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[\[\v wag^fgb^r `jcbjr ^g c ĥi^rakk^e^fg ^f afc^d kj`gb^rr^d \ \ \ \ \ \ J[
[\[\x yarrbdbafd ^fg`^ kj`gbzor^d bc^fgbno^d \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ JJ
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{\v\J °±zjzbg ĥ co g`jfd_^`g \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ [�x
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� �����ý����þ��
£Ý·¶àÖ¥ Óº »¥Öç ¶Ô£·£Ý¥Ôå é¥µ¸¶ ºÖÔÔ¶ ºÖç Ô·ºí¶º¶µ¥Ô àÖ¶ £Û· Ýºµ·¶¸¶Ý Õ¥ ºÖ Þ£Û·ºí¥ »¥Ò á¥çÝ Õ¥µ¶¥Û¸¥ ÿ ä¥µí¥ ùÒ£µ¥ÛÔè ÜºÛ ¢Ôµº�¥Ò ¥· Û£·ºÞÞ¥Û· ùºØµ¶¸¥ ê¥µØ¶¥µè »£Û· Ò¥ ·µºÑº¶ÒºÖ Ô¥¶Û »¥ Ò áÕ¥àÖ¶Ý¥ Óº Õ¥· Õ¥ ·µ Ó¥Ô ¶ÞÝ£µ·ºÛ· Ò£µÔ »¥ Òº ¸£ÛÔ·µÖ¸·¶£Û »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥åæ¥ Ûá£ÖØÒ¶¥µº¶ ÝºÔ æÖÒ¶¥Û ÐÖØ¶�£ÒÒ¥Ô ¥· Ùµ¶Ô·ºÛ Ð£µø¶Û àÖ¶ £Û· µ¥ì £¶Û· Ò áÕ¥àÖ¶Ý¥ Ò£µÔàÖ¥
Þ£Û ·µºÑº¶Ò Õ¥·º¶· ÔÖµ Ò¥ Ý£¶Û· »áó¥·µ¥ ·¥µÞ¶Û Õ¥å×¥Ô Ñ¶Ô¶·¥ÖµÔè Ò¥Ô »£¸·£µºÛ·Ô ¥· Ò¥Ô Ô·ºí¶º¶µ¥Ô »Ö íµ£ÖÝ¥ £Û· ¸£Û·µ¶ØÖ Õ¥ ¸¹º¸ÖÛ Óº Þº¶Û³·¥Û¶µ ÖÛ¥ Ø£ÛÛ¥ ºÞØ¶ºÛ¸¥ ºÖ ÒºØ£µº·£¶µ¥å é¥µ¸¶ Óº ¸¥Öç àÖ¶ ì áº¶ ¥Ö Ò¥ ÝÒº¶Ô¶µ »¥ ¸ó£·£ß¥µ ÿ
éºµúÖÔ õµÛ»·è Ü¥Û¶Ô Ú£¶µ£Ûè ¢ÔºØ¥ÒÒ¥ Ú£Ö¸¹£ÖÒ¥è ¢º¸£Ý£ ÐºµÖÔ£··£è ùµ Õ¥» Õ¥µ¶¸ Ð¹¥Ñßè´¹¶Ò¶ÝÝ¥ Ðµ¥Ûè ë£Þ �¶ìÞºÛÔè éºµúÖÔ �£Ò�ÞºÛÛè ×¥Ñ Ù¹ºßú£Ñ¶ ȩ̀ �ÛÛ¶ Ùµ¶Ô¹Ûºè õç¥ÒÙÖ¹Ûè ä¶Þ£Û¥ ÙÖÒ¶Ûè æ¥µ¥Þ¶¥ × Õ¥£Ûºµ»è Ù¶µú éº»¶Ô£Ûè âÞÞºÛÖ¥Ò éºÛ»£ÛÛ¥·è õÛÛº
é¶ÛíÖ��¶è éºú£·£ é£µ¶Ûºíºè ùµºÛ¸¥Ô£ ´ºÑ£Û¥è ùµºÛ¸¶Ô¸£ ´¥µºÒ¥Ôè ùµºÛú ´¥µµ¥¶µº »£ÔäºÛ·£Ôè � Õ¥Ò Ó¥Û¥ ´¥µµ¶Ûè âµÛÔ· öºÔ¥Òè Ð¹µ¶Ôº·¶ºÛ ö££Ôè ÚµÖÛ£ äºÖØºÞ Õ¥º ¥· ü¥Û»¥Òü£¹ÒÒ¥Ø¥Ûå æ¥ ·¶¥ÛÔ Óº µ¥Þ¥µ¸¶¥µ Ýºµ·¶¸ÖÒ¶ Ó¥µ¥Þ¥Û· ÜºÑ¶» êÖ Õ¥µß³÷»¥Ò¶Û Ý£Öµ ºÑ£¶µ ÒÖº··¥Û·¶Ñ¥Þ¥Û· ¥· ¸£µµ¶í¥µ Ò¥ Ô·ßÒ¥ »¥ ¸¥ Þ Õ¥Þ£¶µ¥å´¥Û»ºÛ· Òº Ýµ¥Þ¶ Ó¥µ¥ Ý Õ¥µ¶£»¥ »¥ Ô·ºí¥ ì áº¶ ÝÖ Ø Õ¥Û Õ¥ñ¸¶¥µ »¥ Ò á¹£ÔÝ¶·ºÒ¶· Õ¥ »¥ éºç¶Þ¥Ú¥Û Üº¹ºÛ ¥· »¥ æ£¹ºÛÛ¥Ô ä �£»¶Ûíå Ð¥¸¶è ¥ÛÔ¥ÞØÒ¥ Óº Ò á¥Û¸º»µ¥Þ¥Û· ¥· Ò áºÞ¶·¶ Õ¥ àÖ¥ æ£³¹ºÛÛ¥Ô Þáº » Õ¥Þ£Û·µ Õ¥è Þáº Ý¥µÞ¶Ô ·µ Ó¥Ô µºÝ¶»¥Þ¥Û· »¥ Þ¥ Ô¥Û·¶µ Óº Ò áº¶Ô¥ ºÖ ÒºØ£µº·£¶µ¥å

æ¥ ·¶¥ÛÔ Óº µ¥Þ¥µ¸¶¥µ ·£Ö· Ò¥ Ý¥µÔ£ÛÛ¥Ò »¥Ô Ô¥µÑ¶¸¥Ô ·¥¸¹Û¶àÖ¥Ô »Ö ÒºØ£µº·£¶µ¥ ¥· »Ö» Õ¥Ýºµ·¥Þ¥Û·å é¥µ¸¶ ¥Û Ýºµ·¶¸ÖÒ¶¥µ Óº õÛ»µ Õ¥ ÐÒ£ÖàÖ¥Öµè ×¶£Û¥Ò ´ Õ¥µ¥Û¥Ô ¥· ´º·µ¶¸ú ê¶µ£Û
Ý£Öµ Ò áÕ¥Ò¥¸·µ£Û¶àÖ¥è ¥· Óº ôÑºÛ ÐºØ¶µ£Öè Ü¶»¶¥µ Ð£Öµ·¶º»¥è ùµºÛú Ü¥Ö·¥µ·µ¥è �ºÑ¶¥µÜ£ÒÒº·è Ü¥Û¶Ô Ü£Ö¶ÒÒ¥·è ö Õ¥Þ¶ ù¥µ·è Ú¥Û£ó�· ×¥Þº¶µ¥è æº¸ú ÷Ò¥ì ¥Û¶úè æ¥ºÛ ÷Ö·µ¥àÖ¶Ûè
æ¥ºÛ³ÐÒºÖ»¥ ´º¶Û»£µí¥è æ¥ºÛ³ùµºÛ�̧£¶Ô ´£¶Û·è é¶¸¹¥Ò �Ö¶Û»Ö ¥· ´ºÔ¸ºÒ ëµºÑ¥µÔ Ý£Öµ Òº¸£Û¸¥Ý·¶£Ûè Òº µ Õ¥ºÒ¶Ôº·¶£Û ¥· Ò á¶ÛÔ·ºÒÒº·¶£Û »¥Ô »¶¤ Õ¥µ¥Û·¥Ô Ýºµ·¶¥Ô Þ Õ¥¸ºÛ¶àÖ¥Ô àÖ¶ ¸£Þ³Ý£Ô¥Û· Ò á¥çÝ Õ¥µ¶¥Û¸¥å é¥µ¸¶ Ø¥ºÖ¸£ÖÝ Õ¥íºÒ¥Þ¥Û· Óº ã¶¸£Ò¥ ã¥Ñ¥Öçè �£¹µº ÷ÖßºÔÔ£ÖÛ ¥·ê¥Û¥Ñ¶ Ó¥Ñ¥ ´¶ºµ» Ý£Öµ Ò¥Öµ ·µºÑº¶Ò ºÖ Ô¥¸µ Õ¥·ºµ¶º· »Ö ÒºØ£µº·£¶µ¥å×¥ »¥µÛ¶¥µ Þ£· Ñº º éÞ¥ éº»¥Ò¥¶Û¥ é¥Ô·µ¥ Ý£Öµ ÞáºÑ£¶µ Ò£í Õ¥ Ý¥Û»ºÛ· ¸¥Ô »¥µÛ¶¥µÔºÛÛ Õ¥¥Ô Óº ´ºµ¶Ôå ä£Û Ô¥ÛÔ »¥ Ò á¹£ÔÝ¶·ºÒ¶· Õ¥è Ôº í¥Û·¶ÒÒ¥ÔÔ¥ ¥· Ôº Ø£ÛÛ¥ ¹ÖÞ¥Öµ Þá£Û·Ø¥ºÖ¸£ÖÝ º¶» Õ¥ Óº Þ¥ Ô¥Û·¶µ Óº Ò áº¶Ô¥ ¥· Óº Þá¶Û· Õ¥íµ¥µ »ºÛÔ ÖÛ¥ Û£ÖÑ¥ÒÒ¥ Ñ¶¥å Ðá¥Ô· íµ óº¸¥Óº ¥ÒÒ¥ ¥· Óº Û£Ô Ò£ÛíÖ¥Ô ¸£ÛÑ¥µÔº·¶£ÛÔ àÖ¥ ì áº¶ ÝÖ ºÞ Õ¥Ò¶£µ¥µ ¥· Ý¥µï ¥¸·¶£ÛÛ¥µ Òº ÒºÛíÖ¥ïµºÛ�̧º¶Ô¥å ×¥Ô Þ£Þ¥Û·Ô ÝºÔÔ Õ¥Ô ºÑ¥¸ ¥ÒÒ¥ µ¥Ô·¥µ£Û· Ý£Öµ Þ£¶ ÖÛ ¥ç¸¥ÒÒ¥Û· Ô£ÖÑ¥Û¶µå Ðá¥Ô·ºÑ¥¸ Ø¥ºÖ¸£ÖÝ »áº¤¥¸·¶£Û àÖ¥ ì ¥ Òº µ¥Þ¥µ¸¶¥å
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|^d k`ak`b ĥg ĥd c^ dle ĥg`b^ c^d _afzgbafd c�afc^d afg c^d zafd ĥno^fz^d g`�̂d beka`�gjfg^d do` r^ zaeka`g^e^fg c^d dldg�̂e^d kmldbno^d r^d krod ij`b ĥd\ °f e ĥzjfbno^ nojf�gbno^� r^ kadgorjg c^ dle ĥg`bdjgbaf kj`gj~^ r^d kj`gbzor^d ^f c^o� ~`jfc^d _jebrr^d ^f_afzgbaf c^d k`ak`b ĥg ĥd c^ dle ĥg`b^ c^ rj _afzgbaf c�afc^ �j � za`kd bc^fgbno^d � r^d}adafd �kj`gbzor^d c^ dkbf gagjr ^fgb^`�� kao` r^dno^rd rj _afzgbaf c�afc^ `^dg^ bfzmjf~ ĥ̂daod ĥzmjf~^ c^ c^o� kj`gbzor^d� ^g r^d _^`ebafd �kj`gbzor^d c^ dkbf gagjr d^eb�^fgb^`��kao` r^dno^rd rj _afzgbaf c�afc^ zmjf~^ c^ db~f^ daod ĥzmjf~^ c^ c^o� kj`gbzor^d\|^d }adafd� jbfdb }jkgbd ĥd ^f maeej~^ co kmldbzb^f bfcb^f �\�\�ad^ nob ogbrbdj ^fk`^eb^` rj dgjgbdgbno^ c^d kj`gbzor^d �j dkbf gagjr ^fgb^` kao` ĥgocb^` r^ zjd kj`gbzorb^`c^d kmagafd �[�� caff^fg rb^o �j of^ g`jfdbgbaf c^ kmjd^ �j }jdd^ g^ek ĥ̀ jgo`^ zaffo^daod r^ fae c^ zafc^fdjgbaf c^ �ad^�°bfdg^bf\ y^gg^ g`jfdbgbaf� k` ĥcbg^ kj` u\ °bf�dg^bf jo c ĥ}og c^d jff ĥ̂ d ibf~g �J� v�� ^dg of km ĥfae�̂f^ ko`^e^fg nojfgbno^ nob d^ejfb_^dg^ ra`dno^ rj raf~o^o` c�afc^ gm^`ebno^ c^ib^fg co e¦̂e^ a`c`^ no^ rj cbdgjfz^eal^ff^ ^fg`^ kj`gbzor^d\ |�bfcbdz^`fj}brbg ĥc^d kj`gbzor^d� r^ `^zaoi`^e^fg c^d kjno^gdc�afc^d� ^g r^d k`ak`b ĥg ĥd c^ dle ĥg`b^ ^fg`j¦�f^fg r�azzokjgbaf ejz`adzakbno^ c^ r� ĥgjg_afcje^fgjr co dldg�̂e^ � z�̂ dg r^ zafc^fdjg c^ �ad^�°bfdg^bf\ u rj g`jfdbgbaf c^ kmjd^�rj c^fdbg ĥcjfd r�̂ dkjz^ c^d kmjd^d � © ������ a�o � ^dg rj c^fdbg ĥ dkjgbjr^ c^ kj`gbzor^d

^g ��� © ���� J!«"#$ ^dg rj raf~o^o` c�afc^ gm^`ebno^ c^ c^ �`a~rb^� ijog �x� �� © J%�[J%%%% �[�
y^gg^ zafcbgbaf� nob j ĥg ĥ a}g^fo^ kao` of ~j� bc ĥjr ^g maea~�̂f^� c^e^o`^ ijrj}r^ db
r^ ~j� ^dg _jb}r^e^fg bfg^`j~bddjfg� jog`^e^fg cbg db �&� ' [ �& ka`g ĥ̂ zj`jzg ĥ̀ bdgbno^co kag^fgb^r c�bfg^`jzgbaf�� ao db r^ ~j� ^dg zaf(f ĥ� kao`io no^ r�af zafdbc�̂̀ ^ rj c^fdbg ĥz^fg`jr^ �{�\

|^d _^`ebafd� ^f maeej~^ jo kmldbzb^f bgjrb^f °\�^`eb nob r^ k`^eb^` ĥgocbj r^dk`ak`b ĥg ĥd ejz`adzakbno^d c^d dldg�̂e^d cafg rj _afzgbaf c�afc^ ^dg jfgbdle ĥg`bno^��� p�� f^ do}bdd^fg jozof^ g`jfdbgbaf c^ kmjd^ �j }jdd^ g^ek ĥ̀ jgo`^\ |^ k`bfzbk^ c^wjorb ^dg rj k`^eb�̂̀ ^ zafd ĥno^fz^ c^ rj dgjgbdgbno^ c^ �^`eb��b`jz � of ĥgjg nojfgbno^^dg azzok ĥ jo ej�beoe kj` of^ kj`gbzor^\ |a`dno^ r�af ĥgocb^ r^d k`ak`b ĥg ĥd c�of ~j��j �j }jdd^ g^ek ĥ̀ jgo`^ ^g cjfd r^ ` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^ �� © [�� afd�jk^`)zabg no^ r� ĥf^`~b^ eal^ff^ co ~j� `^dg^ (fb^\ �b af c ĥz`bg r^d kj`gbzor^d kj` r^d
t



[� �þ��*�+ý��*þ
zaa`caff ĥ̂ d zrjddbno^d ^f kadbgbaf ^g bekordbaf� ^g db af ~j`c^ �j r�̂ dk`bg r^ ` ĥdorgjgc^ e ĥzjfbno^ nojfgbno^ d^raf r^no^r r^ iaroe^ cjfd r�̂ dkjz^ c^d kmjd^d ,6 ,( k^og`^z^iab` jo ej�beoe ,6 ,( �� _^`ebafd �� zafdgjfg^ c^ wrjfz-�� af g`aoi^ no^ cjfdof ~j� maea~�̂f^ c^ c^fdbg ĥ�� �j $ © �� r^d bekordbafd c^d kj`gbzor^d iafg c^ � �j of^ijr^o` ej�bejr^ .Ã �bekordbaf c^ �^`eb� c ĥ(fb^ kj` �x� �

x
v!.�Ã © ���% �J�

u q©�� r^d fbi^jo� c^ krod _jb}r^ ĥf^`~b^ dafg gaod azzok ĥd kj` of^ kj`gbzor^  odno��jĥkobd^e^fg c^d kj`gbzor^d\ |�ĥf^`~b^ c^ r� ĥgjg azzok ĥ r^ krod ĥf^`~ ĥgbno^ ^dg jkk^r ĥ̂ĥf^`~b^ c^ �^`eb �/Ã � ^g kao` of ~j� maea~�̂f^ ijog �
/Ã © .�ÃJ« © ���

J« 0�!��1�2� % �v�
|^d ĥnojgbafd �J� ^g �v� dafg c^d ` ĥdorgjgd ijrj}r^d kao` r^d ~j� maea~�̂f^d faf zaf(f ĥd\�jfd r^ zjd faf maea~�̂f^� r^ k`bfzbk^ c^ wjorb d�jkkrbno^ c^ rj e¦̂e^ _j)zaf jo� fbi^jo�ĥf^`~ ĥgbno^d cbdz`^gd co kag^fgb^r jo rb^o c^d fbi^jo� co zafgbfooe c^d kj`gbzor^drb}`^d\ wao` of kag^fgb^r mj`eafbno^ v�� r� ĥf^`~b^ c^ �^`eb ^dg rb ĥ̂ jo fae}`^ c^_^`ebafd kb ĥ~ ĥd � ^g �j rj eal^ff^ ~ ĥae ĥg`bno^ c^d _` ĥno^fz^d c�adzbrrjgbaf co kb�̂~^�3 © 4536 37 38 ��� � /Ã © ���3����92� �x�

|j kmldbno^ c^d _^`ebafd �j }jdd^ g^ek ĥ̀ jgo`^ ^dg zaekr�̂g^e^fg cbs ĥ̀ ^fg^ c^ z^rr^c^d }adafd\ u zjod^ co k`bfzbk^ c^ wjorb� br f�l j kjd azzokjgbaf ejz`adzakbno^ c^r� ĥgjg r^ eabfd ĥf^`~ ĥgbno^ ^g� kj` zafd ĥno^fg� br f�l j kjd c^ g`jfdbgbaf c^ kmjd^\ �jfd
r^ zjd ` ĥ̂ r� r^d bfg^`jzgbafd ^fg`^ kj`gbzor^d bfg`acobd^fg c^d ĥr ĥe^fgd faoi^jo� nob
eacb(^fg c�of^ _j)zaf beka`gjfg^ r^ zjc`^ kmldbno^\ °f _jbg cjfd of ~j� _^`ebafbno^c ĥ~ ĥf ĥ̀ ĥ bfg^`j~bddjfg r^d kj`gbzor^d k^oi^fg eafg`^` of^ zam ĥ̀ ^fz^ ^g d^ ~`aok^` ^fkjb`^d �kjb`^d c^ yaak^`�\ y^d kjb`^d� zafdgbgo ĥ̂ d kj` of fae}`^ kjb`^ c^ _^`ebafd�afg of dkbf ^fgb^`� ^g k^oi^fg ĥi^fgo^rr^e^fg caff^` rb^o �j of^ g`jfdbgbaf c^ kmjd^ � rjg`jfdbgbaf �y�� c�jk`�̂d r^d kmldbzb^fd :\ �j`c^^f� |\ �\ yaak^` ^g :\ ]\ �zm`b^s^` �t�\y^gg^ g`jfdbgbaf� nob j c ĥ  �j ĥg ĥ c ĥeafg` ĥ̂ do` r^d ~j� c�ĥr^zg`afd �dok`jzafcozg^o`d�
^g do` r��;^ �rbnobc^�� f�j  jejbd ĥg ĥ a}d^`i ĥ̂ do` of ~j� _jb}r^e^fg bfg^`j~bddjfg\

�^kobd rj _a`eorjgbaf c^ rj e ĥzjfbno^ nojfgbno^� br l j gao ao`d ^o of _a`g bfg ĥ̀ ¦̂g
kao` r^d ~j� nojfgbno^d c ĥ~ ĥf ĥ̀ ĥd c^ }adaf ao c^ _^`ebaf\ °f z^ nob zafz^`f^ r^d}adafd� rj dok^`�obcbg ĥ c^ r�<;^ rbnobc^ jijbg ĥg ĥ ^�krbno ĥ̂ ^f g^`e^ c^ zafc^fdjgbafc^ �ad^�°bfdg^bf� }b^f no^ rj _`jzgbaf zafc^fd ĥ̂ f^ c ĥkjdd^ kjd [�= �j zjod^ c^d _a`g^dbfg^`jzgbafd jgae^�jgae^\ °f _jbg rj zafcbgbaf c^ ebrb^o cbro ĥ bzb f�̂ dg kjd `^dk^zg ĥ̂ ��&� > [� a�o & ^dg rj raf~o^o` c^ cbsodbaf\ ��jog`^ kj`g rj zafc^fdjgbaf c^ �ad^�°bfdg^bf j ĥg ĥ a}d^`i ĥ̂ do` c^d ~j� cbro ĥd c�̂ �zbgafd cjfd r^d d^ebzafcozg^o`d� }b^fno^ rj db~fjgo`^ dabg bfcb`^zg^ �[��\ �^kobd r^d k`^eb�̂̀ ^d k` ĥcbzgbafd c�°bfdg^bf c^d



�þ��*�+ý��*þ [[
jff ĥ̂ d ibf~g� br j _jrro jgg^fc`^ [tt{ kao` jiab` of^ c ĥeafdg`jgbaf ^�k ĥ̀ be^fgjr^ c^ rjzafc^fdjgbaf c^ �ad^�°bfdg^bf c�of ~j� _jb}r^e^fg bfg^`j~bddjfg ��&� ' [� kj` r� ĥnobk^c^ °\u\ya`f^rr ^g y\?\?b^ejf do` r^ ÀÁ]} �[[�� ^g ^fdobg^ kj` r� ĥnobk^ c^ ]\¡\;or^gdo` r^ Á|b �[J� [v�� r� ĥnobk^ c^ ?\@^gg^`r^ do` r^ ���j �[x�� ^g r� ĥnobk^ c^ �\@r^kkf^`^g q\y\¡`^lgj- do` r�mlc`a~�̂f^ �[{� [��\

|^d k`^eb^`d ^ddjbd kao` a}g^fb` rj zafc^fdjgbaf cjfd c^d ~j� jgaebno^d cbro ĥd
jijb^fg zaee^fz ĥcjfd r^d jff ĥ̂ d nojg`^�ibf~g do` r�mlc`a~�̂f^\ uo zao`d c^ z^d ^�k ĥ̀ b^fz^drj g^zmfbno^ co `^_`abcbdd^e^fg ĥijka`jgb_ _¦og jkkrbno ĥ̂ kao` rj k`^eb�̂̀ ^ _abd ^f kmldbno^jgaebno^ kao` jo~e^fg^` rj c^fdbg ĥcjfd r�̂ dkjz^ c^d kmjd^d �[p� [��\ wj`jrr�̂r^e^fg rjzaeeofjog ĥc^ kmldbno^ jgaebno^ j zaffo of^ k ĥ̀ bac^ g`�̂d jzgbi^ c^kobd r^ c ĥ}og c^djff ĥ̂ d nojg`^�ibf~g ~`¦jz^ jo c ĥi^rakk^e^fg c^d g^zmfbno^d c^ `^_`abcbdd^e^fg rjd^`�k ĥ̀ bac^ nob j zorebf ĥ ji^z r�jgg`b}ogbaf ^f [ttp co k`b� �a}^r c^ wmldbno^ �j �g^i^fymo� yrjoc^ yam^f�qjffaoc b ^g ?brrbje �\ wmbrrbkd �[t� J�� J[�\ |^d g^zmfbno^d c^`^_`abcbdd^e^fg rjd^` afg eafg` ĥ of caejbf^ c�jkkrbzjgbaf bek`^ddbaffjfg do` r^d ~j�c�jgae^d jrzjrbfd� ^g� jddazb ĥ̂ d jo� g^zmfbno^d c^ `^_`abcbdd^e^fg ĥijka`jgb_ ebd^d jo
kabfg do` r�mlc`a~�̂f^� afg k^`ebd c�jgg^bfc`^ rj zafc^fdjgbaf c^ �ad^�°bfdg^bf ji^z r^d~j� c�jgae^d jrzjrbfd\

°f z^ nob zafz^`f^ r^d _^`ebafd� faod daee^d ^fgao` ĥd c^ fae}`^o� dldg�̂e^dkmldbno^d cjfd r^ ` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^\ y�̂ dg r^ zjd� kj` ^�^ekr^�c^d jgae^d �j g^ek ĥ̀ jgo`^ je}bjfg^� z^o��zb ĥgjfg rj krokj`g c^ g^ekd cjfd r^o` ĥgjg_afcje^fgjr� r^d ĥr^zg`afd zafdgbgo^fg of ~j� _a`g^e^fg c ĥ~ ĥf ĥ̀ ĥ\ �^ rj e¦̂e^ _j)zafr^d ĥr^zg`afd cjfd r^d z`bdgjo� zafdgbgo^fg c^d ~j� _a`g^e^fg c ĥ~ ĥf ĥ̀ ĥd kobdno^ r^dĥf^`~b^d c^ �^`eb glkbno^d� ^f ofbg ĥd c^ g^ek ĥ̀ jgo`^� dafg g`�̂d ĥr^i ĥ̂ d kj` `jkka`g �jrj g^ek ĥ̀ jgo`^ je}bjfg^ �A [�< @�\ y^k^fcjfg z^d ~j� dafg }b^f rabf c�¦̂g`^ c^d ~j�bc ĥjo� � �j zjod^ c^d bfg^`jzgbafd zaorae}b^ff^d c�of^ kj`g ji^z r^ ` ĥd^jo fozr ĥjb`^c�jog`^ kj`g� r^d ĥr^zg`afd zafdgbgo^fg of ebrb^o _a`g^e^fg bfg^`j~bddjfg ^g zaekr^�^�cafg r^ g`jbg^e^fg kmldbno^ f ĥz^ddbg^ c^d ^sa`gd c^ eac ĥrbdjgbaf ^g c^ zjrzor ej ^o`d\�jfd r^d faljo� jgaebno^d� r^d k`agafd ^g r^d f^og`afd _a`e^fg joddb c^d ~j� c ĥ~ ĥf ĥ̀ ĥd�ejbd c^ e¦̂e^ �j zjod^ c^ r�bfg^`jzgbaf _a`g^� ao zaorae}b^ff^� z^d ~j� f^ k^oi^fg kjd¦̂g`^ zafdbc ĥ̀ ĥd zaee^ bc ĥjo�\
�jfd rj fjgo`^ af f^ zaffj¦�g kjd c^ ~j� _^`ebafbno^ c ĥ~ ĥf ĥ̀ ĥ _jb}r^e^fg bfg^`j~bd�djfg� z�̂ dg kao` )zj no^ c^kobd rj k`^eb�̂̀ ^ c ĥeafdg`jgbaf c^ zafc^fdjgbaf c^ �ad^�°bfdg^bf do` c^d jgae^d f^og`^d� af j k^fd ĥ �j jkkrbno^` r^d e¦̂e^d g^zmfbno^d kao` jg�g^bfc`^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ do` of ĥzmjfgbrraf c�jgae^d _^`ebafbno^d\ y^gg^ c ĥ~ ĥf ĥ̀ ^dz^fz^j ĥg ĥ jgg^bfg^ r�jff ĥ̂ c^`fb�̂̀ ^ kj` r� ĥnobk^ c^ �\�\:bf do` of ~j� c^ <B@ kb ĥ~ ĥ cjfdof kb�̂~^ ej~f ĥgbno^� ^g rj g^ek ĥ̀ jgo`^ $ C $Ã  J j ĥg ĥ a}g^fo^ �JJ�\
�jfd z^ e ĥeab`^�  ^ k` ĥd^fg^ r^d g`jijo� nob afg ĥg ĥ e^f ĥd �j kj`gb` c^ ej`d [ttp

jo |j}a`jgab`^ @jdgr^` �`add^r� g`jijo� ibdjfg �j ĥgocb^` rj c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^ji^z r�bdagak^ _^`ebafbno^ co rbgmboe� r^ D|b \ |^d g`jijo� ka`g^fg k`bfzbkjr^e^fg do`
rj zafdg`ozgbaf c�of jkkj`^brrj~^ kao` k`acob`^ r^ ~j� _^`ebafbno^ c ĥ~ ĥf ĥ̀ ĥ\ yaee^cjfd r^d ^�k ĥ̀ b^fz^d c^ zafc^fdjgbaf c^ �ad^�°bfdg^bf c�jgae^d jrzjrbfd� r�̂ �k ĥ̀ b^fz^



[J �þ��*�+ý��*þ
^dg zafdgbgo ĥ̂ kj` of^ ^fz^bfg^ daod ibc^ cjfd rjno^rr^� kj` ĥgjk^d dozz^ddbi^d c^ `^�_`abcbdd^e^fg �̀ jr^fgbdd^e^fg c�of  ^g jgaebno^� `^_`abcbdd^e^fg ^f e ĥrjdd^ akgbno^ ^g`^_`abcbdd^e^fg ĥijka`jgb_�� af jgg^bfg rj c ĥ~ ĥf ĥ̀ ^dz^fz^ c^ �^`eb\ :^ k` ĥd^fg^ joddbc^d k`akadbgbafd gm ĥa`bno^d ka`gjfg do` rj e^do`^ c^ rj g^ek ĥ̀ jgo`^ cjfd of ~j�c�jgae^d _^`ebafbno^d _a`g^e^fg c ĥ~ ĥf ĥ̀ ĥ� ^g rj c ĥg^zgbaf c^ rj g`jfdbgbaf �y� cjfd ofĥzmjfgbrraf faf karj`bd ĥ\ °f(f�   �jb j}a`c ĥ of jog`^ do ^g gm ĥa`bno^ bfc ĥk^fcjfg kj``jkka`g jo� _^`ebafd c ĥ~ ĥf ĥ̀ ĥd � r^ `^_`abcbdd^e^fg �^^ejf jddbdg ĥkj` zarrbdbafd\ y^gg^k`akadbgbaf� nob _jbg kj`gb^ co caejbf^ co `^_`abcbdd^e^fg rjd^` ^g kaekj~^ akgbno^�d^e}r^ as`b` c^ fae}`^od^d jkkrbzjgbafd cjfd rj k`acozgbaf c^ ~j� org`j_`abcd\

|^ k`^eb^` zmjkbg`^ bfg`acobg c�of^ _j)zaf ~ ĥf ĥ̀ jr^ r^ k`a}r�̂e^ c^d _^`ebafd c ĥ~ ĥf ĥ̀ ĥd
^g zaf(f ĥd cjfd of kag^fgb^r ^�g ĥ̀ b^o`\ u zjod^ co k`bfzbk^ c^ dle ĥg`bdjgbaf� r^d bfg^`�jzgbafd ^fg`^ _^`ebafd karj`bd ĥd dafg f ĥ~rb~^j}r^d cjfd r^ caejbf^ c�ĥf^`~b^ c�bfg ĥ̀ ¦̂g\u }jdd^ g^ek ĥ̀ jgo`^� r� ĥijka`jgbaf kao` of ~j� _^`ebafbno^ f^ ej`zm^ cafz kjd c^rj e¦̂e^ _j)zaf no^ kao` r^d }adafd zj` br ejfno^ r^d zarrbdbafd ĥrjdgbno^d� }jd^ co `^�_`abcbdd^e^fg ĥijka`jgb_\ �r ^�bdg^ krodb^o`d darogbafd kao` zafgao`f^` rj zafg`jbfg^ co
k`bfzbk^ c^ dle ĥg`bdjgbaf� gaog^d }jd ĥ̂ d do` r^ e ĥrjf~^ c^ ~j� cbdz^`fj}r^d � r^ k`bfzbk^c^ dle ĥg`bdjgbaf f^ d�jkkrbno^ no�jo� kj`gbzor^d bfcbdz^`fj}r^d ^g ^f z^ c^`fb^` zjdaf `^g`aoi^ r^d bfg^`jzgbafd �j _jb}r^ ĥf^`~b^\ Ef^ e ĥgmac^ nob j c ĥ  �j eafg` ĥ daf ^_�(zjzbg ĥ kao` jgg^bfc`^ r^ d^obr c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ cjfd of ~j� _^`ebafbno^ zafdbdg^ �jk^okr^` krodb^o`d daod�fbi^jo� ej~f ĥgbno^d co ~j� c^ _^`ebafd\ y^gg^ g^zmfbno^ dbe�krb(^ zafdbc ĥ̀ j}r^e^fg r^ dldg�̂e^ akgbno^ f ĥz^ddjb`^ kao` r^ k` ĥ�`^_`abcbdd^e^fg rjd^`�ejbd a}rb~^ �j zmabdb` of jgae^ c^ dkbf gagjr beka`gjfg �JJ�\ Ef^ jog`^ darogbaf zafdbdg^�j `^_`abcb` r^d _^`ebafd cjfd of }jbf gm^`ebno^ zafdgbgo ĥc�of ~j� c�of^ ^dk�̂z^ jgae�bno^ `^_`abcbddj}r^ ji^z r^d g^zmfbno^d ĥijka`jgbi^d dgjfcj`c\ y^gg^ e ĥgmac^� nob j c ĥ  �jĥg ĥogbrbd ĥ̂ ji^z }adafd �Jv�� f�j kjd ^fza`^ ĥg ĥ jkkrbno ĥ̂ kao` `^_`abcb` c^d _^`ebafd\uo eae^fg co c ĥej``j~^ c^ r�̂ �k ĥ̀ b^fz^ r^ k`^eb^` zmab� nob d�̂ dg kad ĥj ĥg ĥ r�jgae^�j ogbrbd^`\ wao` c^d no^dgbafd c^ dbekrb(zjgbaf ^�k ĥ̀ be^fgjr^ faod jiafd akg ĥkao` ofjgae^ jrzjrbf dgj}r^� r^d jrg^`fjgbi^d ĥgjb^fg D|b ao <B@ \ |^ <B@ j r�jijfgj~^ c�jiab` r^dkbf fozr ĥjb`^ ĥr^i ĥ �x��ejbd ^f [ttp br ĥgjbg k^o ĥgocb ĥ � br i^fjbg c�¦̂g`^ kb ĥ~ ĥej~f ĥga�akgbno^e^fg �Jx� J{� ^g d^d k`ak`b ĥg ĥd zarrbdbaff^rr^d ĥgjb^fg bfzaffo^d\ ��jog`^ kj`g r^rbgmboe jijbg c ĥ  �j ĥg ĥ `^_`abcb cjfd of kb�̂~^ ej~f ĥga�akgbno^ �J�� Jp� J�� Jt� v�� v[��kb ĥ~ ĥ cjfd of kb�̂~^ ej~f ĥgbno^ �j jbejfgd k^`ejf^fgd �vJ�� ^g ĥr^zg`a�jbejfgd ji^zzFo` ^f _^``bg^ �v�� vv�� ^g d^d k`ak`b ĥg ĥd zarrbdbaff^rr^d jijbg c ĥ  �j ĥg ĥ ĥgocb ĥ̂ d jo fbi^jo
gm ĥa`bno^ ^g ^�k ĥ̀ be^fgjr �vx� v{� v�� vp� v�� vt� x�� x[� xJ�\ °f(f r^ Á|b �}adaf� jijbg ĥg ĥ`^_`abcb ĥijka`jgbi^e^fg jo d^obr c^ zafc^fdjgbaf �[J� [v�\ u zjod^ c^ z^d `jbdafd faod
jiafd zmabdb c^ `^_`abcb` r^ D|b �_^`ebaf� dlekjgmbno^e^fg ji^z r^ Á|b \ wj` jbrr^o`d�r^d g`jfdbgbafd akgbno^d afg rb^o �j of^ raf~o^o` c�afc^ no^ r�af k^og jgg^bfc`^ ji^z c^ddao`z^d rjd^` �j d^ebzafcozg^o`� ^g rj cbs ĥ̀ ^fz^ ^fg`^ r^d g`jfdbgbafd c^d c^o� bdagak^dk^`e^g of^ }aff^ d ĥr^zgbibg ĥjo fbi^jo c^ rj ejfbkorjgbaf akgbno^ ^g c^ r� ĥijka`jgbaf\�f kao``j jbfdb ĥgocb^` r^d e ĥrjf~^d c^ }adafd ^g _^`ebafd c ĥ~ ĥf ĥ̀ ĥd �xv� xx�� ^g c^dzafc^fdjgd c^ �ad^�°bfdg^bf dgj}r^d ao bfdgj}r^d �~`¦jz^ �j rj ij`b ĥg ĥ c^d raf~o^o`d c^cbsodbaf co Á|b �\



�þ��*�+ý��*þ [v
uk`�̂d of^ zaekj`jbdaf `jkbc^ ^fg`^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ }adafbno^ ^g _^`ebafbno^�  ^cbdzog^ rj dbgojgbaf co e ĥrjf~^ }adafd�_^`ebafd ^g r^d bekrbzjgbafd no^ )zj jo`j do` r^` ĥdorgjg no^ faod kao``afd a}g^fb`\ �jfd rj c^`fb�̂̀ ^ kj`gb^ c^ z^ zmjkbg`^  ^ k` ĥd^fg^r^d eagbijgbafd nob faod afg je^f ĥ̂ d �j zmabdb` r^ D|b zaee^ bdagak^ _^`ebafbno^ ^g r^Á|b zaee^ zjfcbcjg kao` r^ `^_`abcbdd^e^fg dlekjgmbno^\ °f (f c^ zmjkbg`^�   �j}a`c^rj c^dz`bkgbaf k`agazar^ ^�k ĥ̀ be^fgjr no^ faod jiafd zmabdb c�̂ ekral^`\|j e^do`^ c^ rj g^ek ĥ̀ jgo`^ ^g c^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ zafdgbgo^ c ĥ  �j ^rr^�e¦̂e^ of^cb±zorg ĥej ^o`^ kao` r^d ~j� _^`ebafbno^d c ĥ~ ĥf ĥ̀ ĥd\ yaee^ cjfd r^d ~j� }adafbno^d�rj d^fdb}brbg ĥ do` rj c ĥg^`ebfjgbaf c^ rj g^ek ĥ̀ jgo`^ ^dg rbebg ĥ̂ cjfd r^ ` ĥ~be^ _a`g^�e^fg c ĥ~ ĥf ĥ̀ ĥ kj` r� ĥf^`~b^ bfg^`f^ co ~j�\ °f _jbg ji^z r^d g^zmfbno^d dgjfcj`c c^g^ekd c^ iar� br ^dg cb±zbr^ c^ c ĥg^`ebf^` c^d g^ek ĥ̀ jgo`^d krod k^gbg^d no^ r� ĥf^`~b^bfg^`f^ co ~j�\ wao` r^d }adafd r� ĥf^`~b^ bfg^`f^ ^dg co^ jo zmjek eal^f zjod ĥ kj`
r�bfg^`jzgbaf jgae^�jgae^ ^g glkbno^e^fg ^dg c^ r�a`c`^ c^ [��f@\ wao` r^d _^`ebafd
r� ĥf^`~b^ c^ zmjek eal^f ^dg f ĥ~rb~^j}r^� gjfcbd no^ r� ĥf^`~b^ co^ �j r�azzokjgbaf c^dfbi^jo�  odno�jo fbi^jo c^ �^`eb ^dg c^ r�a`c`^ c^ r� ĥf^`~b^ c^ �^`eb /Ã � kao` of~j� v� zaf(f ĥcjfd of kag^fgb^r mj`eafbno^ r� ĥf^`~b^ bfg^`f^ ijog v�/Ã  x\ �b af ^dgbfg ĥ̀ ^dd ĥ kj` r^ ` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ r^ k`a}r�̂e^ kad ĥ ^dg ~`ji^ zj` db $ $Ã ' [�$Ã © /Ã  "# ^dg rj g^ek ĥ̀ jgo`^ c^ �^`eb�� rj k` ĥzbdbaf c^ rj e^do`^ ^dg k`aka`gbaf�f^rr^ jo _jzg^o` $ $Ã \ |^ c^o�b�̂e^ zmjkbg`^ ^dg zafdjz` ĥ cjfd rj k`^eb�̂̀ ^ kj`gb^ �jrj c^dz`bkgbaf c�of^ e ĥgmac^ c^ gm^`eae ĥg`b^� kao` r^d ~j� _^`ebafbno^d _a`g^e^fgc ĥ~ ĥf ĥ̀ ĥd� }jd ĥ̂ do` rj `^rj�jgbaf zarrbdbaff^rr^ c^ r�adzbrrjgbaf cbkarjb`^ c�of^ kj`gbzor^g^dg �j r�bfg ĥ̀ b^o` co ~j� _^`ebafbno^\ :^ eafg`^ no��j zjod^ co k`bfzbk^ c^ wjorb� ^g co_jbg no^ r^d ĥgjgd (fjo� c^ zarrbdbaf c^d _^`ebafd k^oi^fg ¦̂g`^ c ĥ  �j azzok ĥd� r^ gjo� c^zarrbdbaf do` of^ kj`gbzor^ g^dg�_^`ebaf ^dg d^fdb}r^e^fg cbs ĥ̀ ^fg kj` `jkka`g �j z^robno^ r�af a}gb^fc`jbg kao` of ~j� c^ �j�G^rr��arg�ejff\ wobdno^ rj e ĥgmac^ k^`e^gjoddb c^ c ĥg^`ebf^` rj g^ek ĥ̀ jgo`^ c^ �^`eb� ^rr^ k^`e^g rj zj`jzg ĥ̀ bdjgbaf zaekr�̂g^c�of ~j� _^`ebafbno^ bc ĥjr �j r� ĥnobrb}`^ gm^`ebno^\ �jfd rj c^o�b�̂e^ kj`gb^ co zmjkbg`^ ^ k`akad^ of^ ~ ĥf ĥ̀ jrbdjgbaf c^ z^gg^ gm^`eae ĥg`b^ zarrbdbaff^rr^ kao` ĥgocb^` of ~j��y� �t�\

�jfd r^d zmjkbg`^d v ^g x�  ^ c ĥgjbrr^ rj zafdg`ozgbaf co eafgj~^ ^�k ĥ̀ be^fgjr daod
gaod d^d jdk^zgd\ �o dldg�̂e^ �j ibc^  odno�jo kb�̂~^ ej~f ĥgbno^� ^f kjddjfg kj` r^ `jr^f�gbdd^o` �^^ejf ^g r^ dldg�̂e^ akgbno^�  ^ c ĥz`bd r^d eagbijgbafd nob faod afg je^f ĥd �jc^ddbf^` r�̂ �k ĥ̀ b^fz^ zaee^ ^rr^ ^�bdg^ jzgo^rr^e^fg\ |j dg`jg ĥ~b^ ^�k ĥ̀ be^fgjr^ zmabdb^�^g rj iarafg ĥc^ zafdg`ob`^ of aogbr c^ `^zm^`zm^ k^`_a`ejfg ^g �^�b}r^� faod afg caff ĥ
r�azzjdbaf c�j}a`c^` r^d k`a}r ĥejgbno^d ^�k ĥ̀ be^fgjr^d glkbno^d c^d ^�k ĥ̀ b^fz^d c^ `^�_`abcbdd^e^fg rjd^` ^g ĥijka`jgb_ ji^z of^ jkk`azm^ cbs ĥ̀ ^fg^ ^g a`b~bfjr^\ubfdb� r^ zmab� c^ `^_`abcb` of e ĥrjf~^ c^ c^o� ^dk�̂z^d jgaebno^d cbdgbfzg^d f ĥz^ddbg^of^ dao`z^ rjd^` zjkj}r^ c^ c ĥrbi`^` krodb^o`d _` ĥno^fz^d dbeorgjf ĥe^fg �c^o� kao`zmjno^ ^dk�̂z^ jgaebno^ cjfd r^ zjd c^d jgae^d jrzjrbfd�\ |^d darogbafd ^fibdj~^j}r^djijfg [ttp zafdbdgjb^fg ^f rj dok^`kadbgbaf ~ ĥae ĥg`bno^ c^d cbs ĥ̀ ^fgd _jbdz^jo� rjd^`do` c^d rje^d d ĥkj`jg`bz^d� ao }b^f r�bfg`acozgbaf c^ }jfc^d rjg ĥ̀ jr^d� kj` `jkka`g
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�j rj _` ĥno^fz^ ka`g^od^ co rjd^`� �j r�jbc^ c�of eacorjg^o` ĥr^zg`a�akgbno^\ |^d c^o�e ĥgmac^d f^ ` ĥkafc^fg kjd �j fad ^�b~^fz^d zj` c�of^ kj`g rj dok^`kadbgbaf ~ ĥae ĥg`bno^^dg cb±zbr^ �j ~ ĥ̀ ^` db r^ fae}`^ c^ _jbdz^jo� z`a¦�g ^g daf ^±zjzbg ĥc ĥk^fc c^ rj nojrbg ĥco eac^ dkjgbjr c^d _jbdz^jo�\ ��jog`^ kj`g r�bfg`acozgbaf c^ }jfc^d rjg ĥ̀ jr^d �j r�jbc^c�of eacorjg^o` ĥr^zg`a�akgbno^ ^dg ^±zjz^ cjfd of caejbf^ c^ _` ĥno^fz^ rbebg ĥ� ^gf^ k^`e^g kjd c^ ` ĥ~r^` j`}bg`jb`^e^fg r^ `jkka`g c�bfg^fdbg ĥ c^d cbs ĥ̀ ^fg^d }jfc^drjg ĥ̀ jr^d\ uo zmjkbg`^ v  ^ k` ĥd^fg^ of^ jrg^`fjgbi^ a`b~bfjr^ jo� g^zmfbno^d no^  ^ ib^fdc^ k` ĥd^fg^`\ y^gg^ e ĥgmac^� nob d^ }jd^ do` of ĥr ĥe^fg c^ ~jbf akgbno^ �j d^ebzafcoz�g^o`� k^og c ĥrbi`^` of fae}`^ ^f k`bfzbk^ j`}bg`jb`^ c^ zaekadjfg^d c^ _` ĥno^fz^d� gaog
^f ~j`cjfg r�ofbzbg ĥ co eac^ dkjgbjr ^g c^ karj`bdjgbaf\ y^gg^ dao`z^ rjd^` �j krodb^o`d_` ĥno^fz^d� nob _jbg kj`gb^ c�of dldg�̂e^ akgbno^ ^fgb�̂̀ ^e^fg }jd ĥ do` c^d dao`z^d c^roeb�̂̀ ^ �j d^ebzafcozg^o`� j k^`ebd of^ dbekrb(zjgbaf zafdbc ĥ̀ j}r^ co dldg�̂e^ akgbno^^g j ~j`jfgb rj (j}brbg ĥdo` c^ raf~o^d k ĥ̀ bac^d\|^ dldg�̂e^ c^ kb ĥ~^j~^ ej~f ĥgbno^ k` ĥd^fg^ rob joddb c^d ĥr ĥe^fgd bffaijfgd\ �f jc ĥ  �j jfgbzbk ĥdo` r^ _jbg no^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ c�of ~j� _^`ebafbno^ c ĥk^fc co `jkka`g$ $Ã � ^g db r^ ~j� ^dg zaf(f ĥ cjfd of kag^fgb^r mj`eafbno^ rj g^ek ĥ̀ jgo`^ c^ �^`eb$Ã ^dg k`aka`gbaff^rr^ �j rj _` ĥno^fz^ eal^ff^ c�adzbrrjgbaf ^g �j rj `jzbf^ zo}bno^ co
fae}`^ c�jgae^d kb ĥ~ ĥd\ u kj`bg ĥc^ g^ek ĥ̀ jgo`^� rj c ĥ~ ĥf ĥ̀ ^dz^fz^ ^dg c�jogjfg krod
mjog^ no^ r^ zaf(f^e^fg ^dg _a`g\ ��jog`^ kj`g� br f^ _jog kjd no^ r^ kb�̂~^ ej~f ĥgbno^�j mjog zaf(f^e^fg dabg of^ rbebgjgbaf jo fae}`^ c�jgae^d kb ĥ~ ĥd\ Ef jog`^ ĥr ĥe^fgcafg faod jiafd g^fo zaekg^ cjfd rj zafz^kgbaf co kb�̂~^ ej~f ĥgbno^� ^dg r�ogbrbg ĥc^kaoiab` _jb`^ c^d e^do`^ c^ g^ekd c^ iar� a�o af zaok^ r^ kag^fgb^r c^ kb ĥ~^j~^ ibg^kj` `jkka`g jo� _` ĥno^fz^d c�adzbrrjgbaf\ �f e^do`^ jra`d r�̂ �kjfdbaf }jrbdgbno^ co^ �jr� ĥf^`~b^ bfg^`f^ co ~j�\ |^d kb�̂~^d ej~f ĥgbno^d ogbrbd ĥd ^f kmldbno^ jgaebno^ ^f [ttp
ĥgjbg c^ { glk^d �H r^d kb�̂~^d �j ĥr^zg`a�jbejfgd� ~j`jfgbddjfg zao`gd g^ekd c^ zaoko`^� of }af jzz�̂dakgbno^ ^g of zaf(f^e^fg `^dk^zgj}r^�H r^d kb�̂~^d �j jbejfgd k^`ejf^fgd� kaoijfg caff^` of zaf(f^e^fg krod beka`gjfg�ejbd f^ k^`e^ggjfg kjd c^d e^do`^d ^f g^ekd c^ iar �vJ��H r^d kb�̂~^d �j ĥr^zg`a�jbejfgd ^g zFo` ^f _^``bg^� kaoijfg caff^` of zaf(f^e^fgbeka`gjfg ejbd rj ~^dgbaf c^d zmjekd ej~f ĥgbno^d ` ĥejf^fgd `^dg^ gaog^_abdzaekrbno ĥ̂ �x{��H ebfb�kb�̂~^d �j ĥr^zg`a�jbejfgd ^g zFo` ^f _^``bg^� caffjfg of zaf(f^e^fg g`�̂dbeka`gjfg cjfd of iaroe^ rbebg ĥ\ �^ kaoijfg ¦̂g`^ zaok ĥd do` of g^ekd zao`gc^ijfg rj clfjebno^ co ~j� kb ĥ~ ĥ� brd f^ dafg kjd jcjkg ĥd jo� e^do`^d ^f g^ekdc^ iar �vv�\
�b^f no^ z^`gjbfd c^ z^d kb�̂~^d jo`jb^fg ko ¦̂g`^ ^ekral ĥd ji^z dozz�̂d cjfd fag`^ zjd�faod jiafd c ĥzbc ĥ c^ dobi`^ of^ iab^ cbs ĥ̀ ^fg^� djfd zaek`aebd ^fg`^ zaf(f^e^fg�iaroe^ c^ zjkgo`^� jzz�̂d akgbno^ ^g f ĥz^ddbg ĥ c^ zaok^` r^ kag^fgb^r c^ zaf(f^e^fg`jkbc^e^fg\ y^gg^ iab^ faod j je^f ĥ �j zafz^iab` of kb�̂~^ ej~f ĥgbno^ zaekadbg^�a�o rj ` ĥ~baf c^ kb ĥ~^j~^ ej~f ĥga�akgbno^ ^dg c ĥkrjz ĥ̂ kj` `jkka`g �j rj ` ĥ~baf co



�þ��*�+ý��*þ [{
kb ĥ~^ ej~f ĥgbno^ (fjr a�o d^ c ĥ̀ aor^ r� ĥijka`jgbaf\ ubfdb� af `^_`abcbg r^d jgae^d cjfdof kb�̂~^ ej~f ĥga�akgbno^ c^ iaroe^ c^ zjkgo`^ beka`gjfg� ^fdobg^ r^d jgae^d dafgzmj`~ ĥd cjfd of k`^eb^` kb�̂~^ ej~f ĥgbno^ cafg r^ z^fg`^ d^ c ĥkrjz^ do` { ze\ uk`�̂d r^g`jfd_^`g� r^d jgae^d d^ g`aoi^fg cjfd of^ ` ĥ~baf c^ k^gbg iaroe^ rbebg ĥ kj` `jkka`g
jo rj}a`jgab`^ kj` of^ kj`ab ^f noj`g� c^ Jee c�ĥkjbdd^o`\ y^zb k^`e^g c�jkk`azm^`zafdbc ĥ̀ j}r^e^fg r^d ĥr^zg`a�jbejfgd c^d jgae^d� ^g cafz c�jo~e^fg^` r^ zaf(f^e^fg
ej~f ĥgbno^\ uo zmjkbg`^ x  ^ c ĥz`bd ^f c ĥgjbr rj zafz^kgbaf ^g rj ` ĥjrbdjgbaf c^ r�̂ fd^e}r^co kb�̂~^� r^d eagbijgbafd nob faod afg je^f ĥd �j zmabdb` c^ g`jijbrr^` ji^z c^d mjogdzao`jfgd� ^g r�̂ fd^e}r^ c^d jdk^zgd no�br j _jrro e^gg`^ jo kabfg �j rj dobg^ c^ z^ zmab�\

|^ zmjkbg`^ { ^dg zafdjz` ĥ �j rj c^dz`bkgbaf c^d ` ĥdorgjgd ^�k ĥ̀ be^fgjo� no^ faod
jiafd ko a}g^fb`  odno��j ejbfg^fjfg\ :^ `^rjg^ r^ _afzgbaff^e^fg co kb�̂~^ ej~f ĥga�akgbno^ �j c^o� bdagak^d ^g r^d k`az ĥco`^d c^ kaekj~^ akgbno^ no^ faod jiafd c ĥi^rakk ĥ̂ d
kao` akgbebd^` r^ zmj`~^e^fg c^d jgae^d cjfd r^ kb�̂~^ ej~f ĥgbno^\ :^ cbdzog^ joddb
r^ _afzgbaff^e^fg c^ îî r�jdz^fd^o` ej~f ĥgbno^ ðð ^g r^ zmj`~^e^fg co kb�̂~^ ej~f ĥgbno^¢£¤¥³´µ¶·¸¹ºµ» �j mjog zaf(f^e^fg� nob zafdgbgo^ r^ zFo` c^ r�̂ �k ĥ̀ b^fz^\ |^d k`^eb^`ddb~fjo� c^ `^_`abcbdd^e^fg ĥijka`jgb_ dafg c ĥz`bgd ĥ~jr^e^fg\

|^ c^`fb^` zmjkbg`^ ^dg zafdjz` ĥ �j of^ ĥgoc^ nob ij jo c^r�j co k`a}r�̂e^ c^d _^`ebafdc ĥ~ ĥf ĥ̀ ĥd\ �r d�j~bg c�of^ k`akadbgbaf gm ĥa`bno^ do` of^ faoi^rr^ e ĥgmac^ c^ `^_`abcbdd^�e^fg jkkrbzj}r^ �j of rj`~^ dk^zg`^ c^ ~j� ^g e ĥrjf~^d c^ ~j� jgaebno^d f^og`^d\|�a`b~bfjrbg ĥ c^ rj k`akadbgbaf zafdbdg^ cjfd r�jddazbjgbaf c^d k`az^ddod zarrbdbaff^rd�ĥrjdgbno^d ^g bf ĥrjdgbno^d� jo� g^zmfbno^d c^ kaekj~^ akgbno^\ :^ eafg`^ no�br ^dgkaddb}r^ c�jiab` c^d zarrbdbafd bf ĥrjdgbno^d ^fcagm^`ebno^d nob ^fr�̂i^fg of^ _`jzgbafbeka`gjfg^ c�ĥf^`~b^ co eaoi^e^fg `^rjgb_ c^ c^o� kj`gbzor^d ^f zarrbdbaf\ |^ kae�kj~^ akgbno^ ^fg`^ r� ĥgjg (fjr ^g r� ĥgjg bfbgbjr c^ rj zarrbdbaf bf ĥrjdgbno^ k^`e^g c^` ĥk ĥg^` r^ k`az^ddod kao` no^ r^ `^_`abcbdd^e^fg co ~j� jbg rb^o\ :^ eafg`^ no^ z^gg^g^zmfbno^� jkk^r ĥ̂ `^_`abcbdd^e^fg �^^ejf jddbdg ĥ kj` zarrbdbafd� k^og ¦̂g`^ ^ekral ĥ̂
kao` g`jfd_ ĥ̀ ^` co eae^fg jf~orjb`^� ^fg`^ cbs ĥ̀ ^fg^d ^dk�̂z^d jgaebno^d ao bdagak^d�c�of^ _j)zaf d ĥr^zgbi^ ^f ĥf^`~b^\
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|j k`^eb�̂̀ ^ ` ĥjrbdjgbaf c�of zafc^fdjg c^ �ad^�°bfdg^bf do` c^d jgae^d jrzjrbfd f^o�g`^d ^f [tt{ �[[� j `^k` ĥd^fg ĥ of k`a~`�̂d _a`ebcj}r^ kao` rj zaeeofjog ĥ dzb^fgb(no^^f ~ ĥf ĥ̀ jr� ^g fagjee^fg z^rr^ c^ rj kmldbno^ jgaebno^\ y^d g`jijo� f�afg kjd dbekr^�e^fg ebd zrjb`^e^fg ^f ĥibc^fz^ of^ k` ĥcbzgbaf gm ĥa`bno^ nob c^kobd r^d jff ĥ̂ d ibf~g�J� v� dodzbgjbg }^jozaok c�bfg ĥ̀ ¦̂g ^g c^ cbdzoddbafd\ �rd afg c ĥeafg` ĥ rj kobddjfz^ co`^_`abcbdd^e^fg ĥijka`jgb_� ^g afg aoi^`g of faoi^jo caejbf^ c^ `^zm^`zm^ do` r^d ~j�c ĥ~ ĥf ĥ̀ ĥd _jb}r^e^fg bfg^`j~bddjfgd� cafg z^rob c^d ~j� _^`ebafbno^d cbro ĥd c ĥ~ ĥf ĥ̀ ĥd\
�jfd z^ zmjkbg`^  ^ ijbd bfg`acob`^ r^d fagbafd c^ }jd^ zafz^`fjfg rj kmldbno^ c^d~j� cbro ĥd _^`ebafbno^d cjfd r^ ` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^\ �jfd rj d^zgbaf[\[�   �bfg`acobd r^d k`a}r ĥejgbno^d� faoi^rr^d kj` `jkka`g jo� ~j� }adafbno^d� rb ĥ̂ d jo`^_`abcbdd^e^fg ĥijka`jgb_� ^g� jk`�̂d jiab` kjdd ĥ ^f `^io^ r^d darogbafd ^�k ĥ̀ be^fgjr^dkaddb}r^d�   �̂ �kad^ r^ zm^ebf no�af j jcakg ĥkao` fag`^ ^�k ĥ̀ b^fz^\ �jfd rj d^zgbaf dobi�jfg^ [\J�  ^ k` ĥd^fg^ rj dg`jg ĥ~b^ ^�k ĥ̀ be^fgjr^ no^ faod jrrafd dobi`^ kao` jgg^bfc`^ rjc ĥ~ ĥf ĥ̀ ^dz^fz^\ �jfd rj d^zgbaf [\v�   �̂ �kad^ r^ dz ĥfj`ba no�br _joc`j ^fibdj~^` ra`dno�afjo`j of ~j� c ĥ~ ĥf ĥ̀ ĥ � r^ k`a}r�̂e^ co e ĥrjf~^ c^d ~j� c^ _^`ebafd ^g }adafd c ĥ~ ĥf ĥ̀ ĥd\�jfd rj d^zgbaf [\x�   �bfg`acobd }`b�̂i^e^fg rj kmldbno^ c^d _^`ebafd c ĥ~ ĥf ĥ̀ ĥd faf ka�rj`bd ĥd� rj _a`ejgbaf c^ kjb`^d c^ yaak^`� ^g rj g`jfdbgbaf �y�\ :�̂ �krbno^ joddb zaee^fg

faod k^fdafd j}a`c^` ^�k ĥ̀ be^fgjr^e^fg z^ k`a}r�̂e^\

QRQ ÇÈSÊTÌUÌÏÏÈÉÈÍÎ VÈWXYTÊXÎÌS ÈÎ ÏZÉYXÎ[Ì\]È
|j ` ĥjrbdjgbaf c^d ~j� c ĥ~ ĥf ĥ̀ ĥd d^ }jd^ do` krodb^o`d ĥgjk^d c^ `^_`abcbdd^e^fg\qlkbno^e^fg r^ ~j� ^dg c�j}a`c k` ĥ̀ ^_`abcb ji^z c^d g^zmfbno^d rjd^` cjfd of kb�̂~^cbddbkjgb_ �kb�̂~^ ej~f ĥga akgbno^�� ^fdobg^ br ^dg zaf(f ĥcjfd of kb�̂~^ zafd^`ijgb_ �kb�̂~^ej~f ĥgbno^� a�o af `^_`abcbg  odno��j rj c ĥ~ ĥf ĥ̀ ^dz^fz^ kj` c^d g^zmfbno^d ĥijka`jgbi^d�[p� [��\ uk`�̂d r^ zmj`~^e^fg c^d jgae^d cjfd r^ kag^fgb^r zafd^`ijgb_� �iab` d^zgbafx\[�� rj c^fdbg ĥcjfd r�̂ dkjz^ c^ kmjd^ f�̂ �z�̂c^ kjd [�^Á\ |�̂ ±zjzbg ĥco `^_`abcbdd^e^fg

[p



[� ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��
ĥijka`jgb_ ^dg cafz z`ozbjr^ kao` kaoiab` jgg^bfc`^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^\

|^ `^_`abcbdd^e^fg ĥijka`jgb_ d^ }jd^ do` c^o� kabfg zr^_d �H r� ĥrbebfjgbaf c^d jgae^d krod ĥf^`~ ĥgbno^d c�of ~j� k`azm^ c^ r� ĥnobrb}`^ gm^`eb�no^�H r^ ` ĥgj}rbdd^e^fg c^ rj zafcbgbaf c^ nojdb�gm^`ejrbdjgbaf kj` r^d zarrbdbafd ĥrjdgbno^d\
u r�jbc^ c�of zmjek `jcba�_` ĥno^fz^ �ao ebz`a�afc^� af bfcobg c^d g`jfdbgbaf ^f�g`^ daod�fbi^jo� �^^ejf �ao daod�fbi^jo� mlk^`(fd� nob _jbg }jdzor^` r^d eae^fgd
ej~f ĥgbno^d c^d jgae^d� ^f r^d _jbdjfg kjdd^` c�of ĥgjg kb ĥ~^jfg �j of ĥgjg jfgb�kb ĥ~^jfgco kag^fgb^r\ y^d g`jfdbgbafd� cafg rj ` ĥdafjfz^ c ĥk^fc co zmjek ej~f ĥgbno^� eac�b(^fg r^ kag^fgb^r ^f bfg`acobdjfg of d^obr ĥf^`~ ĥgbno^ jo c^r�j cono^r r^d jgae^d f^dafg krod kb ĥ~ ĥd\ °f ij`bjfg rj _` ĥno^fz^ c^ rj `jcba�_` ĥno^fz^ af k^og _jb`^ ij`b^` rjmjog^o` c^ rj }j``b�̂̀ ^ ĥf^`~ ĥgbno^ �j iarafg ĥ\ |^d zarrbdbafd ĥrjdgbno^d  ao^fg of `¦ar^_afcje^fgjr �j z^ kabfg kobdno^ rj rbebg^ do` rj k`a_afc^o` c^ kb ĥ~^j~^ ^g r� ĥrbebfjgbafc^d jgae^d r^d krod ĥf^`~ ĥgbno^d� _afg da`gb` r^ ~j� c^ r� ĥnobrb}`^ gm^`eaclfjebno^\ |j}j``b�̂̀ ^ ĥf^`~ ĥgbno^ f ^dg krog¦ag ĥr^i ĥ̂ �glkbno^e^fg f g �"#$ �\ �f k^og cafz kj`r^`c^ ~j� nojdb�gm^`ejrbd ĥ\ |�ĥr ĥe^fg c^ ~jbf ^dg zafdgbgo ĥ kj` r^d k`az^ddod zafz^`fjfgc^o� jgae^d cafg r� ĥf^`~b^ bfcbibco^rr^ ^dg eabfd no^ f� ^g rj daee^ ^dg dok ĥ̀ b^o`^\y^`gjbf^d zarrbdbafd ĥrjdgbno^d k^oi^fg `^cbdg`b}o^` r� ĥf^`~b^ c^ _j)zaf �j jiab` of jgae^�cafg r� ĥf^`~b^ c ĥkjdd^ rj }j``b�̂̀ ^ c^ kag^fgb^r� ĥrbebf ĥ co kb�̂~^� ^g r�jog`^ jgae^ �jof^ ĥf^`~b^ krod _jb}r^ no^ daf ĥf^`~b^ bfbgbjr^\ wao` kaoiab` ~j~f^` r^d p�� a`c`^d c^~`jfc^o` cjfd r�̂ dkjz^ c^d kmjd^d nob d ĥkj`^fg r^ ~j� co ` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ� r^ gjo� c^k`acozgbaf c�jgae^d ĥf^`~ ĥgbno^d� z�̂ dg �j cb`^ rj gm^`ejrbdjgbaf co ~j�� cabg ¦̂g`^ dos�bdjee^fg `jkbc^ kao` no^ r^ ~jbf cjfd r�̂ dkjz^ c^ kmjd^ dabg do±djee^fg ~`jfc kj``jkka`g �j rj _`jzgbaf c�jgae^d k^`cod\ qlkbno^e^fg db rj d^zgbaf c^ cbsodbaf ĥrjdgbno^f^ c ĥk^fc kjd c^ r� ĥf^`~b^ c^ rj zarrbdbaf� ^g db r^ kag^fgb^r c^ kb ĥ~^j~^ ^dg mj`eafbno^� r^g^ekd ebfbeoe kao` jgg^bfc`^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ ^dg J�� hij¾¾ ^fib`af� a�o [ hij¾¾ © �¼�k^dg r^ gjo� c^ zarrbdbafd ĥrjdgbno^d zjrzor ĥjo c ĥ}og c^ r� ĥijka`jgbaf �� c^fdbg ĥco ~j��¼ d^zgbaf c^ cbsodbaf ĥrjdgbno^� �k ibg^dd^ eal^ff^ gm^`ebno^� �x��\ uk`�̂d r^ zmj`~^�e^fg c�of kb�̂~^ ej~f ĥgbno^� r^ gjo� c^ zarrbdbaf f^ c ĥkjdd^ ~ ĥf ĥ̀ jr^e^fg kjd [� kj`d^zafc^� cafz br ^dg f ĥz^ddjb`^ no^ r^ g^ekd c^ dgaz-j~^ c^d jgae^d cjfd r^ kb�̂~^ dabg
raf~� c^ r�a`c`^ c^ rj ebfog^\ �f c ĥ(fg $lm½ r^ g^ekd c^ ib^ co kb�̂~^� r^ g^ekd f ĥz^ddjb`^kao` no^ rj kakorjgbaf kb ĥ~ ĥ̂ dabg ` ĥcobg^ kj` of _jzg^o` [no\ |^ k`az^ddod c^ k^`g^caebfjfg� do`gaog  odno��j rj c ĥ~ ĥf ĥ̀ ^dz^fz^� ^dg c¦o jo� zarrbdbafd ji^z r^ ~j� ` ĥdbco^r\wao` zafg^fb` r^d ^s^gd c^ z^d zarrbdbafd� nob bekrbno^fg c^d ĥf^`~b^d c^ r�a`c`^ c^ "#$�q ^dg rj g^ek ĥ̀ jgo`^ je}bjfg^� ^g _afg da`gb` r^d jgae^d co kb�̂~^� r^d ^�k ĥ̀ b^fz^dc^d ~j� c ĥ~ ĥf ĥ̀ ĥd dafg c^ddbf ĥ̂ d c^ g^rr^ da`g^ no^ r^ ibc^ cjfd rj ` ĥ~baf c�ĥijka`jgbaf~j`jfgbdd^ of g^ekd c^ ib^ c^ of^ �j krodb^o`d ebfog^d� z^ nob za``^dkafc �j of^ k`^ddbafp [�^9Bqa``\

°f ij`bjfg c�of^ _j)zaf zafgbfo^ rj mjog^o` co kag^fgb^r kao` jcjkg^` rj }j``b�̂̀ ^ĥf^`~ ĥgbno^ �j rj g^ek ĥ̀ jgo`^ c^ r� ĥzmjfgbrraf af ` ĥjrbd^ z^ no^ r�af jkk^rr^ of^ ĥijka`jgbaf_a`z ĥ̂ \ |j ij`bjgbaf co d^obr co kag^fgb^r cjfd r^ g^ekd k^`e^g c�akgbebd^` r^ k`az^ddod



abab ��c�*��������þ� d�q�`*����c �� �r�`��_�s+� [t
j(f no^ r^ ~jbf cjfd r�̂ dkjz^ c^ kmjd^d dabg krod beka`gjfg no^ rj k^`g^ c�jgae^d\ �r^dg beka`gjfg c^ daorb~f^` r^ zaeka`g^e^fg _a`g^e^fg faf�rbf ĥjb`^ co k`az^ddod c¦o �jr�jo~e^fgjgbaf co gjo� c^ zarrbdbaf� ^g cafz c^ r�̂ ±zjzbg ĥc^ r� ĥijka`jgbaf� jo zao`d co`^_`abcbdd^e^fg �̂ e}jrr^e^fg c^ r� ĥijka`jgbaf�\ y^g ^e}jrr^e^fg f ĥz^ddbg^ no^ rj gm^`�ejrbdjgbaf dabg `jkbc^ kj` `jkka`g jo� k^`g^d co^d jo� zarrbdbafd ji^z r^ ~j� ` ĥdbco^r�jog`^e^fg cbg $lm½ hij¾¾ > [\
tutut �v�wxyzw {w |} {z~��zx�

|^ k`a}r�̂e^ c^ rj cbsodbaf ĥrjdgbno^ ^fg`^ c^o� kj`gbzor^d c^ e¦̂e^ ejdd^ « bfg^`�j~bddjfg ibj of kag^fgb^r � �69 ¯ 6�� ^dg ` ĥ~b kj` r�mjebrgafb^f �
¦� © ¦.�9J« ­ ¦.��J« ­ � �¦69 ¯ ¦6�� �[\[�

�r ^dg zaeeac^ c^ d ĥkj`^` r^ eaoi^e^fg co z^fg`^ c^ ejdd^ ^g z^rob co eaoi^e^fg`^rjgb_ ^f ogbrbdjfg r^d ak ĥ̀ jg^o`d kadbgbaf ^g bekordbaf co z^fg`^ c^ ejdd^ � ¦�� ^g ¦&��
^g c^ rj zaa`caff ĥ `^rjgbi^ �¦6 ^g ¦(� �� ¦�� © �¦69 ­ ¦6�� J¦&� © ¦(9 ­ ¦(� � ¦6 © ¦69 ¯ ¦6�¦( © �¦(9 ¯ ¦(�� J �[\J�
|�mjebrgafb^f [\[ c^ib^fg jra`d

¦� ©
¦� ��

x« ­ ¦.�« ­ � �¦6�% �[\v�
|^ k`a}r�̂e^ d^ c ĥzaekad^ ^f c^o� � z^rob c�of^ kj`gbzor^ rb}`^ c^ ejdd^ J«� ^g z^robc�of^ kj`gbzor^ c^ ejdd^ «� © « J �cbg^ ejdd^ ` ĥcobg^� daoebd^ �j of kag^fgb^r � �¦6�\qaog^d r^d k`ak`b ĥg ĥd zarrbdbaff^rr^d `^r�̂i^fg c^ z^gg^ kj`gbzor^ (zgbi^\
tutu� ���|z��{w {w {z~��zx�

|^ g`jbg^e^fg nojfgbno^ co k`az^ddod c^ cbsodbaf c�of^ kj`gbzor^ do` of kag^fgb^rk^og ¦̂g`^ _jbg ^f g^`e^ c^ i^zg^o`d k`ak`^d c^ r�mjebrgafb^f co eaoi^e^fg `^rjgb_�c�ĥf^`~b^ kadbgbi^ /� © ���"� �J«�� �cjfd rj dobg^ c^ rj d^zgbaf  ^ ijbd dobi`^ r^d fag^dc^ :\�jrb}j`c ¸åï å �xp�� � �
¦.�« ­ � �¦6�����6� © /����6�ª �[\x�

a�o af dokkad^ no^ r^ kag^fgb^r � �6� � � ra`dno^ 6̈¨ � �\ �f c ĥ(fbg � rj ka`g ĥ̂ co
kag^fgb^r� r�̂ �g^fdbaf c^ rj ` ĥ~baf do` rjno^rr^ r^ kag^fgb^r c�bfg^`jzgbaf ^dg faf for� db r^kag^fgb^r j of^ ^�g^fdbaf (fb^� of^ c ĥ(fbgbaf krod ~ ĥf ĥ̀ jr^ ^dg caff ĥ̂ cjfd rj d^zgbaf
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n

n’

���� [\[� ö¥Ýµ Õ¥Ô¥Û·º·¶£Û Ô¸¹ Õ¥Þº·¶àÖ¥ »¥ Òº »¶¤ÖÔ¶£Û »áÖÛ ÝºàÖ¥· »á£Û»¥ Ô¥ Ýµ£Ýºí¥ºÛ·Ò¥ Ò£Ûí »¥ Òº »¶µ¥¸·¶£Û 5è Ýºµ ÖÛ Ý£·¥Û·¶¥Ò � �6�å�xp�\ |abf c^ rj ` ĥ~baf c�bfg^`jzgbaf 6̈¨ > � af zm^`zm^ c^d darogbafd jdlekgagbno^d co
glk^ � ���6� C o���� ­ � �"ª5ª5�� o���� �[\{�
a�o 5 © � "� ^g 5� © 6 �\ |�bfg^`k` ĥgjgbaf kmldbno^ c^ rj darogbaf ^dg zrjb`^� br d�j~bgc^ rj dok^`kadbgbaf c^ r�afc^ krjf^ c^ r�jgae^ bfzbc^fg� ^g c�of^ afc^ dkm ĥ̀ bno^ da`�gjfg^ `^rjgbi^ �j rj zaekadjfg^ cbsod ĥ̂ \ wao` zmjno^ kadbgbaf r�jekrbgoc^ c^ cbsodbaf� �"ª5ª5�� c ĥk^fc c^ r� ĥf^`~b^ c^ rj kj`gbzor^ /�� c^ rj cb`^zgbaf c�a}d^`ijgbaf 5� � ^gc^ rj cb`^zgbaf bfbgbjr^ 5 �iab` (~o`^ [\[�\ u kj`gb` c^ �[\x� af g`aoi^ no^ r^d darogbafddgjgbaffjb`^d c^ cbsodbaf i ĥ̀ b(^fg rj zafcbgbaf dobijfg^ �x�� �

� �"ª5ª5�� © ¯ «�J!��� � o �̂�� ���� �6�����6��,�6� ª �[\��
a�o �� © "5� \ u kj`gb` c^ z^gg^ c^`fb�̂̀ ^ af a}gb^fg cb`^zg^e^fg rj d^zgbaf cbs ĥ̀ ^fgb^rr^^g gagjr^ c^ cbsodbaf co kag^fgb^r �,¼,  © ¨� �"ª5ª5�� �̈ ^g ¼�"ª5� © � ¨� �"ª5ª5�� �̈,�5� �[\p�

�r ^dg bfg ĥ̀ ^ddjfg c^ fag^` no^ rj darogbaf �[\�� ^dg bekrbzbg^ kobdno�̂ rr^ `^rb^ rj ijr^o`
jdlekgagbno^ c^ ���6� �j dj ijr^o` cjfd rj ` ĥ~baf c^ cbsodbaf\ y^k^fcjfg cjfd rj rbebg^c^ _jb}r^ ĥf^`~b^� ra`dno^ " ' [ � �jog`^e^fg cbg / ' ��� �J«������ r^ k`a}r�̂e^ d^
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dbekrb(^ zafdbc ĥ̀ j}r^e^fg\ |^d zafg`b}ogbafd c^ r�bfg ĥ~`jr^ �[\�� k`aib^ff^fg ofbno^�e^fg co iaroe^ �j r�bfg ĥ̀ b^o` c^ rj ka`g ĥ^s^zgbi^ co kag^fgb^r� cjfd rj rbebg^ c^ _jb}r^ĥf^`~b^ �̈� ¡ 6� ¨ ¢ "� ' [ af k^og jra`d `^ekrjz^` o �̂�� ��� kj` [ £ z^ nob ^fr�̂i^ gaog^c ĥk^fcjfz^ c^ rj cb`^zgbaf ^g cafz `^fc rj cbsodbaf bdag`ak^\ |�ĥgjg dgjgbaffjb`^ c^cbsodbaf d� ĥz`bg jra`d � ���6� C o���� ­ � �"�o���� % �[\��
tutu¤ �x�w��zw| y}{z}| w� { �w¥w|x��w�w�� w� x�{w� �}y�zw||w�

|^ zjrzor ^�jzg c^ r�jekrbgoc^ c^ cbsodbaf f ĥz^ddbg^ rj darogbaf c^ r� ĥnojgbaf c^�zm`�acbf~^` �[\x�\ y^ k`a}r�̂e^� nob fa`ejr^e^fg ^dg ^�g`¦̂e^e^fg zaekrbno ĥ� k^og¦̂g`^ dbekrb( ĥ rj`~^e^fg ^f zafdbc ĥ̀ jfg c^d kag^fgb^rd �j dle ĥg`b^ dkm ĥ̀ bno^ � � �6� ©� ���\ �jfd z^ zjd r�jekrbgoc^ c^ cbsodbaf c ĥk^fc ofbno^e^fg c^ r�jf~r^ ^fg`^ 5 ^g 5��zad ¦ © 5 ¡5��� ^g cafz � �"ª5ª5�� © � �"ª¦�\ �r ^dg ogbr^ jra`d c^ c ĥ(fb` § rj cb`^zgbaf c^r�afc^ krjf^ bfzbc^fg^ ^g c^ c ĥzaekad^` r�afc^ cbsod ĥ̂ do` rj }jd^ c^d i^zg^o`d k`ak`^dc^ ¦̈8 ^g ¦̈� � a�o ¦� ^dg r�ak ĥ̀ jg^o` eae^fg jf~orjb`^ `^rjgb_ ����6� © ©ª«¬B «ª­¬^« ® ­« �¦ª¯�°�±«±­���� �[\t�
a�o ¯ ^dg r�jf~r^ j�beogjr jogao` c^ r�j�^ §� ^g ® ­« �¦ª¯� dafg r^d mj`eafbno^d dkm ĥ̀ bno^d\|�afc^ krjf^ bfzbc^fg^ j eae^fg jf~orjb`^ for kj` `jkka`g �j r�j�^ §� dj c ĥzaekadbgbaf^f mj`eafbno^d dkm ĥ̀ bno^d f^ zafgb^fc`j no^ c^d zaekadjfgd «8 © � ^g af g`aoi^ no^�xt�

o��8 g [
J²"� ©ª«¬B �J³ ­ [��« �zad ¦���¯[�«´9o �̂�� ­ o���� kao` "� > [ �[\[��

a�o �« �zad ¦� dafg r^d karlf¦ae^d c^ |^~^fc`^\ �f g`aoi^ jra`d no^ r�afc^ krjf^ bfzbc^fg^^dg rj dok^`kadbgbaf c�afc^d dkm ĥ̀ bno^d �« �zad ¦�oµ��� � ^fg`jfg^d ^g da`gjfg^d� cafg rjkmjd^ `^rjgbi^ c ĥk^fc co eae^fg jf~orjb`^ `^rjgb_\ ¡`¦jz^ jo c ĥi^rakk^e^fg �[\[��af k^og ĥz`b`^ rj ijr^o` jdlekgagbno^ c^ r�̂ �k`^ddbaf �[\{� ^f g^`e^ c^d mj`eafbno^ddkm ĥ̀ bno^d � ���6� C [
J²"� ©ª«¬B �J³ ­ [��« �zad ¦���¯[�«´9o �̂�� ­ o��¶·o���� �[\[[�

|^d c ĥkmjdj~^d ¸« dafg ` ĥ̂ rd zj` rj dle ĥg`b^ dkm ĥ̀ bno^ co kag^fgb^r bfg^`cbg gaog^ `^�cbdg`b}ogbaf c^ zao`jfg ^fg`^ r^d cbs ĥ̀ ^fg^d afc^d kj`gb^rr^d\ |^ zjrzor c^d ĥgjgd dgj�gbaffjb`^d c^ cbsodbaf d^ ` ĥcobg �j rj c ĥg^`ebfjgbaf c^d za^±zb^fgd ¸« �"� ^f bfd ĥ̀ jfg
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rj darogbaf �[\t� cjfd r� ĥnojgbaf c^ �zm`�acbf~^` �[\x�\ �f f^ zafdbc�̂̀ ^ no^ r^d zaf�g`b}ogbafd « © �\ �b r^d °�±« ��� � dafg ` ĥ~orb^`d �j r�a`b~bf^� brd djgbd_afg r� ĥnojgbaf c^�zm`�acbf~^` [� �

°���±« ��� ­

�
"� ¯ ³�³ ­ [��� ¯ J«�� ������ �°�±« ��� © �% �[\[J�

°f ĥ~jrbdjfg r^d ijr^o`d jdlekgagbno^d c^ �[\t� ^g �[\[[� af a}gb^fg
°�±« C �¯[�«´9o �̂�� ­ o��¶«o��� �[\[v�

|�jekrbgoc^ c^ cbsodbaf � �¦ª"� ^g rj d^zgbaf ^±zjz^ c^ cbsodbaf d^ c ĥcobd^fg cb`^zg^�e^fg c^ rj daodg`jzgbaf c^ �[\[�� c^ �[\[[� �
� �"ª¦� © [

J²" ©ª«¬B �J³ ­ [��o��¶· ¯ [��« �zad ¦�ª �[\[x�
^g

¼�"� © ©ª«¬B ¼« �"� a�o ¼« © x!"� �J³ ­ [� dbf� ¸« �"�% �[\[{�
|^d ¸« �"� d^ zjrzor^fg cb`^zg^e^fg ^f bfg ĥ~`jfg r� ĥnojgbaf �[\[J�\
tutu¹ �x||z�zx�� w��yw �}y�zº�|w� z{w��z»�w�

|j cbsodbaf ^fg`^ kj`gbzor^d bc^fgbno^d f ĥz^ddbg^ of g`jbg^e^fg kj`gbzorb^` zj`� �jzjod^ co k`bfzbk^ c^ dle ĥg`bdjgbaf� rj _afzgbaf c�afc^ co dldg�̂e^ cabg ¦̂g`^ dle ĥg`bno^ao jfgbdle ĥg`bno^ d^raf no�af zafdbc�̂̀ ^ c^d }adafd ao c^d _^`ebafd\ y^zb bekrbno^ no^r^d ĥgjgd dgjgbaffjb`^d c^ cbsodbaf no�af ib^fg c^ g`jbg^` cabi^fg djgbd_jb`^ r^d }aff^dk`ak`b ĥg ĥd c^ dle ĥg`b^ kj` ĥzmjf~^ c^ kj`gbzor^\ |�ĥzmjf~^ c^d kj`gbzor^d cjfd ofk`a}r�̂e^ c^ cbsodbaf ĥnobijog jo zmjf~^e^fg c^ r�jf~r^ ¦ ji^z ! ¯¦� rj darogbaf �[\{�
kao` of kag^fgb^r z^fg`jr d� ĥz`bg ����6� C o���� ­ ¼o �̂��� ­ o���� �� �"ª¦� ­ ¼� �"ª! ¯ ¦�� �[\[��
a�o ¼ ijog ­[ kao` c^d }adafd ^g �[ kao` c^d _^`ebaf\ |j d^zgbaf ^±zjz^ cbs ĥ̀ ^fgb^rr^c^ib^fg � ,¼,  © ¨� �"ª¦� ­ ¼� �"ª! ¯ ¦� �̈ �[\[p�
|j d^zgbaf ^±zjz^ c^ cbsodbaf d�a}gb^fg kj` bfg ĥ~`jgbaf c^ �[\[p�� rj faoi^jog ĥ^dg no^cjfd r^ zjd c^d kj`gbzor^d bc^fgbno^d� �j zjod^ c^ rj kj`bg ĥ c^d karlf¦ae^d c^ |^~^fc`^
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U (r)eff U (r)eff

r r

E

EC

a) b)

E

���� [\J� ´£·¥Û·¶¥Ò ¥¤¥¸·¶ï »¥ Ò á¶Û·¥µº¸·¶£Û º·£Þ¥³º·£Þ¥ Ý£Öµ º½ ³ © �è ¸£ÒÒ¶Ô¶£Û ¥Û£Û»¥³¾è Ø½ ³ Ä � ¸£ÒÒ¶Ô¶£Û ¥Û £Û»¥ ÔÖÝ Õ¥µ¶¥Öµ¥å / ¥Ô· Ò áÕ¥Û¥µí¶¥ »Ö Þ£ÖÑ¥Þ¥Û· µ¥Òº·¶ïè ¥·/¿ ¥Ô· Òº ¹ºÖ·¥Öµ »¥ Òº Øºµµ¶ Ó¥µ¥ ¸¥Û·µ¶ïÖí¥å�¯[�« � d^or^e^fg z^`gjbf^d afc^d kj`gb^rr^d caff^fg of^ zafg`b}ogbaf �j rj d^zgbaf ^±zjz^c^ cbsodbaf � z^rr^d ^f ³ kjb` kao` r^d }adafd� ^g z^rr^d ^f ³ bekjb` kao` r^d _^`ebafd\wao` c^d kj`gbzor^d bc^fgbno^d rj d^zgbaf ^±zjz^ c^ cbsodbaf d� ĥz`bg �
¼�"� © �!"� ª

¾ ÀÁmÂ�J³ ­ [� dbf� ¸« �"� kao` r^d }adafd �[\[��
¼�"� © �!"� ª

¾ mÃÀÁmÂ�J³ ­ [� dbf� ¸« �"� kao` r^d _^`ebafd �[\[t�
tutuÄ �z�z�w {w Å}zÆ|w �w�wyÇzw

�f zafdbc�̂̀ ^ ejbfg^fjfg r^d k`ak`b ĥg ĥd c^ cbsodbaf ĥrjdgbno^ cjfd rj rbebg^ a�o
r� ĥf^`~b^ cjfd r^ z^fg`^ c^ ejdd^ ^dg g`�̂d _jb}r^ kj` `jkka`g �j rj ka`g ĥ̂ ^s^zgbi^ co
kag^fgb^r �"� ' [�\ �jfd z^gg^ rbebg^ af k^og ` ĥdaoc`^ r� ĥnojgbaf �[\[J� ^f f ĥ~rb~^jfg
r^ g^`e^ ^f "� \ �r ^dg beka`gjfg c^ `^ej`no^` no^ r^ kag^fgb^r ^s^zgb_ co k`a}r�̂e^ `jcbjrzaek`^fc c^o� g^`e^d � r^ k`^eb^` ^dg z^rob c^ r�bfg^`jzgbaf jgae^�jgae^� nob j kao`a`b~bf^ r^ c ĥkmjdj~^ ^fg`^ r^d afc^d dkm ĥ̀ bno^d ^fg`jfg^d ^g da`gjfg^d� r^ c^o�b�̂e^����³�³­ [� �J«���� j kao` a`b~bf^ rj }j``b�̂̀ ^ z^fg`b_o~^ co^ jo eae^fg jf~orjb`^ `^rjgb_c^d jgae^d\ y^ c^`fb^` g^`e^� nob ^dg k` ĥd^fg kao` gaog^d r^d afc^d kj`gb^rr^d djo_ ³ © �� ao^ of `¦ar^ beka`gjfg do` r^d c ĥkmjdj~^d ¸« �"� zj`� ^f ĥgjfg ` ĥkordb_� k^og ejdno^` r^kag^fgb^r c�bfg^`jzgbaf jgae^�jgae^� ^g cafz jffor^` r^d ¸« �"�\wao` r^ kag^fgb^r c^ Æjf c^` ?jjrd È��� © ÉD �D �bfg^`jzgbaf glkbno^ ^fg`^ jgae^djrzjrbfd f^og`^d cjfd r^o` ĥgjg ĥr^zg`afbno^ _afcje^fgjr� rj }j``b�̂̀ ^ ĥf^`~ ĥgbno^ z^f�g`b_o~^ /Ê �iab` (~o`^ [\J� d� ĥz`bg �

/Ê © ���³�³ ­ [�
J«�,� ¯ ÉD,D ji^z , ©

�
�«�ÉD���³�³ ­ [��ËÌ �[\J��
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wao` r^ rbgmboe� kj` ^�^ekr^� r^ za^±zb^fg ÉD ijog [vt�o\j\ �[%xx ¡ [�^ÁD :e^D� �{���z^ nob caff^ /¿ © �e@ kao` ³©[9\

�f k^og eafg`^` no^� �j _jb}r^ ĥf^`~b^� r^d ¸« �"� afg of^ c ĥk^fcjfz^ co glk^ �x�� �¸« �"� Í "�«´9 �[\J[�
z^ nob caff^ r^d jekrbgoc^d c^ cbsodbaf� �"ª¦� Í "�« ª �[\JJ�
^g r^d d^zgbaf c^ cbsodbaf kao` r^d afc^d kj`gb^rr^d

¼« �"� © �!"� �J³ ­ [� dbf� ¸« �"� Í "<« % �[\Jv�
�^ r� ĥnojgbaf �[\Jv� af c ĥcobg no^� �j _jb}r^ g^ek ĥ̀ jgo`^� kao` r^d zarrbdbafd ^f afc^�¾�rj d^zgbaf c^ cbsodbaf k`^fc of^ ijr^o` zafdgjfg^ �

rbe�ÎB¼«¬B�"� © �!&� kao` kj`gbzor^d bfcbdz^`fj}r^d }adafbno^dª �[\Jx�
rbe�ÎB¼«¬B�"� © x!&� kao` kj`gbzor^d cbdz^`fj}r^dª �[\J{�

a�o & ^dg rj raf~o^o` c^ cbsodbaf c ĥ(fb^ kj` �
& © ¯ rbe�ÎB gjf ¸B�"�" % �[\J��

�^ r� ĥnojgbaf �[\Jv� af iabg no^� ra`dno^ rj g^ek ĥ̀ jgo`^ $ co ~j� ^dg bf_ ĥ̀ b^o`^ �j rj}j``b�̂̀ ^ ĥf^`~ ĥgbno^ /Ê� r^d zafg`b}ogbafd c^d afc^d kj`gb^rr^d dok ĥ̀ b^o`^d c ĥz`abdd^fgzaee^ $ ^�« \ y^ ` ĥdorgjg j ĥg ĥ a}d^`i ĥ ^�k ĥ̀ be^fgjr^e^fg do` of ~j� c^ <B@ kb ĥ~ ĥcjfd of kb�̂~^ ej~f ĥgbno^ �J{�\ °f e^do`jfg r^ gjo� c^ zarrbdbaf cjfd of ĥzmjfgbrrafgagjr^e^fg karj`bd ĥ� ao cjfd c^o� daod�fbi^jo� �^^ejf� af j ko e^gg`^ ^f ĥibc^fz^d ĥkj` ĥe^fg rj zafg`b}ogbaf ^f afc^¯¾ ^g ^f afc^ .̄ co g^`e^ zarrbdbaff^r\ �o` r� ĥzmjfgbrraffaf karj`bd ĥr^d zarrbdbafd �j _jb}r^ g^ek ĥ̀ jgo`^ dafg ^dd^fgb^rr^e^fg ^f afc^¯¾� zj` cjfdz^ zjd r^ k`bfzbk^ c^ dle ĥg`bdjgbaf f^ d�jkkrbno^ kjd\ �jfd r^ zjd gagjr^e^fg karj`bd ĥ� r^k`bfzbk^ c^ dle ĥg`bdjgbaf _jbg no^ d^or^e^fg r^d afc^d kj`gb^rr^d bekjb`^d zafg`b}o^fg�j rj cbsodbaf� ^g af `^g`aoi^ no^ �j _jb}r^ g^ek ĥ̀ jgo`^ rj d^zgbaf ^±zjz^ c^ zarrbdbaf ^dgk`aka`gbaff^r �j $ �� jog`^e^fg cbg rj zafg`b}ogbaf caebfjfg ^dg ^f afc^ .̄ \
tutuÏ �wÅyxz{z��w�w�� �Ð��}�vz»�w

�jfd rj d^zgbaf k` ĥz ĥc^fg^ af ib^fg c^ iab` no^ rj d^zgbaf c^ cbsodbaf kao` zarrbdbafd
^f afc^d kj`gb^rr^d jog`^ no^ ¾ cbebfo^ _a`g^e^fg kao` r^d ~j� org`j�_`abcd\ �jfd r^ zjdÑÒÓÔÕÖ×ÔÓÔ ØÙÚÛÓÖÜÝÛÖÙÚ ×Þ ßÞ àÔØÛÖÙÚ ÔáØÞØÔ âÔ âÖãÝàÖÙÚ äÙÝÓ ßÞ âÖãÝàÖÙÚ ÔÚÛÓÔ åÔÓÕÖÙÚà äÙßÞÓÖà æÔàç
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co rbgmboe�kj` ^�^ekr^� af j io no^ r^ d^obr ĥf^`~ ĥgbno^ /Ê c¦o �j rj ` ĥkordbaf z^fg`b_o~^^dg c^ r�a`c`^ c^ �e@� g`�̂d ~`jfc^ c^ijfg r^d g^ek ĥ̀ jgo`^d c^ �^`eb no�af ^fibdj~^�no^rno^ ²@� iab` d^zgbaf [\J�\ wao` r^ D|b karj`bd ĥaf d�jgg^fc �j of^ ` ĥcozgbaf co gjo�c^ zarrbdbaf c^ [�D jo� jr^fgao`d c^ rj zafcbgbaf c^ c ĥ~ ĥf ĥ̀ ^dz^fz^� z^ nob ^dg }b^fg`ak ĥr^i ĥkao` no^ r^ `^_`abcbdd^e^fg ĥijka`jgb_ kobdd^ `^dg^` ^±zjz^\ |^ g^ekd c^ ib^co kb�̂~^ c^ib^fg r^ _jzg^o` rbebgjfg� r^ `^_`abcbdd^e^fg ĥijka`jgb_ zaee^ af r^ zaf)zabg
kao` r^d }adafd f^ d�jkkrbno^ kjd jo� _^`ebafd\

y^k^fcjfg rj ` ĥcozgbaf c`jdgbno^ c^ rj d^zgbaf ^±zjz^ c^ zarrbdbaf k^og ¦̂g`^ zaf�gao`f ĥ̂ c^ cbs ĥ̀ ^fg^d ejfb�̂̀ ^d\ y^d jrg^`fjgbi^d ^�krabg^fg r^ _jbg no^ r^ k`bfzbk^ c^dle ĥg`bdjgbaf d�jkkrbno^ ^�zrodbi^e^fg jo� kj`gbzor^d bc^fgbno^d � af k^og jra`d bej~�bf^` c^ c ĥkarj`bd^` r^ ~j� _^`ebafbno^� ao k`acob`^ c^d e ĥrjf~^d c^ cbs ĥ̀ ^fg^d ^dk�̂z^djgaebno^d �̀ ^_`abcbdd^e^fg ĥijka`jgb_ dlekjgmbno^�\ �jfd r^d c^o� zjd gaod r^d j`~o�e^fgd cafg af j cbdzog ĥ^f d^zgbaf �[\[\x� f^ d�jkkrbno^fg krod� ^g rj d^zgbaf c^ cbsodbafgagjr^ ^dg rj daee^ c^d zafg`b}ogbafd c^ gaog^d r^d afc^d\ |j e ĥgmac^ c^ c ĥkarj`bdjgbafj c ĥ  �j ĥg ĥ jkkrbno ĥ̂ do` of e ĥrjf~^ ¨è © t Jª«Ã © ­t J® ­ ¨è © t Jª«Ã © ­p J®c^ <B@ �JJ�\ �zb r� ĥijka`jgbaf _a`z ĥ̂ do` r^d c^o� zaekadjfg^d c^ dkbf ^dg jzzaekj~f ĥ̂
kj` rj gm^`ejrbdjgbaf eogo^rr^ � rj zafg`b}ogbaf �j rj gm^`ejrbdjgbaf co^ jo� zarrbdbafd
^fg`^ jgae^d co e¦̂e^ daod�fbi^jo �^^ejf ^dg f ĥ~rb~^j}r^ kj` `jkka`g �j z^rr^ c^djgae^d c^ daod�fbi^jo� �^^ejf cbs ĥ̀ ^fgd\ |^ `^_`abcbdd^e^fg dlekjgmbno^� c�jog`^kj`g� d^ }jd^ do` rj gm^`ejrbdjgbaf ^fg`^ c^o� ^dk�̂z^d cafg of^� r^d _^`ebafd cjfd z^zjd� ^dg �j `^_`abcb`� ^g r�jog`^� nob k^og ¦̂g`^ `^_`abcb^ ~`¦jz^ jo� g^zmfbno^d ĥijka`jgbi^ddgjfcj`cd�  ao^ r^ `¦ar^ c^ }jbf gm^`ebno^ kao` rj k`^eb�̂̀ ^\ y^gg^ g^zmfbno^� nob j ĥg ĥc ĥeafg` ĥ̂ do` of e ĥrjf~^ ¨è © Jª«Ã © ­J® ­ ¨è © [ª«Ã © ¯[® c^ ÀÁ]} �Jv�� d^}jd^ do` c^o� glk^d c�bfg^`jzgbafd �

H ^fg`^ r^d jgae^d co }jbf gm^`ebno^� nob jddo`^fg rj gm^`ejrbdjgbaf jo zao`d c^r� ĥijka`jgbaf _a`z ĥ̂ � ^g cafz r�̂ ±zjzbg ĥ co `^_`abcbdd^e^fg ĥijka`jgb_�
H ^fg`^ r^d jgae^d co }jbf gm^`ebno^ ^g r^d jgae^d �j `^_`abcb`� kao` no�br l jbggm^`ejrbdjgbaf ^fg`^ r^d c^o�\

|�̂ ±zjzbg ĥco `^_`abcbdd^e^fg dlekjgmbno^ f ĥz^ddbg^ no^ rj d^zgbaf c^ cbsodbaf kao` r^dc^o� glk^d c�bfg^`jzgbafd dabg do±djee^fg ~`jfc^\ |�jgaog c^ z^gg^ c^`fb�̂̀ ^ g^zmfbno^^dg no�̂ f ~ ĥf ĥ̀ jr r^d g`jfdbgbafd jgaebno^d �ĥr^zg`afbno^d ao mlk^`(f^d� c^ cbs ĥ̀ ^fgdbdagak^d ao ^dk�̂z^d jgaebno^d k^`e^gg^fg of^ ejfbkorjgbaf d ĥr^zgbi^ c^ zmjno^ glk^c�jgae^d\ �f k^og jra`d f�ĥijka`^` no^ r�̂ dk�̂z^ îî `^_`abcbddjfg^ ðð� gaog ^f ~j`cjfg r^djgae^d �j `^_`abcb`\



J� ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��QRé êÎÊXÎ VÈëÌÈ ÈìY VÈÊÌÉÈÍÎXíÈtu�ut �yz�îwyw� {w ºvxzï
uijfg c^ c ĥej``^` r�̂ �k ĥ̀ b^fz^ do` r^d _^`ebafd c ĥ~ ĥf ĥ̀ ĥd� ^f [ttp� rj k`^eb�̂̀ ^no^dgbaf nob d^ kadj _og � îî ðo^r jgae^ _jog�br zmabdb` kao` k`acob`^ of ~j� c^ �^`ebc ĥ~ ĥf ĥ̀ ĥñ ðð\ °f _jbg� }b^f no^ r^d jgae^d _^`ebafbno^d dgj}r^d no^ r�af djbg `^_`abcb` ji^zc^d g^zmfbno^d rjd^` f^ dab^fg kjd fae}`^o� ��;^� D|b � <B@� y`�� r^ zmab� ^dg beka`gjfg\�r _jog zmabdb` r^ _^`ebaf� rj g^zmfbno^ c^ `^_`abcbdd^e^fg ^g� db z�̂ dg r^ `^_`abcbdd^e^fgdlekjgmbno^� br _jog joddb zmabdb` r�jgae^ co }jbf gm^`ebno^\D|b Á|b D|b nÁ|b&ò ¯J[�� ó J{� ¯Jp%� ó �%{ x�%t ó �%J&ô x{%{ ó J%{ vv ó J ¯J� ó [�õö÷� [\[� ×£ÛíÖ¥ÖµÔ »¥ »¶¤ÖÔ¶£Û Ý£Öµ ¶Û·¥µº¸·¶£Û ·µ¶ÝÒ¥· ¥· Ô¶ÛíÖÒ¥· Ý£Öµ Ò¥Ô »¥Öç¶Ô£·£Ý¥Ô »Ö Ò¶·¹¶ÖÞ »áºÝµ Ó¥Ô øùúû å ×¥Ô Ò£ÛíÖ¥ÖµÔ Ô£Û· ¥çÝµ¶Þ Õ¥¥Ô ¥Û ÖÛ¶· Õ¥Ô º·£Þ¶àÖ¥Ôè&B © �%{v üõå
|^ k`^eb^` z`bg�̂̀ ^ c^ zmab� j ka`g ĥ do` r^ ~`aok^ jgaebno^\ |��;^ j ĥg ĥ ^�zro zj`�ĥgjfg of ~j� fa}r^� br f^ k^og ¦̂g`^ `^_`abcb no^ cjfd daf ĥgjg e^gjdgj}r^� z^ nob kad^ of^cb±zorg ĥbeka`gjfg^\ ��jog`^ kj`g r^ zm`ae^ d^ k` ĥd^fg^ zaee^ of jgae^ ^�agbno^\ |jg`jfdbgbaf c^ `^_`abcbdd^e^fg cjfd r^ }r^o� ^g c^d `jb^d c�bfg^`zae}bfjbdaf �{[� `^fc^fg r^dldg�̂e^ rjd^` kao` z^g jgae^ zaekr^�^\ °f krod� ^f [ttp� af f�jijbg jozof^ bf_a`ejgbaf�j k`akad c^d k`ak`b ĥg ĥd zarrbdbaff^rr^d c^ z^d c^o� jgae^d\|^ zmab� ĥgjbg jbfdb `^dg`^bfg jo� c^o� jgae^d jrzjrbfd D|b ^g <B@\ °fza`^ of^ _abd

r�j`~oe^fg zarrbdbaff^r j  ao ĥof `¦ar^ beka`gjfg\ wao` r^ <B@ jozof^ caff ĥ̂ f�jijbg ĥg ĥ
ko}rb ĥ̂ �j k`akad c^ d^d k`ak`b ĥg ĥd zarrbdbaff^rr^d� gjfcbd no^ r^ D|b jijbg c ĥ  �j ĥg ĥ ĥgocb ĥc�of^ _j)zaf jkk`a_afcb^ cjfd r^ zjd c�of^ ^dk�̂z^ jgaebno^ �v�� vp� v�� vt� xJ�� ao c�ofe ĥrjf~^ ji^z r^ Á|b �x�� x[��  odg^e^fg cjfd r� ĥi^fgojrbg ĥ c^ _jb`^ co `^_`abcbdd^e^fgdlekjgmbno^ co D|b ji^z r^ Á|b \ y^d ijr^o`d dafg ` ĥdoe ĥ̂ d cjfd r^d gj}r^jo� [\[ ^g [\J��b af jcakg^ of z`bg�̂̀ ^ zarrbdbaff^r� r^ zmab� co D|b `^_`abcb dlekjgmbno^e^fg ji^zr^ Á|b d^e}r^ jiab` krodb^o`d jijfgj~^d �H r^ `^_`abcbdd^e^fg ĥijka`jgb_ do` r^ Á|b j c ĥ  �j eafg` ĥ daf ^±zjzbg ĥ kao` jgg^bf�c`^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^ �[J� [v�\ y^d ^�k ĥ̀ b^fz^d� _jbg^d cjfd of kb�̂~^ej~f ĥgbno^ �j jbejfgd k^`ejf^fgd� afg eafg` ĥrj e ĥgjdgj}brbg ĥc�of zafc^fdjg c^�ad^�°bfdg^bf ji^z bfg^`jzgbafd jgg`jzgbi^d\ |�ĥgoc^ c^ z^gg^ e ĥgjdgj}brbg ĥ cjfdof kb�̂~^ ` ĥjrbd ĥ~`¦jz^ �j c^d ĥr^zg`a�jbejfgd ji^z rj g^zmfbno^ c^ g^ekd c^ iar k^`�e^gg`jbg c^ _jb`^ c^d e^do`^d zaekr ĥe^fgjb`^d ^g krod dab~f^od^d kj` rj g^zmfbno^c^ g^ekd c^ iar�H &ò � rj raf~o^o` c^ cbsodbaf D|b �Á|b kao` r^ kag^fgb^r g`bkr^g ^dg do±djee^fg



abýb ����� d�e�� �þ` d�����þ���� Jp
yjfjr & �&B� ÿ �[�^99 ze^� d�
Á|b �J� J�­D|b �vnJ� vnJ� x�%� ó �%J
Á|b �[� �[�­D|b �[nJ� �[nJ� v�%� ó �%J
Á|b �J� J�­D|b �[nJ� �[nJ� vx%t ó �%x J%p ó �%v
Á|b �[� �[�­D|b �vnJ� vnJ� v�%{ ó �%J �%[{ ó �%�[D|b �vnJ� vnJ�­D|b �[nJ� �[nJ� ¯�[p ó �� � [�� � �
Á|b �J� J�­Á|b �[� �[� ¯�[x ó [� J%x ó �%Jõö÷� [\J� ×£ÛíÖ¥ÖµÔ »¥ »¶¤ÖÔ¶£Ûè Óº ·¥ÞÝ Õ¥µº·Öµ¥ ¥· ¸¹ºÞÝ ÞºíÛ Õ¥·¶àÖ¥ ÛÖÒÔè Ý£Öµ Ò¥Ô»¥Öç ¶Ô£·£Ý¥Ô »Ö Ò¶·¹¶ÖÞ »ºÛÔ Ò¥Ô »¶¤ Õ¥µ¥Û·Ô Þ Õ¥ÒºÛí¥Ô ÞºíÛ Õ¥·¶àÖ¥Þ¥Û· Ý¶ Õ¥í¥ºØÒ¥Ô å ´£ÖµÒ¥Ô Þ Õ¥ÒºÛí¥Ô ¶ÛÔ·ºØÒ¥Ô Ýºµ µºÝÝ£µ· Óº Ò áÕ¥¸¹ºÛí¥ »¥ ÔÝ¶Ûè Ò¥Ô ¸£¥û¸¶¥Û·Ô »¥ µ¥Òºçº·¶£Û»áÕ¥¸¹ºÛí¥ÿ Ô£Û· ¶Û»¶àÖ Õ¥Ôå ´£Öµ D×¶ ����è ���½�D×¶ ����è ³���½è ÿ ¥Ô· Ýµ£Ý£µ·¶£ÛÛ¥Ò Óº�92� å ã Õ¥ºÛÞ£¶ÛÔ Óº � © � ¶Ò ¥ç¶Ô·¥ ÖÛ¥ ï £µ·¥ » Õ¥Ý¥Û»ºÛ¸¥ ¥Û ·¥ÞÝ Õ¥µº·Öµ¥è ¥· Óº $ © [� ÛÙÿ g [�^9B ze^� då Ð¥Ô ÑºÒ¥ÖµÔ Ô£Û· ¥ç·µº¶·¥Ô »¥ øù�û å

~`jfc^ kao` k^`e^gg`^ rj gm^`ejrbdjgbaf ^fg`^ r^d c^o� bdagak^d jo zao`d co`^_`abcbdd^e^fg ĥijka`jgb_�H rj raf~o^o` c^ cbsodbaf ^f afc^�¾ kao` r^ kag^fgb^r g`bkr^g co D|b ^dg g`�̂d ~`jfc^��J[�� &B�\ y^zb bekrbno^ of kag^fgb^r ^s^zgb_ c�bfg^`jzgbaf beka`gjfg� cjfd of~j� _^`ebafbno^ c ĥ~ ĥf ĥ̀ ĥ faf karj`bd ĥ� ^g cafz jo~e^fg^ zafdbc ĥ̀ j}r^e^fg rjg^ek ĥ̀ jgo`^ z`bgbno^ kao` rj g`jfdbgbaf �y� �iab` d^zgbaf [\x��H r�ogbrbdjgbaf co Á|b zaee^ }jbf gm^`ebno^ kao` r^ `^_`abcbdd^e^fg ĥijka`jgb_�caffjfg zaee^ ` ĥdorgjg bfg^`e ĥcbjb`^ of zafc^fdjg c^ �ad^�°bfdg^bf c^ zmjekeal^f kadbgb_ �è © [ª & Ä �� af f ĥ~jgb_ �è © Jª & p �� �v{�� caff^ jzz�̂d �jof ^fd^e}r^ c�̂ �k ĥ̀ b^fz^d `^rjgbi^ �j r�̂ safc`^e^fg �zarrjkd^� c�of zafc^fdjg
e ĥgjdgj}r^ �{J� {v� {x� {{� {�� {p��H r^d ejdd^d k`azm^d co D|b ^g Á|b ~j`jfgbdd^fg of }af g`jfd_^`g ĥf^`~ ĥgbno^ jozao`d c^d zarrbdbafd ĥrjdgbno^d� ^g cafz of `^_`abcbdd^e^fg dlekjgmbno^ ^±zjz^�H r^ `^_`abcbdd^e^fg dlekjgmbno^ kj` of ~j� c^ }adafd aoi`^ rj iab^ jo� ĥgoc^d c^de ĥrjf~^d _^`ebaf�}adaf c ĥ~ ĥf ĥ̀ ĥd �iab` d^zgbaf [\v�� z^ nob zafdgbgo^ of caejbf^c^ `^zm^`zm^ bf^�kra` ĥco kabfg c^ io^ ^�k ĥ̀ be^fgjr�H r^d c^o� bdagak^d co |b afg of^ g`jfdbgbaf akgbno^ �j �p[fe� ji^z of ĥzj`g c^[� ¡;� d^or^e^fg\ y^zb k^`e^g c^ }jd^` r^ dldg�̂e^ akgbno^ c^ ejfbkorjgbaf ^gc ĥg^zgbaf ^fgb�̂̀ ^e^fg do` c^d dao`z^d rjd^` �j d^ebzafcozg^o`�H r^ |b� ĥgjfg of jgae^ krod r ĥ~^` no^ r^ @� �j kj`bg ĥc^ zaf(f^e^fg� j r^d _` ĥno^fz^dc�adzbrrjgbaf� ^g cafz r� ĥf^`~b^ c^ �^`eb /Ã � krod ĥr^i ĥ̂ d\ y^zb d^`j of jgaog cjfd
r� ĥi^fgojrbg ĥc^ _jb`^ c^d ĥgoc^d do` rj g`jfdbgbaf �y�\

u rj dobg^ c^ z^d zafdbc ĥ̀ jgbafd faod jiafd c ĥzbc ĥc^ `^_`abcb` r^ D|b ji^z daf bdagak^}adafbno^ Á|b \



J� ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��tu�u� ���yxºvw wï��wyz�w��}|w
|j dg`jg ĥ~b^ ^�k ĥ̀ be^fgjr^ zafdbdg^ cjfd r^ k` ĥ̀ ^_`abcbdd^e^fg c�of e ĥrjf~^ D|b �Á|b bddo c�of  ^g jgaebno^ `jr^fgb� cjfd of w��\ |^ `jkka`g c^ kakorjgbaf _^`ebafbno^^g }adafbno^ ^dg zmabdb kao` no^ r^ `^_`abcbdd^e^fg dlekjgmbno^ ej`zm^ za``^zg^e^fg���j	j
	 ��½ÂÃmj
	 � [���\ |�̂ fd^e}r^ co w�� ^g co kb�̂~^ ej~f ĥgbno^ ^dg c^ddbf ĥ

kao` ĥibg^` r^d zafg`jbfg^d glkbno^d c^d ^�k ĥ̀ b^fz^d c^ zafc^fdjgbaf c�jgae^d jrzjrbfd\��of^ kj`g br l j r�̂ �b~^fz^ c�jkk`azm^` r^d }a}bf^d co zmjek ej~f ĥgbno^ kao` ej��bebd^` r^ zaf(f^e^fg �f ĥz^ddjb`^ kao` r^ `^_`abcbdd^e^fg ĥijka`jgb_ ^f ~ ĥf ĥ̀ jr� ^g kao`
jo~e^fg^` /Ã cjfd r^ zjd dk ĥzb(no^ c^d _^`ebafd�\ ��jog`^ kj`g r�akgbebdjgbaf c^ rjzjkgo`^ co w�� f ĥz^ddbg^ of iaroe^ c^ zjkgo`^ c^ r�a`c`^ co ze � �kao` r^d e¦̂e^d`jbdafd no^ zb c^ddaod�\ �aod jiafd c ĥzbc ĥc^ d ĥkj`^` dkjgbjr^e^fg rj ` ĥ~baf c^ zjkgo`^ej~f ĥga�akgbno^ c^ z^rr^ co `^_`abcbdd^e^fg ĥijka`jgb_�dlekjgmbno^ �iab` zmjkbg`^ x� �
r^d jgae^d dafg zmj`~ ĥd cjfd r^ w�� �j kj`gb` c�of  ^g `jr^fgb\ °fdobg^ brd dafg g`jfd_ ĥ̀ ĥdcjfd of kb�̂~^ ej~f ĥgbno^ nojc`okarjb`^ cafg r^ z^fg`^ k^og }ao~^` do` of^ cbdgjfz^c^ { ze�  odno��j je^f^` r^d jgae^d cjfd of jkk^fcbz^ ĥg`abg c^ rj z^rror^ �j ibc^\ ¡`¦jz^jo� cbe^fdbafd ` ĥcobg^d c^ r�jkk^fcbz^ �g �ee�� cjfd z^gg^ ` ĥ~baf r^d }a}bf^d dafgg`�̂d k`azm^d c^d jgae^d� ^g r^ zaf(f^e^fg ^dg }b^f krod beka`gjfg no^ cjfd of kb�̂~^ej~f ĥgbno^ dgjfcj`c\��̂d no^ r^ ~j� d^ g`aoi^ cjfd rj ` ĥ~baf c�ĥijka`jgbaf� �j mjog zaf(f^e^fg ej~f ĥgbno^�r^ `^_`abcbdd^e^fg dlekjgmbno^ k`^fc krjz^ � of zmjek ebz`a�afc^ �j ��� �;� ^fib`af}jdzor^ r^d jgae^d c^ Á|b co fbi^jo ej~f ĥgbno^e^fg kb ĥ~^jfg �¨è © Jª
Ã © ­J® ao¨è © [ª«Ã © ¯[®�� i^`d r^ fbi^jo jfgb�kb ĥ~^jfg �̀ ^dk^zgbi^e^fg ¨è © [ª«Ã © ­[®ao ¨è © Jª«Ã © ¯J®�� c�of^ _j)zaf d ĥr^zgbi^ do` r� ĥf^`~b^ kag^fgb^rr^ c^d jgae^d\ °fij`bjfg rj _` ĥno^fz^ c^ rj ebz`a�afc^� af `�̂~r^ rj ijr^o` co d^obr ĥf^`~ ĥgbno^ kao`
r� ĥijka`jgbaf\ |j d ĥr^zgbibg ĥ bdagakbno^ k^fcjfg r� ĥijka`jgbaf ^dg jddo` ĥ̂ kj` r�beka`�gjfg^ cbs ĥ̀ ^fz^ c^ dg`ozgo`^ mlk^`(f^ ^fg`^ r^d c^o� bdagak^d co rbgmboe �JJ��J �;�kao` D|b � ��v\{ �;� kao` Á|b �\Ef^ _abd a}g^fo of ~j� _^`ebafbno^ _`abc� faod zaekgafd e^do`^` dj c ĥ~ ĥf ĥ̀ ^dz^fz^ji^z rj g^zmfbno^ c^ gm^`eae ĥg`b^ c ĥz`bg^ ^f zmjkbg`^ J\ y^gg^ g^zmfbno^ d�jcjkg^ }b^f�j fag`^ ^�k ĥ̀ b^fz^ zj`� �j rj dobg^ co `^_`abcbdd^e^fg ĥijka`jgb_� r^ ~j� _^`ebafbno^ zaf�gb^fc`j co Á|b nob� rob�  ao^`j r^ `¦ar^ c^ kj`gbzor^ g^dg\ °f _jbg� ~`¦jz^ �j rj d ĥr^zgbibg ĥno�br l j cjfd rj ejfbkorjgbaf c^d c^o� bdagak^d� af kao``j _jzbr^e^fg ej¦�g`bd^` ^ga}d^`i^` r�adzbrrjgbaf cbkarjb`^ c�of k^gbg foj~^ c^ Á|b cjfd r^ ~j� _^`ebafbno^\

QR� � VÈíXÍëÈÏ �TÏTÍÏ�SÈÊÉÌTÍÏ
|^ k`a}r�̂e^ co e ĥrjf~^ _^`ebafd�}adafd c ĥ~ ĥf ĥ̀ ĥj _jbg r�a} ^g c^ krodb^o`d g`jijo�k^fcjfg z^d c^`fb�̂̀ ^d jff ĥ̂ d �xv� xx� {�� {t� ���\ ��of^ kj`g r^d zafgbfo^rd c ĥi^rakk^e^fgdcjfd rj kmldbno^ c^d ~j� cbro ĥd c ĥ~ ĥf ĥ̀ ĥd kaodd^fg r^d gm ĥa`bzb^fd �j k`akad^` c^dk`a}r�̂e^d kmldbno^d a`b~bfjo�\ ��jog`^ kj`g� r^d kj`gbzorj`bg ĥd c^d _^`ebafd bekad^fg



ab�b � d���þe�� �*�*þ��c����*þ� Jt
r�ogbrbdjgbaf c^ g^zmfbno^d jog`^d no^ r^ `^_`abcbdd^e^fg ĥijka`jgb_ kao` jgg^bfc`^ rjc ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^\ �jfd rj d^zgbaf [\[\��   �jb eafg` ĥ no�of^ jrg^`fjgbi^ ^dgkaddb}r^ ~`¦jz^ jo `^_`abcbdd^e^fg dlekjgmbno^� jog`^e^fg cbg r^ `^_`abcbdd^e^fg c�ofe ĥrjf~^ c�̂ dk�̂z^d jgaebno^d a�o rj k`^eb�̂̀ ^ ^dg `^_`abcb^ ĥijka`jgbi^e^fg ^g  ao^ r^`¦ar^ c^ îî }jbf gm^`ebno^ ððkao` rj c^o�b�̂e^\ y^gg^ g^zmfbno^ bekad^ of g`jbg^e^fg ofk^o krod c ĥgjbrr ĥc^ rj kmldbno^ c^ e ĥrjf~^d c^d ~j� c ĥ~ ĥf ĥ̀ ĥd\

tu¤ut ���yxïz�}�zx� {w �vx�}���wy�z �x�y |w� Æx�x��
�abg � �6� r^ kag^fgb^r c^ kb ĥ~^j~^ c^d jgae^d\ �f dokkad^ no^ � �6� ^dg r^ e¦̂e^kao` r^d cbs ĥ̀ ^fg^d ^dk�̂z^d co e ĥrjf~^\ �f d�bfg ĥ̀ ^dd^ �j rj cbdg`b}ogbaf dkjgbjr^ co ~j��^g fagjee^fg �j dj eacb(zjgbaf daod r�̂ s^g c^ r�bfg^`jzgbaf eogo^rr^ }adaf�_^`ebaf\
��j}a`c af zafdbc�̂̀ ^ of ~j� }adafbno^ c ĥ~ ĥf ĥ̀ ĥ �j of^ zaekadjfg^� cafg r� ĥf^`~b^c�bfg^`jzgbaf ^dg kadbgbi^ �& Ä ��\ |^d k`ak`b ĥg ĥd dkjgbjr^d c^d zafc^fdjgd dafg c ĥ̀ bi ĥ̂ d

�j kj`gb` c^ rj gm ĥa`b^ c^ zmjek eal^f\ �f dokkad^ no^ gaod r^d jgae^d azzok^fg
r^ e¦̂e^ ĥgjg nojfgbno^� cafg rj _afzgbaf c�afc^ ��6� djgbd_jbg r� ĥnojgbaf c^ ¡`add�wbgj^id-bb ��[� � �̄ ���

J«�� ­ � �6� ­ �Â ¨��6� �̈���6� © ²��6�ª �[\Jp�
a�o Â © x!���& « ^dg r^ za^±zb^fg c�bfg^`jzgbaf jgae^�jgae^� ^g ² kag^fgb^r zmbebno^ co~j�\ �jfd rj krokj`g c^d zjd r^ g^`e^ zbf ĥgbno^ c�ĥnojgbaf �[\Jp� ^dg f ĥ~rb~^j}r^ kj` `jk�ka`g jo g^`e^ c�ĥf^`~b^ c^ zmjek eal^f �Â ¨��6� �̈ � af k^og jra`d c ĥ̀ bi^` cb`^zg^e^fg
r�̂ �k`^ddbaf kao` rj c^fdbg ĥ dkjgbjr^ co zafc^fdjg �jkk`a�bejgbaf c^ qmaejd��^`eb� �

��6� © � ¨��6� �̈ © �² ¯ � �6��  Â % �[\J��
² k^og ¦̂g`^ zjrzor ĥ jfjrlgbno^e^fg db � �6� ^dg of kag^fgb^r mj`eafbno^ c^ _` ĥno^fz^eal^ff^ 3 © �363738�92� ��[� �

² ©

�
«3�J

��2Å �
[{
�!�Â��2Å �[\Jt�

tu¤u� ���yxïz�}�zx� {w �vx�}���wy�z �x�y |w� Åwy�zx��
wao` r^ zjd _^`ebafbno^ r^ k`a}r�̂e^ d^ kad^ cbs ĥ̀ ^ee^fg\ u zjod^ co k`bfzbk^c�̂ �zrodbaf c^ wjorb� r�azzokjgbaf c^ zmjno^ ĥgjg nojfgbno^ ^dg � ao [\ y^zb j c^dzafd ĥno^fz^d beka`gjfg^d do` rj cbdg`b}ogbaf dkjgbjr^ c�of ~j� c�ĥf^`~b^ ebfbejr^\ °f^s^g� ^f jcakgjfg r^ z`bg�̂̀ ^ d^raf r^no^r kao` of ~j� maea~�̂f^ r^ iaroe^ ,�6 ,�� cjfd

r�̂ dkjz^ c^ kmjd^ k^og zafg^fb` jo ej�beoe ,�6 ,�� �J!�� jgae^d� af g`aoi^ no^ kao`



v� ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��
of ~j� _^`ebafbno^ �j g^ek ĥ̀ jgo`^ $ © �� r^d jgae^d afg of i^zg^o` c�afc^ zaek`bd
^fg`^ � ^g "Ã � "Ã © ��!���92� % �[\v��
�jfd of ~j� zaf(f ĥ af k^og jkkrbno^` r^ e¦̂e^ z`bg�̂̀ ^ db rj rj`~^o` c^ rj cbdg`b}ogbafdkjgbjr^ ^dg ~`jfc^ kj` `jkka`g �j rj gjbrr^ c^ rj _afzgbaf c�afc^ c^ r� ĥgjg _afcje^fgjrco kag^fgb^r� jog`^e^fg cbg � > [\ �jfd r�jkk`a�bejgbaf c^ c^fdbg ĥ razjr^ af c ĥ(fbg
rj c^fdbg ĥdkjgbjr^ razjr^ ��6� ^f zmjno^ kabfg 6� ^g af ~ ĥf ĥ̀ jrbd^ rj c ĥ(fbgbaf �[\v�� ^fkadjfg � "Ã �6� © ��!���6��92� % �[\v[�
u zmjno^ kadbgbaf af k^og jddazb^` of^ ĥf^`~b^ ĥ~jr^ �j r� ĥf^`~b^ co _^`ebaf r^ krod
ĥf^`~ ĥgbno^ ���"Ã �6�� �J«� krod r� ĥf^`~b^ kag^fgb^rr^ `^rjgbi^\ |j zafcbgbaf c�ĥnobrb}`^dgjgbno^ cjfd r^ ~j� bekad^ no^ z^gg^ ĥf^`~b^ gagjr^� no�af jkk^rr^ ĥf^`~b^ �^`eb /Ã �^dg zafdgjfg^ do` r^ iaroe^ azzok ĥ kj` r^ ~j� �/Ã © ���"Ã �6�� �J«� ­ � �6� �[\vJ�
y^gg^ zafcbgbaf k^`e^g cjfd r^ zjd kj`gbzorb^` c^d _^`ebafd _jb}r^e^fg bfg^`j~bddjfgdc^ g`aoi^` of^ _a`e^ ^�krbzbg^ kao` rj c^fdbg ĥ dkjgbjr^ co ~j� �xv� �

��6� © �J«��� �/Ã ¯ � �6����2� [
�!� �[\vv�

|�ĥf^`~b^ c^ �^`eb /Ã ^dg c ĥg^`ebf ĥ̂ kj` rj zafcbgbaf c^ fa`ejrbdjgbaf� ^g kao` ofkag^fgb^r mj`eafbno^ c^ _` ĥno^fz^ eal^ff^ 3 \ °rr^ ijog ��� �/Ã © ��3����92� �[\vx�:^ daorb~f^ no^� zafg`jb`^e^fg jo zjd }adafbno^� z^gg^ ĥf^`~b^ bfg^`f^ co ~j� f�j kjd
kao` a`b~bf^ r^d bfg^`jzgbafd ^fg`^ jgae^d\
tu¤u¤ ���yxïz�}�zx� {w �vx�}���wy�z �x�y �� ��w|}�Çw Æx�x��Åwy�zx�

wao` c ĥg^`ebf^` rj cbdg`b}ogbaf dkjgbjr^ c�of e ĥrjf~^ c ĥ~ ĥf ĥ̀ ĥ }adaf�_^`ebaf afk^og zae}bf^` r^d ` ĥdorgjgd a}g^fod cjfd r^d d^zgbafd [\v\[ ^g [\v\J� ^f j aogjfg r�bfg^`�jzgbaf eogo^rr^ ^fg`^ r^d c^o� ^dk�̂z^d �xv�\ ��̂d ejbfg^fjfg af dokkad^ no^ r^ kag^fgb^r^�g ĥ̀ b^o` c^ kb ĥ~^j~^ ^dg bdag`ak^ ^g bc^fgbno^ kao` r^d c^o� ^dk�̂z^d� c^ e¦̂e^ kao` r^o`
ejdd^\ �abg � r^ za^±zb^fg c�bfg^`jzgbaf }adaf�_^`ebaf� r^d ĥnojgbafd �[\J�� ^g �[\vv�
kao` rj c^fdbg ĥ dkjgbjr^ }adafbno^ ^g _^`ebafbno^ c^ib^ff^fg jra`d zaokr ĥ̂ d �xv� �� �6� ­ Â�#�6� ­ ��Ã �6�©²ª����­ ��!��Ã �6���2� ­ � �6� ­ ��# �6�©/Ã ª �[\v{�



ab�b ���þ����*þ �ý� v[
a�o r�bfcbz^ # d^ ` ĥ_�̂̀ ^ jo� ij`bj}r^d }adafbno^d� ^g r�bfcbz^ Ã jo� ij`bj}r^d _^`ebafbno^d�Â ^dg r^ za^±zb^fg c�bfg^`jzgbaf }adaf�}adaf� bfg`acobg cjfd rj d^zgbaf [\v\[� ^g � ©J!���&#^Ã  «� ^dg r^ za^±zb^fg c�bfg^`jzgbaf }adaf�_^`ebaf �«� ejdd^ ` ĥcobg^ }adaf�_^`ebaf�\ |^ dldg�̂e^ c�ĥnojgbafd �[\v{� k^og ¦̂g`^ ` ĥdaro foe ĥ̀ bno^e^fg kj` bg ĥ̀ jgbafddozz^ddbi^d� ^f bfza`ka`jfg r^d zafcbgbafd c^ fa`ejrbdjgbaf kao` (�^` ² ^g /Ã \ Ef^dbekrb(zjgbaf beka`gjfg^ k^og ¦̂g`^ _jbg^ cjfd rj rbebg^ a�o �Ã ' �# \ �jfd z^ zjd afk^og f ĥ~rb~^` rj k^`go`}jgbaf c^d _^`ebafd do` r^d }adafd � af bfg�̂~`^ rj cbdg`b}ogbafdkjgbjr^ }adafbno^ c�ĥnojgbaf �[\J�� cjfd �[\v{� kao` a}g^fb` r� ĥnojgbaf kao` rj c^fdbg ĥdkjgbjr^ _^`ebafbno^ �xv� ����

J« ��!��Ã �6���2� ­

�
[ ¯ �

Â
�� �6� ­ �

Â ² © /Ã % �[\v��
y^ ` ĥdorgjg eafg`^ no^ db r�bfg^`jzgbaf }adaf�_^`ebaf ^dg ` ĥkordbi^ ^g ^dg krod _a`g^no^ r�bfg^`jzgbaf }adaf�}adaf �jog`^e^fg cbg � Ä Â�� r^ kag^fgb^r ^±zjz^ io kj` r^d_^`ebafd ^dg co glk^ îî zmjk^jo e^�bzjbf ðð� ji^z of faljo z^fg`jr ` ĥkordb_ c¦o �j rjk` ĥd^fz^ co zafc^fdjg� ^g of kag^fgb^r zaf(fjfg �j r�̂ �g ĥ̀ b^o`\ °f _afzgbaf c^ rj ijr^o`c^ �Ã � r^d _^`ebafd d^ cbdkad^`afg c^ k` ĥ_ ĥ̀ ^fz^ cjfd rj ` ĥ~baf jogao` co zafc^fdjg�caffjfg rb^o �j of^ d ĥkj`jgbaf c^ kmjd^ ^fg`^ r^d c^o� ^dk�̂z^d\ �^d zjrzord foe ĥ̀ bno^deafg`^fg no^ z^gg^ d ĥkj`jgbaf c^ kmjd^ d^ ejfb_^dg^ joddb cjfd r^ zjd a�o rj k` ĥd^fz^c^d _^`ebafd eacb(^ rj cbdg`b}ogbaf dkjgbjr^ co zafc^fdjg �xv�\ �f k^og eafg`^` joddbno^ rj d ĥkj`jgbaf c^ kmjd^ c^e^o`^ ijrj}r^� daod z^`gjbf^d zafcbgbafd� �j g^ek ĥ̀ jgo`^(fb^ �{t�\y^gg^ dbgojgbaf d^`j glkbno^ c^d e ĥrjf~^d c^ rbgmboe zj` rj raf~o^o` c^ cbsodbaf Á|b �Á|b ¨è © [ª«Ã © ¯[®� rj d^or^ kadbgbi^ kao` of ~j� c^ Á|b kb ĥ~^j}r^ ej~f ĥgbno^e^fg
^g dgj}r^� ^dg ` ĥkog ĥ̂ ¦̂g`^ c^ r�a`c`^ c^ [� &B �vx�� cafz k^gbg^ c^ijfg r^d raf~o^o`d c^cbsodbaf glkbno^d Á|b �D|b �iab` gj}r^jo [\J�\

°�k ĥ̀ be^fgjr^e^fg af d�jgg^fc �j z^ no^ z^gg^ d ĥkj`jgbaf c^ kmjd^ rbebg^ r� ĥzmjf~^c�ĥf^`~b^ ^fg`^ r^d }adafd ^g r^d _^`ebafd �j kj`gb` co eae^fg a�o rj g^ek ĥ̀ jgo`^ co
e ĥrjf~^ c^ib^fg c^ r�a`c`^ c^ rj g^ek ĥ̀ jgo`^ c^ �^`eb jgg^fco^\ °f ^s^g rj d ĥkj`jgbafc^ kmjd^ d^ ejfb_^dg^ ra`dno^ rj _`jzgbaf zafc^fd ĥ̂ c ĥkjdd^ of^ z^`gjbf^ ijr^o` ^g�kobdno^ kao` r^ e¦̂e^ fae}`^ c^ }adafd ^g c^ _^`ebafd rj g^ek ĥ̀ jgo`^ z`bgbno^ c^zafc^fdjgbaf �$ © ��3�� [%J�J�92�� ^dg rj eabgb ĥ c^ rj g^ek ĥ̀ jgo`^ c^ �^`eb� af f^d�jgg^fc kjd �j c^d rbebgjgbafd  odno��j $ $Ã C �%{\ wao` `^_`abcb` ^fza`^ br _joc`ji`jbd^e}rj}r^e^fg ` ĥcob`^ r^ fae}`^ c^ }adafd cjfd r^ zafc^fdjg\

QR! "ÊXÍÏÌÎÌTÍ #$ê
tu¹ut �w� �}zyw� {w �xx�wy

|^ k`a}r�̂e^ c^ yaak^` k^og ¦̂g`^ _a`eor ĥfj��i^e^fg c^ rj _j)zaf dobijfg^ � c^o� kj`�gbzor^d� daoebd^d �j of^ bfg^`jzgbaf jgg`jzgbi^� cjfd of^ e^` c^ �^`eb k^oi^fg gao ao`d



vJ ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��
_a`e^` of ĥgjg rb ĥ\u aogafd c^o� kj`gbzor^d� [ ^g J� �j of ~j� c^ �^`eb maea~�̂f^ c ĥ~ ĥf ĥ̀ ĥ\ u zjod^co k`bfzbk^ c�̂ �zrodbaf c^ wjorb� z^d kj`gbzor^d f^ kao``afg azzok^` no^ c^d ĥgjgd �jr�̂ �g ĥ̀ b^o` c^ rj dkm�̂̀ ^ c^ �^`eb\ wao` of kag^fgb^r bfij`bjfg kj` g`jfdrjgbaf� � ©� �69 ¯ 6��� rj _afzgbaf c�afc^ �j c^o� kj`gbzor^d d� ĥz`bg ���69ª 6�� © ª�̈ ­ 2 J¨ � "Ã�̈ ¯ 2 J¨ � "Ã &�±% o��&�Ë^��' o�%&(Ë)(�� ' ª �[\vp�
a�o &�±% dafg r^d jekrbgoc^d c^ k`a}j}brbg ĥ� � ^dg r�bekordbaf cjfd r^ z^fg`^ c^ ejdd^� ^g 2^dg r^ eae^fg co z^fg`^ c^ ejdd^\ �f d�bfg ĥ̀ ^dd^ jo� kjb`^d c^ kj`gbzor^d c�bekordbafgagjr^ forr^\ �f zm^`zm^ cafz r^d ijr^o`d k`ak`^d c^ r�mjebrgafb^f jddazb ĥ̂ daod rjzafg`jbfg^ 2 © � � � ���J«� ­ � � ¨�® © / ¨�®ª �[\v�����"�

« &� ­ ª�� *� ¨� �̈�® &�� © / &�% �[\vt�
�b r^ kag^fgb^r c�bfg^`jzgbaf ^dg c^ zafgjzg � �69¯6�� © � ¸�69¯6��� r� ĥr ĥe^fg c^ ejg`bz^co kag^fgb^r ^fg`^ c^o� ĥgjgd �̈® ^g �̈®� ^dg zafdgjfg �

*� ¨� �̈�® © � ,�6 o �̂&�^��'�� � �6� © �% �[\x��
wobdno^ r^d kj`gbzor^d j aog ĥ̂ d d^ g`aoi^fg jogao` c^ rj do`_jz^ c^ �^`eb� af d�jgg^fc

�j z^ no^ r^d ijr^o`d k`ak`^d c^ �[\v�� dabg c^ r�a`c`^ c^ J/Ã � / © J/Ã ­¼\ °f c ĥ(fbddjfg+� © ���"� «� af k^og ` ĥĥz`b`^ �[\v�� zaee^ ��/ ¯ +�� &� © � ª�� &�� �[\x[�
© � � ,-B ,¼�� ��¼�� � &�� % �[\xJ�

|�ĥnojgbaf �[\x[� gb^fg zaekg^ c^ rj fjgo`^ cbdz`�̂g^ c^d fbi^jo� ĥf^`~ ĥgbno^d� gjfcbdno^ cjfd �[\xJ� af dokkad^ of dk^zg`^ zafgbfooe ���¼�� c^fdbg ĥc� ĥgjgd c�ĥf^`~b^ +� ©J�/Ã ­ ¼���\ |j zaoko`^ ĥf^`~ ĥgbno^ do` r^ g^`e^ c�bfg^`jzgbaf za``^dkafc jo _jbgno^ r^ kag^fgb^r c�bfg^`jzgbaf� ĥgjfg (fb� f^ zaokr^ no^ c^d kj`gbzor^d cafg rj cbs ĥ̀ ^fz^ĥf^`~ ĥgbno^ ^dg k^gbg^\ °f �[\xJ� af k^og do}dgbgo^` rj c^fdbg ĥc� ĥgjg ��¼�� � kj` dj ijr^o`zjrzor ĥ̂ �j r� ĥf^`~b^ c^ �^`eb� zj` glkbno^e^fg �kao` r^d dok`jzafcozg^o`d� r��;^� ^g r^d~j� jgaebno^d� r� ĥf^`~b^ c�bfg^`jzgbaf ^dg k^gbg^ kj` `jkka`g �j /Ã ��/ ¯ +�� &� © � ��/Ã � � ,-B ,¼�� &��. /0 1¿ % �[\xv�
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�r ib^fg �

&� © � ��/Ã �É/ ¯ +� ª �[\xx�
^g� ^f bfzrojfg �[\xx� ^f �[\xv�

[� © ��/Ã � � ,-B ,¼� [/ ¯ +� % �[\x{�
y^gg^ c^`fb�̂̀ ^ ^�k`^ddbaf ^dg krod kj`rjfg^ db af `^ib^fg jo dk^zg`^ cbdz`^g� a�o ^rr^k`^fc rj _a`e^ �

[� © ª� [/ ¯ +� % �[\x��
�^ (~o`^ [\v af iabg no^ db � Ä � r^d ijr^o`d k`ak`^d c^ �[\v�� / dafg krod ~`jfc^dno^ J/Ã \ ��jog`^ kj`g� db � p � br ^�bdg^ gao ao`d of^ darogbaf / p J/Ã � jog`^e^fgcbg ¼ p �� br d�j~bg c�of ĥgjg rb ĥ\ y^d ĥgjgd rb ĥd �j c^o� kj`gbzor^d dafg jkk^r ĥd kjb`^d c^yaak^` �t�\

|�̂ �bdg^fz^ c�ĥgjgd rb ĥd cjfd of g^r ~j� c^ �^`eb� k`ak`b ĥg ĥg`�̂d ~ ĥf ĥ̀ jr^� ^dg co^ jo_jbg no^ r^d jgae^d nob kj`gbzbk^fg �j rj _a`ejgbaf c^d kjb`^d afg of^ bekordbaf k`azm^c^ "Ã \ �jfd r^d bfg ĥ~`jr^d co glk^ �[\xJ� af k^og (�^` rj c^fdbg ĥ c� ĥgjgd ��/� kj` djijr^o` zjrzor ĥ̂ �j rj do`_jz^ c^ �^`eb ��/Ã �\ |j e^` c^ �^`eb ` ĥcobg rj cbe^fdbafjrbg ĥ
^s^zgbi^ co k`a}r�̂e^ ^f k^`e^ggjfg c^ ~j`c^` rj c^fdbg ĥc� ĥgjg zafdgjfg^ zaee^ cjfdof k`a}r�̂e^ J�� jo rb^o c�jiab` ��¼� Í 5¼\



vx ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��tu¹u� �y}��z�zx� ��� �x�y |w� Ç}3 Å}zÆ|w�w�� z��wy}Çz��}���
|^ g`jbg^e^fg c^ rj d^zgbaf [\x\[ j ĥg ĥ c ĥ̀ bi ĥ kao` rj k`^eb�̂̀ ^ _abd ^f [t{p kj`

�j`c^^f� yaak^` ^g �zm`b^s^` kao` ^�krbno^` rj dok`jzafcozgbibg ĥ cjfd r^d e ĥgjo� �jg`�̂d _jb}r^ g^ek ĥ̀ jgo`^\ |^d kjb`^d c^ yaak^` bzb dafg _a`e ĥ̂ d kj` c^d ĥr^zg`afd c^ rj}jfc^ c^ zafcozgbaf� ^g r�bfg^`jzgbaf jgg`jzgbi^ ^dg jddo` ĥ̂ kj` r^d eac^d c�̂ �zbgjgbafco ` ĥd^jo z`bdgjrrbf� r^d kmafafd\ |j dok`jzafcozgbibg ĥ d�̂ �krbno^ ^f g^`e^ c^ zafc^f�djgbaf c^ �ad^�°bfdg^bf c^d kjb`^d c^ yaak^` nob� ĥgjfg zafdgbgo ĥ̂ d c�of fae}`^ kjb` c^_^`ebafd� dafg c^d }adafd\ �bebrjb`^e^fg �j rj dok^`�obcbg ĥ� rj dok`jzafcozgbibg ĥ k^og¦̂g`^ fj��i^e^fg ^�krbno ĥ̂ ^f g^`e^ c^ zao`jfgd dok^`�obc^d zmj`~ ĥ̂ d\
wao` r^d _^`ebafd jgaebno^d r^ k`a}r�̂e^ d^ kad^ cbs ĥ̀ ^ee^fg zj` z^gg^ _abd r�bf�g^`jzgbaf jgg`jzgbi^ ^dg cb`^zg^ jgae^�jgae^\ °f d^zgbaf [\v\[   �jb kj`r ĥ co _jbg no^ dbaf j``bi^ �j jddazb^` of^ raf~o^o` c^ cbsodbaf & �j r�bfg^`jzgbaf jgae^�jgae^� r� ĥf^`~b^c�bfg^`jzgbaf c�of ~j� c^ c^fdbg ĥ dkjgbjr^ � ijog x!���& « �ĥf^`~b^ c^ zmjek eal^f�\�jfd r^ zjd c�of ~j� c^ }adaf zafc^fd ĥ & ^dg co^ ^dd^fgb^rr^e^fg �j rj zafg`b}ogbaf^f afc^�¾ kobdno^ kao` r^d jog`^d afc^d kj`gb^rr^d rj }j``b�̂̀ ^ ĥf^`~ ĥgbno^ z^fg`b_o~^îî zjzm^ ðð r^ kag^fgb^r c�bfg^`jzgbaf\ wao` of ~j� _^`ebafbno^ karj`bd ĥ r^d zaekadjfgd

^f afc^d kj`gb^rr^d kjb`d f^ caff^fg jozof^ zafg`b}ogbaf �j rj raf~o^o` c^ cbsodbaf �jzjod^ co k`bfzbk^ c^ dle ĥg`bdjgbaf [\[\x\ ��jog`^ kj`g� rj zafg`b}ogbaf ^f afc^ kj`gbjr^bekjb` zmog^ cjfd r^ caejbf^ c�ĥf^`~b^ zafdbc ĥ̀ ĥ �iab` d^zgbaf [\[\{�\ |^ k`a}r�̂e^ k^og¦̂g`^ c ĥgao`f ĥ ^f c ĥkarj`bdjfg r^ ~j� c^ �^`eb� kao` no^ r^ k`bfzbk^ c^ dle ĥg`bdjgbaff^ d�jkkrbno^ krod ��J� �v� �x�\ �jfd z^ zjd� af `^g`aoi^ r^d zarrbdbafd ^f afc^�¾ ^g cafzof^ bfg^`jzgbaf (fb^� e¦̂e^ kao` c^d zarrbdbafd �j g`�̂d _jb}r^ ĥf^`~b^\
�f k^og eafg`^` no^ kao` of ~j� c^ �^`eb maea~�̂f^� cafg r�bfg^`jzgbaf jgg`jzgbi^^dg kj`je^g`bd ĥ̂ kj` rj raf~o^o` c^ cbsodbaf &� do}bg of^ g`jfdbgbaf c^ kmjd^ co glk^�y� �j of^ g^ek ĥ̀ jgo`^ ��J� �x� �$ Í $Ã ^�k

�
¯ !J"Ã &̈¨

� % �[\xp�
y^ ` ĥdorgjg� nob ^dg a}g^fo kao` c^d ~j� _jb}r^e^fg bfg^`j~bddjfgd� eafg`^ no^ r^dkj`je�̂g`^d co k`a}r�̂e^ dafg rj g^ek ĥ̀ jgo`^ c^ �^`eb $Ã � ^g r�jekrbgoc^ c^ r�bfg^`jz�gbaf� Í &\ u $Ã (� ĥ� kao` ej�bebd^` $ br _jog no^ &̈¨ dabg krod r^ ~`jfc kaddb}r^\ �^z^ kabfg c^ io^ r^ D|b ^dg of g`�̂d }af zmab� zj` af j io no^ dj raf~o^o` c^ cbsodbaf ^fafc^�¾ kao` r^ kag^fgb^r g`bkr^g &ò ^dg ~`jfc^ �iab` gj}r^jo [\[�\ °�k ĥ̀ be^fgjr^e^fg d^kad^ r^ k`a}r�̂e^ zj` �H rj cbsodbaf ^f afc^�¾� f�̂ �bdg^ kjd cjfd of ĥzmjfgbrraf karj`bd ĥ�H ^f ~ ĥf ĥ̀ jr db af c ĥkarj`bd^ r� ĥzmjfgbrraf r^ kag^fgb^r c�bfg^`jzgbaf f�̂ dg krod ofbno^�e^fg c¦o �j rj zafg`b}ogbaf ^f g`bkr^g� ejbd ĥ~jr^e^fg �j z^rr^ dbf~or^g\ y^zb eacb(^rj kmjd^ jzzoeor ĥ̂ jo zao`d c^ rj zarrbdbaf ^g cafz eacb(^ do}dgjfgb^rr^e^fg rjraf~o^o` c^ cbsodbaf jddazb ĥ̂ \
y^k^fcjfg br ^dg kaddb}r^ c^ karj`bd^` r^d dkbf ĥr^zg`afbno^d c^d jgae^d gaog ^f jljfgof ~j� c ĥkarj`bd ĥ\ °f jkkrbnojfg of zmjek ej~f ĥgbno^ _a`g kj` `jkka`g �j rj dg`ozgo`^



ab�b ���þ����*þ �ý� v{
mlk^`(f^ r^d c^~` ĥd c^ rb}^`g ĥco dkbf ĥr^zg`afbno^ ^g fozr ĥjb`^ d^ c ĥzaokr^fg� af k^og
jra`d jiab` of ~j� karj`bd ĥ ĥr^zg`afbno^e^fg �kao` k`a(g^` c^ rj ~`jfc^ raf~o^o` c^cbsodbaf ^f afc^�¾ co kag^fgb^r g`bkr^g�� ^g c ĥkarj`bd ĥ fozr ĥjb`^e^fg �kao` ĥibg^` r^dk`a}r�̂e^d cod �j rj dle ĥg`bdjgbaf�\�r d^ g`aoi^ no^� �j zmjek ej~f ĥgbno^ _jb}r^ �p [q^drj�� r^ d^or e ĥrjf~^ dgj}r^ibd��j�ibd c^ rj `^rj�jgbaf c^ dkbf ^dg z^rob nob �j zmjek ej~f ĥgbno^ for za``^dkafc �j¨è © [ Jª«Ã © ­[ J® ­ ¨è © [ Jª«Ã © ¯[ J® �xJ�\ |j zaekadjfg^ ¨è © [ Jª«Ã ©¯[ J® f^ daos`^ kjd c^ `^rj�jgbaf cbkarjb`^ ~`¦jz^ jo k`bfzbk^ c�jfgb�dle ĥg`bdjgbaf� ^g r^e ĥrjf~^ ¨è © [ Jª«Ã © ­[ J® ­ ¨è © [ Jª«Ã © ¯[ J® ^dg c ĥ  �j z^rob c�ĥf^`~b^ ebfb�ejr^\ |j raf~o^o` c^ cbsodbaf jddazb ĥ̂ ^dg k^gbg^ ^g kadbgbi^ kao` � p � p ��� ¡jodd��j � © ��� ¡jodd br l j of^ ` ĥdafjfz^ c^ �^dm}jzm ��{� ��� c^ rj`~^o` 4� g J�� ¡jodd�^g kao` � Ä ��� ¡jodd af `^g`aoi^ rj ijr^o` jdlekgagbno^ &ò \ y^gg^ k`ak`b ĥg ĥ k^`�e^g ^f k`bfzbk^ c�ĥgocb^` c^d caejbf^d c�bfg^`jzgbaf g`�̂d ij`b ĥd�  odno��j rj zafcbgbafa�o r^ kj`je�̂g`^ c�bfg^`jzgbaf "Ã& ^dg c^ r�a`c`^ c^ r�ofbg ĥ �kao` of ~j� c^ D|b � ji^z$Ã © J²@� ^g & © [��� 5u�\ ��jk`�̂d r� ĥnojgbaf �[\xp�� db "Ã& g [ af g`aoi^ $¿ g $Ã \� ĥjfeabfd br _jog `jkk^r^` no^ �[\xp� j ĥg ĥc ĥ̀ bi ĥ̂ kao` c^d ~j� c^ �^`eb _jb}r^e^fg bf�g^`j~bddjfg� ^g r�̂ �g`jkarjgbaf cjfd r^ caejbf^ _a`g^e^fg bfg^`j~bddjfg k^og f^ kjd ¦̂g`^ijrj}r^\ �f k^og j aog^` joddb no^ z^d ĥijrojgbafd f^ zafdbc�̂̀ ^fg kjd r^d bfdgj}brbg ĥd cl�fjebno^d co ~j� co^d jo� bfg^`jzgbafd jgg`jzgbi^d\ °f g^fjfg zaekg^ c^ z^d c^`fb�̂̀ ^djoddb� af g`aoi^ no^ kao` of ~j� maea~�̂f^ c^ �^`eb bfg^`j~bddjfg $ f^ c ĥkjdd^ kjd
J\{= c^ $Ã � ^g no^ db J"Ã &̈¨ ! � [ r^ ~j� ^dg bfdgj}r^ ��p�\ wj` jbrr^o`d� cjfd r^ ` ĥ~be^c^ _a`g^ bfg^`jzgbaf� r^d zjrzord c^ g^ek ĥ̀ jgo`^ z`bgbno^ ^g c�bfdgj}brbg ĥco ~j� c^i`jb^fgg^fb` zaekg^ c^ rj c ĥk^fcjfz^ c^ rj raf~o^o` c^ cbsodbaf c^ijfg r�bekordbaf `^rjgbi^\wobdno�af d^ }jd^ do` of^ raf~o^o` c^ cbsodbaf jddazb ĥ̂ �j of^ ` ĥdafjfz^ �j ĥf^`~b^forr^� ra`dno�af ^fg`^ cjfd r^d ` ĥ~be^d "Ã &̈¨ g [ br _jog g^fb` zaekg^ c^ rj cbebfogbafc^ rj raf~o^o` c^ cbsodbaf co^ �j r�̂ fg` ĥ̂ cjfd rj rbebg^ ofbgjb`^ ����\ y^gg^ eacb(zjgbafjs^zg^ r^d jgae^d k`azm^d c^ rj do`_jz^ c^ �^`eb� nob caff^fg rj zafg`b}ogbaf k`bfzbkjr^�j rj _a`ejgbaf c^ kjb`^d c^ yaak^`\

tu¹u¤ � �w�wº�zx� {��� Ç}3 ��� ���wy6�z{w
|j zafc^fdjgbaf c^d kjb`^d c^ yaak^` cjfd r^d dok`jzafcozg^o`d j krodb^o`d db~fj�go`^d �H ~`¦jz^ jo _jbg no^ r^d kj`gbzor^d zafc^fd ĥ̂ d afg of^ zmj`~^ zaorae}b^ff^� r^d ^s^gdc^ dok^`�obcbg ĥ dafg ebd ^f ĥibc^fz^ kj` r�jfforjgbaf daocjbf^ c^ rj ` ĥdbdgbibg ĥ

^f c^ddaod c^ rj g^ek ĥ̀ jgo`^ z`bgbno^ $ �H kao` c^d zmjekd ej~f ĥgbno^d do±djee^fg k^gbgd r^ dok`jzafcozg^o` d^ zae�ka`g^ zaee^ of^ do}dgjfz^ cbjej~f ĥgbno^ bc ĥjr^�H �j rj g`jfdbgbaf c^ kmjd^ rj zmjr^o` dk ĥzb(no^ j of^ cbdzafgbfobg ĥc�a`c`^ [ �J� ^fj}d^fz^ �k` ĥd^fz^� c�of zmjek ej~f ĥgbno^ ^�g ĥ̀ b^o`\



v� ý_�`���� ab ��� c����*þ� � d�e d�þ d�� d��
�jfd r^ zjd c^d ~j� jgaebno^d z^d db~fjgo`^d f�̂ �bdg^fg kjd zj` r^d jgae^d dafg f^og`^d^g� kobdno^ r^d ĥzmjfgbrrafd dafg ebz`adzakbno^d� r^d e^do`^d c^ zmjr^o` dk ĥzb(no^ dafg
^�k ĥ̀ be^fgjr^e^fg cb±zbr^d �j ` ĥjrbd^`\ ��jog`^ kj`g rj g`jfdbgbaf c^ kmjd^ f^ k^og kjd¦̂g`^ a}d^`i ĥ̂ �zaee^ cjfd r^ zjd c^d zafc^fdjg c^ �ad^�°bfdg^bf� do` rj cbdg`b}ogbafdkjgbjr^ co ~j� zj` ^rr^ zafz^`f^ r^d jgae^d c�bekordbaf ej�bejr^ �" g "Ã �\

|^d e ĥgmac^d k`akad ĥ̂ d kao` rj c ĥg^zgbaf c^ rj g`jfdbgbaf �y� cjfd r^d ~j� f^og`^dd^ }jd^fg ^dd^fgb^rr^e^fg do` rj cbs ĥ̀ ^fg^ ` ĥkafd^ jo� k^`go`}jgbafd ^�g ĥ̀ b^o`^d c^ rj_`jzgbaf zafc^fd ĥ̂ kj` `jkka`g �j rj e^` c^ �^`eb faf zafc^fd ĥ̂ \ yaee^ cjfd r^dzafc^fdjg c^ �ad^�°bfdg^bf af k^og eafg`^` no^ r^d eac^d k`ak`^d c�̂ �zbgjgbaf c�of~j� kb ĥ~ ĥ afg c^d ĥf^`~b^d cbs ĥ̀ ^fg^d d^raf no^ r�af zafdbc�̂̀ ^ rj _`jzgbaf zafc^fd ĥ̂ ao
faf ��t�\ �^jozaok c^ g`jijo� eafg`^fg no^ rj _`jzgbaf �y� eacb(^ r^d k`ak`b ĥg ĥdakgbno^d co ~j�\ u kj`gb` c^ e^do`^d c�bfcbz^ c^ ` ĥ_`jzgbaf co ~j� �p�� p[�� ao c^cbsodbaf c^ roeb�̂̀ ^ �pJ�� br ^dg jra`d kaddb}r^ c�a}g^fb` c^d bf_a`ejgbafd do` r^d k`ak`b ĥg ĥd
kmldbno^d c^ rj _`jzgbaf �y�\Ef^ jog`^ g^zmfbno^ ^fza`^ zafdbdg^ �j e^gg`^ ^f ĥibc^fz^ r�̂ �bdg^fz^ c�of^ kmjd^dok^`�obc^ cjfd rj e^` c^ �^`eb\ y^zb kao``jbg ¦̂g`^ _jbg ^f jkkrbnojfg jo� ~j� c^
�^`eb r^d ĥgoc^d nob afg c ĥ  �j ĥg ĥe^f ĥ̂ d do` r^d eac^d îî zbd^jo� ðð c^d zafc^fdjg �pv�\�f k^og eafg`^` no^ r^ eae^fg c�bf^`gb^ c�of ~j� ^dg js^zg ĥ kj` rj k` ĥd^fz^ c�of^kmjd^ dok^`�obc^� ^g no^� ^f _jbdjfg adzbrr^` r^d ~j� cjfd of kag^fgb^r jfbdag`akbno^�c^d faoi^jo� eac^d k`ak`^d c�adzbrrjgbaf jkkj`jbdd^fg �px� p{� p��\

�jfd rj d^zgbaf J\J  ^ ijbd k` ĥd^fg^` of^ faoi^rr^ e ĥgmac^ c^ c ĥg^zgbaf c�of^ kmjd^dok^`�obc^ kao` of ~j� �y�\ y^gg^ e ĥgmac^ d^ }jd^ do` rj ebd^ ^f ĥibc^fz^ c�of d^obrcjfd r^ dk^zg`^ c�̂ �zbgjgbaf co ~j� kj` of^ g^zmfbno^ c^ `^rj�jgbaf zarrbdbaff^rr^\ |^d^obr ĥf^`~ ĥgbno^ co dk^zg`^ c�̂ �zbgjgbaf ^dg cb`^zg^e^fg rb ĥ �j rj k` ĥd^fz^ c�of^ kmjd^dok^`�obc^ c^ kjb`^d c^ yaak^`\

QR7 $TÍËí]ÏÌTÍ
�jfd z^ zmjkbg`^  ^ ib^fd c�bfg`acob`^ r^d k`ak`b ĥg ĥd ~ ĥf ĥ̀ jr^d c^d ~j� c ĥ~ ĥf ĥ̀ ĥd rb ĥdjo� bfg^`jzgbafd }bfjb`^d ^fg`^d jgae^d\ |^d bfg^`jzgbafd  ao^fg of `¦ar^ _afcje^fgjrcjfd z^ caejbf^ zj`� c�of^ kj`g� ^rr^d  ao^fg of `¦ar^ ^dd^fgb^r kao` r^ `^_`abcbdd^e^fgĥijka`jgb_ ^g dlekjgmbno^ �nob k^`e^g c�jgg^bfc`^ r^ ` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ�� c�jog`^ kj`g

^rr^d afg c^d zafd ĥno^fz^d beka`gjfg^d do` r^d k`ak`b ĥg ĥd dgjgbno^d ^g clfjebno^d c^d~j�� ao e ĥrjf~^d c^ ~j�� c ĥ~ ĥf ĥ̀ ĥd\ �jfd ^fg`^` cjfd r^d c ĥgjbrd�   �jb eafg` ĥ no�of~j� c^ �^`eb ji^z c^d bfg^`jzgbafd jgg`jzgbi^d k^og� zaee^ of ~j� c^ }adafd� caff^`rb^o �j of^ g`jfdbgbaf c^ kmjd^\ y^gg^ g`jfdbgbaf� ^g rj kmjd^ dok^`�obc^ jbfdb k`acobg^�zafdgbgo^fg of caejbf^ c^ kmldbno^ g`�̂d `bzm^ ^g bf^�kra` ĥ\
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Ef jdk^zg beka`gjfg c^ r� ĥgoc^ c^d ~j� c ĥ~ ĥf ĥ̀ ĥd _^`ebafbno^d zafdbdg^ �j c ĥg^`ebf^`r^ fbi^jo c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ co ~j�\ Ef ~j� bc ĥjr _^`ebafbno^ kb ĥ~ ĥ cjfd of kobgd c^kag^fgb^r �j r� ĥnobrb}`^ gm^`eaclfjebno^ azzok^ r^d cbs ĥ̀ ^fgd fbi^jo� co kag^fgb^r ^fdobijfg rj cbdg`b}ogbaf c^ �^`eb��b`jz �
��/� © [

^�k =,^>�?ò @ ­ [ �J\[�
a�o ��/� ^dg rj k`a}j}brbg ĥeal^ff^ no�of ĥgjg c�ĥf^`~b^ / dabg azzok ĥ^g ² ^dg r^ kag^f�gb^r zmbebno^\ °f ` ĥ~be^ c^ _a`g^ c ĥ~ ĥf ĥ̀ ^dz^fz^ "#$ ' ² gaod r^d ĥgjgd c�ĥf^`~b^ krod
k^gbg^ no^ ² afg of^ azzokjgbaf [ ^g z^o� c�ĥf^`~b^ dok ĥ̀ b^o`^ �j ² afg of^ azzokjgbaf�\ �jfd z^ ` ĥ~be^ r^ kag^fgb^r zmbebno^ ^dg joddb cbg ĥf^`~b^ c^ �^`eb� ^g� kao` of ~j�c^ � jgae^d kb ĥ~ ĥd cjfd of kb�̂~^ mj`eafbno^� br ijog ��� �/Ã © ��3� �����92� �J\J�3� ^g 38 ĥgjfg r^d _` ĥno^fz^d `jcbjr^d ^g j�bjr^ c�of kag^fgb^r �j dle ĥg`b^ zlrbfc`bno^� ^g� © 38 3� \ qaog^d r^d k`ak`b ĥg ĥd c�of ~j� _^`ebafbno^ c ĥ~ ĥf ĥ̀ ĥk^oi^fg ¦̂g`^ ^�krbno ĥ̂ d
^f zafdbc ĥ̀ jfg no��j r� ĥnobrb}`^ gm^`eaclfjebno^ r^ ~j� dobg rj cbdg`b}ogbaf �J\[� ^g r^dg`jfdbgbafd nob je�̂f^fg of _^`ebaf cjfd of ĥgjg c ĥ  �j azzok ĥ dafg bfg^`cbg^d �j zjod^co k`bfzbk^ c�̂ �zrodbaf c^ wjorb\wrodb^o`d ĥgoc^d afg ĥg ĥ _jbg^d do` r�bfg^`jzgbaf ^fg`^ of ~j� c ĥ~ ĥf ĥ̀ ĥ ^g rj roeb�̂̀ ^ �
eacb(zjgbaf c^ r�bfcbz^ c^ ` ĥ_`jzgbaf ao co za^±zb^fg c�j}da`kgbaf co ~j� �pp� p���rj ` ĥcozgbaf co gjo� c�ĥebddbaf dkafgjf ĥ̂ c�of jgae^ �j r�bfg ĥ̀ b^o` co ~j� ^g djc ĥk^fcjfz^ jf~orjb`^ �pt� ���\ y^d ĥgoc^d eafg`^fg c^d ^s^gd dk^zgjzorjb`^d nojfc
r�bekordbaf c^ �^`eb .Ã �/Ã © .�Ã  J«� ^dg krod ~`jfc^ no^ r�bekordbaf co kmagaf\�jrm^o`^od^e^fg bzb r�jfjrld^ nojfgbgjgbi^ c^ r�bfg^`jzgbaf ^fg`^ r^ ~j� ^g rj roeb�̂̀ ^

vp



v� ý_�`���� ýb ����þ���*þ c����*þ�s+�
` ĥdafjfg^ ^dg cb±zbr^ zj` rj zafg`jbfg^ do` r�bekordbaf bekrbno^fg ��� Ä [� a�o � ^dg rjc^fdbg ĥco ~j� ^g � rj raf~o^o` c�afc^ c^ rj roeb�̂̀ ^\ �jfd z^d zafcbgbafd rj k`akj~jgbafc^ rj roeb�̂̀ ^ �j g`ji^`d r^ ~j� ^dg rao`c^e^fg js^zg ĥ̂ kj` rj cbsodbaf eorgbkr^� ^g r^g`jbg^e^fg nojfgbgjgb_ c^ib^fg zaekr^�^\

��jog`^d k`akadbgbafd c^ cbj~fadgbz c^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ c^ �^`eb kao` of ~j� kb ĥ~ ĥzafdbc�̂̀ ^fg r� ĥgoc^ c^ dj cbdg`b}ogbaf dkjgbjr^� kao` c^d ~j� ko`d ��[� �� �J� �v� {�� ao}b^f kao` c^d e ĥrjf~^d ji^z c^d zafc^fdjgd c^ �ad^�°bfdg^bf �xv� xx� {t� ���\ y^de ĥgmac^d d^ k`¦̂g^fg �j r� ĥgoc^ co ~j� cjfd r^ ` ĥ~be^ a�o rj g^ek ĥ̀ jgo`^ ^dg c^ r�a`c`^c^ rj g^ek ĥ̀ jgo`^ c^ �^`eb $Ã �"#$Ã © /Ã �� ejbd c^ib^ff^fg eabfd d^fdb}r^d �j rjg^ek ĥ̀ jgo`^ cjfd r^ ` ĥ~be^ c^ _a`g^ c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfc $ ' $Ã \ �f k^og joddb
^�g`jb`^ c^d bf_a`ejgbafd do` rj c ĥ~ ĥf ĥ̀ ^dz^fz^ kj` r^d k`az^ddod bf ĥrjdgbno^d co ~j�����\

|j ` ĥz^fg^ k`acozgbaf c�of ĥzmjfgbrraf _^`ebafbno^ c ĥ~ ĥf ĥ̀ ĥ �JJ� j eafg` ĥ r^d rbe�bgjgbafd c^d e^do`^d nob d^ }jd^fg do` rj cbdg`b}ogbaf dkjgbjr^ c^ r� ĥzmjfgbrraf\ �jfd
r^ ` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ rj g^ek ĥ̀ jgo`^ co ~j� ^dg k`aka`gbaff^rr^ jo� c ĥibjgbafdc^ rj cbdg`b}ogbaf kj` `jkka`g �j rj cbdg`b}ogbaf �j $ © �\ y^d c ĥibjgbafd dafg c�jo�gjfg krod k^gbg^d no^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ ^dg _a`g^� rj k` ĥzbdbaf c^d e^do`^d cbebfo^ ji^zr�jo~e^fgjgbaf c^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^\

wobdno^ gaog^d z^d k`akadbgbafd f�as`^fg kjd of^ e ĥgmac^ ^�k ĥ̀ be^fgjr^ kao` e^do`^`r^d kj`je�̂g`^d c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ co ~j� �$ ^g $Ã � nob dabg (j}r^ cjfd r^d ` ĥ~be^dc�bfg ĥ̀ ¦̂g� ^g dbekr^ gjfg cjfd rj ` ĥjrbdjgbaf no^ cjfd r�bfg^`k` ĥgjgbaf� cjfd z^ zmjkbg`^ ^ k`akad^ of^ jog`^ g^zmfbno^ c^ e^do`^ nob d^ }jd^ do` rj clfjebno^ zarrbdbaff^rr^c�of^ kj`gbzor^ g^dg � adzbrrjfg �j r�bfg ĥ̀ b^o` co foj~^ c^ _^`ebafd\ �jfd r^ d^zgbafJ\[�   �̂ �krbno^ r^ k`bfzbk^ ^g r�jkkrbzjgbaf c^ rj `^rj�jgbaf zarrbdbaff^rr^ zaee^ gm^`�eae ĥg`b^ c�of ~j� _^`ebafbno^\ �jfd rj d^zgbaf J\J�  ^ k` ĥd^fg^ of^ ~ ĥf ĥ̀ jrbdjgbaf c^z^gg^ g^zmfbno^ kao` rj c ĥg^zgbaf c^ kjb`^d c^ yaak^` ^g c�of^ g`jfdbgbaf �y� cjfd of~j� _^`ebafbno^ bfg^`j~bddjfg\

éRQ ÇÈíXìXÎÌTÍ UXÍÏ ]Í ëXA UÈ BÈÊÉÌ
�f dokkad^ of^ kj`gbzor^ g^dg � cjfd r^ e¦̂e^ kag^fgb^r no^ r^ ~j� c^ �^`eb\ �ok�kadafd no�af kobdd^ k` ĥkj`^` z^gg^ kj`gbzor^ do` of^ a`}bg^ j`}bg`jb`^ co kag^fgb^r\°f f ĥ~rb~^jfg gaod r^d k`az^ddod bf ĥrjdgbno^d �zarrbdbafd ji^z r^ ~j� ` ĥdbco^r� `^rj�jgbafcbkarjb`^� zarrbdbafd �j g`abd za`kd� r^ d^or eal^f c^ zmjf~^` rj g`j ^zgab`^ c^ � ^dg kj`bfg^`jzgbaf ji^z r^ ~j� c^ �^`eb\ |^ kag^fgb^r kb ĥ~^jfg c^ rj kj`gbzor^ g^dg È�6� ^dgmj`eafbno^ ^g bdag`ak^ ji^z of^ _` ĥno^fz^ 3 J! \ wao` dbekrb(^` af f ĥ~rb~^ rj eac�b(zjgbaf co kag^fgb^r co^ jo� bfg^`jzgbafd c^ zmjek eal^f ^fg`^ � ^g r^ _^`ebafd\�f k^og jra`d zjrzor^` rj clfjebno^ c^ � kj` r� ĥnojgbaf c^ g`jfdka`g c^ �arg�ejff



ýbab ����þ���*þ ��þ� +þ e�C �� c���� vt
nojfgbno^ �x� cjfd r�jkk`a�bejgbaf c^ c^fdbg ĥ razjr^ �DEDF ­ < ¡��E ­ ��È ¡�GE © ,E,F HHHHij¾¾I �J\v�
a�o E�6ª(ª F� ^dg rj c^fdbg ĥ cjfd r�̂ dkjz^ c^ kmjd^ c^ � �j r�bfdgjfg F\ °f c ĥ(fbddjfg
< © ( 
 � a�o 
 ^dg rj ejdd^ c^ � � ji^z of^ fagjgbaf dbebrjb`^ �j �x� rj zafg`b}ogbafzarrbdbaff^rr^ �j r� ĥnojgbaf c^ g`jfdka`g c^ �arg�ejff nojfgbno^ ^dg �,E,F HHHHij¾¾I �6ª(ª F� © ¯ ¼x!�� � ,�.J ,�  �E� �[ ¯ ��� ¯ E�� � �[ ¯ ��� <̈ ¯ <J ¨ �J\x�
a�o ¼ ^dg rj d^zgbaf ^±zjz^ c^ zarrbdbaf ^fg`^ r^d _^`ebafd ^g � � ^g <J © (J « ji^z «
ejdd^ co _^`ebaf\ yaee^ af ^fibdj~^ c^d g^ek ĥ̀ jgo`^d c^ �^`eb c^ r�a`c`^ c^ no^rno^²@ af k^og dokkad^` no^ ¼ ^dg zafdgjfg^� bdag`ak^ ^g za��fzbc^ ji^z rj d^zgbaf ^±zjz^c^ zarrbdbafd ^f afc^�Ô\ |j k`^eb�̂̀ ^ kj`gb^ c^ r�bfg ĥ~`jr^ zarrbdbaff^rr^ za``^dkafc �j rj`^rj�jgbaf c^ rj c^fdbg ĥcjfd r�̂ dkjz^ c^d kmjd^d ^f 6�( �j zjod^ c^d zarrbdbafd ^fg`^ � ^gof _^`ebaf c�bekordbaf (J � ( ­(J � (� ­(�J \ |j ibg^dd^ `^rjgbi^ (fjr^ kabfg^ cjfd rjcb`^zgbaf bfcbno ĥ̂ kj`  \ |j c^o�b�̂e^ kj`gb^ c^ r�bfg ĥ~`jr^ c ĥz`bg r^ k`az^ddod akkad ĥ\�f dokkad^ no�of^ d^or^ kj`gbzor^ g^dg adzbrr^ cjfd r^ kb�̂~^ ao no^ r^ ~j� c^ kj`gbzor^dg^dgd ^dg do±djee^fg cbro ĥ kao` ¦̂g`^ g`jbg ĥ zaee^ of ~j� bc ĥjr c^ �arg�ejff\ �ff ĥ~rb~^ joddb gaog^d r^d k^`go`}jgbafd c^d kj`gbzor^d g^dgd do` r^ ~j� c^ �^`eb\ wj`zaekjzbg ĥ af ogbrbd^ rj fagjgbaf E� © E�6ª(� ª F�� � © �ò �6ª(J � ^g �� © �ò �6ª(�J ��a�o �ò �6ª(� `^k` ĥd^fg^fg rj cbdg`b}ogbaf cjfd r�̂ dkjz^ c^d kmjd^d c�of ~j� c^ �^`eb �jg^ek ĥ̀ jgo`^ $ cjfd r�jkk`a�bejgbaf c^ c^fdbg ĥ razjr^ �

�ò �6ª(� © [
[ ­ ^�k K�.� J« ­ È��� ¯ ²�  �"#$ �L % �J\{�

|^ k`bfzbk^ c�̂ �zrodbaf c^ wjorb ^dg `^k` ĥd^fg ĥ cjfd r�bfg ĥ~`jr^ zarrbdbaff^rr^ kj` r^d_jzg^o`d [ ¯ �� ^g [ ¯ � � nob za��fzbc^fg ji^z r�azzokjgbaf c^ r� ĥgjg (fjr c^ rj zarrbdbaf��x�\ |�jkk`a�bejgbaf c^ c^fdbg ĥ razjr^ ^dg ijrj}r^ db �Ã.Ã > ��� a�o �Ã ^g .Ã dafg r^dgjbrr^d c^ rj cbdg`b}ogbaf co ~j� c^ �^`eb cjfd r�̂ dkjz^ c^ kmjd^\ u g^ek ĥ̀ jgo`^ g`�̂d
k^gbg^ kj` `jkka`g �j rj g^ek ĥ̀ jgo`^ c^ �^`eb $Ã z^gg^ zafg`jbfg^ do` r^d cbe^fdbafd
^dg ĥnobijr^fg^ �j jiab` � > [ zj` �Ã © �x���92D&MN ^g .Ã © �x���92D.MN 9\

�f dokkad^ no^ E�6ª(� ^dg bfbgbjr^e^fg of^ cbdg`b}ogbaf z^fg` ĥ̂ ^f 6B ª(B }b^f krod
ĥg`abg^ no^ rj cbdg`b}ogbaf dgjgbaffjb`^ c^ r� ĥnojgbaf �J\v� � E	 Í ^�kK¯�.� J
 ­È���� �"#$ �L\ uo _o` ^g �j e^do`^ no^ rj `^rj�jgbaf d^ c ĥ̀ aor^� rj cbdg`b}ogbaf kabfgo^ĥiaro^ i^`d of^ cbdg`b}ogbaf krod ĥgjr ĥ̂ k`aka`gbaff^rr^ �j E	 \ y�̂ dg ^f ĥgocbjfg rjk`^eb�̂̀ ^ kmjd^ c^ gm^`ejrbdjgbaf� fagjee^fg rj c ĥz`abddjfz^ c^ rj kakorjgbaf cjfd rjcbdg`b}ogbaf ĥg`abg^ bfbgbjr^� no^ r�af k^og c ĥg^`ebf^` rj g^ek ĥ̀ jgo`^ co ~j� c^ _^`ebafÑOPQ R STUVSWXYYÑZ[ ÔÛ \PQ R SWTUXYÑZ[ æÔÛÞÚÛ ßÔà Ô]ÛÔÚàÖÙÚà âÞÚà ß^ÔàäÞØÔ Ó æÔÔß ÔÛ âÔà ÖÕäÝßàÖÙÚàâÔ ß^æÔÛÞÛ åÙÚâÞÕÔÚÛÞß âÔ ß^ÙàØÖßßÞÛÔÝÓç
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^g r� ĥf^`~b^ c^ �^`eb\ |j `^rj�jgbaf c^d kj`gbzor^d g^dgd j rb^o ji^z of gjo� _ò �6B ª(B�c ĥ̀ bi ĥc^ r� ĥnojgbaf �J\x� �

_ò �6B ª(B� © ¼x!�� � ,�.J ,�  � �[ ¯ ��� <̈B ¯ <J ¨ �J\��
�f zafdbc�̂̀ ^ ejbfg^fjfg g`abd glk^d c^ g`j ^zgab`^d kao` � ^g af `^~j`c^ zaee^fg rjdgjgbdgbno^ js^zg^ rj `^rj�jgbaf c^ zmjzof^\ |j krokj`g c^d zjrzord dafg _jbgd ^f k`^fjfg
rj ejdd^ c^ � ^g c^d _^`ebafd ĥ~jr^d\ y^gg^ jkk`a�bejgbaf ^dg ijrj}r^ cjfd r^d zjd a�o� ^g r^d _^`ebafd dafg c^o� bdagak^d co e¦̂e^ ĥr ĥe^fg �Á|b ^g D|b � �`@ ^g <B@�\ wao` rjk`^eb�̂̀ ^ g`j ^zgab`^ af eafg`^`j zaee^fg of `jkka`g c^ ejdd^ cbs ĥ̀ ^fg �D|b dafc ĥkj`9��yd� eacb(^ r^ }razj~^ c^ �^`eb �(~o`^ J\[�\ �jfd rj dobg^ af zjrzor^ foe ĥ̀ bno^e^fg
r�bfg ĥ~`jr^ �J\�� kao` zmjno^ g`j ^zgab`^ �j cbs ĥ̀ ^fgd fbi^jo� c^ c ĥ~ ĥf ĥ̀ ^dz^fz^\
�utut a }� Åx�{ {� �x�w��zw|

|j k`^eb�̂̀ ^ g`j ^zgab`^ c^ � zafdbdg^ cjfd r^ zjd g`bibjr c�of^ kj`gbzor^ j``¦̂g ĥ̂
jo _afc co kobgd c^ kag^fgb^r �/b © ��\ �jfd of ~j� c^ �arg�ejff ji^z r^ e¦̂e^fae}`^ c^ kj`gbzor^d af d�jgg^fc �j of gjo� c^ zarrbdbaf c^ r�a`c`^ c^ _�j¾Iò ��ª�� © �¼kcd �a�o � ^dg rj c^fdbg ĥ dkjgbjr^ jo z^fg`^ co kb�̂~^ ^g kcd ^dg rj ibg^dd^ krod k`a}j}r^�kcd © ��"#$ �!«��92��\ wao` e^gg`^ ^f `^rb^_ r^d ^s^gd c^ dgjgbdgbno^ c^ �^`eb ^f(~o`^ J\[ af g`jz^ r^ gjo� _ò ��ª�� cbibd ĥkj` _&�j¾I'ò ��ª��\ �jfd r^ ` ĥ~be^ faf c ĥ~ ĥf ĥ̀ ĥ�$ Ä $Ã � r^d c ĥibjgbafd co^d �j rj dgjgbdgbno^ c^ �^`eb dafg f ĥ~rb~^j}r^d\ |^ c ĥ}og co` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ �$ p $Ã � d^ ejfb_^dg^ zrjb`^e^fg kj` of^ cbebfogbaf c^ _ kj` `jkka`g�j _&�j¾I' k`aka`gbaff^rr^ �j $ � \ y^gg^ rab c^ kobddjfz^ j c^o� a`b~bf^d cbs ĥ̀ ^fg^dH kao` r^ ~j� c^ �arg�ejff � Í $ ^�2� ^g k Í 5$ gjfcbd no^ cjfd r^ zjd _^`ebafbno^rj c^fdbg ĥ ^g rj ibg^dd^ krod k`a}j}r^ `^dg^fg (fb^d nojfc $ ' $Ã � z^ nob caff^of _jzg^o` $ �H db $ ' $Ã � � j of^ k`a}j}brbg ĥ(fb^ c�bfg^`j~b` d^or^e^fg ji^z r^d _^`ebafd cjfdof bfg^`ijrr^ ^f ĥf^`~b^ 4/ C "#$ �j rj do`_jz^ c^ �^`eb� �iab` (~o`^ J\J�\ wobdno^r�jf~r^ darbc^ 4  cbdkafb}r^ kao` r^d ĥgjgd (fjo� ^dg rob joddb k`aka`gbaff^r �j $r^ gjo� c^ zarrbdbaf d^ ` ĥcobg kj` of _jzg^o` 4/ 4  Í $� \�o` rj (~o`^ J\J af g`aoi^ of^ c ĥeafdg`jgbaf ~ ĥae ĥg`bno^ c^ z^ c^`fb^` kabfg\�okkadafd no^ � ^g r^ _^`ebaf jb^fg rj e¦̂e^ ejdd^\ �jfd r�̂ dkjz^ c^d bekordbafd� r^dĥgjgd (fjo� k^`ebd kj` zafd^`ijgbaf c^ r� ĥf^`~b^ ^g c^ r�bekordbaf cjfd of^ zarrbdbafdafg `^k` ĥd^fg ĥd kj` of^ zb`zaf_ ĥ̀ ^fz^� kjddjfg kj` r^ z^fg`^ c^ rj dkm�̂̀ ^ c^ �^`eb ^gjljfg of cbje�̂g`^ ĥ~jr �j r�bekordbaf bfbgbjr^ co _^`ebaf �jijfg rj zarrbdbaf � j of^bekordbaf forr^�\ �jfd r^ ` ĥ~be^ c^ _a`g^ c ĥ~ ĥf ĥ̀ ^dz^fz^ gaod r^d ĥgjgd nob d^ g`aoi^fg�j r�bfg ĥ̀ b^o` c^ rj dkm�̂̀ ^ c^ �^`eb dafg azzok ĥd ^g �j zjod^ co }razj~^ c^ �^`eb f^k^oi^fg ¦̂g`^ c^d ĥgjgd (fjo� c�of^ zarrbdbaf\ |^d ĥgjgd k`azm^d c^ rj do`_jz^ c^ �^`eb�[ØÔà ØÙßßÖàÖÙÚà ÛÓÞÚàå æÔÓÞÚÛ ×Þ e ÝÚÔ æÔÚÔÓfÖÔ g hij ÞààÝÓÔÚÛ ßÞ ÛkÔÓÕÞßÖàÞÛÖÙÚ ÞlÔØ ßÔ fÞm âÔ nÔÓÕÖç
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F���� J\[� ëºÖç »¥ ¸£ÒÒ¶Ô¶£Û _ò �6 © �ª( © �� »áÖÛ¥ Ýºµ·¶¸ÖÒ¥ ·¥Ô· ��½ »¥ ÞºÔÔ¥ 
ºµµ ó¥· Õ¥ ºÖ ï £Û» »Ö ÝÖ¶·Ô »¥ Ý£·¥Û·¶¥Ò ¸£Û·¥ÛºÛ· Ò¥ íº� »¥ ù¥µÞ¶ Óº ·¥ÞÝ Õ¥µº·Öµ¥ $ �ÞºÔÔ¥º·£Þ¶àÖ¥ «½å ×º ·¥ÞÝ Õ¥µº·Öµ¥ ¥Ô· ·µº¸ Õ¥¥ ¥Û ÖÛ¶· Õ¥ »¥ ·¥ÞÝ Õ¥µº·Öµ¥ »¥ ù¥µÞ¶ $Ã è ¥· _ò¥Û ÖÛ¶· Õ¥ »Ö ·ºÖç _�j¾I »áÖÛ íº� »¥ Ú£Ò·�ÞºÛÛ Óº Òº Þó¥Þ¥ ·¥ÞÝ Õ¥µº·Öµ¥ ¥· ºÑ¥¸ Ò¥ Þó¥Þ¥Û£ÞØµ¥ »áº·£Þ¥Ôå Ðºµµ Õ¥¥Ô ÿ 
 © «å ö£Û»Ô ÿ 
 © �[vv ��« �¸ºÔ »áÖÛ íº� »¥ D×¶ Ô£Û» Õ¥

Ýºµ 9��ÐÔ½å
do` of^ ĥkjbdd^o` «"#$ .Ã afg of^ azzokjgbaf eal^ff^ zaek`bd^ ^fg`^ � ^g [� ^gk^oi^fg cafz caff^` of^ zafg`b}ogbaf �j r�bfg ĥ~`jr^ zarrbdbaff^rr^ �J\��\ |^d ĥgjgd nob d^g`aoi^fg �j r�̂ �g ĥ̀ b^o` c^ rj do`_jz^ c^ �^`eb afg of^ azzokjgbaf �\ �f k^og ^�krbno^`rj ` ĥcozgbaf co gjo� c^ zarrbdbaf ^f zafdbc ĥ̀ jfg r^d zarrbdbafd ^fg`^ � ^g cbs ĥ̀ ^fg^dzrjdd^d c^ _^`ebafd � z^o� nob d^ g`aoi^fg �j r�bfg ĥ̀ b^o` c^ rj dkm�̂̀ ^ c^ �^`eb� ^g z^o�nob d^ g`aoi^fg k`azm^d c^ rj do`_jz^\ �jfd r^ k`^eb^` zjd br f�l j kjd c^ zafg`b}ogbafjo� zarrbdbafd zj` gaod r^d ĥgjgd (fjo� `^dg^fg �j r�bfg ĥ̀ b^o` c^ rj dkm�̂̀ ^ c^ �^`eb\uo zafg`jb`^ r^d zarrbdbafd ji^z r^d _^`ebafd nob d^ g`aoi^fg �j z¦ag ĥ c^ rj do`_jz^ c^
�^`eb� do` of^ ĥkjbdd^o` «"#$ .Ã caff^fg of^ zafg`b}ogbaf jo� zarrbdbafd zj` r^d ĥgjgd(fjo� afg of^ k`a}j}brbg ĥ(fb^ c^ gae}^` cjfd rj zaozm^ ogm^`ebno^o a�o r�azzokjgbafeal^ff^ ^dg zaek`bd^ ^fg`^ � ^g [ �k`^eb^` _jzg^o` $ �\ �jfd r^ zjd vp r�jf~r^ darbc^za``^dkafcjfg �j r�bfg^`d^zgbaf ^fg`^ rj zaozm^ ogm^`ebno^o ^g rj dkm�̂̀ ^ c^d ĥgjgd (fjo�^dg k`aka`gbaff^rr^ �j $ �c^o�b�̂e^ _jzg^o` $ �\

�b rj ejdd^ c^ � ^dg krod ~`jfc^ no^ z^rr^ c^d _^`ebafd af g`aoi^ �(~o`^ J\[� no^ r^d^s^gd c^ }razj~^ c^ �^`eb dafg ` ĥcobgd\ y^gg^ ` ĥcozgbaf ^dg co^ jo _jbg no^ cjfd of^
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P���� J\J� Ü¶ºíµºÞÞ¥ »á¶ÞÝÖÒÔ¶£Û »áÖÛ¥ ¸£ÒÒ¶Ô¶£Û ¥Û·µ¥ ÖÛ ï ¥µÞ¶£Û ¥· ÖÛ¥ Ýºµ·¶¸ÖÒ¥ ·¥Ô·� ºµµ ó¥· Õ¥¥ ºÖ ï £Û» »Ö ÝÖ¶·Ô »¥ Ý£·¥Û·¶¥Òå ×¥ ï ¥µÞ¶£Û º ¶Û¶·¶ºÒ¥Þ¥Û· ÖÛ¥ ¶ÞÝÖÒÔ¶£Û Õ¥íºÒ¥Óº Ò á¶ÞÝÖÒÔ¶£Û »¥ ù¥µÞ¶ .Ã å .�b ¥· .�Ã Ô£Û· Ò¥Ô ¶ÞÝÖÒÔ¶£ÛÔ »¥ � ¥· »Ö ï ¥µÞ¶£Û ºÝµ Ó¥Ô Òº¸£ÒÒ¶Ô¶£Ûå ×º ¸¶µ¸£Ûï Õ¥µ¥Û¸¥ »¥ »¶ºÞ Ó¥·µ¥ .Ã ÝºÔÔºÛ· Ýºµ Ò¥ ¸¥Û·µ¥ »¥ Òº ÔÝ¹ Ó¥µ¥ »¥ ù¥µÞ¶µ¥Ýµ Õ¥Ô¥Û·¥ Ò¥Ô Õ¥·º·Ô ñÛºÖç Ý¥µÞ¶Ô Ýºµ ¸£ÛÔ¥µÑº·¶£Û »áÕ¥Û¥µí¶¥ ¥· ¶ÞÝÖÒÔ¶£Û »ºÛÔ Ò¥ ¸ºÔ»¥ ÞºÔÔ¥Ô Õ¥íºÒ¥Ôå ×¥ ·µº¶· Ý£¶Û·¶ÒÒ Õ¥ »áÕ¥Ýº¶ÔÔ¥Öµ «"#$ .Ã µ¥Ýµ Õ¥Ô¥Û·¥ Ò¥Ô Õ¥·º·Ô ñÛºÖç»¶ÔÝ£Û¶ØÒ¥Ô Ý£Öµ ÖÛ íº� »¥ ù¥µÞ¶ Óº ·¥ÞÝ Õ¥µº·Öµ¥ $ �¸£Ö¸¹¥ q·¹¥µÞ¶àÖ¥q½ å
zarrbdbaf ĥrjdgbno^ r� ĥzmjf~^ c�bekordbaf ^g c�ĥf^`~b^ ^fg`^ kj`gbzor^d c^ ejdd^ cbs ĥ̀ ^fg^^dg eabfd ^±zjz^ no^ cjfd r^ zjd c^ kj`gbzor^d c^ ejdd^ bc^fgbno^\ �o` rj (~o`^ J\v ^dg`^k` ĥd^fg ĥ r^ cbj~`jee^ c�bekordbaf kao` of^ zarrbdbaf ^fg`^ D|b ^g of^ kj`gbzor^ g^dgc^ 9��yd\ �f k^og eafg`^` no^ db «Ã ^dg rj ejdd^ co _^`ebaf� ^g «b ^dg rj ejdd^ c^rj kj`gbzor^ g^dg� rj ij`bjgbaf ej�bejr^ ¦ c^ rj cb`^zgbaf c^ r�bekordbaf `^rjgbi^ ^fg`^of _^`ebaf �j rj do`_jz^ c^ �^`eb ^g � ijog �

zad ¦ © �.Ã ¯ ¸��
J.�Ã �«Ã ­ «b ��«Ã«b ¯ «Ã

J«b ¯ «bJ«Ã ª �J\p�
a�o ¸ © «"#$ .Ã ^dg r� ĥkjbdd^o` c^ rj zaozm^ gm^`ebno^ ^f ofbg ĥ c�bekordbaf\ |jcbebfogbaf c^ ¦ ` ĥcobg r�jf~r^ darbc^ k^`ebd kao` r�bekordbaf `^rjgbi^� ^g cafz r^ fae}`^c�ĥgjgd (fjo� c^d _^`ebafd� nob ^dg k`aka`gbaff^r jo gjo� c^ zarrbdbaf\ wrod k` ĥzbd ĥe^fg
r^ gjo� c^ zarrbdbaf ^dg cb`^zg^e^fg k`aka`gbaff^r �j r�jf~r^ darbc^ no�azzok^ r^ i^zg^o`c�bekordbaf `^rjgbi^\ �jfd r^ ` ĥ~be^ c^ _a`g^ c ĥ~ ĥf ĥ̀ ^dz^fz^ �̧ ' .Ã � af g`aoi^ no^rj ij`bjgbaf co gjo� c^ zarrbdbaf ^fg`^ r^ zjd c^ ejdd^d ĥ~jr^d� ^g z^rob co D|b dafc ĥkj`9��yd ijog � 4  D̈^9��4  9̈^9 © [ ¯ zad ¦D^9��[ ¯ zad ¦9^9 g �% �J\��
�f `^g`aoi^ ji^z z^ eac�̂r^ jfjrlgbno^ r^ ` ĥdorgjg foe ĥ̀ bno^ c^ rj (~o`^ J\[ kao`�%[$Ã \
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���� J\v� Ü¶ºíµºÞÞ¥ ºÛºÒ£íÖ¥ Óº ¸¥ÒÖ¶ »¥ Òº ñíÖµ¥ �å� Ý£Öµ »¥Ô Ýºµ·¶¸ÖÒ¥Ô »¥ ÞºÔÔ¥»¶¤ Õ¥µ¥Û·¥ �D×¶ ï ¥µÞ¶£Ûè 9��ÐÔ Ýºµ·¶¸ÖÒ¥ ·¥Ô·½å ¦ µ¥Ýµ Õ¥Ô¥Û·¥ Òº Ñºµ¶º·¶£Û Þºç¶ÞºÒ¥ »¥»¶µ¥¸·¶£Û »¥ Ò á¶ÞÝÖÒÔ¶£Û µ¥Òº·¶Ñ¥ Ý¥µÞ¶Ô¥ ¥Û·µ¥ Ò¥Ô »¥Öç º·£Þ¥Ôå�utu� ��ºz||}�zx� |z��w}zywEf d^zafc glk^ c^ g`j ^zgab`^ kao` � zafdbdg^ ^f of^ adzbrrjgbaf rbf ĥjb`^ ji^z of^ĥf^`~b^ / �iab` k^gbg cbj~`jee^ do` rj (~o`^ J\x�\ wao` zjrzor^` r^ gjo� jono^r � ^dg^�kord ĥ̂ c^ dj g`j ^zgab`^ kj` of^ zarrbdbaf ji^z of _^`ebaf� af dokkad^ no^ rj `^rj��jgbaf ^dg r^fg^ kj` `jkka`g �j rj k ĥ̀ bac^ c�adzbrrjgbaf �̀ ĥ~be^ faf zarrbdbaff^r�\ wobdno^_ò �6ª(� f�̂ dg kjd zafdgjfg do` rj g`j ^zgab`^ af c ĥ(fbg of gjo� c^ zarrbdbaf ^±zjz^ �
rò �/ ª¨ © �� © 3J! s _ò ���F�ª.�F�� ,F % �J\t�

°f _afzgbaf c^ rj g^ek ĥ̀ jgo`^ c^d _^`ebafd ^g c^ r� ĥf^`~b^ c^ r�adzbrrjgbaf af g`aoi^cbs ĥ̀ ^fgd ` ĥ~be^d �iab` (~o`^ J\x�\ yaee^ k` ĥio� kao` $ Ä $Ã r^ gjo� c^ `^rj�jgbaf^dg r^ e¦̂e^ no^ kao` of ~j� c^ �arg�ejff� br f^ ij`b^ kjd }^jozaok ji^z r� ĥf^`~b^c^ r�̂ �zbgjgbaf� e¦̂e^ db / Ä "#$ �cjfd r�mlkagm�̂d^ no^ r^d zarrbdbafd dafg gao ao`d ^fafc^�d�\ y^zb d�̂ �krbno^ zj` db / z`a¦�g� rj ibg^dd^ `^rjgbi^ ^fg`^ � ^g r^ foj~^ jo~e^fg^zaee^ /92� � gjfcbd no^ r^ g^ekd kjdd ĥcjfd r^ foj~^ c ĥz`a¦�g zaee^ /^92�� caffjfg ofgjo� c^ `^rj�jgbaf zafdgjfg\ �jfd r^ ` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ$ p $Ã � af g`aoi^ g`abd caejbf^dc�ĥf^`~b^ kao` r�adzbrrjgbaf c^ � �H db / p "#$ r^d zarrbdbafd ^fg`^ � ^g r^d _^`ebafd cjfd rj zaozm^ ogm^`ebno^o do`
rj do`_jz^ c^ �^`eb caebf^fg r^d ^s^gd co^d �j r�adzbrrjgbaf c^ � � af `^g`aoi^ r^gjo� _ò ��ª�� brrodg` ĥ^f (~o`^ J\[�H db "#$ p / p /Ã r^ gjo� c^ `^rj�jgbaf ij`b^ zaee^ /� \ y^zb k^og ¦̂g`^ ^�krbno ĥ
^f zafdbc ĥ̀ jfg of ~j� c^ �^`eb �j g^ek ĥ̀ jgo`^ forr^ cjfd rj rbebg^ / ' /Ã \Ef `jbdaff^e^fg dbebrjb`^ j z^rob c^ rj d^zgbaf J\[\[ eafg`^ no^ d^or^e^fg r^d
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_^`ebafd c�ĥf^`~b^ k`azm^ c^ /Ã � cjfd of z` ĥf^jo c�ĥf^`~b^ /� kj`gbzbk^fg jo�zarrbdbafd �k`^eb^` _jzg^o` /�� ^g r�jf~r^ darbc^ cbdkafb}r^ kao` r^d ĥgjgd (fjo�^dg rob joddb k`aka`gbaff^r �j r� ĥf^`~b^ c^ r�adzbrrjgbaf caffjfg r^ c^o�b�̂e^ _jzg^o`/�H db "#$ p /Ã p /� k`^dno^ gaod r^d ĥgjgd (fjo� kao` r^d _^`ebafd gae}^fg ^fc^ma`d c^ rj dkm�̂̀ ^ c^ �^`eb\ |^ }razj~^ c^ �^`eb f�js^zg^ krod rj clfjebno^c^ `^rj�jgbaf c^ � \ �f `^g`aoi^ of gjo� bfc ĥk^fcjfg c^ / zaee^ kao` of ~j�c^ �arg�ejff\

�utu¤ ��ºz||}�zx� ºzyº�|}zyw
|^ c^`fb^` glk^ c^ g`j ^zgab`^ ^fibdj~ ĥzafdbdg^ ^f of^ a`}bg^ zb`zorjb`^ kao` � cjfd

r^ kag^fgb^r kb ĥ~^jfg �̈ © / 3�\ |^ gjo� c^ `^rj�jgbaf za``^dkafcjfg ^dg g`jz ĥ ^f(~o`^ J\{ ^f _afzgbaf c^ r� ĥf^`~b^ zbf ĥgbno^ c^ � \ wao` of ~j� _jb}r^e^fg c ĥ~ ĥf ĥ̀ ĥ af`^g`aoi^ r^ e¦̂e^ ` ĥdorgjg no^ kao` of ~j� c^ �arg�ejff � ^f jo~e^fgjfg r� ĥf^`~b^ c^
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� � r^ gjo� c^ `^rj�jgbaf `^dg^ zafdgjfg  odno��j "#$ ^g jk`�̂d cbebfo^� zj` r�a`}bg^ c^� ^dg �j r�̂ �g ĥ̀ b^o` co foj~^\ �jfd r^ ` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ r^ gjo� c^ `^rj�jgbaf k` ĥd^fg^of^ ` ĥdafjfz^ jogao` c^ / © /Ã \ �bebrjb`^e^fg jo zjd cbdzog ĥ ^f d^zgbaf J\[\J afg`aoi^ g`abd caejbf^d c�ĥf^`~b^ c ĥ(fbd kj` "#$ ^g /Ã \ |j cbs ĥ̀ ^fz^ bzb ^dg no^ do` of^a`}bg^ zb`zorjb`^� � dafc^ of ~j� �j c^fdbg ĥ� ^g cafz �j ĥf^`~b^ c^ �^`eb razjr^� zafdgjfg^\°f jo~e^fgjfg r� ĥf^`~b^ c^ � af jo~e^fg^ �j rj _abd r�bekordbaf eal^ff^ g`jfd_ ĥ̀ ĥ̂
jo zao`d c^ rj zarrbdbaf� ^g r�bekordbaf c^ �^`eb razjr^ dafc ĥ̂ kj` � \ �b r� ĥf^`~b^ c^� c ĥkjdd^ /Ã � r�a`}bg^ da`g co foj~^ ^g r^ gjo� c^ zarrbdbaf zmog^\
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�jfd z^gg^ d^zgbaf   �jb eafg` ĥ no^� kj` r� ĥgoc^ c^ rj `^rj�jgbaf zarrbdbaff^rr^ c�of^kj`gbzor^ g^dg cjfd of ~j� c^ _^`ebafd zaf(f ĥd� af k^og cb`^zg^e^fg c ĥg^`ebf^` r^dk`ak`b ĥg ĥd c^ c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^ co ~j�\ �jfd r^ ` ĥ~be^ c ĥ~ ĥf ĥ̀ ĥ� r�adzbrrjgbafc^ � k^og ¦̂g`^ zafdbc ĥ̀ ĥ̂ zaee^ of^ adzbrrjgbaf o~^r ĥ̂ o kj` r^ k`bfzbk^ c�̂ �zrodbafc^ wjorb\ �f k^og jbfdb c ĥg^`ebf^` rj g^ek ĥ̀ jgo`^ co foj~^ _^`ebafbno^ �j kj`gb` co
gjo� c^ `^rj�jgbaf _ kao` / C �� ^g rj ijr^o` c^ r� ĥf^`~b^ c^ �^`eb ^f ^�krabgjfg r^zaeka`g^e^fg ` ĥdaffjfg c^ _ jogao` c^ / © /Ã \°�k ĥ̀ be^fgjr^e^fg rj kj`gbzor^ g^dg k^og ¦̂g`^ of k^gbg foj~^ c�jgae^d ` ĥdorgjfg co `^�



x� ý_�`���� ýb ����þ���*þ c����*þ�s+�
_`abcbdd^e^fg dlekjgmbno^ c^d _^`ebafd\ ¡`¦jz^ �j rj d ĥr^zgbibg ĥdo` r^d g`jfdbgbafd jgae�bno^d� r^d jgae^d ogbrbd ĥd kao` r^ `^_`abcbdd^e^fg dlekjgmbno^ k^oi^fg ¦̂g`^ k` ĥkj` ĥd ^ffae}`^ do±djee^fg k^gbg kao` f^ kjd k^`go`}^` rj cbdg`b}ogbaf dgjgbno^ c^d _^`ebafd\°fdobg^� �j r�jbc^ c^ g`jfdbgbafd ]jejf ��{� ao c�of^ ^�zbgjgbaf kj`je ĥg`bno^ ` ĥdaffjfg^co kag^fgb^r �̂ f ^�krabgjfg rj cbs ĥ̀ ^fz^ c^d _` ĥno^fz^d c�adzbrrjgbaf cjfd r^ kb�̂~^ c^dc^o� ^dk�̂z^d�� af k^og ^�zbg^` d ĥr^zgbi^e^fg r^ foj~^  aojfg r^ `¦ar^ c^ kj`gbzor^ g^dg\°f `^~j`cjfg rj c ĥz`abddjfz^ c^ rj kakorjgbaf adzbrrjfg cjfd r^ îî eac^ cbkarjb`^ ðð af^f c ĥcobg r^ g^ekd c^ `^rj�jgbaf\

éRé ÇÈíXìXÎÌTÍ UXÍÏ ]Í ëXA #$ê
Ef^ jkk`azm^ cbs ĥ̀ ^fg^ kao` zaek`^fc`^ ebz`adzakbno^e^fg rj `^rj�jgbaf zarrbdbaf�f^rr^ k` ĥd^fg ĥ̂ jo zao`d c^ z^ zmjkbg`^� ^dg c^ _jb`^ r^ rb^f ji^z r^ dk^zg`^ c�̂ �zbgjgbafco ~j� zafdbc ĥ̀ ĥ\ |�jea`gbdd^e^fg c�of^ kj`gbzor^ g^dg ^dg ` ĥdorgjg c^ rj z` ĥjgbaf c�̂ ��zbgjgbafd ĥr ĥe^fgjb`^d cjfd r^ ~j�\:odno�bzb   �jb zafdbc ĥ̀ ĥ of ~j� kj`_jbg� a�o r^d ^�zbgjgbafd dafg z^rr^d c�of^ kj`gbzor^rb}`^\ �r ^dg kaddb}r^ c�ĥg^fc`^ z^gg^ bc ĥ̂ �j of ~j� c^ �^`eb dok^`�obc^ ao �j of zafc^fdjgc^ �ad^�°bfdg^bf\ wao` g^fb` zaekg^ c^d bfg^`jzgbafd� br _jog ~ ĥf ĥ̀ jrbd^` r�̂ �k`^ddbaf�J\�� ^f bfg`acobdjfg r^ _jzg^o` c^ dg`ozgo`^ clfjebno^ co ~j� ^f no^dgbaf ����\
�jfd of zafc^fdjg c^ �ad^�°bfdg^bf bfg^`j~bddjfg ji^z bfg^`jzgbafd ` ĥkordbi^d� r^d^�zbgjgbafd ĥr ĥe^fgjb`^d c^ k^gbg^ bekordbaf dafg caff ĥ̂ d kj` r^d kmafafd c^ �a~aro}ai�cafg rj ibg^dd^ c^ k`akj~jgbaf ^dg u © vÂ� «� a�o r^d fagjgbafd dafg r^d e¦̂e^d no�̂ fd^zgbaf [\v\[�\ °f g^fjfg zaekg^ c^ z^d ^�zbgjgbafd cjfd r^ zjrzor co _jzg^o` c^ dg`ozgo`^clfjebno^� af ^f c ĥcobg kao` r�jea`gbdd^e^fg c�of^ kj`gbzor^ g^dg cjfd r^ zafc^fdjgof d^obr nob za``^dkafc �j rj ibg^dd^ c^ k`akj~jgbaf co daf\ y^g ^s^g ^dg ~ ĥf ĥ̀ jr^e^fgzaffo daod r^ fae c^ îî z`bg�̂̀ ^ c^ |jfcjo ðð� kao` rj dok^`�obcbg ĥ co ~j�\
°f z^ no^ zafz^`f^ r^ ~j� _^`ebafbno^ cjfd r^ ` ĥ~be^ dok^`�obc^� r^ dk^zg`^ c�̂ �zb�gjgbaf k` ĥio cjfd r^ ` ĥ~be^ cbro ĥzafgb^fg ^dd^fgb^rr^e^fg c^o� zafg`b}ogbafd �H of^ kj`gb^ zafgbfo^ co^ �j rj zafg`b}ogbaf c^ kjb`^d c�̂ �zbgjgbaf c^ nojdb�kj`gbzor^nojdb�g`ao� nob k` ĥd^fg^ of d^obr za��fzbc^fg ji^z c^o� _abd r� ĥf^`~b^ c^ rbjbdaf c^rj kjb`^ c^ yaak^` 4�H of^ ^�zbgjgbaf kmafafbno^ c�ĥf^`~b^ bf_ ĥ̀ b^o`^ �j J4� bfg`acobg^ kj` �a~aro}ai��p�� nob j of^ ibg^dd^ c^ k`akj~jgbaf u © kÃ  5v �a�o kÃ ^dg rj ibg^dd^ c^ �^`eb�\

°f k`bfzbk^� cjfd r^ zjrzor co gjo� c�jea`gbdd^e^fg� zmjno^ ^s^g caff^ of^ zafg`b}o�gbaf ^g cafz of d^obr\ �jfd r^ ` ĥ~be^ cbro ĥ� nojfc 4 ' /Ã � r^ d^obr bf_ ĥ̀ b^o` ^dg caff ĥ
kj` rj zafg`b}ogbaf c^d ^�zbgjgbafd bfzam ĥ̀ ^fg^d\ �f d�jgg^fc cafz c^ kaoiab` e^do`^`r^ d^obr ¸ kj` rj g^zmfbno^ c^ `^rj�jgbaf zarrbdbaff^rr^ ����\



ýb�b ý*þý�+��*þ xpéR� $TÍËí]ÏÌTÍ
�jfd z^ zmjkbg`^   �jb c ĥz`bg }`b�̂i^e^fg r^d cb±zorg ĥd ^�k ĥ̀ be^fgjr^d no^ r�af `^fzaf�g`^ ra`d c^d e^do`^d c^ g^ek ĥ̀ jgo`^ ^g c ĥ~ ĥf ĥ̀ ^dz^fz^ c�of ~j� _^`ebafbno^ _a`g^e^fgc ĥ~ ĥf ĥ̀ ĥ\ |j f ĥz^ddbg ĥ c^ e^do`^` c^d _jb}r^d c ĥibjgbafd c^ r� ĥf^`~b^ bfg^`f^ co ~j�co^d jo� ^s^gd gm^`ebno^d e�j zafcobg j k`akad^` of^ e ĥgmac^ c^ e^do`^ jrg^`fjgbi^�j z^rr^ co g^ekd c^ iar� nob j zaee^ rbebgjgbaf orgbe^ r^d ^s^g c^ zmjek eal^f kao`

r^d }adafd� ao rj k`^ddbaf c^ �^`eb kao` r^d _^`ebafd\ �zb  ^ k`akad^ of^ e ĥgmac^ a`b~�bfjr^ nob d^ }jd^ do` rj e^do`^ cb`^zg^ c^ rj c ĥ~ ĥf ĥ̀ ^dz^fz^ co ~j�� ^f _jbdjfg adzbrr^` �jr�bfg ĥ̀ b^o` co ~j� ^f no^dgbaf� of k^gbg foj~^ c^ kj`gbzor^d cbdz^`fj}r^d �nob i`jbd^e�}rj}r^e^fg d^`afg bddo^d co ~j� ogbrbd ĥ kao` `^_`abcb` dlekjgmbno^e^fg r^d _^`ebafd�\°f _jbdjfg ij`b^` r� ĥf^`~b^ c�adzbrrjgbaf c^d kj`gbzor^d g^dgd af c ĥcobg cb`^zg^e^fg r�az�zokjgbaf eal^ff^� ^g cafz rj c ĥ~ ĥf ĥ̀ ^dz^fz^ co ~j�\ |j e ĥgmac^� ^f caffjfg joddb
jzz�̂d �j r� ĥf^`~b^ c^ �^`eb� k^`e^g c^ zj`jzg ĥ̀ bd^` zaekr�̂g^e^fg of ~j� c^ �^`eb bc ĥjr�j r� ĥnobrb}`^ gm^`eaclfjebno^\�jfd rj kj`gb^ (fjr^ co zmjkbg`^   �jb k` ĥd^fg ĥof^ ~ ĥf ĥ̀ jrbdjgbaf c^ rj e ĥgmac^ c^ gm^`�eae ĥg`b^ zarrbdbaff^rr^ jo� ~j� _^`ebafbno^d �y�\ :^ eafg`^ no^� ^f kaoijfg e^gg`^ ^fĥibc^fz^ r�̂ �bdg^fz^ c�of d^obr ĥf^`~ ĥgbno^ cjfd r^ dk^zg`^ c�̂ �zbgjgbaf� z^gg^ g^zmfbno^k^`e^g c^ c ĥg^zg^` of^ kmjd^ dok^`�obc^ �y�\
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�jfd z^ zmjkbg`^  ^ k` ĥd^fg^ r^d eagbijgbafd nob faod afg je^f ĥ̂ d �j c^ddbf^` r��^�k ĥ̀ b^fz^ zaee^ ^rr^ ^�bdg^ jzgo^rr^e^fg ^g r^d c ĥgjbrd ^�k ĥ̀ be^fgjo� c^ ` ĥjrbdjgbaf\uo k`^eb^` j}a`c� r^d ĥr ĥe^fgd c^ r�̂ �k ĥ̀ b^fz^ f^ d^ cbdgbf~o^fg kjd kj` `jkka`g jo�jog`^d ^�k ĥ̀ b^fz^d c^ `^_`abcbdd^e^fg rjd^` ^g ĥijka`jgb_ c�jgae^d jrzjrbfd\ yaee^ cjfd
gaog^d z^d ^�k ĥ̀ b^fz^d� af k^og `^k ĥ̀ ^` �H r^ dldg�̂e^ �j ibc^�H r^ dldg�̂e^ akgbno^� ji^z gaog z^ nob zafz^`f^ rj dgj}brbdjgbaf c^d rjd^`� r�jekrb(�zjgbaf ^g r^ dldg�̂e^ c^ c ĥg^zgbaf akgbno^�H r^ kb�̂~^ ej~f ĥgbno^�H rj ~^dgbaf c^ r�̂ �k ĥ̀ b^fz^ kj` a`cbfjg^o`\
y^k^fcjfg�  ^ ijbd eafg`^` cjfd rj dobg^ co zmjkbg`^ no^ z^d cbs ĥ̀ ^fg^d kj`gb^d k` ĥd^fg^fgdaoi^fg c^d ĥr ĥe^fgd c�bffaijgbaf g^zmfbno^\ |j dg`jg ĥ~b^ ^�k ĥ̀ be^fgjr^ zmabdb^� ^g rjiarafg ĥc^ zafdg`ob`^ of aogbr c^ `^zm^`zm^ k^`_a`ejfg ^g �^�b}r^� faod afg _jbg j}a`c^`rj k`a}r ĥejgbno^ ^�k ĥ̀ be^fgjr^ ji^z of^ jkk`azm^ a`b~bfjr^\|j dg`ozgo`^ co zmjkbg`^ ^dg rj dobijfg^ � cjfd rj d^zgbaf v\[  ^ c ĥz`bd r^ dldg�̂e^ �jibc^\ |j d^zgbaf dobijfg^ v\J c ĥz`bg rj zafdg`ozgbaf ^g r^ _afzgbaff^e^fg c^ rj dao`z^c�jgae^d ^g co `jr^fgbdd^o` �^^ejf\ |j d^zgbaf v\v ^dg c ĥcb ĥ̂ �j gaog z^ nob zafz^`f^ r^dldg�̂e^ akgbno^ � r^d dao`z^d rjd^` ^g r^ dldg�̂e^ c^ c ĥg^zgbaf c^d jgae^d\ |j d^zgbaf v\xc ĥz`bg r^ dldg�̂e^ bf_a`ejgbno^ c^ ~^dgbaf c^ r�̂ �k ĥ̀ b^fz^\ u zjod^ c^ daf beka`gjfz^�r�̂ fd^e}r^ co kb ĥ~^j~^ ej~f ĥgbno^ d^`j c ĥz`bg cjfd r^ zmjkbg`^ dobijfg^\

�RQ zÈ ÏZÏÎ{ÈÉÈ {X WÌUÈ
|^ dldg�̂e^ �j ibc^ ^dg c^ddbf ĥ jogao` c^ rj z^rror^ ^f Æbza` a�o r^d jgae^d dafg

kb ĥ~ ĥd\ |j z^rror^ ^dg of kj`jrr ĥr ĥkbk�̂c^ c^ cbe^fdbaf x � x � [� ze\ �^o� `jzza`cd
i^``^�e ĥgjr zaff^zg ĥd do` r^d }jd^d zj`` ĥ̂ d co kj`jrr ĥr ĥkbk�̂c^ _ao`fbdd^fg c^o� jzz�̂d�j r�bfg ĥ̀ b^o` c^ rj z^rror^ do` r^ e¦̂e^ j�^� r�j�^ co  ^g c�jgae^d `jr^fgbd �iab` (~o`^
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v\[�\ �o` rj _jz^ dok^`b^o` co kj`jrr ĥr ĥkbk�̂c^ ^dg zarr ĥdo` of k^gbg^ jkk^fcbz^ ^f Æbza`c^ cbe^fdbafd ^�g ĥ̀ b^o`^d �%p � J � x ze\ y^g jkk^fcbz^� nob d^`j r^ dbg^ c^ kb ĥ~^j~^ej~f ĥgbno^ (fjr �iab` zmjkbg`^ x�� ^dg zarr ĥc^ _j)zaf �j jiab` r^ z¦ag ĥr^ krod raf~ jrb~f ĥ �jrj i^`gbzjr^� gjfcbd no^ r^ z¦ag ĥ r^ krod zao`g ^dg kj`jrr�̂r^ �j rj cb`^zgbaf co  ^g c�jgae^d�iab` (~o`^ x\v�\ wobdno^ rj z^rror^ ^dg g`�̂d _`j~br^� af j c ĥzbc ĥc^ rj zaff^zg^` jo `^dg^co dldg�̂e^ �j ibc^ kj` c^d dao|^gd e ĥgjrrbno^d � co z¦ag ĥ co `jr^fgbdd^o` �^^ejf r^dgjfcj`c ^dg r^ e¦̂e^ no^ rj zaff^�baf i^``^�e ĥgjr �y�x��� gjfcbd no^ co z¦ag ĥ co~`aok^ c^ kaekj~^ af j k` ĥ_ ĥ̀ ĥ ogbrbd^` of dao|^g c^ gjbrr^ krod beka`gjfg^ �y��v���j r�jbc^ c�of^ �jf~^ c�jcjkgjgbaf c^ cbe^fdbaf\ |j cbs ĥ̀ ^fz^ c^d c^o� d^zgbafd d^`j�j r�a`b~bf^ c�of^ g`jfdrjgbaf c^ rj z^rror^ ra`d co kaekj~^ k`bejb`^� kao` ĥnobrb}`^`rj cbs ĥ̀ ^fz^ c^ k`^ddbaf jgeadkm ĥ̀ bno^ jo� c^o� ^�g` ĥebg ĥd c^ rj z^rror^\ Ef dokka`gdaokr^� bddo c�of^ ka¦̂r^ q^_jr� gb^fg r^d ^�g` ĥebg ĥd c^d `jzza`cd i^``^�e ĥgjr c^ rj z^rror^gaog ^f rjbddjfg r^ c^~` ĥ c^ rb}^`g ĥ c^ g`jfdrjgbaf f ĥz^ddjb`^ kao` no^� jo zao`d co
kaekj~^ ^g c^ r� ĥgoij~^� rj z^rror^ f^ do}bdd^ kjd c^ g^fdbaf g`ak ĥr^i ĥ̂ \ |j krjno^q^_jr ^dg ^rr^ e¦̂e^ dokka`g ĥ̂ kj` c^d ibd ^f rjbgaf kao` kaoiab` ` ĥ~r^` (f^e^fg rjkadbgbaf c^ rj z^rror^\

|^ kaekj~^ c^ rj z^rror^ ^dg jddo` ĥkj` of^ kaek^ bafbno^ c^ [�� rnd cag ĥ̂ c� ĥr ĥe^fgddk ĥzb(no^d kao` r^d ~j� `j`^d ��°yuJ��� ` ĥ_\ v����Jx�� of^ kaek^ �j do}rbejgbaf c^gbgjf^ �yj}o`f���y ` ĥ_\ �E��J�v� nob c ĥkad^ r^ e ĥgjr do` rj do`_jz^ bfg^`f^ co q do`
r^no^r ^dg }`jfzm ĥ̂ rj kaek^ bafbno^\ u r�bfg ĥ̀ b^o` co q af j krjz ĥjoddb of^ cb�jbf^ c^cbdno^d c^ ~`jkmbg^ �x ze cbje�̂g`^� {ee ĥkjbdd^o`� nob dafg jzgbi ĥ̂ d ^f r^d zmjosjfgdaod ibc^ ra`d c^ r� ĥgoij~^\|^ _ao`� nob ^dg îî bdar ĥðð kj` of goljo c^ kaekj~^ cbs ĥ̀ ^fgb^r� ^dg kaek ĥkj` of^ jog`^kaek^ bafbno^ �iab` d^zgbaf v\J\[�\



�býb �� ����þ�����+� C����þ {[�Ré zÈ ÊXíÈÍÎÌÏÏÈ]Ê }ÈÈÉXÍ
wj`eb r^d jgae^d jrzjrbfd� r^ rbgmboe ^dg r^ krod r ĥ~^`\ �r ^dg g`�̂d ` ĥjzgb_ zmbebno^e^fg

^g dj g^fdbaf c^ ijk^o` �j g^ek ĥ̀ jgo`^ je}bjfg^ ^dg _jb}r^\ ymjzof^ c^ z^d k`ak`b ĥg ĥd
r^ `^fc k^o jcjkg ĥjo zmj`~^e^fg c�of^ kb�̂~^ ej~f ĥga�akgbno^ �w��� �j kj`gb` c�of^ijk^o` ^f z^rror^ � kao` jiab` of^ k`^ddbaf do±djfg^ r^ ~j� cabg ¦̂g`^ �j of^ g^ek ĥ̀ jgo`^c^ v�� By ^fib`af� ^g �j z^gg^ g^ek ĥ̀ jgo`^ br ` ĥj~bg �j gaod glk^d c^ i^``^d djo_ r^ djkmb`\uoddb� �j zjod^ c^ dj _jb}r^ ejdd^� rj _`jzgbaf c^ kakorjgbaf cafg rj ibg^dd^ ^dg krod k^gbg^no^ J�end �ijr^o` glkbno^ kao` rj ibg^dd^ ej�bejr^ c^ zjkgo`^ kao` of w��� ^dg}b^f krod _jb}r^ no^ kao` r^d jgae^d krod rao`cd �j rj e¦̂e^ g^ek ĥ̀ jgo`^\ Ef^ darogbaf�j z^d k`a}r�̂e^d ^dg jkka`g ĥ kj` r^ `jr^fgbdd^o` �^^ejf ��t�\ y^gg^ dao`z^ c�jgae^dr^fgd ^dg zafdgbgo ĥ̂ kj` � of^ dao`z^ c�jgae^d c^ cb`^zgbaf c ĥ(fb^ � ^g jgaebno^�� ofgoljo ^fgao` ĥ kj` of dar ĥfa��c^ kao` k`acob`^ of zmjek ej~f ĥgbno^ bfmaea~�̂f^ ^gof _jbdz^jo rjd^` ` ĥdaffjfg ji^z of^ g`jfdbgbaf zlzrjfg^ c^ r�jgae^ zafg`^k`akj~^jfg
jo  ^g jgaebno^\ �b r^ _jbdz^jo rjd^` j of^ bfg^fdbg ĥ ĥ~jr^ �j r�bfg^fdbg ĥ c^ djgo`jgbaf�{\Je?nze� kao` r^ rbgmboe�� rj c ĥz ĥr ĥ̀ jgbaf co^ �j rj cbsodbaf c^d kmagafd ijog

& © _x ��"
« �v\[�

a�o [n_ ^dg rj co` ĥ̂ c^ ib^ c^ r� ĥgjg ^�zbg ĥ �Jpfd kao` r^ rbgmboe�� " © J! � ^dg r^fae}`^ c�afc^ c^ rj `jcbjgbaf roebf^od^ ��©�p[fe� ^g « ^dg rj ejdd^ c^ r�jgae^\wobdno^ rj rj`~^o` fjgo`^rr^ c^ rj g`jfdbgbaf jgaebno^ ^dg {\t �;� �ĥnobijr^fg �j x endc^ c ĥzjrj~^ �akkr^`� r^ `jr^fgbdd^e^fg �j ` ĥdafjfz^ f^ ej`zm^ no^ kao` no^rno^d e�̂g`^dkj` d^zafc^\ wao` no^ r^ `jr^fgbdd^e^fg `^dg^ gao ao`d �j ` ĥdafjfz^ af j aog^ of zmjekej~f ĥgbno^ bfmaea~�̂f^ cafg r^ c ĥzjrj~^ �^^ejf� bfcobg do` rj g`jfdbgbaf jgaebno^zafdbc ĥ̀ ĥ� zaek^fd^ rj ij`bjgbaf c^ c ĥzjrj~^ �akkr^` co^ jo `jr^fgbdd^e^fg\ qlkbno^�e^fg fag`^ `jr^fgbdd^o` �^^ejf `jr^fgbg r^d jgae^d c^ � ¡ [�Å end� do` of^ raf~o^o`c�of e�̂g`^� z^ nob ` ĥdorg^ of^ ibg^dd^ c^ zjkgo`^ k c^ [[��end\
¤u�ut �w Åx�y

|j ` ĥ~baf co _ao` ^dg zafdgbgo ĥ̂ kj` of k^gbg ` ĥd^`iab` cjfd r^no^r d^ g`aoi^ r^rbgmboe� of ĥz`jf e ĥzjfbno^ nob k^`e^g c�j``¦̂g^` r^  ^g ^g of dldg�̂e^ c^ kaekj~^\|^ ` ĥd^`iab` c^ rbgmboe ^dg of goljo c^ [\{�[� ze ^f jzb^` bfa� daoc ĥ �j of ĥr ĥe^fgzmjosjfg c^ qm^`eazaj� ^g of gm^`eazaokr^ ��^Gka`g��e^~j ` ĥ_\ ~�y��@�[�[�v��jogao` c^ rj da`gb^ co  ^g\ Ef cbdkadbgb_ jogaejgbno^ ��^Gka`g��e^~j ` ĥ_\ y�p�[vv�dgj}brbd^ jzgbi^e^fg rj g^ek ĥ̀ jgo`^ co _ao` jogao` c^ {�� By\ |^ goljo c^ zarrbejgbaf�x\{ee c^ cbje�̂g`^ bfg ĥ̀ b^o`� [� ze c^ raf~o^o`� ^dg `^zaoi^`g �j r�bfg ĥ̀ b^o` kj` of^gabr^ c�jzb^` bfa� �urkmj� cbje�̂g`^ (r �\[x ee� glk^ v�x� nob j rj _afzgbaf c^ `je^f^`kj` zjkbrrj`bg ĥr^d jgae^d co  ^g nob f�afg kjd rj cb`^zgbaf za``^zg^ cjfd r^ ` ĥd^`iab`\ �jz^�j rj da`gb^ co goljo c^ zarrbejgbaf br l j of ĥz`jf e ĥzjfbno^ zaeejfc ĥc^ r�̂ �g ĥ̀ b^o` �jr�jbc^ c�of zaokrj~^ e ĥzjfbno^ �yj}o`f���y ` ĥ_\ ;q�]��Jp{�\ |�̂ fd^e}r^ co _ao`
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Position���� v\J� �ºÒ¥ÖµÔ »Ö ¸¹ºÞÝ ÞºíÛ Õ¥·¶àÖ¥ »ºÛÔ Ò¥ µºÒ¥Û·¶ÔÔ¥Öµ �¥¥ÞºÛ »áºÝµ Ó¥Ô Ò áÕ¥àÖº·¶£Û�å� �·µº¶· ¸£Û·¶ÛÖ½è ¥· ÑºÒ¥ÖµÔ Þ¥ÔÖµ Õ¥¥Ô �Ý£¶Û·¶ÒÒ Õ¥½å ×¥ ¸¹ºÞÝ ÞºíÛ Õ¥·¶àÖ¥ Ý£Ô¶·¶ï ¸£µµ¥³ÔÝ£Û» ºÖ Ýµ¥Þ¶¥µ µºÒ¥Û·¶ÔÔ¥Öµ �¥¥ÞºÛè Ò¥Ô ÑºÒ¥ÖµÔ Û Õ¥íº·¶Ñ¥Ô ºÖ »¥Öç¶ Ó¥Þ¥å
^g dldg�̂e^ c^ zarrbejgbaf ^dg kaek ĥkj` of^ kaek^ bafbno^ c^ {� rnd cag ĥc� ĥr ĥe^fgddk ĥzb(no^d kao` r^d ~j� `j`^d ��°yuJ��� ` ĥ_\ v����Jv�\ |j zaff^�baf ^fg`^ rj ` ĥ~bafco _ao` ^g z^rr^ �j org`j�ibc^ ^dg _jbg^ kj` of goljo c^ kaekj~^ cbs ĥ̀ ^fgb^r �cbe^fdbafdbfg ĥ̀ b^o`^d J%v � [J�ee� nob ~j`jfgbg of `jkka`g c^ k`^ddbaf c^ [��� ^g of^ ijff^ �jkjddj~^ cb`^zg^ ��°yuJ��� ` ĥ_\ ÆEÆ���\ y^gg^ ijff^� cafg r^d zaff^zgbafd afg ofdgjfcj`c y�[�� j kad ĥ daoi^fg c^d k`a}r�̂e^d c^ _obg^ jo fbi^jo co  abfg z¦ag ĥ _ao` � r^zaokr^ no�af cabg jkkrbno^` kao` _^`e^` ^g aoi`b` rj ijff^ ^dg g`ak beka`gjfg kao` of^ afzgbaf y�[�\ Ef^ ijff^ y�x� d^`jbg d¦o`^e^fg krod (j}r^\ °f zafcbgbaf c�ak ĥ̀ jgbafrj k`^ddbaf cjfd r^ _ao` ^dg [�

&
¯��qa`` ^fib`af� c�jk`�̂d r^ zao`jfg nob zb`zor^ cjfd rjkaek^ bafbno^\

¤u�u� �w �x| �w�x��{w
|^ dar ĥfa��c^ �j ĥg ĥ zaf)zo kao` �H k`acob`^ r^ zmjek ej~f ĥgbno^ bfmaea~�̂f^ f ĥz^ddjb`^ jo }af _afzgbaff^e^fg co`jr^fgbdd^o` �^^ejf�H cbddbk^` rj kobddjfz^ :aor^ co^ jo kjddj~^ c^ zao`jfg�H ¦̂g`^ ĥgoij}r^  odno��j x�� By\

�jfd r^ `jr^fgbdd^o` �^^ejf r^d jgae^d dafg daoebd �j of^ c ĥz ĥr ĥ̀ jgbaf zafdgjfg^ &� r^zmjek ej~f ĥgbno^� nob kj` ^s^g �^^ejf zaek^fd^ rj ij`bjgbaf co c ĥzjrj~^ �akkr^`r^ raf~ co `jr^fgbdd^e^fg� d�̂ �k`be^ zaee^ �
��§� © ��"k�§�² © ��"vk� ¯ J&§² ª �v\J�



�býb �� ����þ�����+� C����þ {v
a�o ² ^dg r^ ej~f ĥgaf c^ �am`\ wrodb^o`d dkb`^d ^f`aor ĥ̂ d jogao` co goljo co `jr^fgbdd^o`dafg kj`zao`o^d kj` of zao`jfg c^ JJu\ |j kadbgbaf c^ zmjno^ dkb`^ j ĥg ĥzjrzor ĥ̂ kao``^fc`^ r^ k`a(r co zmjek ej~f ĥgbno^ ` ĥ̂ r� daee^ co zmjek k`acobg kj` zmjno^ dkb`^�k`azm^ c^ r�̂ �k`^ddbaf v\J j(f no^ rj c ĥz ĥr ĥ̀ jgbaf c^d jgae^d dabg ofb_a`e^ ^g cafzno�br f�l jbg kjd c^ c ĥz`azmj~^ �iab` (~o`^ v\J�\

q`abd zaozm^d c�̂ jo zb`zor^fg �j z¦ag ĥ c^d dkb`^d kao` cbddbk^` r^d J@? ^fib`af c^kobddjfz^ :aor^ � r^ k`^eb^` ^fg`^ r^ goljo nob caff^ i^`d r^ ibc^ ^g of c^o�b�̂e^goljo� jogao` cono^r ^dg ^f`aor ĥ r^ dar ĥfa��c^\ |j c^o�b�̂e^ ^g rj g`abdb�̂e^ zaozm^ dafgzafdgbgo ĥ̂ d kj` of go}^ c^ zobi`^ `^zobg ���ee a�o zb`zor^ r�̂ jo c^ `^_`abcbdd^e^fg\y^d g`abd zb`zobgd c�̂ jo dafg zaff^zg ĥd jo `a}bf^g� ^g of c ĥg^zg^o` c^ c ĥ}bg do`i^brr^ no^r^ zao`jfg f^ zb`zor^ kjd djfd r�̂ jo c^ `^_`abcbdd^e^fg\ |^ (r zafcozg^o` ��e^~j� ` ĥ_\;q�¡�[yE�v[x�� dk ĥzbjr^e^fg zaf)zo kao` ¦̂g`^ zmjos ĥ odno��j x{� By� d�jcjkg^ }b^fjo� ^�b~^fz^d c�ĥgoij~^\ |^d cbs ĥ̀ ^fg^d dkb`^d dafg dgj}brbd ĥ̂ d ^f ^f`a}jfg r^ dar ĥfa��c^cjfd of zbe^fg z ĥ̀ jebno^ ��jo^`^bd^f y^`jebz y^e^fg � [��\
��jk`�̂d r� ĥnojgbaf �v\J� af iabg no^ rj c ĥz ĥr ĥ̀ jgbaf c^d jgae^d ^dg k`aka`gbaff^rr^ �jrj ij`bjgbaf c^ zmjek ej~f ĥgbno^ ^fg`^ c^ c ĥ}og ^g rj (f co `jr^fgbdd^o`\ |j rbebgjgbafk`bfzbkjr^ �j rj k`acozgbaf c^ zmjekd bfg^fd^d ^dg rj cbddbkjgbaf c^ rj kobddjfz^ :aor^\�f k^og jra`d kj`gj~^` r^ `jr^fgbdd^o` ^f c^o� kj`gb^d �(~o`^ v\[� � cjfd rj k`^eb�̂̀ ^�cbg^ k`^eb^` `jr^fgbdd^o`� rj karj`bdjgbaf co rjd^` kj` `jkka`g jo zmjek ej~f ĥgbno^^dg ¼^ ^g ¨� ¨ cbebfo^ ji^z rj ibg^dd^ c^d jgae^d\ ¨� ¨ cbebfo^  odno��j d�jffor^` kao`

^fdobg^ jo~e^fg^` ji^z a`b^fgjgbaf akkad ĥ̂ \ �jfd z^gg^ c^o�b�̂e^ ` ĥ~baf �cbg^ c^o�b�̂e^`jr^fgbdd^o`�� ¨� ¨ jo~e^fg^ nojfc rj ibg^dd^ c^d jgae^d cbebfo^ ^g r^ rjd^` ^dg karj`bd ĥ
¼´\ |�j a�o r^ zmjek ej~f ĥgbno^ zmjf~^ c^ cb`^zgbaf r^d cbkar^d ej~f ĥgbno^d }jdzor^fg
r^o` cb`^zgbaf� r^d jgae^d kjdd^fg co daod fbi^jo è © Jª«8 © ¯J jo daod fbi^jo è ©Jª«8 © ­J �dkbf��bk�\ u zjod^ c^ rj dg`ozgo`^ mlk^`(f^ ĥg`abg^ c^ r� ĥgjg ĥr^zg`afbno^^�zbg ĥ� r^ gjo� c^ c ĥkaekj~^ cjfd r^ fbi^jo� è © [ ^dg g`�̂d beka`gjfg\ �f j aog^cafz of rjd^` `^kaek^o` kao` `je^f^` rj kakorjgbaf cjfd r^ za``^zg ĥgjg mlk^`(f\

wobdno^ rj }a}bf^ co c^o�b�̂e^ `jr^fgbdd^o` ^dg j aog ĥ̂ jogao` c^ rj  afzgbaf i^``^�e ĥgjr c^ rj z^rror^ jk`�̂d r� ĥgoij~^� br f�̂ dg kjd f ĥz^ddjb`^ no�̂ rr^ dabg ĥgoij}r^\ °rr^ ^dgzafdgbgo ĥ̂ c^ c^o� zano^d c^ zobi`^ `^_`abcb^d �j r�̂ jo do` r^dno^rr^d af ^f`aor^ co (r c^zobi`^ �d^zgbaf [%x �v%vee� ji^z bdarjgbaf c^ flraf� jk`�̂d r� ĥgoij~^\ Ef^ k^gbg^ }a}bf^dokkr ĥe^fgjb`^ gao ao`d do` r�j�^ co `jr^fgbdd^o` � akkad ĥ̂ �j rj c^o�b�̂e^ }a}bf^ co`jr^fgbdd^o` kj` `jkka`g �j rj z^rror^ �(~o`^ v\[�� zaek^fd^ r^ zmjek ej~f ĥgbno^ ` ĥdbco^rc^ z^gg^ c^`fb�̂̀ ^ do` r^ w��\ |j c^o�b�̂e^ }a}bf^ ^g rj }a}bf^ c^ zaek^fdjgbaf dafg
jrbe^fg ĥ̂ d kj` rj e¦̂e^ dao`z^ c^ zao`jfg �j J�u ^fib`af\wao` ` ĥdoe^`� af cb`^ no^ r^d bfg ĥ̀ ¦̂gd co îî `jr^fgbdd^o` �^^ejf dkbf��bk ðð dafg �H r�ogbrbdjgbaf c�of rjd^` ma`d ` ĥdafjfz^ kao` r^ `jr^fgbdd^e^fg� nob f^ k^`go`}^ kjd

r^ _afzgbaff^e^fg co w��\ |^ rjd^`� �j zmjek ej~f ĥgbno^ for� ^dg ` ĥdaffjfg jo�jgae^d cjfd rj ` ĥ~baf c^ dkbf��bk� nob afg glkbno^e^fg of^ ibg^dd^ c^ J��end�H rj c^`fb�̂̀ ^ kj`gb^ co `jr^fgbdd^o` �r^ c^o�b�̂e^ `jr^fgbdd^o`� ^dg ^f`aor ĥ̂ do` rj afzgbaf i^``^ e ĥgjr c^ rj z^rror^� z^ nob ebfbebd^ rj cbdgjfz^ kj`zao`o^ kj` r^d
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a���� v\v� äÝ¥¸·µ¥ »¥ Ñ¶·¥ÔÔ¥ »Ö Á×¶ ºÝµ Ó¥Ô Ò¥ µºÒ¥Û·¶ÔÔ¥Öµ �¥¥ÞºÛå º½ ì ¥· ·¹¥µÞ¶àÖ¥ Û£ÛµºÒ¥Û·¶å Ø½ » Õ¥¸ºÒºí¥ »Ö ïº¶Ô¸¥ºÖ µºÒ¥Û·¶ÔÔ¥Öµ ¸ © p�� é�� �k������� © xp� Þ�Ô½å ½̧ ¸ ©p{� é�� �k������� © {�� Þ�Ô½å »½ ¸ © �{� é�� �k������� © {p� Þ�Ô½ å ×¥ ¸£ÖµºÛ· »Ö

Ô£Ò Õ¥Û£��»¥ ¥Ô· íºµ» Õ¥ ¸£ÛÔ·ºÛ·è Ò¥Ô ò Ó¥¸¹¥Ô ¶Û»¶àÖ¥Û· Òº ïµº¸·¶£Û »áº·£Þ¥Ô µºÒ¥Û·¶¥è ¥· Ò¥ÔÒ¶íÛ¥Ô ¥Û Ý£¶Û·¶ÒÒ Õ¥Ô ¶Û»¶àÖ¥Û· Ò¥Ô µ Õ¥Ô£ÛºÛ¸¥Ô º·£Þ¶àÖ¥Ô Óº Ñ¶·¥ÔÔ¥ ÛÖÒÒ¥å
jgae^d `jr^fgbd� ^g cafz r^d k^`g^d co^d �j rj cbi^`~^fz^ co  ^g `jr^fgb\

¤u�u¤ ���wy}�zx� {� y}|w��z��w�y �ww�}��aod jiafd _jbg of^ k`^eb�̂̀ ^ zj`jzg ĥ̀ bdjgbaf co `jr^fgbdd^o` ^f _jbdjfg c^d e^do`^dcb`^zg^d c^ rj cbdg`b}ogbaf ^f ibg^dd^ co  ^g jgaebno^\ �f `^~j`c^ rj roeb�̂̀ ^ c^ �oa`^d�z^fz^ c�of _jbdz^jo dafc^ zafg`^�k`akj~^jfg jo  ^g jgaebno^ �j rj mjog^o` c^ rj z^rror^\|j zjrb}`jgbaf j}daro^ c^ rj ibg^dd^ ^dg _jbg^ ^f _jbdjfg kjdd^` rj dafc^ a`gma~afjr^�e^fg �j rj cb`^zgbaf co  ^g\ yaee^ rj �oa`^dz^fz^ c^ z^ c^`fb^` f�̂ dg kjd js^zg ĥ̂ kj` r^c ĥzjrj~^ �akkr^`� af ` ĥdaog rj dg`ozgo`^ mlk^`(f^ c^ r�jgae^ ^g cafz af j``bi^ �j _jb`^ ofĥgjraffj~^ j}daro c^ rj ibg^dd^ �k © ¸ "� ji^z ¸ c ĥdjzza`c c^ rj dafc^�\ �o` r^d (~o`^dv\v ^g v\x af k^og iab` r^ _afzgbaff^e^fg co `jr^fgbdd^o` �j zmjek ej~f ĥgbno^ z`abd�djfg � �j zmjek ej~f ĥgbno^ (� ĥ� rj ibg^dd^ c^ zjkgo`^ ^dg k`aka`gbaff^rr^ jo c ĥzjrj~^co rjd^`� ^g rj ij`bjgbaf c^ ibg^dd^ kiÁÀc�Â½ ¯k�
Á¾½ ^dg zafdgjfg^ �(~o`^ v\v�\ ��jog`^ kj`g
rj ij`bjgbaf c^ ibg^dd^ ^dg k`aka`gbaff^rr^ jo zmjek ej~f ĥgbno^ ej�bejr co `jr^fgbd�d^o` �(~o`^ v\x�\ uk`�̂d z^gg^ ~`addb�̂̀ ^ zj`jzg ĥ̀ bdjgbaf� af j _jbg of^ ebd^ jo kabfg co`jr^fgbdd^o` krod dab~f^od^ do` rj }jd^ co gjo� c^ zmj`~^e^fg co w��\ �f j ko jbfdb(�^` r^d ijr^o` c^d zao`jfgd co k`^eb^` ^g c^o�b�̂e^ `jr^fgbdd^o`� ^g r^d c ĥzjrj~^d rjd^`�jogao` c^ v{� �;��\
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���� v\x� äÝ¥¸·µ¥ »¥ Ñ¶·¥ÔÔ¥ »Ö Á×¶ ºÝµ Ó¥Ô Ò¥ µºÒ¥Û·¶ÔÔ¥Öµ �¥¥ÞºÛå âÛ ºÖíÞ¥Û·ºÛ· Ò¥¸¹ºÞÝ ÞºíÛ Õ¥·¶àÖ¥ »¥ ù� êè Òº Ñ¶·¥ÔÔ¥ ñÛºÒ¥ ÝºÔÔ¥ »¥ k9 © J�� Þ�Ô Óº k� © [{�Þ�Ôå¸ © [ ê�� �k������� © �p� Þ�Ô½å�R� zÈÏ ÏT]ÊËÈÏ íXÏÈÊ
�jfd rj d^zgbaf [\J�   �jb ^�kad ĥ rj dg`jg ĥ~b^ ^�k ĥ̀ be^fgjr^ no^ faod jiafd jcakg ĥ̂

kao` `^_`abcb`  odno��j rj c ĥ~ ĥf ĥ̀ ^dz^fz^ nojfgbno^ r^ D|b � `^_`abcbdd^e^fg dlekjgmbno^co D|b ji^z co Á|b `^_`abcb ĥijka`jgbi^e^fg� cjfd of kb�̂~^ ej~f ĥgbno^\ |^d c^o� ~j�dafg k` ĥjrj}r^e^fg `^_`abcbd cjfd of w�� nob kb�̂~^ r^d c^o� bdagak^d ^f e¦̂e^ g^ekd
^g nob zmj`~^ r^ kb�̂~^ ej~f ĥgbno^\

uo c ĥej``j~^ c^ r�̂ �k ĥ̀ b^fz^ faod c^ibafd _jb`^ of zmab� kao` rj dao`z^ c^ roeb�̂̀ ^ �c�of^ kj`g r^d rjd^` jzza`cj}r^d c^ mjog^ kobddjfz^ �rjd^`d �j zara`jfg ^g gbgjf^�djkmb`��c�jog`^ kj`g r^d rjd^` �j d^eb�zafcozg^o`\ qaod z^d glk^d c^ rjd^` jijbg c ĥ  �j k^`ebdc�a}g^fb` of w�� ji^z r^ rbgmboe �J�� v�� v[�\ |^d rjd^` �j zara`jfg� c^ e¦̂e^ no^ z^o�gbgjf^�djkmb`� caff^fg of^ kobddjfz^ krog¦ag ĥr^i ĥ̂ � c^ r�a`c`^ co ?jgg� ejbd k` ĥd^fg^fgc^d bfzafi ĥfb^fgd c^ fjgo`^ k`jgbno^\ �aoi^fg brd f ĥz^ddbg^fg c^ raf~d ` ĥ~rj~^d� ^g� �jzjod^ co _jbg no�af f^ _jbg kjd _afzgbaff^` r^ rjd^` cjfd rj ` ĥ~baf c^ ~jbf ej�beoe�do`gaog kao` r^ rjd^` gbgjf^�djkmb`�� brd f^ dafg kjd g`�̂d dgj}r^d\ |^d cbac^d rjd^`� kj`zafg`^� as`^fg of^ dgj}brbg ĥ }b^f e^brr^o`^� ji^z ^f zafg`^kj`gb^ of^ kobddjfz^ krod_jb}r^ �Cv�e?� ^g of eac^ dkjgbjr rabf c�¦̂g`^ ~joddb^f\ �bd^d �j kj`g z^d dao`z^d rjd^`�i^`d [tt� dafg jkkj`od do` r^ ej`zm ĥc^d jekrb(zjg^o`d roebf^o� cjfd r^ caejbf^ c^�p�fe� c ĥrbi`jfg of^ kobddjfz^  odno��j {��e?\ y^d jekrb(zjg^o`d ���wu� éºÔ·¥µ
÷Ô¸¶ÒÒº·£µ³´£ø¥µ õÞÝÒ¶ñ ¥µ� dafg c^d m^g^`adg`ozgo`^d d^ebzafcozg`bz^d a�o af zaokr^rj roeb�̂̀ ^ �j jekrb(^` cjfd of ~obc^ c�afc^\ y^rob�zb g^`ebf^ do` rj ` ĥ~baf c^ ~jbf�nob j of^ _a`e^ c�̂ fgaffab`\ |�afc^ k`a~`^ddbi^ da`gjfg co ~obc^ c�afc^ d� ĥrj`~bg ^g
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d�jekrb(^ gaog ^f ~j`cjfg zafdgjfg^ rj c^fdbg ĥ c� ĥf^`~b^ kj` ofbg ĥ c^ iaroe^\ |^ _jz�g^o` c�jekrb(zjgbaf ^dg jra`d k`aka`gbaff^r jo `jkka`g c^d d^zgbafd co ~obc^ c�afc^ �jr�̂ fg` ĥ̂ ^g �j rj da`gb^ c^ rj ` ĥ~baf c�jekrb(zjgbaf\wao` c^d `jbdafd mbdga`bno^d joddb� zj` jo rj}a`jgab`^ br l j of^ raf~o^ g`jcbgbaf c^ rjd^`d�j d^eb�zafcozg^o`� faod jiafd c ĥzbc ĥ c�ogbrbd^` of dldg�̂e^ ml}`bc^ }jd ĥ ^fgb�̂̀ ^e^fgdo` c^d ĥr ĥe^fgd d^eb�zafcozg^o`d � c^d cbac^d rjd^` ^g of ��wu\

�o` r^d (~o`^d v\{ ^g v\� af iabg no^ rj dg`ozgo`^ mlk^`(f^ c^ r� ĥgjg ĥr^zg`afbno^^�zbg ĥ ^dg co e¦̂e^ a`c`^ no^ rj rj`~^o` fjgo`^rr^ c^ rj `jb^ �{\t �;�� kao` r�bdagak^}adafbno^� ^g krod ĥg`abg^ kao` r�bdagak^ _^`ebafbno^\ °f zafd ĥno^fz^ rj c^dz`bkgbafco w�� ~`¦jz^ �j of r^ eac�̂r^ �j c^o� fbi^jo� f�̂ dg krod ijrj}r^ kobdno^ r^ gjo� c^c ĥkaekj~^ ^dg co e¦̂e^ a`c`^ no^ r^ gjo� c�j}da`kgbaf c^d kmagafd c^ `^_`abcbdd^e^fg\|^ rjd^` `^kaek^o` cabg jiab` of^ djgo`jgbaf co e¦̂e^ a`c`^ no^ z^rr^ c^ rj g`jfdbgbafc^ `^_`abcbdd^e^fg\ |j k` ĥd^fz^ c�of _jbdz^jo `^kaek^o` ofbno^ bfg`acob`jbg of^ k`^d�dbaf c^ `jcbjgbaf faf ĥnobrb}` ĥ̂ nob c ĥg`ob`jbg r^ w��� br _jog cafz no^ rj roeb�̂̀ ^co `^kaek^o` dabg dok^`kad ĥ̂ �j z^rr^ c^d _jbdz^jo� k`bfzbkjo� do` r^d � _jbdz^jo� cow��\ °f krod� zaee^ faod iaorafd g`jijbrr^` ji^z c^o� bdagak^d ^f e¦̂e^ g^ekd� br_jog gao ao`d eorgbkrb^` r^ fae}`^ c^ _` ĥno^fz^d f ĥz^ddjb`^d kj` J\ |j dao`z^ rjd^` co
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� © J � �� © [ ¯ � © [ � �� © [å �ú½ Ðã � © J � �� © [ ¯ � © [ � �� © J ¥·
� © [ � �� © [ ¯ � © J � �� © Jå ��½ Ðã � © [ � �� © J ¯ � © [ � �� © Jå ��½
� © [ � �� © [å ��½ Ðã � © [ � �� © [ ¯ � © [ � �� © Jå �ù½ � © [ � �� © Jå
w�� cabg c ĥrbi`^` c^ rj roeb�̂̀ ^ ji^z x zaekadjfg^d c^ _` ĥno^fz^ do` of bfg^`ijrr^ c^[� ¡;�� cjfd r^ e¦̂e^ eac^ dkjgbjr ^g c^ karj`bdjgbaf \Ef^ darogbaf ^fibdj~^j}r^ zafdbdg^ �j ogbrbd^` krodb^o`d dao`z^d ^g �j dok^`kad^` r^o`d_jbdz^jo� do` c^d zo}^d karj`bd^o`d ao faf karj`bd^o`d\ y^gg^ e ĥgmac^� nob ej`zm^kao` c^o� _jbdz^jo� dok^`kad ĥd �v[�� c^ib^fg zaekrbno ĥ̂ �j ogbrbd^` db r^ fae}`^ c^ zae�kadjfg^d c^ _` ĥno^fz^ jo~e^fg^� ^g db r^ eac^ dkjgbjr co rjd^` ^dg c^ ejoijbd^ nojrbg ĥ\Ef^ jog`^ darogbaf zafdbdg^ �j j aog^` �j of^ _` ĥno^fz^ ka`g^od^ c^d }jfc^d rjg ĥ̀ jr^d �jr�jbc^ c^ eacorjg^o`d ĥr^zg`a�akgbno^d\ y^gg^ darogbaf joddb d^ ` ĥi�̂r^ zaekrbno ĥ̂ ^g k^o�^�b}r^ kao` r�ak ĥ̀ jgbaf c�of w�� ji^z r^d c^o� bdagak^d c^ rbgmboe\°rr^ f^ k^`e^g kjdc^ zmjf~^` j`}bg`jb`^e^fg r^d `jkka`gd c�bfg^fdbg ĥ `^rjgbi^ c^d cbs ĥ̀ ^fg^d zaekadjfg^dc^ _` ĥno^fz^� ^g� cjfd r^ zjd dk ĥzb(no^ co rbgmboe� f ĥz^ddbg^ c^ _jb`^ ej`zm^` of eac�orjg^o` ĥr^zg`a�akgbno^ �j of^ _` ĥno^fz^ krog¦ag ĥr^i ĥ̂ �{ ¡;��\ �aod jiafd zmabdb of^darogbaf a`b~bfjr^ nob d^ }jd^ do` r�bf ^zgbaf c�of jekrb(zjg^o` �j d^eb�zafcozg^o` ji^zkrodb^o`d zaekadjfg^d c^ _` ĥno^fz^d\



{� ý_�`���� �b �*þ��e� �þ` d�����þ���
wj` rj dobg^  ^ ijbd c ĥz`b`^ r^d ĥgjk^d c^ ` ĥjrbdjgbaf co dldg�̂e^ akgbno^ � jk`�̂d jiab`dgj}brbd ĥr^d rjd^` do` r^d _` ĥno^fz^d jgaebno^d �d^zgbaf v\v\[�� af k`acobg r^d _` ĥno^fz^dcafg af j }^dabf �_` ĥno^fz^ k`bfzbkjr^ ^g c^ `^kaek^ kao` zmjno^ bdagak^� kj` c^deacorjg^o`d jzaodga�akgbno^d ^g ~`¦jz^ �j c^d (}`^d akgbno^d af ^fiab^ do` rj gj}r^k`bfzbkjr^ rj roeb�̂̀ ^� a�o r�̂ �k ĥ̀ b^fz^ d^ c ĥ̀ aor^ �d^zgbaf v\v\J�\ |^d dao`z^d rjd^` �jkrodb^o`d _` ĥno^fz^d kao` r^ `jr^fgbdd^o` �^^ejf ^g r^ w�� dafg c ĥgjbrr ĥ̂ d cjfd r^dd^zgbafd v\v\v ^g v\v\x £ ^f(f  ^ c ĥz`bd r^ dldg�̂e^ c^ c ĥg^zgbaf cjfd rj d^zgbaf v\v\{\

¤u¤ut ��}Æz|z�}�zx� {w� |}�wy�
|^ dldg�̂e^ rjd^` zaeka`g^ c^o� rjd^` ej¦�g`^d �of kao` zmjno^ bdagak^� dgj}brbd ĥd do`of^ `jb^ co dk^zg`^ do}��akkr^` co Á|b ao D|b � ^fdobg^ af c ĥ̀ bi^ kj` c^d eacorjg^o`d

jzaodga�akgbno^d r^d _` ĥno^fz^d cafg af j }^dabf ^g d^or^e^fg jo c^`fb^` eae^fg afjo~e^fg^ rj kobddjfz^ roebf^od^ kj` of^ ao c^o� ĥgjk^d c�jekrb(zjgbaf\
|^d rjd^`d ej¦�g`^d dafg c^d cbac^d rjd^` ��k^zg`j �bac^ |j}a`jga`b^d ��|�pv[[�¡[�dgj}brbd ĥ̂ d do` of^ zjibg ĥ ^�g ĥ̀ b^o`^� ji^z of ` ĥd^jo akgbno^� ^f zaf(~o`jgbaf |bgg`aG\|j raf~o^o` c^ rj zjibg ĥ c^ [ze ^fib`af `^fc r^ rjd^` g`�̂d dgj}r^ kobdno^ rj cbdgjfz^^fg`^ djog c^ eac^ ^dg c^ [{ ¡;�\ |j r^fgbrr^ c^ zarrbejgbaf ^dg of^ r^fgbrr^ jdkm ĥ̀ bno^�¡^rg^zm � © x%{ee� aoi^`go`^ foe ĥ̀ bno^ �\{{� g`jbg ĥ̂ jfgb�`^�^g\ |j z^rror^ ogbrbd ĥ̂

kao` _jb`^ rj dk^zg`adzakb^ do}��akkr^` ^g kao` dgj}brbd^` jzgbi^e^fg r^d rjd^`d ^dgzafdgbgo ĥ̂ kj` of go}^ c�jzb^` �cbje�̂g`^ v ze� raf~o^o` x{ ze� }aozm ĥjo� ^�g` ĥebg ĥd
kj` c^d _^f¦̂g`^d ^f i^``^ ��@p�\ Ef ĥr ĥe^fg zmjosjfg c^ qm^`eazaj� daoc ĥ zmjos^rj kj`gb^ z^fg`jr^ co go}^ �j v�� By ^fib`af� ^g r^d }aogd dafg `^_`abcbd �j r�̂ jo\ y^zb^ek¦̂zm^ r^ ~j� c^ rbgmboe c�jgg^bfc`^ r^d _^f¦̂g`^d ^g c^ r^d _jb`^ fab`zb`\

u r�bfg ĥ̀ b^o` c^ rj z^rror^ ijk^o`� of^ k`^ddbaf c^ [�eqa`` ^fib`af c�j`~af ` ĥcobg
r^ rb}`^ kj`zao`d eal^f ^fg`^ zarrbdbafd kao` ĥibg^` no^ r^d jgae^d c^ rbgmboe kobdd^fg
jgg^bfc`^ r^d _^f¦̂g`^d ^f iar }jrbdgbno^ � r^ rbgmboe cbsod^ cjfd r�j`~af i^`d r^d kj`abdc^ rj z^rror^ ao r^d _^f¦̂g`^d\ u zjod^ co ~`jcb^fg c^ g^ek ĥ̀ jgo`^ r^ raf~ c^ rj z^rror^�c�̂d no^ r^d jgae^d d� ĥrab~f^fg c^ rj ` ĥ~baf z^fg`jr^� brd `^dg^fg zarr ĥd jo� kj`abd ^gf�jgg^b~f^fg kjd r^d _^f¦̂g`^d\ Ef^ gabr^ ^f jzb^` bfa� �urkmj� cbje�̂g`^ (r �\[x ee�glk^ v�x� `^zlzr^ kj` zjkbrrj`bg ĥ r^d jgae^d cjfd rj ` ĥ~baf c�ĥijka`jgbaf\ |j k`^ddbafc�j`~af ^dg ` ĥ~r ĥ̂ �j rj zafdg`ozgbaf c^ rj z^rror^ kao` f^ kjd bfg`acob`^ of ĥrj`~bdd^e^fgzarrbdbaff^r do` r^ dk^zg`^ c�j}da`kgbaf do}��akkr^`\|^d rjd^` ej¦�g`^d dafg dgj}brbd ĥd kj` dk^zg`adzakb^ do}��akkr^` cjfd of^ zaf(~�o`jgbaf Þ£»ÖÒº·¶£Û³·µºÛÔï ¥µ �t�� �(~o`^ v\p j ^g }� � of _jbdz^jo kaek^� eacor ĥ ^f_` ĥno^fz^ kj` of eacorjg^o` jzaodga akgbno^ �u���� ^dg zafg`^k`akj~^jfg ji^z r^_jbdz^jo dafc^ cjfd rj z^rror^ c^ dk^zg`adzakb^\ |j eacorjgbaf ^f _` ĥno^fz^ co _jbdz^jo
kaek^ bfg`acobg of^ eacorjgbaf do` r^d kakorjgbafd dafc ĥ̂ d kj` r^ _jbdz^jo dafc^ ^g��j r�jbc^ c�of^ c ĥg^zgbaf dlfzm`af^� af ^�g`jbg r^ db~fjr cbdk^`db_ f ĥz^ddjb`^ kao` r^ i^`�`aobrrj~^ c^d rjd^`d\ |^ db~fjr c^ i^``aobrrj~^ ^dg ^fial ĥ do` of z`bdgjr kb ĥ�a ĥr^zg`bno^nob `�̂~r^ rj raf~o^o` c^ rj zjibg ĥ ^�g ĥ̀ b^o`^ co rjd^`� kao` dgj}brbd^` r^d �ozgojgbafd �j
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}jdd^ _` ĥno^fz^ co rjd^`� ^g do` r�jrbe^fgjgbaf ^f zao`jfg c^ rj cbac^� kao` dgj}brbd^`r^d �ozgojgbafd �j mjog^ _` ĥno^fz^\ |j }jfc^ kjddjfg^ c^ rj }aozr^ c^ i^``aobrrj~^ ^dgc^ r�a`c`^ c^ no^rno^ @;�\
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uo zao`d c^ r�̂ �k ĥ̀ b^fz^ af ogbrbd^ of fae}`^ zafdbc ĥ̀ j}r^ c^ _` ĥno^fz^d rjd^`�zmjno^ ak ĥ̀ jgbaf �̀ jr^fgbdd^e^fg �^^ejf� kb ĥ~^j~^ ej~f ĥga�akgbno^� c ĥg^zgbaf� ^gkaekj~^ akgbno^� f ĥz^ddbgjfg of^ _` ĥno^fz^ k`bfzbkjr^ ^g of^ _` ĥno^fz^ c^ `^kae�kj~^� z^zb kao` r^d c^o� bdagak^d\ �r ^dg zrjb` no�af j _jbg of rj`~^ odj~^ c^d u��\ |j(~o`^ v\p c ĥz`bg r^d eacor^d k`bfzbkjo� ^ekral ĥd\ �f j ^�krabg ĥ ĥ~jr^e^fg no^rno^d k^�gbg^d `od^d kao` ebfbebd^` r^ fae}`^ c^ z`bdgjo� u�� ^g `^fc`^ r�̂ fd^e}r^ co dldg�̂e^akgbno^ joddb dgj}r^ no^ kaddb}r^\
qaog c�j}a`c r^d rjd^` ej¦�g`^d ^g r�akgbno^ c^ ~ ĥf ĥ̀ jgbaf c^d _` ĥno^fz^d k`bfzbkjr^d^g c^ `^kaekj~^ d^ g`aoi^fg do` of^ jog`^ gj}r^ kj` `jkka`g �j z^rr^ c^ r�̂ �k ĥ̀ b^fz^k`ak`^e^fg cbg^\ �f ~j~f^ jbfdb c^ r�̂ dkjz^� ^g af ĥrab~f^ r^d rjd^` c^d kaddb}r^d dao`z^dc^ }`obg jzaodgbno^ ^g ĥr^zg`a�ej~f ĥgbno^ �zaee^ r^d jrbe^fgjgbafd c^ zao`jfg ^g r^d}a}bf^d co kb�̂~^ ej~f ĥgbno^�� ^g af bfg`acobg c^d kabfgd (�^d r^ raf~ co g`j ^g c^drjd^`d �r^d jrb~f^e^fgd c^d rjd^` ej¦�g`^d ^g ^dzrji^d dafg jbfdb c ĥzaokr ĥd�\ °f ^fialjfg

kj` (}`^ akgbno^ rj roeb�̂̀ ^ c^ rj gj}r^ akgbno^ îî ej¦�g`^d ðð �j rj gj}r^ akgbno^ k`bfzbkjr^af d�js`jfzmbg c^ gaog^d �ozgojgbafd co^d jo� ij`bjgbafd c^ cb`^zgbaf co _jbdz^jo\ �f~j`c^ r^d jrb~f^e^fgd c^d bf ^zgbafd c^d rjd^`d ^dzrji^d db af eacb(^ r^d jrb~f^e^fgd
^f jeafg c^d (}`^d\ |j k^`g^ c^ kobddjfz^ �glkbno^e^fg {�=� co^ �j r�bfg`acozgbafc^d (}`^d akgbno^d �c^ krodb^o`d ej`no^d� ejbd gao ao`d �j ejbfgb^f c^ karj`bdjgbaf�^dg rj`~^e^fg zaek^fd ĥ̂ kj` r^ ~jbf do` rj _jzbrbg ĥ c^ r�bf ^zgbaf c^d rjd^` ^dzrji^dc¦o �j r�jzgbaf (rg`jfg^ do` r^ eac^ dkjgbjr c^d rjd^`d ej¦�g`^d\ |^d z`bdgjo� u�� c^k` ĥkj`jgbaf c^d _` ĥno^fz^d dafg joddb ogbrbd ĥd zaee^ bfg^``okg^o`d akgbno^d kao` f^ kjd
jiab` c^ kmagafd ` ĥdaffjfgd do` rj gj}r^ k`bfzbkjr^ k^fcjfg rj kmjd^ c^ r� ĥijka`jgbaf £
r^o` g^ekd c^ ` ĥkafd^ ^dg glkbno^e^fg rj z^fgjbf^ c^ fd\

|^d _` ĥno^fz^d co `jr^fgbdd^o` �^^ejf ^g w�� dafg k`acobgd kj` c^d dao`z^d rjd^`c ĥcb ĥ̂ d ���wu bf ^zg ĥ ji^z krodb^o`d _` ĥno^fz^d ao krodb^o`d rjd^`d ^dzrji^d�� gjfcbdno^ r^d _` ĥno^fz^d kao` gaog^d r^d jog`^d jkkrbzjgbafd dafg îî `^zlzr ĥ̂ d ðð �j kj`gb` c^d rjd^`d^dzrji^d co ��wu ^g k` ĥkj` ĥ̂ d �j rj }aff^ _` ĥno^fz^ kj` c�jog`^d z`bdgjo� u��\ |j(~o`^ v\p z `^k` ĥd^fg^ r^ eacor^ c^ ~ ĥf ĥ̀ jgbaf c^d _` ĥno^fz^d co `jr^fgbdd^o` �^^ejf�j kj`gb` c^ rj _` ĥno^fz^ w�� za``^dkafcjfg^\

¤u¤u¤ �x�yºw |}�wy {� y}|w��z��w�y �ww�}�
|^ `jr^fgbdd^o` �^^ejf f ĥz^ddbg^ rob joddb of _jbdz^jo rjd^` ji^z nojg`^ zaekadjfg^dc^ _`^no^fz^9 cjfd r^ e¦̂e^ ĥgjg c^ karj`bdjgbaf� ejbd br ^dg eabfd z`bgbno^ kao` z^ nobzafz^`f^ rj nojrbg ĥc^ rj dok^`kadbgbaf c^d eac^d dkjgbjo�\ |^d _jbdz^jo� c^ nojg`^ rjd^`^dzrji^d dafg `^fcod kj`jrr�̂r^d�c^ e¦̂e^ gjbrr^ ^g ebd r�of �j z¦ag ĥc^ r�jog`^ �j of^ cbdgjfz^c^ v e�̂g`^d ^fib`af c^ rj _^f¦̂g`^ g^`ebfjr^ co `jr^fgbdd^o` �^^ejf\ uijfg c�̂ fg`^` cjfdÑâÞÚà ßÞ Ó æÔfÖÙÚ âÔ ÓÔÚlÔÓàÔÕÔÚÛ âÝ ØkÞÕä ÕÞfÚæÔÛÖ�ÝÔ SÓ æÔfÖÙÚ âÔ ��������Y ßÔà ÞÛÙÕÔà àÙÚÛâæÔäÙÕäæÔà âÞÚà ßÔ ÕÞÝlÞÖà àÙÝà ÚÖlÔÞÝ k�äÔÓ�Úç



�b�b ��� �*+�ý�� ����� �[
r^ `jr^fgbdd^o` �^^ejf r^d _jbdz^jo� dafg k`^dno^ dok^`kad ĥd ^g of g ĥr^dzak^ r^d k` ĥkj`^�j rj gjbrr^ za``^zg^ ^g �j rj }aff^ cbi^`~^fz^ � _azjrbd ĥd jo fbi^jo c^ rj ijff^ nob d ĥkj`^r^ _ao` c^ rj ` ĥ~baf �j org`j�ibc^� ji^z of cbje�̂g`^ c^ [\{ ze jo fbi^jo co w��\ |^d_jbdz^jo�� nob dafg karj`bd ĥd rbf ĥjb`^e^fg  odno��j rj da`gb^ co g ĥr^dzak^� dafg ^fdobg^karj`bd ĥd zb`zorjb`^e^fg kj` of^ rje^ c^ `^gj`c � x\
¤u¤u¹ ���wº�zx� {� ���� î} �|��zw�y� Åy �w»�w�ºw�

|^d rjd^`d �j d^eb�zafcozg^o` dafg c^i^fod c^d aogbrd _afcje^fgjo� cjfd r^ caejbf^c^ rj dk^zg`adzakb^ �j mjog^ ` ĥdarogbaf� zaee^ cjfd r^ `^_`abcbdd^e^fg rjd^`\ |^d k`bfzb�kjo� jijfgj~^d� kj` `jkka`g jo� jog`^d dao`z^d rjd^` �j zara`jfg ao �j ĥgjg darbc^� ` ĥdbc^fg
^f r^o` za¦og rbebg ĥ� r^o` (j}brbg ĥ� ^g r^o` _jzbrbg ĥc�̂ ekrab\ ��jog`^ kj`g� rj kobddjfz^ no^z^d dao`z^d k^oi^fg c ĥrbi`^` c ĥk^fc c^ rj raf~o^o` c�afc^ �j rjno^rr^ r�af d�bfg ĥ̀ ^dd^\ u�p�fe� kj` ^�^ekr^� r^d cbac^d rjd^` eafa�eac^ c ĥrbi`^fg jo krod v�e?\|�j``bi ĥ̂ do` r^ ej`zm ĥ c^d jekrb(zjg^o`d akgbno^d d^ebzafcozg^o`d �t[� j caff ĥ of^_a`g^ bekordbaf jo c ĥi^rakk^e^fg c^d dao`z^d rjd^` zj` brd caff^fg jzz�̂d �j of rj`~^caejbf^ c^ raf~o^o`d c�afc^� gaog ^f ~j`cjfg of^ kobddjfz^ akgbno^ `^dk^zgj}r^ �c^r�a`c`^ c^ �\{?�\ |�jekrb(zjgbaf c^ roeb�̂̀ ^ kj` bf ^zgbaf c^ no^rno^ e? c^ roeb�̂̀ ^rjd^` c^ }aff^ nojrbg ĥ dk^zg`jr^ cjfd of ��wu� ^g rj i ĥ̀ b(zjgbaf no^ z^ c^`fb^` f�bf�g`acobg kjd c^ }`obg jkk` ĥzbj}r^ �tJ� tv� tx�� afg eafg` ĥ r�beka`gjfz^ no^ z^d a} ^gdk^oi^fg jiab` ^f kmldbno^ jgaebno^\�ag`^ ^�b~^fz^ dk ĥzb(no^ kao` r�̂ �k ĥ̀ b^fz^ ĥgjbg of^ dao`z^ rjd^` zjkj}r^ c^ c ĥrbi`^`krodb^o`d zaekadjfg^d c^ _` ĥno^fz^ cjfd r^ e¦̂e^ eac^ dkjgbjr ^g c^ karj`bdjgbaf\y�̂ dg kao` z^gg^ `jbdaf no^ faod jiafd ^�krabg ĥ r�jekrb(zjg^o` r^ krod kaddb}r^ cjfddaf ` ĥ~be^ c�jekrb(zjgbaf rbf ĥjb`^\ �f ij iab` kj` rj dobg^ no^ rj rbf ĥj`bg ĥc^ r�jekrb(�zjg^o` `bdno^ c�¦̂g`^ cb±zbr^ �j ` ĥjrbd^` zj`� kao` c^d `jbdafd ^�k ĥ̀ be^fgjr^d� r�jekrb(zj�g^o` _afzgbaff^ cjfd r^ ` ĥ~be^ c^ _a`g^ djgo`jgbaf\ �r ^�bdg^ ĥ~jr^e^fg c^d zafcbgbafda�o r�jekrb(zjg^o` k^og jiab` of zaeka`g^e^fg _a`g^e^fg faf�rbf ĥjb`^\ y^k^fcjfg  ^ijbd eafg`^` no^ kao` fad jkkrbzjgbafd r^ zaeka`g^e^fg ^dg ^dd^fgb^rr^e^fg rbf ĥjb`^�cjfd rj e^do`^ a�o r^ dk^zg`^ c�of _jbdz^jo rjd^` �j krodb^o`d zaekadjfg^d c^ _` ĥno^fz^d^dg zafd^`i ĥ\ �f ij iab` no^ r^d bffaijgbafd bfg`acobg^d kj` z^gg^ dao`z^ ka`g^fg do` �H rj kaddb}brbg ĥ c�bfg`acob`^ of fae}`^ ^f k`bfzbk^ j`}bg`jb`^ c^ zaekadjfg^d c^_` ĥno^fz^d� ^f j aogjfg c^d îî eacor^d c^ dok^`kadbgbaf c^ _` ĥno^fz^ ðð�H rj kaddb}brbg ĥ c�jiab` c^d zaekadjfg^d c^ _` ĥno^fz^d do` gaog^ rj ` ĥ~baf c^ ~jbfc^ r�jekrb(zjg^o` �nob cjfd fag`^ zjd j of^ rj`~^o` c^ [�fe��H r�jddo`jfz^ c�a}g^fb` of ofbno^ eac^ dkjgbjr c^ karj`bdjgbaf (� ĥ̂ � of (rg`j~^dozz^ddb_ �j r� ĥgjk^ c�jekrb(zjgbaf f^ zmjf~^ kjd r^d k`ak`b ĥg ĥd dk^zg`jr^d c^ rjroeb�̂̀ ^\

|j dao`z^ rjd^` �j krodb^o`d zaekadjfg^d c^ _` ĥno^fz^ ^dg zaekad ĥ̂ kj` of jekrb(zj�g^o` akgbno^ eafg ĥ^f zaf(~o`jgbaf ÞºÔ·¥µ £Ô¸¶ÒÒº·£µ³Ý£ø¥µ ºÞÝÒ¶ï ¥µ ���wu� z^fg` ĥ �j�p[fe nob k`acobg [p�e? do` nojg`^ zaekadjfg^d c^ _` ĥno^fz^d cjfd r^ e¦̂e^ eac^
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���� v\�� ä¸¹ Õ¥Þº »Ö é÷´õ »ºÛÔ Òº ¸£ÛñíÖµº·¶£Û Óº »¥Öç ïµ Õ¥àÖ¥Û¸¥Ô Ö·¶Ò¶Ô Õ¥¥ Ý£Öµ Ò¥Ô·¥Ô·Ô Ýµ Õ¥Ò¶Þ¶Ûº¶µ¥Ôå × áºÛºÒßÔ¥Öµ »¥ ÔÝ¥¸·µ¥ ùºØµß³´¥µ£· º Õ¥· Õ¥ Ö·¶Ò¶Ô Õ¥ Ý£Öµ Þ¥ÔÖµ¥µ Ò á¶Û³·¥ÛÔ¶· Õ¥ µ¥Òº·¶Ñ¥ »¥Ô ¸£ÞÝ£ÔºÛ·¥Ô »¥ ïµ Õ¥àÖ¥Û¸¥å �Û¥ Ý¹£·£»¶£»¥ µºÝ¶»¥ ¸£ÛÛ¥¸· Õ¥¥ Óº ÖÛºÛºÒßÔ¥Öµ »¥ ÔÝ¥¸·µ¥ öù ï£ÖµÛ¶· Ò¥ » Õ¥¸ºÒºí¥ ¥Û ïµ Õ¥àÖ¥Û¸¥ ¥Û·µ¥ ¸¹ºàÖ¥ ¸£ÞÝ£ÔºÛ·¥ ¥·Ò¥ ØµÖ¶· ¶Û·µ£»Ö¶· Ýºµ Ò áºÞÝÒ¶ñ ¸º·¥Öµå ëõ �ëºÝ¥µ¥» õÞÝÒ¶ñ ¥µ½ µ¥Ýµ Õ¥Ô¥Û·¥ Ò áºÞÝÒ¶ñ ¸º·¥Öµ£Ý·¶àÖ¥å
c^ karj`bdjgbaf ^g dkjgbjr �eac^ ~joddb^f�\ |j dok^`kadbgbaf c^d cbs ĥ̀ ^fg^d zaekadjfg^dc^ _` ĥno^fz^ d�̂ s^zgo^ ^f bf ^zgjfg r�jekrb(zjg^o` �j d^eb�zafcozg^o` ��k^zg`j �bac^|j}a`jga`b^d ` ĥ_\ ��|���v�� ji^z rj roeb�̂̀ ^ k`acobg^ kj` nojg`^ cbac^d rjd^` �cbac^d^dzrji^d� dgj}brbd ĥ̂ d\ |j dao`z^ j ĥg ĥ zj`jzg ĥ̀ bd ĥ̂ cjfd of^ zaf(~o`jgbaf �j c^o� zae�kadjfg^d c^ _` ĥno^fz^d �iab` jff^�^ u�� ^g ^fdobg^ ~ ĥf ĥ̀ jrbd ĥ̂ �j nojg`^ zaekadjfg^dc^ _` ĥno^fz^d kao` kb ĥ~^` r^d c^o� bdagak^d c^ rbgmboe ^f e¦̂e^ g^ekd\ðojg`^ rjd^`d ^dzrji^d c^ v�e? ��k^zg`j �bac^ |j}a`jga`b^d `^_^`^fz^ ��|�pv[[�¡[� dafg bf ^zg ĥd ji^z rj roeb�̂̀ ^ je^f ĥ̂ kj` (}`^ akgbno^ k`ai^fjfg c^d rjd^` ej¦�g`^d\y^gg^ roeb�̂̀ ^ c�bf ^zgbaf ^dg k` ĥkj` ĥ̂ �j rj _` ĥno^fz^ co w�� eabfd �� �;�\ y^c ĥzjrj~^ k^`e^g c�j aog^` of u�� jk`�̂d r^ ��wu kao` eacor^` ao zaok^` r�bfg^fdbg ĥ
roebf^od^ co w��\

|j roeb�̂̀ ^ ĥebd^ kj` zmjno^ ^dzrji^ ^dg zarrbejg ĥ̂ kj` c^d r^fgbrr^d jdkm ĥ̀ bno^d �¡^r�g^zm �©x\{ee £ �\u\�\{{�\ |^d _jbdz^jo� dafg dok^`kad ĥd kj` kjb`^d� do` c^d zo}^d ka�rj`bd^o`d �iab` (~o`^ v\��\ |^d zaekadjfg^d c^ _` ĥno^fz^ afg of^ karj`bdjgbaf rbf ĥjb`^a`gma~afjr^ r�of^ kj` `jkka`g �j r�jog`^\ u r�jbc^ c�of^ rje^ c^ `^gj`c � J ^g c�ofjog`^ zo}^ karj`bd^o` af k^og ` ĥ~r^` r^ `jkka`g c�bfg^fdbg ĥ c^d c^o� zaekadjfg^d c^_` ĥno^fz^ ji^z karj`bdjgbaf rbf ĥjb`^ ma`b�afgjr^ �nob ^dg rj karj`bdjgbaf �j ogbrbd^` kao`
r�bf ^zgbaf c^ r�jekrb(zjg^o` akgbno^�\ |^d _jbdz^jo� dok^`kad ĥd dafg jra`d bf ^zg ĥd cjfd
r�jekrb(zjg^o`\ Ef kabfg z`bgbno^ c^ z^gg^ dao`z^ ^dg rj nojrbg ĥ c^ r�bf ^zgbaf zj` r��^±zjzbg ĥ c^ rj dao`z^ c ĥk^fc c�of^ _j)zaf beka`gjfg^ c^ rj k` ĥzbdbaf c^ z^rr^�zb\ |j_^f¦̂g`^ c�̂ fg` ĥ̂ c^ r�jekrb(zjg^o` ĥe^g no^rno^ e? c^ roeb�̂̀ ^ c^ �oa`^dz^fz^ i^`d[�Ú àÝäÔÓäÙàÔ ßÔ ØÙÝäßÔ âÔ åÞÖàØÔÞÝ] äÓÖÚØÖäÞÝ] ÔÛ ßÔ ØÙÝäßÔ âÔ åÞÖàØÔÞÝ] âÔ ÓÔäÙÕäÞfÔ â^ÞÜÙÓâ�ÔÛ ÔÚàÝÖÛÔ ÙÚ àÝäÔÓäÙàÔ ßÔà åÞÖàØÔÞÝ] äÓÖÚØÖäÞÝ] ÔÛ ÓÔäÙÕäÔÝÓàç
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���� v\t� äÝ¥¸·µ¥ »Ö ëõ ¶Ûì ¥¸· Õ¥ ºÑ¥¸ »¥Öç ¸£ÞÝ£ÔºÛ·¥Ô »¥ ïµ Õ¥àÖ¥Û¸¥ » Õ¥¸ºÒ Õ¥¥Ô »¥ �úê��å×¥ é÷´õ ºÞÝÒ¶ñ ¥ Ò¶Û Õ¥º¶µ¥Þ¥Û· Ò¥ Ô¶íÛºÒ »á¥Û·µ Õ¥¥ ÔºÛÔ ¶Û·µ£»Ö¶µ¥ »¥ ØºÛ»¥Ô Òº· Õ¥µºÒ¥ÔºÝÝµ Õ¥¸¶ºØÒ¥Ôå ×¥ µºÝÝ£µ· »á¶Û·¥ÛÔ¶· Õ¥ ¥Û·µ¥ Ò¥Ô »¥Öç ¸£ÞÝ£ÔºÛ·¥Ô »¥ ïµ Õ¥àÖ¥Û¸¥ � ¥Ô·µ Õ¥íÒºØÒ¥ ºµØ¶·µº¶µ¥Þ¥Û· ¥Û·µ¥ ú ¥· �å
r�j``b�̂̀ ^� nob ^dg g`�̂d ogbr^ kao` akgbebd^` r�bf ^zgbaf � r^d cbi^`~^fz^d ^g r^d gjbrr^d c^ rjroeb�̂̀ ^ c^ �oa`^dz^fz^ ^g c^d _jbdz^jo� bf ^zg^o`d dafg jcjkg ĥ̂ d\ °f ogbrbdjfg rj e¦̂e^r^fgbrr^ ¡^rg^zm no^ z^rr^ c^d rjd^`d ^dzrji^d kao` _azjrbd^` rj roeb�̂̀ ^ cjfd r�jekrb(zj�g^o`� kobdno^ r^d cbi^`~^fz^d c^d cbac^d rjd^` ^g ��wu îî _jz^gg^ j``b�̂̀ ^ ðð dafg k`^dno^r^d e¦̂e^d� af a}gb^fg jogaejgbno^e^fg r^d e¦̂e^d gjbrr^d do` r^d _jbdz^jo� kj`jrr�̂r^d\|�jekrb(zjg^o` ^dg dgj}brbd ĥ ^f g^ek ĥ̀ jgo`^ kj` of^  afzgbaf w^rgb^` �j [[ By ^fib`af\y^gg^ ijr^o` ^dg r^ ` ĥdorgjg c�of zaek`aebd ^fg`^ r�jo~e^fgjgbaf c^ r�̂ ±zjzbg ĥ nojf�gbno^ c^d d^eb�zafcozg^o`d �j c^d g^ek ĥ̀ jgo`^d c^ r�a`c`^ c^ ��[� By� ^g r^ `bdno^ c�jiab`c^ rj zafc^fdjgbaf do` rj _jz^gg^ c�̂ fg` ĥ̂ ao c^ da`gb^ c^ r�jekrb(zjg^o`\ |�jekrb(zjg^o`
^dg _^`e ĥcjfd of^ }a¦�g^ c�jroebfboe� k^`z ĥ̂ kao` rjbdd^` kjdd^` r^d _jbdz^jo� rjd^`� ^gdaoebd �j of _jb}r^ c ĥ}bg zafgbfo c�jb` �d ĥzm ĥ do` c^d z`bdgjo� ]o}daf ^g (rg` ĥkj` c^o�(rg`^d �j kjkb^` ^g zmj`}af jzgb_�\

|j kobddjfz^ gagjr^ c�bf ^zgbaf jijfg r�jekrb(zjg^o` �ji^z rj }aff^ karj`bdjgbaf� ^dgc^ [{e? ^fib`af\ ui^z z^gg^ kobddjfz^ af djgo`^ r�jekrb(zjg^o` ^g af ` ĥcobg rj roeb�̂̀ ^c^ �oa`^dz^fz^\ u rj da`gb^ c^ r�jekrb(zjg^o` rj roeb�̂̀ ^ ^dg zarrbejg ĥ̂ i^`gbzjr^e^fg
kj` r^ e¦̂e^ a} ^zgb_ ogbrbd ĥ kao` r�bf ^zgbaf\ |^ _a`g jdgb~ejgbde^ c^ r�jekrb(zjg^o`
^dg za``b~ ĥkj` of^ r^fgbrr^ zlrbfc`bno^� ��©[��ee�\ |^ _jbdz^jo ^dg ^fdobg^ (rg` ĥ dkj�gbjr^e^fg kj` of g`ao c^ (rg`j~^ ^g g`ji^`d^ of u�� �j �� �;� kao` kaoiab` eacor^`daf bfg^fdbg ĥ ao r^ zaok^` do` of^ ĥzm^rr^ c^ g^ekd c^ r�a`c`^ c^ rj ²d\ |j kobddjfz^roebf^od^ �j rj da`gb^ co g`ao c^ (rg`j~^ ^dg glkbno^e^fg c^ [��e?\� Ô ØkÙÖ] âÔ ßÔÚÛÖßßÔ Ó æÔàÝßÛÔ âÔ ßÞ ÓÔØkÔÓØkÔ â^ÝÚ åÞÖàØÔÞÝ äÞÓÞßß×ÔßÔ ÔÛ ØÖÓØÝßÞÖÓÔ ×Þ ßÞ àÙÓÛÖÔ âÔ ßÞàÙÝÓØÔ ßÞàÔÓ ¡�Ò¢ç
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Rapport de puissance d'injection���� v\[�� ×¶Û Õ¥ºµ¶· Õ¥ »¥ Òº µ Õ¥Ý£ÛÔ¥ »¥ Ò áºÞÝÒ¶ñ ¸º·¥Öµå ×¥ µºÝÝ£µ· »á¶Û·¥ÛÔ¶· Õ¥ »¥Ôïµ Õ¥àÖ¥Û¸¥Ô »á¶Ûì ¥¸·¶£Û ¥· »¥ Ô£µ·¶¥ � ¸£��Û¸¶»¥Û· Óº »¶¤ Õ¥µ¥Û· µ Õ¥í¶Þ¥Ôå ×¥ » Õ¥¸ºÒºí¥ »¥Ôïµ Õ¥àÖ¥Û¸¥Ô »á¶Ûì ¥¸·¶£Û ¥Ô· »¥ �úê��å
°f bf ^zgjfg r�jekrb(zjg^o` ji^z c^o� zaekadjfg^d c^ _` ĥno^fz^� af g`aoi^ no^ kao`of c ĥzjrj~^ ^f _` ĥno^fz^ ¸ ^fg`^ r^d _jbdz^jo� krod rj`~^ no^ J ¡;� r^ db~fjr c^ da`gb^ ^dgzafdgbgo ĥ^dd^fgb^rr^e^fg c^d c^o� zaekadjfg^d c^ _` ĥno^fz^ jekrb( ĥ̂ d� zaee^ brrodg` ĥ

^f (~o`^ v\t kao` ¸©[� ¡;�\ °f zmjf~^jfg r�bfg^fdbg ĥ`^rjgbi^ c^d _jbdz^jo� c�bf ^zgbafaf k^og ij`b^` r^ `jkka`g c^ kobddjfz^ � c^d c^o� zaekadjfg^d jekrb( ĥ̂ d\ �b^f no^r�jekrb(zjg^o` _afzgbaff^ ^f ` ĥ~be^ c^ _a`g^ djgo`jgbaf� � ^dg k`aka`gbaff^r jo `jkka`gc^ kobddjfz^ c^d _jbdz^jo� bf ^zgjfgd �(~o`^ v\[��\ ui^z of^ kmagacbac^ `jkbc^ faod
jiafd i ĥ̀ b( ĥ no^ r� ĥgjk^ c�jekrb(zjgbaf f�j aog^ kjd c^ }`obg c^ _` ĥno^fz^\ u eabfdc^ [� ;� �̀ ĥdarogbaf c^ r�jfjrld^o` c^ dk^zg`^�� r^ }jgg^e^fg ^fg`^ r^d c^o� _jbdz^jo�bf ^zgjfg ^dg r^ e¦̂e^ no^ rj fag^ c^ }jgg^e^fg ¸ cjfd r^ _jbdz^jo jekrb( ĥ\ wao` c^dc ĥzjrj~^d ¸ krod k^gbgd no^ CJ ¡;� c^d }jfc^d rjg ĥ̀ jr^d dokkr ĥe^fgjb`^d� ^dkjz ĥ̂ d c^ ¸
r�of^ c^ r�jog`^ jkkj`j¦�g� �iab` (~o`^ v\[[�\ |^ }jgg^e^fg ^fg`^ r^d _jbdz^jo� c�bf ^zgbafeacor^ r^d k`ak`b ĥg ĥd co ~jbf c^ r�jekrb(zjg^o` ji^z of^ _` ĥno^fz^ ¸ ^g bfg`acobg c^d}jfc^d rjg ĥ̀ jr^d kj` jekrb(zjgbaf kj`je ĥg`bno^\ |�ĥgoc^ dldg ĥejgbno^ c^ z^d }jfc^drjg ĥ̀ jr^d ^dg k` ĥd^fg^ ^f jff^�^ u� bzb  ^ `jkk^rr^  odg^ r^d ijr^o`d ej�bejr^d c^ kobd�djfz^ k^`co^ cjfd r^d }jfc^d rjg ĥ̀ jr^d kao` r^d c ĥzjrj~^d ¸ c�bfg ĥ̀ ¦̂g � ¸ © J�� �;�J�=� ¸ © ��� �;� [{=� ¸ © [� ¡;� eabfd c^ [=\ |�jfjrld^ co zaeka`g^e^fg co
��wu faod eafg`^ no^ r�̂ �bdg^fz^ c^d }jfc^d rjg ĥ̀ jr^d f^ kad^ kjd c^ k`a}r�̂e^ kao`
r^ w�� �j c^o� bdagak^d\ �f jo`jbg ko `^fzafg`^` c^o� glk^d c�bfzafi ĥfb^fgd � of^k^`g^ c^ kobddjfz^ g`ak beka`gjfg^ cjfd r^d }jfc^d rjg ĥ̀ jr^d� ao r�jkkj`bgbaf c^ zae�kadjfg^d c^ _` ĥno^fz^ ejoijbd^d kao` rj ejfbkorjgbaf c^d jgae^d\ °f z^ nob zafz^`f^z^ c^`fb^` kabfg� c�jk`�̂d r^ dzm ĥej c^d fbi^jo� co D|b ^g Á|b �(~o`^ v\{� af iabg c ĥ  �j
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���� v\[[� äÝ¥¸·µ¥ »Ö é÷´õ ¶Ûì ¥¸· Õ¥ ºÑ¥¸ »¥Öç ¸£ÞÝ£ÔºÛ·¥Ô »¥ ïµ Õ¥àÖ¥Û¸¥ » Õ¥¸ºÒ Õ¥¥Ô »¥�úúé��å Ü¥Ô ØºÛ»¥Ô Òº· Õ¥µºÒ¥Ô ÔÖÝÝÒ Õ¥Þ¥Û·º¶µ¥Ô ºÝÝºµº¶ÔÔ¥Û· Óº ¸ºÖÔ¥ »¥ Òº Þ£»ÖÒº·¶£Û»¥Ô Ýµ£Ýµ¶ Õ¥· Õ¥Ô £Ý·¶àÖ¥Ô »Ö Þ¶Ò¶¥Ö º¸·¶ï » óÖ ºÖ Øº··¥Þ¥Û· ¥Û·µ¥ Ò¥Ô »¥Öç ïµ Õ¥àÖ¥Û¸¥Ô »á¶Û³ì ¥¸·¶£Ûå
no�br f�l j kjd c^ faoi^jo� k`a}r�̂e^d\ °f z^ nob zafz^`f^ rj k^`g^ c^ kobddjfz^ cjfd
r^d }jfc^d rjg ĥ̀ jr^d� r�j joddb br f�l j kjd c^ zaekrbzjgbaf\ yaee^ z^rj ^dg ^�krbno ĥ ^fd^zgbaf {\[ r^ `jkka`g c�bfg^fdbg ĥakgbejr^ ^fg`^ r^d zaekadjfg^d c^ _` ĥno^fz^ ^dg cjfd
r�a`c`^ � � � � J � [ kao` k`bfzbkjr ^g `^kaek^o` co Á|b� k`bfzbkjr ^g `^kaek^o` coD|b £ rj ej a`bg ĥ c^ kobddjfz^ ^dg ` ĥkj`gb^ ^fg`^ r^d c^o� zaekadjfgd co Á|b c ĥzjr ĥ̂ dc^ ��� �;� ji^z of `jkka`g c�bfg^fdbg ĥ �©[\ |j kobddjfz^ k^`co^ k`aib^fg k`^dno^ofbno^e^fg co }jgg^e^fg ^fg`^ z^d c^o� zaekadjfg^d kobdno^ r^ }jgg^e^fg �j [� ¡;�^dg f ĥ~rb~^j}r^ �gao ao`d p [=� ^g r^ }jgg^e^fg c^d _` ĥno^fz^d kao` r^ D|b �c ĥzjr ĥ c^JJ��;�� ^dg _jb}r^ �j zjod^ c^ rj _jb}r^ jekrbgoc^ c^d zaekadjfg^d co D|b \ �f k^og
jra`d ^dgbe^` �j [{= rj kobddjfz^ rjd^` k^`co^ cjfd z^gg^ zaf(~o`jgbaf\ °f jff^�^ uaf g`aoi^ of^ c^dz`bkgbaf krod jkk`a_afcb^ c^ rj zj`jzg ĥ̀ bdjgbaf c^ rj dao`z^ rjd^` �jkrodb^o`d _` ĥno^fz^d\

¤u¤uÄ �Ð��îw�w {�z�}Çwyzw
|j g^zmfbno^ k`bfzbkjr^ c^ c ĥg^zgbaf jcakg ĥ̂ cjfd r�̂ �k ĥ̀ b^fz^ `^kad^ do` r�bej~^`b^kj` j}da`kgbaf c^ _jbdz^jo� rjd^`d ` ĥdaffjfgd\ |�bej~^ c^ r�ae}`^ co _jbdz^jo bej~^o`�co^ �j rj cbsodbaf c^ roeb�̂̀ ^ c^d jgae^d� ^dg _azjrbd ĥ̂ do` of^ zje ĥ̀ j yy� kao`a}g^fb` daf k`a(r dkjgbjr\ |^d bej~^d dafg ^fdobg^ g`jbg ĥ̂ d kj` a`cbfjg^o` kao` a}g^fb`

rj c^fdbg ĥ dkjgbjr^ jgaebno^ bfg ĥ~` ĥ̂ r^ raf~ c^ rj cb`^zgbaf c^ k`akj~jgbaf co _jbdz^jobej~^`b^\ �b af zaok^ r^ kb�̂~^ �ej~f ĥgbno^ ao ej~f ĥga�akgbno^� ^g db af rjbdd^ d� ĥg^fc`^
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}jrbdgbno^e^fg r^ foj~^� zmjno^ k`bd^ c�bej~^ za``^dkafc �j of eae^fg bfdgjfgjf ĥc^ rjclfjebno^ jgaebno^\ °f _jbdjfg ij`b^` r^ g^ekd c�̂ �kjfdbaf jgaebno^ �glkbno^e^fg
^fg`^ [{�²d ^g no^rno^ ed� af k^og jra`d c ĥ̀ bi^` rj cbdg`b}ogbaf dkjgbjr^ �j r�bfdgjfgbfbgbjr� ^g rj g^ek ĥ̀ jgo`^ co ~j�\ y^gg^ g^zmfbno^ c^ e^do`^ ^dg fa`ejr^e^fg jkk^r ĥ̂bej~^`b^ ^f g^ekd c^ iar\�b § ^dg rj cb`^zgbaf c^ k`akj~jgbaf co _jbdz^jo dafc^� r^ k`a(r co _jbdz^jo dafc^ £ �¤ª¥�d� ĥz`bg £ �¤ª¥� © £B �¤ª¥�o^¦ § )¨©¨ ª&6±7±8' «8 ª �v\v�
a�o £B �¤ª¥� ^dg r^ k`a(r c�bfg^fdbg ĥ c^ rj dafc^ djfd jgae^d� ¼ ^dg rj d^zgbaf ^±zjz^c^ cbsodbaf c^d jgae^d� ^g ��¤ª¥ ª§� ^dg rj c^fdbg ĥ jgaebno^ v�\ �^ r� ĥnojgbaf v\v afc ĥcobg rj c^fdbg ĥ dkjgbjr^ bfg ĥ~` ĥ̂ r^ raf~ c^ rj cb`^zgbaf co _jbdz^jo bej~^`b^

��¤ª¥� © � ´©^© ��¤ª¥ ª§� ,§ © [
¼ rf £B �¤ª¥�£&¤ª¥� ª �v\x�

^g ^fdobg^ r^ fae}`^ c�jgae^d ^g rj rj`~^o` c^ rj cbdg`b}ogbaf dkjgbjr^\ °f _jbg� �j zmjno^k`bd^ c^ caff ĥ̂ d� ^f krod c^d k`a(rd c^ _jbdz^jo ji^z ^g djfd jgae^d� af k`^fc of^g`abdb�̂e^ bej~^ djfd _jbdz^jo dafc^\ y^gg^ bej~^� nob zafgb^fg r^ }`obg c¦o �j rj roeb�̂̀ ^c^ _afc ^g jo� ĥr^zg`afd îî gm^`ebno^d ðð k`acobg cjfd r^ yy�� ^dg daodg`jbg^ jo� c^o�k`a(rd c^ rj dafc^ jijfg c^ _jb`^ r^ `jkka`g c^ r� ĥnojgbaf v\x\
|^ dldg�̂e^ c^ c ĥg^zgbaf akgbno^ jcjkg ĥ�j of^ ^�k ĥ̀ b^fz^ a�o r� ĥzmjfgbrraf ^dg g`jfd_ ĥ̀ ĥ

^fg`^ c^o� ` ĥ~bafd jo zao`d c^ rj d ĥno^fz^ ^�k ĥ̀ be^fgjr^ ^g ka`gjfg do` c^o� ^dk�̂z^djgaebno^d cbs ĥ̀ ^fgd cabg k` ĥd^fg^` r^d zj`jzg ĥ̀ bdgbno^d dobijfg^d �H c ĥg^zg^` r^d ^dk�̂z^d jgaebno^d d ĥr^zgbi^e^fg�H k^`e^gg`^ c^ zmjf~^` r�̂ dk�̂z^ c ĥg^zg ĥ̂ c�of^ _j)zaf îî jogaejgbdj}r^ ðð�H ~ ĥ̀ ^` rj k`bd^ c�bej~^d ji^z krodb^o`d zje ĥ̀ jd _azjrbd ĥ̂ d do` r^d cbs ĥ̀ ^fgd ^fc`abgda�o rj ejfbkorjgbaf d^ c ĥ̀ aor^\
|^ dldg�̂e^ c^ c ĥg^zgbaf akgbno^ no^ faod jiafd ebd ^f krjz^ ogbrbd^ c^o� zje ĥ̀ jd �of^ c^ eal^ff^ nojrbg ĥ ��J� ` ĥ_\ b�y{��� zje ĥ̀ j dgjfcj`c ibc ĥa c ĥzr^fzmj}r^� kao`
i ĥ̀ b(^` r^ }af _afzgbaff^e^fg c^ r�̂ �k ĥ̀ b^fz^ cjfd rj ` ĥ~baf co w��� of^ zje ĥ̀ j}b^f krod k^`_a`ejfg^ �ufca` q^zmfara~b^d� ` ĥ_\ Æxvp��Æ� zje ĥ̀ j ÔÒ£ø³Ô¸ºÛ� ï µºÞ¥·µºÛÔï ¥µ� ^±zjzbg ĥnojfgbno^ t�=� {[J�{[J kb�^rd� gjbrr^ co kb�^r [v²e�� kao` a}d^`i^`r^d jgae^d cjfd rj ` ĥ~baf c^ kb ĥ~^j~^ ej~f ĥgbno^ (fjr\ x _` ĥno^fz^d rjd^` dafg ogbrbd ĥ̂ d �_` ĥno^fz^ k`bfzbkjr^ ^g c^ `^kaek^ kao` zmjno^ bdagak^\ y^d _jbdz^jo� dafg bddod c^drjd^` ^dzrji^d nob bf ^zg^fg r^ ��wu ^f ogbrbdjfg ao }b^f r^d zo}^d karj`bd^o`d bfdgjrr ĥdkao` dok^`kad^` r^d cbs ĥ̀ ^fgd _jbdz^jo� �kao` r^d _jbdz^jo� c^ `^kaekj~^�� ao }b^f c^dzo}^d karj`bd^o`d dokkr ĥe^fgjb`^d �kao` c ĥ̀ bi^` r^d _` ĥno^fz^d k`bfzbkjr^d co Á|b ^gD|b d ĥkj` ĥe^fg�\|^d _jbdz^jo� k`bfzbkjo�� jijfg c�¦̂g`^ dok^`kad ĥd do` of zo}^ karj`bd^o` ^g zaokr ĥdcjfd rj e¦̂e^ (}`^ akgbno^ �j ejbfgb^f c^ karj`bdjgbaf� k^oi^fg ¦̂g`^ bfg^``aekod kj`
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atomes���� v\[J� ä¸¹ Õ¥Þº »Ö ÔßÔ· Ó¥Þ¥ £Ý·¶àÖ¥ Ý£Öµ Ò¥Ô ïµ Õ¥àÖ¥Û¸¥Ô Ýµ¶Û¸¶ÝºÒ¥Ô »á¶Þºí¥µ¶¥å ×¥ÔÒºÞ¥Ô Óº µ¥·ºµ» ��� Û¥ Ô£Û· ÝºÔ µ¥Ýµ Õ¥Ô¥Û· Õ¥¥Ô ÔÖµ Ò¥ »¥ÔÔ¶Ûå
c^d a}go`jg^o`d e ĥzjfbno^d zrbz�zrjz �iab` (~o`^ v\[J� kao` zmabdb` d ĥr^zgbi^e^fg no^rbdagak^ c ĥg^zg^`\ |^d J bekordbafd c^ roeb�̂̀ ^ c^ k`bd^ c�bej~^ �bej~^ c�j}da`kgbafji^z jgae^d ^g k`a(r co _jbdz^jo rjd^` djfd jgae^d� dafg k`acobg^d kj` c^o� u�� ^fzjdzjc^ cafg rj kobddjfz^ `jcba_` ĥno^fz^ ^dg ~ ĥ̀ ĥ̂ kj` of ~ ĥf ĥ̀ jg^o` c^ _afzgbaf �]�\�r _jog ogbrbd^` c^o� u�� ^f zjdzjc^ kobdno^ r^ `jkka`g c^ rj kobddjfz^ g`jfdebd^ c�ofu�� ^f _afzgbaf ao ĥg^bfg �glkbno^e^fg [�<� f�̂ dg kjd do±djfg kao` f^ kjd jiab` ofdb~fjr ` ĥdbco^r do` rj zje ĥ̀ j ufca`\ °f _jbg� r^d ^s^gd c^ z^gg^ roeb�̂̀ ^ c^ _afc dafg
jekrb( ĥd �j zjod^ co g^ekd ebfbejr c�̂ �kadbgbaf c^ rj zje ĥ̀ j �[�ed�� nob ^dg raf~
kj` `jkka`g jo g^ekd c�jrroej~^ co _jbdz^jo bej~^`b^ �{�²d ^fib`af�\ |^d _` ĥno^fz^dc^d u�� [ ^g J c^ rj (~o`^ v\[J �­J�� �;� ^g ��� �;� `^dk^zgbi^e^fg� dafg ~j`c ĥ̂ d(�^d ^g r^d zmjf~^e^fgd (fd c^ _` ĥno^fz^d dafg _jbgd �j kj`gb` c^d rjd^` ej¦�g`^d ra`dc^ rj k`acozgbaf c^d _` ĥno^fz^d k`bfzbkjr^d ^g c^ `^kaekj~^ �iab` d^zgbaf v\v\J�\ wao`
kaoiab` zmjf~^` r^d _` ĥno^fz^d c^d _jbdz^jo� bej~^`b^ cjfd r^ }r^o ^g cjfd r^ `ao~^ c^rj g`jfdbgbaf� r^d _` ĥno^fz^d zmabdb^d kao` u�� [ ^g J dafg g^rr^d no^ rj roeb�̂̀ ^ kao`
r�ak ĥ̀ jgbaf co w�� dab^fg joddb k`azm^d no^ kaddb}r^d c^d zafcbgbafd c^ ` ĥdaffjfz^c^d _jbdz^jo� c�bej~^`b^\

|j zjrb}`jgbaf c^ rj zje ĥ̀ j k^og ¦̂g`^ _jbg^ ao }b^f �j kj`gb` c^ r�j~`jfcbdd^e^fgco dldg�̂e^ c^ _azjrbdjgbaf co foj~^ do` r^ yy� ^g rj gjbrr^ c^d kb�^rd� ao }b^f ^fk`^fjfg r�bej~^ c�of^ `�̂~r^ ~`jco ĥ̂ kadbgbaff ĥ̂ jijfg ^g jk`�̂d rj ` ĥ~baf c^ c ĥg^zgbaf �
rj eal^ff^ c^d zjrb}`jgbafd jbfdb a}g^fo^d d^`j rj zjrb}`jgbaf �j jcakg^`\|^ fae}`^ c�jgae^d ^dg caff ĥ �j of _jzg^o` J k`�̂d ^dd^fgb^rr^e^fg �j zjod^ c^ r�bfz^`gb�goc^ do` rj d^zgbaf ^±zjz^ c^ cbsodbaf\ °f _jbg� db af ĥgocb^ r^d jgae^d cjfd of w���af dafc^ ^fg`^ of fbi^jo mlk^`(f c^ r� ĥgjg ĥr^zg`afbno^ _afcje^fgjr ^g r^ eorgbkr^g c^r� ĥgjg ĥr^zg`afbno^ ^�zbg ĥ� ^fg`^ gaog^d r^d zae}bfjbdafd k^`ebd^d� z^ nob bfg`acobg of^
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bfc ĥg^`ebfjgbaf do` rj ijr^o` co za^±zb^fg yr^}dzm�¡a`cjf �j ogbrbd^`\ Ef^ jog`^ dao`z^c�bfz^`gbgoc^ ib^fg co _jbg no��j zjod^ c^ rj dg`ozgo`^ mlk^`(f^ g`�̂d ĥg`abg^� r^d jgae^ddafg daoi^fg c ĥkaek ĥd cjfd r^ ejoijbd daod fbi^jo mlk^`(f ^g `^kaek ĥd kj` of _jbd�z^jo `^kaek^o`\ wao` g^fb` zaekg^ c^ gaod z^d ^s^gd� faod jiafd c ĥzbc ĥc�ogbrbd^` of^ijr^o` eal^ff^ kao` r^d za^±zb^fgd yr^}dzm�¡a`cjf ĥ~jr^ �j rj eal^ff^ nojc`jgbno^c^d yr^}dzm kaddb}r^d� nob ijog ^fib`af [nJ\

�R! ¬ÈÏÎÌTÍ UÈ í­ÈìY VÈÊÌÈÍËÈ YXÊ TÊUÌÍXÎÈ]Ê
|j ~^dgbaf c^ r�̂ �k ĥ̀ b^fz^ ^g rj k`bd^ c^ caff ĥ̂ d `^kad^ do` c^o� a`cbfjg^o`d dlf�zm`afbd ĥd r�of do` r�jog`^\ |^ k`^eb^` a`cbfjg^o`� cafg rj koz^ ^dg of �fg^r x�� nob

gao`f^ �j p{ �;�� ~�̂̀ ^ gaog^ rj d ĥno^fz^ g^eka`^rr^ c^ r�̂ �k ĥ̀ b^fz^\ |^ k`a~`jee^ c^~^dgbaf� ĥz`bg ^f qo`}a�wjdzjr� gao`f^ daod ������ kao` d�js`jfzmb` c^d k`a}r�̂e^dglkbno^d c^ g^eka`bdjgbaf no^ r�af k^og `^fzafg`^` ^f ogbrbdjfg ���?bfcaGd zaee^dldg�̂e^ c�̂ �krabgjgbaf\ |^d cbs ĥ̀ ^fg^d kj`gb^d c^ r�̂ �k ĥ̀ b^fz^ dafg zafg`¦ar ĥ̂ d kj` of�E� �j [� }bgd c�bf_a`ejgbaf krod r^d }bgd c�jc`^dd^ ^g c^ dlfzm`afbdjgbaf\ °f _afz�gbaf c^d f ĥz^ddbg ĥd� af }`jfzm^ do` r^ �E� cbs ĥ̀ ^fg^d }a¦�g^d ĥr^zg`afbno^d zafdg`obg^d �jr�jg^rb^` c�ĥr^zg`afbno^ co |@�\ uzgo^rr^e^fg faod jiafd bfdgjrr ĥg`abd eac�̂r^d c^ }a¦�g^ĥr^zg`afbno^ � of^ ji^z [� da`gb^d cb~bgjr^d ji^z fbi^jo� ra~bno^d qq|� of^ ji^z x da`gb^djfjra~bno^d �j [� }bgd� ^g of^ ji^z x da`gb^d jfjra~bno^d �j [� }bgd zmjzof^ ji^z of^ ejdd^�aggjfg^\ qaog^d r^d }a¦�g^d dafg cag ĥ̂ d c�of^ ^fg` ĥ̂ qq| c^ d ĥzo`bg ĥnob k`a~`jee^ r^dda`gb^d jo fbi^jo � nojfc r^ db~fjr c^ zafg`¦ar^ ^dg �\ y^gg^ d ĥzo`bg ĥ ^dg ogbrbd ĥ̂ fagje�e^fg kao` rj ~^dgbaf co kb�̂~^ ej~f ĥgbno^� a�o rj }a¦�g^ nob i^brr^ r^ }af _afzgbaff^e^fgco dldg�̂e^ c^ `^_`abcbdd^e^fg c^d }a}bf^d� jzgbi^ ao zaok^ r^ zao`jfg cjfd r^d }a}bf^d^f aoi`jfg r^d bfg^``okg^o`d ^g ^f k`a~`jeejfg r^d jrbe^fgjgbaf c^ zao`jfg �j �\ |�a`�cbfjg^o` c^ ~^dgbaf c^ r�̂ �k ĥ̀ b^fz^ ^dg akga�bdar ĥkj` `jkka`g jo �E� kao` ĥibg^` no^c�ĥi^fgo^rr^d do`g^fdbafd jo fbi^jo c^d }a¦�g^d ĥr^zg`afbno^d d^ c ĥzmj`~^fg do` r�a`cbfj�g^o`\ |^d }abg^d ĥr^zg`afbno^d zmj`~ ĥ̂ d co zafg`¦ar^ co kb�̂~^ ej~f ĥgbno^ k` ĥd^fg^fg of^ĥgjk^ org ĥ̀ b^o`^ c�akga�bdarjgbaf kao` ~j`jfgb` r�bfc ĥk^fcjfz^ c^d ejdd^d c^d da`gb^d\|^ c^o�b�̂e^ a`cbfjg^o` ^dg of w^fgboe �j x{� �;�\ �r ~�̂̀ ^ r^d zje ĥ̀ jd ibj of k`a�~`jee^ ĥz`bg ^f y­­ kj` �ra`bjf �zm`^z-� Æbdbaf� nob g`jbg^ r^d caff ĥ̂ d joddbg¦ag\ |j~^dgbaf c^d zje ĥ̀ jd zaek`^fc joddb rj dgj}brbdjgbaf ^f g^ek ĥ̀ jgo`^ c^ rj koz^ yy� c^rj zje ĥ̀ j ufca`\

�R7 $TÍËí]ÏÌTÍ
�jfd z^ zmjkbg`^  ^ ib^fd c^ c ĥz`b`^ r^d ĥr ĥe^fgd r^d krod beka`gjfgd co eafgj~^^�k ĥ̀ be^fgjr\ |^ `jr^fgbdd^o` �^^ejf� nob k` ĥd^fg^ rj kj`gbzorj`bg ĥ c�jiab` of^ ` ĥ~bafc^ `^fi^`d^e^fg co zmjek ej~f ĥgbno^ ^g of _ao` �j `^zlzrj~^� d�̂ dg ` ĥi ĥr ĥcjfd rj dobg^of^ dao`z^ c�jgae^d _`abcd jcjkg ĥ̂ jo� }^dabfd k` ĥiod\ wao` z^ nob zafz^`f^ r^ dldg�̂e^



�b®b ý*þý�+��*þ �t
akgbno^� af k^og e^fgbaff^` rj ~`jfc^ dgj}brbg ĥc^ r�̂ fd^e}r^ do` rj  ao`f ĥ̂ \ �r ^dg g`�̂d`j`^ no^ r^d rjd^` ej¦�g`^d d^ c ĥi^``aobrr^fg k^fcjfg of^  ao`f ĥ̂ � ^g rj dgj}brbg ĥ c^d �bf ^zgbafd c^d cbac^d rjd^` ^dzrji^d ^g c^ r�bf ^zgbaf co ��wu k^`e^g r^ _afzgbaff^e^fgzafgbfo c^ r�̂ �k ĥ̀ b^fz^ do` krodb^o`d m^o`^d� z^ no�br _jog kao` gb`^` k`a(g c^ rj ~^dgbafgagjr^e^fg jogaejgbd ĥ̂ c^ r�̂ �k ĥ̀ b^fz^ kj` a`cbfjg^o`\
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 OOST;�O

|^d ^�k ĥ̀ b^fz^d do` rj k`acozgbaf c^ ~j� c ĥ~ ĥf ĥ̀ ĥd c�jgae^d e^f ĥ̂ d  odno��j ejbf�g^fjfg d^ _afc^fg gaog^d do` r^ `^_`abcbdd^e^fg ĥijka`jgb_ �iab` r�bfg`acozgbaf� cjfd c^dkb�̂~^d zafd^`ijgb_d ej~f ĥgbno^d �t{� t��\
�jfd z^ zmjkbg`^  ^ ijbd c ĥz`b`^ r^ k`bfzbk^ co kb ĥ~^j~^ ej~f ĥgbno^ ^g r^d glk^d c^kb�̂~^ no^ faod jiafd c ĥzbc ĥc�ogbrbd^`\ Ef^ beka`gjfg^ kj`gb^ c^ eaf g`jijbr c^ gm�̂d^ jĥg ĥ r^ c^ddbf ^g rj ` ĥjrbdjgbaf c�of kb�̂~^ ej~f ĥgbno^ �j _a`g zaf(f^e^fg\ wao` z^zb faod

jiafd ` ĥjrbd ĥof dldg�̂e^ bffaijfg a�o rj ` ĥ~baf c^ k` ĥ̀ ^_`abcbdd^e^fg rjd^` ^g z^rr^ a�o r^`^_`abcbdd^e^fg ĥijka`jgb_ �j rb^o dafg d ĥkj` ĥ̂ d dkjgbjr^e^fg\ |^ g`jfd_^`g ^fg`^ r^d c^o�` ĥ~bafd ^dg _jbg �j r�jbc^ c�of jdz^fd^o` ej~f ĥgbno^ cafg r^ k`bfzbk^ c^ _afzgbaff^e^fg
^g rj zafdg`ozgbaf dafg c ĥz`bgd cjfd r^d d^zgbafd x\[ ^g x\J\ �jfd rj d^zgbaf x\v  ^ ijbd
^fg`^` cjfd r^ c ĥgjbr c^d cbe^fdbafd kmldbno^d c^d }a}bf^d ^g co zaf(f^e^fg no�̂ rr^dk^oi^fg k`acob`^\

!RQ ±ÊÌÍËÌYÈ U] YÌ VÈëÈXëÈ ÉXëÍ VÈÎÌ\]ÈEf cbkar^ ej~f ĥgbno^ ²² cjfd of zmjek ej~f ĥgbno^ ? kadd�̂c^ of^ ĥf^`~b^ ej~f ĥgbno^/��� © ¯²² ¡? �x\[�
^g cafz ^dg daoebd �j of^ _a`z^

9 © ¯ ²�/��� © ²��²² ¡?� �x\J�
�b r^ cbkar^ ^dg jrb~f ĥd^raf r^ d^fd co zmjek ej~f ĥgbno^� r� ĥf^`~b^ ej~f ĥgbno^ c^ib^fgc^ krod ^f krod f ĥ~jgbi^ nojfc af jo~e^fg^ r^ eacor^ c^ ¨?¨ � r^ cbkar^ ^dg kaodd ĥ
i^`d r^d ` ĥ~bafd c^ zmjek ej~f ĥgbno^ krod bfg^fd^\ uo zafg`jb`^� db r^ cbkar^ ^dg a`b^fg ĥcjfd rj cb`^zgbaf akkad ĥ̂ jo zmjek ej~f ĥgbno^� br d^`j kaodd ĥi^`d r^d ` ĥ~bafd �j zmjekej~f ĥgbno^ krod _jb}r^\ |^ cbkar^ k^og ¦̂g`^ razjrbd ĥ jogao` c�of ^�g`¦̂eoe co eacor^co zmjek\ wj` jbrr^o`d r^d ĥnojgbafd c^ �j�G^rr bfg^`cbd^fg r�̂ �bdg^fz^ c�of ej�beoe

p[
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���� x\[� ä¸¹ Õ¥Þº »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ¢£¤¥³´µ¶·¸¹ºµ» ÿ »¥Öç Ø£Ø¶Û¥Ô �»¶·¥Ô Ø£Ø¶Û¥Ôîî Ý¶Û¸¹ ðð½ Ô£Û· ºÒ¶íÛ Õ¥¥Ô ÔÖµ Ò¥ Þó¥Þ¥ ºç¥ �ºç¥ »Ö Ý¶ Ó¥í¥è ¦§½ ¥· ºÒ¶Þ¥Û· Õ¥¥Ô ºÑ¥¸ ÖÛ ¸£ÖµºÛ·£ � ¥Û ¸£ÛñíÖµº·¶£Û �¥ÒÞ¹£Ò·� å ´ºµºÒÒ Ó¥Ò¥Þ¥Û· Óº Ò áºç¥ »Ö Ý¶ Ó¥í¥ àÖº·µ¥ ñÒÔ �Øºµµ¥Ô »¥îî ¢£¤¥ ðð½ Ô£Û· ºÒ¶íÛ Õ¥Ô ÔÖµ Ò¥Ô ¸£¶ÛÔ »áÖÛ ¸ºµµ Õ¥ ¥· ºÒ¶Þ¥Û· Õ¥Ô ºÑ¥¸ ÖÛ ¸£ÖµºÛ· £ »¥ ·¥ÒÒ¥ï º�̧£Û àÖ¥ Ôº »¶µ¥¸·¶£Û Ô£¶· £ÝÝ£Ô Õ¥¥ Ýºµ µºÝÝ£µ· Óº ¸¥ÒÒ¥ »¥Ô ñÒÔ º»ìº¸¥Û·Ôå �Û¥ ºÖ·µ¥
Ýº¶µ¥ »¥ Ø£Ø¶Û¥Ôè Û£Û µ¥Ýµ Õ¥Ô¥Û· Õ¥¥Ô ÔÖµ Òº ñíÖµ¥è ÝÒÖÔ íµºÛ»¥Ô àÖ¥ Ò¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹è¥Ô· Þ£Û· Õ¥¥ »¥ Òº Þó¥Þ¥ ïº�̧£Ûè Þº¶Ô ºÑ¥¸ ÖÛ ¸£ÖµºÛ· £ÝÝ£Ô Õ¥ Ý£Öµ ¸£ÞÝ¥ÛÔ¥µ Ýµ¥ÔàÖ¥·£·ºÒ¥Þ¥Û· Ò¥ ¸¹ºÞÝ ÞºíÛ Õ¥·¶àÖ¥ ºÖ ¸¥Û·µ¥ »Ö Ý¶ Ó¥í¥ Ýµ£»Ö¶· Ýºµ Ò¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹å
razjr kao` of zmjek ej~f ĥgbno^ dgjgbno^ cjfd r^ ibc^ �gm ĥa`�̂e^ c^ ?bf~ �tp��\ wj`zafg`^ af k^og z` ĥ̂ ` c^d zaf(~o`jgbafd c^ zmjek ej~f ĥgbno^ dgjgbno^ ji^z of ebfbeoeco eacor^ �for ao (fb� ^g kb ĥ~^` c^d cbkar^d cafg rj cb`^zgbaf ^dg akkad ĥ̂ �j z^rr^ cozmjek ej~f ĥgbno^\ �jfd fag`^ zjd dk ĥzb(no^ r^ cbkar^ d^`j of jgae^ c^ rbgmboe cjfdof c^d c^o� daod�fbi^jo� mlk^`(fd c^ r� ĥgjg _afcje^fgjr ĥr^zg`afbno^\�aod jiafd zmabdb of kb�̂~^ ej~f ĥgbno^ c^ glk^ ¢£¤¥³´µ¶·¸¹ºµ» �t��\ wobdno�br f^k` ĥd^fg^ kjd c^ � ĥ̀ a c^ ¨?¨ r^d jgae^d f^ dafg kjd do ^gd jo� k^`g^d co^d jo� g`jfdbgbafd
faf�jcbj}jgbno^d 9\ �jfd z^gg^ zaf(~o`jgbaf r^ zmjek ej~f ĥgbno^ ^dg rj daee^ c^dzmjekd k`acobgd kj` r^d }a}bf^d c^ zaf(f^e^fg cjfd rj cb`^zgbaf k`bfzbkjr^ co kb�̂~^�kj` zafi^fgbaf jkk^r ĥ̂ d }a}bf^d îî Ý¶Û¸¹ ðð� x }j``^d c^ zaf(f^e^fg `jcbjr^� jkk^r ĥ̂ d}j``^d c^ îî ¢£¤¥ ðð cjfd rj dobg^� ^g c^d }a}bf^d c^ zaek^fdjgbaf nob ` ĥcobd^fg r^ zmjekej~f ĥgbno^ ` ĥdbco^r ¨�B ¨ jo z^fg`^ co kb�̂~^\

�f zafdbc�̂̀ ^ r^ zmjek k`acobg kj` r^d }a}bf^d Ý¶Û¸¹\ |^d c^o� }a}bf^d d^ g`aoi^fg
jo� kabfgd § © & ^g § © ¯&� ^g dafg jrb~f ĥ̂ d c^ _j)zaf no^ r^o`d j�^d d^ dok^`kad^fg ^gza��fzbc^fg ji^z r�j�^ § �j�^ co kb�̂~^� iab` (~o`^ x\[�\ �b � ^dg r^ `jlaf c^d }a}bf^d ^gÑ³ÖÛÔà ÞÝààÖ ´́ ÛÓÞÚàÖÛÖÙÚà ¡ÞµÙÓÞÚÞ ¶¶ç  Ôà ÛÓÞÚàÖÛÖÙÚà ÞääÞÓÞÖààÔÚÛ �ÝÞÚâ� ×Þ ØÞÝàÔ âÝ ØkÞÚfÔÕÔÚÛâÔ ßÞ âÖÓÔØÛÖÙÚ âÝ ØkÞÕä ÕÞfÚæÔÛÖ�ÝÔ ßÔ ßÙÚf âÔ ßÞ ÛÓÞµÔØÛÙÖÓÔ ÞÛÙÕÖ�ÝÔ� ßÔ âÖäÙßÔ ØkÞÚfÔ àÞ âÖÓÔØÛÖÙÚäÞÓ ÓÞääÙÓÛ ×Þ ØÔßßÔ âÝ ØkÞÕä ÕÞfÚæÔÛÖ�ÝÔç



�bab `��þý�`� �+ `� d�e��e� ��eþ d���s+� pv
db r^ zao`jfg £ zb`zor^ cjfd rj e¦̂e^ cb`^zgbaf� r^ zmjek �j r�a`b~bf^ ^dg �

¨?��ª�ª§�¨ © �· ��ª�ª§� © ²B£ ¸ ��
J ��� ­ �& ¯ §����2� ­ ��

J ��� ­ �& ­ §����2�¹ �x\v�
^f c ĥi^rakkjfg jogao` c^ r�a`b~bf^ af a}gb^fg ��· ��ª�ª§� g �B ­ [

J���§� �x\x�
a�o �B © ²B£ ����� ­ &���2� ^g ��� © ²B£ v��

J ��� ­ &��Å2� 0x&� ¯ ��1 �x\{�
|^ kj`je�̂g`^ ��� ^dg jkk^r ĥ zao`}o`^ j�bjr^ co zmjek\

|^ zmjek ej~f ĥgbno^ k`acobg kj` r^d }j``^d ¢£¤¥ ^dg ĥnobijr^fg jo zmjek k`acobg
kj` nojg`^ (rd kj`jrr�̂r^d �r^ raf~ c^ r�j�^ §� krjz ĥd do` r^d zabfd c�of zj`` ĥc^ cbj~afjr^,� a�o rj cb`^zgbaf co zao`jfg ^dg rj e¦̂e^ kao` r^d (rd do` rj e¦̂e^ cbj~afjr^ ^g akkad ĥdb r^d (rd jkkj`gb^ff^fg �j J cbj~afjr^d cbs ĥ̀ ^fgd �(~o`^ x\[�\ wj` dle ĥg`b^ co dldg�̂e^af a}gb^fg r�̂ �k`^ddbaf co zmjek jo iabdbfj~^ c^ r�a`b~bf^ �

?�¤ª¥ ª§� © º» ��¤
¯��¥� ¼½ �x\��

a�o �� © J²B£!,� �x\p�
|^ zmjek ^dg of zmjek nojc`okarjb`^ Jp\

|^ zmjek ej~f ĥgbno^ gagjr co kb�̂~^ �as^�w`bgzmj`c jo� jr^fgao`d c^ r�a`b~bf^ ^dgjra`d �
? g º» ���B ­ 9����§� ¼½ ­ º» ��¤

¯��¥� ¼½ �x\��
wao` of jgae^ cafg r^ cbkar^ ej~f ĥgbno^ ²² ^dg jfgbkj`jrr�̂r^ �j ? r^ kag^fgb^r c^ zaf�(f^e^fg ^dg cb`^zg^e^fg k`aka`gbaff^r �j ¨?¨ �È �6� © ²¨?¨ �x\t�g ²¾��B ­ [

J���§��� ­ ��� �¤� ­ ¥�� �x\[��
g ²�B ­ [

J²���§� ­ ²���
J�¿ �¤� ­ ¥�� �x\[[�
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���� x\J� ä¸¹ Õ¥Þº »Ö ·µºÛÔï ¥µ· ÞºíÛ Õ¥·¶àÖ¥ »¥Ô º·£Þ¥Ô »¥ Òº µ Õ¥í¶£Û »¥ Ý¶ Õ¥í¥ºí¥ ÞºíÛ Õ¥·£³£Ý·¶àÖ¥ Óº Òº µ Õ¥í¶£Û ñÛºÒ¥ »¥ Ý¶ Õ¥í¥ºí¥ ÞºíÛ Õ¥·¶àÖ¥å ×¥Ô Ýº¶µ¥Ô »¥ Ø£Ø¶Û¥Ô »Ö ´é÷¥· »¥ ·µºÛÔï ¥µ· Ô£Û· Þ£Û· Õ¥¥Ô ¥Û ¸£ÛñíÖµº·¶£Û ºÛ·¶³�¥ÒÞ¹£Ò·� Ý£Öµ £Ø·¥Û¶µ ÖÛ ¸¹ºÞÝàÖº»µÖÝ£Òº¶µ¥ �Üå ×¥Ô ºç¥Ô »¥Ô »¥Öç Ýº¶µ¥Ô Ô£Û· » Õ¥¸ºÒ Õ¥Ô Ñ¥µ·¶¸ºÒ¥Þ¥Û· »¥ � ¸Þå âÛïº¶ÔºÛ· Ñºµ¶¥µ Ò¥ µºÝÝ£µ· »¥Ô ¸£ÖµºÛ·Ô £ÀÁN ¥· £Â Ò¥ ¸¥Û·µ¥ »Ö àÖº»µÖÝ£Ò¥ µ Õ¥ÔÖÒ·ºÛ· »¥Òº Ô£ÞÞ¥ »¥Ô »¥Öç àÖº»µÖÝ£Ò¥Ô Ô¥ » Õ¥ÝÒº¸¥ ¥Û·µ¥ Ò¥Ô »¥Öç ºç¥Ôå

�f g`aoi^ no^ r^ kag^fgb^r c^ zaf(f^e^fg jogao` c^ r�a`b~bf^ ^dg mj`eafbno^� ^g no^r^ zaf(f^e^fg `jcbjr k^og ¦̂g`^ jo~e^fg ĥ ^f ` ĥcobdjfg rj ijr^o` c^ �B \ wao` z^zb afj aog^ of^ jog`^ kjb`^ c^ }a}bf^d� cbg^d c^ zaek^fdjgbaf� nob� ^f ĥgjfg krod ~`jfc^d ^gkrod ĥrab~f ĥ̂ d co z^fg`^ co kb�̂~^ kj` `jkka`g jo� }a}bf^d Ý¶Û¸¹� k^oi^fg zaek^fd^`�B djfd ` ĥcob`^ c�of^ _j)zaf jkk` ĥzbj}r^ r^ zaf(f^e^fg j�bjr\ �jfd r^d ^�k`^ddbafdx\{ ^g x\p af iabg no^ r^ zaf(f^e^fg ^dg c�jogjfg krod ~`jfc no^ r^d }a}bf^d dafg
k`azm^d c^d jgae^d\ y^zb `^k` ĥd^fg^ of z`bg�̂̀ ^ �j dobi`^ cjfd rj zafz^kgbaf co kb�̂~^ej~f ĥgbno^\ Ef^ jog`^ zafg`jbfg^ ^dg co^ jo _jbg no^ kao` kaoiab` zmj`~^` r^ w��
ji^z }^jozaok c�jgae^d �j kj`gb` c�of  ^g c�jgae^d `jr^fgbd br _jog of rj`~^ iaroe^c^ zjkgo`^ ^g cafz of jzz�̂d akgbno^ beka`gjfg\ °f ~ ĥf ĥ̀ jr z^d c^o� }^dabfd f^ dafg
kjd zaekjgb}r^d db rj ` ĥ~baf co w�� za��fzbc^ ji^z z^rr^ co kb�̂~^ ej~f ĥgbno^\ �aod
jiafd ` ĥdaro z^gg^ bfzaekjgb}brbg ĥ^f d ĥkj`jfg r^d c^o� ` ĥ~bafd\ |^d jgae^d dafg kb ĥ~ ĥdcjfd r^ w�� ^g g`jfd_ ĥ̀ ĥd cjfd of k`^eb^` kb�̂~^ ej~f ĥgbno^ nojc`okarjb`^ �cafg r^d}a}bf^d za��fzbc^fg ji^z z^rr^d co w��� iab` (~o`^ x\x�\ °fdobg^ af c ĥkrjz^ r^ z^fg`^ co
kb�̂~^ ej~f ĥgbno^ ^f j aogjfg of jog`^ zmjek nojc`okarjb`^ k`acobg kj` r^d }a}bf^dc^ zaek^fdjgbaf a�o r^ zao`jfg zb`zor^ ^f zaf(~o`jgbaf jfgb�;^remarg�\ w^fcjfg z^gg^kmjd^� cbg^ c^ g`jfd_^`g� r^d jgae^d nob jo c ĥ}og d^ g`aoijb^fg do` r�j�^ c^d }a}bf^d
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���� x\v� �Ö¥ »á¥ÛÔ¥ÞØÒ¥ »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ÿ Ò¥Ô Øºµµ¥Ô ¢£¤¥ Ô á¶ÛÔ Ó¥µ¥Û· »ºÛÔ Ò¥ÔØ£Ø¶Û¥Ô Ý¶Û¸¹ ¥· ºÑ¥¸ ¸¥ÒÒ¥Ô³¸¶ ¥Û·£Öµ¥Û· Ò áºÝÝ¥Û»¶¸¥ »¥ Òº ¸¥ÒÒÖÒ¥ ¥Û àÖºµ·�å ×¥Ô »¥ÖçØ£Ø¶Û¥Ô ºÖ·£Öµ »¥ Òº ¸¥ÒÒÖÒ¥ Ýµ¶Û¸¶ÝºÒ¥è »£Û· Ò áºç¥ ¸µ£¶Ô¥ Ò áºç¥ »Ö µºÒ¥Û·¶ÔÔ¥Öµ �¥¥ÞºÛèÔ£Û· Ö·¶Ò¶Ô Õ¥¥Ô Ý£Öµ ¸¹ºµí¥µ Ò¥ ´é÷ ¥· Ý¥Û»ºÛ· Òº Ý¹ºÔ¥ ¶Û¶·¶ºÒ¥ »Ö Ý¶ Õ¥í¥ºí¥ ÞºíÛ Õ¥·¶àÖ¥å×º ÝÒÖÔ íµ£ÔÔ¥ Ýº¶µ¥ »¥ Ø£Ø¶Û¥Ô ¥Ô· Ö·¶Ò¶Ô Õ¥¥ »ºÛÔ ÖÛ Ýµ¥Þ¶¥µ ·¥ÞÝÔ ¥Û ¸£ÛñíÖµº·¶£ÛºÛ·¶³�¥ÒÞ¹£Ò·� Ý£Öµ Ò¥ ·µºÛÔï ¥µ· ÞºíÛ Õ¥·¶àÖ¥ »¥ Òº µ Õ¥í¶£Û »Ö ´é÷ Óº ¸¥ÒÒ¥ »¥ Ý¶ Õ¥í¥ºí¥
ÞºíÛ Õ¥·¶àÖ¥ñÛºÒå õÝµ Ó¥Ô Ò¥ ·µºÛÔï ¥µ· »¥Ô º·£Þ¥Ô »ºÛÔ Ò¥ Ý¶ Ó¥í¥ ¢£¤¥³´µ¶·¸¹ºµ»è Ò¥Ô Ø£Ø¶Û¥Ô»¥ ·µºÛÔï ¥µ· Ô£Û· Ö·¶Ò¶Ô Õ¥¥Ô ¥Û ¸£ÛñíÖµº·¶£Û �¥ÒÞ¹£Ò·� Ý£Öµ ¸£ÞÝ¥ÛÔ¥µ Ò¥ ¸¹ºÞÝ Ø¶º¶Ô»¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹å

co w�� j``bi^fg do` r�j�^ c^d }a}bf^d c^ zaek^fdjgbaf� dabg { ze krod ^f mjog no�joc ĥkj`g� �j r�bfg ĥ̀ b^o` c�of k^gbg jkk^fcbz^ ^f i^``^\ ��̂d no^ r^d jgae^d dafg cjfd rjkadbgbaf (fjr^ c^ kb ĥ~^j~^ af k^og }jrjl^` rj zaf(~o`jgbaf co zmjek ej~f ĥgbno^ c^nojc`okarjb`^ �j �as^�w`bgzmj`c\
|^ c^ddbf c�̂ fd^e}r^ co kb�̂~^ cabg g^fb` zaekg^ c^ gaog^d r^d zafg`jbfg^d � ~ ĥae ĥg`bno^dc^ rj z^rror^� rb ĥ̂ d jo }af _afzgbaff^e^fg co kb�̂~^ ej~f ĥgbno^ k^fcjfg gaog^d r^d kmjd^dc^ kb ĥ~^j~^� rb ĥ̂ d �j r�jzz�̂d akgbno^ kao` r^ zmj`~^e^fg co w�� ^g r�a}d^`ijgbaf co ~j�c ĥ~ ĥf ĥ̀ ĥ cjfd r^ kb�̂~^ ej~f ĥgbno^\ y^zb faod j je^f ĥjo dzm ĥej c^ rj (~o`^ x\v � r^d}j``^d c^ ¢£¤¥ ^fg`^fg cjfd r^ z`^o� c^d }a}bf^d Ý¶Û¸¹ ^g ^fgao`^fg r�jkk^fcbz^ c^ rjz^rror^\ uogao` co za`kd k`bfzbkjr c^ rj z^rror^ br l j r^d }a}bf^d co w��� cafg r�j�^z`abd^ r�j�^ co `jr^fgbdd^o` �^^ejf a`gma~afjr^e^fg\ wrod ĥrab~f ĥ ^g do` r^ e¦̂e^ j�^
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c^d }a}bf^d Ý¶Û¸¹� af g`aoi^ r^d }a}bf^d c^ zaek^fdjgbaf nob dafg ogbrbd ĥ̂ d �j rj _abd
kao` r^ g`jfd_^`g �̂ f zaf(~o`jgbaf jfgb�;^remarg�� ^g rj zaek^fdjgbaf co zmjek }bjbdc^d }a}bf^d Ý¶Û¸¹ �̂ f zaf(~o`jgbaf ;^remarg��\
!Ré $TÍÏÎÊ]ËÎÌTÍ U] YÌ{ÈëÈ ÉXëÍ VÈÎÌ\]È

�jfd z^gg^ d^zgbaf  ^ c ĥz`bd gaog^d r^d ĥgjk^d c^ rj ` ĥjrbdjgbaf co kb�̂~^ ej~f ĥgbno^\�jfd rj d^zgbaf x\[ af j io no^ r^ zFo` co kb�̂~^ ^dg `^k` ĥd^fg ĥ kj` krodb^o`d }a}bf^d�j dle ĥg`b^ zlrbfc`bno^ �w��� q`jfd_^`g�yaek^fdjgbaf� Ý¶Û¸¹� ^g of^ }a}bf^ c^ _a`e^g`�̂d jrraf~ ĥ̂ �}j``^ c^ ¢£¤¥�\ �og`^ z^d }a}bf^d� r^ kb�̂~^ ej~f ĥgbno^ ^dg zafdgbgo ĥkj` �H r^ dokka`g kao` r^d }a}bf^d nob k^`e^g r^ eafgj~^ c^ r�̂ fd^e}r^ co kb�̂~^ jogao`c^ rj z^rror^ ^f i^``^� ^g nob ~j`jfgbg rj dgj}brbg ĥf ĥz^ddjb`^ cjfd gaog^d r^d kmjd^dc^ rj ejfbkorjgbaf�H r^d dao`z^d c^ zao`jfg nob jrbe^fg^fg r^d }a}bf^d�H r^ dldg�̂e^ c^d bfg^``okg^o`d c^ zafg`¦ar^ c^ rj cb`^zgbaf co zao`jfg cjfd r^dcbs ĥ̀ ^fg^d ejbrr^d no^ r�af k^og a}g^fb` ji^z r^d }a}bf^d�H r^ dldg�̂e^ c^ `^_`abcbdd^e^fg kao` rj cbddbkjgbaf c^ rj kobddjfz^ :aor^ cjfd r^d}a}bf^d ^g r^d bfg^``okg^o`d�H of e ĥzjfbde^ c^ do`i^brrjfz^ nob jddo`^ r�j``¦̂g c^ rj cbddbkjgbaf c^ kobddjfz^cjfd r^d }a}bf^d co kb�̂~^ ej~f ĥgbno^ ^f zjd c^ cld_afzgbaff^e^fg co dldg�̂e^c^ `^_`abcbdd^e^fg\
�jfd rj dobg^ c^ z^gg^ d^zgbaf  ^ ijbd j}a`c^` r^d c ĥgjbrd g^zmfbno^d c^ rj zafdg`ozgbafc^ zmjno^ kj`gb^ co kb�̂~^\
¹u�ut �x���y�º�zx� {w� ÆxÆz�w� î} �Ð��w�yzw ºÐ|z�{yz»�w

|^d g`abd kjb`^d c^ }a}bf^d �j dle ĥg`b^ zlrbfc`bno^ afg ĥg ĥ zafdg`obg^d ^f `aorjfg co
goljo c^ zobi`^ jogao` c�of eaor^ zafdgbgo ĥ kj` of zlrbfc`^ ^f jroebfboe� ^g c^djff^jo� ^f rjbgaf nob k^`e^gg^fg c^ c ĥg^`ebf^` r� ĥkjbdd^o` c^ rj }a}bf^\ |�̂ f`aorj~^^dg _jbg ^f (�jfg r^ zlrbfc`^ c�jroebfboe jo ejfc`bf c�of gao`\ y^ c^`fb^` ^dg gao`f ĥ�j rj ejbf kao` kaoiab` zafg`¦ar^` (f^e^fg r�jijfz^e^fg co goljo do` rj }a}bf^\ Ef^kbfz^ eafg ĥ̂ do` r^ zmj`bag c^ g`jfdrjgbaf c�aogbr co gao`� ^f _jbdjfg ~rbdd^` r^ goljo
ji^z of^ _`bzgbaf ij`bj}r^� k^`e^g c^ ` ĥ~r^` rj g^fdbaf co goljo jo zao`d c^ r�̂ f`aorj~^�iab` (~o`^ x\x�\ |^ goljo ^f zobi`^ ogbrbd ĥj of^ d^zgbaf zj`` ĥ̂ �x ee ^�g ĥ̀ b^o`� Jeebfg ĥ̀ b^o`� kao` r^d }a}bf^d w�� ^g Ý¶Û¸¹ ^g `^zgjf~orjb`^ ���x ee ^�g ĥ̀ b^o`� x�Jeebfg ĥ̀ b^o`� kao` r^d }a}bf^d c^ zaek^fdjgbaf ��`b^c`bzm ?\ ;^`ejff ¡e�;�\ |�bdarj�gbaf ĥr^zg`bno^ ^fg`^ r^d cbs ĥ̀ ^fg^d dkb`^d ^dg jddo` ĥ̂ kj` of^ cao}r^ zaozm^ c^ gabr^c^ i^``^ ebd^ ^f krjz^ k^fcjfg r�̂ f`aorj~^ c^d }a}bf^d\ �r d�j~bg c�of `o}jf c^ J�eec^ mjog^o` ^g t�²e c�ĥkjbdd^o` �dazb ĥg ĥ qbddg^zm� nob ^dg ^f`aor ĥ jogao` c^ rj kj`gb^



�býb ý*þ���+ý��*þ �+ `� ��e� ��eþ d���s+� pp
Mandrin tour

Anneaux
en laiton

Cylindre en
aluminium

Tuyau
en cuivre

Pince de réglage
de la tension du fil���� x\x� ´µ¶Û¸¶Ý¥ »¥ ¸£ÛÔ·µÖ¸·¶£Û »¥Ô Ø£Ø¶Û¥Ô Óº ÔßÞ Õ¥·µ¶¥ ¸ßÒ¶Û»µ¶àÖ¥å �Û Þ£ÖÒ¥ ï £µÞ Õ¥

Ýºµ ÖÛ ¸ßÒ¶Û»µ¥ »áºÒÖÞ¶Û¶ÖÞ ¥· »¥Öç ºÛÛ¥ºÖç »¥ Òº¶·£Ûè ¥Ô· Þ£Û· Õ¥ ÔÖµ Ò¥ ÞºÛ»µ¶Û »áÖÛ·£Öµå ×¥ ·ÖßºÖ »¥ ¸Ö¶Ñµ¥ Óº ¥Ûµ£ÖÒ¥µ ¥Ô· ·¥Û»Ö Ýºµ ÖÛ¥ Ý¶Û¸¥ Ô£Ò¶»º¶µ¥ ºÖ ¸¹ºµ¶£· »¥ ·µºÛÔ³Òº·¶£Û »á£Ö·¶Ò »Ö ·£Öµå õÑºÛ· »áó¥·µ¥ ¥Ûµ£ÖÒ Õ¥è Ò¥ ·ÖßºÖ ¥Û ¸Ö¶Ñµ¥ ¥Ô· ¶Ô£Ò Õ¥ Õ¥Ò¥¸·µ¶àÖ¥Þ¥Û·¥· Ýµ Õ¥Ýºµ Õ¥ ºÖ ¸£ÒÒºí¥ ¥Û Ò á¥Ûµ£ØºÛ· ºÑ¥¸ ÖÛ µÖØºÛ »¥ ñØµ¥ »¥ Ñ¥µµ¥ Þ£Ö¶ÒÒ Õ¥ »¥ ¸£ÒÒ¥Õ¥Ý£çß ÔÖµ Ôº Ýºµ·¶¥ Ô£ÖÔ ·¥ÛÔ¶£Ûå ×¥ ÞºÛ»µ¶Û »Ö ·£Öµ ¥Ô· ·£ÖµÛ Õ¥ Óº Òº Þº¶Û Ý£Öµ íºµ»¥µÒº Ô¥ÛÔ¶Ø¶Ò¶· Õ¥ Þºç¶ÞºÒ¥å
daod g^fdbaf co (r �zaek`bd^ ^fg`^ rj kbfz^ c^ _`bzgbaf ^g r^ eaor^�\ uijfg c^ r�̂ f`aor^`�zmjno^ goljo j ĥg ĥ j``afcb do` r^d }a`cd kao` no^ z^o��zb f^ zaok^fg kjd r�bdarjgbafĥr^zg`bno^\ °fdobg^ brd afg ĥg ĥ `^zobgd jo zmjroe^jo a�mlc`bno^ j(f no^ r^ goljo d^e^gg^ cjfd rj kadbgbaf za``^zg^ cjfd rj }a}bf^ djfd g`ak c^ ` ĥdbdgjfz^\ yaee^ rjraf~o^o` co goljo f ĥz^ddjb`^ kao` _jb`^ r^d }a}bf^d c^ zaek^fdjgbaf ^dg krod ~`jfc^no^ z^rr^ c^d goljo� �j cbdkadbgbaf� krodb^o`d goljo� afg ĥg ĥ  abfgd kj` of^ }`jdo`^\uk`�̂d z^gg^ ak ĥ̀ jgbaf br ^dg bfcbdk^fdj}r^ c^ d�jddo`^` no^ rj daoco`^ f�j kjd a}go` ĥ
r^ goljo\ wao` no^ rj }a}bf^ dabg `b~bc^ ^g ~j`c^ dj _a`e^ bfbgbjr^ jk`�̂d ¦̂g`^ da`gb^ co
eaor^� r^ goljo ^dg eaobrr ĥ ji^z c^ rj zarr^ ĥka�l jijfg ^g jk`�̂d jiab` ebd r�bdarjgbafĥr^zg`bno^\ |j zarr^ ĥka�l ogbrbd ĥ̂ ^dg r^ îî ÝÒÖÔ ¥Û»ï ¥Ô· �úú ðð c^ E;E� cafg r^ g^ekd c^co`zbdd^e^fg �j g^ek ĥ̀ jgo`^ je}bjfg^ ^dg c^ [J m^o`^d ^fib`af� z^ nob ^dg do±djfg kao`
^f`aor^` r^d }a}bf^d c^ krod ~`add^ gjbrr^\ |j zarr^ ĥka�l j of^ ` ĥdbdgjfz^ (fjr^ �j rjg`jzgbaf c^ [J�@~nze� kao` of co`zbdd^e^fg �j g^ek ĥ̀ jgo`^ je}bjfg^� ^g ` ĥdbdg^ �j c^dg^ek ĥ̀ jgo`^d c^ [�� By\ Egbrbd^` c^ rj zarr^ ĥka�l g`�̂d ` ĥdbdgjfg^ k^og ¦̂g`^ cjf~^`^o�zj` db rj }a}bf^ d^ zarr^ jo eaor^� jo zao`d co c ĥeaorj~^ af `bdno^ c^ r�j}¦�e^`\ wao`
ĥibg^` z^ k`a}r�̂e^ af k^og jra`d djrb` r^d do`_jz^d co eaor^ �zlrbfc`^ ^g jff^jo�� ji^zc^ r�mobr^ ebf ĥ̀ jr^ ^g r^d zaoi`b` ji^z of (re c^ krjdgbno^ �j odj~^ jrbe^fgjb`^\ ui^z r^ddo`_jz^d jbfdb k` ĥkj` ĥ̂ d� r^ c ĥeaorj~^ ^dg k`^dno^ beeĥcbjg� kao`io no�af ogbrbd^ of^k`^dd^ mlc`jorbno^ kao` da`gb` r^ zlrbfc`^ ^f jroebfboe c^ rj }a}bf^\ Ef^ _abd g^`ebf ĥ
r�̂ f`aorj~^ c^ rj }a}bf^� af zaek`be^ r^d c^o� jff^jo� ^f rjbgaf r�of zafg`^ r�jog`^
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Cellule

Atomes

Angle de vue

des atomes: 60
0

Barres Ioffe

Bobine pinch

���� x\{� ä¥¸·¶£Û »¥Ô Øºµµ¥Ô ¢£¤¥ ºÖ Û¶Ñ¥ºÖ »¥Ô º·£Þ¥Ôå ×¥ Ýµ£ñÒ »¥Ô Øºµµ¥Ô Ý¥µÞ¥· »áº¸³¸Ö¥¶ÒÒ¶µ ¥Û Ô£Û ¸¥Û·µ¥ Ò áºÝÝ¥Û»¶¸¥ »¥ Òº ¸¥ÒÒÖÒ¥ ¥Û àÖºµ·�å ×¥Ô »¶Þ¥ÛÔ¶£ÛÔ ¥ç· Õ¥µ¶¥Öµ¥ÔÔ£Û· Ò¶Þ¶· Õ¥¥Ô Ýºµ Ò¥ »¶ºÞ Ó¥·µ¥ ¶Û· Õ¥µ¶¥Öµ »¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹ »ºÛÔ Ò¥ÔàÖ¥ÒÒ¥Ô Ò¥Ô Øºµµ¥ÔÔ á¶ÛÔ Ó¥µ¥Û·å ÷Û Ý¥Ö· Û£·¥µ Ò¥ íµºÛ» ºÛíÒ¥ »¥ ÑÖ¥ »¥Ô º·£Þ¥Ô ºÖ·£µ¶ÔºÛ· ÖÛ¥ » Õ¥·¥¸·¶£Û Óº¹ºÖ·¥ µ Õ¥Ô£ÒÖ·¶£Ûå
kj` c^d d^``^� abfgd j(f c�jgg^bfc`^ r� ĥkjbdd^o` zmabdb^\

¹u�u� �x���y�º�zx� {w� Æ}yyw� ÃÄÅ Æ
|j zafdg`ozgbaf c^ rj }a}bf^ }j``^d ¢£¤¥ ���� ^dg of k^o krod zaekr^�^ kj` `jk�ka`g jo� }a}bf^d �j dle ĥg`b^ zlrbfc`bno^ kobdno�bzb br ^dg g`�̂d beka`gjfg no^ rj }a}bf^dabg zaekjzg^� dgj}r^ ^g no�̂ rr^ dabg k`azm^ c^d jgae^d\ |�akgbebdjgbaf c^ z^d g`abd

kj`je�̂g`^d a}rb~^ �j zafdg`ob`^ of^ }a}bf^ cafg r^ goljo j of k`a(r ij`bj}r^ ^f _afz�gbaf c^ dj kadbgbaf r^ raf~ c^ rj }a}bf^\ |^d zafg`jbfg^d ~ ĥae ĥg`bno^d dafg d ĥi�̂̀ ^dkobdno^ rj }a}bf^ cabg ra~^` r�jkk^fcbz^ c^ rj z^rror^ daod ibc^� ^f `^dgjfg joddb k`azm^no^ kaddb}r^ c^d jgae^d� ^g� ^f e¦̂e^ g^ekd� ^rr^ cabg kaoiab` ~rbdd^` �j r�bfg ĥ̀ b^o` c^d}a}bf^d Ý¶Û¸¹ �iab` (~o`^ x\v�\ |j zafdg`ozgbaf c^ rj }a}bf^ d^ cbibd^ ^f g`abd kj`gb^d �
k` ĥkj`jgbaf co goljo ji^z of^ d^zgbaf za``^zg^� r^ krbj~^ co goljo cjfd dj _a`e^ (fjr^^g r^ zarrj~^\

�f zaee^fz^ kj` f^ggal^` rj do`_jz^ c^ c^o� e�̂g`^d c^ goljo c^ zobi`^ `^zobgx�Jee �j r�jbc^ c^ kjkb^` j}`jdb_ (f\ �f `^c`^dd^ r^ goljo ^f ogbrbdjfg of eaor^ (� ĥdo` r^d kbfz^d c�of ĥgjo� z^zb ^dg _a`e ĥ kj` c^o� krjfzm^d c�jroebfboe �[J�[\{ ze^fib`af� do` zmjzof^ c^dno^rr^d br l j of^ rb~f^ z`^od^ ji^z rj d^zgbaf c�of c^eb z^`zr^c^ cbje�̂g`^ ĥ~jr^ �j z^rob co goljo\ °f r� ĥz`jdjfg ji^z z^ eaor^� r^ goljo c^ib^fg jdd^�c`abg kao` r^d ak ĥ̀ jgbafd dobijfg^d\ui^z c^d _^og`^d af fag^ do` r^ goljo gaod r^d `^kjb`^d f ĥz^ddjb`^d � kadbgbaf c^ c ĥ}og
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���� x\�� ä¸¹ Õ¥Þº »¥ Òº ñÒ¶ Ó¥µ¥ Ö·¶Ò¶Ô Õ¥¥ Ý£Öµ º»ºÝ·¥µ Ò¥ Ýµ£ñÒ »áÖÛ ·ÖßºÖ µ£Û» Óº Òº Ô¥¸·¶£Û»¥Ô Øºµµ¥Ô ¢£¤¥å âÛ ¸¹£¶Ô¶ÔÔºÛ· ÖÛ¥ ¸£ÛñíÖµº·¶£Û Óº ·µ£¶Ô µ£Ö¥Ô £Û Ý¥Ö· £Ø·¥Û¶µ ÖÛ Ýµ£ñÒ·µ¶ºÛíÖÒº¶µ¥ Õ¥àÖ¶Òº· Õ¥µºÒå ÜºÛÔ Òº ¸£ÛñíÖµº·¶£Û Óº àÖº·µ¥ µ£Ö¥Ô £Û £Ø·¶¥Û· »¥Ô ·µºÝ Ó¥�¥Ôq»µ£¶·q £Ö qíºÖ¸¹¥q ¥Û ï £Û¸·¶£Û »¥ Ò á£µ¶¥Û·º·¶£Û »¥ Òº ñÒ¶ Ó¥µ¥ Ýºµ µºÝÝ£µ· ºÖ ·ÖßºÖ �Ñ£¶µñíÖµ¥ ùå�½å
^g (f c^ rj eacb(zjgbaf c^ rj d^zgbaf� ebrb^o c^ rj �af^ �j d^zgbaf eacb( ĥ̂ �nob d^`j r^z^fg`^ co kb�̂~^ ej~f ĥgbno^�� kadbgbafd c^d krbo`^d co goljo\ w^fcjfg r^d ak ĥ̀ jgbafd br^dg _jzbr^ c^ d^ g`aek^` cjfd r�a`b^fgjgbaf co zmjf~^e^fg c^ k`a(r ao cjfd rj cb`^zgbafc�of krbj~^\ �r ^dg ogbr^ jra`d c^ g`jz^` of^ rb~f^ c`abg^ do` gaog^ rj raf~o^o` nob _^`ja±z^ c^ cb`^zgbaf i^`gbzjr^ c^ rj }a}bf^� ^g c�bfcbno^` do` zmjno^ kj`gb^ �j d^zgbafeacb( ĥ̂ dj kadbgbaf cjfd rj }a}bf^ �g`bjf~r^� g`jk�̂�^ oc`abgo ao o~jozm^o� iab` (~o`^x\{�\ wao` eacb(^` r^ k`a(r af (�^ of }aog co goljo �j r�jbc^ co eaor^ ogbrbd ĥkao` r^`^c`^ddj~^\ ui^z of^ (rb�̂̀ ^ �j `aor^e^fg �(~o`^ x\��� af eacb(^ r^d kj`gb^d co goljozafz^`f ĥ odno��j a}g^fb` r^ k`a(r `^zm^`zm ĥ\ wao` no^ r^ goljo d^ eacb(^ c�of^ _j)zafofb_a`e^� djfd }add^d ao ^fga`d^d� br ijog eb^o� eacb(^` r^ k`a(r ^f krodb^o`d ĥgjk^d�^f zaee^f)zjfg ji^z k^o c^ k`^ddbaf do` r^d `aor^e^fgd� kao` ^fdobg^ d^``^` r^d ibdnob r^ kaodd^fg c^ krod ^f krod\ Ef^ c^d zafd ĥno^fz^d c^ z^gg^ ak ĥ̀ jgbaf ^dg no^ r^goljo d�jrraf~^ jo _o` ^g �j e^do`^ no�br d� ĥz`jd^\ uk`�̂d no^rno^d ^ddjbd� af j g`aoi ĥno�of jrraf~^e^fg c^ J�= co goljo ĥgjbg of }af zaek`aebd ^fg`^ rj eacb(zjgbaf c^
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���� x\p� ä¸¹ Õ¥Þº »¥ ÝÒ¶ºí¥ »Ö ·ÖßºÖ Ý£Öµ Ò¥Ô Øºµµ¥Ô ¢£¤¥ ¥· »¥ Òº »¶µ¥¸·¶£Û »Ö ¸£ÖµºÛ·å×¥Ô ÝÒ¶Öµ¥Ô Ô£Û· Ô¶Þ¶Òº¶µ¥Ô Óº ¸¥ÒÒ¥ »áÖÛ¥ Ø£Ø¶Û¥ ØºÔ¥ØºÒÒ ø��û ÔºÖï àÖ¥ Òº Ø£Ø¶Û¥ ¥Ô··£ÖµÛ Õ¥¥ »¥ �ú¿ ¥Û·µ¥ ¸£Ö¸¹¥Ô ÔÖ¸¸¥ÔÔ¶ïÔå
rj d^zgbaf ^g r� ĥz`jd^e^fg co z`^o� co goljo\ �f ogbrbd^ cafz z^ z`bg�̂̀ ^ kao` a}g^fb`of^ eacb(zjgbaf co k`a(r maea~�̂f^ r^ raf~ c^ gaog^ rj }a}bf^\ qao ao`d ^f _jbdjfg
jgg^fgbaf jo ejbfgb^f c^ rj i^`gbzjrbg ĥ� af zaee^fz^ kj` eacb(^` r^d nojg`^ ea`z^jo� �jd^zgbaf g`bjf~orjb`^ �(~o`^ x\{�� ^fdobg^ af zafgbfo^ ji^z r^d mobg ea`z^jo� c^ d^zgbafg`jk ĥ�a��cjr^\ |a`dno�af k`acobg of^ d^zgbaf g`jk ĥ�a��cjr^ br _jog _jb`^ jgg^fgbaf �j rjzmb`jrbg ĥ co g`jk�̂�^\ °f _jbg z^rob nob ^dg krod k`azm^ c^ rj z^rror^ j of^ a`b^fgjgbafcbs ĥ̀ ^fg^ kj` `jkka`g �j z^rob nob ^dg krod ĥzj`g ĥ\ °f _afzgbaf c^ rj kj`gb^ c^ rj }a}bf^no^ r�af zafdbc�̂̀ ^� br _jog cafz zmabdb` r�a`b^fgjgbaf za``^zg^ c^ rj (rb�̂̀ ^ kj` `jkka`g jo
goljo\

uk`�̂d r^ zmjf~^e^fg c^ k`a(r� r^ goljo ^dg `b~bc^ �j zjod^ c^d krbo`^d dozz^ddbi^ddo}b^d � �j zmjno^ c ĥ_a`ejgbaf r^ zobi`^ îî d� ĥz`aobg ðð �c^ib^fg krod `b~bc^�\ wao` `^f�c`^ r^ goljo krod daokr^ ^g _jzbrbg^` r^ krbj~^ af k^og r^ `^zob`^ ^f zmjosjfg ji^z ofzmjroe^jo a�mlc`bno^  odno��j z^ no�br c^ib^ff^ _jb}r^e^fg `ao~^\ uijfg c^ k`az ĥc^`jo krbj~^ br ^dg ogbr^ c^ _jb`^ of eac�̂r^ c^ }a}bf^ ji^z co goljo `afc kao` jkk`^fc`^�j }b^f a`b^fg^` r^d cbs ĥ̀ ^fg^d krbo`^d c^ rj }a}bf^\ |^ krbj~^ ^dg _jbg �j r�jbc^ c�of^ ej�zmbf^ zaf)zo^ dk ĥzbjr^e^fg cjfd z^ }og\ �r d�j~bg c�of^ krb^od^ kao` goljo� c^ �ee c^cbje�̂g`^ eacb( ĥ̂ kao` c^d goljo� c^ x ee\ wobdno^ rj }a}bf^ k` ĥd^fg^ c^d zao`}^d c^cbs ĥ̀ ^fgd `jlafd c^ zao`}o`^� af j joddb k` ĥkj` ĥc^d g¦̂g^d `afc^d c^ krodb^o`d cbje�̂g`^d\|j }j``^gg^ c^ }`jfzm^e^fg ^fg`^ r^d c^o� kab~f ĥ̂ d c^ rj krb^od^ ^dg jra`d ` ĥ~rj}r^ ^fraf~o^o` kao` d�jcjkg^` jo� g¦̂g^d c^ cbs ĥ̀ ^fg^d gjbrr^d\ |^d krbo`^d f^ dafg kjd ^��jzg^e^fg zaee^ z^rr^ c�of^ }a}bf^ ØºÔ¥ØºÒÒ �t�� ejbd ^rr^d dafg gao`f ĥ̂ d c^ t� c^~` ĥddo` r�j�^ co kb�̂~^ zmjno^ _abd no�af kjdd^ c�of zazm^ �j r�jog`^\ y^zb rbebg^ r^ zmjekej~f ĥgbno^ r^ raf~ c^ r�j�^ co kb�̂~^ k`acobg kj` r^d krbo`^d jo }aog c^d }j``^d ^g`^fc krod bfc ĥk^fcjfg r^ zaf(f^e^fg j�bjr co zaf(f^e^fg `jcbjr �iab` (~o`^ x\p�\ °f_jbg� kobdno^ r^d zaozm^d c^d }j``^d c^ ¢£¤¥ dafg bekjb`^d� z^gg^ jdgoz^ k^og ` ĥcob`^d^or^e^fg kj`gb^rr^e^fg r^ zmjek ej~f ĥgbno^ kj`jrr�̂r^ �j r�j�^ co kb�̂~^ c¦o jo� }j``^d\��̂d no^ rj }a}bf^ j �j k^o k`�̂d rj }aff^ _a`e^ af rj c ĥzjk^ kao` no^ rj zarr^ _jdd^
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a) b)

Creux logement
des barres Ioffe

���� x\�� ä¸¹ Õ¥Þº »¥ Òº Ýµ¥ÔÔ¥ Ö·¶Ò¶Ô Õ¥¥ Ý£Öµ ¸£ÒÒ¥µ Ò¥Ô Øºµµ¥Ô ¢£¤¥ ºÑ¥¸ Òº ï £µÞ¥ ¸£µµ¥¸·¥åº½ ÑÖ¥ ºÔÔ¥ÞØÒ Õ¥¥ »¥ Òº Ýµ¥ÔÔ¥è Ø½ ÑÖ¥ Õ¥¸Òº· Õ¥¥å

}aff^ k`bd^ � af rj zmjos^ ji^z of zmjroe^jo a�mlc`bno^ ^g nojfc ^rr^ ^dg ^fza`^}`¦orjfg^ af rj  ^gg^ cjfd of }jbf c�jrzaar ĥgmlrbno^ c ĥfjgo` ĥ\ |�bdarjgbaf ĥr^zg`bno^ ^dgzafdgbgo ĥ̂ kj` of^ ~jbf^ c^ (}`^ c^ i^``^ c^ v\{ee c^ cbje�̂g`^ no^ r�af _jbg ~rbdd^` r^raf~ c^ gaog^ rj raf~o^o` co goljo\ �b^f no^ )zj dabg of k^o raf~ �j _jb`^� br ^dg k` ĥ_ ĥ̀ j}r^c^ f^ kjd zaok^` rj ~jbf^ ^f krodb^o`d ea`z^jo� kao` no�̂ rr^ f^ d�̂ ±razm^ kjd g`ak jo�}a`cd\
|^ zarrj~^ ^dg _jbg �j r�jbc^ c�of eaor^ �(~o`^ x\�� nob ~j`c^ rj }a}bf^ cjfd dj_a`e^ (fjr^ £ br ^dg cafz c^ddbf ĥ kao` no^ rj }a}bf^ kobdd^ jzzo^brrb` r�jkk^fcbz^ c^ rjz^rror^ djfd g`ak c^  ^o ��\pee ^f gagjr�� ^g kao` no�br l jbg of }af jzz�̂d akgbno^\ |jk`az ĥco`^ c^ zarrj~^ ^dg dbebrjb`^ �j z^rr^ c ĥz`bg^ ^f d^zgbaf x\J\[ � r^d do`_jz^d co eaor^dafg g`jbg ĥ̂ d ji^z c^ r�mobr^ ebf ĥ̀ jr^ ^g `^zaoi^`g^d ji^z of (re krjdgbno^ g`jfdkj`^fg�rj zarr^ joddb bc^fgbno^\ Ef^ _abd no^ rj }a}bf^ j ĥg ĥ `^zaoi^`g^ c^ zarr^ ^g ebd^ cjfd r^eaor^� af zaek`be^ r^ eaor^ ji^z of^ k`^dd^ mlc`jorbno^\ uijfg no^ rj zarr^ d�̂zm^ br_jog krb^` r^ goljo nob da`g co eaor^ j(f no^ rj }a}bf^ jbg r^d cbe^fdbafd ^�g ĥ̀ b^o`^dc ĥdb` ĥ̂ d �̂ rr^ cabg ^fg`^` cjfd of goljo c^ cbje�̂g`^ bfg^`f^ ĥ~jr^ �j z^rob c^d }a}bf^dÝ¶Û¸¹�� ^g no�br l jbg of }af jzz�̂d akgbno^ r^ raf~ c^ r�j�^ k`bfzbkjr co kb�̂~^ ej~f ĥgbno^\
|^ c ĥeaorj~^ ^dg _jzbrbg ĥkj` c^d ibd nob d^ g`aoi^fg do` r^d c^o� kj`gb^d ^�g ĥ̀ b^o`^dco eaor^� z^ nob k^`e^g c�ĥzj`g^` r^d cbs ĥ̀ ^fg^d kj`gb^d co eaor^ ^fg`^ ^rr^d\ ui^z of^_`jbd^od^ �`^e^r af ^fr�̂i^ r^ do`krod c^ zarr^ ^g af f^ggab^ rj do`_jz^ c^ rj }a}bf^ nob_^`j _jz^ �j r�jkk^fcbz^  odno�jo fbi^jo co zobi`^\ |�bdarjgbaf ĥr^zg`bno^ bzb ^dg bfogbr^^g ~¦̂fjfg^ db af i^og of^ }a}bf^ joddb zaekjzg^ no^ kaddb}r^\
�^o� d ĥ̀ b^d c^ `^f_a`gd ^f wÆy dafg zarr ĥ̂ d �j r�̂ fc`abg a�o br l jo`j rj }a}bf^ Ý¶Û¸¹\y^d `^f_a`gd dafg k^`z ĥd kao` f^ kjd ^ek¦̂zm^` r�jzz�̂d akgbno^ r^ raf~ c^ r�j�^ k`bfzbkjrco kb�̂~^\



�J ý_�`���� �b `� d�e��e� ��eþ d���s+�¹u�u¤ �w ����xy� {w� ÆxÆz�w�
|^ dokka`g c^d }a}bf^d ^dg zaf)zo kao` ~j`c^` r�̂ fd^e}r^ co kb�̂~^ ej~f ĥgbno^ `b~bc^�e^fg djfd bfg`acob`^ c^ zao`jfgd kj`jdbg^d k^fcjfg rj zaoko`^ co zmjek ej~f ĥgbno^\�^o� zano^d ^f �^r`bf ��owafg� ra~^fg zmjno^ glk^ c^ }a}bf^d\ u r�bfg ĥ̀ b^o` af g`aoi^rj }a}bf^ Ý¶Û¸¹� ^fdobg^ rj }a}bf^ co w�� ^g �j r�̂ �g ĥ̀ b^o` rj }a}bf^ c^ zaek^fdjgbaf�(~o`^ x\t mjog�\ |^d c^o� zano^d k^oi^fg ~rbdd^` r�of^ i^`d r�jog`^ do` nojg`^ gb~^d(r^g ĥ̂ d c�jzb^` bfa� nob dafg dokka`g ĥ̂ d do` nojg`^ zaraff^d c�jroebfboe\ |^d gb~^d(r^g ĥ̂ d dafg bdar ĥ̂ d ĥr^zg`bno^e^fg c^d zaraff^d kj` c^d goljo� ^g c^d jff^jo� ^f wÆy�iab` (~o`^ x\t }jd�\ wrodb^o`d ĥz`aod d^`` ĥd do` r^d gb~^d jddo`^fg rj `b~bcbg ĥc^ r�̂ fd^e�}r^\ |j }a}bf^ Ý¶Û¸¹ ^dg kaodd ĥ̂ cjfd rj zano^ kj` of kb�̂z^ c^ wÆy nob dokka`g^joddb r^d }j``^d ¢£¤¥ do` c^d ibd ^f flraf\ |j }a}bf^ co w�� ^dg kaodd ĥ̂ zafg`^ r^dokka`g kj` rj }a}bf^ c^ zaek^fdjgbaf ^g d^`` ĥ̂ kj` c^d }`bc^d� jbfdb no^ rj }a}bf^ c^zaek^fdjgbaf\ �^d zjr^d c^ g^�af krjz ĥ̂ d ^fg`^ rj }a}bf^ c^ zaek^fdjgbaf ^g rj zano^k^`e^gg^fg c^ ` ĥ~r^` (f^e^fg rj kadbgbaf c^ rj }a}bf^\ |^ eafgj~^ co kb�̂~^ ej~f ĥgbno^jogao` c^ rj z^rror^ ^dg _jbg ^f c^o� ĥgjk^d � c�j}a`c af jdd^e}r^ r^ kb�̂~^ do` of^ gj}r^akgbno^� ^fdobg^ af r^ _jbg ~rbdd^` i^`gbzjr^e^fg jogao` c^ rj z^rror^ ^g c^ r�jkk^fcbz^ �jr�jbc^ c�of dldg�̂e^ c�ĥz`aod ^g c^ gb~^d (r^g ĥ̂ d eafg ĥ̂ d �j z¦ag ĥc^ zmjno^ zaraff^ �iab`(~o`^ x\t�\ w^fcjfg z^gg^ kmjd^ br ^dg ogbr^ c�ogbrbd^` c^d krjno^d c^ zaff^�baf ^fg`^ r^dzaraff^d c^ dokka`g kao` cbebfo^` r^ o ^oo\

¹u�u¹ �w� �x�yºw� {w ºx�y}��
|^d dao`z^d c^ zao`jfg no^ faod jiafd ogbrbd ĥ̂ d kao` r^ kb�̂~^ ej~f ĥgbno^ dafg gaog^dco e¦̂e^ glk^\ �r d�j~bg c�jrbe^fgjgbafd |je}cj °eb� eac�̂r^ °�� [��[����[����qy�y° �[�Æ [���u�� °�� J��{���[����qy�y° �J�Æ {��u� ao °�� v��{���[���qy�y°�v�Æ {��u�\ ��jk`�̂d rj cazoe^fgjgbaf� z^d jrbe^fgjgbafd afg of^ dgj}brbg ĥ c^ [�^�

^f eac^ c^ zafg`¦ar^ c^ g^fdbaf ^g [�^< ^f eac^ c^ zafg`¦ar^ zao`jfg\ |^ ` ĥ~rj~^ ^fzao`jfg ao g^fdbaf ^dg _jbg kj` of db~fjr jfjra~bno^ ~ ĥ̀ ĥkj` a`cbfjg^o`\ wao` ĥibg^` gaog
k`a}r�̂e^ c^ }aozr^ c^ ejdd^� gaog^d r^d jrbe^fgjgbafd dafg �aggjfg^d\ wj` zafd ĥno^fg r^db~fjr jfjra~bno^ c^ zafg`¦ar^ ^dg rob joddb �aggjfg kj` `jkka`g jo �E� c^ r�a`cbfjg^o`~`¦jz^ �j of dldg�̂e^ c�akga�zaokr^o`d\ wobdno^ r^d akga�zaokr^o`d k^oi^fg dokka`g^`c^d g^fdbafd jrrjfg  odno��j [���Æ� rj g^fdbaf c^d jrbe^fgjgbafd ^dg rbebg ĥ̂ �j [���Æ kj``jkka`g �j rj ejdd^ co rj}a`jgab`^ kj` c^d ij`bdga`d\
¹u�uÄ ���wyy���w�y� w� ºx��yÇx|w {w ºx�y}���

�jfd rj d^zgbaf x\[� af j cbdzog ĥ c^ _afzgbaf c^ zmjno^ }a}bf^ co kb�̂~^\ �f j iono^ kj` ^�^ekr^ z^`gjbf^d }a}bf^d dafg ogbrbd ĥ̂ d cjfd zaf(~o`jgbafd cbs ĥ̀ ^fg^d� z�̂ dg
r^ zjd c^d }a}bf^d c^ g`jfd_^`g ao c^ zaek^fdjgbaf� nob cjfd of^ k`^eb�̂̀ ^ kmjd^ dafgogbrbd ĥ̂ d ^f zaf(~o`jgbaf nojc`okarjb`^ �jfgb�;^remarg�� ^g ^fdobg^ ^f zaf(~o`jgbafcbkarjb`^ �;^remarg��\ Ef jog`^ kabfg beka`gjfg kao` r^ }af _afzgbaff^e^fg co kb�̂~^
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logement de la
bobine PMO

logement de la
bobine pinch

logement de la
bobine transfert

creux pour
l’appendice

creux pour
la cellule

a) b)

c)

tiges filetées

écrous

isolation PVC

pieds aluminium

47 cm

���� x\t� º½è Ø½ ÿ »¥ÔÔ¶Û »¥Ô ¸£àÖ¥Ô ¥Û ÝÒºÔ·¶àÖ¥Ô »¥ Ò£í¥Þ¥Û· »¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹è ´é÷è ¥··µºÛÔï ¥µ·å ½̧ ÑÖ¥ »á¥ÛÔ¥ÞØÒ¥ »Ö ÔÖÝÝ£µ· »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ¸£ÞÝÒ Õ¥· Õ¥ »Ö ÔßÔ· Ó¥Þ¥ Ý£ÖµÒ¥ ï º¶µ¥ íÒ¶ÔÔ¥µ Ñ¥µ·¶¸ºÒ¥Þ¥Û· ºÖ·£Öµ »¥ Ò áºÝÝ¥Û»¶¸¥å Ü¥Ô Ø£Ö·Ô »¥ ¸£µÛ¶ Ó¥µ¥Ô º··º¸¹ Õ¥¥ÔºÖç Ý¶¥»Ô »Ö ÔÖÝÝ£µ· íÒ¶ÔÔ¥Û· ºÖ·£Öµ »¥ àÖº·µ¥ ·¶í¥Ô ñ Ò¥· Õ¥¥Ô Ñ¥µ·¶¸ºÒ¥Ô ñç Õ¥¥Ô Óº Òº ·ºØÒ¥£Ý·¶àÖ¥å Ü¥Ô Õ¥¸µ£ÖÔ Ñ¶ÔÔ Õ¥Ô ÔÖµ ¸¥Ô »¥µÛ¶ Ó¥µ¥Ô Ý¥µÞ¥··¥Û· »¥ µ Õ¥íÒ¥µ ñÛ¥Þ¥Û· Òº ¹ºÖ·¥Öµ»Ö ÔÖÝÝ£µ·å
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Symbols:

=

=

MOT coils

MOSFET IGBT 1200 V   500 A / 1000 A
Protection diode
Varistor 800 V

Varistor
800 V

Ioffe barsMOT power
supply
30 V   500 A

Ioffe bars
power supply
10 V    1000 A

Pinch power
supply
40 V   500 A

D1

D3

D2

S1

S2

S3

S4
S5

S6 S9

S8

S7

pinch coilscompensation
coil comp1

comp2

���� x\[�� ä¸¹ Õ¥Þº »Ö ¸¶µ¸Ö¶· Õ¥Ò¥¸·µ¶àÖ¥ »¥ ¸£Û·µ ó£Ò¥ »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥å ×¥Ô ¶Û·¥µ³µÖÝ·¥ÖµÔ Ö·¶Ò¶Ô Õ¥Ô £Û· ÖÛ¥ »¶£»¥ ¥Û ÝºµºÒÒ Ó¥Ò¥ »¥ Ýµ£·¥¸·¶£Û ¸£Û·µ¥ »¥Ô ¸£ÖµºÛ·Ô ¶ÛÑ¥µÔ¥ÔåÜ¥Ô »¶£»¥Ô £Û· Õ¥· Õ¥ Þ¶Ô¥Ô ¥Û ÝÒº¸¥ Ý£Öµ » Õ¥ñÛ¶µ Òº »¶µ¥¸·¶£Û »¥ ¸¶µ¸ÖÒº·¶£Û »Ö ¸£ÖµºÛ·¶Û» Õ¥Ý¥Û»ºÞÞ¥Û· »¥ Òº ¸£ÛñíÖµº·¶£Û »¥Ô ¶Û·¥µµÖÝ·¥ÖµÔå

^dg rj `jkbcbg ĥ c^ ` ĥkafd^ c^d }a}bf^d\ u zjod^ c^ r�bfcozgjfz^ c^d }a}bf^d� r^ g^ekdc^ ` ĥkafd^ �j r�jrroej~^ �[no ^fib`af� ^dg c^ r�a`c`^ c^ {��²d kao` r^d }j``^d c^ ¢£¤¥�[ed kao` r^d }a}bf^d w�� ^g Ý¶Û¸¹� ^g [�ed kao` r^d }a}bf^d c^ zaek^fdjgbaf\ |jibg^dd^ gm^`ebno^ co |b jk`�̂d r^ k` ĥ̀ ^_`abcbdd^e^fg rjd^` ^dg c^ r�a`c`^ c^ [end\ �b r^g^ekd c�jrroej~^ co kb�̂~^ ej~f ĥgbno^ ^dg dok ĥ̀ b^o` �j rj ed� z^rj bfcobg of^ cbebfo�gbaf c^ c^fdbg ĥ dkjgbjr^ bfzaekjgb}r^ ji^z r�jea`)zj~^ co `^_`abcbdd^e^fg ĥijka`jgb_\�jfd rj d^zgbaf {\J\v�  ^ cbdzog^ rj d ĥno^fz^ c^ zmj`~^e^fg co kb�̂~^ ej~f ĥgbno^� ejbdaf zaek`^fc bzb no^ r�of c^d k`a}r�̂e^d `^fzafg` ĥ ^dg no�af f^ k^og kjd jrroe^` r^kb�̂~^ ji^z rj zaek^fdjgbaf co zmjek ej~f ĥgbno^ jzgbi ĥ̂ � �j zjod^ co raf~ g^ekd c^` ĥkafd^ c^d }a}bf^d c^ zaek^fdjgbaf\ |�jrroej~^ c^d }a}bf^d Ý¶Û¸¹ djfd zaek^fdj�gbaf f ĥz^ddbg^ cafz of^ jog`^ dao`z^ c^ zao`jfg\ |^ zb`zobg ĥr^zg`bno^ no^ faod jiafd
jcakg ĥ^dg `^k` ĥd^fg ĥ ^f (~o`^ x\[�\ |^d }a}bf^d c^ zaek^fdjgbaf [ ^g J dafg a`b^fg ĥ̂ dc^ g^rr^ _j)zaf no�ji^z r�jrbe^fgjgbaf Ý¶Û¸¹ jrroe ĥ̂ � ^g �J ^g �x _^`e ĥd� r^ zmjek }b�jbd c^d }a}bf^d Ý¶Û¸¹ ^dg zaek^fd ĥ\ �b �j rj krjz^ c^ �J ^g �x af _^`e^ �[ ^g �v� r^d}a}bf^d c^ zaek^fdjgbaf k`acobd^fg of zmjek nojc`okarjb`^\ �jfd z^gg^ kmjd^ afk^og bfc ĥk^fcjee^fg _jb`^ zb`zor^` co zao`jfg cjfd r^d }a}bf^d w�� �j r�jbc^ c^ r�jrb�e^fgjgbaf w��\ y^zb ^dg bfcbdk^fdj}r^ kao` r^ g`jfd_^`g ej~f ĥgbno^ ^fg`^ rj ` ĥ~baf c^kb ĥ~^j~^ ej~f ĥga�akgbno^ ^g ¢£¤¥³´µ¶·¸¹ºµ»\ |^ zb`zobg ĥr^zg`bno^ zafgb^fg c^d cbac^d



�býb ý*þ���+ý��*þ �+ `� ��e� ��eþ d���s+� �{
kao` ĥibg^` no^ r^ zao`jfg f^ zb`zor^ cjfd rj ejoijbd^ cb`^zgbaf k^fcjfg r^ g`jfd_^`gej~f ĥgbno^� nojfc rj g^fdbaf c^ r�jrbe^fgjgbaf w�� c^ib^fg krod _jb}r^ no^ z^rr^ c^r�jrbe^fgjgbaf Ý¶Û¸¹� ao jo zao`d c^ rj zaoko`^ c^d zmjekd ej~f ĥgbno^d� �j zjod^ c^r�bfcozgjfz^ eogo^rr^\

qaod r^d bfg^``okg^o`d ��¡�q waG^`^� ` ĥ_\ y����;u�Jx;� £ÁÈÉ © ���u� �ÊË ©[J��Æ� dafg k`ag ĥ~ ĥd kj` c^d ij`bdgjfz^d nob rbebg^fg rj g^fdbaf �j ���Æ� ^g cafz cbd�dbk^fg r� ĥf^`~b^ ej~f ĥgbno^ c^d }a}bf^d k^fcjfg rj zaoko`^ c^d zmjekd\ wao` ĥibg^`r^d do`zmjos^d� r^d bfg^``okg^o`d cjfd r^dno^rd r^ zao`jfg zb`zor^ raf~g^ekd ��J� �x��� ^g �� c^ (~o`^ x\[�� dafg zafdgbgo ĥd c^ c^o� ao nojg`^ ���� �¡�q ^f kj`jrr�̂r^\ðojfc af e^g z^ glk^ c�bfg^``okg^o` ^f kj`jrr�̂r^ br _jog _jb`^ g`�̂d jgg^fgbaf �j no^ r^zb`zobg `^dg^ odle ĥg`bno^o\ y^zb db~fb(^ no�brd cabi^fg ¦̂g`^ g`b ĥd kao` no^ rj zmog^ c^g^fdbaf dabg rj e¦̂e^ do` r^d ��¡q ^f kj`jrr�̂r^\ |^d zaff^zgbafd ĥr^zg`bno^d cabi^fg¦̂g`^ ~ ĥae ĥg`bno^e^fg dle ĥg`bno^d\ |^ zafg`¦ar^ ^dg _jbg kj` rj e¦̂e^ ka`g^ c^ zae�ejfc^ ^g rj c ĥ̀ bijgbaf kao` r^d cbs ĥ̀ ^fgd �¡�q ^dg _jbg^ rj krod k`azm^ kaddb}r^ c^dbfg^``okg^o`d\ wobdno^ kao` zmjf~^` `jkbc^e^fg r� ĥgjg c^ krodb^o`d �¡�q br _jog ofzao`jfg c^ no^rno^d cb�jbf^d c�uek�̂̀ ^d� jk`�̂d r^ c`bi^` c^ r��¡�q d^ g`aoi^ of^ ĥgjk^c�jekrb(zjgbaf c^ zao`jfg ji^z of zb`zobg kodm�korr\|^d jrbe^fgjgbafd c^ zao`jfg dafg k`ag ĥ~ ĥ̂ d zafg`^ c^d zao`jfgd bfi^`d^d kj` c^dcbac^d\ �^d �����°q k^`e^gg^fg c^ r^d zao`g�zb`zobg^` kao` c ĥzmj`~^` r^d zjkjzbg ĥd�kao` r^d `jek^d c^ zao`jfg nob kj`g^fg c^ � ĥ̀ a� kj` ^�^ekr^�\ qaod r^d bfg^``okg^o`ddafg ~ ĥ̀ ĥd kj` c^d zaeejfc^d }`jfzm ĥ̂ d do` r^ �E� c^ r�a`cbfjg^o` jk`�̂d bdarjgbaf kj`c^d akga� zaokr^o`d\

¹u�uÏ �Ð��îw�w {w ywÅyxz{z��w�w�� î} w}�
qaog^d r^d }a}bf^d dafg `^_`abcb^d kj` zb`zorjgbaf c�̂ jo �j r�bfg ĥ̀ b^o` c^d goljo� ^fzobi`^\ |j k`^ddbaf ^dg zmabdb^ ^f _afzgbaf c^ rj ` ĥdbdgjfz^ jo kjddj~^ c�̂ jo ^g c^ rjkobddjfz^ �j cbddbk^` � r^d }a}bf^d Ý¶Û¸¹ ^g w�� dafg `^_`abcb^d ji^z c^ r�̂ jo �j rj k`^ddbafco `a}bf^g� r^d }j``^d ¢£¤¥ ^g r^d }a}bf^d c^ zaek^fdjgbaf `^)zabi^fg c^ r�̂ jo �j of^k`^ddbaf c^ [{}j` ^fib`af zj`� jo� v}j`d co ` ĥd^jo af j aog^ [J}j`d kj` of^ kaek^\uijfg c�¦̂g`^ ogbrbd ĥ̂ � r�̂ jo ^dg jcaozb^ kj` of dldg�̂e^ ĥr^zg`afbno^ jfgb�bfz`odgjgbaf^g of (rg`^ zmbebno^\ uk`�̂d rj kaek^� of^ daokjk^ c^ d ĥzo`bg ĥ rbebg^ rj k`^ddbaf jo

ijr^o` bfcbno ĥkj` r^ _j}`bzjfg\
|^ zb`zobg mlc`jorbno^ �j mjog^ k`^ddbaf ^dg _jbg ji^z of goljo ^f zjaogzmaoz daokr^c^ �Gj~^ra- }`jfzm ĥ ji^z c^d zaff^zg^o`d jcjkg ĥd�\ y^ dldg�̂e^ ^dg ~j`jfgb kj` of^k`^ddbaf c^ J�}j`\ |^d zaff^�bafd c^ zao`jfg j``bi^fg do` rj gj}r^ akgbno^ kj` c^d}j``^d ^f zobi`^ c^ no^rno^ ze� c^ d^zgbaf\ °f ~ ĥf ĥ̀ jr� rj d^zgbaf c^d zaff^zg^o`d

ĥr^zg`bno^d d^ g`aoijfg do` rj krjno^ c^d bfg^``okg^o`d jbfdb no^ c^d }j``^d nob je�̂f^fg
r^ zao`jfg  odno��j rj gj}r^ akgbno^� ^dg zmabdb^ kao` no�br f�l jbg kjd of^ do`zmjos^kj` ^s^g :aor^\ |^d }j``^d c^ zobi`^ d^ g^`ebf^fg kj` of^ da`g^ c^ kbfz^ nob d^``^ r^goljo c^ g^`ebfjbdaf c^ zmjno^ }a}bf^ co kb�̂~^ ej~f ĥgbno^\ �o` rj k`araf~jgbaf co
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goljo c^ rj }a}bf^ af zaff^zg^ r^d j``bi ĥ̂ d ^g r^d da`gb^d c^ r�̂ jo c^ `^_`abcbdd^e^fg\y^gg^ e ĥgmac^ k^`e^g c�jiab` of^ zaff^�baf ĥr^zg`bno^ do±djee^fg }aff^ kao` f^kjd jiab` c^ do`zmjos^ � odnoÌ�j [���u�� ^g c�j aog^` r�̂ jo c^ `^_`abcbdd^e^fg jo zb`zobgĥr^zg`bno^ c^d }a}bf^d\ |^d goljo� c�̂ jo dafg ^f krjdgbno^ j`e ĥ � kao` no^ r^d }a}bf^d`^dg^fg �aggjfg^d br _jog no^ r�j`ejgo`^ f^ dabg kjd of zafcozg^o` ĥr^zg`bno^\

°fg`^ r^d g^`ebfjbdafd c^d }j``^d c^ zobi`^ ^g r^d }a}bf^d k`ak`^e^fg cbg^d� rj zaf�f^�baf ^dg _jbg^ kj` of goljo ^f zobi`^ ĥz`obg ���ee� `^zobg do` r^d krbo`^d\ wao`_jzbrbg^` r^ eafgj~^ co kb�̂~^� z^d goljo� dafg zaok ĥd ^f krodb^o`d kabfgd ^g  abfgd �jr�jbc^ c^ zaff^zg^o`d ^f rjbgaf c^ �Gj~^ra-\ y^o��zb zafcobd^fg r^ zao`jfg ^g ^f e¦̂e^g^ekd ~j`jfgbdd^fg r� ĥgjfzm ĥbg ĥ c^ rj zaff^�baf\
¹u�uÍ �w �Ð��îw�w {w � �wº�yz� �w

|^ dldg�̂e^ no^   �jb c ĥz`bg  odno��j ejbfg^fjfg cbddbk^ no^rno^ cb�jbf^d c^ @?�x{@? c^ kobddjfz^ gagjr^ bfdgjrr ĥ̂ �� �j no^rno^d ebrrbe�̂g`^d c^ rj z^rror^ �iab` no^rno^dz^fgjbf^d c^ ²e kao` r^d }j``^d ¢£¤¥�\ y^zb `^k` ĥd^fg^ of cjf~^` zafdbc ĥ̀ j}r^ db afgb^fg zaekg^ c^ rj _`j~brbg ĥc^ rj z^rror^ ^f noj`g� ^g c�ĥi^fgo^rd cld_afzgbaff^e^fgd codldg�̂e^ c^ `^_`abcbdd^e^fg c^d }a}bf^d\ wao` ĥibg^` gaod `bdno^d faod jiafd zafdg`obg
^g bfdgjrr ĥof dldg�̂e^ c^ do`i^brrjfz^ zmj`~ ĥc^ rj d ĥzo`bg ĥc^ r�̂ �k ĥ̀ b^fz^\ �^o� glk^dc^ c ĥg^zg^o`d i ĥ̀ b(^fg r^ _afzgbaff^e^fg za``^zg co `^_`abcbdd^e^fg � c^d zaekadjfgd|�v{ i ĥ̀ b(^fg no^ rj g^ek ĥ̀ jgo`^ c^ r�̂ jo �j rj da`gb^ c^ zmjno^ }a}bf^ f^ c ĥkjdd^kjd r^ d^obr bekad ĥ bfcbibco^rr^e^fg� ^g c^d c ĥg^zg^o`d c^ c ĥ}bg ��e^~j ` ĥ_\ �w][J[�
i ĥ̀ b(^fg no^ r^ c ĥ}bg c�̂ jo cjfd r^d }a}bf^d f^ }jbdd^ kjd kj` `jkka`g jo� ijr^o`d glk�bno^d\ Ef^ }a¦�g^ ĥr^zg`afbno^ i ĥ̀ b(^ no^ r^d db~fjo� c^ gaod r^d c ĥg^zg^o`d dafg kadbgb_d\��̂d no�of c ĥg^zg^o` db~fjr^ of^ c ĥ_jbrrjfz^� rj }a¦�g^ ^fiab^ of db~fjr jo� zafg`¦ar^o`dc^d jrbe^fgjgbafd c^ zao`jfg ^g c^d bfg^``okg^o`d kao` jffor^` r^d zao`jfgd ^g aoi`b`
r^d bfg^``okg^o`d\ |^d fbi^jo� ra~bno^d co zb`zobg dafg zmabdbd c^ g^rr^ _j)zaf no^ db� kj`
mjdj`c� no^rno^d rbjbdafd d^ c ĥ}`jfzm^d� jozof zao`jfg f^ zb`zor^\

!R� ±ÈÊSTÊÉXÍËÈÏ U] YÌ{ÈëÈ ÉXëÍ VÈÎÌ\]È
�jfd z^gg^ d^zgbaf  ^ ijbd _jb`^ r^ }brjf c^d k^`_a`ejfz^d co kb�̂~^ ej~f ĥgbno^\ |^dzj`jzg ĥ̀ bdgbno^d c^d }a}bf^d dafg ` ĥdoe ĥ̂ d ^f gj}r^jo x\[\ ]jlafd bfg ĥ̀ b^o`� ^�g ĥ̀ b^o`�ĥkjbdd^o` ^g cbdgjfz^ c^ rj i^`gbzjr^ c^d jgae^d afg ĥg ĥ zmabdbd ^f _afzgbaf c^d zaf�g`jbfg^d ~ ĥae ĥg`bno^d bekad ĥ̂ d kj` rj z^rror^ �j ibc^� r�jzz�̂d akgbno^� rj zaekjgb}brbg ĥ

eogo^rr^ ^fg`^ r^d }a}bf^d� ^g� }b^f d¦o`� r^ zaf(f^e^fg ej~f ĥgbno^ ` ĥdorgjfg\ °f _jbg
r�akgbebdjgbaf co zaf(f^e^fg ej~f ĥgbno^ ^dg of^ g¦jzm^ krod zaekrbno ĥ̂ kj` `jkka`g�j z^ no^ r�af k^og bej~bf^`� kobdno�br f^ do±g kjd c^ ej�bebd^` r^ zaf(f^e^fg c^djgae^d cjfd rj ` ĥ~baf co w�� ^g cjfd rj ` ĥ~baf co kb�̂~^ ¢£¤¥³´µ¶·¸¹ºµ» � br _jog no^r^d jgae^d dab^fg }b^f zaf(f ĥd gaog jo raf~ co g`j ^g ^fg`^ rj ` ĥ~baf co w�� ^g co
kb�̂~^ ¢£¤¥³´µ¶·¸¹ºµ»\ ui^z r^  ^o c^ }a}bf^d c ĥz`bg^d cjfd r^ gj}r^jo x\[ r^ zaf(f^e^fg
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���� x\[[� õÒÒÖµ¥ »Ö ¸£ÛñÛ¥Þ¥Û· ÞºíÛ Õ¥·¶àÖ¥ Ò¥ Ò£Ûí »Ö ·µºÛÔï ¥µ· ¥Û·µ¥ Òº µ Õ¥í¶£Û »Ö´é÷ �úÞÞ½ ¥· Òº µ Õ¥í¶£Û »Ö Ý¶ Ó¥í¥ ¢£¤¥³´µ¶·¸¹ºµ» ��úÞÞ½ å ×¥ ¸£ÖµºÛ· Þºç¶ÞºÒ Ý¥µÞ¶Ô¥Ô· »¥ �úúõ »ºÛÔ Ò¥Ô Ø£Ø¶Û¥Ô ´é÷ ¥· »¥ ·µºÛÔï ¥µ·å
r^ raf~ co g`j ^g ^dg bfcbno ĥ ^f (~o`^ x\[[\ �zb r^ zaf(f^e^fg ^dg caff ĥ ^f _afzgbaf�m
c �½Îc ĥkjbdd^o` & zaf(f^e^fg }bjbd

w�� J\x x\J [\t J\� x��q`jfd_^`g � t\� x\x x\p Jp� [J��´¶Û¸¹ [\v J\p [\t [\J �{� [J��õö÷� x\[� ´ºµºÞ Ó¥·µ¥Ô »¥Ô Ø£Ø¶Û¥Ô »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ÿ µºß£ÛÔ ¶Û· Õ¥µ¶¥Öµ ¥· ¥ç· Õ¥µ¶¥ÖµèÕ¥Ýº¶ÔÔ¥Öµè »¶Ô·ºÛ¸¥ »¥Ô º·£Þ¥Ô &è ¸£ÛñÛ¥Þ¥Û· �ºç¶ºÒè ê�¸Þ Ý£Öµ Ò¥Ô Ø£Ø¶Û¥Ô ´é÷ ¥··µºÛÔï ¥µ·è ê�¸Þ� Ý£Öµ Ò¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹½ ¥· ¸¹ºÞÝ Ø¶º¶Ô �ê½ Ï �úúõå ë£Ö·¥Ô Ò¥Ô ÖÛ¶· Õ¥Ô»¥ Ò£ÛíÖ¥Öµ Ô£Û· ¥Û ¸¥Û·¶Þ Ó¥·µ¥Ôå
c^ rj kadbgbaf co � ĥ̀ a co zmjek ej~f ĥgbno^\ wao` ej�bebd^` r^ zaf(f^e^fg jo c ĥ}ogco g`jfd_^`g� £ÀÁN �r^ zao`jfg nob zb`zor^ cjfd r^d }a}bf^d w��� ^dg ej�bejr� ^fdobg^af jo~e^fg^ £ÂÂÁ
	�½Âc c^ � ĥ̀ a �j dj ijr^o` ej�bejr^\ u rj (f c^ z^gg^ kmjd^ r^d jgae^dd^ g`aoi^fg �j eb�zm^ebf\ wao` g^`ebf^` r^ g`jfd_^`g af _jbg jra`d }jbdd^` £ÀÁN  odno��jr�jffor^`\ |^d `jek^d c^ zao`jfg kao` £ÀÁN ^g £ÂÂÁ
	�½Âc dafg g^rr^d no^ r^ z^fg`^ co kb�̂~^}ao~^ ji^z of^ jzz ĥr ĥ̀ jgbaf ^f eacor^ zafdgjfg^ kao` rbebg^` r^d ^s^gd c^ zmjosj~^\

|j c ĥg^`ebfjgbaf co zaf(f^e^fg r^ raf~ co g`jfd_^`g ^dg _jbg^ kj` bfg ĥ~`jgbaffoe ĥ̀ bno^ co zmjek k`acobg kj` zmjno^ }a}bf^\ wao` z^ nob zafz^`f^ r^d }j``^d c^¢£¤¥ r^ k`a}r�̂e^ ^dg krod zaekr^�^ � r^d (rd zafcozg^o`d afg of^ gjbrr^ zaekj`j}r^ �jr^o` cbdgjfz^ kj` `jkka`g jo� jgae^d� ^g r^o` d^zgbaf f�̂ dg kjd zaffo^ ^�jzg^e^fg ��j
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a) b)
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y���� x\[J� Ü¶ºíµºÞÞ¥ »¥ Ô£ÞÞ¥ »¥Ô íµº»¶¥Û· ÔÖµ Ò¥ ÝÒºÛ £µ·¹£í£ÛºÒ Óº Ò áºç¥ »Ö Ý¶ Ó¥í¥
Ý£Öµ »¥Ô àÖº»µÖÝ£Ò¥Ô �Ü �º½ ¥· �Ü �Ø½ å ×¥Ô £µ¶¥Û·º·¶£ÛÔ »¥Ô ºç¥Ô Ô£Û· Ò¥Ô Þó¥Þ¥Ô àÖ á¥ÛñíÖµ¥ ùå�å ÷Û Ý¥Ö· £ØÔ¥µÑ¥µ Òº » Õ¥ï £µÞº·¶£Û »Ö ÛÖºí¥ º·£Þ¶àÖ¥ µ Õ¥ÔÖÒ·ºÛ·¥ ¥Û ñíÖµ¥�å�³ùèêè�å
zjod^ co z`^o� ĥz`jd ĥkao` rj zb`zorjgbaf c^ r�̂ jo c^ `^_`abcbdd^e^fg�\ �f k^og _jb`^ c^d^dgbejgbafd c^ zaf(f^e^fg� ejbd r�bfcbzjgbaf rj krod k` ĥzbd^ `^dg^ r^ db~fjr c^d jgae^d\|^ ~`jcb^fg J� k^og ¦̂g`^ c ĥg^`ebf ĥ kj` c^d e ĥgmac^d clfjebno^d �̂ �zbgjgbaf c^deac^d k`ak`^d `jcbjo�� ao dgjgbno^d\ |j e ĥgmac^ dgjgbno^ zafdbdg^ �j c ĥg^`ebf^` r^`jkka`g c^ zao`jfg cjfd r^d }a}bf^d g`jfd_^`g ^g }j``^d ¢£¤¥kao` jffor^` r^ zaf(f^e^fg
i^`gbzjr\ |�a`b^fgjgbaf c^d }a}bf^d ^dg g^rr^ no^ rj zaekadjfg^ i^`gbzjr^ co ~`jcb^fg c^d}a}bf^d g`jfd_^`g ^dg akkad ĥ̂ �j z^rr^ c^d }j``^d ¢£¤¥ �iab` (~o`^ x\[J�\ �f g`aoi^ no�br_jog x[u cjfd r^d }j``^d ¢£¤¥ kao` zaek^fd^` r^ zaf(f^e^fg i^`gbzjr c^d }a}bf^d c^g`jfd_^`g �a�o zb`zor^fg {��u�� z^ nob faod caff^ of ĥgjraffj~^ c^ v ¡ze^9u^9\

|^d c^`fb^`d kj`je�̂g`^d nob `^dg^fg kao` c ĥz`b`^ r^ _afzgbaff^e^fg co kb�̂~^ ej~f ĥgbno^zafz^`f^fg r^d g^ekd c^ eafg ĥ̂ ^g c^ zaoko`^ c^d zao`jfgd cod jo� bfcozgjfz^d c^d}a}bf^d\ |^d ijr^o`d dafg bfcbno ĥ̂ d cjfd r^ gj}r^jo x\J\

$Ãj
c Ð½ �ed� $ij�À�Â½ �²d�
w�� [\J {�q`jfd_^`g [� v{�´¶Û¸¹ [ ��
�j``^ ¢£¤¥ �\� J�õö÷� x\J� ë¥ÞÝÔ »¥ Þ£Û· Õ¥¥ ¥· »¥ ¸£ÖÝÖµ¥ »¥Ô ¸¹ºÞÝÔ ÞºíÛ Õ¥·¶àÖ¥Ô »ºÛÔ Ò¥Ô »¶¤ Õ¥µ¥Û·¥ÔÝº¶µ¥Ô »¥ Ø£Ø¶Û¥Ôå ×¥ ·¥ÞÝÔ »¥ Þ£Û· Õ¥¥ ¥Ô· Õ¥ÑºÒÖ Õ¥ Óº [ o ·ºÛ»¶Ô àÖ¥ Ò¥ ·¥ÞÝÔ »¥ ¸£ÖÝÖµ¥¥Ô· Ò¥ ·¥ÞÝÔ Û Õ¥¸¥ÔÔº¶µ¥ Ý£Öµ àÖ¥ Ò¥ ¸¹ºÞÝ »¥Ñ¶¥ÛÛ¥ ÝÒÖÔ Ý¥·¶· àÖ¥ àÖ¥ÒàÖ¥ Ý£Öµ¸¥Û·Ôå ×¥Ô¸£ÖµºÛ·Ô £Û· Ò¥Ô ÑºÒ¥ÖµÔ »á£Ý Õ¥µº·¶£Û ·ßÝ¶àÖ¥å ×¥Ô ·¥ÞÝÔ »áºÒÒÖÞºí¥ »¥Ô Ø£Ø¶Û¥Ô Ý¶Û¸¹¸£Û¸¥µÛ¥Û· Ò¥ Ø£Ö¸Ò¥ ä�è é÷ë ´£ø¥µ³äÖÝÝÒßè äù ¥· Ø£Ø¶Û¥Ô Ý¶Û¸¹ »¥ Òº ñíÖµ¥ ùå�úå
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�o` rj (~o`^ x\[[ af iabg no^ r^ zaf(f^e^fg r^ krod _jb}r^ ^f j}daro ^dg r^ raf~ r^rj cb`^zgbaf i^`gbzjr^� �j [[� ¡nze\ y^zb f^ kad^ kjd c^ k`a}r�̂e^d kobdno^ r^ ~`jcb^fgc^ zmjek f ĥz^ddjb`^ kao` zaek^fd^` rj ~`jibg ĥ^dg c^ r�a`c`^ co ¡nze �[\J ¡nze kao`Á|b gagjr^e^fg karj`bd ĥ�\ |�̂ ±zjzbg ĥ co g`jfd_^`g ej~f ĥgbno^ c ĥk^fc ^dd^fgb^rr^e^fgc^ rj _`jzgbaf c�jgae^d nob gaozm^fg r^d kj`abd c^ r�jkk^fcbz^ r^ raf~ co g`j ^g\ wao`

rbebg^` z^d k^`g^d br _jog }b^f zaf(f^` r^d jgae^d r^ raf~ c^ rj cb`^zgbaf o ĥg`abg^o c^r�jkk^fcbz^ �cb`^zgbaf ¥ c�jk`�̂d rj zafi^fgbaf c^ (~o`^ x\[�� ^g jiab` of ĥzmjfgbrraf_`abc\ wao` z^ nob zafz^`f^ r^ zaf(f^e^fg� af j bfg ĥ̀ ¦̂g �j zmabdb` r^ daod�fbi^jo �^^ejfgagjr^e^fg karj`bd ĥ �« © J kao` Á|b ^g « © v J kao` D|b �\
!R7 $TÍËí]ÏÌTÍ

uo zao`d c^ z^ zmjkbg`^   �jb c ĥz`bg r^d cbs ĥ̀ ^fg^d ĥgjk^d nob faod afg je^f ĥ̂ d �j fag`^kb�̂~^ ej~f ĥgbno^� c^ rj zafz^kgbaf  odno�jo� c ĥgjbrd c�ak ĥ̀ jgbaf\ :�jb eafg` ĥ no^ rjzafdg`ozgbaf co kb�̂~^ ej~f ĥgbno^ k` ĥd^fg ĥ faod j je^f ĥ �j bfg`acob`^ c^d g^zmfbno^dfaoi^rr^d nob c�̂d ejbfg^fjfg kao``afg ¦̂g`^ ^ekral ĥ̂ d kao` zafdg`ob`^ c^d }a}bf^d^fza`^ krod k^`_a`ejfg^d\uk`�̂d rj kmjd^ c^ ebd^ jo kabfg� r^ kb�̂~^ eafg`^ of^ g`�̂d }aff^ (j}brbg ĥ jo fbi^joc^d zaekadjfgd bfcbibco^rd �}a}bf^d� bfg^``okg^o`d� \\\�� ^g of }af zafg`¦ar^ c^d zmjekd
ej~f ĥgbno^d\ |^ zaf(f^e^fg ^g r^ g^ekd c^ ` ĥkafd^ co kb�̂~^ d^ krjz^fg kj`eb r^de^brr^o`d ijr^o`d no^ r�afg k^og g`aoi^` ^f rbgg ĥ̀ jgo`^ kao` c^d kb�̂~^d ej~f ĥgbno^dji^z r^d e¦̂e^d (fjrbg ĥd\Ef^ je ĥrba`jgbaf no�af k^og k`akad^` kao` r^d ~ ĥf ĥ̀ jgbafd _ogo`^d c^ }a}bf^d zaf�dbdg^ �j jo~e^fg^` rj kobddjfz^ c^ `^_`abcbdd^e^fg kao` r^d }j``^d ¢£¤¥\ °f _jbg af kao`�`jbg cao}r^` r^ c ĥ}bg c�̂ jo c^ `^_`abcbdd^e^fg ^f kj`gj~^jfg rj }aozr^ c^ zb`zorjgbafc�̂ jo ^f krodb^o`d }aozr^d� gaog ^f rjbddjfg bfzmjf~ ĥ̂ rj }aozr^ co zb`zobg ĥr^zg`bno^\y^zb k^`e^gg`jbg ĥi^fgo^rr^e^fg c�jo~e^fg^` r^ zao`jfg cjfd rj }a}bf^� ^g do`gaog
rbebg^`jbg rj zb`zorjgbaf c�jb` kj` zafi^zgbaf cjfd rj ` ĥ~baf c^ k`bd^ c�bej~^\
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IJLKTSVO Ò
Ó OOQ�NSLSQ OyK OOVTRO
SL�y

y^ zmjkbg`^ ^dg zafdjz` ĥ �j rj c^dz`bkgbaf c^d ` ĥdorgjgd ^�k ĥ̀ be^fgjo� a}g^fod  odno��jrj ` ĥcjzgbaf c^ z^ e ĥeab`^\ �b^f no^ faod f^ dalafd kjd ^fza`^ j``bi ĥd jo d^obr c^c ĥ~ ĥf ĥ̀ ^dz^fz^ fb ji^z r^ D|b � fb ji^z r^ Á|b � faod jiafd jzzaekrb c^d kjd beka`gjfgd
i^`d rj k`acozgbaf c^ ~j�� ^g e ĥrjf~^d c^ ~j�� c ĥ~ ĥf ĥ̀ ĥd\|^ k`^eb^` kjd zafdbdg^ fjgo`^rr^e^fg ^f rj zafdg`ozgbaf c�of kb�̂~^ ej~f ĥga�akgbno^zjkj}r^ c^ kb ĥ~^` r^d c^o� ^dk�̂z^d dbeorgjf ĥe^fg �d^zgbaf {\[�\ °fdobg^ faod jiafd akgb�ebd ĥr^ g`jfd_^`g c^d jgae^d k` ĥ̀ ^_`abcbd akgbno^e^fg cjfd of k`^eb^` kb�̂~^ ej~f ĥgbno^�j r�jbc^ c^ kaekj~^ akgbno^ �d^zgbaf {\J�\ �jfd rj d^zgbaf {\v�  ^ kj`r^ c^ r�akgbebdjgbafco g`jfd_^`g c�jgae^d cjfd r^ kb�̂~^ ej~f ĥgbno^ (fjr� a�o faod zaekgafd jgg^bfc`^ r^` ĥ~be^ c^ c ĥ~ ĥf ĥ̀ ^dz^fz^\ �jfd rj d^zgbaf {\x ^g {\{�  ^ cbdzog^ c^d k`^eb^`d db~fjo�c�ĥijka`jgbaf a}g^fod do` r^ Á|b \

7RQ ±Ì VÈëÈXëÈ ÉXëÍ VÈÎT�TYÎÌ\]È
|^ k`^eb^` kjd i^`d r^ `^_`abcbdd^e^fg dlekjgmbno^ c�of ~j� c^ D|b kj` zafgjzggm^`ebno^ ji^z of foj~^ c^ Á|b zafdbdg^ �j zmj`~^` of kb�̂~^ ej~f ĥga�akgbno^ �w���zafg^fjfg r^d c^o� ~j� dbeorgjf ĥe^fg\ ¡`¦jz^ �j rj `bzm^dd^ c^ rj kmldbno^ c^d zarrbdbafd

jgaebno^d org`j�_`abc^d� krodb^o`d ~`aok^d afg ĥgocb ĥ c^d w�� zafg^fjfg cbs ĥ̀ ^fg^d^dk�̂z^d jgaebno^d �tt� [��� [�[� [�J� [�v�\ y^k^fcjfg� af f^ g`aoi^ cjfd rj rbgg ĥ̀ jgo`^no�of^ c ĥeafdg`jgbaf c�of kb ĥ~^j~^ ej~f ĥga�akgbno^ c^d c^o� bdagak^d co e¦̂e^jgae^ �tt� �ÀÅ]} ^g ÀÁ]}� c^o� }adafd�� ^g jozof^ c ĥeafdg`jgbaf c^ kb ĥ~^j~^ dbeorgjf ĥc�of _^`ebaf ^g c�of }adaf\
|j zj`jzg ĥ̀ bdgbno^ k`bfzbkjr^ c�of w�� c^dgbf ĥ jo `^_`abcbdd^e^fg dlekjgmbno^c�of^ ^dk�̂z^ kj` zafgjzg gm^`ebno^ ji^z of^ jog`^ ^dg no^ r^ fae}`^ c�jgae^d c^r�̂ dk�̂z^ �j `^_`abcb` dlekjgmbno^e^fg �r^ D|b cjfd fag`^ zjd� cabg ¦̂g`^ }^jozaok krod k^�gbg no^ z^rob c^ r�jog`^ ^dk�̂z^ �r^ Á|b �\ °f ^s^g jo zao`d co `^_`abcbdd^e^fg dlekjgmbno^r^ fae}`^ c^ _^`ebafd `^dg^ zafdgjfg� gjfcbd no^ r� ĥijka`jgbaf j rb^o d ĥr^zgbi^e^fg do`

t[



tJ ý_�`���� ®b � d��+����� �þ` d�����þ��+þ
r^ Á|b \ °f kj`gjfg c�of^ c^fdbg ĥ cjfd r�̂ dkjz^ c^d kmjd^d c^ [�^Á ^fib`af �ijr^o`
glkbno^ no^ r�af a}gb^fg ^f zmj`~^jfg of kb�̂~^ ej~f ĥgbno^ �j kj`gb` c�of w���� br_jog ĥijka`^` glkbno^e^fg [�� jgae^d kao` ^f je^f^` of jo d^obr c^ c ĥ~ ĥf ĥ̀ ^dz^fz^�[[� [x� [J�\ �f k^og jra`d ^dgbe^` no^� kao` r^ `^_`abcbdd^e^fg dlekjgmbno^ c^ c^o�jgae^d c^ ejdd^d �j k^o k`�̂d bc^fgbno^d� cjfd r^ e¦̂e^ kag^fgb^r kb ĥ~^jfg� r^ fae}`^c�jgae^d îî �j `^_`abcb` ðð dabg c^ r�a`c`^ c^ [n[�� c^d jgae^d îî `^_`abcbddjfgd ðð\ �jfd z^gg^d^zgbaf af c ĥz`bg r^ k`bfzbk^ c^ _afzgbaff^e^fg c�of w�� kao` r^d c^o� bdagak^d c^rbgmboe ^g dj ebd^ jo kabfg kao` _jb`^ co `^_`abcbdd^e^fg dlekjgmbno^ co D|b ji^z r^Á|b \

|j dao`z^ c�jgae^d r^fgd ^dg of `jr^fgbdd^o` �^^ejf c ĥz`bg ^f d^zgbaf v\J\ |^ `jr^f�gbdd^o` �^^ejf d^ g^`ebf^ cjfd of^ z^rror^ ^f Ælza` cafg r^d do`_jz^d afg of^ nojrbg ĥakgbno^ � J� ^g a�o r^d jgae^d dafg kb ĥ~ ĥd\ |^ w�� ogbrbd^ r^d }a}bf^d� fag ĥ̂ d w�� do`
rj (~o`^ x\v� ^g db� _jbdz^jo� bfc ĥk^fcjfgd zafg`^k`akj~^jfgd do` g`abd j�^d a`gma~a�fjo�\ Ef j�^ ^dg ma`b�afgjr ^g kj`jrr�̂r^ �j r�j�^ c^d }a}bf^d w��� r^d c^o� jog`^d dafg�j x{B kj` `jkka`g �j rj cb`^zgbaf i^`gbzjr^\ |^ z^fg`^ co zmjek nojc`okarjb`^ ^dg c ĥzjr ĥc^ no^rno^d ee i^`d r^ mjog\ °f j aogjfg jo nojc`okar^ c^d }a}bf^d w�� of^ k^gbg^zaekadjfg^ co nojc`okar^ c^d }a}bf^d c^ g`jfd_^`g� af ĥibg^ no^ r^d _jbdz^jo� rjd^`ma`b�afgjo� dab^fg kj`gb^rr^e^fg zaok ĥd kj` r^d }a}bf^d c^ g`jfd_^`g �iab` (~o`^ x\x�\

|j roeb�̂̀ ^ rjd^` kao` r^ w��� cafg rj dao`z^ ^dg c ĥz`bg^ cjfd rj d^zgbaf v\v\x� k^og¦̂g`^ eacor ĥ̂ ^f bfg^fdbg ĥ ^g zaok ĥ̂ �j r�jbc^ c�of eacorjg^o` jzaodga�akgbno^\ |^d db�_jbdz^jo� bfc ĥk^fcjfgd dafg c ĥ̀ bi ĥd c�of _jbdz^jo ~joddb^f c^ v ze c^ cbje�̂g`^ �j [no�^g afg of cbje�̂g`^ c^ J\{ ze do` r^ w��\ |�bfg^fdbg ĥej�bejr^ c^ zmjno^ _jbdz^jo ^dgc^ �e?nze�\ |^d foj~^d c^d c^o� bdagak^d dafg a}d^`i ĥd d ĥkj` ĥe^fg ji^z of dldg�̂e^c�bej~^`b^ ^f j}da`kgbaf� c ĥz`bg ^f d^zgbaf v\v\{\ °f _jbdjfg ij`b^` r^ g^ekd c^ iar^fg`^ [{�²d ^g no^rno^ ed� af k^og c ĥg^`ebf^` rj g^ek ĥ̀ jgo`^� rj c^fdbg ĥ^g r^ fae}`^c�jgae^d co foj~^ c^ zmjno^ ^dk�̂z^\ Ef _jbdz^jo `^kaek^o` dokkr ĥe^fgjb`^� nob f�̂ dg
kjd ^fial ĥ do` rj zje ĥ̀ j� ^ek¦̂zm^ r^ kaekj~^ akgbno^ i^`d r^ ejoijbd ĥgjg mlk^`(f\

|^d c^o� ^dk�̂z^d dafg kb ĥ~ ĥ̂ d ej~f ĥga�akgbno^e^fg ^f c^o� ĥgjk^d\ �jfd of k`^�eb^` g^ekd� k^fcjfg rj kmjd^ c^ zmj`~^e^fg� rj ibg^dd^ c^ zjkgo`^ ^dg akgbebd ĥ̂ kao`
ej�bebd^` r^ fae}`^ c�jgae^d kb ĥ~ ĥd\ °fdobg^� cjfd rj kmjd^ c^ zaek`^ddbaf� r^d jgae^dc ĥ  �j kb ĥ~ ĥd dafg `^_`abcbd ^g zaek`be ĥd kao` _jzbrbg^` r^ g`jfd_^`g org ĥ̀ b^o` cjfd r^ kb�̂~^ej~f ĥgbno^\

Äutut �v}yÇw�w�� {� ���
wao` ĥgocb^` r^ w�� �j c^o� bdagak^d� af j c�j}a`c zj`jzg ĥ̀ bd ĥ r^ w�� �j of^ ^dk�̂z^kao` zmjno^ bdagak^� ^g ^fdobg^ af j ĥgocb ĥ r^ e ĥrjf~^\ |^ w��� no^ faod c ĥz`biafd

krod ^f c ĥgjbr cjfd r�jff^�^ y� j eafg` ĥc^d k^`_a`ejfz^d c^ k`^eb^` krjf kj` `jkka`g�j z^ nob j ĥg ĥ`jkka`g ĥcjfd rj rbgg ĥ̀ jgo`^  odno��j ejbfg^fjfg\ �bd^ �j kj`g rj kaddb}brbg ĥc^ kb ĥ~^` r^d c^o� bdagak^d c^ rbgmboe dbeorgjf ĥe^fg� faod jiafd ko kb ĥ~^`  odno��j[%� � [�9B jgae^d c^ Á|b ^g [%{ � [�` jgae^d c^ D|b \ y^d zmbs`^d `^k` ĥd^fg^fg of
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���� {\[� ë¥ÞÝ Õ¥µº·Öµ¥è Òºµí¥Öµ �«¾ ¼ ¥· »¥ÛÔ¶· Õ¥ Þºç¶ÞºÒ¥ Ý£Öµ ÖÛ ´é÷ »¥ Á×¶ ¥Ûï £Û¸·¶£Û »¥ Ô£Û Û£ÞØµ¥ »áº·£Þ¥Ô � å � º Õ¥· Õ¥ ¸¹ºÛí Õ¥ ¥Û ïº¶ÔºÛ· Ñºµ¶¥µ Ò¥ ·¥ÞÝÔ »¥¸¹ºµí¥Þ¥Û·å âÛ Ø½ Òº ÑºÒ¥Öµ »¥ ¼ Ò¥ Ò£Ûí »¥ Ò áºç¥ »Ö àÖº»µÖÝ£Ò¥ �µ£Û» ÝÒ¥¶ÛÔ½ ¥Ô· CùúÔ ÝÒÖÔ Ý¥·¶·¥ àÖ¥ µº»¶ºÒ¥Þ¥Û· �µ£Û»Ô ¸µ¥Öç½è ¸£ÞÞ¥ Ò¥ Ýµ Õ¥Ñ£¶· ÖÛ Þ£» Ó¥Ò¥ Ô¶ÞÝÒ¥ »Ö´é÷ �[ 5J½å
~jbf c�of a`c`^ c^ ~`jfc^o` do` r�bdagak^ }adafbno^ �v[� ^g do` r�bdagak^ _^`ebafbno^�[�x� kj` `jkka`g �j rj rbgg ĥ̀ jgo`^ �J [�À ^g J [�` `^dk^zgbi^e^fg�\ |^d fae}`^d c�jgae^d�� r^d c^fdbg ĥd ej�bejr^d �B ^g r^d g^ek ĥ̀ jgo`^d $ dafg bfcbno ĥd cjfd r^ gj}r^jo {\[\|^ fae}`^ c�jgae^d� nob ^dg caff ĥ �j of _jzg^o` J k`�̂d �iab` d^zgbaf v\v\{�� caebf^r�bfz^`gbgoc^ cjfd rj c ĥg^`ebfjgbaf c^ rj c^fdbg ĥ\ |^d bfz^`gbgoc^d do` r^d g^ek ĥ̀ jgo`^ddafg c^ r�a`c`^ c^ �\Je@\ |^ zmj`~^e^fg c^ zmjno^ bdagak^ j ĥg ĥakgbebd ĥ �j c ĥzjrj~^d^f _` ĥno^fz^ beka`gjfgd �̧ g ¯� _�� ^g ji^z rj kobddjfz^ roebf^od^ kj`gj~ ĥ̂ ĥ~jr^e^fg
^fg`^ rj g`jfdbgbaf zlzrjfg^ �k`bfzbkjr^� ^g c^ `^kaekj~^\ |^d ijr^o`d akgbejr^d kao`
r^ ~`jcb^fg c^ zmjek ej~f ĥgbno^ �� r^ raf~ c^ r�j�^ co nojc`okar^ c^d }a}bf^d w��
^dg c^ r�a`c`^ c^ v{ ¡nze kao` r^d c^o� bdagak^d\�jfd r^ w�� c^ Á|b � �j _jb}r^ fae}`^ c�jgae^d �p [�`� rj g^ek ĥ̀ jgo`^ ^dg z^rr^ co
eac�̂r^ �akkr^` �[\[e@ kao` ¸b Á © ¯�_�\ �o` rj (~o`^ {\[ af k^og iab` no^ kao` c^dfae}`^d c�jgae^d krod beka`gjfgd� ^fg`^ [ � [�` ^g { � [�` � rj g^ek ĥ̀ jgo`^ jo~e^fg^rbf ĥjb`^e^fg ji^z �� gjfcbd no^ kao` � Ä { �[�` ^rr^ `^dg^ k`^dno^ zafdgjfg^ ^g ijog[\{e@\ y^ zaeka`g^e^fg� c¦o jo kjddj~^ ^fg`^ r^ ` ĥ~be^ akgbno^e^fg ebfz^ ^g ĥkjbdco foj~^ c�jgae^d� d^ `^��̂g^ joddb do` r^d ijr^o`d c^ rj gjbrr^ co foj~^ ^g c^ c^fdbg ĥ\|j c^fdbg ĥjo~e^fg^ rbf ĥjb`^e^fg ji^z �  odno��j � © � �[�` � a�o ^rr^ jgg^bfg rj ijr^o`



tx ý_�`���� ®b � d��+����� �þ` d�����þ��+þ
w�� �j of bdagak^ w�� �j c^o� bdagak^dÁ|b D|b Á|b D|b� [%� � [�9B [%{ � [�` t � [�` x � [�À

f �ze^�� v � [�99 [%� � [�99 J%{ � [�99 { � [�9Bq �e@� [%{ �%p [%� �%p¸b Á±D �_� ¯�%� ¯J%p ¯�%� ¯J%p¸ÕÁ±D �_� ¯{%� ¯{%[ ¯{%� ¯{%[õö÷� {\[� Ð£ÞÝºµº¶Ô£Û »Ö Û£ÞØµ¥ »áº·£Þ¥Ô � è »¥ÛÔ¶· Õ¥ Þºç¶ÞºÒ¥ �Bè ·¥ÞÝ Õ¥µº·Öµ¥ $¥· » Õ¥¸ºÒºí¥ »¥ ïµ Õ¥àÖ¥Û¸¥ »¥Ô ÒºÔ¥µÔ Ý£Öµ Ò¥ ´é÷ Óº ÖÛ £Ö »¥Öç ¶Ô£·£Ý¥Ôå ×¥Ô » Õ¥¸ºÒºí¥Ô¥Û ïµ Õ¥àÖ¥Û¸¥ »¥Ô ÒºÔ¥µÔ Ýµ¶Û¸¶ÝºÒ ��½ ¥· µ¥Ý£ÞÝ¥Öµ ��½è Ý£Öµ Ò¥ Á×¶ ��½ ¥· Ò¥ D×¶ �2½èÔ£Û· »£ÛÛ Õ¥Ô ¥Û ÖÛ¶· Õ¥ »¥ Òºµí¥Öµ Ûº·Öµ¥ÒÒ¥ �_ © {%t é��½å
jdlekgagbno^ �B © v �[�99 ze^� \ �jfd z^ ` ĥ~be^ r^ fae}`^ c�jgae^d c^ Á|b kb ĥ~ ĥd ^dgrbebg ĥkj` r^d zarrbdbafd bf ĥrjdgbno^d jddbdg ĥ̂ d kj` roeb�̂̀ ^ ao kj` zarrbdbafd �j zmjf~^e^fgc^ dg`ozgo`^ mlk^`(f^\ °f ` ĥ~be^ dgjgbaffjb`^ r^ c ĥ}bg c�jgae^d r^fgd Ö © J � [�` d^9
^dg ĥnobrb}` ĥkj` r^d k^`g^d ^f dobijfg rj rab

Ö © � h ­ ×�B� 5� �{\[�
h ĥgjfg rj co` ĥ̂ c^ ib^ co kb�̂~^ co^ jo� zarrbdbafd ji^z r^ ~j� ` ĥdbco^r\ |^ za^±zb^fg c^k^`g^d �j c^o� za`kd × g � �[�^9� ze�nd jbfdb c ĥg^`ebf ĥ^dg ^f jzza`c ji^z c^d ĥgoc^dk` ĥz ĥc^fg^d c^ k^`g^d cjfd c^d w�� c^ Á|b �Jp� Jt� �iab` (~o`^ {\J�\

|^ c ĥzjrj~^ mlk^`(f ^fg`^ r^d ĥgjgd ^�zbg ĥd �� © v ^g �� © J co Á|b ^dg [\� _�_ © {%t �;� ^dg rj rj`~^o` fjgo`^rr^ c^d g`jfdbgbafd akgbno^d�� gjfcbd no^ z^rob coD|b � ^fg`^ r^d fbi^jo� �� © { J ^g �� © v J� ijog �\{_ �iab` (~o`^ v\{�\ °f c ĥkbg c^ rjdg`ozgo`^ mlk^`(f^ bfi^`d ĥ̂ c^d ĥgjgd ^�zbg ĥd c^d c^o� bdagak^d� rj dg`ozgo`^ mlk^`(f^ĥg`abg^ ` ĥdorg^ ^f r�̂ �zbgjgbaf ma`d ` ĥdaffjfz^ c^d g`jfdbgbafd �©J���©J kao` r^ Á|b � ^g
�©vnJ���©vnJ kao` r^ D|b ^g ^fdobg^ ^f rj `^rj�jgbaf ji^z of^ k`a}j}brbg ĥbeka`gjfg^i^`d r^ fbi^jo mlk^`(f bf_ ĥ̀ b^o` co _afcje^fgjr ĥr^zg`afbno^\ y^zb ^�krbno^ r^ _jbg no^r^ zmj`~^e^fg co w�� ^dg ej�bejr nojfc� �j kj`bg ĥc^ c ĥzjrj~^ co _jbdz^jo k`bfzbkjr^g co `^kaek^o`� r�bfg^fdbg ĥc^d c^o� zaekadjfg^d c^ _` ĥno^fz^ ^dg rj e¦̂e^\ °f _jbg�kobdno�af f�j ko _jb`^ ej`zm^` r^ w�� no�̂ f jljfg r^ `^kaek^o` do` r^d db� _jbdz^jo�co w�� ^g cjfd r^ e¦̂e^ eac^ c^ karj`bdjgbaf no^ r^d _jbdz^jo� k`bfzbkjo�� af k^ogcb`^ no^ r^ w�� _afzgbaff^ jogjfg do` rj g`jfdbgbaf k`bfzbkjr^ no^ do` rj g`jfdbgbaf c^`^kaekj~^\ y^gg^ k`ak`b ĥg ĥ^dg glkbno^ c^d jgae^d jrzjrbfd ji^z of^ dg`ozgo`^ mlk^`(f^ĥg`abg^ �r^ kagjddboe ĥ~jr^e^fg �Jx��� ^g f^ d^ `^g`aoi^ kjd do` r^d jrzjrbfd cafg rjdg`ozgo`^ mlk^`(f^ ^dg krod rj`~^ ��j� ]} ^g yd�\
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Temps (s)���� {\J� ùÒÖ£µ¥Ô¸¥Û¸¥ »¥ » Õ¥¸¹ºµí¥Þ¥Û· »Ö ´é÷å ×¥Ô Ý£¶Û·Ô µ¥Ýµ Õ¥Ô¥Û·¥Û· Ò¥Ô ÑºÒ¥ÖµÔ¥çÝ Õ¥µ¶Þ¥Û·ºÒ¥Ôè Ò áºìÖÔ·¥Þ¥Û· ¥Ô· µ Õ¥ºÒ¶Ô Õ¥ Ýºµ » Õ¥¸µ£¶ÔÔºÛ¸¥ ¥çÝ£Û¥Û·¶¥ÒÒ¥ ºÑ¥¸ »¥Öç ·¥ÞÝÔ»¥ Ñ¶¥å ×¥ Ýµ¥Þ¶¥µ ·¥ÞÝÔ »¥ Ñ¶¥ h9��2Ô ¥Ô· Ò¶ Õ¥ ºÖç Ý¥µ·¥Ô Óº »¥Öç ¸£µÝÔ »Ö ´é÷è »ºÛÔÒ¥ µ Õ¥í¶Þ¥ »¥ »¶¤ÖÔ¶£Û ÞÖÒ·¶ÝÒ¥ �»¥ÛÔ¶· Õ¥ ¸£ÛÔ·ºÛ·¥½å ×¥ Ô¥¸£Û» ·¥ÞÝÔ »¥ Ñ¶¥ h����2Ô¥Ô· ¶ÞÝÖ·ºØÒ¥ ºÖç ¸£ÒÒ¶Ô¶£ÛÔ ºÑ¥¸ Ò¥ íº� µ Õ¥Ô¶»Ö¥Òå
Äutu� ��� î} {w�ï z�x�x�w�

wao` r^ w�� �j c^o� bdagak^d br d^ kad^ of k`a}r�̂e^ dokkr ĥe^fgjb`^ � kobdno^ r^c ĥzjrj~^ bdagakbno^ c^d g`jfdbgbafd akgbno^d �[� ¡;�� ^dg k`^dno^ ĥ~jr �j rj dg`ozgo`^ (f^�iab` (~o`^ v\{�� br ^�bdg^ of^ za��fzbc^fz^ ^fg`^ c^d g`jfdbgbafd co D|b ^g Á|b \�agjee^fgaf g`aoi^ no^ rj g`jfdbgbaf c^ `^kaekj~^ co D|b do` rj `jb^ �J ^dg c ĥzjr ĥ̂ c^ x� �;�^fib`af c^d g`jfdbgbafd �©J���©[�J co Á|b do` rj `jb^ �[\ |j roeb�̂̀ ^ co D|b ^�zbg^r^ Á|b c�of^ _j)zaf faf kb ĥ~^jfg^� z^ nob ` ĥcobg r^ zaf(f^e^fg co w�� ^g ` ĥdorg^ ^fof^ k^`g^ c�jgae^d kb ĥ~ ĥd\ �f kao``jbg ĥibg^` z^ k`a}r�̂e^ ^f _jbdjfg r^ `^kaekj~^co D|b do` of^ g`jfdbgbaf c^ rj `jb^ �[\ y^k^fcjfg br ^�bdg^ c^d ijr^o`d c�bfg^fdbg ĥ
roebf^od^ ^g c^d c ĥzjrj~^d c^ _` ĥno^fz^ nob k^`e^gg^fg c�ĥibg^` c^ _jb`^ r^ `^kaekj~^do` rj `jb^ �[ �̂ g cafz c�jdd^`ib` of rjd^` dokkr ĥe^fgjb`^�\ �bd^ �j kj`g z^d ^s^gd cod
jo� za��fzbc^fz^d c^d g`jfdbgbafd� faod f�jiafd kjd `^ej`no ĥ c^ k^`g^ dokkr ĥe^fgjb`^co w�� co^ �j rj k` ĥd^fz^ eogo^rr^ c^d c^o� bdagak^d �zmjosj~^� eacb(zjgbaf c^ rjcbdg`b}ogbaf dkjgbjr^� ^gz�\ °f zmabdbddjfg of `jkka`g c�bfg^fdbg ĥ kj`eb r^d cbs ĥ̀ ^fg^dzaekadjfg^d c^ _` ĥno^fz^ c^ � �� �J �[ �k`bfzbkjr Á|b � `^kaek^o` Á|b � k`bfzbkjr D|b �
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compression time [ms]���� {\v� ÜßÛºÞ¶àÖ¥ ·¥ÞÝ£µ¥ÒÒ¥ »¥ Òº Ý¹ºÔ¥ »¥ ¸£ÞÝµ¥ÔÔ¶£Û »áÖÛ ´é÷ »¥ Á×¶ å ã£ÞØµ¥»áº·£Þ¥� è ·¥ÞÝ Õ¥µº·Öµ¥$ ¥· Òºµí¥Öµ �«¾ ¼ ºÝµ Ó¥Ô ÖÛ ¸¹ºÛí¥Þ¥Û· ºØµÖÝ· »¥Ô ÝºµºÞ Ó¥·µ¥ÔÒºÔ¥µ Óº Ò á¶ÛÔ·ºÛ· F © �å
`^kaek^o` D|b � af j``bi^ �j kb ĥ~^` t �[�` jgae^d c^ Á|b ji^z x �[�À jgae^d c^ D|b � dabgof `jkka`g c^ J� ^fib`af\ �r ^dg zrjb` no^ z^ `jkka`g k^og ¦̂g`^ jo~e^fg ĥj`}bg`jb`^e^fgdjfd bfg`acob`^ c^ k^`g^ do` r^ Á|b \ |^d ijr^o`d akgbebd ĥ̂ d kao` r^ fae}`^� rj c^fdbg ĥ�rj g^ek ĥ̀ jgo`^ ^g r^d c ĥzjrj~^d rjd^` kao` r^d w�� �j c^o� bdagak^d dafg bfcbno ĥ̂ d cjfd
r^ gj}r^jo {\[
Äutu¤ ��� ºx��yz��w

uk`�̂d r^ zmj`~^e^fg co w�� br ^dg kaddb}r^ c^ `^_`abcb` org ĥ̀ b^o`^e^fg r^ ~j� ^fzmjf~^jfg r^d kj`je�̂g`^d co w�� k^fcjfg no^rno^d ed\ �f jkk^rr^ z^gg^ kmjd^� r^w�� zaek`be ĥ� ao w��y\ °f _jbg r^d kj`je�̂g`^d no�af zmjf~^ zafz^`f^fg ofbno^�e^fg r^d _jbdz^jo� rjd^`\ |^d `jkka`gd c�bfg^fdbg ĥ`^rjgbi^ ^fg`^ r^d cbs ĥ̀ ^fgd zaekadjfgdc^ _` ĥno^fz^ dafg bfzmjf~ ĥd� gjfcbd no^ rj kobddjfz^ roebf^od^ gagjr^ ^dg ` ĥcobg^ jo
v�= c^ rj ijr^o` bfbgbjr^ £ © �%v£ÃÁÎ © [%�e?nze�� ^g r^d c ĥzjrj~^d rjd^` dafg zmjf~ ĥd\�o` r^ gj}r^jo {\J dafg bfcbno ĥ̂ d r^d ijr^o`d c^ �� �B ^g $ kao` r^ w��y jbfdb no^ r^dfaoi^rr^d ijr^o`d c^d c ĥzjrj~^d rjd^`\ �f g`aoi^ no^ rj g^ek ĥ̀ jgo`^ }jbdd^ c^ x�= ^g no^rj c^fdbg ĥjo~e^fg^ c^ v�=\ w^fcjfg z^gg^ kmjd^ c^ zaek`^ddbaf v�= c^d jgae^d dafg
k^`cod i`jbd^e}rj}r^e^fg �j zjod^ c^ zarrbdbafd jddbdg ĥ̂ d kj` roeb�̂̀ ^ ao jo� zarrbdbaf



®býb `*�`�e� *`��s+� �� ý_��e���þ� �+`� ��e� ��eþ d���s+� s+���+̀ *�����tp
w��y �j of bdagak^ w��y �j c^o� bdagak^dÁ|b D|b Á|b D|b� p � [�` { � [�À � � [�` v � [�À

f �ze^�� x � [�99 [%{ � [�99 x � [�99 �%{ � [�9Bq �e@� �%� �%x �%� �%p¸b Á±D �_� ¯v%� ¯J%p ¯v%� ¯J%p¸ÕÁ±D �_� ¯t%� ¯J%p ¯t%� ¯{%�õö÷� {\J� Ð£ÞÝºµº¶Ô£Û »Ö Û£ÞØµ¥ »áº·£Þ¥Ô � è »¥ÛÔ¶· Õ¥ Þºç¶ÞºÒ¥ �Bè ·¥ÞÝ Õ¥µº·Öµ¥ $¥· » Õ¥¸ºÒºí¥ »¥ ïµ Õ¥àÖ¥Û¸¥ »¥Ô ÒºÔ¥µÔ Ý£Öµ Ò¥ ´é÷ ¸£ÞÝµ¶Þ Õ¥ �́ é÷Ð½ Ý¥Û»ºÛ· �ÞÔ ÓºÖÛ £Ö »¥Öç ¶Ô£·£Ý¥Ôå ×¥Ô Û£·º·¶£ÛÔ Ô£Û· Ò¥Ô Þó¥Þ¥Ô àÖ¥ »ºÛÔ Ò¥ ·ºØÒ¥ºÖ �å�å
ji^z zmjf~^e^fg c^ dg`ozgo`^ mlk^`(f^\ w^fcjfg r^ zmj`~^e^fg� rj k`a_afc^o` co w��
^dg do±djfg^ kao` `jgg`jk^` r^d jgae^d nob do}bdd^fg of^ zarrbdbaf ji^z zmjf~^e^fg c^dg`ozgo`^ mlk^`(f^ � rj k`a_afc^o` co w�� ^dg c^ r�a`c`^ co c^~` ĥ@^ribf� jra`d no^r� ĥf^`~b^ jznobd^ kj` jgae^ ^dg ĥnobijr^fg^ �j J{�e@ �[� ¡;� kj`gj~ ĥ̂ d ^fg`^ c^o�jgae^d�\ |^ w��y� jljfg of^ k`a_afc^o` ebf^o`^� f^ ~j`c^ kjd kb ĥ~ ĥd r^d k`acobgdc^ z^d zarrbdbafd bf ĥrjdgbno^d\ �f ^�krbno^ jbfdb kao`noab r^ g^ekd c^ ib^ co w��y
^dg c^ v�ed ^fib`af� jra`d no^ z^rob co w�� ^dg c^ r�a`c`^ c^ v ebfog^d �iab` (~o`^{\J�\ |j (~o`^ {\v eafg`^ rj clfjebno^ g^eka`^rr^ co fae}`^ c�jgae^d� rj rj`~^o` c^rj cbdg`b}ogbaf jgaebno^ ^g rj g^ek ĥ̀ jgo`^ c�of ~j� c^ Á|b cjfd of w�� zaek`be ĥ
k^fcjfg r^d k`^eb^`d �\{ed c^ zaek`^ddbaf\

|^ w��y c^ib^fg ogbr^ k`bfzbkjr^e^fg ra`d co g`jfd_^`g c^d jgae^d cjfd r^ kb�̂~^ej~f ĥgbno^\ °f _jbg rj zaek`^ddbaf f^ _jbg kjd }^jozaok ~j~f^` do` rj c^fdbg ĥ cjfd
r�̂ dkjz^ c^d kmjd^d� ejbd ` ĥcobg zafdbc ĥ̀ j}r^e^fg rj g^ek ĥ̀ jgo`^ co ~j�\ Ef^ c^dk`bfzbkjr^d zjod^d c^ k^`g^ co g`jfd_^`g cjfd r^d kb�̂~^d ej~f ĥgbno^d ^dg `^k` ĥd^fg ĥ̂ kj`
rj cbebfogbaf c^ rj c^fdbg ĥdkjgbjr^\ |�̂ �kjfdbaf }jrbdgbno^ �C[end� k^fcjfg r^ g^ekdc^ eafg ĥ̂ co zmjek ej~f ĥgbno^ �C[ed� ^dg co e¦̂e^ a`c`^ no^ rj gjbrr^ co foj~^\�r d�̂ fdobg no�of^ cbebfogbaf c^ rj g^ek ĥ̀ jgo`^ co ~j� zaeka`g^ of^ jo~e^fgjgbafzafdbc ĥ̀ j}r^ c^ c^fdbg ĥ dkjgbjr^ cjfd r^ kb�̂~^ ej~f ĥgbno^\

7Ré ±TÉYXëÈ TYÎÌ\]È ÈÎ Ë[XÊëÈÉÈÍÎ U] YÌ{ÈëÈ
ÉXëÍ VÈÎÌ\]È \]XUÊ]YTíXÌÊÈEf^ _abd kb ĥ~ ĥd cjfd r^ kb�̂~^ ej~f ĥga�akgbno^ r^d jgae^d dafg g`jfd_ ĥ̀ ĥd cjfd ofk`^eb^` kb�̂~^ ej~f ĥgbno^ _a`e ĥkj` r^ nojc`okar^ c^d }a}bf^d w��\ wao` je ĥrba`^` r^zmj`~^e^fg co w��� daf z^fg`^ ^dg ĥr^i ĥc^ no^rno^ ee do` r�j�^ c^d }a}bf^d w��\�r _jog jra`d `je^f^` r^ w�� do` r^ z^fg`^ co kag^fgb^r ej~f ĥgbno^ � r^ zao`jfg zb`zo�rjfg cjfd r^d }a}bf^d c^ g`jfd_^`g cbebfo^ rbf ĥjb`^e^fg k^fcjfg [{ed kao` ĥibg^` c^_jb`^ adzbrr^` r�̂ fd^e}r^ co foj~^\ Ef^ _abd z^fg` ĥd� r^d jgae^d dafg ĥi^fgo^rr^e^fg `^�



t� `*�`�e� *`��s+� �� ý_��e���þ� ��eþ d���s+�
_`abcbd kj` of^ kmjd^ c^ w�� zaek`be ĥ^g ^fdobg^ kaek ĥd cjfd r^ daod�fbi^jo �^^ejfkb ĥ~^jfg\ °f _afzgbaf c^ r�bdagak^ no^ r�af i^og kb ĥ~^` ^g co daod�fbi^jo mlk^`(f no^r�af zmabdbg� rj k`az ĥco`^ c^ kaekj~^ akgbno^ zmjf~^\ wj` rj dobg^   �jb zafdbc ĥ̀ ĥ d^or^�e^fg r^ kaekj~^ akgbno^ co Á|b kobdno^ z�̂ dg rj nojfgbg ĥc^ Á|b kb ĥ~ ĥnob c ĥg^`ebf^ rjnojfgbg ĥ c^ D|b no^ af kao``j `^_`abcb`\ |^ kaekj~^ akgbno^ k^og ¦̂g`^ _jbg d^or^e^fg
^fg`^ r^d c^o� daod� ĥgjgd mlk^`(fd ao ĥ~jr^e^fg ^fg`^ daod fbi^jo� �^^ejf\

Äu�ut �x��}Çw x��z»�w {}�� ØÙ Ú ÛÜÝn Ú ÞÛß
|^ kaekj~^ akgbno^ i^`d ¨� © Jª«¬ © ­J® no^ r�af k^og bej~bf^` zafdbdg^ �j^�kad^` k^fcjfg no^rno^ ²d r^d jgae^d �j of rjd^` ` ĥdaffjfg ji^z of^ g`jfdbgbaf akgbno^kj`gjfg co daod�fbi^jo mlk^`(f �©[\ |^d jgae^d ^�zbg ĥd iafg `^rj�^` do` no^rno^dzlzr^d i^`d r^ daod�fbi^jo �©J ^f k^okrjfg gaod r^d daod�fbi^jo� �^^ejf cbdkafb}r^d\°f jrroejfg r^ kb�̂~^ ej~f ĥgbno^ r^ (rg`j~^ c^d jgae^d ej~f ĥgbno^e^fg kb ĥ~^j~^j}r^d^dg jogaejgbno^ � r^d jgae^d «¬ © ¯[ ^g �J dafg ^�kord ĥd co kb�̂~^� r^d «¬ © � gae}^fg

kj` ~`jibg ĥ^g «¬ © ­[ ^g ­J `^dg^fg kb ĥ~ ĥd\ wobdno^ r� ĥzmjfgbrraf f�̂ dg kjd gagjr^e^fg
karj`bd ĥ� krodb^o`d zjfjo� c^ zarrbdbafd bf ĥrjdgbno^d k^oi^fg ` ĥcob`^ r^ g^ekd c^ ib^ co
kb�̂~^ ^g zmjos^` r� ĥzmjfgbrraf\

|^d zarrbdbafd bf ĥrjdgbno^d co glk^
J � ¨� © Jª«¬ © ­[® � ¨� © [ª«¬ © ­�® ­ ¨� © Jª«¬ © ­J® ­ °M¬�°M¬ ĥf^`~b^ mlk^`(f^� rbebg^fg d^fdb}r^e^fg rj co` ĥ̂ c^ ib^ co ~j�� zj` r� ĥf^`~b^c ĥ~j~ ĥ̂ ^dg cjfd z^ zjd }b^f dok ĥ̀ b^o`^ �j rj k`a_afc^o` co kb�̂~^\ °~jr^e^fg r^d zarrbdbafd

J � ¨� © Jª«¬ © ­[® � ¨� © Jª«¬ © ­�® ­ ¨� © Jª«¬ © ­J®
dafg of^ dao`z^ c^ k^`g^ ^g c^ zmjosj~^ co ~j� zj`� �j zmjno^ zarrbdbaf� of jgae^ ^dgk^`co� ^g z^rob nob `^dg^ kb ĥ~ ĥ jznob^`g r� ĥf^`~b^ kag^fgb^rr^ c^ rj kjb`^ bfbgbjr^ �gaog
^f `^dgjfg kb ĥ~ ĥ�\ �jfd (~o`^ {\x� af k^og a}d^`i^` rj cbebfogbaf c�jgae^d kb ĥ~ ĥd co^�j z^ e ĥzjfbde^\ �^d k` ĥcbzgbafd gm ĥa`bno^d �x[� bfcbno^fg c^d gjo� c�ĥzmjf~^ kao`c^d ĥzmjfgbrrafd c^ |b faf karj`bd ĥd c^ r�a`c`^ c^ [�^99 ze�nd� z^ nob ^dg zaekjgb�}r^ ji^z r^d beka`gjfg^d k^`g^d � odno��j of _jzg^o` J� no^ r�af a}d^`i^ k^fcjfg rjk`^eb�̂̀ ^ z^fgjbf^ c^ ed co kb ĥ~^j~^ ej~f ĥgbno^\ �r _jog jra`d kaek^` r^d jgae^d cjfd
r^ daod�fbi^jo ej~f ĥgbno^ ^�g`¦̂e^\ |^ kaekj~^ akgbno^ cjfd r^ e¦̂e^ daod�fbi^jo
mlk^`(f� i^`d r^ daod�fbi^jo �^^ejf ^�g`¦̂e^ �kaekj~^ �^^ejf� ^dg _jbg �j r�jbc^ c�ofzmjek ej~f ĥgbno^ cb`^zg^o`� }b^f c ĥ(fb ^g maea~�̂f^� ^g c�of _jbdz^jo rjd^` karj`bd ĥ
¼´ ` ĥdaffjfg do` of^ g`jfdbgbaf � © J � �� © J\ wobdno^ rj dg`ozgo`^ mlk^`(f^c^ r� ĥgjg ĥr^zg`afbno^ ^�zbg ĥ do` rj rb~f^ �J ^dg g`ak ĥg`abg^ kao` k^`e^gg`^ c�̂ �zbg^`c�of^ _j)zaf ` ĥdaffjfg^ d^or^e^fg of daod�fbi^jo ��� r^ kaekj~^ �^^ejf ^dg _jbg do`
rj rb~f^ �[� a�o rj dg`ozgo`^ mlk^`(f^ �t[\� �;�� iab` (~o`^ v\{� k^`e^g of^ }aff^d ĥr^zgbibg ĥ\ y^ _jbdz^jo ^dg bddo co rjd^` ^dzrji^ co `^kaek^o` D|b co w��\ Ef jog`^
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Temps (ms)���� {\x� ë¥ÞÝÔ »¥ Ñ¶¥ »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ Ý¥Û»ºÛ· Òº Ýµ¥Þ¶ Ó¥µ¥ Ô¥¸£Û»¥ ºÝµ Ó¥Ô ¸¹ºµí¥³Þ¥Û·å ×¥Ô º·£Þ¥Ô »¥ Á×¶ £Û· Õ¥· Õ¥ ·µºÛÔï Õ¥µ Õ¥Ô »ºÛÔ Ò¥ Ô£ÖÔ³Û¶Ñ¥ºÖ �©J Óº Ò áº¶»¥ »áÖÛïº¶Ô¸¥ºÖ »¥ Ý£ÞÝºí¥ £Ý·¶àÖ¥ Ý£Òºµ¶Ô Õ¥ ¼´è µ Õ¥Ô£ÛÛºÛ· ÔÖµ Òº ·µºÛÔ¶·¶£Û � © [ � �� © Jå×º » Õ¥¸µ£¶ÔÔºÛ¸¥ ÔÖµ Ò¥Ô Ýµ¥Þ¶¥µÔ �úúÞÔ ¥Ô· »Ö¥ ºÖç Ý¥µ·¥Ô Ýºµ µ¥Òºçº·¶£Û »¥ ÔÝ¶Û »¥Ôº·£Þ¥Ô Ý¶ Õ¥í Õ¥Ô »ºÛÔ Ò¥ Ô£ÖÔ Û¶Ñ¥ºÖ ¨� © Jª«¬ © ­[®è Ò áÕ¥¸¹¥ÒÒ¥ »¥ ·¥ÞÝÔ ¥Ô· ¸£ÞÝº·¶ØÒ¥ºÑ¥¸ Ò¥Ô ·ºÖç »áÕ¥¸¹ºÛí¥ ¸ºÒ¸ÖÒ Õ¥Ô »ºÛÔ øù�û �h © [�� ÞÔ½å ×º » Õ¥¸µ£¶ÔÔºÛ¸¥ ÔÖµ ÖÛ¥ Õ¥¸¹¥ÒÒ¥»¥ ·¥ÞÝÔ ÝÒÖÔ Ò£ÛíÖ¥ ¥Ô· »Ö¥ ºÖç ¸£ÒÒ¶Ô¶£ÛÔ ºÑ¥¸ Ò¥ íº� µ Õ¥Ô¶»Ö¥Ò �h © [p Ô½å
rjd^`� cafg rj karj`bdjgbaf ^dg rj e¦̂e^ no^ z^rob co kaekj~^ �^^ejf� ^ek¦̂zm^ r^ kae�kj~^ akgbno^ i^`d r^ daod�fbi^jo mlk^`(f bf_ ĥ̀ b^o`\ �jfd z^gg^ zaf(~o`jgbaf r^d jgae^dk^oi^fg j}da`}^` c^d kmagafd ofbno^e^fg d�brd d^ g`aoi^fg cjfd c^d fbi^jo� jog`^dno^ ¨� © Jª«¬ © ­J®\ �^ krod r^ k`az^ddod c�j}da`kgbaf c^d kmagafd ¼´ ^g r� ĥebddbafdkafgjf ĥ̂ je�̂f^fg r^d jgae^d i^`d z^g ĥgjg\|j d ĥno^fz^ c^ kaekj~^ k` ĥiabg rj zaoko`^ co zmjek nojc`okarjb`^ co w�� ^g r�jr�roej~^ c�of zmjek ej~f ĥgbno^ cb`^zg^o` c^ [� ¡\ �f jgg^fc [��²d kao` da`gb` co` ĥ~be^ g`jfdbgab`^ c^d bfcozgjfz^d ^g ^fdobg^ af jkkrbno^ k^fcjfg [��²d r^d _jbdz^jo�c^ kaekj~^ mlk^`(f ^g �^^ejf\ |^d c^o� dafg dok^`kad ĥd �j of _jbdz^jo w�� ma`b�af�gjr kobdno^ r^ zmjek ej~f ĥgbno^ cb`^zg^o` ^dg rob e¦̂e^ kj`jrr�̂r^ �j r�j�^ c^d }a}bf^dw��\ ��̂d no^ r^ kaekj~^ akgbno^ ^dg g^`ebf ĥaf eafg^ r^ zao`jfg c^d }a}bf^d w��
joddbg¦ag� ^f ~j`cjfg r^ zmjek cb`^zg^o` �\{ed kao` no^ r�j�^ c^ nojfgb(zjgbaf `^dg^}b^f c ĥ(fb\ �jfd r^ gj}r^jo {\v dafg bfcbno ĥd r^d ` ĥdorgjgd a}g^fod ^f dobijfg z^gg^k`az ĥco`^\ |^ kaekj~^ �^^ejf� k^`e^ggjfg c^ g`jfd_ ĥ̀ ^` of^ _`jzgbaf zafdbc ĥ̀ j}r^c�jgae^d cjfd r^ kb�̂~^ ej~f ĥgbno^� d^e}r^ ¦̂g`^ of aogbr kobddjfg kao` r^ c ĥej``j~^co `^_`abcbdd^e^fg ĥijka`jgb_\ y^k^fcjfg rj dbgojgbaf zmjf~^ db af zafdbc�̂̀ ^ of foj~^



[�� `*�`�e� *`��s+� �� ý_��e���þ� ��eþ d���s+�
q^ekd c^ kjd c^ `^kaekj~^ `^kaekj~^kb ĥ~^j~^ ej~f ĥgbno^ `^kaekj~^ mlk^`(f �^^ejf[�ed vp= x�= {�=[��ed v[= vt= xt=[d J�= v�= x{=õö÷� {\v� ´£Öµ¸¥Û·ºí¥ »áº·£Þ¥Ô ·µºÛÔï Õ¥µ Õ¥Ô »ºÛÔ ÖÛ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ Óº Ýºµ·¶µ »áÖÛ´é÷è ¥Û ï £Û¸·¶£Û »¥Ô »¶¤ Õ¥µ¥Û·¥Ô ·¥¸¹Û¶àÖ¥Ô »¥ Ý£ÞÝºí¥ £Ý·¶àÖ¥å ×º » Õ¥·¥¸·¶£Û ¥Ô· ï º¶·¥ºÝµ Ó¥Ô µ¥¸ºÝ·Öµ¥ »ºÛÔ Ò¥ ´é÷ Ý£Öµ Ý£ÖÑ£¶µ ¸£ÛÔ¶» Õ¥µ¥µ ·£Öì £ÖµÔ Ò¥ Þó¥Þ¥ ¸£¥û¸¶¥Û· »¥ÐÒ¥ØÔ¸¹³ê£µ»ºÛ �Ñ£¶µ Ô¥¸·¶£Û �å�å�½å

akgbno^e^fg ĥkjbd\ �jfd z^ zjd af f^ k^og kjd f ĥ~rb~^` rj ` ĥj}da`kgbaf c^ kmagafdîî �^^ejf ðð cbsod ĥd nob� ^f jljfg of^ karj`bdjgbaf ! ao ¼^ k^oi^fg ¦̂g`^ j}da`} ĥd kj`
r^d jgae^d ¨� © Jª«¬ © ­J® joddb\ y^gg^ cbsodbaf eorgbkr^ `jr^fgbg r^ k`az^ddod c^kaekj~^ ^g zafcobg c^ krod �j of zmjosj~^ beka`gjfg co ~j�\ u zjod^ c^ z^ km ĥfae�̂f^af j ko e^do`^` c^d zmjosj~^d jrrjfg  odno��j ve@ jo zao`d co kaekj~^ akgbno^� kao`c^d foj~^d zafg^fjfg p ¡[�` jgae^d\ wao` ĥibg^` c^d k`a}r�̂e^d ej ^o`d c^ zmjosj~^br ^dg k` ĥ_ ĥ̀ j}r^ jra`d c^ d^ rbebg^` �j of kaekj~^ mlk^`(f cjfd r^d e¦̂e^d zafcbgbafd
^�k ĥ̀ be^fgjr^d\ �bfjr^e^fg r^ g`jfd_^`g co w�� jo kb�̂~^ ej~f ĥgbno^ ^dg krod ^±zjz^c^ no^rno^d kao`z^fgd db rj d ĥno^fz^ c^ kaekj~^ akgbno^ ^dg _jbg^ jk`�̂d rj kmjd^ c^w�� zaek`be ĥ\

Äu�u� �x��}Çw x��z»�w {}�� ØÙ Ú àÜÝn Ú áàß
|^ kb ĥ~^j~^ ej~f ĥgbno^ cjfd r^ daod�fbi^jo mlk^`(f � © [ ^dg eabfd z`bgbno^ kj``jkka`g �j z^rob cjfd � © J kobdno^ d^or^e^fg r� ĥgjg ¨� © [ª«¬ © ¯[® ^dg kb ĥ~ ĥ

ej~f ĥgbno^e^fg �̂ g cjfd of zmjek �p [{� ¡�\ wj` zafd ĥno^fg of ĥzmjfgbrraf c�jgae^dcjfd r^ kag^fgb^r ej~f ĥgbno^ d^ karj`bd^ fjgo`^rr^e^fg k^fcjfg r^d k`^eb�̂̀ ^d ed c^kb ĥ~^j~^� kj` ^�kordbaf c^d jgae^d cjfd r^d ĥgjgd jfgb�kb ĥ~^jfgd �«¬ © � ^g «¬ © [�\�f k^og jra`d d^ rbebg^` �j kaek^` gaod r^d jgae^d co w�� cjfd r� ĥgjg � © [ ^fzaokjfg r^ _jbdz^jo `^kaek^o` co w�� no^rno^d cb�jbf^d c^ ²d jijfg r^ _jbdz^jo
k`bfzbkjr\ °f _jbdjfg z^ kaekj~^� cafg rj karj`bdjgbaf f�̂ dg kjd c ĥ(fb^� af j``bi^ �jkb ĥ~^` ej~f ĥgbno^e^fg [�= c^d jgae^d co w��\ y^ _jb}r^ gjo� c^ g`jfd_^`g cjfd
r^ kb�̂~^ ej~f ĥgbno^ j c^o� a`b~bf^d\ ��j}a`c af j io cjfd rj d^zgbaf k` ĥz ĥc^fg^ no^r^ kaekj~^ akgbno^ j of^ ^±zjzbg ĥ rbebg ĥ\ ��jog`^ kj`g rj k`a_afc^o` co kag^fgb^rej~f ĥgbno^ d^ ` ĥcobg �j zjod^ c^ rj fafrbf ĥj`bg ĥ co kag^fgb^r ej~f ĥgbno^ kj` `jkka`g
jo zmjek ej~f ĥgbno^\ �jfd r^ ` ĥ~be^ c^ �`^bg�]j}b� af g`aoi^ no^ r� ĥf^`~b^ kag^fgb^rr^ej�bejr^ c^ r� ĥgjg ¨� © [ª«¬ © ¯[® ^dg J\x e@ kao` ¨� ¨ © [{� ¡\ |^d jgae^d cafg
r� ĥf^`~b^ zbf ĥgbno^ c ĥkjdd^ z^ d^obr f^ dafg kjd kb ĥ~ ĥd� e¦̂e^ d�brd dafg kaek ĥd cjfd r^}af daod fbi^jo �^^ejf\ y^gg^ ^�krbzjgbaf ^dg zaekjgb}r^ ji^z r^ _jbg no^ r�̂ ±zjzbg ĥco



`*�`�e� *`��s+� �� ý_��e���þ� ��eþ d���s+� [�[
g`jfd_^`g cbebfo^ nojfc af jo~e^fg^ r^ fae}`^ c�jgae^d bfbgbjr9 ��ÀÁN © { [�`� [�=c^ g`jfd_^`g\ �ÀÁN © [%[ [�9B� [p= c^ g`jfd_^`g\ �ÀÁN © J%v [�9B� [x= c^ g`jfd_^`g\�Ef^ jog`^ g^zmfbno^ zafdbdg^ �j brroebf^` r^d jgae^d jrg^`fjgbi^e^fg ji^z of _jbdz^jo` ĥdaffjfg �j rj g`jfdbgbaf � © [ � �� © [ ao � © J � �� © J\ ymjno^ bekordbaf c^roeb�̂̀ ^ co`^ {�²d ^fib`af ^g af ` ĥk�̂g^ r^ zlzr^ of^ ao c^o� _abd\ |j roeb�̂̀ ^ ^dg karj`bd ĥ̂
¼^ kj` `jkka`g jo zmjek ej~f ĥgbno^ cb`^zg^o`\ �^ z^gg^ _j)zaf af j``bi^ �j g`jfd_ ĥ̀ ^`cjfd r^ kb�̂~^ ej~f ĥgbno^ [�= ^fib`af c^d jgae^d co w��\

A) B) C) D) E)

F) G) H) I) J)���� {\{� ëµºÛÔï ¥µ· »¥Ô º·£Þ¥Ô »Ö ´é÷ »ºÛÔ Ò¥ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ¢£¤¥³´µ¶·¸¹ºµ»å õ½Ð¹ºµí¥Þ¥Û· »Ö ´é÷ » Õ¥¸ºÒ Õ¥å Ú½ Ð¥Û·µºí¥ »Ö ´é÷ ÔÖµ Ò¥ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ àÖº»µÖÝ£³Òº¶µ¥ »Ö ØºÔå Ð½ Ð¹ºµí¥Þ¥Û· »Ö Ýµ¥Þ¶¥µ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥å Ü½ Ü Õ¥ØÖ· »Ö ·µºÛÔï ¥µ·å â½õµµ¶Ñ Õ¥¥ »¥Ô º·£Þ¥Ô »ºÛÔ Òº µ Õ¥í¶£Û »¥ » Õ¥·¥¸·¶£Û »¥ Ò áºÝÝ¥Û»¶¸¥å ù½ ù¶Û »¥ Òº ·µºÛÔ³Òº·¶£Û »¥Ô º·£Þ¥Ôå ê½ Ü Õ¥ØÖ· »¥ Òº » Õ¥ï £µÞº·¶£Û »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ àÖº»µÖÝ£Òº¶µ¥»Ö ¹ºÖ·å �½ ù¶Û »¥ Òº » Õ¥ï £µÞº·¶£Û »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ àÖº»µÖÝ£Òº¶µ¥ »Ö ¹ºÖ·å ¢½´¶ Ó¥í¥ ¢£¤¥³´µ¶·¸¹ºµ» Ýºµ·¶¥ÒÒ¥Þ¥Û· ¸£ÞÝ¥ÛÔ Õ¥å æ½ ´¶ Ó¥í¥ ¢£¤¥³´µ¶·¸¹ºµ» ·£·ºÒ¥Þ¥Û· ¸£Þ³Ý¥ÛÔ Õ¥å ë£Ö·¥Ô Ò¥Ô ¶Þºí¥Ô »Ö Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ Ô£Û· Ýµ¶Ô¥Ô ¥Û Ýµ Õ¥Ô¥Û¸¥ »áÖÛ Ò¥ ¸¹ºÞÝÞºíÛ Õ¥·¶àÖ¥ ºÒÒÖÞ Õ¥å

Äu�u¤ �v}yÇw�w�� {� �zîwÇw �}Ç��w�z»�w
��̂d no^ r^d jgae^d dafg kaek ĥd akgbno^e^fg cjfd r^ }af daod�fbi^jo �^^ejf� afeafg^ daocjbf r^ zao`jfg cjfd r^d }a}bf^d w�� kao` jrroe^` r^ kag^fgb^r ej~f ĥgbno^\u zjod^ c^d bfcozgjfz^d c^d }a}bf^d ^g c^d zjkjzbg ĥd c^d jrbe^fgjgbafd c^ zao`jfg� r^Ñ ÙÕÕÔ ÖÚâÖ�ÝæÔ ÔÚ àÔØÛÖÙÚ âçãçã� ßÞ ÛÔÕäæÔÓÞÛÝÓÔ âÝ Ò¡� ÞÝfÕÔÚÛÔ ÞlÔØ ßÔ ÚÙÕÜÓÔ â^ÞÛÙÕÔàäÖ æÔf æÔàç äÔ ØkÞÝãÞfÔ âåÝ ÞÝ äÙÕäÞfÔ ÙäÛÖ�ÝÔ ÞÝààÖ ÞÝfÕÔÚÛÔ ÞlÔØ ß^æÔäÞÖààÔÝÓ ÙäÛÖ�ÝÔ âÔ ß^æÔØkÞÚÛÖßßÙÚç
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���� {\�� ¢Þºí¥ ¥Û ·¥ÞÝÔ »¥ Ñ£Ò »¥Ô º·£Þ¥Ô Ý¶ Õ¥í Õ¥Ô »ºÛÔ Ò¥ Ý¶ Ó¥í¥ ¢£¤¥³´µ¶·¸¹ºµ»å ë¥ÞÝÔ»á¥çÝºÛÔ¶£Û ºç¶ºÒ 2úú²Ôè ·¥ÞÝÔ »á¥çÝºÛÔ¶£Û µº»¶ºÒ �ú²Ôå
zao`jfg ij`b^ zafgbf¦oe^fg do` of^ ĥzm^rr^ c^ g^ekd c^ r�a`c`^ c^ no^rno^d ed\ wao`
ebfbebd^` rj k^`g^ c^ c^fdbg ĥ cjfd r�̂ dkjz^ c^d kmjd^d �zmjosj~^ ^g cbebfogbaf c^c^fdbg ĥ dkjgbjr^�� br _jog _jb`^ ^f da`g^ no^ r^ zao`jfg eafg^ r^ krod ibg^ kaddb}r^ ^gno�̂ f e¦̂e^ g^ekd br f�adzbrr^ kjd\

uo c ĥ}og co kaekj~^ akgbno^� nojfc af aoi`^ r�bfg^``okg^o` �� �iab` (~o`^ x\[���af k`a~`jee^ r�jrbe^fgjgbaf c^ zao`jfg w�� �j g^fdbaf ^g zao`jfg ej�bejr �v�Æ�{��u�\ ��̂d no^ r^ kaekj~^ akgbno^ ^dg g^`ebf ĥ af _^`e^ �� ^g r^ zao`jfg zaee^fz^�j eafg^`\ �b af rjbdd^ r�jrbe^fgjgbaf c^ zao`jfg jgg^bfc`^ r� ĥgjg dgjgbaffjb`^� jk`�̂dno^rno^ z^fgjbf^ c^ ²d br kjdd^ ^f eac^ zafg`¦ar^ zao`jfg jk`�̂d jiab` jgg^bfg of kbz c^zao`jfg �j ���u ^fib`af\ �f ĥibg^ z^gg^ adzbrrjgbaf �nob ^dg of^ dao`z^ c^ zmjosj~^�^f `^k`a~`jeejfg rj g^fdbaf ej�bejr^ c^ r�jrbe^fgjgbaf w�� �j of^ ijr^o` dgjgbaf�fjb`^ kao` of zao`jfg c^ {��u\ |^ eae^fg a�o af `^k`a~`jee^ rj g^fdbaf ^dg zmabdb^c^ _j)zaf �j ĥrbebf^` r�adzbrrjgbaf c^ zao`jfg\ °f ~ ĥf ĥ̀ jr af jkkrbno^ z^gg^ k`az ĥco`^c�akgbebdjgbaf c^ r�jrroej~^ �j gaog^d r^d }a}bf^d co kb�̂~^ ej~f ĥgbno^\

7R� "ÊXÍÏSÈÊÎ ÉXëÍ VÈÎÌ\]ÈÄu¤ut � �w»�w�ºw �w��xyw||w
|^ k`bfzbk^ co g`jfd_^`g ej~f ĥgbno^ j c ĥ  �j ĥg ĥ jfgbzbk ĥ ^f d^zgbaf x\[\ |^d jgae^dco w�� dafg zmj`~ ĥd cjfd of k`^eb^` kb�̂~^ ej~f ĥgbno^ nojc`okarjb`^ z^fg` ĥ do` r^w��� r^d }a}bf^d c^d c^o� kb�̂~^d ĥgjfg r^d e¦̂e^d\ °fdobg^� rj g`jfdrjgbaf co kb�̂~^ej~f ĥgbno^ c ĥej``^ ^f j aogjfg c�of^ _j)zaf zafgbfo^ r^ zmjek nojc`okarjb`^ c^d}a}bf^d c^ g`jfd_^`g\ |^ zmjek k`acobg kj` z^d }a}bf^d j rj e¦̂e^ a`b^fgjgbaf no^z^rob c^d }a}bf^d w��� ejbd r�j�^ c^ dle ĥg`b^ d^ g`aoi^ { ze krod ^f mjog\ |^ z^fg`^co nojc`okar^ ` ĥdorgjfg c^ rj daee^ c^d c^o� d^ c ĥkrjz^ i^`d r�j�^ c^d }a}bf^d c^g`jfd_^`g c�jogjfg krod no^ r^ `jkka`g æ © £ÀÁN £ÂÂÁ
	�½Âc cbebfo^\ u(f no^ r^ zaf(f^�e^fg k^fcjfg r^ g`jfd_^`g dabg ej�bejr� rj cbebfogbaf c^ æ ^dg _jbg^ ^f c^o� ĥgjk^d\ |j



®b�b ���þ�c��� ��eþ d���s+� [�v
k`^eb�̂̀ ^ zafdbdg^ �j jo~e^fg^` £ÂÂÁ
	�½Âc c^ � �j {��u gaog ^f ~j`cjfg r^ zaf(f^e^fg c^d}a}bf^d w�� ej�bejr �£ÀÁN©{��u� £ jbfdb r^d jgae^d kj`zao`^fg ^fib`af rj eabgb ĥco zm^ebf\ |j c^o�b�̂e^ ĥgjk^ zafdbdg^ �j ` ĥcob`^ zafgbf¦oe^fg £ÀÁN  odno��j r�jffor^`\w^fcjfg r^ g`jfd_^`g� rj ij`bjgbaf c^ æ ^dg _jbg^ c^ _j)zaf no^ r^ z^fg`^ co nojc`okar^}ao~^ ji^z jzz ĥr ĥ̀ jgbaf ^g c ĥz ĥr ĥ̀ jgbaf zafdgjfg^d kao` no^ r^d jgae^d f^ dab^fg kjd
g`ak d^zao ĥd\ |^ g^ekd ^ekral ĥ kao` eafg^` r^d jgae^d cjfd rj ` ĥ~baf c�ĥijka`jgbaf^dg c^ [��ed\��̂d no^ r^d jgae^d j``bi^fg cjfd rj ` ĥ~baf co kb�̂~^ ¢£¤¥³´µ¶·¸¹ºµ»� af zaee^fz^rj kmjd^ c�jcjkgjgbaf c^ rj cbdg`b}ogbaf dkjgbjr^ c^d jgae^d kao` no�br l jbg Þ£»¥³Þº·¸¹¶Ûí ji^z r^ kb�̂~^ ¢³´\ |^d jgae^d kb ĥ~ ĥd cjfd r^ nojc`okar^ c^d }a}bf^d c^ g`jfd�_^`g afg of^ cbdg`b}ogbaf dkjgbjr^ ^f _a`e^ c^ z`¦̂k^ ji^z of `jkka`g c^d j�^d c^ J\��jog`^ kj`g rj cbdg`b}ogbaf c^d jgae^d cjfd r^ kb�̂~^ ¢³´ faf zaek`be ĥj of^ _a`e^ c^zb~j`^ ji^z of `jkka`g c^d j�^d c^ r�a`c`^ c^ �\ �r ^dg zrjb` no�̂ f zmjf~^jfg j}`okg^e^fg
^fg`^ r^d c^o� kag^fgb^rd af _jbg }^jozaok zmjos^` r^ ~j�\ |�jcjkgjgbaf c^ rj _a`e^ co
kag^fgb^r rbf ĥjb`^ �j z^rr^ co kb�̂~^ ¢³´ ^dg _jbg^ ^f j aogjfg jo zmjek nojc`okarjb`^ v�c^d }a}bf^d c^ g`jfd_^`g� r^ zmjek nojc`okarjb`^ J� c^d }j``^d ¢£¤¥\ �b r^ zaf(f^e^fg`jcbjr �krod beka`gjfg no^ z^rob j�bjr� ^dg k`acobg ^dd^fgb^rr^e^fg kj` r^d }j``^d ¢£¤¥�^g r^ zaf(f^e^fg raf~bgocbfjr ^dg k`acobg kj` r^d }a}bf^d g`jfd_^`g� r^ foj~^ jgae�bno^ jznob^`g of^ cbdg`b}ogbaf dkjgbjr^ jfjra~o^ �j z^rr^ co kb�̂~^ ¢³´\ y^k^fcjfg� rjc ĥ_a`ejgbaf co nojc`okar^ d^ ` ĥi�̂r^ c ĥrbzjg^\ u zjod^ c^d cbs ĥ̀ ^fg^d dle ĥg`b^d c^d}a}bf^d� db r^d zaf(f^e^fgd `jcbjo� cod jo� c^o� nojc`okar^d d ĥkj` ĥd dafg ĥ~jo�� rjdaee^ c^d c^o� f^ zaf(f^ kjd of^ cb`^zgbaf cjfd r^ krjf `jcbjr �iab` (~o`^ x\[J�\�jfd fag`^ ^�k ĥ̀ b^fz^ br d�j~bg c^ rj cb`^zgbaf i^`gbzjr^\ Ef^ darogbaf zafdbdg^ �j _jb`^of^ k`^eb�̂̀ ^ `jek^ c^ zao`jfgd c^ g`jfd_^`g ^g ¢£¤¥  odno��j z^ no^ r^ zaf(f^e^fg
i^`gbzjr f^ c^ib^ff^ kjd g`ak _jb}r^� ^g �j _jb`^ of k^gbg djog c^ zao`jfg kao` kjdd^` r^d^obr� ^g ^fdobg^ zafgbfo^` rj `jek^  odno�jo� ijr^o`d zmabdb^d\ |^d (~o`^d {\{���¡�;eafg`^fg r�jrro`^ co foj~^ jgaebno^ ra`d c^ r�jcjkgjgbaf co nojc`okar^ jo zaf(f^e^fgco kb�̂~^ ¢³´\

|^d jgae^d dafg ejbfg^fjfg k`¦̂gd kao` ¦̂g`^ zmj`~ ĥd cjfd r^ kb�̂~^ ¢³´\ |�jrroej~^c^ z^ c^`fb^` zafdbdg^ ^f of^ `^k`a~`jeejgbaf c^d bfg^``okg^o`d co zb`zobg co kb�̂~^kao` bfg^``aek`^ r^ zao`jfg c^d }a}bf^d g`jfd_^`g ^g jrroe^` r^d }a}bf^d Ý¶Û¸¹ ^f d ĥ̀ b^ji^z r�jrbe^fgjgbaf w��\ °f e¦̂e^ g^ekd r^ zao`jfg c^d }j``^d ¢£¤¥ ^dg k`a~`jeeĥ�j dj ijr^o` ej�bejr^\ |j (f c^ rj d ĥno^fz^ c^ zmj`~^e^fg co kb�̂~^ ¢³´ zafdbdg^ ^frj zaek^fdjgbaf co zmjek ej~f ĥgbno^ }bjbd �B k`acobg kj` r^d }a}bf^d Ý¶Û¸¹ � ^f~j`cjfg r^ zao`jfg Ý¶Û¸¹ zafdgjfg af kjdd^ c�of^ _j)zaf zafgbfo^ c^ r�jrbe^fgjgbafw�� �j r�jrbe^fgjgbaf Ý¶Û¸¹\ ubfdb af j``bi^ �j jiab` r^ e¦̂e^ zao`jfg cjfd r^d }a}bf^dÝ¶Û¸¹ ^g zaek^fdjgbaf� kao` jiab` of^ zaek^fdjgbaf c^ �B dgj}r^\ |^d k`bd^d c�bej~^^f g^ekd c^ iar co kb�̂~^ ¢³´ dafg ^s^zgo ĥ̂ d ^f zaokjfg r^d zao`jfgd c^d }j``^d c^ ¢£¤¥
^g c^ zaf(f^e^fg j�bjr �}a}bf^d Ý¶Û¸¹ ^g zaek^fdjgbaf� �j c^d eae^fgd cbs ĥ̀ ^fgd\ |^dg^ekd c^ zaoko`^ co zao`jfg f^ dafg kjd co e¦̂e^ a`c`^ c^ ~`jfc^o` �iab` gj}r^jo x\J�\wao` no^ r^d zaf(f^e^fgd `jcbjr ^g j�bjr d�jffor^fg dbeorgjf ĥe^fg� af zaok^ c�j}a`c r^zao`jfg c^ zaf(f^e^fg j�bjr� ^g ^fdobg^� glkbno^e^fg �j x������²d� af zaok^ r^ zao`jfg
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Transfert (%)���� {\p�õ·£Þ¥Ô µ¥Ô·ºÛ·Ô »ºÛÔ Ò¥ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ºÝµ Ó¥Ô ÖÛ¥ïµº¸·¶£Û »Ö ·µºÛÔï ¥µ· ·£·ºÒè¥· µ¥·£Öµ »ºÛÔ Òº Ý£Ô¶·¶£Û ¶Û¶·¶ºÒ¥å ×¥ ØµÖ¶· ÔÖµ Òº ¸£ÖµØ¥ ¥Ô· ¶ÞÝÖ·ºØÒ¥ ºÖç òÖ¸·Öº·¶£ÛÔ»áº·£Þ¥Ô ·µºÛÔï Õ¥µ Õ¥Ô »ºÛÔ Ò¥ Ý¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ��� Ô ¥ÛÑ¶µ£Û½è ¥· »¥ ·¥ÞÝ Õ¥µº·Öµ¥ »Ö íº�èÝÖ¶ÔàÖ¥ Òº ·º¶ÒÒ¥ »Ö ÛÖºí¥ ¥Ô· Ýµ£Ý£µ·¶£ÛÛ¥ÒÒ¥ Óº Ôº ·¥ÞÝ Õ¥µº·Öµ¥å
c^d }j``^d c^ ¢£¤¥\

Äu¤u� �çº}ºz� �w {� �y}��Åwy�
|j (~o`^ {\p `^k` ĥd^fg^ r^ fae}`^ c�jgae^d nob `^dg^fg cjfd r^ kb�̂~^ ej~f ĥgbno^^f _afzgbaf c^ rj _`jzgbaf co zm^ebf c^ g`jfd_^`g\ |^d jgae^d jk`�̂d jiab` jzzaekrb rj_`jzgbaf c^ g`jfd_^`g zmabdb^� jgg^fc^fg [��ed do` krjz^� ^g ^fdobg^ `^ib^ff^fg cjfd

rj kadbgbaf bfbgbjr^ kao` rj k`bd^ c�bej~^\ �f g`aoi^ no^ r^ fae}`^ c�jgae^d cbebfo^ra`dno^ r^ z^fg`^ co kb�̂~^ c ĥkjdd^ v�= co g`jfd_^`g� �j zjod^ c^ r�j``bi ĥ̂ c^d jgae^d cjfd
r�jkk^fcbz^\ |j gjbrr^ co foj~^ ^dg co e¦̂e^ a`c`^ no^ r�jkk^fcbz^ �kao` $ g [e@��^g ra`dno^ r^d jgae^d l ^fg`^fg� z^o�� cafg r� ĥf^`~b^ c ĥkjdd^ r^ kag^fgb^r ej~f ĥgbno^�j rj do`_jz^ bfg^`f^ c^ r�jkk^fcbz^� dafg k^`cod\ °f _jbg rj d ĥr^zgbaf ^dg dkjgbjr^� ^gd^or^e^fg jk`�̂d of g^ekd c^ r�a`c`^ co g^ekd c�̂ `~acbzbg ĥ rj zaoko`^ c^ib^fg joddb
ĥf^`~ ĥgbno^\ �o` rj (~o`^ {\� af k^og }b^f iab` r^d ^s^gd c^ rj zaoko`^ dkjgbjr^ jk`�̂d{{= c^ g`jfd_^`g\ wao` of g`jfd_^`g zaek`bd ^fg`^ v{ ^g t�= rj _`jzgbaf c�jgae^d`^dgjfg kb ĥ~ ĥd ^dg �j k^o k`�̂d zafdgjfg^� gjfcbd no^ do` r^d c^`fb^`d [�= co g`jfd_^`gaf k^`c ^fza`^ of _jzg^o` v\ y^gg^ c^`fb�̂̀ ^ k^`g^ j of^ a`b~bf^ ^fza`^ cbs ĥ̀ ^fg^ zj` �jg`ji^`d rj (~o`^ {\� af iabg no^ r�̂ rrbkgbzbg ĥco^ �j rj zaoko`^ dkjgbjr^ cbdkj`j¦�g\ |^ foj~^�nob ^dg g`�̂d jrraf~ ĥi^`gbzjr^e^fg� gaozm^ ^f kj`gb^ r^ daee^g c^ r�jkk^fcbz^ ^f k^`cjfg



®b�b ���þ�c��� ��eþ d���s+� [�{

A) B) C)���� {\�� ¢Þºí¥Ô »Ö ÛÖºí¥ º·£Þ¶àÖ¥ Ý¶ Õ¥í Õ¥ ÞºíÛ Õ¥·¶àÖ¥Þ¥Û· »ºÛÔ Òº µ Õ¥í¶£Û »Ö ´é÷å õ½´¶ Ó¥í¥ ÞºíÛ Õ¥·¶àÖ¥ ¶Û¶·¶ºÒå Ú½ õ·£Þ¥Ô ºÖ µ¥·£Öµ ºÝµ Ó¥Ô �� Ô »Ö ·µºÛÔï ¥µ·å Ð½ õ·£Þ¥Ô ºÖµ¥·£Öµ ºÝµ Ó¥Ô ó¥·µ¥ ºµµ¶Ñ Õ¥Ô »ºÛÔ Òº µ Õ¥í¶£Û »Ö Ý¶ Ó¥í¥ ¢³´ ��úúÔ »Ö ·µºÛÔï ¥µ·½ å ÷Û Û£·¥µºÒº ï £µ·¥ ¥ÒÒ¶Ý·¶¸¶· Õ¥ »Ö ÛÖºí¥ ºÝµ Ó¥Ô �� Ô »Ö ·µºÛÔï ¥µ·è Ýµ£»Ö¶·¥ Ýºµ Òº ¸£ÖÝÖµ¥ ÔÝº·¶ºÒ¥»Ö¥ Óº Ò á¥Û·µ Õ¥¥ »ºÛÔ Ò áºÝÝ¥Û»¶¸¥å

r^d jgae^d r^d krod ĥzj`g ĥd co z^fg`^� ^g ^f jzno ĥ̀ jfg of^ cbdg`b}ogbaf krod bdag`ak^\�aod jiafd ^ddjl ĥc^ cbebfo^` r^d k^`g^d do` rj c^`fb�̂̀ ^ kj`gb^ co g`jfd_^`g ^f jzgbijfg
r^d }j``^d c^ ¢£¤¥ ra`dno^ r^d jgae^d d�jkk`azm^fg c^ rj ` ĥ~baf c�ĥijka`jgbaf�ejbd faod
f�jiafd kjd g`aoi ĥc�̂ s^gd } ĥf ĥ(no^d\ |j g^ek ĥ̀ jgo`^ co foj~^ jk`�̂d of^ jrr^`�`^gao`c^ [��= ^dg c^ v��²@� ijr^o` zaekjgb}r^ ji^z z^ no^ r�af k^og zjrzor^` �j kj`gb` cozaf(f^e^fg k^fcjfg r^ g`jfd_^`g� ^g c^d zafg`jbfg^d ~ ĥae ĥg`bno^d c^ r�jkk^fcbz^\

wao` z^ nob zafz^`f^ r�̂ ±zjzbg ĥco g`jfd_^`g cjfd r^ kb�̂~^ ¢³´� rj k^`g^ do` r^ fae}`^c�jgae^d ^dg f ĥ~rb~^j}r^� gjfcbd no�af ^f`^~bdg`^ of zmjosj~^ co ~j�\ °f dokkadjfg no^rj c^fdbg ĥcjfd r�̂ dkjz^ c^d kmjd^d `^dg^ zafdgjfg^� af k^og zjrzor^` of^ g^ek ĥ̀ jgo`^ c^r�a`c`^ c^ ve@ ^f kj`gjfg c^d jgae^d kb ĥ~ ĥd cjfd r^ nojc`okar^ bf_ ĥ̀ b^o` �j $ © v��²@�kao` kb�̂~^ ¢³´ c^ kj`je�̂g`^d £èjé½©p��u �J[�� ¡nze�� £Àm
id©{��u �{�� ¡nze��� ^gof zmjek }bjbd zaekr�̂g^e^fg zaek^fd ĥ\ °f _jbg db af _jbg r�̂ �k ĥ̀ b^fz^ af g`aoi^ krog¦agc^d g^ek ĥ̀ jgo`^d c^ r�a`c`^ c^ {e@� z^ nob bekrbno^ no^ no^rno^ kj`g rj eacb(zjgbafco kag^fgb^r ^dg faf�jcbj}jgbno^\ |^d ak ĥ̀ jgbafd nob i`jbd^e}rj}r^e^fg f^ dafg kjd
jcbj}jgbno^d dafg jo fae}`^ c^ c^o�\ |j k`^eb�̂̀ ^ ^dg r^ djog co zao`jfg c^d }j``^dc^ ¢£¤¥ _jbg ra`d c^ r�jcjkgjgbaf co kb�̂~^ nojc`okarjb`^ dok ĥ̀ b^o` jo kb�̂~^ ¢³´� kao`no�br l jbg gao ao`d r^ zaf(f^e^fg i^`gbzjr\ |j c^o�b�̂e^ dao`z^ c^ zmjosj~^ ^dg r^zmjf~^e^fg j}`okg co kag^fgb^r rbf ĥjb`^ co nojc`okar^ jo kag^fgb^r mj`eafbno^ co
kb�̂~^ ¢³´ faf zaek^fd ĥ\ |a`d co g`jfd_^`g c^d jgae^d cjfd r^ kb�̂~^ ¢³´� r^ zmjek}bjbd f�̂ dg kjd zaek^fd ĥ �[J�� ¡ ^fib`af� ^g� c�jk`�̂d r� ĥnojgbaf �x\[[�� r�jkk`a�bejgbafmj`eafbno^ co kag^fgb^r ^dg za``^zg^\ °f dokkadjfg of^ g^ek ĥ̀ jgo`^ bfbgbjr^ c^ [e@��j rj dobg^ co zmjf~^e^fg co k`a(r co kag^fgb^r� af d�jgg^fc �j of^ jo~e^fgjgbaf c^J�= c^ rj g^ek ĥ̀ jgo`^\ � ĥjfeabfd z^gg^ ^dgbejgbaf f^ gb^fg kjd zaekg^ co _jbg no^i`jbd^e}rj}r^e^fg r^ ~j� f�̂ dg kjd �j r� ĥnobrb}`^ gm^`eaclfjebno^ jk`�̂d rj c ĥ_a`ejgbafco kb�̂~^ nojc`okarjb`^\
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Temps de balayage (s)���� {\t� âû¸º¸¶· Õ¥ »Ö ¸£Ö·¥ºÖ Þ¶¸µ£³£Û»¥ »áÕ¥ÑºÝ£µº·¶£Ûå ×º ïµ Õ¥àÖ¥Û¸¥ Þ¶¸µ£³£Û»¥ ¥Ô·ØºÒºß Õ¥¥ Ò¶Û Õ¥º¶µ¥Þ¥Û· ¥Û·µ¥ � ê�� ¥· �úúé�� �µ Õ¥Ô£ÛÛºÛ¸¥ Óº ¸¹ºÞÝ ÛÖÒ½è ÔÖµ ÖÛ¥ »Öµ Õ¥¥
Ñºµ¶ºØÒ¥å ×¥ Û£ÞØµ¥ »áº·£Þ¥Ô µ¥Ô·ºÛ·Ô »ºÛÔ Ò¥ Ý¶ Ó¥í¥ »¶Þ¶ÛÖ¥ ¥çÝ£Û¥Û·¶¥ÒÒ¥Þ¥Û· ÔÖµ ÖÛ·¥ÞÝÔ ¸ºµº¸· Õ¥µ¶Ô·¶àÖ¥ »¥ 2úúÞÔå7R! �ÈÏ]ÊÈÏ YÊ VÈíÌÉÌÍXÌÊÈÏ UXÍÏ íÈ YÌ{ÈëÈ ÉXëÍ VÈÎÌ\]È\]XUÊ]YTíXÌÊÈ
Äu¹ut �ï��|�zx� �u�u w� ê�x�{w {w� }�x�w��aod jiafd ogbrbd ĥc^o� e ĥgmac^d c�ĥijka`jgbaf\ |j k`^eb�̂̀ ^ zafdbdg^ �j bfcob`^ c^dg`jfdbgbafd ^fg`^ daod�fbi^jo� �^^ejf co e¦̂e^ daod�fbi^jo mlk^`(f c ĥk^fcjfg c^r� ĥf^`~b^ kag^fgb^rr^ jgaebno^\ ubfdb af k^og zaokr^` c�of^ _j)zaf ` ĥdaffjfg^ r^ daod�fbi^jo ej~f ĥgbno^e^fg kb ĥ~^jfg �j z^rob jfgb�kb ĥ~^jfg� db r^ c ĥzjrj~^ �^^ejf ^dg k^gbgc^ijfg rj dg`ozgo`^ mlk^`(f^ c^ r� ĥgjg ĥr^zg`afbno^ _afcje^fgjr\ �b z^gg^ zafcbgbaff�̂ dg kjd djgbd_jbg^� r�jgae^ k^og adzbrr^` k^fcjfg no^rno^d k ĥ̀ bac^d cjfd of daod�fbi^jo�^^ejf kj`gb^rr^e^fg karj`bd ĥ jijfg c�¦̂g`^ ^�kord ĥ co kb�̂~^� ^g ^fdobg^ bfg`acob`^ c^dk^`g^d dokkr ĥe^fgjb`^d kj` `^rj�jgbaf c^ dkbf\ wj` rj dobg^ z^gg^ e ĥgmac^ ^dg jkk^r ĥ̂îî ĥijka`jgbaf ]� ðð \ |j d^zafc^ zafdbdg^ �j bfcob`^ c^d g`jfdbgbafd� gao ao`d c ĥk^fcjfg^dc^ r� ĥf^`~b^ kag^fgb^rr^ jgaebno^� ^fg`^ daod�fbi^jo� mlk^`(fd cbs ĥ̀ ^fgd\ �zb r�̂ ±zjzbg ĥc^ rj d ĥr^zgbaf ĥf^`~ ĥgbno^ ^dg e^brr^o` kobdno^ r^ }jdzor^e^fg co dkbf ĥr^zg`afbno^ ^dgcb`^zg i^`d r^ fbi^jo jfgb�kb ĥ~^jfg\ ubfdb af f�bfg`acobg kjd c^ k^`g^d kj` `^rj�jgbaf



®b�b ���+��� `� d�����þ����� ��þ� �� `� ��e� ��eþ d���s+� s+���+̀ *�����[�p
c^ dkbf kj` akkadbgbaf �j r� ĥijka`jgbaf ]� ^f zmjek ej~f ĥgbno^ bfg^fd^\ wj` rj dobg^z^gg^ e ĥgmac^ ^dg jkk^r ĥ̂ îî ²�afc^ ðð \

|j `jcba�_` ĥno^fz^ �]�� ^g rj ebz`a�afc^ �²�afc^� kao` r� ĥijka`jgbaf dafg k`acobg^dkj` of dlfgm ĥgbd^o` ��j`zafb �fdg`oe^fgd ` ĥ_\J�v�� nob� ~ ĥ̀ ĥkj` a`cbfjg^o`� k`acobg r^db~fjr c^ _` ĥno^fz^ zmabdb\ |j ]� �ao ²�afc^� ^dg ^fdobg^ jekrb( ĥ̂ kj` of jekrb(zjg^o`�]� � �bfb�yb`zobgd �;|�[�J?� ²�afc^ � �bfb�yb`zobgd q�u�[����x� ^g ^fial ĥ̂ �j of^}aozr^ c^ (r c^ zobi`^ nob _jbg a±z^ c�jfg^ff^\ ymjno^ jfg^ff^ ^dg ^fdobg^ g^`ebf ĥ̂do` of^ ` ĥdbdgjfz^ c^ {�  kao` eb^o� jcjkg^` r�bek ĥcjfz^\ |^d c^o� zb`zobgd afg ĥg ĥakgbebd ĥd ^ekb`bno^e^fg ^f _jbdjfg jgg^fgbaf �j z^ no^ rj kobddjfz^ ` ĥ� ĥzmb^ do` rj rb~f^f^ c ĥkjdd^ kjd r^ d^obr c^ c^dg`ozgbaf c^ r�jekrb(zjg^o`\ qlkbno^e^fg� af ^fiabg p? �jr�jfg^ff^ ²�afc^� ^g [�{? �j r�jfg^ff^ ]�\ �o` r^ zb`zobg ²�afc^ af j joddb bfdgjrr ĥofzb`zobg c�jzza`c bfg^`_ ĥ̀ ^fgb^r kao` ebfbebd^` rj kobddjfz^ ` ĥ� ĥzmb^ cjfd r�jekrb(zjg^o`\|�̂ ±zjzbg ĥc^ zaokrj~^ jfg^ff^�jgae^d rj krod ĥr^i ĥ̂ j ĥg ĥ g`aoi ĥ̂ kao` c^d jfg^ff^dji^z of^ d^or^ }aozr^� r^d cbje�̂g`^d dafg [ze kao` rj ²�afc^� ^g v ze kao` rj ]�\ �o`
rj (~o`^ {\t ^dg bfcbno ĥ̂ r�̂ ±zjzbg ĥ c^ rj dao`z^ ²�afc^ � r^d jgae^d dafg zmjdd ĥd co
kb�̂~^ ej~f ĥgbno^ ji^z of^ `jek^ rbf ĥjb`^ c^ [¡;� �z^ nob za``^dkafc �j of^ }j``b�̂̀ ^ĥf^`~ ĥgbno^ c^ �e@� �j ��� �_` ĥno^fz^ c^ rj g`jfdbgbaf �j zmjek ej~f ĥgbno^ for�\ |jco` ĥ̂ c^ rj `jek^ rbf ĥjb`^ ^dg ij`b ĥ̂ c^ no^rno^d z^fgjbf^d c^ ed �j { d\ |j cbebfogbafc^d jgae^d nob `^dg^fg cjfd r^ kb�̂~^ ^dg ^�kaf^fgb^rr^ ^f _afzgbaf co g^ekd c^ }jrjlj~^�^g r^ g^ekd c^ c ĥz`abddjfz^ ^dg c^ ���ed\
Äu¹u� �wy�w� �}�xy}�}

�jfd of kb�̂~^ ej~f ĥgbno^ cafg r^ ebfbeoe co eacor^ co zmjek ijog � ĥ̀ a� ofjgae^ kjddjfg jo iabdbfj~^ co z^fg`^ iabg gao`f^` rj cb`^zgbaf co zmjek\ �b rj g`j� ^zgab`^ jgaebno^ kjdd^ do±djee^fg k`�̂d co z^fg`^ co kb�̂~^� rj ibg^dd^ c^ `agjgbafco zmjek ej~f ĥgbno^ jk^`)zo^ cjfd r^ ` ĥ_ ĥ̀ ^fgb^r jgaebno^ k^og ¦̂g`^ co e¦̂e^ a`c`^no^ rj _` ĥno^fz^ c^ |j`ea`\ |^ eae^fg dkbf jgaebno^ k^og jra`d jiab` of dobib fafjcbj}jgbno^� ^g da`gb` co daod�fbi^jo �^^ejf ej~f ĥgbno^e^fg kb ĥ~^jfg\ y^ k`az^ddod
^dg zaeeof ĥe^fg jkk^r ĥ îî g`jfdbgbaf �j a`jfj ðð\Ef jgae^ kb ĥ~ ĥcjfd of kb�̂~^ nojc`okarjb`^� dobijfg of g`j ^zgab`^ `^zgbrb~f^� ji^zof kj`je�̂g`^ c�bekjzg & kj` `jkka`g jo z^fg`^ co kb�̂~^� iabg gao`f^` rj cb`^zgbaf cozmjek ej~f ĥgbno^ �j of^ ibg^dd^  ë C k& % �{\J�
��jog`^ kj`g� jo kabfg a�o rj ibg^dd^ c^ `agjgbaf c^ rj cb`^zgbaf co zmjek ej~f ĥgbno^^dg ej�bejr^� daf eacor^ ijog &�� � ji^z �� ~`jcb^fg razjr co zmjek ej~f ĥgbno^\ |j_` ĥno^fz^ ebfbejr^ c^ |j`ea`  ì r^ raf~ c^ rj g`j ^zgab`^ jgaebno^ ^dg cafz c^ r�a`c`^c^  ì © ²�� &�� % �{\v�
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|^ dobib faf jcbj}jgbno^ co dkbf jgaebno^ j rb^o c�̂d no^ 3ì p3ë � jog`^e^fg cbg kao`of kj`je�̂g`^ c�bekjzg bf_ ĥ̀ b^o` jo ijr^o` z`bgbno^

&B C íîïðñòó ôõö÷øùúû üýþÿúû ûú�þ�ý �ú���ûö ��úûý�ÿüý�þ� �� ýü�� �ú �ú�ýúû �	� ü�� ý�ü�û�ý�þ�û �ü
þ�ü�üúûý �ü�ýú ú� �üù��ùü�ý ùú �þÿ
�ú ��üýþÿúû �ü� ���ý �ú �ú ýúÿ�û ��� �üûûú�ý �ü�û ùü û���ú�ú���ý���ú ���õ� � ,�,� � ���� ð���� ôõöõøü ú� � ùü�!ú�� �ú ùü ��ûý��
�ý�þ� üýþÿ���úö "� ��ú�� ú ü��û� ùú ýúÿ�û �ú ����úú �ú  �ú #���ú ü�� �ú�ýúû �ü
þ�ü�ü
#� � �� ñòóîïð� $ ôõö%ø

&� ú��ùþ�ýü�ý ùü �úùüý�þ�  üùü
ùú �ü�û �� ���ú!ú ÿü!��úý���ú 'ð� � ñòó�( þ� þ
ý�ú�ý ú�)�
#� � 'îï �� ôõö*ø

�ú !ü� �ú +�� �� �ú!�ú �ü�û �þý�ú ���ú!ú ��ü����þùü��ú ��� �ú��ú�� �ü �ÿ, ü��ü�ý( ��ü���úû�ú ÿþ�úù�ú( ��ú ����úú �ú  �ú �ú -� ûö .úýýú ûþ���ú �ú �ú�ýú ��üýþÿúû úûý �þ�� �� ú/úý��ü�ýü�ý �ù�û �þ�ýú ��ú ùü ÿüûûú �ú ù�üýþÿú úûý �úý�ýúö&���ú��ÿú�ýüùúÿú�ý �þ�û ü þ�û ú� ��ú ��úÿ��ú�ú ��ú� ú �úû �ú�ýúû �ü
þ�ü�ü ú��ü�ûü�ý �úû úûûü�û ���ú ü�þ�üý�þ� �ü�û ùú ���ú!ú ��ü����þùü��ú ��� �ú��ú��ö 0úû üýþÿúû �ú+�� þ�ý �úý �ú �� �ú!�úû �ü�û ùú ��ü����þùú ÿü!��úý���ú 1�" ü ú� �� �þ��ü�ý �ú õ��2 �ü�ö3ÿ,ö &� ü
ûú��ú �ú �þ�ýúü� �ü��þ��� �ú��ú��ú( ùú ýúÿ�û �ú  �ú �� ���ú!ú ÿü!��úý���úúûý �ú �� û ú� ��þ� ô þ�� )!��ú õö��ø( �ú ��� �þ��úû�þ�� ü� ýúÿ�û �ú �þùù�û�þ� ü ú� ùú !ü�� �úû���úùö .ú ýúÿ�û �ú  �ú( �ù�ý	þý �þ��ý( ü �úý �ú üÿ�úù�þ� �ú �ü�û ùü û��ýú �úû ú���ú��ú��úûö �üÿ	úÿú ÿúû��ú �ú ýúÿ�û �ú  �ú( ü �úý �ú �ü�ýú ü���úû ü þ�� 
üùü4 �ú ùú �þ�ýúü� 5� ú�ý�ú õ úý3ÿ, ú� õ û( þ� þ
ý�ú�ý ü��û� �� ýúÿ�û �ú  �ú �ú�� �þ�û �ù�û �þ��ýö .úýýú ��ú�ú��ü��ú�� ýúÿ�û �ú  �ú �ú ù��ú�ú�!�ú ÿþ4ú��ú �� !ü� úûý ��ú �þ�û�ú��ú��ú ���ú�ýú �úû �ú�ýúû�ü
þ�ü�üö6�ú ü�ý�ú �����üý�þ� �ú �ú�ýú �ü
þ�ü�ü �ú�ý 	úý�ú ��ú�ý�) �úú �ü �ü�ý�� �� ��ü�/ü!ú ����ü!úö 7�� ùü )!��ú õö�� úûý �������úú ùü ùü�!ú�� ���� ��ü!ú �� �ú!�ú �ü�û ùú ���ú!ú ��� �ú��ú���ü -õ�2ö �ü ýúÿ��ú�üý��ú ���ý�üùú �� !ü� úûý �ú �ÿ,( úý ùú ýúÿ�û �ú  �ú ÿúû���ú û��ùü 
üûú �ú ùü ��ÿ���ý�þ� �úû üýþÿúû �� �ú!�úû úûý �ú %- ûö 0ú ù��úùü�!�ûûúÿú�ý �� ��ü!úüýþÿ���ú þ� ��ú���ý �� ýü�� �ú ��ü�/ü!ú �ú ��ñ,8ûö .ú ��ü�/ü!ú �ú�ý ü þ�� �ù�û�ú��ûþ��!��úû � ýú������úû( þ� ��ý���û�ú��úû ü� ���ú!ú ��ü����þùü��úö �ú ��ü�/ü!ú ýú������ú��ú�ú�� úûûú�ý�úùùúÿú�ý �úû 9��ý�üý�þ�û �ú �þ��ü�ý �� ���ú!ú ÿü!��úý���úö :þ�û ��ü þ�û�üû �úÿü����ú �ú 9��ý�üý�þ� �ú �þ��ü�ý ��� �þ���ü�ý ú��ù���ú� �� ��ü�/ü!ú û� �þ�ýö
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Temps (s)NOPQ õö��� RSTUSV WXYZTX[X \Z]T ^SV XUZ_SV \` aSb aSV cX[V ^S \` dSbS _Xb[ aSU`e]S e]XcT]\Zf^X`TS `[g aST`S]T dX gX`h^S US_\ aSTXU]TSi jZ[cV k US_\V cS l`S c] \` dSbS _Xb[ aSU`e]S c`fTSmUS_S[U X\T dSV mnXTbS_S[U c] RWo pqrVsi tXTT aSV k US_\V cS l`S X\T dSV V aS^SmU`Z[ cSVXUZ_SV cuaS[STb`S `[g aST`S]TS dX v_w pxVsi
2 ú� ��ú ûýü
�ù�ý �ú �ú ù�þ���ú �ú ��yz �úû üù�ÿú�ýüý�þ�û �ú �þ��ü�ý( �ù úûý �ü�ýúÿú�ý�ÿ��þ
ü
ùú ����� ýúù ��ü�/ü!ú ��þ �ú��ú �úû üù�ÿú�ýüý�þ�û �ú �þ��ü�ýö 0�ü�ý�ú �ü�ý�þ�û ��ü þ�û �üû �úý�þ� �ú �� ýúù ��ü�/ü!ú �ü�û ùú ���ú!ú {fR �þÿ���ÿ�ú( ��� ûú 
üûúû�� �� ������ý ü�üùþ!�ú �ü �úù�� �� ���ú!ú ��ü����þùü��ú ��� �ú��ú��ö 6�ú ü�ý�ú ú��ù��üý�þ�(��ý���û�ú��ú ü� ���ú!ú ��ü����þùü��ú( ý�ú�ý �þÿ�ýú �úû ý�ü�û�ý�þ�û �ü
þ�ü�ü úý �ú ùü�úùü�üý�þ� �ü� �ú��ü�!ú �ú û���( ��ú ùúû üýþÿúû ü��û� ��þ���ýû �ú� ú�ý ü þ��ö �úû üýþÿúû|} ~ -�' ~ ��� ûþ�ý �úù�ÿ�� �úû �� ���ú!ú ÿü!��úý���ú  �ü �ú ý�þ�û �ü�ü�� ���úùüûý���úû �� |} ~ -�' ~ �-��|} ~ -�' ~ ��� � |} ~ -�' ~ �-��|} ~ ��' ~ ��������� - � |} ~ -�' ~ ��� � |} ~ -�' ~ �-� � |} ~ ��' ~ �� � ������ - � |} ~ -�' ~ ��� � |} ~ -�' ~ �-� � |} ~ -�' ~ ���úû �ú�� ��úÿ�ú�û �ü�ü�� �þÿ�þ�ýú�ý �� ��ü�!úÿú�ý ���úýüý �4�ú�)� ��� û�ü��þÿ�ü!�ú����ú ù�
 �ú�üý�þ� ���ú�ú�!�ú �ÿ�þ�ýü�ýú �þ����ûü�ý �ü ùü �ú�ýú �úû ü ýþÿúû ú/ú�ý�ü�ýû ��úýúùùú �þùù�û�þ�ö �ú ý�þ�û��úÿú �ü�üù �þ�ûú� ú ù��ú�ú�!�ú ����úý���ú ýþýüùú( ÿü�û �þÿ�þ�ýúùü �ú�ýú ���� üýþÿú �ü� �ú �ú�úÿú�ýö &� �ú ��� �þ��ú��ú ùú ��ü�/ü!ú �ú ù��ú��ü�ý�ùùþ�(�ü�û ùúû �ú�� ��úÿ�ú�û �üû( ùú ��ü�/ü!ú úûý ��ú!ù�!úü
ùú ���û��ú �ü�û ùú � �ú!�ÿú �þ���þùù�û�þ��úù ùúû ��þ���ýû �ú �úùü�üý�þ� û��ú��ü��ú�ý �� ���ú!ú ô��� úûý !�ü��ú �ú ü�ý ùü��þ�þ��ú�� �� �þýú�ý�úùø ü ü�ý �ú ��ú�þûú� �ú ù��ú�ú�!�úö �ú ý�þ�û��úÿú ý4�ú �ú ��þ�úûû�û(
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Temps de piégeage (s)NOPQ õö��� �XTbS]T cS ^X c`VUT`h]U`Z[ V\XU`X^S cu][ []XbS mnXTb aS cX[V ^S \` dSbS_Xb[ aSU`e]S e]XcT]\Z^X`TS `[g aST`S]T dX ����i �X US_\ aSTXU]TS c] bX� X\T dSV mnXTbS_S[USVU cS q_w� SU ^X c]T aSS cS l`S _SV]T aSS V]T ^X hXVS c] [Z_hTS cuXUZ_SV \` aSb aSV SVUcS �� Vi �S mnX]�XbS cS q�ñw�V� e]S ^ uZ[ \S]U c aSc]`TS cS ^ uX]b_S[UXU`Z[ cS ^X UX`^^Sc] []XbS� SVU mZ_\XU`h^S XlSm ][ _ZcS^ aS V`_\^S e]` U`S[U mZ_\US cSV \STUSV c]SV X]UTX[V`U`Z[V WXYZTX[X SU cSV mZ^^`V`Z[V dX aSmnX[bS cS V\`[iü� �þ�ý�ü��ú( �þÿ�þ�ýú �� ��ü�/ü!ú ���û��ú ù�üýþÿú ��� �úûýú �� �ú!�ú ü����ú�ý ù��ú�ú�!�ú�þýú�ý�úùùú �úû üýþÿúû ú�ý�ü�ýûö 0ü�û ùú � �ú!�ÿú þ�� �ú ýü�� �ú �þùù�û�þ� úûý �ÿ�þ�ýü�ý �ü��ü��þ�ý ü� ýü�� �ú �ú�ýú �ü
þ�ü�ü�( ùü  �ýúûûú �� ��þ�úûû�û úûý �þÿ�� �úú �ü� ùú ýü�� �ú�ú�ýúû �ü
þ�ü�ü( úý ùú ��ü�/ü!ú úûý �ú ù�þ���ú �� ýü�� �ú �ú�ýú( �þ�û ùü ýúÿ��ú�üý��ú ��!ü�ö .ú ÿþ��úùú û�ÿ�ùú úûý ú� ü��þ�� ü ú� ùú ��ü�/ü!ú �� ���ú!ú ��ü����þùü��ú �������úú� )!��ú õö��ö ��� ùúû üýþÿúû ûþ�ý �� �ú!�úû �ü�û ùú ���ú!ú ��ü����þùü��ú ��� �ú��ú�� �ü -õ�2ö�ü ýúÿ��ú�üý��ú ���ý�üùú �� !ü� úûý �ú �ÿ,( úý ùü ����úú �ú  �ú �� ���ú!ú �üù��ù�ú û��ùú �þÿ
�ú ��üýþÿúû �� �ú!�úû  ü�ý %- ûö &� û���þûü�ý ����ù 4 ü�ý ûú�ùúÿú�ý �úû �þùù�û�þ�û�� �úùüûý���úû �� ý�þ�û��úÿú ý4�ú( þ� û�üýýú���ü�ý �ü �� ��ü�/ü!ú �ú �%ñ,8ûö �ü ��/ �ú�ú��úü ú� ùü  üùú�� ú���ú��ÿú�ýüùú úûý  �ü�ûúÿ
ùü
ùúÿú�ý �ÿ��ýü
ùú �ü ùü ���úûú��ú �ú �þùù�û�þ�û�� ��úÿ�ú� úý �ú����úÿú ý4�ú( �ü�ûü�ý ��ú ��ÿ���ý�þ� ��üýþÿúû �� �ú!�úû ûü�û ����ù 4 ü�ý�� ��ü�/ü!ú �� !ü� �þýü
ùúö0�ü���úû �úû ÿúû��úû ���úù�ÿ��ü��úû û�� ùú ýü�� �ú �úùü�üý�þ� �ü
þ�ü�ü( �ù �þ�û úûý
��� ��� ��� ����� ��� �� �� ������ ��� ��� ¡� ���¢ �� ��¡�¢����� �� �£�� ��� �� ¤å�¤� ����� ��� ���¢������ ¥�� �� ¦§ã̈ ©



;<;< >?@+A?@ BA C?DE>EFGEA?@ HGF@ D? BE I?J? >GJF C?KEL+? {oªª«fRj{¬t­�j®���ü��ü�� ��¯��ùú �ú �þ��û�� �ú ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� �ü�û ùú ���ú!ú ��ü����þùü��ú(úý �þ�û ü þ�û ��ú����ú �ú �þ�ý���ú� ùúû úûûü�û ���ú ü�þ�üý�þ� �ü�û ùú ���ú!ú {fR( þ�� �úýýúûþ���ú �ú �ú�ýú ��úûý �üû ���úûú�ýúö
°±° ²³´µ¶³´ ·¶³̧¹º»º¼½º¶³´ ¾½¼´ ¹³ ·º¿³À³ »½À¼³̧ÁºÂµ³ÃÄÅÆÇÈÉÊËÌÍÎÉÏ
ÐÑÐÑÒ ÓÔÕÖ×ØÕÙÚ×Û ÜÕÛÝ Þß ÖÚàßáß âãä�úû ��úÿ�ú�û úûûü�û ���ú ü�þ�üý�þ� �ü�û ùú ���ú!ú {fR þ�ý �úý �ú �ü�ýû ü ú� ùúû �ü�üÿ�úý�úûû�� ü�ýû �ú �� �ú!úü!ú �å �þ��ü�ý �úû 
ü��úû �ú {Z�S æèçéè ~ *éé2 ôêó ~ -�ééë8�ÿø(å �þ��ü�ý 
þ
��úû \`[mn æìíîïð ~ õéé2 ôêóó ~ %õéë8�ÿ�ø(å �þÿ�ú�ûüý�þ� �� ��üÿ�û 
�ü�û �ü �éëö�ú �þÿ
�ú ��üýþÿú úûý ý4����úÿú�ý �ú - �éñ úý ùü ýúÿ��ú�üý��ú �� !üò �ú õÿ,ö &�û���þûü�ý ��ú ùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ�( óèô ( �ú  ü��ú �üû ú� �þ��ý�þ� �ú ù��ú�ú�!�ú�ú ùü �þùù�û�þ�( ùú ýü�� �ú �þùù�û�þ� �úùüûý���ú  ü�ý �

õ ~ �-'ô-öîïø÷ ø ,�ù ø ,�úû ø ,�ú� |úû �ú� |óèô üý ôù�úûø üý ôù�ú�ø� ôõöþøþ�� üý ôù�úø úûý ùü �þ��ý�þ� �ú ��ûý��
�ý�þ� �ü ýúÿ��ú�üý��ú ÿ ö ����ý �ú!�üùú õöþ úûý ��ý �ú!�ü
ùúü�üù4ý���úÿú�ý �þ�� �� !üò �ùüûû���ú úý  ü�ý ��é%� �
õ ~ �- îðóèô �� ôÿ ø���ôÿ�-ø � ôõöMø

þ�� þ� ü ��ú)�� îð ~ �þ��ÿ�ö'  �ýúûûú ÿþ4ú��ú ý�ú�ÿ���ú( úý �� ôÿ ø �ú�û�ý �ú üýþÿ���úÿü��ÿüùú �ü�û ùú ���ú!ú �ü ýúÿ��ú�üý��ú ÿ �
�� ôÿ ø ~ � ô-ö'��ÿ ø���� ô%ô��ÿ øz � ÷ê�ñô��ÿ ø�ø ï� $ ôõö�éø

�ü ��ú)��ý�þ� �ú �ú�û�ý �ú ��ú�ö õö�é ý�ú�ý �þÿ�ýú �� �þýú�ý�úù � �úúù ÿü!��úý���ú �������úú� ú�ö ÷ö�é( þ�� ú� �ù�û þ� ý�ú�ý �þÿ�ýú �úû �þ��ú�ý�þ�û �ú �þ��
��ú �ü��üùú ��úû �ü ùü�þ��
��ú ü��üùúö �úû �ü�üÿ�úý�úû �ú ù�ú�ö õö�é ûþ�ý �
� ~ ô-'ö�ø����- ï�êóó�	
ê��êóó	� ñ��� ôõö��ø

êóó�	
 ~ ê
�ê� � êóó	�- ôõö�-ø
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�ü�û( êóó	� ùü �þ��
��ú ü��üùú �� ��üÿ� ÿü!��úý���ú( êóó�	
ùü �þ��
��ú �ü��üùú ú¯�ü�ú( êó ùú !�ü��ú�ý �ü��üù -0 ��þ���ý �ü� ùúû 
ü��úû �ú {Z�S( úý ñùú ÿü!��úýþ� �ú �þ��ö 0ú ù�ú���úûû�þ� õöM þ� �ú�ý ��ú����ú �� ýü�� �ú �þùù�û�þ� �úùüûý���ú�þ�� �þý�ú !üò �� �ú!�ú �ú ù�þ���ú �ú - ûyû( �ú ���( ��ü���úû ��ú û�ÿ�ùüý�þ� ��ÿ�ú����ú��� �þ�û���ú�ú ùú ýúÿ�û �ú  �ú �ú *- û �� ���ú!ú {fR( �ú�ÿúýý�ü�ý ��üýýú����ú ùú � �ú!�ÿú��úÿ
üùùúÿú�ý ü� �þ��û �� �ú��þ���ûûúÿú�ý �ú ü�þ�üý��ö 1þ�� �ú ��� �þ��ú��ú ùú ýúÿ�û�ú  �ú �� ���ú!ú {fR( �þ�û ü þ�û ÿúû���ú *- û( ��ü�ý�ú �ü�ý ùú ýúÿ�û �ú  �ú �� 1�" úûý �úù�þ���ú �ú -þé û ô þ�� )!��ú õö-øö 1��û��ú ùü ����úú �ú  �ú �� 1�" úûý  �ü�ûúÿ
ùü
ùúÿú�ýù�ÿ�ý �úú �ü� ùúû �þùù�û�þ�û ü ú� ùú !üò � �úû���úù( �ù ûú �ú�ý ��ú ùü ����úú �ú  �ú �� ���ú!ú{fR ûþ�ý ù�ÿ�ý �úú �ü� ��ü�ý�úû �ü�ûúû �þÿÿú ù�ü
ûþ��ý�þ� �ú ��þýþ�û � �úûþ��ü�ýûö :þ�ûûþÿÿúû ú� ý�ü�� ��üÿ�úù�þ�ú� �úý üû�ú�ý �ú ù�ú���ú��ú��úö&� �ü�ý �þ�û ü þ�û úûûü4�ú �ù�û�ú��û �üÿ�úû ��/ �ú�ú�ýúû ���ú ü�þ�üý�þ�( úý �þ�û ��ü þ�û
üÿü�û þ
ýú�� �ú ��ú� úû ��ú ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� ÿü���ú � �úúùùúÿú�ýö .úûúûûü�û ûþ�ý 
üû�úû û�� ùü �þÿ�ü�ü�ûþ� �ú ùü �ú�û�ý �ú þ�ý���ú �� ��ü!ú ú�ý�ú �úû �üÿ�úû���ú ü�þ�üý�þ� ��/ �ú�ú�ýúûö 0ü�û �úû �üÿ�úû( ùü �þ��ú �ú�ú�! �úý���ú ��ÿ���ú ù�� �úü��úÿú�ý�ú * �ü 3ÿ, û�� �� ýúÿ�û  ü��ü
ùú 
�û����ü 3é ûö 2 ùü )� �ú ù��ú ü�þ�üý�þ� ùü �þ��ú úûý�üÿú��úú �ü *ÿ, 
�û����ü ùü ���ûú ���ÿü!ú( ü���úû 3é û �ú ýúÿ�û �ú �� �ú!úü!ú ÿü!��úý���úýþýüùö ���ú ü�þ�üý�þ� úûý �ü�ýú û�� ùü ý�ü�û�ý�þ� �4�ú�)�ú ü)� ���ú �ýú� ��ú �ú ú�ý�úùùú��ú�þùü��ûüý�þ� �ú ù��ú��ü�ý�ùùþ�ö 7� ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� ÿü���ü�ý �þ��ú�ýúÿú�ý(ùü �ú�û�ý �ú þ�ý���ú �� !üò �ú �ü�ý ��ú�ú���ú �ú ùü ����úú �ú ùü �üÿ�ú ù�� �úü��ú( ÿü�û �þ�û��ü þ�û 
üÿü�û  � ��ú û�!�üý��ú �ú �ú ý4�úö.ú � �úû�ùýüý �ú�ý ü þ�� ��/ �ú�ú�ýúû þ��!��úû �å ��ü�/ü!ú ýú������ú(å ��þ
ù�úÿú �ú �üý��ú �þùù�û�þ��úùùúö�ú ��ü�/ü!ú ýú������ú ��ú�ú�� �����úÿú�ý �úû 9��ý�üý�þ�û �ú ��üÿ�û ÿü!��úý���úû��úû ü� 
���ý û�� ùúû ûþ���úû �ú �þ��ü�ý( þ� 
�ú� �úû  �
�üý�þ�û ÿ�ú�ü����úû �úû 
þ
��úûô��úû �ü� ú�úÿ�ùú �ü ùü �����ùüý�þ� �ú ù�úü� �ú �ú��þ���ûûúÿú�ýøö .ú�ú��ü�ý( ��ü���úû ùúûÿúû��úû �ú ��ü�/ü!ú ��ú ù�þ� ü ú/ú�ý��ú �þ�� �úû ýúÿ��ú�üý��úû �� !üò ü�ýþ�� �ú 3ÿ,(�úý ú/úý �ú�ý 	úý�ú ��ú!ù�! �úö0ü�û ùü ûú�ý�þ� û�� ü�ýú þ�  ü ÿþ�ý�ú� ��ú ùü �ü�ûþ� �������üùú �ú ùü �þ� ú¯�ü��ý �ú�� �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� � �úû��ú �ü�û ùü �þ�ýú � �ú���ý�þ� �ú ùü ûú�ý�þ� ú¯�ü�ú �ú�þùù�û�þ� �úùüûý���ú �ü�û ùú � �ú!�ÿú �ú ýúÿ��ú�üý��ú ü�ýþ�� �ú 3ÿ,ö
ÐÑÐÑ� ��ßÖßÛÜÕÛºß �ßÛßØá �ßÙÚ»�ß Üß ��¡0ü�û ùü ûú�ý�þ� �ö�öõ( 
 �ü� ��û��ý �ú ùúû ��þ��� �úý �úû �þùù�û�þ��úùùúû ���� !üò �ü�û ùü ù�ÿ�ýú�ú �ü�
ùú ýúÿ��ú�üý��úö �ú � �úû�ùýüý �������üù �úýü�ý ��ú �ü�û �� !üò 
þûþ����ú �þùü��û�ú�ü �ü�
ùú ýúÿ��ú�üý��ú( ùúû �þùù�û�þ�û ûþ�ý úûûú�ý�úùùúÿú�ý ú� þ��ú��( úý ùü ûú�ý�þ� �ú ������û�þ� �úùüûý���ú óèô ~ þö�� úûý �þ�ûýü�ýú ô� ~ � ù�ÿ��� �	î ¶����� ùþ�!�ú�� �ú ��/�û�þ�(¸ô�ø ��ú��üûü!ú ú�ý�ú ù�þ��ú ú�ý�ü�ýú úý ûþ�ýü�ýú �� ��þ�úûû�û �ú ��/�û�þ�øö "�  ü þ�� ��ú �úýýú ü���þ��ÿüý�þ�( ��� ú� !�ú��ú�üù û�ü��ù���ú û�� ýþ�ý ù���ýú� üùùú �ú�ú�! �úý���ú
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cNOPQ õö�-� �SmU`Z[ S� mXmS cS c �̀]V`Z[ aS^XVU`e]S S[ g Z[mU`Z[ cS ^ ù _\]^V`Z[ cX[V ^S mS[fUTS cS _XVVS cS ^X mZ^^`V`Z[i tSV lX^S]TV Z[U aSU aS mX^m]^ aSSV \XT �i ®X^`hXTc� SU TS\T aSVS[US[U^S mXV V\ aSm  ̀e]S X] +�` cSV T aSV]^UXUV \T aSVS[U aSV \XT ^ uX]US]T S[ !"#$ i �� ~ ô-'%&÷�îï�øû�zSVU ^X ^Z[b]S]T mXTXmU aST`VU`e]S XVVZm` aSS X] \ZUS[U`S^ &÷�'÷� � SVU ^ ù _\]^V`Z[ TS^XU`lScSV XUZ_SV e] ù [USTXb`VVS[Ui ¬TX`U mZ[U`[] k ó \Z]T ][ aSmnX[U`^^Z[ UZUX^S_S[U \Z^XT`V aS|} ~ -�' ~ -�i ¬TX`U \Z`[U`^^ aS k bX� \` aSb aS S[ |} ~ ��' ~ ���� Z[ V]\\ZVS � ~ ÷ [_i¬`TSU aS k mZ__S XlX[U� XlSm � ~ % [_i RZ]T ^S bX� [Z[ UZUX^S_S[U \Z^XT`V aS VZ[U `[c`e] aSVcS]( lX^S]TV \Z]T US[`T mZ_\US cS ^ ù [mSTU`U]cS V]T � dX aS[STb`S []^^S ) cX[V mS mXV ^X\T aSVS[mS cS cS]( U*\SV cS \ZUS[U`S^V pUT`\^SU SU V`[b]^SUs [uSVU \XV mZ[V`c aST aSSi

���ú ü�þ�üý�þ� �úû üýþÿúû �þÿÿú ��:ü þ� ñ+5
( ��úûý �üû  üùü
ùú �þ�� �þý�ú !üò �ú+�� ü���úû ��ü�!úÿú�ý �ü�û ùú ���ú!ú {fRö&� �%þ� úûý �������ú �� û�ÿ�ùú ÿþ��úùú �þ�� ��ú�� ú� ùü ��úÿ��ú�ú �þ��ú�ý�þ� ü� �þÿ�þ�ýú�ÿú�ý ú� ��� �ú ýü� ¸ô�ø �ü �ü�
ùú �ú�ú�!�úö �ü ��ú�ú��ü��ú �ú�ú�! �úý���ú �� ��ú��üûü!ú �úù�þ��ú ��/�û�úú �ú�ý 	úý�ú ú����ÿ�úú �þÿÿúýü� ¸ô�ø + ��� � �- ',���� ôõö�3øþ�� þ� ü ��ú)�� ùü !�ü��ú�� �þû�ý� ú ', �þ�ý �úú ú/ú�ý� ú �� �þýú�ý�úùö �ü �þ�û�ú��ú��ú�������üùú úûý ��ú û� ùü ùþ�!�ú�� �ú ��/�û�þ� �ü �ú�ú�!�ú ��ùùú úûý ��ú!üý� ú( ü� ��� úý �üÿúû��ú ��ú � ü�!ÿú�ýú( ¸ ��ÿ���ú 
�û����ü û�ü���ùú�ö �ü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ��ö-3 ü�ûû�( û� � - é( ��ÿ���ú ü ú� ù�ü�!ÿú�ýüý�þ� �ú ù��ÿ��ùû�þ� �úùüý� úö �ü )!��úõö�- ÿþ�ý�ú ùú � �úû�ùýüý �� �üù��ù ��ÿ�ú����ú �ú ùü ûú�ý�þ� �ú ��/�û�þ� �ü �ü�ý�� �ú



��÷ B*>BGJ? *BKEL+? ?K ��GAJ?>?FK >GJF C?KEL+?ù���ý �ú!�üý�þ� �ú ù�ú�ö �ö�-ö .úýýú û�ÿ�ùüý�þ�( �ü�ýú �ü� .ö 0üù�
ü�� ú� �þ�û�� �ú�ü�ý ���þýú�ý�úù �ú /ü� �ú� 0üüùû �ù�û �� �þ4ü� �ú �1��( �þ�û���ú�ú ùú �üû û��ú��)��ú ��+�� �úû � �úû�ùýüýû ���úûú�ý �úû �ü� ù�ü�ýú�� ú� �÷*�ö 1þ�� �� �ú��ü�ý�ùùþ� �ú +�� ýþýüùúÿú�ý�þùü��û�ú ô� ~ ��$3õ�ÿø( þ� ý�þ� ú ��ú ùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ� û�ü���ùú ü�ýþ���ú ��2 ~ �$- ô�2 ~ ô-'%&÷�îï�øû�z ~ 3$õ�ÿ úûý ùü ùþ�!�ú�� �ü�ü�ý �ú��ûý���ú üûûþ�� �úúü� �þýú�ý�úù &÷�'÷( � úûý ù��ÿ��ùû�þ� �úùüý� ú �úû üýþÿúû ��ýú�ü!�ûûü�ý( �úýýú �ÿ��ùû�þ��úùüý� ú �þ��úû�þ�� �ü ��ú �ú�ú�!�ú �ú %ñ,øö�ú ��ü�!úÿú�ý �� ýü�� �ú �þùù�û�þ� �	� �ü ùü  ü��üý�þ� �ú ùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ��ú�ý 	úý�ú úûý�ÿ�ú �ü �ü�ý�� �ú î.3 ~ îð'3 ( ù��ÿ��ùû�þ� ÿþ4ú��ú �ü�û ùú �ú�ý�ú �ú ÿüûûú�úû �þùù�û�þ�û �ü�û �� !üò �ü ù��ú���ù�
�ú ý�ú�ÿ���úö '3 úûý ùü ÿüûûú � �ú���ýú( úý îð úûý ùü �ýúûûú �úùüý� ú ÿþ4ú��ú �úû üýþÿúû �
îð ~ øø ,4 ,4ó |4 �4ó |�ô4ø�ô4óø ~ ÷�ö ð�� ôõö�÷øþ�� þ� �ý�ù�ûú ùü �þýüý�þ� �ôðø ~ ú��ô�ð��-ð��ø�ð�� ô-öø���( úý ð� ~ ���ÿ�'ö 0ü�û ��!üò þ�� óèô úûý �þ�ûýü�ý( ùü ý�ú�ÿüù�ûüý�þ� úûý ��ú �������üùúÿú�ý ü�� �þùù�û�þ�û �þ�ý ùü �ýúûûú üýþÿ���ú �úùüý� ú  ü�ý îðö 7� óèô  ü��ú( ú� ��úÿ��ú�ú ü���þ��ÿüý�þ� ùú ��ü�!úÿú�ý�� ýü�� �ú �þùù�û�þ� ûú�ü ��þ�þ�ý�þ��úù �ü ùü ûú�ý�þ� �ú ��/�û�þ� óèô �þ��úû�þ��ü�ý �ü îðö1þ�� �� !üò �ú +�� �ü ÷ ÿ, ô üùú�� ý4����ú ü���úû ��ü�!úÿú�ý �� !üò �ü�û ùú ���ú!ú {fRø(ùü  �ýúûûú ÿþ4ú��ú �ú �þùù�û�þ� �þ��úû�þ�� ü� �ü�üÿ�úý�ú ��2 + � � �ü�û ùü )!��ú õö�-þ� ý�þ� ú ��ú ùü � �ú���ý�þ� �ú ùü ûú�ý�þ� �ú ��/�û�þ� úûý �� �ü�ýú�� �é ú� ��þ�ö �ù ��úûý�üû �þ��ú�ý �ú ���ú ��ú ùú ýü�� �ú �þùù�û�þ� úûý � �ú���ý ���� �ü�ýú�� �é �ü� �ü��þ�ý ü��üû �ú óèô �þ�ûýü�ýú( �ù �ü���ü�ý �üù��ùú� ù���ý �ú!�üùú �þùù�û�þ��úùùú
5 ~ �ôéø÷�-öð�� ø 6� ,ð3 ð�3 óèô ôð3ø ú��7� ð�3÷ð��8 � ôõö�õøú� ýú�ü�ý �þÿ�ýú �úýýú �þ�û �ú ùü ��ú�ú��ü��ú óèô �ú ùü  �ýúûûú �úùüý� ú ð3 ö :�úü�ÿþ��û�ù úûý �ùü�� ��ú �úýýú � �ú���ý�þ� �� ýü�� �ú �þùù�û�þ� �ú�ý ú��ù���ú� ùú �þ� �þ��ý�þ���úÿú�ý �� �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� �� �úûú�ý �ú ú� ûú�ý�þ� õöõö�ö 0ü�û ùú �ú��þ���ûûúÿú�ý�ú ü�þ�üý��( ùúû �þùù�û�þ�û �þ�ý ù��ú�ú�!�ú úûý  þ�û��ú �ú ù��ú�ú�!�ú �ú �þ����ú 
þ�ú�ý �� �	þùúý��úû �ÿ�þ�ýü�ýö 2 ýúÿ��ú�üý��ú ÿ 9 ÷ ÿ, �úû �þùù�û�þ�û ûþ�ý ùúû �ù�û ��ú�üù�û�úúû �ü� ùü� �ú���ý�þ� �ú ùü ûú�ý�þ� �ú ��/�û�þ� �úùüûý���úö0�ü���úû ùü )!��ú õö�- þ�  þ�ý ����ü �ü�ýúû ýúÿ��ú�üý��úû þ� ü��ü�ý ��ý �ú�	úý �ü �ú��þ�����ú ü�þ�üý� úÿú�ý �ü�û ù��úýüý �4�ú�)� ��� �ú��ú�� |} ~ ��' ~ ���( �þ�� ùú��úù � : éö.ú�ú��ü�ý �ù ûú ý�þ� ú ��ú ó;<û - ó;<� �ü�û ùú � �ú!�ÿú �ú�ú�! �úý���ú þ�� ù��úýüý |} ~��' ~ ��� úûý ÿü!��úý���úÿú�ý �� �ú!úü
ùúö

°±= >?¼@¹µ´º?¼
0ü�û �ú ��ü��ý�ú 
 �ü� �� �úûú�ý �ú ùúû � �úû�ùýüýû ú���ú��ÿú�ýü�� ��ú �þ�û ü þ�û þ
ýú��ûû�� ù�ú���ú��ú��úö ��ú�ûúÿ
ùú �ú ���ú�ú��þ���ûûúÿú�ý ùüûú�( �þÿ�þû�ú ���� 
úý üýþÿ���ú



;<A< �BF�DC@EBF ��õ
�üùú�ý� �ü ù�ü��ú ���� �üùú�ý�ûûú�� Dúúÿü� úý ���� ���ú!ú ÿü!��úýþ�þ�ý���ú( �ú���úûú�ýú ��þ�ý�ù �� �úüù �þ�� ùü ��þ���ý�þ� �ú !üò úý ÿ�úùü�!ú �ú !üò �ü ùü ��ú!�ú��ú�úû�ú��ú ��ü��ý���úö �ú ���ú!ú ÿü!��úýþ�þ�ý���ú ���úûú�ýú �úû �ú��þ�ÿü��úû 
üÿü�û üýýú��ýúû ü��ü�ü� ü�ý ü� �� úü� ���� ûú�ù �ûþýþ�ú ô�$þ �éû� üýþÿúû �ú +�� ( þ� �$õ �éE üýþÿúû �ú ÷�� ø(úý �ú���úûú�ýú ��ú ûþ���ú ��üýþÿúû ��þ��û �����ú �ü�û ûü �þ�)!��üý�þ� �ü �ú�� �ûþýþ�úûö��ú� ��ú �þ�û �ú ûþ4þ�û �üû ú��þ�ú ü��� �úû ü� ��ú!�ÿú �ú ��ú!�ú��ú�úû�ú��ú ��ü�ý���úü ú� ü���� �úû �ú�� �ûþýþ�úû �� ��ý���ÿ( �þ�û ü þ�û þ
ýú�� �úû � �úû�ùýüýû ý��úû ú���þ��ü!úü�ýû ��� �� �úûü!ú�ý ���� ��ý�� � �ú�þ�� �þ�� ù�ú���ú��ú��úö ��ú�ûúÿ
ùú �� ���ú!úÿü!��úý���ú( �þÿ��ú�ü�ý FF ù�üû�ú�ûú�� ÿü!��úý���ú GG úý ùú ���ú!ú �ü �ü�ý �þ�)�úÿú�ý( ü��úÿþ�ý� �ú ��ú 
þ��ú ú¯�ü��ý �úö 2 �ü�ûú �úû ýúÿ��ú�üý��úû �ù�ý	þý �úùú �úúû �� ù�ý���ÿ�ü�û ùú ���ú!ú ÿü!��úýþ�þ�ý���ú( ù�ú¯�ü��ý �ú �� ý�ü�û�ú�ý �úû üýþÿúû �ü�û ù�ü��ú����ú úûýù�ÿ�ý �úú �ü� ùü ýü�ùùú ý�ú�ÿ���ú �� ��ü!ú( �� ÿ	úÿú þ���ú ��ú ùúû ��ÿú�û�þ�û ��ý �ú��ú��úû�ú ù�ü��ú����úö "� �þ���ü�ý �ú�ûú� �ü �ú�úûû��ú� ùü �úùù�ùú ú�  ú��ú( ÿü�û �ú�� ûú�ü�ý ��úùþ���ú ý	ü��ú û�� ùú �ùü� ú���ú��ÿú�ýüù( úý  �ü�ûúÿ
ùü
ùúÿú�ý �ú�ü�ý �ú���ú ��ú �ü�ý�ú �úûü ü�ýü!úû ü����û û�� ùú �þ�)�úÿú�ýö �ú �þ�)�úÿú�ý ÿü!��úý���ú úûý ��ü�ùùú��û ùú �þ��ý�þ�ý �ú ù�ú���ú��ú��úö ë�	ü�ú �ü ùü û�ú�ü�üý�þ� û�üý�üùú �ú ùü � �ú!�þ� �ú �� �ú!úü!ú ÿü!��úýþ�þ�ý���ú �ú �úùùú ���ú ü�þ�üý�þ�( �þ�û ü þ�û �� �úûû��ú� �� ���ú!ú ÿü!��úý���ú ú�ý��ú�úÿú�ý
üû�ú û�� �úû �úùú�ý�þ�ü�ÿü�ýû( �ü�ü
ùú �ú �þ�)�ú� ý��úû �þ�ýúÿú�ý ùúû ü ýþÿúû( ü ú� ��!ü�� ���� þ���ú �ú !�ü��ú�� �ü� �ü��þ�ý ü�� ���ú!úû ü�üùþ!�úûö �ú �ü�ý �þ�)�úÿú�ýûú�ü ý��úû �ý�ùú ùþ�û �ú ù�þ�ý�ÿ�ûüý�þ� �úû �ü�üÿ�úý�úû �úû !üò ��ú!�ú��ú� �úû( úý ú� �ü þ��ûú!�ú��ú�üù ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý��ö.ú�ú��ü�ý 
 �ü� ÿþ�ý� �ú ��ú( �þ�ý�ü��úÿú�ý �ü �ú ���ûú �üûûú ü ú� ùúû ü�ý�úû üù�üù��û ��� þ� �úý �ú üÿú��úû �ü ùü ��ú!�ú��ú�úû�ú��ú( ùú !üò �ú ù�ý���ÿü ú� �þû �ü�üÿ�úý�úû  þ�ý ûþ� ýü�� �ú �þùù�û�þ�û ��ÿ���ú� ��ü�� þ� ü�!ÿú�ýú ùú �þ��)�úÿú�ýö ��þ��!��ú �ú �úý ú/úý � �úû��ú �ü�û ùü �þ�ýú ��ú�ú��ü��ú ú� �ú�ú�!�ú �ú ùü ûú�ý�þ�ú¯�ü�ú �ú ��/�û�þ� �úùüûý���úö 1þ�� ù���ûýü�ý ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� �� +�� �ü�ûù��úýüý |} ~ -�' ~ -� ��ü �üû ÿü����ú �ü �ü�ûú �� ��þ���ý 5ïçôô #Híè � �ú�ü þ�ü
ùúö �úû  þ�úû�ü �þ��û�� �ú ûþ�ý üùþ�û ù�ü�!ÿú�ýüý�þ� �� ýúÿ�û �ú  �ú �� ���ú!ú ÿü!��úý���ú #Híè �ü�ù�üÿ�úù�þ�üý�þ� ��  ��ú úý ù��úù�ÿ��üý�þ� �ú ��þýþ�û � �úû���úùû( úý ù�ü�!ÿú�ýüý�þ� �� ýü���ú �þùù�û�þ� ���ý�üùö 1þ�� �ú �ú���ú� �þ��ý �þ�û �ú�ûþ�û ü
þ�ýú� ��ú �úýü�ú �ú �ú��þ���ûûú�ÿú�ý þ�ý���ú �ü�û ùú ���ú!ú ÿü!��úý���ú ú� �þ�)!��üý�þ� )�üùúö �ü ÿ�úùüûûú þ�ý���ú�ü�û �� ���ú!ú ÿü!��úý���ú ú� ��üÿ� ��ýú�ûú ü ��ú
 �ü ÿþ�ý� �ú ùü �þûû�
�ù�ý �ú �ú �ú��þ����ùú ù�ý���ÿ ��úû��ú �ü ùü ù�ÿ�ýú 0þ��ùú� ô-ééñ,ø ��-�ö 0ü�û �ú � �ú!�ÿú �ú ýúÿ��ú�üý��ú(ù�ü�!ÿú�ýüý�þ� �ú ùü �ú�û�ý �ú û�üý�üùú úý �ú ùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ� üÿ�ú�ú�ü�ý ùú!üò �ü�û ùú � �ú!�ÿú ��úÿ
üùùúÿú�ýö
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0ú���û ùü ��úÿ��ú�ú ��þ�þû�ý�þ� ��2ù��ú� ,üûýùú� ú� �Mõé ��é*�( ùú �þÿ�ü!ú þ�ý���ú ü�úý �ú �� û�
úý ���úý��ú úý �� þ�ý�ù �ú ý�ü ü�ù ÿü
ú�� ú� ��4û���ú ��ü�ý���ú úý �þýüÿÿú�ýú� ��4û���ú üýþÿ���úö 7þ� ü��ù��üý�þ� ü�� !üò üýþÿ���úû ü �þ����ý �ü ���ÿ�þ�ýü�ýúû��ú�þ� ú�ýúû úý ��ú úùþ��úÿú�ýûö 0�ü�ý�ú �ü�ý( ùú �þÿ�ü!ú þ�ý���ú �þûû�ú�ú �ú �þÿ�
�ú�ûúû ü��ù��üý�þ�û �ü�û ùú �ú��þ���ûûúÿú�ý �úû û4ûý�úÿúû ÿ���þû�þ����úû úý ÿü��þ�û�þ����úûö�úû ÿ�ú�ü��ûÿúû �ú �ú��þ���ûûúÿú�ý �þ�� ùúû û4ûý�úÿúû ÿü��þû�þ����úû ûú 
üûú�ý úû�ûú�ý�úùùúÿú�ý û�� ù�ü
ûþ��ý�þ� ���� ��þýþ� �ú �þÿ�ü!ú úý ù��úÿ�ûû�þ� û�þ�ýü��úú ������þýþ� ���ú�ú�!�ú �ù�û �úùú �úú �ü� ��/�û�þ� ü�ý��7ýþ-úûö �ü ��/ �ú�ú��ú ���ú�ú�!�ú ú�ý�úùúû ��þýþ�û ü
ûþ�
�úû úý �úÿ�û � �úû�ùýú �ú ù���ýú� ú�ý�þ� �úû �ú!� �úû �ú ù�
ú�ý �ú ú�ýú��úû ü��þ��û �úû ��þ�úûû�û ���úÿ�ûû�þ� �ú ��þýþ�ûö �ü ��/�û�þ� ü�ý��7ýþ-úû ü �ú�ÿ�û �ú �ú��þ������ !üò ÿþù�ú��ùü��ú �ú ."� ��éþ�( �úû ûþù�ý�þ�û ù�����úû �ú �þùþ�ü�ýû ��éM� þ� 
�ú� �úûûþù��úû ���é( ����ö 6�ú �úû ù�ÿ�ýüý�þ�û ��ý���û�ú��úû �ú �úýýú ÿ�úý�þ�ú ü� �ú��þ���ûûúÿú�ý�ü ýúÿ��ú�üý��úû ��þ��ú �� ò�ú�þ ü
ûþù� úûý �ú���úûú�ý �úú �ü� ùü � �ú���ý�þ� ú��þ�ú�ý�úùùú �úùü ��/�û�þ� ü�ý��7ýþ-úû ü ú� ùü ��ÿ���ý�þ� �ú ùü ýúÿ��ú�üý��úö0ü�û ùú �þÿü��ú ÿ���þû�þ����ú ùú �þÿ�ü!ú þ�ý���ú ü �úý �ú ü��ù����ú ü ú� û����úû ü� �ú���þ���ûûúÿú�ý �ú !üò ��üýþÿúû ���-( ��3( ��÷( ��õ( ��%( ��*� úý ���þ�û ���þ( ��M�ö 2ûûþ�� �úü� �ú��þ���ûûúÿú�ý �ú ü�þ�üý�� ��*( �þ�( ùú �ú��þ���ûûúÿú�ý ùüûú� ü �úý �ú ��ú �úýü�ú úûûú�ý�úùùú�þ�� ùü ��þ���ý�þ� �ú �þ��ú�ûüýû �ú �þûú�&��ûýú�� �ú !üò ��üýþÿúû ��ù��úû ���( ÷*�ö 1þ��ùúû !üò ��üýþÿúû �ú�ý�úû ùú �ú��þ���ûûúÿú�ý �ü� !�ü��ú�ý �ú �þùü��ûüý�þ� ü �ú�ÿ�û ��üý�ýú����ú �úû ýúÿ��ú�üý��úû �ú ù�þ���ú �ú �éÿ� ôÿ� ~ îï�]��'�� úûý ùü ýúÿ��ú�üý��ú üûûþ�� �úúü� �ú��ù ���� üýþÿú ü� �þ��û �ú ùü ��/�û�þ� ���� ��þýþ� ��úûþ��ü�ý ü ú� ùü ý�ü�û�ý�þ�þ�ý���ú( �þ�ý ] úûý ùú  ú�ýú�� ��þ��úøö �ú �ú��þ���ûûúÿú�ý �ü� 
ü��ú ùüý �ú�üùú ú� 30 üüýýú��ý �öõÿ� ��-é� úý ùü ù�ÿ�ýüý�þ� ��ú �ü ùü ��/�û�þ� ÿ�ùý��ùú �úû ��þýþ�û ü �úý �ú ÿ�ûúú� �ú ��ú��ú ��-��ö �ú �ú��þ���ûûúÿú�ý û�
��ú��ù 30 ��--� ü �ú�ÿ�û ��þ
ýú��� ÿ�8-é ÿü�û�þûû�ú�ú ��ú �ú�ýú ��ú¯�ü��ý �ú û� ùúû üýþÿúû ûþ�ý �� �ú!�úû �ü �ü�ýú �ú�û�ý �ú ��-3�ö 0�ü�ý�ú
��*
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NOPQ %ö�� �mn aS_X cS TSgTZ`c`VVS_S[U cX[V ][ VZ]Vf[`lSX] n*\ST [ XlSmgXmUS]T cS �X[c aS[ aSbXU g̀ i �SV mZ^^`V`Z[V S[UTS XUZ_SV |} ~ ��'; ~ é� pTZ[c [Z`Ts \TZc]`VS[U ][ mZ]\^ScuXUZ_SV S[ |} ~ ��'; ~ `�� cZ[U ^ uaS[STb`S `[UST[S UZUX^S SVU \^]V aS^Sl aSS pTZ[cV bT`Vsi�X mZ[VSTlXU`Z[ cS ^ uaS[STb`S X] mZ]TV cS ^X mZ^^`V`Z[ SVU XVV]T aSS \XT ][S T aSc]mU`Z[cS ^ uaS[STb`S m`[ aSU`e]S c] _Z]lS_S[U TS^XU g̀ i �S \Z_\XbS Z\U`e]S V]T ][S UTX[V`U`Z[} ~ � � } ó ~ � XlSm cS ^X ^]_` dSTS \Z^XT`V aS ö TX_ dS[S ^SV XUZ_SV cX[V ^ uaSUXU `[`U`X^i®X[V ^X  b]TS VZ[U `[c`e] aSSV ^SV [ZT_SV mXTT aSSV cSV mZS� m`S[UV cS t^ShVmnfaZTcX[_]^U`\^` aSV \XT �i
�ü�ý ùú �ú��þ���ûûúÿú�ý �ú ü�þ�üý��( ú� �úù�ÿ��ü�ý ùúû üýþÿúû ùúû �ù�û �ú�ú�! �úý���úû ��þ���ýü� �þ��û �úû �þùù�û�þ�û �úùüûý���úû( �ú ���úûú�ýú �üû ùúû ù�ÿ�ýüý�þ�û ��úû �ü ùü ��/�û�þ� �úùü ù�ÿ��ú�úö 1ü� �þ�ý�ú �ù ûþ�/�ú ���ÿ�þ�ýü�ýúû �ú�ýúû ��üýþÿúû �ú��ü�ý ù��ú ü�þ�üý�þ�ö0ü�û �ú ��ü��ý�ú 
ú  ü�û ���úûú�ýú� ��ú �þ� úùùú ÿ�úý�þ�ú �ú �ú��þ���ûûúÿú�ý ���ú� �þÿ
��ü�ý ùú �þÿ�ü!ú þ�ý���ú ü�� �þùù�û�þ�û �ú�ý �ú��þ���� ú¯�ü�úÿú�ý �úû !üò��üýþÿúû �ú�ý�úû ûü�û �ú�ýú ��üýþÿúûö &� �������ú( �ú �ú��þ���ûûúÿú�ý �ú�ý üýýú����ú�úû ýúÿ��ú�üý��úû û�
��ú��ù úý �ú ú�ý�úùùúÿú�ý �þ���ü�ý 	úý�ú ü��ù����ú �þ�� ��þ����ú �úû�þ��ú�ûüýû �ú �þûú�&��ûýú�� ü ú� �úû ÿþ4ú�û ���úÿú�ý þ�ý���úûö 0ü�û ùü ûú�ý�þ� %ö�
ú  ü�û ��ú����ú ùú �������ú �� �ú��þ���ûûúÿú�ý úý ûþ� ü��ù��üý�þ� ü�� !üò üù�üù��ûö 0ü�ûùü ûú�ý�þ� %ö- 
ú ��û��ýú�ü� ����ú !�ú��ú�üù�ûüý�þ� ü�� ÿ�úùü�!úû ��üýþÿúû ü ú� ��/ �ú�ú�ýû�ü�ýú��û �ú �ü���ú b; ( úý �ü�û ùü ûú�ý�þ� %ö3 
ú ÿþ�ý�ú�ü� �þÿÿú�ý �úýýú ýú������ú(û�úùú�ý� ú ú� �ú�ú�!�ú( �ú�ý 	úý�ú ü��ù����úú �þ�� �ü��ú �� ý�ü�û�ú�ý �ú û���ö & ú�ý�úùùú�ÿú�ý �þ�� ��ú�þùü��ûú� �� !üò �ü ùü ��ú!�ú��ú�úû�ú��ú �ú cú�ÿ�( ýþ�ý ú� !ü��ü�ý ùü �ú�û�ý �ú�ü�û ù�úû�ü�ú �úû ��üûúûö
=±d e¶º¼@º·³ ¾µ ¶³f¶?º¾º´´³»³¼Á

�ú �ú��þ���ûûúÿú�ý Dúúÿü� üûû�ûý �ú �ü� �þùù�û�þ� ûú 
üûú û�� ��úù��úû �þ��ýû �ù�úû �å ùú !üò úûý �� �ú!�ú �ü�û �� ���ú!ú þ�ý���ú ý��úû ùþ�� �ú � �úûþ��ü��ú ôú� ü�!ùü�û þ�ý��üùcü� "/�5úûþ�ü��ú g�ü� ôc"5gø ��-÷�ø �ü�û �� ûþ�û��� úü� Dúúÿü� 
�ú� ��ú)���ú ù��úýüý �þ��üÿú�ýüù �úùú�ý�þ����ú(
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å þ� ü��ù���ú ü� !üò �� ��üÿ� ÿü!��úý���ú ����þ�ÿú ýúùùú ��ú ùúû �þ��ú�ý�þ�û�ú�ú�! �úý���úû �� �ú����úÿú þ���ú ûþ�ú�ý �� ÿ	úÿú þ���ú �ú ��ÿ (å �úû �þùù�û�þ�û �� �úùüûý���úû ��þ���ûú�ý �úû üýþÿúû �ü�û ��/ �ú�ú�ýû ûþ�û��� úü�� Dúú�ÿü� ���ú�ú�!�ú û���ú��ú��ú( úý �þ�� ý�ü�û�þ�ÿú�ý ��ú �ü�ý�ú �ú ù��ú�ú�!�ú ����úý���úú� �ú�ú�!�ú ��ýú��ú(å ùúû üýþÿúû ûþ�ý ú�û��ýú �üÿú��úû �ü�û ù��úýüý ��ýú��ú ���ý�üù �ü� �þÿ�ü!ú þ�ý���úö.ú �4�ùú ú�ù�ú ú ��ú �ú�ú�!�ú �ú ù�þ���ú �ú ù��ú�ú�!�ú Dúúÿü� �� �ú����úÿú þ���ú úý ûú� �ú��úýú �ü ù��ú��úùùú �ú ýúÿ�û �úû �þùù�û�þ�û �ü�û ùú !üòö1ü� ùü û��ýú þ� ü��ù���ú �úýýú ÿ�úý�þ�ú �ü �� !üò ��üýþÿúû üù�üù��û �ú û��� ���ù�úü��ú38- ô�þÿÿú +��( ��:ü þ� ñ+5
øö �úû ��ú�üùü!úû �ú�ú�! �úý���úû �úû ��/ �ú�ú�ýû ûþ�û��� úü��Dúúÿü� �ü�û �� ��üÿ� ÿü!��úý���ú ê ûú �üù��ùú�ý ú� ��ú)��ûûü�ý �

i ~ ñ�ê-îïj�� ~ jkj�� ô%ö�øþ�� ñ� úûý ùú ÿü!��úýþ� �ú �þ��( îïjk úûý ùú ��ú�üùü!ú Dúúÿü� ù�� �úü��ú ú�ý�ú ûþ�û��� úü��Dúúÿü� ü�
ü�ú�ýû úý îïj�� úûý ù��ú�ú�!�ú üûûþ�� �úú �ü ùü ûý���ý��ú �4�ú�)�ú �ú ù��úýüý�úùú�ý�þ����ú �þ��üÿú�ýüùö �úû �þ��ú�ý�þ�û Dúúÿü�( ü� �ú����úÿú þ���ú ú� i �ú �ú��ú�ý �¸;lmn ôiø ~ ô��ø; �îïj��';i � îïj��ô÷ �'�; øi��$ ô%ö-ø
7� ùú !üò úûý û�¯ûüÿÿú�ý ��þ��( �ü�û ùú ��ú úùþ��úÿú�ý ú� þ��úû �ü�ý�úùùúû �þ��ùú �üù��ù �ú ùü ûú�ý�þ� �ú ��/�û�þ�( ûú�ù ùú ýú�ÿú o ~ é �þ��ú ��ú �þ�ý��
�ý�þ� �%þ�(ü�ý�úÿú�ý ��ý ùúû �þùù�û�þ� ûú ��ú�þ�ùú�ý �����úÿú�ý ú� þ��ú�Vö 1��û��ú ùü ��þ
ú�ý�þ��� ÿþÿú�ý ü�!�ùü��ú û�� ù�ü�ú �ú ��ü�ý�)�üý�þ� úûý �þ�ûú� �úú( �� �þ��ùú ��üýþÿúû|} ~ ��'; ~ é� �úûýú þ� 
�ú� �ü�û ùú ÿ	úÿú �úýüý ��ýú��ú ô2ø( þ� 
�ú� ��ü�!ú ���úýüý��ýú��ú ú� �ú ú�ü�ý |} ~ ��'; ~ ��� � |} ~ ��'; ~ ��� ô�ø ô�ú ��þ�úûû�ûü ��ú
 �ü �úý �ú þ
ûú� �ú ú� ��-õ�(  þ�� )!��ú %ö�øö ���ú�ú�!�ú ýþýüùú �úû �ü��úû 2 úý � úûý�ú!üùú ü� ��úÿ�ú� þ���ú ú� i ( ÿü�û ��/�ú�ú�ý ü� �ú����úÿú þ���ú � �p ôiø ~ �þi�îïj��(�q ôiø ~ �%i�îïj�� ö 1��û��ú �p ôiø - �qôiø( �� �þ��ùú ��üýþÿúû |} ~ ��'; ~ é� �ú�ý��ü�!ú� ���úýüý ��ýú��ú ûú�ùúÿú�ý û� ùú�� �ú�ú�!�ú �ü�û ùú �ú�ý�ú �ú ÿüûûú úûý �ù�û !�ü��ú��ú ùü 
ü����ú�ú �ú�ú�! �úý���ú r ~ �� ôiø ��sôiøö &� ú�ùú ü�ý �ú ù��ú�ú�!�ú ����úý���ú ü�!üò( �úû �þùù�û�þ�û �ú� ú�ý 	úý�ú ü��úù�úúû �þùù�û�þ�û ú��þ� �ú�ú�! �úý���úû ô.&øö �ü � �ú��úý�ý�þ��úû .& úûý üûû���úú �ü� �� ùüûú� �þùü��û�ú ö ��úûþ��ü�ý ü ú� ��ú ý�ü�û�ý�þ� þ�ý���ú } ~� � } ó ~ �ö �úû üýþÿúû �ü�û ùú �� úü� '; ~ é �ú ûþ�ý �üû �þ��ù�úû �ü ùü ù�ÿ��ú�ú���û��ú ùú �þú¯��ú�ý �ú .ùú
û���ëþ��ü� üûûþ�� �ú úûý ��ù( ýü���û ��ú ùúû üýþÿúû �ü�û ùúûûþ�û��� úü�� '; ~ `� ��ú �þ�û ú���ý �úû ú� |} ó ~ ��'; ~ `�� �úùü�ú�ý  ú�û ù��úýüý ���ý�üù|} ~ ��'; ~ é� ü ú� ��ú ��þ
ü
�ù�ý �ú �ú ù�þ���ú �ú �8-ö &� �ü�ý ü� �þ��û �� �þÿ�ü!úùúû üýþÿúû þ�ý ��ú ��þ
ü
�ù�ý �ú )��ú �ú �úùü�ú� �ü�û ù�ü�ý�ú ûþ�û��� úü� �4�ú�)� } ~ -ö.úýýú ��þ
ü
�ù�ý �ú ��ú�ú�� �ú ùü ý�ü�û�ý�þ� þ�ý���ú �ý�ù�û�úú �þ�� �ü��ú ùú �þÿ�ü!ú þ�ý���úôû�� ùü �ü�ú 0� þ� 0-øö 6� ü�ý�ú ùüûú� �ú �þÿ�ü!ú �ü �ü�ý�� �� ûþ�û��� úü� �4�ú�)� } ~- �þ�ý úÿ�	ú��ú� ùú �þÿ�ü!ú þ�ý���ú  ú�û ùú ÿü� ü�û ûþ�û��� úü� �4�ú�)�ö ��ú¯�ü��ý �ú
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∆NOPQ %ö-� 5 ôr���ÿ ø ~ õôr�ÿ ø�õôé�ÿ ø SVU ^S UX]( cS mZ^^`V`Z[ dX mnX[bS_S[U cuaSUXU`[UST[S XlSm hXTT` dSTS aS[STb aSU`e]S S(\T`_ aSS S[ ][`U aS cS US_\ aSTXU]TS� c`l`V aS \XT ^S _tS_SUX]( dX hXTT` dSTS aS[STb aSU`e]S []^^Si
�� �ú��þ���ûûúÿú�ý úûý ��úýú�ÿ�� �úú �ü� ùú �ü��þ�ý �ú ù��ú�ú�!�ú ú�ùú �úú �ü� ùü �þùù�û�þ�ú��þ�ý�ú�ÿ���ú úý ùú ��ü�/ü!ú �	� ü� �þÿ�ü!ú þ�ý���ú  ú�û ù��úýüý ���ý�üùö 2� �þ��û �úù�ü
ûþ��ý�þ� úý �úÿ�ûû�þ� �úû ��þýþ�û �ú �þÿ�ü!ú( ùúû üýþÿúû �ú� ú�ý !ü!�ú� �ù�û�ú��û�ú�ú�!�úû �ú �ú��ù �� ô�� ~ ��ÿ��-øö 1þ�� �úû �ü�üÿ�úý�úû ú���ú��ÿú�ýü�� ��úüù�ûýúû þ��ú�ý ú� �ûü!ú� �ú�� ��ú!�ÿúû �å ùü ýúÿ��ú�üý��ú úûý !�ü��ú �ü� �ü��þ�ý �ü ùü ýúÿ��ú�üý��ú �ú �ú��ù ��ÿ u �� (å ùü ýúÿ��ú�üý��ú úûý �� ÿ	úÿú þ���ú ��ú ùü ýúÿ��ú�üý��ú �ú �ú��ù ��ÿ � �� ö0ü�û ùú ��úÿ�ú� �üû ùú ��ü�/ü!ú üûûþ�� �ú ü� �þÿ�ü!ú �ú�ý 	úý�ú ��ú!ù�! �ú úý ùü ���ûûü��ú�ú �ú��þ���ûûúÿú�ý úûý �ú!üùú ü� ýü�� �ú .& �þ�û rö 7� ùü ýúÿ��ú�üý��ú �ú �ú�ý �� ÿ	úÿúþ���ú ��ú ùü ýúÿ��ú�üý��ú �ú �ú��ù ùú 
�ùü� �ú�ú�! �úý���ú �� �ú��þ���ûûúÿú�ý �þ�ý ýú����þÿ�ýú ü�ûû� �� ��ü�/ü!ú �	� ü� �þÿ�ü!ú þ�ý���úö�ü ���ûûü��ú �ú �ú��þ���ûûúÿú�ý ��ú�ú�� �� ýü�� õ ü���úù .& ûú ��þ���ûú�ý úý �ú ùü��ü�ý�ý �ú ���ú�ú�!�ú ú�ùú �úú û�� �� �4�ùúö 1þ�� �üù��ùú� õ þ� �ú�ý û���þûú� ��ú ùú !üò úûý�þÿþ!�ú�ú úý ����ù û��ý ùü ûýüý�ûý���ú �ú �ü�vúùù��þùýòÿü��ö õ �þwx����ú ü ú� ù���ý �ú!�üùú�ú �þùù�û�þ� �ú ù��ú��üý�þ� �ú �þùýòÿü�� �úùüý� ú �ü ùü �þ��ùüý�þ� �ü�û ù��úýüý ���ý�üù �þ���úû �þùù�û�þ�û ��� ú�ù�ú ú�ý r �ü ù��ú�ú�!�ú �� �ú�ý�ú �ú ÿüûûú �yz �

õôr�ÿ ø { ó ø |úû |ú� �ô��ÿ ø�ô-�ÿ ø}ô�yz �rø |úóû �úó� |� ô%ö3ø
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∆NOPQ %ö3� j ~ ôr ��ìø5 ôr���ÿ ø�ô��ÿ ø SVU ^X \]`VVX[mS cS TSgTZ`c`VVS_S[U S[ ][`U aScuaS[STb`S c] bX� SU UX]( cS mZ^^`V`Z[ dX mnX[bS_S[U cuaSUXU `[UST[S dX hXTT` dSTS aS[STb aSU`e]S[]^^Si �ì ~ é p̂ `b[S mZ[U`[]Ss� �ì ~ 3 ��ÿ pU`TSU aSVs� �ì ~ % ��ÿ p\Z`[U`^^ aSVs� �ì ~M ��ÿ pU`TSU aSVf\Z`[U`^^ aSVsiþ�� ó úûý ùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ� �þ�� ��ú �þùù�û�þ� ��� ��ü�!ú ù��úýüý ��ýú��úüýþÿ���ú( � úý - �ú���úûú�ýú�ý ùúû �ú�� üýþÿúû ��� ú�ý�ú�ý ú� �þùù�û�þ�( �ô~�ÿ ø {ú��ô�'ð�� �-��ÿ ø úûý ùú �ü�ýú�� �ú �þùýòÿü�� �ú ù�üýþÿú � �ü ýúÿ��ú�üý��ú ÿ ô' úûýùü ÿüûûú üýþÿ���úø( } úûý ùü �þ��ý�þ� �ú �úü �û��ú �ú!üùú �ü � û� �yz : r úý ò �ú�þü�ý�úÿú�ý( úó� úûý ù��ÿ��ùû�þ� �ú ù�üýþÿú ~ ü���úû ùú ��ü�!úÿú�ý �ú ûþ�û��� úü� Dúú�ÿü�ö �ú �ü�ýú�� |úóû � úó� | ú� �ú��üý�þ� ô%ö3ø �ú���úûú�ýú ùú ��ü�!úÿú�ý �ú ùü �ú�û�ý �ú���úýüýû )�ü�� ùþ�û��ú ù��ú�ú�!�ú �� ÿþ� úÿú�ý �úùüý�� ��ü�!ú ü� �þ��û �ú ùü �þùù�û�þ�ô�÷þ� ��÷�øö�ü )!��ú %ö- ÿþ�ý�ú 5 ôr���ÿ ø( ùú ýü�� õôr�ÿ ø �� �û�ú �ü� ùú ýü�� �þùù�û�þ�úù �ü
ü����ú�ú �ú�ú�! �úý���ú ��ùùú õôé�ÿ øö &� ��ú)��ûûü�ý �ì ù��ú�ú�!�ú ü����ûú ü� �þ��û ���þÿ�ü!ú þ�ý���ú ôý4����úÿú�ý ��úù��ú ��ø( �ü�û ùü ù�ÿ�ýú þ�� ùú ýü�� �ú �þÿ�ü!úúûý �ü���ú �ü� �ü��þ�ý �ü õôr�ÿ ø ùü ���ûûü��ú �ú �ú��þ���ûûúÿú�ý �  ü�ý �
� ôr�ÿ ��ìø ~ õôr�ÿ øôr ��ìø$ ô%ö÷ø

.úû ���ûûü��úû �ú �ú��þ���ûûúÿú�ý ûþ�ý ý�ü� �úúû ú� )!��ú %ö3 �þ�� ��/ �ú�ú�ýû ��ü�/ü!úû�	� ü� �þÿ�ü!ú þ�ý���úö "� ý�þ� ú ��ú �þ�� ��/ �ú�ú�ýúû  üùú��û �ì���ÿ ùü ���ûûü��ú�ú �ú��þ���ûûúÿú�ý úûý þ�ý�ÿüùú û� r + ��ÿ � �ì ö �ù úûý �þûû�
ùú üùþ�û �ú �ü��ú ��ú
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NOPQ %ö÷� ®*[X_`e]S cS TSgTZ`c`VVS_S[U cu][ bX� cS ñ+jh `[`U`X^S_S[U dX v�ñw SU- �éûû m_y� cS[V`U aS \`m� \Z]T \^]V`S]TV aS[STb`SV cS \Z_\XbS Z\U`e]S �ì i �S bX� SVU mZ[f [ aS cX[V ][ \ZUS[U`S^ Z\U`e]S SU ^X VSmU`Z[ cS c �̀]V`Z[ ó SVU mnZ`V`S aSbX^S dX mS^^S cSVmZ^^`V`Z[V aS^XVU`e]SV p�r ��si �ì ~ é p̂ `b[S mZ[U`[]Ss� �ì ~ %�� pU`TSU aSVs� �ì ~ �-��p\Z`[U`^^ aSs� �ì ~ �þ�� pU`TSU aSVf\Z`[U`^^ aSsi � ù [VSTU`Z[ _Z[UTS ^X _tS_S  b]TS V]T ][SaSmnS^^S US_\ZTS^^S \^]V ^XTbSiúûý�ÿüý�þ� �ú ùü �4�üÿ���ú �� �ú��þ���ûûúÿú�ý ú� �þ�û�� �ú�ü�ý
�ÿ� � ~ � ôr ��ìø%�� õ ôr�ÿ ø ô%öõø

~ �ÿíî% õôé�ÿíîø5 7� � �ì��ÿ 8 � ô%ö%ø
þ�� ÿíî úûý ùü ýúÿ��ú�üý��ú �� !üò ü ü�ý ùú ��ú
�ý �� �ú��þ���ûûúÿú�ý( ü���úû ùú ý�ü�û�ú�ý�ü�û ùú c"5gö �ú ��ú�þÿ��üýú�� �ú ù��ú��üý�þ� ô%öõø �ú���úûú�ýú ùü ��üùú�� û��ú��)��ú���� !üò ÿþ�þ�üýþÿ���ú( 30( �þ�)��ú ô3��ø( úý ùú �ü�ý ��ú ù��ú�ú�!�ú ú�ùú �úú �ü� ��ú�þùù�û�þ� ú��þ� �ú�ú�! �úý���ú úûý �ü�ýü!�úú ú�ý�ú �ú�� üýþÿúûö 0ü�û ù��ú��üý�þ� ô%ö%ø þ� �ü�ýù�ü���þ��ÿüý�þ� �ú �ú�û�ý �ú ùþ�üùú úý þ� ú��ùþ�ýú ùú �ü�ý ��ú �ü�û �� �þýú�ý�úù �ü�ÿþ����úô�þÿÿú ùú �þ�� ���� c"5gø õôé�ÿ ø { ÿ yûö �ú �ú��þ���ûûúÿú�ý ûú ��ú�þ�ùú ��/ �ú�úÿÿú�ýú� �þ��ý�þ� �� ��ú!�ÿú �ú ýúÿ��ú�üý��ú � û� �� ���ÿ � � ù�ü�!�ÿú�ý �ú 5 úûý �þ�ûýü�ýúý ùü ýúÿ��ú�üý��ú ��ú��þ	xý ù�� �úü��úÿú�ý( ��ú �þ�û ��ú �� ���ÿ + � ùú ýü�� �ú �þùù�û�þ��þ�ÿüù�û�ú 5 �ú �úûýú �ù�û �þ�ûýü�ý úý( ���û����ù �ú�ý 	úý�ú ü���þ��ÿ�ú �ü� ��ú �þ��ý�þ�ú��þ�ú�ý�úùùú ô þ�� )!��ú %ö-ø ùü ýúÿ��ú�üý��ú  ü��ú ùþ!ü��ý�ÿ���úÿú�ý ü ú� ùú ýúÿ�ûö
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NOPQ %öõ� tZ[ b]TXU`Z[ S(\ aST`_S[UX^S c] TSgTZ`c`VVS_S[U \Z]T ^S mnX_\ _Xb[ aSU`e]S�^S ^XVST c] \` dSbSXbS Z\U`e]S pªoj¬s� SU ^S ^XVST cS \Z_\XbSi �� TS\T aSVS[US ^S lSmUS]TcuZ[cS c] ^XVST SU 	¼ ^X \Z^XT`VXU`Z[� ^`[ aSX`TS� TS^XU`lSi
�ÑÒÑÒ �ÖÖÞÚºÕÙÚ×Û Õ� ����

.þÿÿú ú�úÿ�ùú þ� �ú�ý ü��ù���ú� �ú �������ú �ú �ú��þ���ûûúÿú�ý �ü �� !üò �ú ñ+5
�ü 3%ñ, úý �ü ��ú �ú�û�ý �ú ��� �ú - �éûû �ÿy� �ü�û �� �þýú�ý�úù �ü�ÿþ����ú ô üùú��ûý4����úû �þ�� ùú ��ü�!úÿú�ý ���� c"5g �ü �ü�ý�� ���� �"gøö 1þ�� �ú ��� �þ��ú��úùü ûú�ý�þ� ú¯�ü�ú �ú ��/�û�þ� ���úùüûý���ú ó ú� ù�ýý �ú�üý��ú þ� �ú ý�þ� ú �üû �úû  üùú��ûû��ú��)��úû( ��� þ� �þ�û���ú�ú ��ú ûú�ý�þ� �ú ��/�û�þ� �þ�� ùúû �þùù�û�þ�û �ü ��ü�!úÿú�ý���úýüý ��ýú��ú �� ÿ	úÿú þ���ú ��ú �úùùú �úû �þùù�û�þ�û �úùüûý���úû �-3� úý þ� ý�þ� úõôé�ÿíîø � þ ûyûö0ü�û ùü )!��ú %ö÷ ûþ�ý ý�ü� �úû ùúû � �úû�ùýüýû �ú ù���ý �ú!�üý�þ� �ú ù��ú��üý�þ�ô%ö%ø �þ�� �ì üùùü�ý �ú é �ü �þ�� ô�� ~ �þé�, �þ�� ùú ñ+5
øö 1þ�� �ú ��þ�� �ú�ü�üÿ�úý�úû ùü ýúÿ��ú�üý��ú ���ýú ��úû��ú ù�� �úü��úÿú�ý �ú��ü�ý ùúû - ��úÿ��ú�úû ûú�þ���úûö 2���úû - ûú�þ��úû( þ� ý�þ� ú ÿ + �ì�÷�� úý ü���úû 3 ûú�þ��úû ÿ + �ì�%�� ö 7��ùúû ýúÿ�û �ú �ú��þ���ûûúÿú�ý ùþ�! ÿ { �ùþ! ��yû úý üýýú��ý �ì��-�� ü���úû õé ûú�þ��úûö&� �ü�ý �ú ý�ü�ýúÿú�ý ��úûý �üû  üùü
ùú �ü�û ùú � �ú!�ÿú �ú �ü�
ùúû ýúÿ��ú�üý��úû ��ü��ù�ü���þ��ÿüý�þ� �ú !üò �ùüûû���ú ��úûý �ù�û  üùü
ùú( úý ùúû ú/úýû �ú �� �ú!úü!ú �úû ��þýþ�û�ú �þÿ�ü!ú �ú ûþ�ý �ù�û ��ú!ù�!úü
ùúûö &���ú��ÿú�ýüùúÿú�ý �ù úûý ��ý �ú�úûûü�ý �ú 
üùü4ú�r ����ú  üùú�� �þ��úû�þ��ü�ýú �ü ùü ýúÿ��ú�üý��ú ���ý�üùú �� !üò( 
�û����ü �� �ú� �ù�û��ú �ì ö&� !�ú��ú�üù ùú �þýú�ý�úù þ�ý���ú ��ú�ú�� �� ûþ�û��� úü� Dúúÿü� �ú ù�üýþÿú úý �� ú�ýú�� �ú �þùü��ûüý�þ� �� ùüûú� �ú �� �ú!úü!ú 	¼ ~ ��-ô	��� � � � ~ 	��� � �ø( ü ú� �úùù��ý���ý �úûö 7� ù�ü�ú �ú ��ü�ý�)�üý�þ� úûý �ü�üùù�úùú �ü ùü ���ú�ý�þ� �ú ��þ�ü!üý�þ� �ú ùü
��� �¥����� ¡��¡¡�£����� ¥� �� ¡� £�¡���������  � £����� �� ¡��������� ¥� ¤���¤�¡� ����� �� ¤�¢�¤�¡� ����������¤��� £�� �� £�¡������� �����¡��� ��� ¡� �������� � � R  ¡¢£¤ ¡¥¦ ¡¢£§ ¡¥¦ ©
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¨� ~ îï5æ�-÷æ© ª7 �¸û�� � �¸���8 � b;';�� � �� 7 �¸û�� � �¸���8« � ô%ö*ø

þ�� 5 úûý ùü ùü�!ú�� �üý��úùùú �ú ùü ý�ü�û�ý�þ� ô-ö �%$���ò �þ�� ùú 5
ø( ¸û�� úý ¸��� ûþ�ýùúû ��ú�üùü!úû �ü� �ü��þ�ý ü�� ù�!�úû 0� úý 0- ôú� ���ý �ú �ú 5ø( b; ~ �} ô} � �ø�¬ô¬��ø � æ ôæ � �ø��} ô} � �ø úûý ùú �ü�ýú�� �ú �ü���ú( úý æ© ~ -ö�îï­5�3®� úûý ù���ýú�û�ý �ú �úûüý��üý�þ�ö 0��ú��üý�þ� %ö* þ�  þ�ý ��ú �þ�� �� �ü�û�úü� ��þ�ü!úü�ý ùú ùþ�! �� ��üÿ�ÿü!��úý���ú ¯ ü ú� ��ú �þùü��ûüý�þ� ù�� �úü��ú ô þ�� )!��ú %öõø( ùü ��ú�ú��ü��ú �� �þýú�ý�úù�ú '; ��û�ü�ü	xýö 6�ú �þÿ�þûü�ýú ó ��úû���úùùú �ú ��ü�!ú �üû ùú �ü��ú ��4û���ú ���û��úùú �þýú�ý�úù þ�ý���ú ���� �þ��ùú ��üýþÿúû úûý ��þ�þ�ý�þ��úù �ü ùü ûþÿÿú �úû '; ( ���úûý ��ú ��ü�ý�ý �ú �þ�ûú� �úú ü� �þ��û �úû .&ö6� üû�ú�ý �ÿ�þ�ýü�ý úûý ùú �þ�ý�	þùú �� ��üÿ� ÿü!��úý���ú ¯ö .þÿÿú �������ú ü���ü�ü ü�ý( ùü ���ú�ý�þ� �ú ¯ �þ�ý 	úý�ú 
�ú� ��ú)��ú úý �ü�üùù�úùú �ü ùü �þùü��ûüý�þ� ��ùüûú� �ú �þÿ�ü!úö gþ�ý ��úûüù�!�úÿú�ý ��þ���ý ��ú �þÿ�þûü�ýú ó �ü�û ùü �þùü��ûü�ý�þ� �ú ùü �þÿ�ú ��� ��ý�þ���ý ��ü�ý�úû ýú�ÿúû �ú ��ü�/ü!úö 1��û��ú ùü �þÿ�þûü�ýúö úûý ü
ûþ�
�úú ûú�ùúÿú�ý �ü� ùúû üýþÿúû �ü�û ùúû ûþ�û��� úü�� '; ~ `� úý ùü �þÿ��þûü�ýú ó úûý ü
ûþ�
�úú ü�ûû� �ü� ùúû üýþÿúû '; ~ é( ú� ��þ�û�ûûü�ý ��ú �� �ú��ú��ú�ú 5ü
� �ú ù�þ���ú �� ýü�� �úû .& þ� �ú�ý � �ú����ú ùú ��ü�/ü!ú �	� �ü ��ú ÿü� ü�ûú�þùü��ûüý�þ�ö �úû �þ�ý�ü��ýúû û�� ù���ýú�û�ý �ú �ú ¯ ûþ�ý ÿþ��û �þ�ýúûö 1þ�� �ú��þ���� ��ñ+5
 ôj�� ~ -ö � %$þë�òø �ü�û ùú ûþ�û��� úü� �4�ú�)� ��� �ú��ú�� } ~ �( ùú ��üÿ�ÿü!��úý���ú ��ú�úûûü��ú �þ�� ü þ�� r �þ��úû�þ��ü�ý �ü �ééñ, úûý �éé ëü�ûûö ����ýú�û�ý �ú�ú ¯ úûý ú�û��ýú � �ú���ýú �ü ��  üùú�� �ú ù�þ���ú �ú �ì( r + �ñ, ô��úù��ú �þ�û ��øö1��û��ú r { ¯� ( ùú ��üÿ� ÿü!��úý���ú �ü ùü )� �ú ùü �üÿ�ú úûý �ú ù�þ���ú �ú �é ëü�ûûö
�ÑÒÑ� °ßÝ ºÕÝ ±² ³ ´"� �ú�ý !�ú��ú�üù�ûú� �úýýú ÿ�úý�þ�ú �ú �ú��þ���ûûúÿú�ý ü�� ÿ	úÿúû üýþÿúû �ü�û ùú�� úü� �4�ú�)� û���ú��ú�� ô�ü�ýú�� �ú �ü���ú b; �þû�ý��øö &� �ý�ù�ûü�ý ù��ú��üý�þ� %ö-þ� ý�þ� ú ��ú ù��ú�ú�!�ú ���� �þ��ùú ��üýþÿúû |} ~ -�'; ~ `-� úûý %i�îïj�� �ù�û
üûûú ��ú �úùùú �� �þ��ùú |} ~ -�'; ~ `��( úý þi�îïj�� �ù�û 
üûûú ��ú �úùùú ���þ��ùú |} ~ -�'; ~ é�ö �ú �þÿ�ü!ú þ�ý���ú û�� ��ú ý�ü�û�ý�þ� } ~ - � } ó ~ �ü ú� �ú ùü ù�ÿ��ú�ú �þùü��û�ú ö ô þ�� )!��ú %ö%ø �ú�ÿúý ú��þ�ú ��ú �þ�û �ú � �ú��úýú� .&��� 
ü�ûûú�ý |'; |ö 6� ��þ
ù�úÿú �ÿ�þ�ýü�ý �þ�� �ú �ú���ú� ý4�ú �ú �ú��þ���ûûúÿú�ý úûý�ú���úûú�ý �ú �ü� ùúû �þùù�û�þ�û �� �úùüûý���úû ��� ��ü�!ú�ý ù��úýüý �4�ú�)�ö �üù!� �ú �úùü ùú�ú��þ���ûûúÿú�ý �ú�ý 	úý�ú �ü�ûü
ùú �þ�� �úû ��þ�� �ü�ý���ù�ú�û ��üýþÿúûö 1þ�� ùú ñ+5
 þ�ü ÿþ�ý� �ú ��ú ùü ûú�ý�þ� ú¯�ü�ú �þ�� ùúû �þùù�û�þ�û ���ú��ü�!ú �ú û��� úûý û�¯ûüÿÿú�ý�úý�ýú �þ�� ����� !üò ��þ�� �þ���þùü��û�ú ûþ�ý ûýü
ùú �-3�ö .ú �ú��þ���ûûúÿú�ý �ú�ý ü�ûû�	úý�ú ü��ù����ú ü�� üýþÿúû ü ú� û��� ���ù�úü��ú ��/ �ú�ú�ý �ú 38-( �ü�û ù��úýüý �4�ú�)� �ù�û�ú�ú�! �úý���úö .þÿÿú ü ü�ý ùúû üýþÿúû ûþ�ý �þùü��û�úû �ü�û ùúû ûþ�û��� úü�� ÿü!��úý���úûú�ý�	úÿúû '; ~ `} ( úý .& ��þ���ûú�ý ùúû üýþÿúû �ü�û ûþ�û��� úü�� Dúúÿü� �ú |'; |
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�ù�û �ü�
ùúö �ú �þÿ�ü!ú þ�ý���ú úûý �ü�ý �ü� �ú ùü ù�ÿ��ú�ú �þùü��û�úú ö úý � �úûþ�ü�ýú û����ú ý�ü�û�ý�þ� } � } ó ~ } � �ö
=±· ¸³f¶?º¾º´´³»³¼Á ¾³ »³̧¹½¼À³´ ¾¹½Á?»³´ ¾ºº³̧¶³¼Á´

�ú �ú��þ���ûûúÿú�ý ��ú���ý �ü�û ùü ûú�ý�þ� %ö� �ú�ý 	úý�ú ü��ù����ú �þ�� �ú��þ���� ��ü�ý�úûû4ûý�úÿúû ��ú ùúû !üò ��üýþÿúû üù�üù��û �þÿÿú ùúû ÿ�úùü�!úû �ú !üò �þ�ý ùúû �ü�ýú��û �ú�ü���ú b; ûþ�ý ��/ �ú�ú�ýûö "� �ú�ý ü þ�� �úû ÿ�úùü�!úû ��úû��ú�úû üýþÿ���úû ��/ �ú�ú�ýû(þ� �úû ÿ�úùü�!úû �ú ��/ �ú�ú�ýû �ûþýþ�úû �ú ùü ÿ	úÿú úû��ú�ú üýþÿ���úö .þÿÿú ��ú���ý�ü�û ùü ûú�ý�þ� %ö�( ùú �ú��þ���ûûúÿú�ý �úû ÿ�úùü�!úû ��üýþÿúû ûú 
üûú û�� ùúû �þ��ýû �ù�úûû�� ü�ýû �å ùúû !üò ûþ�ý �� �ú!�úû �ü�û �� ���ú!ú þ�ý���ú ôc"5gø(å ù��ú�ú�!�ú úûý ûþ�ûý�ü�ýú ü� û4ûý�úÿú �ü� �úû �þùù�û�þ�û �� �úùüûý���úû ú� þ��ú�V ���( ú���ü�!úü�ý ù��úýüý ��ýú��ú �úû üýþÿúû( ý�ü�û�þ�ÿú�ý ��ú �ü�ý�ú �ú ù��ú�ú�!�ú ����úý���ú�� ÿþ� úÿú�ý �úùüý�� ú� �ú�ú�!�ú ��ýú��ú(å ùúû üýþÿúû �ú �ú��ú�ý �ü�û ù��úýüý ���ý�üù �ü� �þÿ�ü!ú þ�ý���úö�ü ��/ �ú�ú��ú úûý ��ú û� ùúû b; �úû ��/ �ú�ú�ýúû úû��ú�úû �ú ûþ�ý �üû ùúû ÿ	úÿúû( ù��ú�ú�!�ú���� �þ��ùú ��üýþÿúû ��� ��ü�!ú ���úýüý ��ýú��ú ��ú�ú�� ù�� �úü��úÿú�ý �� ��üÿ� ÿü!��úý���úö.þ�û�� �ú�þ�û ùú �üû �ú !üò ��üù�üù��û( ùú ��ú�üùü!ú �ú�ú�! �úý���ú Dúúÿü� ú� ��úÿ��ú�ú ü����þ��ÿüý�þ� �ú�ý 	úý�ú �ú���ý ú� �þ�û�� �ú�ü�ý ùü �ü�ý�ú ù�� �úü��ú ú� ê �ú ù��ú��üý�þ� %ö- �»mn ~ ñb;';ê� ô%öþø



�-% ��GBEKA? A< A?^ABEHE@@?>?FK _??>GF G@@E@K C? BGA �BDDE@EBF@þ�� ñ úûý ùú ÿü!��úýþ� �ú �þ��ö0ú�� úû��ú�úû üýþÿ���úû � úý ò( �ú �ü�ýú�� �ú �ü���ú b¼l; úýb½l; �úû�ú�ý� úÿú�ý( ûþ�ý �þùü��û�úúû �ü�û ùú ûþ�û��� úü� Dúúÿü� '¼l; ~ �}¼ úý '½l; ~}½ ( ùúû ��ýú�ü�ý�þ�û � �úû�ùýú�ý ú� �þùù�û�þ� �úùüûý���úû( ��� üûû��ú�ý ùü ý�ú�ÿüù�ûüý�þ� ��û4ûý�úÿú( þ� 
�ú� ú� �þùù�û�þ�û �� �úùüûý���úû ��� ��ü�!ú�ý ùú ûþ�û��� úü� Dúúÿü� �úûüýþÿúûö &� û���þûü�ý ��ú ùü ��þ
ú�ý�þ� �� ÿþÿú�ý ü�!�ùü��ú ûú �þ�ûú� ú ü� �þ��û�ú ùü �þùù�û�þ�( úý ��ú ùü ýúÿ��ú�üý��ú �� !üò ûþ�ý û�¯ûüÿÿú�ý 
üûûú �þ�� �þ�û�� �ú�ú�ûú�ùúÿú�ý ùúû �þùù�û�þ�û ú� þ��ú��( ùúû �þùù�û�þ�û �� �úùüûý���úû ûüý�û�þ�ý ùü �þ���ý�þ�r' ~r'¼l; ~ �r'½l; ö �ü  ü��üý�þ� ���ú�ú�!�ú ÿü!��úý���ú ���� �þ��ùú ��üýþÿúû ��� û�
�ý��ú �þùù�û�þ� ���úùüûý���ú  ü�ý üùþ�û �r� ~ ñêr'ôb¼l; � b½l; ø$ ô%öMø�ù ûú ý�þ� ú ��ú û� b¼l; : b½l; ùúû �þùù�û�þ�û ýúùùúû ��ú r' : é ú� ü�!ÿú�ýü�ý ù��ú�ú�!�ú��ýú��ú �� !üò( ûþ�ý �úû �þùù�û�þ�û ú��þ�ý�ú�ÿ���úû ô.&øö "� �ú�ý üùþ�û ���ú�ü�ú� ùúÿ�úùü�!ú �úû !üò �ú ýúùùú �ü¾�þ� ��ú ûú�ùúÿú�ý ùúû �þùù�û�þ� r' : é ���ûûú�ý ûú ��þ����úö1þ�� �úùü �ù û�¯ý �ú �ü��ú �� �þÿ�ü!ú þ�ý���ú �þ�� ��ú ùú !üò � ûú ý�þ� ú �ü�û ùúûþ�û��� úü� Dúúÿü� '¼l; ~ �}¼ ( úý ùú !üò ò ûþ�ý �ü�û '½l; ~ �}½ ö 0ü�û �� ýúùÿ�úùü�!ú r' ~ é þ� �( ÿü�û 
üÿü�û ��ö �ú �þÿ�ü!ú þ�ý���ú úûý �ü�ý û�� �úû ý�ü�û�ý�þ�û} � } ó ~ } ü ú� �þùü��ûüý�þ� óy �þ�� ù�úû��ú�ú � úý ó¿ �þ�� ù�úû��ú�ú òö
�Ñ�ÑÒ �ÖÖÞÚÀÕÙÚ×Û àÕ �Û Á�ßÞÕÛáß �â��Â�����ü �4�üÿ���ú �� �ú��þ���ûûúÿú�ý úûý ùü ÿ	úÿú ��ú �úùùú ��ú���ýú �ü�û ùü ûú�ý�þ� %ö�ö2� �� úü� ú���ú��ÿú�ýüù ùü ��/ �ú�ú��ú �ù�û �ÿ�þ�ýü�ýú �ü� �ü��þ�ý ü� �ú��þ���ûûúÿú�ý���� !üò �ü ��ú �þÿ�þûü�ýú üýþÿ���ú úûý ùü ���ú��û�þ� ü ú� ùü��úùùú �ù �ü�ý �þ�ý�	þùú� ùú��üÿ� ÿü!��úý���úö.þÿÿú ü��ù��üý�þ� �þ����úýú þ� �ú�ý û���þûú�  þ�ùþ�� �ú��þ���� �� ÿ�úùü�!ú �ú ñ�5
ôû��� ���ù�úü��ú õ8-ø úý ñ+5
 ôû��� ���ù�úü��ú 38-øô þ�� )!��ú %ö*ø �ü�û ùú ûþ�û� �úýüý�4�ú�)� �úùú�ý�þ����ú ��� �ú��ú�� � bñ� ~ ���3 úý bñ+ ~ ���-ö ñ�5
 ûú�ü üùþ�û �þÿ��úþ�ý���úÿú�ý ú� ' ~ �-( úý ñ+5
 ú� ' ~ ��ö �úû �þùù�û�þ�û r' ~ �� ôr'ñ� ~��� r'ñ+ ~ ��øü�!ÿú�ýú�ý üùþ�û ù��ú�ú�!�ú ��ýú��ú �� �þ��ùú ��üýþÿúû �ú r ~ ��%ñê ö.þ�ý�ü��úÿú�ý ü� �üû ���ú��ú�ú�ý þ�� r { ê�( ��� r { ê �ú ��� �ú�� ùú �þ�ý�	þùú �ú ¯�ù�û ���ý���ú ü� �� úü� �ú ù���ýú�û�ý �úö &� �ü�ý �� ÿ�úùü�!ú ñ�5
�ñ+5
 ��ú�úûû�ýú �� ��üÿ�ÿü!��úý���ú �ú ù�þ���ú �ú �ééÿë �þ�� ��ú r��� ~ �ñ,ö
=±Ã Ä¶½¼´f³¶Á ¾³ ´·º¼ ´³̧¹³@Áºf ³¼ ³̧¼³¶Àº³

0ü�û ùü ûú�ý�þ�( �ö÷ þ� ü ��ý�þ���ý ùú �þ��ú�ý �ú ý�ü�û�ý�þ� �.7 � ��ú ��ýú�ü�ý�þ�üýý�ü�ý� ú ú�ý�ú �ú�ÿ�þ�û �ú û��� ��/ �ú�ú�ýû ô`��-( þ� ��ü���úû ùü �þýüý�þ� �þ��ü�ýú | Å�úý | Æ�ø �þ��ú þ��!��ú �ü ��ú �þ��ú�ú��ú ú�ý�ú �ú�� �� �ü ýúÿ��ú�üý��ú û�¯ûüÿÿú�ý 
üûûúö�ú �þ��ùú ü��û� �þ�ÿ�ú( ú� ü4ü�ý û��� ú�ý�ú�( �ú�ý �ú ú�ý�úùùúÿú�ý �þ��ú� ù�ú� �ü ��úý�ü�û�ý�þ� �ú ��üûú( ��ý ý�ü�û�ý�þ� �.7ö
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NOPQ %ö*� jSgTZ`c`VVS_S[U ÈSS_X[ XVV`VU aS \XT mZ^^`V`Z[V X\\^`e] aS dX ][ _ aS^X[bS ñ�jhpbñ� ~ ���3s SU ñ+jh pbñ+ ~ ���-si ®SV mZ^^`V`Z[V `[ aS^XVU`e]SV e]` mZ[VSTlS[U ^X \TZfY SmU`Z[ c] _Z_S[U X[b]^X`TS UZUX^� S[ c`_`[]X[U |'| UTX[Vg ZT_S[U \X`TSV cuXUZ_SVñ�jhfñ+jh cS gX`h^S aS[STb`S `[UST[S pTZ[cV [Z`Ts S[ mZ]\^S cuaS[STb`S `[UST[S \^]V aS^Sl aSSpTZ[cV bT`Vsi �X mZ[VSTlXU`Z[ cS ^ uaS[STb`S UZUX^S SVU XVV]T aSS \XT ^X c`_`[]U`Z[ cuaS[STb`Sm`[ aSU`e]S c] _Z]lS_S[U TS^XU g̀ i �S \Z_\XbS Z\U`e]S óy V]T ^ uXUZ_S XlSm b ^S \^]V aS^Sl aSpSU l`mSflSTVX \Z]T mS^]` cS b ^S \^]V hXVs TX_ dS[S ^SV XUZ_SV cX[V ^ uaSUXU `[`U`X^i
6�ú �úû ��¯��ùý �úû ��ú ù�þ� �ú�ý �ú��þ�ý�ú� �ü�û ù��úý��ú ú���ú��ÿú�ýüùú �ú ùü ý�ü�û��ý�þ� �.7 �ü�û �� !üò ��üýþÿúû �ú�ÿ�þ����úû �ú�ý�úû úûý ùú ��ú�þùü��ûüý�þ� �ú ù��ú��ü�ý�ùùþ��ú��þ���ö &� �ü�ý ùú ��úÿ�� ú���ú��ÿú�ýüù ��ú ù�þ� �ú�ý ú� �ûü!ú� úûý �ú �ú��þ���� �� !üò�ú �ú�ÿ�þ�û �ü� �ú��þ���ûûúÿú�ý û4ÿ�üý����ú ü ú� �� ü�ý�ú !üò ô�ü� ú�úÿ�ùú ÷�� ü ú�+�� �÷��ø �ü�û �� ���ú!ú ÿü!��úý���úö .ú�� �ÿ�ù���ú ����ü ùü )� �� �ú��þ���ûûúÿú�ý ùúû�ú�ÿ�þ�û ûþ�ý ýþýüùúÿú�ý �þùü��û�ú �ü�û �� ûþ�û��� úü� Dúúÿü� ú�ý�	úÿú |'; | ~ } ö6�ú �ü¾�þ� ý�� �üùú �ú ��ú�þùü��ûú� ù��ú��ü�ý�ùùþ� �þ���ü�ý 	úý�ú �ú ý�ü�û� �ú�ú� ùú !üò �ü�û�� ���ú!ú ���þùü��ú( �þ�� ��ú ùú �þ�)�úÿú�ý �ú ��ú�ú��ú �üû �� ûþ�û��� úü� Dúúÿü�( úý��ü��ù���ú� �� ��üÿ� �ü��þ��� �ú��ú��ú �þ�� ÿ�úùü�!ú� ùúû ûþ�û��� úü�� ��ú ù�þ� ��úû��úö�����þ� �ú��ú�ý �ú �úýýú ��þ� �ú���ú úûý ��ú ú� �ü�ýü�ý ���� !üò �þ�ý ùü �ú�û�ý �ú �ü�ûù�úû�ü�ú �ú ��üûú úûý � ôú� û���þûü�ý ÿ ~ éø( û� þ�  ú�ý ùü ÿ	úÿú �þ��ùüý�þ� �þ��ùúû �ú�� þ��ú�ýüý�þ�û �ú û��� | Å� úý | Æ�( þ� þ
ý�ú�ý ��ú �ú�û�ý �ú �ú �8- �þ�� ��ü��ú�þ��ùüý�þ�( �ú ��� úûý 
�ú� ùþ�� �úû �þ���ý�þ�û ��ú�úûûü��úû �þ�� þ
ûú� ú� ��ú ý�ü�û�ý�þ��.7ö6�ú ÿ�úý�þ�ú �þ�� �ú �ýú� �úý ���þ� �ú��ú�ý �ú�ý 	úý�ú ùú ��ü�!úÿú�ý �ú û��� �úû�ú�ÿ�þ�û �ü�ý ����ú �ü¾�þ� û�úùú�ý� ú ú� �ú�ú�!�ú ô þ�� )!��ú %öþøö �ú !üò �ú �ú�ÿ�þ�û ûúý�þ� ú ���ý�üùúÿú�ý ú� | Å� ô÷�� } ~ ��-�' ~ ���- �ü� ú�úÿ�ùúø �ü�û �� ���ú!ú���þùü��ú( ú� ���úûú��ú �� !üò �ý�ù�û�ú �þ�� ùú �ú��þ���ûûúÿú�ý û4ÿ�üý����ú ���( ù��( úûý�þùü��û�ú | Æ� ô+�� } ~ ��' ~ �� �ü� ú�úÿ�ùúøö �úû �ú�� !üò ûþ�ý �ü ýúÿ��ú�üý��ú ��ùùúúý ùú �þÿ
�ú ��üýþÿúû �ý�ù�û�ú �þ�� �ü��ú ùú �ú��þ���ûûúÿú�ý û4ÿ�üý����ú úûý �ù�û !�ü����ú ùü ÿþ�ý� �ú �ú �úù�� �úû �ú�ÿ�þ�ûö "� �ú�ý üùþ�û ú� �ûü!ú� �úû ��þ�úûû�û ü�üùþ!�úû �ü
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NOPQ %öþ� �mn aS_X c] UTX[Vg STU cS V\`[ \Z]T UTX[Vg ZT_ST ][ bX� g ST_`Z[`e]S c aSb aS[ aST aS\Z^XT`V aS | Å� S[ ][S _ aS^X[bS | Å� � | Æ�� cS _tS_S c aSb aS[ aSTSVmS[mSi �SV g ST_`Z[V dX ^XV]TgXmS cS ªST_` aSmnX[bS[U ][S aS[STb`S r ~ �ÉÊË � �ÉÌË SU ][ e]X[U]_ cS _Z_S[UX[b]^X`TS XlSm ][ bX� UX_\Z[ p[Z[ `[c`e] aS� ^S bX� ]U`^`V aS \Z]T ^S TSgTZ`c`VVS_S[U V*_f\XUn`e]S \XT S(S_\^Ssi � uaS[STb`S aSmnX[b aS cZ`U tSUTS XcX\U aSS X]( lXT`XU`Z[ cSV aS[STb`SVcS ªST_` cS | Å� SU | Æ� ^S ^Z[b c] UTX[Vg STUi
�ú�� ��ú���ý �ü�û ùü ûú�ý�þ� %ö- þ�� ����ú �ü¾�þ� û�úùú�ý� ú ú� �ú�ú�!�ú þ� ú�ù�ú ú �ú ù��ú�ú�!�úü�� �ú�ÿ�þ�û úý ú� ÿ	úÿú ýúÿ�û þ� 
üû��ùú ùú�� û���  ú�û | Æ� �þÿÿú û���úÿüý�û�ú û��ùü )!��ú %öþö .ú ��þ�úûû�û ��þ���ý �úû üýþÿúû �� Í
ü�� ý�ú�ÿ���úÍ �ú û��� �ù�û ùü�!ú��� �þ� ú�ý 	úý�ú ú�ùú �úû �� ���ú!ú ôü ú� �úû ý�ü�û�ý�þ�û þ�ý���úû ü���þ��� �úúûø �þ�� �ú�üû ��ý�þ����ú �úû �ü�ü�� �ú �ú�ýúûö �����úú úûý ��üÿú�ú� �úû �ú�ÿ�þ�û �ü ùü û���ü�ú �úcú�ÿ� ü� �þ�� �� ���ýû( ú� ��ü�!úü�ý ú� ÿ	úÿú ýúÿ�û ù��úýüý ��ýú��úö �ü ÿþ��úù�ûüý�þ��ü�ýú ü��ü�ü ü�ý( ��� û���þûú �úû �ü�ý���ùúû ù�
�úû úý ��ú!ù�!ú ù�ú�ýú�û�þ� �ú ùü �þ��ý�þ���þ��ú �úû üýþÿúû( ��úûý �ù�û  üùü
ùú úý �ù �ü�ý �þ�û�� �ú�ú� ü�ûû� ùü ���úûú��ú �� �þýú�ý�úù�ú �� �ú!úü!úö .ú�ú��ü�ý ùúû ü�!�ÿú�ýû �ú �þ�ûú� üý�þ� ���ú�ú�!�ú �úûýú�ý  üùü
ùúûö 2���� úý �ü ÿúû��ú ��ú ù�þ� ��ú�þùü��ûú ùúû �ú�ÿ�þ�û( ù��ú�ú�!�ú �ú cú�ÿ� �ú ùü �þ��ùüý�þ� | Å�(�ÉÊË ( ��ÿ���ú( ýü���û ��ú �ÉÌË ü�!ÿú�ýúö .ú�� û�!��)ú ��ú û� þ�  ú�ý �ü��ú �� ý�ü�û�ú�ý�ú û��� ûü�û ��ü�/ú� ù��ú��ü�ý�ùùþ�( ùü 
ü����ú�ú �ú�ú�! �úý���ú �þ�ý ��ÿ���ú� ü� �þ��û �úùü ��ú�þùü��ûüý�þ�ö &� �ü�ý �þ�� ��ú ùú ý�ü�û�ú�ý ûþ�ý þ�ý�ÿüù( ùü 
ü����ú�ú �ú�ú�! �úý���ú r�þ�ý 	úý�ú � �ú!ù�úú �þ�� ��ú r ~ �ÉÊË ��ÉÌË$ ô%ö�éø6� �úû ��þ
ù�úÿúû ��� �ú�ý ûú �þûú� û� þ�  ú�ý ùú ÿ	úÿú �þÿ
�ú ��üýþÿúû | Å� úý| Æ� úûý ��ú r ô��� ú� �ú �üû { êø ��ÿ���ú 
�û����ü û�ü���ùú� �ü ùü )� �� ý�ü�û�ú�ýö �üûú�û�
�ù�ý �ú �ü�û ùü ��úýú�ÿ��üý�þ� �úû �þ��ùüý�þ�û )�üùúû ��ú�ú���ü �ú ùü ûú�û�
�ù�ý �ú �ü�ûùú �þ�ý�	þùú �ú ¯ö &� û���þûü�ý ��ü þ�� �úû ýúÿ��ú�üý��úû �ú cú�ÿ� ý4����úû �ú 3ñ,



A<=< B?A@B?�KEÎ?@ ?K �BF�DC@EBF@ �-Múý �ú  þ�ùþ�� � �ú!ùú� �ÉÊË úý �ÉÌË ü� �þ���ú�ý ���úû( �þ�� �� ÿ�úùü�!ú ÷�� úý +�� �þÿÿú��ú���ý ü ü�ý( �ù �ü�ý �þ� þ�� �þ�ý�	þùú� ¯ 
�û����ü -ÿëö 6�ú ü�ý�ú �þûû�
�ù�ý �ú úûý �ú��þ�û�� ùü �þùü��ûüý�þ� �ú ùü ù�ÿ��ú�ú �ú �� �ú!úü!ú ýúù ��ú | Å� ûþ�ý �ù�û �þ�)��ú ��ú | Æ�ö.ú�� �ú�ÿúý ��ü þ�� �ÉÊË : �ÉÌË �ü �ü��ý �ú �ú �þ��ùüý�þ�û( úý �þ�� �ú !ü��ú� r )��úö2� �þ��û �ú ù�ú���ú��ú��ú þ� �þ���ü � �úü�ü�ýú� ùü �þùü��ûüý�þ� �ú ùü ù�ÿ��ú�ú �ú �� �ú!úü!ú�þ�� ��ú ùú �þ�)�úÿú�ý �ú ��ú�ú��ú �üû �� ûþ�û��� úü� ÿü!��úý���úö
�ÑÏÑÒ ÐÚÙßÝÝß Üß ÙØÕÛÝÑßØÙ Üß ÝÖÚÛ&� �ú ��� �þ��ú��ú ùü  �ýúûûú �� ��þ��úû( ú� û���þûü�ý ��ú ùúû ��ýú�ü�ý�þ�û üýþÿú�üýþÿú ûþ�ú�ý ��úû �ü �� �þýú�ý�úù �ú �þ�ýü�ý( ùü ��þ
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High-power multiple-frequency narrow-linewidth laser source
based on a semiconductor tapered amplifier
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The output of two grating-stabilized external-cavity diode lasers was injected into a semiconductor tapered
amplif ier in a master oscillator –power amplif ier (MOPA) conf iguration. At a wavelength of 671 nm this
configuration produced 210 mW of power in a diffraction-limited mode with two frequency components of
narrow linewidth. The frequency difference d was varied from 20 MHz to 12 GHz, while the power ratio of the
two components was freely adjustable. For d , 2 GHz additional frequency sidebands appear in the output
of the MOPA. This configuration is a f lexible and simple high-power cw laser source for light with multiple
narrow-linewidth frequency components.  1999 Optical Society of America

OCIS codes: 140.0140, 140.3280, 140.3600, 140.4480, 140.5960.
Narrow-linewidth semiconductor lasers have become a
standard tool in high-resolution spectroscopy as well as
in laser cooling.1 The key advantages of semiconduc-
tor lasers compared with dye and solid-state lasers are
their price, reliability, and ease of maintenance. The
main disadvantages are relatively low power and a lim-
ited wavelength coverage. For instance, at 671 nm,
single-mode laser diodes can deliver only 30 mW of
power. Recently semiconductor tapered power ampli-
fiers2 (TA’s) for many wavelengths from 650 nm to
1.0 mm have become commercially available.3 These
devices overcome the power limitations of traditional
laser diodes and are able to provide several hundred
milliwatts of single-mode laser power. Injection of a
few milliwatts of narrow-linewidth laser light yields a
TA linewidth that is identical to the linewidth of the in-
jecting master laser,4 – 6 typically less than 100 kHz.

For several applications in atomic physics, such as
optical pumping and the simultaneous laser cooling of
different isotopes, it is useful to have a single beam
with several narrow-linewidth frequency components
of identical polarization. Also, magneto-optical trap-
ping of alkali atoms requires two frequencies to excite
the atoms in both hyperfine levels of the ground state,
which can be achieved by addition of sidebands to the
carrier frequency through phase or intensity modula-
tion. This method is, however, inf lexible because of
its limited range of modulation frequencies. One also
loses power into other sidebands. Another method,
the geometrical superposition of beams with different
frequencies through a nonpolarizing beam splitter, is
highly sensitive to alignment.

Here we present a f lexible method for producing a
single high-power beam with two narrow-linewidth fre-
quency components of adjustable frequency difference
and intensity. It consists of a simple master oscilla-
tor–power amplif ier (MOPA) configuration operating
at 671 nm, which produces 210 mW of two narrow-
linewidth frequency components with identical polar-
ization in a Gaussian mode. The superposition of the
two frequency components is produced by injection
0146-9592/99/030151-03$15.00/0
of the amplif ier chip with the light of two narrow-
linewidth low-power laser diodes simultaneously. The
power ratio between the two components as well as
their frequency difference is adjustable. The system
has been characterized for frequency differences from
20 MHz to 12 GHz. At differences of less than 2 GHz
signif icant additional frequency sidebands that were
due to nonlinearities in the TA were observed. These
sidebands are characterized as a function of frequency
difference and carrier intensities.

The setup is shown in Fig. 1. It consists of two
30-mW extended cavity diode lasers, L1 and L2 (Spec-
tra Diode Laboratories Model SDL-7311-G1), operated
in Littrow configuration with an emission linewidth of
a few hundred kilohertz. The light emitted by each
laser is collimated by a Geltech molded glass aspheric
lens ( f ­ 4.5 mm; N.A., 0.55). The frequency n1 of L1
is stabilized at the 2S1/2 ! 2P3/2 optical transition of
7Li (671 nm). The frequency n2 of L2 can be detuned
from n1.

The beams of the two lasers pass through sepa-
rate optical Faraday isolators with more than 40-dB
isolation and telescopes that reduce the beam waist

Fig. 1. Experimental setup. Two beams from low-power
narrow-linewidth diode lasers L1 and L2 are superposed
upon a polarizing cube. Components with identical polar-
izations are selected with the second polarizing cube and
injected into the TA. The output of the TA is spatially
filtered. The frequency and intensity components of the
output are measured with a fast photodiode and a Fabry–
Perot cavity, respectively. L’s, Geltec aspheric lenses with
a N.A. of 0.55.
 1999 Optical Society of America
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to 4.4 mm vertically and 0.9 mm horizontally. The
beams are then superposed with a polarizing cube.
The two overlapping beams have orthogonal linear
polarizations. By passing the light through a half-
wave plate and a second polarization beam splitter we
select components of the beams with vertical polar-
ization. The half-wave plate allows us to adjust the
intensity ratio of the components. The two superposed
beams with different frequencies are then injected
into the TA chip (Spectral Diode Laboratories Model
SDL-8630). The input facet of the amplif ier emits
a few milliwatts of amplif ied spontaneous emission
(ASE) in the backward direction, i.e., toward the in-
jecting beam. For good injection the shape and di-
vergence of the input beam and the ASE need to be
matched. The two divergences of the ASE and the
injecting laser diodes are anisotropic but nearly iden-
tical. We therefore did not need to correct the elliptic-
ity of the laser beams. We chose a Geltech aspheric
lens, which is identical to the collimating lenses that
are used in the master lasers, to focus the light into
the TA. The TA chip itself is connected to a metal
block for mounting and heat sinking. This assembly
is attached to a horizontal base and kept at a tem-
perature of 22 ±C with a stability of 1 mK by use of a
water-cooled Peltier element. The amplif ier has a cen-
ter wavelength of 672 nm at 21 ±C and a tuning range
from 667 to 677 nm. We supplied it with a current of
1.25 A with a relative stability of 1024. The total in-
jection power is 15–16 mW, depending on the relative
contributions of L1 and L2. Thus the TA output power
is saturated and the ASE relative power is reduced.

The output beam of the TA is vertically collimated
by an aspheric lens identical to the one used for injec-
tion. In the horizontal direction we use an additional
cylindrical lens s f ­ 150 mmd to compensate for the
large astigmatism of the output beam. The frequency
spectrum of the output beam is analyzed with a fast
photodiode with a bandwidth of 6 GHz (New Focus
photodiode 1515) and a spectrum analyzer. With this
diode, frequency differences d of as much as 12 GHz
can be measured. The relative intensity of the fre-
quency components is measured by a Fabry–Perot
spectrum analyzer with a resolution of ,5 MHz and a
free spectral range of 800 MHz. The total power ob-
tained after spatial filtering is 210 mW in a nearly
diffraction-limited Gaussian mode with a 2:3 aspect ra-
tio (a focal length of 100 mm for the cylindrical lens
would produce an almost circular beam). The spatial
filter also suppresses the broadband ASE in the fil-
tered mode to less than 2% of the total power. To pre-
vent backref lection into the TA chip, all optics on the
output side are antiref lection coated and the beam is
passed through a Faraday optical isolator with more
than 40-dB isolation after the cylindrical lens.

For a frequency difference d larger than 2 GHz the
output beam of the MOPA consists essentially of the
two amplified frequency components, n1 and n2, as
illustrated in Fig. 2a for d ­ 10 GHz, a frequency
difference comparable with the isotopic shift of the
2S1/2 ! 2P3/2 optical transition in 6Li and 7Li. By
changing the relative intensities of the injection beams
we can vary the power ratio R between the two
amplif ied components. It should be pointed out that
R is proportional to the power ratio of the injecting
beams even though the total injection power saturates
the amplifier. Using the fast photodiode, we checked
that the beat note at d of the TA output was identical
to the beat note between the two injecting lasers L1
and L2 within the 10-Hz resolution bandwidth of our
spectrum analyzer.

For a power ratio R ­ 1 we observe weak sidebands
at n1 2 d and n2 1 d, each with 0.1% of the total
power. This generation of new frequencies becomes
more pronounced with decreasing frequency difference,
as illustrated in Fig. 2b for d ­ 100 MHz: Sidebands
at n1 2 d, n1 2 2d, n1 2 3d, and at n2 1 d, n2 1 2d
appear. When R ­ 1, ,40% of the total power is
contained in these sidebands. Because the amplifier
gain is frequency independent for the frequency range
investigated, we consider only power ratios R between
0 and 1.

The sidebands are probably due to a beating of the
two injection frequencies n1 and n2 that modulate the
injected intensity with frequency d. The relative am-
plitude of the intensity modulation is 2

p
Rys1 1 Rd,

which is maximized when the two injecting inten-
sities are equal sR ­ 1d. For small frequency dif-
ferences s,2 GHzd this intensity modulation affects
both the amplitude and the phase of the main fre-
quency components because of nonlinearities in the
gain medium.7 This modulation is ref lected in side-
bands at multiples of d in the amplified light. Because
of simultaneous phase and amplitude modulation, side-
bands of the same order (e.g., at n1 2 d and at n2 1 d)
may not have the same intensity for R ­ 1.8

Frequency components other than the injected fre-
quencies in the output can have significant impli-
cations for experiments. They lower the intensity

Fig. 2. Intensity spectrum of the MOPA output mea-
sured with a Fabry–Perot spectrum analyzer with a fre-
quency resolution of 5 MHz. n1 is the frequency of the
2S1/2 ! 2P3/2 optical transition in 7Li. a, The spectra were
recorded for different power ratios R and d ­ n2 2 n1 ­
10 GHz. For equal power at n1 and n2, ,0.2% of the total
power was coupled into sidebands at n1 2 d and n2 1 d.
b, Spectra are shown for d ­ 100 MHz. The appearance of
sidebands can be observed as R is changed from 0 to 1.
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Fig. 3. Fraction of the total power coupled into all side-
bands at the MOPA output as a function of frequency
difference d for different power ratios R in the injected
frequencies.

Fig. 4. Fraction of the total power coupled into each
sideband at the MOPA output as a function of frequency
difference d for different power ratios R in the injected
frequencies. Signif icant sidebands appear at n1 2 d, n2 1
d, n1 2 2d, and n2 1 2d.9 Symbols are the same as in
Fig. 3.

available at the injected frequencies and could excite
unwanted transitions. We have therefore studied the
sideband characteristics for frequency differences from
20 MHz to 12 GHz and several values of R. We
measured the fraction of total power coupled into all
sidebands (Fig. 3) as well as the fraction of power
in each sideband for different values of R and d
(Fig. 4). It is evident that the power in the sidebands
increases with R for R # 1 and decreases with d.
For d ­ 20 MHz and R ­ 1, ,45% of the total power
is coupled into the sidebands, whereas for frequency
differences d above 1 GHz the sideband fraction is
below 10% and for d . 11 GHz it drops to below 0.1%.
The roll-off at frequencies above ,1 GHz is typical of
the electron–hole recombination time in semiconductor
devices. Spectra for d , 10 MHz could not be resolved
because of limitations in the finesse of the Fabry–
Perot cavity.

In all the previous experiments the TA was operated
in the saturated regime. Because sidebands are a
result of nonlinearities of the gain medium, we tried to
operate the TA in a less saturated, more linear regime.
For R ­ 1 and d ­ 800 MHz, after decreasing the
injecting power by a factor of 5 (from 15 to 3 mW) and
increasing the current from 1.25 to 1.45 A we decreased
the sideband power by 45% (from 36 to 20 mW) while
preserving 94% (155 mW) of the power at the injecting
frequencies. However, the result of this operation was
to double the contribution of broadband ASE in the
spatially filtered mode to 4%.

We have presented a f lexible and convenient semi-
conductor source of high-power narrow-linewidth light
of several frequency components. The MOPA consists
only of standard optical elements and semiconduc-
tor lasers. Analogous configurations could be realized
with TA’s centered at different wavelengths, and we be-
lieve that the observations reported here are general
features of semiconductor TA’s. Finally, more than
two frequencies could in principle be injected.
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and by the European Community the (TMR network
ERB FMRX-CT96-0002). G. Ferrari’s e-mail address
is gferrari@physique.ens.fr.

References

1. L. Hollberg and C. Wieman, Rev. Sci. Instrum. 62, 1
(1991).

2. J. N. Walpole, Opt. Quantum Electron. 28, 623 (1996).
3. Spectra Diode Laboratories, 1998 Semiconductor Laser

Product Catalog (Spectra Diode Laboratories, San Jose,
Calif., 1998).

4. D. Mehuys, D. F. Welch, and L. Goldberg, Electron. Lett.
28, 1944 (1992).

5. F. Z. Cruz, M. Rauner, J. H. Marquart, L. Hollberg, and
J. C. Bergquist, in Proceedings of the Fifth Symposium
on Frequency Standards and Metrology, J. C. Bergquist,
ed. (World Scientif ic, Singapore, 1995), p. 511.

6. A. C. Wilson, J. C. Sharpe, C. R. McKenzie, P. J. Manson,
and D. M. Warrington, Appl. Opt. 37, 4871 (1998).

7. W. W. Chow, S. W. Koch, and M. Sargent III,
Semiconductor-Laser Physics (Springer-Verlag, Berlin,
1994), p. 286.

8. W. Lenth, Opt. Lett. 8, 575 (1983).
9. In some cases it is possible to detect third-order side-

bands: For R ­ 1 the relative power at n1 2 3d was
,1% for frequency differences d from 20 to 100 MHz,
whereas for R ­ 0.5 it was 0.3% at d ­ 100 MHz. Only
for d ­ 20 MHz and R ­ 1 was it possible to detect a
component at n2 1 3d with a relative power of 1%.



ÝXXPÞP �

�åëëàôàåïòë èçëò�òìàåï àï ò �çèéà áòô
÷Q NøùùúùO1�4û��üù 5ú �úv 2(/þù�ÿú ��( :�ÿ�ú�þ %( �ü!úû 5÷�-õ�5÷�-þ( .��� �MMMö

�3M



e

RAPID COMMUNICATIONS

PHYSICAL REVIEW A JUNE 1999VOLUME 59, NUMBER 6
Collisional relaxation in a fermionic gas
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We propose a method to study the degeneracy of a trapped atomic gas of fermions through the relaxation of
the motion of a test particle. In the degenerate regime, and for an energy of the test particle well below the
Fermi energy, we show that the Fermi-Dirac statistics is responsible for a strong decrease in the relaxation rate.
This method can be used to directly measure the temperature of the fermionic gas.@S1050-2947~99!50506-4#

PACS number~s!: 03.75.2b, 05.30.Fk, 32.80.Pj
th
e
m
te

n
la

w
a
id

ga
m
e
e
a
e
n
-

,
so

en
re

f
he

ll

e
e
f
o

f
m

c
e

th
w

-
ure

al

e-
y
ss
art

the

d we
e
the
eal
ber

es
s.

-
cal-
New techniques for cooling atomic gases, based on ei
laser manipulation or evaporative cooling, have led to sp
tacular progress in the realization of degenerate ato
samples. The most striking example is the Bose-Eins
condensation of alkali-metal vapors@1–3# and, more re-
cently, of an atomic hydrogen gas@4#. These techniques ca
also be applied to fermionic samples, in which spectacu
phenomena, such as the Cooper pairing of atoms@5#, or the
inhibition of the spontaneous emission of an excited atom@6#
have been predicted. In this Rapid Communication,
present a simple and powerful tool to study the degener
parameters of such a fermionic sample, which we cons
ideal for the sake of simplicity.

Numerous possible ways to analyze an atomic Fermi
in the degenerate regime have recently been studied fro
theoretical point of view. Several authors focus on the int
action of the atomic cloud with light: modifications of th
refraction index or of the absorption coefficient of the g
@7,8#, reduction of the spontaneous-emission rate of an
cited atom inside the atomic cloud, and angular depende
of the radiation pattern@9,10#. Spectacular effects are ex
pected when the Fermi momentumpF of the cloud is larger
than the photon momentum. Unfortunately, in this regime
quantitative analysis of the interaction of the gas with re
nant light is difficult. Indeed, it corresponds tonl3.1,
wheren is the spatial density of the gas andl is the wave-
length of the light. Light propagation in the medium is th
strongly affected by multiple scattering effects, which a
difficult to handle.

Other proposed diagnostics of Fermi degeneracy o
trapped gas involve the study of its spatial distribution, eit
for a pure fermionic sample@11–14#, or for a mixture with a
Bose-Einstein condensate@15#. These methods are we
adapted to study the region where the temperatureT is
around the Fermi temperatureTF , but become less sensitiv
to temperature in the strongly degenerate regime wherT
!TF . Also, as pointed out in@10#, one can take advantage o
inelastic processes inside the gas to collect information ab
its degeneracy parameter.

In the present paper we investigate the dynamics o
probe particle~P! in the same trapping potential as the Fer
gas. We assume that we can prepareP on an arbitrary orbit
of the trapping potential. An experimental procedure for su
a preparation is outlined in the last part of this paper. N
glecting any inelastic process, the only way to change
trajectory ofP is an interaction with the Fermi gas. We sho
PRA 591050-2947/99/59~6!/4125~4!/$15.00
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that the collisional dynamics ofP gives access to the statis
tical properties of the Fermi gas, in particular its temperat
T.

The trapping potential for the test particleU(r ) is as-
sumed to be harmonic and isotropic, with a frequencyv/2p.
For simplicity we neglect the modification of the potenti
due to the mean-field interaction betweenP and the Fermi
gas. We calculate the dynamics ofP in the Fermi sea by
means of the Boltzmann transport equation@16# in the local-
density approximation:

]w

]t
1v•“ rw1“ rU•“pw5

dw

dt U
coll.

, ~1!

wherew(r ,p,t) is the phase-space density ofp at timet. We
put v5p/M , where M is the mass ofP. With a notation
similar to @16# the collisional contribution to the quantum
Boltzmann transport equation forP is

dw

dt U
coll.

~r ,p,t !52
s

4ph3E d3pf d2V

3@w f~12 f 8!2w8 f 8~12 f !#uv2vf u,

~2!

wheres is the collisional cross section for interactions b
tween P and fermions. Collisions occur in the low-energ
range wheres-wave scattering is dominant; hence the cro
section is isotropic and independent of energy. The first p
of the collisional integral corresponds to the decay of
phase-space density inr ,p due to a collision betweenP and
a fermion with momentumpf : p1pf→p81pf8 . The final
relative velocity points in the direction given byV. The sec-
ond part of the integral describes the reverse process, an
put vf5pf /m, wherem is the fermionic mass. We assum
that a single probe particle is present, or that the gas of
probe particles is sufficiently dilute to be treated as an id
Boltzmann gas. In the latter case we suppose that the num
of test particles is sufficiently low that the relaxation do
not significantly perturb the distribution of the Fermi ga
We use the abbreviationsw85w(r ,p8,t), f 5 f T(r ,pf), and
f 85 f T(r ,pf8). The quantity f T(r ,p) represents the steady
state phase-space distribution of the Fermi gas in the lo
density approximation:
R4125 ©1999 The American Physical Society
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f T~r ,p!5
1

11exp$@p2/2m1U~r !2m#/~kBT!%
, ~3!

wherem is the chemical potential. The Pauli exclusion pri
ciple is represented in the collisional integral by the fact
12 f 8 and 12 f , which give the occupation of the final sta
of the collision @17#. The local-density approximation i
valid whenr FpF@\, wherer F andpF are the sizes in posi
tion and momentum space of the Fermi gas. For a temp
ture much lower than the Fermi temperatureTF @where
kBTF5(6N)1/3\v#, this requires thatN@1. Indeed, one
gets in this caser F5(48N)1/6aHO and pF5(48N)1/6pHO,
whereaHO5@\/(mv)#1/2 andpHO5(m\v)1/2 are the spatial
and momentum extensions of the ground-state harmonic
cillator.

We shall assume that thew(r ,p) is initially a distribution
centered inr0 ,p0, much narrower than the steady-state d
tribution of Eq.~2!: wSS}exp$2@p2/2M1U(r )#/(kBT)%. As
the collisional relaxation proceeds, the population of the n
row peak is transferred to a broad distribution proportiona
wSS. In the following we focus on the initial stage of th
relaxation phenomenon, namely the decay of the nar
peak, which occurs at the rateGT(r0 ,p0) deduced from Eq.
~2!:

GT~r0 ,p0!5
s

4ph3E d3pf d2V f ~12 f 8!uv02vf u. ~4!

This rate could also be derived from the Fermi golden ru
within the local-density approximation.

We now consider three different classes of trajectories
P and discuss how the damping of those trajectories is
fected by the Fermi statistics of the cloud. Most of the c
culations assume equal mass for theP and the fermionic
atoms. Such a condition is approximately realized ifP and
the fermions are isotopes of the same element~i.e., 7Li and
6Li, 39K and 40K). For each trajectory class we calculate t
multiple integral~4! for an arbitrary temperature numerical
and we derive scaling laws for interesting limiting cases.

The first situation consists ofP at rest in the trap center
For a Boltzmann gas with the same number of atoms,
would expectGT

(Bol.)(0,0)5nsv th , where n is the spatial
density at the center of the trap for this gas andv th is the
most probable speed„v th5@8kBT/(pm)#1/2

…. To put in evi-
dence the effects of the Fermi statistics, we plot in Fig. 1
rateGT(0,0) normalized byGT

(Bol.)(0,0). At high temperature
(T.TF) the deviations due to Fermi statistics are negligib
On the other hand, forT,TF , these deviations are spectac
lar and we find thatGT /GT

(Bol.)}T3. This power-law depen-
dence originates from two different phenomena both rela
to Fermi statistics.~i! For the Boltzmann gas,n}T23/2 and
v}AT, while in the fermionic gas the spatial density and t
most probable speed remain constant for vanishingT. This
accounts for a factor}T. ~ii ! For T!TF , P has a finite
collision probability only with fermions within an energ
interval DE;kBT ~see Fig. 2! at the surface of the Ferm
sphere@18#. The solid angleDV available for the allowed
fermionic final states is also proportional toT. Therefore the
collisional rate is reduced by an additional factorDE DV
}T2.
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This situation is well suited for determining the temper
ture of the Fermi gas in the degenerate regime. Its abso
calibration depends on the exact mass ratio betweenP and
the fermions. Consequently, in Fig. 1 we also plotGT(0,0)
for the specific case of a cesium atom (133Cs) asP for a
lithium gas (6Li).

We now consider a second type of trajectory consisting
an oscillation ofP with an energyE, and an angular momen
tum L which we set equal to zero~see inset of Fig. 3!. To
calculate the rate at whichP is ejected from this trajectory by
collisions, we suppose that the relaxation is slow with
spect to the period of an oscillation~collisionless regime!.
SinceGT(r ,p) is not constant over the trajectory, we defin
an average collision rate:

gT~E,L50!5
v

2p R GT„r ~ t !,p~ t !… dt. ~5!

FIG. 1. Collisional rateGT(r50,p50) of a probe particle~P! of
massM at rest in the bottom of a trap containing a fermionic gas
temperatureT ~atomic massm). The temperature is plotted in unit
of the Fermi temperatureTF , andGT in units of the rateGBol. for a
Boltzmann gas at the same temperature and with the same nu
of atoms. Squares,M5m; circles,M5(133/6)m ~case of a6Li gas
probed by 133Cs).

FIG. 2. Collision between a fermion andP at rest. The fermion
has an initial momentum equal to the Fermi momentumpF . pP8 and
pf8 are the momenta ofP and the fermion after collision. The cir
cumference with diameterpF passing through the center of th
Fermi sphere gives the possible final states in the case of e
mass. The shell of thicknessmkBT/pF represents the final state
available to the Fermi particle.



er

as
en

to
e

e
on
h

on
ng
ed

fo

th

io

th
th

the
e of

fre-

of

z
rst

u-

e
10

c
y

ol-
rmi
racy
n
n
om

er-
be
sed
an
rmi-

s-
wl-
tin,
an
S,

f

RAPID COMMUNICATIONS

PRA 59 R4127COLLISIONAL RELAXATION IN A FERMIONIC GAS
Depending on the energy of the oscillation and the temp
ture of the fermionic gas, we find different regimes~see Fig.
3!. As expected, forT.TF the relaxation rate is the same
the one predicted for a Boltzmann gas. It does not dep
much on the energy of the excitation, even forE.kBT ~as
long as we assume a constants-wave elastic cross section!.
Indeed, whenE grows, the relative velocity betweenP and
the cloud increases asE1/2, while the fraction of the timeP
spends within the cloud decreases asE21/2, leading to a con-
stant average rate. For the degenerate caseT,TF , three en-
ergy domains have to be considered forP. ~i! For E,kBT
,EF , we recover the rateGT(0,0) displayed in Fig. 1.~ii !
For kBT,E,EF , the rate varies asE2. This can be easily
understood at zero temperature withE!EF . In this case
only collisions with fermionic particles with energy close
EF contribute~first factor E), and the solid angle availabl
for the allowed final states brings an extra factorE. ~iii ! For
kBT,EF,E, almost all final states for the fermions after th
collision lie above the Fermi surface so that the inhibiti
due to statistics in no longer effective. One recovers in t
case a rate independent ofE, as for a Boltzmann gas.

The last type of trajectory considered in this paper c
sists of a circular orbit of the test particle in the trappi
potential (L5E/v). The corresponding decay rate is plott
in Fig. 4 as a function of the mechanical energy ofP. For a
weakly degenerate gas we recover the same result as
Boltzmann gas. When one increases the energy ofP, the
damping rate is constant up tokBT and then decreases, asP
is orbiting outside the cloud. In the degenerate case
damping rate presents a resonant behavior aroundE5EF .
For E!EF this rate is decreased because of Pauli’s exclus
principle, while forE@EF it is small sinceP is outside the
Fermi cloud.

We now address the preparation ofP with arbitrary initial
position and momentum. The simplest idea is to exploit
difference in the ground-state hyperfine splitting between

FIG. 3. Damping rategT(E,L50) for a linear oscillation ofP
as a function of its excitation energyE. E is expressed in units o
the Fermi energy andgT is normalized by the ratensvF , wheren
is the fermionic density at the bottom of the trap andvF the Fermi
velocity. Circles,T5TF ; squares,T5TF/4; diamonds,T5TF/16;
triangles,T5TF/64. The inset shows a trajectory ofP through the
fermionic cloud.
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various alkali-metal atoms, or between two isotopes of
same species. Consider, for example, the specific cas
lithium atoms. If one starts with a mixture of6Li and 7Li,
one can perform radio-frequency evaporation around a
quencyn rf;804 MHz, corresponding to the7Li hyperfine
splitting. One can prepare in this way an ultracold sample
7Li, playing the role ofP, without eliminating any fermionic
atom 6Li, whose hyperfine splitting corresponds to 228 MH
@19#. The state obtained in this way corresponds to the fi
situation considered in this paper. One can then prepareP on
an arbitrary trajectory by means of successive optical stim
lated Raman transitions@20#. Due to the isotopic shift of the
Li resonance line~10 GHz!, these transitions can be mad
isotopically selective. In a realistic case, we can consider8

fermions in an isotropic magnetic trap withv/2p5100 Hz
(TF54 mK, r F50.17 mm). The density of the fermioni
gas is 531012 cm23, giving a mean-field energy created b
the Fermi cloud onP equal to 10 nK@21,22#, which is neg-
ligible with respect toEF , as assumed in this paper.

To summarize, we have shown in this paper that the c
lisional relaxation of a probe particle embedded in a Fe
atomic cloud gives direct access to the quantum degene
of this gas. In the degenerate regime,P can be regarded as a
excitation ‘‘frozen’’ by Pauli’s exclusion principle. One ca
determine both the temperature of the Fermionic cloud fr
the value of the relaxation rateG for E;0, and the value of
the Fermi energy exploiting the resonant behavior ofG for
E;EF . For simplicity we have considered here a nonint
acting Fermi gas, but it is clear that this method can
extended to study the effects of interactions superimpo
onto the fermionic excitation spectrum. In particular, we pl
to address the consequences of Cooper pairing of the fe
ons @5,23–25# in a subsequent paper.

I am very grateful to Jean Dalibard for stimulating discu
sions and for a careful reading of the manuscript. I ackno
edge useful discussions with Micha Baranov, Yvan Cas
Marc-Oliver Mewes, Christophe Salomon, and Flori
Schreck. This work was partially supported by the CNR
Collège de France, DRET, DRED, and EC~TMR Network
No. ERB FMRX-CT96-0002!.

FIG. 4. Damping rategT(E,L5E/v) for a circular orbit of the
TP as a function of its excitation energyE. The normalizations and
symbols are the same as in Fig. 3.
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Simultaneous magneto-optical trapping of two lithium isotopes
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We confine 43108 fermionic 6Li atoms simultaneously with 93109 bosonic 7Li atoms in a magneto-
optical trap based on an all-semiconductor laser system. We optimize the two-isotope sample for sympathetic
evaporative cooling. This is an essential step towards the production of a quantum-degenerate gas offermionic
lithium atoms.

PACS number~s!: 32.80.Pj
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The observation of Bose-Einstein condensation in ato
vapors@1# has made dilutebosonicquantum gases exper
mentally accessible and the study of these systems has
been very fruitful. Quantum degenerate gases of fermi
also offer novel physical properties. At temperatures be
the Fermi temperature, energy and momentum transfe
modified by Fermi statistics@2,3#. One striking prediction is
the partial suppression of spontaneous emission@4#. Also, a
Fermi gas of atoms in a mixture of different hyperfine~HF!
states might undergo a BCS pairing transition and exh
long-range coherence and superfluid behavior@5#. Recently
the onset of quantum degeneracy of a gas offermionic 40K
atoms has been observed by DeMarco and Jin, and a
perature half of the Fermi temperature has been reached@6#.

Evaporative cooling of polarized atoms has so far be
essential for the production of quantum degenerate gases@7#.
It is driven by elastic collisions. At ultralow temperatureT,
i.e., below a few millikelvin for lithium, collisions betwee
bosons or distinguishable particles are predominantlys-wave
collisions, while Pauli exclusion prohibitss partial waves of
polarized fermions. In an ultracold gas of indistinguisha
fermions the elastic collision rate diminishes proportiona
to T2, as recently confirmed in@8#. Fermionic atoms can be
cooledsympatheticallyby collisions in a mixture of different
internal states@6,9# or of different species, which are yet t
be implemented.

We intend to sympathetically cool fermionic6Li with the
bosonic7Li isotope. This could produce not only a quantu
degenerate Fermi gas but also a Bose-Einstein condensa
7Li in both HF ground states as well as a mixture of quant
degenerate gases of fermions and bosons@10#. One can also
employ ultracold bosons to probe collisional properties o
degenerate Fermi gas@3#.

Previously several groups have studied samples of
atomic species in a magneto-optical trap~MOT! @14#. In this
article we describe realization of a MOT containing bo
fermionic and bosonic lithium and its optimization for sym
pathetic cooling. 43108 6Li atoms and 93109 7Li atoms
are simultaneously confined. These numbers together
the density and temperature achieved should be sufficien
produce a Fermi gas with a Fermi temperature on the o
of 10 mK in a harmonic magnetic trap of frequencyv̄/2p
5400 s21. The phase-space densityD5n0L3/ f of unpolar-
ized atoms (f internal states! with a peak densityn0 and
temperatureT is the number of identical atoms per cub
1050-2947/99/61~1!/011403~4!/$15.00 61 0114
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thermal De Broglie wavelengthL5(2p\2/mkBT)1/2. The
achieved phase-space density in the two-isotope magn
optical trap is 431026 for 7Li( f 53) and 0.831026 for
6Li( f 52). In single-isotope traps, the number of fermio
(1.53109) exceeds the best previous realization of las
cooled fermions by one order of magnitude@6,11#. The num-
ber of trapped7Li (1.831010) is also a factor of 10 improve
ment @12#.

In future experiments, this two-isotope sample will be p
larized and transferred into a magnetic trap. Bosonic lithi
will be evaporatively cooled. Fermionic lithium thermalize
with the bosons via elastic collisions. Neglecting inelas
losses for mixtures of7Li( F52,mF52)16Li( F53/2,mF
53/2) @and 7Li( F51,mF521)16Li( F51/2,mF521/2)],
as justified in @13#, all initially confined fermions should
reach the quantum degenerate regime, i.e.,T<TF . Note that
reachingT!TF might become difficult because Fermi bloc
ing will slow down the thermalization process since on
fermions near the Fermi surface contribute@6,3,10#. In a
typical evaporative cooling sequence the phase-space de
D is increased by;106 by decreasing the atom number b
;100 @7#. For sympathetic cooling this implies thatN ini-
tially confined 7Li atoms can sympathetically cool a samp
of N/100 6Li atoms into the quantum degenerate regime. W
therefore aim to maximize the numberN of 7Li atoms in the
two-isotope trap while simultaneously confining on the ord
of N/100 6Li atoms. It is equally crucial that atoms therma
ize quickly during the trap lifetime. Thus the initial elast
collision rate G i between 7Li atoms in the magnetic trap
must be maximized. For a linear trapping potential in thr
dimensionsG i can be related to quantities of the MOT a
follows:

G i}N4/9D i
5/9}NT25/6s25/3, ~1!

whereN is the number of trapped atoms,T is the temperature
of the sample ands the width of the Gaussian density dis
tribution n(r )5@N/(A2ps)3#exp(2r2/2s2) in the MOT.
We have optimized the laser-cooled sample of7Li with re-
spect toG i in the presence of6Li.

In the experiment, the MOT is loaded from a Zeem
slowed lithium beam.6Li in the beam is enriched and has a
abundance of about 20%. Both isotopes are slowed and
fined in the MOT with 671-nm light that is near resona
with the D2 line, the 2S1/2→2P3/2 optical transition. The
isotopic shift for this transition is 10 GHz. Each isotope r
©1999 The American Physical Society03-1
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quires two frequencies to excite from the two HF grou
states. The HF splitting is 803.5 MHz for7Li and 228.2
MHz for 6Li. Hence simultaneous laser cooling of bo
lithium isotopes requireseight different laser frequencies
four frequencies for Zeeman slowing and four frequenc
for magneto-optical trapping, as shown in Fig. 1.

All frequencies are derived with acousto-optical modu
tors from two grating-stabilized external-cavity diode las
based on 30-mW laser diodes. The lasers are freque
locked in saturated absorption to theD2 lines of 6Li and
7Li, respectively. The slowing light is produced by geomet
cal superposition of the output of four injection seed
30-mW laser diodes. Four trapping frequency compone
are geometrically superposed and 15 mW of this light is
jected into a tapered semiconductor amplifier chip. After s
tial filtering, the chip produces up to 140 mW of trappin
light containing the four frequency components in a Gau
ian mode at an identical polarization, as described in@15#.
The intensity ratio of the frequency components in the tr
ping beams can be adjusted. This light is split up into
independent Gaussian trapping beams, each with a maxim
peak intensity ofI max56 mW/cm2, a 1/e2 intensity width of
3 cm, and an apertured diameter of 2 cm. The MOT is
erated in a 4cm3 4cm 3 10 cm Vycor glass cell of optica
quality l/2. Background gas collisions limit the 1/e MOT
lifetime t to about 25 s.

The trapped atom clouds of both isotopes are separa
observed in absorption imaging. For observation, the tr
ping light and magnetic field are switched off abruptly. T
induction limited 1/e decay time of the magnetic field is les
than 50ms. After free ballistic expansion with an adjustab
time of flight between 150ms and 7 ms the sample is illu
minated for 80ms by a probe beam. This probe excites eith

FIG. 1. Frequencies employed to slow~dashed arrows! and
magneto-optically trap~solid arrows! both lithium isotopes. The
detunings of the frequencies from the respective resonances
marked with a dotted line. The detuning of the slowing light fro
the respective zero magnetic field transitions for7Li is 2426 MHz
and2447 MHz for 6Li.
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7Li from the F52 ground state or6Li from the F53/2
ground state to the 2P3/2 excited-state manifold. The absorp
tion shadow of the sample is imaged onto a charge-coup
device ~CCD! camera. A separate repumping beam that
not projected onto the camera excites atoms in the other
ground state to avoid hyperfine optical pumping. The den
distribution, atom number, and temperature of the sample
obtained from absorption images for different ballistic e
pansion times.

Both isotopes are magneto-optically trapped in two ste
In the first step,the loading phase, the capture volume and
velocity of the trap are large, such that the number of trap
atoms is maximized. In the second step,the compression
phase, the already trapped atoms are compressed in ph
space, such that the initial elastic collision rateG i is maxi-
mized.

All four frequenciesnP7 , nR7 , nP6, andnR6 of the MOT
are exciting on theD2 line. We maximized the number o
7Li atoms and6Li atoms in separate MOTs as well as th
number of 7Li atoms in the two-isotope trap. The maxim
zation involved the detuningsdP7 ,dR7 ,dP6 ,dR6 of the light
components from the cooling and repumping transitions
the two isotopes~Fig. 1!, the intensities of all frequency
components, and the strength of the magnetic field of
MOT.

First, the atom number was optimized in separatesingle-
isotopeMOTs with only the two frequencies for the respe
tive isotopes present. We were able to capture up to
31010 7Li atoms and 1.53109 6Li atoms. The atom numbe
N, peak densityn0, temperatureT, and the respective detun
ings are listed in Table I. The atom number is accurate
within a factor of 2, and this dominates the uncertainty in t
density determination. This uncertainty arises from a cons
vative estimate for the absorption cross section because
probe beam polarization is not well defined with respect
the local magnetic field and the HF structure splitting in t
excited state is small. The temperature uncertainty is 0.2 m
For both isotopes the atom number is maximized at la
frequency detunings and equal intensities in both freque
components. The optimum magnetic-field gradientB8 along
the symmetry axis of the magnetic quadrupole field of
MOT is about 35 G/cm for both isotopes. The MOT w
operated at maximum intensityI max56 mW/cm2 in each of
the six beams.

In the 7Li trap, at low atom number (<109) the tempera-
ture is the Doppler temperature~1.1 mK atdP7528G), as
shown in Fig. 2. At large atom numbers, for 53109 to 2
31010 trapped atoms, the temperature is 1.5~2! mK and

are

TABLE I. Comparison of atom numberN, peak densityn0,
temperatureT, and frequency detunings for the single-isotope a
two-isotope MOT.

Single-isotope MOT Two-isotope MOT
7Li 6Li 7Li 6Li

N 1.831010 1.53109 93109 43108

n (cm23) 331011 1.031011 2.531011 531010

T ~mK! 1.5 0.7 1.0 0.7
dP7,6 ~units of G) 28.0 22.7 28.0 22.7
dR7,6 ~units of G) 25.8 25.1 25.8 25.1
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nearly constant, while the density typically saturates atn0
5331011 cm23. In this regime the number of trapped7Li
atoms is limited by loss due to inelastic radiative esca
~RE! or fine-structure~FS! changing collisions. In stead
state, the flux of slow atomsF523109 s21 is balanced by
the trap loss according to

F5N/t1bn0N/A8, ~2!

t525 s is the background-gas-limited lifetime of the MO
The two-body loss coefficientb56310213 cm3/s was ex-
perimentally determined and is consistent with previo
studies of trap loss in a7Li MOT @16#.

In 7Li the HF splitting between theF853 and theF8
52 excited states is 1.6G, and in 6Li, 0.5 G between the
F855/2 and theF853/2 excited states, whereG55.9 MHz
is the natural width of the lithiumD lines. Despite the in-
verted excited-state HF structure of both lithium isotopes,
small HF splitting leads to off-resonant excitation of theF
52→F852 transition in 7Li, and the F53/2→F853/2
transition in 6Li and frequent decay into the lower H
ground state. The repumping light component is therefore
equal importance as the principal trapping light. In fact,
only obtained a MOT with the repumping light also in
six-beam MOT configuration. This is not required in MOT
of other alkali metals with larger HF splitting, such as C
Na, or Rb.

For the two-isotope trap, the6Li repumping transitionF
51/2→F853/2 is about 7G to the blue of theF52→F8
51 resonance in theD1 line of 7Li. If both lithium isotopes
are simultaneously confined, the6Li repumping light com-
ponentnR6 frequently excites thisnoncoolingtransition and
significantly weakens the confinement of the trap for7Li.
This leads to a smaller number of trapped7Li atoms in the
presence of6Li light. We reduce this harmful effect by de
tuning towards theD1 resonance while reducing the6Li
repumping intensity. The coincidence could also be avoi
by repumping6Li on the D1 line instead. Aside from the
light-induced trap loss we do not observe mutual effects
to the presence of both isotopes~such as collision-induced

FIG. 2. TemperatureT, one-dimensional rms widths and peak
densityn0 in a 7Li MOT versus atom numberN. N was varied by
changing the loading time. In~b! the width along the symmetry axi
z of the magnetic field~solid data points! is ;40% smaller than in
the radial direction~hollow points! as expected from a simple MOT
model (1/A2).
e
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trap loss, heating, or a modification of the spatial distrib
tion!. With an intensity relation between the four frequen
componentsnP7 , nR7 , nP6, andnR6 of 8:8:2:1, we are able
to confine 93109 7Li atoms together with 43108 6Li at-
oms. This ratio of;20 between the two isotopes can obv
ously be increased without loss of7Li atoms.N, n0 , T, and
the respective detunings for the two-isotope MOT are lis
in Table I.

After loading the trap it is possible to further compress t
sample in phase space and maximize the initial elastic c
sion rateG i by changing the laser parameters for the durat
of a few milliseconds. From Eq.~1! follows that in the case
of no loss of atoms during compression a maximization ofG i
also maximizesDi . For the compression, we optimizeG i
with respect to the total laser intensity and the frequen
detuningsdP6 , dP7 , dR6 , dR7 while keepingB8 constant at
35 G/cm. We compress the single-isotope MOTs as wel
the two-isotope sample. For sympathetic cooling we are
pecially interested in maximizingG i for 7Li in the presence
of 6Li. As shown in Table II, decreasingdR7, i.e., detuning
nR7 further to the red of the transition, and approachingnP7
towards resonance while reducing the overall laser inten
to 0.3I max51.8 mW/cm2, results in a 40% drop in tempera
ture and increases the density by 70%~see Fig. 3!. 30% of
the initially confined atoms are lost during the first 3 ms
compression. This loss is probably due to FS- and R
collision-induced heating during the initial compressi
stage. According to Eq.~1! compression increasesG i by
60%. After compressing the two-isotope trap for 3 ms,

TABLE II. Comparison of atom numberN, peak densityn0,
temperatureT, and frequency detunings for the single-isotope a
two-isotope compressed MOT.

Single-isotope CMOT Two-isotope CMOT
7Li 6Li 7Li 6Li

N 73109 53108 63109 33108

n (cm23) 431011 1.531011 431011 6.531010

T ~mK! 0.6 0.4 0.6 0.7
dP7,6 ~units of G) 23.0 22.7 23.0 22.7
dR7,6 ~units of G) 29.0 22.7 29.0 25.8

FIG. 3. Temporal dynamics of the compression phase of a7Li
MOT. Atom numberN, temperatureT, and rms widthsz after an
abrupt change of the laser parameters att50.
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obtain a maximum of 63109 7Li atoms at a peak density o
431011 cm23 and a temperature of 0.6 mK together wi
6Li at a density 6.531010 cm23 and a temperature of 0.
mK. Aside from the initial loss during the first few millisec
onds, the 1/e trap lifetime also decreases to about 30 ms
both isotopes.

Figure 3 shows the typical temporal dynamics of ato
number, width, and temperature of the7Li compressed MOT
~CMOT! for the first 6.5 ms of compression.G i andDi reach
a maximum after about 3 ms. The CMOT is rather insen
tive to the repumping frequencynR7: detuning by 2G above
and below the optimized value of 5.8G decreasesG i by less
than 25%. The CMOT is much more sensitive to the det
ing nP7 of the trapping light. We optimizedG i with respect
to the durationt of the compression phase and the detuni
The maxima ofG i and Di remain at a constant value fort
>3 ms but shift to different detuning parameters with
creasing CMOT duration.

To summarize, we showed that it is possible to trap ab
63109 7Li atoms together with 33108 6Li atoms in the
.

r

i-

-

.

ut

two-isotope MOT at at phase-space densities of;1026.
These results are comparable to results achieved with si
isotopes of Na or Cs in adark SPOT @17#. In combination
with a strong confining magnetic trap we expect an init
elastic collision rate well above 10 s21, despite the small
triplet scattering length of 1.4 nm (7Li- 7Li) and 2.0 nm (6Li-
7Li) @18#. This can lead to the production of quantum dege
erate Bose and Fermi gases of lithium by forced evapora
and sympathetic cooling within a few seconds.
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Abstract. We propose a new method to cool gaseous samples of neutral atoms. The gas is confined in a
non dissipative optical trap in the presence of an homogeneous magnetic field. The method accumulates
atoms in the mF = 0 Zeeman sub-level. Cooling occurs via collisions that produce atoms in mF 6= 0 states.
Thanks to the second order Zeeman effect kinetic energy is transformed into internal energy and recycling
of atoms is ensured by optical pumping. This method may allow quantum degeneracy to be reached by
purely optical means.

PACS. 32.80.Pj Optical cooling of atoms; trapping – 32.60.+i Zeeman and Stark effects –
03.75.Fi Phase coherent atomic ensembles; quantum condensation phenomena

Since the first proposal of optical pumping [1] many au-
thors have focused on different schemes to cool samples by
means of laser light [2] and external fields [3,4]. Laser cool-
ing has produced significant results both for macroscopic
and microscopic systems.

Spontaneous anti-Stokes scattering has been used to
cool molecular gasses, fluid solutions and solid states sys-
tems [5–7]. However these cooling schemes have intrinsic
limitations in the attainable temperature due to the re-
duction of anti-Stokes scattering at low temperatures.

In the microscopic domain laser cooling has been very
efficient on gases of ions and neutral atoms [8]. Associated
with evaporative cooling [9,10], laser cooling was an es-
sential step towards Bose-Einstein condensation of weakly
interacting gases [11,12]. For neutral atoms polarization
gradient cooling in optical molasses reaches temperatures
on the order of 10 Tr (Tr = ~2k2/mkB is the single-photon
recoil temperature, k is the photon wave-number). Side-
band cooling in 3D has reached 1.5Tr and the limitation
by multiple photon scattering has been identified [13,14].
3D sub-recoil cooling [15] has reached Tr/20 for free atoms
but suffers from a loss of efficiency for trapped atoms at
high density [16]. In contrast evaporative cooling takes ad-
vantage of elastic collisions and does not have limitations
due to light scattering. It only suffers from a significant
loss of atoms during evaporation.

In this article we propose a new cooling mechanism
that combines elastic collisions, inelastic collisions and op-

a e-mail: gabriele.ferrari@lkb.ens.fr
or e-mail: ferrari@lens.unifi.it
Present address: European Laboratory for Non-Linear Spec-
troscopy, largo E. Fermi 2, 50125 Firenze, Italy.

tical pumping to efficiently cool samples of neutral atoms
with no loss of atoms. In principle the method is able to
reach sub-recoil temperatures and hold promises to reach
quantum degeneracy by purely optical means. The key
points of the method are the following: (i) the gas is stored
in an optical far-off resonance trap (FORT) [17] in a well
defined Zeeman sub-level of the electronic ground state,
(ii) an uniform magnetic field is applied to the sample and
its magnitude is chosen to have the second order Zeeman
energy on the order of kBT , (iii) inelastic collisions pro-
duce atoms in different Zeeman sub-levels of higher en-
ergy transforming kinetic energy into internal energy, (iv)
atoms are then optically pumped back to the initial state
by an additional laser beam with suitable polarization.
Such a cycle removes an energy on the order of the second
order Zeeman energy and cooling occurs at a rate set by
the collision rate.

Now we apply the method to an alkali atom with nu-
clear spin 3/2 (such as 7Li, 23Na or 87Rb). The energy
shifts of the different Zeeman sub-levels in a uniform mag-
netic field B can be calculated using:

ξ =
µBB

2~ωHF
=

ωL
ωHF

(1)

where µB is the Bohr magneton, ~ωL is the linear Zeeman
shift between adjacent Zeeman sub-levels and ~ωHF is the
hyperfine splitting of the electronic ground state. The Zee-
man corrections to second order in ξ read:

δF,mF (ξ) = (−1)F [~ωHFmF ξ + ~ωHF(4−m2
F )ξ2]. (2)

Assume that the gas is polarized in the level |F = 1,mF =
0〉 and sufficiently cold that only s-wave collisions take
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Fig. 1. Scheme for the cooling in an hyperfine state with nega-
tive Landé factor. Collisions between atoms in |F = 1, mF = 0〉
(black round) produce couples of atoms in |F = 1, mF = ±1〉
of higher internal energy (grey). Energy conservation in the
collision is ensured by reduction of the kinetic energy of the
relative motion. Optical pumping on a F = 1→ F ′ = 1 transi-
tion with π polarized light brings the atoms back to the initial
state. In the sketch are indicated the squares of the Clebsch-
Gordan coefficients multiplied by 2.

place [18]. The projection of the angular momentum on
the quantization axis is conserved, hence a colliding pair
of atoms either remains in the same internal state (A),
or changes the internal state to the pair |F = 1,mF =
−1〉 + |F = 1,mF = +1〉 (B). Those collisions have al-
ready been observed in [19]. The total internal energy of
the pairs A and B are equal to first order in ξ but differ
to second order: EA(ξ) = −8ξ2~ωHF, EB(ξ) = −6ξ2~ωHF.
Since EA(ξ) < EB(ξ), couples of |F = 1,mF = 0〉 atoms
may collide and change the internal state only when their
energy in the center of mass is greater than the energy
threshold ∆ = EB(ξ) − EA(ξ). This endo-energetic col-
lision (EC) transforms a fraction of kinetic energy into
internal energy. The cycling on EC’s is insured by a π-
polarized laser resonant on a F = 1 → F ′ = 1 optical
transition. mF = 0 atoms are not coupled to the pumping
light (see Fig. 1) while mF = ±1 atoms once excited in
|F ′ = 1,mF = ±1〉 may decay with a 1/2 branching ratio
to A [20]. The efficiency of the cooling process will depend
on the ratio of the removed energy and heating on each
cycle: the pumping process will heat the sample due to the
recoil of the atom after the absorption and spontaneous
emission of the pumping photon. In fact two different sit-
uations can be considered: the temperature is much larger
than the recoil energy kBT � Er (Er = kBTr/2), or the
two are similar kBT ∼ Er [21]. In the first case the heat-
ing associated with the pumping can be neglected and the
cooling is then equal to the rate of EC times the removed
energy in each collision. In the low energy domain the en-
ergy balance of the cooling will also include the heating
associated with the pumping process.

As stated above, the cooling rate depends on the rate
Γ at which EC’s take place and the amount of the energy
removed. To calculate Γ , we consider the gas as a classical
homogeneous gas and we determine the fraction of colli-
sions with energy in the center of mass ECM greater than
the removed energy ∆:

Γ (∆,T ) ∝ σ
∫

dp1 dp2 n(1, T )n(2, T )

×Θ(ECM −∆) |v′1 − v′2|, (3)
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Fig. 2. γ(∆/kBT ) = Γ (∆,T )/Γ (0, T ) is the normalized rate
of collisions with energy in the center of mass greater than the
energy threshold expressed in temperature units.
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Fig. 3. ω = (∆ − Ep)γ(∆/kBT )/(kBT ) is the cooling rate
in units of temperature and collision rate at zero threshold.
Ep = 0 (solid line), Ep = 3kBT (dashes), Ep = 6kBT (dots),
Ep = 9kBT (dash-dots).

where σ is the cross section for a collision changing the
internal state, 1 and 2 represent the two colliding atoms,
n(i, T ) is the Boltzmann factor for atom i at temperature
T , Θ is the step function equal to 1 if ECM > ∆ and
null otherwise, and v′i is the velocity of atom i after the
changing of the Zeeman sub-level. The factor |v′1 − v′2| in
equation (3) takes in account the reduction of the den-
sity of final states when the energy in the center of mass
changes during the collision [22].

Figure 2 shows γ(∆/kBT ), i.e. the rate Γ (∆,T ) nor-
malized by the collisional rate at zero energy threshold
Γ (0, T ). If we define Ep as the energy gained during the
pumping process (typically few Er), in the limit where the
pumping is faster than Γ (∆,T ) the cooling rate W reads:

W (∆,T,Ep) = Γ (∆,T )(∆−Ep). (4)

Those rates are plotted in Figure 3 for different amounts
of heating associated with the pumping. One finds that
for different values of Ep/kBT , the cooling rate is opti-
mized when ∆ ' kBT + Ep. Then it is possible to make
an estimation of the dynamics of the cooling process by
solving

dT
dt

= − (∆−Ep)
6kB

Γ (∆,T ) (5)

= −Tin

6
Γ (0, Tin) γ

(
1 +

Ep

kBT

)
, (6)
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Fig. 4. Cooling dynamics of a gas of 87Rb atoms initially at
36 µK and 2 × 1011 cm−3 peak density for different pumping
energies Ep. The gas is confined in an harmonic potential and
the cross section for EC’s is supposed to be on the same order
as that for elastic collisions. Ep = 0 (solid line), Ep = 6Er

(dashes), Ep = 12Er (dots), Ep = 18Er (dash-dots). The inset
shows the same picture on a different time scale.

where Tin is the initial temperature after the loading of
the FORT. The denominator in equation (5) takes into
account the heat capacity of a 3D confined gas and the
fact that the energy subtracted in EC is provided by the
two colliding atoms. In equation (6) we use the fact that
if the trapping potential is harmonic (like the bottom
of a FORT) Γ (0, T ) ∝ T−1. The dynamics of the cool-
ing behaves differently in the two temperature regimes:
if Ep/kBT � 1 the argument of γ is constant therefore
the temperature decreases linearly. Once Ep/kBT ' 1 the
normalized collision rate γ is no longer constant and since
it can be approximated by an exponential function (see
Fig. 2) the temperature decreases logarithmically with
time.

As an example we consider a gas of 87Rb at 36 µK and
2× 1011 cm−3 peak density (typical values attainable af-
ter charging a FORT from a magneto-optical trap [8]). If
we suppose that the collisional cross-section for collisions
changing the Zeeman sub-level is of the same order as
those for elastic collisions [23] we find Γ (0, Tin) ∼ 4 s−1. In
Figure 4 are plotted the integration of equation (6) for val-
ues of Ep ranging from 0 to 18Er (Er = 180 nK for 87Rb).
For this choice of parameters the temperature drops al-
most linearly during the first two seconds. After the first
2 seconds typically we find T ' Ep/4kB and after 3 sec-
onds T ' Ep/6kB. At longer cooling times T ∝ [log t]−1

and reaches Ep/12kB after 50 seconds. The present sim-
ulation will not be valid in the regime of extremely low
temperature when the gas can no longer be treated as
a classical gas and when the radiation trapping effect be-
comes extremely large. Experimentally ∆ should be swept
from a value corresponding to the initial temperature of
the gas, to slightly more than Ep. To avoid any depen-
dency of the optical potential on mF , the trapping light
has to be linearly polarized and propagating along the
quantization axis. Slight imperfections in the polarization
of the trapping light do not affect the physics discussed so
far since they do not change the energy of colliding pairs
of atoms if the projection of the angular momentum is
conserved.
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Fig. 5. Scheme for the cooling in an hyperfine state with
positive Landé factor. Atoms in |F = 2,mF = ±2〉 (black
round) collide producing couples of atoms in |F = 2, mF = ±1〉
of higher internal energy (grey) transforming part of the ki-
netic energy of the relative motion into internal energy. Opti-
cal pumping on a F = 2→ F ′ = 1 transition with π-polarized
light brings the atoms back to the initial states. In the sketch
are indicated the squares of the Clebsch-Gordan coefficients
multiplied by 10.

An important issue for the cooling is the control of
the magnetic field B. As stated before the direction of B
has to be well defined and parallel to the polarization of
the pumping light. Indeed any misalignment results in a
σ component in the polarization of the pumper that in-
troduces further heating terms. Since the π component
affects only mF = ±1 atoms and the σ component affects
the ensemble of the gas, choosing a Rabi frequency on the
order of the rate of EC’s will reduce the heating due to
the imperfect polarization. The requirements on the in-
tensity of B are much less demanding. In order to cool
87Rb (ωHF = 2π × 6.8 GHz) in the lower hyperfine state
F = 1, the magnetic field necessary to have ∆ correspond-
ing to 100 µK is 100 G. The intensity of B is then swept
down to slightly more than Ep, ∆ ∼ 1µK (a few times
Er). Since ∆ ∝ B2, the magnetic field at the end of the
sweep will be of the order of 10 G. It is worth noting that
loss due to light-assisted collisions such as fine-structure
or hyperfine-structure changing collisions can be avoided
by choosing properly the pumping transition: pumping of
87Rb on the F = 1→ F ′ = 1 transition of the D1 line has
no allowed channel for those collisions.

Other cooling schemes are possible for the same atoms
in the higher hyperfine state (positive Landé factor gF ).
Using equation (2) we find that the magnetic energy of
the couple |F = 2,mF = ±1〉 is 6ξ2~ωHF higher than
that of couple |F = 2,mF = ±2〉. Optical pumping on a
F = 2 → F ′ = 1 transition with π-polarized light (see
Fig. 5) again permits cycling on EC’s that lower |mF |.
A major obstacle to this type of cooling is represented
by inelastic collisions changing the hyperfine state. Nev-
ertheless it may remain feasible for particular choices of
atoms: 87Rb was proven to have the cross-section for spin-
exchange collisions sufficiently small to make an unpolar-
ized dilute cold gas stable [23].

This cooling mechanism can also be extended to alkali
atoms with nuclear spin different from 3/2, in the highest
hyperfine state. As in the previous case the atoms are po-
larized in the extreme Zeeman levels mF = ±F and EC’s
produce atoms in lower Zeeman levels. The pumping is
done by a π-polarized laser resonant on a F → F ′ = F −1
transition. Other generalizations could consider mixtures
of different atoms with different gF factors. The cooling
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would then take advantage of the first-order Zeeman ef-
fect.

The proposed cooling mechanism can be applied to
produce Bose-Einstein condensates [11] with purely op-
tical means. Since collisions between atoms in different
Zeeman sub-levels do not give rise to trap losses, one can
choose pumping rates arbitrarily low in order to fulfill the
festina lente scenario [24] where the fluorescence rate is
much smaller than the oscillation frequency of the atom
in the trapping potential. The lower limit in the attain-
able temperature with this technique is presumably due
to the reabsorption of scattered photons during the pump-
ing phase. One possibility to partially avoid this effect is
to reduce the dimensionality of the trapping potential in
order to have an elongated cigar-shaped cloud [25].

In conclusion we have presented a new, simple and
spin-polarizing cooling scheme that combines optical
pumping, inelastic collisions and second order Zeeman
effect. The combination of optical pumping and endo-
energetic collisions permits to avoid the intrinsic limita-
tion of laser cooling and evaporative cooling: the finiteness
of the exchangeable momentum between atoms and pho-
tons, and the loss of atoms respectively. In presence of
an homogeneous magnetic field, collisions allow a defined
amount of kinetic energy to be transformed into internal
energy (by changing the Zeeman state of the atoms) and
optical pumping ensures the cycling on the process.

Finally it is interesting to note that the proposed cool-
ing method, polarizing the atoms at will in the extremal
Zeeman sub-level (mF = ±F ) or mF = 0, is well adapted
to operation in atomic fountains. 87Rb, which seems to be
a valid candidate as a future frequency standard [26], fits
all the requirements of the presented mechanism.
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l’École Normale Supérieure et de l’Université Pierre et Marie
Curie, associée au CNRS. This work was partially supported
by CNRS, Collège de France, DRET, DRED and EC (TMR
network ERB FMRX-CT96-0002).
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