
UNIVERSITY OF OSLO
Department of Informatics

Performance
evaluation of QoS
provisioning in ad
hoc networks:
SWAN and its
enhancement

Cand Scient thesis

Shiva Kumar Sitaula

29th April 2006



� �����������
	

� ��
�������������������
 �
�! "� #%$'&)(�*+(-,.,0/1(325476!&.89,  : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < �
�! >= ?�6!@A$+*'(CBED
F16HG;/I(�254J6!&)8LKM?
BC/1NPOIQR : ; : < ; : ; : : ; : ; : < S
�! UT ?�6�2V$"W�XY2V$+6�ZL : : ; : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < [
�! \S ?�(�2V]^6_DA6�*+6!`�a  ; : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < [
�! >b cCd^2)*+$'ZA(C6�e�2V]A(f2)]A(-,.$+,  : : : : ; : ; : : ; : < ; : ; : : ; : ; : < g

h ij�lkm��
onp�rqs���

�tu�wvx�y��z�{ |
=_ "� }C69~�$',),)d^(:6�Z
BED_��]A6HGfZA(�254J6!&)89,� : ; : : ; : < ; : ; : : ; : ; : < �
=_ >= }C69~���6_D^(-*+,�e�6�&E�5Z92)(-&.ZA(�2  : : ; : ; : : ; : < ; : ; : : ; : ; : < ���=

=H �=_ "� �5Zu2w~_(�&.W^���1~H�f�  : : : ; : ; : : ; : < ; : ; : : ; : ; : < ���=
=H �=_ >= ��$"��~_(�&.W  : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < ���T

=_ UT �5Zu2�~_(-&�W�6�W�(-&1��$'�l~_(�&.W� : : : : ; : ; : : ; : < ; : ; : : ; : ; : < ��-S
=_ \S �76�ZAG-*'dA,)$'6!Z� : : ; : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < ���b

� ij�lk������stH��np
��r��tH{�����
���{�{��st_{ �H 
T^ "� }C69~�B1ZpX�*'aH,.$+,  ; : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < ���[
T^ >= }C69~u��~_$'`!ZpX�*'$+ZA`¡X�ZAD
�I6!d_2V$+Z^`¢�5Z92)(-&)X�G�2)$+6!Z£ : < ; : ; : : ; : ; : < ���¤
T^ UT }C69~�~_$'`!ZpX�*'$+ZA`^¥¦�5,),.dA(-,  : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=©¨

T_ >T^ "� �5Z_�5ª�X�ZAD�WH,- JcCd^2.��6�e«�¬ª�X©ZAD�~_$+`�ZpX�*+$'ZA`­ ; : ; : : ; : ; : < §=©¨
T_ >T^ >= ~_6�e®2��5,�2�X©2)(CW!(-&.,)dA,�F�X�&.D_�5,�2�X©2)(¯ : ; : < ; : ; : : ; : ; : < §=H�
T_ >T^ UT cCZA(3��°pX�,.,0W�(-&.,)dA,1O�4J6©�5°AX�,),  : : ; : < ; : ; : : ; : ; : < §=�=

T^ \S }C69~�BEDpX©°^2�X©2)$+6!Zm : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=�=
T^ >b }C69~�?
BI�R°A&)6�2)6_G�6!*± : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=©T

T_ �b_ "� ª7*+X�G�8²ª7dA&.,.2��76!Zu2V(�Zu2V$+6�Z³~_G�]^(-��(´ : < ; : ; : : ; : ; : < §=©T
T_ �b_ >= ?
BI�7BC���µ�  : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=©T

T^ U[ }C69~�&.6!d^2V$'ZA`j°A&)6©2V6HG-6!*¶ : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=�b
T_ >[^ "� ��Nµ�EBC�  : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=©[

T^ >g }C69~�?
6HDA(�*+,IX�ZAD²e�&VX©�·(3476!&.89,I$'Z
?
BC/1NµO  < ; : ; : : ; : ; : < §=�g
T_ �g_ "� �¬/C~H��¸:/I�5B¹ ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=�g
T_ �g_ >= º�}<?³?¹ ; : ; : : : : : ; : ; : : ; : < ; : ; : : ; : ; : < §=©¤

�



»E¼0½¢¾�¿µ½j¾¦À Á

Â_Ã�Ä_ÃUÂ Å®Æ�ÇIÈ Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ_Ê
Â^ÃUË Ì7Í�ÎAÏ-Ð'ÑAÒ)Å'Í!Î�Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ Á

Ó Ô�Õ×Ö²Ø ÙAÓ
Ú Ã"Ê Û5ÎuÜ)Ý)ÍHÞAÑAÏ�Ü)Å+Í!ÎRÃ:Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ Ú
Ú Ã Á ß9à ÇCá�Ç�Ý.Ï�âAÅ'Ü)ã-Ï3ÜVÑAÝ.ã�Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ!Ä

Ú Ã Á Ã"Ê ÇEÞAä�Å+Ò.Ò)Å+Í�Î�Ì7Í!ÎuÜVÝ)Í�ÐåÃ:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ!Ä
Ú Ã Á Ã Á æIç ÜVã:Ì7Í!ÎuÜ)Ý)Í!Ð'Ð+ã-ÝèÃ:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉÂ�é
Ú Ã Á ÃUÂ ß â ç©ê ã�ÝëÃ;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú!ì
Ú Ã Á Ã Ú Ì7Ð ç Ò)Ò)Å"ípã-Ý<Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú!ì
Ú Ã Á Ã>î ïðÌ�á0ñ�ò ç Ò)ã�Þ æ ã-ó!Ñ ç Ð'Ü)Å+Í!Î�Í©ô æ ã ç Ð�õEÅ'ä·ãfõ�Ý çYö Ï Ã;Ã:Ã;Ã:Ã<Ã Ú!ì

Ú ÃUÂ Ì7Í�ÎAÒ ç ÎAÞ
÷µÝ.Í!ÎAÒ0Í�ô ßHà Ç�á Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú Á
Ú Ã>Â^Ã"Ê Ì7Í!ÎAÒ�Ã:Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú Á
Ú Ã>Â^Ã Á ÷PÝ)Í!Î^Ò Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú Á

ø ÔlùMú¶û�ü�ý_þ�ù�ÿ���������û�ü�þ�� ÓyÓ
î_Ã"Ê ÇEÏ�â^Å+ã
	�ã-ä�ã-ÎuÜVÒ ç ÎAÞ�Ý)ã�Ò)ÑAÐ"ÜVÒxÃ:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú�Ú
î_Ã Á ß Å+äxÑAÐ ç ÜVÅ'Í!Î�ïPÎ�	HÅ+Ý.Í!ÎAä�ã-ÎuÜåÃ:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú�Ú

îHÃ Á Ã"Ê ß Å'ÎAó!Ð+ã
�1Í ê ß Ï-ã�Î ç Ý.Å+Í¢Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú î
îHÃ Á Ã Á Æ
ÑAÐ"ÜVÅ��IÍ ê ß Ï-ã�Î ç Ý)Å'ÍoÃ:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú��

î_ÃUÂ Ç1Ý)ã êpç Ý ç ä�ã�ÜVã�ÝEÒ)ã3Ü)ÜVÅ'ÎAó!Ò0Å+Î ß9à ÇCá×Ý)ã ç Ò)Í!Î ç òAÐ+ã�� Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú Ä
î_Ã Ú ÷�ã-Ý�ô�Í!Ý)ä ç ÎAÏ�ã:Í©ô ß Å'ÎAó!Ð'ã��1Í ê ß Ï�ã-Î ç Ý.Å+Í!Ò Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã Ú Ä

îHÃ Ú Ã"Ê Û5ä êpç Ï�Ü0Í©ô¦ÇEÞAä�Å+Ò.Ò)Å'Í!Î
Ì7Í!ÎuÜVÝ)Í�Ð æ1ç Ü)ã�� Á Ã � Æ�� Ã;Ã:Ã;Ã:Ã<Ã Ú Ä
îHÃ Ú Ã Á Û5ä êpç Ï�Ü0Í©ô¦ÇEÞAä�Å+Ò.Ò)Å'Í!Î
Ì7Í!ÎuÜVÝ)Í�Ð æ1ç Ü)ã��EÊ!Ã � Æ�� Ã;Ã:Ã;Ã:Ã<Ã§î©Â

î_Ã>î ÷�ã-Ý�ô�Í!Ý)ä ç ÎAÏ�ã:Í©ôPÆ
Ñ^Ð'ÜVÅ'âAÍ ê�ß Ï�ã-Î ç Ý)Å+Í�Ò Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã§î �
îHÃ�î_Ã"Ê Û5ä êpç Ï�Ü0Í©ô¦ÇEÞAä�Å+Ò.Ò)Å'Í!Î
Ì7Í!ÎuÜVÝ)Í�Ð æ1ç Ü)ã�� Á Ã � Æ�� Ã;Ã:Ã;Ã:Ã<Ã§î�Ä
îHÃ�î_Ã Á Û5ä êpç Ï�Ü0Í©ô¦ÇEÞAä�Å+Ò.Ò)Å'Í!Î
Ì7Í!ÎuÜVÝ)Í�Ð æ1ç Ü)ã��EÊ!Ã � Æ�� Ã;Ã:Ã;Ã:Ã<Ã � Â

î_Ã � ÷�ã-Ý�ô�Í!Ý)ä ç ÎAÏ�ã:Í©ô ßHà ÇCá���Ê �!ì!ì�� ò ê Ò�� Á ì!ì!ì�� ò ê Ò�� Á �!ì!ì�� ò ê Ò Ã<Ã§Ä ì
� �! ^ýpü�û�ý^þ�ù�ÿ�� ý"�$#rÖ%�sýpü'&(��ù)� *"�

� Ã"Ê Ç1Î ç Ð,+_Ò.Å+ÒEÍ�ô ç ÞAä�Å+Ò.Ò)Å'Í!Î²Ï-Í!ÎuÜ)Ý)Í!Ð�Ý ç ÜVãfÍ!Î ß Å'ÎAó!Ð+ã
�1Í ê
ß Ï�ã-Î ç Ý.Å+Í Ã<Ã§Ä �
� Ã Á Ç1Î ç Ð,+_Ò.Å+ÒEÍ�ô ç ÞAä�Å+Ò.Ò)Å'Í!Î²Ï-Í!ÎuÜ)Ý)Í!Ð�Ý ç ÜVãfÍ!Î Æ
ÑAÐ"ÜVÅ��IÍ ê
ß Ï-ã�Î ç Ý.Å+ÍèÃ:Ã<Ã§Ä©Ë
� ÃUÂ -CÑAÝ ê Ý)Í ê Í!Ò ç Ð£Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<Ã§Ä©é
� Ã Ú æ ã-Ð ç ÜVã�Þ%.7Í!Ý0/ Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉË ì
� Ã>î 1pÑ^Ü)ÑAÝ)ã�.JÍ!Ý2/ Ã;Ã:Ã;Ã:Ã:Ã:Ã:Ã:Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã<Ã;Ã:Ã;Ã:Ã:Ã;Ã:Ã;Ã:Ã<ÃÉË_Ê

Ö�3$34���5#�ù)6���� 7AÓ
Ö 8�9;:×Ô�6�<Yù=3�þ�>¦ü)����?�ÿ@<
Ô�Õ×Ö²ØA�5�CBEDmÔ�ù�ú¶û�ü�ý^þ�ù�ÿ�� 7yø
F ÔG6�<Yù)3sþH�¢û5����#I?�ÿ@<J9;ýpüK6uû�ü�ý^þ�ù�ÿL� M�N



OQPSR�T$UVR�TXW Y

Z [L\^]%_A`�a�b(c d"e



f�gXh
ikjml"n�i
oQp"qsr)tvu0w�t�xytvz{w}|�~���~�r����X���yt�u0q�x���~��s�;�"�"|��ktvw2|�~��J~�r���~��{|���q�t��"x�pyt��{x���p"q
��x�x"q��
� |���q
u�q����"|�z"z�q�x��S|�w2p��S|��2q���q�u0u�|���w2q���r)t���q�|�u����2q�tvw}|��"��t��"qC���Ep"t�����q��"��qSr=~����
�yt���|,w� 
~�r4¡�q�� � |���q�¢V��~�¡¤£�z{�2~ � |�u2|�~��G¥V¦!�{q§w2~�w}p"q§�yt��{x{�S|�x{w2p¨��~��"u�w}�2t�|���w©t��"x¤x{ ��yt��s|��w}~�z�~���~��� �~�r4ªJ~��"|���q�«Qx¤p"~���¬©q
w���~��2­�u�¢KªJ«
¬�®4o©£C¯@u2�"z{zL~���w}|��"���
�ytv��|�w� °~�r±¡�q����
� |���q¨¢K�
~�¡"£©|���ªJ«!¬!®4o$u�|�u
t°�Ep"t�����q��"��|��"��wEt�u0­�¥�«²��~�w�~�rV�0q�u2q�t��2�Ep�qC³´~���w}u
p"t � q�Lq
q��¨x"~��"q�~��%u2�"z"z�~���w}|��{���
~�¡°|�������w2q��2�{q
w�t��"x%~�w2p"q����"q
w���~��2­°|��{r=�2t�u0w2�2�"�Cw}�"�0q�u�¯
�"�{w��°tHµ0~��2|�w� °~�r±w2p"q��¶t��0q§�"~�w�u2�"|,wEt��"��q�|��¨w}p"q�ªJ«!¬!®4o·q�� � |��0~��"�sq���wk¥¸o5~°u2tvw0�|�u0r' �w}p"q¨���yt���|�w� �~�r�u2q�� � |���q¨�0q����"|��0q��sq���w�|����S|��2q���q�u0u�t�x¹p"~��%�{q
w���~��2­�u°u0q � q��}tv���~��szLqCw}|��"��u2�Ep"q
��q
u�p"t � qS�Lq
q��sz"�2~�z�~�u0q�xG¥±����w}p{|�u±w}p{q�u2|�u�¯���q�q � t����ytmw}q¸�� ��sqkt��{u~�r�u2|����"�ºtvw2|�~��´¯Hw2p"q¸qC»��
|�q
�"�
 �~�rL�
~�¡��s~�x"q
��r=~��$�S|��0q���q�u2u±t�x�p"~����"qCw���~��0­�u�¯��kt�����q
x
¡�¼�«
¬�¯{�S|�w2p%x"|�³Lq��0q���wSt�x{��|�u2u2|�~��°�
~���w}�0~��´�2tvw}q!r=~��¸�2q�t��,�½w}|��sqQw}�2tv»s�!w}pytv�%|�w}u��2q��
u2qktv�2�Ep"q
�2u§pyt � q�z"�{�2z�~�u2q
xG¯�t��"x�|�� � q�u�w}|���tvw}q�w}p"q�|��szyt��
w!~���t������2q
��tvw}q��2q�t��,�½w}|��sqw}�}tm»��
w2p"�2~��"��p"z"��wk¯yt � q
�}t���q�q��"x��½w}~v�¾q��"x¨�0qkt��¿�¾w}|���qSx"q
�ºtk %tvu���q
����tvuQt��yt��, �À�q
w}p{qq
³Lq��
w!~�r4�"~�x"q���~��"|���|�w� �~��Át � q
�}t���q�q��{x��¾w2~v��q
�"x�x"q
�ºtk ¤t��"x�t������0q���tmw}q§�2q�t��,�½w}|��sqw}p"�0~��"��p"z{�{wk¥V¡�¼�«
¬Â�{u2q�u±t�x"�s|�u2u0|�~�����~���w2�2~�����q��k¢½Ã;Ä§£´w}~!�2q����"�ºtvw2q��0qkt��¿�¾w}|���q±w2�}tvrº�
Å ��Æ"~H�Çtv�"xJ�2tvw}q���~���w2�2~�����q
��¢�È§Ä§£�w}~s�2q
���"�ºtmw}q§�Lq
u0w���q
³L~���w©w2�}tv»s�v¥QÉ¸t�u0q�x�~��Jw}p{q
u2|����"�ºtvw2|�~����0q�u2�{��w}u�t��"x�t��yt��, �u0|�u
¯���q!z{�2q�u0q���wQ~��{��t�z{z"�2~�tv�Ep°w}pytmw���q!��q���|�q � q��S|����q��"pytv�"��q�¡�¼�«!¬�¥



Ê ËÍÌÇÎÐÏ¤ÑÂÒ Ó

Ô�Õ Ï¤Ò¤ÖØ×ÍÙÍÚ�ÏJÛGÖ Õ

Ü�Ý�Þ2ß"à�áXâEßyã�ä{Þ2å�æ4ç�åQè�à�é�åQà�Ý�Þ}æ2ê�ë"ì"âCÞ}à�ê�Ý�ã�Ý"ë�á0ê�í�å�îyã�âEï�è�æ2ê�ì"Ý"ë�à�Ý{ð=ê�æ2í�ãvÞ}à�ê�Ý;ã�î�ê�ì{Þ
ñòà�æ2å
ó�å
á2á%ô©å
Þ�ç�ê�æ2ï�á¤ã�Ý"ëòõQëòö�ê�â�ô©å
Þ�ç�ê�æ2ï�á¤ã�á°ç�å�ó�ó�ã�á�ä"æ0å�á0å�Ý�Þ¤ê�ì"æ°ä{æ2ê�î"ó�å�í
á0ÞEãmÞ}å�íså�Ý�Þ�÷�øQß{å�âEßyãvä{Þ}å
æ�ãvó�á2ê�à�Ý"â�ó�ì"ë"å�áQê�é�å�æ0é�à�å
ç·ê�ð5Þ}ß{å�ë{à�ùLå�æ2å
Ý�Þ�âEß"ã�ä{Þ}å
æ2á
÷

ú�û
ú ü ý�þXÿ��Cÿ������ ÿ��
	���þ�
��
øQß"å�â
ê�Ý"â
å�ä{Þ�ê�ðLçSà�æ2å
ó�å�á0áVÝ"å
Þ�ç�ê�æ2ï�á¸à�Ý"â�ê�æ2ä�ê�æ}ãvÞ2å�á4á0å
é�å
æ}ã�ó�ë"à,ù´å
æ2å�Ý�Þ�Ý"åCÞ�ç�ê�æ0ï�Þ}å�âEß��
Ý"ê�ó�ê�è�à�å
á��(â�ê�ísí;ì"Ý{à�âkãmÞ}à�ê�Ý�æ}ã�Ý"è�å�á�ã�Ý"ë Þ}æ}ãvÝ"á2ísà�á0á2à�ê�Ý î"ã�Ý"ë{çSà�ë{Þ}ß"á
÷°øQß"å�� æ}ã�Ý"è�å
ð=æ2ê�í ó�ê�âkã�ó�â�ê�é�å
æ}ã�è�å%à�Ý"ë"ê�ê�æ�Ý"å
Þ�ç�ê�æ2ï�á��Kã�á�Ü����������! �÷#"$"&%�Þ}ê�ó�ã�æ2è�å�çSà�ë{å%ã�æ2å�ã
â�ê�é�å
æ}ã�è�å�Ý"å
Þ�ç�ê�æ2ï�á%ó�à�ï�å¨Þ}ß{à�æ2ë è�å
Ý"å�æ2ãvÞ}à�ê�ÝÂísê�î"à�ó�å�Þ}å
ó�å
ä"ß"ê�Ý"åJá'��á0Þ2å�ísá(�*),+Jø.-
ð=ê�æ4å�/{ã�ísä"ó�å0%C÷21�Ý{å©â
ê�ísí�ê�Ý�ãmÞ2Þ}æ0à�î"ì�Þ}å�á4êvðLçSà�æ2å�ó�å�á0á4Ý"å
Þ�ç�ê�æ2ï�á�à�á±Þ2ßyãvÞ4Þ}ß{å3��á0ì{ù´å
æ
ð=æ2ê�í æ2å
óºãvÞ2à�é�å
ó4��ó�êHç î"ã�Ý"ë{çSà�ë{Þ}ß�ãvÝ"ë�ß"à�è�ß î"à,Þ;å�æ0æ2ê�æ�æ}ãvÞ2å�á;â
ê�ísäyã�æ2å
ë Þ}êJçSà�æ2å
ë
Ý"å
Þ�ç�ê�æ2ï�á
÷�øQß{åQä"æ2ê�ó�à�ð=å
æ}ãvÞ2à�ê�Ý�ê�ð�í�ê�î{à�ó�å�â�ê�í�ä"ì�Þ}à�Ý{è�ã�Ý"ë�â�ê�í�í;ì{Ý"à�â�ãvÞ}à�ê�Ý�ë"åCé�à�â�å
á
�)å�÷ è"÷#��â
å�ó�óyä"ß"ê�Ý"å
á�� óºã�ä�Þ}ê�ä"á3� ß"ã�Ý"ë"ß"å
ó�ë�ë"à�è�à,ÞEã�ó�ë"å
é�à�â�å�á3�65�7Qõ8%4à�áVë"æ2à,é�à�Ý"è�ã�æ0å
é�ê�ó�ì9�
Þ}à�ê�Ýyã�æ'�sâEßyãvÝ"è�å
à�Ý°ê�ì"æ�à�Ý{ð=ê�æ2í�ãvÞ}à�ê�Ý�á2ê�â�à�åCÞ:��÷±ñ�å�ã�æ0å!ísêHé�à�Ý"è�ð=æ0ê�í Þ}ß"å;55å�æ0á2ê�Ýyãvó
< ê�í�ä{ì{Þ}å
æ!ã�è�å§Þ2êsÞ2ß"å=)�î"à4>�ì{à�Þ}ê�ì"á < ê�ísä"ì{Þ}à�Ý"è�ã�è�å§à�Ý%çSß"à�âEßÁã�ì"á2å
æ�ì{Þ2à�ó�à@?�å
á��@ãvÞ
á}ã�íså
Þ}à�í�åA�{á2åCé�å
æ}ã�ó(å�ó�å�âCÞ}æ2ê�Ý"à�â
áQä"óºãvÞ0ð=ê�æ2ísá�Þ2ß"æ2ê�ì"è�ß%çSß"à�âEß¨ß"å§â�ã�Ý¤ã�â�â
å�á2á�ã�ó�óLÞ}ß{å
æ2å�>�ì"à�æ2å
ëJà�Ý{ð=ê�æ2í�ãvÞ2à�ê�Ý°çSß{å�Ý"åCé�å�æ!ã�Ý"ë%çSß"å
æ2å
é�å�æ�Ý"å�å
ë"å�ëG÷
øQß"åQÝyãvÞ2ì"æ2å�ê�ð@ì"î"à4>�ì{à�Þ}ê�ì"áXë"åCé�à�â�å
á4í°ãvï�å�á5çSà�æ0å�ó�å
á2á±Ý{å
Þ�ç�ê�æ2ï�á±Þ}ß{å¸åkã�á0à�å
á0Þ4á0ê�ó�ì{Þ2à�ê�Ý
ð=ê�æQÞ}ß"å
à�æSà�Ý�Þ}å
æ2â
ê�Ý"Ý"å
â
Þ}à�ê�ÝÁãvÝ"ëB��ã�á©ã�â
ê�Ý"á2å3>�ì"å�Ý"â
å���Þ}ß"å§çSà�æ0å�ó�å
á2á�ã�æ2å
Ýyã�ß"ã�áSîLå
å�Ý
å�/�äLå
æ2à�å�Ý"â
à�Ý"è¨å�/�ä�ê�Ý"å
Ý�Þ2àºã�óXè�æ2ê�çQÞ}ß�à�ÝÁÞ}ß"å�äyãvá0Þ§ë"å
âkã�ë"åv÷DCyê�ó�ó�ê�çSà�Ý"è�ã�æ2å�á0ê�íså�ê�ð
ã�ä"ä"ó�à�âkãmÞ}à�ê�Ý�á0â�å�Ý"ã�æ2à�ê�á�ê�ð�çSà�æ2å
ó�å�á0á�Ý"åCÞ�ç�ê�æ2ï�á�E,F'GIH.)©á2à�Ý"è�â
å�ó�ó�ì"óºãvæ�ä{ß"ê�Ý"å!Þ2ê;âEß"å
âEï
å�í�ã�à�óGê�æ©î{æ2ê�çSá2å�Ü�Ý�Þ}å�æ0Ý"å
ÞDF'JKH�ø$æ2ãké�å�ó�å�æ0á©çSà,Þ}ß¨äLê�æ0ÞEãvî"ó�å�â
ê�í�ä{ì{Þ}å
æ2á©âkã�Ý¤á2ì"æ�ð±Þ}ß{å
Ü�Ý�Þ2å�æ0Ý"å
Þ©ð=æ2ê�í ã�à�æ0äLê�æ0Þ}á3� æ2ã�à�ó,ç¸ã0��á0Þ}ãvÞ}à�ê�Ý"áQå
Þ2â�÷

õ�í�ê�Ý{è%ã�ó�ó�Þ2ß"å�ã�ä"ä"ó�à�â�ãvÞ}à�ê�Ý"á©ã�Ý"ë�á0å�æ0é�à�â�å�á�æ0ì"Ý�î!�Áísê�î"à�ó�å�ë"å
é�à�â
å�á3��Ý"å
Þ�ç�ê�æ2ï
â�ê�Ý"Ý{å�â
Þ2à�ê�Ý�ã�Ý"ëJâ�ê�æ0æ2å�á0äLê�Ý"ë"à�Ý{è°ëyãvÞ}ãsá0å�æ�é�à�â�å
á
ã�æ0å�çSà,Þ}ß"ê�ì�Þ�ë{ê�ì"î{Þ©Þ}ß"å�ísê�á0Þ©ë"åL�

"



M2NPORQ,S�T�UWV$XZY�[DS�U;\�]_^`M.SaY�\�[ b

c�d�e6fhg�fjikg3l'm�n@o3gqp!r_skthgucwv$p6n@x@gPyhikg3lki3z

{ v9fhd|r�}Bikg�m$g3l~d�x2i�s�d�e6f�d�lkf6i;g��9n@i�sR��v$l,�����R��d��h�hx4n@o0d�s~n@v�ehi����$� b z4�����������R�,��}
� n@��g�lk���R�=} � v$c�gK�.�&�9t�d�l'g�f;��n@l'g�x@g3iki���o3o�g�i'i��Kl'v�s~v�o�v$x*}|d�ehfq�`x4yhg3skv9vAs~tBz��,c�v$eh�
s~thg3ikg�o3x�d�i'ikg3iwv��,o0dAskg��$v�l'r$} cwv�phn@x4g_d�f9¡¢thv9o&ehg�s:£`v�lk¤I�¦¥§�,�,¨ { �wp�g�x4v$eh�$iDs~v(s~t6g
© ¨�¨�¨ª��� b z#�$�«�������R�,��i's~d�ehf�d�l'fB}P£�t6n@o�t�n@i�skthg¬c�dAn@e­��v�o�yhi_v��uskthg�i'n@i�z { thg
© ¨�¨�¨��$� b z#�$�ui's~d�ehf�dAlkf®i'�Ig3o�n4¯hg�iPskthgqv°m�g�l�¡¢s~t6g�¡�dAn@l�n@e!s~g3l'�±d�o3g=p�g3s:£ g�g3e(d�£�n4lkg�x4g�i'i
o�x@n4g�e!s.d�ehf§dDp�d�i'gqi�s�dAskn@v$e&v$l�dAo�o�g3iki.�Iv�n@e!s0z { t6g=i�s�d�ehfhd�lkf§d�x@i'vDik��g�o3n4¯�g3i.skthg;n@e9¡
s~g�l��±d�o�g���v$l�o�v�ehehg�o�s~n4v$ehi d�cwv�eh�;£�n@lkg3x@g3iki�o�x4n@g�e!ski�z { r��hn@o�d�x
o�v$c�c²yhehn4o0dAskn@v$e³l~d�eh��g
v��2�����R�´x@n4g�i�pIg�s:£`g3g�eµ�|�$�°¡�¶��$�Dc�g3skg�lki3}�d�ehf®n4i.v��Ig3l~dAskn@eh��n@e&s~thg © �h¥ � © ehfhyhi�¡
s~lkn@d�x¦}h�9o�n4g�e!s~n#¯�oud�ehf�¥§g3fhn@o�d�x·�`p�dAehfBz
{ thg © ¨�¨�¨´�$� b z#�$�¸i's~d�ehf�dAlkfhiqd�l'g��hd�l'sqv�� s~thg © ¨�¨�¨¹��� b ��v�o0dAxK�,lkg�d§�.g3s:£ v$lk¤
�*���R�,��i's~d�ehf�dAlkfhi��±d�cwn4x4r�}`d�e6f­v$eZskv$�­v��,s~thg © ¨�¨�¨º�$� b z#�$��¥§�.»�d�ehf¼� ��½
x�d0r$g3l�}�£`gu¯�ehfjs~thg © ¨�¨�¨¼�$� b z#�=��v��$n@o�d�x���n@eh¤¾»`v$e!s~l'v$x:�±�a�a»��Lz { thg³���a»�x@d0r$g�l.n@i
i~d�c�g.��v�l�skthg,dAx@x © ¨�¨�¨«��� b skl~d�e6ik��v$l's�s~g3o�thehv$x4v$�$n@g3i�d�i`i'thv|£�e¾n@e¸¯��$yhl'g=��z4�$z { thg
© ¨�¨�¨¿��� b z#�$�Di's~d�ehf�d�l'fhiuo�v$e6ikn@i�s~i;v�� d_o�v�cwc�v$e(¥§�.»´x�d0r$g3lud�ehf¬mAd�lkn4v$yhi;� ��½
x�d0r$g3lki¾s~thdAs¾yhi'g¬fhn4ÀIg�l'g�e!s¾skl~d�ehi'cwn4iki'n@v$e«s~g�o�t6ehn@Á�yhg3i§dAehf¼v�ÀIg�l�f6n4ÀIg�lkg3e!s_p�d�ehf�¡
£�n@f6sktBz³��n@�$yhl'g��$z b v$e¬s~t6g²ehg���sq��d���g²o�v$c���d�l'g�i,skthgDcwd�n@e®f6n4ÀIg�lkg3eho�g3i;pIg�s:£`g3g�e
s~thg�fhn4ÀIg�l'g�e!sqi's~d�ehf�d�l'fhi¸z���n4fhg�¡PdAehfÂ¥jg3s~l'v$��v$x@n#s�d�e9¡:d�lkg�d�ehg�s:£`v$l'¤�i²d�l'g�c³yhx4skn#¡

��n4�$yhlkg³�$z4�����$� b z#�$�q�Klkv�skv9o3v$x���s~d�o�¤
thv$��p�d�ikg3fÃ£�n4lkg�x4g�i'i§ehg�s:£`v�lk¤�i§£�thn4o�t8dAlkg(ehv�s&��yhx4x4r­n4cw�6x@g�c�g�e!skg�f¼p�g�o0dAyhikgÄv��
o�t�d�x@x4g�eh��g�i`skthg�i'gRehg3s:£ v$l'¤�i��hl'g�i'g�e!s0z ÅRe�s~t6gRv�s~t6g�l�t�dAehfB}h� �R�=}6�I�,�¿d�ehf_���,�



Æ2ÇPÈRÉ,Ê�Ë�ÌWÍ$ÎZÏ�ÐDÊ�Ì;Ñ�Ò_Ó`Æ.ÊaÏ�Ñ�Ð Ô

Õ�Ök× ØkÙ@Ú6Û$Ü@×LÝ:Þhß$à=á�Õ�Ø'×�â²Úh×�ã:ä`ß�Ökå�Ø�æ!ä�ÞhÙ4ç�Þ²ç�ß$Ú6Ø'ã~Ù#ã~è6ãk×�Ø2á6èhÙ@Ü4âhÙ@ÚhÛ�áhÜ4ß9ç�å�Ø�ß�é
ê²èhÜ#ã~Ù#Ý¢Þhß$à
Õ�â§Þ6ß9ç;Úh×�ã:ä`ß�Ökå
ë

ì Ù@Û�èhÖk×²í�ëïî9ð ñ,ò$×3Ö'ò�Ù@×�ä¿ß�é�ó$ô!î�ë4í$íuØ�ã�Õ�ÚhâhÕ�ÖkâhØ
õ�ö�÷Rø Õ�Ö'ç�ÞhÙ4ãk×�ç�ã~èhÖ'×qÞhÕ�Ø�ã~ÞhÖ'×�×uç�ß$ê�à�ß$Úh×�Ú!ãkØ�ð
ù õ Ù@Ö'×�Ü@×3ØkØ�×�Ú6â§Ø�ã�ÕAãkÙ@ß$ÚhØ
ù ÷ ç�ç3×�ØkØPàIß�Ù@Ú!ã~Ø
ù«ú Õ�Ø'Ù@ç;Øk×3Ö'ò�Ù@ç3×=Ø'×3ãkØ

û Þh×qä�Ù4Ök×3Ü@×�Ø'Ø�×�Úhâ§Ø'ã�Õ�ã~Ù@ß�Újç�Õ�ÚjáI×qÕ�Ú!ü_âh×�ò�Ù@ç�×uã~ÞhÕAã.ç0Õ�Újç�ß$ê�ê²èhÚ6Ù@ç0Õ�ã~×RèhØ'Ù@ÚhÛ¸ã~Þ6×
ó$ô!î9ë#í$íuØ'ã~Õ�Úhâ�Õ�Ö'âÂý�Ü�Õ�à9ã~ß$àhØ3æ6ä ß$Ökå�Ø'ã~ÕAã~Ù4ß$ÚhØ3æ
Õ�Úhâjþ�ÿ ÷ Ø��Lë

û Þh×RÕ�ç�ç3×�ØkØ�à�ß$Ù4Ú�ãRý ÷ þ�� Ù@Ø`Õ³âh×3ò�Ù4ç�×,ãkÞ�ÕAã�ç�Õ�Ú_àhÖ'ß°ò�Ù4âh×Pã:ä ß²é�èhÚhç�ã~Ù@ß�ÚhØ�ð��¢ã�Õ�ç3ãkØ
Õ�ØuÕ¾Úh×3ã:ä ß$Ö'å®àhÜ�Õ�ãké�ß$Ö'ê é�ß�ÖRç�ß$Ú6Úh×�ç�ã~Ù@ß�ÚhØRá�×3ã:ä ×�×�Ú õ�ö�÷Rø Ø;ß�Ö,ã~ß&Õ�ä�Ù4Ök×�â ö�÷,ø
Õ�Úhâ§Õ�Ø.Õ¸Ö'×�Ü@Õ|ü�áI×�ã:ä`×3×�Ú®Ø�ã�ÕAãkÙ@ß$Ú6Ø�ÕAãkã~Õ�ç�Þh×�â&ã~ß¸ã~Þ6×;Ø~Õ�ê�× ÷ þ�ë



�����
	���
���������������������� �!�"��� #

$&%('*)+'-,/.10+%('�2435)+'-65'-.7.�.708,90835:�;<,9;(=>0+%('
,/?*?-'*.+.�@A:�3B;C01,/)+'�DE:908%F@G%IHJ.73B?K,96E?*:�LNM
@E:�;G'-;C08.*O
08%('PDQ,/.73B?R.+'*)7SJ3B?*'T.7'*0VUXW�YGY(Z[35.<08%('P6B:/\�3B?-,/6�?*:�L>@A:�;('*;C0[:/]^2435)+'-65'-.7.
,/)+?_%(3`08'*?*08aG)+'/b�c�%('dW�Y(Y�3B;�\/'-;('*)8,/6e35.4,N.7'*0 :/]!243B)7'-6B'*.+.4.708,90835:�;(.�?*:�;C08)+:/6B6B'*=�DCH[,
.+3B;G\�6B'fLF,9;Q,/\�'*L>'*;I0 ]ga(;(?"0835:�;h,/;(=i%Q,/.�0j21:�?-:/;GkQ\�a()+,90835:�;i:/@G0835:�;(.fl�m-n>o!op,9;(=
n>o�oqb

r m-n>o!osl(tj;u,/;�t�WvY(YEO(08%G'�.70_,w083B:/;(.v?-:/L>LxaG;(3B?-,908'
@A'-'*)yMz08:9M{@E'*'-)vDQ,9.+3B.v243`08%|M:�aG0 08%('f;('*'-=i]g:�) ,/;i,/?-?*'-.7.�@A:�3B;C0^U~}��1Z�OA,/6B.7:>�I;(:�24;h,/.�,/=�%(:|?�;('"0j2�:/)+��O
,/.4.+%(:�24;�3B;�kQ\�a()7'N��b��|b

�q35\�a()7'���b��|l�tj;(=('-@A'-;G=('-;C0�L>:J=('�W�Y(YPU~t�WvY(Y(Z

r��^��� m*���{���Q�*���w�!�/���!� � n>o�oul-tj;^,/;f3B;|]g)8,/.y08)+aG?*08aG)+'�W�Y(YAOK08%('*)+'�3B.�,4?-:�;G;('-?�M0835:�;�08:<0+%('^243B)7'-=R;('"0j2�:�)7�h,/;(=R,96B6�08%('�?*:�L>L^a(;(3B?-,90835:�;iDA'*0j21'-'*;TL�:�D(356B'
;(:J=('-.�35.x@Q,/.7.+'-=s08%G)+:�a(\/%�:/;('[,/?-?*'-.7.�@A:�35;I0�U~.7'-'�kQ\�a()7'h��b # :�;�08%('�;G'"�J0
@Q,/\�'KZ"b

�d�+�   ¡d¢[£"¤*¥§¦©¨ ª«¡�¬®­«¥v¯A°±¡f²�³ ´C  ¦µ­®¶¸·º¹
}»L�:�D(356B'�,/=N%(:|?4;('"0j2�:/)+��3B.�,�?*:�;(?-'*@G0�08%Q,90�%(,/.�)+'-?*'-3`S�'-=>,90708'-;C0+3B:�;N3B;N.7?-3B'*;C0835k(?
)+'-.7'K,/)7?_%¼bx½�a('x08:F0+%('^]~,/?"0
08%(,90
08'*)+Lµ,/=h%(:J?x;('"0j2�:�)7��3B.�a(.+'*=R3B;�L>,/;CHi=G35¾E'-)yM
'-;C0
2�,�HJ.�35;i6B3`08'*)8,90+a()+'9OE3`0�35.�=(3`¿>?*a(650 08:F\�35S/'^?-65'K,/) @(35?*08aG)+'x:/]�,/=�%(:J?x;('"0j2�:�)7��b



À�Á�Â
Ã�Ä�Å�Æ�Ç�È�É�Ê�Ä�Æ�Ë�Ì�Í�À Ä!É"Ë�Ê Î

ÏqÐBÑ�ÒGÓ+Ô�Õ�ÖØ×(Ù�ÚjÛGÜgÓ+Ý/Þ7ß+Ó+Ò(à"ß8Ò(Ó7Ôfá(Ý/Þ+Ô*âiã�ä|â(Ô
å�æ(Ô-Þ7Ô�Û(Ô*ßjç1ä�Ó7èJÞ>àKÝ/Û�áEÔ[Ügä�Ó7ã>Ô*â�ä�Ûsß8æGÔué(ê/ë�ç4Ð5ß+æ(ä�ÒGß�Ó7Ô-ìIÒ(ÐBÓ7ÐBÛ(ÑTÝ/ÛCêpíGî|Ô-â�ÐBÛ|ï
ÜgÓ8Ý/Þyß8Ó+ÒGà*ß8ÒGÓ+Ô/Ö4ð�Þ ß+æ(Ô-Þ7ÔxÝ/Ó7ÔdÐ5ÛGÜgÓ8Ý/Þyß8Ó7Ò(à*ß+Ò(Ó+Ô*ñBÔ-Þ7Þ�ÛGÔ*ßjç1ä�Ó+èIÞ-ëòÔKÝ/à_æ�Û(ä|âGÔdÞ7æ(ä�Ò(ñ5â�Ý/à"ß
Ý/ñBÞ7ä�Ý9Þ�Ý[Ó7ä�ÒGß+Ô-Ó-Ö^å�æ(ÔNâ(Ô*íQÛGÐ5ß8Ð5ä�Ûhó(Ó7ä�ôJÐ5â(Ô-âPáCê�ß8æ(Ô�ÚjÛCß+Ô-Ó+ÛGÔ*ß^õ�ÛGÑ�ÐBÛ(Ô*Ô-Ó7ÐBÛ(Ñ�å�Ý/Þ+è
Ï�ä/Ó+à-Ô�ö~Ú�õ�å4Ï�÷vÐBÞ�Ñ/Ð5ô�Ô*Û�áAÔ-ñ5ä�ç�Ù

ø ùFú/û-üþýBÿ������Qú��	�òÿ�

��ú������
�[ø���������ü����! "
�ú��òúwùFú� ��#��$%��
jÿ"ù ú'&RùFú/û-üþýBÿ
�_ú� "
jÿ��(�)�*�!�+�,���(��ú��"ü-�!
�ÿ.�/�Qú���
0�1�#�_ú��2�òÿ(��
�ÿ.�Rû3$4��ü0�_ÿ"ýBÿ(�(��ý ü0�5���367�8�Qÿ9�_ú� "
jÿ��:�!�8ÿ
&;�_ÿ_ÿ/
júTùFú�</ÿ=�>�!�+�Júwù�ý?$��!�+�pú��A@��!�QüCBwÿ/
0�Qÿ"ùD��ÿ"ý?</ÿ(�4�!�*û-ü0
-�.�!��üþý?$�EF
0�" ��G�òÿ�
-��ú����IH �
��ü0�_ÿ"ýBÿ(�(�J
�ú(KQúwýBú.@!$fùL�!$M�(�5�!�"@JÿJ�.��KAü-�Gý?$D�!�+�� "�!K+�8ÿ.�/üA��
N�Cû-ý?$!6POQ 2�(�R�D�òÿ�

��ú�����ùL�!$
ú(KQÿ��.�!
jÿdü0�	�9��
N�!�+�!ST�/ýBú��òÿU&V���(�Jüzú��5E�ú��fùL�!$Fû"ÿL�_ú��2�òÿ(��
jÿ.�9
jú9
W�QÿdýC�!�
@Jÿ��YX;�2
�ÿ��;�òÿ�

6 Z

ð�[�õ�åVó(Ý/Ó8Ý/âGÐBÑ�ã&à-ä/Ò(ñBâ�áAÔ�Ò(Þ+Ô*âfß+ä4ÔV\�à-Ð5Ô-ÛCß8ñ`ê
Ô"îJß+Ô-Û(â�ß8æ(Ô�à-Ý/óQÝ/à*Ð5ßjê5]9à*ä�ô/Ô-Ó+Ý/Ñ�Ô
ä/Ü_^&Ð ï�ÏqÐEæ(ä/ß Þ+óAä/ß8Þ*Öa`|ó(Ó+Ô-Ý/â(Ð5Û(Ñ>Ð5ÛuÝNæGä/ß Þ+óAä/ß Ý�ñBÝ/Ó+Ñ/Ô�ÛJÒGãxáEÔ*Ó4ä/Üqð�b�Þ ß+ä�Ñ/ÒQÝ/Óyï
Ý/ÛCß8Ô-Ô>ß8æ(Ô<à*ä�ô�Ô-Ó+Ý/Ñ�Ô<Ð5ÞdÛGä/ß�Ý/óGóEÔ-Ý/ñBÐ5Û(Ñ�áAä/ß+æVÜgÓ+ä�ã«ß+æ(ÔFÔ*à-ä�Û(ä/ã>Ð5àCö~Ð5ÛGÜgÓ8Ý9Þ7ß8Ó7Ò(à*ß+Ò(Ó+Ô
à-ä�Þyß�÷vÝ/ÛGâuß+Ô-à_æ(Û(Ð5àKÝ/ñeÞyß_Ý/ÛGâ(óEä/ÐBÛCßKÖ�ðYbJcØÞ�Ð5ÛCß8Ô-ÓyÜgÔ-Ó7Ô-Û(à*Ô^Ý/ÛGâuß+æ(ÔfÝ/â�æGä|à�óQÝ9Ó8Ý/â(Ð5Ñ�ã
àKÝ/Û�óAä�Þ+Þ7ÐBá(ñ`êfä!dòÔ*Ó�Ý/Û�Ô�\�à-ÐBÔ*ÛCß�Þ+ä�ñ5ÒGß8Ð5ä�Ûdß+ä�ß8æGÐBÞqóGÓ+ä�á(ñ5Ô-ã áCêxÒ(óGÑ�Ó8Ý/âGÐBÛ(Ñ�ðYb�Þ�ç4Ð5ß+æ
ãxÒ(ñ5ß+Ð`ï{Ó8Ý9ß+Ô�æ(Ð5Ñ�æ|ïjÞ7óEÔ*Ô-â[ß8Ô*à_æ(Û(ä�ñ5ä�Ñ�ÐBÔ*Þvß8ä�Ý/à_æ(Ð5Ô*ô/ÔdÓ7Ô-ìIÒ(ÐBÓ7Ô-âuà-ä�ô�Ô*Ó8Ý/Ñ/Ô�Ö



egfihYj�kmlonqpsrut'vwkmnyxJz|{}e�k~t�xJv �
���T� � �*���;�y�y���V���
�����.�V���V�.�������3�!�~�!�.�3�9�����1�}�!�.�����!�.�D�L�"��� ���������V�(¡����s���s¢!£=���:�>¤�¥�¥+�s�>��¦F¤��C����¦L�3§5���
������¨9� ©Mª1�	�P���.�3���3�>�*¦D¤����.��¦L�3§����9�����1�}�s�>���3«g¦L�s�������D�T�(� �.���s�5�Y�P�����m�¬�M�3�!¥2�!�����M�!­
¢s�3���V��� �.����¢Y�Y¡��V�.�3�.�!¢s�3���V�s¤��g�.��� ¨L�®¦L�C¯��P�C��¡F� �!�>£"����¢Y�2�!�5§5�P��§5�.¡F�.�V°�¤����>�3¦L�3�����V©
±J¡��3�>�w���Y� �)�����V�.�3�!�.����¢R§��V¦R� ��§)­W�s�P�P���.�V���V�.�Y¦F¤5������¦9�V§����F�5�V�1�a�s�.����§�¤��D�.�R��¡5�
� �.�.���!�������!�3���V�.�i�!­g¥��>������§����5¢9�����1�}�!�.�=�.�V�>�"���V�3�i�.�9�V�s¦L¦F¤������²� �.�y¤��.����¢R� ��£|�1£"¥+�
�!­�¦9�V§����=�P����¡5�s¤5�w� ��£³¢s�V�s¢s��� ¥�¡����3�!�´�.�3�T���>���V�.���s�5�3©)±J¡��V�.��­W�s�.�:�5��¯"�M¢s�3�5�3���������!�
�P���.�V���V�.�R�5�V�1�a�s�.���=�!�>�4�;¯5¥+�3�����V§��.���>¤�¥�¥+�s�>�R¦F¤����.��¦L�3§����)�.�V�>�"���V�3�R�P�C��¡µ¢!¤2�!�T¶
�!�����3�V§¸·Y¤2�!�����1£4�!­®¹��3�T�����3�4ºA·Y��¹5»i­W�s�y§����!�3�>�.�w���.� ¨L�M�1£"¥+�3�RºW�"��§5�3��«��!¤5§�����«�� ��§
§2� �(�s»�©_�����.�3���3�>�a¼I�"�²�!�2½i�.�3�D¾i���1�}�!�.���yº0�¿¼�½�¾i��»o¡2�²�!�i§����s�V���s¥+�3§:�������*���"���!�����
���3�(¡5���s���!¢!£4�.�R�>¤�¥�¥+�s�>�y¦D¤����.��¦L�3§����D������¨9�*���.�!���.¦L���>�.���s��©i½À�����1�}�s�>�QÁÂ���!�5�����C�1£
����¥��.���"��§��a�P�.¥+�3�3�CÃ2�}·y��¹�§��V¥¬�V��§��m¤�¥¬�!����¡5�a����¡��3�>�3���m¥��.�s¥+�3�T�����3���!­5�.¡��´���V�1�a�s�.�
�����>�3�C­'« �P¡����(¡F�.¥2� �w�%�!�3�U� ������¡��a�3���3¦L�3�����g�����.¡��}�����1�}�!�.�Q©´Ä}¡2�!�.�!�V�.�3�.���>�.���3�m�!­¬Å4� ¶
�������J½J§:Æi�"�P���V�1�a�s�>�Çº
Å4½Y¾iÈU±�»a�.¤��(¡:�!�o���!�(�F� ­8�3�V������� �+�V���!�.§����2� �����s�8«s¦L�s�������C�1£
�!­P¡��s�T���3«_§5£"�2�!¦L���²� ����£4� �!�>£"���5¢G�����1�}�s�>�	�.�s¥+�s���s¢ £s«m�!��§�����¦L�����V§,�²�!� ����� ���������1£4�!­
�.�3�>�s¤��>�3�3�y¦9�!� �3�y·Y��¹/¥��.���"���>���s������¢M�s�3�T£G�(¡��!�����3��¢s����¢L���G�>¤��(¡#�����1�}�s�>���3©�ÅG� ��£
¥��.�s¥+�s�.�!���L¡2�²�s�4�¬�V�3�É¥��>�3�>�3�����V§��.�³�>¤�¥�¥+�s�>�|·Y��¹������¿¼I½Y¾Ê�����V��¤�§5����¢³Å4½�Ä
¥��.�!�.���V�s���V«I·Y��¹4�>�s¤5�.����¢9¥��.�!�.���V�s�~�V��� ©Y��¡������*�.¡��3�>�w¥��.�!¥¬�s�.�!�����!�.���.¤5¨L�V���3���y�.�
¦9�V�V�M·Y��¹	���3�V§��w¤���§��V�F�3�V�>���!���¸� �.�.¤5¦9¥5�.���s�5�3«g���!���:�!­®�.¡��3¦Ë¥��>�s¥¬�!�.�3�F�#·Y��¹
¦9�"§��3�¬­W�s�J¦9�!�������Y�!§�¶N¡��"�y���V�1�a�s�.���²ºAÅ4½�¾�ÈU±m��»�©

½i¦9�s�5¢}��¡��a·Y��¹�¦L��§5�3�!¥5�.�s¥+�s�.�V§y­W�s�8¦F¤��C���Ì¶1¡��s¥i�P���.�V���V�.�8�����1�}�!�.���3«s¹"�#½Y¾�ÍÏÎsÐ
���_�!���}�!­2�.¡��}¦L�s�T�g¥��>�s¦9���.����¢i·y��¹�¦9�"§��V����­W�s�_¦L�s�������o�!§�¶N¡��"�a�P���>�3���3�.�m���V�1�a�s�>�"�V©
¹"�#½Y¾�ÍÏÎsÐ´�>�3�.�3�!�.�(¡5�3�D¡��!���>�V�D¥��.�V§��VÃ2�5�3§��>�²�!�Ì¶N����¦9�D�2�!��§5�P��§5��¡³��� �.�)ºW�.�/�²�!�����V§
½J§�¦9���.�>���s�LÄ}�s���.�.�s�2Ñ�� �.��»~�.�y¥��.���"��§���·Y��¹F� ��§w�����!�������Ò¦9������¦9�!��§��V���²£D­W�!�g�.�3�!�C¶
����¦L�}�.��� ¨L�!©_ªN�U�}�s¤5��§M�¬�J§5�3�.�����!�5���}�.�*��� �!��¤2�����®�C���U¥+�3�>­W�!�.¦9�!���3�}¤���§��V�´§5��Ó¬�3�.�V���
�.�²� �C¶N�.��¦L�}�2� ��§5�P��§���¡L��� �.�®��¡2�!�L¥��>�3§���Ã2���3§9��£M�.�3�>�²�!�>�(¡��3�´���L�y����§M�.���V�s�!���s�����3ÁÂ�
�VÓ¬�3�V�.���!�3���V�.�M���ÒÅ/½Y¾�ÈU±~�3©,±J¡��|¦9�!���³�3�s���.�.���5¤5�����s���!­J�.¡����*��¡��V�.���D�}�!�.�	���D�.�
�.�3�P�P¡�����¡��V�´�.¡2� �o¥��>�3§���Ã2���3§R�!§�¦L���>�.���!�w�3�s�����>�s�2�������J���U�!¥5����¦R�!�"����¥��>�%�"��§���·Y��¹
­W�s�a�>�²�!�Ì¶N�.��¦L�}���.� ¨L�!«"�!��§L�P¡��V�.¡��3�a¡���¢s¡5�3�o�s�´�����}�V�}� §�¦9���.�>���s�M�3�!���.�.�s�Q�.� ���J��¡��!�
�s�.��¢s���2� ����£M¥5¤��.¥+�s�.�V§4�P�����Ç�V�s�����>����¤5�.�Y���L�3��¡��!���3�D¹"�#½�¾Ô¦9�"§��3�_©

���NÕ � Ö®�~×=�LØ|�*ÙV�*Ú*Û
±m���!�5�>�a�3�U�s¤��_¥��.�s�5���3¦Ü�>��� ���V¦9�V���g�}�J¡��!§D���y�T��¤�§�£D��¡5�s�.�s¤5¢s¡���£*§��CÓÇ�V�.�V���o·y¤��!�C¶
���1£�Ý�­Q¹��V�>�"���V�yº
·y��¹�»8¦9�"§��3��¥5�.�s¥+�s�.�V§�­W�s�mÅ4�!�������´½J§�¡��"�a�����1�}�!�.���PºAÅ/½Y¾�ÈU±~�(»;©
±J¡����>�.¤�§5£Þ�®�!�G���3�V§ß���É¡2�²�!�������>��¢s¡��G�������u��§��3�!�3«�����¦9�C�(� �.���s�5�|�!��§ß¥5�.�s�����3¦
�!�.�>���V��� �.�3§7�P���.¡É��¡��s�>�	·Y��¹µ¦9�"§��V���3©Ô�³�)¤��>�3§Þ¾i�V�1�a�s�>��¹���¦D¤���� �.�s�3«Â¾Y¹�¶TàÒÍCá3Ð
�P����¡7�C���R�P���.�V���3�>�:��¯"�.�3���>���s���=§����s�V���s¥+�3§¿� �/ÄJÅ4âã­W�s�:�s¤��:�!�2�!�C£��>���V©ä�³�)��¦M¶



ågæiçYè�émêoëqìsíuî'ïwémëyðJñ|ò}å�é~î�ðJï ó

ô�õ�öV÷9öVø�ù|úYû�ü'ý³þPÿ�ù��¿û����Yú��	��
5ö�
���þPø�õ
����
�ö�
������s÷ ù���ö	û�����úãþ}ö	��ô����sö����ù>ù�ô �"!#!�þJþJþ%$&���!÷9ö�ù'$&���sõ)(�÷*��ÿ
�+$Âö	
�(,!�-Tþ.� ø,!�-.ÿ�÷*(�õ
� ù�ÿ)�sø�-�$&��ù�÷Lõ0/1$ãúYû�ü'ý�ÿ)-Gÿ�÷Lô�õ�ö�ü
÷9öVø�ù.ö�
RþPÿCù��:û����Yú�ö32"ù.ö3ø�->ÿ
�søRþ4�5ÿ
�5�:ÿ�ø��3õ)(�
�ö�-6�!ø7��
�÷Lÿ
-�->ÿ
�sø8�	�sø�ù����!õ�õ�ö	��9��:��� ù.ö���sø�ù����sõ�õ�ö��%;<�>=@?BADC39+�Mô+���#�+öYô����!ù������sõE9��w÷9ö	�5���!ø�ÿ)-.÷F���#�®ô����5G!öVùH
�öVõI�'JR÷Lö��5�"ü�!ø�ÿ
->÷K�!ø�
|ù���ö:L6M®úä÷Lö��5���!ø5ÿ
-.÷N$
OQP�R SUTWVYX	Z	[]\_^Q`aV<bc\dV<b]\4efZ�e
g*hYi�jYkml�n0o �sÿ)p!ö�-<�q�rp!ö��@p�ÿ�öVþ����+
�ÿtsu��(�õCù�ÿ�ö	-f�!ø�
�ÿ)-�-�(5ö�-<�sø�ô����mp"ÿ
->ÿ
�sø�ÿ�ø��wv0��û0-�(�ô"ü
ôx�#�Tù0�søy�q
�zH���Dø5öVù1þ6�#��G�-u;1?N�Yú>L|{<-%C3$w{q��ÿ)->�5���!ô�ù�ö��>�!õ
-��7
�ö	-��	�.ÿ
�+ö�-�ö32�ÿ
-Tù�ÿ�ø+�v}��û%-�(�ô�ô~�#�>ùmÿ�ø�þPÿ
�>ö�
*ø�öVù1þ6�#��G:�!ø+
�ÿCù�-Y(�ø�-�(�ÿ�ù�����ÿ�õ�ÿ�ù�Jiÿ�ø�?y�YúHL|{}��-mö3ø�p"ÿ
���!ø�÷9öVø�ù$ g�hYi�j<k'l�nB� 
�ÿ
-���(�-�-�ù���öFÿ)-�-�(5ö�-Yù��]�+ö*�	�sø�-.ÿ)
�ö��>ö�
#þ4��ÿ�õ�ö�
5ö�-.ÿ)�sø�ÿ�ø��Rù��5ö8v0��û�����!÷LöVþ6�#��G����#����
W������ø5öVù1þ6�#��G�-�$�{q��ÿ)-.�5���!ô�ù�ö����!õ
-��*�sÿtpsö�-6�mpsö��@p"ÿ�öVþ����f�Wö�þ�v0��û
÷���
�ö3õÇô����sô~�#->ö�
c���#�4��
N�����yø5öVù1þ6�#��G�-�$g�hYi�j<k'l�nH� 
�ÿ
-���(�-�-gû����Yú�÷���
�ö3õ)- ���#�E?y�YúHL|{E-6$�?y��->ùgô����>ù<����ù���ÿ)-<�5���!ô5ù�ö	�
ÿ
-q(�->ö�
4ù��Mô��.ö	-.ö3ø�ùyû����YúÔ÷u��
5ö3õf�!ø+
/ÿCù�-q�sô+ö���� ù�ÿ)�sø��!õ~�����!÷LöVþ6�#��Gg�hYi�j<k'l�nQ� 
�ÿ
-���(�-�-Uù���ö.-�(�ÿ�ù�����ÿ�õ�ÿ�ù�J%���8û����YúÉô������!÷LöVù.ö��������.ö��!õCüAù�ÿ�÷Lö����!ø�
"ü
þPÿ

5ù������ ù�öLô����!ôx�#->ö�
���J³û����YúF�.ö	-.ö'�����5��ö	�7$��³ö8���s÷Lô����>öwù���öRû�����úQ�&-Dô+ö��Tü���#�.÷��!ø��Vö:��J=÷u��
5ÿ)��J"ÿ�ø��wô+(��.ô~�#-.ö	
���
5÷9ÿ)-�-.ÿ)�søc���sø�ù����sõY����ù�ö%��J=ÿ�ù�-4�>ö�-.ö������5�5ö���ù��-.ö3ö�ù��5ö*ÿ�÷9ô����Vùq���|v0��ûRù��+���#(����y->ÿ�÷*(�õ
� ù�ÿ)�sø�$g�hYi�j<k'l�n�� ÿ
-Uù���öw���!ø��3õ)(�-.ÿ)�sø����Çù��5ÿ
-où���ö	-.ÿ
-	$�=1øW��
�
�ÿ�ù.ÿ
�søwù���ù��5öH�	�sø��3õ)(�-.ÿ)�sø 9
ÿ�ù����sõ)
�-aô+���sô~�#-�� õ,��������(�ù�(��>ö�þ6�#��Gwù���� ù6���#(�õ)
��+ö4p�� õ
(����5õ�öJù��*ÿ�ø�psö	->ù.ÿ
��� ù.öH�!ø9ù��5ö-�(����>ö	�Vù>���|v0(�� õ�ÿ�ù�JW�>�Uû"ö���p"ÿ)�3ö�;�v0��û�C@�!øB��
c������ø�öVù1þ6�#��G�-	$



� �������N�¡  ¢

£¥¤ £§¦ �©¨ � £Kª ¦ ����« £  y¬K­

®�¯�°�±+²
³�´5±�µ�¶+°�·�¸�¹�·wº#²)»�·H¼m»�·�¸�»�²)·	¹½¼�¾¿²
³�³�À�·�³6µ�¯�Á�Á�²)Âu´	À�Ã)°�²
·�³|²)¯�¶+¸�¼m»�²
³�²)¼#¯�²)¯�º:Ä0¼�Å²
¯yÆyÇ0ÈHÉ|ÊE³	Ë6Êq±�²)³q´5±�µ�¶+°�·�¸wµ�Ã)³�¼8¶�¸�¼m»�²
Á+·}¼r»�·�¸@»�²)·	¹Ì¼�¾�·ÎÍ+²)³�°�²
¯�ºuÄ0¼�Å7°�·	´5±�¯�¼#Ã)¼#º�Ï¾�¼#¸q®�¯�°�·�¸�¯�·	°>µ�¯�ÁN²)°�Ð�³qÀ+¯�³�À�²t°5µ�Ñ+²
Ã
²t°�Ïu²
¯]°�·	¸�Òu³w¼�¾|ÆyÇ>È>É|Ê}Ë
ÓuÔ	Õ ÖF×uØ Ù�ÚYÚYÛ]ÜÝ×QÞ ßáàWâ�ã]×uä�ÞcÜ.å,æ©×:çEè7Ú
®�¯é¼#¸�Á�·�¸%°�¼N¾êµ�´�²)Ã
²)°�µ�°�·*Ä0¼�Åë³�À�¶�¶~¼#¸�°Q²
¯éÆyÇ0ÈHÉ|ÊE³	ì�¹�·uí�¸�³@°�¯+·�·�Áë°�¼yÁ�·	í�¯+·�°�±+·Ò�·3°�¸�²)´�³�°�¼:î�À�µ�¯�°�²)¾�ÏuÄ0¼�Å�µ�¯+ÁuÀ+¯�Á�·�¸�³�°�µ�¯�Á7²)³�³�À�·�³�²
¯8¶�¸�¼m»�²)³�²)¼#¯�²
¯+º%Ä0¼�Å*²
¯uµ�Á8±�¼�´¯�·	°�¹6¼#¸�ï�³	ËwÇH³HÁ+²)ðx·�¸�·	¯�°0µ�¶+¶�Ã
²)´'µ�°�²
¼#¯�³�±�µ'»#·�Á+²)ðx·�¸�·	¯�°>¸�·�î�À�²
¸�·�Òu·�¯�°�³	ì~°�±�·:³�·�¸@»�²
´�·	³¸�·�î�À�²)¸�·	Á]Ñ�Ï�°�±�·	Ò¥µ�¯�ÁW°�±�·0µ�³�³�¼�´	²Iµ�°�·�ÁcÄ0¼�Å�¶�µ�¸�µ�Òu·	°�·�¸�³.Á�²)ðx·�¸�¾�¸�¼#ÒUµ�¶+¶�Ã
²)´'µ�°�²
¼#¯°�¼:µ�¶�¶�Ã)²
´�µ�°�²)¼#¯ Ë<ñH¯�Ã)²
ï�·�°�¸�µ�Á�²)°�²
¼#¯�µ�Ã�¹4²)¸�·	Á�¯�·	°�¹6¼#¸�ï�³	ì�¹4±�·	¸�·q°�±+·>Ä0¼�Å�¶�µ�¸�µ�Òu·	°�·�¸�³µ�¸�·%Ò�µ�²
¯�ÃtÏu´5±�µ�¸�µ�´	°�·	¸�²)ò�·�ÁNÑ�ÏW°�±+·:¸�·�î�À�²)¸�·�Òu·�¯�°�³w¼�¾EÒ�À�Ã)°�²
Òu·�Á�²
µ:°�¸�µ�Âu´�ì�°�±�·:Ä0¼�Å¶�µ�¸�µ�Ò�·3°�·�¸�³Q²)¯�ÆyÇ0ÈHÉ�Ê<³*µ�¸�·uÒ�¼#¸�·8²
¯+ó�À+·�¯�´	·�ÁéÑ�Ï�°�±�·�¸�·�³�¼#À�¸�´	·7´	¼#¯�³�°�¸�µ�²)¯�°�³:¼�¾°�±�·%¯�¼�Á�·�³	ËÄ0¼�Å*²
³�À�³�À�µ�Ã)Ã)Ï*Á+·	í�¯�·	Á]µ�³Hô:õmö3÷�øúù.õmö3ûÎümý1þ5öwû�ö�ÿ���ý�û5ö��7ö���÷<÷��+ô�÷��¿ö5ö	� õw÷�ø�
3ö��7ö3÷

�
�÷���ö��¿ö3÷���ø û��uô������¿ö3÷���ø û���ý
õ�ö�����ö5þ3÷�ö	��÷úø�����ô�û�ô���÷�ö5ö:ô�õmö3÷�øúù��7ö�ô õ���û�ô�
��
ö �~û�ö�!õ"��ö5þ3ý #.ö	�]õmö3ûÎümý1þ5öuô�÷ê÷�ûÎý�
���÷úö5õu÷�ø$��õmö3û5õ�ý�� ÷úö3û%��õ�øúù7ö�����!�÷úø&!�ö����'��ö3û�ù'ø û��uô��¿þ5ö'� ý(��ö
��ö��tô�
*)+
5ô������|ý���÷�� Ë
,,¼�¸ Ò�¼�Ñ�²
Ã)·�µ�Á}±�¼�´�¹4²
¸�·�Ã)·�³�³f¯+·	°�¹6¼#¸�ï�³Y¹4²)°�±0°�²
Òu·�-1»�µ�¸�Ï�²
¯�º6Ã
¼m¹.-�´�µ�¶�µ�´	²)°�ÏH¸�·	³�¼#À�¸�´�·	³�ì °�±�·¯�¼�°�²)¼#¯u¼�¾ Ñ~·�²)¯�º�µ�Ñ�Ã
·q°�¼:Òu·�·	°�³�¶x·	´�²)í�´>µ�¶+¶�Ã
²)´'µ�°�²
¼#¯�¸�·�î�À�²
¸�·�Òu·�¯�°6³�À�´5±]µ�³6Á�·	ÃIµ'Ï8²
³¯�¼�°}¶�Ã
µ�À�³�²
Ñ�Ã)·�Ë0Êq±�·	¸�·3¾�¼#¸�·�ì °�±�·�Á�·3í�¯�²t°�²
¼�¯BÒ�µmÏy¯�¼�°0Ñx·�»�µ�Ã)²
ÁN¾�¼#¸0Òu¼#Ñ�²
Ã)·:µ�Á�±�¼�´¯�·	°�¹6¼#¸�ï�³4³�²)¯�´�·}·3»#·	¯y¯�·3°�¹�¼�¸�ï�¹4²t°�±Wí+Í�·	ÁN´	¼#ÒuÒ*À�¯�²)´'µ�°�²
¼#¯uÃ
²)¯�ï�³qµ�¯�Á]±�²)º#±W³�¶x·	·�Á´'µ�¶�µ�´�²)°�ÏWÀ�¯�µ�Ñ�Ã)·0°�¼8Á�·	Ã
²)»�·�¸qº#À�µ�¸�µ�¯�°�·�·�Áy·�¯�Á/- °�¼&-�·�¯+ÁN³�·�¸@»�²)´�·	³�Ë10H·�¯+´�·�ì,î�À�µ�Ã)²)°�Ï7¼�¾³�·�¸@»�²
´�·:²
¯cÒu¼#Ñ�²)Ã
·0µ�Áy±�¼�´}¯�·3°�¹�¼#¸�ïc´�¼#À�Ã)ÁcÒ�·�µ�¯]°�¼8¶�¸�¼m»�²
Á+·Qµ8³�·3°w¼�¾�¶�µ�¸�µ�Òu·	°�·�¸�³²
¯�¼#¸�Á�·�¸w°�¼7µ�Á�µ�¶+°H°�±�·*µ�¶�¶�Ã)²
´'µ °�²
¼�¯�³q°�¼�°�±�·32�î�À�µ�Ã
²t°�Ï54}¼�¾�¯�·	°�¹6¼#¸�ïN¹4±�²)Ã
·:¸�¼#À�°�²
¯+º°�±�·	Ò °�±�¸�¼#À�º#±]°�±+·:¯+·	°�¹6¼#¸�ï,Ë

6



798;:�<>=@?BADCFEHG�IKJLIKMH:>NO8PI�7QM>?>=�RSITA;U3J V

WYX�ZS[]\	X_^/`(a�`(Xcb]`db]efXhg�i�j�bS\	j�k5l]`d\	j�a'b]j�e�X�i�`(mhi�`dXcbSn�j�i"o1j�j�bqprXcn]`ds(jrb]X/t]jum�b]tSb]j�iwv
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[}m�|�y�j�i�a��xW�X5Z�|~mhbrn�jK\	j�b]t]j�\�j�t�`(b������;���@a n���[�j�\9�}X_o�z�[�j�\�sd`(b]y�z�Xc\�[�j�\Bb]X�tFj
i��5l]aTW�X5Z�a	lF[][�X�\�i1`(b������;�B��axj�b]|�X�p�[}mha	a	j�ax`da	a	lFj�a.m&ixmhs(s]s(m_��j�\�a1X�g�����b]j�i"o1Xc\	y
`(bFg�\	m�a�i	\	l]|�i�l]\�j����T�]j�\	j$`(a�b]X�irmhb5��|�s(j�m�\�t]j��}b]`di	`(Xcb�X�g;n�Xcl]b]t}mh\���n�j�i"o1j�j�b�i��Fj
a	j�\w^/`(|�j�[]\	X_^/`(t]j�\u��b]j�i"o1Xc\	y��Pmhb]t�i	�]j�l]a�j�\����]Xcawi%�%z�i��5l]a'p�m�y5`(bFe�`�i�j�a	a�j�b�i�`(m�s1i	X
�}m~^cj.n�j�i�i�j�\�|�X/Xc\�t]`(b}m&i�`(X�b�mhp�XcbFe�i	�]jxb]X/t]j�a@i�X;m�|��]`dj�^�jKW�X5Zr�*�T�]j1p�XcnF`(s(j�pPl]sdi	`�v
�]Xc[SoK`d\	j�sdj�a�a�b]j�i"oxX�\	y5a�t]`d �j�\�g�\	X�p¡i�\�mht]`di	`(Xcb}mhs�oK`(\�j�tS�"b�i	j�\	bFj�i�`dbFg�\�m�awi�\�l]|�i	l]\	j�a
oK�]`(|��r`(b�i�\�X�tFl]|�jKl]b]`dk5l]jK`(a	a�l]j�m�b]trt]`d¢r|�l]sdi	`(j�a@g�Xc\�a	l][F[�Xc\wi�`db]e�WYX�Z�`db��$���>����a
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p�X�n]`(sd`di"�r|~m�lFa	`(bFe�g�\�j�k5l]j�b5i;|��}m�bFecj�aKi�X�b]j�i"oxXc\�y�i�Xc[�XcsdXce��c�9µ;j�bF|�j�z}i	�]j
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a	Xcprj�[}m�|�yhj�i�a�X�g@a	j�a	a	`dXcb]a�|�XclFs(t´b]X�iKprj�j�i�i	�]j�`d\Tt]j�s(m~��i�m�\�ecj�iKtFl]jYi�X
t]j�s(m~�u|~m�lFa	j�t�n��ua	j�a	a	`dXcb$\	j�v¶j�awi�m�n]sd`(a��]p�j�b�iK[]\	X/|�j�a	a�z}oK�]`d|���`daTb]X�i
m�|�|�j�[Fi�m�n]sdj�g�X�\Km�[][]sd`(|~m&i�`(X�b]a1i	�}mhi��}m~^cj3a�i	\	`(bFecj�b�i;W�X5Z�\	j�k/lF`(\	j�p�j�b�i�a��
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�"b�prXcawiK|~m�a�j�a�z}i	�]j�b]X�tFj�aK`(b$m�b$m�t$�]X/|�oK`(\	j�s(j�a	aKb]j�i"o1Xc\�yup�m�`db�i�m�`db�n�Xhi��
i��]j�sd`(b]ycv"a�[�j�|�`��}|Ya�i�mhi�j�`(b�g�Xc\	p�mhi�`dXcb�mhb]t$�]X*o.v¶a	[�j�|�`d�}|�a�i�mhi�j�`dbFg�Xc\	p�mhi	`(Xcb��
��a	[�j�|�`(m�s(s��cz]`�iT`(aT�]m�\	t´i�X�p�m�`(b�i�mh`(b��}X_o.v¶a	[�j�|�`��}|�a�i�mhi�j�`(b�g�Xc\	p�mhi�`dXcb�t]lFj
i�X�tF�/b}m�pr`(|Yb]mhi�l]\�j�X�g@i	�]j�b]j�i"o1Xc\�y�i�Xc[�Xcs(X�e���mhb]t�|��]m�b]b]j�s
|��}m�\	m�|�i	j�\	`da�i	`(|�a��B�"bfm�t´�]X/|�b]j�i"o1Xc\�y�z{b]X/t]j�a�|�m�b'½�Xc`(b´m�bFt�sdj~m~^cj3m�b���i	`(prj
m�b]t´g�\	j�k/lFj�b�i>lF[�t}m&i�j�X�g@\	XclFi	`(b]e�[]mhi��$`(aTj�a	a	j�b�i�`¾mhs�oK`di��´pr`(b]`dp�mhs
X_^cj�\��]j~mht³m�b]t$t]j�s¾m~�c�Bµ�j�b]|�j�z{\	Xcl�i�`(bFertFj�|�`da	`dXcb´p�m~��bFX�iKn�j3m�|�|�l]\	mhi�jhz
\	j�a	l]s�i�`(bFer`db´a	XcprjYX�g�i��]j�\	j�m�s�v+i�`dp�j;[}m�|�y�j�i�a�p�`da	a�`(b]e'i	�]j�`d\Tt]j~m�tFs(`(bFj�a��
�>sda	X]z{W�X5Z�v�m~o.mh\	j�\	Xcl�i�`(bFe'oxXclFs(t$\	j�k5l]`d\	j�\	j�a	j�\�^hmhi�`dXcb´X�g@\	j�a�Xcl]\�|�j�a;mhiTi	�]j
`(b�i�j�\	prj�t]`(mhi�j>b]X�tFj�aP��\	X�lFi�j�\������T�5l]a�z{\	j�a�j�\w^�m&i�`(X�b$p�m�`db5i	j�b}mhb]|�jYoK`di	�
l][�t}mhi�j�a;`db�i��]j�\�XclFi�`db]e�[}mhi	�$n�j�|�Xcprj�aK|�l]pPn�j�\	a	X�p�jh�
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|�j�a	a	`db]e�X_^cj�\	�]j�m�t]a´X�g�b]X/t]j�a��È�T�Fj�\	j�g�Xc\�zKi��Fj³|�Xcb�i	\	Xcs>m�s(ecX�\	`di	�]pÉm�bFtÊW�X5Z
p�j�|��}m�b]`da	praua	�]X�l]s(tÊy�j�j�[Ëi��]jÄ`(b�i	j�\wv¶\	Xcl�i�j�\u`dbFg�Xc\�p�mhi	`(XcbQj�Ì�|��}m�bFecjLi	X�m
p�`db]`(pPl]p��
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PRQ�S�T�UWVAXZY,X�[!\R]�^`_�aWV
b�cedWV�UWfgQ�h�i�jk^�U	_�l�j�V
f

aWQmdnT+iodWQ�_�h=a-pCq�V�U	V�ir^`V�UWfgQ�a	aWQ'l�j�VKdnUnioh�aWfgQ�a	aWQ�_�hts�UW_�fuivfg_�l�Q'j�V6awdxiodWQ�_�h�dW_
i�hydn_�q=V�UCa	dniodnQ'_�hzq+i�aMdn_rl`V�b=V�j{i�|�V�b)b�T�V�dn_rdnq�V�Q'UWU	V�j�V�}oi�hydMdnUnioh�aWfgQ�a	aWQ�_�h
i�~
dWQ'}ZQ'd�|�l�V�d�p�V
V�h�d�p�_g_�dnq�V
UCf�_�l=Q�j�V2a	dniodnQ'_�h�a-pCQ'dWq�Q�h�a	V�h�b=V�U���a
dnUWi�h�aWfgQ�a	aWQ'_�h�Uni�h=S�V�Y

�I� V�~
T�UWQmd�|`[

� V�~
T�UWQmd�|z~�i�hzl`VA~�_�h�a	Q�b�V
UWV
b�i��4_ � iodWdWUWQ�l=T=dnVoY0��Q'dnq=_�T=dCi�b=V���T+iodWV
aWV
~�T�U	Q'd�|���T�h+ioT=dnq�_�UWQ��
V�b�i�~�~
V�aWa2i�h�b)T�aWi�S�VAf�i�|�}�Q'_�j{i�dnVA�4_ � h�V
S�_�dnQ�iodnQ'_�h�a
Y
�Mq�V�^�qy|�a	Q�~�i�j�f�V
b�Q�T=f�_�s8~�_�fgf�T�h=Q�~�i�dnQ�_�htQ�h�pCQ�U	V�j'V�aWaMh=V
d�p�_�UW��a6Q'a
Q�h�q=V�UWV
hydnj'|tQ�h�a	V�~�T=UWV���ioh�b�ivh�V
V�b)dn_rb�V�a	Q�S�hza	V�~�T=UWQ'd�|�i�p�i�UWV�UW_�T=dWQ�h�S
i�j�S�_�UWQmdnq�f�Q�aCi�U	Q�a	V�a�Y

� fg_�h�S4dnq=VK��_ � iodWdWUWQ�l=T=dnV
a��y^`_�p�V�U!~
_�h�aWT=f�^=dWQ�_�hrioh�bvaWV
U	}ZQ�~
VK~
_�}�V�UWi�S�VKi�U	V�i�i�U	V
i�UWVKaW^`V�~
Q'�+~Cdn_�� �4� \!��Y�P+T�U	dWq�V�U	f�_�UWV����4_ � f�V�dnU	Q�~�a!~
_�T�j�bgl`V2b�V��+h�V
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UWfga
_�s0_�h=V�_osRdnq=V�^+ioUni�fgV
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dnV
UWaCQ�h�}oi�U	Q�V�b)^�U	_�^�_�U	dnQ'_�h�a
Y � Q�h�~
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¬y­y¬�® §°¯�¤�±R²³b=|Zh+iof�Q'~���_ �)´ ^=UW_�}ZQ�aWQ'_�h�Q'h�SvQ�h�dnq=VH� �4� \��µa�Y
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ÈkÉ�Ê�Ë�ÌvÉ�ÈLÍgÎ�Ï�Ð�ÑCÒnÓ�ÏoÒ4Ï�ÔÕÒnÎ�ÖK×�Ø�Ð�Ð�Î�×�ÒnÙ'Ø�Ð�Ñ	Î
ÒnÚ=ÛkÜ�ÒWÓ�Î�Ö	ÎHÍ�Ï�ÝzÎ%Þ�Ù�Ñ	Ò2ÒnÖWÏ�Ð�ÑWÙ'Î�ÐyÒ2Û�Î%ß
ÖWÙ�ØZà�ÑKØ�Ô0ÒWÙ�ÍgÎ�áCÓ�Î
Ð�ÒnÓ=Îvâ4Ø�ãäÑ	Û�Î
×�Ù'å�×�ÏoÒWÙ�Ø�ÐäÙ�ÑKÐ�Ø�Ò4Ó=Ø�Ð�Ø�Ö	Î�àkæèç2Î
ÖWÎ�Ü`ÒnÓ�Î�à�Î�é�ÖWÎ�ÎHØ�Ô
â�ØyãzÑ	Ú�Û�Û`Ø�Ö	ÒCÍgÎ�Ï�Ñ	Ú�ÖWÎ
àäÙ'Ð�ÒnÎ�Ö	Í�ÑMØoÔ8Ô�ÖWÏ�×
ÒWÙ�Ø�Ð�Ø�ÔµÒnØoÒxÏ�êkà=Ù�ÑWÖ	Ú�Û=ÒWÙ�Ø�ÐtÒWÙ�ÍgÎ4Ø�ë�Î�ÖCÒnÓ=Î
ÒnØ�ÒnÏ�êk×�Ø�Ð�Ð�Î�×�ÒnÙ'Ø�Ð)ÒWÙ�ÍgÎ�æ

ì Ð«Ï�í�îðïµñ�òôó°õöÌrÉkÈ0ÜRØ�Ð�Î�×�ÏoÐIÏoê�ê�Ø�á÷ÏøÖWÎ
ÑWÎ
Ö	ëoÏoÒnÙ'Ø�ÐªÒnØ�Ñ	Û�Î
×�Ù'ÔÕÝôÏ�ÖnÏ�Ð�é�Î�Ø�Ô
ë�Ïoê�Ú�Î
Ñ�ÖWÏoÒnÓ�Î
Ö�ÒWÓ+Ï�ÐªÏzÑWÙ'Ð�é�ê'ÎgÛ`Ø�Ù'Ð�Ò�ætù�Ù'ÒWÓúÑ	Ú�×xÓûÏ�ÐôÏoÛ�Û�ÖWØ�Ï�×xÓkÜ0ÏoÑHÏ�ëoÏ�Ù�ê�Ï�ü�ê'Î�ÖWÎ%ß
ÑWØ�Ú�Ö	×�Î
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46587:9<;>=�?<@ 1:A(BDCFEHG>G 5JILK ENM 58OQPROQSUT�OWV EQX<X ;>O E KZY/= G\[^]Q]N_

`#Y/=�T�OWV EQX<X ;>O E KZYaK E Pcbd=�K C8EQG>G 5eIL=gfcb EQG =hfcOQP M Y<=
5eP M =h; E K M 58O:Pibd= Mkj =g=hP M Y<=
;>O:9 M 58P/7 X ;lO M O�KhO CUE P/f M Y/=iT�OWV X ;lOnm�5 G 58OQP/58P/7Rop=hKZY E P/5 G orq EHG�j = CeC�EQG b EQG =hfsO:P
M Y/=t58P M =g; E K M 5eO:PRbd= Mkj =g=hP M Y/=�P/= Mkj O:;lu G�E P/f o E K C8E�v =h; G�EQG�G Y/O j Pw5ePRIL7:9/;l=x?<@ 1 @
y C8G O/qWT�OWV X ;lO3m*5 G 5eO:PzK E P{bd=#K CFEQGlG 5eI/=hf{58P M O Mkj O�K EHMZE 7QO:;>5e= GDA}|g~����W�U�*~}���*~���E P/f
� �W�U��~}�}��~d� b EQG =hf�O:P M Y/=z;lO:9 M 5eP/7 X ;>O M O*KgO C6E P/fs� y B�X ;>O M O*KgO C @��
P/f<=h; M Y<=
� �W�U��~}�}��~d� T�OWV EHX/X ;>O E KZY�q(� y B�E P/f%;>O:9 M 58P/7 X ;>O M O�KhO C 58P M =g; E K Mxj 5 M Y%= E KZY
O M Y/=g; M O X ;>O3m�58f/=pT�OWV X ;>O3m�5 G 5eO:P�q j Y<=h;>={9<P/f/=h; |g~}�}�W�U��~�����~d� T�OWV EQX/X ;lO E KZY�q
M Y/=�P/= Mkj O:;lu CFE�v =g;�5 G P/O M f/= X =gP/f/=gP M O:P M Y<=x� y B�CFE�v =g;�OQSUT�OWV X ;lO3m*5 G 5eO:P�@

V*5eoi5 CFE ; Cev q EQG�G Y/O j PR58PaI/7:9/;>=�?<@ ] O:P M Y/=�P/=�� M�XLE 7:=\qLT�OWV G O C 9 M 58O:PiK E P EQC8G O
bd=�K C8EQG>G 5eIL=gfab EQG =hfcOQP j Y/5eKZY CFE�v =h;(58P M Y/=�P/= Mkj O:;lu X ;>O M O*KgO C�GlMZE KZu M Y/= v O X =g; EHM =
58P�@���P/f/=h; M Y/=�� E3v =h; EQX/X ;>O E KZY q�o E P v T�OWVW� E3jDE ;l= X ;>O M O*KgO C Y EHG bd=g=hPpf/= G 587:P/=gf
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#
# SWAN NS−2 Simulator
#

# ======================================================================
# Define options
# ======================================================================
set opt(chan) Channel/WirelessChannel
set opt(prop) Propagation/TwoRayGround
set opt(netif) Phy/WirelessPhy
set opt(mac) Mac/802_11
set opt(ifq) Queue/DropTail/PriQueue
set opt(ll) LL
set opt(ant)            Antenna/OmniAntenna

set opt(x) 170         ;# X dimension of the topography
set opt(y) 170 ;# Y dimension of the topography
set opt(cp) "./traffic.tcl"
set opt(sc) "./MOBILITY/test.tcl"
#set opt(sc) ./mobility.tcl
set opt(progress)       4               ;# progress markers

set opt(ifqlen) 50 ;# max packet in ifq
set opt(nn) 50 ;# number of nodes
set opt(seed) 0.0
set opt(stop) 300.0 ;# simulation time
set opt(tr) "/opt/SANU−16/NOHOP/P0−ftp10.tr" ;# trace file
set opt(nam) "/opt/SANU−16/NOHOP/P0−ftp10−demo.nam"
set opt(rp)             AODV            ;# routing protocol script
set opt(lm)             "off"           ;# log movement
set opt(energymodel)    EnergyModel     ;
set opt(initialenergy)  100             ;# Initial energy in Joules

# ======================================================================

set opt(swan_rc)        "ON"            ;# rate controller ON/OFF
set opt(swan_ac)        "ON"            ;# admission controller ON/OFF
set opt(dir)            "/opt/SANU−16/"  ;# result directory
set opt(band)           "100Kb"         ;# initial rate
set opt(ssthresh)       "1Mb"           ;# slow start threshold
set opt(segment)        "50Kb"          ;# increment segment
set opt(mdrate)         "50"            ;# decrement rate
set opt(gap)            "1.2"           ;# gap control
set opt(minband)        "100kb"         ;# minimum rate
set opt(acrate)         "1600Kb"        ;# admission control rate
set opt(thrate)         "4000Kb"        ;# threshold rate

# ======================================================================
#
set AgentTrace OFF
set RouterTrace OFF
set MacTrace OFF

LL set mindelay_ 50us
LL set delay_ 25us
LL set bandwidth_ 0 ;# not used
LL set off_prune_ 0 ;# not used
LL set off_CtrMcast_ 0 ;# not used

Agent/Null set sport_ 0
Agent/Null set dport_ 0

Agent/CBR set sport_ 0
Agent/CBR set dport_ 0

Agent/TCPSink set sport_ 0
Agent/TCPSink set dport_ 0

Agent/TCP set sport_ 0
Agent/TCP set dport_ 0
Agent/TCP set packetSize_ 1460

Queue/DropTail/PriQueue set Prefer_Routing_Protocols    1

# unity gain, omni−directional antennas
# set up the antennas to be centered in the node and 1.5 meters above it
Antenna/OmniAntenna set X_ 0
Antenna/OmniAntenna set Y_ 0
Antenna/OmniAntenna set Z_ 1.5
Antenna/OmniAntenna set Gt_ 1.0
Antenna/OmniAntenna set Gr_ 1.0

# Initialize the SharedMedia interface with parameters to make
# it work like the 914MHz Lucent WaveLAN DSSS radio interface
Phy/WirelessPhy set CPThresh_ 10.0
Phy/WirelessPhy set CSThresh_ 1.559e−11
Phy/WirelessPhy set RXThresh_ 3.652e−10
Phy/WirelessPhy set Rb_ 11*1e6
Phy/WirelessPhy set Pt_ 0.2818
Phy/WirelessPhy set freq_ 914e+6 
Phy/WirelessPhy set L_ 1.0
Phy/WirelessPhy set bandwidth_ 11e6

# Initialize the 802.11 MAC
Mac set bandwidth_ 11e6

# ======================================================================
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#
# nodes: 50, pause: 0.00, max speed: 10.00  max x = 170.00, max y: 170.00
#
$node_(0) set X_ 38.701396808003
$node_(0) set Y_ 58.239362254689
$node_(0) set Z_ 0.000000000000
$node_(1) set X_ 9.724079303585
$node_(1) set Y_ 161.562936556314
$node_(1) set Z_ 0.000000000000
$node_(2) set X_ 45.089097239201
$node_(2) set Y_ 45.227765975840
$node_(2) set Z_ 0.000000000000
$node_(3) set X_ 164.412549016487
$node_(3) set Y_ 32.584916138477
$node_(3) set Z_ 0.000000000000
$node_(4) set X_ 154.915277178487
$node_(4) set Y_ 128.086650153162
$node_(4) set Z_ 0.000000000000
$node_(5) set X_ 129.942664450052
$node_(5) set Y_ 19.918163920049
$node_(5) set Z_ 0.000000000000
$node_(6) set X_ 59.457416363792
$node_(6) set Y_ 130.977769688092
$node_(6) set Z_ 0.000000000000
$node_(7) set X_ 84.219319067807
$node_(7) set Y_ 114.017393045504
$node_(7) set Z_ 0.000000000000
$node_(8) set X_ 87.063812212849
$node_(8) set Y_ 130.619575201737
$node_(8) set Z_ 0.000000000000
$node_(9) set X_ 43.383299853589
$node_(9) set Y_ 101.859121570992
$node_(9) set Z_ 0.000000000000
$node_(10) set X_ 128.813477324602
$node_(10) set Y_ 34.528745310842
$node_(10) set Z_ 0.000000000000
$node_(11) set X_ 85.796986451785
$node_(11) set Y_ 32.318190942096
$node_(11) set Z_ 0.000000000000
$node_(12) set X_ 63.917652236966
$node_(12) set Y_ 68.377105708336
$node_(12) set Z_ 0.000000000000
$node_(13) set X_ 140.345568533958
$node_(13) set Y_ 89.206658407344
$node_(13) set Z_ 0.000000000000
$node_(14) set X_ 166.230940422052
$node_(14) set Y_ 147.911686251320
$node_(14) set Z_ 0.000000000000
$node_(15) set X_ 124.233276380813
$node_(15) set Y_ 107.720966729326
$node_(15) set Z_ 0.000000000000
$node_(16) set X_ 52.731259171409
$node_(16) set Y_ 117.177562579264
$node_(16) set Z_ 0.000000000000
$node_(17) set X_ 14.862976051285
$node_(17) set Y_ 59.761804191036
$node_(17) set Z_ 0.000000000000
$node_(18) set X_ 24.256021376991
$node_(18) set Y_ 129.792364695298
$node_(18) set Z_ 0.000000000000
$node_(19) set X_ 84.138355462527
$node_(19) set Y_ 18.961199949013
$node_(19) set Z_ 0.000000000000
$node_(20) set X_ 74.024720133082
$node_(20) set Y_ 133.115672862171
$node_(20) set Z_ 0.000000000000
$node_(21) set X_ 52.795916742541
$node_(21) set Y_ 102.833095528019
$node_(21) set Z_ 0.000000000000
$node_(22) set X_ 108.788770481028
$node_(22) set Y_ 38.445298533566
$node_(22) set Z_ 0.000000000000
$node_(23) set X_ 129.379017669902
$node_(23) set Y_ 96.554847714353
$node_(23) set Z_ 0.000000000000
$node_(24) set X_ 30.323756003599
$node_(24) set Y_ 97.237481513386
$node_(24) set Z_ 0.000000000000
$node_(25) set X_ 90.277040835383
$node_(25) set Y_ 41.715243430056
$node_(25) set Z_ 0.000000000000
$node_(26) set X_ 65.321955063140
$node_(26) set Y_ 110.363201744749
$node_(26) set Z_ 0.000000000000
$node_(27) set X_ 70.574241531883
$node_(27) set Y_ 103.885897683973
$node_(27) set Z_ 0.000000000000
$node_(28) set X_ 141.226337564895
$node_(28) set Y_ 99.754152854174
$node_(28) set Z_ 0.000000000000
$node_(29) set X_ 141.106937713978
$node_(29) set Y_ 115.121566468218
$node_(29) set Z_ 0.000000000000
$node_(30) set X_ 83.350287330537
$node_(30) set Y_ 72.966030707335
$node_(30) set Z_ 0.000000000000
$node_(31) set X_ 169.431915809828
$node_(31) set Y_ 63.462437274909
$node_(31) set Z_ 0.000000000000
$node_(32) set X_ 147.795636079156
$node_(32) set Y_ 133.088105775492
$node_(32) set Z_ 0.000000000000
$node_(33) set X_ 167.190894436954
$node_(33) set Y_ 140.840937289157
$node_(33) set Z_ 0.000000000000
$node_(34) set X_ 117.078698806551
$node_(34) set Y_ 17.668901066094
$node_(34) set Z_ 0.000000000000
$node_(35) set X_ 150.201113268694
$node_(35) set Y_ 158.852549977910
$node_(35) set Z_ 0.000000000000
$node_(36) set X_ 111.845229958139
$node_(36) set Y_ 166.811800200225
$node_(36) set Z_ 0.000000000000
$node_(37) set X_ 4.169896446946
$node_(37) set Y_ 114.826362471535
$node_(37) set Z_ 0.000000000000
$node_(38) set X_ 72.001371515516
$node_(38) set Y_ 6.789941879061
$node_(38) set Z_ 0.000000000000
$node_(39) set X_ 108.265236962859
$node_(39) set Y_ 128.736051171343
$node_(39) set Z_ 0.000000000000
$node_(40) set X_ 104.273474293035
$node_(40) set Y_ 106.028820666018
$node_(40) set Z_ 0.000000000000
$node_(41) set X_ 72.507175500852
$node_(41) set Y_ 93.176933070831
$node_(41) set Z_ 0.000000000000
$node_(42) set X_ 150.459034930793
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#!/usr/bin/env python

import sys, re, math, os, shutil
try:
    fil1 = sys.argv[1]
    fil2 = sys.argv[2]
#    fil3 = sys.argv[3]

except:
    print ’Usage:’, sys,argv[0], ’20−vithr−ftpflow.txt   16−vithr−ftpflow.txt ’
    sys.exit(1)
case = "haldi"

f=open(case + ’.gnuplot’, ’w’)
f.write ("""
set title "Aggregate real−time traffic throughput  vs  No. of TCP sources" ;
set yrange [0:3000] ;
set ylabel ’Aggregate real−time traffic throughput(Kbps)’
set xlabel ’# of TCP sources’
set term png small color;
set output ’swan_orig_26_ftpflow_video.png’ ;
""")

f.write ("plot   ’%s’ title ’swan−orig’ with lines, ’%s’ title ’swan−2.6’ with lines; \n" %(fil1,fil2))
f.close();
cmd = "gnuplot −geometry 800x600 −persist " +case + ".gnuplot"
failure = os.system(cmd)
if failure:
        print "gnuplot failed"; sys.exit(1)
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#include <stdlib.h>
#include "swan_ac.h"

int hdr_swan::offset_;
static class SWANHeaderClass : public PacketHeaderClass {
public:
  SWANHeaderClass() : 
    PacketHeaderClass("PacketHeader/SWAN", sizeof(hdr_swan)) {
      bind_offset(&hdr_swan::offset_);
  }
} class_swan_hdr;

static class SWAN_ACClass : public TclClass {
public:

SWAN_ACClass() : TclClass("Agent/SWAN_AC") {}
TclObject* create(int, const char*const*) {

return (new SWAN_AC);
}

} class_swan_ac;

SWAN_AC::SWAN_AC() : Agent(PT_SWAN)
{

bind_bw("acrate_", &acrate_);
bind_bw("thrate_", &thrate_);
rtrate_ = 0;
num_bit = 0;
ce_src = 0;
ce_dst = 0;
ce_hop = 0;
ce_by_pending = 0;
fp = 0;
swan_status = SWAN_NEW;
target_ = 0;

}

int SWAN_AC::command(int argc, const char*const* argv)
{

if (argc == 3) {
if (strcmp(argv[1], "target") == 0) {

target_ = (NsObject*) TclObject::lookup(argv[2]);
                        assert(target_);

return (TCL_OK);
}
if (strcmp(argv[1], "down−target") == 0) {
        downtarget_ = (NsObject*) TclObject::lookup(argv[2]);

assert(downtarget_);
return (TCL_OK);

}
if (strcmp(argv[1], "monitor") == 0) {
        monitor(atoi(argv[2]));

return TCL_OK;
}
if (strcasecmp (argv[1], "ip−addr") == 0)
{
        net_id = atoi(argv[2]);
        return TCL_OK;
}

}
else if (argc == 4) {

               if (strcmp(argv[1], "util−trace") == 0) {
 char fname[64];
 sprintf(fname, "%s/util%s", argv[3], argv[2]);
 if ((fp = fopen(fname, "w+")) == 0)
 {
     printf("Error opening %s\n", fname);
     return TCL_ERROR;
 }
 return TCL_OK;

       }
}
return TCL_OK;

}

void SWAN_AC::recv(Packet* p, Handler* h)
{
  struct hdr_cmn *cmn = HDR_CMN(p);
  struct hdr_ip  *ip = HDR_IP(p);

  float ctime = Scheduler::instance().clock();

  if (cmn−>ptype_ == PT_SWAN)
    {
      process_swan_message(p, h);
      return;
    }

  if (cmn−>ptype_ == PT_CBR)
    {
      if (ip−>src_.addr_ == net_id)

{
  ip−>ecn_ = 1;
  ip−>ce_ = 0;
  switch(swan_status)
    {
    case SWAN_NEW:
      send_probe_request(p);
      ip−>tos_ = 0;
      swan_status = SWAN_PROBING;
      break;
    case SWAN_PROBING:
      ip−>tos_ = 0; 
      if (probe_timer < ctime) 

{
  swan_status = SWAN_ADMITTED;
  send_probe_request(p);
}

      break;
    case SWAN_REPROBING:
      ip−>tos_ = 1;
      if (probe_timer < ctime) send_probe_request(p);
      break;
    case SWAN_PENDING:   ip−>tos_ = 2;
      if (pending_timer < ctime)

{
  swan_status = SWAN_ADMITTED;
  ip−>tos_ = 1;
}

      break;
    case SWAN_ADMITTED:  ip−>tos_ = 1; break;
    case SWAN_REJECTED:  ip−>tos_ = 0; break;
    }
}

      else if (ce_hop && ip−>tos_ && ip−>ecn_)
{
  mark_ecn(p);
}

    }

  downtarget_−>recv(p, h);
}
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/* −*− Mode:C++; c−basic−offset:8; tab−width:8; indent−tabs−mode:t −*− */
/*
 * Copyright (c) 1996−1997 The Regents of the University of California.
 * All rights reserved.
 * 
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 * 3. All advertising materials mentioning features or use of this software
 *    must display the following acknowledgement:
 * This product includes software developed by the Network Research
 * Group at Lawrence Berkeley National Laboratory.
 * 4. Neither the name of the University nor of the Laboratory may be used
 *    to endorse or promote products derived from this software without
 *    specific prior written permission.
 * 
 * THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS ‘‘AS IS’’ AND
 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
 * IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE
 * FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
 * DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
 * OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
 * LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
 * OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
 * SUCH DAMAGE.
 */

#include "swan_rc.h"

static class SWAN_RCClass : public TclClass {
public:

SWAN_RCClass() : TclClass("SWAN_RC") {}
TclObject* create(int /* argc */, const char*const* /* argv */) {

return (new SWAN_RC);
}

} class_swan_rc;

SWAN_RC::SWAN_RC() : dynamic_(0), itq_(0)
{

bind_bw("bandwidth_", &bandwidth_);
bind_time("delay_", &delay_);

bind_bw("ssthresh_", &ssthresh_);
bind_bw("segment_", &segment_);
bind_bw("mdrate_", &mdrate_);
bind_bw("gap_", &gap_);
bind_bw("minband_", &minband_);

on_ = 0;
fp1 = 0;
fp2 = 0;
num_pkt = 0;
num_delayed_pkt = 0;
num_byte = 0;
sum_delay = 0;
avg_delay = 0;

}

int SWAN_RC::command(int argc, const char*const* argv)
{

if (argc == 2) {
if (strcmp(argv[1], "isDynamic") == 0) {

dynamic_ = 1;
itq_ = new PacketQueue();
return TCL_OK;

}
}

if (argc == 3) {
if (strcmp(argv[1], "adjust") == 0) {

adjust(atoi(argv[2]));
return TCL_OK;

}
}

if (argc == 4) {
if (strcmp(argv[1], "delay−trace") == 0) {

char fname[64];
net_id = atoi(argv[2]);
sprintf(fname, "%s/delay%d", argv[3], net_id);
if ((fp1 = fopen(fname, "w+")) == 0) {

printf("Error opening %s\n", fname);
return TCL_ERROR;

}
return TCL_OK;

}
if (strcmp(argv[1], "rate−trace") == 0) {

char fname[64];
net_id = atoi(argv[2]);
sprintf(fname, "%s/rate%d", argv[3], net_id);
if ((fp2 = fopen(fname, "w+")) == 0) {

printf("Error opening %s\n", fname);
return TCL_ERROR;

}
return TCL_OK;

}
}

return Connector::command(argc, argv);
}

void SWAN_RC::recv(Packet* p, Handler* h)
{

double txt = txtime(p);
Scheduler& s = Scheduler::instance();
if (dynamic_) {

Event* e = (Event*)p;
e−>time_= txt + delay_;
itq_−>enque(p); // for convinience, use a queue to store packets

 in transit
s.schedule(this, p, txt + delay_);

} else {
s.schedule(target_, p, txt + delay_);

}
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