
HAL Id: inria-00072145
https://inria.hal.science/inria-00072145

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A Closed Form Formula for Long-lived TCP
Connections Throughput

Augustin Chaintreau, Danny de Vleeschauwer

To cite this version:
Augustin Chaintreau, Danny de Vleeschauwer. A Closed Form Formula for Long-lived TCP Connec-
tions Throughput. [Research Report] RR-4443, INRIA. 2002. �inria-00072145�

https://inria.hal.science/inria-00072145
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
44

43
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Closed Form Formula for Long-lived TCP
Connections Throughput

Augustin Chaintreau — Danny De Vleeschauwer

N° 4443

Avril 2002





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

� �������	��

������� ��������������������������� �!�#"%$���
'&(��) ����������*,+-"#�����
&/.��0�����1.324�5+

637�809:80;�<>=@?BADC�EF=G?H<>IKJLEM8�N3O�P4EM?Q?SRTP�JVU�WGJXJY;[Z�C�EF8S\]JXI[^

_a`cb�dfehgjilk�m[noe[prqts3e�uvnowtnouxbKdDe[n
y{z}|r~�e�u�_�k����

k�pr�!�F|Yzou��te�z}eK��`ceKz}��`!e/�M�Q���Y�Y�Vi��-�Lzx���	�r�Y�Y��i��Y�1�!pr�YeKn

�5�0�K�����c�r�Y�l� �Vux`c� nj�!pr�Me�z[¡:¢£eDn�u}q!�tw�ux`ce]��prz}��prux��|��¤|�¥�ux`ce1ux`cz}|�qc�Y`c�cqtu¦p���`c��e��YeK�4§Lw¨_v�£yTz}eKnxqc�©ux���c�
¥ªz}|�d«§F|�ux`4ux`!e��©�F�t�©�L� �tq!p��	§Me�`!p>�L��|�z�|�¥�ph��|��c�!eK�%u}�©|Y�¤pr�!��u}`ce1���Xuxe�z�p��#ux��|��4¢��©ux`¤pr���	|�ux`ceKzv�#|Y�c�ce[�%ux��|��Fn
nx`!prz}�©�!��u}`ce�n}prdfeh���©�!¬M­ � �®�!p�zou}����qc��p�zK¡-¢£e���pr� �#q!��pruxefux`!e3_-p��©��¯v� nouxz}�©§cqcux��|��±°cq!�!�%u}�©|Y�³²´_�¯ °0µ�|r¥aux`!e
���!n�u�pr�Xu}p��ce�|Yq!n1ux`cz}|�qc�Y`c�cqtuhnxe�e��¶§Xw®|Y�ce4_v�£y·�#|Y�c�ce[�%ux��|��¸�©�¶ux`ce4���c�t�©ux����e � �!��zxe[p�nxe�¹¨qc�©ux���c�����Kp�u}�©�Ye
¯jeK�#z}eKpYnoe5²@� � ¹¤¯¦µ�¥ªz}p�dDeK¢£|Yzx¬:­a°c|Yz�ux`!e��!przxux� �#q!��p�zv��pYnoe�u}`!p�ujeKp���`¤_v�£y³��|��c�!eK�%u}�©|Y�¨e#st�Me�z}�©eK�!�#e[n�ux`!e
n}prdfe�k�|�q!�!�h_	z}���5_a�©dfe�²´k0_�_�µ,pr�!�fqc�F�te�z�u}`ce�dhpr�Lw]q!noeKz£p��c�cz}|>sL��dhp�u}�©|Y�1¢�e��cz}|���e�ux`!pru{ux`!��n£_�¯j°º��n
������eK�]§Lw1p����©|Xnoe[�L»G¥ª|�z}dB¥ª|�z}d1qc� pjux`!pru,no|Y�©eK�©w1�ce��Me��!�cn{|��Dux`ce��!e#u�¢�|�z}¬��!prz�prdfe#u}e�z�na²ª�Lqcd1§Me�z,|r¥Hno|Yqcz}��eKnK¡
��p��!p����¼u�w5p��!�5§!qt½MeKz�no��¾�e¦|�¥Sux`ce¦§M|ruxux��e��ce[��¬5�©���c¬cµ%­{_a`!��n�¥ª|Yzxd]qc��pD��p��5u}`ce���§Fe¦q!nxeK��p�napf�t��dfe��!nx�©|Y�c���c�
ux|L|Y�@¡M¢�`ce�z}e�u}`cz}|�qc�Y`c�cqtu ��nj��q!p�z}p��Xuxe�e[��ux|3e[p���`¨q!nxe�zvux|�§Fe�¿�� prz}��eKz�ux`Fpr�Vph�Y�©�Ye��¤��p��©qce�¥ª|�z¦p�uj��eKpYn�u p
�#eKzou�pr���4�FeKz}��e��Xu}p���e�|r¥0u}`ce�ux��dfe%À%­ � �4ux`ce1��|��Xuxe�sLuj�te#ÁF�ceK�4`ceKzxeY¡cu}`c��n�¥ª|�z}d1qc� pf�c� p>wtnaux`ce]nxp�dDe1zx|Y�©e¦¥ª|Yz
ux`!eD�t��dfe��!nx��|��c���c�3|�¥£pr� � yTz}|�qtu}e�z¦p�nvux`ceD�{z}��p��c��ÂÃ¥ª|�z}d1q!��p��t|LeKnv¥ª|�zjux`cef�t��dDeK�!nx�©|Y�c�©�!�3|r¥�p5y£Ät_�Å
nx¢��¼u���`S­
Æ¨ÇXÈ:ÉxÊ1Ë ��Ì-�Y� _v�£y�yQeKzo¥ª|Yzxdhp��!�#ehÍFq!�%u}q!p�u}�©|Y�S¡,Îj|XÄ:¡0¯v��dfe��!nx��|��c���c�!¡0��½:eK�#uD|�¥vnowL�!��`!zx|Y�c�©¾[p�u}�©|Y�Ï§Me#»
u�¢�e�e���Í!|�¢�nK¡c¹¨eKp��3ÁFe�� �H¡!Ð	p��c� p��#e��Kpr� �#qc��q!n

Ñ£ÒSÓ>ÔÖÕH×HØ%Ù@Ú�ÔÖÕSÛ�Ü�ÙªÝQØ�ÞtÝ@Ó>ß{àQáÖâoÜ}Ý@ß�á ãåäªæQçSäåà�è�é[êfëGìFí[î[ã Ý@Ø�ãªìFí>î ïtßoÙªÞ©Ø%Ù@ð�Ü�í>â�ß{ìcñ%Ü�áÖò�Ü}Ý@ÔÖØ%í¦Ø�ÞFïcÜ�âóÚ%ßôÝ0æ	ß�Ýå×:Ø%Ù@Ú�Õ´õôö÷ äªæQçSäåà-ãªìFæ0é�ø[ù#ú�Ù´ò>ß�îXû ü-áÖðþý�ú%ÿ%ÿ%ú[ørïcÜ�Ù´ÔÖÕxø���Ù@Ü�í>â�ß%ø��������
	���
����������

�������������������	������
� à-áÖâxÜ}Ý@ß�á! :ß�áÖá ø æ	ßôÝå×HØ%Ù@Úlé�Ý@Ù@Ü}ÝGß#"�$&%QÙ@Ø%ò[ÛXø'��ÙGÜ�í>â�ÔÖÕ)(1ß�áÖáÖßoÕ@Û>áÖß�ÔÖí+*%ø, Mã.-%ÿ
*�/ à-í�Ýå×:ßoÙ´Ûrß�íXø0 :ßoá1"%ÔÖò[ð¦ø

2 ������34� 2 ��5�6�7�����	���������8���������7���������79�;:
�



� ��� �����������#��*��#���	� 2Ï���3���#��
����4"�+ 
���� *£�1������*{+Q"#����� 
��3�0���4�#���
*����]+	���1������� 24������� 2��0�¦+-�h*����#��&(��)

	�
 �
��� 
 � ÐSe��cm�§c�©uv��prz}��p�§c��e |�½MeKzou��fqc�ce��#|Y�c�ce[�%ux��|��¨�tq!z}p�§c�©e��Fprz���e��cz}|rux|t��|���e¦_v�£y e[n�u�� �#�-m#u}q!�t��m
�#|YdfdDej�©ejzxm[noq!�¼u�p�u£�te¦nx|��5�#|Ydf�F|Yzou}e�dfe��Xu£���!�t���L���cqce��F»0pY�c�t�©ux����eKdDeK�Xu£���!�#z}m�dfe��Xu�pr�!d]qc�©ux���c�©� ��prux����eKdDeK�Xu
�tm[�#z}m�dfe��Xu}p��!»{e�ua�ce � pD�#|L|��Mm�z�p�u}�©|Y�5�te ux|�qFn£��eKn£Í!|�u}n��Xqc�H�!p�zou�pr��eK�Xu,qc��d��Kdfe ����e����cej�Y|�qc��|ru���� m#uxz�pr�c»
����e�dfeK�Yu[­	¯ pr�!n1qc�±��pYn¦`c|�df|��Yb��ceh|��Ïux|�qcuxeKn1�©e[n��#|Y�c�ce[�%ux��|��Fn�¡S|Y§!nxe�z}��e��Xu���ehd��Kdfe3�tm�� pr�£�te5§M|�qtu1eK�
§M|�qtu[¡M�!|�q!njdf|��Xuxz}|��!nv�������Yq!e]��e]�tmK§c�©u ���!nou}pr�Xu�pr�cm]�FeKqtu��#uxz}e1e�st�c�©� �#�©uxeKdfe��Xu¦�Kprz�p��#uxm�z}� nom�nx|�q!njqc�cefpr�c»
�cz}|>st�©dhp�u}�©|Y�3�te ��z�pr�!�!n{�c|Yd1§cz}eKn���� q!nxp���eKz}nK­t�£e�uou}e �teKzx�!�©bKzxe `LwX�M|ru}`cbKnxev�!ej�cm[�#e[nxnx�¼u}ej�Fp�na�#|YdDdfe �c|�qFn
��e,~�q!noux�©Á!|Y�!nae#st�Mm�z}�©dfe��Xu�pr��e�dfe��Xu£q!���c|Yd1§cz}ej��� qtu}�©��� nxpruxe�q!za��|��!nx� �tm�z�pr§c��e�­����!ej¥ª|Yzxd]qc��ej�#��|Ynxe¦�tmK��zx����pr�Xu
� p¦¥ª|��!�#ux��|��5�tejzxmK�!przxux�©ux��|��h�tq��tm�§c�©u£|Y§tuxeK�Lqh�!prz£qc�5qtu}�©����n}p�u}e�qcz£e��5m�u}pru£n�u�p�u}�©|Y�c�!pr��z}e��#|�dfdfe�� p1nx|�dfdfe
��� qc�ce3nxm�z}��ehe���eKnou1e��Fnoqc�©uxe��tmK�tq!�¼u}e5�!prz1qc�®��pr� �#q!�£�te5Ð-pr�c� p���e�­Q�£ehz}mKnxqc�©u}p�u�e[n�u]e��!nxqc�©uxe5qtu}�©��� nomh�M|�qcz
m#u}q!�t��e�z¦��� e�½Me�u��ce]� phu�pr���©��eD�cqº§cqc½MeKz¦�cqVz}|�qtu}e�qcz ��|Yqc�©|�u ��� m#u}z}p��c����e�dfeK�Yu¦noq!z ��ef�tm�§c�©u¦|�§tu}e��LqV�!p�zj��eKn
�#|Y�c�ce[�%ux��|��Fn�_v�£y noqcz���eh�©��e��	¡Sm#u}q!�te��Xqcef�c|Yq!n��#|Ydf�!prz}|��!n eK�!noq!�¼u}e��¨�teKn�z}mKnxqc�©u}pru}n¦|�§cuxe��Lq!n�p>�YeK�D��e
nx�©d]qc��pruxeKqcz�ÅjÄ:­SÅv|�q!n¦pr�Fpr��wLnx|��FnveK�!noq!�¼u}e������ p����tef�tef� p3d���dfeD¥ª|�z}d1q!�©eDqc����p�n �teh�t��dfe��!nx�©|Y�c�ceKdDeK�Xu
�teDzxm[noe[prq¤��|��Xuxz! ���m��!p�z _v�£yÃ�F|Yqczjq!�ce]�Xprz�pr�Xux��e1�te]�FeKzo¥ª|Yzxdhp��!�#e]�czx|Y§!pr§!�©����nouxe�²ªqc���tm�§!�¼u¦�©�Fn�u�pr�Xu}p��cm
�Yp�z}p��Xux��e �M|�q!zvqc�ce1�F|Yzou}�©|Y�4�cq¨uxeKdD�Fn}µ#­:�£e#uxuxe1¥ª|�z}d1qc��ea~�|�qce]�cpr�!nv�©e]�#|��Xu}e#sLuxe��tm�Á!�c�Q�����	��e�d���dfe�z! ���e
�Xqce¦��pD¥ª|Yzxd]qc��e¦��� �{z}� pr�c�f�M|�qcz�qc�¨��|�dfd1qtu�p�u}e�qczau}m���m��c`c|Y�c�"�Yq!e�­
# Ë �K� É ��$ 
 �D� �£|Y�Yu}zx|Y�©e��tej�#|��!��eKnoux��|��	¡r°-��q!�#uxq!prux��|��5�te��Me�zx¥ª|�z}dhpr�!��e�prqtu}|�z}��nxm�ea�!p�z,_v�£y0¡&%¦p�z}p��Yu}�©e��ce
y0e�zx¥ª|�z}dhpr�!��e�¡!¯j�©dfeK�!no��|��!�ce�dfe��Xuj�ce�zxm[noe[prqtsH¡ce�½Me�u �teDÄLwL�!��`cz}|��c� nxprux��|���e��Xuxz}e1��|��c�ce[�%u}�©|Y�!n�e��¨§M|�qF�#��e
�#��|Ynxe�¡F�£`Fprdf��df|�wYe��S¡F��p�����qc�S�te�Ð	p��c� p��#e



����������	�

������������������������������������� �"!$#�	�
&%('*)+�����,�-	���./!0���,�1.324�5�����62678��. �

�����]+-���]+-�

9;:�< �K� Ë Ì��Q�r�6= Ë < >
?A@ $ �B=´Ì @ $ ËLÊ � : #DC #�Ë Ì Ç $ E
�t­�g ¯jeKn}�#z}�©�tu}�©|Y� ­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �
�t­Ö� ÄLwL�!��`cz}|��!�©¾[p�ux��|���z}pruxe·­�­�­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ F
�t­ � ��st�MeK�%u�p�u}�©|Y�4p��!�4n�u�p�u}�©|Y�!prz}w5�t� n�u}zx��§cqtu}�©|Y�
­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ F

GIH �KJ Ç �5� < ÌML Ë �[� Ç � N
�c­�g � �tÍ!q!e��!��e�|r¥Qux`ce�§cqc½MeKz�no��¾�e±­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ O
�c­Ö� �,noux��dhp�ux���c�fu}`ce�nowL�!��`!zx|Y�c�©¾[p�u}�©|Y�3z�p�uxe ­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ P

> # � < ÈRQ � Ç ���h�TSBS-� Ë4U = �¶�t�V= Ë < W
�!­�g ¯jeKn}�#z}�©�tu}�©|Y� ­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ P
�!­Ö� ÄXu}eKp��cw�nou}p�u}e¦��p>¢ p�n�ux`!e�zxe[noqc�©u�|r¥�pr���©�cÁ!�c�©uxe���eK|�dfe#u}zx� � ¢�p��©¬ ­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ g[�
�!­ � _a`cz}|�qc�Y`c�cqtu����¨�#|��Xu}�©�Lqc|Yq!n�ux��dfe·­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ g[�
�!­ � ��st�Me�z}�©dfe��Xu�pr�S��pr��� �cp�u}�©|Y� ­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ gYg

E �YX $ Ë � Ç Ì @ Ë � � @ Ë � � ��$´�[Z Ë �5�V\ Ç^] \-� Ë �B_8\KS �	� 9 E
�t­�g Ð	p��c� p��#e u}z}p��!n�¥ª|Yzxd4¡tÐ	p��c� p��#e¦���L��e�z�nx�©|Y� ­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ g>�
�t­Ö� �£|�df�cqcux���c�fux`ce����XuxeK��z�pr�Hp�n�p���eK�>p��©qFp�ux��|���|r¥0z}eKnx���tq!eKn�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ g6F

�t­Ö�t­�g y{z}e�����dD���!p�zxw3nouxqF�tw ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ g�O
�t­Ö�t­Ö� `Yq!noux�©ÁF��prux��|���|r¥	u}`ce�z}eKnx���tq!eKn���p�����qc��q!n�¥ª|�z�acb�|�z��te�z�u}zxqc�F��p�u}�©|Y�º­�­¦­�­¦­�­¦­�­�­ g6P
�t­Ö�t­ � �£|YdD�!qtux���c�Dux`ce�z}eKnx� �tqce�¡LÁF�c�¼u}e�|�z��teKz£¥ª|Yzxd]qc� p�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �cg

�t­ � °cz}|�d ux`ce�°Q���c�¼u}e�|�z��teKza�Kp�nxe ux|Dux`ce�e�scp��%ua¥ª|Yzxd]qc��p�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�
�t­ �c­�g ÄXu}q!�tw�|r¥Qux`ce���|Xe�d5�#��e��Xufe£­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�
�t­ �c­Ö� �£|Y�X�Ye�z}��eK�!�#ej|r¥Qux`ce]��¯ °³­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ ���

gIh ��� Ç ��=@��� $£�3�VS Ç �r�[� ?iG
Fc­�g y{z}|��M|YnxeK�3uxz}qc�!�Kp�ux��|��Fn�¥ª|�zaux`!e�pr����|�z}�©ux`cd«­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ ���
Fc­Ö� ¯je#u}p��©� n�|�¥-u}`ce�pr����|�z}�©ux`cd ­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �r�

Fc­Ö�t­�g j8kfl
monqp,Â�|Yqc�!�t���c�Dux`ce���p��©qce¦|�¥-u}`ce��cz}|L�cq!�%u�n ­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �r�
Fc­Ö�t­Ö� j8kfl
msrtp��£`!|X|Xno���c�Dux`!e z}����`Xuauxz}qc�!��prux��|���¥ª|�z����!�te�svuÃ­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�
Fc­Ö�t­ � j8kfl
mswtp��£`!|X|Xno���c�Dux`!e z}����`Xuauxz}qc�!��prux��|���¥ª|�z����!�te�syx ­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�
Fc­Ö�t­ � j8kfl
mDz{p��£|Ydf�cqtux���c�fu}`ce��©�cÁ!�c�©uxe��cz}|t�tq!�%u ­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ ��F

NA| U S�$ Ë =´�K�t�6= Ë < Ë Z��V\ Ç 	�Ç �
��$ª�K� ? N
OL­�g Â�qt½:e�zvnx�©¾Ke�pr�!��nowL�!��`!zx|Y�c�©¾[p�u}�©|Y� ­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ ��O
OL­Ö� ¯j�©dfe��Fno��|��c���c�f¥ª|Yz�n�u�p�ux� noux� ��pr�H�Me�zx¥ª|�z}dhpr�!��ej�Yq!prz�pr�Xu}e�e³­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�

} X Ë < � $ �-�6= Ë < GK9
W �f�6~ < ËLÊ $ Ç ÌB_ � Ç < � G-?
���¦� ËSË Z Ë Z
� Ë � Ç �¦� Ë S Ë �V=´�V= Ë < � Ë Z
� Ç ���V= Ë <�G G-?
��­�g °cz}|�d�� �Xq!p�u}�©|Y�y�]u}|TP ­�­ ­�­¦­�­¦­�­¦­�­�­¦­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �X�

��­�g�­�g �v�c�c�����Kp�ux��|���u}|]u}`ce�eKnoux��dhp�u}�©|Y��|�¥B� ­�­ ­�­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�
��­Ö� % e��!e�z�pr�HeKnoux��dhp�u}�©|Y��|�¥-u}`ce�nowL�!��`!zx|Y�c�©¾[p�u}�©|Y�5z}pruxe ­¦­�­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ �Y�

��­Ö�t­�g �v�c�c�����Kp�ux��|���u}|]u}`ce���eK�ce�z�pr�:e[n�u}�©dhp�u}�©|Y��|�¥8�&e ­�­¦­�­¦­�­¦­�­�­ ­�­¦­�­¦­�­¦­�­�­ ���

ç	ç«í��tù%ù%ù��



� 'K2 ��!$�,./�5	���������	��K� 	 	���� 2,�����(	��

	 
 �]+	�0�h
���*{+Q"#���

_-|L�!p>w�¡XdD|Xn�u � �XuxeKzx�ce�u,Í!|�¢�n,q!nxe�ux`!e _v�£y¸�czx|�ux|t�#|Y�!|Y�hux|Y�5|r¥Su}`ce � y±�!p���¬Ye#u��©eK��e��Fux|]�cz}|��X� �te�z}e���� pr§c��e
uxz�pr�Fnodf� nxnx�©|Y�º|�¥��cp�u�pc¡0pr�!�Ïu}|Vp>��|Y���Ï�#|Y�c��e[n�u}�©|Y�S­�_a`ce5ux`cz}|�qc�Y`c�cqtuDp���`c��e��YeK�º§XwÏeKpY��`®_v�£y �#|��!�ceK�#»
ux��|��Ïno`Fprz}�©�c��p>��pr����p�§c�©e]zxe[no|Yqcz��#eKnv|��Vux`cef�ce�u�¢£|Yzx¬���n¦�!|ru¦eKp�nxw�ux|��cz}eK�t� �%u�p�n �©u��ce��Me��!�cn |Y�V§M|rux`ºux`!e
���!�t���X� �tq!p��0§FeK`!p>�L�©|Yzj|�¥,ux`!eD��|��c�ce[�%u}�©|Y�ºpr�F�¨ux`!eD�Fp���¬�e�uj��|Yn}noe[nv|t�K�#qcz}�©�!�����ºp�zx|YqtuxeKzK¡H��zxe[p�uxe[�¤§Lw4ux`!e
���Yu}e�z�p��#ux��|���|r¥Qp��©�:u}`ce��#|Y�c�ce[�%ux��|��Fn�ux`!pru�q!noe¦�©uK­
� �±�!p�zou}����qc� prz[¡Q�t��dfe��!nx��|��c���c�VpV�©���c¬Ïux|º�czx|��L� �teh�Me�zx¥ª|�z}dfp��!�#e3��q!p�z}p��Yu}e�e[n¦ux|¤qFnoeKz}n1��nD�t��dh��qc�©ufpYn

z}eKnx|�qcz��#e[n-p�zxeano`Fprz}eK��§Lw1p��©�Lu}`ce��#|Y�c�ce[�%ux��|��Fn�­Q°-��q!�#uxq!prux��|��!n0|�¥!ux`!e�§!pr�!�c¢����Lu}`]qFnoe[�1§Lw1p��Xw]�#|��!�ceK�#ux��|��
��dD�!�©��eKn¦ÍFq!�%u}q!p�u}�©|Y�Ï|Y�Ïux`ceh�Me�zx¥ª|�z}dhpr�!��efnxe�eK��§XwÏp4q!nxe�z[¡	pr�!�ºu}`c��n1�ce�e[�cn ux|¨§Mehu�pr¬�eK�º���Xux|¤pY���#|Yqc�Xu
ux|�|r½:e�z¦p5�!zx|Y§!pr§c������noux� ���Me�zx¥ª|�z}dhpr�!��e1��qFprz�pr�XuxeKe�¡M�@­ e�­�pY��`c�©eK�L�©�c��p5u}`czx|Yqc��`!�cqtuj� prz}��eKz�u}`!pr�Ïp���e�zxu}pr���
��pr��qce ¥ª|�z�pru��©e[p�nou�pD�Me�z��#eK�Yu�pr�Yej|�¥-u}`ce¦ux��dfe�­
¹¨|t�teK�©���c�hu}`ce�uxz�pr�Fnodf� nxnx�©|Y�4|r¥{�!pY��¬�e#u�naux`!zx|Yqc��`4u}`ce�z}|�qtu}e�z�n�|r¥,p5��|��c�!eK�%u}�©|Y�¨¢��¼u}`¤|ru}`ce�z�Í!|�¢�n����

ux`!eh�ce#u�¢�|�z}¬:¡	pr�!�ºu}`cehzxe[p��#ux��|��Ï|r¥�ux`ce5��|��c�YeKnoux��|����#|��Xu}zx|Y�0p��©�Y|�z}�¼u}`cd pYn¦�©df�c��e�dfe��Xu}eK������_v�£y/pYn�p
�t� nx��zxe�uxe�e��Ye��Xu{nowtnouxe�d/`Fp�n-uxqcz}�ce[�1|Yqtu0ux|¦§Fea�Ye�z}w��#|�df�c��e#sH¡rpYn0¢�pYn-p��©z}eKpY�tw�no`!|�¢��1����� ��
ó­ � �D�!przxux� �#q!��p�z
ux`!eje�sL�MeK�#uxe[�hux`!zx|Yqc��`c�!qtu£|�¥-p1��|��c�ce[�%u}�©|Y�3�t|LeKn£�c|ru�|��c��w5�teK�FeK�!�5|Y�hux`ce¦prz}z}�©��pr�Fz}pruxej|r¥S�!pY��¬�e#u�n�¥ªz}|�d
|ru}`ce�z]Í!|�¢�nfnx`!prz}�©�!�¨ux`ce¨n}prdfe3z}|�qcuxe�z[¡�§cqtuh|Y�±Á!�ce4nou}p�u}��noux� ��p��a�czx|Y�FeKzou}�©e[n1|�¥�ux`!��nD�cz}|t�#eKn}nK­ � ���Ö��
�p
¥ª|�z}d1q!��p `!pYn�§FeKe��h�cz}|��M|YnxeK�1ux|������c¬�u}`ce�e#st�MeK�#uxeK�f��p��©qce�|�¥Fu}`ce�¢����!�t|�¢¸¢��¼u}`fux`ce��!zx|Y§!pr§c�����¼u�w�|�¥M�Fp���¬�e�u
��|Yn}n�­

��eKzxe ¢�e �!zx|Y�F|Xnoe¦p]Í!qc� �3ÍF|�¢Tpr�c�!zx|>st��dfprux��|��3ux|h��p��tuxqcz}ejux`ce���|��Xuxz}|��:��|X|Y�5¥ªeKeK�t§!pY��¬hux`Fp�u���|��Ye�z}�!n
ux`!e�§Me�`!p>�L��|�z]|r¥v_v�£y·��|��c�!eK�%u}�©|Y�!n1nx`!p�zx���c�VpV�©���c¬:­ � �±ux`c� n]¥ªz}p�dDeK¢£|Yzx¬º¢£e��t|V�!|ruf|��c��wÏ�ce�z}�©�Ye5ux`!e
e#st�MeK�#u}p�u}�©|Y��|r¥,u}`cefux`!zx|Yqc��`c�!qtu�§cqtu1p���nx|4�¼u�n�n�u}eKpY�twVnou}p�u}eh�cz}|�§!p�§c�©���©u�wV�t� n�u}zx��§cqtu}�©|Y�S­5_	|4u}`ceh§MeKnou�|r¥
|�q!zj¬L�c|�¢���eK�t�Ye�u}`c��n � n�u}`ceDÁ!z�n�ujux��dDef¢�`ceKzxe1ux`ceDe#½:eK�#u�|r¥�ux`!ef_v�£yÃ§FeK`!p>�L�©|Yzjp��!�¨u}`ce]���XuxeKz}pY�%ux��|��V|r¥
pr�����#|Y�c�ceK�#ux��|��!nj��eKp��!n�u}|�p��#��|YnxeK�4¥ª|Yzxd ¥ª|Yzxd]qc� p5�����L�©�!�5ux`!e]ÍFq!�%u}q!p�u}�©|Y�!nv|�¥{ux`!e]u}`cz}|�qc�Y`c�cqtu�noeKe��¤§Lw
|��!e¦��|��c�!eK�%u}�©|Y�S­
�vn]�©�¶|�qcz1p��!pr��wtno� n�¢�e3p�n}nxqcdfehux`!pru�ux`!e�_v�£y���|��c�ce[�%u}�©|Y�!n1p�zxeh�Me�z�no� nouxe��Xu]p��!��q!nxe5u}`ce5dhp�st��d1qcd
ux`!zx|Yqc��`c�!qtufp��©��|�¢�eK�®§Lw¶_v�£y0¡��G­ eY­0ux`ceK�©zf�Lqcd1§Me�z¨²@�te��c|�uxe[�¶§Lw��Vµ]� n1Á!sLe[�¸p��!�±e[p���`¸q!noeKzfzxeKdfp��©�Fn
uxz�pr�Fnodf�©uoux���c���cp�u�pVpruD�©u}nDdhp�st��d1qcd z�p�uxeY¡{¢�e���p��¶|Y�c�©w®p��c�c��w®|�qcz]ux`ceK|�z}wÏux|º°0_ay �t|�¢��c��|YpY�cn1p��!�
y0e�eKzo»Gux|�»Gy0e�eKz£p��c�c�����Kp�ux��|��Fn�­��jqcz�pr�Fpr��wLnx� n,��p��c�c|�ua�Kpr�tu}qczxe �c|Y�t»G�Me�z�nx��nouxeK�!�#wf¢�`c� ��`3|t����qcz�n,¥ª|Yzae#scprdf�c��e
�����v_�_ay�uxz�p�d5�r¡�¢�`!e�z}e5ux`!e3u}z}p�dh���te�dhp��!�®�Me�zfq!nxe�z]¥ª|����©|�¢�n]pr�±|Y�t»G|�½þ�Fp�uou}e�z}�S­��ºe4pr�!p��©wL¾Ke5ux`!e
nx�©df�c��e1��pYnoe¦¢�`ceKzxe¦u}`ce1��|��c�ce[�%u}�©|Y�!n�prz}e�pr���	nx`!prz}���c�f|��ce�§M|ruxux��e��ce[��¬����©�!¬3¢��©ux`¤��p��!p����¼u�w��(pr�!��§cqt½:e�z
nx�©¾Ke��5¡�¢�`c� ��`±�Y|���e�z}�!n u}`ce���z1u}`cz}|�qc�Y`c�cqtu[­V_	z�p�d5�h`!e�z}e3� n1p�n}nxqcdfeK�Ïux|º§Fe�`c|�df|Y��e��!e�|�qFn5²ª�G­ eY­Ve[p���`
|r¥�ux`!e3�#|Y�!no� �teKzxe[�º��|��c�ce[�%u}�©|Y�!n¦`!p�n�ux`ce5n}prdfe5k0_�_���µ#­�_a`ce[noeh�M|����Xu}n�p�zxeh�t� nx��q!n}noe[�V¥ªq!zou}`ce�z�����ux`!e
�#|Y�!�#��q!nx�©|Y�S­
_a`ce�eK�!�L»Gux|r»óe��F����|��c�YeKnoux��|��¨�#|Y�Xuxz}|��H��dD�!�©eKdDeK�XuxeK�4§Lw3ux`ce1��|��c�!eK�%u}�©|Y�!n�� n�df|t�te���eK�4pYn�pfÍ!qc� ��Í!|�¢

���c�t�©ux����e � �!��zxe[p�nxeÏ¹¤qc�¼u}�©�!�©� ��prux����e±¯jeK�#z}eKpYnoe ²´� � ¹¤¯¦µ4e��Y|���qtux��|��Ã|r¥Dux`ce����!n�u�pr�Xu}p��ce�|Yq!n�ux`cz}|�q!��`c�cqcu
p���`!�©eK��eK��§Lw®e[p���`¶��|��c�ce[�%u}�©|Y�S¡{pr��zxe[p��twÏ���Yu}zx|t�tqF�#eK�¶�©���©g�
G­ � �¸|rux`!e�z]uxe�z}dhn1¢�e4prz}e3�c|�u1u}p�¬L�©�c�º�©�Xu}|
p��K�#|Yqc�Xu�u}`ce�|t����qczxz}e��F�#e |r¥Q_a��dfe#» �jqtu}n�p��!��ux`ceK�©z���|��!nxeK��qtux����e�ÄL��|�¢a»�ÄXu}p�zou�n�­

�Ïe]pr�Fpr��wX¾Ke¦ux`cef¹¤p��Xw �vnxe�z�nv�v�c�cz}|>st�©dhp�u}�©|Y�4|r¥�ux`!e]°Q�©q!���¤°Q��|�¢ � � ¹¤¯·df|t�te��0p�nv�©�Xuxz}|t�tq!��eK�¨���
�Ö�!
ó­£_a`c� nvpYnxnxqcdf�tux��|��4¢����©�	§Fe1����p�zx�©Á!e[�����¤nxeK�%u}�©|Y�4�h¢�`ce�z}e�e#st�Me�z}�©dfe��Xu�n�prz}e¦�czxe[noeK�XuxeK��u}|�~�q!noux�©¥ªw3u}`c��n
pr�!�czx|Xp���`S­ � �V�Fprzxux� �#qc� prz ¢£e]|�§!nxe�z}��e1ux`!pruju}`ceD�Xq!d1§Me�z¦|r¥£��|��c�!eK�%u}�©|Y�!n �#|��Fno� �te�z}eK�V�t|LeKnj�c|ru¦�ce�e[�¨u}|
§Me���e�z}wh� prz}��e#"$� ��z}eKp�u}e�z£ux`!p��&%('D��n�nxq�d5�#��e��Xu����4dfp��Lw3��pYnoe[n�­
�Ïe�no`!|�¢³�©��ux`!��n���|��Xuxe�sXuau}`!p�uaux`!e � p>¢³|�¥	ux`!eju}`cz}|�qc�Y`c�cqtu�p���`!�©eK��eK�5§Xw�p]��|��c�ce[�%u}�©|Y���Kpr�3§Me���`!prz�p��#»
uxeKzx��¾�e[�fe#st�c�������¼u}�©wY­��³�#��|YnxeK�]¥ª|�z}d·¥ª|�z}d1qc� p¦��n{ux`ceK�3�te[�tq!�#e[�Dux`!pru,������e[n0ux`!ej_Qpr���!¯v� nouxz}�©§cqcux��|��3°!qc�!�%u}�©|Y�
²´_�¯ °�µ0|r¥Fux`ce����!nou}p��Yu�pr�ceK|�q!nQu}`cz}|�qc�Y`c�cqtu{p���`!�©eK��eK�1§Lw�|��ce���|��c�!eK�%u}�©|Y�DpYn�p*) °!|�qcz}�©eKzQu�wX�Me �Ynoqcd4¡Y¢�`c|Ynxe
�#|Y�L��e�z}��eK�!�#e pr�!��e#st�c��|��©u}prux��|��4prz}e ux`ceK�4�ceKn}�#z}�©§MeK�H­

�Ïe�qFnoe4|�q!zDdfe�ux`c|t�¶ux|®n�u}q!�tw¶nx|�dfe4p�nx�Fe[�%u�nf|r¥ pº�ce�u�¢£|Yzx¬®¢��©ux` _v�£y(��|��c�!eK�%u}�©|Y�!nK­þ°Q��z}nouK¡£eKno»
ux��dhp�u}�©�c��u}`ceh�©df�!pY�%u�|�¥,ux`!eh§cqt½:e�z�nx�©¾Keh|���nowL�!��`cz}|��!�©¾[p�ux��|��V§Fe�u�¢£eKe����#|��!�ceK�#ux��|��!nK¡S¢�eD|Y§!nxe�z}��e]ux`!pru
���!�#z}eKpYno���c�jux`cea§cqt½:e�z{nx��¾�eadhp>w��©�fnx|�dfe��Kp�nxeKnQ��dD�!�©wDp �ceK�#z}eKpYnoe£|r¥Me#st�Fe[�%u}eK�]ux`cz}|�q!��`c�cqcu0�tq!eaux|¦`c����`ceKz
nxwX�F��`czx|Y�c��¾Kp�u}�©|Y�S¡tp�na|Y�c�F|Xnoe[�5u}|fux`ce��Kp�nxe¦|r¥�pr��|��Me��4�©|L|Y��df|t�te��G­+�Ïe¦ux`ceK�¨�teKn}�#z}�©§Me¦ux`!e¦Í!q!�%u}q!p�u}�©|Y�
|r¥0���!n�u�pr�Xu}p��ce�|Yq!n£ux`cz}|�q!��`c�cqcu�p��!�4n�u}q!�tw3pf�Kp�nxe |�¥0nou}prux� n�u}���Kpr�H�Me�zx¥ª|�z}dhpr�!��ej�Yq!prz�pr�XuxeKe�­

äªæQçSäåà



����������	�

������������������������������������� �"!$#�	�
&%('*)+�����,�-	���./!0���,�1.324�5�����62678��. �

� �4nxeK�#ux��|��¤�t¡!¢£e��teK��eK�©|Y��|Yqcz�df|L�ce��G¡c¢�`c� ��`4�Kpr�tu}qcz}eKnau}`ce¦¥ªe�e[�t§!p���¬3�©|L|��4|�¥0_v�£y³��|��Xuxz}|����©���c�fpr���Hux`!e
�#|Y�c�ce[�%ux��|��Fn pYn¦z}p��!�t|Yd dfpruxz}�¼sº�czx|t�tqF�%u}nK­ �ºeDu}`ce������Yu}zx|t�tqF�#eDux`ceh¬Ye�w¤��|��!��e��tu�|r¥ � � �8��24�5���,!��6��./!0���
�5��. 	 ¡Y�!��p>wL���c��ux`!evz}|���e�|r¥	p��!p�z}p�dfe#uxeKz{���5|�qcz£df|L�ce��G­ � �fu}`ce�¥ª|Y�©��|�¢����c�1nxeK�%u}�©|Y�S¡Yux`ce�e�½Me[�%u�|r¥Hux`!ev§cqt½:e�z
nx�©¾Kev� n�nouxqF�t�©e[�3p��!�h���!�#��q!�te[�5���3|�q!z,¥ªz�prdfe�¢�|�z}¬fp�n�p1�#|Yzxz}eK�#ux��|��h|�¥Sux`ce ��pr��qcev|�¥Sux`!ej���©�!¬5��pr�Fp��#�©u�w�­ �Ïe
ux`!e��4�cz}|��M|Ynxe pDdfe#u}`c|t�3u}|feKnoux��dfpruxe¦§M|rux`�u}`c��n���|�z}zxe[�%u}�©|Y��pr�F�5u}`ce�nowL�!��`!zx|Y�c�©¾[p�u}�©|Y�5z}pruxeY¡t§!p�nxeK�3|��4p
��p�����qc� p�ux��|��f¥ª|Yz£p]¹¤prz}¬�|��L� pr���Yq!e�qceY­0_a`!evdhpr�LwDq!noeKz}n£pr�c�!zx|>st��dfprux��|��f� n{u}`ce��5���Xuxz}|t�tq!�#e[�h���3noe[�%u}�©|Y�h�
pr�F��~�q!noux�©Á!eK�3§Lwfnx��d1qc� p�u}�©|Y�!n "Lu}`c� n�pYnxnxqcdf�tu}�©|Y�3pr���©|�¢�n,q!n£ux|]e#st�cz}eKn}n{u}`ce nouxe[p��twhnou}pruxej�c��nouxz}�©§!qtux��|���|r¥
ux`!e��©�!nou}p��Xu}pr�!e�|�qFn,u}`cz}|�qc�Y`c�cqtu��Y�©�Ye���ux|f|��ce���|��c�!eK�%u}�©|Y��pYn�pfnoqcd�|r¥Q�©�!�ce��Me��!�teK�Xuvz}p��!�t|Yd �>p�zx� pr§!�©e[n
¢�`c|Xnoe¦� p>¢�n�p�zxe¦¬L�c|�¢��S­
_a`ce�dhp��©�¨�ceK¢Bzxe[noqc�©u�|r¥0u}`ce1�!p��FeKz�� nvnx`c|�¢��¨pr�!�4�cz}|���e[���©�¤�te�u}p��©� n����¤noe[�%u}�©|Y�¨�c­ � u pr����|�¢�naq!n�u}|

e#st�cz}eKn}njux`ce5_�¯ °Ã|r¥,u}`ce5nou}p�u}�©|Y�!prz}w¨� p>¢�|r¥£ux`ceh���!nou}p��Yu�pr�ceK|�q!n u}`cz}|�qc�Y`c�cqtu�nxe�e��Ï§Lw¤|��!e5�#|��!�ceK�#ux��|��
p�nhp®���©|Xnoe[�±¥ª|Yzxd ¥ª|�z}d1qc� pÏ|��¸ux`ceV�ce#u�¢�|�z}¬®�!prz�prdfe�uxe�z�n4²´Åvqcd1§Me�z5|�¥¦nx|�q!z}��eKnK¡£��p��!p����¼u�w¸pr�!�þ§cqt½:e�z
nx�©¾Ke]|�¥{ux`ceD§M|ruou}�©eK�ceK��¬¨�����c¬cµ%­��vnju}`c��n e�sL�!zxe[nxnx�©|Y�¤���!�#��q!�te[nj���tÁ!�!�¼u}eDnxqcdhn¦pr�!�V�czx|t�tqF�%u}nK¡Hp3�LqcdfeKzx� ��p��
pr����|Yzx�©ux`!d���nh�te[nx��zx��§MeK�¸�©� noe[�%u}�©|Y�tFºux|®�#|Ydf�cqtuxe�u}`ce4¥ª|�z}d1qc� pº�����X���c�ºux`ce¨_�¯ ° ¢��©ux` pr� prz}§c�©uxz�prz}w
�cz}eK����nx�©|Y�S­0Å�qcdfe�z}� ��pr�:e�stp�df�c�©e[n�¡Lp�n£¢�e����:pYn{u}`ce e#st�c��|��©u}p�u}�©|Y�5|r¥	ux`c� n£¥ª|�z}d1qc� pc¡Lpr�!��p]��|�df�!p�zx� no|Y�h¢��¼u}`
ÅjÄ�nx�©d]qc� p�ux��|��Fn�¡cp�zxejux`ceK�¨�teKn}�#z}�©§MeK�����¨noe[�%ux��|��^OL­
��u�nx|�dfevnou}p���e�|�¥:ux`ce¦pr�!p��©wXu}���Kpr�!nouxq!�cwD|�¥	noe[�%u}�©|Y�3�t¡Xdfprux`ceKdhp�ux� ��p��!�c|�ux��|��!n£noqF��`3p�n{ux`ce¦ÄXux��e��©u´~�e[n£p��!�
�£|��Xu}|�qcz � �XuxeK��z�pr�{p�zxef�ce[�#eKn}n}prz}w4ux|¨qc�!�ce�z�n�u�pr�!�ºux`!eh�czx|L|�¥�­3k�e#¥ªeKzxeK�!�#e[n�prz}ef������eK�º����ux`cefu}e#sLu1¢�`ceK�
ux`!eKnxe]�c|�ux��|��!n `!p>�Ye�u}|�§MeD�©�Xuxz}|t�tq!��eK�H­1_a`!��n¦dhp�u}`ce�dhprux� ��pr�0nxeK�%u}�©|Y�º�Kpr�V§Mehno¬L���c�MeK�º§Xw¨z}eKpY�te�z�n�¢�`!|
prz}e¦|��c��w5���Xuxe�z}eKnouxe[�3���4q!nx�©�c�Du}`ce¦¥ª|�z}d1qc� pc­

� �þ�#��"#
 �¸�#��� � 
��
	 � �h
����

�
��� �������������������! 
_a`ce1°Q��qc� �¤°Q�©|�¢/� � ¹V¯ df|t�te��G¡MpYn����Xuxz}|L�cq!�#e[��������g 
ó¡M��|��!nx���ce�z�na¥ª|�zvp3�#|��!�ceK�#ux��|��±²´�ce��c|�uxeK�4§Lw��©�F�te#s" µ%¡X�©u}n����!nou}pr�Xu�pr�ceK|�q!n0u}`cz}|�qc�Y`c�cqtu,pru�ux��dDe�#!$&%þ�te��c|�uxe[�f§Xw('*)�+-,/.0#�1%¡X¢�`c����`h���!��zxe[p�nxeKn0���©�ce[prz}�©w1¢��¼u}`5p
nx�©|Y�Fe32465 ¥ª|�z{e[p���`h�#|Y�c�ceK�#ux��|��S­0�vn£p�z}eKnxqc�¼u{|�¥:ux`ce�ÁF�c�¼u}ev§!p��!�t¢�� �Lux`5p>��p��©� pr§c��e�|��Du}`ce����©�c¬4²´�ce��c|�uxeK�f§Lw��µ%¡Lp���|��c�YeKnoux��|��De��M|L��`h|t�K�#qcz�n�¢�`ceK�fux`cevnxqcd(|r¥Mux`ceK�©z,ux`cz}|�q!��`c�cqcu,zxe[p���`ce[nQux`cej��pr�Fp��#�©u�w�¡�¢�`ce�z}evnx|�dfe
�#|Y�c�ce[�%ux��|��Fn£dhp>w3nxqt½:e�z��!pY��¬�e�u���|Yn}noe[n£p��!��`!pr����e ux`!e���zaux`cz}|�qc�Y`c�cqtu[­ �ºe¦Á!z�noua��|��!nx���ce�z�ux`ce�§!qt½MeKzo»ó��eKn}n
��pYnoeh����ux`!��n]noe[�%ux��|��	­��Ïe3�#|YdDeh§Fp���¬¤u}|¨ux`!e3��pYnoef|r¥�p4§M|ruxux��e��ce[��¬ºz}|�qtu}e�z�¢��©ux`¶p4�!|��c¾Ke�z}|�§!qt½MeKz1���
nxeK�%u}�©|Y���!­

�Ïe£���Xuxz}|L�cq!�#e8769cu}`ce,u}�©dfea|r¥!ux`ce8:�baux`]��|��c�YeKnoux��|���eK�F|t��`S¡rp��!�;' )�+-,9 ux`!e����!nou}p��Yu�pr�ceK|�q!nSux`cz}|�q!��`c�cqcu
p���`!�©eK��eK�D§Lw]��|��c�!eK�%u}�©|Y� " u}pr¬Ye��f��dDdfe[�t��pruxeK�©wfp�¥åu}e�z{u}`ce�:�baux`5��|��c�YeKnoux��|��De��M|t��` e<' )=+-,9 > '*)�+-,?.07 9A@ 1%­
°cz}|�d ux`ceD� � ¹¤¯�§FeK`!p>�L�©|Yz�|r¥0u}`ce1nx�©df�c���¼ÁFeK�¨_v�£y³�cz}|ru}|t�#|��G¡c���©��q!nouxz�p�u}eK��|��¤°Q����qcz}ehg�¡F¢£e1�ceK�tq!��e�ux`!e
¥ª|�����|�¢��©�c�Dz}eK�#q!zxz}e��!��eje
�Xq!p�u}�©|Y� e

' )�+B,9 >�C )�+B,9 D ' )=+-,90E 2 @GFH9AIKJ ¢�`ce�z}e FL9 > %
�NM .07 96O 7 90E 2 1 J ²�g>µ

P ¢�`ce�z}e C )�+B,9 � n�pfz}p��!�t|Yd �>p�zx� pr§!�©e¦e �Xq!p��:ux|�%Y¡ce#sc�#eK�tu��©¥-u}`ce��#|Y�c�ceK�#ux��|�� " nxqt½:e�z�n�pf�©|Xnxn�pru�ux��dfe7 9 ¡t�©�4¢�`c� ��`¨��pYnoe �¼u�� n 2M ­P F 9:p�n��te�Á!�ce[�1`ceKzxea� nQux`ce�u}`czx|Yqc��`!�cqtu���z}|�¢aux`]|r¥!u}`ce��#|Y�c�ce[�%ux��|��Dno���!��e£u}`ce�� p�nou0��|��c�YeKnoux��|��1eK�F|t��`S­
_a`c��na� nau}`ce�nxp�dDe ¥ª|Yz�eKp���`4�#|Y�c�ce[�%ux��|��	¡cp�naeKpY��`�|�¥-u}`ce�d�`!p�n�u}`ce�n}prdfe�kQ_�_¦­

Â�whe�sL�!zxe[nxnx�©�!��ux`Fp�u�p�uaux`!eQ.0: @ %R1�baux`���|��c�YeKnoux��|��5eK�F|t��`�ux`ce��Kpr�!pY�#�©u�w��/� n	~�qFn�uv��|��!nxqcdfeK�H¡L�©u���pr��§Me
nxe�e��5ux`!pru£u}`cej���!��zxe[p�nxe F 9Q�t|LeKn£�c|ru�|��c��wh�te��Me��F�5|��5ux`cejux`cz}|�q!��`c�cqcu£|r¥	ux`ce " »@u}`��#|Y�c�ce[�%ux��|��	¡Y§cqcuap���nx|
|��Ïpr���0ux`ceDu}`czx|Yqc��`!�cqtu}n |�¥�pr����|ru}`ce�z���|��c�ce[�%u}�©|Y�!n�¡H`!e��!��e�¡Sz}eKnxqc�©ux���c������pr�V���XuxeKz}pY�%ux��|��º§Fe�u�¢£eKe���_v�£y
nx|�qcz��#e[n�­ S

T+BU 2 D ' )�+B,9VE 2 @GFH9AI > � J ²@�Yµ

ç	ç«í��tù%ù%ù��



F 'K2 ��!$�,./�5	���������	��K� 	 	���� 2,�����(	��

���������
	��

� �����
����

C )=+-,90E 2 > %

� �����
���� � �����


	
� 
���� � 
���� � 
���� � 


� �����
����

C )�+-,9VE�� > 2M C )�+-,9VE M > 2M
C )=+-,9 > 2M

°Q����qcz}efg�e0�{��|Y�©qcux��|���|r¥Qux`ce����!nou}pr�Xu�pr�ceK|�q!n£ux`!zx|Yqc��`c�!qtu�|r¥�pD��|��c�!eK�%u}�©|Y�

`ceK�!�#e FL9 > � O��690E 2
�

¢�`ce�z}e �69 >
S
T+BU 2 ' )=+-,9 � ²´�Xµ

k�eK�c��pY�#���c�ºux`ce¨e�sL�!zxe[nxnx�©|Y�±¥ª|Yz FH9 ���þ� �YqFp�ux��|�� g�¡�¢�e4�Kpr�tu}qcz}e�u}`ce¨� � ¹¤¯ �#|YdD�Me#u}�¼u}�©|Y�¸§Me#u�¢�e�eK�
_v�£y �#|Y�c�ceK�#ux��|��!na|Y��ux`ce����©�!¬3���4pDz}eK��qczxz}e��F�#e e �Xq!p�u}�©|Y��¢��©ux`¨pf�cz}|t�tq!�#ua|�¥Qz�pr�F�t|�d dhpruxz}����eKnK¡t¢�`c|Ynxe
e���e�dfeK�Yu�n��#|Y�Yu�pr���3u}`ce�z�pr�!�t|Yd ��prz}��p�§c��eKnN. C )�+-,9 1 S U 2������ S � 9! #" ­�
� � $&%� �('����  ��*),+<�����  �-+ ���
� �¨|�q!z�df|L�ce��G¡F�!pY��¬�e�u��©|XnxnxeKn�p�zxe¦u�pr¬�eK�¨�©�Xu}|5p�����|�qc�Xu����4ux`ce]��pr��qce 2M u�pr¬Ye��4|t����pYno��|��Fpr���©w5§Lw��>p�zx� pr§!�©e[n. C )�+-,9 1 +-U 2.����� S � 9! #" ­�Ïe]p�n}nxqcdfe�ux`!pru ��p��©qce[n�|�¥�ux`ce[noeD��prz}��p�§c�©e[n�prz}e����!�teK�FeK�!�te��Xu¦§Fe�u�¢£eKe��V�c�¼½:e�z}e��Xu ��|��c�!eK�%u}�©|Y�!nK¡Mp��!�
pr� nx|1u}`!p�u�u}`ce�w3p�zxe ���!�te��Me��F�te��Xu�����u}�©dfeY­{Â£w3`c|�df|��Ye��ceK�¼u�wY¡L¢£e¦p�n}noq!dDe u}`!p�uaux`!e�w3`Fp>��ejux`ce�n}prdfe¦��p>¢
¥ª|�z�p��©�S��|��c�!eK�%u}�©|Y�!nK¡cpr�!��¥ª|�z�p��©�S��|��c�YeKnoux��|���e��M|L��`Fn�­
� �Ïux`c� n1�Kp�nxe�¡-ux`ce��t��nouxz}��§cqtux��|��®|�¥ap��©�£z}p��!�t|Yd ��prz}��p�§c�©e[n�����ux`ce3nxwtn�u}e�d ��n�ÁcsteK���©¥a¢�e5��`c|L|Ynxefux`!e

��pr��qcef|r¥�ux`ceh�!zx|Y§!pr§c�����¼u�w � >0/ . C )�+-,9 > 2M 1f²ªux`c� n��t|Le[n��c|ru��teK�FeK�!�Ï|�� " �!e��©ux`ceKz;:�µ�u}`!p�u�� n¦z}e#¥ªe�z}z}eK�ux|hpYn � � �-� 2��5���i!��6��./!0���q�5��. 	 ­ � u�z}e��cz}eKnxe��Xu�n£§M|ru}`�ux`ce��cz}|��M|�zxux��|���|r¥0�#|��!�ceK�#ux��|��!n�nxqt½:e�z}�©�c�fp�u���eKpYn�ua|��!e
�!pY��¬�e#u0��|Yn}n-���fp ��|��c�YeKnoux��|��]e��M|L��`	¡�pr�!�1ux`!e��!zx|Y§!pr§c�����¼u�w¦¥ª|Yz�|��cea�#|Y�c�ceK�#ux��|��]ux|¦��|Ynxe�pru0��eKpYn�u0|��!e��Fp���¬�e�u
¢�`ceK�4��|��c�YeKnoux��|���pr�c�MeKp�z}nK­
���!|rux`!e�z dD|t�teK�-`Fp�nj§FeKe��V���Xuxz}|t�tq!�#e[�¨��� �Ö��
�¢�`ce�z}e�¡M¥ª|�zjeKpY��`V�#|Y�c�ceK�#ux��|��¤eK�F|t��` 769o¡:ux`ce]�>p�zx� pr§!�©e[nC ) 2 ,9 J ����� J C )

S ,9 p�zxe¦u�pr¬�eK�4�©�!�ce��Me��!�teK�XuK¡M§cqtuv¢��©ux`¤�t�©½:e�z}e��Xuv� p>¢Ã¢�`c� ��`¨��prz}�©e[na¢��¼u}`¨ux`!e�ux`cz}|�q!��`c�cqcu�|r¥
ux`!e¦��|�z}zxe[no�M|��F�t�©�!�]�#|Y�c�ce[�%ux��|���§Me#¥ª|�z}e ux`ce���|��c�YeKnoux��|��º²´�@­ e�­ / . C )=+-,9 > 2M 1�� n�p1¥ªqc�!�%u}�©|Y�4|r¥<' )�+-,90E 2 @ F 9{µ%­

�Ïe�`!p>��e���|��!nx���ce�z}eK��`ce�z}e¦ux`ce]no��df�c�©e[n�ujdD|t�teK�Hux|3§Fe1p�§c��e¦ux|h�cz}|��L���te�e�st�c�©� �#�©uv��`!p�z}pY�%uxeKzx��¾Kprux��|���|r¥
ux`!e�n�u�p�ux��|��Fprz}wh��p>¢Ã|r¥	u}`ce¦ux`!zx|Yqc��`c�!qtuK¡!p��!�3ux|h�te�z}����e�pr�4pr�!p��©wXu}���Kpr�:¥ª|�z}d1q!��p!­

�
��1 243 � ��� ��+<�����  5+  76 � �8+ �����! 9+ ��%:6 ��� � ���<;>= �����  
_a`ce��!prz�prdfe�uxe�z1�þ��nD�c|�¢ Á!sLe[�H­ � u}e�z�p�ux���c�Vux`ce4z}eK�#q!zxz}e��!��e5e �Xq!prux��|��S¡,¢£e�Á!�!�±ux`ce4e#st�!p��!nx�©|Y�±|r¥jp��
���tÁ!�c�©uxe�nxqcd4­ ' )=+-,9 > C )=+-,9 FH9 @ C )�+-,9 ' )�+-,9VE 2 J' )=+-,9 > C )=+-,9 F 9 @ C )�+-,9 C )=+-,90E 2 F 90E 2 @ C )�+-,9 C )�+-,9VE 2 ' )�+-,90E M J­­­

äªæQçSäåà



����������	�

������������������������������������� �"!$#�	�
&%('*)+�����,�-	���./!0���,�1.324�5�����62678��. O

Â�w p®zxe[noq!�¼u4no`c|�¢�� ��� ��g�
 ux`c� n��©�tÁF�c�¼u}eÏnxqcd �#|Y�L��e�z}��e[nhpr�!� ux`ceº�©��df�¼u4e#st�cz}eKn}noe[nhu}`ceºnouxe[p��tw n�u�p�u}e
�t� n�u}zx��§cqtu}�©|Y�4|r¥	u}`ce�nxe �Xqce��F�#e ' )=+-,� > T

�����
C )�+B,9 ������C )�+-,90E � FH90E � � ²ª�Lµ

��st�MeK�%u�p�u}�©|Y��|�¥-u}`ce¦ux`cz}|�q!��`c�cqcu�nxe�eK��§Lw�|��ce�nx|�qcz��#e¦��p���§Me�eKpYno���©w���pr� �#q!��pruxeK� e

°!zx|Yd FH9 > �
�

O %
�
� 9VE 2 ¢�e��teK�tqF�#e��	� FH9�
 > �

�
O ��� ' ) 2 ,9VE 2 
 @ ����� @ �
� ' ) S ,90E 2 


� > �
�

O ��� ' )=+-,9 E 2 
 �
ÄL|1ux`!pru
�
� FH96@ ' )=+-,90E 2 
 > ��� � pr�!�H¡Lp�n C )�+-,9 � n£���!�teK�FeK�!�teK�Yu�¥ªz}|�d ' )�+-,9VE 2 p��!� FH9 ²ªe�st�czxe[nxnxeK�5¢��¼u}`5ux`!enxqcd/|r¥tu}`ce,u}`cz}|�qc�Y`c�cqtuQ�©dfdfeK�t� p�u}e���w�p�¥åu}e�z : O % baux`��#|Y�c��e[n�u}�©|Y��e��M|t��`Fµ%¡�¢�e,`!p>�Ye,§Lw u}p�¬X���c�je#st�Fe[�%u�p�ux��|��Fn

|���§M|rux`¨nx���ceKna|r¥Qux`!e�zxe[�#qcz}zxeK�!�#e e �Xq!prux��|��qe

��� ' )�+-,9 
 > �
� ' )�+-,90E 2 @ F 9 
 �
� C )�+-,9 
 > �
� D % O �

� I � ²@�Yµ
Å�|�uxehu}`!p�u1ux`c� n�e�sL�!zxe[nxnx�©|Y�Ï�Kpr��§Me3���Yu}e�z}�cz}e#uxe[�Ï�©�Xuxq!�¼u}�©�Ye���wteD�vn�u}`cehu}|ru}p��{u}`czx|Yqc��`!�cqtu���dDdfe[�t��pruxeK�©w
§Me#¥ª|�z}e�u}`ce]��|��c�YeKnoux��|��¨� n�ux`!e]��p��!p����¼u�w��D¡:pr�!�¤p5�czx|Y�F|Yzou}�©|Y� �¤|r¥�u}`ce]��|��c�ce[�%u}�©|Y�!n�`!p>�Ye�`!pr����e[��ux`ceK�©z
ux`!zx|Yqc��`c�!qtu,�tqcz}�©�!�ju}`cev��|��c�YeKnoux��|��S¡>u}`c��n,e �Xq!prux��|��D|��c��w1z}e#Í!e[�%u�nQux`!pru{|��hp>��eKz}p���e{u}`ce�u}|ru}p��Lux`cz}|�q!��`c�cqcu
��dDdfe[�t��pruxeK�©w�p�¥åuxeKz��#|Y�c��e[n�u}�©|Y��nx`c|�qc� ��§Fe �Q. % O�� M 1#­
� � ���º�a���1��
 �Ï�1�	�	���

1
��� �  ��>=��� ���� ��� ��'�� ;>=��;� �����<)6�
� `ceK�¨ux`ceDnoq!d«|�¥�ux`ce1ux`cz}|�q!��`c�cqcu}n�z}eKpY��`ceK�¨p5�>p��©q!e1� prz}��e�zau}`!pr�¤ux`ce]�©���c¬¨��p��!p����¼u�w�ux`ce]§cqt½:e�z |t���#qc»
�!p��!�#w��©�!��zxe[p�nxeKnK­,y�p���¬Ye#u���|Yn}noe[na|t���#q!z ���f���6��� ����.32 	������
	���! �(�����$� ­�� �YqFp�ux��|��V�D`!e��!��e�`c|�� �cn�pYn��©uv��n
¢�z}�¼uxuxe���|��c��wh���5ux`!e¦�Kp�nxev¢�`ceKzxevux`ce¦§cqc½MeKz�� n�|r¥-nx��¾�e ¾�e�z}|!­0_a`ce ��eK�ce�z�pr�:��pYnoe ��pr��§Fe e#st�cz}eKn}nxeK�h§Lwfux`!e
n}prdfeve�sL�!zxe[nxnx�©|Y�f¢�`ce�z}e�u}`cev��pr��qcej|r¥ �B`!pYn{u}|1§Mej��|�z}zxe[�%uxe[�Dux| �� > ���B¢��©ux`T�f�Yzxe[p�uxeKz�ux`Fpr�5|Y�cej�tq!e
ux|Du}`ce¦Á!���©���c�h|r¥-ux`ce�§!qt½MeKz�§Me#¥ª|�z}e ux`ce���|Yn}nxeKnK­

�Ïe�z}e�dhprz}¬ºux`!pru]u}`ce�§!qt½MeKzhno��¾�e � p���nx|¤`!pYn]p��¶���tÍ!qceK�!�#e�|��®u}`ce4kQ_�_ �]­ � �!�ce�eK�S¡�ux`ce�§cqt½:e�z
|t����qc�!pr�F�#wV�Kpr�Ï�©���cz}�©�F�#���c�©ef��prz}w¤§Me#u�¢�e�eK�Ï�4pr�F���3­h���©ux`c|Yqc��`�¢�eD�!e�����eK�#u¦ux`ceh�!pY��¬�e�u¦§Me�`Fp>�X��|�z¦���
ux`!��n��Fpr�Me�z[¡cp�na¢�e��#|��Fno� �te�z�pDÍ!q!����Í!|�¢ÃdD|t�teK�Hux|5�ceKn}�#z}�©§Me�_v�£yQ¡!�©�4z}eKpr���©u�whux`ce � y �!pY��¬�e�u}n���p�zxz}wfux`!e
�cpru}pc­{ÄL|Ydfe�|r¥	u}`ceKnxe � y �!p���¬Ye#u�n£`!�¼ujp���eKdf�tu�w3§cqc½MeKz��©��ux`!e�§F|�uoux��e��!eK��¬3z}|�qcuxe�zaqc�F�te�zv��|��!nx� �te�z�p�u}�©|Y�S¡
¢�`c���©e]|ru}`ce�z�nv`!�¼u�p5§cqc½MeKzvu}`!p�u¦��nj�cz�p��#ux� ��pr����w3¥ªqc���G­¦_a`!e1� p�uou}e�z |��ce[nv�!e�eK�¨ux| �Yq!e�qce1¥ª|�z¦pr�VpY�c�t�©ux��|��!p��
ux��dfe"!#B¢��©ux`¨z}eKnx�Fe[�%u�u}|hux`ce¦¥ª|YzxdfeKz�|��ce[n�­£�vn�¢�e�`!p>�Ye¦pYnxnxqcdfeK�4ph��|��!nou}p��Yu�k0_�_ � ���¨|�qcz�p��!pr��wtno� nK¡
ux`!��nDp��c�c�¼u}�©|Y�!pr� �Yq!e�qc���c�¤u}�©dfe��ce�e[�cn�u}|V§Me3d1qF��`¶nodhp��©��e�z1ux`!p����]¡�|�ux`ceKzx¢�� nxe5|�qczDpr�!p��©wtnx��n1�t|LeKn��!|
��|��c�Ye�z¦pr�c�c��w�­ ��eK�!�#eY¡Hux`!efp��c�cz}|YpY��`V�teKn}�#z}��§Fe[�¤���Vu}`c��n¦�Fpr�Me�z¦��n¦|Y�c��w¨�>p��©� �º�¼¥ �%$ � � � _a`c��n §M|�����n
�t|�¢��hu}|DpYnxnxqcdf���c��u}`!p�u�ux`ce¦k0_�_-nap�zxevnx|���e���wh�tqcejux|f�#|Y�!n�u�pr�Xu��ce�� p>wLn£e��F�#|�q!�Yu}e�z}eK�f§LwheKpY��` � y¶�Fp���¬�e�u
pr�F��p�zxe¦�c|�u�`ceKp>�L���©wh���tÍ!qceK�!�#e[��§Xw��Yq!e�qc���c�!­
_-|º�#|Ydf�cqtuxe3ux`ce���pr��qce5u�pr¬Ye��®§Lw&�º¢�e�nouxq!�cw�ux`ce ��� J Ç � Ç'&MË $ �	�6= Ë < � Ç � Ê1ÇLÇ < � Ê]Ë �
�Q��� Ç �[�V= &FÇ
� Ë < _ Ç �K�V= Ë < Ç S Ë ��\-� 7690E 2 � < Ì 7�9 �
��u ux��dDeQ# > 769VE 2 p��#|Y�c��e[n�u}�©|Y�¤e��M|t��`V|t����qcz}nK¡Hp�njux`!e]u}|ru�pr�Qux`cz}|�q!��`c�cqcu `!p>�Ye1z}eKpY��`ceK�4u}`ceD�>p��©q!e�� > ���D¡-p��!�ºux`ceh§cqc½MeKz���n ¥ªq!�©�,��|��Xu}p��©�!�©�c��� �!pY��¬�e�u}nK­ � dfdfeK�t� p�u}e���wºpr¥åuxe�z���|Yn}nxeKn¦|t����qczx���c�4p�u�u}`c��n

ux��dfe�¡Xux`!e�ux|�u}pr�!ux`cz}|�q!��`c�cqcu£� n{|��5p>�Ye�z�pr�Ye �� A. % O(� M 1,p�n{nx|�dfe�|�¥Hux`cej�#|��!�ceK�#ux��|��¤²ª���hu}`cev�cz}|��M|�zxux��|�� �:µ
`!p>�Ye�`!pr����e[�3u}`ce���z�u}`cz}|�qc�Y`c�cqtu[­������-�#|Y�c�ce[�%ux��|��¤p�zxe¦u}`ce��¨���!��zxe[p�nx�©�c�fu}`ce���z�u}`cz}|�qc�Y`c�cqtujp��!��ux`!e�ux|�u}pr�
ux`!zx|Yqc��`c�!qtu��©��ux`!e��©���c¬3� na��e�uou}�©�c�h`!�©�Y`ce�za¢��©ux`4z}pruxe �)��� M ¡cnxq!��`�ux`!pru�¢£e�`Fp>��e�e

¥ª|�z #,��� 
 7690E 2+* 769 
 ¡Q' )-,�./,1032 , .V#�1 > �  . % O �
� 1 @ �

� M .V# O 7�90E 2 1 �
�Ïe1�#qtuvux`ce����XuxeKzx��pr� 
 7690E 24* 769 
 ���Xux|fu�¢�|h�!przxuK¡ 
 7690E 2+*65769 
 pr�!� 
 57�9 * 769 
 ¡!���Xuxz}|t�tq!�#���c� 57690u}`ce�ux��dfe�|r¥0u}`c��n���Yu}e�z}��pr�H¢�`ceKzxe ux`!e¦ux|ru�pr�:u}`czx|Yqc��`!�cqtu���n�ux`ce�pY�%uxqFpr�H��pr��qce¦|r¥Qux`ce������c¬��Kpr�!pY�#�©u�w��D­ �ºe�`!p>�Yece

' )7,�./,�032 , . 57 9 1 > � no|Du}`!p�u �
�NM . 57 9�O 7 9VE 2 1 > � O �  . % O �

� 1 �

ç	ç«í��tù%ù%ù��



� 'K2 ��!$�,./�5	���������	��K� 	 	���� 2,�����(	��

C �	��= < _®�6\ Ç�� ���K�TSQ�c�[� Ë Zv�V\ Ç = < � Ç � & � $ ¡Fux`ce]�Lqcd1§Me�z�|�¥��!p���¬Ye#uv���4ux`ce �Yq!e�qce�� nv�ceK�#z}eKpYno���c�5pYn'*)-,1./,�032 ,v��n u}`ce���nodhp��©��e�z¦u}`!pr� �D­h_a`ceh�teK��zxe[p�nxe1|r¥£ux`ce��XqceKqce�¡Sux`!pru¦� n¦�!pruxqcz�pr���©w¨§M|�q!�!�teK�Ï§Lw �3¡S��n
ux`!e��4������eK��§Lw^e

������� 9 > � .07 9VE 2 1 O � . 57 9 1 >
	���
 � � J�������� ����� � O ' )-,1./,�032 , .V#�1��B#�� J
������� 9 >
	���
! � J  � O �  . % O �

� 1 O %
�

�
�NM . 57�9 O 7690E 2 1#" . 5769 O 769VE 2 1�" J

�$����� 9 >%	���
! � J � M� � M
� D % O ��. % O �

� 1�I M " � ²0FXµ

C �	��= < _·�V\ Ç � Ç � Ë < Ì S0�t�>� Ë Z4�6\ Ç = < � Ç � & � $#& °cz}|�d�u}�©dfe 5769�ux|G769�ux`ceVux|ru�pr�jux`cz}|�q!��`c�cqcu3��n
���!�#z}eKpYno���c�]¥ªzx|Yd �/u}|fux`ce���p��©qce �� Spruou�pr���ceK�4p�uau}�©dfe 7690¢�`ce�z}e ux`ce�§!qt½MeKz�� n�¥ªqc�©�(e

' )7,�./,�032 , .07 9 1 > �  no|Dux`Fp�u �
�NM .V7 96O 57 9 1 > �  O � �

_a`ce����!�#z}eKpYnoe |r¥-ux`ce�§!qt½MeKz�����u}`c� n��FeKzx��|t�3� nau}`ce��4������eK�3§Lw[e

��')(*� 9 > � .V7 9 1 O � . 57 9 1 > � �+��� � ' )7,�./,�032 , .0#�1 O �,� # J
��'�(*� 9 > %

�
�
�NM .V769 O 57�9A1 M > � M

�
� M
� .3� O %R1 M � ²/O�µ

�vn5§cqt½:e�z5� nf¥ªqc���jpruhux��dDe[n 7 90E 2 pr�F�þpruhux��dfe 7 9 ¡��teK��zxe[p�nxe¨pr�!�þ���!�#z}eKpYnoe4|r¥ ux`!e �Xqce�qce¨e�scp��%u}�©w�#|Ydf�FeK�!nxpruxeY­�Ät|fux`!pru�u}`ce���pr��qce�|r¥B�5��eKzx�©Á!e[n
e

� O % >
	���
 D)- J % O ��. % O �
� 1 I ¢�`ceKzxe - >/. � � �

� � � ²0�Xµ
� u���pr�Vux`ceK�V§Mehno`c|�¢��¸²´nxe�efnoe[�%ux��|��Ï��­�g]���ºp��c�Me��!�t�©sV�jµ#¡Hux`Fp�u ux`cef��pr��qce]u}pr¬Ye��¤§Lw �4� nj�Y�©�Ye��¤§Lw

ux`!e¦¥ª|����©|�¢����c�

� >
	���
! % @ - J %
% O � 0 " J ²0PXµ

¢�`ceKzxeDux`!efuxe�z}d ��`!|Ynxe��Ï§XwVux`cehdf���c��d1qcd e#scp��#ux��wV�#|Yzxz}eKnx�F|Y�!�cnjux|4u}`cefuxeKzxd ��`c|Ynxe��Ï���Ï� �YqFp�ux��|��&�c­
_a`c� n�dfeKp��!n�ux`!pru�¢£e�`!p>�Yevu}|h�t��noux���c�Yqc��nx`4§Fe�u�¢£eKe���u�¢£|D¥ªqc�F�%ux��|��!�©�c�5�Kp�nxeKn1eP2143�57698%:9;7<9< �>=?��@�A��CB _a`c� n0�#|�z}z}eKnx�F|Y�!�cn	ux| ux`ce��Kp�nxe£¢�`!e�z}e,u}`ce 	���
 �©�]ux`!e�e�st�czxe[nxnx��|��1|�¥ �������

²ª� �Xq!prux��|�� FYµ¦u}pr¬YeKn�ux`ce��>p��©q!e��5­ � �®u}`c� n]�Kp�nxefux`ce�§cqt½:e�zDe�df�tux��eKn1§Fe�¥ª|�z}ehux��dfe 5769�­ÏÄL�©�F�#e3pruux`c� n�u}�©dfe 57690u}`ce�§cqt½:e�zj��nj�#eKzou�pr���c�©w�e�df�tu�wY¡!¢�e�zxe�¥ªe�z�u}|hux`!��nj��p�nxe�p�n�ux`ce�eKdf�tu�w�§!qt½MeKzj�Kp�nxe�­ � u¥ª|����©|�¢�n�eKpYno����whux`!pru
�  > � @ . � �*�

�
J

�#|�z}z}eKnx�F|Y�!�t���c��u}| � > % @ - ­P2D �>E��>= 1$3�57698%:9;�<�< �>=?��@�A$�FB _a`!��n � n ux`ceD¥ªqc�!�#ux��|��c���c�¨��pYnoe]¢�`ce�z}eDux`cef§cqc½MeKz �!e���eKz¦e�df�tux��eKn
§Fe�u�¢£eKe���u�¢£|h��|��c�YeKnoux��|���e��M|L��`Fn�pr�!��u}`ce�df�©�!�©d]qcd����4� �Xq!p�u}�©|Y� Ff��nv������e���§Lw5u}`ce�z}�©�Y`Yuau}e�z}d�­
��e��F�#e

� O �  . % O �
� 1 > �  O � J noq!��`�u}`!p�u{� > %

% O � 0 �
Å�|ru}e ux`!pru��©��ux`!��n��Kp�nxevu}`ce��#|Yzxz}eK�#uxe[�3��p��!p����¼u�w3��n��teK�FeK�!�t���c�h|���ux`!e�nowL�!��`cz}|��!�©¾[p�ux��|���z}pruxeY­

� `c� ��`¤|��!e�|r¥�u}`ceKnxe�u�¢�|3��pYnoe[n�� n���pr�����¤��nj�te#u}e�z}dD���ce[�¨§Lw3u}`ce1df���c�©d]qcd ��`c|XnoeK�����¨u}`ce1e�sL�!zxe[nxnx�©|Y�4|r¥
�M­5²´Å�|�uxe]ux`!pruK¡SpYnHGJIR�KI�%Y¡Mux`cefz}�©�Y`YujuxeKzxd � nj§M|�q!�!�¤§Lw 0 � ­��£|Y�!nxe �Xqce��Xu}�©wY¡F¥ª|Yz -ML 2� ¡:ux`ceD§cqt½:e�z
�t|LeKna�!e���eKz�e�df�tu�wY¡!pr�!�3ux`!e��>p��©q!e � n��Y�©�Ye��3§Lw3ux`ce�z}�©�Y`Xu�u}e�z}d4­ µ

äªæQçSäåà



����������	�

������������������������������������� �"!$#�	�
&%('*)+�����,�-	���./!0���,�1.324�5�����62678��. P

1
� � 2&� � ����+<���  ��K�-'�� � %� ��('����  �<),+ �����  3�-+ � �
��eKzxev¢£e��!zx|Y�F|Xnoevp�dDe�ux`c|t�fu}|1��`c|L|Ynxeaux`!ev��pr��qcev|�¥:ux`cej�!prz�prdfe#u}e�z*�-¡Y¢�`!����`h� n£�ceKn}�#z}�©§MeK�f���h¥ªqc���M�ce#u}p��©�
��� � �!
ó­3_a`ceD¥ª|�z}d1q!��p�¥ª|�q!�!�º¥ª|�z �®� n ux`ceK��p��c�c���©e[�ºux|�ux`cefu�¢�|¨�t�©½MeKzxeK�Yu�¥ªq!�!�%u}�©|Y�c�©�!�¤��p�nxeKnju}`!p�u�¢�e�z}e
�cz}e��L��|�q!nx�©w��#|Y�!no� �teKzxe[�Ï²´e�df�tu�w�§cqt½:e�z ��p�nxe�¡Mpr�!�4�!e���eKz�e�df�tu�w�§cqt½:e�z¦��pYnoe>µ " �V��nv�©�¨�Ye��ceKz}p��S������eK��§Lw
ux`!e�dD���c��d1qcd4­
°cz}|�d p]n�u}q!�twf|r¥Su}`cej¹Vprz}¬�|��L��p�� �Yq!e�qce ¹���¹��tg��rÂ¶¢��©ux`�noeKzx�L� �#e�z�p�u}e �/p��!�5prz}z}�©��pr�Fz}pruxe �� > ���

¢��©ux` ����%Y¡Xp]��pr� �#q!��prux��|��5nx`c|�¢�n{u}`!p�u£ux`ce �cz}|�§!p�§c���©�©u�w1¥ª|Yz�p]�#|Y�c�ceK�#ux��|��hu}|]��|Ynxevpru£��eKp�nou£|Y�cev�Fp���¬�e�u£���
pf�#|Y�c��e[n�u}�©|Y�3e��M|t��`4��n

� > % O�	�

� D O 4 #S � E 22 E ) �� ,��
� � I
% O�	�

� D O � �

� E 22 E ) �� ,��
� � I >�� .3� 1 � ²ogK�Xµ

P � �4ux`ce | � S-� È ��� J Ç ���Y�c� ÇF¡Mu}`ce1��pr��qce]|r¥ ��� nj¬X�!|�¢��¨e �Xq!pr�	ux|�% @ - ¡:¢�`c� ��`¤������e[n��t��zxe[�%ux��w4p
�>p��©q!ej¥ª|Yz �	­

P � �4ux`ce h Ç &FÇ � Ç � SQ� È ��� J Ç ���Y�c� Ç3u}`c� nv� nvnx�©����`Xu}�©w�df|�z}e1�#|YdD�!�©e�s¨pYn�u}`ce1��pr��qce�|�¥ ���ce��Me��!�cn
|�� �V�©u}nxe��©¥�­ �V� n�u}`ce��Vux`ceDno|Y�©qtu}�©|Y�¤|r¥,phÁcsteK�¨�M|����Xu e
�YqFp�ux��|�� � >�� . � 1�¢�`!e�z}e � . � 1 >�� . 22 E��� 1%­��e�z}wD�Ye��ceKz}p��©��w�¡Yux`!��n£¥ªqc�!�#ux��|���p��tdf�©u}nap�qc�!� �Xqce ÁcsteK�5�F|Y�©�Xua�©� � G * % 
 ¡L¢�`c� ��`���p��5§MejeK�>p��©qFp�uxe[�3pYnux`ce����©df�©u�|r¥-ux`ce¦¥ª|Y�©��|�¢��©�!�D�©uxeKz}prux����e¦nx��`!e�dfe�­� � � > 2 E �"!�# . E%$'&( ��
� � 12 E)�"!�# . E 4 # ��
� � 1 � ¢�`c����`4� n�ux`ce�����dD�©uv|�¥ � ."� 1������+* Gf¡

� ,%- 2 >.� . � , 1 � ²og�g>µ

���Xpr���4¢£e�`!p>�Ye¦|�§!nxe�z}��e[�5u}`!p�u(�¨� n�df|�z}e���eK�ce�z�pr����w5������eK��§Lw3ux`ce�df���c��d1qcd«|r¥Qux`ce[noe�u�¢£|f�M|Yn}no��§c��e
��pr��qceKn�²@noeKe�noe[�%u}�©|Y���1­ �]���4p��c�Me��!�t�©s�� µ%­+� `!����`�|��ce�� n�ux`!e�nodhpr����eKnou��ce#uxeKzxdf���ceKn�¢�`ce#u}`ce�zau}`ce�e�df�tu�w
§cqt½:e�zj��p�nxe |�z��ceK��e�z�eKdf�tu�w5§cqt½:e�zj��p�nxe�pr�c�!�©��eKnK­
_a`ce���pr��qce�|r¥0�!p�z}p�dDe�uxeKz �¨��nau}`ce��¨eK�Xux��zxeK�©w3ÁcsteK��§Lw���`!p�z}pY�%uxeKzx� noux� ��n�|r¥Qux`ce1�ce#u�¢�|�z}¬�� J � J � J �±­��Ïe
���©��q!nouxz�p�uxe3ux`c� nDdfe#ux`!|L�±|��±e�stp�df�c�©e[n1���þÄteK�%u}�©|Y�ROL­����©ux`!|�qc�Y`±�©�þÄLeK�#ux��|��{O¨¢£e�q!nxe5ux`!��nDnx��`!e�dfe5u}|
eKnoux��dhp�u}eh��p��!� �F¡Q��prz}��p��Yu�n |��Ïux`c� n�n}��`ce�dfeDux|¨e[n�u}�©dhpruxeDux`ce[noeh�Fprz�prdfe#u}e�z�nje�st��nouK­�Ät�©�!��efux`cefu}`ce�|Yzxw
�teK��e���|��MeK��¥ªqczxux`ceKz0ux|���p�����qc��pruxe£ux`ce�_�¯ °¤|�¥!ux`!e£u}`cz}|�qc�Y`c�cqtu�� n0�©�!�ce��Me��!�teK�Xu0|�¥!u}`ce�nx��`ceKdfe�¢��©ux`D¢�`c� ��`
ux`!e��!prz�prdfe#u}e�z�nB�4p��!�y�5prz}e¦eKnoux��dfpruxe[�H¡cpr�Lw5|�¥-u}`ceKnxe�pr�©uxe�z}�!prux����e¦nx��`ceKdfeKn��#|Yqc� ��`Fp>��e §FeKe��4q!nxeK�H­

/ � �1�10 � �-�a�Q� �«2�2��0�325"�� ��+-"#���

4���� �������������������! 
��eKzxe�¢£e�n�u}q!�tw�u}`ce�§Me�`Fp>�X��|�z]|r¥�|Yqcz]df|t�teK�£¥ª|YzDpV��p�zx�Ye5�Lqcd1§Me�zD|r¥ �#|��!�ceK�#ux��|��!nK¡�pr�!�¸noeKe3`c|�¢ u}`c��n
nx�©df�c���¼ÁFeKn�u}`ce1e�st�czxe[nxnx��|���|r¥0ux`ceDn�u}eKpY�tw�nou}pruxe�� p>¢�­a��st�FeKzx��dfe��Xu}p��	��pr�����!p�ux��|��Fn�|r¥0u}`c��njpr�c�!zx|>st��dfprux��|��
`!p>�Yej§Me�eK�4��|��!�cq!�%u}eK�4pr�!��prz}e¦�cz}eKnxe��Xuxe[��pru�u}`ce�e��F��|�¥	u}`c��nvnoe[�%ux��|��	­
_a`cejzxe[�#qcz}zxeK�!�#e�e
�Xq!p�u}�©|Y�5������e[n{z}e�� p�ux��|��Fn�§Fe�u�¢£eKe��5��p��©qce[n,|�¥Hux`cz}|�q!��`c�cqcu,¥ª|�za�t�©½MeKzxeK�Xu��#|Y�c�ce[�%ux��|��Fn

pr�F�¤�t�©½MeKzxeK�Yu¦e��M|t��`!nK­ � �V�Fprzxux� �#qc� przj|��ce1Í!|�¢/�©�Xu}e�z�p��%u�n�¢��©ux`Ïpr�c|�ux`ceKzv|��!e1|��!�©w4���¤ux`!e1e#st�cz}eKn}nx�©|Y�¨|r¥
ux`!e����XuxeKzo»ô�#|Y�c��e[n�u}�©|Y��ux��dDeY¡{u}`czx|Yqc��`±ux`ce¨p>��eKz}p���e 2S � 90E 2 ¡�¥ª|�q!�!�¶���±u}`ce4e#st�cz}eKn}no��|��¶|r¥ F 9o¡{dhpY�te�§Lw
p>��eKz}p������c� � ��prz}��p�§c��eKn�¢��¼u}`¨nxp�dDe¦e�sL�MeK�#u}prux��|���e �Xq!pr�:u}| #65S . % O � M 1#­� `ceK�#�«� n0�©�!��zxe[p�nxeK�1¢�`c�©��e�¬�eKe��c���c�jux`ce�n}prdfe���p��!p����¼u�w�z�p�u}�©| �� � �®¡rux`ce���prz}� pr§c��e � 9VE 2 ��n0|Y§tu}p��©�ce[�p�n£pr�3p>�Ye�z�pr�Ye�|�¥HdD|Yzxejpr�!�hdf|Yzxe�z�pr�F�t|�d(��prz}��p�§c�©e[n{¢��©ux`3n}prdfe�e�st�Fe[�%u}prux��|��S­�°!zx|Yd�u}`cejnouxq!�cwD|�¥Hux`ceK�©z
���Yu}e�zx»ó��|�z}zxeK��prux��|��5¢�e���p���nx`c|�¢ u}`!p�u�u}`ce���prz}��p��!�#e |r¥Qux`ce�p>�Ye�z�pr�Ye���pr�c� no`!eKn�pr�F�5u}`!p�u�u}`c��nvp>��e�z�pr�Yev��p��
§Me¦u}pr¬Ye����©��u}`ce�df|L�ce��:ux|h§Me�e �Xq!p��:ux|f�©u}n�e�sL�MeK�#uxe[����p��©qceh²´�czx|L|�¥0�Kpr��§Fe¦¥ª|Yqc�!���©���Ö�!
ªµ1e

�690E 2
� 7 �� 

�
. % O �

� 1¶�¼¥+� ��na� prz}��e¦e��!|�qc�Y`S¡t`ce��F�#e F 9 > �� O��69VE 2
� 7 �� 

�
�
� > F �

���F�te�z,ux`c� n,p��c�cz}|>sL��dhp�u}�©|Y�S¡�ux`!ev��prz}��p�§c��eKn FL9 �#|Y�L��e�z}��e�¥ª|Yz£pr����:-ux|�ux`ceK�©z£e#st�Fe[�%u}eK�h��pr��qce[n{¢�`c� ��`5prz}e
e �Xq!p��:ux|Dux`!e�nxp�dDe���|��!nou}p��Yu F ­{_a`ce�z}eK�#q!zxz}e��!��e nx��dD�!�©�©Á!eKn�u}|5pD|��ce�»ó�t��dfe��!nx��|��!p��Me
�Xq!p�u}�©|Y� e

ç	ç«í��tù%ù%ù��



gK� 'K2 ��!$�,./�5	���������	��K� 	 	���� 2,�����(	��

' )=+-,9 >�C )=+-,9 D ' )�+-,90E 2 @GF I pr�!��¢�e�`!p>��e8' )�+-,� > F T
��� �

C )�+-,9 ����� C )=+-,90E � � ²og[�Yµ

4�� � $!� � +�69% � ��+<� ���<+�� + �*�-'�� ���<� =�� � ��� +  �� ��N �������� � � � �6� ��� ��� +��
	
� �¤u}`ceD�©�tÁF�c�¼u}eDnxqcd �te�Á!�c���c�3u}`cefn�u}eKp��cw4nou}pruxe]��p>¢/���¤� �Xq!prux��|��¶g>�t¡M¢£eD��p��º�te[�tq!�#e1ux`ce�� @ %�u}e�z}dfn
¥ªz}|�d ux`!e]u}e�z}d �Lqcd1§Me�z
�4§Lw¤p��V���!�te��Me��F�te��Xu��#|Y�©�ºux|Xnxnx�©�!� "	¢��©ux`Ï�cz}|�§!p�§c���©�©u�w % O �ºux`!e�wVp�zxeDe �Xq!p��
pr�F�4¢��¼u}`¨�czx|Y§!pr§!�©���¼u�wc�4ux`ce1��pruouxeKz�u}e�z}d�� n�`!p��¼¥0ux`!e�Á!z�n�uv|Y�ce�­��£|��Fnoe
�Yq!e��Xux��w�¡tu}`ce1nouxe[p��tw4n�u�p�u}e���p>¢ ��n
ux`!e]z}eKnxqc�©uj|r¥,ux`ce�¿����tÁ!�!�¼u}e]�Ye�|�dfe�uxz}���1¢�p��©¬YÀ�zxeK�cz}eKnxe��Xuxe[�¨|��¨u}`cef°-����q!zxef�t¡:¢�`ce�z}e]pr¥åuxeKz e[p���`VnouxeK�¤¢�e
�te[�#� �te��©�F�te��Me��!�ce��Xux��w3¢��©ux`4�cz}|�§!p�§c���©�©u�wf�4ux|f`!p��©�Yeju}`ce�nouxe��4��e��c��ux`�|�z�eK��nxe¦¬�e�eK�3u}`ce�n}prdfe¦�>p��©q!e�­

. C )�+B,9 J C )�+-,9VE 2 J ����� 1 > . % J % J %� J %� J % J % J %� J % J ����� 1

etc.

1 STEP
at STEP=q/2 2 STEPS

at STEP=q/8

3 STEPS
at STEP=q/4at STEP=q

2 STEPS

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

P
ro

ba
bi

lit
y 

T
hr

ou
gh

pu
t >

 T
hr

es
ho

ld

Threshold (1 is c)

Size of Simulation = 100000

Synchronization rate = 0.1
Synchronization rate = 0.2
Synchronization rate = 0.3
Synchronization rate = 0.4
Synchronization rate = 0.5
Synchronization rate = 0.6
Synchronization rate = 0.7
Synchronization rate = 0.8
Synchronization rate = 0.9

Synchronization rate = 0.99
Synchronization rate = 1
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Threshold (1 is c)

Synchronization rate = 0.1, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.2, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.3, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.4, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.5, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.6, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.7, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.8, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.1, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.2, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.3, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.4, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.5, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.6, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.7, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.8, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.01, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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Threshold (1 is c)

Synchronization rate = 0.99, Number of simulation’s step= 100000

Asymptotic Value
Number of flows = 1 
Number of flows = 2 
Number of flows = 4 
Number of flows = 8 

Number of flows = 16 
Number of flows = 32 
Number of flows = 64 

Number of flows = 128 
Number of flows = 256 
Number of flows = 512 
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