xm/o�{��*{�w�i�z$g�h-z�{�rjh-|��xh�w�z�{�wUz$s9m:¿yh�s9|³{�w�i�z$g�h�o�knkl��q�kys\m:o�o�z$g�h-²#£³|¶{�w�o�k���m:o

�xm
s$z�{�z�{�klwx|��vf�my|��ur�{�iys9m�z�{�kyw��*kys$s$h(|��8kywx��|-z�k�m�s$h*o�k���m
z�{�kywÜk
q�z$g�h�|�{�z$h � g�h�s$haz$g�hv²#£#���d��m
z$h�k����*��s9|4|�{�wx�*h�z$g�h

N(Ú



�*k���h��?{�r�m
iyh-�x|�h(�aq�kys����d��m
z�h(|¶{=|pz�g�h4|$m
rjh-m
z�m/o�o�|�{�z$h(|���f�g�h4|�{�z$h-kys¶��s$k��*h(|$|�kys � g�h�s$h-z�g�h�²#£�{�|�|$��g�h(����o�h(�¸z$k4�8h

���d��m�z$h(��{=|#�*kywx|�{=��h�s$h(�Uz�kBL>JKÆuz$g�h4²#£9�

��R\[ ��DFG8^,I�>N<+A�}âM&G\Ó¹^,I��B9eA
`�?�I�D
a8?�D=I¦^,S X:^.`\;

f�g�h¸Èxs9|�zUm
����o�{=��m
z�{�kywá{�w z�g�h�z�h(|�z$�xh(� {=|Um
wá��wx|�z$s��x�*z$��s$h(�g%���o�h�s�{=m
wæ|�k
o�¿yh�s(¥ � g�{���g |�{�r���o�m�z$h(|Uz$g�hum:{�s � k �

��t�wxm
r�{=��|¶k/¿lh�sÀm
w�m:{�s�q�k�{�ou� Ú ¥ N ñ � �	f�g�h2m/{�s�q�k
{�o8{�|¶�l{=|$�*s$h�z�{���h(�Um
wx��s�h���s$h(|�h�w�z$h(�jmy|�m
wa��wx|�z$s$�x�*z$��s�h(��rjh(|�gvm�wx��z$g�h

�*k���h�|�z$s$�x�*z$��s$h}{=|-|�{�rj��o�t�m�o�k�ky�uk
¿yh�s�m/o�opz�g�h4rjh(|�guh(��iyh(|�q�kys#���d��m
z�{�w�i¸z$g�h4¿lh�s$z�{=�*h(|#k
q�z�g�h4rjh(|�g��}f�g�h�rjh(|�g

{=|-|�z9m
z�{���o�h(my�l{�w�i~z$kaÈ��¡h(�Ão�k���m:o�{�z�t���gxm
s9my�*z$h�s�{�|�z�{=��|��-f�g�h¢m
����o�{=��m
z�{�kyw�{=|�o�knkn|�h*o�tu|�t�wx�$g�s$klw�ky�x|�¥8{�s$s$h�iy��o=m
s:¥�|�z9m
z�{=�
¥

m
wx�u�x|�h(|#z$g�h�{�w�{�z�{=m:o��xm
s�z�{�z�{�kyw�{�w�i~k
q\��m
z9maq�kys�m/o�o¶{�z$h�s9m
z�{�kywx|#k�q�z$g�hjr�m:{�w��*klrj����z9m
z�{�kywxm/o�o�k�ky���jf�g�h��xmy|�hjs$��w

�xm
s$z�{�z�{�klw�{�w�i � my|-m�s9m
wx��kyr ����z-h(Çy�xm/oºm:o�o�k¡��m�z�{�kyw�k
q\z$g�h�rjh(|�g�h(��iyh(|4m
wx��¿yh�s$z�{=�*h(|-m
rjklw�iUz$g�hjz$g�s$h(ml��|��jf�g�h

{�w�{�z�{=m:oÀh(��ilh¢�l{=|�z$s�{�����z�{�kywÃq�kls\z$g�h4�*kys$s�h(|��xkywx�l{�w�i¸Ånf	�4ï�Åv�*ky����s$k��*h(|$|�kys\s���w � ml|�|��yh � h(�Z�pf�g�h4�l{=|�z$s�{�����z�{�kyw � my|

m
wUm
s�{�z$g�rjh�z�{�����s$kyils$h(|$|�{�kyw�k
q	z$g�h�q�kys$r����³¸
	�� � g�h�s$h
�}{=|¶z$g�h�{�w�{�z�{=m:o�¿/m:o���hy¥.¸%{=|¶z$g�h#��s$k¡�*h(|�|�kys�Ø(z�g�s$h(my���?{=�Um
wx�
�¶{=|¶z$g�h�{�wx�*s$h�rjh�w�z¶{�wvz$g�h���s$kyiys$h(|�|�{�kywÞ|��x�$gjz�gxm
z�������� ±��������������! #"

æ%$'&)(pá
*
´,+.-

¸�µ9¥ � g�h�s�h0/21�3�4�5¶{=|�z$g�h#w���r¢�8h�spk
q
��s$k��*h(|$|�kys*|�{�w¸z$g�h-s$��w��pf�g�h4�l{=|�z�s�{�����z�{�kyw~k
q�¿yh�s$z�{��*h(| � ml|ph(Çl�xm:o�����z\s9m�wx��kyrÍm
rjkyw�i�z$g�h-z$g�s�h(my��|��pf�g�h4��m�z9my|�h�z

q�kys\h(my��gUk
q�z$g�h-èx¥xó�¥ N ñam
wx� V èj��s$k��*h(|$|�kls\s$��wx|#�*kywx|�{=|�z$h(�Ãk
q V ó wdw ¿yh�s$z�{=�*h(|\m�wx� N òn¥ Ú òyò2h(��ilh(|��pf�g�h�|�{�r¢��o=m
z�{�klw

� my|¶s$��wUq�kys\ð w {�z$h�s*m
z�{�kywx|�k
q�z$g�h-z�{�rjh��!|�z$h�����{�w�i�o�k�ky���

f�g�ha{�wx�l{�¿l{=���xm:o4z$g�s$h(ml��h*��h(�*��z�{�kywãz�{�rjh(|j|�h�s$¿yh(�Ümy|}z$g�hvrah(my|���s$h�k
q2z$g�hao�k¡��m/o�{�z�t��!�*kywx|$��{�ky�x|U�*kyrj����z*m
z�{�kywxm:o

o�knmy�a�xm:o=m
wx�*h-my�$g�{�h�¿yh(�Z����h2m/o�|�k¢h*����o�{=��{�z�o�tUrah(my|���s$h\z�g�h\o�k���m:o�{�z�tUmy��g�{�h�¿lh(�vm
wx�arvm:{�w�z9m:{�w�h(�a�ntjz�g�h\ky��s\|�t�|�z$h�r~�

Û%{�s9|�z�o�tUh(��iyh(|º{�w~h(my��gUo�k���m:o��xm
s$z�{�z�{�kyw � h�s�h4�xh�s�{�k��l{=��m:o�o�t�w�klz$h(�Z�\f�g�h�w�¥¹{�w¸z$s9m:¿yh�s9|³{�w�iaz$g�h(|�h4h(��ilh(|�¥xz�g�h4w���r¢�8h�s

k
q�z�{�rjh(|º±768&�µ	z$gxm�z�¿yh�s$z�{=�*h(| � h�s$h\h�wx�*ky��w�z$h�s$h(� � my|�s$h(�*kys9��h(�Z��f�g�{�s9�lo�ty¥ � h\s�h(�*kys9��z$g�h#|���rÍ±7689
µ�k
qdz$g�h#w���r¢�8h�s
k
q\h(��iyh(|}h�rvm
wxm�z�{�w�i~q�s$kyrÌm:o�o�¿yh�s�z�{=�*h(|4h�wx�*kl��wnz$h�s�h(������s�{�w�i�z�g�hvh(��iyh�o�{=|�zaz$s9m:¿yh�s9|$m/o �Uf�g�h�w�¥�z$g�hjs9m
z�{�k:68&!";689
|�h�s$¿lh(�Umy|\m�rjh�z�s�{=�#q�kys\�xm
s$z�{�z�{�klwxm:oÀ�*kyw�z�{�iy��{�z�ty¥�rjh(my|���s�{�w�i�z$g�h4Çl�xm:o�{�z³tUk�qÀz$g�h4�*klrj����z9m
z�{�kywxm/o�o�k¡��m:o�{�z�t~my��g�{�h�¿lh(�

��tvky��s#|�t¡|�z$h�r~�

��R�| P=<?>�M4S*B�}â>HE"DFGN<,?�>NM&A@��>�<+I�A
^�`!<%A D4? K6G@�&M¸I�>@?�;FE
f�g�h\m
����o�{=��m
z�{�kyw��xh�s�q�kys$r�|�m
w* ����xk���t�|³{�r���o=m
z�{�kywak
qÊ|�z*m
s9|%{�w�{�wnz�h�s9my�*z�{�w�i4i�m:o=m:�n{�h(|�¥l�x|�{�w�i¢m#g�{�h�s9m
s*�$g�{=��m:o�m:o�iyky�

s�{�z$g�r~��f�g�heÅ r xZ�}Åvyá¿yh�s9|³{�klw¢k�qÊz�g�{�|¶m
����o�{=��m
z�{�kyw �Óð ��� my|�my��m
��z$h(��m
wx���xkys$z�h(��z$k-z$g�h&t}Åvu N �¶f�g�{=|pm
����o�{=��m
z�{�kyw

{=|¶o�knk�|�h*o�t~|�tnwx��g�s$kyw�kl�x|�¥�{�s$s$h�iy��o=m
s#m
wx�Umy��m
��z�{�¿yhy��£!z\gxmy|¶z � kj�l{�|�z�{�wx�*z¢�y¨:¤�©=¾:©=¤�ª���gxmy|�h(| � {�z�g�{�w¸z$g�h-rvm:{�wu�*kyrj�����

z9m
z�{�klwxm:o�o�knky����m:o�o�h(�az$g�h2f%s9my����f¶{�rjh�o�knkl��¥y¿l{��y��¥nmhxÊknmy�8Ø/²-m
z*m r m
s�z�{�z�{�kyw�{�w�i4��gxmy|�h#m
wx�jm}ïpkyra����z9m
z�{�kywxm:ox��gxml|�hy�

N è



  r u\Ä-ï è ó N ñ V è
 �W�Ä2²�BC/ è w ôyñ ó N ô V N ñ Ú ó
è N ñ Ú ó
è
f&y	%pf%�ED w ��ô w �Óô w ��ô w ��ô
f�£�´³%GFIH w � wyV ð w � wyV ð w � wyV ð w � wyV ð

f	m
��o�h V × PJ<%>�M4S4B�}â>NE�D=GH<1?�>HM&A�}4>LK>^�`�<TA=SC��<TIh<TEÐ^�?¦^,I¦`

f�g�h4|$��g�h�rjh-�x|�h(�Ãz$k��xm
s$z�{�z�{�kywUz�g�h-�xk��l{�h(|#m
rjklw�i¢z�g�h-¿/m
s�{�ky�x|ºz$g�s$h(my��|¶{=|�z�g�h�íhLN�1��MQLÃÆN$>�4|��$g�h�rjh-kl��z�o�{�w�h(�Þ{�w
��ð � �pfºg�h-��gnt�|�{=��m:oÀm
����o�{=��m
z�{�kywu��kyrvm:{�w�{=|�g�{�iyg�o�t~w�klw�����w�{�q�kys$rËm
wx��rvm
w�{�q�h(|�z9|¶{�s$s$h�il��o�m�s(¥x��t�wxm
r�{=��m:o�o�t~�$gxm
w�i�{�w�i

{�wnz�h�s$���xm
s$z�{=��o�h�{�w�z$h�s9ml�*z�{�kywx|�m
wx��g�h�wx�*h\rah�rjkys$t4my���*h(|�|��xm
z$z�h�s$wx|��	fºg�hº��m�z9my|�h�zp|�{���h-±�wn��r��xh�s�k�qd�xk��l{�h(|*µ�{=|¶|�z9m
z�{=�
�

Û���s�z$g�h�s2��h�z9m:{�o=|#m
wx�Us$h*q�h�s$h�wx�*h(|¶q�kys\z�g�{�|#m
����o�{=��m
z�{�kyw¸rvm:tv�8h-q�ky��wx�a{�w �Óðn¥ N òy¥ N ó � �

f�g�h�{�wx�l{�¿l{����xm/o2z$g�s$h(my��h*�¡h(�*��z�{�kywÜz�{�rjh(|�{�wÜh(my��g�s$��w � h�s$ha�x|�h(�uz$kUz$g�harjh(my|���s$hak
q\z$g�h�o�k¡��m/o�{�z�t��!�*kywx|$��{�ky�x|

�*kyrj����z*m
z�{�kywxm:o8o�k�my�j�xm/o�m�wx�*h4my�$g�{�h�¿yh(�Z�¶f�g�h2�xml|�h2s���wv�x|�{�w�ijz�g�h ý §��@¤ON	§l¬x ���|$��g�h�rjh � my|¶�*kyrj�xm
s�h(� � {�z$gUm}s$��w
��z�{�o�{��*{�w�iaz$g�h#Ånf	�4ï\Å4�*ky��s�k¡�*h(|$|�kysp|�{�r���o�m�z�{�kyw����-|�|���iyiyh(|�z�h(�-{�wÍ��ð � ¥
z�g�h��xm�s9m
rjh�z$h�s*|%q�kys�z$g�h�s$��wx|¶m
s$hp��s�h(|�h�wnz�h(�

{�w�f�m
��o�h V ����|#m�z$h(|�z�k
qÀz�g�h#o�k�my�U�xm:o=m
wx��{�w�iUm
��{�o�{�z�{�h(|ek
q�ky��s2|�t�|�z$h�r~¥¹z$g�h-s$��wx| � {�z$gUz$g�hjÅnf��4ï\Åv�*ky����s�k¡�*h(|$|�kys

m:o � m:t¡|�|�z9m�s$z$h(� � {�z$g~mj|��yh � h(�a{�w�{�z�{=m:o�o�knml�U�l{�|�z$s�{�����z�{�kyw�my|¶{�w~z�g�hh%���o�h�s�{=m
wÜÅyk
o�¿yh�s2m
����o�{=��m
z�{�kyw��

��R 6 �Ea�M&GNM��&>@a�<+G	}4>HE"DFGH<1?�>HM¸A@�8P <+CWM&I

f�g�hjz�g�{�s*��m
wx�ÃÈxwxm:o�m
����o�{=��m
z�{�kywÜ{�w�z$g�h�z$h(|�z$�xh(�¸{=|}m
w�h(�*k
o�kyi
{=��m:o�|³{�r���o=m
z�{�kywã��m:o�o�h(�_�Ümyf�kls � N ô�¥ V¦w:� �jf�g�h

h(�*k
o�kyi
{=��m:o	��kyr�m:{�w�{�|�m}z$kys�k
{=��m:o	±!s�h�iy��o=m
s(¥�s$h(�*z9m
w�il��o�m�s�rah(|�g � {�z�gU�xh�s�{�k��l{��e�xky��wx��m�s�{�h(|*µ � kys�o=�ak
q � m
z$h�s�{�w�gxm����

{�z$h(����tÞ|�gxm�s$�¡|�m
wx��r�{�w�w�k � |�±³�*k
o�o�h(�*z�{�¿yh*o�t~s$h*q�h�s$s$h(�az$kjmy|¶Èd|�g�h(|@µ9��f�g�h-rvm:{�w~��m
z9m�|�z�s$�x�*z$��s$h#{�wUz$g�h-��s$kliys9m
r {�|

m-|�{�w�i
o�h�o�{�w��yh(��o�{=|�zpk
qZÈd|�g�h(|M¥yh(my��g�h*o�h�rah�wnz�k
q � g�{=�$g�{=|�h*{�z�g�h�s�m-|�gxm
s��¢klsÀmer�{�w�w�k � �Àfºg�h\s$��o�h(|�q�kys�Èd|�gj��s�h�h(�l{�w�i

ky�8h�s9m
z�{�kywx|-m
s�h4z$g�hj|$m
rah¢my|º{�w � N ô � ��y�k � h�¿yh�s(¥�Èd|�gurjk
¿yh�rah�wnz9|�m
s$hjm�o�{�z$z�o�hjrakys$h¢|�ky��g�{=|�z�{=��m
z$h(�Z×-|�gxm
s��¡|#m
wx�

r�{�w�w�k � |-m
s$h}i
{�¿yh�w��l{�s$h(�*z�{�klwxm:op��s$h*q�h�s$h�wx�*h(|#q�kys\rjk
¿yh�rah�wnz#�xmy|�h(�Ãkywuz$g�h¢�*kywx�l{�z�{�kywx|}m
z\z$g�h*{�s-w�h*{�iyg��xkys�{�w�i�±!z$k

m���s$h(|��xh(��{�Èxh(�u�l{�|�z9m
wx�*h
µ�iys�{=�U�8k
{�wnz9|M�

f�g�hj¬8 9�y·�Ò³¬8 (©�Ö
�¡Õ�§y·%{�wnz�h�s9my�*z�{�kywx|\m�rjkyw�i}Èd|�g�h(|\����h-z$kj�l{=|$�*s$h�z�h#Èd|�gUrjk
¿yh�rjh�w�z9|�k�����my|�{�kyw�q!m
s�rjkys�h���s9m�rvm
z�{=�

o�k¡��m/o�{�z�t~��gxm
w�iyh(|�z$gxm�wUz$g�h4�*kyw�z�{�wn��ky�x|ºÈxh*o=�~��t�wxm
r�{=��|�k
q�{�wnz�h�s9my�*z�{�kywum
wx�U�*kyw�z�{�wn��ky�x|º�xk���tUrjk
¿yh�rjh�w�z9|�{�w¸z$g�h

W�m
s$w�h(|��@y���z-|�{�r¢��o=m
z�{�klw��2�-���l{�z�{�kywxm:o�o�ty¥%o�k���m:o�{�z�t � ����h(|-m:o=|�kÞm�s�{=|�h¢����h�z$k�¿/m
s�ty{�w�i��xky����o=m
z�{�kywÜ|�{���h(|�¥8q ml��{�o�{�z9m
z�h(�

iys$h(m�z�o�t~��t~ky��s-iyk�m:o��!�l{�s�h(�*z$h(�uÈd|�g�rak/¿lh�rjh�wnz4��t�wxm
r�{=��|��E�Ümyf�kls\{=|#o�k�kn|�h*o�t�|�t�wx�$g�s$klw�ky�x|�¥Z{�s$s�h�iy��o=m
s(¥	ml��m
��z�{�¿yh

m
wx����t�wxm
r�{=��m:o�o�tã��s$k����x�*h(|}¿/m
s�{=m
z�{�klwx|#{�w�z�g�hÞ��m
z*my|�h�z4|�{���h(|��uÅ
{�r�{�o=m
sjh*��h(�*��z�{�kywã�$gxm�s9my�*z$h�s�{=|�z�{���|�m
s�h�q�kl��wx�¸{�w

z$g�h ó �yÏy©?§
��©=¤�ª#�*k¡��hà� V�N*� ¥ � g�h�s$h\s�h(|�h(m
s9��g�h�s9|�q�ky��wx��{�zº�l{�ÝÞ�*��o�z�z$ke{�ra��o�h�rah�wnz�o�k���m:o�{�z³t��!�*kywx|$��{�ky�x|�o�k�my�j�xm/o�m�wx��{�w�i

N ð



����hjz$kUs���wnz�{�rjh�{�wx�*s�h(my|�h(|#{�w���m�z9my|�h�z4|�{���h(|��j²#t�wxm
r�{=��z*my|��~|�z$h(m/o�{�w�i¸�xh�z � h�h�w��xh�s$����s�k¡�*h(|$|�kys4z9ml|���Çl��h���h(| � my|

|���iyilh(|�z$h(�ÿ� V�N*� q�klspo�knml�U�xm:o=m
wx��{�w�ix��£�w~z$g�h-�xmy|�hI��myf%kys2|�{�r���o=m
z�{�kyw�¥8�x|�h(��q�kys\�8h�s�q�kls$rvm
wx�*h4�*kyra�xm
s�{=|�kywx| � {�z$g

ky��s4|$��g�h�rjhy¥�mU|�{�w�i
o�hU�*h�wnz$s*m:opz9my|��uÇy��h���h � my|#�x|�h(�uz�kU��s$k
¿y{=��h�z$g�hj|$m
rjhjh*É�h(�*z(�BW¶kyz�g�z$g�h�{�w�{�z�{=m:oº|�gxm
s$��m
wx�

r�{�w�w�k � �l{=|�z$s�{�����z�{�kywx|�q�kys�z$g�h�Ånf	�}ï\Åv�*ky����s$k��*h(|$|�kls\s$��w � h�s$h-|��yh � h(���x|�{�w�ivz�g�h4|$m
rjh-m
s�{�z$g�rjh�z�{��e��s$kyiys�h(|$|�{�kyw

��h(|$�*s�{��8h(�U{�w�Åyh(�*z�{�kyw�òn� V ��f�g�h¢|�{�r���o=m
z�{�kyw � ml|ps���wUq�kys N ð�z�{�rjh(|�z�h��x|��

�-|��xh*q�kys$hy¥�{�wx�l{�¿l{=���xm:o�z$g�s$h(my��h*��h(�*��z�{�kyw�z�{�rjh(|¶rjh(my|���s�h\z$g�h�o�k���m:o�{�z�t��!�*kywx|$��{�ky�x|¶o�knml�j�xm:o=m
wx�*h-my��g�{�h�¿yh(��{�w�z$g�h

s$��wx|����2w�h*�¡��o�{=��{�z-rjh(my|���s�h2k
q�z$g�h\o�k���m:o�{�z³t~ml�$g�{�h�¿yh(�Um
wx�arvm:{�w�z9m:{�w�h(��{=|¶z9m
�lh�wvz$k��8h-z$g�h�|���rÍk
q	z$g�hI%��x��o�{=��h(m
w

�l{=|�z9m
wx�*h(|}|�h��xm
s9m�z�{�w�i�|��x���*h(|$|³{�¿lhjÈd|�g�h(|�{�w�z$g�h�o�k���m:o��xm
s�z�{�z�{�kywu{�w�h(my��gu{�z$h�s9m
z�{�klw��vf�g�hE��myf%kys4|�{�r���o=m
z�{�kywÜ�xm
�

s9m
rah�z$h�s9|e{�wx��o��x��h(�ám V¦w¦w 	 ò/ð¸k¡�*h(m
wÜiys�{=� � {�z$gÆð w¦w¦w |�gxm
s$��|¢m�wx� N ðyñ Ú r�{�w�w�k � |���f�g�hUr�{�w�w�k � m
wx�Ü|�gxm
s$�

��s$h�h(�l{�w�i�m
iyh(| � h�s$h Ú m
wx� NPw {�z�h�s9m
z�{�kywx|#s$h(|��xh(�*z�{�¿yh*o�tãm
wx�¸z$g�hv|�gxm
s���|�z9m�s$¿/m
z�{�klw�m�iyh � ml|-|�h�z4m
z Ú {�z$h�s9m
z�{�klwx|��

Û%{�wxm:o�o�t~z$g�h-s9ml�l{��x|�k
q�{�w�z$h�s9my�*z�{�klwUq�kys2��h�z$h�s$r�{�w�{�w�i�z$g�h4rak/¿lh�rjh�wnz���s$h*q�h�s$h�wx�*h(| � my|�|�h�z2m
z2ð�iys�{=���xk
{�w�z9|��

Q Ràù�ü%`eø�[Nü

f�g�h}��s�{�rvm
s$t�iyknm:o�k
qÀz�g�h4|�{�r¢��o=m
z�{�klwx| � ml|�z$kjh�¿
m:o��xm
z$h4g�k � � h*o�o�z$g�h-��s$ky�8kn|�h(�~|�t¡|�z�h�r � my|\m
��o�h4z�kvmy��g�{�h�¿lh

�*kyrj����z*m
z�{�kywxm:o�o�knmy�u�xm:o=m
wx�*h�{�w�z$g�h}q my�*hak
q�m
w¸{�w�{�z�{�m/o�|��yh � h(�Uo�knml���l{=|�z�s�{�����z�{�kyw��j£�w�ml�$g�{�h�¿l{�w�i¸o�knmy�¸�xm:o=m
wx�*hy¥

z$g�h��*klrj����z9m
z�{�kywxm/o2o�k���m:o�{�z�t r�m:{�wnz9m/{�w�h(� kys~my��g�{�h�¿yh(� � my|Um
w�klz$g�h�sU�xh�s�q�kys$r�m
wx�*hurjh(my|���s$h�h*�¹m
r�{�w�h(�Z�Ëf�g�h

z$g�s$h�h~m�����o�{=��m
z�{�klwx|U�$g�kn|�h�w � h�s�hUs$h���s$h(|�h�w�z9m
z�{�¿yhUk�q2z$g�h~s*m
w�iyh�k
q2o�k���m:o�{�z³tÆm�wx��o�k�my�ã�xm:o=m
wx�*h � ���¡h(|�w�kys$rvm:o�o�t

h�wx�*ky��w�z$h�s$h(�Ã{�wu�xm
s9m:o�o�h*op��s$kyiys*m
rv|��\f�g�h���wx|�z�s$�x�*z$��s$h(�¸rjh(|�g�|�{�r���o=m
z�{�kywuh*��h�rj��o�{�Èxh(|}m
����o�{=��m
z�{�kywx| � {�z�g�|�z9m
z�{=�

o�k¡��m/o�{�z�tä��gxm
s9ml�*z$h�s�{=|�z�{=��|�¥�z$g�h¾ ����xk���tä|³{�r���o=m
z�{�kywâz�tn��{�Èxh(|�|�o�k � o�tÆ��gxm
w�i
{�w�i�o�k¡��m:o�{�z�{�h(|�q�kys�È���h(�Æ��m�z9my|�h�zv|³{���h(|

� g�{�o�hh��mlf�kys���s$k����x�*h(�Us*m
��{=�lo�t � �x�*z$�xm
z�{�w�iao�k¡��m/o�{�z�{�h(|#m
rjkyw�ij|�o�k � o�t�¿/m
s$tl{�w�iv��m
z9ml|�h�z\|�{���h(|��pÛ%{�s9|�z(¥8Åyh(�*z�{�kywuó�� N

��s$h(|�h�w�z9|¶z$g�h-m
����o�{=��m
z�{�kyw~h*��h(�*��z�{�kywU�8h�s�q�kls$rvm
wx�*h(|��¶Åy���x|�h(Çl��h�w�z�o�ty¥xz$g�h#�xh�s�q�kys�rvm
wx�*h#k
q	z$g�h}Ånf	�4ï�Å¢w�h�z � kys$�e{�|

��h(|$�*s�{��8h(�U{�w�Åyh(�*z�{�kyw�ó�� V �

S R87 K¨c
c=GH>8a�<,?�>NM&AT��^,I�U
M&IhEQ<+A
a>^

f�g�hj�8h�s�q�kys$rvm
wx�*hak
q\h(my�$gÜm
����o�{���m�z�{�kywÜ{=|-rjh(my|���s$h(�u{�w�z�h�s$rv|-k�qºh*��h(�*��z�{�kywÜz�{�rjh(|4m�wx��m
����o�{=��m
z�{�kyw��!|��8h(��{�Èd�

o�k¡��m/o�{�z�tUrjh(my|���s$h(|�ky��z�o�{�w�h(�Ã{�w�Åyh(�*z�{�kyw�òn�

VVõY÷>õY÷ ë�Æ�����MC���C�C��M�$>O ¯�$>�CÇÀD	$>M�Ä8LNM��³ÁVÆ��C$>�

f�g�h��xm
sp��gxm
s$z�{�wvÛ%{�iy��s$heò\��s$h(|�h�w�z9|�z$g�h¶{�wx�l{�¿l{=���xm:o	z$g�s�h(my�}h*�¡h(�*��z�{�kywaz�{�rjh(|�q�kys�m
wvó#��s$k��*h(|$|�kyspì�wx|�z$s��x�*z$��s$h(�

´¸h(|�gUs$��w��x|�{�w�ivz�g�h4Ånf	�}ï\Åj�*ky��s$k��*h(|$|�kys2|��$g�h�rjhy�¶f�g�h\{�w�{�z�{=m:op|��yh � h(���l{�|�z$s�{�����z�{�kyw~k�qÀ��s$k��*h(|$|�{�w�i�o�knml�Um
rjkyw�i

N ñ



Iteration Number

Ti
m

e 
(s

ec
)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

2
5

2
7

2
9

3
1

3
3

3
5

3
7

3
9

4
1

4
3

4
5

4
7

4
9

Û%{�iy��s�h�òn×pì�wx|�z$s$�x�*z$��s�h(�~´¸h(|�g~ó r s$k¡�*h(|�|�kys#Ånf	�4ï�Å*u���w�×�×¶f�g�s$h(my�K%À�¡h(�*��z�{�kywuf¶{�r�{�w�in|

£�w�{�z�{�m/oW68&%";689j± N |�z�£!z$h�s*m
z�{�kywZµ Û%{�wxm:oX68&!";689�±³ð w z$g�£!z$h�s9m�z�{�kywZµ
è r s$k��*h(|$|�kys*| w � N ñ V ð�ò w w � Ú ñyôyðyð�ò
ó r s$k��*h(|$|�kys*| w � N ðyó N è N w � V è VyVyÚ è
N ñ r s�k¡�*h(|$|�kys9| w � N ò/ô V ôyó w � N ôyó Ú è�ò
V è r s�k¡�*h(|$|�kys9| w � N ð wlV òyò w � N ò N ó�òyò

f	m���o�h Ú ×�ì\wx|�z$s$�x�*z$��s$h(�¸´¸h(|�g¾xZk���m:o�{�z�t~´¸h(my|���s�h�rjh�wnz*|¶q�kls2Ånf��4ï\Å

z$g�hjm
����o�{=��m
z�{�kywÜz$g�s$h(my��|es$h(|���o�z9|�{�wÜz$g�hj|�z$h����?o�{��yhvz�g�s$h(my�¸h*�¡h(�*��z�{�klw�z�{�r�{�w�in|4m�z-z$g�hjh�wx�uk
q�z$g�h}Èxs9|�z#{�z$h�s9m�z�{�kyw��

ïpkyra����z9m
z�{�kywxm:o%o�k�my�U�xm:o=m
wx�*he{=|2my��g�{�h�¿yh(�um
s$ky��wx��z�g�h4z$h�w�z$gU{�z$h�s*m
z�{�kyw���f�g�h(|�h4kl�x|�h�s$¿/m�z�{�kywx|2m/o�|�kvg�k
o=�Ãz$s$��h-q�kys

|�{�r���o=m
z�{�kywx| � {�z�g�èx¥ N ñUm
wx� V èv��s�k¡�*h(|$|�kys9|��B �kyz$h�z$gxm
z#z$g�h�s$h�{�|ew�kUh*�¡��o�{=��{�zj|�h��xm
s9m
z�h4o�knml�u�xm:o=m
wx��{�w�iukys4��m
z9m

�xm
s$z�{�z�{�klw�{�w�i���gxmy|�hy¥¹��w�o�{��yh�z$gxm�z\s$h(Çl��{�s�h(��{�w�mj|�k
q�z � m
s$h#|�k
o���z�{�kyw��

f�g�hv|�t¡|�z�h�r»��h�rjkywx|�z$s*m
z$h(|-|��x���*h(|$|³{�¿lh*o�tÜ�xh�z�z$h�s-o�k���m:o�{�z�t���gxm
s9ml�*z$h�s�{=|�z�{=��| � {�z�g�{�w�o�k¡��m/opo�knmy�u�xm�s$z�{�z�{�kywx|-�x|³{�w�i

z$g�h}Ånf	�4ï�Å��*ky��s�k¡�*h(|$|�kys\|$�$g�h�rahy�Àfºg�h(|�h-s$h(|���o�z9|�m
s$h#��s$h(|�h�w�z$h(��{�w~f	m
��o�h Ú ���-|¶z$g�h2w���r��xh�s�k
q	��s�k¡�*h(|$|�kys9|��x|�h(�

{�w~z$g�h4|³{�r���o=m
z�{�kywÃ{=|�{�wx�*s$h(my|�h(�Z¥xz$g�h-�xm�s$z�{�z�{�kywxm:oÀ�*klwnz�{�iy��{�z�t�k
qÀh(ml�$gUz$g�s�h(my�V¼�|¶o�knmy���xm�s$z�{�z�{�kyw~��wx��h�s�iyknh(|#m�|�o�{�iygnz

��h�iys9ml��m
z�{�kyw��	fºg�h�s�h(my|�kyw#{=|�z$gxm
z%z$g�h�o�knmy�}iys*my�l{�h�wnz���s$k����x�*h(�4��t-z$g�h�m
s�{�z$g�rjh�z�{=�¶��s$kyils$h(|$|�{�kywe{�|Êo�h(|$|���s$kyw�kl��wx�*h(�

my|�z�g�h-wn��r��xh�s#k
q���s$k��*h(|$|�kys9|�{�|º{�wx�*s$h(my|�h(�Z¥¹q�kys2m}È���h(�~��m
z*my|�h�z\|�{���hy�#ïpkywx|�h(Çl��h�w�z�o�ty¥�q�h � h�s\z*my|���r�{�iys9m
z�{�kywx|�m
s$h

s$h(Çl��{�s$h(�ãz$kÜ�*kys$s$h(�*zjz�g�hU{�w�{�z�{=m:o2o�knml�ãiys9ml�l{�h�w�z(¥�o�h(my�l{�w�iãz$k¸q�h � h�sv��gxm
wx�*h(|az$ku{�rj��s$k
¿yhUiyh�kliys9m
��g�{=��m:o\o�k���m:o�{�z³ty�

y�k � h�¿yh�s:¥
z$g�h\o�k���m:o�{�z³tarjh(my|���s$h}±768&%";689
µ	k�qÊz�g�h2|�t�|�z$h�r­m/o � m:t�|p|�g�k � |�m
wa{�rj��s$k
¿yh�rjh�w�zpk
¿yh�s�z�g�h\{�w�{�z�{=m:o�¿/m:o���h(|��

N ò



Iteration Number

T
im

e 
(s

ec
)

0

2

4

6

8

1 0

1 2

1 4

1 2 3 4 5 6 7 8 9 1 0 1 1

Û%{�il��s$h¢ó�×0W�m
s$w�h(|»y\��z-ó r s$k��*h(|$|�kyseÅnf	�4ï\Å*uº��w�×�×pfºg�s$h(my�K%���h(�*��z�{�kywuf¶{�r�{�w�in|

VVõY÷>õ�ö «�Á.MCÆV$��ZY¨�V�*D	$>M�Ä8LNMC�¨ÁVÆ��C$��

f�g�h#�xm
s\�$gxm�s$z�{�w~Û%{�iy��s$h-ó�m
wx�vÛ%{�iy��s�h�ô}��s$h(|�h�w�z9|¶z$g�h�{�wx�l{�¿l{=���xm:o�z$g�s$h(my�ah*�¡h(�*��z�{�klwUz�{�rjh(|�q�kys�m
wUó¢m�wx�vm ÚyV

��s$k��*h(|$|�kys%s$��w�¥
�x|�{�w�i2z�g�h�Ånf	�4ï\Å-�*ky��s$k��*h(|$|�kys�|$�$g�h�rah�q�kys	my��g�{�h�¿y{�w�i�o�k���m:o�{�z�t¢m
wx��o�k�my�#�xm:o=m
wx�*hy¥ym
inm/{�w}�xh�i
{�w�w�{�w�i

� {�z$g~m
w�{�w�{�z�{=m:op|��yh � h(�U�l{=|�z$s�{�����z�{�kyw¸k
q���s$k¡�*h(|�|�{�w�i�o�knmy�~m�rjkyw�i�z$g�h4m
����o�{=��m
z�{�kyw¸z$g�s$h(my��|��ºïpkyrj����z9m�z�{�kywxm:oZo�knmy�

�xm:o=m
wx�*h�{=| � {�z$g�{�wjz�g�hpÈxs*|�z�z$g�s$h�h¶{�z$h�s9m
z�{�klwx|���Åy���x|�h(Çl��h�w�z�o�ty¥nz�g�hpo�knml�4�xm/o�m�wx�*h2my��g�{�h�¿lh(�}{�wjz$g�h�s$��w}{=|�rvm:{�wnz*m:{�w�h(�

¿yh�s$t � h*o�opk
¿yh�s#z$g�h�h�w�z�{�s$hjs$��w��4fºg�h(|�hjky�x|�h�s�¿/m
z�{�kywx|#g�k�o���z$s$��h}q�kls N ñUm�wx� V èv��s$k��*h(|$|�kls-s$��wx|-my| � h*o�o�m
wx�um
s$h

w�kyz\��s�h(|�h�wnz�h(�U����h4z$kv|��xmy�*h#o�{�r�{�z*m
z�{�kywx|��

Ä\wx�*hao�k�my�u�xm:o=m
wx�*h�gxmy|#�xh�h�wÜs$h(my|�kywxm
��o�t�my�$g�{�h�¿yh(�Z¥�|����x|�h(Çy��h�w�z�z9my|��¸z$s9m
wx|�q�h�s9|}±�{�q2m
w�txµ2m/{�rÌm
z4h�w�gxm�wx��{�w�i

o�k¡��m/o�{�z�t � g�{�o�h-r�m:{�wnz9m/{�w�{�w�i�o�knml�j�xm:o=m
wx�*hy�¶f�g�{=|���m�wv�8h�|�h�h�wa{�wUz$g�h2�l{���{�wUz$g�h\z$g�s�h(my�jh*��h(�*��z�{�kywUz�{�r�{�w�in|�m
z¶z$g�h

z$h�w�z$g}{�z$h�s9m
z�{�kyw�����o=|�kx¥yz�g�hº|³o�k � o�t}¿/m
s$tl{�w�i-o�k���m:o�{�z�t}{=|p��m
��z���s$h(� � h*o�ox��t4z$g�h#Ånf	�}ï\Å-rjh(��gxm
w�{=|�rçs$h(|���o�z�{�w�ie{�wjz$g�h

{�rj��s$k
¿yh(�Ãh*�¡h(�*��z�{�kywuz�{�r�{�w�in|���s$h(|�h�w�z$h(�Þ{�w�f�m
��o�h�èx�\Ä\w�h}s$h(my|�klwUq�kys\z$g�heo�m�s$iyh¢�l{=|$�*s�h��xm
wx��{�h(|�{�wuz$g�h}h*�¡h(�*��z�{�klw

z�{�r�{�w�in| � ml|�z$g�h�o�knmy�}{�r��xm:o=m
wx�*h(|À{�w�g�h�s�h�wnz¶{�wjz$g�h-ï¶kn|�z$��kyw�h(|�|��$g�h�rjhy��f�g�{=|�{=|�{�o�o��x|�z$s9m
z�h(��{�wvÛ%{�iy��s$h N�w �$gxm�s$z�{�w�i

z$g�h#{�wx�l{�¿y{=���xm:o�z$g�s$h(my��h*��h(�*��z�{�kywuz�{�r�{�w�in|ºq�klsºm�w�ó���s$k��*h(|$|�kls-ïpkn|�z���kyw�h2s���w�¥ � g�h�s�h*{�w¸kyw�h4z�g�s$h(my�¸±!z$g�s�h(my�[�¢ó�µ
z9m
�lh(|�m/o�rakn|�z\z � {=�*h¢ml|pr��x��g~z�{�rjh#{�wu�*kyrj��o�h�z�{�w�ij{�z9|#�*kyrj����z*m
z�{�kywx|\my|ºkyz$g�h�s\z$g�s�h(my��|��

 �kyz$hUz$gxm
z�ky��saiyknm:o\g�h�s$h�{=|az$k��x|�h~mu��w�k � wÆ|$��g�h�rjhUz$k��*klrj�xm
s$h~m
wx�Üh�¿
m:o��xm
z$h¸z$g�hU�xh�s�q�kys$r�m
wx�*h~k
q#ky��s

��s$ky�8kn|�h(� m�s9�$g�{�z$h(�*z���s9m:o¢|������8kys$z�|�t¡|�z�h�r~�ù��h��*kywx|�{=��h�s~z�g�h�s$h(|���o�z9|¸mã|��x���*h(|$|Uh�¿lh�wá{�q�z�g�h��xh�s�q�kys$r�m
wx�*h¸{�|

N ó



u���w�Å
{���h Ånf��4ï\Å*u���wuf¶{�r�{�w�i~±�|�h(�:µ ïpkn|�z$��kyw�hhu���wuf¶{�r�{�w�i~±³|�h(�:µ
ó r s$k¡�*h(|�|�kys9| ó N ��ð Ú¹N�w ènô N(V ô¹�Áè�ò wyV ò N
N ñ r s$k��*h(|$|�kys*| ôyó���ô
è V¦wyÚ ô N�w è8��òyò/ñ NPwyÚ
V è r s$k��*h(|$|�kys*| ñyð�� wyV ô
è ÚyV N�w ñ¹� N(V óyñ¡ò/ñ
ÚyV r s$k��*h(|$|�kys*| ñ w � w ó Ú ðyðyó ò
ó�� Ú�N ò V èyè

f�m
��o�h4èx×�W�m�s$w�h(|&y���z�%���h(�*��z�{�kyw�f�{�r�{�w�i�|-±$Ånf��4ï\Åvm
wx�¸ï¶kn|�z$��kyw�h(|@µ

Iteration Number

Ti
m

e 
(s

ec
)

0

2

4

6

8

1 0

1 2

1 4

1 6

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3

Û%{�iy��s$h4ô¹×
W�m
s$w�h(|&y���z ÚyV r s$k��*h(|$|�kys-Ånf��4ï\Å*u���wÜ×�×�f�g�s$h(my�K%À�¡h(�*��z�{�klw�f¶{�r�{�w�in|

N ô



Iteration Number

T
im

e 
(s

ec
)

0

5

1 0

1 5

2 0

2 5

3 0

1 2 3 4 5 6 7 8 9

Û%{�iy��s�h N�w ×0W�m
s$w�h(|»y\��z2ó r s$k��*h(|$|�kyseïpkn|�z%\8kyw�h(|Åu���w�×�×¶f�g�s$h(my�K%À�¡h(�*��z�{�kywuf¶{�r�{�w�in|

�*kyrj�xm�s9m
��o�h � {�z$gUh(|�z9m���o�{=|�g�h(�u|�k�q�z � m
s$h2|��$g�h�rjh(|M¥x|��x��g~my|#ïpkn|�z%\xkyw�h(|�¥ � g�{=�$g¸s$h(Çl��{�s�h¢m
w�h*�¡��o�{=��{�z4|�h��xm
s9m�z$h#o�knmy�
�xm:o=m
wx��{�w�iU��gxmy|�hy�ºÄ\��s�q�k��*�x|º{�|ºw�kyz\kywUz$g�h}h�¿/m:o��xm
z�{�klw�m
wx�U�*s�{�z�{=Çl��h�k
qÀz�g�h-h(|�z9m
��o�{=|�g�h(�u|$��g�h�rjh(|�z$g�h�rv|�h*o�¿lh(|��

VVõY÷>õ ý ]mÁ.��LNM�D	$�M1Ä@LVMC�¨ÁVÆ �C$>�

Û%{�iy��s$h NyN m
wx�UÛ%{�iy��s$h N(V |�g�k � z$g�h#{�wx�l{�¿l{=���xm:o�z$g�s$h(my�ah*�¡h(�*��z�{�klw~z�{�r�{�w�in|¶q�kys\m
wUó�m
wx� V è���s$k��*h(|$|�kysÅ��myf%kys

s$��wã�x|�{�w�iÜz$g�h�Ånf��4ï\Å��*ky��s�k¡�*h(|$|�kysjrjh(��gxm
w�{=|�r~�Æfºg�hUh*�¡h(�*��z�{�kywáz�{�r�{�w�in|�|�g�k � wãm
s$hUkyw�o�tÜq�kysjz$g�h~´Ã{�w�w�k �

���d��m�z$hUo�k�ky��¥�ml|�z$g�{=| � my|}q�ky��wx�Üz$k��8hUs$h(|��8kywx|�{���o�huq�klsvò
ð z z$k�ô w{z k
q-z$g�hUz$klz9m:o\h*�¡h(�*��z�{�klwÆz�{�rjhy�Æfºg�{�|¢{�|

h�¿l{���h�w�z#q�s$kyr f�m
��o�hjðj��s$h(|�h�wnz�{�w�iUz$g�h}h*�¡h(�*��z�{�klw�z�{�r�{�w�i�|�q�kys�s$��wx|#�x|�{�w�ivz�g�hvÅnf��4ï\Åv�*ky��s�k¡�*h(|$|�kys2rah(�$gxm
w�{=|�r

m
wx�}z$g�h#í4h�w�z$s9m:o�z9my|���^���h���h-±$ï&ñ-µZo�knml�4�xm/o�m�wx��{�w�i}rjh(��gxm
w�{=|�r~��f�g�h#Åygxm
s$��ì\�Z��m
z$h¶o�knky��z�{�r�{�w�in|¶m
s$h¶z$g�h�s$h*q�kys$h
w�kyz���h(|$�*s�{��xh(��g�h�s$hy�Uf�g�hjh*��h(�*��z�{�kywÜz�{�r�{�w�in|e{�wx�*s�h(my|�hvmy|ez$g�hv|�t�|�z$h�r h�¿lk
o�¿yh(|�¥�����hjz$kUiys�k � z$g¸{�wÜz$g�hv��m�z9my|�h�z

|�{���h(|�T¹o�knmy���xm:o=m
wx�*he{�|�rvm:{�w�z9m:{�w�h(��{�wu|���{�z$h4k
q�z$g�{=|���g�h�w�kyrah�w�kyw��

£!ze{=|4h�¿l{=��h�wnz}q�s$kyr»f�m
��o�hÞðÃz$gxm
z}z$g�hUÅnf	�}ï\Å��*ky��s$k��*h(|$|�kls4s$��wx|�|$��m:o�h � h*o�o¶{�w��8h�s�q�kls$rvm
wx�*hy�Uf�g�{=|}rvm:t~�8h

�xh(��m��x|�h4z$g�h��*h�wnz�s9m:o�z9my|��UÇl��h���h¢my�*z9|�my|�m��xkyz�z�o�h���w�h(�$�~m
wx�¸��h�iys9my��h(|ºz$g�h-�xh�s�q�kys$r�m
wx�*hy��y�k � h�¿yh�s(¥yz�g�h-o�k¡��m/o�{�z�t

��gxm
s9my�*z$h�s�{�|�z�{=��|�k
qxz$g�h�s$��wx|���s$h(|�h�w�z$h(�}{�wvÛ%{�iy��s$h N(Ú m
wx��Û%{�iy��s$h N(Ú {�o�o��x|�z$s9m
z$h#z$gxm
z�z$g�h-Ånf��4ï\Å4�*ky��s$k��*h(|$|�kls�s$��wx|

my��g�{�h�¿yhj{�wx�*s$h(ml|�{�w�i
o�t��8h�z$z$h�s4h*��h(�*��z�{�kyw�o�k¡��m:o�{�z�ty��fºg�{�| � my|-w�kyz}z$s$��h�{�wÜz$g�hUï&ñßs$��wx|�¥ � g�h�s$h*{�wÜz$g�hvh��x��o�{=��h(m
w

�l{=|�z9m
wx�*h(|#�8h�z � h�h�w�|��x���*h(|�|�{�¿yh�Èd|�g�h(|#���Z��m
z$h(�u|�z9m:tyh(�¸�*kywx|�{=|�z$h�w�z�o�t�m
z-m
�8ky��z4ò
ðU±³|�h�h¢Û%{�iy��s$h N è�µ*��y�k � h�¿yh�s:¥�{�w

h(my��gjk
q�z$g�h-Ånf��4ï\Å4s���wx|�¥yz$g�h�{�wnz�h�s$��z9my|����l{=|�z9m
wx�*h(|���h(�*s$h(my|�h\q�s$kyrçm
w�{�w�{�z�{=m:o�g�{�ilgvk
q�ò/ð-z�k#o�h�¿lh*oÊk�ÉÃm
z�m
�xkl��zpè w

V¦w



Iteration Number

T
im

e 
(s

ec
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

Û%{�il��s$h NyN ×¹�Ümyf�klsºó r s$k��*h(|$|�kyseÅnf	�4ï\Å*uº��w�×�×pfºg�s$h(my�K%���h(�*��z�{�kywuf¶{�r�{�w�in|

Iteration Number

T
im

e 
(s

ec
)

0

0.1

0.2

0.3

0.4

0.5

0.6

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

Û%{�iy��s$h N:V ×0��myf%kys V è r s$k��*h(|$|�kys#Ånf	�}ï\Å*u���w�×�×pf�g�s$h(my�K%À�¡h(�*��z�{�klw�f¶{�r�{�w�in|

V�N



u���w�Å
{���h Ånf��4ï\ÅU±³´Ã{�w�w�k � xZk�ky�Zµ ï&ñà±�´U{�w�w�k � xZk�ky�Zµ Ånf��4ï\ÅU±$Åygxm�s$�·xÊknky�Zµ ï&ñà±$Åygxm
s$�KxZk�ky�Zµ
è r s$k��*h(|$|�kls9| VlÚ ��ñyôyðlôyð V |�h(� V ð�� Ú�N è�óyñ N |�h(� èx��ñ¡ò/ôyð
è w |�h(� è8� N(V ñ
è�ó�ò�|�h(�
ó r s$k��*h(|$|�kls9| NlN � N(ÚyVlÚ ó Ú |�h(� N:Ú � w ó V óyôyð-|�h(� N ��ô�ènó�ò V ô}|�h(� V � N ò Ú ò NyN |�h(�
N ñ r s$k��*h(|$|�kys*| ñ�� N è�ñ wyÚ ò-|�h(� ô�� w¦wdw ôyð Ú |�h(� N � N ñyñ N(ÚyV |�h(� N ��ð V óyð Ú¦w |�h(�
V è r s$k��*h(|$|�kys*| èx�Áèyè�ñ w ô N |�h(� ó�� N ðlð V ð w |�h(� w ��ó¡ò(è VyÚ�N |�h(� N �Áè Ú¦w ó w ò�|�h(�

f	m���o�h�ð�×0��mlf�kys&%À�¡h(�*��z�{�kywuf¶{�r�{�w�in|e±$Ånf	�4ï�Åvm
wx�¸í4h�w�z$s9m:o	f�my|��[^¢��h���ha±$ï&ñ-µ�u���wx|@µ

Iteration Number

P
ar

tit
io

n 
In

tr
a-

Ta
sk

 D
is

ta
nc

e

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

Proc24::Thread15

Proc16::Thread0

Proc8::Thread3

Proc4::Thread2

Û%{�iy��s$h N(Ú ×0��myf%kys#Ånf	�4ï�Åjs$��wx|&xZk���m:o�{�z³tÜ×�×�f�g�s$h(my��£�wnz�s9m
�!f�my|��U²�{�|�z9m
wx�*h(|
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

my|�{�w�Û%{�iy��s$h N:Ú ��f�g�{=|¶{�wx�l{���m�z$h(|\z�gxm
z�z$g�h\o�k���m:o	�xm
s�z�{�z�{�kywx|¶{�wUz$g�h�Ånf	�}ï\Åjs$��wx|�my��g�{�h�¿lh(��{�wx�*s$h(my|�{�w�iU�*kyw�z�{�iy��{�z³t

m
wx�Ü�*kyrj�xmy�*z�w�h(|$|j©?¬Ü�!�Z©=¤� U§�ÐU¤?�n U©?¬x¨:·³ *�
��©=¬�Ö~Ïl�y¤��
�� (¤#��©��� ����*y�h�wx�*hy¥ � hv�*kywx��o��x��h~z�gxm
z-o�k���m:o�{�z�t�r�m:{�wnz$h�wxm�wx�*h

��k�h(|4��o=m:tãm~s�k
o�hj{�wãz$g�h��xh�z$z�h�sj�xh�s�q�kys$r�m
wx�*hv�8h�tykywx� � gxm�z¢�*ky��o=�Ü�xhUh*���xh(�*z�h(�Æ����h�z$kuz$g�hvz�g�hÞ�*h�w�z$s9m:o\z9ml|��

Çl��h���h4�xklz$z�o�h�w�h(�$��{�w¸z$g�h�ï&ñæs���wx|��

S R\[ }4CK¥ :K} P°^z?%f�M&I�Og�h^1I�U
M&I�EQ<+A�a>^

£!waz$g�{=|�|�h(�*z�{�kyw�¥ � h�h*�xm
r�{�w�h\z$g�h�w�h�z � kys$�4|�{���h(|�h�¿lk
o�¿yh(��m
wx��z$g�h\|$m
ra��o�{�w�i}h*ÝÞ��{�h�wx�*t¢k�qdz$g�h#Ånf	�}ï\Å-w�h�z � kys��¡|

{�w~z$g�h-z�g�s$h�h¢m
����o�{=��m
z�{�kywx|M�

VVõ�ö.õY÷ î��E¡~íaîÀ�K${��JÊLVM�Ëâî��,hd$��
Ånf	�}ï\Å-w�h�z � kys��¡|�k
q � {=��h*o�tj¿/m
s�ty{�w�i¢|³{���h(| � h�s$h�h�¿yk
o�¿yh(�Z¥l��wx��h�s9|$�*kys�{�w�i�z$g�h�w�h�h(��q�klspm#w�h���s9m:odw�h�z � kys$� � g�kn|�h

m
s9��g�{�z$h(�*z$��s$h���m
w4�8h\my��m
��z$h(�}m
��z$kyrvm�z�{=��m:o�o�t4����s�{�w�i-z�g�hph*��h(�*��z�{�kywj��h��xh�wx�l{�w�i4kyw}z$g�h�m�����o�{=��m
z�{�klw��pÛ�kys%h*�¹m
ra��o�hy¥

z$g�h�w�h�z � kys$�4|�{���h(|�¿
m
s�{�h(�}q�s$kyràð w w�h���s$kywx|¶±�f�g�s$h(my��ðº{�waz$g�h\ó#��s$k¡�*h(|�|�kys�s$��wZµ�z$k-ó#w�h���s$kywx|¶±�f�g�s$h(my��ó�{�w�z$g�h N ñ

VyV



Iteration Number

P
ar

tit
io

n 
In

tr
a-

Ta
sk

 D
is

ta
nc

es

6 2

6 4

6 6

6 8

7 0

7 2

7 4

7 6

7 8

8 0

8 2

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

Proc24::Thread15

Proc16::Thread0

Proc8::Thread3

Proc4::Thread2

Û%{�iy��s$h N è8×0��myf%kys#ï&ñ s$��wx|	xZk���m:o�{�z�t�×�×�f�g�s�h(my�U£�wnz$s*m
�!f	ml|��v²�{=|�z9m
wx�*h(|
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

��s$k��*h(|$|�kys#s$��wZµ¶{�w~z$g�h�ì\wx|�z�s$�x�*z$��s$h(�u´¸h(|�g�m�����o�{=��m
z�{�klw�¥8{�o�o��x|�z$s*m
z$h(�Ã{�w�Û%{�iy��s�h N ð��&W¶��z(¥8�xklz$g~z$g�hEW�m
s$w�h(|��@y���z

m
wx�¸z$g�hE��myf%kys#s$��wx|-|�g�k � iys$h(m
z#¿/m
s�{�m�z�{�kywx|�{�w�w�h�z � kls$�~|�{���h(|#s9m
w�i
{�w�iU�8h�z � h�h�w V¦w¦w m
wx�¸ènðaw�h���s$kywx|}±!z�g�s$h(my�

N ñ}{�w ÚyV ��s$k¡�*h(|�|�kys�W�m
s$w�h(|»y\��z#s$��wZµ9¥�my|\|�h�h�wU{�w�Û%{�iy��s$h N ñjm
wx�UÛ%{�iy��s$h N òn�

£!w�z$g�{=|4|�h�wx|�hy¥%z$g�hjw�h�z � kys$�~|�{���h(|}m
wx�u¿/m�s�{=m
z�{�kywx|#{�wã|�{���h(|-��s$k
¿l{=��hvm�iyk�k¡�¸{�wx�l{=��m
z�{�kywÜk
q�z$g�h�o�k¡��m/o�{�z�t � ���¡h(|

{�w�g�h�s$h�w�z\{�w~z�g�h4m
����o�{���m�z�{�kywx|�×

� Åyz9m
z�{=�¶o�k���m:o�{�z�tv��gxm
s9ml�*z$h�s�{=|�z�{=��|pm�wx�j|�z9m
z�{�����m
z9my|�h�zp|³{���h(|À{�wvz$g�h#ì\wx|�z�s$�x�*z$��s$h(�j´¸h(|�g�m
����o�{���m�z�{�kywU��s$k����x�*h(�

o�{�z$z�o�hy¥¹{�q�m
w�ty¥ � �x�*z��xm
z�{�kywx|º{�w¸z$g�h4�*kys$s�h(|��xkywx�l{�w�i¸Ånf	�4ï�Åjw�h�z � kys��Þ|�{���h(|��

� ���l{=m
�xm
z�{���m/o�o�tU¿
m
s$tl{�w�i�o�k���m:o�{�z�tÞ��gxm
s9my�*z�h�s�{=|�z�{=��| � {�z$gU|�z9m
z�{��#��m
z9ml|�h�z\|�{���h(|¶{�wUz$g�h�W�m
s�w�h(|�y���z2m
����o�{=��m
z�{�kyw�¥

w�h�h(��h(�uo=m
s$ilhjw�h�z � kls$�¡|�z$kUrvm���z$g�h�{�w�{�z�{=m:o-ï�´�Å�Å��l{=|�z$s�{�����z�{�kyw��¸Åy���x|�h(Çl��h�w�z�ml�l{�m��xm
z�{=�j��gxm
w�iyh(|#{�wÜz$g�h

o�k���m:o�{�z�t4|����x|��xmy�*h(|�m
s�h�z$s9my���yh(�#��t-z$g�h�kyw�o�{�w�h � h*{�ilgnz	ml��m
��z9m
z�{�kywx|%����s�{�w�i-��s$k¡���x�*z�{�klw4�x|�h�m
wx�-z$g�h¶w�h�z � kls$�

|�{���h¢|�g�s�{�w���|\z�k¢r�m
�Ukyw�o�tUz$g�h4my�*z�{�¿yh�|����x|��xmy�*h(|M�

� ²#s9m
rvm
z�{���o�k���m:o�{�z³t � ���¡h(| � {�z$gumy�l{=m
�xm
z�{=��m:o�o�tu¿/m
s$tl{�w�iÞ��m�z9my|�h�z2|³{���h(|º{�wuz$g�hh��mlf�kys#m
����o�{���m�z�{�kywu��s$k¡���x�*h(|

w�h�z � kys���|�{���h(| � g�{=��gã¿/m
s�t~q!m
s�rjkys�hjz$gxm
w�{�w�h*{�z$g�h�sjk�qºz�g�hvkyz�g�h�s¢z � k~m
����o�{=��m
z�{�kywx|���fºg�{�|¢{�|���o�h(m
s�o�t�{�w

h�¿y{=��h�wx�*h�{�w�z$g�h�r���o�z�{���o�hj�xh(m
��|�{�w�z$g�h V è���s$k��*h(|$|�kys4m
wx� N ñ���s$k��*h(|$|�kys	��myf%kys#s$��wx|-my|�ky���xk�|�h(�uz$k�z$g�h

|�{�w�i
o�h4�xh(m���{�w¸z$g�hhW�m
s$w�h(|&y���z\s$��wx|M�

VyÚ



STGCS Network Sizes (Unstructured Mesh)

Time (sec)

N
o.

 o
f 

N
eu

ro
ns

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

2
5

Proc24::Thread2

Proc16::Thread8

Proc8::Thread5

Proc4::Thread3

Û%{�iy��s$h N ð¹×pì\wx|�z$s$�x�*z$��s$h(�U´¸h(|�g�×�×�Ånf	�4ï�Å* \h�z � kys$�UÅ
{���h(|
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

f�g�h(|�h¶w�h�z � kls$�2|�{���h(|¶±!k
q�z$g�h�kys*��h�s	k
q V¦w¦w w�h���s$kywx|*µ�m
s$hp|�r�m:o�on�nt-�I 	 Ügxm
s9� � m
s$h�{�rj��o�h�rjh�w�z9m
z�{�kywj��m
�xm���{�o�{�z�{�h(|

±!k
q�z$g�h4kys*��h�s\k
q	z$g�kl�x|$m
wx��|�k
q	w�h���s$kywx|@µºm
wx��g�h�wx�*h�m
s$h4m}q�h(my|�{���o�h�z$h(��g�w�k
o�kyiyty�

VVõ�ö.õ�ö î��E¡~íaîÆîVÁV�Ø"#���\ÆV×��jiÀ�d��$�Æ ���

²#��s�{�w�i�z$g�huÅnf��4ï\Å�z$s*m:{�w�{�w�iÜ��gxmy|�h(|�{�wnz�h�s9|��xh�s*|�h(�ã�8h�z � h�h�wãz$g�hU��s�k¡���x�*z�{�kywâ��gxmy|�h(|�¥�s�h*q�h�s$h�wx�*h(|¢q�s$klrÿz$g�h

�*ky��h*��h(�*��z�{�w�i~m
����o�{=��m
z�{�kyw���s$k��*h(|$|�kls�m
s�h4�l{�|�s$h�inm
s9��h(�Z�-Û¹kys\h�¿/m/o��xm�z�{�w�iUz$g�h¢m
��{�o�{�z�t�k�qÀz$g�haÅnf	�4ï�Åvgxm
s9� � m
s�h4z$k

z$s9ml�$�jz�g�h4kyw�iyk�{�w�i��*kyrj����z9m
z�{�klw�¥�z$g�h4|$m
ra��o�{�w�i�h*ÝÞ��{�h�wx�*t~k
q�z$g�hjÅnf	�}ï\Åjw�h�z � kys$�jrjh(ml|���s$h(����tvz$g�h}s9m
z�{�k

k �2l�1����m�n� ��o
�p�� `qsr
3�4�5%�! p !�!�
Ýt4pH7�2uvr
3�4w5%�p ! p4w3�o
�p�m xq

{=|2�*klrj����z$h(��h�¿yh�s$t w � Ú |�h(�*kywx��|�k
qp|�{�r���o=m
z�{�kyw���o�k��$�Uz�{�rahy�

f�g�hv|�m
rj��o�{�w�i~h*ÝÞ��{�h�wx�*t�{�|}�*kywx|�{=|�z$h�w�z�o�tug�{�iyg�{�w�m/o�o�z$g�s$h�hvm�����o�{=��m
z�{�klwx|�¥�s9m
w�i
{�w�i~�8h�z � h�h�wzy�{�| z$k ÷ {.{�|��
f�g�{=|�{�wx�l{=��m
z$h(|ºz$gxm
z�z$g�h\z�s9m:{�w�{�w�i4��gxmy|�h(|M¥n����s�{�w�i � g�{=�$g�z$g�h�s$h*q�h�s$h�wx�*h(|�q�s�kyràz$g�h\��s$k��*h(|$|�kls � h�s�h\w�kyzpÇl�xm
wnz�{���h(�Z¥

m
s$h}k
qps$h*o=m
z�{�¿yh*o�tu|�g�kys$z-����s9m
z�{�kywx|M�2f�g�{=|�{=|-|�h�h�w¸{�w�Û%{�iy��s�h N ó�q�kls2h*�xm
rj��o�hy�2²#��h�z$k��*kywx|�z$s9m/{�w�z9|�kyw�|��xmy�*hy¥Zz$g�h

��myf%kys4m
wx�uì�wx|�z$s$�x�*z���s$h(��´¸h(|�gÜÅnf	�4ï�ÅÃ|�m
rj��o�{�w�i�h*ÝU��{�h�wx�*t��*��s$¿lh(|4m
s$h�w�kyz-��s�h(|�h�wnz�h(�Z�jf�g�h�iys9m
��g¸q�kys-z$g�h

��myf%kys-|�{�r���o�m�z�{�kyw�{=|-|�{�r�{�o=m
s�z$k�z$g�h*W�m
s$w�h(|��@y\��z4|�{�r���o=m
z�{�kyw�¥ � g�{�o�h�z$g�hj|�z9m�z�{=�-o�k���m:o�{�z³tÜ�$gxm
s*my�*z$h�s�{=|�z�{=��|#k
q�z$g�h

ì�wx|�z$s$�x�*z$��s�h(�~´¸h(|�g~m
����o�{=��m
z�{�kyw¸{�wx���x�*h}o�{�z$z�o�h}¿/m
s�{�m�z�{�kywx|�{�w¸z$g�h4|$m
rj��o�{�w�i�h*ÝÞ��{�h�wx�*ty�

V è



Elapsed Time (sec)

N
o.

 o
f 

N
eu

ro
ns

0

5 0

100

150

200

250

1

1
4

2
7

4
0

5
3

6
6

7
9

9
2

1
0

5

1
1

8

1
3

1

1
4

4

1
5

7

1
7

0

1
8

3

Proc32::Thread16

Proc24::Thread18

Proc16::Thread10

Proc8::Thread7

Û%{�iy��s$h N ñ¹×
W�m
s$w�h(|��@y���z4×�×�Ånf��4ï\Å* �h�z � kls$�UÅ
{���h(|
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

STGCS Network Sizes (WaTor)

Time (sec)

N
o.

 o
f 

N
eu

ro
ns

0

2 0

4 0

6 0

8 0

100

120

1 7

1
3

1
9

2
5

3
1

3
7

4
3

4
9

5
5

6
1

6
7

7
3

7
9

8
5

Proc24::Thread15

Proc16::Thread0

Proc8::Thread3

Proc4::Thread2

Û%{�iy��s$h N ò�×0��myf%kys-×�×�Ånf	�}ï\Å* �h�z � kys��vÅ
{���h(|
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

V ð



STGCS Sampling Efficiency (Barnes Hut)

Time (sec)

S
am

pl
in

g 
E

ff
ic

ie
nc

y 
(%

ag
e)

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

100

1

1
4

2
7

4
0

5
3

6
6

7
9

9
2

1
0

5

1
1

8

1
3

1

1
4

4

1
5

7

1
7

0

1
8

3

Proc32::Thread16

Proc24::Thread18

Proc16::Thread10

Proc8::Thread7

Û%{�iy��s$h N ó¹×
W�m
s$w�h(|&y���z4×�×�Ånf��4ï\ÅUÅnm
ra��o�{�w�iK%�ÝÞ��{�h�wx�*t
DhM1L��`_�×�×¬�EÇ�M�${Á.Obadc xZk¡��m/o�{�z�tuïpgxm
s*my�*z$h�s�{=|�z�{=��|�k
qpf�g�s$h(my�.��a�{�w�m
we_Ã��s$k��*h(|$|�kys\s���w

£!wuz$g�hBW�m
s$w�h(|Iy���z4m
����o�{=��m
z�{�kywÜz$g�hjm
rjky��w�z#k
qº�*kyra����z9m
z�{�kyw¸�xh�s4s�h*q�h�s$h�wx�*h}{=|#o=m
s�iyh�s4m
wx�¸z$g�h}o=m
s$iyh�s#{�w�z$h�s$�

s$h*q�h�s$h�wx�*hUz�{�rjh(|��*kywx|�h(Çl��h�w�z�o�t m:o�o�k � z$g�hjw�h�z � kys$�uz$k�ml�$g�{�h�¿yh N�wdw{z |$m�rj��o�{�w�i�h*ÝÞ��{�h�wx��{�h(|Ã±³Û%{�iy��s$h N ó�µ9�~fºg�{�|

�*��s$¿yh�h�¿l{�wx�*h(|}g�{�iygÜq�s$h(Çl��h�wx�*t�¿/m
s�{�m�z�{�kywx|���m
�x|�h(���nt¸q!m:{�s�o�tuq�s�h(Çy��h�w�z�����z¢|�g�kys�z¢|�z�{�w�z9|-k�qºw�h�z � kys$�us$h�z�s9m:{�w�{�w�ix�

f�g�{=|ah*ÉÊh(�*z�{�|a����h~z$k�z�g�h~|�o�k � o�tÜ¿/m�s$ty{�w�i�o�k¡��m:o�{�z�t � ���¡h(|�{�wx���x��{�w�iÆ|�o�k � ¿/m
s�{=m
z�{�klwx|�{�wÆz�g�hUh�rjh�s$iyh�w�zUï�´�Å�Å

�l{=|�z$s�{�����z�{�kywx|ºk/¿lh�spz�{�rjhy��Û�klsph*�xm
rj��o�hy¥xm
z¶z$g�hÊS%}Ã�@ *¨w~%�8k
{�wnz¶{�wUz$g�h ÚyV ��s$k��*h(|$|�kys�s$��wU±�Û%{�il��s$h N ó�µ9¥
z$g�h#w�h�z � kls$�
|�{���hu±³Û%{�iy��s$h N ñÞ{�wx�*s�h(my|�h(|}q�s$kyrÌm
�xky��z N(Údw w�h���s$kywx|�z$k�m
�8ky��z V¦w¦w w�h���s$kywx|�¥��8k
{�wnz�{�w�i�z$k~w�h�z � kys$�us$h�z$s*m:{�w�{�w�i

my�*z�{�¿l{�z³t¸±³|�{�wx�*h}w�h���s$kyw�ml���l{�z�{�klwx|\k����*��s2klw�o�t~����s�{�w�i�s$h�z$s*m:{�w�{�w�i¹µ9�

Ä\¿yh�s9m/o�o!¥8z$g�h-s$h(|���o�z9|#|������8kys$z\z$g�h�my|$|�h�s�z�{�kywUz$gxm
z\�x|�h-k
q�m�w�Ånf	�}ï\Åv�*ky��s$k��*h(|$|�kyse±�q�kls�z�g�h4ky�8h�s9m
z�{�kywUz�{�r�{�w�in|

my|$|���rjh(�a{�w�f�m
��o�h N µ�{=|\m�¿l{=m
��o�h4z$h(��g�w�{=Çy��heq�kys�rjkyw�{�z$kys�{�w�ij��s�k¡�*h(|$|�kys�s$h*q�h�s�h�wx��{�w�iUmy�*z�{�¿l{�z³t~m�wx��z$g�h-w�h�z � kls$�}{�|

m
��o�hjz$kaq�kys$r���o=m
z$h�s$h(my|�klwxm
��o�t�|�z9m���o�h�rvm��x|#k
qpz$g�hjh�rjh�s�iyh�wnz}ï�´�Å�Å~�l{=|�z$s�{�����z�{�kywx| � {�z$g�ky��z-��wx����h�o�k�|$|�{�w�z$g�h

|$m
ra��o�{�w�i�h*ÝÞ��{�h�wx�*ty�

� �á^eYeb�ø@`FüZc$^eYhüæü�Ye_�� c£üZb¶`hüVüZc$^-Yhü

f�g�h}rvm:{�wus$h(|���o�z9|�k
qpky��s#h*ÉÊkls$z9|\m
s�h¢|���rjr�m
s�{���h(�ÃÈxs9|�z(�\f�g�haÅnf	�4ï�ÅÞ��o��x|�z$h�s�{�w�i¸rjh(�$gxm�w�{�|�rËq�kys�h*�¡z$s*my�*z�{�w�i

o�k¡��m/o�{�z�tU{�w�q�kys$rvm�z�{�kyw���t�wxm
r�{=��m:o�o�t¸q�s$klrÍz$g�h-{�wx�*kyr�{�w�iUs�h*q�h�s$h�wx�*h�|�z$s$h(m�r~¥�gxmy|��xh�h�wu|�g�k � w~z$ka�xh��xkyz�gUq�h(my|�{���o�h

m
wx��|��x���*h(|$|�q���o �¨xZknml�u�xm:o=m
wx��{�w�i�m
wx�uh*��h(�*��z�{�kywÜo�k���m:o�{�z�tu{=|�my��g�{�h�¿yh(��k
¿yh�s�m � {=��h�s9m
w�iyhak
q2m
����o�{���m�z�{�kywx|��U£�w

V ñ



z$g�hEW�m�s$w�h(|�y���z2m
����o�{=��m
z�{�kyw�q�kys�h*�¹m
ra��o�hy¥8z$g�h}s$h(|���o�z9|#|�g�k � mjs�h�rvm
s$�
m
��o�h-{�rj��s$k
¿yh�rjh�w�z�{�wu�xh�s�q�kys$r�m
wx�*h4k
¿yh�s

z$g�hUï¶kn|�z$��kyw�h(|-|��$g�h�rjhy��u�h(|���o�z9|e{�wÆÅyh(�*z�{�klw ó�� V {�wx�l{=��m
z�hvz$gxm�z-z$g�hjw�h�z � kys$��|³{���h(|}z$gxm�z-h�¿yk
o�¿yhv|�g�k � z$g�haw�h�h(�

q�kys�m
w�m
s9��g�{�z�h(�*z$��s9m:o�o�tÞml��m
��z�{�¿yh\w�h�z � kys$� � g�{=��gj{=|¶h(my|�{�o�t � {�z$g�{�wUz$g�h#iys9my|��¢k�q%|�z9m
z$h���k
q���z$g�h��!m
s�z�gxm
s9� � m
s$h\w�h���s*m:o

w�h�z � kys$�#{�rj��o�h�rjh�w�z9m
z�{�kywx|�s$ky��z�{�w�h*o�t¢��h(m:o�{�w�i � {�z$g�w�h�z � kls$��|³{���h(|�k
qxz$g�h�kys9��h�s�k�qxz$g�ky�x|$m
wx��|�k�qxw�h���s$kywx|��0u�h(|���o�z9|

{�w~Åyh(�*z�{�klwÞó�� V {�wx�l{=��m
z�h2z$gxm�zpw�h�z � kys$��|��*kywn¿lh�s$iyh�z$k¢|�z9m
��o�h\rvm
�x| � {�z$g�ky��z¶��wx����h\o�kn|$|À{�wvz$g�h#|$m
rj��o�{�w�i�h*ÝÞ��{�h�wx�*t

my| � h*o�o!�

Ä\w�hjk
q�z$g�hjs$h(�*��s�s$h�wnz4ml|$|���rj��z�{�kywx|�{�w�s$h(|�h(m
s*�$g¸{�wnz�k~�xm
s9m/o�o�h*o\m
wx�u�l{�|�z$s�{�����z$h(�Ü|�t¡|�z$h�rv|�¥8{=|-z�g�hv�l{�ÝÞ�*��o�z³tuk
q

my��g�{�h�¿y{�w�i��*klrj����z9m
z�{�kywxm/o�o�k�my�¸�xm:o=m
wx�*h � {�z$g�ky��z-z�g�h¢�x|�h¢k�q����Z·9©?§y·*©	��kyrvm/{�w��nw�k � o�h(��iyhy¥�|��x��g�my|���s$h(�*h(��h�wx�*h

�*kywx|�z�s9m:{�wnz*|ÿ� VyV ¥ VyÚ
� kys-o�k���m:o�{�z³t�{�w�q�kls$rvm
z�{�kyw ��ñ�¥ N ò � �¸£!wãiyh�w�h�s9m/o ¥�rjkn|�z�h*É�kys$z9|#klw�o�k���m:o�{�z�tÆ�*kywx|���{�kl�x|j��m
z9m

s$h�rvm�����{�w�i}q�kys�o�knmy�a�xm:o=m
wx��{�w�i�s$h(Çy��{�s$h#z$g�h-m:¿/m:{�o=m
��{�o�{�z�t�k
q	m}±³��t�wxm
r�{=��m:o�o�tviyh�w�h�s*m
z$h(��kys¶kyz$g�h�s � {�|�h
µ	i
o�ky�xm:o���m
z9m

��h��xh�wx��h�wx�*t¸iys9m
��g����\o�oÀ|��x��g~|�k
q�z � m
s$h2|$��g�h�rjh(|�w�h�h(�Um
wUh*����o�{=��{�z-��gxmy|�heq�kls�z�g�h-s$h�rvm
����{�w�iy�!|�t�|�z$h�r h*�¡h(�*��z�{�kyw�¥

� g�h�s$h}z$g�h¢m�����o�{=��m
z�{�klw�h*�¡h(�*��z�{�klw~{=|#gxm:o�z$h(�Z�#Û���s$z�g�h�s(¥�rjkn|�z2h*É�kys$z*|pgxm:¿yh}w�kyz#h*�¡��o�kys$h(�u��t�wxm
r�{=��m
wx�~ml��m
��z�{�¿yh

m
����o�{=��m
z�{�kywx|-|��x��g~my|�z�g�hhW�m�s$w�h(|��@y���z2kys�z$g�hI��myf%kys\|�{�r���o�m�z�{�kyw~h*����o�kys$h(�Ã{�w~z$g�h4�*��s$s�h�wnz � kys��d�

£!w�ky��s�|�t�|�z$h�r~¥
z�g�hpi
o�ky�xm:o�o�t�iyh�w�h�s9m
z�h(�4��m
z9m#��h��xh�wx��h�wx�*taiys9m
��g}gxmy|��xh�h�w�s$h���o=my�*h(� � {�z�g¢z�g�h�o�k¡��m/o�o�tv��m���z$��s$h(�

��m
z9m���z�{�o�{�z³t}iys9m
��g���f�g�h\��m
z9m���z�{�o�{�z�t�iys9m
��ge{�|Ê{�w�h*ÉÊh(�*z�m#�*knm
s9|�h�s�|�����iys*m
��g4k
qxz�g�h���m
z9m#��h��xh�wx��h�wx�*t�iys*m
��g�¥ � {�z$g

��m
z9meh*o�h�rjh�wnz*|�o���rj�8h(�a{�wnz$keo�k¡��m:o�{�z�tÞ|����x|��xmy�*h(|���£�z�|�g�kl��o����8h2w�klz$h(��z$gxm
z¶z$g�h-m
s9��g�{�z�h(�*z$��s9m:o�my��m
��z9m
��{�o�{�z�tjk
q�z$g�h

Ånf	�}ï\Å4w�h�z � kys$�4h�wxm���o�h(|¶s$h(|�k
o���z�{�kywvk�qÊz�g�h�|����x|��xmy�*h(|�z$k}iyh�w�h�s9m
z�h2m-rjkls$h2��h�z9m:{�o�h(�a��{��*z���s$h#{�qÊz�g�h�Çl�xm
w�z�{��(m
z�{�kyw

h�s$s$kls\{=|�g�{�ilg�¥8{ � hy���l{�¿yh�s*|�h�h*o�h�rah�wnz9|#k����*��s � {�z$g�{�wuz$g�h¢|����x|��xmy�*h(|��-f�g�h�s$h(|���o�z9|�k
qpz$g�h�h*���xh�s�{�rjh�w�z9|-�*kywx���x�*z�h(�

{�wx�l{=��m
z$h4z�gxm
zpz$g�h-�*knm
s*|�h���iys9m:{�w�h(�ao�k���m:o	��m
z9m}��z�{�o�{�z�t�iys9m
��ga{=|\m}w�k
¿yh*oÊm
wx�a¿l{�m���o�h�m:o�z$h�s$wxm
z�{�¿lh2z$k�z$g�h#z$s9ml�l{�z�{�klwxm:o

Èxw�h���iys9m/{�w�h(�¸i
o�ky�xm/o%��m�z9mj��h��xh�wx��h�wx�*t¸iys9m
��gx|�q�kys#��m
��z$��s�{�w�iao�k���m:o�{�z�t�{�w�q�kys$r�m
z�{�kyw��

Åyh(�*kywx�lo�ty¥�ky��s¶s$h(|���o�z9|�m:o=|�ke{�wx�l{=��m
z�h-z$gxm
z�{�z¶{=|¶�xkn|$|³{���o�h-z$k���m
��z$��s$h-|��x��g�o�k¡��m/o�{�z�ta{�w�q�kys$r�m
z�{�kyw�kyw���z$g�h�� � t�q�s$kyr

m
w�h*�¹m�r�{�wxm
z�{�kywUk
q	z�g�h-rjk¡�l{�Èxh(�Ã��s$k¡�*h(|�|�kys�s$h*q�h�s$h�wx�*h4|�z$s$h(m�rv|�±!rjk��l{�Èxh(��z�k���m���z$��s$h#s$h*q�h�s�h�wx�*h(|\z$k}�x|�h�s$��z9m�iyiyh(�

�-´�ì#|*µ9��f�g�h\iys*my���xm:o�o�t�{�wx�*s$h(my|�{�w�i}o�k¡��m:o�{�z�t}{�wUf�m
��o�h Ú ¥yz�g�h�h*��h(�*��z�{�kyw�z�{�rjh(|�{�wUf	m���o�h�è4m
wx��z$g�h2�*klrj�xm
s9m
z�{�¿lh*o�t

�xh�z�z$h�s�o�k¡��m/o�{�z�tU{�w¸z$g�hI��myf%kys\m
����o�{=��m
z�{�kywÜ±!s$h*q�h�s2Û%{�iy��s$h N(Ú µ�|������xkls$z\z$g�{=|#��o�m/{�r¸�

f�g�{�s9�lo�ty¥Zz$g�h4��m
z*m���z�{�o�{�z�t¸iys9m
��gx|\m�s$h#o�k¡��m:o�o�t~ilh�w�h�s9m
z$h(�Um
wx�Þo�knmy�Uz�s9m
wx|�q�h�s�{�wn¿lk
o�¿yh(|\klw�o�tUz�g�h4�*��s$s$h�w�z\k � w�h�s

m
wx� z$g�hu��s$k¡�*h(|�|�kysjs$h(Çl��h(|�z�{�w�iãz$g�hu��m
z9m�Ø:z9my|��Ük � w�h�s9|�g�{����æfºgn�x|�¥�kl��sÞ|$��g�h�rjh¸{�rj��o�h�rjh�w�z9|Um
wã{�wx�*s$h�rah�wnz9m/o ¥

��h(�*h�w�z$s9m:o�{���h(�jm
wx���l{=|�z$s�{�����z$h(���xm
s9my�l{�iyr q�kls�o�k���m:o�{�z�t��!�*kywx|$��{�ky�x|Ào�k�my�}�xm:o=m
wx��{�w�ix¥ � g�{=��gj��s$kyr�{�|�h(|�z$k#�xh\|$��m/o�m���o�hy�

V ò



Û�kl��s$z$g�o�ty¥�z$g�h~��m
z9m���z�{�o�{�z�tÆils9m
��gx|jm
s�hUiyh�w�h�s9m
z$h(�ã�*klwx�*��s$s$h�w�z�o�t � {�z$gÆz$g�h¸rvm:{�wäm�����o�{=��m
z�{�klwäh*��h(�*��z�{�kywámy|

ky���8kn|�h(�Uz�k¢klz$g�h�s2|$��g�h�rjh(| � g�{=�$g¸s$h(Çy��{�s$h}z$g�h4m
����o�{=��m
z�{�kywuz$kjgxm/o�z�h*�¡h(�*��z�{�kyw���f�g�{=|º{�|#mj�l{�s$h(�*z-�*kywx|�h(Çl��h�wx�*h4k
q

ky��s�q�k��*�x|�kywUh*��z$s9my�*z�{�w�iao�k¡��m:o�{�z�t~�*kywx�*��s$s$h�w�z � {�z$g¸z$g�h4m
����o�{=��m
z�{�kywuh*��h(�*��z�{�kyw�m
z�z$g�h4m
s9��g�{�z$h(�*z$��s9m:o%o�h�¿lh*o �

Û%{�q�z�g�o�ty¥�m
wx�j|�{�iyw�{�Èd��m
w�z�o�ty¥�z$g�h2|$��g�h�rjh�gxmy|��xh�h�wv|�g�k � w�z$k � kys�� � {�z$gvm � {=��h\s9m�w�iyh�k
qÊm
����o�{=��m
z�{�kywx|�{�wx��o��x�l{�w�i

��t�wxm
r�{=�
¥�{�s$s�h�iy��o=m
s2m
wx�¸my��m
��z�{�¿yh-��s$kl��o�h�r�|��

Û%{�wxm:o�o�ty¥pm
z4mUrakys$hjm
�x|�z$s*my�*z#o�h�¿yh*o!¥�o�knmy�����xm:o=m
wx��{�w�i�m
wx�¸o�k���m:o�{�z�tÜrvm:{�w�z$h�wxm
wx�*hvm
s�hjk
q�z$h�w�|�h�h�w ml|#z$ky���!��k � w

��s$ky��o�h�rv|�{�wãz$g�h~|�h�wx|�h¸z$gxm
z�z$g�h¨����$>MUrvm��x|j��kyrvm:{�wã��w�k � o�h(��iyh�m
�8ky��zv��kyr�m:{�w��?{�wx|���{�s�h(�ä��m�z9mum
�x|�z$s9ml�*z�{�kywx|

{�wnz�k~z$g�hU�*kys$s$h(|��xkywx�l{�w�i�h*��h(�*��z�{�kyw�o�k���m:o�{�z�t ��gxm
s9my�*z�h�s�{=|�z�{=��|�m
�xky��z�m
s9��g�{�z$h(�*z$��s9m:o¶o�h�¿yh*o2��m
z9m~m��x|�z$s9my�*z�{�klwx|��KWpt

�*kyw�z$s9my|�z(¥yky��s�s$h(|���o�z9|\|�g�k � h*�x�*h*o�o�h�w�z-��s$kn|��8h(�*z9|¶q�kys\m}�xkyz$z�kyrj�����~m
����s$k�my�$g � g�h�s$h*{�wÃo�k���m:o�{�z�txØ�o�knml�����xm:o=m
wx�*hjm
s$h

|�h�h�w�my|���o�z�{�rvm
z$h*o�t��*kywx�*h�s$w�h(� � {�z$g�m
s9��g�{�z$h(�*z$��s9m/o��?o�h�¿yh*o�m��x|�z$s9my�*z�{�klwx|��2f�g�h���s$kliys9m
rjr�{�w�i�����s9��h�wukyw¸z$g�h��x|�h�s

{=|\h(ml|�h(���ntU|��x���*h(|$|³q���o�h*�¡z�s9my�*z�{�kywUk
q�o�k¡��m/o�{�z�t~m
wx�ao�knmy�Þ{�w�q�kys�rvm
z�{�kyw~m
z�z$g�{=|¶o�h�¿yh*o!�

Ràù��:ùp]Zù�Y4b�ù�ü
� NM� r �`���y²#h�w�w�{�w�ix¥Vþ���kys$�l{�w�i�Åyh�z9|%�xmy|�zpm
wx�}��s$h(|�h�w�z(¥ºÿ�Uç




 Îx·³�l¬����y¨(¤�©?§y¬��p§l¬BRZ§�Ð@¤YZ��l·³ »
�¬�Öy©?¬x * (·*©=¬�Öy¥�¿lk
o!��Åv%��

ñ�¥¹�����xñ
è��¡ó�èx¥��ym
w��xm
s$t N ôyó w �
� V�� %�� r �y´um
s��/m
z$k�|	m
wx�af-�`���¦xZh�W�o=m
wx�
¥�þ�xZknml�ÊW�m:o=m
wx��{�w�i�¿�|��bxÊk¡��m:o�{�z�tv´um
wxm
iyh�rah�wnz%{�wUÅygxm
s$h(���!´¸h�rjkys�t¢´¸��o��

z�{���s$k��*h(|$|�kls9|�¥ºÿÞ{�w � ·�§(¨�~�S �¦� X¨U9¬8¤� (·*¬x�y¤�©?§y¬8�y¦ ý §y¬�Ð� (·� (¬8¨9 �§y¬ � �l·³�l¦=¦� (¦ � ·�§(¨* ��*�@©?¬nÖl¥x�����Z£*× V ðyóp� V ñ�òn¥8�2��il�x|�zN ôlô V �
� Ú�� u-��²-my|M¥vu-� r kyw�w��x|$m
r�ty¥`���8Ånm:o�z$�y¥�m
wx��²��y´um(¿�s�{���o�{=|�¥¹þ�²�{=|�z$s�{�����z�h(�v´¸h�rjkys�tvï¶kyrj��{�o�h�sº´¸h�z$g�k���|�q�klsp£!s�s$h�iy�

��o=m
s r s$ky��o�h�rv|#��²-m�z9m�ïpky��t¾u�h��x|�hjm
wx�¨u���w�z�{�rjh r m
s$z�{�z�{�klw�{�w�i8¥ºÿUf�h(��g��Vu�h�����ô N ��ò Ú ¥�£$ïp�}Åv%\¥%Åyh���z$h�r��xh�s
N ôlô N �

�Áè � ����\dmym:q�s9m
w�{pm
wx�u´Ü�Nue�Z£!z$kx¥
þ r m
s$z�{�z�{�kyw�{�w�iUz$g�h��\o�ky�xm/o\Åy�xmy�*h}q�kys-²�{=|�z$s�{�����z$h(��´~h�rakys�{�h(|�¥ºÿa{�w � ·³§:¨w~QR�f%Ò
� 
 ó ý � � � f\ÎÃU£­ ��� ��� ¥������ ÚyV ò%� ÚyÚ ð�¥ N ôlô Ú �

��ð � ��� r �8Å
{�w�iyg�¥>�à�Á�!²��¦��h��xh�s(¥�m
wx�a�¢���#����z9m�¥�þ:Å r xÊ�4Åvy}×8Åyz9m
w�q�kys9� r m
s*m:o�o�h*o��#����o�{���m�z�{�kywx|�q�kys#Åygxm
s$h(��´¸h�rj�
kys�td¥ºÿ ý § « �Z½n¤� :·�e-·�¨���©=¤� *¨(¤�½�·� h­- �Z���¥�¿yk
o!� V¦w ¥n�����Zðp�nèlèx¥n´um
s9��g N ôyô V �

��ñ � ²���´Ü�v º{=�$g�k
o	m
wx�I�¹��y}��Ånm/o�z��y¥¹þ�²#t�wxm
r�{=��uºh�rvm
����{�w�ijk
q r m�s9m:o�o�h*oÀï¶kyrj����z9m
z�{�klwx| � {�z$gK?pm
s�ty{�w�iBu�h(|�ky��s*�*h
²#h�rvm�wx��|�¥ºÿ�U£
�


ßÎx·³�l¬����y¨(¤�©?§y¬��#§y¬ ý § « �d½�¤� (·��@¥�¿lk
o!� Ú òn¥������ N�w ò Ú � N�w ó Ú ¥�Åyh���z�h�r¢�8h�s N ôyóyó��

��ò � ���bt#s�{�|�g�wxm
r���s$z$g�ty¥/²���%��
ïp��o�o�h�s(¥
���(²#�x|$|�h(m
��¥lÅx�
ï2���2k
o=��|�z$h*{�w�¥�Åx��xÊ��rjh�z$z9m�¥
f-��¿lkywh%�{=���yh�w�¥ym
wx�It��pB�h*o�{=���d¥
þ r m�s9m:o�o�h*o r s$kliys9m
rjr�{�w�i�{�w�Åy��o�{�z���ï2¥ºÿ�{�w � ·�§(¨�~VRÅf � 
 ó ý � � � f�Î�U£­ �C� �#� ¥������ V ñ V � V ò Ú ¥ N ôyô Ú �

��ó � ���	´um:o�kyw�ty¥0W2��´¸kyg�s(¥ r �#Wph(����rvm
w�¥�²��#��m
w�w�klw�¥pÅx�
Bpm
w�ix¥�Û���W¶k¡�l{�w�¥pm�wx�ÜÅx�0t#h(|$m:¿/m
w�¥&þ*£�rj��o�h�rjh�wnz�{�w�i
m r m
s9m:o�o�h*o�ï@�
� u���w�z�{�rjh�Åyt�|�z$h�r q�kyseÅn��m:o=m
��o�h r m
s9m:o�o�h*o�Åyt¡|�z�h�rv|�¥ºÿ}{�w � ·�§:¨w~ÃR�f � 
 ó ý � � � f\Î�Uç­ ��� �#� ¥�����Zðyóyóp��ðyô�òn¥ N ôyô Ú �

��ô � W#��ïpgxm
��rvm
w�¥ r �p´¸h�g�s$kyz$s*m�¥�y}�p´¸kys�{�z9|��$g�¥�m
wx��y}�j\�{�rvm¹¥�þ�²#t�wxm
r�{=�¸²-m
z9mu²�{=|�z$s�{�����z�{�kywx|a{�w�?#£²%� � ��
Û�Ä�u	f»u��� }¥ºÿ�{�w � ·�§:¨w~ÃR�f � 
 ó ý � � � f\Î�Up­ ��� ��� ¥¹����� V ó
è�� V ô Ú ¥ N ôyô Ú �

� N�w�� t#h�wx��m:o�o\ÅnÇl�xm
s$hhu�h(|�h(m
s9��g�¥��IR ó�� Rd (·*©? �� � ·*©?¬x¨(© �d¦� ��#§�Ð � �� (·��y¤�©?§y¬x¥�´um
s9��g N ôyô
è8�
� NyNM� ���0t#�x|��l{�w�¥�²���Ä�q�h*o�z(¥p´Ü�¹y�h*{�w�s�{=�$g�¥Åu-�¶Å
{�rjkyw�{!¥
t����2gxm�s9my��g�kys�o�knk8¥b���¶ïpgxm
��{�w�¥p²��# 2m��/m
g�{�s9m�¥����0W�m:��z$h�s(¥

´Ü�.y�kys$k � {�z$�y¥����V�2����z9m¹¥¡´Ü�>u�kn|�h�wn��o���r~¥Zm
wx�I���.y�h�w�w�h(|$|�ty¥0þ�f�g�h�Åyz*m
w�q�kls9�UÛ0xZ�}Åvyæ´¸��o�z�{���s$k��*h(|$|�kys(¥¬ÿ}{�w
ý § « �Z½n¤� :·�e-·�¨���©=¤� *¨(¤�½�·� h­- �Z��*Ô0U£R ý e � XvS � ·�§(¨* * 9Ïy©?¬nÖ��@¥
����� Ú¦wyV � Ú�N(Ú ¥l�2��s�{�o N ôyô
èx�

V ó



� N(V�� ²��.xÊh�w�kn|��l{ ¥����.x%m
�x��kyw�¥.t��V�#gxm
s9my��g�kys�o�k�kx¥{�à�>��h��xh�s:¥��¢� �2����z9m�¥�����y\h�w�w�h(|$|�ty¥d´Ü�>y\kls$k � {�z$�y¥�m
wx�~´Ü�8Åx�
x�m�r~¥¹þ�f�g�h�Åyz*m
w�q�kls9�U²\�}Åvy°´~��o�z�{���s$k��*h(|$|�kls(¥ºÿ�U£
�


 ý § « �d½�¤� (·*¥������xñ Ú �xò/ô�¥�´um
s9��g N ôyô V �

� N(Ú�� W#�n´Ü�yÛ¹s�{�z$���yhy¥Nþb�2s$k � {�w�i�ïph*o�o	Åyz�s$�x�*z$��s$h(|����°Åyh*o�q���kys$inm
w�{��*{�w�i* �h�z � kls$�#q�klspì\wx|����8h�s$¿l{�|�h(�Um
wx��Åy���xh�s�¿y{=|�h(�
xZh(m�s$w�{�w�ix¥ºÿÉ­� :½n·��y¦V­- (¤YZ�§l·$Ñ:�@¥�¿lk
o!�Zòn¥�w�kx�xô�¥������ N èyè N � N ènñ w ¥ N ôyô Ú �

� N è � y}�#Åy�xh(���nr�m
w�w�¥ r ��f�g�k
o�hy¥2m
wx���à�Åu�kn|�h�wx|�z�{�h*o!¥Bþ*�Ìï\Ä\��s�k¡�*h(|$|�kysjq�kysKt-Ä\g�klw�h�w�¼�|¸Åyh*o�q�kys�inm
w�{��*{�w�iä´um
�
±$ï�Ä�t-Ä-Å�µ9¥¬ÿ}{�w � ·�§:¨w~0S �¦�#� U9¬x¤� :·9¬8�y¤�©=§l¬x�y¦.��§y©=¬8¤ ý §l¬�Ð� (·� (¬8¨9 -§y¬�­- (½�·��y¦V­- (¤YZ�§y·�Ñ(��¥������ N ôlð N � N ôlð
èx¥ N ôyô Ú �

� N ð � u-��y4�8Ånmym:¿yh(��s9m¹¥vu-�8Åx����m:{�w�h(|�¥�m
wx�U´Ü�2���Zï�m
s�o�z�kyw�¥Nþ�´Ã{=�*s$kBW¶h�wx�$g�r�m
s$���2wxm:o�t�|�{=|�k
q	z�g�h�t}Åvu N ¥ºÿ}{�w � ·�§(¨�~§�Ð�R�f � 
 ó ý � � � f�Î�U£­ ��� ��� ¥������ V¦wyV � V¹N(Ú ¥�Åyh���z�h�r¢�8h�s N ôyô Ú �
� N ñ � ²�������´um(¿�s�{���o�{=|�¥¹u-��²-my|�¥�u-��%��V?�h�s$rjh*o=m
wx�Z¥�m
wx�J�¹��Ånm:o�z$�y¥�þ*£�rj��o�h�rjh�w�z9m
z�{�kywÜk
qºm r m�s9m:o�o�h*o�%���o�h�s�Åyk
o�¿yh�s

kywuÅygxm�s$h(�Um
wx�U²�{=|�z$s�{�����z$h(�U´¸h�rjkls$tj�#s9�$g�{�z$h(�*z���s$h(|�¥ºÿ}{�w � ·³§:¨w~ R�f � 
 ó ý � � � f�Î�U£­ �C� � Xy¥������ N(ÚlV � N è N ¥ �k
¿yh�r��xh�s N ôlô V �
� N ò � ���V%\�VW�m
s$w�h(|#m
wx� r �.y\��z:¥Qþ*�ùyº{�h�s9m
s9��g�{=��m:o\Ä-±² ºo�kyiv eµºÛ¹kys9�*hjï�m:o=�*��o�m�z�{�kywu�\o�iykys�{�z�g�r~¥ºÿÉ­��y¤�½�·� (¥8¿yk
o!� ÚyV èx¥

w�kx�¹èx¥�������èyè�ñp�nèyènô¹¥ N ôyólñ��
� N ó � ����t��%Ånm:o�rjkyw�¥ � �y·��y¦?¦� :¦��-©? (·��y·�¨��n©?¨*�y¦�­#ÒL�\§:ÏyªB�u (¤?�n§:Ï
��� r gx�¸z$g�h(|�{=|�¥�ï�m:o�{�q�kys$w�{=m�£!wx|�z�{�z���z$hjk
q�f%h(�$g�w�k�o�kliyty¥²#h(�*h�r��xh�s N ôyô w �
� N ô � ���.t��x²#h � ��w�h�ty¥0þ:ïpklrj����z$h�s&u�h(�*s$h(m
z�{�klwx|�¥ºÿÉRd¨(©? (¬8¤�© ��¨&e «  (·*©=¨*�y¬8¥n����� N è�� VyV ¥n²#h(�*h�r��8h�s N ôló
èx�
� V¦w�� £*���2w�il�x|�¥V�¢��Û�k:��¥��¹�.t�{�r~¥xm
wx�U²��d��m:o��yh�s(¥VRZ§y¦�¾(©?¬nÖ � ·³§�Õ�¦�  « �-§y¬ ý §y¬x¨:½n·*·� (¬8¤ � ·³§:¨9 M�9��§y·��@¥l¿yk
o!��£�£9�
%�w�i
o�h��� k�k¡�¸ï�o�{�É	|�¥V 4�s�¹��× r s$h�w�z�{=�*hÊy#m:o�o!¥ N ôlóyó��
� V�NM� ��� r ��Å
{�w�iyg�¥%ï2�.y�k
o�z(¥Zf-�xf%kyz9|����
m�¥����V�2����z*m�¥xm
wx�[���Nx��Ny�h�w�w�h(|$|�ty¥0þ�xZknml�¾W�m:o=m
wx��{�w�i~m
wx�~²-m�z9mExZk¡��m/o�{�z�t

{�w³yº{�h�s9m
s9��g�{=��m:o
 \���8k¡��t~´¸h�z$g�k���|�¥ºÿjf%h(��g��.u�h����%ï\ÅvxZ�!f&u��!ô V �!ð w ñ�¥8Åyz9m�w�q�kys*�Uì\w�{�¿yh�s9|³{�z�ty¥ZÛ�h���s$�xm�s$t N ôyô V �
� VyV�� ²���f%k � |�o�h�ty¥pï#�0�¢�#u�kyrjrah*o ¥¶m
wx���¹�pÅyz*m
w��yk
¿y{=�
¥&þ*�#wxm:o�t¡|³{�|�k
q2Û�kys$���L�
k
{�w r s$kyiys9m�r u�h(|��xklwx|�h~f¶{�rjh(|}kyw

´¸��o�z�{���s$k��*h(|$|�kys9|M¥ºÿKUç




ßÎx·��y¬����y¨(¤�©?§y¬¹�2§y¬ � �y·��y¦?¦� (¦Z�y¬8Ï�j�©��@¤�·*©�Õ�½�¤� 9ÏªRdª:��¤�  « �@¥������ V óyñp� Ú¦wlÚ ¥��
��o�t N ôyô w �
� VyÚ�� Û��%ï2�Vx8{�w�m
wx�¾ue��´��Vt#h*o�o�h�s(¥�þ�fºg�hB�2s*my�l{�h�wnz4´¸k���h*oìxZk�my�¨W�m/o�m�wx��{�w�i~´¸h�z$g�k��Z¥ºÿÉU£


�
ÍÎx·��y¬����y¨:¤�©=§y¬¹��§l¬

RZ§�Ð@¤YZ��l·³ s
�¬nÖl©=¬8 9 :·9©?¬nÖl¥`�ym
w��xm
s$t N ôyó�ò��

V ô


