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Success rate of first round in greedy routing
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greedy−a
greedy−b
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Greedy routing in optical torus, n=16

greedy−c
greedy−a
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Greedy routing in optical torus, h = n log n

greedy−c
greedy−a
greedy−b

È�É;Ê µC�Eµ ¥��`e8v�nV�¿j}n�p_»Vi<e>e�yC�Åi<nrsCj<w�ma»«p:n�i��2�4¾���f�5¾
ß87O;\Õ�R�[\=aáEFUáE7ONP7�;<Ø��zK�FCBEX�;\Õ�HV[\H�FU[>H[�b�c��HVX�ÓaHV9};\ÕTF%;AÚ�=aB`×aH�[>ÓCH8;>=%ß1FC[>XE9Ä;>Õ�H�X�7:FUÓC=aBEFUN¬ß87O;\Õ�R�[\=aáEFUáE7ONP7�;<Ø
�+Ý�K57OBTFUNPNOØaKa;>Õ�H«R�[\=aáEFUáE7ONP7�;<Ø)=Uâ�[>HVFaÚ�Õ�7PB�ÓB'������P*�âè[>=CÖ '0/F�e�]�M�l�&/b�e������*o7:9�z.-w�>�D� I Ý�=fÕ�H«B`ÒEÖÅá¬H�[�9 � �FU[>H�DzB�=%ß8B�7PB!NO7O;\HV[>FU;\Ò�[>H�FC9	ÜÄö��kö%õOöUù·BzÒ�ÖÅá¬H�[�9VK�FUBEX/ß}H�DzB�=%ß
© x�ª�ª¬«zn2o�� "7�� 

� 'B¡�*
�
��
�Q�2� � �$¡

� � �$�
� �$�Mó*¡
T7¡ �

éABTFUNP=CÓC=aÒE9\NOØaK`X�HVB�=U;>H.zG'B¡�*a��z8�i�¢z I ¡b�£z W ¡`W
� �6�O�PÝ�ï1Ø�ÓC[>=CÒER�7OBEÓÅâæFaÚ�;\=a[>917PB%z�-zK�ß1H�ÕEFG×CH
z - ��� -w� I�

���2�L� � '4�1�?* � z -w���D� I ���L¤ � '4�1�?¡P*�zG'B¡�*'¥ -w� I �
ß8Õ�HV[\H.¤ ¦G'B¡�*¨§G'0¡P*!¥�-�7P9u;\Õ�H«ÖÅÒEN�;>7OR�NP7PH�[1=Uât¡ - 7OB@;>Õ�HÀRE[\=�X�ÒEÚ�;}=Câ�RT=aNOØzB�=aÖ)7:FUN:9©¦G'0¡P*uFUBEX�§G'B¡�*�Ýz?AH�BTÚ�HCK`ß1H
ÕEFG×aH z��b� �

¤ zG'0¡P*!¥�-A¡ - ���ª¤ � ' �E�?¡�*�zG'0¡P*!¥�-w� I ¡ - �fâè=C[;/wvc�>�
ï1Ø�FCXEX�7OBEÓdÚ�=CNPÒ�ÖdBzß87P9\H�ß}H�ÓCH�;

zG'0¡P*a� �i�W� � '4�E�?¡�*�ze'B¡�*¨¡&�U� �$� � �$�MóGI,�1�?¡
T�I��E�?¡ zG'0¡P*�¡J�¨�i� �$� � �$�MóO�1�?¡

T
� zG'0¡P*D�
K�[>=CÖ ;\Õ�7:98ß1H�ÚVFUB!9]=aNO×aH

ze'B¡�*�� T7�
T
�b���i� � �$�MóO�E�?¡ � �$�UT
�$� � �$�MóO�E�?¡

T.�v'��$�«¡P* � �
�$�¬¡ �	'B¡�*.�



ß8Õ�HV[\H
�	'B¡�*°� �$�UT
�$� � �$�MóO�E�?¡

T.� �

ÞMáE9\H�[>×CH«B�=%ßÆ;>ÕEF%;&��ü0'��[�«¡�*��¨�i�¢¡b��¡`W
���O�O��FCBEX!X�H�BE=U;\H8�	'B¡�*�� �b�[�¬� I ¡b�¬� W ¡aW
���O�6��=fÕ�H�B
z - �¤Þ'��i��¡F��¡ W � �6�O�ã*D'�� � �¬� I ¡]�¬� W ¡ W � �6�O� *!¥ - ��� � ��� I ���O�O����� - �

?AHVBEÚ�HaK
f[�Þ¤-C��� z.-����b�i��� I ���O�O�����	'���*a� �$�UT
�$� � �$�MóO�1�

T.� �

=�=)RE[\=%×aHMREFC[]; Í =Câ+;>Õ�H�;\Õ�HV=C[>H�Ö!K�X�HVB�=U;>HJ� � � � �[P����t- �G'(������*�Ý�ï1Ø/[\HrÚ�Ò�[�9]7P=CB/[\ÒENOHaK
�2�G���G'��>��!)*E���G'��L��!¦���w*E���O�6�w���G' ! T ���l�

!
T ���w*�

�G' ! T �
!
T *�

�G' ! T � �l�
!
T ����*E� �6�O���¬�G'(!§���L�O��*E���G'�!a���P*°�

�H�G'��>��!B���w*E� '��$�¦��*��G'��>��!¦����*E�³���G'��L��!¦��TL*E���O�6�w� '��$�¦��*��G' ! T �MT>�
!
T �c��*E�W���G'

!
T ���L�

!
T *��

�
T �G'
!
T ���L�

!
T *}�

�
T �G'
!
T �
!
T ����*��

�H�G' ! T �
!
T ���w*2� '����B��*��G'

!
T ���L�

!
T �¬��*2���O�6�6�³�H�G'�!B��T0�O��*���'����e��*��G'(!§���l���l*2�W�H�G'(!B�¬�L��l*a�

� �0� I ��'��$�§��*��G'
!
T ���l�

!
T *E�¢'��$�§��*��G'

!
T �
!
T ���w*���� ��� I ��T>'��$�¦��*�z �*® W

âè=C[8HV×CHVB¦!oÝ�=fÕEH�9>FUÖdH�FU[>ÓCÒEÖ)HVB`;8FCR�R�NP7OHr91;\=d=�X�X§!oÝE?AHVBEÚ�HaK
� � ��T>'��$�§��*�z � ���O�O���¬T�'����³��*�z �7® W �

ï1Øef[�Þ¤�z8�G� I � W:¯ PL° I � | Õ ¯W Õ ß}H�ÓaH�;$f[�Þ¤ I� �2�G� I � ÕÕ '��$��T7��� � �$�"ó6�E�?*�Ý ½¾

m}oÂn � ~}«�Ó(þEÿwÅ�ÿGy�{$Æ�s�x�x�Ô)þ�s�y�t}r6Å�~vÆ�«>Ó�Æ�yHs�Å�r6|vª�ÿ
ÞÀâ�;\Õ�HZ;\Õ�[>H�HZÓa[\HVHVX�Ø [\=aÒ�;\7PB�ÓÙR�[>=U;>=�Ú�=CN:9VK ð [\HVHVX�Ø`ükF4R�[\=%×aHV9d=aÒ�;·;\=3áTHÂ;>Õ�HZHrFC9\7OHr9<;·;>=ÃFUBEFCNOØ�9\HCÝ
=fÕEH
[�FUBEX�=aÖ NPFU;\HV[>FCNTR�[>=U;>=�Ú�=CN ð [>H�HrX�Ø`ü�á·ÕTFC9f9]=aÖdH«9\7OÖd7PNPFC[\7O;<Ø@ß87O;\Õ ð [\HVHVX�Ø`ükF�K`ß8Õ�7ONPH«;\Õ�H�X�7:FUÓa=CBEFCNTRE[\=C;\=�Ú�=aN
á¬H�ÕEFG×aHV9fX�7Þk¬HV[\HVBa;>NOØaÝ

ý¦s�x�xPÔ}þ+)«Eo =fÕ�Hà[\=aÒ�;\HàX�H�;>H�[>Ö)7PB�HrXÆázØ ð [\HVHVX�Ø`ükFÙ7P9�Ò�BE7Pí`Ò�HaÝ1ä¿â)F3REFaÚ�DCH�;/FG×C=a7PX�9/X�HD/THVÚ�;>7O=aB	ß8Õ�HVB
F%;\;\HVÖ)R�;\7PB�ÓÅ;>=Å;>Ò�[>B�;>=Å;>Õ�H«Ú�=C[>[\HrÚ�;fÚ�=CNPÒ�ÖdB�Kz7O;fß87PNPNJ9\ÒEÚVÚ�HV9>9]âèÒ�NONPØ@[>HVFCÚ�Õ�7�;�9u;�FU[>ÓCH�;VÝ`ä¿â�Ö@FUBzØ@REFaÚ�DCH�;�9o;>[\Ø
;\=!ÓaH�;«;\=�;\Õ�H@9>FUÖdH|;>FU[>ÓCH�;VKJ=CBEH|=Câu;\ÕEH�Ö 7:9�9]ÒTÚ�Ú�Hr9\9]âèÒ�N�Ý)º}=CBE9\7PX�H�[«;\Õ�H	!ÃRTFCÚ�DCH�;>9M;\ÕTF%;�FU[>HÅá¬H�7PB�ÓÂ9]HVB`;
;\=·;\Õ�HV7O[«[>FCBEX�=aÖ X�Hr9<;>7OBEFU;\7P=CBE9MF%;MF·ÓC7P×CH�BÂÖd=aÖ)HVB`;À=Uâ�;\7PÖdHCÝJ?A=%ß Ö@FUBzØ�=Uâ�;\Õ�H,!4REFCÚ�DaH�;>9A[\HrFCÚ�Õ�;\Õ�HV7O[
X�Hr9<;>7OBEFU;\7P=CBE±&=fÕ�H�R�[>=CáEFCá�7ONP7O;<Ø@;\ÕEFU;8B�=CB�H�=Câ+;>Õ�H8!ÔRTFCÚ�DCH�;>9};\[>7PHV91;\=·FC[\[>7P×CHMFU;ÀF|ý>·�HVX/R�[\=�Ú�HV9>9]=a[17:9

'���� �! *
��² �d �

?AHVBEÚ�HaK�ß87O;\ÕàR�[\=aáEFUáE7ONP7�;<Ø¬�b����ü?d);>Õ�H�[>H·FU[>H|RTFCÚ�DCH�;>9�Ú�=aÖd7OB�Ó�;>=/;>Õ�7:9�X�HV9];\7PBEFU;\7P=CB4FUBEXÔß}HdDzB�=%ßê;\ÕEFU;
HD·�FaÚ�;\NPØ�=CB�H�=Câo;\Õ�HVÖ 7:9M9\ÒEÚVÚ�HV9>9]âèÒ�N�Ý¬éÀ9A;\Õ�HV[\HÅFC[\H8!ÙX�Hr9<;>7OBTF%;\7P=CBT9�KE;\Õ�H|HD·�RTHrÚ�;>HVX!BzÒ�ÖÅá¬H�[M=UâÄ9\ÒEÚ�Ú�HV9>9<âèÒ�N
REFaÚ�DCH�;�917P9�!�'0d$�¬��*�ü?dF� �>� ò7`,IB!oÝ>=fÕEH�[>H�âè=C[>HCK`âè=a[1N:FU[>ÓCHF!ÔFCBEX/û+K5d?ü0'0d$�¬��*��¨�L�ã�?ñ)9\Õ�=CÒ�N:X/R�[\=%×z7:X�HMFCB
FURER�[\=�·�7PÖ@F%;\7P=CB�âè=C[f;>Õ�H�[\=aÒ�;\7PB�ÓdÚ�=`9<;rÝ>=fÕ�7P9A[\Hr9]Ò�NO;8Ö@F%;>Ú�ÕEHV9fß87O;\Õ!=CÒ�[8HO·�RTHV[\7PÖdH�B`;>9VÝ



ý¦s�x�xPÔ}þ+)�6 ÚÄ×CHVBÆ7�â ð [>H�HrX�Ø`ü�á 7:9�FUR�REFC[\HVB`;\NPØÛí`Ò�7O;\HàX�7 kJH�[>H�B`;/âè[\=aÖ ð [>H�HrX�Ø`ü¿FEK}FCÚ�;\ÒEFCNONPØÛ7�;�áTHVÕEFG×CHr9
9\7OÖd7PNPFC[\NPØCÝ

äkB ð [>H�HrX�Ø`ü�á+KC;>Õ�H�!ZR�[>=zÚ�HV9>9]=a[>9}9]HVBEX�9\7PÖÅÒ�NO;>FCB�H�=aÒE9]NPØeT�!ZRTFCÚ�DCH�;>9Ä;\=eT�!!;�FU[>ÓCH�;�9oë [>H�ÖdH�Ö|áTHV[1;\ÕEFU;
HVFaÚ�ÕdR�[\=�Ú�HV9>9]=a[oÕEFC9Ä;<ß}=�[>HVÚ�H�7P×CH�[�9VÝ?K�7P[�9<;uRTFCÚ�DCH�;>9ÄFaX�×%FUBEÚ�H8[>FCBEX�=aÖ)NPØÅÒEBa;>7ONE;\Õ�HVØd[\HrFCÚ�Õ|;\Õ�HM[\7PÓCÕ`;Ä[>=%ß =a[
Ú�=aNOÒEÖ)B+Ý�?AH�ÒE[\7:9<;>7PÚVFUNPNOØaKJß}H@Ú�FCBÜ7:X�H�B`;>7�âèØZ[�FUBTX�=CÖdNPØÂR�[\=aÓC[>HV9>9]7PB�Ó·RTFCÚ�DCH�;>9«ß87O;\ÕÔ;\Õ�HdÕ�=a[\7;:�=aBa;�FUN5REFCÚ�DaH�;�9
=Uâ ð [>H�HVX�ØaükF�Ý
=fÕ�H|R�[\=aáEFUáE7ONP7�;<Ø/;\ÕTF%;�B�=�REFaÚ�DCH�;À7P9«X�7P[\HrÚ�;>HVX!;>=/F·[>HVÚ�H�7P×CHV[À7:9,'��]� IW � *<W

� ² I³ FCBEXÂÕ�HVBEÚ�H)HVFaÚ�ÕÂ=Uâ
;\ÕEHÀ[>HVÚ�HV7O×aH�[�9�ÕEFC9Ä;\Õ�HMR�[>=CáEFCá�7ONP7O;<ØB�°�z��ü?dA=Câ�ÓCH�;];\7PB�ÓÅF�REFCÚ�DaH�;VÝ`éÀ9Ä;\Õ�HV[\HÀFC[\HFT�!!REFCÚ�DaH�;�9�K%;>Õ�HÀHO·�RTHrÚ�;\HrX
BzÒ�ÖÅá¬H�[8=Câ�9\ÒEÚVÚ�HV9>9]âèÒ�N_REFCÚ�DaH�;�9}7:9]T�'����c��ü?d�*�K`ß8ÕE7PÚ�Õ!7:98Ú�=CB�ýE[\ÖdHrX�ázØ@;>Õ�H�HD·�R¬H�[>7OÖdH�B`;�9�Ý
ý¦s�x�xPÔ}þ+)u äkB ð [>H�HVX�ØaükÚ�FUNPÓC=a[\7O;\Õ�Ö!KzNPH�;]�G'0/2��ä�*fX�H�B�=C;\H«;\Õ�H�RE[\=aáEFUá�7PNP7�;<Ø·=Câ5FdREFaÚ�DCH�;fFU;ÀX�7P9];>FCBEÚ�HG'$/���ä�*
âè[>=CÖ ;\ÕEHd;>FU[>ÓCH�;M;>=�FaÚ�Õ�7PH�×CH|;\ÕEH|;�FU[>ÓCH�;VÝ�7 7�;>Õ4R�[\=aáEFUáE7ONP7�;<Ø IW 7O;ÅÚ�FCBÔÚ�Õ�=z=a9\H|;\Õ�HdNP7OB�DÜ7OBÔ;\Õ�HdB�=�X�HaÝ_äkB+<âè[\Hr9]Õ�-1[\=aÒ�;\7PB�Ó�9]7O;\ÒEFU;\7P=CB�K%ß8ÕEH�B|;>FU[>ÓCH�;5FaX�X�[>HV9>9]Hr95FC[\H1[�FUBEX�=aÖ!KVHV×CH�B)7PBÅ;>Õ�Hf=U;\ÕEH�[oÚ�Fa9]HaKrß8ÕEH�B|;\Õ�H8=C;\Õ�HV[
REFaÚ�DCH�;uÚ�ÕE=`=`9]Hr9�ýE[�9<;rKC=aÒ�[ÄREFaÚ�DCH�;}ÕEFC9oHrí`ÒEFUN¬Ú�ÕEFUBEÚ�HV9�;>=ÅX�HrÚ�[>HVFC9\HAX�7:9<;�FUBEÚ�H8;\=Å7�;�9Ä;�FU[>ÓCH�;rÝC?AHVBEÚ�HaKl�G'$/���ä�*
7:98X�H�;>H�[>Ö)7PB�HrX/ázØ

�G'0/��ä�*��
pqqqqr qqqqs

�G'�ä��&/>*uâè=C[AFCNONª/���ä
IW �G'$/,���l��ä�*E� IW �G'0/��ä�����*uß8ÕEH�B%/G� ä�vc�â| �G'$/,���l��ä�*E� I| �G'0/��ä�����*uß8ÕEH�B%/wv�ä�vc�â| �G'$/,���l��ä�*}ß8Õ�HVB%/�v�ä)���
��ß8Õ�H�B%/G� ä)���

ï1Ø!;\Õ�HV=C[>H�Ö VCáZ;>Õ�H·FG×CHV[>FCÓCH�=Câ[�$FCR�R�[>=aFaÚ�Õ�HV9A;\=4ñ�Ø?V�K_FUBEXÔÕ�HVBEÚ�H@FUá¬=CÒ�;&T?!}ü?`/9]Õ�=aÒ�N:XÜ[>HVFaÚ�ÕZ;\ÕEH
;>FC[\ÓaH�;�7PB ;>Õ�HÜýT[>9];�[>=CÒ�BEX�Ý1?À=%ß}HV×CH�[rKÄHO·zR¬H�[>7PÖ)HVB`;>FUNM[\Hr9]ÒEN�;�9/X�=3B�=U;!9\FU;\7:9<âæFaÚ�;\=a[\7PNPØ Ö@F%;�Ú�Õ ß87�;>ÕÆ;>Õ�7P9
FUBTFUNPØz9\7:9�Kzß8Õ�7:Ú�Õ!ÖÅÒE9];f;\Õ�HV[\H�âè=C[>H«á¬H�;\=z=@9\7OÖdR�NP7P9];\7:ÚUÝ

m}o;Ð q)u�|}x�Ôvt}Ó�x�Ô |}yHrC)Ò
y�rw«0r6yMs�y�t)rwÅ�~vÆ
7 Õ�HVBàFCR�R�NP7OHrXÂ;\=ÂFCBàû�ü�[>H�N:F%;>7O=aB�KE;>Õ�H@éANPÓC=a[\7O;\Õ�Ö S·ýE[�9<;�9\H�Öd7P9\=C[\;>9À;\ÕEH)RTFCÚ�DCH�;>9M7OBàHVFaÚ�ÕZR�[>=�Ú�HV9>9\=C[ÀázØ
;\ÕEH�7P[M;�FU[>ÓCH�;M;>=¦! NO7:9<;�9«7OBU�	'�û�*M;\7PÖdH)ázØÂÒE9\7PB�Ó�9\HVí`Ò�HVB`;\7:FUN°!Jü�ßfFGØ�[>FaX�7 ·Ü9\=C[\;VÝJé8â�;>H�[�;>ÕEF%;�;\ÕEH)[>=CÒ�;\7PB�Ó
;\7PÖdHÀ7:9uX�H�;\HV[\Öd7PB�HVXdázØdX�7PFCÖdH�;\HV[
!ÂFUBTX	¤M´
µ �(� �]¶ '���@��*�K`ß8Õ�H�[>H ¶ '(���@�P*u7:9o;\ÕEHABzÒ�ÖÅá¬H�[}=Uâ_REFCÚ�DaH�;�9�� � ÕEFa9
âè=C[b�2�CÝTä¿;À7P9Aß}HVNONOü�DzB�=%ß8BàðPñwSGó+;\ÕEFU;À7�âuû³��%�'�!Ff;gLh
!)*�K�;>Õ�H�B ¶ '(������*��¢�	'�fÞglh
!)*fß87O;\ÕÂÕE7OÓaÕ�RE[\=aáEFUá�7PNP7�;<ØaÝ
äkBd=U;>Õ�H�[Äß1=C[�X�9VKUFC9>9]ÒEÖ)7PB�Ó«;\ÕTF%;}ûB� %�'�!�fÞglh�!)*�;\Õ�HV[\H8HO·�7P9];>9Ä9\ÒEÚ�Õ@Ú�=aBE9];>FUB`;��};\ÕEFU;}F%â�;>H�[a!b�§��û)[>=CÒ�;\7PB�Ó
9];\H�RT9«FCNON�REFaÚ�DCH�;>9MÕEFG×CH|[\HrFCÚ�Õ�HrX!;\Õ�HV7O[�X�Hr9<;>7OBTF%;\7P=CBÔß87�;>ÕÔÕE7OÓaÕÜR�[>=CáEFCá�7PNO7O;<ØCKJFUBEXZ;\ÕzÒE9«;>Õ�H|[>=CÒ�;\7PB�Ó�Ú�=a9];
R¬H�[8REFaÚ�DCH�;87:9fÒ�R�R¬H�[Aá¬=CÒEBEX�HVX�ázØ�FCB�=U;>Õ�H�[AÚ�=CBE9];>FCBa;rÝ

· ¸ÔÍuÊÀÐ2`\Ï]^zÑ<Í}Ê]^
7àH�R�[>HV9\H�B`;\HrX/FCBZFU[�Ú�Õ�7�;>HVÚ�;\Ò�[>HCK�9\REFU[�9\H«=aR�;\7:Ú�FCNJ;\=a[\ÒE9VKEFCBEX!FUNPÓC=C[>7O;\Õ�Ö@91âè=C[À7OÖdR�NPH�ÖdH�B`;>7OB�Ó/F@Ú�=CÖdÖ|Ò�B�7Oü
Ú�FU;\7P=CB49<;>[\ÒTÚ�;\ÒE[\H);\=!á¬H@ÒE9\HVXÔ7OB4REFC[>FCNONPH�NoÚ�=aÖdR�Ò�;\HV[>9VÝ�7ÔH@á¬H�NP7PH�×CH);>ÕEF%;�;>Õ�H·9]7PÖdR�NPHCK_[>H�ÓCÒENPFC[�9];\[>ÒEÚ�;\Ò�[>H
FUBTX@FUNPN�ü¿=CR�;>7PÚVFUN¬Ú�=CÖdÖ|Ò�B�7:Ú�F%;>7O=aB@FU[>HA7OÖdR¬=C[\;>FCBa;}áTHVB�H�ý�;�9u=Câ_;\Õ�H«FU[�Ú�Õ�7O;\HVÚ�;\Ò�[>HCÝaéAN:9]=�ß1HÀá¬H�NP7PH�×CHA;\ÕEFU;u;\ÕEH
R�[>HV9\H�B`;\HrXÙ[>=CÒ�;>7OB�ÓÔFUNPÓC=C[>7O;\Õ�Ö@9�áTFC9\HVX4=CB3ÓC[>H�HVX�ØÔR�[>7PBEÚ�7PR�NPH/FU[>H�ÒT9]H�âèÒ�N1FCBEXÙ[>HVFCNO7:9<;>7PÚCÝ°R�=Uâ�;<ßfFU[>H�9]7PÖÅÒ�ü
N:F%;\7P=CBT9�9]Ò�RERT=a[];�;\ÕE7P9�Ú�NPFC7OÖ!Ý]kÀB�âè=C[\;\Ò�BTF%;\HVNOØÜ;\Õ�Hd;>Õ�H�=a[\H�;\7:Ú�FCN�FCBEFUNPØ�9]7:9«=Uâ1;\Õ�H·FCNOÓa=C[>7�;>Õ�Ö@9«7P9�9];\7PNON}íaÒE7�;>H
X�H�ýTÚ�7PH�B`;VÝ

éÆBTF%;\ÒE[>FCN¬Ú�=CB`;\7PBzÒEF%;>7O=aB·=Uâ_;>Õ�HMß1=C[>D)ß87ONPNJáTHM;\=|HD·z;\HVBEX@;>Õ�H«Ú�=CBE9];\[>ÒEÚ�;\7P=CBE9Ä;\=�;>Õ�[>H�H�X�7OÖdHVBE9]7P=CBT9�Ý`äkB
;\ÕE[\HVHAX�7OÖdHVBE9]7P=CBTFUN�9\REFU[�9]H};\=a[\ÒT9�K�!�WfR�[>=�Ú�Hr9\9\=C[�9�FC[\H89\H�;uX�7:FUÓa=CBEFCNONPØ�7PBa;>=�FUB�! â ;\=a[\ÒE9VÝ?=fÕ�HAFaX�×%FUB`;>FCÓCH1=Uâ
V%ükX�7PÖdH�BE9\7O=aBEFUNz9\REFU[�9]Hu;\=a[\ÒE9�=%×CHV[°S%ü¿X�7OÖdH�BT9]7P=CBEFCN`9\REFC[>9\HÄ;>=C[>ÒE9+7:9�;\Õ�H8X�HrÚ�[>HVFa9]H}7OBÅ;\Õ�HfBzÒ�ÖÅá¬H�[�=CâEREFCÚ�DaH�;�9
åè=a[«ûÜ7OBÜû�ü¿[\HVNPFU;\7P=CBTç1;>ÕEF%;�FU[>H�B�H�HrX�HVXÂâè=C[Àß1=C[>D`ü�=aR�;\7PÖ@FUN_[>=CÒ�;>7OBEÓEÝTéM9Aâè=a[A;>Õ�H|9>Ú�Õ�HVX�Ò�NOHrXÂéANPÓC=a[\7O;\Õ�Ö S�K
ß1H�áTHVNO7PH�×aH�;\ÕEFU;MFUN:9]=)âè=a[8;\Õ�H�9\7PÖ)RENOHV[ÀéANPÓC=a[\7O;\Õ�Ö@9 ð [>H�HrX�Ø`ü¿FdFCBEX ð [\HVHVX�Ø`ü¿á�KEû��U%	'(!�f;gLh�!)*fß1=CÒENPX�á¬H
H�BE=CÒ�ÓaÕ�âè=a[8ß}=a[\D`ü¿=CR�;>7OÖ@FUN¬[>=CÒ�;>7OB�ÓTÝ

ÞÀâ�;\HVB3NP=�Ú�FUNP7O;<ØàÕEH�NPRE9|FÔNP=U;d7OBÛÚ�=CÖdÖ|Ò�B�7:Ú�F%;>7O=aBÙR�[>=Cá�NPH�Ö@9VÝ5ä¿;dß1=CÒ�N:XÙá¬H/7PB`;\H�[>HV9];\7PB�ÓÜ;\=49<;>ÒEX�Ø4;\ÕEH
H�ã·Ú�7OHVBEÚ�Ø!=UâuF·;<ß}=Cü�NPH�×aH�N59<;>[\ÒEÚ�;\Ò�[>HCKTß8Õ�H�[>H�;>Õ�HÅÕE7OÓaÕÜNPH�×CHVN�9\REFU[�9\H�=CR�;>7PÚVFUN�;\=a[\=a7PX![>=CÒ�;>HV9A;\=/FCBÜFU[>HVF·=Uâ
9\7Þ:VH8�	'�fÞglh
!)*fFCBEX�7PB�;\Õ�7:9AFC[\HrFÅREFaÚ�DCH�;>9fFU[>H�[\=aÒ�;\HrX�NP=�Ú�FUNPNPØÜåèázØ�F@9\Ö@FUNPN_^u6AéÀYÃKE9]HVH@ðã3Gó�ç�Ý



úc_]¹�_�Ì>_+ÊMÐ�_)^
� � � � {Äya~xe>i��5º �E� �%e>i<���ThVm`y ÇÀ� �Ah�i<g � tUv\�ae�yasa~xw�ma» � h�i]hV~x~xe�~�q5nrl�lMs`maw�v�h�j<wxnrmE��¥��`e�� �æÇ e�~�h�j<w�nVm � i<nr½a~xe�l �8� m»ª¼!½Y¾�¿¨¿¨À�ÁÃÂ
ÄfÅ�½'Æ�ÇoÈ�ÉËÊ7½�Å�Á[Ì7É�½fÂ.ÍwÎ�Ï[Ðo¿�É�ÎfÏ�Á�¾�ÎfÑ_Ò1½�Ì7Â_ÀAÎfÏ�Á ½�ÂoÅ�½$ÆcÓt½fÉËÊoÌ7Ï0¿�¼�Çl¾&ÁB¿�Â_¾�¿�Ô1Í�ÒOÓSÇªÕ ÖA×fÔ9Ø1Ù�ÓSÇMÖ?Ú^Ö �
gzh�»re��8�1¨Å�V� � tCgCi<w�ma»re>i � +e>i<~�hV»C�T�:Û^ÛGª �

� � t � {}~xe��U�kwÜ�hVm`y�� �¬� e�m`»Vw � �)s`~¤j<wxv�h��¿j � v�hVgzh�½`~xe|hVv�v�e>�k�MmanUyae��Ap:n�i«�k~xnVjkj<e�y!g`�`n�j<nrmaw�v�i<wxma»dm`e>j�¶�n�i<�C� ��»�¼'½Y¾CÝÞËÓWß�ÓSà7áAáAá �_âU� ©fâ � ©V§ �â �8ÇA� º � {}m`yae>i<�knVmÔh�mzy%g � �+� �)wx~x~xe>i �Ü� gCj<w�v�hV~Äq5nVl�l«s`mawxv�h�j<wxnrm!pPnVi � nVwxmUj<e\i � h��ke�yÔ{u~x»rnVi<w¤j<�al�� � ¥¬e>v\�am`wxv�hV~
Ç e�g�nVikj}q Çu��� ©r© � ��§a�zq5nrl�gasaj<e>i}tUv�wxe�m`v>e8cfe�gzh�ikj<l�e�m%j�� � maw��re>i<�kw¤j��ÅnVp+tUnrsCj<�`e>i<mdq�hV~xw¤p:nVi<maw�hC� � {À�E�YÛr©V© �

§ �A�}�`� nr�¿j<wxv�hU��� �`� sai¨ã>w�nC� �J� gfhVlM½`wxm`wEh�mzy ���lä s`v>v\�ae�~xw � tU�Cm`v>i<nVm`wx�<h�j<wxnVmdwx�k�ks`e��Äwxm)nVgaj<wxv�hV~Egzh�v\�re>jÄ�¿¶Äw¤j<v\�aw�ma»
m`e\j�¶�n�i<�U� ��� m{g �`� i]h�j<w5¹�e�yzº �_»LÐ7½fÏB½fÂoÁ�¾�Ùå¿�Ï�æª½�¼¨ç�Å<� tUgai<wxm`»Ve>iÄ+e>i<~�hV»a�T�YÛfÛG� �

ª � ¥ � q5�`wxv]� �]ß+Ê_Ï�ÁÃÉcÁÃÅ�ÎfÏ�Á ½fÂ.À�Ì�¼!½fÌ
ÏBÎYÄ?¿]Ê7Îf¼©À?èÃéO¿!êfÁ ½fÂ2ÀAÎ�ÂoÅWÑJ¿�ÅL¼¨è�Å&¿!ÎfÌ^ê�À?¿OÏ0è&ÑJ¿!¾¨½fÉcÉ�Ì
ÂoÁ ¾¨ÎfÏ�Á�½fÂ�É�è�Ï�¼!½�Ê7½^Ñ ÁÃÏBÎfÁÃÂ*Å<�
� �`cÛj<�ae��kwx��� �]ë ì v�nr~xe � n�i<l�hV~xeÀtCsag ì i<wxe�sai<e8yCe � �GnrmT� � i]h�m`v�er�E�YÛfÛG� �

� � º � ÇA��� e>e��ai<e>i|h�mzy ��� íÀ�5Ç hVl�pPe�~¤j � � hVv]�Ge>j)tU�Cm`v\i<nrm`wã�h�j<wxnrmàpPnVidtU�Cm`v>i<nVm`nVs`� � gaj<wxv�h�~}cfe\¸ze�v>j<wxnVm �æÇ nVsaj<e�y
� m%j<e>i<v>nrm`mae�v>j<wxnrm � e>j�¶�n�i<�C� ��î!ÞtÞtÞðïo¼'ÎfÂoÅ�ÎA¾&Ï�Á ½�ÂoÅ�½fÂ¬»WÎf¼!ÎfÑÃÑJ¿&Ñ©ÎfÂlÀòñ�ÁÃÅ¨Ï�¼�Á ó&Ì
Ï0¿!À%Ç*ÈfÅ¨Ï0¿�É�Å �o�C¹è�Gº\� �V�Gª�¨%�C�V�r�
�YÛfÛr� �

� � � ��� nVi<�ke�~x~��� �`� e>g`gz¦�m`e�mE�zh�mzy@� �z� e�m%jkj<nrmae�m ��� ¼�v>w�e>mUj}¥T¶5n ��� e>�Ge�~_�)e>�k�@½zhV�ke�y·tCwxl«sa~Oh�j<wxnrm)n�p �+Ç {f�)� �
� m »ª¼!½Y¾�¿¨¿¨À�ÁÃÂ
ÄfÅ�½$Æ;î�ÂoÏ0¿�¼�ÂlÎfÏ�Á ½�ÂlÎ^ÑtÇoÈ�ÉËÊ7½fÅ¨ÁÃÌ
Éð½fÂò»WÎf¼'Î^ÑÃÑJ¿&Ñ1ô©¼!¾�Ð
Á[Ï0¿¨¾&Ï�Ì
¼!¿�Å�ÔOô�Ñ ÄA½f¼�ÁÃÏ[Ð
É�Å�ÎfÂlÀ.Ùå¿�Ï�æL½f¼!ç�Å�ÔWî�Ç_õ»5ô�ÙMÕ Ö?Ú �`g`hV»re>�1��ÛÀ¨.ârª �z�����+� q5nVl�g`sCj<e>i}tCn%v�wxe>j��%���YÛ^ÛV� �

© �A�+� { � g1nr~�yC½�e>i<»a�_ö � �dh�j<w�h����EhVmzy·t �zÇ hVn � {}m � gaj<wxv�h�~_tUw�lMs`~�h�j<wxnVm@nVp5tC�`h�i<e�y@�)e>l�nVik� �Ä� m Ç
»9ô©ôMÕ Ö:÷*Ô�Ú�Ï[Ðô©ÂoÂ*Ì*Î^ÑªÇoÈ�ÉËÊ7½�Å�Á[Ì7Éø½fÂ�»OÎ�¼!Î^ÑÃÑJ¿&Ñ]ô�Ñ ÄA½f¼�Á[Ï[Ð
É�Å2ÎfÂ_À{ô©¼!¾�Ð?ÁÃÏ0¿!¾&Ï�Ì7¼!¿�Å¨Ô.ÓtÎ�Ê*¿�ÍwÎfÈ�ÔOÙå¿�æ�ù7¿�¼�Å&¿�È �+gzhV»Ve����Vªr�)¨
�V�r�U�_ºrs`mae«�YÛfÛV§ �Û � � � q � g1sagaj]h �ªú�ÎfÂ_ÀAó¨½Y½Cç2½'Æ�»tÐ*½fÏB½fÂ*Á ¾&Å<� q Ç q � i<e��k� �¬� q}� � n%v�h Ç h�j<nVmT���YÛfÛG� �

��� � c � �o� �8mUsaj<� ��ïEÐo¿�ô©¼�ÏW½'Æ�Ót½fÉËÊ_Ì
Ï0¿�¼Ë»ª¼!½¨Äf¼'ÎfÉ�ÉcÁÃÂ
ÄfÔ;û*½^ÑJÝ]ü�� {uyayawx�knrm � ý e��k~xe>�%���:Ûr�r© �
�r� �  �_� e�gagz¦Vmae�mÜhVm`yÔ� ��� e�m%jkj<nVm`e�m �uý n�i<� ��� gCj<w�l�h�~otUw�lMs`~�h�j<wxnVmÜn�p ��Ç {f� �)nUyCe�~x��nrmà�)e��k�`e>� �¬Ùå½f¼'ÀfÁ ¾ù
½fÌ
¼�ÂlÎ^Ñ1½fÂ%Ót½fÉËÊ_Ì
Ï�ÁÃÂ?Ä ���U¹¿��º\� ªU�f¨��^ÛC�T�YÛfÛGª �
��� �8ÇA� �)n�j�¶�hVm`w¬hVm`y �J�`Ç hV»V�zh��VhVm �ªþWÎfÂ_ÀA½fÉ�Áÿ�¿!À�ô�Ñ ÄA½f¼�ÁÃÏ[Ð
É�Å<� q�hVlM½ai<w�ya»Ve � maw��re>i<�kw¤j�� � i<e��k���¬�:Û^ÛGª �
�Yâ �A�}� �o� { � tChV~xe��@h�mzy)� � q � ¥¬e�wxv]� �ªÒ9Ì
ÂlÀAÎ�É�¿�ÂoÏBÎfÑ Å;½'Æ�»LÐ*½�ÏB½fÂoÁ ¾&Å<� ºrnr�am ý wx~xe>���	tCnrma��� � m`v � � �M� t � {A�T�:Û^ÛU� �
��§ ��íM� tCv]�ai��ryae>i�� �M� t��C�Gn�i]hC�`hVm`y �\� �ikj<n �}� gCj<wxl�hV~ � lM½�e�y`yCw�ma»�nVp�h�¥¬n�i<nrw�y`h�~�{uiki]h��|w�m·h � w�mae�h�i1{uiki]h�� �Ä� mÒ1½fÌ
Â_ÀAÎfÏ�Á ½fÂ*Å;½'Æ�Ót½fÉËÊoÌ7ÏBÎ�Ï�Á ½fÂ�ïEÐo¿!½f¼�È ��g`hV»Ve��©â^Ûr�M¨�â^ÛV§C�¬�:Û^ÛC� �
��ª � { � tCv]�Us`�¿j<e>i ���©½fÌ
ÂlÀfÅ�ÎfÂ_À�ô©Â_Î^Ñ ÈfÅ¨ÁÃÅuï5¿!¾�Ð
ÂoÁ	�&Ìo¿�ÅcÆ:½f¼�
ª¼¨¿¨¿!ÀfÈ%ú�½fÏ õÃ»O½�ÏBÎfÏB½�þO½�Ì7Ï�Á[Â
Ä �ov]�zh�gaj<e>i��r�V�ogzh�»re��

�V©fâ�¨?âGª�§ � �8~xs%¶�e>iu{ov�hVyae�l�wxv � s`½a~xw��k�ae>i<���¬�:Û^Ûr� �
��� � º � tCwx½�e>�Cm � tUnr~x�Uwxm`» � s`mzyahVl�e�m%j]h�~ � i<nV½`~xe�l��_nrm�tCg`h�i<�ke � �)e��k�ae�� �`� m Ç_¾�Î�ÂlÀfÁÃÂ_Î�YÁ ÎfÂ��c½f¼!ç�Å'Ð*½�Ê{½�Â�ô�Ñ ÄA½�¼�ÁÃÏ[Ð?ÉïEÐo¿!½f¼�ÈfÔtÇ��©ô�ï�Õ Ö��^ÔEØ+Ù�ÓSÇòü&÷��^à �zgzh�»re��}��©r©M¨|��Û^ÛC�T�YÛfÛr© �
��� � ¥ � º � tUnrs`�rnrgT� ÇÀ� º ��� e�s`e\i<�¿j<e�wxmT��h�mzyd � �J�oí e�sCi<w�ma» �Ä� l�g`~xe�l�e�m%j]h�j<wxnVm)nVp�h ¢ ½�e\i � nVgaj<wxvAyae>~Oh�� � ~xw�maeMl�e>l�nVik� �ôªÊAÊlÑ ÁB¿!ÀMß+Ê_Ï�Á ¾&Å �_âC�G¹¿���rº\� âG��â^â�¨
âG��§G�U���:Û^ÛG� �
��© �A�+� g � 5h�~xwOh�m%j � g1e>m`e>i]h�~ � sai<g�nV�ke � h�i]hV~x~xe�~o{Äi<v\�aw¤j<e�v>j<sai<e>� ��� m ô�Ñ ÄA½�¼�ÁÃÏ[Ð?É�Å�ÎfÂ_À%Ót½�ÉËÊlÑJ¿!êfÁÃÏ�È�Ô�úåÎ�ÂlÀAó¨½Y½Cç�½'ÆïEÐo¿!½f¼!¿�Ï�Á ¾¨Î^ÑªÓt½fÉ�Ê_Ì
Ï0¿�¼�Çl¾&ÁB¿�Â_¾�¿ �`�Gnr~xsal�ef{À�agzh�»re��©Û�§Aâ�¨?ÛG�%�r�_�YÛfÛr� �
�YÛ �A�J� � � �u� 1w¤j��Vm%�Cw �%� n%v�hV~xw¤j��%�rq5nrl�lMs`m`wxv�h�j<wxnrmT��hVm`y � m%j<e>i<v�nrmam`e�v\j � e>m`»Vj<�AwxmM�)s`~¤j<wxv�nrl�gasaj<e>i<� �*Ç7î!ô©Íù
½fÌ
¼�ÂlÎ^Ñ½fÂ�Ót½fÉ�Ê_Ì
Ï�ÁÃÂ
Ä �T���U¹�§%º\� �Gª�Û�¨��G�r�%��{us`»rsa�¿j8�YÛV©r© �


