
HAL Id: inria-00070549
https://inria.hal.science/inria-00070549

Submitted on 19 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.

Shake Them Up! A movement-based pairing protocol
for CPU-constrained devices

Claude Castelluccia, Pars Mutaf

To cite this version:
Claude Castelluccia, Pars Mutaf. Shake Them Up! A movement-based pairing protocol for CPU-
constrained devices. [Research Report] RR-5457, INRIA. 2006, pp.28. �inria-00070549�

https://inria.hal.science/inria-00070549
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
54

57
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


Thème COM

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Shake Them Up!
A movement-based pairing protocol for CPU-constrained devices

Claude Castelluccia — Pars Mutaf

N° 5457

January 2005





Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38334 Montbonnot Saint Ismier (France)

Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52

���������
	����
� �����
� ���
���
������������� �!��"#�$��%'&(%)��*+�,&(�-�.�0/1��2435��&7698��:�;/<� �,�=�!&>� %)�,��"

"��?�0%)/<���

@BADCFE>G(HI@�CFJLKMHNAOAPE(QRQNSDCFTNUWVXCZYMJ�[\E>K5C;]-^

_?`�aLbBc�d�eXfhgjilknmpoqaLbBcMm�r)sRbBb�t�u�vwryxzuRo{m
|~}�s���c)o{m?|~�wx�u�cyoqc

�
x��;�ZsR}po
�nc-}�cLr{`�cL}�r{`�c9uF�(�5�l�R��g��Nx�ult;xz}qk����R�R��gj�����;xz�zcLm

���>�L�y�5���z�z� _?`�vwm��;xz�ZcL}���}�cLmqcyuNo�m x$u�cy���;xzv�}�v�u;����}qszoqsnr)sR�(oq`;x�o�x�� � s5�
m-o��<s¡d<|<¢�£¤r)szuZm�o�}�xzv�u�cM�
��v }�cy� cLm�m1��cy¥lv rycLm1o�s0cLmpo�x�¦;��vwmp`$x�mp`Zx�}�cL��mpcMr)}�c)o�x5o§xB¥zcL}qk0� s5�\rysRmpoL¨
e©t�}
m�r{`�cLbBc-}�cLªNt�v }qcMm<oq`;x�o�oq`�c��ncL¥lv rycLm?¦Fcyv u��0�;x�v }�cL��«�¬­x�uZ��®�«;x�}�c-mp`;xz¯zcLu��nt;}qv u��Boq`�c�¯Rcyk

cy°�r{`;x�u��Rc ��}�s�o�snr)sz�P¨�_?`;v m-vwmXoqs$�ztZx�}{x�uNoqcLc�oq`Zx5o x�u¡cLx±¥RcLm��n}qsR���Fcy}-ryx�u;u�s�o-v ��cyuNoqv�²³k�o�`�c��;xzr{¯Rc)o�m
mqcyuNo
¦lk,¬´²³}�szbµoq`�sNmpc�mqcyuNo
¦lk,®�¨¶¬·rLx�u�oq`�cLu�mpcLu;�,oq`�c mqcLry}qcyo�¦�v¸o�¹-oqs�®�¦lk�¦�}�sRxR��ryxRm�o�v�u;�Bxzu
º cyb��no�k�»W�Zxzr{¯zcyo¶��v�oq`0o�`�c©mqszt�}{r)c?¼Zcy�w��mpcyo¶o�s ¬�¨¶ilv b�v��wx�}�� kz«R¬\ryxzu�mpcLu;�Boq`;c©mqcLr)}�c)o<¦�v¸o��-o�s ®·¦lk
¦;}qsNxz��rLxzmpoqv u���x�u º cyb��no�k�»¶�;xzr{¯Rc)o<��v�oq`�oq`�c-mqszt�}{r)c�¼Zcy�w��mqc)o¶o�sB®�¨¶e©u���k0®½ryxzu�v ��cyuNoqv�²³k�oq`�cX}�cLx��
mqszt;}�ryc s�²<oq`�c��;xRr{¯zcyo º mqv u;r)c�v�o���v �¡u�s�o�mqcyu;�Iv¸oM«=o�`�c0mpsRt�}�ryc vwm-¬©»'«>x�u;�¡ryxzu¡}�cLrys5¥zcy}§oq`�c0mqcLry}qcyo
¦;v¸o º ¹�v�²Woq`�cBmpsRt�}{r)c�vwm§mqc)o§o�s�¬·sR}§�0szoq`�cL}q��vwmpc±»'¨
¾§u�cLx±¥RcLm��n}qsR���Fcy}
ryxzu�u�szo§}qcyoq}�v�cL¥zc-o�`�c�mqcLry}qcyo
¦;v¸o�mpv u;ryc§v�o1ryxzu�u�szo¶¼;�Rt�}qc©sztno1��`�c)o�`�cy}<oq`;c©�;xRr{¯zcyo¶�1xRm¶xRr'oqtZx�� ��k0mqcyuNo<¦lk0¬¿sR}1®�¨(À1k�}{x�u;�nsRb���k
�Rcyu�cL}�x�oqv u��BÁ¡mqt;r{`$�;xzr{¯Rc)o�m?¬�xzu;�,®ÂrLx�u$x��R}qcLc©sRu�xBÁÃ£D¦�v¸o§mqcLry}qcyo�¯zcykR¨
_?`�vwm~�Zx��Fcy}¶�;}qcMmpcLuRo{m(oq`;c§�nc)o{x�v � m¶s�²Ãoq`;c§��}�s�o�slrysz�;xzu;��oq`�c©}qcMmpt;�¸o{mWs�²=mqszb�c
c)°n�Fcy}�v�b�cLuRo{x5o�v�sRu;my¨

_.s�szt�}§¯Nu;s5����cM�n�zcR«Ro�`�vwm
vwm1oq`�c�¼Z}�mpo���}�xRr'o�v rLx����;xzv�}�v�u;��m�r{`�cLbBc-o�`;x5o§��sNcMm�u�szo
}qcL��k�sRu$c)°n�ZcLu;mqv�¥Rc
�;t�¦�� v r)£P¯Rcyk�ry}qkl�no�sz�z}{x��;`NkR«RsRtnop£Ds�²>¦;x�uZ�,r{`;xzu�u�cL� m º mpt;r{`�xRm1x�¯Rcykl¦FsRx�}{�0sR}
xB��v mq���wx±kn»<sR}
mp�FcLryv¸¼Zr
`Zx�}{�n�1xz}qcR¨I_?`�c,��}qsR�ZsNmpcM�4��}�s�o�slrysz�<`;xzm ¥zcy}�k4mpb0xz���?r)sRbB�;tno�x�oqv szu�xzu;�Ämpoqsz}{x��Rc0}qcMªNt�v�}�cyb�cLuRo{my¨
ÅDoBv m�o�`�cy}�c)²³sR}qc��1cy� �?xz��xz�noqcM�Æoqs4d<|¶¢�£¤r)sRu;m�o�}�xzv�u;cL�Ä�ncL¥lv rycLm º mqt;r{`�xzm�mpcLu;mqsz}{m�»Xo�`;x5o�`;x±¥Rc�¥zcL}qk
� v bBv�oqcM�$ryx��Zxzr)v�oqv cLm�xzu;��x�}�cXcMxzmqk�oqs�mq`;x�¯Rcz¨
Ç�ÈNÉÃÊ�Ë Ì �5Í>�z� ��v }�cy� cLm�m��ncy¥lvwr)cLmL«�mqcyu;mqsz}{my«l¯Rcyk�cy°nr{`Zx�u��Rcz«l�;x�v }�v�u��B��}�s�o�slrysz�

Î~Ï³Ð>Ñ=ÏÓÒÔÑ=Õ±Ö'×±Ø¤ÙÓÒ.ÚÜÛzØ�ÝpÞ�ßZàlÒ>Ð>á;â.á0ã'äæå'ç±Ûè Ï³Ð>Ñ=ÏÓÒÔÑ=Õ±Ö'×±Ø¤ÙÓÒ.ÚÜÛzØ�ÝpÞ�ßZàlÒ>Ð>á;â.á0ã'äæå'ç±Û



���������
	����
� �����
� ���
���
������������� �!��"#�$��%'&(%)��*+�,&(�-�.�0/1��2435��&7698��:�;/<� �,�=�!&>� %)�,��"

"��?�0%)/<���

��� ����� � � d<c1}{x��;�ZsR}poW��}��LmqcyuNoqc?t�u�u�sRt�¥zcMx�t���}qszoqsnr)sR��c?ªNt�v��Fcy}�b�c)o
	-�ncyt�° oqcL}qb�v u;x�t�°�mqxzu;mp£O¼;�
¬­cyo§®�x±¥zcLrX�ncMm
ryxz�;xzryv¸o��Lm<oq}�aLm�� v bBv��ycMm��nc��
� �Lr{`;xzu��zcL}?t�u�c�r)����mpcMr)}�a)o�cz¨

�§s�oqc©��}�s�oqsnrysz� c�u��LrycLm�mpv�oqc§��c©mqcLr)sRt�cy}¶��cMmWoqcL}qb�v u;x�t�°��FcyuZ��x�uNo¶�wx���`Zxzmqc§�
� �Lr{`;xzu��zc
�ncXr)���§x5¼Zu
��c�}qcLu;�n}�c���� v ��cyuNoqv�¼Zryx�oqv szu0�nc��wx�mpsRt�}{r)c��ncLm~�;xzªNt�cyo�m~�nv���r)v ��cMmy¨W¬ �Fcytno1x�� sz}{m(cyul¥zs5kRcy}(��c�¦;v¸o§¹�	�®
cLu��nv��Ft;m�x�uNo1t�u0�;xzªNt�cyo1�nsRuNo¶��c©r{`;x�b��;m��pxR�n}qcMmqmqc�mpsRt�}{r)c��
cLmpo<�FsRmqv¸o�v�sRu�u��Lc�	�¬�¨(Å¤�Z�ZcLtno1cLul¥zs5kzcL}
� c ¦;v¸o-��cyu¡�nv��Ãt;m�x�uNo©t;u��;xzªNt�cyoX�nsRuNoXr{`;xzbB�Zm��qxz�n}�cLm�mpc�mqszt;}�ryc���cLmpo©�FsRmqv¸o�v�sRu�u��yc�	�®�¨�ilcLt��>®
�Fcyt�o¶v ��cyuNoqv�¼;cy}¶� x�mqszt�}{r)c?}��ycL�;�nt0�;xRªRt;c)o º �yo�xzuRo1�nszu�u��
ªRt�� v ��u�� x��;xRm(cyul¥zs5k �1� c��;xRªRt;c)oL«R� x�mqszt;}�ryc
cMm�o�¬©»)«nc)o�}�cLr)t;�!�L}qcL}<� c©¦;v¸o
mqcLr)}�c)o º ¹-mpvÃ� c�r{`;x�b���mqszt�}{r)c©cLmpo��ZsNmpv�oqv szu�u��"	�¬�«��Bx�tno�}qcLbBcLuNo{»'¨$#~u
}��y�%�)o{x�uNo
r)c-��}�s�o�slrysz� c-Á�²³szvwmL«�t�u�c�r)�����nc�� szu��Rt�cyt;}1Á¡¦�v�o�m��Fcytno'&)oq}�c��Lr{`;xzu��(�Lc©cLuNoq}�c-¬­cyo§®�¨
d<c�}{x����Fsz}qo?��})�MmpcLuNoqc-��cMm
�*�yo�x�v �wm��nt$��}qszoqsnr)sR��cXc)o§��cLm�}��Lmqt���o�x5o{m1c)°n�!�L}qv b�cyuNo�xz� mL¨,+-� xz��}qaMm?u�sRm

ryszu�uZx�vwmqm�x�u;rycz«Lv��lm.� x��Rv¸o>�nt���}�cyb�v cy}>��}qszoqsnr)sR��c~��� �Mr{`;x�u��Rc¶�nc1r)���¶ªNt�vRu�� tno�v�� vwmpc<�;xzm.� x§r)}�kN��oqsz�R}�xz��`�v c
sRt���cLm�ryxzu;x�t�°,m/�Mr)t�}�vwm/�Mmy¨
09Ì �M� Ê �(1 � �,� ryxz�noqcLt�}{my«2�Lr{`Zx�u��Rc-��c-ry���Mmy«Zm/�Mr)t�}�v¸o��



���������	�
������
���� �

� � ���!&(�0"��,/¶�.%)���

_?`;c1ryt�}q}�cyuNo>oq}�cyu;� v�u�r)sRu;mqt�b�cy}>cy� cLr'o�}qsRu�vwrym.v m.oqs-cLb ¦FcL� xXmq`�sz}qop£D}�xzu��zc¶��v�}�cy� cLm�m=o�}�xzu;mqbBv�opo�cy}Wx�uZ�
x�b�v ry}qsR��}�slrycLm�mpsR}¶v u�xz��b�sNm�o?cy¥Rcy}�kRo�`�v u��;¨(_?`�c-b0x�v u�b�s�o�v�¥5x5o�v�sRu,vwm1oqs�²æxzryv�� v�o�x5o�c�r)szb�b�t�u�vwryx5o�v�sRu
xzu;��ryslsz�Fcy}{x5oqv szu x�b�szu��Nm�oB��v�}�cy� cLm�mB�ncy¥lvwr)cLmBv u�sR}��ncL} o�s¡}�cL��t;r)c,oq`�cLv�}0mqv��Lc���r)sRmpoBxzu;�Äv u;ry}qcMxzmqc
o�`�cyv }
²³t;u;r'o�v�sRu;x�� v¸o�v�cMmy¨?Å¤u$o�`�v m©r)sRuRo�c)°loL«ZcLxRr{`$��cy¥lv ryc�ryxzu�¦Zc mqcycLu�xzm
x��ZcL}qv ��`�cL}�xz�=s�²>oq`�c�s�o�`�cy}{my¨
�;sz}-c)°�xzbB�;��cR«=x�t;mqcy}�rLx�uItZmpcBoq`;c���v mq���wx±k�x�u;��oq`�c�¯zcLkl¦ZsNx�}{��s�²?x�|
+§¾9o�s�xzryrycLm�m§`;v m�rycy� ��t��wx�}
�;`�szu�c§sz}¶�Fcy}{mqszu;xz�Zmqcy}�¥zcy}���¹��� P¨~ilv b�v��wx�}�� kz«lx�t;mqcy}<rLx�u0t;mqc§v�o�m1r)cL��� t��wx�}<��`�szu;c
sz}<|
+
¾ oqs�}�c)o�}qv cy¥Rc
o�cyb��Fcy}{x5oqt;}qc���x�o�x�mpcLu;mqcL�,¦Nk,x���snryxz�=mpcLu;mqsz}!��¹±�� D¨
_?`�c�b0x�v uImpcMr)t�}�v�o�k�r{`;xz��� cyu;�zc�vwm
o�s�mpcMr)t�}�cy� k$xzm�mpsnr)vwx5o�c-oq`�c��ncL¥Nvwr)cMm�o�sz�zcyoq`�cL}L¨"�;sz}©c)°�x�b���� cz«

��`;cyuIx,�ncy¥lvwr)c }�cLrycyv ¥zcMm§��x�o�x0²³}�szb�x,mpcLu;mpsR}L«Zv¸o-u�cLcL��m§oqs�b0x�¯zc�mpt�}�c�o�`;x5o©oq`�c���x�o�x�vwm©}qcMr)cyv ¥zcM�
²³}�szb´o�`�c�mpcLu;mpsR}!v�o>`Zxzm(mpcL��cMr'o�cL��xzu;��u�szo.²³}�szb·xzu�v bB�FsRmpoqsR}L¨#��t�}qoq`;cy}�bBsR}qcR«±v�uNoqcL�z}�v¸o�k�xzu;����}�v ¥±xRr)k
xz}qcXs�²Óo�cyu$¥zcL}qk�v�b��Fsz}qo�x�uNo?oqslsZ¨
_?`�c0�;}qsnr)cMmqmXsz²?mqcLryt�}qcL��k�xRmqmqsnr)vwx5o�v�u��,o��1s���v }�cy� cLm�mX��cy¥lv rycLm-vwm-s�²Óo�cyuÆ}qcy²³cy}�}qcM��o�s�xzm ���%$'&($')+* ¨

_?`;v m���}�snr)cMmqm�x�� � s5�
m�o��1s4�ncy¥lvwr)cLmL«<ryszb�b t;u�v rLx5o�v�u��Ôs5¥zcL}BxÆmq`�sz}qop£D}{x�u��Rc�}�xR�nv s;«~o�sÆc)°�r{`;x�u;�zc,x
mqcLry}qcyo>¯RcykR¨._?`�vwm(¯zcLk ryxzu�oq`;cyu�¦Zc?t;mqcL� oqs�xztnoq`�cLuNoqvwryx5o�c<sR}Wcyu;ry}qkl�noWmqt�¦;mqcLªNt�cyuNo~r)sRb�b t�u�vwryx�oqv szu=¨
ÅDo0vwm�v�b��Fsz}qo�xzuRoBoqsÔu�szoqvwr)c�oq`;x�o�oq`�c$¯zcLk4c)°�r{`;xzu��zcM�Äv u x¡�;x�v }�v�u��Ô��}�s�o�slrysz�?�nslcLm�u�szoBu;cycL��oqs
¦Fc0x�tno�`�cyuNo�v rLx5oqcM�Imqv�uZr)cBoq`�c�vw�ncyuNo�v¸o�v�cMm º s�²Óo�cyuÔ��}�s5¥Nvw�ncM��¦lk�r)cL}po�v¸¼ZrLx5o�cLm{»§�ns$u�szoXb0x�opoqcL}�v�u¡oq`;v m
ryszuNoqcy°loL¨�¾Ât;mqcy}���`;s�vwm��;xzv�}�v u���o��<s��ncL¥Nvwr)cMm-oqsR�zcyoq`�cL}�szu�� k�u�cLcL��m�xRmqmqt�}{x�u;ryc o�`;x5o x$¯Rcyk��?xzm
cy°�r{`;x�u��RcL�,¦Zcyo��<cLcyu$o�`�c �ncL¥Nvwr)cMm
`�c,�5mq`�c�`;xRm§mqcy� cLr'o�cL� º ²³sR}§cy°nxzb�����cR«�o�`�c�o��1s��ncy¥lvwr)cLm§`�c���mp`;c�v m
`;sz�w�nv�u;�Bv u$`�vwm-�5`�cy}?`;xzu;��m{»'¨
Å¤u�mqt�b�b�xz}qkR«�xB�;x�v }qv u�����}�s�o�slrysz�Ãvwm�r)szb��FsRmqcL�,s�²>o��<s0mqcy�;xz}�x�oqc-mpt;¦n£P�;}qszoqsnr)sR� m/.
¹z¨"0 �213�54765���,)+*+� mqt�¦n£D��}�s�o�slrysz�8.!o�`�vwm���}�s�oqsnrysz�Ãv m
}qt�u�¦Fc)o��1cycyu�o�`�c-o��<s���v }qcL��cMmqm?�ncL¥lv rycLm�x�uZ�
}qcMmpt;�¸o{m?v�u�x�mpcMr)}�c)o�¯zcLk�mq`;x�}�cL�,¦Zcyo��<cLcyu,oq`�c-o��1s0�ncy¥lvwr)cMmy¨

�n¨�9 �,$'&($')7*;:,�,<=$?>��,@8$?A,) mqt�¦n£D��}�s�o�slrysz�8.0oq`;v m���}�s�o�snr)sz�1vwm�cy°ncLr)t�oqcL��¦Zcyo��<cLcyu oq`�c,o��1s¡��v }qcL��cMmqm
�ncy¥lvwr)cMm�x�u;��oq`�c�t;mqcy}M¨(ÅDo�m?�RsRx��Fvwm1oqs��zt;xz}�xzuNoqcyc º ��v�oq`$mpsRb�c©�wx�}��zcXcyu�sRt��z`,��}�sz¦;xz¦�v�� v�o�kn»~oqs
oq`�c-t;mqcy}1o�`;x5o
x�¯zcyk0�?xzm1cy°nr{`Zx�u��RcL�0¦Fc)o��1cycLu�o�`�cXo��<s��ncy¥lvwr)cMm<`;c��5mq`�c-xzr)oqt;xz��� k0��v mq`�cM�0oqs
�;x�v }M¨

09Ì ��BDC��n��B ÌFE ��� E Í Í È ��B?G E � ÌFE �y�L�±��B E �L�R� _?`�c§b�s�o�v�¥5x�oqv szu�sz²=oq`�vwm1�<sR}q¯Bvwm~o�sB�ncMmpv �zu,x��;xzv�}�v�u;�
�;}qszoqsnr)sR�;²³sR}�d<|¶¢
£Dryszu;mpoq}{x�v u�cM���ncL¥Nvwr)cMmy«lmqt;r{`,xRm1mqcyuZmpsR}�mL¨ +©cLmqv��Ru�v u����Zx�v }qv u�� �;}qszoqsnr)sR� m¶²³sz}?mptZr{`
cLul¥Nv }�szu�b�cyuNo�v m,¥zcL}qk r{`;xz��� cyu��Rv�u;��¦FcLryxzt;mqc¡mqcyu;mqsz}{m�`;x±¥RcI� v�b�v�oqcM�­d<|¶¢ x�uZ�¿b�cyb�sz}�kz¨Â¾§� mqs;«
¦FcLrLx�t;mqc�s�²>oq`;cyv }
��s5�­r)sNm�o{my«;bBsNm�o
sz².o�`�cyb ryxzu�u�szo
}qcL��k,szu�o�xzbB�Fcy}§}qcMmpvwm�o{x�uNo
r)sRbB�Fszu;cyuNo�mL¨<_?`�c
ryszu;mqcLªNt�cLu;r)c�sz²<o�`�c0��v b�v¸o�cL�4ryszb���tno�v�u���xzu;�Æm�o�sz}{x��RcBrLx��;xz¦�v�� v�oqv cLm-vwm-oq`;x�o b�sn�nt��wx�}�x�}�v�oq`�b�c)o�v r
vwm��nv���r)t���o§x�u;��oq`�cL}qcy²³sz}�cz«�xRmpklb�b�c)oq}�vwr©ry}qkl�no�sz�z}{x��;`Nk�ryxzu�u�szo?¦Fc-t;mqcL��¨WÅ¤u��;x�}qoqvwr)t;� xz}L«nmpo�x�uZ��x�}{�
+©v���cy£IH§cy� ��b0xzu º +JHX»(� �% ¶¯Rcyk�cy°�r{`;x�u��Rc��;}qszoqsnr)sR� m-x�}�c�c)°�r)� t;�ncM��¨ #~¥zcLuÆ��s5� c)°n�ZsRu�cyuNo��§in¾K��¹L�% 
o�cLr{`�u;v ªNt�cMm(oq`;x�o¶x�� ��s5� oqs�b�v u�v bBvL�yc§cyu;ry}qkl�no�v�sRuBrysRmpo¶x�}�c1�;}qsR`�v�¦;v¸o�v�¥Rc���`�cyu0mqcyu;mqsz}{mWx�}�c?v�ul¥zsR��¥RcL��¨
e©t;}��zsRxz�Ãv m1o�s��ncLmqv��Ru�xB�;xzv�}�v u�����}qszoqsnr)sR�Foq`;x�o
bBcLc)o{m1oq`�cMmpc�ryszu;mpoq}{x�v uNo�mL¨
f�sR}qc$mq�ZcMr)v�¼Zryxz��� kz«~�1c$x�v b x5o0�ncLmqv��Ru�v u��Ôx¡��}�s�o�slrysz�<oq`;x�o��nslcLmME.Ì � t;mpc���t�¦;��vwr�¯zcykÄry}qkl�n£

o�sz�R}�xz��`lk�x�u;�$�nslcMm
u�szo§}qcL��k,szu�mqszb�c���}�cLryszun¼;�Rt�}�cL�,v�un²³sR}qb0x�oqv szu=¨N��t�}qoq`;cy}�bBsR}qcR«noq`;c �ncLmqv �zu�cM�
�;}qszoqsnr)sR�~b t;mpo�u;s�o�v u;ry}qcMxzmqc�oq`�c�r)szb���� c)°nv�o�k4x�u;�Ôo�`�c,rysRmpo�s�²?o�`�c,mqcyu;mqsz}{m�¦lkÔ}qcMªNt�v�}�v u���xz����v¸£
o�v�sRu;x��.`;x�}{�n�?x�}�c º mqt;r{`IxRm§x��nvwmq��� x±kR«Fxzu�ÅO�ze9v uRo�cy}q²æxzryc�sz}Xx�u�sRtnop£Ds�²W¦;xzu;��r{`;xzu�u�cy�P«Ãmpt;r{`�xRm§xzu

Ñ.Ñ:×,P�Q-R2Q2S



� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

v un²³}{x�}�cL�Iszu�c±»'¨K�>v u;x�� ��kR«=v�o�mq`�sRt�� �Iu�s�o�}�cLªNt�v }qc�c)°ns�o�v r���v }qcL��cMmqm©oqcMr{`�u�sR��sR�zv cLmL«F¦;tno�v�u;mpoqcMxz�I�<sR}q¯
��v�oq`0ryt�}q}�cyuNo(��v�}�cy� cLm�m(u�cyo��<sR}q¯lv u��Xmpo�xzu;��xz}���m(mqt;r{`�xzmW�z�N�n¨ ¹z¹<sz}~�z�N�n¨ ¹M��¨ � º x�uBcyb�cL}q�Rv�u���
 v }qcL��cMmqm
|�¾'� º 
 |�¾��©»¶o�cLr{`�u�sR��sR�zkR«N�ncMmpv �zu;cL��²³sR}<� s5� �Zs5�1cy}1mpcLu;mqsz}{m�»)¨>_?`�cX��}�sz�FsRmqcL����}�s�o�snr)sz�Fb tZm�o?¦Zc
mqcLryt�}�c?xz�Rxzv�u;mpoW�;xzm�mqv�¥Rc?xzu;�0xzr)oqv ¥zc�x5oqo�xRr{¯lmL¨!Å¤u0szoq`�cL}~�1sz}{��my«zv¸o~b�t;m�o<u�s�o¶xz��� s5� xRr'oqv ¥zc�sR}W�;xzm�mqv�¥Rc
x�opo{xzr{¯zcL}�m
oqs���cMx�}�u�o�`�c�¯zcyk�cy°�r{`;x�u��RcL��¦Fc)o��1cycLu�o��1s,�Zx�v }qcM���ncy¥lvwr)cMmy¨�ÅDo�b�t;m�o���}�s5¥lv ��c ��}�s�o�cLr'£
o�v�sRu4x��Rxzv�uZm�o�f�xzun£Pv un£Poq`�cy£Df�v ������c º f�v¸o{fI»�x�opo{xzr{¯nmXoq`;x�o x5oqoqcyb��no oqs�v b��ZcL}�mqszu;x�oqc�szu;c0sz}�¦Fs�o�`
sz²!o�`�c��ncy¥lvwr)cMm��nt�}�v�u���¯Rcyk�xz�z}�cycyb�cLuRo º vP¨ cz¨ «�`�s5�¿o�s�b�xz¯zc�mqt�}qcXo�`;x5o?oq`;c�¯zcyk�v m?cy°nr{`Zx�u��RcL����v�oq`
o�`�c0r)sR}q}�cLr)oX�ncL¥Nvwr)c��±»ÔÅDo-b�t;mpo�xz� mqs��;}qs5¥lvw�nc�mqszb�cB��}qszoqcMr'oqv szuÔx��Nx�v u;m�o�+§cLu�vwx���£Psz²Ó£¤ilcL}q¥lvwr)c º +©sNi�»
x�opo{xzr{¯nmy«RvO¨ cz¨(��}�cy¥RcyuNo<x�opo�xRr{¯zcL}�m(²³}�szb��nvwmp}�t��no�v�u;��oq`;c§�;xzv�}�v�u;����}�s�oqsnrysz�;xzu;��²³}�szb�c)°n`;xzt;m�o�v�u;��oq`�c
��cy¥lv rycLm��n}qcMmpsRt�}{r)cLmL«lmpt;r{`�xRm1oq`�cLv�}�¦;x�opo�cy}�kz¨
� ÌFE �y�,B³�$�.�/B ÌFE �z� 
Ôc,��}�cLmqcyuNo0x�u�s5¥Rcy�?mpcMr)t�}�c��Zx�v }qv u���o�cLr{`�u;v ªNt�c�¦;xzmqcL�Äszu xI¯zcLkÆxz�z}�cycLbBcLuNo
�;}qszoqsnr)sR�noq`;x�o<�nslcLm¶u�s�o?�ncy�FcyuZ�0szu,d<|¶¢
£Pv uNoqcLu;mpv ¥zc§sz�Fcy}{x5oqv szuZmy¨>_!�1sBd<|¶¢
£Dryszu;mpoq}{x�v u�cL�B��v }qcL��cMmqm
��cy¥lv rycLm-¬�x�u;�¡® ryx�uÔcLmpo�xz¦�� v mq`¡x�mp`Zx�}�cL�ImqcLry}qcyoXs5¥Rcy}-x�uÔx�u�sRuNklb�sztZm§¦�}�sRxR��ryxRm�o-r{`;x�u;u�cy�P¨ ¾
u
xzu�szulklb�szt;m�r{`Zx�u�u�cL�~vwm x�r{`;xzu�u�cy�¶szuÆ��`�vwr{`Äx�uÆcLx±¥RcLm��n}qsR���Fcy}�ryxzu4}qcMxz�¡oq`�c��;xzr{¯Rc)o�mXo�`;x5oBx�}�c
cy°�r{`;x�u��RcL��¦�t�o1vwm1t�u;x�¦;��c©oqs�v �ncLuNoqv�²³k0oq`�c-mqszt�}{r)cR¨>¢©mpv u���mqt;r{`�xBr{`;xzu�u�cy�P«l¬´rLx�u�mqcyuZ�0oq`;cXmqcLry}qcyo
¦;v¸o�¹ º }�cLmq�=¨W�R»~oqs0®9¦lk�¦;}qsNxz��rLxzmpoqv u�� x�u º cLbB��o�kn»<�;xRr{¯zcyo1��v�oq`,oq`�c�mqszt�}{r)c§¼;cy�w��mpcyo<o�sB¬ º }�cLmq�=¨
®B»'¨<e©u�� k�®½ryx�u,v ��cyuNoqv�²³k0oq`;cX}�cLxz��mpsRt�}�ryc§sz²=oq`�c-�;xRr{¯zcyo º mqv u;r)c-v�o?�nvw�,u�s�o
mqcyu;��v¸oM«loq`�c�mqszt�}{r)c©v m
¬X»'«�xzu;��ryxzu�}�cLr)s5¥Rcy}Ão�`�c1mqcLry}qcyo!¦�v�o º ¹¶v�²noq`�c?mqszt�}{r)c~vwm>mpcyo!oqsX¬ÄsR}>��szoq`�cL}q��vwmqcM»'¨>¾
u�cLx±¥zcMmq��}qsR���ZcL}
rLx�u�u;s�o~}�c)oq}�v cy¥zc?o�`�c§mqcLry}qcyo¶¦�v�o<mpv u;ryc
v¸o?ryxzu�u�s�oW¼Z�zt�}�c�sztno<��`�c)o�`�cy}¶oq`�c©�;xzr{¯Rc)o~�?xzm~xRr'oqtZx�� ��kBmpcLuRo
¦lkI¬½sR}�®�¨0À1k�}�xzu;�nsRbB� k��zcLu�cy}{x5o�v�u;��Á mqt;r{`Ô�;xzr{¯Rc)o{mX¬Âxzu;�Ô®:rLx�uÆx��R}qcLc�sRuÔx,ÁÃ£P¦;v¸o mqcLry}qcyo
¯RcykR¨
_?`�c��;}qszoqsnr)sR��v m
mqcLryt�}�cXv�²Wx�u;��szu;��k�v�²>oq`�c��Zxzr{¯zcyo�m1s�²W¬�x�uZ��®ÂrLx�u�u;s�o�¦Zc���v mpoqv u��zt;v mq`�cL��¦lk

xzu cMx±¥zcLm��n}�sz���Fcy}M¨>e©u�x§��v }�cy� cLm�m>r{`Zx�u�u�cL�O«�oq`�vwm(��}�sz�Fcy}qo�k�v mW�nv���r)t���o(oqs�xzr{`;v�cL¥zc<oq`�}�szt��R` ��}�s�o�snr)sz�
��cLmqv��RuÆmqv u;r)c�xzu4cLx±¥zcMmq��}qsR���ZcL}�ryx�uÆb�cLxRmpt;}qcBoq`;c�mpv �zuZx��¶mpoq}�cyu��zoq`Æs�²�cMxzr{`Æ�;xzr{¯Rc)o�x�uZ�Æb�x±k¡¦Zc
xz¦�� c0oqsÔ�nc)o�cy}�bBv u�c0o�`�c�}�cLxz�<mqszt�}{r)c�s�²�cLxRr{`4�;xzr{¯Rc)oL¨�_?`;cy}�c)²³sz}�cz«(�1c���}�sz�FsRmqc�oq`;x�oB�nt;}qv u��I¯Rcyk
xz�z}�cycLbBcLuNoL«Ãoq`;c0t;mpcL} º m�»©¦Fc0¥zcL}qk�ry��sNmpcBoqs$cMxzr{`Ôs�oq`;cy}�x�uZ�¡mq`;x�¯RcBoq`�cLv�}��ncL¥lv rycLm º vP¨ cz¨0}{x�u;�nsRb���k
o�t�}�uÄx�u;�Ôb�s5¥zc0sRu�c�x�}�szt�uZ�Io�`�c�szoq`�cL}{»-v u4sz}{�ncL}-oqs�}{x�u;��szb�v��LcBoq`�c,}qcMr)cy��oqv szuÆ�Zs5�1cy}�sz²?oq`�cLv�}
�Zxzr{¯zcyo�m1¦lk�xB�ZszoqcLuRo�v xz�=cLx±¥RcLm��n}�sz���Fcy}?x�u;�,b0x�¯RcX�Fs5�1cy}�x�u;xz��knmqv m1¥Rcy}�k��nv��0ryt���oL¨
�0�,GZ� E B��R�n�/B Ì E � _?`�c��Zx��Fcy}Bv m�mpoq}�t;r'o�t�}qcM�Äxzm�²³sz� ��s5�
m/.�ilcMr'oqv szu ����}�cLmqcyuNo�m oq`;c,}�cy�wx5o�cL�Æ�1sz}�¯F¨
incLr'o�v�sRu � ��}�cLmqcyuNo�m<o�`�c-¦;xzmqv r©vw�ncLxRm<sz².sRt�}�mqr{`�cLb�cz¨~ilcLr)oqv szu��B��cLm�r)}�v�¦FcLm?sRt�}?��}qsR�ZsNmqxz�Zv u$�nc)o{x�v �O¨
incLr'o�v�sRu��-��}�cLmqcyuNo�m(cy°l�Fcy}�v bBcLuNo�x��;}qcMmpt���o�m¶x�u;�0xzu;x�� knmpvwmy¨#�>v�u;xz��� kz«lilcLr)oqv szu ��ryszu;ry��t;��cLm(o�`�c
�;xz�ZcL}L¨

� � ��2y�-�.��"�� ��&.�

_?`;c���}�sz¦�� cyb s�²§mqcLryt�}qc0�Zx�v }qv u���sz²?��v }�cy� cLm�m �ncL¥Nvwr)cMm�`;xRm�¦FcycyuÄo�xzr{¯l� cL�Æ¦lkÆmpcL¥zcy}{x��¶}qcMmpcMx�}{r{`�cy}{m
xzu;��oq`�c���}�sz�FsRmqcL��mqsz� tnoqv szu;m?rLx�u�¦Zc�ry� xRmqmqv¸¼ZcL�,v�uNoqs�o�`�}�cyc-b0x�v u�rLx5oqcL�zsR}qv cLm/.
¹z¨�9 ����< $?6�� � ��1 62&(15�
@IA5*�&O�5���71��-���2�->��2A%<�� @8$?A,)�� .
_?`�cLmqc?mpsR��tno�v�sRu;m.}qcL��k�sRu ��t�¦;��vwr'£D¯zcLkX¦ZxzmqcL��¯Rcyk-c)°�r{`;xzu��zc<��}�s�oqsnrysz�wm!mqt;r{`�xRm�+©v���cy£IH§cy� ��b0xzu
sz}��§i�¾ � ��«! n«
¹M�� P¨ Å¤u +©v���cy£IH§cy� ��b0xzu ¦ZxzmqcL� mqr{`�cLb�cLmL«1�ncL¥lv rycLm�c)°�r{`;xzu��zc,oq`;cyv } +§v��0c)£
H
cL��� b0x�u�r)sRb��ZsRu�cyuNo�m§x�u;�$�ncL}qv ¥zc�x�¯Rcyk0²³}�szbµoq`�cLb�¨1Å¤u��§in¾
£P¦ZxzmqcL�$mqr{`;cyb�cLmL«�szu;c�s�²(oq`�c
�ncy¥lvwr)cMm�mpcL��cMr'o�m§xBmqcLry}qcyo�¯zcyk�xzu;��cyu;ry}qkl�no{m?v¸o
t;u;�ncy}?o�`�c�s�o�`�cy}
��cy¥lv ryc(� m?��t�¦�� vwr-¯zcykR¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� �

_?`�c¶b0xzv�u���}�sz¦;��cLb\sz²noq`�cMmpc1mpsR��tno�v�sRu;m�vwm!�Fcy}q²³sz}�b0x�u;rycz¨!_?`;cykX}qcMªRt;v�}�cWoq`Zx5o.�ncL¥lv rycLm.�ZcL}p²³sR}qb
¥zcL}qkBd<|<¢�£Dv�uNoqcLu;mqv�¥Rc�sz�Fcy}{x5oqv szuZmWmpt;r{`0xRm(c)°n�ZsRu�cyuNo�v x�oqv szu=«���`;v r{`0x�}�c���}�sz`�v ¦�v�oqv ¥zc1²³sz}?d<|¶¢�£
r)sRu;m�o�}�xzv�u;cL���ncy¥lvwr)cLmL¨

�n¨�9���� ���-�����-> ��65���2� ��� .
Å¤uÄÀ1��t�cyoqsls�o�`=«>o��<s���v }�cy� cLm�m��ncy¥lvwr)cLm �ncy}�v�¥Rc�x�mq`;x�}�cL�¡¯zcLk�²³}�szb x$��t�¦�� v r�}�xzu;�nszb ¥5x�� t�cz«
oq`�cBxz����}qcMmqmqcLm�sz²~cLxRr{`��ncy¥lvwr)c xzu;��x�mqcLry}qcyo§|~Å � uNt;b ¦Fcy}M¨§_?`�c |¶Å �·ult�b ¦Fcy}©v m©��}�s5¥lv �ncM�
oqsBcLxRr{`��ncy¥lvwr)c©¦Nk�o�`�cXt;mpcL}<¥lvwx xzu�sztnoq£Psz²Ó£P¦Zx�u;��r{`Zx�u�u�cL�O«lmqt;r{`,xRm<x ¯zcykl¦FsRxz}���¨ 
 `�v ��cXoq`;v m
mpsR��t�oqv szu�vwm�r)sRbB�;tno�x�oqv szu;xz��� kÆc ��r)v cyuNoL«¶v¸o�}qcMªNt�v�}�cLm oq`Zx5o �5A%@'� �ncL¥Nvwr)cMmB¦Zc�cLªNt�v ���FcL�Ä��v�oq`
mpsRb�c©¯lv u;��sz².¯Rcykl¦ZsNx�}{�0sz}?v u���tno�v uNoqcy}q²æxzrycz¨W¾§m�x�}�cLmqt��¸oM«loq`�vwm�mqsz� tnoqv szu�ryx�u;u�s�o?¦Zc-t;mqcL��oqs
�;x�v }
�ncL¥Nvwr)cMm?� xRr{¯lv�u���v u���tno
v uNoqcL}p²æxRr)cLmL«nmptZr{`$xRm�mpcLu;mqsz}{my¨

� ¨�9 �71��($?6-�,< 6-A,) @I� 62@NA,& $'���F&($') @ $')7* .
Å¤u ��¹±�� P«
iNo{x5�pxzu�sÔxzu;� ¾
u;��cy}{mpsRu ��}�sz�FsRmqc$xÔmqsz� tno�v�sRu ¦;xRmpcM��sRu ��`lklmqvwryx���ryszuNo�xRr'oL¨¿_.�1s
�ncy¥lvwr)cMm-�zc)o��;xzv�}�cL�I¦lk���v u�¯lv u���oq`�cLb�oqsR�zc)o�`�cy}-��v�oq`4x�u¡cy� cLr)oq}�v rLx��~r)sRuNo�xzr)o©o�`;x5o-o�}�xzu;m�²³cL}�m
oq`�c�¦;v¸o{mWs�²�x-mp`;xz}qcM��mqcLry}qcyoL¨��
s�r)}�kl�noqsR�z}{x���`lk-vwmWv�ul¥Rsz� ¥zcL�=«�mpv u;r)c1o�`�c
mpcMr)}�c)oWvwm(oq}{x�u;mqb�v¸oqoqcM�
v�uI��� xzv�uNo�c)°loL¨N��t�}qoq`;cy}�bBsR}qcR«�o�`�c�¯zcLk�¥5x�� vw��x5o�v�sRu���`;xzmqc�vwm
u�szo§u�cLrycLm�mqxz}qk,mpv u;r)c�oq`�cL}qc�vwm
u�s
x�b�¦�v��Rt�v�o�k�x�¦FsztnoXoq`�c��ncL¥Nvwr)cMm©oq`;x�o�xz}qc�v�ul¥Rsz� ¥zcL�$v u¡oq`�c�¦�v u;�nv u�� º vP¨ cR¨ f�v�o�f x5opo{xzr{¯nmXx�}�c
v�b��FsRm�mpv ¦�� cM»)¨

 `�v ��c�o�`�vwm¶mqsz� tnoqv szu�vwmWv�uNo�cy}�cLmpoqv u��;«Rv¸o~}�cLªNt�v }qcMm>oqs�cMªNt�v���cMxzr{`0�ncy¥lvwr)c���v�oq`�mqszb�c
xz�;�nv¸o�v�sRu;x��
`;x�}{�n�?x�}�c�oqs��ZcL}p²³sR}qb½o�`�c©cL��cMr'o�}qvwryxz�FryszuNo�xRr'oL¨Wilv b�v��wx�}���kR«Rv�o?bBv �z`No?¦ZcX�FsRm�mpv ¦�� c
oqs oq}{x�u;mqb�v¸o
x¡mqcLry}qcyoB¯RcykÔoq`;}qsRt��z` x�u�v un²³}{x�}�cL�Är{`Zx�u�u�cL�1oqsÆxIu�cMx�}�¦lk¡u�sn�ncR¨ÄÅ¤un²³}{x�}�cL�Äoq}{x�u;mqb�v m�mpv szuZm
}qcMªNt�v�}�c�x�¦ZmpsR��tno�c���v u�c)£Ds�²Ó£¤mqv��R`Ro�� v u�¯nmy«.b�xz¯lv�u���v�o b�sz}�c��nv���r)t���o�²³sz}�oq`�v }��n£P�;xz}po�kIv�uNoqcL}�rycy�n£
oqv szu=¨ �§cy¥Rcy}qoq`�cL}q� cLm�my«Fv uI¦Fs�oq`ÔryxRmpcMmy«ÃvP¨ cR¨X�;`Nknmqv rLx��(r)sRuRo{xzr)o©sz}Xv un²³}�xz}qcM�$oq}{x�uZmpb�vwmqmqv�sRu=«Foq`�c
r)sRbB�;��cy°lv�o�k$x�u;��o�`�c�rysRmpo§s�²(oq`;c��ncL¥Nvwr)cMm
�1szt��w��v�uZr)}�cLxzmqc���¨
_?`�v m§¥lv�sR� x�oqcLm
szu�c�sz²~szt�}©�nc)£
mpv �zu�}�cLªNt�v }�cyb�cyuNo�mL«�o�`;x5o§oq`�c��;x�v }qv u��0��}�s�o�snr)sz�.mp`�sRt��w�$u�s�oX}qcMªRt;v�}�c�c)°loq}{x�cLªNt�v ��b�cyuNoM¨ 
¡c
��v mq`�oqs�xzr{`�v cy¥Rc1¯RcykBx��z}�cycLb�cyuNoWoq`�}�szt;�z`0x�u�c)°nvwm�o�v�u;� r{`;x�u;u�cy����`;v r{`0b0x±k�xz� mqs-¦Zc©t;mqcL��²³sz}
r)sRbBb�t�u�vwryx�oqv szu=¨

�§s�oqcXo�`;x5o�x�� �Foq`�c-��}�cy¥lv szt;m1mqr{`;cyb�cLm º cy°�r)cy��o<o�`�c-� xRm�o?szu�c±»~}�cLªNt�v }�c©mqszb�cXxR���nv�oqv szu;xz�ÃbBcMr{`;x5£
u;v mqb o�s0¥±xz��vw��x�oqcXoq`;x�o
oq`;c��;x�v }qv u����?xzm?�Fcy}q²³sz}�bBcM��¦Fc)o��1cycLu�oq`�c�o��1s�v�uNo�cyu;�ncM�$�ncy¥lvwr)cLm º �;xzv�}�v�u;�
¥5xz��vw��x5o�v�sRuZ»'¨Ô_?`�c�szu�� k4mpsR��tno�v�sRu4��}�sz�FsRmqcL�Æv uÄoq`;c,� v¸o�cy}{x5o�t�}qc,mpsI²æx�} vwm�oqs¡��}qs5¥lvw�nc0o�s�oq`;c,t;mqcy}
mqszb�cBcy¥lvw�ncyu;ryc o�`;x5o�¦Fs�o�`Æ��cy¥lv rycLm-r)sRb���tnoqcM��o�`�c0mqxzb�cBmqcLry}qcyoX¯Rcykz¨ ��sR}Xcy°�x�b���� cz«Ãoq`;c���cy¥lv rycLm
rLx�u,¦Zszoq`$�nv mq���wx±k�xB`;xzmq`�sz²!oq`;c-mqcLry}qcyo1¯Rcyk �Ü�� D¨~_?`�cLmqcXmqsz� tno�v�sRu;m?x�}�c©u�szo
x�� �1x±knm<��}�xRr'o�v rLx��Ãmpv u;r)c
o�`�cyk,}qcMªNt�v�}�c-�ncy¥lvwr)cLm?��v�oq`�x��nvwmp�;� x±k�xzu;� �5sz}�xB¯zcykl¦FsRxz}���¨

� � � �!%)/ %)"������

_?`;v mBmpcMr'o�v�sRu��ncLm�r)}�v ¦ZcMm�o�`�c,b0xzv�uÄvw�ncMxzm�s�²
szt;}Bm�r{`�cyb�cR¨ 
Ôc�¼;}{mpoB�ncMmqry}qv ¦Zc,`�s5��o��1sI�ncy¥lvwr)cMmy«
ryszb�b t;u�v rLx5o�v�u��$s5¥Rcy}�x�uÆx�u�sRulkNb�sRt;m-r{`;x�u�u;cy�P«.ryxzu¡cy°�r{`;x�u��Rc0x�mqcLry}qcyo�¯zcykI��v¸o�`�sztno�c)°n�ZcLu;mqv�¥Rc
�
	�� ×�
pØ � ×�� ä��{äæØ���
DÕ��{×±×MØpÚÜÝ!äæØ��yç � äæØWÚ � ×±Ø¤ÙÓå��¸ÙÓÝ � ã'Õ���Ú � ×��yÝqÞ��OÕ±Ø���
��{×±×Må�����Ø(Ø�� 
 � Ø�×!�OÚ �
ç±ÝOØ��"� å'ä#�OÕ±Ø���
��Oç��{Ú$
�å&% %1çLÙ

× � 
��'� � å'×��zØ��)(�Ø�Ø�×*�OÕ±ØWÝPØ�×±ÝOå'äOÝ�+

Ñ.Ñ:×,P�Q-R2Q2S



� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

ryszb���tno{x5o�v�sRu=¨ 
¡c-o�`�cyu��ncy¼;u�c-²³sR}qb0x�� � k0��`;x5o
�1c-bBcMx�u$¦lk�x�u;szulklbBsRt;m?r{`;x�u;u�cy�wm�x�u;���ncMmqry}qv ¦Zc
`;s5�¿oq`;cyk�rLx�u$¦Zc�v b���� cyb�cyuNoqcM��v�u$��}{xzr)oqvwr)cz¨

����� ���	��
���
���������
��	
���
����������! �"��	
�
���#��
_?`;v m1mpcMr'o�v�sRu��ncLm�r)}�v ¦ZcMm¶x�u;cy� oqcMr{`�u�vwªNt�c
o�`;x5o�x�� ��s5�
mWo��<s��;x�}qoqv cLm~oqs�mqcLryt�}�cy� k�cy°nr{`Zx�u��Rc§x mqcLry}qcyo
s5¥Rcy}§xzuIx�u;szulklbBsRt;m
r{`;xzu�u�cL�.��`�v � c ��}�cy¥RcyuNoqv u���cMx±¥zcLm��n}�sz���Fcy}{m1²³}�szb��nc)o�cy}�b�v�u�v u���v�o�mX¥5x�� t�c º sz}
xRr'o�t;x�� ��k�xzuNk$sz²~v¸o{m©¦;v¸o{m�»)¨�À<k�xzu�szulklb�szt;m©r{`;x�u�u;cy�P«F�1c b�cMx�u¡x�¦�}�sRxz�;ryxzmpo©r{`;xzu�u�cL�!o�`;x5o-`�vw�ncLm
o�`�c�sz}�v��Rv�u¡s�²<oq`�c0b�cLm�m�x��zcMmy¨�e©uÔxzuÔxzu�szulklb�szt;mXr{`;x�u;u�cy�P«!x��;xzm�mqv�¥Rc ��v }qcyo�x��;�ZcL}�ryx�u¡}qcMxz�Ioq`�c
b�cMmqm�x��RcWoq`;x�o(xz}qc¶¦�}qsNxz��rLxzmpo!¦�tno(vwm.t;u;x�¦�� c~o�s§vw�ncyuNo�v¸²³k�o�`�c<mqszt;}�rycz¨.¾§u�szulklb�szt;m.r{`;x�u;u�cy�wm!}�cLªNt�v }�c
x���}�sz�Fcy}qo�k,o�`;x5o-�1cBrLx�� � ��A�� &O6-� � )
>,$ �(@8$')+* � $ � ��� ��$'< $'< 1 ¨�_?`�vwm©�;}qsR�ZcL}po�k$vwmX��c)¼;u�cM�Ixzu;���nvwmqryt;m�mpcM�
v u�ilcLr)oqv szu � ¨Ü�n¨
e©t�}$¯Rcyk c)°�r{`;xzu��zc¡��}qszoqsnr)sR�©�?xzm,v u;mp�;v�}�cL�¿²³}qsRb�oq`�cÆ��}�s�o�slrysz�X��}�sz�FsRmqcL� ¦lk¿¾
� �Fcy}�u\x�uZ�

i�r{`�u�cyvw�ncL}�v�u � ¹2 D¨�Å¤uÆoq`�vwm �Zx��Fcy}M«!o�`�c�x�t�oq`�sR}���}�cLmqcyuNo�m�x$�;}qszoqsnr)sR�Woq`;x�o�x�� � s5�
mXo��<s��;xz}po�v�cMm-oqs
xz�z}�cyc(szu�x
mqcLry}qcyo=¯zcLk§szu�r{`;xzu�u�cL� mÃ²³sR}!��`�vwr{`�x�u�cMx±¥zcLm��n}�sz���Fcy}�rLx�u�u�szo�oqcL��� ����`�s �(¦;}qsNxz��rLxzmpo�mÃcLxRr{`
b�cMmqm�x��Rcz¨,_?`;c0oqcMr{`�u�vwªRt;c�v m�ryxz��� cL� �%$-cykIcy°�r{`;x�u��Rc0t;mqv�u���¯Rcykl� cLm�m�r)}�kl�noqsR�z}{x���`lk �{«�sR}"�%$-cykl� cLm�m
¯Rcyk�xz�z}�cycLbBcLuNo �'¨

�;sz}Xt;mpcL}�m©¾
� v ryc º ¬©»
xzu;��À1sz¦ º ®�»�oqs�x��z}�cyc�sRuIx0ÁÃ£D¦�v�o©¯zcLk'&)(+*�, Á.-P«ÃcLxRr{`$¼;}{m�o©r{`;sNsNmpcMm
v�o�m
s5��u�}{x�u;�nsRbµ�5un£D¦�v�o§m�o�}qv u�� . /

(0,213-54
/
(6, 78-54:9;9;924

/
(0, 75Á.-/

*�,<1:-=4
/
*�, 7>-=4?929;9;4

/
*�, 7�Á.-

¢©mpcL} ¬�o�`�cyuÄ¦;}qsNxz��rLxzmpo�m@75Á x�u;szulklbBsRt;m-b�cLm�mqxz�zcMm º ��v�oq`�sRtnoBmqcyu;��cy}�vw�ncyuNo�v¸¼;cL}{»)«(szu�c�²³sR} cLxRr{`
¦;v¸o1v�u

/
( ¨~ilv bBv �wx�}���kR«Rt;mqcy}1®9¦;}qsNxz��rLxzmpo�m�7�Á$xzu�szulklb�szt;m~bBcMmqm�x��RcLm º ��v�oq`�sRtno1mqcyu;��cy}1v �ncLuNoqv�¼;cy}'»'«

sRu�c�²³sR}<cMxzr{`0¦�v�o1v u
/
* ¨W_?`�cXmpcMr)}�c)o¶¯Rcyk�vwm~o�`�cyu���c)¼;u�cM��¦lk�oq`�cX¦�v�o�m

/
( , AB-=mqcyuNo<¦lk�¬\mqt;r{`0o�`;x5o/

( , AC-EDF
/
* , AB-D¨,�
szoqc-o�`;x5o�o�`�cy}�c�x�}�c©sRu�oq`�c�x±¥Rcy}{x��zc§ÁÔmqt;r{`�¦�v¸o{my¨<_?`�c�mqxz��v cyuNo���}�sz�Fcy}qo�k�s�²>oq`�c

�;}qszoqsnr)sR�Fvwm?o�`;x5o�o�`�c�b�cLm�mqxz�zc-r)szuNo�cyuNo�v m?u�szo
`�vw���ncyu!¨¶¾
� �=b�cLm�mqxz�zcMm<xz}qc�xzrLr)cMmqmqv�¦;��cXoqs��Fs�o�cyuNoqvwx��
cMx±¥zcMmq�n}�sz�;�ZcL}�mL«!��`�vwr{`Ä`�s5�1cy¥Rcy} rLx�u�u;s�o��ncyoqcL}qb�v u�c�o�`�c�sR}qv �zv u4s�²
cMxzr{`4b�cLm�m�x��zcR¨I¾§m�x�}�cLmqt���oL«
o�`�cyk4xz}qc0t�uZx�¦�� c�o�s�v ��cyuNoqv�²³kÆoq`�c,�;xzr{¯Rc)o{m�mpcLuNo�¦lkÔ¬ x�u;�Ôo�`�cy}�c)²³sR}qc�v �ncLuNoqv�²³k¡o�`�c,rysz}�}qcMr'o ¦;v¸o{my¨
inv�u;ryc�¬­¯lu�s5�
m1`�cy}
¦;v¸o{my«;mq`�c�ryxzu$cLxzmqv ��k�vw�ncLuRo�v¸²³k�oq`�c�¦;v¸o{m
mpcLuNo?¦lk�®�¨¶ilv b�v��wx�}���k�mpv u;ryc-®�¯lu�s5�
m
`;v m§¦�v¸o{my«Ã`�c�ryx�u�cMxzmqv�� k�v �ncLuNoqv�²³k,o�`�c ¦;v¸o{m§mqcyuNo©¦lk$¬�¨��§s�oqc�oq`;x�o§oq`;c �;xRr{¯zc)o{m?oq}{x�uZmpb�v�opoqcM�$¦lk$¬
xzu;�$¦lk�® b tZm�oX¦Zc�v�uNoqcL}q� cLx±¥RcL��¨©e§o�`�cy}���vwmpc�v�o-bBv �z`No§¦FcBcLxzmqk,²³sz}©xzu�cLx±¥RcLm��n}�sz���Fcy}?o�s�v ��cyuNoqv�²³k
o�`�cX¦�v¸o{m<mqcyuNo1¦Nk0x�mqxzbBcXmpsRt�}{r)c�²³}�szbÂx�o�v�b�v u���x�u;xz��knmqv mL¨

/
(�,<1:-Ãxzu;�

/
*�,213-�mp`;szt��w�0¦FcXmqcyuNo¶¼Z}�mpoL«

²³sR��� s5�1cL�0¦lk
/
(0, 78-=x�uZ�

/
*�, 78-D«lxzu;��mqs sRu=¨¶e§².r)sRt�}{mpc�o�`�cXoq}{x�u;mqb�v m�mqv�sRu0sz}{�ncy}1b t;mpo?¦ZcX}�xzu;�nsRb�¨

Å¤u�²æxRr'o�v¸²W¬�x�� �?x±klm?mqcyuNo?¼;}{m�oM«;x�u�cLx±¥RcLm��n}qsR���Fcy}?ryx�u�cLxRmpv � k�}qcMr)s5¥Rcy}<oq`�c�¯Rcykz¨
_?`�c ��}qszoqsnr)sR����}�cLmqcyuNoqcM�$¦Nk�¾
� �ZcL}qu�xzu;��inr{`�u�cLv ��cy}§}�cLªNt�v }�cLm1oq`;c�¦�}�sRxz�;ryxzmpo�s�²	GzÁÔb�cLm�mqxz�zcMm

²³sR}�¬½xzu;�I® o�s�xz�z}�cyc sRuÔx,un£D¦�v�o�mqcLry}qcyoX¯RcykR¨ 
¡c���}�sz�FsRmqc�xzu¡sR�noqv b�v��Mx5o�v�sRu�oq`Zx5o�}qcM�nt;rycLm©oq`�c
ult�b�¦ZcL}§sz²(¦;}qsNxz��rLxzmpo
bBcMmqm�x��RcLm1o�s�ÁW¨
_?`�c�s5¥Rcy}�¥lv�cL� s�²~sRt�}
��}�s�o�snr)sz�!v m§oq`�c�²³sz� ��s5��v u�� º x0b�sz}�c
��c)o�xzv�� cL���ncMmqry}qv �noqv szu�vwm���}�cLmqcyuNoqcM��v u$incLr'o�v�sRu$�N»(.
¹z¨�¬�mpcL��cMr'o{m?uF����}{x�u;�nsRb ¦�v�o�m

/
(0,<1:-=4

/
(6, 78-54:9;929;4

/
(0, ÁIHC78-

�n¨�®ÂmpcL��cMr'o{m?uF����}{x�u;�nsRb ¦�v�o�m
/
*�,213-54

/
*�, 78-54:9;929;4

/
*�, ÁIHB7>-

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� �

� ¨�¬­¦�t�v � �;m�uF��� b�cLm�mqxz�zcMm���(0,<1:-=4�� (6, 78-54:9;929;4���(0, ÁIHC78-D«n��`�cy}�c§o�`�c�mqszt�}{r)cXv ��cyuNoqv�¼;cy}�sz²���(0, AC-
v m
cyv�oq`�cL}
mpcyo�oqs0¬­v¸²

/
(6, AC- F 1XsR}
mpcyo�oqs0®�v�²

/
(0, AC- F�� ¨

�;¨�®9¦;t�v��w��m1uF�z��b�cLm�mqxz�zcMm���*�,213-54���*�, 7>-=4?929;9;4���*�, ÁIHB78-D«N��`�cy}�c
o�`�cXmqszt;}�ryc§vw�ncyuNoqv�¼;cL}<sz²�� *�, AC-
v m
cyv�oq`�cL}
mpcyo�oqs0®�v¸²

/
*�, AB- F 1-sz}
mqc)o?o�s�¬­v¸²

/
*�, AC- F�� ¨

£�¬ xzu;�I®:mqcyu;�$o�`�cyv }-b�cLm�mqxz�zcLm©mpklu;r{`;}qsRu�szt;mq� k�¦�tno-v u¡x�}{x�uZ�nszb sz}{�ncL}L¨XÅ¤u�s�o�`�cy}X�1sz}{��my«
oq`�c�¼;}�mpo�b�cLm�mqxz�zcLmXsz²?¬Âxzu;�Æ®�x�}�c�mqcyuNo º v�u4x$}{x�u;�nsRbhsz}{�ncL}{»)«�²³sz� ��s5�1cL�¡¦lk�oq`;c�mpcMr)sRu;�
b�cLm�mqxz�zcLm º v�u�xB}�xzu;�nsRb sz}{�ncy}'»'«�xzu;��mps�szu!¨>Å¤u�o�s�o�xz�O«nÁÔb�cLm�mqxz�zcMmy«	��
�«�x�}�c�mpcLuNoL¨

£ ��sR}¶cLxRr{`0b�cLm�mqxz�zc���
Xoq`;x�o1¬ º }�cLmq�=¨W®�»W}�cLrycyv ¥zcMmy«Rv¸o?r{`�cLr{¯nmW��`�cyoq`�cL}¶o�`�c©mqszt;}�ryc�v �ncLuNoqv�¼;cy}
v m¶mpcyo<r)sR}q}�cLr)oq� k º u�szoqc�o�`;x5o~sRu���kB¬¿x�uZ�B®�rLx�u��Fcy}q²³sz}�b·oq`;v mW¥Rcy}�v¸¼Fryx5o�v�sRuZ»>x�u;��mqc)o{mE&)(+*�, � -
oqs�¹-v�².o�`�c�mpsRt�}{r)cXv m
rysz}�}qcMr'o?sz}?o�s��Bszoq`�cL}q��vwmpcR¨

����� �0����
� .� �%
�������� ��
�������� "���� ��#%���B��������� 
���� ����
 �	
�� 
 ���0����
 ������
�� �
_?`;c��ncLm�r)}�v ¦ZcM�4¯zcLkIc)°�r{`;xzu��zc0�;}qszoqsnr)sR�¶}�cLªNt�v }qcMm-oq`�c ��A�� &O6-� $')F>%$ �-@8$')+* � $ �O��� �2$'< $'@81 �;}qsR�ZcL}po�kR¨�Å¤u
szoq`�cL}©�1sz}{��mL«Zv�²~o��1s��;xz}po�v�cMmy«�¬½x�u;�I®�«�}�t�u�oq`;c���}�cy¥lv szt;mq� k$��cLm�r)}�v�¦FcL��¯Rcyk$c)°�r{`;xzu��zc ��}qszoqsnr)sR�O«
xzuIcMx±¥zcLm��n}�sz���Fcy}©mp`�sRt��w��u�szoX¦FcBxz¦�� c o�s��nvwmpoqv u��zt�vwmq`�oq`;c��;xRr{¯zcyo�mXmpcLuRo-¦lk�¬·²³}�szb o�`�cB�;xzr{¯Rc)o�m
mqcyuNo�¦lk,®�¨ �;x�v � v�u��Bo�s�xzr{`�v cy¥Rc§o�`�v m
��}qsR�ZcL}po�k�xRr'o�t;x�� ��k���cMxz��m1o�s�x�u�v�u;mqcLryt�}�cX�;}qszoqsnr)sR�O«nmqv�u;ryc-oq`�c
cMx±¥zcMmq�n}�sz�;�ZcL}1ryszt��w��o�`�cyu$}�cLrys5¥zcy}?mqszb�c º v�²>u�szo§x�� �w»1¦;v¸o{m?s�²>oq`�c�cy°nr{`Zx�u��RcL��¯RcykR¨
_?`�vwm�u�s�o�v�sRu sz²�mpsRt�}{r)cIv u;�nvwmpoqv u��zt�vwmq`;x�¦�v � v¸o�k vwm�¥zcy}�k mpv b�v��wx�}�o�s�o�`�c¡u;s�oqv szu\s�²�ryv��;`�cy}qoqcy°No

v u;�nvwmpoqv u��zt�vwmq`;x�¦�v � v¸o�kÆv u cLu;r)}�kl�noqv szu�m�r{`�cLbBcMm3� �� D¨Ä_?`�c�¦;xzmqvwr�vw�ncLx¡¦ZcL`�v u;�Äv u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�v ��v�o�k
sz²
x�u4cyuZr)}�kN��oqv szu4mqr{`;cyb�c�vwm�oqs¡r)szuZmpvw�ncy}�x�uÄxz��¥zcy}{m�x�}�k º u�szo v u4�ZsNmqmqcLm�mpv szuÆsz²1o�`�c,mqcLry}qcyo�¯zcLkn»
��`;s$r{`;sNsNmpcMmXo��<s$b�cLm�m�x��zcMmy«�� ��xzu;�!��"�«>s�²1oq`;c�mqxzbBc�� cyu��zoq`=¨,_?`�cyuÆszu;c0s�²1oq`�c0b�cLm�m�x��zcMmXv m
cLu;r)}�kl�noqcM��x�uZ��oq`�c-r)v ��`�cL}po�c)°lo<vwm1�zv ¥zcLu�oqs�oq`�c-xz�n¥Rcy}{mqxz}qkR¨!_?`�cXcyu;ry}qkl�no�cL��m�r{`�cLbBc©v m1r)sRu;mqv �ncL}qcM�
mqcLryt�}�c©v�²(oq`�c�xR�n¥zcL}�m�x�}�kBrLx�u�u;s�o?oqcL���=��`;v r{`$s�².oq`�c-o��1s�b�cLm�mqxz�zcLm1�?xzm1cyuZr)}�kN��oqcL�=¨


Ôc1��c)¼;u�c ��A�� &O6-�"$')F>,$ �(@8$')+* � $ �O��� ��$'< $'@81 v u�x©mpv b�v��wx�}>�?x±k-xRm=²³sR��� s5�
m/.=x©ryszb�b t�u;v rLx5oqv szu�m�r{`�cLbBc
¦Fc)o��1cycLu�o��1sB�;x�}qoqv cLm?¬­x�u;��®�vwm ��A � &O6-� $')F>%$ �(@ $')7* � $ �O��� �2<L� v�²!²³sR}
x �Rv�¥Rcyu��Zxzr{¯zcyo$#�«ncLb�v¸oqoqcL��¦lk
¬ sz}¶®�«Nxzu0cLx±¥RcLm��n}qsR���Fcy}~ryxzu�u�szo~oqcL���F��`�c)o�`�cy}¶oq`�c©�;xzr{¯Rc)o~�?xzm<mpcLuRo<¦Nk�¬¿sR}¶®�¨Wf�sR}qc
²³sz}�b�xz��� kz«
o�`�c��nv��Ãcy}�cyu;ryc0¦Zcyo��<cLcyuÔoq`�c���}qsR¦;x�¦;v�� v¸o�k�oq`;x�o�oq`�c��;xzr{¯Rc)o��1xRm�mqcyuNo�¦lk¡¬ xzu;�¡oq`�c��;}qsR¦;x�¦�v � v¸o�k
o�`;x5o�o�`�c��;xRr{¯zc)o?�?xzm�mqcyuNo�¦Nk,®Âmp`�sRt��w��¦Fc�¥zcL}qk�mqb0x�� � .

#&% , ')(+*,%.-0/	12#43 F ¬�-657#&% , ')(+*,%.-0/	12#43 F ® -98;:
Å¤u,��}�xRr'o�v rycz«nmpsRt�}{r)c
v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�v ��v�o�k0}�cLªNt�v }qcMm~o�`�cXryszb�b t;u�v rLx5o�v�sRu0oqsB¦Zc @ �2����A%&O�,<'<=1 x�uZ�

�8���,@8$?�,<'< 1 v�uZ�nv mpoqv u��Rt�v mq`;xz¦���cR¨(Å¤u0oq`�c©²³sz� � s5��v�u���mpcMr'oqv szuZmy«N�<cX�nvwmqryt;mqm~oq`�cMmpcX}�cLªNt�v }qcLbBcLuNo�m~v u��ncyo�xzv��
< ¨
=�> Ø �{ÝOÝPç�%�Ø �OÕ��'�~Û���
 �'Ø��OÝ �±å§×±å�� 
��{äæä � � ×���å'ä % �'� � å'× �OÕ��'� 
��{× ÕMØpÚÜÛ � �±Ø�×�� � � �*�OÕ±Ø?ÝOå'ç±ä�
�Ø �����±äOØ�ÝOÝ
+<â!Õyç±Ý (�Ø


på'×�
pØ�×��Pä��'�OØ1å'ç±ä!Ø�?Rå'ä �OÝ>å'×��OØ %�Û�å'ä �{Ú �{×��XÝPÛ��'� � �{Ú � ×�� � Ý�� � ×±ã'ç � ÝOÕ���� � Ú � �)�§Û±äæå&�±ÚÜØ %�Ý
+

Ñ.Ñ:×,P�Q-R2Q2S



� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

��������� � È �
	 Ì �5��1 B E Í BO�y��B E G!�#Bæ���.���#B�1?B³� É

 v ¥zcLu�o��1s,�Zx�}qoqv cLm-¬�x�u;�¡®:ryszb�b t;u�v rLx5o�v�u��,oqsR�zcyoq`�cL}L«�x�u¡cLx±¥RcLm��n}qsR���Fcy}©mq`�sRt�� �¡u�szoX¦Fc0x�¦�� cz«
tZmpv u�� @8$'� $')7* �%)F�,<=1��-$ � «>oqs�vw�ncLuRo�v¸²³k¡oq`;c0�;xzr{¯Rc)o�m-cLb�v¸oqoqcL�Ô²³}�szb ¬�²³}�szbho�`�sRmqc0cyb�v�opo�cL�Ô²³}�szb ®
��v�oq`Äx$�;}qsR¦;x�¦�v � v¸o�k��wx�}��zcL}-oq`;xzu 18HC7n¨3�;t�}po�`�cy}�b�sz}�cz«!oq`�c�cMx±¥zcMmq�n}�sz�;�ZcL}-mq`�sRt�� �Ôu�szo ¦Fc�x�¦�� c�oqs
�R}qsRt����Zxzr{¯zcyo�m1cyb�v�opo�cL�$¦lk0oq`;c�mqxzbBc�mqszt�}{r)cR¨
ÅDo�vwm1ry��cMx�}<²³}qsRb�oq`�c-��}�cy¥lv szt;m1�ncy¼;u�v�oqv szu,oq`;x�o?xBr)sRbBb�t�u�vwryx�oqv szu,mqknm�o�cyb�o�`;x5o?t;mqcLm?x�_ +Xf�¾

º _?v�b�c"+§v ¥lv mqv�sRu�f�t���oqv ��� c)°nv�u;��¾�ryrycLm�m�»W¦;xzmqcL��f�¾§d º f�cL�nv t�bÂ¾�ryrycLm�m1d<sRuRo�}qsR�w»>�;}qszoqsnr)sR�;ryxzu�u�s�o
�;}qs5¥lvw�nc�oqcLb��ZsR}�xz�Zv u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�v ��v�o�kz¨(Å¤u�x�_ +©fI¾�£D¦;xzmqcL��mqknm�o�cyb$«lcLxRr{`0oqcL}qb�v u;x��Fv m<�zv ¥zcLu0szu�c
sR}~mpcL¥zcL}�xz�loqv bBc©mp� s�o{mWx�u;��ryxzuBoq}{x�u;mqb�v¸o~sRu���kB�nt�}�v�u;��szu�c�sz²Fv�o�m<mp� s�o{my¨(¾§m~x-}�cLmqt���oL«Rv¸o¶vwmW¥Rcy}�k�cLxRmpk
²³sR}1xzulk0cLx±¥zcMmq��}qsR���ZcL}WoqsBvw�ncyuNoqv�²³k0o�`�c©�Zxzr{¯zcyo�m¶oq}{x�u;mqb�v¸oqoqcM��¦lk�x�mqszt;}�ryc§sz}?x5o?� cLxzmpo?v �ncLuNoqv�²³k0oq`�c
�Zxzr{¯zcyo�m?mqcyuNo�¦Nk�x�mqxzbBc�mqszt�}{r)cR¨
�
xzu;�nsRb�xRryrycLm�m�f�¾§d ��}�s�o�slrysz�wmy«
mqt;r{`¿xRm�d?inf�¾ º d1xz}q}�v cL� ilcyuZmpcÔf�t���oqv ����cÆ¾�ryrycLm�m�»�x�}�c

b�sR}qcBx�����}�sz�;}qvwx5o�cz¨�d?inf�¾ ��}qszoqsnr)sR� mXmqt;r{`Ixzm"#Wo�`�cy}�u�cyoXsR}©��v }qcL��cMmqm'#Wo�`�cy}�u�c)oM«=b t;�¸o�v���� cBu�sn�ncLm
xz}qc�xz��� s5�<cM�,oqs0t;mqc-oq`�c�mqxzbBc�r{`Zx�u�u�cL�!v u�x0}�xzu;�nsRbÂ²æxzmq`�v szu=¨?À1c)²³sz}�cXoq}{x�u;mqb�v¸oqoqv u�����x�o�x0x�u�sn�nc
� vwm�o�cyu;m�oqs¡oq`;c$r{`Zx�u�u�cL�O¨�ÅD²
oq`�c�r{`;xzu�u�cL�1vwmB¦�t;mqkÆoq`�cLu v�o0�1xzv¸o{m�²³sR}0xI}{x�u;��szb oqv b�c�xzu;�4o�`�cyu
� vwm�o�cyu;mXx��Nx�v u=¨§ÅD²~o�`�c�r{`;x�u�u;cy�>v m©u�s�oX¦�t;mqkz«Foq`;cyuIv�oXoq}{x�u;mqb�v¸o{m§v�o�m©�;xzr{¯Rc)oM¨©Å¤uÔd?i�f�¾�«�r)sR��� vwmpv szu;m
b0x±kB`;x��;�ZcLu���`�cyu�o��<s�o�cy}�b�v�u;xz� m~oq}{x�u;mqb�v¸o?mpv b t;�¸o{x�u�cLszt;mq��kR¨Wd?i�f�¾ �Rd�+ º d<sz� ��vwmpv szu +©c)o�cLr)oqv szuZ»
cLu;x�¦;��cMm��ncy¥lvwr)cLm�oqs��ncyoqcLr)o�x�r)sR��� vwmpv szu=¨,¾�²ÓoqcL}��ncyoqcMr'oqv u���x�rysz� ��vwmpv szu!«.x$�ncy¥lvwr)c��?x�v�o�m�x$}{x�uZ�nszb
o�v�b�c0�Fcy}�v�sn�4xzu;�¡oq`�cLuÆx�opo�cyb��no�m�oqs�}�c)£Poq}{x�u;mqb�v¸o�v�o�m�b�cMmqm�x��Rcz¨�¾©m��<c0��v � �¶mp`;s5� v uÄilcLr)oqv szuÄ�n«
��v�oq`¡x�d?inf�¾
£P¦ZxzmqcL��mqklmpoqcLb$«;o�`�c�sR}���cy}
sz²Woq`�c��;xzr{¯Rc)o�m©mpcLuNo©¦lk�o�`�c���v��Ãcy}�cyuNo©tZmpcL}�m©ryx�uIcLxzmqv ��k
¦Fc�}{x�u;�nsRb�v��LcL��¨~_?`�vwm?²³cMx5oqt;}qc-vwm
r)}�t;r)vwx��Ã²³sR}?oq`�c�mqcLryt�}�v¸o�k�sz²>sRt�}
x��;��}qsNxzr{`=¨(Å¤u�oq`;v m
rLxzmqcz«nv�o§��v ���
¦Fc�¥zcL}qk���v���r)t;�¸o�²³sR}
x�u$cLx±¥RcLm��n}qsR���Fcy}<oqs�t;mqc-oqv bBv u���v un²³sz}�b0x5oqv szu,oqs0vw�ncLuRo�v¸²³k�oq`�c�mqszt;}�rycz¨

��������� � 	(�n�/BO��1NB E Í BO�y��B E G!�#Bæ���>�n�#B�1?Bæ� É

 v ¥zcLu�o��1s,�Zx�}qoqv cLm-¬�x�u;�¡®:ryszb�b t;u�v rLx5o�v�u��,oqsR�zcyoq`�cL}L«�x�u¡cLx±¥RcLm��n}qsR���Fcy}©mq`�sRt�� �¡u�szoX¦Fc0x�¦�� cz«
tZmpv u�� �8���%@ $?�%<#�%)F�,<=1��-$ � º sz}§mqv��Ru;x��=mpoq}�cyu;��oq`�xzu;x�� knmpvwm�»)«loqs���v mpoqv u��zt;v mq`�oq`�c��;xRr{¯zcyo�m�cLbBv�opo�cL�$¦lk,¬
²³}�szb\oq`;sRmqc~cyb�v�opoqcM��¦lk�® ��v¸o�`�x��;}qsR¦;x�¦�v � v¸o�k©� xz}q�Rcy}�o�`;x�u 1>HB7n¨!Å¤u�s�o�`�cy}.�<sR}���mL«Loq`�c<cLx±¥zcMmq��}qsR���ZcL}
mq`�sRt�� �,u�szo
¦Zc�xz¦���cXo�s���c)oqcMr'o�o�`�c��;xzr{¯Rc)o{m.��mqszt�}{r)c©²³}�szbÂo�`�cyv }
}�cLr)cL�noqv szu,�Zs5�1cy}M¨
_?`�vwm©��}qsR�ZcL}po�k,v m©¥zcL}qk��nv��0ryt���o§oqs�xzr{`�v cy¥Rc�v�uI��}�xRr'o�v ryc�mpv u;r)c��1x±¥Rc�x5opo�cyult;x�oqcLm©xzrLr)sz}{�nv u���oqs

o�`�c �-&O�-� � ����6-�J�
&OA5����*+�,@8$?A,) �wx±�·x�u;��oq`�cBcLx±¥RcLm��n}qsR���Fcy}§rLx�u�cMxzmqv�� k,vw�ncLuRo�v¸²³k$o�`�cB��snryx�oqv szu�sz²~oq`�c
o�}�xzu;mqbBv�opo�cy}©²³}qsRb:oq`�cB}qcMr)cL�noqv szu��Fs5�<cL}©sz²¶x�}�cLrycyv ¥zcL���;xzr{¯Rc)oL«FvP¨ cR¨§²³}�szb ��A�� ��&M�%)F�%< 1��($ � ¨�f�sz}�c
mq�FcLr)v�¼ZrLx�� ��kR«NxRryr)sR}���v�u��-o�s ²³}�cyc©mp�;xRr)c©��}qsR�;x��Nx5o�v�sRuB�wx±��«Roq`�c©}qcMr)cy��oqv szu��Fs5�<cL} º v�u 
Ôx�opo�m{»�����s�²!x
�Zxzr{¯zcyo~oq}{x�uZmpb�v�opoqcM����v�oq`,�Zs5�1cy}����~¦lk0x�oq}{x�uZmpb�v�opoqcL}¶o�`;x5o?vwm¶� snryx5o�cL��x�o?x��nvwm�o{x�u;ryc��Bv m?�ncy¼;u�cM�
xRm�.
��� F �������������&% ��&!�@18H"� " «.��`�cy}�c#���§vwmXoq`�c0x�uNo�cyu�u;x��Nx�v uIs�²<oq`�cBo�}�xzu;mpb�v�opo�cy}M«��&%�vwmXoq`�c
xzuNoqcyu;u;x0�Rxzv�u�sz²Woq`�cB}�cLr)cLv�¥Rcy}§xzu;� &
vwmXx�r)sRu;mpo�x�uNo
o�`;x5o-�ncy�FcyuZ��mXszu�o�`�c�mqv��Ru;x��!²³}qcMªNt�cyu;ryk º sz}
�?x±¥zcL��cLu���o�`Z»'¨!ÅD²�oq`�c1}�cLr)cLv�¥Rcy}.¯Nu;s5�
m$���!xzu;�-o�`�c<�Nx�v u=«±v¸oWryxzu�cLxRmpv � kXcMm�o�v�b0x�oqc��;¨(¾
u�cLx±¥zcMmq��}qsR���ZcL}
� vwm�o�cyu�v u���o�s x�r)sRb�b t�u�vwryx�oqv szu�¦Fc)o��1cycyu�o��1s��;xz}po�v�cMm~¬ xzu;�0®·rLx�u�x��wmqs�t;mpc
oq`�c©}qcMr)cy��oqv szu��Zs5�1cy}
o�s�v �ncLuNoqv�²³k�oq`;c�mpsRt�}�ryc-s�²!o�`�c��;xRr{¯zc)o{m1��v¸o�`$xB��}�sz¦Zx�¦�v ��v�o�k��wx�}��zcL}<o�`;x�u 18HC7n¨
%!c)o�� m�xRmqmqt�b�c$oq`Zx5o�¬hxzu;� ® t;mqc�oq`�c¡mqxzbBc$o�kl�Fc�s�²�x�uNo�cyu�u;x º vO¨ cz¨\oq`;cyk�`Zx±¥zc$oq`;cImqxzb�c

�Nx�v uZ»-x�uZ�Æ��cyo�� m �ncy¼;u�c � F ���&���&%'��&�¨,ÅD²
¬ xzu;�4® o�}�xzu;mpb�v�o�oq`�cLv�}��;xzr{¯Rc)o{m���v¸o�`Äx$�Zs5�1cy}

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
����  

t;u�v¸²³sR}qb�� k¡�nvwmpoq}�v�¦�t�oqcL�Ô¦Fc)o��1cycLu , ����� ����� ��/�� ��� -~o�`�cyu4¬Â}�cLrycyv ¥zcMmXoq`�c0�;xRr{¯zcyo�mX²³}�szb ®h��v¸o�`Æx
�Fs5�1cy}~t�u;v¸²³sR}qb�� k���v mpoq}�v�¦;tnoqcM�0v�u , �.9 ���%H"� " � ��1 ����� � /	����� 3%H�� " -D¨Winv�b�v � xz}q� kz«l®·}�cLrycyv ¥zcLmWoq`�c©�;xzr{¯Rc)o�m
²³}�szb�¬ ��v¸o�`�x©�Zs5�1cy}.t�u�v�²³sz}�b���k��nvwmpoq}�v�¦�t�oqcL� v�u , �+9 ���%H"� " � ��1 ���
� ��/������	3 H�� " -D¨!ÅD²�o�`�c?cLx±¥zcMmq��}qsR���ZcL}
vwm1��vwmpoqcyu;v�u�����v¸o�`�x � xz}q�Rc©xzuRo�cyu�uZx º vP¨ cz¨&�&%���v m1�wx�}��zc§mL¨ oL¨���� F ��� ���&%�� � &�
 ��»¶xzu;��v�o?v m?r)� sRmqcy}
o�s0¬´oq`;xzu,o�s0® º vP¨ cR¨ � (�� � * »<o�`�cyu .
¹z¨1oq`�cÔ�Fs5�<cL}�s�² ¬ � m��;xRr{¯zc)o{m0}�cLr)cLv�¥RcL� ¦lk oq`�c¡cLx±¥RcLm��n}qsR���Fcy}�vwm�t;u�v¸²³sR}qb�� k ��v mpoq}�v�¦;tnoqcM�¿v u

, ��� �����%H"� "( � ��� � 1 ����� ��/�� ��� 3 H�� "( -.xzu;��«
�n¨1oq`�c¡�Zs5�1cy},s�²�® � m,�;xzr{¯Rc)o�m�}qcMr)cyv ¥zcM� ¦lk�o�`�cIcMx±¥zcLm��n}�sz���Fcy}0vwm�t;u�v¸²³sR}qb�� k �nv mpoq}�v ¦�tnoqcM� v u

, ��� �����%H"� "* � ��� � 1 ����� � /�� ��� 3%H"� "* -P¨
_?`�cL}qcy²³sz}�c�oq`�c,cLx±¥RcLm��n}qsR���Fcy}�ryxzu4v �ncLuNoqv�²³kÆxz���¶oq`�c��;xzr{¯Rc)o�m�}qcMr)cyv ¥zcM�Ô��v¸o�`�x��Fs5�<cL}�v�u , ��� �

�&�%H�� "* � ��� � ���%H"� "( ->xRm�¦ZcL��sRu��zv u���o�s�® x�u;�$xz����o�`�c��;xRr{¯zcyo�m?}�cLr)cLv�¥RcL����v�oq`$�Zs5�1cy}§v�u , ��� � 1 �����
� /�� ��� 3%H"� "* � ��� � 1 ����� � /	����� 3%H�� "( -.xzm1¦Fcy� szu��Rv�u��Bo�s�¬ ¨~_?`�c�mqr{`;cyb�c�ryx�u�szu;��k�¦Fc�mqcLr)t;}qcXv¸²(s�²>szu�c
o�`�c-o��1s�²³sR��� s5��v u��Bryszu;��v¸o�v�sRu;m?v m?b�cyo/.
¹z¨ � A,)F>%$'@ $?A%)�� .&� ( F � *©¨W_?`�c©m�r{`�cLbBc©v m1mqcLr)t;}qc
¦FcLrLx�t;mqc
o�`�c§�Fs5�1cy}¶sz²�oq`�c©�;xzr{¯Rc)o{m¶mqcyuNo<¦lk
¾ v mWmpo�x�oqvwm�o�v rLx�� ��k�v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� c¶²³}�szb·oq`�c?�Fs5�<cL}.sz²;oq`;c1�Zxzr{¯zcyo�m(mqcyuNo>¦lk ÀX¨±ÅD² � ( DF � *§«
oq`�c cLx±¥zcMmq��}qsR���ZcL}1rLx�u$vw�ncyuNoqv�²³k$mpsRbBc-sz².o�`�c�¦�v�o�m�sz².o�`�c mqcLry}qcyoL¨~_?`�c�ult�b�¦ZcL}
s�²(¦�v�o�m�o�`;x5o
ryxzu�¦Fc?v �ncLuNoqv�²³k �ncy�FcyuZ��m(s�²Zoq`�c?¥5x�� t�cLm(sz² � (�x�uZ� � *
¨>ÅD² � *�
 1 ����� ��/������ H ����3 ��� " � � (¶«zoq`�c
cLx±¥RcLm��n}qsR���Fcy}<rLx�u,�zt�cMmqm<oq`;c-mqszt;}�ryc§s�²(x�� �Foq`�c-�;xRr{¯zc)o{m¶cy°�r{`;x�u��RcL��¦Zcyo��<cLcyu,¬­xzu;��®�x�uZ�
oq`�cL}qcy²³sz}�c�xz���>oq`;cBmqcLry}qcyoL¨-ÅD² � ( 8 � * 8 1 ����� � /	����� H"����3 ��� " ��� ( «Ão�`�c�cMx±¥zcMmq�n}�sz�;�ZcL}§ryxzu
�zt�cMmqm§oq`;cBmqszt�}{r)c�s�²¶mqszb�cB�ZcL}�rycyuNo�xz�zc�sz²~oq`�cB�;xRr{¯zc)o{my¨-_?`�vwmX�ZcL}�rycyuNo�xz�zc �ncL�ZcLu;��mXszuIoq`�c
�nv��FcL}qcLu;r)cB¦Zcyo��<cLcyu � ( xzu;� � * ¨ �§s�oqc�oq`Zx5o-v¸²<oq`�cBcLx±¥RcLm��n}qsR���Fcy}§rLx�uIb�sRu�v¸o�sz}-x5o�mpcL¥zcL}�xz�
��snrLx5oqv szuZmy«lx�u;��}�cLrycyv ¥zc?o�`�c©m�x�b�c
�;xRr{¯zcyo�mW��v�oq`���v��Ãcy}�cyuNo¶}�cLrycy�no�v�sRu0�Zs5�1cy}{my«Rv¸o1��v�� �F¦Zc
cL¥zcLu
cLxRmpv cy}?²³sR}�`�cy}?o�sBvw�ncLuRo�v¸²³k�oq`�c�mqszt;}�rycXsz²!o�`�c��;xzr{¯Rc)o{my¨

�n¨ � A,)F>%$'@ $?A%)�� .�¬ x�u;�4® mp`�sRt��w�ÆbBs5¥Rc��nt�}�v u���oq`;c��;xzv�}�v�u;����`;xRmpc�mqt;r{`Æo�`;x5o#� ( x�uZ� � *
º xzu;�$oq`;cy}�c)²³sz}�c�o�`�cyv }§}�cLmq�ZcMr'o�v�¥Rc��Zs5�1cy}{m{»?x�}�c�m�o{x5oqvwmpoqvwryx�� � k,v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz¨§_?`;v m§v m§oq`�c
x����;}qsNxzr{`�o�`;x5o
�1c�x�}�c�x�� ��t;��v�u��Bo�sBv u$szt�}
m�r{`�cLbBcR¨

� � �
���
�����������$���!��"#�$��%'&(%)��*

_?`;v mBmpcMr'o�v�sRu��ncLm�r)}�v ¦ZcMm x�u;cy�Â��}�s�o�slrysz�¶oq`;x�o�rLx�uÄ¦Fc�t;mqcL�Äoqs¡�;x�v }�o��1s¡�ncL¥lv rycLm ¬:x�uZ�Ä® mqc)£
ryt�}�cy� k�x�u;����v¸o�`�sztno?t;mqv�u;��cy°l�FcyuZmpv ¥zcX��t�¦�� vwr'£D¯zcyk�ry}qkl�no�sz�R}�xz��`�vwr���}�s�oqsnrysz�wmy¨~e©t�}?¯zcLk�xz�z}�cycLbBcLuNo
�;}qszoqsnr)sR��v m�¦ZxzmqcL�,szu�oq`�c�r)szb�¦�v u;x5o�v�sRu,sz².o�`�c�o��1s�²³sR��� s5��v u���u�s5¥zcL�=x�u;��sz}�v �zv u;x���vw�ncLxRm�.W�1c-¼;}{m�o
sR�noqv b�v��Lc�¾
� �ZcL}qu�xzu;��inr{`�u�cLv ��cy} � m�¯Rcykl� cLm�m?¯zcyk�x��R}qcLcyb�cyuNo���}�s�oqsnrysz�=x�uZ��xR��x���o§v¸o�o�s�x�u�xR�,`;slr
ryszun¼Z�zt�}{x5o�v�sRu=¨ÆincLr)sRu;�n� kz«~�1c,mq`�s5��o�`;x5oBoq`�c���}�s�o�slrysz�?ryxzu�¦Fc�mqcLryt�}qcM�Äx��Nx�v u;mpo��Fs5�<cL}�x�uZx�� kR£
mqvwm-¦Nk¡mp`;xz¯lv�u���o�`�c�o��<s$�ncL¥Nvwr)cMm�x�}�szt�uZ�IcMxzr{`Ôs�oq`;cy}M¨ 
Ôc�mq`�s5�·o�`;x5o�v�o�v m�mqcLryt�}�cBxz�Rx�v u;mpo +§sli
º +§cLu�vwx���£Psz²Ó£¤ilcL}q¥lvwr)c±»¶xzu;�$f�v¸o{f º f�xzun£Pv un£Poq`�cy£Df�v ������c±»?x5opo{xzr{¯nmL¨

Ñ.Ñ:×,P�Q-R2Q2S



¹M� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

1

1
1

1
0

0

0
1

terminal Bterminal A

src:A dst:B

src:A dst:B

src:B dst:A

src:A dst:B

src:B dst:A

src:B dst:A

src:A dst:B

src:A dst:B

round 0

round 3

round 1

hash(A|B|key)

SECRET KEY

hash(B|A|key)

1

1
1

1
0

0

0
1

Start (k)

round 2

�>v��Rt�}qc�¹ .E$-cyk�x��R}qcLcyb�cyuNo���}�s�o�slrysz�F²³sz}�b�s5¥Rcyb�cyuNop£D¦;xRmpcM���;xzv�}�v�u;�;¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ¹R¹

����� � �+� � �E
 ��������
��
Å¤u$sRt�}
�;xzv�}�v�u;�0��}qszoqsnr)sR�O«n¯Rcyk�x��z}�cycLb�cyuNo�v m��Fcy}q²³sz}�b�cL��t;mqv�u;��oq`�c��;}qszoqsnr)sR�!�ncLm�r)}�v ¦ZcM�,v u �>v��Rt�}�c
¹R¨1_?`;v m§��}qszoqsnr)sR��v m©x�u$sz��oqv bBvL�Lx�oqv szu�sz².o�`�c x��;��}qsNxzr{`���}�sz�FsRmqcL��¦lk,¾
� �Fcy}�u�x�u;��inr{`;u�cyvw�ncy}K��¹� P¨
_?`;c�uNt;b ¦Fcy}¶sz²Fb�cMmqm�x��RcLm(�Fcy}¶mqcLry}qcyo~¦�v¸o<v m¶}qcM�nt;r)cM� º ¹
v u;mpoqcLxR�Bs�²Ã�N»'«Nb0x�¯lv u��-oq`�c��;}qszoqsnr)sR��b�sz}�c
cLu�cy}��zk0c.��r)v cyuNoL¨
_?`�c���}�s�oqsnrysz�!mpo�xz}po{m
¦lk�x�in_>¾§�(_­b�cLm�mqxz�zc�o�}�xzu;mpb�v�opo�cL�$¦lk$szu�c�sz²Woq`�c o��<s��;x�}qoqv cLmL«;cLv¸o�`�cy}

¬µsz} ®�¨I_?`�vwm�b�cLm�m�x��zc,r)szuNo{x�v u;m-oq`;c�¥5x�� t�c �Ã«(��`�vwr{`Ävwm�o�`�c�ult�b�¦ZcL} s�²
}�szt;u;��m-o�`�c���}�s�o�snr)sz�
mq`�sRt�� ��c)°ncLrytnoqcR«nx�u;��oq`�c�xz�;�n}qcMmqm<s�²!oq`�c-�;xRr{¯zc)o � m<mpsRt�}{r)cz¨W¢§�ZsRu�}�cLr)cL�noqv szu,s�²=o�`�vwm?bBcMmqm�x��Rcz«Roq`�c
szoq`�cL}§�;xz}po�k,}qcL��� v�cMm
��v�oq`Ixzu�s�o�`�cy}-in_.¾©�(_­bBcMmqm�x��Rc-oq`;x�o©r)sRuNo�x�v u;m§v¸o{m©xR���n}�cLm�my¨�_?`�vwm
cy°nr{`Zx�u��Rc
xz��� s5�
m1cLxRr{`,�ncL¥Nvwr)cXo�s0��cMx�}�u�oq`;c�s�oq`;cy}?�;x�}qo�k � m�xR���n}�cLm�m?x�u;��oq`�c�mqv��Lc-s�²>oq`�c��ncMmpv }qcM�,mq`;xz}qcM��¯Rcykz¨
ÅDo§mq`�sRt�� �,¦Fc-oq}�v��R�zcy}?¦lk0o�`�c�t;mqcy}M«n¦NkR«l²³sz}
cy°�x�b���� cz«n��t;mq`�v u��0xB¦�tnopo�szu$s�²>oq`;c��ncy¥lvwr)cLmL¨
¾1o-cLxRr{`�}qsRt�u;� AZ«�¬ ¦�}qsNxz��rLxzmpo�m�v�o�m º cyb��no�k�»
�Zxzr{¯zcyo©x5oXoqv b�c ��(�� ��«���`�cL}qc ��(�� � v m©}{x�u;�nsRb���k

mqcy� cLr)oqcM�0v�u�oq`�cXv uRo�cy}�¥5x�� , 1;A 5 1+3 ����4=A�����-D«R��`�cL}qc��¿vwm1x�r)sRu;m�o{x�uNoL¨~ilv b�v��wx�}�� kz«l®9¦�}�sRxR��ryxRm�o{m~v�o�m
�Zxzr{¯zcyo?x�o?oqv bBc � *�� � «n��`�cL}qc�� *�� � vwm?}�xzu;�nszb�� k�mpcL��cMr'o�cL��v�u,oq`;c�v�uNoqcL}q¥5xz�E, 1;A�5!1+3�����4=A �	��-P¨W¾§m�x
}�cLmqt���oL«Loq`�c¶sz}{�ncy}�sz²No�}�xzu;mqbBvwm�mpv szuXs�²Noq`�cMmpc~o��<s��;xRr{¯zcyo�mÃvwm=}{x�u;�nsRb¿v u-oq`�c~v uNoqcL}q¥5x���, 1;A 5 1+3 �
��4=A ����-P¨
¾§u�cLx±¥zcMmq��}qsR���ZcL}.vwm>oq`;cyu�t�u;xz¦���c1o�s-��c)oqcMr'oWo�`�c
mpsRt�}{r)c1s�²Foq`�c��;xRr{¯zcyo�m>t;mqv�u��Xo�v�b�v u���v�u�²³sz}�b�x�oqv szu=¨
incLr)}�c)o-¦�v�o�m�xz}qc�}qcL��}qcMmpcLuNoqcL�I¦lk$oq`�c0r)sR}q}�cLr)o©sR}Xv ul¥zcL}�mqcL���;� xRr)cyb�cLuRo-s�²?mpsRt�}{r)c�xzu;�I��cLmpoqv u;x5o�v�sRu
xR���n}�cLm�mpcMmy¨>ÅD²!o�`�c�mpcLu;�ncL}?xzu;��}�cLryv��;v�cLuRo�xz�;�n}qcMmqmqcLm1x�}�c-r)sz}�}�cLr'o<oq`�cXo�cy}�bBv u;xz� m?¬­x�u;��® ��}qcMmpt;bBc
x,mpcMr)}�c)o§¦;v¸o�_��?¢�# º ¹M»)«Fszoq`�cL}q��vwmqc�oq`�cLk���}�cLmqt�b�c �n¾�%>i2# º �R»)¨ �;sz}§cy°�x�b���� cz«Ãv�u �.v �zt;}qc,¹z«Foq`�c
¼Z}�mpo
b�cLm�mqxz�zc-v m§mpcLuRo
¦lk�¬�¨N��t�}qoq`�cL}qb�sR}qcR«loq`�c mqszt;}�ryc-xR���n}�cLm�m?v m§mpcyo�oqs�¬�xzu;��oq`�c���cLmpoqv u;x5o�v�sRu
xR���n}�cLm�m¶vwm?mpcyo<o�sB®�¨¶ilv u;r)c©oq`�c-�;xRr{¯zcyo<�?xzm?xzr)oqt;xz��� k0mpcLuRo?¦lk�¬�«lo�`�c-}qcMmpt���oqv u���¦�v¸o º oq`�cX¼;}{m�o?¦�v�o{»
sz²~oq`;c�mqcLry}qcyoX¯Rcyk$vwmXoq`�cLu¡mqc)o-oqsÔ¹�¦lk�¬�x�uZ�I®�¨��
szoqc�oq`;x�o�xzuIcMx±¥zcLm��n}�sz���Fcy}Xryxzu�u�s�oXv ��cyuNoqv�²³k
o�`�c§}�cLxz�Zmqszt�}{r)c§s�²�oq`;c§�;xRr{¯zc)o1x�u;��o�`�cy}�c)²³sR}qc©ryx�u;u�s�o1v �ncLuNoqv�²³k�o�`�cX¥±xz��t;c§s�²�o�`�c§cy°�r{`;x�u��RcL�0mqcLry}qcyo
¦;v¸oM¨-#¶xRr{`Ib�cLm�m�x��zc�v ��cyuNoqv�¼;cLm-sRu�cB¦�v¸o�sz²¶oq`;c�mqcLry}qcyoX¯RcykR¨�¾1o-oq`�c�cLu;�Isz²~oq`;c �I}�szt�u;�;my«=¬�x�uZ�
®µmp`;xz}qc�x)7����N£D¦�v¸o©��sRu���mpcMr)}�c)o
¯Rcykz¨?_?`�cL}qcy²³sz}�cz«�v�²~x �z��£P¦�v�o
� szu��0¯Rcyk�vwm
}�cLªNt�v }�cL��«no�`�c���}�s�o�snr)sz�
mq`�sRt�� ��r)sRuNo�x�v u � �B}qsRt�u;��mL«lvO¨ cz¨ �R�BbBcMmqm�x��RcLmL¨
_?`�c��;}qszoqsnr)sR�Nvwm>oqcL}qb�v u;x5o�cL��¦lk�o��1s©b�cLm�m�x��zcMmy«±o�`;x5o¶xz}qc1t;mqcL� oqs�¥5x�� vw��x5o�c<o�`�c�c)°�r{`;xzu��zcM��¯Rcykz¨

_?`;c�bBcMmqm�x��RcXmqcyuNo
¦lk,¬9r)szuNo{x�v u;m1oq`�c�¥5xz��t�c � F
� � ' � 1O¬�� ®�� � /�� 3'«���`�cL}qc � /���v m?o�`�c�c)°�r{`;xzu��zcM�
¯RcykR¨(_?`;cXb�cMmqm�x��RcXmqcyuNo
¦lk�®Âr)sRuNo�x�v u;m<oq`;c�¥±xz��t;c�� F
� � ' � 1æ®�� ¬�� � /�� 3'¨W_?`�c�sR}��ncL}?s�²!o�`�cLmqc-o��1s
b�cMmqm�x��RcLm
vwm-x��wmps,}�xzu;�nsRb�¨�
 `�cLuÔ® }�cLr)cLv�¥RcLm§oq`�cB¥5x�� t�c �Z«�v�o�ryxzu�¥zcL}qv�²³k$oq`;x�o-¬½`;xRm
o�`�c0mqxzb�c
¯RcykR¨Winv�b�v � xz}q� kz«�¬�rLx�u�¥zcy}�v�²³kz«nt��Fszu$}�cLr)cL�noqv szu�s�²��±«no�`;x5o§®�r)sRb���tnoqcM�,oq`�c�rysz}�}qcMr'o?¯zcykR¨

����� �� "����+����
���������� ���	# ��
 ������� ��
������%� "�� ���%#����C�&� �0"������ � "���� �����
¾©m¶�ncMmqry}qv ¦FcL�0v u,ilcMr'oqv szu0�Z«zo�`�c§�;}qcL¥Nv sztZm~mqr{`;cyb�c
vwm<mqcLryt�}qc§szu�� k�v�²�oq`;c©mqszt�}{r)c�sz²�oq`�c©�;xzr{¯Rc)o�m¶x�}�c
v u;�nvwmpoqv u��zt�vwmq`;x�¦�� cz¨

� $'� ��$')
>,$ �(@8$')+* � $ � ��� ��$'< $'@81 v m(�;}qs5¥lvw�ncL� ¦Nk }�xzu;�nszb�vL�yv u��©oq`�c�sR}��ncL}(s�²Foq}{x�u;mqb�v m�mpv szu�s�²F�;xzr{¯Rc)o�m
mqcyuNoX¦Nk�¬ x�u;��®�«�xzmX�ncLm�r)}�v�¦FcL��v�u�o�`�cB��}qcL¥lv�sRt;m§mqcLr)oqv szu=¨X¾
u�cMx±¥zcLm��n}�sz���Fcy}©ryx�u�oq`�cL}qcy²³sz}�c�u�s�o
�Rt�cLm�m~��`;s�v m<�zsRv�u;�-oqs�o�}�xzu;mqbBv�o<u;c)°loL¨W¾
�wmqs;«N�<c§xz}qc§t;mpv u��Bd?i�f�¾�£D¦;xzmqcL����v�}�cy� cLm�m~mqklmpoqcLb0my«lmptZr{`
xRm-�z�R��¨�¹R¹z«Zoqs��zt;xz}�xzuNoqcyc oq`;x�o-oq`�c0xzrLr)cMmqm§oqs,oq`�c0r{`;xzu�u�cL�>vwm�x��wmqs�}{x�u;�nsRb�x�u;�Ô�nslcLmXu�szo-}�cy¥RcLxz�
xzulk�v�u�²³sz}�b�x�oqv szu�x�¦Fsztno�o�`�c�mpsRt�}{r)cz¨

Ñ.Ñ:×,P�Q-R2Q2S



¹±� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

¾©m�c)°n���wx�v u�cL�,��}�cy¥lv szt;mq��kR« � ���,@8$?�,< $')F>%$ �-@8$')+* � $ �O��� �2$'< $'@81 vwm?b�sz}�c-��v���r)t;�¸o�o�s�xzr{`�v cy¥Rcz¨ 
¡c���}�s�£
�FsRmqc©oqs0xzr{`�v cy¥Rc
o�`�v m
��}qsR�ZcL}po�k���v�oq`$t;mqcy}�xzm�mqv mpo�xzu;r)cR¨>_?`�c-t;mqcy} º m{»<mp`�sRt��w�,mq`;x�¯Rc º vO¨ cz¨Wb�s5¥zc-x�uZ�
o�t�}�uZ»�o�`�c0�ncy¥lvwr)cMm©�nt;}qv u���¯zcyk�xz�z}�cycyb�cLuRoXv�u¡sz}{�ncy}©oqs,cLªNt;xz��vL�yc�oq`�c�x±¥zcL}�xz�zc�mqv��Ru;x��(mpoq}�cyu��zoq`Isz²
o�`�c-o��1s���cy¥lv rycLm?b�cLxRmpt;}qcM��¦lk�x��Fs�oqcLuNoqvwx���cLx±¥RcLm��n}�sz���Fcy}M¨
_?`�c<}qcMªNt�v�}�cL�-b�s5¥Rcyb�cyuNo�m.�ncy�FcyuZ��szu-o�`�c<o�kN�Fc¶sz²;x�uNoqcLu�u;xRm=t;mqcL��¨#��sR}!o�}qt�� kXszb�u�v�£D�nv }�cLr'o�v�sRu;x��

xzuNoqcyu;u;xzmL«<xzuRo�cyu�uZx¡sR}qv cyuNo{x5oqv szu ��v�� ��u�szo�}qcL¥zcLxz��x�ulkÄmpv �zuZx��
mpoq}�cyu��zoq` �nv��Ãcy}�cyuZr)c$¦Zcyo��<cLcyu o��1s
��cy¥lv rycLmL¨=Å¤u�o�`�cLmqc<rLxzmqcLmL«Lv�o.��v ���N¦Fc<mqt*��r)v cyuNo!o�s
o�xz¯zc~¦Fs�o�` �ncL¥Nvwr)cMm!xzu;�-oqt;}qu-o�`�cyb�sRu�c¶x�}�szt;u;�Xoq`�c
szoq`�cL}L«Mv uXsR}���cy}�o�s�cLªNt;x�� vL�yc(oq`;c~c �ÃcLr)o!s�²��nvwm�o{x�u;ryc º ¦Fc)o��1cycLu�cLxzr{`Xo�cy}�bBv u;xz�zx�u;�©o�`�c~cLx±¥RcLm��n}�sz���Fcy}'»
sRuÆoq`�c$mqv��Ru;x��1m�o�}qcLu���o�`4bBcMxzmqt�}�cyb�cyuNo�m �ZcL}p²³sR}qb�cM�Æ¦Nk4xzu4cLx±¥zcMmq��}qsR���ZcL}L¨$ÅD²
o�`�c,xzuNoqcyu;u;xzm�x�}�c
u;s�o§o�}qt;��k�sRbBu;v¸£¤�nv }qcMr'oqv szuZx��P«Z}{x�u;��szb�v��Lv�u;�0oq`�c0�nvwmpo�x�uZr)c ��v � �>u;s�o-¦ZcBcyu�sRt��z`�oqs,xRr{`�v cy¥zcBmp�Zx5oqvwx��
v u;�nvwmpoqv u��zt�vwmq`;x�¦�v � v¸o�kR¨ +§v��Ãcy}�cyuNoBsR}qv cyuNo{x5oqv szu�s�²
o�`�c��ncy¥lvwr)cLmBb0x±kÆ}qcL¥zcMx��?x¡mqcy}�v�sRt;mBmpv �zu;xz�<� cy¥Rcy�
��v��Ãcy}�cyu;rycz¨�Å¤u¡sR}��ncL}§o�s�x±¥zszvw�$o�`�v m-�;}qsR¦���cLb$«=�nt�}�v�u���¯zcLk�x��R}qcLcyb�cyuNoXoq`�cBo��1s��ncL¥lv rycLmXb t;mpo�¦Zc
}{x�uZ�nszb�� k�oqt;}qu�cM�Boqs ��v��Ãcy}�cyuNo<�nv }�cLr'o�v�sRu;m º v�u�sRt�}~cy°l�Fcy}�v bBcLuNo�x5o�v�sRu;mW�1c
t;mqcL�0ryszb�b�sl��v¸o�kB�z�R��¨�¹R¹
rLx�}{��m<��`�v r{`�x�}�c§u�szo1sRb�u�v¸£¤�nv }qcMr'o�v�sRu;x��P«zo�`�cy}�c)²³sR}qc-ilcLr)oqv szu���ryszuNo�xzv�u;m<b tZr{`�b�sz}�cX��c)o�xzv��ÃsRu�oq`;v m
vwm�mpt�c±»'¨
d<� cLxz}q� kz«Rv�u0¦Fs�o�`�ryxRmpcMmy«�`Zx±¥Nv u���mqb0x�� �Zx�uZ��� v �z`No��<cLv��zoq`0�ncL¥Nvwr)cMm º cz¨ �;¨(mpcLu;mpsR}�m(sR}¶mqb�xz���Z|
+
¾©m�»

��v � �1}�cL��t;r)c�oq`�c�t;mqcy}B¦�t�}{�ncyu�²³sz}B¯zcyk4xz�z}�cycyb�cLuRoM¨¡_?`�c�t;mqcy}�ryxzuÄo�xz¯zc�sRu�c$�ncy¥lvwr)c�v u�cMxzr{`Äsz²
`;v m©`;x�uZ��m-x�u;��}{x�uZ�nszb�� k�b�s5¥Rc�oq`�cLb�szu�cBx�}�szt�uZ�$oq`�cBs�o�`�cy}-xzrLr)sR}��nv u��0o�s�o�`�c�`;sz}�v��LszuNo�xz�.x�uZ�
¥Rcy}qoqvwryxz�Zx5°ncMmy¨>ÅD²=oq`;cX�ncL¥lv rycLm1x�}�c
¥zcL}qk0mqb�xz���P«N`�cXrLx�u0o{x�¯Rc
¦Zszoq`,s�²=o�`�cybÂv u�szu;c§`;xzu;��xzu;��mq`;x�¯Rc
`;v m�xz}qb$«n� v�¯RcX`;c��<sRt�� ���ns���v�oq`�x�u�sz}{x�u;�zc~��t;v ryc�¦Zszopoq� cz¨
_?`�c�mpcMr)t�}�v¸o�k�s�²>oq`�c��;}qsR�ZsNmpcM�,m�r{`�cyb�c��ncL�ZcLu;��m�sRu�oq`�c ªNt;xz��v�o�k�sz².o�`�c�b�s5¥zcLb�cyuNoL¨¶¢©mpcL}�m?sz²

sRt�}�mqr{`;cyb�cXmq`�sRt�� ��¦Zc�x±�?x�}�c�o�`;x5o�v�o?vwm1oq`;cyv }�}qcMmp�Fszu;mqv ¦�v�� v�o�k�x�u;��v�u,oq`�cLv�}�¦FcLmpo�v�uNo�cy}�cLmpo<o�sBb�s5¥Rc
o�`�c$�ncy¥lvwr)cLmB��}�sz�Fcy}�� kÆ��t�}qv u��Ioq`�c$�;xzv�}�v�u;�I��`;xRmpcR¨ �
szoqc,oq`;x�oBb�s5¥zcLb�cyuNop£D¦;xzmqcL�ÆsR�ZcL}�x�oqv szu;m�sz}
�p��}�s�o�slrysz�wm ��x�}�c§ªNt�v�oqc
²³}�cLªNt�cLuNo1x�uZ��xzrLr)cy��oqcL��v u�sRt�}¶cL¥zcy}�kn��x±k � v ¥zcLmL¨ ��sz}1c)°�xzbB�;��cR«RsR}�xzu��zc(��t�vwr)c
sR}>mq`;x±¥lv u��Xry}qcMx�b­¦Fs�opo���cMmWx�}�c¶t�u;v�¥Rcy}{mqxz��� k�mp`;xz¯zcLu ��}�v�sR}!o�s-t;mqxz�zcR¨!_?`�vwm(v m>u�s5��x©�1cy� �¸£D¯lu�s5��u x�uZ�
ªNt�v�oqc�x�u;x5o�t�}�xz�=��}�s�o�slrysz�P¨ �;t�}qoq`�cL}qb�sz}�c�v�o§v m©r)sRbBb�sRu���k�xzrLr)cy��oqcL�,o�`;x5oXv¸o§vwm�o�`�c�}�cLmq�ZsRu;mqv�¦�v � v¸o�k
xzu;�,v�uNoqcL}qcMm�o�sz².o�`�c�r)sRu;mpt;bBcL}�m<o�s0�ZcL}p²³sR}qbÂo�`�vwm�mp`;xz¯lv�u���sR�ZcL}�x�oqv szu��;}qsR�ZcL}q� kz¨

��� � � 
 � � �� ,� ����
 � �E�	��
�� ��� ����� � 
 ��� �$� ���	� �  ���
�$� ����� � � Ì � È �z�/B ÌFE ��GF��B E �L� 0 B³� 0 �n�y�M�����=�
+©c)²³cMx5o�v�u��¡x�f�v¸o{f º f�xzun£Dv�un£Poq`;c)£¤f�v �;�n��c±»�x5oqo�xRr{¯I}�cLªNt�v }qcMm�xzm�mpt�}{x�uZr)cB²³sz} x�o�cy}�b�v�u;xz�¶¬�o�`;x5o�x
mqcLry}qcyo�¯zcLkIvwm�}qcMx�� ��k¡¦ZcLv�u;��c)°�r{`;xzu��zcM�I��v�oq`Æo�`�c�v uRo�cyu;��cL�ÔoqcL}qb�v u;x��<®hx�u;�Æu;s�o�xzuÔv b��ZsNm�o�sz} � m
��cy¥lv rycz¨W_?`�vwm�vwm1oq`�c��RsRx���sz²!o�`�c 9 �,$'&($')7*
	 �,< $?> �,@8$?A,) �;}qszoqsnr)sR�O«�xRm��ncLm�r)}�v�¦FcL�,v u�incLr'o�v�sRu¡¹R¨
Å¤u,szt�}?ryxRmpcR«Ro�`�vwm<�;}qsR¦���cLb�v m<}qcM�nt;rycL�0o�s�o�`�cX²³sz� ��s5��v u���vwmqmqt�c .
�p`�s5� o�`�c§o��1s���cy¥lv rycLm<}qcL��vwx�¦;��k

��c)oqcL}qb�v u�cWcLxRr{`-s�oq`;cy} � m=xR���n}�cLm�m�v u�x�r)szb�b�t�u�vwryx5o�v�sRu�r{`;x�u�u;cy����`�cL}qcWb0xzuNkX�ncy¥lvwr)cMm=x�}�cW��}�cLmqcyuNo � �
_?`;v m?vwm
xBb�sz}�cX�Rcyu�cL}�xz��ªRt;cLmpoqv szu���`�v r{`�b0x±k�`;x±¥Rc-��v��Ãcy}�cyuNo
x�u;mq�1cy}{m<v u��nv��FcL}qcLuRo§mqknm�o�cyb0mL¨
e©u;ryc§o�`�c©o��<sB�ncy¥lvwr)cLm1sR¦no�xzv�u�cMxzr{`�szoq`�cL}�� m1xz���n}�cLm�m1r)sz}�}�cLr'o���kR«Nf�v¸o{f7x5oqo�xRr{¯lm<��v ���Ã¦Fc©v b��ZsNm�£

mqv ¦���c�v u$szt�}
m�r{`�cLbBcR¨¶_?`�vwm�vwm�b0x�v u���k,¦ZcMryxzt;mpcXo�`�c �ncL¥Nvwr)cMm�x�}�c-¥zcy}�k�ry��sNmpcXoqs0cMxzr{`�s�o�`�cy} º ��`�vwr{`
vwm�}�cLªNt�v }qcM�,²³sz}§mq�;x5o�v xz�=v u;�nvwm�o�v�u��Rt�vwmp`;xz¦�v ��v�o�k�»�x�u;��`�cLu;r)c�oq`�cLk�rLx�u$cLxRmpv ��k��nc)o�cLr)o§b0x�� v ryv�sRt;mp� k�v un£
mqcy}qoqcM��b�cLm�mqxz�zcMm
o�`;x5o-v�b��Fcy}{mpsRu;x5o�c o�`�cyb$¨ ¾§� mqs;«Ão�`�c�mp`�sR}po��nvwm�o{x�u;ryc ¦Fc)o��1cycLuIo�`�cB��cy¥lv rycLmX��v ���
`;cy� �$oq`�c ��cy¥lv rycLm?o�s�}�cy� v xz¦���k��nc)o�cy}�b�v�u�c cLxzr{`$szoq`�cL}�� m
xz�;�n}qcMmqm?tZmpv u���mqv��Ru;x��!��cL¥zcy�!bBcMxzmqt�}�cyb�cyuNoL¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ¹ �

Å'¨ cz¨>v�oWrLx�u�¦Zc?}�cLªNt�v }qcM��oq`Zx5o��qi�_.¾©�>_��1bBcMmqm�x��RcLm.¦Zc?}�cLrycyv ¥zcL� ��v¸o�`Bx©`�v �z`�mpv �zuZx��l��cL¥zcL�O¨>¾ ��v mpo�xzuRo
v b��ZsNm�o�sz}�b0x±k¡x�opo�cyb��no�o�s$²³szv �Woq`�vwm�o�cLr{`�u;v ªNt�c0¦lkIv u;ry}qcMxzmqv�u��$v�o�m�oq}{x�u;mqb�v m�mpv szu¡}�xzu��zcR¨�Å¤uÆoq`;v m
rLxzmqcz«R`�s5�<cL¥zcL}L«5o�`�c���in_>¾§�(_��§b�cLm�mqxz�zcLm>²³}�szb oq`;c©m�x�b�c§�ncL¥Nvwr)c§��v�� �;¦Fc§}�cLrycyv ¥zcL��x�o<x�`�v �z`�cL}¶}{x5o�c
º vO¨ cz¨0¦Fsz�Rt;mXszu�cMm-b�v¸°ncL�Ô��v�oq`Ôoq`;c0}qcMx��(szu�cMm�»)¨�ilt;r{`4x�u�sRb0x�� v�cMmXrLx�uÔ¦Zc0cMxzmqv�� k��ncyoqcLr)oqcM�¡v uÆszt�}
rLxzmqcz¨
e©u�c0sz²?oq`�c��ncL¥lv rycLmL«>m�x±kI�ncL¥Nvwr)c�®�«.b0x±k¡¦Zc��ns5��u4xzu;�Æx�uÆv�b��FsRmpoqsR}�b0x±kI��}�s�¼�o�²³}�szb7oq`�c

mqv�oqt;x�oqv szuI¦lk�v b�v¸o{x5oqv u���® oqs�¬�¨B_!s�szt;}X¯lu�s5��� cL���zc�mqt;r{`Ôx�uÆx5opo{xzr{¯$`;xRm©u;s$mqsz� tno�v�sRuIv�²<�1cB�ns
u;s�o?t;mpc d<|¶¢
£Pv uNoqcLu;mpv ¥zc-r)}�kl�noqsR�z}{x���`;v r?o�cLr{`�u;v ªNt�cMm º oq`Zx5o��<cX��vwmp`�oqs0x±¥zsRv �0v u,oq`�vwm?�;x��Fcy}'»'¨W_?`�c
��cy¥lv rycLm(b�t;m�o~�;}qsR¦;x�¦�� k�v un²³sz}�b·o�`�c�t;mqcy}~x�¦Fszt�o>o�`�cyv }¶mpo�x�oqt;mL«zvP¨ cR¨.t;�BsR}~�ns5��u=«�tZmpv u��X²³sz}Wcy°nxzb�����c
xB�Fcy}�v�sn�nvwrX��cM�$mpv �zu;xz�O¨

�$� ����� � � Ì � È �z�/B ÌFE ��GF��B E �L��� Ì � �n�y�M�����=�

Ôc¶rLx�u��nv��FcL}qcLuRo�v x�oqcW¦Fc)o��1cycLu-o��<s�¯lv u;��m�sz²*+©sNi º +§cLu�vwx���£Psz²Ó£¤ilcL}q¥lvwr)c±»Zx�opo{xzr{¯nm�szu�x?¯Rcyk©xz�z}�cycLbBcLuNo
�;}qszoqsnr)sR�O¨=Å¤u-o�`�c~¼Z}�mpo!szu;c~x�u�x5oqo�xRr{¯zcy}!b�x±k©c)°n��� szv�o=oq`;c¶¯zcLk©xz�z}�cycyb�cLuRo=�;}qszoqsnr)sR�5oqs�²³sR}�ryc¶x�¥lvwr'oqv b
o�s$�ZcL}p²³sR}qb7ryszb���tno{x5o�v�sRu;x�� ��kIc)°n�ZcLu;mqv�¥RcBsR�ZcL}�x�oqv szu;mL«=��v�oq`Ôoq`;c0�zsRxz�(s�²��n}�xzv�u;v�u��$v�o�m�¦Zx5opo�cy}�k�sz}
�;}qcL¥zcyuNo�v�u���v�o
²³}�szbµ�Fcy}q²³sz}�b�v�u;�BtZmpcy²³t��!�1sz}�¯Ã¨¶¢
u�� v ¯zc���t�¦;��vwr'£D¯zcLk,r)}�kl�noqsR�z}{x���`lkN£D¦;xzmqcL��m�r{`�cLbBcMmy«
sRt�}§�;}qszoqsnr)sR�!vwm§u�szo©¦;xRmpcM��szu¡d<|<¢�£Dv�uNoqcLu;mqv�¥Rc sz�Fcy}{x5o�v�sRu;m§xzu;�$o�`�cy}�c)²³sR}qc�v b�b t�u;c�x��Nx�v u;mpo©mptZr{`
+©sNi�x�opo{xzr{¯nmy¨(¾
u;s�oq`;cy}�+©sNi�x5opo{xzr{¯�b�x±k�r)sRu;mqv mpo¶s�²=m�x�¦Fs�o{x��zv u��-o�`�c
¯zcLkBxz�z}�cycLbBcLuNoL«zvP¨ cz¨(b0x�¯lv�u;�
v�o~v bB�FsRm�mqv�¦�� c1²³sz}(o�`�c?o��<s-�;xz}po�v�cMm>oqs�xz�z}�cyc1szu�xXm�x�b�c�mqcLr)}�c)oW¯Rcykz¨~e©t�}W¦;xRmpvwr1��}�s�oqsnrysz�lv�� � t;m�o�}�x�oqcM�
vwm �>v��Rt�}�cB¹-vwm�¥lt�� u�cy}{x�¦�� c-x��Rxzv�uZm�o
mqt;r{`�x�opo{xzr{¯nm?x�u;��v u,o�`�vwm
mpcMr'o�v�sRu,�1c��ncLm�r)}�v�¦Fc�x�mpsR��tno�v�sRu=¨
Å¤uIoq`�cB��}�s�oqsnrysz�>v�� ��tZm�o�}�x�oqcL��v�u �>v��Rt�}qc,¹z«Ãv�oXvwmX¥zcy}�k�cLxzmqk�²³sz}�x�u¡x5opo{xzr{¯Rcy}
o�s,v u;mqcy}qoXx,¦ZsR�zt;m

�Zxzr{¯zcyo.��v�oq`�mpsRt�}{r)c?xz���n}�cLm�m>¬ xzu;� ��cLmpoqv u;x5o�v�sRuBxR���n}�cLm�m.® º sR}(¥Nvwr)c1¥zcL}�m�xR»!x�u;���Fcy}q²³sz}�b���`;x5o(�<c
rLx�� �Zx � ��1 ��A,$ ��A,) $')+* x5oqo�xzr{¯Ã¨Wilt;r{`�x��Zxzr{¯zcyo~v�uZmpcL}po�cL��¦lkBx�oq`�v }����;x�}qo�k �1szt��w���zcLu�cy}{x5o�c
�nv��FcL}qcLuRo
mqcLry}qcyo<¦�v�o�m?x�o¶oq`;c§o�cy}�bBv u;xz� m1¬\xzu;��®�¨W_?`�cXx�opo{xzr{¯zcL}<rLx�u�v u;mqcy}qo?xzu�x�}�¦�v�oq}{x�}�k�ult�b�¦ZcL}<sz²!¦ZsR�zt;m
�Zxzr{¯zcyo�mL«nx�u;�,b0x�¯zc-v�o
v�b��FsRm�mpv ¦�� c-²³sz}
¬�xzu;�,®½o�s0x��z}�cycXszu$x0mqcLr)}�c)o�¯Rcykz¨
_?`�cX��}�s�o�slrysz�Ã�ncy�;v r)oqcL�,v u �>v��Rt�}�c§�;¨ � ¨Ü����c)²³cLx�o�m<oq`;cX¯Rcyk��FszvwmpsRu�v�u;��x5oqo�xRr{¯F¨(Å¤u�oq`�vwm1��}qszoqsnr)sR�O«

cMxzr{`¿mqcLry}qcyo,¦�v�o,vwm,ryszu;mpoq}�t;r)oqcL�¿t;mpv u��ÄsRu�cI�Zxzr{¯zcyo�²³}�szb+¬ xzu;� x�u;s�oq`;cy},²³}qsRb ®�«§vP¨ cR¨ ¦Fs�o�`
o�cy}�b�v�u;xz� m0ryszuNoq}�v ¦�tnoqc,oqsÆo�`�c�r)sRu;m�o�}qtZr'oqv szu s�²XcLxRr{` mqcLry}qcyoB¦�v�o��R¨ #<xzr{` mpcMr)}�c)o0¦�v�o�v m��Rv�¥Rcyu x
mqcLªNt�cLu;r)c�ult�b ¦Fcy} º ��`�vwr{`¡xz� mqs,rysz}�}qcMmp�FszuZ��m�o�s�oq`;cB}�szt;u;��ult�b ¦Fcy}'»'¨-Å¤u¡sz}{�ncy}©oqs,�zcyu;cy}{x5oqc oq`�c
mqcLry}qcyo�¦�v¸o����¶oq`�c-o��1sBoqcL}qb�v u;x��wm��zcLu�cy}{x5o�c�x��Zxzr{¯zcyo���v¸o�`�r)sz}�}�cLr'o�sR}	�;v��;�ZcM��xz���n}�cLm�m1�ZsNmpv�oqv szuZmy«
v u�}{x�u;��szb sz}{�ncy} º o�`;x5o-v m§oq`;c���}�sz¦Zx�¦�v ��v�o�k,oq`;x�o©o�`�c ¼Z}�mpo©�;xRr{¯zcyo
������v�� �.¦Fc�oq}{x�u;mqb�v¸oqoqcL��¦Nk�¬
vwm �;¨ �R»'¨I_?`;c�}�cLmqt��¸o�s�²�oq`;c�o��1s��;xzr{¯Rc)o{m����-xz}qc,r)szb�¦�v u�cL�Æ¦lkÔo�xz¯Nv u���o�`�cyv }�mqt�b º b�sn���R»'«Wsz}
cy°�r)� t;mpv ¥zc�eX��¨;_?`;cX}�cLmqt���o
v m1o�`�c�mqcLr)}�c)o�¦�v�o
���{¨
_.s�rysz}�}qt;�no§o�`�c�¦�v¸o����{«=x�uÔx5opo{xzr{¯lv u���u�sn�nc�ryxzuIv u;mqcy}qo
�Æ�;xRr{¯zc)o{m§��v�oq`Ioq`�c0m�x�b�c�mpcMªRt;cyu;ryc

ult�b�¦ZcL}L«(��`�cL}qc�� F 1C4 7 4�� 4:9;9;9�¨�Å¤u4o�`�vwm�rLxzmqc�¦Zszoq`�mqvw�ncLm ��v�� �<u;s�oqc�� � 7�¦�v¸o{m ��v�oq`Äoq`�c$mqxzb�c
mqcLªNt�cLu;r)cBult�b ¦Fcy}M«�¦�tno-szu;��k$o��1s,sz²~oq`;cybh��v ���W¦Fc�oq`�c0m�x�b�cBx�oX¦Fs�o�`Ômqvw�ncLmL¨ %=cyo���� � 4:9;9;924 � 
�� "��
xzu;���
� � 4:9;9;924 � 
�� "�� o�`�c©mqc)o?s�²=¦;v¸o{m º ��v¸o�`�o�`�cXm�x�b�c§mqcLªNt�cLu;r)c©ult�b ¦Fcy}'»(o�`;x5o1oq`�c©oqcL}qb�v u;x��wm¶¬´x�uZ�
®�`Zx±¥zc-x��z}�cycM��t��Fszu!¨~_?`�cyu$�1cX`Zx±¥zc
� â=Õ � Ý¶Û±äæå��På!
�å'Ú.äæØ �Lç � äæØ�Ý �)( � 
�Ø �{Ý % �{×!� %�Ø�ÝPÝ �{ã'ØpÝ �{Ý �OÕ±Ø"���{Ý � 

Û±äæå��Oå�
�å'Ú +��.å
(ÃØ��)Ø�ä�Þ �OÕ � Ý1ÛMäOå��Oå�
�å'Ú � Ý1å'×MÚ �

×±Ø 
pØ�ÝOÝ �{ä � (!Õ±Ø�× �PÕMØ!çMÝPØ�ä ��Ø�Ú � Ø��)ØpÝ �PÕ��'�ÃÕ � Ý �±Ø�� � 
�Ø�Ý#�{äæØ!ç±×��±Ø�ä! .å 	 �'��� ��
 �yÝ
+!" �PÕMØpä ( � ÝPØ'Þ��PÕMØ ���{Ý � 
=Ý 
DÕMØ�%�Ø=ÝOÕ±å'ç±Ú �
�zØWçMÝPØ � +

Ñ.Ñ:×,P�Q-R2Q2S



¹L� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

0
0

0

terminal Bterminal A

1 1
0 0

sqn=2  src:A dst:B

sqn=2  src:B dst:A

sqn=3  src:A dst:B

sqn=3  src:B dst:A

1
1

1

0 1
1

sqn=4  src:B dst:A

sqn=4  src:B dst:A
11 1

00

SECRET KEY

1

0

0
0

0

1

sqn=1  src:A dst:B

sqn=1  src:A dst:B

round 0

round 1

round 2

round 3

hash(A|B|key)

hash(B|A|key)

Start (k)

�>v �zt�}�cI� .Ô¾���}�s�o�slrysz�?o�`;x5o�}�cLmqvwm�o{m0��`;x5o��1cIrLx�� �§x ����1	��A,$ ��A,) $')+*�� A�� �%@ @ ��6-� ¨ 
 `�cLu oq`;v m
�;}qszoqsnr)sR�nv mWtZmpcM�B²³sz}~¯Rcyk�xz�z}�cycLbBcLuNoL«zxzu�xRr'o�v�¥Rc
x5opo{xzr{¯Rcy}Wryxzu�u�s�o~�Fszvwmqszu º vP¨ cR¨Wr)sz}�}�t��no{».o�`�c§mqcLry}qcyo
¯Rcyk,¦Nk,v�uZmpcL}po�v�u���¦Fsz�Rt;m�b�cLm�mqxz�zcMm?��v¸o�`$oq`�c xR���n}�cLm�mpcMm1s�²~¬·x�uZ��® º mqcyc-oqcy°lo
²³sz}§��c)o�xzv��wm{»'¨<_?`;v m
�;}qszoqcLr)oqv szu�v m?sR¦no�xzv�u;cL��x5o�oq`;c�r)sRmpo�s�².o��<s�b�cLm�mqxz�zcMm<�Fcy}
mqcLry}qcyo�¦�v¸oM¨

� ����������� � 
�� " F � ���������	� �0
�� "
v�² ��v m?�;xzv�}M«�x�uZ�

� ���
������� �	
�� " DF � ����������� �0
�� "
v�² ��v m?sn����¨

$-cLk��FszvwmpsRu�v u���ryxzuB¦Fc§�ncy²³cLx�oqcL��¦lk�o�xz¯Nv u��-o�`�c©mqt�b º b�sn���z»(sz²ÃcL¥zcL}qk�¦;v¸o1��v¸o�`�oq`�cXmpcMªRt;cyu;ryc
ult�b�¦ZcL}��{«~xzm t;mqt;x�� º cy°nrycy�no�oq`;x�o�v uÄu�sR}qb0x��<sz�Fcy}{x5o�v�sRu � F � »)¨IÅD²�o�`�c�x�opo{xzr{¯zcL}�v u;mpcL}po�cL�4xzu
sn����uNt;b ¦Fcy}
�¡sz²~�;xzr{¯Rc)o�mL«Zoq`�c�oqcL}qb�v u;x��(¬9b�t;mpo©v uN¥Rcy}qo§o�`�c }�cLmqt���oqv u��,mqcLry}qcyo©¦�v�o����{¨©Å¤uIoq`�cMmpc
ryszu;��v¸o�v�sRu;my«nxzu�x�opo�xRr{¯lv�u���u�sn�nc�ryxzu�u�s�o?�FszvwmpsRu�o�`�c-¯zcyk�mq`;xz}qcM��¦lk�¬­x�u;��®½¦Nk0v u;mqcy}qoqv u���¦ZsR�zt;m
mqcLry}qcyo�¦�v¸o{my¨

�§s�oqc�o�`;x5oBoq`�vwmB��}�s�oqsnrysz�<²æx�v � mB��`�cLu ¬:x�u;� ® �ns¡u;s�o�}qcMr)cyv ¥zc�oq`�c$m�x�b�c,b�cMmqm�x��RcLmL¨Æ_?`;v m
b�v �z`No�`;x����Fcyu ��`�cLu mqszb�c�s�²
o�`�c$bBcMmqm�x��RcLmBx�}�c,� sRmpoL¨ 
¡c�oq`;cy}�c)²³sz}�c$mpt��R�zcMm�o�oq`;x�o0¬ xzu;� ®
xz���Fcyu;��oqs�cMxzr{`�sz²~oq`;cyv }©b�cLm�m�x��zcMm§x�`;xzmq`�s�²1x�� �!o�`�c��;}qcL¥Nv sztZm§b�cLm�m�x��zcMm�o�`�cyk$`;x±¥Rc�mqcycyu¡mpv u;r)c
o�`�c�¦Fcy�zv u�u�v u���s�².oq`�c��;}qszoqsnr)sR�O¨W¾§m�xB}�cLmqt���oL«�v�²>sRu�c-sz}�mqcy¥zcL}�xz�ÃbBcMmqm�x��RcLm?x�}�cX��sNm�oM«�¬�x�u;�$®�ryxzu
��c)oqcMr'o~v�o¶v bBb�cM�nv x�oqcL��k º v u;m�o�cLxR��s�²Ã�1xzv¸o�v�u��-t�uNo�v��;oq`�c
cLu;�Bs�²Foq`�c§��}qszoqsnr)sR��x�u;��ryszb��;x�}�v u���x©`Zxzmq`
sz²!o�`�c��ncy}�v ¥zcL�,¯zcLknm�»)¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ¹±�

� ��� �¡�?&(%y�������.�-�.%y���,� ����" ������2��0�!%)�

Å¤u�oq`�vwm(mpcMr'oqv szu!«5�<c1x�u;xz��knmqcz«M¦Nk-cy°l�Fcy}�v bBcLuNo�x5o�v�sRu;mL«Lo�`�c?mpcMr)t�}�v¸o�k-sz²noq`�c1��}�sz�FsRmqcL�-�;xzv�}�v�u;�§mqr{`;cyb�cz¨
f�sz}�c,mq�ZcMr)v�¼Zryxz��� kz«~�1c,mq`�s5��o�`;x5o�mqv��Ru;x��1�Zs5�1cy}�x�uZ�Æoqv b�v�u��4xzu;x�� knmpvwm rLx�u�u;s�o�¦Zc$t;mqcL��¦Nk4xzu
x�opo{xzr{¯zcL}§o�s$}qcyoq}�v�cL¥zc�o�`�c�¯zcLk�c)°�r{`;xzu��zcM��¦Zcyo��<cLcyu¡o��<s$�ncL¥Nvwr)cMm©oq`;x�o-tZmpc�szt;}X�Zx�v }qv u�����}qszoqsnr)sR�O¨

Ôc?x��wmps©cy¥5x�� t;x5o�c~o�`�c<cLu�cy}��zk�rysRmpo.s�²Zszt�}>��}�s�oqsnrysz�Rxzu;� mq`�s5�Æo�`;x5o(cy¥RcyuNoq`�sRt��z`�v�o(}qcMªRt;v�}�cLm>mpcL¥zcL}�xz�
b�cMmqm�x��RcLmL«Nv�o
vwm?b t;r{`�b�sz}�cXcLu�cy}��zkN£Dc ��r)v cyuNo1oq`;xzu�x�+©v���cy£IH§cy� ��b0xzu�¦ZxzmqcL�,�;x�v }qv u��B��}�s�oqsnrysz�P¨

����� �0��� ��� �	
�� ����� "��$����#����	�

ÔcX¦�t�v �¸o
x oqcLmpoq¦FcL����v¸o�`,� v �z`No��<cLv��R`No<�wx��no�sz�;m<cLªNt�v ���FcL�,��v¸o�`,x�|1d1f¡d<Å�¾ %=t;rycyuNo?Å #,#,# �z�R��¨�¹R¹

Æx±¥zcL� xzu4ryx�}{�Ôsz�Fcy}{x5o�v�u��¡x5oB��¨ �l�R� 
 `�� º �z�N�n¨ ¹z¹0r{`;xzu�u�cy�©¹L�N»�x�u;� ¹R¹Lf�¦;�;m�¦�v�o�}{x5o�c�x�u;�Äv�uÄxR�
`;slrIb�sl��cz¨�e©t;}�rLx�}{��m�mqt����Fsz}qo��§i;ilÅ º ��cMr)cLv�¥RcL� ilv �zuZx���iNoq}�cyu��zoq`¿Å¤uZ�nv rLx5o�sz}'»0x�u;� x�� ��s5� t;m
o�sÄ¥lv mqt;xz��vL�ycIxzu;� cL¥±xz��tZx5oqc�oq`�cÔ�Zs5�1cy}�s�²�}�cLr)cLv�¥RcL� �;xRr{¯zcyo�mL¨ e©t�},mqv��Ru;x��©��cL¥zcL�©r)}�kl�no�xzu;x�� k7�ycL}
vwm�¦�t�v ��o�t��Fszu %=v ultn°���v }qcL��cMmqm�oqslsR� m��z«?x�u;� v u �;x�}qoqvwr)t��wx�} $ � �8�F1 oq`;x�o�x�� ��s5�
m�oqs4�Rc)o0�Fcy}�u�sn�nc
� v u�¯�ªNt;x�� v¸o�kR¨X_?`;c��
	 ' � ��ryszb�b0x�u;��o�x�¯RcLmXxzmXx�}��zt�b�cLuRoXx,f�¾§d´xR���n}�cLm�m��½«�xzu;��sRtnoq��t�o�m©oq`�c
}�cLrycyv ¥zcM�¡mqv��Ru;x��~xzu;�¡u�szvwmpc0� cy¥Rcy�wm-s�²?�;xzr{¯Rc)o{m©��`;sRmqc�mpsRt�}�rycBxR���n}�cLm�m-v m
�½¨ �.v �zt;}qc � �ncL��v r)o�m�x
o�kl��vwryxz�ÃbBcMxzmqt�}�cyb�cyuNo¶o�`;x5o�ryxzu�¦Fc�ryx�}�}�v�cM�0sztno?¦lk�x�ulk0t;mqcy}1t;mqv�u���oq`;c
�
	 � '���oqslsz��x�uZ��xBmpv b�����c
m�x�b���� v u���m�r)}�v���oL¨ �
szoqc
o�`;x5o	�
	 ' � �0x��wmqs szt�oq��tno{m~o�`�cXu�szvwmpc©��cL¥zcL�Z��`�vwr{`�vwm1x�¦Fsztno1£  �z��À1b½v�u,szt�}
cLul¥Nv }�szu�b�cyuNoM¨
_?`�c�}�cLrycyv ¥zcM��mqv��Ru;x��=mpoq}�cyu��zoq`$�ncy�FcyuZ��m�szu$x5o
� cLxRm�o � �nvwm�o�v�uZr'o�²æxzr)oqsR}�m/.
¹z¨�_!}{x�uZmpb�vwmqmqv�sRu �Zs5�1cy}�.4x�� �©�Zxzr{¯zcyo�m�v�u¿sRt�}�c)°n�ZcL}qv b�cyuNo�m�x�}�c�o�}�xzu;mpb�v�opo�cL�¿x�o�sRt�},rLx�}{��m.�
�nc)²æxzt���o
¥±xz��t;c���`�v r{`�vwm�¹M����À1b��z¨

�n¨ +§vwmpo�x�uZr)c�¦Fc)o��1cycyu,oq`;c�mpsRt�}�ryc�x�u;��oq`�c�mqv �zu;xz����cL¥zcy�=xzu;x�� k7�ycL}L¨
� ¨�_?`�c�}�cy�wx5o�v�¥Rc�x�u��R��c0¦Fc)o��1cycLu4oq`;c�mpsRt�}{r)c�xzu;�Ôoq`�c�mpv �zuZx��~� cy¥Rcy�<xzu;x�� k7�ycL}/. oq`�c�rLx�}{��m�o�`;x5o
�<cBt;mqcBxz}qc�u�s�o�sRbBu;v¸£¤�nv }qcMr'oqv szuZx��.xzu;��o�`�c�}qcMr)cLv�¥RcL��mqv��Ru;x��>� cy¥zcL�(`�cLx±¥lv ��k��ncL�ZcLu;��m-szuIoq`�c
}qcL� x�oqv ¥zc�x�u;�z� c©sz².o�`�c-o��<s0rLx�}{��my¨

+©t�}�v�u��-cMxzr{`Bc)°n�ZcL}qv b�cyuNoL«z}qcy²³cy}�cL� xRm�� m�r)cLu;x�}�v�s!��« #¶¥zc º cMx±¥zcLm��n}�sz���Fcy}M«±sz}Wr)}�kl�no�xzu;x�� k7�ycL}{»!b�cLx5£
mqt�}�cLmXo�`�c�mpv �zuZx��Wm�o�}qcLu���o�`¡sz²<o�`�c0�;xRr{¯zc)o{m�mpcLuNo-¦lkI¾§��vwr)c º oqcL}qb�v u;x��¶¬X»-x�u;�ÆÀ1sz¦ º o�cy}�b�v�u;xz�~®�»
��t�}qv u��$¯zcLkIx��R}qcLcyb�cyuNoM¨Bf�xzulkI�nv��FcL}qcLuRo�cy°l�Fcy}�v bBcLuNo�m-�1cy}�c�rLx�}�}qv cL�Isztno�xzu;�Ôv�u¡oq`�vwm��;xz�ZcL}��<c
�;}qs5¥lvw�nc-oq`�cBb�sRmpo§}�cy��}�cLmqcyuNo�x�oqv ¥zc�sRu�cLm
oq`;x�o©�1c�r)sRu;mqv �ncL}§�Rcyu�cL}qvwr�x�u;�Ix������ vwryx�¦;��c�o�s,xz��b�sRmpo©xz���
mqv�oqt;x�oqv szu;m©¦ZcMryxzt;mpc�oq`;cyk��Fcy}q²³cLr'o���k�}�c �ZcLr'oXoq`;c��Fszv uNo�m º �R»§xzu;� º � »§��vwm�o�cL�¡x�¦Fs5¥zcz¨ e©t�}©¼;}{m�o�m�r)c)£
uZx�}�v�sZ«N�ncLu�s�o�cL� ��65��)F�%&($?A � «�v m?v � ��t;mpoq}{x5o�cL��v�u	�>v��Rt�}qcX�;¨(Å¤u,oq`�vwm�m�r)cyuZx�}�v�sB¾
� v ryc-xzu;��À1sR¦,x�}�c-r)� sRmqc
o�s�cLxRr{`�szoq`�cL} º ��v�oq`�v u���¨Ü�©b�c)oqcL}{»(xzu;�Bb0x�¯zc?o��1s-¯lv�u;�;mWs�²Ãb�s5¥zcyb�cLuRo{m(v�u0sR}���cy}>oqs�cMªNt;x�� v��Lc1oq`�cLv�}
x±¥Rcy}{x��Rc§mpv �zuZx��=mpoq}�cyu��zoq`$ryx���oqt�}�cL�,¦lk #~¥zc .
� Ò ��� � Ú ���±ÚÜØ �'���;Õ����OÛ�� ���
( ( ( + Õ±Û±Ú + Õ±Û + 
�å&%���Û�Ø�äOÝOå'×��{Ú����'Ø��{×��=ânå'ç±äæä � ÚÜÕ±Ø�Ý� Ð!å��PØ �PÕ��'� �OÕ±ØZÝPÛ��'� � �{Ú � ×�� � Ý�� � ×±ã'ç � ÝOÕ���� � Ú � �)�WÛMäOå'Û�Ø�ä �)�¶äæØ �Lç � äæØ�Ý$�PÕ��'� �PÕ±Ø �)(�å �±Ø�� � 
�Ø�Ý�ÝPØ��$�OÕ±ØFÝ ��%�Ø �Oä �{×MÝ % � ÝPÝ � å'×

Ûzå�(�Ø�ä�+ > Ø§å&�MÝPØ�ä �)Ø � �OÕ��'� �{Ú %�å'Ý�� �{ÚÜÚ �)Ø�×��±å'äæÝ1ÝOØ�� � � �Oå�� Q*���#%*+§ÏÓ× 
��{ÝPØ�å��!Ø! �
�Ø�Û�� � å'×±ÝqÞ �OÕ±Ø �±Ø�� � 
�Ø�Ý1ÝOÕ±å'ç±Ú �
%�å�� � � �"�PÕ±Ø � ä��Oä �{×±Ý�% � ÝPÝ � å'×�Ûzå�(�Ø�ä �På � (ÃØpÚÜÚ Ù �L×±å�(!×����{ÚÜç±Ø�" �PÕ��'� (ÃØ �±å©×±å��~Û±äæØ�
 � ÝOØ � × �PÕ � ÝWÛ��{ÛzØ�ä$#��{×����'Ø�Ø�Û � �

på'×MÝ�� �{×!� �±ç±ä � ×±ã �'Ø����{ã'äOØ�Ø %�Ø�×!��+

Ñ.Ñ:×,P�Q-R2Q2S



¹�� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

-100

-90

-80

-70

-60

-50

-40

-30

-20

 0  50  100  150  200
M

ea
su

re
d 

si
gn

al
 a

nd
 n

oi
se

 le
ve

ls
 (

dB
m

)
Sample

signal level
noise level

�>v �zt�}�c � .,¾µo�kl��v rLx�� �
	 ' � �4szt�oq��tnoM¨ÄÅ¤uÄo�`�vwm�c)°�x�b���� cz«(o�`�c ��v �
mp�;v�cM� ��oqcL}qb�v u;x��?vwmBmpo�x�oqv szu;xz}qk
��`;v�� c-oq`�c-¼Z}�mpo���¹L�R��m�x�b���� cLm�xz}qcXo�xz¯zcLu�xzu;�,oq`�cLu�v¸o
b�s5¥zcMm1oqs0x�� slrLx5o�v�sRu�o�`;x5o
vwm
r)� sRmqcy}?o�s�oq`�c
mqv �zu;xz�¶� cy¥zcL�<xzu;x�� k7�ycy}�b0xzr{`�v u�cz¨¡_?`�c,�nvwmpo�x�uZr)c�¦Fc)o��1cycLu4oq`;c�o��1sIryxz}���m v m�¥zcL}qkÔ�1cy� �<ryxz�noqt;}qcM�
tZmpv u���mqv��Ru;x���mpoq}�cyu��zoq`0x�uZx�� klmqvwmy¨>¾
� bBsNm�o1x�� ��b�sl��cy}�uB��v }�cy� cLm�m #Woq`;cy}�u�c)o<rLx�}{��mWmqt����Fsz}qo¶�§i�ilÅWx�uZ�
%!v�ultn°¡��v�}�cy� cLm�mXoqslsz�wm�x�}�cB²³}qcLcy� kI�ns5��u�� sRxR��x�¦;��cB¦lkIx�ulk�Å¤uNoqcL}qu;c)o�t;mqcy}M¨,d<szu;mqcLªNt�cLuRo���kR«=�1cBu;s�oqc
o�`;x5oXoq`;c�x5oqo�xRr{¯,o�`;x5o-�1c�ryxz��� ��A�� ��&M6�&(15�F@ �,)
�,< 1��($ � v mXu�szo©szu;��k�x0o�`�cysR}qcyoqvwryxz�!o�`�}qcMx5o���v¸o-ryx�u¡¦Zc
cMxzmqv�� k0b�szt�uNo�cL��¦lk�x�ulk�t;mqcy}���v�oq`�x±¥Rcy}{x��zcXmpknmpoqcLbµx�u;�,��}�sz�R}�xzbBb�v u���mp¯lv ���wmy¨

1.5m

1.5m

Eve

Alice and Bob

0.5 m

�>v �zt�}�c-��.~inr)cLu;x�}�v s;¹

1.5m

1.5m

EveAlice

Bob

�>v �zt�}�c�� .~inr)cLu;x�}�v sN�

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ¹5�

0.5mAlice Bob2m
Eve

�>v �zt�}�c ��.~inr)cLu;x�}�v s �

�

¡c�t;mqc�r)szb�b�sn�nv�o�k���v�}�cy� cLm�m�#~oq`�cL}qu�cyo�ryx�}{��m-x�uZ��oq`;cyk�x�}�cBu�s�o-szb�u�vw�nv }qcMr'oqv szuZx��P¨�_?`NtZmy«
v�uIsz}{�ncy}�o�s�r)sRun²³t;mqc #~¥Rcz«Ã¾
� v ryc x�u;��À1sR¦�b t;mpo
oqt;}qu�o�`�cyv }§�wx���oqsz��v u�}{x�u;�nsRb���k�r{`;x�u��Rv�u;�
�nv }qcMr'oqv szuZm º x5o0x�}�cLxRmpsRu;x�¦�� c�mq�ZcLcL�;»)¨Ä_?`�c���}qsnrycLm�m }�cLªNt�v }qcMm }�cLxRmpsRu;x�¦;��c0c.�FsR}poB²³}qsRb oq`�c
t;mqcy}?x�u;��o�x�¯RcLm<x�}�szt�u;��¹/��mqcLryszu;��m¶²³sz}?x��R}qcLcyv u���t��Fszu�x �R�5£D¦�v¸o?mpcMr)}�c)o¶¯RcykR¨(_?`;cX�ncyo�xzv��wm¶sz²
b�s5¥zcyb�cLuRo
mq�ZcLcL�$x�uZ��v�o�m�c.�FcMr'o
sRu�mqcLryt�}qv�o�k���v ����¦Fc��nvwmqryt;m�mpcM�,�wx5o�cy}M¨

�
¾
� v ryc�x�u;� À1sz¦ b�s5¥zc,oq`�cLv�}��ncL¥lv rycLm�szu;c$xz}qsRt�u;� x�u�szoq`�cL}B��v�oq` xÔ}�cLxzmqszuZx�¦�� c�c.�FsR}poM«<vP¨ c
}�xzu;�nsRbB� k xzu;� x5o�xÄbBsn�ncL}�x�oqc�mq�ZcLcL��¨­_?`�vwm�`�cL���Zm�¾
� vwr)cIxzu;� À<sR¦ oqs4`�vw�ncIoq`�cLv�}�}�cy�wx5£
oqv ¥zc��nvwmpo�x�uZr)c0¦Fc)o��1cycyuÔo�`�cyv } ryxz}��;m�x�u;�Ôx$�ZszoqcLuRo�v xz�~cLx±¥RcLm��n}�sz���Fcy}©oq`;x�o b0x±k�¦Fc0��snryx�oqcM�
x�ulkl��`�cy}�cz¨

Å¤u�m�r)cLu;x�}�v�sZ¹z«��1c§ryszu;mqv ��cy}¶x-�FcLm�mpv b�v mpoqvwr��;xRmqmqv ¥zc
x5oqo�xRr{¯ ��`�cL}qc #~¥Rc(� m~��v }qcL��cMmqm,#Woq`�cL}qu;c)o1rLx�}{�
º oq`�c���`�v�oqc�xz}q}�s5�§»<v m©�nv }qcMr'oq� k�sz}�v�cLuRo�cL��o�s�¾
� v ryc�xzu;��À1sz¦�x�uZ��mpv�oqt;x�oqcM�$szu�� k$��¨ �0bBcyoqcL}�m©x±�1x±kR¨
_?`;v m>x�� ��s5�
m #~¥Rc~oqsXb0x�¯Rc~}qcL� x�oqv ¥zcL��k�xzrLr)t�}{x5o�c¶mqv��Ru;x��N��cL¥zcL�Rb�cLxRmpt;}qcLbBcLuNo�mL¨=Å¤u ��}{xzr)oqvwr)cR«±¾§��vwr)c?x�uZ�
À1sR¦��<sRt�� ����}qsR¦;x�¦;��k�u�s�o�v ryc�o�`�c ��}�cLmqcyuZr)c sz²¶x0o�`�v�}{���Fcy}{mpsRu��nt�}�v�u;��¯zcLk�xz�z}�cycLbBcLuNoL«Ãx�u;��� slsz¯
²³sR}
x�u�szoq`�cL}����wxzr)c-��`�cL}qc�cMx±¥zcMmq�n}�sz�;�ZcL}�m1ryxzu�u�s�o
xz����}�sRxzr{`�oq`�cLb$¨ H
s5�1cy¥Rcy}M«Nv u�mpsRb�c-mqv�oqt;x�oqv szu;m
mqt;r{`Äryszt�uNoqcL}qb�cMxzmqt�}qcMm-b0x±kIu�szo�¦Fc���}{xzr)oqvwryx��P¨�_?`�vwm m�r)cyuZx�}�v�s�x�opoqcLb��no�m�oqs¡rLx��no�t�}�c�oq`�c�ryxzmqcLm
��`;cy}�c¶o�`�c���}�cLmqcyu;ryc<sz²Fx©oq`�v }{� �Fcy}{mpsRu�rLx�u�u�szoW¦Zc�x±¥zsRv ��cL��¨��
s�o�c�x��wmps©oq`;x�o~x�uBcLx±¥zcMmq��}qsR���ZcL}.b0x±k
`Zx±¥zcXv�u;mpo�xz��� cL�,`�vw���ncLu$mqv �zu;xz����cL¥zcy�=ry}qkl�no{x�u;xz��k7�Lcy}{m<x�o§m�o�}�x�oqcy�Rv rLx��F�ZsRv�uNo{my¨~_?`lt;mL«loq`�c�xz¦;mqcyu;rycXsz²
x�o�`�v�}{���ZcL}�mqszu!«��nslcLm�u�szo�u�cLrycLm�mqxz}qv ��k0v b���� k,x0mqcLr)t;}qc-cyul¥lv }qsRu�b�cyuNoL¨(Å¤u�oq`�vwm
m�r)cLu;x�}�v�s�¾
� vwr)c�x�uZ�
À1sNÀ¿}�cLmq�ZcMr'o
o�`�c ¯Rcyk,xz�z}�cycLbBcLuNo
}qcMªRt;v�}�cyb�cyuNo{my«�`;cyu;ryc�oq`;c�¯zcLk,��v ���.¦ZcBmpcMr)t�}�c�xzm§�<c���v � �>mq`�s5�
¦Fcy� s5��¨
Å¤u�m�r)cyuZx�}�v�sl� º �.v �zt;}qc��z»)«��1c-��cyb�szu;mpoq}{x5o�c�x�u�v�u;xz����}�sz��}�vwx5oqcXt;m�x��Rc©sz²>sRt�}���}�s�oqsnrysz�Foq`;x�o
�<c

�1szt;� �I��v ¯zcBoqs$�nvwmqxR�n¥lv mqcz¨�Å¤uÔoq`�vwm�mqrycyu;xz}qv s,¾§��vwr)c0xzu;�¡À1sR¦¡x�}�cBu�s�o�r)� sRmqc�oqs$cLxRr{`Is�o�`�cy}M¨�_?`;cyk
¦Fs�o�`$bBs5¥Rc§o�`�cyv }
�wx��no�sz��}�xzu;�nsRbB� k0v u�cL¥zcL}qk0�FsRm�mpv ¦�� c��nv�}�cLr)oqv szu;mL«n¦�tno�o�`�cyk�x�}�c�x�� �1x±knm¶²æx�}?²³}�szb
cMxzr{`�szoq`�cL}Xxzu;�$oq`;cyv }©� snryx5o�v�sRu��nslcLm©u�s�o-r{`;x�u;�zc �nt;}qv u���¯Rcyk$x��R}qcLcyb�cyuNoL¨�#~¥zc���}qsz¼�o�m§²³}�szb:oq`�c
��v mpo�xzu;r)c1¦Zcyo��<cLcyu�¾
� v ryc�x�u;�BÀ1sz¦=«zxzu;� ��v�}�cLr)o�m(`�cL}(rLx�}{��o�s-¾§��vwr)cR¨Wd<sRu;mqcLªNt�cyuNo���kR«�¾
� v ryc(� m(�;xzr{¯Rc)o�m
xz}qcX}�cLr)cLv�¥RcL��x5o
xB`�v �z`�cL}
mpv �zu;xz����cL¥zcL�Ãoq`;xzu,o�`;x5o�sz²(À1sz¦!«n}qcLu;�ncy}�v u�� o�`�c�mqcLr)}�c)o�¯Rcyk��1cLxz¯F¨
_?`�cÔmqrycyu;xz}qv s � º �.v �zt;}qc �N»�vwm�cy¥Rcyu � cLm�m�mqcLryt�}qc�xzu;� ¼;}�b���k �nvwmqxR�n¥lv mqcL�=¨­¾§��vwr)c¡v m��4oqv b�cLm

ry��sNmpcL} o�s #~¥zc�oq`Zx�u À<sR¦=¨ #~¥zc$vwm���snryx�oqcM��¦Fc)o��1cycLu�o�`�c�o��<s¡oqcL}qb�v u;x��wm0x�u;� ��}�s�¼�o{m�²³}qsRb
oq`�c
mqv�oqt;x�oqv szuI¦lkI��v�}�cLr)oqv u��,`;cy}���v }qcL��cMmqm'#Woq`;cy}�u�c)o rLx�}{��oqs�¾§��vwr)cR¨�¾
��oqsRt��z`Æ¾
� vwr)c0x�u;�ÔÀ1sz¦�� m-ryxz}���m
xz}qc-�Fcy}q²³cLr)oq� k�o�t�}qu;cL��v�u�}{x�uZ�nszb:�nv�}�cLr)oqv szu;mL«�#~¥Rc�ryxzu�cMxzmqv�� k,��v��ÃcyuNoqvwx5o�c�¦Zcyo��<cLcyu$o�`�cyv }
�;xRr{¯zc)o{my¨
¾©m�x0r)sRu;mpcMªNt�cyu;rycz«Noq`;c�¯zcyk���v�� �=¦Fc�c)°loq}�cyb�cy� k��1cLxz¯F¨

Ñ.Ñ:×,P�Q-R2Q2S



¹M� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

����� �0�� +��
����B� � 
�� #���� �%�
_?`;v m�mqcLr)oqv szu���}qs5¥lvw�ncLm1x�mpcMr)t�}�v�o�k�x�u;xz��knmqv m1s�²>szt�}?¯RcykN£Pcy°�r{`;x�u��Rc§��}�s�o�snr)sz�Ãv u�o�`�c�mqc)opo�v�u;�Rm1s�²>oq`�c
o�`�}�cyc m�r)cLu;x�}�v�v!��}qcMmpcLuNoqcL����}�cy¥lv szt;mq� kz¨�
¡c ¼;}�mpo§��}�cLmqcyuNo�o�`�c�o�sNsR� m�oq`;x�o©�1c�t;mpc�²³sz}§sRt�}§xzu;x�� knmpvwmy¨

Ôc�o�`�cyu�xz����� k o�`�cLmqc
o�slsz�wm(oqsB�ncyb�szuZm�o�}�x�oqc?oq`;c©mqcLr)}�t�}�v¸o�k�sz}~v u;mqcLryt�}qv�o�kBs�²�szt�}¶��}qsR�ZsNmqxz�;x��Nx�v u;mpo
x�opo{xzr{¯zcL}�m¶oq`Zx5o
t;mqc-�Zs5�1cy}�sR}<o�v�b�v u���x�uZx�� klmqvwmy¨

��������� 0·È � � Ì Í Ì�� � E ��1 É ��Bæ�
_?`;c mpcMr)t�}�v�o�k�s�²(o�`�c ��}�sz�FsRmqcL�$m�r{`�cyb�c�xz���ZcMx�}{m?oqs�¦Zc�¥zcy}�k�mqv�b�v � xz}
o�s0oq`�c�mpcMr)t�}�v¸o�k,s�²~mqklmpoqcLb0my«
mqt;r{`ÄxRm mqb�xz}poBryx�}{��mL«>xz�Rxzv�u;mpo��Fs5�<cL} x�u;�4oqv bBv u��Ixzu;x�� knmpvwm �Ü�� D¨ 
Ôc�oq`;cy}�c)²³sz}�c0��}�sz�FsRmqc0oqsIt;mpc
mqv bBv �wx�}
mqcLr)t;}qv�o�k�x�}��zt�b�cLuRo{my¨
ÅD²;�Rv�¥Rcyu�o��1s§�Zx�}qoqv cLm!¬ x�uZ��®\xzu;�-o��1s©rysz� ��cMr'oqv szu s�²;m�x�b���� cLm�� ($xzu;��� *�o�`;x5o>oq`;cyk�cyb0xzu;x5o�c

��t�}qv u��§oq`�c?¯zcLk-c)°�r{`;x�u;�zc º � rLx�u��Fs5�<cL}.sR}!o�v�b�v u��-v�u�²³sz}�b�x�oqv szuZ»)«±oq`�c1��}�sz�FsRmqcL��m�r{`�cLbBc1vwm>mqcLryt�}�c
º vO¨ cz¨W� cLxz¯5x��zcy£Pv b�b t�u;cM»¶v¸²>oq`�c�¥5xz}qvwx�¦�� cLm�� (Äxzu;��� * xz}qc�mpo�x�oqvwm�o�v rLx�� ��k�v u;�nvwmpoqv u��zt�vwmq`;x�¦�� cz¨
_?`�c$v uNoqt�v�oqv szu ¦Fcy`�v u;� oq`�vwm0�ncy¼;u�v�oqv szu v mBo�`;x5o0v�²©o�`�c�o��<sÆ¥5x�}�v xz¦�� cLmBx�}�c,v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz«

o�`�cy}�c�vwmpu�� o§x�ulk�xz���Rsz}�v¸o�`�bÂo�`;x5o§xzu$x�opo{xzr{¯zcL}�r)szt;� ���Fs�oqcLuNoqvwx�� ��k�tZmpc-o�s��nv��Ãcy}�cyuNo�v x�oqc-oq`;c��;xzr{¯Rc)o�m
sz²?¬½²³}�szb7oq`�sNmpc0sz²?®�¨,_?`�vwm��ncy¼;u�v�oqv szu4vwm���}�sz¦;xz¦�� k�s5¥zcL}q� k�ryxztnoqv szt;mL«!¦FcLrLx�t;mqc�v�u4�;}�xRr'oqvwr)c0xzu
x�opo{xzr{¯zcL}¶�ns�u�s�o1`;x±¥zc
xRryr)cMmqm~oqs�� ( xzu;�	� * mqcy�;xz}�x�oqcL��k�¦�tno?}�x�oq`�cL}¶�zcyo�m<x�u�xz�z�z}�cy�Nx5o�cL��¥Nv cy� sz²
¦Fs�o�`,sz²!o�`�cyb$¨ H§s5�<cL¥zcy}M«Nv¸o
mqcycyb0m��nv���r)t���o�oqs0ryszb�c-t��,��v�oq`�x���cMmqm�mpoq}�v u��zcLuRo��ncy¼;u�v�oqv szu�oq`;x�o�v m
mpoqv � �=��}{xzr'o�v rLx��P¨

#~¥5xz��t;x�oqv u���o�`�c�v�u;��v mpoqv u��zt;v mq`;x�¦;v�� v¸o�kÔ��}�sz�Fcy}qoqv cLm s�²�o��1sImpcyo�m�s�²§m�x�b���� cLm
� x�u;��� ryxzuÄ¦Zc
�Fcy}q²³sz}�b�cL��t;mqv�u���mqv��Ru�v�¼ZryxzuRo(o�cLmpo�mWv u0m�o{x5oqvwmpoqvwrymL¨ 
 v ¥zcLu o��1s�mpcMªRt;cyu;rycLm(s�²�m�x�b���� cLmL«zx-mpv �zu�v�¼ZrLx�u;ryc
o�cLmpo<}�c)o�t�}quZm~o�`�c§��}�sz¦Zx�¦�v ��v�o�k	
�o�`;x5o�x�u�sz¦;mqcy}�¥zcM�0�nv��Ãcy}�cyuZr)c§v u�mqszb�c
²³cMx5o�t�}qcMmpsz²��7x�u;���9r)sRt��w�
}�vwmpc�¦lk�r{`;x�uZr)c$xzm�mpt�b�v u��¡oq`;x�oBo�`;x5o	�jx�u;��� �<cL}qc��zcLu�cy}{x5o�cL�Ä¦lk4o�`�c�mqxzb�c�mqszt�}{r)cR¨�ÅD²Xoq`�c
}�cLmqt���oqv u��$��}�sz¦;xz¦�v�� v�o�k�v m mpb0x�� � º o�kN�;v rLx�� ��k¡��cMmqm-o�`;x�u 1�� �Ü�� Ó»)«!o�`�cyuÆo�`�c��nv��Ãcy}�cyu;ryc0¦Zcyo��<cLcyuÔoq`�c
o��1s�mqcLªNt�cLu;r)cMm¶vwm<u�s�o��nt�c©oqsBr{`;x�u;ryc§¦�t�o1}{x5o�`�cy}1¦ZcMryxzt;mpc§oq`�c©o��1s�mqcLªNt�cyuZr)cLm<�1cy}�c§�zcLu�cy}{x5o�cL��¦lk
o��1s��nv��FcL}qcLuRo¶mqszt;}�rycLmL¨!Å¤uBoq`�vwm~rLxzmqcz«5o�`�c
mpcMªNt�cyu;rycLm~xz}qc?u�szoWv�u;��v mpoqv u��zt;v mq`;x�¦;��cR¨.ÅD²Ãoq`;c�}qcMmpt���oqv u���

vwm1� xz}q�Rcy}<oq`;xzu 1�� oq`�cLu�o�`�c©o��<s�mpcMªNt�cyu;rycLm?x�}�c ��A�� �($���< 1 v u;�nvwmpoqv u��zt�vwmq`;x�¦�� cz¨WÅ¤u�²æxzr)oL«nv�o?b�v �z`No�¦Zc
b�vwmp� cLxR�nv u��
x5o=o�`�vwm!�Fszv uNo=oqs§ryszu;ry��tZ�ncWoq`Zx5o!o�`�c~o��1s
mqcLªNt�cyuZr)cLm!x�}�c¶m�o{x5o�v mpoqvwryxz��� k§v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz«
¦FcLrLx�t;mqc�²³t;}po�`�cy}�oqcMm�o�v�u��Ôb�v��R`No�}�cy¥zcMx��?x��Rcyult�v u�c,�nv��Ãcy}�cyu;rycz¨ H
s5�1cy¥Rcy}M«.¦lk4c)°ncMr)tno�v�u��ÔmpcL¥zcL}�xz�
��v��Ãcy}�cyuNo�mpv �zu�v�¼ZrLx�uNo,o�cLmpo�m�szu oq`�c4mqcLªNt�cLu;r)cMmy«©szu�c¡bBv �z`No��zcyo�}�cLxRmpsRu;x�¦;��c�cL¥lv �ncLu;r)c¡oq`Zx5o$oq`�c
mqcLªNt�cLu;r)cMm�xz}qc�v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz¨·Å¤u ��}�xRr'o�v rycz«�7 � �nv��Ãcy}�cyuNo,oqcLmpo�m,mp`;szt��w� ¦Fc¡x��;����v cL� ¦Fc)²³sR}qc
ryszu;mqvw�ncy}1oq`;c�mpcMªRt;cyu;rycLm?�FsRm�mpv ¦�� k�v�uZ�nv mpoqv u��Rt�v mq`;xz¦���cR¨
Å¤u�oq`;v m��Zx��Fcy}M«��<c�xRryr)cMmqm<o�`�c mqcLr)t;}qv�o�k0s�²(szt�}
m�r{`�cLbBc-t;mqv u���o��<s�sz²!oq`;c�bBsNm�o
�Fsz�;t�� xz}?oqcMm�o{my«

uZx�b�cy� k�o�`�c >,$ �(@ �,)
65�MA�� �M�-�%)�� � A 	��-xzu;�,oq`�c � � � A � &O�,) ���8�
A 	�� � �, D¨ 
Ôc�t;mqc�oq`;cLmqc-oqslsz�wm?oqs
xzu;x�� knmpc�oq`�c0�nv��FcL}qcLu;r)c�s�²¶�Fs5�1cy}-mpv �zu;xz� m º �Fs5�<cL}Xxzu;x�� knmpvwm{»
x�uZ��s�²~o�v�b�v u���v�un²³sR}qb0x�oqv szu º oqv bBv u��
xzu;x�� knmpvwm{»~b�szu;v¸o�sz}�cL�,¦Nk�oq`�c�x�opo�xRr{¯zcL}1v u�oq`�c-o�`�}�cyc�mqrycyu;xz}qv sRm?�ncMmqry}qv ¦FcL�,��}qcL¥lv�sRt;mp� kz¨

��������� � B G E ��1 	 ÌlË È ��� E ��1 É ��Bæ�
¾©m<��cLm�r)}�v�¦FcL�0�;}qcL¥Nv sztZmp� kz«Nx�u�x�opo�xRr{¯zcL}<r)sRt��w��t;mpc§oq`�cX}�cLr)cL�noqv szu0�Fs5�1cy}¶sz²=oq`;c§�;xRr{¯zc)o{m~v�o<}�cLrycyv ¥zcLm
o�sÄ�nv��FcL}qcLuRo�v x�oqc$o�`�c��;xzr{¯Rc)o{m0mpcLuRo�¦lk ¬:²³}qsRb oq`;sRmqc�mpcLuRo�¦lk ®�¨´e©¦l¥lv�sRt;mq��kR«<v�²©o�`�cIx�opo�xRr{¯zcL}

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ¹  

}�cLrycyv ¥zcMm¶¾ � m1�;xzr{¯Rc)o{m~��v�oq`,x b t;r{`,� xz}q�Rcy} º sz}1��s5�1cy}'»W�Fs5�1cy}M«zv�o�rLx�u�cMxzmqv�� k�v ��cyuNoqv�²³k�oq`�c-mqszt�}{r)c
sz²
cMxzr{`��;xzr{¯Rc)o�x�u;�,szt;}�¯zcyk�c)°�r{`;x�u;�zcX��}qszoqsnr)sR�Ã¦ZcMr)szb�cMm�v�uZmpcMr)t�}�cz¨
Å¤u oq`;v m0mqcLr)oqv szu �<c�x�uZx�� klmqc,oq`�c�mqv��Ru;x��?�Fs5�<cL}�s�²©�Zxzr{¯zcyo�m�mqcyuNo0¦Nk ¾�x�u;� ÀÂv u o�`�c�oq`�}�cyc

m�r)cLu;x�}�v v©��}�cLmqcyuNo�cL� ��}�cy¥lv szt;mq� kz¨ +§t;}qv u�� x�u¿�;xzv�}�v u��;«©cLxzr{`¿oqcy}�b�v�uZx��-mpcLuRo��z���;xzr{¯Rc)o{my¨ #¶xRr{`
�Zxzr{¯zcyoBvwmB}qcMr)cLv�¥RcL�Ä¦lkÆo�`�c�x5oqo�xzr{¯Rcy}���v¸o�` xÔr)cL}po{x�v u��Fs5�<cL}L¨ 
¡c��ncLu�s�o�c # ( o�`�c�mpcMªNt�cyu;ryc,sz²
o�`�c��z��¥5x�� t�cLm�oq`;x�o?}�cy�;}qcMmpcLuRo?o�`�c�}qcMr)cL�noqv szu��Zs5�1cy}?sz².o�`�c��z���;xzr{¯Rc)o{m�mpcLuRo�¦lk�¾ ¨Zilv bBv �wx�}���kR« # *
��c)¼;u�cMm©oq`�c0mqcLªNt�cyuZr)c sz²¶o�`�cB�R��¥5x�� t�cMm§o�`;x5o�}�cy��}�cLmqcyuNo©oq`�cB}qcMr)cL�noqv szu¡�Zs5�1cy}Xs�²~o�`�c0�z���;xzr{¯Rc)o�m
mqcyuNo�¦lk�ÀX¨;_?`�c�mqcLªNt�cLu;r)c�# ( x�uZ� # * ²³sz}?o�`�c�x�¦Fs5¥zc©oq`�}�cyc�m�r)cLu;x�}�v vÃxz}qc��nvwmq��� x±kRcL��v�u �>v��Rt�}�c��n¨

�
� � È7E �n�,B Ì � � �1c�sz¦;mqcy}�¥zc oq`;x�oXo�`�c��Zs5�1cy}{mX¾
� v ryc�xzu;�ÔÀ<sR¦�� m©�Zxzr{¯zcyo�m-x�}�c b�v�°ncL�Ôx�u;�¡u�s�o
cLxRmpv ��k��nvwm�o�v�u��Rt�vwmp`;xz¦�� c�¦lk #~¥Rc º o�`�c�}�cLxz��cy}
b0x±k�v b0x��Rv�u�c-o�`;x5o'#~¥zc � m§¥Nvwmqv�sRu�`Zxzm�sRu���k,szu�c
r)sR��sR}0}qcL�Rx�}{�n� cLm�m sz²©o�`�c�mqcyu;�ncL}�� m�Å +-»'¨<_?`;c�szu�� kÄv un²³sz}�b0x5oqv szu x±¥5x�v � xz¦�� c,o�s #~¥zc$��v ���©¦Zc
oq`�c�xz¦;mpsR��t�oqcX¥±xz��t;c©sz².mpv �zuZx��F��cL¥zcy���nv��Ãcy}�cyu;ryc©¦Fc)o��1cycLu�o��1s �;xRr{¯zcyo�m1ryx���oqt�}�cL�,�nt�}�v�u��BcLxRr{`
}qsRt�u;� º ¹ �;xRr{¯zc)o�²³}�szb ¾
� vwr)cz«(¹��Zxzr{¯zcyo�²³}qsRb�À<sR¦Z»'¨�Å¤u �.v �zt;}qc ���<c��;}qs5¥lvw�nc�x�²³}�cLªNt�cyuZr)k
�nvwx��z}{x�bÂsz²!o�`�cLmqc�mpv �zu;xz�Ã��cL¥zcy���nv��Ãcy}�cyu;rycLmL¨WÅDo�mq`�sRt�� �,¦FcXu;s�oqcM��o�`;x5oM«���`�cLu,��� s�oqoqv u��Boq`�cMmpc
`�vwm�o�sz�z}{x�b0m?�1c-`;x±¥zc-��}�s�¼�o�cL�,²³}�szb xR���nv�oqv szu;xz��v�u�²³sz}�b�x�oqv szu�oq`Zx5o
vwm�u�s�o§x±¥5xzv��wx�¦�� cXoqs #~¥Rc�.
oq`�c<mpv �zu�sz²Ro�`�c~sz¦ZmpcL}q¥RcL�-�nv��FcL}qcLu;r)cMm º vP¨ cR¨ º�� »Ã��`�cyu�¾§��vwr)c � m!�;xzr{¯Rc)o�vwm=}�cLr)cLv�¥RcL�X��v�oq`��z}�cLx�oqcL}
mpv �zuZx��;� cy¥Rcy�;oq`;xzu0oq`;x�o<sz²!À<sR¦=«lx�u;� º £¤»~s�o�`�cy}���v mqcM»)¨>_?`;cLmqc
`�vwm�o�sz�z}{x�b0mW�1cy}�c
��� s�oqoqcM�0t;mqv�u��
¹L�R�z��}qsRt�u;�Æcy°l�Fcy}�v bBcLuNo�m�v u4sz}{�ncy}�oqs���}�s5¥lv �nc�xRryryt�}�x�oqc�}�cLmqt��¸o{m�o�`;x5o�rysz}�}qcMmp�FszuZ��o�s�oq`�c
x±¥zcL}�xz�zc rLxzmqc º ²³sR}�x��Rv�¥RcyuIm�r)cLu;x�}�v�sl»'¨ �
szoqc�x��wmps�oq`;x�oL«�²³sR}©sRt�}���x5o{x�rysz� ��cMr'oqv szu¡��t�}��ZsNmpcMmy«
¾
� v ryc�x�u;��À1sR¦��Fcy}q²³sz}�bBcM��oq`;cX}�cLªNt�v }�cL�0�wx��no�sz��b�s5¥Rcyb�cyuNo�m¶²³sz}?x�b t;r{`,��sRu��zcL}~oqv b�cXoq`;xzu
u�cycM�ncL�$v u���}{xzr)oqvwr)c�. � � 9��BbBv ultnoqcMm�²³sR}
cLxRr{`�cy°n�ZcL}qv b�cyuNo º v u�szt;}
c)°n�Fcy}�v�b�cyuNo{m
¾
� v ryc x�uZ�
À1sz¦��Rcyu�cL}�x�oqcL�I��¨Ü���;xzr{¯Rc)o{m§�Fcy}-mpcMr)sRu;��«�xzm©�<c���v�� �(c)°n���wx�v u��wx5oqcL}{»)¨X_?`;c�`�vwmpoqsz�R}�xzbµo�`;x5o
r)sR}q}�cLmq�ZsRu;��m<oqs0m�r)cLu;x�}�v�sZ¹©vwm�r)cLuNoqcy}�cL�,szu �X��x�u;��}�szt��R`�� k�mpklb�b�c)oq}�vwr�¨

¡c�²³t�}qoq`;cy}�bBsR}qc�c)°ncMr)tno�cL��oq`�c�� ( � xzu;� � (

/
oqcMm�o{m�szu mpcMªRt;cyu;rycLm # ( x�u;� # * ¨ _?`�c

}qcMmpt;�¸o{m<xz}qc§mqt�b�b0x�}�v��LcL��v u,_>x�¦�� c�¹R¨(_?`;c§¥5x�� t�cLm<v u0oq`�vwm<o�xz¦���c©v�uZ�nv rLx5o�c
oq`;c§��}�sz¦;xz¦�v ��v�o�k 
<¨
_?`�c�¥5x�� t�cMm�v�u�¦;}�xRr{¯zc)o{m?v�uZ�nv rLx5o�c�oq`�c ¥±xz��t;c4:L¨?¾
�;�ZcLu;�nv�°�¾9�nc)o{x�v � m�`;s5� o�`�cLmqc�¥5x�� t�cLm§x�}�c
r)sRbB�;tnoqcM�-��v¸o�`�oq`�c�� ( � mpv �zu�v�¼ZrLx�u;ryc(oqcLmpoL¨�+§cyo�xzv��wm=sRu�`�s5�Io�s§r)sRb���tnoqc~oq`�cMmpc~�Zx�}{x�b�c)o�cy}{m
²³sz}?o�`�c � (

/
o�cLmpo
ryx�u$¦Fc-²³szt�uZ��v u��	�Z¨

_?`�c1��}qsR¦;x�¦;v�� v¸o�v�cMm 
�ryszb���tno�cL����v¸o�` ¦Fs�o�` o�cLmpo�m>v�u#� -0/ 1<xz}qc<b t;r{`�� xz}q�Rcy}!oq`;xzu 1 ��¨(_?`�cy}�c)£
²³sz}�cz«Foq`;c sz¦ZmpcL}q¥RcL���nv��FcL}qcLu;r)c�¦Zcyo��<cLcyu�o�`�c�o��<s�mpcMªRt;cyu;rycLm
vwm )FA,@ �($=*�)�$ 
 65�%)�@ x�uZ��ryxzu�¦Zc
x5oqoq}�v�¦�t�oqcL��o�s�r{`;x�uZr)cz¨1f�sz}�cXoqcMm�o{m§x�}�c�xzr)oqt;xz��� k�}�cLªNt�v }qcM��o�s��ncyb�sRu;m�o�}�x�oqc-o�`;x5o�o�`�cLmqc�o��1s
mpcMªNt�cyu;rycLm(x�}�c<mpo�x�oqvwm�o�v rLx�� ��k-v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz¨ H
s5�1cy¥Rcy}M«yo�`�c?}qcMmpt���o�m.s�²;oq`�cMmpc<o��<s©oqcMm�o{m(x�}�c
ªNt�v¸o�c���}�szb�vwmpv u���x�u;���1c�ryx�u���}�sz¦;xz¦�� k�r)sRu5��cLr)oqt�}�cXoq`;x�o©¾
� v ryc�x�u;�$À1sz¦�� m?�;xRr{¯zcyo�m?ryxzu�u�s�o
¦Zc���v mpoqv u��zt;v mq`�cL��t;mqv u��0mpv �zu;xz�=m�o�}qcLu���o�`�xzu;x�� knmpvwmL¨

_>x�¦;��c�¹�.¶inv��Ru�v¸¼Fryx�uZr)cXoqcMm�o{m1²³sz}�|(s5�<cL}�¾
u;xz��knmqv m
	 
�Ø�� 	 
�Ø�� 	 
�Ø�


 � Ý�� �{×�
�ØWå�� %�Ø��{×±Ý ��� ��������� ����� ��� ������� ������� ��� ���� ���� �����
	 ç�% å��;ä��{×��LÝ ��� !��"������������� ��� ������� �� �� ��� ���#�����

Ñ.Ñ:×,P�Q-R2Q2S



�z� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

�
� � È7E �n�,B Ì � � Å¤u4��}{xzr)oqvwr)cz«.oq`;c�}qcMmpt;�¸o{m�� sNsR¯¡m�x5o�v mp²æxzr)oqsz}�k�v uÄmqrycyu;xz}qv sN��¨,_?`�cL}qc0vwm�u;s��<cL���
�nc)¼Zu�cL� oqcMr{`�u�vwªNt�c º x5o0� cLxRm�o�oqsÆsRt�}�¯Nu;s5����cM�n�zc$x5o�oqv b�c$s�²©��}�v�oqv u��N» oq`Zx5o���v ���
xz��� s5�Âoqs
r)� cLxz}q� kI�nvwm�o�v�u;�zt�vwmp`Æ¾
� vwr)c(� m�x�uZ�¡À1sz¦�� m-�;xRr{¯zcyo�mL¨��§s�oqcB²³sR}�c)°�x�b���� cBoq`;x�oL«.xz¦Zs5¥Rc o�`�c0� v�u�c
£¤�z�z��À1b9xz���n�Zxzr{¯zcyo�mWxz}qc?¾
� v ryc(� mW�;xRr{¯zc)o{my¨(ilv bBv �wx�}���kR«�¦ZcL��s5��oq`�c�� v u�c?£ � ����À1b$«��1c?`;x±¥zc1szu�� k
À1sz¦�� m?�;xzr{¯Rc)o{my¨ H
s5�1cy¥Rcy}M«Rt;u���v ¯zc-o�`�c�}�cLxz��cy}M«Ro�`�vwm�v�u�²³sz}�b�x�oqv szu,v m�u;s�o
��}�s5¥lv �ncM�0o�s�#¶¥zcz¨
e©u�o�`�c-s�oq`;cy}1`;x�u;�=«loq`�cX}qcMmpt;�¸o�v�u��B¯zcLk�v m?r)� cLxz}q� k�v�uZmpcMr)t�}�c©v u�o�`�cysR}qkR¨W¾§m?mp`;s5��u�v�u	�>v��Rt�}�c
�M£D¦�oq`�c�mqv��Ru;x���� cy¥Rcy�=�nv��Ãcy}�cyu;rycLm�x�}�c-v�b��Fsz}qo�xzuRo�.(oq`�c�`;v mpoqsR�z}{x�b vwm�r)cLuRo�cy}�cL�$x5o©�n¨ � ���;À<b$¨
¾
��oq`�sRt��z` v�o�vwm�t�u�¯lu�s5��u oqsÄoq`�c�x�opo�xRr{¯zcL}L«¶oq`�vwm��nv��Ãcy}�cyu;ryc�v m�ryszu;mqvw�ncy}{x�¦�� c º b0x�¯lv u��4t;m
t�u;ryszbB²³sz}qo�xz¦���c±»�x�u;� }�c �;cMr'o{m0¥zcL}qkÄ�1cy� ��o�`�c�²æxzr)o0oq`;x�o #~¥zc � m���v�}�cy� cLm�m #Wo�`�cy}�u�c)o�ryx�}{� v m
�nv }qcMr'oqcM��o�s�¾
� v rycz¨ ��t�oq`�cL}qb�sz}�c0xzm-mq`�s5��u¡v u¡o�x�¦;��c�¹R«�oq`�c���}�sz¦Zx�¦�� v¸o�k 
 v m�mqb0x�� ��cL}Xoq`;xzu
1 �Âv�u ' -0/>7n«nx�uZ��o�`�cy}�c)²³sR}qc©oq`;c�mpcMªRt;cyu;rycLm�# (�x�uZ� # * x�}�c �-$=*�)�$ 
 6-�,)�@8< 1 �nv��FcL}qcLuRoM¨
Å¤u0r)szuZr)� t;mpv szu!«5cy¥zcLuNoq`�sRt��z`��<c?r)sRt�� ��u�szo(�;}qsR�ZsNmpc?x�ulk���}{xzr)oqvwryx��nx�opo�xRr{¯nmy«5�1c�mp`�s5�1cL��mpsRb�c
cy¥lvw�ncyu;ryc~o�`;x5o>¦Zszoq` mqcLªNt�cLu;r)cMm=x�}�c¶�nv��FcL}qcLu;r)cR¨ 
Ôc~o�`�cy}�c)²³sR}qc¶��v m�xz�n¥lvwmpc(o�`�c~o�kl�Fc¶sz²;mqrycyu;xz}qv s
��`�cy}�c�¾
� v ryc�x�u;�$À1sz¦$x�}�c
� u�szo��;ry��sNmpcXo�sBcMxzr{`�s�o�`�cy}M¨

�
� � È7E �n�,B Ì � � Å¤uÄo�`�c,¼;u;x���m�r)cLu;x�}�v�sZ«(oq`�c$mqv¸o�t;x5o�v�sRu�vwmBry��cMx�}���kÆ�1sz}{mpcR¨Ô_?`;c,}�cLmqt���oqv u��¡¯Rcyk
v mXu�szo�szu�� k � o�`�cysR}qcyoqvwryxz��� k �Z¦�}�cLxz¯5x�¦�� c�xRmXmq`�s5��u�¦lk$o�`�cB²³}qcMªRt;cyu;ryk$��v xz�z}{x�b º rycyuNoqcL}qcM�Ix5o
¹y�Z¨  N�0��À1b�»'«Ã¦�tno�x��wmps�¦�}qcMx�¯5x�¦;��c�v�u��;}�xRr'oqvwr)cR¨ �>v �zt�}�cB�±£Dr }qcL¥zcLxz� m
��`;x5o-�<cBryxz���>x-�p¦�}qcMx�¯
�ZsRv�uNo/�B��`�vwr{`Ivwm�mpv�oqtZx5oqcM�¡xz}qsRt�u;�$£D�;¹M��À1b$¨�_?`�cL}qcBv m-x�¥lv mqv ¦���cB�Rxz�¡x�oXo�`;x5o��Fszv uNo-��`;cy}�c
¾
� v ryc§x�uZ�BÀ1sR¦�� m(�Zxzr{¯zcyo�mWxz}qc�r)� cLxz}q� k mqcy�;xz}�x�oqcM��¨!_?`�c
}�cLmqt���o�m(sz²Zo�`�c§mqv��Ru�v¸¼Fryx�uZr)c1oqcMm�o¶mq`�s5�
r)� cLxz}q� k�o�`;x5oB¦Zszoq`ÄmqcLªNt�cyuZr)cLm #I(­x�uZ� #I* x�}�c�mpv �zu�v�¼ZrLx�uNoq� k¡�nv��Ãcy}�cyu;rycz¨�_?`�c���}�s�o�snr)sz�¶v m
sz¦l¥lv�sRt;mq��k0v u;mqcLr)t;}qc-v u,o�`�c�mqc)opo�v�u;�Rm?s�²>oq`;v m
m�r)cLu;x�}�v s;¨

������� � � B �;B E GÔ� E ��1 É ��Bæ�
¾§u�s�o�`�cy}�x�opo�xRr{¯�oq`Zx5o #~¥zc0rLx�uIb�sRt�uNo-vwm-��`;x�o-�1c0ryxz���Wx @ $'� $')+* �,)
�,< 1��($ � x5oqo�xzr{¯Ã¨B_?`�c0x5opo{xzr{¯
ryszu;mqvwm�o{m<sz².b�cLxRmpt;}qv u���oq`�cXoqv b�c�v�uNo�cy}�¥±xz�Ã¦Zcyo��<cLcyu�cLxzr{`$r)sRu;mqcLr)t�oqv ¥zcX�;xzr{¯Rc)oL¨(_?`lt;mL«�ryx�}�c-mp`�sRt��w�
¦Fc?o�xz¯zcLuB�nt;}qv u��Xoq`�c��;}qszoqsnr)sR�l��cLmqv��Ru���`Zxzmqc1v u�sz}{�ncy}>o�s-x±¥Rszvw��o�v�b�v u��
�Zx±�
mWx�uZ��m�x5o�v mp²³k�oq`;c?oqcybB£
�Fsz}{x��!v�u;��v mpoqv u��zt;v mq`;x�¦;v�� v¸o�k,}qcMªNt�v�}�cyb�cLuRo§��cLm�r)}�v�¦FcL�$v uIilcLr)oqv szu � ¨ ��¨ 
 `�v � c�oq`�vwm©v m�cMmqmqcyuNo�v xz��� k,xzu
v b���� cyb�cyuNo�x�oqv szu�vwm�mpt�cR«lv¸o1`;xzm<¦ZcMx�}�v�u;�Rm~sRu0oq`;c§o�`�cysR}qcyoqvwr§mqcLr)t;}qv�o�k�s�²�oq`;c©��}�s�o�snr)sz�Fx�u;�0oq`�cL}qcy²³sz}�c
v u�oq`�vwm�mqcLr'o�v�sRu$�<c��nvwmqryt;m�m1oq`�vwm���}�sz¦�� cyb x�u;���ncLm�r)}�v ¦Zc�mqsz� tnoqv szu;mL¨
Å¤u�sR}��ncL}�oqs©�nc)²³cMx5o=o�v�b�v u��§r)}�kl�no�xzu;x�� knmpvwm�x5oqo�xRr{¯lmL«±¾
� v ryc º xzu;��À1sz¦Z»�rLx�u�v u;mqcy}qo!x�}�xzu;�nsRb\�ncL� x±k

¦Fc)o��1cycLu�cLxRr{`0s�²!sRu�c
`�cL}1ryszu;mqcLrytnoqv ¥zc©�;xzr{¯Rc)o{my¨.Å¤u�oq`;v m1ryxRmpcR«NxRmqmqt�b�v�u;��x��RsNsn�0}{x�uZ�nszb½ult�b ¦Fcy}
�Rcyu�cL}�x�oqsR}��z«�#~¥zc�ryszt��w�,u�s�o§�nvwmpoqv u��zt�vwmq`�o�`�c�mpsRt�}{r)cXs�²(cLxzr{`��;xRr{¯zc)o?t;mqv�u;��o�v�b�v u���x�uZx�� klmqvwmy¨
¾§u�s�o�`�cy}~xz�¸o�cy}�u;x5o�v�¥Rc~oq`Zx5o~mqx�oqvwm�¼ZcLm.oq`�c1o�cyb��ZsR}�xz�nv�uZ�nv mpoqv u��Rt�v mq`;xz¦�v�� v�o�k���}qsR�ZcL}po�k�vwm>v�� � t;m�o�}�x�oqcM�

v u �>v��Rt�}�c  �¨�_?`�vwm§xz���Rsz}�v¸o�`�b:xz��� s5�
m1oq`;c �;xRr{¯zc)o{m?oqs�¦Zc oq}{x�u;mqb�v¸oqoqcL��x�o©x�ryszu;mpo�xzuRo
}{x5o�cz«;²æxzr)v � v¸£
o{x5o�v�u��-o�`�c
t;mqcy}¶bBs5¥Rcyb�cyuNo{m º o�s�mqx�oqvwm�²³k�oq`�c©mp�;x�oqvwx���v u;�nvwmpoqv u��zt�vwmq`;x�¦�v � v¸o�k���}qsR�ZcL}po�k�x��Rxzv�uZm�o¶mqv��Ru;x��
� cy¥Rcy��r)}�kl�no�xzu;x�� knmpvwm{»'¨>Å¤u�o�`�v m?xz���Rsz}�v¸o�`�b�o��<sBr)sRu;m�o{x�uNo�m �´x�u;��� x�}�c©��c)¼;u�cM��«n��`�cL}qc � vwm�x�ryszun£
mpo�xzuNo
oqv b�c v uRo�cy}�¥5x��!¦Fc)²³sR}qcBm�o{x�}qoqv u���x0}�szt;u;��«Zxzu;����vwm�o�`�c }�szt�uZ���nt�}{x5o�v�sRu=¨
¾1o§o�`�c ¦Fcy�Rv�u�u;v�u��
� Ò¡ä �{×��Må&%\×yç�% ��Ø�ä>ã'Ø�×±Ø�ä��'�På'ä 
��{× ��Ø �±ç � Ú �*� äæå&% ��Õ��{ÝPÕ*��ç±×�
�� � å'× ÝOç�
DÕ �{Ý 	 �.Ò�� �'� �	�)Ø�ä ��ÚÜå
( 
�å'Ý���+��5å'ä

Ø  ���%�Û±ÚÜØ'Þ ��ä �{×��Må&% ×yç�% �zØ�ä	��
 

�{×�ã'Ø�×±Ø�ä��'�PØ � �{Ý���
�������� ������������� � �DÞ (!Õ±Ø�äæØ�������� � Ý���ÝPØ 
�äæØ �~å'×MÚ �*�y×±å
(!× �På
�PÕ±Ø��MØ�� � 
�Ø �{×���� � Ý �{×�
�å'ç±×!�OØ�ä �OÕ��'� � Ý � ×�
�äOØ��{ÝPØ �*��� �WØ���
DÕ � � %�Ø��<×MØ (�ä��{×��±å&% �&�{ÚÜç±Ø � Ý=×±Ø�Ø �±Ø � +

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� ��¹

-70

-60

-50

-40

-30

-20

 0  10  20  30  40  50  60  70  80

S
ig

na
l l

ev
el

 (
dB

m
)

Round

terminal A
terminal B

" � #�Ý 
�Ø�×��{ä � å �

-70

-60

-50

-40

-30

-20

 0  10  20  30  40  50  60  70  80

S
ig

na
l l

ev
el

 (
dB

m
)

Round

terminal A
terminal B

" � #=Ý�
�Øp×��{ä � å��

-70

-60

-50

-40

-30

-20

 0  10  20  30  40  50  60  70  80

S
ig

na
l l

ev
el

 (
dB

m
)

Round

terminal A
terminal B

" 
�#=Ý�
pØ�×��{ä � å�


�>v �zt�}�c¡�7.Ô��cLrycyv ¥zcM� mqv �zu;xz�
��cL¥zcL�
s�²-oqcL}qb�v u;x��X¬ º ¾§��vwr)c±»0x�uZ� oqcy}�b�v�uZx��§® º À1sz¦Z»0��t�}qv u��Ä¯Rcyk
xz�z}�cycLbBcLuNoL¨�_?`;c0}qcMxz�ncL}©b0x±k�v b0x��zv u�cBoq`Zx5o #~¥zc � m-¥lvwmpv szuÔ`;xRm©sRu�� k�szu�c0rysz� sz} º vP¨ cR¨0x�� �W�;xzr{¯Rc)o�m
xz}qcX¦��wxzr{¯�»'¨

Ñ.Ñ:×,P�Q-R2Q2S



�R� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

 0

 10

 20

 30

 40

 50

 60

 70

 80

-40 -30 -20 -10  0  10  20  30  40

F
re

qu
en

cy

Signal strength difference (dBm)

scenario1
scenario2
scenario3

�>v �zt�}�c$��. �;}qcMªNt�cyu;rykÄ�nvwx��z}{x�b0m ²³sz}0mqv��Ru;x��?� cy¥zcL���nv��Ãcy}�cyuZr)cz¨ Å¤u m�r)cLu;x�}�v�sZ¹z«(o�`�c�mp�;x�oqvwx��?v u;�nvwm�£
o�v�u;�zt�vwmp`Zx�¦�v ��v�o�k$}qcMªNt�v�}�cyb�cLuRo©v m-m�x5oqvwmp¼;cL��¨-_?`�c�`�v mpoqsR�z}{x�b:v m-rycyuNoqcL}qcM�$szu �Lcy}�s�x�uZ��mpklb�b�c)o�}qvwr�¨
_?`lt;mL«;v u$oq`;v m§�;x��Fcy}©v¸o§vwm§ryszu5��cMr'o�t�}qcM�,oq`;x�oXx�u$cMx±¥zcLm��n}�sz���Fcy}
rLx�u�u;s�o§�nvwm�o�v�u;�zt�vwmp`$o�`�c mqszt�}{r)c�sz²
o�`�c��;xRr{¯zc)o{m1}qcL�Rx�}{�nv u���mqv �zu;xz����cL¥zcy�=��v��Ãcy}�cyu;ryc º v u�mqrycyu;xz}qv s;¹±»'¨

time

round
δT

1st packet

... ...

2nd packet (beginning of a new round)

T

T

δ

δ

0

1

2

�>v �zt�}�c  �.(¾ o�v�b�v u�� xz���Rsz}�v¸o�`�b9o�`;x5o1mqx�oqvwm�¼;cMmWo�`�c�oqcLb��ZsR}�xz�;v u;�nvwm�o�v�u��Rt�vwmp`;xz¦�v ��v�o�k��;}qsR�ZcL}po�kR«z��`�v ��c
xz��� s5��v u��Boq`�c��;xzr{¯Rc)o�m�oqs�¦Fc�¦�}�sRxR��ryxRm�o§x�o©r)sRu;m�o{x�uNo
}{x5oqc�� ¨�#<xzr{`�}�szt�u;�,o{x�¯zcMm��Boqv b�c�t�u�v�o�m©sz}
� cLm�mL¨._?`�c1¼;}{m�oW�;xRr{¯zcyo>sz²ZcLxRr{` }�szt�uZ� vwm(¦�}�sRxz�;ryxzmpo.cLv¸o�`�cy}W¦lk ¾§��vwr)c?sR}(À1sR¦ º ��v¸o�`��;¨ �§��}�sz¦;xz¦�v ��v�o�k�»
��`;v r{`$r{`�sRmqcXoq`�c�mqb0x�� ��cL}�� ���wx�u;u�cL�$�ncL� x±k � º mqcycXo�c)°lo{»)¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� � �

 200000

 202000

 204000

 206000

 208000

 210000

 0  20  40  60  80  100

T
im

e 
(m

ic
ro

se
co

nd
s)

Sample

terminal A
terminal B

�>v �zt�}�cX¹L��.>_?v�b�c?v uRo�cy}�¥5x��n¦Fc)o��1cycyuBb�cLm�mqxz�zcMm>mqcyuNoW¦lk�oqcL}qb�v u;x���¬ º ¾
� v rycM»(x�uZ��o�cy}�bBv u;xz��® º À1sz¦Z»
��t�}qv u���¯Rcyk0x��R}qcLcyb�cyuNoM¨._?`�c©}qcMxz�ncL}¶b0x±k�v b0x��Rv�u�c
oq`;x�o�#~¥Rc(� m~¥lvwmpv szu�`Zxzm~sRu�� kBsRu�c§rysz� sz} º vO¨ cz¨Wxz���
�Zxzr{¯zcyo�m?x�}�c-¦��wxzr{¯�»'¨

sz²<cMxzr{`I}�szt;u;��«Ãoq`;c�o��<s,oqcL}qb�v u;x��wm-r{`�slsRmqcBx��nv��FcL}qcLuRo�}{x�u;��szb�¥5x�� t�c	
 oq`Zx5o�v m-t;u�v¸²³sR}qb�� k��nvwm�£
o�}qv ¦�tno�cL�Bs5¥zcL}N� ��£ �� D¨>_?`;v m(}{x�u;��szb·¥5x�� t�c�ryxzu�¦Zc
rLx�� ��cM��o�`�c � �;� xzu�u�cL���ncL� x±k � «�¦FcLryxzt;mqc1sRu�� k szu;c1sz²
o�`�c�o�cy}�bBv u;xz� m�u;cycL�;m�oqs0�?x�v�o©�nt;}qv u��0v�o�m
�;� xzu�u�cL����cy�wx±k�¦Fc)²³sz}�c�¦�}�sRxR��ryxRm�o�v�u���v�o�m§�;xzr{¯Rc)oL¨ 
 `�cyu
o�`�c-¼;}{m�o
�Zxzr{¯zcyo�s�²>oq`�c�}�szt�uZ��vwm�¦�}�sRxR��ryxRm�o º cLv¸o�`�cy}
¦lk�¾
� v ryc�sz}
À1sz¦$��v�oq`���¨Ü����}qsR¦;x�¦;v�� v¸o�k�»)«noq`�c
szoq`�cL}~o�cy}�bBv u;xz�Z`;xRm¶u;s�}qcMxzmqszu�o�s �?x�v�o~²³t�}qoq`�cL}1xzu;�0b0x±k�¦�}qsNxz��rLxzmpo~v¸o{m¶�Zxzr{¯zcyo¶v bBb�cM�nv x�oqcL��k º vO¨ cz¨
¦Fc)²³sR}qc v¸o{m§���wx�u;u�cL�$o�v�b�cB�ncy�wx±k,`Zxzm
cL� xz�;mqcL�;»)¨§¾
u�szoq`�cL}§v b��ZsR}po{x�uNo§²³cMx5oqt;}qc�sz²Woq`�vwmXx�� �zsz}�v�oq`�b v m
o�`;x5o-o�`�c0mpcMr)szuZ���;xRr{¯zc)o-s�²1cLxRr{`I}�szt�u;�¡ryxzuÔxz� mqs,¦Fc�t;mqcL�I²³sz}-}qcy£Dmqklu;r{`�}�szu�vL�Lx�oqv szu$²³sR}-oq`�c�u�cy°No
}�szt;u;�$xzm
�ncL��vwr'oqcM�$v�u �.v �zt;}qc  ;¨1_?`lt;mL«;v�o©x��wmqs�x�� ��s5�
m1²³sR}§ªNt�v r{¯l� k���c)oqcMr'o�v�u����;xzr{¯Rc)o���sNmqm
��v¸o�`�v�u
xB�1cy� �¸£¤�ncy¼;u�cL��mq`�sz}qo?oqv bBc���cy�wx±k �l¨
Å¤u�szt�}>c)°n�Fcy}�v�b�cyuNo{my«5�1c<`Zx±¥zc¶r{`�sNmpcLu xXr)szuZm�o{x�uNo.v uNoqcy}q£D}qsRt�u;�Xoqv b�c?��`�v r{` v m�� F � 9 7§mpcMr)szuZ��my¨

_?`;v m>mpcyopo�v�u��©�1xRm.mqt�v�o�xz¦���c¶²³sz}(mqx�oqvwm�²³klv u���o�`�c<}�cLªNt�v }�cL�-�wx��no�sz��b�s5¥zcLb�cyuNo�mL¨!_?`lt;mL«5t;mpv u��©szt�}>¦;xzmqvwr
�;}qszoqsnr)sR����v¸o�`�¹
b�cLm�mqxz�zc��Fcy}1mpcMr)}�c)o~¦�v�oL«Ã¹/��mqcLryszu;�;mW�<cL}qc�u;cycL��cL��o�s x��R}qcLc1t;�ZsRu�x��z��£P¦�v�o<mqcLry}qcyo
¯RcykR¨ ��sR}Wmpb0x�� � cy}(�ncy¥lvwr)cLm.o�`;x5oWryxzu ¦Fc1b�s5¥RcL��b�sz}�c¶}{x��;v �n� k�x�uZ����v�oq`B¦ZcyopoqcL}Wx�uNoqcLu�u;xzm º vO¨ cz¨>b�sz}�c
sRb�u�v ��v�}�cLr)oqv szu;xz�Zo�`;x�u,szt�}
rLx�}{��m{»Wo�`;x5o
�nsBu�s�o�}�cLªNt�v }qc©oqt;}qu�v u���oq`�c���cy¥lv rycLm1v u,cL¥zcy}�k��nv }qcMr'o�v�sRu;my«
mqb0x�� ��cL} �\¥5x�� t�cMm�ryx�u�¦Fc�t;mpcM��¨

�>v �zt�}�c-¹L�-�nvwmp���wx±knm.oq`�c
mqcLªNt�cLu;r)cMm��.(Ix�u;���+*�¨ 
¡c
��cyu�szoqc �+($oq`�c
mqcLªNt�cLu;r)c?sz²Zo�`�c
�z�©¥5x�� t�cLm
o�`;x5o-}�cy��}�cLmqcyuNo§o�`�c�oqv bBc�v uNoqcy}�¥5x��>¦Zcyo��<cLcyu¡o��<s�r)sRu;mpcMr)tno�v�¥Rc �;xRr{¯zcyo�mXmpcLuRo-¦lk�¾�¨!ilv b�v��wx�}���kR«�#I*
vwm?o�`�c mqcLªNt�cyuZr)c-s�²>oq`�c��z�B¥5x�� t�cLm?o�`;x5o©}qcL��}qcMmpcLuNo1o�`�c-oqv b�v�u;��v�uNo�cy}�¥±xz��¦Zcyo��<cLcyu$o��1s0r)szuZmpcMr)tno�v�¥Rc
�Zxzr{¯zcyo�m�mqcyuNo=¦lk©ÀX¨L_?`;v mÃ¼Z�zt�}�c~mp`;s5�
mFoq`;x�o=¦Zszoq`�mqv��Ru;x��wmÃ��slsR¯§}{x�u;�nsRb$¨ 
¡c~²³t�}po�`�cy}�b�sz}�c(c)°ncLrytnoqcM�
o�`�c�mqv �zu�v�¼Zryxzu;r)c-o�cLmpo � ( � xzu;� � (

/
szu$o�`�cLmqc mqcLªNt�cyuZr)cLmL¨
_?`�c�}�cLmqt���o�mL«Z�;}qcMmpcLuRo�cL��v uI_.xz¦�� c��n«

mq`�s5�\oq`;x�o§o�`�c ��}�sz¦Zx�¦�v ��v�o�k 
�vwm
b�t;r{`�� xz}q�Rcy}�o�`;x�u 1�� ²³sz}§¦Fs�o�`�oqcMm�o{m§xzu;�$oq`;cy}�c)²³sz}�c-oq`;cLmqc�o��1s
mqcLªNt�cLu;r)cMm?x�}�c§b�sRmpo���v ¯zcL��k0v u;�nvwm�o�v�u;�zt�vwmp`Zx�¦�� cz¨WÅDo
x��;�ZcMx�}{m~o�`�cyu�¥zcL}qk��nv���r)t���o?²³sz}
xzu,x5oqo�xRr{¯zcy}<oqs
��v��Ãcy}�cyuNoqvwx5o�c�¬ � m��;xzr{¯Rc)o{m¶²³}�szb ® � '-szu;cLm?t;mqv�u;��o�v�b�v u���x�uZx�� klmqvwmy¨

Ñ.Ñ:×,P�Q-R2Q2S



��� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

_>x�¦�� c�� .¶ilv �zu;v¸¼ZrLx�u;ryc§o�cLmpo�m?²³sR}
_?v�b�v u���¾
uZx�� klmqvwm
 � Ý�� �{×�
�Ø~å�� %�Ø
�{×MÝ ��� !� ������  � ��
	 ç�% å���ä��{×��LÝ ��� ��������� �������

��� � � 
���
 �	�  .��
�� ��� � � ����
  .��
�� ������
 ��� ����
��
Å¤u�oq`�vwm<mqcLr)oqv szu=«l�1c§r)sRb��;x�}�c�oq`;c§�Fs5�<cL}<r)sRu;mqt�b��noqv szu�sz²=szt�}1mqr{`;cyb�c§��v�oq`0o�`�cX�Zs5�1cy}1r)szuZmpt�b��n£
o�v�sRu,sz²>x +©v��0c)£ H
cL��� b0x�u�¦;xzmqcL�,�;xzv�}�v�u;�;¨ ��sR}<o�`�c���t�}��FsRmqc©sz²!oq`;v m
ryszb��;xz}qvwmpsRu=«N�<c�xzm�mqt�b�c©o�`;x5o
o�`�cBo��<s��ncL¥lv rycLmX¦ZcLv�u;���Zx�v }qcM�¡xz}qc�mpcLu;mqsz}{m©tZmpv u��$_?v�ulk;e-iIxzu;�Ioq`;x�oXo�`�c�mqv��LcBsz²¶o�`�c��zcyu;cy}{x5oqcM�
mq`;xz}qcM��¯zcLk�vwm©��� ¦�v�o�mL¨


 v�oq` szt�}0m�r{`�cyb�cR«~cLxRr{`��ncy¥lvwr)c�b t;mpo�}qcMr)cyv ¥zc�x�u;� mpcLu;� � �I�Zxzr{¯zcyo�mL¨�d<szu;mqv ��cy}�v�u��Ioq`;x�o�x
_?v ulk;e-iÔ�;xzr{¯Rc)o�oq`Zx5o�`ZxzmBx�`�cLxR�ncy}BmpvL�yc�s�²X��¦lkNoqcMm � ¹z¹( D«WcLxRr{`Ä�ncy¥lvwr)c�b�t;m�o�mpcLu;�Äxzu;�Æ}qcMr)cLv�¥Rc
�z��¹���¦;v¸o{m º ������� ����» º xzm§c)°n���wx�v u�cL�$v uIilcLr)oqv szu��Z«Zv u�szt�}©¦;xzmqvwr-��}qszoqsnr)sR�O«Z�;xzr{¯Rc)o{m
�ns�u�szo§`;x±¥Rc
o�s,ryszuNo�xzv�u�xzuNk$�;x±kl� sRxR�;»'¨�H§s5�<cL¥zcL}�oq}{x�u;mqb�v¸oqoqv u���sRu�c ¦;v¸o�r)sRu;mpt;bBcMm§xz¦ZsRtnoXxRm§b�t;r{`��Fs5�<cL}©xzm
cy°ncLr)t�oqv u��X�R�z��£�¹M�z�z�1v uNoq}�t;r'o�v�sRu;m � �;«N¹R¹( D¨>��cMr)cLv�¥lv u��©sRu�c1¦�v¸o~ryszu;mqt�b�cLm(x�¦Fszt�o>`;xz�¸²Fxzm>b t;r{`��Zs5�1cy}
xRm
mqcyu;�nv u���sRu�c�¦�v�oL¨©¾§m§x�}qcMmpt���oL«Zszt�}©��}�s�oqsnrysz�!ryszu;mqt�b�cLm
xRm
b�t;r{`�cyu�cL}q�Rk,xRm?oq`�c�c)°ncLrytnoqv szu�sz²
xz¦ZsRtno�7 9��B7 ��1 �	� v�u;mpoq}�t;r)oqv szu;m º 7 � 1
����� � � ��7 � 1
� ��G � � »'¨
Å¤uÄryszb��;x�}�vwmpsRu=«=��v�oq`Äx +©v��0c)£ H
cL��� b0x�u4¦;xRmpcM�Ô�;x�v }qv u��$��}�s�o�slrysz�P«!cMxzr{`4�ncy¥lvwr)c0u�cLcL��m�oqs�c)°l£

r{`Zx�u��Rc§o�`�cyv }�+§v��0c)£ H
cL��� b0x�u���t�¦�� v r�ryszb��Fszu�cLuRo º vO¨ cz¨�� 
 «���`�cL}qc
��vwm1oq`�c��ncL¥lv ryc(� m?��}qv ¥5x5o�c©¯Rcyk�»'¨
¾ mpcMr)t�}�v�o�k,cMªRt;v�¥5x�� cyuNo©oqs$�z��¦�v�o�m©}qcMªNt�v�}�cLm
oqs�mpcL��cMr'o©x�bBsn�nt;��t;m©s�²
¹M�R���0¦�v¸o{m-x�u;��xzu�c)°n�Fszu�cLuRo
sz²1¹ � �B¦�v�o�m � ¹M�� P¨1¾§m
xB}�cLmqt��¸oM«noq`;c �ncy¥lvwr)c � m�+©v���cy£IH§cy� ��b0xzu��;t�¦�� v r�ryszb��Fszu�cLuRo�vwm�¹L�N�5�z£P¦�v�o���sRu��;¨
inv�u;ryc¶o�`�c1b�x�°nv�b�t�b­uNt;b ¦Fcy}(s�²;�Zx±kN� sRxR�-¦�v�o�m>v�uBx§_?v ulk�e-i��;xzr{¯Rc)o.vwmW� � �n«±cLxRr{` �ncy¥lvwr)c<b t;mpo(mqcyuZ�
º x�u;��}�cLrycyv ¥zc±»W�-�;xzr{¯Rc)o{my¨>_?`�cy}�c)²³sR}qcR«�oq`;c�oqszo�x��Zult�b ¦Fcy}<s�²�¦�v�o�m¶mqcyuNo<xzu;��}�cLr)cLv�¥RcL�Bvwm
¹ � ���-¦�v�o�m/..�
�Zxzr{¯zcyo�m<r)szuNo{x�v u�v�u;�B� � �-¦�v�o�m�xzu;��¹X�;xzr{¯Rc)o<ryszuNo�xzv�u�v u��  ���¦;v¸o{my¨~_?`�vwm1r)szuZmpt�b�cMm<xRm<b�t;r{`�cLu�cy}��zk
xRm1oq`�c c)°ncLrytnoqv szu$s�²01C9�������1 ��� v u;m�o�}qtZr'oqv szuZm º 1�� � G���� � � � 1�� � G���G � � »'¨~¢§�ZsRu�}qcMr)cy��oqv szu�s�²(oq`�c
szoq`�cL}§�;xz}po�k � m
��t;¦���vwr ryszb��Fszu�cLuRoM«ZcMxzr{`��ncL¥lv ryc `;xRm�oqs,c)°n�Fszu�cLuRo�v x�oqc�v�o©��v�oq`¡v¸o{m'+©v���cy£IH§cy� ��b0xzu
�;}qv ¥5x5oqc©¯zcLkz¨$#W°n�ZsRu�cyuNo�v x�oqv u���tZmpv u���oq`�c-f�szuNo��zszb�cL}qk�x�� �zsR}qv�oq`�b�}�cLªNt�v }qcMm ��� � � 1 � ��1+3 � 1 � ��1 3
mqv u��z� c)£D��}�cLr)vwmqv�sRu b t;�¸o�v���� vwryx5o�v�sRu;mL«z��`�cL}qc �ÃvwmWo�`�c§mqv��Lc�s�²Foq`�c
b�sn�nt�� t;m<x�u;� �>oq`�c©mpvL�yc�sz²Fo�`�c
cy°l�Fs�£
u;cyuNoK� ¹ �  D¨ 
 v¸o�` � F 1 � 7>G0x�uZ� � F 1�� � «�cLxRr{`$��cy¥lv ryc�b tZm�o§�Fcy}q²³sz}�b G�92187�� 1 �	� mpv u��R��cy£P��}�cLryv mqv szu
b�t���oqv ����vwryx�oqv szu;mL¨~Å¤u�r)sRu;r)� t;mqv�sRu=«no�`�c-oqszo�x��!�Zs5�1cy}
ryszu;mqt�b�cL�,¦lk�cLxRr{`��ncy¥lvwr)c-v m�oq`�cL}qcy²³sz}�c�cLªNt�v ¥R£
xz��cLuNo
oqs�oq`�c��Zs5�1cy}Xr)szuZmpt�b�cM�$¦Nk�o�`�c cy°lcMr)tno�v�sRu�s�²�1 9������ 1 ��� �!G 9;1 7�� 1 �	� v u;m�o�}qtZr'oqv szuZmy¨§_?`;v m
rysRmpo�v m�xz¦ZsRtno ���	� @8$'�M��� �wx�}��zcL}<o�`;x�u�o�`�c�r)sNm�o�s�²>szt�}
m�r{`�cLbBcR¨
_?`�c�¦Zx�u;�n��vw�lo�`�r)sRmpo~s�²Foq`;c�+§v��0c)£ H
cy� � b�xzu0¦;xzmqcL�Bmqsz� tnoqv szu0r)sRt��w��¦Fc
mqv��Ru�v¸¼Fryx�uNo���k ��cLr)}�cLxRmpcM�

��v�oq`,cy� ��v �no�v r©r)t�}�¥zcMmy¨>Å¤u�²æxRr'oL«No�`�c©mqcLryt�}qv�o�k�s�²!x�¹L�R����£D¦�v�o
+§v��0c)£ H
cy� � b�xzu�¯Rcyk�c)°�r{`;xzu��zc�vwm1cLªNt�v ¥R£
xz��cLuNo1o�sBoq`�c�mqcLryt�}qv�o�k0s�²Wx�¹ � �±£D¦�v¸o #~� ��v �no�v r d<t�}�¥zc +©v��0cy£IH§cy� ��b0x�u º #?d¶£ + H©»?¯Rcyk�cy°�r{`;x�u��Rc � ¹M�� P¨
_?`;cy}�c)²³sz}�c0szu;��k¡szu�c��Zxzr{¯zcyo��<sRt��w�Æ¦Zc�u;cLr)cMmqm�x�}�k�o�s�¦Zc,c)°�r{`;xzu��zcM�¡¦lkIoq`�c�o��<s��ncL¥lv rycLmL¨$_?`;v m
�1szt;� �B}�cL�nt;ryc�oq`;c§cyu;cy}��zk�rysRmpo¶�nt�c§oqs ryszb�b t�u;v rLx5oqv szu�¦lk0�n¨ H
s5�1cy¥zcL}L«Rxzm¶mq`�s5��u�v u � �  P« #1d¶£ +JH
¯Rcyk��ncL}qv ¥5x5oqv szu¡r)sRmpo-v m©cy¥RcyuIb�sR}qc�c)°n�ZcLu;mqv�¥Rc�oq`Zx�uI}�cy�Rt��wx�}'+ H½¯zcLk$��cy}�v�¥5x5o�v�sRu=¨�_?`�cy}�c)²³sR}qc oq`�c
o�s�o{x���cyu;cy}��zk�r)sNm�o
�1szt;� ��m�o�v�� ��¦Fc�b t;r{`$`�v �z`�cL}?oq`;xzu�o�`�c�r)sNm�o�sz²>sRt�}
mqr{`;cyb�cz¨

�§s�oqc�oq`�c��Fs5�1cy} ryszu;mqt�b��noqv szuÆsz²?v b���}�v�uNoqv u��Ixzu;�Ô|~Å ��£D¦;xRmpcM�4mpsR��tno�v�sRu;m º mpcLc,ilcLr)oqv szuÄ�z»�v m
b�t;r{`Æ��s5�1cy}�oq`;xzuÆoq`�c��Fs5�1cy} ryszu;mqt�b��noqv szuÆsz²?sRt�} m�r{`�cyb�cR¨	H§s5�<cL¥zcL}L«�o�`�cLmqc�m�r{`�cyb�cMm�x�}�c0u�s�o

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� �R�

}�cLxz��� k,ryszb��;xz}�xz¦���c-o�s�szt;}�m©mpv u;r)c�oq`�cLk�¦Fs�o�`�}qcMªNt�v�}�c xR���nv�oqv szu;xz�!v uRo�cy}q²æxzrycLm���`�vwr{`�b0x±k�v u;ry}qcMxzmqc
o�`�c�r)sNm�o�sz²>�ncL¥Nvwr)cMmy¨

� 69����/<22���!%y���

Å¤u�oq`�vwm¶�Zx��Fcy}1�<c
�;}qcMmpcLuRo�cL�0x u�s5¥zcL�ZmqcLr)t;}qc
�Zx�v }qv u�� m�r{`�cyb�c�²³sR}?d<|¶¢
£Dryszu;mpoq}{x�v u�cM�0�ncy¥lvwr)cLm<��v�oq`n£
sRtno~xXu�cycM� ²³sR}~mp�FcLryv xz�n`;x�}{�n�?x�}�c¶sR}Wv�uNoqcL}p²æxRr)cMmy¨>¢§mqv�u���xzuBcy°nv mpoqv u���r)sRbBb�t�u�vwryx�oqv szu�r{`Zx�u�u�cL��mptZr{`
xRm(�z�R��¨�¹R¹<sR}W�z�R��¨�¹±�n¨ �;«Mo��1sX�ncL¥lv rycLm>oq`Zx5o¶x�}�c?r)� sRmqc<o�s-cLxzr{`�s�o�`�cy}~rLx�u�x��z}�cyc1szu�x-mpcMr)}�c)oW¯zcLk�t;mqv�u��
xzu�x�� �zsR}qv�oq`�b oq`Zx5o©�nslcMm§u�szo©�ncL�ZcLu;��sRu¡d<|¶¢�£Dv�uNo�cyu;mqv�¥Rc�sz�Fcy}{x5o�v�sRu;mL¨©e©u$oq`�c�s�oq`;cy}§`Zx�u;��«Ãt;mqcy}
xRmqmqvwm�o{x�u;ryc§vwm<}�cLªNt�v }�cL�0²³sR} �O���/�%$')+* oq`�c-�ncL¥Nvwr)cMm?�nt�}�v�u��B¯zcLk�x��R}qcLcyb�cyuNo<v u�sz}{�ncy}<oqsB��}�cLmqcy}�¥zc§¯Rcyk
mqcLry}qcMr)kR¨
e©u�c ��v b�v¸o{x5oqv szuIs�²Wszt�}Xmqr{`;cyb�c�v m§oq`Zx5o§v�o©vwm§mq�ZcMr)v�¼Zr�o�s�}{x�u;�nsRbµb�cL��v x�xRryrycLm�m�oqcMr{`�u�sR��sR�zv cLmL¨

�;sz}=cy°�x�b���� cz«±v¸o>v m!u�s�o>mpt�v�o�xz¦�� cW²³sz}>_ +©f�¾
£P¦ZxzmqcL�-��}�s�o�slrysz�wm=x�uZ��«Moq`�cL}qcy²³sz}�cz«±ryx�u;u�s�o!¦Fc~t;mqcL�-��v�oq`
À1� t�c)o�sls�oq`Æ�ncL¥Nvwr)cMmy¨0e©t�}�mqr{`;cyb�c�}�cLªNt�v }�cLm�d?inf�¾
£P¦;xRmpcM�Imqknm�o�cyb0my«.mpt;r{`Ôxzm-�z�N�n¨ ¹z¹�sz}��z�N�n¨ ¹M�n¨ �
º x�u,cyb�cy}��zv u�� 
 v }�cy� cLm�m<|�¾'� º 
 |�¾��©»?oqcLr{`;u�sz� sz�Rkz«l�ncLmqv��Ru�cL��²³sz}1��s5� �Zs5�1cy}?mpcLu;mqsz}{m�»)¨>¾§u�s�o�`�cy}
u;s�oqvwr)cMx�¦�� cI� v bBv�o�x�oqv szu¿vwm,oq`;x�o,v�o�}�cLªNt�v }�cLm0o�`;x5o�oq`;cIo�}�xzu;mpb�vwmqmqv szu �Fs5�<cL}�s�²�¦Zszoq`\��cy¥lv rycLm,¦Zc
mqv bBv �wx�}M¨X_?`�vwmX�1xRm�o�`�cBrLxzmqc ��v�oq`Ioq`�c��z�N�n¨ ¹z¹ �ncL¥lv rycLm§oq`;x�oX�1c t;mqcL��²³sz}Xszt�}Xc)°n�Fcy}�v�b�cLuRo{x5o�v�sRu;my¨
H§s5�<cL¥zcL}L«y²³sz}(mpsRbBc¶��v�}�cy� cLm�m�o�cLr{`�u�sR��sR�zv cLmL«Mx§�Zs5�1cy}.r)szuNo�}qsR�z��}�s�o�slrysz�RbBv �z`No>¦Zc<}qcMªRt;v�}�cL�Xo�s©xz�5��t;m�o
o�`�c-oq}{x�uZmpb�vwmqmqv�sRu��Fs5�<cL}�xzryrysz}{�nv u��z� kz¨
¾§�;x�}qo(²³}qsRb­oq`�cMmpc1�<cMx�¯lu�cMmqmqcLmL«±�<c1¦ZcL��v cy¥Rc1oq`;x�o>o�`�vwm.vwmWx©¥zcy}�k-}qcy²³}qcMmp`;v�u��-x��;��}qsNxzr{`�xzu;� s(�FcL}�m

x u�cy�\�ZcL}�mq�FcLr'o�v�¥Rc
o�s���v }qcL��cMmqm1r)sRb�b t�u�vwryx�oqv szu�mpknmpoqcybÂmqcLryt�}qv�o�kz¨W_.s�sRt�}1¯Nu;s5����cM�n�zcR«zo�`�v m?vwm<oq`�c
¼Z}�mpo
��}{xzr'o�v rLx��=�Zx�v }qv u�����}�s�oqsnrysz��o�`;x5o©��sNcMm�u�szo§}qcL��k,szu$c)°n�Fcyu;mqv ¥zc�r)}�kl�noqsR�z}{x���`;v rXsz�Fcy}{x5o�v�sRu;m?sz}
}�cLªNt�v }�cXx�mqcLr)t;}qc-szt�op£Ds�².¦Zx�u;�$r{`;xzu�u�cy�P¨
e©¦n��cMr'o{m§��v�oq`�b�vwr)}�sz��}�snr)cMmqmqsz}{m�x�u;����v�}�cy� cLm�m�o�}�xzu;mpb�v�opo�cy}{m§mqt�}q}�szt;u;�$t;mL¨©_.sl�;x±k%� m
tZmpcL}�m©x�}�c

b�sR}qc�x�uZ��b�sR}qc1oqcMr{`�u�sR��sR�zk�x�uZ�BmqcLryt�}�v¸o�kN£¤x±�1xz}qcR¨=¾
� bBsNm�o¶xz���;t;mpcL}�m>o�sn��x±k�� cLx�}�u�cM��o�`;x5o<x-mqknm�o�cyb
xRryrycLm�m=�;xRmqmq�<sR}��-mq`�szt;� ��r)szuNo{x�v u�u�szun£¤x�� ��`;xzult�b�cy}�v r~r{`Zx�}{xzr'o�cy}{my¨ 
Ôc1`;x±¥zc<��cMx�}�u�cL� º sz}(x�}�c~²³sz}{r)cM�
o�s©� cLxz}quF»=`�s5�Æo�s-`;x�u;����c?r)sRbB�;tnoqcL}>¥lv }qtZmpcMmy¨!_.cLr{`;u�sz� sz�Rk-xzu;��v un²³sR}qb0x5o�v�sRu�mqcLryt�}qv�o�k-`;x±¥zc<¦ZcMr)sRbBc
�Zx�}qo<s�²=sRt�}¶cL¥zcL}qkn��x±k���v ¥zcMmy¨W_?`lt;mL«R�1c§¦Fcy� v�cL¥zc§oq`;x�o<²³tno�t�}�c§t;mqcy}{m¶rLx�u�xz� mqs�� cLx�}�u���`�cLu @ � A �-� �,<'<
> �2:�$?6-� � � � �(@ �-� �O���/� �2) � ��<'<��-� �2A,&O� ���-6 � &O� � �2� ¨ �§s�oqc�oq`;x�o o�`�v m�vwm xzr)oqt;xz��� k4x�¥zcL}qkÆr)sRb�bBsRu
�;}qszoqsnr)sR�loq`;x�o~�<c
xz��}�cLxR�nk�c)°ncMr)tno�c�v�u0sRt�}Wcy¥Rcy}�kl�;x±k���v ¥zcMmy¨#��sR}~c)°�x�b���� cz«Rsz}{x�u��Rc!��t;v ryc
sz}~mq`;x±¥lv�u;�
ry}qcMx�b ¦Zszopoq� cLmBx�}�c0t�u�v ¥zcL}�m�x�� � k¡mq`;x�¯RcyuF�5bBs5¥RcL�¡¦Zcy²³sz}�c�t;m�x��Rcz¨�_?`�vwm�vwm�u�s5�Âx��1cy� ��£P¯lu�s5��u4x�uZ�
ªNt�v�oqc
x-uZx5oqt;}�xz�(����}�s�o�snr)sz���'¨ ��t;}po�`�cy}�b�sz}�c1v�o~vwm~r)sRbBb�sRu���kBxzrLr)cy��oqcL��o�`;x5o~v�o¶vwm(oq`�c�}�cLmq�Fszu;m�x�¦�v � v¸o�k
xzu;��v�uNo�cy}�cLmpo
s�²>oq`�c ryszu;mqt�b�cy}{m1oqs0�Fcy}q²³sz}�b o�`�vwm§mq`;x�¯lv u���sz�Fcy}{x5oqv szu$��}�sz�Fcy}�� kz¨<ilv b�v��wx�}�� kz«�v u�szt�}
rLxzmqc0¦lk¡mq`;x�¯lv u��$oq`�c��ncy¥lvwr)cMm��<cL���P«.oq`�c,t;mpcL} ryxzuÆb�xz¯zc�mqt�}�c0oq`;x�o�oq`;c0o��<s���cy¥lv rycLm�x�}�c0�;x�v }qcM�
mqcLryt�}�cy� kz¨

� ��35�?&(���,/1���

��¹� �ÀX¨=¾§���Fcy}�u4x�u;� �1¨!inr{`�u�cLv �ncL}L¨ $-cyk�cy°�r{`;x�u��Rc�tZmpv u�� � ¯Rcykl��cMmqm-ry}qkl�no�sz�z}{x��;`NkR¨�� ) �2A,&(� �,@8$?A,)
�
&OA�65��� �($')+* <���@ @ �2& � «�¹�� º �R»(. �� ��l�R��« �;cy¦�}�t;x�}�k�¹  z� � ¨

Ñ.Ñ:×,P�Q-R2Q2S



��� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

� �, ��Z¨ £¤iÃ¨!d<sR}qsRu=«Ã|>¨I$§snr{`�cL}L«Ãx�u;� ��¨�+�¨BiNo{x5o�v mpoqvwrym-x�uZ�¡ilcMr)}�c)o %=cLxz¯5x��zcR¨�Å¤u�� $')F�%)F6�$?�,< � &(15� �
@ A5*%&O�-��� 1 «F���R�z�;¨

� �  �
�¨ +©xzvO¨ il�ZcLcL� ¦Fcyu;r{`�b0xz}q¯nm ²³sz} ¥5x�}�v szt;m r)v ��`�cL}�m xzu;� `Zxzmq` ²³t�uZr'oqv szuZmy¨
¢©��% . `Nopo�� . � �±������¨ cLmq¯lv�b�s;¨ r)sRb3� �©�1cyvw��x�vD�l¨

� �� �
�¨,+©v���c$x�uZ�Äf4¨ H
cL��� b0x�u=¨ �
cL�µ�nv }qcMr'o�v�sRu;m v u ry}qkl�no�sz�R}�xz��`lkz¨ ������� � &5�,)���� 62@8$?A,)��	A,)
� ) �2A%&(�M�%@ $?A%) �
���-A%&(1 «;Å�_1£��z� º �R»2. �z�z��� �R���;«�¹  N�,�;¨

� �,  d©¨ 
 cL`�}qb0xzu�u�x�uZ�)$�¨ �§kl¦ZcL}q�Z¨
#~u�`;xzu;r)cLbBcLuNo�m<oqs�¦���t;c)oqslszoq`�¦Zxzmqcy¦;xzu;�0mpcMr)t�}�v�o�kz¨�Å¤u � A,&O> �
���-6�� � � « $§sR�ZcLu�`;xz�zcyu!«2+©cyu;b�xz}q¯Ã«��§s5¥zcLb ¦Fcy}
���R��¹z¨

� �% -Å'¨ 
 v�¦�}{x�¨ 9 &OA �5� �2$'<=$'@ 1 �%)F> � @ �,@8$ �-@8$?6-�,< � ) �2��&O�2)
6-� �2A,&M��62$?��)�@8$ �(@�� �,)
> � )7*%$')
�5��& � ¨�|¶}qcLuRo�v ryc)£
H©x�� �O«!¹  N� � ¨

�Ü�� �i�¨ 
 sz�w�n�?xzm�mpcL} x�u;� f4¨ À<cL���wx�}�cz¨ %=cMr'o�t�}qcMm u�szoqcLm v�u r)}�kl�noqsR�z}{x���`lkR¨
¢©��% . `Nopo�� . � �±������¨ rymL¨ tZrym���¨ cM�ntF�5t;mpcL}�m(�±b�v `�v }(�5�;x��Fcy}{m-�5�z¦=¨ `Noqb��P¨

� �% ��Z¨ H
v ���P«<��¨¶i7�ycL�1r��ykl¯Ã«~¾�¨ 
ÔsNsZ«<iÃ¨ H
sR���wx�}M«
+�¨$#
¨<d<t�� ��cL}L«¶xzu;�!$�¨~iÃ¨W�Z¨(|~v mpoqcL}L¨ ilknm�o�cyb
xz}�r{`;v¸o�cLr'o�t�}�c<�nv }qcMr'o�v�sRu;m.²³sz}(u�c)o��1sz}�¯zcM��mpcLu;mqsz}{my¨NÅ¤u�� &565� $'@I�-6�@ � &O�%<7� ��� ��A%&(@ �2A,& 9 &5AO*�&O�,� � $')+*
	 �,)7* ���/* ���K�,)
>�
 ���2&O�%@ $')7*M�F1��-@ ��� � «��;xz�zcMm� � �Ã¹L���Z«l�z�z�R��¨

�  % ��Z¨ £IH ¨ H§slcy��b0x�u!¨ #~��`�cLbBcL}�xz���;x�v }�v�u�� v�u�x�u�sRulkNb�sRt;mµu;c)o��1sz}�¯lmL¨ ¾!¥5x�v �wx�¦�� c x�o/.
`Noqoq� . ���5������¨ rLmy¨ ¯lt�u=¨ u��'� �¶��`�`F�5��t�¦�� v rLx5o�v�sRu;m-��x�u�sRun£D�;x�v }qv u��Z¨ �Ã�l²�¨

� ¹L�% -�Z¨ £IH ¨�H
slcy�;b�xzu=¨~_?`�c-cy�;`�cyb�cy}{x����Zx�v }qv u�����}�sz¦�� cyb$¨(Å¤u
� @D� � ) @ ��� A%) � ��� $')F�%)F6�$?�,< � &(15�
@IA5* �
&5�5��� 1 «;�;xz�zcMm
�n¹M� �n�R�%��« $-cyk 
ÔcLmpoL« �.� sz}�vw��x�«��;cy¦�}�t;x�}�k  5£{¹M�B���R���Z¨

� ¹z¹� �d©¨I$�x�}���sz²�«���¨(inxzmpoq}�kz«!xzu;� + ¨ 
Ôxz�zu�cL}L¨0_?v ulklmqcLr�.�¾Â� v�u�¯¡� x±kRcy}�mqcLr)t;}qv�o�kIx�}{r{`�v�oqcMr'oqt;}qc�²³sz}
��v }�cy� cLm�m§mqcyu;mqsz}�u�cyo��<sR}q¯nmL¨<Å¤u �
�-6-A,)F> � � 	 � A,) �2��&O��)F6-� A,) � ���-�->�>��-> � ��@ � A,&O� �5>3���2)��2A%&
�F1��(@I��� �	�8�
��)��F1�� � ����� �5«!�§s5¥zcyb�¦ZcL}
���z�z�;¨

� ¹M�, -¾ ¨ $�¨ %!cyu;mpoq}{x-x�u;��#
¨N��¨��WcL}q`�cLt��P¨ÃilcL��cMr'o�v�u���ry}qkl�no�sz�R}�xz��`�vwr¶¯Rcyk mqv��LcLmL¨�� A�� &()
�,< A�� � &(15�F@ A,< �
A5*�1�� @'������A�� &()
�,< A � @'��� � ) @I��&()F�%@ $?A%)F�,< � � ��A�62$?�%@ $?A%) �2A,& � &(15�F@ A,<�A5*�$?6��������-�,&O6-� «W¹L� º �l»(.Ü�z�R� �
�  � «;���z�;¹z¨

� ¹ �  -¾ ¨~�;¨(f�cLu�c��LcLmL«~|(¨~d©¨(¥5x�u e©sz}{mqr{`�szoL«Wx�uZ� iÃ¨W¾�¨��~xzu;m�o�szu�cR¨�� �,)
> �-A�A/� A����-���F<=$?�5> 62&(15� �
@ A5*%&O�-��� 1 ¨�d1�
d |~}�cLm�m©mqcy}�v�cMm�szu¡�nv m�r)}�c)o�c�b0x5o�`�cyb0x5o�v rLm§xzu;��v�o�mXx������ vwryx5o�v�sRu;mL¨=¹   N�l¨�Åpi�À��
��£D�z�  � £¤�R�z� � £p�l¨

� ¹y�� -��¨Z��v ¥zcMm�oM«�¾�¨Zil`Zx�b�v�}M«;xzu;� %~¨;¾��n� cyb0xzu=¨~¾­b�c)oq`;sl��²³sR}�sz¦no{x�v u�v u��0�nv��Rv¸o{x��!mqv �zu;x�oqt�}�cLm?x�uZ�
�;t�¦�� v r)£P¯Rcyk�ry}qkl�no�sRmqklmpoqcLb0my¨�� A/A%� � ) $?6-�,@8$?A,)��KA�� @'��� � � 	�«Z��¹�. ¹M�����F¹±�%��«;¹  N����¨

� ¹M�, !�1¨ziNo{x5�pxzu�s©xzu;� ��¨�¾§u;�ncL}�mqszu=¨n_?`�c1}�cLmqt�}q}�cLr)oqv u��§�ntZr{¯N� v u���..incLr)t;}qv�o�k�v m�mqt�cLm.²³sz}(xz�n£P`�snr<��v�}�c)£
� cLm�m�u�cyo��<sR}q¯nmL¨.Å¤u 9 &5A/6-�-�->,$')+* �KA � @D������@D� � )�@ �2&()
�,@8$?A,)
�,<! MA,&O��� ��A5� A,) �
�-6�� &($'@81 9 &OA%@IA�6-A,< � «
�Zx��zcMm-¹±�z� �F¹  ��Z«;¹    ;¨

Ï³Ð>Ñ=ÏÓÒ



���������	�
������
���� �N�

� ¹/�% -��¨ 
ÔxzuNoL¨ �
cy� `�sz}�vL�yszuZm§²³sR}�b�sz¦�v ��c0ryszb���tno�v�u��Z¨ $-cLklu�s�o�c�il�FcycMr{`Ôx�o�|>cL}'d<sRb � � � «!���R� � ¨
¢©��% . `Nopo�� . � �±������¨ �ZcL}�ryszb$¨ sz}��7�±�Fcy}{r)sRb��§���z� � ��mp� v ��cLm(�N¨

� 	��,� "�%��¡�?&(����/<� ��3 ��������� �.����� �

_?`;c +§v��FcL}qcLu;r)c s�²Wf�cLxzu;m1oqcMm�o º +§sNfI»?vwm
x0mqv��Ru�v¸¼Fryx�uZr)cXoqcMm�o
o�`;x5o
}�c)o�t�}�u;m
x���}�sz¦;xz¦�v ��v�o�k�
4o�`;x5o
xzu¡sR¦;mqcy}�¥zcL�I�nv��Ãcy}�cyuZr)c�v�uÔo�`�c0b�cLx�uZm©sz²<o��1s$mpcMªRt;cyu;rycLm � xzu;� � }�vwmpcMm©¦lkIr{`Zx�u;rycz«!xRmqmqt�b�v�u;�
o�`;x5o � x�uZ� �½�1cy}�cX�Rcyu�cL}�x�oqcM��¦lk�o�`�c�mqxzbBc�mqszt�}{r)cR¨
À1k�oq`;cX¥lv }po�t�cXs�²=o�`�c�d<cLuNoq}{x���%=v b�v¸o�_?`�cysR}qcLb$«Ro�`�cXc)°n�ZcL}qv b�cyuNo�xz��x±¥zcy}{x��RcLmWsz² � xzu;��� º }�c)£

mq�FcLr'o�v�¥lv ��k���7xzu;�����»¶xz}qcXx�����}�s±°nv�b0x�oqcy� k 
 xzt;m�mpvwx�u=«Nv u;�ncy�FcyuZ�ncyuNoL«nsz²!c)°n�FcLr)o�x5o�v�sRu;m ���E, �'-=4	�E, � - �
xzu;��¥5x�}�v xzu;r)cMm ��
	, �'- " H5ÁE, �'-54	
	, � - " H5ÁE, � - � �l��`�cL}qc§ÁE, ��-Ã�ncyu;s�oqcMm~o�`�c§ult�b�¦ZcL}¶sz²=cy� cyb�cyuNo�m<v u0oq`�c
mqc)o
�B¨ 
Ôc�ryxzu�o�`�cy}�c)²³sR}qc�ryszb���tno�c©o�`�c�}�cL�nt;rycL� 
 x�tZmqmqv xzu�¥5x�}�vwx�¦�� c�.

: F �� 5���
� 
	, �'- " H±ÁE, �'- ��
	, � - " H±ÁE, � -

xzu;��� slsz¯N£Pt;��v¸o{m.rysz}�}qcMmp�FszuZ�nv�u;�
¥5x�� t�c¶v u�o�`�c�d<t;b t��wx5o�v�¥Rc�+©cyu;mqv¸o�k �;t�u;r)oqv szu º d�+J�W» 
 x�tZmqmqv xzu
o{x�¦�� c º _>x�¦�� c � »~��`;v r{`,kNv cy�w��m<oq`;cX`lkl�Fs�oq`;cLmqv m��nmpv �zu�v�¼ZrLx�u;ryc 
Ô}qcL��}�cLmqcyuNoqv u���o�`�c-��}�sz¦;xz¦�v�� v�o�k�o�`;x5o
o�`�c�}�cL�nt;rycL���ncy¥lvwx5o�v�sRu,��v ���!cLªNt;x5o�c-sz}?c)°�r)cLcL��v u�xz¦;mpsR��t�oqc-¥5x�� t�c�xB�zv ¥zcyu�:M¨

_>x�¦�� c � .¶d�+J� 
 x�tZmqmqv xzu�o{x�¦�� c
� � + ����� � + � � � � + � � � � + � 
 � � + � R � � + � Q � � + ����� � + � S � � + ����� � + �����
� + ��� � ��+ Q2S � ��+ 
�� � ��+ �OS � ��+ � Q-R �&+ ����� �&+ ��� � �&+ � ��� �&+ S-Q � �&+ ��� Q� + � � �&+ � R2Q �&+ Q ��� �&+ Q(Q(Q �&+ Q � R �&+ R�S � �&+ R(R � �&+ R � Q �&+ 
��2S �&+ 
-R � �&+ 
 ���
� + � � �&+ � � � �&+ �(Q-R �&+ ���2S �&+ � ��� �&+ �OS-Q �&+ � Q � �&+ ��� � �&+ � � 
 �&+ ����� �&+ � Q �� + 
 � �&+ � 
 � �&+ � � Q � + ��� R � + � S5R � + � Q-R � + � 
(Q � + � � Q � + ����� � + � S � � + ������ + R � � + � R�� � + � �-R � + ����� � + S ��� � + S(S � � + S-Q(Q � + S 
 � � + S ��� � + S ��� � + ������ + Q � � + � S5R � + � Q � � + � R�
 � + � � � � + � ��
 � + Q ��� � + Q � 
 � + Q ��� � + Q(Q�
 � + Q�
 �� + ��� � + Q��-R � + Q � � � + R ��� � + R � � � + R ��� � + R2Q-R � + R(R � � + R�� � � + R ��� � + 
 ���� + S � � + 
 � Q � + 
2S � � + 
(Q � � + 
-R2Q � + 
�
�� � + 
 � � � + 
 � Q � + � � � � + �2S � � + � ���� + ��� � + �(Q�
 � + �-R � � + ��� � � + � � Q � + � � � � + � ��� � + �OS � � + � � R � + � Q � � + ��
 �� + ��� � + ��� � � + ����
 � + � ��� � + ����� � + � S-Q � + ��� 
 � + � Q � � + � 
 � � + � �(Q � + � ��



\v m sz¦no{x�v u�cL�Æ¦lkÆxz����v�u���oq`�c�o��<s�ult�b�¦ZcL}�m�x����FcLxz}qv u���v u4oq`�c�b�xz}q�Rv�uZm º ²³sR} v u;m�o{x�u;ryc�.�²³sz}
: F 1 9 �	� � « ��� ����/ , :%- F � 9 ��� � � � 9 � � F�� 9 � �R»'¨

� â=Õ � Ý �{Û±Û�Ø�×�� �  ©Õ��{Ý ��ØpØ�×-Ø! !�Pä���
��PØ � ��äOå&%�� ���)+

Ñ.Ñ:×,P�Q-R2Q2S



�z� ����� ���(@I��<'<���6-6�$?� �%)F> 9��
	 � @I���

69� � �>��� �>�

��� E �L� Ì Í �>����B ÌFE �

� �,È 1O�n� È Í Ë Ì � � �

��� ����Bæ�	BæÍ È ��� �
� ¨�¹ |Wxzv�}�v�u;�Bs5¥Rcy}�x�u;szulklbBsRt;m1r{`;x�u�u;cy�wm ¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ �
� ¨ � inszt�}{r)c-v u;�nvwm�o�v�u��Rt�vwmp`;xz¦�v ��v�o�k
.(��c)¼;u�v�oqv szu�xzu;��}qcMªRt;v�}�cyb�cyuNo{m ¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ �

� ¨ ��¨�¹ _!cLbB�Fsz}{x���v u;�nvwmpoqv u��zt�vwmq`;x�¦�v � v¸o�k�¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ �
� ¨ ��¨ � il�;x5o�v xz��v�uZ�nv mpoqv u��Rt�v mq`;xz¦�v�� v�o�k ¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ �

� 0·Ì C È � È7E � Ê �(��� È Í 	(��Bæ��B E G �

�Z¨�¹ $-cLk�x��R}qcLcyb�cyuNoh¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹R¹
�Z¨ � ¾�r{`;v�cL¥Nv u��0mq�;x5o�v xz��v�u;��v mpoqv u��zt;v mq`;x�¦;v�� v¸o�k
.~il`;xz¯zcXoq`;cybµt;��� ¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹R¹
�Z¨ � |¶}qszoqcLr)oqv szu$x��Nx�v u;m�o
f�v�o�f xzu;��+©sNi�x�opo�xRr{¯nm¿¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹±�

�Z¨ � ¨�¹ |~}qszoqcMr'oqv szu$x��Nx�v u;mpo?f�v�o�f x�opo�xRr{¯nm ¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹±�
�Z¨ � ¨ � |~}qszoqcMr'oqv szu$x��Nx�v u;mpo +©sNi�x5oqo�xRr{¯lm´¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹ �

���
	 	 È �,B � È7E �L���/B ÌFE ��� E Í � E ��1 É ��Bæ� � �
��¨�¹ inc)oqt;�$xzu;��b�c)oq`;sl��sz� sz�zk ¨�¨-¨�¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹±�
��¨ � incLr)t;}qv�o�k�¾
uZx�� klmqvwm�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹M�

��¨ ��¨�¹ f�c)o�`�sn�,sz²>¾§u;x�� knmpvwm?¨-¨�¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹M�
��¨ ��¨ � ilv��Ru;x����Fs5�1cy}�x�u;xz��knmqv m ¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨ ¹M�
��¨ ��¨ � _?v�b�v u��0x�u;xz��knmqv mX¨-¨�¨-¨�¨�¨X¨�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨h�z�

��¨ � #¶u�cy}��zk�ryszu;mqt�b��no�v�sRu�ryszu;mqv ��cy}{x5oqv szuZm�¨-¨�¨-¨�¨�¨-¨�¨-¨�¨X¨�¨-¨�¨�¨-¨�¨-¨�¨-¨�¨�¨X¨�¨h���

� � ÌFE � 1 �>�/B Ì E ���
�N�,H�²³slszoqu�szoqcz¨  

Ï³Ð>Ñ=ÏÓÒ



Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


