
���������
	������������������������������	 �
!"�#�$!%�'&(���*),+-��#�$.���

/1032547698:2<;�=> 2@?BADC7EGF�HJI925KLKL2@MN2@H7OPCQ2@H76SR�TUF�03VWH7FX;�F�Y%8[Z\ZLFPA
]<^X_U`�_Ua7bdcWePbLf<g�hUiGjlknm o%h@pqm

^�rtsnuvbdbLwyxWr�zv{�i|zvbdf@}9bLzv~��*�@�9��k��D�t�5��a7bdcWePbLfUk��"bdeDbLzvw�bdbD�U�lbdw�~D��cU�
�D�D�D���B�5�D�����5�D�t�����B�t�U�$�P�B�@�$�P�@�D�t�G���B�5�D�D�B�P�t ��n�B���¢¡5�

£¥¤ ��¡P¡U���B��¡B�5�$�D��¦#�q�t§d¦

¨'©«ªd¬d$®°¯t¬D±³² b�bdetrtw�cWr�uvb³uv´UbXrtfUµDfB¶5�
�·u�¶<x5zvµ$e5�y¸5b*¸¹}B¶<u�º#µ�x9µDxWcUwyr�z%bd�'r���w
�
�·»¼���
xWw�bd�
bdfBu\r�uv��µtfWsd�#½���»5�'r�snuvbLz�rtf°¸¼¾1bLwy�yr�}Ww�bD��r�f°¸�¿dµt�
x°r$zvb�uv´Wbd�·z�bLÀ[k
À3bd¿Luv��ePbdfUbdsqs�uv´5zvµDcU~D´Suv´Ub
cWsqb
µtÀ�sq����cWwyr�uv��µDfUs%º�´W��¿Á´-�
µ@¸5bdw«uv´Wb'r�wy~tµtzv�·uv´W�
s
cUsqb*¸<}B¶�uv´Ubdsqb��
��»5��fW~XrtxWxUw��y¿dr�uv��µDfUsd_Qo"cUz|sq���³cWwyr$uv�yµtfWs1r�zvb�}°r�sqb*¸<µDf¥r�¿Luvc°r�w
uqz\r$Â
¿�¸Wr$u\r�µD}5u\rt��fWbd¸�À3zvµt�Ãr�xWcU}Ww���¿%rtfUµDfB¶5�
µDcUslzvbd�'rt��w�bLz�Ä��
�·»'fWµ@¸5b$ÅÁ_ ² b
¸5bLuvbLzv�
��fWb�uv´°r�u�r�sqsqcW�
x5uv�yµtfWs%�'rt¸Ub³��fÆxUzvbde@��µDcUs%wy�·uvbLz\r$uvcUzvb
r�}9µDc5u%uv´Wb
¸5�ysnk
uqzv��}Wc5uv��µDfXµ�ÀÇ�
��»���fWxUcUu«uqz\r$Â
¿|r�zvb���fW¿dµ�zqzvbd¿Lu*ÈP��fXxWr�zquv��¿dcUw[r$z*�Duv´Ub �yfUxWc5u«uqz\r�Â
¿
¸5µBbds«fWµ�u�À:µtwyw�µ*º�r1É�µt�ysqsqµtf
¸U��snuqzv��}Wc5uv��µDfQ_ ² blbdsnu\r�}Ww���sq´�À:µ�z«uv´WbGÊWzvsnu�uv���
b�uv´Wr�u
r³w�µ*º#bÁz"}9µtcWf°¸�bL»5��snuvs|µtf�uv´Wb�rtfWµtfB¶U�
�·u�¶'µtÀ�½��·»5�'rtsnuvbLz*�WrtfW¸�¸U��sq¿dµ$ePbÁz|uv´Wr�u
cUf°¸UbÁz�¿dbLzqu\rt��f<¿L��zv¿LcW�
snu\rtfU¿dbds uv´Wb�rtw�~Dµ�zv��uv´U�ÃcWsqb*¸�}@¶�¾|bdw��yrt}Ww�b%x5zvµ�e@�y¸UbLs|fUµ
r�fWµDfB¶5�
�·u�¶B_ ² b�ÊWf°¸-uv´°r�u³uv´Wb<cUxWx9bLz³}9µDcWfW¸¼µtfËr�fWµDfB¶5�
�·u�¶-x5zvµ$e5�y¸5b*¸¼}B¶
½��·»5�'rtsnuvbLz|��s�sqw��y~t´Buvw�¶�´W��~t´WbLz�uv´°r�f�uv´Wr�u|xUzvµ$e@�y¸Ub*¸�}@¶'¾|bdw��yrt}Uwybt_
² b1�y¸UbLf@uv�·À[¶³Ì9rdº�s#��f
uv´Wb�sqµ�À3u�º#r�zvb���f'¾|bdw��[r�}Ww�b1uv´Wr�uGÀ:c5zquv´WbLzl¿dµD�
x5zvµD�
��sqb���uvs
r�}W��w���u�¶³uvµ%x5zvµ�e@�y¸Ub�r�fWµtf@¶5�
�·u�¶B�tr�f°¸�zvbde@��bLºÍ{PbL¶³r�zvb*r�s�uv´Wr�u�r�zvb|fWbd¿Lbdsqsvr�zq¶�À:µtz
uv´Ub"sqbd¿dc5zv�·u�¶'µtÀ�r��
�·»
��f�rD¸W¸5�·uv�yµtf�uvµ�r�sqµtcWf°¸�rtw�~tµtzv�·uv´W�<_Uo"c5z�rtfWrtw·¶5sq�ys�¿*r�f
}9bGcWsqb*¸"uvµ�bdetrtw�cWr�uvbGcWf°¸5bLz7º�´W��¿Á´%¿L��zv¿LcW�
snu\rtfU¿dbds7uv´Wb«u�ºlµ|�
�·»5��fW~�r�wy~tµtzv�·uv´W�
s
sq´UµDcWwy¸
}9b�cWsqb*¸³uvµ�}9bdsnu#rt¿\´W��bdePb|r�fWµDfB¶5�
�·u�¶³rtfW¸Xsvr�uv��snÀ3¶
uv´Ubd�·zlxUcUzvx9µDsqbt_5o"cUz
ºlµtzv{�¿drtfNr�wysqµ'}9b%cUsqb*¸<rts1r³À3z\r��
bLº#µ�zv{�À3µtz"bdsnu\rt}Uwy��sq´U�yfU~'rXsqbd¿dc5zv��u�¶�zvbLe5��bLº
x5zvµB¿dbdsqs�À:µtz|�
�·»�fWµ@¸5b�¸UbdxUwyµ*¶5�
bdfBuvsd_

Î ÏWÐ|Ñ9ÒÇÓ%Ô�Õ�Ö�ÑÇ×vÓ|Ð

Ø�Ù F|ÚqHWZÁFtÛÁH7F$Z#Y"2UKÜ83HÇ8yZL83250[03V
Ý�F�ÛdÞ$F�83T5FD6
25Kl2�Ûd2BZ Ù F�Ûl2@HÇßUHWV°M<ß54QKÜF�H°T°83ÛÁßUHÇM<F�HWZtàDá�ßBYâY"F
ã H7ßBYäZ Ù 2BZ�8[Z�Þ�25H-åQF'2<Ý�ßBY"F�ÛÁæ¢4Ç0GKÁ4ÇÛÁTUF�830[0:2@HQÞ$F³ZÁß°ß50�çQ25H°V5ß5H7FXÞt2@Ý725åÇ03F³ß5æ 0[8:KvZLF�HÇ83HÇè<ZLß
Z Ù F%Þ$ßUM<M�4ÇHÇ8:Þ�2@ZÁ83ß5H�0[83H ã K Þ�25H�KÁÝWV�ß5H�ÚqHWZLF�ÛLHÇF$Z 47KÁF�ÛdK�CPY Ù 8303F�672BZL2�M<8[H78[HÇè³ZLFtÞ Ù HÇ8:éW4ÇFtK
2@ÛLF³å�FtÞ�ß5M<83HÇè<8[H7Þ�ÛÁFD25KÁ8[H7è503VNÝQßBY"F�ÛÁæ¢4Ç0Ü2@HQ6¹M<ß5ÛLFXY%836ÇF�03VÆ25ÞtÞ$FDKÁKÁ8[å70[FUà

ê ÛLFtKÁF�ÛLTW83HÇèÆÝÇÛÁ83TB25Þ�V¼69ß°FtKXHÇß5Z
ß5HÇ03VJM<Ft25H ã F�FtÝÇ8[H7èS83H9æ¢ßUÛÁMN2BZL8[ßUHÍÞ�ß5H9ëQ6ÇF�HWZÁ8:2@0�ìÜ8[Z
2@0:K\ß<M<Ft25H7K%HÇß5Z�ÛÁFtT5FD2@038[HÇè<83H9æ¢ß5ÛLMN2BZL8[ßUHS25åQßU49Z�Y Ù ßN8:K�Þ$ßUM<M�4ÇHÇ8:Þ�2@ZÁ83HÇèNY%8[Z Ù Y Ù ßUMSà
í HÇßUHWV°M<ß54QKÜÛLF�MN2@830[FtÛLK1î�2503KÁß�Þ�250[03Ft6¥ï�ðyñ°ò$óDôÜ250[03ßBY�Z Ù Ft8[Û#47KÁF�ÛdK«ZLß�KÁF�H76
FtMN2@8303K�Y%8yZ Ù ß54ÇZ
6983KLÞ$03ßUKÁ83HÇè%Z Ù F18:69F�HWZL8yZvVXß@æ9Z Ù F|ÛLFtÞ�8[Ý78[FtHUZ�ZÁß³2%Z Ù 8[Ûd6
Ý725Û\ZvVUà Ø�Ù FtVX2503KÁß�250[03ßBY�Z Ù F�K\FtH769FtÛ
ß@æ 2�M<FDKÁKL2@èUF�ZLß<K\ZL2PVÆ2@HÇßUHWV°M<ß54QK|ZLß<Z Ù F
ÛLFtÞ�8[Ý78[FtHUZDà

Ø�Ù F'ß5åÇõvFtÞ*ZL8[TUF�ß5ælZ Ù 8:K�Y"ß5Û ã 8:K�ZÁß Ù 2PTUF�éW472@HWZL8yZd2BZÁ83T5F�ÛÁFDK\4Ç0[ZLK�ß5H-Z Ù F�25HÇß5H°V°M<8yZvV
25Þ*ZL472@0303V¥ÝÇÛLßBTW8:69FD6¹å°V¥ZvY"ßNM<8yö�K\ß5æ�ZvY"25ÛÁF³83M�Ý70[FtM�FtHWZL2BZL8[ßUH7K%83H�Y%8369F�69F�ÝÇ03ßBV°M<F�HWZtC°ZLß
ZÁFtK\Z¥Z Ù F¼25Þ$ZÁ47250�25HÇß5H°V°M<8yZvV÷Ý7ÛÁßBT°8:69Ft6øZÁß÷Z Ù FJ4QK\FtÛLKNß5æXZ Ù FJÛLF�MN258[03F�Û¥KÁF�ÛLT°83Þ�F5C|25H76
ZÁßJÞ$ßUM<Ý72@ÛLF�Z Ù FNZvY"ß-698[ù�FtÛÁFtHUZ�6ÇFtKÁ8[èUH7K�àGúÍF¥FtTB2@03472BZLF<25HÇß5H°V°M<8yZvVÍ8[Hâ2-KÁ8[H7è503F$ûnHÇß969F



ü mlwyr�c°¸U�yrXý�þÿ r��D�Ça7bdfNh5rtsqsvrt�'r�fQ�WrtfW¸<gGeDbdw·¶UfUb�ý�bLº��·uquvb

Þ$ß5HWZLF$ö°Ztà Ø ß�25KLK\FDKÁK�Z Ù F³2@HÇßUHWV°M<8[ZvV�ÝÇÛLßBT°836ÇFt6<å°V�Z Ù F³F�HWZÁ83ÛÁF�ÛÁFtM<258[03F�Û1HÇF$ZvY"ß5Û ã C52567698yû
ZÁ83ß5H7250ÇÞ$ß5HQK\8:69F�Ûd2BZL8[ßUH7K#2@ÛLF�HÇFtÞ�FtKLKÁ25ÛÁVUà í K 83H76983TW8:6947250ÇHÇß969FDK 2@ÛLF1Z Ù F%å72UK\8:Þ�Þ$ß5M<Ý�ß5HÇFtHWZ
ZÁß¥Z Ù F�H7F$ZvY"ß5Û ã ß5æ#M<8[ö9FtKtCQY"F�258[M ZÁßÆÝÇÛÁßBT°8:69F'83H9æ¢ß5ÛLMN2BZL8[ßUH�ZÁß¹å�F�Þ�ß5H7KÁ8:69F�ÛLFt6�Y Ù FtH
Þ Ù ß°ßUKÁ8[HÇè<Z Ù 8:K�Þ�ß5M<ÝQßUHÇF�HWZDà7ú�F Ù 2PTUF
47K\FD6-25K�8[HÇÝ749Z�ÛLFt250yûn0[8[æ¢F�6Ç2@ZL2NèW2BZ Ù F�ÛLFt6Ææ¢ÛLß5M 2
ÝQßUÝÇ4Ç0:2@Û%ÛLF�MN2@830[FtÛtC925H76�K\83M�4Ç0:2BZLFt6¹Z Ù F
å�F Ù 2PTW83ß5Û�ß5æ�Z Ù F
M<8yö«à

� � ×����	�


 8yö9FDK�25ÛÁF¹Z Ù FSFtKLKÁF�HWZÁ8:2@0"åÇ4Ç83036Ç8[HÇèËåÇ03ß9Þ ã ß@æ�25HÇß5H°V°M<ß547K�F�MN2@830%K\FtÛÁT°8:Þ$FDK�à í M<8[ö÷83K
2ÆÛLß54ÇZÁF�ÛXZ Ù 2BZ Ù 8:69FDKXZ Ù FNÛLF�0:2BZL8[ßUH7K Ù 8[ÝÍåQF�ZvY1FtF�HË83H7Þ$ßUM�83HÇè-2@HQ6¼ßU49ZÁèUß583HÇè�M�FDKÁKL2@èUFtKtà
Ø�Ù F�M<8[ö¹Þ Ù 2@HÇèUFtK�Z Ù FX2@ÝÇÝ�Ft25ÛL25H7Þ$F�2@H76<Z Ù F��7ßBY ß@æÜZ Ù F�M<FDKÁKL2@èUF%ZÁÛd2�¥Þ@àWÚqH¥ßUÛL69FtÛ�ZLß
M<2 ã F1M�FDKÁKL2@èUFtKG8[H76Ç83K\ZÁ83HÇè54783K Ù 2@å70[F1æ¢ÛÁßUM Ft25Þ Ù ß@Z Ù F�Û�Z Ù F"M<8yö'47KÁFtK�ZLFtÞ Ù HÇ8:éW4ÇFtKlKÁ47Þ Ù 2UK
Ý7256Ç6Ç8[HÇè'25H76<F�HQÞ$ÛLVWÝÇZÁ83ß5HÜC@Y Ù 83Þ Ù ÝÇÛLßBT°8369F�åÇ8[ZvY%8:K\F�47HÇ0[83H ã 2@å78[038yZvV�å�F$ZvY"F�F�H<83HÇÝÇ49ZdK|25H76
ß549ZLÝÇ49ZLKtà Ø FDÞ Ù HÇ8:éW4ÇFtK�KÁ47Þ Ù 2UK|ÛLF�ßUÛL69FtÛÁ83HÇè'M<FDKÁKL2@èUFtK|6ÇF�0:2PVW83HÇè�Z Ù FtMSCÇ25H76NèUF�HÇFtÛL2@ZÁ83HÇè
694ÇM<M�V<ZLÛL2�NÞ�2@ÛLF�47KÁFt6<ZLß�M<ß9698[æ¢V<Z Ù F��7ßBY ß@æÜM<FDKÁKL2@èUFtKtà Ø�Ù 8:K|M<ß9698[ëQÞ�2@ZÁ83ß5H¥ß5æÜZ Ù F
ZÁÛd2�¥Þ��7ßBY�83K«H7F�Ft6ÇFt6³ZÁß%Ý7ÛÁFtT5F�HWZ«ZL8[M<83HÇè�2BZÁZL25Þ ã K�Z Ù 2BZGÞ�ß54Ç0:6
698:KÁÞ�0[ßWK\FlZ Ù F�ÛLF�0:2BZÁ83ß5HQK Ù 83Ý
åQF�ZvY1FtF�H¹83HÇÝÇ4ÇZ%25H76Æß549ZLÝÇ49Z�M�FDKÁKL2@èUFtK1å°VNß5å7KÁF�ÛLT°8[HÇè�Z Ù F³ZL8[M<F�Z Ù FXM<FtKLKÁ25è5FDK125ÛÁÛL8[TUFt6
2BZ�2@HQ6¹03F$æ�Z%æ¢ÛLß5M Z Ù F
M<8yö«à

Ø�Ù F�8:69Ft2¥ß@æ�M<8yö9FDK�Y�25K�8[HWZÁÛLß96947Þ�Ft6�å°V¼/ Ù 2@4ÇM��·/ Ù 2������nà Ø�Ù 8:K�ë7ÛLK\Z³6ÇFtKÁ8[èUH-Y"2UK
2������Áò$ó��� �!#"(ï�ðyñUC"2÷M�8[ö Z Ù 2@ZSÞ�ß5030[FDÞ*ZLKÆ2÷Þ$FtÛ\Zd2@83H H°4ÇM�å�F�ÛÆß@æ'M<FtKLKL2@è5FDK¥2@HQ6(Z Ù FtH
�747K Ù FtK1Z Ù F�M�àÇI°8[HQÞ$F³Z Ù FtHÜC°TB2@ÛL8325HUZdK|ßUH¥Z Ù 83K1ë7ÛdK\Z�69FDK\83è5H Ù 2PT5F�åQFtF�H¹Ý7ÛÁßUÝQßWK\FD6N8[HÆZ Ù F
0[8[ZÁFtÛL2@ZÁ4ÇÛLF5àQÚqHJZ Ù 83K�Ý72@Ý�F�ÛDC�Y1F�æ¢ß°Þ�47K�ß5H-ZvY"ß¥ÝÇÛd25Þ$ZÁ8:Þ�2@0�M<8yö¼69FDK\83è5HQK%Z Ù 2BZ Ù 2PT5F'å�F�FtH
8[M<ÝÇ03F�M<F�HWZLFt6<2@H76<25ÛÁF�Ý725Û\Z ß@æQZ Ù F 
 8yö9MN25K\ZÁFtÛ#ÛÁFtM<258[03F�Û H7F$ZvY"ß5Û ã � /1ß5Z%$'&(��C@Y Ù 83Þ Ù<Ù 2UK
åQFtF�H�ÝÇÛLßBTW8:6983HÇè<2@HÇßUHWV°M<ß54QK1FtMN2@830GK\FtÛÁT°8:Þ$FDK"KÁ83H7Þ$F)�*$'$'&Çà

Ø�Ù F�ë7ÛdKvZ|69FDK\83è5H<8:K�Þ�250[03Ft6,+ 
 8yö9MN25K\ZÁFtÛ%-<î�25K#Z Ù F%ÛÁFtMN2@830[FtÛ HÇF$ZvY"ß5Û ã ôGå�FtÞt2@47KÁF%8[Z|83K
69FtKLÞ$FtH769Ft6�æ¢ÛLß5MäZ Ù F�ßUÛÁ83è583H7250@K\ß5æ�ZvY"25ÛÁF#ÝÇÛLß5èUÛL25M 69FtKÁ8[èUHÇFt6³å°VX/1ß5Z\ZLÛÁFt0[0��·/1ß@ZDC 
 / ê I�.'/(��à
Ø�Ù F|KÁFtÞ$ßUH76X69FtKÁ83è5HÜC�Þt2@030[FD60+21%Ft0[8:2@å70[F3-ÇC*47KÁFtK�2%698yù�F�ÛLF�HWZGÛLF�ßUÛL6ÇF�ÛL8[HÇè�K\ZÁÛd2BZÁFtè5V4� 1 ê Û%$'$3��à
Ø�Ù F�69F�ZL2@830:K ß@æ�Z Ù F�ZvY1ß
ÛLF�MN2@8303F�ÛdK 2@ÛLF"F�ö9ÝÇ03258[H7Ft6�8[H<Z Ù F%æ¢ßU0[03ßBY%8[H7èXKÁFtÞ$ZÁ83ß5H7Ktà@ú�F�Þ$ßUM�û
Ý72@ÛLFXT5F�ÛdKÁ8[ßUH5/Çà .�ß@æ�Z Ù F 
 8[ö9MN25K\ZÁF�Û�KÁß@æ�ZvY�2@ÛLFX2@H76ÆT5FtÛLKÁ8[ßUH6�Uà .7à &�ß@æ71%F�038:2@åÇ03F5à

8:9<; =?>A@CBEDGF*H*IKJ

 8yö9MN25K\ZÁFtÛ*AN83K<2MLG 3 �!�M<8yö«à ê ß°ß50|M<8[ö9FtK�ÝÇÛLß°Þ�FtKLK'Z Ù FSM�FDKÁKL2@èUFtK�8[Høå72BZdÞ Ù FtKtà Ø�Ù F�V
Þ$ß50303FtÞ*Z M<FtKLKL2@è5FDKlæ¢ß5Û�KÁß5M<F"ZÁ83M<F5C@ÝÇ0:25Þ�F�Z Ù FtM 83H�Z Ù F%Ý�ß°ß50Gî�M�FtM<ß5ÛLV'ß@æ�Z Ù F%M<8[ö7ô*C525H76
K\Ft0[FDÞ*Z�KÁß5M<F¥ß5æ"Z Ù F�M æ¢ßUÛN�747K Ù 83HÇè¼83HâÛL25H769ßUM ß5Ûd69FtÛ'Y Ù F�H÷Z Ù FO�Q47K Ù 8[HÇèÍÞ$ß5HQ698yZL8[ßUH
83K�æ¢4Ç0yëQ0[03Ft6«à 
 8[ö°MN2UKvZLF�Û�8:K�2�ZL8[M<Ft6�M<8[öÆZ Ù 2BZ Ù 25K�2M��ð�ïNòP �Q���ß@æR�3&�M<83HW4ÇZÁFtKtàQ;�4ÇÛL8[H7è
Z Ù 8:K�Ý�F�ÛL83ß°6Jß@æ#ZÁ83M<F5C�8yZ
Þ$ßU0[03FtÞ$ZLK�M<FDKÁKL2@èUFtK�Z Ù 2BZX2@ÛLF
ÝÇ032UÞ$FD6-8[HJZ Ù F�ÝQß°ß50�ß@æ Z Ù F�M<8[ö�à
ú Ù F�HÍZ Ù F�ZL8[M<F�ßU49Z
F$ö9ÝÇ83ÛÁFDK�C�Z Ù F<M�8[ö-ZL2 ã FDK³2ÆH°4ÇM�å�F�Û
ß5æ|M<FtKLKÁ25è5FDK�æ¢ÛLß5M Z Ù F<ÝQß°ß50
Z Ù 2@Z�2@ÛLFNæ¢ßUÛÁY�2@Ûd69Ft6ÍZLßJZ Ù F�83Û�HÇF�ö°Z�69FDKvZL8[H72@ZÁ83ß5HÜC�Y Ù 8:Þ Ù MN2PVÍå�FS25HÇß@Z Ù F�Û�M�8[öâß5Û�2
] ½��·»U�'r�snuvbLz¼ePbLzvsq��µDf �5_ �5�XrtsJº#bdw�w�rtsJ¾|bdw��[r�}Ww�bD�Xrtw�sqµ µDx5uv�yµtf°r�wyw·¶ sqcWxWx9µ�zquvs�uv´WbËµtwy¸UbLz
S m�¶5xW´UbLzvxWcUfW{�T�zvbd�'r��yw�bLz<�
bdsqsvrt~tbÆÀ:µ�zv�'r�u*_VUUµtz�uv´UbÆxUcUzvx9µtsqbds<µtÀ�uv´W��s�x°rtx9bÁz*� º#bÆr�zvb
rtsqsqcU�
�yfU~%uv´°r�uluv´Wb�zvbd�'rt��w�bLzvs r$zvb"}9bd��fW~�µtx9bLz\r�uvb*¸
º��·uv´WµtcUu#uv´U�ys�sqcWxUx9µtzqu*_5i1slrtfUµDfB¶5�
��u�¶
sqbLuvslÀ3µtz uv´Wb�u�ºlµ�x5zvµtuvµB¿dµtw�s|~tbdfWbÁz\rtw�w·¶�¸Uµ�fWµtulµ$ePbLzvwyrtx7�5uv´U��s#¸UµBbLs fWµtul���
x°rt¿Áu#µDc5z#zvbdsqcUw�uvsd_
j#´Wb�m�¶5xU´WbLzvxUcWfW{�zvbd�'rt��w�bLz�xUzvµ�uvµB¿dµDw7��s {@fWµ*º�f�uvµ�¿dµDfBu\r��yf�f@cW�
bLzvµtcWs�Ì°rdº�sd�°r�f°¸'sq´WµDcUwy¸
fWµ�u1}9b"cWsqb*¸��·À«snuqzvµtfW~
r�fWµtf@¶5�
�·u�¶'��s zvb�WBcW�·zvb*¸YX mlµtu$� ý�ý�½<�D��Z�_



mlµt�
x°r$zv�ysqµtfN}9bLu�ºlbdbdf�u�º#µ³xUz\rt¿Áuv�y¿drtw��
�·»�¸UbLsq�y~tfWs �

ë7H72@0�ÛLFtÞ�8[ÝÇ83F�HWZDà Ø�Ù F³H°4ÇM�å�F�Û�[³ß@æÜM<FDKÁKL2@èUFtK|KÁF�HWZ�8[HS2\�2 �Q�]^"-î�ß5HÇFXÞ$V9Þ�0[F�ß@æÜZ Ù F�M<8[ö7ô
83K�2�æ¢4ÇHQÞ*ZÁ83ß5H�ß5æGZ Ù F
HW47M�å�F�Û`_Íß@æ#M�FDKÁKL2@èUFtK"83HÆZ Ù F
Ý�ßWßU0�ç
a(bdc�e�f�gGhjilk�monqp
ros k r a�btcPnvu�wohGx(eyfzg�hji�k�m'ej{�g�hqp
ros k r k�m�nvu�|oh�x(e}p


 8yö9MN25K\ZÁFtÛ¥8:KNÛÁFtÝÇÛLFtKÁF�HWZÁFD6ø83H Z Ù F¼è5FtHÇF�Ûd2@0383?�Ft6øM<8yö M<ß969F�0�î<~ 
M
 ô¥ÝÇÛLß5Ý�ßUKÁFt6
åWV�;�=> 25?�2@HQ6JI°F�Û�õ\2@HWZÁßBT,� ;XI�.'/@å��#25K�K Ù ßBY%H-83H6�l8[èU4ÇÛLFO�5à�ÚqH�Z Ù 8:K�M<ß969Ft0�CQZ Ù F�M<8yö�83K
ÛÁFtÝÇÛÁFDK\FtHWZÁFt6�2BZ#Z Ù F�ZÁ83M<F%ß@æ^�747K Ù 8[H7è7à Ø�Ù F"æ¢4ÇHQÞ*ZÁ83ß5H\�NîA_GôlÛÁFtÝÇÛLFtKÁF�HWZLK�Z Ù F%ÝÇÛÁßUå72@å78[038yZvV
Z Ù 2@Z�2�M�FDKÁKL2@èUF�8:KV�Q47K Ù Ft6¥å°V<Z Ù F�M<8[ö«C°2UK12�æ¢4ÇH7Þ$ZÁ83ß5HÆß@æÜZ Ù F�H°4ÇM�åQFtÛ}_¼ß@æGM<FtKLKL2@è5FDK
8[HSZ Ù F
ÝQß°ß50�àÇá�ß5ZÁFXZ Ù 2BZ��NîA_GôV��[��(_ à

0 50 100 150 200
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
P(n) function for Mixmaster in the GMM

n

P(n
)

�V��� ±��°± ½��·»5�'rtsnuvbLz|��f�uv´Ub��%½N½

8:9�8 �5IK�<>AD��7�AI
1%F�038325åÇ03F'83K�03ßWßWK\Ft0[VÆå725KÁFt6�ßUH�Z Ù F<IWZÁßUÝ9ûq2@H76°û�~³ßJî��^�����-ðyñ�ô%M<8yö�ÝÇÛLß5Ý�ßUKÁFt6�å°V0�XFtK\û
69ß5èW2@H�ò�����!#�Q8[H�� �
Rv�R$��3�nà9ÚqHJIWû�~ÃM<8yö9FtK
î�2@0:K\ß<Þ�250[03Ft6��P �]j��ð�]jQ� �Q°óXï�ðyñ°ò$óDô*C°Z Ù F
47KÁF�ÛdK
è5F�H7F�Ûd2BZÁFN2SÛd2@H769ßUM 69Ft032PV¼æ¢ÛÁßUM 2@HËF$ö9Ý�ß5HÇFtHWZÁ8:2@0|698:K\ZÁÛL8[åÇ4ÇZÁ83ß5HÜà Ø�Ù FNM�8[ö Ù ß50:6ÇKXZ Ù F
M�FDKÁKL2@èUF"æ¢ß5Û#Z Ù F�K\Ý�FtÞ�8yë7FD6<69F�0:2PV�2@HQ6�Z Ù F�H<æ¢ßUÛÁY�2@Ûd6ÇK�8yZDà Ø�Ù F%M<FDKÁKL2@èUFtK#2@ÛLF�ÛÁFtß5Ûd69F�ÛLFt6
åWVÆZ Ù F�Ûd2@H769ßUM<HÇFtKLK�ß@æ#Z Ù F�69Ft032PVS6983K\ZÁÛL83åÇ49ZÁ83ß5HGà Ø�Ù 8:K�M<8[ö�KÁF�HQ6ÇK�M<FtKLKL2@è5FDK�Þ$ßUHWZÁ83HW4Çû
ß547KÁ0[V�ç9Y Ù FtH�8yZ Ù 2UK�åQFtF�H ã FtÝ9Z�æ¢ß5Û�Z Ù F'69F�0:2PVNZL8[M<F
8[Z�83K�KÁF�HWZ%ß54ÇZ�åWV¥Z Ù F
M<8[ö�à

1%F�038325åÇ03F-8[HWZÁFtÛÁßUÝQFtÛL2@ZÁFDKNY%8yZ Ùz
 8[ö°MN2UKvZLF�Û¥ßUH Z Ù FJÝ7ÛÁß5ZÁß9Þ$ßU0�0[FtT5Ft0�å°Vø47KÁ83HÇèâZ Ù F

 8yö9MN25K\ZÁFtÛ<M�FDKÁKL2@èUF¹æ¢ßUÛÁMN2@Z�æ¢ßUÛ�ÝQ25Þ ã F�Z�ZLÛL25H7K\æ¢F�ÛDà71�F�038325åÇ0[F�47KÁFtK<2�TB2@ÛL8325HWZ�ß5æ�Z Ù F
�j��� ï�ðyñ¼69FtKÁ8[èUHÜà O
£ j#´Wb�uv´UbdµtzvbÁuv�y¿drtw"h@k�� �
�·»¼¸Ubdsq��~tfËrtsqsqcU�
bdsXuv´°r$u
uv´Wb�¸Ubdwyrd¶¼x°r�z\r��
bLuvbLz'rt¸Wr�xUuvsXuvµÆuv´Ub
uqz\r�Â
¿lwyµDrD¸Ç��uv´Wr�u«��sd�$uv´Wb�cWsqbLzvs�sq´WµDcUwy¸�sqbLu«uv´Ub#¸5bdwyr*¶�xWr�z\r��
bLuvbLzÜr�¿d¿dµtz\¸5��fW~1uvµ�uv´Wblrt�
µtcWfBu
µtÀ1��fWxWc5u�uqz\r$Â
¿�uv´Ub��
�·»Æ��s³zvbd¿dbd��e@��fW~5_Gj#´W��s³À:bdr�uvcUzvb���sXfWµ�uX���
xWw�bd�
bdfBuvb*¸Æ�yfJ¾|bdw��yrt}Ww�bD�
º�´W��¿\´¹´Wrts1r
snu\r�uv��¿³¸5bdwyrd¶Nx°r$z\rt�
bLuvbLz*_°jQzvcWb³h@k�� �
�·»UbLs1r�w�sqµ����
xWw�bd�
bLf@u�uv���
bdsnu\r��
xWs���f
µtz\¸5bLz�uvµ�xUzvbdeDbdfBu�r�¿Luv��ePblr$uqu\rt¿\{@s#Ä������#r$uqu\rt¿\{@s���f�xWr�zquv��¿dcUw[r$zÁÅÁ_�ÉÜzvbLe5��µtcWs�ºlµtzv{�´Wrts«r$zv~DcWbd¸
uv´°r$u�uv´W��s«�
bLuv´Uµ@¸���s«cUfWw���{Pbdw·¶�uvµ"}9b�b%�Çbd¿Luv��ePbt�tsq��fU¿dbluv´Wb�sqbdf°¸5bLzvs�}9b r�}Ww�b�uvµ"¸UbLuvbÁzv�
�yfUbGuv´Ub
rtxUxUzvµDx5zv�yr�uvbX¸5bdwyrd¶<À:µ�z%b*rt¿\´¥�
�·»<��fNuv´Wb�x°r�uv´MX h5ý%h�Z¢_7jQzvcUbXhBk � �
�·»UbLs|ºlµDcWwy¸<zvb�WBcW�·zvb³r
sqbLzve@��¿db"x5zvµ�e@�y¸Ub|sqcW¿\´'��fUÀ:µ�zv�'r�uv��µDf7_@¾1bL~Pr�z\¸5w�bdsqsd�Urtsluv´Ub1�
bdsqsvr�~Db1xUzvµtuvµB¿LµDw9º r�s#µtzv��~D��fWrtw�w·¶
¸Ubdsq��~tfWb*¸Jº���uv´ÍµDfUw�¶¼r¹x9µBµDw��
�·»-fWbÁu�º#µ�zv{J�yf¼�
��f°¸Ç�«uv´Wbdsqb�uv�y�
bLsnu\rt�
xWs³r�zvb<fUµtu'cUsqb*¸7_
¾1bLwy�yr�}Ww�b%uv´5cUs�¸UµBbds�fUµtu�xUzvµ$e@�y¸Ub�r�f@¶'zvbdsq��snu\r�fW¿db%uvµ�uv´U��s|{@��f°¸�µtÀÜr�¿Luv��ePb�r�uqu\r�¿Á{9_



¡ mlwyr�c°¸U�yrXý�þÿ r��D�Ça7bdfNh5rtsqsvrt�'r�fQ�WrtfW¸<gGeDbdw·¶UfUb�ý�bLº��·uquvb

ÚqH�1%F�038:2@åÇ03F5C|Z Ù F�69F�0:2PVøMN2PV å�FÍÞ Ù ßWK\FtH åWVøZ Ù FÍKÁF�H769FtÛ¹æ¢ÛLß5M 2@HäF$ö9ÝQßUHÇF�HWZL83250
6983K\ZÁÛL83åÇ49ZÁ83ß5H¼ß@æ|M<Ft25HJß5H7F Ù ßU4ÇÛtà�Únæ Z Ù F�KÁF�H76ÇF�ÛX69ß°FtK�HÇß@Z³ÝÇÛÁßBT°8:69F�25HWV-69Ft032PVÆZÁßÆZ Ù F
M�8[ö«CPZ Ù FtH�Z Ù F�M<8yö�8[ZLKÁF�0[æQÝ783Þ ã K#2�6ÇF�0:2PVXæ¢ÛÁßUMÃ2¢Q�]Qð £¤ ��*ï 6Ç83K\ZÁÛL8[å749ZÁ83ß5H�ß@æ�ß5HÇF�2@H76'æ¢ß54ÇÛ
Ù ß54ÇÛdKtà�á�ß5ZÁFNZ Ù 2BZ�Z Ù FDK\FÆÝ72@Ûd2@M<F�ZÁF�ÛdKXß@æ%Z Ù FÆ6ÇF�0:2PV�698:K\ZÁÛL8[åÇ4ÇZÁ83ß5H7K�2@ÛLF¥Þ$ß5HÇë7è54ÇÛd2@å70[FUC
2@H76¼Z Ù FtÛÁF�æ¢ß5ÛLF�MN2@H°V-ÛLF�MN2@8303F�ÛXß5Ý�F�Ûd2BZLß5ÛdK�MN2PVJK\F�ZXZ Ù FtM 0[ßBY"F�Û�ZÁß�ÝÇÛLßBT°836ÇF�2Ææ�25K\ZÁFtÛ
K\FtÛÁT°8:Þ$F5à

8:9¦¥ §©¨�BªB6«�H�J�D�¬E
í 694ÇM<M�V�M<FtKLKÁ25è5F�8:K�2�£¤�*®Uò�M�FDKÁKL2@èUF�8[HWZÁÛLß96947Þ�Ft6<83HUZLßXZ Ù F�M�8[ö�H7F$ZvY"ß5Û ã ZÁß
MN2 ã F%8[Z
M�ßUÛÁFX698#¥Þ$4Ç0[Z%æ¢ß5Û%2@H�2BZÁZL2UÞ ã F�Û1ZÁßN69FtÝÇ03ßBV¥2BZ\Zd25Þ ã K1Z Ù 2@Z�Þ$ß5M<ÝÇÛLß5M<8:K\F�Z Ù FX25HÇß5H°V°M<8yZvV
ß@æ�2�M�FDKÁKL2@èUF5à Ø�Ù F³6Ç4ÇM<M�VNM<FtKLKÁ25è5FDK|2@ÛLF�ÝÇÛLß96947Þ�Ft6¥å°V�Z Ù F�M<8[ö°FDK�C°2@HQ6¥47KÁF�2�Þ Ù 2@83H
ß@æ#M�8[ö¹HÇß969FDK�Z Ù 2BZ%ZÁFtÛÁM<83H72BZLFtK%2@Z%2�M<8[öÆ83H7KvZLFt2U6Æß5æl2�ÛLFt2@0«ÛLFtÞ�8[Ý78[FtHUZDà

;�4ÇM<M<83FtK�25ÛÁFX83H7698:KvZL8[HÇèU4Ç8:K Ù 25åÇ03FXæ¢ÛÁßUM ÛLFt2@0«M<FDKÁKL2@èUFtK%25K"Z Ù F�V¹ZÁÛd2PT5Ft0«8[HSZ Ù F'M<8yö
HÇF$ZvY"ß5Û ã à5I°8[HQÞ$F�Z Ù F�V�25ÛÁF%83HWZÁÛLß96947Þ$FD6�ZÁß
ÝÇÛLF�TUF�HWZ#ZÁÛd2�¥Þ�2@H7250[V9KÁ83KtCPZ Ù F�694ÇM<M�V�ÝQßU0[8:Þ$V
K Ù ßU4Ç0:6ÍMN2@ö°83M<8[?tF<Z Ù F¹HW47M�å�F�Û'ß5æ"Ý�ßUKLK\83åÇ03F¥69FtK\ZÁ83H72@ZÁ83ß5H7KXæ¢ßUÛ
Z Ù FNM�FDKÁKL2@èUFtK¯�74QK Ù FD6
åWV<Z Ù FXM<8yö«àÇ;�4ÇM<M�VNZLÛL2�NÞ Ù 2UK"25H¹83M<Ý725Þ$Z�Y Ù F�H�2@H7250[V°?�83HÇè�Z Ù FXM<8yö¥H7F$ZvY"ß5Û ã 25K"2
Y Ù ß503F5àÇú�F Ù 2PTUFXM<2U69F'M<Ft2UK\47ÛÁFtM�FtHWZLK"Z Ù 2BZ�K Ù ßBY Z Ù 2@Z%Z Ù F'83M<Ý725Þ$Z�ß@æ 694ÇM<M<83FtK�ßUH
Z Ù F�25HÇß5H°V°M<8yZvV¹ÝÇÛÁßBT°8:69Ft6Æå°VÆ2NKÁ8[H7è503F³M<8[öS8:K%TUF�ÛLV¹K\MN250[0�à Ø ßNM<2 ã F³Z Ù F�Þ$ßUM�ÝQ2@ÛL83KÁß5H
ß@æ 
 8yö9MN25K\ZÁFtÛ
2@H76�1%Ft0[8:2@åÇ03F<Ft2UK\83F�ÛDC�Y1F Ù 2PTUF�H7ß@ZXZL2 ã F�H�83HUZLß-25Þ�Þ�ß54ÇHWZXZ Ù F¥694ÇM<M�V
ÝQßU0[8:Þ$83FtK�ß5æ�Z Ù FtKÁFXZvY1ß�M<8yö9FDK%8[HSZ Ù F
ÛÁFDK\470yZdK�ÝÇÛÁFDK\FtHWZÁFt6Æ83HÆZ Ù 8:K�Ý72@Ý�F�ÛDà

° Q9ï�ï¢±\LG �!�ðA��±ª �£5�-ðyñ5ïO�Pó��qò¤� R|2UÞ Ù ZL8[M<F-2¼M<FDKÁKL2@èUF¹8:K�ÛLFtÞ�F�83T5FD6÷å°V 
 8[ö°MN2UKvZLF�ÛDC
² A 694ÇM<M<8[FDK�25ÛÁF'èUF�HÇFtÛL2@ZÁFD6S25H76-83H7KÁF�ÛÁZÁFt6�83H-Z Ù F�Ý�ß°ß50Gß5æ Z Ù F�M<8yö«à Ø�Ù F'H°4ÇM�å�F�Û ² Aß@æ
694ÇM<M<8[FDKNè5FtHÇF�Ûd2BZLFt6âæ¢ßU0[03ßBY 2�èUF�ß5M<F�ZÁÛL83Þt2@0�698:KvZLÛÁ83åÇ49ZL8[ßUHøY Ù ßUKÁFSÝQ2@Ûd2@M<F$ZLF�Û Ù 2UK
Z Ù F
69F�æ�2@4Ç0[Z%TP250[47F³ß5æ}���o�*.7à5ÚqH�256Ç6Ç8yZL8[ßUHÜC9Ft2UÞ Ù ZÁ83M<F 
 8yö9MN25K\ZÁFtÛ��747K Ù FtK"M<FtKLKÁ25è5FDK�C°8[Z
è5F�H7F�Ûd2BZÁFDK�2¥H°4ÇM�åQFtÛ ² O ß5æ|694ÇM<M<8[FDK�Z Ù 2BZX2@ÛLF�K\FtHWZ³2@03ß5H7èNY%8yZ Ù Z Ù F�M<FtKLKÁ25è5FDK�à Ø�Ù FHW47M�å�F�Û ² O ß@æ|6947M�M<83FtK�æ¢ß5030[ßBY�K³2NèUF�ß5M<F�ZÁÛL83Þt2@0�6Ç83K\ZÁÛL8[å749ZÁ83ß5HJY Ù ßUKÁF�Ý725ÛL25M�F�ZÁFtÛ Ù 2UKZ Ù F'69F�æ�2@4Ç0[Z�TB2@034ÇFO�(��/�.7à

° Q9ï�ï¢±�L� �!yðA�¤±) �£v³�ò¤!�ðA�'´¤!3ò\1%Ft0[8:2@åÇ03F�µ K 69F�æ�2@4Ç0[Z|694ÇM<M�V�ÝQßU0[8:Þ$V�Þ$ßUH7K\8:K\ZLK#ß@æ�Z Ù F%è5F�H7F�ÛÁû
2BZÁ83ß5HNß5æ	¶�&
6947M�M<83FtK1F�TUF�ÛLV¢· Ù ßU4ÇÛdK�à Ø�Ù F%ZÁ83M<F�Z Ù FtKÁF�6947M�M<83FtK"2@ÛLF ã FtÝ9Z|83HNZ Ù F�M<8yö
83K1K\Ft0[FDÞ*ZÁFD6�æ¢ÛÁßUM�2X4ÇH78yæ¢ßUÛÁM�698:KvZLÛÁ83åÇ49ZL8[ßUHNY Ù ßUKÁF%M<8[HÇ83M�47M�TB250[4ÇF%8:Kv.�2@H76�MN2Bö983M�4ÇM
83K`· Ù ßU4ÇÛdK�à

¸ ¹ Ð�Ó|Ð}º�»�×vÑ�º¼»½�«Ñ9Ò7×\Ö:�

ÚqH÷Z Ù 83K<KÁFtÞ*ZL8[ßUH÷Y"FÆ83HWZÁÛLß°6Ç47Þ$F¹Z Ù F�2@HÇßUH°VWM<8[ZvVËM�F�ZÁÛL83ÞtK'æ¢ßUÛ�M<8[ö9FtK<2@H76÷Y1FSÝÇÛLFtKÁF�HWZ
Z Ù F�2@Z\Zd25Þ ã M<ß969F�0ÜZ Ù 2@Z�Y1F Ù 2PTUF
Þ$ß5HQK\8:69F�ÛLFt6Üà7EÜF�Z�47K�ë7ÛdKvZ�6ÇF$ë7HÇF'25HÇß5H°V°M<8yZvV¹8[H�Z Ù 83K
Þ$ß5HWZLF$ö°Ztàv¾�]^ �]�±Bï�ð��<±ËY�25K�69F$ëQHÇFt6 åWV ê ëÇZÁ?tMN2@HÇH(2@H76¿�OÀß Ù HWZÁßUÝÇÝy� ê �N.'.3��25KÂÁ<�Ã�Çò
óP�����qòÄ �£Ä´dò$ð�]oÅ\]Æ ��"ðA"5ò�]���ð Ç}�'´¤![ò¢È ð��Ã�°ð�]��<ó�ò¤�� �£³ó�Q�´AÉ�òP�¤��óPÊV���7ò¢��]^ �]j±Bï�ð���±Nó�ò���Ë$à

Ø�Ù F�47K\F�ß5æ�Z Ù FS83H9æ¢ßUÛÁMN2BZL8[ßUH Z Ù F�ßUÛÁF�ZÁ8:Þ�250�Þ�ß5H7Þ�F�Ý9ZNß5æ�F�HWZLÛÁßUÝWV÷2UKN2¼M<F�ZÁÛL83ÞSæ¢ßUÛ
2@HÇßUHWV°M<8[ZvV Y�25K¥KÁ8[M�4Ç0[ZL2@H7F�ß54QK\03VøÝ7ÛÁßUÝQßWK\FD6øå°V I°F�Û�õ\2@HWZLßBTø2@HQ6 ;�25HÇF�?t83K¹8[H?� I9;¯.'¶(�
2@H76 å°V ;�=> 25?øò¤�O��!���8[HÌ� ;XI7/ ê .K¶3�nà Ø�Ù F�698[ù�FtÛÁFtH7Þ$FJå�F$ZvY"F�FtH Z Ù FJZvY"ß÷M<ß°6ÇF�0:K¥æ¢ßUÛ
M�FD25KÁ4ÇÛL8[HÇè³2@HÇßUH°VWM<8[ZvVX83KlZ Ù 2BZ#8[H0� ;³I7/ ê .'¶3�9Z Ù F�F�HWZÁÛLß5Ý°VX8:K�H7ß5ÛLM<250[83?�FD6
Y%8[Z Ù ÛÁFDK\Ý�FtÞ$Z



mlµt�
x°r$zv�ysqµtfN}9bLu�ºlbdbdf�u�º#µ³xUz\rt¿Áuv�y¿drtw��
�·»�¸UbLsq�y~tfWs Í

ZÁßSZ Ù FNH°4ÇM�åQFtÛXß@æ14QK\FtÛLKtà«ÚqH¼Z Ù 8:KXÝ72@Ý�F�Û
Y"F<Y%8[030 47KÁF�Z Ù FNHÇßUH9û�H7ß5ÛLM<250[83?�FD60�Q2PTUß5Û³ß@æ
Z Ù F
M<F$ZLÛÁ8:Þ@à

Ø�Ù F'2@HÇßUH°VWM<8[ZvV¹ÝÇÛLßBT°836ÇFt6ÆåWVS2<M<8yö-Þ�25HSå�F�Þ�ß5M<ÝÇ49ZLFt6Sæ¢ß5Û�Z Ù F'83H7Þ�ß5M<8[H7èNß5Û%æ¢ßUÛ
Z Ù F³ß549ZLè5ßU8[HÇè�M<FtKLKÁ25è5FtKtà5ú�F
Þ�250[0QZ Ù 8:K³ó�ò¤]Æ"5ò��Î��]^ �]�±Bï�ð��<±N2@HQ6M�ÁòP��ð L�ð�ò�]�����]^ �]�±Bï�ð��<±Bà

��ò�]^"5ò��M��]Æ �]�±Bï�ð���±�� Ø ßâÞ�ß5M<ÝÇ49ZLF�Z Ù FJKÁF�H76ÇF�Û¥2@H7ß5H°V°M�8[ZvV5C#Y"F-Y"25HWZ�ZLß ã H7ßBY Z Ù F
F$ù�FtÞ*ZL8[TUF�KÁ8[?tF�ß5æ Z Ù F�2@HÇßUHWV°M<8[ZvVSKÁF$ZXß@æ|KÁF�H76ÇF�ÛdK%æ¢ß5Û³2¥M<FtKLKL2@è5F�ß549ZLÝÇ49Z�å°VSZ Ù F�M<8[ö�à
Ø�Ù F�ÛLF$æ¢ßUÛÁFUC�Y"FNÞ$ßUM�Ý749ZÁF<Z Ù F<F�HWZÁÛLß5Ý°VJß5æ|Z Ù FNÝÇÛÁßUå72@å78[038yZvVJ6Ç83K\ZÁÛL8[å749ZÁ83ß5HÍZ Ù 2@Z'ÛÁFt032@ZÁFDK
ß54ÇÛ�Zd2@ÛLè5F$Z%ßU49ZÁèUß583HÇè�M<FDKÁKL2@èUF�Y%8[Z Ù 2@030�Z Ù F
ÝQßWKÁKÁ8[å70[F
83HÇÝÇ49ZdK�à

³�òP�$ð L�ð�ò¤]j����]^ �]j±Bï�ð���±�� Ø ßXÞ$ß5M<ÝÇ4ÇZÁF1Z Ù F"F$ù�FtÞ$ZÁ83T5F�ÛÁFDÞ$83ÝÇ83F�HWZl25HÇß5H°V°M<8yZvV
KÁF$Z K\83?�F"ß@æQ25H
8[H7Þ�ß5M<83HÇè¹M<FtKLKL2@è5F'Z Ù 2@Z�è5ß°FDK�Z Ù ÛÁßU4Çè Ù Z Ù F�M�8[ö«CQY"F Ù 2PT5F
ZLßÆÞ$ßUM<ÝÇ49ZÁF�Z Ù F�F�HWZLÛÁßUÝWV
ß@æ�Z Ù F-ÝÇÛLß5å725åÇ830[8[ZvV÷698:KvZLÛÁ83åÇ49ZL8[ßUH Z Ù 2BZNÛLF�0:2BZÁFDK�Z Ù FJÞ Ù ßWK\FtH 83HÇÝÇ49Z¥Y%8[Z Ù 250[0�Ý�ßUKLK\83åÇ03F
ß549ZLÝÇ49ZLKtà

á�ß@ZLF%Z Ù 2BZ|83H<Z Ù FDK\F�ZvY1ß'Þt25KÁFtKtCBZ Ù F�M<F$ZÁÛL8:Þ�Þ$ßUM�Ý749ZÁFDK Z Ù F�2@H7ß5H°V°M�8[ZvV�ß5æÜ2�LG������ðA���
Q�!#����8[H7ÝÇ49Z�ßUÛ�ß54ÇZÁÝÇ49Z�M�FDKÁKL2@èUF5ìÇ8[Z�69ß°FDK�HÇß5Z�è583T5F'2<èUF�HÇFtÛL250ÜTB2@034ÇF
æ¢ß5Û�2<M�8[ö-69FtKÁ8[èUH
2@H76�8[Z|83K|69F�Ý�F�H76ÇF�HWZ1ßUH�Z Ù F�ZÁÛd2�¥Þ�Ý72@Z\ZLF�ÛLHÜà Ø�Ù F�2U69TB2@HWZL25è5F�ß@æ�Z Ù 83K|ÝÇÛÁßUÝQFtÛ\ZvV�83K�Z Ù 2@Z
M�8[ö9FtK
MN2PVJß5ù�FtÛ'83H9æ¢ß5ÛLMN2BZÁ83ß5HË2@å�ß54ÇZ
Z Ù F6��Q����Áò�]��X2@HÇßUHWV°M<8[ZvV-Z Ù FtVÍ25ÛÁF<ÝÇÛLßBT°836983HÇèQà
Ø�Ù F�698:KL2569TB2@HWZd2@è5FX8:K�Z Ù 2BZ�8yZ³åQFDÞ$ß5M<FDK�T5FtÛÁV�698#¥Þ$4Ç0[Z�ZLß¹Þ$ßUM�ÝQ2@ÛLFXZ Ù Ftß5ÛLF$ZÁ8:Þ�250[03V�698yæ�û
æ¢F�ÛLF�HWZ�M<8yöâ69FDK\83è5H7KtàGá�F�T5FtÛ\Z Ù F�03FtKLKtCÜ8yZ�83K�ÝQßWKÁKÁ8[å70[FNZLßJM<Ft2UK\4ÇÛLFNß5HËÛLFt250|K\V9K\ZÁFtM<KÆî¢ßUÛ
K\83M�4Ç0:2BZL8[ßUH7KdôÜZ Ù F%2@HÇßUH°VWM<8[ZvV
ß5å9Zd2@83HÇFt6�æ¢ß5Û�2³0:2@ÛLè5F"H°4ÇM�å�F�Û#ß@æ�M<FtKLKÁ25è5FDK�25H76�Ý7ÛÁßBT°8:69F
Þ$ß5M<Ý725ÛL2@ZÁ83T5FXKvZd2BZL83K\ZÁ8:Þ�KtCÇ25K�Y"F
69ßN8[HÆZ Ù 83K%ÝQ2@Ý�F�ÛDà

Ø ß�M�FD25KÁ4ÇÛLF 
 8[ö9M<2UKvZLF�Û3µ KlKÁF�H769FtÛ 2@H76
ÛLFtÞ�8[Ý78[FtHUZ 2@H7ß5H°V°M�8[ZvV5CDY"F Ù 2PTUF125ÝÇÝÇ038[FD6
Z Ù F
æ¢ß5ÛLM�4Ç0:25K�ÝÇÛLßBTW8:69FD6
å°V�;�=> 25?12@HQ6 ê ÛLF�H7F�F�0W83H©� ; ê .�Ï��nà Ø�Ù F%2@HÇßUH°VWM<8[ZvVXß@æj1%Ft0[8:2@å70[F Ù 2UK
åQFtF�H¥M<Ft2UK\47ÛÁFD6�4QK\83HÇè
Z Ù F�æ¢ßUÛÁM�4Ç032UK ÝÇÛLFtKÁF�HWZÁFD6�8[H í ÝÇÝ�F�H7698[ö í à°á�ß5ZÁF%Z Ù 2BZ|Y"F�Þ�ß54Ç0:6
HÇß@Z%2@ÝÇÝ70[V�Z Ù F�M<F$Z Ù ß96¥47KÁFt6¹å°V)�XFDKÁ6Çß5èU25HM� �
R}�R$��3�«åQFDÞ�2547K\F�Y1F³698:6¥HÇß5Z"MN2 ã F�25HWV
25KLK\4ÇM<Ý9ZL8[ßUH¥ß5H¥Z Ù F³6983K\ZÁÛL83åÇ49ZÁ83ß5HÆß@æ«Z Ù F�M<8[ö:µ K18[HQÞ$ß5M<83HÇè'ZLÛL2�¥Þ'îA�XFDKÁ69ßUèU25H¥25KLK\4ÇM<FDK
8[H7Þ�ß5M<83HÇè ê ß58:KÁKÁß5H¹ZÁÛd2�¥Þtô$à

¥C9<; Ð4H�H3DG3Ñ�BEÒCÓ�IK�
Ø�Ù F-2@HÇßUHWV°M<8[ZvV÷M<F$ZÁÛL8:ÞSÞ�ß5M<ÝÇ49ZLFtK�Z Ù F-4ÇH7Þ�F�ÛÁZL2@83HWZvV 2@å�ß54ÇZ�Z Ù FJKÁF�H769FtÛNß5Û�Z Ù F-ÛÁF�û
Þ$83ÝÇ8[FtHWZXß5æ"2SM<FtKLKÁ25è5FUC�èU8[TUF�H¼Z Ù 2@Z�K\ßUM�F�83H9æ¢ß5ÛLMN2BZÁ83ß5H�8:K
2PTP258[0:2@å70[FUàQÚqHËß547ÛXÞt25KÁF5C�Y"F
25KLK\4ÇM<F�Z Ù 2BZ Z Ù F�M<8yö�83K|ß5å7KÁF�ÛLT5FD6'å°V�2XÝQ25KLK\83T5F%2BZÁZL2UÞ ã F�ÛDCBY Ù ß'Þt2@HNK\FtF�Z Ù F%83H7Þ�ß5M<8[H7è
2@H76�ß54ÇZÁè5ßU8[H7è�M<FtKLKL2@è5FDKlß@æ�Z Ù F%M<8[ö�à Ø�Ù F�2BZÁZL25Þ ã F�Û ã HÇßBY�K 2@030Ç83HWZÁF�ÛLH72509Ý72@Ûd2@M<F$ZLF�ÛdKlß@æ
Z Ù F³M<8yö¥KÁß Ù FXÞ�25H¥F$ù�FtÞ$ZÁ83T5F�03VNÞ$ßUM�Ý749ZÁF�Z Ù F³2@HÇßUH°VWM<8[ZvVNK\F�Z"KÁ8[?tF�æ¢ß5Û"F�TUF�ÛLV�83H7Þ�ß5M<8[H7è
2@H76Æß549ZLè5ßU8[HÇè<M<FtKLKL2@è5FUà

ê ÛLF�T°8[ßU47K�Y1ßUÛ ã å°VøI°FtÛ�õ\25HWZÁßBT ò¤�)��!#��� I9;³I�� Ù 25K�æ¢ß9Þ�47K\FD6 ßUH(2UÞ*ZL8[TUFS2@Z\ZL2UÞ ã K�ßUH
K\FtT5F�Ûd2@0#M<8[ö�69FDK\83è5H7Ktà«ú�F¥ÛÁF�æ¢F�ÛXZLßÆZ Ù 8:K'Ý725ÝQFtÛXæ¢ß5Û'Þ$ßUM<ÝÇ0[FtM<F�HWZL25ÛÁVJ83H9æ¢ßUÛÁMN2BZL8[ßUHÍßUH
Z Ù F
ÛLFtKÁ83K\ZL25H7Þ$F³ß@æ KÁF�T5FtÛL250�M�8[ö9FtK"ZLß¥25Þ*ZL8[TUF³2@Z\Zd25Þ ã FtÛLKtà

Ô Õ%×�»ÃÕ�Ö�×lÑ9Ó�Ò��

úÍF Ù 2PT5F-83M�Ý70[FtM�FtHWZÁFt6�ØW2PTB2âK\83M�47032@ZÁß5ÛdK�æ¢ß5Û©1%F�038:2@åÇ03FJ2@H76 
 8yö9MN25K\ZÁFtÛtà�ú�F Ù 2PTUF
æ¢Ft6SZ Ù F�KÁ8[M�4Ç032@ZÁFD6ÆM<8[ö9FtK�Y%8[Z Ù ÛÁFD2@0Ü83HÇÝÇ49ZDC7ßUå9ZL258[HÇFD6�å°VÆ03ß5èUè583HÇèN2<ZÁ83M<FtK\ZL2@M<Ý-FD25Þ Ù



Ù mlwyr�c°¸U�yrXý�þÿ r��D�Ça7bdfNh5rtsqsvrt�'r�fQ�WrtfW¸<gGeDbdw·¶UfUb�ý�bLº��·uquvb

ZÁ83M�F³2
M<FtKLKÁ25è5F%2@ÛLÛL8[TUFt6�ZÁß�2'Y1ßUÛ ã 83HÇè 
 8yö9MN25K\ZÁFtÛ|HÇß969F�î¢HÇß5ZÁF�Z Ù 2BZ|Z Ù F�8[H9æ¢ßUÛÁMN2@ZÁ83ß5H
Y1F<03ß5è5èUFt6�69ß°FtKXHÇß5Z
Z Ù ÛLFt2@ZÁFtH¼Z Ù F¥2@HÇßUH°VWM<8[ZvVJß@æ1Z Ù FN4QK\FtÛLKXß5æ1Z Ù FNM<8yö7ô*àGúÍF Ù 2PTUF
47K\FD6�æ¢ß54ÇÛ1M<ß5HWZ Ù K|ß@æ«83H7Þ$ßUM�83HÇè
ZLÛL2�¥Þ'îAØU4Ç03VUûqá�ßBTUF�M�åQFtÛv¶�.�.'/Uô�ZLß'ß5å9Zd2@83H<Z Ù F�ÛÁFDK\470yZdK
ÝÇÛÁFDK\FtHWZÁFt6Æ83H-I9FtÞ*ZL8[ßUH0&Çà

ÚqH¹ß5Ûd69FtÛ�ZÁß�MN2 ã F�2'æ�258[Û�Þ$ßUM<Ý72@ÛL83KÁß5HGC5Y"F Ù 2PTUF�KÁF$Z"Z Ù F³M<Ft2@HÆß@æ«Z Ù FXF$ö9ÝQßUHÇF�HWZL83250
69F�0:2PV¥ß@æq1%Ft0[8:2@åÇ03F¥î�6ÇF$æ�2@470yZÄ� Ù ßU4ÇÛ*ô1ZÁß<åQF'Z Ù F'KL2@M<F'25K�Ý7ÛÁßBT°8:69Ft6Æå°V 
 8[ö°MN2UKvZLF�Û%æ¢ßUÛ
Z Ù FÆè583T5F�H�æ¢ßU4ÇÛ�M<ß5HWZ Ù K'ß5æ�83HÇÝÇ4ÇZ�îAÏ'/�M<8[H°49ZLFtKdô�ÚUàGú�F Ù 2PTUF¥25KLK\47M�FD6Ë47KÁF�ÛdK'Þ Ù ß°ßUKÁF
Z Ù Ft8[ÛS69F�0:2PV9K�æ¢ÛÁßUM 25H(F�ö9ÝQßUHÇF�HWZÁ8:2@0³698:KvZLÛÁ83åÇ49ZL8[ßUHÜà Ø�Ù F-M<8[ö°ûnÞ Ù ßWK\FtH 4ÇHÇ8[æ¢ß5ÛLM 69Ft032PV
ß5Ý9ZL8[ßUH Ù 25K1HÇß5Z"å�F�FtH¥ZL2 ã FtH¥8[HWZLß�25ÞtÞ$ßU4ÇHWZtC°694ÇF�ZLß�Z Ù F³8[H9æ¢FD25KÁ8[å78[038yZvV<ß5æG8[M<ÝÇ03F�M<FtHUZL8[H7è
2@03è5ß5ÛL8[Z Ù MNKXZ Ù 2BZ�Þ�ß5M<ÝÇ49ZLF¥Z Ù F¹2@H7ß5H°V°M�8[ZvVJæ¢ßUÛ�KÁ47Þ Ù 2J69Ft032PV�698:KvZLÛÁ83åÇ49ZL8[ßUH÷Y%8yZ Ù ß54ÇZ
M<2 ã 8[HÇèN2UKÁKÁ4ÇM<Ý9ZÁ83ß5HQK�ß5HÆZ Ù FXZLÛL2�NÞ³Ý72@Z\ZLF�ÛLHÜC725K�F�ö9ÝÇ03258[H7Ft6Æ8[H í Ý7ÝQFtH7698[ö í à

Ø�Ù F¹KÁ8[M�4Ç032@ZÁßUÛLK
03ß5èJZ Ù FS69F�0:2PV�25H76�Z Ù FÆ2@H7ß5H°V°M�8[ZvVÍæ¢ß5Û�FtT5FtÛÁVÍM�FDKÁKL2@èUF5à 
 8yö9FtK
2@ÛLFNF�M<Ý9ZvVÍ2@Z'Z Ù F¥åQFtè583HÇHÇ83HÇè-ß@æ"Z Ù F¹K\83M�47032@ZÁ83ß5HÜà Ø�Ù FNë7ÛdKvZ'M<FtKLKL2@è5F�Z Ù 2BZ�8:K
Zd2 ã F�H
8[HWZÁß<25ÞtÞ$ßU4ÇHWZ|æ¢ß5Û"Z Ù F�ÛLFtKÁ4Ç0[ZLK183K1Z Ù FXß5HÇF�Z Ù 2@Z�25ÛÁÛL83T5FtK|Y Ù F�H¹Z Ù F�ë7ÛdKvZ�83HÇÝÇ49Z Ù 2UK1å�F�FtH
�747K Ù Ft6ÍY%8yZ Ù $'$KÛ ÝÇÛLß5å725åÇ830[8[ZvV5à í 030 M<FtKLKÁ25è5FDK`�74QK Ù FD6¼2@æ�ZÁF�Û³Z Ù F<032UKvZ
2@ÛLÛÁ83TB2@0�ZÁßSZ Ù F
M�8[öø25ÛÁFS2@0:K\ß�6983KLÞ�25ÛL6ÇFt6âæ¢ßUÛ�Z Ù F�ÛLFtKÁ4Ç0yZdK�à Ø�Ù 8:K�83KN6Çß5HÇFS8[H(ß5Ûd69FtÛ�ZLßÍFt0[83M<8[H72@ZÁFSZ Ù F
ZÁÛd2@H7KÁ8yZLß5ÛLV 83HÇ8[ZÁ8:2@0�25H76(ë7H7250�Ý Ù 25KÁFtKtà�ÚqH ß547Û¹K\83M�47032@ZÁ83ß5H7KtC Z Ù F¼H°4ÇM�å�F�ÛÆß@æ
ÛLß54ÇH767K
6983KLÞ�25ÛL6ÇFt6Í8[H�Z Ù FN8[HÇ8[ZÁ8:2@0 Ý Ù 25KÁF<83KÜ/7CÜ2@H76¼Z Ù FNHW47M�å�F�Û'ß5æ1ÛLß54ÇH767K
6983KLÞ�25ÛL6ÇFt6Í8[H�Z Ù F
ë7H72@0GÝ Ù 25KÁFX83K�/'$Çà Ø�Ù FXZLß@Zd2@0«H°4ÇM�å�F�Û%ß5ælÛLß547H76ÇK"æ¢ß5Û%ßU4ÇÛ�8[H7ÝÇ49Z�ZLÛL2�NÞ³8:KÎ���3��Ï'·7à

Ý Þl�	�°Õ�ÖvÑG�

ÚqH÷Z Ù 83K�K\FDÞ*ZL8[ßUH Y"F¹ÝÇÛLFtKÁF�HWZ�25H76÷25H72@03V°?�FNZ Ù FÆÛLFtKÁ4Ç0[ZLK�Y1F Ù 2PT5F¹ß5å9Zd2@83HÇFt6 Y%8yZ Ù Z Ù F
K\83M�4Ç0:2BZL8[ßUH7Ktà

ß:9<; Ð5à�DG�A«CF*><F)ÒjáRH3â�IM><à	ã7¨�H4H*J�D�¬E
ÚnZ¥83KN2âÞ�ß5M<M<ß5H 25KLK\4ÇM<Ý9ZL8[ßUHø83HøZ Ù F-038yZLF�Ûd2BZL4ÇÛÁFSZ Ù 2BZNZ Ù FJ2@ÛLÛÁ83TB2@0:K<2BZ¥2�M�8[öøH7ß°6ÇF
æ¢ß5030[ßBY 2 ê ß58:KLK\ßUH÷ÝÇÛLß°Þ�FtKLK�àlú�F Ù 2PT5F�2@H7250[V°?�FD6âZ Ù F�8[HÇÝ749Z<ZÁÛd2�¥Þ@C 2@HQ6÷æ¢ßU4ÇH76 Z Ù 2@Z
8yZN69ß°FtK�HÇß5Z�æ¢ßU0[03ßBY 2 ê ßU83KLK\ßUH÷698:KvZLÛÁ83åÇ49ZL8[ßUH HÇßUÛ�Þt2@H÷8[ZNåQFSM<ß°6ÇF�03Ft6÷Y%8[Z Ù 2ÍKÁ83HÇè503F
ZÁ83M�F�û�83H769FtÝQFtH769FtHUZ�Ý72@Ûd2@M<F$ZLF�ÛDà

í ê ßU83KLKÁß5HJÝÇÛLß9Þ$FDKÁK³8:K
M<ß°6ÇF�03Ft6ÍåWVÍ2SKÁ83HÇè503F<Ý72@Ûd2@M<F$ZLF�ÛNäËÛLF�ÝÇÛLFtKÁF�HWZÁ83HÇèÆZ Ù FNF�ö°û
ÝQFDÞ*ZÁFD6¼25M�ßU4ÇHWZ�ß5æ|2@ÛLÛÁ83TB2@0:K�Ý�F�Û<î�ëÇö9Ft6Qô%ZL8[M<F�8[HWZÁFtÛÁTB250�àQÚnæ�Z Ù F<2@ÛLÛL8[TB2@0:K�ZLßS2¹M�8[öJ2@ÛLF
25KLK\4ÇM<FD6-ZÁßÆæ¢ß50303ßBYÃ2 ê ßU83KLK\ßUH-ÝÇÛLß°Þ�FtKLK³Y%8yZ Ù 2@H�2PT5FtÛL25è5F'ß5æ�äË2@ÛLÛÁ83TB2@0:K�Ý�F�Û³ZÁ83M<F<8[H9û
ZÁF�ÛLTB2@0}å¢æX2@H76�Y"FN69F�HÇß5ZÁF<Z Ù F¥H°4ÇM�å�F�Û
ß5æ�25ÛÁÛL83TP2503K³83H÷K\4QÞ Ù 2SZL8[M<FN83HUZLF�ÛLTB2@0�å°V6ç C
Z Ù FtHMç 83K ê ß58:KÁKÁß5H�698:KvZLÛÁ83åÇ49ZLFt6-Y%8[Z Ù ÝQ2@Ûd2@M<F$ZLF�Û�äGçjçéè ê ß58:KÁK�î<ä�ô*à�ÚnZ�8:K�83M�Ý�ß5ÛÁZL25HWZ
ZÁßNHÇß5ZÁF³Z Ù 2@Z�ä�8:KÎ��ð�ïNò¤�qð�]Æ"5ò�LÇò�]^"Uò¤]j��à

ÚqHÍßU4ÇÛ
KvZd2BZÁ8:K\ZÁ8:Þ�2@0�25H72@03V9K\8:K�Y1F�ë7ÛdKvZY�BóLó�Q9ïNòP"-Z Ù 2BZXZ Ù F�Ý7ÛÁß9Þ$FDKÁK³ß5æ"2@ÛLÛL8[TB2@0:K¢Èv�Pó
2 ê ß58:KÁKÁß5H�ÝÇÛLß°Þ�FtKLK'2@HQ6ÍY"F¥FDKvZL8[MN2BZLFt6ÍZ Ù F¥Ý72@Ûd2@M<F�ZÁF�Û4äÜà Ø�Ù F¥0:2BZ\ZLF�Û'Y�25K�69ß5HÇFNå°V
ZL2 ã 83HÇè¥Z Ù F�MN2@ö°83M�47M 038 ã F�038 Ù ß°ß°6JFtK\ZÁ83M<2@ZÁF�è583T5F�H�Z Ù F�H°4ÇM�åQFtÛ�ß5æ|2@ÛLÛÁ83TB2@0:K%Ý�F�Û�ZÁ83M�F
ê ² b<´Wr*ePbN�'rD¸5b�sqµD�
bNsq����cWwyr�uv��µDfUs
À:µtz�¾|bdw��yrt}Ww�bNº��·uv´Ë�
b*r�fø�N´UµDcUz*�lrtfW¸¼uv´Ub�zvbdsqcWw·uvs
µD}5u\rt��fWb*¸�¸Uµ�fWµtu ¸U�ë�ÇbLz�sq��~DfU��ÊW¿*rtfBuvw·¶'À3zvµt� uv´Wb"µtfWbds x5zvbdsqbdfBuvb*¸��yf'uv´W��s xWrtx9bLz�Ä���_ bD_��Wsqµt�
b
�
bdsqsvrt~tbds ¸5µ�fUµtul~DbLu#rtfB¶
r�fWµDfB¶5�
�·u�¶³r�u#rtw�w[ÅÁ_ ² b1¸Uµ�fWµ�u#��fW¿dw�cW¸Ub uv´Wbdsqb�Ê°~tcUzvbdsl´WbLzvb|¸UcUb
uvµ¥r<wyrt¿\{SµtÀ|sqxWrt¿dbD��}WcUu�uv´UbL¶Æº���w�w#}9b'rt¸W¸Ubd¸Suvµ¥rtf-bL»@uvbdfW¸Ub*¸Ært}Wsnuqz\r�¿LuXeDbLzvsq��µDf-µtÀ uv´Ub
x°r�x9bLz*_



mlµt�
x°r$zv�ysqµtfN}9bLu�ºlbdbdf�u�º#µ³xUz\rt¿Áuv�y¿drtw��
�·»�¸UbLsq�y~tfWs ì

8[HWZÁFtÛÁTB250qå¢æ��¼�3&¥M<8[H°49ZLFtKNîAíî�¼�'�*��.'.Uô$àQú�F�2503KÁß�Þ$ß5HQKvZLÛÁ47Þ$ZÁFD6¼2©$'&'Û Þ�ß5H9ëQ6ÇF�H7Þ�F
8[HWZÁFtÛÁTB250°æ¢ß5Û#Z Ù 83K FDKvZL8[MN2@ZÁF5à5ÚqH�Z Ù 8:K Y"2PV�Y1F"æ¢ß547H76,ïä5�ð�3$�$oñ�¶�Y%8yZ Ù Þ�ß5H9ë�69F�H7Þ�F�ÛÁFtè583ß5H
�ò�3$���$��5ìP¶�.�.K&�¶���à Ø�Ù F�H�Y1FXÝ�F�ÛÁæ¢ß5ÛLM<Ft6�2�è5ß°ß969HÇFtKLK\û�ß5æ�û�ëÇZ"ZÁFDKvZ%ZLß¥69F$ZLF�ÛLM<8[HÇF
8[æ#Y1F
Þ�25H
ÛÁF\õvFtÞ*Z%Z Ù F Ù V°ÝQß5Z Ù FDK\8:K

ó4ô çBZ Ù F
H°4ÇM�å�F�Û%ß5æ%25ÛÁÛL83TP2503K"Ý�F�Û%ZL8[M<F
83HWZÁF�ÛLTB2@0Mè ê ß58:KÁKtî%õä�ô¯ö

Y Ù F�ÛLF õäSTB2@ÛL83FtK�ßBTUF�Û|Z Ù F
Þ$ßUH7K\ZÁÛL47Þ*ZLFt6¥Þ�ß5H9ëQ6ÇF�H7Þ�F�83HUZLF�ÛLTB2@0�à Ø�Ù F�è5ß°ß969HÇFDKÁK\ûnß@æ�û�ëÇZ|ZLFtK\Z
Y1F147K\FD6'8:KÜZ Ù F"Y1Ft0[0[û ã HÇßBY%H</ Ù 8yûqKLéU4Q2@ÛLF ZÁFDKvZ%î�6°æ���_�÷O���¢���3��.'¶Uô*à�ø�KÁ83HÇè³2�K\83è5H78yëQÞt2@H7Þ�F
0[FtT5F�0«ß5æ7.�ù .��5CWZ Ù F
HW470[0 Ù V°Ý�ß@Z Ù FtKÁ83K�èUF$ZLK�ÛLFvõvFDÞ*ZLFt6Ëî�/ Ù 8[ûnTP250[47F(�¯�'¶�·'¶�.��Uô¤ú

ÚqH Z Ù F�0[F�æ�Z¥Ý72@ÛÁZNß@æ¯�l83è54ÇÛLFM¶JY"F-K Ù ßBY Z Ù F-H°4ÇM�åQFtÛNß@æ³M�FDKÁKL2@èUFtK�ÛÁFDÞ$Ft8[TUFt6÷å°V
Z Ù FXM<8yöÆÝQFtÛ Ù ß54ÇÛDà Ø�Ù FXÛL8[è Ù Z�Ý725Û\Z�ß@æ7��83è547ÛÁFÜ¶�K Ù ßBY�K1Z Ù FXF�T5ßU0[4ÇZÁ83ß5HSß@æÜZ Ù F'2@ÛLÛÁ83TB2@0:K
ÝQFtÛ�6Ç2PV5à°ú�FXÞt2@HSß5å7KÁF�ÛLT5F�Z Ù 2@Z�Z Ù FXZLÛL2�NÞ�Z Ù 2BZ�2@ÛLÛÁ83T5FD6¥2BZ�Z Ù FXM�8[öS6Ç4ÇÛÁ83HÇè�Z Ù F³ë7ÛdK\Z
M�ßUHWZ Ù 83K�M�47Þ ÙÆÙ Ft2PT°8[FtÛ"Z Ù 25HÆ83HSZ Ù F³æ¢ß50303ßBY%8[HÇè�Z Ù ÛÁFtF³M<ßUHUZ Ù Ktà Ø�Ù 83K%K Ù ßBY�K1Z Ù 2BZ%Z Ù F
8[HÇÝ749Z'ZÁÛd2�¥Þ�Ý72@Z\ZÁFtÛÁH�Z Ù 2BZ'èUF$ZLK³ZLßJ2�M<8yö�HÇß969FN83K Ù 8[è Ù 03VJ4ÇHÇÝÇÛLFt6Ç83Þ$ZL2@å70[F¥25H76ÍZ Ù 2@Z
Z Ù F'2UKÁKÁ4ÇM<Ý9ZÁ83ß5HSß@æ#0:2@M�å�6Ç2�å�F�83HÇè<ZÁ83M<F$ûn8[H76ÇF�Ý�F�H769FtHWZ�Þ�2@H7HÇß@Z Ù ßU036«à

��83è547ÛÁFû/âK Ù ßBY�K�Z Ù F�æ¢ÛLFtéW4ÇFtH7Þ$Vø8[H Ù ßU4ÇÛdKN2@H76(83H 672PV°K<ß5æ³ÛLFtÞ�F�83T°8[HÇèâ2âÞ�F�ÛÁZL2@83H
HW47M�å�F�ÛXß@æ�2@ÛLÛÁ83TB2@0:K�àQúÍFNÞ�25HÍKÁF�F�Z Ù 2@Z
8[HÍM�ßWKvZ
ß5æ�Z Ù F Ù ßU4ÇÛdK�Z Ù F<M�8[ö¼ÛLFtÞ�F�83T5FtK�0[FDKÁK
Z Ù 25Hû¶�.�M<FDKÁKL2@èUFtKtà

ß:9�8 Ð5à�DG�A«CF*><F)Òjá�=?>A@CBEDGF*H*IKJ

úÍF Ù 2PTUFNK\83M�4Ç0:2BZLFt6�2 
 8yö9MN25K\ZÁFtÛ
HÇß969F¥25KXF�ö9ÝÇ03258[H7Ft6Í8[H÷I°FDÞ*ZÁ83ß5H�ÏQà 
 8yö9MN25K\ZÁFtÛ
83K
2�Ý�ß°ß50ÜM<8[öÆ2@HQ6ÆÝ7ÛÁß9Þ$FDKÁKÁFtK"M<FtKLKL2@è5FDK"8[H�å72@ZLÞ Ù FDK�à Ø�Ù FXÛLFtÞ�8[ÝÇ83F�HWZ�25HÇß5H°V°M<8yZvVNß5ælFD25Þ Ù
M�FDKÁKL2@èUF�83H-2�è583T5F�HÆÛÁßU4ÇH76Æ83K%Z Ù F
KL2@M<F5àÇR1éU478[TB2@03F�HWZL0[VUCÇ2@030«ß549ZLÝÇ49ZLK�ß@æl2�ÛLß54ÇHQ6 Ù 2PTUF
Z Ù F<KÁ25M<F�K\FtH769FtÛ³25HÇß5H°V°M<8yZvVSTB2@034ÇF5à�ÚqH-Z Ù 83KXKÁFtÞ$ZÁ83ß5HJY"F�K Ù ßBY Z Ù F�ÛLFtKÁ4Ç0yZdK�ßUå9ZL258[HÇFD6
8[H�ß547Û�K\83M�4Ç0:2BZL8[ßUHÜà

ÚqH)�l83è54ÇÛLFRÏ
Y1F�K Ù ßBY Z Ù F�Þ�ß5ÛLÛÁFt032@ZÁ83ß5H�å�F$ZvY"F�FtH<Z Ù F%ÛLFtÞ�8[Ý78[FtHUZ|25HÇß5H°V°M<8yZvV�2@H76�Z Ù F
69F�0:2PVNæ¢ß5Û%FtT5FtÛÁVNM<FtKLKL2@è5FUà���83è547ÛÁFÎÏ¥K Ù ßBY�K1Z Ù F'KL2@M<F³æ¢ß5Û�KÁF�H76ÇF�Û�2@H7ß5H°V°M�8[ZvV5à

Ø�Ù F�ë7ÛdKvZÆÞ�ß5H7Þ�0[4QK\83ß5H Y"FJÞ$ß5M<F-ZLßâY Ù F�H ßUå7KÁF�ÛLTW83HÇè�Z Ù FJë7èU4ÇÛÁFDK<83K¥Z Ù 2@Z¥Z Ù F�ÛLF
83K<2Í0[ßBY"F�Û�åQßU4ÇH76÷ZÁßÍZ Ù F-2@H7ß5H°V°M�8[ZvVËß@æ 
 8yö9MN25K\ZÁFtÛtà#ÚnZN83K�Y"ß5ÛÁZ Ù H7ß@ZÁ83HÇèÍZ Ù 2@ZtC�KÁß
æ�2@ÛDC«Y1FN69ßSHÇß@Z ã HÇßBY 2@H°V�Z Ù Ftß5ÛLF$ZL83Þt2@0�2@HQ2@03V°KÁ8:K�ß5æ"Ý�ß°ß50 M<8yö9FDK
2@åÇ03F�ZLß�ÝÇÛÁFD698:Þ*Z
Z Ù F
2@HÇßUHWV°M<8[ZvV¹2<ÝQß°ßU0ÜM<8yöSÝÇÛÁßBT°8:69FtKtCÇ2@HQ6ÆÝ7ÛÁ83ß5Û�ZLß<Z Ù 8:K�2@HQ2@03V°KÁ8:K"Z Ù FtÛÁF
Y"F�ÛLFXHÇß<ë7è547ÛÁFDK
ß5HNZ Ù F�25HÇß5H°V°M<8yZvV�Z Ù 2@Z 
 8[ö9MN25K\ZÁF�Û1Y"2UK|2UÞ*ZÁ4Q2@030[V<ÝÇÛLßBT°836983HÇèQà@ú 8yZ Ù Z Ù 83K"KÁ8[M�4Ç032@ZÁ83ß5HÜC
Y1F�Þ�2@HJÞ�0[FD2@ÛL0[V�KÁF�F'Z Ù 2BZ 
 8[ö°MN2UKvZLF�Û�èU472@Ûd2@HWZLF�FtK�2¥M<8[H78[M�4ÇM K\FtH769F�ÛX2@HQ6�ÛÁFDÞ$83ÝÇ8[FtHWZ
2@HÇßUHWV°M<8[ZvVNß@æl25åQßU49Z�ñ°à Ø�Ù 8:K�M<Ft2@HQK"Z Ù 2@Z"Z Ù F
K\FtH769FtÛXî�ÛÁFDÞ$83ÝÇ83F�HWZdô"ß5æ�2�M�FDKÁKL2@èUF�èUF$ZLK
2�M<83HÇ83M�4ÇM�2@HÇßUHWV°M<8[ZvV
FtéW4Ç83TP250[FtHWZ�ZLß³Ý�F�ÛÁæ¢FtÞ$Z�8[HQ6983K\ZÁ83HÇèU4Ç83K Ù 25åÇ8[038[ZvV�2@M<ß5H7èÎ¶�ü��ð�3¶��
K\FtH769F�ÛdK
î¢ÛLFtÞ�8[Ý78[FtHUZdKLô$à

úÍF¥Þt2@HâK\FtF�Z Ù 2@Z
Z Ù F¥M<83HÇ83M�4ÇM 2@HÇßUHWV°M<8[ZvVJ83K'ÝÇÛÁßBT°8:69Ft6ÍY Ù FtHÍZ Ù F<ZÁÛd2�¥Þ-î�2@ÛÁû
ÛÁ83TB2@0:KLôÜ83KG0[ßBY
à í KGZ Ù F|ZÁÛd2�¥Þ�83H7Þ�ÛÁFD25KÁFtKtC�2@HÇßUH°VWM<8[ZvV�83H7Þ�ÛÁFD25KÁFtKtC�è5F�Z\ZL8[HÇè�MN2Bö98[M�4ÇM TP250yû
4ÇFtK�ß@æ725åQßU49Z}�3.'î¢8�à FUà[CPFDéU478[TB2@03F�HWZ�ZÁß�Ý�F�ÛÁæ¢FtÞ$Z�83H7698:KvZL8[H7è54Ç8:K Ù 2@åÇ830[8[ZvV
2@M<ß5H7è�¶UA ô ���3.'¶�ÏWô
K\FtH769F�ÛdK ßUÛ|ÛLFtÞ$83ÝÇ83F�HWZLKtà5ú�F�2503KÁß'ß5åQK\FtÛÁTUF1Z Ù 2BZ1Z Ù F�69F�0:2PV9K�ß@æ�Z Ù F�M<FtKLKL2@è5FDK 69ß5H	µ Z1ZL2 ã F
Ù 8[è Ù TP250[47FtKtC94ÇHÇ03FtKLK"Z Ù FXZLÛL2�NÞ³03ßU2U6¹èUF$Z\ZL8[H7è�ZLß<Z Ù F
M<8[öÆ8:K�T5FtÛÁV¥03ßBY
à

ÚqHâß5Ûd69F�Û
ZLßÍK\ZÁ476ÇV¼Z Ù F¹å�F Ù 2PT°83ß5Û'ß5æ%Z Ù F¹M�8[öâ4ÇH769FtÛ�698[ù�F�ÛLF�HWZ�ZLÛL2�NÞ¥0[ßW256ÇKtCÜY"F
Ù 2PT5F�ÝÇ0[ß5Z\ZLFt6ÍTP250[47FtK³ß@æ�69F�0:2PV-2@H76�2@HÇßUH°VWM<8[ZvV�ß5å9Zd2@83HÇFt6¼8[HÍZ Ù FNKÁ8[M�4Ç0:2BZÁ83ß5H¼æ¢ß5Û³Z Ù F



ý mlwyr�c°¸U�yrXý�þÿ r��D�Ça7bdfNh5rtsqsvrt�'r�fQ�WrtfW¸<gGeDbdw·¶UfUb�ý�bLº��·uquvb

0 500 1000 1500 2000 2500 3000
0

200

400

600

800

1000

1200

1400

1600

1800

hours

N
um

be
r 

of
 a

rr
iv

al
s

0 20 40 60 80 100 120 140
0

2000

4000

6000

8000

10000

12000

14000

16000

18000

days

N
um

be
r 

of
 a

rr
iv

al
s

�V��� ±�þ7± p�fU¿dµD�
��fW~�uqz\r�ÂX¿%x°r�uquvbÁzvfWs

200 400 600 800 1000 1200 1400
0

200

400

600

800

1000

1200

1400

1600

1800

Number of arrivals

F
re

qu
en

cy
 (

in
 h

ou
rs

)

Binwidth = 20

2000 4000 6000 8000 10000 12000 14000 16000
0

10

20

30

40

50

60

70

80

Number of arrivals

F
re

qu
en

cy
 (

in
 d

ay
s)

Binwidth = 500

�V��� ±*ÿ7± UUzvb�WBcWbLfW¿L¶�r�f°rtw·¶5sq��s1µ�À«��fWxUcUuvs

0 1 2 3 4 5 6 7 8 9

x 10
8

0

1

2

3

4

5

6

7

8

9

10

Delay per message (milliseconds)

R
ec

ip
ie

nt
 A

no
ni

m
ity

 p
er

 m
es

sa
ge

Correlation Delay − Recipient Anonimity per message: − 0.2154

0 1 2 3 4 5 6 7 8 9

x 10
8

0

1

2

3

4

5

6

7

8

9

10

Delay per message (milliseconds)

S
en

de
r 

A
no

ni
m

ity
 p

er
 m

es
sa

ge

Correlation Delay − Sender Anonimity per message: − 0.2156

�V��� ±���± mlµ�zqzvbdwyr�uv��µDf¥ý�bdwyrd¶@k�i1fWµtfB¶U�
�·u�¶³À:µ�z%½��·»5�'rtsnuvbÁz



mlµt�
x°r$zv�ysqµtfN}9bLu�ºlbdbdf�u�º#µ³xUz\rt¿Áuv�y¿drtw��
�·»�¸UbLsq�y~tfWs �

ÛÁßU4ÇH76ÇK�Y%8[Z Ù æ¢FtY 25ÛÁÛL8[TB2503KXî¢03ßBY ZLÛL2�¥Þtô*C78[HWZÁFtÛÁM<FD69832@ZÁF
H°4ÇM�åQFtÛ%ß@æ 2@ÛLÛÁ83TB2@0:K³î�M<Ft69834ÇM
ZÁÛd2�¥Þtô$CÇ2@H76SMN2@H°V¹25ÛÁÛL8[TB2503KXî Ù 8[è Ù ZLÛL2�NÞDô*à

úÍF Ù 2PT5F'KÁF�03FtÞ$ZÁFt6SZ Ù F�03ßBY
C7M<FD698[47MSC«25H76 Ù 83è Ù ZLÛL2�NÞ
ZL2 ã 83HÇè¥83HWZÁß¹2UÞ�Þ$ßU4ÇHWZ�Z Ù F
6Ç2BZd2�K\ZL2@ZÁ8:KvZL83ÞtK�ß@ælZ Ù F'25ÛÁÛL83TP250�ÝÇÛÁß9Þ�FtKLK�ç
� Ò�� H*J(DG¬E�� 2@030QÛLß547H76ÇK1Y Ù F�ÛLF�Z Ù F�H°4ÇM�åQFtÛ1ß5æG2@ÛLÛÁ83TB2@0:K�Y�25K|åQF�ZvY1FtF�HNZ Ù F�ëQÛLK\Z"25H76

Z Ù 83Ûd6SéW4725Û\ZL8[03F<î��	� 672BZL2
� �(ñ5ô*ì Ù FtH7Þ$FÜ&�.�Ý�F�ÛdÞ$FtHWZ�ß5æGZ Ù FXÛÁßU4ÇH76ÇK%25ÛÁFX69F�H7ß@ZÁFD6
25K�HÇßUÛÁMN250�ZÁÛd2�¥Þ@à

=?IoÓ�><¨�B H*J(DG¬E�� 2@030QÛLß547H76ÇK1Y Ù F�ÛLF�Z Ù F�H°4ÇM�åQFtÛ1ß5æG2@ÛLÛÁ83TB2@0:K�Y�25K|è5ÛLFt2BZLF�Û|Z Ù 25H¥Z Ù F
Z Ù 83Ûd6SéW4725Û\ZL8[03FXåÇ49Z�03ßBY1FtÛ"Z Ù 25HÆZ Ù F
ß54ÇZÁ038[FtÛ%åQßU4ÇH76Ëî���ñ�� 6Ç2@ZL2
� Ï��Pô*à

 >��^â¿H*J�D�¬E�� 2@030�ÛÁßU4ÇH76ÇK�Y%8[Z Ù ß549ZL0[83F�Û�TB2@034ÇFtK�æ¢ß5Û�Z Ù FÆ83H7Þ�ß5M<8[H7èÍM<FtKLKL2@è5FDK¹î�6Ç2BZd2
� Ïj�Dô$à
ÚqH0�l83è54ÇÛLFÄ&�Y"F�K Ù ßBY Z Ù F'M<8[H°49ZLFtK�ß5æ�69F�0:2PV¥ß@æ FtT5F�ÛLV¥M<FtKLKL2@è5FNî¢Z Ù F�öWûq2Bö98:K�8[HQ698yû

Þ�2BZLFtK�Z Ù FNF�T5ßU0[4ÇZÁ83ß5H¼83HÍZÁ83M�FPô*àÜú�F¥Þ�25HÍKÁF�F�Z Ù 2BZXZ Ù F¥6ÇF�0:2PV-ß5HÇ03V�ZL2 ã FtK Ù 83è Ù TB2@034ÇFtK
Y Ù F�H¼Z Ù F�ZÁÛd2�¥Þ�83K³03ßBY
à Ø�Ù F�æ�2UÞ*Z³Z Ù 2@Z
KÁß5M<F�M�FDKÁKL2@èUFtK³2@ÝÇÝ�Ft25Û³2UK Ù 2PTW83HÇèS2Æ69Ft032PV
Þ$03ßUKÁFXZÁß¥?tF�ÛLßN8[H�Z Ù F�03ßBYäZLÛL2�¥ÞXë7è547ÛÁF
8:K�6947F
ZÁßNZ Ù F'æ�2UÞ*Z�Z Ù 2BZ�Y1F Ù 2PT5F
M<ß5ÛLF'KÁ25M�û
ÝÇ0[FDK�CUK\ßXZ Ù F�ÛLF�2@ÛLF%M<FtKLKÁ25è5FtKlZ Ù 2BZ|25ÛÁÛL83T5Flõv47K\Z|åQF�æ¢ß5ÛLF�Z Ù F`�747K Ù 8[H7è'2@H76<2@ÛLF�æ¢ß5ÛLY�2@Ûd69Ft6
8[M<M<Ft698:2BZLF�03V5àUÚqHY�l8[èU4ÇÛÁF`·XY"F�K Ù ßBYøZ Ù F�ÛÁFDÞ$83ÝÇ8[FtHWZ|2@HÇßUHWV°M<8[ZvV�ß@æ«FtT5F�ÛLV�M<FDKÁKL2@èUFXî¢Z Ù F
K\FtH769F�Û�2@HÇßUHWV°M<8[ZvV¥ÝÇÛLFtKÁF�HWZLK%TUF�ÛLV¹KÁ8[M<830325Û�Þ Ù 2@Ûd25Þ$ZÁFtÛÁ8:KvZL83ÞtKLô$à9úÍF�Þ�2@H-KÁF�FXZ Ù 2BZ�2UK�Z Ù F
ZÁÛd2�¥Þ"8[H7Þ�ÛÁFD25KÁFtKtC�Z Ù F�2@H7ß5H°V°M�8[ZvV
ÝÇÛLßBT°8369FD6
Zd2 ã FDK Ù 83è Ù FtÛlTB250[4ÇFDK�à@á�ßXM<2@Z\ZLF�Û Ù ßBYø0[ßBY
Z Ù FXZLÛL2�NÞ³03ßU2U6¹8:K�CÇZ Ù F'25HÇß5H°V°M<8yZvVNÝÇÛLßBT°836ÇFt6ÆåWV 
 8yö9MN25K\ZÁFtÛ%83K%250[Y�2PV9K�2@å�ßBT5FÜñ°à

0
0

50

100

150

200

250

300

350

400

450

500

Mixmaster: Delay values for rounds with low, medium and high traffic

Low Traffic

m
in

u
te

s 
o

f 
d

el
ay

0
0

50

100

150

200

250

300

350

400

450

500

Medium Traffic
0

0

50

100

150

200

250

300

350

400

450

500

High Traffic

�V��� ±��Ç± ý�bdwyrd¶�etrtw�cWbLs#À:µtz�½��·»5�'rtsnuvbLz

ß:9¦¥ Ð5à�DG�A«CF*><F)Òjá��5IK�<>AD��7�AI
Ø�Ù F�Z Ù F�ßUÛÁF�ZÁ8:Þ�2@05M�F�Z Ù ß96
Ý7ÛÁßUÝQßWK\FD6�83HY� �
Rv�R$��3�WZ Ù 2BZGèU8[TUFtKG2�ÝÇÛÁßUå72@å78[0383K\ZÁ8:Þ#ÝÇÛLFt698:Þ*ZL8[ßUH
ß5HÍZ Ù F¥25HÇß5H°V°M<8yZvV-ÝÇÛLßBT°836ÇFt6ÍåWV 1%F�038325åÇ03F�8:K
å72UK\FD6¼ßUH¼Z Ù F¥25KLKÁ4ÇM<Ý9ZÁ83ß5H�ß@æ ê ß58:KÁKÁß5H
ZÁÛd2�¥Þ@à í K�Y"F Ù 2PTUF�KÁF�F�HGCÇZ Ù 83K�25KLK\4ÇM<Ý9ZL8[ßUH-83K³69F�ë7HÇ8[ZÁF�03VSHÇß@ZXÞ$ß5ÛLÛLFtÞ*Z%æ¢ßUÛ�FtM<258[0�M<8yö
ZÁÛd2�¥Þ@à



�d� mlwyr�c°¸U�yrXý�þÿ r��D�Ça7bdfNh5rtsqsvrt�'r�fQ�WrtfW¸<gGeDbdw·¶UfUb�ý�bLº��·uquvb

0

7

7.5

8

8.5

9

9.5

10

10.5

Low Traffic

S
en

d
er

 A
n

o
n

ym
it

y

0

7

7.5

8

8.5

9

9.5

10

10.5

Medium Traffic
0

7

7.5

8

8.5

9

9.5

10

10.5

High Traffic

�V��� ±��7± i1fUµDfB¶5�
��u�¶
etrtw�cWbds À3µtz"½��·»U�'r�snuvbLz

úÍF Ù 2PT5F
K\83M�47032@ZÁFt6-2O1�F�038325åÇ0[F�M�8[ö-25K%F�ö°Ý703258[HÇFD6S8[H¼I°FDÞ*ZL8[ßUHûÏ7à�1%Ft0[8:2@å70[F
ZLÛÁFD2BZdK
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ÝÇÛLFt69F�û
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ÚqHM��83è547ÛÁF¢ñ�Y"F'ÝÇÛLFtKÁF�HWZ%Z Ù F�K\FtH769FtÛ�2@HQ6ÆÛLFtÞ�8[Ý78[FtHUZ³2@HÇßUHWV°M<8[ZvV¹ÝÇÛLßBT°8369FD6SåWV©1%F$û
0[8:2@åÇ03FSæ¢ß5Û<Z Ù F-ÛÁFD2@0�K\ZÁÛLFt25M ß@æ³8[HÇÝ749ZLKNY"F Ù 2PTUFSÞ�ß5H7KÁ836ÇF�ÛLFt6«à ú�F-Þ�2@H KÁF�FSZ Ù 2BZNZ Ù F
2@HÇßUHWV°M<8[ZvV�ZL2 ã FtK³M<8[H78[M�4ÇM TB2@034ÇFtK
Þ�0[ßWK\F�ZÁß�?tF�ÛLß7C�Y Ù 8:Þ Ù M<Ft25H7K�Z Ù 2@Z'K\ßUM�F<ß5æ|Z Ù F
M�FDKÁKL2@èUFtK<Þ�25Høå�F�ZÁÛL83TW8:2@0303VâZÁÛd25Þ�Ft6÷å°V(2ÍÝQ25KLK\83T5F�2BZÁZL25Þ ã F�ÛDà Ø�Ù F�M<2@ö98[M�4ÇM TB2@034ÇFtK
ß@æ�1%F�038325åÇ03F�µ K'2@HÇßUH°VWM<8[ZvV-æ¢ß5ÛXZ Ù 8:K'83HÇÝÇ49Z�25ÛÁF<03ßBY1FtÛ³Z Ù 25H 
 8yö9MN25K\ZÁFtÛ*µ KXMN2Bö98[M�4ÇMNK�à
��83è547ÛÁF)��K Ù ßBY�K�Z Ù F Ù 8[è Ù 0[VÍÞ$ß5ÛLÛLF�0:2BZÁFD6-TB2@034ÇFtK³ß5æ"KÁF�H769FtÛ
2@H76ÍÛÁFDÞ$83ÝÇ83F�HWZX25HÇß5H°V°M<8yZvV
æ¢ß5Û³åQß5Z Ù 1%F�038325åÇ03F�2@HQ6 
 8[ö9M<2UKvZLF�ÛDàQú�FNÞ�25H¼Þ$03Ft25ÛÁ03V-K\FtF'Z Ù 2BZXæ¢ß5ÛÎ1%F�038:2@åÇ03F�KÁß5M<F�ß@æ
Z Ù F
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ßUHÇFtK"ß@æ 
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í K'Y"F Ù 2PTUF¥K Ù ßBY%HË83HËZ Ù F¹ÝÇÛÁFtT°8[ßU47K³ZvY1ßJKÁFtÞ$ZÁ83ß5H7KtC 
 8[ö9MN25K\ZÁF�Û�2@H76 1%Ft0[8:2@å70[F Ù 2PTUF
T5F�ÛLVN698[ù�FtÛÁFtHUZ�å�F Ù 2PT°83ß5ÛdK æ¢ß5Û"Z Ù F³KL2@M<F�ZÁÛd2�¥Þ�K\ZÁÛLFt25M�àWá�ß@ZÁF�Z Ù 2BZ�Y1F Ù 2PT5F�M<ß°6Ç8yë7FD6
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Correlation Sender − Recipient Anonimity per message: 0.9789
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 8yö9MN25K\ZÁFtÛ�K Ù ßU4Ç0:6¹å�F
47KÁFt6S8[HQKvZLFt256Üà
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ZÁ83è Ù Z¹69F�0:2PV÷Þ$ßUH7K\ZÁÛd2@83HUZdK�î¢038 ã F-Y1FtåøåÇÛLßBY�KÁ8[HÇè°ô*à á�FtT5FtÛ\Z Ù F�03FtKLK�C 83H ß5Ûd69F�Û�ZLß�Ý7ÛÁßBT°8:69F
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M�FtHWZÁFt6¼8[H 
 8yö9MN25K\ZÁFtÛ�25H76M1%Ft0[8:2@åÇ03F5à í 6Ç698[ZÁ83ß5H7250Gæ�2UÞ*ZÁßUÛLK Ù 2PT5F�2¹6983ÛÁFDÞ*Z³8[M<Ý72UÞ*Z�ßUH
Z Ù FJ25HÇß5H°V°M<8yZvVâÝÇÛLßBT°836ÇFt6øåWV÷Z Ù F-KÁV°K\ZÁFtM�à"/1ß5H7Þ�F�ÛLH7K<K\4QÞ Ù 2UK�Z Ù FJKÁFtÞ�4ÇÛÁ8[ZvVâß@æ³Z Ù F
4ÇH769FtÛÁ03V°8[HÇèøß5Ý�F�Ûd2BZL8[HÇèøK\V9K\ZÁF�M�C Ù ßUK\ZSKÁF�ÛLT5FtÛ¹83HWZÁF�èUÛÁ8[ZvV5C1ÝÇÛLß5Ý�F�ÛS8[M<ÝÇ03F�M<F�HWZd2BZÁ83ß5Häß@æ
Z Ù F³Þ$ÛLVWÝÇZÁß5èUÛL25Ý Ù 8:Þ"æ¢4ÇH7Þ$ZÁ83ß5H7K"ÝÇÛLßBT°8369FD6<å°V�Z Ù F�ÛLF�MN258[03F�Û|KÁß@æ�ZvY�2@ÛLF5CW2@H76<038 ã F�038 Ù ß°ß°6¥ß@æ
2569M<83HÇ83K\ZÁÛd2BZL8[ßUH¼M<8:KvZd2 ã FDKX2@030�Þ$ß5HWZLÛÁ83åÇ49ZLF�ZLßSZ Ù F<ßBT5FtÛL250[0#2@H7ß5H°V°M�8[ZvV�Z Ù FtKÁF<KÁß@æ�ZvY�2@ÛLF
Ý725Þ ã 2@èUFtK�Þ�2@H ÝÇÛÁßBT°8:69F5àlú�FS2UKÁKÁ4ÇM<F¹Z Ù 2BZ<HÇß�25Þ*ZL8[TUFÆ2@Z\ZL2UÞ ã K�25èU2@83H7K\Z�Z Ù FSKÁß@æ�ZvY�2@ÛLF
ß°ÞtÞ$4ÇÛLÛLFt6�694ÇÛL8[HÇèXZ Ù F�69FtT5Ft0[ßUÝÇM<F�HWZ�ß5Û�Þ�ß5M<ÝÇ83032@ZÁ83ß5H<ÝÇÛLß°Þ�FtKLK�C@Z Ù ßU4Çè Ù 2567698yZL8[ßUH72@0QÞ$ß5HÇû
Þ$F�ÛLH7K%25ÛÁF³ÝÇÛLFtKÁF�HWZ%8[HSZ Ù 2BZ�2@ÛLFt2©� Ø�Ù ß'��Ï���à

Ø�Ù 83K³Ý725ÝQFtÛ
69ß°FtK³HÇß@Z
2@83M ZÁßSå�F<25H¼83H9ûq69F�Ý9Z Ù 25H72@03V9K\8:K�ß@æ�Z Ù F�æ¢4Ç0[0�KÁÝ�FtÞ*ZLÛÁ47M ß@æ
Ù ßUK\Z\ûq2BZÁZL25Þ ã K<2@èW2@83H7K\Z<ÛLF�MN258[03F�ÛNHÇß969FDK�à1á�F�TUF�ÛÁZ Ù Ft0[FDKÁKtC 8[Z¥83KN83M<ÝQßUÛ\Zd2@HWZNZÁßâM<FtHUZL8[ßUH
K\ßUM�FJKÁ83è5HÇ8[ëQÞ�25HWZ¹698yù�F�ÛLF�HQÞ$FtK¹åQF�ZvY1FtF�Hz1%Ft0[8:2@å70[F¼25H76 
 8[ö°MN2UKvZLF�Û¥Z Ù 2BZÆM<2PV(2Bù�FtÞ$Z
Z Ù Ft8[Û�25åÇ830[8[ZvVNZÁß<ÝÇÛLßBT°836ÇFX2U69FtéW472@ZÁF
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Ù ßUK\Z¥K\FtÛÁTUF�ÛDà 
 2@H°Vâæ�25Þ$ZÁßUÛLK<Þ�25Hø83M<Ý725Þ$ZNZ Ù F-47H769F�ÛL03VW83HÇèËK\V9K\ZÁFtM©µ KNKÁFtÞ$47ÛÁ8[ZvV5à|I°ßUM<F
Þ$ß5HQK\8:69F�Ûd2BZL8[ßUH7K�83H7Þ�0[476ÇFXK Ù 25ÛÁFD6¥25ÞtÞ$FtKLK|ZÁß�Z Ù FXK\V9K\ZÁFtM åWVN47HUZLÛÁ4QKvZLFt6¥4QK\FtÛLKtCW2UÞ�Þ�FtKLK�ZLß
ã F�VSMN2BZLF�ÛL83250Gß5HÍ6983K ã ß5Û�83HJM<F�M<ßUÛÁVUCQ2@HQ6�Z Ù F�2@åÇ83038yZvVSZÁß¹8[H7KÁF�ÛÁZ³K Ù 83MNK%ZÁßÆ8[HWZLF�ÛdÞ$F�ÝÇZ
69V°H72@M<8:Þ�2@0303V¥0[ßW2569FD6¹0383åÇÛL25ÛÁ83FtK�Þt2@030[FD6¹å°V¥Z Ù FXÛÁFtMN2@830[FtÛ�K\ß5æ�ZvY"25ÛÁF)� Ø�Ù 2�.�/3�nà

1%F�038325åÇ03F�8:K�038[M<8[ZÁFt6 ZLß(ßUÝQFtÛL2@ZÁ83ß5H ß5H Z Ù FËú 83H769ßBY�K�ÝÇ0:2BZÁæ¢ß5ÛLM�à 
 8[ö°MN2UKvZLF�Û�83K
ÝQßUÛ\Zd2@åÇ03F5CÇ25H76 Ù 25K�å�F�FtH ã HÇßBY%HÆZÁß<ÛL4ÇHSß5H-2�Y%8369F
TB25ÛÁ83F$ZvVNß5ælßUÝQFtÛL2@ZÁ83HÇè�KÁV9KvZLF�MNKtà &

' ßUK\Z"KÁF�ÛLT5FtÛ1KÁFtÞ�4ÇÛÁ8[ZvV<83K"4Ç0[ZÁ83MN2BZLF�03VNZ Ù F³ÛLFtKÁÝQßUH7K\83åÇ830[8[ZvV<ß@æÜZ Ù F³ÛÁFtM<258[03F�Û"ß5Ý�F�Ûd2BZLß5ÛDà
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ZÁßJå�F¥ß5Ý�F�Ûd2BZLFt6Ë25K�2-K\FtÛÁT°8:Þ$FUC Ù ßBY"F�T5FtÛtà 
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