
� ���������	��
��
���������������
�����������
���! #"$�$�&%('��
�)�*�+�,���,�.-�'���/0�	�
���2143)�657�
�8'8-��

9�:<;=:8>@?BAC;D;!>!AFEHGJI!KMLON�:QP�R@S�AF:UTWVF:Q>XIHKYL[Z]\MV_^`TWa�PbTdcea�P�fUG�a<^
g�hHikjml
nFopirqCs�t�uMv�twnFqpx�y!h!zQ{Dv�l
|!q+}�t�uY~Wtmx�|!yHqFl
n	�D�
irl
h!��l(vb�C�w���m�!��v�tmnFqFx�yHh!zQ{D��l
nFx���hDs

� qFqp|Q���w���ro+�w���C�	�	��} irhDu�twnpx���qpik�U} y!h!i��_zHtwnFqpx�y!h!z8} zHl
zHikqpqFnpik� �e��� irl
�m�kl�n ��� ��h ��� �+u_���8�U�w�m} irhDu�twnFx��+qFir�U} y!hHi��Cz!tmnFqFx�y!h!z8} z!l

���M��� ��¡£¢¤�

¥§¦©¨
¦X¨
ª�«+¬
­C®�¯�°D±�®�²³¨�­F¯�®�´�²p®�¨
ªe²C°Dµ�±�®�¶C¯�­F·4¯�°�µ2¬
¸w¹Cµ�²�¯C¶
º ±�¬
ª�µ�²p»wª�µ�¶F¼½¨
­Fµ�¾m¨ ¯C¨�¶C¯�­C»D²¿¯�»m­Fµ�¶�¨
¦D¾À¯�°Dµ�®�¦w¯Cµp­F¨ ²�¯�®�¬�¦�¶
º ­Fµ�¨ ²�¯�®�¬�¦�¶F¼W¨+±�¬
¦D«$¯�°Dµ¿±Á¨
­Fµ�¾wµp´w¦Dµ�¾�¸w·�¨�¦�¨
ª�«+¬
­C®�¯�°D±�Â
Ã�°DµQ¶C¨+±Äµ8¬
¸m¹_µ�²�¯U²�¨
¦�¨�ÅwÅ!µ�¨�­U®�¦Ä¯�Æ�¬YÇ§¬�­F±�¶�È ºCÉ ¼!¨+¶Ê¨
¦�¨+²pË
¯�®�Ì+µ�±�¨+²C°m®�¦�µ º ¬
Å!µp­F¨+¯C¬
­¿¼pÍ º�Î ¼!¨+¶!ÅD¨ ¶C¶�®�Ì+µM¾m¨ ¯C¨ º ¬�Å!µp­F¨
¦D¾�¼pÂ
Ã�°�»D¶�ÍÏ¯�°Dµ�¶C¨+±�µ�¬�¸w¹Cµ¿²�¯�²�¨�¦Ð¨ ²�¯�¬
¦@¬ ¯�°DµF­�¬�¸w¹Cµ¿²�¯C¶�¬�­
®�¯�²�¨�¦À¸!µ�Åw­F¬�²�µ�¶C¶Cµ�¾Ñ¸w·À¬+¯�°�µp­F¶�ÂeÃ�°m®�¶$¾¤»�¨�ª�®�¶C±Ò¨�ª�ª�¬
ÆM¶
¯�°�µ�®�±�Åwª�®�²p®�¯�¾wµp´m¦w®�¯�®�¬�¦À¬
ÇM²�¬�¦�¶C¯�­C»�²�¯�®�Ì+µ�¨�­F¯�®�´�²p®�¨
ªM²Ó°�µ�±�Ë
®�²�¨
ªM¶C·�¶C¯Cµ�±�¶�ÍQÆ�°m®�²C°0µ�Ô+°w®�¸w®�¯½Õ+»w®�¯Cµ�²¿¬+±�Åwª�µ�ÔÖ¸!µF°D¨
Ì+®�¬�­F¶�Â
¥§¦×¬�»w­�²�¨ ¶Cµ�µ�Ì+µp¦×µ�Ì+¬
ª�»D¯�®�¬
¦D¨
­F·Ø¸!µp°�¨
Ì+®�¬�­�°�¨+¶	¸!µ�µF¦Ñ¬
¸mË
¶Cµp­FÌ µ�¾@Æ�°m®�²C°@®�¶�¦D¬ ¯C¨�¸wª�µ+Í�¸!µ�²¿¨�»�¶Cµ×¦�¬eµ�Ô+Åwª�®�²p®�¯0±b»�¯C¨�Ë
¯�®�¬�¦£Í+­Fµ�²¿¬+±	¸m®�¦�¨+¯�®�¬
¦�¬
­U´D¯�¦�µ�¶C¶ÊÇr»w¦�²�¯�®�¬�¦�®�¶Ê®�¦wÌ ¬�ª�Ì µ�¾HÂ�Ù8Ì+Ë
µp­F·�Ì
¨�­C®�¨+¯�®�¬
¦Ñ®�¶�µ�Ô�²pª�»�¶�®�Ì+µpª�·0Å!µp­CÇÚ¬
­F±�µ�¾Ö¸w·�¯�°�µ½¬
¸w¹Cµ�²�¯C¶
º ±�¬
ª�µ�²p»wª�µ�¶F¼)®�¦�¯�°DµF®�­�±�¨ ²Ó°w®�¦�µØÇÚ¬
­F±�Â�¥r¦@¨ ¾m¾�®�¯�®�¬�¦Û¯C¬
±�®�²p­F¬ ¶C²�¬�Åw®�²�±�µ�¯�°�¬�¾w¶ º µ+Â «mÂ�±�¬
¦m®�¯C¬
­C®�¦D«�¯�°�µ�¨+²�¯�®�¬
¦D¶Ä¬�Ç
¶�®�¦�«�ª�µ	±�¬
ª�µ�²p»wª�µ�¶F¼�¨�¦�¾½±Ä¨+²p­F¬ ¶C²�¬�Åw®�²	±�µ�¨ ¶�»m­Fµ�±Äµp¦w¯C¶ º µ+Â «mÂ
¾�®�Ì+µp­F¶�®�¯�·+ÍU²�¬ ±�Åmª�µ¿Ô+®�¯�·w¼�Æ�µ�¾wµ�Ì+µpª�¬
Å!µ�¾0¨�¶C¯CµFÅwÆY®�¶CµÄ±�µ�¶C¬�Ë
¶C²�¬
Åm®�²Ü¨�¦�¨�ª�·�¶�®�¶W±Äµ�¯�°D¬�¾�¸D¨ ¶Cµ�¾�¬�¦$²pª�¨+¶C¶�®�´�²�¨ ¯�®�¬�¦�¨�¦�¾�¾m·+Ë
¦�¨+±�®�²�²Fª�»D¶C¯Cµp­C®�¦�«mÂ�ÝW¦�¬
ÆYª�µ¿¾m« µ�¨�¸!¬
»D¯Ü¯�°Dµ�¶C·�¶C¯Cµ�±Á®�¶Ü¨+²pË
²p»�±b»wª�¨+¯Cµ¿¾Ö®�¦�¨�²�·�²Fª�®�²6Åw­F¬�²�µ�¶C¶�Í£Æ�°DµF­Fµ�±�µ¿¨+¶�»w­C®�¦D«�¯C¬�¬
ª�¶
º ²pª�¨ ¶C¶�®�´Dµp­F¶F¼�µ�Ô�¯�­F¨+²¿¯�®�¦mÇ§¬�­F±�¨ ¯�®�¬�¦£ÍMÆY°w®�²C°Ø®�¶Ä¨+«+¨
®�¦Ñ»�¶Cµ�¾
¯C¬�²p­Fµ¿¨+¯CµW¦�µ�ÆÞ²Fª�¨+¶C¶�®�´�µp­F¶�Â
Ý	µ�·�Æ�¬
­F¾m¶�È
¶Cµpª�ÇrË�¬
­F«+¨�¦w®�ß�¨ ¯�®�¬�¦£ÍU¶C¯�­F¬�¦�«�¨�­F¯�®�´�²p®�¨
ªUª�®�ÇÚµ+ÍDµ¿Ì+¬�ª�»�¯�®�¬�¦£Í£²�¬+±�Ë
Åw»D¯C¨ ¯�®�¬�¦�¨�ªÄ²Ó°�µ�±�®�¶C¯�­F·+ÍÏÌ+®�¶�»D¨
ª�®�ß�¨+¯�®k¬�¦£Í�²�¬
¦D¶C¯�­C»�²�¯�®�Ì µ�¾m·+Ë
¦�¨+±�®�²�¨
ª@¶C·�¶C¯Cµ¿±�¶�Í@¨
ª�«+¬�­C®�¯�°�±�®�²©²Ó°�µ�±�®�¶C¯�­F·+Íà²Ó°�µ�±�®�²¿¨�ª
²�¬ ±�Åm»�¯�®�¦�«mÍ!²pª�»�¶C¯Cµp­Ü¨�¦�¨�ª�·�¶�®�¶�Í!¸m®�¦�¨�­F·$¶C¯�­C®�¦D«Ä¶C·�¶C¯Cµ�±�ÍD¨
»mË
¯C¬+±Ä¨+¯C¨�­Fµ�¨ ²�¯�®�¬�¦

áâ\�;!ACãMa8;!AF\MP
ä � lÑ�
tmh!oFqpnFy!�
qpirtwh2t�u$��npqFi�å£�
iÚ�����ri�u�læopsDoFqFl�x�o��	irq � ��twx��
|!�rl
ç � l � �+jDirtwnpo$iro�oFy!np|!nFiropikhH�w�rsÀl+��oFsD}Ñè�h£�¤�rs�opiro�iro$t¤u�qFl
h
x�y!� �e� �¤nFz!l�n {Wl
oF|Êl
�
iÚ�¤�k�rseirhÐ|Êtw|Hy!�Ú��qFirtmh � ��opl
z@oFsDoFqpl
x�o
� � l�nFl�� � y!�ml$hDy!x � l
n	t¤uÜz!irjwl
npoFl�irh!z!irjDikzHy£���ro���npl$irhDqFl�nC�
�¤�
qFirh!�Ê}�éCh�q � iroM� �¤oFl�q � l�nFl
z!yH�
qFirtwh�t¤uQl
çD|£l�nFirx�l
hDq����!z£�¤q¿�
iro�nFl�ê�yHiknpl
zQ}@ë�l �¤oFy!npikhH�etwh!�rsexæ�¤�
nFtmoF�
tm|!ir��|£�¤n¿�¤x�l
qpl
nFo
ì i_} lw}ÞqFl�x�|Êl
n¿�¤qFy!nplw{Mz!irjml
nFopikqCsÞtwn��
twxÖ|!�rl
çDirqCs=í½���r�rt��	o�qFt
opl
leq � �¤q�optwx�l�q � irh!�eiro � ��|!|Êl
h!irh!�Ê{ � y!q�z!tDl
o�h!tmq�|!npt��
jDirz!l�ikhHoFir� � q	irhDqFt � t���tmnÄ� � ��q }�ë�ir�
nFtmoF�
tm|!ir�$qpn¿����ikhH��t�u
�¤hÀl
çD|Êl
nFirxÖl
hDq6�¤h!z0y!hHz!l
nFopq¿�¤h!z!irh!��l
jwl�nFsÑoFirh!�w�rl�opqFl
|eiro
|ÊtwopoFi � �rl�irh�|!npikhH�
ir|£���C}8îÜy!qW�	irq � �wnFt��	irh!���
tmx�|!yHq¿��qpirtwh£�¤�

"knowledge"

data 

classifiers

classifiers
application of

collection of

classifiers
creation of new

experiment
raw data

ï8ir�wyHnFl��w�M~WsD�
�rir��ikhH�
nFl �¤oFl�t¤u��Dh!t��	�rl
z!�mlw}

npl
oFtmy!nF��l
o	q � iro � l
�
tmx�l
oðx�twnplÏ�¤h!z�x�tmnFlWz!i�ñ��
y!�rq {¤|!nFt � �+�
� �ks�irx�|ÊtwopoFi � �rlw{ � l
� �¤y!oFl�qFirxÖl	�
twxÖ|!�rl
çDikqCs�u�tmnÜq � l��ml
h!l
nÓ�
�¤qFirtwhÖt�uMò�x�ir�
nptwoF��tw|!ir��l�jwl
hDqFo ì iC} lw}�ó ì òUípíWikoW�rt��Ül�nÜq � ��h
qpirx�l��
twxÖ|!�rl
çDirqCs	h!l
l
z!l�z�u�tmnQ��h£�¤�rs�opiro ì iC} lw}Qó ì ò��rtm� ì òUíôu�twn
optwnpqFirh!��q � l�|£tm|!y!�Ú��qpiktmh£í
}Wä � l�nFl�u�tmnFlw{<x�l
q � tDz!oWu�twn���h£�¤���
sDopiko	irh � l
qC�Ül�l
h0xæ�¤�
nFtmoF�
tm|!ir�Ä�¤h!z�x�ir�
nFtmoF�
tm|!ir��xÖl
q � tDz!o
�¤nFl�npl
êDy!irnFl
z8}
éCh�q � iro�|Ê��|Êl
nÜ�Wl	|!npl
oFl
hDq	��oFqpl
|D�	iroFl�xÖl
oFtmoF�
tm|!ir����h£�¤���

sDopiko½x�l
q � tDz0u�tmn$��npqFi�å£�
iÚ�¤�M� � l
x�iropqFnFirl
o+{Q� � ik� � xÖik� � q���o
�Wl
�r� � l���|!|H�kirl
zÁqFt2twq � l
nÐ|Êtw|Hy!�Ú��qFirtmhD� � ��oFl�z³oFsDopqFl
xÖo }
éCh@q � l0x�l�oFtwop�
tw|Hik�0�¤h£���rsDoFiro�q � læ|Êtw|Hy!�Ú��qFirtmhÐiro�z!l
�
tmx��
|Êtwopl
zeirhDqFt��mnFtmy!|!o }�ä � l�z!l
�
tmx�|ÊtwoFirqpiktmh�iko � �¤oFl
zÑtwhØoFt
�+���r�rl
zB¢�õ�¡£� ��öø÷YùD�w�m}Ñè��
�Ú��oFopi�å£l
n�npl
|!npl
oFl
hDqpo×�Ñ|HnFtw|Êl
npqCs
t¤ub�¤hÀt �wú l
�
q+}�èûå£npoFqÓ�_tmnFz!l
n��
�Ú��opoFi�å£l
n½iko�opikxÖ|!�rsæ�)u�y!hH���
qpirtwhÐüý��þûÿ���� ��� ���F}�ä � lÖjw���ry!l�ü ì
	 í½nFl�|!nFl
opl
hDqFoÖq � l
opqFnpl
h!�wq � t�uÏ�)|!nFtm|£l�nFqCsÀüût¤uÏ��opqFnpikhH� 	 ��hHz0iroÄyHoFl
zØu�twn
�×oFl
|£�¤n¿�¤qFirtwhet¤uÏq � l�|Êtw|!yH�§�¤qFirtwhÑirhDqFt�|£��npqFiÚ���ðê�yÊ��hDqFirqFirl
o
�	irq � �)�
�ry!oFqpl
n$���r�mtwnFirq � xÀ}	v���q���|!npt�zHy!�
l
z � s�q � l����§�¤oC�
opi�å£l
nFo���o	�Wl
�r�ô�¤o	q � l��
tm�r�kl��
qFirtwh�t¤u��
�Ú��opoFi�å£l
npo	q � l�x�oFl��kjml
o
npl
|!npl
oFl
hDq0�Dh!t��	�rl
zH�wlæ� � tmy!q�q � l0oFsDoFqpl
xÀ}#ä � iro��Dh!t��	���
l�z!�wle�	ir�r���mnFt�� � s@�
nFl �¤qFirh!�B��hHz��
tm�r�kl��
qFirh!�Þx�twnplÀ��hHz
xÖtwnpl��
�Ú��opoFi�å£l
npo }ðéCqÜiro	q � l
h�|£tmoFoFi � �rl�qFt����¤irh�x�tmnFl	irhDu�tmnC�
x���qpiktmh�� � twy!q�q � l�ops�opqFl
x � s��
�Ú��opoFi�u�sDirh!��q � l����§�¤oFopi�åÊl
nFo+{
iC} lw} � s���hÊ���rs � irh!�	q � l � �¤oFir�M|!nptw|Êl
nFqpikl�oMt�u!�
�Ú��opoFi�å£l
npo��	ikq � {
u�twn	l
ç!��xÖ|!�rlw{Dq � lÄo���xÖlÄ���kyHoFqFl�nFirh!��|HnFtD�
l
z!yHnFl�q � �¤q	oFl
|£�&�
n���qpl
z�q � l�|Êtw|!y!�Ú�¤qFirtwhQ}<ä � iroÜ� �¤h � l�z!twh!l�irhæ��h�irqpl
n¿�¤qFirjwl
��s����kir��|!npt���l
oFo ì ï8ir�£}	�+í
}



ä � lBxÖl
oFtmoF�
tm|!ir����hÊ���rsDoFiroeirh�qpnFtDz!y!��l
z � l
nFl2�	ir�k� � l
z!l�x�twhHoFqFn���qpl
z�ikh0�½oF|Êl
�
i�å£����npqFi�å£�
iÚ���U� � l�x�iroFqpnFsD}

áâ:QRD\MRDEU\���AFE��@P�a�V���R�ApR
ä � lWx�l�oFtwop�
tw|Hik�M�¤h£���rsDoFiroUiroQ�WqFtDtw�mqFtbå£h!z��mnFtwyH|!oUirh�z£��q��!}
ä � l×å£l
�rz@t�u�z£��q��e��h£�¤�rs�opiro$|!npt�jDikzHl
oæ�¤hàt�jml
nF� � l
�rx�irh!�
�¤x�twyHh�q�t¤uÏxÖl
q � tDz!o+{Qn���h!�mirh!�Öu�nFtmx��
�Ú��opoFir� �¤�Üopq¿��qpiroFqFir� �¤�
xÖl
q � tDz!o ì iC} lm}Q�
tmnFnpl
�Ú��qFirtmh×�¤h£���rsDoFiro+{w���Cx�l+��h!oW�
�ry!oFqpl
nFirh!�Dí
qpt�x�tDz!l
nph���z£�¤|!qFirjmlÜxÖl
q � tDz!oYu�nFtmx³q � l	å£l
�rz!oWt�uU�
tmx�|!yD�
q���qFirtmh£���Êirh�qpl
�r�rik�ml
h!�
l ì iC} lw}8h!l
y!n����Uh!l
qC�Wtwnp�Do {D�wl�h!l
qFir��|!npt��
�mn¿��xÖx�irh!�Dí
}�ïHy!nFq � l
npx�twnplw{Êxæ�¤h�sÖx�tmnFl��
tmx�|!�rl
ç�xÖl
q � �
tDz!o�l
çDikopq	oF|Êl
�
iÚ���ri � l
z×u�twnW�
l
npq¿��irh0|HnFt � �kl�xdz!twx���irh!o+}��l�nFlw{Ø�ÜlBzHt³h!tmqÐ|!npl
oFl
hDq��2hHl
� �
�Ú�¤oFoFi�å£�+��qFirtmhdtwn
�
�ry!opqFl
npirh!�ex�l
q � tDzQ{ � y!q��Wl�opy!�w�ml
oFq��0xÖl
q � t�z � t��dqFt
�¤|!|!�rsd�+jw��ir�Ú� � �rl@z£��q��³�¤h£���rsDoFiroex�l�q � tDz!oÞtwh���nFqpi�å£�
iÚ���
� � l
xÖiroFqFnpirl
o�tmn	twh0��h!tmq � l�n	|£tm|!y!�Ú��qpiktmhD� � ��opl
z�l
jwtm�kyHqFirtwhD�
�¤nFsÐ��npqFi�å£�
iÚ�¤�	�ki�u�l�opsDoFqFl�xÀ}���y!n�x�l
q � tDze�	ir�k�	���r�rt��³q � l
irhDqFl
�mn¿�¤qFirtwh�t�u�z!i
	ôl�nFl
hDqÄ�+jw�¤ir�§� � �rl	z£��q�����h£�¤�rs�opiroÜqpt�tm�ro	ikh
�¤hæyHh!�
twxÖ|!�rir� ��qpl
z��	�+s�}

��AF>!Rm;
��� >���:Q>��ÀVFa�RDRDA��Ä:8>��090>!\���:Q>D;��
è@÷M�w�������£���8ùD�	¢�õ�¡£� ��öø÷YùD�	üBnpl
�Ú��qpl
oÜ��h½t �wú l
��qMqFt���|!nFtm|D�
l
npqCs�}MïHnFtmx �¤h�t �wú l
��qÜtmnFirl
hDqFl
z�|ÊtwirhDqMt¤uôjDirl
�@�Ül�� ��h�o��+s
q � ��q��Ø�
�Ú��opoFi�å£l
nÖnFl
|!npl
oFl�h�qpo0�0|!nptw|Êl
nFqCsB�¤h!zÐiro�� � �klÖqFt
irh!z!ir� �¤qFl	qpt�� � ��q�l
çDqpl
h!zæ�¤h�t �wú l��
q � �¤oMq � iroM|HnFtw|Êl
npqCs�}�è
å£npoFqÓ�_tmnFz!l
nW�
�Ú��opoFi�å£l
n�iroQzHl�å£h!l
z��¤oM�	xæ�¤|�ü³�wþÞÿ�� � ��� ���F} Birq � twy!q��rtmoFo�t�u��ml
h!l
n����rirqCsà��hHzÐu�twn�oFirxÖ|!�ri�åÊ� ��qpiktmhÀq � l
tmy!qF|!yHq	t�uY�½�
�Ú��opoFi�å£l
n�iroÜh!tmnFx����ri � l
zQ}Ué�u�q � l½twy!qp|!y!qWt�uYü
iro�l
irq � l
n ��tmnæ���Wl��+���r�Mq � l��
�Ú��opoFi�å£l
n���ö"!�¡!��#M}�é�u�irq�iro
�
tmhDqFirhDy!twy!o	irq	xÖik� � q � l�� �¤�r�kl�z%$'&)(�(�#M}
ä � l
npl$��npl�z!i
	Ul
nFl
hDq��Ï�+sDoWt�uM�
twhHoFqFnpy!�
qpikhH�æ�½�
�Ú��oFopi�å£l
n �

ì � í�x���hDy£���r�rs � sBl�oFqFirx���qFirh!�Þq � le���§�¤oFopi�u�s�irh!�@|!nptw|Êl
nFqCs
q � nFtmy!� � ��hB�¤|!nFirtwnpi���h£�¤�rs�opiro$t¤uÄq � læzÊ��q¿�H{	��h!z ì �wí��¤yD�
qptwxæ�¤qFir� �¤�k�rs � sØ�kl+��nFhHikhH�æt¤ub�Öx���|!|!irh!��ü�}�äÜsD|!ir� �¤�Ml
çm�
�¤x�|!�rl
oQ�¤nFlÜ�¤nFqFi�å£��i§�¤�wh!l�y!n¿�¤��hHl
qC�ÜtmnF�DoQtmnQl
jmtw�ry!qpiktmh£��npsÄ�¤���
�mtwnFirq � x�oWtwn	��hDs�oFyH|£l
npjDikopl
z0tmn	y!h!oFyH|£l
npjDikopl
zÀ�¤�k�mtwnpikq � x
�	irq � q � l$� � ik�rirqCs�qFt��
nFl �¤qFl�q � l��
�Ú�¤oFoFi�u�sDirh!�½u�y!h!��qFirtwh0ü�}
èdqCsD|!ir� �¤�Ml
ç!��xÖ|!�rl�u�tmn���xæ�¤h�yÊ���r�rs�z!l�åÊh!l
zÐ���§�¤oFopi�åÊl
n

iro$�Öz!l
qpl
�
qptwn$ü+*6u�twn��Ö�
l
npq¿�¤ikheopy � opl
êDy!l
h!�
l 	 }�ï!tmnÄq � l
� irh£�¤nFs0�+��oFl�ü+* ì
	�, í�iroÄl�ê�yÊ����qFte��i�uÜq � l 	 � �¤h � l�u�twy!h!z
irh 	 , twq � l
nF�	iropl �!}

-Ï:8EU\MP.�/���Ð>0��:Q>1�ÀVpa�R�RDA��Ä:Q>2�0?BAFRm;!a�P�EU:
è���ù!¢��3!4�5���£���8ùD� ¢¤õ�¡Ê� ��öÚ÷MùD��iro�z!l�å£h!l�z �¤o��Ñxæ�¤|!|!irh!�
ü ��þ76àþOÿ�� � � �+� �F}ûéCq0npl
�Ú��qFl�o0twh!lÑt �wú l
�
q0qpt �¤hD�
tmq � l
n+} è oFl
�
tmh!zD�Ctwnpz!l
nÐ���§�¤oFopi�åÊl
ne� ��hû���roFt � l@� �¤�k�rl
z
�8�8ö_��� ¡�!Y¢¤ù:9eù�¡Ê��&���ù2twnÑo � tmnFqF�rs;�8öC�
�+¡0!M¢�ùU}ýé�uæq � l
�
tmh!z!irqFirtmhàü ì
	 � 	�,<, í>= ü ì
	 � 	?, í�@�ü ì
	�, � 	�,<, í�iro�jw���rirzÐ��h!z
ü ì
	 � 	 í�A �H{Dq � l½�
�Ú��oFopi�å£l
n�üÁiro���xÖl
qFnpik�m}

è�o$irhÐq � l�|HnFl
jDirtwy!o�oFl��
qFirtwh@�Wl�� �¤hÐz!l`å£h!l0üXxæ�¤h�y=�
�¤�r�ksD}eè��Wl
�r���Dh!t��	hÞz!iroFq¿�¤h!�
l0xÖl ��opy!nFlÖiro�u�twn�l
ç!�¤x�|!�rl
q � lB����x�xÖi�h!��z!iropq¿��hH�
lw}
ïHtwn���h@��y!qptwxæ�¤qFir���wl
h!l�n¿��qpirtwhÐq � l0��|!|H�kir� �¤qFirtwhet¤u6�¤h

l�jwtw�ry!qpirtwh£�¤nFsæ�¤�r�wtwnpirq � xX�Ütmy!�rz � l�|!�Ú��y!opi � �rlw}	éCqFo�å£qph!l
opo
u�y!h!�
qpiktmh@�
twy!�rzBnpl
�rsÐtmhàq � lÑ| � l
h!tmqCsD|!ir� ���ml
h!twqCsD|!ir� � l��
� �+j�irtmn�t�u�q � lÖt �wú l
��qFo�twn��
tmy!�rz � læ�mirjwl
heirx�|H�kir�
irqp�ks � s
yHoFl
n�ikhDqpl
n¿�¤�
qFirtwh ì îÏ�¤h �
� �&u¿{Q�DC�C�Emí
}
éCq�iro$���roptæ|ÊtwopoFi � �rl�qFt0�
tmh!oFqpnFy!��q(�ÖoFl��
twh!z=�_tmnFz!l
n����§�¤oC�

opi�å£l
n�üGF � �¤oFl
zÞtwheåÊnFoFqÓ�_tmnFz!l�n��
�Ú��oFopi�å£l
nFo�üIH �KJDJKJCüGL � s
yHoFirh!�%M�y!���kirz!l+��h�z!iroFq���h!�
l

üGF ì
	 � 	 , í)A7N O0P ì ü P ì 	 í�ÿÐü P ì
	 ,Úípí'Q ì � í

tmn x�l
q � tDz!o q¿�¤�wl
h u�nFtmx u�y �
� s*opl
q q � l
tmnFsD{]iC} �£}
ì ë�irs��¤x�twqpt$��hHz%RÄ�¤�w�+s��¤xæ�!{H�KC�S�Twí��

üGF ì 	 � 	 , í�AVU LPXW HZY%[ ò ì ü P ì
	 í �¿ü P ì
	�, íFíU LPXW H Y>\^] ì ü P ì 	 í�J�ü P ì
	 ,Úípí ì �wí

�1�.��VFApEUaQ;!Ap\MP©a�PI�`_wPð;=:<TÜ>!a8;!AF\MPX\8^�ÀVFa�RDR�A��Ä:8>!R
éCh�q � iroMoFl��
qFirtwhÖ�Ül	�	ir�r�Dz!l
op�
nFi � l6�¤h!z�z!l
xÖtwh!opqFn���qFlWx�l�q � �
tDz!o � t��@�
�Ú��opoFi�å£l
npoÜ�+��h � l�irhDqFl��wn¿�¤qFl
zÖirh�qpt$��xÖl
oFtmoF�
tm|!ir�
�¤h£���rsDoFiro�t¤u½�¤hBl
jmtw�ry!qFirtmh£��npse|£tm|!y!�Ú��qpiktmh@oFsDoFqpl
xÀ}2ä � l
zHl
jwl
�rtm|!x�l
hDqÖt�u$q � lÀ|Êtw|Hy!�Ú��qFirtmhbacA ì 	 H �KJDJDJ � 	�d íÖirh
qpirx�l�hHl
l
z!o�q � l6�¤h£���rsDoFiro	t¤u4a ìfe í ì |Êtw|!y!�Ú�¤qFirtwh���q�qpirx�l e í
u�twn�l
jwl�nFsÑoFirh!�w�rl�qFirx�l½oFqFl�|Q}�ä � l�nFl
opy!�rqFo�t¤uÏ��twh!opl
�
y!qpikjml
�¤h£���rsDoFiro � �+jwl�qpt � l��
tmx�|£�¤nFl
z0��hHz�|!y!q	irhDqFt�npl
�Ú��qpiktmhQ}gih�j�k�l�m�n
o�p)q
ä � l0q¿�¤oF�Ðt¤u6�Ñ�
�ry!opqFl
n0�¤h£���rsDoFiro�|!nFtD�
l
zHy!nFlÑiro�q � l0���§�¤oC�
opi�å£� ��qpirtwhût�uÀ�2oFl�qrasAut 	 H �DJDJKJ � 	 L�vBirhDqFtxwÐ|Ê��nFqpiÚ���
êDy£�¤hDqFirqFirl
o ì î	��� � l
n+{Ü�DC�C�T�y£v�y!h!h8{��DC�E¤��í
}zMM�¤� � t�uWq � l
opl
êDy£�¤hDqFirqFirl
oeiroenFl�|!nFl
opl
hDqFl
z � s³�2opt��C� ���r�rl
z:{����£�D�£�?#�{Mù| P � ì [ A � �KJDJKJ �}w�í
}Áä � lÀzHl
�wnpl
let�u(�&ñ��ri§�¤qFirtwh1~ P�� t¤u
t �wú l
�
q 	

P
qFt��
�ry!oFqpl
n�w � iro��
twxÖ|!y!qpl
z �¤h!zÑz!l
oF��nFi � l�o�q � l

|HnFt � � � ir�rirqCs�t�u 	
P
qFt � l
�rtmh!��qpt�w � }�éCh0q � l�� ��opl$t¤uMu�y �
� s

���kyHoFqFl�nFirh!��~ P�� iroz� � ��� ����Jr}
ä � l�z!irjDiroFirtwhÖt�u�a o � twy!�rz�t � l
s�q � l�u�tm�r�kt��	irh!��npy!�rl
o �� opikxÖir�§�¤nMz£�¤q¿��o � twy!�rz � l½z!iroFqFnpi � y!qFl�z0irh�qpt$opirx�ir�Ú��nM�
�ry!oÓ�
qpl
nFo+���)�Z9��3�Êù^!�ùDö���#M}� z!i
	Ul
nFl�h�q�z£�¤q¿�bo � tmy!�rz � lðoFl
|£�¤n¿�¤qFl
z�irhDqFt	z!i
	Ul
nFl�h�q��
�ry!oÓ�
qpl
nFo+����ùD� ùD���3�£ù
!�ùDö���#M}
ä � lÖå£npoFq�opqFl
|@irhà�Øx�l
optwop�
tw|!ir����h£�¤�ksDopiko��
tmy!�rz � l×�

���kyHoFqFl�nFirh!� � �¤oFl
zÁtwh �#xæ�¤hDy£���r�rsÐz!l�oFir�wh!l�z³åÊnFoFqÓ�_tmnFz!l�n
���§�¤oFopi�åÊl
n }�ä � l�qCs�|Hik�+����hDy!x � l�nÄt¤uÜ�
�ry!opqFl
npo$irhÑq � iro�� ��opl
iro�qC�Wt£}�ä � l�opl
|£�¤n¿��qpirh!��u�l �¤qFy!npl�iroÄqpt0� � �¤qÄl�ç�qpl
h!zÞq � l
t �wú l
�
qpo � �+jml�q � iro	|!nptw|Êl
nFqCsD}



ä � l�opl
�
twhHzÐoFqpl
|Ð��twy!�rz � l���oFl
��twh!zD�Ctwnpz!l
n��
�Ú��opoFi�å£l
nÓ�
� �¤oFl
z��
�ry!opqFl
npirh!�£}�ä � l�hDy!x � l�nMt�uQ�
�ry!opqFl
npo	h!t��@z!l
|Êl
h!z!o
tmh�q � lÀirhDqFl�nFh£�¤�ÄopqFnpy!�
qFyHnFlÐt¤u$q � lÀ|Êtw|!yH�§�¤qFirtwh2��h!zBq � l
y!opl
z����§�¤oFopi�åÊl
n }�ä � l�x�irh!irx�y!x�t¤uôq � l�t �wú l
�
qpirjwlWu�y!hH�
qFirtwh

� ì�� ���Äí�A LO� W H �O PXW H ì ~ P � í��	� QP�� ì�
 í

�	irq � � QP�� q � l0z!iropq¿��hH�
l � l
qC�Ül�l
h 	
�
��h!z@q � l0|!nFtmqFtmqCs�|Êl| P �¤�
�
twnpz!irh!��qpt�q � l�y!opl
zÀzHikopq¿�¤h!�
l�x�l �¤oFy!npl�iro�q � l
hÀq � l

tm|!qFirxæ�¤�Q�
�ry!opqFl
npirh!�£}�ä � l�z!iropq¿��hH�
l�x�l �¤oFy!npl�u�twn�q � l�u�tm���
�rt��	irh!��l
çD|Êl
nFirxÖl
hDqFoWikoWq � l ����xÖx�irh!�	z!iroFq���h!��lw{!� � ir� � iro
l
jDirz!l
hDq � l
� ��yHoFl�t�uMq � l � irh£��npsæopqFnpikhH�wo�npl
|!npl
oFl
hDqpikhH�æq � l
irh!z!irjDirz!y£�¤�koWirh�q � l$��npqFi�å£�
iÚ�¤�U� � l
x�iroFqpnFsD}

��o"k�l�
)p��
m
~W�Ú��opoFi�å£� �¤qFirtwhÞt�uÄ�Ø|£tm|!y!�Ú��qpirtwhe�	irq � ���
�ry!oFqpl
nFirh!�Ð�¤�r�wt��
npikq � x�q � y!o�z!l�|£l
hHz!o��
nFy!��i§�¤�r�ks�tmh0q � l½oFqFnpy!�
qpy!nFl��¤h!z0z!i��
xÖl
h!oFirtmh ì o�íWt�u�q � l�opl
êDy!l
h!�
l�oF|Ê���
lw}
ä � ld�ml
h!tmqCs�|Hik� �Ä��xÖx�i�h!�dz!iroFq���h!��ldx�l �¤oFy!npl
o³q � l

hDy!x � l
n�t�uÜzHi 	Ul
npl
hDq � irqFo � l
qC�Wl
l
heqC�Wt�ikhHz!irj�irz!yÊ���ro	nFl
|=�
npl
oFl
hDqpl
z � s � irh£�¤nFsÐopqFnpikhH�wo }2ä � l�nFl�u�tmnFl0q � l0�
�ry!opqFl
npirh!�
tmh!�rs�y!oFl
o	opqFnpy!�
qFyHn¿���8irhDu�twnpxæ�¤qFirtwh�qpt�oFl�|£��n���qFl�q � l�|£tm|!yD�
�Ú��qpirtwh�irhDqFt�z!i
	Ul
nFl
hDq��
�ry!oFqpl
nFo+}Mä � l�yHoFl�t�u�q � l��ml
h!tmqCs�|Hik�
irhDu�tmnFx���qFirtmh$tmh!�rs�� �¤y!oFl
o�irh�u_�¤�
q����rtwoFo	t¤u�irhDu�tmnFx���qFirtmhQ}
~W�ry!oFqpl
n����r�mtwnFirq � x�o8y!oFirh!��z!iroFq���h!�
l�x�l �¤oFy!npl
o	z!l
|Êl
h!z=�

irh!�Btmh � tmq � {½�wl
hHtwqCsD|!ir�à�¤h!z | � l
hHtwqCsD|!ir�ÐirhDu�tmnFx���qFirtmh
x��+s � là� � �rlÀqpt � l
qFqpl
nenFl
|HnFl
opl
hDqeq � leirhDqFl
nph£����oFqpnFy!�`�
qpy!nFl�t�u�q � l�|Êtw|Hy!�Ú��qFirtmhQ}�ä � l�| � l
h!tmqCs�|Hik�Öz!iroFq���h!�
l � l`�
qC�Wl
l
h2qC�Üteirh!zHikjDirz!y£�¤�ro$�
tmy!�rz � lÑêDy£��hDqFi�å£l�z � s@q¿�¤�DikhH�
q � l
irnMu�y!h!�
qpiktmh£��� � l � �+j�irtmnMirh�qpt$�����
twy!hDqMtmn � s$zHl
qFl
npx�irh!�
q � l�z!i
	Ul
nFl�h!�
l � l
qC�Wl
l
h�q � l
irnðå£qFh!l�oFo	jw���ry!l�oÜ���
��twnFzHikhH��qFt
�Ø�w�rt � ���r�rs0z!l�å£hHl
z@å£qph!l
oFo�u�y!h!�
qpiktmhQ}eé�u�q � iro��w�rt � �¤�MåÊqC�
h!l�oFoWu�y!hH�
qFirtwh�� � �¤h!�wl�o	�	ikq � ��h�l
jmtw�rjDirh!��|£tm|!y!�Ú��qpiktmh$tmh!l
�
tmy!�rz�oF|Êl ����t�uM��h�ù
!��Uö����Z!)9eù
!U�+¡!õ �8öC�
�+¡0!M¢�ùU}
îWtwq � | � l
h!tmqCsD|!ir�Ü��h!z�l
hDjDirnFtmh!x�l
hDq�����z!iroFq���h!��lÜ��nplMoFqpik�r�

y!hHz!l
n�irhDjwl�oFqFir�D��qFirtmhQ}Ðä � læ|HnFl
opl
hDqFl
z2l
çD|£l�nFirx�l
hDq����	nFl`�
opy!�rqFo�yHoFl
z0q � l��wl
hHtwqCsD|!ir��z!iroFq¿�¤h!�
lw}

� n�
��0o�p q�����g�h�j4k l�m n�� m��)m�h������1m p l
ä � lÑz!l
jml
�rtw|!xÖl
hDq�t¤u$q � lÑ|Êtw|!y!�Ú�¤qFirtwh@�
tmy!�rz � lÀqpn¿�¤�
l
z
� sà�¤h£���rs � irh!�0q � l�oFq���qFl0�&u�qFl
n�l�jwl
npsÐ�wl�h!l
n¿�¤qFirtwh ì � � twy!q
� �! ½nFl �¤�
qFirtwhHo¿í
}�ä � l�nFl�oFy!�rqFirh!���
�ry!opqFl
npo(�¤nFl�nFl
|HnFl
opl
hDqFl
z
� seq � l
irn�oF|Êl
�
i�å£��|!nptwqFtmqCsD|£lÖ� � ir� � iro���h£�¤�rtw�wtmy!o�qFt0q � l
�
l�h�qpl
nWt�uô�b�
�ry!oFqpl
nMirh M�y!���kirz!l+��h�op|£���
lm}�ä � lÜnpl
�Ú��qpiktmh!o � ik|
� l
qC�Wl
l
h0q � l�opl
�wxÖl
hDq¿��qpirtwh���q e P ��h!z e P " H	iroÜzHl
qFl
npx�irh!l
z� s�q � l�z!iropq¿��hH�
l
o � l
qC�Wl
l
h0q � l
irn	|!nptwqFtmqCsD|£l
o+}
è�hÐ�¤h£���rsDoFiro�t�u	q � l�z!l�jwl
�rtw|Hx�l
hDq�t�u	|!nFtm|£l�nFqFirl
o�t�u���h

�¤nFqFi�å£��i§�¤�$� � l�x�iroFqpnFs y!opikhH��q � là� � t�jmlÐl
çD|!�Ú��irh!l�z³qFl�� � �
h!irêDy!l
o�iroÜq � l�xæ�¤irh�t �wú l
��q	t�uMq � l�u�tm�r�kt��	irh!��opl
�
qFirtmh!o }

�@>D;!A��ÄEUAFa�V �ÀG�:�#dApRm;=> ���y!n�x�l�oFtwop�
tw|Hik����hÊ���rsDoFiro�x�l
q � tDzÀ�	ir�r� � l���|!|!�rirl
zÑqFtÀ�
opq¿�¤qFir����h!zezHs�hÊ��x�ir����hÊ���rsDoFiro�t�u���he��nFqpi�å£�
iÚ���M� � l�x�iroFqpnFs
ì%$ ��npl
�Ú�!{Ê�KC�E�S0y��<y!�wt��	op��iC{!�DC�S�C0y�&��¤oFx�y!opoFl
h�l
qW���C}r{!�KC�C �0y
î	���m�rl
s�l
qÜ�¤�C}k{m�KC�Cw�0y+î	���m�kl�s$��h!z�ï£�¤nFx�l�n {D�KC�Cw�0y�ïHtwhDq¿�¤h£�!{
�DC�CH��y ïHtwhDq���h£�	�¤h!z�îWy!oFo+{!�KC�C��Zy�ä �(' yHnF�U{D�KC�C 
 í�}Ug�opy£���r�rs�{
�¤h(�¤nFqpi�åÊ�
iÚ���w� � l�x�iroFqpnFs��
twhHoFiroFqpoMt�uô�¤qQ�rl �¤oFq�qC�Üt�|£��npqFo+�Ü�m} í
��opl
q�t¤u�t �wú l
�
qpo ì x�tm�kl��
y!�rl
o {moFy � oFq���h!�
l�o¿í�þW{£�H}�í$��opl
q�t¤u
��tw�r�rikopirtwh�nFy!�rl
o+}QéCh���z!z!irqpiktmhQ{ �boFirx�y!�Ú��qpirtwh	t�uÊq � lÜ�¤nFqpi�åÊ�
iÚ���
� � l�x�iroFqpnFsÑnFl
êDy!irnFl�o(��q � irnFzÞ�
twxÖ|£tmh!l
hDq ����hÐ���r�mtwnFirq � xÀ{
� � ik� � x�tDz!l
�roUq � l	nFl �¤�
qFirtmh$jml
oFopl
�£��hHz$iro�q � l�nFl�u�tmnFl	� �¤�r�kl�z
��ùD¡£¢¤�K�Ê��¡!õ"�Z�Ê��ö��K�)9B}
éCh@twyHn$� �¤oFl0q � l�t �wú l��
qFo���nFl � irh£�¤nFsÞoFqFnpirh!�wo�t¤u�å£çDl
z

�rl
hH�wq � þ:A t ��� � v*) QÖì î	��h �
� �+u¿{��KC�C 
 y8îÏ�¤h �
� �&u¿{��DC�C�+wí
}
ä � l$�
tm�r�kiropiktmh�nFy!�rl
o���nFl����r�8oFl
�
tmh!zD�Ctwnpz!l
n�� �¤q¿�¤�ksDqpik�½nFl �¤���
qpirtwh!oWt�u�q � l�u�tmnFx 	 H @ 	 Q @�, ÿ � 	 H @ 	 Q @ 	 ) {mo � twnFqp�rs	 H @ 	 Q A.- 	 ) }Wè��r�Q��tw�r�rikopirtwh!o	t¤uYqC�Wt�t �wú l
�
qFo 	 H � 	 Q �	ir�k�� �+jwlÜ�Wy!hHikêDy!l�tmy!qF�
tmx�l 	 ) }8ä � l
npl�u�twnplMq � lÜopl
qQt¤u=��tw�r�rikopirtwhnpy!�rl
o	� �¤h � l�nFl�|!nFl
opl
hDqFl
ze��o	�6u�y!h!�
qpirtwh0/��wþ 6�þÞÿ��âþW{
� l
nFlw}
ä � l6u�tw�r�rt��	irh!�$npl ����qFtwn��¤�k�mtwnpikq � xdtm|£l
n���qpl
o�twhÑ��|Êtw|D�

yH�§�¤qFirtwhiabA t 	 H �KJDJKJ � 	?d v�� � ir� � iro���x�y!�rqFiroFl�qMtwh0þW}
1 m2
��
l�� n�
 h q��)n^o l435�
�w}WéCh!irqpi§�¤�ri � l�q � l�|£tm|!y!�Ú��qpirtwh a �	irq ��6 t �wú l
�
qpoÄopl
�rl
�
qpl
z
n���h!z!tmx��rs½u�nFtmx©þW}

�!}	�Dl��kl��
q	qC�Üt½t �wú l
��qFo 	 H � 	 Q u�nFtmxûq � l�|Êtw|!y!�Ú�¤qFirtwh�a n���hD�z!tmx��rsD{��	irq � tmy!qÜnpl
x�t�jDirh!��q � l
xÑ}


 }Wé�uMq � l
nFl�l
çDiroFqpoÄ�)nFl �¤�
qFirtwh 	 H @ 	 Q A.- 	 ) ��h!z0q � l�å£���qpl
n��
tmh!z!irqFirtmh87 ì 	 H � 	 Q � 	 ) í � tm�rz!o {Dnpl
|!�Ú���
l���n¿�¤h!z!tmx��rsopl
�rl
�
qFl�zÀt �wú l
�
q	t¤u�q � l�|£tm|!y!�Ú��qpirtwh � s 	 ) }

�£}	��tmqFt�oFqpl
|À�!}

ä � l�å£�rqpl
n��
tmh!z!irqFirtmh870�mþ16æþ 60þeÿ � t e /�~29 �:7 \�; 	 9 v
iroÖy!oFl
z#qFtÐirhDqFnptDz!y!�
lÑl
�Ú��opqFir���
tw�r�riroFirtwh!o�l+��oFir�rsD{Ü�	irq � twy!q
� � �¤h!�wirh!�Þq � lÑnFl+���
qpiktmh�xÖl
� � ��hHikopxÀ}2éCh2twy!nÖ� ��opl<7 iko
zHl�å£h!l
zÑ��o

7�H ì
	 H � 	 Q � 	 ) í�A ì 	 H>=A 	 Q�? 	 H@=A 	 ) í ì ��í

ä � lÁnFl �¤�
qFtmnÛ�¤�r�wtwnpirq � x oFirx�y!�Ú��qpl
o@xæ��opoC�F���
qpirtwhX��i��
hHl
qFir�
o@t�u�oFl
��twh!zD�Ctwnpz!l
n@� �¤q¿���rsDqFir�@nFl+���
qpiktmh!oÐ� � ik� � �����
�rt��	o � sD|£l�nF�
sD�
�rir�$zHs�hÊ��x�ir�
o ì MYik�ml
h0��h!z0�D� � y!opqFl
n+{M�KC�E�C0y
ëØ�+s�{��KC�CH� í�}Ðï!tmn(�Ø�Ú��np�wl�|£tm|!y!�Ú��qpirtwheoFi � l 6 q � l�ops�oÓ�
qpl
xâ� �¤h � lÖx�tDz!l
�rl
z � se�
tmy!|!�rl
zÐtmnFz!irh£�¤nFsez!i
	Ul
nFl�h�qpiÚ���
l�ê�yÊ��qFirtmh!o ì ��t¤u � �¤y!l
nM��h!z��Dir�wx�yHh!zQ{w�DC�S¤�Zy �=q¿��zH�kl�n�l�qY�¤�C}k{
�DC�C 
 í
}
ä � lÖu�tm�r�kt��	irh!�Øxæ����nFtwop�
tw|Hik�Öx�l �¤oFy!npl
x�l�h�qpo(�¤nFl0yHoFl
z

irh�q � lÄzHi§�¤�wn���x�o+�
ä � l��8öA�ÊùD�w�
ö���#�iro�q � l�hDy!x � l
n�t¤uÜz!i
	Ul
nFl
hDq�opqFnpikhH�wo�irha2zHikjDirz!l
z � s�q � l�|£tm|!y!�Ú��qpirtwh�oFi � l 6 u�twnMhHtwnFx����ri � ��qpirtwhQ}



ä � lG{���� � &M¢¤� ö��Uö���#�iro8q � l	|!npt � � � ir�rikqCsD{�q � ��qM�	�
tm�r�kiropiktmh
t¤u$qC�ÜteopqFnpikhH�wo�iroÖnFl �¤�
qFirjwlm{	ä � l0qpl
nFx ¢ �£õ�õ�öC��ö �3!BnFl`u�l
nFo
qptÐtwhHl0l
çDl
�
y!qpirtwhBt¤u6opqFl
|Ho ì �mí��¤h!z ìA
 í)t�u�q � l0nFl �¤�
qFtmn
�¤�k�mtwnpikq � xÀ}�èû�
tw�r�riroFirtwh�iro��+���r�rl
zÀ��ùD¡£¢¤� ö��Êù�i�uÏ�Ö|!nFtDz!yH�
q
	 ) iro$irh!opl
nFqpl
zBirhDqFtÑq � l�|Êtw|!yH�§�¤qFirtwh8}Ð�Dt£{W�0��tw�r�rikopirtwhet�uqC�Wt$t �wú l
�
qpo 	 H � 	 Q ikoWnFl+���
qpikjmlw{Di�uY��|HnFtDz!y!�
q	i�uQz!l`å£h!l
z � sq � l$npl ����qFirtwhÑnFy!�rl���h!zØi�uWq � l½å£�rqFl
n��
twhHz!irqFirtwhÀ�¤�r�kt��	o	q � l
irh!opl
nFqpiktmh0t�u�q � l�|!nptDz!y!�
q+}
ä � l�ö"! !)�(�D¡!�+ö��Uö���#�iroWq � l�|!npt � � � ir�rikqCs�q � ��q	���
tm�r�kiropiktmh

|!nptDz!y!�
l
o��¤hæt �wú l
�
q	q � ��q	iro	qptwq¿�¤�r�ks�hHl
��irhÖq � l�opsDoFqFl�xÀ}
è�o��½nFl+���
qpiktmh�x�l
� � �¤h!iroFxû�Ül��	ir�r�£yHoFl�q � l�q � l�u�tw�r�rt��W�

irh!� 
 �+� � irqÏ�¤y!qFtmxæ��q���nFl �¤�
qFirtwh8}

� j)l���� 
�l�
 1 m2
��
l�o���p
ä � l�¡0&��K�39e¡!�+¡���ùD¡£¢¤� ö"�Z!Øiko � ��opl
z�tmh���å£h!irqFl	opq¿�¤qFlÄ�¤yD�
qptwxæ�¤qFtmh0� � ir� � iroÄ�ÖxÖikçDqpy!nFl�t¤uÏ�Öä�y!nFirh!�¤�_x���� � irh!l���h!z
�ÖnFl��wiroFqpl
n$x���� � irh!lw}�éCq � ��o����ropt � l
l
heirh!op|!irnFl
z � s ��t¤uÚ�
opq¿��zHqFl
n�� o ì ��t�u�oFq¿�¤z!qFl�n {M�DC�S!+�y!ë�twnpnFiro {��DC�S�CmíWäÜsD|Êtw�ml
h!l
qÓ�
ir�
o+}
ä � l�¡0&��D�Z9e¡!�+¡���ùD¡£¢��+ö �3!ÑikhHoFq¿�¤hDqFiÚ��qpl
oÏ�½z!l
qpl
nFxÖirh!iroC�

qpik�½nFl �¤�
qFirtwh 	 H�@ 	 Q A.- 	 ) {Ê� � l
npl 	 H � 	 Q � 	 ) � t � �+��v ) Q }éChÖtwnFzHl
nÜqpt�� �¤�k��y!�Ú��qFl	q � l�|HnFtDz!y!�
q 	 ) {moFqpnFirh!� 	 HWikoYu�tw�rz!l
zirhDqFt���h���yHqFtwx���qptwh�� *�� {�� � ir� � �ml
qFo 	 Q �¤oY�¤h$irh!|Hy!q }8ä � l�
tmh!oFqpnFy!��qFirtwhBt¤u��z*���l
h!opy!nFl
o�q � ��q�q � l0��y!qptwxæ�¤qFtmhe�	ik�r�
� �¤�rq6�&u�qFl�n$� � twy!hHz!l
zÑå£h!irqpl�h�yHx � l
n�t�u	oFqpl
|!o })îÜl
�+��y!opl
�z*���iro���z!l
qpl
nFxÖirh!iroFqFir��å£h!irqpl$��y!qptwx���qFtmhQ{mq � l$�¤y!qFtmxæ�¤q¿�
npl ���
qpirtwhdz!l`å£h!l
o@�@u�yHh!�
qFirtmh!o1t ��� � v*) Q 6xt ��� � v*) Q ÿ��t � �+��v*) Q }
ï8ir�wy!npl���o � t��	o�q � l�opqFnFyH�
qFy!npl�t�u	q � l��¤y!qFtmxæ��qptwhQ}�éCq

�
tmhDq¿��irh!oWqC�Wt 
 �+� � irqMnFl
�miroFqFl�nFo {Hq � l�	�
©��ù
�Êö_���+ù����¤h!z�q � l�3{MùD��¡!�D�£�Ö��ù^�ÊöC�
�+ùD�!}Qè	q�q � l � l
�mikhHh!irh!��tw|Êl
n¿�¤qFtmn�oFqpnFirh!�
	 H ikoW�	nFirqpqFl
h�irhDqFt�q � l�tm|£l
n���qptwn	nFl��wiroFqpl
n���h!z�tm|£l�n¿��hHz 	 QirhDqFt0q � l�é'�4nFl��wiroFqpl
n }Øä � l�|!nFtm�wn���xýiro��wl
hHl
n¿�¤qFl
z u�nFtmx
	 H � sÀopirx�|!�rs0x���|!|!irh!��opy!�
�
l
opoFirjwlØ��� � irq�oFl
�mx�l
hDqpo$irhDqFt
irh!opqFnFyH�
qFirtwhHo }dä � lÀnpl
oFy!�rqpikhH�Ð|!nptw�wn���x iro�l
çDl
�
y!qpl
z oFl`�
êDy!l
hDqpi§�¤�r�ksD{�oFq���npqFirh!�e�	irq � q � l�åÊnFoFq�irh!opqFnpy!�
qFirtmhQ}Bä � l�nFl
�¤nFlÑh!te�
twhDqpnFtw��opq¿��qpl
x�l�h�qpo�u�tmn��rt�tm|!o�tmn ú y!xÖ|!o�irhàq � l
irh!opqFnFyH�
qFirtwhØoFl
q H }MM�¤� � 
 �+� � irqÜnpl
�wiroFqpl
n � ��oÄ�½|ÊtwirhDqFl
n+{!nFl`u�l
nFnpirh!��qpt(� � irq
�rtD� ��qpirtwhQ}Wä � l�	�
 {��£ö"!Q�+ùD�!{wnpl�u�l
npnFirh!��qpt�� � irq�
 , irhæq � l
é'�ûnpl
�wiropqFl
n���hHz0q � l �3{MùD��¡!�K�Ê��{��Êö !8� ùD�!{mnFl�u�l
nFnpikhH�æqptæ�
� irq�
ðirh$q � l	tw|Êl
n���qFtmnMnFl��wiroFqpl
n }�îWirq�
Ü�¤h!z�
 , ��npl	irh!|!y!qpoMqFt
q � lÄ�����Ñ}mä � l	èÄ�<g�npl
oFy!�rqWiroMoFqptwnFl�zæ��qðq � l�é'�B|ÊtwirhDqFl
npo
�rtD� ��qpirtwhQ{Dq � l
nFl`u�twnpl�nFl
|H�§�¤�
irh!��
 , }
éCh!opqFl �¤z³t�u��mtwirh!�@irhDqFtBxÖtwnFlezHl
q¿�¤ik�ro � l
nFl@�Wle|£tmikhDq

q � l�nFl �¤z!l
n�qptæ�Ö|!npl
�
iroFl�u�tmnFx����UoF|Êl
�
i�å£�+��qFirtmhet�uÜq � l(�¤yD�
qptwxæ�¤q¿��npl ����qFirtwhB��o�optwy!np�
l0�
tDz!lm{Ï�+jw�¤ir�§� � �rl�u�nFtmx ì v�irqC�
qpnFir� � {$�DC�C�Ewí���h!z��ÑzHikop�
y!opoFirtwh2t�u�oFl���uø�_l
jmtw�ry!qpiktmh@ikhB�¤nC�
qpi�åÊ�
iÚ����� � l
x�iropqFnFirl
o � �¤oFl
zetmhÀq � l���y!qptwxæ�¤q¿��npl ���
qpirtwhÑikh

� Ã�°Dµ0®�¦D¶C¯�­C»�²�¯�®�¬�¦ ¶Cµ�¯�»�¶Cµ�¾#°�µp­FµÑ®�¶À¥���Í�������Í���Ù8Ã��UÍ
Ã�����ÍmÃ��Ï¥��	Í! #"$�¤ÙQÃ��UÍ&%'�'�#"�Í!%'�(�#)*)�Í&�¤Ã��#�UÍ&�#�	Í�Ù(+�Í
Ù-,��#�	Í£Ù-,��#�	Í."$�#�UÍ£¥���Í0/#"���Â!Ã�°�µ�­Fµ�¶�»wª�¯�®�¦D«Ö­Fµ¿¨+²�¯�®�¬
¦�®�¶
»D¶C¨
»D¨
ª�ª�·Ö²¿¨�ª�ª�µ�¾�¨ Î Ëø­Fµ¿¨+²�¯�®�¬
¦

A
L

U

0
1

1
0

0
1

1
1

1
1

1
1

1
1

1
1

1
1

0
0

0
0

0
0

0
0

0
1

1
1

1
0

0

1 243
567

00
00

00
01

00
10

00
11

01
00

01
01

01
10

01
11

10
00

10
01

10
10

10
11

11
00

11
01

11
10

11
11

ID M
O

V
SE

T
P

T
M

M
T

D
IR

U
N

SE
T

P
C

PO
N

C
PO

FF
ST

O
P

O
R

N
O

T
E

X
O

R
E

X
O

R
N

O
P

ID A
N

D

00
00

00
01

00
10

00
11

01
00

01
01

01
10

01
11

10
00

10
01

10
10

10
11

11
00

11
01

11
10

11
11

ID M
O

V
SE

T
P

T
M

M
T

D
IR

U
N

SE
T

P
C

PO
N

C
PO

FF
ST

O
P

O
R

E
X

O
R

E
X

O
R

N
O

P
ID A

N
D

co
de

 ta
bl

e 
I

co
de

 ta
bl

e 
II

E
Q

E
X

O
R

C
PO

N

N
O

P

M
O

V

ID M
O

V

SE
T

P 
   

 0
11

0

b’ E
X

O
R

SE
T

P
C

PO
N

N
O

P
M

O
V

ID
M

O
V

1
0

0
0

0
1

0
0

0
0

0
1

1
1

1
1

1
1

1
1

1
0

0
0

0
0

0
0

0
0

0
1

01
10

b

op
er

at
or

 r
eg

is
te

r
op

er
at

or
 p

oi
nt

er
s

s 3

1

s 2
fi

na
ly

di
re

ct
io

n 
re

gi
st

er
le

ft
 | 

ri
gh

t

m
ov

e-
m

od
e 

re
gi

st
er

la
st

-A
L

U
-o

pe
ra

tio
n

ID
 | 

E
X

O
R

 | 
A

N
D

 | 
et

c.

co
py

-m
od

e

pa
tte

rn
 r

eg
is

te
r

of
f 

 | 
 o

n

no
ne

 | 
   

   
   

control registers

program

IO
 p

oi
nt

er
IO

 r
eg

is
te

r

bo
th

 | 
IO

-p
tr

. |
 o

pe
r.

 -
pt

r.

ï8ir�wyHnFlÜ�H�£è�y!qFtmxæ�¤qFtwh8{�nFl
opy!�rqFirh!� � sbu�tw�rz!irh!� 	 H }UéCqU� �¤nFnpikl�o
tmy!q�q � l�npl ���
qpirtwh 	 H4@ 	 Q A.- 	 ) } 	 H�iro��	npikqpqFl
hØikhDqpt�q � ltm|£l�n¿��qptwn�npl
�wiroFqpl
n���hHzÐoF|Êl
�
i�å£l�o�q � l�|!nptw�wn���xÑ}0ä � lÖé'�
npl
�wiropqFl
n	iro�irh!irqFiÚ���ri � l
z��	irq � 	 Q ��hHz��
twhDq¿�¤irh!oMq � l�nFl�oFy!�rq 	 )�&u�qFl�n	nFy!h!hHikhH��q � l�|!nptw�wn���xÑ}



ì v�irqpqFnFir� � ��h!z�î	��h ��� �+u¿{U�DC�C�Swí
}
è�o��Öo � tmnFq�oFy!xÖxæ�¤nFs�q � l�u�tw�r�rt��	ikhH� � �¤oFir��|!nFtm|£l�nFqFirl
o

t¤uYq � l���y!qptwx���q¿�6nFl �¤�
qFirtwh�o � twy!�rz � lÄhHtwqFl�zQ�� ä � lÑ|!nFt � � � ik�rirqCs@iro � ik� � q � ��q0�Þ|!nFtDz!y!��q0t�u(�Þh!tmhD�
l
�Ú��opqFir�@�
tw�r�riroFirtwh iroÑoFirx�ir�Ú��n�qpt�tmh!l@t�uæq � l@�
tw�r�rirz!irh!�
oFqpnFirh!�mo }� ä � lM|HnFtDz!y!�
q8t�u!qC�Wt	n¿��hHz!twxÖ�ksW�wl�h!l
n¿�¤qFl
z½oFqFnpirh!�wo 	 H � 	 Qiro��rir�wl
�rs ì���� 
 ����íWl
êDy£���Mqpt 	 Q }�ä � iko�iro�� �¤�k�rl
z {�¡Ê�����öA�Êù³��ù
{�õ�öC¢�¡H� ö"�0!	{ � l
�+��y!oplÐq � lÐtw|Êl
n���qFtmn0oFqpnFirh!� 	 H
z!tDl
o�h!twqWx�tDz!i�u�s�q � l�tm|£l
n���h!zØoFqFnpirh!� 	 Q }� è�opqFnpikhH� 	 HÖu�twn�� � ik� ��� ] � þ�� 	 H.@ ] A.- 	 Hæiro
� �¤�k�rl
zØ¡£¢��+öA�Êù0��ù
{�õ�öC¢�¡H�K�Ê�!{ � l�� ��y!opl�irq	�
tw|!irl
o�q � l$tm|D�
l
n���qFtmn�oFqFnpirh!� ì irqFopl
��u`í�irhDqFt�q � lWé'�@nFl��wiroFqpl
n }ðè��
qpikjmlÜopl
��uÚ�
nFl�|!�rik�+��qFirtmhæiro�n¿��npl$��hHz � ��o	qpt � l�l
jmtw�rjwl
zØz!y!nFirh!��q � l
z!l
jml
�rtw|!xÖl
hDqÜt¤u�q � l�|Êtw|!y!�Ú�¤qFirtwhQ}

ä � l�opqFnFyH�
qFy!npl�t�uQq � l�|£tm|!y!�Ú��qpirtwh�q � y!oW� � ��hH�wl
o	�	irq � q � l
npl
|!�rir� ��qpikhH�À� � ir�rirqCs�t�u	ikq�� oÄirh!zHikjDirz!y£�¤�ro }	����oFopirjwl�nFl�|!�rik�+�+�
qptwnFo�x��+seoFy!npj�irjml0i�u6q � lÑ|£tm|!y!�Ú��qpiktmh@ikoÖoFx����r� ì 6 
�

� � � �mí � y!q�q � l�s$��nplÜz!irop|!�Ú���
l
z�i�uô�¤�
qFirjmlÜnpl
|!�rir� ��qptwnFo�l
jmtw�rjwl
z!yHnFirh!����nFy!hQ}�v�y!lWqFt�q � lWoFq���npqFirh!��|£tmoFirqFirtmh$t¤u£q � lW|ÊtwirhDqC�
l
npo	z!y!npikhH�$���
tm�k�riroFirtmhQ{+q � l��
l
hDqFl
n	|ÊtwopirqFirtwh!oðt�uQq � l�oFqpnFirh!�
�¤nFl��rik�ml
�rs�qFt�nFl
x���irh�h!l �¤nF�rs�y!h!� � �¤h!�wl�z0� � ir�rl�q � lÄ|ÊtwopoFi��
� ir�rirqCs�t�u�� � ��h!�mikhH�$x���nF�mirh!oMiro � ir� � l�n }

�1�I��VFApEUa8;=Ap\MP el��	ir�r�£h!t��#z!l
x�tmh!oFqpn¿�¤qFl�q � l$�¤|!|!�rir� ��qpiktmh�t�u�q � l�x�l�oFt��
op�
tw|!ir����hÊ���rsDoFiroMx�l�q � tDz�tmh�z£�¤q¿��t � q¿�¤irh!l
z�u�nFtwxd�¤hæ��npqFi��
å£��i§�¤�Q� � l
xÖiroFqFnps�}
ï8ir�wy!npl 
 o � t��	oØnFy!h è����F� 
 twy!qØt�u��@oFl
npirl
oÀt¤u×� � �

l
çD|Êl
nFirxÖl
hDqFo$�¤�k�ð�	ikq � q � l�u�tm�k�rt��	irh!��|£�¤n¿�¤x�l
qpl
n�oFl�qFqFirh!�Ê�
|Êtw|!yH�§�¤qFirtwh@opi � lw� 6 A � ��� ì �
tmh!oFq���hDq¿í�{	nFl+���
qpiktmhQ�À�¤yD�
qptwxæ�¤q¿�ØnFl �¤�
qFirtmh �m�!{WnFl+���
qpiktmhBqCsD|£lm�0� �¤q¿���rsDqFir��oFl��
twh!z=�
tmnFz!l
n+{må£�rqFl
nð�
twh!zHikqpirtwhQ�Ul�ç=�¤�
qWnFl
|!�rir� �¤qFirtwh�z!iro¿� � �rl
z ì l
�Ú�¤oC�
qpik�+í
{Mirh!irqpi§�¤�ri � ��qFirtmhQ��n���h!z!tmxâoFqpnFirh!�mo ì u�y!�r�WoFsDoFqpl
x oFl
l
z=�
irh!�Dí
}8ä � lMt � oFl
npjwl
z � l � �+jDirtwnpoQirh�q � lÜopl
nFirl
oM�Wl
nplÜjml
nFs�z!i��
jml
nFopl�n¿�¤h!�wirh!�½u�nFtmxdl �¤nF�rs�opq¿� � ik�ri � �¤qFirtwh��	irq � o � tmnFq�qFn¿�¤hD�
opikl�h�qpo�qptÀ�
tmx�|!�rl
çU{�tmoF�
ir�r�Ú��qFirh!��z!sDh£�¤x�ir�
o ì ï8ik�Ê} Swí�}ÐéCh
ì v�irqpqFnFir� � ��h!z@î	��h ��� �+u¿{��DC�C�Smí��Wl � �+jwl�irz!l
hDqpi�åÊl
z@qC�Üt
z!i
	Ul
nFl�h�q�l
jmtw�ry!qpiktmh£��npse| � �¤oFl
o+} ä � l�å£npoFqÖtwh!l�iro�� � �¤nC�
�¤�
qFl
npi � l
z � s � ik� � �
twhHoFqFnpy!�
qpikjmlÀ����qFirjDikqCse� � ik� � �
nFl �¤qFl
o
x���hDsÐh!l��ÒopqFnpikhH�wo�|£l�n0�wl
hHl
n¿�¤qFirtwhQ}4ä � lÑoFl
�
tmh!z l
jmt��
�ry!qpiktmh£��npsÀ| � ��opl � l
�mikhHo$�	irq � q � l�l
x�l�nF�wl�h!�
l�t�uÄ��jml
nFs
opq¿� � �klm{Üopl
��uÚ�CnFl
|!�rir� �¤qFirh!�Ñ�
twnpl��_opl
q�t¤uÄ�
tDtm|£l
n���qpikhH�ÀopqFnFirh!�mo
z!tmx�irh£�¤qFirh!�Ðq � l@oFsDoFqpl
xÀ}Oä � iroÀopq¿� � �rlÐ�
tmnFl��CoFl
qÞ�wl
l�|!o
l
jmtw�rjDirh!� � s0z!l�q¿��� � xÖl
hDq�t�uÜopy � nFl �¤�
qFirtmhÀ|£�¤q � �	�+s�o+{ � s
irhDqFl
�mn¿�¤qFirtwh�t¤u£qFtmq¿�¤�k�rs�h!l
�Þx�tm�kl��
y!�rl
oQtmn � s�l
xÖl
nF�ml
h!�
lWt�u
h!l��ÐoFy � oFqpnFirh!�wo�� � ir� � |!nFtm�ri�u�l
n¿�¤qFlMirh����rx�tmoFqÊl
jwl�nFs�opqFnFirh!�Ê}��l�nFl��Ül��	ir�k�Ê�
tmh!�
l
hDqFn���qplÄtmh�tmh!l�| � l
h!twxÖl
h!tmh�ikh�npy!h
è����F� 
 ��ä � læopy!z!z!l�hBz!l
�
npl ��opl �¤h!z@oFy!zHz!l
hBirh!�
npl ��opl0t�u

0

0.2

0.4

0.6

0.8

1

0 500 1000 1500 2000 2500
time in generation

productivity
diversity

innovativity

ï8ir�wyHnFl 
 ��v�irjwl�nFoFirqCsD{�|!nFtDz!yH�
qFirjDirqCsÐ��h!zÞikhHh!t�jw��qpikjDirqCs0t¤u
l�ç�|Êl
npikxÖl
hDq	è��¤�Ó� 
 �	irq � q � l��¤y!qFtmxæ��q���nFl �¤�
qFirtwh0�m�!}
���+�
n���xÖl
qFl
npo � 6 AÁ� � � � � �!{�nFl �¤�
qFirtwh��w�H{+h!t�npl
|!�rir� ��qpiktmhQ{+u�yH�k�
opsDoFqFl�x�oFl
l
zHikhH�£}

|HnFtDz!y!�
qpirj�irqCsB��nptwy!hHz e A E � �!}2ä � lØxæ����nFtwop�
tw|Hik�Øt � �
opl
nFjw� � �rl
o�irhÀï8ik�my!nFl 
 �¤nFl�irh!z!ir� ��qpirh!��q � �¤q�oFtwxÖl
q � ikhH��iko
� ��|!|Êl
h!irh!�Ê}�îWy!q�� � ��q���hHz0� � s��#éChÑ|!nFirh!�
ir|!�rl��Wl�� ��h
npl
�
tmh!oFqpnFy!�
q�l
jml
nFs�oFirh!�m�rl�oFqpl
| �¤h!z0q � yHoÄ��npl(� � �rl�qFtÖy!hD�
zHl
nFopq¿��hHz$q � lÜ| � l
h!tmx�l
h!tmhQ}UîWy!q��¤�rq � tmy!� � q � lÜirhDqFl
npjw���miko
npl
z!y!��l
z0u�twn	q � l6�¤h£���rsDoFiroWqFt e A8T � �6� e A8S � �½q � l
nFl$�¤nFl
opqFir�r��� � tmy!q$�DT �Ä� �� �nFl+���
qpikjml$��tw�r�rikopirtwh�l�jwl
hDqFo��rl�u�q�� � ir� �
irh0��zHz!irqFirtwhQ{D��npl�jwl
nps�z!irjwl�nFoFl � l
�+��y!opl�t�uMq � l � ik� � hDy!x)�
� l
n�t�u�zHi 	Ul
npl
hDq�oFqpnFirh!��qCsD|Êl
o ì�
 �KC�+!+�zHi 	Ul
npl
hDq�oFqpnFirh!�moÄ��qe A8T � �wí
} el�oFq¿�¤nFq�twy!n��¤h£���rsDoFiro � s��¤oF�Dirh!��q � lÄêDy!l�oFqFirtmhQ�
ì�� �+í���������������� �"!�#%$&��#%!'���'(������*)��+),#�-/.0��12��34$+��.�3050�

(�!��06 e A8T � �7�"� e A8S � �98
ä�t³��hHoF�Wl
nÐq � iroÐêDy!l
opqFirtwhX�Ül#�wl
h!l�n¿��qpl
z���y!qptwxæ�¤qFi��

�+���r�rs ì y!oFirh!�Ñ�wl
hHl
qFir��|!nFtm�wn���x�xÖi�h!� ì �:�ðí ì<; t � �!{��KC�Cw�0y
î	��h �
� �+uWl
q����C}r{U�KC�C�Swípí��½å£npoFqC�Ctwnpz!l
n����§�¤oFopi�åÊl
nÄüIH�� � ir� �
iroM� � �klðqFt�z!iroF�
npirx�irh£��qpl�oFqFnpirh!�wo�t�u e A8T � �Ïu�nFtmx oFqpnFirh!�wo�t¤ue A8S � �!}Uä � l�qFn���irh!irh!���+��oFl�oWu�twn�q � lÄ�:�×å£qFhHl
oFoWu�yHh!�
qFirtmh
� � l
nFl0q � l0� � �Øx�twopq�u�nFl
êDy!l
hDqÖoFqFnpirh!�woÖt�uÄl+��� � �wl�h!l
n¿�&�
qpirtwh!o+}ÀüIH ì
	 í�o � twy!�rz � l ��i�u 	 iro$�ØoFqFnpirh!�0t�u��ml
hQ} T � �
�¤h!zÐ��i�u 	 iro���x�l�x � l
nWt�uMq � l$|Êtw|Hy!�Ú��qFirtmh×�¤q	qFirx�lBS � �!}
ä � l(�:�Þops�opqFl
x � ��o � l�l
hÀyHoFl
zÑ�	irq � q � l�u�tm�k�rt��	irh!��oFl
qÓ�
qpirh!�£� ��|Êl
n¿�¤qFtmn0oFl
q+�@�
twhDjml
hDqFirtwh£�¤� � tDtw�rl ��h#u�y!hH�
qFirtwhHo {
qC�WtÑèÄv�ï8o ì ��y!qptwxæ�¤qFir� �¤�k�rs�z!l�åÊh!l
zÞu�y!h!��qFirtwh!o�í$�¤�r�kt��Wl
zQ}
&���h!zHtwxd�
tmh!oFq���hDqFo�twy!q	t¤u t � �+� �DJKJDJ � 
 �
vD} ì<= @?>ÊíWoFl
�rl
���
qpirtwh ì �=� � �Wl�u�l
�C{	�DC�C!+mí��	ikq � = A + � � ì |Êtw|!yH�§�¤qFirtwheopi � l í
�¤h!z�>iA 
 + � ì hDy!x � l
n	t¤uYzHl
oF�
l�h!z!l
hDqFo�í
{<å£h!irqFl��ri�u�l�oF|£�¤hQ�
+��ml
h!l
n���qpiktmh!o }
�YnFtw�mn¿�¤x©opqFnFyH�
qFy!nplw�WqFnpl
l$��hHzæ�rirh!l �¤n }
è�x�twhH�Àx���hDsetwq � l
nFo0�:� �
nFl �¤qFl
z³�Ño � twnpq�|!nFtm�wn¿�¤x

� � ik� � twh!�rs�qFl
opqFo � irqW�
��t¤u£q � lÜirh!|!yHqQoFqpnFirh!�Ê}��DyHnF|!npikopirh!�w�rs
q � iro � irq�zHikop�
nFirxÖikhÊ��qFl�oQh!tmq�tmh!�rs�q � lWqFl
opqM� �¤oFl
o � y!qMh!l �¤nF�rs
l�jwl
nps0oFqpnFirh!��irh��wl�hQ} T � �½u�nptwxXq � tmoFl�irhæ�mlw}.S � �!}bä � yHo {
�	irq � q � l���y!qptwx���qFir� �¤�r�ksÖ�wl
hHl
n¿�¤qFl
ze�
�Ú�¤oFoFi�å£l�n(üIH��Ül��¤nFl
� � �rl�qFt0jDiroFyÊ���ri � l�q � lÖx�tmx�l
hDq	� � l
hÞq � lÖ|£tm|!y!�Ú��qpirtwhÑiko
� l
�mikhHh!irh!��qFt�� � ��h!�ml�ikqpo	oFqpnFy!�
qpy!nFl ì ï8ir�£}��Dí
}



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

600 650 700 750 800
time in generation

"class3"

ï8ir�wy!npl��Ê� R�twnpxæ���ri � l
zÑoFyHxât�u��
�Ú�¤oFoFi�å£l�n(üIH�t�jwl
n�qFirx�lm}
&by!h�è����F� 
 }

0.67

0.68

0.69

0.7

0.71

0.72

0.73

0.74

600 650 700 750 800
time in generation

"class3"

ï8ir�wy!npl +!�iR�tmnFx����ri � l
zeoFyHx]t¤uÄ�
�Ú��opoFi�å£l
n�ü Q t�jwl
n�qpikxÖlì oFl
��uÚ�CnFl
|H�kir� �¤qFirtwh0� � ir�kirqCs!í
}�&	y!h�è��¤�Ó� 
 }

 el � �+jwl�h!t��2ikzHl
hDqFi�å£l
z0�½oFqFnpy!�
qpy!n¿�¤��� � �¤h!�wlm{ � y!q
ì"� �mí��:�&��� ����� ( # 3�$&�"1<�03�. - ) !�� ) �&! � � �'( � �"!�12305 � $ � .0305���8
ä�t���h!op�Ül�n	q � iro�êDy!l�oFqFirtmhæ�Wl�z!l`å£h!l$�½å£npoFqÓ�_tmnFz!l
n��
�Ú�¤oC�

opi�åÊl
nÄü Q�� � s � ��h!z ' �
ü Q ì 	 íGA �Wÿ �����	� ìFì 	�
 	
� í � 	 í�@ �����	� ìFì
	�
 	�� í � 	 íT¤� ì +wí

� � l�nFl 	 � A�����������������h!z 	 � A��������Ä}Uä � iko8�
�Ú��opoFi�å£l
n�l
oÓ�
qpikx���qpl
oÜq � l�oFl
��uÚ�CnFl�|!�rik�+��qFirh!��� � ik�rirqCs � s�qpl
oFqpirh!� 	 �����¤irh!oFq
q � l 	 � ��hHz0q � l 	 � oFqpnFirh!�£}�éChHz!l
l
zQ{ôå£�wy!npl +)o � t��	o��	irq �
q � l � l
�r|æt¤uÜü Q q � �¤q�q � l
nFl½iko��½u�y!h!��qFirtwh£�¤�Q� � �¤h!�wlw}GR�t��êDy!l
opqFirtwhHo�qFt��¤h!oF�Wl
n��¤nFl
ì"� 
 í��:��� 1�������� ) � ) #�-/.��"1<�03 � ��! # $&�"# !��	�	.�� e AbT � �98
ì"� �Dí��:�����0�&� �:����� $ -�#0� ����! ����� -��&��8
ä � lWoFqpnFy!�
qpy!nFl�t�u£q � lW|£tm|!y!�Ú��qpiktmh�ikh½l
çD|£l
npirx�l
hDq�è��¤�Ó� 


�¤q6� � tmy!q e A:T � ��y!hDqFir� e A:T�S ��iroÄo � t��	h0irh�å£�Ê}�T!}�è��r�
|!npl
oFl�h�qÖoFqpnFirh!�wo � l
�rtwhH�ÀqptÀ�
�ry!opqFl
n �"!$#�#�#&%�'��Q{�optÀq � l
irn
�ml
h!twqCsD|!ir�ÑoFqpnFy!�
qpy!nFleiro0���rxÖtwoFq�q � lÀo���x�lm}³ä � l�nFleiroæ�
op�kir� � qÖirh!�
nFl+��oFleirh2jwtm�kyHx�l�� � ik� � irh!z!ir� ��qpl
o�q � �¤q�x�twnpl
�¤h!z0x�tmnFl�irh!zHikjDirz!y£�¤�roÏ�¤nFl�npl
|!�Ú���
l�z � sÖtwh!l�t�uMq � l$xÖtwopq
u�npl
êDy!l
hDq�� � �½oFqpnFirh!�wo+}

T
im

e 
[G

en
er

at
io

ns
]

60
0

60
5

61
0

61
5

62
0

66
0

66
5

67
0

67
5

68
0

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

04
11

12
60

ï8ir�wyHnFl�T!�@~W�kyHoFqFl�nFz!l
jml
�rtw|!xÖl
hDq�t�u$�
�ry!opqFl
n(�)!$#�#�#)%�'��Q}
~W�ry!opqFl
n�x�l
q � tDzQ�<u�y �
� sÖ���Cx�l �¤h!o }�&by!h�è����F� 
 }



0c
21

12
60

0c
21

12
60

0c
21

12
60

4b
01

12
d6

4b
14

12
d6

4b
01

12
d6

4b
14

12
d6

4b
14

12
d6

4b
14

32
d4

69
6

69
7

69
5

69
4

69
3

69
8

69
9

T
im

e 
[G

en
er

at
io

ns
]

C
lu

st
er

de
ve

lo
pm

en
t 

ï8ir�wy!npl�EH�$~W�ry!oFqpl
nFzHl
jwl
�rtm|!x�l
hDq+}À~W�ry!oFqpl
nFirh!�Ø|£l
nÓu�twnpx�l
z
tmhæq � l�� � ��xÖtwoFqYu�nFl
êDy!l�h�q	opqFnpikhH�wo	|Êl
n	�wl
hHl
n¿�¤qFirtwhQ}�����x
z!iÚ�¤x�l
qpl
n � �*+�� t¤uQ|£tm|!y!�Ú��qpiktmhQ}�~W�kyHoFqFl�nÜxÖl
q � tDzQ�ôu�y �
� s
���Cx�l+��h!o+}�&	y!h�è��¤�Ó� 
 }

0

0.2

0.4

0.6

0.8

1

0 500 1000 1500 2000 2500 3000 3500 4000
time in generation

productivity
diversity

ï8ir�wyHnFl S!��v�irjwl�nFoFirqCsD{�|!nFtDz!yH�
qFirjDirqCsÐ��h!zÞikhHh!t�jw��qpikjDirqCs0t¤u
l�ç�|Êl
npikxÖl
hDq�è����C�^CÑ�	irq � q � l �¤y!qFtmxæ�¤q¿�ØnFl �¤�
qFirtwh8}4���+�
n���xÖl
qFl
npo � 6 A[� � � � � �!{Mnpl ����qFirtwh��m�!{Wh!tenpl
|!�rir� ��qpiktmhQ{
u�y!�r�UoFsDoFqpl
x�oFl
l�z!irh!�£}

ï8ir�wy!npl E o � t��	o0�ÞoFl
��twh!zD�Ctwnpz!l
ne�
�ry!opqFl
nÑ��h£�¤�ksDopiko�t¤u
q � l
opl � � �2xÖtwopqeu�npl
êDy!l
hDq@oFqFnpirh!�wo u�nFtmx e A T�C 
 qFte A E � �!{Mq � l�x�tmx�l
hDq�t�u�q � l�oFyH|!|£tmoFl
z#nFl
opqFnFyH�
qFy!npirh!�£}
è	q e A T�C�+0q � l�oFirh!�w�rlÖ�
�ry!oFqpl
n �Ê¢�% #�#)%�'�� ì �"! #�#�#)%�'��
op�rik� � qF�rsB� � ��hH�wl
z irq � o0��l
hDqFl
n�íÑoF|!�rirqFo0irhDqFt@qC�WtB�
�ry!opqFl
npo
!Ê��� #�#)%Z� '���hHz !£��# ! #)%Z� '8}Uä � lbu�twnpx�l
nMzHiko���|!|Êl �¤nFo	�+uÚ�
qpl
n�qC�Wt��wl
h!l�n¿��qpirtwh!o	� � ir�rl�q � l��Ú��qFqpl
n	êDy!ir�����rs��mnFt��	o���hHz
� � �¤h!�wl�o	ikqpo	�
l
hDqFl�n ì irh e A8T�C�C½���rx�tmoFq � �¤��uQt�u�q � l�|£tm|!yD�
�Ú�¤qFirtwh�iroQirh !Ê��# ! � %3�$!ôí�}Êè�h£�¤�ksDopiko8o � t��	o�q � ��q8q � lW�
l
hDqFl�n
t¤u�q � l�o � nFirh!�Dirh!�$���kyHoFqFl�n � �¤oÏ�¤�kxÖtwopqMq � l½o¿��xÖl	oFqpnFy!�
qpy!nFl
�¤o�ikhØ|!nFl
jDirtwyHoÄ�ml
h!l
n���qpiktmh!o � l`u�twnpl � y!q�q � ��q�q � l$opl
�
tmh!z
���kyHoFqFl�n � �¤o���h@t � jDirtwy!op�ksÑz!i
	Ul
nFl
hDq � irq�|£��qpqFl
nphàtmh@q � l
�rl�u�qÄopirz!lw}�ï!yHnFq � l
n�z!l
jml
�rtw|!xÖl
hDq�t�uÜq � l�nFl
x���irh!irh!���
�ry!oÓ�
qpl
n0o � t��	o�q � �¤q�h!t�� � tmq � {�irh!z!irjDikzHy£���ro��	irq � xÖtDz!i�å£l
z
�¤h!z�y!h!xÖtDz!i�å£l
z��kl`u�qÜ��hHz�nFir� � q�opikzHl
o � l
�rtwhH��qFt�q � l�o���xÖl
���kyHoFqFl�n }
èXjwl
npsÐirhDqFl
npl
oFqpirh!�el
çD|£l�nFirx�l
hDq��	��o�nFy!h@è����C�^C!} è�o

o � t��	hÑikhÖå£�Ê}�S!{Êq � l�nFl�iko��¤h0twop�
ir�k�Ú�¤qFirh!� � l � �+j�irtmn�t�uWq � l
q � lWxæ���DnptwoF��tw|!ir��|£��n���xÖl
qFl
npoÊu�nFtmx e AÁ� � � �WqFt e A2� � � �!}
è x����mh!i�å£� ��qpirtwh t�u0q � l@ikhDqpl
nFjw�¤��u�nptwx e A � � � �2qFte A �KT � ��iro�o � t��	h@irheå£�Ê} CH}Ðä � iko�nFyHhàiro�nFl
x���np�w� � �rl
� l
� �¤y!oFlØq � iro�êDy!irqFlÖ�
twxÖ|!�rl
ç � l � �+jDirtwn�iro���hel
çD�
l�|!qFirtwh8}
ë×twoFqØt�u�q � lel
çD|Êl
nFirxÖl
hDqFoÀ�¤nFleoFirxÖik�Ú�¤n�qFt@nFy!h è����F� 
 h
� � tmy!qæ� �0� ��nplÀl
jml
hBopikxÖ|!�rl
n } ä � lÑnFl
opy!�rq�t�u$�Ñu�tm���
�rt��	irh!�Ñ�
�ry!oFqpl
n0��h£�¤�rs�opiro$iro�o � t��	h@irhÐåÊ�£}�� �!} ��l
npl �¤h
tmoF�
ir�r�Ú��qpikhH�Äopl
|£�¤n¿��qpirtwh���hHz$xÖl
nF�mikhH�Ät¤uôqC�Wt��
�ry!oFqpl
nFo	�	irq �
opq¿� � �rl��
l
hDqpl
nFo ì ùDù�#&����%�'H¡Ð��h!zÞù���� %�'H¡£í½iro�q � l�z!tmx�i��
hÊ��qFirh!��| � l�h!twxÖl
h!twh8}
ì�� +mí����	�����&!�� . $+��.03�50�7123*�/� � � . � 50�&3���� � ),12$7123 ( ��!��

6 .0��12��3�1��:!�� ) !'�
��#%$+�	�	� $+�03 � �&!����	� 8
�<t�tm�DikhH����qQq � lW�
�ry!oFqpl
nFoMt � q¿�¤irh!l
z½u�nFtmx ì�� 
 í���h!z ì�� ��í

npl
jwl+���ro {Hq � �¤q	oFqFnpirh!�wo	irh�q � l�z!irop|!�Ú���
l
z��
�ry!opqFl
n � �+jwl � ir� �
zHikjml
nFopirqCs�twh�q � l	�rl�u�q�opirz!lw}��DqFnpikhH�woMirh�q � l	h!l
�@�
�ry!opqFl
nÜ�¤nFl
x�yH� � x�twnpl � twxÖtw�wl�h!l
twyHo�twhØq � l��rl�u�q�opirz!lw}�ä � iro�n¿�¤ikopl
o
q � l�êDy!l
oFqpirtwh�� � l
q � l�n�q � lÄhHl
�B�
�ry!opqFl
n � ��o	���
êDy!irnpl
z�q � l



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1200 1250 1300 1350 1400 1450 1500 1550 1600
time in generation

productivity
diversity

ï8ir�wy!npl CH�Që0���mh!i�å£� �¤qFirtwh�t�uQq � l���h£�¤�rs�opiroMirh�qpl
nFjw�¤�Du�tmn�npy!h
è����C�^C!}

T
im

e 
[G

en
er

at
io

ns
]

C
yc

lic
 c

lu
st

er
 s

ep
ar

at
io

n 
an

d 
m

er
gi

ng

13
00

14
00

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ee
10

52
6a

ef
ff

f2
6a

ef
ff

f2
6a

ef
ff

f2
6a

ef
ff

f2
6a

ef
ff

f2
6a

ef
ff

f2
6a

ï8ir�wy!nplà� �!�Ñä	irx�l�z!l
jml
�rtw|!xÖl
hDq�t�u$���kyHoFqFl�nFo�ùDù�#)����%�'!¡
�¤h!zeù���� %�'!¡ÑirhÀnpy!heè��¤�_�
C!}����
x�z!iÚ�¤x�l
qpl
n � � �0�Xt�u
|Êtw|!yH�§�¤qFirtwh8}�~W�ry!opqFl
n�x�l
q � tDzQ�Uu�y �
� s����Cx�l �¤h!o }

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

600 650 700 750 800
time in generation

"class3"
"class3"

ï8ir�wyHnFl��w�m�)R�twnpxæ�¤�ki � l�z�oFy!xXt�u��
�Ú��oFopi�å£l
n�ü �	�	� � ���
��� ��hHz
ü �����
� �	� �	� t�jwl
n�qFirx�lm{!� � ir� � x�l+��oFyHnFl
o�q � l��rl�u�qC�Ctwnpirl
hDqFl
z
npl
|!�rir� ��qpirtwh³��hHz�npik� � qC�CtwnFirl
hDqpl
z nFl
|H�kir� �¤qFirtwh³� � ir�rikqCsD{	npl��
op|£l��
qFirjwl��ksD}	&by!h�è����F� 
 }

� � ir�rikqCs�qFt�npl
|!�rir� ��qpl�irq � oW�kl`u�q	oFirz!l�x�tmnFl����
�
yHn¿��qpl
�rs�}
ä�t�jw���rirz£��qpl�q � iko��¤oFopy!x�|!qpirtwh��Wl � �+jwl�z!l`å£h!l
zÀ�½åÊnFoFqÓ�

tmnFz!l�n��
�Ú��opoFi�å£l
n�ü+*��e� � ir� � � � l
���Do	u�twnWnFl
|!�rir� �¤qFirh!�����
qpikjm�
irqCs���qW�
l
nFq���irh � irqW|£tmoFirqFirtmh!o	oF|Êl
�
i�å£l
z � sÖq � l�x���oF� 	 ���

ü+*�� ì 	 íGA³� ÿ �����	� ìFìFì
	�
 	�� í ? 	 ��í � 	 ? 	 ��í
������ò.9 	wì
	 í

ÿ �����	� ìFì 	�
 	�� í��
	 	 � � 	 �
	 	 �Äí
������ò.9 	mì 	 í ì Twí

� � l�nFl 	 � �Ðþ@iro���xæ�¤oF����h!z�����ò.9 	mì 	 í�z!l
h!tmqFl
o½q � l
hDy!x � l
nWt�u�twh!l
o	irh 	 })R�twqFlm{!q � ��q	ü Q A�ü ���
�����
���
� }�ä � l� � �¤h!�wl�t¤uÄnFl�|!�rik�+��qFirtmheu�nptwxýnFir� � qÓ�_tmnFirl
hDqFl
z@qptÀ�rl�u�qÓ�Ó�¤h!zD�
npir� � qC�Ctwnpikl�h�qpl
z�iroWo � t��	h�irh)å£�wy!npl$�m� � s�o � t��	irh!��q � l�zHl��
jml
�rtw|!xÖl
hDqÜt¤uYü �	�	�	� �����
� �¤h!zæü ���
��� � �	�	� }

?BAFRDE���RDRDAF\ðP
èûh!l�� xÖl
oFtmoF�
tm|!ir�$opqFl
|=�_�	iroFl��¤h£���rsDoFiro�x�l
q � tDz�u�twn�l
jmt��
�ry!qpirjwl�|£tm|!y!�Ú��qpirtwhD� � ��opl
zBops�opqFl
xÖo � �¤o � l
l
h2oFy!�m�wl
opqFl
z8}
; h!t��	�rl
zH�wl�� � twyHq�q � l�opsDoFqFl�xâiroÄ�D��irh!l
z � s0zHl
�
twxÖ|£tmoC�
irh!�Øikq��	irq � q � l � l
�r|et¤u��
�Ú��oFopi�å£l
nFo+}�ä � læ�¤|!|!�rir� ��qpirtwh0t¤u
���§�¤oFopi�åÊl
nFo��wl�h!l
n¿�¤qFl
o½ikh=u�twnpxæ��qpirtwh�� � ir� � � ��h � l�y!oFl
zÑqFt
�ml
h!l
n���qpl$h!l����
�Ú�¤oFoFi�å£l�nFo�� � ik� � � �¤hÀ���D��irh � l���|!|!�rirl
z�qFt
q � l�ops�opqFl
xÑ}Mä � l��
tmh!�
l
|Hq6�¤�r�kt��	oWq � lÄirhDqFl��wn¿�¤qFirtwh�t¤u�z!i�uÚ�
u�l
nFl
hDq���y!qptwxæ�¤qFir����hHzæx���hDy£�¤�£��h£�¤�rs�opiroÜqpl
� � h!irêDy!l
o }
ä � l½x�l
q � tDz � �¤o � l
l
h0opy!�
�
l
opoCu�yH�k�rsÀ�¤|!|!�rirl
z�qptæ�¤h×�¤nC�

qpir�
iÚ����� � l
x�iropqFnFsD}�è³opy!z!z!l�hez!l
�
npl ��oplæ��hHzÀirh!�
npl ��opl�t�uÏ�
x����
nptwop�
tw|!ir�Öê�yÊ��hDqFirqCs ì |HnFtDz!y!�
qpirj�irqCs!í � ��o � l
l
h@irz!l
hDqFi��
åÊl
zà�¤o$q � l � irnpq � t¤uÄ��h!l
�4twnF�D��h!i � �¤qFirtwh ì ���kyHoFqFl�n¿í
} éCqFo
zHl
jwl
�rtm|!x�l
hDq � ��o � l
l
hÖj�iropy£���ri � l
z��¤h!z�irh�jml
oFqpir����qpl
z � s(�
zHs�hÊ��x�ir���
�ry!oFqpl
n���hÊ���rsDoFiro }Øä � l�npl
oFy!�rqpikhH�À�
�ry!opqFl
npo�x�t¤�
qpirjw��qFl�z³q � lBz!l�å£hHikqpirtwh³t¤uæxÖtwnFleop|£l��
iÚ���ri � l
zû�
�Ú��opoFi�å£l
npo
� � ik� � �
twh=å£nFx q � lÐ��opoFy!xÖ|!qFirtwh@q � ��qÖq � leh!l���twnp���¤h!i��



� �¤qFirtwh � ��oÜ�¤�
êDy!irnFl
z�q � l�� � ir�rirqCs�qFt�npl
|!�rir� ��qpl	q � l��kl`u�q�oFirz!l
t¤uð�½oFqpnFirh!�Ê}
ïHy!qFy!npl��Wtwnp�ô��~W�Ú��opoFi�å£l
npoÜ� �¤h � l��ml
h!l
n���qFl�z×�¤y!qFtmxæ�¤qFi��

� �¤�r�ks ì iC} lm}Mü H í
{D� �¤h � l�|£�¤n¿��xÖl
qFl�nFi � l
z ì iC} lw}Mü+*��MíMtmnÜ�+��h
� l��
twx � irh!l�z�� � ir� � � ��hÖ�rl ��zÖê�yHik���D�rs$qpt(� � yH�wl�hDy!x � l
n
t¤u��
�Ú��opoFi�å£l
npo }ðä�t½l ��oplÄq � l � ��hHz!�rikhH��t�u�q � l��
�Ú��oFopi�å£l
nFo	�Wl
� �¤h���opoFir�wh@qptel ��� � �
�Ú��opoFi�å£l
n�� � x�l+��h!irh!� ' � � ir� � iro��qpl
çDq�z!l
op�
nFi � irh!�Öq � l½|!nFtm|£l
npqFirl
o�t�uMq � l��
�Ú�¤oFoFi�å£l�n {U��h!z�opl
q
y!|e��zÊ��q¿� � �¤oFl��
twhDq���irh!irh!��q � l$�
�Ú�¤oFoFi�å£l�nÄhÊ��x�lm{£irqpo	u�tmnC�
x����Dz!l�å£hHikqpirtwh ì |!nptw�wn���x�íU��h!z�irqFo�xÖl ��h!irh!� ì qFl
çDq�í
}) Birq �
q � iro��Ül���npl�� � �rl�qFt��
tmx � irh!l���h!zeirhDqFl
�mn¿�¤qFl�u�tmnFxæ�¤�Qz!l`�
op�
nFir|!qpiktmh!o��	irq � xÖtwnpl�irh�qpy!irqFirjwlm{U�rikhH�wy!iroFqpir��z!l
op�
nFir|!qpiktmh!o }
éChe��opl
�
twhHzeoFqFl�|Àq � l$���§�¤oFopi�åÊl
nFo��+��h � l�nFl
�Ú�¤qFl
zÑqFtÖl ��� �
tmq � l
n+}
é�u	�Ül����roFt0�¤�k�rt�� �
�Ú�¤oFoFi�å£l�nFo�qpt � l�z!iroF�+��nFzHl
z ì iC} lw} � l`�

� �¤y!oFl�q � l
s���nFl�nFl
zHy!h!z£�¤h�q�í
{Dq � l	nFl
opy!�rqFirh!��|!nFtD�
l�oFo	oFl�l
x�o
qpt � l
�
tmx�læ�¤hel
jwtm�ry!qFirtwhÊ��nFsÑ|!npt���l
oFo+{ÜhHt�� tmhÐq � l��rl
jml
�
t¤u6���§�¤oFopi�åÊl
nFo+}B�Dt£{ð�Ül�� �¤h �¤|!|!�rsÑq � l0o���xÖl�qFl
� � h!irêDy!l
o
�¤oÄzHl
oF�
npi � l
z � l
npl$hHtwq�tmh!�rs�tmh0q � l�|!npikx���nps�|£tm|!y!�Ú��qpiktmh
ops�opqFl
xÑ{ � yHq����roFt�twh�q � lÄopsDoFqFl�x�t�u�l�jwtw�rjDirh!���
�Ú��oFopi�å£l
nFo+}�@E��	P�\��ÐVp: �	TW:�#d:8PM;!R
ä � iro2|!nFt ú l
�
q2iroBoFy!|H|£tmnFqFl�z � s©q � l v�ï8� ì v�l�y!qFop� � l
ïHtwnpoF� � y!h!�wop�wl
xÖl
irh!oF� � �&u�q¿í�{!�mn¿��hDq	î	��� �¤���w�m�+�F�!}) el����roFt
q � ��h!�Ð~ � nFiroFqpi§�¤hÐv��y!hDqF�wl�hQ{Qè � x�l�q ; t���w{�è�h!z!nFl��D�Dy!o¿�H{
ë0�¤nF�
yHo�îWn¿��xÖl
irl
n���hHz� etm��u����¤h!� ; �¤hDqFoF� � ir�U}

�@:Ê^ :8>!:QP�EU:QR
îÏ�¤� � l
n {
	£} ì �DC�C�Twí
} �9-/#�� �"�&!�.�3�. - � � � } ���rz!l
h � tmy!nF�Ê{
ë��y!h!� � l
h8{Z #ikl�hQ}
îÏ�¤�w�rl
sD{(&�}
	£}!�¤h!z0ï£�¤nFxÖl
n {�	£}!v�} ì �DC�Cm�wí
}��D|ÊtwhDq¿�¤h!l
tmy!o
l
x�l
np�wl
hH�
l�t�uÜ��xÖl
q¿� � tm�kiropxÀ}UéCh0�Q�¤h!�wqptwhQ{!~�}Ê��}r{DäM�+sw�
�ktmn {	~�}r{ÜïÊ��npx�l
n+{�	£}Wv�}k{W��h!z &���oFx�yHoFoFl�hQ{Ü�U}r{Wl
z!irqptwnFo+{
� !��&$+� �	��12305 � �'(	�/� ��� �0!�� ����� ) ��3�� ! �"1 �
$�1<. -��
1 (�������� �
���! #" $�%'&w{�jwtm�ry!x�l@+×t�u)( .03���.�� � �+3 � �"1<�"# ����( ��# �012��� 123
�/� �*( $�12�&3�$+��� ��(��
��6 ) -/�'+01<� � {U|Ê���wl�o C 
-, �
� �!{�&bl
z!�WtDt�z
~WikqCsD{!~Wè${Dg��Dè$}Hè�z!zHikoptwhD�� el
op�kl�s�}
îÏ�¤�w�rl
sD{!&�}.	Ê}r{wï£�¤nFxÖl
n {.	Ê}wv�}r{w��h!z�ïHtwhDq���h£�H{K Á} ì �DC�Cw�mí
}M�jwtm�kyHqFirtwh�t�u	��x�l�q¿� � tw�riroFxÑ}MéChÀ�8��h!�mqFtmhQ{U~�}ô�)}k{HäM�+sw�
�ktmn {	~�}r{ÜïÊ��npx�l
n+{�	£}Wv�}k{W��h!z &���oFx�yHoFoFl�hQ{Ü�U}r{Wl
z!irqptwnFo+{
� !��&$+� �	��12305 � �'(	�/� ��� �0!�� ����� ) ��3�� ! �"1 �
$�1<. -��
1 (�������� �
���! #" $�%'&w{�jwtm�ry!x�l@+×t�u)( .03���.�� � �+3 � �"1<�"# ����( ��# �012��� 123
�/� �/( $&12�&3�$+� �:�'(0�
��6 ) -/�'+01<� � {D|£�¤�wl
o����£� , �*+�S!{!&bl
z!�WtDt�z
~WikqCsD{!~Wè${Dg��Dè$}Hè�z!zHikoptwhD�� el
op�kl�s�}
îÏ�¤h �
� �&u¿{0 ³} ì �DC�C 
 í
}M�Dl���uø�_npl
|!�rir� ��qpikhH��oFl
êDy!l
hH�
l
o�t¤u � i��
h£��npsàhDy!x � l
npo , u�twy!h!zÊ��qFirtmh!o�i���h!z@iriC� �6l
h!l
n�������h!z
oFqFnpirh!�woBt¤uÀ�rl
h!�mq � h A �£} 1 12� -/�+501<$ . -2� �.3 �&! 3��&��12$ �
{T�C!����T�C , ��SH�w}
îÏ�¤h �
� �&u¿{� ³} ì �KC�C!+wí�}e�Dl
��uÚ�CtwnF�D��h!i � irh!�0�¤�k�mtwnpikq � x�o�z!l`�
nFirjwl
z�u�nFtwxûnph£��irhDqFl
n����
qpiktmhQ}ÊéCh�îÏ�¤h �
� �&u¿{� ³}w��hHz%M�l
���m�
xæ��h8{�ïW} �$}r{Ql�z!irqFtwnpo {4 ���� -/# ��12�03*.03)��1 12�&$ ��6 ),# �".��"12��3�5

�
�06 ) # ��.0��12�03�. -76 ���0��-��?�'(8 ��&� -�#%��12��3!{�|£���ml
o T�C , � �w�!}
�D|!npikhH�wl
n+{!îWl
nF�rirhD����l
irz!l
� � l
nF�¤� R�l
�:9ÜtmnF�U}
îÏ�¤h �
� �&u¿{
 ³} ì �DC�C�Emí
}8éChDqFl
n����
qpikjml�l
jwtm�kyHqFirtwhQ}<éCh�î ' �����U{
ä�}r{!ï!tm�wl
�C{!v�}DîÄ}r{Ê��h!z0ë�ir� � ���rl
�	ir� � {�;�}k{Hl
z!irqFtmnFo+{��:.�3)� �
3 ���<� �'(� ��&� -/# ��12�03 .0! � �
��6 ),#%��.0��12��3!}!é'� ����y � �riro � ikhH�£}
îÏ�¤h �
� �&u¿{� ³}r{�R�twnpz!irhQ{0��}r{ ; l��k�rl
n+{ &½}�M	}r{w��h!z�ïHn¿�¤h!�
tmh!lw{
ïW}�v�} ì �KC�C�Smí
}>= ��3 ����12$�� !��+5�!�.06 6 12305 �?� 3 �+3���!����0# $	�
�"1<�03!}Më�tmnF�D��h ; �¤yDu�xæ�¤h!hæ�¤h!z�zHtwy!h!�Dq $ l�nF�Ú���Ê}
v�ikqpqFnpik� � { ��} ì �KC�C�Emí
}	�DtwyHnF�
l��
tDz!l�t�uMq � l���yHqFtwx���q���npl��
���
qpirtwhQ}WéChDqFl
nph!l
q�ï8ä �@oFl�nFjwl�n6�¤q�q � l$~ � �¤ikn	t¤uÏ�DsDoFqpl
x�o
è�h£�¤�rs�opiro { v�l
|Hq }
t¤u£~Wtwx�|8}¿�D��ikl�h!�
lw{�g�h!irjU}
t�u!v�twnFqpx�y!h!zQ{
å£�rl�h£��xÖlw�A@�B
C�D�EGF
@IHKJ�L�M�NOMPC�@KEOMPQSRU}
v�ikqpqFnpik� � {9��}Q�¤h!zeîÏ�¤h �
� �&u¿{) ³} ì �KC�C�Swí�}æ�=l
��uÚ�_l�jwtw�ry!qpirtwh
irh×�)�
twhHoFqFnpy!�
qpikjml � ikhÊ��nFsÖoFqpnFirh!��opsDoFqFl�xÀ}WoFy � x�irqFqpl
z0qFt
è�npqFi�å£�
iÚ���Q�<i�u�l)	wtwyHnFh£�¤�_}
v�y!h!hQ{T	£}U~�} ì �DC�E¤��í
}I el
�r�Qopl
|£�¤n¿��qpl
ze�
�ry!opqFl
npo$��h!zØtw|D�
qFirxæ�¤�mu�y �
� sm�C|£��npqFirqFirtmh!o }4U �0# ! 3�. - �'(0� �.3 �&! 3��&�"1<$ �
{m�£�<C!+ ,
� �¤�£}M�ir�wl
h8{�ëe}8��h!ze�D� � y!oFqpl
n { ��} ì �DC�E�Cmí
}2V,��� � � )���!'$ � $�-/�+}
�D|!npikhH�wl
n+{!îWl
nF�rirhQ}
ï!tmhDq¿��hÊ�!{� ³} ì �KC�C!�+í
}!è��r�wtwnpirq � xÖik��� � l
xÖiroFqFnps�}HéCh��Q�¤h!���
qFtmhQ{w~�}w��}r{+äM�+sD�ktmn {�~�}r{wïÊ��nFxÖl
n {<	Ê}wv�}k{��¤h!z0&��¤oFx�y!opoFl
hQ{
�U}r{
l
zHikqptwnpo {K� ! ��1 �
$&12. -W�
1 ( � � �X5K� !��&$ �+�	�01<305 � ��( �/� ��( �+$+�03"�
� ! ��1 �
$&12. -?� 1 ( �Y� ��!�� � � �+)U{�|£���ml
o@�*+�C , � ��C!}bè�z!z!iroptwhD� el
oF�rl
sD{(&	l+��z!irh!��ë�è$}
ï!tmhDq¿��hÊ�!{
 ³}Ê��h!z�îWy!oFo+{ô�ð}0 ³} ì �DC�C��Dí
} ' q � l$��npnFirjw���Ut¤u
q � l�åÊqFqFl�oFq ' ��ä�t��	��npzÀ�Öq � l�twnFsÑt�u � irtw�rtm�wir� ���8twnp����hHiko��+�
qFirtwh8}A1 #�-2-[Z�6 .��/�IZ�1 1<� -[Zø{(+�T!�r� , T��Ê}��t¤u � ��yHl
n {
	Ê}!��h!z��Dir�wx�y!h!z8{ ; } ì �KC�S��Dí
}� ��&� -�# �"12��3 � �/� �	�
�0! 1<�:# 3)� � � 3�.�6 1�� $+���\( � � ����6 �+}
���¤y!� ���¤nFl
sD{DîÜl�nF�rirhQ}��t¤u�oFq���z!qpl
n {�v$} &�} ì �KC�S�+wí�}]=/^ ���0��-`_� � $+���&!'_a1 .0$+��5ø}
; �kl�qFqC�F~Wtwqpq¿�H{���nFir�mikhÊ���Ú��y!op��� � lw� �KC�E�C!{�î	��opik�2îWt�tm�Do {R�l
�b9ÜtmnF�U{0T!}Dl
zHikqpirtwhQ}
; t � �H{�	£} &�} ì �KC�Cm�wí�} = ��3 ����12$c� !'� 5�!�.�6 6 12305�5ed 3
�/� �?� !��+50!'.06 6 123�5	��(\�
�06 ) # ����! � 3��/f .��"# !'. -�( ��-/�+$&�"12��3!}
ë�éCä ��nFl
opo {U~	��x � nFirz!�wlm{�ë�è�{DgÄ�Dè�}
�Uy!�mt��	oF�DiC{�ëe}D ³} ì �KC�S�Cmí
}w~Wtmx�|!y!q���qpiktmh£����xÖl
q¿� � tm�rikopxÀ�
ä�t��Ï�¤nFz!o � irtw�rtw�mik�+�����wl�twx�l�qFnFirl
o u�twnÞ�
twxÖ|!y!qpikhH�£} éCh
�Q�¤h!�wqptwhQ{w~�}m��}r{�l
z!irqFtmn {K� !��"1 � $�12. -S�
1 ( � {¤|£���ml
o 
 �Ê� ,(
 T�SH}
è�z!zHikoptwhD�� el
op�kl�s�}
ë0�+sD{ &½} ëe} ì �KC�CH� í�}���s�|Êl
np�
sD�
�rl
oMoF|HnFirh!��qFt��ki�u�lm} f .��"# !��+{

 + 
 �<T ��E , T ��SH}
ë�irs��¤x�twqpt£{U�U}���h!z RÄ�¤�w�+s��¤xæ�!{ ; } ì �KC�S�Tmí
}��Dirx�ir�Ú��nFirqCs
x�l �¤oFy!npl
o � �¤oFl
z�twh���u�y �
� sÖoFl
q	xÖt�zHl
�ô�¤h!zæ�¤|!|!�rir� ��qpirtwh
qFt � irl
n����
ir� �¤�!�
�ry!oFqpl
nFirh!�Ê} �� � � gV !�.03 �hZi_�( � � �jZk_l6 .�3 .�3)�
� �.3 ��! 3 ����12$��`{U�DT ì�
 í
� �
E�C , �^Sm�!}
ë�twnpnFiro { �$}�~�} ì �KC�S�Cwí�}�äÜsD|Êtw�ml
h!l
qpik��o ��èû�ktm�wir�½u�twn$�¤nC�
qFi�å£�
iÚ�¤�U�ki�u�lm}MéChÀ�8��h!�mqFtwh8{£~�}£�)}k{Dl�z!irqFtwn+{l� ! ��1 �
$&12. -l�
1 ( �+{
|£���ml
o 
 T�C ,(
 C!+H}wè�z!z!iroFtmhD�� el
oF�rl
sD}



&���opx�y!oFopl
hQ{D�U}r{ ; hDy!z!opl
hQ{Ê~�}k{mï!l
�rz � l
np�£{(&�}r{D��h!z���irh!zD�
o � tm�kxÑ{Üëe} ì �DC�C �mí
}#ä � l0�
tmnFl
�Wtwnp�kz8� MYx�l
np�wl
h!��lÀ��h!z
l
jwtm�kyHqFirtwh�t�uD�
tDtw|Êl
n¿�¤qFirjwlðoFqFnpy!�
qpy!nFl
oðikh��W�
tmx�|!yHq¿��qpirtwh£�¤�
� � l
x�iroFqpnFsD}A� � � � 12$+.	��{D���H�r�w�w� , �DC��£}
�D� � �Wl�u�l��_{��$} ����} ì �KC�C!+mí
}� ��&� -�#%��12��3 .03"�*d ) ��126 # 6 ( �+�'� �
12305m}0�Dirç�q � �F��l
h!l
n���qpiktmhÐ~WtwxÖ|!y!qFl�n�ä�l
� � h!tw�rtm�wsÀ�Dl�nFirl
o }
	wt � h� #ik�rl
s � �DtwhHo {!éChH�w}r{
R�l
�:9ÜtmnF�U}
�Dq¿�¤z!�rl
n {���}!ïW}r{!ï!tmhDq¿��hÊ�!{� ³}r{!�¤h!zæë�ir�r�rl
n {�	£}
��} ì �DC�C 
 í
}
&���hHz!twx � ��q����rsDqFir�Bnpl ���
qpirtwhXh!l
qC�WtwnF�Do+} �
� � � 12$+. �½{T 
 � 
 E�S ,(
 Cm�!}
ä �(' y!np�U{wëe} ì �DC�C 
 í
}
 123/6 ���0��-2-��&# !4( � - 3 � ���0!�50.�3�1�� .0��12�03
����3a� # ���06 .0����3 . - 5��0!�12�/� 6 �&3��&# 6 ( �"# �01<#%6 6 � -/�'�0#�-/.�!��&!
 ���� -/# ��12�03!} � � vÁq � l
oFiro+{Ug�h!irjml
nFopikq ' �¤q 	wl
h£�H{�RÄ�¤qFy!np�	iroC�
oFl
h!op� � �+u�qp�rik� � l�ï£�¤��yH�kq ' �¤q }
$ ��npl
�Ú�!{wïW} ì �KC�E�Swí�}0��h � l
irh!����yHqFtwhHtwx�tmy!o �Êä � l	�rl
opoFtmh!o
t�u$h£�¤qFy!n���� � iroFqFtmnFsÞu�tmn�oFsDopqFl
xÖo�q � l
twnps�} éCh ; �rirn {	��}r{
l
z!irqFtmn {�� )�) -/1<� � = ��3��&!�. -�( � � ����6���� ��� �+.0!�$+�!{Ê|£�¤�wl
o.E�E ,S��£}


