
���������
	��
	��������������������������! �����#"$�%���'&��
()�
*
+-, �.�
	/���0�#�
"213�54��
	06
�5(7	/�8���9���:45� , (;���%�<	����

=?>A@CBEDGFHDJIAKA@ =?L?M0N�>;D�OPIQLSR
@UTVM
WQX�XZY\[.]^]?_?`badc�eSW\cgf?h<i^jkXdc.lQemcgf�a;]nW;lkoQ_Qp�]Sh3qAeSa;]
rVsutwvxvzy�v/{;|�tw}.~����������x�w���k����}��g�������
v�{;���/�wsutw}.���g}��

� �0���z�w���H���w��y��S���w�w�Jrw�/s��V�V��y�y�}5rx���g}.}��������3v0�H�z�V�?�����ks�tk}.���g}����� /¡H¢0£�¤

¥\¦Q§.¨.©0ªn«/¨z¬H­ �¯®w�g}.�V��vz�w�
°�v/�g�J��°
}±tn����}±®w�gv/®Jvz��}��²���kv0��}.ym�/®k®S�gv���sut¯�gv
�w�����³s�y��w���g}��g���k�³´n�/��}.�
vz���gtk}�}��S®ky���s.���<vz®w�g��~���µ��0�g��v/�Hv�{Q�³®k�����g���g��vz�w���w�³°<���gt
�g}.��®J}�s��<�gv³�¶°�v9s.v/~�®ky�}.~�}.�x���0���\s.y��k���g}��g���k�³vz´V·�}.su�g���z}.�³¸  0¹Cºw»�}u�g}z�V°
}'}��V�g}.�k�
�gtw���;���w}��V��´x�³�w}.��su�g��´w���k�5�/�d�z�w�/�/�ws.}��9~³�ky��g��vz´V·�}.su�g���z}�s.y��k���g}��g���k�5��y��zv/�g���gtw~��
�2�'|�¼d�;°<���gt½�gtw}�s��/®k�/s.�����½�gvG���w}.�x�g��{¾�¿�/vxvV�$��vzy��w�g��v/�k��{¾�gv/~À�gtk}2�Q�0�g}��gv
{Á�gvz�x�³�/�n�P�gv2�/�S�gvz~\�0�g��s.�/y�y����w}u�g}��g~����k}³�gtw}d�V�k~³´J}��'v/{
s.y��k���g}��g�%�������w�����
��}���º/Â
tw}
�/y��/v/�g���gtk~Ãtk�/�b´J}.}��³���w´S·¶}.s��Q�gv��<�gtwv/�gvz�w�zt³s.vz~�®k���g����vz�5°<���gt9��y��g}u��Ä
�k���g����}'s.y��k���g}u�g���w�9�g}.s�tk�w�ÁÅx�w}.�<�/�k��°
}'´S�g��}�Æk�����k~�~\�0�g��µ.}��gtk}���}��g}.���ky��g�.ºwÇ�}
�gtw}.�
®S�g}.��}.�x�<���V��}.���g�����0�g��v/�k�<���x�gv³�gtk}�~�}.s�tn�/�w����~��������gtw}mtk}��0����v/{A�2�'|�¼dÈ
°�}��w����s.�w���2�¿����~�®wy�}G}��w��~�®ky�}±�w}.~�v/�k���������g���w�¿�gtw}G���S�w}��g�z�����g��s�}�É?}.su�g�����
°�v/�g�d����~9�wy��g��v/´S·¶}.s��g����}<s.y��k���g}u�g���w�w��°<tw��sut�}��S®wyÁ���������g�;���k®J}��g��v��g�����d�gv'�����k�/y�}uÄ
v/´S·¶}.s��g����}�s�y��w���g}��g���k�¿�g}.s�tk�k��Åx�k}��.���/�k�Ê°
}G�/�n��y��w��}Gtkv�°Ë�2�'|�¼dÌ �2�Q�0�g}��gv
{Á�gvz�x�g�³s�vz~�®n�0�g}d�gv��gtk}�®J}���{¾v/�g~\���ks.}�s.�S�g��}.�5vz´S���/���k}.��´V�±�����k�/y�}�ÄCvz´V·�}.s��g����}
��y��/v/�g���gtk~��<�g�k��{Ív����%���/�k�/}'v/{;�S��É?}u�g}.�x�<�S�w~9´J}��g��v/{Qs.y��w���g}��g�.º
ÎHÏVÐZÑ³Ò ©/Ó^§zÔ |�y��w���g}��g���k�w�?~³�ky��g��vz´V·�}.su�g���z}%v/®w�g��~���µ����g��v/���n}���vzy��w�g��v/�n�����2�/y��zv�Ä
�g���gtk~��.�w���w�gvz~\�0�g��s5�w}��g}��g~����k���g��vz�
v/{Q�gtk}��S�w~9´J}��
v/{Qs.y��w���g}��g�.º

Õ Ök×ÙØJÚ?Û'Ü³Ý%Þ^Ø?ßgÛÙ×

à @E>AM�á�Txâ/BEIQãäBEM¯å�L?æ¿æ�L?IA@EçèKQTxé3IQTVKêDJM²á0NQTÃá0DJM0ëèLJì�é;IAK;BEIQãäIADná0>Qâ�DJ@2ãJâ�L?>Qí;M
R�BUá0NABEIîDÊKADná0D¯M�Txá2M0>Aå/N�á0NADnáPKADná0D¯BUá�TVæ½M
R
BUá0NABEIïá0NQT�M0DJæ�T�ãJâ0L?>Aí�Dnâ�T¿æ�LJâ0T
M0BEæ¿BE@CDnâ%á0NADJI$á0NQL?M�THR�BUá0N;BEI½KABUð�Txâ0TVI�á9ãJâ0L?>Qí;Mxñbò\NABCM%BEM9DJIÊBEIZá0>;BUá0BUóJT�ô3>Qá³â/Dná0NQTxâ
õ @UL�L?M0TJönå�L?I;å�TxíAáx÷?DJIAK�BUá�â0TVæ¿DJBEIAM�ø^>ABUá�TdKABUù½åx>A@EáÙá�L�â0TVDJ@EBUúxTdBEI�ãJTVIQTxâ�DJ@^íAâ/DJå�á0BEå�TJñ
û5óbBEKQTVI�á0@UçJ÷'L?IQT¯â0TVDJM�L?Iüì�LJâ½á0NQTýKABUùþåx>A@Uá�çÿBEM�á0NADnáx÷5ì¶LJâ½æ¿DJI�ç KADná0D�M�Txá0MV÷%IQL
>AIADJæGô;BUã?>QL?>AM\í;Dnâ0á0BUá0BUL?I;BEIQã�LJì'á0NQT�KADná0D½T � BEM�á0MV÷ALJâHåxDJIïô
T±TVM�á0Dnô3@EBEM0NQTVK<÷QTxóJTVI
ô�çÊN�>;æ¿DJIAMxñ��d>Qá�TxóJTVIïBEI¯åxDJM�TVM
R�NQTxâ0T2DJIý>;IADJæ±ô3BUã?>QL?>AM9í;Dnâ0á0BEá0BUL?IABEIQã�LJìmá0NQT
KADná0D����dí
L?M0M�BUô;@UTJ÷nåx@E>AM�á�Txâ/BEIQã�DJ@UãJLJâ�BUá0NAæ½M'åxDJI½KQâ�DJM0á0BEåxDJ@E@UçPì�DJBE@�ñJò\N;BEMmBEMmô
TVåxDJ>AM�T
æ�L?M�á¿T � BEM�á0BEIAã�åx@C>AM�á�Txâ�BEIAãîá�TVå/NAIABEø^>QTVM�â�TV@UçÿL?I TVM�á0BEæ¿Dná0BEIAãÃá0NQTýø^>ADJ@EBUáuçÿLJì�D
í;Dnâ0á0BEåx>A@CDnâ%í;Dnâ0á0BEá0BUL?IABEIQã±ô�ç½æ¿TVDJIAM%LJì	��>AM0á³L?IQT
����
��������������������	��
������ �!�"��#$
����%�A÷
DJI½LJô"��TVå�á0BUóJTHì¶>;IAå�á0BUL?I¿á0N;Dná9æ�TVDJM�>Qâ0TVM9BEIZá�â/BEIAM0BEådí;â0LJí
Txâ0á0BUTVM5LJì<DGí;Dnâ0á0BEá0BUL?IABEIQãQ÷
M0>Aå�N DJM$á0NQT�M�í;Dná0BEDJ@�M�Txí3Dnâ�Dná0BUL?I ô�TxáuR³TxTVIêåx@C>AM�á�Txâ�MþLJâÊá0NQTÃå�L?æ�í;DJå�á0IQTVM0MÊLJì
åx@E>AM�á�Txâ�MVñ^F
TVIAå�TJ÷bá0NQT2BEI�á�Txâ�IADJ@3TxókDJ@E>;Dná0BUL?I$ì¶>AI;å�á0BUL?IþBCM³DJM0M�>Aæ�TVK$á�L�â0T'&ATVå�ádá0NQT



�

ø�>ADJ@CBUá�ç²LJì³á0NQT�í;Dnâ0á0BUá0BUL?I;BEIQã½â�TV@EBEDnô;@UçJ÷�DJI�DJM0M0>Aæ�í;á0BUL?Iýá0N;Dná�æ½DVçýô
T�ó^BEL?@EDná�TVK
ì�LJâ�å�Txâ�á0DJBEI²KADná0DþM�Txá0Mxñ

� BUóJTVI±á0NADná�æ¿DJI�ç�LJô"��TVå�á0BUóJT%ì�>AIAå�á0BUL?I;M
ì�LJâ�åx@E>AM�á�Txâ�BCIQã\Dnâ0T%å�L?æ�í3@UTVæ�TVI�á0Dnâ0çJ÷
á0NQT9M�BEæG>;@Uá0DJIQTxL?>AMÙLJíAá0BEæ¿BUúVDná0BEL?IPLJì;M�TxóJTxâ/DJ@^M�>Aå�NGLJô"��TVå�á0BUóJTVM'æ¿DVçGNQTV@Uí±á�LHLSóJTxâ��
å�L?æ�T�á0NABEM�R9TVDnë^IQTVM�Mxñ���I�íAâ0TxóbBUL?>AM�R9LJâ0ë��	��
g÷JR9T�NADVóJT\KATVæ�L?IAM�á�â�Dná�TVK�á0N;BEMmBEKQTVDb÷
M0NQLSR
BEIQã$á0NADná�á0NQT�M0BEæ�>A@Uá0DJIQTxL?>AM
LJíAá0BEæ½BUúVDná0BUL?IïLJì%á�R9L²åx@E>AM0á�Txâ�BEIQãþLJô"�.TVå�á0BEóJTVM
â0TVM0>A@Uá0MGBEI åx@UTVDnâGí
Txâ0ì¶LJâ�æ¿DJI;å�T½ã?DJBEIAMGR�BUá0N â0TVM�í
TVå�á�á�LîM0BCIQã?@UT��gLJô"��TVå�á0BUóJTÊåx@E>AM
�
á�Txâ�BEIQã²DJ@UãJLJâ/BUá0NAæ¿Mxñ�F
LSR9TxóJTxâV÷Ùá0NAT�íAâ0TVM�TVI�á�TVK�DJ@UãJLJâ�BEá0NAæ����.û����������'LJâ0L?IAL?B
BEIABUá0BEDJ@CBUúxTVK¯TxóJL?@E>Qá0BEL?IADnâ0çýIQTVDnâ�TVM�áHIATVBUã?NZô
L?>QâHDJ@UãJLJâ�BUá0N;æ���RdDJM�@EBEæ¿BEá�TVKýBEIïá�R9L
â0TVM�í
TVå�á0M��JBUá0M'DníAí;@CBEåxDná0BUL?IGâ0TVø�>;BUâ0TVKGë^IQLwR�@UTVKQãJTdLJì3á0NQT\å�LJâ0â0TVå�á5I^>AæGô�Txâ�LJì
åx@E>AM
�
á�Txâ�Mx÷
DJIAKïIALþæ�TVå/NADJIABEM0æ#RdDJM
í;â0TVM�TVI�á�TVKïá�LÊM�TV@UTVå�áHãJL^L^K�M�L?@E>Aá0BUL?IAM\ì¶â0L?æ#á0NQT
��Dnâ�Txá�L½ì¶â0L?IZáxñ

� >Qâ'IQTxR DJ@UãJLJâ�BEá0NAæ¯÷�� �Pà O ��æ�>A@Uá0BELJô"�.TVå�á0BEóJTdåx@C>AM�á�Txâ�BEIAã�R�BUá0N�DJ>Qá�L?æ½Dná0BEå
KQTxá�Txâ�æ¿BEI;Dná0BUL?I$LJìÙá0NQT2I^>Aæ±ô
Txâ9LJì�åx@E>;M�á�Txâ�M!�/÷bLSóJTxâ/å�L?æ�TVM\á0NQTVM0THR9TVDnëbIQTVM0M�TVMxñ"��á
>AM�TVM5DPIALSóJTV@�÷�&;T � BUô3@UT³â�TxíAâ0TVM�TVI�á0Dná0BUL?I�á0NADná%í�Txâ/æ¿BUá0M'>AMmá�LPTxùþåxBUTVIZá0@EçGãJTVIQTxâ/Dná�T
åx@E>AM�á�Txâ�BCIQã½M�L?@E>Aá0BUL?IAM
á0NADná
ô
LJá0Nîå�LJâ0â0TVM�í
L?IAKïá�LÊKABÍð
Txâ0TVIZáHá�â�DJKQT��gLnð�MHô
Txá�R9TxTVI
L?>Qâ\á�R9LÊåx@E>AM�á�Txâ�BCIQã�LJô"�.TVå�á0BEóJTVM
DJIAK²á0NADná
å�L?I�á0DJBEIýK;BÍð�Txâ�TVIZá\I^>AæGô�Txâ/M�LJì'åx@E>AM
�
á�Txâ�Mxñ#�HI¿DJ>Qá�L?æ¿Dná�TVKþá�TVå�N;IABEø^>QT�BEMmTVæ�í3@ULSçJTVK½á�L±M�TV@UTVå�á9NABUã?N$��ø^>ADJ@EBUáuç±M�L?@E>Aá0BUL?IAM
ì�â0L?æ á0NAT¯â0TVM0>A@Uá0BCIQã%�mDnâ0Txá�L�ì¶â0L?I�áx÷5DJIAK BUá�á0N^>AM�M0BEæ�>A@Uá0DJIQTxL?>;M0@Uç�KQTxá�Txâ�æ½BEIQTVM
á0NQT²I�>;æ±ô
Txâ�LJìHåx@C>AM�á�Txâ�M�BEIäDÃKADná0DÃM0Txáxñ'&ÃT²ôAâ�BET'&AçÃíAâ0TVM�TVI�á�á0NQT²DJ@UãJLJâ/BUá0NAæ
BEIýá0N;BEM�í3Dní�Txâ�DJIAKîM0>Aæ¿æ½Dnâ�BUúxTGDJI;DJ@Uç�á0BCåxDJ@Ùâ0TVM�>A@Uá0MHKQTVæ�L?IAM�á�â/Dná0BEIQãþBEá0M
â�LJô;>AM�á
í�Txâ�ì�LJâ�æ½DJIAå�TGDJå�â0L?M�M2KADná0DÊM�Txá0MHá0NADná�T � NABEô;BUá�D$R�BEKAT±â�DJIQãJT�LJì³K;BÍð�Txâ�TVIZáHKADná0D
íAâ0LJí
Txâ0á0BUTVMxñ(� æ�LJâ0TGKATxá0DJBE@UTVKýKATVM0å�â�BUíAá0BEL?I²DJIAKýDJK;KABUá0BUL?IADJ@ÙDJIADJ@Uç^á0BEåxDJ@<â0TVM�>A@Uá0M
Dnâ0T�íAâ0LSóbBEKQTVK$BEI)�+*,
gñ	�³TVM�BEKQTVMdBEI�á�â0L^K;>AåxBEIQã-� �Pà O�÷^D�M�TVå�L?IAKÊãJL?DJ@
LJìÙá0NABEM9í;D.�
í�Txâ5BCMmá�LPã?BUóJT�æ�LJâ�T\BEIAM0BUã?N�á'BEI�á�L2á0NQT\æ�TVå�N;DJIABEM0æ¿M'>;IAKQTxâ�@UçbBEIQãHæG>;@Uá0BULJô"��TVå�á0BUóJT
åx@E>AM�á�Txâ�BCIQã"�JBEI�í;Dnâ0á0BCåx>A@EDnâV÷nR9T�DJBEæ á�L±M�NQLSR á0NADná/� �Pà O�ö�M'ãJL^LbK¿í
Txâ0ì¶LJâ�æ¿DJIAå�T
Dnâ�BEM�TVM9DJM³D�KABUâ�TVå�á%å�L?IAM�TVø^>QTVIAå�THLJì<á0NQTHM0BEæ�>A@Uá0DJIQTxL?>AM%LJíAá0BEæ¿BEúVDná0BUL?I¿LJì<M�TxóJTxâ/DJ@
åx@E>AM�á�Txâ�BCIQãÊLJô"�.TVå�á0BEóJTVM��ÙDJI�Dnâ�å/NQTxá�ç^í;DJ@%íAâ0LJô;@UTVæ10 M0Txâ0ó^BCIQãÊá�LýBE@E@E>;M�á�â�Dná�T�á0NQT
M�ç^IATxâ0ã?BEM�á0BEåHT�ð
TVå�á0M
Dná�R³LJâ0ë¯BEI¯æ�>A@Uá0BELJô"�.TVå�á0BEóJTPåx@E>AM�á�Txâ�BCIQã20 BEM�>AM0TVK¯ì�LJâ�á0NABEM
í;>Qâ0í
L?M�TJñ3&ÃTýDJKAK;BUá0BUL?IADJ@E@Eç�>AIAKQTxâ�@CBEIQT½á0NAT²KABÍð
Txâ0TVIAå�TVM�ô
Txá�R9TxTVIüM0BCIQã?@UT��2DJIAK
æG>A@Eá0BULJô"��TVå�á0BUóJTÃåx@E>AM�á�Txâ�BCIQãQ÷dô�ç å�L?æ�í;Dnâ�BCIQãäá0NQT�M0NADní
T�LJì-� �Pà O¿ö�M4��Dnâ�Txá�L
ì�â0L?I�á0MHá�Lþá0NATGí
Txâ0ì¶LJâ�æ¿DJIAå�T�åx>Qâ0óJTVMHLJôAá0DJBCIQTVKýì¶LJâ�M0BEIQã?@UT��gLJô	�.TVå�á0BUóJT�åx@E>AM0á�Txâ�BEIQã
æ�Txá0NQLbKAM�â�>AIÊR
BUá0N¯D�ókDnâ�ç^BEIAã¿I�>AæGô
Txâ�LJì'åx@E>AM�á�Txâ�M�M0í�TVåxBEéATVK�ñ

ò\NQTPâ�TVæ¿DJBEIAKQTxâ�LJìmá0NABCM�í;Dní
Txâ�BEM�LJâ0ã?DJIABUúxTVKïDJM\ì¶L?@E@ULSR
Mxñ(5^TVå�á0BUL?I76�ôAâ�BET'&Aç
M0>Aæ¿æ¿Dnâ/BUúxTVM5â0TV@CDná�TVK¿R9LJâ0ë�L?Iþåx@C>AM�á�Txâ�BEIAãPDJIAK¿TxóJL?@E>Aá0BUL?IADnâ0ç¿DJ@UãJLJâ/BUá0NAæ¿Mxñ�ò\NABEM
BEMHì�L?@E@ELSR9TVK�ô�çýD¯KATVM0å�â�BUíAá0BEL?IýLJì³L?>Qâ2DJ@UãJLJâ�BUá0NAæ²÷8� �Pà O9�:5^TVå�á0BEL?I;6^ñ=<,�/÷<DJIAK
DJ@E@�LJá0NQTxâ$å�L?IZá�TVM�á0DJI�á¯æ�Txá0NQLbKAM¿>AM0TVK BEI á0NABCM¿M�á0>AKQç>�:5^TVå�á0BUL?I@?A�/ñB5^TVå�á0BEL?IDC
íAâ0TVM�TVI�á0M�L?>Qâ\T � í
Txâ�BEæ�TVI�á0M\DJIAK¯K;BEM0åx>AM0M0TVMdâ0TVM0>A@Uá0MV÷bDJI;K%5^TVå�á0BUL?IFE¿å�L?IAåx@E>AKQTVMVñ



�

� �������3Ø	�;Ü�
ÊÛ<Ú
�

à @E>AM�á�Txâ/BEIQãHíAâ0LJô;@UTVæ½M�Dnâ/BEM�T�BEI�D�ónDnâ�BUTxá�ç�LJì
KABÍð
Txâ0TVI�ámK;BEM0åxBUí;@CBEIQTVM<â/DJIQã?BEIQã�ì¶â0L?æ
ô;BUL?@ULJãJçïá�LýM�LbåxBUL?@ULJãJçîá�Lýå�L?æ�í;>Qá�TxâGM0åxBUTVIAå�TJñ à L?I;M�TVø�>ATVIZá0@UçJ÷�á0NATxçîNADSóJT½ô
TxTVI
á0NQTÃM0>Qô"��TVå�áÊLJì�DJå�á0BUóJTÃâ�TVM�TVDnâ�å�NËì�LJâ²M�TxóJTxâ/DJ@2KQTVåxDJKQTVMx÷\DJIAKêDäæ�>A@Uá0BUá0>;KQTïLJì
åx@E>AM�á�Txâ�BCIQãïæ�Txá0NAL^KAMGT � BEM�á�IQLSRdDJKADSç^Mx÷mR�N;BEå�Nÿì¶>;IAKADJæ�TVI�á0DJ@E@Uç�KABUð�Txâ�BEIÿá0NQTVBUâ
ô;DJM0BEåÊíAâ/BEIAåxBUí;@ETVM±DJIAK BCIäá0NQT¯íAâ0LJí
Txâ0á0BUTVM�LJìHá0NQTýK;Dná0DÃá0NQTxçäåxDJI á0DJå0ëb@UTJñ��ALJâ
DJIÃT � á�TVI;M0BUóJT½M0>Aâ0óJTxçýLJìdåx@E>AM�á�Txâ/BEIQãÊíAâ0LJô;@ETVæ¿M�DJIAK�DJ@UãJLJâ�BEá0NAæ¿M�á0NQT�â0TVDJKATxâ±BEM
â0Txì�Txâ�â0TVK¯á�Lþ=ZDJBEIÊTxá�DJ@�ñ ����
gñ

û5óJL?@E>Aá0BUL?IADnâ0çPDJ@UãJLJâ/BUá0NAæ¿MB��û��HM!��NADVóJT�D�NABEM0á�LJâ0ç2LJìAô
TVBEIQãHDníAí;@EBUTVK±á�L2åx@E>AM
�
á�Txâ�BEIQã�íAâ0LJô;@ETVæ¿M�� CQ÷�< 6^÷,< ?�
gñAF�LwR³TxóJTxâS÷AíAâ0TxóbBUL?>AM³â0TVM�TVDnâ�å/N¯BEIþá0NABEM9â0TVM�í
TVå�ádNADJM
ô�TxTVI±@EBEæ¿BUá�TVKHá�L\á0NAT5M0BEIQã?@UTmLJô"��TVå�á0BUóJT%åxDJM0T���� ��æ�TVDJIAMVöSå�â�BUá�Txâ�BEL?I�LJìbBCIZá�â�D.��åx@C>AM�á�Txâ
ókDnâ�BCDJIAå�T�NADJM�ô
TxTVI�á0NQT�LJô"�.TVå�á0BEóJT¿æ�L?M�áPå�L?æ¿æ�L?I;@UçýTVæ�í3@ULSçJTVK�÷�DJM2á0N;BEM�æ�TVD.�
M0>Qâ0T'íAâ�LSóbBEKQTVM<M0æ¿L�LJá0NGBEIAå�â0TVæ�TVI�á0DJ@?ã?>;BEKADJIAå�T5BEI±DJ@E@Jí;Dnâ0á0MÙLJìbá0NQT%M�TVDnâ�å/NGM0í;DJå�TJñ
�H>AT9á�L2á0NATdK;BUù½åx>A@Uáuç2LJì3KQTxâ/BUó^BCIQã�DJI�TVIAå�LbKABEIQã�DJIAK�LJí
Txâ�Dná�LJâ�Mmá0NADnámTxù½åxBETVIZá0@Uç
T � í;@ELJâ0T�á0NQT�óJTxâ0çÃ@EDnâ0ãJT�åx@E>AM0á�Txâ�BEIQã¯M�TVDnâ�å/N�M�í;DJå�TJ÷�DJå�á0>ADJ@5N�ç�ôAâ/BEKABUúVDná0BUL?I;M�ô
T��
á�R9TxTVIïû/�
M\DJI;K�� ��æ�TVDJIAM\N;DVóJTGDJ@CM�L�ô
TxTVI¯í;Dnâ0á0BEåx>;@EDnâ�@Uç¿í
LJí;>;@EDnâ � < 6^÷�< ?�
gñ
�ý>;@Uá0BULJô"��TVå�á0BUóJT'TxóJL?@E>Qá0BEL?IADnâ0ç�DJ@UãJLJâ�BUá0NAæ½M'� � � û/�
M �
NADVóJT³â0Txí
TVDná�TVKA@Uç
ô�TxTVI

>AM�TVK$á�L�í
Txâ0ì�LJâ/æ ì¶TVDná0>Qâ0T2M�TV@ETVå�á0BUL?IÊì�LJâ\åx@C>AM�á�Txâ�BEIAã��	E^÷���
g÷Qô;>Aá9NADSóJT±IQLJádíAâ0TxóbB �
L?>AM0@Uç¿ô
TxTVIÊDníAí;@CBUTVK½á�L�á0NAT�DJå�á0>;DJ@<åx@E>AM�á�Txâ/BEIQã±á0DJM0ë$BUá0M0TV@Uìuñbò\NABCM³BEMdKQTVM0í;BUá�T�á0NQT
ãJTVIQTxâ�DJ@dDnãJâ0TxTVæ�TVI�á�á0NADná�åx@C>AM�á�Txâ�BEIAã²LJô"��TVå�á0BUóJTVM�åxDJIÿô
T$å�L?I	&;BEå�á0BEIAãýLJâ�å�L?æ-�
í;@UTVæ�TVI�á0Dnâ0çJ÷�DJI;KÃá0NADnáGIALýM0BEIQã?@ET¿åx@E>AM�á�Txâ�BCIQã¯LJô"��TVå�á0BUóJT$åxDJIÿKQTVDJ@5R
BUá0NÃTxóJTxâ0ç
å�L?IAå�TVBUónDnô;@UTïåx@C>AM�á�TxâÊM�á�â�>Aå�á0>Qâ�T � <��.
gñ�òÙLäKADná�TJ÷�Dná�á�TVæ�íAá0M$á�L KQTVDJ@
R�BUá0Nüá0NABEM
íAâ0LJô;@UTVæ NADSóJT�ì�Lbåx>AM�TVKîL?I�á0NQT � �'
�� � ���	� #$
����%�På�L?æGô;BEIADná0BEL?I�LJì³KABÍð
Txâ0TVI�á2åx@E>AM
�
á�Txâ�BEIQã�â0TVM0>A@Eá0M%ô^çþæ�TVDJI;M³LJì�TVIAM�TVæGô;@UT�æ�Txá0NQLbKAM � <�<n÷,<,*�÷,<���
gñ"�.I$LJâ�KQTxâdá�L�å�L?I$�
M�á�â�>Aå�á9åx@E>AM�á�Txâ�BCIQã2TVIAM�TVæGô;@UTVMx÷�KABÍð
Txâ0TVIZá³åx@E>AM�á�Txâ�BCIQã2â0TVM0>A@Eá0M5Dnâ0T�é;â�M�á5ãJTVIQTxâ/Dná�TVK
ô�ç¿â�Txí�TVDná�TVK;@Uç�â�>AIAI;BEIQã2á0NQT�M0DJæ�T2DJ@UãJLJâ�BEá0NAæ���>;M0BEIQã±K;BÍð�Txâ�TVIZádBEIABUá0BCDJ@EBUúVDná0BUL?IAMV÷
ô�L^LJá0M�á�â�Dní;í;BEIQã2LJâdDPónDnâ0çbBEIQã±I^>AæGô�Txâ³LJì<åx@E>AM�á�Txâ/M!��LJâdM�TxóJTxâ�DJ@
å�L?æ�í;@UTVæ¿TVIZá0Dnâ0ç
æ�Txá0NQLbKAMF�¶TJñ�ãQñdDnãJã?@UL?æ�Txâ�Dná0BUóJT�DJ@UãJLJâ�BEá0NAæ¿M�ô;DJM0TVK L?IüK;BUóJTxâ�M�T²@EBCIQëkDnãJTïå�â�BUá�T��
â�BED�M0>Aå�NÊDJM�M0BCIQã?@UT���@EBEIAë�DJI;K$DSóJTxâ�DnãJT���@EBEIAë"�/ñ;ò�NQT
â�TVM0>A@Uá0BEIAãGM�L?@E>Aá0BUL?IAM9Dnâ0T�á0NQTVI
å�L?æ±ô;BCIQTVK²BEI�á�L½DJI¯TVIAM0TVæ±ô;@ETPåx@E>AM�á�Txâ�BCIQã�>AM0BEIQã�ãJâ/Dní;N$�gô;DJM�TVKýDníAíAâ0L?DJå/NQTVMx÷AT � �
í�TVå�á0Dná0BEL?Iýæ¿D � BEæ¿BUúVDná0BEL?IÊLJâ�å�L���DJM0M�LbåxBEDná0BUL?Iïæ�Txá0NQLbKAMxñ

�\TVM0>;@Uá0M9â0Txí
LJâ0á�TVKÊBEI½á0NAT�@CBUá�Txâ�Dná0>Qâ0THKQTVæ�L?IAM0á�â�Dná�T�á0NADná\åx@E>AM�á�Txâ/BEIQã±TVI;M�TVæ-�
ô;@UTVMmDnâ0TdLJì�á�TVI½æ�LJâ0Tdâ0LJô;>AM0á�DJIAK�çbBUTV@EK�NABUã?NQTxâ'ø^>ADJ@EBUáuçPâ0TVM0>;@Uá0M�á0NADJI�BEIAKABUóbBEKA>;DJ@
åx@E>AM�á�Txâ�BCIQã�æ¿Txá0NQL^K;Mx÷QBEIAKABEåxDná0BCIQã±á0NADná�á0NATPå�L?æ±ô;BCIADná0BUL?IÊLJìmM�TxóJTxâ�DJ@�åx@E>AM0á�Txâ�BEIQã
LJô"�.TVå�á0BEóJTVM�BEM<ì¶DSóJL?>Qâ�Dnô;@UTJñkF�LwR³TxóJTxâS÷kBUá�BEM�L?>QâÙå�L?I�á�TVI�á0BUL?I±á0N;DnáÙTVIAM�TVæGô;@UT³æ�Txá0N$�
L^KAM�KQL½IQLJá
ì¶>A@C@Uç¿T � í;@UL?BUá�á0NQTGí
LJá�TVIZá0BEDJ@<LJìm>;M0BEIQã¿M�TxóJTxâ/DJ@<LJô"��TVå�á0BUóJTVMx÷�DJM�á0NQTxç
Dnâ0T
@EBCæ¿BUá�TVK�á�L�á0NQT
���	� ��
��'�!� ������BEI�á�TxãJâ�Dná0BUL?IþLJì<M�L?@E>Aá0BUL?IAM'â�Dná0NATxâ³á0NADJI½T � í3@ULJâ �
BEIQã±á�â/DJKQT��gLnðîM�L?@C>Qá0BUL?IAM����"�!���! Há0NQT2åx@E>AM0á�Txâ�BEIQãPí;â0L^å�TVM�Mxñ &ÃT2DJBEæ á�L�LSóJTxâ�å�L?æ¿T



�

á0NABEM�@CBEæ¿BUá0Dná0BUL?Iýô�ç¯á0DJå�ë^@CBEIQãÊåx@E>AM�á�Txâ�BCIQã½DJMHD½á�â�>;@Uç¯æG>A@Eá0BULJô"��TVå�á0BUóJT±LJíAá0BCæ¿BUúVD.�
á0BUL?I¯íAâ0LJô3@UTVæ¯ñ

����� ���
	���
�������������
�������	�� ���!�#"$
�% &
&ÃT¿ô;DJM�TVKÃL?>AâPæG>A@Eá0BULJô"��TVå�á0BUóJT�åx@E>AM�á�Txâ�BCIQã¯DJ@UãJLJâ�BUá0NAæ-L?IÃá0NAT�TV@EBUá0BEM�á � � û��G÷
�%û 5"� �:���z÷AKQTVM0å�â/BUô
TVK$BCI¯KQTxá0DJBE@�BEI;�	?�
gñ

')(+*�,.-0/�/ �9â�BET'&AçJ÷/�³û 5$� �:����>Qí�KADná�TVMx÷%DnáþTVDJå�N ãJTVIQTxâ�Dná0BUL?I�÷9D åx>Qâ�â0TVIZáþM�Txá
LJì�IQL?IAKAL?æ¿BEIADná�TVK$M�L?@E>Qá0BEL?IAM³M0á�LJâ0TVKÊBEIÊDJIþT � á�Txâ�IADJ@�í
LJí;>A@CDná0BUL?I7�¶LJì�IQL?I$�gé � TVK
ô;>Qá�@CBEæ¿BUá�TVKPM�BUúxT��/÷kDJI;KG>AM0TVM�á0N;BEM<á�LHô;>ABE@CKPDJI�BEIZá�Txâ/IADJ@?í
LJí;>A@CDná0BUL?I2LJìAé � TVK�M0BUúxT
á�Lï>AIAKATxâ0ãJL²â0TxíAâ�L^KA>;å�á0BUL?IÃDJIAK�ónDnâ�BEDná0BEL?I�ñ �%ûB5$� �:���H>;M�TVM±D²M0TV@UTVå�á0BUL?Iÿí�L?@CBEå�ç
KQTVM0BUã?IQTVKäá�Lÿã?BUóJT²TVø^>ADJ@�â0Txí;â0L^K;>Aå�á0BUL?I LJíAí
LJâ0á0>AIABEá0BUTVM�á�LÿDJ@E@dâ0Txã?BEL?IAM�LJì�á0NQT
åx>Qâ0â0TVI�á\IQL?IAKQL?æ½BEIADná�TVKÊì¶â0L?IZá21;á0N�>AM�BEIÊá0NQT±åx@E>;M�á�Txâ�BEIQã�DníAí3@EBEåxDná0BUL?I�÷QBUá\M�NQL?>A@EK
íAâ0LSóbBEKQT�DPK;BUóJTxâ�M�T�M�Txá5LJì
M�L?@E>Aá0BUL?IAMmá�â�DJKABCIQã�Lnð¯K;BÍð�Txâ�TVIZá'åx@E>AM0á�Txâ�BEIQã2æ�TVDJM0>Aâ0TVMxñ
��L�å�â�BUá0BEåxDJ@�í;Dnâ�DJæ¿Txá�Txâ�MmDnâ0T9DJM�M�L^åxBCDná�TVKGR
BUá0N±á0N;BEM õ IABCå�NQTVK�ökM�TV@UTVå�á0BUL?I�í
L?@EBEå�çJ÷kDJM
BUá�>AM0TVMÙDJI�DJKADníAá0BUóJT9â�DJIQãJT³TVø�>ADJ@CBUúVDná0BUL?I�DJIAK±IQLJâ/æ¿DJ@EBUúVDná0BUL?I±LJìQá0NQT9LJô"�.TVå�á0BEóJTVMxñ
�%û 5"� �:���¿æ½DVç ô
Tï>;M�TVKüá�L LJíAá0BEæ½BUúxTïDJI�çüI^>Aæ±ô
Txâ$LJì2LJô"��TVå�á0BUóJT�ì¶>AI;å�á0BUL?IAMx÷
DJ@E@ULSR
BEIQã²>AM2á�LîM0BEæ�>A@Uá0DJIQTxL?>;M0@UçýLJí;á0BEæ¿BUúxT½M0TxóJTxâ�DJ@³åx@C>AM�á�Txâ�BEIAãÊæ¿TVDJM0>Qâ0TVMx÷�ô;>Qá
BEI¿L?>QâdDJ@UãJLJâ�BEá0NAæ � �Pà O R9TH>AM0T �0>AM�á%áuR³L ��å�L?IAå�Txí;á0>ADJ@E@Uç¿KABCM�á0DJIZá!�%æ�TVDJM0>Aâ0TVM
DJM\LJô"��TVå�á0BUóJTVMx÷;KATVM0å�â�BUô
TVK$ô
TV@ULSRPñ

3 �4% �#��
5�6"���78"��#�!��%9�!:;��
5��%<:=%8><�=7?�#"�:@�!��"�� ò�LüDníAí3@Uç �³û 5$� �:���½á�L á0NQT
åx@E>AM�á�Txâ�BCIQãGí;â0LJô;@UTVæ¯÷bD�M0>ABEá0Dnô;@UTHãJTVIQTxá0BEå�TVIAå�LbKABEIQã�LJì�D�í;Dnâ0á0BUá0BUL?I;BEIQã�DJIAKÊL?IQT
LJâ%æ�LJâ0T�ãJTVIQTxá0BCå�ókDnâ/BEDná0BUL?I�LJí
Txâ�Dná�LJâ�M �¶TJñ�ãQñ^æG>Aá0Dná0BUL?I¿DJIAK�AwLJâ³å�â0L?M0M�LwóJTxâ �'NADSóJT
á�L¿ô
TPå�NQL?M�TVI<ñ
&ÃT\TVæ�í;@ELSç�á0NQT�@ULbåx>AM
�gô;DJM0TVK�DJK ��DJå�TVI;å�ç�â�TxíAâ0TVM�TVI�á0Dná0BUL?I�íAâ�LJí�L?M0TVK�BCI � <�C�
gñ

��I$á0NABEM³ãJâ�Dní;N"�gô;DJM�TVK$TVIAå�LbKABEIQã ��M�TxT ��BEã?>Qâ0T-<,�/÷^TVDJå/N¯BEIAKABEó^BEK;>ADJ@�B½å�L?IAM0BEM0á0M³LJì
C ãJTVIQTVM
B�D�E2F2F2F!EGBIHP÷nR�NATxâ0TJC#BEM�á0NQT�M0BUúxT9LJì;á0NQT�åx@E>;M�á�Txâ0TVK�KADná0D2M�Txáx÷JDJIAK�TVDJå/N
ãJTVIQT)B$K'åxDJI²á0DnëJT�DJ@E@UTV@UT�ónDJ@E>QTVMMLþBEIÊá0NQTGâ�DJIQãJTON#<$E2F2F2F�EPCRQ?ñ�ò\N^>AMx÷AD�ónDJ@E>QTPLJì
LÿDJM�M0BUã?IQTVK á�Lÿá0NQTTS�á0N ãJTVIQTJ÷9BEM¿á0NQTVIüBEIZá�Txâ�íAâ0Txá�TVKüDJMþD @EBCIQë ô
Txá�R9TxTVIèKADná0D
BUá�TVæ¿MUSmDJIAKVL"��BCI�á0NQT�â�TVM0>A@Uá0BEIAãPåx@E>AM�á�Txâ�BCIQãPM�L?@E>Qá0BEL?I�á0NQTxç�R�BE@C@bô�T\BCI¿á0NQT�M�DJæ�T
åx@E>AM�á�TxâVñAò�NQTPKQTVå�LbKABEIQã�LJìmá0NABEMdâ0Txí;â0TVM�TVI�á0Dná0BUL?I¯â0TVø^>ABUâ0TVMdá0NAT±BEKQTVI�á0BUé;åxDná0BUL?IÊLJì
DJ@E@;M0>AôAãJâ�Dní;NAMV÷?R�NABEå/N¿åxDJI$ô
T�KQL?IQTHBEI½@EBCIQTVDnâ5á0BEæ�TJñ �
@C@;KADná0D�BUá�TVæ¿M³ô
TV@UL?IQã?BEIQã
á�L¿á0NQT±M0DJæ¿TPM0>QôAãJâ�Dní3N¯Dnâ0TPá0NQTVI²DJM�M0BUã?IQTVK¯á�L½L?IQTPåx@E>AM�á�TxâSñ

ò\NABEM�TVIAå�LbKABEIQã$M0å�NQTVæ¿TGí
Txâ�æ¿BEá0M�>AM
á�LþëJTxTxí�á0NQT�I^>Aæ±ô
TxâHLJì5åx@E>AM�á�Txâ/M
KQç �
IADJæ¿BEå9DJIAK�BEM�R³TV@C@ ��M0>ABUá�TVKGì¶LJâ5>AM�T9R�BUá0N�M�á0DJIAKADnâ�K�å�â0L?M�M�LSóJTxâ �gLJí
Txâ�Dná�LJâ/M%M0>Aå/N�DJM
>AIABUì¶LJâ�æ¯÷QL?IQT��gí
L?BEI�á\LJâ
á�R9L��gí�L?BCIZáHå�â0L?M0M�LwóJTxâVñ8&ÃTGå�NAL�L?M�T�>AIABEì�LJâ�æ å�â�L?M0M�LSóJTxâS÷
DJIAK�TVæ�í;@ELSçGD±M�í
TVåxBEDJ@EBUúxTVK�æ�>Qá0Dná0BUL?I�LJí
Txâ�Dná�LJâ³á0NADná%M0BUã?I;BUé;åxDJI�á0@UçPâ0TVKA>;å�TVM'á0NQT
M0BUúxTHLJì<á0NQT�M�TVDnâ�å�NÊM�í3DJå�T��^TVDJå/N¯KADná0D�BUá�TVæ�åxDJIþL?I;@Uç�ô
T
@EBEIAëJTVK¿á�L�L?IQTHLJìÙBUá0MJW



�

7
8

1 to 1
3 to 1
4 to 3
2 to 3
7 to 4
8 to 7
5 to 4
6 to 5

Order of connection:
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Genotype:

1   3   1   3   4   5   4   7

����� ¬��n¬ |�v/�k�����g�ws��g��vz�\v/{Z�gtk}<~����k��~9�w~Ã��®n���k�k���w�m���g}.}����n�����g���/}.�kv��¶�S®J}<s.vV�w���k�SºSÂ
tk}��k�0���
���g}.~ °<���gt2y��/´J}.y;¢5���	�k�g���Ùs.v/�k�w}.s��g}��H�gvd���g��}.y�{��J�gtk}.�2�Q�g��~�Ì ����y��zv/�g���gtw~è�����w��}��
�gv�s.v/�k�w}.s��
�gtw}'v/�gtw}������g}.~��.º ­ �H�gtw}'�z}.�wv/���w®J}/�n}���sut��/}.�k}�
U�Uº }zºJ®Jv/�����g��v/�±���H�gtw}'�����g���k���
�g}.®S�g}.��}.�x�g�Ù�gtw}
�g}���®J}.s��g����}d�w�����\���g}.~��Z�/�k�P���g�5��y�y�}.y�}d�/�/y��w}³�g}.®S�g}.��}.�x�g���gtk}%���g}.~è���'®Jv/���V�g���gv

U}zº �Sº��/}.�k} �
tk�/�<��y�y�}.y�}m�/�/y��w} � ´J}�s��/�w��}'�k�0���%���g}.~ � ®Jvz���x�g�
�gv³�k�����5���g}.~ � �uºkÂ
tw}��/}.�kv��¶�S®J}�s.vV�S���k�³{¾v/�
�gtw}�{Í�wy�yQ�2rwÂ�
E���Ù��twv�°<���
���Ù�w��}��H���Ù�gtw}��k�g���<���k�w���V�Á�S�n��y����H�gtw}����ý®Jvz®w�ky����g��vz�Zº
IQTVDnâ0TVM�á\IQTVBEã?NZô
L?>Qâ�MVñ�F
TVIAå�TJ÷4B�K�� N�����K5D2E2F2F2F�E�����K���Q?÷QR
NQTxâ0T���� K�� KQTVIALJá�TVM�á0NQT� á0NýIQTVDnâ0TVM�á�IATVBUã?NZô
L?>QâdLJì'KADná0D¿BEá�TVæ S0ñ
� >Qâ¿BEI;BUá0BEDJ@EBUúVDná0BEL?I�â0L?>Qá0BCIQT¯DJ@EM�LÃT � í;@UL?BUá0M�á0NQT²@EBCIQë#�gô3DJM�TVK TVIAå�L^K;BEIQã�DJIAK

>AM�TVM%æ½BEIABEæ�>Aæ M�í;DJI;IABEIQã2á�â0TxTVM � �)5bò\M!�/ñ �QLJâ9D±ã?BUóJTVI½K;Dná0DGM�Txáx÷�R³T
éAâ�M�á³å�L?æ-�
í;>Qá�T¯á0NQTýå�L?æ¿í;@UTxá�T%�)5bò >AM�BEIQã;�5â/BEæ¯ö�M�DJ@UãJLJâ�BEá0NAæ¯ñ5ò\NQT S�á0NüBEIAK;BUó^BCKA>ADJ@5LJì
á0NQT�BCIABUá0BEDJ@�í
LJí;>;@EDná0BUL?IAM
BEM�á0NATVIïBEI;BUá0BEDJ@EBUúxTVK²ô�ç²á0NAT-�)5bò R�BUá0Nïá0NQT �5S� <,�uá0N
@EDnâ0ãJTVM�á�@CBEIQëbM³â�TVæ�LSóJTVK ��M�TxT �mBUã?>Qâ�T-<,�/ñ

! ���!�#����
��9�
" �8%8����
5�9% � � �Pà O�ö�M�åx@E>AM�á�Txâ/BEIQã�LJô"��TVå�á0BUóJTVMmNADVóJT9ô
TxTVIGå/NQL?M�TVIGá�L
â0T'&ATVå�á�áuR³Lþì¶>;IAKADJæ�TVI�á0DJ@E@UçÊKABÍð
Txâ0TVI�á�DJM�í
TVå�á0M\LJì5D�ãJL^LbKýåx@E>AM0á�Txâ�BEIQã¿M�L?@C>Qá0BUL?I �
á0NQTGã?@ELJô;DJ@�å�L?I;å�TxíAá
LJì # �$# �"��#$
�� ���!� � � # � � ��
����!�/÷
DJIAKýá0NAT�æ�LJâ�T�@ULbåxDJ@�L?IQTGLJì
# ����� � # 
�� ��� ��� � � � ���%
 � �"�%����
��zñ
��IÊLJâ/KQTxâdá�L�T � íAâ�TVM0M�åx@E>AM�á�Txâ�å�L?æ�í3DJå�á0IQTVM0M�R9TPåxDJ@Eåx>A@EDná�T�á0NQT �%����� ����� � ��� �&%

�%
����%�ýLJìdDÊí;Dnâ0á0BUá0BUL?I;BEIQãQñ
ò\NABEM�BEM�M0BEæ¿í;@Uçýå�L?æ�í3>Qá�TVKÃDJM2á0NQT�LwóJTxâ�DJ@E@5M0>;æ¿æ�TVK
KABEM�á0DJIAå�TVM\ô�TxáuR³TxTVIïKADná0D¿BUá�TVæ½M\DJIAK¯á0NQTVBEâ\å�LJâ0â0TVM�í
L?IAKABCIQã�åx@C>AM�á�Txâ�å�TVI�á�â0T��

'
�'� ��( �*),+
-/.�0$-

+
K 0$-/.21

�5SPE�3�4A� E
R�NQTxâ0T65ÀBEM9á0NQT2M�Txá�LJì�DJ@E@
åx@E>AM�á�Txâ�MV÷73�4±BEM9á0NQTPå�TVIZá�â�T2LJì�åx@E>AM0á�Txâ�584GDJIAK

1
� F E2F �

BEMdá0NQTPå�NAL?M�TVI²KABEM0á0DJIAå�T2ì¶>;IAå�á0BUL?I ��û%>Aåx@CBEKQTVDJIÊKABEM�á0DJI;å�TPBEI$á0NABEMdí;Dní
Txâ �/ñ"�HM\DJI
LJô"�.TVå�á0BEóJTJ÷;LSóJTxâ/DJ@E@<KQTxóbBEDná0BUL?I²M�NQL?>A@EK$ô
TPæ¿BEIABCæ¿BUúxTVK�ñ
�
M�DJIäLJô	�.TVå�á0BUóJT¯â�T'&ATVå�á0BEIQãÃåx@E>AM0á�Txâ�å�L?I;IQTVå�á�TVKAIQTVM0MV÷'R³T²>AM0T$DÃæ�TVDJM�>Qâ0TJ÷

å�L?IAIQTVå�á0BUóbBUá�çJ÷HR�NABCå�NËTxónDJ@E>ADná�TVMîá0NQTäKQTxãJâ0TxT á�LèR�NABEå/N)IQTVBUã?N�ô
L?>Qâ�BEIAã KADná0D.�
í�L?BCIZá0M�NADSóJT±ô
TxTVI¯í;@CDJå�TVK¯BEIÊá0NQT±M0DJæ¿T±åx@E>AM�á�TxâSñ"�uá\BEM�å�L?æ�í;>Qá�TVK²DJM



 

( ����� ��(�� )
H
+
K � D

�� �
+� � D�� K�� 	
	���
 ������ E�R�NQTxâ�T � K�� 	�	���
 ��� )�� D� BUì�� 584 �ISPE�����K � L ��� 584

� LJá0NQTxâ0R
BEM�TJ÷

����K � L �½BEM�á0NQT LJá0N IQTVDnâ0TVM�á½IATVBUã?NZô
L?>Qâ�LJì2KADná0>;æ S0÷%DJI;K W BCM¿DÃí;Dnâ�DJæ¿Txá�Txâ
KQTxá�Txâ�æ¿BEI;BEIQã�á0NATdI^>AæGô
Txâ�LJì�IQTVBUã?N�ô�L?>Aâ�MÙá0N;Dnámå�L?I�á�â�BUô3>Qá�Tdá�L2á0NQT�å�L?IAIQTVå�á0BUóbBUá�ç
æ�TVDJM0>Qâ0TJñ(�
M\DJI²LJô"�.TVå�á0BEóJTJ÷3å�L?IAIQTVå�á0BEó^BUáuç$M�NQL?>A@EKÊô
TPæ¿BEI;BEæ¿BUúxTVK�ñ

����� , � �!��� :@��
5� ���9	5� ��
5��% ���4	5�#�I��
5��%�
IA@CBUëJT'íAâ0TxóbBUL?>AM<Dní;íAâ0L?DJå�NATVMÙá�LHBEKQTVI�á0BUì�çbBEIQãdíAâ�L?æ¿BEM0BEIAãdM0L?@E>Qá0BUL?IAM
ì¶â0L?æ ��Dnâ�Txá�L
ì�â0L?I�á0M �¶TJñ�ãQñ8�	6�
��/÷?L?>Qâ%æ�Txá0NAL^K�BEM%DníAí;@EBEåxDná0BEL?I$��M�í
TVåxBUé;ånñ���I�í3Dnâ0á0BEåx>A@EDnâS÷kBUá5æ½DnëJTVM
>AM�TÊLJì
M�TxóJTxâ/DJ@�KQL?æ¿DJBEI$��M0í�TVåxBEé;å½å�L?IAM�BEKQTxâ�Dná0BUL?I;M ��BCIAM�í;BUâ�TVK�ô^çÿò\BUô3M0NABUâ�DJI;B'Txá
DJ@�ñUö�M � Dní½M0á0Dná0BEM�á0BEå � <���
��má0NADná5TVIADnô;@ET\>AMmá�L±KQTxâ�BEóJT\D2æ�LJâ0T�T�ð
TVå�á0BUóJT�á�TVå/NAIABEø^>QT
ì�LJâ\L?>Aâ\í;Dnâ0á0BEåx>;@EDnâ�í;>Qâ0í
L?M�TJñ
��I�á0>ABUá0BEóJTV@UçJ÷AR9T±T � í�TVå�á
á0NQTGM0á�â�>Aå�á0>Qâ0T±LJì'á0NQTGKADná0D½á�L½ô
TPâ0T'&;TVå�á�TVKïBEIýá0NQT

M0NADní
TÃLJìGá0NAT �mDnâ0Txá�Lüì¶â0L?I�áxñ �Qâ0L?æ á0NAT�á�R9LüLJô"��TVå�á0BUóJTVMýTVæ�í;@ULwçJTVK�÷\LSóJTxâ/DJ@E@
KQTxó^BCDná0BUL?I�KQTVå�â0TVDJM�TVM2R
BUá0NïDJIÃBCIAå�â0TVDJM0BEIAã$I^>AæGô�TxâHLJì³åx@C>AM�á�Txâ�Mx÷
R�NATxâ0TVDJM�å�L?I$�
IQTVå�á0BUóbBUá�ç²BEI;å�â0TVDJM�TVMxñ
F�TVI;å�TJ÷3R9T�åxDJI�M0DSç²á0NADnáx÷�BEIAå�â�TVæ�TVIZá0BCIQã¿á0NQT�I�>;æ±ô
Txâ�LJì
åx@E>AM�á�Txâ�M ��÷bR³THã?DJBEIÊDJIÊBEæ�íAâ�LSóJTVæ�TVI�á9BCI½LwóJTxâ�DJ@E@�KQTxóbBEDná0BUL?I

1�� Dná9á0NAT�å�L?M0á9LJì
DPKQTxãJâ�DJKADná0BEL?I¿BEI�å�L?IAIQTVå�á0BUóbBUáuç

1
5�ñ
�ALJâ³DPI^>AæGô�Txâ'LJì
åx@E>AM0á�Txâ�M ��M0æ¿DJ@E@ETxâ'á0NADJI

á0NQT2á�â�>QTPI^>AæGô�TxâS÷^R9TPT � í
TVå�á\á0NQT2â�Dná0BUL! )#"%$" - á�L½ô�T2@EDnâ�ãJT��Aá0NQTPM�Txí;Dnâ/Dná0BUL?I
LJì�áuR³L�åx@E>AM0á�Txâ�M'R�BE@C@bá�â�BUãJãJTxâ³D±ãJâ0TVDná³KATVå�â0TVDJM�T
BCI�LSóJTxâ�DJ@C@;KQTxóbBEDná0BUL?I�÷ZR�BUá0N�L?IA@Eç
DGM0æ½DJ@E@ALJâ�IQL�BEIAå�â0TVDJM�T�BEIþå�L?IAIQTVå�á0BUóbBUá�çJñ & NQTVI$R³T�M0>Qâ0í3DJM0M5á0NQT�å�LJâ0â0TVå�ádI^>Aæ-�
ô�Txâ2LJìdåx@E>AM0á�Txâ�M�á0NABEM�â�Dná0BEL¯R�BE@E@�KABEæ¿BCIABEM0N �;á0NQT¿KQTVå�â0TVDJM�TþBEI�LSóJTxâ�DJ@C@5KQTxóbBEDná0BUL?I
R�BE@E@�ô
T¿@UTVM0M2M0BEã?IABUé;åxDJI�á2ô;>QáPå�L?æ�TþDná±D²NABUã?NÃå�L?M0á±BEIÃá�Txâ�æ½M2LJì�å�L?IAIQTVå�á0BUóbBUá�ç
�¶ô�TVåxDJ>;M�T$Dïá�â�>QTÊåx@E>AM0á�Txâ�BEMGô
TVBEIQãîM�í;@EBUá!�/ñ �H>ATþá�L�á0NQTÊIADná0>Qâ�DJ@³ô;BEDJMGLJì\ô
LJá0N
æ�TVDJM0>Qâ0TVMV÷%á0NQTîM�L?@E>Qá0BUL?I;M½BEI á0NAT%�mDnâ0Txá�Läì�â�L?IZá$Dnâ0TïDníAí;â0L � BEæ¿Dná�TV@UçäLJâ�KATxâ0TVK
ô�ç¯á0NQT�I�>;æ±ô
Txâ�LJì5åx@C>AM�á�Txâ�M
á0NQTxç²å�L?I�á0DJBEI ��í;@ULJá�á0BEIQãþå�L?IAIQTVå�á0BUóbBUá�ç¯L?Iïá0NQT�Dnô"�
M0åxBEM0M0DýDJIAKÃLSóJTxâ/DJ@E@%KQTxóbBEDná0BUL?I�L?I�á0NQT¿LJâ/KABEIADná�TJ÷ ��ãJâ/DJKA>ADJ@E@Uç�BEIAå�â�TVDJM�TVM2ì¶â0L?æ
@UTxì�á�á�LÊâ�BUã?N�áxñ�ò\NQT�KABEM�á0BCIAå�áHå/NADJIQãJT¿BEI& L^åxåx>Aâ0â�BEIQãþì�LJâ2á0NAT�å�LJâ�â0TVå�áPI�>;æ±ô
Txâ
LJì�åx@E>AM0á�Txâ�M�åxDJIÊá0NQTxâ0Txì¶LJâ0T2ô
T2M�TxTVI¯DJM�D õ ë^IATxTJöUñ"��IÊLJâ�KATxâ9á�L¿NATV@Uí¯>AMdå�LJâ0â0TVå�á0@Uç
KQTxá�Txâ�æ¿BEIAT2á0NABEM\ëbIQTxTJ÷AR9TG>;M�T±>AIABEì�LJâ�æ½@Uç¿â�DJIAKAL?æ â0Txì¶Txâ0TVIAå�TGK;Dná0D$�3åx@E>AM0á�Txâ�BEIQã
D½I^>Aæ±ô
Txâ
LJì5M0>Aå�Nïâ0Txì¶Txâ0TVIAå�T�KABEM�á�â/BUô;>Qá0BUL?I;M9>;M0BEIQã � �Pà O�÷3íAâ0Lwó^BEKATVM�>AM�R�BUá0N
DGM�Txá³LJì õ â0Txì¶Txâ0TVIAå�THì�â0L?I�á0MxöU÷^R�NABEå/N½NQTV@Eí½>AM³á�L�Dnô;M0á�â�DJå�á³ì¶â0L?æ � ��M�í
TVåxBUé;å\ô3BEDJM�TVM
BEIÊL?>Qâ�åx@E>;M�á�Txâ�BEIQã�LJô"��TVå�á0BUóJTVM ��M�TxT �mBUã?>Qâ0T 6A�/ñ
�9â�BUT'&AçJ÷wR³T³á0NQTVIGKATxá�Txâ�æ¿BEIQT%ãJL�LbKGM0L?@E>Qá0BUL?IAMÙDJMÙì¶L?@E@ULwR�M��wDnì¶á�TxâmD�IQLJâ�æ½DJ@EBUúVD.�

á0BUL?I²M�á�Txí<÷;á0NQT±KABEM0á0DJIAå�TVM�ô
Txá�R9TxTVIïBCIAKABUóbBEKA>ADJ@3M�L?@E>Qá0BEL?IAM�DJIAK¯á0NQTGDná�á0DJBEIAæ�TVI�á
M0>Qâ0ì�DJå�TVM�KQTVM�å�â�BUô
TVK¯ô^ç$á0NAT±â0Txì¶Txâ0TVIAå�TGì�â0L?I�á0M�Dnâ�TGå�L?æ�í;>Aá�TVK�ñ &ÃT�í;@ULJá\á0NQTGâ0T��
M0>A@Uá0BEIAã �%
 
 ����� # ����
 ��# �%� ���
DJM�D½ì�>AIAå�á0BUL?IïLJì'á0NQT�I�>;æ±ô
TxâHLJì5åx@E>AM�á�Txâ�M ��ñ
ò\NQT



�

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.2  0.4  0.6  0.8  1

O
ve

ra
ll 

de
vi

at
io

n

Connectivity

Solution
Control

Low k solutions

High k solutions

����� ¬��Z¬ rSvzy��S�g��v/�P�/�k��s.vz�x���gvzyZ�g}�{Í}u�g}.�ks.}5{¾�gv/�x�g�Ù{¾v/�'�9�g�w��v/{��2�'|�¼ vz���gtw}������
	��
���%�k�0���
��}u��ºxÂ
tk}���v/y��w�g��vz��°<���gt9�gtk}�y��0�g�z}.����~����w��~9�k~î�w�������/�ws.}
�gvm�gtk}
�g}u{Í}��g}.�ws.}�{¾�gv/�V�g�;���3���k�w��s����g}.�
´x�\�gtk}m�/�k�/y�}��Hy����k}z�n�/�n��s.v/���g}���®Jvz�n�S���gv9�gtk}5�S}.�����g}������ � s�y��w���g}��Ù��vzy��w�g��v/��º

æ¿D � BCæG>Aæ LJì�á0NATPâ0TVM0>A@Eá0BEIQã�åx>Qâ0óJTGíAâ0LSóbBEKQTVM�>AM�R�BUá0N²á0NQT±I^>Aæ±ô
Txâ\LJì'åx@E>;M�á�Txâ�M
�91%DJ@EM�LQ÷'á0NQT²M0L?@E>Qá0BUL?I å�LJâ0â�TVM�í
L?IAKABEIQãîá�L�á0NQTïNABUã?NQTVM�á�Dná�á0DJBEI;æ�TVIZáþM0å�LJâ0T²ì¶LJâ
á0NABEM � BEMGM�TV@UTVå�á�TVK DJM�á0NQT$ô
TVM�áGM�L?@C>Qá0BUL?I�ñ � æ�LJâ0TÊKQTxá0DJBE@UTVK æ�LJá0BUónDná0BUL?I DJIAK
KQTVM0å�â�BUí;á0BUL?I2LJìQá0NABEM�æ�Txá0NQLbKQL?@ULJãJç ��BEI;åx@E>AKABEIAã9í3M�TV>AKQL���å�LbKQT���BCM<íAâ0Lwó^BCKQTVK±BEI��+*,
gñ

� �þÛ�×ÙØ	���wØ	��×�Ø�� �QØ��5Û'Ü��
&ÃTGTxónDJ@E>ADná�T-� �Pà O7ô^ç²å�L?æ�í;Dnâ�BEIAã½BUá\á�Lþì�L?>Qâ
TVM�á0Dnô;@EBCM0NQTVK²M0BCIQã?@UT��gLJô"��TVå�á0BUóJT
åx@E>AM�á�Txâ�BCIQãýæ�Txá0NQLbKAMx÷�R�NQL?M0T$BEæ¿í;@UTVæ�TVI�á0Dná0BUL?IAMGDnâ0T$KATVM0å�â�BUô
TVK�ô
TV@ULwRPñ�ò�NQâ0TxT
LJì±á0NQTVM�T�å�L?I�á�TVM�á0DJI�á0MïDnâ�TÃá�â�DJKABUá0BUL?I;DJ@
DJIAKêå�L?I;å�TxíAá0>ADJ@E@UçèKABÍð
Txâ0TVI�á$åx@E>;M�á�Txâ �
BEIQãGDJ@EãJLJâ�BUá0NAæ¿MV÷ZIADJæ�TV@Uç � ��æ¿TVDJIAMx÷QM0BEIQã?@ET���@EBEIQë�DnãJã?@UL?æ�Txâ�Dná0BUóJT2åx@E>;M�á�Txâ�BEIQãGDJIAK
DVóJTxâ�DnãJT���@EBCIQë²DnãJã?@UL?æ�Txâ�Dná0BEóJTGåx@E>AM0á�Txâ�BEIQãQñAF
Txâ0TJ÷;á0NAT±DJ@UãJLJâ�BUá0N;æ¿M � ��æ�TVDJIAM
DJIAK
M0BEIQã?@UT���@CBEIQë²DnãJã?@UL?æ�Txâ/Dná0BUóJT½åx@E>AM0á�Txâ�BEIQãÊDnâ0T�LJì%í3Dnâ0á0BEåx>A@EDnâ2BEI�á�Txâ0TVM�áx÷<DJMPTVDJå�N�LJì
á0NQTVæ >AM�TVM�D�åx@E>;M�á�Txâ�BEIQãGLJô"��TVå�á0BUóJTPá0NADná�BEM�å�L?IAå�Txí;á0>ADJ@E@Uç½ø^>ABUá�T2M0BCæ¿BE@EDnâ9á�L�L?IQT
LJì2� �±à O�ö�Mxñ9ò\NQTýì¶L?>Qâ0á0N DJ@UãJLJâ�BUá0N;æ BEMþDJI DJKQókDJI;å�TVK åx@E>;M�á�Txâ�BEIQã TVIAM�TVæGô;@UT
æ�Txá0NQLbKïô^ç)5bá�â0TVNA@�DJIAK � NQL?M0ND� <,*,
gñ �H@E@Ùì¶L?>Qâ2DJ@UãJLJâ�BEá0NAæ¿M�Dnâ0T20 KABÍð
Txâ0TVIZá0@Eç
á�L � �Pà O 0 ã?BUóJTVI�á0NQT�M0DJæ¿TdDJKAókDJI�á0DnãJT\LJìAô
TVBEIQã
íAâ0Lwó^BEKATVKGR
BUá0N±á0NATdå�LJâ�â0TVå�á
I�>AæGô
Txâ%LJìÙåx@C>AM�á�Txâ�Mxñ �Ëå�L?æ�í;Dnâ/BEM�L?IþLJì � �Pà O)á�L�D�M�á0Dná�T��gLJì �gá0NAT���Dnâ0á\æ�Txá0NQLbK
ì�LJâPá0NAT¿KQTxá�Txâ�æ¿BEI;Dná0BUL?IîLJì³á0NQTþI�>AæGô
Txâ�LJì9åx@E>;M�á�Txâ�Mx÷�ò\BUô3M0NABUâ�DJI;B<Txá±DJ@�ñUö�M � Dní
M�á0Dná0BEM�á0BEå � <���
g÷�åxDJI²ô
T2ì¶L?>AIAK¯BEI¯BEI;�+*,
gñ

����� � - � ��:=%8�
5^á0Dnâ0á0BEIQãÊì¶â0L?æ:DÊâ�DJIAKAL?æ í;Dnâ0á0BUá0BUL?I;BEIQãQ÷�á0NQT � ��æ�TVDJIAMPDJ@EãJLJâ�BUá0NAæ â0Txí
TVDná�TVKA@Eç
��B ��å�L?æ�í;>Aá�TVMPá0NQT$åx>Qâ0â0TVI�á±åx@E>AM0á�Txâ±å�TVIZá�â�TVM���B�ñ�TJñ�á0NQT½DSóJTxâ�DnãJTÊóJTVå�á�LJâGLJì�TVDJå/N



�

åx@E>AM�á�Txâ$BEIüKADná0DÿM�í;DJå�T��½DJIAK ��BCB ��â0TVDJM�M0BUã?IAM½TVDJå�N KADná0D BEá�TVæ á�Lÿá0NQTîåx@C>AM�á�Txâ
R�NQL?M�T�å�TVI�á�â0T½BEM2åx@UL?M0TVM�á2á�L²BUáxñ8�uá2á�Txâ/æ¿BEIADná�TVM�R�NATVIÃIQL¯æ�LJâ0T�â0TVDJM0M�BUã?IAæ�TVI�á0M
á0DnëJTGí;@CDJå�TJñ��9ç¯á0NABEM
æ�TVDJIAMx÷3á0NQTGBEI�á�â�D.��åx@E>;M�á�Txâ�ónDnâ�BEDJIAå�TJ÷3á0NADná
BCMx÷Aá0NQT�M0>Aæ LJì
M0ø�>;Dnâ0TVM%LJì�á0NAT
KABÍð
Txâ0TVIAå�TVM%ô
Txá�R9TxTVI$K;Dná0D±BUá�TVæ¿M9DJIAK½á0NQTVBUâ³DJM�M�L^åxBCDná�TVK$åx@C>AM�á�Txâ
å�TVIZá�â0TVMV÷3BEM�@ULbåxDJ@E@Uç$æ¿BEIABCæ¿BUúxTVK�ñ
� >Qâ�BEæ�í;@ETVæ�TVIZá0Dná0BEL?I²LJì5á0NQT � ��æ�TVDJIAM�DJ@UãJLJâ/BUá0NAæ-BEM�ô3DJM�TVKîL?Iýá0NQT�ô;Dná0å/N

óJTxâ�M0BUL?I LJì � ��æ�TVDJIAMx÷�á0N;Dná²BEMx÷dåx@E>AM�á�Txâ²å�TVI�á�â0TVMýDnâ�TîL?I;@Uçüâ0TVå�L?æ¿í;>Qá�TVKêDnì¶á�Txâ
á0NQT�â0TVDJM0M0BEã?IAæ�TVI�áHLJìdDJ@E@'KADná0D¯BEá�TVæ¿Mxñ �
M � ��æ�TVDJIAMPåxDJI�M0L?æ�Txá0BEæ�TVM�ãJTVIQTxâ/Dná�T
TVæ�íAá�ç åx@E>AM�á�Txâ/Mx÷�á0NATVM�T²Dnâ0T¯BEKQTVI�á0BUéATVK BEIÿTVDJå�N BUá�Txâ/Dná0BUL?IäDJIAKäDnâ0TÊâ�DJIAKQL?æ¿@Eç
â0TVBEIABUá0BCDJ@EBUúxTVK�ñ^ò\NABEM9TVIQì¶LJâ�å�TVæ�TVI�á�LJì�á0NATPå�LJâ0â0TVå�á\I^>Aæ±ô
Txâ�LJì�åx@E>AM�á�Txâ�M�åxDJI²íAâ0T��
óJTVIZá5å�L?I�óJTxâ0ãJTVIAå�TJ÷ZDJI;K±R9Tdá0NQTxâ0Txì¶LJâ0T�M�Txámá0NQT�æ¿D � BCæG>AæÀI^>Aæ±ô
Txâ�LJì;BUá�Txâ�Dná0BEL?IAM
á�L <��	�bñ'ò�Lïâ0TVK;>Aå�TþM0>Aô�LJí;á0BEæ¿DJ@5M�L?@C>Qá0BUL?IAM � ��æ�TVDJIAM�BEMPâ/>AI�â0Txí
TVDná�TVKA@Eç �
<��	�
á0BEæ�TVM!�³>AM0BCIQãGâ/DJIAKQL?æ BEIABEá0BEDJ@EBEM0Dná0BEL?IF�¶R�NABEå/N¯BEM9ë^IALSR�IÊá�L�ô
T�DJI¯T�ð�TVå�á0BEóJT±BEIAB �
á0BEDJ@EBUúVDná0BUL?IÊæ�Txá0NAL^K;� < E�
��dDJI;KþL?I;@Uç½á0NQT�ô
TVM�ádâ0TVM0>;@Uá9BCIþá�Txâ/æ¿MdLJì�BCIZá�â�D.��åx@C>AM�á�Txâ
ókDnâ�BCDJIAå�TPBEM�â0Txá0>Aâ�IQTVK�ñ

����� ��
���"�:;"����

���:=	 ��	�� ���!�#"$
�% &
��IÊãJTVIQTxâ/DJ@�÷;DnãJã?@UL?æ�Txâ/Dná0BUóJT±åx@E>AM0á�Txâ�BEIQã�DJ@UãJLJâ�BEá0NAæ¿M�M�á0Dnâ0á�R
BUá0NÊá0NQT2é;IQTVM0á�í;Dnâ �
á0BUá0BUL?IABEIAã¯í�L?M�M0BUô;@UT ��B�ñ�TJñ�M0BEIQã?@ETxá�L?IAM!�HDJIAK�÷�BEIÃTVDJå/NÿBUá�Txâ/Dná0BUL?I�÷�æ¿Txâ0ãJT½á0NQTþá�R9L
@UTVDJM�á³K;BEM�á0DJI�á%åx@E>AM�á�Txâ/Mxñ�ò\NATxç�á�Txâ/æ¿BEIADná�T\R
NQTVI¿á0NQT
á0Dnâ0ãJTxádI�>AæGô
Txâ%LJì<åx@E>;M�á�Txâ�M
NADJM�ô
TxTVIïLJô;á0DJBEIQTVK�ñ�M0BEIAã?@UT���@EBEIQë¯DJIAKÃDSóJTxâ�DnãJT���@EBEIAëîDnãJã?@UL?æ¿Txâ�Dná0BUóJT¿åx@E>AM0á�Txâ�BEIQã
L?IA@Uç²KABÍð
Txâ
BCI²á0NQT�@EBEIQënDnãJT±æ�Txá�â/BEåG>;M�TVK�ñ��QLJâ2á0NATG@EBEIAëkDnãJT�æ�Txá�â�BEå±LJì%DVóJTxâ�DnãJT��
@EBEIQë�÷'á0NQTýKABCM�á0DJIAå�Týô
TxáuR³TxTVI á�R9L åx@C>AM�á�Txâ�M 5MKPDJI;K 5 � BEM½å�L?æ�í3>Qá�TVKüDJMþá0NQT
DVóJTxâ�DnãJT½K;BEM0M0BEæ½BE@EDnâ�BUáuçþô
TxáuR³TxTVIÃDJ@E@�í
L?M0M0BUô3@UTPí;DJBUâ/M�LJì9KADná0D$TV@UTVæ�TVI�á0M SdDJI;K L
R�BUá0N S � 5MKÙDJIAK L � 5 � ñ �QLJâ�á0NQT�@EBEIQënDnãJT
æ�Txá�â/BEå\LJìÙM�BEIQã?@UT���@EBCIQë3÷Já0NATHKABCM�á0DJIAå�Tô�TxáuR³TxTVI²á�R9L¿åx@E>AM�á�Txâ�M�5MK�DJIAK 5 � BEMdå�L?æ�í;>Qá�TVK¯DJMdá0NQT2M0æ½DJ@E@UTVM�ádKABEM0M�BEæ¿BE@EDnâ/BUá�çô�TxáuR³TxTVI½DJ@E@Zí
L?M0M�BUô;@UT³í;DJBUâ�M�LJì3KADná0D�TV@ETVæ�TVIZá0M S<DJI;K)L�R�BUá0NVS � 5MK�DJIAK L � 5 � ñ
��� � �V	��8�2�!��" �4%8��� � � 	5�
5^á�â0TVNA@'DJIAK � NQL?M0N�ö�M õ ë^IALSR�@UTVKAãJT¿â0TV>AM�T�ì¶â�DJæ�TxR9LJâ0ë�ö<TVæ�í;@ELSçbM2á0NQâ0TxT½å�L?I;å�Txí"�
á0>ADJ@E@Uç½K;BÍð�Txâ�TVIZá9TVIAM�TVæGô;@UT2æ�Txá0NQLbKAMdIADJæ�TV@Eç%�
<,� à 5$�8� � à @E>AM�á�Txâ �gô3DJM�TVK 5bBEæ-�
BE@EDnâ�BUáuç@�mDnâ0á0BEá0BUL?IABEIQã �H@UãJLJâ�BEá0NAæ��/÷ � 6A�ýF � �8� ��F
ç�í
Txâ � � â�Dní;N �mDnâ0á0BUá0BEL?IABEIQã
�
@UãJLJâ/BUá0NAæ��HDJIAK � ?A� � à�� ��� �²Txá0D.� à @E>AM�á�Txâ�BCIQãF�H@UãJLJâ�BUá0NAæ��/ñ<ò\NQT¿M�L?@E>Aá0BUL?IAM
â0Txá0>Qâ�IQTVKÊô^ç$á0NQTPBEIAKABEó^BEK;>ADJ@Aå�L?æGô;BEIQTxâ�Mdá0NATVI²M�Txâ0óJTPDJM�á0NQTPBEIQí;>Aá³á�L¿D¿M�>QíAâ�D.�
å�L?IAM�TVIAM0>;MGì�>AIAå�á0BEL?I�÷�R
NABEå�NäM�TV@ETVå�á0M�á0NQTÊô
TVM�á�M�L?@E>Qá0BUL?I BEI á�Txâ�æ¿M�LJìHDVóJTxâ�DnãJT
M0NADnâ0TVK²æ�>Qá0>ADJ@�BCIQì�LJâ/æ¿Dná0BUL?I�ñ

�QLJâ$á0NQTýBEæ�í3@UTVæ�TVI�á0Dná0BUL?IäLJì2á0NABEM�åx@E>;M�á�Txâ½TVIAM0TVæ±ô;@ET¯R³Tý>;M�T75^á�â0TVN;@�DJIAK
� NQL?M0N�ö�M�LJâ/BUã?BEIADJ@ �ïDná0@EDnô å�L^KAT¯R�BUá0N á0NQT¯å�LJâ0â0TVå�á½I^>AæGô
Txâ�LJì�åx@E>AM0á�Txâ�M�íAâ0L��
ó^BEKATVK�ñ8��I�LJâ�KATxâ2á�L²ãJTVIQTxâ�Dná�T¿á0NAT¿BEIQí;>Qá�@EDnô
TV@EMHR9T¿>AM�T�á0NQT¿Dnô
LSóJTþKQTVM0å�â�BUô
TVK



�

DJ@UãJLJâ�BUá0NAæ½Mx÷<á0NADná�BEMx÷ � ��æ�TVDJI;Mx÷�DSóJTxâ�DnãJT���@EBEIQëÿDJIAK M0BCIQã?@UT���@EBEIAëýDnãJã?@UL?æ�Txâ�Dná0BEóJT
åx@E>AM�á�Txâ�BCIQãQñ �HM�TVIAM�TVæGô;@UTÊæ�Txá0NQLbKAM�ãJTVIQTxâ�DJ@E@UçÃô
TVIQTxé;áGì¶â0L?æ�ô�TVBCIQãýíAâ�LSóbBEKQTVK
í;Dnâ0á0BUá0BUL?I;BEIQã?M�LJì5NABEã?NQTxâ\â0TVM�L?@C>Qá0BUL?I ��Bgñ�TJñ3å�L?æ�íAâ/BEM0BEIQã¿æ¿LJâ0TGåx@E>;M�á�Txâ�M!�/÷3R³TGâ�>AI
TVDJå�NüDJ@EãJLJâ�BUá0NAæ ì¶LJâ¿DJ@E@ � ��N�6�E2F2F2F�E 6 ��Q?ñ%ò\NAT¯â0TVM0>A@Uá0BCIQã7EA*�@CDnô�TV@CBEIQã?MGá0NQTVI
M�Txâ0óJT±DJM�á0NQTPBEIQí;>Aá9á�L 5^á�â0TVNA@�DJIAK � NQL?M0N�ö�M
æ�Txá0NQLbK�ñ

����� ' :;"�: � �#�!��".���#����
�%8&=� " �=" � ! ���
��Dnâ/DJæ�Txá�Txâ�M0Txá�á0BEIQã?M<ì¶LJâ � �Pà OüDnâ0T5ã?BUóJTVIGBEI2ò�Dnô3@UT/?^ñ	C
DJI;KPDnâ0T5ëJTxíAá�å�L?IAM�á0DJI�á
LSóJTxâ�DJ@E@
T � í
Txâ�BCæ�TVIZá0MVñ

� ªw¦�� Ï �n¬ �Q�0���/~�}��g}u����}u���g���w�z��{Ív��'�2�'|�¼d�S°<tk}u�g}	� ���Ù�w�����9��}��Ù����µ.}zº

���
�����������
 �������������
�! #"%$'&)(+*�,.-�&�/0&)(�132�4 *5/06 7�8589.:�2�&)(�/;1�<>='*5=# 0< 1�2�4 *5/?6�4 @)& A385858B�/�2�&)(�/;1�<'='*5=0 #< 1�2�4 *�/?6�4 @)& "�13:DCFE�8�GDHIKJ#LB�/04 2�4 1�< 4 @�1�2�4 *5/ MN4 /#4 "% 0"O6�=;1�/0/04 /0-P2�(�&�&MN Q2�1�2�4 *�/N2�R#=;& ST/0&31�(�&)6K2U/0&)4 -5VQ$;*5 #(�6WC�SYXZ7�8 LMN Q2�1�2�4 *�/N(�1�2�&�[;\ A�])^_U&)`�*5"%$#4 /;1�2�4 *5/ aU/04 ,�*�(�"b`)(�*56�6�*�c5&)(_U&)`�*5"%$#4 /;1�2�4 *5/d(�132�&�[;e 8Qf gh $Qi�&�`)2�4 c5&j,� 0/#`)2�4 *5/#6 h ck&�(�1�< <mlQ&�cQ4 1�2�4 *5/n1�/;ld`�*�/0/0&�`�2�4 cQ4 2�RoCpSqXZ7�8 Lr *�/06K2�(�1�4 /�2�6 s�tvukA5G�f�f�f�G�7�Ekwkx;`�<  06K2�&)(�6�4 @�&zy{7�! #"%$'&)(+*�,|(�&�,�&)(�&�/#`�&Pl#4 6K2�(�4 $0 Q2�4 *5/#6 E

} ~��o���W���k���%�N���

�{�����)�������.�Z���W���>�j�z�m�'�����|�U�0�+�%�#�|�>�0����� ���Y�#�%�����Y�����#���5�T�b�b�¢¡#�+�T�%�£�0�0�m¤!¥¦�¨§W�;�#�
�W�0�.©j��ª�� �«�0¬W�b�b�£�;­¦�+�Z��¬����>�����P�£�'�£�0��©+�®�#�0¬Wª�­¦¯°�m�5�T�m�|�²±¦³µ´T¶·�+�Wª¸�0���
�m��¬W�#�#�m�;�����¹�b�m�0���!ªP�������#�0�jªW¬W�>�|ª¸�£¯°�.©+�+¤Y±¦³µ´T¶bº����P�����¸�z�m�;�)�+�;�»�+�W�>� ���|�+ªW�
¬W�¼�#���#�b���U©+�|�#�0�����£�#�µ�0���¨�;�|�+�#���W�¼���+�{�0���½�0�+¯P¬W�0�0���|�0�¼�+�?��¬W���0���+¯j¡Q�|�>�0��©+�µ�m��¬W�Q¾
�#�m�;������¿d�+�À�£�'�;���m�k­U�P�+�q�>�j�+�b�P�����+�Wª¦�0����©j���0¬P�+����Á|�£�0�����¹�+�¼�#����¬��0�����P�����«�5�T�£¾
�+¯j¡Q�|�>�0��©+���#�P�+�>���£�;��¬W�#�|ª®���+�{�0�W���¼�P¬��0�°���#�+¤

ÂdÃ�Ä ÅÇÆ?ÈPÉ)Ê�Ë¢Ì�Í�ÈPÉTÎ�Ï�ÈPÉ3Ð?È�Ë¢Ì�Ñ%Æ
Ò �Ó��¬����>�����P�£�;�£�0��©+�Ç�0�0¬Wª�­+Ôo±«³µ´¼¶Õ�W�+��¯°�m�|�Ó�m©Ö�+��¬P�£�#�|ª¸¬P�0�����¹�×�;�+�W�+� �+�
�#­!�U�0���m�0�����+�WªÇ�0�|�+�dªW�£�0�Ø�#�m�0�m¤ Ò �Ç�0�W���{�P�£�°�m�|Ôj�Y�µ���P��­Ø�P�0�|�#�|�U���0�|�0¬W���0�{���ÀÙ|Ú
�5�T�£¾5ªW�����|�W�;�����W�+�oªW�£�0�Û�0�m�0�µ�0�W�£���£�;�b�Y�|���K¾5�0¬W���#�|ª¹�#�×ªW�|�����W�#�#�;�£�#� ±«³µ´¼¶�º��
�z�m�;�)�+�;�»�+�W�>�{���+�qªW�KÜ°�m�0�|�U�qªW�£�0�µ�P�0�+�°�m�0�0���|�m¤��{�W���P�£�0�0���m¬W���£�	�W�0�+�°�m�0�0���|�o�0�0¬Wªj¾
���|ªÛ�£�0�µ�¢©+�m�;���£�Ý¯z�m�k�Y�m�|�¹�m��¬W�0�#�m�;�µÞ����Û�0���»ß%àmáWâ£ã;äZ�+�Wªæå�ã'ç�â£èUé�ê�ä{�#�m�;���|�>ë;ÔP¬W�j¾
�|ìU¬W�+����­×�0��Ám�|ª«�m��¬P�#�#�m�;��Þ3���¹�#�m�;�b�½�+�T�0�����U¬P��¯°�m�½�+�YªW�£�0� �°�����U�0�½�>�����0�+���W�|ª�í



¢.¡
� ªw¦�� Ï �?¬ rS�/~�®wy�}��H}��w���/�d�/�n� ­ �x�g}���Åx�n�0���g��y�}����/�w�z} � Ä¶�H}������w�g}<�/�/y��k}.�Q{¾v/� � ¡��g�w�k�Qv/{?}.�/s�t
��y��zv/�g���gtw~ v/�H�¶°�v/Ä��w��~�}.�w����v/�n��y^���S�x�gtk}��g��s5�k�0���d��}��g�Ù}��Stk��´k���g���k���S��É?}��g}.�x���k�����d®S�gvz®J}����g��}.�.º���k�S���g��v/�n�/y?�g}.���wy��g�<v/��tk���ztSÄ��w��~�}.�k����v/�n�/yZ���n�
�g}���y^�w�����9��}u�g�����/�/��y��/´wy�}5����¸ � ¹Eº
�������
	 �
� ��� ����	 ����	 � ��� ����������������	 � �
� ����� ���!�
� "
	 #
�%$������ ���&�
�
���
�'��	 �)(+*-,/.01���
�32 435 6�6�6�7�7�7)89435 :�:�:�;�;�6�<=435 6�6�;>2�4!7)89435 4�4�;�?�@�6�<A4>5 ;�B>2
@�?�@C89435 432!;�B>2�2!<EDGF HI89435 4�< D
F HI8�4>5 4�<01���
��B 435 6�J�?�7�7�7)89435 4�4�432�J�?�<=435 6�J�J>2
7C89435 432�2�2!;�;�<K4>5 ;�B�4�4�B�6C89435 432�6�?�:�<L435 @�4�BM8�4>5 4�< D
F HI8�4>5 4�<01���
��: 435 J�J�J�?�@�;�89435 4�4�4�;�;�6�<=435 J�J�;>2
7C89435 4�4�@�J�J!7�<K4>5 ;�6�6�6�632M89435 432!J!:�B>2!<N435 J�:�4�;�@>2O8�4>5 4�4>2�?�4�B�<PD
F HI8�4>5 4�4�6�<Q � R
�
��2 435 7>B�?�:�B�:C89435 4�4�4�B�7>B�<=435 @�J�J�@�:�;�89435 4�4�J�4�J�2!<AH1F S
T
S
H
HGUV89435 4�4�;�4>2�:�<=435 J!7�J�632
6�8�4>5 4�:�4�@�4�7�<A435 @�?�JW89435 4�4�6�<Q � R
�
��B 435 ;�B�B�J�7>B�89435 4�4�4�7�J�J�<=435 @�?>2�@�7�J�89435 4�4�@�?�?�;�<A4>5 @�?�J!4�;>2M89435 4�4�7�@�@�@�<N435 6�:�:�B�?�:�8�4>5 4�4�B>2�?�J�<AH1F S
T
TI89435 4�4�6�<Q � R
�
��: 435 6�4�4�?!7�2M89435 4�4�4�J!?�B�<=435 @�?�;�4�BW89435 4�4�@�4�;�<X4>5 @�?�J�2�2
7)89435 4�4�6�?�@�@�<N435 ;�6�B�4�J!?�8�4>5 4�4�@�?�7><YH1F S
SI89435 4�4�;�<Q � R
�
��7 435 6�;�?�:�4�?C89435 4�4�4�6�J�6�<=435 @�?�:�@�;!:C89435 4�4�;�?�B!6�<A4>5 @�?�;�B�J!7)89435 4�4�6�?�;>2!<N435 ;�4�6�;�@�;W8�4>5 B�6>2�2
7�@�<AH1F S
T
SI89435 4�4!7�2!<Q � R
�
��; 435 J�4�B!732�2M89435 4�432!B!632!<=435 @�?�6�@�J!6C89435 4�4�J�4�6!7><A4>5 @�?�7�B�?�?C89435 4�4�;!?�7�:�<N435 7�?�J�;�@>2O8�4>5 :32�2�?�4�@�<AH1F S
S�HZSI8�4>5 4�4�J�@�<Q � � 	 ��2 D
F HV894>5 4�< 435 J�;!:�4�:�6C89435 4�< 4>5 6�6�;!6�4�@C89435 4�4�@!7�4�J�<EDGF HI89435 4�< D
F HV894>5 4�<Q � � 	 �!B D
F HV894>5 4�< 435 J�B�;>2!;!6C89435 4�< 4>5 ;�?�6�;�4�?C89435 4�4�@�@�6�J�<N435 @32[89435 4�< D
F HV894>5 4�<Q � � 	 ��: D
F HV894>5 4�< 435 ;!7�@�J�6>2M89435 4�< 4>5 ;�4�;!@�@�7)89435 4�4�J!:�@�:�<N435 J�J!6�7�@!7C8�4>5 4�4>2!B�?�7�<PD
F HV894>5 4�<Q3\ � ����	 D
F HV894>5 4�< 435 ;�J!6�89435 4�< 4>5 ;�@�:W89435 4�4�B�< 2�5 4M89435 4�< D
F HV894>5 4�<Q�] #G������2 435 :�@�@�J�;�@C89?�����4�;�< 435 @�J�J�@�@�J�89435 432�;�4�4�;�<AH1F S
TG^�H
HG_V89435 4�4�7�@�?�B�<=435 @�?!7�8�4>5 4�4�?�4�4�6�< 435 @�?�;W89435 4�4�;�2!<Q�] #G������B 435 :�@�@�J�;�@C89435 4�< 435 @�6>2�@�?�B�89435 4�4�@�?�?�?�<AH1F SG^�_
H1D3SV89435 4�4�J�@�?�?�<=435 @�JM89435 4�4�?�4�4�B�< 435 @�J�:�89435 4�4�@�<Q�] #G�����
: 435 :�@�@�J�;�@C89?�����4�;�< 435 @�:!7�@�:�;�89435 432
6�B�:�?�<AH1F S
`
_GS
U
UV89435 4�4�?�4�B�<Y435 @�7�;�@�@�89435 432!;!@�?�B�<Y435 @�7�6�89435 432!J�B�<Q�] #G������7 435 :�@�@�J�;�@C89?�����4�;�< 435 ?�?�:�4�:�;�89435 4�B�B>2
7�<aH1F SZD3SGS
S
SV89435 4�4�?�4�B!7><=435 @�4�?W8�4>5 432
@�4�4�6�< 435 @�4�732O8�4>5 432
?�7><Q�] #G������; 435 :�@�@�J�;�@C89?�����4�;�< 435 J�B!4�6�J�B�89435 2�4�J�:�;�J�<AH1F T
_G^
S
TI89435 432
7�B�:32!<b435 ?�7�B�@�6�;W8�4>5 4�:�:�4�?�?�<A435 ?�:�6>2O8�4>5 4�:�B!7><c1��� ������	 ��2 D
F HV894>5 4�< 435 @�@�JW89435 4�4!7�4�4>2!< 4>5 @�?�7�?�6�89435 4�4�632
:�< 435 @�@�@W8�4>5 4�4>2!< D
F HV894>5 4�<c1��� ������	 �!B 435 7>;>2�@�:C89435 2�2
6�?�:!7><Y435 @�?�6�@�J!@C89435 432
:�6�:�?�<A4>5 @�;�J!6�@�J�89435 432�2
?�:�J�<N435 ?32
4�7�@�BW8�4>5 4�6�?�;>2�:�<AH1F S
S
`I89435 4�4!7><

dPegfZh&iYj k�l=monqpGisr1t�iupovqwxe yziu{�dPe&|Pw}fGiuyb~s{
� pGfGisr�p1h w}�Wiup��!dPegfZh i��C�x�-�x�Oj}�Ok!�
�}�-wxe y
j �Kk���m�pGisr�t�iup�v��C��isfZwxt�{�iuy�y iupZ~�r1t�� fZt�dPe p�wxe y�|xiue&isr1w}fGdxr1p���dxr�fZh&igy w}fZw�pGisfZp�w}rZi
wu�}wxt�{�w}�[{�iEw}f����o��� ��dxrZiErZiupZ� {�fZpu�Vt�e[~s{�� y t�e |�fZh&dPpGiE�!dxrKh[t�|Ph'¡>y t�¢giue pZt�dPe wx{ wxe y
rZiuwx{Cy w}fZw'�[~swxe��Wi���dP� e[y£t�e���¤¥���

¦ h&i£~s{�� pZfGisr1t�e&|§rZiupZ� {�fZpadx��fZh&i£¨ �xi£y t�©WisrZiue-fawx{�|xdxr�t�fZh ¢gpKw}rZi�~�dP¢z�Ow}rZiuy
� pZt�e&|�wxeªdx�'«Giu~�fZt��xi¬is�Awx{��[w}fZt�dPe���� e ~�fZt�dPeC��fZh&iE­ ®�¯°mZ�}n�±'�Gm¬���u²=���´³µh t
~1h�t�pYwxe
i�¶·fGisr1e[wx{)is�}wx{�� w}fZt�dPe��!�[e ~�fZt�dPe�fZh[w}fµrZiu¸·� t�rZiupº¹·e&d=³µ{�iuy&|xiYdx�qfZh&iY~�dxr1rZiu~�f�~s{
wxpZp
{�w}�Wiu{�pKwxe y»~�dP¢z�[w}rZiupNw�|xiue&isr1w}fGiuy¼~s{
� pGfGisr1t�e |½pGdP{
�&fZt�dPe¾fGd¿fZh t�p¬À�|xdP{�y»pZfZwxe'¡
y w}r1y�Á�� ¦ h&i�ÂI¡3��iuwxp1�&rZiÃ~swxeEfZw}¹xi�dPeE�}wx{��&iupÄt�e¬fZh&i�t�e-fGisrZ�Awx{q� Å'Æu�o�Iwxe[y¬p1h&dP� {�y
�MiÃ¢NwA¶'t�¢Nt�Çsiuy��

Â&rZdP¢ÈfZh&iºrZiupZ�[{�fZp´� rZiupGiue-fGiuygt�e ¦ w}�[{�iµÉÃt�fq�Wiu~�dP¢ziup ~s{�iuw}r fZh w}fÊfZh&iµp1t�e&|P{�i�¡
dx�'«
iu~�fZt��xi�wx{�|xdxr�t�fZh ¢gp�wx{�{ i�¶'�Wisr1t�iue ~�iºfGr1dP�&�[{�iº�!dxr �Ow}rZfZt�~s� {�w}r+y w}fZwÃ�[rZdx�WisrZfZt�iups�
Â&dxraË-¡>¢ziuwxe[pÃwxe y¿wu�xisr�w}|xi�¡>{�t�e&¹M�CfZh&iz� r1dx�[{�iu¢gw}fZt�~Ky w}fZw£pZisfZp�w}rZizfZh&dPpZiz³µt�fZh
w}rZ�[t�fGr1w}r1Ì¼pZh w}�WiuyÍdxr£iu{�dPe&|Pw}fGiuyÎ~s{
� pGfGisr1p���t�eÍfZh&iª�)�}�-�P��j �Kk���mEwxe yÏj}�Mk��G�}�
pGisr1t�iup�v)�!dxr pZt�e |P{�i�¡>{�t�e&¹Ãt�f´t
p´fZh&dPpGiÐfZh w}fÊ~�dPe-fZwxt�eg~s{��[pGfGisr1p´³µt�fZhad=�xisr1{�w}�NdxrÊe dPt�pGi
�MdPt
e/fZp���t
e»fZh&i�jOÑu± �}�Gms�ºj k�l¥m�nKwxe yÍ�C�}�-�½pGisr�t�iup�v�� ¦ h i�~s{�� pGfGisr1t
e&|�iue pGiu¢Y�[{�i
�!w}rZiup��WisfGfGisru�/�O�&f�pGis�xisr1iu{�Ìz� rZiuw}¹'p�y d¥³µeN��dxrÄ� e&iu¸·� wx{�{�ÌKpZt�Çsiuyb~s{�� pGfGisr�p���t�eNfZh&i
j k�l=monÄpGisr1t�iup�v��OÒ�e {�Ìb��ÒÃÓÄÔÕp1h&d¥³µpÐwg�xisrZÌ¬pZfGrZdPe&|z�WisrZ�!dxr1¢gwxe ~�i��!dxrµwx{�{Wf>Ì·�Wiup
dx�Oy t�©WisrZiue-fqy w}fZw�� rZdx�WisrZfZt�iupVwxe yzt�pV�WiupGfs�}dxrÊ~s{�dPpGiÐfGd��WiupGfs�}dPezwx{�¢gdPpGfqwx{�{'y w}fZw
pGisfZps�



¢/¢

-1

 0

 1

 2

 3

 4

 5

 6

-3 -2 -1  0  1  2  3

����� ¬��Z¬ �ý����~�®wy�}��gtw�g}.}�ÄCs.y��w���g}��Ù�k�0���³��}��Ù®Jvz�����w���w����s.�wy��g��}��<�gv³~\�/�x��s.y��w���g}��g���k�d~�}��gtwvV�w�.º
� ��� , �!
�� 7
	5����� : � 7 	���� �8��� 
�% & � � ���	� %8�#"�&�
5�2��
�����
?�#�I�!� :@��� �="�



�% � ! �O�
� BUóJTVI � �Pà O�ö�M<í�Txâ�ì�LJâ�æ½DJIAå�TJ÷SBUá<BEM
R9LJâ0á0N±T � DJæ¿BCIABEIQã�æ�LJâ0T5åx@EL?M�TV@UçHá0NQT%æ�TVå/N$�
DJIABEM0æ¿M�>;IAKQTxâ�@UçbBEIQã�æG>;@Uá0BULJô"��TVå�á0BUóJTPåx@E>AM0á�Txâ�BEIQãQñ"�.IÊí;Dnâ0á0BEåx>;@EDnâV÷bR³T±R³L?>A@CK²@EBUëJT
á�L¿M0NQLSRêá0N;Dná � �Pà O�ö�M ��# #����!�³á�L�á�R9L¿å�L?IAå�TxíAá0>;DJ@E@UçþK;BÍð�Txâ�TVIZá�åx@E>AM0á�Txâ�BEIQã�LJô"�
�.TVå�á0BUóJTVM�BEM ���%
 ����� # � �'��
5á�LîT � í;@EDJBEIÿBUá0M±ãJL^LbK í
Txâ0ì¶LJâ�æ¿DJIAå�TJ÷�ô;>QáPá0N;Dná�BUá�BEM
á0NQTVBUâ �!� # �"��
 ��� � ��� � � � 
��&# ��� �%
�� ���Êá0NADná�BCMdá0NQTPëJTxçÊá�L½BUá0M\M�>Aåxå�TVM0Mxñ
&ÃT¿éAâ�M0á2LJô;M�Txâ0óJT�á0NADnáx÷�BEIÃDJIÃT � í;@EBEåxBUá�M0BEIAã?@UT��gLJô"��TVå�á0BUóJT�LJíAá0BEæ¿BEúVDná0BUL?I�÷�BUá

R³L?>A@CKAI�ö�á�ô�Tdí
L?M0M0BEô;@UT%á�L2ëJTxTxíþá0NQT�I�>;æ±ô
TxâmLJì�åx@C>AM�á�Txâ�M'KQçbIADJæ¿BCå��¶R�BEá0NQL?>Qámá0NQT
BEIZá�â�L^KA>;å�á0BUL?IîLJì9DJKAK;BUá0BUL?IADJ@må�L?IAM�á�â/DJBEIZá0M �HDnáPDJ@E@ ��KA>QT�á�L²á0NQT¿I;Dná0>Qâ�DJ@mô;BEDJM�LJì
ô�LJá0N æ�TVDJM0>Qâ0TVMV÷ÙDJI�LJíAá0BCæ¿BUúVDná0BUL?I�æ¿Txá0NQL^K R³L?>;@EK�÷�ì¶LJâ ���������%
 � � �'
�÷ÙIATVå�TVM
�
M0Dnâ�BE@Uç¿å�L?I�óJTxâ0ãJT2á�L�á�â�BUóbBEDJ@�M�L?@E>Qá0BEL?IAM��Zá0NATVM�T2Dnâ0T2M0BEIQã?@UTxá�L?I$åx@E>AM0á�Txâ�M%ì¶LJâ�LSóJTxâ/DJ@E@
KQTxó^BCDná0BUL?I DJIAK D M0BEIQã?@UTîåx@E>AM�á�TxâÊì¶LJâ²å�L?IAIQTVå�á0BUóbBUáuçJñ � IA@Uç á0NQTÃM0BCæG>A@Eá0DJIQTxL?>AM
LJíAá0BEæ¿BUúVDná0BEL?IÃDJ@E@ULSR
MP>AM2á�L²T�ð
TVå�á0BUóJTV@Uç�T � í;@ULJâ0T¿BCIZá�Txâ0TVM0á0BEIQã²M�L?@E>Aá0BUL?IAMx÷�DJM2R9T
åxDJIýT � í;@UL?BUá
á0NQT±LJí;í�L?M�BUá0BUL?IADJ@�á�â�TVIAKAM\T � NABUô3BUá�TVK¯ô^ç¯á0NQT±áuR³L$LJô"��TVå�á0BUóJTVMHR�BUá0N
â0TVM�í
TVå�á�á�Lþå/NADJIQãJTVM�BCIÊá0NQT±I^>Aæ±ô
Txâ�LJìmåx@E>AM�á�Txâ/Mxñ
�²LJâ�T�BCæ�í
LJâ0á0DJIZá0@EçJ÷ZTxóJTVI$ì�LJâ�DGé � TVKþI^>AæGô�Txâ9LJì<åx@E>AM0á�Txâ�Mx÷^á0NQTxâ0T�Dnâ0THåxDJM0TVM

R�NQTxâ0Tïô�LJá0N M0BEIQã?@ET��gLJô"�.TVå�á0BEóJTýóJTxâ�M0BEL?IAM¿R�BC@E@dì¶DJBC@�÷5ô;>Qá$D æ�>A@Uá0BULJô	�.TVå�á0BUóJTîDní"�
íAâ0L?DJå�N�R�BC@E@nR³LJâ�ë3ñ.��I±LJâ�KQTxâ�á�LHKATVæ�L?IAM�á�â�Dná�T9á0NABEMV÷w@UTxá�>AMÙå�L?IAM�BEKQTxâ�á0NQT³M0å�TVI;Dnâ�BUL
M0NQLSR
IÿBEI �mBUã?>Qâ0T ?^ñ�ò�NQTþKADná0D�M�Txá�å�L?IAM0BCM�á0M±LJì�á0NQâ0TxTÊåx@E>AM�á�Txâ�MGá0NADná�å�L?I�á0DJBEI
á0NQTGM0DJæ¿TGI^>Aæ±ô
Txâ\LJì5K;Dná0D¿í
L?BEI�á0M�DJIAKïDnâ0T±TVDJM0BC@Uç¯KABEM0å�Txâ�I;BUô;@UTHá�Lþá0NATGN^>Aæ¿DJI
TxçJTJñ<ò\NQT�KABUù½åx>;@Uá�ç¯LJì9á0NQT�KADná0D¯M�Txá2Dnâ�BEM0TVM
ì¶â0L?æ áuR³L¯ì�DJå�á0M����
<,�
á0NQT¿åx@E>;M�á�Txâ�M
Dnâ0T�å�L?IAM�á0BUá0>Qá�TVKîì¶â0L?æ-KADná0D$í�L?BCIZá0M
R�BUá0NïóJTxâ0çýKABUð�Txâ0TVI�á�KQTVIAM0BUá0BETVMx÷3DJIAK � 6A�
D
å�L?>Qí;@UTHLJì�IAL?BEM�THí�L?BCIZá0MdDnádá0NQT2ô
LJâ�KQTxâ9LJìÙá0NQT2M�í3Dnâ�M�T2åx@E>AM�á�Txâ õ ôAâ/BEKQãJTHá0NQT�ã?Dní<ö
á�Lþá0NQT�M0æ¿DJ@E@ETxâ\á�R9L¯åx@E>AM�á�Txâ�MVñ �
MHD½K;BUâ0TVå�á�â�TVM0>A@Uá�LJì'á0NQTVM0TGíAâ�LJí�Txâ�á0BUTVM�á0NQT�DJM
�
M0>Aæ�íAá0BEL?IAMdæ¿DJKQT�ô�ç$LSóJTxâ/DJ@E@<KQTxóbBEDná0BUL?I¯DJIAK¯å�L?I;IQTVå�á0BUóbBUá�çÊDnâ0T2ô
LJá0NÊó^BEL?@EDná�TVK �

� ò\NQTÊå�LJâ0â0TVå�á�á0NQâ�TxT���åx@E>AM�á�Txâ¿M�L?@C>Qá0BUL?I KQL�TVM�IALJá�å�LJâ�â0TVM�í
L?IAKÿá�LÃá0NQT¯æ¿BEIAB �
æG>;æ BEI¯LwóJTxâ�DJ@E@ÙKATxó^BEDná0BEL?I�÷ADJM�M�í3@EBUá�á0BEIQã�LJìmá0NQTP@EDnâ�ãJT±åx@E>AM�á�Txâ�â0TVM0>A@Uá0M�BEI¯D
æG>;å�N²ãJâ�TVDná�Txâ�â0TVKA>;å�á0BUL?I¯BEI¯LwóJTxâ�DJ@E@<KQTxóbBEDná0BUL?I<ñ

� ò\NQTÊå�LJâ0â0TVå�á�á0NQâ�TxT���åx@E>AM�á�Txâ¿M�L?@C>Qá0BUL?I KQL�TVM�IALJá�å�LJâ�â0TVM�í
L?IAKÿá�LÃá0NQT¯æ¿BEIAB �
æG>;æ BEI å�L?IAIQTVå�á0BUóbBUáuçJ÷%DJM�á0NQT²M�Txí3Dnâ�Dná0BUL?I LJìHá0NQT²@EDnâ0ãJT¯ì¶â0L?æ á0NQT²M�æ¿DJ@E@



¢ �

åx@E>AM�á�Txâ/M¿BEI�óJL?@UóJTVM¿DJI BEI;å�â0TVDJM�T²BEI å�L?IAIATVå�á0BUó^BEá�çJ÷%DJIAKäá0NATýDJM0M0BUã?I;æ�TVIZá�LJì
L?>Qá0@EBUTxâ/Mdá�L¿á0NQTVBUâ\LwR�I²åx@E>;M�á�Txâ\á0NQTxâ0Txì¶LJâ0TPô
TVå�L?æ�TVM\íAâ0Txì¶Txâ�Dnô;@UTJñ
à L?IAM�TVø^>QTVI�á0@UçJ÷�á0NQT�LJíAá0BCæ¿BUúVDná0BUL?IîLJìdDJIZç ��� �2LJì³á0NQT�áuR³LýLJô"�.TVå�á0BEóJTJ÷<R�BE@E@

IQLJá�@UTVDJK á�L�á0NQT¯å�LJâ0â�TVå�á�M0L?@E>Qá0BUL?I�ñ ��I;KQTxTVK�÷mIQL?IQT$LJì\L?>Qâ�å�L?IAM0BEKATxâ0TVKÿM�BEIQã?@UT��
LJô"�.TVå�á0BEóJT�DJ@UãJLJâ/BUá0NAæ¿M
åxDJIîM0L?@UóJTGá0N;BEM�KADná0D$M�Txá���á0NQTxç²DJ@E@Ùì¶DJBE@Ùá�L$M0Txí;Dnâ�Dná�T�á0NQT
á�R9LïM0æ¿DJ@C@UTxâPåx@E>AM�á�Txâ/M�0 BEIAM0á�TVDJK�÷ � ��æ�TVDJIAMGM�í;@EBUá0MHá0NQTþ@EDnâ0ãJT½åx@E>;M�á�TxâPBEI�NADJ@Eìu÷
DJIAK²M0BEIAã?@UT���@EBEIQë¿DJI;K²DVóJTxâ�DnãJT���@CBEIQë¯M�Txí;Dnâ�Dná�TGL?>Qá0@EBUTxâ/Mdì�â0L?æ�á0N;BEM\åx@E>AM0á�TxâVñ
� �±à O7BEI²å�L?I�á�â�DJM�áx÷�R�NABCå�NÊT � í;@ULJâ0TVM�á0NAT 
�� �
� � % ��� ��ô
Txá�R9TxTVIïLSóJTxâ�DJ@E@�KQT��

ó^BEDná0BEL?I¿DJIAK¿å�L?IAIATVå�á0BUó^BEá�çJ÷ZTVDJM�BE@UçGæ½DJIADnãJTVM%á�LGKQTxá�TVå�á%á0NQT
å�LJâ0â0TVå�á³M0L?@E>Qá0BUL?I�ñ��.I
í;Dnâ0á0BEåx>A@CDnâV÷�BEI�æ¿DJIZç�åxDJM�TVMx÷ � �Pà O åxDJIÃTxóJTVI ������#!��� �¿á0NQL?M0T½M�L?@E>Qá0BEL?IAMHá0NADná
Dnâ0T\LJíAá0BEæ½DJ@bL?IA@Uç�>AIAKQTxâ ���%��� ����� � �'�$� �%
����%�GLJâ #!����� � # 
����$��
 �n÷�DJM'á0NQTVM0T\TxókDJ@C>ADná�T
í;Dnâ0á0BEåx>A@CDnâ�@Uç¯ô;DJKA@Eçý>AIAKQTxâ�á0NQT�â0TVM0í�TVå�á0BEóJT¿M�TVå�L?IAK�LJô"��TVå�á0BUóJTJ÷ÙDJIAKÃDnâ�T�á0NATxâ0T��
ì�LJâ0T ��KA>QT�á�LPá0NQT
IADná0>Qâ�DJ@Qô3BEDJM�TVM'BEI�á0NAT\æ�TVDJM0>Qâ0TVM �m@EBUëJTV@UçGá�LPô
T\KQL?æ¿BEI;Dná�TVK�ô�ç
åx@E>AM�á�Txâ�BCIQã�M�L?@E>Qá0BUL?I;M³R
BUá0N¯D�KABÍð
Txâ0TVI�á\I�>AæGô
TxâdLJìmåx@C>AM�á�Txâ�Mxñ � óJTxâ/DJ@E@�÷bá0NQTPí
Txâ �
ì�LJâ�æ½DJIAå�T³LJì8� �±à O M0TxTVæ¿M�á�L�KATVæ�L?IAM�á�â�Dná�Tdá0NADnámá0NQTdø^>ADJ@EBUáuç2LJì;á0NQT9á�â�DJKQT��gLnð
ô�TxáuR³TxTVI�L?>Qâ2á�R9L²LJô"��TVå�á0BUóJTVMPBEM
��� # ��� � # � � ����D¯æG>Aå/N�ô
Txá�á�Txâ±BEIAKABCåxDná�LJâHLJì
åx@E>AM�á�Txâ�BCIQã�ø�>ADJ@CBUá�çþá0NADJI²á0NQTPBCIAKABUóbBEKA>ADJ@;LJô"��TVå�á0BUóJTVM\á0NQTVæ½M�TV@UóJTVMxñ

� � � ' �#" " ��"
� :=%8�I����� "������ �9�#"��!�8� ' :;"����!� " "���%9�!�
��I á0NABEMP@EDJM0á±M�TVå�á0BUL?I�÷�R³T$DJBEæ á�Lïó^BCM0>ADJ@EBUúxT�á0NATþKABÍð
Txâ0TVI�á±M�á�â�Dná�Txã?BETVM±í;>Aâ�M0>QTVK
ô�ç M�BEIQã?@UT��gLJô"��TVå�á0BUóJT$åx@E>AM�á�Txâ�BCIQãýDJ@UãJLJâ�BEá0NAæ¿M�DJIAK L?>AâGáuR³L��gLJô"��TVå�á0BUóJT¯óJTxâ�M�BUL?I�ñ
òÙLwR9Dnâ�K;MPá0NABEM�TVI;K�÷�R³Tþå�L?æ�í;Dnâ0T¿á0NAT¿L?>Qá�í;>Qá2LJì � �Pà O R
BUá0N�á0NQT¿M�L?@E>Aá0BUL?IAM
LJôAá0DJBEIQTVKýô�ç�� ��æ�TVDJI;Mx÷3DSóJTxâ�DnãJT���@EBEIQë²DJI;KýM0BEIAã?@UT���@EBEIQë$DnãJã?@UL?æ�Txâ�Dná0BEóJT�åx@E>;M�á�Txâ �
BEIQãQ÷QR�NQTVIÊâ/>AIÊì�LJâ
D�â�DJIQãJTPLJìmKABÍð
Txâ0TVI�á\I�>;æ±ô
Txâ�MdLJì'åx@E>AM0á�Txâ�M � � � <$E2F2F2F�E 6�E�
gñ
&ÃTGá0NQTVIýTxókDJ@C>ADná�T�DJ@C@�â0TVM0>A@Eá0BEIQã¿M�L?@E>Aá0BUL?IAM\>AM�BEIQã�LSóJTxâ/DJ@E@�KATxó^BEDná0BEL?IýDJIAKïå�L?I$�
IQTVå�á0BUóbBUá�çJ÷
DJIAKïó^BEM�>ADJ@EBUúxTJ÷;BCIýIQLJâ�æ½DJ@EBUúxTVK²áuR³L��gLJô	�.TVå�á0BUóJT¿M0í;DJå�TJ÷3á0NATGM�L?@E>Aá0BUL?IAM
LJôAá0DJBEIQTVK ��M�TxT �mBUã?>Qâ0T%C �/ñ �QLJâF� �Pà O�÷³á0NQT�â0TVM0>A@Uá0BCIQã åx>Qâ0óJTÃBEM$M0BEæ¿í;@UçäBUá0M
��Dnâ�Txá�L ì�â�L?IZá²DJIAK á0NATxâ0Txì�LJâ�T æ�L?IQLJá�L?IABCånñ �QLJâ²á0NQTÃLJá0NQTxâýá0NQâ0TxT�DJ@UãJLJâ�BEá0NAæ¿M
á0NQT2â0TVM0>A@Eá0BEIQã�í
Txâ0ì�LJâ/æ¿DJIAå�T�í;@ULJá0M\æ½DVç¯å�L?IZá0DJBCI²KQL?æ¿BEI;Dná�TVKÊí�L?BCIZá0Mx÷ADJI;K¯æ¿DVç
á0NQTxâ0Txì¶LJâ0T¯ô
T$IQL?I"��æ�L?IQLJá�L?IABEånñ5ò�NABEM�BEM�ô
TVåxDJ>AM�TÊTVBUá0NQTxâ�LJì
á0NQTVM�T²DJ@UãJLJâ�BEá0NAæ¿M
L?IA@Uç²LJíAá0BCæ¿BUúxTVMHL?IQT�LJì%á0NQT�áuR³L¯LJô"��TVå�á0BUóJTVM���á0N^>AMx÷�M�L?@C>Qá0BUL?IAM
á0NADnáPDnâ0T�ô
Txá�á�Txâ
BEIÊL?IQTPLJô"��TVå�á0BUóJT±Dnâ�T±IQLJá�IQTVå�TVM�M0Dnâ�BE@UçþR³LJâ/M�T±BEIÊá0NQT2LJá0NATxâVñ
�üå�L?æGô;BEIQTVK�DJIADJ@Eç^M0BCM�LJì3á0NQTVM�Tdí;@ULJá0M'DJI;KGá0NAT � � �ýTVDJM0>Qâ0T�ónDJ@E>QTVM�íAâ�LSóbBEKQTVK

BEIÊò�Dnô;@ET 6�å�L?IQé;â�æ¿M³á0NADná�á0NQT�á�â�DJKQT��gLnð�ô
Txá�R9TxTVI¯LSóJTxâ�DJ@C@�KQTxó^BCDná0BUL?IÊDJIAKÊå�L?I$�
IQTVå�á0BUóbBUá�çÊBEM�D�ãJL^L^K²BCIAKABEåxDná�LJâ�LJìmø�>;DJ@EBUá�ç$L?IÊá0NQTPTVæ¿í;@ULSçJTVKýKADná0D¿M�Txá0MxñAò�NQTxâ0T
DníAí
TVDnâ�M�á�L½ô
T±D½KABEM�á0BEI;å�á\å�LJâ0â0TV@EDná0BUL?I²ô�TxáuR³TxTVIïá0NQT±ø^>ADJ@EBEá�çÊLJì'M�L?@E>Qá0BUL?I;M�DJIAK
á0NQTVBUâGK;BEM�á0DJIAå�T¿á�Lîá0NQT õ ë^IQTxTJö�BEI � �Pà O¿ö�M �mDnâ0Txá�Lîì�â0L?I�áxñ �.I�í3Dnâ0á0BEåx>A@EDnâS÷<á0NQT
DJ@UãJLJâ�BUá0NAæ½MÙá0NADnámí
Txâ0ì¶LJâ�æËR9TV@E@�L?I�D�ã?BUóJTVI�KADná0D�M�Txá'NADSóJT�Dnám@ETVDJM�á�L?IAT9M�L?@C>Qá0BUL?I
á0NADná�å�L?æ¿TVM�åx@UL?M�T$á�LïLJâ�TxóJTVIäKQL?æ¿BEI;Dná�TVM-� �Pà O¿ö�MGM�L?@C>Qá0BUL?IAMGBEI�á0NQT õ ëbIQTxTJö



¢ �

â0Txã?BUL?I�ñ�ò\NABEM
BEM\ãJTVIQTxâ/DJ@E@Uç¯á0NQT�M�L?@E>Qá0BUL?Iýá0NADnáHô�TVM0á
åxDníAá0>Qâ�TVM�á0NQT�M�á�â�>;å�á0>Qâ0T±LJì
á0NQTþKADná0DïM�Txáx÷mDJIAK DJ@EM0LïM0å�LJâ0TVM�NABUã?NATVM�á±>AIAKATxâPá0NQT � � �ýTVDJM0>Qâ0TJñ'5^á�â�DJBEã?NZá�ì¶LJâ �
R9Dnâ�K²T � DJæ�í3@UTVM�LJìmá0NABEM\Dnâ�TPá0NQT � ��æ�TVDJI;M�DJIAK²DSóJTxâ�DnãJT���@EBEIAëÊM0L?@E>Qá0BUL?IAMdL?Iýá0NQT
��� ����� ��� DJIAK � ���$�����îKADná0DÿM0Txá0Mx÷9DJI;Küá0NQT�M0BEIAã?@UT���@EBEIQë M�L?@E>Qá0BEL?I L?I á0NQT � ���&%
� ����KADná0D�M�Txáxñ �\TVM0>;@Uá0M±ì¶LJâ�á0NQT�� ���! 
	ÊKADná0D�M�Txá�Dnâ0T$M�@EBUã?N�á0@Uç�æ�LJâ0TÊBEI�óJL?@UóJTVK�ñ
F�Txâ0TJ÷ � ��æ�TVDJIAM$DJIAK DVóJTxâ�DnãJT���@EBCIQëüDnâ0Tîåx@UTVDnâ�@Uç ô
LJá0N R
BEKQTV@Uç LnðËá�â�DJå0ë�ñdò\NQT
� � �ýTVDJM0>Qâ�T¯ókDJ@E>AT$ì¶LJâ¿M0BEIAã?@UT���@EBEIQëÃBEI;KABEåxDná�TVM�á0NADnáx÷5KA>QT$á�L�IQL?BEM0Tþí
L?BEI�á0Mx÷má0NQT
DJ@UãJLJâ�BUá0NAæ DJ@EM�L N;DJM½íAâ�LJô;@UTVæ¿M�á�Lÿé;IAK á0NATïå�LJâ0â0TVå�áÊåx@E>AM0á�Txâ�BEIQã�M�L?@C>Qá0BUL?I ì¶LJâ
� )>6^ñ;ò\NABCM9BCM�å�L?IQéAâ�æ�TVKÊô^ç$á0NQTPì�DJå�á\á0NADnáx÷ABEI �mBUã?>Qâ�T CQ÷Qá0NQT � )>6�M�L?@C>Qá0BUL?I
ì�LJâ�M0BEIAã?@UT���@EBEIQë�BEM�ø�>;BUá�Tþì�Dnâ�Lnðüá0NQT õ ëbIQTxTJöUñ'F�LwR³TxóJTxâV÷'á0NAT$í3@ULJáGDJ@EM0Lïâ0TxóJTVDJ@CM
��DJIAK � � �ýTVDJM0>Qâ0THókDJ@C>QTVM%å�L?IQé;â�æ���á0NADná9á0NQTxâ0T ��� �%M�BEIQã?@UT���@EBCIQëGM�L?@C>Qá0BUL?IAM5åx@EL?M�Txâ
á�Lïá0NQT$LJíAá0BEæ�>Aæ4��á0NQTVM�TÊDnâ0T$á0NQT$M0L?@E>Qá0BUL?IAM±ì�LJâ � ) CîLJâ�NABUã?NQTxâV÷�ì�LJâ�R�NABCå�N
M0BEIQã?@UT���@CBEIQë¿DJM0M0BEã?IAM�IQL?BEM�T2í
L?BEI�á0Mdá�L�á0NQTVBUâ�LwR�I²åx@E>;M�á�Txâ�M�ô;>Aá �%� �'�Pæ¿DJIADnãJTVM�á�L
å�LJâ0â0TVå�á0@Uç¯M�Txí;Dnâ/Dná�TPá0NQTPáuR³L½æ½DJBEI²åx@E>AM0á�Txâ�MdíAâ0TVM�TVI�á�BEIÊá0NATPKADná0D¿M�Txáxñ
��I½DJKAKABUá0BUL?I¿á�LPá0NQT�Dnô
LSóJTJ÷^L?>Qâ5óbBEM0>;DJ@EBUúVDná0BUL?I�KQTVæ¿L?IAM�á�â�Dná�TVM³M�L?æ�T�ãJTVIATxâ�DJ@

DJM�í
TVå�á0M\LJìmá0NQT±DJ@UãJLJâ/BUá0NAæ¿MxöAåx@C>AM�á�Txâ�BEIAã�ô
TVNADSó^BEL?>QâVñ � I¯M�TxóJTxâ/DJ@�KADná0D½M�Txá0Mx÷AR9T
åxDJIþLJô3M�Txâ0óJT2M0BEIQã?@ET���@EBEIQë�ö�M'á�TVIAKQTVI;å�ç¿á�L�ãJâ�DJKA>ADJ@E@Eç¿M�Txí;Dnâ�Dná�T�L?>Qá0@EBETxâ�Mx÷ZR
BUá0NQL?>Qá
DJIZç M0BUã?I;BUé;åxDJI�á�KATVå�â0TVDJM�TïBCIäLSóJTxâ�DJ@E@
KQTxóbBEDná0BUL?I �¶TxóJTVIüì�LJâ½N;BUã?N I^>Aæ±ô
Txâ�M�LJì
åx@E>AM�á�Txâ�M �/ñ à @ETVDnâ�@UçJ÷9á0NABEM$íAâ0LJí
Txâ0áuçüæ¿DnëJTVM¯á0NQT�DJ@UãJLJâ�BEá0NAæ óJTxâ0ç M�TVI;M0BUá0BUóJTîá�L
IQL?BEM�TJ÷3R�NABEå/N²BEM\L?IATGLJì'á0NQTGâ0TVDJM�L?IAM
R�N�ç²BUá�BEM�â�Dnâ0TV@Uç¯DníAí3@EBUTVK²BEIýíAâ�DJå�á0BEå�TJñ � �
æ�TVDJIAMx÷SBCIPå�L?IZá�â/DJM�áx÷kø^>ABEå�ë^@Eç�â0TVKA>;å�TVM<LSóJTxâ/DJ@E@ZKQTxóbBEDná0BUL?I<÷Vô;>Qá�í;DSç^MÙó^BEâ0á0>ADJ@E@UçHIQL
á�â�BUô;>Qá�T½á�Lïá0NQT$>AIAKQTxâ/@Uç^BCIQã$@EL^åxDJ@9KADná0DýK;BEM�á�â�BUô3>Qá0BUL?I�ñ�ò\NABCM2ô
TVå�L?æ�TVM±TxóbBEKQTVI�á
BEI DÃâ�Dní3BEK BEIAå�â0TVDJM0T²DJIAK DníAí;Dnâ�TVIZá½IAL?I$��æ�L?IQLJá�L?IABCåxBUá�ç �¶TJñ�ãQñdM�TxT�� �%�! �	,�¿BEI
å�L?IAIQTVå�á0BUóbBUá�çJñ � I;@Uç DVóJTxâ�DnãJT���@CBEIQë DnãJã?@UL?æ�Txâ�Dná0BUóJT�åx@C>AM�á�Txâ�BEIAãÿM0NQLwR�MÊDäæ�LJâ0T
â0TVDJM�L?IADnô;@ETýLSóJTxâ/DJ@E@Hô�TVN;DVóbBUL?>Qâ �%BEá0MþåxDní;Dnô3BE@EBUá0BUTVM¿á�L M0Dná0BCM�ì�çäô
LJá0N LJô"�.TVå�á0BEóJTVM
M�TxTVæ M�L?æ�TxR�NADnámM0>Qí
Txâ�BELJâÙá�LHá0NQL?M�T9LJì � ��æ�TVDJIAM'DJIAK�M0BEIAã?@UT���@EBEIQë�ñ��QLJâ'BEIAå�â�TVDJM�TVM
BEI ��÷
BUáHBEM
æ¿L?IQLJá�L?IABEå�BEIïô�LJá0NïLJô"��TVå�á0BUóJTVM2DJIAKîBUá0MHM�L?@E>Qá0BUL?I;M
Dnâ0T�KABEM0á�â�BUô;>Qá�TVK
æ�LJâ0T±>AI;BUì�LJâ/æ¿@Uç¿DJ@UL?IQã�á0NAT �mDnâ0Txá�L½ì¶â0L?I�áxñ


 �þÛ�×%Þ ��Ý �nßgÛÙ×

û � BEM�á0BEIQãHåx@E>AM�á�Txâ/BEIQã
DJ@EãJLJâ�BUá0NAæ¿M�Dnâ0Td@EBEæ¿BEá�TVKPá�L�LJíAá0BEæ¿BEúVBEIQã �¶T � í;@EBCåxBUá0@Uç�LJâmLJá0N$�
Txâ0R�BEM�T��³L?IAT±M0BEIQã?@ET�åx@C>AM�á�Txâ�BEIAãGLJô"��TVå�á0BUóJTJñ�ò\NABEM�åxDJI²@ETVDJK¯á�L½D¿@EDJå�ëÊLJì�â0LJô3>AM�á
�
IQTVM0M³R�BUá0Nþâ0TVM�í
TVå�á³á�L�KABÍð
Txâ0TVI�á9K;Dná0D±íAâ�LJí�Txâ�á0BUTVMx÷�D�@EBEæ½BUá0Dná0BUL?I¿R
NABEå�N½R³T2NADSóJT
M0>QãJãJTVM�á�TVKäåxDJIÿô�T½LSóJTxâ�å�L?æ�T¯ô^çÃá0NQT$>AM�T¿LJì\M�TxóJTxâ/DJ@9å�L?æ¿í;@UTVæ�TVI�á0Dnâ0çÃLJô"��TVå �
á0BUóJTVMxñ �.IÊá0NABEMdí;Dní
Txâ\R9TPNADSóJTGBEI�á�â0LbKA>Aå�TVKÊDJI²DJKQónDJIAå�TVKýæ�>A@Uá0BELJô"�.TVå�á0BEóJTPåx@E>AM
�
á�Txâ�BEIQãPDJ@UãJLJâ/BUá0NAæ¯÷#� �Pà O�ñ �èå�L?æ¿í;Dnâ�Dná0BUóJT�M0á0>AKQç�NADJM%M0NALSR�I�á0NAT\â0LJô;>AM0á0IQTVM0M
LJìQá0NQT³DníAí;â0L?DJå�NGô
LJá0N±Dná�é;IAKABEIAãdN;BUã?N±ø^>ADJ@EBUáuç2M�L?@E>Qá0BUL?I;M<DJIAK±KATxá�Txâ�æ¿BEIABCIQã�á0NQT
I�>AæGô
Txâ�LJì�åx@C>AM�á�Txâ�MxñAò�NQT�LJâ�BUã?BEIAMdLJì � �Pà O�ö�MdãJL^L^K²í�Txâ�ì�LJâ�æ½DJIAå�TPNADVóJT±á0NQTVI



¢ �

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

O
ve

ra
ll 

D
ev

ia
tio

n

Connectivity

Square4

MOCK
Average link

Single link
k-means

Control

k=1

MOCK: k=25

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

O
ve

ra
ll 

D
ev

ia
tio

n

Connectivity

Sizes5

MOCK
Average link

Single link
k-means

Control

k=1

MOCK: k=25

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

O
ve

ra
ll 

D
ev

ia
tio

n

Connectivity

Long1

MOCK
Average link

Single link
k-means

Control

k=1

MOCK: k=25

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

O
ve

ra
ll 

D
ev

ia
tio

n

Connectivity

Spiral

MOCK
Average link

Single link
k-means

Control

k=1

MOCK: k=25

����� ¬��^¬ �;y�v/�g�³v/{Ù��y�y���vzy��w�g��vz�w�.�Q�����kv��g~\�/y���µ.}���v/´S·¶}.s��g����}���®n�/s�}z�^{¾v/������¸�¢������	�	� � � ¹�v�{ �VÄ
~�}.�/�k�.�������w�zy�}�ÄCy����k�\�/�k�\�0�z}����/�/}�ÄCy����w�dvz���gtk} �����
	�� ��
w���
��� �����/��������� �����n�����
� � 	����k�����'��}��g�.º
�3v/�gtG�2�'|�¼dÌ �'�Q���g}��gv\{¾�gv/�x�'�/�k��vz�w}³v�{����g��s�vz�x���gvzyb{Á�gvz�x�g�m�0�g}9�V�����n�/y���µ.}��P���'�����������w~�}.�x�
���S��{U��s.}.�.�?���n�2�����gv�°<�����k�w��s��0�g}5�gtw}'®Jvz�����g��vz�Pv/{A�gtw} � ��¢5��vzy��S�g��v/� 
U���w}.�x�g��s��/y�{Ív/���/y�yQ��y��zv/Ä
�g���gtw~�� �b�/�n�9�2�'|�¼dÌ � ��� � � ��vzy��S�g��v/��º ��y�yw�V�w}.}.�A���g}<���n�S��s����g}��%´x�³s����gs�y�}��3s.}��V���g}.�9���gv/�k�k�
�gtw}m��vzy��S�g��v/�k�Ù���w}.�x�g� �n}���´x���2�'|�¼dº

ô�TxTVIîBEI�óJTVM�á0BUã?Dná�TVKîì�>Qâ0á0NQTxâVñ��
M0BCIQãþDJIîDnâ�å�NATxá�ç^í;DJ@míAâ0LJô;@ETVæ R³T�NADSóJT�KATVæ�L?I$�
M�á�â�Dná�TVKÃá0NADná2á0NAT¿BEKQTVI�á0BUé;åxDná0BUL?IîLJì%á�â/DJKQT��gLnð M�L?@E>Qá0BUL?I;MHBCIîåx@C>AM�á�Txâ�BEIAã$åxDJI�ô
T
å�â�>AåxBEDJ@ �
á0NQT�M0BCæG>A@Eá0DJIQTxL?>AMHLJíAá0BEæ¿BEúVDná0BUL?I�LJì%áuR³Lýå�L?æ¿í;@UTVæ�TVI�á0Dnâ0çîLJô"�.TVå�á0BEóJTVM
æ¿DVçïí�Txâ/æ¿BUá�á0NAT�M�L?@C>Qá0BUL?IïLJì³åx@E>AM0á�Txâ�BEIQãþíAâ0LJô;@UTVæ½M\á0NADná2Dnâ0T�IQLJá2M�L?@UónDnô;@UTGô�ç
TVBUá0NQTxâHLJì5á0NQT±áuR³LÊLJô"��TVå�á0BUóJTVM�BEIAK;BUó^BCKA>ADJ@E@UçJñbò\NQT�KABÍð
Txâ0TVIAå�TVM
ô
Txá�R9TxTVIîM�BEIQã?@UT��
LJô"�.TVå�á0BEóJT¿DJIAKÃæG>;@Uá0BULJô"��TVå�á0BUóJT�åx@E>AM�á�Txâ/BEIQãÊNADVóJT¿ô
TxTVIîì�>Qâ0á0NQTxâ2>AIAKATxâ�@EBEIQTVKýô�ç
DGóbBEM0>;DJ@3å�L?æ�í3Dnâ�BEM�L?I$LJìÙá0NAT�ø^>ADJ@EBEá�ç¿LJì�á0NQT�á�â�DJKQT��gLnðÃM�L?@E>Qá0BUL?I;M%ãJTVIQTxâ/Dná�TVK¯ô�ç
M0BEIQã?@UT��%DJI;Kýæ�>A@Uá0BULJô"��TVå�á0BUóJT±DJ@EãJLJâ�BUá0NAæ¿M�ì�LJâHD¿â�DJIAãJTPLJì5KABÍð
Txâ0TVI�á�I�>;æ±ô
Txâ�M�LJì
åx@E>AM�á�Txâ�MVñ�ò\NAT$M�LJì¶á�RdDnâ0TÊì¶LJâ � �Pà O BEM�DVónDJBE@EDnô3@UTþL?I â0TVø^>QTVM�á�ì¶â0L?æ á0NQTÊéAâ�M�á
DJ>Qá0NQLJâVñ
, ��
 %8��� 	���>
&=� � �4%9�!��� =ZF ãJâ�Dná�Txì�>A@E@Uç¯DJå�ë^IQLwR�@UTVKQãJTVM2M�>QíAí
LJâ0á�LJì%D$M0å�NAL?@EDnâ �
M0NABUí ì¶â0L?æ á0NQT � LJá�á0@EBUTxô ��DJBEæ½@UTxâ �±DJIAK O±Dnâ�@ �9TVIQú����QL?>AI;KADná0BUL?I�÷ � Txâ�æ¿DJI�çJñ
=?O BEM2M0>AíAí
LJâ0á�TVKýô^ç�D �HDSó^BCK �%NABE@C@EBUí;M �QTV@E@ULwR�M0NABUí�ì¶â0L?æ á0NQT �dBULJá�TVå/NAIQL?@ULJãJç
DJIAK �dBUL?@ULJã?BEåxDJ@ 5båxBUTVIAå�TVM ��TVM�TVDnâ�å/N à L?>AI;åxBE@ ��� � 5 � à �/÷ �
O¿ñ



¢ �
� ��� �;Ú
�;×%Þ � �
¢zº�rS�k®w®Jv/���g���k�³~\���g}��g����yEº;tx���g®�È ���/�w´w�Jº s�t�º �w~�������º ��szº �k����tk�/�n�Sy���~�vxs����xº
� º��wºJ�3�����k��}/�n¼dºn¤�}.´��k»³ºw¤m��}��gvzy�{¶�Z���n�2�Gº?������°��/y��?º � ���n�w���w���S�w}.}.�Ù����~9�wy��g��ÄCvz´V·�}�s��g����}
vz®w�g��~���µ��0�g��v/��º ­ �
	 � ��� �
��
�� ��� � ������� ��� ����������� ��� � ��� 	�� � � � 	���� � ����� �
����� � � ��	 	�� 	�� � ���
	 ��� �	� �"! ����� #�� � �$� � ��!&% 	�� � �
�u�n®k�/�/}.� �!� ��' ��� ¢zºZrV®w�g���k�/}����w»�}.���w}�y�´J}u�g�w� � ¡z¡ � º

� º9¤'���S���'Ç�º/|�v/�g�w}z��(���su�q�5º)�z}�������~����zvz��tV�n�Ù¤9º0¼'�kv�°<y�}.�.�z�/�k�9���0���g�����wºz�m���g}.�.ºw� ��r �ÙÄ
­�­ È���}.�/��vz�wÄC´k�/��}��d��}.y�}.su�g��v/�\����}���vzy��w�g��v/�n�����9~9�wy��g��v/´S·¶}.s��g����}�vz®S�g��~���µ.���g��vz�Zº ­ �*	 � ��� �
�+
-,
� ��� � ���.��� �0/ �����"� �1� 	��2
3�4#���� ��� � ����	��65*� ��! � ��� 	�� � � �7� � ����� � ���2� �u��®k�/�/}.� � � ��',�;� ¡V�Srw���
� ���/�ws.����s.vw�J|
�/y���{Ív/�g�w���S� � ¡z¡S¢/ºZ�Hv/�g�z�/�2¼5���w{Í~\���k�
�;�w´ky�����tk}��g�.º

� º �<º � �/y���}.�k�/�w}���º8/ �����"� �1�*9 � � � ���:���;! � 	 ��

/ ������� � � �<	 ��� �	� �"! �gº7�/vztk�GÇ¯��y�}u��=ürSv/�
> ���Z�?(�}�°A@�v��g�?�?($@9�?¢ �'� �Sº� º�B³º � y�}.�w���x�S� �5ºk»�}��gvw�ZrJºDC?���g}.®k���g���U�?���n� �%ºJrV°
���gvxvz®ZºEB�}.�k}%�w����s.v0��}u���H�w�����w���3�0�g}��gv
�w}.®S�gtG�g��~�®ky����k���S�������g��´w�w�g��vz�w�.º ���
�+��� 	��F� � �
� � � �G/ ��� ��! �H���6I ����� ��	��J	 � ��� ��� � � ��� 	��2

��� 	�� � ��� �1����ILK���� ���2M ���$N � 	 �?O � � �P� ����� �:� ��� �u� � � ¢zÈ � ��' � � � � ¡/¡ � º

 Sº��wºJ»m���n�SyQ�/�k�Q�SºJ¼'�kv�°<y�}.�.º*�A��vzy��S�g��v/�n�0���2~9�wy��g��v/´S·¶}.s��g����}%s.y��k���g}��g���k�Sº ­ ��	 � ��� �
�+
 � � � �
���R��� �0� ���������P� ��� � ��� 	�� � � � 	��4� � ����� � ���2� � � �7	 	�� 	 � � ���S	 ��� �	� �"! � ��� #�� ����� � ��!T% 	�� � � �u�
®n�/�/}.�'¢�¡/�S¢ ' ¢�¡ � ¢zº^rV®w�g���k�/}����k»�}.���w}.y�´J}��g�S� � ¡z¡ � º

� º��wºV»m���n�wy?���n�*�wºS¼'�kv�°<y�}.�.ºQ�H�ky��g��vz´V·�}.s��g����}'s�y��w���g}��g���k�5°<���gt��/�S�gvz~\�0�g��s��w}u�g}��g~����n���g��v/�
v/{Z�gtk}<�V�k~9´J}u��v�{^s.y��w���g}��g�.ºbÂ�}.sutw�k��s���yx��}.®Jv�����ÂW�<Ä¶|��'����r;@5rw� ­ ��Ä � ¡/¡ � Ä�¡ � �V�'� ­ rwÂ��
���/�ks�tk}����g}����k��¼d� � ¡z¡ � º

�Sº �%º3¼dº.���������<�GºU(³º
�H�w�����x�����n�Ê�bºU�wº � y��S�k�Zºý¤'������s�y��w���g}��g���k�SÈ�� �g}.�V��}�°'ºV9R�JW
� ��! � ��� � � � �
� �6#��"5���� � ¢/È �   � '���� � �A¢ �'�D� º

� ºX@9ºS¼'��~��SÇîº�(%ºnrx���g}.}����k�/�k� � ºn�H}.�ks.µ�}���º��;��v/y��w�g��vz�k�����
~�vV�w}.yZ��}.y�}.s��g��vz�H���H�k�k���w®J}���Ä
�S����}���y�}����g�w���w�wº4� ��� ��� � � � �����ZY�	�� 	�9 ��	�� 5�� � �g�n VÈ � � ¢ ' � �  S� � ¡z¡ � º

¢.¡Sº��wºJ¼'y�}.���V´J}��g�wº ���2��~�®Jvz������´k��y����¶���gtw}.v/�g}�~ü{¾v/�ms�y��w���g}��g���k�Sº ­ �Q	 � ��� �
�+
 � � � � ���0��� � �������
� � ����� � ���2� � ���[%�� � � 	��D� ���	���6!�	�� � ���\	 ����� ��� � � � � ��5���� �"! �g��]����ks.v/�k��}����w|
���n�/�k�S� � ¡/¡ � º

¢/¢zº��Gº/»%º | > �.°'ºn�H�wy��g��v/´S·¶}.s��g����}Ù�k�0����s.y��w���g}��g���k�wº ­ �^	 � ��� �
��
�� ��� � ���.��� �U���L���_� ��! � ��� � �
������� �"�H5A� � ����� �
����� � ���`� ��! � ��� � �Aa � � � ��� 	��2
b	 	��H� � � �_c �+� � � ���:� � � �w��Ç�����tk���k���gvz���
¤5|�� � ¡z¡ � º � � � ' � � ¡Sº

¢ � º9�³ºn���/�ky����2���n�Pr?ºn�
�/�k�S�xv/®n�/�wtx�V�.�xº4B�}��k}��g��s³�/y��zv��g���gtw~dÄC´n�/��}.��s.y��k���g}��g���k���g}.s�tk�w��ÅV�w}zº
	 	��H� � � �Pc �+� � � �
�:� � � �k� � � È�¢ � � ��' ¢ �   � � � ¡z¡/¡Sº

¢ � º9»³º��Q�����)�wº�C?tV���.�/�k�5¤³º�»m����º B�}.�k}��g��s3�/y��zv��g���gtk~��Q��®k®ky���}��m�gv<~9�wy��g��ÄCs.y��/���Zs.y��k���g}u�g���w�Ù{¾v/�
�z}.�w}'}��S®w�g}.������vz���k�����Vºd/ �����)! �1����IF	 ����� � ��! �1���^e_f � ��� ���	� �"!�	�� �1���g��¢/È � �'��',� � � � � ¡z¡ � º

¢ � ºX@9º Äg�wºJ�Q�0�g���/�k�P�Gº Ä�rJºZrSv/�k�Sº ���z}.�w}��g��s9��y��/v/�g���gtk~ {Ív��ms.y��w���g}��g���k��®w�gvz´wy�}.~��.º ­ �Q	 � ��,
� �
�+
 � � � � ���h���
�^ij��� �+
�9 �
�
� 	 �J� � ��� � �
���2� � � �Q/ �����"� �1�h	 ��� ��� 	�!X! � � �/��®k�/�z}�� �  /� '�� � � �
���z�w����v/���kÇ ­ �?¢ �'� �Sº?�Hv/�g�����2¼5�/�S{Í~\�/�w��º

¢ � º��wº3�Gº;�b}.�n�V���wº �%º > vzµ����n�V�;�/�n�½�bº > �0�����/�k�/���Vº ����}.~�®w���g��s���y�s.vz~�®k���g����vz�½v/{Ù{Ív/�w�
���w���g�Á��y���µ.���g��vz�ý~�}��gtkvV�S�d{Ív��H�gtk}2�xÄC~�}����k�\�/y��/v/�g���gtk~�ºk	 	��H� � � �Ac �+� � � �
�:� � ��� � �"�H� � � �g�
� ¡SÈ�¢.¡ � ��' ¢.¡ � ¡V�A¢ �D�'� º

¢. Sº�|�ºl]����N�Ù� ·���´J}��g�/}.��ºm� ���	���6!�	�� � � �
c �"� � � �"# 	�� Idn ��
 �+
 �:� � � �wº¿���S���g}���°
v����gtk�.� > v/�n�wv/���
��¼d�?¢ � �'� º

¢ � º �%º^rV���g}.twy����n�o�wºlB�twvz��t�º
|�y��w���g}��9}��k��}.~³´ky�}.�Ep �
�S�wv�°<y�}.�w�z}d�g}��k��}d{¾����~�}�°
v��g�±{¾v/�
s.vz~³´k���k���k�'~³�ky��g��®ky�}<®n�0���g���g��v/�k�.º�K���� ��� 	�� � �\W 	 �6��� ��� � � 	������ ���Rc �����
	 �+�6�V� � È � � ��'  S¢ � �
� ¡z¡ � º

¢.�Sº+�%ºwÂ
��´k��tw�������k�U�DB³ºSÇ���y��gtk}����k�/�k��Â�ºk»��/���g��}zº��A���g��~\�0�g���k�9�gtw}m�V�k~9´J}u��v/{As.y��w���g}��g�<�����
�k��������}��Ù�V�Á�%�gtk}0Bm��®��������g�����g��szº�Â^}.s�tk�k��s���yZ�g}�®Jv/�����nrV���/�S{Ív����H���w���z}��g�����¶�x� � ¡/¡z¡Sº

¢ � º �%ºVÂ^v/®Jsutx�x���5ºV¼dº?���/���Z�k���n�dÇ�ºS�A�k�wsutZºQ|�y��k���g}u�g���w�9}.�w��}.~9´wy�}.�.Èw�HvV�w}.y���v�{^s.v/�k��}.�w���k�
�/�n�±°
}����G®k�����g���g��vz�k�.º2rS�w´k~������g}��2�gv ­ � ���ïÂ����/�w�g�/s��g��vz�w�9v/���Q�����g}��g� �Ù�n��y��S�����%�/�k�
���/s�tk���k} ­ �V�g}�y�y����z}��ks.}z� � ¡/¡ � º


