
� ����� � ���	��

� ��
 ��
��������������
� 
���������
�� �!�
��"#
$�&%(')� �*���,+ '-���.�*��� �/� 0 12���3�

4658795	:*;=<?>*@BA	C	D�58E�5F:G5	:*;IH�JK;ML C
465ND(5�OQP3RTS�P3UWVXP3JKA3;MRYCZ:G5�OQP3R[DTP\PQ<?;IR

]_^a`=bdcfefg6^ihjeXkml\n�op^iqrescutvqabmown�hyx?tvhz^a^ac{tvhyxz|
}~bdef�z^ig�bdeftvqa�_bmhy����k?g�`=�zes^ac_�#qatv^ihyqr^

]_^iopl8eX��h=tp�m^ac{�ftpeK�-kml��Q^iq{�yhzk?ovkmxm�m|I�	�z^Y��^aef�z^ac{o�bmhy�y�
���B�����y�?�j�M�d�#�j�?�M�\�K�?�y�#���������� y��¡Y¢¤£?�=�?¥d =�m¦y�m�=�j�Z�§ I�\¡

����¨��K©z£d #ªy£«¢#¬I£j���#�d =���d¢¤£#���.�{­?®«¢�¡6���K©z£d #¨y£�£m�z�m y���m�M���B���z�#�#�?�j�Z�� =�
�z�z¯=g�tpeses^i�w°\��k±�
²d|I³d´m´?µ�¶¤·_qaqr^a`yes^i�¸°�]_^iq-²i¹�|M³d´m´?º�¶M»Z�z¯=ovtv�{�z^i�¸°3¼�bmh�½�|I³d´m´�¾

}~bdef�z^ig�bdeftvqa�¿�#�z¯zÀÁ^iqre���o�bm�f�ftpÂ=qabdeftvk?h¸°3´?µd]Ã²a´

Ä)ÅQÆiÇ±È«É=ÊmÇ
Ë
^�`ycf^i�f^ih�eYef�y^)���#qaovtvq�Ì¤tp`y`¤^acY}�^aef�zk��w|Íb$`ycfk#qr^i�y�zc{^ÎeskÏqrk?hy�sesc{�=qreYopk±Ð�^ac�¯¤k?�yhy�=��l8kmc
Ñ.bmh �y^ac�Ë�bd^ac{�z^ih!h��yg�¯¤^ac{�iÒ)�_�ftvhzx�ef�ytv��g�^aef�zk��*ÐZ^)tvg6`yc{k±�m^i�*�f^a�m^ih opk«ÐZ^acÎ¯¤k?�yhy�y�iÒ
Ózkmc¿hybdef�zc{bmo3h��yg�¯¤^ac{�XÔ#|MÕ~bmhy��Ö!b-Ñ.bmh×�z^ac_Ë�bd^ac{�z^ih×qr^acfeftvÂ=qabdes^6ØÚÙ8ÔÜÛ{ÕMÛsÖQÝ�tv�XbÞ`=bdcsß
eftpeftpk?h
kml_à�²dÛaáaáaá«ÛsÖ\â)tvhjesk$Ô��f�z¯=�f^aef�a|Q�f�=q{�
ef�ybde�hzk?hz^�kml�ef�z^igãqrk?h�efbmtvh=��bmh*bdcutpef�yg6^aeftvq
`ycfkmxmcf^i�{�ftpk?häkml�op^ihzxmef�ÏÕ
Ù8kmc�ovbdcfxm^acrÝuÒ�Ñ.bmhÏ�z^ac	Ë�bd^ac{�z^ih~�f�zk«ÐZ^i��ef�ybde	x?tp�m^ih�ÔÃbmh=��ÕM|Ib
�fg�bmovov^i�seXÖ ^rå#tv�fef�	ß�ef�z^ÎÑ.bmhÏ�y^ac�Ë�bd^ac{�y^ihÏh��yg�¯¤^ac¿ØÚÙ8ÔÜÛ{ÕyÝ�ß�l8kmc�ÐX�=tvq{�~hzk)qr^ac{eftpÂ=qabdes^
ØÚÙ8Ô«Û{ÕMÛsÖQÝ�^råztv�sef�aÒ¿æÁhÏef�ytv��`=bd`¤^acçÐZ^6tvhj�m^i�seftpx?bdes^ÃÑ.bmh
�z^ac¿Ë�bd^ac{�y^ih
qr^acfeftpÂ=qabdes^i�çÐX�=tvq{�
�ybi�m^�qr^acfefbmtvhÃ�s�#g�g6^aescutvqabmo�bmhy��cf^a`¤^aeftpeftp�m^Z`ycfkm`¤^acfeftp^i�iÒ3�#�zcf`=c{tv�ftvhyx?op�m|itpeQ�{�zk±ÐX�Qef�ybde\g�bmhj�
Ñ.bmh
�z^acçË�bd^ac{�z^ih�qr^ac{eftpÂ=qabdes^i�a|wÐ��ytvq{�ÏgÎ�y�se¿bi�mk?tv�×c{^a`M^aeftveftpk?hy�çtvh~es^ac{g��çkmlZbdcutpef�yg6^aeftvq
`ycfkmxmcf^i�{�ftpk?hy�a|Qcf^a�m^ibmo��fescfk?hzx�c{^ax?�yovbdc{tpeftv^i�çÐXtpef�
cf^i�f`M^iqre�esk~�s^a�m^ac{bmoZkmef�z^acÎqrc{tpes^ac{tvb#Òä�	�z^
���#qaovtvq$Ì¤tp`y`¤^acÎ}�^aef�zk#�è^rå�`Iopk?tpef�Îef�z^i�s^$cf^ax?�=ovbdc{tpeftp^i�iÒ��Ík�tvo�ov�y�sesc{bdes^Þef�z^i�s^äcf^ax?�yo�bdc{tpeftp^i�a|
eBÐ�k-es^iqu�yhytvé��z^i�	bdcf^Yt�h�escfk#�y�yqr^i�äesk-��tv�{�ybmovtpêa^¿qr^acfeftpÂIqabdes^i�aÒ

ëuìdí?î?î�ï±ðKñKòôóÎõÜö�ñK÷?ò	øZímñÁùÁ÷�úZðüû«ý±þ?ÿ��uýañüÿ ï«þ��vï±ð�ì?ùfÿ ò{þÜñKÿ��jù���ò	�BòôýiðÁùÁ÷�

���
ú��3í�þ�ómò{ð�û±ðÁýiþÜñ�������� ������� � �!�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



� �������	��

�
���������

�������������! #"%$'&(�!)* ,+.-/�! #"0+.-1�324)025-6�879-1�;:#"0<>=;-6"�<?:#"��,@#<3ACB6"�:ED �CF GH-,IKJ�"0�#"�<3-6L42NM�-1�324A��
A6O!PQ-
)�A6�/R?"�)S�!&#<?"TA6O9UV)* V&(< W XZY[A�<�J�2\B�"��]�^&#+`_a"�<3bdc�-6�#:
eafa�3 #"�<?"g"ih(2Nb?�3b'-%b?+.-1L4L4"0b?���^&#+`_a"�<djlkH�! ("
79-6�]:#"�<m=n-6"0<3:#"0�
�^&#+`_a"�<QopIqc/r*e#PZksb3&()* t�! [-1�d"�-1)* 
@[-6<?�32N�324A���A6O��3 #"Tb?"0�`u^�6ri�vr�w�w�wSr3jyxz24���3A
cTb?&#_#b?"0�!b�)0A����*-62N�#b{-1�{LN"�-6b|�ZA��("Qb3&#_#b?"0�{}�2\�! �-6��-6<?2N�3 #+%"S�!2N)d@#<?A�J�<?"�b3b?24A���A1O~-/�{L4"�-6b?�sL4"��(J6�! �e��
� �z-1<32N�3 #+�"0�!2N)H@(<3A�J�<?"�b?b324A6�`A6OaL4"0�#J6�! �eT24b�-db3"��^&#"0�#)�"mA6O�eT�^&#+`_a"�<?b�f�b?&#)* ��! [-1�~�! #"Z:(2N��"�<3"0�#)�"0b
_a"0��}H"�"��z)0A��#b3"0)�&(�32NB6"{�V&(+`_�"0<3b�2Nb�-m)�A��#b|�*-6�����[�~Y�A6<y"ih#-1+%@#LN"6f/�! #"Zb?"0�Zu/�[r*���%�[r*���.�6�[r�w�w�w*r*���
I�e.����P?�#x%24b>-6�n-1<32N�3 #+�"0�!2N)`@#<?A�J�<3"0b3b?24A���A6OZLN"��#J1�! ;e�� � �g@#<3"0b3"0�^�TA��#L\�t�#B�" � A6OH�! #"�b3+%-6L4LN"�<
79-6�t:("�<�=;-6"�<?:#"��
�^&#+T_�"0<3bQ-6<?"T�^�#AC}���D � f � f �C� G��d�{ #"�b?"��V&(+`_�"0<3b�}H"�<?"�A�_(�!-624�#"0:8_��]&#b32N�#J
)�A6+%@#&v�*-1�324A��[-1L�@aA�}H"�<0�

� A��#b?24:#"0<!-6_#LN"�"S��A�<|�s #-6bs_a"�"0��24��B�"0b?�3"�:�24���!A>"�b|�*-6_(L424b? #24�(JgJ�AVAV:."�b|�!2N+.-1�3"�b�OqA�<��! #"m79-6��:#"0<
=;-6"�<?:#"��l�^&#+`_a"�<?b����{ #"`A�<?24J�2N�[-6L�@#<?AvA6O�A1O	79-6�
:#"�<d=n-6"0<3:#"0�l_�A�&(�#:#"�:t�3 #"`�^&#+`_a"�<?b�-6_aA�B6"
_��z-6� � )*�1"�<?+.-6�(�%Oq&#�#)S�!2NA���24�%e���Uv&#)* �-'Oq&#�()0�!2NA���J�<?A�}�b	OK-6b|�!"0<��3 [-6��-6����@#<?24+�2N�32NB�"H<3"0)�&#<?b32NB6"
Oq&#�#)S�!2NA������Q�(LN��b?24�#)0"��3 #"]@(<3AVA6O�A1O�Uv #"0L5-6 �D ��� G�24� �C��F6�(f9�3 #"�79-6�¡:("�<z=n-6"0<3:#"0���^&#+`_a"�<?b
-6<?"��^�#AC}����!AT_a"'_aA�&#�#:�-6_�ACB6"'_���-T@(<324+�2N�32NB6"m<?"�)0&#<3b?2NB�"'Oq&(�#)0�324A����	¢�AC}H"�<3bQD F G� [-6bH�!24J6 ^�3"��#"0:
�! ("�b3"{&(@#@�"0<�_aA�&#�#:#b	"SB�"0��+�A�<?"s_��`@#<?ACBv2N:#24�(JQ-6�z-6L\�!"�<?�[-1�32NB�"H@#<3AVA6O�A6O[�3 #"�UvM0"�+�"�<V£"�:#2(�3 #"�A6<3"�+
D ��� G¤A��]-6<?2N�! (+%"S�!24)d@#<3A6J�<3"0b3b32NA��#b0�

UV�!2NL4L¥f��! #"0<3",24bt-�b32NJ��#2N�#)�-6���]J�-6@¦_a"0��}H"�"0�¦�! #"n&(@#@�"0<t-6�(:¦L4AC}H"�<8_aA�&#�(:#b8A��§�! #"�79-6�
:#"0<%=;-6"�<?:#"��¡�V&(+`_�"0<3b0� �{ ("8_a"�b?�%Oq&#�#)S�!24A6��_#2N�#:#24�(Jl�3 #"]79-1��:#"0<�=;-6"�<?:#"����V&(+`_�"0<3b%_�"ik
L4AC}p2NbT"Shv@aA��#"0�^�325-6LH24�ne��lUv"SB�"�<3-6LZJ�"0�#"�<3-6Ls<?"�b?&#LN�3bTOqA�<TLNAC}s"0<T_aA�&#�#:#b`-6<3"��^�#AC}����
�{ (".�[<3b|�
@#<?AvA6Oqb0f#_���¨	<3:�©A6bd-1�#:8ªm-6:#A]D « G¥f#}s"0<3">�#A��vk¬)�A��(b?�!<?&#)0�32NB6"g-1�#:�-6@#@#LN24"�:�@(<3A�_[-1_#24LN24b?�324)d+%"S�! #AV:#b��
­s"0<3L4"0�/-6+%@8D � G�}Z-6b��! ("d�[<?b?�9�!AT@(&#_#L42Nb3 %->)0A��#b|�!<3&()0�!2NA��%OqA6<HLNA�}H"�<9_aA�&#�#:#b9_[-6b?"�:�A6�.@#&#<?"�L\��-6L\k
J�"0_#<!-62N){-6<?J�&#+�"����!b0�	ªd-1_#&#�#J�D �C� G[2N+%@(<3ACB�"0:�b3A�+�"{A6O��! #"0b3"�_aA�&#�#:#b0f^_#&(�� #"{)0A�&#L4:��(A6��@#<3ACBV24:("
-.J�"0�#"�<3-6L42NM�-6_(L4"�)�A��(b?�!<?&#)0�324A����d�{ #2Nb'L5-/�3�!"0<m-6<?�324)�LN"g #-6b�J�A6�#"TL4-6<3J�"0LN��&(�#�#A6�324)�"0:�Xd®]A�b|���*-1_#L4"0b
24�.-6<?�324)0L4"�b0f^_�AVA��^bs-1�#:.A��%�! #"m�����!"�<?�#"0�Z24J��#A6<3"m2N����®]A�<?"�<3"0)�"0�^�3LN�6f(b!-/�!24b|��-6_#2NL42\����I°¯�±#²�P�b?A�LNBV24�(J
�!"0)* #�#2N�V&("�b� [-�B�"�_�"0"���&#b3"0:¡�3A
24+�@#<3ACB�"�LNAC}s"0<�_�A�&(�#:#b���UV"�"�OqA�<�"Sh(-6+�@#LN"�$'<!-6�(b?�["0L4:�fH³¤24&�f
®8-6<?"��8-6�#:l�y<?&#b3M0)�MS�v�(b3�^2'D � G¥� � �#"0}´L4AC}H"�<Q_aA�&#�#:tOqA�<QoµI¥«vr*��P{}Z-1bQ:#24b?)�ACB�"0<3"�:�&#b?24�#J��3 #"�2N<
+�"0�! (Av:�� � L4b?A�¶QA�&#<32NL�-6�(:�Y�<3-6�#)0A�D ��� G�&#b?"�:l¯�±(²
�3A�"�b|�*-6_#LN24b? �-6��24+�@#<3ACB6"�:�L4AC}H"�<{_aA�&#�#:�OqA6<
opI��vr!��PS�	·mb32N�#J]¯�±#²lb3A�L\B�"0<3b�b3"0"�+�bd-z@#<?A�+%2Nb32N�#J`+�"0�! (Av:�OqA�<Z�3 #24b{@#&(<3@aA�b3"1�

Uv24�()�"Q�! #"�-1&(�! #A6<3b{b?�3"�+¸Oq<?A�+¹�3 #"�¯�±#²
b3A�L\Bv2N�#J�)�A6+%+`&(�#2N���6f#-6�#:�b32N�#)�"Qb?"�-6<?)* #24�(JzOqA6<Z79-6�
:#"0<g=;-6"�<?:#"��n)0"�<|�!2N�#)�-1�3"�bT2Nbg"�-6b32NLN�
OqA�<?+`&#L4-1�!"0:;-6bT-�¯�±#²�@(<3A�_#LN"�+�fyA6&#<>�#<3b?�T+%A1�!2NB1-1�324A��t�3A
�! (24bZb|�!&#:(�.}Z-6bZ�3A�:#24b?)�ACB�"0<{}� #"0�3 #"�<{�! ("'�!<3"0+%"0�#:#A�&(b{@#<3A�J6<3"�b?b�24�8¯�±#²
b3A6LNBV24�#Jg�!"�)* (�#24�^&#"0bd2N�
A6�3 #"�<>-6<?"�-6b0f�}HA�&#LN:,"ihV�!"��(:,�!A��3 #"zb3"�-1<3)* ,OqA6<'79-6�,:("�<Q=n-1"�<3:("��;�^&#+T_�"0<3b���¨	b3@a"�)025-6LNLN�8�#"0}
�Zº Y
LNA�-6:#2N�#J��!"0)* #�#2N�V&("�b�Iq}� #2N)* %)0A�&#L4:�"0�# [-6�()�"mb3A�L\Bv2N�#JQ@a"�<?OqA6<3+%-6�#)�"1f�)�A�+�@[-6<?"�:`�3A.D � G¥f�D ��� G5P
b3"0"�+�"�:
@#<?A�+�24b32N�#J�-1�m�[<3b|�'b32NJ� ������{ #"`L4-1�3�3"�<�_a"�)�-1&#b3"�-1:#+%2Nb3b?24_#LN"�79-1�t$'"�<�=;-6"�<?:#"��
)0"�<?�32N�(k
)�-/�!"�b{"ihv #24_#2\�Z<?"�J�&#L4-6<32\�!2N"�b9A6Oy-`)�"�<|�*-62N���^24�#:�fV}� #24)* �)0A�&#L4:._�"'OqA�<?)�"0:��!A�"ShV�3<!-6@aA�L5-/�!"d�3A�L5-6<?J�"�<
24�(b?�*-1�#)�"0b�f¤�! ^&#bQ)0<3"�-/�!24�(J��! #"�@aA�b3b?24_#L\�8A1O9�#�#:#24�(J�L4-6<3J6"�<�)0"�<|�!2N�#)�-1�3"�b�f¤A1OH)0A�&#<?b3"�}�2N�3 #A�&(��-1�^�
24+�@#LN24)�-/�!24A6�TA���&#@#@a"�<9_�A6&#�#:%Oq"�-1�!&(<3"�b0�	��+%@(<3ACB�"0:.L4AC}H"�<�_aA�&#�#:#b��!ATUv)* ^&#<H�V&(+`_�"0<3b�}s"0<3"�-6L4b?A
"�b|�*-6_(L424b? #"�:�_���OqA�<?)�24�(J�@#-1�3�3"�<3�(bTD � G¥�

»�¼ þÃ÷?ÿ��.ï±ðüÿ û«ÿ þ�ýS½#î�ýiî�ò{ð¤¾wý±þÃó?ò{ð �äýiò{ðÁómòuþ�ðüò>�vòuð �3ñüïZ¿\ý±í�ómòfñ�ý±þ�ó�À.ðKñKÿ þÃý!�\ï±ðüÿ û«ÿ þ �
Á ��òuù{ò{þÜñ¥½ ödÂ�ï«í?ðüÿÃ½zù°½ ýiÿÅÄ��\ñKïç÷�ý!Æ«ò��vï«í?þ�óÃý��KÿÈÇdñK÷�¾wýiþ6ómòuð �)ý±ò{ðÁómò{þÎþdí�ÄXõ�ò{ð3ÉaÊ 
 ��Ë ���#Ì � �	�!���

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



� �#:�2N�,OK-6)S��f�2\�Tb?"�"0+%"0:�@�A�b?b32N_#L4"z�!A8�#�#:�L5-6<?J�"�<>)�"0<?�32N�[)�-1�!"0bT_��;2N���!&#2\�!2NB6"%)0A��#b|�!<3&()0�!2NA��#b0f
}� #2N)* � (A�}H"0B6"�<m24+�+%"0:#25-/�!"�L\�z<3"SB�"�-1L4"�:�)0"�<?�32N�[)�-1�!"0b�-6�#:� #"0�#)�"Q�! ("`¯�±(²lb?"�-6<?)* 8-1b3@a"�)0�{�3&#<3�("�:
A�&(���3A�_�"lA6O>�#A "ihv�3<!-�&#b?"6X � �(A6�! #"0<�"Sh(-6+�@#L4"tA1Og�3 #"tBV24)0�3A�<?��A6O> ^&#+.-1� )0<3"�-1�!2\Bv2\��� ACB�"0<
-6&(�3A�+%-1�!"0:�b3"�-6<3)* �k�-6L\�! #A6&#J� .�3 #"QL5-1�?�!"0<sb3"0"�+�"�:�b3&()�)�"0b3b|Oq&#L -1�ZLN"�-6b|�{24��<?"�)0"����!L\��"�b|�*-6_(L424b? #24�(J
opI��vr!��P � ��������-1O �!"0<m��«6��:[-��VbdA6Oy)�A6+%@#&v�*-1�324A��[-1L��!2N+%"1�

=;"�@#<?"�b?"����H�3 #"{)�A6�#b?�3<3&#)S�!24A6�#b9-6b��! #"S�`}H"�<3"m)�-1<3<32N"�:zA�&(���y7�"0<32N�#)�-1�324A���A6O�B1-6LN24:#2\���T #AC}H"0B6"�<
24b��#A1��@aA�b3b?24_#LN"�_^�]-��!<3-6:#2N�324A��#-6L�®8-1�3 #"�+%-1�324)�-1L¤@#<3AVA6O°�s�{ (24b�B�"�<?2N�[)�-1�!2NA���24bm)�A�+�@#&(�3"�<|k�-624:("�:��
=,">}�2NL4L¤@#<?A�BV2N:#"g�3 #"g<?"�-6:("�<d�3 #"><3A�&#J6 8:[-1�!-%A6Oy�! #"g)�"0<?�!2\�[)�-/�!"�b0fa�3A.+%-6�6"�B�"0<32\�[)�-1�324A���<3"0@#<3A/k
:#&#)024_#LN"6�

�{ #24bz@[-1@�"0<�OqAV)�&#b?"�b�"Shv)�LN&#b32\B�"0LN��A���L4AC}H"�<z_aA�&#�#:#b0���¬�3b�+%-62N� �3A�@#2N)6f��! #" � �V)�LN24)���24@#@a"�<
®]"S�! #AV:�f�A�<32NJ�24�#-1�!"0bZOq<3A�+¸�3 #"z¯�±(²;-6@#@(<3A�-6)* �XH=,"g)0A�+`_#2N�#"�A�&#<�A�_#b?"�<?B1-1�324A��(bm<?"�J�-1<3:#2N�#J%)0"�<°k
�*-124� b?�V+�+%"S�!<32N)�-6�#:�<3"�@a"0�32N�32NB�"�@#<?A�@a"�<?�324"0b�A1O�79-6��:#"�<z=;-6"�<?:#"��¡)�"�<|�!2\�[)�-1�3"�b�@#<3AV:#&#)0"�:¡_^�
�! ("�b3"%¯�±(²,b3A6LNBV24�#Jz�!"0)* #�#2N�V&("�b�}�2\�! 8b?A�+�"g"ih(2Nb?�324�#J��!"�)* (�#24�^&#"0b��d­H��&#b32N�#J%�3 #" � �V)�LN24)���24@#@a"�<
®]"S�! #AV:�f[b3"SB�"0�tL4AC}H"�<�_�A6&#�#:#b{}H"�<3">24+�@#<?A�B6"�:�b3&(_#b?�!-6���!25-1L4LN�6�

�{ #"��#"ShV�mb3"0)0�324A���A6O �! #2Nb{@[-6@a"�<{@#<?ACBv2N:#"�bZ�3 #"��#"�)0"�b?b!-6<|���! #"0A�<3"0+%bm-6�#:�:#"S�[�#2\�!24A6�#b�f(-6L4A��(J
}�2N�3 ]�3 #"T)0&#<3<?"����'_a"�b|�'�^�#AC}��
L4AC}H"�<m_�A�&(�#:#b��m���8b?"�)S�!24A6� � fab3A�+�"><3"�J6&#L5-6<?2N�324"�b�2N�])0"�<?�32N�[)�-1�!"0b
-6<?"s:#2Nb3)�&(b3b3"0:��	����b3"0)0�324A�� � f1}H"{@#<3"0b3"����	�3 #<3"0"Z+%"S�! #AV:#b �!A'A�_v�*-62N�Tb3A�)�-6LNL4"�:g)0�V)�LN24)H)�"�<|�!2\�[)�-1�3"�b0�
����b3"0)0�324A�� « f1�! #"Z<?"�b?&#LN�3b�A6OaA�&#<y+%"S�! #AV:z-6<3"H@#<3"0b3"0�^�3"�:�fV24�()�L4&(:#24�#J�-6L4LV24+�@#<?A�B6"�:`LNAC}s"0<�_�A6&#�#:#b0�
����b3"�)S�!2NA�� � f#}s">)�A6�#)�LN&#:#"Q}�2N�3 ]-1��"SB1-6L4&[-/�!24A6��A6Oy�3 #"�<3"0b3&#L\�!b��

� � ���
	���� ����
T�9�����

����� ��������� �!�#"$�%"'&)(+*��-,��/.10 *2�/.!,��3�%�54�687��/.!9
79-6� :#"0<.=;-6"�<?:#"��E�^&#+`_a"�<?b�f��[<3b|��24���!<?Av:#&()�"�: _���79-6� :#"0<�=n-6"0<3:#"0� D ��F G�fm-6<?24b?"8Oq<3A�+ �! ("
OqA�LNL4AC}�24�#Jg�! #"0A�<3"0+]X

:�;/<>=@?A<CB DFEHGJILK�M!NPO/<>?RQ8MS<>?TO/<CN2UWV�XZY\[^]`_ba$ced!cgf^XZ_bXZY\[�XZ]!_h[jiC[^klf c�m ]on e@p _rq![^kl[s[�tuXvf^_Zf m
f^w m\xZx [yf^_�]!z{w}|^[^k opIKc�rie(P a2XZ_Zq~_rq![���c xZx cAa2XZ]Ci
doklcyd![^k^_H�\�

� cAk�[ mC� q�d m k�_bXZ_HXjcA] u^�6ri�vr�w�w�wSr3j���x ��� W�� � ��� w�w�w � �$� Ir�e�b����j���� opIKc�rie#P?P _rq![^kl[eXvf m _ x [ m f^_
cA]�[ �$� a�qCX � q � cA]!_ m XZ]�f m ] m k^XZ_ZqCw�[^_HX � doklc�i\ky[yfyf^XjcA]�c#� x [^]Ci\_rq m _ x [ m f^_ eF�

� ��-6<32\�! #+�"0�324)�@#<3A6J�<3"0b3b32NA���A6O¤LN"��#J1�! �e%2NbZ-T@(<3A�J�<?"�b?b324A6��A6O¤�^&#+`_a"�<?b{�[r*�{����r!�Z�;�1��r�w�w�wSr*�Z�
I�e`� ��P|��OqA�<{b?A�+�"����P�(�

� <���N �r¡g�H=oNPDFEHG£¢ ¤ m ]¥nC[^k+¦ m [^k�nC[^] � [^k�_HX § ��m _#[ opIqc/r*e�r!j¤P Xvf m d m k�_HXZ_bXjcA]¨c#� u^��ri�vr�w�w�w0r3jyx
XZ]!_hc c f^z�|^fg[^_Zf p ]�cA]�[©c#��a�qCX � q � cA]!_ m XZ]�f m ] m k�XZ_rqCw�[^_HX � doklc�i\kl[yfyf^XjcA]�c#� x [^]Ci\_Zq � eF�

�{ #"�L4-1�3�3"�<g24bT"0�^&#2NB1-6LN"����T�3Atb?�!-1�!2N�#J8�! #-1�zopIKc�rie(P}�µj~� � )0"�<|�!2N�#)�-1�3"�opIKc�rie�r!j�PQ�3 #"�<?"0OqA�<?"
@#<?A�BV2N:#"�bm-zL4AC}s"0<{_�A6&#�#:�jlOqA6<Z�! #"Q79-6��:#"0<�=;-6"0<3:#"0�8�^&#+`_a"�<dopIKc�rie#Pi�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



���h� �J4
.!.!� �$�£7 "$4��
,�9¥"'& (�*��-,��/.P0 *2�/.!,�� �%�54�6 7��/.!9
�'�#LN���#B6"�b?+.-1L4L4"0<%79-6� :("�<�=;-6"�<?:#"��E�^&#+`_a"�<?b]-1<3"t�^�#AC}��§-1��@#<?"�b3"0����� �{ #"
�^�#AC}��E79-6�
:#"0<%=;-6"�<?:#"�� �^&#+`_a"�<?b�fd-6b%}H"�LNL�-1b%�! ("t_�"0b?�.�V�(A�}��ELNA�}H"�<%_�A6&#�#:#b�-1�#:��! ("�24<�b3A6&#<3)0"�b�-6<?"
b3&(+%+%-6<32NM�"0:�24���*-6_(L4" � �

�y-6_#LN"���X�¶Q�#AC}��]79-6��:#"0<�=;-6"0<3:#"0�8�^&#+`_a"�<?bd-1�#:]@(<3"0BV2NA�&#b3L\��_a"�b|���^�#AC}���L4AC}s"0<�_�A�&(�#:#b��

����� � � � 	 
 � �

 ��� � � ��� � � � ����� � �&� � � �!�&��� � � � � � � �1�!� � �	� � � ������� � �	� � � �!� �!�&� � �&� �
� �!� � � � � � � � � �	� � � � ��� � �&� � � �������!� � �	� � ���!������� � �	� � � �������!�!� � �	� � �
� �1� � � � � �	����� � �	� � � �	���!� � � �&� � � � �!� �!� � �	� � � ��� � � � � � �	� � �
� � �	��� � � � � �!����� � �	� � � ���!����� � �&� � � ����� � � � � �	� � �
	 � ����� � �	� � � � � ��� � �	� � ��� � � � � � �&� � � � � �!�����!� � �	� � �

�  �"!��`	 
`���0��� ��� ��� �5�Q���	��#���
>�����

®8-6���`79-1��:("�<�=;-6"�<?:#"���)�"0<?�!2\�[)�-/�!"�b��^�#AC}��z�!&#<?�%A�&v���!A�"Shv #2N_#2N��b3A�+�"ZOqA�<3+´A6O�<3"�J6&#L5-6<?2N���6�y� A
24LNL4&#b|�!<3-1�!"'�3 #"�b?"`<3"0J�&#L5-1<32N�324"0b�f#}H"g�[<?b?�'2N���!<3AV:#&#)0">��}HA�+�"0�3 #Av:(bm�3A%BV24b?&[-6L42NM�">)�"0<?�!2\�[)�-/�!"�b0���{ #"
L5-/�3�!"0<{@[-6<|��A6Oy�3 #24b{b?"�)S�!24A6�]:#"0b3)0<324_a"�b��! ("��3 #<3"0"�+%A�b|��Av)0)�&#<?<32N�#Jz@[-1�3�3"�<?�#b��

$ ��� % .!*'&)(��+*�*',}.!�-&
.!�/9{�3�$��*��!�#" �
9
� b�-6�82N���!<3AV:#&#)S�!2NA����3A.A�&(<dA�_(b3"�<|B1-1�!2NA��#bmA6O	)�"0<?�!-624��b?�V+�+%"S�!<32N"�bd-6�#:]<3"�@a"0�32N�324A��#bmA6Oy79-6�t:#"0<
=;-6"�<?:#"�� )�"0<?�32N�[)�-1�!"0b�f	}s"�)0A��#b?24:#"0<T�! #"�OqA6L4L4AC}�2N�#J]�^&#"0b?�324A���X%��b�2N�T@�A�b?b32N_#L4".�3At@[-6<|�!2\�!24A6�;b3"S�
. � u^��r�wNw\wNr����VxQ2N�^�3Ag�3 #<3"0"'b3&#_(b3"0�3b . � � W!� � ��� �0/ 2N�.b3&()* ]-�}Z-��%�! [-1�H�#A`b?&#_#b?"0��)�A6�^�!-624�(b
-6� -6<?2N�! (+%"S�!24)]@#<3A6J�<3"0b3b32NA��EA6OgL4"��(J6�! OqA�&(<�1 � ��� )�"0<?�!2\�[)�-/�!"�opI¥�(r3�#r�����PzJ�&[-6<3-6���!"0"�b��! [-/�
opI¥�(r3�^P �¦���V� � B1-6LN24:�@#-6<?�32N�!2NA���24bZOqA6<{"Sh(-6+�@#L4"1X

� W � u^��r*�(r��6��r��C�(r���«vr��C�Vx
� � � u1�vr!�#ri«Vr*F(r����^x
�0/�� u/�(ri�vr*�vr��g�(r��C�vr����(x

�¬�Q@#<?ACB�"�bQ2N�#b32NJ� ��3Oq&#L��!A.:#"�@#2N)0�'�3 #"`@#<?A�_#LN"�+ J�<!-6@( #24)�-6L4L\��_��t)�<?"�-1�324�#J�-.c32�jnJ6<324:�fa}�2\�! t�! ("
<3AC}�bH<3"�@(<3"�b?"����!2N�#JT�3 #"d:(2N��"�<3"0���sb?&#_#b3"S�!b �$� � � _#L5-6)*�`�#L4L4"0:%b?�^&[-6<3"d24���! #"546k¬�! �)�A6L4&#+��%A1O¤<3AC}
��:#"��(A6�!"0bd�^&#+`_a"�<64.2Nb{)�A����!-624�#"0:]2N��b3&#_#b?"0� �$� �9­H��:("0�[�#2\�!2NA���f#"�-6)* 8�^&#+`_a"�<Qu^��r*�vr�w�w�wSr!j xT2Nb
)�A6�^�!-624�("�:�24��"Sh(-6)S�!L\��A��#"�b3&(_#b3"S� �$� �

7dAC}H"0B�"0<�f�2\�m24b�:#298�)0&#LN���!A�BV24b3&#-6L42NM�"QL5-1<3J�"0<m)0"�<|�!2N�#)�-1�3"�bd�3 #24b{}s-������¬�'-1L4b3A�:#AV"�bm�#A6�d<3"SB�"�-1L
)�"0<?�!-624� @[-/�3�!"0<3�#b�2N� �! #"
)0"�<?�32N�[)�-1�!"0b�"�-6b?24L\��� � :#2N��"�<?"��������V@�"
A6O�BV24b?&[-6LN24M�-/�!24A6��b3 (A�}�b��! ("
"�+�"�<?J�24�(J]@[-/�3�!"0<3�#bg+%A6<3"�)�L4"�-6<3L\���.=E ("��ncCk�@[-1<?�!2\�!2NA��#24�(J�24b>24��B�A�L\B�"0:;}s"%&#b3"%c�:#24<?"�)0�324A��(bg2N�
�! ("T@#L4-6�#"6f[}� #"0<3">�! #"T-6�#J�LN">_a"0��}H"�"0�t��}sA.)�A��#b?"�)0&(�!2\B�"`:#2N<3"0)0�!2NA��#b�24b /;: �=<� �mUV�*-6<|�!2N�#J�Oq<?A�+ �! ("

�?>=ý±þ�óCÄ¿ýiþ6ýiþjó ��ï«õjòuðBñ'�Bï«þ � �	� �=ðKò9�vò{ð\ñüïçý±þ�í�þ«ñüðüý«ùfòôýiõ�½ ò�½ ï�@3ò{ð\õ�ï±í?þ�óQÊ 
 ��ËA�!�B� ����� � �
�DC.þ?î�í?õ�½ ÿ��K÷?òuó'½ ï�@3ò{ð\õjï«í?þ�ó��E@�÷?ÿ ùÁ÷Ãùfï«í�½ ó�õ�ò�ò&�Bñüý±õ�½ ÿ��K÷?òuó�í��Kÿ þ�û�ñü÷?ò	Äçòfñü÷?ïmó�î�ðKò	�Bòuþ«ñüòuó�ÿ þ � �&� �/�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



_a"�J�2N�#�#24�(J�A6O��! #"z)0"�<?�32N�[)�-1�!"`-�LN24�#"gb3"0J�+%"0����24bQ:#<3-C}��l2N�t�! #"�:#2N<3"0)0�!2NA��l-6b?b3AV)�25-/�!"�:t}�2\�! 
�! ("
b3&(_#b3"S�d)0A����*-62N�#24�(J`�^&#+`_a"�<Q����Y[<3A6+µ�3 #"Q"��#:(@�A�2N���{A6O��! [-/��L424�("�b3"0J�+�"����m-`L42N�#"�b?"�J�+�"����{}�2N�3 
"��^&[-1LHLN"��#J6�3 ,2Nbg:(<!-�}��n24�l�! ("%:#2N<3"0)0�!2NA��,-6b3b?Av)025-1�3"�:,}�2\�! ��! #"�b3&#_(b3"0�`)�A����*-124�#2N�#J]�^&#+T_�"0<`�v�
�{ #2Nb~@#<?Av)0"�b3b~24b <3"�@a"�-/�!"�:T&#@T�!A��V&(+`_�"0<~j%A6O#�! ("s)�"0<?�32N�[)�-1�!"1�~�{ #"ZLN24�#"�b?"�J�+�"����!b�-6<3"HJ�<!-6:(&[-6L4L\�
)�A6L4A�<?"�:`Oq<3A6+ <3"0:��3AQ_#L4&("Z�!A�J�<3"0"���-6�#:z_[-1)*�T�!A�<3"0:����{ #2Nb�BV24b3&#-6L42NM�-1�324A��g24b	A��#L\�`-1@#@#L42N)�-6_(L4"HOqA6<
c©�E�V��­sA6�! �<3"0@#<3"0b3"0�^�!-1�!2NA��#b�A6Oy�! #"�"Sh(-6+�@#LN"Q)�"�<|�!2\�[)�-1�3">opI¥�(r!�(r�����Ps-1<3"�b3 #AC}���24���[J�&(<3" � �

Y~24J�&(<3"`��X9¢Q<!-1@# #24)�-6L�<?"�@#<?"�b3"0���*-1�324A��#bmA6O~-�oµIK�(r!�#r�����PS�

$ �h� � *��C�S�/.@�
9
=E #"0��A6_#b3"0<?BV24�#JQ�3 #"ZL5-1<3J�"0b?�	�^�#AC}���79-6��:#"0<�=n-6"0<3:#"0�z)�"�<|�!2\�[)�-1�3"�b0fV2\��b? #AC}�b��3 [-1���3 #"0�`-6:#+�2N�
)�"0<?�!-624��@[-1�?�!"0<3�#b0���y-1�3�3"�<?�#bm�3 [-1�mAV)�)�&(<{A6O �!"0�8-6<?"6X
� E D�EHG ���/B B <�¡g?��
¢Q2NB�"0��-T@[-1<?�!2\�!2NA���u^�6r�w�w�w0r!jyx ��� WS�	������� �$� fv}H"'<?"0Oq"�<H�!AT�3 #"�<?"0B�"0<3b?">A1O¤b3&#_(b3"0� �$� f(:#"0�#A6�3"�:
-6b ��� -6b�X

��� X �

 u�j�� ��� 4�� 4�
 �$� r{OqA�<'4 � ��r�w�w�w�r!j x 2\OZjl24b{"SB�"��
u�j����'� 4�� 4�
 �$� r{OqA�<'4 � �vr�w�w�w�r!j x 2\OZjl24b{AV:#:

� )0"�<?�32N�[)�-1�!"'opIKc�rie�r!j�P�24b9)�-6LNL4"�:%@�A624���9b?�V+%+�"0�3<32N)6f^:#"��(A6�!"0:�_^���gopIKc�rie�r!j�PSf^2NO��! #"0<3"'"ih^k
24b|�!b -{@�"0<3+`&v�*-1�324A�����A6Ov�! #"�b3&(_#b3"S�!b b3&#)* >�! [-1� �������$��� W�� � 2\O(jz24b¤"SB�"0��f�-6�(: �������$��� W�� ��� u^�6x2NOdjE24bzAV:#:¦I OqA�<s� � ��r�w�w�w�r!c6PS��Y[A�<`BV24b?&[-6LN24M�-/�!24A6��@#&#<3@aA�b?"�bz}s"]-6b3b?&#+�"]@a"�<?+`&(�*-/�!24A6��� 2Nb
-6@#@(L424"0: OqA�<�-6L4L��gopIKc�rie�r3j¤PS�¹³¤24�1",)0"�<?�32N�[)�-1�!"0btopIqc/r*e�r!j¤PiX¡�¬Og�! #"0<3"�"Shv24b|�!b��#A�)0"�<|�!2N�#)�-1�3"�goµIqc�rie�r!j�PSf��! #"0���! #"0<3"d:#Av"0bZ�#A6�H"Shv2Nb?�{-g)�"�<|�!2\�[)�-1�3"��gopIKc�rie�r!j>� ��P~OqA�<'���W�(�	­sA1�! �J�<3-6@# vk
24)�-6L�<?"�@#<?"�b3"0���*-1�324A��#b>A6Os-�@aA�2N�^�'b?�V+%+�"0�3<32N)�)�"�<|�!2\�[)�-1�3"��TopI�«Vr*�(r!����Pd-6<?"�b? #AC}��;2N�l�#J�&#<3" � �
º A1�!24)0"��! [-1�Q�3 #"�J�<32N:tBv2Nb3&[-1L424M�-1�!2NA��
24b�-�@aA�24����b?�V+�+%"S�!<?24)�24+%-6J�"1f�}� #24LN"`�! #"z)0A�L4A�<?"�:
BV24b?&[-6L\k
24M�-1�!2NA��� [-6bm-�<3"��["�)S�!2NA��]b|�V+%+�"0�3<?���

Y~2NJ�&#<?"��vX9¢Q<!-6@# (24)�-1L�<3"0@#<3"0b3"����!-1�!2NA��#bmA6O�-��gopI�«vr*�vr!����Pi�

� )0"�<?�32N�[)�-1�!">opIqc/r*e�r!j¤P�24bZ)�-6L4LN"�:�<?"��["0)0�324A���b?�V+�+%"S�!<?24)6fV:#"0�#A6�!"0:�_^�! �oµIqc�rie�r!j�PSf(2\O ����� �$�
2NO j
2Nb{"0B�"0��fa-6�#: ���F� �$�"� u^�6x>2NO j
2Nb{Av:#:,I OqA�<�� � ��r�w�w�w0r3c�Pi��³�2N�6"Q)0"�<?�32N�[)�-1�!"0bdoµIqc�rie�r!j�PSX	�¬O

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



�! ("�<3"�"ih(2Nb?�3by�#A�)0"�<?�32N�[)�-1�!"  �opIKc�riear!j¤Pif��3 #"����! ("�<3"9:#AV"�b��#A6��"ihv24b?�y-{)�"0<?�32N�[)�-1�!"  �opIKc�rie�r3j ����P
OqA�<5�$� �z"�2\�! #"0<�� � �8"Sh(-6+�@#LN">A1O	-%<?"��["0)0�324A��]b?�V+%+�"0�3<32N)>)0"�<|�!2N�#)�-1�3"g2Nb��3 #"  �oµIK�(r*�(r*�6��Ps:#"ik
@#2N)0�!"0:]_a"�LNAC}�f(}� #24)* �24bZ�3 #"�L5-6<?J�"�b|�{@aA�b3b?24_#LN"Q)�"�<|�!2\�[)�-1�3"6XHopI¥�(r!��P � ���gk9b?"�"Q�[J�&#<?" � � º A6�324)0"
�! #-1�Zk9b32N+%2NL5-6<��!A��! ("�BV2Nb3&[-6LN24M�-1�!2NA���A6O~-�@�A�2N����b?�V+%+�"0�3<32N)')�"0<?�!2\�[)�-/�!"'k��! #"QBV24b?&[-6LN24M�-/�!24A6�.A6O~-
<3"��["�)S�!2NA��lb?�V+%+�"0�3<32N)�)�"�<|�!2\�[)�-1�3"�<3"0b3&#L\�!bQ24��-�<3"��["�)S�!2NA��lb?�V+%+�"0�3<32N)`J�<32N:
24+%-6J�"�-1�#:�-�@aA�2N�^�
b?�V+�+%"S�!<?24)Q)�A6L4A�<?"�:�24+%-6J�"1�

Y~2NJ�&#<?"��(X9¢�<3-6@# #2N)�-6L�<3"0@#<3"0b3"����!-1�!2NA��#bmA6O�-� �opI¥�(r!�(ri�6��Pi�

� E D�E D � <��2<>¡g�r¡ �r=oN
� @#-6<?�{Oq<?A�+¸�! ("�b3">b?�V+�+%"S�!<?24)'@#<?A�@a"�<?�324"0b�f[)�"0<?�32N�[)�-1�!"0bm)�-6�]-6L4b?A�_a"�)0�V)�LN24)1�
� <���N �r¡g�H=oN � EHG£¢ )0�V)�LN24)Z)0"�<|�!2N�#)�-1�3"���opIqc/r*e�r!j¤P Xvf ms� [^k^_HX § ��m _h[ a�qCX � qskl[^w m XZ]�f ms� [^k�_bX § ��m _h[ p
��cAk�[ mC� q)w p z{]onC[^k�_Zq![�_Hk m ]�fr��cAk^w m _HXjcA] 4%X � 4d��� Iq+%AV:�j¤P cA] _Zq![�]!z{w}|^[^klf u�4 � ��r�w�w�w0r3jyx
c#��_Zq![�d m k�_bXZ_HXjcA] �	� q![�_Hk m ]�fr��cAk�w m _HXjcA]�XZ]!Y\c x Y\[�nRXvf ��m\xZx [�n m)� XZk � z x m k�_bk m ]�f x m _HXjcA] �
� �V)�LN24)`)0"�<?�32N�[)�-1�!"0b' [-�B�"��3 #"TOK-�B�A�<3-6_#LN"`@#<3A6@�"0<?�����! [-1���! #"S�t)�-1�
_�"`<?"�@a"�-1�3"�:#L\�t-1@#@�"0�#:#"0:l�3A
)�<?"�-1�3"QL5-6<?J�"�<H)�"0<?�!2\�[)�-/�!"�b0� � )0�V)�LN24)')0"�<|�!2N�#)�-1�3"
��opIqc/r*e�r!j¤P9)�-6��_a"Q<3"0@�"�-1�!"0:;I¥e>����P9�324+�"�bH�3A
J�"0�#"�<3-1�!"Q->)�"0<?�!2\�[)�-/�!"'A6O�L4"��(J6�! �j�I�e'�n��Pi��Y[A�<H@(<3AVA6O¤A6O��3 #24bHb?�!-1�!"0+%"0�^�s}s"'<?"0Oq"0<H�!A�D ��« G���$'&("
�!A��! #2Nb�<3"�@a"0�32N�32NB�">@#<?A�@�"0<?���6f�)S�v)0L42N)g)0"�<?�32N�[)�-1�!"0bm}�2NL4L¤@#<?ACB�"g�3A._a">B6"�<|�]B1-6LN&[-6_#LN"Q24���! #"gb3"�-1<3)* 
OqA�<m #24J6 ]79-6�t:("�<d=;-6"0<3:#"0�
L4AC}s"0<�_aA�&#�#:(b��'Y[A�LNL4AC}�24�(J%ªm-6_#&(�#J
D �C� G¥f�A��("`-6:#:(2N�!2NA��[-6L¤�^&#+T_�"0<
)�-1�]_a">-6:#:#"0:��3Az�3 #"�b3"S� �$� � � <3"�@a"0�32N�32NB�"Q)S�V)�L42N)�)�"�<|�!2\�[)�-1�3"�24b{:#"S�[�#"�:8-6b�X
� <���N �r¡g�H=oN � E D ¢ <?"�@a"0�!2\�!2\B�"T)S�V)�L42N)g)0"�<|�!2N�#)�-1�3" � oµIqc�rie�r!j�I�e�� �CPy�§�CP}� cA]�f^Xvf^_rf c#� I�e�� �CP
m d�d![^]onC[�n � � �^x X �s� [^k�_bX § ��m _h[yf©c#� x [^]Ci\_Zq jWm ]on~cA]�[ m n�n\XZ_bXjcA] m\x ]!zCw}|^[^k �
Y~2NJ�&#<3" � IK_a"�LNAC}dPQb? #AC}�b`-�BV24b?&[-6L42NM�-1�324A��
A1O{-�<3"0@�"S�!2N�32NB6"�)S�V)�L42N)z@�A�2N����b?�V+%+�"0�3<32N)�)0"�<|�!2N�#)�-1�3"
� �TopI��Vr!�#r*�6��PS�~�¬��@(<3ACBV24:#"0bm�3 #"�L5-6<?J�"�b|��@�A�b?b32N_#L4"QLNA�}H"�<{_aA�&#�(:�OqA�<mopI¥�vr!�^Pi�

Y~2NJ�&#<3"��#X9¢�<3-6@# #2N)�-6L�<3"�@(<3"�b?"����*-/�!24A6�]A6O~- � �gopI��vr!�(r*� 2n���H�E��PS�

� �¹���`�y���9�
�{�	��� ! ��
�� 	���� �5�Q���	��#���
>�����

� �V)�LN24)�)�"0<?�32N�[)�-1�!"0b�fH-6b�:#"0�#�#"�:�24��b?"�)0�324A�� �(�Å�v�Å� f9)�-6� _a"�"ShV�!"0�#:#"0:¡�!A
)0"�<|�!2N�#)�-1�3"�bzA6OmL5-6<?J�"�<
b32NM�"1�.¨~hv)�"0@(�gOqA6<TopI¥�vr*��Pif oµIK�(r*��Pif�-6�#:;opI�«vr*��PSf�-6LNL�L5-6<?J�"�b|��@�A6b3b32N_#L4"����^�#AC}��;)0"�<?�32N�[)�-1�!"0b
-6<?"�<?"�@a"0�32N�!2\B�"�)0�V)0L424)�)0"�<?�32N�[)�-1�!"0b���­H��OqAv)0&#b32N�#JlA���A�_(�*-124�#2N�#J
A��#L\��)0�V)�LN24)�)�"0<?�32N�[)�-1�!"0b�fZA��("
)�A6&#L4:�<3"0:#&#)0">�3 #"�b3"�-1<3)* 8b?@[-6)0"T-6�(:�@aA�b?b324_(LN��"0b?�!-6_#L42Nb3 �L5-1<3J�"0<{)�"�<|�!2\�[)�-1�3"�b0�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



� ��� ��*��!�#9{��*�7��+,L�h���-9�"5,��e�L���
�{ #"�)0A��#b|�!<3&()0�!2NA��nA6Om-�79-6�n:#"0<g=;-6"�<?:#"���)0"�<?�32N�[)�-1�!".)�-6�n"�-6b32NLN��_a"%OqA�<?+`&#L5-/�!"�:;-6b`-]b!-1�324b|k
��-6_(24L42\���;I°¯�±#²¤P�@#<?A�_#LN"�+�� � b�+�"����!2NA��#"0:�2N�t�! #"z2N�^�3<3AV:#&#)S�!24A6�;¯�±#²�b?A�LNBV2N�#J��!"0)* #�#24�^&#"0bg #-CB6"
<3"0)�"0�^�3LN�l_a"�"0�,&#b?"�:��!A�"�b|�*-6_#LN24b? �2N+%@(<3ACB�"0:,LNA�}H"�<Q_aA�&#�(:#b�D � f �6� G����{ ("�¯�±#²�OqA�<3+T&#L5-1�324A��]A6O
)�"0<?�32N�[)�-1�!"�opIKc�riear!j¤P�)0A��#b32Nb?�3bQA6Osc 2lj ­sAvA6L4"�-1�tB6-1<325-1_#L4"0b	� ��
 � ��¨�-6)* lB6-1<325-1_#L4"
� ��
 � :#"0�#A6�!"0b
�! ("d�!<?&(�! Vk¬B1-6L4&("�}� ("0�! ("�<Z�^&#+`_a"�<-4�_�"0L4A��(J�b	�!ATb?&#_#b?"0� �$� ���{ #"'<?"��^&#24<?"�:%)�L5-1&#b3"0bs)�-1��_�"mb3@(L42N�
24�t��}HA����v@a"�b0X�I|��P � L4-6&#b?"�bQ�! [-/�'OqA�<3)0"z"�-6)* l�^&#+`_a"�<�4��3A�_�"�2N�l"Sh(-6)0�3LN�8A��#"�b3&(_#b3"S� �$��� -1�#:
I��6P�)0L5-6&#b?"�b9�! [-1�HOqA�<3_(24:��V&(+`_�"0<3bZ2N��->b3&#_#b?"0�Z�3ATOqA�<?+p-6��-6<?2N�3 #+%"S�!2N)m@(<3A�J�<?"�b?b324A6��A6O¤LN"��#J6�3 �e��
Y[A�<�-�:#"0�!-624LN"�:�:#"0b3)�<?24@(�324A���A6O �! ("�b3">)�A6�#b?�3<!-62N�^�3b{}s"�<3"SOq"�<{�!A]D � G¥�

­H�,&#b32N�#J
-6:#:(2N�!2NA��[-6L�)0A��#b?�3<!-62N���!bgk'-6L4b?At�^�#AC}���-6b f^_Hkl[ m w x XZ]!XZ]Ci D � GZA�< _bzC]!]�[ xZx XZ]Ci D ��� G�k
@[-1�?�!"0<3�#b )�-6�>_a"�OqA6<3)�"0:>�3Ad<?"�:#&()�"��! #"�b3"�-6<3)* gb3@[-1)�"6� �yA�2N�^��b|�V+%+�"0�3<?��)�-1�g_a"	OqA�<3)0"�:>_^�>-1:#:#24�(J
_#2N�[-6<?�¡"��^&#2\B1-6L4"0�#)�"0b�� ��
���� ��� � � � W�� � � � � � W 
���� ��� ��� OqA�<�-1L4L�� � �6r�w�w�wSr!cn-1�#: 4 � ��r�w�w�w�r�� � ��! �³¤24�1"0}�24b?"6f�<?"��["0)0�324A��
b|�v+�+�"0�!<|�8)�-6�
_a"TOqA�<3)0"�:
_��8-6:#:#2N�#J�_#2N�[-6<?��"0�V&(2NB1-6L4"0�#)�"0b�� ��
���� ��� � � � W �� ��
���� �"� ��� OqA�<Z-6L4LF� � ��r�w�w�w0r!c`-1�#: 4 � ��r�w�w�w0r�� � � ! �9Y~2N�[-6LNLN��f^)S�v)0L42N)Q)�"�<|�!2\�[)�-1�3"�b�)�-1�]_a"QA�_(�!-624�#"0:_��t-1:#:#24�(J.)�A6�#b?�3<!-62N�^�3b�A6O~���v@a"�I¥��PS�mY[A�<3)024�#J�_aA6�! 
-�b?�V+�+%"S�!<?�]-6�(:t<3"0@�"S�!2N�324A���"0B6"��
Oq&#<|�! #"0<
<3"0:#&#)0"�b��! #"�b3"�-6<3)* ]b3@[-1)�"6�

�
�
�
�
�
«
�
�
F
�
���

�^« «T� «�« �u� ��« �\� ��«

opIK�(r*�(r!j�P
 �opIK�(r*�(r!j�P
�gopIK�#r*�vr!j¤P

�  �opIK�#r*�vr!j¤P

� �TopIq�#r*�(r!j�P

#$ %
&'( )
(* $ +)
, #$-
( -
.0/1

Æaýi½ í?ò�ï��32
Y~2NJ�&#<3"Q«vX � A�b?�3b��3Az)�A�+�@#&(�3"TopIq�#r*�(r!j�PH_���&#b32N�#Jzb3A�+�"'OqA�<?)�"�:�@[-1�?�!"0<3�#b0�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



=,"Tb?�3&#:#2N"�:]�3 #"T2N� �[&#"0�#)�"gA6O�-6:(:#24�#JzOqA�<?)�"�:8@[-1�3�3"�<?�#bd�3A.<3"0:#&#)0"T�! #">)�A6+%@#&v�*-1�324A��[-1L¤)�A�b|�!bd�3A
)�A6�#b?�3<3&#)S�	B6-1L424:>)�"0<?�32N�[)�-1�!"0b��	$'&#<?24�#Jd�! #"Z"ihv@�"0<324+�"����3b�f6}H"{&#b3"0:��! #"�¯�±#²�b?A�LNB6"�<���������� 	�
 � D �g� G
�!A�b?A�LNB6"z�3 #"zJ�"��("�<!-/�!"�:lOqA�<?+`&#L5-1b���UVA�+%"�A1OH�3 #"z<3"�b?&#LN�3b�-6<3"zb? #AC}��;24�t�#J�&#<3" « �`ªm"0)�-6LNL~�! [-/�
opIK�#r!��P � �6�(f�b3A�)�"0<?�!2\�[)�-/�!"�bQoµIq�#r*�(r3j¤Pm"ihv24b?�QOqA6<�j�
 �6«v� º A6�324)�">�! [-/�'�! #"�)0A�+�@#&(�*-/�!24A6�[-6L
)�A6b?�!by�!A')0A��#b?�3<3&#)S��-�)0"�<?�32N�[)�-1�!"9}�2N�3 #A�&(��-mOqA�<?)�"�:�@#-1�3�3"�<3�T<3"��^&#2N<3"0b�+`&#)* �+�A�<3"��!2N+%"�OqA�< L5-6<?J�"�<
j~X	=E #"0�]jlJ�"S�!b�)�LNA�b3"0<Z�!A.��«vf(�3 #"�b?"g)0A�b?�3b�24�#)0<3"�-1b3"�&#@��!A��! #A6&#b!-6�(:#bdA1O~b?"�)�A6�#:#b��

Uv"0B6"�<3-6L(A6Ov�! #"HJ�"��("�<!-/�!"�:gOqA�<3+`&(L5-6b�}�2\�! gOqA6<3)�"0:T@[-/�3�!"0<3�#b~-6@#@a"�-6<?"�:`&(�#b!-1�324b|��-6_#LN"6f/+%"�-6�#24�(J
�#A�B1-6L42N:
)�"0<?�!2\�[)�-/�!"�"Shv2Nb?�!b�A6O9�! #-1���^24�#:�� º A6�324)�"`�3 [-1�Q}�2\�! #A�&v��<3"��^&#2N<32N�#J��! #"0b3"�<3"0J�&#L5-1<32N�324"0b�f
&#�#b3-1�!2Nb?��-1_#24LN2N����}sA�&(L4:�+%"�-6��-6�,&(@#@�"0<�_�A�&(�#:�� � "�<?�32N�[)�-1�!"0b �TopIK�(r*�(r!j�Pd"Shv24b|��OqA�<Qj�
p�1�#f
}� #2NL4"�)�"0<?�!2\�[)�-/�!"�b  �opIK�#r*�vr!j¤PZ"Shv2Nb?�dA��#LN�.OqA�<dj�
¦���V��®]A�b|�'A6Oy�! #"gL5-6<?J�"�<�)0�V)0L424)�)0"�<?�32N�[)�-1�!"0b
}H"�<3"g&#�#b3-1�!2Nb?��-6_(L4"6�57dAC}H"0B6"�<�f��! ("�<3">"Shv2Nb?�!bd- � �gopIK�#r*�vri��«�P9}� (24)* 8)�-6��_�"�)�A6+%@#&v�!"�:]24�~�(�Å�
b3"0)�A��(:#b��gUvA#fa�! #"TL5-6<?J�"�b|��@aA�b3b?24_#LN"T)0"�<?�32N�[)�-1�!">OqA�<QopIq�#r*��P{)�-6�
_a"`)0A��#b?�3<3&#)S�!"0:l}� (24L4"�OqA�<?)�24�(J
@[-1�?�!"0<3�#b0���{ #24b	b?24J��(2N�[)�-6���!LN�><?"�:#&#)0"�b	�! ("{)�A�+�@#&(�!-1�!2NA��[-6L^)�A6b?�	�!AQ)0A�+�@#&(�!"H�! #"{&#L\�!2N+.-1�3"HLNAC}s"0<
_aA�&#�#:�� 7dAC}s"SB�"0<�f[_���-6:#:#2N�#J>)�A��#b|�!<3-624���!bH�#AT&(@#@�"0<H_aA�&#�(:.)�-1�._a"d)0A�+%@(&(�!"0:.OqA�<	�! #"mA�<?24J�2N�[-6L
79-6��:#"0<�=;-6"0<3:#"0�8@#<?A�_#L4"0+]�

� �h� � "�� �/. .!�/9��L,�4
� *�"5,L"'.@�����
�����C���6�(f#ªd-6_(&#�#J�&#b3"0:8@aA�}H"�<�<?"�b32N:#&#"0bm�3A�)0A��#b|�!<3&()0�m79-6�]:("�<{=n-1"�<3:("��8)0"�<|�!2N�#)�-1�3"�b��HY[A�<Z�! ("
)�A6+%@#LN"0�3"`�! #"0A�<3"0+ -6�#:l2N�3bQ@#<3AVA6O�}H"%<?"0Oq"�<'�3A,D �C� G��`=,"z:#"��#A1�!"z_��������3 #"z@#<32N+%2\�!2\B�"T<?AvA1�QA6O
&#�#2\����A6O -T@#<?24+�"��¤�9UV"0�'u^��r�w�w�wSr���x�)�-1��_�"�@[-6<?�32N�324A��#"0:.&#b?24�#Jg�! #2Nbs+�"0�! (Av:%_^�.@#L5-1)�24�(J 4�
 �$�
b3&()* ]�! #-1�

�$���
������ �[W�
�! �

� � � � �� Iq+%AV:"�aP¤�E� I OqA�< � � ��r�w�w�w�r!c6P I|�CP

�{ #"g@�A6�3"����!24-6L�)�"0<?�!2\�[)�-/�!"T #-6bd�3A._a">B1-6LN24:[-1�3"�:�� � b'-6�]"Sh(-6+�@#L4"1f�@(<324+�">���8I#� /%$�� ��P{24bm&#b?"�:
�!A��[�(:8-z)�"0<?�!2\�[)�-/�!">opIK�#r!�(r*����P	k9b3"�"��*-1_#L4" � �

�y-6_#LN">�vX �yAC}s"0<d<?"�b?24:#&#"�)0A�L4A�<?24�#J�IK@[-6<|�!2\�!24A6�#24�#J�P9A6O~���`ACB�"�<m�z<3AC}�b��
& Ì � & Ì � & Ì � & Ì � & Ì � & Ì � & Ì � & Ì � & Ì �

' W�(*) /%$ W �,+ � ÙNg�k���½?¾mÝ.- ² � ��� ��� �C� �C� �u� �v� ��« ��«
' � (*) /%$ � �,+ �ÎÙNg�k���½?¾mÝ.- ² « �6F �1� �(� ��� ��� � ��� �6�
' / (*) /%$ /��,+ �ÎÙNg�k���½?¾mÝ.- ² � �CF ��� �1� ��� � � �6� �\�
' + (*) /%$ + �,+ � ÙNg�k���½?¾mÝ.- ² ��� ��« �6� �g� �6� ��� �C� F �

� :(:#2N�324A��[-1L4LN�6f��^&#+`_a"�<d��}�24LNL[_�"d@#&(�Z2N� � W �	¢�<3-6@# #2N)�-6L�<3"0@#<3"0b3"0�^�!-1�!2NA��#bZA1O��! #2NbH)0"�<|�!2N�#)�-1�3"'-6<?"b3 (A�}�� 2N�n�[J�&#<?" � � º A6�324)0".�! [-/�`�! #"%�! #2N<3: -6�#:nOqA6&#<?�3 �<3AC}¹-6<3"�2N���!"�<?)* [-6�#J6"�:��!A
b? #AC}¸�! ("
@aA�24���Zb|�V+%+�"0�3<?���	�{ (24bZ2Nbs24�( #"�<?"����Z�!A�@aAC}s"0<{<3"0b324:(&#"')�A6L4A�<?24�#J#�����! #"0<Z)�"0<?�!2\�[)�-/�!"�bs)�<3"�-1�!"0:�_^�
�! (24b{+�"0�! (Av:�-6<?"g-1L4b3A`Oq<?"��^&#"0�^�3LN��@aA�24����A�<{<?"��["0)0�324A���b?�V+�+%"S�!<32N)6�

/ ý!ÆaýiÿÅ½ ý±õ�½ ò �vðüïSÄ 0�12143658727:92929<;>=?1<;8@:9BA,;C1EDGF2@2HEI41<;KJ�H47�=ELE1M7

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �

http://www.st.ewi.tudelft.nl/sat/


®]A�<?"�ACB�"0<�f'�! (24b�)�"0<?�32N�[)�-1�!"
2Nb�)0�V)�LN24)l-6�#: )�-1� _a"l<3"0@�"�-1�!"0:¦et� �
�!2N+%"0b.�!A @#<?Av:#&()�"�-
)�"0<?�32N�[)�-1�!"{A6O�L4"0�#J6�3 ��1�#� � :#:#2N�#J�A��#"�-6:#:(2N�!2NA��[-6LV�^&#+`_a"�<�<3"0b3&#L\�!b	2N�z-�)0"�<|�!2N�#)�-1�3"{A6O�LN"��#J1�! ���«v�
�{ #2NbQ24b��3 #"�L5-6<?J�"�b|�Q@aA�b3b?24_#LN"T)�"0<?�32N�[)�-1�!"�opIK�(r*�(r!j�PSX�oµIq�#r*��P � �6�(�g¨~hv)�"�@v�>OqA6<':#24b|�!<?24_#&(�324�#J
�! ("��V&(+`_�"0<3b���f9��F
-6�(:��6«t-6�#: @�"0<3+`&v�*-1�324A��#bTA6O��! #"�b?&#_#b3"S�!b0fs�! #2Nb`24bg�! #"�A��(LN�n)0"�<|�!2N�#)�-1�3"
opIK�#r!�(ri��«�P�D � G��

Y~2NJ�&#<3"H�(Xy¢Q<!-6@# (24)�-1LV<?"�@#<?"�b?"����*-1�324A��(b�A6Oa- �gopIK�#r!�(r*����P�)0<3"�-1�!"0:`}�2N�! T@�AC}H"�<~<?"�b?24:#&#"s)�A�LNA�<32N�#J#�

� � $ �s�+&)&��L���
·db?24�#J]�! #"�M024@#@(24�#J��!"�)* (�#24�^&#"1f9A6�#"�)�-1��"Shv@[-6�#: -1��"Shv24b|�!24�(Jt)0�V)�LN24)%)�"�<|�!2\�[)�-1�3".2N�^�3A
-8)S�v)0L42N)
)�"0<?�32N�[)�-1�!">A6O�+T&#LN�324@#LN24"�:.b324M0"6�Z�{ ("g_[-1b324)>)�A6�#)�"0@(��2Nbm�3A�� X d ��}sA%)�"�<|�!2\�[)�-1�3"�bm24���!A�"�-1)* tA6�! ("�<�f
)�<?"�-1�324�#J%-z)�"�<|�!2\�[)�-1�3"gA1O�:#A�&(_#L4">b32NM�"6� � b�-6�]"ih(-6+%@(L4"Q�! #"g-z)0�V)�LN24)>)�"�<|�!2\�[)�-1�3" ���goµIK�(r*�(r��C��P
k�b?"�"��[J�&#<?" � I¥�VPmk�2Nb'M�2N@#@�"0:�-6�#:
�! #"z@#<?Av)0"�b?b>2Nb'24LNL4&#b|�!<3-1�!"0:tb?�3"�@�_^�tb?�!"0@��zY[A�<��3<!-6)0"�-6_#2NL42\����f
-6�#A1�! #"0<9)0A�L4A6<	24b�-6b?b324J6�#"�:z�!A��! #"�:#2\��"0<3"0�^�H�^&[-6:#<3-6���!bH-6�#:z�! #"{�[<?b?�9�^&#+`_a"�<9A6Oa�! #"m)�"0<?�!2\�[)�-/�!"6�

Y~24<?b?��f9�3 #"��V&(+`_�"0<3b%-6<3"�b?@#<3"�-6:�A6��-6LNLsAV:#:�@�A�b?2N�324A��#bTA6O'-l@[-6<|�!2\�!24A6��A6O�:(A�&#_#LN"�L4"��(J6�! �X
Y~2NJ�&#<3" � I��SPS�dUv"�)0A��#:�f�-6�#A6�3 #"�<m@[-6<|�!2\�!24A6��2Nbd)0<3"�-1�!"0:t_����3&#<3�(24�#J��! #"><3AC}�b'&#@(b324:("g:#AC}���X�Yy24J1k
&#<?" � I �0PS�y�{ #24<?:�f��! #2Nb�@[-6<|�!2\�!24A6�`24b�b? #2NO �3"�:�OqA�<~�3 #"{L4"0�#J6�3 �A6O��! #"{A�<?24J�2N�[-6L^)�"0<?�32N�[)�-1�!"Z�3A��3 #"{L4"SO ��X
Y~2NJ�&#<3" � I¥�VPS�HY~24�#-6L4L\��f(2N���#J�&#<3" � I���PSf[�! ("gM024@#@a"�:�)�"0<?�!2\�[)�-/�!"�24b�b3 (A�}��t-6bm-�<?"�b3&(LN�dA6O�+�"�<?J�24�#J
�[J�&(<3" � I��SP{-6�#:��[J6&#<3" � IK�vPi�
�{ #"�� � � �3? =
	u<CO�� ? < 2Nb{:#"0�#�#"�:]_^���3 #"QOqA�L4LNAC}�24�#J`A6@�"0<!-1�324A��#b0X
��� � �3? <>M!O �bN�
�� � @[-6<|�!2\�!24A6��A6O':#A6&#_#L4"�LN"��#J6�3 ¡2Nbz)�<3"�-1�!"0: _�� b3"S�3�!2N�#J 4EX � ��4��´�8-1�#:
LN"�-�BV24�#J ���� X � �$� IqOqA6< � � ��r�w�w�w�r!c�-1�#:34 � ��r�w�w�w�r3j¤PS�

�v� :��/?AN3�HN�
�� �{ ("%@[-1<?�!2\�!2NA��
24b'�3&#<3�#"0:;&#@(b324:("�:(A�}��,_��lb3"0�?�!2N�#J ������ X � ������ W�� � IqOqA�<�� �
��r�w�w�wSr!c�Pi�

�(� �F;3���j¡ �HN�
�� �{ #"l@[-6<|�!2N�324A���24b�b3 (2NO �!"0:EL4"0O �.OqA�<��! #"
LN"��#J1�! EA6OT- )0"�<|�!2N�#)�-1�3"
_^� b3"0�?�!2N�#J
4.X � 4>��j¡IK+�Av:��1j�P{-6�#: � ������ X � � ���� IqOqA�< � � ��r�w�w�w0r!c�-6�(: 4 � ��r�w�w�w�r!j�PS�

�#��� <>?�
��HN�
�� Y�A6<3+ -]@#-6<?�32N�!2NA���_^�,+�"�<3J624�#J��! #"%b3&#_(b3"0�3b�<3"0b3&#L\�!24�(J]Oq<3A6+ �3 #".b?@#<3"�-6:#2N�#J
-6�(:��3 #"�b3 #2\O �!24�(J�b?�!"0@]_���b?"0�3�324�#J ���������� X � ���� � �������� IqOqA�< � � ��r�w�w�w0r!c6PS�

�{ #">:#"0�#�#2N�324A���A6O~-�M�2N@#@�"0:])0"�<|�!2N�#)�-1�3">2Nb�-6b{OqA�L4LNAC}�b�X

� <���N �r¡g�H=oN��/EHG£¢ � X d�d![�n � [^k�_bX § ��m _h[�� oµIqc�rie�ri� 2
j¤P Xvf m�� [^k�_HX § ��m _#[}c\| _ m XZ]�[�n | � m d�d x �AXZ]Ci
_Zq![ � X d doklc � [�n\z{kl[scA] m~� [^k�_HX § ��m _#[ opIqc/r*e�r!j¤P��

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �



I¥�VP

I��SP

I �0P

I¥�VP

I���P

Y~2NJ�&#<3"]�vX
��LNL4&#b|�!<3-1�!"0:¡"ih#-1+%@#LN"]A1OQM�2N@#@#24�(J#X I¥�VPz- ���TopIK�(r*�(r�����PT)�"0<?�!2\�[)�-/�!" � I��SP�<?"�b?&#LN�%A6O
b3@(<3"�-1:#24�#J¡IK�vPTA6�¡-1L4LsAV:#: @aA�b32\�!24A6�#b � I �0PT<3"�b?&#LN�zA1Od�3&#<3�#2N�#J�I��SPT&#@(b324:("�:(A�}�� � I¥�VPg<3"0b3&#L\�zA6O
b3 (2NO �!2N�#JlI ��PdLN"0O �'}�2\�! ��C��@aA�b?2N�!2NA��#b � -6�#:¡I���P�<?"�b?&#LN�3bQ24�
- � ���TopIK�(r*�(ri� 2 �C��Pd)0"�<|�!2N�#)�-1�3"�_^�
+�"�<3J624�#J�I��0P{-6�(:;IK�VPS�

UvA�+�"{M�2N@#@a"�:z)�"0<?�!2\�[)�-/�!"�b�)�-6�%_a"{M�2N@#@a"�:�-6J�-62N��IK&#b?24�#JQ�3 #"�A�<32NJ�24�[-1LV)0"�<|�!2N�#)�-1�3"mLN"��#J1�! ��!A�b3 (2NO �iP
�!A
A6_(�*-62N��-6��"SB�"���L4A6�#J�"�<gM�2N@#@�"0:�)�"0<?�!2\�[)�-/�!"6� ��24@(@#24�#J]+%A6<3".�3 #"��n��}�2N)�"�:#2N:��#A6��<?"�b3&(LN��2N�
&#b?"0Oq&#L	)0"�<?�32N�[)�-1�!"0b�� � �l"Sh(-6+�@#L4"TA6OH-�b3"�)0A��#:�:#"�J6<3"�"�M024@#@(24�#J�A1OZ-�)0"�<?�32N�[)�-1�!" ���goµI¥�vri«vr�����P
24b�J�2NB6"��
24�t�#J�&#<3" F ���{ #"�<3"0@�"S�!2N�32NB6"`)�"0<?�!2\�[)�-/�!"�A6O��! (24b�<?"�b?&#LN� � � � �gopI��vri«Vr!�32����'�¦��Pm2Nb
�! (">L4-6<3J6"�b?��@aA�b?b324_(L4"QL4AC}H"�<{_aA�&#�#:�OqA�<mopI��Vri«�PS�

�  �����`	0���

�{ #"%A�_#b3"0<?B1-1�324A��#bQOq<?A�+ �! #"�@#<?"0BV24A�&(bgb?"�)0�324A��,)�-6�,_�"�)�A6+`_#24�("�:�24�,-]b32N�#J�LN"�@#<3AV)�"0:#&#<3"1f~�! ("
� ��	��H��	��2� � �2<>?)B <�¡ ;/=�O X

��� � ��	��H��	 	u<>?g¡ �Z� 	uM�¡�< � Uv&#@(@�A�b?"�-l)S�V)�L42N)�)�"0<?�!2\�[)�-/�!"�A6OmL4"0�#J6�3 �j 2Nb`OqA�&#�#:nk�_���@aAC}s"0<
<?"�b32N:#&#"�)�A6L4A�<?24�#J�Iqb3"�"�b?"�)0�324A�� �#�Å� PSf(A�<{_���-6����A6�! ("�<{�!"0)* #�#24�^&#"1�

�v� �2� � � ��24@��3 #24b{b?A�L4&(�324A������!2N+%"0bZ�!AzA�_(�!-624��-��#"S}¦)�"0<?�32N�[)�-1�!"�A6OyL4"0�#J6�! ]�	�32tj~�
�(� K�M
�H�bO/M�¡g< � �  #"�)*��2NO��3 #"�M�24@(@�"0:])0"�<?�32N�[)�-1�!"Q2Nb{)0�V)�LN24)�2N�3b3"0LNO°�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �	�



�#� � <��2<>M�¡ � � <?"�-1�3"�-.<?"�@a"0�!2\�!2\B�">)0�V)�LN24)T)0"�<|�!2N�#)�-1�3"`_��t-6@(@�"0�#:#24�(J%�! ("`@#<3"0b3"0�^��)0"�<|�!2N�#)�-1�3"
I¥e�� �CPH�!24+�"�b�-1�#:�"Shv@[-6�#:]2N�{}�2\�! �A��#">-6:#:(2N�!2NA��[-6La�^&#+`_a"�<m-1�{�3 #"�"��#:��

IK�vP

I��0P

I ��P

IK�vP

I���P

Y~2NJ�&#<3"�FvX ��LNL4&#b|�!<3-1�!"0:>"ih(-6+%@(L4"�A6O#b?"�)0A��#:`:#"0J�<3"0"HM024@#@(24�#J#X9IK�VP�- � ���TopI¥�vri«vri�E2'����P�)0"�<|�!2N�#)�-1�3"
A�_(�!-624�("�:�_^��@aAC}s"0<d<?"�b?24:#&#">)�A6L4A�<?24�#J`OqA�LNL4AC}H"�:�_���M�24@(@#24�#J � I��SP{<3"�b?&#LN�mA6O~b3@#<?"�-6:(24�#J8I¥�VPZA��]-6L4L
AV:#:�@�A�b?2N�324A��#b � I �0Ps<3"0b3&#L\��A6O~�3&#<3�(24�#J�I��0PZ&#@(b324:(">:(A�}�� � IK�VPs<3"�b?&#LN��A1O~b? #2NO �324�#J�I ��PZL4"SO �Z}�2N�3 l���
@aA�b32\�!24A6�#b � -6�#:;I���PZ<3"0b3&#L\�!b�24��- � � ���TopI¥�vri«vr!� 2n����Ps_���+�"�<3J624�#J�I��SP�-1�#:nIK�VPS�

=E2N�3 ��3 #" � �v)0L42N)���2N@#@a"�<{+�"0�! (Av:�}s">)�-1�8:#"S�!"�<?+%2N�#"Q�! #">L5-1<3J�"0b?��A�&(�3)�A�+�"�A6O�)0A�+`_#2N�#24�(J�M024@vk
@#2N�#J�}�2\�! �-,b3@a"�)02N�[)])0�V)�LN24)�)�"0<?�!2\�[)�-/�!"6�EYy24<3b|��fH)�"�<|�!2\�[)�-1�3"�b�}s"0<3"8)0A��#b|�!<3&()0�!"0: &#b32N�#J;@aAC}s"0<
<3"0b32N:#&#"`)0A�L4A�<?24�#J(�'�{ #"��
�3 #"`)0�V)0L424)T)�"�<|�!2\�[)�-1�3"�b�}H"�<?"zM�24@(@�"0:t�!A.�[�(:l�3 #"`L4-6<3J�"0b?��)�"�<|�!2\�[)�-1�3"�b0�
�{ #"�<?"�b3&(LN�!bz-1<3"�b? #AC}��¡2N�;�*-6_(L4" � ���{ #"��[<?b?�z)0A�L4&#+��nb? #AC}�bz�3 #".79-6� :#"0<T=;-6"�<?:#"����^&#+zk
_a"�<��m���t�! ("Tb3"0)�A��(:l-6�#:8�3 #24<?:8)�A6L4&#+���f[�! #"T&#b3"0:
@#<32N+%"QOqA�<d@�AC}H"�<�<?"�b?24:#&#"T)�A�LNA�<32N�#J.-1�#:8�! ("
�^&#+`_a"�<QA6O9M024@#@#2N�#J�bQ-1<3"�@#<?"�b3"0���!"�:����{ #"zL5-6b|�Q)�A�LN&#+��
b3 #AC}�bQ�! #"�LNAC}s"0<Q_�A�&(�#:lA�_(�*-124�#"0:
_^�
�! (" � �v)0L42N)���24@#@a"�<Z+�"0�3 #AV:��	�{ #"�L4AC}H"�<{_aA�&#�#:#b�2N��_�A�LN:�-6<3"Q2N+%@(<3ACB�"0+%"0�^�3b{ACB�"�<{�3 #"�"Shv24b|�!24�(J
L4AC}H"�<�_aA�&#�#:#b0�
º A1�!24)0"��! [-1���#"S} L4AC}H"�<z_aA�&#�#:#bz}H"�<3"�A��#L\�nOqA�&#�(:�OqA�<z@[-1<?�!2\�!2NA��#bT}�2\�! ¡-6�¡"SB�"0� �^&#+`_a"�<zA6O
b3&(_#b3"S�!b�� � @(@[-6<3"0���!LN�6fdM024@#@(24�#J,24b.�(A6��"0��"�)S�!2\B�"tOqA�<��! #"tAV:#: B1-6LN&#"�b%A6O>cv� � L4b?An�#A6�3"8�! [-/�
}�2N�3 t�! #" � �V)0L424)s��24@#@a"�<d+%"S�! #AV:l-6L4L )�&(<3<3"0���gLNAC}s"0<'_�A6&#�#:#b'OqA�<d�! #"�"SB�"��lB1-6L4&("�b'A6O9c%)�-6�l_a"
A�_(�!-624�("�:�f#"ihv)�"�@v�dOqA�<mopI¥�vr*��Pi�

�'&#<�}s"0_#b32\�!" : )�A6�^�!-624�(b��! #"�<!-�}�)�"�<|�!2\�[)�-1�3"�b	@#<?ACBv2N�#JQ�! #"�2N+%@#<?ACB�"�:zLNA�}H"�<	_aA�&#�(:#b���7�24b3&#-6L\k
24M�-1�!2NA��#b9A6O¤�! ("')�"0<?�!2\�[)�-/�!"�bZ�3 [-1�s<3"�@(<3"�b?"�����24+�@#<?A�B6"�:�LNA�}H"�<H_�A6&#�#:#bZOqA�<ZopIK�#rie(P9-6�(:�oµIK�(rie#P
-6<?"�@(<3"�b?"����!"0:n24� � @#@�"0�#:#2 h � � º A6�324)0"`�! [-1���3 #"z)�"�<|�!2\�[)�-1�3"�b��! [-/�Q}s"0<3"�M�24@(@�"0:�fy)0A����*-62N��-6�
-6LN+%A�b|�{@a"�<?Oq"0)0�m:#A�&(_#L4"Qb|�v+�+�"0�!<|���

� 0�1414365 727?929296;>= 1<;8@E9 A ;C14D2F�@2H I 1.; JGH27�=ELE1G7:9�L2@��2F2@:J6;K0�1��

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �!�

http://www.st.ewi.tudelft.nl/sat/waerden.htm


�y-6_#LN"g�vX�³�AC}H"�<�_aA�&#�#:#bm<3"�-6)* #"0:]}�2N�3 �@�AC}H"�<�<3"0b324:(&#"g)0A�L4A6<324�(J`)�A�+T_#24�#"0:�}�2N�! �M�2N@#@#2N�#J#�

ØÚÙ8ÔÜÛ{ÕyÝ �y�f^i�ä`yc{tvg6^ êitp`y`¤^i� c{^i�f�yope
ØÚÙ§³�Û{½?Ý � � �
ØÚÙ§³�Û��jÝ ²m² ´ � ½��
ØÚÙ§³�Û{µ?Ý ²m² ³ � ²±¾m¾
ØÚÙ§³�Û{º?Ý ²m²i½ ² � ²m²i½#²
ØÚÙ§³�Ûu¾mÝ º#²±¾ ´ � ½?¾Ü´?½
ØÚÙ§³�Û{¹?Ý ¹m³#² ² �����	��

�
ØÚÙ§³�Û��?Ý ³mµ?¾�� ² ���������
�
ØÚÙ��zÛ{½?Ý ½?¾ ´ � ¾dµ
ØÚÙ��zÛ��jÝ ½��	� ´ � ²a´���¹
ØÚÙ��zÛ{µ?Ý ³m³#²i½ ² ���������
�
ØÚÙ��zÛ{º?Ý �#²i½m½ ² ��
����
���
ØÚÙ��zÛu¾mÝ ½m³?¾d¹�� ² ���

�������

ØÚÙ§º�Û{½?Ý ²a´?½ ´ � ³d´�¾
ØÚÙ§º�Û��jÝ ½m³mµ�� ´ ���?¾m¾d¹
ØÚÙ§º�Û{µ?Ý ½��mº?¾ ³ ��������� �
ØÚÙ§º�Û{º?Ý ½#²iº���� ³ ���
����

!��

" �¹���
��	��`�������`�

��� �! #2Nb�@#-6@�"0<�}s"�@#<3"0b3"0�^�3"�: -
+�"0�3 #Av: �!Al)0A��#b?�3<3&#)S�.LNAC}s"0<�_aA�&#�(:#b�OqA6<`79-6�¡:("�<�=n-1"�<3:("��
�^&#+`_a"�<?b����{ #"��[�[-6L¤<?"�b3&(LN�!bm-6<?"Qb3 #AC}��]24���*-6_(L4" � �

�y-6_#LN">�(X�¶��(A�}���79-6��:#"�<{=;-6"�<?:#"����^&#+`_a"�<?bd-1�#:]�^�#AC}��8-6�#:�24+�@#<3ACB�"0:�L4AC}s"0<�_�A�&(�#:#b��

����� � � � 	 
 � �

 � ��� �1��� ��� �	��� �4���1�!� �$#�# � � � � � # 
 	 �
� �!� � � � � � ����� � � ����� � � ��������� � ��������� �
� �1� � �&����� �%# 
 
	& � � � # � � # � � � � � 	 �
� � �	��� � � ����� � ��������� � ���!� � ���
	 � ��� � � � �!��� � 	 � � 
 � � 	 � � � � #

�{ #2NbZ@[-6@a"�<H@#<3"0b3"����3"�:]-g}Z-����!A`"ihv@[-6�#:��! ("'b32NM�"�A1O -T)�"0<?�!2\�[)�-/�!"'_��%M�24@(@#24�#J(� � A�+`_#2N�#24�(Jg�! ("
"Shv2Nb?�!2N�#J`�^�#AC}�L4"0:#J�"��3A`)�<?"�-1�3"')0�V)0L424)d)�"0<?�!2\�[)�-/�!"�bH}�2N�! %�! #2NbsM�2N@#@#2N�#Jg�3"�)* #�#2N�^&#"Q<3"0b3&#L\�!"�:�2N�.�! ("
� �V)�LN24)e��24@#@a"�<�+�"0�! (Av:��~·db?24�#J>�! #2NbH@#<?Av)0"�:#&(<3"d}H"�:("0�!"0<3+�24�#"0:%b?"0B6"���24+�@#<?A�B6"�:%L4AC}s"0<H_aA�&#�(:#b
OqA�<Z�3 #"Q79-6�]:("�<{=n-1"�<3:("����V&(+`_�"0<3b0�

�{ #"
�!"0)* #�#24�^&#"
A1Og@aAC}s"0<�<3"0b324:(&#"
)�A�LNA�<32N�#J,�3A�)�<?"�-1�3"
)0�V)�LN24)t)0"�<?�32N�[)�-1�!"0b��! [-/��)�A�&(L4: _a"
M�2N@#@a"�:`:#AV"�b~�#A6��A6�#LN��<?"�b3&(LN��2N�T)0"�<?�32N�[)�-1�!"0b~OqA�< �! #"H24+�@#<3ACB�"0:`L4AC}H"�<y_�A�&(�#:#b�f�_(&(�	-6LNb3Ad@#<3ACBV24:#"0b
)�"0<?�32N�[)�-1�!"0b OqA�<�-1L4L6�3 #"HA1�! #"0< @(<3ACB�"0:`-6�#:>)�&(<3<3"0���!LN���^�#AC}��gL4AC}s"0<y_aA�&#�(:#b¤OqA�<¤79-6�g:("�<¤=n-1"�<3:("��
�^&#+`_a"�<?bT}�2N�3 n"0B6"�� cv�]�{ #"�A��(LN��"Shv)�"0@(�!2NA���24b>�! #".L4AC}s"0<T_aA�&#�#:�A1OZ�! #"%79-6�n:#"0<T=n-1"�<3:("��
�^&#+`_a"�<dopI��vr!��PS�

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK ���



�{ #"�b?"�<3"0b3&#L\�!bT2NJ��#2\�!"zb3A�+�"�:#24b?)�&#b?b324A6��� � b`¶QA�&#<?24L [^_ m\x �ZD ��� GH�#A6�324)0"6f	opI¥�vrie#P')�-1�,k�OqA6<
b3+%-6LNL9e
k�_�"%<3A�&#J6 #LN�l"0b?�!2N+.-/�!"�:�_���e 2�opI¥�vrie.�¦��Pi���¬OZ�! #2NbT-1L4b3A� #A�LN:#b�OqA�<gL4-6<3J6"�<ge�f�A��("
}HA�&#L4:�"ih(@a"�)S�d�3 [-1�{�3 #"QL4AC}H"�<�_�A6&#�#:#b{OqA�<�opI¥�vri��Pif�opI��vr*F�Ps-6�#:]opI��vr!��PH)�A6&#L4:�_a"Q24+�@#<3ACB�"0:
b32NJ��#2\�[)�-6���3LN��� ­s"0b32N:#"�b0f6M�2N@#@#2N�#J{)0�V)�LN24)�)�"0<?�32N�[)�-1�!"0b�}s-6b �#A6��"S��"0)0�!2\B�"��!A�@[-6<|�!2\�!24A6�`u^��r�w\wNw\r!jyxH24���3A
-6��AV:#:%�V&(+`_�"0<ZA6O¤b?&#_#b?"0�!b0� � "�<? [-6@#bs�3 #"�<?"�J�&(L5-6<?2N���z@aA�b3"0:�_^�%¶QA�&#<?24L [^_ m\x �	24bH-T)�A�2N�#)�2N:#"��()�"6�
­s&(��f�"�b3@a"�)025-6LNLN���3 #"�OK-6)0�m�! [-/�d�3 #"g@(<3AV)�"�:(&#<3">}Z-6bm�#A6�d"0��"�)S�!2\B�"gOqA6<mAV:#:�B6-1L4&#"0bdA6O~czb3&#J�J6"�b?�3b
A�&#<{+�"0�3 #AV:��("�"�:(bdA��(">+�A�<?"QJ�"��#"0<!-6LN24M�-1�!2NA���b?�3"�@��

� �����t���-	 �'
 !R� �'�����

=,"T}sA6&#L4:tLN24�1">�3A.�! [-1�#� � �#�#"ik � 2N+%"0"T­H&#�l-6�#:l®�24)* #"0L	®]"0&#L4@aA�L4:("�<dOqA6<d)0AvA�@a"�<3-1�!2N�#J.2N�8�! ("
<3"0b3"�-6<3)* l@#<?A/R?"�)S���'=,"T}sA6&#L4:l-6LNb3A%L424�1"g�3A.�! [-1�#�
®]2N)* [-6Ly¶QA�&#<32NL~-1�#:��6A� #�lY[<3-6�#)�A%OqA�<�2N�^�3<3A1k
:#&#)024�#Jz&#b��!A��3 #"Q}�<32N�324�#J6bZA6O~ªd-6_(&#�#J8D �C� G��

 ���u�'���'�
�����

D ��GT®]24)* #-6"�L~$`��­s"0"�L4"0<�-6�#:��~-/�!<32N)*�8¨{���
	 º "024L�f�UvA�+�"`�#"S} 79-6�
:#"0<'=n-1"�<3:("��l�^&#+`_a"�<3b0�¤���
� Xvf � kl[^_#[
� m _Zq![^w m _bX � f 7�A�L¥� D�� f[@[-6J�"0b>����«��a�����(f��C���6�

DÈ�/Gg¨{�1­H"�<3LN"��/-6+�@�f � )�A6�#b?�3<3&#)S�!24A6�TOqA�< @[-6<?�32N�324A��#b¤}� #2N)* �-�B�A�2N:`L4A6�#J�-1<32N�3 #+�"0�!2N)	@#<3A6J�<3"0b3b32NA��#b0�
������m ] m n\X m ]�� m _Zq![^w m _HX ��m\x�� z xZx [^_bXZ] 7�A�L�� GoG f#@#-6J�"�bm�������V�#���#f��C����F

D �1G�7`� �  �Bs£-1�!-6L�fHUvA�+�"�&#�#�^�#AC}���79-6� :#"�<`=;-6"�<?:#"����^&#+`_a"�<?b��	����������� V�z{� "S��-6L�� p [�nAf � p
� cAw}| XZ] m _#cAk�X m\x�� _bk�z � _bzCkl[yf m ]onR_rq![^XZk�¢$d�d x X ��m _HXjcA]�f f#@[-6J�"0b��(���v�6�(f¤I¥¢�A�<?:#A���-6�#:�­s<?"�-6)* �f
º "S}��9A�<?�af¤�����\��P

D �6GT®,�dª>�d$'<!-6�(b?�["0L4:�f>³	��³¤2N&�fQ7`��= �'®8-1<3"��§-6�#: ®��d� <3&#b?M�)0M0�V�#b3�^2¥fzU(-1�324b?�[-6_#24LN2N���E-1�#:
� A�+�@#&(�!2N�#J�B6-1��:#"�<9=n-1"�<3:("�� º &(+`_�"0<3b0�v��� � q![ � x [ � _bklcA]!X �"! cAz{k�] m\x c#� � cAw}| XZ] m _hcAk�X � f �
7�A�L�� G@G I|��Pif��\�u�1�

DÈ«/G �y�1¨	<3:�©A�b�-1�#:zª>�1ªm-6:#A#f � A6+`_#24�#-1�!A�<?25-6L��3 #"�A6<3"�+�b�A���)0L5-6b?b32\�[)�-1�324A��(byA6O�b?&#_#b?"0�!b�A6Oa-'J62NB�"0�
b3"S���[���$# klc � [y[�n\XZ]CiAf c#��% cA]onCcA]&� m _Zq![^w m _bX ��m\x�� c � Xj[^_b� 7�A�L¥� D f[@[-6J6"�b��#�����^�����(f��C��«��

D �1G 7g��Y[<?"�:#<?24)*�^b3"0�.-6�(:.®�� ®,�VU^}s"0"0��f(UV�V+�+%"S�!<32N)sb?&#+zk�Oq<3"0"{@[-6<?�32N�324A��#b�-6�#:zL4AC}H"�<	_aA�&#�#:#b�OqA6<
Uv)* ^&#<��^&#+`_a"�<3b0� � x [ � _HklcA]!X �'! cAz{k�] m\x c#� � cAw}| XZ] m _hcAk�X � f ( I|��PZªm���vf(@[-6J�"0b>�)�v��f �\�\�u�

DÈ�/G � � � �1¢�A�+�"�by-6�#:`®,�1Uv"�LNL4+%-6�#��f1UV�3<3"�-6+%LN24�#"0:g)0A��#b|�!<!-124���~<?"�-6b?A��#2N�#J#� � ���6�#f % [ � _HzCky[+* cA_h[yf
XZ] � cAwedozC_#[^k �F� Xj[^] � [ � D-,�� XH���1�1k°�6F��(f(�\�u�1�#�

D F1G>�Q�/¢�AC}H"�<?b�f � �("0}�@#<?AvA1O(A6O#UvM0"�+�"�<3"0:#2��! #"0A�<3"0+]����� V [ycAw�[^_Hk�X � m ]on � zC] � _bXjcA] m\x ¢e] m\x �gf^Xvf �
7�A�L�� G@G f[@#-6J�"�b�����«��(«6F�Fvf[�\�u�v�

D �1Ggª>� º �#¢�<?"�"0�^}H"�LNL�-6�(:�­��[®,�(³�-6�#:#+%-6��f(�'���! #"'"ihv24b?�3"��#)0"QA6O -T<?"�-6b?A��[-6_#LN"'&#@#@a"�<s_�A�&(�#:
OqA�<z�! #"8B1-6��:#"�<.=;-6"0<3:#"0� �V&(+`_�"0<3b0�s���.!��/� cAw}| XZ] �	� q![ycAk^� � [^k � ¢ �s7�A�L�� ,10 f{@[-6J�"0b
F����vF6�(f��C�6F��

D �g�1GT®,�2�(� 7>�57m"�&#LN"6f3�(�Ã¨{�9B1-6�P��}�24"S�!"���f�®,�H$'&(OqA�&#<0fZ-6�#: 7g�	B1-6� ®]-�-6<3"0���s®8-6<3)* "0��Xt��+zk
@#L4"0+%"0���!24�(J � :#:#2\�!2NA��[-6L�ªm"�-6b3A��(24�#J�24���!A�-6��¨ 8�)�2N"����'³¤AVA��/-6 #"�-6:]U(-1��UvA�L\B�"�<0�4� ¢ �658797�:
� dok�XZ]CiC[^k
%;* �<� � , ��D f[@[-6J�"0bm�6�^«��v��«6�(f[�T�u��«

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �	�



D ����GT®,�v¶�A6&#<32NL�-1�#: �(�vY�<3-6�#)0A#f(ª�"�b?A�L4&v�!24A6�.� &#�#�#"0L4bHOqA6<s��+�@#<3ACB�"0:�U � � UvA�L\B�"0< �y"0<?OqA�<?+.-1�#)�"1�
���&# klc � � c#� � _Zq���]!_#[^k�] m _HXjcA] m\x � cA]���[^kl[^] � [�cA] � q![ycAk�� m ]on�¢�d�d x X ��m _HXjcA]�f c#� ��m _HXvfr§ m | X x XZ_b�
� [yf^_HXZ]Ci �#@[-6J�"0b>�����/k*�C«��vf[�T�u��«

D ���/Gg­��Å®,�[³�-6�#:#+%-6��-6�(: � �#ª�A�_a"�<?�3b3A���f�ªd-6+�b3"S�.�{ ("�A�<|��A����! #"Q�����3"�J�"0<3bgI�UV�3&#:#"0�^��®8-/�! #"ik
+.-/�!24)�-6L�³�2N_#<!-1<?��fv7`�a�1�^P ¢ew�[^k�X ��m ]�� m _Zq![^w m _bX ��m\x � c � Xj[^_H� fa�\�u�6�

D �C�1G �6A� #��f�ª��Hªd-6_(&#�#J#fmUvA6+%"	�	<3A�J�<?"�b?b324A6�vk¬Oq<?"�" �y-6<?�32N�324A��#b � A��#b|�!<?&#)0�3"�: ·db?24�#J;Y�A6L4�^+.-1�4	Ãb
®]"0�3 #AV:��[��� ��m ] m n\X m ] � m _Zq![^w m _HX ��m\x�� z xZx [^_bXZ] 7�A�L�� DoD I|��Pif#@[-6J�"0bmF����v�(�6f��C���1�

D ���6GTU���Uv ("�L5-1 �f �	<?24+�2N�!2\B�"%<3"�)0&#<3b?2NB6"]_aA�&#�#:(bzOqA6<`B6-1��:("�<�=n-1"�<3:("����V&(+`_�"0<3b0�9��� !�� ¢ew�[^k �
� m _Zq � � c � �#7�A�L�� G f[@#-6J�"�bm��F6� �v�����Vf��C��F6F

D ��«/G 7g�����¤UVA��#J#f 7g���y-��VL4A�<Q-1�#:lU���= ��¢�A6L4A�+`_�f �	<?A�J�<3"0b3b?24A��#bQ2N�
¨�B�"0<?�t�Z}HA1k¬)�A�LNA�<!-1�324A��]A6O
�l���#��� !�� � cAw}| XZ] � � q![ycAk�� � [^k � ¢ �[7�A�L���� G I���Pif#@[-6J6"�bd�v�����v���v��f��C�����

D �C�1Ggª>�ÅU���U^�!"0B6"��#bT-6�#:�ª�� Uv [-6���*-1<!-6+�f � A�+�@#&(�!"0<QJ�"��("�<!-/�!"�:�79-6�l:#"�<Q=;-6"�<?:#"���@[-6<|�!2\�!24A6�#b��
��� � m _Zq![^w m _bX � fsc#� � cAwedozC_ m _bXjcA] 7�A�L¥� � D I|������PSfv@[-6J�"0bd�6��«��v���6�(f��C���1F

D ���/Gg¨{�(UVM�"�+�"�<V£"�:#2¥f#�'�%b3"0�3bsA6O�24���!"0J�"�<?bs)0A����*-62N�#24�#J��#Ag�z"�L4"0+%"0���!b924�%-6<32\�! #+�"0�324){@#<?A�J�<3"0b3b?24A����
��� ¢ � _ m ¢ek^XZ_ZqCw�[^_HX ��mQ7�A�L¥� D�( f[@[-6J�"0b��C���/k°�1���(f��C��F�F

D �CF1Gg­��Ã³��1B6-1�%:#"0<	=n-6"0<3:#"0��fV­s"0}H"�2NbH"024�#"0<�­Z-6&#:("0� 	Èb3)* ("��.7�"0<3+`&(�3&#�#J#����� *eXj[^z{a�¢ek � qCXj[r� Y\cgcAk
¦ Xvf��AzC]onC[ 7�A�L�� G , f[@[-1J�"�bd�v��� �(�v�C�(f��C�����

� �	�
� �Q�


���

7d"0<3".�3 #"%BV2Nb3&[-6LN24M�-1�!2NA��#b�A6O{�! (".)�"0<?�32N�[)�-1�!"0b�f	24+�@#<?A�BV2N�#J]�3 #".LNA�}H"�<g_�A6&#�#:#bTOqA6<�opIK�#r*e#P>-1�#:
opI¥�(r*e#PSf^-6<?"�b3 #AC}����	�{ #"m)0�V)0L4"�b9A6O�->M024@#@a"�:�)0�V)0L424){)0"�<|�!2N�#)�-1�3"d-1<3"�"Sh(-6)S�s)0A�@#24"0b�A6O�"�-6)* .A1�! #"0<
}� #2N)* ]"ih#-1)0�!L\��ACB�"0<3L5-1@��9Y�A6<Z�! #"�b!-1�6"�A6O�)0L5-6<?2N���6f(A��#L\�.�3 #"Q�[<3b|�d)S�V)�L4"�2NbZBv2Nb3&[-1L424M0"�:��

Y~2NJ�&#<?"��(X9¢�<3-6@# #2N)�-6L�<3"0@#<3"0b3"����!-1�!2NA��8A6O~-�)0�V)�LN"�A6O�- � � opIK�#ri«Vr������\��«�P

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �?�



Y~2NJ�&#<3"T�g�(X9¢Q<!-6@# (24)�-1L�<3"0@#<3"0b3"����!-1�!2NA��]A1O�-�)0�V)0L4">A6O�- � � opIK�#r!�(r*�(�C�6�(��P

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK � �



Y~2NJ�&#<3"��6��X9¢�<3-6@# #2N)�-6L�<3"0@#<3"0b3"����!-1�!2NA��8A6O~-�)0�V)�LN"�A6O�- � � opIK�#ri�Vr*�����6������P

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �	�



Yy24J�&#<?"`���vX9¢Q<!-1@# #24)�-6L�<?"�@#<?"�b3"0���*-1�324A���A6O~-�)S�v)0L4"�A6O~- � � � oµIK�(ri«vr!���6�^�6��P

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �1�



Yy24J�&#<?"��C�(X9¢Q<!-6@( #24)�-6L�<?"�@#<?"�b3"0���*-1�324A��]A6O�-�)S�v)0L4"�A6O~- � � � opIK�(r*�(r*�6������F(�CP

"�#�$�$&%'$&(	"�)�* +�,-(�./*�0�)1+�2 %�* 34(�* 576�,8+�29"1* )1,-(	:<;>=@?BA9C9C	D9EGF!HJILK �D�


	Introduction
	Preliminaries
	Definition of Van der Waerden numbers
	Current bounds of Van der Waerden numbers

	Regularities in certificates
	Graphical representations
	Patterns
	Symmetry
	Repetition


	Constructing cyclic certificates
	Satisfiability solving
	Power residue coloring
	Zipping

	Results
	Conclusions
	Appendix

